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7KLV�ZRUN�KDV�QRW�SUHYLRXVO\�EHHQ�DFFHSWHG�LQ�VXEVWDQFH�IRU�DQ\�GHJUHH�DQG� LV�QRW
EHLQJ�FRQFXUUHQWO\�VXEPLWWHG�LQ�FDQGLGDWXUH�IRU�DQ\�RWKHU�GHJUHH�

6LJQHG�����������������������������������������������������������������������������FDQGLGDWH�
'DWH ������������������������������������������������������������������������������������������������

7KLV� WKHVLV� LV� WKH� UHVXOW�RI�P\�RZQ� LQYHVWLJDWLRQV�� H[FHSW�ZKHUH�RWKHUZLVH� VWDWHG�
2WKHU� VRXUFHV� DUH� DFNQRZOHGJHG� E\� IRRWQRWHV� JLYLQJ� H[SOLFLW� UHIHUHQFHV�� $
ELEOLRJUDSK\�LV�DSSHQGHG�

6LJQHG�����������������������������������������������������������������������������FDQGLGDWH�
'DWH ������������������������������������������������������������������������������������������������

,�KHUHE\�JLYH�FRQVHQW�IRU�P\�WKHVLV�� LI�DFFHSWHG��WR�EH�DYDLODEOH� IRU�SKRWRFRS\�DQG
IRU� LQWHU�OLEUDU\� ORDQ��DQG� IRU�WKH� WLWOH�DQG�VXPPDU\� WR�EH�PDGH�DYDLODEOH� WR�RWKHU
RUJDQLVDWLRQV�

6LJQHG�����������������������������������������������������������������������������FDQGLGDWH�
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$FNQRZOHGJHPHQWV

,�ZRXOG�OLNH�WR�WKDQN�P\�VXSHUYLVRU��'U��7��$UVODQ�� IRU�DOO�WKH�SDWLHQFH�DQG
DVVLVWDQFH�KH�KDV�VKRZQ�PH�RYHU�WKH�FRXUVH�RI�P\�XQGHUJUDGXDWH�DQG�SRVWJUDGXDWH
VWXGLHV��+H�HQVXUHG�WKDW�WKH�UHVHDUFK�ZDV�HQMR\DEOH�DV�ZHOO�DV�IUXLWIXO�

7KDQNV� DOVR� WR� DOO� RI�P\�FROOHDJXHV� LQ� WKH�&LUFXLWV� DQG� 6\VWHPV�5HVHDUFK
*URXS�IRU�WKHLU�DVVLVWDQFH�DQG�VXSSRUW�

,�DOVR�WKDQN�P\�IDPLO\�DQG� IULHQGV�ZKR�KDYH�KHOSHG�PH� LPPHQVHO\�GXULQJ
WKH� UHVHDUFK� DQG� WKH� SUHSDUDWLRQ� RI� WKLV� WKHVLV�� DQG� WKURXJKRXW� WKH� ZKROH� RI� P\
VWXGLHV�

7R�/RXLVH��IRU�KHU�XQOLPLWHG�VXSSRUW��XQGHUVWDQGLQJ�DQG�SDWLHQFH�
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6XPPDU\

3RZHU� FRQVXPSWLRQ� RI� VLJQDO�SURFHVVLQJ� PLFURFLUFXLW� V\VWHPV� KDV� EHFRPH
LQFUHDVLQJO\�LPSRUWDQW�LQ�UHFHQW�\HDUV��SULPDULO\�GXH�WR�WKH�H[SORVLRQ�LQ�GHPDQG�IRU
SRUWDEOH�V\VWHPV�ZKHUH�EDWWHU\�OLIHWLPH�LV�D�PDMRU�PDUNHWLQJ�SRLQW��,Q�DGGLWLRQ��WKH
WKHUPDO� GLVVLSDWLRQ� OHYHOV� RI� PLFURFLUFXLWV� DUH� EHJLQQLQJ� WR� DIIHFW� UHOLDELOLW\� DQG
IXWXUH� GHYHORSPHQW�� 7KHVH� IDFWRUV� KDYH� HOHYDWHG� WKH� LPSRUWDQFH� RI� SRZHU� LQ� WKH
GHVLJQ�SURFHVV�
7KH� FRQVLGHUDWLRQ� RI� SRZHU� DGGV� DQRWKHU� GHJUHH� RI� FRPSOH[LW\� WR� WKH� GHVLJQ
SURFHVV�� KHQFH� WKH� UHTXLUHPHQW� IRU� SRZHU�FRQVFLRXV� WRROV� WR� VXSSRUW� ORZ�SRZHU
V\VWHP�GHVLJQ��&RQVLGHULQJ�SRZHU�DV�D�KLJK�OHYHO�SDUDPHWHU�SURPLVHV�WR�PD[LPLVH
SRZHU�UHGXFWLRQV��+RZHYHU��WKH�FRPSOH[�QDWXUH�RI�WKH�KLJK�OHYHO�GHVLJQ�SURFHVV� LV
VLJQLILFDQWO\� LQFUHDVHG� ZLWK� WKH� FRQVLGHUDWLRQ� RI� SRZHU� FRQVXPSWLRQ�� KHQFH� WKH
LQWHUHVW�LQ�WKH�DSSOLFDWLRQ�RI�KHXULVWLF�RSWLPLVDWLRQ�WHFKQLTXHV�
7KLV� WKHVLV� SUHVHQWV� D� KLJK�OHYHO� WRRO� IRU� WKH� SRZHU�FRQVFLRXV� GHVLJQ� RI� GLJLWDO
VLJQDO� SURFHVVLQJ� V\VWHPV� LQ� &026� WHFKQRORJ\�� 7KH� WRRO� FRQVLVWV� RI� D� VSHFLDOO\
WDLORUHG� JHQHWLF� DOJRULWKP� ZLWK� HPEHGGHG� KLJK�OHYHO� GHVLJQ� SURSHUWLHV�� 7KH
HPEHGGLQJ�RI�WKHVH�WHFKQLTXHV�UHTXLUHG�H[WHQVLYH�PRGLILFDWLRQ�WR�VWDQGDUG�JHQHWLF
DOJRULWKP� RSHUDWLRQV� WR� LQVWLO� WKH� DOJRULWKP� ZLWK� WKH� DELOLW\� WR� H[SORUH� WKH� ORZ�
SRZHU�VROXWLRQ�VSDFH�HIILFLHQWO\��3UREOHP� VSHFLILF�JHQHWLF�PXWDWLRQ� DQG�FURVVRYHU
RSHUDWLRQV� ZHUH� GHYHORSHG� WR� LQFRUSRUDWH� KLJK�OHYHO� GHVLJQ� WUDQVIRUPDWLRQV�� 7R
JXLGH� WKH� VHDUFK�� SRZHU� HVWLPDWLRQ� VWUDWHJLHV� ZHUH� H[DPLQHG� DQG� LPSOHPHQWHG
ZLWKLQ�WKH�ILWQHVV�HYDOXDWLRQ�IUDPHZRUN�
7KH�SURWRW\SH�V\VWHP�ZDV�H[WHQGHG�WR�LQFRUSRUDWH�DGGLWLRQDO�JHQHWLF�WHFKQLTXHV�WR
LPSURYH�WKH�HIILFLHQF\�DQG�UHVXOWV�RI�WKH�H[SORUDWLRQ��7KH�SRZHU�HVWLPDWLRQ�PRGXOH
ZDV� DOVR� HQKDQFHG� WR� REWDLQ� HVWLPDWLRQV� EDVHG� RQ� SUDFWLFDO� FLUFXLW� V\QWKHVLV
WHFKQLTXHV�
7KH� SHUIRUPDQFH� RI� WKH� HQKDQFHG� WRRO� LV� LOOXVWUDWHG� ZLWK� EHQFKPDUN� FLUFXLWV�
LOOXVWUDWLQJ� WKH� WRRO©V� DELOLW\� WR� UHGXFH� WKH� SRZHU� RI� SUDFWLFDO� VLJQDO� SURFHVVLQJ
H[DPSOHV��7KH�PXOWL�REMHFWLYH�SURSHUWLHV�RI� WKH�JHQHWLF�DOJRULWKP�DUH� H[SORLWHG� WR
SUHVHQW�GHVLJQ� LQIRUPDWLRQ� LOOXVWUDWLQJ�WKH�WUDGH�RII�EHWZHHQ�DUHD�DQG�SRZHU�ZKLOH
NHHSLQJ� WKURXJKSXW� FRQVWDQW�� $OWHUQDWLYH� VHDUFK� WHFKQLTXHV� ZHUH� GHYHORSHG� DQG
FRPSDUHG�ZLWK� WKH� JHQHWLF� DOJRULWKP�� 7KH� UHVXOWV� LOOXVWUDWH� WKH� VXSHULRULW\� RI� WKH
JHQHWLF� DOJRULWKP� LQ�REWDLQLQJ� WKH� ORZHVW� SRZHU� VROXWLRQ� DQG� SUHVHQWLQJ� WUDGH�RII
LQIRUPDWLRQ�
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)LJXUH�����3RZHU�&RQVXPSWLRQ�7UHQGV�LQ�,QWHO�3URFHVVRUV�������������������������� �
)LJXUH�����([DPSOH�'DWD�)ORZ�*UDSK������������������������������������������������������� ��
)LJXUH�����([DPSOH�,OOXVWUDWLQJ�&ULWLFDO�3DWK��������������������������������������������� ��
)LJXUH�����7\SLFDO�&026�'LJLWDO�&LUFXLW�8QGHU�$FWLYDWLRQ���������������������� ��
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)LJXUH�����([DPSOH�RI�7ZR�'LIIHUHQW�/RJLF�'HVLJQV�ZLWK�WKH�6DPH

)XQFWLRQ ��������������������������������������������������������������������������������� ��
)LJXUH�����6FKHGXOLQJ�DQG�$OORFDWLRQ�IRU�/RZ�3RZHU������������������������������� ��
)LJXUH�����8VH�RI�6ORZHU�/RZ�3RZHU�)XQFWLRQDO�8QLWV�RQ�1RQ�

7LPH�&ULWLFDO�2SHUDWLRQV �������������������������������������������������������� ��
)LJXUH�����8VH�RI�7UDQVIRUPDWLRQV�WR�5HGXFH�6XSSO\�9ROWDJH ������������������ ��
)LJXUH�����([DPSOH�RI�5HWLPLQJ�7UDQVIRUPDWLRQ �������������������������������������� ��
)LJXUH������([DPSOH�RI�3LSHOLQLQJ�7UDQVIRUPDWLRQ����������������������������������� ��
)LJXUH������([DPSOH�RI�$XWRPDWLF�3LSHOLQH�7UDQVIRUPDWLRQ��������������������� ��
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)LJXUH�����([DPSOH�RI�D�&URVVRYHU�2SHUDWLRQ������������������������������������������� ��
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)LJXUH������3VHXGR�&RGH�IRU�¨&XWVHW©�'HOD\�,QVHUWLRQ ���������������������������� ���
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)LJXUH������(IIHFW�RI�&URVVRYHU�RQ�7ZR�&KURPRVRPHV �������������������������� ���
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)LJXUH�����,OOXVWUDWLRQ�RI�'HVLJQ�6SDFH�ZLWK�8SSHU�DQG�/RZHU

%RXQGV ��������������������������������������������������������������������������������� ���
)LJXUH�����([DPSOH�RI�8QIHDVLEOH�6FKHGXOH�*HQHUDWHG�E\�$EVROXWH

/RZHU�%RXQGV�RQ�)XQFWLRQDO�8QLWV��������������������������������������� ���
)LJXUH�����3VHXGR�FRGH�IRU�$6$3�6FKHGXOLQJ�$OJRULWKP ����������������������� ���



[L
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)LJXUH�����$SSOLFDWLRQ�RI�5HPRYH�3LSHOLQH�0XWDWLRQ ����������������������������� ���
)LJXUH�����(IIHFW�RI�,QFUHDVLQJ�(OLWLVP�$SSOLFDWLRQ�RQ�3RZHU

&RQVXPSWLRQ�RI�%HQFKPDUN�'HVLJQV ������������������������������������ ���
)LJXUH�����(IIHFW�RQ�*$�,WHUDWLRQ�/HQJWK�RI�,QFUHDVLQJ�(OLWLVP

$SSOLFDWLRQ��������������������������������������������������������������������������� ���
)LJXUH�����([DPSOH�*UDSK�6KRZLQJ�WKH�(IIHFW�RI�3DUDPHWHU�$��������������� ���
)LJXUH�����3ORW�RI�6�1�5DWLRV�IRU�$9(1�',�')* ���������������������������������� ���
)LJXUH�����3ORW�RI�6�1�5DWLRV�IRU�$9(1�3$�')*���������������������������������� ���
)LJXUH�����'RPLQDWLRQ�RI�)LWQHVV�E\�6XSHU�)LW�,QGLYLGXDO

&KURPRVRPH ������������������������������������������������������������������������ ���
)LJXUH������(IIHFW�RI�5DQNLQJ�RQ�6LPSOH�3RSXODWLRQ

5HSUHVHQWDWLRQ���������������������������������������������������������������������� ���
)LJXUH������$VVLJQPHQW�RI�5DQN�WR�D�3RSXODWLRQ�RI�,QGLYLGXDOV �������������� ���
)LJXUH������3VHXGR�&RGH�IRU�WKH�5DQNLQJ�$OJRULWKP������������������������������ ���
)LJXUH�����*$�3HUIRUPDQFH�IRU��7$3),5�1RQ�8QIROGHG ����������������������� ���
)LJXUH�����*$�3HUIRUPDQFH�IRU�$9(1�',�1RQ�8QIROGHG���������������������� ���
)LJXUH�����*$�3HUIRUPDQFH�IRU�$9(1�3$ �������������������������������������������� ���
)LJXUH�����*$�3HUIRUPDQFH�IRU�'&67�8QIROGHG ������������������������������������ ���
)LJXUH�����*$�3HUIRUPDQFH�IRU�%,4$8'���������������������������������������������� ���
)LJXUH�����*$�3HUIRUPDQFH�IRU�*0/$7��1RQ�8QIROGHG����������������������� ���
)LJXUH�����*$�3HUIRUPDQFH�IRU�(//,3� ������������������������������������������������� ���
)LJXUH�����*$�3HUIRUPDQFH�IRU�/06��1RQ�8QIROGHG����������������������������� ���
)LJXUH�����*$�3HUIRUPDQFH�IRU�92/7(55$ ����������������������������������������� ���
)LJXUH������*$�3HUIRUPDQFH�IRU�257+�/$7�8QIROGHG�'HVLJQ������������� ���
)LJXUH������3RZHU�5HGXFWLRQ�DQG�$UHD�,QFUHDVH�IRU�7HQ

%HQFKPDUN�'HVLJQV�������������������������������������������������������������� ���



[LL

)LJXUH�����([DPSOH�3DUHWR�6XUIDFH�IRU���'LPHQVLRQDO
2SWLPLVDWLRQ������������������������������������������������������������������������� ���

)LJXUH�����,GHQWLILFDWLRQ�RI�3DUHWR�3RLQWV�LQ�*$/236���������������������������� ���
)LJXUH�����([DPSOH�RI�GLIIHUHQW�')*V�ZLWK�WKH�6DPH�3RZHU�DQG

$UHD�&KDUDFWHULVWLFV�������������������������������������������������������������� ���
)LJXUH�����3DUHWR�6XUIDFH�IRU��7$3),5�������������������������������������������������� ���
)LJXUH�����3DUHWR�6XUIDFH�IRU�$9(1�', ������������������������������������������������ ���
)LJXUH�����3DUHWR�6XUIDFH�IRU�$9(1�3$������������������������������������������������ ���
)LJXUH�����3DUHWR�6XUIDFH�IRU�'&67 ������������������������������������������������������� ���
)LJXUH�����3DUHWR�6XUIDFH�IRU�%,48$'� ������������������������������������������������ ���
)LJXUH�����3DUHWR�6XUIDFH�IRU�*0/$7� ������������������������������������������������� ���
)LJXUH������3DUHWR�6XUIDFH�IRU�(//,3���������������������������������������������������� ���
)LJXUH������3DUHWR�6XUIDFH�IRU�/06� ����������������������������������������������������� ���
)LJXUH������3DUHWR�6XUIDFH�IRU�92/7(55$������������������������������������������� ���
)LJXUH������3DUHWR�6XUIDFH�IRU�257+�/$7 ������������������������������������������� ���
)LJXUH������7\SLFDO�3DUHWR�6XUIDFH�&KDUW ����������������������������������������������� ���
)LJXUH������,OOXVWUDWLRQ�RI�DQ�2SWLPLVDWLRQ�3URFHVV ��������������������������������� ���
)LJXUH������3VHXGR�&RGH�IRU�6LPXODWHG�$QQHDOLQJ�$OJRULWKP���������������� ���
)LJXUH������&RPSDULVRQ�RI�*$�DQG�6$�6HDUFK ��������������������������������������� ���
)LJXUH������3DUHWR�6XUIDFH�,QIRUPDWLRQ�*HQHUDWHG�ZLWK�6$�DQG�*$������� ���
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/LVW�RI�7DEOHV

7DEOH�����$UFKLWHFWXUDO�/HYHO�&RPSRQHQWV ��������������������������������������������� ���
7DEOH�����$SSOLFDWLRQ�5DWHV�IRU�$QDO\VLV ������������������������������������������������ ���
7DEOH�����5HVXOWV�ZLWKRXW�8QIROGLQJ�RI�3URWRW\SH�*$/236������������������� ���
7DEOH�����5HVXOWV�ZLWK�WKH�$SSOLFDWLRQ�RI�8QIROGLQJ������������������������������� ���
7DEOH�����(VWLPDWHV�RQ�0LQLPXP�1XPEHU�RI�)XQFWLRQDO�8QLWV

IRU�%HQFKPDUN�')*V�������������������������������������������������������������� ���
7DEOH�����6ZLWFKHG�&DSDFLWDQFH�(VWLPDWLRQV�RI�+DUGZDUH�8QLWV������������� ���
7DEOH�����0RGH�3RZHU�&RQVXPSWLRQ�IRU�%HQFKPDUN�'HVLJQV

ZLWK�9DU\LQJ�(OLWLVP�3DUDPHWHU ���������������������������������������������� ���
7DEOH�����([DPSOH�2UWKRJRQDO�7DJXFKL�$UUD\ ���������������������������������������� ���
7DEOH�����6HW�RI�5HVXOWV�3URGXFHG�IURP�7DJXFKL�([SHULPHQWV ���������������� ���
7DEOH�����6LJQDO�7R�1RLVH�5DWLR�$QDO\VLV�IRU�([SHULPHQW

5HVXOWV������������������������������������������������������������������������������������ ���
7DEOH�����3RVVLEOH�$SSOLFDWLRQ�5DWHV�RI�(DFK�2SHUDWRU��������������������������� ���
7DEOH�����7DJXFKL�$UUD\�IRU�2SWLPLVDWLRQ�RI�*HQHWLF�2SHUDWRU

$SSOLFDWLRQ�5DWHV ������������������������������������������������������������������� ���
7DEOH�����7DJXFKL�5HVXOWV�IRU�$9(1�',�')*��������������������������������������� ���
7DEOH�����7DJXFKL�5HVXOWV�IRU�$9(1�3$����������������������������������������������� ���
7DEOH�����6�1�5DWLR�$QDO\VLV�IRU�$9(1�',�')* ���������������������������������� ���
7DEOH������6�1�5DWLR�$QDO\VLV�IRU�$9(1�3$�')* ������������������������������� ���
7DEOH������6HOHFWHG�$SSOLFDWLRQ�5DWHV�IURP�7DJXFKL�$QDO\VLV�RI

7ZR�')*�'HVLJQV ������������������������������������������������������������������ ���
7DEOH������6HOHFWHG�$SSOLFDWLRQ�5DWHV�IRU�*$/23�6\VWHP��������������������� ���
7DEOH������0RGH�3RZHU�&RQVXPSWLRQ�2EWDLQHG�ZLWK�)36�DQG

5DQNLQJ�6HOHFWLRQ�6FKHPHV ���������������������������������������������������� ���
7DEOH�����2YHUDOO�3RZHU�5HGXFWLRQ�DQG�$UHD�,QFUHDVH�IRU

%HQFKPDUN�'HVLJQV ���������������������������������������������������������������� ���
7DEOH������&RPSDULVRQ�RI�5HVXOWV�2EWDLQHG�ZLWK�*UDGLHQW

6HDUFK�DQG�*$/236 �������������������������������������������������������������� ���
7DEOH������&RPSDULVRQ�RI�5HVXOWV�2EWDLQHG�ZLWK�6$�DQG�*$����������������� ���
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$EEUHYLDWLRQV

$/$3 $V�/DWH�$V�3RVVLEOH
$16, $PHULFDQ�1DWLRQDO�6WDQGDUGV�,QVWLWXWH
$6$3 $V�6RRQ�$V�3RVVLEOH
$6,& $SSOLFDWLRQ�6SHFLILF�,QWHJUDWHG�&LUFXLW
$9(1�', �WK�2UGHU�$YHQKDXV�)LOWHU�'LUHFW�)RUP
$9(1�3$ �WK�2UGHU�$YHQKDXV�)LOHU�3DUDOOHO�)RUP
%,48$'� �UG�2UGHU�%L�4XDGUDWLF�)LOWHU
%3 %UHDN�3RLQW
&$' &RPSXWHU�$LGHG�'HVLJQ
&026 &RPSOHPHQWDU\�0HWDO�2[LGH�6HPLFRQGXFWRU
&3 &ULWLFDO�3DWK
&3/ &RPSOHPHQWDU\�3DVV�*DWH�/RJLF
'$53$ 'HIHQFH�$GYDQFHG�5HVHDUFK�3URMHFWV�$JHQF\
'%7 'XDO�%LW�7\SH
'&67 'LVFUHWH�6LQH�&RVLQH�7UDQVIRUP
'&7 'LVFUHWH�&RVLQH�7UDQVIRUP
')* 'DWD�)ORZ�*UDSK
'63 'LJLWDO�6LJQDO�3URFHVVLQJ
(//,3� �WK�2UGHU�(OOLSWLF�:DYHOHW�)LOWHU
)'6 )RUFH�'LUHFWHG�6FKHGXOLQJ
),5 )LQLWH�,PSXOVH�5HVSRQVH
),5� �UG�2UGHU�),5�)LOWHU
),5� �WK�2UGHU�),5�)LOWHU
)36 )LWQHVV�3URSRUWLRQDWH�6HOHFWLRQ
)60 )LQLWH�6WDWH�0DFKLQH
*$ *HQHWLF�$OJRULWKP
*$/236 *HQHWLF�$OJRULWKP�IRU�/RZ�3RZHU�6\QWKHVLV
*0/$7� �WK�2UGHU�*UD\�0DUNHO�/DWWLFH�)LOWHU
+/7 +LJK�/HYHO�7UDQVIRUPDWLRQ
,�2 ,QSXW�2XWSXW
,& ,QWHJUDWHG�&LUFXLW
,((( ,QVWLWXWH�RI�(OHFWULFDO�DQG�(OHFWURQLF�(QJLQHHUV
,,5 ,QILQLWH�,PSXOVH�5HVSRQVH
,/3 ,QWHJHU�/LQHDU�3URJUDPPLQJ
/$7� �QG�2UGHU�/DWWLFH�)LOWHU
/06� �WK�2UGHU�/HDVW�0HDQ�6TXDUH�$OJRULWKP
/6% /HDVW�6LJQLILFDQW�%LW
0,36 0LOOLRQV�RI�,QVWUXFWLRQV�3HU�6HFRQG
02*$ 0XOWL�2EMHFWLYH�*$
06% 0RVW�6LJQLILFDQW�%LW
1'6 1RQ�'RPLQDWHG�6ROXWLRQ
13 1RQ�3RO\QRPLDO
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25+7�/$7 �QG�2UGHU�2UWKRJRQDO�/DWWLFH�)LOWHU
3'$ 3RUWDEOH�'LJLWDO�$VVLVWDQW
3)$ 3RZHU�)DFWRU�$SSUR[LPDWLRQ
3*$ 3DUDOOHO�*HQHWLF�$OJRULWKP
5$0 5DQGRP�$FFHVV�0HPRU\
5&6 5HVRXUFH�&RQVWUDLQHG�6FKHGXOLQJ
57/ 5HJLVWHU�7UDQVIHU�/HYHO
6$ 6LPXODWHG�$QQHDOLQJ
63$ 6WRFKDVWLF�3RZHU�$QDO\VLV
7&6 7LPH�&RQVWUDLQHG�6FKHGXOLQJ
75&6 7LPH�DQG�5HVRXUFH�&RQVWUDLQHG�6FKHGXOLQJ
86 8QLWHG�6WDWHV
8:1 8QLYHUVDO�:KLWH�1RLVH
9+'/ 9HU\� +LJK� 6SHHG� ,QWHJUDWHG� &LUFXLW� +LJK�OHYHO� 'HVFULSWLRQ

/DQJXDJH
9/6, 9HU\�/DUJH�6FDOH�,QWHJUDWLRQ
92/7(55$ 9ROWHUUD�)LOWHU
::: :RUOG�:LGH�:HE
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1RPHQFODWXUH

&KDSWHU��
,6& 6KRUW�FLUFXLW�FXUUHQW
,'< '\QDPLF�VZLWFKLQJ�FXUUHQW
9'' 6XSSO\�YROWDJH
,'' 6XSSO\�FXUUHQW
&/ /RDG�FDSDFLWDQFH
9LQ ,QSXW�YROWDJH
9RXW 2XWSXW�YROWDJH
3DYHUDJH $YHUDJH�SRZHU
3VZLWFKLQJ 6ZLWFKLQJ�SRZHU
3VKRUW�FLUFXLW 6KRUW�FLUFXLW�SRZHU
3OHDNDJH /HDNDJH�SRZHU
& &DSDFLWDQFH
I )UHTXHQF\
N 6ZLWFKLQJ�DFWLYLW\
&
 6ZLWFKHG�&DSDFLWDQFH
/ ,QGXFWRU
1 8QIROGLQJ�IDFWRU
8o9 &RQQHFW�IURP�QRGH�8�WR�9�LQ�D�')*
' 'HOD\�QRGH�LQ�D�')*
7 ([HFXWLRQ�WLPH�RI�D�')*
ª�º &HLOLQJ�IXQFWLRQ

&KDSWHU��
9'' 6XSSO\�YROWDJH
&
 6ZLWFKHG�&DSDFLWDQFH
3DYHUDJH $YHUDJH�SRZHU
3V�[� 6LJQDO�3UREDELOLW\
3W�[� 7UDQVLWLRQ�3UREDELOLW\
I )UHTXHQF\
&L &DSDFLWDQFH�RI�QRGH�L
3W�;L� 7UDQVLWLRQ�SUREDELOLW\�RI�QRGH�L

&KDSWHU��
1XP 1XPEHU�RI�JHQH�LQ�D�FKURPRVRPH
)QF )XQFWLRQ�RI�JHQH�LQ�D�FKURPRVRPH
'(/ 'HOD\�QRGH�LQ�D�')*
OLQHDUBILWQHVV /LQHDU�ILWQHVV�RI�D�VROXWLRQ
ILWQHVV )LWQHVV�RI�D�VROXWLRQ
PLQ�ILWQHVV� 0LQLPXP�ILWQHVV�LQ�D�SRSXODWLRQ
PD[�ILWQHVV� 0D[LPXP�ILWQHVV�LQ�D�SRSXODWLRQ
0 1XPEHU�RI�VROXWLRQV�LQ�D�SRSXODWLRQ
1 8QIROGLQJ�IDFWRU
/ 1XPEHU�RI�QRGHV�LQ�D�')*
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9'' 6XSSO\�YROWDJH
&
 6ZLWFKHG�&DSDFLWDQFH

&KDSWHU��
DEVBPLQ5L $EVROXWH�ORZHU�ERXQG�RQ�UHVRXUFHV�RI�W\SH�L�
DGG�PLQ (VWLPDWH�RI�PLQLPXP�QXPEHU�RI�DGG�UHVRXUFHV
&BVWHS &RQWURO�VWHS
ª�º &HLOLQJ�IXQFWLRQ
&IXQFWLRQDOBXQLWV &DSDFLWDQFH�RI�IXQFWLRQDO�XQLWV�LQ�GDWDSDWK
&L &DSDFLWDQFH�RI�UHVRXUFH�RI�W\SH�L
&LQWHUFRQQHFW &DSDFLWDQFH�RI�LQWHUFRQQHFW�LQ�GDWDSDWK
&S &ULWLFDO�3DWK�OHQJWK
&UHJLVWHUV &DSDFLWDQFH�RI�UHJLVWHUV�LQ�GDWDSDWK
&VLQJOHBUHJLVWHU &DSDFLWDQFH�RI�D�VLQJOH�UHJLVWHU
&WRWDO 7RWDO�FDSDFLWDQFH�RI�GDWDSDWK
( 9DULDEOH�SDVVHG�EHWZHHQ�WZR�QRGHV�LQ�D�')*
, 5HVRXUFH�RU�QRGH�W\SH
N 1XPEHU�RI�VLJQDOV�IHHGLQJ�QRGH�RU�UHVRXUFH
P 1XPEHU�RI�QRGHV�LQ�D�')*
PD[B5L 8SSHU�ERXQG�RQ�QXPEHU�RI�UHVRXUFHV�RI�W\SH�L
PLQB&BVWHS 0LQLPXP�OHQJWK�RI�FULWLFDO�SDWK
PXOW�PLQ (VWLPDWH�RI�PLQLPXP�QXPEHU�RI�PXOWLSOLHU�UHVRXUFHV
Q 1XPEHU� RI� FRQQHFWLRQ� QHWV� LQ� D� ')*� ZKLFK� UHTXLUH� D

YDULDEOH�WR�EH�VWRUHG
1 1XPEHU�RI�RSHUDWLRQV�LQ�WKH�')*
1L 1XPEHU�RI�RSHUDWLRQV�RI�W\SH�L�LQ�WKH�')*
5L 1XPEHU�RI�KDUGZDUH�UHVRXUFHV�RI�W\SH�L
6$/$3 $/$3�WLPH�RI�RSHUDWLRQ�6
6$6$3 $6$3�WLPH�RI�RSHUDWLRQ�6
VODFNBWLPH 7KH�PRELOLW\�RI�DQ�RSHUDWLRQ�LQ�D�')*
WOLIHPLQ 0LQLPXP�OLIHWLPH�RI�D�YDULDEOH
7RWDOFRQWUROBVWHSV 0D[LPXP�QXPEHU�RI�FRQWURO�VWHSV�LQ�D�VFKHGXOH
; 1XPEHU�RI�FRQWURO�VWHSV�LQ�D�VFKHGXOH

&KDSWHU��
6�1 6LJQDO�WR�QRLVH�UDWLR�RI�7DJXFKL�H[SHULPHQW�UHVXOW

&KDSWHU���
7 7HPSHUDWXUH
N %ROW]PDQQ©V�FRQVWDQW
w( &KDQJH�LQ�HQHUJ\�EHWZHHQ�WZR�VWDWHV
S�w(� 3UREDELOLW\�RI�VHOHFWLRQ�RI�D�VROXWLRQ



&KDSWHU���¤�,QWURGXFWLRQ

�

&KDSWHU���¤�,QWURGXFWLRQ

����0RWLYDWLRQ�IRU�/RZ�3RZHU�9/6,
7KH�GHVLJQ�RI�9/6,��9HU\�/DUJH�6FDOH� ,QWHJUDWLRQ��GHYLFHV�KDV�KLVWRULFDOO\

FRQFHQWUDWHG� RQ� SURYLGLQJ� KLJKHU� OHYHOV� RI� SHUIRUPDQFH� ZKLOH� UHGXFLQJ� FRVW�� 7KH
LQFUHDVLQJ� GHYHORSPHQW� RI� VPDOOHU� IHDWXUH� VL]HV� KDV� HQDEOHG� LQFUHDVHG� LQWHJUDWLRQ
OHYHOV�WR�SURGXFH�GHVLJQV�ZLWK�PLOOLRQV�RI�WUDQVLVWRUV��HQDEOLQJ�H[LVWLQJ�GHVLJQV�WR�EH
LPSOHPHQWHG�ZLWK�UHGXFHG�DUHD��7KLV�UHGXFWLRQ�LQ�DUHD�FDQ�WUDQVODWH�WR�D�VPDOOHU�GLH
VL]H�� UHGXFLQJ�SDFNDJLQJ� FRVWV� DQG� LQFUHDVLQJ� WKH� IDEULFDWLRQ� \LHOG��2IWHQ�� UHGXFHG
GHVLJQ�DUHD�LV�H[SORLWHG�WR�HQDEOH�PRUH�IHDWXUHV�WR�EH�LQFRUSRUDWHG�RQ�WKH�VDPH�VL]H
9/6,�GHYLFH��¨V\VWHP�RQ�D�FKLS©���WKXV�LQFUHDVLQJ�SHUIRUPDQFH�ZLWKRXW�VLJQLILFDQWO\
LQFUHDVLQJ�WKH�SDFNDJLQJ�FRVW�RI� WKH�GHYLFH�� ,PSURYHPHQWV� WR� WKH�9/6,� IDEULFDWLRQ
SURFHVV�KDYH�HQDEOHG�DQ�LQFUHDVH�LQ�ZDIHU�DQG�GLH�VL]H��IXUWKHU�LQFUHDVLQJ�WKH�DPRXQW
RI� WUDQVLVWRUV� WKDW� FDQ� EH� LQWHJUDWHG� RQWR� D� VLQJOH� GHYLFH�� ,Q� DGGLWLRQ� WR� LQFUHDVHG
LQWHJUDWLRQ�WKH�FORFN�IUHTXHQFLHV�RI�9/6,�GHYLFHV�DUH�FRQWLQXDOO\�LQFUHDVLQJ�LQ�RUGHU
WR�VTXHH]H�WKH�PD[LPXP�SRVVLEOH�SHUIRUPDQFH�RXW�RI�WKHVH�KLJKO\�FRPSOH[�GHVLJQV�

2QH� HIIHFW� RI� LQFUHDVLQJ� LQWHJUDWLRQ� OHYHOV� DQG� FORFN�IUHTXHQFLHV� LV� WKH
LQFUHDVHG�SRZHU�FRQVXPSWLRQ��DQG�KHDW�GLVVLSDWLRQ��RI�9/6,�GHYLFHV��,Q�UHFHQW�\HDUV
WKH� LPSRUWDQFH� RI� SRZHU� FRQVXPSWLRQ� DV� D� 9/6,� LPSOHPHQWDWLRQ� SDUDPHWHU� KDV
LQFUHDVHG�VLJQLILFDQWO\�GXH�WR�VHYHUDO�PDLQ�IDFWRUV�

2QH� RI� WKH�PDMRU� FRPPHUFLDO� WUHQGV� WR� KDYH� LQIOXHQFHG� WKH� LPSRUWDQFH� RI
SRZHU� FRQVXPSWLRQ� LV� WKH� H[SORVLRQ� LQ� WKH� SRUWDEOH� HOHFWURQLFV� PDUNHW� >6KHQJ���
&KDQ��D��&KDQ��@��3HUVRQDO�FRPSXWHUV��PRELOH�SKRQHV��SDJHUV�DQG�3HUVRQDO�'LJLWDO
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$VVLVWDQWV� �3'$V�� DUH� H[DPSOHV�RI�SRUWDEOH� V\VWHPV� WKDW� KDYH� DFKLHYHG� VLJQLILFDQW
FRPPHUFLDO�VXFFHVV��7KH�SRUWDEOH�V\VWHP�VKDUH�RI�WKH�FRPSXWLQJ�DQG�FRPPXQLFDWLRQ
PDUNHW� LV� RQO\� H[SHFWHG� WR� LQFUHDVH� LQ� WKH� IXWXUH� >6LQJK���� <HDS��@�� )XWXUH
GHYHORSPHQWV� LQ�SRUWDEOH�V\VWHPV�DUH�H[SHFWHG� WR�VHH� WKH�GHYHORSPHQW�RI�3RUWDEOH
&RPPXQLFDWLRQ� 6\VWHPV� >6KHQJ���� 6Q\GHU��@�� LQWHJUDWLQJ� FRPPXQLFDWLRQ� DQG
FRPSXWDWLRQ�IDFLOLWLHV�LQ�D�VLQJOH�XQLW�

)RU�SRUWDEOH�HOHFWURQLF�V\VWHPV�WKH�FRQWLQXRXV�RSHUDWLQJ�WLPH�SURYLGHG�E\�D
VLQJOH�EDWWHU\�FKDUJH�LV�D�PDMRU�IDFWRU�LQ�FRPPHUFLDO�VXFFHVV��$�VKRUW�RSHUDWLQJ�WLPH
ZLOO� UHPRYH� WKH� PDLQ� IHDWXUH� RI� WKH� V\VWHP�� LWV� SRUWDELOLW\�� DQG� KHQFH� UHGXFH� LWV
DWWUDFWLYHQHVV�WR�FRQVXPHUV��7KH�RSHUDWLQJ�OLIHWLPH�RI�D�SRUWDEOH�V\VWHP�LV�GHSHQGHQW
RQ�ERWK� LWV�SRZHU�FRQVXPSWLRQ�DQG� WKH�EDWWHU\� FDSDFLW\��:KLOH� EDWWHU\� WHFKQRORJ\
KDV� LQFUHDVHG� FRQVLGHUDEO\� VLQFH� WKH� GHYHORSPHQW� RI� SRUWDEOH� V\VWHPV� LW� LV� QRW
H[SHFWHG� WR� RIIHU� VLJQLILFDQW� DGYDQFHV� LQ� WKH� QHDU� IXWXUH� >6LQJK���� &KXDQJ���
%HOOD��D@�� 3URYLGLQJ� ORQJHU� RSHUDWLQJ� WLPHV� WKURXJK� LQFUHDVHG� EDWWHU\� FDSDFLW\
PHDQV�XVLQJ�D� ODUJHU��KHDYLHU�EDWWHU\��7KLV� LV�XQGHVLUDEOH�DV� WKH�ZHLJKW�RI�SRUWDEOH
V\VWHPV�LV�DOVR�RI�PDMRU�FRQFHUQ�WR�FRQVXPHUV��7KHUHIRUH��WKH�LQFUHDVH�RI�RSHUDWLQJ
WLPH�RI�D�SRUWDEOH�HOHFWURQLF�V\VWHP�UHTXLUHV�UHGXFWLRQ�RI�LWV�SRZHU�UHTXLUHPHQWV�

,Q� DGGLWLRQ� WR� LQFUHDVLQJ� WKH� RSHUDWLQJ� WLPH� RI� H[LVWLQJ� SRUWDEOH� V\VWHPV�
WKHUH� LV� DQ� LQFUHDVLQJ� H[SHFWDWLRQ� IURP� FRQVXPHUV� IRU� WKHVH� V\VWHPV� WR� RIIHU� WKH
VDPH�IHDWXUHV�DQG�SHUIRUPDQFH�DV�WKHLU�QRQ�SRUWDEOH�YHUVLRQV��LQFUHDVLQJ�WKH�EXUGHQ
RQ�WKH�DOUHDG\�OHDQ�SRZHU�EXGJHW�>*DU\��@��7KHUHIRUH��SRZHU�UHGXFWLRQ�LV�QRW�RQO\
UHTXLUHG�IRU�WRGD\©V�SRUWDEOH�V\VWHPV��EXW�DOVR�WR�HQDEOH�WKH�GHYHORSPHQW�RI�WKH�QH[W
JHQHUDWLRQ�RI�SRUWDEOH�V\VWHPV�ZLWK�LQFUHDVHG�IXQFWLRQDOLW\�



&KDSWHU���¤�,QWURGXFWLRQ

�

:KLOH� WKH�9/6,�GHYLFHV�FRQVXPH�D�VLJQLILFDQW�SRUWLRQ�RI� WKH�RYHUDOO�SRZHU
EXGJHW�� SRZHU� UHGXFWLRQ� RI� SRUWDEOH� V\VWHPV� KDV� WDUJHWHG� DOO� DUHDV� RI� WKH� V\VWHP�
VXFK�DV� WKH� GLVSOD\� >$MOXQL��@� DQG� FRPPXQLFDWLRQ�PRGXOHV� >0FJUDWK���� 6KHQJ���
/DUVRQ��@�� 7KH� H[SDQVLRQ� LQ� IXQFWLRQV� UHTXLUHG� LQ� SRUWDEOH� V\VWHPV� �PXOWLPHGLD�
YRLFH�PDLO�� HWF��� KDV� LQFUHDVHG� WKH� UHTXLUHPHQW� IRU� GHGLFDWHG� 'LJLWDO� 6LJQDO
3URFHVVRUV� �'63V��� 7KH� DGYDQWDJH� RI� '63V� RYHU� JHQHULF� PLFURSURFHVVRUV� LV� WKDW
WKH\� FDQ� EH� GHVLJQHG� IRU� ORZ�SRZHU� RSHUDWLRQ� IRU� D� VSHFLILF� WDVN�� OHDGLQJ� WR
VLJQLILFDQW�UHGXFWLRQV�LQ�SRZHU�>%XUG����$UVODQ����/\RQ��@�

7KH�UHGXFWLRQ�RI�WKH�SRZHU�EXUGHQ�LQ�SRUWDEOH�V\VWHPV�LV�QRW�WKH�RQO\�GULYLQJ
IRUFH� EHKLQG� ORZ� SRZHU� 9/6,� GHVLJQ�� ,QFUHDVHG� SRZHU� FRQVXPSWLRQ� KDV� OHG� WR
GHYLFHV�WKDW�GLVVLSDWH�D�FRQVLGHUDEOH�DPRXQW�RI�KHDW��ZKLFK�VXEVHTXHQWO\�OHDGV�WR�DQ
LQFUHDVH� LQ� WKH�SDFNDJLQJ�FRVWV�RI� WKH�GHYLFH��7KH� UHTXLUHPHQW� IRU� KHDW� VLQNV�� IDQV
DQG�KHDW�PDQDJHPHQW�V\VWHPV�VLJQLILFDQWO\�DGGV�WR�WKH�FRVW�RI�WKH�GHYLFH��DIIHFWLQJ
LWV� FRPPHUFLDO� YLDELOLW\�� 5HGXFWLRQ� RI� SRZHU� DQG� DVVRFLDWHG� KHDW� GLVVLSDWLRQ� FDQ
UHGXFH� GHYLFH� FRVW� DQG� KHQFH� LQFUHDVH� LWV� FRPPHUFLDO� VXFFHVV� >%XUVN\��@�� ,Q
DGGLWLRQ��KLJK�WHPSHUDWXUH�GHYLFHV�FDQ�KDYH�D�VLJQLILFDQWO\�UHGXFHG�UHOLDELOLW\��OHDGLQJ
WR�DQ�LQFUHDVHG�SUREDELOLW\�RI�GHYLFH�IDLOXUH�>6LQJK����%HOOD��D��5DEDH\����<HDS��@�

5HFHQWO\��SRZHU�FRQVXPSWLRQ�DQG�KHDW�GLVVLSDWLRQ�KDYH�EHHQ� LGHQWLILHG�DV�D
SRWHQWLDO�OLPLWDWLRQ�WR�LQFUHDVHG�OHYHOV�RI�LQWHJUDWLRQ�DQG�FORFN�IUHTXHQFLHV��3RZHU�LV
EHJLQQLQJ� WR�EHFRPH�D� OLPLWLQJ� IDFWRU� LQ� WKH�GHVLJQ�RI� WKH�QH[W�JHQHUDWLRQ�RI�KLJK�
SHUIRUPDQFH�GHYLFHV�>6]HN����&KXDQJ����3HGUDP��@�

3RZHU�UHGXFWLRQ�KDV�EHHQ�WDUJHWHG�DV�EHLQJ�RI�SDUDPRXQW�LPSRUWDQFH�E\�WKH
9/6,�LQGXVWU\��7KH�86�$GYDQFHG�5HVHDUFK�3URMHFWV�$JHQF\�KDV�LQLWLDWHG�D�SURJUDP
WR�GHYHORS� WKH� WHFKQRORJ\�DQG�GHVLJQ� LQIUDVWUXFWXUH�UHTXLUHG� IRU� ORZ�SRZHU�9/6,�
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ZLWK� WKH� DLP� RI� SURGXFLQJ� SRZHU� VDYLQJV� RI� RUGHUV� RI� PDJQLWXGH� ¤� IURP� ���
PLOOLZDWWV�0,36� WR� ��� PLFURZDWWV�0,36� >/HP���� )ULHG��@�� &RPSDQLHV� VXFK� DV
7RVKLED� >.XQLL��@�� 0RWRUROD� >*DU\��@�� ,%0� >,NHGD��@�� ,QWHO� >*XHUUD���� ,QWHO��@
DQG�'(&�>*RZDQ��@�KDYH�LPSOHPHQWHG�VFKHPHV�IRU�WKH�GHYHORSPHQW�RI�ORZ�SRZHU
GHYLFHV�DQG�SRUWDEOH�V\VWHPV��SURYLGLQJ�DGGLWLRQV�WR�WKHLU�H[LVWLQJ�SURGXFW�UDQJH�DQG
QHZ�V\VWHPV�WR�VDWLVI\� WKH�GHPDQG�IRU�KLJKHU�SHUIRUPDQFH�DW� ORZHU�HQHUJ\��)LJXUH
����LOOXVWUDWHV�WKH�SRZHU�WUHQGV�LQ�WKH�,QWHO� IDPLO\�RI�SURFHVVRUV� >,QWHO����%HOOD��D�
7LZDUL��@�
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)LJXUH�����3RZHU�&RQVXPSWLRQ�7UHQGV�LQ�,QWHO�3URFHVVRUV

$V� SURFHVVRU� SHUIRUPDQFH� LQFUHDVHG� �GXH� LQ� SDUW� WR� LQFUHDVHG� LQWHJUDWLRQ
OHYHOV� DQG� KLJKHU� FORFN� VSHHGV�� SRZHU� GLVVLSDWLRQ� LQLWLDOO\� LQFUHDVHG�� +RZHYHU�
UHFRJQLWLRQ�RI�WKH�SRZHU�UHVWUDLQWV�RQ�SRUWDEOH�V\VWHPV�OHG�WR�WKH�GHYHORSPHQW�RI�WKH
,QWHO� 0RELOH� 3URFHVVRU� IDPLO\� IRU� SRUWDEOH� V\VWHPV�� 7KH� 0RELOH� SURFHVVRUV� KDYH
EHQHILWHG� IURP� UHGXFHG� IHDWXUH� VL]HV�� ����PP� DQG� ����PP�� ZKLFK� HQDEOHG� ORZHU
VXSSO\�YROWDJHV� �OHVV� WKDQ��9��� ,Q� DGGLWLRQ� WKH� SURFHVVRUV�ZHUH� GHVLJQHG� IRU� ORZ�
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SRZHU� RSHUDWLRQ�� LQFRUSRUDWLQJ� SRZHU� VDYLQJ� WHFKQLTXHV� VXFK� DV� GLIIHUHQW� VWDQGE\
OHYHOV�GHSHQGLQJ�RQ�DSSOLFDWLRQ� UHTXLUHPHQWV��$V� WKH� ILJXUH� LOOXVWUDWHV� WKH� 3HQWLXP
��0+]� KDV� D� SRZHU� FRQVXPSWLRQ� RI� ���:DWWV� FRPSDUHG� WR� WKH�0RELOH� 3HQWLXP
���0+]� SRZHU� FRQVXPSWLRQ� RI� �� :DWWV� ZKLFK� RIIHUV� VLJQLILFDQWO\� LQFUHDVHG
SURFHVVLQJ� SRZHU�� 6LPLODU� GHVLJQ� VFKHPHV� KDYH� OHG� WR� WKH� GHYHORSPHQW� RI� ORZ�
SRZHU�YHUVLRQV�RI� WKH�0RWRUROD�3RZHU3&� �3RZHU3&����� >*DU\��@�� DQG� WKH�'(&
$OSKD��'(&�$OSKD�������>*RZDQ��@���7KHVH�GHVLJQ�H[DPSOHV�LOOXVWUDWH�WKH�EHQHILW
RI� WDUJHWWLQJ� SRZHU� DV� DQ� REMHFWLYH� SDUDPHWHU� LQ� WKH� GHVLJQ� SURFHVV�� OHDGLQJ� WR
UHGXFHG� SRZHU� FRQVXPSWLRQ� ZKLOH� SUHVHUYLQJ� WKH� WUHQG� WRZDUGV� LQFUHDVHG
FRPSXWDWLRQDO�WKURXJKSXW�

7KH� IDFWRUV� GLVFXVVHG� LQ� WKLV� FKDSWHU� KLJKOLJKW� WKH� UHDVRQV� ZK\� SRZHU
FRQVXPSWLRQ�KDV�EHFRPH�DQ�LPSRUWDQW�SDUDPHWHU�LQ�9/6,�GHYLFHV��)RU�SRUWDEOH�DQG
KLJK�SHUIRUPDQFH�V\VWHPV�LW�KDV�MRLQHG�WKH�WUDGLWLRQDO�SDUDPHWHUV�RI�DUHD�DQG�VSHHG
DV�DQ�REMHFWLYH�SDUDPHWHU�IRU�9/6,�GHYLFHV�>%HOOD����%HOOD��E@�

����5HTXLUHPHQWV�IRU�/RZ�3RZHU�&RPSXWHU�$LGHG�'HVLJQ�7RROV
7KH� UHTXLUHPHQW� IRU� ORZ� SRZHU� 9/6,� GHYLFHV� VLJQLILFDQWO\� LQFUHDVHV� WKH

FRPSOH[LW\� RI� WKH� 9/6,� GHVLJQ� DQG� IDEULFDWLRQ� SURFHVV�� $PHQGPHQWV� WR� WKH
IDEULFDWLRQ� SURFHVV� �VXFK� DV� SURFHVV� VFDOLQJ�� FDQ� RIIHU� UHGXFWLRQV� LQ� SRZHU
FRQVXPSWLRQ� EXW� WKH\� UHTXLUH� FRVWO\� PRGLILFDWLRQV� >6LQJK��@�� 9ROWDJH� UHGXFWLRQ
WKURXJK�IHDWXUH�VL]H�UHGXFWLRQ��YROWDJH�VFDOLQJ�� WDNHV�DGYDQWDJH�RI� UHGXFHG�IHDWXUH
VL]HV� UHTXLULQJ� ORZHU� HOHFWULF� ILHOGV� DQG� KHQFH� ORZHU� YROWDJHV� WR� REWDLQ� WKH� VDPH
WKURXJKSXW��:KLOH�YROWDJH�VFDOLQJ�KDV�EHHQ�XVHG�H[WHQVLYHO\��ZLWQHVV� WKH� LQGXVWULHV
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PRYH� WR� D� ���9� VWDQGDUG�� LW� LV� QRW� H[SHFWHG� WR� SURYLGH� WKH� UHTXLUHG� SRZHU
UHGXFWLRQV� ZKLOH� PDLQWDLQLQJ� WKH� LQFUHDVH� LQ� WKURXJKSXW� >0HQJ���� 6LQJK���
/DQGPDQ��D@�

7KLV� KDV� OHG� WR� WKH� LQFUHDVLQJ� UHFRJQLWLRQ� WKDW� WKH� LQFRUSRUDWLRQ� RI� SRZHU
FRQVXPSWLRQ�DV�D�VWDQGDUG�GHVLJQ�SDUDPHWHU�LV�H[SHFWHG�WR�UHWXUQ�WKH�ODUJHVW�EHQHILWV
ZLWK�WKH�VPDOOHVW�LQFUHDVHV�LQ�FRVW�>6LQJK����5R\����+RUR��@��(IIHFWLYHO\�WKLV�PHDQV
DGRSWLQJ�D�GHVLJQ�IRU�SRZHU�VWUDWHJ\�

7KH� LQFOXVLRQ� RI� SRZHU� DV� D� GHVLJQ� SDUDPHWHU� LQFUHDVHV� WKH� EXUGHQ� RQ� WKH
9/6,�GHVLJQ�HQJLQHHU�ZKR� LV�GHDOLQJ�ZLWK� LQFUHDVLQJO\�FRPSOH[�GHYLFHV�ZLWK�PRUH
GHPDQGLQJ� LPSOHPHQWDWLRQ� DQG� GHVLJQ�WLPH� UHTXLUHPHQWV��&RPSXWHU�$LGHG�'HVLJQ
�&$'��WRROV�DUH�IUHTXHQWO\�XVHG�LQ�9/6,�GHVLJQ�WR�GHDO�ZLWK�WKH�VKHHU�FRPSOH[LW\�RI
WKH�GHYLFHV��7UDGLWLRQDO�&$'�WRROV�W\SLFDOO\�FRQWDLQ�DUHD�DQG�VSHHG�RSWLPLVDWLRQ�EXW
WKH� FRQVLGHUDWLRQ� RI� SRZHU� FRQVXPSWLRQ� LQFUHDVHV� WKH� RSWLPLVDWLRQ� WDVN� IURP� �
GLPHQVLRQV� �DUHD� DQG� VSHHG�� WR� �� GLPHQVLRQV� �DUHD�� VSHHG� DQG� SRZHU��� 7KLV
FRQVLGHUDEO\�LQFUHDVHV�WKH�FRPSOH[LW\�RI�WKH�RSWLPLVDWLRQ�WDVN��LQ�DGGLWLRQ��WKH�WKUHH
REMHFWLYHV�DUH�W\SLFDOO\�LQ�FRPSHWLWLRQ�L�H��ORZ�SRZHU�GHVLJQ�LV�D�PXOWL�REMHFWLYH�WDVN
ZKLFK� UHTXLUHV� WUDGH�RIIV� WR� EH� PDGH� EHWZHHQ� DUHD�� VSHHG� DQG� SRZHU�� 7KHUHIRUH
WKHUH� LV� D� UHTXLUHPHQW� IRU� &$'� WRROV� ZKLFK� FDQ� FRQVLGHU� DOO� WKUHH� SDUDPHWHUV� WR
HQDEOH� WKH� 9/6,� GHVLJQHU� WR� SURGXFH� GHVLJQV� WKDW� PHHW� DUHD�� VSHHG� DQG� SRZHU
VSHFLILFDWLRQV�� 7KHVH� &$'� WRROV� PXVW� LQFRUSRUDWH� WHFKQLTXHV� IRU� SRZHU
PDQLSXODWLRQ� �WR� UHGXFH� SRZHU�� DQG� SRZHU� HVWLPDWLRQ� �WR� SURYLGH� IHHGEDFN� WR
GHWHUPLQH�WKH�HIIHFW�RI�SRZHU�PRGLILFDWLRQV��

7KHUH�DUH�D�YDULHW\�RI�WHFKQLTXHV�WKDW�WDUJHW�ORZ�SRZHU�9/6,�DW�DOO�OHYHOV�RI
WKH� GHVLJQ� SURFHVV�� IURP� IORRUSODQQLQJ� DQG� OD\RXW� WR� KLJK�OHYHO� DOJRULWKP
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PRGLILFDWLRQ�� +LJK�OHYHO� FRQVLGHUDWLRQ� RI� SRZHU� DV� DQ� LQLWLDO� GHVLJQ� SDUDPHWHU� LV
H[SHFWHG� WR�SURYLGH� WKH�JUHDWHVW�SRZHU�UHGXFWLRQ� LQ� WHUPV�RI� UHWXUQ�RQ� LQYHVWPHQW
>5DEDH\����6LQJK����%HOOD��E��&KDQ��@��/RZHU� OHYHO� WHFKQLTXHV�� VXFK� DV� WKRVH� DW
WKH�FLUFXLW�RU�ORJLF�OHYHO��WHQG�WR�KDYH�D�OLPLWHG��ORFDO�LPSDFW�RQ�SRZHU�FRQVXPSWLRQ
DV� WKH\�RSHUDWH�ZLWKLQ� FRQVWUDLQWV� VSHFLILHG�E\�KLJKHU� OHYHOV�RI� WKH�GHVLJQ� SURFHVV�
+LJK�OHYHO�SRZHU�GHVLJQ�GRHV�QRW�RSHUDWH�ZLWKLQ�VXFK�FRQVWUDLQWV�VR� LW� KDV�JUHDWHU
IUHHGRP�WR�PDQLSXODWH�WKH�GHVLJQ�WR�H[SORUH�WKH�ORZ�SRZHU�VROXWLRQ�VSDFH�

:KLOH� FRPPHUFLDO� &$'� WRROV� DUH� EHJLQQLQJ� WR� DGGUHVV� WKH� QHHG� IRU� ORZ
SRZHU�GHVLJQ�YHU\� IHZ�FXUUHQWO\�RIIHU� KLJK�OHYHO� SRZHU� HVWLPDWLRQ� DQG�HYHQ� IHZHU
RIIHU�RSWLPLVDWLRQ� >&RXGHUW����/DQGPDQ��D@��7KHUH� LV� D� UHTXLUHPHQW� IRU� LQFUHDVHG
GHYHORSPHQW�RI�KLJK�OHYHO�&$'�WRROV�WKDW�FRQVLGHU�SRZHU�DV�DQ�REMHFWLYH�SDUDPHWHU
>0DFLL��@��7KH�GLVDGYDQWDJH�RI�KLJK�OHYHO�SRZHU� UHGXFWLRQ� LV� WKDW� KLJK�OHYHO�9/6,
GHVLJQ�LV�DOUHDG\�D�FRPSOH[�SUREOHP��PDQ\�RI�WKH�WDVNV�DUH�13�FRPSOHWH��UHTXLULQJ
KHXULVWLF� DOJRULWKPV� WR� GHWHUPLQH� VDWLVIDFWRU\� VROXWLRQV� WR� WKH� SUREOHPV�� 7KH
FRPSOH[LW\�RI�WKH�KLJK�OHYHO�GHVLJQ�SUREOHP�LV�FRPSRXQGHG�E\�WKH�DGGLWLRQ�RI�SRZHU
DV�DQ�REMHFWLYH��$�KLJK�OHYHO�ORZ�SRZHU�&$'�WRRO�UHTXLUHV�WKH�DELOLW\�WR�KDQGOH�WKH
FRPSOH[�VROXWLRQ�VSDFH�WR�SURGXFH�ORZ�SRZHU�GHVLJQV�

7KH�DELOLW\�WR�KDQGOH�FRPSOH[�VROXWLRQ�VSDFHV�LV�D�UHTXLUHPHQW�DW�PDQ\�OHYHOV
RI� WKH� 9/6,� GHVLJQ� SURFHVV�� 7KH� GLIILFXOW\� RI� GHWHUPLQLQJ� JRRG� 9/6,� GHVLJQ
VROXWLRQV��LQ�D�UHDVRQDEOH�DPRXQW�RI�WLPH�KDV�UHVXOWHG�LQ�VLJQLILFDQW�UHVHDUFK�LQWR�WKH
DSSOLFDWLRQ�RI�KHXULVWLF�RSWLPLVDWLRQ�WHFKQLTXHV��ERWK�WR�LPSURYH�WKH�GHVLJQ�SURFHVV
DQG� WKH� UHVXOWLQJ� GHVLJQV�� 6LPXODWHG� $QQHDOLQJ� �6$�� LV� RQH� VXFK� WHFKQLTXH�� D
KHXULVWLF� DOJRULWKP� LQVSLUHG� E\� WKH� SKV\LFDO� SURFHVV� RI� FRROLQJ�� LW� KDV� EHHQ
VXFFHVVIXOO\�XVHG�ZLWKLQ� WKH�FRPSOH[�9/6,�URXWLQJ�SURFHVV�>.LUN���9HFFKL��@�DQG
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9/6,� V\QWKHVLV� >1HLO@��7DEX� 6HDUFK� >5HHYHV����*ORYHU��@� LV� D� KHXULVWLF� WHFKQLTXH
ZKLFK�H[SORUHV�WKH�VROXWLRQ�VSDFH�E\�EXLOGLQJ�XSRQ�LQIRUPDWLRQ�JDLQHG�IURP�SUHYLRXV
H[SORUDWRU\� PRYHV�� 7KH\� KDYH� RQO\� UHFHQWO\� EHJXQ� WR� EH� XVHG� LQ� 9/6,� GHVLJQ
RSWLPLVDWLRQ�SUREOHPV�DW�WKH�SK\VLFDO�GHVLJQ�OHYHO�

*HQHWLF�$OJRULWKPV��*$V��DUH� D� VHDUFK� DQG�RSWLPLVDWLRQ� WHFKQLTXH� LQVSLUHG
E\�WKH�SURFHVVHV�RI�QDWXUDO�HYROXWLRQ��7KH\�KDYH�EHHQ�VXFFHVVIXOO\�DSSOLHG� WR�DUHDV
RI�9/6,� SK\VLFDO� GHVLJQ� DXWRPDWLRQ�� VROYLQJ� FRPSOH[� SUREOHPV� DQG� LPSURYLQJ� RQ
UHVXOWV�REWDLQHG�ZLWK�RWKHU�WHFKQLTXHV�VXFK�DV�6$��7KLV�SURYHQ�WUDFN�UHFRUG�LQ�9/6,
GHVLJQ�� WRJHWKHU� ZLWK� WKHLU� SURYHQ� RSWLPLVDWLRQ� FDSDELOLWLHV� LQ� VXFK� FRPSOH[
SUREOHPV��PDNHV�WKHP�D�JRRG�FKRLFH� IRU� LQYHVWLJDWLRQ�DV� WKH�EDVLV�RI�D� ORZ�SRZHU
GHVLJQ�V\VWHP�

)RU� WKH� SXUSRVHV� RI� WKLV� WKHVLV� WKHUH� LV� RQO\� VFRSH� WR� SHUIRUP� DQ� LQGHSWK
LQYHVWLJDWLRQ�RI�RQH�RI�WKH�DIRUH�PHQWLRQHG�WHFKQLTXHV��7KH�HYLGHQFH�RI�WKH�VXFFHVV
RI�*$V�LQ�VROYLQJ�FRPSOH[��PXOWL�REMHFWLYH�9/6,�SUREOHPV�KDV�OHG�WR�WKHLU�VHOHFWLRQ
DV�WKH�RSWLPLVDWLRQ�WHFKQLTXH�LQYHVWLJDWHG�LQ�WKLV�WKHVLV�

7KH�REMHFWLYH�RI�WKLV�UHVHDUFK�LV�WR�LQYHVWLJDWH�WKH�FRPELQDWLRQ�RI�KLJK�OHYHO
SRZHU�H[SORUDWLRQ�ZLWK�DUWLILFLDO� LQWHOOLJHQFH�VHDUFK� WHFKQLTXHV��7KLV� WKHVLV�SUHVHQWV
WKH�GHYHORSPHQW�DQG�DQDO\VLV�D�ORZ�SRZHU�&$'�WRRO�WKDW�XVHV�KLJK�OHYHO�DOJRULWKPLF
PRGLILFDWLRQV� IRU� SRZHU� UHGXFWLRQ�� 7KH� WRRO� LQFRUSRUDWHV� D� *$� WKDW� PDQLSXODWHV
KLJK�OHYHO� DOJRULWKPLF� GHVFULSWLRQV�� LQFRUSRUDWLQJ� PRGLILHG� JHQHWLF� VHDUFK
WHFKQLTXHV��WR�H[SORUH�WKH�ORZ�SRZHU�VROXWLRQ�VSDFH�

7KH� WRRO� WDUJHWV� WKH� SRZHU� UHGXFWLRQ� RI� '63� GHYLFHV� LPSOHPHQWHG� DV
$SSOLFDWLRQ� 6SHFLILF� ,QWHJUDWHG� &LUFXLWV� �$6,&V�� LQ� &026� WHFKQRORJ\�� 7KH
LPSRUWDQFH� RI� ORZ�SRZHU� '63� GHYLFHV�� LQ� SDUWLFXODU� WKRVH� GHYHORSHG� IRU� VSHFLILF
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IXQFWLRQV��ZDV�GLVFXVVHG� LQ� VHFWLRQ������$6,&�'63V�RIIHU� WKH� SRWHQWLDO� WR� H[HFXWH
FRPSOH[� VLJQDO� SURFHVVLQJ� IXQFWLRQV� ZLWK� JUHDWHU� HIILFLHQF\� DQG� ORZHU�SRZHU
FRQVXPSWLRQ� WKDQ� JHQHUDO� SXUSRVH� SURFHVVRUV��&026� LV� FKRVHQ�� DV� LW� LV� WKH�PRVW
FRPPRQO\� XVHG�9/6,� WHFKQRORJ\� WRGD\�� 7KLV� LV� SULPDULO\� EHFDXVH� RI� LWV� H[FHOOHQW
VFDOLQJ�TXDOLWLHV�DQG�LWV�ORZ�SRZHU�FRQVXPSWLRQ�ZKHQ�QRW�VZLWFKLQJ�

��� 2YHUYLHZ�RI�7KHVLV
7KH� WKHVLV� LV� GLYLGHG� LQWR� ��� FKDSWHUV�� 7KLV� FKDSWHU� KDV� SUHVHQWHG� WKH

UHTXLUHPHQW�IRU�ORZ�SRZHU�9/6,�GHYLFHV�DQG�WKH�DVVRFLDWHG�QHHG�IRU�&$'�WRROV�WR
DVVLVW�WKH�GHVLJQ�HQJLQHHU�LQ�DFKLHYLQJ�ORZ�SRZHU�WDUJHWV�

&KDSWHU� �� GLVFXVVHV� WKH� SUREOHP�RI� KLJK�OHYHO� SRZHU� V\QWKHVLV�� 7UDGLWLRQDO
KLJK�OHYHO�9/6,� V\QWKHVLV� LV� UHYLHZHG� WR� SUHVHQW� LWV� DGYDQWDJHV� UHODWLQJ� WR� GHVLJQ
H[SORUDWLRQ�DQG�PRGLILFDWLRQ�DW�HDUO\�OHYHOV�RI�WKH�GHVLJQ�SURFHVV��7KH�FRQWULEXWLQJ
IDFWRUV� RI� SRZHU� GLVVLSDWLRQ� LQ�&026� GHYLFHV� DUH� GLVFXVVHG� EHIRUH� SUHVHQWLQJ� DQ
RYHUYLHZ� RI� WHFKQLTXHV� WKDW� WDUJHW� ORZ�SRZHU� 9/6,� GHVLJQ�� 7KH� GLVFXVVLRQ
SUHVHQWHG�LQ�FKDSWHU���FRQFOXGHV�WKDW�DOWKRXJK�ORZ�SRZHU�LV�EHVW�WDFNOHG�DW�DOO�OHYHOV
RI� WKH�GHVLJQ�SURFHVV�� LQFRUSRUDWLQJ� DOO� WHFKQLTXHV� LQWR� D�XQLILHG� IUDPHZRUN�� KLJK�
OHYHO� ORZ� SRZHU� GHVLJQ� RIIHUV� WKH� JUHDWHVW� EHQHILWV� LQ� WHUPV� RI� SRZHU� UHGXFWLRQ�
7HFKQLTXHV� IRU� KLJK�OHYHO� SRZHU� UHGXFWLRQ� DUH� GLVFXVVHG� EHIRUH� SUHVHQWLQJ� WKH
WHFKQLTXH� XVHG� LQ� WKLV� WKHVLV�� KLJK�OHYHO� EHKDYLRXUDO� WUDQVIRUPDWLRQ�� 7KH� WHFKQLTXH
LQFRUSRUDWHV� KLJK�OHYHO� WUDQVIRUPDWLRQV� WR� PDQLSXODWH� WKH� SRZHU� FRQVXPSWLRQ� RI
KLJK�OHYHO�DOJRULWKPV��7KH�WUDQVIRUPDWLRQV�LQFRUSRUDWHG�LQWR�WKH�&$'�WRRO�SUHVHQWHG
LQ�WKLV�WKHVLV�DUH�DOVR�SUHVHQWHG�
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&KDSWHU���H[DPLQHV�WKH�RWKHU�UHTXLUHPHQW�RI�D�ORZ�SRZHU�&$'�WRRO��SRZHU
HVWLPDWLRQ�� 3RZHU� HVWLPDWLRQ� WHFKQLTXHV� DUH� UHYLHZHG� DW� DOO� OHYHOV� RI� WKH� GHVLJQ
SURFHVV� WR� LOOXVWUDWH� WKH� WUHQG� RI� KLJK�OHYHO� SRZHU� HVWLPDWLRQ� KDYLQJ� WR� WUDGH
DFFXUDF\� IRU� VSHHG�� +LJK�OHYHO� SRZHU� HVWLPDWLRQ� WHFKQLTXHV�� WKRXJK� VWLOO� LQ� WKHLU
LQIDQF\�� DUH� GLVFXVVHG� ZLWKLQ� WKH� FRQWH[W� RI� IHHGEDFN� WR� D� KLJK�OHYHO� SRZHU
HVWLPDWLRQ�V\VWHP�

&KDSWHU� �� SUHVHQWV� WKH� FRQFHSWV� RI� WKH� *$� VHDUFK� DQG� RSWLPLVDWLRQ
WHFKQLTXH��([DPSOHV�RI�WKH�WHFKQLTXH�WR�VROYH�9/6,�HQJLQHHULQJ�SUREOHPV��LQFOXGLQJ
SRZHU�UHGXFWLRQ��DUH�GLVFXVVHG��7KH�FKDSWHU�GLVFXVVHV� WKH�FRPSOH[LW\�RI�KLJK�OHYHO
EHKDYLRXUDO� WUDQVIRUPDWLRQ� IRU� ORZ�SRZHU�� LOOXVWUDWLQJ� WKH� UHTXLUHPHQW� IRU� HIILFLHQW
WRROV��VXFK�DV�D�*$��WKDW�FDQ�GHDO�ZLWK�WKH�FRPSOH[�VROXWLRQ�VSDFH� LQKHUHQW� LQ� ORZ
SRZHU�GHVLJQ�

&KDSWHU� �� FRQWDLQV� WKH� GHYHORSPHQW� RI� WKH� ORZ�SRZHU� GHVLJQ� WRRO�
LQFRUSRUDWLQJ�KLJK�OHYHO�SRZHU�GHVLJQ�DQG�HVWLPDWLRQ�LQWR�D�JHQHWLF�IUDPHZRUN��7KH
SURWRW\SH� GHVLJQ� LV� WHVWHG� ZLWK� D� VPDOO� VHW� RI� EHQFKPDUN� FLUFXLWV� WR� LOOXVWUDWH� LWV
HIIHFWLYHQHVV� LQ� UHGXFLQJ� WKH� SRZHU� FRQVXPSWLRQ� RI� KLJK�OHYHO� VLJQDO� SURFHVVLQJ
DSSOLFDWLRQV�

&KDSWHU���SUHVHQWV�PRGLILFDWLRQV� WR� WKH� WRROV©�SRZHU� HVWLPDWLRQ�PRGXOH� WR
SURYLGH�PRUH� DFFXUDWH� IHHGEDFN� GXULQJ� WKH� VHDUFK� DQG� PRGLILFDWLRQ� SURFHVV�� 7KH
LPSURYHG�WHFKQLTXHV�LQFRUSRUDWH�KLJK�OHYHO�V\QWKHVLV�PHWKRGV�DQG�KLJK�OHYHO�SRZHU
DQDO\VLV�WHFKQLTXHV�

&KDSWHU� �� WDUJHWV� WKH� RSWLPLVDWLRQ� RI� WKH� *$� SURFHVVHV�� 9DULRXV
PRGLILFDWLRQV� WR� WKH� VWDQGDUG� *$� DUH� GLVFXVVHG� DQG� DQDO\VHG� WR� GHWHUPLQH� WKHLU
HIIHFWV�RQ�WKH�ORZ�SRZHU�WRRO�DUH�EHQHILFLDO�
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&KDSWHU���SUHVHQWV�WHQ�EHQFKPDUN�VLJQDO�SURFHVVLQJ�GHVLJQV�ZLWK�WKH�UHVXOWV
REWDLQHG�E\�WKH�GHYHORSHG�WRRO�IRU�SRZHU�UHGXFWLRQ��7KH�UHVXOWV�LOOXVWUDWH�WKH�DELOLW\
RI�WKH�WRRO�WR�UHGXFH�WKH�SRZHU�FRQVXPSWLRQ�RI�WKH�KLJK�OHYHO�GHVLJQV�

&KDSWHU� �� GLVFXVVHV� WKH� FRQFHSW� RI� PXOWL�REMHFWLYH� RSWLPLVDWLRQ�� ZKHUH
FRQIOLFWLQJ� SDUDPHWHUV� VXFK� DV� DUHD� DQG� VSHHG� DUH� UHTXLUHG� WR� EH� FRQFXUUHQWO\
RSWLPLVHG�� 7KH� *$� FDQ� EH� XVHG� WR� JHQHUDWH� LQYDOXDEOH� LQIRUPDWLRQ� WR� WKH� 9/6,
GHVLJQHU� LOOXVWUDWLQJ� D� UDQJH� RI� WUDGH�RIIV� WKDW� FDQ� EH�PDGH�� 7KH� FKDSWHU� LQFOXGHV
SDUHWR�VXUIDFH� FKDUWV� IRU� HDFK� RI� WKH� WHQ� EHQFKPDUN� GHVLJQV�� LOOXVWUDWLQJ� WKH� DUHD�
SRZHU�WUDGH�RIIV�WKDW�FDQ�EH�PDGH�

&KDSWHU����FRPSDUHV� WKH�*$�WHFKQLTXH�ZLWK�RWKHU� VHDUFK� DQG�RSWLPLVDWLRQ
WHFKQLTXHV�� WR� LOOXVWUDWH� LWV� HIIHFWLYHQHVV� LQ� SURGXFLQJ� ORZ� SRZHU� GHVLJQV� DQG
H[SORULQJ�WKH�VROXWLRQ�VSDFH�WR�SUHVHQW�GHVLJQ�WUDGH�RII�LQIRUPDWLRQ�

&KDSWHU����SUHVHQWV�FRQFOXVLRQV�DQG�IXWXUH�ZRUN�

����3XEOLFDWLRQV�$ULVLQJ�IURP�7KLV�5HVHDUFK
��� 0�6��%ULJKW�DQG�7��$UVODQ��¦$�*HQHWLF�)UDPHZRUN�)RU�7KH�+LJK�/HYHO

2SWLPLVDWLRQ� 2I� /RZ� 3RZHU� 9/6,� '63� 6\VWHPV§�� ,((� (OHFWURQLFV
/HWWHUV����WK�-XQH�������9RO������1R������SS�����������

��� 7�� $UVODQ�� (�� 2]GHPLU� (��� 0�6�� %ULJKW� DQG� '�+�� +RUURFNV�� ¦*HQHWLF
6\QWKHVLV�7HFKQLTXHV�IRU�/RZ�3RZHU�'LJLWDO�6LJQDO�3URFHVVLQJ�&LUFXLWV§�
,((�&ROORT��2Q�'LJLWDO�6\QWKHVLV��/RQGRQ��8.�����WK�)HE�������SS�����
���

��� 0��6��%ULJKW� DQG� 7�� $UVODQ�� ¦$�*HQHWLF� $OJRULWKP� IRU� WKH� +LJK�/HYHO
6\QWKHVLV�RI�'63� �6\VWHPV�IRU�/RZ�3RZHU§��3URF�� ,((�,(((�&RQI��RQ
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*HQHWLF� $OJRULWKPV� LQ� (QJLQHHULQJ� 6\VWHPV�� ,QQRYDWLRQV� DQG
$SSOLFDWLRQV� �*$/(6,$� 
����� *ODVJRZ�� 8.�� ���� 6HSW�� ������ SS�� ����
���

��� 0��6��%ULJKW�DQG�7��$UVODQ��¦7UDQVIRUPDWLRQDO�%DVHG�6\QWKHVLV�RI�9/6,
%DVHG�'63�6\VWHPV�IRU�/RZ�3RZHU�8VLQJ�D�*HQHWLF�$OJRULWKP§��,(((
,QW��6\PSRVLXP�RQ�&LUFXLWV�DQG�6\VWHPV�� ,6&$6�����0RQWHUH\�&$����
0D\�¤���-XQH�����

��� 0�� 6�� %ULJKW� DQG� 7�� $UVODQ�� ¦/RZ�3RZHU� +LJK�/HYHO� '63� 6\VWHP
0HWKRGRORJLHV�DQG�7HFKQLTXHV��,PSDFW�RQ�&$'§��,((�8.�/RZ�3RZHU
)RUXP��6KHIILHOG�8.��6HSW����WK���WK�������SS���������

��� 0��6��%ULJKW�DQG�7��$UVODQ��¦6XSSO\�9ROWDJH�5HGXFWLRQ�7KURXJK�+LJK�
/HYHO�'HVLJQ�7HFKQLTXHV§�� ,((�8.�/RZ�3RZHU� )RUXP�� 6KHIILHOG� 8.�
6HSW����WK���WK�������SS�����������

��� 0��6��%ULJKW�DQG�7��$UVODQ��¦0XOWL�2EMHFWLYH�'HVLJQ�6WUDWHJLHV�IRU�+LJK�
/HYHO� /RZ�3RZHU�'HVLJQ� RI� '63� 6\VWHPV§�� ,(((� ,QW�� 6\PSRVLXP� RQ
&LUFXLWV�DQG�6\VWHPV��,6&$6�����)ORULGD

��� 0�� 6�� %ULJKW� DQG� 7�� $UVODQ�� ¦6\QWKHVLV� 2I� /RZ�3RZHU� '63� 6\VWHPV
8VLQJ�$�*HQHWLF�$OJRULWKP§��,(((�7UDQV��2Q�(YROXWLRQDU\�&RPSXWDWLRQ
�,Q�3UHSDUDWLRQ�
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&KDSWHU���¤�6\QWKHVLV�IRU�/RZ�3RZHU�9/6,

7KH�FRPSOH[LW\�RI�9/6,�GHYLFHV�KDV�LQFUHDVHG�JUHDWO\�VLQFH�WKHLU�LQFHSWLRQ�
ZLWK� PRGHUQ� GHYLFHV� W\SLFDOO\� FRQWDLQLQJ� PLOOLRQV� RI� WUDQVLVWRUV�� ([SORLWDWLRQ� RI
WKHVH� DGYDQFHV� LQ�9/6,� WHFKQRORJ\� UHTXLUHV� DGYDQFHG� GHVLJQ� WRROV� WR� KDQGOH� WKH
LQFUHDVHG� FRPSOH[LW\�� ,Q� DGGLWLRQ�� 9/6,� GHVLJQHUV� DUH� EHLQJ� DVNHG� WR� SURGXFH
GHVLJQV�ZLWK�KLJKHU�SHUIRUPDQFH�DQG�]HUR�GHIHFWV��ZKLOH�UHGXFLQJ�WKH�GHVLJQ�WLPH�
&$'�WRROV�KDYH�EHHQ��DQG�ZLOO�FRQWLQXH�WR�EH��LQVWUXPHQWDO�LQ�DFKLHYLQJ�WKHVH�JRDOV
>&DVD����0LFKHOL��@��7KH�DGGLWLRQ�RI�REMHFWLYH�SDUDPHWHUV�VXFK�DV�DUHD��SRZHU��HWF�
IXUWKHU� LQFUHDVHV� WKH�EXUGHQ�RQ�WKH�9/6,�GHVLJQ�HQJLQHHU�� LQFUHDVLQJ� WKH�QHHG� IRU
HIIHFWLYH�&$'�WRROV�

$�W\SLFDO�$6,&�GHVLJQ�PHWKRGRORJ\� >*DMVNL��@� VWDUWV�ZLWK� D� VHW�RI�GHYLFH
UHTXLUHPHQWV� GHYHORSHG� LQ� FRQMXQFWLRQ� ZLWK� GHVLJQHUV� DQG� WKH� PDUNHWLQJ
GHSDUWPHQW��)URP� WKLV� VSHFLILFDWLRQ� D� WHDP�RI� GHVLJQHUV� SURGXFH� DQ� DUFKLWHFWXUDO�
OHYHO� VSHFLILFDWLRQ� RI� WKH� FKLS� ZKLFK� UHVROYHV� WKH� UHTXLUHPHQWV� VSHFLILFDWLRQ� LQWR
KLJK�OHYHO� IXQFWLRQDO� EORFNV�� 7KLV� LV� WKHQ� SDVVHG� RQWR� ORJLF� DQG� OD\RXW� GHVLJQHUV
ZKR� FRQYHUW� HDFK� EORFN� LQWR� D� ORJLF�� RU� FLUFXLW�OHYHO� VFKHPDWLF�� 9/6,� VFKHPDWLF
FDSWXUH� WRROV� FDQ� WKHQ� EH�XVHG� WR� VLPXODWH� DQG� V\QWKHVLVH� WKH�GHVLJQ� GRZQ� WR� WKH
GHYLFH� OHYHO�� ,Q� WKLV� W\SLFDO�GHVLJQ�PHWKRGRORJ\� WKH�&$'� WRROV� DUH�QRW�XVHG�XQWLO
WKH�DUFKLWHFWXUDO�OHYHO�OD\RXW�KDV�EHHQ�VSHFLILHG�

2QH�RI�WKH�PRVW�LPSRUWDQW�GHYHORSPHQWV�RI�UHFHQW�\HDUV�LQ�9/6,�GHVLJQ�KDV
EHHQ� WKH� DGYHQW� RI� KLJK�OHYHO� V\QWKHVLV� V\VWHPV� DQG� &$'� WRROV�� +LJK�OHYHO
V\QWKHVLV� HQDEOHV� WKH� GHVLJQ� WR� EH� GHVFULEHG� SXUHO\� LQ� D� EHKDYLRXUDO� IRUP� L�H�� D
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VSHFLILFDWLRQ� RI� LWV� GHVLUHG� IXQFWLRQ�� &$'� WRROV� WKDW� HPSOR\� KLJK�OHYHO� V\QWKHVLV
PHWKRGRORJLHV�FDQ�WKHQ�EH�XVHG�WR�V\QWKHVLVH�WKH�GHVLJQ�GRZQ�WR�WKH�GHYLFH�OHYHO��D
FRPSOHWH�DXWRPDWLRQ�RI�WKH�9/6,�GHVLJQ�DQG�IDEULFDWLRQ�SURFHVV�

7KLV� FKDSWHU� GLVFXVVHV� KLJK�OHYHO� V\QWKHVLV� DQG� ORZ�SRZHU� GHVLJQ
WHFKQLTXHV��7KH�GLVFXVVLRQ�RQ�KLJK�OHYHO�GHVLJQ�FRQFOXGHV�WKDW�KLJK�OHYHO�V\QWKHVLV
RIIHUV�FRQVLGHUDEOH�DGYDQWDJHV�DV�SDUW�RI�WKH�9/6,�GHVLJQ�SURFHVV��6LPLODUO\��SRZHU
UHGXFWLRQ� DW� WKH� KLJK�OHYHO� KDV� WKH� JUHDWHVW� HIIHFW� RQ� RYHUDOO� SRZHU� FRQVXPSWLRQ�
7KHUHIRUH��KLJK�OHYHO�V\QWKHVLV�ZLWK�ORZ�SRZHU�REMHFWLYHV�RIIHUV�WKH�FRPELQDWLRQ�RI
WKHVH� DGYDQWDJHV�� 7KHUHIRUH�� WKH� ZRUN� SUHVHQWHG� LQ� WKLV� WKHVLV� FRQVLGHUV� SRZHU
UHGXFWLRQ�DV�SDUW�RI�WKH�KLJK�OHYHO�V\QWKHVLV�SURFHVV�

7KLV�FKDSWHU�GHVFULEHV� WKH�SURSHUWLHV�RI� KLJK�OHYHO�V\QWKHVLV�DQG�KLJK�OHYHO
&$'� WRROV� LQ� VHFWLRQ� ����� 6HFWLRQ� ���� RXWOLQHV� WKH� PDLQ� IDFWRUV� FRQWULEXWLQJ� WR
&026� SRZHU� DV� EDFNJURXQG� IRU� WKH� IROORZLQJ� GLVFXVVLRQ� RQ� ORZ�SRZHU� GHVLJQ
WHFKQLTXHV�� 6HFWLRQ� ���� SUHVHQWV� DQ� RYHUYLHZ� RI� WHFKQLTXHV� WKDW� KDYH� EHHQ
GHYHORSHG� WR� UHGXFH� WKH� SRZHU� FRQVXPSWLRQ� RI� 9/6,� GHYLFHV�� 6HFWLRQ� ���
VSHFLILFDOO\�GLVFXVVHV�KLJK�OHYHO�SRZHU�UHGXFWLRQ�WHFKQLTXHV�LQFOXGLQJ�WKRVH�XVHG�LQ
WKH� WRRO� SUHVHQWHG� LQ� WKLV� WKHVLV�� 7KH� WHFKQLTXHV� XVH� KLJK�OHYHO� EHKDYLRXUDO
WUDQVIRUPDWLRQV�WR�UHGXFH�SRZHU�FRQVXPSWLRQ�DW�WKH�DOJRULWKPLF� OHYHO��6HFWLRQ����
SUHVHQWV�WKH�VSHFLILF�VHW�RI�KLJK�OHYHO�WUDQVIRUPDWLRQV�XVHG�ZLWKLQ�WKH�WRRO�

����+LJK�/HYHO�6\QWKHVLV
7KH� WHUP� ¨KLJK�OHYHO� V\QWKHVLV©� LV� XVXDOO\� XVHG� WR� GHVFULEH� WKH� SURFHVV� RI

WXUQLQJ�DQ�DEVWUDFW�EHKDYLRXUDO�GHVFULSWLRQ�RI�D�GHVLUHG� IXQFWLRQ�RU� DOJRULWKP� LQWR
DQ�DUFKLWHFWXUDO�OHYHO�VSHFLILFDWLRQ��7KH�EHKDYLRXUDO�GHVFULSWLRQ�GHVFULEHV�WKH�LQSXW
DQG� RXWSXW� EHKDYLRXU� RI� WKH� DOJRULWKP� LQ� WHUPV� RI� RSHUDWLRQV� DQG� GDWD� WUDQVIHUV�
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VHSDUDWH� IURP� DQ\�9/6,� LPSOHPHQWDWLRQ� GHWDLOV�� 7KH� DUFKLWHFWXUDO� OHYHO� PDSV� WKH
RSHUDWLRQV� DQG� GDWD� RQWR� IXQFWLRQDO� XQLWV� DQG� UHJLVWHUV�� HIIHFWLYHO\� SURGXFLQJ� D
EORFN�GLDJUDP�RI�WKH�9/6,�GHYLFH�

+LJK�OHYHO� V\QWKHVLV� LV� D� UHODWLYHO\� QHZ� DGGLWLRQ� WR� WUDGLWLRQDO� 9/6,
V\QWKHVLV�WHFKQLTXHV��,Q�WKH�����V�LQWHUHVW�LQ�&$'�DQG�GHVLJQ�V\QWKHVLV�ZDV�PRVWO\
DW�ORZHU�OHYHOV�RI�WKH�GHVLJQ�SURFHVV��VXFK�DV�DXWRPDWLRQ�RI� OD\RXW�DQG�URXWLQJ�� ,Q
WKH� ����V� LQWHUHVW� LQ� KLJK�OHYHO� V\QWKHVLV� WHFKQLTXHV� LQFUHDVHG� SDUWO\� GXH� WR� WKH
LQFUHDVLQJ� FRPSOH[LW\�RI�9/6,�GHYLFHV�� UHVXOWLQJ� LQ� H[WHQVLYH�ZRUN�RQ� KLJK�OHYHO
V\QWKHVLV�WHFKQLTXHV�>0F)DU��@�

7KH� WDVNV� RI� KLJK�OHYHO� V\QWKHVLV� FDQ� EH� FRQYHQLHQWO\� JURXSHG� LQWR� WKUHH
PDLQ�VWHSV�>0LFKHOL��@�

��� &RPSLOH� WKH� EHKDYLRXUDO� VSHFLILFDWLRQ� LQWR� DQ� LQWHUQDO� UHSUHVHQWDWLRQ�
7KH�LQWHUQDO�UHSUHVHQWDWLRQ�LV�D�FRQYHQLHQW�IRUPDW�IRU�WKH�H[SORUDWLRQ�RI
WKH� VROXWLRQ� VSDFH� DV�ZHOO� DV� WKH� H[HFXWLRQ� RI� WKH� KLJK�OHYHO� V\QWKHVLV
WDVNV�

��� 3HUIRUP�RSWLPLVLQJ�WUDQVIRUPDWLRQV�RQ�WKH�LQWHUQDO�UHSUHVHQWDWLRQ�RI�WKH
EHKDYLRXUDO� VSHFLILFDWLRQ�� 'HSHQGLQJ� RQ� WKH� &$'� WRRO�� WKH
WUDQVIRUPDWLRQV� DUH�XVHG� WR� SURGXFH� DQ�RSWLPDO� GHVLJQ� RU� WR� SURYLGH� D
UDQJH�RI� DOWHUQDWLYH� GHVLJQV� WR� WKH� GHVLJQHU� VR� WKDW� WKH�RSWLPDO� FDQ� EH
VHOHFWHG�

��� 3HUIRUP�WKH�KLJK�OHYHO�V\QWKHVLV�WDVNV�VXFK�DV�VFKHGXOLQJ�DQG�DOORFDWLRQ
WR�SURGXFH�WKH�OD\RXW�RI�WKH�KDUGZDUH�VWUXFWXUH�>0LFKHOL��@�

7KH�WRRO�SUHVHQWHG�LQ�WKLV�WKHVLV�FRQFHQWUDWHV�RQ�WKH�DSSOLFDWLRQ�RI� WKH� ILUVW
WZR�VWHSV�WR�SURGXFH�RSWLPDO�KLJK�OHYHO�DOJRULWKPV�IRU�ORZ�SRZHU�LPSOHPHQWDWLRQ�
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'XULQJ�WKLV�SURFHVV�WKH�WRRO�SHUIRUPV�PDQ\�RI�WKH�KLJK�OHYHO�V\QWKHVLV�WDVNV�RI�VWHS
��WR�HVWLPDWH�FKDUDFWHULVWLFV�RI�WKH�KDUGZDUH�VWUXFWXUH��7KH�V\VWHP�GRHV�QRW�DFWXDOO\
SURGXFH� KDUGZDUH� VWUXFWXUHV� DV� LW� LV� LQWHQGHG� DV� WKH� ILUVW� VWHS� LQ� D� PRUH
FRPSUHKHQVLYH�KLJK�OHYHO�V\QWKHVLV�V\VWHP��7KHUH�DUH�D�QXPEHU�RI�VWHSV�WKDW�FDQ�EH
DSSOLHG�GXULQJ�VWHS���WR�UHGXFH�SRZHU�FRQVXPSWLRQ��DV�GLVFXVVHG�LQ�VHFWLRQ������7KH
WRRO� LQ� WKLV� WKHVLV�FRQFHQWUDWHV�RQ�WKH�UHGXFWLRQ�RI�SRZHU� LQ�VWHS����7KH�SUHVHQWHG
V\VWHP�SURGXFHV�RSWLPLVHG�KLJK�OHYHO�GHVLJQV�WR�HQDEOH�WKH�VXEVHTXHQW�DSSOLFDWLRQ
RI�KLJK�OHYHO�SURFHGXUHV�ZKLFK�RSWLPLVH�SRZHU�GXULQJ�VWHS���

,Q�UHFHQW�\HDUV�WKHUH�KDV�EHHQ�D�WUHQG�WR�DXWRPDWLQJ�V\QWKHVLV�DW�KLJKHU�DQG
KLJKHU� OHYHOV�RI� WKH�GHVLJQ�SURFHVV�GXH� WR� WKH� DGYDQWDJHV� RI� KLJK�OHYHO� V\QWKHVLV�
+LJK�OHYHO� V\QWKHVLV� LV� VHHQ� DV� RQH� RI� WKH� PDLQ� WHFKQLTXHV� WR� UHGXFH� WKH� GHVLJQ�
F\FOH� WLPH� RI� FRPSOH[� 9/6,� GHYLFHV�� $� ORQJ� GHVLJQ� F\FOH� FDQ� UHQGHU� D� SURMHFW
REVROHWH�E\�WKH�WLPH�LW�UHDFKHV�WKH�PDUNHWSODFH��7KLV�LV�HVSHFLDOO\�VR�LQ�WKH�FDVH�RI
PLOLWDU\�DSSOLFDWLRQV�ZKHUH�QHZ�WHFKQRORJ\� LV� UHTXLUHG� WR�EH� DYDLODEOH� DV� VRRQ�DV
SRVVLEOH�� 7KH� 86� 'HIHQFH� $GYDQFHG� 5HVHDUFK� 3URMHFWV� $JHQF\� �'$53$�� KDV
UHFRJQLVHG� WKDW� WKH� GHYHORSPHQW� RI� KLJK�OHYHO� V\QWKHVLV� WRROV� LV� RQH� RI� WKH� NH\
UHTXLUHPHQWV� LQ� LPSURYLQJ� WKH� $6,&� GHVLJQ� SURFHVV� >0DGLV���� 0DGLV��D@�� 7KH
DXWRPDWLRQ� RI� KLJK�OHYHO� V\QWKHVLV� WDVNV� ZLOO� SURGXFH� GHVLJQV� PRUH� TXLFNO\
>0F)DU��@��WKHUHIRUH��GHVLJQV�KDYH�JUHDWHU�FKDQFH�RI�PHHWLQJ�WKHLU�PDUNHW�ZLQGRZ
DQG�KHQFH�PD[LPLVLQJ�SURILWV�LQ�FRPPHUFLDO�DSSOLFDWLRQV�

7KH� LQFUHDVHG� FRPSOH[LW\� RI� $6,&� DSSOLFDWLRQV� LV� UHTXLULQJ� JUHDWHU
FRQFHQWUDWLRQ�RQ�WKH�YHULILFDWLRQ�RI�WKH�GHVLJQ��WR�HQVXUH�LW�LV�HUURU�IUHH�DQG�PDWFKHV
WKH�VSHFLILFDWLRQ��DW�DOO� OHYHOV�RI� WKH�GHVLJQ�SURFHVV��+LJK�OHYHO� V\QWKHVLV�PDNHV� LW
SRVVLEOH�WR�YHULI\�WKH�GHYLFH©V�IXQFWLRQ� IDU�HDUOLHU� LQ�WKH�GHVLJQ�SURFHVV�WKDQ� ORZHU
OHYHO�WRROV��7KH�EHKDYLRXUDO�GHVFULSWLRQV�DUH�OHVV�FRPSOH[�WKDQ�WKHLU�FRUUHVSRQGLQJ
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DUFKLWHFWXUDO�OHYHO� GHVFULSWLRQV�� PDNLQJ� GHVLJQ� VLPXODWLRQV� DQG� DQ\� QHFHVVDU\� UH�
GHVLJQV�IDVWHU�WR�LPSOHPHQW��2QFH�WKH�KLJK�OHYHO�EHKDYLRXUDO�VSHFLILFDWLRQ�KDV�EHHQ
YHULILHG� KLJK�OHYHO� V\QWKHVLV� SUHVHQWV� WKH� DELOLW\� WR� XVH� DXWRPDWHG� &$'� WRROV
WKURXJKRXW�WKH�UHVW�RI�WKH�GHVLJQ�SURFHVV��$V�WKHVH�WRROV�XVH�SURYHQ�WHFKQLTXHV�WKH\
DUH�OHVV�SURQH�WR�LQWURGXFLQJ�HUURUV�LQWR�WKH�GHVLJQ��UHGXFLQJ�RU�HOLPLQDWLQJ�WKH�WLPH
UHTXLUHG�IRU�FRVWO\�UHGHVLJQV�>&DPS����0F)DU��@�

2QH�RI�WKH�PRVW�LPSRUWDQW�DGYDQWDJHV�RIIHUHG�E\�KLJK�OHYHO�V\QWKHVLV�LV�WKH
DELOLW\� WR� H[SORUH� WKH� GHVLJQ� VSDFH� DW� YHU\� HDUO\� VWDJHV� LQ� WKH� GHVLJQ� SURFHVV�
'HFLVLRQV� PDGH� DW� KLJK�OHYHOV� KDYH� WKH� JUHDWHVW� DIIHFW� RQ� WKH� 9/6,� GHYLFH©V
LPSOHPHQWDWLRQ�SDUDPHWHUV�VXFK�DV�DUHD�DQG�SRZHU�>0LFKHOL����%HQW]����0F)DU���
*XHUUD����6DWR��@��$�JRRG�KLJK�OHYHO�V\QWKHVLV�WRRO�SUHVHQWV�DOWHUQDWLYH�GHVLJQV� LQ
D� UHDVRQDEOH� DPRXQW� RI� WLPH� VR� WKDW� WKH� HIIHFW� RI� KLJK�OHYHO� GHFLVLRQV� FDQ� EH
H[SORUHG�DQG�KLJK�OHYHO�WUDGH�RIIV�SHUIRUPHG�>0F)DU��@��2QH�RI�WKH�PDLQ�DLPV�RI�D
KLJK�OHYHO� &$'� WRRO� LV� WR� SURGXFH� DQ� RSWLPDO� GHVLJQ�� (DUOLHU� KLJK�OHYHO� WRROV
SURGXFHG� VXE�RSWLPDO� GHVLJQV� WKDW� UHTXLUHG� FRQVLGHUDEO\� ODUJHU� DUHD� WKDQ� WKRVH
SURGXFHG� E\�PDQXDO� WHFKQLTXHV� >0F)DU����0F)DU��@�� (YHQ�ZLWK� DGYDQFHG� KLJK�
OHYHO� V\QWKHVLV� WRROV�� PDQXDO� RSWLPLVDWLRQ� PD\� VWLOO� EH� UHTXLUHG� WR� H[WUDFW� WKH
PD[LPXP�SRVVLEOH�SHUIRUPDQFH� >*DMVNL��@��7KH� FRQWLQXLQJ�GHYHORSPHQW�RI� KLJK�
OHYHO� &$'� WRROV� LV� DLPHG� DW� RSWLPLVLQJ� ERWK� WKH� GHYLFHV� SURGXFHG� DQG� WKH� WLPH
WDNHQ� WR� SHUIRUP� WKH� V\QWKHVLV� SURFHVV� ZLWK� WKH� DLP� RI� RXWSHUIRUPLQJ� PDQXDO
V\QWKHVLV�DQG�RSWLPLVDWLRQ�WHFKQLTXHV�

$�QXPEHU�RI� KLJK�OHYHO�&$'�V\QWKHVLV� WRROV� KDYH�EHHQ�GHYHORSHG� WR� WDNH
DGYDQWDJH� RI� WKH� SURSHUWLHV� GHVFULEHG� LQ� WKH� SUHYLRXV� SDUDJUDSKV�� 7KH
&$7+('5$/�V\VWHP�>*XHUWV��@�VSHFLILFDOO\�WDUJHWV�WKH�V\QWKHVLV�RI�'63�GHYLFHV�
DSSO\LQJ� KLJK� OHYHO� WUDQVIRUPDWLRQV� WR� H[SORUH� WKH� VROXWLRQ� VSDFH�� 2WKHU� V\VWHPV
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VXFK� DV� )/$0(/� >7ULFN��@�� +<3(5� >5DEDH\���� 5HHVH���� &KDQ���� %HQW]@� DQG
0,02/$� >%KDVN��@� DOVR� DSSO\� KLJK�OHYHO� WUDQVIRUPDWLRQV� GXULQJ� WKH� V\QWKHVLV
SURFHVV� WR� REWDLQ� GHVLJQV� RSWLPDO� LQ� WHUPV� RI� GHVLUHG� SDUDPHWHUV� VXFK� DV� DUHD�
VSHHG�� SRZHU�� HWF�� 7KH� KLJK�OHYHO� WUDQVIRUPDWLRQV� DUH� XVHG� WR� PRGLI\� WKH
FKDUDFWHULVWLFV�RI� WKH�EHKDYLRXUDO�GHVFULSWLRQV��FKDQJLQJ� WKH�9/6,� LPSOHPHQWDWLRQ
FKDUDFWHULVWLFV�>:DONHU��@��7KHVH�WRROV�DUH�DFDGHPLF�EDVHG�UHVHDUFK�SURMHFWV��KLJK�
OHYHO� V\QWKHVLV� WRROV� KDYH� RQO\� UHFHQWO\� EHFRPH� RI� LQWHUHVW� WR� WKH� FRPPHUFLDO
PDUNHW� >*DMVNL��@�� ,Q�KRXVH�� KLJK�OHYHO� &$'� WRROV� KDYH� EHHQ� XVHG� WR� GHYHORS
SUDFWLFDO� GHYLFHV� DQG� FRPPHUFLDOO\� DYDLODEOH� KLJK�OHYHO� V\QWKHVLV� WRROV� DUH� LQ
GHYHORSPHQW��2QH�RI�WKH�NH\�UHDVRQV� IRU�WKH� LQFUHDVH� LQ�FRPPHUFLDO� LQWHUHVW�LV�WKH
H[WUD�9/6,�GHYLFH�FULWHULRQ�UHTXLUHG� WR�EH�RSWLPLVHG�GXULQJ� WKH�V\QWKHVLV�SURFHVV�
VXFK�DV�RSHUDWLRQ�ZLWK�UHGXFHG�SRZHU�FRQVXPSWLRQ�>:DONHU��@��7KH�H[SHULHQFH�RI
DFDGHPLF� WRROV� DQG� WKH� JURZLQJ� FRPPHUFLDO� DFFHSWDQFH� RI� KLJK�OHYHO� V\QWKHVLV
LOOXVWUDWHV�LWV�LPSRUWDQFH�DV�D�9/6,�GHVLJQ�WHFKQLTXH��QRW�RQO\�WR�KDUQHVV�WKH�SRZHU
DYDLODEOH� LQ� WRGD\©V� PXOWL�PLOOLRQ� WUDQVLVWRU� GHYLFHV� EXW� DOVR� WR� SURGXFH� GHVLJQV
ZLWK�WKH�UHTXLUHG�RSWLPDO�RSHUDWLRQ�FKDUDFWHULVWLFV�

������%HKDYLRXUDO�/HYHO�3UREOHP�5HSUHVHQWDWLRQ
$V� GLVFXVVHG� SUHYLRXVO\�� VWHS� �� LQ� KLJK�OHYHO� V\QWKHVLV� LV� WR� UHSUHVHQW� D

EHKDYLRXUDO�GHVFULSWLRQ�RU�DOJRULWKP�RI�WKH�SUREOHP�LQ�D�VXLWDEOH�IRUPDW��+LJK�OHYHO
ODQJXDJHV� VXFK� DV� 9+'/� >$VK���� %KDVN��@�� 9(5,/2*� >*DMVNL��@� DQG� HYHQ
3$6&$/�>7ULFN��@�KDYH�EHHQ�XVHG�WR�GHVFULEH�KLJK�OHYHO�DOJRULWKPV��9+'/�LV�DQ
,(((� UHFRJQLVHG� VWDQGDUG� DQG�� DV� VXFK�� KDV�ZLGH� VXSSRUW� LQ� KLJK�OHYHO� V\QWKHVLV�
:KLFKHYHU� PHWKRG� LV� XVHG� WR� GHVFULEH� WKH� EHKDYLRXUDO� DOJRULWKP�� LW� LV� XVXDOO\
WUDQVIRUPHG� LQWR� DQ� LQWHUQDO� UHSUHVHQWDWLRQ� IRUPDW� ZLWKLQ� WKH� KLJK�OHYHO� V\QWKHVLV
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WRRO��7KH�W\SLFDO� IRUPDW� IRU� LQWHUQDO� UHSUHVHQWDWLRQ� LV� WKH�'DWD�)ORZ�*UDSK��')*�
>&DVD���� 0F)DU���� 5DEDH\���� *HOD���� 6ULY��� DQG� 3DUN��@�� 7KH� SURSHUWLHV� RI� D
')*�DUH�GHVFULEHG�LQ�WKLV�VHFWLRQ�

$�')*�LV�D�GLUHFWHG�JUDSK�WKDW�UHSUHVHQWV�D�FRPSOHWH�LWHUDWLRQ�RI�WKH�VLJQDO�
SURFHVVLQJ�DOJRULWKP��$Q�H[DPSOH�RI�D�VLPSOH�')*�� LOOXVWUDWLQJ�D��QG�RUGHU�)LQLWH
,PSXOVH�5HVSRQVH��),5��ILOWHU�RSHUDWLRQ��LV�VKRZQ�LQ�)LJXUH�����

'HOD\
'

,QSXW

2XWSXW

'DWD�7UDQVIHU�(GJH

&RPSXWDWLRQDO
1RGH

H� H�

H� H�

H�

)LJXUH�����([DPSOH�'DWD�)ORZ�*UDSK

:LWKLQ�WKH�')*��HDFK�QRGH�UHSUHVHQWV�DQ�RSHUDWLRQ�RQ�GDWD�E\�DQ�HOHPHQW�
H�J�� DGGLWLRQ�� PXOWLSOLFDWLRQ� RU� GHOD\�� 7KH� GLUHFWHG� HGJHV� UHSUHVHQW� GDWD� WUDQVIHU
EHWZHHQ� QRGHV�� LQ� D� VSHFLILF� GLUHFWLRQ�� ,Q� WKLV� H[DPSOH�� HDFK� QRGH� KDV� EHHQ
QXPEHUHG�IURP�H��WR�H��

$�')*�LQKHUHQWO\�FRQWDLQV�WKH�SUHFHGHQFH�FRQVWUDLQWV�EHWZHHQ�RSHUDWLRQV�LQ
D� VLJQDO�SURFHVVLQJ� DOJRULWKP�� 7KLV� SUHFHGHQFH� LQIRUPDWLRQ� LQGLFDWHV� ZKLFK
RSHUDWLRQV� KDYH� WKH� SRWHQWLDO� WR� EH� H[HFXWHG� FRQFXUUHQWO\�� 7KH� SUHFHGHQFH
LQIRUPDWLRQ� LV� DOVR� LPSRUWDQW� IRU� GHWHUPLQLQJ�ZKLFK� RSHUDWLRQV� DUH� FULWLFDO� WR� WKH
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WLPLQJ�RI�WKH�DOJRULWKP��$�FULWLFDO�RSHUDWLRQ�LV�DQ�RSHUDWLRQ�DORQJ�WKH�¨&ULWLFDO�3DWK©
�&3��RI�WKH�')*��7KH�&3�OLPLWV� WKH�PD[LPXP�RSHUDWLQJ�VSHHG�RI�D�')*�EHFDXVH
HDFK� HOHPHQW� DORQJ� WKLV� SDWK� PXVW� KDYH� FRPSOHWHG� LWV� IXQFWLRQ� EHIRUH� WKH� QH[W
SURFHVVLQJ� LWHUDWLRQ�FDQ�RFFXU��7KHUHIRUH�WKH�PD[LPXP�VDPSOLQJ� IUHTXHQF\�RI� WKH
')*�LV�WKH�LQYHUVH�RI�&3�SHULRG��DV�LOOXVWUDWHG�LQ�)LJXUH�����

'HOD\�7

&ULWLFDO�3DWK

)LJXUH�����([DPSOH�,OOXVWUDWLQJ�&ULWLFDO�3DWK

:LWKLQ�D�9/6,�GHYLFH��FRQFXUUHQW�RSHUDWLRQV�FDQ�EH�H[HFXWHG�LQ�SDUDOOHO�RQ
VHSDUDWH� SURFHVVLQJ� XQLWV�� )RU� H[DPSOH�� LQ� )LJXUH� ���� WKHUH� LV� QR� GLUHFWHG� HGJH
FRQQHFWLQJ� WKH� PXOWLSOLFDWLRQ� QRGHV�� 7KLV� LPSOLHV� WKDW� WKHUH� LV� QR� SUHFHGHQFH
UHODWLRQ� EHWZHHQ� WKHVH� WZR� RSHUDWLRQV� DQG� WKH\� FDQ�� WKHUHIRUH�� EH� SHUIRUPHG
FRQFXUUHQWO\�� LQGHSHQGHQWO\�RI� HDFK� RWKHU�� 7KLV� H[DPSOH� LOOXVWUDWHV� KRZ� WKH�')*
SURYLGHV� DQ� LQWXLWLYH� YLHZ� RI� WKH� DPRXQW� RI� SDUDOOHOLVP� DYDLODEOH� LQ� D� VLJQDO�
SURFHVVLQJ�DOJRULWKP��&RQFXUUHQW�H[HFXWLRQ�RI�RSHUDWLRQV�HQDEOHV� WKH�DOJRULWKP�WR
EH� SURFHVVHG� DW� WKH�PD[LPXP� SRVVLEOH� VSHHG�� ,Q� FRQWUDVW�� SHUIRUPLQJ� RSHUDWLRQV
VHTXHQWLDOO\�RQ�WKH�VDPH�XQLW�PD\�UHGXFH�VSHHG�EXW�KDYH�WKH�DGYDQWDJH�RI�UHGXFLQJ
DUHD�
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$Q� LPSRUWDQW� DVSHFW� RI� D� ')*� LV� WKDW� WKH� SUHFHGHQFH� LQIRUPDWLRQ� LV� QRW
VWRUHG�LPSOLFLWO\��DV�LW�LV�ZLWK�D�VHULDOO\�H[HFXWHG�SURJUDP��OLVWLQJ�D�VLQJOH�RSHUDWLRQ
RQ�HDFK�OLQH��ZLWK�D�FOHDUO\�GHILQHG�RUGHU��7KH�')*�DOORZV�IOH[LEOH�RUGHULQJ�RI�WKH
RSHUDWLRQV��ZLWKLQ� WKH�ERXQGV�VHW�E\� WKH�SUHFHGHQFH�FRQVWUDLQWV��7KLV�HQDEOHV� DUHD
DQG�VSHHG�GHFLVLRQV�WR�EH�WDNHQ�ZKHQ�WKH�KDUGZDUH�LV�EHLQJ�GHVLJQHG��QRW�ZKHQ�WKH
DOJRULWKP�LV�EHLQJ�GHVLJQHG�

7KLV� DELOLW\� RI� D� ')*� WR� IXOO\� HQFDSVXODWH� D� VLJQDO�SURFHVVLQJ� DOJRULWKP
ZLWKRXW�SUHVFULELQJ� KDUGZDUH� LPSOHPHQWDWLRQ�GHWDLOV� KDV�PDGH� WKH�')*� D� W\SLFDO
IRUP� RI� DOJRULWKP� UHSUHVHQWDWLRQ� ZLWKLQ� KLJK�OHYHO� 9/6,� V\QWKHVLV� V\VWHPV
>&KDQ����*DMVNL����*XHUWV����7ULFN����*HOD��@�

����3RZHU�'LVVLSDWLRQ�LQ�&026�'HYLFHV
7KLV� VHFWLRQ� SUHVHQWV� D� EULHI� VXPPDU\� RI� SRZHU� GLVVLSDWLRQ� LQ� &026

GHYLFHV� LQ� RUGHU� WR� H[SODLQ� WKH� WHFKQLTXHV� XVHG� IRU� SRZHU� UHGXFWLRQ�� )LJXUH� ���
LOOXVWUDWHV� D� W\SLFDO� &026� GLJLWDO� FLUFXLW� VKRZLQJ� WKH� FXUUHQW� DQG� YROWDJH
FRPSRQHQWV�
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,6& ,'<

,''� �,6&���,'<

)LJXUH�����7\SLFDO�&026�'LJLWDO�&LUFXLW

,6&�GHQRWHV�WKH�VKRUW�FLUFXLW�FXUUHQW�GXULQJ�WKH�VLJQDO�WUDQVLWLRQ�DQG�,'<�LV�WKH
G\QDPLF� FXUUHQW� WKDW� LV� FRQVXPHG� ZKLOH� WKH� WUDQVLVWRU� LV� VZLWFKLQJ�� 7KH� OHDNDJH
FXUUHQW�LV�QRW�LOOXVWUDWHG�KHUH��7KH�DYHUDJH�SRZHU�FRQVXPSWLRQ�RI�VXFK�D�GHYLFH� LV
JLYHQ�E\�>$UVODQ��@�

3DYHUDJH� �3VZLWFKLQJ���3VKRUW�FLUFXLW���3OHDNDJH �����

(TXDWLRQ� ������ LOOXVWUDWHV� WKDW� WKH� DYHUDJH� SRZHU� LV� D� FRPELQDWLRQ� RI� WKH
G\QDPLF�SRZHU��GLVVLSDWHG�GXULQJ�VZLWFKLQJ��WR�SHUIRUP�WKH�GHVLUHG� IXQFWLRQ�� DQG
WKH�VWDWLF�SRZHU��DVVRFLDWHG�ZLWK�WKH�VKRUW�FLUFXLW�DQG� OHDNDJH�FXUUHQWV���7KH�VWDWLF
SRZHU� LV� D� IDFWRU� RI� WKH� 9/6,� LPSOHPHQWDWLRQ� DQG� FDQ� EH� PDGH� QHJOLJLEOH� E\
DSSO\LQJ� DSSURSULDWH� GHVLJQ� WHFKQLTXHV� >$UVODQ���� %ODLU���� &KDQ��@�� � 7KHUHIRUH�
WKH� DYHUDJH� SRZHU� LV� HIIHFWLYHO\� WKH� VZLWFKLQJ� SRZHU� RI� WKH� &026� GHYLFH�� 7KH
VZLWFKLQJ� SRZHU� LV� D� IDFWRU� RI� WKH� VXSSO\� YROWDJH�� FDSDFLWDQFH� DQG� VZLWFKLQJ
DFWLYLW\��H[SUHVVHG�LQ�������>$UVODQ��@�
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NI&93 ''DYHUDJH uuu � �����

ZKHUH�9''� LV� WKH�VXSSO\�YROWDJH��&�WKH�FDSDFLWDQFH�� I� WKH� IUHTXHQF\� DQG�N
WKH�VZLWFKLQJ�DFWLYLW\�ZKLFK� LV�GHILQHG�DV� WKH�DYHUDJH�QXPEHU�RI� WLPHV� WKH�GHVLJQ
PDNHV�D�SRZHU�FRQVXPLQJ����WR����WUDQVLWLRQ��&�DQG�N�DUH�XVXDOO\�FRPELQHG�WR�IRUP
WKH� SURGXFW� &
�� NQRZQ� DV� WKH� VZLWFKHG�FDSDFLWDQFH� RU� HIIHFWLYH�FDSDFLWDQFH� RI� D
GHVLJQ��5HGXFWLRQ� LQ�DYHUDJH�SRZHU�WKHUHIRUH�FRQFHQWUDWHV�RQ� WKH�PLQLPLVDWLRQ�RI
VXSSO\�YROWDJH�DQG�&
��WKH�DFWLYLW\�FDSDFLWDQFH�SURGXFW�

(TXDWLRQ� ������ LGHQWLILHV� WKDW� SRZHU� KDV� D� TXDGUDWLF� GHSHQGHQF\� RQ� WKH
VXSSO\�YROWDJH�WKHUHIRUH�UHGXFLQJ�WKH�VXSSO\�YROWDJH�LV�WDUJHWHG�DV�D�NH\�PHWKRG�RI
UHGXFLQJ� SRZHU�� 8QIRUWXQDWHO\�� WKH� UHGXFWLRQ� RI� VXSSO\� YROWDJH� E\� LWVHOI� KDV� DQ
DVVRFLDWHG�SHQDOW\�DV�LW�OHDGV�WR�D�UHGXFWLRQ�LQ�VSHHG�>&KDQ����/LX����&KDQ��@��7KLV
LV�LOOXVWUDWHG�LQ�)LJXUH�����
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OD\

)LJXUH�����5HODWLRQVKLS�EHWZHHQ�9''�DQG�GHOD\�>&KDQ��D@���PP�&026�
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)LJXUH�����VKRZV�WKH�HIIHFW�RI�UHGXFLQJ�WKH�VXSSO\�YROWDJH�RI�D�GHYLFH� WKDW
KDV� D� QRPLQDO� 9''� RI� �9�� $V� WKH� YROWDJH� LV� GHFUHDVHG� WKH� GHOD\V� LQ� WKH� GHYLFH
LQFUHDVH��)RU�H[DPSOH�� UHGXFLQJ� WKH�YROWDJH� WR����9�ZLOO�GRXEOH� WKH�GHOD\� WLPH�RI
WKH� GHYLFH� DQG� KHQFH� KDOYH� WKH� FRPSXWDWLRQDO� WKURXJKSXW�� )RU�PDQ\� GHVLJQV� WKLV
UHGXFWLRQ� LQ� VSHHG� LV� XQDFFHSWDEOH�� 7R� FRPSHQVDWH� IRU� WKH� LQFUHDVH� LQ� GHOD\�
YROWDJH�UHGXFWLRQ� VWUDWHJLHV� W\SLFDOO\� LQFRUSRUDWH� VSHHG�XS� PHFKDQLVPV� WR� HQDEOH
YROWDJH�WR�EH�UHGXFHG�ZKLOH�SUHVHUYLQJ� WKH�RULJLQDO� WKURXJKSXW��)RU�D� UHGXFWLRQ� WR
���9�WKH�LQLWLDO�GHVLJQ�UHTXLUHV�D�WZR�IROG�VSHHG� LQFUHDVH��6XEVHTXHQW�UHGXFWLRQ�RI
LWV� YROWDJH� WR� ���9� �IURP� DQ� LQLWLDO� �9�� ZLOO� SURGXFH� D� ORZ�YROWDJH� ORZ�SRZHU
GHYLFH�ZLWK�WKH�VDPH�WKURXJKSXW�DV�WKH�RULJLQDO�

6ZLWFKHG�FDSDFLWDQFH� UHGXFWLRQ�� ZKLOH� QRW� DSSDUHQWO\� RIIHULQJ� WKH� ODUJH
EHQHILWV�RI�YROWDJH�UHGXFWLRQ��LV�VWLOO�DQ�HIIHFWLYH�DQG�SUDFWLFDO�WHFKQLTXH� IRU�SRZHU
UHGXFWLRQ��5HGXFWLRQ�RI�&
�LV�DFKLHYHG�WKURXJK�UHGXFWLRQ�RI�FDSDFLWDQFH��UHGXFWLRQ
RI� VZLWFKLQJ� DFWLYLW\� RU� UHGXFWLRQ� RI� WKH� DFWLYLW\�FDSDFLWDQFH� SURGXFW�� 7KH
FDSDFLWDQFH� LV� UHODWHG� WR� WKH� SK\VLFDO� LPSOHPHQWDWLRQ� RI� WKH� GHYLFH�� WKHUHIRUH�
FDSDFLWDQFH�UHGXFWLRQV�DUH� DFKLHYHG� WKURXJK�DUHD� UHGXFWLRQV��6ZLWFKLQJ� DFWLYLW\� LV
ERWK�DSSOLFDWLRQ�DQG� LPSOHPHQWDWLRQ�VW\OH�GHSHQGHQW�VR� LW�FDQ�EH�UHGXFHG�WKURXJK
PDQLSXODWLRQ� RI� WKH� GHYLFH� DQG� WKH� DOJRULWKP�� 7KH� UHGXFWLRQ� RI� WKH� DFWLYLW\�
FDSDFLWDQFH�SURGXFW�LV�W\SLFDOO\�DFKLHYHG�WKURXJK�DVVLJQLQJ�KLJK�DFWLYLW\�VLJQDOV�WR
ORZ�FDSDFLWDQFH�FRQQHFWLRQV�

����3RZHU�5HGXFWLRQ
3RZHU�FRQVXPSWLRQ�FDQ�EH� LQIOXHQFHG�DW�DOO� OHYHOV�RI� WKH�GHVLJQ�SURFHVV�¤

WHFKQRORJ\��FLUFXLW�� ORJLF�� DUFKLWHFWXUDO� DQG� WKH�KLJK�OHYHO� EHKDYLRXUDO� GHVFULSWLRQ�
7KLV�VHFWLRQ�SUHYHQWV�DQ�RYHUYLHZ�RI�WHFKQLTXHV�WKDW�FDQ�EH�XVHG� WR�UHGXFH�SRZHU
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FRQVXPSWLRQ�GXULQJ�WKH�GHVLJQ�SURFHVV��7KH�ZRUN�LQ�WKLV�WKHVLV�WDUJHWV�WKH�UHGXFWLRQ
LQ�SRZHU�RI�'63�GHYLFHV��DV�GLVFXVVHG� LQ�&KDSWHU����� ,Q�DSSOLFDWLRQ�VSHFLILF�GDWD�
LQWHQVLYH� '63� DSSOLFDWLRQV� WKH� PDMRULW\� RI� SRZHU� FRQVXPSWLRQ� LV� GXH� WR� WKH
GDWDSDWK� WKDW� SURFHVVHV� WKH� GDWD� >5DEDH\���� 0HKUD��@�� $OWKRXJK� WHFKQLTXHV� IRU
UHGXFWLRQ�RI�FRQWURO�DQG�PHPRU\�SRZHU�FRQVXPSWLRQ�DUH�DYDLODEOH�WKH�GLVFXVVLRQ�LQ
WKLV� FKDSWHU� FRQFHQWUDWHV� RQ� WKRVH� WHFKQLTXHV� ZKLFK� DIIHFW� WKH� GDWDSDWK� SRZHU
FRQVXPSWLRQ�

$W�WKH�WHFKQRORJ\�OHYHO��UHGXFWLRQ�RI�VXSSO\�YROWDJH�KDV�EHHQ�FRQVLGHUHG�DQ
HIIHFWLYH�PHDQV�RI�SRZHU�UHGXFWLRQ�>%ODLU����+RUR��@��$V�GHVFULEHG�LQ�VHFWLRQ�����
UHGXFWLRQ� RI� VXSSO\� YROWDJH� LQFXUV� D� VSHHG� SHQDOW\�� +RZHYHU�� LI� WKH� WKUHVKROG
YROWDJH�DQG�GHYLFH�GLPHQVLRQV�DUH�UHGXFHG�E\�WKH�VDPH�IDFWRU�DV�WKH�VXSSO\�YROWDJH
WKH� ILHOG� VWUHQJWK� LQ� WKH� GHYLFH� UHPDLQV� FRQVWDQW� >&KDQ��D�� %ODLU���� +RUR���
&KDQ��@�� 7KHUHIRUH�� WKH� UHGXFWLRQ� LQ� VXSSO\� YROWDJH� GRHV� QRW� LQFXU� DQ� DVVRFLDWHG
VSHHG� GHFUHDVH�� 7KLV� LV� NQRZQ� DV� ¨7HFKQRORJ\� 6FDOLQJ©� >+RUR��@� RU� ¨FRQVWDQW
HOHFWULF� ILHOG� VFDOLQJ©� >%ODLU��@��8QIRUWXQDWHO\� WKH� VLGH� HIIHFW�RI� WKUHVKROG� YROWDJH
UHGXFWLRQ�LV�DQ�LQFUHDVH�LQ�WKH�VXE�WKUHVKROG�OHDNDJH�FXUUHQWV�>%ODLU��@��7KLV�FDQ�EH
VLJQLILFDQW�HQRXJK�WR�DFFRXQW�IRU�D�ODUJH�SRUWLRQ�RI�WKH�WRWDO�SRZHU�FRQVXPSWLRQ��,Q
DGGLWLRQ�� ORZ� WKUHVKROG� YROWDJHV� UHGXFH� WKH� QRLVH� PDUJLQ� LQ� WKH� GHYLFH� DQG� WKH
UHGXFWLRQ�RI� IHDWXUH� VL]HV� UHTXLUHV�PRGLILFDWLRQV� WR� WKH� IDEULFDWLRQ� SURFHVV��ZKLFK
UHTXLUHV�D�ODUJH�FDSLWDO�LQYHVWPHQW��7KLV�YROWDJH�VFDOLQJ�DSSURDFK�KDV�EHHQ�W\SLFDOO\
XVHG� ZKHQ� IHDWXUH� VL]HV� ZHUH� GHFUHDVHG� LQ� VHDUFK� RI� KLJKHU� VSHHG� DQG� JUHDWHU
LQWHJUDWLRQ� OHYHOV� >%ODLU��@� L�H�� YROWDJH� UHGXFWLRQ� ZDV� D� E\�SURGXFW� RI� LQFUHDVHG
LQWHJUDWLRQ�

7KH�FKRLFH�RI� ORJLF� IDPLO\� FDQ� KDYH� DQ� LPSDFW� RQ� SRZHU� FRQVXPSWLRQ��$
SURPLVLQJ�DOWHUQDWLYH�WR�&026�LV�WKH�XVH�RI�&RPSOHPHQWDU\�3DVV�JDWH�/RJLF��&3/�
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>%ODLU����&KDQ����<HDS��@��$�&3/�GHVLJQ�RQO\�XVHV�Q�W\SH�WUDQVLVWRUV��&026�XVHV
ERWK�Q�W\SH�DQG�S�W\SH�VHPLFRQGXFWRU�PDWHULDO��VR�D�VLPSOH�&3/�FLUFXLW�KDV�KDOI�WKH
WUDQVLVWRUV��DQG�KHQFH� ORZHU�FDSDFLWDQFH��RI�DQ�HTXLYDOHQW� IXQFWLRQ�&026�FLUFXLW�
+RZHYHU�� &3/� UHTXLUHV� D� PRGLILFDWLRQ� WR� WKH� IDEULFDWLRQ� SURFHVV� DQG� LQFUHDVHG
GHYHORSPHQW�LQ�&$'�WRROV�WKDW�VXSSRUW�WKLV� ORJLF�VW\OH��7KH�XVH�RI�&3/�UHTXLUHV�D
ODUJH�LQYHVWPHQW�DV�LW� LQYROYHV�D� IXQGDPHQWDO�FKDQJH� LQ�WKH�WHFKQRORJ\�DQG�GHVLJQ
RI�9/6,�GHYLFHV�

$QRWKHU� WHFKQRORJ\� OHYHO� FRQVLGHUDWLRQ� LV� WKH� XVH� RI� DGLDEDWLF� VZLWFKLQJ�
ZKHUH�WKH�ORDG�FDSDFLWRU�&�LV�UHVRQDWHG�ZLWK�DQ�LQGXFWRU�/�ZKLFK�UHFRYHUV�VRPH�RI
WKH�FKDUJH�XVHG�WR�VZLWFK�WKH�FDSDFLWRU�>/R��@��+RZHYHU��WKH�GHOD\�RI�WKH�/&�FLUFXLW
LQFUHDVHV�WKH�GHOD\�RI�WKH�GHYLFH�>+RUR��@�

$W� WKH� FLUFXLW�OHYHO� WKH� PDLQ� DLP� LV� WR� UHGXFH� WKH� DFWLYLW\�FDSDFLWDQFH
SURGXFW�� 7UDQVLVWRU� VL]LQJ� FDQ� KDYH� D� VLJQLILFDQW� HIIHFW� RQ� SRZHU� DV� VPDOOHU
WUDQVLVWRUV� FRQVXPH� OHVV� SRZHU� >'HY���� +RUR���� &KDQ���� <HDS��@�� +RZHYHU�
VPDOOHU� WUDQVLVWRUV� DUH� DOVR� VORZHU�� 7KHUHIRUH� WUDQVLVWRU� VL]HV� DUH� VHOHFWHG� WR�PHHW
WKH� VSHFLILHG� VSHHG� UHTXLUHPHQWV�� HIIHFWLYHO\� WUDGLQJ� H[FHVV� VSHHG� IRU� SRZHU�� ,Q
DGGLWLRQ��FRVW� IXQFWLRQV�ZKLFK�PDS�KLJK�DFWLYLW\�QRGHV�RQWR�VPDOO� WUDQVLVWRUV�KHOS
UHGXFH� &
� >&KDQ��D@�� 6LPLODU� WHFKQLTXHV� FDQ� EH� DSSOLHG� GXULQJ� WKH� URXWLQJ� DQG
SODFHPHQW�VWDJH��PDSSLQJ�KLJK�DFWLYLW\�QHWV�RQWR�VKRUWHU��ORZHU�FDSDFLWDQFH��ZLUHV�
7KLV�KDV�SURGXFHG�SRZHU�UHGXFWLRQV�RI�XS�WR�����>6LQJK��@��'XULQJ�WKH�SODFHPHQW
VWHSV�� FRQVLGHUDWLRQ� RI� ORFDOLW\�� NHHSLQJ� EORFNV� ZLWK� D� KLJK� GHJUHH� RI
FRPPXQLFDWLRQ�FORVH�WRJHWKHU��DOVR�KHOSV�WR�UHGXFH�&
�DFKLHYLQJ�D�����UHGXFWLRQ
LQ�SRZHU�>6LQJK����%ODLU��@��'XULQJ�WKH�IORRUSODQQLQJ�VWDJH�DQRWKHU�REMHFWLYH�LV�WR
JLYH�D�PRUH�HYHQ�VSUHDG�WR�WKH�SRZHU��WR�UHGXFH�¨KRW�VSRWV©� LQ� WKH�FKLS�DQG�KHQFH
LPSURYH�UHOLDELOLW\�
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7KH� ORJLF� OHYHO� KDV� DOVR� EHHQ� WDUJHWHG� DV� D� GHVLJQ� VWHS� LQ� ZKLFK� SRZHU
VDYLQJ�PRGLILFDWLRQV�FDQ�EH�PDGH��7R�PLQLPLVH�&
��ORJLF�EORFNV�FDQ�EH�GHVLJQHG�WR
PLQLPLVH� VZLWFKLQJ� DFWLYLW\�� )RU� H[DPSOH�� D� ULSSOH� DGGHU� PDNHV� D� ORW� RI� LQWHUQDO
VLJQDO� FKDQJHV�EHIRUH� VHWWOLQJ�RQ� LWV� ILQDO� UHVXOW��5HSODFLQJ� LW�ZLWK� D� ODUJHU� FDUU\�
VDYH�DGGHU�PD\�UHGXFH�&
�DW�WKH�H[SHQVH�RI�DQ�LQFUHDVH�LQ�DUHD�>&KDQ����&KDQ��D@�
ZKLOH� DXWRPDWHG� GHVLJQ� WHFKQLTXHV� FDQ� DFWXDOO\� UHGXFH� &
� DQG� DUHD� RI� DGGHUV
>.LP��@��7KH�VWURQJ�GHSHQGHQFH�RI�SRZHU�RQ�VZLWFKLQJ�DFWLYLW\�PHDQV� WKDW�JOLWFK
DFWLYLW\� �VSXULRXV� WUDQVLWLRQV��� WKRXJK�QRW� FRQWULEXWLQJ� WR� WKH�RYHUDOO� FRPSXWDWLRQ�
FDQ�DFFRXQW� IRU��������RI� WKH� WRWDO� SRZHU�RI� D� FRPSOHWH�9/6,� V\VWHP� >6LQJK���
&KDQ��@��2QH�WHFKQLTXH�WR�UHGXFH�JOLWFK�DFWLYLW\� LV�WR�SODFH�RU�PRYH��UHWLPH�� IOLS�
IORSV�ZLWKLQ�WKH�FLUFXLW��$FWLYLW\�DW�WKH�IOLS�IORS©V�LQSXWV�LV�QRW�SURSDJDWHG�XQWLO�WKH
FORFN� VLJQDO� LV� HQDEOHG�� WKH� IOLS�IORS� HIIHFWLYHO\� DFWV� DV� D� JOLWFK� ILOWHU� >0RQW���
'HY��@�� 7KH� WHFKQLTXH� KDV� EHHQ� UHSRUWHG� WR� DFKLHYH� SRZHU� UHGXFWLRQV� RI
DSSUR[LPDWHO\����>6LQJK��@�

&DUHIXO� GHVLJQLQJ� RI� ORJLF� IXQFWLRQV� FDQ� DOVR� UHGXFH� RYHUDOO� VZLWFKLQJ
DFWLYLW\�DV�LOOXVWUDWHG�LQ�)LJXUH�����

7UHH�6WUXFWXUH &KDLQ�6WUXFWXUH
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)LJXUH�����([DPSOH�RI�7ZR�'LIIHUHQW�/RJLF�'HVLJQV�ZLWK�WKH�6DPH�)XQFWLRQ
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%RWK� GHVLJQV� LQ� )LJXUH� ���� SHUIRUP� WKH� VDPH� IXQFWLRQ� XVLQJ� WKH� VDPH
QXPEHU� RI� JDWHV�� $VVXPLQJ� WKDW� DOO� LQSXW� VLJQDOV� DUH� YDOLG� DW� DSSUR[LPDWHO\� WKH
VDPH� WLPH� WKHQ� VLJQDO� DQDO\VLV� GHWHUPLQHV� WKDW� WKH� FKDLQ� VWUXFWXUH� ZLOO� KDYH� WKH
ORZHVW�VZLWFKLQJ�DFWLYLW\�LI�JOLWFK�DFWLYLW\�LV�LJQRUHG�>&KDQ��D@��+RZHYHU��WKH�FKDLQ
VWUXFWXUH�FRQWDLQV�XQEDODQFHG�SDWKV��SDWKV�RI�GLIIHUHQW�OHQJWKV���)RU�H[DPSOH��LQSXW
'� LV� YDOLG� RQ� WKH� ILQDO� 1$1'� JDWH� EHIRUH� WKH� SUHYLRXV� WZR� 1$1'� JDWHV� KDYH
ILQLVKHG�SURFHVVLQJ�VLJQDOV�$��%�DQG�&��7KHUHIRUH�WKH�ILQDO�1$1'�JDWH�PD\�FKDQJH
LWV� RXWSXW� �D� JOLWFK�� GXULQJ� WKH� FRPSXWDWLRQ�� 7KH� SDWKV� LQ� WKH� WUHH� VWUXFWXUH� DUH
EDODQFHG� VR� LW� GRHV� QRW� VXIIHU� IURP� WKLV� SUREOHP�� 7KLV� H[DPSOH� VKRZV� WKDW
FRQVLGHUDWLRQ� RI� JOLWFK� DFWLYLW\� LV� LPSRUWDQW� WR� GHWHUPLQH� WKH� ORZHVW� DFWLYLW\� DQG
KHQFH� ORZHVW� VZLWFKLQJ� SRZHU� GHVLJQ�� 7KH� SDWKV� FDQ� EH� EDODQFHG� E\� LQVHUWLQJ
EXIIHUV� LQ� WKH� VKRUWHU� SDWKV� WR� HTXDOLVH� DOO� SDWK� OHQJWKV� RU� VL]LQJ� GRZQ� JDWHV� �WR
PDNH� WKHP�VORZHU���7KHVH� WZR�PHWKRGV�UHGXFH�JOLWFK�DFWLYLW\�EXW�FDQ�DOVR�UHGXFH
WKH� RYHUDOO� VSHHG� >%HOOD��E�� 6LQJK���� 1DMP��@�� 0XOWLSOLHUV� KDYH� EHHQ� GHVLJQHG
ZKLFK� LQFRUSRUDWH� H[WUD� EXIIHUV� IRU� SDWK� EDODQFLQJ� UHVXOWLQJ� LQ� D� GHFUHDVH� RI� &

