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National foreword

This British Standard is the official English language version of EN 60990:1999. It is
identical with IEC 60990:1999.

The UK participation in its preparation was entrusted to Technical Committee
EPL/74, Safety of information technology equipment including electrical business
equipment, which has the responsibility to:

Ð aid enquirers to understand the text;

Ð present to the responsible international/European committee any enquiries
on the interpretation, or proposals for change, and keep the UK interests
informed;

Ð monitor related international and European developments and promulgate
them in the UK.

A list of organizations represented on this committee can be obtained on request to
its secretary.

From 1 January 1997, all IEC publications have the number 60000 added to the old
number. For instance, IEC 27-1 has been renumbered as IEC 60027-1. For a period
of time during the change over from one numbering system to the other,
publications may contain identifiers from both systems.

Cross-references

Attention is drawn to the fact that CEN and CENELEC Standards normally include
an annex which lists normative references to international publications with their
corresponding European publications. The British Standards which implement
international or European publications referred to in this document may be found in
the BSI Standards Catalogue under the section entitled ªInternational Standards
Correspondence Indexº, or by using the ªFindº facility of the BSI Standards
Electronic Catalogue.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the EN title page,
pages 2 to 57 and a back cover.

The BSI copyright notice displayed in this document indicates when the document
was last issued.
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,1752'8&7,21������������������������������������������������������������������������������������������������������������������ �

&ODXVH

� 6FRSH������������������������������������������������������������������������������������������������������������������������� ��� �
� 1RUPDWLYH�UHIHUHQFHV �������������������������������������������������������������������������������������������������� ��
� 'HILQLWLRQV ������������������������������������������������������������������������������������������������������������������� ��
� 7HVW�VLWH ���������������������������������������������������������������������������������������������������������������������� ��

��� 7HVW�VLWH�HQYLURQPHQW ����������������������������������������������������������������������������������������� ��
��� 7HVW�WUDQVIRUPHU ������������������������������������������������������������������������������������������������� ��
��� (DUWKHG�QHXWUDO�FRQGXFWRU ����������������������������������������������������������������������������������� ��

� 0HDVXULQJ�HTXLSPHQW �������������������������������������������������������������������������������������������������� ��
��� 6HOHFWLRQ�RI�PHDVXULQJ�QHWZRUN �������������������������������������������������������������������������� ��

����� 3HUFHSWLRQ�DQG�UHDFWLRQ��D�F�� ����������������������������������������������������������������� ��
����� /HW�JR��D�F�� �������������������������������������������������������������������������������������������� ��
����� (OHFWULF�EXUQ��D�F������������������������������������������������������������������������������������� ��
����� 5LSSOH�IUHH�G�F� ��������������������������������������������������������������������������������������� ��

��� 7HVW�HOHFWURGHV ��������������������������������������������������������������������������������������������������� ��
����� &RQVWUXFWLRQ ������������������������������������������������������������������������������������������� ��

����� &RQQHFWLRQ ��������������������������������������������������������������������������������������������� ��

��� &RQILJXUDWLRQ ������������������������������������������������������������������������������������������������������ ��
��� 3RZHU�FRQQHFWLRQV�GXULQJ�WHVW ���������������������������������������������������������������������������� ��

����� *HQHUDO��������������������������������������������������������������������������������������������������� ��
����� (TXLSPHQW�IRU�XVH�RQO\�RQ�71�RU�77�VWDU�SRZHU�GLVWULEXWLRQ�V\VWHPV �������� ��
����� (TXLSPHQW�IRU�XVH�RQ�,7�SRZHU�GLVWULEXWLRQ�V\VWHPV�LQFOXGLQJ�XQHDUWKHG

GHOWD�V\VWHPV������������������������������������������������������������������������������������������ ��
����� (TXLSPHQW�IRU�XVH�RQ�VLQJOH�SKDVH�FHQWUH�HDUWKHG�SRZHU�VXSSO\�V\VWHPV

RU�RQ�FHQWUH�HDUWKHG�GHOWD�SRZHU�VXSSO\�V\VWHPV ������������������������������������ ��
��� 6XSSO\�YROWDJH�DQG�IUHTXHQF\ ����������������������������������������������������������������������������� ��

����� 6XSSO\�YROWDJH ���������������������������������������������������������������������������������������� ��
����� 6XSSO\�IUHTXHQF\ ������������������������������������������������������������������������������������ ��

� 7HVW�SURFHGXUH ������������������������������������������������������������������������������������������������������������ ��
��� *HQHUDO �������������������������������������������������������������������������������������������������������������� ��

����� &RQWURO�VZLWFKHV��HTXLSPHQW�DQG�VXSSO\�FRQGLWLRQV ��������������������������������� ��
����� 8VH�RI�PHDVXULQJ�QHWZRUNV ��������������������������������������������������������������������� ��

��� 1RUPDO�DQG�IDXOW�FRQGLWLRQV�RI�HTXLSPHQW ������������������������������������������������������������ ��
����� 1RUPDO�RSHUDWLRQ�RI�HTXLSPHQW���������������������������������������������������������������� ��
����� (TXLSPHQW�DQG�VXSSO\�IDXOW�FRQGLWLRQV ����������������������������������������������������� ��

� (YDOXDWLRQ�RI�UHVXOWV ���������������������������������������������������������������������������������������������������� ��
��� 3HUFHSWLRQ��UHDFWLRQ�DQG�OHW�JR ��������������������������������������������������������������������������� ��
��� (OHFWULF�EXUQ ������������������������������������������������������������������������������������������������������� ��

� 0HDVXUHPHQW�RI�SURWHFWLYH�FRQGXFWRU�FXUUHQW ��������������������������������������������������������������� ��
��� *HQHUDO �������������������������������������������������������������������������������������������������������������� ��
��� 0XOWLSOH�HTXLSPHQW���������������������������������������������������������������������������������������������� ��
��� 0HDVXULQJ�PHWKRG ���������������������������������������������������������������������������������������������� ��
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3DJH

$QQH[�$��QRUPDWLYH� (TXLSPHQW�������������������������������������������������������������������������������������� ��
$QQH[�%��QRUPDWLYH� 8VH�RI�D�FRQGXFWLYH�SODQH �������������������������������������������������������������� ��
$QQH[�&��QRUPDWLYH� ,QFLGHQWDOO\�FRQQHFWHG�SDUWV ����������������������������������������������������������� ��
$QQH[�'��LQIRUPDWLYH� &KRLFH�RI�FXUUHQW�OLPLWV������������������������������������������������������������������� ��
$QQH[�(��LQIRUPDWLYH� 1HWZRUNV�IRU�XVH�LQ�PHDVXUHPHQW�RI�WRXFK�FXUUHQW�������������������������� ��
$QQH[�)��LQIRUPDWLYH� 0HDVXULQJ�QHWZRUN�OLPLWDWLRQV�DQG�FRQVWUXFWLRQ ������������������������������ ��
$QQH[�*��LQIRUPDWLYH� &RQVWUXFWLRQ�DQG�DSSOLFDWLRQ�RI�WRXFK�FXUUHQW�PHDVXULQJ

LQVWUXPHQWV ������������������������������������������������������������������������������������ ��
$QQH[�+��LQIRUPDWLYH� *ULSSDEOH�SDUW �������������������������������������������������������������������������������� ��
$QQH[�-��LQIRUPDWLYH� $&�SRZHU�GLVWULEXWLRQ�V\VWHPV��VHH����� ����������������������������������������� ��
$QQH[�.��LQIRUPDWLYH� 5RXWLQH�DQG�SHULRGLF�WRXFK�FXUUHQW�WHVWV��DQG�WHVWV�DIWHU�UHSDLU

RU�PRGLILFDWLRQ�RI�PDLQV�RSHUDWHG�HTXLSPHQW ���������������������������������� ��
$QQH[�/��QRUPDWLYH� 3HUIRUPDQFH�DQG�FDOLEUDWLRQ ����������������������������������������������������������� ��
$QQH[�0��LQIRUPDWLYH� %LEOLRJUDSK\ ����������������������������������������������������������������������������������� ��
$QQH[�=$��QRUPDWLYH��1RUPDWLYH�UHIHUHQFHV�WR�LQWHUQDWLRQDO�SXEOLFDWLRQV�ZLWK�WKHLU

FRUUHVSRQGLQJ�(XURSHDQ�SXEOLFDWLRQV ��������������������������������������������� ��

)LJXUH���± ([DPSOH�RI�HDUWKHG�QHXWUDO��GLUHFW�VXSSO\ ������������������������������������������������������� ��
)LJXUH���± ([DPSOH�RI�HDUWKHG�QHXWUDO��ZLWK�WUDQVIRUPHU�IRU�LVRODWLRQ������������������������������� ��
)LJXUH���± 0HDVXULQJ�QHWZRUN��XQZHLJKWHG�WRXFK�FXUUHQW ������������������������������������������������ ��
)LJXUH���± 0HDVXULQJ�QHWZRUN��WRXFK�FXUUHQW�ZHLJKWHG�IRU�SHUFHSWLRQ�RU�UHDFWLRQ ������������ ��
)LJXUH���± 0HDVXULQJ�QHWZRUN��WRXFK�FXUUHQW�ZHLJKWHG�IRU�OHW�JR ������������������������������������� ��
)LJXUH���± 7HVW�FRQILJXUDWLRQ��VLQJOH�SKDVH�HTXLSPHQW�RQ�VWDU�71�RU�77�V\VWHP�������������� ��
)LJXUH���± 7HVW�FRQILJXUDWLRQ��VLQJOH�SKDVH�HTXLSPHQW�RQ�FHQWUH�HDUWKHG�71

RU�77�V\VWHP ������������������������������������������������������������������������������������������������� ��
)LJXUH���± 7HVW�FRQILJXUDWLRQ��VLQJOH�SKDVH�HTXLSPHQW�FRQQHFWHG�OLQH�WR�OLQH

RQ�VWDU�71�RU�77�V\VWHP �������������������������������������������������������������������������������� ��
)LJXUH���± 7HVW�FRQILJXUDWLRQ��VLQJOH�SKDVH�HTXLSPHQW�FRQQHFWHG�OLQH�WR�QHXWUDO

RQ�VWDU�,7�V\VWHP ������������������������������������������������������������������������������������������� ��
)LJXUH����± 7HVW�FRQILJXUDWLRQ��VLQJOH�SKDVH�HTXLSPHQW�FRQQHFWHG�OLQH�WR�OLQH

RQ�VWDU�,7�V\VWHP ������������������������������������������������������������������������������������������� ��
)LJXUH����± 7HVW�FRQILJXUDWLRQ��WKUHH�SKDVH�HTXLSPHQW�RQ�VWDU�71�RU�77�V\VWHP��������������� ��
)LJXUH����± 7HVW�FRQILJXUDWLRQ��WKUHH�SKDVH�HTXLSPHQW�RQ�VWDU�,7�V\VWHP ������������������������� ��
)LJXUH����± 7HVW�FRQILJXUDWLRQ��XQHDUWKHG�GHOWD�V\VWHP ���������������������������������������������������� ��
)LJXUH����± 7HVW�FRQILJXUDWLRQ��WKUHH�SKDVH�HTXLSPHQW�RQ�FHQWUH�HDUWKHG�GHOWD�V\VWHP ���� ��
)LJXUH�$���± (TXLSPHQW ����������������������������������������������������������������������������������������������������� ��
)LJXUH�%���± (TXLSPHQW�SODWIRUP���������������������������������������������������������������������������������������� ��
)LJXUH�)���± )UHTXHQF\�IDFWRU�IRU�HOHFWULF�EXUQ������������������������������������������������������������������� ��
)LJXUH�)���± )UHTXHQF\�IDFWRU�IRU�SHUFHSWLRQ�RU�UHDFWLRQ ���������������������������������������������������� ��
)LJXUH�)���± )UHTXHQF\�IDFWRU�IRU�OHW�JR ����������������������������������������������������������������������������� ��
)LJXUH�+���± *ULSSDEOH�SDUW�WHVW�GHYLFH ������������������������������������������������������������������������������ ��
)LJXUH�-���± ([DPSOHV�RI�71�6�SRZHU�V\VWHP�������������������������������������������������������������������� ��
)LJXUH�-���± ([DPSOH�RI�71�&�6�SRZHU�V\VWHP ������������������������������������������������������������������ ��
)LJXUH�-���± ([DPSOH�RI�71�&�SRZHU�V\VWHP ��������������������������������������������������������������������� ��
)LJXUH�-���± ([DPSOH�RI�VLQJOH�SKDVH����ZLUH�71�&�SRZHU�V\VWHP ������������������������������������� ��
)LJXUH�.���± ([DPSOH�RI���OLQH�DQG�QHXWUDO�77�SRZHU�V\VWHP���������������������������������������������� ��
)LJXUH�-���± ([DPSOH�RI���OLQH�77�SRZHU�V\VWHP���������������������������������������������������������������� ��
)LJXUH�-���± ([DPSOH�RI���OLQH��DQG�QHXWUDO��,7�SRZHU�V\VWHP �������������������������������������������� ��
)LJXUH�-���± ([DPSOH�RI���OLQH�,7�SRZHU�V\VWHP����������������������������������������������������������������� ��
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7DEOH�/���± &DOFXODWHG�LQSXW�LPSHGDQFH�DQG�WUDQVIHU�LPSHGDQFH�IRU�XQZHLJKWHG�WRXFK
FXUUHQW�PHDVXULQJ�QHWZRUN��ILJXUH��� �������������������������������������������������������������� ��

7DEOH�/���± &DOFXODWHG�LQSXW�LPSHGDQFH�DQG�WUDQVIHU�LPSHGDQFH�IRU�SHUFHSWLRQ
RU�UHDFWLRQ�WRXFK�FXUUHQW�PHDVXULQJ�QHWZRUN��ILJXUH��������������������������������������� ��

7DEOH�/���± &DOFXODWHG�LQSXW�LPSHGDQFH�DQG�WUDQVIHU�LPSHGDQFH�IRU�OHW�JR�FXUUHQW
PHDVXULQJ�QHWZRUN��ILJXUH��� �������������������������������������������������������������������������� ��

7DEOH�/���± 2XWSXW�YROWDJH�WR�LQSXW�YROWDJH�UDWLRV�IRU�XQZHLJKWHG�WRXFK�FXUUHQW
PHDVXULQJ�QHWZRUN��ILJXUH��� �������������������������������������������������������������������������� ��

7DEOH�/���± 2XWSXW�YROWDJH�WR�LQSXW�YROWDJH�UDWLRV�IRU�SHUFHSWLRQ�RU�UHDFWLRQ�PHDVXULQJ
QHWZRUN��ILJXUH��� ������������������������������������������������������������������������������������������� ��

7DEOH�/���± 2XWSXW�YROWDJH�WR�LQSXW�YROWDJH�UDWLRV�IRU�OHW�JR�PHDVXULQJ�QHWZRUN��ILJXUH��� �� ��
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,1752'8&7,21

7KLV�,QWHUQDWLRQDO�6WDQGDUG�ZDV�GHYHORSHG�DV�D�UHVSRQVH�WR�FRQFHUQV�DULVLQJ�IURP�WKH�DGYHQW
RI� HOHFWURQLF� VZLWFKLQJ� WHFKQLTXHV� EHLQJ� EURDGO\� DSSOLHG� WR� SRZHU� V\VWHPV� DQG� ZLWKLQ
(48,30(17��JLYLQJ�ULVH�WR�KLJK�IUHTXHQF\�KDUPRQLF�YROWDJHV�DQG�FXUUHQWV�

7KLV� VWDQGDUG� LV� LQWHQGHG� IRU� WKH� JXLGDQFH� RI� (48,30(17� FRPPLWWHHV� LQ� SUHSDULQJ� RU
DPHQGLQJ� WKH� WHVW� VSHFLILFDWLRQV� LQ� WKHLU� VWDQGDUGV� IRU� PHDVXUHPHQW� RI� OHDNDJH� FXUUHQW�
+RZHYHU�WKH�WHUP��OHDNDJH�FXUUHQW��LV�QRW�XVHG�IRU�UHDVRQV�H[SODLQHG�EHORZ�

7KLV�VWDQGDUG�ZDV�SUHSDUHG�XQGHU�WKH�VDIHW\�SLORW�IXQFWLRQ�DVVLJQHG�WR�7&�����DV�IROORZV�

0HWKRGV�RI�PHDVXULQJ�OHDNDJH�FXUUHQW

7KLV� LQFOXGHV�� IRU� YDULRXV� W\SHV�RI�(48,30(17��DOO� DVSHFWV�RI�ZKDW� LV� UHIHUUHG� WR� DV� �OHDNDJH
FXUUHQW��� LQFOXGLQJ� PHWKRGV� RI� PHDVXUHPHQW� RI� FXUUHQW� ZLWK� UHJDUG� WR� SK\VLRORJLFDO� HIIHFWV
DQG�IRU�LQVWDOODWLRQ�SXUSRVHV��XQGHU�QRUPDO�FRQGLWLRQV�DQG�XQGHU�FHUWDLQ�IDXOW�FRQGLWLRQV�

7KH�PHWKRGV� RI�PHDVXUHPHQW� RI� OHDNDJH� FXUUHQW� GHVFULEHG� KHUHLQ� UHVXOW� IURP� WKH� UHYLHZ�RI
,(&��������� DQG� RWKHU� SXEOLFDWLRQV�� LQFOXGLQJ� GHVFULSWLRQV� RI� HDUOLHU� PHWKRGV� RI
PHDVXUHPHQW�

7KH�IROORZLQJ�FRQFOXVLRQV�ZHUH�GHULYHG�IURP�D�UHYLHZ�RI�WKH�HIIHFWV�RI�OHDNDJH�FXUUHQW�

± WKH� SULPDU\� FRQFHUQ� IRU� VDIHW\� LQYROYHV� SRVVLEOH� IORZ� RI� KDUPIXO� FXUUHQW� WKURXJK� WKH
KXPDQ� ERG\� �WKLV� FXUUHQW� LV� QRW� QHFHVVDULO\� HTXDO� WR� WKH� FXUUHQW� IORZLQJ� WKURXJK� D
SURWHFWLYH�FRQGXFWRU��

± WKH� HIIHFW� RI� HOHFWULF� FXUUHQW� RQ� D� KXPDQ� ERG\� LV� IRXQG� WR� EH� VRPHZKDW� PRUH� FRPSOH[
WKDQ�ZDV�DVVXPHG�GXULQJ� WKH�GHYHORSPHQW� RI� HDUOLHU� VWDQGDUGV� LQ� WKDW� WKHUH� DUH� VHYHUDO
ERG\� UHVSRQVHV�ZKLFK� VKRXOG� EH� FRQVLGHUHG�� 7KH�PRVW� VLJQLILFDQW� UHVSRQVHV� IRU� VHWWLQJ
OLPLWV�IRU�FRQWLQXRXV�ZDYHIRUPV�DUH

� SHUFHSWLRQ�

� UHDFWLRQ�

� OHW�JR��DQG

� (/(&75,&�%851�

(DFK� RI� WKHVH� IRXU� ERG\� UHVSRQVHV� KDV� D� XQLTXH� WKUHVKROG� OHYHO�� 7KHUH� DUH� DOVR� VLJQLILFDQW
GLIIHUHQFHV�LQ�WKH�PDQQHU�LQ�ZKLFK�VRPH�RI�WKHVH�WKUHVKROGV�YDU\�ZLWK�IUHTXHQF\�

7ZR� W\SHV� RI� FXUUHQW� KDYH� EHHQ� LGHQWLILHG� DV� QHHGLQJ� VHSDUDWH�PHDVXULQJ�PHWKRGV�� 728&+
&855(17�DQG�3527(&7,9(�&21'8&725�&855(17�

728&+�&855(17�RQO\�H[LVWV�ZKHQ�D�KXPDQ�ERG\�RU�D�ERG\�PRGHO�LV�D�FXUUHQW�SDWKZD\�

,W�ZDV�DOVR�QRWHG�WKDW�WKH�WHUP��OHDNDJH�FXUUHQW��KDV�DOUHDG\�EHHQ�DSSOLHG�WR�VHYHUDO�GLIIHUHQW
FRQFHUQV�� 728&+� &855(17�� 3527(&7,9(� &21'8&725� &855(17�� LQVXODWLRQ� SURSHUWLHV�� HWF�
7KHUHIRUH��LQ�WKLV�VWDQGDUG��WKH�WHUP��OHDNDJH�FXUUHQW��LV�QRW�XVHG�

BBBBBBBB
���7HUPV�LQ�VPDOO�FDSLWDOV�DUH�GHILQHG�LQ�FODXVH���
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0HDVXUHPHQW�RI�728&+�&855(17

,Q� WKH� SDVW�� (48,30(17� VWDQGDUGV� KDYH� XVHG� WZR� WUDGLWLRQDO� WHFKQLTXHV� IRU�PHDVXUHPHQW� RI
OHDNDJH� FXUUHQW�� (LWKHU� WKH� DFWXDO� FXUUHQW� LQ� WKH� SURWHFWLYH� FRQGXFWRU� ZDV� PHDVXUHG�� RU� D
VLPSOH�UHVLVWRU�FDSDFLWRU�QHWZRUN��UHSUHVHQWLQJ�D�VLPSOH�ERG\�PRGHO��ZDV�XVHG�� WKH� OHDNDJH
FXUUHQW�EHLQJ�GHILQHG�DV�WKH�FXUUHQW�WKURXJK�WKH�UHVLVWRU�

7KLV�VWDQGDUG�SURYLGHV�PHDVXULQJ�PHWKRGV�IRU�WKH�IRXU�ERG\�UHVSRQVHV�WR�WKH�HOHFWULF�FXUUHQW
QRWHG�DERYH��XVLQJ�D�PRUH�UHSUHVHQWDWLYH�ERG\�PRGHO�

7KLV�ERG\�PRGHO�ZDV�FKRVHQ�IRU�PRVW�FRPPRQ�FDVHV�RI�HOHFWULF�VKRFN� LQ�WKH�JHQHUDO�VHQVH�
:LWK� UHVSHFW� WR� WKH� SDWK� RI� FXUUHQW� IORZ� DQG� FRQGLWLRQV� RI� FRQWDFW�� D� ERG\� PRGHO
DSSUR[LPDWLQJ� IXOO� KDQG�WR�KDQG� RU� KDQG�WR�IRRW� FRQWDFW� LQ� QRUPDO� FRQGLWLRQV� LV� XVHG�� )RU
VPDOO�DUHDV�RI�FRQWDFW��H�J��RQH�ILQJHU�FRQWDFW���D�GLIIHUHQW�PRGHO�PD\�EH�DSSURSULDWH�

2I�WKH�IRXU�UHVSRQVHV��SHUFHSWLRQ��UHDFWLRQ�DQG�OHW�JR�DUH�UHODWHG�WR�WKH�SHDN�YDOXH�RI�728&+
&855(17� DQG� YDU\�ZLWK� IUHTXHQF\�� 7UDGLWLRQDOO\�� FRQFHUQV� IRU� HOHFWULF� VKRFN� KDYH� GHDOW� ZLWK
VLQXVRLGDO� ZDYHIRUPV�� IRU� ZKLFK� U�P�V�� PHDVXUHPHQWV� DUH� PRVW� FRQYHQLHQW�� 3HDN
PHDVXUHPHQWV� DUH�PRUH� DSSURSULDWH� IRU� QRQ�VLQXVRLGDO� ZDYHIRUPV� ZKHUH� VLJQLILFDQW� YDOXHV
RI� 728&+� &855(17� DUH� H[SHFWHG�� EXW� DUH� HTXDOO\� VXLWDEOH� IRU� VLQXVRLGDO� ZDYHIRUPV�� 7KH
QHWZRUNV� VSHFLILHG� IRU� WKH� PHDVXUHPHQW� RI� SHUFHSWLRQ�� UHDFWLRQ� DQG� OHW�JR� FXUUHQWV� DUH
IUHTXHQF\�UHVSRQVLYH� DQG� DUH� VR� ZHLJKWHG� WKDW� VLQJOH� OLPLW� SRZHU�IUHTXHQF\� YDOXHV� FDQ� EH
VSHFLILHG�DQG�UHIHUHQFHG�

(/(&75,&�%8516��KRZHYHU��DUH�UHODWHG�WR�WKH�U�P�V��YDOXH�RI�728&+�&855(17��DQG�DUH�UHODWLYHO\
LQGHSHQGHQW� RI� IUHTXHQF\�� )RU� (48,30(17� ZKHUH� (/(&75,&� %8516� PD\� EH� RI� FRQFHUQ� �VHH
������ WZR� VHSDUDWH� PHDVXUHPHQWV� DUH� UHTXLUHG�� RQH� LQ� SHDN� YDOXH� IRU� HOHFWULF� VKRFN� DQG� D
VHFRQG�LQ�U�P�V��YDOXH�IRU�(/(&75,&�%8516�

(48,30(17� FRPPLWWHHV� VKRXOG� GHFLGH� ZKLFK� SK\VLRORJLFDO� HIIHFWV� DUH� DFFHSWDEOH� DQG� ZKLFK
DUH�QRW��DQG�WKHQ�GHFLGH�RQ�OLPLW�YDOXHV�RI�FXUUHQW��&RPPLWWHHV�IRU�FHUWDLQ�W\SHV�RI�(48,30(17

PD\� DGRSW� VLPSOLILHG� SURFHGXUHV� EDVHG� XSRQ� WKLV� VWDQGDUG�� $� GLVFXVVLRQ� RI� OLPLW� YDOXHV�
EDVHG�XSRQ�HDUOLHU�ZRUN�E\�YDULRXV�,(&�(48,30(17�FRPPLWWHHV��LV�SURYLGHG�LQ�DQQH[�'�

0HDVXUHPHQW�RI�3527(&7,9(�&21'8&725�&855(17

,Q� FHUWDLQ� FDVHV��PHDVXUHPHQW� RI� WKH� 3527(&7,9(� &21'8&725� &855(17� RI� (48,30(17� XQGHU
QRUPDO�RSHUDWLQJ�FRQGLWLRQV�LV�UHTXLUHG��6XFK�FDVHV�LQFOXGH�

± VHOHFWLRQ�RI�D�UHVLGXDO�FXUUHQW�SURWHFWLRQ�GHYLFH�

± FRPSOLDQFH�ZLWK���������RI�,(&�������������

7KH� 3527(&7,9(� &21'8&725� &855(17� LV� PHDVXUHG� E\� LQVHUWLQJ� DQ� DPPHWHU� RI� QHJOLJLEOH
LPSHGDQFH�LQ�VHULHV�ZLWK�WKH�(48,30(17�SURWHFWLYH�HDUWKLQJ�FRQGXFWRU�

$�ELEOLRJUDSK\�RI�UHODWHG�GRFXPHQWV�LV�JLYHQ�LQ�DQQH[�0�

7KLV� VHFRQG� HGLWLRQ� KDV� EHHQ� SUHSDUHG� RQ� WKH� EDVLV� RI� FRPPHQWV� SURYLGHG� E\� XVHUV� RI� WKH
ILUVW�HGLWLRQ�
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3ULQFLSDO�FKDQJHV�LQFOXGH�WKH�IROORZLQJ�

± SURYLVLRQ� RI� DQ� HDUWKLQJ� DOWHUQDWLYH� IRU� WHVWLQJ�� LQ� RUGHU� WR� DFFRPPRGDWH� VRPH� WHVW
VLWXDWLRQV�

± SURYLVLRQ�RI�D�PRUH�GHWDLOHG�GHVFULSWLRQ�RI�WKH�GHVLJQ�DQG�FDOLEUDWLRQ�RI�WKH�PHDVXUHPHQW
QHWZRUN��WKXV�DOORZLQJ�GHOHWLRQ�RI�FRPSRQHQW�WROHUDQFHV�IURP�WKH�QHWZRUN�GLDJUDPV�

± D�PLQRU�LQDFFXUDF\�LQ�RQH�PHDVXUHPHQW�PHWKRG�KDV�EHHQ�FRUUHFWHG�E\�WKH�LQFOXVLRQ�RI�DQ
DGGLWLRQDO�FDOFXODWLRQ�

± WKH�GLVFXVVLRQ�RI�WKH�SK\VLRORJLFDO�HIIHFWV�KDV�EHHQ�FODULILHG�
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0(7+2'6�2)�0($685(0(17�2)�728&+�&855(17
$1'�3527(&7,9(�&21'8&725�&855(17

�� 6FRSH

7KLV�,QWHUQDWLRQDO�6WDQGDUG�GHILQHV�PHDVXUHPHQW�PHWKRGV�IRU

± G�F��RU�D�F��RI�VLQXVRLGDO�RU�QRQ�VLQXVRLGDO�ZDYHIRUP��ZKLFK�FRXOG�IORZ�WKURXJK�WKH�KXPDQ
ERG\��DQG

± FXUUHQW�IORZLQJ�WKURXJK�D�SURWHFWLYH�FRQGXFWRU�

7KH� PHDVXULQJ� PHWKRGV� UHFRPPHQGHG� IRU� 728&+� &855(17� DUH� EDVHG� XSRQ� WKH� SRVVLEOH
HIIHFWV� RI� FXUUHQW� IORZLQJ� WKURXJK�D� KXPDQ�ERG\�� ,Q� WKLV� VWDQGDUG��PHDVXUHPHQWV� RI� FXUUHQW
WKURXJK� QHWZRUNV� UHSUHVHQWLQJ� WKH� LPSHGDQFH� RI� WKH� KXPDQ� ERG\� DUH� UHIHUUHG� WR� DV
PHDVXUHPHQWV�RI�728&+�&855(17��7KHVH�QHWZRUNV�DUH�QRW�QHFHVVDULO\�YDOLG�IRU�WKH�ERGLHV�RI
DQLPDOV�

7KH� VSHFLILFDWLRQ� RU� LPSOLFDWLRQ� RI� VSHFLILF� OLPLW� YDOXHV� LV� QRW� ZLWKLQ� WKH� VFRSH� RI� WKLV
VWDQGDUG�� ,(&���������SURYLGHV� LQIRUPDWLRQ� UHJDUGLQJ� WKH�HIIHFWV�RI� FXUUHQW�SDVVLQJ� WKURXJK
WKH�KXPDQ�ERG\�IURP�ZKLFK�OLPLW�YDOXHV�PD\�EH�GHULYHG�

7KLV�VWDQGDUG�LV�DSSOLFDEOH�WR�DOO�FODVVHV�RI�(48,30(17��DFFRUGLQJ�WR�,(&�������

7KH�PHWKRGV�RI�PHDVXUHPHQW�LQ�WKLV�VWDQGDUG�DUH�QRW�LQWHQGHG�WR�EH�XVHG�IRU

± 728&+�&855(176�KDYLQJ�OHVV�WKDQ���V�GXUDWLRQ�

± SDWLHQW�FXUUHQWV�DV�GHILQHG�LQ�,(&���������

± D�F��DW�IUHTXHQFLHV�EHORZ����+]�

± D�F��LQ�FRPELQDWLRQ�ZLWK�G�F��7KH�XVH�RI�D�VLQJOH�QHWZRUN�IRU�D�FRPSRVLWH�LQGLFDWLRQ�RI�WKH
HIIHFWV�RI�FRPELQHG�D�F��DQG�G�F��KDV�QRW�EHHQ�LQYHVWLJDWHG�

± FXUUHQWV�DERYH�WKRVH�FKRVHQ�IRU�(/(&75,&�%851�OLPLWV�

7KLV� EDVLF� VDIHW\� SXEOLFDWLRQ� LV� SULPDULO\� LQWHQGHG� IRU� XVH� E\� WHFKQLFDO� FRPPLWWHHV� LQ� WKH
SUHSDUDWLRQ� RI� VWDQGDUGV� LQ� DFFRUGDQFH�ZLWK� WKH� SULQFLSOHV� ODLG� GRZQ� LQ� ,(&�*XLGH����� DQG
,62�,(&�*XLGH�����,W�LV�QRW�LQWHQGHG�IRU�XVH�E\�PDQXIDFWXUHUV�RU�FHUWLILFDWLRQ�ERGLHV�

2QH�RI� WKH� UHVSRQVLELOLWLHV�RI� D� WHFKQLFDO� FRPPLWWHH� LV��ZKHUHYHU�DSSOLFDEOH�� WR�PDNH�XVH�RI
EDVLF� VDIHW\� SXEOLFDWLRQV� LQ� WKH� SUHSDUDWLRQ� RI� LWV� SXEOLFDWLRQV�� 7KH� UHTXLUHPHQWV�� WHVW
PHWKRGV� RU� WHVW� FRQGLWLRQV� RI� WKLV� EDVLF� VDIHW\� SXEOLFDWLRQ�ZLOO� QRW� DSSO\�� XQOHVV� VSHFLILFDOO\
UHIHUUHG�WR�RU�LQFOXGHG�LQ�WKH�UHOHYDQW�SXEOLFDWLRQV�
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�� 1RUPDWLYH�UHIHUHQFHV

7KH� IROORZLQJ�QRUPDWLYH�GRFXPHQWV� FRQWDLQ� SURYLVLRQV�ZKLFK�� WKURXJK� UHIHUHQFH� LQ� WKLV� WH[W�
FRQVWLWXWH� SURYLVLRQV� RI� WKLV� ,QWHUQDWLRQDO� 6WDQGDUG�� )RU� GDWHG� UHIHUHQFHV�� VXEVHTXHQW
DPHQGPHQWV� WR�� RU� UHYLVLRQV�RI�� DQ\�RI� WKHVH�SXEOLFDWLRQV�GR�QRW� DSSO\��+RZHYHU�� SDUWLHV� WR
DJUHHPHQWV�EDVHG�RQ�WKLV�,QWHUQDWLRQDO�6WDQGDUG�DUH�HQFRXUDJHG�WR�LQYHVWLJDWH�WKH�SRVVLELOLW\
RI� DSSO\LQJ� WKH� PRVW� UHFHQW� HGLWLRQV� RI� WKH� QRUPDWLYH� GRFXPHQWV� LQGLFDWHG� EHORZ�� )RU
XQGDWHG� UHIHUHQFHV�� WKH� ODWHVW� HGLWLRQ� RI� WKH� QRUPDWLYH� GRFXPHQW� UHIHUUHG� WR� DSSOLHV�
0HPEHUV�RI�,(&�DQG�,62�PDLQWDLQ�UHJLVWHUV�RI�FXUUHQWO\�YDOLG�,QWHUQDWLRQDO�6WDQGDUGV�

,(&�������������,QWHUQDWLRQDO�(OHFWURWHFKQLFDO�9RFDEXODU\��,(9��±�&KDSWHU������(DUWKLQJ�DQG
SURWHFWLRQ�DJDLQVW�HOHFWULF�VKRFN

,(&������������� ,QWHUQDWLRQDO� (OHFWURWHFKQLFDO� 9RFDEXODU\� �,(9�� ±�&KDSWHU������*HQHUDWLRQ�
WUDQVPLVVLRQ�DQG�GLVWULEXWLRQ�RI�HOHFWULFLW\�±�2SHUDWLRQ

,(&��������������� 3OXJV�� VRFNHW�RXWOHWV� DQG� FRXSOHUV� IRU� LQGXVWULDO� SXUSRVHV� ±� 3DUW���
*HQHUDO�UHTXLUHPHQWV

,(&������������������ (OHFWULFDO� LQVWDOODWLRQV� RI� EXLOGLQJV� ±� 3DUW� ��� 3URWHFWLRQ� IRU� VDIHW\� ±
&KDSWHU�����3URWHFWLRQ�DJDLQVW�HOHFWULF�VKRFN

,(&�������������������(OHFWULFDO�LQVWDOODWLRQV�RI�EXLOGLQJV�±�3DUW����5HTXLUHPHQWV�IRU�VSHFLDO
LQVWDOODWLRQV� RU� ORFDWLRQV� ±� 6HFWLRQ� ����� (DUWKLQJ� UHTXLUHPHQWV� IRU� WKH� LQVWDOODWLRQ� RI� GDWD
SURFHVVLQJ�HTXLSPHQW

,(&��������������� (IIHFWV� RI� FXUUHQW� RQ� KXPDQ� EHLQJV� DQG� OLYHVWRFN� ±� 3DUW� ��� *HQHUDO
DVSHFWV

,(&� ������������ &ODVVLILFDWLRQ� RI� HOHFWULFDO� DQG� HOHFWURQLF� HTXLSPHQW� ZLWK� UHJDUG� WR
SURWHFWLRQ�DJDLQVW�HOHFWULF�VKRFN

,(&� �������������� &ODVVLILFDWLRQ� RI� HOHFWULFDO� DQG� HOHFWURQLF� HTXLSPHQW� ZLWK� UHJDUG� WR
SURWHFWLRQ� DJDLQVW� HOHFWULF� VKRFN� ±�3DUW� ���*XLGHOLQHV� WR� UHTXLUHPHQWV� IRU� SURWHFWLRQ� DJDLQVW
HOHFWULF�VKRFN

,(&� ������������ 3URWHFWLRQ� DJDLQVW� HOHFWULF� VKRFN� ±� &RPPRQ� DVSHFWV� IRU� LQVWDOODWLRQ� DQG
HTXLSPHQW

,62�,(&�*XLGH����������*XLGHOLQH�IRU�WKH�LQFOXVLRQ�RI�VDIHW\�DVSHFWV�LQ�VWDQGDUGV

,(&� *XLGH� ����������*XLGH� WR� WKH� GUDIWLQJ� RI� VDIHW\� VWDQGDUGV� DQG� WKH� UROH� RI� FRPPLWWHHV
ZLWK�VDIHW\�SLORW�IXQFWLRQV�DQG�VDIHW\�JURXS�IXQFWLRQV
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��%6,��������

�� 'HILQLWLRQV

)RU�WKH�SXUSRVH�RI�WKLV�,QWHUQDWLRQDO�6WDQGDUG��WKH�IROORZLQJ�GHILQLWLRQV�DSSO\�

���
WRXFK�FXUUHQW
HOHFWULF� FXUUHQW� WKURXJK� D� KXPDQ� ERG\� RU� WKURXJK� DQ� DQLPDO� ERG\� ZKHQ� LW� WRXFKHV� RQH� RU
PRUH�DFFHVVLEOH�SDUWV�RI�DQ�LQVWDOODWLRQ�RU�RI�HTXLSPHQW�>,(9����������@

���
SURWHFWLYH�FRQGXFWRU�FXUUHQW
FXUUHQW�ZKLFK�IORZV�LQ�D�SURWHFWLYH�FRQGXFWRU

���
HTXLSPHQW
DV� GHILQHG� LQ� WKH� UHOHYDQW� HTXLSPHQW� VWDQGDUG�� ,I� QRW� GHILQHG� LQ� WKH� UHOHYDQW� HTXLSPHQW
VWDQGDUG��VHH�DQQH[�$

���
JULSSDEOH�SDUW
SDUW�RI�WKH�HTXLSPHQW�ZKLFK�FRXOG�VXSSO\�FXUUHQW�WKURXJK�WKH�KXPDQ�KDQG�WR�FDXVH�PXVFXODU
FRQWUDFWLRQ� URXQG� WKH�SDUW� DQG�DQ� LQDELOLW\� WR� OHW� JR��3DUWV�ZKLFK�DUH� LQWHQGHG� WR� EH�JULSSHG
ZLWK�WKH�HQWLUH�KDQG�DUH�DVVXPHG�WR�EH�JULSSDEOH�ZLWKRXW�IXUWKHU�LQYHVWLJDWLRQ��VHH�DQQH[�+�

���
HOHFWULF�EXUQ
EXUQLQJ� RI� WKH� VNLQ� RU� RI� DQ� RUJDQ�� FDXVHG� E\�SDVVLQJ� DQ� HOHFWULF� FXUUHQW� DFURVV� RU� WKURXJK
WKH�VXUIDFH�>,(9����������@

�� 7HVW�VLWH

���� 7HVW�VLWH�HQYLURQPHQW

7HVW�VLWH�HQYLURQPHQWDO�UHTXLUHPHQWV�VKDOO�EH�DV�VSHFLILHG�LQ�WKH�(48,30(17�VWDQGDUG��,I� OLPLW
YDOXHV� RI� OHVV� WKDQ� ����$�U�P�V�� RU� �����$�SHDN� DUH� VSHFLILHG�� RU� LI� WKH� (48,30(17� FRQWDLQV
ODUJH�VKLHOGV�ZKLFK�PD\�EH�GULYHQ�E\�KLJK�IUHTXHQF\�VLJQDOV��SURGXFW�FRPPLWWHHV�VKDOO� UHIHU
WR�DQQH[�%�
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��%6,��������

���� 7HVW�WUDQVIRUPHU

7KH�XVH�RI�D�WHVW�WUDQVIRUPHU�IRU�LVRODWLRQ�LV�RSWLRQDO��)RU�PD[LPXP�VDIHW\��D�WHVW�WUDQVIRUPHU
IRU� LVRODWLRQ� �7�� LQ� ILJXUH���� 7� LQ� ILJXUHV� �� WR� ���� VKDOO� EH� XVHG� DQG� WKH� PDLQ� SURWHFWLYH
HDUWKLQJ� WHUPLQDO� RI� WKH� (48,30(17� XQGHU� WHVW� �(87�� HDUWKHG��$Q\� FDSDFLWLYH� OHDNDJH� LQ� WKH
WUDQVIRUPHU�PXVW� WKHQ�EH� WDNHQ� LQWR�DFFRXQW��$V�DQ�DOWHUQDWLYH� WR�HDUWKLQJ� WKH�(87�� WKH� WHVW
WUDQVIRUPHU� VHFRQGDU\� DQG� WKH� (87� VKDOO� EH� OHIW� IORDWLQJ� �QRW� HDUWKHG��� LQ� ZKLFK� FDVH� WKH
FDSDFLWLYH�OHDNDJH�LQ�WKH�WHVW�WUDQVIRUPHU�QHHG�QRW�EH�WDNHQ�LQWR�DFFRXQW�

,I�WUDQVIRUPHU�7�LV�QRW�XVHG��WKH�(87�VKDOO�EH�PRXQWHG�RQ�DQ�LQVXODWLQJ�VWDQG�DQG�DSSURSULDWH
VDIHW\�SUHFDXWLRQV�WDNHQ��LQ�YLHZ�RI�WKH�SRVVLELOLW\�RI�WKH�ERG\�RI�WKH�(87�EHLQJ�DW�KD]DUGRXV
YROWDJH�

���� (DUWKHG�QHXWUDO�FRQGXFWRU

(48,30(17� LQWHQGHG� IRU� FRQQHFWLRQ� WR� D� 77� RU� 71� SRZHU� GLVWULEXWLRQ� V\VWHP� VKDOO� EH� WHVWHG
ZLWK�PLQLPXP�YROWDJH�EHWZHHQ�QHXWUDO�DQG�HDUWK�

127(�± 'HVFULSWLRQV�RI�YDULRXV�SRZHU�GLVWULEXWLRQ�V\VWHPV�DUH�JLYHQ�LQ�DQQH[�-�

7KH� SURWHFWLYH� FRQGXFWRU� DQG� WKH� HDUWKHG� QHXWUDO� FRQGXFWRU� IRU� WKH� (87� VKRXOG� KDYH� D
YROWDJH�GLIIHUHQFH�RI�OHVV�WKDQ�����RI�OLQH�WR�OLQH�YROWDJH��VHH�H[DPSOH�LQ�ILJXUH����

$�ORFDO�WUDQVIRUPHU��VHH������ZLOO�DFKLHYH�WKLV�UHTXLUHPHQW�

$OWHUQDWLYHO\�� LI� WKH�YROWDJH�GLIIHUHQFH�LV�����RU�PRUH��WKH�IROORZLQJ�DUH�H[DPSOHV�RI�PHWKRGV
ZKLFK��LQ�VRPH�FDVHV��ZLOO�DYRLG�PHDVXUHPHQW�HUURUV�GXH�WR�WKLV�YROWDJH�

± FRQQHFWLQJ�WKH�WHUPLQDO�%�HOHFWURGH�RI�WKH�PHDVXULQJ�LQVWUXPHQW�WR�WKH�QHXWUDO�WHUPLQDO�RI
WKH�(87�LQVWHDG�RI�WKH�SURWHFWLYH�HDUWKLQJ�FRQGXFWRU��VHH��������RI�WKH�VXSSO\�

± FRQQHFWLQJ� WKH� HDUWKLQJ� WHUPLQDO� RI� WKH� (87� WR� WKH� QHXWUDO� FRQGXFWRU�� LQVWHDG� RI� WKH
SURWHFWLYH�HDUWKLQJ�FRQGXFWRU��RI�WKH�VXSSO\�

3RLQW�RI�FRQQHFWLRQ
RI�HTXLSPHQW
WR�VXSSO\

/HVV�WKDQ�����RI
WKH�YROWDJH
EHWZHHQ�OLQHV

%XLOGLQJ
LQVWDOODWLRQ
WUDQVIRUPHU 9ROWDJH

EHWZHHQ
OLQHV

(87

6XSSO\ 7�

/

1

3(

,(&����������

)LJXUH���±�([DPSOH�RI�HDUWKHG�QHXWUDO��GLUHFW�VXSSO\
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��%6,��������

7HVW�WUDQVIRUPHU
IRU�LVRODWLRQ

3RLQW�RI�FRQQHFWLRQ
RI�HTXLSPHQW
WR�VXSSO\

/HVV�WKDQ�����RI
WKH�YROWDJH
EHWZHHQ�OLQHV

%XLOGLQJ
LQVWDOODWLRQ
WUDQVIRUPHU 9ROWDJH

EHWZHHQ
OLQHV

(87

6XSSO\ 7�

/

1

3(

7�

,(&����������

)LJXUH���±�([DPSOH�RI�HDUWKHG�QHXWUDO��ZLWK�WUDQVIRUPHU�IRU�LVRODWLRQ

�� 0HDVXULQJ�HTXLSPHQW

���� 6HOHFWLRQ�RI�PHDVXULQJ�QHWZRUN

0HDVXUHPHQWV�VKDOO�EH�PDGH�ZLWK�RQH�RI�WKH�QHWZRUNV�RI�ILJXUHV������DQG���

127(�± 6HH�DQQH[HV�(��)�DQG�*�IRU�IXUWKHU�H[SODQDWLRQ�RI�WKH�WKUHH�QHWZRUNV�

7HVW�WHUPLQDOV

$

%

&6
56

5% 8�

8QZHLJKWHG�WRXFK
FXUUHQW

8�

���
 �U�P�V��YDOXH�

,(&����������

56 ������W

5% ����W

&6 ������)

)LJXUH���±�0HDVXULQJ�QHWZRUN��XQZHLJKWHG�WRXFK�FXUUHQW
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��%6,��������

7HVW�WHUPLQDOV

$

%

&6
56

5% 8�

:HLJKWHG�WRXFK�FXUUHQW
�SHUFHSWLRQ�UHDFWLRQ�

8�

���
 �SHDN�YDOXH�

8�

5�

&�

,(&����������

56 ������W

5% ����W

&6 ������)

5� �������W

&� �������)

)LJXUH���±�0HDVXULQJ�QHWZRUN��WRXFK�FXUUHQW�ZHLJKWHG�IRU�SHUFHSWLRQ�RU�UHDFWLRQ

7HVW�WHUPLQDOV

$

%

&6
56

5% 8�

:HLJKWHG�WRXFK�FXUUHQW
�OHW�JR�

8�

���
 �SHDN�YDOXH�

8�

5�

&�
5�

&�

,(&����������

56 ������W

5% ����W

&6 ������)

5� �������W

5� �������W

&� ��������)

&� ��������)

127(�± 8VH�RI�WKLV�QHWZRUN�LV�VXEMHFW�WR�VSHFLDO�FRQGLWLRQV��VHH��������

)LJXUH���±�0HDVXULQJ�QHWZRUN��WRXFK�FXUUHQW�ZHLJKWHG�IRU�OHW�JR
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��%6,��������

������ 3HUFHSWLRQ�DQG�UHDFWLRQ��D�F��

7KH�QHWZRUN�RI�ILJXUH���VKDOO�EH�XVHG�

������ /HW�JR��D�F��

7KH� QHWZRUN� RI� ILJXUH��� VKDOO� EH� XVHG�� EXW� RQO\� LI� LQDELOLW\� WR� OHW� JR� LV� D� VLJQLILFDQW
FRQVLGHUDWLRQ��L�H��LI�DOO�RI�WKH�IROORZLQJ�FRQGLWLRQV�DUH�PHW�

± WKH� DYDLODEOH� FXUUHQW� LV� D�F�� DQG� WKH� OLPLW� YDOXH� LQ� WKH� SURGXFW� VWDQGDUG� LV� PRUH� WKDQ
����P$�U�P�V��RU�����P$�SHDN�

± WKH�(48,30(17�KDV�D�*5,33$%/(�3$57�

± LW�LV�DQWLFLSDWHG�WKDW�LW�ZRXOG�EH�GLIILFXOW�WR�OHW�JR�RI�WKH�*5,33$%/(�3$57�GXH�WR�FXUUHQW�IORZ
WKURXJK�WKH�KDQG�DQG�WKH�DUP��VHH�(���DQG�DQQH[�+�IRU�IXUWKHU�LQIRUPDWLRQ��

2WKHUZLVH��WKH�QHWZRUN�RI�ILJXUH���VKDOO�EH�XVHG�

������ (OHFWULF�EXUQ��D�F��

7KH�XQZHLJKWHG�728&+�&855(17�QHWZRUN�RI�ILJXUH���VKDOO�EH�XVHG�

������ 5LSSOH�IUHH�G�F�

$Q\� RQH� RI� WKH� WKUHH� QHWZRUNV� VKDOO� EH� XVHG�� 8QOHVV� RWKHUZLVH� VSHFLILHG� LQ� WKH� (48,30(17

VWDQGDUG��ULSSOH�IUHH�G�F��PHDQV�OHVV�WKDQ������SHDN�WR�SHDN�ULSSOH�

���� 7HVW�HOHFWURGHV

������ &RQVWUXFWLRQ

8QOHVV�RWKHUZLVH�VSHFLILHG�LQ�WKH�(48,30(17�VWDQGDUG��WKH�WHVW�HOHFWURGHV�VKDOO�EH

± D�WHVW�FOLS��RU

± D� ���FP� �� ���FP�PHWDO� IRLO� WR� UHSUHVHQW� WKH� KXPDQ� KDQG��:KHUH� DGKHVLYH� PHWDO� IRLO� LV
XVHG��WKH�DGKHVLYH�VKDOO�EH�FRQGXFWLYH�

������ &RQQHFWLRQ

7HVW�HOHFWURGHV�VKDOO�EH�FRQQHFWHG�WR�WHVW�WHUPLQDOV�$�DQG�%�RI�WKH�PHDVXULQJ�QHWZRUN�

���� &RQILJXUDWLRQ

7KH�(48,30(17�XQGHU� WHVW� �(87��VKDOO�EH� IXOO\�DVVHPEOHG�DQG�UHDG\� IRU�XVH� LQ� WKH�PD[LPXP
FRQILJXUDWLRQ��LW�VKDOO�EH�FRQQHFWHG�WR�H[WHUQDO�VLJQDO�YROWDJHV�ZKHUH�DSSOLFDEOH��DV�VSHFLILHG
E\�WKH�PDQXIDFWXUHU�IRU�D�VLQJOH�(48,30(17�

(48,30(17�ZKLFK� LV� GHVLJQHG� IRU�PXOWLSOH� SRZHU� VRXUFHV�� RQO\� RQH�RI�ZKLFK� LV� UHTXLUHG� DW� D
WLPH��H�J��IRU�EDFNXS���VKDOO�EH�WHVWHG�ZLWK�RQO\�RQH�VRXUFH�FRQQHFWHG�

(48,30(17� UHTXLULQJ� SRZHU� VLPXOWDQHRXVO\� IURP� WZR� RU�PRUH� SRZHU� VRXUFHV� VKDOO� EH� WHVWHG
ZLWK�DOO�SRZHU�VRXUFHV�FRQQHFWHG�EXW�ZLWK�QRW�PRUH�WKDQ�RQH�FRQQHFWLRQ�WR�SURWHFWLYH�HDUWK�
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��%6,��������

���� 3RZHU�FRQQHFWLRQV�GXULQJ�WHVW

127(�± ([DPSOHV�RI�SRZHU�GLVWULEXWLRQ�V\VWHPV�DUH�JLYHQ�LQ�DQQH[�-�

������ *HQHUDO

(48,30(17�VKDOO�EH�FRQQHFWHG�DV�VKRZQ�LQ�ILJXUHV���WR�����DFFRUGLQJ�WR��������������RU�������
DV�DSSURSULDWH�

(48,30(17�FRPPLWWHHV�VKRXOG�FRQVLGHU�WKH�SRVVLEOH�QHHG�IRU�WKH�PDQXIDFWXUHU�WR�LGHQWLI\�WKH
SRZHU�GLVWULEXWLRQ�V\VWHP��71��77��,7��WR�ZKLFK�DQ�(48,30(17� LV� LQWHQGHG�WR�EH�FRQQHFWHG� LQ
LWV�ILQDO�DSSOLFDWLRQ�

,I� WKH� (87� LV� VSHFLILHG� E\� WKH� PDQXIDFWXUHU� IRU� XVH� RQO\� RQ� FHUWDLQ� SRZHU� GLVWULEXWLRQ
V\VWHPV��WKH�(87�VKDOO�EH�WHVWHG�RQO\�ZKHQ�FRQQHFWHG�WR�WKRVH�V\VWHPV�

(48,30(17� WR�EH�FRQQHFWHG�RQO\� WR�71�RU�77�V\VWHPV�VKDOO� FRPSO\�ZLWK��������(48,30(17� WR
EH�FRQQHFWHG� WR� ,7�V\VWHPV�VKDOO�FRPSO\�ZLWK�������DQG�PD\�DOVR�EH�FRQQHFWHG� WR�71�RU�77
V\VWHPV�

)RU�&ODVV���DQG�&ODVV�,,�(48,30(17��VHH�,(&����������� WKH�SURWHFWLYH�FRQGXFWRUV� LQ�ILJXUHV��
WKURXJK����DUH�LJQRUHG�

/

1

3(
(87

% $

0HDVXULQJ�QHWZRUN

3RLQW�RI�FRQQHFWLRQ
WR�VXSSO\

6XSSO\

7

Q

�SRODULW\�
S

�QHXWUDO�IDXOW�

H

�HDUWKLQJ�FRQGXFWRU
IDXOW�

,(&����������

)LJXUH���±�7HVW�FRQILJXUDWLRQ��VLQJOH�SKDVH�HTXLSPHQW�RQ�VWDU�71�RU�77�V\VWHP
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��%6,��������

/

3(

% $

7

O

S

H

Q 1

/

(87

0HDVXULQJ�QHWZRUN

3RLQW�RI�FRQQHFWLRQ
WR�VXSSO\

6XSSO\

�SRODULW\�

�OLQH�IDXOW�

�HDUWKLQJ�FRQGXFWRU
IDXOW�

�QHXWUDO�IDXOW�

,(&����������

127(�±�7KH�FHQWUH�WDSSHG�ZLQGLQJ�PD\�EH�RQH�OHJ�RI�D�GHOWD�VXSSO\�

)LJXUH���±�7HVW�FRQILJXUDWLRQ��VLQJOH�SKDVH�HTXLSPHQW�RQ�FHQWUH�HDUWKHG�71�RU�77�V\VWHP

76XSSO\

/

/

3( (87

% $

0HDVXULQJ�QHWZRUN

3RLQW�RI�FRQQHFWLRQ
WR�VXSSO\

O

�HDUWKLQJ�FRQGXFWRU
IDXOW�

,

�OLQH�IDXOW�

H

,(&����������

)LJXUH���±�7HVW�FRQILJXUDWLRQ��VLQJOH�SKDVH�HTXLSPHQW�FRQQHFWHG�OLQH�WR�OLQH�RQ�VWDU
71�RU�77�V\VWHP
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��%6,��������

6XSSO\

/

1

3( (87

% $

0HDVXULQJ�QHWZRUN

�HDUWKLQJ�FRQGXFWRU
IDXOW�

�QHXWUDO�IDXOW�J
�SKDVH�WR
HDUWK�VHOHFWRU�

7

3RLQW�RI�FRQQHFWLRQ
WR�VXSSO\

Q

�SRODULW\�
S

������W
H

,(&����������

127(�± 7KH�������W�UHVLVWRU�VKRXOG�EH�UDWHG�IRU�VXSSO\�V\VWHP�IDXOWV�

)LJXUH���±�7HVW�FRQILJXUDWLRQ��VLQJOH�SKDVH�HTXLSPHQW�FRQQHFWHG
OLQH�WR�QHXWUDO�RQ�VWDU�,7�V\VWHP

/

/

3( (87

% $

O

J

O

7

6XSSO\

0HDVXULQJ�QHWZRUN

�HDUWKLQJ�FRQGXFWRU
IDXOW�

�OLQH�IDXOW�

�SKDVH�WR
HDUWK�VHOHFWRU�

3RLQW�RI�FRQQHFWLRQ
WR�VXSSO\

H

������W

,(&����������

127(�± 7KH�������W�UHVLVWRU�VKRXOG�EH�UDWHG�IRU�VXSSO\�V\VWHP�IDXOWV�

)LJXUH����±�7HVW�FRQILJXUDWLRQ��VLQJOH�SKDVH�HTXLSPHQW�FRQQHFWHG
OLQH�WR�OLQH�RQ�VWDU�,7�V\VWHP

Page 18

EN 60990:1999

Li
ce

ns
ed

 C
op

y:
 S

un
 Y

at
-S

en
  U

ni
ve

rs
ity

 U
se

r,
 S

un
 Y

at
-S

en
 U

ni
ve

rs
ity

, M
on

 O
ct

 0
3 

00
:1

4:
58

 B
S

T
 2

00
5,

 U
nc

on
tr

ol
le

d 
C

op
y,

 (
c)

 B
S

I



��%6,��������

7

/

1

3( (87

% $

O

O

H

Q

/

/O

6XSSO\

0HDVXULQJ�QHWZRUN

�HDUWKLQJ�FRQGXFWRU�IDXOW�

�QHXWUDO�IDXOW�

3RLQW�RI�FRQQHFWLRQ
WR�VXSSO\
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0HDVXULQJ�QHWZRUN

�HDUWKLQJ�FRQGXFWRU�IDXOW�

�QHXWUDO�IDXOW��SKDVH�WR
HDUWK�VHOHFWRU�

3RLQW�RI�FRQQHFWLRQ
WR�VXSSO\

�OLQH�IDXOW�

,(&����������

127(�± 7KH�������W�UHVLVWRU�VKRXOG�EH�UDWHG�IRU�VXSSO\�V\VWHP�IDXOWV�

)LJXUH����±�7HVW�FRQILJXUDWLRQ��WKUHH�SKDVH�HTXLSPHQW�RQ�VWDU�,7�V\VWHP
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�OLQH�IDXOW�

(87

6XSSO\

0HDVXULQJ�QHWZRUN

�HDUWKLQJ�FRQGXFWRU�IDXOW��SKDVH�WR
HDUWK�VHOHFWRU�

3RLQW�RI�FRQQHFWLRQ
WR�VXSSO\

/
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% $
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O

H

/

/O

J

7

,(&����������

)LJXUH����±�7HVW�FRQILJXUDWLRQ��XQHDUWKHG�GHOWD�V\VWHP

�OLQH�IDXOW�

(87

6XSSO\

0HDVXULQJ�QHWZRUN

�HDUWKLQJ�FRQGXFWRU�IDXOW��FHQWUH�WDS�WR
HDUWK�VHOHFWRU�

3RLQW�RI�FRQQHFWLRQ
WR�VXSSO\

/

3(

% $

O

O

H

/

/O

J

7

,(&����������

127(�± :KHUH� DQ� (48,30(17� FRQWDLQV� ERWK� D� WKUHH�SKDVH� ORDG� DQG� D� FHQWUH�HDUWKHG� VLQJOH�SKDVH� ORDG�� DQG� WKH
HDUWKHG�VLGH�LV�LGHQWLILHG��VZLWFK�J�VKDOO�UHPDLQ�LQ�WKH�SRVLWLRQ�LGHQWLILHG�DV�WKH�HDUWKHG�VLGH�

)LJXUH����±�7HVW�FRQILJXUDWLRQ��WKUHH�SKDVH�HTXLSPHQW�RQ�FHQWUH�HDUWKHG�GHOWD�V\VWHP
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������ (TXLSPHQW�IRU�XVH�RQO\�RQ�71�RU�77�VWDU�SRZHU�GLVWULEXWLRQ�V\VWHPV

7KUHH�SKDVH�(48,30(17�VKDOO�EH�FRQQHFWHG� WR�D� WKUHH�SKDVH�VWDU�SRZHU�GLVWULEXWLRQ�V\VWHP�
ZLWK�HDUWKHG�QHXWUDO��6LQJOH�SKDVH�(48,30(17�VKDOO�EH�FRQQHFWHG�EHWZHHQ�SKDVH�DQG�QHXWUDO
RI� DQ� HDUWKHG� QHXWUDO� SRZHU� GLVWULEXWLRQ� V\VWHP� RU�� ZKHUH� VSHFLILHG� E\� WKH�PDQXIDFWXUHU� WR
RSHUDWH�LQ�VXFK�D�PDQQHU��OLQH�WR�OLQH�RQ�D�FHQWUH�HDUWKHG�WKUHH�SKDVH�VWDU�SRZHU�GLVWULEXWLRQ
V\VWHP��VHH�ILJXUHV������DQG�����

������ (TXLSPHQW�IRU�XVH�RQ�,7�SRZHU�GLVWULEXWLRQ�V\VWHPV
LQFOXGLQJ�XQHDUWKHG�GHOWD�V\VWHPV

7KUHH�SKDVH� (48,30(17� VKDOO� EH� FRQQHFWHG� WR� DQ� DSSURSULDWH� WKUHH�SKDVH� ,7� SRZHU� VXSSO\
V\VWHP�� 6LQJOH�SKDVH� (48,30(17� VKDOO� EH� FRQQHFWHG� EHWZHHQ� SKDVH� DQG� QHXWUDO� RU�� ZKHUH
VSHFLILHG�E\�WKH�PDQXIDFWXUHU�WR�RSHUDWH�LQ�VXFK�D�PDQQHU�� OLQH�WR�OLQH��VHH�ILJXUHV����������
DQG�����

������ (TXLSPHQW�IRU�XVH�RQ�VLQJOH�SKDVH�FHQWUH�HDUWKHG�SRZHU�VXSSO\�V\VWHPV
RU�RQ�FHQWUH�HDUWKHG�GHOWD�SRZHU�VXSSO\�V\VWHPV

6LQJOH�SKDVH� (48,30(17� VKDOO� EH� FRQQHFWHG� WR� D� VXSSO\� KDYLQJ� LWV� FHQWUH� WDS� HDUWKHG
�VHH�ILJXUHV���DQG�����

7KUHH�SKDVH�(48,30(17�VKDOO�EH�FRQQHFWHG�WR�WKH�DSSURSULDWH�GHOWD�VXSSO\��VHH�ILJXUH�����

���� 6XSSO\�YROWDJH�DQG�IUHTXHQF\

������ 6XSSO\�YROWDJH

6XSSO\�YROWDJH�VKDOO�EH�PHDVXUHG�DW�WKH�(48,30(17�VXSSO\�WHUPLQDOV�

(48,30(17� UDWHG� IRU�D� VLQJOH� YROWDJH�VKDOO� EH� WHVWHG�DW� LWV� UDWHG� YROWDJH�SOXV�DQ�DSSURSULDWH
ZRUNLQJ�WROHUDQFH�WR�DOORZ�IRU�VXSSO\�YDULDWLRQV�

(48,30(17� UDWHG� IRU� D� QRPLQDO� YROWDJH� UDQJH� VKDOO� EH� WHVWHG� DW� WKH� KLJKHVW� YROWDJH� LQ� WKDW
UDQJH��SOXV�DQ�DSSURSULDWH�ZRUNLQJ�WROHUDQFH�WR�DOORZ�IRU�VXSSO\�YDULDWLRQV�

7KH�ZRUNLQJ� WROHUDQFH� LV� GHWHUPLQHG� E\� WKH� (48,30(17� FRPPLWWHH� RU� E\� WKH�PDQXIDFWXUHU� LI
QHFHVVDU\��H�J������������RU��������

(48,30(17� UDWHG� IRU� GLIIHUHQW� QRPLQDO� YROWDJHV� RU� YROWDJH� UDQJHV�� XVLQJ� D� YROWDJH� VHOHFWRU�
VKDOO� EH� VHW� IRU� WKH� KLJKHVW� QRPLQDO� YROWDJH� RU� YROWDJH� UDQJH� DQG� WKHQ� WUHDWHG� DV� DERYH�
:KHUH� YROWDJH� VHOHFWLRQ� LQYROYHV� PRUH� FRPSOH[� VZLWFKLQJ� WKDQ� D� UHDUUDQJHPHQW� RI
WUDQVIRUPHU�ZLQGLQJV��DGGLWLRQDO�WHVWV�PD\�EH�QHFHVVDU\�WR�GHWHUPLQH�WKH�ZRUVW�FDVH�

,I� LW� LV� LQFRQYHQLHQW� WR� WHVW�(48,30(17�DW� WKH�VSHFLILHG�YROWDJH�� LW� LV�SHUPLWWHG� WR� WHVW� LW�DW�DQ\
DYDLODEOH�YROWDJH�ZLWKLQ�WKH�UDWLQJ�RI�WKH�(48,30(17�DQG�WKHQ�FDOFXODWH�WKH�UHVXOWV�

������ 6XSSO\�IUHTXHQF\

6XSSO\� IUHTXHQF\� VKDOO� EH� WKH� PD[LPXP� UDWHG� QRPLQDO� IUHTXHQF\�� RU� DOWHUQDWLYHO\�
PHDVXUHPHQWV�PD\�EH�FRUUHFWHG�E\�FDOFXODWLRQ�IRU�HVWLPDWLRQ�RI�WKH�ZRUVW�FDVH�FXUUHQW�
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�� 7HVW�SURFHGXUH

���� *HQHUDO

(48,30(17� FRPPLWWHHV� PD\� ZLVK� WR� H[FOXGH� PHDVXUHPHQW� RI� 728&+� &855(17� DW� VRPH
DFFHVVLEOH�SDUWV��EDVHG�XSRQ�WKH�SULQFLSOH�RI�OLPLWDWLRQ�RI�YROWDJH��VHH�,(&��������������,I�VR�
PHDVXUHPHQWV� VKDOO� EH� PDGH� IRU� DFFHVVLEOH� YROWDJH� DQG� WKHQ�� LI� UHTXLUHG�� IRU� ZHLJKWHG� RU
XQZHLJKWHG�728&+�&855(17�DFFRUGLQJ�WR�WKLV�FODXVH�

&RQFHUQ� IRU� (/(&75,&� %851� HIIHFWV� PD\� DULVH� ZLWK� G�F�� RU� DW� KLJK� IUHTXHQFLHV� �H�J�� DERYH
���N+]� IRU� ����P$� 728&+� &855(17��� $W� ORZHU� IUHTXHQFLHV�� UHDFWLRQ� DQG� OHW� JR� ZLOO� EH� WKH
GRPLQDQW� FRQVLGHUDWLRQV�� :KHUH� WKHUH� LV� VXFK� D� FRQFHUQ�� WKH� XQZHLJKWHG� U�P�V�� YDOXH� RI
728&+� &855(17� VKDOO� EH� PHDVXUHG� �ILJXUH����� LQ� DGGLWLRQ� WR� PHDVXUHPHQW� IRU� HLWKHU
SHUFHSWLRQ�RU�UHDFWLRQ��ILJXUH�����RU�DELOLW\�WR�OHW�JR��ILJXUH����

������ &RQWURO�VZLWFKHV��HTXLSPHQW�DQG�VXSSO\�FRQGLWLRQV

'XULQJ� 728&+� &855(17� PHDVXUHPHQWV�� WKH� WHVW� HQYLURQPHQW�� FRQILJXUDWLRQ�� HDUWKLQJ� DQG
VXSSO\�V\VWHP�VKDOO�EH�DFFRUGLQJ�WR����������DQG�����

,Q� RUGHU� WR� PD[LPL]H� WKH� FXUUHQW� YDOXHV� GXULQJ� PHDVXUHPHQWV�� WKH� FRQILJXUDWLRQ� VKDOO� EH
YDULHG�E\�FRQQHFWLRQ�DQG�GLVFRQQHFWLRQ�RI�XQLWV� WKDW�DUH�SDUW�RI� WKH�(48,30(17��DV�SHUPLWWHG
E\�WKH�PDQXIDFWXUHU
V�RSHUDWLQJ�DQG�LQVWDOODWLRQ�LQVWUXFWLRQV�

&RQWURO�VZLWFKHV�H��J�� O��Q�DQG�S� LQ� ILJXUHV��� WR����VKDOO�EH�PDQLSXODWHG�DV�GHVFULEHG� LQ�����
ZKLOH� WKH� FRQGLWLRQV� OLVWHG� LQ� ������ DQG� ������ DUH� LQGHSHQGHQWO\� YDULHG� VR� DV� WR� JLYH� WKH
PD[LPXP�PHDVXUHG�YDOXH�RU�YDOXHV��1RW�DOO� WKHVH�FRQGLWLRQV�DQG�SRLQWV�RI�DSSOLFDWLRQ�RI� WKH
PHDVXULQJ� QHWZRUN� DSSO\� WR� DOO� (48,30(17�� DQG� (48,30(17� FRPPLWWHHV� VKDOO� PDNH� DQ
DSSURSULDWH�VHOHFWLRQ�RI�WKHVH�YDULDEOHV�

������ 8VH�RI�PHDVXULQJ�QHWZRUNV

$SSURSULDWH�PHDVXULQJ�HOHFWURGHV� �VHH�������PHDVXULQJ�QHWZRUN� �VHH������ DQG�PHDVXULQJ�GHYLFH
�VHH�*����VKDOO�EH�XVHG�LQ�DFFRUGDQFH�ZLWK�WKH�DSSURSULDWH�V\VWHPV�RI�ILJXUHV���WR�����VHH������WR
PDNH�PHDVXUHPHQWV� RI� 728&+� &855(17� EHWZHHQ� VLPXOWDQHRXVO\� DFFHVVLEOH� SDUWV�� DQG� EHWZHHQ
DFFHVVLEOH�SDUWV�DQG�HDUWK�

7KH�WHUPLQDO�$�HOHFWURGH�VKDOO�EH�DSSOLHG�WR�HDFK�DFFHVVLEOH�SDUW�LQ�WXUQ�

)RU�HDFK�DSSOLFDWLRQ�RI� WKH� WHUPLQDO�$�HOHFWURGH�� WKH� WHUPLQDO�%�HOHFWURGH�VKDOO�EH�DSSOLHG� WR
HDUWK��WKHQ�DSSOLHG�WR�HDFK�RI�WKH�RWKHU�DFFHVVLEOH�SDUWV�LQ�WXUQ�

)RU� SRZHU� V\VWHPV� ZLWK� DQ� HDUWKHG� SRZHU� FRQGXFWRU�� WKH� WHUPLQDO�%� HOHFWURGH� PD\� EH
FRQQHFWHG�GLUHFWO\�WR�WKH�HDUWKHG�SRZHU�FRQGXFWRU�DW� WKH�LQWHUIDFH�RI�WKH�(87�DQG�WKH�SRZHU
VXSSO\��LQVWHDG�RI�EHLQJ�FRQQHFWHG�WR�WKH�SURWHFWLYH�FRQGXFWRU��7KLV�FRQQHFWLRQ�PD\�EH�XVHG
HYHQ� WKRXJK� WKH�YROWDJH�GLIIHUHQFH�EHWZHHQ� WKH�SURWHFWLYH�FRQGXFWRU�DQG� WKH�HDUWKHG�SRZHU
FRQGXFWRU�LV�PRUH�WKDQ�����RI�WKH�OLQH�WR�OLQH�YROWDJH��VHH������
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���� 1RUPDO�DQG�IDXOW�FRQGLWLRQV�RI�HTXLSPHQW

������ 1RUPDO�RSHUDWLRQ�RI�HTXLSPHQW

7KH�WHVW�LV�FDUULHG�RXW�ZLWK�WHUPLQDO�$�RI�WKH�PHDVXULQJ�QHWZRUN�FRQQHFWHG�WR�HDFK�XQHDUWKHG
RU�FRQGXFWLYH�DFFHVVLEOH�SDUW�DQG�FLUFXLW�LQ�WXUQ��ZLWK�DOO�WHVW�VZLWFKHV�O��Q�DQG�H�FORVHG�

0HDVXUHPHQWV�VKDOO�EH�PDGH�LQ�DOO�DSSOLFDEOH�FRQGLWLRQV�RI�QRUPDO�RSHUDWLRQ�

([DPSOHV� RI� QRUPDO� RSHUDWLRQ� LQFOXGH�PDLQV� VZLWFK� RQ��PDLQV� VZLWFK� RII�� VWDQGE\�� VWDUW�XS�
KHDWLQJ�DQG�DQ\�VHWWLQJ�RI�RSHUDWRU�FRQWUROV�H[FHSW�VXSSO\�YROWDJH�VHWWLQJ�FRQWUROV�

6LQJOH�SKDVH�(48,30(17�VKDOO�EH�WHVWHG�LQ�QRUPDO�DQG�UHYHUVH�SRODULW\��VZLWFK�S��

7KUHH�SKDVH�(48,30(17�VKDOO�EH� WHVWHG�ZLWK�SKDVH� UHYHUVDOV��XQOHVV�(48,30(17�RSHUDWLRQ� LV
GHSHQGHQW�RQ�SKDVLQJ�

������ (TXLSPHQW�DQG�VXSSO\�IDXOW�FRQGLWLRQV

)RU�(48,30(17�KDYLQJ�QR�FRQQHFWLRQ�WR�HDUWK��������GRHV�QRW�DSSO\�

)RU� (48,30(17� KDYLQJ� D� SURWHFWLYH� HDUWKLQJ� FRQQHFWLRQ� RU� D� IXQFWLRQDO� HDUWKLQJ� FRQQHFWLRQ�
WHUPLQDO�$�RI�WKH�PHDVXULQJ�LQVWUXPHQW�LV�FRQQHFWHG�WR�WKH�(48,30(17�HDUWKLQJ�WHUPLQDO�RI�WKH
(87�

0HDVXUHPHQWV�VKDOO�EH�PDGH�ZLWK�HDFK�RI� WKH�DSSOLFDEOH�IDXOW�FRQGLWLRQV�VSHFLILHG� LQ��������
WR����������7KH� IDXOWV�VKDOO�EH�DSSOLHG�RQH�DW�D� WLPH��EXW�VKDOO� LQFOXGH�DQ\� IDXOWV�ZKLFK�DUH�D
ORJLFDO�UHVXOW�RI�WKH�ILUVW�IDXOW��%HIRUH�DSSO\LQJ�DQ\�IDXOW��WKH�(48,30(17�VKDOO�EH�UHVWRUHG�WR�LWV
RULJLQDO�FRQGLWLRQ��L�H��ZLWKRXW�IDXOWV�RU�FRQVHTXHQWLDO�GDPDJH��

:KHUH� D� EDODQFHG� OLQH� ILOWHU� LV� XVHG� RQ� WKUHH�SKDVH� (48,30(17�� WKH� QHW� FXUUHQW� WR� HDUWK� LV
WKHRUHWLFDOO\� ]HUR��+RZHYHU�� LW� LV�QRUPDO� IRU� FRPSRQHQW�DQG�YROWDJH�XQEDODQFH� WR� SURGXFH�D
ILQLWH� YDOXH� RI� QHW� FXUUHQW�� WKH� PD[LPXP� YDOXH� RI� ZKLFK� PD\� QRW� EH� PHDVXUHG� GXULQJ� W\SH
WHVWLQJ�� /DUJHU� XQEDODQFHG� FXUUHQWV� ZLOO� UHVXOW� IURP� D� IDLOHG� FDSDFLWRU� LQ� RQH� SKDVH�
(48,30(17� FRPPLWWHHV� VKRXOG� FRQVLGHU� LQFOXGLQJ� D� WHVW� IRU� VXFK� (48,30(17�� LQYROYLQJ� WKH
VXEVWLWXWLRQ� RI� D� GHOLEHUDWHO\� IDXOWHG� ILOWHU� �RQH� FDSDFLWRU� UHPRYHG��� WRJHWKHU� ZLWK� D� ORVV� RI
SURWHFWLYH�HDUWK�FRQQHFWLRQ�����������

6LPLODU�FRQVLGHUDWLRQV�DSSO\� WR�D�EDODQFHG�DUUDQJHPHQW�RI�RWKHU�FRPSRQHQWV��VXFK�DV�VXUJH
DUUHVWRUV��FRQQHFWHG�EHWZHHQ�PDLQV�DQG�HDUWK�

7KUHH�SKDVH� (48,30(17� VKDOO� EH� WHVWHG�ZLWK� SKDVH� UHYHUVDOV� XQOHVV� (48,30(17� RSHUDWLRQ� LV
GHSHQGHQW�RQ�SKDVLQJ�

�������� )DXOW�FRQGLWLRQ�1R���

'HSHQGLQJ�RQ� WKH�NLQG�RI�(48,30(17��VHYHUDO�VDIHW\�GHJUHHV�RI� WKH�SURWHFWLYH�FRQGXFWRU�DUH
WR�EH�GLVWLQJXLVKHG��VHH�,(&��������

6LQJOH�SKDVH� (48,30(17� QRW� UHOLDEO\� HDUWKHG� VKDOO� EH� WHVWHG� ZLWK� ORVV� RI� SURWHFWLYH� HDUWK
FRQQHFWLRQ��VZLWFK�H��LQ�FRPELQDWLRQ�ZLWK�QRUPDO�DQG�UHYHUVH�SRODULW\��VZLWFK�S��
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7KUHH�SKDVH� (48,30(17� QRW� UHOLDEO\� HDUWKHG� VKDOO� EH� WHVWHG� ZLWK� ORVV� RI� SURWHFWLYH� HDUWK
FRQQHFWLRQ��VZLWFK�H��

8QOHVV� GHFLGHG� RWKHUZLVH� E\� WKH� (48,30(17� FRPPLWWHH�� WKH� UHTXLUHPHQWV� RI��������� GR� QRW
DSSO\� WR� UHOLDEO\� HDUWKHG� (48,30(17� �H�J�� VHH� ,(&�������������� ZKLFK� LV� FRQQHFWHG� WR� WKH
VXSSO\� HLWKHU� SHUPDQHQWO\�� RU� E\�PHDQV� RI� SOXJV� DQG� VRFNHWV� ZKLFK� DUH� RI� LQGXVWULDO� JUDGH
�H�J��FRQQHFWRUV�VSHFLILHG�LQ�,(&���������RU�D�FRPSDUDEOH�QDWLRQDO�VWDQGDUG��

�������� )DXOW�FRQGLWLRQ�1R���

6LQJOH�SKDVH�(48,30(17�VKDOO�EH� WHVWHG�ZLWK�QHXWUDO�RSHQ��VZLWFK�Q���ZLWK�HDUWK� LQWDFW�DQG� LQ
QRUPDO�SRODULW\��DQG�DJDLQ�LQ�UHYHUVH�SRODULW\��VZLWFK�S��

�������� )DXOW�FRQGLWLRQ�1R���

(48,30(17�IRU�XVH�RQ�,7�V\VWHPV�VKDOO�EH�WHVWHG�ZLWK�HDFK�SKDVH�FRQGXFWRU� IDXOWHG�WR�HDUWK�
RQH�DW�D�WLPH��VZLWFK�J��

�������� )DXOW�FRQGLWLRQ�1R���

7KUHH�SKDVH� (48,30(17� VKDOO� EH� WHVWHG� ZLWK� HDFK� SKDVH� FRQGXFWRU� RSHQ�� RQH� DW� D� WLPH
�VZLWFKHV�O��

�������� )DXOW�FRQGLWLRQ�1R���

6LQJOH�SKDVH�(48,30(17� IRU�XVH�RQ� ,7�SRZHU�V\VWHPV�RU�RQ� WKUHH�SKDVH�GHOWD�V\VWHPV�VKDOO
EH� WHVWHG�ZLWK�D� WKUHH�SKDVH�SRZHU�V\VWHP��ZLWK�HDFK�SKDVH� IDXOWHG� WR�HDUWK�� RQH�DW�D� WLPH
�VZLWFK�J��� LQ� FRPELQDWLRQ� ZLWK� QRUPDO� DQG� UHYHUVH� SRODULW\� �VZLWFK�S�� DQG� VHSDUDWHO\� ZLWK
HDFK� SKDVH� FRQGXFWRU� RSHQ� RQH� DW� D� WLPH� �VZLWFKHV�O��� DQG� LQ� FRPELQDWLRQ�ZLWK� QRUPDO� DQG
UHYHUVH�SRODULW\��VZLWFK�S��

�������� )DXOW�FRQGLWLRQ�1R���

7KUHH�SKDVH�(48,30(17� IRU�XVH�RQ�FHQWUH�HDUWKHG�GHOWD�VXSSO\�V\VWHPV�VKDOO�EH� WHVWHG�RQ�D
GHOWD�VXSSO\�V\VWHP�ZLWK�HDFK�GHOWD�OHJ�FHQWUH�HDUWKHG��RQH�DW�D�WLPH��VZLWFK�J��

(48,30(17�FRQWDLQLQJ�ERWK�WKUHH�SKDVH�DQG�FHQWUH�HDUWKHG�FLUFXLWV�ZKLFK�FDQQRW�EH�LQVWDOOHG
LQGHSHQGHQWO\�DQG�ZKLFK�KDYH�DQ� LGHQWLILHG�HDUWKHG� OHJ� VKDOO� EH� WHVWHG�ZLWK� VZLWFK�J�RQ� WKH
LGHQWLILHG�HDUWK�OHJ�SRVLWLRQ�RQO\�

�������� )DXOW�FRQGLWLRQ�1R���

2WKHU� IDXOWV�DV�VSHFLILHG�E\� WKH�(48,30(17�FRPPLWWHH�VKDOO�EH�VLPXODWHG� LI� WKH\�DUH� OLNHO\� WR
LQFUHDVH�728&+�&855(17�

�������� )DXOW�FRQGLWLRQ�1R���

$FFHVVLEOH� FRQGXFWLYH�SDUWV�ZKLFK� DUH� RQO\� LQFLGHQWDOO\� HOHFWULFDOO\� FRQQHFWHG� WR� RWKHU� SDUWV
VKDOO�EH� WHVWHG�ERWK�ZKHQ�FRQQHFWHG�HOHFWULFDOO\� WR� WKH�RWKHU�SDUW�V��DQG�ZKHQ�GLVFRQQHFWHG
HOHFWULFDOO\�IURP�WKH�RWKHU�SDUW�V���6HH�DQQH[�&�UHJDUGLQJ�LQFLGHQWDOO\�FRQQHFWHG�SDUWV�
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�� (YDOXDWLRQ�RI�UHVXOWV

���� 3HUFHSWLRQ��UHDFWLRQ�DQG�OHW�JR

9ROWDJHV� 8�� DQG� 8�� RI� ILJXUHV��� DQG� �� DUH� IUHTXHQF\�ZHLJKWHG� YDOXHV� RI� 8��� VXFK� WKDW� D
VLQJOH�� ORZ�IUHTXHQF\� HTXLYDOHQW� LQGLFDWLRQ� RI� 728&+� &855(17� UHVXOWV� IRU� DOO� IUHTXHQFLHV
SUHVHQW� DERYH� ���+]�� 7KHVH� ZHLJKWHG� YDOXHV� RI� 728&+� &855(17� DUH� WDNHQ� DV� WKH� KLJKHVW
YDOXHV� RI� 8�� DQG� 8�� PHDVXUHG� GXULQJ� WKH� SURFHGXUH� RI� FODXVH���� GLYLGHG� E\� ����W�� 7KH
PD[LPXP�YDOXHV�DUH�FRPSDUHG�ZLWK� WKH� OLPLWV� IRU�SHUFHSWLRQ�RU� UHDFWLRQ�DQG� OHW�JR�VSHFLILHG
IRU�WKH�(48,30(17��H�J��D����+]�RU����+]�OLPLW�YDOXH��

0HDVXUHPHQWV� IRU� G�F�� OLPLWV� DUH�PDGH� LQ� D� OLNH�PDQQHU�� EXW� WDNHQ� DV�8�� GLYLGHG� E\� ����W
�VHH�DOVR�DQQH[�*��

���� (OHFWULF�EXUQ

:KHUH� WKHUH� LV� FRQFHUQ� IRU� (/(&75,&� %851� HIIHFWV� �VHH� ������ WKH� XQZHLJKWHG� U�P�V�� RU� G�F�
YDOXH�RI�728&+�&855(17�LV�PHDVXUHG��7KLV�LV�FDOFXODWHG�IURP�WKH�U�P�V��YROWDJH�8���PHDVXUHG
DFURVV�WKH�����W�UHVLVWRU�RI�WKH�PHDVXULQJ�QHWZRUN�RI�ILJXUH���

7KH�HIIHFW�RI�728&+�&855(17� LV�DOVR� UHODWHG� WR� WKH�DUHD�RI�FRQWDFW�ZLWK� WKH�KXPDQ�ERG\�DQG
WKH�GXUDWLRQ�RI�FRQWDFW��7KH�UHODWLRQVKLS�EHWZHHQ�WKHVH�SDUDPHWHUV�DQG�WKH�HVWDEOLVKPHQW�RI
728&+�&855(17�OLPLWV�DUH�QRW�LQ�WKH�VFRSH�RI�WKLV�VWDQGDUG��VHH�DOVR�'����

127(�± (/(&75,&� %8516� UHVXOW� IURP� WKH� SRZHU� GLVVLSDWHG� DV� FXUUHQW� IORZV� WKURXJK� WKH� UHVLVWDQFH� RI� WKH� KXPDQ
VNLQ� DQG� ERG\�� 2WKHU� IRUPV� RI� EXUQ� PD\� UHVXOW� IURP� HOHFWULFDO� (48,30(17�� IRU� H[DPSOH� GXH� WR� DUFLQJ� RU� WKH� E\�
SURGXFWV�RI�DUFLQJ�

�� 0HDVXUHPHQW�RI�SURWHFWLYH�FRQGXFWRU�FXUUHQW

���� *HQHUDO

&XUUHQW�UHTXLUHPHQWV�DQG�YDOXHV�IRU�SURWHFWLYH�FRQGXFWRUV�DUH�QRW�UHODWHG�WR�728&+�&855(17
FRQFHUQV�DQG��WKHUHIRUH��VXFK�OLPLWV�DQG�PHWKRGV�RI�PHDVXUHPHQW�DUH�GHDOW�ZLWK�VHSDUDWHO\�

���� 0XOWLSOH�HTXLSPHQW

:LWKLQ� DQ\� VKDUHG� HDUWKLQJ� V\VWHP�� WKH� 3527(&7,9(� &21'8&725� &855(17V� RI� LQGLYLGXDO
(48,30(17� FRPELQH� LQ� D� QRQ�DULWKPHWLF� PDQQHU�� 7KHUHIRUH�� WKH� 3527(&7,9(� &21'8&725
&855(17�RI�D�JURXS�RI�(48,30(17�HDUWKHG�E\�D�VLQJOH�SURWHFWLYH�HDUWKLQJ�FRQGXFWRU�FDQQRW�EH
UHOLDEO\�SUHGLFWHG�IURP�NQRZOHGJH�RI� LQGLYLGXDO�(48,30(17�3527(&7,9(�&21'8&725�&855(17V�
&RQVHTXHQWO\�� PHDVXUHPHQWV� PDGH� RQ� LQGLYLGXDO� (48,30(17� DUH� RI� OLPLWHG� XVH�� DQG� WKH
3527(&7,9(�&21'8&725�&855(17�IRU�WKDW�JURXS�RI�(48,30(17�VKDOO�EH�PHDVXUHG�LQ�WKH�VKDUHG
SURWHFWLYH�HDUWKLQJ�FRQGXFWRU�

���� 0HDVXULQJ�PHWKRG

7KH� LQVWDOODWLRQ� 3527(&7,9(� &21'8&725� &855(17� VKDOO� EH� PHDVXUHG� DIWHU� LQVWDOODWLRQ� E\
LQVHUWLQJ� DQ� DPPHWHU� RI� QHJOLJLEOH� LPSHGDQFH� �H�J�� ����W�� LQ� VHULHV� ZLWK� WKH� SURWHFWLYH
FRQGXFWRU��0HDVXUHPHQW�RI�3527(&7,9(�&21'8&725�&855(17�LV�PDGH�ZLWK�WKH�(48,30(17�DQG
SRZHU�GLVWULEXWLRQ�V\VWHP�UXQQLQJ�LQ�DOO�QRUPDO�RSHUDWLQJ�PRGHV�
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$QQH[�$
�QRUPDWLYH�

(TXLSPHQW

8QOHVV�RWKHUZLVH�GHILQHG� LQ� WKH�(48,30(17�VWDQGDUG��DQ�(48,30(17� LV� LGHQWLILHG�DV�KDYLQJ�D
VLQJOH�FRQQHFWLRQ�WR�D�VXSSO\�RI�HOHFWULFLW\�

$Q� (48,30(17� PD\� EH� D� VLQJOH� XQLW� RU� PD\� FRQVLVW� RI� SK\VLFDOO\� VHSDUDWH�� HOHFWULFDOO\
LQWHUFRQQHFWHG� XQLWV� �VHH� ILJXUH�$����� 7KH� VRXUFH� RI� HOHFWULFLW\�PD\� EH� FRQWDLQHG� ZLWKLQ� WKH
(48,30(17��H�J��VRODU�RU�EDWWHU\�SRZHU��

7KH�FRQQHFWLRQ�RI�VLJQDO�FDEOHV�VKDOO�EH�FRQVLGHUHG�DV�SDUW�RI� WKH�(48,30(17�� LQ�DFFRUGDQFH
ZLWK�����

2QH�XQLW��RQH�HTXLSPHQW 7KUHH�XQLWV��WKUHH�SLHFHV�RI�HTXLSPHQW

7KUHH�XQLWV��RQH�HTXLSPHQW

(TXLSPHQW8QLW

.H\

6XSSO\�FRQQHFWLRQ�FRPSDWLEOH�ZLWK�ORFDO�VXSSO\

6XSSO\�FRQQHFWLRQ�QRW�GHVLJQHG�WR�EH�FRQQHFWHG�GLUHFWO\�WR�ORFDO�VXSSO\

2WKHU�FRQQHFWLRQV

7KUHH�XQLWV��RQH�HTXLSPHQW

,(&����������

)LJXUH�$���±�(TXLSPHQW
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$QQH[�%
�QRUPDWLYH�

8VH�RI�D�FRQGXFWLYH�SODQH

:KHUH� OLPLWV� IRU�728&+�&855(17��ZLWK�RU�ZLWKRXW� IUHTXHQF\�ZHLJKWLQJ�� OHVV� WKDQ����m$�U�P�V�
RU� ����m$� SHDN� DUH� VSHFLILHG�� RU� ZKHUH� DQ� (48,30(17� LV� WHVWHG� WKDW� KDV� ODUJH� FDSDFLWLYH
FRXSOLQJ� WR� RXWHU� VXUIDFHV� ZKLFK� PD\� EH� GULYHQ� DW� KLJK� IUHTXHQFLHV� �H�J�� KLJK�IUHTXHQF\
VLJQDO� JHQHUDWRUV� DQG� YROWDJH� PHDVXULQJ� LQVWUXPHQWV��� LW� LV� DSSURSULDWH� WR� PHDVXUH� WKH
FXUUHQW�ZKLFK� LV� FRXSOHG� FDSDFLWLYHO\� LQWR� D� FRQGXFWLYH� VXUIDFH� SODFHG�EHQHDWK� RU� DJDLQVW� D
VXUIDFH�RI� WKH�(48,30(17�� ,I� WKH�(48,30(17� LV� WR�EH� WHVWHG� LQ� WKLV�PDQQHU�� LW� VKDOO� EH�SODFHG
RQ�D�FRQGXFWLYH�SODQH�ZKLFK�LV�LQ�WXUQ�SODFHG�RQ�DQ�LQVXODWLQJ�VXUIDFH��VHH�ILJXUH�%����

7KH� FRQGXFWLYH� SODQH� VKDOO� EH� HTXDO� WR� RU� JUHDWHU� WKDQ� WKH� DGMDFHQW� (48,30(17� VXUIDFH� LQ
DUHD�DQG�SHULPHWHU�

0HDVXUHPHQWV� VKDOO� EH� DFFRUGLQJ� WR� FODXVH���� ZLWK� WKH� FRQGXFWLYH� SODQH� WHVWHG� DV� DQ
DFFHVVLEOH�SDUW�

7KH� PHDVXUHPHQWV� VKDOO� EH� UHSHDWHG� ZLWK� WKH� FRQGXFWLYH� SODQH� SODFHG� DJDLQVW� DQ\� RWKHU
VXUIDFH�RI�WKH�(48,30(17�ZKLFK�PD\�EHFRPH�DGMDFHQW�WR�DQ�RXWVLGH�FRQGXFWLYH�SODQH�

)RU�SXUSRVHV�RI�LVRODWLRQ�IURP�HOHFWURPDJQHWLF�LQWHUIHUHQFH��LW�PD\�EH�QHFHVVDU\�WR�SODFH�WKH
(48,30(17� �LQFOXGLQJ� WKH� FRQGXFWLYH�SODQH�� LI� XVHG�� ����P�RU�PRUH� IURP�RWKHU� FRQGXFWRUV�RU
(48,30(17�

,QVXODWLQJ�VXUIDFH

&RQGXFWLYH�SODQH

(TXLSPHQW
XQGHU�WHVW

,(&����������

)LJXUH�%���±�(TXLSPHQW�SODWIRUP
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$QQH[�&
�QRUPDWLYH�

,QFLGHQWDOO\�FRQQHFWHG�SDUWV

,QFLGHQWDOO\� FRQQHFWHG� SDUWV� DUH� DFFHVVLEOH� FRQGXFWLYH� SDUWV� ZKLFK� DUH� QHLWKHU� UHOLDEO\
FRQQHFWHG�WR��QRU�SRVLWLYHO\�LVRODWHG�IURP��HDUWK�RU�DQ\�VSHFLILHG�YROWDJH�

([DPSOHV�RI�LQFLGHQWDOO\�FRQQHFWHG�SDUWV�LQFOXGH

± GRRUV�DQG�DVVHPEOLHV�DWWDFKHG�E\�PHWDO�KLQJHV�

± DGKHVLYHO\�ERQGHG�ODEHOV�ZKLFK�KDYH�DQ�DFFHVVLEOH�FRQGXFWLYH�SDUW��H�J��PHWDO�IRLO��

± SDUWV�ZKLFK�DUH�DWWDFKHG�WR�SDLQWHG�RU�DQRGLVHG�VXUIDFHV�

± FRQWURO�KDQGOHV�

6RPH� SURGXFWLRQ� VDPSOHV� RI� WKH� (48,30(17� PD\� KDYH� DQ� LQFLGHQWDOO\� FRQQHFWHG� SDUW
HIIHFWLYHO\� FRQQHFWHG� WR�HDUWK�RU� WR� DQRWKHU� FLUFXLW�� ,Q� RWKHU� VDPSOHV�� WKH� VDPH�SDUW�PD\�EH
LVRODWHG�IURP�HDUWK�DQG�RWKHU�FLUFXLWV��6LQFH��LQ�JHQHUDO��LW�LV�QRW�FOHDU�ZKLFK�FDVH�ZLOO�SURGXFH
WKH�KLJKHU�728&+�&855(17�������� UHTXLUHV�728&+�&855(17� WR�EH�PHDVXUHG� IRU�ERWK� FDVHV� LQ
RUGHU� WR� ILQG� WKH� ZRUVH� FDVH�� +RZHYHU�� ZKHUH� WKH� SUHGRPLQDQW� IUHTXHQF\� LV� EHORZ� ����+]�
WKH�ZRUVH�FDVH�LV�PRVW�OLNHO\�WR�EH�WKDW� LQ�ZKLFK�WKH�LQFLGHQWDOO\�FRQQHFWHG�SDUW� LV�FRQQHFWHG
WR�WKH�RWKHU�SDUWV�
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$QQH[�'
�LQIRUPDWLYH�

&KRLFH�RI�FXUUHQW�OLPLWV

:KHQ� GUDIWLQJ� WKH� SURFHGXUHV� VSHFLILHG� LQ� WKLV� VWDQGDUG�� FHUWDLQ� DVVXPSWLRQV� ZHUH� PDGH
DERXW�WKH�FXUUHQW�OLPLWV�ZKLFK�(48,30(17�FRPPLWWHHV�ZRXOG�XVH��7KLV�ZDV�QHFHVVDU\�LQ�RUGHU
WR� VHOHFW� WKH� DSSURSULDWH� GDWD� IURP� ,(&��������� IRU� GHVLJQ� RI� WKH� PHDVXULQJ� QHWZRUNV� LQ
ILJXUHV������DQG���

7KHVH� DVVXPSWLRQV� ZHUH� EDVHG� RQ� HDUOLHU� ,(&� SXEOLFDWLRQV�� &XUUHQW� YDOXHV� JLYHQ� LQ� WKLV
DQQH[�DUH�H[DPSOHV�RQO\��7KH\�DUH�JLYHQ�EHORZ�IRU� WKH�DVVLVWDQFH�RI�(48,30(17�FRPPLWWHHV
ZKHQ�VHOHFWLQJ�FXUUHQW�OLPLWV�

'���� /LPLW�H[DPSOHV

'������ 9HQWULFXODU�ILEULOODWLRQ

± 1R�OLPLW�DVVXPHG�

± ,W� LV�DVVXPHG� WKDW� WKH� OLPLWV�FKRVHQ� IRU�728&+�&855(176�ZLOO�EH�ZHOO�EHORZ� WKH� WKUHVKROG
IRU�YHQWULFXODU�ILEULOODWLRQ�

'������ ,QDELOLW\�WR�OHW�JR

± 7KH�PHWKRG�RI�PHDVXUHPHQW�LV�VSHFLILHG�LQ�WKLV�VWDQGDUG�

± ,(&���������DVVXPHV����P$�U�P�V�� DV� WKH�DSSUR[LPDWH�DYHUDJH� WKUHVKROG� OHYHO� RI� OHW�JR
FXUUHQW��ZKHUHDV���P$�U�P�V��DV�SURSRVHG�IRU�,(&����������ZRXOG�LQFOXGH�WKH�HQWLUH�DGXOW
SRSXODWLRQ��6HH�ILJXUH�)���IRU�WKH�HIIHFWV�RI�IUHTXHQF\�

'������ 5HDFWLRQ

± 7KH�PHWKRG�RI�PHDVXUHPHQW�LV�VSHFLILHG�LQ�WKLV�VWDQGDUG�

± 7KH� UHDFWLRQ� WKUHVKROG� JLYHQ� LQ� ,(&��������� LV� DSSUR[LPDWHO\� ����P$� U�P�V�� IRU� ORZ� IUH�
TXHQFLHV��9DULRXV�OLPLWV�DUH�LQ�XVH�EHWZHHQ�WKH�WKUHVKROGV�IRU�UHDFWLRQ�DQG�OHW�JR�

'������ 3HUFHSWLRQ�WKUHVKROG

± 728&+� &855(17� FDQ� EH� SHUFHLYHG� DW� OHYHOV� DV� ORZ� DV� D� IHZ� PLFURDPSHUHV�� 8QOHVV� WKH
FXUUHQW�LV�KLJK�HQRXJK�WR�SURGXFH�LQYROXQWDU\�UHDFWLRQ�WKDW�PLJKW�UHVXOW�LQ�KDUPIXO�HIIHFWV�
WKHVH�VPDOO�728&+�&855(176�DUH�QRW�FRQVLGHUHG�KD]DUGRXV��

'������ 6SHFLDO�DSSOLFDWLRQV

± 7KH� PHWKRG� RI� PHDVXUHPHQW� VSHFLILHG� LQ� WKLV� VWDQGDUG� FDQ� EH� XVHG�� XQOHVV� RWKHUZLVH
VSHFLILHG�LQ�WKH�DSSOLFDEOH�VWDQGDUG�IRU�WKH�SDUWLFXODU�SURGXFW�

± �����P$� U�P�V�� �RQH� KDOI� RI� WKH� UHDFWLRQ� WKUHVKROG�� LV� XVHG� IRU� &ODVV�,,� (48,30(17� LQ
,(&��������,(&�������DQG�,(&����������6HH�ILJXUH�)���IRU�IUHTXHQF\�HIIHFWV�

± /LPLWV� ORZHU� WKDQ� �����P$� U�P�V�� DUH� VSHFLILHG� IRU� VRPH� PHGLFDO� DSSOLFDWLRQV�� )RU� VXFK
DSSOLFDWLRQV� WKH� PHWKRG� RI� PHDVXUHPHQW� LQ� WKLV� VWDQGDUG� PD\� QRW� SURYLGH� DQ� DFFXUDWH
ERG\�LPSHGDQFH�PRGHO��VHH�(����
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'���� &KRLFH�RI�OLPLWV

&RQVLGHUDWLRQ�VKRXOG�EH�JLYHQ� WR� WKH�QHHG� WR�VSHFLI\�GLIIHUHQW� OLPLWV� IRU� ����QRUPDO�RSHUDWLQJ
FRQGLWLRQV�DQG�����IDXOW�FRQGLWLRQV�

6HH�,(&���������IRU�JXLGDQFH�RQ�WKH�HIIHFWV�RI�FXUUHQW�SDVVLQJ�WKURXJK�WKH�KXPDQ�ERG\�

/LPLWV�DUH�QRUPDOO\�H[SUHVVHG�LQ�WHUPV�RI�PD[LPXP�YDOXHV�RI�G�F��DQG�D�F��DW� IUHTXHQFLHV�XS
WR� ����+]�� 7KH�PHWKRGV� RI�PHDVXUHPHQW� VSHFLILHG� LQ� WKLV� VWDQGDUG� DUH� WKH� VDPH� IRU� OHW�JR�
UHDFWLRQ� DQG� VRPH� VSHFLDO� DSSOLFDWLRQV��0HDVXULQJ� QHWZRUNV� WDNH� LQWR� DFFRXQW� WKH� HIIHFW� RI
KLJKHU�IUHTXHQF\�FXUUHQW�RQ�WKH�ERG\�DQG�VLPXODWH�ORZHULQJ�RI�ERG\�LPSHGDQFH�DV�IUHTXHQF\
LQFUHDVHV�� /HW�JR�� UHDFWLRQ� DQG� SHUFHSWLRQ� DUH� GHWHUPLQHG� E\� SHDN� YDOXHV� RI� FXUUHQW�
ZHLJKWHG�IRU�IUHTXHQF\��)RU�(/(&75,&�%851��U�P�V��YDOXHV�DUH�VLJQLILFDQW��)RU�WKH�VFRSH�RI�WKLV
VWDQGDUG�� WKH� HIIHFWV� RI� IUHTXHQF\� RQ� (/(&75,&� %8516� DUH� QHJOLJLEOH�� VLQFH� WKH� SUHGRPLQDQW
HIIHFW�DW�ORZ�IUHTXHQF\�LV�UHDFWLRQ�RU�OHW�JR�

/LPLWV�EDVHG�XSRQ�YHQWULFXODU�ILEULOODWLRQ��'������DUH�QRW�QHFHVVDU\�IRU�PRVW�(48,30(17��VLQFH
WKH� ORZHU� 728&+� &855(17� OLPLWV� IRU� UHDFWLRQ� RU� OHW�JR� DOPRVW� DOZD\V� SUHYHQW� YHQWULFXODU
ILEULOODWLRQ�� $Q� H[FHSWLRQ� �GLVFXVVHG� LQ� ,(&���������� LV� ZKHUH� D� VKRUW�GXUDWLRQ� FXUUHQW
LPSXOVH� FDQ� IORZ� WKURXJK� WKH� ERG\� �WRR� VKRUW� DQ� LPSXOVH� WR� FDXVH� LQDELOLW\� WR� OHW� JR��� DQG
UHDFWLRQ�IURP�WKH�FXUUHQW�LPSXOVH�LV�QRW�FRQVLGHUHG�KD]DUGRXV�

)RU� *5,33$%/(� 3$576�� WKH� KLJKHVW� OLPLW� YDOXH� IRU� FRQWLQXRXV� FXUUHQW� LV� WKH� VDPH� DV� OHW�JR
�'������� H[FHSW� IRU� FRQVLGHUDWLRQ� RI� (/(&75,&� %851�� +RZHYHU�� (/(&75,&� %851� RQO\� EHFRPHV
WKH�SUHGRPLQDQW� IDFWRU�DW�KLJK� IUHTXHQFLHV��%HWZHHQ� WKH� OLPLWV� IRU� UHDFWLRQ�DQG� OHW�JR�� WKHUH
PD\� EH� D� VHFRQGDU\� VDIHW\� KD]DUG� GXH� WR� VXUSULVH� RU� LQYROXQWDU\� PXVFOH� UHDFWLRQ�� EXW� QR
GLUHFW� LQMXU\� LV�H[SHFWHG�GXH� WR�FXUUHQW� WKURXJK� WKH�ERG\��6XFK�D�FXUUHQW�PD\�EH�FRQVLGHUHG
DFFHSWDEOH�XQGHU�VLQJOH�IDXOW�FRQGLWLRQV��H�J��D�GHIHFWLYH�HDUWKLQJ�FRQQHFWLRQ��

)RU� VKRUW�GXUDWLRQ� FXUUHQW�� D� OLPLW� YDOXH� KLJKHU� WKDQ� WKDW� IRU� OHW�JR� LV� VRPHWLPHV� XVHG�
SURYLGHG� WKDW� LW� LV� VXIILFLHQWO\� EHORZ� WKH� YHQWULFXODU� ILEULOODWLRQ� DQG�(/(&75,&� %851� WKUHVKROG�
7KH� QHWZRUN� RI� ILJXUH��� VKRXOG� EH� XVHG� IRU� VXFK� PHDVXUHPHQWV� XQWLO� D� VSHFLILF� ERG\
LPSHGDQFH�PRGHO�IRU�VPDOO�DUHD�FRQWDFWV�LV�GHYHORSHG��IXWXUH�ZRUN��

7KH� SHUFHSWLRQ�UHDFWLRQ� QHWZRUN� RI� ILJXUH��� VKRXOG� EH� XVHG� IRU� PHDVXUHPHQWV� ZKHUH� WKH
UHDFWLRQ� OLPLW� LV� XVHG� XQWLO� D� VSHFLILF� ERG\� LPSHGDQFH� PRGHO� IRU� VPDOO� DUHD� FRQWDFWV� LV
GHYHORSHG��IXWXUH�ZRUN��
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,W� LV� XQGHUVWRRG� WKDW� WKH� OLPLW� YDOXHV� IRU� ORZ�IUHTXHQF\� 728&+� &855(17� LQ� RWKHU� ,(&
SXEOLFDWLRQV�DUH�EDVHG�XSRQ�WKH�IROORZLQJ�FRQVLGHUDWLRQV�

± /LPLWV�IRU�UHDFWLRQ�DQG�ORZHU�OLPLWV�

� QHHG� WR� DYRLG� LQYROXQWDU\� UHDFWLRQ�� ZKHUH� VHYHUH� FRQVHTXHQFHV� PD\� UHVXOW� �H�J�
IDOOLQJ�IURP�D�ODGGHU�RU�GURSSLQJ�(48,30(17��

� WKH�OLPLW�IRU�UHDFWLRQ�LV�JHQHUDOO\�����P$�U�P�V��RU�����P$�SHDN�IRU�D�VLQXVRLGDO�FXUUHQW�

� D� OLPLW� ORZHU� WKDQ� �����P$�U�P�V�� ������P$� SHDN�� LV� LQGLFDWHG� ZKHUH� WKH� XVHU� LV
SDUWLFXODUO\�VHQVLWLYH�RU�DW�ULVN�GXH�WR�HQYLURQPHQWDO�RU�ELRORJLFDO�UHDVRQV�

± /HW�JR�OLPLW�

� SHUFHSWLRQ�DQG�VRPH�UHDFWLRQ�DUH�DFFHSWDEOH�DV�DQ�LQGLFDWLRQ�RI�D�ILUVW�IDXOW��ZKHQ�WKH
OHW�JR�OLPLW�LV�DSSOLHG�

� PHQ� DQG� ZRPHQ� DUH� HVWLPDWHG� WR� KDYH� DQ� DYHUDJH� OHW�JR� WKUHVKROG� RI� ���P$�U�P�V�
DQG������P$�U�P�V��UHVSHFWLYHO\�

� VRPH� SHRSOH� KDYH� D� ORZHU� WKUHVKROG�� IRU� H[DPSOH� WKH� ����� SHUFHQWLOHV� RI� PHQ� DQG
ZRPHQ� KDYH� EHHQ� UHSRUWHG� DV� ��P$�U�P�V�� DQG� ��P$�U�P�V�� UHVSHFWLYHO\�� DQG� WKH
WKUHVKROG�YDOXHV�IRU�FKLOGUHQ�DUH�H[SHFWHG�WR�EH�ORZHU�

� FHUWDLQ�VLQJOH�IDXOW�FRQGLWLRQV�PD\� MXVWLI\� OHW�JR� OLPLWV��ZLWK�UHDFWLRQ� OLPLWV�DSSO\LQJ� IRU
QRUPDO��QRQ�IDXOW��FRQGLWLRQV�

&HUWDLQ�(48,30(17� W\SHV�PD\�KDYH�KLJK� LQLWLDO�728&+�&855(17�ZKHQ� ILUVW�VZLWFKHG�RQ��ZKLFK
GLPLQLVKHV�UDSLGO\�DV�(48,30(17�LV�RSHUDWHG�

'���� (OHFWULF�EXUQ�HIIHFWV�RI�WRXFK�FXUUHQW

7KHUH� LV� QR� JHQHUDOO\� DFFHSWHG� OLPLW� YDOXH� RI� 728&+� &855(17� ZKLFK� ZLOO� SUHYHQW� (/(&75,&
%8516� LQ�DOO�FDVHV��2WKHU�SDUDPHWHUV��VXFK�DV� WKH�DUHD�RI�FRQWDFW�ZLWK� WKH�KXPDQ�ERG\�DQG
WKH�GXUDWLRQ�RI�FRQWDFW��DUH�NQRZQ�WR�EH�UHOHYDQW��7KH�UHODWLRQVKLS�EHWZHHQ�WKHVH�SDUDPHWHUV
QHHGV�IXUWKHU�VWXG\��:KHQ�VDIH�OLPLWV�DUH�HVWDEOLVKHG��WKH\�PD\�EH�LQ�WHUPV�RI�WZR�RU�PRUH�RI
WKHVH�SDUDPHWHUV�

7KH�PHWKRG�RI�PHDVXUHPHQW�RI�728&+�&855(17�IRU�FRQVLGHUDWLRQ�RI�(/(&75,&�%851�HIIHFWV� LV
VSHFLILHG�LQ�WKLV�VWDQGDUG��VHH������

7KH�IROORZLQJ�OLPLW�KDV�EHHQ�XVHG�LQ�DQ�,(&�VWDQGDUG�

± ,(&��������������P$�U�P�V���XQGHU�IDXOW�FRQGLWLRQV��

,W�LV�UHSRUWHG�WKDW�VNLQ�EXUQV�EHJLQ�WR�RFFXU�DW�FXUUHQW�GHQVLWLHV�RI�DERXW�����P$�U�P�V��FP��WR
����P$�U�P�V��FP���%HFNHU��0DOKRWUD�DQG�+HGOH\�:K\WH��
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$QQH[�(
�LQIRUPDWLYH�

1HWZRUNV�IRU�XVH�LQ�PHDVXUHPHQW�RI�WRXFK�FXUUHQW

&XUUHQW�YDOXHV�JLYHQ�LQ�WKLV�DQQH[�DUH�RQO\�H[DPSOHV�

7KH� QHWZRUNV� RI� ILJXUHV� ��� �� DQG� �� DUH� LQWHQGHG� IRU� 728&+� &855(17� PHDVXUHPHQWV� XVLQJ
OLPLWV�LQ�JHQHUDO�XVH�E\�(48,30(17�FRPPLWWHHV��IRU�H[DPSOH��IURP�����m$�U�P�V������m$�SHDN
XS� WR� DSSUR[LPDWHO\� ���P$�U�P�V�����P$� SHDN� IRU� D�F�� DQG� G�F�� FXUUHQWV�� DQG� FRYHULQJ� D
IUHTXHQF\�UDQJH�WR���0+]�IRU�VLQXVRLGDO��PL[HG�IUHTXHQF\�DQG�QRQ�VLQXVRLGDO�ZDYHIRUPV�

(���� %RG\�LPSHGDQFH�QHWZRUN�±�)LJXUH��

7KH�SXUSRVH�RI�WKH�QHWZRUN�RI�ILJXUH���LV�WR

± VLPXODWH�WKH�LPSHGDQFH�RI�WKH�KXPDQ�ERG\�

± SURYLGH� D� PHDVXUHPHQW� LQGLFDWLQJ� WKH� OHYHO� RI� FXUUHQW� ZKLFK� FDQ� IORZ� WKURXJK� D� KXPDQ
ERG\�LI�WKH�ERG\�FRQWDFWV�WKH�(48,30(17�LQ�D�OLNH�PDQQHU�

5%�PRGHOV�WKH�LQWHUQDO�LPSHGDQFH�RI�WKH�KXPDQ�ERG\�

56�DQG�&6�PRGHO�WKH�WRWDO�VNLQ�LPSHGDQFH�RI�WZR�SRLQWV�RI�FRQWDFW��7KH�YDOXH�RI�&6�LV�GHWHU�
PLQHG�IURP�WKH�DUHD�RI�VNLQ�FRQWDFW��)RU�ODUJHU�DUHDV�RI�FRQWDFW��D�ODUJHU�YDOXH��H�J��������)�
PD\�EH�XVHG�

728&+�&855(17�ZLWK�UHJDUG�WR�(/(&75,&�%851�LV�HTXDO�WR�8��U�P�V��GLYLGHG�E\�����W�

(���� 3HUFHSWLRQ��UHDFWLRQ��DQG�ERG\�LPSHGDQFH��QHWZRUN�±�)LJXUH��

3HUFHSWLRQ� DQG� UHDFWLRQ� E\� WKH� KXPDQ� ERG\� DUH� WKH� UHVXOW� RI� FXUUHQW� IORZLQJ� LQ� WKH� LQWHUQDO
SRUWLRQV�RI�WKH�ERG\�

&RQVLGHUDWLRQ�RI�� DQG� FRPSHQVDWLRQ� IRU�� WKH� IUHTXHQF\� YDULDWLRQ� RI� UHDFWLRQ� DUH� UHTXLUHG� IRU
DFFXUDWH�PHDVXUHPHQW�RI� WKLV�HIIHFW��7KH�QHWZRUN�RI� ILJXUH���VLPXODWHV�ERG\� LPSHGDQFH�DQG
SURYLGHV� ZHLJKWLQJ� WR� IROORZ� WKH� IUHTXHQF\� FKDUDFWHULVWLFV� RI� WKH� ERG\� IRU� FXUUHQW� FDXVLQJ
LQYROXQWDU\� UHDFWLRQ�� ,W� KDV� EHHQ� DVVXPHG� WKDW� WKH� VKDSH� RI� WKH� IUHTXHQF\� FKDUDFWHULVWLF� LV
WKH�VDPH� IRU� UHDFWLRQ�DQG�SHUFHSWLRQ��DQG� WKH�GDWD�HVWDEOLVKLQJ� WKH� IUHTXHQF\�FKDUDFWHULVWLF
ZDV�DFWXDOO\�REWDLQHG�WKURXJK�WHVWV�RQ�WKH�WKUHVKROG�RI�SHUFHSWLRQ�

7KH� PHDVXUHPHQW� QHWZRUN� LV� XVDEOH� IRU� FXUUHQW� OLPLWV� XS� WR� WKH� OHW�JR� OLPLW� IRU� ���+]� DQG
���+]� FXUUHQW�� DQG� DW� KLJKHU� IUHTXHQFLHV�� IRU� FXUUHQW� OLPLWV� XS� WR� WKH�ZHLJKWHG� HTXLYDOHQW� RI
DERXW� ��P$�U�P�V�� DW� ���+]� DQG� ���+]�� 7KH� XVH� RI� WKLV� QHWZRUN� IRU� PHDVXUHPHQW� RI� KLJKHU
OHYHO� OLPLWV� LV� UHVWULFWHG� E\� WKH� FRQVLGHUDWLRQ� RI� OHW�JR� DQG� WKH� QHHG� IRU� GLIIHUHQW� IUHTXHQF\
ZHLJKWLQJ�LI�DELOLW\�WR�OHW�JR�LV�RI�FRQFHUQ��VHH�(����

7KH� D�F�� RU� G�F�� 728&+� &855(17� ZLWK� UHJDUG� WR� SHUFHSWLRQ� RU� UHDFWLRQ� LV� HTXDO� WR� 8��SHDN
GLYLGHG�E\�����W�
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(���� /HW�JR��DQG�ERG\�LPSHGDQFH��QHWZRUN�±�)LJXUH��

7KH�LQDELOLW\�WR�OHW�JR�RI�DQ�REMHFW�LV�FDXVHG�E\�FXUUHQW�IORZ�LQWHUQDO�WR�WKH�ERG\��H�J��WKURXJK
PXVFOHV��

7KH�HIIHFW�RI�IUHTXHQF\�RQ�OHW�JR�OLPLWV�LV�GLIIHUHQW�IURP�LWV�HIIHFW�RQ�SHUFHSWLRQ�RU�UHDFWLRQ��RU
RQ�(/(&75,&�%851��7KLV�LV�HVSHFLDOO\�WUXH�IRU�IUHTXHQFLHV�DERYH���N+]�

7KH� QHWZRUN� RI� ILJXUH��� VLPXODWHV� ERG\� LPSHGDQFH� DQG� LV� ZHLJKWHG� WR� IROORZ� WKH� IUHTXHQF\
UHVSRQVH� RI� WKH� ERG\� WR� FXUUHQWV� ZKLFK� FDQ� FDXVH� WHWDQL]DWLRQ� RI� PXVFOHV� �LQYROXQWDU\
PXVFXODU�FRQWUDFWLRQ��DQG��WKHUHE\��DQ�LQDELOLW\�WR� OHW�JR�RI�*5,33$%/(�3$576��728&+�&855(17
ZLWK�UHJDUG�WR�WKH�OHW�JR�WKUHVKROG�LV�HTXDO�WR�8��SHDN�GLYLGHG�E\�����W�
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$QQH[�)
�LQIRUPDWLYH�

0HDVXULQJ�QHWZRUN�OLPLWDWLRQV�DQG�FRQVWUXFWLRQ

7KH�QHWZRUNV�RI� ILJXUHV���� �� DQG���DUH� LQWHQGHG� WR� SURGXFH�D�PHDVXUDEOH� YROWDJH� UHVSRQVH
ZKLFK�DSSUR[LPDWHV�WKH�FXUYHV�JLYHQ�LQ�ILJXUHV�)����)���DQG�)����7KH�QHWZRUNV�DQG�UHIHUHQFH
FXUYHV�SURYLGHG�DUH� LQ�JHQHUDO�DJUHHPHQW�ZLWK� WKRVH�SXEOLVKHG� LQ� ,(&����������H[FHSW� WKDW�
IRU� VLPSOLFLW\� RI� PHDVXUHPHQW� FLUFXLWV�� VOLJKW� GHYLDWLRQV� DUH� DOORZHG� DW� WKH� FXUYH� LQIOHFWLRQV
EHWZHHQ�����+]�DQG����N+]�

:KHUH� OLPLWV� IRU� (/(&75,&� %851� DUH� VSHFLILHG�� 728&+� &855(17� LV� DOVR� PHDVXUHG� ZLWKRXW
IUHTXHQF\� ZHLJKWLQJ�� 7KH� FULWHULD� HVWDEOLVKHG� IRU� (/(&75,&� %851� ZLOO� RYHUULGH� FULWHULD� IRU
SHUFHSWLRQ�� UHDFWLRQ�RU� OHW�JR� LI� WKH� U�P�V��FXUUHQW� OLPLW� IRU�(/(&75,&�%851� LV�H[FHHGHG�EHIRUH
WKH� ZHLJKWHG� SHDN� FXUUHQW� OLPLWV� IRU� SHUFHSWLRQ�� UHDFWLRQ� DQG� OHW�JR� DUH� UHDFKHG�� ,I� WKLV
RFFXUV�� LW�ZLOO�XVXDOO\�EH�LQ�WKH�UDQJH�RI����N+]�WR�����N+]��GHSHQGLQJ�XSRQ�WKH�ZDYHIRUP�RI
WKH�FXUUHQW�DQG�OLPLW�YDOXHV�XVHG��8QOHVV�VXFK�IUHTXHQFLHV�DUH�SUHGRPLQDQW��QR�PHDVXUHPHQW
IRU�(/(&75,&�%851�OLPLW�LV�QHFHVVDU\�

���

��

�

����

�� ��� ��� ��� ��� ���

)UHTXHQF\�+]

)UHTXHQF\�IDFWRU� 

DFWXDO�WRXFK�FXUUHQW

LQGLFDWHG�WRXFK�FXUUHQW

1HWZRUN�RI�ILJXUH��
�FRQVWDQW� ���

,(&����������

)LJXUH�)���±�)UHTXHQF\�IDFWRU�IRU�HOHFWULF�EXUQ
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���

���

��

�
�� ��� ��� ��� ��� ���

)UHTXHQF\�+]

1HWZRUN�RI�ILJXUH��

,(&��������

)UHTXHQF\�IDFWRU� 

DFWXDO�WRXFK�FXUUHQW

LQGLFDWHG�WRXFK�FXUUHQW

,(&����������

)LJXUH�)���±�)UHTXHQF\�IDFWRU�IRU�SHUFHSWLRQ�RU�UHDFWLRQ

���

���

��

�
�� ��� ��� ��� ��� ���

)UHTXHQF\�+]

1HWZRUN�RI�ILJXUH��

,(&��������

)UHTXHQF\�IDFWRU� 

DFWXDO�WRXFK�FXUUHQW

LQGLFDWHG�WRXFK�FXUUHQW

,(&����������

)LJXUH�)���±�)UHTXHQF\�IDFWRU�IRU�OHW�JR
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$QQH[�*
�LQIRUPDWLYH�

&RQVWUXFWLRQ�DQG�DSSOLFDWLRQ�RI�WRXFK�FXUUHQW�PHDVXULQJ�LQVWUXPHQWV

*���� &RQVLGHUDWLRQV�IRU�VHOHFWLRQ�RI�FRPSRQHQWV

7KH�VHOHFWLRQ�RI�FRPSRQHQWV�IRU�WKH�728&+�&855(17�PHDVXULQJ�QHWZRUNV�LQ�ILJXUHV������DQG��
FDQ�EH�JUHDWO\�DIIHFWHG�E\� WKH�DSSOLFDWLRQ�� L�H��E\� WKH�FXUUHQW� OHYHOV�DQG� IUHTXHQFLHV� WKDW�DUH
WR�EH�PHDVXUHG��DQG�E\�WKH�WROHUDQFHV�DQG�SRZHU�KDQGOLQJ�FDSDELOLW\�WR�EH�FRQVLGHUHG�

7KH� PHDVXULQJ� QHWZRUNV� DQG� LQVWUXPHQWV� DQG� WKH� SHUIRUPDQFH� VSHFLILFDWLRQV� GLVFXVVHG� LQ
WKLV� VWDQGDUG� DUH� DSSURSULDWH� IRU� ERWK� VLQXVRLGDO� 728&+� &855(17� ZDYHIRUPV� IURP� VLPSOH
(48,30(17� DQG� IRU� QRQ�VLQXVRLGDO� 728&+� &855(17� ZDYHIRUPV� IURP� VRSKLVWLFDWHG� SURGXFWV
WKDW� FDQ� JHQHUDWH� KLJK� IUHTXHQFLHV�� +RZHYHU�� IRU� D� OLPLWHG� DSSOLFDWLRQ�� LW� PD\� QRW� EH
QHFHVVDU\�IRU�D�QHWZRUN�WR�FRYHU�WKH�FRPSOHWH�UDQJH�RI�G�F��WR���0+]��QRU�WR�ZLWKVWDQG�SRZHU
LQSXW�OHYHOV�WKDW�DUH�XQOLNHO\�LQ�WKH�SDUWLFXODU�DSSOLFDWLRQ��6LPSOHU�FXUUHQW�PHDVXULQJ�QHWZRUNV
DQG�LQVWUXPHQWV�FDQ�EH�VXEVWLWXWHG�IRU�WKH�VSHFLILHG�QHWZRUNV�DQG�LQVWUXPHQWV��SURYLGHG�WKDW
FLUFXLW�FRQGLWLRQV�DUH�VXFK�WKDW�WKH�UHDGLQJV�ZRXOG�EH�WKH�VDPH�

,QIRUPDWLRQ� SURYLGHG� KHUH� LV� LQWHQGHG� WR� SRLQW� RXW� WKH� IDFWRUV� WR� EH� FRQVLGHUHG� IRU� HDFK
FRPSRQHQW��VR�WKDW�DSSURSULDWH�GHFLVLRQV�FDQ�EH�PDGH�IRU�SDUWLFXODU�DSSOLFDWLRQV�

*������ 3RZHU�UDWLQJ�DQG�LQGXFWDQFH�IRU�56�DQG�5%

3RZHU�LQ�56�DQG�5%�LV�GHWHUPLQHG�E\�WZR�IDFWRUV��2QH�LV�WKH�SRVVLELOLW\�RI�RYHUORDG�DW�G�F��RU
ORZ�IUHTXHQFLHV��,I��IRU�H[DPSOH��D�����9����+]����+]�RYHUORDG�FDSDELOLW\�LV�GHVLUHG��56�PXVW
WROHUDWH� �����:� DQG� 5%� ����:� IRU� DW� OHDVW� D� VKRUW� WLPH�� ZLWKRXW� VKLIW� LQ� YDOXH�� +RZHYHU�� LI
RYHUORDGV� DUH� QRW� D� FRQFHUQ�� WKHQ� ����:� RU� ��:�PHWDO� ILOP� UHVLVWRUV� FDQ� SURYLGH� DGHTXDWH
DFFXUDF\��WRJHWKHU�ZLWK�D�ORZ�WHPSHUDWXUH�FRHIILFLHQW�DQG�ORQJ�WHUP�VWDELOLW\�

%DVHG�RQ�WKH�DERYH�FKRLFHV��WKH�PHDVXULQJ�QHWZRUN�VKRXOG�EH�DSSURSULDWHO\�PDUNHG��XQOHVV
LW�LV�FDSDEOH�RI�ZLWKVWDQGLQJ�FRQWLQXRXV�RYHUORDGV�

5%� PD\� DOVR� GLVVLSDWH� SRZHU� IURP� KLJK�IUHTXHQF\� FXUUHQWV� LQ� VRPH� DSSOLFDWLRQV�� )RU
H[DPSOH��LI�D�FXUUHQW�DW�D�EXUQ�KD]DUG�RI�����P$�LV�WR�EH�PHDVXUHG��D�SRZHU�RI�����:�ZRXOG
EH�GLVVLSDWHG�LQ�5%��$OWKRXJK�WKLV�LV�XQOLNHO\��D�UHVLVWRU�ZLWK�WKLV�FDSDELOLW\�FRXOG�EH�FKRVHQ�

:LUH� ZRXQG� SRZHU� UHVLVWRUV� DUH� DYDLODEOH� WR� KDQGOH� WKH� SRZHU�� LI� RWKHU� IDFWRUV� VXFK� DV
DFFXUDF\� DQG� LQGXFWLYH� HUURUV� DUH� FRQWUROOHG� WR� DFFHSWDEOH� OHYHOV� IRU� WKH� DSSOLFDWLRQ�� 3RZHU
UHVLVWRUV� ZLWK� DQ� DFFXUDF\� RI� ����� DQG� ��� �� DUH� UHDGLO\� DYDLODEOH�� ,QGXFWDQFH� KDV� EHHQ
PHDVXUHG�RQ� W\SLFDO����:�DQG����:�ZLUH�ZRXQG� UHVLVWRUV�DQG� IRXQG� WR�EH�DERXW����m+� LQ�D
������W� YDOXH��7ZR�VXFK� UHVLVWRUV� LQ� SDUDOOHO� JLYH�����W� DQG� WKH� LQGXFWDQFH�ZRXOG� FDXVH�D
���� LQFUHDVH� LQ� LPSHGDQFH� WR� ����W� DW� ��0+]�� 7KH� YDOXHV� RI� UHVLVWRU� 56� DQG� FDSDFLWRU� &6
FRQWURO� WKH�KLJK�IUHTXHQF\�SHUIRUPDQFH�RI� WKH�56�5%�QHWZRUN��$Q� LQGXFWDQFH�RI���P+��ZKLFK
LV�PXFK�KLJKHU� WKDQ�ZRXOG�EH�H[SHFWHG�� LQ�VHULHV�ZLWK�56��������W���FDXVHV� OHVV� WKDQ������
DW���0+]�
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*������ &DSDFLWRU�&6

)LOP�FDSDFLWRUV�ZLWK�H[WHQGHG� IRLO� FRQVWUXFWLRQ�DUH� UHFRPPHQGHG��&DSDFLWRU�&6�PD\� UHTXLUH
D� YROWDJH� UDWLQJ� FDSDEOH� RI� ZLWKVWDQGLQJ� VKRUW�WHUP� RYHUORDG�� IRU� H[DPSOH� ����9�D�F��� RU
SHUKDSV� ����9�G�F�� RU� ����9�G�F�� )LOP� FDSDFLWRUV� UDWHG� IRU� G�F�� ZLOO� XVXDOO\� WROHUDWH� DQ� D�F�
SHDN�YROWDJH�HTXDO� WR� WKH�G�F�� UDWLQJ� IRU�VKRUW�SHULRGV�ZLWKRXW� IDLOXUH�� ,I� WKH� LQGXFWDQFH�RI�&6
DQG�LWV�ZLULQJ�LV�WR�EH�FRQWUROOHG�IRU�SHUIRUPDQFH�DW���0+]��WZR�RU�WKUHH�FDSDFLWRUV�LQ�SDUDOOHO
PD\�EH�QHFHVVDU\�WR�DFKLHYH�DFFXUDF\�DQG�IUHTXHQF\�UHVSRQVH�

����m)� ILOP�FDSDFLWRUV� UDWHG�����9�D�F�� KDYH�EHHQ�PHDVXUHG� IRU� UHVRQDQFH�DW�DERXW���0+]�
(UURUV� RI� DSSUR[LPDWHO\� ���� DW� ��0+]� FDQ� EH� H[SHFWHG� GXH� WR� WKH� LQGXFWDQFH� RI� VXFK
FRPSRQHQWV�� &DSDFLWRUV� RI� ORZHU� YDOXH� WKDQ� ����m)� FDQ� EH� FRQQHFWHG� LQ� SDUDOOHO� WR� UHGXFH
WKH�LQGXFWLYH�HUURU�

*������ 5HVLVWRUV�5���5��DQG�5�

0HWDO� ILOP� UHVLVWRUV�ZLOO�JLYH�DGHTXDWH�SHUIRUPDQFH�XQGHU�RYHUORDG�DQG�DW� IUHTXHQFLHV�XS� WR
��0+]��,I�RYHUORDG�FDSDELOLW\�LV�GHVLUHG��VHH�*�������5��DQG�5��VKRXOG�EH�UDWHG���:�

*������ &DSDFLWRUV�&���&��DQG�&�

)LOP� W\SH� FDSDFLWRUV� RI� H[WHQGHG� IRLO� FRQVWUXFWLRQ� DUH� UHFRPPHQGHG�� 7KH� LQGXFWDQFH� RI
FDSDFLWRUV� LQ� WKLV�UDQJH�ZLOO�JHQHUDOO\�QRW� UHVXOW� LQ�VLJQLILFDQW�HUURUV�XS� WR���0+]��&DSDFLWRUV
FDQ�EH�DGMXVWHG�IRU�WROHUDQFH�E\�FRQQHFWLQJ�WZR�RU�PRUH�VPDOOHU�FDSDFLWRUV�LQ�SDUDOOHO�

*���� 9ROWPHWHU

)RU�IXOO�SHUIRUPDQFH�XS�WR���0+]��WKH�GHYLFH�XVHG�IRU�PHDVXULQJ�8���8���DQG�8��VKRXOG�EH�D
YROWDJH�PHDVXULQJ�LQVWUXPHQW�ZKLFK

± UHVSRQGV�WR

� G�F��IRU�G�F��PHDVXUHPHQWV�

� WUXH�U�P�V��IRU�U�P�V��PHDVXUHPHQWV��DQG

� SHDN�IRU�SHDN�PHDVXUHPHQWV�

± KDV�DQ�LQSXW�UHVLVWDQFH�QRW�OHVV�WKDQ���0W�

± KDV�DQ�LQSXW�FDSDFLWDQFH�QRW�PRUH�WKDQ�����S)�IRU�D�F��PHDVXUHPHQWV�

± KDV� D� IUHTXHQF\� UDQJH� IRU� D�F�� PHDVXUHPHQWV� IURP� ���+]� WR� ��0+]�� RU� PRUH� LI� KLJKHU
IUHTXHQFLHV�DUH�LQYROYHG�

± KDV� IORDWLQJ� RU� GLIIHUHQWLDO� LQSXW� ZLWK� FRPPRQ� PRGH� UHMHFWLRQ� RI� DW� OHDVW� ���G%� XS� WR
��0+]�

6HH�*���UHJDUGLQJ�WKH�XVH�RI�VLPSOHU�LQVWUXPHQWV�IRU�SDUWLFXODU�DSSOLFDWLRQV�
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*���� $FFXUDF\

7KH�RYHUDOO�DFFXUDF\�RI�WKH�728&+�&855(17�PHDVXULQJ�QHWZRUN�DQG�LWV�YROWPHWHU�LV�LQIOXHQFHG
E\� WKH� DFFXUDF\� RI� UHVLVWRUV� DQG� FDSDFLWRUV�� DQG� WKH� IUHTXHQF\� UHVSRQVH�� LPSHGDQFH� DQG
DFFXUDF\� RI� WKH� YROWPHWHU�� ,QWHUFRPSRQHQW� FDSDFLW\� DQG� OHDG� LQGXFWDQFH� DOVR� DIIHFW� WKH
DFFXUDF\�RI�D�PHDVXUHPHQW�

$�YROWPHWHU�KDV�ERWK�DQ�LQSXW�UHVLVWDQFH�DQG�DQ�LQSXW�FDSDFLWDQFH��$W�G�F��RU�ORZ�IUHTXHQFLHV�
D�YROWPHWHU�KDYLQJ�DQ� LQSXW� UHVLVWDQFH�RI���0W�XVHG�ZLWK� WKH�PHDVXULQJ�QHWZRUN�RI� ILJXUH��
RU���ZLOO� LQGLFDWH����� ORZ�GXH�WR�YROWDJH�GLYLVLRQ�ZLWK� WKH��������W� UHVLVWRU� LQ� WKH�PHDVXULQJ
QHWZRUN�� $W� KLJK� IUHTXHQFLHV�� WKH� LQSXW� FDSDFLWDQFH� RI� WKH� YROWPHWHU�� W\SLFDOO\� ���S)�� EHLQJ
GLUHFWO\� LQ� SDUDOOHO� ZLWK� WKH� RXWSXW� FDSDFLWRU� RI� WKH� PHDVXULQJ� QHWZRUN�� FDQ� FDXVH� DQ
LQGLFDWLRQ� WKDW� LV� ������� ORZ� LQ� WKH� QHWZRUN� RI� ILJXUH��� DQG� ������� ORZ� LQ� WKH� QHWZRUN� RI
ILJXUH���

*���� &DOLEUDWLRQ�DQG�DSSOLFDWLRQ�RI�PHDVXULQJ�LQVWUXPHQWV

127(�± $�GHILQLWLRQ�RI�FDOLEUDWLRQ�LV�JLYHQ�LQ������RI�,62���������

7KH� SHUIRUPDQFH� RI� DQ� DVVHPEOHG� 728&+� &855(17� PHDVXULQJ� QHWZRUN� RU� 728&+� &855(17
PHDVXULQJ� LQVWUXPHQW� FDQ� EH� GHWHUPLQHG� E\� FRPSDULQJ� LWV� UHDGLQJV� ZLWK� FDOFXODWHG� LGHDO
YDOXHV� WKURXJKRXW� WKH� IUHTXHQF\� UDQJH�RI� LQWHUHVW� �VHH� /����� 7KH�HUURU� DW� HDFK� IUHTXHQF\� RI
PHDVXUHPHQW�VKRXOG�EH�QRWHG�IRU�PDQ\�VSHFLPHQV�RI�HDFK�LQVWUXPHQW��$�FRPSLODWLRQ�RI�HUURU
GDWD�VKRXOG�EH�XVHG�WR�HVWDEOLVK�JXDUG�EDQGV�ZLWKLQ�ZKLFK�IXWXUH�PHDVXUHPHQWV�DUH�OLNHO\�WR
RFFXU��6WDWLVWLFDO�FRQILGHQFH� LQ� WKH�VWDWHPHQW� UHJDUGLQJ� WKH�ZLGWK�RI� WKH�JXDUG�EDQGV�FDQ�EH
VSHFLILHG�� ,I� RQO\� RQH� VSHFLPHQ� RI� D� SDUWLFXODU� GHVLJQ� RI� LQVWUXPHQW� LV� EXLOW�� WKH� JXDUG� EDQG
FDQ�EH�WKH�DFWXDO�HUURU�GDWD�

7KH� HVWDEOLVKPHQW� RI� JXDUG� EDQGV� HQVXUHV� WKDW� PHDVXUHPHQWV� FDQ� UHSURGXFLEO\� LQGLFDWH
ZKHWKHU� WKH� (48,30(17� EHLQJ� WHVWHG� LV� ZLWKLQ� WKH� 728&+� &855(17� OLPLWV�� ZKHQ� XVHG� LQ� WKH
IROORZLQJ�ZD\�

)RU�(48,30(17�PDQXIDFWXUHUV�� WKH�JXDUG�EDQG�VKRXOG�EH�DGGHG� WR� WKH� UHDGLQJ��DQG� WKH�VXP
FRPSDUHG� WR� WKH� OLPLW�� 7KLV� HQVXUHV� WKDW� (48,30(17� LQGLFDWHG� DV� FRPSO\LQJ� ZLWK� WKH� 728&+
&855(17�OLPLW�ZLOO�QRW�EH�UHMHFWHG�E\�WKH�WHVWLQJ�ODERUDWRU\��)RU�WHVWLQJ�ODERUDWRULHV��WKH�JXDUG
EDQG� VKRXOG� EH� VXEWUDFWHG� IURP� WKH� UHDGLQJ� DQG� WKH� GLIIHUHQFH� FRPSDUHG� WR� WKH� OLPLW�� 7KLV
HQVXUHV� WKDW� WKH� WHVWLQJ� ODERUDWRU\� ZLOO� QRW� UHMHFW� (48,30(17� WKDW� DFWXDOO\� FRPSOLHV� ZLWK� WKH
OLPLW��7KH�WROHUDQFHV�IRU�LQVWUXPHQWV�XVHG�E\�D�WHVWLQJ�ODERUDWRU\�VKRXOG�EH�VXIILFLHQWO\�ORZ�WR
EH� DFFRPPRGDWHG� E\� WKH� GLIIHUHQFH� EHWZHHQ� WKH� OLPLW� YDOXH� DQG� WKH� WKUHVKROG� RI� WKH
XQZDQWHG�SK\VLRORJLFDO�HIIHFW��VHH�,(&����������

,I�QHFHVVDU\��WKH�JXDUG�EDQG�RI�D�PHDVXULQJ�QHWZRUN�FDQ�EH�PDGH�QDUURZHU��IRU�H[DPSOH�E\

± VHOHFWLRQ�RI�FRPSRQHQWV�

± WULPPLQJ�RI�FRPSRQHQW�YDOXHV�E\�FRQQHFWLQJ�RQH�RU�PRUH�FRPSRQHQWV�LQ�SDUDOOHO�

± PLQLPL]LQJ�OHDG�OHQJWK�DQG�VKDUS�EHQGV�LQ�OHDGV��WR�UHGXFH�LQGXFWDQFH��

± PLQLPL]LQJ�DUHDV�RI�SDUWV�LQ�SUR[LPLW\��WR�UHGXFH�LQWHUFRPSRQHQW�FDSDFLWDQFHV��
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,W� LV� UHFRPPHQGHG� WKDW� (48,30(17� PDQXIDFWXUHUV� PLQLPL]H� 728&+� &855(17� OHYHOV�� 7KH
GHVLJQ�RI�(48,30(17�KDYLQJ�FXUUHQW�OHYHOV�FORVH�WR�728&+�&855(17�OLPLW�YDOXHV�LV�FRQVLGHUHG
WR�EH�SRRU�SUDFWLFH��GXH�WR� WKH�HIIHFWV�RI�FRPSRQHQW� WROHUDQFH��DJHLQJ��XVH�DQG�HQYLURQPHQW
RQ�728&+�&855(17��:KHQ�WKH�728&+�&855(17� IURP�WKH�(48,30(17� LV�FORVH� WR� WKH� OLPLW�YDOXH�
VSHFLDO�FDUH�VKRXOG�EH�WDNHQ�LQ�PHDVXUHPHQW�SUHFLVLRQ�DQG�FDOLEUDWLRQ�RI�WKH�WHVW�(48,30(17�
,I�WKH�728&+�&855(17�LV�QRW�FORVH�WR�WKH�OLPLW�YDOXH��D�ZLGHU�JXDUG�EDQG�ZLOO�EH�DFFHSWDEOH�IRU
LQVWUXPHQWV�XVHG�E\�D�PDQXIDFWXUHU�

*���� 5HFRUGV

)RU� HDFK� PHDVXULQJ� LQVWUXPHQW�� UHFRUGV� VKRXOG� EH� HVWDEOLVKHG� LQ� DFFRUGDQFH� ZLWK� ���� RI
,62���������� 7KHVH� UHFRUGV� ZLOO� SURYLGH� GDWD� IRU� VXEVHTXHQW� FDOLEUDWLRQ� LQ� FRQILUPDWLRQ
V\VWHPV��VHH�*����DQG�DERXW�DQ\�OLPLWDWLRQV�LQ�XVH�

*���� &RQILUPDWLRQ�V\VWHPV
127(�± $� GHILQLWLRQ� RI�PHWURORJLFDO� FRQILUPDWLRQ� �VKRUWHQHG� WR� ³FRQILUPDWLRQ´� LQ� WKLV� VWDQGDUG�� LV� JLYHQ� LQ� ���� RI
,62���������

0HDVXULQJ� LQVWUXPHQWV� XVHG� IRU� (48,30(17� FHUWLILFDWLRQ� VKRXOG� EH� VXEMHFWHG� WR� URXWLQH
FRQILUPDWLRQ�RI�WKHLU�DFFXUDF\��VHH�/����
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$QQH[�+
�LQIRUPDWLYH�

*ULSSDEOH�SDUW

+���� *ULSSDEOH�SDUW

,Q� WKLV� VWDQGDUG�� WKH�FRQFHSW�RI� D�*5,33$%/(�3$57� LV�XVHG� �VHH� WKH�FRQGLWLRQV� IRU�XVH�RI� WKH
PHDVXULQJ� QHWZRUN� RI� ILJXUH��� LQ� �������� $� GHILQLWLRQ� LV� JLYHQ� LQ� ����� EXW� QR� SUHFLVH
VSHFLILFDWLRQ�LV�JLYHQ�IRU�GHWHUPLQLQJ�ZKHWKHU�RU�QRW�D�SDUW� LV�JULSSDEOH�LQ�WKH�PHDQLQJ�RI�WKH
GHILQLWLRQ�

)RU�PRVW�SXUSRVHV�� LW� LV�DQWLFLSDWHG�WKDW� WKH�GHILQLWLRQ� LQ�����ZLOO�EH�VXIILFLHQW��EXW�DJUHHPHQW
RQ�D�VSHFLILFDWLRQ�LV�GHVLUDEOH�

1R�VSHFLILFDWLRQ� IRU�D�*5,33$%/(�3$57�KDV�\HW�EHHQ�DJUHHG� LQ� WKH� ,(&��7R�DVVLVW�ZLWK� IXUWKHU
VWXG\� DQG� RQO\� DV� DQ� H[DPSOH�� D� SURSRVDO� LV�JLYHQ� LQ� +���� 7KH� XVH� RI� VXFK� D� GHYLFH� LV� QRW
UHTXLUHG�E\�WKLV�VWDQGDUG�

+���� ([DPSOH�RI�WHVW�GHYLFH

7R�GHWHUPLQH�ZKHWKHU�D�SDUW� LV�D�*5,33$%/(�3$57��DFFHVVLELOLW\�PHDVXUHPHQWV�DUH�PDGH�ZLWK
WKH� *5,33$%/(� 3$57� WHVW� GHYLFH� RI� ILJXUH�+���� 7KH� WHVW� GHYLFH� PD\� EH� ZUDSSHG� IURP� HLWKHU
VLGH�� LQ�DQ\�SRVLWLRQ� WKDW� WKH�KDQG�PD\�JULS��7KH�SDUW� LV�JULSSDEOH� LI� WKH� IROORZLQJ�FRQGLWLRQV
DSSO\�

± IRU�SDUWV�ZKLFK�WKH�KDQG�ZUDSV�DURXQG�LQ�RUGHU�WR�JULS�

� WKHUH� LV� D� KDQG� DFFHVV� FOHDUDQFH� RI� DW� OHDVW� ���PP� EHWZHHQ� WKH� SDUW� DQG� DQ\� RWKHU
SDUW��DQG

� WKH�FOHDUDQFH�LV�DW�OHDVW����PP�ZLGH�WR�DOORZ�KDQG�ZLGWK�DFFHVV��DQG

� WKH�HQGV�RI�WKH�WHVW�GHYLFH��ILJXUH�+����PHHW�RU�RYHUODS�

± IRU� SDUWV� VXFK� DV� ODUJH� SLSHV� RU� NQREV�ZKLFK� WKH� KDQG�PD\� QRW� FRPSOHWHO\� HQFORVH�� WKH
*5,33$%/(�3$57�WHVW�GHYLFH�ZUDSV�OHQJWKZLVH�DURXQG�WKH�SDUW�ZLWK�OHVV�WKDQ����PP�RI�HQG
JDS��ZLWKRXW�UHJDUG�WR�PDWHULDO�LQ�WKH�HQG�JDS�

± ZKHUH� D� SODQH� VXUIDFH� LV� LQYROYHG�� WKH� GLVWDQFH� DFURVV� WKH� SODQH� LQ� WKH� GLUHFWLRQ� RI
JULSSLQJ�ILQJHUV�GRHV�QRW�H[FHHG�����PP�

+���� 5DWLRQDOH

,Q� GHWHUPLQLQJ� D� GHILQLWLRQ� DQG� FULWHULD� IRU� D� *5,33$%/(� 3$57�� WKH� IROORZLQJ� LWHPV� ZHUH
FRQVLGHUHG�

+������ 7HVW�GHYLFH

$�*5,33$%/(�3$57� WHVW�GHYLFH� LV�QHHGHG� WR� UHSUHVHQW� WKH�KDQG� IRU� VXFK�SDUDPHWHUV�DV�KDQG
WKLFNQHVV��PLQLPXP� ILQJHU� OHQJWK��PLQLPXP�SDOP�ZLGWK��PLQLPXP�ZLGWK� LQFOXGLQJ� WKH� WKXPE�
PD[LPXP�SDOP� OHQJWK�DQG� WRWDO�RYHUDOO� OHQJWK�� ,Q�DGGLWLRQ�� WKH� WHVW�GHYLFH�VKRXOG�EH� IOH[LEOH
IURP�ERWK�VLGHV�WR�HQDEOH�XVH�IRU�ULJKW�DQG�OHIW�KDQG�JULSSLQJ�
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7KH�WHVW� GHYLFH� RI� ILJXUH�+���� ZKHQ� PDGH� IURP� IOH[LEOH� IRDP� SODVWLF� RI� ���PP� WKLFNQHVV�
VKRXOG�DGHTXDWHO\�IXOILO�WKH�UHTXLUHPHQW�IURP�UHDGLO\�DYDLODEOH�PDWHULDO�

+������ &RQWDFW�OHQJWK

$�PLQLPXP�FRQWDFW�RI����PP�OHQJWK� LQ�WKH�YLFLQLW\�RI� WKH�SDOP�LV�FRQVLGHUHG�WR�EH�QHFHVVDU\
IRU� LQYROXQWDU\� JULSSLQJ�� $� SHUVRQ� VKRXOG� EH� DEOH� WR� SXOO� DZD\� IURP� VPDOO� SDUWV�� VXFK� DV� D
%1&� FRQQHFWRU�� HYHQ� WKRXJK� WKH� YROWDJH� RQ� WKH� SDUW� FRXOG� FDXVH� FXUUHQWV� DERYH� WKH� OHW�JR
OHYHO�

+������ :UDS�DURXQG�GLVWDQFH

7KH�PD[LPXP�ZUDS�DURXQG�GLVWDQFH�IRU�LQDELOLW\�WR�OHW�JR�LV�FRQVLGHUHG�WR�EH�WKH�OHQJWK�RI�WKH
KDQG�SOXV����PP��/DUJH�SDUWV�ZKLFK�FDQQRW�EH�JULSSHG�ZLWK�VXIILFLHQW� IRUFH�WR�SUHYHQW� OHW�JR
DUH�WKXV�QRW�FRQVLGHUHG�WR�EH�JULSSDEOH�

+������ )ODW�VXUIDFHV

)ODW� VXUIDFHV�ZLGHU� WKDQ� WKH� SDOP�ZLGWK� RI� ����PP�DUH� QRW� FRQVLGHUHG� WR� EH� JULSSDEOH�ZLWK
HQRXJK�IRUFH�WR�SUHYHQW�OHW�JR�

+������ &RPELQDWLRQV�RI�SDUWV

:KHQ�WZR�RU�PRUH�SDUWV�DUH� ORFDWHG�WRJHWKHU�� WKH�FRPELQDWLRQ�RI�SDUWV�FDQ�EH�FRQVLGHUHG� WR
EH�D�*5,33$%/(�3$57�LI�DOO�FULWHULD�DUH�PHW�

+������ $FFHVVLEOH�SDUWV

$FFHVVLEOH�SDUWV� WKDW�GR�QRW�PHHW� WKH�FULWHULD� IRU�*5,33$%/(�3$576�DUH�HYDOXDWHG�DV� ODUJH�RU
VPDOO� DUHD� WRXFKDEOH� SDUWV�� 7KHVH� PD\� KDYH� VRPHZKDW� KLJKHU� 728&+� &855(17� OHYHOV
EHFDXVH�WKH�FRQGLWLRQ�RI�LQDELOLW\�WR�OHW�JR�GRHV�QRW�RFFXU�

��
�P
P

��
�P
P

���P
P

���PP ����PP ���PP

3DOP�OHQJWK )LQJHU�OHQJWK

%RWK�VLGHV�VKDGHG
LQ�WKLV�DUHD

0DWHULDO��IOH[LEOH�IRDP�SODVWLF�VKHHW��WKLFNQHVV����PP
,(&����������

)LJXUH�+���±�*ULSSDEOH�SDUW�WHVW�GHYLFH
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$QQH[�-
�LQIRUPDWLYH�

$&�SRZHU�GLVWULEXWLRQ�V\VWHPV
�VHH�����

-���� ,QWURGXFWLRQ

,Q� ,(&���������� D�F�� SRZHU� GLVWULEXWLRQ� V\VWHPV�DUH� FODVVLILHG�71��77�DQG� ,7�� GHSHQGLQJ� RQ
WKH�DUUDQJHPHQW�RI� FXUUHQW�FDUU\LQJ�FRQGXFWRUV�DQG�RQ� WKH�PHWKRG�RI� HDUWKLQJ��7KH� FODVVHV
DQG�FRGHV�DUH�H[SODLQHG�LQ�WKLV�DQQH[��6RPH�H[DPSOHV�RI�HDFK�FODVV�DUH�JLYHQ�LQ�WKH�ILJXUHV�
RWKHU�FRQILJXUDWLRQV�DOVR�H[LVW�

,Q�WKH�ILJXUHV�

± LQ�PRVW�FDVHV��WKH�SRZHU�V\VWHPV�DSSO\�IRU�VLQJOH�SKDVH�DQG�WKUHH�SKDVH�(48,30(17�EXW�
IRU�VLPSOLFLW\��RQO\�VLQJOH�SKDVH�(48,30(17�LV�LOOXVWUDWHG�

± WKH� SRZHU� VRXUFHV� PD\� EH� WUDQVIRUPHU� VHFRQGDULHV�� PRWRU�GULYHQ� JHQHUDWRUV� RU
XQLQWHUUXSWLEOH�SRZHU�V\VWHPV�

± IRU� WUDQVIRUPHUV� ZLWKLQ� D� XVHU¶V� EXLOGLQJ�� VRPH� RI� WKH� ILJXUHV� DSSO\�� DQG� WKH� EXLOGLQJ
ERXQGDU\�UHSUHVHQWV�D�IORRU�RI�WKH�EXLOGLQJ�

± VRPH� SRZHU� V\VWHPV� DUH� HDUWKHG� DW� DGGLWLRQDO� SRLQWV�� IRU� H[DPSOH� DW� WKH� SRZHU� HQWU\
SRLQWV�RI�XVHUV¶�EXLOGLQJV��VHH�,(&������������������������QRWH����

7KH� IROORZLQJ� W\SHV� RI� (48,30(17� FRQQHFWLRQ� DUH� WDNHQ� LQWR� DFFRXQW�� WKH� QXPEHUV� RI� ZLUHV
PHQWLRQHG�GR�QRW�LQFOXGH�FRQGXFWRUV�XVHG�H[FOXVLYHO\�IRU�HDUWKLQJ�

VLQJOH�SKDVH����ZLUH

VLQJOH�SKDVH����ZLUH

WZR�SKDVH����ZLUH

WKUHH�SKDVH����ZLUH

WKUHH�SKDVH����ZLUH

7KH�V\VWHP�FRGHV�XVHG�KDYH�WKH�IROORZLQJ�PHDQLQJ�

± )LUVW�OHWWHU��UHODWLRQVKLS�RI�WKH�SRZHU�V\VWHP�WR�HDUWK

7 PHDQV�GLUHFW�FRQQHFWLRQ�RI�RQH�SROH�WR�HDUWK�

, PHDQV�V\VWHP� LVRODWHG� IURP� HDUWK�� RU� RQH� SRLQW� FRQQHFWHG� WR� HDUWK� WKURXJK� DQ
LPSHGDQFH�

± 6HFRQG�OHWWHU��HDUWKLQJ�RI�WKH�(48,30(17

7 PHDQV�GLUHFW� HOHFWULFDO� FRQQHFWLRQ� RI� WKH� (48,30(17� WR� HDUWK�� LQGHSHQGHQWO\� RI� WKH
HDUWKLQJ�RI�DQ\�SRLQW�RI�WKH�SRZHU�V\VWHP�

1 PHDQV�GLUHFW�HOHFWULFDO�FRQQHFWLRQ�RI� WKH�(48,30(17� WR� WKH�HDUWKHG�SRLQW�RI� WKH�SRZHU
V\VWHP��LQ�D�F��V\VWHPV��WKH�HDUWKHG�SRLQW�RI�WKH�SRZHU�V\VWHP�LV�QRUPDOO\�WKH�QHXWUDO
SRLQW�RU��LI�D�QHXWUDO�SRLQW�LV�QRW�DYDLODEOH��D�SKDVH�FRQGXFWRU��
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��%6,��������

± 6XEVHTXHQW�OHWWHUV��LI�DQ\��DUUDQJHPHQW�RI�QHXWUDO�DQG�SURWHFWLYH�FRQGXFWRUV

6 PHDQV�WKH�SURWHFWLYH�IXQFWLRQ�LV�SURYLGHG�E\�D�FRQGXFWRU�VHSDUDWH�IURP�WKH�QHXWUDO�RU
IURP�HDUWKHG�OLQH��RU��LQ�D�F��V\VWHPV��HDUWKHG�SKDVH��FRQGXFWRU�

& PHDQV� WKH� QHXWUDO� DQG� SURWHFWLYH� IXQFWLRQV� DUH� FRPELQHG� LQ� D� VLQJOH� FRQGXFWRU
�3(1�FRQGXFWRU���

-���� 71�SRZHU�V\VWHPV

71� SRZHU� V\VWHPV� DUH� GLUHFWO\� HDUWKHG�� WKH� SDUWV� RI� WKH� (48,30(17� UHTXLUHG� WR� EH� HDUWKHG
EHLQJ� FRQQHFWHG� E\� SURWHFWLYH� HDUWKLQJ� FRQGXFWRUV�� 7KUHH� W\SHV� RI� 71� SRZHU� V\VWHPV� DUH
FRQVLGHUHG�

± 71�6�SRZHU�V\VWHP� LQ�ZKLFK�D�VHSDUDWH�SURWHFWLYH�FRQGXFWRU�LV�XVHG�WKURXJKRXW�WKH
V\VWHP�

± 71�&�6�SRZHU�V\VWHP� LQ� ZKLFK� QHXWUDO� DQG� SURWHFWLYH� IXQFWLRQV� DUH� FRPELQHG� LQ� D
VLQJOH�FRQGXFWRU�LQ�SDUW�RI�WKH�V\VWHP�

± 71�&�SRZHU�V\VWHP� LQ� ZKLFK� QHXWUDO� DQG� SURWHFWLYH� IXQFWLRQV� DUH� FRPELQHG� LQ� D
VLQJOH�FRQGXFWRU�WKURXJKRXW�WKH�V\VWHP�

6RPH�71�SRZHU�V\VWHPV�DUH�VXSSOLHG�IURP�D�VHFRQGDU\�ZLQGLQJ�RI�D�WUDQVIRUPHU�WKDW�KDV�DQ
HDUWKHG�FHQWUH� WDS��QHXWUDO���:KHUH� WKH� WZR�SKDVH�FRQGXFWRUV�DQG� WKH�QHXWUDO�FRQGXFWRU�DUH
DYDLODEOH��WKHVH�V\VWHPV�DUH�FRPPRQO\�NQRZQ�DV�VLQJOH�SKDVH����ZLUH�SRZHU�V\VWHPV�
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(TXLSPHQW

/�
/�

/�

1

3(

/�

/�

/�

1

3(

'LVWULEXWLRQ
FDEOH

%XLOGLQJ
ERXQGDU\

3RZHU�VRXUFH

/�

/�

/�

1

3(

,(&���������

6HSDUDWH�QHXWUDO�DQG�SURWHFWLYH�FRQGXFWRUV

(TXLSPHQW

/�
/�

/�

3(

/�

/�

/�

3(

'LVWULEXWLRQ
FDEOH

%XLOGLQJ
ERXQGDU\

3RZHU�VRXUFH

/�

/�

/�

3(

,(&���������

(DUWKHG�OLQH�FRQGXFWRU

)LJXUH�-���±�([DPSOHV�RI�71�6�SRZHU�V\VWHP
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(TXLSPHQW

/�
/�

/�

1

3(

/�

/�

/�

1

3(

'LVWULEXWLRQ
FDEOH

3RZHU�VRXUFH

/�

/�

/�

3(1

(TXLSPHQW

/�
/�

/�

1

3(

%XLOGLQJ
ERXQGDU\

%XLOGLQJ�RU
LQVWDOODWLRQ��

%XLOGLQJ�RU
LQVWDOODWLRQ�� ,(&���������

127(�± 7KH�SRLQW�DW�ZKLFK�WKH�3(1�FRQGXFWRU�LV�VHSDUDWHG�LQWR�SURWHFWLYH�HDUWK�DQG�QHXWUDO�FRQGXFWRUV�PD\�EH�DW
WKH�EXLOGLQJ�HQWUDQFH�RU�DW�GLVWULEXWLRQ�SDQHOV�ZLWKLQ�WKH�EXLOGLQJ�

)LJXUH�-���±�([DPSOH�RI�71�&�6�SRZHU�V\VWHP

(TXLSPHQW

/�
/�

/�

1

3(

/�

/�

/�

3(1

'LVWULEXWLRQ
FDEOH

3RZHU�VRXUFH

/�

/�

/�

3(1

%XLOGLQJ
ERXQGDU\

,(&���������

1HXWUDO�DQG�SURWHFWLYH�IXQFWLRQV�FRPELQHG�LQ�RQH�FRQGXFWRU��3(1�

)LJXUH�-���±�([DPSOH�RI�71�&�SRZHU�V\VWHP
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����9
(TXLSPHQW

����9
(TXLSPHQW

��������9
(TXLSPHQW

/�

1
/�

3(

/�

/�

3(1

/�

3(1

/�

3RZHU�VRXUFH

'LVWULEXWLRQ
FDEOH

%XLOGLQJ
ERXQGDU\

,(&���������

3URWHFWLYH�DQG�QHXWUDO�IXQFWLRQV�FRPELQHG�LQ�RQH�FRQGXFWRU��3(1�

7KLV�V\VWHP�LV�ZLGHO\�XVHG�LQ�1RUWK�$PHULFD�DW���������9�

)LJXUH�-���±�([DPSOH�RI�VLQJOH�SKDVH����ZLUH�71�&�SRZHU�V\VWHP

-���� 77�SRZHU�V\VWHPV

77�SRZHU�V\VWHPV�KDYH�RQH�SRLQW�GLUHFWO\�HDUWKHG��WKH�SDUWV�RI�WKH�(48,30(17�UHTXLUHG�WR�EH
HDUWKHG� EHLQJ� FRQQHFWHG� DW� WKH� XVHU¶V� SUHPLVHV� WR� HDUWK� HOHFWURGHV� WKDW� DUH� HOHFWULFDOO\
LQGHSHQGHQW�RI�WKH�HDUWK�HOHFWURGHV�RI�WKH�SRZHU�GLVWULEXWLRQ�V\VWHP�

(TXLSPHQW

/�
/�

/�

1

3(

/�

/�

/�

1

'LVWULEXWLRQ
FDEOH

%XLOGLQJ
ERXQGDU\

3RZHU�VRXUFH

/�

/�

/�

1

,(&���������

(DUWKHG�QHXWUDO�DQG�LQGHSHQGHQW�HDUWKLQJ�RI�(48,30(17

)LJXUH�-���±�([DPSOH�RI���OLQH�DQG�QHXWUDO�77�SRZHU�V\VWHP
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(TXLSPHQW

