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)LJXUH�$�����7KH�)LYH�©,QIOXHQFHVª�5HODWLRQV�DQG�7KHLU�'LUHFWLRQDO�,QIOXHQFH�����������������������������
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� ([HFXWLYH�6XPPDU\

7KLV�GRFXPHQW�SURYLGHV�D�FRPSUHKHQVLYH�GHVFULSWLRQ�RI� WKH� ,'()��2QWRORJ\�&DSWXUH�0HWKRG�

,WV�SXUSRVH�LV�WR�JXLGH�D�SHUVRQ�LQ�EHFRPLQJ�SURILFLHQW�LQ�DSSO\LQJ�,'()��WR�GHYHORS�DQG�PDQDJH

GRPDLQ�RQWRORJLHV�HIIHFWLYHO\�

7KH�,'()��0HWKRG�5HSRUW�LV�GHVLJQHG�IRU�WKH�IROORZLQJ�DXGLHQFH�

� .QRZOHGJH� HQJLQHHUV� DQG� DSSOLFDWLRQ� GRPDLQ� H[SHUWV� LQWHUHVWHG� LQ� GHYHORSLQJ�

GRFXPHQWLQJ��VWRULQJ��DQG�VKDULQJ�GRPDLQ�NQRZOHGJH�

� 6\VWHP� DQDO\VWV� DQG� GHVLJQHUV� LQWHUHVWHG� LQ� PDQDJLQJ� RQWRORJ\� NQRZOHGJH

HIIHFWLYHO\�IRU�WKH�SXUSRVHV�RI�ERWK�DQDO\VLV�DQG�GHVLJQ��DQG

� 5HVHDUFKHUV�LQ�WKH�DSSOLFDWLRQ�RI�NQRZOHGJH�UHSUHVHQWDWLRQ�PHWKRGV�WR�SUREOHPV�LQ

HQJLQHHULQJ�DQG�PDQXIDFWXULQJ�

7KH�GRFXPHQW�LV�GLYLGHG�LQWR�WKH�IROORZLQJ�IRXU�VHFWLRQV�DQG�WZR�DSSHQGLFHV�

�� $Q� ([HFXWLYH� 6XPPDU\�� ZKLFK� GLVFXVVHV� WKH� VFRSH� DQG� FRQWHQW� RI� WKH� RQWRORJ\

FDSWXUH�PHWKRG�UHSRUW�DQG�SURYLGHV�DQ�LQLWLDO�RYHUYLHZ�RI�WKH�PHWKRG��6HFWLRQ����

�� $�VHFWLRQ�RQ�WKH�FRQFHSWXDO�IRXQGDWLRQV�RI�RQWRORJ\��6HFWLRQ����

�� $� VHFWLRQ� RQ� WKH� RQWRORJ\� UHSUHVHQWDWLRQ� ODQJXDJHV�� � D� JUDSKLFDO� ODQJXDJH� IRU

H[SUHVVLQJ� EDVLF� RQWRORJ\� LQIRUPDWLRQ� DQG� D� PXFK� ULFKHU�� OLQHDU� ODQJXDJH� �WKH

©HODERUDWLRQ�ODQJXDJHª��IRU�H[SUHVVLQJ�GHWDLOHG�RQWRORJ\�LQIRUPDWLRQ��6HFWLRQ����

�� $� VHFWLRQ� RQ� WKH� ,'()�� RQWRORJ\� GHYHORSPHQW� SURFHGXUH�� ZKLFK� GLVFXVVHV� WKH

DSSOLFDWLRQ� RI� WKH� PHWKRG� IRU� FDSWXULQJ� DQG� PDLQWDLQLQJ� RQWRORJ\� LQIRUPDWLRQ

�6HFWLRQ����

�� $Q� DSSHQGL[� FRQWDLQLQJ� WKH� ,'()�� UHODWLRQ� OLEUDU\�� FRQVLVWLQJ� RI� D� FROOHFWLRQ� RI

GHWDLOHG�FKDUDFWHUL]DWLRQV�RI�FRPPRQ�GRPDLQ�UHODWLRQV��$SSHQGL[�$���DQG

�� $Q� DSSHQGL[� FRQWDLQLQJ� WKH� IRUPDO�%DFNXV�1DXU� )RUP� �%1)�� IRU� WKH� HODERUDWLRQ

ODQJXDJH��$SSHQGL[�%��



�

7KH� DXWKRUV� DQWLFLSDWH� WKH� XVH� RI� WKLV� GRFXPHQW� IRU� D� ZLGH� YDULHW\� RI� SXUSRVHV�� � 7KXV�� WKH

PDWHULDO� LV� SUHVHQWHG� LQ� D�PDQQHU� WKDW� DOORZV� UHDGHUV� WR� REWDLQ� WKH� QHHGHG� NQRZOHGJH�ZLWKRXW

KDYLQJ�WR�UHDG�WKH�HQWLUH�GRFXPHQW�� �7KH�IROORZLQJ�JXLGHOLQHV�DUH�VXJJHVWHG�IRU� WKH�XVH�RI� WKLV

GRFXPHQW�

� )RU�DQ�H[HFXWLYH�RYHUYLHZ��UHDG�6HFWLRQV���DQG���

� 7R�EHFRPH�SURILFLHQW�LQ�WKH�GHYHORSPHQW�RI�DFFXUDWH�,'()��RQWRORJ\�GHVFULSWLRQV�

UHDG�WKH�HQWLUH�PDQXDO��ZLWK�VSHFLDO�HPSKDVLV�RQ�6HFWLRQV���DQG���

� $Q� ,'()��SURMHFW� OHDGHU� VKRXOG� VWXG\�6HFWLRQ��� LQ� GHWDLO�� EXW�PXVW� DOVR� KDYH� DQ

XQGHUVWDQGLQJ�RI�WKH�PHWKRG�LQ�LWV�HQWLUHW\���7KH�LQWURGXFWLRQ��6HFWLRQ����GHVFULEHV

WKH�PRWLYDWLRQV� DQG� SRWHQWLDO� XVHV� IRU� WKH� ,'()��PHWKRG�� � 6HFWLRQ� �� GHVFULEHV� D

SURFHGXUH�IRU�GHYHORSLQJ�,'()��RQWRORJ\�GHVFULSWLRQV���)LQDOO\��6HFWLRQ���GHVFULEHV

WKH�,'()��RQWRORJ\�ODQJXDJH�

��� 0RWLYDWLRQV

:H� FKDUDFWHUL]H� WKH� PHDQLQJ� RI� WKH� WHUP� ©RQWRORJ\ª� WR� LQFOXGH� D� FDWDORJ� RI� WHUPV� XVHG� LQ� D

GRPDLQ�� WKH�UXOHV�JRYHUQLQJ�KRZ�WKRVH� WHUPV�FDQ�EH�FRPELQHG� WR�PDNH�YDOLG�VWDWHPHQWV�DERXW

VLWXDWLRQV�LQ�WKDW�GRPDLQ��DQG�WKH�©VDQFWLRQHG�LQIHUHQFHVª�WKDW�FDQ�EH�PDGH�ZKHQ�VXFK�VWDWHPHQWV

DUH�XVHG�LQ�WKDW�GRPDLQ���,Q�HYHU\�GRPDLQ��WKHUH�DUH�SKHQRPHQD�WKDW�WKH�KXPDQV�LQ�WKDW�GRPDLQ

GLVFULPLQDWH�DV� �FRQFHSWXDO� RU� SK\VLFDO�� REMHFWV�� DVVRFLDWLRQV�� DQG� VLWXDWLRQV�� �7KURXJK�YDULRXV

ODQJXDJH�PHFKDQLVPV��ZH�DVVRFLDWH�GHILQLWH�GHVFULSWRUV��H�J���QDPHV��QRXQ�SKUDVHV��HWF���WR� WKDW

SKHQRPHQD�� � ,Q� WKH� FRQWH[W� RI� ©RQWRORJ\�ª� ZH� XVH� WKH� WHUP� ©UHODWLRQª� WR� UHIHU� WR� D� GHILQLWH

GHVFULSWRU� WKDW�UHIHUV� WR�DQ�DVVRFLDWLRQ� LQ� WKH� UHDO�ZRUOG�� �:H�XVH� WKH� WHUP�©WHUPª� WR� UHIHU� WR�D

GHILQLWH�GHVFULSWRU�WKDW�UHIHUV�WR�DQ�REMHFW�RU�VLWXDWLRQ�OLNH�WKLQJ�LQ�WKH�UHDO�ZRUOG���,Q�DQ�RQWRORJ\�

ZH� WU\� WR� FDWDORJ� WKH� GHVFULSWRUV� �OLNH� D� GDWD� GLFWLRQDU\�� DQG� FUHDWH� D�PRGHO� RI� WKH� GRPDLQ�� LI

GHVFULEHG� ZLWK� WKRVH� GHVFULSWRUV�� � 7KXV�� LQ� EXLOGLQJ� DQ� RQWRORJ\�� \RX� PXVW� SURGXFH� WKUHH

SURGXFWV���<RX�KDYH�WR�FDWDORJ�WKH�WHUPV��FDSWXUH�WKH�FRQVWUDLQWV�WKDW�JRYHUQ�KRZ�WKRVH�WHUPV�FDQ

EH� XVHG� WR�PDNH� GHVFULSWLYH� VWDWHPHQWV� DERXW� WKH� GRPDLQ�� DQG� WKHQ� EXLOG� D� PRGHO� WKDW� ZKHQ

SURYLGHG� ZLWK� D� VSHFLILF� GHVFULSWLYH� VWDWHPHQW�� FDQ� JHQHUDWH� WKH� ©DSSURSULDWHª� DGGLWLRQDO