>'HY��@�

:LWKLQ�D�W\SLFDO�V\VWHP�FHUWDLQ�ORJLF�EORFNV�DUH�QRW�UHTXLUHG�DOO�RI�WKH�WLPH�
+RZHYHU�� WKH� LQSXWV� RI� WKHVH� EORFNV� DUH� W\SLFDOO\� OHIW� FRQQHFWHG� WR� WKH� GDWD� DQG
FORFN�OLQHV�VR�WKH�ORJLF�EORFN�VWLOO�SURFHVVHV�WKH�LQSXW�GDWD��UHVXOWLQJ�LQ�XQQHFHVVDU\
SRZHU�FRQVXPLQJ�WUDQVLWLRQV��&ORFN�JDWLQJ�LV�D�WHFKQLTXH�IRU�VKXWWLQJ�GRZQ�XQXVHG
VHFWLRQV� RI� WKH� GHVLJQ� WR� SUHYHQW� WKHVH� VSXULRXV� WUDQVLWLRQV�� /RJLF� JDWHV� RQ� WKH
FORFN�VLJQDO�DUH�XVHG�WR�SUHYHQW�LW�IURP�FORFNLQJ�WKH�XQQHFHVVDU\�ORJLF�EORFNV�ZKHQ
WKH\�DUH�QRW�QHHGHG�>'HY����%DOLU����/LX��@��$Q�H[WHQVLRQ�WR�FORFN�JDWLQJ�LV�WKH�XVH
RI�SUHFRPSXWDWLRQ�ORJLF�WR�GLVDEOH�UHGXQGDQW�VXE�FLUFXLWV��7KH�SUHFRPSXWDWLRQ�ORJLF
LV�XVHG� WR� FRPSXWH� WKH�RXWSXW�YDOXH�RI� D�JLYHQ� FLUFXLW�RQH� FORFN�F\FOH� EHIRUH� WKH
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FLUFXLW�LV�QHHGHG��,I�WKH�SUHFRPSXWDWLRQ�DQDO\VLV�PHHWV�FHUWDLQ�FULWHULD�WKHQ�VHFWLRQV
RI� WKH� FLUFXLW� FDQ� EH� GLVDEOHG�� DV� WKH\� DUH� QRW� UHTXLUHG� WR� SURFHVV� WKH� LQSXW� GDWD
>'HY��@�� 7HFKQLTXHV� KDYH� EHHQ� GHYHORSHG� WR� DXWRPDWLFDOO\� V\QWKHVLVH
SUHFRPSXWDWLRQ� ORJLF� WR� PD[LPLVH� WKH� SRZHU� UHGXFWLRQ� >.LP���� 6LQJK��@�� 7KH
WHFKQLTXH� FDQ� SURGXFH� VDYLQJV� RI� XS� WR� ���� LQ� VZLWFKLQJ� DFWLYLW\� ZLWK� D� VPDOO
LQFUHDVH�LQ�DUHD�DQG�GHOD\�>6LQJK��@�

7KH�WHFKQLTXHV�SUHYLRXVO\�GHVFULEHG�LQ�WKLV�VHFWLRQ�DUH�H[DPSOHV�WKDW�WDUJHW
SRZHU�UHGXFWLRQ�WKURXJK�YROWDJH�DQG�FDSDFLWDQFH�UHGXFWLRQ� IURP�WKH�WHFKQRORJ\�WR
WKH�ORJLF�OHYHO��2WKHU�H[DPSOHV�DUH��WKH�FKRLFH�RI��©V�FRPSOHPHQW���©V�FRPSOHPHQW
>'HY��@�RU�*UD\�FRGH�>6X��@�QXPEHU�UHSUHVHQWDWLRQ�WR�UHGXFH�VZLWFKLQJ��WKH�XVH�RI
DV\QFKURQRXV�GHVLJQV�WR�UHPRYH�KLJK�FDSDFLWDQFH�FORFN�OLQHV�>%ODLU��@�� LQFUHDVLQJ
WKH�FRUUHODWLRQ�RI�FRQVHFXWLYH�VLJQDOV�WR�D� ORJLF�EORFN� WR�UHGXFH� LQWHUQDO�VZLWFKLQJ
DFWLYLW\� >'HY���� 6LQJK��@� DQG� WKH� XVH� RI� SDUDOOHO� SURFHVVLQJ� DQG� SLSHOLQLQJ� WR
LQFUHDVH�VSHHG�DQG�KHQFH�UHGXFH�YROWDJH�>%ODLU����+RUR��@�

$OWKRXJK� WKH� WHFKQLTXHV�GHVFULEHG� LQ� WKLV� VHFWLRQ�KDYH�SURYHQ�HIIHFWLYH� LQ
UHGXFLQJ� SRZHU� FRQVXPSWLRQ� FRQVLGHUDEOH� DGYDQFHPHQWV� DUH� VWLOO� UHTXLUHG� LI� WKH
WDUJHWV�RI�SRZHU�UHGXFWLRQ� IRU�WKH�QH[W�JHQHUDWLRQ�RI� ORZ�SRZHU�GHYLFHV�DUH� WR�EH
PHW�>)ULHG��@�

7R�DFKLHYH� WKHVH� WDUJHWV�KLJK�OHYHO�SRZHU�UHGXFWLRQ� LV� H[SHFWHG� WR�SOD\� DQ
LPSRUWDQW�UROH��+LJK�OHYHO�SRZHU�UHGXFWLRQ��ZKHUH�SRZHU�LV�FRQVLGHUHG�DV�HDUO\�DV
SRVVLEOH�LQ�WKH�GHVLJQ�SURFHVV��LV�H[SHFWHG�WR�SURGXFH�WKH�JUHDWHVW�SRZHU�UHGXFWLRQ
>%ODLU����+RUR����6LQJK����&KDQ��D@��2SWLPLVDWLRQ� DW� ORZHU�OHYHOV� LV� FRQVWUDLQHG
ZLWKLQ� WKH� VSHFLILFDWLRQV� RI� WKH� KLJK�OHYHO� GHVLJQ�� 3RZHU� UHGXFWLRQ� DW� KLJK�OHYHOV
GRHV�QRW�RSHUDWH�ZLWKLQ�VXFK�FRQVWUDLQWV�DQG�WKHUHIRUH�SURYLGHV�JUHDWHU�IUHHGRP�WR
H[SORUH�WKH�ORZ�SRZHU�GHVLJQ�VSDFH�>5DEDH\��@�
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,Q�DGGLWLRQ�� WKH�DGYDQWDJHV�RI� KLJK�OHYHO� V\QWKHVLV� �DV�GHVFULEHG� LQ� VHFWLRQ
�����RI� IOH[LELOLW\� DQG� LQFUHDVHG� GHVLJQ� VSHHG� DOVR� DSSO\� WR� KLJK�OHYHO� ORZ�SRZHU
V\QWKHVLV��7KH� HDUOLHU� SRZHU� FRQVXPSWLRQ� LV� FRQVLGHUHG� LQ� WKH� GHVLJQ� SURFHVV� WKH
VRRQHU�GHVLJQV� FDQ�EH� YHULILHG� DQG�� LI� QHFHVVDU\�� DOWHUHG� WR� FRQIRUP� WR� WKH� SRZHU
FRQVXPSWLRQ�VSHFLILFDWLRQV�

7KLV�ZRUN�SUHVHQWV�D�KLJK�OHYHO�SRZHU�UHGXFWLRQ�WRRO�LQ�RUGHU�WR�H[SORLW�WKH
DGYDQWDJHV� RI� KLJK�OHYHO� SRZHU� UHGXFWLRQ� DV� GHVFULEHG� LQ� WKLV� VHFWLRQ�� 7KH� QH[W
VHFWLRQ�SUHVHQWV�D�UHYLHZ�RI�KLJK�OHYHO�SRZHU�UHGXFWLRQ�WHFKQLTXHV�DQG�DSSOLFDWLRQV
LQFOXGLQJ�WKH�WHFKQLTXH�XVHG�LQ�WKLV�ZRUN�

����+LJK�/HYHO�3RZHU�5HGXFWLRQ
+LJK�OHYHO�SRZHU�UHGXFWLRQ�WHFKQLTXHV�FDQ�EH�FRQYHQLHQWO\�JURXSHG�E\�WKH

OHYHO�RI�DEVWUDFWLRQ� DW�ZKLFK� WKH\�RSHUDWH��$UFKLWHFWXUDO�OHYHO� WHFKQLTXHV�RSWLPLVH
WKH�SRZHU� FRQVXPSWLRQ�GXULQJ� WKH� V\QWKHVLV�RI� WKH� EHKDYLRXUDO� GHVFULSWLRQ� LQWR� D
5HJLVWHU� 7UDQVIHU� /HYHO� �57/�� GHVLJQ�� 57/� LV� D� WHUP� XVHG� WR� GHVFULEH� WKH
DUFKLWHFWXUDO� OHYHO� RI� DEVWUDFWLRQ� ZKHUH� WKH� GHVLJQ� KDV� EHHQ� GHFRPSRVHG� WR� D
IXQFWLRQDO� ORJLF�EORFN� VFKHPDWLF�� FRQWDLQLQJ� DGGHUV�� UHJLVWHUV�� EXIIHUV�� HWF�
%HKDYLRXUDO�OHYHO� WHFKQLTXHV� RSWLPLVH� WKH� KLJK�OHYHO� EHKDYLRXUDO� GHVFULSWLRQ� RU
DOJRULWKP�

������$UFKLWHFWXUDO�/HYHO�3RZHU�5HGXFWLRQ
'XULQJ�DUFKLWHFWXUDO�V\QWKHVLV�HDFK�RSHUDWLRQ�LQ�WKH�EHKDYLRXUDO�GHVFULSWLRQ

KDV� WR�EH� DVVLJQHG� DQ� H[HFXWLRQ� VWHS� �VFKHGXOLQJ�� DQG� D� IXQFWLRQDO� KDUGZDUH� XQLW
�DOORFDWLRQ� DQG� ELQGLQJ�� WR� SURGXFH� WKH� 57/� OHYHO� GHVLJQ�� 7KLV� LV� NQRZQ� DV� WKH
DUFKLWHFWXUDO�OHYHO�RI�WKH�V\QWKHVLV�SURFHVV�
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7KH� VFKHGXOLQJ� DQG�DVVLJQPHQW�RI�RSHUDWLRQV� WR�SDUWLFXODU� IXQFWLRQDO� XQLWV
FDQ� EH� RSWLPLVHG� WR� UHGXFH� WKH� VZLWFKLQJ� DFWLYLW\� RI� WKH� 57/� GHVLJQ�� 7KLV
RSWLPLVDWLRQ�VWUDWHJ\�XVHV�WKH�FRQFHSW�RI�FRUUHODWLRQ�EHWZHHQ�WZR�GDWD�VDPSOHV��7KH
FRUUHODWLRQ�OHYHO�LV�D�PHDVXUH�RI�WKH�QXPEHU�RI�GLIIHUHQW�ELWV�LQ�WKH�WZR�VHWV�RI�GDWD�
D�KLJKHU�OHYHO�FRUUHVSRQGV�WR�IHZHU�ELW�GLIIHUHQFHV��,I�KLJKO\�FRUUHODWHG�VDPSOHV�FDQ
EH�VXFFHVVLYHO\�DVVLJQHG�WR�WKH�VDPH�IXQFWLRQDO�XQLW�LW�UHGXFHV�WKH�VZLWFKLQJ�DFWLYLW\
DW� WKH� LQSXWV� RI� WKDW� XQLW�� DQG� KHQFH� WKH� VZLWFKLQJ� DFWLYLW\� RQ� LWV� LQWHUQDO� QRGHV�
)LJXUH�����LOOXVWUDWHV�WKLV�SURFHVV�ZLWK�DQ�H[DPSOH�LQ�ZKLFK�VLJQDOV�H��DQG�H��KDYH�D
KLJK�OHYHO� RI� FRUUHODWLRQ�� $� QRQ�SRZHU�FRQVFLRXV� VFKHGXOLQJ� DQG� DOORFDWLRQ� VWHS
PD\�SURGXFH�WKH�VFKHGXOH�VKRZQ�RQ�WKH�OHIW��ZKHUH�WKH�PXOWLSOLFDWLRQ�RSHUDWLRQV�RQ
H�� DQG� H�� DUH� DVVLJQHG� WR� GLIIHUHQW� KDUGZDUH� XQLWV� �0�� DQG� 0�� UHVSHFWLYHO\�
GHQRWHG�E\�RYDOV�LQ�WKH�ILJXUH���7KH�VFKHGXOH�RQ�WKH�ULJKW�LV�JHQHUDWHG�ZLWK�D�SRZHU�
FRQVFLRXV� PHWKRGRORJ\� WR� H[SORLW� FRUUHODWLRQ� EHWZHHQ� VLJQDOV�� 7KH� KLJKO\
FRUUHODWHG�VLJQDOV�DUH�QRZ�VXFFHVVLYHO\�DSSOLHG�WR�WKH�VDPH�PXOWLSOLHU��WKHUHIRUH�WKH
DFWLYLW\� DW�WKH� LQSXWV�RI� WKLV�PXOWLSOLHU� EHWZHHQ� WLPH�VWHSV� LV� UHODWLYHO\� ORZ��KHQFH
UHGXFLQJ�LWV�LQWHUQDO�VZLWFKLQJ�DFWLYLW\��7KH�ORZ�SRZHU�VFKHGXOH�KDV�UHGXFHG�SRZHU
FRQVXPSWLRQ� ZKLOH� XVLQJ� WKH� VDPH� QXPEHU� RI� UHVRXUFHV� DQG� WKH� VDPH� VFKHGXOH
OHQJWK�
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,QLWLDO�6FKHGXOH /RZ�3RZHU�6FKHGXOH
H� H� H� H�

)LJXUH�����6FKHGXOLQJ�DQG�$OORFDWLRQ�IRU�/RZ�3RZHU

+RZHYHU��VXFK�D�VFKHGXOLQJ�VWUDWHJ\�LV�D�QRQ�WULYLDO�WDVN��WKHUHIRUH��VSHFLILF
DOJRULWKPV�KDYH�EHHQ�GHYHORSHG�WR�DWWHPSW� WR� ILQG� WKH�RSWLPXP�VROXWLRQV�>5DJ���
5DJ��D�� 5DJ��@�� 7KH� DOJRULWKPV� LQFRUSRUDWH� OLQHDU� SURJUDPPLQJ� WHFKQLTXHV� WR
VROYH� WKH� 13�KDUG� SUREOHP� RI� FRQFXUUHQW� VFKHGXOLQJ� DQG� DOORFDWLRQ� ZKLOH
FRQVLGHULQJ� FRPSHWLQJ� REMHFWLYHV� VXFK� DV� DUHD� DQG� SRZHU�� 7KLV� LOOXVWUDWHV� WKH
UHTXLUHPHQW� IRU� KHXULVWLF� DOJRULWKPV� WR� EH� GHYHORSHG� WR� WDFNOH� WKH� FRPSOH[
SUREOHPV�RI�KLJK�OHYHO�ORZ�SRZHU�GHVLJQ�

,Q�DGGLWLRQ�WR�UHGXFLQJ�WKH�VZLWFKLQJ�DFWLYLW\�RI�WKH�IXQFWLRQDO�XQLWV��VLPLODU
WHFKQLTXHV�IRU�LQFUHDVLQJ�FRUUHODWLRQ�FDQ�EH�XVHG�WR�UHGXFH�WKH�VZLWFKLQJ�DFWLYLW\�RI
UHJLVWHUV� LQ�WKH�57/�GHVLJQ�>&KDQJ����.XPDU��@��+LJK�OHYHO�WUDQVIRUPDWLRQV�VXFK
DV� ORRS�IROGLQJ�KDYH�EHHQ�XVHG�WR�LQFUHDVH�WKH�DPRXQW�RI�KLJKO\� FRUUHODWHG�VHWV�RI
GDWD� LQ� D� VLQJOH� DOJRULWKP� LWHUDWLRQ�� DOORZLQJ� IRU� UHGXFWLRQ� RI� VZLWFKLQJ� DFWLYLW\
ZKHQ�XVHG�ZLWK�D�VFKHGXOLQJ�VWUDWHJ\�ZKLFK�H[SORLWV�VXFK�FRUUHODWLRQ�>.LP��@�

6SDWLDO� ORFDOLW\� LQ� DQ� DOJRULWKP�� ZKHUH� RSHUDWLRQV� KDYH� D� KLJK�GHJUHH� RI
FRPPXQLFDWLRQ�� FDQ� DOVR� EH� H[SORLWHG� GXULQJ� WKH� DUFKLWHFWXUDO� V\QWKHVLV� SURFHVV
>0HKUD��D@��7KH�DUFKLWHFWXUH�LV�SDUWLWLRQHG�VR�WKDW�VXFK�RSHUDWLRQV�DUH�DVVLJQHG� WR
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WKH�VDPH�KDUGZDUH�UHVRXUFH��WKXV�UHGXFLQJ�WKH�RYHUDOO�DFWLYLW\�FDSDFLWDQFH�SURGXFW
DV� KLJK� DFWLYLW\� GDWD� WUDQVIHUV� DUH� QRW� SHUIRUPHG� RQ� ORQJ� �DQG� KHQFH� KLJK
FDSDFLWDQFH��GDWD�OLQHV�>0HKUD����/DQGPDQ��@��7HPSRUDO�ORFDOLW\��RSHUDWLRQV�FORVH
LQ� WLPH�� FDQ� DOVR� EH� H[SORLWHG� WR� UHGXFH� WKH� QXPEHU� RI� UHJLVWHUV� ILOHV� QHHGHG
>5DEDH\��@�

'XULQJ�WKH�KLJK�OHYHO�V\QWKHVLV�SURFHVV�HDFK�RSHUDWLRQ�ZLWKLQ�WKH�GDWD�SDWK
PD\�EH�LPSOHPHQWHG�ZLWK�D�FKRLFH�RI�IXQFWLRQDO�XQLWV��H�J��PXOWLSOLFDWLRQ�ZLWK�DUUD\
RU�ERRWK�PXOWLSOLHUV��(DFK�XQLW�KDV�GLIIHUHQW�DUHD�DQG�VSHHG�FKDUDFWHULVWLFV�WKDW�FDQ
EH�H[SORLWHG�IRU�ORZ�SRZHU�RSHUDWLRQ��3RZHU�3URILOHU�>0DUWLQ����0DUWLQ��@�H[SORLWV
WKH�XVH�RI�D�OLEUDU\�RI�IXQFWLRQDOO\�HTXLYDOHQW�XQLWV�WR�DVVLJQ�VORZHU�EXW�OHVV�SRZHU�
KXQJU\�IXQFWLRQDO�XQLWV�WR�QRQ�FULWLFDO�WLPH�VHFWLRQV�RI�WKH�DOJRULWKP��DQ�H[DPSOH�RI
WKLV�SURFHVV�LV�VKRZQ�LQ�)LJXUH�����

&ULWLFDO�3DWK��
����QV

P� P�

P� D�

D�� ���QV
P��P�� ����QV
P�� ����QV

P��	�P������QV�$UUD\�0XOWLSOLHU
P�������QV�6KLIW�$GG�0XOWLSOLHU

�6KLIW�$GG�OHVV�SRZHU�WKDQ�$UUD\�

)LJXUH�����8VH�RI�6ORZHU�/RZ�3RZHU�)XQFWLRQDO�8QLWV�RQ�1RQ�7LPH�&ULWLFDO
2SHUDWLRQV

,Q� WKLV� H[DPSOH� WKH� SHULRG� RI� WKH� GHVLJQ� LV� VHW� WR� ���� QDQRVHFRQGV�� 7KH
DGGHU�UHTXLUHV���QV� WR�SURFHVV� WKH�GDWD� WKHUHIRUH� WKH�P��DQG�P��PXOWLSOLHUV�PXVW
KDYH�D�FRPELQHG�GHOD\�RI����QV�RU� OHVV��+RZHYHU��P��FDQ�KDYH�D�GHOD\�RI����QV
ZLWKRXW�YLRODWLQJ�WKH�VSHFLILHG�SHULRG�FRQVWUDLQW��7KHUHIRUH�P��FDQ�EH�LPSOHPHQWHG
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ZLWK� D� VORZHU� EXW� OHVV� SRZHU�KXQJU\� PXOWLSOLHU�� UHGXFLQJ� RYHUDOO� SRZHU� ZLWKRXW
DIIHFWLQJ�VSHHG��7KH�3RZHU�3URILOHU� WRRO�RSWLPDOO\� DVVLJQV�RSHUDWLRQV� WR�KDUGZDUH
XQLWV� WR� UHGXFH� SRZHU� ZKLOH� PHHWLQJ� DUHD� DQG� VSHHG� FRQVWUDLQWV�� $� UHODWHG
RSWLPLVDWLRQ�VWUDWHJ\�LV�WKH�XVH�RI�SULPLWLYH�RSHUDWRUV��VXFK�DV�VKLIW�DGG�RSHUDWLRQV
LQ� WKH� SODFH� RI� PXOWLSOLFDWLRQV�� WR� UHGXFH� WKH� SRZHU� FRQVXPSWLRQ� RI� WKH
PXOWLSOLFDWLRQV�ZLWKLQ�D�'63�DOJRULWKP��7KLV�VWUDWHJ\�FDQ�KDYH�D�VLJQLILFDQW�HIIHFW
DV�WKH�PXOWLSO\�RSHUDWLRQV�FDQ�FRQVXPH�D�ODUJH�SDUW�RI�WKH�RYHUDOO�SRZHU�GXH�WR�WKHLU
ODUJH�FDSDFLWDQFH�DQG�VZLWFKLQJ�DFWLYLW\�

2QH� RI� WKH� ILUVW� 57/� SRZHU�RSWLPLVDWLRQ� WHFKQLTXHV� WR� JDLQ� FRPPHUFLDO
UHFRJQLWLRQ� LV�WKH�XVH�RI�FORFN�JDWLQJ�VWUDWHJLHV��7KLV�WHFKQLTXH�XVHV�H[WUD�ORJLF� WR
GLVDEOH� WKH� FORFN� VLJQDO� WR� IXQFWLRQDO� XQLWV� WKDW� DUH� QRW� FXUUHQWO\� UHTXLUHG� IRU
SURFHVVLQJ��,I�WKH�FORFN�VLJQDO�LV�IHG�WR�VXFK�XQLWV�LW�UHVXOWV�LQ�XQQHFHVVDU\�VZLWFKLQJ
DFWLYLW\�RQ� WKHLU� LQWHUQDO� QRGHV��7KHUHIRUH�� FORFN�JDWLQJ� FDQ� UHVXOW� LQ� FRQVLGHUDEOH
UHGXFWLRQ� LQ� VZLWFKLQJ� DFWLYLW\� >0HKUD��@�� 6\QRSV\V©� 'HVLJQ� 3RZHU� WRRO� QRZ
VXSSRUWV�DXWRPDWLF�V\QWKHVLV�RI�57/�GHVLJQV�ZLWK�FORFN�JDWLQJ��WKH�ILUVW�FRPPHUFLDO
WRRO� WR� VXSSRUW� SRZHU�RSWLPLVDWLRQ� DW� WKLV� OHYHO� RI� WKH� GHVLJQ� SURFHVV� >6\QRS��@�
&ORFN� JDWLQJ� KDV� DOVR� EHHQ� XVHG� LQ� WKH� QHZ� JHQHUDWLRQ� RI� 0RELOH� 3HQWLXP
3URFHVVRUV�WR�UHGXFH�VZLWFKLQJ�DFWLYLW\�>,QWHO��E@�

7KH� GLVFXVVHG� DUFKLWHFWXUDO� OHYHO� WHFKQLTXHV� DUH� H[DPSOHV� RI� SRZHU
RSWLPLVDWLRQ� VWUDWHJLHV� WKDW� FDQ� EH� FRQVLGHUHG� ZKHQ� V\QWKHVLVLQJ� D� KLJK�OHYHO
DOJRULWKP� LQWR�DQ�57/�QHWOLVW� FRQVLVWLQJ�RI� ORJLF�EORFNV� VXFK� DV� DGGHUV�� UHJLVWHUV�
HWF���FRQWURO�FLUFXLWU\�DQG�GDWD�FRQWURO�EXVVHV��2QFH�WKH�57/�QHWOLVW� LV�FUHDWHG� LW� LV
XVHG�WR�GULYH�ORJLF�OHYHO�WRROV�LQ�WKH�QH[W�VWDJH�RI�WKH�V\QWKHVLV�SURFHVV��/RJLF�OHYHO
RSWLPLVDWLRQ� VWUDWHJLHV�� GLVFXVVHG� LQ� VHFWLRQ� ����� FDQ� WKHQ� EH� XVHG� WR� IXUWKHU
LQYHVWLJDWH�D�ORZ�SRZHU�LPSOHPHQWDWLRQ�
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7KH�DUFKLWHFWXUDO� OHYHO� WHFKQLTXHV�GHVFULEHG� LQ� WKLV�VHFWLRQ�KDYH� EHHQ�XVHG
WR� DFKLHYH� VLJQLILFDQW� SRZHU� UHGXFWLRQV� LQ� SUDFWLFDO� DSSOLFDWLRQV�� +RZHYHU�� DV
GLVFXVVHG�SUHYLRXVO\��SRZHU�FRQVXPSWLRQ� LV�EHVW�DGGUHVVHG�DV�HDUO\� DV�SRVVLEOH� LQ
WKH�GHVLJQ�VWDJH�WR�HQVXUH�WKDW�LW�LV�UHGXFHG�DW�DOO� OHYHOV�RI�WKH�GHVLJQ�SURFHVV��7KH
QH[W�VHFWLRQ�GHVFULEHV�WKH�UHGXFWLRQ�RI�SRZHU�DW�WKH�EHKDYLRXUDO� OHYHO��WDFNOLQJ�WKH
SRZHU�FRQVXPSWLRQ�LQKHUHQW�LQ�WKH�DOJRULWKP�LWVHOI�

������%HKDYLRXUDO�/HYHO�2SWLPLVDWLRQ
2QH� RI� WKH� LQLWLDO� WDVNV� LQ� WKH� GHVLJQ� RI� D� '63� V\VWHP� LV� WKH� DOJRULWKP

VHOHFWLRQ� SKDVH� >3DUKL��@�� 7\SLFDOO\�� D� QXPEHU� RI� DOJRULWKPV� H[LVW� IRU� D� GHVLUHG
DSSOLFDWLRQ�� )RU� H[DPSOH�� FRPSDULVRQV� RI� �� GLIIHUHQW� 'LVFUHWH� &RVLQH� 7UDQVIRUP
�'&7�� DOJRULWKPV� LQ� >3RWNR��@� LOOXVWUDWHG� WKH� GLIIHUHQW� SRZHU� FKDUDFWHULVWLFV� RI� D
VXLWH�RI� IXQFWLRQDOO\� HTXLYDOHQW� DOJRULWKPV��7KH�ZRUN� LQ� >3RWNR��@� DOVR�SUHVHQWHG
WKH�GHYHORSPHQW�RI� D�&$'� WRRO� IRU� WKH� DXWRPDWLF� VHOHFWLRQ� RI� DQ� DOJRULWKP� IRU� D
VSHFLILF� WDVN� EDVHG� RQ� LWV� HVWLPDWHG� SRZHU� FRQVXPSWLRQ�� 7KH� SUHVHQWHG� UHVXOWV
LOOXVWUDWH� WKH� EHQHILWV� RI� FRUUHFW� DOJRULWKP� VHOHFWLRQ� DW� WKLV� SKDVH� RI� WKH� GHVLJQ
SURFHVV�

$IWHU�VHOHFWLRQ�RI� WKH�RSWLPXP�DOJRULWKP�� IXUWKHU�SRZHU� UHGXFWLRQV� FDQ� EH
REWDLQHG� WKURXJK�RSWLPLVDWLRQ�RI� WKH� DOJRULWKP� LWVHOI��2QH� RI� WKH�PRVW� VLJQLILFDQW
ORZ�SRZHU� GHVLJQ� WHFKQLTXHV� SUHVHQWHG� LQ� UHFHQW� \HDUV� LV� WKH� XVH� RI� EHKDYLRXUDO
WUDQVIRUPDWLRQV� IRU� KLJK�OHYHO� SRZHU� RSWLPLVDWLRQ� >&KDQ���� &KDQ��D�� *RRG���
%ULJKW��E@��7KH�WHFKQLTXH� LV�EDVHG�RQ�PLQLPLVLQJ�WKH�PDLQ� IDFWRUV�FRQWULEXWLQJ�WR
SRZHU� FRQVXPSWLRQ� RI� D� &026� GHYLFH�� WKH� VXSSO\� YROWDJH� DQG� VZLWFKHG
FDSDFLWDQFH�
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,Q� V\VWHPV� VXFK� DV� +<3(5�/3� >&KDQ���� &KDQ��D@� DQG� WKDW� SUHVHQWHG� LQ
>6ULY��@��WKH�XVH�RI�EHKDYLRXUDO�WUDQVIRUPDWLRQV�IRU�SRZHU�RSWLPLVDWLRQ�DW�WKH�KLJK�
OHYHO� KDV�SURGXFHG�SRZHU�UHGXFWLRQV�RI� DQ�RUGHU�RI�PDJQLWXGH� DQG�JUHDWHU��7KHVH
WRROV� DUH� DFDGHPLF� UHVHDUFK� SURMHFWV�� SRZHU� UHGXFWLRQ� DW� WKH� EHKDYLRXUDO� OHYHO� LV
FXUUHQWO\�XQVXSSRUWHG�E\�FRPPHUFLDO�&$'�WRROV��$6&�,QF��DUH�GHYHORSLQJ�RQH�RI
WKH� ILUVW� FRPPHUFLDO� &$'� WRROV� WR� LQFRUSRUDWH� EHKDYLRXUDO� WUDQVIRUPDWLRQV� DQG
VFKHGXOLQJ� IRU� VZLWFKLQJ� DFWLYLW\� UHGXFWLRQ�� 7KH� WRRO�� 3RZHU�%XVWHU�'� >$6&@�� LV
FXUUHQWO\�LQ�WKH�EHWD�GHYHORSPHQW�SKDVH�

+LJK�/HYHO� 7UDQVIRUPDWLRQV� �+/7V�� DUH� XVHG� WR� PRGLI\� WKH� VSHHG� DQG
FDSDFLWDQFH� FKDUDFWHULVWLFV� RI� D� EHKDYLRXUDO� GHVFULSWLRQ�� 2QH� PDMRU� GHJUHH� RI
IUHHGRP�DYDLODEOH�LQ�RSWLPLVLQJ�'63�V\VWHPV�LV�WKDW�RQFH�WKH�UHTXLUHG�VDPSOLQJ�UDWH
KDV� EHHQ� DFKLHYHG� WKHUH� LV� QR� EHQHILW� LQ� LQFUHDVLQJ� WKH� VSHHG� RI� WKH� DOJRULWKP�
7KHUHIRUH��WKH�+/7�EDVHG�DSSURDFK�LQFUHDVHV�WKH�VSHHG�RI�DQ�DOJRULWKP�LQ�RUGHU�WR
WUDGH�H[FHVV�VSHHG�IRU�VXSSO\�YROWDJH�UHGXFWLRQV��)LJXUH�����SUHVHQWV�DQ�RYHUYLHZ�RI
WKH�+/7�EDVHG�WHFKQLTXH�IRU�YROWDJH�UHGXFWLRQ�

2ULJLQDO��9
'HVLJQ

$SSO\
7UDQVIRUPDWLRQV
,QFUHDVH�6SHHG

)DVWHU��9
'HVLJQ

5HGXFH�9ROWDJH
3URGXFH�'HVLJQ
:LWK�6DPH
6SHHG�$V
2ULJLQDO

/RZHU�9ROWDJH
'HVLJQ

7UDQVIRUPDWLRQ�6HOHFWLRQ

)LJXUH�����8VH�RI�7UDQVIRUPDWLRQV�WR�5HGXFH�6XSSO\�9ROWDJH
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7KH� WUDQVIRUPDWLRQDO� EDVHG� DSSURDFK� FDQ� DOVR� EH� XVHG� WR� UHGXFH� WKH
VZLWFKLQJ� FDSDFLWDQFH� FRPSRQHQW� RI� SRZHU� E\� UHVWUXFWXULQJ� WKH� KLJK�OHYHO
DOJRULWKP�VR�LW�UHTXLUHV�OHVV�FDSDFLWDQFH�DQG�OHVV�VZLWFKLQJ�DFWLYLW\�

7KH�DGYDQWDJH�RI�WUDQVIRUPDWLRQDO�EDVHG�SRZHU�H[SORUDWLRQ�LV�WKDW�LW�HQDEOHV
WKH� DOJRULWKP� WR� EH� PRGLILHG� ZLWKRXW� FKDQJLQJ� LWV� IXQFWLRQ�� WKXV� DOORZLQJ
H[SORUDWLRQ� RI� WKH� GHVLJQ� VSDFH� ZKLOH� SUHVHUYLQJ� WKH� LQWHQGHG� IXQFWLRQ� RI� WKH
GHVLJQ��3RZHU�UHGXFWLRQ�XVLQJ�KLJK�OHYHO� WUDQVIRUPDWLRQV� LV� WKH� FRUH�RI� WKH�SRZHU
UHGXFWLRQ�WHFKQLTXH�XVHG�LQ�WKH�WRRO�SUHVHQWHG�LQ�WKLV�WKHVLV�

����3RZHU�5HGXFWLRQ�8VLQJ�7UDQVIRUPDWLRQV
7KLV�VHFWLRQ�H[SODLQV�WKH�PHWKRGRORJ\�RI�XVLQJ�+/7V�WR�UHGXFH�SRZHU��$V

SUHYLRXVO\�GHVFULEHG��LQ�VHFWLRQ������YROWDJH�UHGXFWLRQ�SURYLGHV�D�VLJQLILFDQW�SRZHU
UHGXFWLRQ�DW�WKH�FRVW�RI�D�GHFUHDVH�LQ�V\VWHP�WKURXJKSXW��)RU�H[DPSOH��UHGXFLQJ�WKH
VXSSO\� YROWDJH� WR� DSSUR[LPDWHO\� �9� GRXEOHV� WKH� GHOD\� RI� D� GHYLFH�� KDOYLQJ� LWV
FRPSXWDWLRQ� VSHHG�� 7KLV� UHGXFWLRQ� LQ� VSHHG� FDQ� EH� FRPSHQVDWHG� IRU� ZLWK� WKH
DSSOLFDWLRQ� RI� WKH� +/7V�� 7KH� +/7V� DUH� XVHG� WR� LQFUHDVH� WKH� VSHHG� RI� D� GHVLJQ�
UHGXFLQJ�WKH�VXSSO\�YROWDJH�XQWLO�LWV�VSHHG�UHWXUQV�WR�WKDW�RI�WKH�RULJLQDO�WKHQ�VORZV
WKH�GHVLJQ�GRZQ��7KLV�UHVXOWV�LQ�D�GHYLFH�ZLWK�D�ORZHU�RSHUDWLQJ�YROWDJH��DQG�KHQFH
ORZHU�SRZHU��EXW�WKH�VDPH�FRPSXWDWLRQDO�WKURXJKSXW�DV�WKH�RULJLQDO�GHVLJQ�

7KH�WUDQVIRUPDWLRQ�DSSURDFK�DVVXPHV�WKDW�WKH�LQLWLDO�EHKDYLRXUDO�GHVFULSWLRQ
LV�GHVLJQHG�WR�PHHW�LWV�UHTXLUHG�SURFHVVLQJ�VSHHG�H[DFWO\��7KHUHIRUH��DQ\�UHGXFWLRQ
LQ�VSHHG�LV�QRW�WROHUDEOH��VR�D�UHGXFWLRQ�LQ�YROWDJH�UHTXLUHV�DQ�LQFUHDVH�LQ�WKH�VSHHG
RI�WKH�GHYLFH�

6HFWLRQ� ���� DOVR� LGHQWLILHV� VZLWFKHG� FDSDFLWDQFH� DV� D� FRPSRQHQW�RI� SRZHU
GLVVLSDWLRQ��+/7V�FDQ�UHGXFH�FDSDFLWDQFH�WKURXJK�UHGXFLQJ�WKH�DPRXQW�RI�KDUGZDUH
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UHVRXUFHV� UHTXLUHG� RU� UHGXFLQJ� WKH� VZLWFKLQJ� DFWLYLW\�� 7KH� GLVWULEXWLYLW\
WUDQVIRUPDWLRQ� >3DUKL��@� LV� DQ� H[DPSOH� RI� D� +/7� WKDW� UHGXFHV� WKH� QXPEHU� RI
RSHUDWLRQV� DQG� KHQFH� WKH� VZLWFKHG� FDSDFLWDQFH� RI� D� GHVLJQ�� &DUHIXO� RUGHULQJ� DQG
FDVFDGLQJ�RI�RSHUDWLRQV�LQ�D�GHVLJQ�>6LQJK��@�KDV�DOVR�EHHQ�VKRZQ�WR�KDYH�DQ�HIIHFW
RQ�WKH�VZLWFKLQJ�DFWLYLW\�

7KH� GLVDGYDQWDJH� RI� +/7V� LV� WKDW� WKH\� FRPSRXQG� WKH� DOUHDG\� FRPSOH[
QDWXUH�RI�WKH�ORZ�SRZHU�V\QWKHVLV�SUREOHP��7KH�XVH�RI�RQO\�D�VLQJOH�+/7�NQRZQ�DV
UHWLPLQJ�>3RWNR��@� IRU�GHVLJQ�RSWLPLVDWLRQ�KDV�EHHQ�VKRZQ�WR�EH�DQ�13�FRPSOHWH
SUREOHP�>&KDQ����&KDQ��D��/LHV��@��7KH�FRPSOH[LW\�RI�WKH�SUREOHP�LPSOLHV�WKDW�LW
LV� YHU\� XQOLNHO\� WKDW� DQ� DOJRULWKP�� JXDUDQWHHG� WR� ILQG� WKH� VROXWLRQ� LQ� SRO\QRPLDO
WLPH��FRXOG�EH�GHYHORSHG�WR�V\QWKHVLVH�WKH�RSWLPXP�VROXWLRQ�>&KDQ��@��7R�VROYH�WKH
FRPSOH[�SUREOHP�PDQ\� ORZ�SRZHU� V\QWKHVLV� WRROV� XVH� D� FRPELQDWLRQ� RI� KHXULVWLF
DQG� SUREDELOLVWLF� WHFKQLTXHV� WR� DSSO\� WKH� WUDQVIRUPDWLRQV�� VXFK� DV� WKH� XVH� RI
VLPXODWHG�DQQHDOLQJ�LQ�FRQMXQFWLRQ�ZLWK�9/6,�GHVLJQ�UXOHV�LQ�>&KDQ��@�

+/7V� PRGLI\� WKH� KLJK�OHYHO� GHVLJQ� GHVFULSWLRQV� UHSUHVHQWHG� DV� ')*V
�GHVFULEHG�LQ�VHFWLRQ���������7KH�+/7V�RSHUDWH�RQ�WKH�IXQFWLRQDO�EORFNV�RI�WKH�')*
WR� DOWHU� LWV�9/6,� LPSOHPHQWDWLRQ� FKDUDFWHULVWLFV� �SRZHU�� VSHHG�� DUHD�� HWF���� +/7V�
DQG�WKHLU�XVH� IRU�9/6,�GHVLJQ�DQG�RSWLPLVDWLRQ��DUH�ZHOO�GRFXPHQWHG� LQ� WKH�9/6,
GHVLJQ�OLWHUDWXUH�>/XFN����3DUKL����+XDQJ����3DUKL����:DONHU����.RHO��:DQJ��@�DV
WKH\�KDYH�WUDGLWLRQDOO\�EHHQ�XVHG�WR�RSWLPLVH�GHVLJQV�IRU�VSHHG�DQG�DUHD��7KH\�KDYH
EHHQ�VXFFHVVIXOO\�LQFRUSRUDWHG�LQWR�DXWRPDWHG�GHVLJQ�V\VWHPV�WR�LPSURYH�WKH�9/6,
V\QWKHVLV� SURFHVV� >+XDQJ���� /DNVK���� /DNVK��D@�� 7KHUH� LV�� WKHUHIRUH�� D� UDQJH� RI
WUDQVIRUPDWLRQV�DYDLODEOH��HDFK�ZLWK�VSHFLILF�RSWLPLVDWLRQ�FKDUDFWHULVWLFV��7KH�+/7V
XVHG� ZLWKLQ� WKH� V\VWHP� GHYHORSHG� LQ� WKLV� WKHVLV� DUH� FKRVHQ� IRU� WKHLU� TXDOLWLHV� RI
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LQFUHDVLQJ� GHVLJQ� VSHHG� WR� DOORZ� IRU� D� UHGXFWLRQ� LQ� VXSSO\� YROWDJH�� 7KH
WUDQVIRUPDWLRQV�DUH�GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

������5HWLPLQJ
5HWLPLQJ� >3DUKL���� 3RWNR���� 3RWNR���� /LHV���� /RFN��@� LV� WKH� SURFHVV� RI

PRYLQJ� WKH� GHOD\� HOHPHQWV� IURP� WKH� LQSXW�RI� D� IXQFWLRQDO� HOHPHQW� WR� LWV� RXWSXWV�
7KLV� FDQ� UHGXFH� WKH� FULWLFDO� SDWK� OHQJWK� ZKLFK� ERXQGV� WKH� VSHHG� RI� D� GHVLJQ�� $
VKRUWHU� FULWLFDO� SDWK� SURGXFHV� D� KLJKHU� VSHHG� GHYLFH�� ,Q� DGGLWLRQ�� UHWLPLQJ� FDQ
UHGXFH�WKH�UHVRXUFH�XWLOLVDWLRQ��DQG�KHQFH�FDSDFLWDQFH��DV�LW�FDQ�UHGXFH�WKH�QXPEHU
RI� RSHUDWLRQV� ZKLFK� DUH� UHTXLUHG� WR� EH� SHUIRUPHG� DW� DQ\� RQH� WLPH�� )LJXUH� ���
LOOXVWUDWHV�WKH�DSSOLFDWLRQ�RI�UHWLPLQJ�RQ�D�VLPSOH�')*�

'

'
'

2ULJLQDO�')* 5HWLPHG�')*
)LJXUH�����([DPSOH�RI�5HWLPLQJ�7UDQVIRUPDWLRQ

,Q�WKH�H[DPSOH�RI�)LJXUH�����WKH�WZR�GHOD\V�RQ�WKH�LQSXW�RI�WKH�DGGHU�KDYH
EHHQ�UHWLPHG�WKURXJK�WKH�DGGHU�WR�EHFRPH�D�VLQJOH�GHOD\�RQ�LWV�RXWSXW��7KH�UHWLPLQJ
VWHS�KDV�UHGXFHG�WKH�FULWLFDO�SDWK�IURP���WR���QRGHV��WKH�UHWLPHG�')*�LV�����IDVWHU
WKDQ�WKH�RULJLQDO��7KH�ILJXUH�LOOXVWUDWHV�WKDW�D�UHWLPLQJ�RSHUDWLRQ�UHTXLUHV�GHOD\V�RQ
DOO� RI� WKH� LQSXW�QHWV�RI� D� VHOHFWHG� QRGH��RWKHUZLVH� WKH� UHWLPH� RSHUDWLRQ� FDQQRW� EH
SHUIRUPHG��7KLV�HQVXUHV�WKDW�WKH�IXQFWLRQDOLW\�RI�WKH�')*�LV�SUHVHUYHG�
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������3LSHOLQLQJ
3LSHOLQLQJ�>3DUKL����3RWNR��D@�LV�DQRWKHU�WUDQVIRUPDWLRQ�WKDW�FDQ�EH�XVHG�WR

UHGXFH� WKH� FULWLFDO� SDWK� OHQJWK�� DQG� KHQFH� LQFUHDVH� VSHHG�� ,W�RSHUDWHV� E\� LQVHUWLQJ
GHOD\�HOHPHQWV�LQWR�WKH�')*�DW�VSHFLILF�SRLQWV��NQRZQ�DV�FXWVHW�SRLQWV��7KHVH�FXWVHW
SRLQWV� DUH�QHYHU� IRXQG�ZLWKLQ� WKH� IHHGEDFN� ORRSV�RI� D�')*� VR� WKH� DSSOLFDWLRQ� RI
SLSHOLQLQJ� FDQ� EH� OLPLWHG� RQ� GHVLJQV� ZLWK� ODUJH� IHHGEDFN� SDWKV�� 7KH� IHHGEDFN� RU
UHFXUVLYH� ORRSV� RI� D� ')*� FDQ� HIIHFWLYHO\� SODFH� D� OLPLW� RQ� WKH� UHGXFWLRQ� RI� WKH
FULWLFDO�SDWK�ZLWK�WUDQVIRUPDWLRQV�VXFK�DV�UHWLPLQJ�DQG�SLSHOLQLQJ�>0HVV����)HWW���
&KXQ��@�

'

'

2ULJLQDO�')* 3LSHOLQHG�')*

'

'
'

)LJXUH������([DPSOH�RI�3LSHOLQLQJ�7UDQVIRUPDWLRQ

,Q�)LJXUH������D�SLSHOLQH�GHOD\�KDV�EHHQ� LQVHUWHG�WR�UHGXFH�WKH�FULWLFDO�SDWK
IURP���WR���HOHPHQWV��D�����VSHHG�LQFUHDVH��7KH�HIIHFW�RI�SLSHOLQLQJ� LV�WR�VSOLW�WKH
')*� LQWR� VHSDUDWH� VHFWLRQV�� SLSHOLQH� VWDJHV�� HDFK� RI� ZKLFK� FDQ� EH� SURFHVVHG
FRQFXUUHQWO\�� 7KHUHIRUH�� LQVHUWLRQ� RI� D� SLSHOLQH� VWDJH� LQFUHDVHV� WKH� DPRXQW� RI
SDUDOOHO�SURFHVVLQJ�WKDW�FDQ�EH�SHUIRUPHG�DQG�KHQFH�LQFUHDVHV�WKH�VSHHG�RI�WKH�')*
�DV�DOO�RI�WKH�RSHUDWLRQV�DUH�SHUIRUPHG� LQ�D�VKRUWHU�WLPH� OHQJWK���+RZHYHU��DQRWKHU
HIIHFW�RI�SLSHOLQLQJ�LV�WKDW�LW�LQFUHDVHV�WKH�ODWHQF\�RI�WKH�')*��/DWHQF\�LV�GHILQHG�DV
WKH�WLPH�WDNHQ�IRU�D�FKDQJH�DW�WKH�LQSXWV�WR�KDYH�DQ�HIIHFW�RQ�WKH�RXWSXWV��,QFUHDVHG
ODWHQF\� UHVXOWV� LQ� WKH�')*� WDNLQJ� ORQJHU� WR�SURGXFH� LWV� ILUVW�RXWSXW� VLJQDO��$Q�1�
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VWDJH� SLSHOLQHG�')*� UHTXLUHV�1� SURFHVVLQJ� LWHUDWLRQV� EHIRUH� WKH� GDWD� UHDFKHV� WKH
RXWSXW�� 2QFH� WKH� ')*� KDV� EHHQ� LWHUDWHG� 1�WLPHV� WKH� GDWD� LV� RXWSXW� RQ� HDFK
VXEVHTXHQW�LWHUDWLRQ�

������$XWRPDWLF�3LSHOLQLQJ
$XWRPDWLF� 3LSHOLQLQJ� LV� D� VSHFLDO� FRPELQDWLRQ� RI� UHWLPLQJ� DQG� SLSHOLQLQJ

>/XFN��@��'HOD\�HOHPHQWV�DUH�LQVHUWHG�RQ� WKH�SULPDU\� LQSXWV�RI� WKH�')*�DQG�WKHQ
UHWLPHG�WKURXJK�WKH�')*�

2ULJLQDO�')*

'

'

'

'
6WDJH�� $XWR�3LSHOLQHG�')*

)LJXUH������([DPSOH�RI�$XWRPDWLF�3LSHOLQH�7UDQVIRUPDWLRQ

)LJXUH� ����� LOOXVWUDWHV� WKDW� DXWRPDWLF� SLSHOLQLQJ� LV� D� WZR�VWDJH
WUDQVIRUPDWLRQ�WKDW�FRPELQHV�SURSHUWLHV�RI�SLSHOLQLQJ��LQVHUWLRQ�RI�GHOD\V�RQ�LQSXWV
LQ�VWDJH����DQG�UHWLPLQJ��WKH�VHFRQG�VWDJH��UHWLPLQJ�WKH�GHOD\V�LQWR�WKH�')*��

������/RRS�8QIROGLQJ
/RRS� 8QIROGLQJ� >3DUKL��@� LV� D� FRPSOH[� WUDQVIRUPDWLRQ� WKDW� 
XQIROGV
� WKH

')*�WR�FUHDWH�D�SDUDOOHO�LPSOHPHQWDWLRQ�WKDW�SURFHVVHV�1�VDPSOHV�LQ�SDUDOOHO��ZKHUH
1� LV� WKH� ¨XQIROGLQJ� IDFWRU©��6SHHGXS� LV�DFKLHYHG� LQ� WHUPV�RI�VDPSOHV�SURFHVVHG�DV
WKH� ')*� SURFHVVHV� 1� VDPSOHV� SHU� LWHUDWLRQ�� WKHUHIRUH�� LWV� HIIHFWLYH� VDPSOLQJ
IUHTXHQF\� LV� 1� WLPHV� WKH� LQLWLDO� GHVLJQ� WKDW� SURFHVVHV� RQH� VDPSOH�� 7KH� XQIROGHG
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GHVLJQ�PD\�DOVR�RIIHU�PRUH�HIILFLHQW�XVH�RI�KDUGZDUH�UHVRXUFHV�DV�PRUH�RSHUDWLRQV
PD\�PHDQ�KDUGZDUH�UHVRXUFHV�OHIW�LGOH�IRU�VKRUWHU�WLPH�SHULRGV�

7KH� XQIROGLQJ� WUDQVIRUPDWLRQ� LV� RQH� RI� WKH� PRVW� FRPSOH[� WR� DSSO\� DV� LW
DIIHFWV�HYHU\�HOHPHQW�ZLWKLQ�WKH�')*��SURGXFLQJ�D�WRWDOO\�QHZ�')*��7KH�QHZ�')*
LV�LQ�HIIHFW�D�SDUDOOHO�YHUVLRQ�RI�WKH�RULJLQDO�')*��FRQWDLQLQJ�DSSUR[LPDWHO\�1�WLPHV
WKH� QXPEHU� RI� HOHPHQWV� RI� WKH� RULJLQDO�� ZKHUH� 1� LV� WKH� XQIROGLQJ� IDFWRU�� 7KH
XQIROGLQJ�IDFWRU�LV�D�VHOHFWDEOH�SDUDPHWHU�WKDW�GHWHUPLQHV�KRZ�PXFK�SDUDOOHOLVP� LV
LQWURGXFHG�LQWR�WKH�')*��IRU�H[DPSOH��DQ�XQIROGLQJ�IDFWRU�RI���FUHDWHV�D�')*�WKDW�LV
HIIHFWLYHO\���RI�WKH�RULJLQDO�')*V�SURFHVVLQJ�LQ�SDUDOOHO�

7KH� LPSOHPHQWDWLRQ� RI� WKH� ORRS� XQIROGLQJ� DOJRULWKP� LV� EDVHG� RQ� WKDW
SUHVHQWHG� LQ� >3DUKL��@�� 7KH� DOJRULWKP� IXQFWLRQV� E\� LQLWLDOO\� FUHDWLQJ� D� QHZ�')*�
�ODEHOOHG�WKH�¨FKLOG©�')*��ZLWK�1�FRSLHV�RI�HDFK�FRPSXWDWLRQDO�QRGH�LQ�WKH�RULJLQDO
')*��WKH� ¨SDUHQW©�')*���)RU�H[DPSOH��D�SDUHQW�QRGH�8�ZRXOG� FUHDWH�8���8����81

FKLOG�QRGHV�LQ�WKH�FKLOG�')*��7KH�VXIIL[�DWWDFKHG�WR�HDFK�FKLOG�QRGH�LV�NQRZQ�DV�LWV
¨XQIROGLQJ�LQWHJHU©�

7KHUH�DUH�D�VHULHV�RI�UXOHV�IRU�WKH�XQIROGLQJ�DOJRULWKP�RQ�KRZ�WR�FRQQHFW�WKH
QRGHV� �DVVLJQ� WKH� SUHFHGHQFH� UHODWLRQV�� LQ� WKH� FKLOG� ')*�� WKXV� FUHDWLQJ� D
IXQFWLRQDOO\� FRUUHFW� XQIROGHG� ')*�� 7KHVH� UXOHV� DUH� DSSOLHG� DV� D� ��VWHS� SURFHVV�
)LJXUH� ����� SUHVHQWV� WKH� SVHXGR�FRGH� IRU� WKH� WKUHH� VWHSV� RI� WKH� XQIROGLQJ
WUDQVIRUPDWLRQ��LQFRUSRUDWLQJ�WKH�UXOHV�WR�SUHVHUYH�WKH� LQSXW�RXWSXW�IXQFWLRQDOLW\�RI
WKH�')*�

:LWKLQ� WKH� FRQWH[W� RI� WKH� XQIROGLQJ� WUDQVIRUPDWLRQ�� D� GHOD\� QRGH� LV� QRW
FRQVLGHUHG�DV� D� FRPSXWDWLRQDO� QRGH��)RU� H[DPSOH�� D� QHW� FRQQHFWLQJ� DQ� DGGHU� WR� D
GHOD\�� IROORZHG�E\�D�QHW�FRQQHFWLQJ� WKH�GHOD\� WR�DQRWKHU�DGGHU�� LV�FRQVLGHUHG�DV�D
VLQJOH�QHW�FRQQHFWLQJ�WKH���DGGHUV��ZLWK�D�GHOD\�QRGH�RQ�WKH�QHW�
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6WHS����)RU�HDFK�QRGH�8�LQ�WKH�RULJLQDO�')*��FUHDWH�1�FRUUHVSRQGLQJ�QRGHV�LQ�WKH�QHZ
')*��/DEHO�WKH�QRGHV�8���8������81�

6WHS����)RU�HDFK�QHW�IURP�QRGH�8o9�LQ�WKH�RULJLQDO�')*��FRQWDLQLQJ�QR�GHOD\�QRGHV�
FRQQHFW�D�QHW�IURP�QRGHV�8.o9.��IRU�. ���WR�1�

6WHS����)RU�HDFK�QHW�8o9�LQ�WKH�RULJLQDO�')*�FRQWDLQLQJ�GHOD\�QRGHV��SHUIRUP�6WHS��$�RU
6WHS��%�

6WHS��$��,)�QXPEHU�RI�GHOD\�QRGHV��QXPBGHOD\BQRGHV��EHWZHHQ�FRPSXWDWLRQDO
QRGHV�8�!9�LV�/(66�7+$1�1�
)25�T� ��QXPBGHOD\BQRGHV����72�1�
&RQQHFW�QHWV�IURP�8�T�QXPBGHOD\BQRGHV�o9T�ZLWK�QR�GHOD\�QRGHV�RQ�WKH�QHW�)25�T� ���72�QXPBGHOD\BQRGHV�
&RQQHFW�QHWV�IURP�8�1�QXPBGHOD\BQRGHV�T�o9T�ZLWK�D�VLQJOH�GHOD\�QRGH�RQ�HDFK�QHW�
6WHS��%��,)�QXPEHU�RI�GHOD\�QRGHV�EHWZHHQ�FRPSXWDWLRQDO�QRGHV�8o9�LV
*5($7(5�7+$1�25�(48$/�72�1�
)25�T� ���WR�1�
&RQQHFW�QHWV�IURP�8ª�QXPBGHOD\BQRGHV�T����1ºu�1�QXPBGHOD\BQRGHV�T�o9T��ZLWK
ª�QXPBGHOD\BQRGHV�T����1º�QXPEHU�RI�GHOD\�QRGHV�RQ�HDFK�QHW�

1RWH��ª;º�GHQRWHV�D�¨FHLOLQJ�IXQFWLRQ©�L�H��WKH�VPDOOHVW�LQWHJHU�JUHDWHU�WKDQ�RU�HTXDO�WR�;�

)LJXUH��������6WHSV�RI�WKH�8QIROGLQJ�3URFHVV

)LJXUH� ����� LOOXVWUDWHV� WKLV� SURFHVV� IRU� D� VPDOO� ,QILQLWH� ,PSXOVH� 5HVSRQVH
�,,5�� ILOWHU��)RU�WKLV� H[DPSOH� DQ�XQIROGLQJ� IDFWRU�RI��� LV� VHOHFWHG� �1 ����7KH� ILUVW
VWHS�FUHDWHV�1�FRSLHV�RI�HDFK�QRGH�LQ�WKH�RULJLQDO�')*��6WHS���FRQQHFWV�WKRVH�QHWV
WKDW�GLG�QRW�FRQWDLQ�GHOD\�QRGHV�LQ�WKH�RULJLQDO�')*��IROORZLQJ�WKH�UXOHV�ODLG�RXW�LQ
)LJXUH�������)RU�WKH�ODVW�VWHS��VWHS����WKH�QHWV�WKDW�GLG�FRQWDLQ�GHOD\V�DUH�FRQQHFWHG�
,Q�WKLV�FDVH�WKH�QXPEHU�RI�GHOD\V�LV�OHVV�WKDQ�WKH�XQIROGLQJ�IDFWRU��WKHUHIRUH�VWHS��$
LV�H[HFXWHG���7KH�UHVXOWV�RI�WKH�FDOFXODWLRQV�IRU�FRQQHFWLQJ�QHWV�DQG�LQVHUWLQJ�GHOD\V
DUH� DOVR� VKRZQ� LQ� WKH� H[DPSOH�� 7KH� ILUVW� FDOFXODWLRQ� LV� WR� FRQQHFW� QHWV� ZLWKRXW
GHOD\V��UHVXOWLQJ�LQ�D�FRQQHFWLRQ� IURP�QHW�$��WR�%���7KH�VHFRQG�FDOFXODWLRQ�VHOHFWV
QHWV�WKDW�ZLOO�KDYH�D�VLQJOH�GHOD\��LQ�WKLV�FDVH�$��WR�%���7KHVH�FDOFXODWLRQV�UHVXOW� LQ
WKH�FRPSOHWH����XQIROGHG�')*�SUHVHQWHG�LQ�WKH�ILJXUH�
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6WHS��
1XPBGHOD\V��L����1�7KHUHIRUH�H[HFXWH�6WHS��$
$T�Lo%T��IRU�T L���WR�1�

)RU�$���o%��QHW�ZLWK�QR�GHOD\V
$�o%�

81�L�To9T��IRU�T ��WR�L�
)RU�$�����o%��QHW�ZLWK�RQH�GHOD\

$�o%�

)LJXUH������([DPSOH�RI�WKH���6WHSV�RI�WKH�8QIROGLQJ�7UDQVIRUPDWLRQV

����6XPPDU\
+LJK�OHYHO� V\QWKHVLV�RIIHUV� VLJQLILFDQW� DGYDQWDJHV� WR� WKH�9/6,� GHVLJQHU� LQ

WRGD\©V�FRPSHWLWLYH�9/6,�PDUNHW�ZKHUH�GHVLJQV�DUH�LQFUHDVLQJ�LQ�FRPSOH[LW\�ZKLOH
UHTXLULQJ� VKRUWHU� WLPHV�WR�PDUNHW�� 7KH� DGGLWLRQ� RI� QHZ� GHYLFH� FULWHULD�� VXFK� DV
SRZHU�FRQVXPSWLRQ��LV�IXUWKHU�LQFUHDVLQJ�WKH�EXUGHQ�RQ�WKH�9/6,�GHVLJQHU��7KLV�KDV
OHG� WR� WKH� GHYHORSPHQW� RI� &$'� WRROV� WR� HQDEOH� WKH� GHVLJQHU� WR� KDQGOH� FRPSOH[
GHVLJQV�ZKLOH�H[SORULQJ�WKH�VROXWLRQ�VSDFH�WR�PHHW�FRPSHWLQJ�FULWHULD�

7R� VXSSRUW� WKHVH� &$'� WRROV� SRZHU� RSWLPLVDWLRQ� WHFKQLTXHV� KDYH� EHHQ
GHYHORSHG�ZKLFK�WDFNOH�SRZHU�DW�DOO�OHYHOV�RI�WKH�GHVLJQ�SURFHVV��3RZHU�UHGXFWLRQ�DW
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WKH�KLJK�OHYHO�LV�GHVLUDEOH��ERWK�WR�LQWHJUDWH�ZLWK�WKH�DGYDQWDJHV�RI�KLJK�OHYHO�&$'
WRROV� DQG� WR� REWDLQ� WKH� JUHDWHVW� VDYLQJV� LQ� SRZHU� UHGXFWLRQ�� 7KH� KLJK�OHYHO
WHFKQLTXHV� SUHVHQWHG� LQ� WKLV� FKDSWHU� RIIHU� VLJQLILFDQW� UHGXFWLRQV� LQ� SRZHU
FRQVXPSWLRQ� EXW� UHTXLUH� UHVHDUFK� LQWR� DSSOLFDWLRQ� PHWKRGV� WR� REWDLQ� RSWLPXP
SRZHU�UHGXFWLRQV�

7KH� WUDQVIRUPDWLRQ�EDVHG� SRZHU� UHGXFWLRQ� WHFKQLTXH� RIIHUV� FRQVLGHUDEOH
EHQHILWV�EXW�LQFUHDVHV�WKH�FRPSOH[LW\�RI�WKH�9/6,�WDVN��ERWK�LQ� LWV�FRQVLGHUDWLRQ�RI
SRZHU� DV� D� GHVLJQ� REMHFWLYH� DQG� WKH� RSWLPXP� DSSOLFDWLRQ� RI� WKH� WUDQVIRUPDWLRQV�
7KLV� FRPSOH[LW\� PDNHV� GHWHUPLQDWLRQ� RI� WKH� EHVW� ORZ�SRZHU� GHVLJQ� DQ� 13�KDUG
WDVN��7KHUHIRUH�� WKH�ZRUN�SUHVHQWHG� LQ� WKLV� WKHVLV� LQFRUSRUDWHV� WKH�XVH�RI� DUWLILFLDO
LQWHOOLJHQFH� WHFKQLTXHV� WR� H[SORUH� WKH� FRPSOH[� VROXWLRQ�VSDFH� RI� WUDQVIRUPDWLRQ�
EDVHG�H[SORUDWLRQ�IRU�ORZ�SRZHU�GHVLJQV�
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&KDSWHU�����3RZHU�$QDO\VLV

'XULQJ�WKH�GHVLJQ�RI�ORZ�SRZHU�9/6,�GHYLFHV��WKH�GHVLJQHU�RU�&$'�WRRO�LV
IDFHG� ZLWK� D� ODUJH� QXPEHU� RI� DOWHUQDWLYH� GHVLJQV� WKDW� KDYH� GLIIHUHQW� SRZHU
FRQVXPSWLRQ� FKDUDFWHULVWLFV�� 7KHUHIRUH�� SRZHU� DQDO\VLV� URXWLQHV� DUH� QHFHVVDU\� WR
HQDEOH� FRPSDULVRQV� EHWZHHQ� GHVLJQV� DQG� SDUDPHWHU� WUDGH�RIIV�� $� 9/6,� SRZHU
DQDO\VLV�WRRO�LV�DQ�HVVHQWLDO�FRPSRQHQW�RI�DQ\�ORZ�SRZHU�GHVLJQ�V\VWHP�

�$� UHYLHZ�RI� SRZHU� DQDO\VLV� WRROV� LQ� >3HGUDP��@� QRWHG� WKDW� SULRU� WR� ����
WKHUH� ZDV� YHU\� OLWWOH� DFDGHPLF� HIIRUW� RU� LQWHUHVW� LQ� GHYHORSLQJ� SRZHU� DQDO\VLV
WHFKQLTXHV� DQG� YLUWXDOO\� QR� WRROV� DYDLODEOH� IURP� LQGXVWU\�� +RZHYHU�� WKH� ODUJH
LQFUHDVH� LQ� GHPDQG� IRU� SRZHU�FRQVFLRXV� GHVLJQV� DQG� ORZ�SRZHU� ,&V� KDV� OHG� WR
LQFUHDVHG� DZDUHQHVV� RI� WKH� QHHG� IRU� DGYDQFHG� WRROV�� WR� HQDEOH� WKH� LQFUHDVLQJ
GHYHORSPHQW� RI� ORZ�SRZHU� GHVLJQ� WRROV� >6LQJK���� &RXGHUW���� 7XFN��@�� 7KH� 86
$GYDQFHG� 5HVHDUFK� 3URMHFWV� $JHQF\� KDV� LQVWLJDWHG� D� ORZ�SRZHU� HOHFWURQLFV
UHVHDUFK� SURJUDP� ZKLFK� LQFOXGHV� WKH� GHYHORSPHQW� RI� 9/6,� SRZHU�DQDO\VLV� WRROV
>/HP��@�� ,W� LV� UHFRJQLVHG� WKDW�WKH�GHYHORSPHQW�RI�SRZHU�DQDO\VLV� WRROV� LV� D�SULPH
UHTXLUHPHQW� IRU� WKH� GHVLJQ� DQG� LPSURYHPHQW� RI� SRUWDEOH� FRPSXWLQJ� V\VWHPV
>&KZLUND��@�� &RPSDQLHV� VXFK� DV� 0RWRUROD�� 6HQWH�� 6\QRSV\V� >5DEDH\��@�� DQG
7H[DV� ,QVWUXPHQWV� >5R\��@� KDYH� LGHQWLILHG� WKH� QHHG� IRU� DGYDQFHG� WRROV� WKDW� FDQ
RSHUDWH�DW�KLJK�OHYHOV�RI�DEVWUDFWLRQ�

7KLV�FKDSWHU�JLYHV�DQ�RYHUYLHZ�RI�WKH�SULPDU\�PHWKRGV�GHYHORSHG�IRU�SRZHU
DQDO\VLV� DQG� HVWLPDWLRQ�� 7KH� DQDO\VLV� PHWKRGV� DUH� FRQYHQLHQWO\� JURXSHG� E\� WKH
OHYHO�RI� DEVWUDFWLRQ� DW�ZKLFK� WKH\�RSHUDWH�� WUDQVLVWRU�� ORJLF� �RU� JDWH��� DUFKLWHFWXUDO
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�57/�� DQG� EHKDYLRXUDO� RU� DOJRULWKPLF�� $W� HDFK� OHYHO� VRPH� RI� WKH� PRUH� SRSXODU
SRZHU� DQDO\VLV� WRROV� DUH� GHVFULEHG� WR� LOOXVWUDWH� WKH� XVH� RI� SRZHU� DQDO\VLV� LQ� D
SUDFWLFDO� V\QWKHVLV� HQYLURQPHQW�� 7KH� SRZHU� DQDO\VLV� WRROV� WKDW� RSHUDWH� DW� WKHVH
OHYHOV�XVH�YDULRXV�WHFKQLTXHV�WR�HVWLPDWH�WKH�ILQDO�SRZHU�FRQVXPSWLRQ�RI�WKH�9/6,
GHYLFH��WKHUHIRUH�SRZHU�DQDO\VLV�LV�DOVR�UHIHUUHG�WR�DV�SRZHU�HVWLPDWLRQ�

7UDGLWLRQDO� SRZHU� DQDO\VLV� WHFKQLTXHV� KDYH� WDUJHWHG� WKH� ORZHU� OHYHOV� RI
DEVWUDFWLRQ��VXFK�DV�WKH�WUDQVLVWRU�DQG�PRUH�UHFHQWO\�WKH� ORJLF� OHYHO��7KH�DGYDQWDJH
RI�DQDO\VLQJ�ORZHU�OHYHOV�RI�WKH�GHVLJQ�LV�WKDW�WKH�DQDO\VLV�WRRO�KDV�D�FRPSOHWH�9/6,
GHVLJQ�WR�SURFHVV��KHQFH�DOO�RI�WKH�UHTXLUHG�SDUDPHWHUV��DUHD��WHFKQRORJ\��WUDQVLVWRU
VL]HV��URXWLQJ��HWF���DUH�DYDLODEOH��7KH�SRZHU�DQDO\VLV� LV�UHGXFHG�WR�D�VLPXODWLRQ�RI
WKH�9/6,�FLUFXLW��ZLWK�WRROV�VXFK�DV�63,&(�>5DEDH\@��7KH�SULPDU\�GLVDGYDQWDJH�RI
ORZ�OHYHO� WRROV� LV� WKH� WLPH� UHTXLUHG� WR�SURGXFH� D� UHVXOW�� 3RZHU0LOO� >6\QRS��F@�� D
WUDQVLVWRU� OHYHO� WRRO�� LV�TXRWHG�DV�EHLQJ� DEOH� WR� VLPXODWH������WUDQVLVWRUV�SHU�&38
VHFRQG� >5R\��@��$Q� ,&�ZLWK� ��PLOOLRQ� WUDQVLVWRUV�ZRXOG� UHTXLUH� ��� PRQWKV� &38
WLPH�IRU�D�VLQJOH�UXQ��FOHDUO\�XQDFFHSWDEOH�IRU�XVH�DV�IHHGEDFN�LQ�D�ORZ�SRZHU�&$'
WRRO�

$QDO\VLV�WRROV�WKDW�RSHUDWH�DW�D�KLJKHU� OHYHO�RI�DEVWUDFWLRQ�RIIHU� WKH�EHQHILW
RI�HQDEOLQJ�GHVLJQV�WR�EH�PRGLILHG�HDUO\� LQ� WKH�GHVLJQ�F\FOH��ZKLFK� LV�H[SHFWHG� WR
\LHOG� WKH� JUHDWHVW� EHQHILWV� LQ� WHUPV� RI� SRZHU� UHGXFWLRQ� >)UHQN���� 3HGUDP���
5R\��@�� ,Q� DGGLWLRQ�� KLJK�OHYHO� WRROV� W\SLFDOO\� SURGXFH� UHVXOWV� PRUH� TXLFNO\�
+RZHYHU��WU\LQJ�WR�HVWLPDWH�SRZHU�GLVVLSDWLRQ�DW�HDUO\�VWDJHV�LQ�WKH�GHVLJQ�F\FOH�LV�D
QRQ�WULYLDO� WDVN� >6LQJK��@�� 'HVLJQHUV� QHHG� WR� WUDGH� RII� DFFXUDF\� IRU� WKH� JDLQ� LQ
VSHHG��7KHUHIRUH��KLJK�OHYHO�WRROV�DUH�W\SLFDOO\�XVHG�WR�FRPSDUH�WKH�UHODWLYH�SRZHU
FRQVXPSWLRQ� RI� DOWHUQDWLYH� GHVLJQV� UDWKHU� WKDQ� SURYLGH� DEVROXWH� SRZHU� YDOXHV
>0HKUD����.HW]��@�
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����3RZHU�'LVVLSDWLRQ�LQ�&026�'HYLFHV
7KH� PDLQ� FRQWULEXWLQJ� IDFWRUV� RI� SRZHU� GLVVLSDWLRQ� ZHUH� LQWURGXFHG� LQ

VHFWLRQ� ����� 7KLV� VHFWLRQ� GLVFXVVHV� WKH� SUHYLRXVO\� GHVFULEHG� IDFWRUV� LQ� WHUPV� RI
SRZHU�DQDO\VLV�RI�'63�GHYLFHV��7R�VXPPDULVH��WKH�DYHUDJH�HQHUJ\�SHU�FRPSXWDWLRQ
LQ�D�'63�GHYLFH�LPSOHPHQWHG�LQ�&026�LV�JLYHQ�E\�>$UVODQ��@�


� &93 ''DYHUDJH u �����

ZKHUH� 9''� LV� WKH� VXSSO\� YROWDJH�� DQG� &
� LV� WKH� VZLWFKHG�FDSDFLWDQFH� RU
HIIHFWLYH�FDSDFLWDQFH� RI� D� GHVLJQ�� $YHUDJH� SRZHU� LV� XVHG� WR� FDOFXODWH� EDWWHU\� OLIH
DQG�MXQFWLRQ�WHPSHUDWXUH�>)UHQN��@�DQG�LV��WKHUHIRUH��W\SLFDOO\�XVHG�DV�WKH�ILJXUH�RI
PHULW�><HDS����%HOOD��E@��(VWLPDWLRQ�RI�WKH�SDUDPHWHUV�RI�HTXDWLRQ�������ZLOO�\LHOG
DQ�HVWLPDWH�RI�WKH�DYHUDJH�SRZHU�FRQVXPSWLRQ�RI�WKH�GHVLJQ�

(TXDWLRQ�������LOOXVWUDWHV�WKDW�WKH�DYHUDJH�SRZHU�LV�DFWLYLW\�GHSHQGHQW��DV�&

FRQWDLQV�WKH�VZLWFKLQJ�DFWLYLW\�HVWLPDWLRQ���7KLV�PDNHV�SRZHU�HVWLPDWLRQ�D�FRPSOH[
SURFHVV��DV�WKH�VZLWFKLQJ�DFWLYLW\� LV� GHSHQGHQW�XSRQ�WKH�GHYLFHV� LQSXW� VLJQDOV� DQG
LPSOHPHQWDWLRQ� VW\OH�� ,PSOHPHQWDWLRQ� VW\OH�PD\� E\� GHWHUPLQHG� DW� ORZHU� OHYHOV� RI
WKH� GHVLJQ� SURFHVV� �EXW� QRW� DW� KLJKHU� OHYHOV��� EXW� LQSXW�VLJQDO� GDWD� PD\� QRW� EH
DYDLODEOH�DV�LW�LV�VWURQJO\�GHSHQGHQW�XSRQ�WKH�GHYLFH�DSSOLFDWLRQ�

7KH� RSWLPLVDWLRQ� WRRO� SUHVHQWHG� LQ� WKLV� WKHVLV� VSHFLILFDOO\� WDUJHWV� WKH
V\QWKHVLV�RI�ORZ�SRZHU�'63�DOJRULWKPV��WKHUHIRUH�WKH�GLVFXVVLRQ�RI�SRZHU�DQDO\VLV
FRQFHQWUDWHV� RQ� '63� GHYLFHV�� 7KH� DYHUDJH� SRZHU� GLVVLSDWLRQ� RI� '63� GHYLFHV�
LPSOHPHQWHG� DV� $6,&V�� FDQ� EH� GLYLGHG� LQWR� DOJRULWKP� DQG� LPSOHPHQWDWLRQ
GHSHQGHQW�SRZHU��$OJRULWKP� LQKHUHQW�SRZHU�GLVVLSDWLRQ�FRPHV� IURP�WKH�H[HFXWLRQ
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RI� WKH� RSHUDWLRQV� ZLWKLQ� WKH� '63� �H�J�� DGGLWLRQV�� PXOWLSOLFDWLRQV��� 7KLV� SRZHU
GLVVLSDWLRQ�LV�UHODWLYHO\�LQGHSHQGHQW�RI�WKH�DUFKLWHFWXUDO� LPSOHPHQWDWLRQ�VW\OH�XVHG�
7KH� RYHUKHDG� SRZHU� LV� D� IDFWRU� RI� WKH� 9/6,� LPSOHPHQWDWLRQ� VXFK� DV� WKH� FRQWURO
ORJLF�� UHJLVWHUV�� EXVHV�� HWF�� UHTXLUHG� WR� LPSOHPHQW� WKH� '63� DOJRULWKP�� 7KHUHIRUH
HVWLPDWLRQ�RI�WKH�SRZHU�FRQVXPSWLRQ�RI�D�'63�GHYLFH�UHTXLUHV�DQDO\VLV�RI�ERWK�WKH
DOJRULWKP�DQG�WKH�LQWHQGHG�9/6,�SODWIRUP�

����7UDQVLVWRU�/HYHO�$QDO\VLV
7UDQVLVWRU� OHYHO� DQDO\VLV� LV� RQH� RI� WKH� ORQJHVW� HVWDEOLVKHG� DUHDV� RI� SRZHU

DQDO\VLV�� 7KH� ¨GH�IDFWR©� SRZHU� DQDO\VLV� WRRO� LV� 63,&(�� D� FLUFXLW�OHYHO� VLPXODWRU
GHYHORSHG� LQ� WKH�����©V� DW�8QLYHUVLW\�RI�&DOLIRUQLD� DW�%HUNHOH\� >5DEDH\@�� 63,&(
VLPXODWHV�D�FLUFXLW�OHYHO�GHVFULSWLRQ�RI�WKH�GHVLJQ�DW�WKH�WUDQVLVWRU�OHYHO� WR�SURGXFH
FXUUHQW� DQG� YROWDJH� ZDYHIRUPV�� ZKLFK� FDQ� EH� XVHG� WR� GHWHUPLQH� WKH� SRZHU
FRQVXPSWLRQ� RI� WKH� GHVLJQ�� 7KH� IDFW� WKDW� 63,&(� RSHUDWHV� RQ� VXFK� D� ORZ�OHYHO
GHVFULSWLRQ� DFFRXQWV� IRU� LWV� KLJK� OHYHO�RI� DFFXUDF\�� LW� LV� HIIHFWLYHO\� VLPXODWLQJ� WKH
FRPSOHWHG�GHVLJQ��ZLWK�DFFXUDWH�PRGHOV�RI�WUDQVLVWRUV�DQG�GHYLFH�OHYHO�FRPSRQHQWV�

2QH�RI�WKH�PDLQ�GLVDGYDQWDJHV�RI�63,&(�LV�LWV�VSHHG��VXFK�ORZ�OHYHO�GHYLFH
VLPXODWLRQV�DUH�YHU\�FRPSXWDWLRQDOO\�LQWHQVLYH��6LPXODWLQJ�UHODWLYHO\�VPDOO�GHYLFHV
�D�IHZ�WKRXVDQG�FRPSRQHQWV��FDQ�WDNH�PRUH�WKDQ���KRXUV��$QRWKHU�GLVDGYDQWDJH�RI
63,&(� LV� LWV� GHSHQGHQFH� RQ� WKH� SURYLGHG� LQSXW� SDWWHUQV� IRU� VLPXODWLRQ�� 3RZHU
FRQVXPSWLRQ� LV� KLJKO\� GHSHQGHQW� RQ� VZLWFKLQJ� DFWLYLW\�� VR� WKH� SRZHU� HVWLPDWLRQV
SURGXFHG�E\�63,&(�DUH�VSHFLILF� WR� WKH� LQSXW�SDWWHUQV�XVHG� WR� VLPXODWH� WKH�GHVLJQ�
63,&(�LV�D�¨VWURQJO\�SDWWHUQ�GHSHQGHQW©�WRRO�>1DMP��@�

:KLOH�63,&(�LV�D�YHU\�VORZ�WRRO�LWV�KLJK�OHYHO�RI�DFFXUDF\�PDNHV�LW�XVHIXO�LQ
ODWHU� VWDJHV� RI� WKH� GHVLJQ� SURFHVV�� WR� YDOLGDWH� UHVXOWV� SURGXFHG� E\� RWKHU� SRZHU
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DQDO\VLV�WRROV�DQG�WR�GHYHORS�63,&(�FKDUDFWHULVHG�PRGXOHV�IRU�XVH�DW�KLJKHU�OHYHOV�
7KH�FRPPHUFLDO�WUDQVLVWRU�OHYHO�SRZHU�DQDO\VLV�WRRO�3RZHU0LOO�>6\QRS��F@�H[SORLWV
WKLV� IHDWXUH�� 3RZHU0LOO� VLPXODWHV� WKH� GHVLJQ� XVLQJ� 63,&(� GHYHORSHG� PRGXOHV�
HIIHFWLYHO\� UHGXFLQJ� WKH� FRPSOH[LW\� RI� WKH� VLPXODWLRQ�� )RU� H[DPSOH�� D� GLJLWDO
PXOWLSOLHU�ZLWK�������GHYLFHV�UHTXLUHV�����KRXUV� IRU� VLPXODWLRQ� LQ�63,&(�ZKHUHDV
3RZHU0LOO� UHTXLUHV� ���� PLQXWHV�� ZLWK� RQO\� D� r��� GHFUHDVH� LQ� DFFXUDF\�� 7KLV
LOOXVWUDWHV� WKH� VSHHG�DQG� DFFXUDF\� WUDGH�RII� LQ� WKH� GHVLJQ� RI� SRZHU�DQDO\VLV� WRROV�
ZKLFK�LV�UHJDUGHG�DV�DQ�DFFHSWDEOH�VDFULILFH�>5R\����6LQJK����0HKUD��@�

$036�>6\QRS@�LV�D�SRZHU�RSWLPLVDWLRQ�WRRO�ZKLFK�LQFRUSRUDWHV�WKH�DQDO\VLV
IHDWXUHV�RI�3RZHU0LOO�ZLWKLQ�WKH�RSWLPLVDWLRQ�SURFHVV��$036�DXWRPDWLFDOO\�UHVL]HV
WKH�WUDQVLVWRUV�WR�RSWLPLVH�IRU�VSHHG��DUHD�DQG�SRZHU��3RZHU0LOO�LV�XVHG�DV�IHHGEDFN
ZLWKLQ�WKH�SURFHVV�WR�YDOLGDWH�WKH�HIIHFW�RI�GLIIHUHQW�RSWLPLVDWLRQV�

:KLOH� PDQ\� WHFKQLTXHV� KDYH� EHHQ� GHYHORSHG� WR� DWWHPSW� WR� LQFUHDVH� WKH
VSHHG�RI�WUDQVLVWRU�OHYHO�SRZHU�DQDO\VLV� >/LDR����9DQ��@��WKH�GLVDGYDQWDJHV�RI� WKH
WRROV�KDYH�OLPLWHG�WKHLU�XVH�LQ�KLJK�OHYHO�SRZHU�RSWLPLVDWLRQ�VWUDWHJLHV�WR�YDOLGDWLRQ
DQG�ORZHU�OHYHO�RSWLPLVDWLRQ�WRROV�RQFH�WKH�GHVLJQ�KDV�EHHQ�V\QWKHVLVHG�WKURXJK�WR
WKH�WUDQVLVWRU�OHYHO�

����/RJLF�/HYHO�$QDO\VLV
7R� RYHUFRPH� WKH� GLVDGYDQWDJHV� RI� WUDQVLVWRU�OHYHO� DQDO\VLV� VHYHUDO� ORJLF�

OHYHO�SRZHU�HVWLPDWLRQ�WHFKQLTXHV�KDYH�EHHQ�SURSRVHG��7KH�PDLQ�DLP�RI�ORJLF�OHYHO
WRROV�LV�WR�LQFUHDVH�WKH�VSHHG�RI�WKH�SURFHVV�ZLWK�DQ�DFFHSWDEOH�LPSDFW�RQ�DFFXUDF\�
/RJLF��RU�JDWH�OHYHO�SRZHU�DQDO\VLV�LV� OHVV�DFFXUDWH�WKDQ�WUDQVLVWRU�OHYHO�DQDO\VLV�DV
WKH�GHWDLOV�RI�SRZHU�GLVVLSDWLRQ�RI�WUDQVLVWRUV�DUH�VLPSOLILHG�LQ�JDWH�OHYHO�PRGHOV�
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$V� GHVFULEHG� LQ� VHFWLRQ� ����� WUDQVLVWRU�OHYHO� WRROV� VXIIHU� IURP� D� VWURQJ�
SDWWHUQ�GHSHQGHQFH��RQH� WHFKQLTXH� WR�UHGXFH�WKLV�GHSHQGHQFH� LV� WR� UHSUHVHQW� LQSXW
DQG�LQWHUQDO�VLJQDOV�DV�SUREDELOLWLHV��WKLV�LV�NQRZQ�DV�D�SUREDELOLVWLF�SRZHU�DQDO\VLV
WHFKQLTXH��7KHVH�VLJQDO�SUREDELOLWLHV��UDWKHU�WKDQ�WKH�DFWXDO�VLJQDOV��DUH�SURSDJDWHG
WKURXJK�WKH�ORJLF�FLUFXLW�WR�SURGXFH�VLJQDO�SUREDELOLWLHV�IRU�HYHU\�QRGH�LQ�WKH�GHVLJQ�
7KHUH� DUH� D� QXPEHU� RI� ZD\V� RI� GHILQLQJ� VLJQDO� SUREDELOLWLHV�� WZR� RI� WKH� PRVW
FRPPRQ�DUH�>1DMP��@�

x� 6LJQDO�3UREDELOLW\�¤�3V�;���WKH�SUREDELOLW\�WKDW�D�VLJQDO�DW�QRGH�;�ZLOO�EH
KLJK

x� 7UDQVLWLRQ� 3UREDELOLW\� ¤� 3W�;��� WKH� SUREDELOLW\� WKDW� D� VLJQDO� DW� QRGH�;
ZLOO�PDNH�D�SRZHU�FRQVXPLQJ���o���WUDQVLWLRQ�

%\� GHWHUPLQLQJ� WKHVH� SUREDELOLW\� IDFWRUV� IRU� HYHU\� QRGH� LQ� WKH� FLUFXLW� WKH
WRWDO�SRZHU�FDQ�EH�HVWLPDWHG��IRU�H[DPSOH�

¦
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ZKHUH� I� LV� IUHTXHQF\��9''�VXSSO\�YROWDJH��&L�WKH�FDSDFLWDQFH�RI�QRGH� L�DQG
3W�;L��WKH�WUDQVLWLRQ�SUREDELOLW\�RI�QRGH�L��6SHFLILF�UXOHV�H[LVW�IRU�WKH�SURSDJDWLRQ�RI
VLJQDO�RU�WUDQVLWLRQ�SUREDELOLWLHV�GHSHQGLQJ�RQ�WKH�W\SH�RI�ORJLF�JDWH�WKH�VLJQDOV�DUH
SDVVLQJ�WKURXJK�

7KH� XVH� RI� SUREDELOLWLHV� UDWKHU� WKDQ� DEVROXWH� VLJQDO� YDOXHV� UHTXLUHV� WKH
FRQVLGHUDWLRQ� RI� VLJQDO� FRUUHODWLRQV�� ZKLFK� IDOO� LQWR� WZR� FDWHJRULHV�� 6SDWLDO
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FRUUHODWLRQ� UHIHUV� WR� WZR� VLJQDOV� LQ� WKH� FLUFXLW� WKDW� DUH�GHSHQGHQW�XSRQ� HDFK� RWKHU
H�J��ERWK�LQSXWV�WR�D�SDUWLFXODU�$1'�JDWH�PD\�QHYHU�EH�KLJK��7HPSRUDO�FRUUHODWLRQ
UHIHUV�WR�WZR�VLJQDOV�ZLWK�D�GHSHQGHQF\�LQ�WLPH�L�H��D���PD\�QHYHU�IROORZ�D�SUHYLRXV
�� RQ� D� SDUWLFXODU� QRGH�� 7HPSRUDO� FRUUHODWLRQV� DUH� SDUWLFXODUO\� LPSRUWDQW� ZKHQ
DQDO\VLQJ�GHVLJQV�ZLWK� IHHGEDFN�DV�WKH�QH[W�VHW�RI�VLJQDOV� LV�GLUHFWO\�UHODWHG�WR�WKH
FXUUHQW�VHW�>1DMP��@�

,Q�DGGLWLRQ�WR�WKH�FRQVLGHUDWLRQ�RI�FRUUHODWLRQ��ORJLF�OHYHO�DQDO\VLV�WRROV�QHHG
WR� FRQVLGHU� WKH� HIIHFW� RI� JOLWFK� WUDQVLWLRQV� LQ� WKH� FLUFXLW� ZKLFK� PD\� QRW� DIIHFW
IXQFWLRQDOLW\�EXW�FDQ�FRQVXPH�XS�WR�����RI�WKH�WRWDO�SRZHU�LQ�D�FRPELQDWLRQDO�ORJLF
EORFN�>1DMP��@���������RI�WKH�WRWDO�SRZHU�LQ�D�9/6,�V\VWHP�>6LQJK��@��

/7,0(6� >&LULW��@� LV� DQ� H[DPSOH� RI� D� SRZHU� DQDO\VLV� WRRO� WKDW� XVHV� WKH
SURSDJDWLRQ�RI�VLJQDO�SUREDELOLWLHV�WRJHWKHU�ZLWK�D�FDSDFLWDQFH�VSHFLILFDWLRQ� ILOH� WR
GHWHUPLQH� WKH� WRWDO� SRZHU� FRQVXPSWLRQ�� ,W� LJQRUHV� DOO� VLJQDO� FRUUHODWLRQV�� ZKLFK
HQDEOHV� LW� WR� SURGXFH� UHVXOWV� UHODWLYHO\� TXLFNO\� DW� WKH� H[SHQVH� RI� DFFXUDF\�
&RQVLGHUDWLRQ�RI�FRUUHODWLRQ�DQG�JOLWFKHV� VLJQLILFDQWO\� LQFUHDVHV� WKH� FRPSOH[LW\�RI
WKH� DQDO\VLV�� VR� WKH\� DUH� RIWHQ� OHIW� RXW� RU� VLPSOLILHG� GXULQJ� WKH� SRZHU� DQDO\VLV
>1DMP����%HOOD��E@�

3RZHU*DWH�>6\QRS��E@� LV� DQ� H[DPSOH� RI� D� WRRO� WKDW� FRQVLGHUV� FRUUHODWLRQV
DQG�JOLWFKHV��,W�FDQ�DQDO\VH�DQ������FHOO� ORJLF�FLUFXLW�����WLPHV� IDVWHU�WKDQ�63,&(�
ZLWK� DQ� DVVRFLDWHG� ���� UHGXFWLRQ� LQ� DFFXUDF\�� LW� FDQ� DQDO\VH� D� ������ FHOO� ORJLF
FLUFXLW� ��� WLPHV� IDVWHU� WKDQ� 3RZHU0LOO�� ZLWK� DQ� DVVRFLDWHG� ��� UHGXFWLRQ� LQ
FRPSDUDWLYH� DFFXUDF\�� 7KHVH� TXDOLWDWLYH� H[DPSOHV� VKRZ� WKH� EHQHILW� LQ� VSHHG� RI
XVLQJ� ORJLF�OHYHO� DQDO\VLV� WRROV� DQG� WKH� WUDGH�RII� LQ� DFFXUDF\�PDGH� WR� DFKLHYH� WKH
VSHHG�LQFUHDVH�
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$Q� DOWHUQDWLYH� WR� SURSDJDWLQJ� VLJQDO� SUREDELOLWLHV�� WKXV� UHPRYLQJ� WKH
SUREOHPV� RI� PRGHOOLQJ� FRUUHODWLRQV�� LV� WR� VLPXODWH� WKH� ORJLF� FLUFXLW� XVLQJ� DFWXDO
LQSXW� YHFWRUV�� $� 0RQWH� &DUOR� DSSURDFK� >%XUFK��@� FRPELQHV� WKH� DGYDQWDJHV� RI
VLPXODWLRQ� �QR� QHHG� WR� PRGHO� FRUUHODWLRQ� HIIHFWV�� ZLWK� SUREDELOLW\� WHFKQLTXHV
�UHGXFHG�SDWWHUQ�GHSHQGHQFH�RI�DQDO\VLV���6XFK�DQ�DSSURDFK�LV�NQRZQ�DV�D�VWDWLVWLFDO
DQDO\VLV�WHFKQLTXH��7KH�FLUFXLW�LV�VLPXODWHG�ZLWK�W\SLFDO�RU�UDQGRPO\�VHOHFWHG�LQSXW
YHFWRUV�IRU�D�VSHFLILHG�QXPEHU�RI�WLPHV��7KH�DFWLYLW\�DQG�HVWLPDWHG�FXUUHQW�IRU�HDFK
YHFWRU� LV� XVHG� WR� GHWHUPLQH� WKH� SRZHU� FRQVXPSWLRQ�� 7KH� DYHUDJH� SRZHU
FRQVXPSWLRQ� LV� WKH� DYHUDJH� RI� WKH� SRZHU� HVWLPDWLRQV� IRU� HDFK� YHFWRU�� (DFK
DGGLWLRQDO� VLPXODWLRQ� LQFUHDVHV� WKH� FRQILGHQFH� LQ� WKH� UHVXOW�� WKHUHIRUH� WKH� UHTXLUHG
DFFXUDF\�FDQ�EH�VSHFLILHG�XS� IURQW�ZKLOH�FRQVLGHULQJ� LWV�HIIHFW�RQ�WKH�VSHHG�RI� WKH
DQDO\VLV�� 7KH� GLVDGYDQWDJH� RI� WKLV� WHFKQLTXH� LV� WKDW� LW� LV� VWLOO� VORZHU� WKDQ
SUREDELOLVWLF� WHFKQLTXHV�� DJDLQ� LOOXVWUDWLQJ� WKH� WUDGH�RII� EHWZHHQ� DFFXUDF\� DQG
VSHHG�

'HVLJQB3RZHU� >6\QRS��G@� DOORZV� WKH� XVHU� WR� VHOHFW� EHWZHHQ� SUREDELOLVWLF
DQG� VWDWLVWLFDO� DQDO\VLV� WHFKQLTXHV�� WUDGLQJ� RII� VSHHG� IRU� DFFXUDF\�� 7\SLFDOO\�
SUREDELOLVWLF�DQDO\VLV� LV�XVHG� LQLWLDOO\� WR�VHOHFW�GHVLJQ�FKDQJHV�� LWV� LQFUHDVHG�VSHHG
HQDEOLQJ� GHVLJQ� FKDQJHV� WR� EH� VHOHFWHG� UHODWLYHO\� TXLFNO\�� 6WDWLVWLFDO� PHWKRGV� DUH
W\SLFDOO\� XVHG� ODWHU� WR� YDOLGDWH� VHWV� RI� GHVLJQ� FKDQJHV�� WKH� UHGXFWLRQ� LQ� VSHHG
FRPSHQVDWHG�IRU�E\�WKH�LQFUHDVH�LQ�DFFXUDF\��3RZHU�&RPSLOHU�>6\QRS��G@�LV�D�JDWH�
OHYHO�SRZHU�RSWLPLVDWLRQ�WRRO�WKDW�XVHV�'HVLJQB3RZHU�WR�SHUIRUP�SRZHU�HVWLPDWLRQV
DQG�YDOLGDWH�JDWH�OHYHO�SRZHU�RSWLPLVDWLRQV�PRUH�TXLFNO\�WKDQ�WUDQVLVWRU�OHYHO�WRROV
ZRXOG�DOORZ�

/RJLF�OHYHO� DQDO\VLV� WRROV� KDYH� EHFRPH� PRUH� SRSXODU� LQ� UHFHQW� \HDUV�
HYLGHQFHG�E\� WKH�FRPPHUFLDO�DQG�DFDGHPLF� WRROV�GHVFULEHG�KHUH��6\VWHPV�VXFK�DV
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3RZHUB7RRO� >9HULWRROV@� DQG� ;3RZHU� >*HQDVKRU@� LOOXVWUDWH� WKH� LQFUHDVLQJ
FRPPHUFLDO� VXSSRUW� IRU� ORJLF�OHYHO� DQDO\VLV� WRROV�� 7KHLU� PDLQ� DGYDQWDJHV� RYHU
WUDQVLVWRU�OHYHO�WRROV�DUH�WKH�UHGXFWLRQ�LQ�DQDO\VLV�WLPHV�DW�WKH�H[SHQVH�RI�DFFXUDF\�
7KH�OHYHO�RI�HUURU�LV�DFFHSWDEOH�JLYHQ�WKH�ODUJH�VSHHG�LQFUHDVHV��HQDEOLQJ�WKH�WRROV�WR
EH�XVHG�ZLWKLQ�SUDFWLFDO�SRZHU�RSWLPLVDWLRQ�V\VWHPV�

����$UFKLWHFWXUDO�/HYHO�$QDO\VLV
7KH�DUFKLWHFWXUDO�OHYHO�UHIHUV�WR�WKH�57�OHYHO�RI�DEVWUDFWLRQ��ZKHUH�WKH�GHVLJQ

LV� GHVFULEHG� LQ� WHUPV� RI� PRGXOHV� VXFK� DV� DGGHUV�� UHJLVWHUV�� PXOWLSOLHUV�� HWF�� 57/
SRZHU� DQDO\VLV� LV� WKH� SUREOHP� RI� HVWLPDWLQJ� WKH� SRZHU� FRQVXPSWLRQ� RI� WKHVH
PRGXOHV�DQG�KHQFH�WKH�WRWDO�SRZHU�FRQVXPSWLRQ�RI�WKH�GHVLJQ��0DQ\�WRROV�QRZ�XVH
WKH� 57�OHYHO� DV� WKH� SRLQW� RI� HQWU\� IRU� GHVFULELQJ� WKH� GHVLJQ� >0DFLL��@�� WKHUHIRUH
57/�DQDO\VLV�WRROV�DUH�EHFRPLQJ�LQFUHDVLQJO\�XVHIXO�

:KLOH�VHFWLRQ�����RXWOLQHG�WKH�XVH�RI�ORJLF�OHYHO�SRZHU�DQDO\VLV�WRROV�ZLWKLQ
SRZHU�RSWLPLVDWLRQ�V\VWHPV��WKH�WRROV�VWLOO�VXIIHU�IURP�ORQJ�UXQ�WLPHV�DV�WKH�QXPEHU
RI�ORJLF�HOHPHQWV� LQFUHDVHV��7KLV�KDV�UHGXFHG�WKHLU�DSSOLFDWLRQ� LQ�KLJK�OHYHO�SRZHU
RSWLPLVDWLRQ�V\VWHPV�

*DWH�OHYHO� WRROV� HVWLPDWH� WKH� SRZHU� FRQVXPHG� E\� ORJLF� �H�J�� $1'�� 25�
XQLWV�ZKHUHDV�57/�WRROV�HVWLPDWH�WKH�SRZHU�FRQVXPSWLRQ�RI�PRGXOHV��H�J��DGGHUV�
EXVVHV��� 57/� DQDO\VLV� W\SLFDOO\� GHDOV� ZLWK� IHZHU� GLVFUHWH� EORFNV� DV� WKH� ODUJH
QXPEHUV�RI�ORJLF�HOHPHQWV�DUH�JURXSHG�LQWR�WKH�KLJKHU�OHYHO�PRGXOHV��7KHUHIRUH��WKH
57/� SRZHU� DQDO\VLV� VKRXOG� EH� IDVWHU� WKDQ� WKH� ORJLF�OHYHO�� IROORZLQJ� WKH� WUHQG� RI
KLJKHU�OHYHOV�RI�DQDO\VLV�SURGXFLQJ�UHVXOWV�PRUH�TXLFNO\�WKDQ�ORZHU�OHYHOV�

7KH� WHFKQLTXH� SURSRVHG� LQ� >/LX��@� H[SUHVVHV� WKH� SRZHU� FRQVXPSWLRQ� RI
W\SLFDO� FRPSRQHQWV� LQ� DQ� 57/� V\VWHP� DV� D� IXQFWLRQ� RI� EDVLF� SDUDPHWHUV� VXFK� DV
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FDSDFLWDQFH�DQG�VL]H��7KH�GLVDGYDQWDJH�RI�WKLV�WHFKQLTXH� LV�WKDW�DVVXPSWLRQV�PDGH
LQ� EXLOGLQJ� WKH�SRZHU�PRGHOV� �IRU� H[WUDFWLRQ�RI� WKH�EDVLF�SDUDPHWHUV�� UHGXFHV� WKH
DFFXUDF\�RI�WKH�HVWLPDWLRQ�

7KH� 3RZHU� )DFWRU� $SSUR[LPDWLRQ� �3)$�� PHWKRG� >3RZHOO���� &KDX���
3RZHOO��@� LV� DQ� 57/� WHFKQLTXH� WKDW� GHYHORSV� SRZHU�FKDUDFWHULVHG� PRGHOV� IRU
KDUGZDUH� XQLWV� VXFK� DV� ,�2�� LQWHUFRQQHFWLRQ�� H[HFXWLRQ� XQLWV�� HWF�� 7KH� WHFKQLTXH
WDUJHWV�WKH�SRZHU�DQDO\VLV�RI�'63�DOJRULWKPV�

3)$� LV� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� LW� LV� WKH� 9/6,� LPSOHPHQWDWLRQ
WHFKQRORJ\� DQG� QRW� WKH� VL]H� RI� WKH� 57/� PRGXOH� WKDW� GHWHUPLQHV� WKH� DYHUDJH
VZLWFKLQJ�DFWLYLW\�� ORDG�FDSDFLWDQFH� DQG�FXUUHQW�SHU� ORJLF� HOHPHQW� LQ� D�PRGXOH��$
3)$� FRQVWDQW� LV� GHULYHG� WR� HVWLPDWH� WKH� DYHUDJH� SRZHU� GLVVLSDWHG� SHU� JDWH�� SHU
FORFN�F\FOH� IRU�D�VSHFLILF�W\SH�RI�PRGXOH��'LIIHUHQW�PRGXOHV�KDYH�D�GLIIHUHQW�3)$
FRQVWDQW� GHSHQGLQJ� RQ� WKHLU� IXQFWLRQ� DQG� LPSOHPHQWDWLRQ� VW\OH� �H�J�� DQ� DUUD\� RU
ERRWK� PXOWLSOLHU��� 7KH� DYHUDJH� SRZHU� RI� D� PRGXOH� LV� WKH� SURGXFW� RI� WKH� 3)$
FRQVWDQW��WKH�FORFN�IUHTXHQF\�DQG�D�PHDVXUH�RI�WKH�FRPSOH[LW\�RI�WKH�PRGXOH��7KH
FRPSOH[LW\�RI�WKH�PRGXOH�FDQ�EH�UHODWHG�WR� IDFWRUV�VXFK�DV� WKH�ELW�ZLGWK� WR�HQDEOH
WKHLU�HIIHFW�RQ�SRZHU�WR�EH�DQDO\VHG��7KH�DYHUDJH�SRZHU�RI�WKH�ZKROH�GHVLJQ�LV�WKH
VXP�RI�WKH�DYHUDJH�SRZHU�RI�DOO�PRGXOHV��7KH�PDLQ�DGYDQWDJH�RI�WKH�3)$�WHFKQLTXH
LV� LWV�VSHHG��2QFH� WKH�3)$�FRQVWDQW� IRU�HDFK�PRGXOH� W\SH�KDV�EHHQ�GHWHUPLQHG�� LW
FDQ�EH�UHXVHG�LQ�DQ\�QXPEHU�RI�DQDO\VHV�

7KH� 3)$� FRQVWDQW� IRU� HDFK� PRGXOH� LV� GHWHUPLQHG� E\� FKDUDFWHULVLQJ� HDFK
PRGXOH� IRU� FDSDFLWDQFH� DQG� VZLWFKLQJ� DFWLYLW\�� 7KH� GLVDGYDQWDJH� RI� WKH� 3)$
WHFKQLTXH� LV� WKDW� WKH� VZLWFKLQJ� DFWLYLW\� LV� GHULYHG� XVLQJ� D�8QLYHUVDO�:KLWH� 1RLVH
�8:1�� PRGHO�� +RZHYHU�� W\SLFDO� '63� VLJQDOV� VXFK� DV� VSHHFK� DQG� PXVLF� GR� QRW
DSSUR[LPDWH�8:1�VLJQDOV��7KH�3)$� WHFKQLTXH� LJQRUHV� FRUUHODWLRQV� LQ� WKH� VLJQDOV



&KDSWHU���¤3RZHU�$QDO\VLV

��

DQG�DV�D�UHVXOW�WKH�DFFXUDF\�VXIIHUV�ZKHQ�WKH�DFWXDO�LQSXW�VLJQDOV�GR�QRW�KDYH�8:1
SURSHUWLHV��3)$©V�SULPDU\�DGYDQWDJH�LV�LWV�LQFUHDVHG�VSHHG�RYHU�ORJLF�OHYHO�DQDO\VLV
WRROV�

7KH�6WRFKDVWLF�3RZHU�$QDO\VLV��63$��WHFKQLTXH�>/DQGPDQ����/DQGPDQ���
/DQGPDQ��D@� LPSURYHV� RQ� WKH� DFFXUDF\� RI� WKH� 3)$� WHFKQLTXH� E\� LQFOXGLQJ� WKH
HIIHFW� RI� W\SLFDO� VLJQDO� DFWLYLWLHV� RQ� SRZHU� FRQVXPSWLRQ�� 7KH� FRUH� RI� WKH� 63$
WHFKQLTXH� LV� WKH� GHYHORSPHQW� RI� WKH� 'XDO�%LW�7\SH� �'%7�� PRGHO� IRU� WZR©V�
FRPSOHPHQW�VLJQDO�UHSUHVHQWDWLRQ��LOOXVWUDWHG�LQ�)LJXUH�����

)LJXUH�����7KH�'XDO�%LW�7\SH�0RGHO

7KH�'%7�PRGHO�ZDV�GHYHORSHG�WR�PRGHO�ZRUG�OHYHO�VWDWLVWLFV�EDVHG�RQ�WKH
ELW�OHYHO�VWDWLVWLFV�VXFK�DV�WKH�VLJQDO�SUREDELOLWLHV�GHVFULEHG�LQ�VHFWLRQ������7KH�'%7
ILJXUH� LOOXVWUDWHV�WKH�VLJQDO�SUREDELOLW\�RI�HDFK�ELW� IURP� WKH�/6%� WR� WKH�06%�RI� D
ZRUG��)RU�WKH�/6%V�WKH�SUREDELOLW\� LV�DSSUR[�������HTXLYDOHQW�WR�WKH�8:1�PRGHO�
)RU�KLJKHU�RUGHU�ELWV� WKH�SUREDELOLW\�GURSV�� LQGLFDWLQJ� WKDW�WKH�06%V�KDYH�D�KLJK�
OHYHO�RI�FRUUHODWLRQ��7KLV�H[SODLQV�WKH�SUREOHPV�RI�WKH�3)$�WHFKQLTXH�DV�LW�DVVXPHV
DOO� ELWV� RI� WKH� VLJQDO� IROORZ� D� 8:1� PRGHO�� WKH� '%7� PRGHO� LOOXVWUDWHV� WKDW� WKLV
DVVXPSWLRQ�LV�QRW�FRUUHFW�

/6% 06%%LW��

6LJQDO
3UREDELOLW\

���
%3� %3�
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7KH�'%7� PRGHO� KDV� EHHQ� VKRZQ� WR� EH� WUXH� IRU� D� UDQJH� RI� W\SLFDO� VLJQDO
W\SHV� VXFK� DV� VSHHFK� DQG� PXVLF� >/DQGPDQ��@�� WKH� EUHDNSRLQWV� DQG� VLJQDO
SUREDELOLW\�OHYHOV�DUH�GHULYHG�IRU�HDFK�VLJQDO�W\SH��7KHUHIRUH��WKH�SRZHU�DQDO\VLV�LV
UHODWHG� WR� WKH� W\SLFDO� DSSOLFDWLRQ� RI� WKH�'63� DOJRULWKP�ZLWKRXW� UHTXLULQJ� GHWDLOHG
LQIRUPDWLRQ�RI�WKH�DFWXDO�LQSXW�VLJQDOV�

$V� ZLWK� ORJLF�OHYHO� DQDO\VLV� WRROV� WKH� GHULYHG� ZRUG�OHYHO� VWDWLVWLFV� DUH
SURSDJDWHG� WKURXJK� WKH� 57/� GHVLJQ�� (DFK� W\SH� RI� PRGXOH� DIIHFWV� WKH� ZRUG�OHYHO
VWDWLVWLFV�LQ�D�SUH�GHILQHG�PDQQHU��HQDEOLQJ�D�FRPSOHWH�VHW�RI�ZRUG�OHYHO�VWDWLVWLFV�WR
EH� REWDLQHG� IRU� DOO� WKH� QRGHV� LQ� WKH� 57/� GHVLJQ�� 7KH� ZRUG�OHYHO� VWDWLVWLFV� DUH
FRPELQHG� ZLWK� EODFN�ER[� FDSDFLWDQFH� PRGHOV� RI� 57/� PRGXOHV� WR� SURGXFH� D
VZLWFKLQJ�DFWLYLW\�GHSHQGHQW�HVWLPDWH�RI�SRZHU�FRQVXPSWLRQ�

6LJQDO�FRUUHODWLRQV�VXFK�DV�WHPSRUDO�FRUUHODWLRQ��VHFWLRQ������SUHVHQW�D�PRUH
GLIILFXOW� SUREOHP� EXW� KHXULVWLF� WHFKQLTXHV� KDYH� EHHQ� GHYHORSHG� WR� PRGHO� VRPH
FRUUHODWLRQV��)HHGEDFN� LQ� WKH�57/�GHVLJQ� LV� D�SULPDU\� SUREOHP�� WKLV� LV� VROYHG� E\
DSSUR[LPDWLQJ� UHFXUVLYH� VHFWLRQV�ZLWK� QRQ�UHFXUVLYH� VHFWLRQV� ZLWK� PLQLPDO� HIIHFW
RQ� WKH� DFFXUDF\� RI� WKH� UHVXOW�� $V� ZLWK� WKH� 3)$� WHFKQLTXH�� WKH� 63$� PHWKRG� LV
SULPDULO\�WDUJHWHG�DW�'63�GHVLJQV�LPSOHPHQWHG�DV�$6,&V�

)RU� D� W\SLFDO� PXVLF� VLJQDO� DSSOLFDWLRQ�� FRPSDUHG� ZLWK� WUDQVLVWRU� OHYHO
DQDO\VLV�WRROV�WKH�3)$�WHFKQLTXH�KDV�DQ�HUURU�RI�����ZKLOH�WKH�63$�WHFKQLTXH�KDV
DQ�HUURU�RI�����>/DQGPDQ��@��7KLV�LOOXVWUDWHV�WKH�LPSRUWDQFH�RI�FRQVLGHULQJ�VLJQDO
SURSHUWLHV�ZKHQ� DQDO\VLQJ� SRZHU�� +RZHYHU�� IRU� GLIIHUHQWLDO� LPDJH� VLJQDOV�� ZKLFK
KDYH�VLPLODU�SURSHUWLHV� WR�WKH�8:1�PRGHO�� ERWK� WHFKQLTXHV�KDYH� DQ� HUURU�RI����
7KHUHIRUH� 63$� LV� D� EHWWHU� WHFKQLTXH� ZKHUH� WKH� W\SLFDO� DSSOLFDWLRQ� RI� WKH� '63
DOJRULWKP� LV�NQRZQ�DW�WKH�57/�OHYHO��7\SLFDOO\�WKH�63$�WHFKQLTXH�KDV�DQ�HUURU�RI
�������ZKHQ� FRPSDUHG� WR� WUDQVLVWRU�OHYHO� WHFKQLTXHV� >/DQGPDQ��@�� ZLWK� D� ODUJH
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LQFUHDVH� LQ� VSHHG� RYHU� WUDQVLVWRU�� DQG� ORJLF�OHYHO� DQDO\VLV�� 7KH� LQDFFXUDFLHV� DUH
SDUWLDOO\�GXH�WR�XQFHUWDLQWLHV�DERXW�WKH�ILQDO�SODFHPHQW�DQG�URXWLQJ�RI�WKH�PRGXOHV�
9/6,�GHVLJQ�DVSHFWV�ZKLFK�DUH�QRW�ILQDOLVHG�DW�WKH�57/�OHYHO�

63$� KDV� EHHQ� LQFRUSRUDWHG�ZLWKLQ� D� ORZ�SRZHU� V\VWHP� GHVLJQ� IUDPHZRUN
>/DQGPDQ��@�WR�LOOXVWUDWH�LWV�XVHIXOQHVV�LQ�HYDOXDWLQJ�KLJK�OHYHO�DUFKLWHFWXUDO�GHVLJQ
FKRLFHV��,Q�FDVH�VWXGLHV��WKH�SRZHU�FRQVXPSWLRQ�RI�H[HFXWLRQ�XQLWV�ZDV�VLJQLILFDQWO\
RYHUHVWLPDWHG�� KRZHYHU�� WKH� RYHUHVWLPDWLRQ� ZDV� V\VWHPDWLF� L�H�� WKH� UHODWLYH
FRPSDULVRQ�EHWZHHQ�GHVLJQV�ZDV�VWLOO�YDOLG��7KLV�LOOXVWUDWHV�WKDW�KLJK�OHYHO�DQDO\VLV
WRROV� DUH� PRUH� XVHIXO� IRU� FRPSDULQJ� GHVLJQV� WKDQ� HVWLPDWLQJ� DEVROXWH� SRZHU
FRQVXPSWLRQ�

:DWW:DWFKHU�$UFKLWHFW� IURP�6HQWH�>6HQWH@� LV�RQH�RI� WKH� IHZ�FRPPHUFLDOO\
DYDLODEOH�WRROV�WR�WDFNOH�DUFKLWHFWXUDO� OHYHO�SRZHU�DQDO\VLV��7KH�SRZHU�LV�HVWLPDWHG
GLUHFWO\� IURP� DQ� 57/� GHVFULSWLRQ� RI� WKH� GHVLJQ� WR� WDNH� DGYDQWDJH� RI� WKH� VSHHG
EHQHILWV�DYDLODEOH�DW�WKLV�OHYHO�

7KH�SUHYLRXVO\�GHVFULEHG�'HVLJQB3RZHU��D�ORJLF�OHYHO�WRRO��FDQ�DOVR�EH�XVHG
IRU�57/�DQDO\VLV��7KH�WRRO�SHUIRUPV�D�IDVW�V\QWKHVLV�RQ�WKH�57/�GHVLJQ�WR�SURGXFH�D
ORJLF�OHYHO� OD\RXW� IURP�ZKLFK� WKH�SRZHU� FDQ�EH� HVWLPDWHG�XVLQJ� ORJLF�OHYHO� WRROV�
7KH�GLVDGYDQWDJH�RI�WKLV�WHFKQLTXH� LV�WKH� WLPH�RYHUKHDG�UHTXLUHG� WR�V\QWKHVLVH� WKH
57/� GHVLJQ� DQG� WKH� ODUJH� QXPEHU� RI� JDWHV� WKDW� FRXOG� EH� SURGXFHG� IURP� VXFK� D
V\QWKHVLV�

3RZHU3OD\� >/LGVN��@� LV� D� :::� EDVHG� SRZHU� DQDO\VLV� WRRO� WKDW� ZDV
GHYHORSHG� WR� DGGUHVV� WKH� SUREOHP� RI� FUHDWLQJ� D� OLEUDU\� RI� 57/� PRGXOHV
FKDUDFWHULVHG� IRU� FDSDFLWDQFH� DQG� SRZHU�� 7KH� SRZHU� DQDO\VLV� LV� D� VLPSOH� SURFHVV
WKDW� FRXQWV� WKH� QXPEHU� RI� XQLWV� RI� HDFK� W\SH� DQG� UHSRUWV� SRZHU� FRQVXPSWLRQ� LQ
UHODWLRQ� WR� IUHTXHQF\� DQG� VXSSO\� YROWDJH�� 7KH� PDLQ� DLP� RI� WKH� WRRO� LV� QRW� WKH
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GHYHORSPHQW�RI�D�QRYHO�SRZHU�DQDO\VLV�PHWKRG��EXW�UDWKHU�KDUQHVVLQJ�WKH�SRZHU�RI
WKH�:::�WR�HQDEOH�GHVLJQHUV�IURP�DOO�RYHU�WKH�ZRUOG�WR�SRRO�UHVRXUFHV�LQ�FUHDWLQJ
D� FRPSOHWH� OLEUDU\�RI� FKDUDFWHULVHG�57/�PRGXOHV�� 7KHVH�PRGXOHV� FDQ� EH� XVHG� DV
SDUW�RI�DQ�57/�SRZHU�DQDO\VLV�WRRO�

57/� SRZHU� DQDO\VLV� WRROV� DUH� EHFRPLQJ� LQFUHDVLQJ� SRSXODU� IRU� ERWK
FRPPHUFLDO� DQG� DFDGHPLF� GHVLJQ� SURMHFWV�� +RZHYHU�� LW� LV� UHFRJQLVHG� WKDW� SRZHU
RSWLPLVDWLRQ�ZLOO�\LHOG�WKH�ODUJHVW�EHQHILWV�LI� LW� LV�WDFNOHG�IURP�WKH�KLJKHVW�OHYHOV�RI
DEVWUDFWLRQ� ILUVW�� 57/� WRROV� UHTXLUH� FHUWDLQ� DVSHFWV� RI� WKH� GHVLJQ� WR� EH� ILQDOLVHG�
WKHUHIRUH�JUHDWHU�DWWHQWLRQ�KDV�EHFRPH� IRFXVHG�RQ� WKH�GHYHORSPHQW�RI� EHKDYLRXUDO
OHYHO�WRROV�

����%HKDYLRXUDO�/HYHO�$QDO\VLV
%HKDYLRXUDO�OHYHO�DQDO\VLV�DWWHPSWV�WR�HVWLPDWH�WKH�SRZHU�FRQVXPSWLRQ�RI�D

GHVLJQ�DW�WKH�KLJKHVW�OHYHO�RI�DEVWUDFWLRQ��WKH�DOJRULWKPLF�GHVFULSWLRQ�RI�WKH�VLJQDO�
SURFHVVLQJ� WDVN�� 7KH� DOJRULWKP� GHVFULEHV� WKH� WDVN� LQ� WHUPV� RI� RSHUDWLRQV� �H�J�
DGGLWLRQV��PXOWLSOLFDWLRQV��DQG�GDWD�WUDQVIHUV�EHWZHHQ�WKRVH�RSHUDWLRQV�

3RZHU�DQDO\VLV�DW�WKLV�OHYHO�UHTXLUHV�HVWLPDWLRQ�RI�WKH�SRZHU�FRQVXPSWLRQ�RI
RSHUDWLRQV� LQ� WKH� DOJRULWKP� DQG� WKH� LPSOHPHQWDWLRQ� RYHUKHDG� VXFK� DV� UHJLVWHUV�
LQWHUFRQQHFW��HWF��7KH�DSSURDFK�GHYHORSHG�LQ�>&KDQ��@��>0HKUD��@�DQG�>5DEDH\��@
LGHQWLILHV� WKDW�SRZHU� FRQVXPSWLRQ� FRPHV� IURP�GDWDSDWK�� LQWHUFRQQHFW�� FRQWURO� DQG
PHPRU\�XQLWV��,W�XVHV�D�FRPELQDWLRQ�RI�DQDO\WLFDO�DQG�VWRFKDVWLF�DQDO\VLV�WHFKQLTXHV
WR�SURGXFH�D�EHKDYLRXUDO�OHYHO�DQDO\VLV�WRRO�ZLWK�DQ�DYHUDJH�HUURU�RI�����FRPSDUHG
WR�57/�WRROV�

7KH� DFFXUDF\� RI� EHKDYLRXUDO� OHYHO� SRZHU� DQDO\VLV� WRROV� LV� OLPLWHG� EHFDXVH
WKHUH� LV� YHU\� OLWWOH� 9/6,� LPSOHPHQWDWLRQ� LQIRUPDWLRQ� DYDLODEOH�� )RU� H[DPSOH�
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RSHUDWLRQV�LQ�WKH�DOJRULWKP�DUH�QRW�\HW�PDSSHG�WR�VSHFLILF�XQLWV�LQ�WKH�57/�GHVLJQ�
7KHUHIRUH�WKH�63$�WHFKQLTXH�FDQQRW�EH�XVHG�WR�SURSDJDWH�VLJQDO�FRUUHODWLRQV�DURXQG
WKH�GHVLJQ�>0HKUD����5DEDH\����0HKUD��@�

7KH� EHKDYLRXUDO� WHFKQLTXH� VLPSOLILHV� WKH� HVWLPDWLRQ� SURFHVV� E\� W\LQJ� WKH
'63�DOJRULWKP�WR�D�VSHFLILF�57/�LPSOHPHQWDWLRQ�VW\OH��DV�LOOXVWUDWHG�LQ�)LJXUH�����

0X[0X[

5HJLVWHUV 5HJLVWHUV /RFDO
&RQWUROOHU

)LQLWH�6WDWH
0DFKLQH

([X

%XV

)LJXUH�����57/�7HPSODWH�IRU�%HKDYLRXUDO�/HYHO�3RZHU�$QDO\VLV

7KH� ILJXUH� GHSLFWV� DQ� 57/� KDUGZDUH� XQLW� FRQVLVWLQJ� RI� UHJLVWHUV�
PXOWLSOH[HUV� DQG� WKH� PDLQ� H[HFXWLRQ� XQLW�� 7KH� 57/� GHVLJQ� XVHV� D� )LQLWH� 6WDWH
0DFKLQH��)60��DV�D�JOREDO� FRQWUROOHU��ZLWK� ORFDO� FRQWUROOHUV� DVVRFLDWHG�ZLWK� HDFK
KDUGZDUH� XQLW��:KLOH� WKLV� VLPSOLILHV� WKH� HVWLPDWLRQ� WDVN� LW� GRHV� OLPLW� WKH� JHQHUDO
DSSOLFDELOLW\�RI�WKH�UHVXOWV�

7KH� SRZHU� DQDO\VLV� LV� VSOLW� LQWR� HVWLPDWLQJ� WKH� FRQVXPSWLRQ� RI� GDWDSDWK�
LQWHUFRQQHFW�� FRQWURO� DQG� PHPRU\� XQLWV� VHSDUDWHO\�� 6RPH� RI� WKH� LQIRUPDWLRQ� LV
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HVWLPDWHG� GLUHFWO\� IURP� WKH� GDWDSDWK� ZKLOH� VWDWLVWLFDO� PRGHOV� DUH� GHYHORSHG� WR
HVWLPDWH�WKH�UHVW�

'DWDSDWK� ¤� 7KH� HVWLPDWLRQ� RI� GDWDSDWK� SRZHU� LV� UHODWHG� WR� WKH� QXPEHU� RI
PRGXOH� DFFHVVHV� DV� RSSRVHG� WR� WKH� DFWXDO� QXPEHU� RI� PRGXOHV�� 7KH� SRZHU
FRQVXPSWLRQ�LV�UHODWLYHO\�LQGHSHQGHQW�RI�WKH�QXPEHU�RI�PRGXOHV�DV����DFFHVVHV�WR�D
VLQJOH�PRGXOH�GLVVLSDWHV�DSSUR[LPDWHO\�WKH�VDPH�SRZHU�DV���DFFHVV�WR����PRGXOHV�
7KH� QXPEHU� RI� H[HFXWLRQ� XQLW� DFFHVVHV� LV� GLUHFWO\� UHODWHG� WR� WKH� QXPEHU� RI
RSHUDWLRQV� RI� WKDW� W\SH� LQ� WKH�')*�� 3UH�FKDUDFWHULVHG� H[HFXWLRQ� XQLW� PRGXOHV� DUH
XVHG� WR� HVWLPDWH� WKH� WRWDO� VZLWFKHG� FDSDFLWDQFH� DQG� KHQFH� WKH� WRWDO� SRZHU
FRQVXPSWLRQ�� $QDO\VLV� RI� WKH� DOJRULWKP� \LHOGV� XSSHU� DQG� ORZHU� ERXQGV� RQ� WKH
UHTXLUHG�QXPEHU�RI� UHJLVWHU�DFFHVVHV� WR�H[HFXWH�WKH�DOJRULWKP��7KH� DYHUDJH�RI� WKH
WZR�ERXQGV�LV�WDNHQ�DV�WKH�DFWXDO�YDOXH��DJDLQ��WKLV�LV�FRPELQHG�ZLWK�FKDUDFWHULVHG
PRGXOHV�WR�GHWHUPLQH�WKH�VZLWFKHG�FDSDFLWDQFH�RI�WKH�UHJLVWHUV�

,QWHUFRQQHFW� ¤� 7KRXJK� RIWHQ� LJQRUHG� GXULQJ� KLJK�OHYHO� SRZHU� DQDO\VLV�
LQWHUFRQQHFW� FDQ� W\SLFDOO\� FRQVXPH� EHWZHHQ� ���� DQG� ���� RI� WKH� WRWDO� SRZHU
>0HKUD��@��,W�LV�RQH�RI�WKH�PRVW�GLIILFXOW�SDUDPHWHUV�WR�HVWLPDWH�DW�WKH�KLJK�OHYHO�DV
LW� LV� VWURQJO\� OLQNHG� WR� ORZ�OHYHO� OD\RXW� SDUDPHWHUV�� )RU� WKLV� UHDVRQ� D� VWDWLVWLFDO
PRGHO�RI�LQWHUFRQQHFW�FDSDFLWDQFH�LV�XVHG�ZKLFK�UHODWHV�LQWHUFRQQHFW�FDSDFLWDQFH�WR
WKH� 9/6,� GDWDSDWK� DUHD� �FRQWDLQLQJ� WKH� H[HFXWLRQ� XQLWV�� UHJLVWHUV�� EXVVHV�� HWF���
VKRZQ�LQ�)LJXUH�����
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)LJXUH�����,QWHUFRQQHFW�&DSDFLWDQFH�0RGHO�>&KDQ��@

7KH�ZRUN�SUHVHQWHG�LQ�>0HKUD��@�DQG�>&KDQ��@�DOVR�SUHVHQWV�WHFKQLTXHV�IRU
HVWLPDWLRQ�RI�FRQWURO�DQG�PHPRU\�XQLWV�SRZHU� FRQVXPSWLRQ��+RZHYHU�� LW� LV� QRWHG
WKDW�WKH�GDWDSDWK�DQG�LQWHUFRQQHFW�FRPSRQHQW�DFFRXQWV�IRU�WKH�PDMRULW\�RI�WKH�SRZHU
LQ�WKH�GDWD�LQWHQVLYH�DOJRULWKPV�WDUJHWHG�

7KH� FORFN� GLVWULEXWLRQ� QHWZRUN�RU� FORFN� WUHH� FDQ� DFFRXQW� IRU� D� VLJQLILFDQW
SRUWLRQ�RI�WKH�WRWDO�SRZHU�EXGJHW��7KH�FORFN�WUHH�LV�W\SLFDOO\�WKH� ORQJHVW�QHW�LQ�WKH
9/6,� GHYLFH� DQG� KHQFH� KDV� D� UHODWLYHO\� ODUJH� FDSDFLWDQFH�� 7KH� W\SLFDOO\� KLJK
IUHTXHQFLHV�DQG�WKH� ODUJH�QXPEHU�RI�FDSDFLWLYH� ORDGV�WKH\�GULYH� LQFUHDVHV� WKH�KLJK
SRZHU�GLVVLSDWLRQ�RI�FORFN� OLQHV��&ORFN�SRZHU�HVWLPDWLRQ� LV� W\SLFDOO\� LQFRUSRUDWHG
LQWR�WKH�SRZHU�HVWLPDWLRQ�RI�UHJLVWHU�XQLWV��DV�WKHVH�DUH�WKH�GDWDSDWK�XQLWV�GULYHQ�E\
WKH� FORFN� OLQH� >&KDQ��@�� 7KH� UHJLVWHU� FDSDFLWDQFH� PRGHOV� DUH� FRPSULVHG� RI� WKH
UHJLVWHUV� VZLWFKLQJ� FDSDFLWDQFH� DQG� LWV� FRQWULEXWLRQ� WR� WKH� ORDG� FDSDFLWDQFH� RI� WKH
FORFN�OLQH��6XPPDWLRQ�RI�WKH�UHJLVWHU�FDSDFLWDQFH�ZLOO�SURGXFH�WKH�WRWDO� ORDG�RQ�WKH
FORFN� OLQH�GXH�WR�GDWDSDWK�XQLWV��7KH�XVH�RI�DUFKLWHFWXUDO�DQG�SK\VLFDO� OHYHO�GHVLJQ
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VWUDWHJLHV� LV�XVHG� WR�UHGXFH�WKH� LQWULQVLF� FDSDFLWDQFH�RI� WKH� FORFN� OLQH�� UHVXOWLQJ� LQ
WKH� ORDG� RQ� WKH� FORFN� OLQH� EHLQJ� WKH� PRVW� VLJQLILFDQW� FRQWULEXWRU� WR� FORFN� SRZHU
GLVVLSDWLRQ��$W� WKH� DUFKLWHFWXUDO� OHYHO� GHVLJQV� DUH�GHYHORSHG�ZLWK� FRQWUROODEOH� DQG
JDWHG�FORFNV��WKLV�HQDEOHV�UHGXFWLRQ�RI�FORFN�DFWLYLW\�DQG�DOVR�UHGXFHV�WKH�OHQJWK�RI
DQ\� VLQJOH� VHJPHQW�RI� WKH� FORFN� OLQH� �DQG� KHQFH� WKH� DFWLYLW\�FDSDFLWDQFH� SURGXFW�
>&KDQ����3HGUDP����.HW]��@��$W�WKH�SK\VLFDO� OHYHO� WKH�XVH�RI� D�GLVWULEXWHG�EXIIHU
V\VWHP��ZKHUH�EXIIHU�HOHPHQWV�DUH�SODFHG�WKURXJKRXW�WKH�FORFN�WUHH��DOVR�UHGXFHV�WKH
OHQJWK�RI�DQ\�VLQJOH�FORFN�HOHPHQWV�>5DEDH\��@�

7KH�UHVXOWV�SUHVHQWHG� IRU�EHKDYLRXUDO� OHYHO�SRZHU�DQDO\VLV� WRROV� >0HKUD���
&KDQ��@�LOOXVWUDWH�WKDW�DFFXUDF\�LV�VDFULILFHG�ERWK�IRU�LQFUHDVHG�VSHHG�DQG�WKH�DELOLW\
WR� HVWLPDWH�SRZHU� DW� VXFK� D�KLJK�OHYHO�RI� DEVWUDFWLRQ��+RZHYHU�� XVH�RI� KLJK�OHYHO
DQDO\VLV� LQ� WRROV� VXFK� DV�([SORUH� >0HKUD��@� DQG�+<3(5�/3� >&KDQ��@� LOOXVWUDWHV
WKH� EHQHILWV� RI� EHLQJ� DEOH� WR� FRPSDUH� GHVLJQV� IRU� UHODWLYH� SRZHU� FRQVXPSWLRQ� DW
VXFK�HDUO\�VWDJHV� LQ� WKH�GHVLJQ�SURFHVV��:KLOH� EHKDYLRXUDO� OHYHO�DQDO\VLV� WRROV�DUH
VWLOO� LQ� WKH� HDUO\� VWDJHV� RI� GHYHORSPHQW� WKH\� DUH� DOUHDG\� SURYLGLQJ� LQYDOXDEOH
IHHGEDFN�WR�KLJK�OHYHO�GHVLJQ�WRROV�

$V� ZHOO� DV� GHVFULELQJ� ¨VWDWH� RI� WKH� DUW©� >0HKUD��@� EHKDYLRXUDO� SRZHU
DQDO\VLV�WHFKQLTXHV��WKLV�VHFWLRQ�KDV�LOOXVWUDWHG�WKH�ODFN�RI�EHKDYLRXUDO�OHYHO�DQDO\VLV
WRROV��1R�FRPPHUFLDO�EHKDYLRXUDO�OHYHO�SRZHU�DQDO\VLV�WRROV�DUH�FXUUHQWO\�DYDLODEOH
>&RXGHUW��@�WKRXJK�SURWRW\SHV� DUH� LQ�GHYHORSPHQW� VXFK� DV�3RZHU�%XVWHU�'�EHLQJ
GHYHORSHG�E\�$6&�DQG�3ULQFHWRQ�8QLYHUVLW\�>$6&@�
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&KDSWHU���¤�*HQHWLF�$OJRULWKPV

7KH� SRZHU� RSWLPLVDWLRQ� WRRO� SUHVHQWHG� LQ� WKLV� WKHVLV� XVHV� D� *HQHWLF
$OJRULWKP� �*$�� DV� LWV� FRUH� VHDUFK� DQG� RSWLPLVDWLRQ� PHFKDQLVP�� 7KLV� FKDSWHU
LQWURGXFHV� WKH� PDLQ� FRQFHSWV� RI� D� JHQHWLF� DOJRULWKP� EHIRUH� GHVFULELQJ� WKHLU
DSSOLFDWLRQ�LQ�HQJLQHHULQJ�GHVLJQ�DQG�RSWLPLVDWLRQ�SUREOHPV�)LQDOO\��WKH�ODVW�VHFWLRQ
RI� WKLV� FKDSWHU� H[SODLQV� ZK\� LV� DGYDQWDJHRXV� WR� XVH� D� *$� WR� VROYH� WKH� FRPSOH[
SUREOHPV�LQKHUHQW�LQ�KLJK�OHYHO�SRZHU�RSWLPLVDWLRQ�DQG�V\QWKHVLV�

����2YHUYLHZ�RI�*HQHWLF�$OJRULWKPV
7KH�*$�LV�D�VHDUFK�DQG�RSWLPLVDWLRQ�WHFKQLTXH�LQVSLUHG�E\�WKH�SURFHVVHV�RI

QDWXUDO�VHOHFWLRQ�LQ�ELRORJLFDO�RUJDQLVPV��7KH�OLQHDJH�RI�*$V�FDQ�EH�WUDFHG�EDFN�WR
'DUZLQ©V� ¦2Q� WKH� 2ULJLQ� RI� 6SHFLHV§� >'DUZLQ@�� LQ� ZKLFK� LW� ZDV� UHFRJQLVHG� WKDW
VSHFLHV�HYROYH�DFFRUGLQJ�WR�WKHLU�DELOLW\�WR�VXUYLYH�DQG�UHSURGXFH�

7KH� HYROXWLRQDU\� SURFHVV� FDQ� EH� YLHZHG� DV� DQ� DGDSWLYH� RSWLPLVDWLRQ
WHFKQLTXH�� 7KH� RSWLPLVDWLRQ� SURFHVV� LV� VHDUFKLQJ� IRU� D� ¨JRRG©� VROXWLRQ� WR� WKH
SUREOHP�RI�VXUYLYLQJ�DQG�UHSURGXFLQJ� LQ� WKH�FKDQJLQJ�QDWXUDO�ZRUOG�� HDFK�QDWXUDO
RUJDQLVP� LV� FRQVLGHUHG� WR� EH� DQ� DOWHUQDWLYH� VROXWLRQ� WR� WKLV� SUREOHP�� 7KRVH
RUJDQLVPV� EHWWHU� DGDSWHG� WR� VXUYLYH� LQ� WKH� HQYLURQPHQW� ZLOO� KDYH� JUHDWHU
RSSRUWXQLW\� IRU� UHSURGXFWLRQ�� 7KH� SURFHVV� RI� UHSURGXFWLRQ� UHVXOWV� LQ� WKH
SHUSHWXDWLRQ�RI�WKH�JHQHV�RI�WKH�SDUHQW�RUJDQLVPV��WKHUHIRUH��WKH�JHQHV�RI�WKH�EHWWHU
RUJDQLVPV� DUH� PRUH� OLNHO\� WR� EH� VSUHDG� WKURXJKRXW� WKH� SRSXODWLRQ� DV� WKH
HYROXWLRQDU\�SURFHVV�FRQWLQXHV��7KH�VROXWLRQV�DUH�WDNHQ�IURP�D�UDQJH�RI�ELOOLRQV�RI
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SRVVLEOH� VROXWLRQV�� WKH� FKDUDFWHULVWLFV� RI� ZKLFK� DUH� GLFWDWHG� E\� WKH� RUJDQLVPV©
JHQHWLF� VHTXHQFHV�� 7KH� JHQHV� ZKLFK� FUHDWH� DQ� RUJDQLVP� WKDW� LV� EHWWHU� WKDQ� LWV
FRPSHWLWRUV�ZLOO�EH�UHSURGXFHG�DQG�VXFFHVVLYHO\�UHILQHG��GXULQJ�PDQ\�JHQHUDWLRQV
RI�WKH�UHSURGXFWLRQ�SURFHVV��WR�SURGXFH�HYHQ�EHWWHU�VROXWLRQV�

7KH� RSWLPLVDWLRQ� IHDWXUHV� RI� QDWXUDO� HYROXWLRQ� KDYH� LQVSLUHG� HYROXWLRQDU\
RSWLPLVDWLRQ� VWUDWHJLHV� VLQFH� WKH� ����©V� >6FKZHI��@�� ,Q� WKH� ����©V� -RKQ� +ROODQG
LQYHQWHG�WKH�VSHFLILF�HYROXWLRQDU\�RSWLPLVDWLRQ�WHFKQLTXH�ZKLFK�KDV�EHFRPH�NQRZQ
DV� WKH�*$��KH�SURSRVHG�D� ULJRURXV�GHILQLWLRQ� DQG�DQDO\VLV�RI� WKH� WHFKQLTXH� LQ� KLV
VHPLQDO� SXEOLFDWLRQ� ¦$GDSWDWLRQ� LQ� 1DWXUDO� DQG� $UWLILFLDO� 6\VWHPV§� >+ROODQG��@�
+ROODQG©V�ZRUN� GHYHORSHG� UHODWLYHO\� VLPSOH�*$V� WKDW�ZHUH� VKRZQ� WR� VROYH� VRPH
H[WUHPHO\�GLIILFXOW�SUREOHPV��*$V�KDYH�VLQFH�EHHQ� IXUWKHU�DQDO\VHG�DQG�UHILQHG� LQ
PDQ\�EDVLF�WH[WV�>'DYLV����*ROGEHUJ����0LWFK����%HDVOH\����7HXN��D@��6LQFH�WKHLU
LQLWLDO� LQFHSWLRQ�� *$V� KDYH� EHHQ� DSSOLHG� WR� SUREOHPV� LQ� ILHOGV� DV� GLYHUVH� DV
HFRQRPLFV�� ELRORJ\�� SROLWLFDO� VFLHQFH� DQG� HQJLQHHULQJ�� ,Q� >+ROODQG��@� LW� LV� QRWHG
WKDW�*$V� KDYH� EHFRPH� D� UHFRJQLVHG� WHFKQLTXH� IRU� WKH� VROXWLRQ� RI� SUDFWLFDO� ¨UHDO�
ZRUOG©� SUREOHPV�� 7KH� LQFUHDVH� DQG� VXFFHVV� LQ� WKHLU� DSSOLFDWLRQ� WR� SUDFWLFDO
HQJLQHHULQJ� SUREOHPV� LV� HYLGHQW� LQ� SXEOLFDWLRQV� VXFK� DV� >=DO]DOD��@� DQG� WKH
SURFHHGLQJV� RI� WKH� *HQHWLF� $OJRULWKPV� LQ� (QJLQHHULQJ� 6\VWHPV� FRQIHUHQFHV
>*DOHVLD����*DOHVLD��@�

:LWKLQ� D� *$�� SRWHQWLDO� VROXWLRQV� WR� WKH� SUREOHP� DUH� HQFRGHG� DV
FKURPRVRPHV�� WKH� FKURPRVRPH� FRQVLVWV� RI� D� VHW� RI� JHQHV�� ZKLFK� UHSUHVHQW� WKH
FKDUDFWHULVWLFV� RI� WKDW� VROXWLRQ�� 7KH� *$� RSHUDWHV� RQ� D� QXPEHU� RI� FKURPRVRPHV�
FROOHFWLYHO\� WHUPHG� D� SRSXODWLRQ�� ,Q� RUGHU� WR� DVVHVV� HDFK� VROXWLRQ©V� SRWHQWLDO� IRU
UHSURGXFWLRQ�LW�LV�QHFHVVDU\�WR�JDXJH�WKH�¨ILWQHVV©�RI�HDFK�VROXWLRQ��7KLV�LV�D�PHDVXUH
RI�WKH�DELOLW\�RI�WKDW�VROXWLRQ�WR�VDWLVI\�WKH�REMHFWLYH�SUREOHP��7KRVH�VROXWLRQV�ZLWK
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D� KLJKHU� ILWQHVV� KDYH� D� JUHDWHU� FKDQFH� RI� VHOHFWLRQ� IRU� UHSURGXFWLRQ�� 7KH
UHSURGXFWLRQ�SURFHVV� FUHDWHV�QHZ� LQGLYLGXDOV�ZLWK� WKH� FRPELQHG�FKDUDFWHULVWLFV�RI
WKH� ¨SDUHQW©� LQGLYLGXDOV�� +HQFH�� WKH� SURSHUWLHV� RI� KLJKHU� ILWQHVV� LQGLYLGXDOV� DUH
SURSDJDWHG�WKURXJKRXW�WKH�SRSXODWLRQ�

6XFFHVVLYH� DSSOLFDWLRQ� RI� WKH� UHSURGXFWLRQ� SURFHVV� FUHDWHV� D� ZKROH� QHZ
SRSXODWLRQ� RI� VROXWLRQV�� WHUPHG� WKH� ¨QH[W� JHQHUDWLRQ©�� 7KLV� JHQHUDWLRQ� FRQWDLQV� D
KLJKHU� SURSRUWLRQ� RI� WKH� FKDUDFWHULVWLFV� SRVVHVVHG� E\� WKH� ILWWHU� VROXWLRQV� RI� WKH
SUHYLRXV� JHQHUDWLRQ�� 7KH� PHFKDQLVP� RI� VHOHFWLRQ� DQG� UHSURGXFWLRQ� IDFLOLWDWHV� WKH
H[SORUDWLRQ�RI�WKH�VROXWLRQ�VSDFH�

6XFFHVVLYH�JHQHUDWLRQV�RI�WKH�*$�H[SORUH�D�YDULHW\�RI�VROXWLRQV�WKURXJKRXW
WKH�VROXWLRQ�VSDFH��,I�WKH�*$�LV�VXFFHVVIXO� LW�ZLOO�FRQYHUJH�WR�DQ�RSWLPDO�UHJLRQ�RI
WKH�VROXWLRQ�VSDFH��SURGXFLQJ�DQ�RSWLPDO�VROXWLRQ�WR�WKH�REMHFWLYH�SUREOHP�

7KH�PDLQ�DGYDQWDJHV�RI�WKH�*$�DUH�LWV�UREXVWQHVV�DQG�IOH[LELOLW\��,W�LV�DEOH�WR
RXWSHUIRUP� PRUH� WUDGLWLRQDO� RSWLPLVDWLRQ� WHFKQLTXHV� GXH� WR� LWV� DELOLW\� WR� HVFDSH
ORFDO� RSWLPD� LQ� WKH� VROXWLRQ� VSDFH�� $� W\SLFDO� SUREOHP� PD\� EH� FKDUDFWHULVHG� DV� D
VROXWLRQ�VSDFH�ZLWK�D�ODUJH�QXPEHU�RI�KLOOV�DQG�YDOOH\V��KRZHYHU��RQH�KLOO� LV�KLJKHU
WKDQ�DOO�WKH�UHVW��WKH�RSWLPDO�VROXWLRQ���7UDGLWLRQDO�WHFKQLTXHV�PD\�WDNH�WKH�SDWK�RI
VWHHSHVW� DVFHQW� WR� ILQG� WKH� SHDN�� EXW� WKH� ILUVW� SHDN� IRXQG� PD\� QRW� EH� WKH� KLJKHVW
SHDN��7KH�*$�KDV�WKH�DELOLW\�WR�HYDOXDWH�PDQ\�SHDNV�DW�D�WLPH��GXH�WR�WKH�XVH�RI�D
SRSXODWLRQ� RI� VROXWLRQV��� ,Q� DGGLWLRQ�� WKH� *$� KDV� WKH� DELOLW\� WR� VXIIHU� WHPSRUDU\
GHFUHDVHV� LQ� VROXWLRQ� TXDOLW\� �E\� PRYLQJ� GRZQKLOO�� LQ� RUGHU� WR� DYRLG� EHFRPLQJ
VWXFN�RQ�WKH� ILUVW�SHDN�IRXQG��7KLV�DELOLW\� LV�FRQIHUUHG�XSRQ�WKH�*$�E\�EDVLQJ� WKH
VHOHFWLRQ�RI� LQGLYLGXDOV�RQ�SUREDELOLW\� UDWKHU� WKDQ�FHUWDLQ�VHOHFWLRQ�RI� WKH�DEVROXWH
ILWWHVW� LQGLYLGXDO�� /RZHU� ILWQHVV� LQGLYLGXDOV� VWLOO� KDYH� VRPH� FKDQFH� RI� VHOHFWLRQ�
HQDEOLQJ�WKH�*$�WR�HVFDSH�ORFDO�RSWLPD�
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7KH�*$�LV�D�IOH[LEOH�RSWLPLVDWLRQ�WHFKQLTXH��DV�LW�GRHV�QRW�UHTXLUH�DQ\�SULRU
NQRZOHGJH�RI�WKH�VHDUFK�VSDFH��7KHUHIRUH��DVVXPSWLRQV�PDGH�DERXW�WKH�SUREOHP�GR
QRW� OLPLW� WKH� VHDUFK� SURFHVV�� 7KH�*$�RQO\� UHTXLUHV� D� VXLWDEOH� FRGLQJ� VWUXFWXUH�� D
PHWKRG�RI�PRGLI\LQJ�WKDW�VWUXFWXUH�GXULQJ�UHSURGXFWLRQ�DQG�D�V\VWHP�IRU�DVVHVVLQJ
WKH�TXDOLW\�RI�LQGLYLGXDO�VROXWLRQV��,I�WKH�JRDOV�RI�WKH�SURFHVV�FKDQJH�RQO\�WKH�ILWQHVV
IXQFWLRQ� LV� UHTXLUHG� WR� EH� PRGLILHG� LQVWHDG� RI� D� FRPSOHWH� PRGL�ILFDWLRQ� RI� WKH
RSWLPLVDWLRQ�DOJRULWKP�

����6WDQGDUG�*HQHWLF�$OJRULWKP�,PSOHPHQWDWLRQ
7KLV�VHFWLRQ�GHVFULEHV�WKH�LPSOHPHQWDWLRQ�GHWDLOV�RI�D�EDVLF�*$��)LJXUH����

SUHVHQWV�WKH�SVHXGR�FRGH�RI�D�EDVLF�*$�

$OJRULWKP�*HQHWLFB$OJRULWKP
,QLWLDOLVH�3RSXODWLRQBRIB6ROXWLRQV
:KLOH�VWRSSLQJ�FULWHULD�QRW�PHW

&RPSXWH�ILWQHVV�RI�VROXWLRQV
6HOHFW�VROXWLRQV�IRU�UHSURGXFWLRQ
$SSO\�UHSURGXFWLRQ�RSHUDWRUV��JHQHWLF�RSHUDWRUV�

%UHHG�QH[W�JHQHUDWLRQ�RI�VROXWLRQV
(QG�:KLOH
)LWWHVW�VROXWLRQ�IRXQG�LV�EHVW�VROXWLRQ

(QG�$OJRULWKP
)LJXUH�����3VHXGR�&RGH�IRU�D�%DVLF�*$

������6ROXWLRQ�5HSUHVHQWDWLRQ
$Q� LQLWLDO� UHTXLUHPHQW� IRU� LPSOHPHQWDWLRQ� RI� D� *$� LV� WR� HQFRGH� SRVVLEOH

VROXWLRQV�WR�WKH�SUREOHP� LQWR�D�FKURPRVRPH�VWUXFWXUH�VXLWDEOH� IRU�PDQLSXODWLRQ�E\
WKH�*$�
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+ROODQG©V�RULJLQDO�ZRUN� >+ROODQG��@� VXJJHVWHG� XVLQJ� ELQDU\�VWULQJV� RI� �©V
DQG��©V�WR�UHSUHVHQW�WKH�VROXWLRQV��7KH�LQGLYLGXDO�HOHPHQWV�ZLWKLQ�WKH�FKURPRVRPH�
VXFK�DV�HDFK���RU����DUH�NQRZQ�DV�JHQHV��6XEVHTXHQW�UHVHDUFK�LQWR�*$V�KDV�VHHQ�WKH
XVH� RI� PRUH� FRPSOH[� UHSUHVHQWDWLRQV� VXFK� DV� DOSKDEHW�VWULQJV� >*ROGEHUJ��@� DQG
GHFLVLRQ� WUHHV� >6FKQHFNH��@�� 7KH� PRVW� LPSRUWDQW� SRLQW� LV� WKDW� WKH� UHSUHVHQWDWLRQ
HQFRGHV� WKH� LPSRUWDQW�SURSHUWLHV�RI� WKH� VROXWLRQ� LQ� D�PHWKRG�ZKLFK� HQDEOHV� WKRVH
SURSHUWLHV�WR�EH�IXOO\�H[SORUHG�E\�WKH�*$�

7KH�FKRLFH�RI�FKURPRVRPH�UHSUHVHQWDWLRQ�LV�YHU\�LPSRUWDQW�LI�WKH�IXOO�SRZHU
RI�D�*$�LV�WR�EH�H[SORLWHG��$Q�XQVXLWDEOH�FKRLFH�RI�FKURPRVRPH�UHSUHVHQWDWLRQ�FDQ
SODFH� DQ� XQQHFHVVDU\� FRPSXWDWLRQDO� VWUDLQ� RQ� WKH� *$�� UHTXLULQJ� FRPSOH[
PDQLSXODWLRQ�DQG�GHFRGLQJ� IRU�TXDOLW\�HYDOXDWLRQ��7KH�FKRLFH�RI�FKURPRVRPH�FDQ
DOVR�DIIHFW�WKH�SHUIRUPDQFH�RI�WKH�*$�LQ�VHDUFKLQJ�WKH�VROXWLRQ�VSDFH��,W�PD\�HYHQ
SUHYHQW� WKH� *$� IURP� GHWHUPLQLQJ� DQ� RSWLPDO� VROXWLRQ� DV� D� SRRUO\� GHVLJQHG
FKURPRVRPH�PD\�QRW�EH�DEOH�WR�UHSUHVHQW�DOO�SRVVLEOH�VROXWLRQV�RU�LW�PD\�QRW�DOORZ
FHUWDLQ�RSHUDWLRQV�

������)LWQHVV�$VVHVVPHQW
)RU�HDFK�DSSOLFDWLRQ�RI�D�*$�D�PHDQV�RI�GHWHUPLQLQJ�WKH�UHODWLYH�TXDOLW\�RI

HDFK� VROXWLRQ� LV� UHTXLUHG�� )LWQHVV� DVVHVVPHQW� LV� WKH� SURFHVV� RI� GHFRGLQJ� WKH
FKURPRVRPH� DQG� FDOFXODWLQJ� LWV� UHOHYDQW� SDUDPHWHUV�� 7KH� TXDOLW\� RU� ILWQHVV� LV� D
GLUHFW� PHDVXUH� RI� KRZ� ZHOO� WKH� SDUDPHWHUV� RI� WKH� HQFRGHG� VROXWLRQ� VDWLVI\� WKH
REMHFWLYH� IXQFWLRQ�� 7KH� REMHFWLYH� IXQFWLRQ� LV� JRDO� RU� GHVLUHG� VWDWH� RI� WKH
RSWLPLVDWLRQ�SURFHVV�
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������5HSURGXFWLRQ�2SHUDWRUV
7KH� UHSURGXFWLRQ� VWHS� RI� WKH� *$� VHOHFWV� LQGLYLGXDOV� IURP� WKH� FXUUHQW

JHQHUDWLRQ� WR� SURGXFH� RIIVSULQJ� WKDW� ZLOO� FRPSULVH� WKH� QH[W� JHQHUDWLRQ�� 7KH
SURGXFWLRQ�RI�RIIVSULQJ� LQYROYHV�WKH�PRGLILFDWLRQ�DQG�FRPELQDWLRQ�RI�WKH�JHQHV�RI
VROXWLRQV�LQ�WKH�FXUUHQW�JHQHUDWLRQ��WKLV�LV�WKH�FRUH�RI�WKH�VHDUFK�PHFKDQLVP��DV�WKH
QH[W� JHQHUDWLRQ� ZLOO� FRQVLVW� RI� D� GLIIHUHQW� VHW� RI� FKURPRVRPHV� WR� WKH� SUHYLRXV
JHQHUDWLRQ��0RGLILFDWLRQ�RI�WKH�FKURPRVRPHV�LV�DFKLHYHG�WKURXJK�WKH�DSSOLFDWLRQ�RI
JHQHWLF� RSHUDWRUV�� WKH� WZR� PRVW� FRPPRQ� RI� ZKLFK� DUH� NQRZQ� DV� PXWDWLRQ� DQG
FURVVRYHU�

0XWDWLRQ� RSHUDWHV� RQ� D� VLQJOH� FKURPRVRPH� WR� PRGLI\� LWV� FKDUDFWHULVWLFV
WKURXJK�UDQGRP�PDQLSXODWLRQ�RI� LWV�JHQHV��$Q�H[DPSOH�RI� WKH�PXWDWLRQ�SURFHVV� LV
LOOXVWUDWHG�LQ�)LJXUH�����IRU�D�ELQDU\�VWULQJ�FKURPRVRPH�

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

UDQGRP�PXWDWLRQ�RI�D�ELW
IURP���WR��

)LJXUH�����([DPSOH�RI�D�0XWDWLRQ�2SHUDWLRQ

7KLV�H[DPSOH�LOOXVWUDWHV�WKH�UDQGRP�FKDQJH�RI�WKH�YDOXH�RI�D�JHQH�ZLWKLQ�WKH
FKURPRVRPH�� 7KH� PXWDWLRQ� KDV� SURGXFHG� D� QHZ� FKURPRVRPH� ZLWK� GLIIHUHQW
FKDUDFWHULVWLFV� WR� WKH�SDUHQW� FKURPRVRPH��0XWDWLRQ� LV� SULPDULO\�XVHG� WR� LQWURGXFH
GLYHUVLW\� LQWR� WKH� SRSXODWLRQ� WR� HQFRXUDJH� WKH� *$� WR� H[SORUH� QHZ� DUHDV� RI� WKH
VROXWLRQ�VSDFH�

&URVVRYHU�RSHUDWHV�RQ� WZR�FKURPRVRPHV��FRPELQLQJ� WKHLU� JHQHWLF�PDWHULDO
WR� SURGXFH� ¨FKLOG©� FKURPRVRPHV�� 7KH� DSSOLFDWLRQ� RI� ¨WZR�SRLQW©� FURVVRYHU� RQ� D
ELQDU\�VWULQJ�UHSUHVHQWDWLRQ�LV�LOOXVWUDWHG�LQ�)LJXUH����
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����������������������

([FKDQJHG
*HQHV

&KLOG
&KURPRVRPHV

&KURPRVRPH��
&KURPRVRPH��

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

3DUHQW
&KURPRVRPHV

*HQHV�6HOHFWHG�)RU
&URVVRYHU

)LJXUH�����([DPSOH�RI�D�&URVVRYHU�2SHUDWLRQ

,Q� WKLV� H[DPSOH� D� UHJLRQ� RI� WKH� VDPH� VL]H� KDV� EHHQ� VHOHFWHG� LQ� ERWK
FKURPRVRPHV�� (DFK� UHJLRQ� LV� VZDSSHG� ZLWK� WKDW� LQ� WKH� RWKHU� FKURPRVRPH� WR
SURGXFH�QHZ�FKLOGUHQ�ZLWK�VRPH�JHQHV�IURP�ERWK�SDUHQWV��WKH\�FRPELQH�WKH�JHQHWLF
FKDUDFWHULVWLFV�RI�WZR�VROXWLRQV�

7KH� LGHD�EHKLQG�FURVVRYHU� LV�WR�XVH�WKH� LQIRUPDWLRQ�FXUUHQWO\�VWRUHG�ZLWKLQ
WKH�*$�SRSXODWLRQ�WR�H[SORUH�RWKHU�UHJLRQV�RI�WKH�VROXWLRQ�VSDFH��,I�WKH�VHOHFWLRQ�RI
WKH� SDUHQW� FKURPRVRPHV� IDYRXUV� VHOHFWLRQ� RI� WKH� ILWWHU� LQGLYLGXDOV� WKHQ� FURVVRYHU
FRPELQHV�WKH�FKDUDFWHULVWLFV�RI�JRRG�SDUHQWV�WR�H[SORUH�UHJLRQV�RI�WKH�VROXWLRQ�VSDFH
WKDW�LQGLFDWH�WKH�SRWHQWLDO�WR�\LHOG�JRRG�VROXWLRQV�

7KH� LOOXVWUDWHG� H[DPSOH� RI� FURVVRYHU�� XVLQJ� ¨WZR�SRLQW©� FURVVRYHU�� LV� RQH
H[DPSOH� RI� D� SRWHQWLDO� FURVVRYHU� RSHUDWRU�� 0DQ\� RWKHU� FURVVRYHU� PHWKRGV� H[LVW�
VXFK� DV� ¨RQH�SRLQW©� FURVVRYHU�� ¨PDVNHG©� VHOHFWLRQ�� RUGHU�EDVHG� >*ROGEHUJ���
0LWFK���� 7HXN��E� %HDVOH\��D@�� HWF�� H[LVW�� 3DUWLFXODU� WHFKQLTXHV� KDYH� EHHQ
GHYHORSHG�WR�VXLW�WKH�FKURPRVRPH�LPSOHPHQWDWLRQ��VXFK�DV�WKH�VSOLFLQJ�RI�FRPSOHWH
WUHH�VXEVHWV� XVHG� LQ� >6FKQHFNH��@�� 7KH� LPSRUWDQW� DVSHFW� RI� FURVVRYHU� LV� WKH
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FRPELQDWLRQ�RI�JHQHWLF�PDWHULDO�WR�SURGXFH�QHZ�VROXWLRQV��KRSHIXOO\�ZLWK�LPSURYHG
ILWQHVV�FKDUDFWHULVWLFV�

&URVVRYHU�DQG�PXWDWLRQ�DUH�W\SLFDOO\�ERWK�DSSOLHG�LQ�D�JHQHWLF�DOJRULWKP��DW
DSSOLFDWLRQ�UDWHV�WDLORUHG�WR�VXLW�WKH�VSHFLILF�SUREOHP��&URVVRYHU�DSSOLHG�ZLWKRXW�DQ
DVVRFLDWHG� PXWDWLRQ� RSHUDWRU� PD\� QRW� EH� DEOH� WR� H[SORUH� FHUWDLQ� UHJLRQV� RI� WKH
VROXWLRQ� VSDFH� DV� LW� FDQ� RQO\� FRPELQH� LQIRUPDWLRQ� WKDW� LV� DOUHDG\� SUHVHQW� LQ� WKH
FKURPRVRPHV�� ,W� LV� SRVVLEOH� IRU� D� VLQJOH� JHQH� WR� KDYH� WKH� VDPH� YDOXH� LQ� DOO
FKURPRVRPHV��:LWKRXW� D� PXWDWLRQ� RSHUDWLRQ� WKDW� JHQH� ZRXOG� QHYHU� EH� FKDQJHG�
FRQVHTXHQWLDOO\� EORFNLQJ� RII� D� UHJLRQ� RI� WKH� VROXWLRQ� VSDFH� IURP� WKH� VHDUFK�
&URVVRYHU�LQFUHDVHV�WKH�OLNHOLKRRG�RI�D�JRRG�VHW�RI�JHQHV��ZKLFK�PD\�KDYH�UHVXOWHG
IURP�D�PXWDWLRQ�RSHUDWLRQ��EHLQJ�SURSDJDWHG�WKURXJKRXW�WKH�SRSXODWLRQ�� LQFUHDVLQJ
WKH�HIILFLHQF\�RI�WKH�VHDUFK�SURFHVV�

������6ROXWLRQ�6HOHFWLRQ
7KH� VHOHFWLRQ�SURFHGXUH�RI� D�JHQHWLF� DOJRULWKP� LV� D� NH\� FRPSRQHQW�RI� WKH

VHDUFK� SURFHVV�� 7KH� RULJLQDO� FRQFHSW� RI� WKH� VHOHFWLRQ� PHFKDQLVP� >+ROODQG���
*ROGEHUJ��@� ZDV� WR� PLPLF� WKH� SURFHVV� RI� QDWXUDO� VHOHFWLRQ� LQ� QDWXUH�� 7KH
HYROXWLRQDU\� WKHRU\� RI� QDWXUDO� VHOHFWLRQ� LV� EDVHG� RQ� WKH� LGHD� RI� ¨VXUYLYDO� RI� WKH
ILWWHVW©��ZKHUH� LQGLYLGXDOV� WKDW� DUH�PRUH� VXFFHVVIXO�ZLWKLQ� WKHLU� HQYLURQPHQW� KDYH
PRUH� FKDQFH� RI� UHSURGXFLQJ� DQG� KHQFH� SURSDJDWLQJ� WKHLU� FKDUDFWHULVWLFV� LQWR� WKH
QH[W�JHQHUDWLRQ�

:LWKLQ� WKH�FRQWH[W�RI�D�*$��WKLV� WKHRU\�GLFWDWHV�WKDW� WKRVH� LQGLYLGXDOV� WKDW
DUH�PRUH� VXFFHVVIXO� LQ� PHHWLQJ� WKH� VSHFLILHG� REMHFWLYH� ZLOO� KDYH� PRUH� FKDQFH� RI
EHLQJ�FKRVHQ�IRU�UHSURGXFWLRQ� LQWR�WKH�QH[W�JHQHUDWLRQ��+HQFH��WKH�*$�DWWHPSWV�WR
ILQG�EHWWHU�VROXWLRQV�E\�EXLOGLQJ�RQ�WKH�FXUUHQW� EHVW� VROXWLRQV��7KLV�ZLOO� JXLGH� WKH
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VHDUFK� SURFHGXUH� WR� WKRVH� ORFDWLRQV� ZLWKLQ� WKH� VHDUFK� VSDFH� WKDW� FRQWDLQ� WKH� EHVW
VROXWLRQV�

6LQFH�WKH�LQLWLDO�GHYHORSPHQW�RI�*$V��PDQ\�WHFKQLTXHV�KDYH�EHHQ�GHYHORSHG
WKDW�DLP�WR�LPSURYH�DQG�EXLOG�RQ� WKLV�VWDQGDUG� LGHD�>'DYLV����%HDVOH\����:KLW���
%DNHU��@�+RZHYHU��WKH�EDVLF�LGHD�EHKLQG�DOO�RI�WKHVH�WHFKQLTXHV�LV�WKH�SUREDELOLVWLF
VHOHFWLRQ�RI�LQGLYLGXDOV�EDVHG�RQ�WKHLU�TXDOLW\��7KH�PRVW�FRPPRQO\�XVHG�WHFKQLTXH
LV�NQRZQ�DV�WKH�)LWQHVV�3URSRUWLRQDWH�6HOHFWLRQ��)36��PHWKRG�ZKHUH�LQGLYLGXDOV�DUH
VHOHFWHG�ZLWK�D�SUREDELOLW\�EDVHG�RQ�WKHLU�TXDOLW\��7KHUHIRUH��)36�LV�D�SUREDELOLVWLF
VHOHFWLRQ�WHFKQLTXH�

7KH�)36�VHOHFWLRQ�PHWKRG�ZDV�VXJJHVWHG�E\�+ROODQG�EDVHG�RQ�KLV�DQDO\VLV
RI�WKH�IDPRXV�¨��DUPHG�EDQGLW�SUREOHP©�>+ROODQG����*ROGEHUJ��@��)36�DOORFDWHV�WR
HDFK�LQGLYLGXDO�D�IL[HG�SUREDELOLW\�RI�EHLQJ�VHOHFWHG��EDVHG�XSRQ�LWV�ILWQHVV�UHODWLYH
WR�WKH�WRWDO�ILWQHVV�RI�DOO�LQGLYLGXDOV�ZLWKLQ�WKH�JHQHUDWLRQ�

�

�

�

6ROXWLRQ��
6ROXWLRQ��
6ROXWLRQ��

6HOHFWLRQ�0DUNHU

)LJXUH�����5RXOHWWH�:KHHO�&UHDWLRQ

2QH�LPSOHPHQWDWLRQ�RI�)36�LV�WR�FUHDWH�D�¨URXOHWWH�ZKHHO©�ZKHUH�WKH�VL]H�RI
VHJPHQW�DOORFDWHG�WR�HDFK�LQGLYLGXDO�LV�GLUHFWO\�UHODWHG�WR�LWV�ILWQHVV��7KH�ODUJHU�WKH
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ILWQHVV�RI�DQ�LQGLYLGXDO��WKH�ODUJHU�WKH�VHJPHQW�DOORFDWHG�WR�LW��)LJXUH�����LOOXVWUDWHV�D
URXOHWWH�ZKHHO�FUHDWHG�IURP�D�SRSXODWLRQ�RI���LQGLYLGXDOV�

7KH�QXPEHU�QH[W�WR�HDFK�VOLFH�LV�WKDW�VROXWLRQV�ILWQHVV��VR�LW�FDQ�EH�VHHQ�WKDW
WKH�VROXWLRQ�ZLWK�WKH�ODUJHVW�ILWQHVV��VROXWLRQ����KDV�WKH� ODUJHVW�VOLFH�RI�WKH�URXOHWWH
ZKHHO�� $� VLQJOH� VSLQ� RI� WKH� ZKHHO� ZLOO� UHVXOW� LQ� RQH� VHJPHQW� SRLQWHG� WR� E\� WKH
VHOHFWLRQ�PDUNHU��WKLV�VHJPHQW�ZLOO� EH� WKH�VHOHFWHG�VROXWLRQ��5HSHDWHG�VSLQV�RI� WKH
ZKHHO� DUH� XVHG� WR� VHOHFW� HQRXJK� LQGLYLGXDOV� WR� FUHDWH� D� ZKROH� JHQHUDWLRQ�� 7KRVH
VROXWLRQV�ZLWK�D�ODUJHU�VOLFH�RI�WKH�ZKHHO�ZLOO�KDYH�JUHDWHU�FKDQFH�RI�EHLQJ�SRLQWHG
WR�E\�WKH�VHOHFWLRQ�PDUNHU�

$Q� LPSRUWDQW� FKDUDFWHULVWLF� RI� WKH� )36� URXOHWWH� ZKHHO� PHWKRG� LV� WKDW� DOO
VROXWLRQV�KDYH� VRPH�FKDQFH�RI� EHLQJ� VHOHFWHG��$� VLPSOH� JUHHG\� DOJRULWKP��ZKLFK
DOZD\V� DWWHPSWV� WR� VHOHFW� WKH� EHVW� VROXWLRQ�� ZLOO� UHSHDWHGO\� VHOHFW� VROXWLRQ� ��� WKH
VHDUFK�PHWKRG�ZLOO� EHFRPH� WUDSSHG�RQ� VROXWLRQ����7KLV� FRXOG� OHDG� WR� VXE�RSWLPDO
VROXWLRQV�LI�VROXWLRQ���LV�RQO\�D�ORFDO�RSWLPDO�VROXWLRQ��7KH�)36�PHWKRG�JLYHV�ORZHU
ILWQHVV�VROXWLRQV�VRPH�FKDQFH�RI�VHOHFWLRQ��WKHUHIRUH�KHOSLQJ�WKH�*$�WR�HVFDSH�ORFDO
RSWLPD�

������6WRSSLQJ�&ULWHULD
7KH� *$� LV� W\SLFDOO\� UHTXLUHG� WR� GHWHUPLQH� D� ¨VDWLVI\LQJ©� VROXWLRQ� WR� D

SUREOHP�ZKHUH�RWKHU�VHDUFK� WHFKQLTXHV�KDYH� IDLOHG�RU�DUH�QRW� H[SHFWHG� WR� DFKLHYH
PXFK�VXFFHVV��7KH�UHTXLUHG�SDUDPHWHUV�IRU�D�VDWLVI\LQJ�VROXWLRQ�DUH�VSHFLILHG�EHIRUH
WKH�*$�LV�H[HFXWHG��:KHQ�D�VROXWLRQ�ZKLFK�DFKLHYHV�WKH�REMHFWLYHV�LV�SURGXFHG�WKH
HYROXWLRQDU\�SURFHVV�LV�WHUPLQDWHG�L�H��WKH�VWRSSLQJ�FULWHULD�KDV�EHHQ�VDWLVILHG�

,Q� VRPH� FDVHV� WKH� *$� LV� XVHG� WR� GHWHUPLQH� WKH� ¨EHVW©� VROXWLRQ� WR� WKH
SUREOHP�� WKH�JOREDO�RSWLPXP�SRLQW� LQ� WKH� VROXWLRQ� VSDFH��:KLOH� D�*$�FDQ� QRW� EH
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JXDUDQWHHG� WR� ILQG� WKH� JOREDO�RSWLPXP�� LI� LPSOHPHQWHG� FRUUHFWO\� LW� ZLOO� W\SLFDOO\
ILQG�D�¨JRRG©�RU�VDWLVI\LQJ�VROXWLRQ� LQ�D� UHDVRQDEOH�DPRXQW�RI� WLPH�� ,Q� WKHVH�FDVHV
WKH�VWRSSLQJ�FULWHULD� LV�XVXDOO\� VSHFLILHG� LQ� WHUPV�RI� WKH� QXPEHU�RI�JHQHUDWLRQV�RU
VROXWLRQ� HYDOXDWLRQV� VLQFH� WKH� ODVW� LPSURYHPHQW� LQ� ILWQHVV� ZDV� IRXQG�� 7KH� DFWXDO
QXPEHU�RI�JHQHUDWLRQV� LV�W\SLFDOO\�VHW�YHU\�KLJK� WR� LQFUHDVH� WKH� OLNHOLKRRG�WKDW�WKH
*$�KDV�VHWWOHG�RQ�WKH�KLJKHVW�SHDN�LQ�WKH�VROXWLRQ�VSDFH�

2WKHU� WHFKQLTXHV� H[LVW� IRU� GHWHUPLQLQJ� ZKHWKHU� D� *$� KDV� WHUPLQDWHG� D
VHDUFK�� VXFK� DV� DVVHVVLQJ� WKH� FRQYHUJHQFH� RI� WKH� SRSXODWLRQ�� 2QH� PHWKRG� LV� WR
DQDO\VH�HYHU\�VROXWLRQ�LQ�WKH�SRSXODWLRQ��,I�����RI�WKH�JHQHV� LQ�HDFK�FKURPRVRPH
DUH�LGHQWLFDO� LQ�DOO� VROXWLRQV� WKHQ� WKH�*$� LV�FRQVLGHUHG� WR�KDYH�FRQYHUJHG�DQG� WKH
VHDUFK�LV�WHUPLQDWHG�>%HDVOH\��@�

7KHUH� DUH� PDQ\� YDULDWLRQV� WR� WKH� EDVLF� *$� RSHUDWRUV� DQG� FRPSRQHQWV
GHVFULEHG�KHUH��DOO�RI�ZKLFK�DUH�DLPHG�DW� LPSURYLQJ� WKH� HIILFLHQF\� DQG� VXFFHVV�RI
WKH�*$�>%HDVOH\��D@��7KLV�FKDSWHU�LV�QRW�LQWHQGHG�DV�DQ�H[KDXVWLYH�UHYLHZ�RI�DOO�WKH
IHDWXUHV�RI�D�*$��LW�LV�DQ�LQWURGXFWLRQ�WR�WKH�IXQGDPHQWDO�FRQFHSWV�RI�WKH�WHFKQLTXH�

����1RQ�6WDQGDUG�*HQHWLF�$OJRULWKPV
7KH�SUHYLRXV�VHFWLRQ�LQWURGXFHG�WKH�FRQFHSW�RI�D�VWDQGDUG�JHQHWLF�DOJRULWKP�

FRPSULVLQJ� RI� VWDQGDUG� *$� FRPSRQHQWV� WKDW� KDYH� XQGHUJRQH� OLWWOH� RU� QR� FKDQJH
VLQFH�WKHLU�LQLWLDO�SURSRVDO�E\�+ROODQG�DQG�KLV�VXFFHVVRUV��6HYHUDO�UHVHDUFKHUV�XVLQJ
*$V� WR� VROYH� FRPSOH[�� UHDO�ZRUOG� HQJLQHHULQJ� SUREOHPV� KDYH� SURSRVHG� WKDW�� IRU
*$V� WR� DFKLHYH� WKHLU� IXOO� SRWHQWLDO� LQ� HQJLQHHULQJ� GHVLJQ�� LW� LV� QHFHVVDU\� WR
VSHFLILFDOO\� GHVLJQ� WKH� *$� WR� VXLW� WKH� SUREOHP� >'DYLV���� 'DYLV���� %HDVOH\��D@�
7KLV�OHDGV�WR�WKH�GHYHORSPHQW�RI�QRQ�VWDQGDUG�*$V�� LQFRUSRUDWLQJ�GRPDLQ�VSHFLILF
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GHVLJQ� DQG� H[SORUDWLRQ� WHFKQLTXHV� LQWR� D� VWDQGDUG� JHQHWLF� IUDPHZRUN�� 7KH� *$
EDVHG� KLJK�OHYHO� GHVLJQ� WRRO� SUHVHQWHG� LQ� WKLV� WKHVLV� LV� DQ� H[DPSOH� RI� VXFK� D
SUREOHP�VSHFLILF�*$��LW� LV�HIIHFWLYHO\�D�K\EULG�RI�SRZHU�GHVLJQ�PHWKRGRORJLHV�DQG
*$�VHDUFK�WHFKQLTXHV�

6XFK�K\EULG�V\VWHPV�RIIHU�WKH�DGYDQWDJHV�RI�H[SORLWLQJ� WKH�HIILFLHQW�VHDUFK
WHFKQLTXH�RI�WKH�*$�ZKLOH�XWLOLVLQJ�H[SHUW�NQRZOHGJH�DERXW�WKH�SUREOHP��D�VLPSOH
*$�GRHV� QRW� LQFRUSRUDWH� DQ\� H[SHUW� NQRZOHGJH�� ([DPSOH� K\EULG� RU� QRQ�VWDQGDUG
*$� V\VWHPV� >(VFK���� 6LQFODLU���� 'DYLV���� 6FKDII���� $UVODQ��D�� 0DUWLQ���
/LHQLQ��@�H[SORLW� WKH�XVH�RI�QRQ�VWDQGDUG�FKURPRVRPH� UHSUHVHQWDWLRQ� �H�J�� D� QRQ�
ELQDU\� FKURPRVRPH� VXFK� DV� D� WUHH� UHSUHVHQWDWLRQ� RI� HDFK� FRPSRQHQW� LQ� D� 9/6,
OD\RXW� WDVN��� DGDSWLYH� RSHUDWRU� UDWHV� DQG� QRQ�VWDQGDUG� JHQHWLF� RSHUDWRUV�� 1RQ�
VWDQGDUG� JHQHWLF� RSHUDWRUV� LQFRUSRUDWH� SUREOHP�VSHFLILF� WHFKQLTXHV� WR� PRGLI\� WKH
FKURPRVRPH� DFFRUGLQJ� WR� VWDQGDUG� GHVLJQ� UXOHV�� ,QFRUSRUDWLRQ� RI� WKHVH� UXOHV� KDV
EHHQ�VKRZQ�WR�LPSURYH�WKH�HIILFLHQF\�DQG�UHVXOWV�RI�WKH�*$�EDVHG�VHDUFK�WHFKQLTXH
IRU� D� UDQJH� RI� SUREOHPV�� 7KH� SULPDU\� DGYDQWDJH� RI� K\EULG� RU� QRQ�VWDQGDUG� *$
V\VWHPV� LV� WKHLU� FRPELQDWLRQ� RI� WKH� EHQHILWV� RI� WKH� *$� DQG� WKH� VWDQGDUG� GHVLJQ
WHFKQLTXHV��7KH\� HQDEOH�GHVLJQ� H[SORUDWLRQ� WR�XWLOLVH� H[LVWLQJ� WHFKQLTXHV�ZLWKLQ� D
*$�IUDPHZRUN�

����$SSOLFDWLRQV�RI�*HQHWLF�$OJRULWKPV
6LQFH� WKHLU� LQFHSWLRQ�*$V�KDYH�EHHQ� DSSOLHG� WR� D�ZLGH� UDQJH� RI� SUREOHPV

VXFK� DV� PDFKLQH� OHDUQLQJ�� VFLHQWLILF� PRGHOOLQJ� DQG� HQJLQHHULQJ� RSWLPLVDWLRQ� RU
GHVLJQ� DSSOLFDWLRQV� >0LWFK��@�� 7KH� DSSOLFDWLRQV� GHVFULEHG� LQ� WKLV� VHFWLRQ
FRQFHQWUDWH� RQ� WKRVH� XVHG� GXULQJ� WKH� 9/6,� GHVLJQ� SURFHVV� DV� WKH� DSSOLFDWLRQ
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GHVFULEHG� LQ� WKLV� WKHVLV� LV� DQ� H[DPSOH� RI� D� *$� WR� RSWLPLVH� D� SDUDPHWHU� �SRZHU
FRQVXPSWLRQ��GXULQJ�9/6,�GHVLJQ�

,Q� WKH� GHVLJQ� DQG� DSSOLFDWLRQ� RI� 9/6,� GHYLFHV�� *$V� KDYH� EHHQ� VKRZQ� WR
SURGXFH�VXSHULRU�VROXWLRQV�FRPSDUHG�WR�RWKHU�WHFKQLTXHV�IRU�SUREOHPV�VXFK�DV�WHVW�
SDWWHUQ� JHQHUDWLRQ� >2GDUH���� $UVODQ��F@�� ,Q� >6FKQHFNH���� 6FKQHFNH��D@� WKH� *$
ZDV�XVHG�WR�RSWLPLVH�WKH�OD\RXW�RI�D�9/6,�GHYLFH��VLPXOWDQHRXVO\�PLQLPLVLQJ�ZLUH
URXWLQJ� UHTXLUHPHQWV� �WKURXJK� RSWLPDO� SODFHPHQW� RI� FHOOV�� ZKLOH� VROYLQJ� WKH
FRPSOH[�SUREOHP�RI�REWDLQLQJ�D�YDOLG�URXWLQJ�GHVLJQ��,Q�WKH�H[DPSOH�GHVFULEHG��WKH
*$� ZDV� XVH� WR� ERWK� VROYH� WKH� FRPSOH[� SUREOHP� DQG� LQKHUHQWO\� RSWLPLVH� WKH
SURGXFHG� VROXWLRQV�� 7KH� FRQVLGHUDWLRQ� RI� URXWLQJ� DQG� FHOO� SODFHPHQW� LQ� SDUDOOHO
HQDEOHV�D�EHWWHU�VROXWLRQ�WR�EH�GHWHUPLQHG�LQ�FRPSDULVRQ�ZLWK�WKH�WUDGLWLRQDO�PHWKRG
RI�FRQVLGHULQJ�SODFHPHQW�DQG�URXWLQJ�DV�VHSDUDWH�VWDJHV�

7KH�XVH�RI�SDUDOOHO�*$V�>&KLSS��@�KDV�DOVR�EHHQ�GHPRQVWUDWHG�WR�SURYLGH�DQ
HIILFLHQW�9/6,�URXWLQJ�WRRO�LQ�>/LHQLJ��@�ZKLOH�VLPXOWDQHRXVO\�PLQLPLVLQJ�DUHD�DQG
FDSDFLWDQFH��7KH�UHGXFWLRQ�RI�FDSDFLWDQFH�UHGXFHV�WKH�GHOD\V�LQ�FRQQHFWLRQV��KHQFH
LQFUHDVLQJ� WKH�VSHHG�RI� WKH�9/6,�GHYLFH��$JDLQ�� WKH� UHVXOWV�REWDLQHG�ZLWK� WKH�*$
DUH�VXSHULRU�WR�WKRVH�IRXQG�XVLQJ�RWKHU�WHFKQLTXHV�

*$V�KDYH�DOVR�EHHQ�XVHG�DW�WKH�WUDQVLVWRU�OHYHO�WR�HYROYH�9/6,�GHVLJQV� IRU
GLJLWDO� DQG� DQDORJXH� DSSOLFDWLRQV� >'DYLV��@�� LQFUHDVLQJ� WKH� VSHHG� RI� WKH� GHVLJQ
SURFHVV�DQG�RSWLPLVLQJ�REMHFWLYH�SDUDPHWHUV�

,Q� >$UVODQ��D�� $UVODQ��E@� D� *$� KDV� EHHQ� XVHG� WR� VROYH� WKH� FRPSOH[
SUREOHP� RI� ORJLF�OHYHO� 9/6,� GHVLJQ�� $� OLEUDU\� RI� FRPSRQHQW� FHOOV� GHVFULELQJ� D
YDULHW\� RI� GLJLWDO� ORJLF� IXQFWLRQV� LV� SURYLGHG� IRU� WKH� *$�� 7KH� *$� V\QWKHVLVHV� D
GHVLJQ��FRQVWUXFWHG�IURP�WKH�FHOO� OLEUDU\��ZKLFK�SHUIRUPV�D�VSHFLILHG� IXQFWLRQ�VXFK
DV�D�ELQDU\�DGGHU�VXEWUDFWRU�RU�D�SDULW\�FKHFNHU��7KH�UHVXOWV�GHPRQVWUDWH�D�SULPDU\
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DGYDQWDJH� RI� *$V�� WKH� DELOLW\� WR� JHQHUDWH� D� UDQJH� RI� VROXWLRQV� WKDW� VDWLVI\� WKH
SUREOHP�FULWHULD�EXW�KDYH�GLIIHUHQW�LPSOHPHQWDWLRQ�FKDUDFWHULVWLFV��7KLV�LV�GXH�WR�WKH
PXOWLSOH�VROXWLRQ�QDWXUH�RI�WKH�*$�VHDUFK�WHFKQLTXH�WKDW�SURFHVVHV�DQG�HYDOXDWHV�D
ODUJH�QXPEHU�RI�SRVVLEOH�VROXWLRQV��7KH�JHQHUDWLRQ�RI�DOWHUQDWLYH�GHVLJQV�LV�D�XVHIXO
IHDWXUH�IRU�WKH�9/6,�GHVLJQHU�DV� LW�JLYHV� WKHP�JUHDWHU� IOH[LELOLW\� WR� LQWHJUDWH�WKRVH
GHVLJQV�LQWR�WKH�ZKROH�V\VWHP�

*$V� KDYH� DOVR� EHHQ� DSSOLHG� WR� KLJKHU�OHYHOV� RI� WKH� GHVLJQ� SURFHVV� WR
RSWLPLVH� WKH� VFKHGXOLQJ� DQG� DOORFDWLRQ� VWHSV� LQ� FRQYHUWLQJ� DQ� DOJRULWKPLF� OHYHO
GHVFULSWLRQ� LQWR� D� ORJLF�PRGXOH� OD\RXW�� 6FKHGXOLQJ� DQG� DOORFDWLRQ� DVVLJQ� VSHFLILF
PRGXOHV� LQ�WKH�9/6,�GHYLFH� WR�RSHUDWLRQV�VSHFLILHG� LQ� WKH�DOJRULWKP��7KLV�SURFHVV
KDV� EHHQ� WDFNOHG� XVLQJ� D� YDULHW\� RI� KHXULVWLF� VROXWLRQV� DQG� WHFKQLTXHV�� QRQH
JXDUDQWHHG� WR� ILQG� WKH� RSWLPDO� VROXWLRQ� GXH� WR� WKH� KLJK� GHJUHH� RI� GHSHQGHQF\
EHWZHHQ�WKH� WDVNV��7KH�*$� LV�XVHG� WR� ILQG�DQ�RSWLPDO� WUDGH�RII� SRLQW� EHWZHHQ� WKH
FRQIOLFWLQJ�SDUDPHWHUV�� WR�RSWLPLVH� IRU� DUHD� >*UHZDO��@� DQG� UHGXFWLRQ� RI� WKH� WLPH
WDNHQ�WR�SHUIRUP�WKH�VFKHGXOLQJ�DQG�DOORFDWLRQ�SURFHVV�>0DQGDO����*UHZDO��@�

3RZHU�3URILOHU� >0DUWLQ����0DUWLQ��@� LOOXVWUDWHV� WKH� XVH� RI� D� *$� WR� WDFNOH
VRPH�DVSHFWV�RI�WKH�SUREOHP�RI� ORZ�SRZHU�9/6,�V\QWKHVLV��7KH�ZRUN�SUHVHQWHG�LQ
WKLV� WKHVLV� RSWLPLVHV� D� KLJK�OHYHO� GHVLJQ� IRU� ORZ�SRZHU� LPSOHPHQWDWLRQ�� 3RZHU�
3URILOHU�RSHUDWHV�DW�D�ORZHU�OHYHO�RI�WKH�GHVLJQ�SURFHVV��RSWLPLVLQJ�SRZHU�GXULQJ�WKH
VFKHGXOLQJ��DOORFDWLRQ�DQG�ELQGLQJ�SURFHVV�RI�D�VSHFLILHG�KLJK�OHYHO�DOJRULWKP��7KH
*$�LV�XVHG�WR�DVVLJQ�9/6,�FHOOV�VXFK�DV�DGGHUV�DQG�PXOWLSOLHUV�WR�RSHUDWLRQV�LQ�WKH
DOJRULWKP�� (DFK� RSHUDWLRQ� KDV� D� QXPEHU� RI� DOWHUQDWLYH� FHOOV� VXFK� DV� WKH� XVH� RI
%RRWK��$UUD\��HWF��FHOOV�IRU�D�PXOWLSOLFDWLRQ�RSHUDWLRQ��(DFK�PXOWLSOLHU�FHOO�W\SH�KDV
WKH�VDPH�IXQFWLRQ�EXW�GLIIHUHQW�DUHD��VSHHG�DQG�SRZHU�FKDUDFWHULVWLFV��%\�DVVLJQLQJ
VORZHU�EXW�OHVV�SRZHU�KXQJU\�FHOOV�WR�QRQ�WLPH�FULWLFDO�RSHUDWLRQV� LQ�WKH�DOJRULWKP
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WKH�*$�UHGXFHV�WKH�RYHUDOO�SRZHU�FRQVXPSWLRQ�ZKLOH�VLPXOWDQHRXVO\�VDWLVI\LQJ�DUHD
DQG�VSHHG�UHTXLUHPHQWV�

6WDJHV�RI� WKH�ZRUN�SUHVHQWHG� LQ� WKLV� WKHVLV� KDYH�EHHQ�SXEOLVKHG� LQ� YDULRXV
SHULRGLFDOV� DQG� FRQIHUHQFHV� >%ULJKW���� $UVODQ���� %ULJKW���� %ULJKW���� %ULJKW��D@
LOOXVWUDWLQJ�WKH�ILUVW�XVH�RI�D�*$�IRU�PDQLSXODWLQJ�D�KLJK�OHYHO�GHVLJQ�VSHFLILFDWLRQ
WR�UHGXFH�LWV�9/6,�SRZHU�UHTXLUHPHQWV�

7KLV� VHFWLRQ� KDV� SUHVHQWHG� D� QXPEHU� RI� VXFFHVVIXO� DSSOLFDWLRQV� RI�*$V� WR
YDULRXV�SUREOHPV�RI�WKH�9/6,�GHVLJQ�SURFHVV��7KH�V\VWHPV�GHVFULEHG�LOOXVWUDWH�WKDW
WKH� *$� LV� XVHIXO� DW� DOO� VWDJHV� RI� WKH� GHVLJQ� SURFHVV� ERWK� WR� VROYH� WKH� FRPSOH[
SUREOHPV�DQG�RSWLPLVH�WKH�9/6,�LPSOHPHQWDWLRQ�FKDUDFWHULVWLFV�

����$SSOLFDWLRQ�RI�*$V�WR�WKH�3UREOHP�RI�/RZ�3RZHU�6\QWKHVLV
7KH� WHFKQLTXH� XVHG� IRU� SRZHU� UHGXFWLRQ� LQ� WKLV� ZRUN� ZDV� SUHYLRXVO\

GHVFULEHG� LQ� VHFWLRQ� ����� 2QH� RI� WKH� PDLQ� GLVDGYDQWDJHV� RI� WKH� WHFKQLTXH� LV� LWV
FRPSOH[LW\��,W�KDV�EHHQ� LOOXVWUDWHG�WKDW�WKH�XVH�RI�D�VLQJOH� WUDQVIRUPDWLRQ��XVHG� IRU
DUHD�PLQLPLVDWLRQ��SUHVHQWV�DQ�13�FRPSOHWH�SUREOHP� L�H��D�SUREOHP�WKDW�FDQQRW�EH
VROYHG�LQ�SRO\QRPLDO�WLPH�>3RWNR��@�

8VH� RI� DGGLWLRQDO� WUDQVIRUPDWLRQV� IXUWKHU� LQFUHDVHV� WKH� FRPSOH[LW\� RI� WKH
SUREOHP�GXH�WR�WKH�LQWHUDFWLRQ�EHWZHHQ�WUDQVIRUPDWLRQV�H�J��RQH�WUDQVIRUPDWLRQ�PD\
VXEVHTXHQWO\� HQDEOH� RU� SUHYHQW� WKH� DSSOLFDWLRQ� RI� DQRWKHU�� 3UHYLRXV� XVH� RI
WUDQVIRUPDWLRQV�IRU�KLJK�OHYHO�RSWLPLVDWLRQ�KDV�UHTXLUHG�WKH�GHYHORSPHQW�RI�VSHFLILF
KHXULVWLFV� >3RWNR���� +XDQJ��@� WR� SHUIRUP� D� VHDUFK� RI� WKH� VROXWLRQ� VSDFH� WR
GHWHUPLQH�WKH�EHVW�VROXWLRQ��,Q�>&KDQ��@�D�VLPXODWHG�DQQHDOLQJ�DOJRULWKP��DQRWKHU
DOJRULWKP� LQVSLUHG� E\� D� QDWXUDO� SURFHVV�� ZDV� XVHG� WR� DVVLVW� WKH� WUDQVIRUPDWLRQ
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DSSOLFDWLRQ� SURFHVV�� ,Q� WKDW� ZRUN�� WKH� DSSOLFDWLRQ� RI� WKH� VLPXODWHG� DQQHDOLQJ
DOJRULWKP�ZDV�OLPLWHG�WR�GHVLJQ�UHILQHPHQWV�RQFH�WKH�GHVLJQ�KDG�EHHQ�WUDQVIRUPHG
XVLQJ�DSSOLFDWLRQ�KHXULVWLFV�

$V� GLVFXVVHG� SUHYLRXVO\� LQ� WKLV� FKDSWHU�� *$V� KDYH� EHHQ� DSSOLHG� WR� PDQ\
9/6,� GHVLJQ� SUREOHPV�� SURGXFLQJ� UHVXOWV� ZKLFK� W\SLFDOO\� RXWSHUIRUP� RWKHU
WHFKQLTXHV� LQ� PDQ\� VLWXDWLRQV�� ,Q� DGGLWLRQ� WR� WKH� SURYHQ� WUDFN� UHFRUG� RI� *$V� LQ
9/6,�GHVLJQ��WKH�FRPSOH[LW\�RI�WKH�KLJK�OHYHO�ORZ�SRZHU�GHVLJQ�SUREOHP�PDNHV� LW
VXLWDEOH�IRU�WKH�LQYHVWLJDWLRQ�RI�WKH�DSSOLFDWLRQ�RI�*$V��WR�DWWHPSW�WR�SURGXFH�D�WRRO
WKDW�V\QWKHVLVHV�GHVLJQV�ZKLFK�VDWLVI\�WKH�REMHFWLYH�FULWHULD�
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&KDSWHU�����7KH�*HQHWLF�$OJRULWKP

7KH� SUHYLRXV� FKDSWHUV� KDYH� SUHVHQWHG� WKH� WHFKQLTXHV� RI� SRZHU� UHGXFWLRQ�
SRZHU�HVWLPDWLRQ�DQG�*$�EDVHG�VHDUFK�DQG�RSWLPLVDWLRQ��7R�LQYHVWLJDWH�WKH�XVH�RI
*$V�LQ�D� ORZ�SRZHU�GHVLJQ�HQYLURQPHQW�D�SURWRW\SH�WRRO� LV�GHYHORSHG�WR�RSWLPLVH
KLJK�OHYHO�GHVLJQV� IRU� ORZ�SRZHU�9/6,� LPSOHPHQWDWLRQ��7KLV� FKDSWHU�SUHVHQWV� WKH
GHYHORSPHQW�RI�WKH�LQLWLDO�SURWRW\SH�*HQHWLF�$OJRULWKP�IRU�/2Z�3RZHU�6\QWKHVLV
�*$/236��

7KH� SURWRW\SH� YHUVLRQ� RI�*$/236� SURFHVVHV� DQ� RULJLQDO� VSHFLILHG� VLJQDO�
SURFHVVLQJ� DOJRULWKP�� WR� SURGXFH� D� QHZ� DOJRULWKP� WKDW� KDV� ORZHU� SRZHU
FRQVXPSWLRQ� UHTXLUHPHQWV� WKDQ� WKH� RULJLQDO� YHUVLRQ�� 7KH� WDUJHW� LPSOHPHQWDWLRQ
SODWIRUP�RI�WKH�DOJRULWKPV�LV�D�&026�9/6,�GHYLFH�

7KH� PDLQ� FKDUDFWHULVWLF� RI� WKH� *$/236� WRRO� LV� WKH� XVH� RI� KLJK�OHYHO
WUDQVIRUPDWLRQV��HPEHGGHG�ZLWKLQ� WKH�JHQHWLF�VHDUFK�DQG�RSWLPLVDWLRQ� IUDPHZRUN�
WR�HQDEOH�SRZHU�H[SORUDWLRQ�

*$/236� LV� EDVHG�RQ� D� W\SLFDO�*$� VWUXFWXUH� DV� LQWURGXFHG� LQ� VHFWLRQ� ����
7KH�VWUXFWXUDO�IORZFKDUW�RI�*$/236�LV�LOOXVWUDWHG�LQ�)LJXUH������7KH�ILUVW�VWHS�LV�WR
FUHDWH� WKH� LQLWLDO� SRSXODWLRQ� RI� FDQGLGDWH� VROXWLRQV�� $V� GLVFXVVHG� SUHYLRXVO\� LQ
VHFWLRQ� ���� �*$V��� WKH� *$� UHTXLUHV� FDQGLGDWH� VROXWLRQV� WR� EH� HQFRGHG� LQ� DQ
DSSURSULDWH�IRUPDW�IRU�*$�EDVHG�PDQLSXODWLRQ��7KH�SUREOHP�RI�HQFRGLQJ�KLJK�OHYHO
VLJQDO�SURFHVVLQJ�GHVLJQV�LQ�D�VXLWDEOH�IRUPDW�LV�GLVFXVVHG�LQ�VHFWLRQ�����

6HFWLRQ� ���� GHVFULEHV� WKH� SRSXODWLRQ� LQLWLDOLVDWLRQ� SURFHGXUH�� VSHFLILFDOO\
DGGUHVVLQJ�WKH�FRQIOLFWLQJ�UHTXLUHPHQWV�RI�D�*$�UHTXLULQJ�D�UDQGRP�VWDUWLQJ�SRLQW
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DQG� D� 9/6,� V\QWKHVLV� V\VWHP� WKDW� QHHGV� WR� GHYHORS� GHVLJQV� ZLWK� D� VSHFLILF� QRQ�
UDQGRP�IXQFWLRQ�

$W�WKH�FRUH�RI�D�*$�LV�LWV�VHOHFWLRQ�SURFHGXUH��ZKLFK�LV�XVHG�WR�VHOHFW�WKRVH
GHVLJQV� WKDW� ZLOO� EH� XVHG� WR� FUHDWH� WKH� QH[W� SRSXODWLRQ� �WKH� QH[W� JHQHUDWLRQ�� RI
VROXWLRQV��7KLV�SURFHGXUH�LV�SUHVHQWHG�LQ�VHFWLRQ�����

2QH�RI�WKH�PRVW�LPSRUWDQW�IHDWXUHV�RI�D�*$�LV�LWV�XVH�RI�JHQHWLF�PRGLILFDWLRQ
SURFHGXUHV� WR� DFWXDOO\� SHUIRUP� WKH� VROXWLRQ� VSDFH� H[SORUDWLRQ�� 7KH� XVH� RI� WKHVH
RSHUDWRUV�ZLWKLQ�D�KLJK�OHYHO�V\QWKHVLV�V\VWHP� UHTXLUHV� VLJQLILFDQW�PRGLILFDWLRQ� WR
VWDQGDUG�*$� WHFKQLTXHV�� 7KHVH� JHQHWLF� PRGLILFDWLRQ� SURFHGXUHV� DUH� SUHVHQWHG� LQ
VHFWLRQV�����DQG�����

7KH�GHVLJQ�HYDOXDWLRQ�SURFHGXUH� LV�XVHG� WR�DVVHVV� WKH� LQGLYLGXDO�TXDOLW\�RI
HDFK� GHVLJQ�� ,Q� WKH� FDVH� RI� *$/236� WKLV� UHTXLUHV� FRPSOH[� HVWLPDWLRQ� RI� 9/6,
SDUDPHWHUV�VXFK�DV�WKH�FDOFXODWLRQ�RI�SRZHU�FRQVXPSWLRQ��DUHD�DQG�VXSSO\�YROWDJH�
7KH�PHFKDQLVPV� IRU� WKH�HYDOXDWLRQ�RI�FDQGLGDWH�VROXWLRQV�DUH�SUHVHQWHG� LQ�VHFWLRQ
����

6HFWLRQV����� WR�����GHVFULEH� WKH�XVH�RI� EHQFKPDUN� GHVLJQV� WR� FDOLEUDWH� WKH
SURWRW\SH�*$�V\QWKHVLV�WRRO�DQG�SUHVHQW�LQLWLDOV�UHVXOWV�LOOXVWUDWLQJ�LWV�XVH�DV�D�ORZ�
SRZHU�V\QWKHVLV�WRRO�
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$SSO\�*HQHWLF
0RGLILFDWLRQ
3URFHGXUHV

,QLWLDO�*HQHUDWLRQ

&XUUHQW�*HQHUDWLRQ

6WRS�&ULWHULD�0HW"

2SWLPLVHG�6ROXWLRQ
<HV

1R

,QLWLDO�6LJQDO
3URFHVVLQJ
$OJRULWKP

)LJXUH�����2YHUYLHZ�RI�*$/236�¤�/RZ�3RZHU�*$�%DVHG�6\QWKHVLV�7RRO

����3UREOHP�5HSUHVHQWDWLRQ
*$/236�RSWLPLVHV�KLJK�OHYHO� VLJQDO�SURFHVVLQJ� DOJRULWKPV� IRU� ORZ�SRZHU

&026�9/6,� LPSOHPHQWDWLRQ�� 7R�PDQLSXODWH� WKHVH� DOJRULWKPV� *$/236� XVHV� DQ
LQWHUQDO� ')*� >'DYLV��@� VWUXFWXUH� DV� GLVFXVVHG� LQ� VHFWLRQ� ������� 7KLV� VHFWLRQ
GHVFULEHV� WKH� WHFKQLTXHV�XVHG� WR� LQFRUSRUDWH� WKLV� UHSUHVHQWDWLRQ� IRUPDW� LQWR� D�*$
IUDPHZRUN�
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������&KURPRVRPH�5HSUHVHQWDWLRQ
7R� XVH� WKH� *$� DV� D� KLJK�OHYHO� V\QWKHVLV� V\VWHP� WKH� ')*� DOJRULWKP

UHSUHVHQWDWLRQ�IRUPDW�QHHGV�WR�EH�LQFRUSRUDWHG�LQWR�D�FKURPRVRPH�UHSUHVHQWDWLRQ��WR
IXOO\�LQWHJUDWH�ZLWK�WKH�YDULRXV�IHDWXUHV�RI�D�*$�

7KH� FKURPRVRPH� ZLWKLQ� *$/236� QHHGV� WR� VWRUH� D� ODUJH� DPRXQW� RI
LQIRUPDWLRQ�WR�IXOO\�UHSUHVHQW�D�FDQGLGDWH�VROXWLRQ�')*��(DFK�FRPSXWDWLRQDO� QRGH
QHHGV�WR�EH�VWRUHG��WRJHWKHU�ZLWK�WKH�SUHFHGHQFH�LQIRUPDWLRQ�YLWDO�IRU�SUHVHUYLQJ�WKH
NQRZOHGJH�RI�WKH�FRUUHFW�DOJRULWKP� IXQFWLRQ��$�ELW�VWULQJ�UHSUHVHQWDWLRQ�VXJJHVWHG
E\�+ROODQG� >+ROODQG��@� DQG� GLVFXVVHG� LQ� VHFWLRQ� �����ZRXOG� UHTXLUH� D� YHU\� ODUJH
FKURPRVRPH�WR�IXOO\�HQFRGH�WKH�IXQFWLRQ�DQG�SUHFHGHQFH�FRQVWUDLQWV�RI�HDFK�QRGH
LQ� WKH� ')*�� (YHQ� LI� WKH� OHQJWK� RI� VXFK� D� FKURPRVRPH� ZDV� QRW� SURKLELWLYH�� WKH
DPRXQW� RI� HQFRGLQJ� DQG� GHFRGLQJ� UHTXLUHG� LQ� LQWHUSUHWLQJ� WKH� FKURPRVRPH� IRU
HYDOXDWLRQ�DQG�PRGLILFDWLRQ�SODFHV�DQ�XQQHFHVVDU\�EXUGHQ�RQ� WKH�DOUHDG\�FRPSOH[
V\QWKHVLV� SURFHVV�� 6HYHUDO� UHVHDUFKHUV� XVLQJ� *$V� WR� VROYH� FRPSOH[�� UHDO�ZRUOG
HQJLQHHULQJ� SUREOHPV� KDYH� LGHQWLILHG� WKLV� SUREOHP� RI� ELW�VWULQJ� FKURPRVRPH
UHSUHVHQWDWLRQ�>'DYLV��@��3UHYLRXV�UHVHDUFK�KDV�OHG�WR�WKH�UHFRJQLWLRQ�WKDW��IRU�*$V
WR�DFKLHYH� WKHLU� IXOO� SRWHQWLDO� LQ� HQJLQHHULQJ�GHVLJQ�� LW� LV� QHFHVVDU\� WR� VSHFLILFDOO\
GHVLJQ� WKH�*$�WR�VXLW�WKH�SUREOHP�>'DYLV����'DYLV����%HDVOH\��D@��$Q� LPSRUWDQW
SDUW�RI�WKLV�SURFHVV�LV�WKH�GHYHORSPHQW�RI�D�SUREOHP�VSHFLILF�FKURPRVRPH�WR� IXOO\
XWLOLVH�WKH�DELOLWLHV�RI�D�*$�

*$/236�XVHV�D�FKURPRVRPH�VWUXFWXUH�WKDW�LV�D�FRPSOHWH�UHSUHVHQWDWLRQ�RI�D
')*�� VWRULQJ� ERWK� WKH� UHTXLUHG� IXQFWLRQDO� DQG� SUHFHGHQFH� FRQVWUDLQW� LQIRUPDWLRQ�
7KLV� FKURPRVRPH� VWUXFWXUH�ZDV� FKRVHQ� WR�PLQLPLVH� WKH� DPRXQW� RI� HQFRGLQJ� DQG
GHFRGLQJ�WKDW�LV�UHTXLUHG�ERWK�IRU�FKURPRVRPH�HYDOXDWLRQ�DQG�PRGLILFDWLRQ�GXULQJ
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WKH�V\QWKHVLV�SURFHGXUH��)LJXUH�����VKRZV�WKH�FKURPRVRPH�WHPSODWH�XVHG�WR�VWRUH�D
FRPSOHWH�')*�

*HQH�� *HQH�� *HQH�1

1XP���
)QF��;

,QSXWV��;
2XWSXWV��;

1XP���
)QF��;

,QSXWV��;
2XWSXWV��;

1XP���
)QF��;

,QSXWV��;
2XWSXWV��;

&KURPRVRPH�2I�/HQJWK�1

,QIRUPDWLRQ�,Q
2QH�*HQH

)LJXUH�����*$/236�&KURPRVRPH�7HPSODWH

$V� LOOXVWUDWHG� LQ� )LJXUH������ HDFK�QRGH� RI� WKH�')*� LV� VWRUHG� LQ� D� VHSDUDWH
JHQH� LQ� WKH� FKURPRVRPH��:LWKLQ� HDFK�JHQH� LV� VWRUHG� WKH� UHOHYDQW� LQIRUPDWLRQ� IRU
WKDW�QRGH��7KLV�LQIRUPDWLRQ�FRQVLVWV�RI�WKH�IROORZLQJ�

x�1XP�¤�$�XQLTXH�1XPEHU�XVHG�WR�LGHQWLI\�HDFK�JHQH�
x� )QF�¤�7KH�FRPSXWDWLRQDO�)XQFWLRQ�RI�WKDW�QRGH
x� ,QSXWV�¤�$�OLVW�RI�,QSXW�HGJHV�RI�WKDW�QRGH�
x�2XWSXW�¤�7KH�2XWSXW�HGJH�RI�WKDW�QRGH�

7R�LOOXVWUDWH�WKH�VWRUDJH�RI�D�')*�ZLWKLQ�WKLV�FKURPRVRPH�WHPSODWH�)LJXUH
���� GHSLFWV� WKH� ),5� )LOWHU� ')*� RI� )LJXUH� ���� �LQ� VHFWLRQ� ������� VWRUHG� DV� D
FKURPRVRPH��7KLV�H[DPSOH�DOVR� LOOXVWUDWHV� WKH� VWRUDJH�RI� WKH� UHOHYDQW� LQIRUPDWLRQ
IRU�HDFK�QRGH�H�J��QRGH����1XP�����LV�D�GHOD\�QRGH��'(/��ZLWK���LQSXW�QHW��H���DQG
DQ�RXWSXW�QHW��H���
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*HQH��

1XP���
)QF��,1
,QSXWV�

2XWSXWV��H�

*HQH��

1XP���
)QF��08/
,QSXWV��H�
2XWSXWV��H�

*HQH��

1XP���
)QF��'(/
,QSXWV��H�
2XWSXWV��H�

*HQH��

1XP���
)QF��$''

,QSXWV��H���H�
2XWSXWV��H�

*HQH��

1XP���
)QF��08/
,QSXWV��H�
2XWSXWV��H�

3UHFHGHQFH�5HODWLRQVKLSV
)LJXUH�����([DPSOH�&KURPRVRPH�5HSUHVHQWDWLRQ

7KH�SUHFHGHQFH�OLQHV�LQ�WKH�H[DPSOH��WKRXJK�QRW�DFWXDOO\�SUHVHQW�ZLWKLQ�WKH
FKURPRVRPH�� LOOXVWUDWH� KRZ� WKH� ,QSXWV� LQIRUPDWLRQ� LV� XVHG� WR� H[WUDFW� WKH
SUHFHGHQFH�LQIRUPDWLRQ�EHWZHHQ�HDFK�JHQH�

7KLV� FKURPRVRPH� VWUXFWXUH� KDV� EHHQ� VSHFLILFDOO\� WDLORUHG� WR� VXLW� WKH� ORZ
SRZHU� KLJK�OHYHO� V\QWKHVLV� SUREOHP�� SURYLGLQJ� D� SUREOHP� UHSUHVHQWDWLRQ� IRUPDW
ZLWK�WKH�IROORZLQJ�SURSHUWLHV�

x� *HQH�%DVHG� ,QIRUPDWLRQ� 6WRUDJH� ¤�7KH� LQSXW� DQG� RXWSXW� LQIRUPDWLRQ� LQ� HDFK
JHQH�HQVXUHV� WKDW�WKH�SUHFHGHQFH�FRQVWUDLQWV�SUHVHQW� LQ� WKH�')*�DUH�SUHVHUYHG
ZLWKLQ� WKH� *$�� *$/236� PDQLSXODWHV� FKURPRVRPHV� ZLWKRXW� PRGLI\LQJ� WKH
FRQWHQWV�RI� WKH�JHQH��7KLV� HQDEOHV� WKH�*$� WR�PRGLI\� WKH� RYHUDOO� FKURPRVRPH
ZLWKRXW�FRUUXSWLQJ�SUHFHGHQFH�LQIRUPDWLRQ�VWRUHG�ZLWKLQ�JHQHV�

x� 3UREOHP�6SHFLILF�9/6,�3DUDPHWHU� ,QIRUPDWLRQ�¤�:KHQ�HYDOXDWLQJ� D�SDUWLFXODU
')*� D� QXPEHU� RI� SUDFWLFDO� 9/6,� GHVLJQ� SDUDPHWHUV� DUH� XVHG�� 7KH� IXQFWLRQ
�)QF�� RI� HDFK� QRGH� FDQ� EH� XVHG� WR� ORRN� XS� DUHD�� GHOD\� DQG� FDSDFLWDQFH
FKDUDFWHULVWLFV�VSHFLILF�WR�WKDW�QRGH�W\SH�
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x� 6WRUDJH� RI� 3ULPDU\� ,QSXWV� ¤� 7KH� SULPDU\� LQSXWV� RI� WKH� ')*� DUH� HQFRGHG� DV
IXQFWLRQDO� QRGHV�� 7KLV� SURYLGHV� FRQYHQLHQW� HQWU\� SRLQWV� LQ� WKH� FKURPRVRPH
IURP� ZKLFK� LW� FDQ� EH� SURFHVVHG� IRU� HYDOXDWLRQ� RU� PRGLILFDWLRQ�� 7KH� SULPDU\
RXWSXWV�DUH�QRW�UHTXLUHG�GXULQJ�WKH�PRGLILFDWLRQ�RU�HYDOXDWLRQ�SURFHVVHV�VR�WKH\
DUH�VWRUHG�H[WHUQDOO\�WR�WKH�FKURPRVRPH�LQ�D�ORRNXS�WDEOH��7KLV�RXWSXWV�WDEOH�LV
XVHG�WR�GHFRGH�WKH�FKURPRVRPH�EDFN�LQWR�D�KLJK�OHYHO�GHVLJQ��UHSUHVHQWHG�DV�D
')*��DW�WKH�HQG�RI�WKH�JHQHWLF�V\QWKHVLV�SURFHVV�

x� 9DULDEOH�/HQJWK�&KURPRVRPH�¤�7UDGLWLRQDOO\��*$V�KDYH�XVHG�FKURPRVRPHV�RI
D� IL[HG� OHQJWK� WR� VLPSOLI\� WKHLU� FRPSXWDWLRQDO� FRPSOH[LW\�� +RZHYHU�� WKH
PRGLILFDWLRQV� DSSOLHG� WR� WKH� ')*V� SURGXFH� FKURPRVRPHV� RI� YDU\LQJ� VL]HV
WKURXJKRXW�WKH�HYROXWLRQDU\�SURFHVV��$�IL[HG�OHQJWK�FKURPRVRPH��ZLWK�¦HPSW\§
JHQHV�OHIW�IRU�IXWXUH�JURZWK��LV�PHPRU\�LQHIILFLHQW�DQG�PD\�QRW�EH�ODUJH�HQRXJK
WR� DFFRPPRGDWH� DOO� SRVVLEOH�PRGLILFDWLRQV��7R�HQVXUH� FRPSOHWH� IOH[LELOLW\� WKH
FKURPRVRPH� LV�RI� YDULDEOH� OHQJWK� VR�JHQHV� FDQ� EH� DGGHG�DQG� UHPRYHG� GXULQJ
WKH�PRGLILFDWLRQ�SURFHVV�

x� &RPSOHWH� ')*� 5HSUHVHQWDWLRQ� �� 7KH� FKURPRVRPH� UHSUHVHQWDWLRQ� IRUPDW� LV
FDSDEOH�RI�FRPSOHWHO\�VWRULQJ�D�')*�ZLWK�YDU\LQJ�QXPEHUV�RI� QRGHV��W\SHV�RI
QRGH�DQG�SUHFHGHQFH�FRQVWUDLQWV�

%HFDXVH�*$/236�XVHV�D� VSHFLILF� FKURPRVRPH� IRUPDW� WKDW� KDV�QRQ�ELQDU\
�DQG�HYHQ�QRQ�DOSKDEHW�>'DYLV��@��UHSUHVHQWDWLRQ�LW�SUHFOXGHV�WKH�XVH�RI�D�VWDQGDUG
¨RII� WKH� VKHOI©� *$� SDFNDJH� IRU� LPSOHPHQWDWLRQ� >)LOKR��@�� 3DFNDJHV� VXFK� DV
*(1(6,6�>*UHI��@��RQH�RI�WKH�PRUH�SRSXODU�VWDQGDUG�*$�SDFNDJHV��DUH�W\SLFDOO\
XVHG� IRU� ELQDU\�VWULQJ� DQG� VRPHWLPHV� DOSKDEHW�VWULQJ� FKURPRVRPH� UHSUHVHQWDWLRQ�
,Q� DGGLWLRQ�� VXFK� SDFNDJHV� XVH� D� VHW� RI� JHQHWLF� RSHUDWRUV� VXLWHG� WR� WKH� SDUWLFXODU
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FKURPRVRPH�UHSUHVHQWDWLRQ��7KH�VSHFLILF�FKURPRVRPH� UHSUHVHQWDWLRQ�RI�*$/236
UHTXLUHV�JHQHWLF�RSHUDWRUV�GHVLJQHG� WR�KDQGOH� WKH� VWUXFWXUH��7KHUHIRUH�� DOO� URXWLQHV
XVHG�LQ�*$/236�DUH�VSHFLILFDOO\�GHYHORSHG�DV�SDUW�RI�WKLV�UHVHDUFK�

������,QSXW�'DWD�)RUPDW
7KH� FDQGLGDWH� GHVLJQV�� WR� EH� RSWLPLVHG� IRU� ORZ�SRZHU� RSHUDWLRQ�� DUH

SUHVHQWHG� WR� WKH� V\QWKHVLV� WRRO� LQ� D� QHWOLVW� IRUPDW� XVHG� WR� GHVFULEH� FRPELQDWLRQDO
ORJLF�FLUFXLWV�LQ�>%ULJKW��@��7KH�WRRO�GHVFULEHG�LQ�>%ULJKW��@�GHYHORSHG�FRPSLODWLRQ
URXWLQHV� WKDW� ZHUH� XVHG� DV� D� EDVH� IRU� WKH� FKURPRVRPH� FRPSLODWLRQ� URXWLQHV
GHVFULEHG�LQ�WKLV�ZRUN��)LJXUH�����JLYHV�DQ�H[DPSOH�QHWOLVW�RI�WKH�')*�SUHVHQWHG�LQ
ILJXUH��������VHFWLRQ��������

7KH�KHDGHU�OLQHV�DW�WKH�EHJLQQLQJ�RI�WKH�QHWOLVW�ILOH�DUH�XVHG�WR�GHVFULEH�WKH
GHVLJQ�DQG�DOVR�OLVW�LWV�LQSXW�DQG�RXWSXW�QHWV��7KLV�LV�WKHQ�IROORZHG�E\�WKH�PDLQ�ERG\
RI� WKH� QHWOLVW�� (DFK� OLQH� LQ� WKLV� QHWOLVW� GHVFULEHV� D� IXQFWLRQDO� QRGH� ZLWKLQ� WKH
DOJRULWKP��IROORZHG�E\�LWV�GDWD�WUDQVIHU�LQSXWV�

���QG�RUGHU�),5�)LOWHU
��WKLV�LV�D�FRPPHQW�OLQH
��SULPDU\�LQSXWV
H�
��SULPDU\�RXWSXWV
H�
��FLUFXLWV�GHVFULSWLRQ
��')*�OHYHO
� RXWSXW W\SH LQSXWV

H� GHO H�
H� PXO H�
H� PXO H�
H� DGG H� H�

)LJXUH�����([DPSOH�*$/236�,QSXW�)LOH

7KH� H[DPSOH� VKRZQ� FRQWDLQV� �� HOHPHQWV� ZLWKLQ� WKH� ')*�� D� GHOD\�� �
PXOWLSOLHUV�DQG�DQ�DGGHU��7KH�RXWSXW�DQG�LQSXW�WDJV�UHIHU�WR�WKH�FRQQHFWLRQV�WR�HDFK
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RSHUDWRU�H�J��WKH�DGGHU�KDV�WZR�LQSXW�QHWV��H��DQG�H���DQG�RQH�RXWSXW�QHW��H����7KH
FRPSLOHU� URXWLQHV� ZLWKLQ� *$/236� FRQYHUW� WKLV� QHWOLVW� LQWR� DQ� LQWHUQDO
UHSUHVHQWDWLRQ�RI�WKH�')*�

����3RSXODWLRQ�,QLWLDOLVDWLRQ
$Q� LPSRUWDQW� FRPSRQHQW� RI� D� *$� EDVHG� VHDUFK� PHFKDQLVP� LV� D� VHULHV� RI

UDQGRP� VWDUWLQJ� SRLQWV� >%HDVOH\��@�� 7KLV� HQDEOHV� WKH� *$� WR� VWDUW� VHDUFKLQJ� WKH
FRPSOH[�VROXWLRQ�VSDFH�LQ�D�UDQJH�RI�ORFDWLRQV��KHOSLQJ�WR�SUHYHQW�LW�IURP�SUHVHQWLQJ
ORFDO�RSWLPD�DV�WKH�EHVW�VROXWLRQ��$�WUDGLWLRQDO�WHFKQLTXH�WR�JHQHUDWH�VXFK�DQ�LQLWLDO
SRSXODWLRQ� ZRXOG� EH� WR� UHSHDWHGO\� JHQHUDWH� FKURPRVRPHV� ZLWK� UDQGRP� JHQHWLF
SURSHUWLHV� XQWLO� WKH� UHTXLUHG� SRSXODWLRQ� VL]H� KDV� EHHQ� FUHDWHG� >+ROODQG���
*ROGEHUJ����'DYLV��@��+RZHYHU��WKH�SXUSRVH�RI�*$/236� LV� WR�RSWLPLVH�� IRU� ORZ
SRZHU�RSHUDWLRQ��VLJQDO�SURFHVVLQJ�DOJRULWKPV�ZLWK�D�VSHFLILF�IXQFWLRQ��7KURXJKRXW
WKH�RSWLPLVDWLRQ�SURFHGXUH� LW� LV� RI� SDUDPRXQW� LPSRUWDQFH� WKDW� WKH� IXQFWLRQ� RI� WKH
VSHFLILHG�GHVLJQ�LV�QRW�FRUUXSWHG�

5DQGRP�JHQHUDWLRQ�RI�FKURPRVRPHV�ZRXOG�QRW�RQO\�SURGXFH�GHVLJQV�ZLWK
LQFRUUHFW�IXQFWLRQDOLW\�� LW�ZRXOG�DOVR�JHQHUDWH�D�ODUJH�QXPEHU�RI�XQIHDVLEOH�GHVLJQV
H�J��RXWSXW�QHWV�FRQQHFWHG�WR�RXWSXW�QHWV��7R�VROYH�WKLV�SUREOHP�*$/236�XVHV�WKH
LQLWLDO�VSHFLILHG�GHVLJQ�DV�D�VHHG�IRU�WKH�UDQGRP�SRSXODWLRQ�

7KH�ORZ�SRZHU�GHVLJQ�WHFKQLTXHV�� LQWURGXFHG�SUHYLRXVO\� LQ�VHFWLRQ������DUH
DSSOLHG� WR� WKH� LQLWLDO� GHVLJQ�� XVLQJ� D� UDQGRP� VHOHFWLRQ� WR� GHWHUPLQH� WKH� W\SH� RI
WHFKQLTXH� DSSOLHG�� (DFK� DSSOLFDWLRQ� SURGXFHV� D� QHZ� GHVLJQ� ZLWK� GLIIHUHQW
FKDUDFWHULVWLFV��HIIHFWLYHO\�FUHDWLQJ�D�QHZ�VWDUWLQJ�SRLQW� IURP�ZKLFK� WR�H[SORUH�WKH
ORZ�SRZHU�VROXWLRQ�VSDFH��5HSHDWHG�DSSOLFDWLRQ�RI�WKH�ORZ�SRZHU�GHVLJQ�WHFKQLTXHV
JHQHUDWHV�DQ�LQLWLDO�SRSXODWLRQ�RI�UDQGRP�GHVLJQV��IURP�ZKLFK�WKH�*$�FDQ�EHJLQ�LWV
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VHDUFK� RI� WKH� VROXWLRQ� VSDFH�� 7KH� LQLWLDO� SRSXODWLRQ� VL]H� LV� VSHFLILHG� DV� D� *$
SDUDPHWHU�

����6HOHFWLRQ�3URFHGXUH
7KH� VHOHFWLRQ� SURFHGXUH�� GHVFULEHG� LQ� VHFWLRQ� ������� LV� XVHG� WR� VHOHFW

LQGLYLGXDOV�IRU�UHSURGXFWLRQ�DQG�KHQFH�FUHDWH�WKH�QH[W�JHQHUDWLRQ�RI�VROXWLRQV�LQ�WKH
*$��7KH�)36�VFKHPH�ZDV�RXWOLQHG� LQ�VHFWLRQ��������$OWKRXJK�D�SRSXODU� WHFKQLTXH
WKH� )36� PHWKRG� GRHV� KDYH� VRPH� OLPLWDWLRQV�� )LJXUH� ���� LOOXVWUDWHV� RQH� RI� WKH
SUREOHPV� RI� )36�� 7KLV� ILJXUH� GHSLFWV� D� QXPEHU� RI� VROXWLRQV� �GHQRWHG� ZLWK� ;©V�
ZLWKLQ�DQ�LPDJLQDU\�VROXWLRQ�VSDFH��SORWWHG�DFURVV�D�ILWQHVV�D[LV��7KH�ILWQHVV�YDOXHV
RI�HDFK�VROXWLRQ�DUH�DOVR�VKRZQ�LQ�)LJXUH�����

)LWQHVV

6ROXWLRQ�6SDFH

�� ��

6ROXWLRQ )LWQHVV
� ��
� ����
� ����
� ����
� ��
� ����
� ����
� ����

)LJXUH�����3ORW�RI�6ROXWLRQV�ZLWKLQ�D�6HDUFK�6SDFH

7KH�ILJXUH�VKRZV�D�QXPEHU�RI�VROXWLRQV�ZLWKLQ�D�VPDOO� ILWQHVV�UDQJH��,I�WKH
PLQLPXP�ILWQHVV�LV�VHSDUDWHG�IURP�WKH�PD[LPXP�ILWQHVV�E\�RQO\�D�VPDOO� LQFUHPHQW
WKHQ�WKH�)36�WHFKQLTXH�ZLOO�FUHDWH�D�URXOHWWH�ZKHHO�ZKHUH�HDFK�VROXWLRQ�ZLOO�KDYH�DQ
DOPRVW� HTXDO� VKDUH� RI� WKH� ZKHHO�� 7KHUHIRUH�� WKH� VHOHFWLRQ� SUHVVXUH� RQ� HDFK
LQGLYLGXDO�ZLOO�EH�WKH�VDPH��UDWKHU�WKDQ�IDYRXULQJ�WKH�PRUH�ILW�LQGLYLGXDOV��7KLV�LV�D
SUREOHP�RI�¨ILWQHVV�VFDOLQJ©�>%HDVOH\��@�
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$�QXPEHU�RI�WHFKQLTXHV�KDYH�EHHQ�GHYHORSHG�WR�LPSURYH�WKLV�DVSHFW�RI�WKH
)36� UHSURGXFWLRQ� SURFHVV�� VXFK� DV� :LQGRZLQJ� >%HDVOH\���� +DQF��@� DQG� 6LJPD
6FDOLQJ�>%HDVOH\����+DQF��@��7KH�SURWRW\SH�YHUVLRQ�RI�*$/236�XVHV�D�WHFKQLTXH
NQRZQ�DV�¨OLQHDULVDWLRQ©�>+DQF��@�WR�WDFNOH�WKH�SUREOHP�RI�¨ILWQHVV�VFDOLQJ©�

7KH� OLQHDULVDWLRQ�SURFHVV� DVVLJQV� D� ILWQHVV� YDOXH� EHWZHHQ��� DQG��� WR� HYHU\
LQGLYLGXDO�� EDVHG� RQ� WKHLU� ILWQHVV� UHODWLYH� WR� WKH� WRWDO� ILWQHVV�� 7KH� IRUPXOD� WR
FDOFXODWH�DQ�LQGLYLGXDO©V�OLQHDULVHG�ILWQHVV�LV�

�PLQ��PD[�
�PLQ�B ILWQHVVILWQHVV

ILWQHVVILWQHVVILWQHVVOLQHDU �
� ������

)LJXUH����� LOOXVWUDWHV�KRZ�WKH�SURFHVV�RI� OLQHDULVDWLRQ� HIIHFWV� WKH� VSUHDG�RI
ILWQHVV�YDOXHV�VKRZQ�LQ�)LJXUH�����

)LWQHVV

6ROXWLRQ�6SDFH

� ��

6ROXWLRQ /LQHDU
)LWQHVV

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

)LJXUH�����(IIHFW�RI�/LQHDULVDWLRQ�RQ�)LWQHVV�9DOXHV

$V� FDQ� EH� VHHQ� IURP� WKH� JUDSK�� WKH� OLQHDULVDWLRQ� SURFHVV� VSUHDGV� RXW� WKH
SRSXODWLRQ�EHWZHHQ� WKH� VSHFLILHG�PLQLPXP�DQG�PD[LPXP� YDOXHV��PDJQLI\LQJ� WKH
GLIIHUHQFHV� EHWZHHQ� D� UDQJH� RI� VROXWLRQV� ZLWK� VLPLODU� ILWQHVV� YDOXHV�� 7KHVH
OLQHDULVHG�ILWQHVV�YDOXHV�DUH�XVHG�LQ�WKH�URXOHWWH�ZKHHO�LQ�SODFH�RI�WKH�DFWXDO�ILWQHVV
YDOXHV��7KH� OLQHDULVDWLRQ�RSHUDWLRQ�UHVXOWV� LQ�JRRG�VROXWLRQV��OLQHDU�ILWQHVV�FORVH� WR
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���WDNLQJ�D�VLJQLILFDQWO\�ODUJHU�VHJPHQW�RI�WKH�URXOHWWH�ZKHHO�LQ�FRPSDULVRQ�WR�SRRU
VROXWLRQV� �OLQHDU� ILWQHVV� FORVH� WR� ���� +HQFH�� WKH� EHWWHU� VROXWLRQV� ZLOO� KDYH� D
VLJQLILFDQWO\�JUHDWHU�FKDQFH�RI�VHOHFWLRQ�WKDQ�WKH�SRRUHU�VROXWLRQV�

������,PSOHPHQWDWLRQ�RI�6HOHFWLRQ�3URFHGXUH�ZLWKLQ�*$/236
7KH�DOJRULWKP�IRU�VHOHFWLRQ�RI�LQGLYLGXDOV��EDVHG�RQ�WKH�SUHYLRXVO\�GLVFXVVHG

WHFKQLTXHV��LV�VXPPDULVHG�LQ�)LJXUH�����

/LQHDULVH�)LWQHVV�9DOXHV

&UHDWH�
5RXOHWWH�:KHHO


*HQHUDWH�5DQGRP
1XPEHU

8VH�5DQGRP�1XPEHU
ZLWK�WKH�
5RXOHWWH
:KHHO
�WR�VHOHFW
FKURPRVRPH

)LWQHVV�9DOXHV�)RU
(QWLUH�3RSXODWLRQ

/LQHDU�)LWQHVV
9DOXHV�)RU�(QWLUH

3RSXODWLRQ

5RXOHWWH
:KHHO

5DQGRP
1XPEHU

6HOHFWHG
&KURPRVRPH

'DWD�7UDQVIHU
3URJUDP�)ORZ

6WDJH��

6WDJH��

)LJXUH�����&KURPRVRPH�6HOHFWLRQ�3URFHGXUH

7KH� IORZFKDUW�GHSLFWV�ERWK�WKH�SURJUDP� IORZ�DQG�WKH� WUDQVIHU�RI�GDWD��7KLV
DOJRULWKP� LV�H[HFXWHG� LQ�WZR�VWDJHV��7KH� ILUVW�VWDJH��H[HFXWHG�RQFH�SHU�JHQHUDWLRQ�
FUHDWHV�WKH� OLQHDULVHG�YDOXHV�DQG�WKH�5RXOHWWH�ZKHHO��6WDJH���LV� WKHQ�UHSHDWHG�XQWLO
HQRXJK�LQGLYLGXDOV�KDYH�EHHQ�VHOHFWHG�WR�ILOO�WKH�QH[W�JHQHUDWLRQ�RI�WKH�*$�
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7R� HIILFLHQWO\� VHOHFW� WKH� GHVLUHG� FKURPRVRPH� IURP� WKH� URXOHWWH� ZKHHO� WKH
%LVHFWLRQ� 0HWKRG� � >7HXN��E@� LV� XVHG� WR� UDSLGO\� VHDUFK� WKH� ZKHHO� IRU� WKH
FKURPRVRPH�VHOHFWHG�E\�WKH�UDQGRP�QXPEHU��$�VLPSOH�LQFUHPHQWDO�VHDUFK�WKURXJK
WKH� URXOHWWH� ZKHHO� ZLOO� UHTXLUH� D� PD[LPXP� RI� 0� LWHUDWLRQV�� ZKHUH� 0� LV� WKH
SRSXODWLRQ� VL]H�� 7KH� %LVHFWLRQ� 0HWKRG� UHGXFHV� WKH� QXPEHU� RI� LWHUDWLRQV� WR� D
PD[LPXP�RI�ORJ�0��D�FRQVLGHUDEOH�UHGXFWLRQ�LQ�FRPSOH[LW\�

7KH� VHOHFWLRQ� SURFHGXUH� LV� XVHG� WR� VHOHFW� WKH� WUDQVIRUPDWLRQV� IRU� VLPSOH
UHSURGXFWLRQ� �FRS\LQJ� WR� WKH� QH[W� JHQHUDWLRQ�� DQG� DOVR� IRU� JHQHWLF� PRGLILFDWLRQ�
VXFK�DV�FURVVRYHU�RU�PXWDWLRQ�

����*HQHWLF�0XWDWLRQ�2SHUDWRUV
7KH� LPSRUWDQFH�RI�D�PXWDWLRQ�RSHUDWRU�ZLWKLQ� WKH�JHQHWLF�V\QWKHVLV� V\VWHP

ZDV�HPSKDVLVHG� LQ� VHFWLRQ��������7R� VXPPDULVH�� WKH�PXWDWLRQ� RSHUDWRU� LQWURGXFHV
GLYHUVLW\� LQWR� WKH� SRSXODWLRQ� E\� PRGLI\LQJ� WKH� SURSHUWLHV� RI� FKURPRVRPHV�� 7KLV
PRGLILFDWLRQ� SURGXFHV� D� QHZ� FKURPRVRPH� ZLWK� GLIIHUHQW� TXDOLWLHV�� 7KLV� VHFWLRQ
GHVFULEHV�KRZ�WKH�FRQFHSW�RI�PXWDWLRQ�LV�LQFRUSRUDWHG�LQWR�D�JHQHWLF�V\QWKHVLV�WRRO�

$� 6WDQGDUG� JHQHWLF� PXWDWLRQ� SURFHVV� UDQGRPO\� PXWDWHV� WKH� YDOXH� RI
LQGLYLGXDO� JHQHV� LQ� D� FKURPRVRPH� WR� SURGXFH� JHQHV� RI� RWKHU� YDOXHV� >+ROODQG���
*ROGEHUJ��@��:LWKLQ� WKH� FRQWH[W�RI� WKH� FKURPRVRPH� UHSUHVHQWLQJ� D� ')*�� VXFK� D
PXWDWLRQ�SURFHVV�ZRXOG�DFW�RQ�WKH�QRGHV�RI�WKH�')*��$�W\SLFDO�PXWDWLRQ�FRXOG�EH
WKH� UHSODFHPHQW� RI� RQH� W\SH� RI� RSHUDWRU� ZLWK� DQRWKHU�� )LJXUH� ���� LOOXVWUDWHV� WKH
SUREOHP�RI�LQFRUSRUDWLQJ�WKLV�LGHD�GLUHFWO\�LQWR�WKH�V\QWKHVLV�SURFHVV�
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'1RGH��*HQH�

0XWDWHG
�7R

$QRWKHU� 
9DOXH


0XWDWHG�6ROXWLRQ

1RGH��*HQH�
6HOHFWHG�)RU
0XWDWLRQ

'

,QLWLDO�6ROXWLRQ

087$7,21

)LJXUH�����')*�0XWDWLRQ�3URFHVV

,Q� WKLV� H[DPSOH�� DSSOLFDWLRQ� RI� D� UDQGRP� PXWDWLRQ� �UHSODFLQJ� D� PXOWLSOLHU
ZLWK�DQ�DGGHU��KDV�UHVXOWHG� LQ� WKH�PXWDWHG�')*�KDYLQJ�D�GLIIHUHQW� IXQFWLRQ� WR�WKH
LQLWLDO�')*��,I�WKLV�PXWDWLRQ�VFKHPH�ZHUH�WR�EH�DSSOLHG�WR�WKH�HQWLUH�SRSXODWLRQ�RI
VROXWLRQV�� LW� ZRXOG� UHVXOW� LQ� D� ODUJH� QXPEHU� RI� FKURPRVRPHV� ZLWK� LQFRUUHFW
IXQFWLRQDO� RSHUDWLRQ� L�H�� D� IXQFWLRQ� GLIIHUHQW� WR� WKDW� RI� WKH� VSHFLILHG� ')*�� 7KHVH
VROXWLRQV�ZRXOG�EH�XQDFFHSWDEOH��DV�WKH�ORZ�SRZHU�VROXWLRQ�PXVW�EH�RQH�WKDW�KDV�QR
IXQFWLRQDO�GLIIHUHQFH�WR�WKH�RULJLQDO�VROXWLRQ��7KHUHIRUH��WKH�PXWDWLRQ�PRGLILFDWLRQ
SURFHVV�QHHGV�WR�FRQVLGHU�WKH�LPSRUWDQFH�RI�')*�IXQFWLRQDOLW\�

2QH� PHWKRG� RI� PRGLILFDWLRQ� XVHG� LQ� JHQHWLF� V\QWKHVLV� WRROV�� ZKHUH
IXQFWLRQDOLW\� RI� WKH� FKURPRVRPH� LV� RI� SDUDPRXQW� LPSRUWDQFH�� LV� WR� XVH� D� ¨UHSDLU
RSHUDWRU©�>$UVODQ��D��$UVODQ��E@�

7KH� UHSDLU� WHFKQLTXH� DQDO\VHV� WKH� IXQFWLRQ� RI� PXWDWHG� FKURPRVRPHV�� ,I� D
FKURPRVRPH�LV�FRUUXSW��L�H�� LQFRUUHFW�IXQFWLRQ��WKHQ�WKH�UHSDLU�RSHUDWRU�LV� LQYRNHG�
7KH� DLP� RI� WKH� UHSDLU� RSHUDWLRQ� LV� WR� SURGXFH� D� FKURPRVRPH� ZLWK� WKH� GHVLUHG
IXQFWLRQ� E\� PRGLI\LQJ� WKH� FRUUXSW� FKURPRVRPH�� 7KH� UHSDLU� WHFKQLTXH� UHTXLUHV
GHWDLOHG� NQRZOHGJH� RI� ERWK� WKH� UHTXLUHG� DQG� DFWXDO� IXQFWLRQ� RI� WKH� FKURPRVRPH�
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6XFK� LQIRUPDWLRQ� IRU� D� ')*� ZRXOG� EH� REWDLQHG� WKURXJK� VLPXODWLRQ�� D
FRPSXWDWLRQDOO\�LQWHQVLYH�WDVN�

7KH� FRPSXWDWLRQ� H[SHQVH� LV� QRW� WKH� RQO\� GLVDGYDQWDJH� RI� XVLQJ� WKH� UHSDLU
RSHUDWRU�ZLWKLQ� WKLV�9/6,� V\QWKHVLV� V\VWHP��&RQVLGHU� D� VLQJOH�JHQH�PXWDWLRQ�RI� D
FRPSOH[�')*��UHSODFLQJ�DQ�DGGHU�ZLWK�D�PXOWLSOLHU��DOWHULQJ�IXQFWLRQDOLW\��:LWK�WKH
FRPSOH[� IHHGEDFN� SDWKV� DQG� SUHFHGHQFH� FRQVWUDLQWV� RI� D� ')*�� UHSDLULQJ� WKH
FKURPRVRPH� FRXOG� UHTXLUH� D� FRQVLGHUDEOH� DOWHUDWLRQ� RI� WKH� ')*� VWUXFWXUH�� ZKLFK
FRXOG�QHJDWH�WKH�ZRUN�RI�WKH�PXWDWLRQ�RSHUDWLRQ��,Q�HIIHFW��WKH�UHSDLU�RSHUDWRU�FRXOG
UHWXUQ� WKH�PXWDWHG�')*�WR� LWV� LQLWLDO� VWDWH��7KHUHIRUH�� WKH�XVH�RI� D� UHSDLU�RSHUDWRU
FDQ�DIIHFW�WKH�HIILFLHQF\�RI�WKH�*$�

$Q�DOWHUQDWLYH�WR�XVLQJ�D�UHSDLU�RSHUDWRU�LV�WR�PRGLI\�WKH�PXWDWLRQ�SURFHVV�VR
WKDW� LW� GRHV� QRW� FRUUXSW� ')*� IXQFWLRQDOLW\�� L�H�� LW� GRHV� QRW� SURGXFH� LQFRUUHFW
FKURPRVRPHV��7KLV� UHTXLUHV� WKH� GHYHORSPHQW� RI� ¨SUREOHP�VSHFLILF� RSHUDWRUV©� WKDW
LQFRUSRUDWH�LQIRUPDWLRQ�VSHFLILF�WR�WKH�SUREOHP�>%HDVOH\��D��*UHI��@��,Q�WKH�FDVH�RI
KLJK�OHYHO�V\QWKHVLV��SUREOHP�VSHFLILF�RSHUDWRUV�ZLOO�RQO\�DSSO\�PRGLILFDWLRQV� WKDW
GR�QRW�FRUUXSW�WKH�IXQFWLRQDOLW\�RI�WKH�')*�

6HFWLRQ� ���� LQWURGXFHG� +/7� WHFKQLTXHV� WKDW� RSHUDWH� RQ� ')*V� WR� PRGLI\
WKHLU�LPSOHPHQWDWLRQ�FKDUDFWHULVWLFV��VXFK�DV�VSHHG�DQG�SRZHU��7KH�+/7V�DUH�9/6,
GHVLJQ� WHFKQLTXHV� WKDW�GLFWDWH�ZKDW�PRGLILFDWLRQV� FDQ�EH�PDGH� WR� D�')*�ZLWKRXW
FRUUXSWLQJ�WKH�GHVLUHG� IXQFWLRQ��7KHVH�+/7V�DUH�XVHG�DV�WKH�PXWDWLRQ�RSHUDWRUV�RI
WKH�JHQHWLF�V\QWKHVLV�V\VWHP�

7KH� +/7V� FDQ� EH� FRQVLGHUHG� DV� PXWDWLRQ� RSHUDWRUV� DV� WKH\� RSHUDWH� RQ
LQGLYLGXDO�QRGHV�ZLWKLQ�WKH�')*��JHQHV�ZLWKLQ�WKH�FKURPRVRPH��WR�SURGXFH�D�QHZ
')*� �FKURPRVRPH�� ZLWK� GLIIHUHQW� FKDUDFWHULVWLFV� �ILWQHVV��� $Q� H[DPSOH� RI� D
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PXWDWLRQ�RSHUDWLRQ�LV�VKRZQ�LQ�)LJXUH������7KLV�PXWDWLRQ�RSHUDWLRQ�XVHV�WKH�5HWLPH
WUDQVIRUPDWLRQ�

087$7,21
�5(7,0(�

1RGH��*HQH�
6HOHFWHG�)RU
0XWDWLRQ

'

,QLWLDO�6ROXWLRQ

'

1RGH��*HQH�

0XWDWHG
�7R
$QRWKHU

/RFDWLRQ


0XWDWHG�6ROXWLRQ
)LJXUH�����([DPSOH�0XWDWLRQ�2SHUDWLRQ�8VLQJ�$�5HWLPH�7UDQVIRUPDWLRQ

,Q�WKLV�H[DPSOH��WKH�PXWDWLRQ�RSHUDWLRQ�VHOHFWV�D�GHOD\�HOHPHQW�LQ�WKH�')*�
7KH�UHWLPH�WUDQVIRUPDWLRQ�LV�XVHG�WR�PRYH�WKH�GHOD\�WKURXJK�WKH�DGGHU�WR�SURGXFH�D
QHZ�')*�ZLWK� D� GLIIHUHQW� WRSRORJ\� EXW� WKH� VDPH� IXQFWLRQ�� D� UHWLPHG�')*�� 7KLV
SURGXFHV�D�')*�ZLWK�GLIIHUHQW�LPSOHPHQWDWLRQ�FKDUDFWHULVWLFV�WR�WKH�RULJLQDO�

7KH� SURWRW\SH� YHUVLRQ� RI� *$/236� KDV� D� QXPEHU� RI� WUDQVIRUPDWLRQV�
LQWURGXFHG� LQ� VHFWLRQ� ����� 7KH� IROORZLQJ� VHFWLRQV� GHVFULEH� KRZ� HDFK� RI� WKHVH
WUDQVIRUPDWLRQV� LV� LPSOHPHQWHG� DV� D�PXWDWLRQ� RSHUDWRU�ZLWKLQ� D� JHQHWLF� V\QWKHVLV
WRRO�
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������5HWLPH�7UDQVIRUPDWLRQ�DV�0XWDWLRQ
7KH�SURSHUWLHV�RI�WKH�UHWLPH�WUDQVIRUPDWLRQ��KRZ�LW�PRGLILHV�WKH�')*��ZHUH

GLVFXVVHG� LQ� VHFWLRQ� ������� 7KLV� VHFWLRQ� GHVFULEHV� KRZ� WKH� SURSHUWLHV� RI� WKLV
WUDQVIRUPDWLRQ�DUH�LQFRUSRUDWHG�LQWR�*$/236�DV�D�JHQHWLF�PXWDWLRQ�RSHUDWRU�

7KH�EDVLF�IXQFWLRQ�RI�D�UHWLPH�RSHUDWLRQ�LV�WR�PRYH�D�JURXS�RI�GHOD\�QRGHV
IURP� WKH� LQSXW� QHW� RI� D� QRGH� WR� LWV� RXWSXW� QHW�� 7KHUHIRUH� WKH� UHWLPH�PXWDWLRQ� LQ
*$/236�PXVW�VHOHFW�D�GHOD\�LQ�WKH�')*�DQG�PRYH�WKH�GHOD\�XQGHU�WKH�DSSURSULDWH
UHWLPH�UXOHV� WR�HQVXUH� WKH�')*� LV�QRW�FRUUXSWHG��)LJXUH������SUHVHQWV� WKH�SVHXGR�
FRGH�IRU�WKH�UHWLPLQJ�DOJRULWKP�

$OJRULWKP�5HWLPH
3DVVHG�FKURPRVRPH�WR�EH�PXWDWHG
5DQGRPO\�VHOHFW�D�GHOD\BQRGH�LQ�WKH�FKURPRVRPH
&KHFN�UHWLPH�FRQVWUDLQWV�DUH�PHW�

,)�WKH�GHOD\BQRGH�GULYHV�D�SULPDU\�RXWSXW�QHW
'2�127�SHUIRUP�UHWLPH

(;,7�DOJRULWKP
5DQGRPO\�VHOHFW�DQ�RXWSXWBQRGH�GULYHQ�E\�WKH�GHOD\BQRGH

,)�WKH�RXWSXWBQRGH�LV�D�GHOD\
'2�127�SHUIRUP�UHWLPH
(;,7�DOJRULWKP

&KHFN�UHWLPH�LV�SRVVLEOH�RQ�VHOHFWHG�RXWSXWBQRGH
,)�127�SRVVLEOH�WR�UHWLPH

'2�127�SHUIRUP�UHWLPH
(;,7�DOJRULWKP

(QG�FKHFN�UHWLPH�FRQVWUDLQWV
3HUIRUP�WKH�UHWLPH�RSHUDWLRQ�

5HPRYH�WKH�GHOD\BQRGH�IURP�WKH�FXUUHQW�ORFDWLRQ��UHPRYH�JHQH�
¨5HZLUH©�WKH�QHWV�DURXQG�WKH�UHPRYHG�GHOD\
,QVHUW�GHOD\�RQ�RXWSXW�QHW�RI�WKH�VHOHFWHG�RXWSXWBQRGH��LQVHUW�JHQH�
¨5HZLUH©�WKH�QHWV�DURXQG�WKH�LQVHUWHG�GHOD\

(QG�SHUIRUP�UHWLPH�RSHUDWLRQ
(QG�$OJRULWKP�5HWLPH

)LJXUH������3VHXGR�&RGH�IRU�WKH�5HWLPH�0XWDWLRQ�$OJRULWKP

7KH� UHWLPH� DOJRULWKP� UDQGRPO\� VHOHFWV� D� GHOD\� LQ� WKH� ')*� WKDW� LV� WR� EH
UHWLPHG��7KH�UDQGRP�VHOHFWLRQ�RI�D�GHOD\�H[SORLWV�WKH�DELOLW\�RI�D�*$�WR�QRW�UHTXLUH
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GHWDLOHG� LQIRUPDWLRQ� DERXW� WKH� SUREOHP� WR� GHWHUPLQH� DQ� RSWLPXP� VROXWLRQ�
,GHQWLI\LQJ� D� ¨JRRG©� UHWLPH� RSHUDWLRQ� ZRXOG� EH� D� FRPSOH[� SURFHVV� WKDW� ZRXOG
UHTXLUH� GHWDLOHG� NQRZOHGJH� RI� ERWK� WKH� SUREOHP� GRPDLQ� DQG� WKH� ')*�� 7KLV
FRPSOH[LW\�ZRXOG� EH� FRPSRXQGHG� LQ� WKH� FDVH�RI� LGHQWLI\LQJ� D� UHWLPH� WKDW� KDV� QR
REYLRXV�LPPHGLDWH�EHQHILWV��EXW�\LHOGV�D�')*�ZLWK�SRWHQWLDO�WR�EHFRPH�DQ�RSWLPXP
VROXWLRQ�� 5DWKHU� WKDQ� WU\LQJ� WR� LGHQWLI\� D� ¨JRRG©� GHOD\�� WKH� *$� LV� XVHG� WR� DSSO\
UHSHDWHG�VHOHFWLRQ�RI�D�UDQGRP�GHOD\��7KURXJKRXW�WKH�HYROXWLRQDU\�VHDUFK��WKH�*$
ZLOO�HYDOXDWH�D�ZLGH�UDQJH�RI�SRVVLEOH�UHWLPH�RSHUDWLRQV��UDWKHU�WKDQ�GHWHUPLQLQJ�D
VHW�RI�VSHFLILF�DSSOLFDWLRQV�

7KH�FKHFN� UHWLPH�FRQVWUDLQWV� VXE�URXWLQH� HQVXUHV� WKDW� WKH� QRQ�FRUUXSWLQJ
SURSHUWLHV�RI�WKH�UHWLPH�WUDQVIRUPDWLRQ�DUH�LQFRUSRUDWHG�ZLWKLQ�WKH�UHWLPH�DOJRULWKP�
:LWKLQ� WKLV� VXE�URXWLQH�� VRPH� SUREOHP�VSHFLILF� NQRZOHGJH� LV� LQFRUSRUDWHG� WR
LQFUHDVH� WKH� HIILFLHQF\�RI� WKH� VHDUFK� SURFHVV�� ,I� WKH� VHOHFWHG� GHOD\� QRGH� KDV� EHHQ
FKRVHQ� WR� EH� UHWLPHG� WKURXJK� DQRWKHU� GHOD\� WKHQ� WKH� UHWLPH� SURFHVV� LV� QRW
SHUIRUPHG��5HWLPLQJ�D�GHOD\� WKURXJK�DQRWKHU� HIIHFWLYHO\� UHVXOWV� LQ� WKH� WZR�GHOD\V
VZDSSLQJ�ORFDWLRQV��UHVXOWLQJ�LQ�QR�FKDQJH�LQ�WKH�')*��WKHUHIRUH��WKLV� LV�SUHYHQWHG
IURP�RFFXUULQJ�

2QFH�WKH�LQLWLDO�VHOHFWLRQV�DQG�FKHFNV�KDYH�EHHQ�SHUIRUPHG�DQG�VDWLVILHG��WKH
DOJRULWKP� SHUIRUPV� WKH� UHWLPH� RSHUDWLRQ�� ZKLFK� FRQVLVWV� RI� IRXU� GLVWLQFW� VWDJHV�
7KH�GHOD\�QRGH�LV�UHPRYHG�IURP�WKH�FKURPRVRPH�DQG�D�QHZ�GHOD\�QRGH�LV�LQVHUWHG�
7KH�')*�LV�¨UHZLUHG©� IROORZLQJ�WKH�VWDQGDUG�UHWLPH�WUDQVIRUPDWLRQ�UXOHV��UHVXOWLQJ
LQ�D�')*�ZKHUH�WKH�LQLWLDO�VHOHFWHG�GHOD\�QRGH�KDV�EHHQ�UHWLPHG�IRUZDUG�WKURXJK�D
VHOHFWHG�QRGH��)LJXUH������LOOXVWUDWHV�WKH�IRXU�VWDJHV�RI�WKLV�SURFHVV�
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'

6WDJH����5HPRYH�6HOHFWHG�'HOD\ 6WDJH����5HZLUH�')*

'

6WDJH����,QVHUW�1HZ�'HOD\

'

6WDJH����5HZLUH�')*

)LJXUH������)RXU�6WDJHV�RI�WKH�5HWLPH�0XWDWLRQ�$OJRULWKP

������%DFN�5HWLPH�7UDQVIRUPDWLRQ�DV�0XWDWLRQ
$�SDUWLFXODU� IHDWXUH�RI� WKH� UHWLPH�RSHUDWLRQ� LV� WKDW� LW� LV� EL�GLUHFWLRQDO�� 7KH

UHWLPH�RSHUDWLRQ�UHWLPHV�GHOD\V� IURP�WKH� LQSXWV�RI�D� QRGH� WR� LWV�RXWSXW�� EXW� LW� FDQ
DOVR� SHUIRUP� D� ¨EDFN©� UHWLPH� RSHUDWLRQ�� 7KLV� ¨EDFN©� UHWLPH� RSHUDWLRQ� FRQVLVWV� RI
PRYLQJ�D�GHOD\�IURP�WKH�RXWSXW�RI�D�QRGH�WR�LWV�LQSXWV��DV�LOOXVWUDWHG�LQ�)LJXUH������

'
'

'

5(7,0(

%$&.�5(7,0(

)LJXUH������([DPSOH�RI�WKH�%DFN�5HWLPH�7UDQVIRUPDWLRQ

$OWKRXJK� WKH� EDFN� UHWLPH� RSHUDWLRQ� LV� DQ� LQWHJUDO� SDUW� RI� WKH� UHWLPH
WUDQVIRUPDWLRQ�� LW� LV� LPSOHPHQWHG� DV� D� VHSDUDWH� WUDQVIRUPDWLRQ�� 7KLV� HQDEOHV
*$/236�WR�DSSO\�EDFN�UHWLPLQJ�DV�D�VHSDUDWH�PXWDWLRQ�VWDJH���7KH�SVHXGR�FRGH�IRU
WKH�EDFN�UHWLPH�RSHUDWLRQ�LOOXVWUDWHG�LQ�)LJXUH������LV�VKRZQ�LQ�)LJXUH������
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$V� ZLWK� WKH� UHWLPH� WUDQVIRUPDWLRQ�� WKH� EDFN� UHWLPH� RSHUDWLRQ� PXVW� REH\
FHUWDLQ�FRQVWUDLQWV�WR�HQVXUH�WKDW�LWV�DSSOLFDWLRQ�GRHV�QRW�FRUUXSW�WKH�IXQFWLRQDOLW\�RI
WKH� ')*�� 7KH� SULPDU\� FRQVWUDLQW� LV� WKDW�� IRU� D� GHOD\� QRGH� WR� EH� EDFN� UHWLPHG
WKURXJK�D�VSHFLILHG�QRGH��DOO�RI�WKH�IDQRXW�QRGHV�RI�WKH�VSHFLILHG�QRGH�PXVW�EH�GHOD\
QRGHV��$OO�RI�WKHVH�GHOD\�QRGHV�FDQ�WKHQ�EH�UHPRYHG�DQG�GHOD\�QRGHV�SODFHG�RQ�DOO
LQSXW� QHWV� RI� WKH� VSHFLILHG� QRGH�� 7KH� H[HFXWLRQ� RI� WKH� EDFN� UHWLPH� RSHUDWLRQ�
UHSODFLQJ�WKH�QRGHV�DQG�UHZLULQJ�WKH�QHWV�� LV�VLPLODU�WR�WKH�UHWLPH�RSHUDWLRQ�VKRZQ
LQ�)LJXUH������

$OJRULWKP�%DFN�5HWLPH
3DVVHG�FKURPRVRPH�WR�EH�PXWDWHG
5DQGRPO\�VHOHFW�D�GHOD\BQRGH�LQ�WKH�FKURPRVRPH
'HWHUPLQH�IDQLQBQRGH�RI�WKLV�GHOD\BQRGH
&KHFN�EDFN�UHWLPHBFRQVWUDLQWV�DUH�PHW

'HWHUPLQH�DOO�IDQRXWBQRGHV�RI�WKH�IDQLQBQRGH
,)�127�DOO�IDQRXWBQRGHV�DUH�GHOD\�QRGHV

'2�127�SHUIRUP�EDFN�UHWLPH
(;,7�DOJRULWKP

(QG�&KHFN�EDFN�UHWLPH�FRQVWUDLQWV
3HUIRUP�EDFN�UHWLPH�RSHUDWLRQ�

5HPRYH�DOO�IDQRXWBQRGHV��RI�WKH�IDQLQBQRGH�
¨5HZLUH©�WKH�QHWV�DURXQG�WKH�UHPRYHG�GHOD\
,QVHUW�GHOD\�QRGH�RQ�DOO�LQSXW�QHWV�RI�IDQLQBQRGH
¨5HZLUH©�WKH�QHWV�DURXQG�WKH�LQVHUWHG�GHOD\V

(QG�SHUIRUP�EDFN�UHWLPH�RSHUDWLRQ
(1'�$OJRULWKP�%DFN�5HWLPH

)LJXUH������3VHXGR�&RGH�RI�WKH�%DFN�5HWLPH�7UDQVIRUPDWLRQ

������3LSHOLQH�7UDQVIRUPDWLRQ�DV�0XWDWLRQ
7KLV�VHFWLRQ�GHVFULEHV�KRZ�WKH�SLSHOLQH�WUDQVIRUPDWLRQ��ZKLFK�ZDV�GHVFULEHG

LQ�VHFWLRQ��������LV�XVHG�DV�D�JHQHWLF�PXWDWLRQ�RSHUDWLRQ�ZLWKLQ�*$/236�
7KH� HIIHFW� RQ� WKH� ')*� RI� WKH� SLSHOLQH� WUDQVIRUPDWLRQ� LV� WR� LQVHUW� GHOD\

HOHPHQWV� DW� VSHFLILF� SRLQWV� ZLWKLQ� WKH� ')*�� ,QLWLDOO\� D� VLQJOH� SLSHOLQH� GHOD\� LV
LQVHUWHG�� ZKLFK� WKHQ� UHTXLUHV� WKH� LQVHUWLRQ� RI� RWKHU� GHOD\V� DW� ¨FXWVHW©� SRLQWV� WR
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SUHVHUYH� WKH� FRUUHFW� IXQFWLRQ� RI� WKH� ')*�� 7KH� SVHXGR�FRGH� IRU� WKH� SLSHOLQH
DOJRULWKP�LV�VKRZQ�LQ�)LJXUH������

$OJRULWKP�3LSHOLQH
3DVVHG�FKURPRVRPH�WR�EH�PXWDWHG
&KHFN�SLSHOLQH�FRQVWUDLQWV�DUH�PHW�

'HWHUPLQH�&ULWLFDO�3DWK�RI�WKH�FKURPRVRPH
,)�WKH�&ULWLFDO�3DWK�LV�OHVV�WKDQ���QRGHV�ORQJ

'2�127�SHUIRUP�SLSHOLQH
(;,7�DOJRULWKP

5DQGRPO\�VHOHFW�D�QRGH�IURP�WKH�&ULWLFDO�3DWK��WKH�VHOHFWHGBQRGH�
6HOHFW�D�IDQRXWBQRGH�RI�WKH�VHOHFWHGBQRGH

&KHFN�3LSHOLQH�SRVVLEOH�EHWZHHQ�WKHVH�QRGHV�
,)�IHHGEDFN�SDWK�H[LVWV�EHWZHHQ�WKHVH�QRGHV

'2�127�SHUIRUP�SLSHOLQH
(;,7�DOJRULWKP

(QG�FKHFN�SLSHOLQH�FRQVWUDLQWV
,QVHUW�SLSHOLQHBGHOD\�EHWZHHQ�VHOHFWHGBQRGH�DQG�IDQRXWBQRGH
7UDFH�WKURXJK�WKH�SLSHOLQHGBSDWK
8VH�SLSHOLQHGBSDWK�GDWD�WR�LQVHUW�¨FXWVHW©�GHOD\�HOHPHQWV

(1'�$OJRULWKP�3LSHOLQH
)LJXUH������3VHXGR�&RGH�IRU�WKH�3LSHOLQH�0XWDWLRQ�$OJRULWKP

7KH� LQLWLDO� VWHS� LQ� WKH� SLSHOLQH� DOJRULWKP� LV� WR� GHWHUPLQH� WKH� FULWLFDO� SDWK
�&3��RI�WKH�')*��7KH�&3�LV�WKH�ORQJHVW�FRPSXWDWLRQDO�SDWK�LQ�WKH�')*��7KH�&3�LV
XVHG�WR�LQYHVW�WKH�SLSHOLQH�PXWDWLRQ�RSHUDWRU�ZLWK�LPSOLFLW�RSWLPLVDWLRQ�FDSDELOLWLHV�
,PSOLFLW�RSWLPLVDWLRQ�LV�DFKLHYHG�E\�WDUJHWLQJ�WKH�DSSOLFDWLRQ�RI�PXWDWLRQV�WR�WKRVH
DUHDV�RI�WKH�')*�WKDW�LW�LV�H[SHFWHG�ZLOO�UHVXOW� LQ�DQ�LQFUHDVH�LQ�ILWQHVV��,Q�WKH�FDVH
RI�SLSHOLQLQJ��ZKLFK�LV�SULPDULO\�XVHG�WR�LQFUHDVH�WKH�VSHHG�RI�WKH�')*��DQG�KHQFH
UHGXFH� VXSSO\� YROWDJH��� LPSOLFLW�RSWLPLVDWLRQ� LV� DFKLHYHG� E\� RQO\� LQVHUWLQJ� GHOD\V
DORQJ� WKH� &3�� 7KLV� LPSOLFLW� RSWLPLVDWLRQ� SURFHVV� OLPLWV� WKH� QXPEHU� RI� SLSHOLQH
VWDJHV� LQVHUWHG� LQ�D�')*��H[FHVVLYH�SLSHOLQLQJ� LV� GHWULPHQWDO� WR�ERWK�SHUIRUPDQFH
DQG� DUHD��� )XUWKHUPRUH�� WKLV� XVH� RI� H[SHUW� NQRZOHGJH� DERXW� WKH� HIIHFWV� RI� WKH
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SLSHOLQH� WUDQVIRUPDWLRQ� RQ� SRZHU� FRQVXPSWLRQ� DLGV� LQ� IRFXVLQJ� WKH� ORZ� SRZHU
VHDUFK� RQ� FHUWDLQ� DUHDV� RI� WKH� VROXWLRQ� VSDFH�� DVVLVWLQJ� LQ� WKH� HIILFLHQF\� RI� WKH
VHDUFK�

7KH�SLSHOLQH�GHOD\�LV�LQVHUWHG�EHWZHHQ�WZR�QRGHV��VHOHFWHG�IURP�WKH�&3��7KH
FKHFN�SLSHOLQH� FRQVWUDLQWV� VXE�URXWLQH� LV� XVHG� WR� HQVXUH� WKH� FRUUHFW� DSSOLFDWLRQ� RI
WKH�SLSHOLQH�WUDQVIRUPDWLRQ��7KH�ILUVW�FRQVWUDLQW�FKHFNV�WKDW�WKH�&3�FRQWDLQV�DW�OHDVW
��QRGHV��7KLV� FKHFN� FRQWDLQV� LPSOLFLW� RSWLPLVDWLRQ� FKDUDFWHULVWLFV�� DV� SLSHOLQLQJ� D
&3� RI� OHVV� WKDQ� �� KDV� QR� EHQHILW� LQ� LQFUHDVLQJ� WKH� VSHHG� �D� &3� RI� �� FDQQRW� EH
UHGXFHG�DQ\�IXUWKHU�E\�SLSHOLQLQJ��

7KH� VHFRQG� FRQVWUDLQW� LV� WR� HQVXUH� WKDW� WKH� ORFDWLRQ� IRU� LQVHUWLRQ� RI� WKH
SLSHOLQH�GHOD\� HOHPHQW� LV� QRW�ZLWKLQ� D� ORRS�� DV�SLSHOLQH�GHOD\V� FDQQRW� EH� LQVHUWHG
ZLWKLQ�D�ORRS��,I�D�¨IHHGEDFN�SDWK©�H[LVWV�EHWZHHQ���HOHPHQWV�WKHQ�WKH\�DUH�LQ�D�ORRS�
7KLV�LV�LOOXVWUDWHG�E\�FRQVLGHULQJ�WKH�')*�RI�)LJXUH������

'

H� H� H� H�

H�H�

)HHGEDFN�/RRS&ULWLFDO�3DWK

)LJXUH������([DPSOH�IRU�&KHFNLQJ�3LSHOLQH�&RQVWUDLQWV

,Q�WKLV�H[DPSOH��D�ODUJH�SDUW�RI�WKH�')*�FRQVLVWV�RI�D�IHHGEDFN�ORRS��7KH�&3
LV� VKRZQ� LQ� EROG�� HQFRPSDVVLQJ� DOO� RI� WKH� FRPSXWDWLRQDO� QRGHV� ZLWKLQ� WKH� ')*�
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7KHUHIRUH��HDFK�QRGH�FRXOG�EH�VHOHFWHG�IRU�D�SLSHOLQH�RSHUDWLRQ��+RZHYHU��DOO�QRGHV
H[FHSW�H��YLRODWH�WKH�IHHGEDFN� ORRS�FRQVWUDLQW��WKHUHIRUH�WKH�RQO\�SRVVLEOH�SLSHOLQH
ORFDWLRQ�LV�EHWZHHQ�QRGHV�H��DQG�H��

7KH� ORRS� FRQVWUDLQW� LV� FKHFNHG� XVLQJ� D� UHFXUVLYH� DOJRULWKP�� ZKLFK� WUDFHV
WKURXJK� DOO� WKH� IDQLQ� QRGHV� RI� D� VHOHFWHG� QRGH�� )RU� H[DPSOH�� LI� QRGH� H�� ZHUH
VHOHFWHG�WR�KDYH�D�SLSHOLQH�GHOD\� LQVHUWHG�RQ� LWV�RXWSXW�QHW��EHWZHHQ�QRGHV�H��DQG
H���WKHQ�WKH�IROORZLQJ�SURFHVV�ZRXOG�EH�XVHG�WR�FKHFN�WKH�FRQVWUDLQWV�

6HOHFW�QRGH�H��
7ZR�IDQLQ�QRGHV��H��DQG�H�

6HOHFW�QRGH�H�
1R�IDQLQ�QRGHV��HQG�VHDUFK�RQ�WKLV�QRGH

6HOHFW�QRGH�H�
2QH�IDQLQ�QRGH�H�

6HOHFW�QRGH�H�
2QH�IDQLQ�QRGH�H�

6HOHFW�QRGH�H�
2QH�IDQLQ�QRGH�H�
)DQLQ�QRGH�LV�HTXDO�WR�LQLWLDO�VHDUFK�QRGH�7+(5()25(

)HHGEDFN�ORRS�H[LVWV��SLSHOLQH�FRQVWUDLQW�YLRODWHG
(QG�VHDUFK�SURFHVV

,Q� WKLV� H[DPSOH�� WKH� URXWLQH� FRUUHFWO\� GHWHFWV� WKDW� WKH� FRQVWUDLQW� KDV� EHHQ
YLRODWHG�� 7KHUHIRUH�� WKH� SLSHOLQH� PXWDWLRQ� LV� QRW� SRVVLEOH� DW� WKDW� ORFDWLRQ� LQ� WKH
FKURPRVRPH��,I�WKH�SLSHOLQH�FRQVWUDLQWV�DUH�VDWLVILHG��WKH�SLSHOLQH�DOJRULWKP� LQVHUWV
WKH� SLSHOLQH� GHOD\� EHWZHHQ� WKH� VHOHFWHG� HOHPHQWV�� 7KH� QH[W� VWDJH� RI� WKH� SLSHOLQH
SURFHVV� LV� WR� LQVHUW� WKH� ¨FXWVHW©� GHOD\V� LQ� WKH� ')*�� WR� HQVXUH� WKDW� FRUUHFW
IXQFWLRQDOLW\�LV�SUHVHUYHG��)LJXUH������LOOXVWUDWHV�WKLV�SURFHVV�ZLWK�DQ�H[DPSOH�')*�
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'

'

3LSHOLQH�'HOD\

3LSHOLQHG�3DWK
&XWVHW�3RLQWV

�

�

�

)LJXUH������,GHQWLILFDWLRQ�RI�&XWVHW�3RLQWV�LQ�3LSHOLQH�0XWDWLRQ

7KH�H[DPSOH� LQ�)LJXUH������VKRZV�D�SLSHOLQH�GHOD\� LQVHUWHG�ZLWKLQ�D�')*�
$OVR�VKRZQ�DUH� WKH� ¨SLSHOLQHG�SDWK©� DQG� WKH� ¨FXWVHW©� SRLQWV��7KH�SLSHOLQHG�SDWK� LV
FKDUDFWHULVHG� DV� DOO� QRGHV�ZLWKLQ� WKH�')*� WKDW� DUH� DIIHFWHG�E\� WKH� LQVHUWHG� GHOD\�
,GHQWLILFDWLRQ�RI�WKH�SLSHOLQHG�SDWK�UHTXLUHV�WUDFLQJ�IRUZDUGV�WKURXJK�WKH�')*��IURP
WKH� LQVHUWHG� SLSHOLQH� GHOD\�� WR� LGHQWLI\� DQ\� QRGHV� DORQJ� LWV� IDQRXW� SDWK�� 7KLV� LV
DFKLHYHG�XVLQJ�D�UHFXUVLYH�URXWLQH�VLPLODU� WR�WKDW�XVHG� WR� LGHQWLI\� DQ� HOHPHQW� LQ� D
ORRS�� ZKLFK� ZDV� GHVFULEHG� SUHYLRXVO\�� ,Q� WKLV� H[DPSOH�� �� DGGLWLRQV� DQG� �� GHOD\
HOHPHQW�DUH�LGHQWLILHG�DV�EHORQJLQJ�WR�WKH�SLSHOLQHG�SDWK�

$IWHU� LGHQWLILFDWLRQ� RI� WKH� SLSHOLQHG� SDWK� LW� LV� XVHG� WR� LGHQWLI\� WKH� ¨FXWVHW©
SRLQWV��7KHVH�SRLQWV�DUH�DQ\�QHWV�WKDW��WKRXJK�QRW�LQ�WKH�SLSHOLQHG�SDWK�WKHPVHOYHV�
DUH�IDQLQ�QHWV�RI�D�QRGH�ZLWKLQ�WKH�SLSHOLQHG�SDWK��,Q�WKLV�H[DPSOH����¨FXWVHW©�SRLQWV
KDYH�EHHQ�LGHQWLILHG��VKRZQ�DV�GRWWHG�OLQHV�LQ�)LJXUH�������,QVHUWLQJ�GHOD\�HOHPHQWV
RQ�WKH�¨FXWVHW©�SRLQWV�FRPSOHWHV�WKH�ILQDO�VWDJH�RI�WKH�SLSHOLQH�WUDQVIRUPDWLRQ��7KLV
SURGXFHV�D�SLSHOLQHG�')*�ZLWK�QR�FKDQJH� LQ� IXQFWLRQ�� EXW� DQ� LQFUHDVH� LQ� ODWHQF\�
7KH� FRQVLGHUDWLRQ� RI� ODWHQF\� ZDV� GLVFXVVHG� LQ� VHFWLRQ� ������� 7KH� ¦LQVHUW� ¨FXWVHW©
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GHOD\�HOHPHQWV§�SURFHVV��LOOXVWUDWHG�LQ�WKH�H[DPSOH�RI�)LJXUH�������LV�VXPPDULVHG�LQ
WKH� SVHXGR�FRGH� RI� )LJXUH� ������ $Q� H[DPSOH� RI� WKH� DSSOLFDWLRQ� RI� WKH� SLSHOLQH
WUDQVIRUPDWLRQ�ZDV�SUHVHQWHG�LQ�)LJXUH������

6WDJH�����'HWHUPLQH�3LSHOLQHG�3DWK�
3DVVHG�FXUUHQWBQRGH��LQLWLDOO\�VHW�WR�WKH�SLSHOLQHG�GHOD\�
,GHQWLI\�DOO�IDQRXWBQRGHV�RI�FXUUHQWBQRGH
,)�QR�IDQRXWBQRGHV

([LW�6WDJH����JR�RQWR�QH[W�VWDJH�
(/6(�)25�HDFK�IDQRXWBQRGH

6WRUH�DV�SLSHOLQHGBSDWKBQRGH
6HW�DV�FXUUHQWBQRGH
&DOO�'HWHUPLQH�3LSHOLQHG�3DWK��UHFXUVLYH�FDOO�WR�6WDJH���

(QG�6WDJH��
6WDJH�����'HWHUPLQH�&XWVHW�3RLQWV�

)25�HDFK�SLSHOLQHGBSDWKBQRGH
)25�HDFK�IDQLQBQHW�RI�QRGH

,)�IDQLQBQHW�QRW�LQ�SLSHOLQHGBSDWK
6WRUH�DV�FXWVHWBQHW

(QG�6WDJH��
6WDJH�����3LSHOLQH�&XWVHW�3RLQWV�

)25�HDFK�FXWVHWBQHW
,QVHUW�GHOD\�HOHPHQW�RQ�FXWVHWBQHW

(QG�6WDJH��
)LJXUH������3VHXGR�&RGH�IRU�¨&XWVHW©�'HOD\�,QVHUWLRQ

������$XWRPDWLF�3LSHOLQH�7UDQVIRUPDWLRQ�DV�0XWDWLRQ
7KH�DXWRPDWLF�SLSHOLQH� WUDQVIRUPDWLRQ�ZDV�GHVFULEHG� LQ�VHFWLRQ��������7KLV

VHFWLRQ� SUHVHQWV� WKH� DOJRULWKPV� XVHG� ZLWKLQ� *$/236� WR� H[HFXWH� DXWRPDWLF
SLSHOLQLQJ�DV�D�JHQHWLF�PXWDWLRQ�RSHUDWLRQ�

7KH�DXWRPDWLF�SLSHOLQH�WUDQVIRUPDWLRQ�LV�D�VSHFLDOLVHG�IRUP�RI�UHWLPLQJ�DQG
SLSHOLQLQJ�� 7KH� SURFHVV� FRQVLVWV� RI� WZR� GLVWLQFW� VWDJHV�� 7KH� ILUVW� VWDJH� LQYROYHV
LQVHUWLQJ�GHOD\�QRGHV�RQWR�WKH� LQSXWV�RI� WKH�')*� �HIIHFWLYHO\�SLSHOLQLQJ� WKH� LQSXW
VWDJH���7KH�VHFRQG�VWDJH�UHTXLUHV�PRYLQJ�WKHVH�GHOD\�QRGHV�IURP�WKH�LQSXW�QHWV�LQWR
WKH�ERG\�RI�WKH�')*��WKH�UHWLPLQJ�VWDJH���)LJXUH������SUHVHQWV�WKH�SVHXGR�FRGH�IRU
WKLV�WUDQVIRUPDWLRQ�
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$OJRULWKP�$XWR�3LSHOLQH
3DVVHG�FKURPRVRPH�WR�EH�PXWDWHG
&KHFN�DXWR�SLSH�FRQVWUDLQWV�DUH�PHW�

&KHFN�UHWLPH�VWDJH�SRVVLEOH�
)RU�HDFK�SULPDU\�LQSXWBQHW�RI�WKH�')*

&KHFN�,)�GHOD\�LQVHUWHG�RQ�LQSXWBQHW
7KDW�VXEVHTXHQW�¨UHWLPH©�VWHS�ZRXOG�EH�SRVVLEOH

,)�127�SRVVLEOH
'2�127�SHUIRUP�DXWR�SLSH
(;,7�DOJRULWKP

&KHFN�SLSHOLQH�VWDJH�LV�QHFHVVDU\�
)RU�HDFK�SULPDU\�LQSXWBQHW

,)�GHOD\�QRGH�DOUHDG\�RQ�LQSXWBQHW
'2�127�SHUIRUP�DXWR�SLSH
(;,7�DOJRULWKP

(QG�FKHFN�DXWR�SLSH�FRQVWUDLQWV
,)�DXWR�SLSH�FRQVWUDLQWV�VDWLVILHG

)25�HDFK�SULPDU\�LQSXWBQHW
,QVHUW�GHOD\�HOHPHQW�RQ�LQSXWBQHW
¨5HWLPH©�GHOD\�HOHPHQW�WKURXJK�QRGH�GULYHQ�E\�LQSXWBQHW

(QG�$OJRULWKP�$XWR�3LSHOLQH
)LJXUH������3VHXGR�&RGH�IRU�WKH�$XWRPDWLF�3LSHOLQH�0XWDWLRQ�$OJRULWKP

$V�ZLWK� DOO� RI� WKH� WUDQVIRUPDWLRQV�� DXWRPDWLF� SLSHOLQLQJ� KDV� D� QXPEHU� RI
FRQVWUDLQWV� WKDW�PXVW�EH� VDWLVILHG�EHIRUH� DSSOLFDWLRQ��7KH� ILUVW� FRQVWUDLQW� LQ�)LJXUH
�����FKHFNV�WKDW�WKH�WUDQVIRUPDWLRQ�FDQ�EH�DSSOLHG�WR�WKH�')*��7KLV�FKHFN�HQVXUHV
WKDW� WKH� ILUVW� VWDJH�ZDV� VXFFHVVIXO� EHIRUH� H[HFXWLQJ� WKH� VHFRQG� VWHS��%\� FKHFNLQJ
WKLV� EHIRUH� LQVHUWLQJ� WKH� GHOD\V�� LW� SUHYHQWV� WKH� XQQHFHVVDU\� H[HFXWLRQ� RI� WKH� ILUVW
VWDJH�LQ�WKH�FDVH�ZKHUH�DXWRPDWLF�SLSHOLQLQJ�LV�QRW�SRVVLEOH�

7KH� VHFRQG� FRQVWUDLQW� LV� DQRWKHU� H[DPSOH� RI� WKH� WUDQVIRUPDWLRQV
LPSOHPHQWHG�WR�FRQWDLQ�LPSOLFLW�RSWLPLVDWLRQ�FKDUDFWHULVWLFV��7KLV�VWDJH�FKHFNV�WKDW
WKHUH� DUH�QR�GHOD\� HOHPHQWV�RQ� WKH� LQSXW�QHWV�RI� WKH�')*��7KH� LQVHUWLRQ� RI� GHOD\
HOHPHQWV� RQ� WKH� LQSXW� QHWV� RI� D� ')*��ZKLFK� DOUHDG\� FRQWDLQV� GHOD\� QRGHV� RQ� LWV
LQSXWV��FRXOG�UHVXOW� LQ� UHGXQGDQW�DXWRPDWLF�SLSHOLQH� VWDJHV�� � ,I� OHIW� XQFKHFNHG� WKLV
FRXOG� OHDG�WR�D�ODUJH�QXPEHU�RI�GHOD\V� LQVHUWHG�RQ�WKH�LQSXW�RI�WKH�')*��$V� WKHVH
GHOD\V� ZRXOG� QRW� DIIHFW� IXQFWLRQDOLW\� DQG� KDYH� D� PDUJLQDO� LPSDFW� RQ� SRZHU
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FRQVXPSWLRQ�� WKH\� FRXOG� JR� XQGHWHFWHG� E\� WKH� V\QWKHVLV� SURFHVV�� 7KXV�� WKH
FRQVWUDLQW�SUHYHQWV�WKLV�IURP�RFFXUULQJ�

,I�WKH�FRQVWUDLQWV�DUH�VDWLVILHG��WKH�DXWRPDWLF�SLSHOLQH�SURFHVV�LV�H[HFXWHG�LQ
WZR�VWDJHV��SLSHOLQLQJ�DQG�UHWLPLQJ��WR�SURGXFH�D�')*�WKDW�KDV�EHHQ�DXWRPDWLFDOO\
SLSHOLQHG��DV�LOOXVWUDWHG�LQ�WKH�H[DPSOH�)LJXUH�������

������8QIROGLQJ�7UDQVIRUPDWLRQ�DV�0XWDWLRQ
7KH� SURSHUWLHV� RI� WKH� XQIROGLQJ� WUDQVIRUPDWLRQ�� KRZ� LW�PRGLILHV� WKH� ')*�

ZHUH�GLVFXVVHG� LQ� VHFWLRQ� ������� 7KLV� VHFWLRQ� GHVFULEHV� KRZ� WKH� SURSHUWLHV� RI� WKLV
WUDQVIRUPDWLRQ�DUH�LQFRUSRUDWHG�LQWR�*$/236�DV�D�JHQHWLF�PXWDWLRQ�RSHUDWRU�

7KH���VWHSV�RI�WKH�XQIROGLQJ�WUDQVIRUPDWLRQ�� LQFOXGLQJ�WKH�UXOHV�WR�SUHVHUYH
SUHFHGHQFH� LQIRUPDWLRQ�DQG� IXQFWLRQDOLW\��ZHUH� LQLWLDOO\�SUHVHQWHG�LQ�VHFWLRQ�������
7R�VXPPDULVH��WKH�RULJLQDO�')*�LV�NQRZQ�DV�WKH�¨SDUHQW©�DQG�WKH�XQIROGHG�')*�LV
NQRZQ�DV�WKH�¨FKLOG©��7KH�XQIROGLQJ�SURFHVV�FUHDWHV�1�FKLOG�QRGHV� IRU�HDFK�SDUHQW
QRGH��ZKHUH�1� LV� WKH�XQIROGLQJ� IDFWRU��7KH�FRQQHFWLRQ�RI� FKLOG� QRGHV� WR� IRUP� WKH
FRPSOHWHG�XQIROGHG�')*�IROORZV�UXOHV�WKDW�SUHVHUYH�WKH�IXQFWLRQDOLW\�RI�WKH�')*�
7R�HQVXUH�SUHFHGHQFH�LQIRUPDWLRQ�LV�FRUUHFWO\�¨XQIROGHG©��IRU�HDFK�FKLOG�QRGH�8[�LQ
WKH� XQIROGHG�')*�� LW� LV� QHFHVVDU\� WR� EH� DEOH� WR� LGHQWLI\� LWV� SDUHQW� QRGH�8� LQ� WKH
RULJLQDO�')*��7KLV�LQIRUPDWLRQ�LV�DOVR�QHFHVVDU\�WR�GHWHUPLQH�WKH�QXPEHU�RI�GHOD\
QRGHV�RQ�QHWV� LQ�WKH�SDUHQW�')*��WR�FRUUHFWO\�SHUIRUP�6WHSV���DQG����7R�IDFLOLWDWH
WKLV�� GXULQJ� WKH� XQIROGLQJ� SURFHVV� WKH� *$� FUHDWHV� ERWK� WKH� FKLOG� ')*� DQG� DQ
¨XQIROGLQJ� OLVW©�ZKLFK� VWRUHV� WKH� UHOHYDQW� LQIRUPDWLRQ�� )LJXUH� ����� LOOXVWUDWHV� KRZ
WKLV�XQIROGHG�OLVW� LV�FUHDWHG�GXULQJ�WKH�H[HFXWLRQ�RI�6WHS���IRU�D�VLQJOH�QRGH� LQ�WKH
SDUHQW�')*�
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3DUHQW�1RGH

8QIROGHG�/LVW
(QWU\��

8QIROGHG�/LVW
(QWU\�1

8QIROGHG�/LVW
(QWU\��

1�
8QIROGHG�/LVW
�(QWULHV

6LQJOH�3DUHQW
1RGH

&KLOG�1RGH�� &KLOG�1RGH�1&KLOG�1RGH��

1�&KLOG�1RGHV

1�3RLQWHUV�WR
1�&KLOG�1RGHV

&UHDWH�1�&KLOG
1RGHV

&UHDWH�1
8QIROGHG�/LVW

(QWULHV
1�3RLQWHUV�7R
6LQJOH�3DUHQW

1RGH

)LJXUH������6WHS���2I�8QIROGLQJ�7UDQVIRUPDWLRQ

7KH� ILJXUH� VKRZV� WKDW� IRU� HDFK� FKLOG� QRGH� FUHDWHG� DQ� DVVRFLDWHG� QRGH� LV
FUHDWHG� LQ� WKH� XQIROGHG� OLVW�� VKRZQ� DW� WKH� WRS� RI� WKH� ILJXUH�� (DFK� QRGH� LQ� WKH
XQIROGHG� OLVW� FRQWDLQV� D�SRLQWHU� WR�ERWK� WKH� FKLOG�QRGH�DQG� WKH� VLQJOH�SDUHQW� QRGH
IURP�ZKLFK� LW�ZDV� FUHDWHG��(IIHFWLYHO\�� WKH�XQIROGHG� OLVW� FUHDWHV� D� OLQN� EHWZHHQ� D
FKLOG�DQG�LWV�DVVRFLDWHG�SDUHQW�QRGH��8VLQJ�WKH�XQIROGHG�OLVW��WKH�SDUHQW�QRGH�RI�DQ\
FKLOG�QRGH�FDQ�EH�UDSLGO\�LGHQWLILHG��2QFH�WKH�LQIRUPDWLRQ�VWRUHG�LQ�WKH�XQIROGHG�OLVW
KDV�EHHQ�XVHG�WR�FRPSOHWHO\�FRQVWUXFW�WKH�XQIROGHG�¨FKLOG©�')*��WKH�XQIROGHG�OLVW�LV
GHOHWHG�

8VLQJ� WKLV� FRQFHSW�RI� WKH� XQIROGHG� OLVW�� WKH� SVHXGR�FRGH� IRU� 6WHS� ��RI� WKH
XQIROGLQJ�SURFHVV�LV�VKRZQ�LQ�)LJXUH������

$OJRULWKP�6WHS���RI�8QIROGLQJ�7UDQVIRUPDWLRQ
)25�HDFK�HQWU\�LQ�WKH�XQIROGHG�OLVW�GHWHUPLQH�FKLOGBQRGH��QRGHB9�

'HWHUPLQH�IDQLQBQRGH�RI�QRGHB9©V�SDUHQWBQRGH
,)�IDQLQBQRGH�,6�127�D�GHOD\�QRGH
'HWHUPLQH�FKLOGBQRGH�RI�WKLV�IDQLQBQRGH��QRGHB8�
,)�XQIROGHGBLQWHJHU�RI�QRGHB8�(48$/6�XQIROGHGBLQWHJHU�RI�QRGHB9

&RQQHFW�QRGHB8�WR�QRGHB9
(QG�$OJRULWKP�6WHS��

)LJXUH������3VHXGR�&RGH�IRU�6WHS���RI�WKH�8QIROGLQJ�7UDQVIRUPDWLRQ
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7KH�SVHXGR�FRGH�IRU�WKH�QH[W�VWHS�RI�WKH�XQIROGLQJ�WUDQVIRUPDWLRQ��6WHS����LV
VKRZQ�LQ�)LJXUH������

$OJRULWKP�6WHS���RI�8QIROGLQJ�7UDQVIRUPDWLRQ
)25�HDFK�HQWU\�LQ�WKH�XQIROGHG�OLVW�GHWHUPLQH�FKLOGBQRGH��QRGHB9�

'HWHUPLQH�IDQLQBQRGH�RI�QRGHB9©V�SDUHQWBQRGH
,)�IDQLQBQRGH�,6�D�GHOD\�QRGH

&RXQW�QXPEHU�RI�GHOD\�QRGHV�RQ�WKH�HQWLUH�QHW
,)�QXPEHU�RI�GHOD\�QRGHV�,6�/(66�7+$1�XQIROGLQJ�IDFWRU��1�

(;(&87(�6WHS��$
(/6(

(;(&87(�6WHS��%
(1'�)25
6WHS��$�

,)�XQIROGHGBLQWHJHU�RI�QRGHB9�,6�/(66�7+$1�QXPEHU�RI�GHOD\V
'HWHUPLQH�IDQLQBQRGH�RI�WKH�GHOD\V�LQ�SDUHQW�')*
'HWHUPLQH�FKLOGBQRGH��QRGHB8��ZLWK�XQIROGHGBLQWHJHU�(48$/�72

1�QXPEHUBRIBGHOD\V�XQIROGHGBLQWHJHU
&RQQHFW��QRGHB8�WR�QRGHB9

(/6(
'HWHUPLQH�IDQLQBQRGH�RI�WKH�GHOD\V�LQ�SDUHQW�')*
'HWHUPLQH�FKLOGBQRGH��QRGHB8��ZLWK�XQIROGHGBLQWHJHU�(48$/�72

1�QXPEHUBRIBGHOD\V�XQIROGHGBLQWHJHU
&RQQHFW�QRGHB8�WR�QRGHB9�ZLWK�21(�GHOD\�QRGH�RQ�WKH�QHW

(1'�6WHS��$
6WHS��%�

,)�QXPEHU�RI�GHOD\V�,6�*5($7(5�7+$1�XQIROGLQJBLQWHJHU�RI�QRGHB9
'HWHUPLQH�SDUHQWBQRGH�RI�QRGHB9

T� �XQIROGHGBLQWHJHU
&RPSXWH�FHLOLQJ�IXQFWLRQ�WR�ILQG�UHTXLUHG�FKLOGBQRGH��QRGHB8�

ª�QXPBGHOD\BQRGHV�T����1ºu�1�QXPBGHOD\BQRGHV�T�
,QVHUW�¨FHLOLQJ�IXQFWLRQ©�QXP�RI�GHOD\V�RQ�RXWSXW�QHW�RI�QRGHB8

ª�QXPBGHOD\BQRGHV�T����1º
&RQQHFW�ODVW�LQVHUWHG�GHOD\�WR�IDQLQ�QHW�RI�QRGHB9

(1'�6WHS��%
(1'�$OJRULWKP�6WHS��

)LJXUH������3VHXGR�&RGH�IRU�6WHS���RI�WKH�8QIROGLQJ�7UDQVIRUPDWLRQ

([HFXWLRQ� RI� DOO� WKH� VWHSV� RI� WKH� XQIROGLQJ� WUDQVIRUPDWLRQ� ZLOO� SURGXFH� D
QHZ�')*��XQIROGHG�E\�DQ�DPRXQW�VSHFLILHG�E\�WKH�XQIROGLQJ� IDFWRU��1���7KH�WKUHH
VWHSV�RI�WKH�XQIROGLQJ�WUDQVIRUPDWLRQ�ZHUH�LOOXVWUDWHG�LQ�&KDSWHU����LQ�)LJXUH������

'XH� WR� LWV� DELOLW\� WR� FUHDWH� FKURPRVRPHV� WKDW� KDYH� H[FHOOHQW� SRZHU
LPSOHPHQWDWLRQ�FKDUDFWHULVWLFV� UHODWLYH� WR� WKH� UHVW�RI� WKH�SRSXODWLRQ�� WKH�XQIROGLQJ
WUDQVIRUPDWLRQ� UHTXLUHV� D� VSHFLDO� SURFHVV� RI� DSSOLFDWLRQ� WR� FKURPRVRPHV�� ,I� OHIW
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XQFKHFNHG� WKH� SURSHUWLHV� RI� WKH� XQIROGLQJ� WUDQVIRUPDWLRQ� FRXOG� OHDG� WR� WKH� *$
ORFDOLVLQJ� LWV� VHDUFK�� YHU\� HDUO\� LQ� WKH� VHDUFK� SURFHVV�� RQ� WKH� ¨XQIROGHG� GHVLJQ©
UHJLRQ�RI�WKH�VROXWLRQ�VSDFH��7KLV�PD\�SUHYHQW�WKH�*$�IURP�SHUIRUPLQJ�DQ�HIILFLHQW
VHDUFK� RI� WKH� ODUJHU� VROXWLRQ� VSDFH�� :KLOH� WKLV� ZRXOG� SURGXFH� YDOLG� ORZ� SRZHU
VROXWLRQV�� DQ� XQIROGHG� GHVLJQ� KDV� WKH� DVVRFLDWHG� GLVDGYDQWDJH� RI� D� ODUJH� DUHD
RYHUKHDG��7R�PLQLPLVH�WKLV�RYHUKHDG�WKH�XQIROGLQJ�WUDQVIRUPDWLRQ� LV�DSSOLHG�XVLQJ
WKH�3RVWSRQLQJ�3ULQFLSOH�>+XDQJ��@�

7KH� LGHD� EHKLQG� WKH� SRVWSRQLQJ� SULQFLSOH� LV� WR� LQFRUSRUDWH� VRPH� SUREOHP�
VSHFLILF� 9/6,� NQRZOHGJH� LQWR� WKH� WUDQVIRUPDWLRQ� DSSOLFDWLRQ� SURFHVV�� 7KLV� LV
DFKLHYHG� E\� DWWHPSWLQJ� WR� RUGHU� WKH� DSSOLFDWLRQ� RI� WUDQVIRUPDWLRQV�� +RZHYHU�� DV
SUHYLRXVO\� GLVFXVVHG�� WKH� RSWLPXP� RUGHU� RI� WUDQVIRUPDWLRQ� DSSOLFDWLRQ� FDQQRW� EH
GHWHUPLQHG�� 7KHUHIRUH�� WKH� SRVWSRQLQJ� SULQFLSOH� SODFHV� D� ORRVH� UHVWULFWLRQ� RQ� WKH
RUGHU�

7KH�SULQFLSOH�DFKLHYHV�WKLV�UHVWULFWLRQ�E\�UHVHUYLQJ�WKH�DSSOLFDWLRQ�RI�FHUWDLQ
WUDQVIRUPDWLRQV�XQWLO�D�VSHFLILHG�WDUJHW�KDV�EHHQ�UHDFKHG��6XFK�D�WDUJHW�PD\�EH�WKDW
D� FHUWDLQ� QXPEHU� RI� LWHUDWLRQV� KDYH� SDVVHG�� XVLQJ� WKH� FXUUHQW� WUDQVIRUPDWLRQ� VHW�
GXULQJ� ZKLFK� QR� LQFUHDVH� LQ� VROXWLRQ� TXDOLW\� KDV� EHHQ� SURGXFHG�� 7KH� SRVWSRQHG
WUDQVIRUPDWLRQV�DUH� WKHQ� DSSOLHG� WR� DWWHPSW� WR� LPSURYH� WKH� VROXWLRQ�� ,I� VXFFHVVIXO�
WKH� LQLWLDO� WUDQVIRUPDWLRQ� VHW� LV� UHDSSOLHG� DQG� WKH� ZKROH� SRVWSRQLQJ� SURFHVV� LV
H[HFXWHG�DJDLQ�

:LWKLQ�WKH�FRQWH[W�RI�WKH�XQIROGLQJ�WUDQVIRUPDWLRQ��WKH�SULQFLSOH�SRVWSRQHV
WKH�DSSOLFDWLRQ�RI�WKH�XQIROGLQJ�WUDQVIRUPDWLRQ��WR�ILUVW�REWDLQ�DQ�RSWLPXP�VROXWLRQ
ZLWK� WKH� RWKHU� WUDQVIRUPDWLRQV�� :KHQ� D� VSHFLILHG� QXPEHU� RI� JHQHUDWLRQV� KDYH
SDVVHG�ZLWK�QR� LQFUHDVH� LQ�TXDOLW\�� XQIROGLQJ� LV� DSSOLHG� LQ� DQ� DWWHPSW� WR� LPSURYH



&KDSWHU�����7KH�*HQHWLF�$OJRULWKP

���

WKLV�VROXWLRQ��,I�XQIROGLQJ�LV�VXFFHVVIXO��LWV�DSSOLFDWLRQ�LV�DJDLQ�SRVWSRQHG�ZKLOH�WKH
RWKHU�WUDQVIRUPDWLRQV�DWWHPSW�WR�LPSURYH�WKH�TXDOLW\�RI�WKH�XQIROGHG�VROXWLRQV�

7KH�XVH�RI�WKH�SRVWSRQLQJ�SULQFLSOH�DOVR�KDV�D�EHQHILFLDO�HIIHFW�RQ�WKH�VSHHG
RI� WKH� *$�� 8QIROGLQJ� FUHDWHV� ODUJH� FKURPRVRPHV�� WKHUHIRUH� XQFRQVWUDLQHG
XQIROGLQJ�DSSOLHG�WKURXJKRXW�WKH�HYROXWLRQ�ZRXOG�UHTXLUH�FRQVLGHUDEOH�FRPSXWDWLRQ
WR� SURFHVV� DQG� HYDOXDWH� WKHVH� XQIROGHG� GHVLJQV�� %\� OLPLWLQJ� WKH� DSSOLFDWLRQ� RI
XQIROGLQJ��WKH�LQFUHDVHG�FRPSXWDWLRQ�UHTXLUHG�WR�GHDO�ZLWK�XQIROGHG�GHVLJQV�LV�DOVR
OLPLWHG�� +RZHYHU�� WKH� SRVWSRQLQJ� SULQFLSOH� LV� DSSOLHG� LQ� RUGHU� WR� LPSURYH� WKH
V\QWKHVLVHG� GHVLJQV�� WKHUHIRUH� WKLV� UHGXFWLRQ� LQ� FRPSXWDWLRQ� LV� QRW� REWDLQHG� E\
VDFULILFLQJ�WKH�SHUIRUPDQFH�RI�WKH�VHDUFK�SURFHVV�

$QRWKHU� SDUDPHWHU� XVHG� WR� FRQWURO� WKH� DSSOLFDWLRQ� RI� WKH� XQIROGLQJ
WUDQVIRUPDWLRQ� LV� WKH� ¨8QIROGLQJ� )DFWRU©�� $V� SUHYLRXVO\� GHVFULEHG�� WKLV� VSHFLILHV
KRZ� PXFK� WR� ¨XQIROG©� WKH� ')*�� *$/236� XVHV� D� UDQGRP� ZHLJKWHG� VHOHFWLRQ� WR
FKRRVH� IURP� D� UDQJH� RI� XQIROGLQJ� IDFWRUV�� IURP� �� WR� ��� 7KH� ZHLJKWHG� VHOHFWLRQ
PHDQV�WKDW�DQ�XQIROGLQJ�IDFWRU�RI���LV�PRUH�OLNHO\�WKDQ�D�IDFWRU�RI����7KHVH� IDFWRUV
ZHUH� FKRVHQ� WR� OLPLW� WKH� DSSOLFDWLRQ� RI� D� ODUJH� XQIROGLQJ� IDFWRU� GXULQJ� D� VLQJOH
JHQHUDWLRQ��*UDGXDO�DSSOLFDWLRQ�RI� ORZHU�XQIROGLQJ� IDFWRUV�ZLOO�FUHDWH�D�')*�ZLWK
ODUJH� XQIROGLQJ� IDFWRUV� RYHU� D� QXPEHU� RI� JHQHUDWLRQV�� UDWKHU� WKDQ� D� VLQJOH
JHQHUDWLRQ��7KLV�DOORZV�WKH�*$�WR�H[SORUH�WKH�SRVVLELOLWLHV�RI�HDFK�XQIROGHG�')*�
LQVWHDG�RI�LPPHGLDWHO\�JHQHUDWLQJ�KXJH�')*V�ZLWK�WKH�DVVRFLDWHG�DUHD�H[SHQVH�

������$SSOLFDWLRQ�RI�0XWDWLRQ�2SHUDWRUV
7KH� JHQHWLF� PXWDWLRQ� RSHUDWRUV� RI� *$/236� ZHUH� LQWURGXFHG� LQ� VHFWLRQV

������WR��������7KH�RSHUDWRUV�FRQVWLWXWH�D�7UDQVIRUPDWLRQ�/LEUDU\��ZKLFK� FDQ�EH
DFFHVVHG�E\�WKH�*$�WR�RSWLPLVH�WKH�FDQGLGDWH�VROXWLRQV��7KLV�VHFWLRQ�GHVFULEHV�KRZ
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WKHVH�RSHUDWRUV�DUH�DSSOLHG�WR�WKH�FKURPRVRPHV�WR�FUHDWH�QHZ�VROXWLRQV��JHQHUDWLRQ
DIWHU�JHQHUDWLRQ�

$W�WKH�VWDUW�RI�D�VLQJOH�JHQHUDWLRQ�WKH�FXUUHQW�SRSXODWLRQ�FRQVLVWV�RI�D� IL[HG
QXPEHU�RI�VROXWLRQV��7KH�VROXWLRQV�DUH�VHOHFWHG��XVLQJ�WKH�6HOHFWLRQ�3URFHGXUH��IRU
UHSURGXFWLRQ�DQG�PRGLILFDWLRQ��$IWHU�PRGLILFDWLRQ�� WKH�FKURPRVRPHV� DUH� VWRUHG� LQ
WKH�QHZ�SRSXODWLRQ��7KLV�SURFHVV� LV�UHSHDWHG�XQWLO�WKH�QHZ�SRSXODWLRQ�FRQWDLQV� WKH
UHTXLUHG� QXPEHU� RI� VROXWLRQV�� 7KH� ROGHU� SRSXODWLRQ� LV� WKHQ� GHOHWHG� DQG� WKH� QHZ
SRSXODWLRQ� EHFRPHV� WKH� FXUUHQW� SRSXODWLRQ�� VWDUWLQJ� D� QHZ� JHQHUDWLRQ� RI� WKH
V\QWKHVLV� SURFHVV�� ,Q� D� ¨JHQHUDWLRQDO©� *$� >*ROGEHUJ���� :KLW��@�� RI� ZKLFK
*$/236�LV�D�W\SH��WKH�VL]H�RI�WKH�SRSXODWLRQ�UHPDLQV�FRQVWDQW�IURP�JHQHUDWLRQ�WR
JHQHUDWLRQ�� 7KH� HYROXWLRQDU\� VHDUFK� FRQVLVWV� RI� UHSHDWHG� LWHUDWLRQV� RI� WKH� VHOHFW�
PRGLI\�VWRUH� SURFHVV�� FUHDWLQJ� RQH� JHQHUDWLRQ� DIWHU� DQRWKHU�� 7KLV� SURFHVV� LV
VXPPDULVHG�LQ�)LJXUH������
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6HOHFW�&KURPRVRPH

6HOHFW�2SHUDWRU

5HWLPH3LSHOLQH $XWRPDWLF
3LSHOLQH 8QIROGLQJ

&XUUHQW�3RSXODWLRQ

1HZ�3RSXODWLRQ

5RXOHWWH�:KHHO

$SSOLFDWLRQ�5DWHV 6LQJOH
&KURPRVRPH

6LQJOH
&KURPRVRPH

3URJUDP�)ORZ
'DWD�7UDQVIHU

5HSHDW�8QWLO
1HZ�3RSXODWLRQ�)XOO

121(

)LJXUH������$SSOLFDWLRQ�RI�0XWDWLRQ�2SHUDWRUV�ZLWKLQ�*$/236

$Q�LPSRUWDQW�SURFHVV�LQ�WKLV�IORZFKDUW�LV�WKH�DFWXDO�VHOHFWLRQ�RI�WKH�PXWDWLRQ
RSHUDWRU�� $V� WKH� IORZFKDUW� LOOXVWUDWHV�� WKH� PXWDWLRQ� RSHUDWRUV� DUH� DSSOLHG� DW
SUHGHILQHG�DSSOLFDWLRQ�UDWHV��7KH�DELOLW\�WR�VHOHFW�DSSOLFDWLRQ�UDWHV�ZDV�LPSOHPHQWHG
WR� SURYLGH� D� PHFKDQLVP� WKURXJK�ZKLFK� WR� DQDO\VH� WKH� HIIHFWV� RI� WUDQVIRUPDWLRQV�
7KH�UHTXLUHG�UDWH�RI�DSSOLFDWLRQ�RI�HDFK�WUDQVIRUPDWLRQ�PD\�EH�GHSHQGHQW�RQ�HDFK
')*�� WKH� LQWHUDFWLRQ�ZLWK� RWKHU� WUDQVIRUPDWLRQV�� RU�RWKHU� IDFWRUV��7KH� DSSOLFDWLRQ
UDWHV�FDQ�EH�XVHG�WR�DQDO\VH�WKHVH�IDFWRUV�

7KH�DSSOLFDWLRQ�UDWHV�DUH�DOVR�XVHIXO�IRU�DWWHPSWLQJ�WR�LQFRUSRUDWH�SUREOHP�
VSHFLILF� NQRZOHGJH� LQWR� WKH� V\QWKHVLV� SURFHVV�� )RU� H[DPSOH�� D� NQRZQ� GHVLJQ
KHXULVWLF� LV� WKDW�SLSHOLQLQJ�FUHDWHV� ODUJH� LQFUHDVHV� LQ�TXDOLW\�� EXW�KDV�DQ� DVVRFLDWHG
ODWHQF\�SHQDOW\��+RZHYHU�� UHWLPLQJ�PD\�UHTXLUH�D� ODUJH�QXPEHU�RI� DSSOLFDWLRQV� WR
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FUHDWH�D�EHWWHU�VROXWLRQ��EXW�LW�GRHV�QRW�KDYH�WKH�DVVRFLDWHG�ODWHQF\�SHQDOW\��6R��WKH
DSSOLFDWLRQ� UDWHV� DUH� VHW� WR� WDNH� WKLV� LQWR� DFFRXQW� E\� DSSO\LQJ� UHWLPLQJ� DW� D�PXFK
JUHDWHU� UDWH� WKDQ� SLSHOLQLQJ�� DWWHPSWLQJ� WR� SURGXFH� D� ORZ� SRZHU� GHVLJQ� ZLWK
PLQLPXP�LPSDFW�RQ�ODWHQF\�

7KH�121(�ER[�LQ�WKH�FKDUW�LOOXVWUDWHV�WKH�IDFW�WKDW�PXWDWLRQ�LV�QRW�DSSOLHG�WR
DOO� VROXWLRQV�� ,Q� D� VWDQGDUG�*$�� VROXWLRQV� DUH� VHOHFWHG� IRU� PXWDWLRQ�� FURVVRYHU� RU
VLPSO\�UHSURGXFWLRQ��FRSLHG�IURP�RQH�JHQHUDWLRQ�WR�WKH�QH[W��

����*HQHWLF�&URVVRYHU�2SHUDWRUV
7KH� FURVVRYHU� RSHUDWRU�� ILUVW� GLVFXVVHG� LQ� &KDSWHU� ��� 6HFWLRQ� ������� LV

FRQVLGHUHG�E\� VRPH� UHVHDUFKHUV� WR� EH� D� IXQGDPHQWDO� DVSHFW�RI� D�*$� >+ROODQG���
*ROGEHUJ���� %HDVOH\��@�� 7KHUHIRUH�� LQ� DGGLWLRQ� WR� WKH� GHYHORSPHQW� RI� PXWDWLRQ
RSHUDWRUV��SUREOHP�VSHFLILF�FURVVRYHU�RSHUDWRUV�DUH�UHTXLUHG�IRU�*$/236�

7KH�FURVVRYHU�RSHUDWRU�DWWHPSWV�WR�ILQG�QHZ��EHWWHU�VROXWLRQV�E\�FRPELQLQJ
WKH�FKDUDFWHULVWLFV�RI�FXUUHQW�JRRG�VROXWLRQV�>+ROODQG��@��&XUUHQW�JRRG�VROXWLRQV�DUH
LGHQWLILHG� E\� WKH� VHOHFWLRQ� SURFHGXUH� EHIRUH� EHLQJ� SDVVHG� WR� WKH� PXWDWLRQ� RU
FURVVRYHU�RSHUDWRUV�IRU�JHQHWLF�PRGLILFDWLRQ�

$�VLPSOH�LPSOHPHQWDWLRQ�RI�D�VWDQGDUG�FURVVRYHU�RSHUDWLRQ�ZRXOG�DWWHPSW�WR
FRPELQH� WKH� FKDUDFWHULVWLFV� RI� WZR� SDUHQW� FKURPRVRPHV� WR� SURGXFH� WZR� FKLOG
FKURPRVRPHV��7KH�FURVVRYHU�RSHUDWRU�VHOHFWV�D� UDQJH�RI�JHQHV�ZLWKLQ� HDFK�SDUHQW
FKURPRVRPH��WKHVH�JHQHV�DUH�WKHQ�VZDSSHG�WR�SURGXFH�WZR�QHZ�FKURPRVRPHV�ZLWK
FKDUDFWHULVWLFV�EHORQJLQJ�WR�HDFK�SDUHQW��$V�ZLWK�WKH�PXWDWLRQ�RSHUDWLRQ��WKH�VLPSOH
DSSOLFDWLRQ�RI� WKLV�SURFHVV� WR�')*V�FUHDWHV�SUREOHPV��7KLV� LV� LOOXVWUDWHG� LQ�)LJXUH
�����
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6HOHFWHG�&URVVRYHU�3RLQW

'

'

'

%DG�&RQQHFWLRQ

7ZR�3DUHQW�&KURPRVRPHV 7ZR�&KLOG�&KURPRVRPHV

&URVVRYHU
3URFHVV

'

'

'

�

�

%DG�&RQQHFWLRQ

)LJXUH������')*�)XQFWLRQDOLW\�&RUUXSWLRQ�GXH�WR�WKH�&URVVRYHU�3URFHVV

7KLV� H[DPSOH� GHPRQVWUDWHV� WKH� FURVVRYHU� SURFHVV� IRU� WZR� SDUHQW
FKURPRVRPHV��7KH�FURVVRYHU�SRLQW�VHOHFWV�JHQHV�IURP�HDFK�SDUHQW�FKURPRVRPH��WKH
FURVVRYHU�SURFHVV�LV�KLJKOLJKWHG�LQ�SDUHQW����,Q�WKLV�SDUHQW��WKH�WZR�GHOD\�QRGHV�DUH
VZDSSHG�ZLWK�WKH�VLQJOH�DGGLWLRQ�QRGH�RI�SDUHQW���� WR�FUHDWH�FKLOG�FKURPRVRPH���
$V� WKH� H[DPSOH� VKRZV�� WKLV�SURGXFHV� D� FKURPRVRPH�ZLWK� D� QXPEHU� RI� SUREOHPV�
7KH� RXWSXW�RI� RQH� RI� WKH� GHOD\� QRGHV� LV� OHIW� RSHQ�� UHVXOWLQJ� LQ� D� EDG� FRQQHFWLRQ
ZLWKLQ�WKH�')*��7KLV�FRQWULEXWHV�WR�WKH�FRUUXSW�IXQFWLRQDOLW\��ZKLFK�LV�QRW�RQO\�GXH
WR�EDG�FRQQHFWLRQV�EXW�DOVR�GXH�WR�WKH�LQFRUUHFW�VLJQDO�SURFHVVLQJ� IXQFWLRQ�WKDW�WKH
FKLOG�FKURPRVRPH�QRZ�UHSUHVHQWV��1RWH�WKDW�WKH�RULJLQDO�SDUHQW�FKURPRVRPHV�KDYH
WKH�VDPH�IXQFWLRQDOLW\�DV�HDFK�RWKHU��SDUHQW���LV�D�¨UHWLPHG©�YHUVLRQ�RI�SDUHQW����WZR
GHOD\�QRGHV�KDYH�EHHQ�PRYHG�IURP�WKH�LQSXWV�RI�WKH�DGGLWLRQ��WR�D�VLQJOH�GHOD\�QRGH
RQ�LWV�RXWSXW�
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7KLV� H[DPSOH� LOOXVWUDWHV� WKDW� FURVVRYHU� KDV� WKH� VDPH� SUREOHPV� RI
LPSOHPHQWDWLRQ�DV�WKH�JHQHWLF�PXWDWLRQ�RSHUDWLRQ��ZKLFK�UHTXLUHG�WKH�GHYHORSPHQW
RI�SUREOHP�VSHFLILF�JHQHWLF�PXWDWLRQV��$V�ZLWK�WKH�PXWDWLRQ�RSHUDWRU��WKH�FURVVRYHU
RSHUDWRU� LV� PRGLILHG� WR� SURGXFH� QHZ� FKURPRVRPHV� ZLWK� QR� FKDQJH� LQ� ')*
IXQFWLRQDOLW\�� 7KH� PRGLILHG� FURVVRYHU� RSHUDWLRQ� LV� D� SUREOHP�VSHFLILF� JHQHWLF
RSHUDWRU�

������3UREOHP�6SHFLILF�&URVVRYHU�2SHUDWRU
7KH� IXQGDPHQWDO� DVSHFW� RI� FURVVRYHU� LV� WKDW� LW� DWWHPSWV� WR� FRPELQH� WKH

FKDUDFWHULVWLFV� RI� VROXWLRQV�� :LWKLQ� *$/236�� ERWK� LWV� GHVLUHG� IXQFWLRQ� DQG� WKH
VHULHV� RI� WUDQVIRUPDWLRQV� WKDW� KDYH� EHHQ� DSSOLHG� GLFWDWH� WKH� FKDUDFWHULVWLFV� RI� D
VROXWLRQ�� 7KHUHIRUH�� FRPELQLQJ� WKH� FKDUDFWHULVWLFV�� ZKLOH� PDLQWDLQLQJ� WKH� VDPH
IXQFWLRQDOLW\�� LV�HIIHFWLYHO\�FRPELQLQJ�WKH�VHULHV�RI�WUDQVIRUPDWLRQV�WKDW�KDYH�EHHQ
DSSOLHG��7KH�FURVVRYHU�V\VWHP�XVHG�ZLWKLQ�*$/236�LV�EDVHG�RQ�WKLV�FRQFHSW�

7R�SHUIRUP�D�FURVVRYHU�RSHUDWLRQ��(DFK�FKURPRVRPH�LV�DQDO\VHG�WR�LGHQWLI\
D� WUDQVIRUPDWLRQ�� 7KH� LGHQWLILFDWLRQ� RI� WUDQVIRUPDWLRQV� LV� PDGH� SRVVLEOH� E\
DVVLJQLQJ�D�VSHFLILF� ODEHO� W\SH� WR� HDFK�QRGH� LQVHUWHG�E\� D� VSHFLILF� WUDQVIRUPDWLRQ�
6WDQGDUG�QRGHV��SUHVHQW� LQ� WKH�RULJLQDO�')*�� DUH� W\SLFDOO\� ODEHOOHG� IURP� H�� WR� H/�
ZKHUH�/� LV� WKH�QXPEHU�RI�QRGHV� LQ� WKH�')*��(DFK� WUDQVIRUPDWLRQ�XVHV�D�GLIIHUHQW
SUHIL[� WR� ODEHO� WKH� QRGH�� IRU� H[DPSOH�� UHWLPHG� GHOD\� QRGHV� DUH� ODEHOOHG�ZLWK� ¨U;©�
ZKHUH�;�LV�WKH�QRGH�QXPEHU��7KH�¨U©�LGHQWLILHV�WKDW�WKLV�GHOD\�QRGH�KDV�EHHQ�UHWLPHG
WR�LWV�FXUUHQW�SRVLWLRQ�LQ�WKH�')*��7KH�RWKHU�WUDQVIRUPDWLRQV�XVH�VLPLODU�PHWKRGV�RI
LGHQWLILFDWLRQ�

$IWHU� LGHQWLI\LQJ� D� WUDQVIRUPDWLRQ� LQ� D� FKURPRVRPH�� WKH� WUDQVIRUPDWLRQ� LV
DSSOLHG� WR� WKH� RWKHU� FKURPRVRPH�� SURGXFLQJ� D� FKURPRVRPH� ZLWK� VRPH� RI� WKH
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WUDQVIRUPDWLRQ�FKDUDFWHULVWLFV�RI�ERWK�FKURPRVRPHV��$Q�H[DPSOH�RI� WKH� ILUVW�VWDJH
RI� WKLV� SURFHVV�� LGHQWLI\LQJ� WKH� WUDQVIRUPDWLRQV� LQ� WZR� SDUHQW� FKURPRVRPHV�� LV
LOOXVWUDWHG�LQ�)LJXUH������

' '

' '

'
3LSHOLQH�'HOD\

1RGHV

3LSHOLQH
'HOD\�1RGH 5HWLPHG

'HOD\�1RGH

3DUHQW�&KURPRVRPH��

3DUHQW�&KURPRVRPH��

)LJXUH������,GHQWLILFDWLRQ�RI�7UDQVIRUPDWLRQV�IRU�&URVVRYHU�2SHUDWLRQ

,Q� WKH� H[DPSOH� VKRZQ�� D� SLSHOLQH� VWDJH� �ZLWK� WKH� UHOHYDQW� SLSHOLQH� GHOD\
QRGHV��KDV�EHHQ� LGHQWLILHG� LQ�SDUHQW����,Q�SDUHQW���� WZR�WUDQVIRUPDWLRQV�KDYH�EHHQ
LGHQWLILHG�� D�SLSHOLQH� VWDJH� FRQWDLQLQJ� D� VLQJOH� SLSHOLQH� GHOD\� QRGH� DQG� D� UHWLPHG
GHOD\�QRGH��7KH�FURVVRYHU�RSHUDWLRQ�LV�H[HFXWHG�RQ�HDFK�SDUHQW�LQ�VHTXHQFH�

7KH� ILUVW� RSHUDWLRQ� LV� WR� DSSO\� WKH� SLSHOLQH� WUDQVIRUPDWLRQ� RI� SDUHQW� �� WR
SDUHQW����1RW�RQO\�PXVW�WKH�SLSHOLQH�RSHUDWLRQ�EH�DSSOLHG�FRUUHFWO\��LW�DOVR�KDV�WR�EH
DSSOLHG� WR� WKH� VDPH� ORFDWLRQ� LQ�SDUHQW����7KLV� LV� UHTXLUHG� WR�PDLQWDLQ� FRQVLVWHQF\
ZLWK� WKH� FRQFHSW� RI� D� JHQHWLF� FURVVRYHU� RSHUDWLRQ� >+ROODQG��@�� 7KLV� UHTXLUHV
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LGHQWLILFDWLRQ� RI� QRW� RQO\� WKH� W\SH� RI� WUDQVIRUPDWLRQ�� EXW� DOVR� LWV� ORFDWLRQ� LQ� WKH
RULJLQDO�')*��SDUHQW�����:KHQ�WKH�ORFDWLRQ�LQ�SDUHQW���KDV�EHHQ�LGHQWLILHG��WKH�VDPH
ORFDWLRQ� LV�VHDUFKHG� IRU�LQ�SDUHQW����,Q�VRPH�FDVHV��WKLV�VHDUFK�PD\� IDLO�GXH� WR�WKH
DSSOLFDWLRQ�RI�WUDQVIRUPDWLRQV� LQ�SDUHQW���VLJQLILFDQWO\�DOWHULQJ� WKH�')*�VWUXFWXUH�
,Q�WKLV�H[DPSOH�� WKH� ORFDWLRQ� LV�HDVLO\� LGHQWLILHG�DQG� WKH�SLSHOLQH� WUDQVIRUPDWLRQ� LV
DSSOLHG� DW� WKDW� ORFDWLRQ�� $JDLQ�� LQ� VRPH� FDVHV� WKLV� RSHUDWLRQ� PD\� IDLO� GXH� WR� WKH
SLSHOLQH� FRQVWUDLQWV� DW� WKDW� ORFDWLRQ� LQ� SDUHQW� ��� 7KH� FRPSOHWLRQ� RI� WKH� SLSHOLQH
WUDQVIRUPDWLRQ�FURVVRYHU�FUHDWHV�D�QHZ�FKLOG�FKURPRVRPH��DV�VKRZQ�LQ�)LJXUH������

3DUHQW� �� KDV� WZR� FURVVRYHU� RSHUDWLRQV�� WKHUHIRUH� RQH� LV� VHOHFWHG� IRU
DSSOLFDWLRQ� WR� SDUHQW� ��� ,Q� WKLV� H[DPSOH�� WKH� UHWLPH� WUDQVIRUPDWLRQ� LV� DSSOLHG�
FUHDWLQJ�D�QHZ�FKLOG�FKURPRVRPH��DV�VKRZQ�LQ�)LJXUH������

' ' '

'

'

'

'

3LSHOLQH�'HOD\
1RGHV

5HWLPHG
'HOD\�1RGH

&KLOG�&KURPRVRPH��
5HWLPH�$SSOLHG�7R�3DUHQW��

&KLOG�&KURPRVRPH��
3LSHOLQH�$SSOLHG�7R�3DUHQW��

)LJXUH������(IIHFW�RI�&URVVRYHU�RQ�7ZR�&KURPRVRPHV
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3DUHQW��� LOOXVWUDWHV�WKH� IDFW�WKDW�D�FKURPRVRPH�PD\� KDYH� KDG�D�QXPEHU�RI
WUDQVIRUPDWLRQV�DSSOLHG��,I�WKHUH�DUH�D�FROOHFWLRQ�RI�WUDQVIRUPDWLRQV�WR�FKRRVH�IURP�
HLWKHU� D� VLQJOH� WUDQVIRUPDWLRQ� RU� D� QXPEHU� RI� WUDQVIRUPDWLRQV� FDQ� EH� VHOHFWHG� IRU
FURVVRYHU��6HOHFWLQJ�D�VLQJOH�WUDQVIRUPDWLRQ�IRU�FURVVRYHU�LV�DQDORJRXV�WR�D�VWDQGDUG
WZR�SRLQW� FURVVRYHU�PHFKDQLVP�ZLWK� D� ORFDOLVHG� VHOHFWLRQ� RI� JHQHV� >*ROGEHUJ���
%HDVOH\��@��*$/236�XVHV�WKLV�WZR�SRLQW�FURVVRYHU�PHWKRG�WR�LGHQWLI\�DQG�WUDQVIHU
D�VLQJOH�WUDQVIRUPDWLRQ��:KHUH�D�QXPEHU�RI�SRVVLEOH�WUDQVIRUPDWLRQV�H[LVW��D�VLQJOH
WUDQVIRUPDWLRQ�LV�UDQGRPO\�VHOHFWHG�IRU�FURVVRYHU�

)RU�HDFK�RI�WKH�SRVVLEOH�WUDQVIRUPDWLRQV��D�UHOHYDQW�FURVVRYHU�RSHUDWLRQ�KDV
WR� EH� LPSOHPHQWHG�� 7KH� WDVN� RI� HDFK� FURVVRYHU� RSHUDWRU� LV� WR� GHWHFW� WKH
WUDQVIRUPDWLRQ�LQ�RQH�SDUHQW�DQG�DWWHPSW�WR�DSSO\�LW�WR�DQRWKHU�SDUHQW��HQVXULQJ�WKDW
DOO� DSSOLFDWLRQ�UXOHV�DUH�REH\HG��7KH�QH[W�VHFWLRQ�GHVFULEHV� WKH� LPSOHPHQWDWLRQ�RI
WKH�FURVVRYHU�RSHUDWRU�

������,PSOHPHQWDWLRQ�RI�&URVVRYHU�2SHUDWRU
7KH� DOJRULWKP� IRU� WKH� FURVVRYHU� RSHUDWRU� FRPSULVHV� ERWK� WKH� VHOHFWLRQ� RI

ZKLFK�RSHUDWRU�WR�DSSO\�DQG�WKH�VHDUFK� IRU�WKDW�RSHUDWRU�LQ�WKH�FKURPRVRPH��2QFH
WKH� GHVLUHG� FURVVRYHU� RSHUDWRU� KDV� EHHQ� VHOHFWHG�� WKH� VHDUFK� SHUIRUPHG� DQG� WKH
FURVVRYHU�FRQVWUDLQWV�VDWLVILHG��WKH�WUDQVIRUPDWLRQDO�FURVVRYHU�LV�DSSOLHG�

7KH� PXWDWLRQ� RSHUDWRU� DFFHVVHV� LWV� WUDQVIRUPDWLRQV� IURP� D� FRUH
WUDQVIRUPDWLRQ� OLEUDU\�� 7KH� VDPH� OLEUDU\� LV� XVHG� WR� SHUIRUP� WKH� WUDQVIRUPDWLRQV
ZLWKLQ� WKH� FURVVRYHU� SURFHVV�� 7KHUHIRUH�� WKH� FURVVRYHU� RSHUDWLRQ� FRQVLVWV� RI� WZR
GLVWLQFW�SURFHVVHV��LGHQWLI\�WKH�WUDQVIRUPDWLRQ�WKHQ�DSSO\�

�7KH� SVHXGR�FRGH� IRU� WKH� FURVVRYHU� SURFHVV� LV� VKRZQ� LQ� )LJXUH� ������ 7KLV
SVHXGR�FRGH� IRUPDOLVHV� WKH� FURVVRYHU� SURFHGXUHV� LOOXVWUDWHG� LQ� )LJXUH� ����� DQG
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)LJXUH� ������ 7KH� FURVVRYHU� DOJRULWKP� SURFHVVHV� WZR� SDUHQW� FKURPRVRPHV�
DWWHPSWLQJ� WR� DSSO\� D� WUDQVIRUPDWLRQ� RSHUDWRU� WR� SDUHQW� �� WKDW� ZDV� LGHQWLILHG� LQ
SDUHQW� ��� 7KHUHIRUH�� WKLV� SURFHVV� ZLOO� RQO\� FUHDWH� D� VLQJOH� FKLOG� FKURPRVRPH�
ZKHUHDV� FURVVRYHU� WUDGLWLRQDOO\� FUHDWHV� WZR� FKLOGUHQ� >+ROODQG���� *ROGEHUJ��@�
$SSO\LQJ�D�WUDQVIRUPDWLRQ�WR�SDUHQW����ZKLFK�ZDV�LGHQWLILHG�LQ�SDUHQW����FUHDWHV�WKH
VHFRQG� FKLOG�� 7KLV� LV� DFKLHYHG� E\� UH�DSSO\LQJ� WKH� FURVVRYHU� WUDQVIRUPDWLRQ
DOJRULWKP��EXW�RQ�WKLV�VHFRQG�LWHUDWLRQ��WKH�RUGHU�LQ�ZKLFK�WKH�SDUHQW�FKURPRVRPHV
DUH�SDVVHG� WR� LW� LV�VZLWFKHG�� ,Q� HIIHFW�� GXULQJ� WKH� VHFRQG� LWHUDWLRQ�RI� WKH� FRPSOHWH
FURVVRYHU�DOJRULWKP�SDUHQW��LQ�WKH�SVHXGR�FRGH�LV�DFWXDOO\�SDUHQW����DQG�YLFH�YHUVD�

$OJRULWKP�&URVVRYHU
3DVVHG�SDUHQW��FKURPRVRPH
3DVVHG�SDUHQW��FKURPRVRPH
5HWXUQV�VLQJOH�FKLOG�FKURPRVRPH��SDUHQW���WUDQVIRUP�DSSOLHG�WR�SDUHQW���
,)�SDUHQW��,6�7+(�6$0(�DV�SDUHQW�

&URVVRYHU�XQVXFFHVVIXO
5(3($7�817,/�FURVVRYHU�VXFFHVVIXO�25�$//�WUDQVIRUPDWLRQV�DWWHPSWHG

6HOHFW�FURVVRYHU�RSHUDWRU�
8QIROGLQJ
5HWLPLQJ
3LSHOLQLQJ
%DFN�5HWLPLQJ
$XWRPDWLF�3LSHOLQLQJ

5(3($7�817,/�DOO�VHOHFWHG�FURVVRYHU�RSHUDWRUV�LQ�SDUHQW��DWWHPSWHG
$WWHPSW�WR�GHWHFW�VHOHFWHG�FURVVRYHU�RSHUDWRU�LQ�SDUHQW�

,)�GHWHFWHG
)LQG�UHOHYDQW�ORFDWLRQ�LQ�SDUHQW�
&KHFN�FRQVWUDLQWV�RQ�DSSO\LQJ�WUDQVIRUPDWLRQ
,)�FRQVWUDLQWV�VDWLVILHG

$SSO\�WUDQVIRUPDWLRQ�WR�SDUHQW�
&KLOG�FKURPRVRPH�FUHDWHG
&URVVRYHU�VXFFHVVIXO

(/6(
6HOHFW�QHZ�FURVVRYHU�RSHUDWRU�LQ�SDUHQW�

(1'�5(3($7
(1'�5(3($7
,)�FURVVRYHU�127�VXFFHVVIXO

&RS\�SDUHQW��FKURPRVRPH�WR�QH[W�JHQHUDWLRQ��VLQJOH�FKLOG�
(QG�$OJRULWKP�&URVVRYHU

)LJXUH������3VHXGR�&RGH�IRU�&URVVRYHU�7UDQVIRUPDWLRQ�2SHUDWLRQ
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2Q�HQWUDQFH�WR�WKH�FURVVRYHU�DOJRULWKP��WKH�ILWQHVV�YDOXHV�RI�WKH�WZR�SDUHQWV
DUH� FRPSDUHG�� $SSO\LQJ� FURVVRYHU� WR� SDUHQWV� ZLWK� WKH� VDPH� ILWQHVV� LV� SUHYHQWHG
IURP�RFFXUULQJ�DV� WKH�����DOORFDWLRQ� WHFKQLTXH�HQVXUHV� WKDW�FKURPRVRPHV�ZLWK� WKH
VDPH�ILWQHVV�KDYH�WKH�VDPH�JHQHWLF�VWUXFWXUH�

7KH� FKRLFH� RI� ZKLFK� FURVVRYHU� RSHUDWRU� WR� DSSO\� LV� EDVHG� RQ� VSHFLILHG
DSSOLFDWLRQ� UDWHV�� )RU� H[DPSOH�� *$/236� PD\� DWWHPSW� WR� SHUIRUP� D� UHWLPH
FURVVRYHU� RSHUDWLRQ� RQ� WKH� VROXWLRQV� VHOHFWHG� IRU� FURVVRYHU�� +RZHYHU�� WKH� VHDUFK
SURFHGXUH�PD\�GHWHFW�WKDW�D�UHWLPH�FURVVRYHU�LV�QRW�SRVVLEOH��,Q�WKLV�FDVH��*$/236
VHOHFWV�DQRWKHU�FURVVRYHU�WUDQVIRUPDWLRQ�WR�EH�DSSOLHG��DJDLQ�EDVHG�RQ�WKH�VSHFLILHG
DSSOLFDWLRQ�UDWHV��7KLV�SURFHVV�LV�UHSHDWHG�XQWLO�DOO�RI�WKH�WUDQVIRUPDWLRQV�KDYH�EHHQ
DWWHPSWHG��,Q�FHUWDLQ�FDVHV��D�WUDQVIRUPDWLRQDO�EDVHG�FURVVRYHU�PD\�QRW�EH�SRVVLEOH
EHWZHHQ�WZR�SDUHQWV��,Q�WKLV�LQVWDQFH�*$/236�VLPSO\�FRSLHV�WKH�SDUHQW�WR�WKH�QH[W
JHQHUDWLRQ��SURGXFLQJ�D�FKLOG�FKURPRVRPH�ZLWK�QR�PRGLILFDWLRQV�

(DFK�VSHFLILF�FURVVRYHU�RSHUDWRU�PD\�\LHOG�D�QXPEHU�RI�SRVVLEOH�ORFDWLRQV�LQ
SDUHQW����)RU�H[DPSOH��SDUHQW���PD\�KDYH�D�QXPEHU�RI�SLSHOLQH�VWDJHV��,Q�WKLV�FDVH�
HDFK�RI�WKH�SLSHOLQH�VWDJHV�LV�VHOHFWHG�IRU�FURVVRYHU�XQWLO�HLWKHU�RQH�LV�VXFFHVVIXO�RU
WKH\�KDYH�DOO�EHHQ�DWWHPSWHG�

7KH�DSSOLFDWLRQ�RI� WKH�XQIROGLQJ� FURVVRYHU�RSHUDWRU�� DV�ZLWK� WKH� XQIROGLQJ
PXWDWLRQ� RSHUDWRU�� UHTXLUHV� VSHFLDO� FRQVLGHUDWLRQ�� 7KH� VWDQGDUG� FURVVRYHU
WUDQVIRUPDWLRQ� UHTXLUHV� LGHQWLILFDWLRQ�RI� WUDQVIRUPDWLRQV�ZLWKLQ� D� FKURPRVRPH�� ,Q
WKH�FDVH�RI�WKH�XQIROGLQJ�WUDQVIRUPDWLRQ��DOO�RI�WKH�QRGHV�ZLWKLQ�D�FKURPRVRPH�DUH
DIIHFWHG�� WKHUHIRUH� QR� VHDUFK� LV� UHTXLUHG� WR� LGHQWLI\� LWV� DSSOLFDWLRQ�� ,W� LV� VLPSO\
LGHQWLILHG� E\� GHWHUPLQLQJ� WKH� FXUUHQW� XQIROGLQJ� IDFWRU� RI� WKDW� FKURPRVRPH� �QRQ�
XQIROGHG� FKURPRVRPHV� DUH� FRQVLGHUHG� WR� KDYH� DQ� XQIROGLQJ� IDFWRU� RI� ���� ,I
XQIROGLQJ� LV� VHOHFWHG�� WKH�XQIROGLQJ� IDFWRUV�RI� ERWK� SDUHQWV� DUH� GHWHUPLQHG�� ,I� WKH



&KDSWHU�����7KH�*HQHWLF�$OJRULWKP

���

XQIROGLQJ� IDFWRU�RI�SDUHQW��� LV� JUHDWHU� WKDQ� SDUHQW� ��� WKHQ� XQIROGLQJ� LV� DSSOLHG� WR
SDUHQW� ��� ZLWK� DQ� XQIROGLQJ� IDFWRU� FKRVHQ� WR� FUHDWH� D� FKLOG� ZLWK� WKH� VDPH� ILQDO
XQIROGLQJ�IDFWRU�DV�SDUHQW���

7KH�HQWLUH�FURVVRYHU�RSHUDWRU��DV�ZLWK�HDFK�RI� WKH�VSHFLILF� WUDQVIRUPDWLRQDO
EDVHG�PXWDWLRQ�RSHUDWRUV��LV�DSSOLHG�WR�WKH�SRSXODWLRQ�RI�FKURPRVRPHV�DW�D�VSHFLILF
UDWH�� ODEHOOHG� WKH�FURVVRYHU� UDWH��7KLV�*$�SDUDPHWHU�� DV�ZLWK�PXWDWLRQ� DSSOLFDWLRQ
UDWHV��LV�GLIILFXOW�WR�GHILQH�IRU�D�ZLGH�UDQJH�RI�VROXWLRQV��7KH�UHTXLUHG�FURVVRYHU�UDWH
LV� VWURQJO\� SUREOHP� GHSHQGHQW�� WKHUHIRUH� LW� LV� PRVW� FRPPRQO\� GHILQHG� DIWHU
H[SHULPHQWDO� DQDO\VLV� >*ROGEHUJ���� +DQF��@�� 6RPH� DWWHPSW� KDV� EHHQ� PDGH� WR
GHWHUPLQH�¨JRRG©�*$�SDUDPHWHUV�VXFK�DV�WKH�DSSOLFDWLRQ�UDWH�RI�FURVVRYHU��EXW�WKH
UHVHDUFK�KDV�SULPDULO\�EHHQ�UHVWULFWHG�WR�FHUWDLQ�FODVVHV�RI�SUREOHPV�ZLWK�ELW�VWULQJ
UHSUHVHQWDWLRQ�>'H-RQJ@�

7KH� FURVVRYHU� RSHUDWRU� DQG� WKH� PXWDWLRQ� RSHUDWRU� FRPSULVH� WKH� JHQHWLF
PXWDWLRQ�RSHUDWRUV�RI�WKH�*$/236�V\VWHP�

����)LWQHVV�(YDOXDWLRQ
$V� GLVFXVVHG� LQ� VHFWLRQ� ������� D� *$� UHTXLUHV� D� PHDQV� RI� PHDVXULQJ� WKH

TXDOLW\� RI� D� SDUWLFXODU� VROXWLRQ�� LQ� SDUWLFXODU�� WKH� TXDOLW\� RI� D� VROXWLRQ� UHOHYDQW� WR
RWKHU�VROXWLRQV��:LWKLQ� WKH�FRQWH[W�RI�D�V\QWKHVLV�V\VWHP� IRU� ORZ�SRZHU�RSHUDWLRQ
WKH� SULPDU\� PHDVXUH� RI� TXDOLW\� LV� KRZ� ZHOO� D� SDUWLFXODU� GHVLJQ� PHHWV� VSHFLILHG
SRZHU�FRQVXPSWLRQ�UHTXLUHPHQWV�

$V�ZHOO�DV�SRZHU�FRQVXPSWLRQ��RWKHU�9/6,� LPSOHPHQWDWLRQ�SDUDPHWHUV�DUH
RI� LQWHUHVW�WR�KHOS�GHWHUPLQH�KRZ�WKH�SRZHU�UHGXFWLRQ�KDV� LPSDFWHG�RQ�LWHPV�VXFK
DV�VSHHG��DUHD��FRPSOH[LW\��HWF��7KHUHIRUH��WKH� ILWQHVV�HYDOXDWLRQ�VHFWLRQ�RI�D�9/6,
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V\QWKHVLV� V\VWHP� PXVW� EH� FDSDEOH� RI� FDOFXODWLQJ� SUDFWLFDO� 9/6,� LPSOHPHQWDWLRQ
SDUDPHWHUV�

,W�LV�UHFRJQLVHG�WKDW��DW�WKH�KLJK�OHYHO�RI�DEVWUDFWLRQ��ZKLFK�*$/236�XVHV��
DFFXUDWH�SRZHU�HVWLPDWLRQ�LV�DQ�H[WUHPHO\�FRPSOH[�SURFHVV��DV�GLVFXVVHG�LQ�VHFWLRQ
������(UURU�UDWHV�RI�XS�WR�����DUH�FRQVLGHUHG�DFFHSWDEOH��SURYLGLQJ� WKDW�WKH�YDOXHV
SURYLGH� D� JRRG� LQGLFDWLRQ� RI� WKH� UHODWLYH� TXDOLW\� RI� D� UDQJH� RI� VROXWLRQV� >5R\���
&KXDQJ��@��+RZHYHU�� WKH� FRPSXWDWLRQ� RI� UHODWLYH� SRZHU� FRQVXPSWLRQ�� HYHQ�ZLWK
VLJQLILFDQW�HUURU�WROHUDQFHV��LV�VWLOO�D�FRPSOH[�SURFHVV�

7KLV� DELOLW\� WR� WUDGH�RII� DEVROXWH� IRU� UHODWLYH� DFFXUDF\� VXLWV� D� VWDQGDUG
SURSHUW\�RI�D�*$��$�*$�FRPSDUHV�VROXWLRQV�IRU�WKHLU�UHODWLYH�PHULWV�ZKHQ�VHOHFWLQJ
FKURPRVRPHV� IRU� UHSURGXFWLRQ�� WKHUHIRUH�� LW� LV� PRUH� XVHIXO� WR� NQRZ� WKH� UHODWLYH
SRZHU�FRQVXPSWLRQ�RI�WZR�GHVLJQV��H�J��ZKLFK�VROXWLRQ�FRQVXPHV�OHVV�SRZHU��WKDQ
LW� LV� WR� NQRZ� WKH� DFWXDO� SRZHU� FRQVXPSWLRQ� RI� HDFK� GHVLJQ�� 7KHUHIRUH�� D� *$
V\QWKHVLV�PHWKRGRORJ\�KDV�DSSDUHQW� EHQHILWV�ZKHQ�FRPELQHG�ZLWK� WKH�SUREOHP�RI
KLJK�OHYHO�SRZHU�HVWLPDWLRQ�

3DUW� RI� WKH� SUREOHP� RI� GHWHUPLQLQJ� DQ� DFFXUDWH� 9/6,� LPSOHPHQWDWLRQ
SDUDPHWHU�LV�WKH�OHQJWK�RI�WLPH�VXFK�FDOFXODWLRQV�WDNH��9HU\�DFFXUDWH�HVWLPDWLRQV�RI
SRZHU�GLVVLSDWLRQ�DUH�SRVVLEOH� LI�YHU\�GHWDLOHG� LQIRUPDWLRQ� LV�DYDLODEOH�DQG� WLPH� LV
QRW�D�OLPLWDWLRQ��+RZHYHU��D�SULPH�UHTXLUHPHQW�IRU�D�*$�ILWQHVV�HYDOXDWLRQ�IXQFWLRQ
LV�UDSLG�H[HFXWLRQ�VSHHG��DV�D�W\SLFDO�*$�XVHV�ILWQHVV�HYDOXDWLRQ�PDQ\�WLPHV�GXULQJ
WKH� HYROXWLRQDU\� VHDUFK� SURFHVV�� 7KH� ILWQHVV� HYDOXDWLRQ� IXQFWLRQ� LV� YHU\� RIWHQ� WKH
OLPLWLQJ�IDFWRU�LQ�WKH�H[HFXWLRQ�WLPH�RI�D�*$�

*$/236� WKHUHIRUH� UHTXLUHV� D� UDSLG� HYDOXDWLRQ� IXQFWLRQ�� WKDW� HVWLPDWHV
SRZHU� FRQVXPSWLRQ� ZKLOH� WUDFNLQJ� RWKHU� 9/6,� LPSOHPHQWDWLRQ� SDUDPHWHUV�� ZLWK
HPSKDVLV� RQ� UHODWLYH� UDWKHU� WKDQ� DEVROXWH� DFFXUDF\��:KLOH� SRZHU� HVWLPDWLRQ� LV� D
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FRPSOH[�DQG�WLPH�FRQVXPLQJ�SURFHVV��WKH�ILWQHVV�HYDOXDWLRQ�RI�D�*$�LV�UHTXLUHG�WR
UHWXUQ� D� YDOXH� UHODWLYHO\� TXLFNO\�� WKLV� SODFHV� WKH� FRQIOLFWLQJ� UHTXLUHPHQWV� RI
DFFXUDF\�DQG�VSHHG�RQ�WKH�ILWQHVV�IXQFWLRQ��+HQFH��WKH�ILWQHVV�HYDOXDWLRQ�VHFWLRQ�RI
*$/236� FRPSULVHV� D� KLJK�OHYHO� SRZHU� HVWLPDWLRQ� PRGXOH� WKDW� DWWHPSWV� WR
GHWHUPLQH�SRZHU�TXLFNO\�

7KH� PDLQ� WDVNV� LQ� SRZHU� HVWLPDWLRQ� ZHUH� GHVFULEHG� LQ� FKDSWHU� ��� 7R
VXPPDULVH�� WKH� HTXDWLRQ� IRU� HQHUJ\� SHU� FRPSXWDWLRQ� RI� D� VLJQDO� SURFHVVLQJ
DOJRULWKP�LPSOHPHQWHG�RQ�D�&026�GHYLFH�LV�VKRZQ�LQ�HTXDWLRQ�����

(QHUJ\�SHU�FRPSXWDWLRQ� 9''��
�&
 �����

7KLV� HTXDWLRQ� VKRZV� WKDW� WKH� PDLQ� FRQVWLWXHQWV� RI� SRZHU� DUH� WKH� VXSSO\
YROWDJH��9''��DQG�WKH�VZLWFKHG�FDSDFLWDQFH��&
��

(VWLPDWH�&DSDFLWDQFH

8VH�$UHD
(VWLPDWLRQ�7R
'HWHUPLQH
&DSDFLWDQFH

'HWHUPLQH�$UHD�2I
1HZ�'HVLJQ

(VWLPDWH�3RZHU
�)LWQHVV��8VLQJ
3DUDPHWHUV (VWLPDWHG

&DSDFLWDQFH
(VWLPDWHG
9ROWDJH

(VWLPDWHG�)LWQHVV

2ULJLQDO
'HVLJQ�')*

1HZ�'HVLJQ
')*

'HWHUPLQH�6SHHG
2I�1HZ�'HVLJQ

&RPSDUH�:LWK
6SHHG�2I�2OG

'HVLJQ

8VH�6SHHG
&RPSDULVRQ�7R
(VWLPDWH�6XSSO\

9ROWDJH

(VWLPDWH�9ROWDJH

)LJXUH������)LWQHVV�(YDOXDWLRQ�RI�1HZ�'HVLJQ
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)LJXUH� ����� SUHVHQWV� DQ� RYHUYLHZ� RI� WKH� ILWQHVV� HYDOXDWLRQ� SURFHVV�� 7KH
ILJXUH� VKRZV� WKDW� VXSSO\� YROWDJH� DQG� FDSDFLWDQFH� FDQ� EH� HVWLPDWHG� VHSDUDWHO\�
WKHUHIRUH�WKH�ILWQHVV�HYDOXDWLRQ�SURFHVV�FRQVLVWV�RI�WZR�GLVWLQFW�VHFWLRQV��$OVR�VKRZQ
LQ�WKLV�ILJXUH�DUH�WKH�UHOHYDQW�VWHSV�UHTXLUHG�WR�HVWLPDWH�HDFK�SDUDPHWHU��DV�GHVFULEHG
LQ�VHFWLRQV�������DQG�������

������6XSSO\�9ROWDJH�(VWLPDWLRQ
$V�GHVFULEHG�LQ�VHFWLRQ������WKH�VXSSO\�YROWDJH� LV�XVHG�WR�UHGXFH�WKH�SRZHU

FRQVXPSWLRQ�E\�WUDGLQJ�VSHHG� IRU�VXSSO\�YROWDJH��DV�D� UHGXFWLRQ� LQ�VXSSO\�YROWDJH
GHFUHDVHV�WKH�VSHHG�RI�D�&026�GHYLFH��7KH�RULJLQDO�GHVLJQV�DUH�DVVXPHG�WR�KDYH�D
VXSSO\� YROWDJH� RI� �9�� $Q\� LQFUHDVHV� LQ� VSHHG� �GXH� WR� WKH� KLJK�OHYHO
WUDQVIRUPDWLRQV��FDQ�EH�WUDGHG�IRU�D�UHGXFWLRQ�LQ�WKH��9�VXSSO\�YROWDJH��DQG�KHQFH�D
UHGXFWLRQ� LQ�SRZHU��7KH�SUHFLVH� UHGXFWLRQ� LQ� VXSSO\� YROWDJH� IRU� D� VSHFLILHG� VSHHG
FDQ�EH�FDOFXODWHG��7KHUHIRUH��WKH�UHTXLUHG�SRZHU�VXSSO\�RI�D�SDUWLFXODU�FKURPRVRPH
FDQ�EH�FDOFXODWHG�E\�FRPSDULQJ�LWV�RSHUDWLQJ�VSHHG�WR�WKDW�RI�WKH�RULJLQDO��7KH�FXUYH
IRU� VSHHG�DJDLQVW�GHOD\� �)LJXUH����� LQ� VHFWLRQ� ����� FDQ� EH� XVHG� WR� H[WUDSRODWH� WKH
SRZHU�VXSSO\�RI�D�VSHFLILHG�')*�

)RU�H[DPSOH��LI�WKH�WKURXJKSXW�VSHHG�RI�WKH�RULJLQDO�GHVLJQ�FDQ�EH�GRXEOHG�LW
FDQ� WROHUDWH�D�WZR�IROG� LQFUHDVH� LQ� WKH�GHOD\�RI� WKH�&026�GHYLFH��$� UHGXFWLRQ� LQ
YROWDJH�ZRXOG�UHWXUQ�WKH�WKURXJKSXW�RI�WKH�FKURPRVRPH�WR�LWV�RULJLQDO��7KH�LQFUHDVH
LQ� WKH� GHOD\� RI� WKH� GHYLFH� LV� DFKLHYHG� E\� UHGXFLQJ� WKH� VXSSO\� YROWDJH� WR� ���9
�GHWHUPLQHG� IURP� WKH� GHOD\�YROWDJH� JUDSK��� 7KHUHIRUH�� D� ')*� ZLWK� D� PD[LPXP
VSHHG�WZLFH�WKDW�RI�WKH�RULJLQDO�ZLOO�RSHUDWH�DW�WKH�VDPH�VSHHG�RI�WKH�RULJLQDO� LI� LWV
VXSSO\�YROWDJH�LV����9��7KLV�H[DPSOH�VKRZV�WKDW�HVWLPDWLRQ�RI�WKH�VSHHG�RI�D�')*
�LQ�FRPSDULVRQ�WR�WKH�VSHHG�RI�WKH�RULJLQDO��ZLOO�\LHOG�LWV�UHTXLUHG�VXSSO\�YROWDJH�
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7KH�PD[LPXP�WKURXJKSXW�VSHHG�RI�D�')*� LV� ERXQGHG�E\� WKH� OHQJWK�RI� LWV
FULWLFDO� SDWK� �&3��� 7KHUHIRUH�� WKH� FDOFXODWLRQ� RI� VSHHG� UHTXLUHV� HVWLPDWLRQ� RI� WKH
OHQJWK� RI� WKH� &3� RI� WKH� ')*�� 7KH� &3� RI� D� ')*� LV� GHILQHG� DV� WKH� ORQJHVW� SDWK
EHWZHHQ� QRQ�FRPSXWDWLRQDO� QRGHV� L�H�� GHOD\� QRGHV� DQG� LQSXW�RXWSXW� QRGHV�
7KHUHIRUH��WKH�&3�LV�GHWHUPLQHG�E\�ILQGLQJ�WKH�ORQJHVW�SDWK�RI�FRPSXWDWLRQDO�QRGHV
�H�J�� DGGHUV�� PXOWLSOLHUV�� ZLWKLQ� WKH� ')*�� 7KH� SURWRW\SH� YHUVLRQ� RI� *$/236
DFKLHYHV�WKLV�XVLQJ�DQ�DOJRULWKP�WR�GHWHUPLQH�WKH�OHQJWK�RI�DOO�FRPSXWDWLRQDO�SDWKV�
WKH� ORQJHVW� IRXQG� LV� WKHQ� GHILQHG� DV� WKH� &3�� $� &3� DOJRULWKP� XVLQJ� D� UHFXUVLYH
VWUXFWXUH��WR�H[SORUH�DOO�SRVVLEOH�SDWKV�ZLWKLQ�WKH�')*��LV�LOOXVWUDWHG�LQ�)LJXUH������

$OJRULWKP�6HDUFK�3DWK
3DVVHG�FXUUHQWBQRGH
,)�FXUUHQWBQRGH�LV�GHOD\�RU�LQSXW

(;,7�DOJRULWKP �6723�VHDUFK�GRZQ�WKLV�SDWK�
)RU�HDFK�LQSXWBQHW�RI�WKH�FXUUHQWBQRGH

,)�LQSXWBQHW�LQ�SDWKBOLVW
6723�VHDUFK�GRZQ�WKLV�SDWK��LQSXWBQHW�LV�LQ�D�ORRS�

(/6(
6WRUH�LQSXWBQHW�LQ�SDWKBOLVW
6HW�FXUUHQWBQRGH�WR�LQSXWBQHW
&DOO�6HDUFK�3DWK��UHFXUVLYH�FDOO�

(QG�$OJRULWKP�6HDUFK�3DWK

)LJXUH������3VHXGR�&RGH�IRU�5HFXUVLYH�3DWK�6HDUFK�$OJRULWKP

7KH�DOJRULWKP�LV�H[HFXWHG�IRU�HDFK�QRGH�LQ�WKH�')*��H[SORULQJ�DOO�SRVVLEOH
SDWKV�IURP�WKDW�QRGH��$V�HDFK�QRGH� LQ�D�SDWK� LV�WUDYHUVHG�� LW� LV�DGGHG�WR�D�SDWK�OLVW
WKDW�FRQWDLQV�DOO�WKH�QRGHV�LQ�WKDW�SDWK��:KHQ�WKDW�SDWK�KDV�EHHQ�IXOO\�H[SORUHG��LW�LV
FRPSDUHG�ZLWK�WKH�SDWK�FXUUHQWO\�VWRUHG�DV�WKH�&3��,I� LW� LV�D� ORQJHU�SDWK��WKHQ� LW� LV
VWRUHG�DV�WKH�&3��$OWKRXJK�WKLV�PHWKRG�GRHV�FRUUHFWO\�LGHQWLI\�WKH�&3�LQ�D�')*��LW
LV�D�EUXWH�IRUFH�PHWKRG�WKDW�GRHV�QRW�FRQVLGHU�VRPH�SURSHUWLHV�RI�WKH�')*�
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7KH�GHILQLWLRQ�RI�QRQ�FRPSXWDWLRQDO�HOHPHQWV�DV�¨SDWK�WHUPLQDWLRQ©�QRGHV�LV
RQH� IDFWRU� FRQVLGHUHG�ZLWKLQ� D� UHILQHG�&3� DOJRULWKP��7KLV� LV� LOOXVWUDWHG� LQ� )LJXUH
������7KH�H[DPSOH�VKRZV�WKDW�WKH�VWDUW�RI�D�&3�ZLOO�DOZD\V�EH�WKH�IDQLQ�HOHPHQW�RI�D
GHOD\�RU�RXWSXW�QRGH��¨SDWK�WHUPLQDWLRQ©�QRGHV���,Q�WKLV�H[DPSOH��WKH�&3�FRPSULVHV
QRGHV������DQG����6HDUFKLQJ�IURP�QRGH���ZRXOG�\LHOG�D�SDWK�FRQWDLQLQJ�QRGHV���DQG
���D�VXEVHW�RI�SDWK��������7R�SUHYHQW�VXEVHW�SDWKV�IURP�EHLQJ�H[SORUHG��XQQHFHVVDU\
FRPSXWDWLRQ��WKH�VHDUFK�IRU�WKH�FULWLFDO�SDWK�LV�RQO\�H[HFXWHG�IURP�VWDUW�QRGHV��WKRVH
ZKLFK� DUH� WKH� IDQLQ� QRGHV� RI� WHUPLQDWLRQ� QRGHV�� 7KLV� VLJQLILFDQWO\� UHGXFHV� WKH
DPRXQW�RI�H[SORUDWLRQ�UHTXLUHG�E\�WKH�DOJRULWKP�

' '

&ULWLFDO�3DWK� ������

7HUPLQDWLRQ
1RGH

6WDUW�1RGH

� �

� �

)LJXUH������6WDUW�3RLQW�2I�&ULWLFDO�3DWK

$QRWKHU� SUREOHP� ZLWK� WKH� UHFXUVLYH� DOJRULWKP� LV� WKDW� LW� UHTXLUHV� D� ODUJH
DPRXQW�RI�UHFXUVLRQ�WR�H[SORUH�SDWKV�RI�HYHQ�PRGHUDWH�OHQJWKV�H�J��D� IHZ�KXQGUHG
HOHPHQWV��7HVWV�RQ�WKLV�SURWRW\SH�SDWK�H[SORUDWLRQ�DOJRULWKP�GHPRQVWUDWHG�WKDW�VXFK
KHDYLO\�UHFXUVLYH�DOJRULWKPV�DUH�GLIILFXOW�WR�DQDO\VH�DQG�FDXVH�SURJUDP�IDLOXUHV� IRU
ODUJH�SDWKV��7KHUHIRUH��WKH�DOJRULWKP�ZDV�UHSODFHG�ZLWK�D�QRQ�UHFXUVLYH�YHUVLRQ�

7KH� QRQ�UHFXUVLYH�&3� DOJRULWKP� FUHDWHV� D� SDWK� OLVW� IRU� HDFK� SRVVLEOH� SDWK
ZLWKLQ�WKH�')*��DOO�SDWKV�DUH�FRQVLGHUHG�WR�VWDUW�DW�¨SDWK�WHUPLQDWLRQ©�QRGHV��)LJXUH
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�����LOOXVWUDWHV�WKH�RSHUDWLRQ�RI�WKLV�DOJRULWKP�ZLWK�D�VLPSOH�H[DPSOH��H[SORULQJ�WKH
SDWK�IURP�D�VLQJOH�VWDUW�QRGH�

'

'

,QSXW�

,QSXW�

6WDUW
1RGH

�

� �

�

�
/HQJWK� ��

6WHS�����8SGDWH�3DWK�/LVW

6WHS�����8SGDWH�3DWK�/LVW

6WHS�����8SGDWH�3DWK�/LVW

1RGHV�,Q�3DWK
/HQJWK�2I�3DWK

�����
/HQJWK� ��

���
/HQJWK� ��

���
/HQJWK� ��

3DWK
7HUPLQDWLRQ

1RGH

)LJXUH������([DPSOH�RI�'HWHUPLQDWLRQ�RI�&ULWLFDO�3DWK

7KH� ILUVW�VWHS�RI� WKH�DOJRULWKP� LV� WKH�FUHDWLRQ�RI� WKH�SDWK� OLVW� IRU�WKH� LQLWLDO
QRGH��7KH�SDWK�OLVW��DV�VKRZQ�LQ�WKH�GLDJUDP��FRQWDLQV�D� OLVW�RI�DOO�WKH�QRGHV� LQ�WKH
SDWK� DQG� DQ� LQWHJHU� UHSUHVHQWLQJ� KRZ�PDQ\� QRGHV� DUH� LQ� WKH� SDWK��7KH� DOJRULWKP
SURFHHGV� E\�PRYLQJ� RQWR� WKH� IDQLQ� QRGHV� RI� WKH� FXUUHQW� QRGH�� )RU� HDFK� RI� WKHVH
QRGHV�� D� FRS\� RI� WKH� FXUUHQW� SDWK� OLVW� LV� PDGH�� EHIRUH� LW� LV� XSGDWHG� ZLWK� WKH
LQIRUPDWLRQ�IRU�WKRVH�QRGHV��7KHUH�DUH�QRZ�WZR�SDWK�OLVWV�IRU�WKH�FXUUHQW�SDWK�XQGHU
H[SORUDWLRQ�� 7KLV� VWHS� LV� UHSHDWHG� DJDLQ� E\� PRYLQJ� RQWR� WKH� IDQLQ� QRGHV� RI� WKH
FXUUHQW�QRGHV��QRGHV���DQG����,Q�WKH�FDVH�RI�QRGH����WKH�PXOWLSOLHU��LWV�IDQLQ�QRGH�LV
D�SULPDU\�LQSXW��WKHUHIRUH��WKH�SDWK�LV�WHUPLQDWHG��$�FRPSOHWH�SDWK��QRGHV���DQG����LV
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QRZ�VWRUHG�ZLWKLQ�D�SDWK�OLVW��7KH�OHQJWK�RI�WKLV�SDWK�LV�FRPSDUHG�ZLWK�WKH�OHQJWK�RI
WKH�&3�IRXQG�VR�IDU��,I�WKH�QHZ�SDWK�KDV�D�JUHDWHU�OHQJWK�WKHQ�LW�LV�VWRUHG�DV�WKH�&3�
5HJDUGOHVV�RI�WKH�UHVXOW�RI�WKLV�FRPSDULVRQ��WKH�WHUPLQDWHG�SDWK�OLVW�LV�GHOHWHG�

,Q�WKH�FDVH�RI�QRGH����LW�KDV�WZR�IDQLQ�QRGHV��2QH�LV�D�GHOD\�QRGH��WKHUHIRUH
WKH�VHDUFK�LV�WHUPLQDWHG�IRU�WKDW�IDQLQ�QRGH��WKH�RWKHU�IDQLQ�QRGH�LV�D�PXOWLSOLHU��VR
WKH�DOJRULWKP�SURFHHGV�RQWR�WKDW�QRGH��FUHDWLQJ�DQ�XSGDWHG�SDWK�OLVW�

7KH� IDQLQ� QRGH� RI� QRGH� �� LV� D� SULPDU\� LQSXW�� WKHUHIRUH� WKH� VHDUFK� LV
WHUPLQDWHG�DW�WKDW�SRLQW��DQG�WKH�SDWK� OLVW� LV�FRPSDUHG�ZLWK�WKH�FXUUHQW�ORQJHVW�DQG
WKHQ�GHOHWHG��$V�DOO�SDWK�OLVWV�KDYH�EHHQ�GHOHWHG��WKH�VHDUFK�IRU�DOO�SDWKV�WKDW�VWDUW�DW
QRGH���KDV�EHHQ�FRPSOHWHG��7KLV�H[DPSOH�VKRZV�D�VPDOO�VHFWLRQ�RI�D�')*��ZLWK�D
VLQJOH�VWDUW�QRGH��7KH�DOJRULWKP� LV�UHSHDWHG�IRU�DOO�VWDUW�QRGHV�ZLWKLQ�WKH�')*��7R
GHWHUPLQH�WKH�&3�RI�WKH�')*�

'HWHUPLQDWLRQ�RI� WKH� FULWLFDO� SDWK� GRHV� QRW� SURGXFH� DQ� DFWXDO� VSHHG� UDWLQJ
�IRU� H[DPSOH� LQ� +]�� IRU� WKH� ')*�� ,W� LPSOLHV� WKH� PD[LPXP� RSHUDWLQJ� VSHHG�
GHSHQGHQW� RQ� KRZ� IDVW� GDWD� FDQ� EH� SURFHVVHG� WKURXJK� WKH� FULWLFDO� SDWK�� 7KLV� LV
EHFDXVH� WKH�PD[LPXP� VSHHG� LV� DOVR�JRYHUQHG�E\� WKH� VSHHG� RI� D� VLQJOH� QRGH�� )RU
H[DPSOH��D�&3�OHQJWK�RI���QRGHV��HDFK�ZLWK�D�GHOD\�WLPH�RI��PLOOLVHFRQG��FRXOG�EH
RSHUDWHG� DW� D� PD[LPXP� VSHHG� RI� ����u�u������ +]� ����� +]��� 7KHUHIRUH�
GHWHUPLQDWLRQ�RI�DEVROXWH�VSHHG�UHTXLUHV�VSHFLILF�NQRZOHGJH�RI�WKH�VSHHG�DQG�KHQFH
WKH�LPSOHPHQWDWLRQ�VW\OH�RI�HDFK�QRGH��5DWKHU�WKDQ�OLPLW�WKH�XVH�RI�KLJK�OHYHO�WRROV
WR�VSHFLILF�9/6,�LPSOHPHQWDWLRQV��WKH�GHOD\�WLPH�RI�HDFK�QRGH�LV�H[SUHVVHG�LQ�QRQ�
VSHFLILF�WHUPV��*$/236�XVHV�D�XQLW\�GHOD\�PRGHO�>0LFKHOL��@��ZKHUH�HDFK�QRGH�LV
FRQVLGHUHG� WR� KDYH� D� GHOD\� RI� D� VLQJOH� SURFHVVLQJ� F\FOH�� 7KLV�ZLGHO\� XVHG�PRGHO
>,PDQ��@�KDV�WKH�EHQHILWV�RI�UHGXFHG�FRPSOH[LW\��DV�HDFK�QRGH�FDQ�EH�FRQVLGHUHG�WR
FRQWULEXWH�WKH�VDPH�GHOD\�WR�WKH�RYHUDOO�&3�OHQJWK�GHOD\�
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$V�XVLQJ�D�XQLW\�GHOD\�PRGHO�UHPRYHV�WKH�QHHG�IRU�DFWXDO�VSHHG�YDOXHV��WKH
VSHHG�RI�HDFK�')*�LQ�*$/236�LV�H[SUHVVHG�LQ�UHODWLRQ�WR�WKH�VSHHG�RI�WKH�RULJLQDO
')*��)RU�H[DPSOH��LI�WKH�RULJLQDO�')*�KDV�D�&3�RI����DQG�D�QHZ�')*�KDV�D�&3�RI
���WKH�QHZ�')*�LV�FRQVLGHUHG�WR�EH�WZLFH�DV�IDVW�DV�WKH�RULJLQDO��7KLV�¨VSHHG�UDWLR©�LV
XVHG�WR�FDOFXODWH�WKH�UHTXLUHG�VXSSO\�YROWDJH�IRU�WKH�QHZ�')*��WR�IRUFH�LW�WR�RSHUDWH
DW�WKH�VDPH�VSHHG�DV�WKH�RULJLQDO��7KH�VXSSO\�YROWDJH�LV�FDOFXODWHG�XVLQJ�D�SLHFHZLVH
OLQHDU�PRGHO�RI�WKH�FXUYH�LQ�ILJXUH������VHFWLRQ�������7KH�VSHHG�UDWLR�LV�SDVVHG�WR�WKLV
PRGHO�DQG�D�UHTXLUHG�VXSSO\�YROWDJH� LV� UHWXUQHG��)LJXUH������SUHVHQWV� WKH�SVHXGR�
FRGH�IRU�WKH�FDOFXODWLRQ�RI�WKH�VXSSO\�YROWDJH�RI�D�')*�

$OJRULWKP�&DOFXODWH�6XSSO\�9ROWDJH
3DVVHG�FULWLFDOBSDWKBOHQJWK�RI�RULJLQDO�')*
'HWHUPLQH�FULWLFDOBSDWKBOHQJWK�RI�QHZ�')*
6SHHG�5DWLR�HTXDOV�RULJLQDOB&3�QHZB&3
8VH�SLHFHZLVH�OLQHDU�PRGHO�RI�9''�'HOD\�FXUYH�

6SHHG�5DWLR�JLYHV�GLVSODFHPHQW�RQ�\�D[LV
0RGHO�RI�FXUYH�UHWXUQV�GLVSODFHPHQW�RQ�[�D[LV
5HWXUQV�VXSSO\BYROWDJH

(QG�XVH�PRGHO
(QG�$OJRULWKP�&DOFXODWH�6XSSO\�9ROWDJH

)LJXUH������3VHXGR�&RGH�IRU�6XSSO\�9ROWDJH�&DOFXODWLRQ

7KH�XVH�RI� DQ�XQIROGLQJ� WUDQVIRUPDWLRQ�� WR� JDLQ� SRZHU� UHGXFWLRQV� WKURXJK
LQFUHDVHG� SDUDOOHOLVP�� LQFUHDVHV� WKH� FRPSOH[LW\� RI� WKH� VXSSO\� YROWDJH� HVWLPDWLRQ
SURFHVV��$V�WKH�XQIROGHG�')*�LV�D�SDUDOOHO�LPSOHPHQWDWLRQ��WKDW�FDQ�KDQGOH�1�LQSXW
VDPSOHV� LQ�SDUDOOHO�� LWV�HIIHFWLYH�FULWLFDO�SDWK� OHQJWK� LV� ��1�WLPHV� LWV� DFWXDO� FULWLFDO
SDWK�OHQJWK�>$UVODQ��@��)RU�H[DPSOH��FRQVLGHU�DQ�RULJLQDO�')*�ZLWK�D�FULWLFDO�SDWK
OHQJWK�RI���VWHSV�WR�FRPSOHWH�RQH�F\FOH��8QIROGLQJ�ZLWK�DQ�XQIROGLQJ�SDUDPHWHU�RI��
UHVXOWV�LQ�D�')*�WKDW�SURFHVV�WZR�VDPSOHV�LQ�SDUDOOHO��EXW�KDV�D�FULWLFDO�SDWK� OHQJWK
RI� ��� VWHSV�� 7KHUHIRUH�� ��� VWHSV� RI� HLWKHU� ')*� ZLOO� UHVXOW� LQ� �� VDPSOHV� EHLQJ
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SURFHVVHG��WKH�RULJLQDO�')*�ZLOO�H[HFXWH�WZR�F\FOHV��WKH�XQIROGHG�')*�RQH�F\FOH�
7KHUHIRUH��LW�LV�DSSDUHQW�WKDW�WKH�WZR�')*V�KDYH�WKH�VDPH�WKURXJKSXW��7KH�XQIROGHG
')*�LV�HIIHFWLYHO\�SURFHVVLQJ�RQH�VDPSOH�SHU���VWHSV�RI�WKH�FULWLFDO�SDWK��WKHUHIRUH
LWV�HIIHFWLYH�FULWLFDO�SDWK�OHQJWK��ZKHQ�FRPSDUHG�ZLWK�WKH�RULJLQDO�')*��LV���VWHSV�
7KLV�LV�HTXDO�WR�WKH�DFWXDO�FULWLFDO�SDWK�OHQJWK�GLYLGHG�E\�WKH�XQIROGLQJ�SDUDPHWHU�RI
WKH�XQIROGLQJ�')*�

7KLV� FRQVLGHUDWLRQ� RI� SDUDOOHOLVP� LV� LQFRUSRUDWHG�ZLWKLQ� WKH�&3� DOJRULWKP�
$IWHU�GHWHUPLQLQJ�WKH�DFWXDO�OHQJWK�RI�WKH�&3��WKH�XQIROGLQJ�SDUDPHWHU�RI�HDFK�')*
LV�FKHFNHG�DQG�LI�QHFHVVDU\�DQ�HIIHFWLYH�&3�OHQJWK�LV�DOVR�FDOFXODWHG��7KH�HIIHFWLYH
OHQJWK�LV�XVHG�WR�GHWHUPLQH�WKH�FRPSDUDWLYH�VSHHG�DQG�KHQFH�WKH�VXSSO\�YROWDJH�RI
WKH�XQIROGHG�')*�

������&DSDFLWDQFH�(VWLPDWLRQ
$V� GHVFULEHG� LQ� FKDSWHU� ��� VZLWFKHG� FDSDFLWDQFH� HVWLPDWLRQ� LV� D� FRPSOH[

SURFHVV� WKDW� UHTXLUHV� GHWHUPLQDWLRQ� RI� VSHFLILF� 9/6,� LPSOHPHQWDWLRQ� GDWD� IRU� D
JLYHQ� DOJRULWKP�� 0DQ\� RI� WKH� SDUDPHWHUV� UHTXLUHG� WR� FDOFXODWH� WKH� VZLWFKHG
FDSDFLWDQFH��VXFK�DV�DUHD��IORRUSODQ�OD\RXW��WUDQVLVWRU�VL]HV��HWF���DUH�QRW�ILQDOLVHG�DW
WKH�KLJK�OHYHO��7R�GHWHUPLQH�DEVROXWH�YDOXHV� IRU� WKHVH�SDUDPHWHUV�� D� IXOO� V\QWKHVLV
SURFHGXUH�� GRZQ� WR� VLOLFRQ� OD\RXW� OHYHO�� ZRXOG� EH� UHTXLUHG� IRU� HDFK� ')*� DQG�
KHQFH��IRU�HDFK�ILWQHVV�HYDOXDWLRQ��7KLV�ZRXOG�EH�H[WUHPHO\�SURKLELWLYH�LQ�WHUPV�RI
FRPSXWDWLRQ� WLPH�� D� SUREOHP�ZLGHO\� UHFRJQLVHG� LQ� KLJK�OHYHO� SRZHU� V\QWKHVLV�� $
VROXWLRQ� WR�WKLV�SUREOHP� LV� WR�HVWLPDWH�WKLV�GDWD� IURP�WKH� LGHQWLILDEOH�SURSHUWLHV�RI
WKH�')*� >6KHQJ����.XPDU��@��$� UDQJH� RI� WHFKQLTXHV� H[LVW� WR� HVWLPDWH� ORZ� OHYHO
9/6,� LPSOHPHQWDWLRQ� SDUDPHWHUV�� WKRXJK� IHZ� RSHUDWH� DW� WKH� KLJK�OHYHO� RI
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DEVWUDFWLRQ�XWLOLVHG�E\�*$/236� �DV�GHVFULEHG� LQ� FKDSWHU�����7KLV� VHFWLRQ�RXWOLQHV
WKH�FDSDFLWDQFH�HVWLPDWLRQ�WHFKQLTXH�XVHG�LQ�WKH�SURWRW\SH�YHUVLRQ�RI�*$/236�

7KH�*$/236�FDSDFLWDQFH� HVWLPDWLRQ� WHFKQLTXH� LV� EDVHG�RQ� HVWLPDWLQJ� WKH
9/6,� LPSOHPHQWDWLRQ� FDSDFLWDQFH� RI� WKH� ')*©V� GDWD� SDWK�� 7KH� HVWLPDWLRQ� DQG
V\QWKHVLV�RI�PHPRU\�DQG�FRQWURO�XQLWV�DUH�QRW�FRQVLGHUHG��:LWKLQ�WKH�FRQWH[W�RI�WKH
GDWD�LQWHQVLYH� VLJQDO� SURFHVVLQJ� DOJRULWKPV� GLVFXVVHG� LQ� WKLV� ZRUN�� WKH� GDWD� SDWK
FRQWULEXWHV�WKH�JUHDWHVW�SRUWLRQ�RI�WKH�WRWDO�DUHD�DQG�SRZHU�GLVVLSDWHG�>&KDXG��@�

7KH�SUREOHP�RI� HVWLPDWLQJ� VZLWFKLQJ� FDSDFLWDQFH�ZDV� GLVFXVVHG� LQ� JUHDWHU
GHWDLO�LQ�FKDSWHU����7KH�VZLWFKHG�FDSDFLWDQFH�RI�D�9/6,�GHYLFH�LV�D�FRPELQDWLRQ�RI
ERWK�WKH�SK\VLFDO�FDSDFLWDQFH�DQG�WKH�VZLWFKLQJ�DFWLYLW\��7KH�SK\VLFDO�FDSDFLWDQFH�LV
D�FKDUDFWHULVWLF�RI�WKH�DFWXDO�9/6,�LPSOHPHQWDWLRQ��ZKHUHDV�WKH�VZLWFKLQJ�DFWLYLW\�LV
GHSHQGHQW�RQ�WKH�GHVLUHG�VLJQDO�SURFHVVLQJ� IXQFWLRQ�RI�WKH�GHYLFH��WKH� LQSXW�GDWD��
7KLV� GHSHQGHQFH� RI� VZLWFKLQJ� DFWLYLW\� RQ� GHYLFH� IXQFWLRQ� PDNHV� LW� D� GLIILFXOW
SDUDPHWHU�WR� HVWLPDWH��5HVWULFWLQJ� WKH� VLJQDO� SURFHVVLQJ� DSSOLFDWLRQ� WR� D�SDUWLFXODU
IXQFWLRQ�GXULQJ�WKH�V\QWKHVLV�SURFHVV�FDQ�OLPLW�WKH�IOH[LELOLW\�RI�WKH�V\QWKHVLV�WRRO�

7KH�SURWRW\SH�YHUVLRQ�RI�*$/236�FRQVLGHUV�WKH�SK\VLFDO�FDSDFLWDQFH�UDWKHU
WKDQ� WKH� VZLWFKHG� FDSDFLWDQFH�� 7KH� SK\VLFDO� FDSDFLWDQFH� FDQ� EH� FRQVLGHUHG� DV� D
ZRUVW� FDVH� VZLWFKHG� FDSDFLWDQFH� HVWLPDWLRQ�� ZKHUH� HDFK� SK\VLFDO� UHVRXUFH� LV
VZLWFKHG� DOO� RI� WKH� WLPH�� 7KLV� OLPLWV� WKH� DFFXUDF\� RI� WKH� HVWLPDWLRQ�� EXW� LW� GRHV
VLPSOLI\�DQG�KHQFH�LQFUHDVH�WKH�FRPSXWDWLRQ�VSHHG�RI�WKH�SRZHU�HVWLPDWLRQ�SURFHVV�
WKLV�LV�D�VLPLODU�DSSURDFK�WR�WKH�3)$�WHFKQLTXH�LQWURGXFHG�LQ�FKDSWHU���

7KH�FDSDFLWDQFH�HVWLPDWLRQ� WHFKQLTXH� LQ�*$/236�XVHV�D�SUH�FKDUDFWHULVHG
OLEUDU\� RI� FRPSRQHQWV�� RI� WKH� W\SH� UHTXLUHG� WR� LPSOHPHQW� VLJQDO�SURFHVVLQJ
IXQFWLRQV�� (DFK� FRPSRQHQW� LV� FKDUDFWHULVHG� IRU� DUHD� DQG� FDSDFLWDQFH�� 7KLV� LV
DFFRPSOLVKHG� E\� FUHDWLQJ� D� OLEUDU\� RI�9/6,� GHYLFH� FRPSRQHQWV�� FUHDWHG�ZLWK� WKH
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62/2�����VHPL�FXVWRP�9/6,�V\QWKHVLV� WRRO��62/2�����ZDV�XVHG� WR�FRQVWUXFW�D
UDQJH� RI� FRPSRQHQWV�� D� IXOO� OD\RXW� V\QWKHVLV� RI� HDFK� FRPSRQHQW� \LHOGHG� SK\VLFDO
FDSDFLWDQFH�DQG�DUHD�LQIRUPDWLRQ�OLVWHG�LQ�7DEOH�����>3XFN����:LON��@�

&RPSRQHQW $UHD��PP�� &DSDFLWDQFH��S)�
�
��%LW�$UUD\�0XOWLSOLHU ������ �������
�
��%LW�5LSSOH�$GGHU ������ �������
��%LW�5HJLVWHU ������ �������

7DEOH�����$UFKLWHFWXUDO�/HYHO�&RPSRQHQWV

7KH�FKRLFH�RI�FRPSRQHQWV�WR�EH�LQFRUSRUDWHG�LQ�WKH�FRPSRQHQW�OLEUDU\�ZDV
PRWLYDWHG�E\� HDVH�RI�GHVLJQ� DQG�GHPRQVWUDWLRQ�RI� WKH� FDSDELOLWLHV�RI� D�*$� EDVHG
V\QWKHVLV� V\VWHP� WKDW� XWLOLVHG� KLJK�OHYHO� WUDQVIRUPDWLRQV�� $� ZLGHU� FKRLFH� RI
FRPSRQHQW� W\SHV�FRXOG�EH� LQFRUSRUDWHG� LQWR�WKH�FRPSRQHQW� OLEUDU\�� LQFUHDVLQJ� WKH
IOH[LELOLW\�RI�WKH�V\QWKHVLV�WRRO��)RU�H[DPSOH��WKH�FRPSRQHQWV�ZHUH�DOO�GHVLJQHG�IRU
��ELW� ZRUG� OHQJWKV�� KRZHYHU�� DGGLWLRQDO� FRPSRQHQWV� ZLWK� D� UDQJH� RI� ZRUG� VL]HV
FRXOG�EH�HDVLO\�FKDUDFWHULVHG�DQG�LQFRUSRUDWHG�LQWR�WKH�FRPSRQHQW�OLEUDU\�

:LWK� WKH� SDUDPHWHUV� IRU� HDFK� FRPSRQHQW�RI� WKH� GDWD� SDWK� GHWHUPLQHG�� WKH
WDVN�RI�SK\VLFDO�FDSDFLWDQFH�HVWLPDWLRQ�LV�RQH�RI�GHWHUPLQLQJ�ZKLFK�FRPSRQHQWV�DUH
UHTXLUHG�WR� LPSOHPHQW� WKH�GDWD�SDWK�VHFWLRQ�RI� WKH�')*��7KH�SURWRW\SH�YHUVLRQ�RI
*$/236�XVHV�D�����DOORFDWLRQ�WHFKQLTXH�ZKHUH�D�VLQJOH�H[HFXWLRQ�XQLW�RQ�WKH�9/6,
GHYLFH�H[HFXWHV�HDFK�RSHUDWLRQ� LQ� WKH�')*��)RU�H[DPSOH��D�')*�ZLWK���DGGLWLRQV
DQG� �� PXOWLSOLFDWLRQV� ZRXOG� EH� LPSOHPHQWHG� XVLQJ� �� DGGHUV� DQG� �� PXOWLSOLHUV�
WRJHWKHU�ZLWK�WKH�UHTXLUHG�UHJLVWHUV�DQG�LQWHUFRQQHFWLRQV�
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$SSOLFDWLRQ� RI� WKH� ���� DOORFDWLRQ� WHFKQLTXH�� WRJHWKHU� ZLWK� GDWD� IURP� WKH
OLEUDU\�RI�H[HFXWLRQ�XQLWV��LV�XVHG�WR�GHWHUPLQH�WKH�DUHD�RI�WKH�GDWD�SDWK�FRPSRQHQW
RI�WKH�9/6,�GHYLFH�

7KH� VZLWFKHG� FDSDFLWDQFH� RI� WKH� IXQFWLRQDO� XQLWV�� LQ� WHUPV� RI� WKH� SRZHU
FRQVXPSWLRQ��LV�ODUJHO\�LQGHSHQGHQW�RI�WKH�DOORFDWLRQ�WHFKQLTXH�XVHG��)RU�H[DPSOH�
���PXWOLSOLFDWLRQV�RQ���PXOWLSOLHU��RU���PXOWLSOLFDWLRQ�RQ�HDFK�RI����PXOWLSOLHUV��ZLOO
FRQVXPH�WKH�VDPH�DPRXQW�RI�SRZHU��7KHUHIRUH��WKH�����DOORFDWLRQ�WHFKQLTXH�UHGXFHV
WKH� FDSDFLWDQFH� HVWLPDWLRQ� HUURU� LQWURGXFHG� E\� RQO\� FRQVLGHULQJ� WKH� SK\VLFDO
FDSDFLWDQFH��8VLQJ�WKH�����DOORFDWLRQ�WHFKQLTXH��WKH�FDSDFLWDQFH�RI�WKH�GDWD�SDWK�FDQ
EH�H[WUDSRODWHG�GLUHFWO\�IURP�WKH�')*�

$V� ZLWK� WKH� YROWDJH� HVWLPDWLRQ�� WKH� XQIROGHG� ')*V� UHTXLUH� VSHFLDO
FRQVLGHUDWLRQ� ZKHQ� HVWLPDWLQJ� WKHLU� FDSDFLWDQFH�� $Q� XQIROGHG� ')*� FUHDWHV� D
SDUDOOHO�DQG�KHQFH�ODUJHU�LPSOHPHQWDWLRQ�RI�WKH�RULJLQDO�')*��FDSDEOH�RI�SURFHVVLQJ
D� QXPEHU� RI� LQSXW� VDPSOHV� LQ� SDUDOOHO�� 7KLV� FDSDELOLW\� RI� KDQGOLQJ� VDPSOHV� LQ
SDUDOOHO� UHVXOWV� LQ� WKH� ')*� RSHUDWLQJ� DW� D� ORZHU� VDPSOLQJ� UDWH� �DV� LW� KDQGOHV� D
QXPEHU� RI� VDPSOHV�� EXW� VWLOO� SURFHVVLQJ� VDPSOHV� DW� WKH� VDPH� WKURXJKSXW� UDWH�
&DSDFLWDQFH� LV� LQFUHDVHG�E\�D� IDFWRU�RI�1�EXW�WKH�VSHHG�RI�VZLWFKLQJ� LV� UHGXFHG�WR
��1��7KHUHIRUH��WKH�VZLWFKHG�FDSDFLWDQFH�UHPDLQV�WKH�VDPH��7KHUHIRUH��WKH�HIIHFWLYH
FDSDFLWDQFH� RI� WKH� GDWD� SDWK� FRPSRQHQW� RI� DQ� 1� XQIROGHG� ')*� LV� ��1� WLPHV� LWV
HVWLPDWHG� SK\VLFDO� FDSDFLWDQFH� IRU� D� FRQVWDQW� WKURXJKSXW� UDWH� >&KDQ��@�� 7KLV
FRQVLGHUDWLRQ� RI� SDUDOOHOLVP� LV� LQFRUSRUDWHG� LQWR� WKH� DOJRULWKPV� IRU� HVWLPDWLRQ� RI
FDSDFLWDQFH�

$V�GHVFULEHG�SUHYLRXVO\��WKH�H[HFXWLRQ�XQLW�OLEUDU\�DQG�WKH�')*�FDQ�EH�XVHG
WR�GHWHUPLQH�WKH�FDSDFLWDQFH�DQG�DUHD�RI�WKH�H[HFXWLRQ�XQLWV��+RZHYHU��D�VLJQLILFDQW
SRUWLRQ�RI�WKH�WRWDO�FDSDFLWDQFH�LV�GXH�WR�LQWHUFRQQHFW�FDSDFLWDQFH��,Q�ODUJH�GHVLJQV�
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WKLV� FDSDFLWDQFH� EHJLQV� WR� GRPLQDWH� WKH� RYHUDOO� FDSDFLWDQFH� >&KDQ��@�� 7KLV
FDSDFLWDQFH�LV�GHWHUPLQHG�XVLQJ�D�VWDWLVWLFDOO\�GHULYHG�PRGHO�VKRZQ� LQ�)LJXUH�����
>&KDQ��@�

�

���

����

����
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$UHD��PP

,QW
HUF

RQ
QH

FW�
&D

S�S
)

�

)LJXUH������,QWHUFRQQHFW�&DSDFLWDQFH�0RGHO

7KLV�FXUYH�ZDV�FKDUDFWHULVHG�DV�D�SLHFHZLVH� OLQHDU�PRGHO� LQ�>&KDQ��@�ZLWK
IRXU� GLVWLQFW� SRLQWV�� 7KH� PRGHO� UHWXUQV� D� YDOXH� IRU� LQWHUFRQQHFW� FDSDFLWDQFH
HVWLPDWLRQ� IURP� WKH� HVWLPDWHG� DUHD� RI� WKH� GDWD�SDWK�� 7KH� FDSDFLWDQFH� HVWLPDWLRQ
SURFHGXUH�LV�VXPPDULVHG�LQ�)LJXUH������
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$QDO\VH�IRU
1XPEHU�DQG�7\SH
RI�2SHUDWLRQV

&DQGLGDWH
')*

(VWLPDWH
,QWHUFRQQHFW
&DSDFLWDQFH

,QWHUFRQQHFW
&DSDFLWDQFH

0RGHO

9/6,�&RPSRQHQW
/LEUDU\

(VWLPDWH�$UHD�RI
'DWD�3DWK

(VWLPDWH�3K\VLFDO
&DSDFLWDQFH�2I

'DWD�3DWK

'DWD�3DWK
3K\VLFDO

&DSDFLWDQFH
(VWLPDWLRQ

)LJXUH������&DSDFLWDQFH�(VWLPDWLRQ�3URFHVV

7KH�SURFHVV�LOOXVWUDWHG�LQ�)LJXUH������ZLOO�\LHOG�FDSDFLWDQFH�HVWLPDWLRQ�IRU�D
FDQGLGDWH�')*��:KHQ� FRPELQHG�ZLWK� WKH� YROWDJH� HVWLPDWLRQ�� SURGXFHG� XVLQJ� WKH
WHFKQLTXHV�RI�VHFWLRQ��������LW�ZLOO�SURGXFH�DQ�HVWLPDWH�RI�SRZHU� IRU�WKH�FDQGLGDWH
VROXWLRQ�

������3RZHU�(VWLPDWLRQ�8VHG�DV�)LWQHVV
7KH� SUHYLRXV� VHFWLRQV� GHVFULEHG� WKH� SURFHVV� RI� HVWLPDWLQJ� WKH� SRZHU

FRQVXPSWLRQ� RI� D� ')*�� 7KH� ILWQHVV� RI� HDFK� VROXWLRQ� LV� REWDLQHG� E\� VFDOLQJ� LWV
HVWLPDWHG� SRZHU� FRQVXPSWLRQ� LQ� UHODWLRQ� WR� WKH� HVWLPDWHG� SRZHU� RI� WKH� RULJLQDO
')*��DV�LOOXVWUDWHG�LQ�HTXDWLRQ�����

'HVLJQ&XUUHQW��2I3RZHU�
'HVLJQ�2ULJLQDO�2I3RZHU� )LWQHVV �����
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8VLQJ� WKLV� HTXDWLRQ�� D� GHVLJQ� ZLWK� SRZHU� FRQVXPSWLRQ� ORZHU� WKDQ� WKH
RULJLQDO�ZLOO�KDYH�D�ILWQHVV�YDOXH�KLJKHU�WKDQ����,Q�DGGLWLRQ�WR�ILWQHVV�VFDOLQJ��FHUWDLQ
ERXQGDU\� FRQGLWLRQV� DUH� SODFHG� RQ� WKH� HVWLPDWHG� SDUDPHWHUV�� 7KLV� LV� QHFHVVDU\
EHFDXVH�WKH�JHQHWLF�V\QWKHVLV�SURFHGXUH�PD\�SURGXFH�9/6,�GHVLJQV�ZLWK�D�GHVLUDEOH
SRZHU�UHGXFWLRQ�EXW�LPSUDFWLFDO�LPSOHPHQWDWLRQ�UHTXLUHPHQWV�

$� ORZHU� ERXQG� LV� SODFHG� RQ� WKH� UHTXLUHG� VXSSO\� YROWDJH�� DV� GHVLJQV� ZLWK
ODUJH�VSHHG�LQFUHDVHV�PD\�UHTXLUH�VXSSO\�YROWDJHV�FORVH�WR�]HUR��(YHQ� LJQRULQJ�WKH
REYLRXV� SUREOHPV� RI� QRLVH� DW� VXFK� ORZ� OHYHOV�� VXFK� YROWDJHV� PD\� EH� ZHOO� EHORZ
SUDFWLFDO� WKUHVKROG� YROWDJHV�� 7KH� FRPSRQHQWV� XVHG� LQ� WKH� 9/6,� OLEUDU\� DUH
FRQVLGHUHG� WR�RSHUDWH�ZLWK�D� WKUHVKROG�YROWDJH�RI��9�� WKHUHIRUH� DQ\�GHVLJQ�ZLWK� D
VXSSO\�YROWDJH�HTXDO�WR�RU�OHVV�WKDQ�WKLV� LV�DQ� LPSUDFWLFDO�GHVLJQ��6XFK�GHVLJQV�DUH
DVVLJQHG�D�YHU\�ORZ��ILWQHVV�YDOXH�WR�OLPLW�WKHLU�FKDQFHV�RI�UHSURGXFWLRQ�

$QRWKHU�FRQVWUDLQW�SODFHG�RQ� WKH�GHVLJQV� LV� WKHLU� LPSOHPHQWDWLRQ� VL]H��7KH
LQWHUFRQQHFW�FDSDFLWDQFH�PRGHO�FRYHUV�DQ�DUHD�UDQJH�IURP�����PP��WR���PP���$Q\
GHVLJQV�RXWVLGH�WKLV�UDQJH�DUH�DOVR�DVVLJQHG�D�ORZ�ILWQHVV�

����%HQFKPDUN�'HVLJQV
7R� LOOXVWUDWH�WKH�HIIHFWLYHQHVV�RI� WKH�*$�DQG� WKH� DOJRULWKPV�SUHVHQWHG�� WKH

SHUIRUPDQFH� RI� WKH� SURWRW\SH� YHUVLRQ� RI� *$/236� LV� LOOXVWUDWHG� ZLWK� D� VHW� RI
EHQFKPDUN�H[DPSOH�GHVLJQV�
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���

�������UG�2UGHU�)LQLWH�,PSXOVH�5HVSRQVH�)LOWHU��),5��

' '

)LJXUH�������UG�2UGHU�),5�)LOWHU

7KLV�ILOWHU�LV�DQ�H[DPSOH�RI�D�QRQ�UHFXUVLYH�VLJQDO�SURFHVVLQJ�RSHUDWLRQ��DV�LW
KDV�QR�IHHGEDFN�ORRSV�RU�UHFXUVLYH�SDWKV��7KH�')*�IRU�WKLV�ILOWHU�LV�VKRZQ�LQ�)LJXUH
������7KLV� LV� D� UHODWLYHO\� VLPSOH� ILOWHU�ZLWK���PXOWLSOLFDWLRQV� DQG��� DGGLWLRQV�� 7KH
DFWXDO�')*�XVHG�LV�D�GLUHFW�IRUP�UHSUHVHQWDWLRQ�RI�WKH�VLJQDO�SURFHVVLQJ�DOJRULWKP�

�������WK�2UGHU�)LQLWH�,PSXOVH�5HVSRQVH�)LOWHU��),5��
7KLV� LV� D� PRUH� FRPSOH[� LPSOHPHQWDWLRQ� RI� DQ� ),5� ILOWHU�� ZLWK� PRUH

RSHUDWLRQV�DQG�FRQQHFWLQJ�QHWV�UHVXOWLQJ�LQ�D�JUHDWHU�YDULHW\�RI�SRVVLEOH�RSWLRQV�IRU
RSWLPLVDWLRQ��7KH�')*��VKRZQ�LQ�)LJXUH�������LV�LQ�GLUHFW�IRUP�
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���

' ' ' '' ' '

)LJXUH�������WK�2UGHU�),5�)LOWHU

$V�WKH�ILJXUH�LOOXVWUDWHV��WKLV��WK�RUGHU�ILOWHU�LV�D�ODUJHU�YHUVLRQ�RI�WKH��UG�RUGHU
),5�ILOWHU�FRPSULVLQJ�RI���PXOWLSOLFDWLRQV�DQG���DGGLWLRQV��7KLV� ODUJHU�')*�FDQ�EH
XVHG� DV� VLPSOH� LOOXVWUDWLRQ� RI� WKH� FRPSOH[LW\� RI� WKH� RSWLPLVDWLRQ� SURFHVV�� )RU
H[DPSOH��WKLV�ILOWHU�KDV����SRVVLEOH�SLSHOLQH�ORFDWLRQV�LI� LGHQWLILHG�XVLQJ�WKH�FULWLFDO
SDWK�WHFKQLTXH��(DFK�SLSHOLQH�RSHUDWLRQ�ZRXOG�FUHDWH�D�QHZ�')*�ZLWK� D�GLIIHUHQW
VHW�RI�SRVVLEOH�SLSHOLQH�ORFDWLRQV��DGGHG�WR�WKLV�DUH�DOO�WKH�SRVVLEOH�UHWLPH��DXWRPDWLF
UHWLPH�DQG�XQIROGLQJ�WUDQVIRUPDWLRQV�

�������QG�2UGHU�/DWWLFH�)LOWHU��/$7��
7KLV� LV� DQ� H[DPSOH� RI� D� UHFXUVLYH� ILOWHU� RSHUDWLRQ� DV� LW� FRQWDLQV� D

FRPELQDWLRQ� RI� IHHG�IRUZDUG� DQG� IHHGEDFN� SDWKV�� $V� GLVFXVVHG� SUHYLRXVO\�� WKH
IHHGEDFN�ORRSV�IRXQG�LQ�VLJQDO�SURFHVVLQJ�DSSOLFDWLRQV�DIIHFW�WKH�DSSOLFDWLRQ�RI�WKH
WUDQVIRUPDWLRQV��UHFXUVLYH�DSSOLFDWLRQV�DUH�PRUH�GLIILFXOW�WR�RSWLPLVH�DV� WKH\�SODFH
PRUH� UHVWULFWLRQV�RQ� WKH�RSWLPLVDWLRQ� VWHSV� WKDW� FDQ�EH� DSSOLHG�� 7KH�')*� IRU� WKLV
DOJRULWKP�LV�VKRZQ�LQ�)LJXUH�������7KLV�ILOWHU�RSHUDWLRQ�FRQVLVWV�RI���PXOWLSOLFDWLRQV
DQG���DGGLWLRQ�RSHUDWLRQV��DJDLQ�SUHVHQWHG�LQ�GLUHFW�IRUP�



&KDSWHU�����7KH�*HQHWLF�$OJRULWKP

���

'

'

)LJXUH�������QG�2UGHU�/DWWLFH�)LOWHU

�������WK�2UGHU�$YHQKDXV�)LOWHU
7KLV� ODUJH� ILOWHU�� VKRZQ� LQ� )LJXUH� ������ FRQVLVWV� RI� ��� RSHUDWLRQV� ���

PXOWLSOLFDWLRQV�DQG����DGGLWLRQV���7KH�ODUJH�QXPEHU�RI�GDWD�QHWV�DQG�QRGHV�SURYLGHV
D�ZLGH�UDQJH�RI�SRVVLEOH�WUDQVIRUPDWLRQ�RSWLPLVDWLRQV��)RU�H[DPSOH��WKH�GHOD\�QRGHV
SUHVHQW����SRWHQWLDO�UHWLPH�PXWDWLRQV��HDFK�RI�ZKLFK�ZRXOG�FUHDWH�D�QHZ�')*�ZLWK
DQ� DVVRFLDWHG� QXPEHU� RI� SRWHQWLDO� UHWLPH� RSHUDWLRQV�� $JDLQ�� WKLV� LOOXVWUDWHV� WKH
FRPSOH[LW\�RI�WKH�V\QWKHVLV�SURFHVV�DV�HDFK�RI�WKHVH�')*V�FRXOG�LQ�WXUQ�SURGXFH�D
QXPEHU� RI� ')*V�� 2YHU� D� QXPEHU� RI� WUDQVIRUPDWLRQ� DSSOLFDWLRQV�� WKH� QXPEHU� RI
')*V� ZLWK� GLVWLQFW� FKDUDFWHULVWLFV� JURZV� H[SRQHQWLDOO\�� KHQFH� WKH� GLIILFXOW\� LQ
LGHQWLI\LQJ�D�VHW�RI�WUDQVIRUPDWLRQV��DQG�WKH�FRUUHFW�RUGHU�RI�DSSOLFDWLRQ��WKDW�ZRXOG
\LHOG�DQ�RSWLPXP�GHVLJQ�
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'

'

'

'

'
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)LJXUH�������WK�2UGHU�$YHQKDXV�)LOWHU�¤�'LUHFW�)RUP�5HSUHVHQWDWLRQ��$9(1�',�
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���

7KH� ILOWHU� RI� )LJXUH� ����� LV� RQH� SRVVLEOH� UHSUHVHQWDWLRQ� RI� DQ� �WK� RUGHU
$YHQKDXV�ILOWHU��D�GLUHFW�IRUP��6LJQDO�SURFHVVLQJ�DOJRULWKPV�FDQ�EH�UHSUHVHQWHG�LQ�D
UDQJH� RI� IRUPDWV�� HDFK� SURGXFLQJ� WKH� VDPH� IXQFWLRQ� EXW� ZLWK� GLIIHUHQW� RSHUDWLRQ
FKDUDFWHULVWLFV��7KH��WK�RUGHU�$YHQKDXV�ILOWHU�RI�)LJXUH������LV�SUHVHQWHG�LQ�SDUDOOHO�
IRUP��D�GLVWLQFW�')*�ZLWK�GLIIHUHQW� LPSOHPHQWDWLRQ� FKDUDFWHULVWLFV�� VXFK� DV�ZRUG�
OHQJWK�UHTXLUHPHQWV�DQG�UREXVWQHVV��7KH�GLUHFW�DQG�SDUDOOHO� IRUPV�RI�WKH�$YHQKDXV
ILOWHU�DUH�REWDLQDEOH�E\�DSSO\LQJ�D�VSHFLILHG�VHW�RI�WUDQVIRUPDWLRQV� WR�RQH��FUHDWLQJ
WKH� RWKHU�� 7KH� VSHFLILF� WUDQVIRUPDWLRQV� UHTXLUHG� WR� VZLWFK� EHWZHHQ� WKH� WZR
LPSOHPHQWDWLRQV�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�WKH�QXPHULFDO�VWDELOLW\�DQG�ZRUG�OHQJWK
UHTXLUHPHQWV�RI�HDFK�GHVLJQ��7KH�WUDQVIRUPDWLRQ�VHW�XVHG�LQ�WKH�*$/236�V\QWKHVLV
V\VWHP�KDV�EHHQ�FKRVHQ�VR�DV�QRW�WR�DIIHFW�WKH�ZRUG�OHQJWK�UHTXLUHPHQWV�

7KLV� GLIIHUHQW� UHSUHVHQWDWLRQ� RI� WKH� VLJQDO�SURFHVVLQJ� DOJRULWKP� UHTXLUHV� D
GLVWLQFW� VHW�RI� WUDQVIRUPDWLRQ�PXWDWLRQV� IRU�RSWLPLVDWLRQ�� GLIIHUHQW� WR� WKRVH�RI� WKH
GLUHFW�IRUP�UHSUHVHQWDWLRQ��7KHUHIRUH�� WKLV� H[DPSOH� DOVR� LOOXVWUDWHV� WKDW� WKH� FKRVHQ
VLJQDO�SURFHVVLQJ�UHSUHVHQWDWLRQ�FDQ�KDYH�DQ�DIIHFW�RQ�WKH�RSWLPLVDWLRQ�SURFHVV�DQG
FRQVHTXHQWO\� WKH� SRZHU� UHGXFWLRQ� REWDLQHG�� 7KLV� ¨DOJRULWKP� VHOHFWLRQ©� SKDVH� LV
DQRWKHU�OHYHO�DW�ZKLFK�SRZHU�FDQ�EH�RSWLPLVHG�DV�GLVFXVVHG�LQ�FKDSWHU���
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)LJXUH�������WK�2UGHU�$YHQKDXV�)LOWHU�¤�3DUDOOHO�)RUP
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����*HQHWLF�$OJRULWKP�2SHUDWLQJ�3DUDPHWHUV
7KH�*$/236�V\VWHP�KDV�D�VHW�RI�JHQHWLF�RSHUDWRUV�WKDW�DUH�DSSOLHG� WR� WKH

SRSXODWLRQ�DW�VSHFLILHG�UDWHV��DV�GHVFULEHG� LQ�VHFWLRQV�����DQG����7KH�UDWH�DW�ZKLFK
WKH�JHQHWLF�RSHUDWLRQV�DUH�DSSOLHG�LV�YHU\�PXFK�SUREOHP�GHSHQGHQW�DQG�FDQ�KDYH�D
VLJQLILFDQW� LPSDFW�RQ� WKH�SHUIRUPDQFH�RI� WKH� DOJRULWKP� >'DYLV����*ROGEHUJ��@�� ,I
DSSOLHG�DW�WRR�KLJK�RU�WRR�ORZ�D�UDWH�LW�FDQ� OHDG�WR�WKH�JHQHUDWLRQ�RI�SRRU�VROXWLRQV
DQG� DOVR� UHVXOW� LQ� YHU\� ODUJH� QXPEHUV� RI� JHQHUDWLRQV� UHTXLUHG� IRU� RSWLPLVDWLRQ�
7KHUHIRUH��VHOHFWLRQ�RI�WKH�DSSOLFDWLRQ�UDWHV�LV�DQ�LPSRUWDQW�SURFHVV�LQ�GHVLJQLQJ�WKH
*$�

7KH� SURWRW\SH� V\VWHP� KDV� �� PXWDWLRQ� RSHUDWRUV� DQG� D� VLQJOH� FURVVRYHU
RSHUDWLRQ��HDFK�RI�ZKLFK� LV�DVVLJQHG�DQ� LQGLYLGXDO� DSSOLFDWLRQ� UDWH��7KH� FURVVRYHU
UDWH�LV�IL[HG�DW�����WR�DOORZ�IRU�D�ODUJH�DPRXQW�RI�FURVVRYHU�WR�EH�DSSOLHG�ZKLOH�VWLOO
DOORZLQJ� WKH� �� JHQHWLF� PXWDWLRQV� WR� EH� DSSOLHG� DW� VLJQLILFDQW� UDWHV� �WKH� WRWDO
DSSOLFDWLRQ� UDWH� FDQ� QRW� H[FHHG� ������� ,Q� FRQWUDVW� WR� D� W\SLFDO�*$�� WKH� PXWDWLRQ
RSHUDWLRQV� RI� *$/236� SHUIRUP� D� ODUJH� DPRXQW� RI� WKH� H[SORUDWLRQ�� WKHUHIRUH
FURVVRYHU�LV�QRW�DSSOLHG�DW�VXFK�D�KLJK�UDWH�DV�LQ�RWKHU�*$V�>'DYLV��@�

7KH� XQIROG� WUDQVIRUPDWLRQ� LV� DSSOLHG� LQ� FRQMXQFWLRQ� ZLWK� WKH� SRVWSRQLQJ
SULQFLSOH��VR� LW� LV�RQO\� DFWLYH� IRU� D� VPDOO� QXPEHU�RI�JHQHUDWLRQV� �FRPSDUHG� WR� WKH
RWKHU�WUDQVIRUPDWLRQV���,W�LV�LQWHQGHG�DV�D�WUDQVIRUPDWLRQ�WR�IXUWKHU�RSWLPLVH�WKH�EHVW
VROXWLRQV�GHWHUPLQHG�ZLWK�WKH�RWKHU�WUDQVIRUPDWLRQV��7KHUHIRUH��LWV�DSSOLFDWLRQ�UDWH
LV�QRW�DV�FULWLFDO�EHFDXVH�LW�RQO\�QHHGV�WR�EH�DSSOLHG�WR�D�SRUWLRQ�RI�WKH�EHVW�VROXWLRQV
IRU�D�VPDOO� DPRXQW�RI�JHQHUDWLRQV��7KH�XQIROG� DSSOLFDWLRQ� UDWH� LV� IL[HG� DW�����WR
HQVXUH� LW� LV� DSSOLHG� WR� D� UDQJH� RI� EHWWHU� VROXWLRQV� LQ� WKH� SRSXODWLRQ�� WKHUHE\
RSWLPLVLQJ� WKH� FXUUHQW� EHVW� VROXWLRQV��7KH� OLPLW� RI� ����ZLOO� SURYLGH� D� UHDVRQDEOH
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DPRXQW�RI�XQIROGHG�VROXWLRQV�IRU�H[SORUDWLRQ�ZLWKRXW�VDWXUDWLQJ�WKH�SRSXODWLRQ�ZLWK
ODUJH��FRPSOH[�XQIROGHG�GHVLJQV�

7KH� WDVN� LV� QRZ� UHGXFHG� WR� WKH� VHOHFWLRQ� RI� DSSOLFDWLRQ� UDWHV� IRU� WKH
UHPDLQLQJ� �� WUDQVIRUPDWLRQV� �JHQHWLF� PXWDWLRQV��� $Q� H[KDXVWLYH� H[SHULPHQWDO
DQDO\VLV�� ZKHUH� HDFK� SRVVLEOH� FRPELQDWLRQ� LV� DQDO\VHG�� ZRXOG� EH� D� FRPSOH[� DQG
WLPH�FRQVXPLQJ�WDVN��)RU�H[DPSOH����RSHUDWLRQV�ZLWK�D� OLPLWHG�UDQJH�RI���SRVVLEOH
YDOXHV�ZRXOG�UHTXLUH����H[SHULPHQWV�

7KH� QXPEHU� RI� SRVVLEOH� DSSOLFDWLRQ� UDWHV� DQG� WKHUHIRUH� SRVVLEOH
FRPELQDWLRQV� LV�UHGXFHG�E\�QRW�FRQVLGHULQJ�VPDOO� IOXFWXDWLRQV� LQ�DSSOLFDWLRQ�UDWHV�
DV� WKH\�DUH�QRW�H[SHFWHG�WR�KDYH�D� ODUJH� LPSDFW�RQ� WKH�*$��7R� IXUWKHU� UHGXFH� WKH
FRPSOH[LW\�RI�WKH�WDVN��WKH�SUHYLRXVO\�PHQWLRQHG�WUDQVIRUPDWLRQ�KHXULVWLFV��VHFWLRQ
����� DUH� XVHG� WR� VHOHFW� VHWV� RI� SRWHQWLDO� DSSOLFDWLRQ� UDWHV� H�J�� DSSO\� UHWLPLQJ� DW� D
KLJKHU�UDWH�WKDQ�SLSHOLQLQJ�

7DEOH� ���� VKRZV� VHYHQ� VHWV� RI� SRWHQWLDO� DSSOLFDWLRQ� UDWHV�� H[SUHVVHG� DV
SUREDELOLW\�SHUFHQWDJHV��(DFK�VHW�LV�DSSOLHG�WR�HDFK�RI�WKH�IRXU�H[DPSOH�GHVLJQV�DQG
WKH� UHVXOWLQJ� *$� SHUIRUPDQFH� DQDO\VHG� WR� JDXJH� WKH� SHUIRUPDQFH� RI� WKDW� VHW� RI
SDUDPHWHUV�

$SSOLFDWLRQ�5DWHV
%DWFK�1XPEHU

2SHUDWRU
� � � � � � �

5HWLPH � � �� � �� �� ��
%DFN�5HWLPH � � �� � �� �� ��
3LSHOLQH � � �� � � � �
$XWR�3LSH � � �� � � � �

7DEOH�����$SSOLFDWLRQ�5DWHV�IRU�$QDO\VLV
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%DWFKHV�����DSSO\�DQ�DSSUR[LPDWH�JHRPHWULF�SURJUHVVLRQ� WR�WKH�DSSOLFDWLRQ
UDWHV�IURP���WR�����%DWFKHV�����DSSO\� WKH�UHWLPLQJ� WUDQVIRUPDWLRQV�DW�JUHDWHU� UDWHV
WKDQ�WKH�SLSHOLQLQJ�WUDQVIRUPDWLRQV�LQ�DFFRUGDQFH�ZLWK�WKH�WUDQVIRUPDWLRQ�KHXULVWLFV�
7KLV� VHW� RI� SRWHQWLDO� DSSOLFDWLRQ� UDWHV� LV� D� VPDOO� VDPSOH� RI� WKH� SRVVLEOH
FRPELQDWLRQV�� 7KHUHIRUH�� WKH� GHWHUPLQHG� DSSOLFDWLRQ� UDWHV� PD\� QRW� EH� RSWLPDO�
+RZHYHU�� WKH� FKRVHQ� VHWV� DOORZ� IRU� DQDO\VLV� RI� WKH� HIIHFW�RI� WKH� DSSOLFDWLRQ� UDWHV
ZLWKRXW�UHTXLULQJ�D�SURKLELWLYH�QXPEHU�RI�FRPELQDWLRQV�

(DFK�EDWFK�LV�DSSOLHG�WR�HDFK�RI�WKH�ILYH�EHQFKPDUN�')*�GHVLJQV����WLPHV�
UHVXOWLQJ�LQ���������
�
���FRPSOHWH�UXQV�RI�WKH�*$��(DFK�GHVLJQ�LV�V\QWKHVLVHG���
WLPHV�WR�PLQLPLVH�WKH�HIIHFWV�RI�WKH�VWRFKDVWLF�QDWXUH�RI�WKH�*$��7KH�JUDSK�LQ�)LJXUH
����� GHPRQVWUDWHV� WKH� HIIHFW� RI� WKH� DSSOLFDWLRQ� UDWHV� RQ� GHWHUPLQLQJ� WKH� EHVW
VROXWLRQ�

(DFK�UXQ�RI�WKH�*$�SURGXFHV�D�GHVLJQ�ZLWK�WKH�EHVW�IRXQG�SRZHU�UHGXFWLRQ
�UHSRUWHG�DV�D�SHUFHQWDJH�RI�WKH�RULJLQDO�SRZHU�FRQVXPSWLRQ���7KH�PRGH�YDOXH�IURP
DOO����UXQV�RI�D�VLQJOH�GHVLJQ�LV�WDNHQ�DV�WKH�EHVW�SRZHU�UHGXFWLRQ�REWDLQHG�IRU�WKDW
GHVLJQ�ZLWK�WKH�FXUUHQW�VHW�RI�DSSOLFDWLRQ�UDWHV��)RU�WKH�SXUSRVHV�RI�WKLV�DQDO\VLV��DOO
UHVXOWV� IRU� HDFK� GHVLJQ� DUH� FRPSDUHG�ZLWK� WKH� ZRUVW� UHVXOW� IRXQG� IRU� WKDW� GHVLJQ
DFURVV� DOO� VHYHQ�EDWFKHV��7R�DOORZ� WKH� UHVXOWV�RI� DOO� GHVLJQV� WR� EH� FRPSDUHG� RQ� D
VLQJOH�JUDSK�WKH�\�D[LV� LV�QRUPDOLVHG�ZLWK�UHVSHFW�WR�WKH�ZRUVW�GHVLJQ��7KHUHIRUH�D
KLJKHU�YDOXH�RQ�WKH�\�D[LV�LQGLFDWHV�D�GHVLJQ�VXSHULRU�WR�WKH�ZRUVW��ZKHUHDV�D�YDOXH
RI���RQ�WKH�\�D[LV�LQGLFDWHV�D�GHVLJQ�HTXDO�WR�WKH�ZRUVW�
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EDWFK� EDWFK� EDWFK� EDWFK� EDWFK� EDWFK� EDWFK�

1R
UP

DOL
VH

G�3
RZ

HU�
5H

GX
FWL
RQ

ILU�
ILU�
ODW�
DYHQ�SD
DYHQ�GL

)LJXUH������(IIHFW�RI�9DU\LQJ�$SSOLFDWLRQ�5DWHV�RQ�3RZHU�5HGXFWLRQ�RI�%HQFKPDUN
'HVLJQV

7KH� JUDSK� VKRZV� WKDW� EDWFK� �� SURGXFHG� WKH� ZRUVW� UHVXOWV� IRU� DOO� RI� WKH
GHVLJQV��7KH�SHUIRUPDQFH�RI�EDWFK���LV�VR�SRRU�WKDW�WKH�UHVXOWV�RI�EDWFKHV�����DSSHDU
LQGLVWLQJXLVKDEOH� L�H�� LW� LPSOLHV� WKDW� WKH� GLIIHUHQW� DSSOLFDWLRQ� UDWHV� RI� EDWFKHV� ���
KDYH� QR� HIIHFW� RQ� WKH� UHVXOWV�� +RZHYHU�� WKH� JUDSK� RI� )LJXUH� ����� LOOXVWUDWHV� WKH
UHVXOWV�RI�EDWFKHV�����ZLWK�WKH�UHVXOWV�RI�EDWFK���RPLWWHG�
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EDWFK� EDWFK� EDWFK� EDWFK� EDWFK� EDWFK�

1R
UP

DOLV
HG

�3R
ZH

U�5
HG

XF
WLR
Q

ILU�
ILU�
ODW�
DYHQ�SD
DYHQ�GL

)LJXUH������(IIHFW�RI�9DU\LQJ�$SSOLFDWLRQ�5DWHV�RQ�3RZHU�5HGXFWLRQ�RI�%HQFKPDUN
'HVLJQV��%DWFKHV�����

7KLV�JUDSK�LOOXVWUDWHV�WKDW�DOO�GHVLJQV��ZLWK�WKH�H[FHSWLRQ�RI�WKH�),5��GHVLJQ�
DUH�DIIHFWHG�E\�WKH�GLIIHUHQW�DSSOLFDWLRQ�UDWHV��7KH�),5��LV�XQDIIHFWHG�EHFDXVH�LW�LV�D
UHODWLYHO\�VLPSOH�GHVLJQ�WKDW�UHTXLUHV�D�IHZ�VLPSOH�RSWLPLVDWLRQ�VWHSV�

7KH�UHVXOWV�GR�QRW�IROORZ�D�YLVLEOH�WUHQG��KRZHYHU��LW� LV�FOHDU�WKDW�DOO�RI�WKH
GHVLJQV�KDYH� WKH�EHVW�SRZHU�UHGXFWLRQ� LQ�EDWFK����1RWH� WKDW� DOWKRXJK� VRPH�RI� WKH
GHVLJQV�DOVR�UHFHLYH�WKH�EHVW�SRZHU�UHGXFWLRQ� LQ�RWKHU�EDWFKHV��EDWFK��� LV� WKH�RQO\
EDWFK� ZKHUH� DOO� RI� WKH� GHVLJQV� UHFHLYH� WKH� EHVW� SRZHU� UHGXFWLRQ�� 7KHUHIRUH� WKH
DSSOLFDWLRQ� UDWHV�RI� EDWFK� �� DUH� FKRVHQ� DV� WKH� FXUUHQW� VHW� RI� DSSOLFDWLRQ� UDWHV� IRU
*$/236��LQ�FRPELQDWLRQ�ZLWK�WKH�SUHYLRXVO\�VSHFLILHG�XQIROG�DQG�FURVVRYHU�UDWHV�

7KH� FKRVHQ� VHW� RI� UDWHV� DSSOLHV� WKH� UHWLPLQJ� WUDQVIRUPDWLRQV� DW� D
VLJQLILFDQWO\� JUHDWHU� UDWH� WKDQ� WKH� SLSHOLQLQJ� WUDQVIRUPDWLRQV�� VXSSRUWLQJ� WKH
DVVXPSWLRQV� PDGH� LQ� DQDO\VLQJ� WKH� SURSHUWLHV� RI� WKH� WUDQVIRUPDWLRQV� IRU� WKHLU
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RSWLPLVDWLRQ�FDSDELOLWLHV��7KLV�LOOXVWUDWHV�WKH�SRWHQWLDO�RI�WKH�*$�V\QWKHVLV�WRRO�DV�D
PHDQV�RI�DQDO\VLQJ�WKH�LQWHUDFWLRQ�EHWZHHQ�YDULRXV�RSWLPLVDWLRQ�WHFKQLTXHV�

7KH�JUDSK�LQ�)LJXUH������LOOXVWUDWHV�WKH�HIIHFW�RI�WKH�DSSOLFDWLRQ�UDWHV�RQ�WKH
DYHUDJH� QXPEHU� RI� JHQHUDWLRQV� UHTXLUHG� E\� WKH� *$� WR� SURGXFH� WKH� EHVW� UHVXOWV�
$JDLQ��WR�HQDEOH�FRPSDULVRQ�RI�DOO�GHVLJQV��WKH�UHVXOWV�DUH�FRPSDUHG�ZLWK�WKH�ZRUVW
DFURVV� DOO� EDWFKHV� �WKH� KLJKHVW� QXPEHU� RI� JHQHUDWLRQV��� 7KHUHIRUH�� LQ� WKLV� JUDSK� D
YDOXH�RI���RQ� WKH�\�D[LV�FRUUHVSRQGV� WR�WKH� ODUJHVW�QXPEHU�RI�JHQHUDWLRQV� IRU� WKDW
GHVLJQ��ORZHU�YDOXHV�GHQRWH�OHVV�JHQHUDWLRQV�

7KH� VHOHFWHG� DSSOLFDWLRQ� UDWHV� GR� QRW� SURGXFH� WKH� PLQLPXP� QXPEHU� RI
JHQHUDWLRQV��+RZHYHU��WKH�JRDO�RI�WKH�V\QWKHVLV� V\VWHP� LV� WR�SURGXFH�WKH�RSWLPXP
UHVXOW�� ZLWK� WKH� UHTXLUHG� OHQJWK� RI� WLPH� WR� SURGXFH� WKLV� UHVXOW� D� VHFRQGDU\
FRQVLGHUDWLRQ�
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)LJXUH������(IIHFW�RI�9DU\LQJ�$SSOLFDWLRQ�5DWHV�RQ�&RQYHUJHQFH�5DWH
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����,PSOHPHQWDWLRQ�DQG�5HVXOWV
*$/236� LV� LPSOHPHQWHG� LQ� WKH�&�SURJUDPPLQJ� ODQJXDJH�DQG� LV�FRPSLOHG

DQG� H[HFXWHG� RQ� D� 3HQWLXP� 3UR� ���0+]� UXQQLQJ� WKH� 0LFURVRIW� :LQGRZV� 17�

RSHUDWLQJ�V\VWHP��7KH�FRPSXWHU�KDV����0HJDE\WHV�RI�5$0��'LIIHUHQW�EHQFKPDUN
GHVLJQV�KDYH�GLIIHUHQW�PHPRU\�UHTXLUHPHQWV��+RZHYHU��WKH�GHVLJQV�SUHVHQWHG�KHUH
ZHUH�DOO�RSWLPLVHG�ZLWKLQ����0HJDE\WHV�RI�5$0�

$V�GLVFXVVHG�SUHYLRXVO\��WKH�VWRFKDVWLF�QDWXUH�RI�D�*$�PDNHV�LW�SRVVLEOH�WKDW
WKH� *$� ZLOO� SURGXFH� GLIIHUHQW� UHVXOWV� XQGHU� WKH� VDPH� RSHUDWLQJ� FRQGLWLRQV� H�J�
GLIIHUHQW� UHTXLUHG� QXPEHU� RI� JHQHUDWLRQV�� 7KHUHIRUH�� DV�ZLWK� WKH� GHWHUPLQDWLRQ� RI
WKH�RSHUDWLQJ�SDUDPHWHUV��HDFK�GHVLJQ�ZDV�SURFHVVHG���� WLPHV� WR�SURGXFH� D� VHW�RI
UHVXOWV� IRU� HDFK� GHVLJQ�� 7KH� *$� ZDV� H[HFXWHG� ZLWK� WKH� RSHUDWLQJ� SDUDPHWHUV
GHWHUPLQHG�LQ�VHFWLRQ�����

$�GLVWLQFWLRQ�LV�PDGH�EHWZHHQ�WKH�V\QWKHVLV�RI�GHVLJQV�ZLWK�DQG�ZLWKRXW�WKH
DSSOLFDWLRQ�RI�WKH�XQIROGLQJ�WUDQVIRUPDWLRQ��8QIROGLQJ�LV�D�SRZHUIXO�WUDQVIRUPDWLRQ
WKDW� FDQ� SURGXFH� GHVLJQV� ZLWK� ORZ�SRZHU� FKDUDFWHULVWLFV�� KRZHYHU� LWV� DSSOLFDWLRQ
FDQ�LQFXU�D�ODUJH�DUHD�RYHUKHDG��,W�LV�QRW�DOZD\V�GHVLUDEOH�WR�PLQLPLVH�SRZHU�DW�WKH
H[SHQVH�RI�WKLV�LQFUHDVHG�9/6,�GHYLFH�DUHD�WKDW�XQIROGLQJ�FDQ�SURGXFH��7KHUHIRUH�
WKH�DELOLW\�RI�WKH�V\QWKHVLV�V\VWHP�WR�RSWLPLVH�GHVLJQV�ZLWKRXW�WKH�DSSOLFDWLRQ�RI�WKH
XQIROGLQJ�WUDQVIRUPDWLRQ�LV�H[DPLQHG�

�������2SWLPLVDWLRQ�ZLWKRXW�8QIROGLQJ
7DEOH� ���� SUHVHQWV� WKH� UHVXOWV� REWDLQHG� E\� *$/236� IRU� WKH� SURFHVVHG

EHQFKPDUN�GHVLJQV��7KH�UHVXOW�UHSRUWHG�LV�WKH�PRGH�YDOXH�IRU�WKH�WRWDO�VHW�RI����UXQV
RI�HDFK�GHVLJQ��7KH�PRGH��UDWKHU�WKDQ� WKH�DYHUDJH�� LV�XVHG�DV� LW� LV�DQ�DFWXDO� UHVXOW
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IURP�WKH�*$�WKDW�UHIHUV�WR�D�V\QWKHVLVHG�GHVLJQ��$Q�DYHUDJH�RI�WKH�UHVXOWV�PD\�UHIHU
WR�D�GHVLJQ�WKDW�ZDV�QHYHU�DFWXDOO\�SURGXFHG��DQG�PD\�LQ�IDFW�EH�LQIHDVLEOH��

7KH�3RZHU�3HUFHQWDJH�FROXPQ�UHSRUWV�WKH�HVWLPDWHG�SRZHU�FRQVXPSWLRQ�RI
WKH� V\QWKHVLVHG� GHVLJQ� DV� D� SHUFHQWDJH� RI� WKH� RULJLQDO� SRZHU� FRQVXPSWLRQ�� 7KH
(VWLPDWHG�6L]H�FRPSDUHV�WKH�VL]H�RI�WKH�RSWLPLVHG�GHVLJQ�WR�WKH�RULJLQDO�GHVLJQ��WKLV
SURYLGHV� WKH� GDWD� IRU� WKH� DUHD� LQFUHDVH� QHFHVVDU\� WR� LPSOHPHQW� WKH� ORZ�SRZHU
GHVLJQ�� 6XSSO\� YROWDJH� LV� WKH� QHZ� 9''� IRU� WKDW� GHVLJQ�� 7KH� WDEOH� DOVR� OLVWV� WKH
DYHUDJH�QXPEHU�RI�JHQHUDWLRQV�UHTXLUHG�WR�V\QWKHVLVH�WKH�EHVW�GHVLJQ��DV�D�JXLGH�IRU
WKH�UXQ�WLPH�RI�WKH�*$��7KH�UHVXOWV�DUH�DOO�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKH�GHVLJQV
RSHUDWH�DW�DQ�LQLWLDO�YROWDJH�RI��9�DW�WKH�UHTXLUHG�WKURXJKSXW�UDWH�

'HVLJQ 3RZHU
3HUFHQWDJH

���
(VWLPDWHG

6XSSO\�9ROWDJH
�9ROWV�

(VWLPDWHG�6L]H
�1HZ�6L]H���2ULJLQDO

6L]H�
$YHUDJH

1XPEHU�2I
*HQHUDWLRQV

),5� �� ��� ���� �
),5� � ��� ���� ���
/$7� �� ��� ���� �
$9(1�3$ �� ��� ���� ���
$9(1�', �� ��� ���� ���

7DEOH�����5HVXOWV�ZLWKRXW�8QIROGLQJ�RI�3URWRW\SH�*$/236

7KH�UHVXOWV�GHPRQVWUDWH�WKDW�*$/236�KDV�UHGXFHG�WKH�SRZHU�FRQVXPSWLRQ
RI�DOO�RI�WKH�EHQFKPDUN�GHVLJQV�WR�OHVV�WKDQ�����RI�WKHLU�RULJLQDO�HVWLPDWHG�SRZHU
FRQVXPSWLRQ��7KH�UHGXFWLRQV�KDYH�EHHQ�DFKLHYHG�ZLWK�D�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH
VXSSO\�YROWDJH�RI�HDFK�GHVLJQ�� LW� LV�FOHDU� IURP�WKH�WDEOH�WKDW�WKH�JUHDWHU�WKH�VXSSO\
YROWDJH�UHGXFWLRQ�WKH�JUHDWHU�WKH�FRUUHVSRQGLQJ�SRZHU�UHGXFWLRQ�

7KH� SRZHU� FRQVXPSWLRQ� RI� WKH� ),5�� ILOWHU� KDV� EHHQ� UHGXFHG� WR
DSSUR[LPDWHO\� ���� RI� WKH� RULJLQDO� GHVLJQ�� 7KLV� ZDV� DFKLHYHG� E\� UHGXFLQJ� WKH
FULWLFDO�SDWK�RI� WKH� ILOWHU� IURP���FRQWURO�VWHSV� WR���� DOORZLQJ�D� UHGXFWLRQ� LQ� VXSSO\
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YROWDJH�WR�DSSUR[LPDWHO\��9��7KH�UHGXFWLRQ� LQ�FULWLFDO�SDWK�ZDV�DFKLHYHG�ZLWK� WKH
XVH�RI�WZR�SLSHOLQH�VWDJHV��DV�LOOXVWUDWHG�LQ�)LJXUH�������7KLV�ILJXUH�ZDV�FUHDWHG�ZLWK
D�JUDSKLFDO�DSSOLFDWLRQ�VSHFLILFDOO\�GHVLJQHG�IRU�XVH�ZLWK�*$/236��WR�LQWHUSUHW�DQG
GLVSOD\�WKH�')*�GHVLJQV�>5KLV��@�

3LSHOLQH
6WDJH��

3LSHOLQH
6WDJH��

)LJXUH������,OOXVWUDWLRQ�RI�3LSHOLQH�6WDJHV�LQ�2SWLPLVHG��UG�2UGHU�),5�)LOWHU

7KH�SLSHOLQH� VWDJHV� DUH�PDUNHG� RXW� LQ� WKH� ILJXUH�� 7KH� VL]H� LQFUHDVH� RI� WKH
GHVLJQ�ZDV� DSSUR[LPDWHO\� ���� GXH� WR� WKH� LQFUHDVHG� QXPEHU� RI� UHJLVWHUV� WKDW� LW� LV
HVWLPDWHG�ZLOO�EH�UHTXLUHG�WR�LPSOHPHQW�WKH�GHVLJQ��7KLV�DSSDUHQWO\�VPDOO� LQFUHDVH
LQ�DUHD�LV�SULPDULO\�GXH�WR�WKH�XVH�RI�WKH�����WHFKQLTXH�IRU�WKH�DOORFDWLRQ�RI�UHVRXUFHV
LQ� WKH� 9/6,� GHYLFH�� 7KH� ���� WHFKQLTXH� DOORFDWHV� D� VHSDUDWH� XQLW� WR� HDFK� SURFHVV
QRGH��WKH�DSSOLFDWLRQ�RI�SLSHOLQLQJ�GRHV�QRW�LQFUHDVH�WKH�QXPEHU�RI�SURFHVV�QRGHV�VR
LW� GRHV� QRW� VLJQLILFDQWO\� DIIHFW� WKH� DUHD�� ,Q� HIIHFW�� WKH� RULJLQDO� GHVLJQ� LV� DUHD
LQHIILFLHQW�VR�WKH�RSWLPLVDWLRQV�GR�QRW�UHTXLUH�FRQVLGHUDEOH�H[WUD�DUHD�

+RZHYHU�� *$/236� KDV� GHWHUPLQHG� D� ')*� IRU� WKH� VLJQDO�SURFHVVLQJ
IXQFWLRQ��RSWLPLVHG�IRU�ORZ�SRZHU�RSHUDWLRQ�XVLQJ�WKH�����DOORFDWLRQ�WHFKQLTXH��$V
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WKH� DOORFDWLRQ� WHFKQLTXH� LV� D� FRPSRQHQW� RI� WKH� ILWQHVV� IXQFWLRQ� RWKHU� DOORFDWLRQ
WHFKQLTXHV� FDQ� EH� LQFRUSRUDWHG� LQWR� WKH� ILWQHVV� IXQFWLRQ� ZLWKRXW� UHTXLULQJ
PRGLILFDWLRQ�RI�WKH�RSWLPLVDWLRQ�SURFHGXUH��7KH�),5��GHVLJQ�ZDV�SURGXFHG�RQ� WKH
ILUVW�JHQHUDWLRQ��DV�LW�LV�VLPSO\�WKH�FRPELQDWLRQ�RI�WKH�WZR�SLSHOLQH�VWDJHV�

7KH�),5��GHVLJQ�KDV�D�PXFK�JUHDWHU�SRZHU�UHGXFWLRQ� WKDQ� WKH�VPDOOHU�),5
GHVLJQ�� 7KLV� LV� EHFDXVH� WKH� FULWLFDO� SDWK� KDV� EHHQ� UHGXFHG� IURP� �� HOHPHQWV� WR� �
HOHPHQW�� 7KLV� ODUJHU� UDWLR� RI� UHGXFWLRQ� DOORZV� WKH� ),5�� ILOWHU� WR� EH� RSHUDWHG� DW� D
PXFK� ORZHU� YROWDJH� ZKLOH� PDLQWDLQLQJ� WKH� VDPH� WKURXJKSXW� DV� LWV� RULJLQDO�� 7KH
RSWLPLVDWLRQ�ZDV�SURGXFHG�ZLWK�D�FRPELQDWLRQ�RI�SLSHOLQH�VWDJHV�DQG� WKH�UHWLPLQJ
RI�WKH� LQVHUWHG�SLSHOLQH�VWDJHV��$JDLQ��WKH�VPDOO�SRZHU�LQFUHDVH� LV�GXH� WR�WKH�H[WUD
UHJLVWHUV�UHTXLUHG�

7KH� /$7�� ILOWHU� LV� WKH� VPDOOHVW� UHFXUVLYH� ILOWHU� LQ� WKH� EHQFKPDUN� VHW�� ,W
UHSRUWV�WKH�SRRUHVW�SRZHU�UHGXFWLRQ�EXW�LW�LV�VWLOO�UHGXFHG�WR�����RI�WKH�RULJLQDO��7KH
DSSOLFDWLRQ�RI� UHWLPLQJ�KDV�UHGXFHG�WKH�FULWLFDO�SDWK� IURP��� WR��� VWHSV�� DOORZLQJ�D
����9� UHGXFWLRQ� LQ� YROWDJH�� 7KLV� VPDOO� ILOWHU� LOOXVWUDWHV� WKH� FRQVWUDLQW� WKDW� WKH
IHHGEDFN�ORRSV�LQ�D�')*�SODFH�RQ�WKH�XVH�RI�WUDQVIRUPDWLRQV�VXFK�DV�SLSHOLQLQJ�

7KH� SRZHU� FRQVXPSWLRQ� RI� WKH� $YHQKDXV� ILOWHUV� KDV� EHHQ� UHGXFHG� WR� OHVV
WKDQ�����LQ�ERWK�FDVHV��+RZHYHU��WKH�$9(1�',�KDV�WKH�JUHDWHU�SRZHU�UHGXFWLRQ�
7KLV�LV�GXH�WR�WKH�IDFW�WKDW�ERWK�GHVLJQV�KDYH�D�UHGXFHG�FULWLFDO�SDWK�RI���VWHSV��EXW
WKH�$9(1�',�KDG�D�JUHDWHU�LQLWLDO�FULWLFDO�SDWK�RI����VWHSV��FRPSDUHG�WR���VWHSV�LQ
$9(1�3$���7KH�FULWLFDO�SDWK�RI�$9(1�',�KDV�EHHQ�UHGXFHG�E\�D�JUHDWHU�DPRXQW
VR� WKH� VXSSO\� YROWDJH� RI� $9(1�',� FDQ� EH� FRUUHVSRQGLQJO\� UHGXFHG� E\� D� ODUJHU
DPRXQW�ZKLOH�VWLOO�SUHVHUYLQJ�WKH�WKURXJKSXW�UDWH�

,W� LV� LPSRUWDQW� WR� QRWH� WKDW� WKH� ODUJHU� FULWLFDO� SDWK� RI� WKH� QRQ�RSWLPLVHG
$9(1�',��ZKLOH�JLYLQJ�JUHDWHU�VFRSH�IRU�SRZHU�UHGXFWLRQ��UHTXLUHV�D� IDVWHU�FORFN
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VSHHG� WR� DWWDLQ� WKH� VDPH� WKURXJKRXW� DV� WKH� QRQ�RSWLPLVHG� $9(1�3$�� L�H�� WKH
$9(1�3$�KDV� WKH� ODUJHU� PD[LPXP� VSHHG� DQG� KHQFH� JUHDWHU� WKURXJKSXW� UDWH��$V
ERWK� GHVLJQV� KDYH� PDLQWDLQHG� WKH� VDPH� RULJLQDO� WKURXJKSXW� UDWH�� WKH� RSWLPLVHG
$9(1�',�KDV� ORZHU�SRZHU� FRQVXPSWLRQ� EXW� DOVR� ORZHU� WKURXJKSXW� UDWH� WKDQ� WKH
RSWLPLVHG�$9(1�3$��7KLV�H[DPSOH�LOOXVWUDWHV�WKH�LPSRUWDQFH�RI�WKH�DOJRULWKP�DQG
UHSUHVHQWDWLRQ�IRUPDW�IRU�SRZHU�RSWLPLVDWLRQ��DV�WKH�VDPH�IXQFWLRQ�SURGXFHG�E\�WZR
GLIIHUHQW�DOJRULWKP�UHSUHVHQWDWLRQV�SURGXFHV�GHVLJQV�ZLWK�GLIIHUHQW�VSHHG�DQG�SRZHU
FKDUDFWHULVWLFV��)LJXUH������LOOXVWUDWHV�WKH�')*�RI�WKH�RSWLPLVHG�$9(1�',�')*�

7KH�')*�VWUXFWXUH�KDV�EHHQ�REWDLQHG� WKURXJK�D� FRPELQDWLRQ�RI� WKH� UHWLPH
DQG� SLSHOLQH� WUDQVIRUPDWLRQV�� 7KH� FRUUHFW� DSSOLFDWLRQ� RI� WKH� WUDQVIRUPDWLRQV� KDV
UHVXOWHG�LQ�HDFK�IHHGEDFN�ORRS�RI�WKH�')*�FRQWDLQLQJ�WKH�VDPH�DPRXQW�RI�GHOD\V�DV
WKH� FRUUHVSRQGLQJ� ORRS� LQ� WKH� RULJLQDO� ')*�� 7KLV� LV� D� UHTXLUHPHQW� IRU� WKH
SUHVHUYDWLRQ� RI� WKH� RULJLQDO� IXQFWLRQ� RI� WKH� ')*�� 7KLV� ')*� FRXOG� EH� IXUWKHU
LPSURYHG�E\�RSWLPLVLQJ�WKH�DOORFDWLRQ�RI�GHOD\�QRGHV�LQ�WKH�')*��)RU�H[DPSOH��WKH
EDQN�RI���GHOD\�QRGHV�ORFDWHG�DW�WKH�ERWWRP�RI�WKH�')*�FRXOG�EH�UHPRYHG�DQG�WKH
IRXU�GHOD\�QRGHV�SUHVHQW�LQ�WKH�YHUWLFDO�FHQWUH�RI�WKH�')*�XVHG�WR�VXSSO\�WKH�H[DFW
VDPH�GDWD��+RZHYHU��VXFK� DQ�RSWLPLVDWLRQ� FRXOG� DOVR�EH�SHUIRUPHG�DV�SDUW�RI� WKH
VFKHGXOLQJ�DQG�DOORFDWLRQ�VWHS�
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)LJXUH������3URFHVVHG�')*�RI��WK�2UGHU�$YHQKDXV�)LOWHU�¤�'LUHFW�)RUP

7KH� SHUIRUPDQFH� RI� WKH� ')*� GXULQJ� WKH� V\QWKHVLV� RI� WKLV� VWUXFWXUH� LV
LOOXVWUDWHG� LQ� )LJXUH� ����� DQG� )LJXUH� ������ )LJXUH� ����� GHSLFWV� WKH� ILWQHVV� RI� WKH
ILWWHVW�VROXWLRQ�LQ�WKH�SRSXODWLRQ�WKURXJKRXW�HYROXWLRQ��7KLV�JUDSK�LV�DQ�DYHUDJH�RYHU
DOO�UXQV�WKDW�SURGXFHG�WKH�')*�RI�)LJXUH������
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*HQHUDWLRQ

)LW
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VV

)LJXUH������3ORW�RI�%HVW�)LWQHVV�WKURXJKRXW�(YROXWLRQ�IURP�$YHUDJH�RI�0XOWLSOH
5XQV

7KH� JUDSK� LOOXVWUDWHV� WKDW� WKH� *$� SHUIRUPV� WKH� PDMRULW\� RI� WKH� ILWQHVV
LPSURYHPHQWV�LQ�WKH�ILUVW�����JHQHUDWLRQV��7KH�EHVW�VROXWLRQ�LV�IRXQG��RQ�DYHUDJH��DW
EHWZHHQ�����DQG�����JHQHUDWLRQV�

)LJXUH������SUHVHQWV�WKH�EHVW�SHUIRUPDQFH�RI�WKH�V\QWKHVLV�RI�WKH�$9(1�',
GHVLJQ�� FRQVLGHUHG� WKH� EHVW� SHUIRUPDQFH� IRU� WKLV� GHVLJQ� DV� LW� SURGXFHV� WKH� EHVW
GHVLJQ� IRXQG� LQ� WKH�PLQLPXP� QXPEHU� RI� JHQHUDWLRQV�� 7KLV� JUDSK� DOVR� VKRZV� WKH
DYHUDJH� ILWQHVV� RI� WKH� SRSXODWLRQ�� WR� LOOXVWUDWH� KRZ� WKH� SRSXODWLRQ� EHJLQV� WR
FRQYHUJH�DURXQG�D�ILWWHVW�VROXWLRQ�
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*HQHUDWLRQ

)LW
QH

VV

%HVW�)LWQHVV $YHUDJH�)LWQHVV

)LJXUH������%HVW�*$�3HUIRUPDQFH�IRU�$9(1�',�'HVLJQ

7KH� JUDSK� LOOXVWUDWHV� WKH� VXFFHVVLYH� LPSURYHPHQWV� WR� WKH� GHVLJQ� SURGXFHG
WKURXJKRXW� HYROXWLRQ��6PDOO� LQFUHDVHV� LQ� ILWQHVV� DUH� SULPDULO\� GXH� WR� GHFUHDVHV� LQ
WKH�H[SHFWHG�DUHD�RI�WKH�GHVLJQ��7KH�ODUJHU�LQFUHDVHV�LQ�ILWQHVV��VXFK�DV�DW�JHQHUDWLRQ
����DUH�GXH� WR�GHFUHDVHV� LQ� WKH� YROWDJH�RI� WKH�GHVLJQ�� WKH�YROWDJH�KDV� WKH�JUHDWHVW
LPSDFW�RQ�WKH�SRZHU�DQG�KHQFH�WKH�ILWQHVV�RI�WKH�GHVLJQ��7KH�DYHUDJH�ILWQHVV�FXUYH
LOOXVWUDWHV�KRZ�WKH�DYHUDJH�ILWQHVV�RI�WKH�SRSXODWLRQ�VORZO\�ULVHV�WR�WKH�EHVW�ILWQHVV
DIWHU� HDFK� LQFUHDVH� LQ� EHVW� ILWQHVV��+RZHYHU�� WKH� DYHUDJH� ILWQHVV� QHYHU� HTXDOV� WKH
EHVW�ILWQHVV��LQGLFDWLQJ�WKDW�WKH�SRSXODWLRQ�LV�QHYHU�VDWXUDWHG�ZLWK�FRSLHV�RI�WKH�EHVW
GHVLJQ�

7KH� UHVXOWV� LQ� 7DEOH� ���� DOVR� LOOXVWUDWH� KRZ� WKH� FRPSOH[LW\� RI� WKH� GHVLJQ
DIIHFWV�WKH�QXPEHU�RI�JHQHUDWLRQV�UHTXLUHG� IRU�WKH�RSWLPLVDWLRQ�SURFHVV��7KH�PRUH
FRPSOH[� GHVLJQV�� VXFK� DV� ),5�� DQG� $9(1�',� UHTXLUH� FRQVLGHUDEO\� ORQJHU
JHQHUDWLRQV� WKDQ� WKH� ),5�� DQG� /$7�� GHVLJQV�� ZKLFK� DUH� UHODWLYHO\� VPDOO�� 7KH
$9(1�3$� UHTXLUHV� IHZHU� JHQHUDWLRQV� WKDQ� WKH� $9(1�',�� LPSO\LQJ� WKDW� WKH
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RSWLPLVDWLRQ�RI� WKH�$9(1�3$� UHSUHVHQWDWLRQ� LV� OHVV� FRPSOH[� IRU� WKH� SXUSRVHV� RI
ORZ�SRZHU�RSWLPLVDWLRQ��$JDLQ��WKLV�LOOXVWUDWHV�WKH�HIIHFW�RI�DOJRULWKP�UHSUHVHQWDWLRQ
DQG�VHOHFWLRQ�RQ�WKH�V\QWKHVLV�SURFHVV�

������2SWLPLVDWLRQ�ZLWK�8QIROGLQJ
'HVLJQ 3RZHU

5HGXFHG�7R
���

(VWLPDWHG
6XSSO\�9ROWDJH

�9ROWV�
(VWLPDWHG�6L]H
&RPSDUHG�7R

2ULJLQDO
$YHUDJH

1XPEHU�2I
*HQHUDWLRQV

),5� � ��� ���� ���
),5� � ��� ���� ����
/$7� �� ��� ���� �
$9(1�3$ �� ��� ���� ���
$9(1�', �� ��� ���� ���

7DEOH�����5HVXOWV�ZLWK�WKH�$SSOLFDWLRQ�RI�8QIROGLQJ

$V�ZLWK� WKH�UHVXOWV� IRU�WKH�QRQ�DSSOLFDWLRQ�RI�XQIROGLQJ�� WKHVH�UHVXOWV�ZHUH
SURGXFHG�IURP����FRPSOHWH�UXQV�RI�WKH�*$�IRU�HDFK�RI�WKH�GHVLJQV��D�WRWDO�RI����
FRPSOHWH�*$�UXQV���ZLWK�WKH�*$�RSHUDWLQJ�SDUDPHWHUV�DV�VHOHFWHG�IURP�EDWFK���

,I�WKHVH�UHVXOWV�DUH�FRPSDUHG�ZLWK� WKRVH� LQ�7DEOH������ IRU�WKH�QRQ�XQIROGHG
FDVH�� LW� LV� DSSDUHQW� WKDW� WKH� UHFXUVLYH� GHVLJQV� �WKH� /$7�� DQG� WKH� WZR� $9(1
GHVLJQV��KDYH�H[DFWO\�WKH�VDPH�UHVXOWV��,Q�WKH�FDVH�RI�WKH�/$7���WKH�DSSOLFDWLRQ�RI
XQIROGLQJ�KDV� IDLOHG�WR�LPSURYH�WKH� ILWQHVV�RI�WKH�GHVLJQ�SURGXFHG�ZLWK� WKH�UHVW�RI
WKH�WUDQVIRUPDWLRQ�VHW��7KH�VLPSOH�UHFXUVLYH�ORRS�RI�/$7���ZKHQ�XQIROGHG�FUHDWHV�D
GHVLJQ�ZLWK�D�VLJQLILFDQWO\�ORQJHU�FULWLFDO�SDWK��(YHQ�ZKHQ�FRQVLGHULQJ�WKH�IDFW�WKDW
WKH� 1�XQIROGHG� GHVLJQ� LV� SURFHVVLQJ� 1� VDPSOHV� LQ� SDUDOOHO�� WKH� XQIROGHG� /$7�
GHVLJQ�KDV�JUHDWHU�SRZHU� FRQVXPSWLRQ� WKDQ� WKH�RULJLQDO� GXH� WR� WKH� LQFUHDVHG� DUHD
UHTXLUHG��7KHUHIRUH�WKH�EHVW�/$7��GHVLJQ�GHWHUPLQHG�ZLWK�WKH�*$�V\VWHP�LV�D�QRQ�
XQIROGHG�GHVLJQ�
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7KH� $9(1� ILOWHUV� GR� QRW� EHQHILW� IURP� WKH� DSSOLFDWLRQ� RI� XQIROGLQJ�
+RZHYHU�� WKLV� LV� GXH� WR� WKH� LQFUHDVHG� VL]H� RI� WKH� XQIROGHG� GHVLJQV� H[FHHGLQJ� WKH
��PP��DUHD�OLPLW�SODFHG�XSRQ�WKH�V\VWHP�E\�WKH�FDSDFLWDQFH�PRGHOV��7KH�XQIROGHG
GHVLJQV� DUH� WKHUHIRUH� DVVLJQHG� D� YHU\� ORZ� ILWQHVV� DV� WKH\� DUH� DVVXPHG� WR� EH
XQIHDVLEOH�ORZ�SRZHU�GHVLJQV�

7KH�QRQ�UHFXUVLYH�GHVLJQV�KDYH�UHFHLYHG�WKH�JUHDWHVW�SRZHU�UHGXFWLRQV�IURP
WKH�DSSOLFDWLRQ�RI�WKH�XQIROGLQJ�WUDQVIRUPDWLRQV��7KH�IDFW�WKDW�WKHVH�GHVLJQV�GR�QRW
LQFOXGH�DQ\�IHHGEDFN�ORRSV�LPSURYHV�WKH�VXFFHVV�RI�WKH�XQIROGLQJ�WUDQVIRUPDWLRQ�LQ
FUHDWLQJ�QHZ�GHVLJQV�ZLWK�KLJKHU�VSHHGV�WKURXJK�WKH�XVH�RI�SDUDOOHOLVP��7KH�KLJKHU
VSHHGV� FDQ� EH� WUDGHG� IRU� UHGXFHG� VXSSO\� YROWDJH� DQG� KHQFH� ORZHU� SRZHU
FRQVXPSWLRQ�

7KH� LQFUHDVHG�XVH�RI�SDUDOOHOLVP�DFFRXQWV�IRU�WKH� ODUJH� LQFUHDVHV� LQ�DUHD�RI
HDFK�GHVLJQ��7KH�),5��GHVLJQ�KDV�DQ�LQFUHDVHG�VL]H�RYHU���WLPHV�WKDW�RI�WKH�RULJLQDO�
WKH�GHVLJQ�KDV�DQ�XQIROG� IDFWRU�RI����VR� LW� HIIHFWLYHO\� FRQVLVWV�RI��� WLPHV� DV�PDQ\
SURFHVVLQJ�QRGHV��VDPSOLQJ���VHWV�RI�LQSXW�GDWD�LQ�SDUDOOHO��7KLV�LOOXVWUDWHV�RQH�RI�WKH
NH\�H[SORLWDWLRQ�DUHDV�IRU�ORZ�SRZHU�9/6,�GHVLJQ��,QFUHDVHG�LQWHJUDWLRQ�OHYHOV�KDYH
PDGH�LW�SRVVLEOH�WR�SODFH�PRUH�WUDQVLVWRUV�RQ�D�GHYLFH��DV�WKLV�H[DPSOH�VKRZV��VRPH
H[WUD�WUDQVLVWRUV�FDQ�EH�WUDGHG�IRU�ORZ�SRZHU�RSHUDWLRQ��+RZHYHU��D�VL]H�LQFUHDVH�RI
����� LV� RQO\� WROHUDEOH� GHSHQGHQW� RQ� KRZ� FULWLFDO� WKH� UHTXLUHPHQW� IRU� ORZ� SRZHU
RSHUDWLRQ� LV�� ,Q�HIIHFW��WKHUH� LV�D� WUDGH�RII� EHWZHHQ� ORZ�SRZHU�RSHUDWLRQ� DQG�DUHD�
7KH� DPRXQW� RI� VLJQLILFDQFH� WR� SODFH� RQ� HDFK� SDUDPHWHU� LV� YHU\� PXFK� DSSOLFDWLRQ
GHSHQGHQW�

7KH� LQFUHDVHG�QXPEHU�RI�JHQHUDWLRQV�UHTXLUHG�WR�SURGXFH�WKH�XQIROGHG�),5
GHVLJQV�LV�GXH�WR�WKH�DSSOLFDWLRQ�RI�WKH�SRVWSRQLQJ�SULQFLSOH��7KLV�SULQFLSOH�KROGV�RII
WKH� DSSOLFDWLRQ� RI� XQIROGLQJ� XQWLO� WKH� EHVW� ILWQHVV� RI� GHVLJQV� ZLWKLQ� D� JLYHQ
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SRSXODWLRQ�KDV�QRW�LQFUHDVHG�IRU�D�QXPEHU�RI�JHQHUDWLRQV��WKHUHIRUH�WKH�SRVWSRQLQJ
SULQFLSOH�LQFUHDVHV�WKH�QXPEHU�RI�JHQHUDWLRQV�UHTXLUHG�WR�SURGXFH�WKH�EHVW�GHVLJQ�

)LJXUH� ����� LOOXVWUDWHV� WKH� HIIHFW� RI� SRVWSRQLQJ� ZLWK� WKH� ILWQHVV� SURILOHV
REWDLQHG�IRU�WKH�),5��ILOWHU�GXULQJ�WKH�EHVW�UXQ��WKDW�ZKLFK�SURGXFHG�WKH�EHVW�GHVLJQ
LQ�WKH�PLQLPXP�QXPEHU�RI�JHQHUDWLRQV���7KH�JUDSK� LQFOXGHV� WKH�EHVW�VROXWLRQ�DQG
WKH�DYHUDJH�ILWQHVV�RI�WKH�HQWLUH�SRSXODWLRQ�LQ�WKH�FXUUHQW�JHQHUDWLRQ�

�
�
�
�
�

��
��
��
��
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)LJXUH������*$�3HUIRUPDQFH�DQG�(IIHFW�RI�8QIROGLQJ�RQ�$9(1�',�'HVLJQ

7KH� JUDSK� KDV� WKUHH� PDLQ� SRLQWV� RI� LQWHUHVW�� 3RLQW� $� LQGLFDWHV� WKH� ODVW
LQFUHDVH� LQ� ILWQHVV�GXH� WR�WKH�DSSOLFDWLRQ�RI� WUDQVIRUPDWLRQV�ZLWKRXW�XQIROGLQJ��$W
SRLQW�%� WKH� EHVW� ILWQHVV� KDV� EHHQ� VWDWLF� IRU� D� ODUJH� QXPEHU� RI� JHQHUDWLRQV� VR� WKH
XQIROGLQJ� SULQFLSOH� LV� XVHG� WR� DGG� WKH� XQIROGLQJ� WUDQVIRUPDWLRQ� WR� WKH� VHW� RI
WUDQVIRUPDWLRQV�WKDW�FDQ�EH�DSSOLHG��7KH�DSSOLFDWLRQ�RI�XQIROGLQJ�DW�SRLQW�%�UHVXOWV
LQ�DQ� LQFUHDVH� LQ� ILWQHVV��7KH�XQIROGLQJ�WUDQVIRUPDWLRQ�UHPDLQV� LQ� WKH�SRWHQWLDO� VHW
RI� WUDQVIRUPDWLRQV� IRU� D� QXPEHU� RI� JHQHUDWLRQV�� KHQFH� WKH� VXEVHTXHQW� LQFUHDVH� LQ
ILWQHVV�DW�SRLQW�&��DJDLQ�GXH� WR�WKH�DSSOLFDWLRQ�RI� WKH�XQIROGLQJ� WUDQVIRUPDWLRQ�� ,Q
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WKLV� FDVH� WKH� XQIROGLQJ� WUDQVIRUPDWLRQ� KDV� LQFUHDVHG� WKH� ILWQHVV� RI� D� SUHYLRXVO\
XQIROGHG� GHVLJQ� E\� LQFUHDVLQJ� WKH� RUGHU� WR� ZKLFK� LW� LV� XQIROGHG�� 7KH� XQIROGLQJ
WUDQVIRUPDWLRQ� KDV� D� FXPXODWLYH� HIIHFW�� L�H�� DQ� 1�XQIROGHG� GHVLJQ� VXEVHTXHQWO\
XQIROGHG�WR�D�IDFWRU�RI�3�ZLOO�KDYH�D�WRWDO�XQIROGLQJ�IDFWRU�RI�1u3�

$IWHU�SRLQW�&�WKH�XQIROGLQJ�WUDQVIRUPDWLRQ� LV�XQDEOH�WR�IXUWKHU� LQFUHDVH�WKH
ILWQHVV� RI� WKH� GHVLJQ� GXH� WR� WKH� OLPLWDWLRQV� RQ� WKH� PD[LPXP� VL]H�� 7KH� VPDOO
LQFUHDVHV� LQ� ILWQHVV� DIWHU� SRLQW� &� DUH� GXH� WR� WKH� DSSOLFDWLRQ� RI� WKH� RWKHU
WUDQVIRUPDWLRQV�� LQFUHDVLQJ� WKH� ILWQHVV� RI� WKH� XQIROGHG� GHVLJQ�� 7KLV� JUDSK� DOVR
LOOXVWUDWHV�WKDW�XQIROGHG�GHVLJQV�DUH�SURGXFHG�RYHU�D� ODUJHU�QXPEHU�RI�JHQHUDWLRQV
WKDQ�QRQ�XQIROGHG�GHVLJQV�

������&RQFOXVLRQV
$�*HQHWLF�$OJRULWKP�DSSURDFK� WR�KLJK�OHYHO� ORZ�SRZHU�V\QWKHVLV�KDV�EHHQ

LQWURGXFHG��7KH�*$� XVHV� QRQ�VWDQGDUG� FKURPRVRPH� UHSUHVHQWDWLRQ� ZLWK� SUREOHP
VSHFLILF� JHQHWLF� RSHUDWRUV� GHYHORSHG� IRU� WKH� V\QWKHVLV� WRRO�� 7KH� IOH[LELOLW\� RI� WKH
QRQ�VWDQGDUG� FKURPRVRPH� UHSUHVHQWDWLRQ� HQVXUHV� WKDW� WKH� *$� LV� FDSDEOH� RI
V\QWKHVLVLQJ� VLJQDO� SURFHVVLQJ� GHVLJQV� RI� YDU\LQJ� FRPSOH[LW\� DQG� VL]H�� 7KH
FKURPRVRPH�UHSUHVHQWDWLRQ�LQFRUSRUDWHV�NQRZOHGJH�VSHFLILF�WR�WKH�SUREOHP�GRPDLQ
VXFK�DV�WKH�FRQFHSWV�RI�SUHFHGHQFH�RI�RSHUDWLRQV�DQG�WKH�LPSOHPHQWDWLRQ�GHWDLOV�RI
9/6,�IXQFWLRQDO�XQLWV�

7KH�SUREOHP� VSHFLILF�RSHUDWRUV�PRGLI\� WKH� VWDQGDUG� JHQHWLF� FURVVRYHU� DQG
PXWDWLRQ�WHFKQLTXHV� LQ�RUGHU�WR�DSSO\�VWDQGDUG�'63�GHVLJQ� WUDQVIRUPDWLRQV�ZLWKLQ
WKH�*$� IUDPHZRUN��WR�HQVXUH� WKDW�GHVLJQ� IXQFWLRQDOLW\� LV�SUHVHUYHG�� ,Q�DGGLWLRQ� WR
WKH�SUHVHUYDWLRQ�RI� IXQFWLRQDOLW\�� WKH�PRGLILFDWLRQV�HQDEOH� WKH�JHQHWLF�RSHUDWRUV�WR
LQFRUSRUDWH�H[SHUW�'63�9/6,�GHVLJQ�NQRZOHGJH�LQWR�WKH�*$�EDVHG�V\QWKHVLV�WRRO�
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7KH�*$� VXFFHVVIXOO\� VHDUFKHV� WKH� FRPSOH[� VHDUFK� VSDFH� LQKHUHQW� LQ� KLJK�
OHYHO� ORZ�SRZHU�V\QWKHVLV��7KH�UHVXOWV�SUHVHQWHG� IRU�D�YDULHW\�RI�VLJQDO�SURFHVVLQJ
DUFKLWHFWXUHV�GHPRQVWUDWH�WKDW�WKH�*$�LV�DQ�HIIHFWLYH�WRRO�IRU�'63�V\QWKHVLV�

7KH� XVH� RI� D� WUDQVIRUPDWLRQ� OLEUDU\� WR� VXSSO\� WKH� *$� ZLWK� ORZ�SRZHU
RSWLPLVDWLRQ�WHFKQLTXHV�SURYLGHV�D�IUDPHZRUN�IRU�WKH�DGGLWLRQ�RI�QHZ�WHFKQLTXHV��WR
LQYHVWLJDWH� WKHLU� SRZHU� UHGXFLQJ� DSSOLFDWLRQV�� RU� WR� GHWHUPLQH� WKH� HIIHFW� RI
LQWHUDFWLRQ� EHWZHHQ� WUDQVIRUPDWLRQV� RQ� SURYLGLQJ� WKH� EHVW� VROXWLRQ�� 7KH
H[DPLQDWLRQ� RI� SRWHQWLDO� VHWV� RI� WUDQVIRUPDWLRQ� DSSOLFDWLRQ� UDWHV� SURGXFHG� UHVXOWV
WKDW�VXSSRUWHG�K\SRWKHVHV�UHJDUGLQJ�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�WUDQVIRUPDWLRQV�

�7KH� WUDQVIRUPDWLRQV� XVHG�� WRJHWKHU� ZLWK� WKH� DSSOLFDWLRQ� UDWHV� GHWHUPLQHG
WKURXJK� H[SHULPHQWDO� UHVXOWV� DQG� DQDO\VHV�� SURGXFH� ORZ�SRZHU� GHVLJQV� ZLWKRXW
DIIHFWLQJ�GHVLJQ�IXQFWLRQ�RU�VXIIHULQJ�ORVV�LQ�SHUIRUPDQFH�

7KH�SURWRW\SH�YHUVLRQ�RI�*$/236� LQFRUSRUDWHV�VWDQGDUG�IHDWXUHV�RI�D�*$�
VXFK�DV�URXOHWWH�ZKHHO�VHOHFWLRQ�DQG� ILWQHVV�VFDOLQJ��OLQHDULVDWLRQ���7KHUH�DUH�PDQ\
SRVVLEOH�PRGLILFDWLRQV�WR�D�VWDQGDUG�*$�DLPHG�DW�LPSURYLQJ�SHUIRUPDQFH��VXFK�DV
WKH�GLVFXVVHG�XVH�RI� OLQHDULVHG� ILWQHVV�YDOXHV��,QYHVWLJDWLRQ�RI�PRGLILFDWLRQV� WR�WKH
*$� DUH� QHFHVVDU\�� WR� H[DPLQH� WKHLU� HIIHFWLYHQHVV� DQG� WR� SRVVLEO\� LPSURYH� WKH
SHUIRUPDQFH�RI�WKH�*$�

7KH� ILWQHVV� IXQFWLRQ� RI�*$/236� LQFRUSRUDWHV� D� SRZHU� HVWLPDWLRQ� PRGXOH
IRU� WKH� FRPSDUDWLYH� DQDO\VLV� RI� GHVLJQV� IRU� SRZHU� FRQVXPSWLRQ� DQG� DUHD�� 0RUH
VRSKLVWLFDWHG� WHFKQLTXHV� IRU� WKH� HVWLPDWLRQ� RI� WKHVH� SDUDPHWHUV� H[LVW�� 7KHVH
WHFKQLTXHV� QHHG� WR� EH� H[DPLQHG� DQG� LQFRUSRUDWHG� LQWR� *$/236� WR� LPSURYH� WKH
SHUIRUPDQFH�RI�WKH�*$�DQG�WKH�UHOLDELOLW\�RI�WKH�UHVXOWV�
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7KH�SUHYLRXV� FKDSWHU�SUHVHQWHG� WKH� LQLWLDO� YHUVLRQ� RI�*$/236�� GHVFULELQJ
WKH� SRZHU� RSWLPLVDWLRQ� DQG� HVWLPDWLRQ� WHFKQLTXHV� XVHG� WR� DFKLHYH� WKH� SUHVHQWHG
UHVXOWV��7KH� LQLWLDO�YHUVLRQ�RI�*$/236�XVHV�SRZHU�HVWLPDWLRQ� WHFKQLTXHV� WKDW� UHO\
RQ�WKH�HVWLPDWLRQ�RI�VXSSO\�YROWDJH�DQG�FDSDFLWDQFH��7KH�VXSSO\�YROWDJH�HVWLPDWLRQ
XVHV� D� VWDWLVWLFDO� PRGHO�� UHODWLQJ� VSHHG� WR� YROWDJH�� WR� GHWHUPLQH� DFFXUDWH� YROWDJH
HVWLPDWLRQ�

7KH� FDSDFLWDQFH� HVWLPDWLRQ� WHFKQLTXH� DQDO\VHV� WKH� WDUJHW� ')*� GHVLJQ� WR
HVWLPDWH�WKH�UHTXLUHG�QXPEHU�RI�IXQFWLRQDO�XQLWV�WR�LPSOHPHQW�WKDW�GHVLJQ��WRJHWKHU
ZLWK� WKH� DVVRFLDWHG� LQWHUFRQQHFW� FDSDFLWDQFH�� 7KH� HVWLPDWLRQ� RI� WKH� QXPEHU� RI
IXQFWLRQDO�XQLWV�LV�EDVHG�RQ�D�����DOORFDWLRQ�WHFKQLTXH�

7KH� DOORFDWLRQ� SURFHVV� LV� SDUW� RI� WKH� KLJK�OHYHO� V\QWKHVLV� WDVN�� 7R
VXPPDULVH��KLJK�OHYHO�V\QWKHVLV�LV�WKH�SURFHVV�RI�PDSSLQJ�D�WDUJHW�')*�GHVLJQ�RQWR
D�5HJLVWHU�7UDQVIHU�/HYHO��57/��GHVLJQ�WKDW�LPSOHPHQWV�WKH�')*V�EHKDYLRXU��7KH
���� DOORFDWLRQ� WHFKQLTXH� FUHDWHV� DQ�57/� GHVLJQ�ZLWK� DV� PDQ\� IXQFWLRQDO� XQLWV� DV
WKHUH� DUH�RSHUDWLRQV� LQ� WKH� ')*�� 7KH� ���� WHFKQLTXH� KDV� WKH� EHQHILW� RI� VLPSOLFLW\
GXULQJ�WKH�V\QWKHVLV�SURFHVV��KRZHYHU��WKH�����DOORFDWLRQ�LJQRUHV�WKH�IDFW�WKDW�QRW�DOO
WKH�RSHUDWLRQV�ZLWKLQ�WKH�')*�DUH�UHTXLUHG�WR�EH�H[HFXWHG�GXULQJ�HYHU\�FRQWURO�VWHS
�RU�FORFN�F\FOH���2SHUDWLRQV�RI�WKH�VDPH�IXQFWLRQ��WKDW�DUH�UHTXLUHG�WR�EH�H[HFXWHG�DW
GLIIHUHQW�WLPHV��FDQ�DFWXDOO\� VKDUH� WKH�VDPH�KDUGZDUH� UHVRXUFH��7KHUHIRUH�� WKH����
DOORFDWLRQ� WHFKQLTXH� FUHDWHV� DQ� DUHD�LQHIILFLHQW�57/� GHVLJQ��ZLWK�PRUH� IXQFWLRQDO
XQLWV�WKDQ�QHFHVVDU\�
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3UDFWLFDO�KLJK�OHYHO�V\QWKHVLV�V\VWHPV�XVH�D�QXPEHU�RI�WHFKQLTXHV�WR�DWWHPSW
WR� SURGXFH� DQ� 57/� GHVLJQ� ZLWK� WKH� PLQLPXP� QXPEHU� RI� IXQFWLRQDO� XQLWV�� ZKLOH
REH\LQJ� WKURXJKSXW�FRQVWUDLQWV��7KHUHIRUH��WKH� ILWQHVV� IXQFWLRQ�RI�*$/236�QHHGV
WR� LQFRUSRUDWH� WKHVH� WHFKQLTXHV� WR� SURGXFH�PRUH� SUDFWLFDO� DUHD� HVWLPDWLRQV� RI� WKH
WDUJHW�')*�GHVLJQV�

7KH�WKUHH�PDLQ�WDVNV�RI�KLJK�OHYHO�57/�V\QWKHVLV�DUH�VFKHGXOLQJ��DOORFDWLRQ
DQG� ELQGLQJ��6FKHGXOLQJ� DQG� IXQFWLRQDO� XQLW� DOORFDWLRQ� W\SLFDOO\� RFFXU� LQ� SDUDOOHO�
WKHUHIRUH� LW� LV� WKH� VFKHGXOLQJ� SURFHVV� ZKLFK� GHWHUPLQHV� WKH� QXPEHU� RI� IXQFWLRQDO
XQLWV�UHTXLUHG�IRU�LPSOHPHQWLQJ�WKH�')*�

7KLV�FKDSWHU�GHVFULEHV� LPSURYHPHQWV�WR�WKH�SRZHU�HVWLPDWLRQ�URXWLQHV�XVHG
LQ�*$/236��WR�LPSURYH�WKHLU�DFFXUDF\�DQG�PDNH�WKH�SRZHU�DQDO\VLV�PRUH�UHOHYDQW
WR� SUDFWLFDO� 9/6,� V\QWKHVLV� V\VWHPV� ZKLFK� XVH� WDVNV� VXFK� DV� VFKHGXOLQJ� DQG
DOORFDWLRQ�WR�LPSURYH�WKH�HIILFLHQF\�RI�WKH�ILQDO�9/6,�GHVLJQ��6HFWLRQ�����LQWURGXFHV
WKH�FRQFHSWV�DQG� WHFKQLTXHV�XVHG� LQ� VFKHGXOLQJ� DQG�DOORFDWLRQ� WR� V\QWKHVLVH�KLJK�
OHYHO� GHVLJQV��6HFWLRQ�����SUHVHQWV� WKH� UHTXLUHPHQWV� IRU� D� V\VWHP�ZKLFK� HVWLPDWHV
WKH� ILQDO� QXPEHU� RI� KDUGZDUH� UHVRXUFHV� �WR� HVWLPDWH� DUHD� DQG� FDSDFLWDQFH�� EHIRUH
VHFWLRQV�����WR�����GHVFULEH�WKH�KDUGZDUH�HVWLPDWLRQ�WHFKQLTXHV�LQ�GHWDLO��6HFWLRQ����
LQWHJUDWHV� WKH�QHZ�KDUGZDUH� HVWLPDWLRQ� WHFKQLTXHV� LQWR� WKH� FDSDFLWDQFH� HVWLPDWLRQ
SURFHVV�� 6HFWLRQ� ���� SUHVHQWV� DQ� RYHUYLHZ� RI� WKH� QHZ� SRZHU� HVWLPDWLRQ� URXWLQHV
LQFRUSRUDWLQJ�WKH�WHFKQLTXHV�GHVFULEHG�LQ�WKLV�FKDSWHU�

����6FKHGXOLQJ�DQG�)XQFWLRQDO�8QLW�$OORFDWLRQ
7KH�EDVLF�VFKHGXOLQJ�SUREOHP�LV�GHILQHG�DV�WKH�SUREOHP�RI�PDSSLQJ�D�VHW�RI

RSHUDWLRQV� LQ� WKH� ')*� RQWR� D� VHW� RI� FRQWURO� VWHSV�� VXFK� WKDW� WKH� SUHFHGHQFH
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UHODWLRQVKLSV� LQ� WKH�')*� DUH� SUHVHUYHG�� )LJXUH� ���� LOOXVWUDWHV� D� VLPSOH�')*�ZLWK
RQH�SRVVLEOH�VFKHGXOH�

7KH� SURFHVV� RI� JHQHUDWLQJ� D� IHDVLEOH� VFKHGXOH�� ZKLFK� REH\V� SUHFHGHQFH
FRQVWUDLQWV��LV�QRW�FRQVLGHUHG�D�SULPDU\�WRSLF�RI�WKH�ZRUN�SUHVHQWHG�LQ�WKLV�WKHVLV��$
JRRG� RYHUYLHZ� RI� WKH� PDLQ� WRSLFV� RI� WKH� VFKHGXOLQJ� SURFHVV� LV� SUHVHQWHG� LQ
>:DONHU��@�

$ &% $ &%

')*

6&+('8/(

&RQWURO�6WHS��

&RQWURO�6WHS��

&RQWURO�6WHS��

)LJXUH�����([DPSOH�6FKHGXOLQJ�2SHUDWLRQ

7KH�DERYH�VFKHGXOH�ZDV�JHQHUDWHG�XVLQJ�WKH�$V�6RRQ�$V�3RVVLEOH� �$6$3�
VFKHGXOLQJ� DOJRULWKP� ZKHUH� HYHU\� RSHUDWLRQ� LV� SODFHG� LQWR� WKH� HDUOLHVW� SRVVLEOH
FRQWURO� VWHS� ZKLOH� REH\LQJ� SUHFHGHQFH� UHODWLRQV� >+ZDQJ���� 0LFKHOL��@�� 7KH
H[DPSOH�')*�KDV�EHHQ�VFKHGXOHG�LQ���FRQWURO�VWHSV��VR�D�FRPSOHWH� LWHUDWLRQ�RI�WKH
')*�UHTXLUHV�WKUHH�FRQWURO�VWHSV��7KH�UHTXLUHG�QXPEHU�RI� IXQFWLRQDO�XQLWV�RI�HDFK
W\SH� LV� GHWHUPLQHG� E\� FRXQWLQJ� WKH� QXPEHU� RI� XQLWV� LQ� HDFK� FRQWURO� VWHS�� 7KH
PD[LPXP� QXPEHU� RYHU� DOO� FRQWURO� VWHSV� LV� WKH� UHTXLUHG� QXPEHU� RI� XQLWV�� ,Q� WKLV
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H[DPSOH�� ��PXOWLSOLHUV� DUH� UHTXLUHG� EHFDXVH� ERWK�PXOWLSOLFDWLRQV� DUH� VFKHGXOHG� LQ
WKH�VDPH�FRQWURO�VWHS��2QH�DGGHU�LV�UHTXLUHG�WR�LPSOHPHQW�WKH�')*�

7KH�H[DPSOH�RI�)LJXUH����LOOXVWUDWHV�RQH�RI�WKH�SUREOHPV�RI� WKH�VFKHGXOLQJ
SURFHVV�� WKDW� RI� GHWHUPLQLQJ� D� VFKHGXOH� ZLWK� WKH� RSWLPDO� �PLQLPXP�� QXPEHU� RI
IXQFWLRQDO�XQLWV��7KH�PXOWLSOLFDWLRQ�RI�LQSXW�&�FRXOG�EH�VFKHGXOHG�LQ�FRQWURO�VWHS���
DV�LWV�RXWSXW�LV�QRW�UHTXLUHG�XQWLO�FRQWURO�VWHS����7KLV�ZRXOG�SURGXFH�D�VFKHGXOH�WKDW
UHTXLUHV���PXOWLSOLHU�DQG���DGGHU����IHZHU�PXOWLSOLHUV�WKDQ�UHTXLUHG�ZLWK�WKH� LQLWLDO
VFKHGXOH�� 7KHUHIRUH�� HYHQ� ZLWK� WKLV� VLPSOH� ')*�� GLIIHUHQW� VFKHGXOHV� H[LVW� ZLWK
VLJQLILFDQWO\�GLIIHUHQW�LPSOHPHQWDWLRQ�UHTXLUHPHQWV��'HWHUPLQLQJ�D�VFKHGXOH�ZKLFK
PHHWV�LPSOHPHQWDWLRQ�FRQVWUDLQWV�RQ�WKH�QXPEHU�RI�DYDLODEOH�UHVRXUFHV�LV�NQRZQ�DV
WKH� 5HVRXUFH� &RQVWUDLQHG� 6FKHGXOLQJ� �5&6�� >:DONHU��@� SUREOHP�� VXFK� DV� WKH
OLPLWDWLRQ�RI���PXOWLSOLHU�IRU�WKH�H[DPSOH�LQ�)LJXUH�����

$QRWKHU�FRPPRQ�FRQVWUDLQW�LQ�WKH�VFKHGXOLQJ�SURFHVV�LV�WKH�OLPLWDWLRQ�RI�WKH
QXPEHU� RI� FRQWURO� VWHSV�� NQRZQ� DV� 7LPH� &RQVWUDLQHG� 6FKHGXOLQJ� �7&6��� 7KH
QXPEHU� RI� FRQWURO� VWHSV� LV� GLUHFWO\� SURSRUWLRQDO� WR� WKH� VSHHG� RI� WKH� LPSOHPHQWHG
GHVLJQ�� JHQHUDOO\�� IHZHU� FRQWURO� VWHSV� UHVXOWV� LQ� D� IDVWHU� GHVLJQ� >:DONHU��@�� 7KH
FRPELQDWLRQ�RI�VFKHGXOLQJ�ZLWK� OLPLWHG�UHVRXUFHV�DQG�FRQWURO�VWHSV� LV� WKH�SUREOHP
RI�7LPH�DQG�5HVRXUFH�&RQVWUDLQHG�6FKHGXOLQJ��75&6��>:DONHU��@�

'HWHUPLQDWLRQ�RI�DQ�RSWLPDO�VFKHGXOLQJ�L�H��VFKHGXOLQJ�ZLWK�PLQLPXP�WLPH
DQG� UHVRXUFHV�� LV� D� QRQ�WULYLDO� WDVN� DV� WKH� VFKHGXOLQJ� SUREOHP� LV� DW� OHDVW� 13�
FRPSOHWH�>5DEDH\��D��*HERW��@��9DULRXV�KHXULVWLF�DOJRULWKPV�KDYH�EHHQ�GHYHORSHG
WR� WDFNOH� WKH� FRPSOH[� VFKHGXOLQJ�DOORFDWLRQ� SURFHVV�� 7KH� QH[W� VHFWLRQ� LQWURGXFHV
VRPH�RI�WKH�PRUH�ZLGHO\�XVHG�KHXULVWLF�VFKHGXOLQJ�DOJRULWKPV��WRJHWKHU�ZLWK�RWKHU
WHFKQLTXHV�XVHG�WR�VROYH�WKH�VFKHGXOLQJ�SUREOHP�
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$Q� LPSRUWDQW� SRLQW� WR� QRWH� LQ� WKH� H[DPSOH� RI� )LJXUH� ���� LV� WKDW� HDFK
RSHUDWLRQ�LV�VFKHGXOHG�LQ�D�VLQJOH�FRQWURO�VWHS��7KH�FRQWURO�VWHSV�DUH�RI�HTXDO�OHQJWK
LQ�WLPH��WKHUHIRUH��LW�LV�DVVXPHG�WKDW�HDFK�RSHUDWLRQ�LV�SHUIRUPHG�LQ�WKH�VDPH�OHQJWK
RI� WLPH� L�H�� RQH� FORFN� F\FOH�� +RZHYHU�� LQ� SUDFWLFDO� GHYLFHV�� PXOWLSOLFDWLRQV� FDQ
W\SLFDOO\� WDNH� ORQJHU� WKDQ� DGGLWLRQV�� 7KH� XVH� RI� D� XQLW\�GHOD\� PRGHO� LQ� WKH
VFKHGXOLQJ� VLPSOLILHV� WKH� SUREOHP� >0LFKHOL��@� DW� WKH� FRVW� RI� UHGXFLQJ� WKH
HIIHFWLYHQHVV� RI� WKH� VFKHGXOLQJ� DOJRULWKP�� &RQVLGHUDWLRQ� RI� QRQ�XQLW\� RSHUDWLRQ
OHQJWKV�� VXFK� DV� DOORZLQJ� FHUWDLQ� RSHUDWLRQV� WR� VSDQ� VHYHUDO� FRQWURO� VWHSV
�PXOWLF\FOLQJ� >:DONHU��@�� RU� VFKHGXOLQJ� D� QXPEHU� RI� RSHUDWLRQV� WR� EH� SURFHVVHG
VHTXHQWLDOO\� LQ�D�VLQJOH�FRQWURO�VWHS��FKDLQLQJ�>:DONHU��@��PD\�HQDEOH�VKRUWHU�DQG
PRUH�HIILFLHQW�VFKHGXOHV�WR�EH�JHQHUDWHG�

������6FKHGXOLQJ�$OJRULWKPV
$6$3�DQG� WKH� VLPLODU�$V�/DWH�$V�3RVVLEOH� �$/$3�� VFKHGXOLQJ� DUH� VLPSOH

DOJRULWKPV� WKDW� WRSRORJLFDOO\� RUGHU� WKH� RSHUDWLRQV� LQ� WKH� ')*� >5DEDH\��D@�
$OWKRXJK�WKHVH�DOJRULWKPV�SURYLGH�D�UDSLG�VROXWLRQ�WR�WKH�VFKHGXOLQJ�SUREOHP�WKH\
DUH�JUHHG\�DOJRULWKPV�ZKLFK�SURGXFH�D�VLQJOH��RIWHQ�VXE�RSWLPDO�VROXWLRQ�

/LVW�VFKHGXOLQJ� >:DONHU��@� LV� DQ� DOJRULWKP� FRPPRQO\� XVHG� WR� VROYH� WKH
5&6�SUREOHP��:KHUHDV�$6$3�DQG�$/$3�VFKHGXOLQJ�SURFHVV�HDFK�RSHUDWLRQ�RI�WKH
')*�LQ�WXUQ��OLVW�VFKHGXOLQJ�SURFHVVHV�HDFK�FRQWURO�VWHS�LQ�WXUQ��D�PD[LPXP�QXPEHU
RI�FRQWURO�VWHSV�LV�GHILQHG�DV�SDUW�RI�WKH�5&6�SUREOHP��/LVW�VFKHGXOLQJ�XVHV�D�UHDG\�
OLVW�WR�NHHS�WUDFN�RI�XQVFKHGXOHG�RSHUDWLRQV� WKDW�FDQ�EH�VFKHGXOHG� LQWR�WKH�FXUUHQW
FRQWURO� VWHS� ZLWKRXW� YLRODWLQJ� SUHFHGHQFH� FRQVWUDLQWV�� 7KH� UHDG\�OLVW� LV� VRUWHG
DFFRUGLQJ� WR� D� SULRULW\� IXQFWLRQ�� XVXDOO\� EDVHG� RQ� WKH� PRELOLW\� RI� D� SDUWLFXODU
RSHUDWLRQ��7KH�PRELOLW\�RI�DQ�RSHUDWLRQ�LV�GHILQHG�DV�WKH�QXPEHU�RI�FRQWURO�VWHSV�LW
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FDQ� EH� VFKHGXOHG� LQ�� 7KLV� LV� GHWHUPLQHG� DV� WKH� GLIIHUHQFH� EHWZHHQ� LWV� $6$3� DQG
$/$3�FRQWURO� VWHSV� L�H�� WKH� HDUOLHVW� DQG� ODWHVW�SRVVLEOH� FRQWURO� VWHS� WKDW�RSHUDWLRQ
FDQ� EH� VFKHGXOHG� LQ�� 2SHUDWLRQV� ZLWK� ]HUR� PRELOLW\� KDYH� WR� EH� SODFHG� LQWR� WKH
FXUUHQW�FRQWURO�VWHS��ZKLOH�RSHUDWLRQV�ZLWK�KLJKHU�PRELOLW\�FDQ�EH�SODFHG� ORZHU� LQ
WKH� UHDG\�OLVW�� WR� EH� VFKHGXOHG� LQWR� D� ODWHU� FRQWURO� VWHS�� 7KH� XVH� RI� WKH� UHDG\�OLVW
HQDEOHV� WKH� OLVW�VFKHGXOLQJ� DOJRULWKP� WR� SURYLGH� VXSHULRU� VROXWLRQV� WR� WKH� 5&6
SUREOHP�ZKHQ� FRPSDUHG� ZLWK� $6$3�$/$3� VFKHGXOLQJ�� +RZHYHU�� WKLV� LQFUHDVHG
SHUIRUPDQFH�FRPHV�DW�WKH�FRVW�RI�LQFUHDVHG�FRPSXWDWLRQDO�FRPSOH[LW\�ZKLOH�VWLOO�QRW
JXDUDQWHHLQJ�WR�SURYLGH�D�VROXWLRQ�ZLWK�WKH�PLQLPXP�UHTXLUHG�QXPEHU�RI�IXQFWLRQDO
XQLWV�

)RUFH�'LUHFWHG� 6FKHGXOLQJ� �)'6�� >3DXOLQ��@� XVHV� D� VWHSZLVH� UHILQHPHQW
SURFHVV�WR�VROYH�WKH�7&6�SUREOHP�ZKLOH�DWWHPSWLQJ�WR�UHGXFH�WKH�UHTXLUHG�QXPEHU
RI� IXQFWLRQDO� XQLWV�� 7KH� QXPEHU� RI� IXQFWLRQDO� XQLWV� LV� PLQLPLVHG� E\� XQLIRUPO\
GLVWULEXWLQJ� WKH� RSHUDWLRQV� RI� HDFK� W\SH� DFURVV� WKH� VFKHGXOH� �WKXV� UHGXFLQJ� WKH
QXPEHU� RI� RSHUDWLRQV� RI� WKH� VDPH� W\SH� LQ� DQ\� VLQJOH� FRQWURO� VWHS��� )'6� LV� DQ
LWHUDWLYH� DOJRULWKP� WKDW� VXFFHVVLYHO\� EXLOGV� XS� DQ� HQWLUH� VFKHGXOH�� NHHSLQJ� WKH
VFKHGXOH� EDODQFHG� DV� HDFK� RSHUDWLRQ� LV� DGGHG�� 7KHUHIRUH�� )'6� GLIIHUV� IURP� OLVW�
VFKHGXOLQJ� LQ� WKDW� LW�FRQVLGHUV� WKH�ZKROH� VFKHGXOH�� QRW�RQH� FRQWURO� VWHS� DW� D� WLPH�
7KH� H[SHFWHG� FRVW� LQ� IXQFWLRQDO� XQLWV� RI� DVVLJQLQJ� DQ� RSHUDWLRQ� WR� D� SDUWLFXODU
FRQWURO�VWHS�LV�XVHG�WR�VHOHFW�ZKLFK�VWHS�WKH�RSHUDWLRQ�LV�VFKHGXOHG�LQWR��$V�ZHOO�DV
WKH� GLUHFW� FRVW� RI� WKDW� SDUWLFXODU� RSHUDWLRQ�� SUHFHGHQFH� UHODWLRQV� ZLWK� RWKHU
RSHUDWLRQV� FUHDWH� DQ� LQGLUHFW� FRVW�� ZKLFK� DOVR� KDV� WR� EH� FRQVLGHUHG�� $V� )'6
FRQFXUUHQWO\� FRQVLGHUV� DOO� RSHUDWLRQV� WKURXJKRXW� WKH� ZKROH� VFKHGXOH�� LW� SURGXFHV
VROXWLRQV�WR�WKH�5&6�SUREOHP�ZKLOH�PLQLPLVLQJ� IXQFWLRQDO�XQLW�FRVW�LQ�FRPSDULVRQ
WR� WKH� OLVW�VFKHGXOLQJ� DOJRULWKP�� 8QIRUWXQDWHO\�� WKH� DOJRULWKP� LV� OHVV
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FRPSXWDWLRQDOO\� HIILFLHQW� WKDQ� WKH� OLVW�VFKHGXOLQJ� DQG� $6$3�$/$3� DOJRULWKPV�
UHTXLULQJ�ORQJHU�H[HFXWLRQ�WLPHV�WR�FUHDWH�WKH�VFKHGXOH�

$QRWKHU� KHXULVWLF� VFKHGXOLQJ� DOJRULWKP� LV� WKH� SURFHVV� RI� VFKHGXOLQJ� WKH
FULWLFDO� SDWK� ILUVW� �WKXV� SURGXFLQJ� D� GHVLJQ�ZLWK� WKH�PLQLPXP� QXPEHU� RI� FRQWURO
VWHSV��� IROORZHG� E\� WKH� VFKHGXOLQJ� RI� WKH� UHPDLQLQJ� RSHUDWLRQV� LQ� FRQWURO� VWHSV
ZKLFK�PLQLPLVH�WKH�IXQFWLRQDO�XQLW�UHTXLUHPHQWV�>&DPS��@�

7KH�GHVFULEHG�KHXULVWLF�DOJRULWKPV�VXIIHU� IURP�WKH�SUREOHP�RI�GHWHUPLQLQJ
VXE�RSWLPDO�VROXWLRQV�IRU�PDQ\�VFKHGXOLQJ�SUREOHPV�>:DONHU��@��*OREDOO\�RSWLPDO
VROXWLRQV� DUH� GHVLUDEOH� WR� PD[LPLVH� 9/6,� SHUIRUPDQFH� ZKLOH� PLQLPLVLQJ� DUHD�
DFKLHYHG�E\�RSWLPDOO\�VROYLQJ�WKH�75&6�SUREOHP�L�H��PLQLPXP�DUHD�DQG�PD[LPXP
VSHHG�� ,QWHJHU� /LQHDU� 3URJUDPPLQJ� �,/3�� >*HERW��@� KDV� EHHQ� XVHG� WR� SURGXFH
JOREDOO\� RSWLPDO� VROXWLRQV�� KRZHYHU�� WKH� FRPSOH[LW\� RI� WKH� VFKHGXOLQJ� SUREOHP
PHDQV� WKDW� WKH� ,/3� VROYHUV� FDQQRW� GHWHUPLQH� DQ� RSWLPXP� VROXWLRQ� LQ� SRO\QRPLDO
WLPH��)RU�UHODWLYHO\�VPDOO�SUREOHPV�WKH�UXQ�WLPH�RI�WKH�,/3�VFKHGXOLQJ�DOJRULWKP�LV
ODUJH�>:DONHU��@��2WKHU�DWWHPSWV� DW�SURGXFLQJ�JOREDOO\�RSWLPDO� VROXWLRQV�� VXFK� DV
WKH�XVH�RI� VLPXODWHG� DQQHDOLQJ� >'HY��@�� DOVR� VXIIHU� IURP� LQFUHDVHG�FRPSXWDWLRQDO
FRPSOH[LW\�

7KH�FRPSXWDWLRQDO�FRPSOH[LW\��DQG�WKH�DVVRFLDWHG�UXQ�WLPHV�RI�WKH�GLVFXVVHG
VFKHGXOLQJ�DOJRULWKPV�PD\�QRW�SUHVHQW�D�SUREOHP� LQ� D�KLJK�OHYHO� V\QWKHVLV� V\VWHP
ZKLFK� LV� UHTXLUHG� WR�VLPSO\�SURGXFH� DQ�57/�RXWSXW� IRU� D� VSHFLILHG�GHVLJQ�� DV� WKH
VFKHGXOLQJ� DOJRULWKP� LV� RQO\� UHTXLUHG� WR� EH� UXQ� RQFH�� +RZHYHU�� ZLWKLQ� D� GHVLJQ
H[SORUDWLRQ� V\VWHP�� ZKHUH� FDQGLGDWH� GHVLJQV� DUH� FRPSDUHG� IRU� GHVLUHG
FKDUDFWHULVWLFV�� WKH� ORQJ� UXQ�WLPHV� FDQ� EHFRPH� SURKLELWLYH�� 7KLV� LV� HVSHFLDOO\� WKH
FDVH� ZLWKLQ� D� *$� GHVLJQ� H[SORUDWLRQ� V\VWHP� VXFK� DV� *$/236�� ZKLFK� W\SLFDOO\
HYDOXDWHV�PDQ\� WKRXVDQGV�RI� VROXWLRQV� WKURXJKRXW� WKH�GHVLJQ� H[SORUDWLRQ� SURFHVV�
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)RU�WKHVH�V\VWHPV�WKH�FRPSOH[LW\�RI�WKH�VFKHGXOLQJ�DOJRULWKPV�VLJQLILFDQWO\�LQFUHDVH
WKH�RYHUDOO�FRPSXWDWLRQDO�FRPSOH[LW\�

7KH� SUREOHP� RI� GHWHUPLQLQJ� WKH� LPSOHPHQWDWLRQ� SDUDPHWHUV� RI� WKH� 57/
GHVLJQ��VXFK�DV�VSHHG�DQG�DUHD���ZKLOH�PLQLPLVLQJ� WKH� OHQJWK�RI� WLPH� UHTXLUHG� IRU
VXFK�DQ� DQDO\VLV� KDV� OHG� WR� LQFUHDVHG� UHVHDUFK� LQWR� WKH� HVWLPDWLRQ�� UDWKHU� WKDQ� WKH
FDOFXODWLRQ�� RI� VXFK� SDUDPHWHUV�� ,QVWHDG� RI� GHWHUPLQLQJ� WKH� RSWLPDO�57/� VROXWLRQ
WKURXJK� WKH� XVH� RI� FRPSOH[� VFKHGXOLQJ� DOJRULWKPV�� OHVV� FRPSOH[� DOJRULWKPV� DUH
XVHG� WR�REWDLQ� HVWLPDWHV�RQ� VXFK�SDUDPHWHUV� DV� WKH� UHTXLUHG� QXPEHU�RI� IXQFWLRQDO
XQLWV�� 7KH� HVWLPDWHV� FDQ� EH� XVHG� WR� JXLGH� WKH� GHVLJQ� H[SORUDWLRQ� ZLWKRXW� WKH
DVVRFLDWHG� FRPSXWDWLRQDO� RYHUKHDG� RI� SHUIRUPLQJ� D� FRPSOHWH� 57/� V\QWKHVLV� IRU
RSWLPDO� GHVLJQV�� 7KH� HVWLPDWHV� DUH� XVHG� WR� SURYLGH� D� ILWQHVV� PHDVXUH� WR� WKH� *$
V\QWKHVLV�V\VWHP��*$/236���,Q�DGGLWLRQ��WKH�HVWLPDWHV�FDQ�DOVR�EH�XVHG�WR�SURYLGH
VWDUWLQJ�SRLQWV�IRU�WKH�FRPSOHWH�VFKHGXOLQJ�DOJRULWKPV��UHGXFLQJ�WKHLU�UHTXLUHG�UXQ�
WLPH�>5DEDH\��@�

7KH� YDULHW\� RI� VFKHGXOLQJ� DOJRULWKPV� DYDLODEOH� LQ� KLJK�OHYHO� V\QWKHVLV
SUHVHQW� D� UDQJH� RI� SRVVLEOH� 57/� GHVLJQV� IRU� D� VLQJOH� SRZHU�RSWLPLVHG� ')*�
7KHUHIRUH�� WKH� FKRLFH� RI� VFKHGXOLQJ� DOJRULWKP� FDQ� VLJQLILFDQWO\� DIIHFW� WKH� ILQDO
SRZHU� FRQVXPSWLRQ� RI� WKH�57/� GHVLJQ�� ,QGHHG�� VFKHGXOLQJ� DOJRULWKPV� KDYH� EHHQ
GHYHORSHG�ZKLFK�FRQVLGHU�SRZHU�DV�DQ�REMHFWLYH�SDUDPHWHU��VHFWLRQ������GXULQJ�WKH
VFKHGXOLQJ� DQG� DOORFDWLRQ� SURFHVV�� 7R� HQDEOH� DQDO\VLV� RI� WKH� SRZHU�UHGXFWLRQ
FDSDELOLWLHV� RI� WKH� EHKDYLRXUDO�OHYHO� WHFKQLTXHV� SUHVHQWHG� LQ� *$/236�� VXFK
DUFKLWHFWXUDO�OHYHO� SRZHU� UHGXFWLRQ� DOJRULWKPV�DUH�QRW� LQFOXGHG�ZLWKLQ� WKH� FXUUHQW
V\QWKHVLV� V\VWHP�� $� FRPSOHWH� ORZ�SRZHU� V\QWKHVLV� V\VWHP� ZRXOG� XWLOLVH� WKH� IXOO
UDQJH�RI�WHFKQLTXHV�DW�DOO�OHYHOV�RI�WKH�V\QWKHVLV�SURFHVV�
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����2YHUYLHZ�RI�(VWLPDWLRQ�RI�+DUGZDUH�5HVRXUFHV
7KH�ILWQHVV�HYDOXDWLRQ�XVHG�LQ�*$/236�HVWLPDWHV�WKH�SRZHU�FRQVXPSWLRQ�RI

WKH� GDWD� SDWK� FRPSRQHQW� RI� WKH� LPSOHPHQWHG� GHVLJQ�� 7KHUHIRUH�� HVWLPDWLRQ� RI
KDUGZDUH� UHVRXUFHV� LQYROYHV� WKH� HVWLPDWLRQ� RI� WKH� IXQFWLRQDO� XQLWV� UHTXLUHG� WR
LPSOHPHQW�WKH�GDWD�SDWK�DV�DQ�57/�GHVLJQ��3UHFLVH�GHWHUPLQDWLRQ�RI� WKH�PLQLPXP
QXPEHU�RI�IXQFWLRQDO�XQLWV�LV�DQ�13�FRPSOHWH�SUREOHP��WKHUHIRUH�WKHUH�LV�OLWWOH�KRSH
RI� ILQGLQJ� DQ� HVWLPDWLRQ� DOJRULWKP�ZKLFK� FRXOG� VROYH� WKH� SUREOHP� LQ� SRO\QRPLDO
WLPH� >&KDXG��@�� +RZHYHU� WKH� GHWHUPLQDWLRQ� RI� XSSHU� DQG� ORZHU� ERXQGV� RQ� WKH
KDUGZDUH�UHVRXUFHV�SUHVHQWV�D�SUREOHP�RI�UHGXFHG�FRPSOH[LW\�ZKLFK�FDQ�EH�VROYHG
LQ� SRO\QRPLDO� WLPH� >5DEDH\��@�� )LJXUH� ���� LOOXVWUDWHV� WKH� FRQFHSW� RI� XSSHU� DQG
ORZHU�ERXQGV�RQ�WKH�QXPEHU�RI�IXQFWLRQDO�XQLWV�

6FKHGXOH�/HQJWK

)X
QF

WLR
QD

O�8
QLW

V

8SSHU�%RXQGV
2SWLPDO�'HVLJQV
/RZHU�%RXQGV

)LJXUH�����,OOXVWUDWLRQ�RI�'HVLJQ�6SDFH�ZLWK�8SSHU�DQG�/RZHU�%RXQGV

7KH�JUDSK� LOOXVWUDWHV�WKH�RSWLPDO� QXPEHU�RI� IXQFWLRQDO�XQLWV�� IRU� D� VSHFLILF
GHVLJQ�� IRU� GLIIHUHQW� VFKHGXOH� OHQJWKV�� 7KH� RSWLPDO� GHVLJQ� LV� WKH� IHDVLEOH� GHVLJQ
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FUHDWHG� ZLWK� WKH� OHDVW� QXPEHU� RI� IXQFWLRQDO� XQLWV�� 7KH� IHDVLEOH� GHVLJQ� VSDFH� LV
UHSUHVHQWHG� E\� WKH� DUHD� DERYH� WKH� RSWLPDO� GHVLJQV� FXUYH� L�H�� DOO� IHDVLEOH� GHVLJQV
UHTXLUH�DW�OHDVW�DV�PDQ\�IXQFWLRQDO�XQLWV�DV�WKH�RSWLPXP�GHVLJQ��7KH�XSSHU�ERXQGV
FXUYH�LV�ZLWKLQ�WKH�IHDVLEOH�GHVLJQ�VSDFH��L�H��DOO�XSSHU�ERXQGV�DUH�IHDVLEOH�GHVLJQV�
7KH� ORZHU� ERXQGV� FXUYH� LV� WKH� WKHRUHWLFDO� PLQLPXP� QXPEHU� RI� IXQFWLRQDO� XQLWV
UHTXLUHG�WR�LPSOHPHQW�WKH�GHVLJQ��,Q�VRPH�FDVHV�WKH�WKHRUHWLFDO� ORZHU�ERXQGV�PD\
QRW� EH� DEOH� WR� SURGXFH� IHDVLEOH� GHVLJQV�� KRZHYHU�� WKH� ORZHU� ERXQG� SURYLGHV
YDOXDEOH� LQIRUPDWLRQ� IRU� HVWLPDWLQJ� WKH�PLQLPXP� DUHD� UHTXLUHG� WR� LPSOHPHQW� WKH
')*��WKXV�SURYLGLQJ�D�PHDQV�RI�H[SORULQJ�WKH�VROXWLRQ�VSDFH�

7KH�DOJRULWKPV�SUHVHQWHG�LQ�>3RWNR��@�SURYLGH�HVWLPDWLRQV�RI�WKH�XSSHU�DQG
ORZHU� ERXQGV� IRU� D� JLYHQ� ')*� ZLWK� D� VSHFLILHG� VFKHGXOH� OHQJWK�� :LWKLQ� WKH
*$/236� V\QWKHVLV� V\VWHP� WKH� ERXQGV� GHULYHG�ZLWK� WKHVH� DOJRULWKPV� DUH� XVHG� WR
FRPSDUH�WKH�DUHD�DQG�KHQFH�WKH�FDSDFLWDQFH�RI�ULYDO�GHVLJQV��7KLV�DUHD�HVWLPDWLRQ�LV
EDVHG�RQ�WKH�PLQLPXP�HVWLPDWHG�DUHD�UHTXLUHG�WR�LPSOHPHQW�WKH�')*��WKHUHIRUH�WKH
ORZHU�ERXQGV�RQ�IXQFWLRQDO�XQLWV�DUH�XVHG�WR�SURYLGH�WKLV�DUHD�HVWLPDWLRQ��7KH�ORZHU
ERXQGV�DUH�W\SLFDOO\�XVHG�DV�D�PHDVXUH�RI�WKH�TXDOLW\�RI�WKH�VROXWLRQ�� LQ�UHODWLRQ�WR
WKH� H[SHFWHG� DUHD�� DV� WKH\� DUH� W\SLFDOO\� WKH� FORVHVW� WR� WKH� SUDFWLFDO� VROXWLRQ
>5DEDH\��D@�� 7KH� GHWHUPLQDWLRQ� RI� XSSHU� ERXQGV� RQ� IXQFWLRQDO� XQLWV� LV� QRW
SUHVHQWHG� LQ� WKLV� WKHVLV� DV� WKH� GDWD� LV� QRW� UHTXLUHG� DV� SDUW� RI� WKH� *$� ILWQHVV
HYDOXDWLRQ�

����,QLWLDO�(VWLPDWHV�RI�/RZHU�%RXQGV�RQ�)XQFWLRQDO�8QLWV
7KH�HVWLPDWLRQ�SURFHVV� IRU�GHWHUPLQLQJ� ORZHU�ERXQGV� VWDUWV� E\�REWDLQLQJ� D

FUXGH� HVWLPDWH� RQ� WKH� LQLWLDO� ORZHU� ERXQGV� RI� IXQFWLRQDO� HVWLPDWHV� >5DEDH\��D�
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5DEDH\��@��$GGLWLRQDO�VWHSV�LQ�WKH�HVWLPDWLRQ�SURFHVV�DUH�WKHQ�XVHG�WR�UHILQH�WKHVH
FUXGH�ORZHU�ERXQGV��SURYLGLQJ�D�PRUH�DFFXUDWH�HVWLPDWH�

7KH�FUXGH�HVWLPDWH�LV�WKH�DEVROXWH�ORZHU�ERXQG�RQ�WKH�QXPEHU�RI�IXQFWLRQDO
XQLWV�� LW� LV� REWDLQHG� E\� DVVXPLQJ� WKDW� WKH� RSHUDWLRQV� LQ� WKH� ')*� FDQ� EH� HTXDOO\
VSUHDG�RXW�EHWZHHQ�DOO�FRQWURO�VWHSV��7KDW�LV��JLYHQ�1�RSHUDWLRQV�RI�W\SH�L��1L���WR�EH
H[HFXWHG�LQ�;�FRQWURO�VWHSV��DQ�DEVROXWH�PLQLPXP�RI�1�;�QXPEHU�RI� UHVRXUFHV�RI
W\SH� L� �5L��ZLOO� EH� UHTXLUHG� �DVVXPLQJ� WKDW� DOO� RSHUDWLRQV� DUH� SHUIRUPHG�ZLWKLQ� D
VLQJOH�FRQWURO�VWHS��

)RU�WKH�V\VWHPV�XQGHU�FRQVLGHUDWLRQ�LQ�*$/236��ZKLFK�DUH�FULWLFDOO\�WLPHG
�L�H��RSHUDWLQJ�DW�PD[LPXP�WKURXJKSXW���WKH�QXPEHU�RI�DYDLODEOH�FRQWURO�VWHSV�LV�WKH
VDPH�DV� WKH� FULWLFDO� SDWK� OHQJWK� �&S���7KDW� LV�� WKH� HQWLUH�')*� LV� SURFHVVHG� LQ� WKH
VDPH�OHQJWK�RI�WLPH�WKDW�LW�WDNHV�WR�SURFHVV�WKH�FULWLFDO�SDWK�RI�WKH�')*�

7KHUHIRUH��WKH�DEVROXWH�PLQLPXP�QXPEHU�RI�UHVRXUFHV�LV�JLYHQ�E\�

»»
º««

ª &S
1L5LDEVBPLQ ������

+RZHYHU��WKLV�LV�DQ�RSWLPLVWLF�HVWLPDWH�DV�LW�DVVXPHV�WKDW�WKH�RSHUDWLRQV�FDQ
EH�HYHQO\�VSUHDG�WKURXJKRXW�WKH�VFKHGXOH��,Q�SUDFWLFH��SUHFHGHQFH�UHODWLRQV�SUHYHQW
WKLV� IURP�RFFXUULQJ��7KHUHIRUH��WKH�DFWXDO�QXPEHU�RI�RSHUDWLRQV� LV� W\SLFDOO\� KLJKHU
WKDQ�WKLV�ORZHU�ERXQG��DV�LOOXVWUDWHG�E\�WKH�H[DPSOH�RI�)LJXUH�����
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)LJXUH�����([DPSOH�RI�8QIHDVLEOH�6FKHGXOH�*HQHUDWHG�E\�$EVROXWH�/RZHU�%RXQGV
RQ�)XQFWLRQDO�8QLWV

7KH�H[DPSOH�')*�LQ�)LJXUH�����ZRXOG�EH�HVWLPDWHG�WR�UHTXLUH���PXOWLSOLHU�LI
XVLQJ� WKH� PLQLPXP� ERXQGV� SURYLGHG� E\� HTXDWLRQ� ���� � ª º�� ��� +RZHYHU�� WKH

RSWLPXP� FULWLFDO� VFKHGXOH� VKRZV� WKDW� WKH� SUHFHGHQFH� FRQVWUDLQWV� RQ� WKH� ILUVW� WZR
PXOWLSOLFDWLRQ�RSHUDWLRQV�UHTXLUH� WKHP� WR�EH�SHUIRUPHG� LQ� WKH� ILUVW� FRQWURO� VWHS� DV
WKHLU�RXWSXWV�DUH�UHTXLUHG�IRU�WKH�DGGLWLRQ�LQ�WKH�VHFRQG�FRQWURO�VWHS��7KHUHIRUH��WKH
DFWXDO� QXPEHU� RI� PXOWLSOLHUV� UHTXLUHG� LV� ��� ,I� WKH� ORZHU� ERXQG� ZDV� XVHG� DV� D
OLPLWDWLRQ�RQ�WKH�QXPEHU�RI�UHVRXUFHV�WKH�XQIHDVLEOH�VFKHGXOH�LQ�)LJXUH�����PD\�EH
JHQHUDWHG��7KH�VFKHGXOH�LV�XQIHDVLEOH�DV�LW�KDV�PRUH�FRQWURO�VWHSV�WKDQ�WKH�OHQJWK�RI
WKH� FULWLFDO� SDWK�� 7KHUHIRUH�� VWULFWO\� DGKHULQJ� WR� WKH� ORZHU� ERXQG� HVWLPDWLRQ� FDQ
FUHDWH�DQ�LPSOHPHQWDWLRQ�ZLWK�D�ORZHU�WKURXJKSXW�UDWH�WKDQ�UHTXLUHG�

$QDO\VLV� RI� WKH� FUXGH� ORZHU� ERXQG� >5DEDH\��@� IRU� ��� ')*� H[DPSOHV�
FRYHULQJ�D�ZLGH�UDQJH�RI�EHQFKPDUN�DSSOLFDWLRQV��UHVXOWHG�LQ�D�PD[LPXP�REVHUYHG
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HUURU�EHWZHHQ�WKH�ORZHU�ERXQG�DQG�WKH�DFWXDO�FRVW�RI�������7KH�DYHUDJH�REVHUYHG
HUURU�ZDV�����

$Q�LPSURYHG�HVWLPDWLRQ�RI�WKH�ORZHU�ERXQG�LV�XVHG�WR�SURGXFH�D�YDOXH�WKDW
LV� FORVHU� WR� WKH� DFWXDO� QXPEHU� RI� IXQFWLRQDO� XQLWV� WKDW� ZLOO� SURGXFH� D� IHDVLEOH
VFKHGXOH��7KLV� LPSURYHG�YDOXH� LQFUHDVHV�WKH�DFFXUDF\�RI�WKH�DUHD�HVWLPDWLRQ�EDVHG
RQ�WKH�PLQLPXP�ERXQG�WHFKQLTXH�

����,PSURYHG�(VWLPDWH�RI�/RZHU�%RXQGV�RQ�)XQFWLRQDO�8QLWV
7KH� LPSURYHG� HVWLPDWLRQ� SURFHVV� EHJLQV� ZLWK� D� WRSRORJLFDO� RUGHULQJ� DQG

OHYHOOLQJ�RI�WKH� LQSXW�')*�ZLWK�UHVSHFW�WR� LWV� LQSXW�DQG�RXWSXW�QRGHV�>5DEDH\��D�
5DEDH\��@��7KLV� LV� DFKLHYHG� E\� VFKHGXOLQJ� WKH�JUDSK�XVLQJ� WKH�$6$3�DQG�$/$3
VFKHGXOLQJ� DOJRULWKPV� >:DONHU���� 0LFKHOL��@�� 7KH� LQIRUPDWLRQ� SURYLGHG� E\� WKLV
VFKHGXOLQJ�VWHS��WRJHWKHU�ZLWK�WKH�FUXGH�ORZHU�ERXQGV��LV�WKHQ�XVHG�ZLWKLQ�D�UHOD[HG
HVWLPDWLRQ� WHFKQLTXH�>5DEDH\��@� WR�GHWHUPLQH�PRUH�DFFXUDWH� ORZHU�ERXQGV�RQ� WKH
UHTXLUHG�QXPEHU�RI�IXQFWLRQDO�XQLWV�

������$6$3�$/$3�6FKHGXOLQJ
$6$3�DQG�$/$3�DUH� WKH� VLPSOHVW� VFKHGXOLQJ� DOJRULWKPV�� SURFHVVLQJ� HDFK

QRGH�LQ�WXUQ�DQG�SODFLQJ�LW�LQ�WKH�HDUOLHVW�RU�ODWHVW�SRVVLEOH�FRQWURO�VWHS��7KH�SVHXGR�
FRGH�IRU�WKH�$6$3�DOJRULWKP�LV�VKRZQ�LQ�)LJXUH�����
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)XQFWLRQ�$6$3B6FKHGXOH
3DVVHG�')*
1RWH��&BVWHS� �&RQWUROB6WHS
:+,/(�127�HYHU\�RSHUDWLRQ�VFKHGXOHG

)25�HDFK�RSHUDWLRQ�LQ�WKH�')*
,)�QR�SUHGHFHVVRU�RSHUDWLRQV

&BVWHS�RI�FXUUHQWBRSHUDWLRQ� ��
(/6(�,)�DOO�SUHGHFHVVRU�RSHUDWLRQV�KDYH�EHHQ�VFKHGXOHG

&BVWHS�RI�FXUUHQWBRSHUDWLRQ� �PD[>&BVWHS�SUHGHFHVVRUV�@��
1H[W�RSHUDWLRQ�LQ�')*

(QG�:+,/(
(1'�$OJRULWKP�$6$3B6FKHGXOH

)LJXUH�����3VHXGR�FRGH�IRU�$6$3�6FKHGXOLQJ�$OJRULWKP

7KH�$6$3�DOJRULWKP�SURFHVVHV�HYHU\�RSHUDWLRQ�LQ�WKH�')*�LQ�WXUQ�XQWLO�WKH\
KDYH�DOO�EHHQ�VFKHGXOHG��,I�DQ�RSHUDWLRQ�KDV�QR�SUHGHFHVVRU�QRGHV�RQ�LWV�LQSXWV�LW�LV
VFKHGXOHG�LQ�WKH�ILUVW�FRQWURO�VWHS�L�H�� LW�LV�H[HFXWHG�DV�VRRQ�DV�SRVVLEOH��2SHUDWLRQV
GHILQHG� DV� KDYLQJ� QR� SUHGHFHVVRU� QRGHV� DUH� WKRVH� ZKHUH� DOO� LQSXWV� DUH� GULYHQ� E\
SULPDU\�')*�LQSXWV�RU�GHOD\�QRGHV��'HOD\�QRGHV� LQ�D�')*� LQGLFDWH� LQWHU�LWHUDWLRQ
ORRSV�L�H��D�GHOD\�QRGH�LQGLFDWHV�ZKHUH�WKH�FXUUHQW�LWHUDWLRQ�RI�WKH�')*�EHJLQV�DQG
HQGV�

2SHUDWLRQV� ZLWK� SUHGHFHVVRU� QRGHV� FDQ� RQO\� EH� VFKHGXOHG� LI� WKRVH
SUHGHFHVVRU�QRGHV�WKHPVHOYHV�KDYH�EHHQ�VFKHGXOHG��,I�WKLV�FRQVWUDLQW�LV�VDWLVILHG�WKH
FRQWURO� VWHS� IRU� WKH� FXUUHQW�RSHUDWLRQ� LV� GHWHUPLQHG� E\� ILQGLQJ� WKH� ODUJHVW� FRQWURO
VWHS� RI� DOO� SUHGHFHVVRUV� DQG� VFKHGXOLQJ� WKH� FXUUHQW� RSHUDWLRQ� LQ� WKH� QH[W� FRQWURO
VWHS��7KLV�HQVXUHV� WKDW�WKH�RSHUDWLRQ�GRHV�QRW�WU\� WR�SURFHVV� LWV� LQSXWV�EHIRUH� WKH\
KDYH�EHHQ�GHWHUPLQHG�E\� LWV�SUHGHFHVVRU�QRGHV� L�H�� SUHFHGHQFH� FRQVWUDLQWV� DUH�QRW
YLRODWHG�� 3HUIRUPLQJ� WKH� $6$3� DOJRULWKP� ZLOO� SURGXFH� D� VFKHGXOHBOLVW�� 7KH� OLVW
VWRUHV�HYHU\�IXQFWLRQDO�QRGH�LQ�WKH�')*�DORQJ�ZLWK�LWV�$6$3�FRQWURO�VWHS�

7KH�$/$3�VFKHGXOH�SXWV�HYHU\� IXQFWLRQDO�RSHUDWLRQ� LQWR�WKH�ODWHVW�SRVVLEOH
FRQWURO� VWHS�� WKH� SVHXGR�FRGH� IRU� WKLV� DOJRULWKP� LV� VKRZQ� LQ� )LJXUH� ����� 7KH
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PD[LPXP�QXPEHU�RI�FRQWURO�VWHSV�KDV�WR�EH�GHILQHG�EHIRUH�WKH�$/$3�VFKHGXOH�FDQ
EH�SHUIRUPHG��)RU�FULWLFDOO\� WLPHG�')*V�WKH�PD[LPXP�QXPEHU�RI�FRQWURO�VWHSV� LV
WKH�VDPH�DV�WKH�OHQJWK�RI�WKH�FULWLFDO�SDWK�RI�WKH�')*��7KH�VFKHGXOHBOLVW�LV�DOVR�XVHG
WR�VWRUH�WKH�$/$3�FRQWURO�VWHS�RI�HDFK�IXQFWLRQDO�RSHUDWLRQ�

)XQFWLRQ�$/$3B6FKHGXOH
3DVVHG�')*
1RWH��&BVWHS� �&RQWUROB6WHS
:+,/(�127�HYHU\�RSHUDWLRQ�VFKHGXOHG

)25�HDFK�RSHUDWLRQ�LQ�WKH�')*
,)�QR�GHVFHQGHQW�RSHUDWLRQV

&BVWHS�RI�FXUUHQWBRSHUDWLRQ� �FULWLFDOBSDWKBOHQJWK
(/6(�,)�DOO�GHVFHQGHQW�RSHUDWLRQV�KDYH�EHHQ�VFKHGXOHG

&BVWHS�RI�FXUUHQWBRSHUDWLRQ� �PLQ>&BVWHS��GHVFHQGDQWV�@��
1H[W�RSHUDWLRQ�LQ�')*

(QG�:+,/(
(1'�$OJRULWKP�$/$3B6FKHGXOH

)LJXUH�����3VHXGR�&RGH�IRU�$/$3�6FKHGXOLQJ�$OJRULWKP

$Q�H[DPSOH�RI�WKH�UHVXOW�RI�D�VFKHGXOLQJ�RSHUDWLRQ��IRU�WKH���7DS�),5�ILOWHU�
LV�VKRZQ�LQ�)LJXUH�����

' '
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��7$3�),5�')*

)LJXUH�����$6$3�DQG�$/$3�6FKHGXOLQJ�RI���7DS�),5�)LOWHU�')*
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$Q� LPSRUWDQW� SRLQW� WR� QRWH� DERXW� WKH� $6$3� VFKHGXOH� LV� WKDW� LW� SURGXFHV
VFKHGXOHV�RI�WKH�VDPH� OHQJWK�DV�WKH�FULWLFDO�SDWK�RI� WKH�VRXUFH�')*��7KHUHIRUH��DV
ERWK� FULWLFDO� SDWK� OHQJWK�GHWHUPLQDWLRQ� DQG� IXQFWLRQDO�XQLW� HVWLPDWLRQ� DUH� UHTXLUHG
GXULQJ� WKH� ILWQHVV� HVWLPDWLRQ� SURFHGXUH�� WKH� FXUUHQW� FULWLFDO� SDWK� HVWLPDWLRQ
SURFHGXUH�FDQ�EH�UHSODFHG�ZLWK�WKH�$6$3�VFKHGXOLQJ�VWHS�

2QFH� WKH�VFKHGXOHBOLVW� KDV�EHHQ� FUHDWHG�ZLWK�ERWK� WKH� UHTXLUHG�$6$3�DQG
$/$3�LQIRUPDWLRQ�LW�FDQ�EH�XVHG�IRU�WKH�QH[W�VWHS�RI�WKH�HVWLPDWLRQ�SURFHVV�

������7KH�5HOD[HG�(VWLPDWLRQ�7HFKQLTXH
7KH�UHOD[HG�HVWLPDWLRQ�WHFKQLTXH�LV�DQ�LWHUDWLYH�LPSURYHPHQW�DOJRULWKP�XVHG

WR�UHILQH�WKH�FUXGH�ORZHU�ERXQGV�REWDLQHG�IURP�WKH�LQLWLDO�DQDO\VLV�RI�WKH�')*��WKXV
UHGXFLQJ�WKH�HUURU�EHWZHHQ�WKH�HVWLPDWHG�QXPEHU�RI� IXQFWLRQDO�XQLWV�DQG�WKH�DFWXDO
QXPEHU�RI�IXQFWLRQDO�XQLWV�

7KH�LWHUDWLYH�UHILQHPHQW�SURFHVV�LV�RXWOLQHG�DV�

x� 6HW�PD[LPXP� QXPEHU� RI� DYDLODEOH� IXQFWLRQDO� XQLWV� RI� W\SH� L� �PD[B5L�
HTXDO� WR� FUXGH� ORZHU�ERXQG�RQ� IXQFWLRQDO� XQLWV� RI� W\SH� L� �DEVBPLQ�5L�
GHWHUPLQHG�IURP�HTXDWLRQ�������

x� 'HWHUPLQH�WKH�PLQLPXP�QXPEHU�RI�FRQWURO�VWHSV��PLQB&BVWHS��UHTXLUHG
IRU� LPSOHPHQWLQJ� WKH� ')*� DOJRULWKP� ZLWK� WKH� DERYH� FRQVWUDLQW
�PD[B5L���7KLV�LV�HIIHFWLYHO\�SHUIRUPLQJ�5&6�VFKHGXOLQJ�L�H��VFKHGXOLQJ
ZLWK� D� FRQVWUDLQW� RQ� WKH� QXPEHU� RI� DYDLODEOH� UHVRXUFHV� WR� GHWHUPLQH� D
PLQLPXP�VFKHGXOH�

x� ,I�WKH�QXPEHU�RI�FRQWURO�VWHSV�LV�JUHDWHU�WKDQ�DYDLODEOH��&3BOHQJWK��RU�QR
IHDVLEOH� VFKHGXOH� FDQ� EH� JHQHUDWHG� ZLWK� WKH� UHVRXUFH� FRQVWUDLQW
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�PD[B5L���LQFUHPHQW�PD[B5L�DQG�UHSHDW�WKH�VFKHGXOLQJ�VWHS��2WKHUZLVH�
PD[B5L�LV�WKH�UHOD[HG�HVWLPDWLRQ�RI�WKH�UHTXLUHG�QXPEHU�RI�UHVRXUFHV�RI
W\SH�L�

7KH� SURFHVV� GHWHUPLQHV� ZKHWKHU� WKH� FXUUHQW� HVWLPDWLRQ� RI� WKH� QXPEHU� RI
IXQFWLRQDO�XQLWV��VHH�HTXDWLRQ��������ZLOO�SURGXFH�D�IHDVLEOH�VFKHGXOH� WKDW�GRHV�QRW
UHTXLUH�PRUH�FRQWURO�VWHSV�WKDQ� WKRVH�DYDLODEOH�� ,I� WKH�UHVRXUFH�FRQVWUDLQW�SUHYHQWV
VXFK�D� VFKHGXOH� IURP� EHLQJ�JHQHUDWHG� WKH� FRQVWUDLQW� LV� UHOD[HG� �LQFUHPHQWHG�� DQG
DQRWKHU�VFKHGXOH�JHQHUDWHG��7KH�SURFHVV�LV�UHSHDWHG�XQWLO�D�IHDVLEOH�VFKHGXOH�RI�WKH
UHTXLUHG�OHQJWK�LV�JHQHUDWHG�L�H��D�VFKHGXOH�WKDW�VDWLVILHV�WKH�WLPLQJ�FRQVWUDLQWV�

7KH�SURFHVV�FDQ�EH�LOOXVWUDWHG�E\�FRQVLGHULQJ�WKH���7DS�),5�H[DPSOH��,QLWLDO
ORZHU�ERXQG�HVWLPDWHV� IRU�WKLV�')*�FUHDWHV�D�OLPLW�RI���RQ�WKH�QXPEHU�RI�DGG�DQG
PXOWLSO\� IXQFWLRQDO�XQLWV��7KH� VFKHGXOH�JHQHUDWHG�ZLWK� WKLV� FRQVWUDLQW� LV� VKRZQ� LQ
)LJXUH������$V�RQO\�RQH�RSHUDWLRQ�RI�HDFK� W\SH�FDQ�EH�VFKHGXOHG� LQ�HDFK�VWHS��WKH
VFKHGXOLQJ�SURFHVV�JHQHUDWHV�D�VFKHGXOH�RI�OHQJWK����7KH�FULWLFDO�SDWK�OHQJWK�RI�WKH��
7DS� ),5� ILOWHU� LV� ��� WKHUHIRUH� WKLV� VFKHGXOH� YLRODWHV� WKH� WLPLQJ� FRQVWUDLQWV�� 7KH
OLPLWDWLRQ�RQ� WKH�PD[LPXP�QXPEHU�RI� UHVRXUFHV�QHHGV� WR�EH�UHOD[HG� WR�SURGXFH� D
VFKHGXOH�WKDW�VDWLVILHV�WKH�WLPLQJ�FRQVWUDLQWV��,Q�WKLV�H[DPSOH��LQFUHDVLQJ�WKH�QXPEHU
RI� DYDLODEOH� PXOWLSOLHUV� WR� �� ZLOO� SURGXFH� D� VFKHGXOH� WKDW� VDWLVILHV� WKH� WLPLQJ
FRQVWUDLQWV��7KHUHIRUH�WKH�ORZHU�ERXQG�HVWLPDWLRQ�RQ�PXOWLSOLHUV�KDV�EHHQ�UHILQHG�WR
D�PRUH�DFFXUDWH�HVWLPDWH�
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���

H�

H�

H�H�H�

� � � �
6FKHGXOH
5HTXLUHV��

&RQWURO�6WHSV

)LJXUH�����,OOXVWUDWLRQ�RI�6FKHGXOH�*HQHUDWHG�8VLQJ�&UXGH�/RZHU�%RXQGV�DV�/LPLWV
RQ�)XQFWLRQDO�8QLWV

$� SUREOHP� DULVHV� ZKHQ� FRQVLGHULQJ� ZKLFK� UHVRXUFH� ERXQG� WR� LQFUHPHQW
ZKHQ�FRQVLGHULQJ�PRUH�WKDQ���W\SH�RI�UHVRXUFH�L�H��VKRXOG�WKH�FRQVWUDLQW�RQ�DGGHUV
RU�PXOWLSOLHUV�EH�UHOD[HG"�$QDO\VLV�RI�WKH�SUREOHP�LQ�)LJXUH�����UHYHDOV�WKDW�LW�LV�WKH
PXOWLSOLHU� FRQVWUDLQW� WKDW� QHHGV� WR� EH� UHOD[HG�� EXW� LW� LV� GLIILFXOW� WR� JHQHUDOLVH� WKH
LGHQWLILFDWLRQ�SURFHVV�IRU�DOO�DOJRULWKPV��7KH�UHOD[HG�HVWLPDWLRQ�SURFHVV�UHGXFHV�WKH
FRPSOH[LW\�RI�WKLV�SUREOHP�E\�FRQVLGHULQJ�RQO\�RQH� IXQFWLRQDO�XQLW�W\SH�DW�D�WLPH�
7KH�UHOD[HG�HVWLPDWLRQ�SURFHVV�LV�DV�IROORZV�

��� 'HWHUPLQH�FUXGH�ORZHU�ERXQGV�RQ�DGGHUV�DQG�PXOWLSOLHUV
��� 8VH� LWHUDWLYH� UHILQHPHQW� SURFHVV� WR� HVWLPDWH� QXPEHU� RI� DGGHUV� XVLQJ

ORZHU�ERXQGV�RQ�DGGHUV�DV�DQ� LQLWLDO�FRQVWUDLQW�EXW�QR�FRQVWUDLQW�RQ�WKH
QXPEHU�RI�PXOWLSOLHUV�

��� 8VH�LWHUDWLYH�UHILQHPHQW�SURFHVV�WR�HVWLPDWH�QXPEHU�RI�PXOWLSOLHUV�XVLQJ
ORZHU�ERXQGV�RQ�PXOWLSOLHUV�DV�DQ�LQLWLDO�FRQVWUDLQW�EXW�QR�FRQVWUDLQW�RQ
WKH�QXPEHU�RI�DGGHUV�



&KDSWHU���¤�(QKDQFHG�)LWQHVV�(VWLPDWLRQ

���

:KLOH�WKLV�¨UHOD[DWLRQ©�RI�FRQVWUDLQWV�FRQVLGHUDEO\�UHGXFHV�WKH�FRPSOH[LW\�RI
WKH�SUREOHP��LW�PD\�SURGXFH�HVWLPDWHV�WKDW�GR�QRW�DFWXDOO\�JHQHUDWH�IHDVLEOH�UHVXOWV
>5DEDH\��@��0RUH�FRPSOH[�DOJRULWKPV�KDYH�EHHQ�GHYHORSHG�WR�FRQVLGHU�WKH�SDUDOOHO
HVWLPDWLRQ�RI���RU�PRUH� W\SHV�RI� IXQFWLRQDO� XQLWV� >&KDXG����&KDXG��@��+RZHYHU�
WKH\� UDUHO\� RXWSHUIRUP� DOJRULWKPV� WKDW� RQO\� FRQVLGHU� RQH� W\SH� RI� UHVRXUFH
>&KDXG���� 3RWNR��@� ZKLOH� UHTXLULQJ� D� PRUH� FRPSOH[� DQG� KHQFH� FRPSXWDWLRQDOO\
LQWHQVLYH�HVWLPDWLRQ�SURFHVV�

7KH� DFWXDO� VFKHGXOLQJ� SURFHVV� LV� SHUIRUPHG� ZLWK� WKH� OLVW�VFKHGXOLQJ
DOJRULWKP�� 7KLV� DOJRULWKP� LV� FRPPRQO\� XVHG� WR� VROYH� WKH� 5&6� SUREOHP� DV� LW
SURGXFHV� UHODWLYHO\� HIILFLHQW� VFKHGXOHV� ZLWKRXW� UHTXLULQJ� ODUJH� UXQ�WLPHV
>:DONHU��@��7KH�SVHXGR�FRGH�IRU�WKLV�DOJRULWKP�LV�VKRZQ�LQ�)LJXUH�����

$OJRULWKP�/LVWB6FKHGXOH
3DVVHG�$6$3�DQG�$/$3�VFKHGXOLQJ�LQIRUPDWLRQ
3DVVHG�OLPLWV�RQ�QXPEHUV�RI�IXQFWLRQDO�XQLWV
&RPSXWH�VODFNBWLPHV�RI�HDFK�RSHUDWLRQ
&XUUHQWB&VWHS�VHW�WR��
:KLOH�127�DOO�RSHUDWLRQV�VFKHGXOHG

,QFUHPHQW�&XUUHQWB&VWHS
,GHQWLI\�GDWD�UHDG\�RSHUDWLRQV
3ODFH�GDWD�UHDG\�RSV�LQWR�UHDG\�OLVW
6RUW�UHDG\�OLVW�LQ�RUGHU�RI�VODFNBWLPHV
)RU�HDFK�RS�LQ�WKH�UHDG\�OLVW

6FKHGXOH�LQWR�&XUUHQWB&VWHS�,)�IXQFWLRQDO�XQLWV�OLPLW�QRW�EURNHQ
1H[W�HOHPHQW�LQ�UHDG\�OLVW

(QG�:KLOH
5HWXUQ�OHQJWK�RI�VFKHGXOH��&XUUHQWB&VWHS�

(QG�$OJRULWKP�/LVWB6FKHGXOH

)LJXUH�����3VHXGR�FRGH�IRU�/LVW�6FKHGXOLQJ�$OJRULWKP

7KH� OLVW�VFKHGXOLQJ� DOJRULWKP�XVHV� D� UHDG\�OLVW� WR� NHHS� WUDFN�RI� GDWD�UHDG\
RSHUDWLRQV��$�GDWD�UHDG\�RSHUDWLRQ�LV�GHILQHG�DV�DQ�RSHUDWLRQ�WKDW�FDQ�EH�VFKHGXOHG
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���

LQWR�WKH�FXUUHQW�FRQWURO�VWHS�ZLWKRXW�YLRODWLQJ�SUHFHGHQFH�FRQVWUDLQWV��7R�GHWHUPLQH
ZKLFK� RSHUDWLRQV� DUH� VHOHFWHG� IURP� WKH� UHDG\�OLVW� IRU� VFKHGXOLQJ�� WKH� UHDG\�OLVW� LV
VRUWHG�WR�SULRULWLVH�VHOHFWLRQ��7KH�VRUWLQJ�FULWHULD� LV�EDVHG�RQ�WKH�VODFN�>0LFKHOL��@
RI� HDFK� RSHUDWLRQ�� ZKLFK� LV� FRPSXWHG� IURP� WKH� $6$3� DQG� $/$3� WLPHV� RI� HDFK
RSHUDWLRQ��KHQFH�WKH�UHTXLUHPHQW�IRU�WKH�$6$3�DQG�$/$3�LQIRUPDWLRQ�

7KH�VODFN�RI�DQ�RSHUDWLRQ� LV�GHILQHG�DV� LWV�PRELOLW\��WKH�GLIIHUHQFH�EHWZHHQ
LWV�$6$3�DQG�$/$3�FRQWURO�VWHS��2SHUDWLRQV�ZLWK�D�VPDOOHU�VODFN�WLPH�UDWH�D�KLJKHU
SULRULW\�LQ�WKH�VFKHGXOLQJ�SURFHVV�DV�WKHUH�DUH�FRPSDUDWLYHO\�IHZHU�FRQWURO�VWHSV�LQWR
ZKLFK�WKRVH�RSHUDWLRQV�FDQ�EH�VFKHGXOHG��7KHVH�RSHUDWLRQV�ZLWK�VPDOO� VODFN�WLPHV
KDYH� OHVV� IUHHGRP� IRU� PRYHPHQW� DURXQG� WKH� VFKHGXOH� ZKHQ� FRPSDUHG� ZLWK
RSHUDWLRQV� ZLWK� ODUJHU� VODFN�WLPHV�� 7KHUHIRUH�� WKH� FRUH� RI� WKH� OLVW�VFKHGXOLQJ
DOJRULWKP� LV�WR�SRVWSRQH�WKH�VFKHGXOLQJ�RI� WKH�RSHUDWLRQV�ZLWK�PRUH� IUHHGRP�XQWLO
ODVW�� WKHQ� VFKHGXOH� WKHP� LQWR� FRQWURO� VWHSV� WKDW� VDWLVI\� WKH� UHVRXUFH� FRQVWUDLQWV�
)LJXUH�����LOOXVWUDWHV�WKH�VODFN�WLPHV�IRU�WKH���7DS�),5�)LOWHU�H[DPSOH�

' '

H� H� H�

H� H�

��7$3�),5�')*

23 $6$3 $/$3 6/$&.
7,0( 7,0(

H� � � �
H� � � �
H� � � �
H� � � �
H� � � �

)LJXUH�����6ODFN�7LPHV�IRU���7DS�),5�)LOWHU
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2SHUDWLRQ�H��KDV�D�VODFN�WLPH�RI���DV�LW�FDQ�EH�VFKHGXOHG�LQ�FRQWURO�VWHS���RU
���7KH�RWKHU�RSHUDWLRQV�KDYH� D� VODFN� WLPH�RI� ]HUR�� WKH\� KDYH� QR�PRELOLW\� VR� WKH\
KDYH� WR� EH� VFKHGXOHG� LQWR� WKH� VSHFLILHG� FRQWURO� VWHS�� 1RWH� WKDW� RSHUDWLRQV� RQ� WKH
FULWLFDO�SDWK�RI�WKH�')*�DOZD\V�KDYH�D�VODFN�WLPH�RI�]HUR�

$SSOLFDWLRQ� RI� WKH� OLVW�VFKHGXOLQJ� DOJRULWKP� SURGXFHV� D� VFKHGXOH� ZLWK� D
FHUWDLQ�DPRXQW�RI�FRQWURO�VWHSV��ZKLFK�VDWLVILHV�WKH�UHVRXUFH�FRQVWUDLQWV�VSHFLILHG�E\
WKH�ORZHU�ERXQGV�RQ�WKH�QXPEHU�RI�IXQFWLRQDO�XQLWV��,I�WKH�OHQJWK�RI�WKLV�VFKHGXOH�LV
JUHDWHU�WKDQ�WKDW�VSHFLILHG�E\� WKH� WLPLQJ�FRQVWUDLQW� �WKH� OHQJWK�RI� WKH�FULWLFDO�SDWK�
WKHQ� WKH� VFKHGXOH� LV� FRQVLGHUHG� XQIHDVLEOH�� 7KH� ERXQGV� RQ� UHVRXUFHV� DUH� WKHQ
UHYLVHG� DQG� WKH� OLVW�VFKHGXOLQJ� SURFHVV� UHSHDWHG� WR� DWWHPSW� WR� JHQHUDWH� D� IHDVLEOH
VROXWLRQ�

7KH� SVHXGR�FRGH� IRU� WKH� FRPSOHWH� ORZHU�ERXQGV� HVWLPDWLRQ� SURFHVV� LV
VKRZQ�LQ�)LJXUH������



&KDSWHU���¤�(QKDQFHG�)LWQHVV�(VWLPDWLRQ

���

$OJRULWKP�/RZHUB%RXQGVB(VWLPDWLRQ
3DVVHG�$6$3�VFKHGXOLQJ�LQIRUPDWLRQ��SHUIRUPHG�GXULQJ�FUXGH�HVWLPDWLRQ�
3DVVHG�')*
'HWHUPLQH�FUXGH�ORZHU�ERXQGV�RQ�$GG�DQG�0XOWLSO\�XQLWV

�DGG�PLQ�
��PXOW�PLQ�

$/$3�VFKHGXOH�WKH�')*
:+,/(�VFKHGXOH�OHQJWK�JUHDWHU�WKDQ�FULWLFDO�SDWK�OHQJWK

/LVW�VFKHGXOH�XVLQJ�DGG�PLQ�DV�UHVRXUFH�OLPLW�RQ�DGGHUV
��QR�OLPLW�RQ�PXOWLSOLHUV�

,)�VFKHGXOH�OHQJWK�JUHDWHU�WKDQ�FULWLFDO�SDWK�OHQJWK
,QFUHPHQW�DGG�PLQ��LQFUHDVH�UHVRXUFH�OLPLW�

/LVW�VFKHGXOH�XVLQJ�PXOW�PLQ�DV�UHVRXUFH�OLPLW�RQ�PXOWLSOLHUV
�QR�OLPLW�RQ�DGGHUV�

,)�VFKHGXOH�OHQJWK�JUHDWHU�WKDQ�FULWLFDO�SDWK�OHQJWK
,QFUHPHQW�PXOW�PLQ��LQFUHDVH�UHVRXUFH�OLPLW�

(QG�:+,/(
5HWXUQ�DGG�PLQ�DQG�PXOW�PLQ�ERXQGV�DV�HVWLPDWHV�RI�PLQLPXP�QXPEHU�RI
IXQFWLRQDO�XQLWV�UHTXLUHG

(QG�$OJRULWKP�/RZHU�%RXQGV�(VWLPDWLRQ

)LJXUH������3VHXGR�&RGH�IRU�/RZHU�%RXQGV�(VWLPDWLRQ�RI�)XQFWLRQDO�8QLWV

7KH� UHOD[HG� HVWLPDWLRQ� WHFKQLTXH� FRQVLGHUDEO\� UHGXFHV� WKH� HUURU� EHWZHHQ
HVWLPDWHG� DQG� DFWXDO� FRVWV� RI� IXQFWLRQDO� XQLWV�� 5HVXOWV� SURGXFHG� RQ� WKH� VDPH
EHQFKPDUN�VHW�XVHG�WR�DQDO\VH�WKH�FUXGH�ORZHU�ERXQGV�VKRZ�WKH�PD[LPXP�HUURU�KDV
EHHQ�UHGXFHG�IURP������WR�����ZLWK�WKLV�WHFKQLTXH��ZKLOH�WKH�DYHUDJH�DQG�PHGLDQ
HUURUV�DUH�UHGXFHG�IURP�����WR�����DQG�IURP�����WR����UHVSHFWLYHO\�

����([DPSOHV�RI�/RZHU�%RXQG�(VWLPDWLRQ
7R�LOOXVWUDWH�WKH�SHUIRUPDQFH�RI�WKH�QHZ�IXQFWLRQDO�XQLW�HVWLPDWLRQ�URXWLQHV�

UHVXOWV� DUH� SUHVHQWHG� IRU� WKH� EHQFKPDUN�')*� H[DPSOHV� GHVFULEHG� LQ� VHFWLRQ� ����
7DEOH�����OLVWV�WKH�HVWLPDWHG�ORZHU�ERXQGV�RQ�WKH�QXPEHU�RI�DGG�DQG�PXOWLSO\�XQLWV
WRJHWKHU�ZLWK�WKH�FUXGH�ORZHU�HVWLPDWHV�DQG�WKH�DFWXDO�QXPEHU�RI�RSHUDWLRQV� LQ�WKH
')*�
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$GGHUV 0XOWLSOLHUV
')* &UXGH

/RZHU
%RXQG

5HILQHG
/RZHU
%RXQG

1XPEHU�RI
2SHUDWLRQV
LQ�')*

&UXGH
/RZHU
%RXQG

5HILQHG
/RZHU
%RXQG

1XPEHU�RI
2SHUDWLRQV
LQ�')*

),5� � � � � � �
),5� � � � � � �
/$7� � � � � � �
$9(1�3$ � � �� � � ��
$9(1�', � � �� � � ��

7DEOH�����(VWLPDWHV�RQ�0LQLPXP�1XPEHU�RI�)XQFWLRQDO�8QLWV�IRU�%HQFKPDUN
')*V

7KH�WDEOH�LOOXVWUDWHV�WKDW��IRU�WKH�GHVLJQV�LQ�7DEOH������WKH�UHTXLUHG�QXPEHU�RI
IXQFWLRQDO� XQLWV� LV� DOZD\V� OHVV� WKDQ� WKH� QXPEHU� RI� RSHUDWLRQV� LQ� WKH� ')*�� 7KLV
KLJKOLJKWV�WKH�QHHG�WR�UHSODFH�WKH�����DOORFDWLRQ�WHFKQLTXH�IRU�WKH�DUHD�HVWLPDWLRQ�RI
WKH�IXQFWLRQDO�XQLWV�ZLWK�D�PRUH�UREXVW�HVWLPDWLRQ�WHFKQLTXH�WKDW�LV�PRUH�DSSOLFDEOH
WR�SUDFWLFDO�9/6,�GHYLFHV�

7KH� �WK� RUGHU�$YHQKDXV�')*�� KLJKOLJKWHG� LQ� WKH� WDEOH�� DOVR� LOOXVWUDWHV� WKH
LPSRUWDQFH�RI�WKH�UHOD[HG�HVWLPDWLRQ�WHFKQLTXH�WR�REWDLQ�D�PRUH�DFFXUDWH�HVWLPDWLRQ
RI� WKH� UHTXLUHG� DUHD��:LWK� WKH� ���� HVWLPDWLRQ� DOORFDWLRQ� WHFKQLTXH� WKH� QXPEHU� RI
PXOWLSOLHUV� LV�����HTXDO� WR� WKH�QXPEHU�RI�PXOWLSOLFDWLRQ�RSHUDWLRQV� LQ� WKH�')*��$
FUXGH� HVWLPDWH� RQ� WKH� ORZHU� ERXQG� SURGXFHV� D� UHTXLUHPHQW� RI� �� PXOWLSOLHUV�� D
FRQVLGHUDEOH� VDYLQJ�� HVSHFLDOO\� ZKHQ� WKH� FRVW� RI� PXOWLSOLHUV� LQ� WHUPV� RI� DUHD� LV
FRQVLGHUHG�� 7KH� UHOD[HG� HVWLPDWLRQ� WHFKQLTXH� UHILQHV� WKH� LQLWLDO� HVWLPDWH� WR� �
PXOWLSOLHUV��UHTXLULQJ��� LWHUDWLRQV�WR�UHILQH�ERWK�WKH�PXOWLSOLHU�DQG�DGGHU�HVWLPDWHV�
7KH�H[SHQVH�RI� WKH�H[WUD� LWHUDWLRQV�UHTXLUHG� WR�UHILQH� WKH� LQLWLDO� FUXGH� HVWLPDWHV� LV
FRPSHQVDWHG�IRU�E\�WKH�LPSURYHG�DFFXUDF\�
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���

$QRWKHU� LPSRUWDQW� EHQHILW� RI� WKH� LPSURYHG� DUHD� HVWLPDWLRQ� URXWLQHV� LV
HYLGHQW� IURP� DQDO\VLQJ� WKH� HVWLPDWHV� IRU� H[DPSOH� ')*V� WKURXJKRXW� WKH� SRZHU
H[SORUDWLRQ�SURFHVV��)LJXUH������DQG�)LJXUH������ LOOXVWUDWH�WKH�HVWLPDWHV� IRU�D�ZLGH
UDQJH�RI�SRVVLEOH�')*V��%RWK�JUDSKV�GHSLFW�HVWLPDWLRQV� IRU������')*V�JHQHUDWHG
WKURXJKRXW�WKH�H[SORUDWLRQ�SURFHVV��)LJXUH������GHSLFWV�WKH�HVWLPDWHG� ORZHU�ERXQG
RQ� WKH� QXPEHU� RI� PXOWLSOLHUV�� WRJHWKHU� ZLWK� WKH� DFWXDO� QXPEHU� RI� PXOWLSO\
RSHUDWLRQV� LQ� WKH� ')*�� )LJXUH� ����� GHSLFWV� WKH� HVWLPDWHG� ORZHU� ERXQG� RQ� WKH
QXPEHU�RI�DGGHUV��WRJHWKHU�ZLWK�WKH�DFWXDO�QXPEHU�RI�DGG�RSHUDWLRQV�LQ�WKH�')*�

�
�
�
�
�

��
��
��
��
��
��

� ��� ���� ���� ���� ���� ����
')*�1XPEHU

1X
PE

HU�
2I

�8Q
LWV

/RZHU�%RXQG

1XPEHU�RI
2SHUDWLRQV

)LJXUH������(VWLPDWHV�RI�1XPEHU�RI�0XOWLSOLHUV�IRU�5DQJH�RI�')*V�*HQHUDWHG�IRU
/RZ�3RZHU�([SORUDWLRQ�RI��WK�2UGHU�$YHQKDXV�)LOWHU



&KDSWHU���¤�(QKDQFHG�)LWQHVV�(VWLPDWLRQ

���

�
�
�
�
�
��
��
��
��
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')*�1XPEHU

1X
PE

HU�
2I

�8
QLW
V /RZHU�%RXQG

1XPEHU�2I
2SHUDWLRQV

)LJXUH������(VWLPDWHV�RI�1XPEHU�RI�$GGHUV�IRU�5DQJH�RI�')*V�*HQHUDWHG�IRU�/RZ�
3RZHU�([SORUDWLRQ�RI��WK�2UGHU�$YHQKDXV�)LOWHU

7KH� JUDSKV� LOOXVWUDWH� WKDW� WKH� HVWLPDWHG� QXPEHU� RI� UHVRXUFHV� UHTXLUHG� IRU
LPSOHPHQWDWLRQ�YDULHV�WKURXJKRXW�HYROXWLRQ��ZKLOH�WKH�DFWXDO�QXPEHU�RI�RSHUDWLRQV
LQ� WKH� ')*� QHYHU� FKDQJHV�� 7KLV� LV� GXH� WR� GLIIHUHQW� ')*� WRSRORJLHV� RI� WKH� VDPH
IXQFWLRQ� KDYLQJ� GLIIHUHQW� VFKHGXOLQJ� FKDUDFWHULVWLFV�� UHVXOWLQJ� LQ� GLIIHUHQW
LPSOHPHQWDWLRQ�FKDUDFWHULVWLFV��7KH�����DOORFDWLRQ�WHFKQLTXH�VKRZV�QR�FKDQJH�LQ�WKH
UHTXLUHG� QXPEHU� RI� IXQFWLRQDO� XQLWV� WKURXJKRXW� HYROXWLRQ� EXW� WKH� PRUH� DFFXUDWH
HVWLPDWLRQ�WHFKQLTXH�LV�PRUH�VHQVLWLYH�WR�FKDQJHV�WR�WKH�')*�L�H��WKH�HIIHFWV�RI�WKH
WUDQVIRUPDWLRQV� DUH� PRUH� DFFXUDWHO\� DQDO\VHG� ZLWK� WKH� LPSURYHG� DUHD� HVWLPDWLRQ
WHFKQLTXH�

����(VWLPDWLRQ�RI�/RZHU�%RXQGV�RQ�5HJLVWHUV
,Q�DGGLWLRQ�WR�LPSURYLQJ�WKH�HVWLPDWHV�RI�WKH�QXPEHU�RI�IXQFWLRQDO�XQLWV��WR

H[HFXWH� RSHUDWLRQV� LQ� WKH� ')*�� WKH� LPSURYHG� ILWQHVV� HVWLPDWLRQ� URXWLQHV� LQFOXGH
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���

PRUH� DFFXUDWH� HVWLPDWHV� RI� WKH� QXPEHU� RI� UHJLVWHUV� UHTXLUHG� IRU� WKH� 57/
LPSOHPHQWDWLRQ�RI�WKH�')*�

5HJLVWHU� HVWLPDWLRQ� LV� WKH� SURFHVV� RI� GHWHUPLQLQJ� KRZ� PDQ\� UHJLVWHUV� DUH
UHTXLUHG� WR� LPSOHPHQW� WKH�57/� VR� D� VDPSOH� LV� SURFHVVHG� LQ� WKH� UHTXLUHG� WLPH� L�H�
ZLWKLQ�D�PD[LPXP�QXPEHU�RI�FRQWURO�VWHSV��7KH�PLQLPXP�QXPEHU�RI� UHJLVWHUV�RI
W\SH� L� �WKRVH�FRQQHFWHG� WR�DQ�RSHUDWLRQ�RI� W\SH� L�� LV� FRPSXWHG� IURP� WKH� IROORZLQJ
IRUPXOD�>3RWNR��@�

»»
º««
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Q
VWHSVFRQWURO

Q
OLIH 7RWDOW5L

�
BPLQ �����

ZKHUH�N�LV�WKH�WRWDO�QXPEHU�RI�VLJQDOV�IHHGLQJ�LQWR�RSHUDWLRQ�L��7RWDOFRQWUROBVWHSV
LV�WKH�QXPEHU�RI�FRQWURO�VWHSV�DYDLODEOH�IRU�WKH�VFKHGXOH��HTXDO�WR�WKH�OHQJWK�RI�WKH
FULWLFDO�SDWK��

7KH� YDULDEOH� Q
OLIHW PLQ LV� WKH� PLQLPXP� OLIHWLPH� RI� WKH� QWK� VLJQDO� IHHGLQJ� LQWR

RSHUDWLRQ� L�� 7KH� PLQLPXP� OLIHWLPH� LV� GHILQHG� DV� WKH� PLQLPXP� DPRXQW� RI� WLPH
�FRQWURO�VWHSV��WKDW�WKH�YDULDEOH�LV�UHTXLUHG�WR�EH�¨DOLYH©�L�H��WKH�DPRXQW�RI�WLPH�LW� LV
UHTXLUHG� WR� EH� VWRUHG� LQ� D� UHJLVWHU�� %\� GHWHUPLQLQJ� WKH� PLQLPXP� OLIHWLPH
UHTXLUHPHQWV� RI� DOO� YDULDEOHV� WKH� PLQLPXP� QXPEHU� RI� UHJLVWHUV� WR� VWRUH� WKRVH
YDULDEOHV�FDQ�EH�GHWHUPLQHG��7KH�H[DPSOH�')*�LQ�)LJXUH������LV�XVHG�WR�LOOXVWUDWH
WKH�SURFHVV�RI�GHWHUPLQLQJ�WKH�PLQLPXP�OLIHWLPH�RI�D�YDULDEOH�>5DEDH\��@�
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9DULDEOH�(

3RVVLEOH
6ODFN
7LPLQJ

'LDJUDPV
6RXUFH

2SHUDWLRQ
6

'HVWLQDWLRQ
2SHUDWLRQ

'

6DVDS 6DODS

'DVDS 'DODS

6DVDS 6DODS

'DVDS 'DODS

�

�

)LJXUH������'HWHUPLQDWLRQ�RI�0LQLPXP�/LIHWLPH�RI�D�9DULDEOH�(

7KH�')*�LQ�)LJXUH������LOOXVWUDWHV�D�VLPSOH�RSHUDWLRQ�EHWZHHQ�WZR�QRGHV��D
VRXUFH�DQG�GHVWLQDWLRQ��� SDVVLQJ� D�YDULDEOH�EHWZHHQ� WKH� WZR�QRGHV��7KH�PLQLPXP
OLIHWLPH�RI�WKH�YDULDEOH�LV�GHWHUPLQHG�E\�WKH�VFKHGXOHG�H[HFXWLRQ�WLPH�RI�WKH�VRXUFH
DQG�GHVWLQDWLRQ� QRGHV��(DFK�QRGH�KDV� DQ� DVVRFLDWHG�$6$3�DQG�$/$3� VFKHGXOLQJ
WLPH�� GHWHUPLQHG� E\� DSSOLFDWLRQ� RI� WKH� $6$3� DQG� $/$3� VFKHGXOLQJ� DOJRULWKPV
GXULQJ�H[HFXWLRQ�RI�WKH�IXQFWLRQDO�XQLW©V�HVWLPDWLRQ�SURFHVV��7KH�$6$3�DQG�$/$3
WLPHV�DUH�XVHG�WR�SURGXFH�WKH�VODFN�WLPH�RI�HDFK�RSHUDWLRQ�

$V�LOOXVWUDWHG�LQ�)LJXUH������WKHUH�DUH�WZR�FDVHV�RI�LQWHUHVW�

��� 7KH� VODFN� WLPHV�RI� WKH� VRXUFH� DQG� GHVWLQDWLRQ� RYHUODS�� ,Q� WKLV� FDVH� WKH
VRXUFH�$/$3�WLPH�LV�ODWHU�WKDQ�WKH�GHVWLQDWLRQ�$6$3�WLPH��6DODS�!�'DVDS��
7KH� PLQLPXP� SRVVLEOH� OLIHWLPH� LV� DFKLHYHG� LI� WKH� RSHUDWLRQV� DUH
VFKHGXOHG�WR�DOORZ�RSHUDWLRQ�'�WR�FRQVXPH�YDULDEOH�(�LPPHGLDWHO\�DIWHU
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JHQHUDWLRQ�E\�RSHUDWLRQ�6��7KH�PLQLPXP� OLIHWLPH� LV� WKHUHIRUH� WKH� WLPH
WDNHQ�IRU�WKH�GHVWLQDWLRQ�'�WR�SURFHVV�WKH�YDULDEOH�(��HTXDO�WR�RQH�FRQWURO
VWHS��7KHUHIRUH��WOLIHPLQ� �WFRQWUROBVWHS�

��� 7KH�VODFN�WLPHV�RI�WKH�VRXUFH�DQG�GHVWLQDWLRQ�QRGH�GR�QRW�RYHUODS��6DODS

��'DVDS��� ,Q� WKLV� FDVH�YDULDEOH�(�KDV� WR�EH�PLQLPDOO\� DOLYH� IRU� D� ORQJHU
SHULRG�RI� WLPH�� DV� RSHUDWLRQ�'� LV� QRW� DYDLODEOH� WR� SURFHVV� WKH� YDULDEOH
LPPHGLDWHO\� DIWHU�RSHUDWLRQ� 6� KDV� SURGXFHG� LW�� 7KH� YDULDEOH� KDV� WR� EH
DOLYH� IURP� 6DODS� WR� 'DVDS� SOXV� WKH� SURFHVVLQJ� WLPH� RI� RSHUDWLRQ� '�
7KHUHIRUH��WOLIHPLQ� �'DVDS��6DODS���WFRQWUROBVWHS�

7KH�HTXDWLRQV�SUHVHQWHG�IRU�WKH� WZR�FDVHV�DOVR�H[WHQG� WR�WKH� WKLUG�SRVVLEOH
FDVH�� ZKHUH� 6DODS�  � 'DVDS�� 7KH� SVHXGR�FRGH� IRU� WKH� UHJLVWHU� HVWLPDWLRQ� SURFHVV� LV
LOOXVWUDWHG�LQ�)LJXUH������

$OJRULWKP�5HJLVWHU�(VWLPDWLRQ
3DVVHG�$6$3�DQG�$/$3�VFKHGXOLQJ�LQIRUPDWLRQ
3DVVHG�')*
6FKHGXOHBOHQJWK� �FULWLFDOBSDWKBOHQJWK
'HWHUPLQH�PLQLPXP�OLIHWLPHV�RI�UHJLVWHUV�
)RU�HDFK�RSHUDWLRQ�LQ�WKH�')*

)RU�HDFK�LQSXWBQHW�RI�WKH�FXUUHQWBRSHUDWLRQ
'HWHUPLQH�VRXUFH�DQG�GHVWLQDWLRQ�RI�LQSXWBQHW
,)�VRXUFHB$/$3�t�GHVWLQDWLRQB$6$3

0LQBOLIHWLPH�RI�LQSXWBQHW� ��
(/6(

0LQ�OLIHWLPH�RI�LQSXWBQHW� 
GHVWLQDWLRQB$6$3�VRXUFHB$/$3��

1H[W�LQSXWBQHW�RI�FXUUHQWBRSHUDWLRQ
1H[W�RSHUDWLRQ�LQ�WKH�')*
(QG�'HWHUPLQH�PLQLPXP�OLIHWLPHV
5HJLVWHUVBHVWLPDWH� �ª�6PLQBOLIHWLPHV��VFKHGXOHBOHQJWKº

(QG�$OJRULWKP�5HJLVWHUV�(VWLPDWH

)LJXUH������3VHXGR�&RGH�IRU�(VWLPDWLRQ�RI�0LQLPXP�1XPEHU�RI�5HJLVWHUV
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7KLV�DOJRULWKP�SURGXFHV�D�ORZHU�ERXQG�RQ�WKH�QXPEHU�RI�UHJLVWHUV�UHTXLUHG
WR�LPSOHPHQW�WKH�')*�DV�DQ�57/�GHVLJQ��7KH�DUHD�RI�D�VLQJOH�UHJLVWHU�LV�VWRUHG�LQ
WKH�OLEUDU\�RI�IXQFWLRQDO�XQLW�PRGHOV�VR�WKH�ORZHU�ERXQG�FDQ�EH�XVHG�WR�FRPSXWH�WKH
ORZHU�ERXQG�RQ�WKH�WRWDO�DUHD�UHTXLUHG�IRU�WKH�UHJLVWHUV�LQ�WKH�GDWD�SDWK�VHJPHQW�RI
WKH�'63�GHVLJQ�

����+DUGZDUH�8QLW�0RGHOV
,Q� DGGLWLRQ� WR� SURGXFLQJ� PRUH� DFFXUDWH� HVWLPDWLRQV� RI� WKH� QXPEHU� RI

IXQFWLRQDO� UHVRXUFHV�� WKH� LPSURYHG� ILWQHVV� HVWLPDWLRQ� WHFKQLTXH� LQFRUSRUDWHV�PRUH
DFFXUDWH�PRGHOV�RI�WKH�DFWXDO�KDUGZDUH�XQLWV�LQ�WHUPV�RI�WKHLU�VZLWFKHG�FDSDFLWDQFH�
7KH�RULJLQDO�KDUGZDUH�PRGHOV�SUHVHQWHG�LQ�VHFWLRQ�������XVHG�D�9/6,�V\QWKHVLV�WRRO
WR� UHWXUQ� LPSOHPHQWDWLRQ� FKDUDFWHULVWLFV� RI� GHVLJQHG� IXQFWLRQDO� XQLWV�� 7KHVH� XQLWV
ZHUH�FKDUDFWHULVHG�E\�DUHD�DQG�FDSDFLWDQFH�IRU�XVH�LQ�WKH�SRZHU�HVWLPDWLRQ�SURFHVV�
+RZHYHU��WKH�FDSDFLWDQFH�HVWLPDWLRQ�RI�WKHVH�PRGHOV�QHJOHFWHG�WKH�HIIHFW�RI�LQWHUQDO
VZLWFKLQJ� DFWLYLW\� RQ� WKHLU� FDSDFLWDQFH�� 0RUH� DFFXUDWH� PRGHOV� SUHVHQWHG� LQ
>&KDQ��@�LQFOXGH�WKH�PRGHOOLQJ�RI�LQWHUQDO�VZLWFKLQJ�DFWLYLW\�ZKHQ�GHWHUPLQLQJ�WKH
FDSDFLWDQFH� RI� WKH� KDUGZDUH� XQLWV��:KLOH� WKH� FXUUHQW� ILWQHVV� HVWLPDWLRQ� WHFKQLTXH
GRHV� QRW� FRQVLGHU� VZLWFKLQJ� DFWLYLW\� RYHU� WKH� ZKROH� V\VWHP�� WKH� QHZ� KDUGZDUH
PRGHOV� ZLOO� HQVXUH� WKDW� LQWHUQDO� VZLWFKLQJ� DFWLYLW\� RI� KDUGZDUH� PRGXOHV� LV
FRQVLGHUHG��7KLV�LPSURYHV�WKH�DFFXUDF\�RI�WKH�SRZHU�HVWLPDWLRQ�SURFHVV�>&KDQ��@�

7KH� QHZ� FDSDFLWDQFH� HVWLPDWLRQ� PRGHOV� DOVR� LQFRUSRUDWH� FORFN�WUHH
FDSDFLWDQFH� GDWD�� DV� WKH� UHJLVWHUV� DUH� WKH� GDWDSDWK� XQLWV� GULYHQ� E\� WKH� FORFN� OLQH
>&KDQ��@��7KH�UHJLVWHU�FDSDFLWDQFH�PRGHOV�DUH�FRPSULVHG�RI�WKH�UHJLVWHUV�VZLWFKLQJ
FDSDFLWDQFH� DQG� LWV� FRQWULEXWLRQ� WR� WKH� ORDG� FDSDFLWDQFH� RI� WKH� FORFN� OLQH�
6XPPDWLRQ�RI�WKH�UHJLVWHU�FDSDFLWDQFH�ZLOO�SURGXFH�WKH�WRWDO� ORDG�RQ�WKH�FORFN� OLQH
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GXH� WR� GDWDSDWK� XQLWV�� $V� GHVFULEHG� LQ� FKDSWHU� ��� WKH� LQWULQVLF� FDSDFLWDQFH� LQ� WKH
FORFN� OLQH� LV� UHGXFHG� XVLQJ� DUFKLWHFWXUDO� DQG� SK\VLFDO� OHYHO� GHVLJQ� VWUDWHJLHV�� 7KH
QHZ�FDSDFLWDQFH�FKDUDFWHULVWLFV�RI�WKH�KDUGZDUH�PRGHOV�DUH�VKRZQ�LQ�7DEOH�����

+DUGZDUH�8QLW 6ZLWFKHG�&DSDFLWDQFH��3LFR�)DUDGV�

�u��%LW�$UUD\�0XOWLSOLHU ����
�u��%LW�5LSSOH�$GGHU �����
��%LW�5HJLVWHU �����

7DEOH�����6ZLWFKHG�&DSDFLWDQFH�(VWLPDWLRQV�RI�+DUGZDUH�8QLWV

+RZHYHU�� WKH� UHVXOWV� SUHVHQWHG� LQ� >&KDQ��@� GR� QRW� LQFOXGH� WKH� DUHD
HVWLPDWLRQ�RI�WKH�KDUGZDUH�XQLWV��7KHUHIRUH��WKHVH�LPSURYHG�FDSDFLWDQFH�HVWLPDWLRQV
DUH�XVHG�ZLWK�WKH�DUHD�HVWLPDWLRQV�SUHVHQWHG�LQ�VHFWLRQ�������

����&DSDFLWDQFH�(VWLPDWLRQ
7KH� LPSURYHG� DUHD� HVWLPDWLRQ� URXWLQHV� SURFHVV� D� FDQGLGDWH� ')*� WR

GHWHUPLQH� KRZ� PDQ\� KDUGZDUH� XQLWV� RI� HDFK� W\SH� DUH� UHTXLUHG� WR� LPSOHPHQW� WKH
')*��:KLOH�WKLV�KDV�DQ�HIIHFW�RQ�WKH�DUHD�RI�WKH�9/6,�LPSOHPHQWDWLRQ� LW�GRHV�QRW
KDYH�DV�VLJQLILFDQW�DQ�HIIHFW�RQ�WKH�FDSDFLWDQFH�FRQWULEXWLRQ�WR�SRZHU�

7KH�FDSDFLWDQFH�RI�D�'63�DOJRULWKP�LV�UHODWHG�WR�WKH�QXPEHU�RI�RSHUDWLRQV�LW
SHUIRUPV��UDWKHU�WKDQ�WKH�QXPEHU�RI�KDUGZDUH�XQLWV�WKRVH�RSHUDWLRQV�DUH�SHUIRUPHG
RQ�� ��� PXOWLSOLFDWLRQ� RSHUDWLRQV� ZLOO� UHTXLUH� DSSUR[LPDWHO\� WKH� VDPH� DPRXQW� RI
VZLWFKHG�FDSDFLWDQFH�ZKHWKHU����SDUDOOHO�RU���VKDUHG�PXOWLSOLHU�LV�XVHG��7KH�RULJLQDO
PHWKRG�RI�����DOORFDWLRQ�IRU�HDFK�RSHUDWLRQ�HQVXUHG�WKDW�D�GHGLFDWHG�IXQFWLRQDO�XQLW
SHUIRUPHG�HDFK�RSHUDWLRQ��WKHUHIRUH��WKH�FDSDFLWDQFH�DQG�DUHD�HVWLPDWLRQV�ZHUH�DEOH
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WR�XVH�WKH�VDPH�HVWLPDWLRQ�GDWD�RI�WKH�QXPEHU�RI�IXQFWLRQDO�XQLWV��+RZHYHU��DV�WKH
QHZ�DUHD�HVWLPDWLRQ�URXWLQHV�UHPRYH�WKH�GLUHFW�UHODWLRQVKLS�EHWZHHQ�WKH�QXPEHU�RI
IXQFWLRQDO� XQLWV� DQG� WKHLU� WRWDO� VZLWFKHG� FDSDFLWDQFH�� QHZ� FDSDFLWDQFH� HVWLPDWLRQ
URXWLQHV�DUH�UHTXLUHG��7KH� WRWDO�VZLWFKHG�FDSDFLWDQFH� IRU� WKH�GDWD�SDWK� VHJPHQW�RI
WKH�57/�GHVLJQ�LV�GHWHUPLQHG�IURP�

&WRWDO� �&IXQFWLRQDO�XQLWV���&UHJLVWHUV��&LQWHUFRQQHFW� �����

7KH�QHZ�FDSDFLWDQFH�HVWLPDWLRQ�URXWLQHV�HVWLPDWH�&IXQFWLRQDO�XQLWV�DQG�&UHJLVWHUV�
WKH�HVWLPDWLRQ�RI�&LQWHUFRQQHFW� LV�XQDIIHFWHG�E\�WKH�QHZ�DUHD�HVWLPDWLRQ�URXWLQHV�DV� LW
VWLOO�IROORZV�WKH�VDPH�UHODWLRQVKLS�ZLWK�DUHD�

������6ZLWFKHG�&DSDFLWDQFH�RI�)XQFWLRQDO�8QLWV
7KH�DPRXQW�RI�FDSDFLWDQFH�VZLWFKHG�ZKHQ�SHUIRUPLQJ� WKH�RSHUDWLRQV��DGG�

PXOWLSO\��HWF���RI�WKH�'63�RSHUDWLRQ�LV�GHWHUPLQHG�WKURXJK�DQDO\VLV�RI�WKH�')*��7KH
TXDQWLW\�RI�HDFK�RSHUDWLRQ�LV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�QHZ�VZLWFKHG�FDSDFLWDQFH
YDOXHV� IRU� HDFK� RSHUDWLRQ� W\SH� �7DEOH� ����� WR� GHWHUPLQH� WKH� RYHUDOO� VZLWFKHG
FDSDFLWDQFH� IRU�HDFK�RSHUDWLRQ� W\SH��6R�WKH� WRWDO�FDSDFLWDQFH�RI� IXQFWLRQDO�XQLWV� LV
HTXDO�WR�

¦
 

 
P

Q
LXQLWVIXQFWLRQDO &&

�
B �����
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ZKHUH�P� LV� WKH� WRWDO� QXPEHU� RI� RSHUDWLRQV� RI� W\SH� L� LQ� WKH� ')*��&L�� WKH
FDSDFLWDQFH� RI� PRGXOH� W\SH� L�� LV� GHWHUPLQHG� IURP� WKH� IXQFWLRQDO� XQLW� KDUGZDUH
PRGHOV�

������6ZLWFKHG�&DSDFLWDQFH�RI�5HJLVWHUV
7KH�WRWDO�VZLWFKHG�FDSDFLWDQFH�RI�WKH�UHJLVWHUV�LQ�WKH�57/�GHVLJQ�LV�GLUHFWO\

SURSRUWLRQDO�WR�WKH�QXPEHU�RI�DFFHVVHV�PDGH�WR�UHJLVWHUV��:LWKLQ�D�VFKHGXOHG�')*
DOO�GDWD�WUDQVIHUUHG�IURP�RQH�RSHUDWLRQ�WR�DQRWKHU�DFURVV�D�F\FOH�ERXQGDU\�PXVW�EH
VWRUHG�LQ�D�UHJLVWHU�>0LFKHOL��@��$V�WKH�*$/236�V\VWHPV�XVHV�D�XQLW\�GHOD\�PRGHO�
ZKHUH�HDFK�RSHUDWLRQ�LV�VFKHGXOHG�LQ�D�VLQJOH�FRQWURO�VWHS��WKH�LQSXWV�DQG�RXWSXWV�RI
DOO�RSHUDWLRQV�FURVV�F\FOH�ERXQGDULHV��7KHUHIRUH��HDFK�GDWD�QHW�LQ�WKH�')*� LPSOLHV
DFFHVV�WR�D�UHJLVWHU��DV�LOOXVWUDWHG�LQ�)LJXUH������

$

F

%

G

F

U�

U�

U�

U�

U�

U�

)LJXUH������5HJLVWHU�$FFHVVHV�LQ�DQ�([DPSOH�')*
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7KLV� UHJLVWHU� DFFHVV� PHWKRGRORJ\� GRHV� QRW� VWRUH� SULPDU\� LQSXW� DQG� RXWSXW
YDOXHV� LQ� UHJLVWHUV� >0LFKHOL���@�� 7KHUHIRUH�� WKH� H[DPSOH� LQ� ILJXUH� ��� UHTXLUHV� �
UHJLVWHU�DFFHVVHV��,QSXW�¨F©�LV�D�IHHGEDFN�VLJQDO�IURP�WKH�RXWSXW�RI�WKH�')*��LQ�WKLV
FDVH�D�UHJLVWHU�LV�UHTXLUHG�WR�WUDQVIHU�WKH�YDULDEOH�EDFN�WR�WKH�LQSXWV�

2QFH�WKH�QXPEHU�RI�UHJLVWHU�DFFHVVHV�KDV�EHHQ�GHWHUPLQHG�WKH�WRWDO�UHJLVWHU
FDSDFLWDQFH��DV�D�FRQWULEXWLRQ�WR�SRZHU��LV�GHWHUPLQHG�IURP�

¦ Q
UHJLVWHUV &&

�
LVWHUVLQJOHBUHJ �����

ZKHUH� Q� LV� WKH� QXPEHU� RI� FRQQHFWLRQ� QHWV� LQ� WKH� ')*� ZKLFK� UHTXLUH� D
YDULDEOH�WR�EH�VWRUHG�DQG�&VLQJOHBUHJLVWHU�LV�WKH�VZLWFKHG�FDSDFLWDQFH�RI�D�VLQJOH�UHJLVWHU�
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����6XPPDU\�RI�(QKDQFHG�)LWQHVV�3RZHU�(VWLPDWLRQ�0RGXOH
$UHD�(VWLPDWLRQ &DSDFLWDQFH�(VWLPDWLRQ

$6$3�6FKHGXOLQJ

'HWHUPLQH�,QLWLDO
/RZHU�%RXQGV�RQ
)XQFWLRQDO�8QLWV

$/$3�6FKHGXOLQJ

5HILQH�(VWLPDWH
RQ�1XPEHU�RI
)XQFWLRQDO�8QLWV

(VWLPDWH�1XPEHU
RI�5HJVLVWHUV

(VWLPDWH�$UHD�RI
'DWD�3DWK�RI�57/

'HVLJQ

)XQFWLRQDO
8QLW

+DUGZDUH
/LEUDU\

&ULWLFDO�3DWK
8VHG�7R
'HWHUPLQH
6SHHG $6$3

,QLWLDO
%RXQGV

$/$3
	

$6$3

')*

(VWLPDWH
2I

8QLWV
')*

5HJ
(VWLPDWH

(VWLPDWH
6ZLWFKHG�&DS�RI

)XQFWLRQDO
2SHUDWLRQV�DQG

5HJLVWHU
$FFHVVHV

(VWLPDWH
,QWHUFRQQHFW
&DSDFLWDQFH

$UHD

')*

')*

7RWDO
&DS

8VHG�)RU
3RZHU

(VWLPDWLRQ
�

3URJUDP�)ORZ
'DWD�7UDQVIHU

)XQFWLRQDO
8QLW

+DUGZDUH
/LEUDU\

)LJXUH������2YHUYLHZ�RI�(QKDQFHG�$UHD�DQG�&DSDFLWDQFH�(VWLPDWLRQ�3URFHGXUHV

7KH� QHZ� ILWQHVV� HVWLPDWLRQ� URXWLQHV� LQFRUSRUDWH� PRUH� DFFXUDWH� DUHD
HVWLPDWLRQ�WHFKQLTXHV�EXLOW�RQ�YDOLGDWHG�WHFKQLTXHV�XVHG�IRU�H[SORUDWLRQ�DQG�GHVLJQ
RI� V\VWHPV� DW� WKH� KLJK�OHYHO� >3RWNR���� &KDQ���� 5DEDH\��D�� 5DEDH\��@�� 7KH
LPSURYHG� DUHD� HVWLPDWLRQ� WHFKQLTXHV� UHPRYHG� WKH� GLUHFW� UHODWLRQVKLS� EHWZHHQ
SK\VLFDO� DUHD� DQG� VZLWFKHG� FDSDFLWDQFH�� WKHUHIRUH�� QHZ� VZLWFKHG� FDSDFLWDQFH
HVWLPDWLRQ�URXWLQHV�ZHUH�LPSOHPHQWHG��,Q�DGGLWLRQ��WKH�FDSDFLWDQFH�KDUGZDUH�OLEUDU\
ZDV� LPSURYHG� WR� LQFRUSRUDWH� FDSDFLWDQFH� YDOXHV� WKDW� LQFOXGH� WKH� FRQVLGHUDWLRQ� RI
VZLWFKLQJ�DFWLYLW\�ZLWKLQ�HDFK�RSHUDWLRQ�W\SH�
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,Q� DGGLWLRQ� WR� LPSURYLQJ� WKH� HVWLPDWH� RI� WKH� LQWHUFRQQHFW� FDSDFLWDQFH�� WKH
DUHD� HVWLPDWLRQ� LV� LQYDOXDEOH� LQ� DQDO\VLQJ� WKH� HIIHFWV� RI� WKH� SRZHU� RSWLPLVDWLRQ
SURFHVV��)LJXUH������VXPPDULVHV�WKH�QHZ�DUHD�DQG�VZLWFKHG�FDSDFLWDQFH�HVWLPDWLRQ
SURFHGXUH��7KH� LPSURYHG�HVWLPDWLRQ�URXWLQHV�QRW�RQO\�LQFUHDVH�WKH�DFFXUDF\�RI�WKH
SRZHU� HVWLPDWLRQ�SURFHGXUH�EXW� DOVR�PDNH� WKH� DQDO\VLV� PRUH� UHOHYDQW� WR� SUDFWLFDO
9/6,�V\VWHPV�
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&KDSWHU���¤�0RGLILFDWLRQV�WR�WKH�3URWRW\SH�*$/236

&KDSWHU� �� SUHVHQWHG� WKH� LQLWLDO� LPSOHPHQWDWLRQ� RI� *$/236�� ZKLFK
LQFRUSRUDWHG�D�QXPEHU�RI�VWDQGDUG�*$�WHFKQLTXHV�WR�IDFLOLWDWH�DQ�H[SORUDWLRQ�RI�WKH
ORZ�SRZHU�GHVLJQ�VSDFH��*$V�KDYH�EHHQ�WKH�VXEMHFW�RI�LQWHQVLYH�UHVHDUFK�VLQFH�WKHLU
LQWURGXFWLRQ��UHVXOWLQJ�LQ�WKH�GHYHORSPHQW�RI�D�QXPEHU�RI�WHFKQLTXHV�IRU�LPSURYLQJ
WKH�HIILFLHQF\�RI�WKH�VHDUFK�PHFKDQLVP��7KLV�FKDSWHU�GHVFULEHV�WKH� LPSOHPHQWDWLRQ
RI�VRPH�RI�WKH�WHFKQLTXHV�LQWR�WKH�*$/236�WRRO�ZLWK�WKH�DLP�RI�LPSURYLQJ�ERWK�WKH
VHDUFK�HIILFLHQF\�DQG�WKH�UHVXOWV�REWDLQHG�

����(QKDQFHG�0XWDWLRQ�2SHUDWRU��5HPRYH�3LSHOLQH�
7KH�+/7V�XVHG�LQ�WKH�SURWRW\SH�YHUVLRQ�RI�*$/236�DUH�XVHG�WR�H[SORUH�WKH

VROXWLRQ�VSDFH�IRU�ORZ�SRZHU�GHVLJQV��7KH�UHWLPLQJ�DQG�EDFN�UHWLPLQJ�+/7V�HQDEOH
FRPSOHWH�H[SORUDWLRQ�RI�WKH�UHWLPH�VHDUFK�VSDFH��DV�DQ\�VHDUFK�PRYH�FDQ�EH�XQGRQH
WKURXJK�DSSOLFDWLRQ�RI�LWV�UHYHUVH�WUDQVIRUPDWLRQ�

7KH� SLSHOLQH� +/7� KDV� QR� VXFK� UHYHUVH� RSHUDWLRQ�� DV� WKH� DSSOLFDWLRQ� RI
SLSHOLQLQJ�LQ�D�VWDQGDUG�GHVLJQ�WDVN�UDUHO\�LQYROYHV�WKH�UHPRYDO�RI�LQVHUWHG�SLSHOLQH
VWDJHV��7KHUHIRUH��D�SLSHOLQH�RSHUDWLRQ�RQ�D�FKURPRVRPH�FRQILQHV�DOO�GHVFHQGDQWV�RI
WKDW� FKURPRVRPH� WR� EH� SLSHOLQHG� GHVLJQV�� 7KLV� FRXOG� UHVXOW� LQ� WKH� VHDUFK
SUHPDWXUHO\�VHWWOLQJ�LQ�WKH�SLSHOLQHG�DUHD�RI�WKH�VROXWLRQ�VSDFH�

7R� HQDEOH� FRPSOHWH� H[SORUDWLRQ� RI� WKH� VROXWLRQ� VSDFH�� *$/236� XVHV� D
UHYHUVH�SLSHOLQH�RSHUDWRU�IRU�WKH�UHPRYDO�RI�SLSHOLQHV� IURP�SLSHOLQHG�GHVLJQV��7KH
UHYHUVH� SLSHOLQH� RSHUDWRU� HQDEOHV� WKH� JXLGHG� ZDON� WKURXJK� WKH� VROXWLRQ� VSDFH� WR
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¨EDFNWUDFN©� LQWR� QRQ�SLSHOLQHG� DUHDV�� 7KH� UHYHUVH�SLSHOLQH� RSHUDWRU� LV� UHTXLUHG� DV
ZLWKRXW� DQ\� EDFNWUDFNLQJ� FDSDELOLW\� WKH� *$� PD\� QRW� HIILFLHQWO\� H[SORUH� QRQ�
SLSHOLQHG�VHFWLRQV�RI�WKH�VROXWLRQ�VSDFH��7KH�UHWLPH�DQG�SLSHOLQH�WUDQVIRUPDWLRQV�DUH
QRZ�ERWK�EL�GLUHFWLRQDO��D�TXDOLW\�RI�EDVLF�JHQHWLF�DOJRULWKPV�DV�LOOXVWUDWHG�LQ�)LJXUH
����>'DYLV����+ROODQG����*ROGEHUJ��@�

0XWDWLRQ��

0XWDWLRQ��

�����������������������

�����������������������

�����������������������

)LJXUH�����5HYHUVLEOH�([SORUDWLRQ

7KH�UHPRYDO�RI�SLSHOLQHV�LQYROYHV�WKH�LGHQWLILFDWLRQ�RI�SLSHOLQH�VWDJHV�DORQJ
ZLWK�DOO�PRGLILFDWLRQV�PDGH�WR�WKH�')*�WR�LQVHUW�WKDW�SLSHOLQH��VXFK�DV�WKH�LQVHUWLRQ
RI� FXWVHW� GHOD\V�� 7KH� UHOHYDQW� JHQHV� DUH� WKHQ� UHPRYHG�� UHVWUXFWXULQJ� WKH
FKURPRVRPH�WR�UHPRYH�WKH�SLSHOLQH�VWDJH��7KH�SVHXGR�FRGH�IRU�WKH�UHPRYH�SLSHOLQH
WUDQVIRUPDWLRQ�LV�VKRZQ�LQ�)LJXUH�����
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$OJRULWKP�5HPRYH�3LSHOLQH
3DVVHG�FKURPRVRPH�')*�WR�EH�PXWDWHG
&UHDWH�D�OLVW�RI�DOO�SLSHOLQHG�GHOD\V�LQ�WKH�')*
,)�QR�SLSHOLQH�GHOD\V�WKHQ�UHPRYHBSLSHOLQH�127�SRVVLEOH

([LW�DOJRULWKP
5DQGRPO\�VHOHFW�D�SLSHOLQHBGHOD\�LQ�WKH�')*
'HWHUPLQH�WKH�FXWVHWBSRLQWV�DVVRFLDWHG�ZLWK�WKH�SLSHOLQHBGHOD\
,)�DOO�FXWVHWBHOHPHQWV�DUH�127�GHOD\V

3LSHOLQH�FDQQRW�EH�UHPRYHG
([LW�DOJRULWKP

(/6(
5HPRYH�SLSHOLQHBGHOD\�IURP�WKH�')*
5HPRYH�FXWVHWBHOHPHQWV�IURP�WKH�')*

(QG�,)
(QG�$OJRULWKP�5HPRYH�3LSHOLQH

)LJXUH�����3VHXGR�&RGH�IRU�5HPRYH�3LSHOLQH�0XWDWLRQ

$Q�H[DPSOH�RI�WKH�DSSOLFDWLRQ�RI�WKH�UHPRYH�SLSHOLQH�PXWDWLRQ� LV�VKRZQ� LQ
)LJXUH������7KLV�H[DPSOH�VKRZV�WKH���7$3�),5�ILOWHU�ZLWK�D�VLQJOH�SLSHOLQH�VWDJH�
3LSHOLQH�GHOD\V�DUH�GHQRWHG�ZLWK�D�¨S©�ZKHUHDV�FXWVHW�GHOD\V�DUH�GHQRWHG�ZLWK�D�¨F©�
7KH� ILUVW� FRQVWUDLQW� RI� WKH� DOJRULWKP�� LGHQWLI\� SLSHOLQH� GHOD\V�� LV� VDWLVILHG� VR� WKH
SLSHOLQH� GHOD\� LV� VHOHFWHG�� 7KH� FXWVHW� GHOD\V� DUH� WKHQ� GHWHUPLQHG� ZLWK� WKH� VDPH
URXWLQH�DV�WKDW�XVHG�WR�LQVHUW�WKH�SLSHOLQH�VWDJH��6XEVHTXHQW�PXWDWLRQ�DQG�FURVVRYHU
RSHUDWLRQV� WR�D�SLSHOLQHG�')*��VXFK�DV� UHWLPLQJ�PXWDWLRQV��PD\�KDYH�SURGXFHG�D
')*� ZKHUH� WKH� FXWVHW� HOHPHQWV� DUH� QR� ORQJHU� GHOD\V� EXW� DFWXDO� IXQFWLRQDO
RSHUDWLRQV��5HPRYDO�RI�VXFK�HOHPHQWV�ZRXOG�FRUUXSW�WKH�')*� IXQFWLRQ�� WKHUHIRUH�
WKH�UHPRYH�SLSHOLQH�RSHUDWLRQ�LV�RQO\�DSSOLHG�LI�LW�GRHV�QRW�FRUUXSW�WKH�')*�

7KH�SLSHOLQH�GHOD\V� LQ� WKLV� H[DPSOH� VDWLVI\� WKH� FRQVWUDLQWV� �WKH\� DUH�QRW� LQ
ORRSV�DQG�FDQ�EH�UHPRYHG��VR�WKH�SLSHOLQH�GHOD\�LV�UHPRYHG��SURGXFLQJ�WKH�PLGGOH
')*��5HPRYDO�RI�WKH�UHPDLQLQJ�FXWVHW�GHOD\V�WKHQ�SURGXFHV�WKH�ULJKW�KDQG�')*��D
QRQ�SLSHOLQHG���7$3�),5�GHVLJQ�
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)LJXUH�����$SSOLFDWLRQ�RI�5HPRYH�3LSHOLQH�0XWDWLRQ

����7KH�(OLWLVP�0HFKDQLVP�IRU�&KURPRVRPH�6HOHFWLRQ
$V�GLVFXVVHG�LQ�VHFWLRQ�����WKH�WUDGLWLRQDO�FKURPRVRPH�VHOHFWLRQ�WHFKQLTXHV

FDQ� EH�PRGLILHG� WR� LPSURYH� WKH� UHVXOWV� REWDLQHG�ZLWK� WKH�*$�� VXFK� DV� WKH� XVH� RI
ILWQHVV� OLQHDULVDWLRQ�� 7KLV� VHFWLRQ� LQWURGXFHV� DQRWKHU� VHOHFWLRQ� VFKHPH� NQRZQ� DV
HOLWLVP�

7KH�HOLWLVP�PHFKDQLVP�>+DQF��@��VRPHWLPHV�NQRZQ�DV�7RS�Q�VHOHFWLRQ�� LV
QRW� D� UHSODFHPHQW� IRU� WKH� WUDGLWLRQDO� )36� VFKHPH�� LW� LV� XVHG� LQ� DGGLWLRQ� WR� WKH
VWDQGDUG�*$�VHOHFWLRQ�PHWKRG��7KH� SUREDELOLVWLF� VHOHFWLRQ�PHWKRG� FRXOG� UHVXOW� LQ
WKH�FXUUHQW�EHVW�VROXWLRQ�QRW�EHLQJ�VHOHFWHG� IRU� UHSURGXFWLRQ��KHQFH� WKH� ORVV�RI� WKH
FKURPRVRPHV�YDOXDEOH�JHQHWLF�GDWD��,Q�DGGLWLRQ��DV�WKH�UHSURGXFWLRQ�VFKHPH�LV�XVHG
WR�VHOHFW�FKURPRVRPHV�IRU�JHQHWLF�PRGLILFDWLRQ�WKH�EHVW�FKURPRVRPH�FRXOG�DOVR�EH
ORVW�WKURXJK�PXWDWLRQ�RU�FURVVRYHU��+HQFH��WKH�*$� ORVHV� WKH�FKDQFH� WR�H[SORLW� WKH
FXUUHQW�EHVW�LQIRUPDWLRQ�

7KH�HOLWLVW�VWUDWHJ\�HQVXUHV�WKDW�D�VSHFLILHG�SRUWLRQ�RI�WKH�QH[W�JHQHUDWLRQ� LV
FUHDWHG� IURP� UHSURGXFWLRQV� �FRSLHV�� RI� WKH� FXUUHQW� EHVW� VROXWLRQ�� 7KH� EDVLF
DSSOLFDWLRQ�RI�WKH�HOLWLVW�RSHUDWRU�PDNHV�D�VLQJOH�FRS\�RI�WKH�EHVW�VROXWLRQ��+RZHYHU�
WKH� QXPEHU� RI� FRSLHV� RI� WKH� EHVW� VROXWLRQ� FDQ� EH� VSHFLILHG�� ZLWK� GLIIHUHQW� YDOXHV
KDYLQJ� GLIIHUHQW� HIIHFWV� RQ� WKH� V\QWKHVLV� SURFHVV�� 7KH�PRUH� FRSLHV� RI� WKH� FXUUHQW
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EHVW�VROXWLRQ�DYDLODEOH��WKH�JUHDWHU�WKH�H[SORLWDWLRQ�RI�WKH�SURSHUWLHV�RI�WKDW�VROXWLRQ�
+RZHYHU��WRR�PDQ\�FRSLHV�DQG�WKH�H[SORUDWLRQ�SURFHVV�VWDJQDWHV�DURXQG�WKH�FXUUHQW
EHVW�VROXWLRQ��7KHUHIRUH��DQ�HOLWLVP�DSSOLFDWLRQ�UDWH�KDV�WR�EH�GHWHUPLQHG�WR�WUDGH�RII
EHWZHHQ�WKH�EHQHILWV�RI�H[SORUDWLRQ�DQG�H[SORLWDWLRQ�

������([SHULPHQWDO�$QDO\VLV�RI�(IIHFW�RI�(OLWLVP
([SHULPHQWDO�DQDO\VLV�LV�XVHG�WR�GHWHUPLQH�WKH�DFWXDO�HOLWLVP�DSSOLFDWLRQ�UDWH

WR�EH�XVHG�LQ�WKH�*$/236�V\VWHP��7KH�YDOXHV�DQDO\VHG�DUH���������������������
DQG� ����� 7KLV� FRYHUV� D� ZLGH� UDQJH� RI� FDVHV� IURP� WKH� VLPSOHVW� RI� RQO\� DSSO\LQJ
HOLWLVP�WR�D�VLQJOH�FKURPRVRPH�� WR�DSSO\LQJ�HOLWLVP�WR�����RI� WKH�SRSXODWLRQ��L�H�
���� RI� WKH� QH[W� JHQHUDWLRQ� DUH� FRSLHV� RI� WKH� FXUUHQW� EHVW� VROXWLRQ��� 7\SLFDOO\�
HOLWLVP� LV�DSSOLHG�DW�D�PXFK� ORZHU�UDWH�WKDQ������ WKHUHIRUH��DQDO\VLV�RI� WKH�UHVXOWV
ZLWK� WKH� VHOHFWHG� DSSOLFDWLRQ� UDWHV�ZLOO� \LHOG� YDOXHV� IRU� D�ZLGH� UDQJH� RI� FDVHV�� ,Q
DGGLWLRQ��WKH�FDVH�RI�QR�HOLWLVP��HOLWLVP�VHW�WR����LV�DOVR�DQDO\VHG�IRU�FRPSDULVRQ�

7KH�HOLWLVP�DSSOLFDWLRQ�UDWHV�ZHUH�WHVWHG�RQ�WKH���EHQFKPDUN�')*�GHVLJQV
GHVFULEHG� LQ� VHFWLRQ� ����� XVLQJ� WKH� PXWDWLRQ� DQG� FURVVRYHU� DSSOLFDWLRQ� UDWHV
GHWHUPLQHG� LQ�VHFWLRQ������(DFK�HOLWLVP�UDWH� LV�DSSOLHG� WR�HDFK�RI� WKH���EHQFKPDUN
GHVLJQV����WLPHV�WR�PLQLPLVH�WKH�HIIHFWV�RI�WKH�VWRFKDVWLF�QDWXUH�RI�WKH�*$�RQ�WKH
HOLWLVP�DQDO\VLV��7KH�DQDO\VLV�UHTXLUHV�����FRPSOHWH�UXQV�RI�WKH�*$����
�
���

(DFK� UXQ� RI� WKH� *$� SURGXFHV� D� GHVLJQ� ZLWK� WKH� EHVW� IRXQG� SRZHU
FRQVXPSWLRQ��UHSRUWHG�DV�D�SHUFHQWDJH�RI�WKH�RULJLQDO�GHVLJQV�SRZHU�FRQVXPSWLRQ�
7KH�PRGH� YDOXH� IURP� DOO� ��� UXQV� RI� HDFK� GHVLJQ� LV� WDNHQ� DV� WKH� RSWLPXP� SRZHU
FRQVXPSWLRQ� GHWHUPLQHG� IRU� WKDW� GHVLJQ�� 7DEOH� ���� OLVWV� WKH� PRGH� SRZHU
FRQVXPSWLRQ� IRU� HDFK� GHVLJQ� ZLWK� YDU\LQJ� HOLWLVP� DSSOLFDWLRQ�� TXRWHG� WR� �
VLJQLILFDQW�ILJXUHV�
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%HQFKPDUN�'HVLJQ�3RZHU�&RQVXPSWLRQ
%DWFK (OLWLVP ),5� ),5� /$7� $9(1�3$ $9(1�',

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

7DEOH�����0RGH�3RZHU�&RQVXPSWLRQ�IRU�%HQFKPDUN�'HVLJQV�ZLWK�9DU\LQJ�(OLWLVP
3DUDPHWHU

7KH�WDEOH� LOOXVWUDWHV�WKDW�),5��DQG�/$7��DUH�XQDIIHFWHG�E\�WKH�YDULDWLRQ� LQ
WKH�HOLWLVP�SDUDPHWHU��7KHVH�DUH�UHODWLYHO\�OHVV�FRPSOH[�GHVLJQV��WKHUHIRUH�RSWLPXP
V\QWKHVLV� RI� WKHVH� GHVLJQV� LV� HVVHQWLDOO\� LQGHSHQGHQW� RI� IOXFWXDWLRQV� LQ� *$
SDUDPHWHUV�� +RZHYHU�� WKH� PRUH� FRPSOH[� GHVLJQV� �),5��� $9(1�3$� DQG
$9(1�',��DUH�DIIHFWHG�E\�WKH�HOLWLVP�SDUDPHWHU��DV�LOOXVWUDWHG�LQ�)LJXUH�����
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DYHQ�SD
DYHQ�GL

)LJXUH�����(IIHFW�RI�,QFUHDVLQJ�(OLWLVP�$SSOLFDWLRQ�RQ�3RZHU�&RQVXPSWLRQ�RI
%HQFKPDUN�'HVLJQV
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7R� HQDEOH� FRPSDULVRQ� RI� WKH� GLIIHUHQW� EHQFKPDUN� GHVLJQV�� WKH� SRZHU
FRQVXPSWLRQ�IRU�HDFK�GHVLJQ�LV�QRUPDOLVHG�ZLWK�UHVSHFW�WR�WKH�ZRUVW��KLJKHVW��IRXQG
IRU�WKDW�GHVLJQ�DFURVV�DOO�HOLWLVP�SDUDPHWHU�DQDO\VHV�LQ�7DEOH������7KHUHIRUH��D�ORZHU
\�D[LV�YDOXH�LQ�WKLV�JUDSK�LQGLFDWHV�D�VXSHULRU�VROXWLRQ��7KH�JUDSK�LOOXVWUDWHV�WKDW�WKH
DSSOLFDWLRQ� RI� HOLWLVP� UHVXOWV� LQ� DQ� LQFUHDVH� LQ� WKH� TXDOLW\� RI� WKH� VROXWLRQV� L�H�
SURGXFHV� GHVLJQV� ZLWK� ORZHU� SRZHU� FRQVXPSWLRQ�� +RZHYHU�� LQFUHDVHV� EH\RQG� D
FHUWDLQ� OHYHO� RI� HOLWLVP� UHVXOWV� LQ� WKH� *$� SURGXFLQJ� SRRUHU� VROXWLRQV� ZLWK� KLJKHU
SRZHU�FRQVXPSWLRQ�L�H��WKH�*$�LV�PRUH�OLNHO\�WR�EHFRPH�VWXFN�LQ�ORFDO�RSWLPD�

7KH�PLQLPXP�SRLQW�IRU�DOO�FXUYHV�FRUUHVSRQGV�WR�DQ�HOLWLVP�SDUDPHWHU�RI���
L�H��EDWFK����$OWKRXJK�VRPH�RI� WKH� FXUYHV� DUH� DOVR� DW� WKH�PLQLPXP� YDOXH� LQ�RWKHU
EDWFKHV�� EDWFK��� LV� WKH�RQO\� EDWFK�ZKHUH� DOO� FXUYHV� DUH� DW� D�PLQLPXP��7KHUHIRUH�
EDWFK���SURGXFHV�WKH�EHVW�RYHUDOO�UHVXOWV�IRU�WKH�EHQFKPDUN�GHVLJQV�

)LJXUH� ���� LOOXVWUDWHV� WKH� HIIHFW� RI� HOLWLVP� RQ� WKH� DYHUDJH� QXPEHU� RI
JHQHUDWLRQV�UHTXLUHG�WR�GHWHUPLQH�WKH�EHVW�VROXWLRQ�
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)LJXUH�����(IIHFW�RQ�*$�,WHUDWLRQ�/HQJWK�RI�,QFUHDVLQJ�(OLWLVP�$SSOLFDWLRQ
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,QLWLDO�DSSOLFDWLRQ�RI�HOLWLVP�UHVXOWV�LQ�DQ�LQFUHDVH�LQ�WKH�UHTXLUHG�QXPEHU�RI
JHQHUDWLRQV� WR� GHWHUPLQH� WKH� EHVW� VROXWLRQ�� 7KLV� LQGLFDWHV� WKDW� WKH� LQWURGXFWLRQ� RI
HOLWLVP� VORZV� GRZQ� WKH� FRQYHUJHQFH� UDWH� L�H�� WKH�*$� WDNHV� ORQJHU� WR� VHWWOH� RQ� DQ
RSWLPXP� VROXWLRQ�� +RZHYHU�� LQ� WKH� FDVH� RI� WKH� ILU�� DQG� DYHQ�GL� GHVLJQV�� WKH
LQFUHDVH� LQ� WKH� QXPEHU� RI� JHQHUDWLRQV� DOVR� FRUUHVSRQGV� ZLWK� DQ� LQFUHDVH� LQ� WKH
TXDOLW\�RI� WKH�EHVW� VROXWLRQ��7KH�*$� LV� H[SORLWLQJ� WKH� FXUUHQW� EHVW� LQIRUPDWLRQ� WR
GHWHUPLQH�EHWWHU�VROXWLRQV�

7KH� JUDSK� LQGLFDWHV� D� JHQHUDO� WUHQG� RI� LQFUHDVHG� DSSOLFDWLRQ� RI� HOLWLVP
UHGXFLQJ�WKH�QXPEHU�RI�JHQHUDWLRQV�UHTXLUHG� LQ�GHWHUPLQLQJ�WKH�EHVW�VROXWLRQ��7KLV
LPSOLHV�WKDW�WKH�KLJKHU�WKH�UDWH�RI�HOLWLVP��WKH�IDVWHU�WKH�SRSXODWLRQ�FRQYHUJHV�RQ�WKH
EHVW�IRXQG�VROXWLRQ��$V�WKH�UHVXOWV� LQ�7DEOH�����VKRZ��WKLV� IDVW�FRQYHUJHQFH�UHVXOWV
LQ� WKH�GHWHUPLQDWLRQ�RI� VXE�RSWLPDO� VROXWLRQV�ZKHQ�FRPSDUHG�ZLWK� WKH� UHVXOWV� IRU
ORZHU�UDWHV�RI�HOLWLVP��7KH� LQFUHDVHG�QXPEHU�RI�FRSLHV�RI�WKH�EHVW�VROXWLRQ� LQ�HDFK
JHQHUDWLRQ�UHVXOWV�LQ�WKH�SRSXODWLRQ�EHFRPLQJ�VDWXUDWHG�ZLWK�VROXWLRQV�YHU\�VLPLODU
WR�WKH�EHVW�VROXWLRQ�

7KH� VHOHFWHG� DSSOLFDWLRQ� UDWH� WKDW� SURGXFHG� WKH� EHVW� UHVXOWV�� EDWFK� ��� OLHV
EHWZHHQ�WKH�WZR�H[WUHPHV�RI�PD[LPXP�DQG�PLQLPXP�QXPEHUV�RI�JHQHUDWLRQV��7KLV
LPSOLHV� WKDW� WKH� VHOHFWHG� DSSOLFDWLRQ� UDWH� LV� VXFFHVVIXO� EHFDXVH� LW� PDNHV� D� JRRG
WUDGH�RII� EHWZHHQ� H[SORLWLQJ� WKH� LQIRUPDWLRQ� LQ� WKH� FXUUHQW� VHDUFK� DUHD� DQG
H[SORULQJ�WKH�VROXWLRQ�VSDFH�IRU�QHZ�VHDUFK�DUHDV�

����6HOHFWLRQ�RI�2SHUDWRU�$SSOLFDWLRQ�5DWHV
,Q�VHFWLRQ�����LW�ZDV�QRWHG�WKDW�*$�RSHUDWRUV�DUH�DSSOLHG�DW�VSHFLILHG�UDWHV�

WKH�DFWXDO�UDWHV�FDQ�KDYH�DQ�HIIHFW�RQ�WKH�VXFFHVV�RI�WKH�*$��7KH�SURWRW\SH�YHUVLRQ
RI�*$/236�XVHV�*$�DSSOLFDWLRQ� UDWHV� GHWHUPLQHG� XVLQJ� D� UHODWLYHO\� VPDOO� VHW� RI
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H[SHULPHQWV��7KH�UHVXOWV�REWDLQHG�E\�D�*$�FDQ�EH�VHQVLWLYH�WR�WKH�DSSOLFDWLRQV�UDWH
VHOHFWHG��7KHUHIRUH��LW�LV�QHFHVVDU\�WR�SHUIRUP�D�FRPSUHKHQVLYH�H[DPLQDWLRQ�RI�WKH
DSSOLFDWLRQ�UDWHV��7KLV�FKDSWHU�UHYLHZV�WHFKQLTXHV�XVHG�WR�GHWHUPLQH�DQ�RSWLPXP�VHW
RI�*$�RSHUDWLRQ�SDUDPHWHUV�EHIRUH�GHVFULELQJ� WKH�XVH�RI� D� SDUWLFXODU� PHWKRG�� WKH
7DJXFKL�PHWKRG��WR�RSWLPLVH�WKH�*$�SDUDPHWHUV�LQ�RUGHU�WR�LPSURYH�WKH�VXFFHVV�RI
WKH�*$�

)RU�HDFK�LPSOHPHQWDWLRQ�RI�D�*$�D�VHW�RI�SDUDPHWHU�YDOXHV�LV�GHILQHG�ZKLFK
VSHFLILHV� WKH� RSHUDWRU� SUREDELOLWLHV� L�H�� WKH� SUREDELOLW\� RI� D� SDUWLFXODU� PXWDWLRQ�
FURVVRYHU�RU� UHSURGXFWLRQ� �WKH�JHQHWLF�RSHUDWRUV�� EHLQJ� DSSOLHG� WR� D� FKURPRVRPH�
7KH� FRUUHFW� VHWWLQJ� RI� RSHUDWRU� SUREDELOLWLHV� LV� YHU\� LPSRUWDQW� WR� SURGXFH� DQ
HIIHFWLYH� DOJRULWKP� WKDW� HIILFLHQWO\� XWLOLVHV� WKH� DYDLODEOH� FRPSXWLQJ� UHVRXUFHV� WR
GHWHUPLQH�D�JRRG�VROXWLRQ��8QIRUWXQDWHO\�� WKH�GHWHUPLQDWLRQ�RI�DQ�RSWLPXP�VHW�RI
SDUDPHWHUV� LV� IDU� IURP� D� WULYLDO� WDVN�� 7KLV� LV� GXH�� LQ� SDUW�� WR� WKH� IDFW� WKDW�*HQHWLF
$OJRULWKPV�DUH�XVHG�LQ�D�ZLGH�UDQJH�RI�SUREOHP�VROYLQJ�DSSOLFDWLRQV��WKHUHIRUH��LW�LV
KLJKO\�XQOLNHO\�WKDW�DQ�LGHDO�VHW�RI�SDUDPHWHUV�ZLOO�VXLW�DOO�*$�DSSOLFDWLRQV�

2QH� RI� WKH� HDUOLHVW� LQYHVWLJDWLRQV� LQWR� GHWHUPLQLQJ� D� VHW� RI� LGHDO� RSHUDWRU
SUREDELOLWLHV� ZDV� DGGUHVVHG� LQ� >'H-RQJ@�� +RZHYHU�� LQ� WKLV� FDVH� WKH� SUREOHP� LV
VLPSOLILHG�E\�RQO\�FRQVLGHULQJ�ELW�VWULQJ�FKURPRVRPH�UHSUHVHQWDWLRQV�DQG�D�OLPLWHG
QXPEHU�DQG�W\SH�RI�JHQHWLF�RSHUDWRUV��,Q�UHFRJQLWLRQ�RI�WKH�GLIILFXOW\�RI�GHWHUPLQLQJ
D� VHW� RI� SDUDPHWHUV� VXLWHG� WR� D� ZLGH� UDQJH� RI� *$� DSSOLFDWLRQV�� WKH� SUREOHP� ZDV
IXUWKHU�VLPSOLILHG�E\�DQDO\VLQJ�WKH�*$�RQ�D�UHVWULFWHG�WHVW�VXLWH�RI�DSSOLFDWLRQV��7KH
VLPSOLILFDWLRQV�XVHG� OLPLW� WKH� DSSOLFDWLRQ�RI� WKH� UHVXOWLQJ� RSHUDWRU� SUREDELOLWLHV� WR
VLPLODU�W\SHV�RI�*$�ZLWK�ELQDU\�VWULQJ�UHSUHVHQWDWLRQ�>'DYLV��@�
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0DQ\� UHDO�ZRUOG� RSWLPLVDWLRQ� SUREOHPV� �VXFK� DV� *$/236�� KDYH� D� VHW� RI
FRPSOH[� JHQHWLF� RSHUDWRUV� DQG� GR� QRW� XVH� ELQDU\�VWULQJ� UHSUHVHQWDWLRQ� >'DYLV��@�
)RU�VXFK�*$V� LW� LV�KLJKO\�XQOLNHO\�WKDW�D�JHQHULF�VHW�RI�RSHUDWRU�SUREDELOLWLHV�H[LVW
ZKLFK�HQFRPSDVV�DOO�SRVVLEOH� LPSOHPHQWDWLRQV�RI� UHDO�ZRUOG�SUREOHPV��7KHUHIRUH�
WKH� RSWLPXP� VHW� RI� SDUDPHWHUV� PXVW� EH� WXQHG� IRU� HDFK�*$� WKURXJK� DQDO\VLV� DQG
LQYHVWLJDWLRQ�RI�LWV�SURSHUWLHV�

7KH�XVH�RI� ¨PHWD�OHYHO©�*$V� LV�RQH� WHFKQLTXH� WKDW� KDV� EHHQ� VXJJHVWHG� IRU
RSWLPXP� SDUDPHWHU� WXQLQJ� RI� *$V� >*UHI��@�� $� PHWD�OHYHO� *$� DWWHPSWV� WR
GHWHUPLQH� DQ�RSWLPXP� VHW�RI�SDUDPHWHUV� IRU� D� WDUJHW�*$�E\�XVLQJ� DQRWKHU�*$� WR
SHUIRUP� WKH� RSWLPLVDWLRQ� SURFHVV�� 3RWHQWLDO� VHWV� RI� RSHUDWRU� SUREDELOLWLHV� DUH
HQFRGHG�DV�FKURPRVRPHV� IRU�WKH�PHWD�OHYHO�*$�WR�RSWLPLVH��)LWQHVV�HYDOXDWLRQ�RI
HDFK� FKURPRVRPH� LQYROYHV� H[HFXWLQJ� WKH� WDUJHW�*$� ZLWK� WKH� VHW� RI� SURSRVHG
SUREDELOLWLHV�� DVVLJQLQJ� D� VFRUH� WR� WKH� FKURPRVRPH� EDVHG� RQ� WKH� REVHUYHG
SHUIRUPDQFH�RI�WKH�*$�

6XFK�D�¨PHWD�OHYHO©�*$�ZLOO�W\SLFDOO\� UHTXLUH�PDQ\� WKRXVDQGV�RI�FRPSOHWH
WDUJHW�*$� RSWLPLVDWLRQV� >7XUWRQ��@�� (DFK� WDUJHW�*$� RSWLPLVDWLRQ� ZLOO� W\SLFDOO\
UHTXLUH�PDQ\� WKRXVDQGV�RI�HYDOXDWLRQV�RI� WKH� WDUJHW�REMHFWLYH� IXQFWLRQ��7KHUHIRUH�
PHWD�OHYHO�*$V�DUH�W\SLFDOO\�SURKLELWLYH�LQ�WHUPV�RI�FRPSXWDWLRQ�WLPH�

$Q� DOWHUQDWLYH� WR� WKH� XVH� RI� PHWD�OHYHO� *$V� RU� SUH�FRPSXWHG� SDUDPHWHU
YDOXHV� LV� WKH� XVH� RI� WKH� 7DJXFKL� 0HWKRG� >7XUWRQ��@�� 7KH� 7DJXFKL� PHWKRG� LV� D
TXDOLW\� HQJLQHHULQJ�PHWKRGRORJ\� GHYHORSHG� E\�'U��*HQHFL� 7DJXFKL� >5DQMLW��@�� ,W
ZDV�LQLWLDOO\�GHYHORSHG�IRU�XVH�LQ�PDQXIDFWXULQJ�LQGXVWU\�WR�LPSURYH�WKH�TXDOLW\�RI
WKH� SURGXFWLRQ� SURFHVV�� 2QH� RI� WKH� FRPSRQHQWV� RI� WKH� 7DJXFKL� PHWKRG� LV� WKH
GHWHUPLQDWLRQ� RI� RSHUDWLQJ� SDUDPHWHUV� WR� SURGXFH� WKH� EHVW� TXDOLW\� VROXWLRQ�� 7KH
7DJXFKL� PHWKRG� XVHV� D� GHILQHG� VHW� RI� RUWKRJRQDO� DUUD\V� WR� SODQ� D� VHULHV� RI
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H[SHULPHQWV�IRU�WKH�GHWHUPLQDWLRQ�RI�WKH�EHVW�SDUDPHWHU�VHWWLQJV��$Q�H[DPSOH�RI�DQ
RUWKRJRQDO�DUUD\�LV�JLYHQ�LQ�7DEOH�����

3DUDPHWHU
([SHULPHQW $ % &

� � � �
� � � �
� � � �
� � � �

7DEOH�����([DPSOH�2UWKRJRQDO�7DJXFKL�$UUD\

(DFK� URZ� LQ� WKH� DUUD\� FRUUHVSRQGV� WR� D� VSHFLILF� H[SHULPHQW��(DFK� FROXPQ
GHILQHV� D� SDUWLFXODU� SDUDPHWHU� WR� EH� RSWLPLVHG�� WKHUHIRUH�� HDFK� URZ� LQ� WKH� DUUD\
GHILQHV�D�VHW�RI�YDOXHV� IRU�DOO�RI�WKH�SDUDPHWHUV�RI�DQ�H[SHULPHQW��7KH�VHWWLQJV�DUH
GHVFULEHG�DV�¨OHYHOV©��HDFK�OHYHO�FRUUHVSRQGV�WR�D�VSHFLILHG�UHDO�ZRUOG�YDOXH�IRU�WKDW
SDUDPHWHU��GHWHUPLQHG�E\�WKH�QDWXUH�RI�WKH�SUREOHP�

7KH� DGYDQWDJH� RI� WKH� 7DJXFKL� PHWKRG� LV� LWV� UHGXFWLRQ� LQ� WKH� QXPEHU� RI
H[SHULPHQWV�UHTXLUHG�WR�HIILFLHQWO\�RSWLPLVH�WKH�VHW�RI�SDUDPHWHUV��,Q�WKH�H[DPSOH�RI
7DEOH� ����� WKHUH� DUH� �� YDULDEOHV�� HDFK� ZLWK� �� SRVVLEOH� OHYHOV�� $� VWDQGDUG
H[SHULPHQWDO�SURFHGXUH�WR�GHWHUPLQH�WKH�RSWLPXP�YDOXHV�ZRXOG�UHTXLUH�WKH�WHVWLQJ
RI� DOO� SRVVLEOH� FRPELQDWLRQV� �IDFWRULDO� H[SHULPHQW� GHVLJQ��� 7KHUHIRUH�� �� ����
H[SHULPHQWV�ZRXOG�EH�UHTXLUHG�LQVWHDG�RI�WKH���QHHGHG�IRU�WKH�7DJXFKL�PHWKRG��)RU
ODUJHU�QXPEHUV�RI�SDUDPHWHUV�ZLWK�HYHQ�PRUH� OHYHOV�� WKH�UHGXFWLRQ� LQ� WKH�UHTXLUHG
QXPEHU� RI� H[SHULPHQWV� LV� JUHDWHU�� 7KH� VWDWLVWLFDO� YDOLGLW\� RI� WKH� WHFKQLTXH� LV� QRW
DQDO\VHG�KHUH�� WKH� UHDGHU� LV� UHIHUUHG� WR� >5DQMLW���� 7XUWRQ��@� IRU� D�PRUH� WKRURXJK
H[DPLQDWLRQ�RI�WKH�7DJXFKL�PHWKRG�
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$IWHU� FRPSOHWLRQ� RI� WKH� H[SHULPHQWV�� WKH� EHVW� OHYHO� IRU� HDFK� SDUDPHWHU� LV
GHWHUPLQHG� WKURXJK�DQDO\VLV�RI� WKH�UHVXOWV��7KH�H[DPSOH�DUUD\�DQG�D� VHW�RI� UHVXOWV
DUH�SUHVHQWHG�LQ�7DEOH�����WR�LOOXVWUDWH�WKLV�SURFHVV�

3DUDPHWHU 5HVXOW
([SHULPHQW $ % & 1R��� 1R��� 1R���

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

7DEOH�����6HW�RI�5HVXOWV�3URGXFHG�IURP�7DJXFKL�([SHULPHQWV

$V�WKH�WDEOH�VKRZV��HDFK�H[SHULPHQW�LV�SHUIRUPHG�D�QXPEHU�RI�WLPHV�XQGHU
WKH� VDPH� FRQGLWLRQV�� 7KLV� LV� RI� SDUWLFXODU� LPSRUWDQFH� LQ� WKH� FDVH� RI� D� *$� DV� WKH
SUREDELOLVWLF� QDWXUH� RI� WKH� *$� PDNHV� LW� SRVVLEOH� WKDW� GLIIHUHQW� UHVXOWV� ZLOO� EH
SURGXFHG� XQGHU� WKH� H[DFW� VDPH� VHW� RI� RSHUDWLQJ� FRQGLWLRQV�� 7KHUHIRUH�� D� *$� LV
W\SLFDOO\�UXQ�D�QXPEHU�RI�WLPHV�WR�DQDO\VH�LWV�SHUIRUPDQFH�

)RU�HDFK�H[SHULPHQW��WKH�DYHUDJH�RI�WKH�UHVXOWV�FDQ�EH�XVHG�WR�HYDOXDWH�WKH
UHVXOW�� +RZHYHU�� 7DJXFKL� SUHVHQWHG� D� IXUWKHU� UHILQHPHQW� WR� WKH� 7DJXFKL� PHWKRG
WKURXJK�WKH�LQWURGXFWLRQ�RI�WKH�FRQFHSW�RI�VLJQDO�WR�QRLVH�UDWLR��7KH�VLJQDO�WR�QRLVH
DQDO\VLV� LV�PRUH�UREXVW� WKDQ� WKH� DYHUDJH� DV� LW� GHWHUPLQHV�ZKLFK� VHW�RI�SDUDPHWHUV
SURGXFH�QRW�RQO\� WKH�EHVW� UHVXOW��EXW�DOVR�WKH�VPDOOHVW�YDULDWLRQ�DURXQG�WKDW� UHVXOW�
7KH�IRUPXOD�IRU�GHWHUPLQLQJ�WKH�VLJQDO�WR�QRLVH�UDWLR�LV�VKRZQ�LQ�������
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ZKHUH� \L� LV� WKH� UHVXOW� RI� WKH� LWK� WULDO� DQG� Q� LV� WKH� QXPEHU� RI� WULDOV� SHU
H[SHULPHQW��7KLV� IRUPXOD� LV�XVHG�ZKHQ�WKH�DLP� LV� WR�PLQLPLVH� WKH� UHVXOW�\L��7DEOH
���� VKRZV� WKH� UHYLVHG� 7DJXFKL� DUUD\�� LQFRUSRUDWLQJ� WKH� VLJQDO�WR�QRLVH� YDOXHV� IRU
HDFK�H[SHULPHQW�

3DUDPHWHU 5HVXOW 6LJQDO�7R�1RLVH
([SHULPHQW $ % & 1R��� 1R��� 1R���

� � � � � � � ������
� � � � � � � ������
� � � � � � � ������
� � � � � � � ������
7DEOH�����6LJQDO�7R�1RLVH�5DWLR�$QDO\VLV�IRU�([SHULPHQW�5HVXOWV

(DFK�SDUDPHWHU�LV�DQDO\VHG�LQ�WXUQ�WR�GHWHUPLQH�WKH�EHVW�OHYHO��$Q�DYHUDJH�RI
WKH�6�1� UDWLRV� IRU� D�SDUWLFXODU� OHYHO�RI� WKH�SDUDPHWHU� LV� FDOFXODWHG� IURP� WKH� WDEOH�
7KH�IROORZLQJ�H[DPSOH�VKRZV�WKLV�FDOFXODWLRQ�VWHS�IRU�SDUDPHWHU�$�

3DUDPHWHU�$�¤�/HYHO��
([S�����������([S���������
$YHUDJH� ��������
3DUDPHWHU�$�¤�/HYHO��
([S�����������([S���������
$YHUDJH� �������

7KLV�LQIRUPDWLRQ�FDQ�WKHQ�EH�SORWWHG�RQ�D�JUDSK�DV�VKRZQ�LQ�)LJXUH�����
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)LJXUH�����([DPSOH�*UDSK�6KRZLQJ�WKH�(IIHFW�RI�3DUDPHWHU�$

7KH�JUDSK�VKRZV�WKDW� OHYHO���SURGXFHV� WKH�KLJKHVW�DYHUDJH�6�1�YDOXH�� LW� LV
WKHUHIRUH�FKRVHQ�DV�WKH�EHVW�VHWWLQJ�IRU�SDUDPHWHU�$��DVVXPLQJ�ORZHVW�UHVXOW�LV�EHVW
LQ�WKLV�SUREOHP���7KH�DFWXDO�YDOXH�RI�WKH�SDUDPHWHU� LV�GHWHUPLQHG�E\�PDWFKLQJ� WKH
OHYHO�ZLWK�WKH�SUHGHILQHG�VHW�RI�UHDO�ZRUOG�YDOXHV��7KLV�SURFHVV�LV�UHSHDWHG�IRU�HDFK
SDUDPHWHU� WR� SURGXFH� WKH� VHW� RI� YDOXHV� WKDW� LW� LV� H[SHFWHG� ZLOO� UHVXOW� LQ� WKH� EHVW
V\VWHP� SHUIRUPDQFH�� 7KH� UHVXOWLQJ� VHW� RI� YDOXHV� PD\� QRW� DFWXDOO\� KDYH� EHHQ
DQDO\VHG� LQ� DQ� H[SHULPHQW� �WKHUH� PD\� QRW� KDYH� EHHQ� VXFK� D� FRPELQDWLRQ� LQ� WKH
7DJXFKL� DUUD\�� 7KHUHIRUH�� D� YDOLGDWLRQ� VWHS� LV� RIWHQ� SHUIRUPHG� WR� YHULI\� WKH
SHUIRUPDQFH�RI�WKH�YDOXHV�

������7DJXFKL�2SWLPLVDWLRQ�RI�*$�$SSOLFDWLRQ�5DWHV
7KH� FXUUHQW� YHUVLRQ� RI� *$/236� KDV� �� SRVVLEOH� UHSURGXFWLRQ� FKRLFHV� ��

WUDQVIRUPDWLRQV� DQG� FURVVRYHU��� HDFK� RI� ZKLFK� KDV� WR� EH� DVVLJQHG� D� VSHFLILF
DSSOLFDWLRQ�SUREDELOLW\��7DEOH�����OLVWV�DOO�RI�WKH�FKRLFHV��SDUDPHWHUV��ZLWK�D�VHW�RI
SRVVLEOH� DSSOLFDWLRQ� UDWHV� �YDOXHV��� 7KH� YDOXHV� DUH� SUHVHQWHG� DV� SHUFHQWDJHV�� WKH
SHUFHQWDJH�SUREDELOLW\�RI�WKDW�RSHUDWRU�EHLQJ�VHOHFWHG�
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3DUDPHWHU 9DOXHV����
5HWLPH ���������������
%DFN�5HWLPH ���������������
$XWR�3LSH ���������������
3LSHOLQH ���������������
5HPRYH�3LSHOLQH ���������������
8QIROG ���������������
&URVVRYHU ���������������

7DEOH�����3RVVLEOH�$SSOLFDWLRQ�5DWHV�RI�(DFK�2SHUDWRU

(DFK�YDULDEOH�KDV� IRXU�SRVVLEOH�YDOXHV�� IURP����WR�D�PD[LPXP�RI������,I
HDFK�RSHUDWRU�ZHUH�DSSOLHG�DW�WKH�PD[LPXP�YDOXH�RI������LW�ZRXOG�UHVXOW�LQ�D�WRWDO
DSSOLFDWLRQ�UDWH�RI�������7KHUHIRUH��VRPH�FRPELQDWLRQV��VXFK�DV�DOO�UDWHV�DW�����
DUH�QRW�LQYHVWLJDWHG�ZKHUH�LW�ZRXOG�OHDG�WR�XQIHDVLEOH�DSSOLFDWLRQ�UDWHV�

7KH� WDEOH� RI� SRVVLEOH� YDOXHV� LV� VLPSOLILHG� E\� WKH� UHPRYDO� RI� WKH� XQIROG
SDUDPHWHU��DV�GHVFULEHG�LQ�VHFWLRQ������7R�VXPPDULVH��WKH�XQIROGLQJ�SULQFLSOH�OLPLWV
WKH�DSSOLFDWLRQ�RI�WKH�XQIROGLQJ�WUDQVIRUPDWLRQ�VR�LWV�DSSOLFDWLRQ�UDWH�LV�QRW�FULWLFDO
WR�*$�SHUIRUPDQFH�

7KH� VHOHFWLRQ� RI� FURVVRYHU� UDWH� LV� VLPSOLILHG� E\� UHGXFLQJ� WKH� QXPEHU� RI
YDOXHV�WR�����DQG������7KLV�HQVXUHV�WKDW�FURVVRYHU�LV�DSSOLHG�DW�D�KLJK�UDWH�ZLWKRXW
OLPLWLQJ� WKH� SRWHQWLDO� DSSOLFDWLRQV� RI� WKH� PXWDWLRQ� RSHUDWRUV�� *$/236� LV� QRW� D
FRQYHQWLRQDO� *$� DV� WKH� PXWDWLRQ� RSHUDWRUV� SHUIRUP� D� ORW� RI� WKH� H[SORUDWLRQ�
WKHUHIRUH�WKH�FURVVRYHU�UDWH�LV�QRW�DV�KLJK�DV�LQ�D�W\SLFDO�*$�DSSOLFDWLRQ�

7KH�RSWLPLVDWLRQ�SURFHVV�FRQVLVWV�RI���YDULDEOHV����RI�ZKLFK�KDYH���SRVVLEOH
OHYHOV�� FURVVRYHU�KDV� WZR�SRVVLEOH� OHYHOV��:KHQ�XVLQJ� D�7DJXFKL� DUUD\� IRU� VXFK� D
SURFHVV��GHSHQGLQJ�RQ�WKH�DUUD\�XVHG�WKHUH�PD\�EH�D�UHTXLUHPHQW�IRU�RUWKRJRQDOLW\
EHWZHHQ�WKH�YDULDEOHV��)RU�WKLV�UHDVRQ��WKH�/���DUUD\� LV�VHOHFWHG�DV� LW�DOORZV�D� ODUJH
GHJUHH� RI� LQWHUGHSHQGHQFH� EHWZHHQ� WKH� SDUDPHWHUV�� 7KLV� RSWLPLVDWLRQ� SURFHVV
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UHTXLUHV�WKH�XVH�RI�D�PRGLILHG�IRUP�RI�WKH�/���DUUD\��ZKLFK�KDV����H[SHULPHQWV��7KH
DQQRWDWHG�DUUD\�IRU�WKH�7DJXFKL�RSWLPLVDWLRQ�RI�WKH�*$/236�RSHUDWLQJ�SDUDPHWHUV
LV� VKRZQ� LQ� 7DEOH� ����� 7KH� DSSOLFDWLRQ� UDWHV� DUH� OLVWHG� DV� SHUFHQWDJHV� L�H�� WKH
SHUFHQWDJH�SUREDELOLW\�RI�HDFK�RSHUDWRU�EHLQJ�VHOHFWHG��7KH�WRWDO�SHUFHQWDJH�LV�DOVR
LOOXVWUDWHG�IRU�HDFK�H[SHULPHQW�WR�HQVXUH�WKDW�QR�VXP�RI�DSSOLFDWLRQ�UDWH�SHUFHQWDJHV
LV�JUHDWHU�WKDQ�������,I�WKH�VXP�ZHUH�JUHDWHU�WKDQ������WKH�*$�ZRXOG�DWWHPSW�WR
DSSO\� WKH� RSHUDWRUV� WR� PRUH� WKDQ� ����� RI� WKH� FXUUHQW� JHQHUDWLRQ�� DQ� XQIHDVLEOH
RSHUDWLRQ��7KHUHIRUH��WKH�HOLWLVP�DSSOLFDWLRQ�UDWH�LV�DOVR�LQFOXGHG�LQ�WKLV�WDEOH�IRU�WKH
SXUSRVHV�RI�FDOFXODWLQJ�WKH�WRWDO�DSSOLFDWLRQ�UDWHV�

7KH�*$/236�WRRO�LV�D�IOH[LEOH�'63�V\QWKHVLV�WRRO�ZKLFK�FDQ�SURFHVV�D�ZLGH
UDQJH� RI� VLJQDO� SURFHVVLQJ� DSSOLFDWLRQV�� ,Q� WKLV� FDVH�� 7DJXFKL� RSWLPLVDWLRQ� RI� WKH
*$� SDUDPHWHUV� IRU� RQH� SDUWLFXODU� ')*� WRSRORJ\� PD\� UHVXOW� LQ� WKH� *$� EHLQJ
RSWLPLVHG� IRU�WKDW�SDUWLFXODU�GHVLJQ��7KH�7DJXFKL�RSWLPLVDWLRQ� LV� WKHUHIRUH�DSSOLHG
WR� WZR� ')*� GHVLJQV�� WKH� GLUHFW� DQG� SDUDOOHO� IRUPV� RI� �WK� RUGHU� $YHQKDXV� ILOWHU
�$9(1�',�DQG�$9(1�3$�UHVSHFWLYHO\���7KH�GLUHFW�DQG�SDUDOOHO� LPSOHPHQWDWLRQV
DUH� VLJQLILFDQWO\� GLIIHUHQW� ')*V�� UHTXLULQJ� D� GLIIHUHQW� VHW� DQG� RUGHU� RI
WUDQVIRUPDWLRQV� IRU� RSWLPLVDWLRQ�� ,Q� DGGLWLRQ�� ERWK� GHVLJQV� FRQWDLQ� UHFXUVLYH� DQG
QRQ�UHFXUVLYH�VHFWLRQV�WKDW�UHTXLUH�GLIIHUHQW�PHWKRGV�RI�RSWLPLVDWLRQ�

7KH�RSWLPLVDWLRQ�SURFHVV� LV� SHUIRUPHG� �� WLPHV� IRU� HDFK� H[SHULPHQW� LQ� WKH
/���DUUD\��7KH�UHVXOWV�IRU�WKH�$9(1�',�DQG�$9(1�3$�GHVLJQ�DUH�VKRZQ�LQ�7DEOH
���� DQG� 7DEOH� ���� UHVSHFWLYHO\�� DORQJ� ZLWK� WKH� FDOFXODWHG� 6�1� UDWLR� IRU� HDFK
H[SHULPHQW�� 7KH� �3RZHU� FROXPQV� UHIHU� WR� WKH� SRZHU� RI� WKH� RSWLPLVHG� GHVLJQ
H[SUHVVHG�DV�D�SHUFHQWDJH�RI�WKH�SRZHU�RI�WKH�RULJLQDO�QRQ�RSWLPLVHG�GHVLJQ�
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([SHULPHQW &URVVRYHU 5HWLPH %DFN
5HWLPH

$XWR
3LSH

3LSHOLQH 5HPRYH
3LSH

(OLWLVP 7RWDO
� �� � � � � � � ��
� �� � � � � � � ��
� �� � � � � � � ��
� �� � �� �� �� �� � ��
� �� � �� �� �� �� � ��
� �� � � � � �� � ��
� �� � � � �� �� � ��
� �� � � �� �� � � ��
� �� � �� �� � � � ��
�� �� � �� � � � � ��
�� �� � � � �� � � ��
�� �� � � �� � � � ��
�� �� � � �� � �� � ��
�� �� � �� � � � � ��
�� �� � �� � �� �� � ��
�� �� �� � �� � �� � ��
�� �� �� � �� � � � ��
�� �� �� � � �� � � ��
�� �� �� �� � �� � � ��
�� �� �� �� � � �� � ��
�� �� �� � �� �� � � ��
�� �� �� � � �� �� � ��
�� �� �� � � � �� � ��
�� �� �� �� � � � � ��
�� �� �� �� �� � � � ��
�� �� � � � �� �� � ��
�� �� � � � �� � � ��
�� �� � � � � � � ��
�� �� � �� �� � � � ��
�� �� � �� �� � �� � ��
�� �� � � � � � � ��
�� �� � � � � �� � ��
�� �� � � �� � �� � ��
�� �� � �� �� �� � � ��
�� �� � �� � �� � � ��
�� �� � � � � � � ��
�� �� � � �� �� � � ��
�� �� � � �� �� � � ��
�� �� � �� � � �� � ��
�� �� � �� � � �� � ��
�� �� �� � �� �� �� � ��
�� �� �� � �� �� �� � ��
�� �� �� � � � � � ��
�� �� �� �� � � � � ��
�� �� �� �� � � � � ��
�� �� �� � �� � � � ��
�� �� �� � � � � � ��
�� �� �� � � �� �� � ��
�� �� �� �� � �� �� � ��
�� �� �� �� �� � � � ��

7DEOH�����7DJXFKL�$UUD\�IRU�2SWLPLVDWLRQ�RI�*HQHWLF�2SHUDWRU�$SSOLFDWLRQ�5DWHV
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([SHULPHQW �3RZHU�� �3RZHU�� �3RZHU�� �3RZHU�� �3RZHU�� 6�1�5DWLR
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����

7DEOH�����7DJXFKL�5HVXOWV�IRU�$9(1�',�')*
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([SHULPHQW �3RZHU�� �3RZHU�� �3RZHU�� �3RZHU�� �3RZHU�� 6�1�5DWLR
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����
�� ����� ����� ����� ����� ����� �����

7DEOH�����7DJXFKL�5HVXOWV�IRU�$9(1�3$

7KH�GDWD�LQ�WKHVH�WDEOHV�LV�XVHG�WR�GHWHUPLQH�WKH�DYHUDJH�6�1�UDWLRV�IRU�HDFK
OHYHO�RI�HDFK�SDUDPHWHU�L�H��WKH�DSSOLFDWLRQ�UDWH�IRU�HDFK�WUDQVIRUPDWLRQ��7KLV�GDWD�
IRU�ERWK�')*V��LV�SUHVHQWHG�LQ�7DEOH�����DQG�7DEOH������
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$SSOLFDWLRQ�5DWH
7UDQVIRUPDWLRQ �� �� �� ��� ���

&URVVRYHU ������ ������
5HWLPH ������ ������ ������ ������ ������
%DFN�5HWLPH ������ ������ ������ ������ ������
$XWRPDWLF�3LSHOLQH ������ ������ ������ ������ ������
3LSHOLQH ������ ������ ������ ������ ������
5HPRYH�3LSHOLQH ������ ������ ������ ������ ������

7DEOH�����6�1�5DWLR�$QDO\VLV�IRU�$9(1�',�')*
$SSOLFDWLRQ�5DWH

7UDQVIRUPDWLRQ �� �� �� ��� ���
&URVVRYHU ������ ������
5HWLPH ������ ������ ������ ������ ������
%DFN�5HWLPH ������ ������ ������ ������ ������
$�3LSH ������ ������ ������ ������ ������
3LSHOLQH ������ ������ ������ ������ ������
5HP�3LSH ������ ������ ������ ������ ������

7DEOH������6�1�5DWLR�$QDO\VLV�IRU�$9(1�3$�')*

7KH� WDEOHV� LOOXVWUDWH� WKDW� WKH� KLJKHU� UDWH� RI� FURVVRYHU� ������ SURGXFHV� WKH
ODUJHVW� 6�1� QRLVH� UDWLR�� )RU� WKH� RWKHU� WUDQVIRUPDWLRQV� WKH� JUDSKV� RI� 6�1� YHUVXV
$SSOLFDWLRQ�5DWH� DUH� SORWWHG� LQ� )LJXUH� ���� DQG� )LJXUH� ���� IRU� WKH� $9(1�',� DQG
$9(1�3$�UHVSHFWLYHO\�
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� � �� �� ��

$SSOLFDWLRQ�5DWH

6�1
�5D

WLR

5HWLPH
%DFN�5HWLPH
$�3LSH
3LSHOLQH
5HP�3LSH

)LJXUH�����3ORW�RI�6�1�5DWLRV�IRU�$9(1�',�')*
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$SSOLFDWLRQ�5DWH

6�1
�5

DWL
R

5HWLPH
%DFN�5HWLPH
$�3LSH
3LSHOLQH
5HP�3LSH

)LJXUH�����3ORW�RI�6�1�5DWLRV�IRU�$9(1�3$�')*

)RU�HDFK�WUDQVIRUPDWLRQ��WKH�DSSOLFDWLRQ�UDWH�WKDW�JLYHV�WKH�ODUJHVW�6�1�UDWLR
LV�WKH�EHVW�DSSOLFDWLRQ�UDWH�IRU�WKDW�WUDQVIRUPDWLRQ��WKH�VHOHFWHG�UDWHV�DUH�OLVWHG�7DEOH
�����

$SSOLFDWLRQ�5DWH
7UDQVIRUPDWLRQ $9(1�',�5HVXOW $9(1�3$�5HVXOW
5HWLPH ��� ���
%DFN�5HWLPH ��� ���
$XWRPDWLF�3LSHOLQH ��� ��
3LSHOLQH ��� ��
5HPRYH�3LSHOLQH �� ��

7DEOH������6HOHFWHG�$SSOLFDWLRQ�5DWHV�IURP�7DJXFKL�$QDO\VLV�RI�7ZR�')*�'HVLJQV

7KH� WDEOH� KLJKOLJKWV� WKH� GLIILFXOW\� LQ� GHWHUPLQLQJ� DQ� RSWLPXP� VHW� RI
SDUDPHWHUV� IRU� D� *$� LQWHQGHG� WR� RSWLPLVH� D� ZLGH� UDQJH� RI� ')*V� ZLWK� GLIIHUHQW
FKDUDFWHULVWLFV��)RU�WKH�SLSHOLQH� WUDQVIRUPDWLRQ�� D� KLJK� UDWH�RI����� LV� VHOHFWHG� IRU
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WKH�$9(1�',�� EXW� D� ORZHU� UDWH� RI� ��� LV� VHOHFWHG� IRU� WKH� $9(1�3$� GXH� WR� WKH
GLIIHUHQW� HIIHFW� WKDW� SLSHOLQLQJ� KDV� RQ� ERWK� ')*V�� ,Q� DGGLWLRQ�� WKH� GHWHUPLQHG
DSSOLFDWLRQ�UDWHV�IRU�WKH�$9(1�',�GHVLJQ�� WRJHWKHU�ZLWK�D�FURVVRYHU�UDWH�RI�����
ZRXOG�SURGXFH�D�WRWDO�DSSOLFDWLRQ�UDWH�JUHDWHU�WKDQ�������FOHDUO\�DQ�XQIHDVLEOH�VHW
RI� DSSOLFDWLRQ� UDWHV�� 7KHUH� LV� QR� LGHDO� VROXWLRQ� IRU� VHOHFWLQJ� WKH� EHVW� VHW� RI
DSSOLFDWLRQ� UDWHV� IURP� WKRVH� SUHVHQWHG� E\� WKH� 7DJXFKL� DQDO\VLV�� 7KH� VHOHFWHG
DSSOLFDWLRQ� UDWHV� IRU� WKH� *$/236� V\VWHP� DUH� FKRVHQ� E\� DYHUDJLQJ� WKH� YDOXHV
UHWXUQHG�E\�WKH�7DJXFKL�DQDO\VLV��LOOXVWUDWHG�LQ�7DEOH������

7UDQVIRUPDWLRQ $SSOLFDWLRQ�5DWH
5HWLPH ���
%DFN�5HWLPH ���
$XWRPDWLF�3LSHOLQH ���
3LSHOLQH ���
5HPRYH�3LSHOLQH ��

7DEOH������6HOHFWHG�$SSOLFDWLRQ�5DWHV�IRU�*$/23�6\VWHP

����5DQNLQJ�6HOHFWLRQ�6FKHPH
7KH� SURWRW\SH� *$� SUHVHQWHG� LQ� FKDSWHU� �� XVHV� WKH� )LWQHVV� 3URSRUWLRQDWH

6HOHFWLRQ� �)36�� VFKHPH� WR� VHOHFW� LQGLYLGXDOV� IRU� JHQHWLF� PRGLILFDWLRQ� DQG� KHQFH
UHSURGXFWLRQ�LQWR�WKH�QH[W�JHQHUDWLRQ�RI�LQGLYLGXDOV��7KH�JRDO�RI�D�VHOHFWLRQ�VFKHPH
LQ�DQ�RSWLPLVDWLRQ�DOJRULWKP� LV� WR�EDODQFH� WKH� WZR�REMHFWLYHV�RI�H[SORUDWLRQ�RI� WKH
VROXWLRQ�VSDFH�DQG�H[SORLWDWLRQ�RI�WKH�FXUUHQW�LQIRUPDWLRQ�DERXW�WKDW�VROXWLRQ�VSDFH
>*ROGEHUJ��@�

([SORUDWLRQ� LV� DFKLHYHG� E\� SURFHVVLQJ� D� ODUJH� VHOHFWLRQ� RI� LQGLYLGXDOV
WKURXJKRXW�WKH�HYROXWLRQDU\�SURFHVV��WKHUHE\�VDPSOLQJ��H[SORULQJ��D�UDQJH�RI�SRLQWV
LQ�WKH�VROXWLRQ�VSDFH��([SORLWDWLRQ�DLPV�WR�GHWHUPLQH�ZKLFK�UHJLRQV�RI�WKH�VROXWLRQ
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VSDFH�DUH�ZRUWK�H[SORULQJ�E\�FRPELQLQJ�DQG�PRGLI\LQJ�WKH�FKDUDFWHULVWLFV�RI�NQRZQ
JRRG�VROXWLRQV��H[SORLWLQJ�WKH�LQIRUPDWLRQ�VWRUHG�ZLWKLQ�WKH�FXUUHQW�SRSXODWLRQ�

$�WRWDOO\� UDQGRP�VHDUFK� LV�D�JRRG�H[DPSOH�RI�SXUH� H[SORUDWLRQ��ZKHUH� WKH
QH[W�VHW�RI�LQGLYLGXDOV�LV�FUHDWHG�WRWDOO\�DW�UDQGRP��7KH�RSSRVLWH�RI�SXUH�H[SORUDWLRQ
LV�D�KLOO�FOLPELQJ�DOJRULWKP�ZKHUH�WKH�QH[W�VDPSOH�SRLQW�LV�HQWLUHO\�GHSHQGHQW�XSRQ
WKH�FXUUHQW�EHVW�VDPSOH�SRLQW��3XUH�H[SORUDWLRQ�ZLOO�UHVXOW�LQ�DQ�LQHIILFLHQW�VDPSOLQJ
RI� WKH� VROXWLRQ� VSDFH� WKDW� PD\� UHTXLUH� D� ODUJH� DPRXQW� RI� WLPH� WR� GHWHUPLQH� WKH
RSWLPXP� VROXWLRQ�� LI� LW� HYHU� GRHV�� 3XUH� H[SORLWDWLRQ� ZLOO� UHVXOW� LQ� SUHPDWXUH
FRQYHUJHQFH��ZKHUH�WKH�SRSXODWLRQ�RI� LQGLYLGXDOV�FRQYHUJHV�DURXQG�ORFDO�RSWLPXP
LQ� WKH� VROXWLRQ� VSDFH�� 3UHPDWXUH� FRQYHUJHQFH� UHVXOWV� LQ� WKH� SURGXFWLRQ� RI� D� VXE�
RSWLPDO�VROXWLRQ��DV� WKH�VHDUFK�VSDFH�KDV�QRW�EHHQ�VXIILFLHQWO\�H[SORUHG��7KH� LGHDO
FRPELQDWLRQ� RI� H[SORUDWLRQ� DQG� H[SORLWDWLRQ� ZLOO� UHVXOW� LQ� DQ� RSWLPXP� VROXWLRQ
GHWHUPLQHG�E\�DQ�HIILFLHQW�H[SORUDWLRQ�RI�WKH�VROXWLRQ�VSDFH�

7KH� )36� PHWKRG� DWWHPSWV� WR� FRPELQH� WKH� UHTXLUHG� FKDUDFWHULVWLFV� RI
H[SORUDWLRQ� DQG� H[SORLWDWLRQ�� 7KH� VHOHFWLRQ� RI� WKH� EHWWHU� LQGLYLGXDOV� H[SORLWV� WKH
LQIRUPDWLRQ� VWRUHG� LQ� WKH� FXUUHQW� JHQHUDWLRQ�� 7KH� SUREDELOLVWLF� VHOHFWLRQ� RI� WKRVH
LQGLYLGXDOV��ZKHUH�ZHDNHU� LQGLYLGXDOV�KDYH�VRPH�FKDQFH�RI�VHOHFWLRQ��SURYLGHV�WKH
PHFKDQLVP�IRU�UHGXFLQJ�WKH�FKDQFH�RI�SUHPDWXUH�FRQYHUJHQFH�

+RZHYHU�� WKH� SUREOHP� RI� UDSLG� FRQYHUJHQFH�� ZKHUH� WKH� HQWLUH� SRSXODWLRQ
SUHPDWXUHO\� FRQYHUJHV� RQ� D� VLQJOH� FKURPRVRPH� RU� VXE�RSWLPDO� UHJLRQ� RI� WKH
VROXWLRQ�VSDFH�>%DNHU����+DQF��@��LV�VWLOO�D�FRPPRQ�SUREOHP�LQ�*$V�WKDW�XVH�)36�
7KLV� OHDGV� WR� WKH� ORVV� RI� YDOXDEOH� JHQHWLF� LQIRUPDWLRQ� VWRUHG� LQ� WKH� SRSXODWLRQ
WKURXJKRXW�WKH�H[SORUDWLRQ�RI�WKH�VROXWLRQ�VSDFH��7KLV�SURGXFHV�D�VWDJQDWLRQ�RI�WKH
VHDUFK� SURFHVV�� WKH� H[SORUDWLRQ� EHFRPHV� IL[HG� RQ� D� SDUWLFXODU� VROXWLRQ�� 6XFK
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SUHPDWXUH�FRQYHUJHQFH�XVXDOO\�UHVXOWV� LQ� WKH�*$�SURGXFLQJ�D�VROXWLRQ� WKDW� LV�VXE�
RSWLPDO�

3UHPDWXUH� FRQYHUJHQFH� DULVHV� ZKHQ� XVLQJ� )36� GXH� WR� LWV� PHWKRG� RI
DVVLJQLQJ�D�SUREDELOLW\�RI�VHOHFWLRQ��7KH�SUREDELOLW\� LV� GLUHFWO\�SURSRUWLRQDO� WR� WKH
VROXWLRQV�DEVROXWH�ILWQHVV�UHODWLYH�WR�WKDW�RI�WKH�RWKHU�VROXWLRQV�LQ�WKH�SRSXODWLRQ��$V
LOOXVWUDWHG� LQ� )LJXUH� ����� WKLV� PHWKRG� FDQ� VXIIHU� IURP� WKH� SUREOHP� RI� ¨VXSHU�ILW©
LQGLYLGXDOV�� $� VXSHU�ILW� LQGLYLGXDO� LV� D� FKURPRVRPH� ZLWK� D� ILWQHVV� VLJQLILFDQWO\
DERYH�WKH�DYHUDJH�ILWQHVV�RI�WKH�HQWLUH�SRSXODWLRQ�

)LWQHVV

6ROXWLRQ�6SDFH

� �

6XSHU�)LW�,QGLYLGXDO

��

)LJXUH�����'RPLQDWLRQ�RI�)LWQHVV�E\�6XSHU�)LW�,QGLYLGXDO�&KURPRVRPH

,Q�WKH�H[DPSOH�RI�)LJXUH������WKH�VXSHU�ILW�LQGLYLGXDO�ZRXOG�EH�DOORFDWHG�WKH
PDMRULW\� RI� VHOHFWLRQV�� DV� LW� ZRXOG� EH� DVVLJQHG� D� ODUJH� VHOHFWLRQ� SUREDELOLW\�� 7KH
VXSHU�ILW� LQGLYLGXDO�ZRXOG�GRPLQDWH� WKH�SRSXODWLRQ��7KH�SRSXODWLRQ�ZRXOG� UDSLGO\
FRQYHUJH�XSRQ�D�VLQJOH�FKURPRVRPH�

%DNHU� >%DNHU��@� ILUVW� VXJJHVWHG� UDQNLQJ� DV� D� SRVVLEOH� VROXWLRQ� WR� WKH
SUREOHP� RI� SUHPDWXUH� FRQYHUJHQFH�� 7KH� EDVLF� LGHD� RI� UDQNLQJ� LV� WR� VRUW� WKH
LQGLYLGXDOV� IURP� EHVW� WR� ZRUVW� DQG� DVVLJQ� HDFK� LQGLYLGXDO� D� UDQN� LQ� WKH� RUGHUHG
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SRSXODWLRQ� L�H�� WKH�EHVW� VROXWLRQ� KDV� WKH� KLJKHVW� UDQN�� 7KH� VHOHFWLRQ� SUREDELOLW\� LV
WKHQ�GHWHUPLQHG�IURP�D�VROXWLRQV�UDQN�DV�RSSRVHG�WR�LWV�DEVROXWH�ILWQHVV�YDOXH��7KLV
GHSHQGHQFH� RI� VHOHFWLRQ� RQ� UDQN�� UDWKHU� WKDQ� ILWQHVV�� LV� DQ� HIIHFWLYH� PHDQV� RI
FRQWUROOLQJ� WKH�GRPLQDQFH�RI�VXSHU�ILW� LQGLYLGXDOV� >:KLW��@��7KH�HIIHFW�RI� UDQNLQJ
WKH�H[DPSOH�SRSXODWLRQ�RI�)LJXUH�����LV�VKRZQ�LQ�)LJXUH������

5DQN

6ROXWLRQ�6SDFH

� �

)LJXUH������(IIHFW�RI�5DQNLQJ�RQ�6LPSOH�3RSXODWLRQ�5HSUHVHQWDWLRQ

7KH�HIIHFW�RI� UDQNLQJ� LV� WR� VSUHDG�RXW� WKH� VROXWLRQV� DFURVV� WKH� UDQN� UDQJH�
UHPRYLQJ� WKH�GRPLQDQFH�RI�DQ\�SDUWLFXODU� LQGLYLGXDO�� ,Q�HIIHFW��WKH�VROXWLRQV� KDYH
EHHQ�PDSSHG�IURP�WKH�ILWQHVV�GLPHQVLRQ�WR�WKH�UDQNHG�ILWQHVV�GLPHQVLRQ��:KLOH�WKH
OLQHDULVDWLRQ�PHWKRG�FDQ�DOVR�LQFUHDVH�WKH�UDQJH�RI�ILWQHVV�YDOXHV��LW�LV�XQVXLWDEOH�IRU
GHDOLQJ� ZLWK� WKH� SUREOHP� RI� GRPLQDQW� LQGLYLGXDOV�� 7KH� DSSOLFDWLRQ� RI� UDQNLQJ
SUHVHUYHV�WKH�UHODWLYH�RUGHU�RI�TXDOLW\�RI�VROXWLRQV�

7KH�XVH�RI� UDQNLQJ�DOVR�DVVLVWV� LQ� UHGXFLQJ� WKH�GHSHQGHQFH�RI� VHOHFWLRQ�RQ
WKH�TXDOLW\�RI�WKH�*$V�HYDOXDWLRQ�IXQFWLRQ��,Q�WKH�FDVH�RI�*$/236��WKH�HYDOXDWLRQ
IXQFWLRQ� LV�D�SRZHU�HVWLPDWLRQ� WHFKQLTXH� WKDW� LV�VXEMHFW�WR� LQDFFXUDFLHV�GXH� WR� WKH
UHFRJQLVHG�SUREOHPV�RI�KLJK�OHYHO�SRZHU�HVWLPDWLRQ��,QDFFXUDWH�SRZHU�HVWLPDWLRQV�
WKRXJK� XVHIXO� DV� D� UHODWLYH� PHDVXUH� RI� TXDOLW\�� HIIHFWLYHO\� LQWURGXFH� QRLVH� LQWR� D
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VHOHFWLRQ�SURFHVV�EDVHG�RQ�DEVROXWH� ILWQHVV�YDOXHV��2QH�RI� WKH� IHDWXUHV�RI� D�*$� LV
WKDW� LW� LV� D� UREXVW� V\VWHP� DEOH� WR� KDQGOH� QRLV\� GDWD� >%HDVOH\���� *ROGEHUJ��@�
+RZHYHU�� WKH� UDQNLQJ� SURFHGXUH� DFWV� DV� DQ� DGGLWLRQDO� QRLVH� ILOWHU�� UHPRYLQJ� WKH
LQDFFXUDFLHV� LQ� WKH� DEVROXWH� GDWD� ZKLOH� SUHVHUYLQJ� WKH� DELOLW\� WR� FRPSDUH� WKH
VROXWLRQV�UHODWLYHO\�

7KH�FRPSDUDWLYH�DQDO\VLV�RI�VHOHFWLRQ�VFKHPHV�LQ�WKH�OLWHUDWXUH�>*ROGEHUJ���
+DQF��@��WKRXJK�XVHIXO�LQ�XQGHUVWDQGLQJ�WKH�LPSOLFDWLRQV�RI�HDFK�WHFKQLTXH��GR�QRW
FDWHJRULFDOO\� VSHFLI\� ZKLFK� SDUWLFXODU� VHOHFWLRQ� WHFKQLTXH� ZLOO� JLYH� WKH� EHVW
SHUIRUPDQFH�� 7KLV� LV� SDUWO\� GXH� WR� WKH� UDQJH� RI� SDUDPHWHUV� WKDW� DIIHFW� *$
SHUIRUPDQFH��VXFK�DV�SRSXODWLRQ�VL]H��PXWDWLRQ�UDWHV��QXPEHU�RI�JHQHUDWLRQV��HWF��,Q
DGGLWLRQ�� WKH� VSHFLILF� SUREOHP� DOVR� DIIHFWV� *$� SHUIRUPDQFH� DQG� WKH� VHOHFWLRQ� RI
RSWLPXP� SDUDPHWHUV�� KHQFH�� JHQHUDOLVDWLRQV� IRU� WKH� EHVW� VHOHFWLRQ� WHFKQLTXH� DUH
H[WUHPHO\�GLIILFXOW�>*ROGEHUJ��@��7KHUHIRUH��WKH�XVH�RI�UDQNLQJ�LV�HYDOXDWHG�IRU�WKH
SDUWLFXODU� SUREOHP� LQ� WKLV� WKHVLV� LQ� FRPSDULVRQ� ZLWK� WKH� VWDQGDUG� )36� WHFKQLTXH
XVHG�LQ�WKH�SURWRW\SH�YHUVLRQ�RI�*$/236�

7KH� DSSOLFDWLRQ� RI� UDQNLQJ� LQYROYHV� WZR� GLVWLQFW� SURFHVVHV�� )LUVW�� WKH
FKURPRVRPHV�DUH�VRUWHG�LQ�RUGHU�RI�ILWQHVV��QH[W��WKH�UDQN�RI�HDFK�LQGLYLGXDO��EDVHG
RQ� LWV� VRUWHG� RUGHU�� LV� XVHG� LQ� D� SURSRUWLRQDWH� VHOHFWLRQ� PHFKDQLVP�� 7KHUHIRUH�
UDQNLQJ� KDV� WKH� DGGLWLRQDO� FRPSOH[LW\� RI� UHTXLULQJ� D� VRUWLQJ� VWHS�� $V� QRWHG� LQ
>*ROGEHUJ��@�� WKH� FRPSOH[LW\� RI� WKH� VRUWLQJ� VWHS� FDQ� GRPLQDWH� WKH� RYHUDOO� WLPH
FRPSOH[LW\� RI� WKH� FRPSOHWH� VHOHFWLRQ� SURFHGXUH�� 7KHUHIRUH�� LW� LV� LPSRUWDQW� WKDW� D
UHDVRQDEO\� IDVW� VRUWLQJ� DOJRULWKP� LV� XVHG�� *$/236� XVHV� D� KHDSVRUW� DOJRULWKP
>7HXN��D@��ZKLFK�KDV�D�WLPH�FRPSOH[LW\�RI�2��Q�ORJ�Q��

7KH� DVVLJQHG� UDQN� RI� HDFK� VROXWLRQ� LV� QRW� PHUHO\� LWV� RUGHU� LQ� WKH� VRUWHG
SRSXODWLRQ��DV�WKLV�FRXOG�UHVXOW�LQ�VROXWLRQV�ZLWK�WKH�VDPH�ILWQHVV�KDYLQJ�D�GLIIHUHQW
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UDQN��)RU�H[DPSOH��D�QXPEHU�RI�VROXWLRQV�HDFK�ZLWK�WKH�VDPH�ILWQHVV�ZRXOG�KDYH�D
VXFFHVVLYHO\� LQFUHDVLQJ� UDQN�� 7KLV�ZRXOG� XQIDLUO\� ELDV� WKH� VHOHFWLRQ� SURFHGXUH� WR
WKRVH�VROXWLRQV�SODFHG�DW�WKH�WRS�RI� WKH�SLOH� �RI� VDPH� ILWQHVV� VROXWLRQV��GXULQJ� WKH
VRUWLQJ� SURFHVV�� 7KH� DOJRULWKP� XVHG� WR� FDOFXODWH� WKH� UDQN� DVVLJQV� WKH� VDPH� UDQN
YDOXH�WR�HDFK�RI�WKHVH�¨WLHG©�ILWQHVV�YDOXHV��7KH�DVVLJQHG�UDQN�YDOXH� LV�HTXDO�WR�WKH
PHDQ�RI�DOO�WKH�UDQN�YDOXHV�WKDW�ZRXOG�KDYH�EHHQ�VXFFHVVLYHO\�FDOFXODWHG� IRU�HDFK
¨WLHG©�YDOXH��DV�LOOXVWUDWHG�LQ�)LJXUH�������,Q�WKLV�H[DPSOH��DOO�WKUHH�ILWQHVV�YDOXHV�RI
��DUH�DVVLJQHG�WKH�VDPH�PHDQ�UDQN�������������

6RUWHG�)LWQHVV � � � � � �� �� ��
6LPSOH�5DQN � � � � � � � �
$VVLJQHG�5DQN � � � � � � � �

)LJXUH������$VVLJQPHQW�RI�5DQN�WR�D�3RSXODWLRQ�RI�,QGLYLGXDOV

7KH�DOJRULWKP�IRU�WKH�LPSOHPHQWDWLRQ�RI�UDQNLQJ�ZLWKLQ�*$/236�LV�VKRZQ
LQ�)LJXUH������
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$OJRULWKP�5DQN�3RSXODWLRQ
3DVVHG�SRSXODWLRQ�RI�FKURPRVRPHV�DW�VWDUW�RI�HDFK�JHQHUDWLRQ
6RUW�WKH�SRSXODWLRQ�LQ�DVFHQGLQJ�RUGHU�RI�ILWQHVV
5HVHW�LQLWLDOBUDQN
)25�DOO�FKURPRVRPHV�LQ�SRSXODWLRQ

,)�ILWQHVV�RI�QH[WBFKURPRVRPH�127�(48$/�WR�FXUUHQW
6(7�UDQN�WR�LQLWLDOBUDQN
,QFUHPHQW�LQLWLDOBUDQN

(/6(
5HVHW�FXPXODWLYHBUDQN
817,/�HQG�RI�UDQJH�RI�VDPH�ILWQHVV�YDOXHV

$GG�LQLWLDOBUDQN�WR�FXPXODWLYHBUDQN
,QFUHPHQW�LQLWLDOBUDQN

(1'�817,/
&DOFXODWH�PHDQBUDQN
$VVLJQ�PHDQBUDQN�WR�UDQJH�RI�VDPH�ILWQHVV�YDOXHV

(1'�,)
(1'�)25

(QG�$OJRULWKP�5DQN�3RSXODWLRQ
)LJXUH������3VHXGR�&RGH�IRU�WKH�5DQNLQJ�$OJRULWKP

7KH�SVHXGR�FRGH�FRQWDLQV�WKH�LQVWUXFWLRQV�XVHG�WR�GHWHUPLQH�D�PHDQ�UDQN�IRU
D� UDQJH� RI� FKURPRVRPHV�ZLWK� WKH� VDPH� ILWQHVV� YDOXH��2QFH� WKH� UDQN� YDOXHV� KDYH
EHHQ�JHQHUDWHG�WKH\�DUH�XVHG�LQ�SODFH�RI�WKH�ILWQHVV�YDOXHV�LQ�WKH�)36�VFKHPH�L�H��WKH
URXOHWWH�ZKHHO� LV� QRZ� FRPSULVHG� RI� WKH� UDQN� YDOXHV� UDWKHU� WKDQ� WKH� DFWXDO� ILWQHVV
YDOXHV�

������([SHULPHQWDO�$QDO\VLV�RI�(IIHFW�RI�5DQNLQJ
7KH� EHQFKPDUN� GHVLJQV� �$9(1�3$�� $9(1�',� DQG� �7$3),5�� GHVFULEHG� LQ

&KDSWHU��� DUH�XVHG� WR� LQYHVWLJDWH� WKH� HIIHFW�RI� WKH� UDQNLQJ� VHOHFWLRQ� VFKHPH��7KH
/$7�� DQG� ),5�� GHVLJQV� DUH� QRW� XVHG� EHFDXVH� WKH\� DUH� UHODWLYHO\� VLPSOH� GHVLJQV
ZKRVH� V\QWKHVLV� LV� XQDIIHFWHG� E\� WKH� VHOHFWLRQ� VFKHPH� XVHG�� (DFK� GHVLJQ� ZDV
V\QWKHVLVHG����WLPHV� WR�UHGXFH�WKH�HIIHFW�RI�VWRFKDVWLF�HUURUV�RQ� WKH� UHVXOWV��7DEOH
����� OLVWV� WKH�PRGH�SRZHU�FRQVXPSWLRQ��H[SUHVVHG�DV� D�SHUFHQWDJH�RI� WKH�RULJLQDO
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SRZHU�FRQVXPSWLRQ��IRU�HDFK�RI�WKH�GHVLJQV��ERWK�IRU�WKH�XVH�RI�WKH�)36�DQG�5DQNHG
VHOHFWLRQ�VFKHPHV�

0RGH�3RZHU�&RQVXPSWLRQ
3HUFHQWDJH

'HVLJQ )36 5DQNLQJ
),5� ����� �����
$9(1�', ����� �����
$9(1�3$ ����� �����

7DEOH������0RGH�3RZHU�&RQVXPSWLRQ�2EWDLQHG�ZLWK�)36�DQG�5DQNLQJ�6HOHFWLRQ
6FKHPHV

7KH� WDEOH� LOOXVWUDWHV� WKDW� IRU� WZR� RI� WKH� WKUHH� GHVLJQV� DQDO\VHG� WKH� SRZHU
RSWLPLVDWLRQ�SURFHVV� LV� LPSURYHG�ZLWK� WKH� XVH� RI� D� UDQNHG� VHOHFWLRQ� VFKHPH��7KH
$9(1�3$� LV� QRW� LPSURYHG� EXW� WKH� XVH� RI� UDQNLQJ� GRHV� QRW� KDYH� D� GHWULPHQWDO
HIIHFW� HLWKHU�� 7KHUHIRUH� UDQNLQJ� LV� LQFRUSRUDWHG� DV� D� VWDQGDUG� FRPSRQHQW� RI� WKH
*$/236�WRRO�

����6XPPDU\
7KLV� FKDSWHU� KDV� LQWURGXFHG� H[WHQVLRQV� WR� WKH� JHQHWLF� IUDPHZRUN� LQ� DQ

DWWHPSW� WR� LPSURYH� WKH� HIILFLHQF\� DQG� VXFFHVV� RI� WKH� VHDUFK� DQG� RSWLPLVDWLRQ
SURFHVV��7DJXFKL�RSWLPLVDWLRQ��D�WHFKQLTXH�IRU�GHWHUPLQLQJ�D�JRRG�VHW�RI�RSHUDWLQJ
SDUDPHWHUV��ZDV�DSSOLHG�WR�WKH�V\VWHP�WR�GHWHUPLQH�DSSOLFDWLRQ�UDWHV�IRU�WKH�JHQHWLF
RSHUDWRUV�� 7KH� UHVXOWV� LOOXVWUDWHG� WKH� GLIILFXOW\� LQ� GHWHUPLQLQJ� D� JHQHULF� VHW� RI
SDUDPHWHUV� LQ� D� V\VWHP� WKDW� SURFHVVHV� D� ZLGH� UDQJH� RI� SUREOHPV� ZLWK� GLIIHUHQW
RSWLPLVDWLRQ�UHTXLUHPHQWV�
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5DQNLQJ� VHOHFWLRQ� ZDV� LQYHVWLJDWHG� DQG� VKRZQ� WR� LPSURYH� WKH� UHVXOWV
REWDLQHG�ZLWK�*$/236�FRPSDUHG�ZLWK�WKH�)36�VFKHPH��7KH�UDQN�EDVHG�VHOHFWLRQ
VFKHPH�LV�WKHUHIRUH�LQFRUSRUDWHG�DV�D�FRPSRQHQW�LQ�WKH�*$/236�V\VWHP�
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&KDSWHU���¤�5HVXOWV

7KH�DOJRULWKPV�XVHG�ZLWKLQ�*$/236�KDYH� EHHQ�GHVFULEHG� LQ� WKH�SUHYLRXV
FKDSWHUV�� ,W� LV� LPSOHPHQWHG� LQ� WKH� &� ODQJXDJH� DQG� WKH� FXUUHQW� YHUVLRQ� FRPSULVHV
DSSUR[LPDWHO\������OLQHV�RI�VRXUFH�FRGH��7KH�V\VWHP�ZDV�GHYHORSHG�RQ�D�0LFURVRIW
:LQGRZV���SODWIRUP�XVLQJ�0LFURVRIW�'HYHORSHU�6WXGLR��+RZHYHU��WKH�XVH�RI�$16,
VWDQGDUG�&�DQG�WKH�H[FOXVLRQ�RI�DQ\�PDFKLQH�VSHFLILF�GLUHFWLYHV��VXFK�DV�WKH�XVH�RI
ZLQGRZV�� ZDV� FKRVHQ� WR� SURGXFH� SRUWDEOH� FRGH� WKDW� FDQ� EH� WUDQVIHUUHG� WR� DQ\
V\VWHP�ZLWK�D�&�FRPSLOHU�

7KLV� FKDSWHU� SUHVHQWV� WKH� UHVXOWV� REWDLQHG� ZLWK� WKH� *$/236� WRRO�� 7KH
UHVXOWV�DUH�LOOXVWUDWHG�ZLWK�D�VHW�RI�WHQ�EHQFKPDUN�GHVLJQV�FKRVHQ�WR�FRYHU�D�UDQJH�RI
VLJQDO�SURFHVVLQJ�DSSOLFDWLRQV��WKHVH�GHVLJQV�DUH�LQWURGXFHG�LQ�VHFWLRQ������6HFWLRQ
����SUHVHQWV�WKH�RSHUDWLQJ�SDUDPHWHUV�RI�*$/236�XVHG�WR�SURGXFH�WKH�UHVXOWV�LQ�WKLV
FKDSWHU��6HFWLRQ�����SUHVHQWV� WKH� UHVXOWV� IRU� DOO� WHQ�GHVLJQV� LQ� WHUPV� RI� WKH� SRZHU
UHGXFWLRQ�REWDLQHG�ZLWK�WKH�*$/236�WRRO�

����%HQFKPDUN�&LUFXLWV
7KH�EHQFKPDUN�GHVLJQV�SUHVHQWHG�LQ�VHFWLRQ�����ZHUH�XVHG�ERWK�WR�LOOXVWUDWH

WKH� HIIHFWLYHQHVV� RI� WKH� V\QWKHVLV� WRRO� DQG� WR� LQYHVWLJDWH� LPSURYHPHQWV� DQG
DGGLWLRQV� WR� WKH� RULJLQDO� WRRO�� ,Q� DGGLWLRQ� WR� WKRVH� GHVLJQV�� WKLV� FKDSWHU� SUHVHQWV
DQRWKHU� �� EHQFKPDUN� GHVLJQV� IRU� DQDO\VLQJ� WKH� *$/236� WRRO�� 7KH� GHVLJQV� ZHUH
VHOHFWHG� WR� FRYHU� D� ZLGH� UDQJH� RI� VLJQDO� SURFHVVLQJ� DSSOLFDWLRQV� RI� YDU\LQJ
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FRPSOH[LW\��7KH�VHW�RI����EHQFKPDUN�GHVLJQV�XVHG� WR� DQDO\VH� WKH� ILQDO� YHUVLRQ�RI
*$/236�DUH�

x� �7$3),5�¤�7KH��WK�RUGHU�),5�)LOWHU��7KLV�LV�DQ�H[DPSOH�RI�D�SXUHO\�QRQ�
UHFXUVLYH�'63�RSHUDWLRQ��WKH�')*�FRQVLVWV�HQWLUHO\�RI�IHHG�IRUZDUG�GDWD
WUDQVIHUV�

x� $9(1�',�¤�7KH�GLUHFW�IRUP�RI�WKH��WK�2UGHU�$YHQKDXV�)LOWHU
x� $9(1�3$�¤�7KH� SDUDOOHO� IRUP� RI� WKH� �WK� RUGHU� $YHQKDXV� ILOWHU�� %RWK

YHUVLRQV�RI� WKH�$YHQKDXV� ILOWHU� FRQWDLQ� D� FRPELQDWLRQ�RI� UHFXUVLYH� DQG
QRQ�UHFXUVLYH�VHFWLRQV�LQ�WKHLU�')*V�

x� '&67� ¤� $� VSHFLILF� LPSOHPHQWDWLRQ� RI� D� GLVFUHWH� FRVLQH� DQG� VLQH
WUDQVIRUPDWLRQ�DOJRULWKP�IRU�KLJK�VSHHG�9/6,�LPSOHPHQWDWLRQ�>&KLX��@�
7KLV� LV� DQ� H[DPSOH� RI� D� QRQ�ILOWHULQJ� VLJQDO� SURFHVVLQJ� DSSOLFDWLRQ�
H[WHQVLYHO\�XVHG�LQ�PXOWLPHGLD�DQG�GDWD�FRPSUHVVLRQ�

x� %,48$'�� ¤� $� �UG� RUGHU� %LTXDG� ILOWHU� >5DEDH\��D@�� 7KLV� ILOWHU� LV
FRPSULVHG�RI�WZR�GLVWLQFW�VWDJHV��ERWK�RI�ZKLFK�FRQWDLQ�UHFXUVLYH�ORRSV�

x� *0/$7�� ¤� $� �� VWDJH� *UD\�0DUNHO� ILOWHU� >*HOD��@�� D� FRPSOH[� ILOWHU
VWUXFWXUH�ZLWK�D�ODUJH�UHFXUVLYH�ORRS�RQ�LWV�RXWSXW�VWDJH�

x� (//,3��¤�$��WK�RUGHU�HOOLSWLF�ZDYHOHW�ILOWHU��7KLV�FRPSOH[�ILOWHU�FRQWDLQV
���QRGHV�LQ�LWV�')*�

x� /06��¤�$��WK�RUGHU�OHDVW�PHDQ�VTXDUH�DOJRULWKP�>*HOD��@�
x� 92/7(55$�¤$�9ROWHUUD�ILOWHU��7KLV�GHVLJQ�SUHVHQWV�D�FRPSOH[�SUREOHP

WR�WKH�V\QWKHVLV�V\VWHP�DV�LW�FRQVLVWV�RI�D�VLQJOH�ODUJH�UHFXUVLYH�ORRS�
x� 257+�/$7�¤�$��QG�RUGHU�RUWKRJRQDO�ODWWLFH�ILOWHU�>*HOD��@�
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7KH�')*�RI�HDFK�RI�WKH�EHQFKPDUN�GHVLJQV�LV�LQFOXGHG�LQ�$SSHQGL[�$�

����*$/236�2SHUDWLQJ�3DUDPHWHUV
*$/236�LV�H[HFXWHG�ZLWK�WKH�RSHUDWLQJ�SDUDPHWHUV�GHWHUPLQHG�LQ�SUHYLRXV

FKDSWHUV�RI�WKH�WKHVLV�¤

x� 5DQNHG�%DVHG�6HOHFWLRQ�RI�&KURPRVRPHV
x� 7UDQVIRUPDWLRQ $SSOLFDWLRQ�5DWH

5HWLPH ���
%DFN�5HWLPH ���
$XWRPDWLF�3LSHOLQH ���
3LSHOLQH ���
5HPRYH�3LSHOLQH ��
&URVVRYHU� ���
8QIROGLQJ��3RVWSRQHG� ��
(OLWLVP ��

(DFK�GHVLJQ� LV� V\QWKHVLVHG���� WLPHV� WR� UHGXFH� WKH� HIIHFWV�RI� WKH� VWRFKDVWLF
QDWXUH�RI�WKH�*$�RQ�WKH�SUHVHQWHG�UHVXOWV�IRU�HDFK�GHVLJQ��7KH�VWRSSLQJ�FULWHULD�IRU
WKH�*$�LV�EDVHG�RQ�D�WLPHRXW�SDUDPHWHU��LI�QR�LPSURYHPHQW�LQ�WKH�ILWWHVW�VROXWLRQ�LV
REWDLQHG� IRU� ���� JHQHUDWLRQV� WKHQ� WKH� *$� LV� FRQVLGHUHG� WR� KDYH� IRXQG� LWV� ¨EHVW©
VROXWLRQ� DQG� WKH� V\QWKHVLV� SURFHVV� LV� VWRSSHG�� 7KH� EHVW� VROXWLRQ� IRXQG� RYHU� DOO
JHQHUDWLRQV� LV�VWRUHG�DV�WKH�EHVW�VROXWLRQ�GHWHUPLQHG�E\� WKH�*$� IRU� WKDW�SDUWLFXODU
GHVLJQ�

����5HVXOWV�IRU�7HQ�%HQFKPDUN�'HVLJQV
$V�GLVFXVVHG�SUHYLRXVO\�LQ�FKDSWHU����WKH�XQIROGLQJ�WUDQVIRUPDWLRQ�LV�DSSOLHG

ODWHU� LQ� WKH�HYROXWLRQDU\�SURFHVV� WR�DWWHPSW� WR�RSWLPLVH�GHVLJQV�SURGXFHG�ZLWK� WKH
RWKHU� WUDQVIRUPDWLRQV�� $SSOLFDWLRQ� RI� XQIROGLQJ� SURGXFHV� ODUJH� GHVLJQV� WKDW
HIIHFWLYHO\�DUH�SDUDOOHO�YHUVLRQV�RI�WKH�RULJLQDO��7KHUHIRUH� WKH�UHVXOWV�DUH�SUHVHQWHG
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IRU�ERWK�WKH�XQIROGLQJ�DQG�QRQ�XQIROGLQJ�FDVH��WR�LOOXVWUDWH�WKH�SRZHU�UHGXFWLRQ�WKDW
FDQ�EH�REWDLQHG�ZLWKRXW�FUHDWLQJ�D�SDUDOOHO�SURFHVVLQJ�IRUP�RI�WKH�DOJRULWKP�

7DEOH�����OLVWV�WKH�UHVXOWV�REWDLQHG� IRU�WKH�WHQ�EHQFKPDUN�GHVLJQV�XVLQJ�WKH
RSHUDWLQJ�SDUDPHWHUV�OLVWHG�LQ�VHFWLRQ�����

:LWKRXW�8QIROGLQJ :LWK�8QIROGLQJ
%HQFKPDUN

'HVLJQ
3RZHU
����2I
2ULJLQDO�

$UHD
���2I
2ULJLQDO�

6XSSO\
9ROWDJH
�9ROWV�

3RZHU
����2I
2ULJLQDO�

$UHD
���2I
2ULJLQDO�

6XSSO\
9ROWDJH
�9ROWV�

�7$3),5 ����� ����� ��� ����� ����� ���
$9(1�', ����� ����� ��� ����� ����� ���
$9(1�3$ ����� ����� ���
'&67 ����� ����� ��� ����� ����� ���
%,48$'� ����� ����� ���
*0/$7� ����� ����� ��� ����� ����� ���
(//,3� ����� ����� ���
/06� ����� ����� ��� ����� ����� ���
92/7(55$ ����� ����� ���
257+�/$7 ����� ����� ��� ����� ����� ���

7DEOH�����2YHUDOO�3RZHU�5HGXFWLRQ�DQG�$UHD�,QFUHDVH�IRU�%HQFKPDUN�'HVLJQV

7KH� WDEOH� LV� VSOLW� LQWR� WZR� KDOYHV�� WKH� OHIW� KDOI� VKRZV� WKH� UHVXOWV� REWDLQHG
ZLWKRXW�XQIROGLQJ�DQG�WKH�ULJKW�KDOI�VKRZV�WKH�UHVXOWV�REWDLQHG�ZLWK�XQIROGLQJ��7KH
VKDGHG�HQWULHV� LQ�WKH�XQIROGLQJ�VHFWLRQ�RI�WKH�WDEOH�GHQRWH�EHQFKPDUN�GHVLJQV� WKDW
GLG�QRW�EHQHILW� IURP�WKH�DSSOLFDWLRQ�RI�XQIROGLQJ� L�H�� WKH�XQIROGHG�GHVLJQV�GLG�QRW
FRQVXPH�OHVV�SRZHU�WKDQ�WKH�QRQ�XQIROGHG�GHVLJQV�

7KH�3RZHU� FROXPQ� UHIHUV� WR� WKH� HVWLPDWHG� SRZHU� FRQVXPSWLRQ� RI� WKH� EHVW
GHVLJQ� IRXQG� WKURXJKRXW� WKH� HYROXWLRQDU\� VHDUFK� SURFHVV�� ,W� LV� H[SUHVVHG� DV� D
SHUFHQWDJH�RI� WKH�RULJLQDO� GHVLJQV©�SRZHU� FRQVXPSWLRQ��7KH�SHUFHQWDJH� LOOXVWUDWHV
WKH� LPSURYHPHQW� LQ�SRZHU� FRQVXPSWLRQ�REWDLQHG� E\� WKH�*$/236� V\QWKHVLV� WRRO�
UDWKHU� WKDQ� SUHVHQWLQJ� DEVROXWH� YDOXHV� HVWLPDWHG� XVLQJ� WKH� KLJK�OHYHO� SRZHU
HVWLPDWLRQ�PRGXOH��$V�GLVFXVVHG�SUHYLRXVO\�� WKH� WHFKQLTXHV�XVHG� LQ� WKH� KLJK�OHYHO
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SRZHU� DQDO\VLV� PRGXOH� DUH� QRW� LQWHQGHG� WR� SURYLGH� DEVROXWH� SRZHU� FRQVXPSWLRQ
VWDWLVWLFV��UDWKHU��WKH�SRZHU�DQDO\VLV�HQDEOHV�WKH�FRPSDULVRQ�RI�SRZHU�FRQVXPSWLRQ
EHWZHHQ�WZR�GHVLJQV��,Q� WKLV�FDVH� WKDW�FRPSDULVRQ��EHWZHHQ� WKH�RSWLPLVHG�DQG� WKH
RULJLQDO�GHVLJQ��LV�H[SUHVVHG�DV�D�SHUFHQWDJH�

7KH�$UHD�FROXPQ�UHIHUV�WR�WKH�DUHD�RI�WKH�EHVW�IRXQG�GHVLJQ�ZLWK�WKH�SRZHU
FRQVXPSWLRQ�UHSRUWHG�LQ�WKH�SRZHU�FROXPQ��7KLV� LV�DOVR�H[SUHVVHG�DV�D�SHUFHQWDJH
WR� LOOXVWUDWH�WKH� LQFUHDVH�RU�GHFUHDVH� LQ� VL]H� LQ� UHODWLRQ� WR� WKH�RULJLQDO� GHVLJQ��7KH
6XSSO\�9ROWDJH� FROXPQ� SUHVHQWV� WKH� HVWLPDWHG� VXSSO\� YROWDJH� WKDW� WKH� EHVW�IRXQG
GHVLJQ� UHTXLUHV� LQ� RUGHU� WR� PHHW� WKH� SRZHU� FRQVXPSWLRQ� UHSRUWHG� LQ� WKH� SRZHU
FROXPQ��H[SUHVVHG�LQ�9ROWV�

7KH� IROORZLQJ� VHFWLRQV� GLVFXVV� WKH� UHVXOWV� REWDLQHG� ZLWK� HDFK� RI� WKH
EHQFKPDUN�GHVLJQV�

�������7$3),5
7KH� �7$3),5� GHVLJQ� UHSRUWV� WKH� ODUJHVW� SRZHU� UHGXFWLRQ�� WKH� EHVW�IRXQG

GHVLJQ� FRQVXPHV� ��������RI� WKH� RULJLQDO� GHVLJQ� IRU� WKH� QRQ�XQIROGHG� FDVH�� 7KLV
ZDV�REWDLQHG�WKURXJK�WKH�XVH�RI�SLSHOLQLQJ�DQG�UHWLPLQJ�WR�UHGXFH�WKH�FULWLFDO�SDWK
IURP�DQ� LQLWLDO���HOHPHQWV� WR���HOHPHQW�� WKLV� UHVXOWV� LQ�DQ���IROG� LQFUHDVH� LQ�VSHHG
ZKLFK�FDQ�EH� WUDGHG� IRU� D� UHGXFHG� VXSSO\� YROWDJH�RI������9��7KH� LPSOLFDWLRQV�RI
RSHUDWLQJ�DW�ORZ�YROWDJHV�DUH�GLVFXVVHG�LQ�VHFWLRQ������RI�WKLV�FKDSWHU��7KH�HVWLPDWHG
DUHD� RI� WKH� GDWDSDWK� FRPSRQHQW� LV� DSSUR[LPDWHO\� ���� ������� WLPHV� WKH� RULJLQDO
GHVLJQ�� 7KH� LQLWLDO� GHVLJQ� ZDV� HVWLPDWHG� WR� UHTXLUH� �� PXOWLSOLHUV� DQG� �� DGGHU�
ZKHUHDV� WKH� ORZ�SRZHU� GHVLJQ� UHTXLUHV� �� PXOWLSOLHUV� DQG� �� DGGHUV�� �� H[WUD
PXOWLSOLHUV�DQG���H[WUD�DGGHUV��7KH�UHGXFWLRQ� LQ�SRZHU�FRQVXPSWLRQ�ZDV�REWDLQHG
WKURXJK�H[SORLWLQJ�WKH�DYDLODEOH�FRQFXUUHQF\�LQ�WKH�JUDSK��LQFUHDVLQJ�WKH�SDUDOOHOLVP
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WKURXJK� SLSHOLQLQJ�� 7KLV� LQFUHDVHV� WKH� VSHHG� RI� WKH� GHVLJQ� �KHQFH� DOORZLQJ� D
UHGXFHG�YROWDJH��EXW�DOVR�LQFUHDVHV�WKH�DPRXQW�RI�RSHUDWLRQV�WKDW�PXVW�EH�SHUIRUPHG
LQ�SDUDOOHO�DQG�KHQFH�LQFUHDVHV�WKH�UHTXLUHG�DPRXQW�RI�KDUGZDUH�

7KH� XQIROGHG� �7$3),5� GHVLJQ� FRQVXPHV� ������� RI� WKH� SRZHU� RI� WKH
RULJLQDO�� D� IXUWKHU� UHGXFWLRQ� RI� DSSUR[LPDWHO\� ��� FRPSDUHG� WR� WKH� QRQ�XQIROGHG
GHVLJQ��7KH�DUHD�LV�DSSUR[LPDWHO\������WKDW�RI�WKH�RULJLQDO�GHVLJQ��SULPDULO\�GXH�WR
WKH� UHTXLUHPHQW� IRU� ��� PXOWLSOLHUV� DQG� �� DGGHUV�� 7KH� UHVXOWV� LOOXVWUDWH� WKDW� WKH
XQIROGHG�GHVLJQ�LV�ODUJHU�DQG�UHTXLUHV�D�KLJKHU�VXSSO\�YROWDJH�WKDQ�WKH�QRQ�XQIROGHG
GHVLJQ� EXW� FRQVXPHV� OHVV� SRZHU�� 7KLV� LV� SRVVLEOH� DV� WKH� SRZHU� DQDO\VLV� SURFHVV
FRQVLGHUV� WKH� DYHUDJH� SRZHU� FRQVXPHG� SHU� VDPSOH�� 7KH� XQIROGHG� YHUVLRQ� LV
SURFHVVLQJ���VDPSOHV�LQ�SDUDOOHO��WKHUHIRUH�LWV�HIIHFWLYH�VZLWFKHG�FDSDFLWDQFH�LV�Ø�RI
LWV�DFWXDO�VZLWFKHG�FDSDFLWDQFH��DV�H[SODLQHG�SUHYLRXVO\� LQ�VHFWLRQ�������:KLOH� WKH
XQIROGHG�YHUVLRQ�SURFHVVHV���VDPSOHV� LQ�SDUDOOHO�� LWV� HVWLPDWHG� DUHD� LV� QRW��� WLPHV
WKDW� RI� WKH� QRQ�XQIROGHG� YHUVLRQ� �LW� LV� DSSUR[LPDWHO\� WZLFH� WKH� QRQ�XQIROGHG
YHUVLRQ���7KHUHIRUH�WKH�LQWHUFRQQHFW�FRPSRQHQW�RI�VZLWFKHG�FDSDFLWDQFH��UHODWHG�WR
DUHD�� KDV� DOVR� QRW� LQFUHDVHG� ��IROG�� UHVXOWLQJ� LQ� DQ� RYHUDOO� UHGXFWLRQ� LQ� HIIHFWLYH
VZLWFKHG�FDSDFLWDQFH�

:KLOH� XQIROGLQJ� GRHV� SURGXFH� IXUWKHU� SRZHU� UHGXFWLRQ� WKLV� H[DPSOH
LOOXVWUDWHV� WKDW� WKHUH� H[LVWV� D� WUDGH�RII� EHWZHHQ� DUHD� DQG� SRZHU�� 7KH� XQIROGHG
YHUVLRQ�RQO\�SURGXFHV�D�IXUWKHU����UHGXFWLRQ�LQ�SRZHU�\HW�LW�LV�WZLFH�WKH�VL]H�RI�WKH
QRQ�XQIROGHG�YHUVLRQ�

)LJXUH�����LOOXVWUDWHV�WKH�SHUIRUPDQFH�RI�WKH�*$�IRU�D�W\SLFDO�V\QWKHVLV�UXQ�
WKH�ILJXUH�LOOXVWUDWHV�WKH�EHVW�ILWQHVV�LQ�WKH�SRSXODWLRQ�DQG�WKH�DYHUDJH�ILWQHVV�RI�WKH
ZKROH�SRSXODWLRQ�
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� �� �� �� �� ��� ��� ��� ��� ��� ���
*HQHUDWLRQ

)LW
QH

VV
%HVW�)LWQHVV
$YHUDJH�)LWQHVV

)LJXUH�����*$�3HUIRUPDQFH�IRU��7$3),5�1RQ�8QIROGHG

)RU� WKLV� H[DPSOH� WKH� GHVLJQ� ZDV� SURGXFHG� ZLWKLQ� ���� JHQHUDWLRQV�� RQ
DYHUDJH� WKH��7$3),5� UHTXLUHG�����JHQHUDWLRQV� WR�SURGXFH� WKH�EHVW�IRXQG� GHVLJQ�
7KH�XQIROGHG�GHVLJQV�DUH�SURGXFHG��RQ�DYHUDJH��ZLWKLQ�����JHQHUDWLRQV��7KH�ORQJHU
WLPH�LV�SULPDULO\�GXH�WR�WKH�XVH�RI�WKH�XQIROGLQJ�SULQFLSOH��DV�GHVFULEHG�SUHYLRXVO\�

������$9(1�',
7KLV� ILOWHU� KDV� D� SRZHU� FRQVXPSWLRQ� RI� ��������RI� LWV� RULJLQDO� KLJK�OHYHO

GHVLJQ� ZLWK� D� FRUUHVSRQGLQJ� DUHD� RI� ����� RI� WKH� RULJLQDO� GHVLJQ�� 7KH� SRZHU
UHGXFWLRQ�ZDV�SULPDULO\�REWDLQHG�WKURXJK�D�UHGXFWLRQ� LQ�VXSSO\�YROWDJH�WR������9�
7KLV�ZDV�DFKLHYHG�E\�UHGXFLQJ�WKH�FULWLFDO�SDWK�IURP���WR���HOHPHQWV��D���IROG�VSHHG
LQFUHDVH�� $V� ZLWK� WKH� �7$3),5� GHVLJQ�� WKLV� ZDV� DFKLHYHG� E\� LQFUHDVLQJ� WKH
SDUDOOHOLVP�LQ�WKH�GHVLJQ�WKURXJK�SLSHOLQLQJ�DQG�UHWLPLQJ��WKH�LQLWLDO�GHVLJQ�UHTXLUHG
��DGGHUV�DQG���PXOWLSOLHUV��WKH�RSWLPLVHG�GHVLJQ�UHTXLUHV���DGGHUV�DQG���PXOWLSOLHUV�
KHQFH�WKH���IROG�LQFUHDVH�LQ�DUHD�

7KH�DSSOLFDWLRQ�RI�XQIROGLQJ� IXUWKHU�UHGXFHV�WKH�SRZHU�FRQVXPSWLRQ�RI� WKH
$9(1�',� GHVLJQ�� EXW� LW� LV� XQDEOH� WR� UHGXFH� WKH� HIIHFWLYH� FULWLFDO� SDWK� EHORZ� �
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HOHPHQWV��7KH�UHGXFWLRQ� LQ�SRZHU�FRQVXPSWLRQ� LV�GXH�WR�WKH�SDUDOOHO�SURFHVVLQJ�RI
VDPSOHV��WKH�XQIROGHG�GHVLJQ�SURFHVVHV� WZR�VDPSOHV� LQ�SDUDOOHO�ZKLOH� WKH�DUHD�KDV
LQFUHDVHG� OHVV� WKDQ� WZR�IROG�� 7KH� XQIROGHG� GHVLJQ� LV� DSSUR[LPDWHO\� ���� WLPHV� WKH
VL]H�RI�WKH�QRQ�XQIROGHG�GHVLJQ��\HW�WKLV�ODUJH�LQFUHDVH�LQ�DUHD�RQO\�\LHOGV�D�IXUWKHU
������UHGXFWLRQ�LQ�SRZHU�
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�
�
�
�

� �� �� �� �� ��� ��� ��� ��� ��� ���
*HQHUDWLRQ

)LW
QH

VV

%HVW�)LWQHVV
$YHUDJH�)LWQHVV

)LJXUH�����*$�3HUIRUPDQFH�IRU�$9(1�',�1RQ�8QIROGHG

7KH�*$�SHUIRUPDQFH� LV� LOOXVWUDWHG� LQ�)LJXUH������7KH�EHVW�IRXQG�GHVLJQ� LV
IRXQG�ZLWKLQ�DQ�DYHUDJH�RI�����JHQHUDWLRQV������JHQHUDWLRQV�IRU�WKLV�H[DPSOH���7KH
XQIROGHG�YHUVLRQ�LV�IRXQG�ZLWKLQ�DQ�DYHUDJH�RI�����JHQHUDWLRQV�

������$9(1�3$
5HGXFLQJ� WKH� FULWLFDO� SDWK� IURP��� WR� �� HOHPHQWV� KDV� UHGXFHG� WKH� SRZHU� WR

���������7KH�DUHD�RI�WKH�RSWLPLVHG�GHVLJQ� LV������RI� WKH�RULJLQDO�GHVLJQ��D����
LQFUHDVH� LQ� DUHD� ZLWK� JUHDWHU� WKDQ� ���� UHGXFWLRQ� LQ� SRZHU�� 7KH� DSSOLFDWLRQ� RI
XQIROGLQJ� GLG� QRW� LPSURYH� WKH� REWDLQHG� SRZHU� UHGXFWLRQ� DV� XQIROGLQJ� FRXOG� QRW
UHGXFH� WKH� HIIHFWLYH� OHQJWK� RI� WKH� FULWLFDO� SDWK� DQG� FRXOG� QRW� UHGXFH� WKH� HIIHFWLYH
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VZLWFKHG�FDSDFLWDQFH��7KH�XQIROGHG�$9(1�3$�GHVLJQV�ZHUH�JUHDWHU�WKDQ�1�WLPHV
WKH� VL]H�RI� WKHLU� QRQ�XQIROGHG�RULJLQDOV��ZKHUH�1� LV� WKH� XQIROGLQJ� IDFWRU� �DQG� WKH
QXPEHU�RI�VDPSOHV�WKH�XQIROGHG�YHUVLRQ�SURFHVVHV�LQ�SDUDOOHO��

7KH�*$�SHUIRUPDQFH� LV� LOOXVWUDWHG� LQ�)LJXUH������ ,Q� WKLV� H[DPSOH� WKH�EHVW�
IRXQG�GHVLJQ�ZDV�IRXQG�RQ�JHQHUDWLRQ�����WKH�DYHUDJH�LV�����JHQHUDWLRQV�
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���

� �� �� �� �� ���
*HQHUDWLRQ

)LW
QH

VV

%HVW�)LWQHVV
$YHUDJH�)LWQHVV

)LJXUH�����*$�3HUIRUPDQFH�IRU�$9(1�3$

������'&67
7KLV� QRQ�ILOWHU� VLJQDO� SURFHVVLQJ� DSSOLFDWLRQ� KDV� D� UHGXFHG� SRZHU

FRQVXPSWLRQ�RI�����GXH�WR�D�UHGXFWLRQ�RI�LWV�FULWLFDO�SDWK�IURP���WR���HOHPHQWV��7KH
ODUJH�SRZHU�UHGXFWLRQ�KDV�EHHQ�REWDLQHG�ZLWK�UHODWLYHO\�PLQLPDO�LPSDFW�RQ�DUHD�

8QIROGLQJ�SURGXFHV�D�IXUWKHU�GHFUHDVH��DJDLQ�GXH�WR�WKH�SURFHVVLQJ�PXOWLSOH
VDPSOHV�LQ�SDUDOOHO�UHGXFLQJ�WKH�HIIHFWLYH�FDSDFLWDQFH�VZLWFKHG�SHU�VDPSOH��7KH�*$
SHUIRUPDQFH�LV�LOOXVWUDWHG�LQ�)LJXUH�����
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*HQHUDWLRQ

)LW
QH

VV
EHVW�ILWQHVV
DYHUDJH�ILWQHVV

)LJXUH�����*$�3HUIRUPDQFH�IRU�'&67�8QIROGHG

7KLV�H[DPSOH�LOOXVWUDWHV�WKH�HIIHFW�RI�XQIROGLQJ�RQ�WKH�*$�SHUIRUPDQFH��7KH
QRQ�XQIROGHG� EHVW� GHVLJQ� LV� IRXQG� ZLWKLQ� DQ� DYHUDJH� RI� �� JHQHUDWLRQV�� 7KH
SRVWSRQLQJ�SULQFLSOH�UHVHUYHV�DSSOLFDWLRQ�RI�WKH�XQIROGLQJ�WUDQVIRUPDWLRQ�IRU�D�IHZ
KXQGUHG�JHQHUDWLRQV�WR�HQVXUH�WKDW�WKH�EHVW�QRQ�XQIROGHG�GHVLJQ�KDV�EHHQ�IRXQG��,Q
WKLV�H[DPSOH�WKH�DSSOLFDWLRQ�RI�XQIROGLQJ�DW�JHQHUDWLRQ�����EHJLQV�WKH�VHDUFK�RI�WKH
XQIROGHG� GHVLJQ� VROXWLRQ� VSDFH�� WKH� EHVW�IRXQG� XQIROGHG� GHVLJQ� LV� IRXQG� DW
JHQHUDWLRQ������RQ�DYHUDJH�LW�LV�IRXQG�ZLWKLQ�����JHQHUDWLRQV��

������%,48$'�
7KLV�GHVLJQ�KDV�D���IROG�VSHHG�LQFUHDVH�GXH�WR�WKH�FULWLFDO�SDWK�EHLQJ�UHGXFHG

IURP���WR���HOHPHQWV��7KH�WUDQVIRUPDWLRQV�LQFUHDVHG�WKH�DYDLODEOH�SDUDOOHOLVP�LQ�WKH
GHVLJQ�HQDEOLQJ�PRUH�RSHUDWLRQV�WR�EH�SHUIRUPHG� LQ�SDUDOOHO��+RZHYHU��UDWKHU�WKDQ
UHTXLULQJ� PRUH� UHVRXUFHV� WKH� WUDQVIRUPDWLRQV� HQDEOHG� PRUH� HIILFLHQW� XVH� RI� WKH
LQLWLDO�UHVRXUFHV����DGGHUV�DQG���PXOWLSOLHUV���7KH�VPDOO�DUHD� LQFUHDVH� LV�GXH�WR�WKH
H[WUD�QXPEHU�RI�UHJLVWHUV�UHTXLUHG�WR�LPSOHPHQW�WKH� IDVWHU�GHVLJQ��DFKLHYHG�ZLWK�D
FRPELQDWLRQ�RI�SLSHOLQLQJ�DQG�UHWLPLQJ���7KH�LQLWLDO�GHVLJQ�LV�HVWLPDWHG�WR�UHTXLUH��



&KDSWHU���¤5HVXOWV

���

UHJLVWHUV�ZKLOH� WKH�RSWLPLVHG�GHVLJQ� LV� HVWLPDWHG� WR� UHTXLUH��� UHJLVWHUV��8QIROGLQJ
IDLOHG�WR�LPSURYH�WKH�GHVLJQ�

7KH�*$�SHUIRUPDQFH� LV� LOOXVWUDWHG� LQ�)LJXUH������7KH�RSWLPXP�%,48$'�
GHVLJQ� LV� IRXQG��RQ�DYHUDJH��ZLWKLQ���JHQHUDWLRQV��7KLV�UHODWLYHO\� IDVW�RSWLPLVDWLRQ
LV�GXH� WR� WKH� SLSHOLQLQJ� WUDQVIRUPDWLRQV� VSHFLILFDOO\� WDUJHWLQJ� WKH�PLQLPLVDWLRQ� RI
WKH� FULWLFDO� SDWK�� 7KH� LQKHUHQW� RSWLPLVDWLRQ� FKDUDFWHULVWLFV� RI� WKH� LPSOHPHQWHG
SLSHOLQH� WUDQVIRUPDWLRQ�� WR� WDUJHW� FULWLFDO� SDWK� UHGXFWLRQ�� DVVLVW� WKH� *$� VHDUFK
PHFKDQLVP�LQ�TXLFNO\�ILQGLQJ�WKH�EHVW�VROXWLRQ�IRU�WKLV�GHVLJQ�
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&% '

)LJXUH�����*$�3HUIRUPDQFH�IRU�%,4$8'�

$V� WKLV� LV� D� UHODWLYHO\� VLPSOH� RSWLPLVDWLRQ� SURFHVV� WKH� HIIHFW� RI� HDFK
RSWLPLVDWLRQ� VWHS� FDQ� EH� LOOXVWUDWHG� E\� SRLQWV� $�� %�� &� DQG� '�� 3RLQWV� $� DQG� %
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FRUUHVSRQG�WR�ODUJH�LQFUHDVHV�LQ�ILWQHVV�ZKHUH�WKH�FULWLFDO�SDWK�LV�UHGXFHG�WR�LWV�ILQDO
OHQJWK� RI� �� HOHPHQWV�� 3RLQWV� &� DQG� '� FRUUHVSRQG� WR� IXUWKHU� RSWLPLVDWLRQ� VWHSV�
ZKLFK�UHGXFH� WKH�DUHD�RI� WKLV� IDVWHU�GHVLJQ��$V�YROWDJH�KDV� WKH�JUHDWHVW� LPSDFW�RQ
SRZHU�LW� LV�WKH�VSHHG�UHGXFLQJ�WUDQVIRUPDWLRQV�WKDW�DFFRXQW�IRU�WKH�PDMRULW\�RI� WKH
ILWQHVV�LQFUHDVH�

7KLV� FXUYH� LV� W\SLFDO� RI� WKH� V\QWKHVLV� SURFHVV� IRU� DOO� RI� WKH� EHQFKPDUN
GHVLJQV�� ,QLWLDO� ILWQHVV� LPSURYHPHQWV� DUH�SULPDULO\�GXH� WR� WKH� UHGXFWLRQ�RI� FULWLFDO
SDWK��UHVXOWLQJ� LQ�D�UHGXFWLRQ� LQ�VXSSO\�YROWDJH��2QFH� WKH�VKRUWHVW�FULWLFDO�SDWK�KDV
EHHQ�GHWHUPLQHG�WKH�*$�VHDUFKHV�IRU�WKH�EHVW��VPDOOHVW��DUHD�LPSOHPHQWDWLRQ�RI�WKDW
IDVWHVW�GHVLJQ��7KHVH�UHGXFWLRQV�LQ�DUHD�FRUUHVSRQG�WR�VPDOOHU�LQFUHDVHV�LQ�ILWQHVV��LQ
HIIHFW�WKH�IDVWHVW�GHVLJQ�LV�VXEVHTXHQWO\�ILQH�WXQHG�IRU�VPDOO�DUHD�LPSOHPHQWDWLRQ�

������*0/$7�
7KLV�')*�KDV�D�ORZHU�VXSSO\�YROWDJH�E\�UHGXFLQJ�WKH�FULWLFDO�SDWK�IURP���WR

�� HOHPHQWV�� 7KH� DUHD� KDV� LQFUHDVHG� E\� ����GXH� WR� WKH� UHTXLUHPHQWV� IRU� DQ� H[WUD
DGGHU�DQG�DQ�H[WUD�PXOWLSOLHU� LQ�WKH�RSWLPLVHG�YHUVLRQ��7KH�RSWLPLVHG�YHUVLRQ�DOVR
UHTXLUHV� ��� UHJLVWHUV� �FRPSDUHG� WR� WKH� RULJLQDO©V� ��� GXH� WR� WKH� XVH� RI� SLSHOLQLQJ
LQFUHDVLQJ�SDUDOOHOLVP�DQG�KHQFH� UHGXFLQJ� WKH� FULWLFDO� SDWK��8QIROGLQJ� SURGXFHV� D
GHVLJQ�ZLWK�DQ�XQIROGLQJ�IDFWRU�RI����SURFHVVLQJ���VDPSOHV� LQ�SDUDOOHO��ZLWK�RQO\�D
�������IXUWKHU� UHGXFWLRQ� LQ�SRZHU�FRPSDUHG� WR� WKH�QRQ�XQIROGHG� YHUVLRQ��GHVSLWH
UHTXLULQJ� DSSUR[LPDWHO\� �� WLPHV� WKH� VL]H� RI� WKH� QRQ�XQIROGHG� YHUVLRQ�� 7KLV
LOOXVWUDWHV�WKH� LPSRUWDQFH�RI�DQDO\VLQJ�ERWK�WKH�XQIROGHG�DQG� QRQ�XQIROGHG� UHVXOWV
DV� WKH� YHU\� VPDOO� UHGXFWLRQ� LQ� SRZHU� IRU� WKH� XQIROGHG� YHUVLRQ� FRPHV� DW� D� ODUJH
H[SHQVH�LQ�DUHD�FRPSDUHG�WR�WKH�QRQ�XQIROGHG�YHUVLRQ�
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7KH� *$� SHUIRUPDQFH� LV� LOOXVWUDWHG� LQ� )LJXUH� ����� 7KH� RSWLPXP� GHVLJQ� LV
IRXQG� RQ� JHQHUDWLRQ� ��� �IRXQG� RQ� DYHUDJH� ZLWKLQ� ��� JHQHUDWLRQV��� 7KH� XQIROGHG
GHVLJQ�LV�IRXQG��RQ�DYHUDJH��ZLWKLQ�����JHQHUDWLRQV�

�
���
�

���
�

���
�

���

� � � � � � � � � �� �� �� �� �� ��
*HQHUDWLRQ
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$YHUDJH�)LWQHVV

)LJXUH�����*$�3HUIRUPDQFH�IRU�*0/$7��1RQ�8QIROGHG

������(//,3�
7KLV� ODUJH� ILOWHU� KDV� DQ� LQLWLDO� FULWLFDO� SDWK� OHQJWK� RI� ��� HOHPHQWV�� WKH

*$/236�WRRO�KDV�UHGXFHG�WKLV�WR����HOHPHQWV�HQDEOLQJ�WKH�YROWDJH�WR�EH�UHGXFHG�WR
�����9��,Q�DGGLWLRQ��WKH�QRQ�RSWLPLVHG�YHUVLRQ� LV�HVWLPDWHG� WR� UHTXLUH��� DGGHUV�� �
PXOWLSOLHUV�DQG����UHJLVWHUV��7KH�RSWLPLVHG�YHUVLRQ�LV�HVWLPDWHG�WR�UHTXLUH���DGGHUV�
��PXOWLSOLHU� DQG���� UHJLVWHUV�� D� UHGXFWLRQ� RI� ��PXOWLSOLHU��$V� WKH�PXOWLSOLHU� LV� WKH
PRVW� FRPSOH[� DQG� ODUJHVW� FRPSRQHQW� LQ� WKH� GDWDSDWK�� WKLV� UHGXFWLRQ� SURGXFHV� D
VLJQLILFDQW� VDYLQJ� LQ� DUHD�RI� DSSUR[LPDWHO\����� >0D��@�� 7KLV� H[DPSOH� LOOXVWUDWHV
WKDW� WKH� *$/236� WRRO� RSWLPLVHV� IRU� VXSSO\� YROWDJH� DQG� DUHD�� 7KH� UHGXFWLRQ� RI
VXSSO\�YROWDJH�SURGXFHV�WKH� ODUJHVW�SRZHU�VDYLQJV��WKH� LPSDFW�RI�DUHD�RQ�VZLWFKHG
FDSDFLWDQFH��DQG� KHQFH�SRZHU�� UHVXOWV� LQ� WKH� WRRO� LQGLUHFWO\�RSWLPLVLQJ� DUHD�ZKLOH
UHGXFLQJ�SRZHU�FRQVXPSWLRQ�
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7KH�*$�SHUIRUPDQFH�LV�LOOXVWUDWHG�LQ�)LJXUH������7KH�EHVW�GHVLJQ�LV�W\SLFDOO\
IRXQG�ZLWKLQ����JHQHUDWLRQV�
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VV

EHVW�ILWQHVV
DYHUDJH�ILWQHVV

)LJXUH�����*$�3HUIRUPDQFH�IRU�(//,3�

������/06�
7KLV�')*�KDV�D�UHGXFHG�SRZHU�FRQVXPSWLRQ�RI�DSSUR[LPDWHO\�����ZLWKRXW

DQ\� UHGXFWLRQ� LQ� VXSSO\� YROWDJH�� 7KH� *$/236� WRRO� ZDV� QRW� DEOH� WR� UHGXFH� WKH
FULWLFDO�SDWK�OHQJWK�EXW�ZDV�DEOH�WR�UHGXFH�UHVRXUFH�XWLOLVDWLRQ� IURP���DGGHUV�DQG��
PXOWLSOLHUV�WR���DGGHUV�DQG���PXOWLSOLHUV��D�UHGXFWLRQ�LQ�DUHD�RI�DSSUR[LPDWHO\�����
8QIROGLQJ�IXUWKHU�UHGXFHG�SRZHU�E\�UHGXFLQJ�WKH�HIIHFWLYH�VZLWFKHG�FDSDFLWDQFH�EXW
ZLWK�DQ�DVVRFLDWHG�����LQFUHDVH�LQ�DUHD�FRPSDUHG�WR�WKH�LQLWLDO�GHVLJQ������ODUJHU
WKDQ�WKH�RSWLPLVHG�QRQ�XQIROGHG�GHVLJQ��

7KH�*$�SHUIRUPDQFH�LV�LOOXVWUDWHG�LQ�)LJXUH������7KH�LQLWLDO�IHZ�JHQHUDWLRQV
VKRZ�D�GURS�LQ�WKH�DYHUDJH� ILWQHVV��7KH� WUDQVIRUPDWLRQV�DUH�H[SORULQJ� WKH�VROXWLRQ
VSDFH��SURGXFLQJ�LQIHULRU�GHVLJQV�ZLWK�ORQJHU�FULWLFDO�SDWKV�DQG�ODUJHU�DUHDV�WKDQ�WKH
LQLWLDO�GHVLJQ��(YHQWXDOO\� WKH�VHDUFK�PRYHV� WRZDUGV�D�EHWWHU� UHJLRQ�RI� WKH�VROXWLRQ
VSDFH� WKDW� FRQWDLQV� GHVLJQV� ZLWK� VPDOOHU� DUHDV�� KHQFH� WKH� DYHUDJH� ILWQHVV� RI� WKH
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HQWLUH�SRSXODWLRQ�EHJLQV�WR�LQFUHDVH��7KH�EHVW�VROXWLRQ�LV� IRXQG��RQ�DYHUDJH��ZLWKLQ
��� JHQHUDWLRQV� DQG� ���� JHQHUDWLRQV� IRU� WKH� QRQ�XQIROGHG� DQG� XQIROGHG� FDVHV
UHVSHFWLYHO\�
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$YHUDJH�)LWQHVV

)LJXUH�����*$�3HUIRUPDQFH�IRU�/06��1RQ�8QIROGHG

������92/7(55$
$V� ZLWK� WKH� /06�� GHVLJQ�� WKH� *$/236� WRRO� ZDV� XQDEOH� WR� UHGXFH� WKH

FULWLFDO�SDWK�OHQJWK�RI�WKH�92/7(55$�GHVLJQ��7KH�FULWLFDO�SDWK�RI�WKH�92/7(55$
GHVLJQ� LV� D� ODUJH� IHHGEDFN� ORRS� WKDW� OLPLWV� WKH� DSSOLFDWLRQ� RI� SLSHOLQLQJ
WUDQVIRUPDWLRQV�� 7KH� SRZHU� UHGXFWLRQ� RI� ��� LV� DFKLHYHG� E\� RSWLPLVLQJ� UHVRXUFH
XWLOLVDWLRQ��WKH�RSWLPLVHG�92/7(55$�LV�HVWLPDWHG�WR�UHTXLUH���OHVV�PXOWLSOLHU�WKDQ
WKH�LQLWLDO�GHVLJQ�

7KH�*$�SHUIRUPDQFH�LV�LOOXVWUDWHG�LQ�)LJXUH������7KH�ILWWHVW�VROXWLRQ�LV�IRXQG
RQ�WKH� ILUVW�JHQHUDWLRQ��WKH�FULWLFDO�SDWK� LV�QRW�UHGXFHG�EXW�WKH�DUHD� LV��$V�ZLWK� WKH
/06��GHVLJQ�WKH�DYHUDJH�ILWQHVV�LQLWLDOO\�GURSV�EHIRUH�LQFUHDVLQJ�
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)LJXUH�����*$�3HUIRUPDQFH�IRU�92/7(55$

�������257+�/$7
7KH� UHVXOWV� LOOXVWUDWH� WKDW� WKH� *$/236� WRRO� IDLOHG� WR� UHGXFH� HLWKHU� WKH

YROWDJH�RU�DUHD�RI�WKLV�GHVLJQ��WKH�SRZHU�FRQVXPSWLRQ�ZDV�QRW�UHGXFHG��$V�ZLWK�WKH
/06�� DQG� 92/7(55$� WKH� FULWLFDO� SDWK� LV� D� UHFXUVLYH� ORRS� ZKLFK� OLPLWV� WKH
DSSOLFDWLRQ� RI� WKH� WUDQVIRUPDWLRQV� IRU� SDWK� UHGXFWLRQ�� ,Q� DGGLWLRQ�� WKH
WUDQVIRUPDWLRQV�ZHUH�XQDEOH�WR�UHGXFH�WKH�UHVRXUFH�XWLOLVDWLRQ�

7KH�XQIROGLQJ�WUDQVIRUPDWLRQ�SURGXFHG�D�GHVLJQ�ZLWK�D�SRZHU�FRQVXPSWLRQ
RI���� OHVV� WKDQ� WKH�RULJLQDO� GHVLJQ�ZLWK� DQ� DVVRFLDWHG� ���� LQFUHDVH� LQ� DUHD�� 7KH
HIIHFWLYH� FDSDFLWDQFH� RI� WKH� ��XQIROGHG� GHVLJQ� LV� OHVV� WKDQ� WKDW� RI� WKH� RULJLQDO
GHVLJQ��WKXV�WKH����UHGXFWLRQ�LQ�SRZHU�

7KH�*$�SHUIRUPDQFH�LV�LOOXVWUDWHG�LQ�)LJXUH������
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%HVW�)LWQHVV
$YHUDJH�)LWQHVV

)LJXUH������*$�3HUIRUPDQFH�IRU�257+�/$7�8QIROGHG�'HVLJQ

,Q�WKLV�H[DPSOH�WKH�DSSOLFDWLRQ�RI�XQIROGLQJ�DW�JHQHUDWLRQ�����SURGXFHV�WKH
EHVW�IRXQG� GHVLJQ�� 7KH� DYHUDJH� ILWQHVV� YDULHV� WKURXJKRXW� HYROXWLRQ� DV� WKH
WUDQVIRUPDWLRQV� DUH� SURGXFLQJ� GHVLJQV� ZKLFK� DUH� VXE�RSWLPDO� FRPSDUHG� WR� WKH
FXUUHQW�ILWWHVW��7KLV�GHFUHDVHV�WKH�DYHUDJH� ILWQHVV�RI�WKH�SRSXODWLRQ��7KH�SURFHVV�RI
QDWXUDO�VHOHFWLRQ�WKHQ�IDYRXUV�WKH�VHOHFWLRQ�RI�WKH�ILWWHU�PHPEHUV�RI�WKH�SRSXODWLRQ�
LQFUHDVLQJ� WKH�DYHUDJH� ILWQHVV��7KLV�SURFHVV� LV�FRQWLQXDOO\� UHSHDWHG� WKURXJKRXW� WKH
HYROXWLRQ�KHQFH�WKH�YDULDWLRQ�LQ�WKH�DYHUDJH�ILWQHVV�

����'LVFXVVLRQ
)LJXUH������LOOXVWUDWHV�WKH�SRZHU�UHGXFWLRQ�DQG�DUHD� LQFUHDVH�REWDLQHG�ZLWK

DOO�RI�WKH�EHQFKPDUN�GHVLJQV��WKH�¨;©�GHQRWHV�D�GHVLJQ�SURGXFHG�ZLWK�WKH�XQIROGLQJ
WUDQVIRUPDWLRQ�
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)LJXUH������3RZHU�5HGXFWLRQ�DQG�$UHD�,QFUHDVH�IRU�7HQ�%HQFKPDUN�'HVLJQV

7KH��7$3),5�GHVLJQ� KDV� WKH� ODUJHVW� SRZHU� UHGXFWLRQ� DQG� DOVR� WKH� ODUJHVW
DUHD� LQFUHDVH�� 7KLV� LV� GXH� WR� WKH� ODUJH� LQLWLDO� FULWLFDO� SDWK� LQ� WKLV� GHVLJQ� WKDW� LV
UHGXFHG�WR�LWV�PLQLPXP�SRVVLEOH� OHQJWK�RI����7KHUHIRUH� WKH�VSHHGXS�UDWLR� LV� ODUJH�
DOORZLQJ�IRU�D�ODUJH�GHFUHDVH�LQ�YROWDJH�DQG�KHQFH�D�ODUJH�UHGXFWLRQ�LQ�SRZHU���7KH
QRQ�UHFXUVLYH�QDWXUH�RI�WKH��7$3),5�GHVLJQ�LV�DOVR�EHQHILFLDO�IRU�SRZHU�UHGXFWLRQ�
DV� LW�GRHV�QRW�FRQWDLQ�DQ\� IHHGEDFN� ORRSV�WKH�DSSOLFDWLRQ�RI� WKH� WUDQVIRUPDWLRQV� LV
QRW�OLPLWHG�DQG�XQIROGLQJ�FDQ�SURGXFH�GHVLJQV�ZLWK�FRQVLGHUDEOH�SRZHU�VDYLQJV�E\
UHGXFLQJ�WKH�HIIHFWLYH�FULWLFDO�SDWK�OHQJWK��KHQFH�WKH�ODUJH�DUHD�LQFUHDVH��

7KH� $9(1�',� WR� (//,3�� GHVLJQV� GLVSOD\� GHFUHDVLQJ� DPRXQWV� RI� SRZHU
UHGXFWLRQ��7KLV� LV�SDUWO\�GXH�WR�WKH� LQFUHDVHG�DPRXQW�RI� UHFXUVLRQ� LQ� WKHVH�GHVLJQV
OLPLWLQJ�WKH�DSSOLFDWLRQ�RI�WKH�WUDQVIRUPDWLRQV�� LQ�SDUWLFXODU��ZKHQ�WKH�FULWLFDO�SDWK
LV�ZLWKLQ�D�UHFXUVLYH� ORRS�WKH�WUDQVIRUPDWLRQV�DUH�XQDEOH�WR�VLJQLILFDQWO\�UHGXFH� LWV
OHQJWK�� )RU� WKHVH� GHVLJQV�� H[FHSWLQJ� WKH� $9(1�3$� GHVLJQ�� XQIROGLQJ� GRHV� QRW
SURGXFH�D�UHGXFWLRQ�LQ�WKH�OHQJWK�RI�WKH�FULWLFDO�SDWK�EXW�LW�GRHV�UHGXFH�WKH�HIIHFWLYH
VZLWFKHG�FDSDFLWDQFH�E\�SURFHVVLQJ�PRUH�VDPSOHV�LQ�SDUDOOHO�
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7KH� ODVW� WKUHH� GHVLJQV� DOO� FRQWDLQ� VLJQLILFDQW� DPRXQWV� RI� UHFXUVLRQ�� RI
SDUWLFXODU�LPSRUWDQFH�LV�WKH�IDFW�WKDW�WKH�FULWLFDO�SDWK�LV�FRQWDLQHG�ZLWKLQ�D�UHFXUVLYH
ORRS��7KHUHIRUH�WKH�WUDQVIRUPDWLRQV�DUH�XQDEOH�WR�VSHHG�XS�WKH�GHVLJQ�VR�WKH�VXSSO\
YROWDJH�FDQQRW�EH�UHGXFHG��,Q�WKHVH�GHVLJQV�WKH�SRZHU�UHGXFWLRQ�LV�REWDLQHG�WKURXJK
UHGXFLQJ�WKH�HIIHFWLYH�FDSDFLWDQFH�

7KH�UHVXOWV� IRU�HDFK�GHVLJQ�DUH�SUHVHQWHG� LQ�FRPSDULVRQ�ZLWK� WKHLU�RULJLQDO
GHVLJQ�LQVWHDG�RI�DEVROXWH�YDOXHV��7KLV�DFFRXQWV�IRU�VRPH�RI�WKH�GLIIHUHQFH�LQ�SRZHU
FRQVXPSWLRQ�EHWZHHQ�WKH�EHQFKPDUN�GHVLJQV��:KHUH�D�GHVLJQ�KDV�D�UHODWLYHO\�ODUJH
FULWLFDO�SDWK��ZKLFK�FDQ�EH�VLJQLILFDQWO\�UHGXFHG��LW�FDQ�RSHUDWH�IURP�D�VLJQLILFDQWO\
ORZHU� VXSSO\� YROWDJH� DQG�KHQFH� UHSRUW� D� ODUJH�SHUFHQWDJH�GHFUHDVH� LQ� SRZHU�� ,I� D
GHVLJQ�KDV�D� VPDOO� LQLWLDO� FULWLFDO� SDWK� WKHQ� UHGXFLQJ� LW�PD\� QRW�SURGXFH� WKH� VDPH
VSHHG�XS�� DQG� KHQFH� WKH� VDPH� YROWDJH� UHGXFWLRQ�� DV� WKH� GHVLJQ� ZLWK� WKH� ODUJHU
FULWLFDO� SDWK�� )RU� H[DPSOH�� FRQVLGHU� WKH� $9(1�',� DQG� '&67� GHVLJQV�� 7KH
$9(1�',� KDV� DQ� LQLWLDO� SDWK� RI� �� HOHPHQWV�� WKH� '&67� KDV� DQ� LQLWLDO� SDWK� RI� �
HOHPHQWV�� %RWK� DUH� UHGXFHG� WR� �� HOHPHQWV�� D� ��IROG� DQG� ��IROG� LQFUHDVH� LQ� VSHHG
UHVSHFWLYHO\��7KHUHIRUH��WKH�$9(1�',�KDV�D�ORZHU�VXSSO\�YROWDJH��GXH�WR�LWV�ODUJHU
VSHHG� LQFUHDVH�� DQG� KHQFH� D� ODUJHU� SHUFHQWDJH� SRZHU� UHGXFWLRQ� LV� UHSRUWHG�� 7KH
H[DPSOH�LOOXVWUDWHV�WKDW�WKH�UHSRUWHG�SRZHU�UHGXFWLRQ�LV�UHODWHG�WR�WKH�FRPSOH[LW\�RI
WKH� LQLWLDO� GHVLJQ�� KHQFH� WKH� ODUJHU� GHVLJQ� LQ� WKLV� FDVH� UHSRUWV� D� ODUJHU� SRZHU
UHGXFWLRQ�

7KH� (//,3�� DQG� 92/7(55$� GHVLJQV� DUH� RSWLPLVHG� IRU� SRZHU� ZKLOH
UHGXFLQJ� WKH� HVWLPDWHG� DUHD� RI� WKH� GHVLJQ�� LOOXVWUDWLQJ� WKH� GXDO� FRQVLGHUDWLRQ� RI
VSHHG�DQG�DUHD�GXULQJ� WKH� ORZ�SRZHU�GHVLJQ�SURFHVV��+RZHYHU��VSHHG�ZLOO� DOZD\V
EH�WKH�PDLQ�RSWLPLVDWLRQ�IDFWRU�GXH�WR�WKH�TXDGUDWLF�LQIOXHQFH�RI�VXSSO\�YROWDJH�RQ
SRZHU��7KH� UHVXOWV� FOHDUO\� LOOXVWUDWH� WKDW� ODUJH�SRZHU� VDYLQJV� DUH�SRVVLEOH� WKURXJK
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UHGXFWLRQ�RI�VXSSO\�YROWDJH��RSHUDWLQJ�WKH�GHYLFH�DW�D�VXSSO\�YROWDJH�WKDW�SURGXFHV
WKH�UHTXLUHG�WKURXJKSXW�

����&RQFOXVLRQV
7KLV�WKHVLV�KDV�SUHVHQWHG�D� ORZ�SRZHU�V\QWKHVLV�WRRO�WKDW�LQWHJUDWHV�YDULRXV

*$�VHDUFK�DQG�RSWLPLVDWLRQ�WHFKQLTXHV�ZLWKLQ�D�SRZHU�H[SORUDWLRQ�IUDPHZRUN��7KH
SRZHU� H[SORUDWLRQ� LQFOXGHV� D� KLJK�OHYHO� SRZHU� HVWLPDWLRQ� WRRO� WKDW� FRQVLGHUV� WKH
HIIHFW�RI� WKH�KLJK�OHYHO� V\QWKHVLV�SURFHVV�RQ� WKH� FDQGLGDWH�GHVLJQV�� HVWLPDWLQJ� WKH
SRZHU�FRQVXPSWLRQ�GXH�WR�ORZ�OHYHO�SDUDPHWHUV�VXFK�DV�FDSDFLWDQFH�DQG�DUHD�

5HVXOWV� ZHUH� SUHVHQWHG� IRU� WHQ� EHQFKPDUN� GHVLJQV� WKDW� FRYHU� D� UDQJH� RI
DSSOLFDWLRQV� RI� YDU\LQJ� FRPSOH[LW\� DQG� LPSOHPHQWDWLRQ� UHTXLUHPHQWV�� 7KH� UHVXOWV
LOOXVWUDWH� WKDW� WKH� WRRO� LV� FDSDEOH� RI� SURFHVVLQJ� DQG� DQDO\VLQJ� D� UDQJH� RI� GHVLJQV�
SURGXFLQJ�VLJQLILFDQW�SRZHU�UHGXFWLRQV�LQ�PRVW�FDVHV�

7KH�VXJJHVWHG�VXSSO\�YROWDJHV�IRU�WKH� ORZ�YROWDJH�GHVLJQV�DUH�VLJQLILFDQWO\
GLIIHUHQW� WR� WKH� LQGXVWU\� VWDQGDUGV� RI� �9� DQG� ���9��'LIIHUHQW� VXSSO\� YROWDJHV� IRU
,&V��ZKHUH�WKH�ZKROH�FRUH�RI�WKH�FKLS�RSHUDWHV�DW�D�QRQ�VWDQGDUG�VXSSO\�YROWDJH��DUH
SRVVLEOH� WKURXJK� WKH� LPSOHPHQWDWLRQ� RI� VPDOO�DUHD�� HIILFLHQW�� YROWDJH�OHYHO
FRQYHUWHUV�RQ�WKH�,&�>6WUDW����6WUDW��D@��7KH�,&�LV�IDEULFDWHG�WR�UHTXLUH�WKH�VSHFLILHG
H[WHUQDO� VXSSO\�YROWDJH��VXFK�DV����9���EXW�WKH�RQ�FKLS�YROWDJH�FRQYHUWHU� VXSSOLHV
WKH�UHTXLUHG�ORZ�SRZHU�YROWDJH�WR�WKH�GHYLFH�FRUH��6XFK�V\VWHPV�KDYH�EHHQ�XVHG�WR
LPSOHPHQW� SUDFWLFDO�� IDEULFDWHG� VLJQDO�SURFHVVLQJ� GHYLFHV�� IRU� H[DPSOH� LQ� D� ORZ�
SRZHU� SRUWDEOH� PXOWLPHGLD� WHUPLQDO� >&KDQ���� 6KHQJ��@� DQG� ORZ�YROWDJH� '63
GHYLFHV�>/HH��@�

7KH� ODWHVW�JHQHUDWLRQ� RI� PRELOH� 3HQWLXP�SURFHVVRU� FKLSV� LV� DQ� H[DPSOH� RI
WKH� DSSOLFDWLRQ� RI� ORZ�YROWDJH� WR� SURGXFH� ORZ�SRZHU� GHYLFHV�� 7KH\� KDYH� EHHQ
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VSHFLILFDOO\� GHVLJQHG� WR� PHHW� WKH� FKDOOHQJH� RI� SURYLGLQJ� IXOO� IXQFWLRQDOLW\� DQG
ORQJHU� EDWWHU\� OLIH� IRU� PRGHUQ� SRUWDEOH� FRPSXWLQJ� V\VWHPV�� 7KH� GHYLFHV� RSHUDWH
IURP�D����9�SRZHU�VXSSO\�EXW�WKH\�KDYH�D�FRUH�YROWDJH�RI�����9�WR�UHGXFH�SRZHU
FRQVXPSWLRQ�>,QWHO��E@��7KH�UHTXLUHG�ORZ�YROWDJH�IRU�WKH�FRUH�LV�SURYLGHG�ZLWK�WKH
DGGLWLRQ�RI�DQ�H[WUD�VXSSO\�YROWDJH�LQSXW��DQ�DOWHUQDWLYH�VROXWLRQ�WR�XVLQJ�DQ�RQ�FKLS
YROWDJH� FRQYHUWHU�� 7KH� GHVFULSWLRQ� RI� WKH� SURFHVVRU� LQ� >,QWHO��E@� DOVR� QRWHV� WKDW
IXWXUH�GHYHORSPHQWV�RI�WKH�SURFHVVRU�PD\�XWLOLVH�DQ�HYHQ�ORZHU�FRUH�VXSSO\�YROWDJH
LQ�RUGHU�WR�UHGXFH�SRZHU�IXUWKHU�

5HFHQW� WHFKQLTXHV� IRU� SRZHU� UHGXFWLRQ� KDYH� VHHQ� WKH� XVH� RI� G\QDPLFDOO\
YDU\LQJ�YROWDJHV��ZKHUH�WKH�YROWDJH�RI�WKH�SURFHVVRU�FDQ�EH�GHWHUPLQHG�DW�UXQ�WLPH�
&HUWDLQ�WDVNV�FDQ�EH�SURFHVVHG�RYHU�ORQJ�UXQ�WLPHV�ZKHUH�WKH�UHVXOW� LV�QRW�UHTXLUHG
LPPHGLDWHO\��5DWKHU�WKDQ�SURFHVV�WKH�WDVN�DV�IDVW�DV�SRVVLEOH�WKH�VXSSO\�YROWDJH�RI
WKH�SURFHVVRU�LV�VHOHFWHG�WR�UHGXFH�V\VWHP�VSHHG�VR�WKDW�WKH�WDVN�LV�SURFHVVHG�ZLWKLQ
WKH� UHTXLUHG� WLPH� >+RQJ��@�� ,Q� DGGLWLRQ� VHSDUDWH� V\VWHPV� FDQ� EH� UXQ� DW� GLIIHUHQW
YROWDJH� OHYHOV�� WR�PD[LPLVH� WKH� SRWHQWLDO� YROWDJH� UHGXFWLRQ� IRU� WKH� RYHUDOO� V\VWHP
>6KLXH��@�

7KHVH� SUDFWLFDO� H[DPSOHV� LOOXVWUDWH� WKH� IHDVLELOLW\� RI� RSHUDWLQJ� ,&V� DW
GLIIHUHQW�FRUH�YROWDJH�OHYHOV��:KLOH�QRQ�VWDQGDUG�VXSSO\�YROWDJHV�KDYH�DQ�LPSDFW�RQ
FRVW� DQG� IDEULFDWLRQ� FRPSOH[LW\�� WKH\� DUH� HVVHQWLDO� IRU� SURGXFLQJ� ,&V� ZKHUH� ORZ
SRZHU�FRQVXPSWLRQ� LV�D�FULWLFDO�UHTXLUHPHQW��DV� LOOXVWUDWHG�E\� WKH�UHVXOWV�SURGXFHG
ZLWK�WKH�*$/236�WRRO�

7KH�DUHD�LQFUHDVHV�IRU�WKRVH�GHVLJQV�ZLWK�ODUJH�SRZHU�UHGXFWLRQV�IROORZ�WKH
WUDGLWLRQDO�WUHQG�RI�WUDGLQJ�RII�DUHD�IRU�VSHHG��DQG�KHQFH�ORZHU�VXSSO\�YROWDJH���7KH
FORVHU�WKH�GHVLJQ�LV�H[SHFWHG�WR�RSHUDWH�DW�LWV�PLQLPXP�SRVVLEOH�FULWLFDO�SDWK�OHQJWK�
WKH� PRUH� SDUDOOHO� SURFHVVLQJ� ZLOO� EH� UHTXLUHG� DQG� KHQFH� D� ODUJHU� QXPEHU� RI
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UHVRXUFHV�LV�UHTXLUHG��7KH�DSSOLFDWLRQ�RI�XQIROGLQJ��WR�XWLOLVH�SDUDOOHO�SURFHVVLQJ�RI
VDPSOHV�IRU�KLJKHU�VSHHG��LQFUHDVHV�WKH�DUHD�VSHHG�WUDGH�RII��7UDGLWLRQDOO\��LQFUHDVHV
LQ�9/6,�LQWHJUDWLRQ��DOORZLQJ�IRU�GHYLFHV�ZLWK�PRUH�WUDQVLVWRUV��ZHUH�WUDGHG�RII�IRU
VSHHG� LQFUHDVHV��7KH�SUHVHQWHG� UHVXOWV� LOOXVWUDWH� WKDW� LQ� IXWXUH�� LQFUHDVHV� LQ� GHYLFH
LQWHJUDWLRQ�DQG�GHYLFH�VL]H�PD\�EH�WUDGHG�RII�IRU�SRZHU�UHGXFWLRQ�ZKHUH�WKH�GHVLUHG
VSHHG�LV�DOUHDG\�REWDLQHG�
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&KDSWHU�����0XOWL�2EMHFWLYH�6HDUFK�6SDFH�([SORUDWLRQ

7KH� RSWLPLVDWLRQ� SURFHVV� SUHVHQWHG� LQ� *$/236� DWWHPSWV� WR� RSWLPLVH� D
VLQJOH� SDUDPHWHU�� WKH� HVWLPDWHG� SRZHU� FRQVXPSWLRQ� RI� D� VLJQDO�SURFHVVLQJ
DOJRULWKP�� IRU� 9/6,� LPSOHPHQWDWLRQ�� +RZHYHU�� SUDFWLFDO� 9/6,� GHVLJQ�� DV� ZLWK
PDQ\� HQJLQHHULQJ� GHVLJQ� SUREOHPV�� LQYROYHV� WKH� VLPXOWDQHRXV� RSWLPLVDWLRQ� RI� D
QXPEHU�RI�REMHFWLYH�SDUDPHWHUV�VXFK�DV�SRZHU��DUHD��VSHHG��FRVW��HWF�

:LWKLQ� WKH�FRQWH[W�RI�D�*$��WKH�PXOWLSOH�SDUDPHWHUV�QHHG� WR�EH� LQWHJUDWHG
LQWR� WKH� RSWLPLVDWLRQ� SURFHVV�� WR� HQVXUH� WKDW� DOO� SDUDPHWHUV� DUH� VLPXOWDQHRXVO\
RSWLPLVHG�L�H��QR�VLQJOH�SDUDPHWHU�LV�FRQFHQWUDWHG�RQ�DW�WKH�H[SHQVH�RI�RWKHUV��7KH
VLPXOWDQHRXV�RSWLPLVDWLRQ�RI�DOO�SDUDPHWHUV�ZLOO�SURGXFH�D�VLQJOH�VROXWLRQ��D�JOREDO
RSWLPXP� VROXWLRQ� IRU� DOO� REMHFWLYHV�� 2QH� WHFKQLTXH� IRU� LPSOHPHQWLQJ� PXOWLSOH�
SDUDPHWHU� RSWLPLVDWLRQ� LV� WKH� XVH� RI� D� ZHLJKWHG� ILWQHVV� IXQFWLRQ� >$UVODQ��D�
$UVODQ��E@�DV�LOOXVWUDWHG�LQ�������

13DUDPHWHU3DUDPHWHU3DUDPHWHU)LWQHVV7RWDO �������B �� ]ED ��� �����

7KH�XVH�RI�D�ZHLJKWHG� ILWQHVV� IXQFWLRQ�FRPELQHV� WKH�GLVFUHWH� ILWQHVV�YDOXHV
IRU� HDFK� SDUDPHWHU� LQWR� D� VFDODU� ILWQHVV� YDOXH�� 7KH� VFDODU� ILWQHVV� YDOXH� LV� XVHG� WR
DVVHVV�WKH�RYHUDOO�TXDOLW\�RI�WKH�VROXWLRQ��(TXDWLRQ�������GHPRQVWUDWHV�WKDW�D�W\SLFDO
LPSOHPHQWDWLRQ�RI�D�ZHLJKWHG�ILWQHVV�IXQFWLRQ�LV�D�VXP�RI�DOO�WKH� LQGLYLGXDO� ILWQHVV
VFRUHV�IRU�HDFK�RI�WKH�SDUDPHWHUV��IURP��� WR�1�GLIIHUHQW�SDUDPHWHUV��7KH�YDULDEOHV
v�E�� HWF�� DUH� XVHG� WR�ZHLJKW� WKH� LQGLYLGXDO� FRQWULEXWLRQ� RI� HDFK� SDUDPHWHU� WR� WKH
RYHUDOO�ILWQHVV�
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2QH� RI� WKH� PDLQ� SUREOHPV� ZLWK� VXFK� D� WHFKQLTXH� LV� WKH� GHILQLWLRQ� RI� WKH
ZHLJKWLQJ�YDULDEOHV��DV�WKHVH�ZLOO�VLJQLILFDQWO\�DIIHFW�WKH�SHUIRUPDQFH�RI�WKH�V\VWHP
LQ�GHWHUPLQLQJ�WKH�JOREDOO\�RSWLPDO�UHVXOW�>*ZHH��@��7KH�ZHLJKWV�HIIHFWLYHO\�SODFH
D� SULRULW\� RQ� WKH� RSWLPLVDWLRQ� RI� D� SDUWLFXODU� SDUDPHWHU� LQ� UHODWLRQ� WR� WKH
RSWLPLVDWLRQ� RI� RWKHU� SDUDPHWHUV�� 7KHUHIRUH�� DVVLJQLQJ� WKH� FRUUHFW� SULRULW\� WR� WKH
PXOWLSOH�SDUDPHWHUV� LV� UHTXLUHG� WR� HQDEOH� WKH� RSWLPLVDWLRQ� SURFHVV� WR� SURGXFH� WKH
JOREDO�RSWLPXP�VROXWLRQ�

,Q�D�YDULHW\�RI�SUDFWLFDO�HQJLQHHULQJ�SUREOHPV��SULRULWLVDWLRQ�RI�WKH�PXOWLSOH
REMHFWLYHV�LV�D�FRPSOH[�DQG�GLIILFXOW�SURFHVV��6XFK�SUREOHPV�DUH�RIWHQ�FKDUDFWHULVHG
E\�D�QXPEHU�RI�FRPSHWLQJ�REMHFWLYHV��ZKHUH�LPSURYHPHQWV�LQ�RQH�SDUDPHWHU�FRPH
DW�WKH�FRVW�RI�GHJUDGLQJ�WKH�TXDOLW\�RI�RWKHU�SDUDPHWHUV��7KH�WUDGH�RIIV�EHWZHHQ�VXFK
FRPSHWLQJ� SDUDPHWHUV� DUH� RIWHQ� QRQ�OLQHDU�� )RU� H[DPSOH�� FRQVLGHU� WKH� GXDO�
REMHFWLYH� SUREOHP� RI� V\QWKHVLVLQJ� D� PLQLPXP� DUHD� DQG� PLQLPXP� SRZHU� 9/6,
GHYLFH��7KH�WZR�SDUDPHWHUV�DUH�LQ�FRPSHWLWLRQ�ZLWK�HDFK�RWKHU�DV�PDQ\�ORZ�SRZHU
GHVLJQ�WHFKQLTXHV�XVH�H[WUD�DUHD�WR�GHFUHDVH�SRZHU��,Q�D�SUDFWLFDO�GHVLJQ�SURFHVV�WKH
9/6,�GHYLFH�PD\�EH�WDUJHWHG�IRU�D�FHUWDLQ�GLH�VL]H��$Q�LQFUHDVH�LQ�GLH�VL]H�SDVW�WKLV
XSSHU�OLPLW�PD\�UHVXOW� LQ�D�ODUJH�LQFUHDVH�LQ�FRVW��DQG�GHFUHDVH�LQ�ILWQHVV���ZKHUHDV
LQFUHDVHV�EHORZ�WKLV�OLPLW�ZLOO�KDYH�D�VPDOO�HIIHFW�RQ�FRVW�DQG�RYHUDOO�ILWQHVV��7KXV�
WKH�HIIHFW�RI�DUHD�RQ�WKH�RYHUDOO�ILWQHVV�LV�GHSHQGHQW�XSRQ�WKH�DFWXDO�ILWQHVV�YDOXH��$
VLQJOH�ZHLJKW�WR�DVVLJQ�D�VSHFLILF�SULRULW\�WR�WKH�DUHD�SDUDPHWHU�ZRXOG�QRW�DFFXUDWHO\
UHIOHFW�WKH�WRWDO�ILWQHVV�IRU�DOO�VROXWLRQV�

,I�WKH�QRQ�OLQHDU�QDWXUH�RI�WKH�REMHFWLYHV�FDQ�EH�RYHUFRPH��WKHUH� LV�VWLOO�WKH
SUREOHP�RI�DVVLJQLQJ�D�UHODWLYH�SULRULW\�WR�HDFK�SDUDPHWHU� IRU�DOO�FDVHV�H�J�� LV�DUHD
PRUH�LPSRUWDQW�WKDQ�SRZHU��DQG�LI�VR��KRZ�PXFK�PRUH�LPSRUWDQW"
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7KH�H[DPSOH�LOOXVWUDWHV�WKH�GLIILFXOW\�RI�FRPELQLQJ�GLVWLQFW�SDUDPHWHUV�LQWR�D
VLQJOH� ILWQHVV� HYDOXDWLRQ� WR� JHQHUDWH� D� VLQJOH� JOREDOO\� RSWLPDO� VROXWLRQ�� $Q
DOWHUQDWLYH� WR�D�ZHLJKWHG� ILWQHVV� IXQFWLRQ� LV� WR�XVH� WKH�*$� WR� H[SORUH� WKH� VROXWLRQ
VSDFH� DQG� SUHVHQW� D� UDQJH� RI� DOWHUQDWLYH� QRQ�GRPLQDWHG� VROXWLRQV� �1'6�� WKDW� DUH
HDFK�RSWLPDO�IRU�D�VLQJOH�SDUDPHWHU�>(VEHQ����*ZHH��@��7KLV�UHPRYHV�WKH�QHHG�WR
SULRULWLVH�SDUDPHWHUV�GXULQJ�WKH�RSWLPLVDWLRQ�SURFHVV��7KH�DOWHUQDWLYH�VROXWLRQV�FDQ
WKHQ�EH�DQDO\VHG�E\�WKH�H[SHUW�GHVLJQHU�WR�VHOHFW�WKH�VROXWLRQ�WKDW�EHVW�VDWLVILHV�WKH
VSHFLILHG�UHTXLUHPHQWV�

'XULQJ�WKH�RSWLPLVDWLRQ�SURFHVV�WKH�*$�DOUHDG\�HYDOXDWHV�PDQ\�DOWHUQDWLYH
VROXWLRQV�� 5DWKHU� WKDQ� GLVFDUG� WKLV� XVHIXO� LQIRUPDWLRQ� ZKHQ� SUHVHQWLQJ� D� VLQJOH
VROXWLRQ�� WKH� LQIRUPDWLRQ� FDQ�EH�XVHG� WR� LOOXVWUDWH� WKH� WUDGH�RIIV� EHWZHHQ�GLIIHUHQW
SDUDPHWHUV� LQ� WKH� RSWLPLVDWLRQ� SUREOHP�� 7KH� WUDGH�RII� EHWZHHQ� FRPSHWLQJ
SDUDPHWHUV�LV�W\SLFDOO\�SUHVHQWHG�DV�D�3DUHWR�VXUIDFH�>*ROGEHUJ��@�

7KH� XVH� RI� 3DUHWR�VXUIDFH� LQIRUPDWLRQ�� FROOHFWHG� WKURXJKRXW� WKH� *$
RSWLPLVDWLRQ� SURFHVV�� KDV� EHHQ� SUHYLRXVO\� LOOXVWUDWHG� WR� EH� EHQHILFLDO� WR� WKH� ORZ�
SRZHU� V\QWKHVLV� SURFHVV� LQ� WKH� 3RZHU�3URILOHU� WRRO� >0DUWLQ����0DUWLQ��@�� 3RZHU�
3URILOHU� XVHG� WKH� SRLQWV� H[SORUHG� GXULQJ� WKH� *$� VHDUFK� WR� SUHVHQW� DUFKLWHFWXUDO
WUDGH�RIIV�DV�SDUHWR�VXUIDFHV��LOOXVWUDWLQJ�WKH�WUDGH�RII�EHWZHHQ�QXPEHU�RI�IXQFWLRQDO
XQLWV�DQG�SRZHU�IRU�H[DPSOH�

����3DUHWR�6XUIDFH
$�3DUHWR�VXUIDFH�LV�PDGH�XS�IURP�D�VHW�RI�QRQ�GRPLQDWHG�VROXWLRQV��1'6��

WKDW� LV�� IRU�WKH�SDUDPHWHUV�XQGHU�DQDO\VLV�� HDFK�SRLQW�RQ� WKH�SDUHWR�VXUIDFH�KDV�QR
EHWWHU�YDOXHV�IRU�WKRVH�SDUDPHWHUV��)LJXUH�����VKRZV�DQ�H[DPSOH�RI�D�SDUHWR�VXUIDFH
IRU�D���GLPHQVLRQDO�RSWLPLVDWLRQ�SUREOHP�
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)LJXUH�����([DPSOH�3DUHWR�6XUIDFH�IRU���'LPHQVLRQDO�2SWLPLVDWLRQ

7KH� FKDUW� LOOXVWUDWHV� D� W\SLFDO� HQJLQHHULQJ� GHVLJQ� H[DPSOH� ZKHUH� �
FRPSHWLQJ� SDUDPHWHUV� �;� DQG�<�� DUH� UHTXLUHG� WR� EH� PLQLPLVHG�� (DFK� VROXWLRQ� LV
LOOXVWUDWHG�RQ�WKH�FKDUW�DV�HLWKHU�D�GLDPRQG�RU�D�VTXDUH��7KH�GLDPRQGV�GHQRWH�WKH�VHW
RI�1'6�L�H��WKRVH�VROXWLRQV�IRU�ZKLFK�QR�SRLQW�KDV�D�ORZHU�YDOXH�IRU�ERWK�WKH�;�DQG
<� SDUDPHWHU�� 7KHVH� SRLQWV� DUH� NQRZQ� DV� 3DUHWR�RSWLPDO� RU� 3DUHWR�SRLQWV�� 7KH
3DUHWR�VXUIDFH�� D� FXUYH� MRLQLQJ� WKH� VHW� RI� 3DUHWR�SRLQWV�� PDUNV� WKH� ERXQGDU\
EHWZHHQ� WKH� UDQJH�RI� IHDVLEOH� DQG� QRQ�IHDVLEOH� VROXWLRQV�� LOOXVWUDWLQJ� WKH� WUDGH�RII
EHWZHHQ�HDFK�SDUDPHWHU�

7KH�VHW�RI�1'6�GRHV�QRW�SUHVHQW�DQ�REYLRXV�VLQJOH�RSWLPXP�VROXWLRQ��7KH
WDVN�RI�VHOHFWLQJ�WKH�EHVW�VROXWLRQ�LV�OHIW�WR�WKH�GHVLJQ�HQJLQHHU��GHSHQGHQW�XSRQ�WKH
SULRULW\�SODFHG�RQ�HDFK�SDUDPHWHU��2QH�RI�WKH�PDLQ�DGYDQWDJHV�RI�WKH�3DUHWR�FKDUW�LV
WKDW� LW� VKRZV� WKH� HIIHFW� RI� YDU\LQJ� D� SDUDPHWHU�� DV� RSSRVHG� WR� SUHVHQWLQJ� WKH
GHVLJQHU�ZLWK�D�VLQJOH�SRLQW�VROXWLRQ��)RU�H[DPSOH��WKH�FKDUW�PD\�VKRZ�WKDW�D�VPDOO
YDULDWLRQ�LQ�;��SUHYLRXVO\�VHW�DV�D�FRQVWUDLQW��PD\�DOORZ�VXFK�D�ODUJH�UHGXFWLRQ�LQ�<
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DV�WR�PDNH�WKH�RYHUDOO�GHVLJQ� IHDVLEOH��7KH�3DUHWR�FKDUW�DOORZV�WKH�GHVLJQHU�WR�XVH
WKHLU�H[SHUW�NQRZOHGJH�RI�WKH�SUREOHP�WR�VHOHFW�DQ�RSWLPXP�VROXWLRQ�

7KH� UDQJH�RI� DOWHUQDWLYH� VROXWLRQV�PD\� EH�PRUH� XVHIXO� WKDQ� D� VLQJOH� SRLQW
VROXWLRQ� IRU� WKH� QH[W� VWDJH� RI� WKH� GHVLJQ� DQG� LPSOHPHQWDWLRQ� SURFHVV�� $� VLQJOH
VROXWLRQ� PD\� EH� VHOHFWHG� IURP� WKH� 1'6� EDVHG� RQ� VRPH� DGGLWLRQDO� FULWHULD� QRW
SUHVHQW� LQ� WKH� RSWLPLVDWLRQ� VWUDWHJ\�� VXFK� DV� HDVH� RI� XQGHUVWDQGLQJ� RU� SUHIHUUHG
LPSOHPHQWDWLRQ�VW\OHV��6XFK�FULWHULD�DUH�GLIILFXOW� WR�GHILQH� LQ�TXDOLWDWLYH� WHUPV�DQG
KHQFH�YHU\�GLIILFXOW�WR�LQFRUSRUDWH�LQWR�D�GHVLJQ�REMHFWLYH�IXQFWLRQ�

:LWKLQ� WKH� FRQWH[W� RI� D� &$'� V\QWKHVLV� WRRO�� WKH� SUHVHQWDWLRQ� RI� GHVLJQ
DOWHUQDWLYHV� LV� UHJDUGHG�DV� HVVHQWLDO� E\�PRVW� GHVLJQ� HQJLQHHUV��&$'�XVHUV� GR� QRW
OLNH� SRLQW� VROXWLRQV� >*DMVNL��@�� 7KH� SUHVHQWDWLRQ� RI� D� VHW� RI� RSWLPDO� VROXWLRQV
HQDEOHV� WKH� GHVLJQ� HQJLQHHU� WR� JDLQ� D� JUHDWHU� XQGHUVWDQGLQJ� RI� WKH� ORZ� SRZHU
VROXWLRQ�VSDFH�DQG�WKH�SRZHU�FKDUDFWHULVWLFV�RI�WKH�SUREOHP�WR�EH�RSWLPLVHG�

7KH� UHVXOWV� SUHVHQWHG� IRU� WKH� *$/236� WRRO� LQ� FKDSWHU� �� DUH� WKH� ORZHVW
SRZHU� VROXWLRQ� RI� HDFK� GHVLJQ�� 7KH� UHVXOWV� LOOXVWUDWH� WKDW� WKH� VSHFLILHG� SRZHU
UHGXFWLRQ�LV�W\SLFDOO\�DFKLHYHG�WKURXJK�DQ�LQFUHDVH�LQ�DUHD��:KLOH�WKH�LGHQWLILFDWLRQ
RI�WKH� ORZHVW�SRZHU�VROXWLRQ� LV� LPSRUWDQW�� LW� LV�DOVR�XVHIXO�WR�WKH�&$'�GHVLJQHU� WR
SUHVHQW� VROXWLRQV� WKDW� VSDQ� D� UDQJH� RI� DUHDV�� HQDEOLQJ� WKH� GHVLJQHU� WR� VHOHFW� WKH
ORZHVW�SRZHU�VROXWLRQ�IRU�D�UDQJH�RI�DUHD�FRQVWUDLQWV�

7KH�SDUHWR�VXUIDFH�LV�XVHG�WR�LOOXVWUDWH�WKH�WUDGH�RII�EHWZHHQ�DUHD�DQG�SRZHU
RI�WKH�GHVLJQV��)RU�HDFK�SRLQW�RQ�WKH�DUHD�D[LV�WKH�ORZHVW�SRZHU�VROXWLRQ�GHWHUPLQHG
E\�*$/236�LV�LGHQWLILHG��7KHVH�SRLQWV�PDNH�XS�WKH�VHW�RI�1'6��7KH�JHQHUDWLRQ�RI
SDUHWR�VXUIDFH� LQIRUPDWLRQ� LV�XVHG�WR�H[DPLQH�WKH�HIIHFW�RI�WKH�SRZHU�RSWLPLVDWLRQ
SURFHVV� RQ� WKH� DUHD� RI� WKH� GHVLJQ�� 5DWKHU� WKDQ� JHQHUDWLQJ� D� VLQJOH� ORZ�SRZHU
VROXWLRQ��WKH�SDUHWR�VXUIDFH�LQIRUPDWLRQ�FDQ�EH�XVHG�E\�WKH�GHVLJQ�HQJLQHHU�WR�VHOHFW
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WKH�EHVW� ORZ�SRZHU� VROXWLRQ� IRU� D� VSHFLILHG� DUHD� FRQVWUDLQW��7KHUHIRUH�� WKH�SDUHWR�
VXUIDFH�HQDEOHV�WKH�VPDOOHVW�LPSOHPHQWDWLRQ�RI�D�SDUWLFXODU�ORZ�SRZHU�GHVLJQ�RU�� LW
HQDEOHV�WKH� LGHQWLILFDWLRQ�RI�WKH� ORZHVW�SRZHU�GHVLJQ�WKDW�FDQ�EH�V\QWKHVLVHG� IRU�D
VSHFLILF� DUHD��5DWKHU� WKDQ� WU\LQJ� WR�RSWLPLVH� D� VLQJOH� VROXWLRQ� IRU� ORZ�SRZHU� DQG
VPDOO�DUHD�� *$/236� FRQFHQWUDWHV� RQ� RSWLPLVLQJ� IRU� ORZ�SRZHU�� FRQVHTXHQWO\
SUHVHQWLQJ�D�UDQJH�RI�ORZ�SRZHU�VROXWLRQV�DFURVV�WKH�DUHD�D[LV�

����3DUHWR�6XUIDFH�*HQHUDWLRQ�LQ�*$/236
$�SDUHWR�SRLQW�LV�GHILQHG�DV�WKDW�ZKLFK�KDV�QR�ORZHU�YDOXH�LQ�ERWK�WKH�;�DQG

<�D[HV��WKH�DUHD�DQG�SRZHU�D[LV� LQ�WKLV�FDVH��,GHQWLILFDWLRQ�RI�3DUHWR�SRLQWV�FDQ�EH
VSOLW� LQWR�D�WZR�VWDJH�SURFHVV��ZKHUH�DOO�GHVLJQV�ZLWK�WKH� ORZHVW�<�YDOXH� IRU�HYHU\
JHQHUDWHG�;�YDOXH�DUH�ILUVW�LGHQWLILHG��7KLV�VHW�RI�GHVLJQV�LV�VRUWHG�LQWR�DVFHQGLQJ�;�
YDOXHV��7KH�QH[W�VWDJH�VWHSV�WKURXJK�WKH�VHW�RI�VRUWHG�GHVLJQV��UHPRYLQJ�DQ\�ZLWK�D
ODUJHU�<�YDOXH�WKDQ�WKH�SUHYLRXV� ORZHVW�IRXQG��7KLV�SURFHVV� LV� LOOXVWUDWHG� LQ� ILJXUH
;�

6WDJH���¤�&UHDWHV�$OO�3RLQWV�LQ
*UDSK��0LQLPXP�3RZHU�IRU�(YHU\
$UHD�9DOXH�

6WDJH���¤�,GHQWLILHV�3DUHWR�3RLQWV
�0LQLPXP�IRU�ERWK�3RZHU�DQG
$UHD�

)LJXUH�����,GHQWLILFDWLRQ�RI�3DUHWR�3RLQWV�LQ�*$/236
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$UHD��PP��
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3DUHWR�2SWLPDO�3RLQWV 'RPLQDWHG�3RLQWV
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([HFXWLQJ�ERWK�VWDJHV�SURGXFHV�D�VHW�RI�1'6��WKH�DUHD�SRZHU�SDUHWR�RSWLPDO
SRLQWV�� $IWHU� HDFK� JHQHUDWLRQ� LV� FUHDWHG�� WKH� SRZHU� DQG� DUHD� RI� HDFK� GHVLJQ� LV
DQDO\VHG�WR�FUHDWH�D�OLVW�RI�SRLQWV�IROORZLQJ�VWDJH���L�H��WKH�PLQLPXP�SRZHU�IRU�HDFK
DUHD�H[SORUHG�GXULQJ�WKH�V\QWKHVLV�SURFHVV��$IWHU�WKH�*$�KDV�GHWHUPLQHG�WKH�ORZHVW
SRZHU�VROXWLRQ��VWDJH���LV�H[HFXWHG�WR�GHWHUPLQH�ZKLFK�RI� WKHVH�SRLQWV�DUH�SDUHWR�
RSWLPDO�

����$UHD�DQG�3RZHU�7UDGH�RII�IRU�%HQFKPDUN�'HVLJQV
7KLV� VHFWLRQ� LOOXVWUDWHV� WKH� DUHD� DQG� SRZHU� WUDGH�RIIV�� WKURXJK� WKH� XVH� RI

SDUHWR�VXUIDFH� DQDO\VLV�� IRU� WKH� EHQFKPDUN� GHVLJQV� SUHVHQWHG� LQ� VHFWLRQ� ����� 7KH
SDUHWR�FKDUWV�ZHUH�JHQHUDWHG�XVLQJ�WKH�WHFKQLTXHV�GHVFULEHG�LQ�VHFWLRQ������7KH�*$
SDUDPHWHUV�ZHUH�WKH�VDPH�DV�WKRVH�XVHG�WR�JHQHUDWH�WKH�UHVXOWV�SUHVHQWHG�LQ�VHFWLRQ
����� (DFK� SDUHWR�FKDUW� LV� SUHVHQWHG� LQ� D� VHSDUDWH� VHFWLRQ� IRU� WKDW� GHVLJQ�� ,Q� HDFK
FKDUW� D� VROLG� OLQH�GHQRWHV� WKH� SDUHWR�VXUIDFH�� 7KH� SDUHWR�VXUIDFH� LV� SUHVHQWHG� DV� D
VWUDLJKW�OLQH�UDWKHU�WKDQ�D�FXUYH�MRLQLQJ�WKH�SDUHWR�SRLQWV��7KLV�LV�GXH�WR�WKH�QDWXUH�RI
WKH�9/6,�V\QWKHVLV�SUREOHP��6ROXWLRQV�H[LVW�DW�GLVFUHWH�SRLQWV�LQ�WKH�VROXWLRQ�VSDFH�
D�FXUYH�PD\� LPSO\� WKDW�WKHUH� LV�D� UDQJH�RI�VROXWLRQV� EHWZHHQ� WZR�SRLQWV�ZKHQ�QR
IHDVLEOH�VROXWLRQV�DFWXDOO\�H[LVW�EHWZHHQ�WKRVH�SRLQWV�

(DFK� FKDUW� DOVR� VKRZV� WKH� XQLTXH� SRLQWV� LQ� WKH� VROXWLRQ� VSDFH� H[DPLQHG
ZKLOH�VHDUFKLQJ�IRU�DQ�RSWLPXP�VROXWLRQ�IRU�WKDW�GHVLJQ��(DFK�¨[©�GHQRWHV�D�XQLTXH
SRZHU�DUHD�SRLQW� IRU�D�GHVLJQ�� ,W� VKRXOG�EH�QRWHG�WKDW�HDFK�DUHD�SRZHU�SRLQW�GRHV
QRW�QHFHVVDULO\� FRUUHVSRQG� WR� D� VLQJOH� GHVLJQ��$� QXPEHU� RI� GHVLJQV� FDQ� KDYH� WKH
VDPH�DUHD�SRZHU�FKDUDFWHULVWLFV��DV�LOOXVWUDWHG�LQ�)LJXUH������7KHUHIRUH��WKH�QXPEHU
RI�¨[©�SRLQWV�LQ�WKH�JUDSK�PD\�QRW�EH�UHSUHVHQWDWLYH�RI�WKH�WRWDO�QXPEHU�RI�GHVLJQV
DQDO\VHG�WKURXJKRXW�WKH�VHDUFK�SURFHVV
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��$GGHU

6DPH�3RZHU
&RQVXPSWLRQ

)LJXUH�����([DPSOH�RI�GLIIHUHQW�')*V�ZLWK�WKH�6DPH�3RZHU�DQG�$UHD
&KDUDFWHULVWLFV
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(VWLPDWHG�$UHD��PP��
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3DUHWR�6XUIDFH
6HDUFK�3RLQW

,QLWLDO�6ROXWLRQ

)LJXUH�����3DUHWR�6XUIDFH�IRU��7$3),5

7KH�SDUHWR�FKDUW� LQ�)LJXUH����� LOOXVWUDWHV� WKH� LQLWLDO� VROXWLRQ��ZLWK� D� SRZHU
FRQVXPSWLRQ�RI������DW��9��7KH�FKDUW�FOHDUO\�LOOXVWUDWHV�WKH�WUDGH�RII�EHWZHHQ�DUHD
DQG�SRZHU��WKH�JUHDWHU�WKH�DUHD�LQFUHDVH��WKH�ODUJHU�WKH�SRZHU�UHGXFWLRQ�ZKLFK�FDQ
EH� REWDLQHG��+RZHYHU��RQFH�PLQLPXP�SRZHU� FRQVXPSWLRQ� KDV� EHHQ� REWDLQHG� WKH
JUDSK� DOVR� LOOXVWUDWHV� WKDW� GHVLJQV� ODUJHU� WKDQ� DSSUR[�� ��PP�� RIIHU� QR� IXUWKHU
UHGXFWLRQ�LQ�SRZHU�
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7KH� DGYDQWDJH� RI� WKH� JUDSK� LV� LOOXVWUDWHG� E\� FRPSDULQJ� LW� ZLWK� WKH� SRLQW�
VROXWLRQ�GDWD�SUHVHQWHG�LQ�VHFWLRQ������7KH�SRLQW�VROXWLRQ�VSHFLILHG�D�GHVLJQ�ZLWK�D
SRZHU� FRQVXPSWLRQ� RI� �������� ZLWK� DQ� DUHD� RI� ��PP�� �DQ� LQFUHDVH� RI� DSSUR[�
����� FRPSDUHG� WR� WKH� LQLWLDO� VROXWLRQ��� 7KH� JUDSK� LOOXVWUDWHV� WKDW� D� SRZHU
FRQVXPSWLRQ� RI� ������ LV� DFKLHYDEOH�ZLWK� DQ� DUHD� RI� ��PP�� �DQ� DUHD� LQFUHDVH� RI
DSSUR[���������8VLQJ� WKH�SDUHWR�FKDUW� WKH�9/6,�GHVLJQHU� FDQ� GHFLGH�ZKHWKHU� WKH
IXUWKHU� LQFUHDVH� LQ� DUHD� LV� ZRUWK� WKH� H[WUD�� VPDOO� UHGXFWLRQ� LQ� SRZHU�� $� VLPLODU
DQDO\VLV�RQ�WUDGH�RIIV��HVSHFLDOO\�ZKHQ�FRPSDUHG�WR�WKH�VLQJOH�SRLQW�VROXWLRQV��FDQ
EH�SHUIRUPHG�IRU�DOO�RI�WKH�3DUHWR�VXUIDFHV�LQ�WKLV�VHFWLRQ�

7KH�JUDSK�DOVR� LOOXVWUDWHV�WKDW�WKH�SRZHU� FDQ�EH� UHGXFHG� WR�����ZKLOH� WKH
DUHD�LV�DOVR�UHGXFHG��9LHZHG�DV�D�ZKROH��WKH�JUDSK�SUHVHQWV�D�IDPLO\�RI�VROXWLRQV�WR
WKH�9/6,�GHVLJQHU��WKH�UHTXLUHG�VROXWLRQ�FDQ�EH�VHOHFWHG�EDVHG�XSRQ�WKH�SDUWLFXODU
LPSOHPHQWDWLRQ�FULWHULD�
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3DUHWR�6XUIDFH
6HDUFK�3RLQW

,QLWLDO�6ROXWLRQ

)LJXUH�����3DUHWR�6XUIDFH�IRU�$9(1�',
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7KLV� SDUHWR�VXUIDFH� DOVR� LOOXVWUDWHV� WKH� VPDOO� GHFUHDVHV� LQ� SRZHU
FRQVXPSWLRQ� WKDW�DUH�REWDLQHG�ZLWK�VXFFHVVLYHO\� ODUJHU�GHVLJQV��7KH� ODUJH� DPRXQW
RI�VHDUFK�SRLQWV�IRU�ODUJHU�DUHDV�LOOXVWUDWHV�WKH�VHDUFK�RI�WKH�XQIROGHG�GHVLJQ�VHDUFK
VSDFH��SURGXFLQJ�ODUJHU�GHVLJQV�EXW�ZLWK�ODUJHU�SRZHU�FRQVXPSWLRQ�WKDQ�WKH���PP�

GHVLJQ�

������$9(1�3$

�

��

��

��

��

���

���

� �� �� �� �� �� �� ��
$UHD��PP��
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3DUHWR�6XUIDFH
6HDUFK�3RLQW

)LJXUH�����3DUHWR�6XUIDFH�IRU�$9(1�3$

7KH�FKDUW�LOOXVWUDWHV�WKDW�SRZHU�FDQ�EH�UHGXFHG�WR�OHVV�WKDQ�����ZKLOH�DOVR
UHGXFLQJ� DUHD� IURP�DSSUR[�����PP�� WR� ���PP���ZKLFK� FDQQRW� EH� GHGXFHG� IURP� D
VLQJOH�VROXWLRQ�VKRZLQJ�WKH�ORZHVW�SRZHU�REWDLQHG��7KH�$9(1�3$�GHVLJQ�GLG�QRW
EHQHILW� IURP� WKH� XQIROGLQJ� WUDQVIRUPDWLRQ�� WKH� VROXWLRQV� ODUJHU� WKDQ� ��PP�

UHSUHVHQW� WKH� XQIROGHG� GHVLJQV� ZLWK� ODUJHU� SRZHU� FRQVXPSWLRQ� WKDQ� WKH� QRQ�
XQIROGHG�GHVLJQ�



&KDSWHU���¤�0XOWL�2EMHFWLYH�6HDUFK�6SDFH�([SORUDWLRQ

���

������'&67

�

��

��

��

��

���

���

� �� �� �� �� �� �� �� �� ��
$UHD��PP��

3R
ZH

U���
�

3DUHWR�6XUIDFH
6HDUFK�3RLQW

,QLWLDO�6ROXWLRQ

)LJXUH�����3DUHWR�6XUIDFH�IRU�'&67

7KLV�FKDUW�LOOXVWUDWHV�WKDW�SRZHU�ZDV�UHGXFHG�WR�DSSUR[������ZLWK�D�GHFUHDVH
LQ� DUHD�� WKH� ORZHVW�SRZHU� GHVLJQ� KDV� D� SRZHU� FRQVXPSWLRQ� RI� ���� ZLWK� D� ��
LQFUHDVH� LQ� DUHD� �DQ� DUHD� RI� DSSUR[�� ��PP���� 7KH� FKDUW� VKRZV� D� ODUJH� QXPEHU� RI
VHDUFK�SRLQWV�H[SORUHG�DERYH�WKLV�DUHD�� LOOXVWUDWLQJ�WKH�H[SORUDWLRQ�RI� WKH�SLSHOLQHG
DQG�XQIROGHG�VROXWLRQ�VSDFH�
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)LJXUH�����3DUHWR�6XUIDFH�IRU�%,48$'�

7KLV� FKDUW� DOVR� LOOXVWUDWHV� WKDW� SRZHU� UHGXFWLRQ� LV� SRVVLEOH� ZKLOH� UHGXFLQJ
DUHD�
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7KH�SRZHU�FRQVXPSWLRQ�RI�WKLV�GHVLJQ�FDQ�EH�UHGXFHG�WR�DSSUR[������ZLWK
RQO\� D� ���PP�� LQFUHDVH� LQ� DUHD��5HGXFWLRQ� WR� WKH� ORZHVW�IRXQG� SRZHU�RI� DSSUR[�
����UHTXLUHV�DQ�DUHD�LQFUHDVH�RI�DSSUR[����PP��
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3DUHWR�6XUIDFH
6HDUFK�3RLQW

,QLWLDO�6ROXWLRQ

)LJXUH������3DUHWR�6XUIDFH�IRU�(//,3�

7KLV�GHVLJQ�FOHDUO\�LOOXVWUDWHV�WKDW�D�ODUJH�UHGXFWLRQ�LQ�DUHD�������LV�SRVVLEOH
ZKLOH�UHGXFLQJ�WKH�SRZHU�FRQVXPSWLRQ�WR������7KH�FKDUW�LOOXVWUDWHV�WKH�LQHIILFLHQF\
RI�GLUHFWO\� LPSOHPHQWLQJ� WKH� LQLWLDO� GHVLJQ�ZLWKRXW� LPSOHPHQWLQJ� SRZHU��RU� DUHD�
UHGXFLQJ�WUDQVIRUPDWLRQV�WR�SURGXFH�D�PRUH�SRZHU��DQG�DUHD�HIILFLHQW�GHVLJQ�
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,QLWLDO�6ROXWLRQ

)LJXUH������3DUHWR�6XUIDFH�IRU�/06�

7KLV�FKDUW�LOOXVWUDWHV�WKDW�DSSOLFDWLRQ�RI�WKH�WUDQVIRUPDWLRQV�SURGXFHG�D�ORW�RI
GHVLJQV�WKDW�ZHUH�VPDOOHU�WKDQ�WKH�LQLWLDO�GHVLJQ�EXW�ZLWK�FRQVLGHUDEO\�KLJKHU�SRZHU
FRQVXPSWLRQ�� +RZHYHU�� UHGXFWLRQ� RI� WKH� SRZHU� WR� ���� LV� SRVVLEOH� ZLWK� D� �PP�

GHFUHDVH� LQ� DUHD�� 7KH� ORZHVW�SRZHU� GHVLJQ� ������ UHTXLUHV� DQ� DUHD� LQFUHDVH� RI
�PP��
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)LJXUH������3DUHWR�6XUIDFH�IRU�92/7(55$

7KLV� FKDUW� LOOXVWUDWHV� WKH� GLIILFXOW\� WKDW� *$/236� KDG� UHGXFLQJ� WKH� SRZHU
FRQVXPSWLRQ� RI� WKH� 92/7(55$� GHVLJQ�� 7KH� UHFXUVLYH� QDWXUH� RI� WKH� GHVLJQ
UHVWULFWHG�WKH�DSSOLFDWLRQ�RI� WKH� WUDQVIRUPDWLRQV�KHQFH� WKH� VPDOO� QXPEHU�RI� VHDUFK
SRLQWV������
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7KLV�SDUHWR�VXUIDFH�LOOXVWUDWHV�WKDW�XQIROGLQJ�LV�UHTXLUHG�WR�UHGXFH�WKH�SRZHU
FRQVXPSWLRQ�E\�����ZLWK�D�����LQFUHDVH�LQ�DUHD��(YHQ�WKRXJK�GHVLJQV�DUH�H[SORUHG
XS� WR� DSSUR[�� ��PP�� �WKH� PD[LPXP� LQ� *$/236�� QR� IXUWKHU� SRZHU� UHGXFWLRQ� LV
REWDLQHG�

����'LVFXVVLRQ
$OO� RI� WKH� SDUHWR�VXUIDFH� FKDUWV� IROORZ� WKH� VDPH� WUHQG�� LOOXVWUDWLQJ� D

UHODWLRQVKLS� EHWZHHQ� SRZHU� DQG� DUHD��'HFUHDVLQJ� SRZHU� FRQVXPSWLRQ� LV� W\SLFDOO\
DFKLHYHG� WKURXJK� JUHDWHU� DUHD��:KHUH� GHVLJQV� ZHUH� RSWLPLVHG�ZLWK� D� GHFUHDVH� LQ
DUHD� WKLV�ZDV�GXH� WR� LQHIILFLHQFLHV� LQ� WKH� LQLWLDO�')*�VSHFLILFDWLRQ�� ,Q� WKHVH� FDVHV�
RQFH� WKH� DUHD� KDG� EHHQ� UHGXFHG� WR� DFKLHYH� D� SRZHU� UHGXFWLRQ�� IXUWKHU� SRZHU
UHGXFWLRQ�W\SLFDOO\�UHTXLUHG�PRUH�DUHD��7KLV�LV�SULPDULO\�GXH�WR�WKH�LPSDFW�RI�VSHHG
RQ� SRZHU� DV� GHVFULEHG� EHIRUH�� 2SHUDWLQJ� DW� D� ORZHU� VSHHG� �DQG� KHQFH� D� ORZHU
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YROWDJH�� UHTXLUHV� PRUH� SDUDOOHO� SURFHVVLQJ� WR� UHWDLQ� WKURXJKSXW�� WKHUHIRUH�� PRUH
UHVRXUFHV�DUH�QHHGHG�LQ�WKH�GDWDSDWK�

)LJXUH������LOOXVWUDWHV�WKH�W\SLFDO�IHDWXUHV�RI�WKH�SDUHWR�VXUIDFH�FKDUWV�
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,QLWLDO�6ROXWLRQ

)LJXUH������7\SLFDO�3DUHWR�6XUIDFH�&KDUW

,Q� WKLV� ILJXUH�� WKH� SDUHWR�VXUIDFH� LV� GHQRWHG� E\� D� VROLG�OLQH�� 7KH� SDUHWR�
VXUIDFH� IROORZV� WKH� W\SLFDO� WUHQG� RI� LQFUHDVHG� DUHD� DOORZLQJ� UHGXFHG� SRZHU�� 7KH
VHDUFK�SRLQWV��GHQRWHG�E\�;©V��FDQ�EH�JURXSHG�E\� WKH� OHQJWK�RI� WKHLU� FULWLFDO� SDWK�
7KH�LQLWLDO�FULWLFDO�SDWK�OHQJWK��1��FRQWDLQV�WKH�LQLWLDO�VROXWLRQ��)RU�HDFK�FULWLFDO�SDWK
D� UDQJH� RI� VROXWLRQV� H[LVW� ZLWK� GLIIHUHQW� DUHD� UHTXLUHPHQWV�� +RZHYHU�� WKH� SRZHU
FRQVXPSWLRQ�RI�WKHVH�GHVLJQV�LV�UHODWLYHO\�VLPLODU��7KLV�LV�EHFDXVH�WKH�OHQJWK�RI�WKH



&KDSWHU���¤�0XOWL�2EMHFWLYH�6HDUFK�6SDFH�([SORUDWLRQ

���

FULWLFDO�SDWK�VSHFLILHV�WKH�GHVLJQ©V�VXSSO\�YROWDJH��ZKLFK�KDV�WKH�JUHDWHVW�LPSDFW�RQ
SRZHU��7KH�DUHD�KDV�D�OHVVHU�LPSDFW�RQ�SRZHU�

7KH� JUDSK� DOVR� VKRZV� JURXSLQJ� RI� VROXWLRQV� E\� XQIROGLQJ� IDFWRU�� DV
XQIROGLQJ�LV�DOZD\V�SHUIRUPHG�DW�LQWHJHU�LQWHUYDOV�WKH�LQFUHDVH�LQ�DUHD�DSSUR[LPDWHV
WR�WKH�SURGXFW�RI�WKH�XQIROGLQJ�IDFWRU�DQG�WKH�DUHD�RI�WKH�QRQ�XQIROGHG�GHVLJQ�

����&RQFOXVLRQ
7KLV� FKDSWHU� KDV� SUHVHQWHG� WKH� XVH� RI� SDUHWR�VXUIDFH� FKDUWV� IRU� WKH

GHWHUPLQDWLRQ�RI�WKH�EHVW�GHVLJQ�WR�PHHW�WKH�UHTXLUHG�SDUDPHWHUV��7KHVH�SDUDPHWHUV
PD\� EH� 9/6,� LPSOHPHQWDWLRQ� GHWDLOV�� VXFK� DV� SRZHU� DQG� DUHD�� RU� KLJKHU�OHYHO
GHVLJQ�GHFLVLRQV�VXFK�DV�WKH�FRVW�RI�D�SDUWLFXODU�GHYLFH�VL]H�RU�WKH�SUHIHUUHG�VXSSO\
YROWDJH��UHODWHG�WR�WKH�FULWLFDO�SDWK�OHQJWK��

7KH� PXOWL�VROXWLRQ� QDWXUH� RI� WKH� *$�� ZKLFK� LQKHUHQWO\� SHUIRUPV� DQ
H[SORUDWLRQ�RI�WKH�VROXWLRQ�VSDFH��LV�H[SORLWHG�WR�SURGXFH�WKH�SDUHWR�VXUIDFH�FKDUWV�
5DWKHU� WKDQ�GLVFDUG� WKH� LQIRUPDWLRQ�EXLOW�XS�GXULQJ� WKH� VHDUFK�SURFHVV� WKH�SDUHWR�
VXUIDFH� HQDEOHV� XVH� RI� WKLV� LQIRUPDWLRQ� IRU� GHVLJQ� VHOHFWLRQ� DQG� DQDO\VLV� RI� WKH
VHDUFK�SURFHGXUH��7KH\�SURYLGH� LQIRUPDWLRQ�DERXW�WKH�QDWXUH�RI� WKH�VROXWLRQ�VSDFH
WR�SURYLGH�DQ�LQWXLWLYH�YLHZ�RI�ORZ�SRZHU�GHVLJQ�WUDGH�RIIV��DV�GLVFXVVHG�LQ�VHFWLRQ
����

)RU� D� QXPEHU� RI� VROXWLRQV� WKH� SDUHWR�VXUIDFH� FKDUWV� KLJKOLJKW� ORZ�SRZHU
VROXWLRQV� WKDW� UHTXLUH� VPDOOHU� DUHDV� ZLWK� RQO\� PLQLPDO� UHGXFWLRQ� LQ� WKH� RYHUDOO
SRZHU�UHGXFWLRQ��FRPSDUHG�WR�WKH�VLQJOH�¨EHVW�SRZHU©�VROXWLRQV�SUHVHQWHG�LQ�FKDSWHU
���7KLV�LQIRUPDWLRQ�LV�LQYDOXDEOH�WR�WKH�GHVLJQ�HQJLQHHU�DV�KH�FDQ�VHOHFW�WKH�GHVLJQ
WKDW� EHVW� VXLWV� KLV� RYHUDOO� UHTXLUHPHQWV� UDWKHU� WKDQ� WKH� VLQJOH� FULWHULD� RI� UHGXFLQJ
SRZHU�
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&KDSWHU����¤�'HYHORSPHQW�RI�$OWHUQDWLYH�6HDUFK�7HFKQLTXHV

$V�GHVFULEHG� LQ�&KDSWHU����WKH�*$�KDV�PDQ\�DGYDQWDJHRXV�SURSHUWLHV� WKDW
SURPSWHG�LWV�VHOHFWLRQ�DV� WKH�FRUH�RI�D�KLJK�OHYHO�SRZHU�FRQVFLRXV�GHVLJQ� WRRO�� ,WV
SDUDOOHO�QDWXUH��VDPSOLQJ�PXOWLSOH�SRLQWV�RI�WKH�VROXWLRQ�VSDFH��SURYLGHV�D�UREXVW�DQG
HIILFLHQW� VHDUFK�PHFKDQLVP�� FDSDEOH� RI� GHWHUPLQLQJ� ¨JRRG©� VROXWLRQV� LQ� FRPSOH[�
GLVFRQWLQXRXV�VHDUFK�VSDFHV��,Q�DGGLWLRQ��*$V�KDYH�EHHQ�VXFFHVVIXOO\�XVHG�LQ�PDQ\
9/6,�GHVLJQ�DQG�DQDO\VLV�DSSOLFDWLRQV��RXWSHUIRUPLQJ�PRUH� WUDGLWLRQDO�DOJRULWKPV�
7KHUHIRUH�� WKH�*$/236� V\VWHP� XVHV� D�*$� WR� VHDUFK� WKH� FRPSOH[� VROXWLRQ� VSDFH
LQKHUHQW� LQ� WKH� ORZ�SRZHU� V\QWKHVLV� SUREOHP�� +RZHYHU�� ZKLOH� WKH� *$� KDV� EHHQ
GHPRQVWUDWHG�DV�EHLQJ�DEOH�WR�SURGXFH�VROXWLRQV�WR�D�UDQJH�RI�EHQFKPDUN�GHVLJQV��LW
LV� QRW� WKH� RQO\� PHWKRG� RI� VHDUFKLQJ� WKH� VROXWLRQ� VSDFH� WR� GHWHUPLQH� D� ¨JRRG©
VROXWLRQ�WKDW�PHHWV�WKH�REMHFWLYH�UHTXLUHPHQWV�

7KLV� FKDSWHU� SUHVHQWV� WKH� GHYHORSPHQW� RI� DOWHUQDWLYH� VHDUFK� DOJRULWKPV� WR
H[SORUH� WKH� KLJK�OHYHO� SRZHU� GHVLJQ� VSDFH�� 7KH� VHOHFWHG� DOJRULWKPV� UHSUHVHQW� D
VPDOO�VXEVHW�RI�VHDUFK�WHFKQLTXHV��LQFRUSRUDWLQJ�VLPSOH�KHXULVWLFV��*UDGLHQW�VHDUFK�
DQG� QDWXUDOO\� LQVSLUHG� RSWLPLVDWLRQ� SURFHVVHV� �6LPXODWHG� $QQHDOLQJ��� 7KHVH
WHFKQLTXHV� DUH� WUDGLWLRQDOO\� XVHG� WR� VROYH� D� UDQJH� RI� SUREOHPV�� LQFOXGLQJ� 9/6,
GHVLJQ�SUREOHPV��DQG�DV�VXFK�WKH�FKRLFH�RI�D�*$�IRU�WKH�*$/236�V\VWHP�QHHGV�WR
EH�DQDO\VHG�LQ�WHUPV�RI�LWV�DELOLW\�WR�RXWSHUIRUP�RWKHU�WHFKQLTXHV�

7KH�FKDSWHU�RXWOLQHV�WKH�GHYHORSPHQW�RI�WKH�DOJRULWKPV�WKDW�UHTXLUH�WKH�FRUH
WUDQVIRUPDWLRQ�DQG�H[SORUDWLRQ�URXWLQHV�WKDW�ZHUH�GHYHORSHG�IRU�WKH�LPSOHPHQWDWLRQ
RI� WKH� *$�EDVHG� VHDUFK� WRRO�� 7KH� SHUIRUPDQFH� RI� WKH� GHYHORSHG� DOJRULWKPV� LV
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FRPSDUHG�ZLWK�WKH�*$�XVLQJ�WKH�UHVXOWV�REWDLQHG� IRU�WKH�VHW�RI�EHQFKPDUN�GHVLJQV
OLVWHG�LQ�$SSHQGL[�$�

�����*UDGLHQW�6HDUFK
2QH� RI� WKH� VLPSOHVW� VHDUFK� DOJRULWKPV� LV� WKH� JUDGLHQW� RU� KLOO�FOLPELQJ

DOJRULWKP��7KH�DOJRULWKP�DWWHPSWV�WR�ILQG�WKH�RSWLPXP�VROXWLRQ�WKURXJK�VXFFHVVLYH
PRGLILFDWLRQV�RI�WKH� LQLWLDO� VROXWLRQ��,I�WKH�PRGLILFDWLRQ�SURGXFHV�DQ� LPSURYHPHQW�
WKHQ�WKH�PRGLILHG�VROXWLRQ�LV�FKRVHQ�DV�WKH�VWDUWLQJ�SRLQW�IRU�WKH�QH[W�PRGLILFDWLRQ�
7KH� DOJRULWKP� LV� NQRZQ� DV� D� KLOO�FOLPELQJ� DOJRULWKP� EHFDXVH� LW� RQO\� DFFHSWV
LPSURYHPHQWV�WR�WKH�VROXWLRQ�L�H��RQO\�¨XSKLOO©�PRYHPHQWV�LQ�WKH�VROXWLRQ�VSDFH�DUH
DFFHSWHG�

$�PRGLILFDWLRQ�WR�WKH�VLPSOH�KLOO�FOLPELQJ�DOJRULWKP� LV�NQRZQ�DV�VWHHSHVW�
JUDGLHQW�VHDUFK�>5LFK��@��LQ�ZKLFK�D� ODUJH�QXPEHU�RI�PRGLILFDWLRQV�DUH�DSSOLHG� WR
WKH�FXUUHQW�VROXWLRQ�WR�FUHDWH�D�VHW�RI�PRGLILHG�VROXWLRQV��7KH�PRGLILHG�VROXWLRQ�ZLWK
WKH�ODUJHVW�LQFUHDVH�LQ�ILWQHVV��WKH�VWHHSHVW�JUDGLHQW��LV�VHOHFWHG�DV�WKH�QH[W�VROXWLRQ�
7KH�GLVDGYDQWDJH�RI�VXFK�D� WHFKQLTXH� LV� WKH� FRPSOH[LW\�RI�JHQHUDWLQJ� DOO� SRVVLEOH
VROXWLRQV� DV� WKLV� PD\� UHTXLUH� WKH� FUHDWLRQ� RI� D� SURKLELWLYH� QXPEHU� RI� VROXWLRQV�
7KHUH� LV�D�WUDGH�RII�EHWZHHQ�JHQHUDWLQJ�D�VXLWDEOH�VHW�RI�VROXWLRQV�DQG� OLPLWLQJ� WKH
DPRXQW�RI�WLPH�UHTXLUHG�LQ�JHQHUDWLQJ�DQG�WHVWLQJ�WKRVH�VROXWLRQV�

$QRWKHU�GLVDGYDQWDJH�RI�WKH�JUDGLHQW�VHDUFK�DOJRULWKP� LV�GXH�WR�LWV� ¨JUHHG\
QDWXUH©�RI�RQO\�DFFHSWLQJ�SRVLWLYH�PRYHV��7KLV�FDQ�RIWHQ�UHVXOW�LQ�LW�LQ�LW�VHWWOLQJ�RQ
WKH�ILUVW�SHDN�LW�ORFDWHV�LQ�WKH�VROXWLRQ�VSDFH��LW�EHFRPHV�VWXFN�LQ�D�ORFDO�PD[LPXP�
,Q�D�PXOWL�PRGDO�VROXWLRQ�VSDFH�ZLWK� ORWV�RI�SHDNV� WKLV�FDQ�RIWHQ�EH�D�VXE�RSWLPDO
SHDN��2QH�RI�WKH�PDLQ� DGYDQWDJHV�RI�D�*$� LV� LWV�DELOLW\� WR�HVFDSH� ORFDO�PD[LPXP
SRLQWV�LQ�WKH�VHDUFK�VSDFH��WR�HQDEOH�LW�WR�ILQG�D�JOREDO�RSWLPXP��)RU�WKLV�UHDVRQ�WKH
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SHUIRUPDQFH� RI� D� JUDGLHQW� VHDUFK� LV� FRPSDUHG� ZLWK� WKH� UHVXOWV� GHWHUPLQHG� E\
*$/236�� WR� LOOXVWUDWH� WKDW� WKH� DELOLW\� WR� HVFDSH� ORFDO� PD[LPXPV� LV� D� UHTXLUHG
FRPSRQHQW�RI�D�KLJK�OHYHO�ORZ�SRZHU�V\QWKHVLV�WRRO�

�������,PSOHPHQWDWLRQ�DQG�5HVXOWV�RI�*UDGLHQW�6HDUFK
7KH�FRUH�RI� WKH�*$/236�V\VWHP� LV�XVHG� WR� LPSOHPHQW� WKH�JUDGLHQW�VHDUFK

DOJRULWKP�� 7KH� KLJK�OHYHO� WUDQVIRUPDWLRQV� DUH� XVHG� WR� FUHDWH� PRGLILHG� VROXWLRQV
IURP�D�VLQJOH�LQLWLDO�VROXWLRQ��WKH�VSHFLILHG�GHVLJQ���7KH�EHVW�PRGLILHG�VROXWLRQ��WKH
ORZHVW�SRZHU�� LV�VHOHFWHG�DQG�XVHG� WR�JHQHUDWH� WKH�QH[W� VHW�RI�PRGLILHG� VROXWLRQV�
7KH� DOJRULWKP� LV� WHUPLQDWHG� ZKHQ� WKHUH� LV� QR� LPSURYHPHQW� LQ� WKH� VROXWLRQ� �QR
UHGXFWLRQ� LQ�SRZHU�FRQVXPSWLRQ�� IRU������ LWHUDWLRQV��7KH� FXUUHQW� VROXWLRQ�ZLOO� EH
WKH�EHVW�VROXWLRQ�IRXQG�ZLWK�WKH�JUDGLHQW�VHDUFK�

7KH� UHVXOWV� DUH� FRPSDUHG� ZLWK� WKRVH� SUHVHQWHG� LQ� FKDSWHU� �� IRU� WKH� WHQ
EHQFKPDUN�FLUFXLWV�XVHG�WR�LOOXVWUDWH�WKH�SRZHU�UHGXFWLRQV�REWDLQHG�ZLWK�*$/236�
)LJXUH������ OLVWV� WKH� UHVXOWV�REWDLQHG�ZLWK� WKH�JUDGLHQW� VHDUFK� WHFKQLTXH� DORQJVLGH
WKRVH�IRXQG�ZLWK�WKH�*$�

*UDGLHQW�6HDUFK *$/236
3RZHU
���RI
RULJLQDO�

$UHD
���RI
RULJLQDO�

6XSSO\
9ROWDJH
�9ROWV�

3RZHU
���RI
RULJLQDO�

$UHD
���RI
RULJLQDO�

6XSSO\
9ROWDJH
�9ROWV�

*UDGLHQW
3RZHU�¤
*$/236
3RZHU

�7$3),5 ����� ����� ��� ����� ����� ��� ������
$9(1�', ����� ����� ��� ����� ����� ��� ������
$9(1�3$ ����� ����� ��� ����� ����� ��� ������
'&67 ����� ����� ��� ����� ����� ��� ������
%,48$'� ����� ����� ��� ����� ����� ��� ������
*0/$7� ����� ����� ��� ����� ����� ��� ������
(//,3� ����� ����� ��� ����� ����� ��� ������
/06� ����� ����� ��� ����� ����� ��� ������
92/7(55$ ����� ����� ��� ����� ����� ��� �����
257+�/$7 ����� ����� ��� ����� ����� ��� ������
7DEOH������&RPSDULVRQ�RI�5HVXOWV�2EWDLQHG�ZLWK�*UDGLHQW�6HDUFK�DQG�*$/236



&KDSWHU����¤�'HYHORSPHQW�RI�$OWHUQDWLYH�6HDUFK�7HFKQLTXHV

���

7KH�WDEOH� LV�VSOLW� LQWR���VHFWLRQV��7KH� ILUVW�VHFWLRQ� OLVWV� WKH�UHVXOWV�REWDLQHG
ZLWK�WKH�*UDGLHQW�VHDUFK��LQFOXGLQJ�WKH�SRZHU��DV�D�SHUFHQWDJH�RI�WKH�RULJLQDO���WKH
DUHD� �DV� D�SHUFHQWDJH�RI� WKH� RULJLQDO�� DQG� WKH� VXSSO\� YROWDJH�� 7KH� VHFRQG� VHFWLRQ
OLVWV�WKH�VDPH�WKUHH�SDUDPHWHUV�DV�GHWHUPLQHG�ZLWK�*$/236��7KH�ODVW�VHFWLRQ� OLVWV
WKH� GLIIHUHQFH� EHWZHHQ� WKH� SRZHU� UHVXOWV� REWDLQHG� ZLWK� WKH� JUDGLHQW� VHDUFK� DQG
*$/236�

7KH�WDEOH�LOOXVWUDWHV�WKDW�LQ�QR�FDVH�GRHV�WKH�JUDGLHQW�VHDUFK�RXWSHUIRUP�WKH
*$�EDVHG� VHDUFK� SHUIRUPHG� E\� *$/236�� 7KRVH� GHVLJQV� ZLWK� D� GLIIHUHQFH� RI
JUHDWHU�WKDQ�������7$3),5��$9(1�',��$9(1�3$�DQG�*0/$7���DOO�REWDLQHG�D
ORZHU� VXSSO\� YROWDJH� ZLWK� *$/236� WKDQ� ZLWK� WKH� JUDGLHQW� VHDUFK� WHFKQLTXH�
*$/236�ZDV�DEOH�WR�UHGXFH�WKH�FULWLFDO�SDWK�RI� WKHVH�GHVLJQV�E\�D�JUHDWHU�GHJUHH
WKDQ�WKH�JUDGLHQW�VHDUFK��)RU�H[DPSOH��WKH��7$3),5�FULWLFDO�SDWK�KDV�EHHQ�UHGXFHG
WR���HOHPHQW�ZLWK�*$/236�EXW�RQO\�UHGXFHG�WR���HOHPHQWV�ZLWK�WKH�JUDGLHQW�VHDUFK�
7KH� JUDGLHQW� VHDUFK� KDV� VHWWOHG� RQ� D� ORFDO� RSWLPD�� ZKLFK� SUHYHQWV� IXUWKHU
RSWLPLVDWLRQ�RI�WKH�GHVLJQ��*$/236�LV�DEOH�WR�HVFDSH�WKLV� ORFDO�RSWLPD�WR�ILQG�WKH
GHVLJQ�ZLWK�WKH�VKRUWHVW�FULWLFDO�SDWK�

7KRVH� GHVLJQV�ZLWK� D� GLIIHUHQFH� LQ� SRZHU� UHGXFWLRQ� RI� OHVV� WKDQ� ���� EXW
JUHDWHU� WKDQ� ��� �'&67�� %,48$'��� (//,3��� /06�� DQG�257+�/$7�� KDYH� WKH
VDPH� VXSSO\� YROWDJH�� DQG� KHQFH� WKH� VDPH� FULWLFDO� SDWK� OHQJWK�� DV� WKRVH� GHVLJQV
V\QWKHVLVHG� ZLWK� *$/236�� 7KH� GLIIHUHQFH� LQ� SRZHU� FRQVXPSWLRQ� LV� GXH� WR� WKH
UHGXFHG�DUHD�RI� WKH� GHVLJQV� SURGXFHG�ZLWK�*$/236��7KHVH� GHVLJQV� KDYH� FULWLFDO
SDWKV�WKDW�FDQ�EH�HIIHFWLYHO\�UHGXFHG�E\�WKH�DSSOLFDWLRQ�RI�WKH�WUDQVIRUPDWLRQV�WKDW
KDYH� EHHQ� LPSOHPHQWHG� WR� WDUJHW� FULWLFDO� SDWK� OHQJWK� UHGXFWLRQ�� +RZHYHU�� WKH
UHGXFWLRQ�RI�DUHD�ZKLOH�UHGXFLQJ�SRZHU�LV�D�PRUH�FRPSOH[�SURFHVV�WKDW�UHTXLUHV�WKH
*$�EDVHG� VHDUFK� PHFKDQLVP�� )RU� H[DPSOH�� WKH� (//,3�� GHVLJQ� SURGXFHG� E\� WKH
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JUDGLHQW� VHDUFK� UHTXLUHV� �� DGGHUV� DQG� �� PXOWLSOLHUV�� 7KH� GHVLJQ� SURGXFHG� E\
*$/236�UHTXLUHV���OHVV�PXOWLSOLHU�ZKLOH�VWLOO�REWDLQLQJ�WKH�VDPH�YROWDJH�UHGXFWLRQ�
7KLV�LV�D�FRQVLGHUDEOH�VDYLQJ�LQ�VL]H�DQG�FRPSOH[LW\�ZKHQ�WKH�VL]H�RI�D�PXOWLSOLHU�LV
FRQVLGHUHG� �WKH� *$� SURGXFHG� GHVLJQ� LV� ���� VPDOOHU� WKDQ� WKH� JUDGLHQW� SURGXFHG
GHVLJQ���,Q�WKH�FDVH�RI�257+�/$76�WKH�*$�ZDV�DEOH�WR�UHGXFH�SRZHU�FRQVXPSWLRQ
�WKURXJK� WKH� DSSOLFDWLRQ�RI�XQIROGLQJ��ZKHUH� WKH�JUDGLHQW� VHDUFK� IDLOHG�� 7KH� EHVW�
IRXQG�XQIROGHG�GHVLJQ�UHTXLUHG�D�GHVLJQ�ZLWK�KLJKHU�SRZHU� FRQVXPSWLRQ� WKDQ� WKH
RULJLQDO� DV� D� VWDUWLQJ� SRLQW� LQ� WKH� XQIROGLQJ� SURFHVV�� 7KH� JUHHG\� QDWXUH� RI� WKH
JUDGLHQW�VHDUFK�DOJRULWKP�SUHYHQWHG�VXFK�GHVLJQV�IURP�VXUYLYLQJ�LQ�WKH�SRSXODWLRQ�
KHQFH� XQIROGLQJ� GLG� QRW� LPSURYH� WKH� SHUIRUPDQFH� RI� WKH� JUDGLHQW� VHDUFK� IRU� WKLV
GHVLJQ�

7KH�GHVLJQV�ZLWK�D�VPDOO�GLIIHUHQFH�LQ�SRZHU�UHGXFWLRQ��OHVV�WKDQ�����KDYH
D� VPDOO� DUHD�GLIIHUHQFH�GXH� WR� WKH�*$�V\QWKHVLVHG�GHVLJQV� UHTXLULQJ� OHVV� UHJLVWHUV
WKDQ� WKH� JUDGLHQW� VHDUFK� GHVLJQV�� 7KH� IXQFWLRQDO� EORFN� UHTXLUHPHQWV� �DGGHUV�
PXOWLSOLHUV�� HWF��� RI� WKH� 57/� GHVLJQ� DUH� WKH� VDPH� EXW� UHVWUXFWXULQJ� WKH� ')*� KDV
FUHDWHG�PRUH�HIILFLHQW�XVH�RI�WKH�YDULDEOHV�DQG�KHQFH�UHTXLUHV�OHVV�SK\VLFDO�UHJLVWHUV
L�H��WKHUH�DUH�OHVV�YDULDEOHV�DOLYH�DW�WKH�VDPH�WLPH�

%RWK� JUDGLHQW� VHDUFK� DQG�*$/236�REWDLQHG� WKH� VDPH� UHGXFWLRQ� LQ� SRZHU
IRU�WKH�92/7(55$�GHVLJQ�WKURXJK�D�UHGXFWLRQ�LQ�DUHD��$V�GLVFXVVHG�LQ�FKDSWHU���
WKH�92/7(55$�GHVLJQ� LV�GLIILFXOW� WR�RSWLPLVH�ZLWK� WKH� WUDQVIRUPDWLRQ� VHW�GXH� WR
WKH�ODUJH�IHHGEDFN�ORRS�WKDW�FRQWDLQV�WKH�FULWLFDO�SDWK��$�VLPSOH�UHWLPLQJ�RSHUDWLRQ
RQ�WKLV�SDWK�UHVXOWV� LQ� UHGXFHG�KDUGZDUH�� WKLV� VLPSOH�RSHUDWLRQ�ZDV�GLVFRYHUHG�E\
ERWK�VHDUFK�WHFKQLTXHV�
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�����6LPXODWHG�$QQHDOLQJ
6LPXODWHG� $QQHDOLQJ� �6$�� >'DYLV��D�� 5HHYHV��@�� OLNH� WKH� *HQHWLF

$OJRULWKP�� LV�DQ�RSWLPLVDWLRQ� WHFKQLTXH� LQVSLUHG� E\� D� QDWXUDO� SURFHVV�� ,W�ZDV� ILUVW
SUHVHQWHG� DV� DQ� RSWLPLVDWLRQ� WHFKQLTXH� LQ� WKH� HDUO\� ����V� >.LUN��@� DQG� KDV� EHHQ
XVHG� IRU�DSSOLFDWLRQV�VXFK�DV�9/6,�URXWLQJ�>9HFFKL��@�DQG�9/6,�V\QWKHVLV� >1HLO@�
7KH�DOJRULWKP�VLPXODWHV�WKH�FRROLQJ�RI�D�PDWHULDO� LQ�D�KHDW�EDWK�¤�D�SURFHVV�NQRZQ
DV�DQQHDOLQJ��7KH�ILQDO�VWUXFWXUDO�SURSHUWLHV�RI�WKH�PDWHULDO�GHSHQG�XSRQ�WKH�FRROLQJ
UDWH�� ,I� WKH�PDWHULDO� LV�FRROHG� WRR�TXLFNO\� WKH�PROHFXOHV�RI� WKH�PDWHULDO� VHWWOH� LQWR
KLJK�HQHUJ\�VWDWHV��UHVXOWLQJ�LQ�D�SRO\FU\VWDOOLQH�RU�EULWWOH�PDWHULDO��,I�WKH�PDWHULDO�LV
FRROHG�PRUH�VORZO\�D�SHUIHFW�FU\VWDO�DUUDQJHPHQW�FDQ�EH�DFKLHYHG��DV�WKH�PROHFXOHV
DUH�PRUH�OLNHO\�WR�VHWWOH�LQWR�ORZHU�HQHUJ\�VWDWHV�¤�FRROLQJ�WRR�VORZO\�ZDVWHV�WLPH�LQ
GHWHUPLQLQJ� WKH� EHVW� VROXWLRQ�� ,Q� WHUPV� RI� RSWLPLVDWLRQ�� GHWHUPLQDWLRQ� RI� D� ORZ
HQHUJ\� VWDWH� LV� DQDORJRXV� WR� GHWHUPLQLQJ� D� JOREDO� PLQLPXP� �RU� RSWLPXP�� IRU� D
SUREOHP�

7KH�6$�DOJRULWKP�FDQ�EH�FRQVLGHUHG�D�PRGLILFDWLRQ�RI�WUDGLWLRQDO�VHDUFK�DQG
RSWLPLVDWLRQ� WHFKQLTXHV�� VXFK� DV� WKH� SUHYLRXVO\� GLVFXVVHG� JUDGLHQW� VHDUFK�� $
WUDGLWLRQDO�JUDGLHQW� VHDUFK�GHWHUPLQHV� WKH� RSWLPXP� VROXWLRQ� E\� DOZD\V�PRYLQJ� LQ
WKH� GLUHFWLRQ� RI� LPSURYHPHQW�� ,Q� HDFK� VWHS� RI� WKH� VHDUFK�� WKH� FXUUHQW� VROXWLRQ� LV
PRGLILHG�WR�SURGXFH�D�VHW�RI�QHLJKERXU�VROXWLRQV��7KH�EHVW�VROXWLRQ�IURP�WKH�VHW�RI
QHLJKERXU�VROXWLRQV�LV�VHOHFWHG�DV�WKH�QH[W�VROXWLRQ�
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6WDUW�
/RFDWLRQ

)LJXUH������,OOXVWUDWLRQ�RI�DQ�2SWLPLVDWLRQ�3URFHVV

7KH�PDLQ�SUREOHP�RI� WKLV� WHFKQLTXH� LV� LWV� DELOLW\� WR�EHFRPH� VWXFN� LQ� ORFDO
RSWLPD��DV�GLVFXVVHG�SUHYLRXVO\� LQ�VHFWLRQ�������7KH�VWHHSHVW�JUDGLHQW�WHFKQLTXH� LV
XQDEOH�WR�VHOHFW�PRYHV�WKDW�WHPSRUDULO\�UHVXOW� LQ�GHJUDGDWLRQ�RI�VROXWLRQ�TXDOLW\��,Q
SUREOHPV� ZLWK� D� UDQJH� RI� SHDNV� LQ� WKH� VROXWLRQ� VSDFH� WKLV� PD\� UHVXOW� LQ� WKH
GHWHUPLQDWLRQ� RI� D� VXE�RSWLPDO� VROXWLRQ� DV� LOOXVWUDWHG� LQ� )LJXUH� ������ 7UDGLWLRQDO
VWHHSHVW�GHVFHQW� WHFKQLTXHV� ZLOO� EHFRPH� VWXFN� LQ� WKH� ORFDO� PLQLPD� DW� SRLQW� $�
XQDEOH�WR�HVFDSH�WKLV�WR�GHWHUPLQH�WKH�JOREDO�PLQLPD�DW�SRLQW�%�

,W�LV�FOHDU� IURP�WKH�H[DPSOH� LQ�)LJXUH������WKDW� ORFDWLQJ� WKH�JOREDO�PLQLPD
UHTXLUHV�VRPH�XSKLOO�PRYHV��+RZHYHU��DV�WKH�ILQDO�REMHFWLYH�LV�WKH�GHWHUPLQDWLRQ�RI
D� PLQLPXP� UHVXOW� WKH� XSKLOO� PRYHV� PXVW� EH� XVHG� VSDULQJO\� DQG� DSSOLHG� LQ� D
FRQWUROOHG�PDQQHU��6$�XVHV� D� FRQWURO�PHWKRG� EDVHG� RQ� D� ODZ� RI� WKHUPRG\QDPLFV
WKDW� VWDWHV� WKDW� DW� D� WHPSHUDWXUH� 7�� WKH� SUREDELOLW\� RI� DQ� LQFUHDVH� LQ� HQHUJ\� RI
PDJQLWXGH�G(�LV�JLYHQ�E\�

N7(H(S �w w �� ������
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ZKHUH� N� LV� %ROW]PDQQ©V� FRQVWDQW�� 7KLV� HTXDWLRQ� LV� XVHG� WR� GHWHUPLQH� WKH
SUREDELOLW\� RI� DFFHSWLQJ� DQ� XSKLOO� PRYH� �LQ� D� PLQLPLVDWLRQ� SUREOHP��� G(� LV� WKH
FKDQJH�LQ�HQHUJ\�RI�WZR�VROXWLRQV��(��(����,Q�DQ�RSWLPLVDWLRQ�SURFHVV�WKH�HQHUJ\�RI
D�VROXWLRQ�LV�LWV� ILWQHVV� LQ�UHODWLRQ�WR�WKH�REMHFWLYH� IXQFWLRQ��(�� LV�WKH�HQHUJ\�RI�WKH
FXUUHQW�VROXWLRQ�DQG�(��LV�WKH�HQHUJ\�RI�WKH�QHLJKERXULQJ�VROXWLRQ��,I�(��(��WKHQ�WKH
SUREDELOLW\� ZLOO� EH� JUHDWHU� WKHQ� XQLW\� L�H�� (�� LV� DOZD\V� VHOHFWHG� DV� LW� LV� D� EHWWHU
VROXWLRQ� �DVVXPLQJ� ORZHVW� ILWQHVV� LV� EHVW�� DV� LW� LV� LQ� D� PLQLPLVDWLRQ� SUREOHP��� ,I
(�!(���WKHQ�(��LV�VHOHFWHG�DFFRUGLQJ�WR�WKH�SUREDELOLW\�S�G(���%ROW]PDQQ©V�FRQVWDQW
FDQ�EH�UHPRYHG�IURP�WKH�HTXDWLRQ�DV�WKH�VSHFLILFDWLRQ�RI�7�FDQ�WDNH�N�LQWR�DFFRXQW
DW�WKH�VWDUW�RI�WKH�RSWLPLVDWLRQ�SURFHVV�

7KH�LPSOHPHQWDWLRQ�RI�WKH�DOJRULWKP�LV�VLPLODU�WR�JUDGLHQW�VHDUFK��ZKHUH�DQ
LQLWLDO� VROXWLRQ� LV� PRGLILHG� WR� JHQHUDWH� SRVVLEOH� DOWHUQDWLYH� VROXWLRQV�� VHOHFWHG� RU
GLVFDUGHG� DFFRUGLQJ� WR� S�G(��� 7KH� SURFHVV� LV� UHSHDWHG� IRU� D� FHUWDLQ� QXPEHU� RI
LWHUDWLRQV�EHIRUH�7�LV�UHGXFHG��$V�7�LV�UHGXFHG��WKH�SUREDELOLW\�RI�DFFHSWLQJ�D�KLJKHU
HQHUJ\�VWDWH�LV�DOVR�UHGXFHG��7�LV�WKH�FRQWURO�SDUDPHWHU�LQ�WKH�RSWLPLVDWLRQ�SURFHVV�

7KH�UDWH�DW�ZKLFK�7� LV�UHGXFHG��DQG�WKH�VL]H�RI� UHGXFWLRQ�� LV�GHWHUPLQHG�E\
WKH�FRROLQJ�VFKHGXOH��,I�7�LV�UHGXFHG�WRR�TXLFNO\�WKH�V\VWHP�ZLOO�EHFRPH�VWXFN�LQ�D
ORFDO� RSWLPD�� FRQYHUVHO\�� LI�7� LV� UHGXFHG� WRR� VORZO\� WKH� DOJRULWKP�ZLOO� VSHQG� DQ
XQQHFHVVDU\� DPRXQW�RI� WLPH�H[SORULQJ� WKH� VROXWLRQ� VSDFH�� 7KH� GHWHUPLQDWLRQ� RI� D
VXLWDEOH� FRROLQJ� UDWH� LV� RQH� RI� WKH� PDLQ� SUREOHPV� ZLWK� 6$� DV� LW� FDQ� KDYH� D
VLJQLILFDQW�HIIHFW�RQ�WKH�UHVXOWV�RI�WKH�DOJRULWKP�>7HXN��@�

7KH� DOJRULWKP� LV� WHUPLQDWHG� ZKHQ� WKH� IUR]HQ� VWDWH� LV� DFKLHYHG� L�H�� WKH
VROXWLRQ� ZLWK� WKH� GHVLUHG� SDUDPHWHUV� LV� IRXQG�� 7KH� 6$� SURFHVV� LV� HIIHFWLYHO\� D
JUDGLHQW�GHVFHQW�DOJRULWKP�ZLWK�WKH�DGGLWLRQ�RI�WKH�FDSDELOLW\�WR�HVFDSH�ORFDO�RSWLPD
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�SURYLGLQJ�WKH�VSHFLILHG�FRROLQJ�VFKHGXOH�HQDEOHV�LW���7KLV�LV�WKH�SULPDU\�DGYDQWDJH
RI�VLPXODWHG�DQQHDOLQJ�RYHU�PRUH�WUDGLWLRQDO�RSWLPLVDWLRQ�WHFKQLTXHV�

�������,PSOHPHQWDWLRQ�DQG�5HVXOWV�RI�6LPXODWHG�$QQHDOLQJ
$V�ZLWK� WKH� JUDGLHQW� VHDUFK� DOJRULWKP� WKH� 6$� DOJRULWKP� XVHV� WKH� FRUH� RI

URXWLQHV�GHYHORSHG�IRU�WKH�*$/236�V\VWHP��7KH�SVHXGR�FRGH�IRU�WKH�6$�DOJRULWKP
LV�SUHVHQWHG�LQ�)LJXUH������

$OJRULWKP�6LPXODWHG�$QQHDOLQJ
3DVVHG�,QLWLDO�')*�'HVLJQ��VHW�WR�&XUUHQWB'HVLJQ�
$QQHDOLQJ�7HPSHUDWXUH�,QLWLDOLVHG�7R�7(03
:+,/(�)UR]HQB6WDWH�QRW�DFKLHYHG

)25�����GHVLJQ�PRGLILFDWLRQV
5DQGRPO\�6HOHFW�D�7UDQVIRUPDWLRQ
$SSO\�7UDQVIRUPDWLRQ�WR�&XUUHQWB'HVLJQ�WR�3URGXFH�1HZB'HVLJQ
'HWHUPLQH�)LWQHVV�RI�1HZB'HVLJQ
6$�6(/(&7,21�352&(66
,)�1HZB)LWQHVV�!�2OGB)LWQHVV

6HOHFW�1HZB'HVLJQ�DV�&XUUHQWB'HVLJQ
(/6(

&DOF��3UREDELOLW\�2I�6HOHFWLQJ�1HZB'HVLJQ����������
6$B3URE� �H[S������1HZBILWQHVV�����2OGB)LWQHVV���7(03�
*HQHUDWH�5DQGRP�3UREDELOLW\�5B3URE���������
,)�6$B3URE�!�5B3URE

6HOHFW�1HZB'HVLJQ�DV�&XUUHQWB'HVLJQ
(1'�,)
(1'�6$�6(/(&7,21�352&(66

(1'�)25
5HGXFH�7(03�E\����

(QG�:+,/(
(QG�$OJRULWKP�6LPXODWHG�$QQHDOLQJ

)LJXUH������3VHXGR�&RGH�IRU�6LPXODWHG�$QQHDOLQJ�$OJRULWKP

7KH� 6$� DOJRULWKP� EHJLQV� E\� PRGLI\LQJ� WKH� LQLWLDO� GHVLJQ� XVLQJ� WKH� KLJK�
OHYHO�WUDQVIRUPDWLRQ�WHFKQLTXHV��7KH�SDUWLFXODU�WUDQVIRUPDWLRQ�LV�UDQGRPO\�VHOHFWHG
IURP�WKH�OLEUDU\�RI�SRVVLEOH�WUDQVIRUPDWLRQV��7KH�DSSOLFDWLRQ�RI�WKH�WUDQVIRUPDWLRQV
SURGXFHV�D�QHZ�GHVLJQ�WKDW�LV�HLWKHU�GLVFDUGHG�RU�NHSW�WR�UHSODFH�WKH� LQLWLDO�GHVLJQ�
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GHSHQGLQJ� RQ� LWV� UHODWLYH� ILWQHVV� DQG� WKH� UHVXOWV� RI� WKH� 6$� SUREDELOLVWLF� VHOHFWLRQ
SURFHVV��7KH�DQQHDOLQJ�SURFHVV�LV�UHSHDWHG�XQWLO�WKH�IUR]HQBVWDWH�LV�DFKLHYHG�L�H��WKH
VROXWLRQ�ZLWK�WKH�UHTXLUHG�VSHFLILFDWLRQV�LV�JHQHUDWHG�

6SHFLILFDWLRQ� RI� WKH� LQLWLDO� YDOXH� RI� 7(03� LV� VXJJHVWHG� WR� SURGXFH� D
SUREDELOLW\� YDOXH� RI� EHWZHHQ� ���� >7HXN��@� DQG� ���� >.KDOLID��@� IRU� WKH� LQLWLDO
LWHUDWLRQV�RI�WKH�6$�SURFHVV��7KH�YDOXH�RI�7(03�QHHGV� WR�EH�VFDOHG� LQ� UHODWLRQ� WR
WKH�W\SLFDO�G(��FRPSDULVRQV�H[HFXWHG�WKURXJKRXW�WKH�SURFHVV�L�H��7(03�LV�SUREOHP
VSHFLILF��7KH� LQLWLDO� YDOXH�RI�7� IRU� WKH�SRZHU�PLQLPLVDWLRQ�SUREOHP� LV�GHWHUPLQHG
WKURXJK�H[SHULPHQWDO�DQDO\VLV��WKH�DOJRULWKP�LV�UXQ�IRU�D�QXPEHU�RI�JHQHUDWLRQV�DQG
WKH�DYHUDJH�G(�GHWHUPLQHG��7KLV�LV�XVHG�WR�FDOFXODWH�DQ�LQLWLDO�YDOXH�RI�S�ZKLFK�ZLOO
SURGXFH�DQ�DYHUDJH�S�G(��RI�EHWZHHQ�����DQG������7KLV�DQDO\VLV�SURGXFHG�D�YDOXH�RI
������ZKLFK�SURGXFHV�DQ�DYHUDJH�S�G(��RI�DSSUR[LPDWHO\�����LQ�WKH�LQLWLDO� LWHUDWLRQV
RI�WKH�6$�SURFHVV�

7(03� LV� UHGXFHG� E\� ���� HYHU\� ���� JHQHUDWLRQV�� DV� VXJJHVWHG� E\� WKH
VWDQGDUG� DQQHDOLQJ� SDUDPHWHUV� LQ� >7HXN��@�� )RU� FRPSDULVRQ� ZLWK� WKH� *$�� WKH
IUR]HQBVWDWH�LV�WKH�SURGXFWLRQ�RI�WKH�GHVLJQ�ZLWK�WKH�ORZHVW�SRZHU�FRQVXPSWLRQ��$V
WKLV� FDQQRW� EH� VSHFLILHG� EHIRUHKDQG� WKH� IUR]HQBVWDWH� LV� UHSODFHG� ZLWK� D� WLPHRXW
SDUDPHWHU�� ,I� WKH� EHVW� VROXWLRQ� IRXQG� VR� IDU� GRHV� QRW� LPSURYH� IRU� ����� GHVLJQ
PRGLILFDWLRQV� WKH� VHDUFK� LV� WHUPLQDWHG�� ,QLWLDO� H[SHULPHQWDO� UHVXOWV� LOOXVWUDWHG� WKDW
WKH�6$�DOJRULWKP�GHWHUPLQHV�LWV�RSWLPXP�VROXWLRQ�ZHOO�ZLWKLQ�WKLV�WLPHRXW�PDUJLQ�

7KH�SHUIRUPDQFH�RI�WKH�6$�DOJRULWKP�LV�FRPSDUHG�ZLWK�WKDW�RI�*$/236�LQ
GHWHUPLQLQJ�WKH� ORZHVW�SRZHU�VROXWLRQ� IRU�WKH� WHQ�EHQFKPDUN�FLUFXLWV�SUHVHQWHG� LQ
FKDSWHU����)RU�HDFK�GHVLJQ��ERWK�*$/236�DQG�WKH�6$�DOJRULWKP�ZHUH�H[HFXWHG���
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WLPHV� WR� UHGXFH� WKH� HIIHFW� RI� ERWK� DOJRULWKP©V� SUREDELOLVWLF� QDWXUH� RQ� WKH� UHVXOWV�
7DEOH������SUHVHQWV�WKH�UHVXOWV�IRU�WKH�EHQFKPDUN�GHVLJQV�

6LPXODWHG�$QQHDOLQJ *$/236
3RZHU
���RI
RULJLQDO�

$UHD
���RI
RULJLQDO�

6XSSO\
9ROWDJH
�9ROWV�

3RZHU
���RI
RULJLQDO�

$UHD
���RI
RULJLQDO�

6XSSO\
9ROWDJH
�9ROWV�

*UDGLHQW
3RZHU�¤
*$/236
3RZHU

�7$3),5 ����� ����� ��� ����� ����� ��� �����
$9(1�', ����� ����� ��� ����� ����� ��� �����
$9(1�3$ ����� ����� ��� ����� ����� ��� �����
'&67 ����� ����� ��� ����� ����� ��� �����
%,48$'� ����� ����� ��� ����� ����� ��� �����
*0/$7� ����� ����� ��� ����� ����� ��� �����
(//,3� ����� ����� ��� ����� ����� ��� ����
/06� ����� ����� ��� ����� ����� ��� �����
92/7(55$ ����� ����� ��� ����� ����� ��� ����
257+�/$7 ����� ����� ��� ����� ����� ��� �����

7DEOH������&RPSDULVRQ�RI�5HVXOWV�2EWDLQHG�ZLWK�6$�DQG�*$

7KH� WDEOH� RI� UHVXOWV� LV� LQ� WKH� VDPH� IRUPDW� DV� 7DEOH� ������ $V� 7DEOH� ����
LOOXVWUDWHV��WKH�6$�DSSURDFK�GLG�QRW�REWDLQ�D�EHWWHU�UHVXOW�WKDQ�WKH�*$�IRU�DQ\�RI�WKH
WHQ� EHQFKPDUN� GHVLJQV�� 'LIIHUHQFHV� LQ� SRZHU� UHGXFWLRQ� EHWZHHQ� 6$� DQG� *$
SURGXFHG�GHVLJQV�DUH�OHVV�WKDQ�����)RU�ERWK�WKH�6$�DQG�*$�SURGXFHG�GHVLJQV�WKH
VXSSO\�YROWDJH�LV�WKH�VDPH�EHFDXVH�ERWK�VHDUFK�WHFKQLTXHV�KDYH�EHHQ�DEOH�WR�UHGXFH
WKH�FULWLFDO�SDWK�E\�WKH�VDPH�DPRXQW��$V�VXSSO\�YROWDJH�KDV�WKH�JUHDWHVW�LPSDFW�RQ
SRZHU�FRQVXPSWLRQ�WKH�SRZHU�UHGXFWLRQ�LV�VLPLODU�IRU�GHVLJQV�ZLWK�WKH�VDPH�VXSSO\
YROWDJH�

7KH�UHGXFWLRQ�RI�VXSSO\�YROWDJHV�WR�WKH�VDPH�OHYHO�FRXOG�EH�GXH�� LQ�SDUW��WR
WKH�VHW�RI�WUDQVIRUPDWLRQV�XVHG�IRU�FULWLFDO�SDWK�UHGXFWLRQ��$V�GLVFXVVHG�LQ�FKDSWHU��
WKH� WUDQVIRUPDWLRQV� ZHUH� VHOHFWHG� IRU� WKHLU� SDUWLFXODU� SURSHUWLHV� RI� FULWLFDO� SDWK
UHGXFWLRQ�� ,Q� DGGLWLRQ�� WKH� WUDQVIRUPDWLRQV� ZHUH� LPSOHPHQWHG� WR� FRQWDLQ� LQKHUHQW
FULWLFDO� SDWK� UHGXFWLRQ� TXDOLWLHV�� VXFK� DV� WKH� SLSHOLQH� WUDQVIRUPDWLRQ� WDUJHWLQJ� WKH
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FULWLFDO�SDWK�RI�WKH�')*�IRU�WKH�LQVHUWLRQ�RI�SLSHOLQH�VWDJHV��7KH�WUDQVIRUPDWLRQ�VHW�
WRJHWKHU�ZLWK�D�KHXULVWLF�VHDUFK� WHFKQLTXH�� LV�FDSDEOH�RI�VLJQLILFDQWO\� UHGXFLQJ� WKH
FULWLFDO�SDWK�OHQJWK�RI�WKH�EHQFKPDUN�')*V�

7KH�SRZHU�GLIIHUHQFHV�DUH�SULPDULO\�GXH� WR�DUHD�GLIIHUHQFHV� LQ� WKH�GHVLJQV�
7KH�DUHD�GLIIHUHQFHV�SRLQW�WR�WKH�IDFW�WKDW�WKH�*$�SURGXFHG�GHVLJQV�WKDW�UHTXLUH�OHVV
UHJLVWHUV��KHQFH�OHVV�DUHD�DQG�FDSDFLWDQFH��WKDQ�WKH�6$�SURGXFHG�GHVLJQV�

7KH� W\SLFDO�3DUHWR�VXUIDFH� FKDUW� �LQ� FKDSWHU���� LV� XVHIXO� IRU� H[SODLQLQJ� WKH
GLIIHUHQFHV�LQ�SRZHU�FRQVXPSWLRQ��%RWK�WHFKQLTXHV��6$�DQG�*$��UHGXFH�WKH�FULWLFDO
SDWK�WR�WKH�VDPH� OHQJWK��+RZHYHU��WKH�*$� LV�DOVR�DEOH� WR�RSWLPLVH� WKH�DUHD�RI� WKH
GHVLJQV�� HIIHFWLYHO\�PRYLQJ� IXUWKHU� OHIW� DFURVV� WKH� DUHD� D[LV� RI� GHVLJQV�ZLWK� VDPH
FULWLFDO�SDWK�OHQJWK��DV�LOOXVWUDWHG�LQ�)LJXUH������

3R
ZH

U

$UHD

���� ;
;

;;

;

;
;;

; ;
;;

; ;;

&ULWLFDO
3DWK� �1

&ULWLFDO�3DWK
 �1��

&ULWLFDO
3DWK� �1��

,QLWLDO
6ROXWLRQ

*$�DQG�6$�VHDUFK

*$
6$

)LJXUH������&RPSDULVRQ�RI�*$�DQG�6$�6HDUFK
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)LJXUH������LV�D�UHSUHVHQWDWLRQ�RI�D�W\SLFDO�*$�DQG�6$�VHDUFK�SURFHVV��%RWK
WHFKQLTXHV�DUH�DEOH�WR�UHDFK�WKH�VDPH�UHJLRQ�RI�WKH�VROXWLRQ�VSDFH�WKDW�FRQWDLQV�WKH
VROXWLRQV�ZLWK�WKH�VKRUWHVW�FULWLFDO�SDWK�OHQJWKV��7KH�VHOHFWHG�VHW�RI�WUDQVIRUPDWLRQV
HQDEOHV�ERWK�WHFKQLTXHV�WR�GHWHUPLQH�WKH� ORZ�YROWDJH�UHJLRQ�RI�WKH�VROXWLRQ�VSDFH�
+RZHYHU��WKH�*$�LV�DEOH�LPSURYH�RQ�WKHVH�UHVXOWV�E\�ORFDWLQJ�WKH�VPDOO�DUHD�GHVLJQV
ZLWKLQ� WKDW� UHJLRQ� RI� WKH� VROXWLRQ� VSDFH�� KHQFH� SURGXFLQJ� ORZHU� SRZHU� GHVLJQV�
7KHVH� DUH� W\SLFDOO\� GHVLJQV� WKDW� UHTXLUH� IHZHU� SK\VLFDO� UHJLVWHUV� WKDQ� WKH� 6$
GHVLJQV��$V�ZHOO� DV� RIIHULQJ� ORZHU� SRZHU� FRQVXPSWLRQ� DQG� VPDOOHU� DUHD�� GHVLJQV
ZLWK� IHZHU� UHJLVWHUV� UHGXFH� WKH� FRPSOH[LW\� RI� WKH� OD\RXW� DQG� URXWLQJ� WDVNV� RI� WKH
9/6,�V\QWKHVLV�SURFHVV��DV�WKHUH�DUH�IHZHU�HOHPHQWV�WR�SURFHVV�

$V�GHVFULEHG� LQ�FKDSWHU����DQ�DGYDQWDJH�RI� WKH�*$�LV� LWV�DELOLW\� WR�SURYLGH
LQIRUPDWLRQ�DERXW�WKH� VROXWLRQ� VSDFH��SDUWLFXODUO\� WKH�JHQHUDWLRQ�RI�3DUHWR�VXUIDFH
GDWD�WR�LOOXVWUDWH�WUDGH�RIIV�EHWZHHQ�FRPSHWLQJ�SDUDPHWHUV�VXFK�DV�DUHD�DQG�SRZHU�
)LJXUH������VKRZV�WZR�3DUHWR�VXUIDFH�FKDUWV� IRU�WKH�QRQ�XQIROGHG�V\QWKHVLV�RI� WKH
�7$3),5�GHVLJQ��2QH�FKDUW�ZDV�JHQHUDWHG�ZLWK� WKH�*$��*$/236��DQG� WKH�RWKHU
JHQHUDWHG�ZLWK�WKH�6$�VHDUFK�PHFKDQLVP��$V�DQ�H[DPSOH�SRLQW�RQ�WKH�FKDUW��WKH�*$
SURGXFHV�D�GHVLJQ�ZLWK�������SRZHU�FRQVXPSWLRQ�DW����PP��ZKLOH�WKH�6$�UHSRUWV
WKDW�GHVLJQV�RI�WKDW�DUHD�FRQVXPH�������RI�WKH�RULJLQDO�SRZHU��,Q�DGGLWLRQ��WKH�*$
SDUHWR�VXUIDFH� LV� FKDUDFWHULVHG�ZLWK� ��� SDUHWR� SRLQWV� ZKLOH� WKH� 6$� SDUHWR�VXUIDFH
FRQWDLQV���SRLQWV��WKH�*$�SUHVHQWV�D�PRUH�FRPSUHKHQVLYH�VHW�RI�WUDGH�RII�SRLQWV�WR
WKH�9/6,�GHVLJQHU��7KH�DELOLW\�RI�WKH�*$�WR�GHWHUPLQH�VPDOOHU�GHVLJQV�WKDQ�WKH�6$
VHDUFK�PHFKDQLVP�LV�H[SORLWHG�WKURXJKRXW�WKH�VHDUFK�RI�WKH�VROXWLRQ�VSDFH��WKXV�WKH
*$�SURGXFHV�EHWWHU�SDUHWR�VXUIDFH�FKDUWV�ZLWK�EHWWHU�DUHD�SRZHU�WUDGH�RIIV�
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*$�3DUHWR�6XUIDFH
6$�3DUHWR�6XUIDFH
2ULJLQDO�6ROXWLRQ

)LJXUH������3DUHWR�6XUIDFH�,QIRUPDWLRQ�*HQHUDWHG�ZLWK�6$�DQG�*$

�����&RQFOXVLRQ
7KH�*$�EDVHG�VHDUFK�WHFKQLTXH�XVHG� LQ�*$/236�KDV�EHHQ�FRPSDUHG�ZLWK

WZR� DOWHUQDWLYH� VHDUFK� WHFKQLTXHV�� 7KH� JUHHG\� QDWXUH� RI� WKH� JUDGLHQW� VHDUFK
DOJRULWKP�� WKRXJK� RSHUDWLQJ� ZLWK� D� SRSXODWLRQ� RI� PXOWLSOH� VROXWLRQV�� IDLOHG� WR
GHWHUPLQH�D�VHW�RI�VROXWLRQV�ZLWK�WKH�VDPH�SRZHU�UHGXFWLRQV�DV�WKH�*$��7KH�QDWXUH
RI� WKH� ORZ�SRZHU� VROXWLRQ� VSDFH� UHTXLUHV� D� V\VWHP� WKDW� FDQ� VXIIHU� GHJUDGDWLRQ� LQ
TXDOLW\� RI� VROXWLRQV� WR� XOWLPDWHO\� OHDG� WR� DQ� LPSURYHPHQW�� 7KHUHIRUH�� JUDGLHQW
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VHDUFK� WHFKQLTXHV� WKDW�DOZD\V�PRYH� LQ� WKH�GLUHFWLRQ�RI�JUHDWHVW� LPSURYHPHQW�RYHU
WKH� VHDUFK� VSDFH� ZLOO� EHFRPH� VWXFN� LQ� ORFDO� RSWLPD�� :KHUH� WKH� VXSSO\� YROWDJH
REWDLQHG�ZLWK�ERWK�WHFKQLTXHV�ZDV�WKH�VDPH�WKH�UHVXOWV�KLJKOLJKW�WKH�DELOLW\�RI� WKH
*$� WR�GHWHUPLQH� ORZ�DUHD� LPSOHPHQWDWLRQV� IRU� WKDW� VXSSO\� YROWDJH� LQ� FRPSDULVRQ
ZLWK�WKH�JUDGLHQW�VHDUFK�WHFKQLTXH�

7KH� 6$� DQG� *$� WHFKQLTXHV� SURGXFHG� GHVLJQV� ZLWK� WKH� VDPH� VSHHGV� DQG
KHQFH�WKH�VDPH�VXSSO\�YROWDJHV��UHVXOWLQJ�LQ�SRZHU�UHGXFWLRQV�RI�WKH�VDPH�RUGHU�RI
PDJQLWXGH��7KH�SURGXFWLRQ�RI�GHVLJQV�ZLWK� WKH�VDPH� VXSSO\�YROWDJH� LOOXVWUDWHV�WKH
HIIHFWLYHQHVV� RI� WKH� WUDQVIRUPDWLRQV� IRU� FULWLFDO� SDWK� UHGXFWLRQ�� GXH� LQ� SDUW� WR� WKH
VHOHFWLRQ�RI�WUDQVIRUPDWLRQV�IRU�WKDW�VSHFLILF�SXUSRVH�DQG�WKH�LPSOHPHQWDWLRQ�RI�WKH
WUDQVIRUPDWLRQV�WR�WDUJHW�FULWLFDO�SDWK�UHGXFWLRQ��$V�ZLWK�WKH�JUDGLHQW�VHDUFK��ZKHUH
GHVLJQV�ZLWK�WKH�VDPH�VXSSO\�YROWDJH�ZHUH�GHWHUPLQHG��WKH�*$�VWLOO�SURGXFHG�ORZHU
SRZHU�FRQVXPSWLRQ�LQ�PRVW�FDVHV�GXH�WR�UHGXFWLRQ�RI�WKH�DUHD��7KH�SURSHUWLHV�RI�WKH
WUDQVIRUPDWLRQV� HQVXUH� WKDW� VXSSO\� YROWDJH� UHGXFWLRQ� WKURXJK� VSHHG�XS
WUDQVIRUPDWLRQV� LV� DFKLHYHG�� 7KH� KHXULVWLF� SURSHUWLHV� RI� WKH� 6$� DQG�*$� PHWKRGV
WDNH�DGYDQWDJH�RI� WKH�WUDQVIRUPDWLRQ�SURSHUWLHV� WR�SURGXFH� IDVW�GHVLJQV� DQG� KHQFH
ORZ� VXSSO\� YROWDJHV�� +RZHYHU�� WKH� *$� SURYLGHV� ORZ� YROWDJH� RSHUDWLRQ� ZKLOH
DGGLWLRQDOO\� RSWLPLVLQJ� WKH� DUHD� RI� WKH� GHVLJQ�� KHQFH� WKH� GLIIHUHQFH� LQ� SRZHU
FRQVXPSWLRQ��:KLOH�ERWK�WHFKQLTXHV�FDQ�DFKLHYH�VLJQLILFDQW�SRZHU�UHGXFWLRQV�� WKH
VSHFLILF�SURSHUWLHV�RI�WKH�*$�DUH�UHTXLUHG�WR�JDLQ�WKH�H[WUD�SRZHU�UHGXFWLRQ�WKURXJK
DUHD� UHGXFWLRQ�� 7KH� *$� LV� DEOH� WR� GHWHUPLQH� WKH� ¨KDUG©� VROXWLRQV� WKDW� WKH� RWKHU
DOJRULWKPV�FDQQRW�

,Q� DGGLWLRQ�� WKH� DQDO\VLV� RI� 3DUHWR�VXUIDFH� LQIRUPDWLRQ� LOOXVWUDWHG� WKH
VXSHULRULW\�RI�WKH�*$�LQ�SURYLGLQJ�LQYDOXDEOH�LQIRUPDWLRQ�DERXW�WKH�VROXWLRQ�VSDFH�
7KHUHIRUH��WKH�*$�QRW�RQO\�SURYLGHV�EHWWHU�SRLQW�VROXWLRQV�EXW�LW�LV�DOVR�D�EHWWHU�WRRO
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IRU� GHWHUPLQLQJ� LPSRUWDQW� WUDGH�RIIV� EHWZHHQ� DUHD� DQG� SRZHU� VR� WKDW� WKH� 9/6,
GHVLJQHU�FDQ�VHOHFW�WKH�VROXWLRQ�ZKLFK�EHVW�PHHWV�WKH�VSHFLILHG�UHTXLUHPHQWV�

7KH�LPSOHPHQWDWLRQ�RI�WKH�JUDGLHQW�VHDUFK�DQG�6$�VHDUFK�PHFKDQLVPV�XVHG
PDQ\� RI� WKH� FRUH� DOJRULWKPV� GHYHORSHG� IRU� WKH� *$/236� V\VWHP�� LQFOXGLQJ� WKH
FKURPRVRPH�')*�UHSUHVHQWDWLRQ�DQG�WKH�LPSOHPHQWDWLRQ�RI�WKH�WUDQVIRUPDWLRQV�IRU
PDQLSXODWLRQ� RI� WKH� FKURPRVRPHV�� 7KH� JUDGLHQW� DQG� 6$� VHDUFK� WHFKQLTXHV
SUHVHQWHG� LQ� WKLV�FKDSWHU�DOVR�UHTXLUHG� WKH� WUDQVIRUPDWLRQ�PXWDWLRQ�RSHUDWLRQV� WKDW
ZHUH�GHYHORSHG�DV�SDUW�RI� WKLV�ZRUN��7KH� LPSOHPHQWDWLRQ�RI� WKH� JUDGLHQW� DQG� 6$
DOJRULWKPV� ZRXOG� QRW� KDYH� EHHQ� SRVVLEOH� ZLWKRXW� WKH� GHYHORSPHQW� RI� WKH
WUDQVIRUPDWLRQ�DQG�VHDUFK�PHFKDQLVPV�ZKLFK�IRUP�WKH�FRUH�RI�WKH�*$�EDVHG�VHDUFK
PHFKDQLVP�
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&KDSWHU����¤�&RQFOXVLRQV�DQG�)XWXUH�:RUN

7KLV�&KDSWHU�GHWDLOV� WKH�PDLQ�FRQFOXVLRQV�RI� WKH�UHVHDUFK�SUHVHQWHG� LQ� WKLV
WKHVLV��6HFWLRQ������KLJKOLJKWV�WKH�SULPDU\�FRQWULEXWLRQV�RI�WKLV�ZRUN�WR�WKH�ILHOGV�RI
ORZ�SRZHU�GHVLJQ�DQG�9/6,�V\QWKHVLV�XVLQJ�*$V��6HFWLRQ������JLYHV�DQ�RYHUYLHZ
RI� WKH� GHYHORSHG� V\VWHP�� *$/236�� LQ� WHUPV� RI� WKH� LPSOHPHQWHG� VRXUFH� FRGH�
6HFWLRQ������GLVFXVVHV�WKH�UHVXOWV�REWDLQHG�ZLWK�WKH�*$/236�V\VWHP�LQ�WKH�FRQWH[W
RI� ORZ�SRZHU� GHVLJQ� LPSOLFDWLRQV�� 6HFWLRQ� ����� SUHVHQWV� D� VXPPDU\� RI� WKH
FRQFOXVLRQV�GHULYHG�IURP�WKLV�ZRUN��)LQDOO\��VHFWLRQ������GLVFXVVHV�IXWXUH�GLUHFWLRQV
DQG�GHYHORSPHQWV�IRU�WKH�ZRUN�LQLWLDWHG�LQ�WKLV�WKHVLV�

�����3ULPDU\�)HDWXUHV�RI�7KLV�:RUN
7KH� SULPDU\�� RULJLQDO� FRQWULEXWLRQ� RI� WKLV� WKHVLV� LV� WKH� GHYHORSPHQW� RI� D

QRYHO� ORZ�SRZHU� GHVLJQ� WRRO� EDVHG� DURXQG� D� FRUH� *$� VHDUFK� DQG� RSWLPLVDWLRQ
WHFKQLTXH�� 7KH� WRRO�� GXEEHG� *$/236� �*HQHWLF� $OJRULWKP� IRU� /RZ� 3RZHU
6\QWKHVLV���WDUJHWV�ORZ�SRZHU�LPSOHPHQWDWLRQ�RI�'63�DOJRULWKPV�

7KH� VXPPDU\�RI�SRZHU�RSWLPLVDWLRQ� WHFKQLTXHV� DW� DOO� OHYHOV� RI� WKH� GHVLJQ
SURFHVV�� LQ� &KDSWHU� ��� ZDV� XVHG� WR� LOOXVWUDWH� WKDW� WDUJHWLQJ� SRZHU� DV� D� KLJK�OHYHO
REMHFWLYH� SDUDPHWHU�� DORQJVLGH� WKH� WUDGLWLRQDO� DUHD� DQG� VSHHG� FULWHULD�� RIIHUV� WKH
JUHDWHVW� EHQHILWV� LQ� WHUPV� RI� SRZHU� UHGXFWLRQ�� 7KXV�� WKH� GHYHORSHG� WRRO� WDUJHWV
SRZHU� UHGXFWLRQ� DW� WKH� EHKDYLRXUDO� OHYHO�� PRGLI\LQJ� KLJK�OHYHO� DOJRULWKPV� XVLQJ
EHKDYLRXUDO�WUDQVIRUPDWLRQV�
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%HKDYLRXUDO� OHYHO�RSWLPLVDWLRQ�UHTXLUHG� WKH�GHYHORSPHQW�RI�D�QRQ�VWDQGDUG
FKURPRVRPH� UHSUHVHQWDWLRQ� WKDW� ZDV� VSHFLILFDOO\� GHYHORSHG� IRU� WKH� WDVN� RI� KLJK�
OHYHO� SRZHU� FRQVFLRXV� GHVLJQ�� 7KH� FKURPRVRPH� GRHV� QRW� XVH� VWDQGDUG� ELQDU\� RU
DOSKDEHW� FKURPRVRPH� UHSUHVHQWDWLRQ� EXW� LQFRUSRUDWHV� WKH� IHDWXUHV� RI� D� VWDQGDUG
VLJQDO� SURFHVVLQJ� VWUXFWXUH�� WKH� 'DWD� )ORZ� *UDSK�� 7KH� IOH[LEOH� QDWXUH� RI� WKH
FKURPRVRPH� HQVXUHV� LW� FDQ� UHSUHVHQW� D� ZLGH� UDQJH� RI� ')*V� RI� YDU\LQJ� VL]H� DQG
FRPSOH[LW\�� ERWK� LQLWLDO� GHVLJQV� DQG� WKRVH� JHQHUDWHG� WKURXJKRXW� WKH� VHDUFK� DQG
H[SORUDWLRQ�SURFHVV�

&KDSWHU� �� LOOXVWUDWHG� WKDW� DSSOLFDWLRQ� RI� VWDQGDUG� JHQHWLF� RSHUDWRUV�� GXULQJ
WKH� VHDUFK� SURFHVV�� ZRXOG� UHVXOW� LQ� FRUUXSW� GHVLJQV� ZLWK� LQFRUUHFW� IXQFWLRQDOLW\�
5DWKHU� WKDQ� LPSOHPHQW� D� UHSDLU� RSHUDWLRQ�� ZKLFK� LQFUHDVHV� FRPSXWDWLRQ� WLPH� DQG
FDQ� UHGXFH� WKH� HIILFLHQF\� RI� WKH� VHDUFK� WHFKQLTXH�� SUREOHP�VSHFLILF� 9/6,� GHVLJQ
WHFKQLTXHV�DUH�LQFRUSRUDWHG�LQWR�WKH�*$��7KLV�ZRUN�KDV�GHYHORSHG�SUREOHP�VSHFLILF
JHQHWLF� RSHUDWRUV� WR� HPEHG� KLJK�OHYHO� WUDQVIRUPDWLRQV� LQ� D� JHQHWLF� H[SORUDWLRQ
IUDPHZRUN�� 7KLV� HQDEOHV� WKH� DGYDQWDJHRXV� SURSHUWLHV� RI� D� *$�� DV� GHVFULEHG� LQ
&KDSWHU� ��� WR� EH� DSSOLHG� WR� WKH� SUREOHPV� RI� KLJK�OHYHO� ORZ� SRZHU� GHVLJQ�� 7KH
GHYHORSHG� RSHUDWRUV� HQDEOH� WKH� EHKDYLRXUDO� OHYHO� WUDQVIRUPDWLRQV� WR� EH� XVHG� WR
H[SORUH�WKH�ORZ�SRZHU�VROXWLRQ�VSDFH��7KH�RSHUDWRUV�DSSO\�WKH�WUDQVIRUPDWLRQV�VR�DV
WR� SUHVHUYH� DOJRULWKP� IXQFWLRQDOLW\� DQG� VSHFLILFDOO\� WDUJHW� VSHHG� LQFUHDVH� IRU� ORZ
YROWDJH�RSHUDWLRQ�

&KDSWHU� ��� SUHVHQWHG� WKH� GHYHORSPHQW� RI� DOWHUQDWLYHV� WR� WKH� *$�EDVHG
VHDUFK� WHFKQLTXH�� 7KHVH� DOJRULWKPV�ZHUH� LPSOHPHQWHG� XVLQJ� WKH� FRUH�RI� WKH� *$�
EDVHG� WHFKQLTXH�� LQFRUSRUDWLQJ� WKH� WUDQVIRUPDWLRQ� DSSOLFDWLRQ� DQG� VROXWLRQ
PDQLSXODWLRQ�URXWLQHV�GHYHORSHG�DV�SDUW�RI�WKH�*$�WRRO��$�FRPSDUDWLYH�DQDO\VLV�RI
WKH� VHDUFK� DOJRULWKPV� ZDV� SHUIRUPHG� WR� LOOXVWUDWH� WKH� VXSHULRULW\� RI� WKH� *$� LQ
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GHWHUPLQLQJ� WKH�EHVW�IRXQG� ORZ�SRZHU� VROXWLRQ��7KH� DELOLW\� RI� WKH�*$� WR� SURYLGH
WUDGH�RII� LQIRUPDWLRQ� WR� WKH�GHVLJQ� HQJLQHHU�ZDV� DOVR� SUHVHQWHG�� DJDLQ� LOOXVWUDWLQJ
WKH�DGYDQWDJHV�RI�XVLQJ�D�*$�IRU�KLJK�OHYHO�GHVLJQ�DQG�H[SORUDWLRQ�

�����6\VWHP�,PSOHPHQWDWLRQ
7KH�*$/236� V\VWHP� ZDV� LPSOHPHQWHG� LQ� WKH� &� SURJUDPPLQJ� ODQJXDJH�

7KH� WRRO�ZDV� GHVLJQHG� DQG� WHVWHG� XVLQJ� WKH�0LFURVRIW�'HYHORSHU� 6WXGLR� SODWIRUP
UXQQLQJ�XQGHU�WKH�:LQGRZV����RSHUDWLQJ�V\VWHP��7KH�3&�SODWIRUP�ZDV�D����0+]
3HQWLXP�IRU�GHYHORSPHQW�ZLWK����0HJDE\WHV�RI�5$0��)RU�WHVWLQJ�DQG�RSHUDWLRQ�WKH
UHVXOWV�SUHVHQWHG� LQ� WKLV� WKHVLV�ZHUH�SURGXFHG�ZLWK� D�3HQWLXP�,,����0+]�ZLWK���
0HJDE\WHV�RI�5$0�UXQQLQJ�XQGHU�WKH�:LQGRZV�17�RSHUDWLQJ�V\VWHP�

7KH� *$/236� WRRO� FRPSULVHV� DSSUR[LPDWHO\� ����� OLQHV� RI� FRGH�� EURNHQ
GRZQ�LQWR�WKH�IROORZLQJ�URXWLQHV�

x 7KH�PDLQ�FRUH�RI�WKH�SURJUDP��FRPSULVLQJ�SURJUDP� IORZ�FRQWURO�� WKH�XVHU
LQWHUIDFH�DQG�V\VWHP�DGPLQLVWUDWLRQ�URXWLQHV� VXFK� DV�GLVN� DFFHVV��PHPRU\
PDQDJHPHQW��HWF��7KH�FRUH�DOVR�FRQWDLQV�WKH�VWDQGDUG�*$�URXWLQHV�VXFK�DV
SDUHQW�VHOHFWLRQ��URXOHWWH�ZKHHO�FRQVWUXFWLRQ��HWF�¤�$SSUR[�������OLQHV�

x 5RXWLQHV�WR�LQWHUSUHW�DQG�FRPSLOH�WKH�')*�LQSXW�ILOHV�LQWR�WKH�FKURPRVRPH
UHSUHVHQWDWLRQ�¤�$SSUR[������OLQHV

x 5RXWLQHV�IRU�WKH�ILWQHVV�FDOFXODWLRQ�SURFHGXUHV�¤�$SSUR[������OLQHV�

x 5RXWLQHV� WR�GHWHUPLQH� WKH� OHQJWK�DQG�FRPSRQHQWV�RI� WKH�FULWLFDO� SDWK�RI� D
')*�¤�$SSUR[������OLQHV�

x 5RXWLQHV�IRU�WKH�FDOFXODWLRQ�RI�WKH�FDSDFLWDQFH�DQG�YROWDJH�RI�WKH�GHVLJQV�¤
$SSUR[������OLQHV�
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x 7KH�UHWLPH�DQG�EDFNBUHWLPH�WUDQVIRUPDWLRQV�¤�$SSUR[������OLQHV�

x 7KH�SLSHOLQH�DQG�UHPRYHBSLSHOLQH�WUDQVIRUPDWLRQV�¤�$SSUR[������OLQHV�

x 7KH�DXWRPDWLF�SLSHOLQH�WUDQVIRUPDWLRQ�¤�$SSUR[������OLQHV�

x 7KH�XQIROG�WUDQVIRUPDWLRQ�¤�$SSUR[������OLQHV�

x 7KH� LPSOHPHQWDWLRQ�RI�WKH�SUREOHP� VSHFLILF�FURVVRYHU�RSHUDWRU�¤�$SSUR[�
����OLQHV�

x 9DULRXV�SURJUDP�FRQWURO�� WHVW�� ,2�DQG�FKDUDFWHULVDWLRQ� URXWLQHV�¤�$SSUR[�
�����OLQHV�

�����'LVFXVVLRQ
7KH�FRPSDUDWLYH�DQDO\VLV�RI�RULJLQDO�DQG�RSWLPLVHG�GHVLJQV�ZDV�SHUIRUPHG

ZLWK� WKH� XVH� RI� KLJK�OHYHO� SRZHU� HVWLPDWLRQ� VWUDWHJLHV�� 7KH� GLIILFXOWLHV� DQG
SURSHUWLHV� RI� EHKDYLRXUDO� OHYHO� SRZHU� HVWLPDWLRQ� ZHUH� GLVFXVVHG� LQ� &KDSWHU� ��
%HKDYLRXUDO�OHYHO�SRZHU�HVWLPDWLRQ�LV�D�FRPSOH[��DQG�W\SLFDOO\� LQDFFXUDWH�SURFHVV�
GXH� WR� WKH� ODUJH� DPRXQW� RI� XQGHFLGHG� 9/6,� LPSOHPHQWDWLRQ� YDULDEOHV�� 7KH
SURWRW\SH� YHUVLRQ� RI� *$/236� XVHV� D� WHFKQLTXH� VLPLODU� WR� 3)$� ZKHUH� SUH�
FKDUDFWHULVHG� IXQFWLRQDO� PRGXOHV� DQG� RSHUDWLRQ� FRXQWV� DUH� XVHG� WR� HVWLPDWH
FDSDFLWDQFH��9ROWDJH� LV�HVWLPDWHG�IURP�D�PRGHO�RI� WKH�HIIHFWV�RI�YROWDJH�UHGXFWLRQ
RQ�GHYLFH�VSHHG��7KLV�HQDEOHG�WKH�*$�WR�SHUIRUP�FRPSDUDWLYH�HYDOXDWLRQV�EHWZHHQ
GLIIHUHQW� VROXWLRQV� GXULQJ� WKH� VHDUFK� SURFHVV�� &KDSWHU� �� LOOXVWUDWHG� WKH� SURWRW\SH
YHUVLRQ�RI�*$/236�RQ�D�VHW�RI�YDU\LQJ�FRPSOH[LW\�VLJQDO�SURFHVVLQJ�EHQFKPDUNV�
7KH�UHVXOWV�LOOXVWUDWH�WKDW�*$/236�ZDV�DEOH�WR�UHGXFH�WKH�SRZHU�FRQVXPSWLRQ�RI�DOO
GHVLJQV�
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7KH�SURWRW\SH�YHUVLRQ�RI�*$/236�XWLOLVHG�D�UHODWLYHO\�VLPSOH�WHFKQLTXH�IRU
SRZHU�HVWLPDWLRQ��&KDSWHU���GHWDLOV�WKH�LQWHJUDWLRQ�RI�PRUH�FRPSOH[�KLJK�OHYHO�DUHD
DQG�SRZHU�HVWLPDWLRQ�URXWLQHV� LQWR�WKH�V\VWHP��7KH�URXWLQHV� LQFRUSRUDWH�KLJK�OHYHO
GHVLJQ�WDVNV�VXFK�DV�VFKHGXOLQJ�DQG�DOORFDWLRQ�WR�LQFUHDVH�WKH�DFFXUDF\�RI�WKH�SRZHU
HVWLPDWLRQ�PRGXOH��,Q�DGGLWLRQ��WKH�UHVXOWV�REWDLQHG�ZLWK�WKH� LPSURYHG�PRGXOH�DUH
PRUH� UHOHYDQW� WR� VWDQGDUG� VLJQDO� SURFHVVLQJ� GHVLJQ� V\VWHPV� WKDW� LQFRUSRUDWH� VXFK
KLJK�OHYHO�GHVLJQ�WDVNV�

*$�UHVHDUFK�KDV�\LHOGHG�D�ERG\�RI� WHFKQLTXHV� WKDW�FDQ�EH�XVHG� WR� LPSURYH
WKH�HIILFLHQF\�RI�D�VHDUFK�DQG�WKH�UHVXOWV�REWDLQHG��8QIRUWXQDWHO\��QR�JXLGLQJ�PHWULF
LV�DYDLODEOH�WR�VHOHFW�WHFKQLTXHV�IRU�DQ\�SDUWLFXODU�DSSOLFDWLRQ��7KHUHIRUH�&KDSWHU��
LQYHVWLJDWHV� WHFKQLTXHV� ZLWK� WKH� DLP� RI� LPSURYLQJ�*$� SHUIRUPDQFH�� (OLWLVP� LV� D
VHOHFWLRQ� VFKHPH� LQWHQGHG� WR� H[SORLW� LQIRUPDWLRQ� FXUUHQWO\� LQ� WKH� *$� SRSXODWLRQ
SRRO�E\�HQVXULQJ� D� VHW�RI� WKH�EHVW� VROXWLRQV� LV� DOZD\V�SUHVHQW� LQ� WKH�SRRO��(OLWLVP
ZDV�LQYHVWLJDWHG�IRU�GLIIHUHQW�DSSOLFDWLRQ�UDWHV�DQG�WKH�UHVXOWV�LQGLFDWH�WKDW�D�FHUWDLQ
OHYHO�RI�HOLWLVP�LPSURYHG�WKH�UHVXOWV�REWDLQHG��FRPSDUHG�WR�QRW�DSSO\LQJ�HOLWLVP�RU
DSSO\LQJ� LW� DW� WRR� JUHDW� D� UDWH�� $� VLPLODU� DQDO\VLV� IRU� WKH� 5DQNHG� 6HOHFWLRQ
7HFKQLTXH� LOOXVWUDWHG� LWV� VXSHULRULW\� RYHU� ILWQHVV� SURSRUWLRQDWH� VHOHFWLRQ� IRU� WKLV
SUREOHP��&KDSWHU���DOVR�H[DPLQHG� WKH�7DJXFKL�PHWKRG�IRU�RSWLPDO�*$�SDUDPHWHU
VHWWLQJV�� 7KH� UHVXOWV� LOOXVWUDWHG� WKH� GLIILFXOW\� RI� GHWHUPLQLQJ� D� JOREDO� VHW� RI
SDUDPHWHUV� IRU� D� *$� WKDW� LV� GHVLJQHG� WR� SURFHVV� D� ZLGH� UDQJH� RI� SUREOHPV� ZLWK
GLIIHUHQW�SURSHUWLHV�

7KH� PRGLILHG� *$/236� WRRO� ZDV� DQDO\VHG� ZLWK� D� VHW� RI� WHQ� EHQFKPDUN
FLUFXLWV� WKDW� FRYHU� D� UDQJH�RI� VLJQDO� SURFHVVLQJ� DOJRULWKPV�RI� YDU\LQJ� FRPSOH[LW\�
7KH� UHVXOWV� LOOXVWUDWHG� WKH� VXFFHVV� RI� WKH� WRRO� LQ� REWDLQLQJ� ORZ�SRZHU
LPSOHPHQWDWLRQV��7KH�DPRXQW�RI�SRZHU�UHGXFWLRQ�REWDLQHG�LV�YHU\�GHSHQGHQW�RQ�WKH
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SURSHUWLHV�RI� HDFK� LQGLYLGXDO� DOJRULWKP��7KH� DPRXQW� RI� UHFXUVLRQ� LQ� DQ� DOJRULWKP
FDQ� OLPLW� WKH� DSSOLFDWLRQ� RI� WKH� WUDQVIRUPDWLRQ� VHW� DQG� SODFH� D� ERXQG� RQ� WKH
PLQLPXP�FULWLFDO�SDWK�OHQJWK�KHQFH�UHVWULFWLQJ�YROWDJH�UHGXFWLRQ�WHFKQLTXHV�

7KH�JHQHUDWHG�ORZ�SRZHU�VROXWLRQV�W\SLFDOO\�UHTXLUH�VXSSO\�YROWDJHV�EHORZ
WKH�LQGXVWU\�VWDQGDUGV�RI��9�DQG�PRUH�FRPPRQO\����9��$V�GLVFXVVHG�LQ�&KDSWHU���
WKH�UHTXLUHG�YROWDJHV�FRXOG�EH�DFKLHYHG�ZLWK�VPDOO��RQ�FKLS�OHYHO�FRQYHUWHUV��7KHVH
FRQYHUWHUV� HQDEOH� WKH� FKLS� WR� VRXUFH� IURP� D� VWDQGDUG� ���9� SRZHU� VXSSO\� �WR
LQWHJUDWH�ZLWK�RWKHU�GHYLFHV� LQ�D�V\VWHP��ZKLOH�WKH�FRUH�RI�WKH�FKLS�RSHUDWHV�DW�WKH
UHTXLUHG� ORZ�SRZHU� YROWDJH�� $V� GLVFXVVHG� LQ� &KDSWHU� ��� VXFK� V\VWHPV� KDYH� EHHQ
XVHG�LQ�WKH�GHYHORSPHQW�RI�SUDFWLFDO�'63V�DQG�PLFURSURFHVVRUV�

7KH� ORZ�SRZHU� VROXWLRQV� SUHVHQWHG� LQ� &KDSWHU� �� W\SLFDOO\� UHTXLUH� DQ� DUHD
LQFUHDVH� FRPSDUHG� WR� WKH� VWDQGDUG� LPSOHPHQWDWLRQ�RI� WKHLU� QRQ�RSWLPLVHG� RULJLQDO
GHVLJQV��ZKLFK�KDV�REYLRXV� LPSOLFDWLRQV� IRU�WKH� IDEULFDWLRQ�RI� ORZ�SRZHU�GHYLFHV�
:LWK�GHFUHDVHG�IHDWXUH�VL]HV�DQG�LQFUHDVHG�GLH�VL]HV��WKH�QXPEHU�RI�WUDQVLVWRUV�WKDW
FDQ�EH�SODFHG�RQ�D� VLQJOH� FKLS� LV� LQFUHDVLQJ��7KLV� H[WUD� FDSDFLW\�ZDV� WUDGLWLRQDOO\
XVHG�WR�LQFUHDVH�WKH�SHUIRUPDQFH�RI�WKH�GHYLFH��7KH�UHVXOWV�LOOXVWUDWH�WKDW�ZKHUH�WKH
UHTXLUHG� SHUIRUPDQFH� FRQVWUDLQW� KDV� EHHQ� DFKLHYHG� WKH� LQFUHDVHG� QXPEHU� RI
DYDLODEOH�WUDQVLVWRUV�FDQ�EH�WUDGHG�IRU�ORZ�SRZHU�WKURXJK�UHGXFHG�VXSSO\�YROWDJH��,Q
DGGLWLRQ�� WKH� GHYHORSPHQW� RI� 0XOWL�&KLS� 0RGXOHV� �0&0V�� SURPLVHV� WR� SURYLGH
GHYLFHV�ZLWK�JLJD�VFDOH�LQWHJUDWLRQ�OHYHOV��ZKLFK�LQFUHDVHV�WKH�SRWHQWLDO�WR�WUDGH�RII
DUHD�IRU�ORZ�SRZHU�DQG�ORZ�YROWDJH�RSHUDWLRQ�

7KH� UHVXOWV� REWDLQHG� LQ� &KDSWHU� �� DUH� QRW� FRPSDUHG�ZLWK� RWKHU� KLJK�OHYHO
SRZHU�FRQVFLRXV�GHVLJQ�WRROV��7KH�PDMRULW\�RI�¨KLJK�OHYHO©�V\VWHPV��VXFK�DV�3RZHU
3URILOHU� >0DUWLQ���� 0DUWLQ��@�� 'HVLJQ� 3RZHU� >6\QRS��@� DQG� RWKHUV� >5DJ���
5DJ��D�� 5DJ��E@� RSHUDWH� GXULQJ� WKH� WUDQVODWLRQ� RI� EHKDYLRXUDO� OHYHO� GHVFULSWLRQV
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LQWR�57�OHYHO�DUFKLWHFWXUHV��*$/236�RSHUDWHV�RQ�WKH�EHKDYLRXUDO�GHVFULSWLRQ�LWVHOI�
HQDEOLQJ�VXEVHTXHQW�DSSOLFDWLRQ�RI�WKH�WHFKQLTXHV�DSSOLHG� LQ�WKHVH�WRROV��*$/236
LV�QRW�LQWHQGHG�DV�D�FRPSHWLWRU�RU�UHSODFHPHQW�IRU�WKHVH�WRROV��UDWKHU�DV�D�VWHS�LQ�WKH
ORZ�SRZHU� GHVLJQ� SURFHVV� WKDW� ZLOO� LQFRUSRUDWH� WHFKQLTXHV� DQG� GHVLJQ� WRROV� WKDW
RSHUDWH�DW�DOO�OHYHOV��WR�PD[LPLVH�WRWDO�SRZHU�UHGXFWLRQ�

$V� ZLWK� *$/236�� WKH� +<3(5�/3� V\VWHP� >&KDQ���� &KDQ��D@� FRQVLGHUV
SRZHU�DW� WKH�EHKDYLRXUDO� OHYHO� E\�RSWLPLVLQJ� WKH�KLJK�OHYHO� DOJRULWKPV��+RZHYHU�
WKH� UHVXOWV� SUHVHQWHG� IRU� +<3(5�/3� XVH� SRZHU� DQDO\VLV� WHFKQLTXHV� VLJQLILFDQWO\
GLIIHUHQW�WR�WKRVH�XVHG� LQ�*$/236��,Q�DGGLWLRQ�� WKH�+<3(5�/3� V\VWHP�DSSOLHV� D
GLIIHUHQW� VHW� RI� KLJK�OHYHO� DOJRULWKPLF� WUDQVIRUPDWLRQV�� WKHUHIRUH�� GLIIHUHQFHV� LQ
UHVXOWV�FRXOG�EH�GXH�WR�WKH�VHW�RI�WUDQVIRUPDWLRQV�FRQWDLQHG�ZLWKLQ�WKH�V\VWHP�UDWKHU
WKDQ� WKH� PHWKRG� RI� DSSO\LQJ� WKDW� VHW�� ,Q� DGGLWLRQ� WR� GLIIHUHQFHV� GXH� WR� WKH
RSWLPLVDWLRQ� WHFKQLTXH� XVHG�� WKH� SRZHU� DQDO\VLV� PHWKRG� FRXOG� DOVR� DFFRXQW� IRU
GLIIHUHQFHV� LQ� WKH� UHVXOWV�REWDLQHG�ZLWK� GLIIHUHQW� V\VWHPV�� 7KH� SUREOHP� LV� WKDW� QR
VWDQGDUG� WHFKQLTXH� H[LVWV� IRU� EHQFKPDUNLQJ� WKH� SHUIRUPDQFH� RI� KLJK�OHYHO
RSWLPLVDWLRQ�WRROV��7KH�SUHVHQWDWLRQ�RI�D�UDQJH�RI�EHQFKPDUN�GHVLJQV� LQ�WKLV�WKHVLV
DQG�WKH�SXEOLFDWLRQV�DULVLQJ�IURP�WKLV�WKHVLV��LV�DQ�DWWHPSW�WR�DGGUHVV�WKLV�SUREOHP�RI
FRPSDULVRQ�EHWZHHQ�GLIIHUHQW�KLJK�OHYHO�GHVLJQ� WHFKQLTXHV��%\�SUHVHQWLQJ�D� UDQJH
RI�GHVLJQV�LW�LV�KRSHG�WKDW�UHVHDUFKHUV�FDQ�XVH�WKHP�WR�FRPSDUH�WKH�SHUIRUPDQFH�RI
GLIIHUHQW�KLJK�OHYHO�RSWLPLVDWLRQ�DQG�DQDO\VLV�WHFKQLTXHV�

2QH� RI� WKH� FRUH�RSWLPLVDWLRQ� WHFKQLTXHV� XVHG� LQ� +<3(5�/3� LV� 6LPXODWHG
$QQHDOLQJ��6$��IRU�WKH�DSSOLFDWLRQ�RI�FHUWDLQ�WUDQVIRUPDWLRQV��KHQFH�WKH�FRPSDULVRQ
EHWZHHQ�*$/236� DQG� D� 6$�EDVHG� VHDUFK�� 6$� LV� D� VHDUFK� SURFHVV� LQVSLUHG� E\� D
QDWXUDO� SK\VLFDO� SKHQRPHQRQ� WKDW� RFFXUV� GXULQJ� WKH� FRROLQJ� RI� PDWHULDOV�� ,W� KDV
EHHQ�XVHG�WR�VROYH�FRPSOH[�SUREOHPV�RI�9/6,�GHVLJQ�VXFK�DV�FLUFXLW�OHYHO�URXWLQJ�
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8QOLNH�JUDGLHQW�VHDUFK�LW�LQFRUSRUDWHV�D�PHFKDQLVP�IRU�HVFDSLQJ�ORFDO�PD[LPD�L�H��LW
FDQ�VXIIHU�WHPSRUDU\�GHJUDGDWLRQ� LQ�VROXWLRQ�TXDOLW\�GXULQJ� WKH�VHDUFK�� ,Q�&KDSWHU
��� WKH�SHUIRUPDQFH�RI� WKH�*$/236�V\VWHP�ZDV� FRPSDUHG�ZLWK� DQ�6$�DOJRULWKP
WKDW� XWLOLVHG� WKH� VDPH� VHW� RI� WUDQVIRUPDWLRQV� DQG� SRZHU� DQDO\VLV� PHWKRGV�� 7KH
UHVXOWV� IRU�6$�FRPSDUHG� WR�*$/236�VKRZ�WKDW�ERWK�6$�DQG�*$/236�FDQ� UHDFK
WKH�PLQLPXP�YROWDJH�DUHD�RI� WKH�VROXWLRQ�VSDFH��+RZHYHU��*$/236� LPSURYHV�RQ
WKH� SRZHU� UHGXFWLRQ� DFKLHYHG� WKURXJK� PLQLPXP�YROWDJH� GHVLJQ� E\� UHILQLQJ� WKH
VROXWLRQ�WR�UHTXLUH�IHZHU�UHVRXUFHV�DQG�OHVV�VZLWFKHG�FDSDFLWDQFH��$�FRPSDULVRQ�RI
3DUHWR�VXUIDFHV� JHQHUDWHG�ZLWK� *$/236� DQG� WKH� 6$� DOJRULWKP� DOVR� GHPRQVWUDWH
WKDW�*$/236�SURYLGHV�PRUH�FRPSUHKHQVLYH�WUDGH�RII�LQIRUPDWLRQ��FKDUDFWHULVHG�E\
PRUH�SRLQWV�DQG�ORZHU�SRZHU�YDOXHV�DW�FRPSDUDWLYH�DUHDV��7KHUHIRUH�*$/236�QRW
RQO\�SURGXFHV� ORZHU�SRZHU� VLQJOH�SRLQW� VROXWLRQV�EXW� DOVR�SUHVHQWV�PRUH� DFFXUDWH
WUDGH�RII�FKDUWV�ZKHQ�FRPSDUHG�WR�6$�

7KH� UHVXOWV� IRU� WKH� EHQFKPDUN� GHVLJQV� LOOXVWUDWH� WKDW� ORZ�SRZHU
LPSOHPHQWDWLRQ�W\SLFDOO\�UHTXLUHV�D�FRQVLGHUDEOH�LQFUHDVH�LQ�DUHD��7KLV�LV�GXH�WR�WKH
ORZ�SRZHU�GHVLJQ�WHFKQLTXH�XVHG�ZKHUH�LQFUHDVH�LQ�VSHHG� LV�WUDGHG�IRU�D�UHGXFWLRQ
LQ�VXSSO\�YROWDJH��7KLV�VSHHG�LQFUHDVH�LV�DFKLHYHG�WKURXJK�LQFUHDVLQJ�DQG�H[SORLWLQJ
WKH�FRQFXUUHQF\�LQ�WKH�DOJRULWKP��3URFHVVLQJ�PRUH�RSHUDWLRQV�DW�WKH�VDPH�WLPH�RIWHQ
UHTXLUHV�PRUH�KDUGZDUH�XQLWV�KHQFH�WKH�LQFUHDVH�LQ�DUHD��7KLV�W\SLFDOO\�UHVXOWV�LQ�WKH
ORZHVW�SRZHU�VROXWLRQ�DOVR�EHLQJ�D�ODUJH�DUHD�VROXWLRQ��5DWKHU�WKDQ�SUHVHQW�D�VLQJOH
ORZHVW�SRZHU��DQG�KHQFH�ODUJH�DUHD��VROXWLRQ��&KDSWHU���H[SORLWV�WKH�PXOWL�VROXWLRQ
QDWXUH�RI� WKH�*$�VHDUFK�PHFKDQLVP� WR�SURYLGH� WUDGH�RII� LQIRUPDWLRQ� WR� WKH�9/6,
GHVLJQHU��7KH� LQIRUPDWLRQ��SUHVHQWHG� LQ� WKH� IRUP�RI�3DUHWR�VXUIDFHV�� LOOXVWUDWHV�WKH
ORZHVW�SRZHU�VROXWLRQV�DFURVV�WKH�DUHD�UDQJH��7KLV�HQDEOHV�WKH�GHVLJQHU�WR�VHOHFW�WKH
VROXWLRQ�WKDW�EHVW�PHHWV�WKH�LPSOHPHQWDWLRQ�UHTXLUHPHQWV��UDWKHU�WKDQ�FRQFHQWUDWLQJ
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RQ� WKH� PLQLPLVDWLRQ� RI� D� VLQJOH� SDUDPHWHU�� ,Q� DGGLWLRQ�� WKH� 3DUHWR�VXUIDFHV� DUH
XVHIXO�LQ�H[DPLQLQJ�WKH�QDWXUH�RI�WKH�VROXWLRQ�VSDFH��LOOXVWUDWLQJ�WKH�ODUJH�HIIHFW�WKDW
VSHHG� LQFUHDVHV� FDQ� KDYH� RQ� SRZHU� UHGXFWLRQ� DV� ZHOO� DV� WKH� WUHQG� RI� GHFUHDVHG
SRZHU�UHTXLULQJ�ODUJHU�DUHD��7KH�*$/236�WRRO�LV�WKH�ILUVW�EHKDYLRXUDO�OHYHO�SRZHU�
RSWLPLVDWLRQ� WRRO� WR�SUHVHQW� VXFK� WUDGH�RII� LQIRUPDWLRQ� DV�SDUW�RI� WKH� RSWLPLVDWLRQ
SURFHVV��H[SORLWLQJ�WKH�LQKHUHQW�FKDUDFWHULVWLFV�RI�WKH�FKRVHQ�*$�VHDUFK�WHFKQLTXH�

&KDSWHU� ��� FRPSDUHV� WKH� SHUIRUPDQFH� RI� WKH� *$� ZLWK� WZR� RWKHU� VHDUFK
WHFKQLTXHV� IRU� RSWLPLVLQJ� FRPSOH[� SUREOHPV� ¤� VWHHSHVW� JUDGLHQW� DQG� VLPXODWHG
DQQHDOLQJ� �6$��� *UDGLHQW� VHDUFK� LV� D� JUHHG\� DOJRULWKP� WKDW� VHDUFKHV� WKH� VROXWLRQ
VSDFH�RQO\�VHOHFWLQJ�VROXWLRQV�WKDW�LPSURYH�RQ�WKH�FXUUHQW�RQH��7KH�UHVXOWV�IURP�WKLV
VHDUFK� LOOXVWUDWH� WKDW� WKH� ORZ� SRZHU� VROXWLRQ� VSDFH� LV� D� FRPSOH[�� PXOWL�PRGDO
SUREOHP�ZLWK�QRQ�RSWLPXP�SHDNV��7KDW�LV��GHWHUPLQDWLRQ�RI�WKH�KLJKHVW�SHDN�LQ�WKH
VROXWLRQ�VSDFH�UHTXLUHV�D�VHDUFK�PHFKDQLVP�WKDW�FDQ�VXIIHU�GHJUDGDWLRQ�LQ�VROXWLRQV
VR�DV�QRW�WR�EHFRPH�VWXFN�RQ�D�ORFDO�PD[LPXP�

�����&RQFOXVLRQV
x 7KLV� GLVVHUWDWLRQ� KDV� SUHVHQWHG� WKH� ILUVW� XVH� RI� D� *HQHWLF� $OJRULWKP� IRU� WKH

GHVLJQ� DQG� RSWLPLVDWLRQ� RI� EHKDYLRXUDO� OHYHO� VLJQDO�SURFHVVLQJ� DOJRULWKPV
LQWHQGHG�IRU�ORZ�SRZHU�RSHUDWLRQ�

x 7KH�SUREOHP�VSHFLILF�FKURPRVRPH�UHSUHVHQWDWLRQ�HQDEOHV� DSSOLFDWLRQ�RI� KLJK�
OHYHO� 9/6,� GHVLJQ� UXOHV� WR� H[SORUH� WKH� ORZ� SRZHU� VROXWLRQ� VSDFH� ZLWKRXW
FRUUXSWLQJ� DOJRULWKP� IXQFWLRQDOLW\�� 7KH� FKURPRVRPH©V� IOH[LELOLW\� HQDEOHV� WKH
WRRO�WR�SURFHVV�D�ZLGH�UDQJH�RI�VLJQDO�SURFHVVLQJ�DOJRULWKPV�

x 7KH� GHYHORSPHQW� RI� SUREOHP�VSHFLILF� JHQHWLF� RSHUDWRUV�� WR� LQFRUSRUDWH� WKH



&KDSWHU����¤�&RQFOXVLRQV�DQG�)XWXUH�:RUN

���

KLJK�OHYHO� DOJRULWKPLF� WUDQVIRUPDWLRQV�� HQDEOHV� WUDGLWLRQDO� KLJK�OHYHO� GHVLJQ
WHFKQLTXHV�WR�EH�LQFRUSRUDWHG�LQWR�D�JHQHWLF�VHDUFK�DQG�RSWLPLVDWLRQ�IUDPHZRUN�
KHQFH�HQDEOLQJ�KLJK�OHYHO�GHVLJQ�WR�XWLOLVH�WKH�DGYDQWDJHV�RI�*$V�

x 7KH� SUHVHQWHG� WRRO�� GXEEHG� *$/236�� VXFFHVVIXOO\� UHGXFHV� WKH� SRZHU
FRQVXPSWLRQ� RI� D� ZLGH� UDQJH� RI� VLJQDO� SURFHVVLQJ� EHQFKPDUN� GHVLJQV� RI
YDU\LQJ�FRPSOH[LW\�

x 7KH� SUHVHQWHG� UHVXOWV� LOOXVWUDWH� WKDW� ORZ�YROWDJH� RSHUDWLRQ�� ZKHQ� LQLWLDO
PD[LPXP� WKURXJKSXW� LV� D� FRQVWUDLQHG� SDUDPHWHU�� UHTXLUHV� IXOO� H[SORLWDWLRQ� RI
WKH� DYDLODEOH� FRQFXUUHQF\� LQ� D� VLJQDO�SURFHVVLQJ� DOJRULWKP�� � ,Q� $SSOLFDWLRQ�
6SHFLILF� VLJQDO� SURFHVVRUV� WKLV� UHTXLUHV� XWLOLVDWLRQ� RI� PD[LPXP� UHVRXUFHV� WR
PLQLPLVH�WKH�FULWLFDO�SDWK�OHQJWK�RI�WKH�GHVLJQ�

x 7KH�XVH�RI�D�WUDQVIRUPDWLRQ�OLEUDU\�WR�VXSSO\�WKH�*$�SURYLGHV�D�IUDPHZRUN�IRU
WKH� DGGLWLRQ� RI� QHZ� WUDQVIRUPDWLRQV�� WR� LQYHVWLJDWH� WKHLU� SRZHU� UHGXFLQJ
DSSOLFDWLRQV�RU�WR�GHWHUPLQH�WKH�HIIHFW�RI�LQWHUDFWLRQ�EHWZHHQ�WUDQVIRUPDWLRQV�RQ
SURYLGLQJ�WKH�EHVW�VROXWLRQ�

x 7KH�PXOWL�VROXWLRQ�QDWXUH�RI�WKH�*$�HQDEOHV�LW�WR�SURYLGH�WUDGH�RII�LQIRUPDWLRQ
WR�WKH�9/6,�GHVLJQHU� WR�PHHW�REMHFWLYHV� LQ�DGGLWLRQ� WR� WKH� UHGXFWLRQ�RI�SRZHU
�VXFK�DV�DUHD�FRQVWUDLQWV��

x ,QFRUSRUDWLRQ� RI� *$� WHFKQLTXHV� VXFK� DV� (OLWLVP� DQG� 5DQNLQJ� LPSURYH� WKH
UHVXOWV�ZKHQ�FRPSDUHG�WR�D�EDVLF�*$�LPSOHPHQWDWLRQ�

x 'HYHORSPHQW� RI� DOWHUQDWLYH� KHXULVWLF� VHDUFK� DOJRULWKPV� XWLOLVLQJ� WKH� FRUH
WUDQVIRUPDWLRQ�DSSOLFDWLRQ�DQG�VROXWLRQ�PDQLSXODWLRQ�URXWLQHV�GHYHORSHG�IRU�WKH
*$�EDVHG�VHDUFK��$�FRPSDULVRQ�RI�WKH�*$�ZLWK�*UDGLHQW�6HDUFK�DQG�6LPXODWHG
$QQHDOLQJ�LOOXVWUDWHV�WKH�VXSHULRULW\�RI�WKH�*$�EDVHG�VHDUFK��ERWK�LQ�SUHVHQWLQJ
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VLQJOH�ORZ�SRZHU�VROXWLRQV�DQG�D�UDQJH�RI�DUHD�SRZHU�WUDGH�RIIV�

�����)XWXUH�:RUN
2Q� WKH� FLUFXLWV� VLGH� WKH� SUREOHPV� RI� DFFXUDWH� DQG� IDVW� KLJK�OHYHO� SRZHU

HVWLPDWLRQ�KDYH�EHHQ�GLVFXVVHG��)XUWKHU�UHILQHPHQWV�WR�WKH�SRZHU�DQDO\VLV�PRGXOH�
VXFK� DV� WKH� FRQVLGHUDWLRQ� RI� VZLWFKLQJ� FDSDFLWDQFH� DQG� LQFUHDVHG� QXPEHUV� RI
FKDUDFWHULVHG� IXQFWLRQDO� XQLWV�� FRXOG� LPSURYH� WKH� DFFXUDF\� RI� WKH� DQDO\VLV�
+RZHYHU�� WKH� LPSURYHG� DFFXUDF\� PXVW� QRW� LQFXU� WRR� JUHDW� D� VSHHG� SHQDOW\� DV� WR
UHQGHU�WKH�RSWLPLVDWLRQ�SURFHVV�SURKLELWLYH�LQ�WHUPV�RI�WLPH�

7KH�FXUUHQW�V\VWHP�SURFHVVHV�KLJK�OHYHO�DOJRULWKPV�GHVFULEHG�DV�'DWD�)ORZ
*UDSKV�� ZKLFK� DUH� FRPSLOHG� LQWR� WKH� LQWHUQDO� *$� FKURPRVRPH� UHSUHVHQWDWLRQ�
([WHUQDO� FRPSLOHUV� FRXOG� EH� GHYHORSHG� WR� SURFHVV� 9+'/� DQG�9HULORJ� KLJK�OHYHO
GHVFULSWLRQV� DV� WKHVH� ODQJXDJHV� DUH� IUHTXHQWO\� XVHG� LQ� KLJK�OHYHO� GHVLJQ� V\VWHPV�
7KLV�ZRXOG�LPSURYH�WKH�DSSOLFDELOLW\�RI�WKH�WRRO�LQ�SUDFWLFDO�GHVLJQ�SURFHVVHV�

7KH�H[WHQVLRQ�RI�WKH�VWDQGDUG�*$��WR�LQFRUSRUDWH�RWKHU�JHQHWLF�IHDWXUHV�VXFK
DV�5DQNLQJ� DQG�(OLWLVP��ZDV� VKRZQ� WR� LPSURYH� WKH� SHUIRUPDQFH� RI� WKH� *$�� 7KH
ZHDOWK� RI�*$� UHVHDUFK� FRQWDLQV� D� ODUJH� ERG\� RI� WHFKQLTXHV� IRU� HQKDQFHPHQW� WKDW
FRXOG� QRW� DOO� EH� LQYHVWLJDWHG� LQ� WKLV� ZRUN� GXH� WR� WLPH� DQG� VSDFH� FRQVWUDLQWV�
6HOHFWLRQ� WHFKQLTXHV� VXFK� DV� 7RXUQDPHQW� 6HOHFWLRQ� >+DQF��@� DQG� 6WRFKDVWLF
5HPDLQGHU�>+DQF��@�FRXOG�IXUWKHU�LPSURYH�WKH�HIILFLHQF\�DQG�UHVXOWV�

$�UHODWHG�DUHD�LV�WKH�H[WHQVLRQ�RI�WKH�FURVVRYHU�RSHUDWRU��ZKLFK�LV�FXUUHQWO\�D
ORFDOLVHG� RSHUDWRU� WKDW� FRQVLGHUV� WKH� FURVVRYHU� RI� VLQJOH� WUDQVIRUPDWLRQV�� )XUWKHU
FURVVRYHU� RSHUDWRUV� FRXOG� WUDQVIHU� PXOWLSOH� WUDQVIRUPDWLRQV� DQG� DOVR� FRQWDLQ� WKH
DELOLW\� WR�UHFRJQLVH� WUDQVIRUPDWLRQ�KLVWRULHV� L�H�� WKH� VSHFLILF� VHW�RI� WUDQVIRUPDWLRQV
WKDW�SURGXFH�WKH�FXUUHQW�VROXWLRQ�
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$V�GLVFXVVHG�LQ�&KDSWHUV���DQG����VXFFHVVIXO�SRZHU�UHGXFWLRQ�VKRXOG�WDUJHW
SRZHU� UHGXFWLRQ� DW� DOO� OHYHOV�RI� WKH�GHVLJQ�SURFHVV��$V� VXFK��*$/236� VKRXOG� EH
LQWHJUDWHG� LQWR� D�SRZHU�FRQVFLRXV�GHVLJQ� IUDPHZRUN� LQFRUSRUDWLQJ�SRZHU� DQDO\VLV
DQG� RSWLPLVDWLRQ� WHFKQLTXHV� DW� DOO� OHYHOV�� $UFKLWHFWXUDO��� ORJLF�� DQG� FLUFXLW�OHYHO
WHFKQLTXHV�� GHVFULEHG� LQ� &KDSWHU� ��� FRXOG� EH� XVHG� VXEVHTXHQW� WR� *$/236� WR
SURYLGH�D�FRPSOHWH�DXWRPDWHG�ORZ�SRZHU�GHVLJQ�SURFHVV�

2QH�RI� WKH�PRVW� LQWHUHVWLQJ�GHYHORSPHQWV� LQ� HYROXWLRQDU\�GHVLJQ�RI� UHFHQW
\HDUV�KDV�EHHQ� WKH�GHYHORSPHQW�RI� HYROYDEOH�KDUGZDUH��7KH� HYROXWLRQDU\�LQVSLUHG
SURFHVVHV� W\SLFDOO\� XVHG� WR� GHVLJQ� IL[HG� KDUGZDUH� FDQ� EH� LQFRUSRUDWHG� RQWR� D
SURJUDPPDEOH�GHYLFH�� 7KH� RSWLPLVDWLRQ� SURFHVV� FDQ� EH� SHUIRUPHG� LQ� UHDO�WLPH� WR
SURGXFH�D�GHVLJQ�WKDW�PHHWV�WKH�FXUUHQW�VSHFLILFDWLRQV�ZLWK�RSWLPDO�REMHFWLYHV��7KH
HYROYDEOH�GHYLFH�UHFRQILJXUHV�LWVHOI�WR�SURYLGH�WKH�RSWLPXP�VROXWLRQ�WR�WKH�FXUUHQW
DSSOLFDWLRQ�� 7KH� UHFHQW� UHVHDUFK� LQWR� G\QDPLFDOO\� YDULDEOH� YROWDJHV� FDQ� EH
LQFRUSRUDWHG� LQWR� D� *$/236� V\VWHP� RQ� D� UH�FRQILJXUDEOH� VLJQDO�SURFHVVRU� FKLS�
7KH� GHVLUHG� DOJRULWKP� IXQFWLRQ� FDQ� EH� RSWLPLVHG� WR� PHHW� WKH� FXUUHQW� WKURXJKSXW
UHTXLUHPHQWV�� ZLWK� YROWDJH� OHYHOV� VHW� WR� SURYLGH� WKH� PLQLPXP� SRZHU
LPSOHPHQWDWLRQ�� 7KLV� ZRXOG� UHVXOW� LQ� D� JHQHUDO�SXUSRVH� VLJQDO�SURFHVVLQJ� GHYLFH
WKDW�DFKLHYHV�RSWLPDO�ORZ�SRZHU�RSHUDWLRQ�GHSHQGHQW�RQ�WKH�FXUUHQW�WKURXJKSXW�DQG
IXQFWLRQDO�UHTXLUHPHQWV�

7KH� FXUUHQW� *$/236� V\VWHP� LV� DQ� LPSOHPHQWDWLRQ� RI� D� JHQHUDWLRQDO� *$
ZKHUH�WKH�HQWLUH�SRSXODWLRQ� LV� UHSODFHG�RQFH�SHU�F\FOH� �D�JHQHUDWLRQ���6WHDG\�VWDWH
*$V� NHHS� D� FRQVWDQW� SRSXODWLRQ�� UHPRYLQJ� DQG� DGGLQJ� D� VSHFLILF� DPRXQW� RI� QHZ
VROXWLRQV�RQFH�SHU�F\FOH�LQ�DQ�DWWHPSW�WR�LPSURYH�WKH�H[SORLWDWLRQ�RI�WKH�NQRZOHGJH
FXUUHQWO\� VWRUHG� LQ� WKH� SRSXODWLRQ�� 6RPH� UHVHDUFK� LQWR� VWHDG\�VWDWH� *$V� KDV
SURGXFHG�HQFRXUDJLQJ�UHVXOWV�WKDW�LQGLFDWH�WKH�VXSHULRULW\�RI�WKLV�DSSURDFK�IRU�VRPH
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SUREOHPV� >:KLW��@�� 7KH� *$/236� V\VWHP� FRXOG� EH� PRGLILHG� WR� H[DPLQH� WKH
DGYDQWDJHV�RI�DSSO\LQJ�VWHDG\�VWDWH�*$�PHWKRGV�

3DUDOOHO�*$V��3*$V��DUH�DQ�HYROXWLRQ�RI�WKH�VWDQGDUG�*$�ZKLFK�HIIHFWLYHO\
HPSOR\V� SDUDOOHO� LPSOHPHQWDWLRQV� RI� D� *$� RU� D� VLQJOH� *$� PDLQWDLQLQJ� SDUDOOHO
SRSXODWLRQV�� 2QH� RI� WKH� PDLQ� DGYDQWDJHV� RI� 3*$V� LV� WKH� H[SORLWDWLRQ� RI� SDUDOOHO
SURFHVVLQJ�FRPSXWHUV�DQG�HQYLURQPHQWV��$�SDUDOOHO�*$�FDQ�RSHUDWH�RQ�D�QXPEHU�RI
SURFHVVLQJ� V\VWHPV� WR� LQFUHDVH� WKH� VSHHG� RI� WKH� VHDUFK� DQG� RSWLPLVDWLRQ� SURFHVV�
+RZHYHU��3*$V�GR�QRW�RQO\�RIIHU�LQFUHDVHG�VSHHG��'LIIHUHQW�LPSOHPHQWDWLRQ�VW\OHV
XVH� WKH� SDUDOOHO� IUDPHZRUN� WR� LPSURYH� WKH� VXFFHVV� RI� WKH� VHDUFK�� 0LJUDWLRQ� RI
LQGLYLGXDOV�LV�XVHG�WR�SODFH�PHPEHUV�RI�RQH�SRSXODWLRQ� LQWR�DQRWKHU��7KH�GLIIHUHQW
SRSXODWLRQV�FDQ�EH�UXQQLQJ�XQGHU�GLIIHUHQW�REMHFWLYH�FULWHULD�RU�GLIIHUHQW�RSHUDWLQJ
SDUDPHWHUV� WR� HQDEOH� WKH�*$� WR� UHGXFH� SUREOHPV� VXFK� DV� SUHPDWXUH� FRQYHUJHQFH
DQG� PXOWL�REMHFWLYH� RSWLPLVDWLRQ� FULWHULD�� 0RGLI\LQJ� D� VWDQGDUG� *$� WR� EHFRPH� D
SDUDOOHO�*$� LV�D� QRQ�WULYLDO� WDVN��HVSHFLDOO\�ZKHUH� WKH�*$� LV�H[SHFWHG� WR�UXQ�RQ� D
SDUDOOHO�SURFHVVLQJ�V\VWHP��,QYHVWLJDWLRQ�RI�3*$V�PD\�LPSURYH�WKH�UHVXOWV�REWDLQHG
ZLWK�*$/236�

7KH�3DUHWR�VXUIDFH�JHQHUDWLRQ�XVHV�WKH�GDWD�SURGXFHG�GXULQJ�WKH�*$�VHDUFK
DQG� RSWLPLVDWLRQ� SURFHVV�� 7KLV� FRXOG� EH� IXUWKHU� UHILQHG� E\� LQFRUSRUDWLQJ� 0XOWL�
2EMHFWLYH� *$� �02*$�� WHFKQLTXHV� VXFK� DV� QLFKLQJ� DQG� ILWQHVV� VKDULQJ�� 6XFK
WHFKQLTXHV�FDQ�LPSURYH�WKH�DELOLW\�RI�WKH�*$�WR�IXOO\�H[SORUH�WKH�UDQJH�RI�DYDLODEOH
WUDGH�RIIV�

7KH�VHW�RI� WUDQVIRUPDWLRQV�FXUUHQWO\� LQFRUSRUDWHG� LQ�*$/236�DUH�D� VXEVHW
RI� WUDQVIRUPDWLRQV�� VSHFLILFDOO\� VHOHFWHG� WR� LQFUHDVH� V\VWHP� VSHHG�� 7KH
LPSOHPHQWDWLRQ� RI� *$/236�� WR� DFFHVV� D� OLEUDU\� RI� WUDQVIRUPDWLRQV�� HQDEOHV
UHODWLYHO\� VLPSOH� DSSOLFDWLRQ� RI� RWKHU� WUDQVIRUPDWLRQV� VXFK� DV� GLVWULEXWLYLW\�
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DVVRFLDWLYLW\�� HWF�� ZKLFK� QHHG� WR� EH� LQYHVWLJDWHG� IRU� WKHLU� SRZHU� UHGXFLQJ
FKDUDFWHULVWLFV�

7KH� *$� KDV� EHHQ� FRPSDUHG� ZLWK� D� QXPEHU� RI� WHFKQLTXHV� WKDW� WDUJHW
RSWLPLVDWLRQ�RI� FRPELQDWRULDO� SUREOHPV��7KHUH� DUH�PDQ\�RWKHU� WHFKQLTXHV� VXFK� DV
7DEX� 6HDUFK�� 1HZWRQ�5DSKVRQ�� ,QWHJHU� /LQHDU� 3URJUDPPLQJ�� /DJUDQJLDQ
5HOD[DWLRQ�>5HHYHV��@��HWF��7KH�GHYHORSPHQW�RI�6$�DQG�*UDGLHQW�VHDUFK�WHFKQLTXHV
LOOXVWUDWH� WKDW� WKH� *$�EDVHG� IUDPHZRUN� SURYLGHV� D� FRUH� VHW� RI� URXWLQHV� IRU� WKH
LPSOHPHQWDWLRQ� RI� DOWHUQDWLYH� VHDUFK� DQG� RSWLPLVDWLRQ� WHFKQLTXHV�� 7KH� *$
IUDPHZRUN�FRXOG�EH�XVHG�WR�LQYHVWLJDWH�WKH�HIILFLHQF\�RI�WKHVH�RWKHU�WHFKQLTXHV�IRU
KLJK�OHYHO�GHVLJQ�

,Q�WHUPV�RI�HYDOXDWLRQ�RI�WKH�WRRO��WKH�IDEULFDWLRQ�RI�WKH�GHYLFHV�ZLOO�HQDEOH
SUDFWLFDO� H[DPLQDWLRQ�RI� WKH�SRZHU� UHGXFWLRQV� DQG� WKH� DVVRFLDWHG� LPSOLFDWLRQV� IRU
DUHD��VSHHG�DQG�IXQFWLRQDOLW\�

7KH� XVHU� LQWHUIDFH� RI� WKH� *$/236� WRRO� LV� D� UHODWLYHO\� VLPSOH� WH[WXDO
LQWHUIDFH�WKDW�SURPSWV�WKH�XVHU�IRU�LQIRUPDWLRQ�DW�WKH�UHTXLUHG�PRPHQWV��$OWKRXJK�D
VLPSOH�VFULSW�GULYHQ�V\VWHP�KDV�EHHQ�GHYHORSHG��WR�HQDEOH�D�VHW�RI�UHVXOWV��FRPSOHWH
V\QWKHVLV� UXQV�� WR�EH�REWDLQHG� IURP�D� VLQJOH� H[HFXWLRQ�RI� WKH�SURJUDP�� D�SUDFWLFDO
YHUVLRQ�RI� WKH� WRRO�ZLOO� UHTXLUH�D�FRQVLGHUDEO\�PRUH� DGYDQFHG�XVHU� LQWHUIDFH��7KLV
ZDV� QRW� WDFNOHG� DV� SDUW� RI� WKLV� UHVHDUFK� SURMHFW� DV� WKH� XVHU� LQWHUIDFH� LV� QRW
WUDGLWLRQDOO\� VHHQ� DV� D� ¨QRYHO©� RU� ¨LQWHUHVWLQJ©� UHVHDUFK� DYHQXH�� 7KH�')*�GHVLJQV
SUHVHQWHG� LQ� $SSHQGL[� $� ZHUH� REWDLQHG� ZLWK� D� VSHFLILFDOO\� GHYHORSHG� WRRO�� $Q
H[WHQVLRQ� WR� WKLV� WRRO�ZRXOG� EH� WR� SURYLGH� D� JUDSKLFDO� IURQW�HQG� WR� WKH� *$/236
V\VWHP�� LQFRUSRUDWLQJ�JUDSKLFDO�FDSWXUH�RI�WKH�GHVLJQV�DV�ZHOO�DV�D�ZLQGRZV�EDVHG
RSHUDWLQJ�HQYLURQPHQW�
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����QR�����$SULO�������SS���������

>&KDQ��D@ $�3�� &KDQGUDNDVDQ�� 0�� 3RWNRQMDN�� -�� 5DEDH\�� 5�:�� %URGHUVRQ�
¦+<3(5�/3�� $� V\VWHP� IRU� SRZHU� PLQLPL]DWLRQ� XVLQJ
DUFKLWHFWXUDO� WUDQVIRUPDWLRQV�§� 3URF�� ,(((� ,QW�� &RQIHUHQFH� RQ
&$'��������SS���������

>&KDQ��@ $�3��&KDQGUDNDVDQ��$��%XUVWHLQ��5�:��%URGHUVRQ�� ¦$� ORZ�SRZHU
FKLSVHW�IRU�D�SRUWDEOH�PXOWLPHGLD�,�2�WHUPLQDO�§�,(((�-RXUQDO�2I
6ROLG�6WDWH�&LUFXLWV��YRO������QR������'HF�������SS�����������



���

>&KDQ��D@ $�3��&KDQGUDNDVDQ��5��$OOPRQ��$��6WUDWDNRV�DQG�5�:��%URGHUVRQ�
¦'HVLJQ� RI� SRUWDEOH� V\VWHPV�§� 3URF�� ,(((� &XVWRP� ,QWHJUDWHG
&LUFXLWV�&RQI���86$����WK�0D\�������SS���������

>&KDQ��@ $�3�� &KDQGUDNDVDQ�� 0�� 3RWNRQMDN�� 5�� 0HKUD�� -�0�� 5DEDH\� DQG
5�:��%URGHUVRQ��¦2SWLPL]LQJ�SRZHU�XVLQJ�WUDQVIRUPDWLRQV�§�,(((
7UDQVDFWLRQV� 2Q� &RPSXWHU� $LGHG�'HVLJQ�2I� ,QWHJUDWHG� &LUFXLWV
DQG�6\VWHPV��YRO������QR�����-DQ�������SS�������

>&KDQ��D@ $�3�� &KDQGUDNDVDQ�� 5�:�� %URGHUVRQ�� ¦0LQLPL]LQJ� SRZHU
FRQVXPSWLRQ�LQ�GLJLWDO�&026�FLUFXLWV�§�3URF��RI�WKH�,(((��YRO�����
QR����$SULO�������SS��������

>&KDQ��@ $�3��&KDQGUDNDVDQ��5��$PLUWKDMDUDK�� -��*RRGPDQG��:��5DELQHU�
¦7UHQGV� LQ� ORZ� SRZHU� GLJLWDO� VLJQDO� SURFHVVLQJ�§� LQ� 3URF�� ,(((
,QWHUQDWLRQDO� 6\PSRVLXP� RQ� &LUFXLWV� DQG� 6\VWHPV� �� ,6&$6� 
���
0RQWHUH\��&$������

>&KDQJ��@ -�0��&KDQJ��0��3HGUDP��¦5HJLVWHU�DOORFDWLRQ�DQG�ELQGLQJ�IRU�ORZ
SRZHU�§�3URF�� ,(((�$&0� ��QG� 'HVLJQ� $XWRPDWLRQ� &RQIHUHQFH�
6DQ�)UDQFLVFR��&$��-XQH�������SS�������

>&KDX��@ 3�0�� &KDX�� 6�5�� 3RZHOO�� ¦3RZHU� GLVVLSDWLRQ� RI� 9/6,� DUUD\
SURFHVVLQJ� V\VWHPV�§� -RXUQDO� RI� 9/6,� 6LJQDO� 3URFHVVLQJ�� YRO�� ��
������SS���������

>&KDXG��@ 6��&KDXGKXUL��6�$��%O\WKH��5�$��:DONHU��¦$Q�H[DFW�PHWKRGRORJ\
IRU�VFKHGXOLQJ� LQ�D��'�GHVLJQ�VSDFH�§�3URF���WK�,(((�,QW��6\PS�
RQ�6\VWHP�6\QWKHVLV��&DQQHV��)UDQFH��6HSW�������SS�������

>&KDXG��@ 6�� &KDXGKXUL�� 5�$�� :DONHU�� ¦&RPSXWLQJ� ORZHU� ERXQGV� RQ
IXQFWLRQDO�XQLWV�EHIRUH�VFKHGXOLQJ�§�,(((�7UDQV��RQ�9/6,�6\VWHPV�
YRO������QR�����-XQH�������SS���������

>&KLSS��@ $�� &KLSSHUILHOG�� ¦,QWURGXFWLRQ� WR� *HQHWLF� $OJRULWKPV� �� 3DUDOOHO
*$V�§�LQ�*HQHWLF�$OJRULWKPV�LQ�(QJLQHHULQJ�6\VWHPV��/RQGRQ�8.�
,((��������&KDSWHU����SS�������

>&KLX��@ &�7��&KLX��.�+��7VXL��¦9/6,�LPSOHPHQWDWLRQ�RI�D�JHQHULF�GLVFUHWH
WUDQVIRUP� SURFHVVRU� IRU� UHDO�WLPH� DSSOLFDWLRQV�§� 3URF�� RI� ,(((
$VLD�3DFLILF�&RQI��RQ�&LUFXLWV�DQG�6\VWHPV��������SS��������

>&KXDQJ��@ &�7��&KXDQJ��6�/��/X��.��6RXP\DQDWK��+��3DUWRYL��7��6DNXUDL��9�
'H�� .�� 5R\�� ¦&KDOOHQJHV� IRU� ORZ�SRZHU� DQG� KLJK�SHUIRUPDQFH
FKLSV�§� ,(((�'HVLJQ� 	� 7HVW� RI� &RPSXWHUV�� -XO\�6HSW�� ������ SS�
�������

>&KXQ��@ -�*��&KXQJ��.�.��3DUKL�� ¦3LSHOLQLQJ�RI� ODWWLFH� ,,5�GLJLWDO� ILOWHUV�§
,(((�7UDQV��RQ�6LJQDO�3URFHVVLQJ��YRO������QR�����$SULO�������SS�
�������



���

>&KZLUND��@ 6�� &KZLUND�� ¦3RZHU� DQDO\VLV� WRROV� HYROYH� IRU� SRUWDEOHV�§
(OHFWURQLF�'HVLJQ��-DQXDU\���������SS���������

>&LULW��@ 0��$��&LULW�� ¦(VWLPDWLQJ� G\QDPLF� SRZHU� FRQVXPSWLRQ� RI� &026
FLUFXLWV�§� ,(((� ,QW�� &RQI�� &RPSXWHU�$LGHG� 'HVLJQ�� 1RY�� �����
������SS���������

>&RXGHUW��@ 2��&RXGHUW��5��+DGGDG��.��.HXW]HU��¦:KDW�LV�WKH�VWDWH�RI�WKH�DUW�LQ
FRPPHUFLDO�('$�WRROV� IRU�ORZ�SRZHU"�§�3URF��RI�,QW��6\PSRVLXP
RQ� /RZ� 3RZHU� (OHFWURQLFV� DQG� 'HVLJQ�� 0RQWHUH\�� &$�� 86$�
������SS���������

>'DUZLQ@ &��'DUZLQ��2Q�WKH�RULJLQ�RI�VSHFLHV��$YDLODEOH�)73
IWS���VXQVLWH�XQF�HGX�'LUHFWRU\�
�SXE�GRFV�ERRNV�JXWHQEHUJ�HWH[W����)LOH��RWRRV���W[W

>'DYLV��@ $�/�� 'DYLV�� 5�0�� .HOOHU�� ¦'DWD� IORZ� SURJUDP� JUDSKV�§� ,(((
&RPSXWLQJ�0DJD]LQH��������)HE�����SS�������

>'DYLV��@ /�� 'DYLV� �(G���� *HQHWLF� DOJRULWKPV� DQG� 6LPXODWHG� $QQHDOLQJ�
0RUJDQ�.DXIPDQ��/$��86$������

>'DYLV��D@ /�� 'DYLV� DQG�0�� 6WHHQVWUXS�� ¦*HQHWLF� DOJRULWKPV� DQG� VLPXODWHG
DQQHDOLQJ�� DQ� RYHUYLHZ�§� LQ� *HQHWLF� $OJRULWKPV� DQG� 6LPXODWHG
$QQHDOLQJ��0RUJDQ�.DXIPDQ��/$��86$��������SS�����

>'DYLV��@ /��'DYLV��¦$GDSWLQJ�RSHUDWRU�SUREDELOLWLHV� LQ�JHQHWLF�DOJRULWKPV�§
3URF�� �UG� ,QW��&RQI�2Q�*HQHWLF�$OJRULWKPV�� &$�� -XQH� ������ SS�
�����

>'DYLV��@ /��'DYLV� �(G����+DQGERRN�2I�*HQHWLF�$OJRULWKPV��9DQ�1RVWUDQG
5HLQKROG��1HZ�<RUN�������

>'DYLV��@ 0�� 'DYLV�� /�� /LX�� -�*�� (OLDV�� ¦9/6,� FLUFXLW� V\QWKHVLV� XVLQJ� D
SDUDOOHO� JHQHWLF� DOJRULWKP�§� 3URF�� ,(((� &RQI�� 2Q� (YROXWLRQDU\
&RPSXWDWLRQ��YRO�����������SS���������

>'H-RQJ@ .��'H-RQJ��$QDO\VLV�RI�D�&ODVV�RI�*HQHWLF�$GDSWLYH�6\VWHPV��3K�'�
7KHVLV��'HSW��RI�&RPSXWHU�DQG�&RPPXQLFDWLRQV�6FLHQFH��8QLY��RI
0LFKLJDQ������

>'HY��@ 6�� 'HYDGDV�� 5�� 1HZWRQ�� ¦$OJRULWKPV� IRU� KDUGZDUH� DOORFDWLRQ� LQ
GDWD� SDWK� V\QWKHVLV�§� ,(((� 7UDQV�� 2Q� &RPSXWHU�$LGHG� 'HVLJQ�
YRO�����QR�����-XO\�������SS��������

>'HY��@ 6��'HYDGDV��6��0DOLN��¦$�VXUYH\�RI�SRZHU�RSWLPL]DWLRQ�WHFKQLTXHV
WDUJHWLQJ� ORZ� SRZHU� 9/6,� FLUFXLWV�§� 3URF�� ,(((� 'HVLJQ
$XWRPDWLRQ�&RQIHUHQFH��6DQ�)UDQFLVFR��&$��������SS���������



���

>(VEHQ��@ +��(VEHQVHQ� DQG�(�6��.XK�� ¦'HVLJQ� VSDFH� H[SORUDWLRQ� XVLQJ� WKH
JHQHWLF� DOJRULWKP�§�3URF�� ,(((� ,QW�� 6\PSRVLXP� RQ� &LUFXLWV� DQG
6\VWHPV��,6&$6�����$WODQWD��86$��0D\�������SS���������

>(VFK��@ /�-��(VKHOPDQ���7KH�&+&�DGDSWLYH�VHDUFK�DOJRULWKP��KRZ�WR�KDYH
VDIH�VHDUFK�ZKHQ�HQJDJLQJ�LQ�QRQWUDGLWLRQDO�JHQHWLF�UHFRPELQDWLRQ
���LQ�)RXQGDWLRQV�RI�*HQHWLF�$OJRULWKPV��*�-�(��5DZOLQV��(G����6DQ
0DWHR��&$��0RUJDQ�.DXIPDQQ��������SS����������

>)HWW��@ *�3�� )HWWZHLV�� /�� 7KLHOH�� ¦$OJHEUDLF� UHFXUUHQFH� WUDQVIRUPDWLRQV
IRU�PDVVLYH�SDUDOOHOLVP�§�,(((�7UDQV��2Q�&LUFXLWV�DQG�6\VWHPV�,�
)XQGDPHQWDO�7KHRU\�DQG�$SSOLFDWLRQV��YRO������QR������'HF������
SS���������

>)LOKR��@ -�5�� )LOKR�� &�� $OLSSL� DQG� 3�� 7UHOHDYHQ�� ¦*HQHWLF� DOJRULWKP
SURJUDPPLQJ�HQYLURQPHQWV�§�,(((�&RPSXWHU��YRO������QXPEHU���
-XQH�������SS�������

>)UHQN��@ -��)UHQNLO��¦7RROV�DQG�PHWKRGRORJLHV�IRU�ORZ�SRZHU�GHVLJQ�§�3URF�
,(((�'HVLJQ�$XWRPDWLRQ�&RQIHUHQFH��'$&
���� &DOLIRUQLD��86$�
������SS�������

>)ULHG��@ (�*��)ULHGPDQ��¦)URP�����PLOOLZDWV�PLSV�WR����PLFURZDWWV�PLSV�
¦�3URF�� ,(((� ,QW�� 6\PSRVLXP� RQ� &LUFXLWV� DQG� 6\VWHPV�� /RQGRQ�
8.��0D\�������SS�����

>*DMVNL��@ '�'�� *DMVNL�� /�� 5DPDFKDQGUDQ�� ¦,QWURGXFWLRQ� WR� KLJK�OHYHO
V\QWKHVLV�§�,(((�'HVLJQ�DQG�7HVW�RI�&RPSXWHUV��:LQWHU�������SS�
�����

>*DOHVLD��@ *HQHWLF� $OJRULWKPV� LQ� (QJLQHHULQJ� 6\VWHPV�� ,QQRYDWLRQV� DQG
$SSOLFDWLRQV�� &RQI�� 3URF��� *$/(6,$� 
���� ,((�,(((�� 8QLY�
6KHIILHOG��8.��������6HSW������

>*DOHVLD��@ *HQHWLF� $OJRULWKPV� LQ� (QJLQHHULQJ� 6\VWHPV�� ,QQRYDWLRQV� DQG
$SSOLFDWLRQV�� &RQI�� 3URF��� *$/(6,$� 
���� ,((�,(((�� 8QLY�� RI
6WUDWKFO\GH��8.������6HSW������

>*DU\��@ 6�� *DU\�� 3�� ,SSROLWR�� *�� *HURVD�� '�� 'LHW]�� -�� (QR�� +�� 6DQFKH]�
¦3RZHU� 3&����� D�PLFURSURFHVVRU� IRU� SRUWDEOH� FRPSXWHUV�§� ,(((
'HVLJQ�DQG�7HVW�RI�&RPSXWHUV��:LQWHU�������SS�������

>*DU\��@ 6�� *DU\�� ¦/RZ�SRZHU� PLFURSURFHVVRU� GHVLJQ�§� LQ� /RZ� 3RZHU
'HVLJQ�0HWKRGRORJLHV��0DVV��86$��.OXZHU�$FDGHPLF�3XEOLVKHUV�
������&KDSWHU����SS���������

>*HERW��@ &�+�� *HERW\V�� ¦7KURXJKSXW� RSWLPL]HG� DUFKLWHFWXUDO� V\QWKHVLV�§
,(((�7UDQV��2Q�9/6,�6\VWHPV��YRO�����QR�����6HSW�������SS������
���



���

>*HOD��@ 3�5��*HODEHUW�DQG�7�3��%DUQZHOO� ,,,��¦2SWLPDO�DXWRPDWLF�SHULRGLF
PXOWLSURFHVVRU� VFKHGXOHU� IRU� IXOO\� VSHFLILHG� IORZ� JUDSKV�§� ,(((
7UDQV��RQ�6LJQDO�3URFHVVLQJ�� YRO�� ���� QR�� ��� )HE�� ������ SS�� ����
���

>*HQDVKRU@ *HQDVKRU� ,QF��� ¦;SRZHU�§� $YDLODEOH� +773
KWWS���SOXWR�QMFF�FRP�aJHQDVKRU�[SRZHU�KWPO

>*ORYHU��@ )�:��*ORYHU��7DEX�6HDUFK��.OXZHU�$FDGHPLF�3XEOLVKHUV������
>*ROGEHUJ��@ '�(�� *ROGEHUJ��*HQHWLF� $OJRULWKPV� LQ� 6HDUFK�� 2SWLPL]DWLRQ� DQG

0DFKLQH� /HDUQLQJ�� 5HDGLQJ�� 0DVV�� $GGLVRQ�:HVOH\� 3XEOLVKLQJ
&R��,QF�������

>*ROGEHUJ��@ '�(��*ROGEHUJ�DQG�.��'HE��¦$�FRPSDUDWLYH� DQDO\VLV�RI� VHOHFWLRQ
VFKHPHV�XVHG� LQ�JHQHWLF� DOJRULWKPV�§� LQ� )RXQGDWLRQV�2I�*HQHWLF
$OJRULWKPV�� *UHJRU\� -�(�� 5DZOLQV� �(G���� 0RUJDQ� .DXIPDQ�� &$
86$��������SS�������

>*RRG��@ /��*RRGE\��$��2UDLORJOX�DQG�3�0��&KDX��¦$�KLJK�OHYHO�V\QWKHVLV
PHWKRGRORJ\� IRU� ORZ�SRZHU� 9/6,� GHVLJQ�§� 3URF�� ,(((
6\PSRVLXP�RQ�/RZ�3RZHU�(OHFWURQLFV��������SS�������

>*RZDQ��@ 0�.��*RZDQ��/�/��%LUR��'�%�� -DFNVRQ�� ¦3RZHU� FRQVLGHUDWLRQV� LQ
WKH�GHVLJQ�RI�WKH�$OSKD�������PLFURSURFHVVRU�§�3URF����WK�'HVLJQ
$XWRPDWLRQ�&RQIHUHQFH��'$&� ���� 6DQ� )UDQFLVFR�� &$�� ������ SS�
�������

>*UHI��@ -�� -��*UHIHQVWHWWH�� ¦*(1(6,6��$� V\VWHP� IRU�XVLQJ� JHQHWLF� VHDUFK
SURFHGXUHV�§� 3URF�� ����� &RQI�� RQ� ,QWHOOLJHQW� 6\VWHPV� DQG
0DFKLQHV��������SS���������

>*UHI��@ -�-��*UHIHQVWHWWH�� ¦2SWLPL]DWLRQ�RI� FRQWURO� SDUDPHWHUV� IRU� JHQHWLF
DOJRULWKPV�§�,(((�7UDQV��RQ�60&��YRO������QR�����������SS������
���

>*UHI��@ -�-��*UHIHQVWHWWH��¦,QFRUSRUDWLQJ�SUREOHP� VSHFLILF�NQRZOHGJH� LQWR
JHQHWLF� DOJRULWKPV�§� LQ� *HQHWLF� $OJRULWKPV� DQG� 6LPXODWHG
$QQHDOLQJ��0RUJDQ�.DXIPDQ��/$��86$��������SS������

>*UHZDO��@ *�:�� *UHZDO�� 7�&�:LOVRQ�� ¦$Q� HQKDQFHG� JHQHWLF� VROXWLRQ� IRU
VFKHGXOLQJ��PRGXOH�DOORFDWLRQ��DQG�ELQGLQJ�LQ�9/6,�GHVLJQ�§�3URF�
,(((���WK�,QW��&RQI��RQ�9/6,�GHVLJQ��-DQ�������SS�������

>*XHUUD��@ /�� *XHUUD�� 0�� 3RWNRQMDN�� -�0�� 5DEDH\�� ¦$� PHWKRGRORJ\� IRU
JXLGHG� EHKDYLRUDO�OHYHO� RSWLPL]DWLRQ�§� 3URF�� ��WK� 'HVLJQ
$XWRPDWLRQ� &RQIHUHQFH�� '$&� ���� 6DQ� )UDQFLVFR�� &$�� ������ SS�
�������



���

>*XHUWV��@ :��*XHUWV��)��&DWWKRRU��+��'H�0DQ��¦&DWKHGUDO�,,,���DUFKLWHFWXUH�
GULYHQ�KLJK�OHYHO�V\QWKHVLV�IRU�KLJK�WKURXJKSXW�'63�DSSOLFDWLRQV�§
3URF����WK�,(((�'HVLJQ�$XWRPDWLRQ�&RQIHUHQFH��'$&�����86$�
-XQH�������SS���������

>*ZHH��@ %�� +�� *ZHH� DQG� 0�� +�� /LP�� ¦3RO\RPLQRHV� WLOLQJ� E\� D� JHQHWLF
DOJRULWKP�§� &RPSXWDWLRQDO� 2SWLPL]DWLRQ� DQG� $SSOLFDWLRQV� ��
0DVV��86$��.OXZHU�$FDGHPLF�3XEOLVKHUV��������SS���������

>+DQF��@ 3�-�%��+DQFRFN��¦6HOHFWLRQ�PHWKRGV� IRU�HYROXWLRQDU\�DOJRULWKPV�§
LQ� 3UDFWLFDO� +DQGERRN� RI� *$V� �� 1HZ� )URQWLHUV� 9RO�� ,,�� /DQFH
&KDPEHUV��(G����&5&�3UHVV�,QF��������SS������

>+ROODQG��@ -��+��+ROODQG��$GDSWDWLRQ� LQ�1DWXUDO�DQG�$UWLILFLDO�6\VWHPV�� �QG�
HG���&DPEULGJH��0DVV��0,7�3UHVV������

>+RQJ��@ ,��+RQJ��'��.LURYVNL��*��4X��0��3RWNRQMDN�DQG�0�%��6ULYDVWDYD�
¦3RZHU� RSWLPL]DWLRQ� RI� YDULDEOH� YROWDJH� FRUH�EDVHG� V\VWHPV�§
3URF�� ��WK� 'HVLJQ� $XWRPDWLRQ� &RQIHUHQFH�� '$&� ���� 6DQ
)UDQFLVFR��&$��������SS���������

>+RUR��@ 0��+RURZLW]��7��,QGHUPDXU�DQG�5��*RQ]DOH]��¦/RZ�SRZHU�GLJLWDO
GHVLJQ�§�3URF��,(((�6\PSRVLXP�RQ�/RZ�3RZHU�(OHFWURQLFV�������
SS������

>+XDQJ��@ 6�+�� +XDQJ�� -�0�� 5DEDH\�� ¦0D[LPL]LQJ� WKH� WKURXJKSXW� RI� KLJK
SHUIRUPDQFH�'63�DSSOLFDWLRQV�XVLQJ�EHKDYLRUDO� WUDQVIRUPDWLRQV�§
3URF��('$&�(7&�(852$6,&
����3DULV��)UDQFH��0DUFK�������SS�
�����

>+XDQJ��@ 6�+�� +XDQJ�� -�� 0�� 5DEDH\�� ¦$Q� LQWHJUDWHG� IUDPHZRUN� IRU
RSWLPL]LQJ�WUDQVIRUPDWLRQV�§�3URF��,(((�9/6,�6LJQDO�3URFHVVLQJ�
6DQ�)UDQFLVFR��&$��2FW������

>+ZDQJ��@ &�7�� +ZDQJ�� -�+�� /HH�� <�&� +VX�� ¦$� IRUPDO� DSSURDFK� WR� WKH
VFKHGXOLQJ� SUREOHP� LQ� KLJK�OHYHO� V\QWKHVLV�§� ,(((� 7UDQV�� 2Q
&RPSXWHU�$LGHG�'HVLJQ��YRO������QR�����$SULO�������SS���������

>,NHGD��@ 7�� ,NHGD�� ¦7KLQN�SDG� ORZ�SRZHU� HYROXWLRQ�§� 3URF�� ,(((
6\PSRVLXP� RQ� /RZ� 3RZHU� (OHFWURQLFV�� 'LJHVW� RI� 7HFKQLFDO
3DSHUV��6DQ�-RVH��&$��2FW��������SS�����

>,PDQ��@ 6��,PDQ�DQG�0��3HGUDP��¦3RVH��SRZHU�RSWLPL]DWLRQ�DQG�V\QWKHVLV
HQYLURQPHQW�§�3URF�� ��UG� ,(((�'HVLJQ� $XWRPDWLRQ� &RQIHUHQFH�
'$&�����������/DV�9HJDV��86$

>,QWHO��@ ,QWHO� ,QF��� ¦0RELOH� 3&� SRZHU�§� $YDLODEOH� +773
KWWS���ZZZ�LQWHO�FRP��PRELOH�WHFKIRUXP�SRZHU�KWP



���

>,QWHO��E@ ,QWHO� ,QF��� ¦0RELOH� 3HQWLXP� SURFHVVRU� ZLWK� 00;� WHFKQRORJ\�§
'DWDVKHHW�1R������������

>,QWHO��F@ ,QWHO�,QF���¦3HQWLXP�,,�SURFHVVRU�DW�����0+]�����0+]������0+]
DQG����0+]�§�'DWDVKHHW�1R������������

>.HW]��@ .��.HW]HU��¦7KH�LPSDFW�RI�&$'�RQ�WKH�GHVLJQ�RI�ORZ�SRZHU�GLJLWDO
FLUFXLWV�§� 3URF�� ,(((� 6\PSRVLXP� RQ� /RZ� 3RZHU� (OHFWURQLFV�
������SS�������

>.KDOLID��@ <�� 0�� $�� .KDOLID�� (YROXWLRQDU\� 0HWKRGV� IRU� WKH� 'HVLJQ� RI
(OHFWURQLF� &LUFXLWV� DQG� 6\VWHPV�� 3K�'�� 7KHVLV�� 6FKRRO� RI
(QJLQHHULQJ��&DUGLII�8QLYHUVLW\������

>.LP��@ +�� .LP� DQG� 6�<�� +ZDQJ�� ¦+HXULVWLF� DOJRULWKP� IRU� ORZ� SRZHU
GHVLJQ� RI� FRPELQDWLRQDO� FLUFXLWV�§� ,((� (OHFWURQLFV� /HWWHUV�� �WK
-XQH�������YRO������QR������SS�����������

>.LP��@ '��.LP�DQG�.��&KRL��¦3RZHU�FRQVFLRXV�KLJK�OHYHO�V\QWKHVLV�XVLQJ
ORRS� IROGLQJ�§� 3URF� ,(((� 'HVLJQ� $XWRPDWLRQ� &RQIHUHQFH�� '$&
����$QDKHLP�&DOLI��86$��������SS���������
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EHKDYLRUDO�V\QWKHVLV� IRU� ORZ�SRZHU�9/6,�V\VWHPV�§�,(((�'HVLJQ
DQG�7HVW�RI�&RPSXWHUV��)DOO�������SS�������
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>/DNVK��D@ *��/DNVKPLQDUD\DQD�DQG�1�.��-KD��¦6\QWKHVLV�RI�SRZHU�RSWLPL]HG
DQG� DUHD�RSWLPL]HG� FLUFXLWV� IURP� KLHUDUFKLFDO� EHKDYLRUDO
GHVFULSWLRQV�§�3URF����WK�'HVLJQ�$XWRPDWLRQ�&RQIHUHQFH��'$&����
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>/DQGPDQ��@ 3�(�� /DQGPDQ� DQG� -�0�� 5DEDH\�� ¦%ODFN�ER[� FDSDFLWDQFH� PRGHOV
IRU� DUFKLWHFWXUDO� SRZHU� DQDO\VLV�§� ,(((� ,QW�� :RUNVKRS� RQ� /RZ�
3RZHU�'HVLJQ��1DSD��&$��$SULO�������SS��������

>/DQGPDQ��D@ 3�(�� /DQGPDQ�� /RZ�SRZHU� DUFKLWHFWXUDO� GHVLJQ� PHWKRGRORJLHV�
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SRZHU�DQDO\VLV�§�,(((�7UDQV��RQ�&RPSXWHU�$LGHG�'HVLJQ��YRO�����
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'HVLJQ�DQG�7HVW�RI�&RPSXWHUV��:LQWHU�������SS������
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.QRZOHGJH�%DVHG�&$'�IRU�9/6,��*�(��7D\ORU��*��5XVVHOO� �(GV���
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YRO������QR�����)HE��������SS���������
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>3HGUDP��@ 0�� 3HGUDP�� ¦&$'� IRU� ORZ� SRZHU�� VWDWXV� DQG� SURPLVLQJ
GLUHFWLRQV�§� 3URF�� ,QW�� 6\PSRVLXP� RQ� 9/6,� 7HFKQRORJ\�� �����
$YDLODEOH�� +773� KWWS���DWUDN�XVF�HGX�aPDVVRXG�VLJQ
GRZQORDG�FJL"YOVL����SRZHU�VXUYH\�SV

>3RWNR��@ 0��3RWNRQMDN��-�0��5DEDH\��¦$�VFKHGXOLQJ�DQG�UHVRXUFH�DOORFDWLRQ
DOJRULWKP� IRU� KLHUDUFKLFDO� VLJQDO� IORZ� JUDSKV�§�3URF�� ,(((� ��WK
'HVLJQ� $XWRPDWLRQ� &RQIHUHQFH�� /DV� 9HJDV�� 86$�� -XQH� ����WK�
������SS������

>3RWNR��@ 0�� 3RWNRQMDN�� -�0�� 5DEDH\�� ¦5HWLPLQJ� IRU� VFKHGXOLQJ�§� 9/6,
6LJQDO�3URFHVVLQJ�,9��+�6��0RVFRYLW]��.��<DR�DQG�5��-DLQ��(GV���
,(((�3UHVV��1HZ�-HUVH\��������SS�������

>3RWNR��D@ 0�� 3RWNRQMDN�� -�0�� 5DEDH\�� ¦3LSHOLQLQJ�� MXVW� DQRWKHU
WUDQVIRUPDWLRQ�§� 3URF�� ����� $SSOLFDWLRQ� 6SHFLILF� $UUD\
3URFHVVRUV�&RQIHUHQFH��86$��SS���������

>3RWNR��@ 0��3RWNRQMDN��-�0��5DEDH\��¦2SWLPL]LQJ�UHVRXUFH�XWLOL]DWLRQ�XVLQJ
WUDQVIRUPDWLRQV�§�,(((�7UDQV��RQ�&$'�RI�,QWHJUDWHG�&LUFXLWV�DQG
6\VWHPV��YRO������QR�����0DUFK�������SS���������

>3RWNR��@ 0�� 3RWNRQMDN�� -�0�� 5DEDH\�� ¦3RZHU� PLQLPL]DWLRQ� LQ� '63
DSSOLFDWLRQ� VSHFLILF� V\VWHPV� XVLQJ� DOJRULWKP� VHOHFWLRQ�§� 3URF�
,(((� ,QW�� &RQI� $FRXVWLFV�� 6SHHFK� DQG� 6LJQDO� 3URFHVVLQJ�� �����
YRO�����SS�����������

>3RWNR��@ 0�� 3RWNRQMDN�� 3HUVRQDO� &RPPXQLFDWLRQ�� (�PDLO�� :HG� ��� 1RY�
����

>3RZHOO��@ 6�5��3RZHOO�� 3�0��&KDX�� ¦(VWLPDWLQJ� SRZHU� GLVVLSDWLRQ� RI� 9/6,
VLJQDO� SURFHVVLQJ� FKLSV�� WKH� 3)$� WHFKQLTXH�§� 9/6,� 6LJQDO
3URFHVVLQJ�,9��������SS���������

>3RZHOO��@ 6�5�� 3RZHOO� DQG� 3�0�� &KDX�� ¦$� PRGHO� IRU� HVWLPDWLQJ� SRZHU
GLVVLSDWLRQ� LQ� D� FODVV� RI� '63� 9/6,� FKLSV�§� ,(((� 7UDQV�� RQ
&LUFXLWV�DQG�6\VWHPV��YRO������QR����-XQH�������SS���������
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>5DEDH\��@ -�0��5DEDH\��0��3RWNRQMDN��¦&RPSOH[LW\�HVWLPDWLRQ� IRU�UHDO�WLPH
FLUFXLWV�§�3URF��(66&,5&��0LODQ��,WDO\��6HS��������SS���������



���

>5DEDH\��D@ -�0��5DEDH\��&��&KX��3��+RDQJ��0��3RWNRQMDN��¦)DVW�SURWRW\SLQJ
RI� GDWDSDWK�LQWHQVLYH� DUFKLWHFWXUHV�§� ,(((� 'HVLJQ� DQG� 7HVW� 2I
&RPSXWHUV��-XQH�������SS�������

>5DEDH\��@ -�0�� 5DEDH\��0�� 3RWNRQMDN�� ¦(VWLPDWLQJ� LPSOHPHQWDWLRQ� ERXQGV
IRU� UHDO� WLPH�'63�DSSOLFDWLRQ� VSHFLILF� FLUFXLWV�§� ,(((�� 7UDQV�� RQ
&$'�RI�,QWHJUDWHG�&LUFXLWV�DQG�6\VWHPV��YRO������QR�����-XQH������
SS���������

>5DEDH\��@ -�0��5DEDH\��/��*HXUUD��5��0HKUD��¦'HVLJQ�JXLGDQFH�LQ�WKH�SRZHU
GLPHQVLRQ�§�3URF��,(((�,QW��&RQIHUHQFH�2Q�$FRXVWLFV��6SHHFK�DQG
6LJQDO�3URFHVVLQJ��������YRO�����SS�����������

>5DEDH\��@ -�0�� 5DEDH\� DQG� 0�� 3HGUDP� �(GV���� /RZ� 3RZHU� 'HVLJQ
0HWKRGRORJLHV��0DVV���86$��.OXZHU�$FDGHPLF�3XEOLVKHUV������

>5DEDH\��@ -�0��5DEDH\�� ¦/RZ�SRZHU� GHVLJQ� WRROV� �� ZKHUH� LV� WKH� LPSDFW"�§
3URF� ,(((� 'HVLJQ� $XWRPDWLRQ� &RQIHUHQFH�� '$&� ���� $QDKHLP
&DOLI��86$��������SS����

>5DJ��@ $��5DJKXQDWKDQ��1�.��-KD��¦%HKDYLRUDO�V\QWKHVLV�IRU�ORZ�SRZHU�§
3URF��,&&'�
����������SS���������

>5DJ��@ $��5DJKXQDWKDQ��1�.�� -KD�� ¦$Q� LWHUDWLYH� LPSURYHPHQW� DOJRULWKP
IRU�ORZ�SRZHU�GDWD�SDWK�V\QWKHVLV�§�3URF��,(((�$&0�,&&$'�
���
'LJHVW�RI�7HFKQLFDO�SDSHUV��������SS���������

>5DJ��D@ $�� 5DJKXQDWKDQ�� 1�.�� -KD�� ¦$Q� ,/3� IRUPXODWLRQ� IRU� ORZ� SRZHU
EDVHG� RQ� PLQLPL]LQJ� VZLWFKHG� FDSDFLWDQFH� GXULQJ� GDWD� SDWK
DOORFDWLRQ�§�3URF�� ,(((�,QW��6\PSRVLXP�RQ�&LUFXLWV�DQG�6\VWHPV�
YRO�����������SS�����������

>5DQMLW��@ 5��.��5DQMLW��$�3ULPHU� RQ� WKH� 7DJXFKL�0HWKRG��1HZ�<RUN��86�
9DQ�1RVWUDQG�5HLQKROG�������

>5HHVH��@ %��5HHVH��¦8VLQJ�K\SHU�WR�WHDFK�GDWDSDWK�GHVLJQ�WHFKQLTXHV� LQ�DQ
$6,&� GHVLJQ� FRXUVH�§� 3URF�� RI� WKH� $QQXDO� ,(((� ,QWHUQDWLRQDO
$6,&�&RQIHUHQFH��1<��86$��6HS�������SS���������

>5HHYHV��@ &ROLQ� 5�� 5HHYHV� �(G���� 0RGHUQ� +HXULVWLF� 7HFKQLTXHV� IRU
&RPELQDWRULDO�3UREOHPV��/RQGRQ��8.��0F*UDZ�+LOO�,QW�������

>5KLV��@ *�� 5KLVLDUW�� 7KH� 'HYHORSPHQW� RI� *UDSKLFV� 5RXWLQHV� IRU� DQ
,QWHOOLJHQW� '63� 6\QWKHVLV� 6\VWHP� LQ� &���� %�(QJ�� 'LVVHUWDWLRQ�
6FKRRO�RI�(QJLQHHULQJ��&DUGLII�8QLYHUVLW\������

>5LFK��@ (��5LFK�DQG�.��.QLJKW��¦+HXULVWLF�VHDUFK�WHFKQLTXHV�§�LQ�$UWLILFLDO
,QWHOOLJHQFH��0F*UDZ�+LOO���QG�HGLWLRQ��86$��������FKDSWHU����SS�
�����



���

>5R\��@ .��5R\��¦$�GHVLJQ�DQG�WHVW�URXQGWDEOH�� ORZ�SRZHU�GHVLJQ�§�,(((
'HVLJQ�DQG�7HVW�RI�&RPSXWHUV��:LQWHU�������SS�������

>6DWR��@ 7�� 6DWR�� 0�� 1DJDPDWVX� DQG� +�� 7DJR�� ¦3RZHU� DQG� SHUIRUPDQFH
VLPXODWRU�� (63� DQG� LWV� DSSOLFDWLRQ� IRU� ���0,36�:� FODVV� 5,6&
GHVLJQ�§�3URF��,(((�6\PSRVLXP�RQ�/RZ�3RZHU�(OHFWURQLFV�������
SS�������

>6FKDII��@ -�'�� 6FKDIIHU�� /�-�� (VKHOPDQ�� ¦'HVLJQLQJ� PXOWLSOLHUOHVV� GLJLWDO
ILOWHUV�XVLQJ�JHQHWLF�DOJRULWKPV�§�3URF��)LIWK�,QW��&RQI��RQ�*HQHWLF
$OJRULWKPV��,OOLQRLV��86$��-XO\������������SS���������

>6FKQHFNH��@ 9�� 6FKQHFNH�� ¦*HQHWLF� GHVLJQ� RI� 9/6,� OD\RXWV�§� LQ� *HQHWLF
DOJRULWKPV�,Q�(QJLQHHULQJ�6\VWHPV��/RQGRQ��8.��,((�3UHVV�������
SS���������

>6FKQHFNH��D@ 9��6FKQHFNH��2��9RUQEHUJHU�� ¦*HQHWLF� GHVLJQ� RI� 9/6,� OD\RXWV�§
3URF���VW� ,((�,(((�&RQI��2Q�*$V� ,Q�(QJ�� 6\VWHPV�� ,QQRYDWLRQV
DQG�$SSV��*$/(6,$
����6HS�������8.��SS��������

>6FKZHI��@ +�3��6FKZHIHO��(YROXWLRQ�DQG�2SWLPXP�6HHNLQJ��1HZ�<RUN��1<�
:LOH\�,QWHUVFLHQFH������

>6HQWH@ 6HQWH�� ¦:DWW:DWFKHU� 3URGXFW� ,QIRUPDWLRQ�§� $YDLODEOH� +773
KWWS���ZZZ�SRZHUHGD�FRP�ZZLQIR�KWP

>6KHQJ��@ 6�� 6KHQJ�� $�� &KDQGUDNDVDQ�� 5�:�� %URGHUVRQ�� ¦$� SRUWDEOH
PXOWLPHGLD� WHUPLQDO�§� ,(((� &RPPXQLFDWLRQV� 0DJD]LQH�� 'HF
������SS�������

>6KLXH��@ :�7�� 6KLXH� DQG� &�� &KDNUDEDUWL�� ¦/RZ� SRZHU� VFKHGXOLQJ� ZLWK
UHVRXUFHV� RSHUDWLQJ� DW� PXOWLSOH� YROWDJHV�§� LQ� 3URF�� ,(((
,QWHUQDWLRQDO� 6\PSRVLXP� RQ� &LUFXLWV� DQG� 6\VWHPV� �� ,6&$6� 
���
0RQWHUH\��&$������

>6LQFODLU��@ 0�&�� 6LQFODLU�� ¦2SHUDWRU�SUREDELOLW\� $GDSWDWLRQ� LQ� D� *HQHWLF�
DOJRULWKP�+HXULVWLF� +\EULG� IRU� 2SWLFDO� 1HWZRUN� :DYHOHQJWK
$OORFDWLRQ�§�3URF��,(((�,QWO��&RQI��RQ�(YROXWLRQDU\�&RPSXWDWLRQ
�,&(&
�����$QFKRUDJH��$ODVND��86$��0D\�������SS���������

>6LQJK��@ '��6LQJK��-�0��5DEDH\��0��3HGUDP��)��&DWWKRRU��6��5DMJRSDO��1�
6HKJDO�� 7�-�� 0R]G]HQ�� ¦3RZHU� FRQVFLRXV� &$'� WRROV� DQG
PHWKRGRORJLHV��D�SHUVSHFWLYH�§�3URF��RI� WKH� ,(((�� YRO�� ���� QR����
$SULO�������SS���������

>6Q\GHU��@ -�+��6Q\GHU��-�%��0F.LH�DQG�%�1��/RFDQWKL��¦/RZ�SRZHU�VRIWZDUH
IRU� ORZ�SRZHU� SHRSOH�§� 3URF�� ,(((� 6\PSRVLXP� RQ� /RZ� 3RZHU
(OHFWURQLFV��������SS�������



���

>6ULY��@ 0�%�� 6ULYDVWDYD�� ¦2SWLPXP� DQG� KHXULVWLF� WUDQVIRUPDWLRQ
WHFKQLTXHV� IRU� VLPXOWDQHRXV� RSWLPL]DWLRQ� RI� ODWHQF\� DQG
WKURXJKSXW�§�,(((�7UDQV��RQ�9/6,�6\VWHPV�� YRO�� ��� QR�� ���0DUFK
������SS������

>6ULY��@ 0�� 6ULYDVWDYD�� 0�� 3RWNRQMDN�� ¦3RZHU� RSWLPL]DWLRQ� LQ
SURJUDPPDEOH� SURFHVVRUV� DQG� $6,&� LPSOHPHQWDWLRQV� RI� /LQHDU
6\VWHPV�� 7UDQVIRUPDWLRQ� EDVHG� DSSURDFK�§� 3URF�� ��UG� ,(((
'HVLJQ�$XWRPDWLRQ�&RQIHUHQFH��'$&�����������/DV�9HJDV��86$

>6WUDW��@ $�-�� 6WUDWDNRV�� 5�:�� %URGHUVRQ� DQG� 6�5�� 6DQGHUV�� ¦+LJK�
HIILFLHQF\� ORZ�YROWDJH� '&�'&� FRQYHUVLRQ� IRU� SRUWDEOH
DSSOLFDWLRQV�§�3URF�� ,(((� ,QW��:RUNVKRS� RQ� /RZ�3RZHU�'HVLJQ�
&$��86$��$SULO�����

>6WUDW��D@ $�-��6WUDWDNRV��6�5��6DQGHUV�DQG�5�:��%URGHUVRQ��¦$� ORZ�YROWDJH
&026�'&�'&�FRQYHUWHU�IRU�D�SRUWDEOH�EDWWHU\�RSHUDWHG�V\VWHP�§
,(((�3RZHU�(OHFWURQLFV�6SHFLDOLVWV�&RQIHUHQFH��-XQH�����

>6X��@ &�/�� 6X�� &�<�� 7VXL�� $�0�� 'HVSDLQ�� ¦/RZ� SRZHU� DUFKLWHFWXUH
GHVLJQ� DQG� FRPSLODWLRQ� WHFKQLTXHV� IRU� KLJK�SHUIRUPDQFH
SURFHVVRUV�§�,(((�&RPSFRQ��)HE�������SS���������

>6\QRS@ 6\QRSV\V�� ¦$036� 'DWDVKHHW�§� $YDLODEOH� +773
KWWS���ZZZ�V\QRSV\V�FRP�SURGXFWV�HWJ�DPSVBGV�KWPO

>6\QRS��@ 6\QRSV\V�,QF���86$��¦'HVLJQLQJ�IRU�ORZ�SRZHU�§�$YDLODEOH�+773
KWWS���ZZZ�V\QRSV\V�FRP�SURGXFWV�SRZHU��SRZHUBEU�KWPO

>6\QRS��E@ 6\QRSV\V� ,QF��� 86$�� ¦3RZHUJDWH�§� $YDLODEOH� +773
KWWS���ZZZ�V\QRSV\V�FRP�SURGXFWV�HWJ�SRZHUJDWHBGV�KWPO

>6\QRS��F@ 6\QRSV\V� ,QF��� 86$�� ¦3RZHU0LOO� 'DWDVKHHW�§� $YDLODEOH� +773
KWWS���ZZZ�V\QRSV\V�FRP�SURGXFWV�HWJ�SRZHUPLOOBGV�KWPO

>6\QRS��G@ 6\QRSV\V�,QF���86$��¦3RZHU�)DPLO\�'DWDVKHHW�§�$YDLODEOH�+773
KWWS���ZZZ�VQ\RSV\V�FRP�SURGXFWV�SRZHU�SRZHUBGV�KWPO

>6]HN��@ 9��6]HNHOH\��0��5HQ]��%��&RXUWRLV��¦7UDFLQJ�WKH�WKHUPDO�EHKDYLRU
RI�,&V�§�,(((�'HVLJQ�	�7HVW�RI�&RPSXWHUV��$SULO�-XQH�������SS�
�����

>7HXN��@ 6�$��7HXNROVN\��:��7��9HWWHULQJ��:��+��3UHVV�DQG�%��3��)ODQQHU\
�(GV���� ¦6LPXODWHG� DQQHDOLQJ� PHWKRGV�§� LQ� 1XPHULFDO� 5HFLSHV� LQ
&�� �QG� (G��� &DPEULGJH�� 8.�� &DPEULGJH� 8QLY�� 3UHVV�� ������ SS�
�������

>7HXN��D@ 6�$��7HXNROVN\��:��7��9HWWHULQJ��:��+��3UHVV�DQG�%��3��)ODQQHU\
�(GV����¦6RUWLQJ�§�LQ�1XPHULFDO�5HFLSHV�LQ�&���QG�(G���&DPEULGJH�
8.��&DPEULGJH�8QLY��3UHVV��������SS���������



���

>7HXN��E@ 6�$��7HXNROVN\��:��7��9HWWHULQJ��:��+��3UHVV�DQG�%��3��)ODQQHU\
�(GV���� 1XPHULFDO� 5HFLSHV� LQ� &�� �QG� (G��� &DPEULGJH�� 8.�
&DPEULGJH�8QLY��3UHVV������

>7LZDUL��@ 9�� 7LZDUL�� '�� 6LQJK�� 6�� 5DMJRSDO�� *��0HKWD�� 5�� 3DWHO�� )�� %DH]�
¦5HGXFLQJ� SRZHU� LQ� KLJK�SHUIRUPDQFH� PLFURSURFHVVRUV�§� 3URF�
��WK�'HVLJQ�$XWRPDWLRQ�&RQIHUHQFH��'$&�����6DQ�)UDQFLVFR��&$�
������SS���������

>7ULFN��@ +�� 7ULFNH\�� ¦)ODPHO�� D� KLJK�OHYHO� KDUGZDUH� FRPSLOHU�§� ,(((
7UDQV��RQ�&$'��YRO��&$'����QR�����0DUFK�������SS���������

>7XFN��@ %��7XFN�� ¦(GLWRULDO�� SUHSDUH� IRU�GHHS� VXEPLFURQ�ZLWK� ORZ�SRZHU
VWUDWHJ\�§� &RPSXWHU� 'HVLJQ�� $XJXVW� ������ $YDLODEOH� +773
KWWS���ZZZ�FRPSXWHU�
GHVLJQ�FRP�(GLWRULDO���������DVLF����DVVXE�KWPO

>7XUWRQ��@ %�&�+� 7XUWRQ�� ¦2SWLPL]DWLRQ� RI� JHQHWLF� DOJRULWKPV� XVLQJ� WKH
7DJXFKL�PHWKRG�§� -RXUQDO� RI� 6\VWHPV�(QJLQHHULQJ�� YRO�� ��� �����
SS���������

>9DQ��@ 3��9DQRRVWHQGH��3��6L[��-��9DQGHZDOOH��+�-��'H�0DQ��¦(VWLPDWLRQ
RI�W\SLFDO�SRZHU�RI�V\QFKURQRXV�&026�FLUFXLWV�XVLQJ�D�KLHUDUFK\
RI�VLPXODWRUV�§�,(((�-RXUQDO�RI�6ROLG�6WDWH�&LUFXLWV�� YRO�� ���� QR�
���-DQ�������SS�������

>9HFFKL��@ 0�3�� 9HFFKL�� 6�� .LUNSDWULFN�� ¦*OREDO� ZLULQJ� E\� VLPXODWHG
DQQHDOLQJ�§� ,(((� 7UDQV�� RQ� &$'� RI� ,QWHJUDWHG� &LUFXLWV�� YRO�
&$'����QR�����2FW�������SS���������

>9HULWRROV@ 9HULWRROV�� ¦3RZHUBWRRO� D� 3/,� EDVHG� SRZHU� FDOFXODWLRQ� WRR� IRU
9HULORJ�§� $YDLODEOH� +773�� KWWS���ZZZ�YHULWRROV�
ZHE�FRP�SRZHUBW�KWP

>:DONHU��@ 5�$�� :DONHU�� '�(�� 7KRPDV�� ¦%HKDYLRUDO� WUDQVIRUPDWLRQ� IRU
DOJRULWKPLF� OHYHO� ,&� GHVLJQ�§� ,(((� 7UDQV� RQ� &RPSXWHU� $LGHG
'HVLJQ��YRO�����QR������2FW�������SS�����������

>:DONHU��@ 5�$��:DONHU�� ¦7KH� VWDWXV� RI� KLJK�OHYHO� V\QWKHVLV�§� ,(((�'HVLJQ
DQG�7HVW�RI�&RPSXWHUV��:LQWHU�������SS�������

>:DONHU��@ 5�$�� :DONHU�� 6�� &KDXGKXUL�� ¦,QWURGXFWLRQ� WR� WKH� VFKHGXOLQJ
SUREOHP�§�,(((�'HVLJQ�	�7HVW�2I�&RPSXWHUV��6XPPHU�������SS�
�����

>:DQJ��@ &�<�� :DQJ�� .�.�� 3DUKL�� ¦+LJK�OHYHO� '63� V\QWKHVLV� XVLQJ
FRQFXUUHQW� WUDQVIRUPDWLRQV�� VFKHGXOLQJ� DQG� DOORFDWLRQ�§� ,(((
7UDQV��RQ�&$'�RI�,&V��YRO������QR�����0DUFK�������SS���������



���

>:KLW��@ '�� :KLWOH\�� ¦7KH� *(1,725� DOJRULWKP� DQG� VHOHFWLRQ� SUHVVXUH�
ZK\�UDQN�EDVHG�DOORFDWLRQ�RI�UHSURGXFWLYH�WULDOV�LV�EHVW�§�3URF���UG
,QW��&RQI�2Q�*$V��&$��-XQH�������SS���������

>:LON��@ %�� :LONLQVRQ�� 5�� 0DNNL�� 'LJLWDO� 6\VWHP� 'HVLJQ�� /RQGRQ�� 8.�
3UHQWLFH�+DOO�,QWHUQDWLRQDO������

><HDS��@ *�.�� <HDS�� )�1�� 1DMP� �(GV���� /RZ� 3RZHU� 9/6,� 'HVLJQ� DQG
7HFKQRORJ\��/RQGRQ��8.��:RUOG�6FLHQWLILF������

>=DO]DOD��@ $��0��6��=DO]DOD�DQG�3��-��)OHPLQJ��(GV����*HQHWLF�$OJRULWKPV� LQ
(QJLQHHULQJ�6\VWHPV��/RQGRQ��8.��,((������
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H� DGG H� H�
H� DGG H� H�
H� GHO H�
H� DGG H� H��
H� PXO H�
H� PXO H�
H� DGG H� H��
H�� GHO H�
H�� DGG H�� H��
H�� PXO H��
H�� PXO H��
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� PXO H��
H�� PXO H��
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� PXO H��
H�� PXO H��
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� PXO H��
H�� PXO H��
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� PXO H��
H�� PXO H��
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� PXO H��
H�� PXO H��
H�� DGG H�� H��
H�� GHO H��
H�� PXO H��



$��

$����$9(1�',�')*



$��

$���$9(1�3$�1HWOLVW

��WK�RUGHU�3DUDOOHO�$YHQKDXV
�3ULPDU\�,QSXWV
H�
�3ULPDU\�2XWSXWV
H�
� RXWSXW W\SH LQSXWV

H� PXO H�
H� PXO H�
H� DGG H� H�
H� PXO H�
H� DGG H� H��
H� DGG H� H�� H�
H� GHO H�
H� DGG H�� H��
H�� PXO H�
H�� PXO H�
H�� GHO H�
H�� PXO H��
H�� DGG H� H��
H�� PXO H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� PXO H��
H�� PXO H��
H�� PXO H��
H�� GHO H��
H�� DGG H� H��
H�� PXO H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� PXO H��
H�� PXO H��
H�� GHO H��
H�� PXO H��
H�� DGG H� H��
H�� PXO H��
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� PXO H��
H�� PXO H��
H�� GHO H��
H�� PXO H��



$��

$����$9(1�3$�')*



$��

$���'&67�1HWOLVW
��'&7�'67�DOJRULWKP
��SULPDU\�LQSXWV
H�
H�
��SULPDU\�RXWSXWV
H��
H��
��FLUFXLW�GHVFULSWLRQ
��')*�OHYHO
� RXWSXW W\SH LQSXWV

H� PXO H�
H� PXO H�
H� DGG H� H�
H� DGG H� H��
H� PXO H�
H� PXO H�
H� DGG H� H��
H�� PXO H�
H�� PXO H�
H�� PXO H�
H�� PXO H�
H�� DGG H�� H��
H�� DGG H�� H��
H�� GHO H��
H�� GHO H��



$��

$����'&67�')*



$���

$���%,48$'��1HWOLVW
���UG�RUGHU�ELTXDG�ILOWHU
�
H�
�
H��
� RXWSXWV W\SH LQSXWV

H� DGG H� H�
H� DGG H� H�
H� GHO H�
H� DGG H� H��
H� PXO H�
H� PXO H�
H� DGG H� H��
H� GHO H�
H�� PXO H�
H�� PXO H�
H�� DGG H� H��
H�� DGG H�� H��
H�� GHO H��
H�� PXO H��
H�� PXO H��



$���

$����%,48$'��')*



$���

$���*0/$7��1HWOLVW
���VWDJH�JUD\�PDUNHO�ILOWHU
��SULPDU\�LQSXWV
H�
��SULPDU\�RXWSXWV
H��
��FLUFXLW�GHVFULSWLRQ
��')*�OHYHO
� RXWSXW W\SH LQSXWV

H� DGG H� H�
H� DGG H� H�
H� DGG H� H�
H� DGG H� H�
H� PXO H��
H� PXO H��
H� PXO H��
H� PXO H��
H�� PXO H�
H�� PXO H�
H�� PXO H�
H�� PXO H�
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� GHO H�
H�� PXO H��
H�� PXO H��
H�� PXO H��
H�� PXO H��
H�� PXO H�
H�� DGG H�� H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� DGG H�� H��



$���

$����*0/$7��')*



$���

$���(//,3��1HWOLVW
���WK�RUGHU�HOOLSWLF�ZDYH�ILOWHU
��SULPDU\�LQSXWV
H�
��SULPDU\�RXWSXWV
H��
��FLUFXLW�GHVFULSWLRQ
��')*�OHYHO
� RXWSXW W\SH LQSXWV

H� GHO H�
H� DGG H� H�
H� DGG H� H�
H� DGG H� H�
H� PXO H�
H� DGG H� H�
H� DGG H� H�
H� PXO H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� DGG H� H��
H�� GHO H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� PXO H��
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� PXO H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� PXO H��
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� PXO H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� GHO H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� PXO H��
H�� DGG H�� H��
H�� GHO H��
H�� GHO H��
H�� PXO H��
H�� DGG H�� H��
H�� DGG H�� H��



$���

$����(//,3��')*



$���

$���/06��1HWOLVW
����VWDJH�/06�DOJRULWKP
��SULPDU\�LQSXWV
H�
H�
��SULPDU\�RXWSXWV
H��
��FLUFXLW�GHVFULSWLRQ
��')*�OHYHO
� RXWSXW W\SH LQSXWV

H� PXO H�
H� GHO H�
H� PXO H� H��
H� DGG H� H�
H� GHO H�
H� PXO H� H�
H� DGG H� H�
H�� DGG H� H��
H�� GHO H�
H�� PXO H� H��
H�� DGG H�� H��
H�� GHO H��
H�� PXO H� H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� GHO H��
H�� PXO H�� H��
H�� DGG H�� H��
H�� GHO H��
H�� PXO H�� H��
H�� GHO H��
H�� PXO H�� H��
H�� DGG H�� H��
H�� GHO H��
H�� PXO H�� H��
H�� DGG H�� H��
H�� PXO H�� H��
H�� DGG H�� H��
H�� GHO H��
H�� PXO H�� H��



$���

$����/06��')*



$���

$���92/7(55$�1HWOLVW
��YROWHUUD�ILOWHU
��SULPDU\�LQSXWV
H�
��SULPDU\�RXWSXWV
H�
��FLUFXLW�GHVFULSWLRQ
��')*�OHYHO
� RXWSXW W\SH LQSXWV

H� PXO H�
H� DGG H� H�
H� GHO H�
H� GHO H�
H� PXO H�
H� PXO H�
H� DGG H� H�
H� DGG H�� H��
H�� DGG H� H��
H�� DGG H�� H��
H�� PXO H��
H�� PXO H��
H�� GHO H�
H�� GHO H��
H�� PXO H�� H�
H�� PXO H� H��
H�� PXO H� H��
H�� PXO H� H��
H�� PXO H� H��
H�� PXO H� H��
H�� PXO H��
H�� PXO H��
H�� PXO H��
H�� PXO H��
H�� PXO H��
H�� PXO H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� DGG H�� H��
H�� DGG H�� H��



$���

$����92/7(55$�')*



$���

$����257+�/$7�1HWOLVW
���QG�RUGHU�RUWKRJRQDO�ODWWLFH�ILOWHU
���������
��SULPDU\�LQSXWV
H�
��SULPDU\�RXWSXWV
H��
��FLUFXLW�GHVFULSWLRQ
��')*�OHYHO
� RXWSXW W\SH LQSXWV

H� PXO H�
H� DGG H� H��
H� DGG H� H��
H� GHO H�
H� PXO H�
H� PXO H�
H� DGG H� H��
H� GHO H�
H�� PXO H�
H�� PXO H��
H�� PXO H�
H�� DGG H�� H��
H�� PXO H��
H�� PXO H��
H�� PXO H�
H�� PXO H�
H�� DGG H�� H��
H�� PXO H�



$���

$�����257+�/$7�')*



$���


