
'HVLJQ 	 $SSOLFDWLRQ ,QIRUPDWLRQ

9 73����� ����$



����

<285 .2+/(5 ',675,%8725

.RKOHU JHQHUDWRU VHWV� DXWRPDWLF WUDQVIHU VZLWFKHV�
VZLWFKJHDU� DQG DFFHVVRULHV DUH VROG WKURXJKRXW WKH
8QLWHG 6WDWHV DQG LQWHUQDWLRQDOO\ E\ D QHWZRUN RI
IDFWRU\� �WUDLQHG DQG ILHOG� �H[SHULHQFHG
GLVWULEXWRUV� 7KH\ SURYLGH VLQJOH VRXUFH DYDLODELOLW\
RI WKH HQWLUH SURGXFW OLQH DQG WKH SURWHFWLRQ RI RQH
RYHUDOO ZDUUDQW\ FRYHULQJ DOO FRPSRQHQWV�

7KH NQRZOHGJH D GLVWULEXWRU FDQ EULQJ WR WKH
LQVWDOODWLRQ RI D GHSHQGDEOH VWDQGE\ RU SULPH SRZHU

V\VWHP HVWDEOLVKHV KLP DV DQ LPSRUWDQW DGMXQFW WR
WKH DUFKLWHFW� �HQJLQHHU� �FRQWUDFWRU WHDP� +LV
NQRZOHGJH DQG H[SHULHQFH EHQHILW WKH VSHFLILHU
FRQFHUQHG ZLWK SURYLGLQJ D VRXUFH RI UHOLDEOH
HOHFWULFLW\� +H KDV VWXGLHG V\VWHP SHUIRUPDQFH
WKURXJK UHJXODU VHUYLFLQJ RI PDQ\ GLIIHUHQW W\SHV RI
JHQHUDWRU LQVWDOODWLRQV DQG LV DQ H[SHUW LQ WKLV DUHD�
7KH .RKOHU GLVWULEXWRU
V UHSXWDWLRQ DV D
SURIHVVLRQDO LV EDFNHG E\ ORQJ H[SHULHQFH DQG
UHJXODU SDUWLFLSDWLRQ LQ IDFWRU\ VHUYLFH VFKRROV�

9



����

7DEOH RI &RQWHQWV
6XEMHFW 3DJH

�� ,QWURGXFWLRQ L� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� 3UHOLPLQDU\ 3ODQQLQJ $� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 5HTXLUHPHQWV �&RGHV� $� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 1DWLRQDO (OHFWULFDO &RGH9� 1)3$ ��� ����� $� ��� � � � � � � � � � � � � � � � � � � �
����� 6WDQGDUG IRU +HDOWK &DUH )DFLOLWLHV� 1)3$ ��� ����� $� ��� � � � � � � � � � � � �
����� /LIH 6DIHW\ &RGH� 1)3$ ���� ����� $� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� (PHUJHQF\ DQG 6WDQGE\ 3RZHU 6\VWHPV� 1)3$ ���� ����� $� ���� � � � � � � �
����� 0RGHO %XLOGLQJ &RGHV $� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 2WKHU &RGHV $� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� /RFDWLRQ $� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 3ULPH 0RYHU 2SWLRQV $� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� &RVW (VWLPDWLQJ $� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� (TXLSPHQW 6L]LQJ %� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6L]LQJ �6XPPDU\� %� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� /RDG &DOFXODWLRQ %� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 0RWRU /RDGV %� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6SHFLDO &RQVLGHUDWLRQV IRU 6LQJOH� �3KDVH %� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6SHFLDO $SSOLFDWLRQV %� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 6&5 /RDGV %� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� (OHYDWRUV %� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 'HUDWLQJ %� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� *HQHUDWRU 6L]LQJ %� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� *HQHUDWRU 6L]LQJ :RUNVKHHW �%ODQN� %� ��� � � � � � � � � � � � � � � � � � � � � � � � � � �
����� ,QVWUXFWLRQV %� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 0RWRU 6WDUWLQJ 'DWD 7DEOHV %� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� *HQHUDWRU 6L]LQJ � � ([DPSOH %� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� *HQHUDWRU 6L]LQJ :RUNVKHHW � � ([DPSOH %� ���� � � � � � � � � � � � � � � � � � � � � � �

�� *HQHUDWRU 'HVLJQ DQG $SSOLFDWLRQ &� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6WDWLF ([FLWHUV �([FLWHU 5HJXODWRUV� &� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� :RXQG� �)LHOG %UXVKOHVV ([FLWHG &� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 3HUPDQHQW 0DJQHW ([FLWHG� 6&5 %ULGJH &RQWUROOHG &� ��� � � � � � � � � � � � � � � � � � � �
��� %URDG� �5DQJH *HQHUDWRUV &� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� *HQHUDWRU 5DWLQJV &� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� /RDG $SSOLFDWLRQ LQ 8QEDODQFHG 7KUHH� �3KDVH 'HOWD 6\VWHPV &� ��� � � � � � � � � � �
��� $SSO\LQJ *HQHUDWRU 6HWV WR 0RWRU /RDGV &� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 5HGXFHG 9ROWDJH 0RWRU 6WDUWHUV &� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 7\SHV RI 5HGXFHG 9ROWDJH 6WDUWHUV &� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � �

1DWLRQDO (OHFWULFDO &RGH9 DQG1(&9 DUH UHJLVWHUHG WUDGHPDUNV RI WKH 1DWLRQDO )LUH 3URWHFWLRQ $VVRFLDWLRQ� ,QF�� 4XLQF\�0$ ������



����

7DEOH RI &RQWHQWV � � FRQWLQXHG
6XEMHFW 3DJH

�� 6HOHFWLQJ *HQHUDWRU 6HW 0RGHO DQG $FFHVVRULHV '� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� )XHO 6\VWHPV '� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 'LHVHO '� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� *DVROLQH '� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 1DWXUDO *DV '� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� /3 *DV'� ��
����� )XHO 6\VWHP $FFHVVRULHV '� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� &RROLQJ 6\VWHPV '� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� $LU &RROLQJ '� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� /LTXLG &RROLQJ '� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 2SWLRQV � � :DWHU &RROLQJ 6\VWHPV '� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� ([KDXVW 6\VWHP $FFHVVRULHV '� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� *RYHUQRUV '� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� (QJLQH (OHFWULFDO 6\VWHP $FFHVVRULHV '� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� :HDWKHU +RXVLQJV '� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� *HQHUDWRU $FFHVVRULHV '� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� &RQWUROOHU $FFHVVRULHV '� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� ,QVWDOODWLRQ (� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� /RFDWLRQ DQG 6XSSRUW (� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 'LHVHO )XHO 6\VWHPV (� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 0DLQ )XHO 7DQN (� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� )XHO /LQHV (� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 7UDQVIHU 7DQNV (� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� $X[LOLDU\ )XHO 3XPSV (� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 3XPS /LIW�+HDG :RUNVKHHW (� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� *DVROLQH )XHO 6\VWHPV (� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 1DWXUDO RU /3 *DV )XHO 6\VWHPV (� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� &RROLQJ 6\VWHPV (� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� $LU &RROLQJ (� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� /LTXLG &RROLQJ 6\VWHPV (� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 8QLW� �0RXQWHG 5DGLDWRU &RROLQJ (� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 5HPRWH 5DGLDWRU &RROLQJ (� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� &LW\ :DWHU &RROLQJ (� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� &RROLQJ 7RZHU (� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ([KDXVW 6\VWHPV (� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� %DWWHULHV DQG &KDUJHUV (� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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�� (OHFWULFDO &RQWUROV )� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 5HTXLUHPHQWV )� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� $XWRPDWLF 7UDQVIHU 6ZLWFK )� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� $XWRPDWLF 7UDQVIHU�%\SDVV� �,VRODWLRQ 6ZLWFK )� ��� � � � � � � � � � � � � � � � � � � �
����� 8QLQWHUUXSWLEOH 3RZHU 6\VWHPV )� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� 3DUDOOHOLQJ 6ZLWFKJHDU )� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 8WLOLW\ $QDO\VLV DQG 6ZLWFKJHDU 6L]LQJ )� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6HOHFWLRQ RI $XWRPDWLF 7UDQVIHU 6ZLWFKHV DQG $FFHVVRULHV )� ��� � � � � � � � � � � � � � � �

����� $XWRPDWLF 7UDQVIHU 6ZLWFKHV )� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� $FFHVVRULHV )� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� %\SDVV� �,VRODWLRQ 6ZLWFKHV )� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� 6DPSOH 6SHFLILFDWLRQV *� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� 6HUYLFH $JUHHPHQW +� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6HUYLFH 5HTXLUHPHQWV +� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 6HUYLFH $JUHHPHQW � � (PHUJHQF\�6WDQGE\ (OHFWULFDO

*HQHUDWLQJ 6\VWHP �)RUP� +� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� $SSHQGLFHV ,� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
���� $SSHQGL[ � � *HQHUDWRU DQG (OHFWULFDO ,� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ *HQHUDWRU 5DWLQJV � � 7KUHH� �3KDVH $PSHUHV � � ��� 3RZHU )DFWRU ,� ��� � �
������ 0D[LPXP 7KUHH� �3KDVH /RFNHG 5RWRU $PSHUHV ,� ��� � � � � � � � � � � � � � � � �
������ 0RWRU 6WDUWLQJ N9$ SHU KS ,� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 1(0$ &RGH /HWWHUV 8VXDOO\ $SSOLHG WR 5DWLQJV RI 0RWRUV 1RUPDOO\

6WDUWHG RQ )XOO 9ROWDJH ,� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 1(0$ 6L]H 6WDUWHUV IRU 0D[LPXP +RUVHSRZHU � � )XOO� �9ROWDJH

6WDUWLQJ ,� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 0RWRU � � )XOO /RDG &XUUHQWV ,� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 0D[LPXP 5DWLQJ RU 6HWWLQJ RI 0RWRU %UDQFK � � &LUFXLW 3URWHFWLYH

'HYLFHV ,� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ &RQGXFWRU 3URSHUWLHV ,� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ $& 5HVLVWDQFH DQG 5HDFWDQFH� ��� 9� &DEOHV� �� 3KDVH� �� +]��

��E& � � 7KUHH 6LQJOH &RQGXFWRUV LQ &RQGXLW ,� ��� � � � � � � � � � � � � � � � � � � � �
������� $PSDFLWLHV RI ,QVXODWHG &RQGXFWRUV 5DWHG �� ����� 9ROWV�

��E& WR ��E& ,� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������� 0LVFHOODQHRXV (OHFWULFDO )RUPXODH ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� $SSHQGL[ � � (QJLQH ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ (QJLQH )XHOV � � 3K\VLFDO 3URSHUWLHV ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 3LSH 6L]H 5HTXLUHPHQWV IRU *DVHRXV )XHO 6\VWHPV ,� ���� � � � � � � � � � � � � � �
������ /3 9DSRU 3UHVVXUH &XUYH ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ +HDW 5HMHFWLRQ WR $PELHQW $LU ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ $LU )ORZ 5HTXLUHG WR 'LVVLSDWH +HDW 5HMHFWHG WR $PELHQW $LU ,� ���� � � �
������ ([KDXVW 6\VWHP %DFN 3UHVVXUH ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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���� $SSHQGL[ � � &RQYHUVLRQ )DFWRUV ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ $UHD ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ $QJOH ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ /HQJWK ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ :HLJKW ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 'U\ 9ROXPH ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ /LTXLG 9ROXPH ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 3RZHU ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 3UHVVXUH ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
������ 7HPSHUDWXUH &RQYHUVLRQ ,� ���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� $SSHQGL[ � � 6WDQGDUG DQG &RGH� �0DNLQJ 2UJDQL]DWLRQV ,� ���� � � � � � � � � � � � � � � �

��� *ORVVDU\ -� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

,QGH[ .� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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7KH .RKOHUX (QJLQHHU
V *XLGHERRN SURYLGHV WKH
UHDGHU ZLWK WKH LQIRUPDWLRQ QHFHVVDU\ WR SODQ� VL]H�
GHVLJQ� DQG VSHFLI\ D FRPSOHWH SRZHU V\VWHP� 7KH
VDPSOH VSHFLILFDWLRQV DUH D JXLGH LQ WKH VHOHFWLRQ RI
TXDOLW\ HTXLSPHQW LQVWDOOHG LQ D PDQQHU WKDW ZLOO
SURYLGH D ZHOO� �HQJLQHHUHG� UHOLDEOH SRZHU VRXUFH�

7KH ILUVW ILYH VHFWLRQV GHDO H[FOXVLYHO\ ZLWK HQJLQH
JHQHUDWRU VHWV� 7KH\ EHJLQZLWK JHQHUDO LQIRUPDWLRQ
WR KHOS WKH UHDGHU GHWHUPLQH ZKHWKHU D JHQHUDWRU
VHW LV UHTXLUHG� LWV VL]H� DQG DSSUR[LPDWH
FRQILJXUDWLRQ� 7KHVH DUH IROORZHG E\ PRUH VSHFLILF
LQIRUPDWLRQ RQ JHQHUDWRU GHVLJQ� DFFHVVRULHV� DQG
LQVWDOODWLRQ�

(OHFWULFDO FRQWUROV� LQFOXGLQJPDQXDO DQG DXWRPDWLF
WUDQVIHU VZLWFKHV� DFFHVVRULHV� DQG VZLWFKJHDU DUH
FRYHUHG LQ D VHSDUDWH VHFWLRQ� %DVLF HTXLSPHQW
UHTXLUHG WR RSHUDWH JHQHUDWRU VHWV LQ SDUDOOHO LV
GHVFULEHG DV ZHOO DV VSHFLDO DGDSWDWLRQV IRU SHDN
VKDYLQJ DQG FRJHQHUDWLRQ�

6DPSOH VSHFLILFDWLRQV DUH SURYLGHG RQ DQ HQFORVHG
GLVNHWWH IRU JHQHUDWRU VHWV� WUDQVIHU VZLWFKHV� DQG

VZLWFKJHDU� 7KH\ DUH QRW SURSULHWDU\� EXW UDWKHU
SHUIRUPDQFH VSHFLILFDWLRQV LQWHQGHG WR DVVXUH
SURFXUHPHQW RI DOO WKH HTXLSPHQW DQG DFFHVVRULHV
UHTXLUHG WR SURYLGH DQ LQWHJUDWHG V\VWHP RI UHOLDEOH
FRPSRQHQWV XWLOL]LQJ FXUUHQW WHFKQRORJ\� 7KH
LQIRUPDWLRQ LQ WKH ILUVW VHFWLRQV RI WKH *XLGHERRN
ZLOO HQDEOH WKH XVHU WR VHOHFW WKH V\VWHP FRPSRQHQWV
EHVW VXLWHG IRU D YDULHW\ RI GLIIHUHQW DSSOLFDWLRQV�

$ VDPSOH VHUYLFH DJUHHPHQW LV SURYLGHG DV D EDVLV
IRU GHYHORSPHQW RI D FRQWUDFW ILWWLQJ WKH SDUWLFXODU
UHTXLUHPHQWV RI HDFK SURMHFW� ,QFOXGLQJ VXFK DQ
DJUHHPHQW LQ WKH SURFXUHPHQW GRFXPHQWV KHOSV
HVWDEOLVK DQ HIIHFWLYH UHODWLRQVKLS EHWZHHQ WKH XVHU
DQG WKH VHUYLFLQJ DJHQW� ,W DOVR KHOSV LQVXUH WKDW WKH
HTXLSPHQW VXSSOLHG LV EDFNHG E\ FRPSHWHQW� ORFDO
VHUYLFH�

)LQDOO\� WKH DSSHQGLFHV DQG JORVVDU\ SURYLGH D
YDULHW\ RI FKDUWV� GHILQLWLRQV� WDEOHV� JUDSKV�
IRUPXODV� DQG FRQYHUVLRQ IDFWRUV ZKLFK VKRXOG EH
SDUWLFXODUO\ XVHIXO WR DQ\RQH ZRUNLQJ LQ WKH
VSHFLDOL]HG DUHD RI HOHFWULFDO SRZHU JHQHUDWLRQ
V\VWHPV�

9



$� ����

�� 3UHOLPLQDU\ 3ODQQLQJ

��� 5HTXLUHPHQWV �&RGHV�
6WDQGE\ SRZHU V\VWHPV PD\ EH HLWKHU OHJDOO\ UHTXLUHG
RU SURYLGHG DW WKH RSWLRQ RI WKH RZQHU WR SURWHFW
EXVLQHVV RU SURSHUW\ ZKHUH KXPDQ OLIH RU VDIHW\ GRHV
QRW GHSHQG RQ WKH SHUIRUPDQFH RI WKH V\VWHP�

1DWLRQDO FRGHV ZKLFK UHIHU WR VWDQGE\ SRZHU V\VWHPV
LQFOXGH WKH IROORZLQJ�

- 1DWLRQDO (OHFWULFDO &RGH9� 1)3$ ��r����
- 6WDQGDUG IRU+HDOWK &DUH )DFLOLWLHV 1)3$��r����
- /LIH 6DIHW\ &RGH� 1)3$ ���r����
- (PHUJHQF\ DQG 6WDQGE\ 3RZHU 6\VWHPV� 1)3$
���r����

- 0RGHO %XLOGLQJ &RGHV

�6HH ���� $SSHQGL[� IRU DGGUHVVHV RI FRGH ZULWLQJ
RUJDQL]DWLRQV��

,Q DGGLWLRQ� PDQ\ VWDWH DQG ORFDO FRGHV UHTXLUH
VWDQGE\ SRZHU V\VWHPV LQ YDULRXV W\SHV RI EXLOGLQJV�

$ QXPEHU RI FRPPHUFLDO�LQGXVWULDO IDFLOLWLHV DUH QRW
OHJDOO\ UHTXLUHG WR KDYH VWDQGE\ SRZHU V\VWHPV� EXW
IUHTXHQWO\ LQFOXGH WKHP� ([DPSOHV�

- 'DWD SURFHVVLQJ IDFLOLWLHV

- 5HWDLO VWRUHV ZLWK SRLQWrRIrVDOH FRPSXWHUV
- *UHHQKRXVHV
- 5HVHDUFK IDFLOLWLHV
- 5HIULJHUDWHG VWRUDJH IDFLOLWLHV
- &RPPXQLFDWLRQ FHQWHUV
- &KHPLFDO SURFHVV SODQWV
- )RXQGULHV� KHDW WUHDWLQJ� SODVWLF DQG RWKHU
PDQXIDFWXULQJ RSHUDWLRQV ZKHUH SRZHU
LQWHUUXSWLRQV FDXVH H[SHQVLYH VFUDSSDJH�

$OVR QRW DPDWWHU RI FRGH� VRPH IDFLOLWLHV KDYH VWDQGE\
SRZHU V\VWHPV DV D UHVXOW RI IHGHUDO RU VWDWH ILQDQFLQJ
UHTXLUHPHQWV�

- &RUUHFWLRQDO LQVWLWXWLRQV
- /DZ HQIRUFHPHQW FHQWHUV
- $LUSRUWV
- :DWHU DQG VHZDJH WUHDWPHQW SODQWV

9
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7KH IROORZLQJ FRGHV DUH QRW FRPSOHWH DQG GR QRW
UHSUHVHQW WKH RIILFLDO SRVLWLRQ RI WKH DSSURSULDWH
JRYHUQLQJ ERGLHV RQ WKH UHIHUHQFHG VXEMHFW� 7KLV
ZRXOG EH UHSUHVHQWHG RQO\ E\ WKH VWDQGDUG LQ LWV
HQWLUHW\�

����� 1DWLRQDO (OHFWULFDO &RGH9�
1)3$ ��r����
7KH 1(&9 LV WKH ODZ LQ DOPRVW DOO ORFDOLWLHV LQ WKH
8QLWHG 6WDWHV DQG WKHUHIRUH PXVW EH FDUHIXOO\
REVHUYHG� 7KH ORFDO DXWKRULW\ KDYLQJ MXULVGLFWLRQ�
XVXDOO\ WKH ORFDO HOHFWULFDO LQVSHFWRU� NQRZV WKLV FRGH
IRUZDUG DQG EDFNZDUG DQG KH ZLOO HQIRUFH LWV
UHTXLUHPHQWV DFFRUGLQJ WR KLV LQWHUSUHWDWLRQ�

,PSRUWDQW DUWLFOHV RI WKH 1(&9 DUH� $UWLFOH
���r*HQHUDWRUV� $UWLFOH ���r(PHUJHQF\ 6\VWHPV�
$UWLFOH ���r/HJDOO\ 5HTXLUHG 6WDQGE\ 6\VWHPV�
$UWLFOH ���r2SWLRQDO 6WDQGE\ 6\VWHPV� $UWLFOH
���r,QWHUFRQQHFWHG 3RZHU 6\VWHPV DQG SRUWLRQV RI
$UWLFOH ���r6HUYLFHV� $UWLFOH ���r*URXQGLQJ� DQG
$UWLFOH ���r+HDOWK &DUH )DFLOLWLHV�

7KH VFRSH RI WKH 1(&9 LV LQVWDOODWLRQ RI HOHFWULFDO
FRQGXFWRUV DQG HTXLSPHQW� 2YHU WKH \HDUV� PDQ\
LWHPV RI SHUIRUPDQFH KDYH EHHQ SODFHG LQ WKH FRGH�
+RZHYHU� SHUIRUPDQFH LV JHQHUDOO\ WKH DVVLJQPHQW RI
RWKHU FRGH ERGLHV� ,Q IDFW� LW LV GLIILFXOW WR GUDZ WKH OLQH
EHWZHHQ LQVWDOODWLRQ DQG SHUIRUPDQFH DQG PXFK
GLVDJUHHPHQW KDV FRPH DERXW EHWZHHQ FRGH ERGLHV DV
WR ZKDW FRQVWLWXWHV SHUIRUPDQFH�

$OO /RDGV 3URWHFWHG

8WLOLW\

7UDQVIHU
6ZLWFK

'LVWULEXWLRQ
3DQHO

/RDG

*HQHUDWRU
6HW

6HOHFWHG /RDGV 3URWHFWHG

8WLOLW\

7UDQVIHU
6ZLWFK

*HQHUDWRU
6HW

'LVWULEXWLRQ
3DQHO

8QSURWHFWHG
/RDGV

6HOHFWHG�
(VVHQWLDO RU
&ULWLFDO /RDGV
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0XOWLSOH 6RXUFH�836 6\VWHP

8WLOLW\ �

8WLOLW\ �

7UDQVIHU 6ZLWFK �
7UDQVIHU 6ZLWFK �

/RDG

8QLQWHUUXSWLEOH
3RZHU 6XSSO\

7UDQVIHU 6ZLWFK �

*HQHUDWRU �

*HQHUDWRU �

,Q LQWHUSUHWLQJ WKH FRGH� LW LV LPSRUWDQW WR NQRZ WKDW
WKH LQVSHFWRU WKLQNV LQ WHUPV RI SURWHFWLRQ� +H ZLOO
DOZD\V ORRN DW DQ LQVWDOODWLRQ DV RQH LQ ZKLFK D
FRQGXFWRU KDV QR SRVVLELOLW\ RI EHLQJ RYHUKHDWHG DQG
LQ ZKLFK QR VKRFN KD]DUG H[LVWV�

$UWLFOH ��� FRQWDLQV UHTXLUHPHQWV IRU VDIHW\� VXFK DV
JHQHUDWRU W\SH VXLWDEOH IRU ORFDWLRQ� QDPHSODWH
PDUNLQJV� SURWHFWLRQ RI OLYH SDUWV� JXDUGV� DQG
EXVKLQJV�

$UWLFOH ���r� �D�r2YHUFXUUHQW 3URWHFWLRQ &RQVWDQW
9ROWDJH *HQHUDWRUV H[SODLQV WKDW WKH JHQHUDWRU PXVW
VRPHKRZ EH SURWHFWHG IURP RYHUORDGV� $ ZLGH
ODWLWXGH RI W\SHV RI SURWHFWLRQPHWKRGV DUH SHUPLWWHG�
LQFOXGLQJ LQKHUHQW GHVLJQ� FLUFXLW EUHDNHUV� IXVHV� RU
RWKHU DFFHSWDEOH RU RYHUFXUUHQW SURWHFWLRQ PHDQV�

$UWLFOH ���r�r$PSDFLW\ RI &RQGXFWRUV UHFRJQL]HV
WKDW D FLUFXLW EUHDNHU RU IXVHV FDQQRW DOZD\V EH
LQVWDOOHG DW WKH JHQHUDWRU� 7KH UHTXLUHPHQW LV WKDW WKH
DPSDFLW\ RI WKH SKDVH FRQGXFWRUV IURP JHQHUDWRU
WHUPLQDOV WR WKH ILUVW RYHUFXUUHQW GHYLFH VKDOO QRW EH
OHVV WKDQ ���� RI WKH QDPHSODWH FXUUHQW UDWLQJ RI WKH
JHQHUDWRU� 0DQ\ LQVSHFWRUV GR QRW OLNH WKLV SDUWLFXODU
SDUDJUDSK� EXW WKH LQVWDOODWLRQ LV VDIH EHFDXVH RI WKH
UHTXLUHPHQWV RI $UWLFOH ���r� �D��

%\ IDU WKH PRVW LPSRUWDQW VHFWLRQ RI WKH FRGH IRU WKH
JHQHUDWRU VHW LQGXVWU\ LV $UWLFOH ���r(PHUJHQF\

6\VWHPV� :KHUHYHU HPHUJHQF\ V\VWHPV DUH OHJDOO\
UHTXLUHG� WKH\ PXVW EH LQVWDOOHG LQ DFFRUGDQFH ZLWK
WKLV DUWLFOH�

8QGHU $UWLFOH ���r�� 6RXUFHVrRIr3RZHU
5HTXLUHPHQWV� VL[ VRXUFHV RI SRZHU DUH SHUPLVVLEOH
XQGHU YDULRXV FLUFXPVWDQFHV� *HQHUDWRU VHWV DUH
XQGHU �E�� 5HTXLUHPHQWV DUH�

- $XWRPDWLF VWDUW� DXWRPDWLF WUDQVIHU DQG D PLQLPDO
��rPLQ� WLPH GHOD\ ZKHQ UHWXUQLQJ IURP
HPHUJHQF\ WR QRUPDO�

- 7ZR KRXUV RQrVLWH IXHO VXSSO\ IRU OLTXLG IXHOV�

- 3ULPH PRYHU VKDOO QRW EH VROHO\ GHSHQGHQW RQ WKH
SXEOLF XWLOLW\ JDV V\VWHP IRU LWV IXHO VXSSO\ RU D
PXQLFLSDO ZDWHU VXSSO\ IRU LWV FRROLQJ V\VWHPV�
0HDQV VKDOO EH SURYLGHG IRU DXWRPDWLFDOO\
WUDQVIHUULQJ IURP RQH IXHO VXSSO\ WR DQRWKHU�
ZKHUH GXDO IXHO VXSSOLHV DUH XVHG� $Q H[FHSWLRQ
SHUPLWV XVH RI RWKHU WKDQ RQrVLWH IXHO ZKHUH WKHUH
LV D ORZ SUREDELOLW\ RI VLPXOWDQHRXV IDLOXUH RI WKH
RIIrVLWH IXHO GHOLYHU\ V\VWHP DQG WKH SRZHU IURPDQ
HOHFWULFDO XWLOLW\ FRPSDQ\�

9



$�����

+RZHYHU� WKH V\VWHP PXVW EH DFFHSWDEOH WR WKH
DXWKRULW\ KDYLQJ MXULVGLFWLRQ� 7KH H[FHSWLRQ ZRXOG
QRW EH DFFHSWDEOH LQ DQ HDUWKTXDNH RU IORRG DUHD�
IRU H[DPSOH�

- $Q DXWRPDWLF EDWWHU\ FKDUJHU IRU WKH FUDQNLQJ
EDWWHU\ LV UHTXLUHG�

- *HQHUDWRU VHWV WKDW UHTXLUH PRUH WKDQ �� VHFRQGV
WR GHYHORS SRZHU PXVW KDYH DQ DX[LOLDU\ SRZHU
VXSSO\ ZKLFK ZLOO HQHUJL]H WKH HPHUJHQF\ V\VWHP
XQWLO JHQHUDWRU FDQ SLFN XS WKH ORDG� 7KLV
UHTXLUHPHQW ZRXOG DSSO\ WR JDV WXUELQH JHQHUDWRU
VHWV ZKLFK JHQHUDOO\ FDQQRW VWDUWZLWKLQ �� VHFRQGV�

1RWH WKDW LQ DGGLWLRQ WR D JHQHUDWRU� ���r�� DOVR
SHUPLWV ILYH RWKHU VRXUFHV RI SRZHU IRU HPHUJHQF\
FLUFXLWV� EDWWHU\� GXDO XWLOLW\ VHUYLFH� FRQQHFWLRQ DKHDG
RI WKH VHUYLFH� 836� DQG XQLW HTXLSPHQW�

$UWLFOH ���r�r6LJQDOV DOVR LV LPSRUWDQW� %RWK DXGLEOH
DQG YLVXDO GHYLFHV DUH UHTXLUHG ZKHUH SUDFWLFDO WR
LQGLFDWH� �� WKDW WKH HPHUJHQF\ VRXUFH LV GHUDQJHG� ��
WKDW WKH DOWHUQDWH VRXUFH LV FDUU\LQJ WKH ORDG� ��
PDOIXQFWLRQ RI WKH EDWWHU\ FKDUJHU� �� WKDW WKH VWDUWLQJ
HTXLSPHQW RI WKH SULPH PRYHU LV QRW IXQFWLRQLQJ� DQG
�� JURXQG IDXOW ZKHUH JURXQG IDXOW SURWHFWLRQ �FLUFXLW
WR ����� DPS RU PRUH� LV UHTXLUHG RQ WKH QRUPDO
VRXUFH�

6XSSRUWV

0XIIOHU
([KDXVW
7KLPEOH

'XFW :RUN
IRU 2XWOHW RI
&RROLQJ $LU:DWHU

7UDS

(OHFWULFDO
&RQGXLW

&RQWUROOHU

0RXQWLQJ %DVH

)OH[LEOH
6HFWLRQV

7\SLFDO 6WDWLRQDU\ 'XW\ ,QVWDOODWLRQ
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$UWLFOH ���r�r7HVWV DQG 0DLQWHQDQFH JLYHV WKH
WHVWLQJ UHTXLUHPHQW IRU DQ HPHUJHQF\ V\VWHP� $Q
LQLWLDO ZLWQHVVHG WHVW DW PD[LPXP DQWLFLSDWHG ORDG LV
UHTXLUHG DVZHOO DV FRQWLQXLQJ VFKHGXOHG SHULRGLF WHVWV
DQG PDLQWHQDQFH ZLWK D ZULWWHQ UHFRUG� 6LQFH WKH
PD[LPXPDQWLFLSDWHG ORDG LV SUREDEO\ QRW DYDLODEOH DW
WKH WLPH RI VWDUWrXS� DQ H[WUD ORDG EDQN LV XVXDOO\
UHTXLUHG IRU VWDUWrXS WHVW�

$UWLFOH ���r� �D�r&DSDFLW\ DQG5DWLQJDOORZV IRU ORDG
IDFWRUV ZKHQ FDOFXODWLQJ WKH PD[LPXP DQWLFLSDWHG
ORDG UHIHUUHG WR LQ ���r��

$UWLFOH ���r/HJDOO\ 5HTXLUHG 6WDQGE\ 6\VWHPV LV
VLPLODU WR $UWLFOH ���� +RZHYHU� LW DSSOLHV PRUH WR
RSHUDWLRQRI HTXLSPHQW VXFK DV KHDWLQJ� UHIULJHUDWLRQ�
FRPPXQLFDWLRQ� YHQWLODWLRQ RU LQGXVWULDO SURFHVVHV�
WKDQ LW GRHV WR OLIHrVDIHW\ HTXLSPHQW VXFK DV
HPHUJHQF\ OLJKWLQJ� RSHUDWLQJ URRPV� DQG VLJQDOLQJ
V\VWHPV� $Q DXWRPDWLF WUDQVIHU VZLWFK LV UHTXLUHG�
7KH VWDUWrXS WLPH LV �� VHFRQGV LQVWHDG RI �� VHFRQGV�
:LULQJ QHHG QRW EH NHSW LQ VHSDUDWH UDFHZD\V DV LV
UHTXLUHG ZLWK HPHUJHQF\ V\VWHPV�

$UWLFOH ���r2SWLRQDO 6WDQGE\ 6\VWHPV DSSOLHV WR
VWDQGE\ HTXLSPHQW WKDW LV YROXQWDULO\ LQVWDOOHG� $
WUDQVIHU VZLWFK LV UHTXLUHG� QRW QHFHVVDULO\ DXWRPDWLF�
7KH RZQHU LV SHUPLWWHG WR VHOHFW WKH ORDGV WR EH
RSHUDWHG E\ WKH VWDQGE\ HTXLSPHQW� SXWWLQJ

UHVSRQVLELOLW\ XSRQ KLP WR VHH WKDW WKH VHW LV QRW
RYHUORDGHG�

$UWLFOH ���r,QWHUFRQQHFWHG 3RZHU 6\VWHPV FRYHUV
EDVLF VDIHW\ UHTXLUHPHQWV IRU LQWHUFRQQHFWLQJ SRZHU
V\VWHPV�

,WHPV WRQRWH DUH WKDW D GLVFRQQHFWLQJPHDQV� ORFNDEOH
LQ WKH RSHQ SRVLWLRQ DQG LQ DQ DFFHVVLEOH ORFDWLRQ LV
UHTXLUHG WR GLVFRQQHFW WKH RQrVLWH VRXUFH IURP WKH
XWLOLW\� )RU VRXUFHV ��� N: DQG VPDOOHU� WKH RQO\
SHUPLWWHG FRQQHFWLRQ SRLQW EHWZHHQ WKH WZR V\VWHPV
LV DW WKH VHUYLFH GLVFRQQHFW� &RQQHFWLQJ D ZLQG
JHQHUDWRU� IRU H[DPSOH� DW VRPH RWKHU SRLQW LQ WKH
V\VWHP� LV QRW DFFHSWDEOH�

$QRWKHU H[WUHPHO\ LPSRUWDQW LWHP LV WKDW PHDQVPXVW
EH SURYLGHG IRU GLVFRQQHFWLQJ IURP WKH XWLOLW\ LQ WKH
HYHQW RI D XWLOLW\ IDLOXUH� 6\VWHPV WKDW DUH VHOI H[FLWHG
�V\QFKURQRXV JHQHUDWRUV� IRU H[DPSOH�� DQG DUH
FDSDEOH RI FDUU\LQJ WKH UHPDLQLQJ V\VWHP ORDG� PD\
UHTXLUH D VLJQDO IURP WKH XWLOLW\� +RZHYHU� WKLV PD\ EH
GLIILFXOW DQG H[SHQVLYH WR REWDLQ�
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:LWK WKH FXUUHQW LQWHUHVW LQ FRJHQHUDWLRQ�
DSSOLFDWLRQV RI WKLV DUWLFOH DUH H[SHFWHG WR PXOWLSO\
UDSLGO\�

$UWLFOH ���r*URXQGLQJ LV RQH RI WKH PRVW LPSRUWDQW
VXEMHFW LQ WKH 1(&9� $UWLFOH ���� ZKLFK FRYHUV
JHQHUDWRUV� GRHV QRW PHQWLRQ JURXQGLQJ� 7KHUHIRUH�
$UWLFOH ��� PXVW EH XWLOL]HG WR GHWHUPLQH ZKDW
V\VWHPV PXVW EH JURXQGHG�

$UWLFOH ���r�r$OWHUQDWLQJr&XUUHQW &LUFXLWV DQG
6\VWHPV WR %H *URXQGHG VWDWHV WKDW WKH V\VWHP PXVW
EH JURXQGHG ZKHQ WKHPD[LPXP YROWDJH WR JURXQG RQ
WKH XQJURXQGHG FRQGXFWRUV GRHV QRW H[FHHG ��� YROWV�
,Q DGGLWLRQ� WKLV DSSOLHV RQ ������� YROW :\H V\VWHPV
LQ ZKLFK WKH QHXWUDO LV XVHG DV D FLUFXLW FRQGXFWRU� 7KH
RQO\ FRPPRQ V\VWHPV WKDW GR QRW KDYH WR EH JURXQGHG
DUH WKH ���r DQG ���r YROW� �rZLUH� �rSKDVH V\VWHPV�

$UWLFOH ���r� �G�r6HSDUDWHO\ 'HULYHG 6\VWHPV VD\V
WKDW D JHQHUDWRU PHHWLQJ WKH DIRUHPHQWLRQHG
UHTXLUHPHQWVPXVW EH JURXQGHG LI LW KDV QRFRQQHFWLRQ
ZLWK DQRWKHU V\VWHP� ,I� KRZHYHU� LW KDV D JURXQGHG
QHXWUDO FRQQHFWLRQ FRPPRQ ZLWK WKH XWLOLW\� LW GRHV
QRW KDYH WR EH VHSDUDWHO\ JURXQGHG�
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1RUPDO 6RXUFHV

6(

1RQr(VVHQWLDO
/RDGV

(TXLSPHQW
6\VWHPV

$OWHUQDWH 6RXUFH

/LIH 6DIHW\
%UDQFK

&ULWLFDO
%UDQFK

(VVHQWLDO (OHFWULFDO 6\VWHP

6(

*

6HUYLFH (QWUDQFH

2YHUFXUUHQW 3URWHFWLRQ

$XWR� 6ZLWFK� (TXLS�

'HOD\HG $XWR�

6ZLWFK� (TXLS�
7UDQVIRUPHU

*

*HQHUDWRU

6PDOO (OHFWULFDO 6\VWHP r +RVSLWDOV

5HSULQWHG ZLWK SHUPLVVLRQ IURP 1)3$ ��r����� WKH

1DWLRQDO (OHFWULFDO &RGH X� &RS\ULJKW ����� 1DWLRQDO
)LUH 3URWHFWLRQ $VVRFLDWLRQ� 4XLQF\� 0$ ������ 7KLV
UHSULQWHG PDWHULDO LV QRW WKH RIILFLDO SRVLWLRQ RI WKH 1D�
WLRQDO )LUH 3URWHFWLRQ $VVRFLDWLRQ� ZKLFK LV UHSUH�
VHQWHG RQO\ E\ WKH VWDQGDUG LQ LWV HQWLUHW\�

$UWLFOH ���r�r3RUWDEOH DQG 9HKLFOHr0RXQWHG
*HQHUDWRUV FRYHUV WKH JURXQGLQJ UXOHV IRU WKHVH XQLWV�
(VVHQWLDOO\� LI WKH V\VWHP PHHWV WKH UHTXLUHPHQW RI
EHLQJ VHOIrFRQWDLQHG� WKH IUDPH RI WKH JHQHUDWRU �LQ
WKH FDVH RI SRUWDEOH JHQHUDWRUV� PD\ EH XVHG IRU WKH
JURXQG LQVWHDG RI DQ HDUWK JURXQG ZKLFK PLJKW EH
LPSUDFWLFDO�

$UWLFOH ���r+HDOWK &DUH )DFLOLWLHV� VHFWLRQ ���r��E
VWDWHV WKDW WKH DOWHUQDWH VRXUFH RI SRZHU IRU D KRVSLWDO
PXVW EH D JHQHUDWRU� 6HFWLRQ ���r��E KDV WKH VDPH
UHTXLUHPHQW IRU QXUVLQJ KRPHV DQG UHVLGHQWLDO FDUH
IDFLOLWLHV� 7KH HPHUJHQF\ V\VWHP RI D KRVSLWDO LV
UHTXLUHG WR KDYH WZR EUDQFKHV� D OLIHrVDIHW\ EUDQFK
DQG D FULWLFDO EUDQFK�

7KH OLIHrVDIHW\ EUDQFK WDNHV FDUH RI DOO H[LW OLJKWV� WKH
VLJQDOLQJ V\VWHP� WKH DODUP V\VWHP DQG WKH
FRPPXQLFDWLRQ V\VWHP� 7KH FULWLFDO EUDQFK FRYHUV
WDVN LOOXPLQDWLRQ LQ FULWLFDO DUHDV� $ KRVSLWDO DOVR KDV
DQ HTXLSPHQW VHFWLRQ WKDW PD\ EH UHVWRUHG DIWHU D
WLPH GHOD\ RU PD\ EH PDQXDOO\ UHVWRUHG E\ D PDQXDO
WUDQVIHU VZLWFK�

([FHSW IRU YHU\ VPDOO IDFLOLWLHV� D PLQLPXP RI WZR
WUDQVIHU VZLWFKHV DUH UHTXLUHG� 7KH 1(&9 KDV
HVWDEOLVKHG D VPDOO IDFLOLW\ DV RQH KDYLQJ��� N9$����
N:� RU OHVV HPHUJHQF\ ORDG� $UWLFOH ��� LV WKH RQO\
SODFH LQ WKH FRGH WKDW FRQWDLQV ZLULQJ GLDJUDPV�
'LDJUDPV IRU QXUVLQJ KRPHV DUH VKRZQ LQ VHFWLRQ

���r�� ���� ��� DQG ���� 'LDJUDPV IRU KRVSLWDOV DUH
VKRZQ LQ VHFWLRQ ���r�� ���� ��� DQG ����

$UWLFOH ���r6HUYLFHV LQFOXGHV UHTXLUHPHQWV WKDW PD\
EH DSSOLHG WR JHQHUDWRU VHWV� 6HFWLRQ ���r�� UHTXLUHV
D GLVFRQQHFW LQ WKH EXLOGLQJ IRU WKH VHUYLFH HQWUDQFH
FRQGXFWRUV� 0DQ\ LQVSHFWRUV ZLOO DSSO\ WKLV
UHTXLUHPHQW WR DQ HPHUJHQF\ JHQHUDWRU VHW DOWKRXJK�
LQ WKH RSLQLRQ RI VRPH� VXFK D JHQHUDWRU VHW GRHV QRW
PHHW WKH JHQHUDO GHILQLWLRQ RI D VHUYLFH�

$UWLFOH ���r�� 7UDQVIHU (TXLSPHQW FRQWDLQV WKH
GHILQLWLRQ IRU WUDQVIHU VZLWFKHV DQG DOVR� LQ LWV
H[FHSWLRQV ��� DQG ���� KDV WKH RQO\ UHIHUHQFH WR
SDUDOOHO RSHUDWLRQ� (VVHQWLDOO\ WKLV SDUDJUDSK VD\V
\RXPXVW GLVFRQQHFW DOO XQJURXQGHG FRQGXFWRUV DWRQH
VRXUFH RI VXSSO\ EHIRUH DQ\ XQJURXQGHG FRQGXFWRUV RI
WKH VHFRQG VRXUFH DUH FRQQHFWHG� 7KH H[FHSWLRQ LV
ZKHUH SDUDOOHO RSHUDWLRQ LV DQWLFLSDWHG DQG VXLWDEOH
HTXLSPHQW WR HQVXUH VDWLVIDFWRU\ RSHUDWLRQ LQ SDUDOOHO
LV SURYLGHG�
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$UWLFOH ���r��r*URXQGr)DXOW 3URWHFWLRQ RI
(TXLSPHQW VWDWHV WKDW JURXQG IDXOW SURWHFWLRQ LV
UHTXLUHG IRU VHUYLFHV UDWHG ����� DPS RU PRUH� 7KLV
DXWRPDWLFDOO\ PDNHV HPHUJHQF\ V\VWHPV RI WKLV UDWLQJ
UHTXLUH JURXQG IDXOW LQGLFDWLRQ LQ DUWLFOH ���� VHFWLRQ
���r� �G� DV LQGLFDWHG EHIRUH�

7KHVH DUH WKH PRVW REYLRXV UHTXLUHPHQWV LQ WKH
1DWLRQDO (OHFWULFDO &RGH9 IRU WKH HOHFWULFDO
JHQHUDWLQJ V\VWHPV LQGXVWU\� +RZHYHU� WKRVH
UHVSRQVLEOH IRU HOHFWULFDO JHQHUDWRU LQVWDOODWLRQV
ZRXOG EH ZLVH WR OHDUQ DV PXFK DERXW WKH FRGH DV
SRVVLEOH� $UWLFOH ��� RQ RYHUFXUUHQW SURWHFWLRQ LV YHU\
LPSRUWDQW�

7KH UHTXLUHPHQW IRU JURXQGrIDXOW FLUFXLW LQWHUUXSWLRQ
IRU SURWHFWLRQ RI SHUVRQQHO IRU UHFHSWDFOHV DW
FRQVWUXFWLRQ VLWHV LV LQ $UWLFOH ���� VHFWLRQ ���r� �D��
*HQHUDWRUV LQYROYHG LQ WKLV VHFWLRQ DUH XQJURXQGHG�
UDWHG XS WR � N: DQG PD\ EH XVHG ZLWKRXW
JURXQGrIDXOW SURWHFWLRQ�

6HFWLRQ ���r�I VKRZV UHTXLUHPHQWV IRU �rSKDVH
FHQWHUrWDS 'HOWD V\VWHPV�
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.RKOHUÊ 5HPRWH $QQXQFLDWRU

����� 6WDQGDUG IRU +HDOWK &DUH )DFLOLWLHV�
1)3$ ��r����

7KLV VWDQGDUG GHDOV ZLWK VDIHW\ VHQVRUV RQ WKH
JHQHUDWRU VHW DQG D UHPRWH DQQXQFLDWRU WKDW LQGLFDWHV
DODUP FRQGLWLRQV DW WKH QXUVHV FDOO VWDWLRQ RU VRPH
QDPHG ORFDWLRQ� 7KH UHTXLUHG VHQVRU GHYLFHV DUH
OLVWHG LQ SDUDJUDSK �r��������� 7KH\ LQFOXGH ORZZDWHU
WHPSHUDWXUH� SUHrDODUPKLJK WHPSHUDWXUH� SUHrDODUP
ORZ RLO SUHVVXUH� RYHUFUDQN� RYHUVSHHG� ORZ
OXEULFDWLQJ RLO SUHVVXUH� DQG KLJK HQJLQH WHPSHUDWXUH�

7KH UHTXLUHPHQWV IRU WKH DQQXQFLDWRU DUH JLYHQ LQ
SDUDJUDSK �r��������� 7KH\ DUH� DQ LQGLFDWLRQ WKDW WKH
HPHUJHQF\ SRZHU VRXUFH LV RSHUDWLQJ WR VXSSO\ SRZHU
WR WKH ORDG� EDWWHU\ FKDUJHU PDOIXQFWLRQ� ORZ
OXEULFDWLQJ RLO SUHVVXUH� ORZ ZDWHU WHPSHUDWXUH�
H[FHVVLYH ZDWHU WHPSHUDWXUH� ORZ IXHO� RYHUFUDQN� DQG
RYHUVSHHG�

3DUDJUDSK �r������� �E� UHTXLUHV WKDW WKH VHW EH WHVWHG
XQGHU ORDG FRQGLWLRQV IRU DW OHDVW �� PLQXWHV DW
LQWHUYDOV RI QRW PRUH WKDQ �� GD\V� 7KLV KDV EHHQ D
SUREOHP LQ KHDOWK FDUH IDFLOLWLHV EHFDXVH KRVSLWDO
SHRSOH GR QRW ZDQW WR GLVUXSW WKHLU IXQFWLRQV WR UXQ D
WHVW RI WKH HPHUJHQF\ V\VWHP�

����� /LIH 6DIHW\ &RGH� 1)3$ ���r����

3HUIRUPDQFH UHTXLUHPHQWV IRU HPHUJHQF\ OLJKWLQJ LQ
SXEOLF EXLOGLQJV FDOO IRU D PLQLPXP LOOXPLQDWLRQ RI
RQH IRRWFDQGOH IRU D SHULRGRI RQH DQG RQHrKDOI KRXUV�
7KH HPHUJHQF\ OLJKWLQJ V\VWHP LV WR EH VR DUUDQJHG DV
WR SURYLGH WKH UHTXLUHG LOOXPLQDWLRQ DXWRPDWLFDOO\ LQ
WKH HYHQW RI DQ\ LQWHUUXSWLRQ RI QRUPDO SRZHU� ,Q WKH
FDVH ZKHUH DQ HOHFWULF JHQHUDWRU VHW LV WKH DOWHUQDWH
VRXUFH RI SRZHU� D GHOD\ RI QRWPRUH WKDQ �� VHFRQGV LV
SHUPLWWHG�

7KH UHIHUHQFH FRQFHUQLQJ ZKDW RFFXSDQFLHV UHTXLUH
HPHUJHQF\ OLJKWLQJ LV OLVWHG XQGHU HDFK W\SH RI
RFFXSDQF\ LQ &KDSWHU � WKURXJK ��� *HQHUDOO\� SXEOLF
RFFXSDQFLHV UHTXLUH HPHUJHQF\ OLJKWLQJ� *HQHUDWRU
VHWV DUH UHTXLUHG DV WKH HPHUJHQF\ SRZHU VRXUFH IRU
KHDOWK FDUH IDFLOLWLHV KDYLQJ OLIH VXSSRUW V\VWHPV DQG
IRU EXLOGLQJV KLJKHU WKDQ VL[ VWRULHV WR SRZHU VPRNH
FRQWURO RU DXWRPDWLF H[WLQJXLVKLQJ HTXLSPHQW�
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����� (PHUJHQF\ DQG 6WDQGE\ 3RZHU
6\VWHPV� 1)3$ ���r����

7KLV VWDQGDUG FRYHUV LQVWDOODWLRQ� PDLQWHQDQFH�
RSHUDWLRQ� WHVWLQJ� DQG SHUIRUPDQFH UHTXLUHPHQWV RI
SRZHU V\VWHPV� DQG D IXOO XQGHUVWDQGLQJ FDQ RQO\ EH
JDLQHG E\ UHDGLQJ LW LQ LWV HQWLUHW\� 7KH IROORZLQJ LV D
VXPPDU\ RI LWV UHTXLUHPHQWV IRU JHQHUDWRU VHWV DQG
DFFHVVRULHV�

&KDSWHU � r *HQHUDO
1)3$ ��� GRHV QRW VSHFLI\ ZKHUH HPHUJHQF\ SRZHU
V\VWHPV DUH UHTXLUHG� ,W FRYHUV KRZ V\VWHPV VKRXOG EH
LQVWDOOHG� WHVWHG� DQGSHUIRUPZKHUH UHTXLUHG E\ RWKHU
FRGHV DQG VWDQGDUGV� ,W FRYHUV QHZ LQVWDOODWLRQV DQG
GRHV QRW UHTXLUH WKDW H[LVWLQJ LQVWDOODWLRQV EH
PRGLILHG WR PHHW LW�

&KDSWHU � r 'HILQLWLRQ DQG &ODVVLILFDWLRQ
$ VLJQLILFDQW IHDWXUH RI 1)3$ ��� LV WKDW LW FODVVLILHV
HPHUJHQF\ SRZHU V\VWHPV DFFRUGLQJ WR W\SH� FODVV�
FDWHJRU\� DQG OHYHO� 7\SH GHILQHV WKH PD[LPXP WLPH
WKH SRZHU V\VWHP DOORZV WKH ORDG WHUPLQDOV RI WKH
DXWRPDWLF WUDQVIHU VZLWFK WR EH ZLWKRXW SRZHU� 7KH
W\SHV DUH�

7\SH 8 r 836 6\VWHPV
7\SH �� r �� VHFRQGV
7\SH �� r �� VHFRQGV
7\SH ��� r ��� VHFRQGV
7\SH 0 r 0DQXDO V\VWHP r 1R WLPH OLPLW
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&ODVV GHILQHV WKH PLQLPXP KRXUV WKH HPHUJHQF\
SRZHU V\VWHP FDQ EH RSHUDWHG DW UDWHG ORDG ZLWKRXW
UHIXHOLQJ� 7KH FODVVHV DUH�

&ODVV ���� r � PLQXWHV
&ODVV ��� r �� PLQXWHV
&ODVV � r � KRXUV
&ODVV � r � KRXUV
&ODVV �� r �� KRXUV
&ODVV ; r 2WKHU WLPH DV UHTXLUHG

3RZHU V\VWHPV DUH GLYLGHG LQWR WZR FDWHJRULHV�
&DWHJRU\ $ LV VWRUHG HQHUJ\ GHYLFHV ZKLFK JHW HQHUJ\
VROHO\ IURP WKH QRUPDO SRZHU VRXUFH� &DWHJRU\% LV DOO
GHYLFHV QRW FRYHUHG E\ l$�l 7KH UHTXLUHPHQWV IRU
VWRUHG HQHUJ\ GHYLFHV� VXFK DV EDWWHULHV IRU 836 DUH LQ
D QHZ VWDQGDUG 1)3$ ���$r�����

3RZHU V\VWHPV DUH DOVR FODVVLILHG E\ OHYHO� /HYHO �
FRYHUV SHUPDQHQWO\ LQVWDOOHG V\VWHPV ZKHUH IDLOXUH RI
WKH HTXLSPHQW FRXOG UHVXOW LQ ORVV RI KXPDQ OLIH RU
VHULRXV LQMXU\� /HYHO � FRYHUV SHUPDQHQWO\ LQVWDOOHG
V\VWHPV ZKHUH HTXLSPHQW IDLOXUH LV OHVV FULWLFDO WR
KXPDQ OLIH DQG VDIHW\� /HYHO � FRYHUV DOO V\VWHPV QRW
FRYHUHG E\ /HYHO � RU �� 7KH VWDQGDUG KDV QR
UHTXLUHPHQWV IRU /HYHO � V\VWHPV�

&KDSWHU � r 3RZHU 6XSSO\
%RWK OLTXLG DQG JDVHRXV SHWUROHXP SURGXFWV DUH
DFFHSWDEOH IXHOV IRU &DWHJRU\ % HPHUJHQF\ SRZHU
V\VWHPV� :KHUH WKH SUREDELOLW\ WKDW RII VLWH IXHO

VXSSOLHV �QDWXUDO JDV� ZLOO EH LQWHUUXSWHG LV KLJK� DQ
DOWHUQDWH IXHO PXVW EH VWRUHG RQ VLWH DQG WKH SULPH
PRYHU HTXLSSHG ZLWK DQ DXWRPDWLF�FKDQJHRYHU IXHO
V\VWHP LI WKH LQVWDOODWLRQ LV /HYHO ��

k(QHUJ\ FRQYHUWHUVl �JHQHUDWRU VHWV� IRU /HYHO �
DSSOLFDWLRQVPXVW EH IDFWRU\ WHVWHGZLWK DOO DFFHVVRULHV
ZKLFK PLJKW DIIHFW SRZHU RXWSXW� 7KH WHVWV DUH
QRUPDOO\ WR EH SHUIRUPHG RQ SURWRW\SH XQLWV DQG
GHVLJQHG WR GHPRQVWUDWH WKDW QRUPDO DQG DEQRUPDO
FRQGLWLRQV �LQFOXGLQJ PRWRU VWDUWLQJ ORDGV� 6&5
ORDGV� RYHUVSHHG� RYHUWHPSHUDWXUH� DQG RYHUORDGV�
DUH QRW OLNHO\ WR UHQGHU WKH V\VWHP LQRSHUDWLYH�

*HQHUDWRU VHWV IRU /HYHO � DSSOLFDWLRQV PXVW EH
LQVWDOOHG LQ HTXLSPHQW URRPVPDLQWDLQHG DW ��E) ���E
&� RU HTXLSSHG ZLWK KHDWHUV WR PDLQWDLQ ��E ) ���E&�
HQJLQH WHPSHUDWXUH� (QFORVXUHV IRU JHQHUDWRU VHWV
LQVWDOOHG RXWGRRUVPXVW EHPDLQWDLQHG DW ��E) ��E &�
PLQLPXP RU HTXLSSHG ZLWK KHDWHUV WR PDLQWDLQ
VWDUWLQJ EDWWHU\ WHPSHUDWXUH EHWZHHQ ��E ) ���E &�
DQG ��E) ���E&�� (WKHUrW\SH HQJLQH VWDUWLQJ DLGV DUH
QRW SHUPLWWHG�
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/LTXLGrIXHOHG HQJLQHV PXVW KDYH D ORZ IXHO DODUP WR
LQGLFDWH WKH DYDLODEOH IXHO LV OHVV WKDQ WKH PLQLPXP
UHTXLUHG IRU WKH LQVWDOODWLRQ FODVV� 7KH IXHO WDQNPXVW
KDYH D PLQLPXP FDSDFLW\ RI ���� RI WKH DPRXQW
UHTXLUHG E\ WKH LQVWDOODWLRQ FODVV� )RU H[DPSOH� D ��
N:&ODVV �� JHQHUDWRU VHW WKDW XVHV ��� JDOORQV RI IXHO
SHU KRXU LV UHTXLUHG WR KDYH D IXHO WDQN FDSDFLW\ RI �� [
��� [ ���� RU ��� JDOORQV�

)XHO DQG ZDWHU VROHQRLG YDOYHV PXVW EH SURYLGHG ZLWK
PHDQV IRU PDQXDO RSHUDWLRQ� /LTXLGrFRROHG HQJLQHV
ZLWK SUHVVXUH OXEULFDWLRQ PXVW EH HTXLSSHG ZLWK
JDXJHV IRU RLO SUHVVXUH� FRRODQW WHPSHUDWXUH� UXQQLQJ
WLPH� DQG EDWWHU\ FKDUJLQJ� (QJLQHV RQ JHQHUDWRU VHWV
DERYH ��N:DUH UHTXLUHG WR KDYH FUDQNLQJ F\FOHV IRU D
WRWDO RI �� VHFRQGV ��� VHFRQGV FUDQN� �� VHFRQGV UHVW�
HWF�� )RU /HYHO � LQVWDOODWLRQV EHORZ ��N:DQG IRU DOO
/HYHO � LQVWDOODWLRQV� �� VHFRQGV RI FRQWLQXRXV
FUDQNLQJ LV DFFHSWDEOH� %DWWHULHV PXVW EH FDSDEOH RI
WZR FRPSOHWH FUDQNLQJ F\FOHV� )XOO\ DXWRPDWLF IORDW
EDWWHU\ FKDUJHUV ZLWK YROWPHWHUV� DPPHWHUV� ORZ
YROWDJH DODUP FRQWDFWV� DQG FDSDEOH RI UHFKDUJLQJ D
IXOO\ GLVFKDUJHGEDWWHU\ZLWKLQ ��RU ��KRXUV IRU /HYHO
� DQG � LQVWDOODWLRQV UHVSHFWLYHO\� DUH UHTXLUHG�
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.RKOHUÊ (PHUJHQF\ 6WRS 6ZLWFK.RKOHUÊ 'HFr� &RQWUROOHU

(QJLQH FRQWUROV PXVW LQFOXGH ORZ RLO SUHVVXUH� KLJK
HQJLQH WHPSHUDWXUH� RYHUVSHHG� DQG RYHUFUDQNLQJ
SURWHFWLRQ SOXV SURYLVLRQ IRU UHPRWH HPHUJHQF\
VKXWGRZQ� /HYHO � LQVWDOODWLRQV PXVW KDYH D UHPRWH
HPHUJHQF\ VWRS VWDWLRQ RI WKH lEUHDN JODVVl RU VLPLODU
W\SH ORFDWHG RXWVLGH WKH JHQHUDWRU URRP� /HYHO �
LQVWDOODWLRQV DUH UHTXLUHG WRKDYH XQLWrPRXQWHG YLVXDO
DQG UHPRWH DXGLEOH DODUP VLJQDOV IRU WKH IRXU
VKXWGRZQ IXQFWLRQV OLVWHG DERYH� SOXV ORZ ZDWHU
WHPSHUDWXUH� DQWLFLSDWRU\ KLJK HQJLQH WHPSHUDWXUH�
DQG ORZRLO SUHVVXUH� ORZ IXHO� DQG FRQWURO VZLWFKQRW LQ
DXWRPDWLF SRVLWLRQ� 9LVXDO LQGLFDWRUV RQO\ DUH
UHTXLUHG IRU JHQHUDWRU VXSSO\LQJ ORDG �$& DPPHWHU��
EDWWHU\ FKDUJHU PDOIXQFWLRQ� DQG ORZ EDWWHU\ YROWDJH�

/HYHO � LQVWDOODWLRQV PXVW KDYH YLVXDO DODUP
LQGLFDWLRQV IRU KLJK DQG ORZ HQJLQH WHPSHUDWXUH� ORZ
RLO SUHVVXUH� RYHUVSHHG� DQG RYHUFUDQN� 1R UHPRWH
DXGLEOH DODUP LV UHTXLUHG�

3RZHU IRU UHPRWH UDGLDWRU IDQV DQG SXPSV PXVW EH
VXSSOLHG IURP D WDS DW WKH JHQHUDWRU ORDG WHUPLQDOV RU
DKHDG RI WKH ILUVW ORDG FLUFXLW RYHUFXUUHQW SURWHFWLYH
GHYLFH�

*HQHUDWRUV PXVW EH GULSSURRI� HTXLSSHG ZLWK
DPRUWLVVHXUZLQGLQJV� DQG D YROWDJH DGMXVWLQJ UKHRVWDW
ZLWK DQ DGMXVWPHQW UDQJH RI ��r���

&KDSWHU � r (OHFWULFDO 6ZLWFKLQJ DQG 3URWHFWLRQ
$XWRPDWLF WUDQVIHU VZLWFKHV PXVW EH PHFKDQLFDOO\
KHOG DQG HTXLSSHG ZLWK XQGHUYROWDJH VHQVRUV RQ DOO
XQJURXQGHG OLQHV RI WKH QRUPDO SRZHU VRXUFH� 7KH\
PXVW DOVR KDYH ERWK YROWDJH DQG IUHTXHQF\ VHQVRUV RQ
RQH XQJURXQGHG OLQH RI WKH HPHUJHQF\ VRXUFH� EH�
PHFKDQLFDOO\ LQWHUORFNHG� DQG LQFOXGH SURYLVLRQ IRU
PDQXDO RSHUDWLRQ� 6ZLWFKHV PXVW LQFOXGH WLPH GHOD\V
RQ HQJLQH VWDUWLQJ DQG UHWUDQVIHU WR QRUPDO� 7KH WLPH
GHOD\ RQ UHWUDQVIHU PXVW EH DGMXVWDEOH DQG HTXLSSHG
ZLWK D E\SDVV FLUFXLW WR DXWRPDWLFDOO\ UHWUDQVIHU WR
QRUPDO LI WKH HPHUJHQF\ VRXUFH IDLOV DQG QRUPDO LV
DYDLODEOH� $Q DGMXVWDEOH WLPH GHOD\ RQ WUDQVIHU WR
HPHUJHQF\ LV UHTXLUHG RQ /HYHO � V\VWHPV LI ORDGV
PXVW EH VHTXHQFHG� $PLQLPXP ILYHrPLQXWH FRROrRII
GHOD\ RQ HQJLQH VKXWGRZQDIWHU UHWUDQVIHU WR QRUPDO LV
UHTXLUHG� HLWKHU LQ WKH WUDQVIHU VZLWFK RU WKH JHQHUDWRU
FRQWURO SDQHO�

9



$������

7UDQVIHU VZLWFKHV PXVW LQFOXGH D WLPHU WR H[HUFLVH WKH
JHQHUDWRU VHW XQGHU ORDG ZLWK SURYLVLRQ WR
DXWRPDWLFDOO\ UHWUDQVIHU WR QRUPDO LI WKH HPHUJHQF\
VRXUFH IDLOV GXULQJ WKH H[HUFLVH SHULRG� 7KH\PXVW DOVR
LQFOXGH D WHVW VZLWFK� SLORW OLJKWV WR LQGLFDWH VZLWFK
SRVLWLRQ� DQG SURYLVLRQ WR UHGXFH FXUUHQWV DVVRFLDWHG
ZLWKPRWRU ORDG WUDQVIHU LI WKRVH FXUUHQWV PD\ GDPDJH
WKH HPHUJHQF\ SRZHU V\VWHP RU FDXVH QXLVDQFH
WULSSLQJ RI EUHDNHUV�

:KHQ PXOWLSOH JHQHUDWRU VHWV RSHUDWLQJ LQ SDUDOOHO
DUH XVHG DV WKH HPHUJHQF\ SRZHU VRXUFH� ORDGV VKRXOG
EH DGGHG WR WKH V\VWHP LQ VHTXHQFH� KLJKHVW SULRULW\
ILUVW� ,I RQH RU PRUH JHQHUDWRUV IDLO� WKH V\VWHP VKDOO
DXWRPDWLFDOO\ VKHG ORDG� ORZHVW SULRULW\ ILUVW�

2YHUFXUUHQW SURWHFWLYH GHYLFHV LQ WKH HPHUJHQF\
V\VWHP PXVW EH FRRUGLQDWHG WR HQVXUH VHOHFWLYH
WULSSLQJ XQGHU VKRUWrFLUFXLW FRQGLWLRQV�

&KDSWHU � r ,QVWDOODWLRQ
*HQHUDWRU VHWV PXVW EH LQVWDOOHG LQGRRUV LQ D VHSDUDWH
URRPRU RXWGRRUV LQ DQ HQFORVXUH WKDW ZLOO SUHYHQW WKH
HQWU\ RI VQRZ RU UDLQ� *HQHUDWRU VHWV DQG WUDQVIHU
VZLWFKHV LQVWDOOHG LQGRRUV PXVW EH LQ DUHDV SURYLGHG
ZLWK EDWWHU\rSRZHUHG HPHUJHQF\ OLJKWLQJ RI ��rIRRW
FDQGOH LQWHQVLW\� *HQHUDWRU VHWV DUH UHTXLUHG WR EH
HTXLSSHG ZLWK YLEUDWLRQ LVRODWRUV DQG LQVWDOOHG RQ
UDLVHG IRXQGDWLRQV DW OHDVW VL[ LQFKHV KLJK�
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)OH[LEOH FRQQHFWLRQV DUH UHTXLUHG EHWZHHQ WKH HQJLQH
DQG IXHO OLQHV� H[KDXVW SLSLQJ DQG FRROLQJ DLU GXFWV RU
ORXYHUV� ([KDXVW DQG IXHO V\VWHPV PXVW FRPSO\ ZLWK
1)3$ �� UHTXLUHPHQWV�

$ VLWH WHVW RI WKH FRPSOHWH HPHUJHQF\ SRZHU V\VWHP LV
UHTXLUHG WR YHULI\ WKDW WKH JHQHUDWRU VHW ZLOO VWDUW IURP
FROG� DVVXPH DQG FDUU\ WKH EXLOGLQJ ORDG IRU RQH KRXU�
DQG UHWUDQVIHU WKH ORDG DV UHTXLUHG IRU WKH W\SH
LQVWDOODWLRQZLWKRXW RYHUKHDWLQJRU RWKHUPDOIXQFWLRQ�
$IWHU WKLV WHVW� WKH JHQHUDWRU VHW PXVW EH DOORZHG WR
FRRO IRU ILYH PLQXWHV DQG WKHQ JLYHQ D WZRrKRXU IXOO
ORDG WHVW XVLQJ D ORDG EDQN� EXLOGLQJ ORDG RU ERWK� 7KH
ORDG PD\ EH DW XQLW\ SRZHU IDFWRU LI WKH JHQHUDWRU VHW
KDV EHHQ IDFWRU\ WHVWHG DW UDWHG ORDG DQG UDWHG SRZHU
IDFWRU� 7KH JHQHUDWRU VHWPXVW GHPRQVWUDWH WKHDELOLW\
WR SLFN XS ���� RI QDPHSODWH N: UDWLQJ� OHVV DQ\
DSSOLFDEOH VLWH GHUDWLQJ IDFWRUV� LQ RQH VWHS
LPPHGLDWHO\ DIWHU EHLQJ VWDUWHG DQG UHDFKLQJ UDWHG
USP� 7HVWVPXVW DOVR EH SHUIRUPHG WR GHPRQVWUDWH WKH
RSHUDWLRQ RI WKH FUDQNLQJ F\FOH DQG DOO HQJLQH VDIHW\
GHYLFHV� $W WKH WLPH RI WKH DFFHSWDQFH WHVW� WKH
JHQHUDWRU VHW VXSSOLHU PXVW SURYLGH HYLGHQFH WKDW D
VLPLODU JHQHUDWRU VHW KDV EHHQ SURWRW\SH WHVWHG�
FHUWLILFDWLRQ WKDW WKH HQJLQH JHQHUDWRU VHW KDV QR
KDUPIXO WRUVLRQDO YLEUDWLRQV� FHUWLILFDWLRQ WKDW WKH
HTXLSPHQW DV LQVWDOOHGPHHWV WKLV VWDQGDUG� DQG D FRS\
RI WKH IDFWRU\ WHVW UHSRUW�

&KDSWHU � r 0DLQWHQDQFH DQG 7HVWLQJ
7ZR VHWV RI LQVWUXFWLRQPDQXDOV IRU JHQHUDWRU VHWV DQG
WUDQVIHU VZLWFKHV DUH UHTXLUHG� *HQHUDWRU VHWV DQG
WUDQVIHU VZLWFKHV IRU /HYHO � V\VWHPV PXVW EH
H[HUFLVHG XQGHU DW OHDVW ��� RI UDWHG ORDG DW OHDVW
HYHU\ �� GD\V IRU �� PLQXWHV RU PRUH� 7UDQVIHU VZLWFK
WLPH GHOD\ PXVW EH VHW IRU RQH VHFRQG PLQLPXP RQ
HQJLQH VWDUW� � PLQXWHV PLQLPXP RQ UHWUDQVIHU WR
QRUPDO DQG ILYH PLQXWHV IRU HQJLQH FRRORII�

/RZ YROWDJH FLUFXLW EUHDNHUV PXVW EH H[HUFLVHG
DQQXDOO\ RQ /HYHO � V\VWHPV� $ ORJ RI DOO WHVWLQJ DQG
PDLQWHQDQFH RQ WKH V\VWHP PXVW EH NHSW�

&KDSWHU � r 5HIHUHQFHG 3XEOLFDWLRQV
7KH 1DWLRQDO (OHFWULFDO &RGH9� 1)3$ ��� DQG WKH
6WDQGDUG IRU WKH ,QVWDOODWLRQ DQG 8VH RI 6WDWLRQDU\
&RPEXVWLRQ (QJLQHV DQG*DV 7XUELQHV� 1)3$ ��� DUH
LQFRUSRUDWHG LQ 1)3$ ��� E\ UHIHUHQFH�
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����� 0RGHO %XLOGLQJ &RGHV

(PHUJHQF\ RU VWDQGE\ SRZHU DOVR PD\ EH OHJDOO\
UHTXLUHG LI WKH PXQLFLSDOO\ LQYROYHG KDV DGRSWHG RQH
RI WKH PRGHO EXLOGLQJ FRGHV DV DQ RUGLQDQFH� 7KH
WKUHH FRPPRQO\ XVHG EXLOGLQJ FRGHV DUH ZULWWHQ E\
VHSDUDWH RUJDQL]DWLRQV� (DFK KDV LWV RZQ UHJLRQ
ZKHUH LW LV SRSXODU�

7KH %DVLF %XLOGLQJ &RGH LV JHQHUDOO\ XVHG LQ WKH
QRUWKHDVWHUQ 8QLWHG 6WDWHV� WKH 8QLIRUP %XLOGLQJ
&RGH LV XVHGZHVW RI WKH0LVVLVVLSSL� DQG WKH 6WDQGDUG
%XLOGLQJ &RGH LV XVHG LQ WKH VRXWKHDVWHUQ VWDWHV� 7KH
UHTXLUHPHQWV IRU HPHUJHQF\ SRZHU DUH VLPLODU WR WKH
OLIHrVDIHW\ FRGH� 5HTXLUHPHQWV YDU\ VRPHZKDW
EHWZHHQ WKH WKUHH EXLOGLQJ FRGHV� +RZHYHU� HDFK KDV
HPHUJHQF\ UHTXLUHPHQWV IRU UHPRYLQJ VPRNH DQG
VXSSO\LQJ IUHVK DLU� HJUHVV OLJKWLQJ DQG HOHYDWRU
RSHUDWLRQ�

$ IRXUWK EXLOGLQJ FRGH r WKH 1DWLRQDO %XLOGLQJ &RGH
VSRQVRUHG E\ WKH$PHULFDQ ,QVXUDQFH$VVRFLDWLRQ r LV
IUHTXHQWO\ XVHG E\ LQVXUDQFH LQVSHFWRUV LQ DSSURYLQJ
EXLOGLQJV� 7KLV LV DOVR DQ LPSRUWDQW FRGH DV
FRPSOLDQFH RU QRQrFRPSOLDQFH DIIHFWV LQVXUDQFH
UDWHV�

%DVLF %XLOGLQJ &RGH
8QLIRUP %XLOGLQJ &RGH

6WDQGDUG %XLOGLQJ &RGH

&RPPRQ %XLOGLQJ &RGHV DQG *HRJUDSKLF
$FFHSWDQFH
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����� 2WKHU &RGHV

2WKHU FRGHV WKDW KDYH SHUWLQHQFH WR VSHFLI\LQJ
HQJLQHHUV ZKHQ VSHFLI\LQJ HOHFWULFDO JHQHUDWLQJ
V\VWHPV DUH OLVWHG EHORZ�

1)3$ �� r &HQWULIXJDO )LUH 3XPSV ZKLFK KDV VSHFLDO
UHTXLUHPHQWV FRQFHUQLQJ WUDQVIHU VZLWFKHV� V\VWHP
DUUDQJHPHQW DQG PRWRU VWDUWLQJ IRU ILUH SXPSV�

1)3$ �� r 6WDWLRQDU\ &RPEXVWLRQ (QJLQHV DQG *DV
7XUELQHV KDV LQVWDOODWLRQ UHTXLUHPHQWV IRU SULPH
PRYHUV�

1)3$ �� r )ODPPDEOH /LTXLGV� 1)3$ �� r 1DWLRQDO
)XHO *DV &RGH� DQG1)3$ �� r /LTXLG 3HWUROHXP*DV
6WRUDJH DOO GHDO ZLWK IXHO LQVWDOODWLRQV�

��� /RFDWLRQ
2QFH LW KDV EHHQGHWHUPLQHG WKDW D SURMHFWZLOO LQFOXGH
D VWDQGE\ SRZHU V\VWHP� WKRXJKW VKRXOG EH JLYHQ WR
ZKHUH WKH HQJLQHrJHQHUDWRU VHW FDQ EH ORFDWHG WR EHVW
DGYDQWDJH� 5HJDUGOHVV RI WKH W\SH RI SULPH PRYHU
VHOHFWHG IRU WKH JHQHUDWRU� LW ZLOO SURGXFH QRLVH DQG
RGRUV IURP IXHO DQG H[KDXVW� ,Q DGGLWLRQ� H[KDXVW
IXPHV DUH SRLVRQRXV DQG PXVW EH GLVFKDUJHG WR DQ
DUHD ZKHUH WKH\ ZLOO QRW EH LQKDOHG E\ KXPDQV RU
DQLPDOV� ([KDXVW QRLVH FDQ EH VXEVWDQWLDOO\ PXIIOHG
TXLWH HDVLO\� 0HFKDQLFDO QRLVH LV LQKHUHQW ZLWK
HQJLQHV DQG ZLOO YDU\ URXJKO\ ZLWK VL]H IURP ��r���
G%$ PHDVXUHG DW D GLVWDQFH RI VL[ IHHW IURP WKH
HQJLQH�

(QJLQHV� JHQHUDWRUV� DQG FRQWUROV DOO UHTXLUH SHULRGLF
PDLQWHQDQFH DQG VKRXOG EH ORFDWHG LQ DQ DFFHVVLEOH
DUHD� $W OHDVH WKUHH IHHW RI ZRUNLQJ VSDFH VKRXOG EH
DOORZHG RQ DOO VLGHV RI D JHQHUDWRU VHW� &RQVLGHUDWLRQ
VKRXOG EH JLYHQ WRKRZ WKH JHQHUDWRU VHWZLOO EHPRYHG
LQWR SODFH LQLWLDOO\� DV ZHOO DV WKH SRVVLELOLW\ WKDW LW PD\
EH QHFHVVDU\ WR UHPRYH LW IRU UHSDLU RU UHSODFHPHQW�
:KLOH JHQHUDWRU VHWV DUH RIWHQ LQVWDOOHG RXWGRRUV LQ
VKHHW PHWDO HQFORVXUHV� WKLV LV WKH OHDVW GHVLUDEOH
ORFDWLRQ IURP D VHUYLFH DQG UHOLDELOLW\ VWDQGSRLQW�
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$OO W\SHV RI SULPH PRYHUV UHTXLUH VXEVWDQWLDO DLU IRU
FRROLQJ DQG FRPEXVWLRQ� $LU LV DOVR UHTXLUHG WR FRRO
WKH JHQHUDWRU� 9DULRXV HQJLQH FRROLQJ V\VWHP RSWLRQV
DOORZKHDW WR EH FDUULHG DZD\ IURP WKH JHQHUDWRU VHW DV
KRW ZDWHU� EXW VXEVWDQWLDO PLQLPXP DLU UHTXLUHPHQWV
PXVW VWLOO EH EURXJKW WR DQG WDNHQ DZD\ IURP WKH VHW�
$SSUR[LPDWH WRWDO DLU UHTXLUHPHQWV FDQ UDQJH IURP��
WR RYHU ��� FIP SHU N:RI JHQHUDWRU VHW FDSDFLW\� 7KLV
VKRXOG EH FRQVLGHUHG EHIRUH ORFDWLQJ D JHQHUDWRU VHW
LQ D VXErEDVHPHQW RU RWKHU ORFDWLRQ QRW HDVLO\
YHQWLODWHG�

7UDQVIHU VZLWFK ORFDWLRQ LV XVXDOO\ QHDU WKH JHQHUDWRU
VHW EXW V\VWHP SHUIRUPDQFH LV QRW DIIHFWHG E\
VHSDUDWLQJ WKHP� $Q\ ORFDWLRQ DFFHVVLEOH IRU VHUYLFH
ZLOO EH VDWLVIDFWRU\� $V ZLWK JHQHUDWRU VHWV� LQGRRU
ORFDWLRQV DUH SUHIHUUHG� DOWKRXJK ZHDWKHUSURRI
HQFORVXUHV DUH DYDLODEOH� 7KH FRVW RI WKH QHFHVVDU\
FRQGXLW UXQV IURP WKH VZLWFK WR WKH JHQHUDWRU VHW�
QRUPDO VXSSO\� DQG ORDG PD\ EH D GHWHUPLQLQJ IDFWRU
LQ VZLWFK ORFDWLRQ�

$LU 9HQW 6\VWHP RQ $LU &RROHG 6HW

'XFW ZRUN

ZLWK *UDGXDO

%HQG

([KDXVW 0XIIOHU
0RXQWHG ,QVLGH
'XFW

+HDWH
$LU 2

+HDWHG
$LU 2XW

$LU 9HQW
$GDSWHU

$LU ,QOHW
2SHQLQJ

&DQYDV
6HFWLRQ



$�� ����

3ULPH 0RYHU 2SWLRQV

*DV�*DVROLQH )XHOHG 'LHVHO )XHOHG

$LU &RROHG
�6HWV �� N:
DQG VPDOOHU�

/LTXLG &RROHG

&LW\ :DWHU
&RROLQJ

5HPRWH
5DGLDWRU

8QLW 0RXQWHG
5DGLDWRU

3ULPH 0RYHU 2SWLRQV

��� 3ULPH 0RYHU 2SWLRQV
7KHUH DUH VHYHUDO FKRLFHV ZKHQ VHOHFWLQJ WKH SULPH
PRYHU IRU D JHQHUDWRU VHW� ,Q VL]HV EHORZ ���� N:� WKH
PRVW FRVWrHIIHFWLYH FKRLFHV DUH UHGXFHG WR DLU� RU
OLTXLGrFRROHG VSDUN LJQLWLRQ �JDV� RU FRPSUHVVLRQ
LJQLWLRQ �GLHVHO� LQWHUQDOrFRPEXVWLRQ SLVWRQ HQJLQHV�

$LU FRROLQJ LV WKHPRVW VLPSOH DQG HFRQRPLFDO FRROLQJ
V\VWHP� EXW LV UHDGLO\ DYDLODEOH RQO\ RQ JHQHUDWRU VHWV
VPDOOHU WKDQ �� N:� /LTXLG FRROLQJ V\VWHPV LQFOXGH
FLW\ ZDWHU FRROLQJ� UHPRWH UDGLDWRU DQG XQLWrPRXQWHG
UDGLDWRU V\VWHPV� /LTXLG FRROLQJ V\VWHPV KDYH WKH
DGYDQWDJH RI EHLQJ UHDGLO\ DGDSWDEOH WR HQJLQH MDFNHW
ZDWHU KHDWHUV ZKLFK HIIHFWLYHO\ HQVXUH TXLFN HQJLQH
VWDUWV RYHU D ZLGH DPELHQW WHPSHUDWXUH UDQJH� 7KH
FKRLFHV DPRQJ OLTXLG FRROLQJ V\VWHPV PDLQO\ RIIHU
ZD\V WR UHGXFH WKH DPRXQW RI DLU ZKLFK PXVW EH
SURYLGHG GLUHFWO\ WR WKH JHQHUDWRU VHW� &LW\ ZDWHU DQG
UHPRWH UDGLDWRU V\VWHPV UHTXLUHG DSSUR[LPDWHO\ RQH
KDOI WKH WRWDO FRROLQJ DLU RI FRPSDUDEOH XQLWrPRXQWHG
UDGLDWRU V\VWHPV�

7KH 1DWLRQDO (OHFWULFDO &RGH9 UHTXLUHPHQW WKDW D
SULPHPRYHU QRW EH GHSHQGHQW RQ WKHPXQLFLSDO ZDWHU
V\VWHP HOLPLQDWHV WKH FKRLFH RI D FLW\ ZDWHU FRROLQJ
V\VWHP IRU PRVW LQVWDOODWLRQV�

&RPSUHVVLRQ LJQLWLRQ �GLHVHO� HQJLQHV KDYH WKH
DGYDQWDJH RI XVLQJ DQ RQrVLWH IXHO VXSSO\ QRW VXEMHFW

WR UDSLG GHWHULRUDWLRQ� %HORZ ��� NZ GLHVHOV DUH
JHQHUDOO\ PRUH H[SHQVLYH WKDQ VSDUN LJQLWLRQ �JDV�
HQJLQH� DERYH ���NZ WKURXJK���� NZ WKH\ DUH XVXDOO\
ORZHU FRVW�

6SDUN LJQLWLRQ HQJLQHV DUH DYDLODEOH ZLWK IXHO V\VWHPV
VXLWDEOH IRU D YDULHW\ RI OLTXLG DQG JDVHRXV IXHOV� RU
FRPELQDWLRQV RI WKHP� *DVROLQH DV D SULPDU\ IXHO LV
OHDVW GHVLUDEOH VLQFH LW GHWHULRUDWHV ZKHQ VWRUHGPRUH
WKDQ D IHZ PRQWKV� DQG LV KD]DUGRXV� 1DWXUDO JDV DQG
/3 JDV �EXWDQH� SURSDQH RU D PL[WXUH RI ERWK� EXUQ
FOHDQ� GR QRW GHWHULRUDWH� DQG JLYH ORQJHU HQJLQH OLIH
ZLWK OHVV PDLQWHQDQFH WKDQ JDVROLQH LQ WKH VDPH
HQJLQH�

��� &RVW (VWLPDWLQJ
6XJJHVWLRQV IRUPDNLQJ SUHOLPLQDU\ FRVW HVWLPDWHV DUH
QHFHVVDULO\ JHQHUDO DQG LPSUHFLVH� &RVW YDU\
VLJQLILFDQWO\ IURP RQH JHRJUDSKLF DUHD WR DQRWKHU�
7KH FRVW RI DGGLQJ DQ HPHUJHQF\ SRZHU V\VWHP WR DQ
H[LVWLQJ IDFLOLW\ PD\ EH PXFK KLJKHU WKDQ SURYLGLQJ D
FRPSDUDEOH V\VWHP LQ QHZ FRQVWUXFWLRQ�

9



$������

7KH IROORZLQJ l5XOHV RI 7KXPEl VKRXOG EH XVHG ZLWK
GLVFUHWLRQ�

- $W WKLV ZULWLQJ� WKH LQVWDOOHG FRVW RI DQ DXWRPDWLF
VWDQGE\ SRZHU V\VWHP FDQ EH HVWLPDWHG DW
����r���� SHU N:� &RVW WHQG WR EH KLJKHU LI WKH
V\VWHP LV OHVV WKDQ �� N: DQG PD\ EH ORZHU DERYH
��� N:� 7KH HVWLPDWH DVVXPHV JDV IXHO EHORZ ���
N:� GLHVHO DERYH� �6HH ODVW SDUDJUDSK LQ WKLV
VHFWLRQ��

- 7KH DXWRPDWLF WUDQVIHU VZLWFK�HV� XVXDOO\
UHSUHVHQW�V� OHVV WKDQ ��� RI WKH WRWDO FRVW RI DQ
DXWRPDWLF V\VWHP� 0DQXDO VZLWFKHV DUH DYDLODEOH
IRU DSSUR[LPDWHO\ KDOI WKH FRVW RI DXWRPDWLF
VZLWFKHV�

- %HORZ ��� N:� GLHVHO JHQHUDWRU VHWV DUH XVXDOO\ DW
OHDVW ������PRUH H[SHQVLYH WKDQ QDWXUDO� /3 JDV RU
JDVROLQH PRGHOV� $ERYH ��� N:� JDVrSRZHUHG
JHQHUDWRU VHWV PD\ EH ��r���� PRUH H[SHQVLYH
WKDQ FRPSDUDEOH GLHVHOV�

5HJDUGOHVV RI IXHO� JHQHUDWRU VHWV ODUJHU WKDQ
DSSUR[LPDWHO\ ���� N: DUH OLNHO\ WR VLJQLILFDQWO\
PRUH H[SHQVLYH EHFDXVH ���� 530 HQJLQHV DUH QRW
DYDLODEOH LQ ODUJHU VL]HV�

(VWLPDWHG &RVW RI ,QVWDOOHG
$XWRPDWLF 3RZHU 6\VWHP
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7RWDO &RVW RI (PHUJHQF\
3RZHU 6\VWHP

*HQHUDWRU 6HW 	
,QVWDOODWLRQ

���

7UDQVIHU 6ZLWFK ���

&RVW (VWLPDWLQJ l5XOHV RI 7KXPEl
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�� (TXLSPHQW 6L]LQJ

��� 6L]LQJ �6XPPDU\�

7KH ILUVW VWHS LQ VL]LQJ WKH JHQHUDWRU VHW LV WR
GHWHUPLQH ZKDW ORDGV ZLOO EH FRQQHFWHG WR LW� 7KH
FKRLFHV DUH�

- $OO ORDGV LQ WKH SURMHFW�
- 2QO\ ORDGV UHTXLUHG WR EH SURWHFWHG E\ FRGH�
- 6HOHFWHG ORDGV FRQVLGHUHG HVVHQWLDO EXW QRW
UHTXLUHG WR EH SURWHFWHG E\ FRGH�

2QH MXVWLILFDWLRQ IRU FRQQHFWLQJ DOO ORDGV WR D
JHQHUDWRU VHW LV RIWHQ WKDW LW LV PRUH HFRQRPLFDO�
5DWKHU WKDQ SD\ IRU ODERU DQG PDWHULDOV WR LVRODWH
HPHUJHQF\ FLUFXLWV WR RSHUDWH ZLWK D VPDOO JHQHUDWRU
VHW� LW PD\ EH FKHDSHU WR FRQQHFW DOO FLUFXLWV r
HPHUJHQF\ DQG QRQrHPHUJHQF\ r WR D ODUJHU
JHQHUDWRU VHW� 7KLV LV SDUWLFXODUO\ OLNHO\ LQ WKH FDVH RI
DQ DGGLWLRQ WR H[LVWLQJ FRQVWUXFWLRQ�

/RDGV ZKLFK UHTXLUH SURWHFWLRQ DUH OLVWHG LQ WKH
IROORZLQJ 8�6� FRGHV�

- 1DWLRQDO (OHFWULFDO &RGH9� 1)3$ ���
- 6WDQGDUG IRU +HDOWK &DUH )DFLOLWLHV� 1)3$ ���
- /LIH 6DIHW\ &RGH� 1)3$ ����
([DPSOHV RI HVVHQWLDO ORDGV DUH�

- ([LW� VWDLUZD\� DQG FRUULGRU OLJKWLQJ�
- $ODUP V\VWHPV�
- )LUH SXPSV�
- &RPPXQLFDWLRQV V\VWHPV�
- +HDWLQJ V\VWHPV�
- :HOO DQG VXPS SXPSV�
- (OHYDWRUV�
- $XWRPDWLFDOO\ RSHUDWHG GRRUV�

��� /RDG &DOFXODWLRQ

+DYLQJ GHFLGHG ZKDW ORDGV ZLOO EH FRQQHFWHG WR WKH
VWDQGE\ SRZHU V\VWHP� WKH QH[W VWHS LV WR ILQG WKH WRWDO
FRQQHFWHG ORDG LQ NLOR:DWWV� 6HH ��� *HQHUDWRU
6L]LQJ� 7KH WRWDO FDQ EH GHWHUPLQHG ZRUNLQJ HLWKHU
ZLWK:DWWV �:DWWV������ NLORZDWWV� RU DPSHUHV� )RU
VLQJOHrSKDVH V\VWHPV� XVH RQO\ WZR FROXPQV IRU
lSKDVH $l DQG lSKDVH %�l )RU WKUHHrSKDVH V\VWHPV�
XVH DOO FROXPQV� 7RWDO WKH DPSHUHV DQG�RU :DWWV DQG
GHWHUPLQH WKH PD[LPXP UXQQLQJ ORDG DFFRUGLQJ WR
WKH LQVWUXFWLRQV IRU WKH ZRUNVKHHW� 7KH PLQLPXP VL]H
JHQHUDWRU VHW UHTXLUHG LV RQH WKDW ZLOO KDQGOH WKLV
UXQQLQJ ORDG�

9



%�
����

��� 0RWRU /RDGV

0RWRU ORDGV UHTXLUH VSHFLDO FRQVLGHUDWLRQ EHFDXVH
WKH\ FDQ GUDZ VL[rWRrWHQ WLPHV WKHLU IXOO ORDG UXQQLQJ
FXUUHQW GXULQJ VWDUWLQJ� $V WKH SURSRUWLRQ RI WKH WRWDO
HPHUJHQF\ V\VWHP UXQQLQJ ORDG FRQVLVWLQJ RI RQH RU
PRUH PRWRUV DSSURDFKHV ���� LW EHFRPHV OLNHO\ WKDW
WKH JHQHUDWRU VHW ZLOO QHHG WR EH VRPHZKDW RYHUVL]HG
WR DFFRPPRGDWH WKH KLJK LQUXVK FXUUHQW� 7R
GHWHUPLQH ZKHWKHU WKLV LV WKH FDVH� \RX PXVW ILUVW
FDOFXODWH WKH PD[LPXP LQUXVK FXUUHQW �N9$ ORDG� RQ
WKH JHQHUDWRU�

5HIHU WR ����� 0RWRU 6WDUWLQJ 'DWD 7DEOHV� 7DEOH �r�
DQG GHWHUPLQH WKH VWDUWLQJ N9$ UHTXLUHPHQWV RI HDFK
LQGLYLGXDO PRWRU� DVVXPLQJ WKH KRUVHSRZHU DQG FRGH
DUH NQRZQ� ,I WKH FRGH LV QRW NQRZQ� D IUHTXHQW
SUDFWLFH LV WR XVH &RGH * IRU �� KS DQG XS� &RGH +�
���r�� KS� &RGH .� �r� KS� DQG &RGH 0 IRU � KS DQG
VPDOOHU�

$GG WKH VWDUWLQJ N9$ RI DOO PRWRUV WR EH VWDUWHG
VLPXOWDQHRXVO\� WRJHWKHU ZLWK DQ\ RWKHU ORDGV WKDWZLOO
EH FRQQHFWHG WR WKH JHQHUDWRU DW WKH VDPH WLPH� 5HIHU
WR �����0RWRU 6WDUWLQJ'DWD7DEOHV� 7DEOH �r� WR ILQG D
JHQHUDWRU WKDW ZLOO KDQGOH WKH VWDUWLQJ N9$ ORDG ZLWK
DQ DFFHSWDEOH YROWDJH GLS� ,I PRWRUV VWDUW XQORDGHG�
VXFK DV IDQV� FHQWULIXJDO SXPSV DQG
PRWRUrJHQHUDWRUV� DQ LQVWDQWDQHRXV YROWDJH GLS LQ WKH
UDQJH RI ��� VKRXOG EH DFFHSWDEOH� ,I YROWDJH

6WDUWLQJ N9$

� ��� ���
� ��� ����
� ���� ����

��� ���� ����
�� ���� ��
�� ���� ����

�� �� ���
�� ����� ���
�� ��� ���

�� ��� ���
�� ��� ���
�� ��� ���

�� ��� ���
��� ��� ���
��� ��� ���

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

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

6HH 7DEOH �r� IRU
&RPSOHWH 0RWRU
6WDUWLQJ 'DWD

KS &RGH ( &RGH ) &RG
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GLS H[FHHGV ���� PRWRU VWDUWLQJ FRQWDFWRUV DQG
FRQWURO UHOD\V PD\ QRW UHPDLQ FORVHG ORQJ HQRXJK WR
DOORZ WKH PRWRU WR VWDUW� ,I PRWRUV VWDUW ORDGHG� RU LI
VRPH FRQWURO FLUFXLWV NQRZQ WR EH XQXVXDOO\ VHQVLWLYH
WR YROWDJH GLS DUH LQFOXGHG LQ WKH V\VWHP� LW PD\ EH
QHFHVVDU\ WR OLPLW YROWDJH GLS WR �� RU ���� 5DUHO\� LI
HYHU� ZLOO LW EH QHFHVVDU\ WR VL]H D JHQHUDWRU VHW IRU OHVV
WKDQ ��� LQVWDQWDQHRXV YROWDJH GLS� .HHS LQ PLQG
WKDW WKH PD[LPXP YROWDJH GLS ZLOO KDYH D W\SLFDO
GXUDWLRQ RI RQO\ �r� +] ����r��� VHFRQGV�� $IWHU WKDW�
WKH YROWDJH ZLOO UDSLGO\ UHFRYHU WR ��r��� RI UDWHG
YROWDJH HYHQ WKRXJK WKH ORDG PD\ EH DV PXFK DV WZLFH
WKH JHQHUDWRU
V UDWHG N9$� 7KH FRPELQDWLRQ RI
YROWDJH GLS DQG ORZ SRZHU IDFWRU SUHYHQW RYHUORDGLQJ
WKH SULPH PRYHU�

��� 6SHFLDO &RQVLGHUDWLRQV IRU
6LQJOHr3KDVH

:KHQ PXOWLSOH VLQJOHrSKDVH PRWRUV DUH VWDUWHG RQ D
�rSKDVH JHQHUDWRU� VR WKDW WKH\ SUHVHQW DQ
DSSUR[LPDWHO\ EDODQFHG ORDG RQ DOO WKUHH SKDVHV� WKH
VL]LQJ SURFHGXUH LV WKH VDPH DV IRU �rSKDVH PRWRU
ORDGV� �6HH ��� 0RWRU /RDGV��

:KHQ DOO WKH ORDG LV VLQJOHrSKDVH DQG D VLQJOHrSKDVH
FRQQHFWHG JHQHUDWRU LV XVHG� RQO\ ��� RI WKH JHQHUDWRU
ZLQGLQJV DUH HIIHFWLYHO\ XVHG� DQG RQO\ ��� RI WKH

PD[LPXP N9$ ILJXUHV LQ 7DEOH �r� ZLOO EH DYDLODEOH
IURP DQ\ JLYHQ JHQHUDWRU�

/LNHZLVH� LI D ODUJH VLQJOHrSKDVH ORDG LV DSSOLHG WR RQH
�SKDVH WR QHXWUDO� RU WZR SKDVHV RI D �rSKDVH
FRQQHFWHG JHQHUDWRU� DV OLWWOH DV RQHrVL[WK RI WKH
JHQHUDWRUZLQGLQJV RQ'HOWD FRQQHFWLRQV RU RQHrWKLUG
RQ :\H FRQQHFWLRQV PD\ EH HIIHFWLYH�

,Q VHOHFWLQJ WKH SURSHU VL]H JHQHUDWRU VHW� WZR
DGGLWLRQDO SRLQWV VKRXOG EH XQGHUVWRRG�

- 7KH PRWRU VWDUWLQJ FKDUDFWHULVWLFV RI GLIIHUHQW VL]H
JHQHUDWRUV IURP RQH PDQXIDFWXUHU� DV ZHOO DV WKH
VDPH VL]HV IURP GLIIHUHQW PDQXIDFWXUHUV� PD\
GLIIHU JUHDWO\� 6SHFLILFDWLRQV VKRXOG EH ZULWWHQ VR
WKDW WKH JHQHUDWRU VXSSOLHU DVVXPHV UHVSRQVLELOLW\
IRU GHOLYHULQJ VSHFLILHG N9$ DW QR PRUH WKDQ
VSHFLILHG YROWDJH GLS�

- 7KH SULQFLSDO IDFWRU LQ JHQHUDWRU OLIH LV WKHUPDO
DJLQJ RI WKH ZLQGLQJ LQVXODWLRQ� ,W VWDQGV WR UHDVRQ
WKDW LI WKHUH LV OHVV ORDG DSSOLHG WKHUH ZLOO EH OHVV
KHDW GHYHORSHG DQG WKHUHIRUH� WKH ORQJHU WKH
H[SHFWHG OLIH ZLOO EH� 7KLV LV QRW WKH FDVH ZLWK

9
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WKH SULPH PRYHU� (QJLQH OLIH LV UHGXFHG E\ RSHUDWLRQ
DW HLWKHU PD[LPXP RU PLQLPXP ORDGV� DQG RSWLPXP
OLIH ZLOO JHQHUDOO\ EH REWDLQHG ZLWK ORDGV LQ WKH
���r��� UDQJH� 7KHUHIRUH� LW LV LPSRUWDQW WKDW WKH
JHQHUDWRU VHW EH QHLWKHU XQGHUVL]HG QRU RYHUVL]HG�

��� 6SHFLDO $SSOLFDWLRQV

����� 6&5 /RDGV

9DULRXV W\SHV RI ORDGV FRQVLVWLQJ RI 6LOLFRQ&RQWUROOHG
5HFWLILHUV �WK\ULVWRUV� SUHVHQW VSHFLDO SUREOHPV IRU
JHQHUDWRU VHWV� 7KH SUREOHPV DUH JHQHUDWRU VWDWRU
KHDWLQJ DQG LQWHUIHUHQFH ZLWK WKH JHQHUDWRU YROWDJH
UHJXODWLRQ V\VWHP�

7KH PRVW FRPPRQO\ HQFRXQWHUHG 6&5 ORDGV DUH
EDWWHU\ FKDUJHUV� UHFWLILHUV LQ 8QLQWHUUXSWLEOH 3RZHU
6XSSOLHV �836 V\VWHPV�� VROLG VWDWH UHGXFHG YROWDJH
PRWRU VWDUWHUV� DQG YDULDEOH IUHTXHQF\ GULYH PRWRU
VSHHG FRQWUROV� ,Q JHQHUDO� JHQHUDWRUV ZLWK
SHUPDQHQW PDJQHW H[FLWHUV RU SLORW H[FLWHUV SURYLGH
WKH EHVW SHUIRUPDQFH RQ WKLV W\SH RI ORDG� 2WKHU
H[FLWDWLRQ V\VWHPV W\SLFDOO\ UHTXLUH YROWDJH UHJXODWRU
ILOWHULQJ� JHQHUDWRU GHUDWLQJ� RU ERWK� ZKHQ XVHG ZLWK
WKLV W\SH RI ORDG� (YHQ LI WKH JHQHUDWRU LV DEOH WR
PDLQWDLQ VWDEOH YROWDJH DQG IUHTXHQF\� WKH

)LHOG

6WDWRU

([FLWHU
*HQHUDWRU

3KRWR 7UDQVLVWRU
%RDUG

/(' %RDUG 2SWLFDO &RXSOLQJ

$UPDWXUH
)LHOG 0DJQHWV

$&

9ROWDJH

5HJXODWRU

6WDUWLQJ
%DWWHU\�LHV�

6DIHJXDUG %UHDNHU

0DLQ *HQHUDWRU

6&5 $VVHPEO\

.RKOHU )DVW 5HVSRQVH ,, *HQHUDWRU 6FKHPDWLF
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H[WUHPH KDUPRQLF GLVWRUWLRQ RI LWV RXWSXW UHVXOWLQJ
IURP WKH 6&5 VZLWFKLQJ LQ WKH ORDG PD\ FDXVH
SUREOHPV ZLWK WKH ORDG FRQWURO FLUFXLWV� 3DUWLFXODUO\
ZLWK836 V\VWHPV� LW PD\ UHTXLUH D JHQHUDWRU VHW VL]HG
IRU WZR RU WKUHH WLPHV WKH QRPLQDO SRZHU
UHTXLUHPHQWV RI WKH ORDG LQ RUGHU WR DVVXUH
VDWLVIDFWRU\� VWDEOH RSHUDWLRQ� 6SHFLILFDWLRQV IRU
JHQHUDWRU VHWV WR EH XVHG ZLWK DQ 6&5 ORDG VKRXOG
LQFOXGH GHWDLOHG LQIRUPDWLRQ RQ WKH HTXLSPHQW WR EH
RSHUDWHG VR WKH JHQHUDWRU DQG HTXLSPHQW VXSSOLHUV
FDQ FRQVXOW DQGSURYLGH WKH RSWLRQV UHTXLUHG WRHQVXUH
VDWLVIDFWRU\ SHUIRUPDQFH�

����� (OHYDWRUV

0DQ\ VSHFLDO DSSOLFDWLRQVPD\ EH HQFRXQWHUHG� RQH RI
WKHVH LV HOHYDWRUV� 7ZR JHQHUDO W\SHV RI HOHYDWRUV DUH
IUHTXHQWO\ HQFRXQWHUHG r K\GUDXOLF DQG
PRWRUrJHQHUDWRU� 7KHPRWRUrJHQHUDWRU W\SHV XVXDOO\
KDYH ORFNHG URWRU DPSHUHV DV ZHOO DV UXQQLQJ DPSHUHV
JLYHQ� 7KLV PDNHV LW HDV\ WR FDOFXODWH PRWRU VWDUWLQJ
N9$ �9ROWV [ DPSHUHV [ ���� �����  N9$ IRU � SKDVH
SRZHU�� 7KHVH PRWRUV DUH XVXDOO\ IDLUO\ HDV\ WR VWDUW�
KRZHYHU� WKH\ PD\ KDYH VHQVLWLYH FRQWUROV ZKLFK OLPLW
WKH DFFHSWDEOH YROWDJH GLS� $QRWKHU IDFWRU ZKLFK LV D
UHDO FRQFHUQ ZLWK WKLV W\SH RI HOHYDWRU LV UHJHQHUDWLYH
RU lSXPS EDFNl SRZHU ZKHQ WKH HOHYDWRU LV UXQQLQJ

IXOO\ ORDGHGRU VWRSSLQJ� 7KH JHQHUDWRU FDQQRW DEVRUE
PRUH WKDQ DERXW ��� RI UDWLQJ ZLWKRXW RYHUVSHHGLQJ�

$Q\ UHJHQHUDWLYH SRZHU RYHU ���RI WKH JHQHUDWRU VHW
UDWLQJPXVW EH EDODQFHG E\ RWKHU ORDGV RQ WKH VHW DW DOO
WLPHV RU D GXPP\ ORDG RQ WKH VHW ZKHQ UHJHQHUDWLRQ
RFFXUV�

+\GUDXOLF HOHYDWRU DSSOLFDWLRQV PXVW EH FDUHIXOO\
DQDO\]HG� %HFDXVH RI WKH LQWHUPLWWHQW QDWXUH RI WKH
DSSOLFDWLRQ� PRWRUV DUH RIWHQ XVHG DW KLJKHU WKDQ WKHLU
UDWHG SRZHU� )RU WKLV UHDVRQ� LW LV LPSRUWDQW WKDW
PD[LPXP VWDUWLQJ DQG UXQQLQJ DPSHUHV EH NQRZQ�
6RPHK\GUDXOLF HOHYDWRUV KDYH XQORDGLQJ YDOYHVZKLFK
SHUPLW WKH PRWRU WR FRPH XS WR VSHHG EHIRUH SLFNLQJ
XS WKH ORDG� 2WKHUV KDYH WR VWDUW XQGHU IXOO ORDG
WRUTXH FRQGLWLRQ� 7KH ODWWHU W\SH PXVW EH
FRQVHUYDWLYHO\ DSSOLHG WR JHQHUDWRU VHWV� 0DQ\
K\GUDXOLF HOHYDWRUV XVH Z\HrGHOWD UHGXFHG YROWDJH
VWDUWHUV� 6XFK VWDUWHUV FDQ SUHVHQW PDMRU SUREOHPV
XQOHVV WKH FRQWUROV DUH VR DUUDQJHG WKDW WKH PRWRU
FRPHV XS WR QHDUO\ IXOO VSHHG EHIRUH VZLWFKLQJ WR
GHOWD� $ FRPPLWPHQW QHHGV WR EH REWDLQHG IURP WKH
PDQXIDFWXUHU RQ WKH DPSHUH UHTXLUHPHQW DW WKH
VZLWFKLQJ SRLQW�
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��� 'HUDWLQJ

$OO JHQHUDWRU VHWV DUH VXEMHFW WR GHUDWLQJ IRU DOWLWXGH
DQG WHPSHUDWXUH� ,Q DGGLWLRQ� JDVROLQH HQJLQHV DUH
VXEMHFW WR GHUDWLQJ ZKHQ RSHUDWHG RQ IXHOV RWKHU WKDQ
JDVROLQH� QDWXUDO RU /3 JDV�

*HQHUDWRU VHW GHUDWLQJV UHVXOW IURP WKH HIIHFWV RI
UHGXFHG DLU GHQVLW\ LQ ERWK WKH JHQHUDWRU FRROLQJ DQG
HQJLQH FRPEXVWLRQ SURFHVVHV ZKHQHYHU DPELHQW
WHPSHUDWXUH LQFUHDVHV RU DWPRVSKHULF SUHVVXUH
GHFUHDVHV� ,W LV FRPPRQ IRU PDQXIDFWXUHUV WR XVH WKH
VDPH HQJLQH RU JHQHUDWRU RQPRUH WKDQ RQH JHQHUDWRU
VHW ZLWK GLIIHUHQW UDWLQJV� $V D FRQVHTXHQFH� UHVHUYH
HQJLQH DQG�RU JHQHUDWRU FDSDFLW\ ZLOO YDU\ WKH SRLQW DW
ZKLFK JHQHUDWRU VHW GHUDWLQJ EHJLQV� $IWHU WKDW SRLQW�
UDWLQJV� W\SLFDOO\� DUH UHGXFHG �r���� SHU ����� IHHW
HOHYDWLRQ DQG �� SHU ��E) ����E&� LQFUHDVH LQ
DPELHQW WHPSHUDWXUH�

*DVROLQH HQJLQH SRZHU LV W\SLFDOO\ UHGXFHG �� RQ /3
JDV RU ��� RQ QDWXUDO JDV� DOO RWKHU IDFWRUV EHLQJ
HTXDO� 6RPH PDQXIDFWXUHUV RIIHU KLJK FRPSUHVVLRQ
HQJLQHV ZKLFK UHGXFH WKH SRZHU ORVV ZLWK JDVHRXV
IXHOV�

*HQHUDWRU
'HUDWLQJ
)DFWRUV

$PELHQW
7HPSHUDWXUH

(OHYDWLRQ

)XHO
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��� *HQHUDWRU 6L]LQJ

����� *HQHUDWRU 6L]LQJ :RUNVKHHW �%ODQN�

�� �� �� �� �� �� ��

3KDVH $ 3KDVH % 3KDVH &
/RDG �/�� �/�� �/�� 7RWDO 6WDUWLQJ /RDG

'HVFULSWLRQ N: N: N: N: N9$ 6WHS
$PSHUHV $PSHUHV $PSHUHV

7RWDO
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����� ,QVWUXFWLRQV

�� /LVW LQGLYLGXDO ORDG FRPSRQHQWV LQ &ROXPQ ��
,QFOXGH PRWRU KRUVHSRZHU DQG FRGH OHWWHU LI
NQRZQ� ,I RQO\ KRUVHSRZHU LV NQRZQ� XVH DYHUDJH
FRGHV VKRZQ XQGHU ��� 0RWRU /RDGV�

�� )LOO LQ &ROXPQV �� �� DQG � ��rSKDVH V\VWHPV RQO\�
ZLWK DPSHUHV�

D� %DODQFH VLQJOHrSKDVH ORDGV DFURVV DOO SKDVHV RI
�rSKDVH JHQHUDWRUV DV HYHQO\ DV SRVVLEOH�

6LQJOHrSKDVH ORDGV JLYHQ LQ DPSHUHV RU N:� DQG
UHTXLULQJ WKH KLJKHU YROWDJH RI D GXDO YROWDJH
JHQHUDWRU ZLOO ORDG WKH WZR OLQHV RI D VLQJOHrSKDVH
JHQHUDWRU� RU WZR SKDVHV RI D WKUHHrSKDVH
JHQHUDWRU� 6HH )LJXUH ��

6LQJOHrSKDVH ORDGV JLYHQ LQ DPSHUHV RU N:� DQG
UHTXLULQJ WKH ORZHU YROWDJH RI D GXDOrYROWDJH
JHQHUDWRU� ORDG RQH OLQH DQG QHXWUDO RI D
VLQJOHrSKDVH JHQHUDWRU� RU RQH SKDVH DQG QHXWUDO
RI D WKUHHrSKDVH JHQHUDWRU� 6HH )LJXUH �� %DODQFH
���r9ROW VLQJOHrSKDVH ORDGV EHWZHHQSKDVHV $DQG
% RQ VLQJOHrSKDVH JHQHUDWRUV� )LJXUH �� 6LQJOHr3KDVH� +LJK 9ROWDJH /RDG

/�

/�
/�

�� N:
����r$PS�

/RDG

�� +]� �������r9ROW� �r3KDVH� �r:LUH
�� +]� �������r9ROW� �r3KDVH� �r:LUH

/�
/�

/�

/�

�� N:
��r$PS�
/RDG

�� +]� �������r9ROW� �r3KDVH��r:LUH
�� +]� ���r9ROW� �r3KDVH� �r:LUH
�� +]� �������r9ROW� �r3KDVH� �r:LUH
�� +]� �������r9ROW� �r3KDVH� �r:LUH
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/�

/�
/�

�� N:
��r$PS�
/RDG

�� +]� �������r9ROW� �r3KDVH� �r:LUH
�� +]� �������r9ROW� �r3KDVH� �r:LUH /�

/�

/�

/�

�� N:
��r$PS�
/RDG

�� +]� �������r9ROW� �r3KDVH��r:LUH
�� +]� ���r9ROW� �r3KDVH� �r:LUH
�� +]� �������r9ROW� �r3KDVH� �r:LUH
�� +]� �������r9ROW� �r3KDVH� �r:LUH

)LJXUH �� 6LQJOHr3KDVH�
/RZr9ROWDJH /RDG

E� 7KUHHrSKDVH ORDG JLYHQ LQ DPSHUHV ZLOO
DXWRPDWLFDOO\ GLYLGH ZLWK WKH WRWDO ORDG DPSHUHV
DSSHDULQJ RQ HDFK SKDVH�

6LQJOHr3KDVH $PSHUHV  N: [ ����
9ROWV

7KUHHr3KDVH $PSHUHV  N: [ ����
9ROWV [ �

F� )RU PRWRU ORDGV� VHH ����� 0RWRU 6WDUWLQJ 'DWD
7DEOHV� 7DEOH �r� WR FRQYHUW PRWRU KS WR DPSHUHV�

�� (QWHU UXQQLQJ N: LQ &ROXPQ � IRU HDFK
FRPSRQHQW RI ORDG DV IROORZV�

D� 6HH �����0RWRU 6WDUWLQJ'DWD 7DEOHV� 7DEOH �r� IRU
PRWRU ORDGV�

E� 6LQJOHrSKDVH

N:  9ROWV [ $PSHUHV
�����

�%H VXUH WR XVH FRUUHFW YROWDJH GHSHQGLQJ RQ ORDG
FRQQHFWLRQ� VHH )LJXUHV � DQG ���

F� 7KUHHrSKDVH

N:  �9ROWV [ $PSHUHV [

�����
�'R QRW DGG WKH DPSHUHV LQ HDFK SKDVH��

�� 7RWDO WKH N: ILJXUHV LQ &ROXPQ � DW WKH ERWWRP RI
WKH FROXPQ� 7KLV LV WKH WRWDO PD[LPXP UXQQLQJ
ORDG� 7KH JHQHUDWRU VHW UHTXLUHGPXVW KDYH DW OHDVW
WKLV VWDQGE\ N: UDWLQJ DIWHU GHUDWLQJ IRU IXHO�
DOWLWXGH DQG WHPSHUDWXUH FRQGLWLRQV� $ UHVHUYH RI
��rWRr���� IRU SRVVLEOH FKDQJHV RU IXWXUH ORDG
DGGLWLRQV� LV VXJJHVWHG�

��
D� )LOO LQ WKH VWDUWLQJ N9$ ORDGV IRU HDFK PRWRU LQ
&ROXPQ �� 7KHVH FDQ EH WDNHQ GLUHFWO\ IURP 7DEOH
�r� �RI ����� 0RWRU 6WDUWLQJ 'DWD 7DEOHV� RU
FDOFXODWHG IURP ORFNHG URWRU $PSHUHV�

9
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6LQJOHrSKDVH

N9$  9ROWV [ $PSHUHV
�����

7KUHHrSKDVH

N9$  �9ROWV [ $PSHUHV [

�����

E� )RU QRQrPRWRU ORDGV� XVH WKH N: ILJXUHV LQ
&ROXPQ � IRU VWDUWLQJ N9$ LQ &ROXPQ ��

F� 7RWDO WKH ILJXUHV LQ &ROXPQ � DQG HQWHU DW WKH
ERWWRP RI WKH FROXPQ� &RQVXOW 7DEOH �r� �RI �����
0RWRU 6WDUWLQJ 'DWD 7DEOHV� IRU WKH VL]H RI
JHQHUDWRU FDSDEOH RI SURYLGLQJ WKH UHTXLUHG N9$DW
DQ DFFHSWDEOH YROWDJH GLS�

0D[LPXP 6WDUWLQJ N9$�
�r3KDVH� :\Hr&RQQHFWHG

9ROWDJH 'LS�� +]� 6WDQGE\
5DWLQJ 5DQJH

*HQHUDWRU
0RGHO ��� ��� ��� ���

��r���� �.� �� �� ��
�� �/� �� �� ��
��r�� �3� �� �� ��

�� �3� �� ��� ���
��r�� �3� ��� ��� ���
�� �3�� ��� ��� ���

��r�� �6� ��� ��� ���
��� �6� ��� ��� ���
���r��� �6�� ��� ��� ���

��� �8� ��� ��� ���
���r��� �8� ��� ��� ���
��� �8�� ��� ��� ���

���r��� �8�� ��� ��� ���
��� �00�� ��� ��� ���
��� �00�� ��� ��� ���

��� �00�� ��� ��� ���
��� �00�� ��� ��� ���
��� �00�� ��� ��� ����

��� �00�� ��� ���� ����
��� �00�� ��� ���� ����
��� �00�� ��� ���� ����

0RWRU 6WDUWLQJ N9$ IRU .RKOHU *HQHUDWRUV

6HH 7DEOH �r�
IRU &RPSOHWH 0RWRU
6WDUWLQJ N9$ ,QIRUPDWLRQ
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7KH YROWDJH GLSV VKRZQ LQ7DEOH �r� �RI �����0RWRU
6WDUWLQJ 'DWD 7DEOHV� DUH LQVWDQWDQHRXV� ZLWK D
W\SLFDO GXUDWLRQ RI ���r�� 6HF� GHSHQGLQJ RQ WKH
VL]H DQG GHVLJQ RI WKH JHQHUDWRU� 0RVW VWDQGDUG
PDJQHWLFDOO\ KHOG PRWRU VWDUWLQJ FRQWDFWRUV ZLOO
KROG LQ GXULQJDQ LQVWDQWDQHRXV YROWDJH GLS RI XS WR
���� /RZHU YROWDJH GLSV DUH RFFDVLRQDOO\ UHTXLUHG
IRU VRPH W\SHV RI FRQWURO FLUFXLWV� RU VSHFLDOL]HG
HTXLSPHQW VXFK DV ;rUD\ DQG RWKHU PHGLFDO
GLDJQRVWLF PDFKLQHV�

�� ,I WKH VWDUWLQJ N9$ ORDG UHTXLUHV D JHQHUDWRU VHW
PRUH WKDQ ��� ODUJHU WKDQ WKH UXQQLQJ N:
UHTXLUHPHQW� FRQVLGHU DSSO\LQJ WKH ORDG LQ VWHSV�
7KLV FDQ EH DFFRPSOLVKHG LQ VHYHUDO ZD\V�

D� 8VH PXOWLSOH WUDQVIHU VZLWFKHV ZLWK GLIIHUHQW
VHWWLQJV RI WKH WLPH GHOD\ 1RUPDO WR (PHUJHQF\�

E� $GG D ORDG VHTXHQFLQJ FRQWURO WR WKH WUDQVIHU
VZLWFK �6HH ����� 3DUDOOHOLQJ 6ZLWFKJHDU��

F� 3XW LQGLYLGXDO WLPH GHOD\V LQ WKH FRQWUROV RI ORDGV
WR EH VWDUWHG VHTXHQWLDOO\�

�� ,I LW LV QRW SUDFWLFDO WR GLYLGH WKH ORDG� FRQVLGHU WKH
XVH RI UHGXFHG YROWDJH PRWRU VWDUWHUV RQ ODUJH
PRWRUV� RU FRQVXOW ZLWK WKH JHQHUDWRU VXSSOLHU RQ
WKH SRVVLELOLW\ RI SURYLGLQJ DQ RYHUVL]H JHQHUDWRU�
ZLWK WKH HQJLQH UHTXLUHG IRU WKH UXQQLQJ N: ORDG�

9
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����� 0RWRU 6WDUWLQJ 'DWD 7DEOHV

7DEOH �r��

0RWRU 6WDUWLQJ N9$ DQG )XOOr/RDG 5XQQLQJ N: SHU KS

6WDUWLQJ N9$ 5XQQLQJ
N:KS &RGH ( &RGH ) &RGH * &RGH + &RGH - &RGH .

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

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

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

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

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

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

��� ���� ���� ���� ���
��� ���� ���� ���� ���
��� ���� ���� ���� ���
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7DEOH �r��

0RWRU 6WDUWLQJ N9$ IRU .RKOHU *HQHUDWRUV

0D[LPXP 6WDUWLQJ N9$�
�r3KDVH� :\Hr&RQQHFWHG

9ROWDJH 'LS�� +]� 6WDQGE\
5DWLQJ 5DQJH

*HQHUDWRU
0RGHO ��� ��� ��� ���

� �-� �� �� �� ��
����� �.� �� �� �� ��
����� �-� �� �� �� ��

�� �3� �� �� �� ���
����� �3� �� �� ��� ���
�� �3� �� ��� ��� ���

����� �3� ��� ��� ��� ���
�� �3�� ��� ��� ��� ���
��r�� �6� ��� ��� ��� ���

��� �6� ��� ��� ��� ���
������� �6�� ��� ��� ��� ���
��� �8� ��� ��� ��� ���

������� �8� ��� ��� ��� ���
������� �8�� ��� ��� ��� ���
��� �8�� ��� ��� ��� ���

��� �00�� ��� ��� ��� ���
��� �00�� ��� ��� ��� ���
��� �00�� ��� ��� ��� ���

��� �00�� ��� ��� ��� ���
��� �00�� ��� ��� ���� ����
��� �00�� ��� ���� ���� ����

��� �00�� ��� ���� ���� ����
��� �00�� ��� ��� ���� ����
���� �00�� ��� ���� ���� ����

���� �00�� ��� ���� ���� ����
���� �00�� ���� ���� ���� ����
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7DEOH �r��

0RWRU )XOOr/RDG &XUUHQWV �$PSHUHV�

6LQJOHr3KDVH 7KUHHr3KDVH

KS ���r9ROW ���r9ROW ���r9ROW ���r9ROW ���r9ROW
��� ��� ���
��� ��� ���
��� ��� ���

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

�r��� �� �� ��� ��� ���
� �� �� ��� ��� ���
� �� �� ���� ��� ���

� �� �� ���� ���� ���
�r��� �� �� �� �� ��
�� ��� �� �� �� ��

�� �� �� ��
�� �� �� ��
�� �� �� ��

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

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

��� ��� ��� ���
��� ��� ��� ���
��� ��� ��� ���
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����� *HQHUDWRU 6L]LQJ r ([DPSOH

7KLV SURFHGXUDO H[DPSOH ZLOO VL]H D JHQHUDWRU VHW IRU
WKH IROORZLQJ ORDG�

- �� KS� ���r9ROW� �rSKDVH &RGH * HOHYDWRU PRWRU
- �� KS� ���r9ROW� �rSKDVH &RGH * ILUH SXPSPRWRU
- ���r9ROW� �rSKDVH ��� N: KHDWHU
- ���r9ROW� ���r$PS OLJKWLQJ SDQHO
- ���r9ROW� �rSKDVH� ��r$PS GU\HU
- ��r$PS� ���r9ROW� �rSKDVH PLVFHOODQHRXV ORDG

�� /LVW LQGLYLGXDO ORDG FRPSRQHQWV LQ FROXPQ � RI
����� *HQHUDWRU 6L]LQJ :RUNVKHHW r ([DPSOH�

�� )LOO LQ FROXPQV �� �� DQG ��

D� %DODQFH VLQJOHrSKDVH ORDGV RQ SKDVHV RI
WKUHHrSKDVH JHQHUDWRU DV HYHQO\ DV SRVVLEOH�
%DODQFH WKH ���r$PS OLJKWLQJE\ HQWHULQJ��$PSV
HDFK� XQGHU FROXPQV � �3KDVH $� DQG � �3KDVH %��
&RQQHFW WKH ��r$PS GU\HU DFURVV SKDVHV % DQG &
E\ HQWHULQJ �� $PSV LQ FROXPQV � DQG ��

E� 7KUHHrSKDVH ORDG DPSHUHV EDODQFH ZLWK UDWHG
$PSV RQ HDFK SKDVH ��� N: �KHDWHU� $PSV ZRXOG
EH�

��� [ ����  ���� $PSV�
��� [ �

(QWHU ���� LQ FROXPQV �� �� DQG �� )RU WKH
PLVFHOODQHRXV ORDG� HQWHU �� �$PSV� LQ FROXPQV ��
�� DQG ��

F� )RUPRWRU ORDGV� UHIHU WR 7DEOH �r� �RI �����0RWRU
6WDUWLQJ 'DWD 7DEOHV�� )XOOrORDG FXUUHQW RI D
���r9ROW� �� KS PRWRU LV �� DPSV� (QWHU �� $PSV
LQ FROXPQV �� �� DQG �� )XOOrORDG FXUUHQW RI D
���r9ROW� �� KS PRWRU LV ��� $PSV� (QWHU ���
$PSV LQ FROXPQV �� �� DQG ��

�� )LOO LQ FROXPQ � IRU HDFK ORDG FRPSRQHQW DV
IROORZV�

D� )RU PRWRU ORDGV� VHH 7DEOH �r� �RI ����� 0RWRU
6WDUWLQJ 'DWD 7DEOHV�� 7KH �� KS PRWRU UHTXLUHV
���� N: DW IXOO ORDG� WKH �� KS PRWRU� ���� N:�

9
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E� )RU VLQJOHrSKDVH ORDGV

N:  9ROWV [ $PSV
�����

7KXV� IRU WKH OLJKWLQJ ORDG�

��� [ ���  �� N:
����

)RU WKH GU\HU ORDG�

��� [ ��  ��� N:
����

F� )RU WKUHHrSKDVH ORDG�

N:  �9ROWV [ $PSHUHV [

�����

7KXV� IRU WKH PLVFHOODQHRXV ORDG�

���� [ �� [  ��� N:

����

127(
3RZHU IDFWRU KDV EHHQ LJQRUHG LQ WKHVH
FDOFXODWLRQV� VLQFH LW ZLOO QRW VLJQLILFDQWO\ DIIHFW WKH
UHVXOWV LQ PRVW FDVHV�
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.RKOHUÊ ���52=- *HQHUDWRU 6HW

�� 7RWDO WKH ILJXUHV HQWHUHG LQ FROXPQ � r WKH H[DPSOH
WRWDOLQJ �� N:� 7KH JHQHUDWRU VHW PXVW KDYH D
VWDQGE\ UDWLQJ RI �� N:� DIWHU GHUDWLQJ IRU DOWLWXGH�
WHPSHUDWXUH DQG IXHO�

�� )LOO LQ FROXPQ � �VWDUWLQJ N9$� IRU HDFK ORDG
FRPSRQHQW DV IROORZV�

D� 6HH7DEOH �r� �RI �����0RWRU 6WDUWLQJ'DWD7DEOHV�
IRU VWDUWLQJ N9$ UHTXLUHG E\ SDUWLFXODU PRWRUV�
6WDUWLQJN9$IRU WKH ��KS&RGH*PRWRU LV ���� IRU
WKH �� KS� &RGH * PRWRU� ��� N9$�

E� )RU QRQrPRWRU ORDGV� HQWHU WKH N: ILJXUHV IURP
FROXPQ � LQ FROXPQ ��

F� 7RWDO WKH ILJXUHV HQWHUHG LQ FROXPQ � r WKH H[DPSOH
WRWDOLQJ����� N9$� 5HIHUULQJ WR 7DEOH �r� �RI �����
0RWRU 6WDUWLQJ 'DWD 7DEOHV�� D ��� N: JHQHUDWRU
VHW ZRXOG EH UHTXLUHG WR VWDUW DOO ORDGV LQ D VLQJOH
VWHS� 9ROWDJH GLS XSRQ DSSOLFDWLRQ RI WKH IXOO ORDG
ZRXOG EH OHVV WKDQ ����

�� 6LQFH WKH JHQHUDWRU VHW VHOHFWHG LQ VWHS � LV
DSSUR[LPDWHO\ ��� ODUJHU WKDQ WKH UXQQLQJ ORDG
IURP VWHS � ��� N:�� FRQVLGHU DSSO\LQJ WKH ORDG LQ
VWHSV� ,I WKH �� KS PRWRU ZHUH VWDUWHG VHSDUDWHO\�
ZLWK WKH RWKHU ORDGV EHLQJ DSSOLHG HLWKHU EHIRUH RU

DIWHU� WKH PD[LPXP VLQJOHrVWHS ORDG ZRXOG EH ���
N9$� 7KH RWKHU VWHS ZRXOG EH ����� N9$ ���� �
��� � �� � ��� � ����� 5HIHUULQJ WR 7DEOH �r� �RI
����� 0RWRU 6WDUWLQJ 'DWD 7DEOHV�� VKRZV WKDW
HLWKHU D ��� RU ��� N: JHQHUDWRU VHW ZRXOG KDQGOH
WKH WRWDO N9$ ORDG LQ WZR VWHSV� $ ��� N:
JHQHUDWRU VHW ZRXOG EH UHFRPPHQGHG WR SURYLGH
UHVHUYH IRU LQFUHDVH RI LQGLYLGXDO ORDGV DQG�RU
IXWXUH ORDG DGGLWLRQV�

�� 7RWDO WKH $PSHUH ILJXUHV LQ FROXPQV �� �� DQG ��
7KH UDWHG $PSHUHV RI WKH JHQHUDWRU VHOHFWHGPXVW
EH DW OHDVW HTXDO WR WKH KLJKHVW RI WKH WKUHH FROXPQ
WRWDOV�

9



%��
����

����� *HQHUDWRU 6L]LQJ :RUNVKHHW r ([DPSOH

7RWDO

�� �� �� �� �� �� ��

/RDG
'HVFULSWLRQ

3KDVH $
�/��
N:
$PSHUHV

3KDVH %
�/��
N:
$PSHUHV

3KDVH &
�/��
N:
$PSHUHV

7RWDO
N:

6WDUWLQJ
N9$

/RDG
6WHS

�� KS� &RGH * ��r$ ��r$ ��r$ ���� ��� �����

�� KS� &RGH * ���r$ ���r$ ���r$ ���� ��� ���

��� N: +HDWHU ����r$ ����r$ ����r$ ��� ���

/LJKWLQJ

'U\HU

0LVFHOODQHRXV

��r$ �� ����r$

��r$ ��r$ ��� ���

��r$ ��r$ ��r$ ��� ���

�����r$ �����r$ �����r$ �� �����
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6WDWLFr([FLWHG *HQHUDWRU

*HQHUDWRU
)LHOG

*HQHUDWRU 6WDWRU

([FLWHU
5HJXODWRU

/RDG

�� *HQHUDWRU 'HVLJQ DQG $SSOLFDWLRQ

*HQHUDWRUV IXUQLVKHG IRU WKH VWDQGE\�SULPH PDUNHW
DUH QRZ DOPRVW XQLYHUVDOO\ VDOLHQW SROH� URWDWLQJ ILHOG
W\SHV� 9HU\ OLWWOH YDULDWLRQ H[LVWV LQ WKH $&
SRZHUrSURGXFLQJ SDUW RI WKH PDFKLQH� :KHQ ZH
FRPH WR H[FLWDWLRQ V\VWHPV� KRZHYHU� D JUHDW QXPEHU
RI YDULDWLRQV KDYH EHHQ XVHG� :H ZLOO GLVFXVV IRXU
EDVLF W\SHV� ZKLFK DUH FRPPRQO\ VHHQ LQ WKH LQGXVWU\
WRGD\�

��� 6WDWLF ([FLWHG �([FLWHU 5HJXODWRUV�

7KLV V\VWHP UHFWLILHV $& SRZHU IURP WKH RXWSXW RI WKH
JHQHUDWRU DQG VHQGV D FRQWUROOHG '& FXUUHQW WR WKH
URWDWLQJ ILHOG WKURXJK EUXVKHV�FROOHFWRU ULQJV� 7KLV
H[FLWHU FDQEH RI DPDJQHWLF DPSOLILHU W\SH� KRZHYHU� LW
LV XVXDOO\ DQ 6&5 EULGJH FRQWUROOHG E\ D VROLG VWDWH
YROWDJH UHJXODWRU FLUFXLW� 7KLV V\VWHP LV TXLWH IDVW
RSHUDWLQJ DQG FDQ EH GHVLJQHG WR KDYH H[FHOOHQW ORDG
UHVSRQVH DQG YROWDJH UHJXODWLRQ�

.RKOHU
V SDWHQWHG 3RZHU%RRVW; IHDWXUHV DXWRPDWLF
YROWDJH FRQWURO DQG LQWHJUDO WUDQVLHQW YROWDJH
SURWHFWLRQ� ,W HPSOR\V DQ VHSDUDWH DX[LOLDU\ ZLQGLQJ
�LQGHSHQGHQW RI WKH PDLQ RXWSXW� WR SRZHU WKH ILHOG
GXULQJ IOXFWXDWLRQV FDXVHG E\ ORDGrRQ�ORDGrRII

VLWXDWLRQV� 7KLV V\VWHP SURYLGHV H[FHOOHQW PRWRU
VWDUWLQJ DELOLW\ DQG PDLQWDLQV YLUWXDOO\ FRQVWDQW
YROWDJH�

'LVDGYDQWDJHV RI VWDWLF H[FLWHG GHVLJQV DUH IRXQG LQ
WKH URWRU FROOHFWRU ULQJV DQG EUXVKHV� 7KHVH
FRPSRQHQWV DUH VXEMHFW WR URXWLQH PDLQWHQDQFH�

��� :RXQGr)LHOG %UXVKOHVV ([FLWHG

7KHPRVW FRPPRQ W\SH RI JHQHUDWRU IRXQG WRGD\� XVHV
D VDOLHQW SROH H[FLWHU ZLWK ILHOG FRLOV ZRXQG RQ HDFK
SROH� 7KLV V\VWHP XVHV D YROWDJH UHJXODWRU ZKLFK
VXSSOLHV D UHJXODWHG '& FXUUHQW WR WKH H[FLWHU ILHOG E\
PHDQV RI UHFWLI\LQJ D VPDOO DPRXQW RI WKH $& RXWSXW
IURP WKH JHQHUDWRU� 7KH V\VWHP XVHV D VROLG VWDWH
YROWDJH UHJXODWRU DQG LV LPPXQH IURP WKH ODUJH SRZHU
VSLNHV LQKHUHQW LQ WKH VWDWLF H[FLWHGrW\SH PDFKLQH� ,W
LV DOVR FRPSOHWHO\ EUXVKOHVV� ,W LV VHOIrSURWHFWLQJ RQ
VKRUW FLUFXLW RU H[WUHPH RYHUORDG� DV WKH JHQHUDWRU
YROWDJH FROODSVHV�
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EXW OHDYHV FRQQHFWHG ORDGV ZLWKRXW SRZHU� 7KH FKLHI
GLVDGYDQWDJH RI WKLV W\SH V\VWHP LV WKDW LW KDV WKH
LQKHUHQW WLPH FRQVWDQW RI WKH H[FLWHU ILHOG� ZKLFK
PDNHV LW FRQVLGHUDEO\ VORZHU LQ UHFRYHU\ WLPH�
FRPSDUHG WR WKH VWDWLF H[FLWHGrW\SH�

:KLOH WKLV W\SH PDFKLQH LV VHOIrSURWHFWLQJ� LW ZLOO QRW
VHOHFWLYHO\ WULS EUDQFK FLUFXLW EUHDNHUV EHFDXVH RI LWV
FROODSVLQJ YROWDJH FKDUDFWHULVWLF�

$ YDULDWLRQ RI WKH FRQYHQWLRQDO EUXVKOHVV GHVLJQ
GHVFULEHG DERYH XVHV D SLORW SHUPDQHQW PDJQHW
H[FLWHU WR VXSSO\ WKH ILHOG LQ SODFH RI WKH JHQHUDWRU
RXWSXW� 7KLV DOORZV WKH JHQHUDWRU WR VXSSRUW VKRUW
FLUFXLW FXUUHQWV DQG KDV WKH DGGHG DGYDQWDJH RI
PDNLQJ WKH YROWDJH UHJXODWRU UHODWLYHO\ LPPXQH WR WKH
HIIHFWV RI 6&5 ORDG LQGXFHG KDUPRQLFV� VLQFH WKH
UHJXODWRU LV FRQQHFWHG WR WKH ORDG RQO\ IRU VHQVLQJ�
7KLV GHVLJQ LV XVHG RQ .RKOHU JHQHUDWRU VHWV ���r����
N:�

:RXQG )LHOG %UXVKOHVV ([FLWHG *HQHUDWRU

([FLWHU
$UPDWXUH

)LHOG
5HFWLILHU

*HQHUDWRU
)LHOG

*HQHUDWRU 6WDWRU

/RDG
9ROWDJH
5HJXODWRU

([FLWHU
)LHOG

3LORW ([FLWHU
)LHOG

([FLWHU
$UPDWXUH )LHOG

5HFWLILHU

*HQHUDWRU
)LHOG

*HQHUDWRU
6WDWRU

/RDG

6HQVLQJ

9ROWDJH
5HJXODWRU

([FLWHU
)LHOG

3LORW
([FLWHU
6WDWRU

:RXQG )LHOG %UXVKOHVV ([FLWHG *HQHUDWRU ZLWK
3LORW ([FLWHU
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3HUPDQHQW 0DJQHW %UXVKOHVV ([FLWHG� 6&5 %ULGJH &RQWUROOHG *HQHUDWRU

/LJKW
(PLWWLQJ
'LRGH

3KRWR
7UDQVLVWRU

([FLWHU
$UPDWXUH

6&5
%ULGJH

*HQHUDWRU
)LHOG

*HQHUDWRU 6WDWRU

/RDG
9ROWDJH
5HJXODWRU

([FLWHU
)LHOG

0DJQHW

��� 3HUPDQHQW 0DJQHW ([FLWHG� 6&5
%ULGJH &RQWUROOHG

7KH IRXUWK W\SH H[FLWDWLRQ V\VWHP XVHV D SHUPDQHQW
PDJQHW H[FLWHU ZLWK D URWDWLQJ 6&5 �WK\ULVWRU�rW\SH
EULGJH� ZKLFK FRQWUROV WKH DPRXQW RI WKH '& FXUUHQW
IHG WR WKH JHQHUDWRU ILHOG� 7KLV W\SH RI V\VWHP XVHV D
YROWDJH UHJXODWRU� ZKLFK VLJQDOV WKH URWDWLQJ 6&5
EULGJH WKURXJK DQ RSWLFDO FRXSOLQJ� 7KH YROWDJH
UHJXODWRU VHQVHV WKH RXWSXW YROWDJH RI WKH JHQHUDWRU
DQG WXUQV D VWDWLRQDU\ /(' �OLJKW HPLWWLQJ GLRGH� RQ
RU RII� GHSHQGLQJ XSRQ WKH OHYHO RI WKH RXWSXW YROWDJH�
7KH /(' LVPRXQWHG RQ WKH HQG RI WKH JHQHUDWRU VKDIW
RSSRVLWH D SKRWR WUDQVLVWRU� ZKLFK URWDWHV RQ WKH VKDIW�
7KH SKRWR WUDQVLVWRU SLFNV XS WKH VLJQDO IURP WKH /('
DQG WHOOV WKH 6&5 URWDWLQJ EULGJH WR WXUQ RQ RU RII�
GHSHQGLQJ XSRQ WKH QHHG� DV GLFWDWHG E\ WKH YROWDJH
UHJXODWRU� 7KLV W\SH JHQHUDWRU KDV D YROWDJH UHFRYHU\
WLPH VHYHUDO WLPHV IDVWHU WKDQ WKH FRQYHQWLRQDO ZRXQG
ILHOG EUXVKOHVV JHQHUDWRU� EHFDXVH LW GRHV QRW KDYH WKH
LQGXFWDQFH RI WKH H[FLWHU ILHOG WR FRQWHQG ZLWK� ,W
FRPELQHV WKH IDVW UHVSRQVH FKDUDFWHULVWLFV RI WKH VWDWLF
H[FLWHU JHQHUDWRU ZLWK WKH VKRUW FLUFXLW FXUUHQW
VXVWDLQLQJ FDSDELOLW\ DQG UHODWLYH LPPXQLW\ WR ORDG
LQGXFHG KDUPRQLFV RI WKH SLORW H[FLWHU GHVLJQ� .RKOHU
&R� KROGV WKH SDWHQW RQ WKH 6&5 EULGJH
FRQWUROOHGrW\SH JHQHUDWRU� DQG KDV EHHQ IXUQLVKLQJ LW

VLQFH ����� .RKOHU JHQHUDWRUV �� N: WKURXJK ��� N:
XVH WKLV SULQFLSOH�

��� %URDGr5DQJH *HQHUDWRUV

0RVW RI WKH JHQHUDWRUV IXUQLVKHG LQ WKH LQGXVWU\ WRGD\
DUH RI WKH EURDG UDQJH� ��rOHDG W\SH� 7KH ZLQGLQJ LV
EDVLFDOO\ D WKUHHrSKDVH ZLQGLQJ� ZLWK HDFK SKDVH
ZRXQG LQ WZR VHFWLRQV� 7KH JHQHUDWRU LV DEOH WR
IXQFWLRQ SURSHUO\ RYHU WKH UDQJH RI ��� WR ���rYROWV
SHU VHFWLRQ� )RU VXFK D ZLQGLQJ� D JHQHUDWRU FDQ EH
FRQQHFWHG IRU VHUYLFH LQ �������rYROW� �������rYROW�
WKUHHrSKDVH :\H� �������rYROW� WKUHHrSKDVH 'HOWD�
DQG ������� YROW� VLQJOHrSKDVH� �� +] V\VWHPV� ,W FDQ
DOVR EH XVHG IRU ��� RU ���rYROW� �� +] V\VWHPV� 7KLV
IOH[LELOLW\ HQDEOHV WKH JHQHUDWRU WR EH XVHG ZLWK WKH
JUHDW PDMRULW\ RI V\VWHPV LQ WKH ZRUOG� 7KH RQO\
VL]DEOH H[FHSWLRQ LV WKH ���rYROW V\VWHP XVHG LQ
&DQDGD� 6HSDUDWH ���rYROW ZLQGLQJV DUH XVHG IRU WKH
ODWWHU DSSOLFDWLRQ�

9



& �
����

%\ WKH XVH RI GXDOrVFDOH PHWHUV DQG WKUHH FXUUHQW
WUDQVIRUPHUV� WKH YROWDJHV DQG FXUUHQWV RQ DQ\ RI WKH
V\VWHPV FDQ DOVR EH PHDVXUHG ZLWKRXW FKDQJLQJ
FXUUHQW WUDQVIRUPHU FRQQHFWLRQV RU UDWLRV� 7KH
DUUDQJHPHQW RI WKHVH FRQQHFWLRQV IRU RQH VHULHV RI
JHQHUDWRUV LV VKRZQ LQ )LJXUH �� 6RPH YDULDWLRQ LQ WKH
FRQQHFWLRQV GRHV RFFXU EHWZHHQ VHULHV RI JHQHUDWRUV�
WKHUHIRUH� WKH FRQQHFWLRQ JXLGH IXUQLVKHG ZLWK WKH
JHQHUDWRU VKRXOG DOZD\V EH XVHG�

��� *HQHUDWRU 5DWLQJV

7KH EDVLF VWDQGDUG IRU JHQHUDWRU UDWLQJV LV 1(0$
0*r�� 3DUWV �� DQG ��� $OPRVW DOO JHQHUDWRUV
IXUQLVKHG WRGD\ XVH &ODVV ) RU &ODVV + LQVXODWLRQ� ,Q
DQ DPELHQW RI ���E) ���E&�� &ODVV ) LQVXODWLRQ DOORZV
D WHPSHUDWXUH ULVH RI ���E) ����E&� IRU VWDQGE\ DQG
���E) ����E&� FRQWLQXRXV�

&ODVV + LQVXODWLRQ DOORZV D WHPSHUDWXUH ULVH RI ���E&
FRQWLQXRXV RI ���E& VWDQGE\� .RKOHU JHQHUDWRUV XVH
&ODVV + LQVXODWLRQ EXW DUH UDWHG DFFRUGLQJ WR WKH
WHPSHUDWXUH ULVH OLPLWV RI &ODVV ) LQVXODWLRQ� 7KH
WHPSHUDWXUH ULVH RI WKH ZLQGLQJV LV PHDVXUHG E\ WKH
UHVLVWDQFH PHWKRG� LQ ZKLFK WKH UHVLVWDQFH RI WKH
ZLQGLQJ DW WKH FROG WHPSHUDWXUH LV FRPSDUHG WR WKH
UHVLVWDQFH ZKHQ WKH JHQHUDWRU KDV UHDFKHG VWDELOL]HG
WHPSHUDWXUH� ,I WKH JHQHUDWRU
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ZHUH RSHUDWHG DW PD[LPXP DPELHQW WHPSHUDWXUH DQG
DW UDWHG ORDG FRQWLQXRXVO\� WKH SURMHFWHG OLIH IRU WKH
FRQWLQXRXV UDWLQJ LV ������ KRXUV� 6XFK ORDG
FRQGLWLRQV DUH YLUWXDOO\ QRQrH[LVWHQW� 7KHUHIRUH� LW LV
REYLRXV WKDW JHQHUDWRU ZLQGLQJ VWDQGDUGV DUH YHU\
FRQVHUYDWLYH� ,Q IDFW� JHQHUDWRUV DOPRVW QHYHU IDLO
IURPEHLQJRSHUDWHG DW UDWHG ORDG� *HQHUDWRUZLQGLQJ
IDLOXUHV UHVXOW IURP HQYLURQPHQWDO FRQGLWLRQV� D
ZHDNQHVV LQ WKH ZLQGLQJ� FRQWLQXRXV RYHUORDG� RU ORDG
XQEDODQFH�

��� /RDG $SSOLFDWLRQ LQ 8QEDODQFHG
7KUHHr3KDVH 'HOWD 6\VWHPV

*HQHUDWRUV ZKLFK DUH XVHG LQ D V\VWHP KDYLQJ D
FRPELQDWLRQ RI VLQJOHrSKDVH DQG WKUHHrSKDVH ORDGV
DUH VXVFHSWLEOH WR ORDG XQEDODQFH� 7KUHHrSKDVH ORDGV
DUH VHOIrEDODQFLQJ� KRZHYHU� VLQJOHrSKDVH ORDGV PXVW
EH FDUHIXOO\ SODQQHG DQG GLVWULEXWHG EHWZHHQ WKH
SKDVHV WR REWDLQ EDODQFHG YROWDJHV DQG SUHYHQW
RYHUORDGLQJ RQH RU WZR SKDVHV� 7KLV LV D IDLUO\ VLPSOH
WKLQJ WR GR IRU :\H FRQQHFWHG JHQHUDWRUV� KRZHYHU�
ZKHQ WKH WKUHHrSKDVH ������� YROW 'HOWD V\VWHP LV
XVHG� D FRPSURPLVH PXVW EH PDGH� ,Q JHQHUDO� ORDGV
VKRXOG EH DUUDQJHG VXFK WKDW WKH FXUUHQW UDWLQJ RI WKH
JHQHUDWRU LV QRW H[FHHGHG RQ DQ\ SKDVH�

:KHQ FDOFXODWLQJ WKUHHrSKDVH V\VWHPV� LW LV RIWHQ
DVVXPHG WKDW WKH ORDGV WR EH FDUULHG ZLOO EH HYHQO\
EDODQFHG�

7KH SUREOHP LV� H[SHULHQFH SURYHV WKH RSSRVLWH� 0RVW
RI WKH V\VWHPV HQFRXQWHUHG KDYH XQEDODQFHG ORDGV�
7KH PRVW JODULQJ H[DPSOH RI WKLV LV WKH ������� YROW
WKUHHrSKDVH 'HOWD V\VWHP XVHG IRU FRPELQDWLRQV RI
��� YROW DQG ��� YROW� VLQJOHrSKDVH ORDGV DQG ��� YROW�
WKUHHrSKDVH ORDGV� 8QEDODQFH LV IXQGDPHQWDO LQ WKLV
W\SH RI V\VWHP� VXFK DV D VXSHUPDUNHWZLWK OLJKWLQJDQG
FDVK UHJLVWHUV RQ VLQJOHrSKDVH DQG UHIULJHUDWLRQ DQG
IUHH]HU PRWRUV RQ WKUHHrSKDVH�

,I JHQHUDWRU PDQXIDFWXUHUV KDG WKHLU SUHIHUHQFH� WKDW
W\SH RI V\VWHP ZRXOG QRW EH XVHG� +RZHYHU� ZH RIWHQ
ILQG RXUVHOYHV FRQIURQWHG ZLWK VXSSO\LQJ SRZHU WR DQ
H[LVWLQJ ORDG RI WKLV W\SH�

,W LV UHODWLYHO\ VLPSOH IRU WKH V\VWHP GHVLJQHU
FRQQHFWLQJ KLV ORDG WR D XWLOLW\ WR VHOHFW WKUHH
VLQJOHrSKDVH WUDQVIRUPHUV� RQH RI ZKLFK LV PDGH ODUJH
HQRXJK WR KDQGOH WKH VLQJOHrSKDVH ORDG� %XW WKH
VXSSOLHU RI VWDQGE\ SRZHU IRU VXFK D V\VWHP KDV

9
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D SUREOHP� 7KH WKUHHrSKDVH ZLQGLQJV RI D JHQHUDWRU
DUH DOO HTXDO LQ VL]H� DQG KH KDV YHU\ OLWWOH FRQWURO RYHU
WKH ORDG� +H ZRXOG SUHIHU D VPDOO VLQJOHrSKDVH ORDG
DQG D ODUJHU WKUHHrSKDVH ORDG� EXW WKDW VLWXDWLRQ LV
UDUHO\ HQFRXQWHUHG�

7KHUH DUH DFWXDOO\ WZR SUREOHPV� 2QH� KRZ WR DYRLG
GDPDJH WR WKH JHQHUDWRU IURP WKH XQEDODQFHG ORDG�
DQG WZR� KRZ WR DYRLG GDPDJLQJ WKUHHrSKDVH PRWRUV
FRQQHFWHG WR V\VWHPV ZLWK XQEDODQFHG ORDGV"

)LJXUH � VKRZV D VL[rZLQGLQJ 'HOWD FRQQHFWHG
JHQHUDWRU ZLWK WKUHHrSKDVH WHUPLQDOV /�� /�� DQG /��
DQG D JURXQGHG QHXWUDO DW /�� 6LQJOHrSKDVH ���rYROW
ORDGV DUH FRQQHFWHG WR /� DQG /� VKRZQ DW $ DQG
VLQJOHrSKDVH ���rYROW ORDGV DUH FRQQHFWHG DV VKRZQDW
% DQG &� :LWKRXW JRLQJ LQWR WKH PDWKHPDWLFV RI WKH
JHQHUDWRU� VRPH WKLQJV DUH REYLRXV IURP ORRNLQJ DW
WKH GLDJUDP� /RDG $ LV VXSSOLHG QRW RQO\ IURP WKH
ZLQGLQJV EHWZHHQ /� DQG /� DQG /� DQG /� EXW DOVR
WKRVH EHWZHHQ /� DQG /� DQG /� DQG /�� &XUUHQW LV
KLJKHU LQ WKH/�DQG/� OHJ� EXW WKH V\VWHP LV QRWXQOLNH
WKH 'RXEOH 'HOWD V\VWHP ZKLFK LV IUHTXHQWO\ XVHG IRU
VLQJOHrSKDVH JHQHUDWRU FRQQHFWLRQ�
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/�

'
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$
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)LJXUH �� 8QEDODQFHG 'HOWD /RDG &RQQHFWLRQ
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$ ELJJHU SUREOHP FRPHV ZKHQ ORDGV DUH VXSSOLHG� DV
DW % RU &� ,I ORDG LV DSSOLHG DW %RQO\ ZLWK QRWKLQJ DW&�
LW LV REYLRXV WKDW WKH ORDG PXVW EH VXSSOLHG E\ RQH RI
WKH VL[ FRLOV RI WKH JHQHUDWRU� DQG WKLV PHDQV WKDW LV
ZRXOG EH YHU\ HDV\ WR RYHUORDG WKDW SDUW RI WKH
JHQHUDWRU�

,I D EDODQFLQJ ORDG LV FRQQHFWHG DW &� WKH SUREOHP LV
OHVV VHYHUH� (TXDO ORDGV DW % DQG & DFW WKH VDPH DV
ORDG $� 7KXV� WKH ILUVW SUHFDXWLRQ LV WR PDNH FHUWDLQ
WKDW ORDGV DW % DQG & DUH DV QHDUO\ HTXDO DV
SUDFWLFDEOH� &DUHIXO DWWHQWLRQ WR WKHVH ���rYROW
FLUFXLW ORDG EDODQFHV ZLOO DYRLG JHQHUDWRU GDPDJH� ,Q
DQ\ HYHQW� WKH WRWDO VLQJOHrSKDVH SOXV WKUHHrSKDVH
FXUUHQW RQ WHUPLQDO /� RU /� VKRXOG QRW H[FHHG WKH
FXUUHQW UDWLQJ RI WKH JHQHUDWRU�

8S WR WKLV SRLQW� ZH KDYH HQFRXQWHUHG QR SUREOHPV
ZLWK IXUQLVKLQJ VDWLVIDFWRU\ SRZHU WR WKH ORDGV� :KHQ
ZH FRPH WR WKH WKUHHrSKDVH ORDGV� KRZHYHU� DV DW '�
ZH GR KDYH D SUREOHP ZKLFK ZH FDQ GR YHU\ OLWWOH
DERXW� 1(0$0*�� 6HFWLRQ ������ UHFRPPHQGV WKDW
PRWRU YROWDJH XQEDODQFH VKRXOG QRW H[FHHG ��� :LWK
VLQJOHrSKDVH ORDGV HTXDO WR KDOI WKH UDWLQJ RI WKH
JHQHUDWRU RIWHQ HQFRXQWHUHG LQ WKHVH V\VWHPV� WKH
YROWDJH XQEDODQFH LQ WKH WKUHHrSKDVH OLQHV LV OLNHO\ WR
EH VHYHUDO WLPHV ��� 1(0$ SUHVFULEHV D GHUDWLQJ
V\VWHP ZKHUHE\ WKH PRWRU PXVW EH GHUDWHG LI
XQEDODQFHG YROWDJHV H[LVW� VR LW GRHVQ
W RYHUKHDW� $W

�� XQEDODQFH� WKH GHUDWH LV ���� 7KH FXUUHQW
XQEDODQFH DW QRUPDO RSHUDWLQJ VSHHG LV VWDWHG WR EH VL[
WR WHQ WLPHV WKH YROWDJH XQEDODQFH�

$V ZH EHFRPH PRUH FRQVFLRXV RI PRWRU HIILFLHQFLHV�
WKLV VLWXDWLRQ PD\ EHFRPH PRUH FULWLFDO DV GHVLJQHUV
ZLOO WHQG WR RSHUDWH PRWRUV DW QHDU WR WKHLU IXOO ORDG
UDWLQJ� 7KH RQO\ WKLQJ WKDW WKH JHQHUDWRU VXSSOLHU FDQ
GR WR DOOHYLDWH WKLV SUREOHP LV WR VXSSO\ DQ RYHUVL]HG
JHQHUDWRU� (YHQ WKUHHrSKDVH VHQVLQJ RQ WKH YROWDJH
UHJXODWLRQ GRHV QRW KHOS EDODQFH WKH YROWDJHV� ,I
VLQJOHrSKDVH ORDGV DUH YHU\ KHDY\ DQG LI WKH
WKUHHrSKDVH PRWRUV LQYROYHG DUH ORDGHG XS WR WKHLU
UDWLQJ� WKH DOWHUQDWLYH RI DQ RYHUVL]HG JHQHUDWRU LV
UHFRPPHQGHG�

9
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,Q D QXWVKHOO� WKH EDVLF SRLQWV WR UHPHPEHU DUH WKHVH�

- %DODQFH WKH ORDGV EHWZHHQ % DQG &

- 7U\ WR NHHS WKH VLQJOHrSKDVH ORDGV WR OHVV WKDQ ���
RI WKH UDWLQJ RI WKH JHQHUDWRU

- .HHS WKH OLQH FXUUHQW DW DQ\ RI WKH WKUHH WHUPLQDOV�
SDUWLFXODUO\ WHUPLQDOV /� DQG /�� ZLWKLQ WKH
FXUUHQW UDWLQJ RI WKH JHQHUDWRU� DQG

- 'RQRW ORDG FRQQHFWHGPRWRUV EH\RQG���RI WKHLU
IXOO ORDG UDWLQJ�

��� $SSO\LQJ *HQHUDWRU 6HWV WR
0RWRU /RDGV

0RWRU VWDUWLQJ LV RQH RI WKHPDMRU DSSOLFDWLRQV RI ERWK
SULPH SRZHU DQG VWDQGE\ JHQHUDWRU VHWV�

7KH EDVLF FKDUDFWHULVWLF RI PRWRU ORDGV WKDW FDXVHV
GLIILFXOW\ LV WKDW PRWRUV GUDZ VWDUWLQJ FXUUHQWV ZKHQ
VWDUWHG DW IXOO YROWDJH� $ W\SLFDO PRWRU� LI WKHUH LV VXFK
D WKLQJ� GUDZV DSSUR[LPDWHO\ VL[ WLPHV LW
V UDWHG IXOO
ORDG FXUUHQW ZKHQ VWDUWLQJ� DQG FRQWLQXHV WR GR GR
ZLWK RQO\ D VOLJKW UHGXFWLRQ XQWLO LW UHDFKHV DERXW ���
RI UDWHG VSHHG�

&RGH * 0RWRU

6WDUWLQJ
/RDG

5XQQLQJ /RDG
$IWHU 5HDFKLQJ ���
RI 5DWHG 6SHHG

6WDUWLQJ YV 5XQQLQJ /RDGV

/RFNHG 5RWRU ,QGLFDWLQJ &RGH /HWWHUV

&RGH
/HWWHU

.LORYROWr$PSHUHV
SHU +RUVHSRZHU
ZLWK /RFNHG 5RWRU

$ � r ����� � � � � � � � � � � � �
% ���� r ����� � � � � � � � � � � � �
& ���� r ����� � � � � � � � � � � � �
' ��� r ����� � � � � � � � � � � � �
( ��� r ����� � � � � � � � � � � � �
) ��� r ����� � � � � � � � � � � � �
* ��� r ����� � � � � � � � � � � � �
+ ��� r ����� � � � � � � � � � � � �
- ��� r ����� � � � � � � � � � � � �
. ��� r ����� � � � � � � � � � � � �
/ ��� r ����� � � � � � � � � � � � �
0 ���� r ������ � � � � � � � � � � �
1 ���� r ������ � � � � � � � � � � � �
3 ���� r ������ � � � � � � � � � � � �
5 ���� r ������ � � � � � � � � � � � �
6 ���� r ������ � � � � � � � � � � � �
7 ���� r ������ � � � � � � � � � � � �
8 ���� r ������ � � � � � � � � � � � �
9 ���� r DQG XS� � � � � � � � � � � � �
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1DWLRQDO (OHFWULFDO 0DQXIDFWXUHU
V
$VVRFLDWLRQ 0RWRU 'HVLJQ &RGH

7KH N9$ UHTXLUHG E\ D PRWRU VWDUWLQJ DW IXOO YROWDJH LV
TXLWH FORVH WR WKH kORFNHG URWRU N9$l UHTXLUHPHQW RI
WKH PRWRU� ZKLFK LV XVXDOO\ IDLUO\ HDVLO\ GHWHUPLQHG
HLWKHU IURP WKH DFWXDO PRWRU
V QDPHSODWH RU IURP WKH
PDQXIDFWXUHU� 7KH 1DWLRQDO (OHFWULFDO
0DQXIDFWXUHU
V $VVRFLDWLRQ �1(0$� VHWV GHVLJQ
VWDQGDUGV IRU PRWRUV� DQG KDV HVWDEOLVKHG D 1(0$
&RGH OHWWHU GHVLJQDWLRQ WR FODVVLI\ PRWRUV E\ WKH UDWLR
RI ORFNHG URWRU N9$ SHU KRUVHSRZHU� 7KHVH FRGH
OHWWHUV UDQJH IURP $ WR 9� FRYHULQJ PRWRUV ZLWK D
ORFNHG URWRU N9$ SHU KRUVHSRZHU RU PRUH�

6PDOO PRWRUV FRPPRQO\ KDYH D KLJKHU 1(0$ &RGH
OHWWHU DQG FRUUHVSRQGLQJ KLJKHU ORFNHG URWRU N9$SHU
KRUVHSRZHU UHTXLUHPHQW WKDQ ODUJH PRWRUV� 7\SLFDO
PRWRU VL]HV DQG FRGHV DUH�

/RFNHG 5RWRU
6L]H &RGH N9$�+3
�r� +3 / RU 0 �r��
� +3 . �r�
� +3 - �r�
���r�� +3 + �r�
�� +3 DQG XS * ���r���

)UDFWLRQDO KRUVHSRZHU PRWRUV XVXDOO\ KDYH HYHQ
KLJKHU ORFNHG URWRU N9$ UHTXLUHPHQWV�

,Q WU\LQJ WR LGHQWLI\ PRWRUV� WKH 1(0$ &RGH OHWWHU
VKRXOG QRW EH FRQIXVHG ZLWK WKH 1(0$'HVLJQ OHWWHU
ZKLFK UHIHUV WR WKH PRWRU
V WRUTXH FXUYH�

6LQFH WKH N9$ UHTXLUHPHQWV RI D PRWRU UXQQLQJ DW IXOO
ORDG DQG UDWHG VSHHG DUH QRUPDOO\ VRPHZKDW OHVV WKDQ
RQH N9$ SHU KRUVHSRZHU H[FHSW IRU VPDOO PRWRUV� LW
ZRXOG EH YHU\ LQHIILFLHQW WR VL]H D JHQHUDWRU VHW E\
PDWFKLQJ LWV UDWHG FRQWLQXRXV RU VWDQGE\ N9$ WR WKH
PRWRU
V ORFNHG URWRU RU VWDUWLQJ N9$ UDWLQJ� 6HYHUDO
IDFWRUV FRPELQH WR PDNH WKLV FRQVHUYDWLYH DSSURDFK
XQQHFHVVDU\�

2QH RI WKHVH LV SRZHU IDFWRU� 7KUHH SKDVH JHQHUDWRU
VHWV DUH XVXDOO\ UDWHG LQ N9$ DW ��� SRZHU IDFWRU� 7KH
DFWXDO SRZHU IDFWRU RI D JLYHQ PRWRU ORDG GXULQJ
VWDUWLQJ LV GLIILFXOW� LI QRW LPSRVVLEOH WR PHDVXUH VLQFH
LW LV FKDQJLQJ FRQVWDQWO\� 9DULRXV VRXUFHV SXW LW LQ WKH
UDQJH RI ��� WR ���� $ W\SLFDO JHQHUDWRU VHWZLOO SURGXFH
VRPHZKHUH QHDU WZLFH LWV FRQWLQXRXV UDWHG N9$ DW ���
SRZHU IDFWRU IRU WKH WLPH UHTXLUHG WR DFFHOHUDWH D
PRWRU WR WKH VSHHG DW ZKLFK LWV N9$ UHTXLUHPHQW
GURSV VKDUSO\� 7KH HQJLQH GRHV QRW VWDOO HYHQ WKRXJK
WKH JHQHUDWRU VHW LV GHOLYHULQJ PRUH WKDQ UDWHG N9$�
EHFDXVH RQO\ VOLJKWO\ PRUH KRUVHSRZHU LV UHTXLUHG IRU
UHGXFHG JHQHUDWRU HIILFLHQF\ RQ ORZ SRZHU IDFWRU
ORDGV� VHH )LJXUH ��

9
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7KLV JHQHUDWRU FKDUDFWHULVWLF HQDEOHV VDWLVIDFWRU\
PRWRU VWDUWLQJ UHVXOWV ZLWK JHQHUDWRUV KDOI WKH VL]H�
ZKLFK ZRXOG WKHRUHWLFDOO\ EH UHTXLUHG XVLQJ WKH PRVW
FRQVHUYDWLYH DSSURDFK RI PDWFKLQJ WKH JHQHUDWRU ���
SRZHU IDFWRU N9$ UDWLQJ WR WKH PRWRU ORFNHG URWRU
N9$ UDWLQJ�

7KH RWKHU IDFWRU ZKLFK FDQ VXEVWDQWLDOO\ UHGXFH WKH
VL]H JHQHUDWRU VHW QHHGHG IRU D SDUWLFXODU PRWRU ORDG
LV YROWDJH GLS� 9DOXHV IRU PRWRU ORFNHG URWRU FXUUHQW
RU N9$ DUH EDVHG RQ IXOO YROWDJH VWDWLQJ� ,Q SUDFWLFH�
WKHUH LV DOZD\V VRPH YROWDJH GLS HYHQZKHQ VWDUWLQJRQ
XWLOLW\ SRZHU� :KHQ YROWDJH GURSV� FXUUHQW DOVR LV
UHGXFHG SURSRUWLRQDWHO\ VR WKDW VWDUWLQJ N9$ LV
UHGXFHG DV WKH VTXDUH RI WKH YROWDJH GLS� $ ���
YROWDJH GLS UHGXFHV N9$ E\ DERXW ��� ���� YROWV [ ���
DPSV�  ���� N9$��

7KH YROWDJH GLS IRU D JLYHQPRWRU ORDG RQ D SDUWLFXODU
JHQHUDWRU VHW GRHV QRW FKDQJH ZLWKRXW PRGLILFDWLRQ WR
RQH RU WKH RWKHU� $W OHDVW IRU WKH ILUVW IHZ F\FOHV� LW LV
GHWHUPLQHG E\ WKH VL]H RI WKH ORDG �ORFNHG URWRU N9$
GUDZ� DQG WKH DPRXQW RI FRSSHU DQG LURQ LQ WKH
JHQHUDWRU� 7KH SUREOHP RI VHOHFWLQJ DJHQHUDWRU IRU D
SDUWLFXODU ORDG FDQ EH FRQVLGHUHG DV D SUREOHP RI
GHWHUPLQLQJ ZKDW YROWDJH GLS ZLOO EH DFFHSWDEOH�
FRQVLGHULQJ LWV HIIHFW RQ DOO FRPSRQHQWV LQ WKH V\VWHP�

)LJXUH �� (QJLQH 3RZHU 5HTXLUHG IRU /RZ
3RZHU )DFWRU /RDG

+3

$036 25 .9$

��� 3RZHU )DFWRU  ��� +3 )DFWRU
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2SHQ 7UDQVLVWLRQ 9V� FORVHG 7UDQVLVWLRQ 6WDUWHUV

9ROWDJH GLS KDV LPSRUWDQW HIIHFWV RQ PRWRU ORDGV
WKHPVHOYHV� DVLGH IURP DQ\ SRVVLEOH HIIHFWV RQ RWKHU
HTXLSPHQW LQ DQ HPHUJHQF\ V\VWHP� 2QH LV WKDW
H[FHVVLYH YROWDJH GLS ZLOO FDXVH FRQWURO UHOD\V RU
PDJQHWLFDOO\ KHOG PRWRU VWDUWLQJ FRQWDFWRUV WR GURS
RXW� ,I WKLV KDSSHQV� WKH FRQWDFWRU RU UHOD\ RSHQLQJ
LPPHGLDWHO\ UHPRYHV WKH ORDG IURP WKH JHQHUDWRU�
FDXVLQJ YROWDJH WR ULVH� DQG WKH F\FOH UHSHDWV UDSLGO\�
7KLV FDQ GDPDJH FRQWDFWRUV LI DOORZHG WR FRQWLQXH�
7\SLFDOO\� PRVW FRQWURO UHOD\V DQG PRWRU VWDUWLQJ
FRQWDFWRUV ZLOO VWDQG D ��� YROWDJH GLS� 7KHUH DUH
H[FHSWLRQV KRZHYHU� ZKHUH UHOD\V RU FRQWDFWRUV ZLOO
FKDWWHU LI VXEMHFWHG WR PRUH WKDQ D ��� GLS� 7R DVVXUH
VDWLVIDFWRU\ RSHUDWLRQ WKH YROWDJH OLPLWDWLRQV RI
FRQWURO FRPSRQHQWV VKRXOG EH REWDLQHG IURP WKHLU
PDQXIDFWXUHUV RU VXSSOLHUV�

7KH VHFRQG HIIHFW RI YROWDJH GLS ZKLFKPD\ GHWHUPLQH
ZKHWKHU D JHQHUDWRU ZLOO VXFFHVVIXOO\ VWDUW D PRWRU LV
WKDW LW UHGXFHV WKH WRUTXH DYDLODEOH IURP WKHPRWRU� $
FRPPRQ 1(0$ 'HVLJQ % PRWRU ZLOO GHYHORS ����
RI UDWHG IXOO ORDG WRUTXH GXULQJ VWDUWLQJ� 7RUTXH LV
SURSRUWLRQDO WR WKH N9$GHOLYHUHG WR WKHPRWRU� VR WKH
VDPH ��� YROWDJH GLS WKDW UHGXFHV N9$ WR ��� RI WKH
UDWHG ORFNHG URWRU YDOXH UHGXFHV WRUTXH WR ��� RI LWV
UDWLQJ DW DQ\ JLYHQ VSHHG DQG ���� YROWDJH� ,I WKH
PRWRU VWDUWV XQORDGHG DVPRVW IDQV� FHQWULIXJDO SXPSV
DQG PRWRUrJHQHUDWRUV XVHG ZLWK HOHYDWRUV GR� WKLV
SURGXFHV QR SUREOHP RWKHU WKDQ D VRPHZKDW ORQJHU

DFFHOHUDWLRQ WLPH� 2WKHU W\SHV RI ORDGV VXFK DV
SRVLWLYH GLVSODFHPHQW SXPSV PD\ UHTXLUH PRUH
WRUTXH WKDQ WKHPRWRU FDQ GHYHORS DW UHGXFHG YROWDJH�
DQG WKHPRWRU ZLOO QRW FRPH XS WR VSHHG� 7R EH VXUH RI
D VXFFHVVIXO VWDUW RQ WKHVH DSSOLFDWLRQV� LW LV QHFHVVDU\
WR FRPSDUH WKH WRUTXH FXUYHV RI WKH SXPS DQG WKH
PRWRU� FRUUHFWLQJ WKH ODWWHU IRU WKH HIIHFW RI WKH
H[SHFWHG YROWDJH GLS�

����� 5HGXFHG 9ROWDJH 0RWRU 6WDUWHUV

7KH KLJK LQUXVK FXUUHQW DQG KLJK VWDUWLQJ WRUTXH
DVVRFLDWHG ZLWK DFURVVrWKHrOLQH VWDUWLQJ RI PRWRUV
PD\ FUHDWH SUREOHPVZLWK WKH HTXLSPHQW GULYHQ E\ WKH
PRWRU RU REMHFWLRQV IURP WKH SRZHU FRPSDQ\�
5HGXFHG YROWDJH VWDUWHUV DUH XVHG WR VROYH WKHVH
SUREOHPV�

9
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7KHUH DUH YDULRXV W\SHV RI UHGXFHG YROWDJH VWDUWHUV�
DQG WKHLU XVH VRPHWLPHV DOORZV VXFFHVVIXO VWDUWLQJ RI D
JLYHQ PRWRU RQ D VPDOOHU JHQHUDWRU VHW WKDQ ZRXOG
RWKHUZLVH EH WKH FDVH� 0RVW VXFK VWDUWHUV LQYROYH
DSSO\LQJ WKH ORDG WR WKH SRZHU VRXUFH LQ WZR RU PRUH
VWHSV� 7KH VWDUWHUV DUH lRSHQl RU lFORVHGl WUDQVLWLRQ
W\SH GHSHQGLQJ RQ ZKHWKHU WKH ORDG LV PRPHQWDULO\
GLVFRQQHFWHG IURP WKH SRZHU VRXUFH EHWZHHQ VWHSV�
2SHQ WUDQVLWLRQ VWDUWHUV DUH RI QR YDOXH LQ UHGXFLQJ
YROWDJH GLS ZKHQ WKH SRZHU VRXUFH LV D JHQHUDWRU VHW�
7KH PD[LPXP GLS DW WKH WUDQVLWLRQ FDQ EH KLJKHU WKDQ
WKH PD[LPXP VWDUWLQJ WKH VDPH PRWRU
DFURVVrWKHrOLQH�

7KLV LV EHFDXVH WKHPRWRU DFWV DV D JHQHUDWRU� IRU D IHZ
F\FOHV DIWHU SRZHU LV UHPRYHG� XQWLO WKH UHVLGXDO
YROWDJH GHFD\V� :KHQ WKHPRWRU LV UHFRQQHFWHG WR WKH
SRZHU VRXUFH WKH HIIHFW LV WKH VDPH DV FRQQHFWLQJ WZR
JHQHUDWRUV RXWrRIrSKDVH r KLJK LQUXVK FXUUHQW�
&ORVHG WUDQVLWLRQ VWDUWHUV GR UHGXFH WKH PD[LPXP
YROWDJH GLS� EXW WKH DPRXQW RI UHGXFWLRQ GHSHQGV RQ
WKH VSHHG RI WKH PRWRU DW WKH WLPH RI WUDQVLWLRQ� 7R
NHHS WKH YROWDJH GLS WR D PLQLPXP� LW LV LPSRUWDQW WR
DOORZ DV PXFK WLPH IRU WKH PRWRU WR DFFHOHUDWH DV
SRVVLEOH EHIRUH PDNLQJ WKH WUDQVLWLRQ� 7KH VWDUWHUV
XVXDOO\ KDYH DQ DGMXVWDEOH WLPH GHOD\ IRU WKLV SXUSRVH�
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3ULPDU\ 5HVLVWRU 6WDUWLQJ DW ��� /LQH 9ROWDJH

)XOO 9ROWDJH 6WDUWLQJ

)XOO /RDG
6SHHG0RWRU 6SHHG

����� 7\SHV RI 5HGXFHG 9ROWDJH 6WDUWHUV

3ULPDU\ 5HVLVWRU 6WDUWLQJ

,Q WKLV W\SH RI VWDUWHU� UHVLVWRUV DUH FRQQHFWHG LQ WKH
PRWRU OLQHV WR SURGXFH D YROWDJH GURSGXH WR WKHPRWRU
VWDUWLQJ FXUUHQW� $ WLPLQJ UHOD\ LV FRQQHFWHG WR VKRUW
RXW WKH UHVLVWRUV DIWHU PRWRU DFFHOHUDWLRQ� 7KH PRWRU
VWDUWV DW UHGXFHG YROWDJH DQG RSHUDWHV DW IXOO YROWDJH�
7KHVH VWDUWHUV SURYLGH YHU\ VPRRWK VWDUWLQJ GXH WR
LQFUHDVLQJ YROWDJH DFURVV WKH PRWRU WHUPLQDOV DV WKH
PRWRU DFFHOHUDWHV� 6LQFH PRWRU FXUUHQW GHFUHDVHV DV
VSHHG LQFUHDVHV� WKH YROWDJH GURS DFURVV WKH UHVLVWRU LV
OHVV DV WKH PRWRU DSSURDFKHV UDWHG VSHHG� :KHQ WKH
UHVLVWRU LV VKRUWHG RXW ZKHQ WKH PRWRU LV QHDUO\ DW
UDWHG VSHHG� WKHUH LV OLWWOH LQFUHDVH LQ FXUUHQW RU
WRUTXH� 6WDQGDUG SULPDU\ UHVLVWRU VWDUWHUV SURYLGH
RQH VWHSRI UHVLVWDQFHZLWK DERXW ���RI OLQH YROWDJHDW
WKH PRWRU WHUPLQDOV DW WKH WLPH WKH VWDUWLQJ FRQWDFWV
FORVH� /LQH FXUUHQW LV DOVR UHGXFHG WR DERXW ��� RI
UDWHG ORFNHG URWRU FXUUHQW DQG DERXW ��� RI UDWHG
ORFNHG URWRU WRUTXH LV DYDLODEOH�

0D[LPXP LQUXVK N9$ LV DOVR OLPLWHG WR DERXW ��� RI
WKHPRWRU
V UDWHG ORFNHG URWRU N9$� %HFDXVH WKLV W\SH
RI VWDUWHU LQFUHDVHV WKH SRZHU IDFWRU RI WKH PRWRU
VWDUWLQJ ORDG� ZH ILQG WKDW LW IUHTXHQWO\ RYHUORDGV WKH
HQJLQH RQ WKH JHQHUDWRU VHW� 8VH RI UHVLVWDQFH VWDUWHUV
RQ JHQHUDWRU VHWV LV W\SLFDOO\ QRW UHFRPPHQGHG�

3ULPDU\ 5HDFWRU 6WDUWLQJ

7KLV W\SH RI VWDUWHU XVHV UHDFWRUV FRQQHFWHG LQ WKH
PRWRU OLQHV WR UHGXFH VWDUWLQJ SRZHU UHTXLUHPHQWV�
7KHVH VWDUWHUV SURYLGH D ORZ SRZHU IDFWRU ORDG� EXW
PXVW EH GHVLJQHG WR PDWFK WKH FKDUDFWHULVWLFV RI WKH
SDUWLFXODU PRWRU EHLQJ VWDUWHG�

3ULPDU\ UHDFWRU VWDUWHUV UHGXFH WKH VWDUWLQJ N9$ ORDG
E\ ��r��� DQG UHGXFH WKH VWDUWLQJ WRUTXH DYDLODEOH
IURP WKH PRWRU E\ ��r���� :KHQ SURSHUO\ DSSOLHG�
WKHVH VWDUWHUV ZRUN ZHOO ZLWK JHQHUDWRU VHWV�

:\Hr'HOWD 6WDUWLQJ

6RPH PRWRUV KDYH � OHDGV ZKLFK DOORZ WKHP WR EH
FRQQHFWHG LQ HLWKHU Z\H RU GHOWD� :KHQ Z\H
FRQQHFWHG� WKH PRWRU KDV D YROWDJH UDWLQJ ���� RI LWV
GHOWD YROWDJH UDWLQJ� %\ FRQQHFWLQJ WKH PRWRU ZLQGLQJ
LQ WKH Z\H FRQILJXUDWLRQ DQG XVLQJ D YROWDJH VRXUFH
FRUUHVSRQGLQJ WR WKH GHOWD UDWLQJ� VWDUWLQJ FXUUHQW DQG
WRUTXH DUH UHGXFHG� 7KH VWDUWHU LV QRW
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WUXO\ D UHGXFHG YROWDJH W\SH� EXW WKH HIIHFW LV WKH VDPH�
:\HrGHOWD VWDUWHUV DUH XVXDOO\ RSHQ WUDQVLWLRQ W\SH�
2Q WKH LQLWLDO VWDUW� WZR FRQWDFWRUV FORVH� RQH WR
FRQQHFW WKH ZLQGLQJV LQ Z\H DQG RQH WR HQHUJL]H WKHP�
$IWHU D WLPH GHOD\ WKH Z\H FRQWDFWRU RSHQV DQG WKLUG
FRQWDFWRU FORVHV WR UHFRQQHFW WKHPRWRU LQ GHOWD� :LWK
WKH PRWRU FRQQHFWHG LQ Z\H� ERWK VWDUWLQJ WRUTXH DQG
FXUUHQW DUH ��� RI WKH GHOWD FRQQHFWLRQ YDOXHV�

%HFDXVH RI WKH KLJK FXUUHQW LQKHUHQW ZLWK WKH RSHQ
WUDQVLWLRQ� WKH PD[LPXP YROWDJH GLS RQ D JHQHUDWRU
VHW LV QRW LPSURYHG RYHU QRUPDO IXOO YROWDJH VWDUWLQJ�
6SHFLDO FORVHG WUDQVLWLRQ VWDUWHUV DUH DYDLODEOH ZKLFK
ZLOO UHGXFH WKH PD[LPXP LQUXVK FXUUHQW DQG N9$ WR
DSSUR[LPDWHO\ ���RI WKHPD[LPXP VWDUWLQJ WKH VDPH
PRWRU DFURVVrWKHrOLQH� GHOWD FRQQHFWHG� %HFDXVH RI
WKH YHU\ ORZ VWDUWLQJ WRUTXH� WKH WLPH WR WKH WUDQVLWLRQ
SRLQW PXVW EH UHODWLYHO\ ORQJ WR DYRLG KLJK FXUUHQWV DW
WKDW SRLQW�

3DUW :LQGLQJ 6WDUWLQJ

3DUW:LQGLQJ VWDUWHUV DUH XVHGZLWKPRWRUV KDYLQJ WZR
LGHQWLFDO ZLQGLQJV LQWHQGHG WR EH FRQQHFWHG LQ
SDUDOOHO� 7KHVHZLQGLQJV FDQEH HQHUJL]HG LQ VHTXHQFH
WR SURYLGH UHGXFHG VWDUWLQJ FXUUHQW DQG WRUTXH� :KHQ
RQH ZLQGLQJ LV HQHUJL]HG� WKH WRUTXH LV DERXW ��� RI
lERWK ZLQGLQJl UDWLQJ� DQG OLQH FXUUHQW LV ��r����
GHSHQGLQJ RQ PRWRU GHVLJQ�

3DUW :LQGLQJ 6WDUWLQJ
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)XOO /RDG
6SHHG

0RWRU 6SHHG

3DUW :LQGLQJ 6WDUWLQJ

)XOO 9ROWDJH 6WDUWLQJ
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)LJXUH �� 3DUW :LQGLQJ� :\Hr'HOWD� 3ULPDU\ 5HVLVWRU RU $XWRWUDQVIRUPHU 6WDUWLQJ
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)XOO /RDG &XUUHQW

:\Hr'HOWD 6WDUWLQJ

$XWRWUDQVIRUPHU 6WDUWLQJ RQ ��� 7DS

3DUW :LQGLQJ 6WDUWLQJ

3ULPDU\ 5HVLVWRU 6WDUWLQJ DW ��� RI /LQH 9ROWDJH

)XOO 9ROWDJH 6WDUWLQJ

)XOO
/RDG
6SHHG

3DUW ZLQGLQJ VWDUWHUV DUH QRW WUXO\ UHGXFHG YROWDJH
VWDUWHUV� EXW WKH HIIHFW LV VLPLODU� 6LQFH WKH\ DUH
LQKHUHQWO\ FORVHG WUDQVLWLRQ� WKH PD[LPXP LQUXVK
FXUUHQW RFFXUV DW WKH PRPHQW WKH ILUVW ZLQGLQJ LV
HQHUJL]HG DQG WKH PD[LPXP LQUXVK N9$ ORDG RQ D
JHQHUDWRU VHW ZLOO EH ��r��� RI WKH QRUPDO
DFURVVrWKHrOLQH UDWLQJ RI WKH VDPH PRWRU�

$XWRr7UDQVIRUPHU 6WDUWLQJ

7KLV W\SH RI VWDUWHU JHQHUDOO\ JLYHV WKH EHVW UHVXOWV ZLWK
JHQHUDWRU VHWV� 7KH VWDUWHU SURYLGHV UHGXFHG YROWDJH
DW WKH PRWRU WHUPLQDOV IURP D WDSSHG �rSKDVH
DXWRrWUDQVIRUPHU� 7DSV RQ WKH WUDQVIRUPHU SURYLGH
VHOHFWLRQ RI ��� ��� RU �� SHUFHQW RI OLQH YROWDJH WR WKH
PRWRU WHUPLQDOV LQLWLDOO\� 6WDUWLQJ WRUTXH LV UHGXFHG
WR ���� ���� RU ��� RI WKH IXOO YROWDJH YDOXH EXW
EHFDXVH RI WUDQVIRUPHU DFWLRQ OLQH FXUUHQW DQG N9$
DUH UHGXFHG LQ WKH VDPH DPRXQWV� GHSHQGLQJ RQ WKH
WUDQVIRUPHU WDS VHOHFWHG�

6XPPDU\

)LJXUH � VKRZV WKH YDULRXV W\SHV RI UHGXFHG YROWDJH
VWDUWHUV DQG VXPPDUL]HV WKHLU UHODWLYH DGYDQWDJHV DQG
GLVDGYDQWDJHV� )LJXUH � VKRZV WKH LQUXVK FXUUHQW
FKDUDFWHULVWLFV RI WKH YDULRXV W\SHV RI VWDUWHUV RQ D
VLQJOH JUDSK IRU FRPSDULVRQ�

%HFDXVH WKHUH ZLOO VWLOO EH VRPH YROWDJH GLS ZKHQ WKH
PRWRU LV VWDUWHG RQ D JHQHUDWRU VHW� DQG WKDW GLS

IXUWKHU UHGXFHV DYDLODEOH WRUTXH� LW XVXDOO\ LV QRW
SUDFWLFDO WR XVH WKH ��� WDS ZLWK D JHQHUDWRU VHW�
&ORVHG WUDQVLWLRQ W\SH DXWRWUDQVIRUPHU UHGXFHG
YROWDJH VWDUWHUV FDQ EH KHOSIXO ZKHQ VWDUWLQJ ODUJH
PRWRUV RQ JHQHUDWRU VHWV�
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7\SH RI 6WDUWHU
3HUFHQW RI

)XOO 9ROWDJH 9DOXHV $GYDQWDJHV 'LVDGYDQWDJHV

9ROWDJH
DW 0RWRU

/LQH
&XUUHQW

6WDUWLQJ
7RUTXH

$XWRWUDQVIRUPHU 7DSV
�� �� ��
�� �� ��
�� �� ��

�� 3URYLGHV KLJKHVW WRUTXH
SHU DPSHUH RI OLQH
FXUUHQW�

�� 7DSV RQ DXWRWUDQVIRUPHU
SHUPLW DGMXVWPHQWV RI
VWDUWLQJ YROWDJH�

�� 6XLWDEOH IRU ORQJ VWDUWLQJ
SHULRGV�

�� &ORVHG WUDQVLWLRQ
VWDUWLQJ�

�� :KLOH VWDUWLQJ� PRWRU
FXUUHQW LV JUHDWHU WKDQ
OLQH FXUUHQW�

�� /RZ SRZHU IDFWRU�

�� ,Q ORZHU +3 UDWLQJV�
LV PRVW H[SHQVLYH
GHVLJQ�

3ULPDU\
5HVLVWRU

�� 6PRRWK DFFHOHUDWLRQ r
PRWRU YROWDJH LQFUHDVHV
ZLWK VSHHG�

�� &ORVHG WUDQVLWLRQ
VWDUWLQJ�

�� /HVV H[SHQVLYH WKDQ
DXWRWUDQVIRUPHU VWDUWHU
LQ ORZHU +3 UDWLQJV�

�� $YDLODEOH ZLWK DV PDQ\
DV � DFFHOHUDWLQJ SRLQWV�

�� /RZ WRUTXH HIILFLHQF\�
�� 5HVLVWRU JLYHV RII
KHDW�

�� 6WDUWLQJ WLPH LQ
H[FHVV RI � VHFRQGV
UHTXLUHV H[SHQVLYH
UHVLVWRU�

�� 6WDUWLQJ YROWDJH
GLIILFXOW WR DGMXVW WR
PHHW YDU\LQJ
FRQGLWLRQV�

�� +LJK SRZHU IDFWRU
GXULQJ VWDUW�

3DUW :LQGLQJ �� /HDVW H[SHQVLYH
UHGXFHG YROWDJH VWDUWHU

�� &ORVHG WUDQVLWLRQ
VWDUWLQJ�

�� 0RVW GXDO YROWDJH
PRWRUV FDQ EH VWDUWHG
SDUW ZLQGLQJ RQ ORZHU RI
WZR YROWDJHV�

�� 6PDOO VL]H�

�� 8QVXLWHG IRU KLJK
LQHUWLD� ORQJ VWDUWLQJ
SHULRGV�

�� 5HTXLUHV VSHFLDO
PRWRU GHVLJQ IRU
YROWDJHV KLJKHU WKDQ
��� 9�

:\Hr'HOWD �� 0RGHUDWH FRVW r OHVV
WKDQ SULPDU\ UHVLVWRU RU
DXWRWUDQVIRUPHU�

�� 6XLWDEOH IRU KLJK LQHUWLD�
ORQJ DFFHOHUDWLRQ ORDGV�

�� +LJK WRUTXH HIILFLHQF\�

�� 5HTXLUHV VSHFLDO
PRWRU GHVLJQ�

�� 6WDUWLQJ WRUTXH LV ORZ�
�� ,QKHUHQWO\ RSHQ
WUDQVLWLRQ r FORVHG
WUDQVLWLRQ DYDLODEOH DW
DGGHG FRVW�

)LJXUH �� 5HGXFHG 9ROWDJH 6WDUWHUV $SSOLFDWLRQ 'DWD

�� �� ��

��� �� ��

��� ��� ���� ��� ����
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.RKOHUÊ ���52=' *HQHUDWRU 6HW

�� 6HOHFWLQJ *HQHUDWRU 6HW 0RGHO DQG $FFHVVRULHV

��� )XHO 6\VWHPV

7KH FKRLFH RI IXHO V\VWHP IRU D JHQHUDWRU VHW ZLOO EH
LQIOXHQFHG E\ WKH VL]H DV GHWHUPLQHG LQ WKH SUHYLRXV
VHFWLRQV� 8S WR ��� N:� VSDUN LJQLWLRQ HQJLQHV
�JDVROLQH� QDWXUDO� RU /3 JDV IXHOHG� DUH VXEVWDQWLDOO\
OHVV H[SHQVLYH WKDQ FRPSUHVVLRQ LJQLWLRQ �GLHVHO�
HQJLQHV� $ERYH ��� N:� DQG WKURXJK ���� N:� WKH
VLWXDWLRQ UHYHUVHV DQG WKH IHZ VSDUN LJQLWLRQ HQJLQHV
DYDLODEOH DUH DV PXFK DV WZLFH WKH FRVW RI FRPSDUDEOH
GLHVHOV� &RPSDUDWLYH DGYDQWDJHV DQG GLVDGYDQWDJHV
RI WKH DYDLODEOH IXHO V\VWHPV DUH GHVFULEHG LQ WKH
IROORZLQJ SDUDJUDSKV� )XHO FRVW FRQVLGHUDWLRQV ZHUH
LQWHQWLRQDOO\ RPLWWHG GXH WRPDUNHW SULFH IOXFWXDWLRQV
LQ JHRJUDSKLF DUHDV� +RZHYHU� IXHO XVDJH DQG FRVW SHU
%WX FDOFXODWLRQV VKRXOG EH XVHG DV LQIOXHQWLDO IDFWRUV�

����� 'LHVHO

'LHVHO SRZHU GRPLQDWHV WKH VWDQGE\ JHQHUDWRU VHW
PDUNHW DERYH �� N:�

'LHVHO DGYDQWDJHV�

- )XHO LV UHDGLO\ DYDLODEOH LQ PRVW SDUWV RI WKH ZRUOG�

- ([LVWHQFH RI DQ RQrVLWH IXHO VXSSO\ PDNHV WKH
HPHUJHQF\ SRZHU V\VWHP LQGHSHQGHQW RI DQ\
GLVWXUEDQFH WR WKH QDWXUDO JDV VXSSO\ RU
GLVWULEXWLRQ V\VWHP�

- 0RVW GLHVHO HQJLQHV ZLOO RSHUDWH RQ �� IXHO RLO
ZKLFK LV RIWHQ DYDLODEOH RQrVLWH IRU WKH KHDWLQJ
V\VWHP DQG HOLPLQDWHV WKH UHTXLUHPHQW IRU
VHSDUDWH VWRUDJH WDQNV�

- 'LHVHO IXHO LV UHODWLYHO\ VWDEOH DQG FDQ EH VWRUHG IRU
ORQJ SHULRGV ZLWKRXW GHWHULRUDWLRQ�

- 'LHVHO HQJLQHV KDYH QR LJQLWLRQ RU FDUEXUHWLRQ
V\VWHPV WR UHTXLUH SHULRGLF PDLQWHQDQFH�

9



'�

����

'LHVHO GLVDGYDQWDJHV�

- (QJLQHV DUH PRUH H[SHQVLYH LQ VL]HV EHORZ ��� N:�

- 7KH PHFKDQLFDO QRLVH RI WKH HQJLQH LV JUHDWHU WKDQ
D FRPSDUDWLYH VSDUN LJQLWLRQ HQJLQH�

- 7KH RGRU RI GLHVHO IXHO RU H[KDXVW PD\ EH
REMHFWLRQDEOH�

- ,I WKH HQJLQH UHTXLUHV VHUYLFH� PHFKDQLFV ZLWK
GLHVHO H[SHULHQFH PD\ EH KDUGHU WR ILQG LQ VRPH
ORFDOLWLHV�

- 5HJXODWLRQV FRYHULQJ IXHO WDQNV� HVSHFLDOO\
XQGHUJURXQG WDQNV� DGG VLJQLILFDQW FRVWV�

:KLOH IRXUrF\FOH GLHVHOV VHHP WR EH PRUH FRPPRQ LQ
WKH PDUNHWSODFH� LW LV QRW QHFHVVDULO\ WUXH WKDW WKHUH
DUH LQKHUHQW DGYDQWDJHV� 7ZRrF\FOH DQG IRXUrF\FOH
HQJLQHV DUH GLIIHUHQW� EXW TXDOLW\ GHVLJQHG DQG EXLOW
HQJLQHV RI ERWK W\SHV SURYLGH H[FHOOHQW� UHOLDEOH SRZHU
IRU JHQHUDWRU VHWV LQ DOO DSSOLFDWLRQV�
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.RKOHU9 ��5= *HQHUDWRU 6HW

����� *DVROLQH

*DVROLQH DGYDQWDJHV�

- )XHO LV UHDGLO\ DYDLODEOH�

- 2Q VLWH IXHO VXSSO\ PDNHV WKH VWDQGE\ V\VWHP
LQGHSHQGHQW�

- (QJLQHV DUH OHVV H[SHQVLYH WKDQ GLHVHO HQJLQHV LQ
PRGHOV EHORZ ��� N:�

- 6HUYLFH SHUVRQQHO ZLWK EDVLF NQRZOHGJH RI VSDUN
LJQLWLRQ HQJLQHV DUH HDVLO\ ORFDWHG�

*DVROLQH GLVDGYDQWDJHV�

- 7KH IXHO FDQQRW EH VWRUHG IRUPRUH WKDQ VL[PRQWKV
ZLWKRXW VRPH GHWHULRUDWLRQ�

- 7KH IXHO V\VWHP LV VXEMHFW WR PDOIXQFWLRQ GXH WR
EXLOGrXS RI JXP DQG GHSRVLWV� DJJUDYDWHG E\ OLJKW
XVH�

- )XHO LV H[SORVLYH DQG UHTXLUHV VSHFLDO VWRUDJH
SUHFDXWLRQV� &RGHV RIWHQSURKLELW JDVROLQH VWRUDJH
ZLWKLQ WKH EXLOGLQJ LQ ZKLFK WKH JHQHUDWRU LV
LQVWDOOHG�

- 1HZ UHJXODWLRQV IRU VWRUDJH WDQNV� HVSHFLDOO\
XQGHUJURXQG WDQNV� DGG VLJQLILFDQW FRVWV�

����� 1DWXUDO *DV

1DWXUDO JDV HQJLQHV VKDUH WKH FRVW DQG VHUYLFH
DGYDQWDJHV RI JDVROLQH HQJLQHV� SOXV�

- 7KHUH DUH QR IXHO VWRUDJH SUREOHPV
�

- (QJLQHV RSHUDWHG RQ FOHDQrEXUQLQJ QDWXUDO JDV
DSSURDFK WKH UHOLDELOLW\ DQG OLIH RI GLHVHO HQJLQHV�

9
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7KH SULQFLSDO GLVDGYDQWDJHV RI QDWXUDO JDV IXHO LV WKDW
LW LV QRW DQ LQGHSHQGHQW IXHO VRXUFH DQG LV VXEMHFW WR
LQWHUUXSWLRQ� SRVVLEO\ DW WKH VDPH WLPH DV FRPPHUFLDO
SRZHU� 0DQ\ FRGHV� LQFOXGLQJ WKH 1DWLRQDO (OHFWULFDO
&RGH9� UHTXLUH D PLQLPXP RQrVLWH IXHO VXSSO\ �VHH
1)3$ ��r���� IRU H[FHSWLRQV�� /3 JDV LV D IUHTXHQW
DQG GHSHQGDEOH RQrVLWH EDFNXS ZKLFK GRHV PHHW WKH
IXOO LQWHQW RI WKH FRGH�

&RPELQDWLRQ QDWXUDO JDV�JDVROLQH IXHO V\VWHPV PHHW
WKH OHWWHU RI FRGH UHTXLUHPHQWV IRU RQrVLWH IXHO� EXW
ZKHUH JDVROLQH LV WKH VWDQGE\ IXHO� LW LV GRXEWIXO WKH\
PHHW WKH VSLULW� 7KH SULQFLSDO GLVDGYDQWDJH RI
JDVROLQH IXHO LV WKDW LW GRHV QRW VWRUH ZHOO� DQG WKDW LQ D
PDWWHU RI PRQWKV JXP ZLOO IRUP WR PDNH FDUEXUHWRUV
LQRSHUDWLYH� :KHQ JDVROLQH LV XVHG DV D VWDQGE\ IXHO
IRU D VWDQGE\ JHQHUDWRU� LW LV DOPRVW D FHUWDLQW\ WKDW WKH
JDVROLQH IXHO V\VWHP ZLOO QRW IXQFWLRQ ZKHQ DQG LI
QHHGHG� &RPELQDWLRQ QDWXUDO JDV�/3 JDV V\VWHPV DUH
DYDLODEOH DQG KDYH QRQH RI WKH GLVDGYDQWDJHV RI
FRPELQDWLRQ JDVROLQH V\VWHPV� ,Q DGGLWLRQ� WKH
FRPELQDWLRQ QDWXUDO JDV�/3 V\VWHP FDQ HDVLO\ EH
VXSSOLHG WR DXWRPDWLFDOO\ VZLWFK EHWZHHQ IXHOV XQGHU
ORDG ZLWK PLQLPXP GLVWXUEDQFH WR WKH HOHFWULFDO ORDG�
2QH RWKHU GLVDGYDQWDJH RI QDWXUDO JDV IXHO LV WKDW WKH
SRZHU DYDLODEOH IRU WKH HQJLQH ZLOO EH DSSUR[LPDWHO\
��� OHVV WKDQ IURP WKH VDPH HQJLQH XVLQJ JDVROLQH�
XQOHVV D VSHFLDO KLJKrFRPSUHVVLRQrUDWLR HQJLQH LV
XVHG�
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,Q DUHDV ZKHUH QDWXUDO JDV KDV D KHDW YDOXH RI OHVV WKDQ
���� %WX SHU FXELF IRRW� HQJLQH SRZHU PD\ EH IXUWKHU
UHGXFHG�

����� /3 *DV

/LTXLILHG 3HWUROHXP �/3�� XVXDOO\ SURSDQH� RU
EXWDQH� RU DPL[WXUH RI ERWK� LV QHDUO\ LGHDO IRU VWDQGE\
JHQHUDWRUV� ,W FRPELQHV WKH DGYDQWDJHV RI ERWK
JDVROLQH DQG QDWXUDO JDV WR SURYLGH ERWK RQrVLWH IXHO
VXSSO\ DQG D FOHDQ EXUQLQJ IXHO ZKLFK FDQ EH VWRUHG
LQGHILQLWHO\� 7KH GLVDGYDQWDJHV RI /3 IXHO DUH WKH FRVW
RI WKH SUHVVXUL]HG IXHO VWRUDJH WDQN UHTXLUHG� DQG WKH
QHHG IRU DQ RYHUVL]H WDQN RU VHSDUDWH YDSRUL]HU WR
HQVXUH DYDLODELOLW\ RI JDVHRXV IXHO LQ ORZ DPELHQW
WHPSHUDWXUHV�

����� )XHO 6\VWHP $FFHVVRULHV

- $OO IXHO V\VWHPV UHTXLUH IOH[LEOH IXHO FRQQHFWLRQV WR
DEVRUE YLEUDWLRQ DQG UHODWLYH PRWLRQ EHWZHHQ WKH
YLEURrPRXQWHG JHQHUDWRU VHW DQG VWDWLRQDU\ IXHO
SLSLQJ�

- 0RVW GLHVHO LQVWDOODWLRQV ZLOO UHTXLUH D GD\ RU
WUDQVIHU WDQN� SOXV D PDLQ VWRUDJH WDQN�

- 1DWXUDO JDV RU /3 JDV V\VWHPV UHTXLUH D IXHO
VROHQRLG YDOYH LQWHUORFNHG ZLWK WKH HQJLQH VWDUWLQJ
FRQWUROV�

)XHO FRQVXPSWLRQ LV QRW XVXDOO\ D FRQVLGHUDWLRQ LQ
VWDQGE\ SRZHU V\VWHPV� 7KH HQJLQH LV QRUPDOO\
RSHUDWHG OHVV WKDQ ��� KRXUV D \HDU DQG IXHO FRVW LV QRW
D VLJQLILFDQW SDUW RI WRWDO RSHUDWLQJ FRVW� 7KH
H[FHSWLRQ WR WKLV ZRXOG EH D JHQHUDWRU VHW XVHG IRU
ERWK VWDQGE\ SRZHU DQG SHDN VKDYLQJ� ,Q VXFK DQ
LQVWDOODWLRQ� ERWK IXHO HFRQRP\ DQG HQJLQH OLIH DUH
LPSRUWDQW�

��� &RROLQJ 6\VWHPV

7KH FKRLFH RI D FRROLQJ V\VWHP IRU D JHQHUDWRU VHW LV
LQIOXHQFHGE\ WKH VL]H RI WKH VHW� ,Q JHQHUDO� RQO\ OLTXLG
FRROLQJ V\VWHPV DUH DYDLODEOH DERYH �� N:� DQG RQO\
DLU FRROLQJ EHORZ �� N:� 7KH IROORZLQJ EULHIO\
GHVFULEHV WKH DYDLODEOH V\VWHPV IRU WKHLU UHODWLYH
DGYDQWDJHV�

����� $LU &RROLQJ

7KLV LV WKH VLPSOHVW RI V\VWHPV DQG WKHRUHWLFDOO\ WKH
PRVW UHOLDEOH�

9
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%HFDXVH WKH FRROLQJ DLU LV KHDWHG WR D KLJKHU
WHPSHUDWXUH� OHVV DLU YROXPH LV UHTXLUHG SHU N: RI
JHQHUDWRU VHW FDSDFLW\ WKDQ ZLWK D FRPSDUDEO\ VL]HG
OLTXLGrFRROHG HQJLQH ZLWK D XQLWrPRXQWHG UDGLDWRU�
7KHUHIRUH� VPDOOHU LQWDNH DQG H[KDXVW YHQWV FDQ EH
LQVWDOOHG LQ WKH JHQHUDWRU URRP�

2QH GLVDGYDQWDJH LV WKDW PHFKDQLFDO QRLVH IURP DQ
DLUrFRROHG HQJLQH LV VOLJKWO\ PRUH QRWLFHDEOH WKDQ LW LV
ZLWK D OLTXLGrFRROHG HQJLQH� ZKLFK EHQHILWV IURP WKH
LQVXODWLQJ HIIHFW RI D ZDWHU MDFNHW�

$QRWKHU SUREOHP DIIHFWLQJ DLUrFRROHG HQJLQHV LV WKDW
RI DSSO\LQJ KHDW WR HQVXUH UHOLDEOH VWDUWLQJ LQ ORZ
DPELHQW WHPSHUDWXUHV� 7KH XVXDO SUDFWLFH LV WR LQVWDOO
D WKHUPRVWDWLFDOO\ FRQWUROOHG RLO VXPS KHDWHU�
+RZHYHU� WKH UHVXOW LV OLNHO\ WR EH FRQGHQVDWLRQ LQ WKH
HQJLQH FUDQNFDVH� UHGXFLQJ WKH OLIH RI WKH OXEULFDQW
DQG RI WKH HQJLQH� 8QOHVV D KHDWLQJ HOHPHQW ZLWK D
YHU\ ORZZDWWDJH IRU HDFK VTXDUH LQFKRI VXUIDFH DUHD LV
XVHG� HQJLQH RLO QHDU WKH KHDWHU ZLOO EH SDUWLDOO\
GHFRPSRVHG DQG lFRNLQJl SUREOHPV ZLOO RFFXU�

&RROLQJ DLU GLVFKDUJH GXFWV DUH XVXDOO\ QHFHVVDU\ ZLWK
LQGRRU LQVWDOODWLRQV RI DLUrFRROHG JHQHUDWRU VHWV�
)OH[LEOH FRQQHFWLRQV DUH UHTXLUHG EHWZHHQ WKH HQJLQH
DLU GLVFKDUJH DQG WKH EXLOGLQJ GXFW ZRUN�
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����� /LTXLG &RROLQJ

7KHUH DUH WKUHH FRPPRQ V\VWHPV XVHG ZLWK VWDQGE\
JHQHUDWRU VHWV�

- 8QLW PRXQWHG� $ UDGLDWRU V\VWHPPRXQWHG RQ WKH
JHQHUDWRU VHW LV WKH PRVW SRSXODU VROXWLRQ WR WKH
SUREOHP RI HQJLQH�JHQHUDWRU FRROLQJ DQG KDV IHZ
GLVDGYDQWDJHV� ,Q LWV IDYRU LV WKDW LW LV HQWLUHO\
VHOIrFRQWDLQHG� 1HYHUWKHOHVV� LW UHTXLUHV UHODWLYHO\
ODUJH YROXPHV RI FRROLQJ DLU WR EH PRYHG WR DQG
DZD\ IURP WKH XQLW ZLWK PLQLPXP UHVWULFWLRQ�

- 5HPRWH UDGLDWRU� 5HPRWH UDGLDWRU V\VWHPV DUH
VLPLODU WR XQLWrPRXQWHG V\VWHPV H[FHSW WKDW WKH
UDGLDWRU DQG HOHFWULF PRWRUrGULYHQ IDQ DUH
SDFNDJHG DV D VHSDUDWH PRGXOH WR EH ORFDWHG
RXWGRRUV ZKHUH WKH VXSSO\ RI FRROLQJ DLU LV
XQOLPLWHG� 6RPH KHDW ZLOO VWLOO EH UHMHFWHG IURP WKH
JHQHUDWRU DQG WKH KRW VXUIDFHV RI WKH HQJLQH� VR DLU
PXVW EH SURYLGHG WR WKH XQLW IRU FRROLQJ DQG
FRPEXVWLRQ� 8VXDOO\ DERXW ���RI WKH DLU UHTXLUHG
IRU D XQLWrPRXQWHG UDGLDWRU V\VWHP LV QHHGHG IRU D
UHPRWH UDGLDWRU� EXW WKDW LV RQO\ D URXJK JXLGH� $
FUHGLEOH SHUFHQWDJH ILJXUH VKRXOG EH DYDLODEOH
IURP WKH JHQHUDWRU VHWPDQXIDFWXUHU� GHULYHG IURP
WKH WHVWLQJ RI LWV SURWRW\SH PRGHOV�

- &LW\ ZDWHU FRROHG� &LW\ ZDWHU FRROLQJ V\VWHPV DUH
VLPLODU WR UHPRWH UDGLDWRU V\VWHPV� 7KDW LV� WKH\
DOORZ KHDW WR EH FDUULHG RXW RI WKH JHQHUDWRU URRP
DV KRW ZDWHU UDWKHU WKDQ DV KRW DLU� 7KH V\VWHPV DUH
XVXDOO\ GHVLJQHG IRU D PD[LPXP UDZ ZDWHU
WHPSHUDWXUH RI OHVV WKDQ ��E) ���E&�� :DWHU LV
SLSHG IURP WKH EXLOGLQJGRPHVWLFZDWHU VXSSO\ DQG�
DIWHU EHLQJKHDWHG LQ WKH HQJLQH� LV H[SHOOHG LQWR WKH
VHZHU� 7KLV W\SH RI V\VWHP� KRZHYHU� LV GHSHQGHQW
RQ DQ H[WHUQDO ZDWHU VXSSO\ DQG IRUELGGHQ E\
$UWLFOH ���r���E�� RI WKH 1DWLRQDO (OHFWULFDO
&RGH9� $ V\VWHP XVLQJ D FRROLQJ WRZHU RU DQ
RQrVLWH ZHOO� RQ WKH RWKHU KDQG� ZRXOG PHHW WKDW
FRGH UHTXLUHPHQW�

9
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��� 2SWLRQV r :DWHU &RROLQJ 6\VWHPV

$IWHU D FKRLFH KDV EHHQPDGH IURP WKH WKUHH DYDLODEOH
W\SHV RI ZDWHU FRROLQJ V\VWHPV� VSHFLDO LQVWDOODWLRQ
FRQVLGHUDWLRQV DQG RSWLRQ VHOHFWLRQV PXVW EH
GHWHUPLQHG�

1RUPDOO\ DOO UDGLDWRUrFRROHG JHQHUDWRU VHWV XVH
lSXVKHUl W\SH IDQV� ZKLFK GUDZ DLU DFURVV WKH
JHQHUDWRU DQG HQJLQH� DQG GLVFKDUJHV LW WKURXJK WKH
UDGLDWRU WR WKH RXWGRRUV� $ UDGLDWRU GXFW IODQJH
SURYLGHV D FRQYHQLHQW FRQQHFWLRQ WR GXFW ZRUN IRU WKH
H[KDXVW DLU� $ VKRUW FDQYDV RU RWKHU IOH[LEOH VHFWLRQ
VKRXOG EH LQVWDOOHG EHWZHHQ WKH UDGLDWRU GXFW IODQJH
DQG WKH H[KDXVW GXFW� )OH[LEOH ZDWHU FRQQHFWLRQV DUH
UHTXLUHG IRU FLW\ ZDWHUrFRROHG RU UHPRWH
UDGLDWRUrFRROHG XQLWV�

:DWHUrFRROHG H[KDXVW PDQLIROGV KDYH OLWWOH YDOXH RQ
XQLWrPRXQWHG UDGLDWRU V\VWHPV� 7KH\ FDQ UHGXFH WKH
YHQWLODWLQJ DLU UHTXLUHPHQW IURP �� WR ��� IRU
UHPRWH UDGLDWRU RU FLW\ ZDWHU V\VWHPV� EXW UHGXFH WKH
HIILFLHQF\ RI WXUERFKDUJHUV DQG DGG VXEVWDQWLDO FRVW�
,QVXODWHG H[KDXVW PDQLIROGV DUH DYDLODEOH IRU PRVW
HQJLQHV DERYH �� N:DQG SURYLGH VLPLODU UHGXFWLRQ LQ
YHQWLODWLQJ DLU UHTXLUHPHQWV DW ORZHU FRVW DQG QR
HIIHFW RQ HQJLQH SRZHU�
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,I VHOHFWHG� FLW\ ZDWHU FRROLQJ V\VWHPV VKRXOG LQFOXGH
KHDW H[FKDQJHUV WR SUHYHQW WKH EXLOGrXS RI VFDOH LQ WKH
HQJLQH ZDWHU MDFNHW� 7KH\ VKRXOG DOVR LQFOXGH
WKHUPRVWDWLF YDOYHV r WR FRQVHUYH ZDWHU r DQG HOHFWULF
VROHQRLG ZDWHU VKXWrRII YDOYHV LQWHUORFNHG ZLWK WKH
HQJLQH VWDUWLQJ FRQWURO�

(QJLQH EORFN KHDWHUV DUH UHFRPPHQGHG WR HQVXUH
UHOLDEOH VWDUWLQJ LQ DPELHQW WHPSHUDWXUHV EHORZ ��E)
���E&�� &UDQNFDVH RLO KHDWHUV WKHRUHWLFDOO\ SHUIRUP
WKH VDPH IXQFWLRQ� EXW DV GHVFULEHG LQ WKH DLUrFRROHG
VHFWLRQ DERYH� WKH\ PD\ FDXVH PRUH SUREOHPV WKDQ
WKH\ SUHYHQW�

��� ([KDXVW 6\VWHP $FFHVVRULHV

([KDXVW VLOHQFHUV DUH JHQHUDOO\ DYDLODEOH LQ WKUHH
GHJUHHV RI VLOHQFLQJ� LQGXVWULDO� UHVLGHQWLDO� DQG
FULWLFDO� $OWKRXJK HDFK LQVWDOODWLRQ ZLOO QHFHVVDULO\ EH
GLIIHUHQW� WKH DSSUR[LPDWH VRXQG OHYHOV DW D GLVWDQFH
RI �� IHHW IURP WKH GLVFKDUJH ZLOO EH RYHU �� G%$�
XQGHU �� G%$� DQG XQGHU �� G%$ UHVSHFWLYHO\�
6LOHQFHUV VKRXOG EH VHOHFWHG WR SURYLGH DQ DFFHSWDEOH
OHYHO RI EDFN SUHVVXUH RQ WKH HQJLQH LQFOXGLQJ
DOORZDQFH IRU SLSLQJ� 'R QRW DVVXPH WKDW D VLOHQFHU RI
WKH VDPH VL]H DV WKH HQJLQH H[KDXVW RXWOHW ZLOO PHHW

DQ\ JLYHQ HQJLQH
V EDFN SUHVVXUH OLPLWV� �6HH 7DEOH
��r� IRU GHWDLOHG H[KDXVW V\VWHP VL]LQJ LQIRUPDWLRQ��

$OO VWDWLRQDU\ LQVWDOODWLRQV UHTXLUH D IOH[LEOH
FRQQHFWLRQ EHWZHHQ WKH HQJLQH H[KDXVW RXWOHW DQG WKH
UHVW RI WKH H[KDXVW V\VWHP� 6HDPOHVV VWDLQOHVV VWHHO
FRQQHFWRUV DUH VWURQJO\ UHFRPPHQGHG� VLQFH H[KDXVW
IXPHV DUH SRLVRQRXV DQG DQ H[KDXVW OHDN LV D SRWHQWLDO
KHDOWK DQG ILUH KD]DUG�

��� *RYHUQRUV

6WDQGDUG JRYHUQRUV VXSSOLHG ZLWK PRVW JHQHUDWRU VHW
HQJLQHV SURYLGH QRrORDGrWRrIXOOrORDG VSHHG
UHJXODWLRQ ZLWKLQ �� ��+]�� RU EHWWHU� 7KH\ DOVR
W\SLFDOO\ SURYLGH VWHDG\ VWDWH UHJXODWLRQ ZLWKLQ
��r����� 9HU\ IHZ LWHPV RQ DQ HPHUJHQF\ V\VWHP DUH
IUHTXHQF\ VHQVLWLYH� (YHQ FRPSXWHU HTXLSPHQW ZLOO
RIWHQ VWDQG ��r� +] IUHTXHQF\ YDULDWLRQV� 7KH
JUHDWHVW SUREOHP ZLWK WKH LPSUHFLVH IUHTXHQF\
UHJXODWLRQ RQ D JHQHUDWRU VHW LV OLNHO\ WR EH HOHFWULF
FORFNV JDLQLQJ RU ORVLQJ WLPH GXULQJ URXWLQH H[HUFLVH
SHULRGV�

9
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2SWLRQDO LVRFKURQRXV JRYHUQRUV� HLWKHU K\GUDXOLF RU
HOHFWULF� DUH DYDLODEOH IRU PRVW �� N: RU ODUJHU
JHQHUDWRU VHWV� 7KH\ SURYLGH VWHDG\ VWDWH VSHHG
UHJXODWLRQ LQ WKH UDQJH RI ��r����� DQG FRQVWDQW
VSHHG UHJXODWLRQ GXULQJ QR ORDG WR IXOO ORDG
WUDQVLWLRQV� 6XFK FORVH UHJXODWLRQ LV QRW SRVVLEOH
XQGHU WUDQVLHQW FRQGLWLRQV DQG QR JRYHUQRU LV DEOH WR
SUHYHQW WHPSRUDU\ VSHHG FKDQJHV LQ WKH UDQJH RI��r�
+] ZLWK ORDG FKDQJHV RI ��� RU PRUH� &ULWLFDO
HTXLSPHQW WKDW FDQQRW VWDQG PRPHQWDU\ VSHHG
FKDQJHV RI WKDW PDJQLWXGH VKRXOG KDYH LWV RZQ
LVRODWHG SRZHU VXSSO\�

��� (QJLQH (OHFWULFDO 6\VWHP
$FFHVVRULHV

7KH EDVLF HOHFWULFDO V\VWHP DFFHVVRULHV DUH EDWWHU\�
EDWWHU\ UDFN� EDWWHU\ FDEOHV� DQG EDWWHU\ FKDUJHU�

%DWWHULHV DUH XVXDOO\ OHDG DFLG W\SH� DQG VSHFLILHG WR
SURYLGH VRPH PLQLPXP FUDQNLQJ WLPH �DW OHDVW RQH
PLQXWH� LQ WKH ORZHVW DQWLFLSDWHG DPELHQW
WHPSHUDWXUH� 2WKHU W\SHV RI EDWWHULHV� VXFK DV OHDG
FDOFLXP DQG QLFNHO FDGPLXP PD\ SURYLGH ORQJHU OLIH
EXW DW IDU JUHDWHU FRVW� 7KH FRPELQDWLRQ RI KLJK LQLWLDO
FRVW DQG ODFN RI UHDGLO\ DYDLODEOH UHSODFHPHQWV OLPLW
DSSOLFDWLRQV IRU RWKHU WKDQ OHDG DFLG EDWWHULHV�



'��
����

.RKOHUÊ k)ORDW�(TXDOL]Hl %DWWHU\ &KDUJHU .RKOHUÊ k7ULFNOHl %DWWHU\ &KDUJHU

&KDUJHUV PD\ EH RI HLWKHU WKH DGMXVWDEOH WULFNOH W\SH
RU DXWRPDWLF IORDW W\SH� 7KH PRVW FRPPRQ FDXVH IRU
IDLOXUH RI D VWDQGE\ JHQHUDWRU VHW LV D GHDG
EDWWHU\�LHV�� 7KH PRVW FRPPRQ UHDVRQ LV
RYHUFKDUJLQJ� ZKLFK ERLOV RXW WKH HOHFWURO\WH� 7KHUH LV
QR VXEVWLWXWH IRU UHJXODU PDLQWHQDQFH DQG H[HUFLVLQJ
RI D VWDQGE\ V\VWHP� EXW D JRRG DXWRPDWLF IORDW
FKDUJHU FDQ SUHYHQW VRPH SUREOHPV� $ PD[LPXP
FKDUJH UDWH RI WZR WR WHQ DPSHUHV LV DGHTXDWH IRUPRVW
LQVWDOODWLRQV VLQFH WKH HQJLQHrGULYHQEDWWHU\rFKDUJLQJ
DOWHUQDWRU ZLOO QRUPDOO\ UHVWRUH WKH FKDUJH ORVW GXULQJ
HQJLQH FUDQNLQJ�

%DWWHU\ UDFNV DQG FDEOHV UHTXLUH OLWWOH GHVFULSWLRQ�
5DFNV VKRXOG EH ZRRG RU PHWDO ZLWK DQ DFLGrUHVLVWLQJ
ILQLVK� &DEOHV VKRXOG EH DV UHFRPPHQGHG E\ WKH
HQJLQH RU JHQHUDWRU VHW PDQXIDFWXUHU� 2FFDVLRQDOO\�
EDWWHULHV DUH UHPRWHO\ ORFDWHG VR WKH\ FDQ EH LQ D
KHDWHG DUHD ZKLOH WKH HQJLQH LV H[SRVHG WR ORZ
DPELHQW WHPSHUDWXUHV� 7KH GLVDGYDQWDJH RI ORVVHV LQ
WKH H[WHQGHG FDEOH UXQV JHQHUDOO\ RIIVHWV WKH
DGYDQWDJH RI KLJKHU SRZHU DYDLODEOH IURP D ZDUP
EDWWHU\� $ EHWWHU VROXWLRQ LV D EDWWHU\ ER[ KHDWHU ZLWK
EDWWHULHV ORFDWHG DV QHDU WKH HQJLQH DV SRVVLEOH�

��� :HDWKHU +RXVLQJV

,I D JHQHUDWRU VHW PXVW EH LQVWDOOHG RXWGRRUV� LW VKRXOG
EH HQFORVHG LQ HLWKHU D EDVLF PHWDO RU ILEHUJODVV
HQFORVXUH� RU D ZDWHUSURRI HQFORVXUH� 7KH IRUPHU LV
IXOO\ YHQWLODWHG DQG VHUYHV RQO\ WR NHHS UDLQ RU VQRZ
IURP IDOOLQJ GLUHFWO\ RQ WKH XQLW� $OWKRXJK FRPPRQO\
XVHG LQ DOO FOLPDWHV� LW LV PRUH VXLWDEOH IRU HPHUJHQF\
JHQHUDWRU VHWV RQO\ LQ PRGHUDWH FOLPDWHV
�WHPSHUDWXUHV JHQHUDOO\ DERYH ��E) >r�E&@�� ,Q DUHDV
RI H[WUHPH GXVW� EORZLQJ VDQG� RU VQRZ� D
ZHDWKHUSURRI VKHOWHU� SUHIHUDEO\ ZDONrLQ W\SH� LV
UHFRPPHQGHG� 7KHVH DUH VHDOHG DJDLQVW GLUW� UDLQ�
DQG VQRZ� DUH RIWHQ LQVXODWHG DQG KHDWHG� DQG
HTXLSSHGZLWK HOHFWULFDOO\ RSHUDWHG ORXYHUV WR SURYLGH
YHQWLODWLRQ RQO\ ZKHQ WKH HQJLQH RSHUDWHV�

��� *HQHUDWRU $FFHVVRULHV

7KH PRVW FRPPRQ JHQHUDWRU DFFHVVRU\ LV D FLUFXLW
EUHDNHU� 7KH FRPPRQ W\SHV DUH OLQH� ILHOG� DQG D
K\EULG OLQHrVHQVLQJ ILHOG EUHDNHU� $OO JHQHUDWRUV
UHTXLUH RYHUORDG SURWHFWLRQ DQG WKH 1DWLRQDO

9
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(OHFWULFDO &RGH9 UHFRJQL]HV WKLV� 7KH FRGH DOVR
UHFRJQL]HV WKDW WKH W\SH RI SURWHFWLRQ ZKLFK LV
DSSURSULDWH GHSHQGV RQ WKH JHQHUDWRU GHVLJQ�

/LQH FLUFXLW EUHDNHUV� XQOHVV VSHFLDOO\ FDOLEUDWHG�
JHQHUDOO\ SURYLGH OLWWOH RYHUORDG SURWHFWLRQ IRU WKH
JHQHUDWRU� )LHOG FLUFXLW EUHDNHUV VHQVH DQG LQWHUUXSW
ILHOG FXUUHQW� 7KH\ FDQ SURYLGH RQO\ OLPLWHG
SURWHFWLRQ DJDLQVW KLJK SRZHU IDFWRU RU XQEDODQFHG
RYHUORDGV� $ GHYLFH ZKLFK VHQVHV FXUUHQW LQ HDFK
SKDVH DQG LQWHUUXSWV WKH ILHOG RU YROWDJH UHJXODWRU
SRZHU VXSSO\ LV RIWHQ WKH PRVW HIIHFWLYH JHQHUDWRU VHW
RYHUORDG SURWHFWLRQ GHYLFH�

2WKHU JHQHUDWRU DFFHVVRULHV LQFOXGH�

- 'ULS &RYHU r ,I EDVLF JHQHUDWRU GHVLJQ LV QRW GULS
SURRI� D JHQHUDWRU GULS FRYHU FDQ EH XVHG WR NHHS
ZDWHU IURP GULSSLQJ LQWR WKH JHQHUDWRU�

- *HQHUDWRU+HDWHU r ,QGDPS ORFDWLRQV� D JHQHUDWRU
KHDWHU FDQ EH XVHG WR SUHYHQW GDPSQHVV RU
PRLVWXUH DFFXPXODWLRQ LQ WKH JHQHUDWRU ZLQGLQJV�

- 5HDFWLYH 'URRS &RPSHQVDWLRQ r 8VHG RQO\ ZKHUH
JHQHUDWRUV RSHUDWH LQ SDUDOOHO� DOORZLQJ WKHP WR
VKDUH UHDFWLYH ORDG�
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.RKOHUÊ 'HFr� &RQWUROOHU

��� &RQWUROOHU $FFHVVRULHV

$ EDVLF JHQHUDWRU VHW FRQWUROOHU IRU VWDQGE\ SRZHU
DSSOLFDWLRQV SURYLGHV VRPH HVVHQWLDO IXQFWLRQV� 0RVW
FDQ EH HTXLSSHG ZLWK D JUHDW YDULHW\ RI RSWLRQV� 7KH
WZR SULQFLSDO IXQFWLRQV DUH HQJLQH VWDUW�VWRS FRQWURO
DQG JHQHUDWRU SURWHFWLRQ� UHJXODWLRQ DQG�RU
PRQLWRULQJ�

(QJLQH FRQWURO IXQFWLRQV UHTXLUH SURYLVLRQ LQ WKH
FRQWUROOHU IRU UHPRWH WZRrZLUH HQJLQH VWRS�VWDUW
FRQWURO� DQG RYHUFUDQNLQJ SURWHFWLRQ IRU WKH EDWWHU\
DQG VWDUWHU LQ WKH HYHQW WKH HQJLQH GRHV QRW VWDUW� 7KH
FRQWUROOHU RIWHQ FRQWDLQV RU DFWV RQ VLJQDOV IURP
HQJLQH SURWHFWLYH GHYLFHV LQFOXGLQJ ORZ RLO SUHVVXUH�
KLJK HQJLQH WHPSHUDWXUH� DQG RYHUVSHHG� ,W PD\ DOVR
LQFOXGH JHQHUDWRU ILHOG IODVKLQJ FLUFXLWU\ WR HQVXUH
YROWDJH EXLOGrXS� DQG YROWDJH UHJXODWRU RU VWDELOL]HU

*HQHUDWRUV EHORZ ��N: XVXDOO\ SURYLGH DW OHDVW ��
YROWDJH UHJXODWLRQ DQG ODUJHU JHQHUDWRUV SURYLGH ���
$16, 6WDQGDUG &����� ���� FDOOV IRU ��� WR r���
YROWDJH UHJXODWLRQ RQ �� +] HOHFWULF SRZHU V\VWHPV�
DQG WKHUHIRUH� VWDQGDUG YROWDJH UHJXODWLRQ V\VWHPV
DUH VXLWDEOH IRUPRVW HTXLSPHQW� $OO ILJXUHV DERYH DUH
VWHDG\ VWDWH� DQG WUDQVLHQW YROWDJH GLSV RU RYHUVKRRWV
RI ��� FDQ EH H[SHFWHG ZLWK JHQHUDWRU VHWV �DQG
FRPPHUFLDO SRZHU V\VWHPV�� 'HOLFDWH HTXLSPHQW
ZKLFK FDQQRW VWDQG HLWKHU WKH VWHDG\ VWDWH RU WUDQVLHQW

YROWDJH YDULDWLRQV OLVWHG DERYH VKRXOG EH SURYLGHG
ZLWK WKHLU RZQ LVRODWHG SUHFLVLRQ UHJXODWHG SRZHU
VXSSOLHV�

2WKHU FRPPRQ FRQWUROOHU IHDWXUHV ZKLFK PD\ EH
GHVLUDEOH LQFOXGH�

- 9ROWDJH DGMXVWLQJ UKHRVWDWrrJHQHUDOO\ DYDLODEOH
RQO\ RQ ��N:DQG ODUJHU JHQHUDWRUV ZLWKDXWRPDWLF
YROWDJH UHJXODWRUV� 3URYLGHVPDQXDO DGMXVWPHQW RI
UHJXODWHG YROWDJH ZLWKLQ DSSUR[LPDWHO\ ���
UDQJH�

- (QJLQH PHWHU NLWrrPD\ LQFOXGH YDULRXV HQJLQH
UHODWHG JDXJHV LQFOXGLQJ RLO SUHVVXUH JDXJH� ZDWHU
WHPSHUDWXUH JDXJH� EDWWHU\ FKDUJLQJ DPPHWHU RU
YROWPHWHU� DQG HQJLQH UXQQLQJ WLPH PHWHU�

- $& PHWHU NLWrrPD\ LQFOXGH YDULRXV $& JHQHUDWRU
RXWSXW PRQLWRUV LQFOXGLQJ $& YROWPHWHU� $&
DPPHWHU� SKDVH VHOHFWRU VZLWFK WR HQDEOH RQH HDFK
YROWPHWHU DQG DPPHWHU WR VKRZ FXUUHQW LQ HDFK
SKDVH DQG YROWDJHV ERWK SKDVHrWRrSKDVH DQG
SKDVHrWR QHXWUDO�

9
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- )UHTXHQF\ PHWHUrrLQGLFDWHV JHQHUDWRU VSHHG YLD
IUHTXHQF\ LQ PRUH DFFXUDWH LQGLFDWLRQ RI HQJLQH
VSHHG ZLWKLQ QRUPDO RSHUDWLQJ UDQJH WKDQ DQ
HQJLQH WDFKRPHWHU�

- 7KUHHrSRVLWLRQ HQJLQH WHVW VZLWFKrrSURYLGHV
DXWRPDWLF SRVLWLRQ LQ ZKLFK JHQHUDWRU VHW FDQ EH
FRQWUROOHG E\ DXWRPDWLF WUDQVIHU VZLWFK� WHVW
SRVLWLRQ ZKLFK SURYLGHV PDQXDO HQJLQH VWDUW� DQG
RII� ZKLFK GLVFRQQHFWV UHPRWH VWDUW FLUFXLW DQG
SUHYHQWV DXWRPDWLF VWDUWLQJ� $Q LQGLFDWLQJ OLJKW
VKRXOG ZDUQ ZKHQ WKH VZLWFK LV LQ lRIIl WR SUHYHQW
LWV EHLQJ LQDGYHUWHQWO\ OHIW LQ WKDW SRVLWLRQ�

- $ODUP KRUQ DQG VLOHQFLQJ VZLWFKrrSURYLGHV
ZDUQLQJ LI DQ\ RI WKH LQFOXGHG SUHrDODUP RU
SURWHFWLYH VKXWGRZQ GHYLFHV RSHUDWH�

.RKOHUÊ 'HFr� &RQWUROOHU



'��
����

.RKOHUÊ 5HPRWH $QQXQFLDWRU .RKOHUÊ $9 $ODUP

- $ODUP OLJKWV�

r &RPPRQ DODUP OLJKW r
LQGLFDWHV XQLW KDV EHHQ VKXW GRZQ E\ RQH RI WKH
SURWHFWLYH GHYLFHV� ZLWKRXW LQGLFDWLQJ WKH FDXVH�

r %DVLF LQGLYLGXDO DODUP OLJKW JURXS r
SURYLGHV LQGLYLGXDO OLJKWV WR LQGLFDWH ZKHWKHU XQLW
KDV VKXW GRZQ IURP ORZ RLO SUHVVXUH� KLJK
WHPSHUDWXUH� RYHUVSHHG� RU RYHUFUDQN�

r 1)3$ �� $ODUP 3DFNDJH r
1)3$ ��� WKH VWDQGDUG IRU KHDOWK FDUH IDFLOLWLHV�
UHTXLUHV LQGLYLGXDO DODUP OLJKWV IRU � FRQGLWLRQV�

: /RZ HQJLQH WHPSHUDWXUH �HQJLQH KHDWHU QRW
IXQFWLRQLQJ��

: +LJK WHPSHUDWXUH SUHDODUPrrHQJLQH
WHPSHUDWXUH DSSURDFKLQJ VKXWrGRZQ�

: /RZ RLO SUHVVXUH SUHDODUPrrHQJLQH RLO
SUHVVXUH DSSURDFKLQJ VKXWrGRZQ�

: 8QLW VKXW GRZQ GXH WR ORZ RLO SUHVVXUH�
: 8QLW VKXW GRZQ GXH WR KLJK WHPSHUDWXUH�
: 8QLW VKXW GRZQ GXH WR RYHUFUDQN�
: 8QLW VKXW GRZQ GXH WR RYHUVSHHG�

1)3$ �� DOVR UHTXLUHV D UHPRWH DQQXQFLDWRU ZLWK
WKH DERYH YLVLEOH LQGLFDWLRQV SOXV�

: (PHUJHQF\ SRZHU VRXUFH VXSSO\LQJ ORDG�
: %DWWHU\ FKDUJHU PDOIXQFWLRQ�
: /RZ IXHOrrPDLQ WDQN FRQWDLQV OHVV WKDQ D
�rKRXU VXSSO\�

r 2WKHU r
D YDULHW\ RI RWKHU FRGH UHTXLUHPHQWV IRU YLVLEOH
DODUP LQGLFDWLRQV� HLWKHU DW WKH XQLW� RU D UHPRWH
ORFDWLRQ PD\ EH HQFRXQWHUHG� 6RPH RI WKH PRUH
FRPPRQ DUH�

: $ODUP KRUQ VLOHQFLQJ VZLWFK RII�
: (PHUJHQF\ VWRSrrXQLW KDV EHHQ VWRSSHG E\
ORFDO RU UHPRWH HPHUJHQF\ VWRS VZLWFK�

: 6WDUW VZLWFK RII �XQLW XQDEOH WR VWDUW
DXWRPDWLFDOO\��

: 1RUPDO SRZHU VRXUFH VXSSO\LQJ ORDG�
: /RZ EDWWHU\ YROWDJH�
: 6\VWHP UHDG\rrQR DODUP FRQGLWLRQV SUHVHQW�
DOO FRQWUROV LQ lDXWRPDWLF�l

9
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- 'U\ FRQWDFWVrrSURYLGHV D VLQJOH SROH� GRXEOH WKURZ
UHOD\ FRQWDFW IRU FRQQHFWLRQ WR EXLOGLQJ
GHUDQJHPHQW SDQHO� UHPRWH WHOHPHWHULQJ
HTXLSPHQW RU RWKHU UHTXLUHPHQW� 5HOD\ RSHUDWHV
RQ DQ\ VSHFLILHG DODUP� VKXWGRZQ RU FRPELQDWLRQ
RI FRQGLWLRQV�

- &\FOLF FUDQNLQJrrSURYLGHV IRU DOWHUQDWLQJ FUDQN
DQG UHVW SHULRGV ZLWKLQ IL[HG FUDQNLQJ F\FOH�
5HGXFHV GUDLQ RQ VWDUWLQJ EDWWHU\ DQG JXDUGV
DJDLQVW RYHUKHDWLQJ WKH VWDUWHU PRWRU FRPSDUHG WR
RQH FRQWLQXRXV FUDQNLQJ F\FOH�

- 2YHUYROWDJH VKXWrGRZQrrVKXWV GRZQ JHQHUDWRU
VHW LQ HYHQW RI IDLOXUH RI DXWRPDWLF YROWDJH
UHJXODWLRQ V\VWHP� UHVXOWLQJ LQ VXVWDLQHG
RYHUYROWDJH FRQGLWLRQ�

- /RFDO RU UHPRWH HPHUJHQF\ VWRS VZLWFK VKXWV GRZQ
JHQHUDWRU VHW E\ PDQXDO LQWHUYHQWLRQ� XVXDOO\ WKH
ILUH FKLHI�

- 5XQ UHOD\rrFRQWDFWV FORVH RQ HQJLQH VWDUW VLJQDO�
RSHQ RQ VWRS VLJQDO� XVHG WR FRQWURO HOHFWULFDOO\
RSHUDWHG ORXYHUV�

- 5HPRWH DXGLEOH�YLVXDO DODUP SDQHOrrDODUP SDQHO
ZLWK RQH FRPPRQ IDLOXUH OLJKW DQG DODUP KRUQ DV
UHTXLUHG E\ 1)3$ ���� VWDQGDUG IRU HPHUJHQF\
DQG VWDQGE\ SRZHU V\VWHPV�

.RKOHU9 'U\ &RQWDFW .LW
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)LJXUH �� /HYHO 6XUIDFH 0RXQWLQJ

)LJXUH �� 7ZR 3DG 0RXQWLQJ

�� ,QVWDOODWLRQ

��� /RFDWLRQ DQG 6XSSRUW

%DVLF FRQVLGHUDWLRQV LQ WKH FKRLFH RI ORFDWLRQ DUH
JLYHQ LQ WKH SUHOLPLQDU\ SODQQLQJ VHFWLRQ� 2QFH WKH
ORFDWLRQ LV FKRVHQ� WKH PRXQWLQJ GHWDLOV FDQ EH
GHWHUPLQHG�

7KH UHFRPPHQGHG PRXQWLQJ VXUIDFH LV D FRQFUHWH
PRXQWLQJ SDG� 7KLV FDQ EH D OHYHO VXUIDFH DV VKRZQ LQ
)LJXUH �� RU UDLVHG SDGV DV VKRZQ LQ )LJXUHV � DQG ���
7KH DGYDQWDJH RI WKH DUUDQJHPHQW VKRZQ LQ )LJXUH �
LV WKDW WKH HQJLQH RLO FDQ EH GUDLQHG PRUH
FRQYHQLHQWO\� 7KH RLO GUDLQ LV XVXDOO\ SLSHG WR WKH VLGH
RI WKH PRXQWLQJ EDVH E\ WKH PDQXIDFWXUHU� ,I WKHUH LV
QRW VXIILFLHQW FOHDUDQFH EHORZ WKH RLO RXWOHW IRU D SDQ
ODUJH HQRXJK WR KROG WKH IXOO HQJLQH RLO FDSDFLW\� LW ZLOO
EH QHFHVVDU\ WR XVH D SXPS ZKHQHYHU RLO LV FKDQJHG�

7KH GRXEOH SHGHVWDO DUUDQJHPHQW VKRZQ LQ )LJXUH ��
KDV WKH DGYDQWDJH RI SURYLGLQJ PRUH ZRUNLQJ URRP
XQGHU WKH HQJLQH ZLWKRXW UDLVLQJ WKH HQJLQH RU
JHQHUDWRU VHW RII LWV PRXQWLQJV� :LWK HLWKHU
DUUDQJHPHQW� WKH PRXQWLQJ SDG VKRXOG H[WHQG VL[
LQFKHV ��� FP� EH\RQG WKHPRXQWLQJ EDVH GLPHQVLRQV�
:KHQ XVLQJ WKH GRXEOH SHGHVWDO DUUDQJHPHQW� WKH
SHGHVWDOV VKRXOG H[WHQG DW OHDVW VL[ LQFKHV ��� FP�

EDFN IURP WKH ORFDWLRQ RI WKH IURQW HQJLQH PRXQW DQG
VL[ LQFKHV ���� PP� WRZDUG WKH HQJLQH IURP WKH
JHQHUDWRU PRXQWLQJ SRLQW�

7KH FRPSRVLWLRQ RI WKH PRXQWLQJ SDG VKRXOG IROORZ
VWDQGDUG SUDFWLFH IRU WKH UHTXLUHG ORDGLQJ� &RPPRQ
VSHFLILFDWLRQV FDOO IRU ����r���� SVL ����r��� NJ�FP��
FRQFUHWH UHLQIRUFHG ZLWK HLJKWrJDXJH ZLUH IDEULF RU
1XPEHU � UHLQIRUFLQJ EDUV RQ ��rLQFK FHQWHUV� 7KH
WRWDO ZHLJKW RI WKH PRXQWLQJ SDG VKRXOG EH DW OHDVW
HTXDO WR WKH ZHLJKW RI WKH JHQHUDWRU VHW �D GHQVLW\ RI
��� OEV� SHU FXELF IRRW ����� NJ SHU ���� P�� IRU
FRQFUHWH FDQ EH XVHG IRU WKLV FDOFXODWLRQ�� 6XJJHVWHG
FRQFUHWH PL[WXUH E\ YROXPH LV ����� SDUWV RI FHPHQW�
VDQG� DQG DJJUHJDWH� $ OD\HU RI �r�� LQFKHV ���r��
FP� RI VDQG RU JUDYHO VKRXOG VXUURXQG WKH SDG IRU
SURSHU VXSSRUW DQG LVRODWLRQ RI D SDG ORFDWHG DW RU
EHORZ JUDGH�
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0RXQWLQJ EDVHV IRU JHQHUDWRU VHWV �� N: DQG ODUJHU
DUH W\SLFDOO\ PDGH IURP l,l RU l&l VHFWLRQ FKDQQHO
LURQ ZLWK D ZLGWK RI �r� LQFKHV SHU FKDQQHO� /HQJWK
YDULHV ZLWK WKH VL]H RI WKH XQLW� UHVXOWLQJ LQ D VWDWLF ORDG
RQ WKH PRXQWLQJ VXUIDFH RI ��r�� SVL ������r�����
NJ�FP�� LI WKH WRWDO ERWWRP VXUIDFH RI WKH FKDQQHO LV LQ
FRQWDFW ZLWK WKH PRXQWLQJ SDG� $OO JHQHUDWRU VHWV
VKRXOG KDYH YLEUDWLRQ LVRODWLRQ EHWZHHQ WKH
HQJLQHrJHQHUDWRU DQG WKH PRXQWLQJ VXUIDFH� 7KLV
PD\ FRQVLVW RI QHRSUHQH RU FRPELQDWLRQ VSULQJ DQG
QHRSUHQH LVRODWRUV EHWZHHQ WKH HQJLQHrJHQHUDWRU DQG
WKH EDVH� RU VSULQJrW\SH PRXQWV EHWZHHQ WKH EDVH DQG
PRXQWLQJ SDG� $Q DGYDQWDJH RI IDFWRU\ LQVWDOOHG
PRXQWV EHWZHHQ WKH HQJLQHrJHQHUDWRU DQG WKH EDVH LV
WKDW HQJLQHrJHQHUDWRU DOLJQPHQW LV QRW DIIHFWHG E\
VWUHVV LQGXFHG LQ KDQGOLQJ� VKLSPHQW� RU PRXQWLQJ RQ
DQ XQHYHQ VXUIDFH� ,Q DGGLWLRQ� D OHVV ULJLG EDVH FDQEH
XVHG UHGXFLQJ ZHLJKW� FRVW� DQG LQVWDOODWLRQ WLPH�

*HQHUDWRU VHWV� ��� N: DQG ODUJHU� DUH XVXDOO\ GLUHFW
PRXQWHG WR D VWUXFWXUDO LURQ EDVH� )RU WKHVH XQLWV� WKH
PDQXIDFWXUHU
V UHFRPPHQGHG YLEUDWLRQ LVRODWRUV
VKRXOG EH LQVWDOOHG EHWZHHQ WKH EDVH DQG PRXQWLQJ
SDG� %HFDXVH RI WKH UHGXFHGPRXQWLQJ VXUIDFH DUHD RI
WKHVH LQGLYLGXDO PRXQWV� WKH VWDWLF ORDG RQ WKH
PRXQWLQJ VXUIDFH ZLOO LQFUHDVH WR WKH UDQJH RI ��r���
SVL ������r���� NJ�FP���

)LJXUH ��� 7ZR 3HGHVWDO 0RXQWLQJ
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)LJXUH ��� )RXUr3RLQW 0RXQWLQJ )LJXUH ��� 6L[r3RLQW 0RXQWLQJ

7KH YLEUDWLRQ LVRODWLRQ HIILFLHQF\ RI QHRSUHQH SDG
W\SH PRXQWV LV DSSUR[LPDWHO\ ���� :KHQ LQVWDOOHG DW
RU EHORZ JUDGH� WKLV GHJUHH RI LVRODWLRQ ZLOO SUHYHQW
WUDQVPLVVLRQ RI REMHFWLRQDEOH YLEUDWLRQ WR WKH
VXUURXQGLQJ VWUXFWXUH� 6SULQJrW\SH LVRODWRUV FDQ EH
H[SHFWHG WR SURYLGH LVRODWLRQ HIILFLHQF\ RI ���� 7KLV
W\SH RI PRXQW LV UHFRPPHQGHG IRU DERYH JUDGH
LQVWDOODWLRQV� 7KH JHQHUDWRU VHW PDQXIDFWXUHU
V
UHFRPPHQGDWLRQV VKRXOG EH IROORZHG IRU WKH W\SH�
QXPEHU� DQG ORFDWLRQ RI PRXQWV XVHG�

,Q VRPH FULWLFDO DSSOLFDWLRQVZKHUH WKH JHQHUDWRU VHW LV
LQVWDOOHG DERYH JUDGH RU ZKHUH HDUWKTXDNHrSURRI
PRXQWV DUH VSHFLILHG� LW PD\ EH QHFHVVDU\ WR LQVWDOO
VSULQJrW\SH YLEUDWLRQ LVRODWRUV XQGHU WKH JHQHUDWRU
VHW PRXQWLQJ EDVH� $FFHVVRU\ YLEUR PRXQWV VKRXOG
QRW EH LQVWDOOHG DW WKH ORFDWLRQV RI WKH VWDQGDUG
SUHGULOOHG PRXQWLQJ KROHV� 7KH PRXQWLQJ EDVH LV
GHVLJQHG WR EH VXSSRUWHG HYHQO\ DORQJ WKH WRWDO OHQJWK
RI WKH VLGH UDLOV� ,I LW LV WR EH VXSSRUWHG DW RQO\ WZR RU
WKUHH SRLQWV RQ HDFK VLGH� WKHVH SRLQWV VKRXOG EH
GLUHFWO\ XQGHU WKH IDFWRU\rLQVWDOOHG PRXQWV EHWZHHQ
WKH HQJLQH�JHQHUDWRU DQG WKH EDVH�

,I D IRXUrSRLQW PRXQWLQJ V\VWHP LV XVHG� RQH PRXQW
VKRXOG EH ORFDWHG XQGHU HDFK IUDPH UDLO LQ OLQH ZLWK
WKH HQJLQH PRXQWV� 7KH RWKHU WZR PRXQWV VKRXOG EH
SODFHG RQH XQGHU HDFK IUDPH UDLO LQ OLQH ZLWK WKH
JHQHUDWRU PRXQWV� 6HH )LJXUH ���

,I D VL[rSRLQW PRXQWLQJ V\VWHP LV XVHG� FRPPRQ
SUDFWLFH UHFRPPHQGV SODFLQJ WZR PRXQWV XQGHU WKH
HQJLQH DV GHVFULEHG DERYH� 7KH UHPDLQLQJ IRXU
PRXQWV VKRXOG EH LQVWDOOHG� WZR XQGHU HDFK IUDPH UDLO�
HTXLGLVWDQW RQ HLWKHU VLGH RI WKH IDFWRU\rVXSSOLHG
JHQHUDWRUrWRrEDVH PRXQWV� 6HH )LJXUH ���

��� 'LHVHO )XHO 6\VWHPV

7KH PDLQ FRPSRQHQWV RI D GLHVHO IXHO V\VWHP DUH D
PDLQ IXHO VWRUDJH WDQN� IXHO OLQH� WUDQVIHU WDQN� DQG
DX[LOLDU\ IXHO SXPS� 6HH )LJXUH ���

����� 0DLQ )XHO 7DQN

)XHO VWRUDJH WDQNV PD\ EH ORFDWHG DERYH JURXQG
LQGRRUV RU RXWGRRUV� RU EXULHG XQGHUJURXQG�
1DWLRQDO FRGHV FRYHULQJ WDQN ORFDWLRQ DQG
FRQVWUXFWLRQ LQFOXGH 1)3$ ��� )ODPPDEOH DQG
&RPEXVWLEOH /LTXLGV &RGH� DQG 1)3$ ��� 6WDWLRQDU\
&RPEXVWLRQ (QJLQHV DQG *DV 7XUELQHV�
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0RVW GLHVHO HQJLQHV ZLOO RSHUDWH VDWLVIDFWRULO\ RQ ��
GRPHVWLF EXUQHU RLO DV IXUQLVKHG LQ PRVW SDUWV RI WKH
8QLWHG 6WDWHV� 7KH HQJLQH FDQ EH VXSSOLHG IURP WKH
VDPH WDQN XVHG IRU KHDWLQJ RLO LI ERWK XVH WKH VDPH
IXHO� 7KLV LV GHVLUDEOH ERWK EHFDXVH RI WKH FRVW VDYLQJ
DQG WKH IXUWKHU DGYDQWDJH WKDW IXHO ZLOO EH XVHG DQG
UHSODFHG UHJXODUO\� HQVXULQJ D IUHVK IXHO VXSSO\ IRU WKH
HQJLQH� :KHUHPRUH WKDQRQH HQJLQH RU DQ HQJLQH DQG
RWKHU DSSOLDQFH�V� DUH IXHOHG IURP WKH VDPH PDLQ
WDQN� HDFK HQJLQH VKRXOG KDYH LWV RZQ VXSSO\ OLQH�

&RGHV UHTXLULQJ VWDQGE\ SRZHU RIWHQ VSHFLI\
PLQLPXP RQrVLWH IXHO VXSSO\� 6XFK UHTXLUHPHQWV DUH
LQFOXGHG LQ 1)3$ ��� 1DWLRQDO (OHFWULFDO &RGH9� DQG
1)3$ ��� 6WDQGDUG IRU +HDOWK &DUH )DFLOLWLHV� 'LHVHO
IXHO ZLOO GHWHULRUDWH LI VWRUHG IRU PRUH WKDQ D \HDU� VR
WKH WDQN VKRXOG QRW EH RYHUVL]HG WR WKH SRLQW WKDW LWV
FRQWHQWV FDQQRW EH XVHG LQ RQH \HDU RI UHJXODU
H[HUFLVLQJ� ,I WKHUH DUH QR DSSOLFDEOH FRGH
UHTXLUHPHQWV� D WDQN VL]HG IRU HLJKW KRXUV RSHUDWLRQ DW
UDWHG ORDG LV VXJJHVWHG�

)RRW 9DOYH

6XSSO\
7DQN

7DQN
)LOOLQJ
,QOHW

)XHO
7DQN
9HQW

)XHO 3XPS
5HWXUQ /LQH

,QKHFWRU
5HWXUQ /LQH

(OHFWULFDO )XHO /HYHO
&RQWURO 6ZLWFK

3RVLWLYH 'LVSODFHPHQW
)XHO 7UDQVIHU 3XPS

7DQN
'UDLQ

)XHO
7UDQVIHU
7DQN

2YHUIORZ /LQH
)XHO
6XSSO\
/LQH

'LHVHO )XHO 6\VWHP
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����� )XHO /LQHV

)XHO OLQHV VKRXOG EH FRQVWUXFWHG RI 6FKHGXOH �� EODFN
LURQ SLSH RU FRSSHU WXELQJ� *DOYDQL]HG SLSH� ILWWLQJV
RU WDQNV VKRXOG QHYHU EH XVHGZLWK GLHVHO IXHO V\VWHPV�
7KH IXHO ZLOO UHDFW FKHPLFDOO\ ZLWK WKH JDOYDQL]HG
FRDWLQJ� FDXVLQJ LW WR SHHO DQG FORJ IXHO ILOWHUV DQG
GDPDJH IXHO LQMHFWLRQ V\VWHP FRPSRQHQWV�

)XHO OLQH VL]HV VKRXOG EH WKH PLQLPXP UHTXLUHG WR
GHOLYHU WKH YROXPH QHFHVVDU\ WR WKH HTXLSPHQW ZLWKLQ
DQ DFFHSWDEOH SUHVVXUH GURS r � SVL DYHUDJH �����
NJ�FP��� 7KH XVH RI H[FHVVLYHO\ ODUJH SLSLQJ LQFUHDVHV
WKH FKDQFH WKDW DLU ZLOO EH LQWURGXFHG LQWR WKH V\VWHP�
DQG WKDW IXHO SXPSV ZLOO EH GDPDJHG E\ RSHUDWLQJ GU\
ZKHQ SULPLQJ WKH V\VWHPV�

)OH[LEOH FRQQHFWLRQV VKRXOG EH XVHG ZKHUHYHU WKHUH
PD\ EH UHODWLYH PRWLRQ EHWZHHQ SLSLQJ DQG VXSSOLHG
HTXLSPHQW� $OZD\V XVH IOH[LEOH OLQHV DW WKH HQJLQH
FRQQHFWLRQV� 7KHVH VKRXOG EH DPLQLPXPRI VL[ LQFKHV
����� FP� ORQJ� RU DV UHFRPPHQGHG E\ WKH HQJLQH
VXSSOLHU�

'LHVHO HQJLQHV UHTXLUH DW OHDVW WZR IXHO OLQHV� RQH
VXSSO\ DQG DW OHDVW RQH UHWXUQ IURP WKH IXHO LQMHFWRUV�
0RUH IXHO LV GHOLYHUHG WR WKH LQMHFWRUV WKDQ WKH HQJLQH
ZLOO XVH DQG WKH H[FHVV PXVW EH UHWXUQHG WR D WUDQVIHU
WDQNRU WKHPDLQ VWRUDJH WDQN� )XHO UHWXUQ OLQHV VKRXOG

EH DW OHDVW WKH VL]H RI WKH VXSSO\ OLQHV� 7KH\ VKRXOG EH
XQUHVWULFWHG� DV VKRUW DV SRVVLEOH� DQG DOORZ JUDYLW\
UHWXUQ RI IXHO WR WKH VWRUDJH WDQNV�

,Q VRPH LQVWDOODWLRQV LW PD\ EH GLIILFXOW RU
LQFRQYHQLHQW WR URXWH UHWXUQ OLQHV VR WKDW IXHO ZLOO IORZ
E\ JUDYLW\� %HIRUH GHVLJQLQJ D V\VWHP ZKLFK ZLOO KDYH
DQ\ KHDG RI IXHO RQ WKH UHWXUQ OLQHV� WKH GHWDLOV VKRXOG
EH DSSURYHG E\ WKH HQJLQH VXSSOLHU� 6HULRXV SUREOHPV
ZLWK HQJLQH K\GUDXOLF ORFN RU XQFRQWUROODEOH
RYHUVSHHGLQJ ZLOO UHVXOW IURP DQ\ UHWXUQ IXHO OLQH
UHVWULFWLRQ RQ VRPH GLHVHO IXHO V\VWHPV�
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����� 7UDQVIHU 7DQNV

7KH WHUPV lWUDQVIHU WDQNl DQG lGD\ WDQNl DUH RIWHQ
XVHG LQWHUFKDQJHDEO\� %RWK DUH XVHG WR HQVXUH HQJLQH
VWDUWLQJ LQ WKH PLQLPXP SRVVLEOH WLPH DIWHU D SRZHU
IDLOXUH E\ PHDQV RI D TXDQWLW\ RI IXHO VWRUHG LQ D WDQN
DGMDFHQW WR WKH HQJLQH� 7KLV DOORZV WKH HQJLQH IXHO
WUDQVIHU SXPS WR HDVLO\ GUDZ IXHO ZKHQ VWDUWLQJ DQG
SURYLGHV D FRQYHQLHQW ORFDWLRQ WR FRQQHFW LQMHFWRU
UHWXUQ OLQHV� 6WDQGDUG WDQNV DUH DYDLODEOH LQ VL]HV
IURP �r��� JDOORQV ���r���� /� ZLWK RU ZLWKRXW
LQWHJUDO HOHFWULF IXHO WUDQVIHU SXPSV� 7KH\ FDQ DOVR EH
SURYLGHG ZLWK IXHO OHYHO JDXJHV� PDQXDO SULPLQJ
SXPSV� IORDW VZLWFKHV IRU SXPS FRQWURO� IORDW YDOYHV�
DQG ORZ OHYHO DODUPV� $ IORDW VZLWFK FRQWUROOHG
VROHQRLG DQWLrVLSKRQ YDOYH RU D IORDW YDOYH VKRXOG EH
XVHG ZKHQHYHU WKHUH LV D SRVVLELOLW\ RI VLSKRQLQJ IXHO
IURP WKH PDLQ VWRUDJH WDQN� RU ZKHQ WKH IXHO OHYHO LQ
WKH PDLQ WDQN PD\ EH DERYH WKH OHYHO RI WKH WUDQVIHU
WDQN LQOHW� 6RPH HQJLQHV DUH VXEMHFW WR GHUDWLQJ IRU
IXHO WHPSHUDWXUH DERYH ���E)� DQG DUH VXEMHFW WR
GDPDJH LI RSHUDWHG ZLWK IXHO WHPSHUDWXUH DERYH
���E)� $ GD\ WDQN VL]HG IRU WZR KRXUV IXHO
FRQVXPSWLRQ VKRXOG SUHYHQW H[FHVVLYH IXHO KHDWLQJ E\
IXHO UHWXUQHG IURP WKH HQJLQH� ,I VPDOOHU GD\ WDQNV DUH
XVHG� WKH HQJLQH VXSSOLHU PD\ UHFRPPHQG URXWLQJ
HQJLQH IXHO UHWXUQ OLQHV WR WKH PDLQ VWRUDJH� RU
LQVWDOODWLRQ RI D IXHO FRROHU�

6WDQGDUG 'D\ 7DQN
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'D\ 7DQN &RQWURO 3DQHO

����� $X[LOLDU\ )XHO 3XPSV

(QJLQH GULYHQ IXHO WUDQVIHU SXPSV XVXDOO\ DUH
GLDSKUDJPrW\SH SXPSV ZKLFK GHYHORS D PD[LPXP RI
� SVL ����� NJ�FP�� SUHVVXUH DQG KDYH D OLIW FDSDFLW\ RI
�r� IHHW �����r���� P�� (YHQ LI WKH HQJLQH SXPS FDQ
GUDZ IXHO D JUHDWHU GLVWDQFH� D PRUH UHOLDEOH V\VWHP
UHVXOWV LI D WUDQVIHU WDQN DQG�RU DX[LOLDU\ SXPS DUH
XVHG ZKHQ WKH YHUWLFDO OLIW H[FHHGV WKUHH IHHW RU IXHO
PXVW EH GUDZQ KRUL]RQWDOO\ PRUH WKDQ �� IHHW ����P��
2Q HQJLQHV XVLQJ OHVV WKDQ WHQ JDOORQV ��� /� RI IXHO
SHU KRXU �DSSUR[LPDWHO\ ��� N: RU OHVV�� DQ HOHFWULF
IXHO WUDQVIHU SXPS SRZHUHG E\ WKH HQJLQH VWDUWLQJ
EDWWHU\ FDQEH LQVWDOOHG LQ VHULHV ZLWK WKH HQJLQHGULYHQ
WUDQVIHU SXPS� %HVW UHVXOWV DUH REWDLQHG ZKHQ WKH
HOHFWULF SXPS LV ORFDWHG QHDU WKH IXHO WDQN UDWKHU WKDQ
QHDU WKH HQJLQH�

:KHUH IXHO PXVW EH OLIWHG VL[ IHHW ����� P� RU PRUH� RU
ORQJ KRUL]RQWDO UXQV DUH LQYROYHG� DQ HOHFWULF PRWRU
GULYHQ SRVLWLYH GLVSODFHPHQW SXPS VKRXOG EH XVHG
ZLWK D WUDQVIHU WDQN DQG IORDW VZLWFK� 7KH SRZHU
VXSSO\ IRU WKH SXPS VKRXOG DOZD\V EH IURP WKH ORDG
VLGH RI WKH WUDQVIHU VZLWFK IRU PD[LPXP UHOLDELOLW\�
6XFK SXPSV W\SLFDOO\ DUH FDSDEOH RI OLIWLQJ IXHO �� IHHW
����P� RU GUDZLQJ LW KRUL]RQWDOO\ XS WR ��� IHHW ���P��
:KHUH YHUWLFDO RU KRUL]RQWDO UXQV H[FHHG WKHVH OLPLWV�
WKH SXPS VKRXOG EH UHPRWH PRXQWHG DGMDFHQW WR WKH

IXHO VWRUDJH WDQN� :KHQ VR ORFDWHG� WKHVH SXPSV FDQ
SXVK IXHO RYHU ����� IHHW ����P� KRUL]RQWDOO\ RUPRUH
WKDQ ��� IHHW ����� P� YHUWLFDOO\ DQG GHOLYHU DGHTXDWH
IXHO IRU JHQHUDWRU VHWV XS WR ���� N:� 3RVLWLYH
GLVSODFHPHQW SXPSV VKRXOG QHYHU EH FRQQHFWHG
GLUHFWO\ WR DQ HQJLQH� D WUDQVIHU WDQN DQG IORDW VZLWFK
VKRXOG DOZD\V EH XVHG VR WKH HQJLQH IXHO V\VWHP LV QRW
VXEMHFWHG WR H[FHVVLYH IXHO SUHVVXUH�

6HH 7DEOHV (r�� (r�� (r�� DQG (r� WR HVWLPDWH
IULFWLRQDO ORVV LQ SLSH DQG ILWWLQJV� IRU DOWLWXGH
GHYLDWLRQV� DQG SXPS GLVFKDUJH SUHVVXUH� ,I WKH VLWH
GHVLJQ UHTXLUHV PRUH WKDQ �� IHHW YHUWLFDOO\ EHWZHHQ
WKH PDLQ DQG GD\ WDQN� RQH UHFRPPHQGDWLRQ LV D
UHPRWH SXPSLQJ VWDWLRQ EH SODFHG DW WKH PDLQ WDQN�
7KLV ZLOO DOORZ XWLOL]DWLRQ RI WKH KHDG �SXVKLQJ�
FDSDELOLWLHV RI WKH SXPS� 7KH SXPS
V KHDG LV WKH
WKHRUHWLFDO YHUWLFDO GLVWDQFH LW ZLOO SXVK IXHO� 8VH WKH
IROORZLQJ H[DPSOHV DQG FRPSOHWH WKH ZRUN VKHHW WR
GHWHUPLQH SXPS OLIW DQG KHDG�
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7R GHWHUPLQH WKH WRWDO DYDLODEOH OLIW WKH IROORZLQJ IDFWRUV
QHHG WR EH FRQVLGHUHG�

�� 9HUWLFDO GLVWDQFH IURP WDQN WR SXPS�
�� 7RWDO OHQJWK RI SLSH DQG VL]H�
�� )LWWLQJV LQ OLQH�
�� (OHYDWLRQ DERYH VHD OHYHO�

([DPSOH r 'HWHUPLQLQJ 5HTXLUHG /LIW

*LYHQ� 9HUWLFDO GLVWDQFH
�� IHHW
7RWDO OHQJWK RI SLSH
��� IHHW
3LSH VL]H � LQ� GLDPHWHU
3XPS VL]H � *30
)LWWLQJ � HOERZV
(OHYDWLRQ DERYH VHD OHYHO
����� IHHW

6ROXWLRQ� 5HIHUULQJ WR 7DEOH (r�� DQ HOERZ HTXDOV ���
IHHW RI SLSH ���� [ � HOERZV  ��� IHHW�� 7KH FRUUHFWHG
OHQJWKRI SLSH LV QRZ����� IHHW� 5HIHU WR7DEOH(r�� D �
LQ� GLDPHWHU SLSH LV HTXDO WR ��� IHHW RI IULFWLRQDO KHDG
ORVV IRU ��� IHHW RI SLSH ������ [ ��� � ���  ��� IHHW��
7KH DFWXDO KHDG ORVV LV ��� IHHW� 7KHUHIRUH� WKH WRWDO
OLIW QHHGHG IRU WKLV V\VWHP LV WKH YHUWLFDO GLVWDQFH SOXV
���� IHHW RU ����� IHHW�

6LQFH WKH SXPS LV VDIHO\ FDSDEOH RI OLIWLQJ �� IHHW DW
����� IRRW HOHYDWLRQ �VHH 7DEOH (r�� WKH SUHYLRXV
H[DPSOH ZLOO SHUIRUP VDWLVIDFWRULO\�
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7R GHWHUPLQH WKH WRWDO DYDLODEOH KHDG WKUHH IDFWRUV QHHG
WR EH FRQVLGHUHG�

�� 9HUWLFDO GLVWDQFH IURP SXPS WR GD\ WDQN�
�� 7RWDO OHQJWK RI SLSH DQG VL]H�
�� )LWWLQJV LQ OLQH�

([DPSOH r 'HWHUPLQLQJ 5HTXLUHG +HDG

*LYHQ� 9HUWLFDO GLVWDQFH
��� IHHW
7RWDO OHQJWK RI SLSH
��� IHHW
3LSH VL]H ��� LQ� GLDPHWHU
)LWWLQJV � HOERZV

� FKHFN YDOYH
� VROHQRLG YDOYH

3XPS � *30

127(
(OHYDWLRQ GRHV QRW QHHG WR EH FRQVLGHUHG LQ KHDG
FDOFXODWLRQV�

6ROXWLRQ� 5HIHUULQJ WR 7DEOH (r�� D ��� HOERZ HTXDOV
��� IHHW RI SLSH ���� [ �  ����� 7KH FKHFN YDOYH HTXDOV
��� IHHW RI SLSH� $OVR WKH VROHQRLG YDOYH KDV D ��� SVL
GURS �FRQVXOW PDQXIDFWXUHU�� ZKLFK FDOFXODWHV WR ����
IHHW RI SLSH ���� [ ������ 7KH WRWDO DGMXVWHG OHQJWK RI

SLSH LV� ���������������� ��� IHHW� 5HIHUULQJ WR
7DEOH (r�� ��� IHHW RI ��� LQ� SLSH ZLWK D � *30 SXPS
LQWHUSRODWHG WR ���� IHHW RI KHDG ORVV ����� [ ������
7KHUHIRUH� WRWDO HTXLYDOHQW KHLJKW LV ���� � �����  
����� IHHW� �1RWH� 6LQFH WKH UHVXOWLQJ SUHVVXUH DW WKH
GD\ WDQN LV >��� IHHW VXEWUDFW ����� IHHW@ GLYLGHG E\
����  �� SVL�� 7KH SXPS V\VWHP ZLOO ZRUN DQG SXVK
IXHO WR D KHLJKW RI ��� IHHW�
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7DEOH (r�� )ULFWLRQDO +HDG /RVV �LQ IHHW� IRU ��� IHHW RI
VWDQGDUG ZHLJKW SLSH DW ��E ) DW VHD OHYHO r GLHVHO IXHO

*30 3,3( 6,=(

��� ��� ��� � �r��� �r��� �

� ���� ��� ��� ��� ���

� ���� ���� ��� ��� ��� ���

� ���� ���� ��� ��� ���

�� ���� ��� ��� ��� ���

�� ���� ��� ��� ���

3LSH
6L]H
�LQ��

%DOO
9DOYH

��
'HJ�
(OERZ

6WG�
(OERZ

6WG�
7HH

&KHFN
9DOYH

$QJOH
9DOYH

*OREH
9DOYH

'LDSKUDJP
9DOYH

��� ��� ��� ��� ��� ��� ��� ����

��� ��� ��� ��� ��� ��� ��� ���� ��

��� ��� ��� ��� ��� ��� ���� ����

� ��� ���� ��� ��� ��� ���� ����

�r��� ��� ��� ��� ��� ��� ���� ����

�r��� ��� ��� ��� ��� ���� ���� ����

� ��� ��� ��� ���� ���� ���� ����

7DEOH (r�� )ULFWLRQDO /RVV LQ 3LSH )LWWLQJV LQ
WHUPV RI HTXLYDOHQW IHHW RI VWUDLJKW SLSH

$WPRVSKHULF
3UHVVXUH ���� ���� ���� ���� ���� ���� ����
�LQ SVL�

$YDLODEOH /LIW �� �� ���� �� ���� �� ����
�LQ IHHW�

(OHYDWLRQ

6HD /HYHO ���� )HHW ���� )HHW ���� )HHW ���� )HHW ���� )HHW ���� )HHW

7DEOH (r�� /LIWLQJ &DSDFLWLHV DW 9DULRXV (OHYDWLRQV

1RPLQDO 3XPS 6L]H
�*30� DW ���� 530

0RWRU +RUVHSRZHU
���

� ���

� �� ���

� � �� �� ���

�� � �� �� �� ��� ���

�� �� �� �� ���

�� � �� �� ���

��� ��� � �r��� � �

7DEOH (r�� 3XPS 'LVFKDUJH 3UHVVXUH �SVL�

127(
3XPS GLVFKDUJH
YROXPHV �*30� FDQ
GHFUHDVH E\DVPXFK DV
��� ZKHQ KLJKHU
SUHVVXUHV DUH UHTXLUHG�
&RQVXOW SXPS
PDQXIDFWXUHU IRU
ERUGHUOLQH FRQVXPSWLRQ
UDWHV�
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����� 3XPS /LIW�+HDG :RUNVKHHW

/LIW 5HTXLUHG IRU 'D\ 7DQN $ERYH 0DLQ 7DQN DQG
+HDG 5HTXLUHG IRU 'D\ 7DQN %HORZ 0DLQ 7DQN

'LUHFWLRQV� 8VH OLQHV �r�� IRU ERWKDSSOLFDWLRQV� XVH OLQHV ��r�� IRU GD\ WDQN DERYHPDLQ WDQNDQG OLQHV��r��
IRU GD\ WDQN EHORZ PDLQ WDQN�

�� 7RWDO YHUWLFDO OHQJWK RI SLSH �SXPS LQOHW WR PDLQ WDQN ERWWRP� IW�� � � � � � � � � � � � � � � � � � � �

�� 7RWDO OHQJWK RI SLSH �YHUWLFDO DQG KRUL]RQWDO� �HDFK SLSH VL]H LQOLQH PXVW EH
FDOFXODWHG VHSDUDWHO\� IW�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� $GGHG OHQJWK GXH WR ILWWLQJ LQ OLQH �VHH 7DEOH (r�� IW�� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� $GG OLQHV � DQG � IW�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� 'LYLGH OLQH � E\ ��� & IW�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� 3LSH VL]H LQFKHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� 3XPS FDSDFLW\ *30� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� )ULFWLRQ KHDG ORVV IRU ��� IHHW �VHH 7DEOH (r�� IW�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� $GGLWLRQDO KHDG ORVV r PXOWLSO\ OLQH � E\ OLQH � IW�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 5HSHDW OLQHV � WKUX � IRU HDFK SLSH VL]H XVHG LQOLQH IW�� � � � � � � � � � � � � � � � � � � � � � � � � � � �

8VH OLQHV �� WKUX �� IRU FDOFXODWLQJ SXPS OLIW�

��� 7RWDO OLIWLQJ FDSDFLW\ QHHGHG �DGG OLQHV �� �� DQG ��� IW�� � � � � � � � � � � � � � � � � � � � � � � � � � �

��� (OHYDWLRQ DERYH VHD OHYHO IW�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� $YDLODEOH SXPS OLIW �VHH 7DEOH (r�� IW�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 6XEWUDFW OLQH �� IURP OLQH �� IW�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

8VH OLQHV �� WKUX �� IRU FDOFXODWLQJ SXPS KHDG�

��� 7RWDO KHDG FDSDFLW\ QHHGHG �DGG OLQHV �� �� DQG ��� IW�� � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 3XPS GLVFKDUJH SUHVVXUH �VHH 7DEOH (r�� SVL� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� $YDLODEOH SXPS KHDG �PXOWLSO\ OLQH �� E\ ����� IW�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 6XEWUDFW OLQH �� IURP OLQH �� IW�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

3XPS /LIW 5HVXOWV

,I OLQH �� LV D SRVLWLYH QXPEHU WKH V\VWHP LV SURSHUO\ VL]HG� ,I OLQH �� LV D QHJDWLYH QXPEHU WKH V\VWHP LV
EH\RQG LWV VDIH OLIWLQJ FDSDFLW\� ,I OLQH � LV OHVV WKDQ OLQH ��� LQFUHDVH SLSH VL]H� ,I OLQH � LV ODUJHU WKDQ OLQH
�� D UHPRWH SXPSLQJ XQLW LV UHTXLUHG�

3XPS +HDG 5HVXOWV

,I OLQH �� LV D SRVLWLYH QXPEHU WKH V\VWHP LV SURSHUO\ VL]HG� ,I OLQH �� LV D QHJDWLYH QXPEHU WKH V\VWHP LV
EH\RQG LWV VDIH SXVKLQJ FDSDFLW\�
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��� *DVROLQH )XHO 6\VWHPV

'XH WR FRGH UHVWULFWLRQV ZKLFK GR QRW DOORZ VWRUDJH RI
PRUH WKDQ RQH JDOORQ ���� /� RI JDVROLQH LQVLGH D
EXLOGLQJ� JDVROLQH IXHO V\VWHPV DUH XVXDOO\ OLPLWHG WR
KRXVHG JHQHUDWRU VHWV LQVWDOOHG RXWGRRUV RU SRUWDEOH
WUDLOHUrPRXQWHG XQLWV�

*DVROLQH ZLOO GHWHULRUDWH LI VWRUHG IRU PRUH WKDQ VL[
PRQWKV� VR VWRUDJH WDQN VL]H VKRXOG EH NHSW WR WKH
PLQLPXP UHTXLUHG E\ FRGH� (QJLQH IXHO SXPSV
XVXDOO\ ZLOO OLIW IXHO XS WR IRXU IHHW RU GUDZ LW
KRUL]RQWDOO\ XS WR �� IHHW ����� P�� $X[LOLDU\ HOHFWULF
SXPSV SRZHUHG E\ WKH HQJLQH VWDUWLQJ EDWWHU\ FDQ EH
FRQQHFWHG LQ VHULHV ZLWK WKH HQJLQH SXPS� $X[LOLDU\
SXPS SUHVVXUH VKRXOG EH OLPLWHG WR DSSUR[LPDWHO\ �
SVL ����� NJ�FP��� ,I WKH DX[LOLDU\ SXPS LV ORFDWHG DW
WKH IXHO WDQN� KRUL]RQWDO DQG YHUWLFDO GLVWDQFH OLPLWV
DSSUR[LPDWHO\ WZLFH WKRVH RI WKH HQJLQH SXPS DORQH
DUH SUDFWLFDO�

)XHO VXSSO\ OLQHV VKRXOG EH 6FKHGXOH �� EODFN LURQ
SLSH RU FRSSHU WXELQJ� *DOYDQL]HG SLSH DQG ILWWLQJV
DUH QRW UHFRPPHQGHG� /LQH VL]H VKRXOG EH NHSW WR WKH
PLQLPXP QHFHVVDU\ IRU WKH UHTXLUHG IXHO IORZ�

)OH[LEOH FRQQHFWLRQV DW OHDVW VL[ LQFKHV ����� FP� LQ
OHQJWK VKRXOG EH XVHG EHWZHHQ VWDWLRQDU\ SLSLQJ DQG
WKH HQJLQH IXHO LQOHW FRQQHFWLRQ�
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.RKOHUÊ ��5= *HQHUDWRU 6HW

)8(/ 75$16)(5 7$1.6 $1' 326,7,9(
',63/$&(0(17 )8(/ 38036 '(6,*1('
)25',(6(/ )8(/ 6<67(06 6+28/'1(9(5
%( 86(' :,7+ *$62/,1(�

&RPELQDWLRQ QDWXUDO JDVrJDVROLQH IXHO V\VWHPV DUH
VRPHWLPHV XVHG ZLWK JDVROLQH DV D VWDQGE\ IXHO WR
PHHW FRGH UHTXLUHPHQWV IRU RQrVLWH IXHO VXSSO\� 6XFK
V\VWHPV DUH QRW UHFRPPHQGHG XQOHVV WKH HQJLQH ZLOO
EH RSHUDWHG RQ JDVROLQH RIWHQ HQRXJK WR HQVXUH WKDW
IXHO GRHV QRW GHWHULRUDWH DQG WKH FDUEXUHWRU ZLOO QRW
EH GLVDEOHG E\ DFFXPXODWHG JXP DQG IXHO GHSRVLWV�

,I D IXHO VWRUDJH WDQN LV ORFDWHG DERYH WKH HQJLQH� DQ
DQWLrVLSKRQ IXHO VROHQRLG YDOYH RU DLU EOHHG KROH LQ WKH
IXHO WDQNGLS WXEH �QHDU WRSRI WXEH LQVLGH WDQN� VKRXOG
EH XVHG WR SUHYHQW VLSKRQLQJ RI JDVROLQH�

��� 1DWXUDO RU /3 *DV )XHO 6\VWHPV

1DWXUDO DQG /3 �/LTXLILHG 3HWUROHXP� JDV IXHO
V\VWHPV VKRXOG EH GHVLJQHG DQG LQVWDOOHG LQ
DFFRUGDQFH ZLWK WKH UHTXLUHPHQWV RI 1)3$ ���
1DWLRQDO )XHO *DV &RGH� DQG DOO DSSOLFDEOH ORFDO
FRGHV�

*DV SLSLQJ VKRXOG EH 6FKHGXOH �� EODFN LURQ SLSH�
&RSSHU WXELQJPD\ EH XVHG LI WKH IXHO GRHV QRW FRQWDLQ
K\GURJHQ VXOILGH RU RWKHU LQJUHGLHQWV ZKLFK ZLOO UHDFW

FKHPLFDOO\ ZLWK FRSSHU� )XHO SLSLQJ VKRXOG QHYHU EH
XVHG WR JURXQG HOHFWULFDO HTXLSPHQW� 3LSLQJ VKRXOG EH
VL]HG DFFRUGLQJ WR WKH UHTXLUHPHQWV RI WKH HTXLSPHQW
WR EH RSHUDWHG� IROORZLQJ WKH SURFHGXUH LQ ������ 3LSH
6L]H 5HTXLUHPHQWV IRU *DVHRXV )XHO 6\VWHPV�

9DULRXV W\SHV RI JDV IXHO V\VWHPV DUH DYDLODEOH DV
IROORZV�

- /3r1DWXUDO JDV YDSRU
- &RPELQDWLRQ /3 RU 1DWXUDO *DVr*DVROLQH
- &RPELQDWLRQ 1DWXUDO *DVr/3 *DV
- /3 *DVr/LTXLG :LWKGUDZDO

&RPSRQHQWV RI HDFK RI WKHVH V\VWHPV DUH VKRZQ LQ
)LJXUHV �� WR ��� 7KH HQJLQH PRXQWHG FRPSRQHQWV RI
DOO WKHVH V\VWHPV DUH VLPLODU DQG XVXDOO\ LQFOXGH D
FDUEXUHWRU� VHFRQGDU\ JDV UHJXODWRU� HOHFWULF JDV IXHO
VROHQRLG VKXWrRII YDOYH� DQG IOH[LEOH IXHO FRQQHFWRU�

9
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$Q DSSURYHG IOH[LEOH FRQQHFWRU VKRXOG DOZD\V EH XVHG
EHWZHHQ VWDWLRQDU\ JDV SLSLQJDQG WKH HQJLQHPRXQWHG
IXHO V\VWHP FRPSRQHQWV� ,W VKRXOG EH DW OHDVW VL[
LQFKHV ����� FP� ORQJ� RU DV UHFRPPHQGHG E\ WKH
HQJLQH VXSSOLHU�

$OWKRXJK WKH UHJXODWRUV DUH GHVLJQHG WR FORVH DQG VKXW
RII IXHO ZKHQ WKH HQJLQH VWRSV� D VROHQRLG YDOYH VKRXOG
EH ORFDWHG DKHDG RI WKH UHJXODWRU DQG WKH IOH[LEOH IXHO
FRQQHFWRU WR HQVXUH DJDLQVW WKH DFFXPXODWLRQ RI DQ
H[SORVLYH PL[WXUH RI JDV DQG DLU� VKRXOG HLWKHU WKH
IOH[LEOH FRQQHFWLRQ RU UHJXODWRU GHYHORS D OHDN� 7KH
VROHQRLG YDOYH LV QRUPDOO\ FORVHG DQG ZLUHG E\ WKH
JHQHUDWRU VHW VXSSOLHU WR WKH HQJLQH VWDUWLQJ FRQWUROV
VR LW ZLOO RSHQ �ZLWK EDWWHU\ SRZHU� ZKHQ WKH HQJLQH
FUDQNV RU UXQV�

(QJLQH PRXQWHG UHJXODWRUV DUH GHVLJQHG IRU D
PD[LPXP LQOHW SUHVVXUH RI VL[ RXQFHV SHU VTXDUH LQFK
���� J���� FP��� RU �� LQFKHV ������ FP� RI ZDWHU
FROXPQ� 7KH HQJLQH ZLOO RSHUDWH VDWLVIDFWRULO\ DW IRXU
RXQFHV ���� J�� RU � LQFKHV ������ FP� RI ZDWHU
FROXPQ� RU OHVV� EXW ORZHU SUHVVXUHVPD\ UHVXOW LQ SRRU
UHVSRQVH WR ORDG FKDQJHV ZKHUH WKH SULPDU\ UHJXODWRU
LV QRW QHDU WKH HQJLQH� �7KH SULPDU\ UHJXODWRU
UHGXFHV WKH QDWXUDO JDV WUDQVPLVVLRQ OLQH SUHVVXUH RI
/3 JDV WDQN SUHVVXUH RI ��r��� SVL ����r����� NJ�FP��
WR WKH IRXU WR VL[ RXQFH QRUPDOO\ XVHG LQVLGH D
EXLOGLQJ��

)XHO SXPS

*DVROLQH VKXWrRII *DV FDUEXUHWRU
)XHO PL[HU

6HFRQGDU\ UHJXODWRU6ROHQRLG YDOYH

*DV IXHO
6XSSO\

*DVROLQH
IXHO
6XSSO\

&RPELQDWLRQ 1DWXUDO *DVr*DVROLQH )XHO 6\VWHP
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/3r1DWXUDO *DV )XHO 6\VWHP

12 7$*

3UHVVXUH
*DXJH )XHO 6KXWRII

6ROHQRLG 6HFRQGDU\
5HJXODWRU

&DUEXUHWRU

3ULPDU\ �/LQH�
5HJXODWRU

/3 JDV LV XVXDOO\ VWRUHG LQ D ODUJH RQrVLWH WDQN
SURYLGHG E\ WKH JDV VXSSOLHU� 7KH WDQN FRQWDLQV XS WR
��� /3 OLTXLG ZLWK WKH VSDFH DERYH WKH OLTXLG
RFFXSLHG E\ JDV XQGHU SUHVVXUH� 7KH YDSRU SUHVVXUH
GHSHQGV RQ WKH IXHO r EXWDQH� SURSDQH� RU D PL[WXUH RI
WKH WZR r DQG RQ WKH WHPSHUDWXUH� 7KH SUHVVXUH UDQJH
LV VKRZQ LQ ������� /3 9DSRU 3UHVVXUH &XUYH� $V
YDSRU LV ZLWKGUDZQ IURP WKH WRS RI WKH WDQN� KHDW LV
DEVRUEHG WKURXJK WKH WDQN ZDOOV E\ WKH OLTXLG
YDSRUL]LQJ� 7KH ODUJHU WKH VXUIDFH DUHD RI WKH WDQN
ZHWWHG E\ OLTXLG DQG WKH KLJKHU WKH DPELHQW
WHPSHUDWXUH� WKH PRUH IXHO FDQ EH YDSRUL]HG LQ DQ\
JLYHQ XQLW RI WLPH�

,W FDQ EH VHHQ IURP WKH YDSRU SUHVVXUH FXUYH WKDW LW LV
LPSRUWDQW WR XVH SURSDQH UDWKHU WKDQ EXWDQH� RU D
PL[WXUH RI WKH WZR� WR HQVXUH PD[LPXP YDSRUL]DWLRQ
LQ FROG FOLPDWHV� $ UXOH RI WKXPE IRU WDQN VL]LQJ LV WKDW
RQH JDOORQ RI WDQN FDSDFLW\ ZLOO SURGXFH ���� %WX RI
SURSDQH YDSRU� RU ��� FXELF IHHW ������P�� SHUKRXU LQ
DPELHQW WHPSHUDWXUH GRZQ WR �E)

�r��E&�� $ ORFDO IXHO VXSSOLHU LV OLNHO\ WR EH WKH EHVW
VRXUFH RI LQIRUPDWLRQ RQ ZKDW VL]H WDQN ZLOO EH
QHFHVVDU\ WR SURYLGH DGHTXDWH IXHO YDSRU�

,I LW LV QRW SUDFWLFDO WR SURYLGH D WDQN ODUJH HQRXJK WR
VXSSO\ DOO /3 IXHOHG HTXLSPHQW LQ WKH ORZHVW H[SHFWHG
WHPSHUDWXUH� WKHUH DUH VHYHUDO ZD\V RI DGGLQJ KHDW WR
YDSRUL]H DGGLWLRQDO IXHO� (OHFWULF KHDWLQJ WDSH FDQ EH

ZUDSSHG DURXQG WKH RXWVLGH RI WKH WDQN� RU IXHO FDQ EH
ZLWKGUDZQ LQ OLTXLG IRUP DQG YDSRUL]HG LQ DQ
HOHFWULFDOO\� HQJLQH ZDWHU MDFNHW� RU /3 JDV KHDWHG
YDSRUL]HU�

/LTXLG ZLWKGUDZDO IXHO V\VWHPV FDQ EH VXSSOLHG IRU
JHQHUDWRU VHWV� EXW DUH QRW UHFRPPHQGHG IRU
DXWRPDWLF VWDQGE\ VHUYLFH� :LWK WKHVH V\VWHPV� /3 LV
SLSHG WR WKH HQJLQH LQ OLTXLG IRUP� $ FRPELQDWLRQ
YDSRUL]HU DQG SULPDU\ UHJXODWRU FKDQJHV WKH OLTXLG WR
YDSRU XVLQJ KHDW IURP WKH HQJLQH FRROLQJ V\VWHP DQG
VXSSOLHV YDSRU DW VL[ WR HLJKW RXQFHV ����r��� J�
SUHVVXUH WR WKH VHFRQGDU\ UHJXODWRU� 7KLV UHTXLUHV
IXHO XQGHU KLJK SUHVVXUH WR EH GHOLYHUHG WR WKH HQJLQH�
EXW LQ PDQ\ DUHDV FRGHV SURKLELW JDV IXHO DW D SUHVVXUH
JUHDWHU WKDQ � SVL ����� NJ�FP�� LQVLGH D EXLOGLQJ�
(YHQ ZKHUH LW LV SHUPLVVLEOH WR EULQJ OLTXLG IXHO WR WKH
HQJLQH� WKHUHPD\ EH SUREOHPV YDSRUL]LQJ HQRXJK IXHO
WR NHHS WKH HQJLQH UXQQLQJ XQGHU WKH FRQQHFWHG ORDG
XQWLO HQJLQH MDFNHW ZDWHU LV ZDUPHG WR WKH GHJUHH
QHFHVVDU\ WR YDSRUL]H HQRXJK IXHO IRU IXOO ORDG
RSHUDWLRQ�

9
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��� &RROLQJ 6\VWHPV

$OO HQJLQHV DQG JHQHUDWRUV UDGLDWH KHDW WR WKH
VXUURXQGLQJ DLU� 7R SUHYHQW RYHUKHDWLQJ RI WKH
HTXLSPHQW DQG H[FHVVLYHO\ KLJK WHPSHUDWXUHV DURXQG
LW� VXEVWDQWLDO YROXPHV RI FRROLQJ DLU PXVW EH
FLUFXODWHG WKURXJK WKH URRP LQZKLFK D JHQHUDWRU VHW LV
LQVWDOOHG� $ JHQHUDO LGHD RI WKH DPRXQW RI KHDW
LQYROYHG LV JLYHQ E\ WKH IROORZLQJ�

- 2QO\ ��r��� RI WKH KHDW YDOXH RI WKH IXHO
FRQVXPHG LV FRQYHUWHG LQWR XVDEOH HQJLQH SRZHU�

- $ERXW ���RI WKH SRZHU GHOLYHUHG WR WKH JHQHUDWRU
LV FRQYHUWHG WR XVDEOH HOHFWULFDO HQHUJ\� 7KH
UHPDLQGHU LV ORVW DV KHDW�

- $ERXW ���RI WKH HQJLQH KHDW ORVV LV UHMHFWHG WR WKH
FRRODQW� 7KH UHPDLQLQJ ��� LV GLYLGHG EHWZHHQ
H[KDXVW KHDW ORVV DQG KHDW UDGLDWHG WR DPELHQW DLU�
$SSUR[LPDWHO\ ���RI WKHZDVWH KHDW LV UDGLDWHG WR
DPELHQW DLU� EXW WKLV ZLOO YDU\ ZLWK HQJLQH
FRQILJXUDWLRQ DQG ZKHWKHU WKH H[KDXVW PDQLIROGV
DUH GU\� LQVXODWHG� RU ZDWHU FRROHG�
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&RROLQJ $LU� 5RRP &LUFXODWLRQ