GHVFULSWLYH� VWDWHPHQWV�� � %\� DSSURSULDWH� GHVFULSWLYH� VWDWHPHQWV� ZH� PHDQ� �L�� EHFDXVH� WKHUH� DUH

JHQHUDOO\�D�ODUJH�QXPEHU�RI�SRVVLEOH�VWDWHPHQWV�WKDW�FRXOG�EH�JHQHUDWHG��WKH�PRGHO�JHQHUDWHV�RQO\

WKDW�VXEVHW�ZKLFK�LV�©XVHIXOª�LQ�WKH�FRQWH[W��DQG��LL��WKH�GHVFULSWLYH�VWDWHPHQWV�WKDW�DUH�JHQHUDWHG

UHSUHVHQW� IDFWV� RU� EHOLHIV� WKDW� ZRXOG� EH� KHOG� E\� DQ� LQWHOOLJHQW� DJHQW� LQ� WKH� GRPDLQ� ZKR� KDG

UHFHLYHG�WKH�VDPH�LQIRUPDWLRQ���7KH�PRGHO�LV�WKHQ�VDLG�WR�HPERG\�WKH�©VDQFWLRQHG�LQIHUHQFHVª�LQ
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WKH� GRPDLQ�� � ,W� LV� DOVR� VDLG� WR� ©FKDUDFWHUL]Hª� WKH� EHKDYLRU� RI� REMHFWV� DQG� DVVRFLDWLRQV� LQ� WKH

GRPDLQ���7KXV��DQ�RQWRORJ\�LV�VLPLODU�WR�WKH�QRZ�IDPLOLDU�GDWD�GLFWLRQDU\��SOXV�D�JUDPPDU��SOXV�D

PRGHO�RI�WKH�EHKDYLRU�RI�WKH�GRPDLQ�

$QRWKHU� FKDUDFWHUL]DWLRQ� RI� WKH�PHDQLQJ� RI� ©RQWRORJ\ª� LV� JLYHQ� LQ� WKH� IROORZLQJ� H[FHUSW� IURP

7RP�*UXEHU��VHH�>*UXEHU���@�DOVR��

The word «ontology» seems to generate a lot of controversy in discussions about

AI.  It has a long history in philosophy, in which it refers to the subject of

existence.  It is also often confused with epistemology, which is about knowledge

and knowing.

In the context of knowledge sharing, I use the term ontology to mean a

specification of a conceptualization. That is, an ontology is a description (like a

formal specification of a program) of the concepts and relationships that can exist

for an agent or a community of agents. This definition is consistent with the usage

of ontology as set-of-concept-definitions, but more general. And it is certainly a

different sense of the word than its use in philosophy.

Ontologies are often equated with taxonomic hierarchies of classes, class

definitions and the subsumption relation, but ontologies need not be limited to

these forms. Ontologies are also not limited to conservative definitions, that is,

definitions in the traditional logic sense that only introduce terminology and do

not add any knowledge about the world (Enderton, 1972).  To specify a

conceptualization, one needs to state axioms that do constrain the possible

interpretations for the defined terms.