/�
/�

/�

3(

/�

/�

/�
'LVWULEXWLRQ
FDEOH

%XLOGLQJ
ERXQGDU\

3RZHU�VRXUFH

/�

/�

/�

,(&���������

(DUWKHG�OLQH�DQG�LQGHSHQGHQW�HDUWKLQJ�RI�HTXLSPHQW

)LJXUH�-���±�([DPSOH�RI���OLQH�77�SRZHU�V\VWHP
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-���� ,7�SRZHU�V\VWHPV

,7� SRZHU� V\VWHPV�DUH� LVRODWHG� IURP�HDUWK�� H[FHSW� WKDW� RQH� SRLQW�PD\�EH� FRQQHFWHG� WR� HDUWK
WKURXJK�DQ�LPSHGDQFH�RU�D�YROWDJH�OLPLWHU��7KH�SDUWV�RI�WKH�(48,30(17�UHTXLUHG�WR�EH�HDUWKHG
DUH�FRQQHFWHG�WR�HDUWK�HOHFWURGHV�DW�WKH�XVHU¶V�SUHPLVHV�

(TXLSPHQW

/�
/�

/�

1

3(

/�

/�

/�

1

'LVWULEXWLRQ
FDEOH

%XLOGLQJ
ERXQGDU\

3RZHU�VRXUFH

/�

/�

/�

1

,(&���������

7KH�QHXWUDO�PD\�EH�FRQQHFWHG�WR�HDUWK�WKURXJK�DQ�LPSHGDQFH�RU�D�YROWDJH�OLPLWHU��RU�LVRODWHG�IURP�HDUWK�

7KLV� V\VWHP� LV� ZLGHO\� XVHG� LVRODWHG� IURP� HDUWK�� LQ� VRPH� LQVWDOODWLRQV� LQ� )UDQFH�� ZLWK� LPSHGDQFH� WR� HDUWK�� DW
��������9��DQG�LQ�1RUZD\��ZLWK�D�YROWDJH�OLPLWHU��QHXWUDO�QRW�GLVWULEXWHG��DW�����9�OLQH�WR�OLQH�

)LJXUH�-���±�([DPSOH�RI���OLQH��DQG�QHXWUDO��,7�SRZHU�V\VWHP

(TXLSPHQW

/�
/�

/�

3(

/�

/�

/�
'LVWULEXWLRQ
FDEOH

%XLOGLQJ
ERXQGDU\

3RZHU�VRXUFH

/�

/�

/�

,(&���������

7KH�V\VWHP�PD\�EH�LVRODWHG�IURP�HDUWK�

)LJXUH�-���±�([DPSOH�RI���OLQH�,7�SRZHU�V\VWHP
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$QQH[�.
�LQIRUPDWLYH�

5RXWLQH�DQG�SHULRGLF�WRXFK�FXUUHQW�WHVWV��DQG
WHVWV�DIWHU�UHSDLU�RU�PRGLILFDWLRQ�RI�PDLQV�RSHUDWHG�HTXLSPHQW

7KLV�DQQH[�GHILQHV�PHWKRGV�DQG�SURFHGXUHV� WR�SHUIRUP� WHVWV�ZKLFK� UHYHULI\�728&+�&855(17
DFFRUGLQJ�WR�GHVLJQ�UHTXLUHPHQWV�IURP�WKH�SURGXFW�VWDQGDUG��GXULQJ�SURGXFWLRQ��URXWLQH�WHVW��
DIWHU�UHSDLU�RU�PRGLILFDWLRQ�DQG�DW�SHULRGLF�LQWHUYDOV�GXULQJ�XVH�

7KH�REMHFWLYH� LV�WR�KDYH�WKH�WHVW�SHUIRUPHG�E\�WHFKQLFLDQV�RU�RWKHU� LQVWUXFWHG�SHUVRQV��XVLQJ
VLPSOH� SURFHGXUHV� WR� DFKLHYH� VXIILFLHQW� DFFXUDF\�� 0HDVXULQJ� UHVXOWV� VKRXOG� EH� HDV\� WR
LQWHUSUHW��0HDVXULQJ� HTXLSPHQW� VKRXOG� EH� HFRQRPLFDO� DQG� HDV\� WR� XVH� XQGHU� SUDFWLFDO� ILHOG
FRQGLWLRQV�

0HWKRG

7HVWV�DUH�WR�EH�FDUULHG�RXW�XVLQJ�WKH�SURFHGXUHV�RI�WKLV�VWDQGDUG�ZLWK�WKH�PHDVXULQJ�QHWZRUN
RI� ILJXUH����7HVWV�DUH� WR�EH�SHUIRUPHG�XQGHU� WKH�HQYLURQPHQWDO� FRQGLWLRQV�RI�DQ�DSSURSULDWH
ILHOG�RU�IDFWRU\�ORFDWLRQ�

7KH� (48,30(17� LV� WR� EH� WHVWHG� LQ� D� VWDQG�DORQH� FRQILJXUDWLRQ�� ZLWKRXW� H[WHUQDO� FRQQHFWLRQV
H[FHSW�IRU�WKH�PDLQV�VXSSO\�

728&+� &855(17� LV� WR� EH� PHDVXUHG�� DQG� EH� DW� RU� EHORZ� WKH� OLPLW� GHILQHG� LQ� WKH� (48,30(17

VWDQGDUG��DV�IROORZV�

± LI�WKH�OLPLW�LV�JLYHQ�DV�G�F��FXUUHQW��PHDVXUH�WKH�G�F��DQG�FRPSDUH�ZLWK�WKH�OLPLW�

± LI� WKH� OLPLW� LV�JLYHQ� LQ�SHDN�FXUUHQW��PHDVXUH� WKH� U�P�V�� FXUUHQW�DQG�PXOWLSO\� WKH� UHVXOW�E\
�������DQG�FRPSDUH�ZLWK�WKH�SHDN�OLPLW�

± LI� WKH� OLPLW� LV� JLYHQ� LQ� U�P�V�� FXUUHQW�� PHDVXUH� WKH� U�P�V�� FXUUHQW� DQG� FRPSDUH� ZLWK� WKH
U�P�V��OLPLW�

1R�WHVW�LV�UHTXLUHG�IRU�(/(&75,&�%851�FXUUHQWV�
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$QQH[�/
�QRUPDWLYH�

3HUIRUPDQFH�DQG�FDOLEUDWLRQ

/���� 1HWZRUN�RU�LQVWUXPHQW�SHUIRUPDQFH�DQG�LQLWLDO�FDOLEUDWLRQ

0HDVXUHG� UDWLRV� RI� LQSXW� YROWDJH� WR� LQSXW� FXUUHQW� �LQSXW� LPSHGDQFH�� DQG� RXWSXW� YROWDJH� WR
LQSXW� FXUUHQW� �WUDQVIHU� LPSHGDQFH� RU� QHWZRUN� UHVSRQVH�� DUH� FRPSDUHG� ZLWK� LGHDO� YDOXHV
FDOFXODWHG� IURP� WKH�QRPLQDO�FRPSRQHQW�YDOXHV�VSHFLILHG� LQ� ILJXUHV������DQG����&DUH� LV� WDNHQ
LQ� WKH�DUUDQJHPHQW� RI� WKH� WHVW� HTXLSPHQW� FLUFXLWU\� VR� WKDW� LQWHUFRPSRQHQW� FDSDFLWDQFH�� OHDG
LQGXFWDQFH�DQG�FKDUDFWHULVWLFV�RI� WKH�YROWDJH�PHDVXULQJ�GHYLFH�GR�QRW�VLJQLILFDQWO\�DIIHFW� WKH
YROWDJH�FXUUHQW�UDWLRV�

$� JXDUG� EDQG� LQGLFDWLQJ� WKH� XQFHUWDLQW\� RI�PHDVXUHPHQW� DW� YDULRXV� IUHTXHQFLHV� LV� VSHFLILHG
IRU�HDFK� LQVWUXPHQW��7KH�SHUIRUPDQFH�RI�PHDVXULQJ�QHWZRUNV�FDQ�� LI�QHFHVVDU\��EH�DGMXVWHG
WR�PDNH�WKH�JXDUG�EDQG�QDUURZHU�

127(���± $�GHILQLWLRQ�RI�XQFHUWDLQW\�RI�PHDVXUHPHQW�LV�JLYHQ�LQ�����RI�,62���������

127(���± *XLGDQFH�RQ�DGMXVWLQJ�WKH�SHUIRUPDQFH�RI�PHDVXULQJ�QHWZRUNV�LV�JLYHQ�LQ�*���

7KH� SHUIRUPDQFH� RI� D� PHDVXULQJ� QHWZRUN� LV� FKHFNHG� E\� SDVVLQJ� YDULDEOH� IUHTXHQF\
VLQXVRLGDO� FXUUHQW� WKURXJK� WKH� LQSXW� RI� WKH� LQVWUXPHQW�� WHVW� WHUPLQDOV�$� DQG�%� LQ� ILJXUHV���� �
DQG����7KH�LQSXW�FXUUHQW��,���LQSXW�YROWDJH��8��DQG�RXWSXW�YROWDJH��8���8��RU�8���DUH�PHDVXUHG
DW�YDULRXV� IUHTXHQFLHV�� ,I�SRVVLEOH�� WKH�RXWSXW�YROWDJH� LV�PHDVXUHG�E\� WKH�VDPH�YROWPHWHU�DV
ZLOO�EH�XVHG�GXULQJ�DOO�PHDVXUHPHQWV�RQ�WKH�(48,30(17�IRU�SURGXFW�FHUWLILFDWLRQ�SXUSRVHV�DQG
IRU�DOO�FRQILUPDWLRQ�SURFHGXUHV��VHH�/����

7DEOH�/���±�&DOFXODWHG�LQSXW�LPSHGDQFH�DQG�WUDQVIHU�LPSHGDQFH
IRU�XQZHLJKWHG�WRXFK�FXUUHQW�PHDVXULQJ�QHWZRUN��ILJXUH���

)UHTXHQF\
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8�,

7UDQVIHU�LPSHGDQFH

8��,

��

��

��

���

���

���

�����

�����

�����

������

������

������

�������

�������

�������

���������

�����

�����

�����

�����

�����

�����

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

Page 50

EN 60990:1999

Li
ce

ns
ed

 C
op

y:
 S

un
 Y

at
-S

en
  U

ni
ve

rs
ity

 U
se

r,
 S

un
 Y

at
-S

en
 U

ni
ve

rs
ity

, M
on

 O
ct

 0
3 

00
:1

4:
58

 B
S

T
 2

00
5,

 U
nc

on
tr

ol
le

d 
C

op
y,

 (
c)

 B
S

I



��%6,��������

7DEOH�/���±�&DOFXODWHG�LQSXW�LPSHGDQFH�DQG�WUDQVIHU�LPSHGDQFH
IRU�SHUFHSWLRQ�RU�UHDFWLRQ�WRXFK�FXUUHQW�PHDVXULQJ�QHWZRUN��ILJXUH���

)UHTXHQF\

+]

,QSXW�LPSHGDQFH
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7DEOH�/���±�&DOFXODWHG�LQSXW�LPSHGDQFH�DQG�WUDQVIHU�LPSHGDQFH�IRU
OHW�JR�FXUUHQW�PHDVXULQJ�QHWZRUN��ILJXUH���
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+]
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/���� &DOLEUDWLRQ�LQ�D�FRQILUPDWLRQ�V\VWHP

127(�± $� GHILQLWLRQ� RI�PHWURORJLFDO� FRQILUPDWLRQ� �VKRUWHQHG� WR� ³FRQILUPDWLRQ´� LQ� WKLV� VWDQGDUG�� LV� JLYHQ� LQ� ���� RI
,62���������

(DFK� LQVWUXPHQW� WKDW� LV� XVHG� WR� GHWHUPLQH� DFFHSWDELOLW\� IRU� WKH� SXUSRVH� RI� FHUWLILFDWLRQ� RI
(48,30(17�VKDOO� EH� URXWLQHO\� FDOLEUDWHG� LQ� D� FRQILUPDWLRQ� V\VWHP��DFFRUGLQJ� WR� ,62���������
WR�HQVXUH�WKDW�QR�GULIW�RI� LWV�SHUIRUPDQFH�RXWVLGH�WKH�OLPLWV�RI�SHUPLVVLEOH�HUURU�KDV�RFFXUUHG�
5HIHUHQFH� LV� QHFHVVDU\� WR� WKH� JXDUG� EDQG� DQG� RWKHU� GDWD� UHFRUGHG� IRU� WKH� SDUWLFXODU
PHDVXULQJ�LQVWUXPHQW�GXULQJ�LWV�LQLWLDO�FDOLEUDWLRQ��VHH�/����

,I� D� SDUWLFXODU� PHDVXULQJ� LQVWUXPHQW� KDV� GULIWHG� RXWVLGH� SHUPLVVLEOH� OLPLWV�� PHDVXUHPHQWV
PDGH� RQ� WKH� (48,30(17�ZLWK� WKDW� LQVWUXPHQW� VLQFH� WKH� ODVW� FRQILUPDWLRQ� FDOLEUDWLRQ� VKDOO� EH
UHYLHZHG�WR�FKHFN�WKHLU�YDOLGLW\�

&DOLEUDWLRQ�LQ�D�FRQILUPDWLRQ�V\VWHP�LV�FDUULHG�RXW�LQ�WZR�VWHSV�

/������ 0HDVXUHPHQW�RI�LQSXW�UHVLVWDQFH

7KH� G�F�� LQSXW� UHVLVWDQFH� LV� PHDVXUHG� DQG� LWV� YDOXH� LV� FKHFNHG� DJDLQVW� WKH� LGHDO� YDOXH
�������W��DQG�WKH�YDOXH�GHWHUPLQHG�GXULQJ�LQLWLDO�FDOLEUDWLRQ�

127(�± 7KLV�PHDVXUHPHQW�JXDUGV�DJDLQVW�WKH�SRVVLELOLW\�WKDW�D�VKLIW� LQ�LQSXW�LPSHGDQFH�KDV�RFFXUUHG�DW�WKH�VDPH
WLPH�WKDW�D�VKLIW�RFFXUV�LQ�WKH�LQVWUXPHQW�UHVSRQVH��UHVXOWLQJ�LQ�DGGLWLRQ�RU�FDQFHOODWLRQ�RI�HUURUV�

/������ 0HDVXUHPHQW�RI�LQVWUXPHQW�SHUIRUPDQFH

7KH� LQSXW� YROWDJH� DQG� WKH� RXWSXW� YROWDJH� �RU� PLOOLDPSHUHV� DV� LQGLFDWHG� RQ� WKH� PHWHU�� DUH
PHDVXUHG�DW�YDULRXV�IUHTXHQFLHV�DQG�WKH�UDWLRV�FRPSDUHG�WR�WKH�GDWD�LQ�WDEOHV�/����/���RU�/���
DV�DSSURSULDWH�� ,I�SRVVLEOH�� WKH�RXWSXW� YROWDJH� LV�PHDVXUHG�E\� WKH�VDPH�YROWPHWHU�DV�ZLOO� EH
XVHG� IRU� LQLWLDO� FDOLEUDWLRQ� DQG� GXULQJ� DOO� PHDVXUHPHQWV� RQ� WKH� (48,30(17� IRU� SURGXFW
FHUWLILFDWLRQ�SXUSRVHV��,W�LV�VXIILFLHQW�WR�FDUU\�RXW�WKH�PHDVXUHPHQWV�DW�D�IHZ�IUHTXHQFLHV�RYHU
WKH�ZKROH�IUHTXHQF\�UDQJH�RI�LQWHUHVW��7KH�LQSXW�YROWDJHV�XVHG�VKRXOG�EH�VXFK�DV�WR�SURGXFH
RXWSXW� LQGLFDWLRQV� LQ� WKH� UDQJH� RI� WKH� 728&+� &855(17� OLPLW� YDOXHV� IRU� ZKLFK� WKH� PHDVXULQJ
LQVWUXPHQW�LV�LQWHQGHG��VXEMHFW�WR�REVHUYLQJ�WKH�SRZHU�UDWLQJ�RI�LQWHUQDO�FRPSRQHQWV�

127(�± 7DEOHV�/����/���DQG�/���DUH�GHULYHG� IURP� WDEOHV�/����/���DQG�/��� UHVSHFWLYHO\�EXW�� LQ�RUGHU� WR�VLPSOLI\� WKH
FRQILUPDWLRQ�SURFHGXUH��WKH�SUHVHQWDWLRQ�RI�WKH�GDWD�DYRLGV�WKH�QHHG�WR�PHDVXUH�LQSXW�FXUUHQW�DW�KLJK�IUHTXHQFLHV�
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7DEOH�/���±�2XWSXW�YROWDJH�WR�LQSXW�YROWDJH�UDWLRV�IRU�XQZHLJKWHG�WRXFK�FXUUHQW
PHDVXULQJ�QHWZRUN��ILJXUH���

)UHTXHQF\

+]

2XWSXW�YROWDJH�WR
LQSXW�YROWDJH�UDWLR

,QSXW�YROWDJH�WR
RXWSXW�YROWDJH�UDWLR

,QSXW�YROWDJH
SHU�PLOOLDPSHUH

LQGLFDWLRQ
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7DEOH�/���±�2XWSXW�YROWDJH�WR�LQSXW�YROWDJH�UDWLRV�IRU�SHUFHSWLRQ
RU�UHDFWLRQ�PHDVXULQJ�QHWZRUN��ILJXUH���

)UHTXHQF\

+]

2XWSXW�YROWDJH�WR
LQSXW�YROWDJH�UDWLR

,QSXW�YROWDJH�WR
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7DEOH�/���±�2XWSXW�YROWDJH�WR�LQSXW�YROWDJH�UDWLRV
IRU�OHW�JR�PHDVXULQJ�QHWZRUN��ILJXUH���

)UHTXHQF\

+]

2XWSXW�YROWDJH�WR
LQSXW�YROWDJH�UDWLR

,QSXW�YROWDJH�WR
RXWSXW�YROWDJH�UDWLR

,QSXW�YROWDJH
SHU�PLOOLDPSHUH

LQGLFDWLRQ
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$QQH[�0
�LQIRUPDWLYH�

%LEOLRJUDSK\

,(&�������������$XGLR��YLGHR�DQG�VLPLODU�HOHFWURQLF�DSSDUDWXV�±�6DIHW\�UHTXLUHPHQWV

,(&� ��������������6DIHW\� RI� KRXVHKROG� DQG� VLPLODU� HOHFWULFDO� DSSOLDQFHV� ±� 3DUW� ��� *HQHUDO
UHTXLUHPHQWV

,(&� �������������� (OHFWULFDO� LQVWDOODWLRQV� RI� EXLOGLQJV� ±� 3DUW� ��� $VVHVVPHQW� RI� JHQHUDO
FKDUDFWHULVWLFV

,(&���������������0HGLFDO�HOHFWULFDO�HTXLSPHQW�±�3DUW����*HQHUDO�UHTXLUHPHQWV�IRU�VDIHW\

,(&� ������������ 6DIHW\� RI� LQIRUPDWLRQ� WHFKQRORJ\� HTXLSPHQW�� LQFOXGLQJ� HOHFWULFDO� EXVLQHVV
HTXLSPHQW

,(&� �������������� 6DIHW\� UHTXLUHPHQWV� IRU� HOHFWULFDO� HTXLSPHQW� IRU� PHDVXUHPHQW�� FRQWURO
DQG�ODERUDWRU\�XVH�±�3DUW����*HQHUDO�UHTXLUHPHQWV

,62��������������� 4XDOLW\� DVVXUDQFH� UHTXLUHPHQWV� IRU� PHDVXULQJ� HTXLSPHQW� ±� 3DUW� ��
0HWURORJLFDO�FRQILUPDWLRQ�V\VWHP�IRU�PHDVXULQJ�HTXLSPHQW

2WKHU�SXEOLFDWLRQV�

%HFNHU�� 0DOKRWUD� DQG� +HGOH\�:K\WH�� 7KH� GLVWULEXWLRQ� RI� UDGLRIUHTXHQF\� FXUUHQW� DQG� EXUQV�
$QHVWKHVLRORJ\��9RO������1R�����)HE��������������

%LHJHOPHLHU� DQG� 0LNVFK�� hEHU� GHQ� (LQIOXVV� GHU� +DXW� DXI� GLH� .|USHU� ±� ,PSHGDQ]� GHV
0HQVFKHQ��(�X�0���9RO������+HIW����6HSW��������gVWHUUHLFK

%ULGJHV��)RUG��6KHUPDQ�DQG�9DLQEHUJ��(OHFWULFDO�6KRFN�6DIHW\�&ULWHULD��3HUJDPRQ��1HZ�<RUN������

'DO]LHO� DQG� 0DQVILHOG�� (IIHFW� RI� IUHTXHQF\� RQ� SHUFHSWLRQ� FXUUHQWV�� $,((� 7UDQVDFWLRQV�
9RO������3DUW�,,�����������������

)UHLEHUJHU��'HU�HOHNWULVFKH�:LGHUVWDQG�GHV�PHQVFKOLFKHQ�.|USHUV�JHJHQ�WHFKQLVFKHQ�*OHLFK�
XQG�:HFKVHOVWURP��9HUODJ�-XOLXV�6SULQJHU��%HUOLQ������

*HGGHV��/HVOLH�$���HGLWRU��+DQGERRN�RI�(OHFWULFDO�+D]DUGV�DQG�$FFLGHQWV��&5&�3UHVV�������
,6%1��������������

5HLOO\��(OHFWULFDO�6WLPXODWLRQ�DQG�(OHFWURSDWKRORJ\��&DPEULGJH�8QLYHUVLW\�3UHVV������

:DJQHU��hEHU�GLH�'LDJQRVWLN�YRQ�6WURPHLQWULWWVWHOOHQ�DXI�GHU�PHQVFKOLFKHQ�+DXW��'LVVHUWDWLRQ
8QLYHUVLWlW�(UODQJHQ������

BBBBBBBBBBB
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BSI is the independent national body responsible for preparing British Standards. It
presents the UK view on standards in Europe and at the international level. It is
incorporated by Royal Charter.

Revisions
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should make sure that they possess the latest amendments or editions.

It is the constant aim of BSI to improve the quality of our products and services. We
would be grateful if anyone finding an inaccuracy or ambiguity while using this
British Standard would inform the Secretary of the technical committee responsible,
the identity of which can be found on the inside front cover. Tel: 020 8996 9000.
Fax: 020 8996 7400.

BSI offers members an individual updating service called PLUS which ensures that
subscribers automatically receive the latest editions of standards.

Buying standards
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addressed to Customer Services. Tel: 020 8996 9001. Fax: 020 8996 7001.

In response to orders for international standards, it is BSI policy to supply the BSI
implementation of those that have been published as British Standards, unless
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Information on standards
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standards through its Library and its Technical Help to Exporters Service. Various
BSI electronic information services are also available which give details on all its
products and services. Contact the Information Centre. Tel: 020 8996 7111.
Fax: 020 8996 7048.

Subscribing members of BSI are kept up to date with standards developments and
receive substantial discounts on the purchase price of standards. For details of
these and other benefits contact Membership Administration. Tel: 020 8996 7002.
Fax: 020 8996 7001.

Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the UK, of
the publications of the international standardization bodies. Except as permitted
under the Copyright, Designs and Patents Act 1988 no extract may be reproduced,
stored in a retrieval system or transmitted in any form or by any means ± electronic,
photocopying, recording or otherwise ± without prior written permission from BSI.

This does not preclude the free use, in the course of implementing the standard, of
necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

If permission is granted, the terms may include royalty payments or a licensing
agreement. Details and advice can be obtained from the Copyright Manager.
Tel: 020 8996 7070.
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