%ORZHU�
+RXVLQJ

&RROLQJ

$LU ,QOHW

$LU ,QOHW
2SHQLQJ$LU

2XWOHW

+HDWHG
$LU 2XWOHW

����� $LU &RROLQJ

*HQHUDWRU VHWV EHORZ �� N: DUH DYDLODEOH ZLWK HLWKHU
DLUrFRROHG JDV� JDVROLQH� RU GLHVHO HQJLQHV� 7KHVH
HQJLQHV W\SLFDOO\ KDYH D IO\ZKHHO GULYHQ IDQ ZKLFK
GUDZV DLU DFURVV FRROLQJ ILQV RQ WKH HQJLQH F\OLQGHUV
DQG H[KDXVWV KHDWHG DLU HLWKHU LQWR WKH VXUURXQGLQJ
DWPRVSKHUH RU DQ H[KDXVW DLU GXFW� 7RWDO DLU
UHTXLUHPHQWV IRU FRROLQJ DQG FRPEXVWLRQ UDQJH
EHWZHHQ �� DQG ��� FIP SHU N: RI JHQHUDWRU VHW
FDSDFLW\�

)LJXUH �� VKRZV WKH W\SLFDO FRROLQJ DLU IORZ DFURVV DQ
DLU FRROHG JHQHUDWRU VHW� )LJXUH �� VKRZV D W\SLFDO
DUUDQJHPHQW RI DLU LQOHW DQG RXWOHW GXFWV IURP D
JHQHUDWRU URRP� :LWK WKLV DUUDQJHPHQW� DQ DX[LOLDU\
YHQWLODWLQJ IDQ PXVW EH XVHG HLWKHU WR IRUFH IUHVK DLU
LQWR WKH URRP RU WR SXOO KHDWHG DLU RXW� 7KH IDQ
FDSDFLW\ VKRXOG EH DW OHDVW HTXDO WR WKH PLQLPXP DLU
UHTXLUHPHQW RI WKH JHQHUDWRU VHW DIWHU DOORZLQJ IRU
GXFW DQG ORXYHU ORVVHV�

0LQLPXP VXJJHVWHG DLU LQOHW DQG RXWOHW VL]HV DUH RQH
��� VTXDUH IRRW ����� P�� IRU JHQHUDWRUV XS WR � N:
DQG ��� VTXDUH IRRW ������ P�� SHU N: RI FDSDFLW\ IRU
ODUJHUPRGHOV� 7KLV LV EDVHGRQ XQUHVWULFWHGRSHQLQJV�
8VXDOO\ IL[HG RU PRYDEOH ORXYHUV� VFUHHQLQJ� IXUQDFH
ILOWHUV� RU D FRPELQDWLRQ RI WKHVH DUH XVHG�

6LQFH WKHVH UHGXFH WKH IUHH DLU RSHQLQJV� LQOHW DQG
RXWOHW DUHD VKRXOG EH LQFUHDVHG DSSUR[LPDWHO\ ���
ZKHUH ORXYHUV DUH XVHG� ���ZLWK ZLQGRZ VFUHHQ� DQG
���� ZLWK IXUQDFH ILOWHUV�

)LJXUH �� VKRZV DQ LQVWDOODWLRQ LQ ZKLFK WKH HQJLQH
GULYHQ IDQ IRUFH YHQWLODWHV WKH URRP ZLWK WKH KHDWHG
DLU GXFWHG DZD\ IURP WKH HQJLQH DQGRXWVLGH WKH URRP�
'XFW ZRUN VKRXOG EH GHVLJQHG WR OLPLW WKH WRWDO VWDWLF
SUHVVXUH RQ WKH HQJLQH IDQ WR ��� LQFK ����� FP� ZDWHU
FROXPQ�

$LU LQOHW DQG RXWOHW ORFDWLRQV VKRXOG EH FKRVHQ WR
SUHYHQW DLU UHFLUFXODWLRQ HLWKHU LQVLGH RU RXWVLGH WKH
URRP�

&RQVLGHUDWLRQ VKRXOG DOVR EH JLYHQ WR SUHYDLOLQJ
ZLQGV� IDFLQJ LQOHWV LQWR H[SHFWHGZLQGV� DQGRXWOHWV RQ
WKH GRZQ ZLQG VLGH� ,QOHWV DQG RXWOHWV VKRXOG EH
ORFDWHG ZKHUH WKH\ DUH QRW OLNHO\ WR EH EORFNHG E\
DFFXPXODWHG VQRZ� IROLDJH� RU DQ\ RWKHU REVWUXFWLRQ�
DQG ZKHUH QRLVH ZLOO QRW EH REMHFWLRQDEOH�

9



(��
����

����� /LTXLG &RROLQJ 6\VWHPV

7KH WKUHH PRVW FRPPRQ OLTXLG FRROLQJ V\VWHPV XVHG
IRU JHQHUDWRU VHWV DUH XQLW PRXQWHG UDGLDWRU FRROLQJ�
FLW\ ZDWHU FRROLQJ� DQG UHPRWH UDGLDWRU FRROLQJ� 6LQFH
HDFK LQYROYHV VRPHZKDW GLIIHUHQW LQVWDOODWLRQ
FRQVLGHUDWLRQV� WKH\ ZLOO EH GLVFXVVHG VHSDUDWHO\�

����� 8QLW 0RXQWHGr5DGLDWRU &RROLQJ

7KLV LV WKH PRVW FRPPRQ FRROLQJ V\VWHP XVHG IRU
HQJLQH GULYHQ JHQHUDWRU VHWV �� N: DQG ODUJHU� 7KH
PDMRU V\VWHP FRPSRQHQWV DUH DQ HQJLQH GULYHQ IDQ
DQG FLUFXODWLQJZDWHU SXPS� UDGLDWRU� DQG WKHUPRVWDW�
7KH SXPS FLUFXODWHV ZDWHU WKURXJK WKH HQJLQH XQWLO LW
UHDFKHV RSHUDWLQJ WHPSHUDWXUH� 7KHQ WKH HQJLQH
WKHUPRVWDW RSHQV DQG DOORZV FLUFXODWLRQ WKURXJK WKH
UDGLDWRU� UHVWULFWLQJ WKH IORZ DV QHFHVVDU\ WR SUHYHQW
RYHUFRROLQJ� 7KH IDQ EORZV DLU IURP WKH HQJLQH VLGH RI
WKH UDGLDWRU DFURVV WKH FRROLQJ VXUIDFH DV VKRZQ LQ
)LJXUH ���

12 7$*

$LUr&RROLQJ 'XFWZRUN

$LU 9DF

6FUROO

$LU ,QOHW
2SHQLQJ

'XFWZRUN

)OH[LEOH
6HFWLRQ
�&DQYDV�

$LU 2XWOHW
5HJLVWHU 7\SH &RYHU
6XLWDEOH IRU 6PDOOHU 6HWV
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12 7$*

5DGLDWRU &RROLQJ $LU )ORZ

$LU ,QOHW

2SHQLQJ

$LU ,Q

3XVKHU
)DQ

)OH[LEOH
6HFWLRQ

6XSSRUW
/HJV

6HOIr6XSSRUWLQJ�
'XFW :RUN $LU 2XW

&RROLQJDLU IORZ FDQEH UHYHUVHGE\ XVLQJD VXFWLRQ IDQ�
EXW WKLV LV JHQHUDOO\ QRW UHFRPPHQGHG EHFDXVH LW PD\
LQWHUIHUH ZLWK JHQHUDWRU FRROLQJ DLU IORZ� ZKLFK IORZV
LQ WKH VDPH GLUHFWLRQ DV WKDW RI WKH HQJLQH
V VWDQGDUG
SXVKHU IDQ� $OVR� D VXFWLRQ IDQ ZRXOG UHVXOW LQ KLJKHU
WHPSHUDWXUH FRPEXVWLRQ DLU EHLQJ GUDZQ LQWR WKH DLU
FOHDQHU� UHGXFLQJ WKH PD[LPXP HQJLQH SRZHU
DYDLODEOH�

:KHQHYHU D JHQHUDWRU VHW LV LQVWDOOHG LQVLGH D EXLOGLQJ
RU HQFORVXUH� WKH UDGLDWRU DLU VKRXOG EH GXFWHGRXWVLGH
WKH URRP RU HQFORVXUH� $ W\SLFDO DUUDQJHPHQW LV
VKRZQ LQ )LJXUH ��� 'XFWZRUN VKRXOG EH DV VKRUW�
VWUDLJKW� DQG XQREVWUXFWHG DV SRVVLEOH� 6WDWLF SUHVVXUH
RI PRUH WKDQ ��� LQFK ����� FP� ZDWHU FROXPQ RQ WKH
IDQ IURP LQOHW RU H[KDXVW UHVWULFWLRQV ZLOO UHGXFH DLU
IORZ WR WKH SRLQW RI OLPLWLQJ PD[LPXP SRZHU DQG�RU
DPELHQW WHPSHUDWXUH DW ZKLFK RYHUKHDWLQJ ZLOO RFFXU�

7KH FRQQHFWLRQ IURP WKH UDGLDWRU GXFW IODQJH WR WKH
GXFWZRUN VKRXOG EH KHDY\ FDQYDV RU VLPLODU IOH[LEOH
PDWHULDO WR SUHYHQW QRLVH DQG YLEUDWLRQ WUDQVPLVVLRQ�
,Q JHQHUDO� WKH RXWOHW GXFW VKRXOG KDYH DQXQUHVWULFWHG
DUHD ���� JUHDWHU WKDQ WKDW HQFORVHG E\ WKH UDGLDWRU
GXFW IODQJH� 7KH LQOHW RSHQLQJ VKRXOG EH DW OHDVW DV
ODUJH DQG SUHIHUDEOH ��� ODUJHU WKDQ WKH RXWOHW� ,I
VFUHHQV� ORXYHUV� RU ILOWHUV DUH XVHG LQ WKH LQOHW RU
RXWOHW RSHQLQJV� WKH\ VKRXOG EH LQFUHDVHG LQ VL]H WR
FRPSHQVDWH IRU WKH UHVWULFWLRQ� ,Q JHQHUDO� ZKHQ

ORXYHUV DUH XVHG� LQFUHDVH WKH RSHQLQJ DUHD ����
ZKHQ ZLQGRZ VFUHHQLQJ LV XVHG� LQFUHDVH WKH RSHQLQJ
DUHD ���� ZKHQ IXUQDFH ILOWHUV DUH XVHG� LQFUHDVH WKH
RSHQLQJ DUHD �����

$LU LQOHW DQG RXWOHW ORFDWLRQV VKRXOG EH FKRVHQ WR
SUHYHQW DLU UHFLUFXODWLRQ LQVLGH RU RXWVLGH WKH
HQFORVXUH� &RQVLGHUDWLRQ VKRXOG DOVR EH JLYHQ WR
SUHYDLOLQJZLQGV� IDFLQJ LQOHWV LQWR WKH H[SHFWHGZLQGV�
DQG RXWOHWV RQ WKH GRZQ ZLQG VLGH ZKHUH SRVVLEOH�
,QOHWV DQG RXWOHWV VKRXOG EH ORFDWHG ZKHUH WKH\ ZLOO
QRW EH EORFNHG E\ DFFXPXODWHG VQRZ RU DQ\ RWKHU
REVWUXFWLRQ� .HHS LQ PLQG WKDW WKH H[KDXVW DLU RI
ODUJHU XQLWV LV ERWK KLJKrYROXPH DQG KLJKrYHORFLW\� ,W
PD\ EH DFFRPSDQLHG E\ D KLJK VRXQG OHYHO DQG VKRXOG
EH GLUHFWHG DZD\ IURP DUHDV WKDW PD\ EH RFFXSLHG E\
SHRSOH RU DQLPDOV�
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%H VXUH WR GHVLJQ DQ\ WHPSHUDWXUH FRQWUROOLQJ ORXYHUV
VR WKDW LQOHW DLU LV QRW UHVWULFWHG WR WKH SRLQW WKDW
SUHVVXUH LQVLGH WKH EXLOGLQJ LV UHGXFHG� /RZ SUHVVXUH
FDQ FDXVH SLORW OLJKWV RQ JDV ILUHG DSSOLDQFHV WR EH
H[WLQJXLVKHG� IXHO JDV IORZ WREH UHVWULFWHG RU UHYHUVHG�
RU RWKHU SUREOHPV ZLWK WKH EXLOGLQJ YHQWLODWLRQ
V\VWHP�

%ULQJLQJ ODUJH TXDQWLWLHV RI ZLQWHU DLU LQWR D EXLOGLQJ
FDQZDVWH EXLOGLQJKHDW DQG HYHQ UHVXOW LQ IUR]HQZDWHU
SLSHV LQ QRUPDOO\ KHDWHG VSDFHV� $Q DUUDQJHPHQW DV
VKRZQ LQ )LJXUH �� XVLQJ WKHUPRVWDWLF FRQWUROV� FDQ
HOLPLQDWH VXFK SUREOHPV DQG DOORZ UHFRYHU\ RI HQJLQH
KHDW WR VXSSOHPHQW WKH EXLOGLQJ KHDWLQJ V\VWHP� )RU
FROG RXWGRRU DPELHQWV� ORXYHUV WR WKH H[WHULRU ZRXOG
FORVH� ZLWK WKRVH WR WKH LQWHULRU RSHQ� &RQWUROV ZRXOG
EH VHW WR UHYHUVH WKH FRQGLWLRQ IRU ZDUP RXWGRRU
WHPSHUDWXUHV�
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$LU &RQWURO /RXYHUV

$LU 2XWOHW 'XFW

*HQHUDWRU 6HW

([WHULRU ,QWHULRU

&RQWUROOHG
$LU 2XWOH
/RXYHUV

����� 5HPRWH 5DGLDWRU &RROLQJ

,I WKH JHQHUDWRU VHW LV ORFDWHG LQ DQ DUHD LQ ZKLFK LW LV
GLIILFXOW WR EULQJ LQ WKH YROXPH RI DLU UHTXLUHG WR FRRO
WKH UDGLDWRU� VXFK DV D EDVHPHQW� D UHPRWH UDGLDWRU
FDQ EH PRXQWHG RXWVLGH WKH EXLOGLQJ �)LJXUH ���� $Q
HOHFWULF PRWRUrGULYHQ IDQ LV PRXQWHG RQ WKH UDGLDWRU
WR FLUFXODWH DLU DFURVV LWV FRROLQJ ILQV� 7KH IDQ LV ZLUHG
WR WKH JHQHUDWRU RXWSXW VR LW RSHUDWHV ZKHQHYHU WKH
JHQHUDWRU GRHV� 7KHUH LV QR QHHG IRU WKHUPRVWDWLF
FRQWURO RI WKH IDQ PRWRU EHFDXVH WKH HQJLQH
WKHUPRVWDW ZLOO SUHYHQW RYHUFRROLQJ DV LW GRHV RQ XQLW
PRXQWHG UDGLDWRU V\VWHPV�

7KH UDGLDWRUV WKHPVHOYHV DUH DYDLODEOH IRU HLWKHU
KRUL]RQWDO RU YHUWLFDO DLU GLVFKDUJH�

7KH HQJLQH ZDWHU SXPS FDQ EH XVHG WR FLUFXODWH ZDWHU
WKURXJK WKH UHPRWH UDGLDWRU SURYLGHG�

- 7KH YHUWLFDO GLVWDQFH IURP WKH HQJLQH ZDWHU SXPS
WR WKH WRS RI WKH UDGLDWRU GRHV QRW H[FHHG WKH
HQJLQH PDQXIDFWXUHU
V UHFRPPHQGDWLRQV� 7KH
DOORZDEOH VWDWLF KHDG PD\ UDQJH IURP ��r�� IHHW�
7KLV LV LPSRUWDQW EHFDXVH JUHDWHU KHLJKW ZLOO UHVXOW
LQ H[FHVVLYH KHDG SUHVVXUH RQ HQJLQH FRPSRQHQWV
DQG OHDNLQJ ZDWHU SXPS VHDOV DUH OLNHO\�

- 7KH SLSLQJ EHWZHHQ WKH HQJLQH DQG UHPRWH
UDGLDWRU PXVW EH VL]HG IRU D PD[LPXP RI � SVL

������ NJ�FP�� SUHVVXUH GURS DW WKH UDWHG IORZ RI
WKH HQJLQH ZDWHU SXPS�

:KHUH HLWKHU WKH KRUL]RQWDO RU YHUWLFDO GLVWDQFHV
H[FHHG WKH DERYH OLPLWDWLRQV� D KRW ZHOO WDQN RU KHDW
H[FKDQJHU DQG DX[LOLDU\ FLUFXODWLQJ SXPS DV VKRZQ LQ
)LJXUH �� VKRXOG EH XVHG�

$ KRW ZHOO WDQN LV GLYLGHG LQWR WZR FRPSDUWPHQWV E\ D
SDUWLDO EDIIOH� 7KH HQJLQH SXPS GHOLYHUV KHDWHGZDWHU
WR WKH lKRWl VLGH� DQG WKH DX[LOLDU\ SXPS GHOLYHUV LW WR
WKH UHPRWH UDGLDWRU� &RROHG ZDWHU UHWXUQV IURP WKH
UDGLDWRU WR WKH lFROGl VLGH RI WKH KRW ZHOO WDQN� IURP
ZKLFK WKH HQJLQH SXPS FLUFXODWHV LW WKURXJK WKH
HQJLQH� +HDG SUHVVXUHV DUH FRQILQHG WR WKH KRW ZHOO
WDQN DQG WKH HQJLQH LV VXEMHFW RQO\ WR QRUPDO SUHVVXUH�
7KH WDQN VKRXOG EH VL]HG IRU WKH FDSDFLW\ RI WKH UHPRWH
UDGLDWRU DQG DOO SLSLQJEHWZHHQ WDQN DQG UDGLDWRU� SOXV
DW OHDVW ��� IRU H[SDQVLRQ� :KHQ WKH HQJLQH LV QRW
RSHUDWLQJ� DOO FRRODQW GUDLQV EDFN LQWR WKH WDQN� 7KH
SXPS PXVW EH VL]HG WR OLIW ZDWHU WKH YHUWLFDO GLVWDQFH
EHWZHHQ WKH SXPS DQG WKH UDGLDWRU� DQG WR FLUFXODWH
WKH FRRODQW DW WKH UDWHG FDSDFLW\ RI WKH HQJLQH SXPS�
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7KH KHDW H[FKDQJHU V\VWHP LV VLPLODU ZLWK WKH HQJLQH
SXPS FLUFXODWLQJ FRRODQW WKURXJK WKH EORFN DQG RQH
VLGH RI WKH KHDW H[FKDQJHU� DQG WKH DX[LOLDU\ SXPS
FLUFXODWLQJ FRRODQW WKURXJK WKH RWKHU VLGH RI WKH KHDW
H[FKDQJHU DQG WKH UHPRWH UDGLDWRU� +HDG SUHVVXUHV
DUH FRQILQHG WR WKH UDGLDWRU VLGH RI WKH KHDW
H[FKDQJHU�

7KH KHDW H[FKDQJHU VKRXOG EH VL]HG DQG VXSSOLHG E\
WKH UHPRWH UDGLDWRU PDQXIDFWXUHU ZKR ZLOO DOVR
VSHFLI\ DX[LOLDU\ SXPS FDSDFLW\ WR HQVXUH SURSHU
V\VWHP RSHUDWLRQ� $ VXUJH WDQN VKRXOG EH SURYLGHG DW
WKH KLJKHVW SRLQW LQ WKH HQJLQH VLGH RI WKH V\VWHP
�)LJXUH ����

:KHQHYHU DQ DX[LOLDU\ FLUFXODWLQJ SXPS LV VSHFLILHG� LW
VKRXOG EH ZLUHG LQ SDUDOOHO ZLWK WKH UHPRWH UDGLDWRU
IDQ WR RSHUDWH ZKHQHYHU WKH JHQHUDWRU VHW RSHUDWHV�
)RU PD[LPXP UHOLDELOLW\� ERWK VKRXOG EH FRQQHFWHG
GLUHFWO\ WR WKH JHQHUDWRU RXWSXW�

&RQQHFWLRQ RI DQ DX[LOLDU\ SXPS LQ VHULHV ZLWK WKH
HQJLQH FLUFXODWLQJ SXPS VKRXOG EH DYRLGHG� 8QOHVV
WKH SXPSV DUH YHU\ FORVHO\ PDWFKHG� WKHUH LV D
SRVVLELOLW\ RI RQH RU ERWK FDYLWDWLQJ� LQWURGXFLQJ DLU
LQWR WKH V\VWHP� $LU WUDSSHG LQ WKH HQJLQH EORFN FDQ
FDXVH VHULRXV HQJLQH GDPDJH�

,Q DQ\ UHPRWH UDGLDWRU V\VWHP� WKH WRS RI WKH UDGLDWRU
PXVW EH WKH KLJKHVW SRLQW LQ WKH V\VWHP IRU SURSHU
RSHUDWLRQ�

12 7$*

5HPRWH 5DGLDWRU 6\VWHP
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����� &LW\ :DWHU &RROLQJ

7KHVH V\VWHPV XVH FLW\ ZDWHU IRU FRROLQJ DQG DUH
VLPLODU WR UHPRWH UDGLDWRU V\VWHPV LQ WKDW WKH\ UHTXLUH
OHVV FRROLQJ DLU WKDQ XQLW PRXQWHG UDGLDWRU V\VWHPV�
8QOHVV WKH FRROLQJ ZDWHU LV REWDLQHG IURP DQ RQrVLWH
ZHOO� WKH\ DUH IRUELGGHQ E\ WKH 1DWLRQDO (OHFWULFDO
&RGH9 DUWLFOHV ���r��E ��� DQG ���r��E ��� IRU
OHJDOO\ UHTXLUHG HPHUJHQF\ DQG VWDQGE\ V\VWHPV�
7KRVH DUWLFOHV UHTXLUHG WKDW FRROLQJ V\VWHPV QRW EH
VROHO\ GHSHQGHQW XSRQ PXQLFLSDO ZDWHU VXSSOLHV�

&LW\ ZDWHU FRROLQJ V\VWHPV PD\ EH RI WZR W\SHV� HLWKHU
GLUHFW RU KHDW H[FKDQJHU� 7KH GLUHFW V\VWHPV FLUFXODWH
ZDWHU GLUHFWO\ WKURXJK WKH HQJLQH EORFN EHIRUH
GXPSLQJ LW LQ D GUDLQ� 7R DYRLG GDPDJH WR WKH HQJLQH
IURP WKHUPDO VKRFN UHVXOWLQJ ZKHQ FROG ZDWHU
FRQWDFWV D KRW HQJLQH� D WHPSHULQJ WDQN LV EXLOW LQWR WKH
HQJLQH FRROLQJ V\VWHP� $ VLPLODU YDULDWLRQ LV
VWDQGSLSH FRROLQJ� ZKHUH D VHSDUDWH VWDQGSLSH VHUYHV
DV D WHPSHULQJ WDQN� 'LUHFW V\VWHPV KDYH WKH
GLVDGYDQWDJH RI VXEMHFWLQJ WKH HQJLQH WR D EXLOGXS RI
OLPH DQG RWKHU PLQHUDO GHSRVLWV ZKLFK PD\ FORJ
FRROLQJ SDVVDJHV DQG VXEMHFW FRROLQJ V\VWHPV WR
FRUURVLRQ� 7KLV FDQ EH SUHYHQWHG LQ D FORVHG V\VWHPE\
FKHPLFDO LQKLELWRUV�

7KH KHDW H[FKDQJHU FRROLQJ V\VWHP FRQILQHV WKH
HIIHFWV RI FLW\ ZDWHU WR RQH VLGH RI D KHDW H[FKDQJHU

ZKLFK LV UHODWLYHO\ HDV\ WR FOHDQ RU UHSODFH� ZKLOH
HQJLQH FRRODQW FLUFXODWHV LQ D FORVHG V\VWHP VLPLODU WR
D UDGLDWRU V\VWHP� ,W LV WKH SUHIHUUHG V\VWHP VLQFH LW
DOORZV EHWWHU FRQWURO RI HQJLQH WHPSHUDWXUH� SHUPLWV
WKH XVH RI DQWLIUHH]H DQG FRRODQW FRQGLWLRQHUV� DQG LV
EHWWHU VXLWHG WR WKH XVH RI DQ HQJLQH EORFN KHDWHU DV D
VWDUWLQJ DLG�

7KH FRPPRQ FRPSRQHQWV RI DOO FLW\ ZDWHU FRROLQJ
V\VWHPV DUH D WKHUPRVWDWLFDOO\ FRQWUROOHG IORZ FRQWURO
YDOYH WR FRQVHUYH FRROLQJ ZDWHU� DQG DQ HOHFWULF
VROHQRLG ZDWHU VKXWrRII YDOYH� XVXDOO\ SRZHUHG E\ WKH
HQJLQH EDWWHU\ DQG FRQQHFWHG WR WKH HQJLQH VWDUWLQJ
FRQWUROV� WR RSHQ ZKHQHYHU WKH HQJLQH UXQV�

,QVWDOODWLRQ FRQVLGHUDWLRQV LQFOXGH WKH QHFHVVLW\ IRU
IOH[LEOH FRQQHFWLRQV EHWZHHQ WKH HQJLQH DQG VXSSO\
DQG GUDLQ SLSLQJ� DQG SURYLVLRQ IRU DGHTXDWH DLU
YHQWLODWLRQ� %H VXUH WKDW WKH VROHQRLG YDOYH LV ORFDWHG
XSVWUHDP RI WKH VXSSO\ IOH[LEOH FRQQHFWLRQ� $ W\SLFDO
LQVWDOODWLRQ LV VKRZQ LQ )LJXUH ���
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����� &RROLQJ 7RZHU

,Q ZDUP� GU\ FOLPDWHV� D FRROLQJ WRZHU PD\ EH D
VXLWDEOH VRXUFH RI JHQHUDWRU VHW FRROLQJ ZDWHU� $
W\SLFDO V\VWHP LV VKRZQ LQ)LJXUH ��� 7KLV LV D YDULDWLRQ
RI FLW\ ZDWHU FRROLQJ ZLWK KHDW H[FKDQJHU� 7KH HQJLQH
ZDWHU SXPS FLUFXODWHV FRRODQW LQ D FORVHG V\VWHP
WKURXJKRQH VLGH RI D KHDW H[FKDQJHU� D VXUJH WDQN� DQG
WKH HQJLQH EORFN� $ VHSDUDWH SXPS FLUFXODWHV ZDWHU
WKURXJK WKH RWKHU VLGH RI WKH KHDW H[FKDQJHU DQG WR WKH
WRS RI WKH FRROLQJ WRZHU ZKHUH LW LV VSUD\HG GRZQ WR
FRRO E\ HYDSRUDWLRQ� 6LQFH VRPH ZDWHU LV FRQVWDQWO\
EHLQJ ORVW E\ HYDSRUDWLRQ� WKH V\VWHP PXVW LQFOXGH
SURYLVLRQ IRU PDNHXS ZDWHU�

)OH[LEOH FRQQHFWLRQV VKRXOG EH XVHG EHWZHHQ ULJLG
SLSLQJ DQG WKH HQJLQH� 6WDQGDUG KHDW H[FKDQJHUV XVHG
LQ FLW\ ZDWHU FRROLQJ V\VWHPV DUH XVXDOO\ VL]HG IRU ��E)
���E&� PD[LPXP UDZ ZDWHU� ,I ZDWHU WHPSHUDWXUH
IURP WKH FRROLQJ WRZHU LV KLJKHU� D VSHFLDO KHDW
H[FKDQJHU VL]HG IRU WKH VSHFLILF DSSOLFDWLRQ ZLOO EH
QHFHVVDU\�
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&RROLQJ 7RZHU

(QJLQH
:DWHU
3XPS

6XUJH
7DQN

&RROLQJ
7RZHU

$X[LOLDU\
:DWHU 3XPS +HDW

([FKDQJHU 'UDLQ

'UDLQ

��� ([KDXVW 6\VWHPV

3URSHU GHVLJQ RI WKH H[KDXVW V\VWHP LV HVVHQWLDO WR
REWDLQ VDWLVIDFWRU\ SHUIRUPDQFH IURP D JHQHUDWRU VHW�
7KH PRVW LPSRUWDQW IDFWRU LV WKDW WKH LQVWDOOHG V\VWHP
PXVW QRW H[FHHG WKH HQJLQH PDQXIDFWXUHU
V PD[LPXP
H[KDXVWrEDFN SUHVVXUH OLPLW� $Q\ H[KDXVWrEDFN
SUHVVXUH ZLOO OLPLW WKHPD[LPXPSRZHU DYDLODEOH IURP
WKH HQJLQH� ([FHVVLYH EDFN SUHVVXUH PD\ FDXVH
VHULRXV HQJLQH GDPDJH�

([FHVVLYH EDFN SUHVVXUH XVXDOO\ UHVXOWV IURP RQH RU D
FRPELQDWLRQ RI WKH IROORZLQJ�

- ([KDXVW SLSH GLDPHWHU WRR VPDOO�
- ([KDXVW SLSH WRR ORQJ�
- 7RR PDQ\ VKDUS EHQGV LQ WKH H[KDXVW V\VWHP�
- 7RR VPDOO DQ H[KDXVW VLOHQFHU RU LQFRUUHFW VLOHQFHU
GHVLJQ�

)LJXUH �� VKRZV WKH JHQHUDO DUUDQJHPHQW RI D
UHFRPPHQGHG H[KDXVW V\VWHP�

([KDXVW OLQHV VKRXOG EH DV VKRUW DQG VWUDLJKW DV
SRVVLEOH� 6FKHGXOH �� EODFN LURQ SLSH LV WKH
UHFRPPHQGHG PDWHULDO� 8VH ������ ([KDXVW 6\VWHP
%DFN 3UHVVXUH WR GHWHUPLQH H[KDXVW OLQH GLPHQVLRQV�

:KHUH SRVVLEOH� VZHHS HOERZV ZLWK D UDGLXV DW OHDVW
WKUHH WLPHV WKH SLSH GLDPHWHU VKRXOG EH XVHG�

$ VHFWLRQ RI IOH[LEOH H[KDXVW OLQH VKRXOG EH LQVWDOOHG
ZLWKLQ WZR IHHW ����� FP� RI WKH HQJLQH H[KDXVW RXWOHW
WR OLPLW WKH VWUHVV RQ WKH HQJLQH H[KDXVW PDQLIROG RU
WXUERFKDUJHU� UHVXOWLQJ IURP HQJLQH PRWLRQ RQ LWV
YLEUDWLRQPRXQWV DQG WHPSHUDWXUH LQGXFHG FKDQJHV LQ
SLSH GLPHQVLRQV� 7KH IOH[LEOH VHFWLRQ VKRXOG EH DW
OHDVW �� LQFKHV ����� FP� ORQJ� :KHUH WKUHDGHG
IOH[LEOH H[KDXVW FRQQHFWRUV DUH XVHG� D �r� LQFK
�����r���� FP� OHQJWK RI SLSH VKRXOG VHSDUDWH WKHP
IURP WKH H[KDXVW PDQLIROG� 7KLV ZLOO VHUYH WR UHGXFH
WKH WHPSHUDWXUH RI WKH IOH[LEOH FRQQHFWLRQ DQG H[WHQG
LWV OLIH� ,W DOVR PDNHV LW HDVLHU WR UHPRYH WKH IOH[LEOH
VHFWLRQ� LI QHFHVVDU\� ZLWKRXW SXWWLQJ H[FHVVLYH VWUDLQ
RQ WKH HQJLQH PDQLIROG� 6LQFH W\SLFDO H[KDXVW
WHPSHUDWXUHV UDQJH IURP ���E) ����E&� WR RYHU
����E) ����E&� IRU VRPH JDV HQJLQHV� VHDPOHVV
VWDLQOHVV VWHHO VKRXOG EH XVHG IRU WKH IOH[LEOH VHFWLRQ�

$Z\H RU WHH W\SH FRQGHQVDWLRQ WUDSZLWK GUDLQ SOXJ RU
SHWFRFN VKRXOG EH LQVWDOOHG EHWZHHQ WKH HQJLQH DQG
H[KDXVW VLOHQFHU DV VKRZQ LQ )LJXUH ��� 7KLV ZLOO
SUHYHQW FRQGHQVHG PRLVWXUH LQ WKH HQJLQH H[KDXVW
IURP GUDLQLQJ EDFN LQWR WKH HQJLQH ZKHQ LW LV VKXW
GRZQ�
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([KDXVW VLOHQFHUV PD\ EH RI WKH LQGXVWULDO� UHVLGHQWLDO�
RU FULWLFDO W\SH� 7KH GLIIHUHQFHV DUH LQ WKH GHJUHH RI
VLOHQFLQJ� ,QGXVWULDO VLOHQFHUV SURYLGH D PRGHUDWH
GHJUHH RI VLOHQFLQJ IRU DUHDV ZKHUH H[KDXVW QRLVH LV RI
OLWWOH FRQFHUQ� 5HVLGHQWLDO VLOHQFHUV W\SLFDOO\ OLPLW
H[KDXVW QRLVH WR �� G%$PHDVXUHG DW WHQ IHHW LQ D IUHH
ILHOG HQYLURQPHQW� &ULWLFDO VLOHQFHUV W\SLFDOO\ OLPLW
H[KDXVW QRLVH WR �� G%$ PHDVXUHG XQGHU WKH VDPH
FRQGLWLRQV�

([KDXVW VLOHQFHU EDFN SUHVVXUH PXVW EH DGGHG WR WKH
SUHVVXUH FDOFXODWHG IRU V\VWHPSLSLQJ WR HVWLPDWH WRWDO
EDFN SUHVVXUH RQ WKH HQJLQH� 7KH EDFN SUHVVXUH RI
YDULRXV W\SHV RI VLOHQFHUV ZLWK GLIIHUHQW H[KDXVW IORZ
UDWHV FDQ EH FDOFXODWHG XVLQJ WKH SURFHGXUH LQ ������
([KDXVW 6\VWHP %DFN 3UHVVXUH�

([KDXVW SLSLQJ VKRXOG FRQIRUP WR 1)3$ �� DQG DQ\
DSSOLFDEOH ORFDO FRGHV� ,Q JHQHUDO� H[KDXVW
WHPSHUDWXUHV ZLOO EH OHVV WKDQ ����E) ����E&�
PHDVXUHG DW WKH HQJLQH H[KDXVW RXWOHW� H[FHSW IRU
LQIUHTXHQW EULHI SHULRGV� DQG VWDQGDUGV IRU ORZ KHDW
DSSOLDQFHV ZLOO DSSO\� &RQVWUXFWLRQ GHWDLOV RI W\SLFDO
GRXEOHrVOHHYH WKLPEOHV WR EH XVHG ZKHUH H[KDXVW
SLSLQJ SDVVHV WKURXJK D FRPEXVWLEOH ZDOO RU URRI DUH
VKRZQ LQ )LJXUH ��� 7KH KHDW UHMHFWHG IURP H[KDXVW
SLSLQJ� DQG FRQVHTXHQWO\ WKH DPRXQW RI YHQWLODWLQJ DLU
UHTXLUHG� FDQ EH VXEVWDQWLDOO\ UHGXFHG E\ LQVXODWLQJ
H[KDXVW SLSLQJ ZLWK VXLWDEOH KLJK WHPSHUDWXUH
LQVXODWLRQ�



(��
����

7KLPEOH
2�'�

([KDXVW
3LSH
'LDPWHU

,QQHU
6OHHYH

2XWHU
6OHHYH

7KURXJKr:DOO 7KLPEOH

��l �����FP�

0LQLPXP 2XWVLGH

��l �����FP�

0LQLPXP ,QVLGH

&DUH VKRXOG EH WDNHQ ZLWK WKH ORFDWLRQ RI H[KDXVW
RXWOHWV VR WKDW SHRSOH ZLOO QRW FRPH LQ FRQWDFW ZLWK KRW
VXUIDFHV� ([KDXVW JDVHV DUH SRLVRQRXV DQG VKRXOG EH
GLUHFWHG DZD\ IURP DQ\ DUHD RFFXSLHG E\ SHRSOH RU
DQLPDOV� %H FHUWDLQ WKDW H[KDXVW JDVHV FDQQRW EH
GUDZQ LQWR DQ\ DLU LQWDNH YHQWV� ZLQGRZV� GRRUV� RU
RWKHU RSHQLQJV WR HQFORVHG VSDFHV ZKHUH JDVHV FRXOG
DFFXPXODWH�

7KH RXWOHW RI WKH H[KDXVW V\VWHP VKRXOG EH FRYHUHG
ZLWK D UDLQ FDS RU VFUHHQ WR SUHYHQW WKH HQWU\ RI ELUGV
RU URGHQWV� (LWKHU D UDLQ FDS RU ORQJrUDGLXV HOERZ FDQ
EH XVHG WR SUHYHQW WKH HQWU\ RI UDLQ DQG VQRZ�

��� %DWWHULHV $QG &KDUJHUV

(OHFWULF VWDUWLQJ V\VWHPV DUH JHQHUDOO\ XVHG RQ
VWDQGE\ JHQHUDWRU VHWV EHORZ ���� N:� DOWKRXJK
K\GUDXOLF DQG DLU VWDUWLQJ V\VWHPV FDQ DOVR EH DGDSWHG
WR HQJLQHV LQ WKLV VL]H UDQJH� 0DLQ FRPSRQHQWV RI WKH
HOHFWULF VWDUWLQJ V\VWHP DUH WKH VWDUWHU PRWRU�
EDWWHULHV� HQJLQHrGULYHQ EDWWHU\ FKDUJLQJ DOWHUQDWRU�
DQG $& SRZHUHG EDWWHU\ FKDUJHU�

6WDUWLQJ PRWRUV DUH HLWKHU ��r RU ��r9ROW� ZLWK
��r9ROW EHLQJ JHQHUDOO\ XVHG EHORZ ��� N:� ��r9ROW
DERYH ��� N:� DQG GXDO ��r9ROW VWDUWHUV DERYH ���
N:�

6WDUWLQJ EDWWHULHV DUH XVXDOO\ OHDGrDFLG W\SH VL]HG
DFFRUGLQJ WR WKH HQJLQH PDQXIDFWXUHU
V
UHFRPPHQGDWLRQ IRU WKH SDUWLFXODU DPELHQW
WHPSHUDWXUH FRQGLWLRQV DQG UHTXLUHG FUDQNLQJ WLPH�
6WDUWLQJ PRWRUV ZLOO EH GDPDJHG E\ RYHUKHDWLQJ LI
RSHUDWHG FRQWLQXRXVO\ IRU PRUH WKDQ RQH PLQXWH�
5HFRPPHQGHG FUDQNLQJ SHULRGV DUH VSHFLILHG LQ
1)3$���� ,W DOORZV D VLQJOH ��rVHFRQG FUDQNLQJ F\FOH
IRU JHQHUDWRU VHWV EHORZ �� N:� )RU ODUJHU PRGHOV�
WKUHH� ��rVHFRQG FUDQN F\FOHV VHSDUDWHG E\ ��rVHFRQG
UHVWV DUH UHTXLUHG� 7KH EDWWHU\ LQGXVWU\ UDWLQJ
VWDQGDUG PRVW FRPPRQO\ XVHG WR VSHFLI\ EDWWHULHV LV
WKH FROGrFUDQNLQJ DPSHUH UDWLQJ�

9



(��
����

7KH UDWLQJ LV GHILQHG DV WKH ORDG LQ DPSHUHV ZKLFK D
IXOO\ FKDUJHG EDWWHU\ DW �E) �r��E&� FDQ GHOLYHU IRU ��
VHFRQGV DQGPDLQWDLQ D YROWDJH RI ���r9ROWV SHU FHOO RU
KLJKHU� 2WKHU FRPPRQ EDWWHU\ UDWLQJV DUH UHVHUYH
FDSDFLW\ DQG DPSHUHrKRXUV� 5HVHUYH FDSDFLW\ LV WKH
QXPEHU RI PLQXWHV D IXOO\ FKDUJHG EDWWHU\ DW ��E)
���E&� FDQ EH GLVFKDUJHG DW �� DPSHUHV DQGPDLQWDLQ
D YROWDJH RI ����r9ROWV SHU FHOO RU KLJKHU� 7KH
DPSHUHrKRXU UDWLQJ� QRZ REVROHWH� UHTXLUHG WKDW WKH
EDWWHU\ EH GLVFKDUJHG DW ��E) ���E&� DW WKH PD[LPXP
UDWH ZKLFK FRXOG EH VXVWDLQHG IRU �� KRXUV DQG
PDLQWDLQ D YROWDJH RI ����r9ROWV SHU FHOO RU KLJKHU�
7KLV DPSHUH UDWH ZDV WKHQ PXOWLSOLHG E\ �� WR JLYH DQ
DPSHUHrKRXU UDWLQJ�

1LFNHO FDGPLXP EDWWHULHV DUH VRPHWLPHV XVHG IRU
VWDQGE\ JHQHUDWRU VHWV EHFDXVH RI WKHLU ORQJ OLIH ���
\HDUV�� 7KLV LV RIIVHW E\ WKHLU KLJK LQLWLDO FRVW� ODUJHU
VSDFH UHTXLUHPHQWV� DQG VSHFLDO FKDUJLQJ
UHTXLUHPHQWV� &RQYHQWLRQDO OHDGrDFLG EDWWHULHV KDYH
SURYHQ VDWLVIDFWRU\ IRU WKH PDMRULW\ RI JHQHUDWRU VHW
DSSOLFDWLRQV�
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.RKOHUÊ k7ULFNOHl %DWWHU\ &KDUJHU

%DWWHULHV VKRXOG EH DV FORVH WR WKH HQJLQH VWDUWHU DV
SRVVLEOH� HLWKHU RQ D XQLW PRXQWHG RU IUHH VWDQGLQJ
UDFN� 2FFDVLRQDOO\� EDWWHULHV DUH UHPRWHPRXQWHG LQ D
KHDWHGEXLOGLQJZKHQ WKH JHQHUDWRU VHW LV WR EH ORFDWHG
RXWGRRUV� VXEMHFW WR ORZ DPELHQW WHPSHUDWXUHV� 7KH
FUDQNLQJ SHUIRUPDQFH JDLQHG E\ NHHSLQJ WKH EDWWHU\
ZDUP LV RIIVHW E\ WKH ORVVHV LQ H[WHQGLQJEDWWHU\ FDEOHV�
DQG DPRUH SUDFWLFDO VROXWLRQ LV WR XVH D KHDWHGEDWWHU\
UDFN RU EDWWHU\ ZDUPHU WR PDLQWDLQ FUDQNLQJ
SHUIRUPDQFH LQ ORZ WHPSHUDWXUHV�

%DWWHULHV DUH FKDUJHG E\ HQJLQHrGULYHQ� EDWWHU\
FKDUJLQJ DOWHUQDWRUV ZKHQHYHU WKH JHQHUDWRU VHW
RSHUDWHV� 7KHVH V\VWHPV DUH QRUPDOO\ FDSDEOH RI
FKDUJH UDWHV RI ��rDPSHUHV RU PRUH DQG FDQ UHVWRUH
WKH FKDUJH XVHG LQ D QRUPDO FUDQNLQJ F\FOH ZLWKLQ D
VKRUW SHULRG RI RSHUDWLRQ� :KHQ WKH HQJLQH LV QRW
RSHUDWLQJ� D YHU\ ORZ FKDUJH UDWH IURP DQ$&SRZHUHG
EDWWHU\ FKDUJHU LV VXIILFLHQW WR PDLQWDLQ WKH EDWWHULHV
IXOO\ FKDUJHG� 7KHVH FKDUJHUV PD\ EH PDQXDO RU
DXWRPDWLF ZLWK D KLJK FKDUJH UDWH RI WZRrDPSHUHV DQG
D WULFNOH FKDUJH UDWH XS WR ���rPLOOLDPSHUHV� 7KH\
FDQ EH VHSDUDWH� VHOIrFRQWDLQHG XQLWV RU
FRPSDUWPHQWV EXLOW LQWR WKH DXWRPDWLF WUDQVIHU
VZLWFK� 'XH WR WKH ORZPD[LPXP FKDUJH UDWH� WKH\ DUH
QRW ZHOO VXLWHG WR UHVWRULQJ IXOO\ GLVFKDUJHG EDWWHULHV�
$XWRPDWLF IORDW FKDUJHUV ZLWK KLJK FKDUJH UDWHV RI
WHQrDPSHUHV RU PRUH DUH DYDLODEOH LI IXOO UHFRYHU\

FDSDELOLW\ LQGHSHQGHQW RI WKH HQJLQHrGULYHQ FKDUJLQJ
V\VWHP LV UHTXLUHG�

7KH PRVW FRPPRQ UHDVRQ IRU WKH IDLOXUH RI DQ
HPHUJHQF\ JHQHUDWRU VHW WR VWDUW ZKHQ QHHGHG LV
VWDUWLQJ EDWWHU\ IDLOXUH� 7ZR FRPPRQ FDXVHV RI
EDWWHU\ IDLOXUH DUH HLWKHU D PDQXDO FKDUJH UDWH VHW WRR
ORZ WR PDLQWDLQ WKH EDWWHU\� RU VHW WRR KLJK ZKLFK
UHVXOWV LQ ORVV RI EDWWHU\ HOHFWURO\WH� )RU WKLV UHDVRQ�
DXWRPDWLF IORDW FKDUJHUV� ZKLFK YDU\ WKH FKDUJH UDWH LQ
UHVSRQVH WR EDWWHU\ FRQGLWLRQ� DUH VWURQJO\
UHFRPPHQGHG RYHU PDQXDO W\SHV�

)RU ODUJH HQJLQHV XVLQJ WZR VWDUWHUV� HLWKHU RQH EDQN
RI EDWWHULHV DQG FKDUJHU IRU ERWK VWDUWHUV� RU VHSDUDWH
EDWWHU\ V\VWHPV PD\ EH XVHG� 7KH ODWWHU V\VWHP LV
SUHIHUDEOH VLQFH LW UHGXFHV WKH FKDQFH RI RQH
FRPSRQHQW
V IDLOXUH PDNLQJ WKH HQWLUH V\VWHP
LQRSHUDWLYH�
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.RKOHUÊ k)ORDW�(TXDOL]Hl %DWWHU\ &KDUJHUV
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�� (OHFWULFDO &RQWUROV

��� 5HTXLUHPHQWV

$IWHU WKH VL]LQJ UHTXLUHPHQWV IRU WKH JHQHUDWRU VHW�V�
DUH UHVROYHG� LW EHFRPHV QHFHVVDU\ WR WLH LW LQWR WKH
GLVWULEXWLRQ V\VWHP WKDW LW ZLOO IHHG� ,Q DGGLWLRQ WR
SXUH HPHUJHQF\ VWDQGE\ XVH� WKH V\VWHP PD\ EH
GHVLJQHG WR UHGXFH FRVW E\ SHDN VKDYLQJ� DQG�RU
DOORZDQFH IRU XWLOLW\rSODQQHG VHUYLFH LQWHUUXSWLRQV
PDGH SRVVLEOH E\ VSHFLDO UDWH DJUHHPHQWV� $Q\ RQH RI
VHYHUDO PHWKRGV PD\ EH VHOHFWHG WR PHHW \RXU FOLHQW
V
UHTXLUHPHQWV�

����� $XWRPDWLF 7UDQVIHU 6ZLWFK

7KH $XWRPDWLF 7UDQVIHU 6ZLWFK LV FRQQHFWHG WR WKH
QRUPDO VRXUFH DQG WKH JHQHUDWRU VHW� 7KLV
FRPELQDWLRQ IXQFWLRQV RQ D IDLOXUH RI WKH QRUPDO
V\VWHP� DQG DIWHU WKH JHQHUDWRU VHW VWDUWV �QRUPDOO\
WHQ VHFRQGV�� WKH ORDG ZLOO WKHQ EH UHHQHUJL]HG E\ WKH
JHQHUDWRU VHW XQWLO WKH QRUPDO VRXUFH UHWXUQV�

����� $XWRPDWLF 7UDQVIHU�%\SDVVr,VRODWLRQ
6ZLWFK

7KH E\SDVV SRUWLRQ RI WKH DXWRPDWLF WUDQVIHU VZLWFK
VHUYHV DV D PDQXDO WUDQVIHU VZLWFK� SURYLGLQJ WKH
DELOLW\� E\ WKURZLQJ RQH RI WZR KDQGOHV� WR FRQGXFW
SRZHU DURXQG WKH WUDQVIHU VZLWFK� WKXV HQHUJL]LQJ WKH
ORDG IURP HLWKHU WKH QRUPDO RU HPHUJHQF\ VRXUFH�
7KURXJK WKHPHDQV RI WKH VHFRQG KDQGOH� LW SURYLGHV D
PHDQV RI LVRODWLQJ WKH WUDQVIHU VZLWFK� 7KHVH WZR
KDQGOHV DUH VXLWDEO\ LQWHUORFNHG WR SUHYHQW LPSURSHU
RSHUDWLRQ� ,VRODWLQJ WKH WUDQVIHU VZLWFK LV GRQH LQ
WKUHH PRGHV�

- &RQQHFWHG� ZKHUH WKH WUDQVIHU VZLWFK LV FRQQHFWHG
WR WKH QRUPDO� HPHUJHQF\� DQG ORDG�

- 7HVW� ZKHUH WKH WUDQVIHU VZLWFK LV GLVFRQQHFWHG
IURP WKH ORDG� EXWZLWK LWV FRQWURO FLUFXLW HQHUJL]HG�
DOORZLQJ PDLQWHQDQFH RU WHVWV WR EH SHUIRUPHG RQ
WKH VZLWFK� DQG FKHFN RXW SURSHU RSHUDWLRQ
HQVXULQJ WKDW PDLQWHQDQFH KDV EHHQ GRQH
FRUUHFWO\�

- :LWKGUDZQ� ZKHUHE\ WKH WUDQVIHU VZLWFK LV WRWDOO\
GLVFRQQHFWHG IURP DQ\ VRXUFH RI SRZHU� DQG FDQ EH
SK\VLFDOO\ UHPRYHG IURP WKH VZLWFKJHDU DVVHPEO\
IRU HLWKHU PDLQWHQDQFH RU UHSODFHPHQW�
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����� 8QLQWHUUXSWLEOH 3RZHU 6\VWHPV

8QLQWHUUXSWLEOH 3RZHU 6\VWHPV QRUPDOO\ XVH
JHQHUDWRU VHWV WR SURYLGH ORQJrWLPH EDFNXS WR WKHLU
XVXDO EDWWHU\ FDSDFLW\� 7KH 836 DFFRPSOLVKHV WZR
SXUSRVHV LQ WKDW LW IXUQLVKHV lFOHDQ SRZHUl �IUHH RI
XQDFFHSWDEOH WUDQVLHQWV�� DQG LQ WKH HYHQW RI D SRZHU
IDLOXUH� SURYLGHV XQLQWHUUXSWHG SRZHU WR FULWLFDO
VHQVLWLYH ORDGV VXFK DV FRPSXWHUV DQG
LQVWUXPHQWDWLRQ� 1RUPDOO\ WKH EDWWHU\ FDSDFLW\ LV
DGHTXDWH IRU DQ\ZKHUH IURP� WR ��PLQXWHV� ,I ORQJHU
WLPHV DUH UHTXLUHG� DGGLWLRQDO EDWWHULHV QRW RQO\
EHFRPH TXLWH H[SHQVLYH� EXW UHTXLUH DGGLWLRQDO
SK\VLFDO URRP IRU LQVWDOODWLRQ� ,Q PDQ\ FDVHV� LW LV
PRUH IHDVLEOH WR SURYLGH D JHQHUDWRU VHW IRU DGGLWLRQDO
XQLQWHUUXSWHG SRZHU� VLQFH WKH JHQHUDWRU VHW
DYDLODELOLW\ LV OLPLWHG RQO\ E\ WKH V\VWHP
V IXHO
FDSDFLW\�

����� 3DUDOOHOLQJ 6ZLWFKJHDU

3DUDOOHOLQJ VZLWFKJHDU FDQ EH XVHG WR FRQQHFW
JHQHUDWRU VHWV WR XWLOLWLHV� HLWKHU WKURXJK WKH XVH RI
DXWRPDWLF WUDQVIHU VZLWFKHV� RU GLUHFWO\� :KHQ WKH\
DUH XVHG GLUHFWO\� WKHLU IXQFWLRQ LQ UHDOLW\ LV HQHUJ\
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*HQHUDWRU 6HW

8WLOLW\ 7UDQVIHU
6ZLWFK

'LVWULEXWLRQ
3DQHO

836 &ULWLFDO
/RDG

1RQFULWLFDO
/RDG

836 6\VWHP

PDQDJHPHQW� 7KH\ FDQ EH SURJUDPPHG WKURXJK WKH
XVH RI SDUDOOHOLQJ VZLWFKJHDU WR HLWKHU SURYLGH SHDN
VKDYLQJ� UHGXFLQJ SHDN GHPDQGV �DQG \RXU FOLHQW
V
XWLOLW\ ELOOV�� RU FRJHQHUDWLQJ WR IHHG SRZHU EDFN WR WKH
XWLOLW\ ZKLOH FROOHFWLQJ D IHH IRU VR GRLQJ�

3DUDOOHOLQJ VZLWFKJHDU RU GLVWULEXWLRQ VZLWFKJHDU PD\
EH GHVLJQHG WR KRXVH DOO RI WKH DERYH� SOXV D
GLVWULEXWLRQ VHFWLRQ WR IHHG DQG VHJUHJDWH LQGLYLGXDO
ORDGV WR DFFRPSOLVK ORDG VKHGGLQJ� ,Q PRVW FDVHV LW LV
QRW QHFHVVDU\ WR HQHUJL]H DOO ORDGV GXULQJ D SRZHU
RXWDJH� 7KLV W\SH RI V\VWHP VHOHFWV ZKLFK ORDGV ZLOO EH
VKHG DQG DFFRPSOLVKHV WKH VKHGGLQJ LWVHOI�

7KH WUDQVIHU VZLWFK PD\ DOVR EH XVHG LQ D V\VWHP WR
VHOHFW ORDG SULRULWLHV� )RU H[DPSOH� ZLWK ILYH VHSDUDWH
ORDGV� RQH RI ZKLFK PXVW EH PDLQWDLQHG� WKH VHFRQG
RQO\ LI WKH ILUVW LV PDLQWDLQHG� HWF�� \RX FDQ HLWKHU XVH
LQGLYLGXDO $76
V RU VZLWFKJHDU FRQWDLQLQJ $76
V VXFK
WKDW ZKHQ PXOWLSOH JHQHUDWRU VHWV DUH XVHG� WKH ILUVW
JHQHUDWRU VHW RQrOLQH ZLOO SURYLGH SRZHU WR FULWLFDO
ORDGQXPEHU �� VHW QXPEHU WZR WR FULWLFDO ORDG WZR� HWF�
7KXV� UHJDUGOHVV RI ZKLFK JHQHUDWRU VHW FRPHV RQrOLQH
ILUVW� LW ZLOO LPPHGLDWHO\ JR WR SULRULW\ ORDG QXPEHU
RQH�

��� 8WLOLW\ $QDO\VLV $QG 6ZLWFKJHDU
6L]LQJ

$IWHU WKH ORDG DQDO\VLV KDV EHHQ PDGH� LI DQ $76�
E\SDVV LVRODWLRQ VZLWFK� 836� RU SDUDOOHOLQJ
VZLWFKJHDU DUH WR EH LQFRUSRUDWHG� LW LV QHFHVVDU\ WR
DQDO\]H WKH QRUPDO �XWLOLW\� VRXUFH RI SRZHU WR
GHWHUPLQH LWV DPSDFLW\ FDSDELOLWLHV DW WKH SRLQW RI
LQVWDOODWLRQ RI WKHVH GHYLFHV�

%H VXUH WR GHWHUPLQH�

- WKH VXSSO\ YROWDJH
- WKH VXSSO\ IUHTXHQF\
- WKH PD[LPXP FRQWLQXRXV ORDG FXUUHQW SOXV
DGGLWLRQDO IXWXUH FDSDFLW\ WKDW ZLOO EH UHTXLUHG

- WKH SHDN RYHUORDG FXUUHQWV DQG WKHLU GXUDWLRQ
- PD[LPXP DYDLODEOH VKRUWrFLUFXLW FXUUHQW�
LQFOXGLQJ WKH UHDFWDQFHrWRrUHVLVWDQFH UDWLR RI WKH
VXSSO\ WR D IDXOW RQ WKH OLQH VLGH RI HDFK FLUFXLW
HOHPHQW�

- WKH W\SH RI FLUFXLW GLVFRQQHFW EHLQJ XVHG� �IRU
H[DPSOH� EROWHG SUHVVXUH VZLWFK ZLWK&ODVV / IXVHV�
ORZ YROWDJH FLUFXLW EUHDNHU� RU PROGHG FDVH FLUFXLW
EUHDNHU� HWF��

- PD[LPXP DPELHQW WHPSHUDWXUH� DQG RWKHU
HQYLURQPHQWDO FRQGLWLRQV�
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,Q JHQHUDO� WKHVH GHYLFHV DUH DYDLODEOH ZLWK WKH
IROORZLQJ UDWLQJV�

- 1RPLQDO DQG 0D[LPXP 9ROWDJHVrr$OO YROWDJHV WR
� N9� 2YHU ���r9ROWV PD\ QRW EH DYDLODEOH IURP DOO
PDQXIDFWXUHUV�

- )UHTXHQF\rr1RPLQDOO\ �� RU �� +]� '& LV
DYDLODEOH IURP VRPH PDQXIDFWXUHUV� DV LV KLJKHU
IUHTXHQF\� L�H�� ��� +]�

- &RQWLQXRXV &XUUHQWrr*HQHUDOO\ VSHDNLQJ� WKH
VWDQGDUG FXUUHQWV IRU WKLV W\SH RI HTXLSPHQW DUH�
��� ��� ��� ��� ���� ���� ���� ���� ���� ���� ���� ����
���� ����� ����� ����� ����� ����� ����� ����
DPSHUHV�

- :LWK 6WDQG 5DWLQJ RU 6KRUW 7LPH &XUUHQW rr6RPH
PDQXIDFWXUHUV SXEOLVK UDWLQJV� EXW PRVW WDEXODWH
WKH XSVWUHDP SURWHFWLRQ GHYLFHV WKDW FDQ EH XVHG
ZLWK HDFK VZLWFK� 7KH JHQHUDO DSSURDFK LV WR UDWH
WKH $76 DORQJ ZLWK D IXVH RU FLUFXLW EUHDNHU�

- 0D[LPXP $PELHQW 7HPSHUDWXUH�
- ,QWHUUXSWLQJ FXUUHQW� $W OHDVW �rWLPHV LV UHTXLUHG
E\ 8/� KRZHYHU� D �� RU ��rWLPHV PLQLPXP LV
QHFHVVDU\ IRU DQ $76 LI WKH $76 FRXOG SRVVLEO\
RSHQ GXULQJ DQ RYHUORDG� VKRUW FLUFXLW� RU JURXQG
IDXOW DSSOLFDWLRQ�

'LUHFW 3DUDOOHOLQJr&RJHQHUDWLRQ 6\VWHP

8WLOLW\

/RDG
'HPDQG
5HJLVWHU

/RDG

3DUDOOHOLQJ
&RQWUROV

*HQHUDWRU 6HW
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3HDNr6KDYLQJ� 1RQSDUDOOHOLQJ 6\VWHP

8WLOLW\
/RDG

'HPDQG
5HJLVWHU

/RDG

3URWHFWHG
/RDG

7UDQVIHU
6ZLWFK

*HQHUDWRU 6HW

��� 6HOHFWLRQ RI $XWRPDWLF 7UDQVIHU
6ZLWFKHV DQG $FFHVVRULHV

����� $XWRPDWLF 7UDQVIHU 6ZLWFKHV

7KH DXWRPDWLF WUDQVIHU VZLWFK� DORQJ ZLWK LWV UHODWHG
FRQWUROV� LV ORFDWHG LQ WKH HOHFWULFDO V\VWHP ZKHUH LW
FDQ VZLWFK SRZHU IURP HLWKHU WKH QRUPDO RU
HPHUJHQF\ VRXUFH� WR WKH HOHFWULFDO ORDGV�

)RU PD[LPXP SURWHFWLRQ� D WUDQVIHU VZLWFK KDV DOZD\V
EHHQ ORFDWHG DV FORVH DV SRVVLEOH WR WKH HOHFWULF ORDGV
WKDW RSHUDWH WKURXJK LW� DQG VKRXOG EH SRZHUHG E\ WKH
VRXUFH WR ZKLFK ORDGV DUH EHLQJ WUDQVIHUUHG�

7KH FRQWUROV KDYH WKH LQWHOOLJHQFH WR PRQLWRU WKH
QRUPDO VRXUFH� ,I WKHUH LV D VXSSO\ RXWDJH� RU DQ\
RWKHU FDXVH RI GLPLQLVKHG SRZHU VXSSO\� WKH FRQWUROV
VLJQDO WKH JHQHUDWRU VHW WR VWDUW� :KHQ WKH JHQHUDWRU
UHDFKHV SURSHU YROWDJH DQG IUHTXHQF\� WKH FRQWUROV
FDXVH WKH VZLWFK WR WUDQVIHU WKH FRQQHFWHG ORDGV WR WKH
JHQHUDWRU�

:KHQ WKH QRUPDO VRXUFH LV UHVWRUHG� WKH ORDGV DUH
UHWUDQVIHUUHG EDFN WR WKH QRUPDO VRXUFH� $IWHU
WUDQVIHU� WKH HQJLQH LV VKXW GRZQ� XVXDOO\ DIWHU D
FRROrGRZQ SHULRG� 7KH HQWLUH VHTXHQFH KDQGOHG
DXWRPDWLFDOO\ E\ WKH DXWRPDWLF WUDQVIHU VZLWFK�

&RPELQLQJ WKH LQIRUPDWLRQ FRQWDLQHG LQ VHOHFWLRQ RI
HOHFWULFDO FRQWUROV� ILYH VWHSV WR SURSHU VHOHFWLRQ DUH
XVXDOO\ DOO WKDW LV UHTXLUHG�

�� 'HWHUPLQH WKH UHTXLUHG SKDVHrWRrSKDVH YROWDJH�
IUHTXHQF\� DQG QXPEHU RI SROHV�

�� 'HWHUPLQH WKH FXUUHQW UDWLQJ E\ WRWDOLQJ DOO
OLJKWLQJ� PRWRU� DQG RWKHU ORDGV� ,Q VRPH FDVHV�
FRQVLGHUDWLRQ PXVW EH JLYHQ WR ZKHWKHU WKH OLJKWV
DUH WXQJVWHQ� IOXRUHVFHQW� RU RWKHUV VXFK DV VRGLXP
YDSRU� DQG LQ WKHVH FDVHV� GHUDWLQJ PD\ EH
QHFHVVDU\ LQ RUGHU WR DFFRPPRGDWH WKH KLJK
LQrUXVK FXUUHQWV DVVRFLDWHGZLWK VXFK ORDGV� 0RWRU
ORDGV DUH HYDOXDWHG RQ WKH EDVLV RI IXOOrORDG
UXQQLQJ FXUUHQW RQO\�

�� %DVHG RQ WKH DERYH� DQG FRQVLGHULQJ WKH V\VWHP
YROWDJH� VHOHFW WKH DSSURSULDWH VZLWFK DQG DGG WKH
GHVLUHG RSWLRQDO DFFHVVRULHV� ,W PXVW EH
UHPHPEHUHG WKDW WKH HPHUJHQF\ DQG QRUPDO
VRXUFHV DUH IHG WKURXJK WKH WUDQVIHU VZLWFK� DQG�
WKHUHIRUH� WKH VZLWFK PXVW EH VL]HG WR WKH ODUJHU
VRXUFH� ,Q PDQ\ FDVHV� D WUDQVIHU VZLWFK LV
LPSURSHUO\ VHOHFWHG EHFDXVH LW LV VL]HG RQO\ WR WKH
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JHQHUDWRU VHW� ZKLFKPD\ EH VHOHFWHG WR VXSSO\ RQO\
FULWLFDO ORDGV WKDW DUH QHFHVVDU\ GXULQJ WKH
QRQDYDLODELOLW\ RI WKH XWLOLW\ VRXUFH� ,Q VXFK FDVHV
WKH QRUPDO VRXUFH GHWHUPLQHV WKH DPSDFLW\ RI WKH
DXWRPDWLF WUDQVIHU VZLWFK�

�� 'HWHUPLQH WKH RSHUDWLQJ HQYLURQPHQW RI WKH
VZLWFKrrZKHWKHU LW LV LQGRRUV� RXWGRRUV� LQ GXVW\
FRQGLWLRQV� RU LQ DQ H[SORVLYH DWPRVSKHUHrrDQG
VSHFLI\ WKH DSSURSULDWH FDELQHWU\�

�� &KHFN IRU FRQIRUPDQFH WR WKH DYDLODEOH
ZLWKrVWDQG� FORVLQJ� DQG LQWHUUXSWLQJ UDWLQJV WKDW
WKH VZLWFK PXVW KDQGOH GXULQJ D SRVVLEOH VKRUW
FLUFXLW RQ WKH V\VWHP DQG RWKHU VSHFLILFDWLRQV
ZKHUH DSSOLFDEOH�

7UDQVIHU VZLWFKHV DUH DYDLODEOH ZLWK PDQ\
DFFHVVRULHV� ,Q PRVW FDVHV� DV VWDQGDUG� WKH EDVLF
VZLWFK LV SURYLGHG ZLWK IXOOrSKDVH VHQVLQJ RQ WKH
QRUPDO VRXUFH DQG VLQJOHrSKDVH VHQVLQJ RQ WKH
HPHUJHQF\ VRXUFH� 7KH QRUPDO VRXUFH LV XVXDOO\
PRQLWRUHG ZLWK YROWDJHrVHQVLQJ UHOD\V WKDW DUH
IDFWRU\ VHW VRPHZKHUH EHWZHHQ ��� DQG ��� IRU
GURSRXW DQG ��� WR ��� IRU SLFNXS� ,Q PRVW FDVHV
WKH HPHUJHQF\ VRXUFH VHQVLQJ LV D FRQYHQWLRQDO
UHOD\ WKDWZLOO SLFN XS DW DSSUR[LPDWHO\ ���WR���
YROWDJH DQG ��� WR ��� RI IUHTXHQF\� ,Q JHQHUDO�
DFFHVVRULHV DUH
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VHOHFWHG EDVHG RQ WKH QHHGV RI WKH HPHUJHQF\
VRXUFH� +RZHYHU� IRU VRPH DSSOLFDWLRQV�
DFFHVVRULHV DUH XVHG RQ WKH QRUPDO VRXUFH� WR
SURYLGH PRUH VWULQJHQW VHQVLQJ WKDQ WKH DYHUDJH
VZLWFK SURYLGHV� ,Q DOO FDVHV� 8/ UHTXLUHV WKDW DQ
DXWRPDWLF WUDQVIHU VZLWFK EH SURYLGHG ZLWK D WHVW
VZLWFK PRXQWHG RQ WKH H[WHUQDO SRUWLRQ RI WKH
FDELQHW� XVXDOO\ RQ WKH GRRU� 7KLV VZLWFK ZLOO
VLPXODWH D QRUPDO SRZHU IDLOXUH DQG LQLWLDWH DFWLRQ
RI WKH WUDQVIHU VZLWFK� ,W ZLOO LQLWLDWH HQJLQH VWDUW�
DQG WUDQVIHU WKH ORDG WR WKH JHQHUDWRU VHW DV ORQJ DV
WKH VZLWFK LV LQ WKH WHVW SRVLWLRQ� (LWKHU RI WZR W\SHV
RI VZLWFKHV DUH SURYLGHG� PRPHQWDU\ FRQWDFW RU
PDLQWDLQHG FRQWDFW� 6LQFH WKLV VZLWFK LV H[SRVHG
DQG DYDLODEOH WR WKH SDVVHUrE\� LW LV VXJJHVWHG WKDW
PRPHQWDU\rFRQWDFW WHVW VZLWFKHV EH XWLOL]HG� ,I
PDLQWDLQHG FRQWDFW VZLWFKHV DUH XWLOL]HG� LW LV
SRVVLEOH� EHFDXVH RI KXPDQ HUURU� WKDW WKH VZLWFK
ZLOO EH OHIW LQ WKH WHVW SRVLWLRQ DQG WKH ORDG ZLOO
FRQWLQXH WR EH IHG E\ WKH JHQHUDWRU VHW XQWLO WKH
VZLWFK LV UHVWRUHG WR WKH DXWRPDWLF SRVLWLRQ� ,W LV
DOVR SRVVLEOH XQGHU VXFK RSHUDWLRQ WKDW WKH IXHO
WDQNV FDQ UXQ GU\� FDXVLQJ WKH QRUPDOO\ DVVRFLDWHG
SUREOHPV�

����� $FFHVVRULHV

*HQHUDOO\ VSHDNLQJ� WUDQVIHU VZLWFKHV VKRXOG EH
VXSSOLHG ZLWK D PLQLPXP DFFHVVRU\ SDFNDJH� ,Q
JHQHUDO� LW LV VXJJHVWHG WKDW WKH IROORZLQJ DFFHVVRULHV
EH LQFOXGHG DV VWDQGDUG IRU WKH DFFRPSDQ\LQJ
UHDVRQV�

- 7LPH GHOD\ RQ HQJLQH VWDUWLQJ LV VXJJHVWHG� 7KLV
FDQ EH D IL[HGrWLPH GHOD\ RI WZRr WR IRXUrVHFRQGV
RU DQ DGMXVWDEOHrWLPH SHULRG GHSHQGLQJ XSRQ WKH
QHHG� 7KLV WLPH GHOD\ LV VXJJHVWHG EHFDXVH� LQ WKH
HYHQW RI DQ XSVWUHDP UHFORVXUH IXQFWLRQLQJ� WKH
QRUPDO VRXUFH ZLOO EH LQWHUUXSWHG� DQG WKHQ� ZLWKLQ
RQH WR IRXU VHFRQGV� UHDSSHDU� 7KH UHFORVXUH
DFWLRQ PD\ KDYH FOHDUHG WKH IDXOW� DQG LQ WKLV FDVH�
LW LV FRQVLGHUHG XQGHVLUDEOH WR VWDUW WKH JHQHUDWRU
VHW IRU DQ RXWDJH RI RQH WR IRXU VHFRQGV� EHFDXVH
WKH JHQHUDWRU VHW WDNHV ORQJHU WR VWDUW�

- 7LPH GHOD\ RQ WUDQVIHU IURP HPHUJHQF\ WR QRUPDO
LV VXJJHVWHG� 1RUPDOO\ WKLV LV D WLPHU KDYLQJ DQ
DGMXVWDEOHrWLPH GHOD\ UDQJH IURP � WR �� PLQXWHV�
QRPLQDOO\ LW LV VHW DW D WLPH SHULRG RI �� WR ��
PLQXWHV� ,WV VSHFLDO IXQFWLRQ LV D PLQLPXP
JHQHUDWRU UXQ WLPH �WKLV LV HVSHFLDOO\
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LPSRUWDQW ZLWK D GLHVHOrSRZHUHG JHQHUDWRU VHW��
,Q WKH HYHQW WKH JHQHUDWRU VHW LV VWDUWHG DQG WKH
SRZHU UHWXUQV ZLWKLQ � WR ��PLQXWHV� LW LV GHVLUDEOH
WR LQVXUH WKH HQJLQH KDV D PLQLPXP UXQQLQJ WLPH
DQG LV DOORZHG WR UHDFK LWV RSHUDWLQJ WHPSHUDWXUH
DQG UXQ IRU D VKRUW WLPH XQGHU ORDG� ,Q DGGLWLRQ�
WKLV WLPH GHOD\ LQVXUHV WKDW WKH QRUPDO VRXUFH KDV
VWDELOL]HG EHIRUH UHWUDQVIHU� ,W GRHV VR EHFDXVH RI
WKH GXUDWLRQ RI WKH WLPH GHOD\�

- $YROWDJH�IUHTXHQF\rPRGXOH VHQVLQJ GHYLFH RQ WKH
HPHUJHQF\ VRXUFH LV VXJJHVWHG WR LQVXUH WKDW WKH
JHQHUDWRU VHW KDV UHDFKHGSURSHU RSHUDWLQJ YROWDJH
DQG IUHTXHQF\ EHIRUH ORDG LV WUDQVIHUUHG WR LW�

- <RX DOVR PD\ ZLVK WR FRQVLGHU WKH XVH RI D WLPH
GHOD\ IURP QRUPDO WR HPHUJHQF\� 7KLV WLPH GHOD\
FRPHV LQWR HIIHFW DIWHU YROWDJH�IUHTXHQF\ PRGXOH
KDV HVWDEOLVKHG WKDW WKH JHQHUDWRU KDV UHDFKHG
SURSHU YROWDJH DQG IUHTXHQF\� 7KLV GHYLFH
QRUPDOO\ LV DQ DGMXVWDEOH WLPH GHOD\ IURP ]HUR WR
RQH PLQXWH� ,W SHUPLWV WKH HQJLQH WR UXQ IRU
ZKDWHYHU WLPHrGHOD\ VHWWLQJ LV GLDOHG LQWR WKH WLPHU
EHIRUH ORDG LV DSSOLHG WR LW� LQ RUGHU WR DOORZ WKH
HQJLQH WR VWDELOL]H DQG DOVR DOORZV ORDGV WR EH
VHTXHQFHG�
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7KH EHIRUH PHQWLRQHG DFFHVVRULHV DUH VXJJHVWHG IRU
XVH RQ HYHU\ WUDQVIHU VZLWFK WKDW LV XVHG ZLWK D
JHQHUDWRU VHW� :KHQ D WUDQVIHU VZLWFK LV XVHG ZLWK WZR
XWLOLW\ VRXUFHV� RQO\ WLPHrGHOD\rQRUPDOrWRr
HPHUJHQF\ DQG WLPHrGHOD\rHPHUJHQF\rWRrQRUPDO
VKRXOG EH FRQVLGHUHG� 7KH\ VKRXOG EH FRQVLGHUHG
EHFDXVH LW LV QRW GHVLUDEOH WR WUDQVIHU UDSLGO\ IURPRQH
VRXUFH WR WKH RWKHU DQG EDFN DJDLQ� ZLWK WKH UHVXOWLQJ
ORDG WUDQVLHQW FDXVHG E\ VXFK WUDQVIHUV�

0DQXIDFWXUHUV SURYLGH D PXOWLWXGH RI RWKHU
DFFHVVRULHV WKDW VKRXOG EH FRQVLGHUHGGHSHQGLQJXSRQ
WKH GHJUHH RI VRSKLVWLFDWLRQ DQG FRQYHQLHQFH WKDW LV
UHTXLUHG LQ WKH LQVWDOODWLRQ� 7KHVH DFFHVVRULHV DUH DV
IROORZV�

- 7LPH GHOD\ RQ HQJLQH FRROrRII� 1RUPDOO\ WKLV LV DQ
DGMXVWDEOH WLPHU IURP � WR ��PLQXWHV DQG SURYLGHV
XQORDGHG UXQQLQJ WLPH IRU WKH HQJLQH� WR LQVXUH
WKDW WKH HQJLQH FRROV GRZQ DQG WKDW WKH H[KDXVW
V\VWHP LV SURSHUO\ KHDWHG VR WKDW H[FHVV PRLVWXUH LV
HYDSRUDWHG� ,QPDQ\ FDVHV WKLV WLPHU LV LQFOXGHG LQ
WKH HQJLQH FRQWUROOHU� ZKLFK LV ZK\ LW LV SODFHG KHUH
LQ WKH RWKHU DFFHVVRULHV JURXSLQJ� 7KLV WLPHU
EHJLQV WR WLPHZKHQ WKH VZLWFK WUDQVIHUV EDFN WR WKH
QRUPDO VRXUFH�

- 8QGHUIUHTXHQF\ DGMXVWDEOH PRGXOHV WR PRQLWRU
WKH HPHUJHQF\ VRXUFH SURYLGH SUHFLVH DGMXVWPHQW
RI WKH SRLQW DW ZKLFK WUDQVIHU ZLOO EH SHUPLWWHG� ,Q

DGGLWLRQ� RYHUIUHTXHQF\ PRGXOHV FDQ EH VXSSOLHG�

- $VZLWK IUHTXHQF\� XQGHU DQG RYHUYROWDJHPRGXOHV
FDQ EH IXUQLVKHG� 1RPLQDOO\ WKHVH DUH DGMXVWDEOH
ZLWK WKH UDQJH RI ��� WR ���� IRU SLFNXS DQG ���
WR ���� IRU GURSRXW DQG IURP ���� WR ���� IRU
RYHUYROWDJH� 1RUPDOO\ WKHVH PRGXOHV DUH
VLQJOHrSKDVH� KRZHYHU� WKUHHrSKDVH PRGXOHV DUH
DOVR DYDLODEOH�

- )RXUrSRVLWLRQ VHOHFWRU VZLWFKHV SHUPLW IRXUPRGHV
RI $76 RSHUDWLRQ� WHVW� DXWR� RII� DQG HQJLQH VWDUW�
7KH RII SRVLWLRQ GHrHQHUJL]HV FRQWURO FLUFXLWU\ DQG
RSHQV WKH HQJLQHrVWDUW FLUFXLW� 7KH WUDQVIHU VZLWFK
ZLOO QRW RSHUDWH QRU ZLOO WKH HQJLQH VWDUW RQ SRZHU
IDLOXUH� 7KH WHVW SRVLWLRQ VLPXODWHV D QRUPDO SRZHU
IDLOXUH LQ H[DFWO\ WKH VDPH PDQQHU DV WKH WHVW
VZLWFK� 7KH DXWR SRVLWLRQ UHWXUQV WKH WUDQVIHU
VZLWFK WR DXWRPDWLF RSHUDWLRQ� 7KH HQJLQHrVWDUW
SRVLWLRQ FORVHV WKH HQJLQHrVWDUW FLUFXLW� 7KH VZLWFK
ZLOO QRW WUDQVIHU XQOHVV WKH QRUPDO VRXUFH IDLOV�
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1RUPDOO\ ZLWK WKLV DFFHVVRU\� D ODPS LV SURYLGHG
WKDW OLJKWV LQ DOO SRVLWLRQV H[FHSW WKH DXWR SRVLWLRQ�
7KLV SURYLGHV D YLVXDO LQGLFDWLRQ WKDW WKH VZLWFK LV
QRW LQ WKH DXWR SRVLWLRQ�

- 3XVKrEXWWRQ� WLPHrGHOD\ RYHUULGHV IRU HLWKHU WKH
QRUPDOrWRrHPHUJHQF\ RU HPHUJHQF\rWRrQRUPDO
WLPH GHOD\V FDQ DOVR EH IXUQLVKHG� 7KHVH VZLWFKHV
KDYH VRPH XVH GXULQJ WHVW PRGH RSHUDWLRQ RI WKH
WUDQVIHU VZLWFK LQ VWDUWrXS� 7KH WLPH GHOD\V FDQ EH
VHW WR WKH YDOXHV WKDW ZLOO EH XVHG LQ DFWXDO SUDFWLFH�
KRZHYHU� WKH VZLWFKSURYLGHV WKHPHDQV WR RYHUULGH
WKHP VR WKDW� LQ WKH FDVH RI WKH WLPHrGHOD\�
HPHUJHQF\rWRrQRUPDO VHW DW �� PLQXWHV� WKH
��rPLQXWH WLPH SHULRG GRHV QRW KDYH WR EH
REVHUYHG�

- ,Q VRPH FDVHV D WZRrSRVLWLRQ VHOHFWRU VZLWFK LV
GHVLUHG� XVXDOO\ ZKHQ WKHUH DUH WZR XWLOLW\ VRXUFHV
RU WKHUH DUH WZR JHQHUDWRU VHWV� 7KLV VZLWFK
SHUPLWV VHOHFWLRQ RI HLWKHU VRXUFH RQH RU VRXUFH
WZR DV WKH SUHIHUUHG SRZHU VRXUFH� 7KH SUHIHUUHG
VRXUFH LV WKH RQH WR ZKLFK WKH VZLWFK ZLOO DOZD\V
WUDQVIHU LI WKDW VRXUFH LV DYDLODEOH�

- 3LORW OLJKWV� HLWKHU WR LQGLFDWH WKDW WKH VZLWFK LV
FRQQHFWHG WR WKH QRUPDO VRXUFH� RU WKDW WKH VZLWFK
LV FRQQHFWHG WR WKH HPHUJHQF\ VRXUFH� DUH RIWHQ
IXUQLVKHG� 7KHVH OLJKWV� DV LV WKH FDVH ZLWK PDQ\
RWKHU DFFHVVRULHV� FDQ EH PRXQWHG RQ WKH WUDQVIHU
VZLWFK RU FDQ EH PRXQWHG UHPRWHO\�
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- ,Q DGGLWLRQ WR LQGLFDWLQJ VZLWFK SRVLWLRQ� SLORW
OLJKWV FDQ DOVR EH IXUQLVKHG WR LQGLFDWH VRXUFH
FRQGLWLRQ� 7KHVH OLJKWV PHUHO\ LQGLFDWH WKDW HLWKHU
WKH QRUPDO DQG�RU WKH HPHUJHQF\ VRXUFH DUH
SUHVHQW DQG DYDLODEOH�

- 5HOD\ DX[LOLDU\ FRQWDFWV FDQ EH SURYLGHG RQ HLWKHU
WKH QRUPDO RU HPHUJHQF\ VRXUFH WR SHUIRUP
DGGLWLRQDO FRQWURO IXQFWLRQV H[WHUQDO WR WKH
WUDQVIHU VZLWFK� 7KH QRUPDO UHOD\ DX[LOLDU\
FRQWDFW�V� LV HQHUJL]HGZKHQHYHU WKH QRUPDO SRZHU
VRXUFH LV DYDLODEOH� ,I WKH QRUPDO SRZHU VRXUFH
IDLOV� WKHVH FRQWDFWV ZLOO UHWUDQVIHU� 7KH HPHUJHQF\
UHOD\ FRQWDFWV� KRZHYHU� LQGLFDWH ZKHQHYHU WKH
HPHUJHQF\ VRXUFH LV HQHUJL]HG� UHJDUGOHVV RI
ZKHWKHU WKH VZLWFK LV FRQQHFWHG WR LW RU QRW� 7KH\
DUH JHQHUDOO\ XVHG LQ RSHUDWLQJ FRROLQJ DLU FRQWURO
ORXYHUV�

- $X[LOLDU\ FRQWDFWV� HLWKHU RQ QRUPDO VRXUFH RU WKH
HPHUJHQF\ VRXUFH� DUH SURYLGHG WR LQGLFDWH WKH
WUDQVIHU VZLWFK SRVLWLRQ �QRUPDO RU HPHUJHQF\��
7KHVH VZLWFKHV DUH GU\ FRQWDFWV� DQG WUXO\ LQGLFDWH
WKH VZLWFK SRVLWLRQ� DV RSSRVHG WR UHOD\ DX[LOLDU\
FRQWDFWV� 7KH\ DUH XVHG LQ WKH
FRQWUROrFLUFXLWU\rH[WHUQDOrWUDQVIHU VZLWFK� VXFK DV
HOHYDWRU FRQWUROV� 7KH\ DUH RIWHQ FDOOHG PDLQ VKDIW
DX[LOLDU\ FRQWDFWV�

- 9ROWPHWHUV� DPPHWHUV� WKH DVVRFLDWHG VHOHFWRU
VZLWFKHV DQG UXQQLQJrWLPH PHWHUV� IUHTXHQF\
PHWHUV� HWF�� FDQ EH SURYLGHG ZLWK WKH WUDQVIHU
VZLWFK� HLWKHU PRXQWHG RQ WKH HQFORVXUH� RU IRU
H[WHUQDO UHPRWH XVH�

- 3ODQW H[HUFLVHUV FDQ EH SURYLGHG IRU DXWRPDWLF
SHULRGLF H[HUFLVLQJRI WKH HPHUJHQF\ JHQHUDWRU VHW�
7KHVH WLPHUV DUH DGMXVWDEOH RYHU HLWKHU D ���rKRXU
�� GD\� RU ���rKRXU ��� GD\� SHULRG DQG DUH
DGMXVWDEOH LQ LQFUHPHQWV RI HLWKHU �� RU ��PLQXWHV
UHVSHFWLYHO\� 7KHVH H[HUFLVHUV �WLPHUV� FDQ EH
FRQQHFWHG WR H[HUFLVH RQO\ WKH JHQHUDWRU VHW� RU
H[HUFLVH WKH FRPSOHWH V\VWHP LQFOXGLQJ ORDG
WUDQVIHU� $ VHOHFWRU VZLWFK FDQ DOVR EH IXUQLVKHG
WKDW ZLOO SURYLGH VHOHFWLRQ EHWZHHQ HLWKHU RI WKH
SUHYLRXVO\ PHQWLRQHG WZR PRGHV RI RSHUDWLRQ�
3ODQW H[HUFLVHUV VKRXOG EH FRQQHFWHG DQG
HQHUJL]HG IURP WKH ORDG WHUPLQDOV� 7KLV PLQLPL]HV
WKH DPRXQW RI WLPH WKH FORFN LV VWRSSHG ZKLOH WKH
SRZHU LV WUXO\ RXW� ,I WKH FORFN LV FRQQHFWHG WR WKH
QRUPDO VRXUFH� LW ZLOO EH LQRSHUDWLYH ZKHQ WKH
QRUPDO VRXUFH LV RXW� WKHUHE\ FDXVLQJ WKH VHWWLQJ RI
WKH FORFN WR EH LQ
PXFK JUHDWHU HUURU WKDQ LW ZRXOG EH LI LW ZHUH
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FRQQHFWHG WR WKH ORDG WHUPLQDOV� ,Q DGGLWLRQ�
ZKHQHYHU SURYLVLRQ LV PDGH IRU WKH H[HUFLVHU WR
H[HUFLVH WKH JHQHUDWRU VHW XQGHU ORDG �SURYLGH WKH
DXWRPDWLF WUDQVIHU VZLWFK WR WUDQVIHU�� FDUH VKRXOG
EH JLYHQ WR LQVXUH WKDW DQ RYHUULGH FLUFXLW LV
LQFOXGHG LQ WKH H[HUFLVHU
V FLUFXLWU\� 7KLV RYHUULGH
FLUFXLW ZLOO LQVXUH WKDW� LQ WKH HYHQW WKDW JHQHUDWRU
VHW SRZHU LV LQWHUUXSWHG� WKH WUDQVIHU VZLWFK ZLOO
UHFRJQL]H WKLV DQG FDXVH UHWUDQVIHU WR WKH DYDLODEOH
QRUPDO VRXUFH� 6KRXOG WKLV RYHUULGH FLUFXLW QRW EH
SURYLGHG� WKH WUDQVIHU VZLWFK ZLOO UHPDLQ LQ WKH
HPHUJHQF\ SRVLWLRQ DQG SURYLGH QR SRZHU WR WKH
ORDG XQWLO WKH HPHUJHQF\ VRXUFH LV UHVWRUHG RU WKH
VZLWFK PDQXDOO\ UHWUDQVIHUUHG WR QRUPDO� 7KH
RYHUULGH FLUFXLW LV UHTXLUHG E\ 1)3$ ��r�����

- $GMXVWDEOH EDWWHU\ FKDUJHUV FDQ EH IXUQLVKHG WKDW
SURYLGH HLWKHU IORDW FKDUJLQJ RU ZKDWHYHU FKDUJLQJ
UHTXLUHPHQWVPD\ EH QHFHVVDU\ IRU WKH DSSOLFDWLRQ�
,Q JHQHUDO� WKLV LV D WZRrDPSHUH FKDUJHU ZLWK DQ
DGMXVWDEOH IORDW OHYHO� ,Q PRVW FDVHV� LW LV
FRQYHQLHQW WR PRXQW WKH EDWWHU\ FKDUJHU LQ WKH
WUDQVIHU VZLWFK EHFDXVH D VRXUFH RI SRZHU WR
HQHUJL]H LW LV UHDGLO\ DYDLODEOH� ,W LV TXLWH HDV\ WR
UXQ WZR '& OHDGV WR WKH EDWWHULHV WR NHHS WKHP
RQrIORDW� *HQHUDOO\ VSHDNLQJ� D IORDW FKDUJHU RI
WKLV W\SH LV DOO WKDW LV UHTXLUHG�
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1RUPDOO\ WKH JHQHUDWRU VHW KDV DQ LQWHUQDO FKDUJHU
RQ LW� VR WKDW ZKHQ UXQQLQJ� LW ZLOO UDSLGO\ UHFKDUJH
WKH EDWWHULHV DIWHU VWDUWLQJ� 7KXV� WKLV FKDUJHU
PHUHO\ PDLQWDLQV WKH EDWWHULHV DQG NHHSV WKHP
FKDUJHG�

- $UHD SURWHFWLRQ ZLWK RYHUULGH FLUFXLW LV DOVR
DYDLODEOH� 7KHVH DUH XVHG ZLWK DQ H[WHUQDO DUHD
SURWHFWLRQ SDQHO� ,W WUDQVIHUV WKH ORDG WR
HPHUJHQF\ XSRQ UHFHLYLQJ DQ RSHQ FRQWDFW VLJQDO
IURP WKH DUHD SURWHFWLRQ SDQHO� ,Q WKH HYHQW WKDW
WKH HPHUJHQF\ VRXUFH IDLOV DQG WKH QRUPDO VRXUFH
LV SUHVHQW� WKH RYHUULGH FLUFXLW ZLOO E\SDVV WKH
DUHDrSDQHO VLJQDO DQG UHWUDQVIHU WKH VZLWFK WR WKH
QRUPDO VRXUFH�

- 8QGHUIUHTXHQF\� RYHUIUHTXHQF\� DQG RYHUYROWDJH
SURWHFWLRQ FDQ DOVR EH IXUQLVKHG IRU WKH QRUPDO
VRXUFH LQ DGGLWLRQ WR WKH XVXDOO\ IXUQLVKHG
XQGHUYROWDJH SURWHFWLRQ�

- )XVHV IRU WKH LQWHOOLJHQFH FLUFXLW VKRXOG EH
FRQVLGHUHG IRU WKRVH DSSOLFDWLRQV ZKHUH \RX GHVLUH
WR IXVH QRQHVVHQWLDO IXQFWLRQV VXFK DV LQGLFDWLQJ
OLJKWV� HWF�

- 3XVKrEXWWRQ RSHUDWLRQ LV DYDLODEOH HLWKHU IURP WKH
QRUPDOrWRrHPHUJHQF\ SRVLWLRQ� RU IURP WKH

HPHUJHQF\rWRrQRUPDO SRVLWLRQ RU D FRPELQDWLRQ
RI ERWK� 7KHVH SXVKEXWWRQV VKRXOG EH FRQVLGHUHG
ZKHQ LW LV GHVLUDEOH WR UXQ WKH JHQHUDWRU XQWLO WKH
FRQGLWLRQ WKDW FDXVHG WKH SRZHU RXWDJH KDV EHHQ
H[WHQVLYHO\ DQDO\]HG DQG FRUUHFWLYH DFWLRQ WDNHQ�
8VH RI WKHVH DFFHVVRULHV ZLOO DFFRPSOLVK WKLV� 7KH\
DUH DOVR DYDLODEOH ZLWK VHOHFWRU VZLWFKHV�

- $XGLEOH DODUPV DUH DYDLODEOH ZLWK WUDQVIHU VZLWFKHV
DQG FDQ VLJQLI\ PDQ\ GLIIHUHQW WKLQJV� 1RUPDOO\�
DXGLEOH DODUP LV KRRNHG WR WKH VZLWFK DQG ZLOO
VRXQG ZKHQHYHU WKH VZLWFK LV LQ WKH HPHUJHQF\
SRVLWLRQ� 6LOHQFLQJ VZLWFKHV DUH QRUPDOO\
IXUQLVKHG ZLWK DODUPV�

- ,QrSKDVH PRQLWRUV PRQLWRU WKH QRUPDO DQG
HPHUJHQF\ VRXUFHV DQG SUHYHQW WUDQVIHU LQ HLWKHU
GLUHFWLRQ XQWLO WKH SKDVH YROWDJHV DQG IUHTXHQFLHV
DUH ZLWKLQ QHFHVVDU\ WROHUDQFH WR HQDEOH D WUDQVIHU
WR EH PDGH� 7KHVH GHYLFHV QRUPDOO\ ORFN
WKHPVHOYHV RXW LI IRU VRPH UHDVRQ RQO\ RQH VRXUFH
LV DYDLODEOH RU LI ERWK VRXUFHV DUH EHORZ ���� 7KLV
DFFHVVRU\� LQ DGGLWLRQ WR WKH
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IROORZLQJ DFFHVVRU\� DUH XVXDOO\ XVHG ZKHQ WKHUH
DUH PRWRUV FRQQHFWHG WR WKH WUDQVIHU VZLWFK WKDW
DUH �� KS RU ODUJHU� 7KHLU XVH IDFLOLWDWHV WUDQVIHU DW
D SRLQW ZKHUH H[FHVV LQrUXVK FXUUHQWV GXH WR
RXWrRIrSKDVH YROWDJHV EHWZHHQ WKH PRWRU�
UHJHQHUDWHG YROWDJH GXULQJ WUDQVIHU� DQG WKH
VRXUFH WR ZKLFK LW LV JRLQJ WR EH WUDQVIHUUHG DUH
H[SHULHQFHG�

- /RDGrVKHGGLQJ FRQWDFWV ZKLFK SURYLGH
DQWLFLSDWRU\ FRQWDFW WUDQVIHUV� HLWKHU EHIRUH DQG�RU
DIWHU WUDQVIHU� ZLOO DOVR DFFRPSOLVK WKH VDPH
IXQFWLRQ DV DQ LQrSKDVH PRQLWRU� 7KH\ DUH WKH
UHFRPPHQGHG DFFHVVRU\ WR XVH ZKHQ ODUJH PRWRUV
DUH LQYROYHG� 7KHLU PDMRU DGYDQWDJH RYHU DQ
LQrSKDVH PRQLWRU LV WKDW WKH\ SHUPLW UHVWRUDWLRQ RI
WKH UHVW RI WKH ORDG MXVW DV UDSLGO\ DV WKH WUDQVIHU
VZLWFK LV DEOH WR DFFRPSOLVK LW� DQG SURYLGH D
QHFHVVDU\ GHrHQHUJL]HG WLPH IRU WKH PRWRU ORDG�V�
WKDW UHTXLUH LW� ,Q PRVW FDVHV� WKLV LV WKH PRVW
FRVWrHIIHFWLYH VROXWLRQ WR SUREOHPV LQYROYLQJ
KLJKrVSHHG WUDQVIHU RIPRWRU ORDGV� ,W LV DOVRXVHIXO
LQ FRQWUROOLQJ HOHYDWRUV XQGHU HPHUJHQF\
FRQGLWLRQV�
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- 6SDFH KHDWHUV VKRXOG EH FRQVLGHUHG IRU HQFORVHG
VZLWFKHV ZKHUH WKH VZLWFK LV JRLQJ WR EH LQVWDOOHG LQ
DQ H[FHVVLYHO\ KXPLG ORFDWLRQ RU ZKHUH ZLGH
YDULDWLRQV LQ WHPSHUDWXUH RFFXU� 7KHVH DUH
DYDLODEOH DV D IL[HG KHDWHU RU DUH DYDLODEOH ZLWK D
WKHUPRVWDWLF FRQWURO�

- $XWRPDWLF WUDQVIHU VZLWFKHV DUH SURYLGHG LQ
FRQILJXUDWLRQV RI WZRrSROH DQG IRXUrSROH �LQ VRPH
FDVHV WKLV LV FDOOHG WKUHH SROHV ZLWK DQ RYHUODSSLQJ
QHXWUDO�� 7KH RYHUODSSLQJ QHXWUDO LV D IRXUWK SROH
WKDW RSHUDWHV LQ D PDNHrEHIRUHrEUHDN PRGH DQG
WKXV FRQQHFWV ERWK QHXWUDOV WRJHWKHU IRU D VKRUW
SHULRG RI WLPH GXULQJ WUDQVIHU� %\ GHILQLWLRQ� LW
FDQQRW EH FDOOHG D SROH� VLQFH LW GRHV QRW KDYH DQ
LQWHUUXSWLQJ UDWLQJ� DQG LV QRW UHTXLUHG WR LQWHUUXSW
DQ\ ORDG� 7KH RYHUODSSLQJ QHXWUDO GRHV KDYH WKH
VDPH ZLWKrVWDQG DQG FORVLQJ UDWLQJV DV WKH RWKHU
SROHV�

- :LWK PDQ\ WUDQVIHU VZLWFKHV D WLPHrGHOD\ QHXWUDO
RU RSHQr �SURJUDPPHG� WUDQVLWLRQ DFFHVVRU\ LV
IXUQLVKHG ZKHQ WKH WUDQVIHU VZLWFK LV RI WKH ORZ
VSHHG YDULHW\ �ZLWK WUDQVIHU WLPH LQ H[FHVV ��� RI D
VHFRQG�� 7KLV SDUWLFXODU DFFHVVRU\ LV QRUPDOO\ XVHG
ZLWK PRWRUV UDWHG �� KS RU JUHDWHU� ,WV IXQFWLRQ LV
WR GLVFRQQHFW WKH ORDG IURP WKH VRXUFH WR ZKLFK LW LV
WUDQVIHUULQJ IRU DQ DGMXVWDEOH WLPH SHULRG� LQ RUGHU

WR DOORZ WKH PRWRU UHJHQHUDWLRQ YROWDJH WR GHFD\�
7KXV WKH SXUSRVH LV WKH VDPH DV IRU ORDGrVKHG
FRQWDFWV DQG LQrSKDVH PRQLWRUV� 7KLV WLPHrGHOD\
GRHV� KRZHYHU� FDXVH WRWDO SRZHU RXWDJH GXULQJ WKH
GHOD\�

����� %\SDVVr,VRODWLRQ 6ZLWFKHV

%\SDVV LVRODWLRQ VZLWFKHV FDQ EH SURYLGHG HLWKHU DV D
GLVFUHWH LWHP RU LQ FRPELQDWLRQ ZLWK DXWRPDWLF
WUDQVIHU VZLWFKHV� $XWRPDWLF WUDQVIHU�E\SDVVr
LVRODWLRQ VZLWFKHV VKRXOG EH FRQVLGHUHG ZKHQHYHU
PD[LPXP FRQWLQXLW\ RI ORDG SRZHU LV UHTXLUHG�

*RRG HOHFWULFDO SUDFWLFH UHTXLUHV SHULRGLF WHVWLQJ�
LQVSHFWLRQ� DQG PDLQWHQDQFH RI DOO FRPSRQHQWV RI WKH
VWDQGE\ HPHUJHQF\ SRZHU V\VWHP� $Q DXWRPDWLF
WUDQVIHU�E\SDVVrLVRODWLRQ VZLWFK QRW RQO\ SHUIRUPV DOO
WKH IXQFWLRQV RI DQ DXWRPDWLF WUDQVIHU VZLWFK EXW� LQ
DGGLWLRQ� SURYLGHV D PHDQV RI E\SDVVLQJ VRXUFH SRZHU
DURXQG WKH WUDQVIHU VZLWFK WR WKH ORDG� ,W DOVR
HOHFWULFDOO\ LVRODWHV WKH DXWRPDWLF WUDQVIHU VZLWFK�
DOORZLQJ SUHYHQWLYH PDLQWHQDQFH WR EH SHUIRUPHG RQ
WKH VZLWFK ZLWKRXW ORVV RI ORDG SRZHU�
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7KH ORDG LV E\SDVVHG E\ XVLQJ RQH RI WKH WZR RSHUDWLQJ
KDQGOHV SURYLGHG� 2SHUDWLRQ RI WKH VHFRQG KDQGOH
LVRODWHV WKH $76 IRU PDLQWHQDQFH RU WHVWLQJ� ,I WKH
DXWRPDWLF WUDQVIHU VZLWFK LV FRQQHFWHG WR WKH VRXUFH
FDUU\LQJ ORDG� WKH E\SDVV RSHUDWLRQ LV PDGH ZLWKRXW
WKH ORDG
V FLUFXLW SRZHU LQWHUUXSWLRQ� 7KH E\SDVV
VZLWFKKDV WKH FDSDELOLW\ WR E\SDVV HLWKHU WKH QRUPDO RU
HPHUJHQF\ VRXUFH WR WKH ORDG IDFLOLWDWLQJ SHULRGLF
WHVWLQJ� PDLQWHQDQFH� DQG LQVSHFWLRQ�

7KH LVRODWLRQ KDQGOH SURYLGHV WKUHH SRVLWLRQV� FORVHG�
WHVW� DQG RSHQ� 7KH WHVW SRVLWLRQ SHUPLWV IXQFWLRQDO
WHVWLQJ RQ WKH $76 ZLWKRXW GLVWXUELQJ WKH ORDG� 7KH
RSHQ SRVLWLRQ FRPSOHWHO\ LVRODWHV WKH WUDQVIHU VZLWFK
IURPERWK OLQHV DQG ORDGZLWKRXW DFWXDO UHPRYDO RI WKH
OLQH RU ORDG FRQGXFWRUV DQG DOORZV LWV UHPRYDO IRU
LQVSHFWLRQ DGMXVWPHQW DQG PDLQWHQDQFH� $OVR� ZKLOH
LQ WKH WHVW RU RSHQ SRVLWLRQV� WKH E\SDVV VZLWFK
IXQFWLRQV DV DPDQXDO WUDQVIHU VZLWFK� 7KLV DOORZV ORDG
WUDQVIHU WR HLWKHU VRXUFH RI SRZHU UHJDUGOHVV RI WKH
SRVLWLRQ RU FRQGLWLRQ RI WKH WUDQVIHU VZLWFK� LQFOXGLQJ
WKH FRQGLWLRQ ZKHQ WKH DXWRPDWLF WUDQVIHU VZLWFK LV
UHPRYHG DQG ZLWKRXW UHFRQQHFWLQJ WKH ORDG WHUPLQDOV
RI WKH $76�

7KH LVRODWLRQ KDQGOH FDQQRW EH DFWXDWHG XQOHVV WKH
E\SDVV KDQGOH LV LQ RQH RI WKH E\SDVV SRVLWLRQV� QRU FDQ
WKH E\SDVV KDQGOH EH UHWXUQHG XQOHVV WKH LVRODWLRQ
KDQGOH LV LQ WKH DXWRPDWLF SRVLWLRQ�
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�� 6DPSOH 6SHFLILFDWLRQV

7KH H[DPSOHV IRXQG RQ WKH .RKOHU 6DPSOH
6SHFLILFDWLRQV GLVNHWWH �SDUW QR� *������ DUH LQWHQGHG
WR UHSUHVHQW DFWXDO VSHFLILFDWLRQV DV SUHVHQWHG E\ WKH
VSHFLILFDWLRQ ZULWHU RU FRQVXOWLQJ HQJLQHHU� :KLOH WKH
FRPSRQHQWV YDU\ ZLWK HTXLSPHQW� WKH EDVLF SULQFLSOHV
UHPDLQ WKH VDPH� 7KH IROORZLQJ LV D GHVFULSWLRQ RI WKH
PDLQ HOHPHQWV DQG WKHLU SXUSRVH LQ WKH VSHFLILFDWLRQ�

*HQHUDO 5HTXLUHPHQWV r D EULHI� EXW GHWDLOHG
GHVFULSWLRQ RI ZKDW LV UHTXLUHG� 8VXDOO\ PDLQ
FRPSRQHQWV DUH OLVWHG �H�J� GLHVHOrSRZHUHG JHQHUDWRU
VHW� DXWRPDWLF WUDQVIHU VZLWFK� HWF��

6XEPLWWDO r WKLV LQFOXGHV ZKDW LV H[SHFWHG E\ WKH
ZULWHU IRU LQLWLDO UHYLHZ� ,W LV D UHSUHVHQWDWLRQ WKDW WKH
PDQXIDFWXUHU LV PDNLQJ D ERQD ILGH DWWHPSW WR FRPSO\
ZLWK WKH VSHFLILFDWLRQ� (QJLQHHULQJ GUDZLQJV DUH
XVXDOO\ UHTXHVWHG WR DVVLVW LQ GHYHORSPHQW�

7HVWLQJ r WKH WHVWLQJ UHTXLUHPHQWV GXULQJ
PDQXIDFWXUH DQGDW WLPH RI LQVWDOODWLRQ DUH OLVWHGKHUH�
5HTXLUHG LQGXVWU\ VWDQGDUGV VKRXOG EH TXRWHG ZKHUH
DSSOLFDEOH�

:DUUDQW\ r WKH ZDUUDQW\ SHULRG LV OLVWHG KHUH�
,QGXVWU\ SUDFWLFH VXJJHVWV �� �� RU � \HDUV� $ FRS\ RI
WKH ZDUUDQW\ VWDWHPHQW PD\ EH UHTXHVWHG� 7KH

FRPSOHWH VHUYLFH DJUHHPHQW LV XVXDOO\ VSHOOHG RXW LQ D
VHSDUDWH IRUP� 6HH �� 6HUYLFH $JUHHPHQW IRU IXUWKHU
H[SODQDWLRQ�

(TXLSPHQW r GHILQH VSHFLILHG UDWLQJV RI UHTXHVWHG
HTXLSPHQW �H�J� YROWV� SKDVH� N:� HWF��� ,QFOXGH
SDUWLFXODUV LI UHTXHVW GRHV QRW IROORZ VWDQGDUG
LQGXVWU\ SDUDPHWHUV�

(QJLQH �*HQHUDWRU 6HWV RQO\� r GHILQH VSHFLILFDWLRQV
RI HQJLQH DQG LQFOXGH IXHO� JRYHUQRU W\SH� FRROLQJ
V\VWHP� HWF�

*HQHUDWRU �*HQHUDWRU 6HWV RQO\� r LQGLFDWH JHQHUDWRU
UHTXLUHPHQWV LQFOXGLQJ IUHTXHQF\ DQG YROWDJH
UHJXODWLRQ� 7KLV VHFWLRQ FRQWDLQV IXUWKHU GHWDLOV QRW
VKRZQ LQ l*HQHUDO 5HTXLUHPHQWVl VHFWLRQ�

&RQWUROOHU �*HQHUDWRU 6HWV RQO\� r GHVLJQDWH
UHTXLUHG RSHUDWLQJ FRQWUROV� SURWHFWLRQ HTXLSPHQW�
DQG IDLOXUH DOHUW GHYLFHV�
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,QVWUXPHQW3DQHO rGHILQH QHHGV IRU RSHUDWLRQ DQG IRU
PRQLWRULQJ RI SURSHU IXQFWLRQ� ,QFOXGHV OLJKWV�
PHWHUV� JDXJHV� HWF�

$FFHVVRULHV r WKLV LV D WZRrSDUW VHFWLRQ ZKHUH LQVWDOOHG
DQG VKLSSHG ORRVH DFFHVVRULHV DUH LGHQWLILHG� 7KLV LV
ZKHUH XQLTXH RU VSHFLDOW\ GHYLFHV ZRXOG EH OLVWHG�

&HUWLILFDWLRQ �7UDQVIHU 6ZLWFK DQG6ZLWFKJHDU RQO\�r
FHUWLILHV FRPSOLDQFH ZLWK VSHFLILFDWLRQ� $FWXDO WHVW
UHVXOWV RI RXWSXW DQG RWKHU GDWD PD\ EH UHTXHVWHG�

2SHUDWLRQ �7UDQVIHU 6ZLWFK DQG 6ZLWFKJHDU RQO\� r
VSHFLILF QHHGV FDQ EH FDOOHG RXW VXFK DV SURYLVLRQV IRU
VHUYLFH DQG PDQXDO RSHUDWLRQ FRQVLGHUDWLRQV�

5DWLQJV �7UDQVIHU 6ZLWFK DQG 6ZLWFKJHDU RQO\� r
LQGLFDWH KHUH ZKLFK LQGXVWU\ VWDQGDUGV DUH WR EH PHW
VXFK DV 8QGHUZULWHUV
 /DERUDWRULHV� ,QF� 6WDQGDUG IRU
6DIHW\ 8/r�����

&RQVWUXFWLRQ �7UDQVIHU 6ZLWFK DQG 6ZLWFKJHDU RQO\�
r LQGXVWU\ SUHIHUHQFH LV XVXDOO\ IRU RQH PDQXIDFWXUHU
RI ERWK DXWRPDWLF WUDQVIHU VZLWFK DQG
E\SDVVrLVRODWLRQ VZLWFK� 1(0$ DQG 8/ VWDQGDUGV
DUH XVXDOO\ UHTXHVWHG WR EH IROORZHG�
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2SHUDWLRQ 6HTXHQFH �7UDQVIHU 6ZLWFK DQG
6ZLWFKJHDU RQO\� r OLVWHG LQ VWHSV WR GHVFULEH UHTXLUHG
VHTXHQFH RI RSHUDWLRQ� 'HWDLOV RSHUDWLRQV WR EH
SHUIRUPHG IRU SURSHU IXQFWLRQ DQG XVDJH�

(QJLQHr*HQHUDWRU &XELFOH �7UDQVIHU 6ZLWFK DQG
6ZLWFKJHDU RQO\� r VLPLODU WR l,QVWUXPHQW 3DQHO�l
/LVWV HTXLSPHQW QHFHVVDU\ IRU D FRPSOHWH DQG
RSHUDEOH V\VWHP ORFDOO\�

0DVWHU &RQWURO &XELFOH �7UDQVIHU 6ZLWFK DQG
6ZLWFKJHDU RQO\� r OLVWV HTXLSPHQW QHFHVVDU\ IRU D
FRPSOHWH DQG RSHUDEOH V\VWHP LQ D UHPRWH
lFHQWUDOL]HGl ORFDWLRQ�

&RPSRQHQWV �7UDQVIHU 6ZLWFK DQG6ZLWFKJHDU RQO\� r
OLVWV FRPSRQHQW VWDQGDUGV WR EH PHW� ,QGLFDWHV
UHVSRQVLELOLW\ RI ZLULQJ UHTXLUHPHQWV� ,QGXVWU\
SUHIHUHQFH WR EH RI RQH PDQXIDFWXUHU RI VZLWFKJHDU
DQG WUDQVIHU VZLWFKHV�

0DLQ ,QWHUIDFH &XELFOH �7UDQVIHU 6ZLWFK DQG
6ZLWFKJHDU RQO\� r OLVWV HTXLSPHQW QHFHVVDU\ IRU D
FRPSOHWH DQGRSHUDEOH V\VWHP LQ WKH LQWHUIDFH FXELFOH�
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�� 6HUYLFH $JUHHPHQW

��� 6HUYLFH 5HTXLUHPHQWV

,Q DGGLWLRQ WR SURSHU V\VWHP GHVLJQ DQG VSHFLILFDWLRQ�
WKH FOLHQW
V QHHGV DQG VHFXULW\ PXVW EH FRQVLGHUHG
GXULQJ WKH RSHUDWLQJ OLIH RI WKH V\VWHP� 7KH ZDUUDQW\
FRYHUDJH DQG DIWHUrPDUNHW VHUYLFH FDSDELOLW\ RI WKH
V\VWHP VXSSOLHU VKRXOG EH JLYHQ DWWHQWLRQ� ZLWK
UHVSHFW WR WKH FOLHQW
V LQWHUHVWV�

6WDQGE\ V\VWHP DQG JHQHUDWRU VHW VHUYLFH DJUHHPHQWV
DUH RIWHQ XVHG WR HVWDEOLVK HIIHFWLYH VHUYLFH
UHODWLRQVKLSV EHWZHHQ WKH FOLHQW�FXVWRPHU DQG
VHUYLFLQJ DJHQW� 7\SLFDO DJUHHPHQWV YDULRXVO\ FRYHU
GHVFULSWLRQV RI V\VWHP FRPSRQHQWV WR EH VHUYLFHG� D
OLVW RI RSHUDWLRQV WR EH SHUIRUPHG� IUHTXHQF\ RI
VHUYLFH� SULFHV� OLPLWV RQ OLDELOLW\� HWF�

7KH IROORZLQJ VDPSOH DJUHHPHQW PD\ EH UHSURGXFHG
DQG XVHG DV GHVLUHG� WR WKH PXWXDO EHQHILW RI \RX DQG
\RXU FOLHQW�
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��� 6HUYLFH $JUHHPHQW r
(PHUJHQF\�6WDQGE\ (OHFWULFDO *HQHUDWLQJ 6\VWHP

8SRQ DFFHSWDQFH RI WKLV DJUHHPHQW� WKH 6HUYLFLQJ $JHQW ZLOO SHUIRUP WKH VSHFLILHG VHUYLFHV RQ GHVFULEHG
HTXLSPHQW� DW LQWHUYDOV VSHFLILHG�

&XVWRPHU� 6HUYLFLQJ $JHQW�

(TXLSPHQW 'HVFULSWLRQ
/RFDWLRQ� 'DWH 3ODFHG ,Q 6HUYLFH�

*HQHUDWRU 6HW�V�
0IU� 0RGHO N: � N9$ � 3KDVH
9ROWV � � $PSV
6HULDO 1R� 6SHF 1R�
(QJLQH� 0DNH � 0RGHO � )XHO
&RROLQJ 6\VWHP
� � ,QGRRU � � 2XWGRRU

7UDQVIHU 6ZLWFK
0IU� � 3DUW 1R� � 6HULDO 1R�
9ROWV � $PSV � 3ROHV � :LUHV
/RJLF /RFDWLRQ
$FFHVVRULHV �/LVW��

3DUDOOHOLQJ (TXLSPHQW
0IU� � 3DUW 1R�
'HVFULSWLRQ

%DWWHU\ &KDUJHU
0IU� � 3DUW 1R� � 9ROWV � $PSV � 7\SH

%DWWHU\�LHV�
4W\� � 7\SH � $PSV 3HU %DWWHU\
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6HUYLFH

3UHYHQWLYH 0DLQWHQDQFH /LVW rr 6HUYLFHV DUH WR EH SHUIRUPHG SHU HTXLSPHQW PDQXIDFWXUHU
V DSSOLFDEOH
LQVWUXFWLRQ PDQXDOV�

� � /XEH RLO� DQG ILOWHU FKDQJH�� � (PHUJHQF\ V\VWHP RSHUDWLRQ
� � )XHO ILOWHU FKDQJH� ZLWKRXW ORDG WUDQVIHU�
� � (QJLQH WXQHrXS ZLWK SDUWV�� � )UHTXHQF\ FKHFN�JRY� DGM�
� � 6HUYLFH�UHSODFH DLU FOHDQHU�� � &KHFN WUDQVIHU VZLWFK DQG
� � &KHFN FRRODQW OHYHO� DFFHVVRU\ RSHUDWLRQ�
� � 7HVW DQWLrIUHH]H DQG DGM�� � &KHFN HQJLQH DOWHUQDWRU
� � ,QVSHFW FRROLQJ V\VWHP KRVHV� FKDUJH UDWH�
� � 6HUYLFH�UHSODFH EHOWV DV UHTXLUHG�� � &KHFN HQJLQH DQG JHQHUDWRU�
� � &KHFN HQJLQH KHDWHU RSHUDWLRQ� JDXJH� DQG LQGLFDWRU RSHUDWLRQ�
� � &KHFN JHQHUDWRU VHW IRU IXHO� RLO�� � &KHFN JHQHUDWRU VHW FRQWUROOHU
FRRODQW OHDNV� RSHUDWLRQ LQFOXGLQJ VKXWGRZQ

� � &KHFN DLU LQWDNHV DQG RXWOHWV� IXQFWLRQV DQG HPHUJHQF\ VWRS�
� � &KHFN WUDQVIHU WDQN RSHUDWLRQ�� � &KHFN JHQHUDWRU RXWSXW YROWDJH
� � 'UDLQ H[KDXVW OLQH� DQG DGMXVW DV QHFHVVDU\�
� � ,QVSHFW VLOHQFHU� � � /RDG EDQN WHVW�
� � &KHFN EDWWHU\ FKDUJHU RSHUDWLRQ� � &KHFN SDUDOOHOLQJ HTXLSPHQW
DQG FKDUJH UDWH� RSHUDWLRQ�

� � &KHFN EDWWHU\ HOHFWURO\WH OHYHOV� � BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
DQG VSHFLILF JUDYLW\�� � BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

� � (PHUJHQF\ V\VWHP RSHUDWLRQ ZLWK� � BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
ORDG WUDQVIHU� � � BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

� � BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
� � BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3UHYHQWDWLYH 0DLQWHQDQFH 6FKHGXOH rr /LVWHG VHUYLFHV DUH WR EH SHUIRUPHG DW LQWHUYDOV VWDWHG LQ
HTXLSPHQW PDQXIDFWXUHU
V DSSOLFDEOH LQVWUXFWLRQ PDQXDOV�

0RQWKV�

-DQ� )HE� 0DU� $SU� 0D\ -XQH -XO\ $XJ� 6HSW� 2FW� 1RY� 'HF�
� � � � � � � � � � � � � � � � � � � � � � � �

'D\ 2I 0RQWK�V� &KHFNHG�

7LPHr2Ir'D\�
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6HUYLFH &KDUJHV

1R VHUYLFHV RUPDWHULDOV DUH XQGHU WKLV FRQWUDFW XQOHVV VSHFLILFDOO\ UHIHUUHG WR KHUHLQ� 5HSODFHPHQW SDUWV
ZLOO EH ELOOHGDW SULFHVSUHYDLOLQJ DW WLPH RIXVH� ,W LV DJUHHG WKDW WKH 6HUYLFLQJ$JHQWZLOO VXSSO\/DERU� DQG
7HVW (TXLSPHQW� DV QHFHVVDU\ WR SHUIRUP WKH DERYH LQGLFDWHG 3UHYHQWDWLYH 0DLQWHQDQFH� SHU WKH DERYH
LQGLFDWHG 6FKHGXOH� IRU WKH SULFH RI�

'ROODUV �� � � 3HU <HDU� 5DWH VXEMHFW WR UHYLHZ DQG
FKDQJH RQ DQ DQQXDO EDVLV�

7HUPV�

7D[HV

3ULFHV GR QRW LQFOXGH IHGHUDO� VWDWH� RU ORFDO VDOHV� XVH� SURSHUW\� RU H[FLVH WD[HV� ,I DQ\ VXFK WD[HV DUH
LPSRVHG� WKH 6HUYLFLQJ $JHQW ZLOO ELOO WKHP WR WKH FXVWRPHU DV D VHSDUDWH LWHP� ,Q OLHX RI VXFK WD[HV� WKH
FXVWRPHU VKDOO SURYLGH ZLWK HDFK RUGHU� D WD[ H[HPSWLRQ FHUWLILFDWH� DFFHSWDEOH WR WKH SURSHU WD[LQJ
DXWKRULWLHV�

(PHUJHQF\ 6HUYLFH

(PHUJHQF\ VHUYLFH EHWZHHQ VFKHGXOHG VHUYLFH GDWHVZLOO EH SURYLGHGDW UDWHV LQ HIIHFW DW WLPHRI VHUYLFH IRU
ODERU� SDUWV� DQG WUDYHO� 7UDYHO UDWHV VKDOO RQO\ DSSO\ IRU WUDYHO WR ORFDWLRQV DFFHVVLEOH E\ SXEOLF URDGV�
/RGJLQJ DQGPLVFHOODQHRXV H[SHQVHV VKDOO EH ELOOHG DW FRVW� $GGLWLRQDO DJUHHPHQWV UHJDUGLQJ(PHUJHQF\
6HUYLFH DUH DV IROORZV�
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&XVWRPHU 5HVSRQVLELOLW\

7KH FXVWRPHU RU FXVWRPHU
V DXWKRUL]HG DJHQW VKDOO PDLQWDLQ D UHJXODU UHFRPPHQGHG VHUYLFH SURFHGXUH
DV RXWOLQHG LQ WKH DWWDFKHG $SSHQGL[ $� 7KHVH SURFHGXUHV VKRXOG EH IROORZHG WR PLQLPL]H SRVVLEOH
HPHUJHQF\ VHUYLFH QHHGV DQG DVVXUH PLQLPXP PDLQWHQDQFH FRVWV� $ UHFRUG RI WKHVH PDLQWHQDQFH
SURFHGXUHV VKRXOG EH PDLQWDLQHG IRU UHIHUHQFH�

6HUYLFLQJ $JHQW 5HVSRQVLELOLW\

,QVRIDU DV SUDFWLFDO� WKH 6HUYLFLQJ$JHQW VKDOO PDLQWDLQ D FRPSOHWH VHUYLFH KLVWRU\ DQG QHFHVVDU\ GUDZLQJV
DQG VHUYLFH SURFHGXUH GDWD IRU UHIHUHQFH LQ VHUYLFH RI WKH HTXLSPHQW� ,W LV DJUHHG WKDW WKH DJUHHPHQW
FRYHUV RQO\ WKRVH LWHPV DV DERYH RXWOLQHG DQG WKDW LW GRHV QRW LQFOXGH DQ\ H[SHQVH WR UHSDLU GDPDJH
FDXVHG E\ DEXVH� DFFLGHQW� WKHIW� DFWV RI D WKLUG SHUVRQ� IRUFHV RI QDWXUH� DOWHUDWLRQ RI HTXLSPHQW� RU
LPSURSHU RSHUDWLRQ�

7KH 6HUYLFLQJ $JHQW DJUHHV WR PDLQWDLQ D UHSUHVHQWDWLYH VWRFN RI UHSODFHPHQW SDUWV DQG D FRPSHWHQW
IDFWRU\rWUDLQHG VHUYLFH RUJDQL]DWLRQ� 7KH 6HUYLFLQJ $JHQW VKDOO QRW EH UHVSRQVLEOH IRU� IDLOXUH WR UHQGHU
WKH VHUYLFH GXH WR FDXVHV EH\RQG LWV FRQWURO LQFOXGLQJ VWULNHV� ODERU GLVSXWHV� DFWV RI *RG� HWF�� RU DQ\
FRQVHTXHQWLDO GDPDJHV�

$IWHU HDFK LQVSHFWLRQ� WKH FXVWRPHU ZLOO EH IXUQLVKHG D ZULWWHQ UHSRUW GHWDLOLQJ DQ\ FRQGLWLRQV IRXQG DQG
DGYLVLQJ IXUWKHU VHUYLFH UHTXLUHG� LI DQ\� WR DVVXUH RSHUDWLQJ GHSHQGDELOLW\ RI WKH HTXLSPHQW XQGHU
FRQWUDFW�

:KLOH SHULRGLF VHUYLFH DQGPDLQWHQDQFH VKRXOG UHVXOW LQPD[LPXP DYDLODELOLW\ RI JHQHUDWLQJ HTXLSPHQW�
WKH 6HUYLFLQJ $JHQW PDNHV QR ZDUUDQWLHV RU JXDUDQWHHV DV WR DYDLODELOLW\ RI SODQW RU ORVV RI WKH XVH RI
HTXLSPHQW FRYHUHG XQGHU WKLV FRQWUDFW�

7KLV DJUHHPHQW LV QRW VXEMHFW WR DOWHUDWLRQ H[FHSW DV PXWXDOO\ DJUHHG LQ ZULWLQJ� ,W PD\ EH WHUPLQDWHG DW
DQ\ WLPH E\ HLWKHU SDUW\ XSRQ WKLUW\ GD\V
 ZULWWHQ QRWLFH� RU RWKHU QRWLFH DV UHTXLUHG E\ ODZ DGGUHVVHG WR
WKH ODVW NQRZQ DGGUHVV RI WKH RWKHU SDUW\� DQG QR FODLP IRU GDPDJHV RQ DFFRXQW RI VXFK WHUPLQDWLRQ VKDOO
DULVH DJDLQVW HLWKHU SDUW\�

$&&(37(' $&&(37('

&XVWRPHU 6HUYLFLQJ $JHQW
%\ %\
'DWH 'DWH

7KLV SURSRVDO PD\ EH ZLWKGUDZQ E\ WKH 6HUYLFLQJ $JHQW LI QRW DFFHSWHG ZLWKLQ �� GD\V�

$33(1',; $

3HUIRUP URXWLQH PDLQWHQDQFH FKHFNV LQ DFFRUGDQFH ZLWK WKH HTXLSPHQW PDQXIDFWXUHU
V DSSOLFDEOH
LQVWUXFWLRQ PDQXDOV�
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��� $SSHQGLFHV

���� $SSHQGL[ r *HQHUDWRU DQG (OHFWULFDO

������ *HQHUDWRU 5DWLQJV
7KUHHr3KDVH $PSHUHV r ��� 3RZHU )DFWRU
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������ 0D[LPXP 7KUHHr3KDVH /RFNHG 5RWRU $PSHUHV
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������ 0RWRU 6WDUWLQJ N9$ SHU KS

6WDUWLQJ N9$ 9ROWV [ /RFNHGr5RWRU $PSHUHV �� IRU VLQJOHrSKDVH RU
SHU KS ���� [ KS � IRU WKUHHrSKDVH� [
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������ 1(0$ &RGH /HWWHUV 8VXDOO\ $SSOLHG WR 5DWLQJV RI
0RWRUV 1RUPDOO\ 6WDUWHG RQ )XOO 9ROWDJH

1(0$
&RGH
/HWWHUV

+RUVHSRZHU

�rSKDVH �rSKDVH

) �� XS r

* �� r �r��� �

+ � �

- � � r �r���

. � r �r��� �r���

/ � ���

1(0$
&RGH
/HWWHUV

.LORYROWr$PSHUHV
SHU +RUVHSRZHU
ZLWK /RFNHG 5RWRU

$ � r ����
% ���� r ����
& ���� r ����
' ��� r ����
( ��� r ����
) ��� r ����
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+ ��� r ����
- ��� r ����
. ��� r ����
/ ��� r ����
0 ���� r �����
1 ���� r �����
3 ���� r �����
5 ���� r �����
6 ���� r �����
7 ���� r �����
8 ���� r �����
9 ���� r DQG XS

������ 1(0$ 6L]H 6WDUWHUV IRU 0D[LPXP
+RUVHSRZHU r )XOOr9ROWDJH 6WDUWLQJ

1(0$
6L]H

6LQJOHr3KDVH 0RWRUV
���r9ROW ���r9ROW

�� ��� �
� � �
� � �
�r��� � �
� r �r���
� r ��

1(0$
6L]H

7KUHHr3KDVH 0RWRUV
���r9ROW ���r9ROW ���r9ROW

�� �r��� �r��� �
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������ 0RWRU r )XOO /RDG &XUUHQWV

7KUHHr3KDVH $�&� ,QGXFWLRQ 7\SH r
6TXLUUHO &DJH DQG :RXQG 5RWRU
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6LQJOHr3KDVH
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������ 0D[LPXP 5DWLQJ RU 6HWWLQJ RI 0RWRU %UDQFKr&LUFXLW 3URWHFWLYH 'HYLFHV

7\SH RI 0RWRU

3HUFHQW RI )XOOr/RDG &XUUHQW

1RQWLPHr
'HOD\ )XVH

$OO $�&� VLQJOHrSKDVH DQG SRO\SKDVH
VTXLUUHOrFDJH DQG V\QFKURQRXV
PRWRUV ZLWK IXOOrYROWDJH UHVLVWDQFH
RU UHDFWRU VWDUWLQJ�

'XDOr(OHPHQW
�7LPHr'HOD\�
)XVH

,QVWDQW�
7ULS 7\SH
%UHDNHU

7LPHr/LPLW
%UHDNHU

1R FRGH OHWWHU ��� ��� ��� ���
&RGH OHWWHU ) WR 9 ��� ��� ��� ���
&RGH OHWWHU % WR ( ��� ��� ��� ���
&RGH OHWWHU $ ��� ��� ��� ���

$OO $�&� VTXLUUHOrFDJH DQG
V\QFKURQRXV PRWRUV ZLWK
DXWRrWUDQVIRUPHU VWDUWLQJ�
&RGH OHWWHU ) WR 9 ��� ��� ��� ���
&RGH OHWWHU % WR ( ��� ��� ��� ���
&RGH OHWWHU $ ��� ��� ��� ���

:RXQG 5RWRU ��� ��� ��� ���
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��� r �� ����� ����� ����� ������ ������ ������
��� r �� ����� ���� ����� ������ ������ ������
��� r �� ����� ���� ����� ������ ������ ������
���� r �� ����� ���� ���� ������ ������ ������
���� r �� ����� ���� ���� ������ ������ ������
���� r �� ����� ���� ���� ������� ������� ������
���� r ��� ����� ���� ���� ������� ������� ������
���� r ��� ����� ���� ���� ������� ������� ������

6L]H
$:*�
0&0

$UHD
&LU�
0LOV

'& 5HVLVWDQFH DW ��E&� ���E)
6WUDQGLQJ 2YHUDOO

4W\� 'LDP� LQ� 'LDP LQ� $UHD LQ��

&RSSHU $OXPLQXP

8QFRDWHG
RKP�0)7

&RDWHG
RKP�0)7 RKP�0)7

7KHVH UHVLVWDQFH YDOXHV DUH YDOLG 21/< IRU WKH SDUDPHWHUV DV JLYHQ� 8VLQJ FRQGXFWRUV KDYLQJ FRDWHG VWUDQGV� GLIIHUHQW
VWUDQGLQJ W\SH� DQG HVSHFLDOO\� RWKHU WHPSHUDWXUHV� FKDQJH WKH UHVLVWDQFH�
)RUPXOD IRU WHPSHUDWXUH FKDQJH� 5� r 5� >� � § �7� r ���@ ZKHUH� §FX  �������� §$/  ��������
&ODVV % VWUDQGLQJ LV OLVWHG DV ZHOO DV VROLG IRU VRPH VL]HV� ,WV RYHUDOO GLDPHWHU DQGDUHD LV WKDW RI LWV FLUFXPVFULELQJ FLUFOH�
7KH FRQVWUXFWLRQ LQIRUPDWLRQ LV SHU1(0$:&�r���� �5HY �r������ 7KH UHVLVWDQFH LV FDOFXODWHG SHU1DWLRQDO %XUHDX RI
6WDQGDUGV +DQGERRN ���� GDWHG ����� DQG +DQGERRN ���� GDWHG �����
&RQGXFWRUV ZLWK FRPSDFW DQG FRPSUHVVHG VWUDQGLQJ KDYH DERXW � SHUFHQW DQG � SHUFHQW� UHVSHFWLYHO\� VPDOOHU EDUH
FRQGXFWRU GLDPHWHUV WKDQ WKRVH VKRZQ�
7KH ,$&6 FRQGXFWLYLWLHV XVHG� EDUH FRSSHU  ����� DOXPLQXP  ����
5HSULQWHG ZLWK SHUPLVVLRQ IURP 1)3$ ��r����� 1DWLRQDO (OHFWULFDO &RGH9� &RS\ULJKW. ����� 1DWLRQDO )LUH
3URWHFWLRQ $VVRFLDWLRQ� 4XLQF\� 0DVVDFKXVHWWV ������ 7KLV UHSULQWHG PDWHULDO LV QRW WKH FRPSOHWH DQG RIILFLDO
SRVLWLRQ RI WKH 1)3$ RQ WKH UHIHUHQFHG VXEMHFW� ZKLFK LV UHSUHVHQWHG RQO\ E\ WKH VWDQGDUG LQ LWV HQWLUHW\�
1DWLRQDO (OHFWULFDO &RGH9 DQG 1(&9 DUH 5HJLVWHUHG 7UDGHPDUNV RI WKH 1DWLRQDO )LUH 3URWHFWLRQ $VVRFLDWLRQ�
,QF�� 4XLQF\� 0$�
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������ $& 5HVLVWDQFH DQG 5HDFWDQFH
��� 9 FDEOHV� � SKDVH� �� +]�� ��E& r 7KUHH 6LQJOH &RQGXFWRUV LQ &RQGXLW

2KPV WR 1HXWUDO SHU 0 )W�
8QFRDWHG &RSSHU $OXPLQXP

1RQPDJQHWLF 1RQPDJQHWLF0DJQHWLF 0DJQHWLF
6L]H
$:*�
0&0 5DF ;/ 5DF ;/ 5DF ;/ 5DF ;/
�� ��� ����� ��� �����
�� ��� ����� ��� ����� ��� ����� ��� �����
�� ��� ����� ��� ����� ��� ����� ��� �����
� ���� ����� ���� ����� ��� ����� ��� �����
� ���� ����� ���� ����� ���� ����� ���� �����
� ���� ����� ���� ����� ���� ����� ���� �����
� ���� ����� ���� ����� ���� ����� ���� �����
� ���� ����� ���� ����� ���� ����� ���� �����
� ���� ����� ���� ����� ���� ����� ���� �����
��� ���� ����� ���� ����� ���� ����� ���� �����
��� ����� ����� ����� ����� ���� ����� ���� �����
��� ����� ����� ����� ����� ���� ����� ���� �����
��� ����� ����� ����� ����� ���� ����� ���� �����
��� ����� ����� ����� ����� ����� ����� ����� �����
��� ����� ����� ����� ����� ����� ����� ����� �����
��� ����� ����� ����� ����� ����� ����� ����� �����
��� ����� ����� ����� ����� ����� ����� ����� �����
��� ����� ����� ����� ����� ����� ����� ����� �����
��� ����� ����� ����� ����� ����� ����� ����� �����
��� ����� ����� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� ����� �����

&ODVV % VWUDQGLQJZDV XVHG� WKH FRPSXWDWLRQV DUH EDVHG XSRQ ��� SHUFHQW ,$&6 FRSSHU� �� SHUFHQW
,$&6 DOXPLQXP�

7KH YDOXHV DUH YDOLG 21/< IRU WKH SDUDPHWHUV DV JLYHQ� 'LIIHUHQW RSHUDWLQJ WHPSHUDWXUHV DQG�RU
GLIIHUHQW LQVWDOODWLRQ FRQILJXUDWLRQV RU HQYLURQPHQW ZLOO FKDQJH WKH YDOXHV�

$W WKH VWDWHG SDUDPHWHUV� FDSDFLWLYH UHDFWDQFH LV QHJOLJLEOH� VR RQO\ LQGXFWLYH UHDFWDQFH LV JLYHQ�

5HSULQWHG ZLWK SHUPLVVLRQ IURP 1)3$ ��r����� 1DWLRQDO (OHFWULFDO &RGH9� &RS\ULJKW. �����
1DWLRQDO )LUH 3URWHFWLRQ $VVRFLDWLRQ� 4XLQF\� 0DVVDFKXVHWWV ������ 7KLV UHSULQWHGPDWHULDO LV
QRW WKH FRPSOHWH DQG RIILFLDO SRVLWLRQ RI WKH 1)3$ RQ WKH UHIHUHQFHG VXEMHFW� ZKLFK LV
UHSUHVHQWHG RQO\ E\ WKH VWDQGDUG LQ LWV HQWLUHW\�
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������� $PSDFLWLHV RI ,QVXODWHG &RQGXFWRUV 5DWHG �r���� 9ROWV� ��E& WR ��E&

1RW 0RUH 7KDQ 7KUHH &RQGXFWRUV LQ 5DFHZD\ RU &DEOH RU (DUWK
�'LUHFWO\ %XULHG�� %DVHG RQ $PELHQW 7HPSHUDWXUH RI ��E&� ��E)

6L]H 7HPSHUDWXUH 5DWLQJ RI &RQGXFWRU 6L]H
��E&�
���E)

��E&�
���E)

��E&�
���E)

��E&�
���E)

��E&�
���E)

��E&�
���E)

��E&�
���E)

��E&�
���E)

$:*

0&0

$:*

0&0

7\SHV
a58:�
a7�
a7:�
a8)

7\SHV
a)(3:�
a5+� a5+:�
a58+�
a7+:�
a7+:1�
a;++:�
a86(� a=:

7\SHV
9� 0,

7\SHV
7$� 7%6�
6$� $9%�
6,6� a)(3�
a)(3%�
a5++�
a7++1�
a;++:


7\SHV
a58:�
a7�
a7:�
a8)

7\SHV
a5+�
a5+:�
a58+�
a7+:�
a7+:1�
a;++:�
a86(

7\SHV
9� 0,

7\SHV
7$� 7%6�
6$� $9%�
6,6�
a5++�
a7++1�
a;++:


&233(5 $/80,180 25
&233(5r&/$' $/80,180

�� r r r �� r r r r r
�� r r �� �� r r r r r
�� ��a ��a �� ��a r r r r r
�� ��a ��a �� ��a ��a ��a �� ��a ��
�� �� ��a �� ��a �� ��a �� ��a ��
� �� �� �� �� �� �� �� �� �
� �� �� �� �� �� �� �� �� �
� �� �� �� �� �� �� �� �� �
� �� ��� ��� ��� �� �� �� �� �
� �� ��� ��� ��� �� �� ��� ��� �
� ��� ��� ��� ��� �� ��� ��� ��� �
� ��� ��� ��� ��� ��� ��� ��� ��� �
�� ��� ��� ��� ��� ��� ��� ��� ��� ��
��� ��� ��� ��� ��� ��� ��� ��� ��� ���
���� ��� ��� ��� ��� ��� ��� ��� ��� ����
��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ��� ��� ��� ��� ���
���� ��� ��� ��� ��� ��� ��� ��� ��� ����
���� ��� ��� ��� ��� ��� ��� ��� ��� ����
���� ��� ��� ��� ��� ��� ��� ��� ��� ����
���� ��� ��� ��� ��� ��� ��� ��� ��� ����
���� ��� ��� ��� ��� ��� ��� ��� ��� ����
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������� $PSDFLWLHV RI ,QVXODWHG &RQGXFWRUV 5DWHG �r���� 9ROWV� ��E& WR ��E& �FRQWLQXHG�

1RW 0RUH 7KDQ 7KUHH &RQGXFWRUV LQ 5DFHZD\ RU &DEOH RU (DUWK
�'LUHFWO\ %XULHG�� %DVHG RQ $PELHQW 7HPSHUDWXUH RI ��E&� ��E)

$PELHQW
7HPS� E&

$PSDFLW\ &RUUHFWLRQ )DFWRUV

��r�� ��� ��� ��� ��� ��� ��� ��� ��� ��r���
��r�� ��� ��� ��� ��� ��� ��� ��� ��� ���r���
��r�� ��� ��� ��� ��� ��� ��� ��� ��� ���r���
��r�� r ��� ��� ��� r ��� ��� ��� ���r���
��r�� r ��� ��� ��� r ��� ��� ��� ���r���
��r�� r r ��� ��� r r ��� ��� ���r���

$PELHQW
7HPS� E)

)RU DPELHQW WHPSHUDWXUHV RWKHU WKDQ ��E&� ��E)� PXOWLSO\ WKH DPSDFLWLHV
VKRZQ LQ WKH SUHFHGLQJ FKDUW E\ WKH DSSURSULDWH IDFWRU VKRZQ EHORZ�

a7KH RYHUFXUUHQW SURWHFWLRQ IRU FRQGXFWRU W\SHV PDUNHG ZLWK DQ REHOLVN �a� VKDOO QRW H[FHHG ��
DPSHUHV IRU ��$:*� ��DPSHUHV IRU �� $:*� DQG ��DPSHUHV IRU �� $:*FRSSHU� RU �� DPSHUHV IRU
�� $:* DQG �� DPSHUHV IRU �� $:* DOXPLQXP DQG FRSSHUrFODG DOXPLQXP DIWHU DQ\ FRUUHFWLRQ
IDFWRUV IRU DPELHQW WHPSHUDWXUH DQG QXPEHU RI FRQGXFWRUV KDYH EHHQ DSSOLHG�


)RU GU\ ORFDWLRQV RQO\� 6HH ��E&� ���E) FROXPQ IRU ZHW ORFDWLRQV�

5HSULQWHG ZLWK SHUPLVVLRQ IURP 1)3$ ��r����� 1DWLRQDO (OHFWULFDO &RGH9� &RS\ULJKW. �����
1DWLRQDO )LUH 3URWHFWLRQ $VVRFLDWLRQ� 4XLQF\� 0DVVDFKXVHWWV ������ 7KLV UHSULQWHGPDWHULDO LV
QRW WKH FRPSOHWH DQG RIILFLDO SRVLWLRQ RI WKH 1)3$ RQ WKH UHIHUHQFHG VXEMHFW� ZKLFK LV
UHSUHVHQWHG RQO\ E\ WKH VWDQGDUG LQ LWV HQWLUHW\�
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������� 0LVFHOODQHRXV (OHFWULFDO )RUPXODH

3RZHU r $�&� &LUFXLWV�
3RZHU )DFWRU  :DWWV

9ROWV [ $PSHUHV

7KUHHr3KDVH .LORZDWWV  9ROWV [ $PSHUHV [ 3RZHU )DFWRU [
����

�

7KUHHr3KDVH $PSHUHV  9ROWV [ $PSHUHV [ �

7KUHHr3KDVH $PSHUHV  ��� [ +RUVHSRZHU
[ 9ROWV [ (IILFLHQF\ [ 3RZHU )DFWRU�

6LQJOHr3KDVH .LORZDWWV  9ROWV [ $PSHUHV [ 3RZHU )DFWRU
����

6LQJOHr3KDVH $PSHUHV  ��� [ +RUVHSRZHU
9ROWV [ (IILFLHQF\ [ 3RZHU )DFWRU

0RWRU $SSOLFDWLRQ )RUPXODH�

7RUTXH �OE�rIW��  +RUVHSRZHU [ ����
USP

)RU 3XPSV�

+RUVHSRZHU  JSP [ +HDG LQ )HHW [ 6SHFLILF *UDYLW\
���� [ (IILFLHQF\ RI SXPS

)RU )DQV DQG %ORZHUV�

+RUVHSRZHU  FIP [ 3UHVVXUH �SRXQGV�VT��IW��
����� [ (IILFLHQF\

6SHHG�

6\QFKURQRXV USP  +] [ ���
3ROHV

3HUFHQW 6OLS  6\QFKURQRXV USP r )XOO /RDG USP
6\QFKURQRXV USP

���� $SSHQGL[ r (QJLQH
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������ (QJLQH )XHOV r 3K\VLFDO 3URSHUWLHV

3K\VLFDO 3URSHUW\ 1DWXUDO
# ��E) ���E&� %XWDQH 3URSDQH *DV
1RUPDO $WPRVSKHULF *DV *DV *DV

6WDWH
%RLOLQJ 3RLQW

,QLWLDO ���E) ��E&� r��E) �r��E&� r���E) �r���E&�
(QG ���E) ��E&� r��E) �r��E&� r���E) �r���E&�
+HDWLQJ 9DOXH�
%WX
V SHU�

*DOORQ �1HW r /9+� ������ ������ ������
*DOORQ �*URVV� ������� ������
&XELF )RRW �*DV� ���� ���� ����
'HQVLW\
&XELF IHHW RI *DV
SHU *DOORQ �/LTXLG� ����� ����� �����
:HLJKW �OEV��
SHU *DOORQ /LTXLG ���� ���� ����
2FWDQH 1XPEHU�

5HVHDUFK �� ���� ����
0RWRU �� ��

3K\VLFDO 3URSHUW\ 0IJG� RU
# ��E) ���E&� 6HZDJH *DV *DVROLQH 'LHVHO )XHO
1RUPDO $WPRVSKHULF *DV /LTXLG /LTXLG

6WDWH
%RLOLQJ 3RLQW

,QLWLDO ���E) ���E&� ����E) ����E&�
(QG ����E) ����E&� ����E) ����E&�
+HDWLQJ 9DOXH�
%WX
V SHU�

*DOORQ �1HW r /9+� ������� �������
*DOORQ �*URVV� ������� �������
&XELF )RRW �*DV� ���r��� ����
'HQVLW\
&XELF IHHW RI *DV
SHU *DOORQ �/LTXLG� �����
:HLJKW �OEV��
SHU *DOORQ /LTXLG ���� ����
2FWDQH 1XPEHU�

5HVHDUFK ��r���
0RWRU ��r��
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������ 3LSH 6L]H 5HTXLUHPHQWV IRU *DVHRXV )XHO 6\VWHPV

7KH W\SH RI IXHO� WKH GLVWDQFH LW PXVW WUDYHO IURP JDV PHWHU�WDQN WR IXHO VKXWRII VROHQRLG� DQG WKH
DPRXQW FRQVXPHGE\ WKH HQJLQHPXVW DOO EH FRQVLGHUHGZKHQGHWHUPLQLQJ IXHO OLQH SLSH VL]H� 7R ILQG
WKH FRUUHFWLRQQHFHVVDU\ IRU WKHGLIIHUHQW VSHFLILF JUDYLW\ RI WKH SDUWLFXODU IXHO XVHG UHIHU WR l&RUUHFWLRQ
)DFWRUVl IROORZLQJ� 7KH *DV )ORZ r 3LSH 6L]H &KDUW LV EDVHG RQ D SUHVVXUH GURS RI ��� LQ� ZDWHU
FROXPQ ZLWK D QRUPDO DPRXQW RI UHVWULFWLRQ IURP ILWWLQJV� HWF� 7R ILJXUH WKH FRUUHFW SLSH VL]H IRU D
VSHFLILF LQVWDOODWLRQ� UHIHU WR WKH FKDUW DQG IROORZ WKH SURFHGXUH RXWOLQHG EHORZ�

�� 'HWHUPLQH OHQJWK RI SLSH EHWZHHQ JDV PHWHU�WDQN DQG IXHO VKXWRII VROHQRLG DW JHQHUDWRU VHW� (;$03/(� ���
IW� ����� P��

�� )LQG ILJXUH FORVHVW WR SLSH OHQJWK LQ l/HQJWK RI 3LSHl FROXPQ RQ FKDUW� (;$03/(� ��� IW� ����� P��

�� 5HIHU WR IXHO FRQVXPSWLRQRIPRGHO VSHFLILFDWLRQ VKHHW� 1RWH W\SH RI IXHO XVHG� DQG FXELF IHHW SHU KRXU �P��KU��
FRQVXPSWLRQ DW ���� ORDG� (;$03/(� ��N:� 1DWXUDO *DV r ���� IW��KU� ��� P��KU���

�� 5HIHU WR &RUUHFWLRQ )DFWRUV EHORZ� /RFDWH IDFWRU IRU VSHFLILF JUDYLW\ RI IXHO XVHG� (;$03/(� 1DWXUDO *DV
VSHFLILF JUDYLW\ r ���� FRUUHFWLRQ IDFWRU r ����� *DV V\VWHPV VXSSOLHG ZLWK D JDV RI VSHFLILF JUDYLW\ RI ��� RU OHVV
FDQ EH VL]HG GLUHFWO\ IURP WKH WDEOH�

&RUUHFWLRQ )DFWRUV

)XHO 6SHFLILF *UDYLW\ )DFWRU
6HZDJH *DV ���� �����
1DWXUDO *DV ���� �����

$LU ���� �����
3URSDQH ���� �����
%XWDQH ���� �����

�� 'LYLGH FRQVXPSWLRQ ILJXUH �IURP 1R� �� E\ FRUUHFWLRQ IDFWRU� (;$03/(� ���� IW��KU� ��� P��KU�� GLYLGHG E\
����  ���� IW��KU� ��� P��KU���

�� 0RYH YHUWLFDOO\ DFURVV SDJH IURP GHWHUPLQHG SRLQW LQ l/HQJWK RI 3LSHl FROXPQ ���� IW� >���� P@ LQ H[DPSOH��
6WRS DW ILUVW ILJXUH HTXDO WR RU JUHDWHU WKDQ FRUUHFWHG FRQVXPSWLRQ ILJXUH� (;$03/(� ���� IW���KU� ���P��KU���

�� 0RYH WR OHIW FROXPQ IURP WKDW ILJXUH WR GHWHUPLQH FRUUHFW SLSH VL]H� (;$03/(�$W ���� IW��KU� ��� P��KU���
3LSH 6L]H r �r���l,36�
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������ 3LSH 6L]H 5HTXLUHPHQWV IRU *DVHRXV )XHO 6\VWHPV �FRQW
G��

0D[LPXP &DSDFLW\ RI 3LSH LQ &XELF )HHW RI *DV SHU
+RXU IRU *DV 3UHVVXUHV RI ��� 3VLJ RU /HVV DQG D

3UHVVXUH 'URS RI ��� ,QFK :DWHU &ROXPQ

�%DVHG RQ D ���� 6SHFLILF *UDYLW\ *DV�

1RPLQDO
,URQ 3LSH
6L]H�
,QFKHV

,QWHUQDO
'LDPHWHU�
,QFKHV

/HQJWK RI 3LSH� )HHW

��� ���� �� �� �� �� �� �� ��
��� ���� �� �� �� �� �� �� ��
��� ���� ��� ��� �� �� �� �� ��
��� ���� ��� ��� ��� ��� ��� ��� ���
� ����� ��� ��� ��� ��� ��� ��� ���
�r��� ����� ����� ��� ��� ��� ��� ��� ���
�r��� ����� ����� ����� ����� ��� ��� ��� ���
� ����� ����� ����� ����� ����� ����� ����� �����
�r��� ����� ����� ����� ����� ����� ����� ����� �����
� ����� ������ ����� ����� ����� ����� ����� �����
� ����� ������ ������ ������ ������ ����� ����� �����

�� �� �� �� �� �� ��

1RPLQDO
,URQ 3LSH
6L]H�
,QFKHV

,QWHUQDO
'LDPHWHU�
,QFKHV

/HQJWK RI 3LSH� )HHW

��� ���� �� �� �� �� �� � �
��� ���� �� �� �� �� �� �� ��
��� ���� �� �� �� �� �� �� ��
��� ���� ��� ��� ��� �� �� �� ��
� ����� ��� ��� ��� ��� ��� ��� ���
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������ /3 9DSRU 3UHVVXUH &XUYH

������ +HDW 5HMHFWLRQ WR $PELHQW $LU

'U\ ([KDXVW 0DQLIROG�

%WX�PLQ�  �*3+ [ KHDW YDOXH [ ���� � N: [ �� r JHQHUDWRU HIILFLHQF\� [ ��
��

:HW ([KDXVW 0DQLIROG�

%WX�PLQ�  �*3+ [ KHDW YDOXH [ ����� � N: [ �� r JHQHUDWRU HIILFLHQF\� [ ��
��

������ $LU )ORZ 5HTXLUHG WR 'LVVLSDWH +HDW 5HMHFWHG WR $PELHQW $LU

FIP  %WX�PLQ�
����� [ E) DOORZDEOH KHDW ULVH
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������ ([KDXVW 6\VWHP %DFN 3UHVVXUH

7KH WRWDO EDFN SUHVVXUH SURGXFHG E\ WKH FRPSOHWH H[KDXVW V\VWHP PXVW EH GHWHUPLQHG E\
FDOFXODWLQJ WKH HIIHFWV RI WKH LQGLYLGXDO V\VWHP FRPSRQHQWV DQG DGGLQJ WKHP�
7KH SURFHGXUH LV DV IROORZV�

�� 5HIHU WR 7DEOH ��r� DQG GHWHUPLQH WKH SDUW QXPEHU RI WKH H[KDXVW VLOHQFHU WR EH XVHG�

�� 'HWHUPLQH WKH H[KDXVW JDV YHORFLW\ WKURXJK WKH VLOHQFHU� 5HIHU WR 7DEOH ��r� IRU WKH LQOHW GLDPHWHU RI WKH
VLOHQFHU VHOHFWHG LQ 6WHS �� 8VH 7DEOH ��r� WR ILQG WKH FRUUHVSRQGLQJ LQOHW DUHD LQ VTXDUH IHHW� 'LYLGH WKH
HQJLQH H[KDXVW JDV IORZ �FIP� E\ WKH VLOHQFHU LQOHW DUHD WR JHW IORZ YHORFLW\ LQ IHHWrSHUrPLQXWH �HQJLQH H[KDXVW
JDV IORZ LQ VKRZQ LQ 7DEOH ��r� DQG RQ LQGLYLGXDO JHQHUDWRU VHW VSHFLILFDWLRQ VKHHWV��

�� 5HIHU WR 7DEOH ��r� IRU WKH EDFN SUHVVXUH UHIHUHQFH FXUYHZKLFK DSSOLHV WR WKH VLOHQFHU VHOHFWHG� 5HDG VLOHQFHU
EDFN SUHVVXUH IURP )LJXUH ��r� IRU WKH YHORFLW\ GHWHUPLQHG LQ 6WHS ��

�� 7RWDO WKH QXPEHU RI HOERZV DQG IOH[LEOH VHFWLRQV WR EH XVHG LQ WKH V\VWHP EHWZHHQ WKH HQJLQH DQG WKH H[KDXVW
V\VWHP RXWOHW� 'HWHUPLQH WKH HTXLYDOHQW IHHW RI VWUDLJKW SLSH IRU WKH HOERZV DQG IOH[LEOH VHFWLRQV IURP WKH
IROORZLQJ�

��E HOERZV  � [ 'LDPHWHU �LQFKHV�
��

��E HOERZV  �� [ 'LDPHWHU �LQFKHV�
��

)OH[LEOH 6HFWLRQV  � [ 'LDPHWHU �LQFKHV�
��

�8VH WKH GLDPHWHU RI WKH VLOHQFHU LQOHW IURP 6WHS � IRU WKH LQLWLDO FDOFXODWLRQ��

�� 'HWHUPLQH WRWDO OHQJWKRI VWUDLJKW SLSH WR EH XVHG LQ H[KDXVW V\VWHP� $GG WKLV WR HTXLYDOHQW IHHW IRU HOERZV DQG
IOH[LEOH VHFWLRQV REWDLQHG LQ 6WHS ��

�� 5HIHU WR &KDUW ��r� LI SLSH VL]H LV � LQFKHV RU OHVV� &KDUW ��r� LI SLSH VL]H LV � LQFKHV RU ODUJHU� 3ODFH D VWUDLJKW
HGJH DFURVV WKH FKDUW ZLWK WKH HGJH LQ OLQH ZLWK WKH SLSH VL]H WR EH XVHG RQ WKH ULJKW FROXPQ DQG WKH HQJLQH
H[KDXVW IORZ �IURP 6WHS �� RQ WKH OHIW FROXPQ� 5HDG EDFN SUHVVXUH SHU IRRW IURP WKH FHQWHU FROXPQ�
&DOFXODWLRQ WRWDO SLSLQJ V\VWHP EDFN SUHVVXUH E\ PXOWLSO\LQJ WRWDO HTXLYDOHQW IHHW RI SLSH IURP 6WHS �� WLPHV
SUHVVXUH SHU IRRW GHWHUPLQHG LQ WKLV VWHS�

�� $GG WKH EDFN SUHVVXUH RI SLSLQJ GHWHUPLQHG LQ 6WHS � WR EDFN SUHVVXUH RI VLOHQFHU GHWHUPLQHG LQ 6WHS �� 7RWDO
VKRXOG QRW H[FHHG HQJLQH PDQXIDFWXUHU
V PD[LPXP DOORZDEOH V\VWHP EDFN SUHVVXUH JLYHQ LQ 7DEOH ��r�� RU RQ
LQGLYLGXDO JHQHUDWRU VHW VSHFLILFDWLRQ VKHHW� ,I WKLV WRWDO LV H[FHHGHG� LW ZLOO EH QHFHVVDU\ WR XVH HLWKHU D ODUJHU
SLSH VL]H RU VLOHQFHU� RU ERWK� 7KH EDFN SUHVVXUH FDOFXODWLRQ VKRXOG WKHQ EH UHSHDWHG WR YHULI\ WKDW V\VWHP EDFN
SUHVVXUH ZLOO QRW H[FHHG WKH OLPLW XVLQJ WKH ODUJHU FRPSRQHQW�V��
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7DEOH ��r�� 5HFRPPHQGHG 6LOHQFHUV
(QJLQH (QJLQH 0D[� %DFN ([KDXVW

0DQXIDFWXUHU 2XWOHW ,QGXVWULDO 5HVLGHQWLDO &ULWLFDO 3UHVVXUH )ORZ
N: )XHO DQG 0RGHO 6L]H 6LOHQFHU 6LOHQFHU 6LOHQFHU LQ� RI +J &)0

� *DV .RKOHU ��� � LQ� ������ ������ ������ ��� ��
� 'LHVHO 0:0 '���r� �r��� LQ ������ ������ ������ ��� ��
� *DV .RKOHU .��� �r��� LQ� ������ ������ ������ ��� ��
�� *DV )RUG 96*r��� �r��� LQ� ������ ������ ������ ��� ��

�� 'LHVHO 0:0 '���r� � LQ� ������ ������ ������ ��� ���
�� *DV :LVFRQVLQ 9*�' �r��� LQ� ������ ������ ������ ��� ���
�� 'LHVHO 0:0 '���r� � LQ� ������ ������ ������ ��� ���
�� *DV )RUG /6*r��� �r��� LQ� ������� r ������� ��� ���

�� *DV )RUG /6*r��� �r��� LQ� ������� r ������� ��� ���
����� 'LHVHO -RKQ 'HHUH ����' �r��� LQ� ������ r ������ ��� ���

������� r �������
�� *DV )RUG /6*r���7 �r��� LQ� ������� r ������� ��� ���

����� *DV )RUG &6*r��� � LQ� ������� r ������� ��� ���
�� 'LHVHO -RKQ 'HHUH ����' �r��� LQ� ������ r ������ ��� ���

������� r �������
�� *DV )RUG /6*r��� � LQ� ������� r ������� ��� ���

����� 'LHVHO -RKQ 'HHUH ����7 � LQ� ������ r ������ ��� ���
������� r �������

����� *DV )RUG /6*r��� � LQ� ������� r ������� ��� ���
�� *DV )RUG /6*r��� � LQ� ������� r ������� ��� ���

�� 'LHVHO -RKQ 'HHUH ����7 � LQ� ������ r ������ ��� ���
������� r �������

��� *DV )RUG /6*r��� � LQ� ������� r ������� ��� ���
��� 'LHVHO -RKQ 'HHUH ����7 � LQ� ������ r ������ ��� ���

������� r �������

��� 'LHVHO -RKQ 'HHUH ����7 � LQ� ������ r ������ ��� ����
������� r �������

��� 'LHVHO -RKQ 'HHUH ����$ � LQ� r ������ ������ ��� ����
r ������� �������

��� 'LHVHO -RKQ 'HHUH ����$ � LQ� r ������ ������ ��� ����
r ������� �������

��� 'LHVHO 'HWURLW 'LHVHO �r��7 � LQ� r ������ ������ ��� ����
r ������� �������

��� 'LHVHO 'HWURLW 'LHVHO �9r��7 � LQ� r ������ ������ ��� ����
r ������� �������

��� 'LHVHO 'HWURLW 'LHVHO �9r��7$ � LQ� r ������ ������ ��� ����
r ������� �������

������� 'LHVHO 'HWURLW 'LHVHO �9r��7$ � LQ� r ������ ������ ��� ����
r ������� �������

��� 'LHVHO 'HWURLW 'LHVHO �9r��7$ � LQ� r ������ ������ ��� ����
r ������� �������

��� 'LHVHO 'HWURLW 'LHVHO �9r��77$ � LQ� r ������ ������ ��� ����
r ������� �������

��� 'LHVHO 'HWURLW 'LHVHO ��9r��7 � LQ� r ������ ������ ��� ����
r ������� �������

127(� $OO VLOHQFHUV DUH HQG LQOHW�HQG RXWOHW XQOHVV LGHQWLILHG E\ ��� ZKLFK DUH VLGH LQOHW�HQG RXWOHW�
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G��
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0DQXIDFWXUHU 2XWOHW ,QGXVWULDO 5HVLGHQWLDO &ULWLFDO 3UHVVXUH )ORZ

N: )XHO DQG 0RGHO 6L]H 6LOHQFHU 6LOHQFHU 6LOHQFHU LQ� RI +J &)0

������� 'LHVHO 'HWURLW 'LHVHO ��9r��7$ � LQ� r ������ ������ ��� ����
r ������� �������

������� 'LHVHO 'HWURLW 'LHVHO ��9r��7$ � LQ� r ������ ������ ��� ����
r ������� �������

��� 'LHVHO 'HWURLW 'LHVHO ��9r���7, � LQ� r ������ ������ ��� ����
r ������� �������

���� 'LHVHO 'HWURLW 'LHVHO ��9r���7, � LQ� r ������ ������ ��� ����
r ������� �������

���� 'LHVHO 'HWURLW 'LHVHO ��9r���7,%� LQ� r ������ ������ ��� �����
r ������� �������

���� 'LHVHO 'HWURLW 'LHVHO ��9r���7,%�� LQ� r ������ ������ ��� �����
r ������� �������

127(� $OO VLOHQFHUV DUH HQG LQOHW�HQG RXWOHW XQOHVV LGHQWLILHG E\ ��� ZKLFK DUH VLGH LQOHW�HQG RXWOHW�

7DEOH ��r�� 6LOHQFHU 'LPHQVLRQV

%DFN 2YHUDOO ,QOHW 2XWOHW
3DUW 3UHVVXUH /HQJWK 'LDPHWHU �LQ� �LQ�
1XPEHU 5HI� &XUYH �LQ�� �LQ�� 137� 137�

������ & ��r��� �r��� �r��� �r���
������ $ �� �r��� � �
������ & ��r��� �r��� �
 �


������ $ ��r��� ��r��� �
 �

������ & ��r��� ��r��� �
 �

������ & ��r��� �r��� �r���
 �r���


������ $ ��r��� �r��� �r���
 �r���

������ & ��r��� �r��� � �
������ & �� ��r��� � �

������ & ��r��� �r��� � �
������ & ��r��� � � �
������ $ ��r��� ��r��� � �

������ % ��r��� ��r��� � �
������ $ ��r��� ��r��� � �
������ % �� ��r��� �� ��

������ $ ��� ��r��� �� ��
������ % �� ��r��� � �
������ $ �� ��r��� � �


 ,QVLGH 'LDPHWHU r 6OLS )LW

%DFN 2YHUDOO ,QOHW 2XWOHW
3DUW 3UHVVXUH /HQJWK 'LDPHWHU �LQ� �LQ�
1XPEHU 5HI� &XUYH �LQ�� �LQ�� 137� 137�

������ % �� ��r��� �� ��
������ $ �� ��r��� �� ��
������ % �� ��r��� �� ��

������ $ ��� ��r��� �� ��
������ & ��r��� �r��� � �
������ % ��r��� � � �

������ % �� � �r��� �r���
������ % �� � �r��� �r���
������ % �� ��r��� � �

������ % ��r��� �r��� � �
������ % ��r��� ��r��� � �
������ $ ��r��� ��r��� � �

������ $ �� ��r��� � �
������ $ �� � � �
������ $ ��r��� ��r��� � �

������ % ��r��� ��r��� � �
������ $ ��r��� ��r��� � �
������ % �� ��r��� �� ��

������ $ �� ��r��� �� ��

7DEOH ��r�� &URVV 6HFWLRQDO $UHD IRU 6WDQGDUG 6LOHQFHU 6L]HV

3LSH 6L]H r 137 � LQ� �r��� LQ� � LQ� � LQ�

� LQ� � LQ� � LQ�

,QOHW $UHD r IW� ���� ����� �����

����� ���� ����

�� LQ�

�r��� LQ�

3LSH 6L]H r 137

,QOHW $UHD r IW�

�� LQ�� LQ�

����

�r��� LQ�

����� ����������

���� ����

)LJXUH ��r�� 6LOHQFHU 3UHVVXUH 'URS
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Figure 10–1. Silencer Pressure Drop

NOTE
When figuring silencer pressure drop for side inlet, add 3 in. of
water (0.22 in. mercury) to back pressure shown on Figure 10–1.
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���� $SSHQGL[ r &RQYHUVLRQ )DFWRUV

������ $UHD

� VT� IRRW  ��� VT� LQFKHV � VT� IW�  ������ VT� PHWHUV
� VT� \DUG  ���� VT� PHWHUV � VT� LQFK  ����� VT� FP
� VT� PHWHU  ����� VT� \DUGV � VT� FP  ���� VT� LQFK

������ $QJOH

� TXDGUDQW  �� GHJUHHV � GHJUHH  ����� UDGLDQ
� TXDGUDQW  ���� UDGLDQV � PLQXWH  ������ GHJUHH
� UDGLDQ  ���� GHJUHHV � PLQXWH  ��� [ ��� UDGLDQ

������ /HQJWK

� \DUG  ����� PHWHUV � IRRW  ����� PHWHUV
� PHWHU  ���� IHHW � LQFK  ���� FHQWLPHWHUV
� PHWHU  ����� LQFKHV � FHQWLPHWHU  ���� LQFK

������ :HLJKW

� VKRUW WRQ  ���� SRXQGV � SRXQG  ����� JUDPV
� VKRUW WRQ  ����� NLORJUDPV � RXQFH  ����� JUDPV
� NLORJUDP  ����� SRXQGV � JUDP  ����� RXQFHV

������ 'U\ 9ROXPH

� FX� PHWHU  ����� FX� \DUGV � FX� PHWHU  ����� FX� IHHW
� FX� \DUG  ����� FX� PHWHUV � FX� IRRW  ����� FX� PHWHUV

������ /LTXLG 9ROXPH

� 8�6� JDOORQ  ����� OLWHUV � TXDUW  ����� OLWHUV
� OLWHU  ����� 8�6� JDOORQV � OLWHU  ����� 8�6� TXDUWV

������ 3RZHU

� KRUVHSRZHU  ���� N: � %WX�KRXU  ���� ZDWWV
� KRUVHSRZHU  ����� IW� OE��PLQ� � %WX  ��� JUDPrFDORULHV
� KRUVHSRZHU  ��� IW� OE��VHF� � %WX  ������ IW� OEV�
� IW� OE�  ����� NJP � %WX  ������� N-

������ 3UHVVXUH
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� SVL  ����� NJ�FP� � LQ� +�2  ������ LQ� +J
� SVL  ����� N3D � LQ� +J  ����� LQ� +�2

������ 7HPSHUDWXUH &RQYHUVLRQ

E&  �E) r ���
���

E)  �E& [ ���� � ��

E.  E& � ������

E.  �E) � �������
���

/RFDWH NQRZQ WHPSHUDWXUH LQ E&�E) FROXPQ� 5HDG FRQYHUWHG WHPSHUDWXUH LQ E& RU E) FROXPQ�

E& E&�E) E)

r���� r�� r��
r���� r�� r��
r�� r�� r��
r���� r�� r��
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r���� r�� r��
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���� $SSHQGL[ r 6WDQGDUG $QG &RGHr0DNLQJ 2UJDQL]DWLRQV

$PHULFDQ 1DWLRQDO 6WDQGDUGV ,QVWLWXWH� ,QF� �$16,�
���� %URDGZD\
1HZ <RUN� 1< ����� 86$

%ULWLVK 6WDQGDUGV ,QVWLWXWLRQ �%6,�
� 3DUN 6WUHHW
/RQGRQ :�$ �%6� (QJODQG

&DQDGLDQ 6WDQGDUGV $VVRFLDWLRQ�$VVRFLDWLRQ &DQDGLHQQH GH 1RUPDOLVDWLRQ �&6$�
��� 5H[GDOH %RXOHYDUG
5H[GDOH� 2QWDULR� &DQDGD 0�: �5�

'HXWVFKHV ,QVWLWXW IXU 1RUPXQJ H�9� �',1�
%XUJJUDIHQVWUDVVH �r��� 'r���� %HUOLQ �� *HUPDQ\

(OHFWULFDO *HQHUDWLQJ 6\VWHPV $VVQ� �(*6$�
%R[ ����
&RUDO 6SULQJV� )/ ����� 86$

,QVWLWXWH RI (OHFWULFDO DQG (OHFWURQLFV (QJLQHHUV� ,QF� �,(((�
��� (DVW ��WK 6WUHHW
1HZ <RUN� 1< ����� 86$

1DWLRQDO (OHFWULFDO 0DQXIDFWXUHUV $VVQ� �1(0$�
���� / 6WUHHW 1�:�
:DVKLQJWRQ� '& ����� 86$

1DWLRQDO )LUH 3URWHFWLRQ $VVQ� �1)3$�
�� %DWWHU\PDUFK 3DUN
4XLQF\� 0$ ����� 86$

6RFLHW\ RI $XWRPRWLYH (QJLQHHUV� ,QF� �6$(�
��� &RPPRQZHDOWK 'ULYH
:DUUHQGDOH� 3$ ����� 86$

8QGHUZULWHUV /DERUDWRULHV� ,QF� �8/�
��� 3ILQJVWHQ 5RDG
1RUWKEURRN� ,/ ����� 86$
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��� *ORVVDU\

����� $OWHUQDWLQJ &XUUHQW r �6\PERO $&�� $ FXUUHQW ZKLFK SHULRGLFDOO\ UHYHUVHV LQ GLUHFWLRQ DQG FKDQJHV LWV
PDJQLWXGH DV LW IORZV WKURXJK D FRQGXFWRU RU HOHFWULFDO FLUFXLW�

7KH PDJQLWXGH RI DQ DOWHUQDWLQJ FXUUHQW ULVHV IURP ]HUR WR PD[LPXP YDOXH LQ RQH GLUHFWLRQ� UHWXUQV WR ]HUR� DQG
WKHQ IROORZV WKH VDPH YDULDWLRQ LQ WKH RSSRVLWH GLUHFWLRQ� 2QH FRPSOHWH DOWHUQDWLRQ LV RQH F\FOH RU ��� HOHFWULFDO
GHJUHHV� ,Q WKH FDVH RI ��rF\FOH DOWHUQDWLQJ FXUUHQW WKH F\FOH LV FRPSOHWHG �� WLPHV SHU VHFRQG�

$OWHUQDWLQJ FXUUHQW LV IDU PRUH ZLGHO\ XVHG WKDQ GLUHFW FXUUHQW EHFDXVH LW FDQ EH HDVLO\ WUDQVIRUPHG IURP RQH
YROWDJH WR DQRWKHU IRU WUDQVPLVVLRQ DQG XVH� DQG HOHFWULFLW\ LV DOZD\V JHQHUDWHG LQ UHYROYLQJ PDFKLQHV DV
DOWHUQDWLQJ FXUUHQW� $ '& JHQHUDWRU LV EDVLFDOO\ DQ $& JHQHUDWRU ZLWK WKH DGGLWLRQ RI D GHYLFH FDOOHG D
FRPPXWDWRU ZKLFK FKDQJHV $& WR '&�

$& :DYH

����� $OWHUQDWRU� $ WHUP IUHTXHQWO\ XVHG IRU $& JHQHUDWRU� l$& JHQHUDWRUl LV SUHIHUUHG�

����� $PELHQW 7HPSHUDWXUH� 7KH WHPSHUDWXUH RI WKH VXUURXQGLQJ DLU LQ ZKLFK WKH HTXLSPHQW RSHUDWHV� 7KLV PD\
EH H[SUHVVHG LQ GHJUHHV &HOVLXV RU )DKUHQKHLW� 1RUPDOO\� DPELHQW WHPSHUDWXUH LV H[SUHVVHG LQ GHJUHHV &HOVLXV
ZKHQ UHIHUULQJ WR HOHFWULFDO HTXLSPHQW� 'HJUHHV )DKUHQKHLW LV PRUH IUHTXHQWO\ XVHG IRU HQJLQHV DQGPHFKDQLFDO
HTXLSPHQW�

����� $PPHWHU� 7KLV GHYLFH PHDVXUHV FXUUHQW� &XUUHQW PHDVXULQJ LQVWUXPHQWVPXVW EH FRUUHFWHG LQ VHULHV ZLWK D
FLUFXLW DQG QHYHU LQ SDUDOOHO ZLWK LW� $& DPPHWHUV DUH RIWHQ XVHG ZLWK FXUUHQW WUDQVIRUPHUV WR UHGXFH PHWHU
FXUUHQW� 7\SLFDO WUDQVIRUPHU UDWLRV DUH ����� DQG ������

����� $PRUWLVVHXU :LQGLQJ� 7KH UHYROYLQJ ILHOG VWUXFWXUHV RI V\QFKURQRXV PDFKLQHV DUH SURYLGHGZLWK SROHV ZLWK
IDFHV VORWWHG SDUDOOHO WR WKH VKDIW� &RQGXFWLQJ EDUV DUH EXLOW LQWR WKHVH VORWV� DQG WKH HQGV RI WKH EDUV DUH VKRUW
FLUFXLWHG WR IRUP D VWUXFWXUH VLPLODU WR WKH VTXLUUHOrFDJH ZLQGLQJ RI DQ LQGXFWLRQPRWRU� 7KHVH ZLQGLQJV GDPSHQ
RXW WKH WHQGHQF\ RI WKH JHQHUDWRU WR lKXQWl ZLWK ORDG FKDQJHV� 7KH\ DUH UHTXLUHG IRU DOO UHYROYLQJ ILHOG JHQHUDWRUV
ZKLFK DUH GULYHQ E\ LQWHUQDO FRPEXVWLRQ HQJLQHV DQG ZKLFK PD\ EH UHTXLUHG WR RSHUDWH LQ SDUDOOHO DQG�RU
VLQJOHrSKDVH�

����� $PSHUH r �6\PERO ,� $� L� D�� $XQLW RIPHDVXUHPHQW RI WKH UDWH RI IORZ RI HOHFWULFLW\� 2QH DPSHUH RI FXUUHQW
IORZV ZKHQ D SUHVVXUH RI RQH YROW LV DSSOLHG DFURVV DQ LPSHGDQFH RI RQH RKP�

����� $SSDUHQW 3RZHU r �6\PERO N9$� 9$�� :KHQ WKH FXUUHQW DQG YROWDJH DUH QRW LQ SKDVH� L�H�� YROWDJH DQG FXUUHQW
GR QRW UHDFK FRUUHVSRQGLQJ YDOXHV DW WKH VDPH LQVWDQW� WKH UHVXOWDQW SURGXFW RI YROWDJH DQG FXUUHQW LV DSSDUHQW
SRZHU LQVWHDGRI DFWXDO SRZHU� $SSDUHQW SRZHU LVPHDVXUHG LQ YROWrDPSHUHV RU NLORrYROWrDPSHUHV� $FWXDO SRZHU
�N:� LV WKH SURGXFW RI N9$ DQG WKH SRZHU IDFWRU�

����� $UPDWXUH 5HDFWLRQ� :H NQRZ WKDW LI FXUUHQW IORZV WKURXJK D FRLO VXUURXQGLQJ DQ LURQ FRUH� D PDJQHW LV
IRUPHG� 7KLV LV WUXH RI WKH VWDWRU DV ZHOO DV RI WKH URWRU� &XUUHQW IORZLQJ WKURXJK WKH VWDWRU FRLOV ZLOO UHVXOW LQ
PDJQHWLF SROHV� LQ JHQHUDO� RSSRVLWH LQ SRVLWLRQ DQG GLUHFWLRQ WR WKH SROHV RI WKH URWRU� 7KLV FKDUDFWHULVWLF RI WKH
VWDWRU� WHQGLQJ WR RSSRVH DQG WR IRUFH GRZQ IOX[ GHYHORSHG E\ WKH URWRU� LV NQRZQ DV DUPDWXUH UHDFWLRQ�
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����� $XWRPDWLF 6\QFKURQL]HU� 7KLV GHYLFH� LQ LWV VLPSOHVW IRUP� LV D PDJQHWLFrW\SH FRQWURO UHOD\ ZKLFK ZLOO
DXWRPDWLFDOO\ FORVH WKH JHQHUDWRU VZLWFK ZKHQ WKH FRQGLWLRQV IRU SDUDOOHOLQJ DUH VDWLVILHG�

������ $XWRPDWLF 7UDQVIHU 6ZLWFK� 7KLV VZLWFK LV D GRXEOHrWKURZ � HOHFWULFDOO\ RSHUDWHG VZLWFK ZKLFK ZLOO� RQ D
JLYHQ VLJQDO� RSHQ RQH VHW RI FRQWDFWV DQG WKURZ RYHU WR WKH VHFRQG VHW RI FRQWDFWV� $V QRUPDOO\ XVHG LQ KRVSLWDOV�
WHOHYLVLRQ DQG UDGLR VWDWLRQV� DQG RWKHU DSSOLFDWLRQV ZKHUH DXWRPDWLF HPHUJHQF\ SRZHU LV XVHG� WKH VZLWFK
DXWRPDWLFDOO\ WUDQVIHUV D ORDG IURP D QRUPDO VRXUFH RI HOHFWULFDO SRZHU WR DQ HPHUJHQF\ VRXUFH RQ IDLOXUH RI WKH
QRUPDO� 7KH ORDG LV DXWRPDWLFDOO\ UHWXUQHG WR WKH QRUPDO VRXUFH ZKHQ WKDW VRXUFH LV UHVWRUHG WR SURSHU RSHUDWLQJ
FRQGLWLRQ� 5HOD\V IRU GHOD\HG RSHUDWLRQ� HQJLQH VWDUWLQJ� PDQXDO UHVHW� DQG VLPLODU IHDWXUHV DUH DYDLODEOH� $V
QRUPDOO\ XVHG� WKH VZLWFK LV HOHFWULFDOO\ RSHUDWHG� PHFKDQLFDOO\ KHOG� DQG KDV D SRVLWLYH LQWHUORFN WR SUHYHQW WKH
WZR VHWV RI FRQWDFWV EHLQJ HQJDJHG DW WKH VDPH WLPH�

������ $PHULFDQ :LUH *DXJH r �6\PERO $:*�� :LUHV DUH PDQXIDFWXUHG LQ VL]HV QXPEHUHG DFFRUGLQJ WR D WDEOH�
NQRZQ DV WKH $PHULFDQ:LUH *DXJH� �7KLV JDXJH ZDV IRUPHUO\ NQRZ DV %URZQ 	 6KDUS� DEEUHYLDWHG %	6�� $V
WKH ZLUH GLDPHWHUV EHFRPH VPDOOHU� WKH JDXJH QXPEHUV EHFRPH ODUJHU� 7KH UDWLR RI WKH GLDPHWHU FRUUHVSRQGLQJ
WR D JLYHQ JDXJH QXPEHU WR WKH GLDPHWHU FRUUHVSRQGLQJ WR WKH QH[W KLJKHU JDXJH QXPEHU LV D FRQVWDQW ������ 7KH
FURVV VHFWLRQDO DUHD YDULHV DV WKH VTXDUH RI WKH GLDPHWHU� 7KH FURVV VHFWLRQDO DUHD LV DSSUR[LPDWHO\ KDOYHG RU
GRXEOHG HYHU\ WKUHH JDXJH QXPEHUV� 7KH FURVV VHFWLRQDO DUHD LV LQFUHDVHGRU GHFUHDVHG �� WLPHV IRU HYHU\ ��JDXJH
QXPEHUV� 8VLQJ 1R� �� ZLUH DV D EDVH �DSSUR[LPDWH GLDPHWHU ��� PLOV� DSSUR[LPDWH FURVV VHFWLRQDO DUHD ������
FLUFXODU PLOV DQG � RKP SHU ���� IHHW�� LW LV SRVVLEOH WR TXLFNO\ HVWLPDWH FURVV VHFWLRQDO DUHD DQG ZLUH VL]H ZLWKRXW
UHIHUULQJ GLUHFWO\ WR D ZLUH WDEOH�

������ %UDNH 0HDQ (IIHFWLYH 3UHVVXUH �%0(3�� ,V WKH WKHRUHWLFDO DYHUDJH SUHVVXUH RQ WKH SLVWRQ RI DQ HQJLQH
GXULQJ WKH SRZHU VWURNH ZKHQ WKH HQJLQH LV SURGXFLQJ D JLYHQ QXPEHU RI KRUVHSRZHU� ,W LV XVXDOO\ H[SUHVVHG LQ
SRXQGV SHU VTXDUH LQFK� 
)RU WZRrF\FOH HQJLQHV� GLYLGH UHVXOW E\ ��


%0(3  ������� [ +RUVHSRZHU
'LVSODFHPHQW �FX� LQ�� 530

7KH YDOXH LV VWULFWO\ D FDOFXODWLRQ DQG FDQQRW EH PHDVXUHG� VLQFH WKH DFWXDO F\OLQGHU SUHVVXUH LV FRQVWDQWO\
FKDQJLQJ� 7KH PHDQ RU DYHUDJH SUHVVXUH LV XVHG WR FRPSDUH HQJLQHV RQ WKH DVVXPSWLRQ WKDW WKH ORZHU WKH %0(3�
WKH JUHDWHU WKH H[SHFWHG HQJLQH OLIH DQG UHOLDELOLW\� ,Q SUDFWLFH� LW LV QRW D UHOLDEOH LQGLFDWRU RI HQJLQH SHUIRUPDQFH
IRU VHYHUDO UHDVRQV�

7KH IRUPXOD IDYRUV ROGHU GHVLJQ HQJLQHV ZLWK UHODWLYHO\ ORZ SRZHU RXWSXW SHU FXELF LQFK RI GLVSODFHPHQW LQ
FRPSDULVRQ WR PRUH PRGHUQ GHVLJQV� 0RGHUQ HQJLQHV GR RSHUDWH ZLWK KLJKHU DYHUDJH F\OLQGHU SUHVVXUHV� EXW
EHDULQJV DQG RWKHU HQJLQH SDUWV DUH GHVLJQHG WR ZLWKVWDQG WKHVH SUHVVXUHV� EXW EHDULQJV DQG RWKHU HQJLQH SDUWV DUH
GHVLJQHG WRZLWKVWDQG WKHVH SUHVVXUHV DQG VWLOO SURYLGH HTXDO RU JUHDWHU OLIH DQG UHOLDELOLW\ WKDQ WKHLU SUHGHFHVVRUV�
7KH IRUPXOD DOVR LPSOLHV JUHDWHU UHOLDELOLW\ ZKHQ WKH VDPH HQJLQH SURGXFHV WKH VDPH SRZHU DW D KLJKHU VSHHG�
2WKHU WKLQJV EHLQJ HTXDO� LW LV GRXEWIXO WKDW D �� +]� JHQHUDWRU VHW RSHUDWLQJ DW ���� LV PRUH UHOLDEOH WKDQ D
FRPSDUDEOH �� +] JHQHUDWRU VHW RSHUDWLQJ DW ���� USP� /LNHZLVH� LW LV KLJKO\ XQOLNHO\ WKDW DQ\ JHQHUDWRU VHW
RSHUDWLQJ DW ���� USP ZLOO EH PRUH UHOLDEOH WKDQ RQH RSHUDWLQJ DW ���� USP HYHQ LI WKH ODWWHU HQJLQH KDV D
VLJQLILFDQWO\ KLJKHU %0(3� 7KH %0(3 IRU DQ\ JLYHQ JHQHUDWRU VHW ZLOO YDU\ ZLWK WKH UDWLQJ ZKLFK FKDQJHV
GHSHQGLQJ RQ IXHO� DWWLWXGH� DQG WHPSHUDWXUH� 7KH %0(3 LV DOVR DIIHFWHG E\ JHQHUDWRU HIILFLHQF\ ZKLFK YDULHV
ZLWK YROWDJH DQG ORDG�

������ %URDG 5DQJH� *HQHUDWRUV KDYLQJ D UDQJH ZLWKLQ ZKLFK WKH RXWSXW YROWDJH FDQ EH DGMXVWHG DUH VDLG WR EH
lEURDG UDQJHl PDFKLQHV� )RU H[DPSOH D JHQHUDWRU UDWHG ���r��� YROW FDQ EH DGMXVWHG WR SXW RXW DQ\ZKHUH
EHWZHHQ ���rYROWV DQG ���rYROWV�

������ &DSDFLWDQFH �6\PERO&�� ,I YROWDJH LV DSSOLHG WR WZR FRQGXFWRUV VHSDUDWHGE\DQ LQVXODWRU� WKH LQVXODWRUZLOO
WDNH DQ HOHFWULFDO FKDUJH� ,I DQ DOWHUQDWLQJ YROWDJH LV DSSOLHG� DQ DOWHUQDWLQJ FXUUHQW ZLOO IORZ LQWR DQG RXW RI WKH
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LQVXODWRU �LQ WKLV FDVH FDOOHG D GLHOHFWULF� DV LW FKDUJHV DQG GLVFKDUJHV ZLWK UHYHUVDO RI DSSOLHG YROWDJH� 2Q
DOWHUQDWLQJ FXUUHQW FLUFXLWV WKH FKDUJH LV D PD[LPXP� EXW WKH FXUUHQW EHFRPHV ]HUR� DV WKH YROWDJH UHDFKHV D
PD[LPXP� 7KH FXUUHQW FKDQJH WKXV SUHFHGHV WKH YROWDJH FKDQJH� RU WKH FXUUHQW OHDGV WKH YROWDJH� WKLV EHLQJ
RSSRVLWH WR LQGXFWDQFH� 7KH FKDUDFWHULVWLFV RI EHLQJ DEOH WR WDNH DQ HOHFWULFDO FKDUJH LV NQRZQ DV FDSDFLW\ �&� DQG
LV PHDVXUHG LQ )DUDGV�

������ &DSDFLWLYH 5HDFWDQFH r �6\PERO ;F�� :KHQ FRQVLGHUHG LQ DQ $& FLUFXLW ZLWK D GHILQLWH IUHTXHQF\�
FDSDFLWDQFH UHVXOWV LQ D FDSDFLWLYH UHDFWDQFH ZKLFK LV PHDVXUHG LQ RKPV� &DSDFLWLYH UHDFWDQFH FDXVHV WKH FXUUHQW
WR OHDG WKH YROWDJH E\ �� HOHFWULFDO GHJUHHV� 7KH YDOXH LQ RKPV LV GHWHUPLQHG E\ WKH IRUPXOD�

;& ��� ¶ IF
:KHUH�

I  )UHTXHQF\
F  &DSDFLWDQFH �)DUDGV�
¶  ������

������ &KDUJH� 7KHUH DUH WZR W\SHV RI FKDUJH� SRVLWLYH ��� SURWRQ� DQG QHJDWLYH �r� HOHFWURQ�� $Q DWRP ZLWK
HOHFWURQV PLVVLQJ LV XQEDODQFHGrrLW KDV PRUH SURWRQV WKDQ HOHFWURQLFV DQG LV� WKHUHIRUH� SRVLWLYHO\ FKDUJHG� 7KH
VDPH DQDO\VLV DSSOLHV WR DQ DWRP KDYLQJ PRUH HOHFWURQV WKDQ LW VKRXOGrrLW LV QHJDWLYHO\ FKDUJHG� /LNH FKDUJHV
UHSHO HDFK RWKHU� 8QOLNH FKDUJHV DWWUDFW HDFK RWKHU�

������ &LUFXLW %UHDNHU� $VSHFLDO VZLWFK XVHG WR SURWHFW HOHFWULFDO FLUFXLWV LV FDOOHG D FLUFXLW EUHDNHU� ,W LV JHQHUDOO\
GHVLJQHG WR RSHQ RU EUHDN WKH FLUFXLW ZKHQ VRPH DEQRUPDO FRQGLWLRQ� VXFK DV DQ RYHUORDG RFFXUV� 7KH FLUFXLW
EUHDNHU XVXDOO\ KDV D KLJKHU LQLWLDO FRVW WKDQ D IXVHG NQLIH VZLWFK� EXW KDV WKH DGYDQWDJHV RI RSHQLQJ WKH FLUFXLW
IDVWHU DQG FDQ EH UHVHW HDVLHU DIWHU WKH FDXVH RI WKH RYHUORDG KDV EHHQ UHPRYHG� &LUFXLW EUHDNHUV DUH GLIILFXOW WR
VL]H DV QHFHVVDU\ WR SURWHFW DQ HQJLQHrGULYHQ JHQHUDWRU� $ FLUFXLW EUHDNHU UDWLQJ RI ���� JHQHUDWRU UDWLQJ LV
XVXDOO\ XVHG� KRZHYHU� HQJLQH SRZHU XVXDOO\ OLPLWV JHQHUDWRU ORDG WR OHVV WKDQ �����

������ &RPSRXQG� $ FKHPLFDO FRPELQDWLRQ RI HOHPHQWV WKDW FDQQRW EH VHSDUDWHG E\ VLPSOH SK\VLFDO PHDQV VXFK
DV E\ GLVVROYLQJRQH RXW DQG OHDYLQJ WKH RWKHUV RU E\ ILOWHULQJ RU GLVWLOODWLRQ� HWF� 7KHUHPXVW EH D FKHPLFDO UHDFWLRQ
WR VHSDUDWH D FRPSRXQG�

������ &RQWLQXRXV 6WDQGE\� 7KH UDWLQJ DW ZKLFK D JHQHUDWRU VHW PD\ EH RSHUDWHG IRU WKH GXUDWLRQ RI D SRZHU
RXWDJH� 1R RYHUORDG FDSDFLW\ LV JXDUDQWHHG�

������ &URVV &XUUHQW &RPSHQVDWLRQ� &URVV FXUUHQW FRPSHQVDWLRQ LV XVHG WRGLYLGH UHDFWLYH N9$HTXDOO\ EHWZHHQ
JHQHUDWRUV RSHUDWLQJ LQ SDUDOOHO� DQG LV DFFRPSOLVKHG E\ D FXUUHQW WUDQVIRUPHU� 'LYLVLRQ RI UHDFWLYH N9$EHWZHHQ
$& JHQHUDWRUV RSHUDWLQJ LQ SDUDOOHO LV D IXQFWLRQ RI JHQHUDWRU H[FLWDWLRQ� :KHQ RSHUDWLQJ $& JHQHUDWRUV LQ
SDUDOOHO� LW LV QHFHVVDU\ WKDW WKH UHDFWLYH N9$RXWSXWV RI WKH LQGLYLGXDO JHQHUDWRUV EH HTXDOL]HG� 7KLV LV WR SUHYHQW
RQH JHQHUDWRU IURPEHLQJ RYHUORDGHG E\ FDUU\LQJ DOO RI WKH UHDFWLYH N9$EHFDXVH LWV LQGLYLGXDO H[FLWDWLRQ LV KLJKHU
WKDQ WKDW RI WKH RWKHU PDFKLQHV� ,W LV DFFRPSOLVKHG E\ WKH FXUUHQW WUDQVIRUPHU OLPLWLQJ RU FRQWUROOLQJ WKH YROWDJH
VHQVLWLYH HOHPHQW RI HDFK YROWDJH UHJXODWRU ZLWK UHDFWLYH FXUUHQW� 7KLV UHDFWLYH FXUUHQW GLYLGHV WKH N9$5 DPRQJ
WKH JHQHUDWRUV DFFRUGLQJ WR WKHLU UDWLQJ DQG HQDEOHV WKH JHQHUDWRUV WR DOO RSHUDWH DW WKH VDPH SRZHU IDFWRU�
)UHTXHQWO\� UHDFWLYH GURRS FRPSHQVDWLRQ LV XVHG ZLWKRXW WKH FURVVrFXUUHQW FRQQHFWLRQ�

������ &XUUHQW� &XUUHQW LV D IORZ RI HOHFWULFLW\� '& IORZV IURP QHJDWLYH WR SRVLWLYH� $& DOWHUQDWHV LQ GLUHFWLRQ�
7KH VWDQGDUG V\PERO IRU FXUUHQW LV l,l DQG LW LV PHDVXUHG LQ $PSHUHV �$PSV�� 7KH FXUUHQW IORZ WKHRU\ LV XVHG
FRQYHQWLRQDOO\ LQ SRZHU DQG WKH FXUUHQW GLUHFWLRQ LV SRVLWLYH WR QHJDWLYHrrRSSRVLWH WKH IORZ RI HOHFWURQV�

������ &\FOLF ,UUHJXODULW\� &\FOLF LUUHJXODULW\ LV WKH UDWLR RI PDJQLWXGH RI IOXFWXDWLRQ RI VSHHG RYHU WKH DYHUDJH
VSHHG� 7KLV LV D FDOFXODWHG YDOYH EDVHG XSRQ ILULQJ GLDJUDPV DQG WKHPDVV RI WKH V\VWHP� 7RUVLRQDO FKDUDFWHULVWLFV
DUH QRW LQYROYHG DQG WKH V\VWHP LV DVVXPHG ULJLG�

&\FOLF ,UUHJXODULW\ 5DWLR  0D[� ,QVWDQWDQHRXV 6SHHG r 0LQ� ,QVWDQWDQHRXV 6SHHG
$YHUDJH 6SHHG
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,WV DSSOLFDWLRQ WR VSHFLILF SUREOHPV LV FULWLFDO LQ YHU\ ODUJH� ORZ VSHHG HQJLQHVGULYLQJJHQHUDWRUVKDYLQJPDQ\SROHV
��� RU ���� RU VPDOO � RU � SROH VHWV KDYLQJ OHVV WKDQRQH ILULQJ VWURNH SHU � F\FOHV� ZKHUH WKH LQVWDQWDQHRXV VSHHGRI
WKH IO\ZKHHO PD\ GURS FRQVLGHUDEO\ EHWZHHQ ILULQJ LPSXOVHV�

������'HOWD&RQQHFWLRQ� 7KHGHOWD FRQQHFWLRQ LV VR QDPHGEHFDXVH LW UHVHPEOHV WKH*UHHN OHWWHU� 7RPDNH D GHOWD
FRQQHFWLRQ� WKH ILQLVK HQG RI WKH ILUVW ZLQGLQJ LV FRQQHFWHG WR WKH VWDUW RI WKH VHFRQG ZLQGLQJ� WKH ILQLVK RI WKH
VHFRQGZLQGLQJ LV FRQQHFWHG WR WKH VWDUW RI WKH WKLUGZLQGLQJDQG WKH ILQLVKHGRI WKH WKLUGZLQGLQJ LV FRQQHFWHG WRKH
VWDUW RI WKH ILUVW ZLQGLQJ�

0RGHUQ JHQHUDWRUV DUH QRUPDOO\ FRQQHFWHG LQ D Z\H RU VWDU SDWWHUQ UDWKHU WKDQ GHOWD IRU VHYHUDO UHDVRQV� 7KH
GHOWDrFRQQHFWHG JHQHUDWRU KDV QR DGYDQWDJHV RYHU WKH Z\HrFRQQHFWHG PDFKLQH� DQG WKH Z\H PDFKLQH KDV WKH
DGYDQWDJH RI EHLQJ DEOH WR EULQJ RXW WKH QHXWUDO ZLUH� $OVR� LQ WKH GHOWDrFRQQHFWHGPDFKLQH LW LV GLIILFXOW WR GHVLJQ
WKH JHQHUDWRU WR NHHS WKH FLUFXODWLQJ FXUUHQWV ORZ LQ PDJQLWXGH� 1RUPDOO\ WKH Z\HrFRQQHFWHG PDFKLQH ZLOO JLYH
EHWWHU ZDYH IRUP FKDUDFWHULVWLFV WKDQ WKH GHOWDrFRQQHFWHG JHQHUDWRU� ,Q WKH Z\H PDFKLQH WKH KDUPRQLFV WHQG WR
FDQFHO HDFK RWKHU RXW ZKHQ OLQHrWRrOLQH YROWDJH LV FKHFNHG EHWZHHQ WZR OHJV RU SKDVHV� ,Q WKH GHOWDrFRQQHFWHG
PDFKLQH WKH OLQHrWRrOLQH YROWDJH LV DFURVV RQH FRLO RU VHW RI FRLOV DQG WKHUH LV QR FDQFHOODWLRQ RI KDUPRQLF HIIHFWV�
H[FHSW WKDW WKH WKLUG KDUPRQLF DQG LWVPXOWLSOHV DUH VKRUWHGRXW� DQGGRQRW DSSHDU LQ WKHRXWSXW� 'HOWDrFRQQHFWHG
JHQHUDWRUV DUH XVHG WR VXSSO\ �������rYROW� WKUHHrSKDVH�VLQJOHrSKDVH� �rZLUH V\VWHPV�

������ 'LHOHFWULF 7HVW� 1DWLRQDO (OHFWULFDO 0DQXIDFWXUHUV $VVRFLDWLRQ �1(0$� VWDQGDUGV SURYLGH WKDW HDFK
JHQHUDWRU RI ��� ZDWWV RXWSXW RU PRUH EH JLYHQ WKH IROORZLQJ KLJK SRWHQWLDO IDFWRU\ WHVW WR FKHFN JHQHUDWRU
LQVXODWLRQ�

6WDWRU :LQGLQJVrr$SSO\ WZR WLPHV WKH QRUPDO YROWDJH SOXV ����rYROWV�
)LHOG :LQGLQJVrr$SSO\ WHQ WLPHV WKH H[FLWHU YROWDJH� EXW LQ QR FDVH OHVV WKDQ ����rYROWV�

������ 'LUHFW &XUUHQW r �6\PERO '&�� $ FXUUHQW WKDW IORZV LQ RQH GLUHFWLRQ RQO\ IRU D JLYHQ YROWDJH DQG HOHFWULFDO
UHVLVWDQFH� $ GLUHFW FXUUHQW LV XVXDOO\ FRQVWDQW LQ PDJQLWXGH IRU D JLYHQ ORDG� (OHFWULFLW\ LV JHQHUDWHG DV
DOWHUQDWLQJ FXUUHQW LQ UHYROYLQJ PDFKLQHV� ,Q '& JHQHUDWRUV WKH $& FXUUHQW LV FKDQJHG WR GLUHFW FXUUHQW E\
FRPPXWDWLRQ� :KLOH'&YROWDJH LV VXEVWDQWLDOO\ FRQVWDQW LQ D'&JHQHUDWRU� D VOLJKW ULSSOH LV GXH WR FRPPXWDWLRQ�

������ 'LVWULEXWLRQ 3DQHO� 0XOWLFLUFXLW VZLWFKJHDU SDQHO XVHG WR IHHG SRZHU WR LQGLYLGXDO ORDGV�

������ 'ULSr3URRI� 3HU 1(0$0*�r����� D GULSrSURRI JHQHUDWRU LV DQ RSHQ PDFKLQH LQ ZKLFK WKH YHQWLODWLQJ
RSHQLQJV DUH VR FRQVWUXFWHG WKDW GURSV RI OLTXLG RU VROLG SDUWLFOHV IDOOLQJ RQ WKH PDFKLQH DW DQ\ DQJOH QRW JUHDWHU
WKDQ �� GHJUHHV IURP WKH YHUWLFDO FDQQRW HQWHU WKH PDFKLQH HLWKHU GLUHFWO\ RU E\ VWULNLQJ DQG UXQQLQJ DORQJ D
KRUL]RQWDO RU LQZDUGO\ LQFOLQHG VXUIDFH�

������'XDO5DQJH*HQHUDWRU� $Q\ ��rZLUH RU ��rZLUH JHQHUDWRU FDQEH FRQQHFWHG VXFK WKDW WKH VWDWRUZLQGLQJV LQ
HDFK SKDVH DUH LQ VHULHV RU SDUDOOHO� :KHQ LQ VHULHV� WKH RXWSXW YROWDJH ZLOO EH KLJK� :KHQ LQ SDUDOOHO� WKH RXWSXW
YROWDJH ZLOO EH RQHrKDOI RI WKH KLJK YROWDJH� EXW WKH FXUUHQW FDSDFLW\ ZLOO EH GRXEOHG� $ W\SLFDO UDWLQJ ZRXOG EH
�������rYROW� ,I WKH PDFKLQH LV DOVR EURDG UDQJH� D W\SLFDO UDWLQJ ZRXOG EH ���r���� ���r���rYROW�

������ (IILFLHQF\� ,QSXW WLPHV HIILFLHQF\ HTXDOV RXWSXW GLYLGHGE\ WKH RXWSXW SOXV ORVVHV� (IILFLHQFLHV RI JHQHUDWRUV
DUH FRPPRQO\ JLYHQ DW ���� ���� DQG ��� ORDG� 8QOHVV RWKHUZLVH VWDWHG� WKH HIILFLHQF\ RI WKH JHQHUDWRU LV DOZD\V
EDVHG RQ WKH N9$ DQG SRZHU IDFWRU DW ZKLFK LW LV UDWHG�

������ (OHPHQW� $ VXEVWDQFH ZKLFK FDQQRW EH EURNHQ GRZQ LQWR D VLPSOHU VXEVWDQFH ZKLFK ZLOO UHWDLQ WKH RULJLQDO
FKDUDFWHULVWLFV� )RU H[DPSOH� FRSSHU� K\GURJHQ� DQG R[\JHQ DUH DOO HOHPHQWV� WKH\ FDQQRW EH UHGXFHG WR DQ\WKLQJ
VLPSOHU ZLWKRXW GHVWUR\LQJ WKHLU SURSHUWLHV�

������ (0)� (OHFWURPRWLYH )RUFH� 6HH 9ROW�

������ ([FLWHU� 6\QFKURQRXV $& JHQHUDWRUV UHTXLUH '& ILHOG H[FLWDWLRQ FXUUHQW� 0RVW VXFK JHQHUDWRUV WRGD\ DUH
IXUQLVKHG ZLWK H[FLWHUV ZKLFK DUH $& JHQHUDWRUV KDYLQJ UHFWLILHG RXWSXW�

������ )O\ZKHHO (IIHFW� ,QWHUQDO FRPEXVWLRQ HQJLQHrGULYHQ JHQHUDWRU VHWVPXVW EH SURYLGHGZLWK IO\ZKHHO HIIHFW WR
PHHW WKH IROORZLQJ FRQGLWLRQV�
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�� +DUPIXO WRUVLRQDO YLEUDWLRQV PXVW EH DYRLGHG�
�� 6SHHG YDULDWLRQ� ZKHQ RSHUDWLQJ DORQH� PXVW EH UHGXFHG WR D SRLQW ZKHUH REMHFWLRQDEOH YDULDWLRQV LQ YROWDJH RU
IUHTXHQF\ DUH DYRLGHG�

�� 2SHUDWLRQ LQ SDUDOOHO ZLWK D ODUJH V\VWHP PXVW EH SRVVLEOH�
�� 7KH QHXWUDO IUHTXHQF\ PXVW GLIIHU IURP IRUFLQJ IUHTXHQFLHV� RI JHQHUDWRU VHWV ZLWK ZKLFK LW LV RSHUDWLQJ LQ
SDUDOOHO� E\ DW OHDVW ����

,Q DFFRUGDQFH ZLWK SUHVHQW SUDFWLFH� LW LV WKH UHVSRQVLELOLW\ RI WKH HQJLQH PDQXIDFWXUHU RU VHW DVVHPEOHU WR
GHWHUPLQH WKDW WKH SURSHU IO\ZKHHO HIIHFW LV SURYLGHG WR PHHW WKH FRQGLWLRQV RXWOLQHG DERYH� 7KH JHQHUDWRU
PDQXIDFWXUHUZLOO SURYLGH LQIRUPDWLRQRQ VKDIW VWLIIQHVV DQGRWKHU GHWDLOV ZKLFKDUH UHTXLUHG LQ WKHVH FDOFXODWLRQV�

������ )UHTXHQF\ r �6\PERO +]�� 7KH QXPEHU RI F\FOHV SHU VHFRQG WKH FXUUHQW DOWHUQDWHV LV FDOOHG WKH IUHTXHQF\�
0RVW FRPPRQ IUHTXHQF\ LQ WKH8QLWHG 6WDWHV LV ��+]� ��+] FXUUHQW LV XVHG LQPRVW RWKHU FRXQWULHV� *HQHUDWRUV
DUH DOVR PDGH LQ VSHFLDO KLJK IUHTXHQFLHV IRU FHUWDLQ DSSOLFDWLRQV� 7KH XQLW IRU PHDVXUHPHQW RI IUHTXHQF\ LV WKH
+HUW] HTXLYDOHQW WR RQH F\FOH SHU VHFRQG�

������ +DUPRQLFV� $Q\ LUUHJXODULW\ LQ D ZDYH IRUP FDQ EH UHVROYHG LQWR D IXQGDPHQWDO VLQH ZDYH RI WKH V\VWHP
IUHTXHQF\ DQG RQH RU PRUH VLQH ZDYHV RI KLJKHU IUHTXHQFLHV ZKLFK PRGLI\ WKH IXQGDPHQWDO� ,Q $& FLUFXLWV RQO\
RGG KDUPRQLFV RFFXU� 7KH SRVVLEOH KDUPRQLFV IRU YDULRXV VWDWRU FRQQHFWLRQV IROORZ�

&RQQHFWLRQ *URXQGHG 3RVVLEOH +DUPRQLFV

:\H <HV �� �� �� �� �� ��� HWF�

:\H 1R �� �� �� ��� HWF�

'HOWD �� �� ��� ��� HWF �FLUFXODWLQJ�
DQG �� �� �� �� HWF� �OLQH�
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������ ,PSHGDQFH r �6\PERO =�� 7KH WRWDO RSSRVLWLRQ WR WKH IORZ RI DOWHUQDWLQJ FXUUHQW LQ D FLUFXLW WKDW FRQWDLQV
UHVLVWDQFH DQG UHDFWDQFH LV FDOOHG LPSHGDQFH� 6WULFWO\ VSHDNLQJ WKH UHDFWDQFH FRPSRQHQW WDNHV LQWR DFFRXQW ERWK
WKH FDSDFLWLYH DQG LQGXFWLYH FRPSRQHQWV� EXW IRU DOO SUDFWLFDO SXUSRVHV LQ SRZHU FLUFXLWV� ZH FDQ QHJOHFW WKH
FDSDFLWLYH UHDFWDQFH �;F��

7RWDO ,PSHGDQFH  =  5� � �;/ r ;&�� 5  SXUH UHVLVWDQFH
;/  LQGXFWLYH UHDFWDQFH
;&  FDSDFLWLYH UHDFWDQFH

,I ZH QHJOHFW ;& WKH IRUPXOD UHGXFHV WR�

5� � ;/�

������ ,QGXFWDQFH �/�� $Q\ GHYLFH ZLWK LURQ LQ WKHPDJQHWLF VWUXFWXUH KDV ZKDW DPRXQWV WR PDJQHWLF LQHUWLD� 7KLV
LQHUWLD RSSRVHV DQ\ FKDQJH LQ FXUUHQW� ,W LV TXLWH DSSDUHQW RQ DOWHUQDWLQJ FXUUHQW VLQFH WKH YROWDJH LV FRQWLQXDOO\ LQ
LQVWDQWDQHRXV YDOXH DQG WKLV LQHUWLD KDV WKH HIIHFW RI FRQWLQXDOO\ FDXVLQJ FKDQJH LQ FXUUHQW WR D ODJ EHKLQG FKDQJHV
LQ YROWDJH� 7KH FKDUDFWHULVWLF RI D FLUFXLW ZKLFK FDXVHV WKLV PDJQHWLF LQHUWLD LV NQRZQ DV VHOI LQGXFWDQFH� LW LV
PHDVXUHG LQ +HQULHV DQG WKH V\PERO LV l/�l

,QGXFWLYH 5HDFWDQFH �;/�� :KHQ FRQVLGHUHG LQ DQ $& FLUFXLW ZLWK D GHILQLWH IUHTXHQF\� LQGXFWDQFH UHVXOWV LQ DQ
LQGXFWLYH UHDFWDQFH �;/�� ZKLFK LV PHDVXUHG LQ RKPV DQG LV GHWHUPLQHG DV IROORZV�

;/ �RKPV�  � ¶ I /

������ ,QHUWLD� ,QHUWLDPHDQV WKH UHVLVWDQFH RI DPDVV WR D FKDQJH LQ YHORFLW\� $PDVV LQPRWLRQZLOO WHQG WR WUDYHO LQ
D VWUDLJKW OLQH DQG DW WKH VDPH VSHHG XQOHVV DFWHG XSRQ E\ DQ H[WHUQDO IRUFH� ,QHUWLD LV WKH IRUFH WKDW SXVKHV \RX
IRUZDUG ZKHQ DQ DXWRPRELOH LV GHFHOHUDWLQJ RU FRPHV WR D VXGGHQ VWRS�

������ ,QWHUUXSWLEOH 6HUYLFH� $SODQZKHUHE\ DQ HOHFWULF XWLOLW\� HOHFWV WR LQWHUUXSW VHUYLFH WR D VSHFLILF FXVWRPHU DW
DQ\ WLPH� 6SHFLDO UDWHV DUH RIWHQ DYDLODEOH WR FXVWRPHUV XQGHU VXFK DJUHHPHQWV�

������ ,QVXODWLRQ� ,QVXODWLQJ PDWHULDOV DUH XVHG LQ DOO HOHFWULFDO PDFKLQHU\ WR LVRODWH DQG PDLQWDLQ WKH IORZ RI
FXUUHQW WKURXJK WKH FRQGXFWRUV� 7HPSHUDWXUH LQIOXHQFHV WKH OLIH RI LQVXODWLRQ� 7KH IDLOXUH RI LQVXODWLQJPDWHULDOV
LV JHQHUDOO\ PHFKDQLFDO� UHVXOWLQJ IURP H[WHQGHG H[SRVXUH WR PRLVWXUH� IRUHLJQ PDWHULDOV� DQG KLJKHU
WHPSHUDWXUHV WKDQ WKH OLPLWLQJ WHPSHUDWXUH RI WKH PDWHULDOV XVHG� 0RVW LQVXODWLRQ XVHG LQ WRGD\
V JHQHUDWRUV LV
&ODVV )� ZLWK D SHUPLVVLEOH WHPSHUDWXUH ULVH RI ���E) ����E&� FRQWLQXRXV� DQG ���E) ����E&� VWDQGE\ RYHU D
���E) ���E&� DPELHQW�

������ ,VRFKURQRXV*RYHUQRU� $JRYHUQRU WKDWPDLQWDLQV FRQVWDQW HQJLQH VSHHG IURPQRrORDG WR IXOOrORDG� ,W LV D
]HURrGURRS JRYHUQRU� 7\SLFDO DFFXUDF\ LV ��r ���� RI UDWHG VSHHG�

������ .LORZDWW r �6\PERO N:�� 3RZHU LV WKH UDWH RI GRLQJZRUN� (OHFWULF SRZHU LV H[SUHVVHG LQ:DWWV RU NLOR:DWWV
����� :DWWV�� 2QH KRUVHSRZHU HTXDOV ����� N: RU DSSUR[LPDWHO\ ��� N:� ,QYHUVHO\ RQH N: HTXDOV ����
KRUVHSRZHU� $FWXDO SRZHU �N:� HTXDOV DSSDUHQW SRZHU �N9$� WLPHV SRZHU IDFWRU �H[SUHVVHG DV D GHFLPDO��

+RUVHSRZHU  N:
���� [ *HQHUDWRU (IILFLHQF\

7R FDOFXODWH WKH N: LQSXW RI DQ HOHFWULF PRWRU�

.LORZDWWV  0RWRU +RUVHSRZHU [ ����
0RWRU (IILFLHQF\
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$ UXOH RI WKXPE EDVHG RQ ��� JHQHUDWRU HIILFLHQF\�

(QJLQH KS  *HQHUDWRU N: [ ���
)RU VLQJOHrSKDVH JHQHUDWRU�

N:  9ROWV [ $PSHUHV [ 3RZHU )DFWRU
����

)RU WKUHHrSKDVH JHQHUDWRU�

N:  9ROWV [ $PSHUHV [ 3RZHU )DFWRU [ �
����

������ .LORZDWW +RXU r �6\PERO N:+�� 7KH PHDVXUH RI HOHFWULFDO HQHUJ\ LV WKH NLORZDWW KRXU� 2QH NLORZDWW RI
HOHFWULFDO SRZHU FRQVXPHG IRU RQH KRXU HTXDOV RQH NLORZDWWrKRXU �N:+� RI HOHFWULF HQHUJ\� 7KLV HQHUJ\ FDQ EH
PHDVXUHG E\ D NLORZDWWrKRXU PHWHU ZKLFK LV D VPDOO� VHQVLWLYH HOHFWULF PRWRU� WKH URWRU VSHHG RI ZKLFK LV
SURSRUWLRQDO WR WKH NLORZDWWV IORZLQJ LQ WKH FLUFXLW WR ZKLFK WKH PHWHU LV FRQQHFWHG� 5HYROXWLRQV RI WKH PRWRU DUH
WUDQVPLWWHG WKURXJK D JHDU WUDLQ WR SRLQWHUV RQ D UHJLVWHU GLDO FDOLEUDWHG LQ N:+� .LORZDWW KRXU PHWHUV FDQ EH
XVHG WR JLYH DSSUR[LPDWH LQVWDQWDQHRXV N: ORDG UHDGLQJV E\ PHDVXULQJ WKH UDWH RI GLVF URWDWLRQ�

������.LORYROWr$PSHUHV r �6\PERO N9$�� ,Q$& FLUFXLWV� N9$ LV WKHPHDVXUH RI WKH DSSDUHQW SRZHU IORZLQJ LQ WKH
FLUFXLW� 7R ILQG WKH WUXH RU DFWXDO SRZHU �N:�� WKH N9$ PXVW EH PXOWLSOLHG E\ WKH SRZHU IDFWRU �H[SUHVVHG DV D
GHFLPDO��

������ 0DJQHWLVP� $ SKHQRPHQRQ RI FHUWDLQ PDWHULDOV �LURQ� QLFNHO� FREDOW�� VXFK WKDW� ZKHQ WKH DWRPV DUH
DOLJQHGZLWKLQ WKHPDWHULDOV� D ILHOG RI IRUFH LV VHW XSZKLFK FDQ HIIHFW RWKHUPDJQHWLFPDWHULDOV WKDW DUH ZLWKLQ WKDW
ILHOG� 2QH HQG RI D PDJQHW LV FDOOHG WKH QRUWK SROH DQG WKH RWKHU HQG LV WKH VRXWK SROH�

������ 0DJQHWLF )LHOG� 7KH OLQHV RI IRUFH GXH WR WKH SURSHU DOLJQPHQW RI WKH DWRPV DUH FDOOHG PDJQHWLF IOX[ OLQHV
DQG PDNH XS WKH PDJQHWLF ILHOG� %\ FRQYHQWLRQ� WKH OLQHV EHJLQ DW WKH QRUWK SROH DQG HQG DW WKH VRXWK SROH�

������ 0DJQHWL]LQJ &XUUHQW� 7UDQVIRUPHUV� PRWRUV DQG RWKHU HOHFWURrPDJQHWLF GHYLFHV FRQWDLQLQJ LURQ LQ WKH
PDJQHWLF FLUFXLW PXVW EH PDJQHWL]HG LQ RUGHU WR RSHUDWH� ,W LV FXVWRPDU\ WR VSHDN RI WKH ODJJLQJ LQGXFWLYH FXUUHQW
DV D PDJQHWL]LQJ FXUUHQW�

������0ROHFXOH� 7KH VPDOOHVW SDUWLFOH RI D FRPSRXQG WKDW UHWDLQV WKH SURSHUWLHV RI WKDW FRPSRXQG� $PROHFXOH LV
PDGH XS RI WZR RU PRUH DWRPV GHSHQGLQJ RQ WKH FRPSRXQG� 2QH PROHFXOH RI ZDWHU �+�2� LV PDGH XS RI WZR
K\GURJHQ DWRPV DQG RQH R[\JHQ DWRP�

������ 1DWLRQDO (OHFWULFDO &RGH9 r �1(&9�� 7KH 1DWLRQDO (OHFWULFDO &RGH9 LV D YROXPH RI VWDQGDUG HOHFWULFDO
UXOHV SUHSDUHG E\ WKH 1DWLRQDO )LUH 3URWHFWLRQ $VVRFLDWLRQ� 7KH FRGH FRQWDLQV EDVLF PLQLPXP SURYLVLRQV
FRQVLGHUHG QHFHVVDU\ IRU VDIHW\� 7KHVHPLQLPXP UXOHV DUHPRGLILHG� H[SDQGHG DQG LQWHUSUHWHG E\ ORFDO HOHFWULFDO
VDIHW\ JRYHUQLQJ ERGLHV� /RFDO HOHFWULFDO DQG EXLOGLQJ LQVSHFWRUV LQ D SDUWLFXODU FRPPXQLW\ VKRXOG EH FRQVXOWHG
IRU DQVZHUV WR VSHFLILF TXHVWLRQV DQG LQWHUSUHWDWLRQ RI WKH ORFDO FRGHV FRYHULQJ D SDUWLFXODU LQVWDOODWLRQ�

������ 1DWLRQDO (OHFWULFDO 0DQXIDFWXUHUV $VVRFLDWLRQ r �1(0$�� 7KLV LV DQ RUJDQL]DWLRQ RI HOHFWULFDO
PDQXIDFWXUHUV VHW XS WR SURYLGH OLPLWHG LQIRUPDWLRQ SHUWDLQLQJ WR FHUWDLQ W\SHV RI HOHFWULFDO HTXLSPHQW� $PDLQ
IXQFWLRQ RI WKH RUJDQL]DWLRQ LV WR HVWDEOLVK XQLIRUP QRPHQFODWXUH WKURXJKRXW WKH LQGXVWU\ DQG WR SURPRWH
PDQXIDFWXULQJ HFRQRPLFV� 1(0$ 6WDQGDUGV GR QRW FRYHU WUDFWLRQ JHQHUDWRUV� DUF ZHOGLQJ JHQHUDWRUV RU WKH
VHOIrUHJXODWHG W\SH JHQHUDWRU EHFDXVH WKHVH DUH VSHFLDOL]HG W\SHV RI HTXLSPHQW IURP PDQXIDFWXUHUV VHWWLQJ
DFFHSWDEOH VWDQGDUGV�

1DWLRQDO (OHFWULFDO &RGH9 DQG 1(&9 DUH UHJLVWHUHG WUDGHPDUNV RI WKH 1DWLRQDO )LUH 3URWHFWLRQ $VVRFLDWLRQ�
,QF�� 4XLQF\� 0$ ������

������ 1(0$'HVLJQ %� 1RUPDOr7RUTXH� JHQHUDO SXUSRVH LQGXFWLRQPRWRUV� 7KHVH PRWRUV FRPSULVH DERXW ���
RI DOO LQGXFWLRQ PRWRUV�
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������ 1(0$ 'HVLJQ &� +LJKr6WDUWLQJr7RUTXH� ORZrVWDUWLQJrFXUUHQW PRWRUVrrRIWHQ XVHG IRU VWDUWLQJ DQG
UXQQLQJ ORDGHG FRPSUHVVRUV� SXPSV� HWF�� ZKHUH D KLJK VWDUWLQJ WRUTXH LV UHTXLUHG�

������ 1(0$ 'HVLJQ '� +LJKr6WDUWLQJr7RUTXH� KLJKrVOLS PRWRUVrrDUH XVXDOO\ IRXQG LQ ORDGV KDYLQJ D IO\ZKHHO
HIIHFW� VXFK DV HOHYDWRUV� KRLVWV� SXQFK SUHVVHV� HWF�

������ 2KP� 7KH XQLW ZKLFK UHSUHVHQWV WKH DPRXQW RI HOHFWULFDO UHVLVWDQFH RU LPSHGDQFH WR WKH IORZ RI HOHFWULF
FXUUHQW�

������ 2KP
V /DZ� 7KLV LV WKH IXQGDPHQWDO ODZ RI HOHFWULFLW\� 7KH FXUUHQW LQ DQ\ HOHFWULFDO FLUFXLW LV LQYHUVHO\
SURSRUWLRQDO WR WKH UHVLVWDQFH RI WKH FLUFXLW DQGGLUHFWO\ SURSRUWLRQDO WR WKH HOHFWURPRWLYH IRUFH LQ WKH FLUFXLW� 7KLV
ODZ PD\ EH H[SUHVVHG LQ WKUHH ZD\V�

)RU '&�

,  ( 5  ( (  ,5
5 ,

,  FXUUHQW LV DPSHUHV
(  SRWHQWLDO GLIIHUHQFH LQ YROWV

5  UHVLVWDQFH LQ RKPV
)RU $&�

, ( =  ( (  ,=
= ,

,  FXUUHQW LV DPSHUHV
(  SRWHQWLDO GLIIHUHQFH LQ YROWV

=  HOHFWULFDO LPSHGDQFH LQ RKPV� )RU GLUHFW FXUUHQW = LV QXPHULFDOO\ HTXDO WR WKH
UHVLVWDQFH 5� ,Q $& FLUFXLWV = LV PDGH XS RI UHVLVWDQFH 5 DQG UHDFWDQFH ;�

�6HH LPSHGDQFH�

2QH YROW LV UHTXLUHG WR FDXVH RQ DPSHUH RI HOHFWULF FXUUHQW WR IORZ WKURXJK DQ LPSHGDQFH RI RQH
RKP�

(

, 5

:LWK WKLV GLDJUDP \RX FRYHU WKH YDOXH GHVLUHG ZLWK \RXU ILQJHU DQG WKH SURSHUPDWKHPDWLFDO UHODWLRQVKLS UHPDLQV
VKRZLQJ� )RU H[DPSOH� LI \RX ZDQW WR GHWHUPLQH WKH UHVLVWDQFH �5�� \RX ILQG
(� 7KHUHIRUH�5  (�
, ,

������ 2YHUORDG� 1(0$ 6WDQGDUG 0*�r�����rr2YHUORDG &DSDELOLW\ r 6WDWHV� *HQHUDO SXUSRVH� SULPH SRZHU
V\QFKURQRXV JHQHUDWRUV VKDOO EH FDSDEOH RI FDUU\LQJ���RYHUORDG IRU WZRKRXUV RXW RI DQ\ ��� ,W LV UHFRJQL]HG WKDW
WKH WHPSHUDWXUH ULVH ZLOO GLIIHU IURP UDWHG YDOXHV ZKHQ JHQHUDWRUV DUH VXEMHFWHG WR RYHUORDG FRQGLWLRQ�

������ 2YHUVSHHG� 1(0$ 6WDQGDUGV IRU 6\QFKURQRXV *HQHUDWRUV 0*�r����� r 2YHUVSHHGV VWDWHV� *HQHUDO
SXUSRVH V\QFKURQRXV JHQHUDWRUV VKDOO EH VR FRQVWUXFWHG WKDW� LQ DQ HPHUJHQF\� QRW WR H[FHHG �PLQXWH� JHQHUDWRUV
UDWHG IRU ���� USP RU OHVV� ZLOO ZLWKVWDQG DQ RYHUVSHHG RI ��� ZLWKRXW PHFKDQLFDO LQMXU\�
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������ 3DUDOOHO 2SHUDWLRQ� 8QLWV WR EH SDUDOOHOHG PXVW KDYH WKH VDPH IUHTXHQF\� WKH VDPH QXPEHU RI SKDVHV� WKH
VDPH YROWDJH� WKH VDPH SKDVH URWDWLRQ� 7KH ODWWHU PHUHO\PHDQV WKDW WKH YROWDJHV DFURVV WKH WHUPLQDOV PXVW UHDFK
WKHLU PD[LPXP DQG PLQLPXP YDOXHV LQ WKH VDPH RUGHU� 2WKHUZLVH� WKH PDJQHWLF IRUFHV ZRXOG WU\ WR WXUQ WKH
URWRUV LQ RSSRVLWH GLUHFWLRQV�

������ 3RZHU� '& SRZHU LV DOZD\V WKH SURGXFW RI 9ROWV WLPHV $PSV DQG LV H[SUHVVHG LQ :DWWV�

:DWWV  9ROWV [ $PSV �3  ( [ ,�

$& RXWSXW RI D JHQHUDWRU LV WKH DSSDUHQW SRZHU DQG LV HTXDO WR WKH 9ROWV WLPHV $PSV� DV PHDVXUHG DW WKH
JHQHUDWRU�

������ $SSDUHQW 3RZHU �N9$�  (,
����

7KH DSSDUHQW SRZHU �N9$� GHYHORSHG E\ WKH JHQHUDWRU LV XVHG LQ WZR SODFHV�

�� 8VHDEOH SRZHU IRU WKH ORDG �N:��
�� /RVW SRZHU GXH WR UHDFWDQFH �N9$5� RI WKH ORDG�
7KH SRZHU XVHG LQ WKH ORDG LV FDOOHG WKH XVHDEOH RU UHDO SRZHU DQG LV H[SUHVVHG LQ :DWWV RU NLOR:DWWV �N:��
:KHQHYHU WKH ZRUGV :DWWV RU N: LV XVHG� LW PHDQV XVHDEOH SRZHU�

7KH SRZHU ORVW EHFDXVH RI WKH UHDFWDQFH LV FDOOHG UHDFWLYH SRZHU RU NLOR 9ROWr$PSVrUHDFWLYH �N9$5�� 7KLV ORVW
SRZHU GRHV QR ZRUN�

7KH IROORZLQJ WULDQJOH LV D JUDSKLF UHSUHVHQWDWLRQRI WKH UHODWLRQVKLSV EHWZHHQ DSSDUHQW� UHDO� DQG UHDFWLYH SRZHU�

5HDFWLYH 3RZHU
�N9$5�

7UXH 3RZHU �N:�

$SSDUHQW 3RZHU
�N9$�

������ 3RZHU &RQGLWLRQHU� $ GHYLFH ZKLFK UHPRYHV XQGHVLUDEOH WUDQVLHQWV DQG GLVWRUWLRQ IURP D SRZHU VRXUFH�

������ 3RZHU )DFWRUrr�6\PERO 3)�� 3RZHU IDFWRU LV WKH UDWLR IRU H[SUHVVLQJ ZKDW SDUW RI WKH DSSDUHQW SRZHU
�N9$� IORZLQJ LQ DQ $& FLUFXLW LV WUXH SRZHU �N:��

3RZHU )DFWRU  N:
N9$

$W XQLW\ SRZHU IDFWRU WKH N:DQG N9$DUH HTXDO� $W DQ\ SRZHU RWKHU WKDQ XQLW\ �OHDGLQJ RU ODJJLQJ SRZHU IDFWRU��
WKH N9$ DUH JUHDWHU WKDQ WKH N:� :KHQ WKLV LV WUXH WKHUH LV D UHDFWLYH FRPSRQHQW RI WKH WRWDO N9$ IORZLQJ LQ WKH
FLUFXLW�

0DWKHPDWLFDOO\� SRZHU IDFWRU LV HTXDO WR WKH FRVLQH RI WKH DQJOH E\ ZKLFK WKH FXUUHQW OHDGV RU ODJV WKH YROWDJH�

:LWK D ORZ SRZHU IDFWRU ORDG� WKH UHDFWLYH FRPSRQHQW LV ODUJHU DQG WKXV PRUH N9$ FDSDFLW\ LV UHTXLUHG RI WKH
JHQHUDWRU VXSSO\LQJ WKH SRZHU� )RU D JLYHQ N: ORDG WKH LQFUHDVH LQ N9$ FDXVHG E\ D ORZ SRZHU IDFWRU PHDQV
LQFUHDVHG$PSHUHV WKURXJK WKH FRLOV� 7KH FDSDFLW\ �N9$� RI JHQHUDWRUV� WUDQVIRUPHUV� HWF�� LV QRUPDOO\ OLPLWHGE\
WKH FXUUHQW FDSDFLW\ DQG KHDWLQJ OLPLWV RI WKH FRLOV�
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������ 3ULPH 3RZHU� 7KH UDWLQJ DW ZKLFK D JHQHUDWRUPD\ EH RSHUDWHG FRQWLQXRXVO\ DV D VROH VRXUFH RI SRZHU� ZLWK
LQWHUPLWWHQW RYHUORDGV XS WR WKH VWDQGE\ UDWLQJ�

������ 5HDFWLYH'URRS&RPSHQVDWLRQ� $V\VWHP VLPLODU WR FURVV FXUUHQW FRPSHQVDWLRQ �VHH GHILQLWLRQ� LQZKLFKDQ
DUWLILFLDO YROWDJH GURRS LV LQWURGXFHG RQ UHDFWLYH SRZHU� RQO\ DV QHFHVVDU\ WR IRUFH JHQHUDWRUV WR GLYLGH UHDFWLYH
ORDG ZKHQ RSHUDWLQJ LQ SDUDOOHO� 1R FURVVrFXUUHQW FRQQHFWLRQ EHWZHHQ JHQHUDWRUV LV UHTXLUHG� 7KLV V\VWHP LV
XVXDOO\ SUHIHUUHG WR FURVVrFXUUHQW FRPSHQVDWLRQ�

������ 5HDFWLYH .LORYROWr$PSHUHV r �6\PERO 5N9$ RU N9$5�� 5HDFWLYH N9$ LV WKH PHDVXUH RI WKH UHDFWLYH RU
PDJQHWL]LQJ FRPSRQHQW RI WKH WRWDO N9$ IORZLQJ LQ D FLUFXLW� 7KH RXWrRIrSKDVH RU UHDFWLYH FRPSRQHQW VHUYHV WKH
LPSRUWDQW IXQFWLRQ RI PDJQHWL]LQJ WKH PDJQHWLF HTXLSPHQW� L�H�� LQGXFWLRQ PRWRUV� WUDQVIRUPHUV� HWF�� GXULQJ D
SRUWLRQ RI HDFK F\FOH� 7KH PDJQLWXGH RI WKLV FRPSRQHQW LV GHWHUPLQHG E\ WKH SURSRUWLRQ RI PDJQHWLF HTXLSPHQW
WR WKH SXUH UHVLVWDQFH ORDGV ZKLFK GHWHUPLQHV WKH DPRXQW RI WKH FXUUHQW ODJV WKH YROWDJH� 0DWKHPDWLFDOO\ WKH
WDQJHQW RI WKH DQJOH RI ODJ LV HTXDO WR WKH UHDFWLYH N9$ GLYLGHG E\ WKH N:� ,Q D WKUHHrSKDVH FLUFXLW�

N9$5  � [ YROWV [ UHDFWLYH DPSHUHV
����

������ 5HFWLILHU� ,I RQO\ DOWHUQDWLQJ FXUUHQW LV DYDLODEOH� LW PD\ EH FRQYHUWHG LQWR GLUHFW FXUUHQW E\ XVLQJ GHYLFHV
ZKLFK RIIHU D KLJK UHVLVWDQFH WR WKH IORZ RI FXUUHQW LQ RQH GLUHFWLRQ DQG D ORZ UHVLVWDQFH WR WKH IORZ LQ WKH RSSRVLWH
GLUHFWLRQ� 7KHVH GHYLFHV DUH FDOOHG UHFWLILHUV� $ FRPPRQ UHFWLILHU LV WKH GLRGH�

������ 5HJXODWLRQ� 9ROWDJH UHJXODWLRQ LV GHILQHG DV WKH ULVH LQ YROWDJH �ILHOG FXUUHQW DQG VSHHG UHPDLQLQJ
FRQVWDQW�� ZKHQ IXOO ORDG LV WKURZQ RII WKH JHQHUDWRU�

� 9ROWDJH 5HJXODWLRQ  �YROWDJH DW QR ORDG r YROWDJH DW IXOO ORDG� [ ���
YROWDJH DW IXOO ORDG

6SHHG UHJXODWLRQ LV VLPLODU�

� VSHHG UHJXODWLRQ  �QR ORDG USP r IXOO ORDG USP� [ ���
IXOO ORDG USP

������ 5HVLVWDQFH� (OHFWULFDO UHVLVWDQFH LV WKDW TXDOLW\ RI DQ HOHFWULF FLUFXLW WKDW RSSRVHV WKH IORZRI FXUUHQW WKURXJK
LW� ,Q WKH HOHFWULF FLUFXLW� WKH ODUJHU WKH GLDPHWHU RI WKH ZLUHV WKH ORZHU ZLOO EH WKHLU HOHFWULFDO UHVLVWDQFH WR WKH IORZ
RI FXUUHQW WKURXJK WKHP� 7HPSHUDWXUH DOVR DIIHFWV WKH UHVLVWDQFH RI HOHFWULFDO FRQGXFWRUV WR VRPH H[WHQW� ,QPRVW
FRQGXFWRUV �FRSSHU� DOXPLQXP� HWF�� WKH UHVLVWDQFH LQFUHDVHV ZLWK WHPSHUDWXUH�

������ 5HVLVWRU� $ GHYLFH XVHG WR OLPLW FXUUHQW IORZ�

������ 5KHRVWDW� $Q DGMXVWDEOH UHVLVWDQFH XVHG IRU WKH SXUSRVH RI FRQWUROOLQJ� OLPLWLQJ RU DGMXVWLQJ WKH DPRXQW RI
FXUUHQW IORZ LQ D FLUFXLW LV FDOOHG D UKHRVWDW RU SRWHQWLRPHWHU� 5KHRVWDWV DUH RIWHQ VR FRQVWUXFWHG WKDW WKH
UHVLVWDQFH LQ WKH FLUFXLW PD\ EH YDULHG E\ WXUQLQJ D NQRE RU PRYLQJ D OHYHU�

������ 5LJKWr+DQG5XOH� :KHQ XVLQJ WKH lFXUUHQW IORZ WKHRU\l WKH FXUUHQW IORZV IURP SRVLWLYH WR QHJDWLYH� ,I WKH
WKXPE RI WKH ULJKW KDQG LV SRLQWHG DORQJ WKH FRQGXFWRU LQ WKH GLUHFWLRQ RI FXUUHQW IORZ WKHQ WKH ILQJHUV� ZKHQ
ZUDSSHG DURXQG WKH FRQGXFWRU� ZLOO LQGLFDWH WKH GLUHFWLRQ RI WKH PDJQHWLF OLQHV RI IRUFH�

������ 6KRUWr&LUFXLW 5DWLR� 7KH UDWLR RI WKH H[FLWHU ILHOG FXUUHQW IRU UDWHG RSHQ FLUFXLW DUPDWXUH YROWDJH DW UDWHG
IUHTXHQF\ WR WKH ILHOG FXUUHQW IRU UDWHG DUPDWXUH FXUUHQW RQ VXVWDLQHG V\PPHWULFDO VKRUW FLUFXLW DW UDWHG IUHTXHQF\
LV FDOOHG WKH VKRUWrFLUFXLW UDWLR RI WKH JHQHUDWRU�

������ 6LQJOHr3KDVH� $ VLQJOHrSKDVH $& FLUFXLW LV JHQHUDOO\ VHUYHG E\ � RU � ZLUHV� 6LQJOHrSKDVH LV PRVW
FRPPRQO\ XVHG IRU OLJKWLQJ DQG IUDFWLRQDOrKRUVHSRZHU ORDGV� 6LQJOHrSKDVHPD\ EH REWDLQHG IURP D VLQJOHrSKDVH
JHQHUDWRU� IURP D WKUHHrSKDVH JHQHUDWRU EHWZHHQ DQ\ SKDVH DQG QHXWUDO� RU EHWZHHQ DQ\ WR SKDVHV�
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������ 6WDU &RQQHFWLRQ� 6HH :\H &RQQHFWLRQ�

������ 6WDUWLQJ N9$� ,QGXFWLRQ PRWRUV GHPDQG PRUH N9$ WR VWDUW WKDQ LV UHTXLUHG IRU VWHDG\ VWDWH RSHUDWLRQ�
l6WDUWLQJ N9$l LV XVHG WR GHILQH WKH FRQGLWLRQ RI WKLV H[WUD GHPDQG� ZKLFK QRUPDOO\ ODVWV IRU D EULHI SHULRG RI
VHFRQGV RU OHVV� ,W LV D WUDQVLHQW HIIHFW� EXW RI JUHDW LPSRUWDQFH� 6WDQGDUG PRWRUV KDYH D FRGH OHWWHU LQGLFDWLQJ
VWDUWLQJ N9$ SHU KS�

������ 6\QFKURQRXV 6SHHG� 7KH QXPEHU RI SROHV LQ DQ $& JHQHUDWRU LV GLUHFWO\ UHODWHG WR WKH V\QFKURQRXV RU
RSHUDWLQJ VSHHG� $Q\ VSHHG FDQ EH REWDLQHG WKDW FRUUHVSRQGV WR DQ\ HYHQ QXPEHU RU SDLU RI SROHV DQG WKH GHVLUHG
IUHTXHQF\�

1  ���I I  IUHTXHQF\ LQ F\FOHV SHU VHFRQG
3 1  V\QFKURQRXV VSHHG LQ 530

3  1XPEHU RI SROHV

�� +]� �� +]�

USP
1XPEHU
RI 3ROHV USP

1XPEHU
RI 3ROHV

���� �
���� �
��� �

���� �
���� �

7R PDLQWDLQ UDWHG IUHTXHQF\� WKH VSHHG RI WKH JHQHUDWRU PXVW EH PDLQWDLQHG DV VKRZQ DERYH�

������ 6\QFKURVFRSH� $V\QFKURVFRSH LV DQ LQVWUXPHQW IRU LQGLFDWLQJZKHQJHQHUDWRUV DUH LQ SURSHU SKDVH UHODWLRQ
IRU FRQQHFWLQJ LQ SDUDOOHO DQG DW WKH VDPH WLPH VKRZLQJ ZKHWKHU WKH LQFRPLQJ JHQHUDWRU LV UXQQLQJ IDVW RU VORZ�
7KH LQVWUXPHQW KDV WZR LQGHSHQGHQW FLUFXLWV� RQH EHLQJ FRQQHFWHG WR WKH LQFRPLQJ JHQHUDWRU DQG WKH RWKHU WR WKH
EXV� 7KHPDJQHWLF ILHOGV VHW XS E\ WKHVH WZR FLUFXLWV FDXVH WKH KDQG WR URWDWH� :KHQ WKH KDQG FRPHV WR D VWDQGVWLOO
DW WKH PDUN RQ WKH GLDO LQGLFDWLQJ V\QFKURQLVP� WKH VZLWFK FRQQHFWLQJ WKH JHQHUDWRU WR WKH EXV OLQH PD\ EH FORVHG�

������ 7HOHSKRQH ,QIOXHQFH )DFWRU r �6\PERO7,)�� 7KLV LV WKHPHDVXUH RI WKH LQGXFWLYH HIIHFWRI DSRZHU V\VWHPRQ
QHDUE\ WHOHSKRQH FLUFXLWV DV UHSUHVHQWHG E\ WKH QRLVH OHYHO LQ WKH WHOHSKRQH UHFHLYHU� 7HFKQLFDOO\� WKH 7,) RI D
WKUHHrSKDVH V\QFKURQRXV PDFKLQH LV WKH UDWLR RI WKH VTXDUH URRW RI WKH VXP RI WKH VTXDUHV RI WKH ZHLJKWHG 506
YDOXHV RI WKH IXQGDPHQWDO DQG QRQrWULSOH VHULHV KDUPRQLFV WR WKH 706 YDOXH RI WKH QRUPDO QRrORDG YROWDJH ZDYH�
7HOHSKRQH UHFHLYHUV DUH QRUPDOO\ GHVLJQHG DW D UHVRQDQW IUHTXHQF\ RI DSSUR[LPDWHO\ ���� +]� 7KH KXPDQ HDU LV
YHU\ VHQVLWLYH WR WKH IUHTXHQF\ RI ���� +]� $ KLJK 7,) LQGLFDWHV SUHVVXUH RI KDUPRQLFV ZKLFK VKRZ DV D KLJK
SLWFKHG KXP LQ D QHDUE\ WHOHSKRQH FLUFXLW� $ ��rF\FOH SXUH VLQH ZDYH KDV D 7,) RI XQLW\� $ FRPPHUFLDOO\
DFFHSWDEOH QRUPDO EDODQFHG 7,) IRU JHQHUDWRUV ZLWK N9$ UDWLQJV IURP ���� WR ���� LV ���� )URP ���� WR ��� N9$�
DFFHSWDEOH 7,) LV ����

������ 7HPSHUDWXUH 5DWLQJ� $ JHQHUDWRU ZLWK D WHPSHUDWXUH ULVH UDWLQJ RI ���E) ����E&�� LV RQH LQ ZKLFK WKH
PDQXIDFWXUHU JXDUDQWHHV WKDW WKH WHPSHUDWXUH RI WKH JHQHUDWRU ZLOO QRW ULVH PRUH WKDQ ���E) ����E&� DERYH DQ
DPELHQW �VXUURXQGLQJDLU� WHPSHUDWXUH RI ���E) ���E&�� ZKHQ FDUU\LQJ IXOO UDWHG ORDG FRQWLQXRXVO\� DW DQ DOWLWXGH
QRW H[FHHGLQJ ���� IW� �����P� DERYH VHDrOHYHO� 7KH WHUP lUDWHG ORDGl LPSOLHV WKDW WKH YROWDJH DQG SRZHU IDFWRU
DUH DV FDOOHG IRU E\ WKH QDPHSODWH RI WKH JHQHUDWRU� 7KH VDPH JHQHUDWRU LV SHUPLWWHG �E\ 1(0$0*�r����� WR
KDYH D ���E) ����E&� WHPSHUDWXUH ULVH DW D VWDQGE\ UDWLQJ�

7KH WHPSHUDWXUH ULVH RI ���E) ����E&� RYHU DPELHQW WHPSHUDWXUH JLYHQ DERYH� LV EDVHG RQPHDVXUHPHQW RI URWRU
DQG VWDWRU WHPSHUDWXUH E\ UHVLVWDQFH�

������ 7KUHHr3KDVH� $ WKUHHrSKDVH $& FLUFXLW LV D FRPELQDWLRQ RI WKUHH HOHFWULFDO FLUFXLWV ZLWK D YROWDJH SKDVH
GLIIHUHQFH RI ��� HOHFWULFDO GHJUHHV ���� F\FOH�� $ WKUHHrSKDVH V\VWHP PD\ HLWKHU EH �rZLUH� RU �rZLUH ��rZLUHV
DQG D QHXWUDO��
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������ 7LPH &RQVWDQW� $Q\ GHYLFH ZLWK LURQ LQ WKH PDJQHWLF FLUFXLW KDV ZKDW DPRXQWV WR PDJQHWLF LQHUWLD� 7KLV
LQHUWLD RSSRVHV DQ\ FKDQJH RI FXUUHQW HYHQ WKRXJK WKH YROWDJH LV FKDQJLQJ� ,I D JHQHUDWRU LV VKRUW FLUFXLWHG� WKH
WLPH UHTXLUHG IRU WKH VKRUWrFLUFXLW FXUUHQW WR GURS WR �����RI WKH RULJLQDOPD[LPXPVKRUWrFLUFXLW FXUUHQW LV FDOOHG
WKH JHQHUDWRU WLPH FRQVWDQW� 7KLV FRQVWDQW LV LPSRUWDQW LQ GHWHUPLQLQJ WKH YROWDJH FKDQJH DQG YROWDJH UHFRYHU\ RI
D JHQHUDWRU ZKHQ D VXGGHQ ORDG FKDQJH RFFXUV�

������ 7RUVLRQDO 9LEUDWLRQ� 7RUVLRQDO YLEUDWLRQ PD\ EH IRXQG LQ WKH VKDIWLQJ RI DQ\ URWDWLQJ PDFKLQHU\ LQ ZKLFK
WKHUH LV F\FOLF WRUTXH YDULDWLRQ� $ WRUVLRQDO YLEUDWLRQ LV D SHULRGLF RVFLOODWLRQ DERXW D FHQWUDO D[LV� 6KRXOG WKLV
YLEUDWLRQ UHDFK GDQJHURXV SURSRUWLRQV DW D VRrFDOOHG FULWLFDO VSHHG� VHULRXV GDPDJH FRXOG EH LQIOLFWHG RQ WKH
DVVRFLDWHG PDFKLQHU\� 7KH WRUVLRQDO VWUHVV RI HQJLQH JHQHUDWRU VHWV PXVW EH FDOFXODWHG DQG�RU WHVWHG WR DVVXUH
VDWLVIDFWRU\ SHUIRUPDQFH�

������ 8QLQWHUUXSWLEOH 3RZHU 6XSSO\ �836�� $ V\VWHP GHVLJQHG WR SURYLGH SRZHU ZLWKRXW GHOD\ RU WUDQVLHQWV
GXULQJ DQ\ SHULRG WKDW WKH QRUPDO SRZHU VXSSO\ LV LQFDSDEOH RI SHUIRUPLQJ DFFHSWDEO\�

������ 9ROW r �6\PERO9 RU(�� 7KH XQLW IRUPHDVXULQJHOHFWULF SUHVVXUH RU HOHFWURPRWLYH IRUFH UHTXLUHG WR IRUFH DQ
HOHFWULF FXUUHQW WR IORZ� 9ROWDJH DFWXDOO\ VKRZV WKH GLIIHUHQFH LQ HOHFWURPRWLYH IRUFH EHWZHHQ WZR SRLQWV LQ D
FLUFXLW� 2QH YROW LV UHTXLUHG WR IRUFH RQH DPSHUH WKURXJKRQH RKPRI UHVLVWDQFH� ,QDQ$&FLUFXLW KDYLQJD WUXH VLQH
ZDYH WKH 506 �URRW PHDQ VTXDUH� RU HIIHFWLYH YROWV LV HTXDO WR ����� WLPHV WKH PD[LPXP YROWV� 7KH XVXDO $&
YROWPHWHU JHQHUDOO\ PHDVXUHV HIIHFWLYH YROWV� DQG XQOHVV RWKHUZLVH VSHFLILHG� YROWDJH YDOXHV DUH DOZD\V JLYHQ DV
HIIHFWLYH YROWV�

������ 9ROWDJHV r 6WDQGDUG� 7KH HOHFWULFDO PDQXIDFWXULQJ LQGXVWU\ KDV VWDQGDUGL]HG WR D FHUWDLQ H[WHQW RQ
YROWDJHV� 6WDQGDUG JHQHUDWRU YROWDJHV DUH KLJKHU WKDQPRWRU RU QRPLQDO YROWDJHV WR DOORZ IRU VRPH YROWDJH GURS LQ
WKH GLVWULEXWLRQ OLQHV� $V D JHQHUDO UXOH� $& HOHFWULF PRWRUV DUH GHVLJQHG WR RSHUDWH VXFFHVVIXOO\ RQ SOXV RUPLQXV
���RI QDPHSODWH RU QRPLQDO YROWDJH� 0RVW H[WHUQDOO\ UHJXODWHG JHQHUDWRUV ZLOO RSHUDWHZLWKLQ SOXV RUPLQXV ��
RI QDPHSODWH YROWDJH�

$OWHUQDWLQJ &XUUHQW
6WDQGDUG 9ROWDJH

*HQHUDWRU 0RWRU RU 1RPLQDO

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

��� �rSKDVH� �rZLUH

��� �rSKDVH� �rZLUH

��� 6LQJOHrSKDVH� �rZLUH

��� 6LQJOHrSKDVH� �rZLUH

������ 9ROWDJH 'LS� l9ROWDJH'LSl LV WKHPRPHQWDU\ GURSRI JHQHUDWRU RXWSXW YROWDJH WKDW RFFXUV ZKHQHYHU D ORDG
LV DGGHG WR WKH V\VWHP� 7KHUH LV D PRPHQWDU\ LQFUHDVH LQ RXWSXW YROWDJH ZKHQHYHU D ORDG LV UHPRYHG IURP WKH
V\VWHP� 7KLV LV FDOOHG l9ROWDJH 5LVH�l l9ROWDJH 5LVHl LV VHOGRP RI FRQFHUQ ZLWK DQ DGHTXDWH YROWDJH UHJXODWRU�

������ 9ROWPHWHU� 7KLV LQVWUXPHQW ZKHQ FRQQHFWHG DFURVV WKH OLQH ZLOO LQGLFDWH WKH SRWHQWLDO GLIIHUHQFH LQ YROWV�
$FWXDOO\� WKHVH LQVWUXPHQWV XVXDOO\ RSHUDWH RQ WKH VDPH SULQFLSOH DV DQ DPPHWHU H[FHSW WKDW D KLJK UHVLVWDQFH LV
SODFHG LQ VHULHV ZLWK WKH FRLO VR WKDW WKH FXUUHQW IORZ LV OLPLWHG ZKHQ WKH PHWHU LV FRQQHFWHG DFURVV WKH OLQH� 7KH
FXUUHQW LQ WKH FRLO LV WKHUHIRUH SURSRUWLRQDO WR WKH OLQH YROWDJH� 7KH VFDOH LV QRW XQLIRUPO\ GLYLGHG� DV RQ '&
YROWPHWHUV� IRU WKH GHIOHFWLRQV DUH YHU\ QHDUO\ SURSRUWLRQDO WR WKH VTXDUH RI WKH YROWDJH� 7KH GLYLVLRQV DW WKH ORZHU
SDUW RI WKH VFDOH DUH FURZGHG VR WKDW SRRU SUHFLVLRQ LV REWDLQHG� 7KH GLYLVLRQV DW WKHPLGGOH DQG XSSHU SRUWLRQV RI
WKH VFDOH� KRZHYHU� DUH XVXDOO\ VXFK WKDW WKH\ PD\ EH UHDG ZLWK SUHFLVLRQ�
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������ :DWW� 6HH NLORZDWW�

������ :DWWPHWHU� (OHFWULF SRZHU LV PHDVXUHG E\ PHDQV RI D ZDWWPHWHU� %HFDXVH HOHFWULF SRZHU LV D IXQFWLRQ RI
FXUUHQW DQG YROWDJH� D ZDWWPHWHU PXVW KDYH WZR HOHPHQWV� RQH IRU FXUUHQW DQG WKH RWKHU IRU YROWDJH� 7KH SRZHU
LQGLFDWHG E\ D ZDWWPHWHU LV D UHVXOW RI WKH YROWDJH DFURVV WKH ORDG� WKH FXUUHQW WKURXJK WKH ORDG� DQG WKH SRZHU
IDFWRU RQ WKH ORDG� ,Q HIIHFW� WKH ZDWWPHWHU PXOWLSOLHV WKH YROWDJH� FXUUHQW DQG SRZHU IDFWRU WR LQGLFDWH WKH WUXH
SRZHU� :KHQ XVLQJ D ZDWWPHWHU� WDNH DOO SUHFDXWLRQVPHQWLRQHG IRU DPPHWHUV DQG YROWPHWHUV� ,Q DGGLWLRQ�PDNH
VXUH WKDW QHLWKHU WKH FXUUHQW QRU YROWDJH H[FHHGV WKH ZDWWPHWHU FDSDFLW\� 7HVW WKH FLUFXLW ZLWK D YROWPHWHU DQG
DPPHWHU EHIRUH FRQQHFWLQJ D ZDWWPHWHU� 7KH ZDWWPHWHU VFDOH GHIOHFWLRQ GRHV QRW LQGLFDWH ZKHWKHU WKH PHWHU LV
RYHUORDGHG RU QRW� 7KH YROWDJH PD\ EH ORZ DQG WKH FXUUHQW KLJK DQG VWLOO LQGLFDWH D WUXH SRZHU ZLWKLQ WKH PHWHU
VFDOH OLPLW� EXW WKH FXUUHQW HOHPHQW PD\ EH RYHUORDGHG�

������ :DYH )RUP� 7KH VKDSH RI WKH YROWDJH ZDYH ZKLFK D JHQHUDWRU SURGXFHV LV ODUJHO\ XQGHU WKH FRQWURO RI WKH
GHVLJQHU� DOWKRXJK PRVW PDFKLQHV DUH GHVLJQHG WR SURGXFH ZDYHV WKDW FORVHO\ DSSUR[LPDWH WKH WUXH VLQH ZDYH�
6XFK IDFWRUV DV K\VWHUHVLV� URWRU DQG VWDWRU VORWWLQJ� DQG DUPDWXUH UHDFWDQFH SUHYHQW D SHUIHFW VLQH IURP EHLQJ
JHQHUDWHG�

������ :\H &RQQHFWLRQ� ,Q D Z\H RU VWDUrFRQQHFWHG JHQHUDWRU WKH WKUHH VWDUW HQGV RI HDFK VLQJOHrSKDVH ZLQGLQJ
DUH FRQQHFWHG WRJHWKHU WR D FRPPRQ QHXWUDO SRLQW� DQG WKH RSSRVLWH RU ILQLVK HQGV DUH FRQQHFWHG WR WKH OLQH
WHUPLQDOV� :KHQ ERWK ORZrYROWDJH� VLQJOHrSKDVH ORDGV DQG KLJKHUrYROWDJH� WKUHHrSKDVH ORDGV DUH HQFRXQWHUHG� D
OLQH WR WKH QHXWUDO RU FRPPRQ SRLQW ZLOO VHUYH DV D FRPPRQ UHWXUQ FLUFXLW IRU DOO WKUHH SKDVHV� L�H�� �������rYROW�
�rSKDVH� �rZLUHPDFKLQH� ,Q D Z\HrFRQQHFWHGPDFKLQH WKH YROWDJH IURP OLQH WR OLQH LV HTXDO WR WKH SURGXFW RI ����
DQG WKH OLQH WR QHXWUDO YROWDJH� )RU H[DPSOH� LQ D ���rYROW PDFKLQH WKH OLQH WR QHXWUDO YROWDJH LV ��� RU ��� YROWV�

�

:LWK D �rZLUH� �������rYROW JHQHUDWRU� PRWRUV FDQ EH RSHUDWHG RQ WKH �rSKDVH� ���rYROW OHDGV� DQG ���rYROW
OLJKWLQJ ORDGV FDQEH FRQQHFWHG DQ\ZKHUH LQ WKH FLUFXLW EHWZHHQ WKH YDULRXV OLQHV DQG WKH QHXWUDO� ,I WKLV LV GRQH LW LV
LPSRUWDQW WR EDODQFH WKH ���rYROW� VLQJOHrSKDVH ORDG DVPXFKDV SRVVLEOH VR WKDW DOO RI WKHDGGHG OLJKWLQJ ORDG LV QRW
FRQQHFWHG WR RQH VLQJOHrSKDVH OHJ RU FRLO�

������:RXQGr5RWRU0RWRU� 7KH ZRXQGrURWRU RU VOLSrULQJ LQGXFWLRQPRWRU LV XVHGZKHQ LW LV QHFHVVDU\ WR YDU\ WKH
URWRU UHVLVWDQFH LQ RUGHU WR OLPLW WKH VWDUWLQJ FXUUHQW RU WR YDU\ WKH PRWRU VSHHG� 7KH KLJK UHVLVWDQFH LV XVHG IRU
VWDUWLQJ DQGZKHQ WKHPRWRU FRPHV XS WR VSHHG WKH UHVLVWDQFH LV FXW RXW� 7KH UXQQLQJ FKDUDFWHULVWLFV DUH DERXW WKH
VDPH DV D VWDQGDUG VTXLUUHOrFDJH PRWRU� 7KH ZRXQGrURWRU PRWRU JLYHV KLJK VWDUWLQJ WRUTXH ZLWK FRPSDUDWLYHO\
ORZ VWDUWLQJ FXUUHQW� 2Q WKH RWKHU KDQG� LWV LQLWLDO DQG PDLQWHQDQFH FRVWV DUH KLJK DQG WKH H[WHUQDO UHVLVWDQFH LV
EXON\�

1RUPDOO\ DZRXQGrURWRUPRWRUZLOO KDYH DQ LQVWDQWDQHRXV VWDUWLQJ FXUUHQW RI ���r����RI UDWHG IXOOrORDG FXUUHQW
DQG WKH FXUUHQW GXULQJ DFFHOHUDWLRQ LV DSSUR[LPDWHO\ ���� RI IXOOrORDG FXUUHQW� :LWK WKH KLJK UHVLVWDQFH LQ WKH
VWDUWLQJ FLUFXLW WKH SRZHU IDFWRU LV KLJK RQ VWDUW� VR WKH XVXDO OLPLWLQJ IDFWRU LQ WKH VHOHFWLRQ RI D JHQHUDWRU VHW LV N:
FDSDFLW\ RI WKH HQJLQHrJHQHUDWRU VHW�



$
$LU ,QOHW�2XWOHW
GXFW DUUDQJHPHQW� DLU FRROLQJ� (��
ORFDWLRQV
DLU FRROLQJ� (��
XQLW UDGLDWRU FRROLQJ� (��

UHVWULFWLRQ DOORZDQFH
DLU FRROLQJ� (��
XQLW UDGLDWRU FRROLQJ� (��

VL]LQJ
DLU FRROLQJ� (��
XQLW� �PRXQWHG UDGLDWRU FRROLQJ� (��

VWDWLF SUHVVXUH HIIHFWV� XQLW UDGLDWRU FRROLQJ� (��

$LU 5HTXLUHPHQWV
DLU� �FRROHG HQJLQHV� '�
FLW\� �ZDWHU FRROLQJ� (��
FRPEXVWLRQ� $��
FRROLQJ� $��
H[KDXVW SLSLQJ� YHQWLODWLQJ� (��
OLTXLG� �FRROHG HQJLQHV� '�
UHPRWH� �UDGLDWRU FRROLQJ� (��
WRWDO� $��
WRWDO� DLU� �FRROHG HQJLQHV� (��
YHQWLODWLQJ� LQVXODWHG H[KDXVW PDQLIROGV� '�
YHQWLODWLQJ� ZDWHU� �FRROHG H[KDXVW PDQLIROGV� '�

$ODUP
DQQXQFLDWRU� KHDOWK FDUH IDFLOLWLHV� $�
KRUQ� '��
OLJKWV� '��
ORZ EDWWHU\ YROWDJH� $��
ORZ IXHO� $��
1)3$� ���� SDFNDJH� '��
UHPRWH DXGLR� �YLVXDO SDQHO� '��
VLJQDOV� /HYHO � LQVWDOODWLRQV� $��
VLJQDOV� /HYHO � LQVWDOODWLRQV� $��
V\VWHP� OLIH� �VDIHW\ EUDQFK� $�
V\VWHPV� H[DPSOH RI HVVHQWLDO ORDG� %�
WUDQVIHU VZLWFK� DXGLEOH� )��
WUDQVIHU WDQNV� (�

$PSDFLW\� RI FRQGXFWRUV� $�
DW SRLQW RI FRQWURO LQVWDOODWLRQ� )�
RI DXWRPDWLF WUDQVIHU VZLWFK� )�

$QQXQFLDWRU
UHPRWH� KHDOWK FDUH IDFLOLWLHV� $�
UHPRWH� 1)3$� ���� '��

%
%DFN 3UHVVXUH� (��
GHWHUPLQLQJ� (��

LQ VLOHQFHU VHOHFWLRQ� '�
OLPLW� HQJLQH PDQXIDFWXUHU� (��
VLOHQFHU� (��

%DWWHU\
FKDUJHU IRU FUDQNLQJ EDWWHU\� $�
FKDUJHU PDOIXQFWLRQ DODUP� '��
FKDUJHU PDOIXQFWLRQ LQGLFDWLRQ� $�
FKDUJHU PDOIXQFWLRQ VLJQDO� $�
FKDUJHU UHTXLUHPHQWV� $��
FKDUJHU� LQ DXWRPDWLF WUDQVIHU VZLWFK� )��
HOHFWULF IXHO SXPS� (�
HOHFWULF IXHO SXPS� DX[LOLDU\� (��
HPHUJHQF\ OLJKWLQJ� EDWWHU\� �SRZHUHG� $��
IDLOXUHV� (��
KHDWHG FUDQNLQJ SHUIRUPDQFH� (��
KHDWHUV� $��� '��
OHDG� �DFLG� '��
OHDG� �FDOFLXP� '��
QLFNHO� �FDGPLXP� '��
UDFNV DQG FDEOHV� '��
UDWLQJ VWDQGDUG� (��
UHPRWH LQGLFDWRU� $��
VRXUFH RI HPHUJHQF\ SRZHU� $�
VWDUWLQJ V\VWHP� (��
836 V\VWHPV� )�

&
&LUFXLW %UHDNHUV
EUDQFK� VHOHFWLYH WULS� & �
FRPPRQ W\SHV� '��
GLVFRQQHFW� )�
H[HUFLVH UHTXLUHPHQW� /HYHO � V\VWHPV� $��
ILHOG� '��
OLQH� '��
RYHUFXUUHQW SURWHFWLRQ� IRU FRQVWDQW� �YROWDJH

JHQHUDWRUV� $�
UDWLQJ ZLWK WUDQVIHU VZLWFK� )�

&RGHV
FLW\� �ZDWHU FRROLQJ� 1(&� UHJDUGLQJ� '�� (��
GHVFULEHG� $�
H[KDXVW SLSLQJ� (��
IRU VWDQGE\ SRZHU V\VWHPV� $�
IXHO VXSSO\� 1(&� UHJDUGLQJ� '�
IXHO VXSSO\� RQ� �VLWH� UHJDUGLQJ� (�
IXHO WDQN ORFDWLRQ� UHJDUGLQJ� (�
ORDG SURWHFWLRQ UHTXLUHPHQWV� %�
PRGHO EXLOGLQJ� $��
PRWRU� %�
1(0$ OHWWHUV� & �

1DWLRQDO )XHO *DV� (��
RWKHUV� $��

&RJHQHUDWLRQ� LQWHUFRQQHFWHG SRZHU V\VWHP� $�



&RPEXVWLRQ $LU
UHTXLUHG� '�
UHTXLUHPHQW� $��
UHTXLUHPHQW UDQJH� (��
WHPSHUDWXUH� (��

&RQWLQXRXV /RDG &XUUHQW
PD[LPXP� LQ VL]LQJ HOHFWULFDO FRQWUROV� )�
VWDQGDUG FXUUHQWV IRU FRQWURO GHYLFHV� )�

&RROLQJ $LU
DLU� �FRROHG HQJLQHV� '�
XQLW PRXQWHG UDGLDWRU FRROLQJ� 6HH $LU

&RVW
EDWWHULHV� '��
EDWWHULHV� QLFNHO� �FDGPLXP� (��
FRROLQJ V\VWHP RSWLRQV� '�
HVWLPDWLQJ� $��
kUXOHV RI WKXPEl� $��

IXHO FRQVXPSWLRQ� '�
IXHO V\VWHPV� '�� '�
IXHO� GLHVHO KHDWLQJ RLO� (�
JDVROLQH VWRUDJH WDQNV� '�
/3 JDV VWRUDJH� '�
QDWXUDO� �JDV HQJLQHV� '�
SULPH PRYHU VHOHFWLRQ� $��
UHGXFHG� �YROWDJH PRWRU VWDUWHUV� & ��
WUDQVIHU VZLWFK ORFDWLRQ� $��
XWLOLW\ UHGXFWLRQ� SHDN VKDYLQJ� )�

&UDQNLQJ
EDWWHU\� $�
FRQWLQXRXV� $��
F\FOHV� $��
F\FOLF� '��
RYHUFUDQN SURWHFWLRQ� $�� $��� '��
UHFRPPHQGHG SHULRGV� (��
WHVW� F\FOH RSHUDWLRQ� $��

'
'D\ 7DQN� 6HH 7UDQVIHU 7DQN

'HOWD
GRXEOH GHOWD IRU VLQJOH� �SKDVH JHQHUDWRU FRQQHF�

WLRQ� & �
JURXQG� �IDXOW SURWHFWLRQ� UHTXLUHPHQW IRU� $�
VLQJOH� �SKDVH ORDGV RQ FRQQHFWLRQ� %�
XQEDODQFHG ORDG LQ WKUHH� �SKDVH V\VWHP� & �
YROWDJHV� & �
Z\H� �GHOWD UHGXFHG YROWDJH VWDUWHU DSSOLFDWLRQ

GDWD� & ��

'HUDWLQJ
HTXLSPHQW VL]LQJ� %�
IXHO WHPSHUDWXUH� GLHVHO� (�

1(0$ V\VWHP IRU XQEDODQFHG YROWDJHV� & �
RQH� �VWHS ORDG SLFNXS� $��
6&5 ORDGV� IRU� %�
VL]LQJ FDOFXODWLRQV� %�
WUDQVIHU VZLWFK VHOHFWLRQ� )�

'LVFRQQHFW
GLVFRQQHFWLQJ PHDQV� LQWHUFRQQHFWHG SRZHU V\V�

WHP� $�
VHUYLFH HQWUDQFH FRQGXFWRUV� $�
W\SH XVHG� )�
XQJURXQGHG FRQGXFWRUV� $�

'ULS 3URRILQJ� JHQHUDWRU
FRYHU IXQFWLRQ� '��
UHTXLUHPHQW� 1)3$� ����� $��

'U\ &RQWDFWV
IXQFWLRQV� '��
WUDQVIHU VZLWFK SRVLWLRQ LQGLFDWLRQ� )��

'XFWV
DLU FRROLQJ� (��
VWDWLF SUHVVXUH� (��

FRROLQJ DLU
DLU FRROLQJ� '�
IOH[LEOH FRQQHFWLRQV� $��

IODQJH� UDGLDWRU FRROLQJ� '�
UDGLDWRU FRROLQJ
IOH[LEOH FRQQHFWLRQ� (��
UHVWULFWLRQ DOORZDQFH� (��
VWDWLF SUHVVXUH� (��

(
(DUWKTXDNH
IXHO V\VWHP DFFHSWDELOLW\� $�
JHQHUDWRU VHW PRXQWLQJ� (�

(OHYDWRUV
DSSOLFDWLRQ FRQVLGHUDWLRQV� %�
EXLOGLQJ FRGH UHTXLUHPHQWV� $��
FRQWURO� ORDG VKHG FRQWDFWV IRU HPHUJHQF\� )��
FRQWUROV� DX[LOLDU\ FRQWDFWV LQ WUDQVIHU VZLWFK IRU�

)��
PRWRU VWDUWLQJ� XQORDGHG� & ��
VL]LQJ H[DPSOH� %��

(PHUJHQF\ DQG 6WDQGE\ 3RZHU 6\VWHPV� $�� $��

(PHUJHQF\ 6WRS
DODUP OLJKW� '��
OHYHO � LQVWDOODWLRQV� $��
VZLWFK� ORFDO� �UHPRWH� '��

(PHUJHQF\ 6\VWHP� E\SDVV� �LVRODWLRQ VZLWFK� )��

(PHUJHQF\ 6\VWHPV� 1(& $UWLFOH ���� $�� $�

(QHUJ\ &RQYHUWHUV� $��



(QJLQH /LIH
JDV� �IXHOHG HQJLQHV� $��
ORDG� HIIHFW RI� %�
SHDN VKDYLQJ� '�

([FLWDWLRQ
ILHOG LQGXFWDQFH� & �
PDJQHWLF DPSOLILHU W\SH� & �
SHUPDQHQW PDJQHW� IRU 6&5 ORDGV� %�
SHUPDQHQW PDJQHW� SLORW� & �
SHUPDQHQW PDJQHW� 6&5 FRQWUROOHG� & �
SRZHU VSLNHV� VWDWLF� & �
6&5 EULGJH� & �
VHOI� �H[FLWHG� V\QFKURQRXV JHQHUDWRUV� $�
VWDWLF� GLVDGYDQWDJHV� & �
V\VWHPV� YDULDWLRQV� & �
WLPH FRQVWDQW� ILHOG� & �
ZRXQG� VDOLHQW SROH� & �

([HUFLVH
FLUFXLW EUHDNHUV� ORZ YROWDJH� $��
JHQHUDWRU VHW XQGHU ORDG� )��
JHQHUDWRU VHW� LQ DXWRPDWLF WUDQVIHU VZLWFK� )��
OHYHO � V\VWHPV� UHTXLUHPHQW� $��
WLPHU� JHQHUDWRU VHW� $��

([KDXVW
EDFN SUHVVXUH� '�� (��
VLOHQFHU� (��

FRROLQJ DLU� DLU� �FRROHG HQJLQHV� '�
FRROLQJ DLU� UDGLDWRU� �FRROHG HQJLQHV� '�
GLHVHO RGRU� '�
HQJLQH KHDW UHMHFWLRQ� (��
IOH[ FRQQHFWLRQV� $��� '�
PDQLIROGV� LQVXODWHG� '�
PDQLIROGV� ZDWHU� �FRROHG� '�
QRLVH� (��
QRLVH DQG RGRUV� $��
RXWOHW ORFDWLRQ� (��
SLSLQJ� VWDQGDUG FRQIRUPDQFH� (��
VLOHQFHUV� '�
V\VWHP DUUDQJHPHQW� (��

([KDXVW DQG IXHO V\VWHPV� 1)3$ �� UHTXLUHPHQWV�
$��

)
)DQ
DLU� �FRROHG HQJLQHV� (��
DX[LOLDU\ YHQWLODWLQJ� DLU� �FRROHG HQJLQH� (��
HQJLQH� �GULYHQ� XQLW� �PRXQWHG UDGLDWRU FRROLQJ�

(��
PRWRU� XQORDGHG VWDUW� %�
SXVKHU� �W\SH� IXQFWLRQ� '�
UHPRWH UDGLDWRU� SRZHU IRU� $��

VWDWLF SUHVVXUH DOORZHG� (��
VXFWLRQ� (��
ZLULQJ� UHPRWH UDGLDWRU� (��

)LHOG )ODVKLQJ �YROWDJH EXLOGXS�� '��

)ODPPDEOH /LTXLGV� 1)3$ ��� $��

)OH[LEOH &RQQHFWLRQV� $��
FLW\ ZDWHU FRROLQJ� (��
FRROLQJ DLU� '�
H[KDXVW� '�� (��
IXHO OLQH� '�
IXHO OLQHV� (�� (��
JDV IXHO OLQHV� (��� (��
UDGLDWRU GXFW� '�� (��
WRZHU FRROLQJ� (��
ZDWHU� '�

)XHO /LQHV
GLHVHO V\VWHP� (�� (�
IOH[LEOH FRQQHFWLRQ UHTXLUHPHQW� $��
JDVROLQH V\VWHP� (��

)XHO 3XPS
GLHVHO V\VWHP� (�
DX[LOLDU\� HOHFWULF IXHO WUDQVIHU� (�
GDPDJH GXH WR DLU LQWURGXFWLRQ� (�
HQJLQH GULYHQ� OLIW FDSDFLW\� (�

JDVROLQH V\VWHP
DX[LOLDU\� HOHFWULF� (��
HQJLQH GULYHQ� OLIW FDSDFLW\� (��
XVH RI SRVLWLYH GLVSODFHPHQW GLHVHO SXPSV LQ

�GRQ
W�� (��

)XHO 6XSSO\
FRPELQDWLRQ V\VWHPV� (��
FRPSUHVVLRQ LJQLWLRQ HQJLQHV� $��
GLHVHO� '�
GLHVHO KHDWLQJ RLO VXSSO\� (�
JDVROLQH� '�
/3 DGYDQWDJHV� GLVDGYDQWDJHV� '�
/3 JDV� '�
1(&�1)3$ UHTXLUHPHQWV IRU RQ� �VLWH VXSSO\� (�
UHTXLUHPHQW IRU OLTXLG IXHOV� $�
XWLOLW\ JDV V\VWHP� $�

)XHO 7DQN
GLHVHO� '�� (�
GLS WXEH� (��
JHQHUDWRU VHW H[HUFLVLQJ� )�
PLQLPXP FDSDFLW\� $��
SXPS ORFDWLRQ� (�� (��

)XUQDFH )LOWHU� UHVWULFWLRQ DOORZDQFH� (��� (��

)XVHV
FLUFXLW GLVFRQQHFW� H[DPSOH� )�
RYHUFXUUHQW SURWHFWLRQ
FRQVWDQW� �YROWDJH JHQHUDWRUV� $�



SRLQW RI LQVWDOODWLRQ� $�
UDWLQJ ZLWK DXWRPDWLF WUDQVIHU VZLWFK� )�
WUDQVIHU VZLWFK LQWHOOLJHQFH FLUFXLW� )��

*
*DV 5HJXODWRU
IXQFWLRQ� (��
LQOHW SUHVVXUHV� (��
OLTXLG ZLWKGUDZDO �/3� V\VWHP� (��
VHFRQGDU\� IXHO V\VWHP FRPSRQHQW� (��

*DXJHV
HQJLQH� $��� '��
IXHO OHYHO� (�

*HQHUDWRU /LIH
JHQHUDWRU UDWLQJV� & �
WKHUPDO DJLQJ� %�

*URXQG IDXOW
FLUFXLW LQWHUUXSWLRQ� $�
LQWHUUXSWLQJ FXUUHQW� JURXQG IDXOW DSSOLFDWLRQ� )�
SURWHFWLRQ UHTXLUHG� $�
VLJQDO UHTXLUHG� $�

*URXQGLQJ
DOWHUQDWLQJ� �FXUUHQW FLUFXLWV� $�
1(&� $UWLFOH ���� $�
QHXWUDO FRQQHFWLRQ� $�
RI IXHO SLSLQJ� (��
RI JHQHUDWRUV� $�
RI JHQHUDWRUV� SRUWDEOH 	 YHKLFOH� �PRXQWHG� $�
VHSDUDWHO\ GHULYHG V\VWHPV� $�

+
+DUPRQLF
GLVWRUWLRQ RI RXWSXW� 6&5 ORDG� %�
ORDG LQGXFHG� SLORW H[FLWHU LPPXQLW\� & �
6&5 ORDG� HIIHFWV RQ YROWDJH UHJXODWRU� & �

+HDOWK FDUH IDFLOLWLHV
1(&� $UWLFOH ���� $�
VWDQGDUG IRU� 1)3$� $�
VWDQGDUG IRU� 1)3$� ���� $�� %�

+HDW ([FKDQJHU� FLW\� �ZDWHU FRROLQJ� '�
GHVFULEHG� (��
W\SHV� (��

+HDWHUV
EDWWHU\ ER[� '��
HQJLQH RLO VXPS� '�
HQJLQH RLO VXPS �FUDQNFDVH RLO�� '�
HQJLQH ZDWHU MDFNHW� $��

HQJLQH ZDWHU MDFNHW �EORFN�� '�� (��
JHQHUDWRU� '��
UHTXLUHG IRU 1)3$� ����� /HYHO � DSSOLFDWLRQV�

$��
WUDQVIHU VZLWFK� )��

+RVSLWDO
DOWHUQDWH SRZHU VRXUFH UHTXLUHPHQW� $�
HPHUJHQF\ V\VWHP EUDQFKHV UHTXLUHG� $�
JHQHUDWRU VHW WHVWLQJ� $�

+RW :HOO 7DQN� UHPRWH� �UDGLDWRU FRROLQJ� (��

,
,Q� �3KDVH 0RQLWRU� )��
,QUXVK &XUUHQW
DFURVV� �WKH� �OLQH PRWRU VWDUWLQJ� & ��
FRPSDULVRQ� YDULRXV PRWRU VWDUWHUV� & ��
HIIHFW RI UHFRQQHFWLQJ PRWRUV� & ��
OLJKWLQJ ORDGV� )�
PD[LPXP N9$ ORDG RQ JHQHUDWRU� %�
PRWRU �UHJHQHUDWHG� DQG VRXUFH YROWDJHV RXW RI

SKDVH� )��
,QVXODWLRQ
FODVVLILFDWLRQV� & �
H[KDXVW PDQLIROGV� '�� (��
H[KDXVW SLSLQJ� (��
WKHUPDO DJLQJ� HIIHFW RQ JHQHUDWRU OLIH� %�
ZHDWKHU KRXVLQJV� '��

,QWHUUXSWLQJ &XUUHQW� 8/ UHTXLUHPHQW� )�

/
/LIH 6DIHW\ &RGH� $�� $�
GHVFULEHG� $�
ORDGV UHTXLULQJ SURWHFWLRQ� %�

/LTXLG 3HWUROHXP *DV 6WRUDJH� 1)3$ ��� $��
/RDG 6HTXHQFLQJ� DSSO\LQJ ORDG LQ VWHSV� %��
/RDG 6KHGGLQJ� FRQWDFWV� )��
/RDGV UHTXLULQJ SURWHFWLRQ� 1)3$� %�
/RFNHG 5RWRU
N9$ UHTXLUHG IRU IXOO� �YROWDJH VWDUWLQJ� & �
N9$� FDOFXODWH IURP $PSHUHV� %�
OLQH FXUUHQW SHUFHQWDJH� ZLWK SULPDU\ UHVLVWRU

VWDUWLQJ� & ��
/RXYHUV
HIIHFW RQ EXLOGLQJ SUHVVXUH� (��
KHDW UHFRYHU\� XVH IRU HQJLQH� (��
ORVVHV� HIIHFW RQ IDQ FDSDFLW\� (��
UHOD\ DX[LOLDU\ FRQWDFW �WUDQVIHU VZLWFK� FRQ�

WUROOHG� )��



UHVWULFWLRQ DOORZDQFH� (��� (��
UXQ UHOD\ FRQWUROOHG� '��
ZHDWKHU KRXVLQJ� '��

0
0RWRU 6WDUWHUV
HIIHFW RI YROWDJH GLS� %�
PDJQHWLFDOO\ KHOG� %��
UHGXFHG YROWDJH� & ��
DXWR� �WUDQVIRUPHU� & ��
RSHQ RU FORVHG WUDQVLWLRQ� & ��
SDUW ZLQGLQJ� & ��
SULPDU\ UHDFWRU� & ��
SULPDU\ UHVLVWRU� & ��
:\H� �'HOWD� & ��

UHGXFHG YROWDJH� RQ ODUJH PRWRUV� %��
VROLG VWDWH UHGXFHG YROWDJH� 6&5� %�
YROWDJH GLS� HIIHFW RQ PDJQHWLFDOO\ KHOG� & ��

0RXQWLQJ 3DG
DUUDQJHPHQWV� (�
GLPHQVLRQV UHFRPPHQGHG� (�
VWDWLF ORDG� (�
YLEUDWLRQ LVRODWLRQ� (�
ZHLJKW DQG FRPSRVLWLRQ� (�

1
1DWLRQDO (OHFWULFDO &RGH
FLW\ ZDWHU FRROLQJ� $��
'HVFULEHG� $�
IRU HOHFWULFDO JHQHUDWLQJ LQVWDOODWLRQV� $�
ORDGV UHTXLULQJ SURWHFWLRQ� %�

1DWLRQDO )XHO *DV &RGH� 1)3$ ��� $��

1)3$� 1DWLRQDO (OHFWULFDO &RGH� 6WDQGDUG IRU
+HDOWK &DUH )DFLOLWLHV� /LIH 6DIHW\ &RGH�
(PHUJHQF\ 	 6WDQGE\ 3RZHU 6\VWHPV� $�

1XUVLQJ KRPHV� DOWHUQDWH SRZHU VRXUFH UHTXLUH�
PHQW� $�

2
2Q� �VLWH IXHO VXSSO\� UHTXLUHPHQWV� (�

2Q� �VLWH IXHO VXSSO\ UHTXLUHPHQWV� H[FHSWLRQV�
1)3$� '�

2YHUFXUUHQW SURWHFWLRQ
GHYLFH FRRUGLQDWLRQ� $��
IRU FRQVWDQW� �YROWDJH JHQHUDWRUV� $�
1(& $UWLFOH ���� $�

UHPRWH UDGLDWRUV� $��

2YHUVL]H *HQHUDWRU
IXOO� �ORDG PRWRU RSHUDWLRQ� & �
JHQHUDWRU VL]LQJ� WR ORDG� %�
LQUXVK FXUUHQW� %�� %��

3
3DUDOOHOLQJ
JHQHUDWRU VL]LQJ� %��
UHDFWLYH GURRS FRPSHQVDWLRQ� '��
VZLWFKJHDU� )�
WUDQVIHU HTXLSPHQW� $�� $��
XWLOLW\ DQDO\VLV 	 VZLWFKJHDU VL]LQJ� )�

3HDN 6KDYLQJ
IXHO FRQVXPSWLRQ� FRQVLGHUDWLRQ� '�
V\VWHP GHVLJQ IRU� )�
WUDQVIHU VZLWFKHV� WKURXJK VZLWFKJHDU SURJUDP�

PLQJ� )�

3RZHU )DFWRU
HIIHFW RQ VWDUWLQJ N9$� & ��
JHQHUDWRU VL]LQJ� %��
OLQH FLUFXLW EUHDNHUV� SURWHFWLRQ DJDLQVW KLJK�

'��
PRWRU VWDUWLQJ� & �
PRWRU VWDUWLQJ DQG YROWDJH GLS� %�

3ULPH 3RZHU� PRWRU VWDUWLQJ� & �

3URWRW\SH
DFFHSWDQFH WHVW� $��
DLU UHTXLUHPHQW WHVWV� '�
IDFWRU\ WHVWV� $��

5
5DWLQJV
FORVLQJ� FRQIRUPDQFH� )�
FORVLQJ� QHXWUDO RYHUODSSLQJ� )��
LQWHUUXSWLQJ FXUUHQW� FRQIRUPDQFH� )�
LQWHUUXSWLQJ� QHXWUDO RYHUODSSLQJ� )��
ZLWK� �VWDQG� FRQIRUPDQFH� )�
ZLWK� �VWDQG� QHXWUDO RYHUODSSLQJ� )��

5HDFWLYH 'URRS� FRPSHQVDWLRQ� '��

5HJHQHUDWLYH 3RZHU� %�

5XQ 5HOD\� IXQFWLRQ� '��

6
6HQVRUV� YROWDJH 	 IUHTXHQF\ LQ DXWRPDWLF WUDQVIHU

VZLWFK� $��



6KRUW &LUFXLW
JHQHUDWRU VHOI SURWHFWLRQ� ZRXQG� �ILHOG EUXVK�

OHVV� & �
JHQHUDWRU VXSSRUW� SHUPDQHQW� �PDJQHW H[FLWHU�

& �� & �
LQWHUUXSWLQJ FXUUHQW� )�
PD[LPXP FXUUHQW� XWLOLW\ DQDO\VLV� )�
SURWHFWLYH GHYLFHV LQ HPHUJHQF\ V\VWHP� $��
UDWLQJ FRQIRUPDQFH� )�

6KRUW� �7LPH &XUUHQW� 6HH:LWK� �6WDQG UDWLQJ

6LOHQFHUV
EDFN SUHVVXUH� '�
FDXVH RI H[FHVVLYH� (��

FRQGHQVDWLRQ WUDS� (��
GHJUHHV RI VLOHQFLQJ� '�
W\SHV� (��

6LQJOH� �3KDVH
EDODQFH� RQ WKUHH� �SKDVH JHQHUDWRU� %��
EURDG UDQJH JHQHUDWRUV� & �
NLORZDWWV� %�
N9$� %��
ORDG � RI JHQHUDWRU� UHFRPPHQGHG� & �
ORDG FDOFXODWLRQ� %�
PRWRUV RQ WKUHH� �SKDVH JHQHUDWRU� %�
RQ 'HOWD� �FRQQHFWHG JHQHUDWRU� & �� & �
VHQVLQJ� WUDQVIHU VZLWFK� )�� )�
YROWDJH XQEDODQFH ZLWK� & �

6LWH WHVW� HPHUJHQF\ SRZHU V\VWHP� $��

6SHHG 5HJXODWLRQ� '�� '��

6WDQGE\ SRZHU V\VWHP� $�
FRGHV UHTXLULQJ� $�
IXHO FRQVXPSWLRQ� '�
JHQHUDWRU GHVLJQ� & �
LQVWDOOHG FRVW� $��
1(& DUWLFOHV� $�r $�
1)3$���� $��

7
7HPSHUDWXUH 5LVH� JHQHUDWRU� & �

7HVW 6ZLWFK
DXWRPDWLF WUDQVIHU VZLWFK� 1)3$� ����� $��
DXWRPDWLF WUDQVIHU VZLWFK� 8/ UHTXLUHG� )�
JHQHUDWRU VHW� '��

7KUHH� �3KDVH
EURDG� �UDQJH JHQHUDWRUV� & �
YROWDJHV� & �

NLORZDWWV� %�
N9$� %��

ORDG DSSOLFDWLRQ� XQEDODQFHG 'HOWD V\VWHPV� & �
ORDG EDODQFH RQ JHQHUDWRU SKDVHV� %��
ORDG FDOFXODWLRQ� %�
ORDG GLYLVLRQ RQ SKDVHV� %�
VHQVLQJ PRGXOHV LQ WUDQVIHU VZLWFK� )�
VHQVLQJ RQ YROWDJH UHJXODWLRQ� & �
YROWDJH XQEDODQFH LQ OLQHV� & �

7K\ULVWRUV �6&5
V�
ORDG HIIHFWV RQ JHQHUDWRU VHWV� %�
6&5 EULGJH H[FLWHU FRQWURO� & �

7UDQVIHU VZLWFK
DFFHVVRULHV� )�
DFFHVVRU\ VHOHFWLRQ� )�
DXWRPDWLF� IXQFWLRQ� )�
E\SDVV� �LVRODWLRQ� )�
FHQWULIXJDO ILUH SXPSV� $��
FODVVLILFDWLRQ RI SRZHU V\VWHP� $��
FRVW� $��
GHILQLWLRQ� DQG H[FHSWLRQV� $�
H[HUFLVH WLPHU� JHQHUDWRU VHW� $��
LQVWDOODWLRQ ORFDWLRQ� $��� $��
OHJDO UHTXLUHPHQW IRU DXWRPDWLF� $�
ORDG SULRULWLHV� VHOHFW� )�
ORDG VHTXHQFH FRQWURO� %��
ORFDWLRQ LQ V\VWHP� )�
PLQLPXP UHTXLUHG� KHDOWK FDUH IDFLOLW\� $�
SDUDOOHOLQJ JHDU� )�
SLORW OLJKWV� )��
UHTXLUHPHQW IRU RSWLRQDO VWDQGE\ V\VWHP� $�
VHOHFWRU VZLWFK� IRXU� �SRVLWLRQ� )�
VL]LQJ WR VRXUFH� )�
V\VWHP WHVWLQJ� OHYHO �� $��
WHVW VZLWFK� WKUHH� �SRVLWLRQ� '��
WLPH� �GHOD\ RYHUULGHV� )��

7UDQVIHU 7DQN
GLHVHO V\VWHP FRPSRQHQWV� (�
GLHVHO V\VWHP UHTXLUHPHQW� '�
XVH ZLWK JDVROLQH �GRQ
W�� (��

7UDQVLHQW
ORDG WUDQVIHU� )�
SURWHFWLRQ� kFOHDQ SRZHUl� )�

8
836 6\VWHPV
EDFN� �XS SRZHU IRU� )�
FODVVLILFDWLRQ DV HPHUJHQF\ V\VWHP� $��
JHQHUDWRU VL]H UHTXLUHPHQW� %�
UHTXLUHPHQWV IRU EDWWHULHV� $��
6&5 ORDGV� %�



9
9LEUDWLRQ
LVRODWRU HIILFLHQF\� (�
LVRODWRUV� $��� (�
LVRODWRUV� VSULQJ W\SH� (�
WRUVLRQDO� $��

9ROWDJH 'LS
DFFHSWDEOH� SHU VWDUWLQJ N9$ ORDG� %�
HIIHFW RQ VWDUWLQJ N9$� & ��
HOHYDWRUV� DFFHSWDEOH IRU� %�
LQVWDQWDQHRXV� %��
PRWRU VWDUWHUV� HIIHFWV RQ� & ��
PRWRU VWDUWLQJ WRUTXH� HIIHFWV RQ� & ��

VSHFLILFDWLRQV IRU� %�
WUDQVLHQW� YROWDJH UHJXODWLRQ� '��

9ROWDJH� �6HQVLQJ 5HOD\V� VHWWLQJV� )�

:
:LQGRZ 6FUHHQ� UHVWULFWLRQ DOORZDQFH� (��� (��

:LWK� �6WDQG� UDWLQJ� )�

:\H
Z\H� �GHOWD UHGXFHG YROWDJH VWDUWHU DSSOLFDWLRQ

GDWD� & ��
Z\H� �GHOWD PRWRU VWDUWLQJ� & ��
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