Pragmatically, a common ontology defines the vocabulary with which queries and

assertions are exchanged among agents.  Ontological commitments are

agreements to use the shared vocabulary in a coherent and consistent manner. The

agents sharing a vocabulary need not share a knowledge base; each knows things

the other does not, and an agent that commits to an ontology is not required to

answer all queries that can be formulated in the shared vocabulary.

$Q\�GRPDLQ�ZLWK�D�GHWHUPLQDWH�VXEMHFW�PDWWHU�KDV�LWV�RZQ�WHUPLQRORJ\��D�GLVWLQFWLYH�YRFDEXODU\

WKDW� LV�XVHG�WR� WDON�DERXW� WKH�FKDUDFWHULVWLF�REMHFWV�DQG�SURFHVVHV� WKDW�FRPSULVH� WKH�GRPDLQ�� �$

OLEUDU\�� IRU� H[DPSOH�� LQYROYHV� LWV� RZQ� YRFDEXODU\� KDYLQJ� WR� GR� ZLWK� ERRNV�� UHIHUHQFH� LWHPV�

ELEOLRJUDSKLHV�� MRXUQDOV�� DQG� VR� IRUWK�� � 6LPLODUO\�� VHPLFRQGXFWRU� PDQXIDFWXULQJ� KDV� LWV� RZQ
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ODQJXDJH�RI�FKLSV��ZDIHUV�� HWFKDQWV��GHVLJQV�� DQG�VR�RQ�� �7KH�QDWXUH�RI�D�JLYHQ�GRPDLQ� LV� WKXV

UHYHDOHG�LQ� WKH�ODQJXDJH�XVHG�WR� WDON�DERXW� LW�� �&OHDUO\��KRZHYHU�� WKH�QDWXUH�RI�D�GRPDLQ� LV�QRW

UHYHDOHG� LQ� LWV� FRUUHVSRQGLQJ� YRFDEXODU\� DORQH�� LQ� DGGLWLRQ�� RQH� PXVW� �L�� SURYLGH� ULJRURXV

GHILQLWLRQV�RI�WKH�JUDPPDU�JRYHUQLQJ�WKH�ZD\�WHUPV�LQ�WKH�YRFDEXODU\�FDQ�EH�FRPELQHG�WR�IRUP

VWDWHPHQWV� DQG� �LL�� FODULI\� WKH� ORJLFDO� FRQQHFWLRQV� EHWZHHQ� VXFK� VWDWHPHQWV�� � 2QO\� ZKHQ� WKLV

DGGLWLRQDO�LQIRUPDWLRQ�LV�DYDLODEOH�LV�LW�SRVVLEOH�WR�XQGHUVWDQG�ERWK�WKH�QDWXUHV�RI�WKH�LQGLYLGXDOV

WKDW� H[LVW� LQ� WKH� GRPDLQ� DQG� WKH� FULWLFDO� UHODWLRQV� WKH\� EHDU� WR� RQH� DQRWKHU�� �$Q�RQWRORJ\� LV� D

VWUXFWXUHG�UHSUHVHQWDWLRQ�RI�WKLV�LQIRUPDWLRQ���0RUH�H[DFWO\��DQ�RQWRORJ\�LV�D�GRPDLQ�YRFDEXODU\

WRJHWKHU�ZLWK�D�VHW�RI�SUHFLVH�GHILQLWLRQV��RU�D[LRPV��WKDW�FRQVWUDLQ�WKH�PHDQLQJV�RI�WKH�WHUPV�LQ

WKDW� YRFDEXODU\� VXIILFLHQWO\� WR� HQDEOH� FRQVLVWHQW� LQWHUSUHWDWLRQ� RI� VWDWHPHQWV� WKDW� XVH� WKDW

YRFDEXODU\�

7DNHQ�E\� LWVHOI�� LW�PD\�VHHP�WKDW� WKHUH� LV�QRW�PXFK�GLIIHUHQFH�EHWZHHQ�DQ�RQWRORJ\�DQG�D�GDWD

GLFWLRQDU\�� �+RZHYHU�� D� GDWD� GLFWLRQDU\� LV� W\SLFDOO\� MXVW� D� FRPSHQGLXP� RI� WHUPV� WRJHWKHU�ZLWK

GHILQLWLRQV� IRU� WKH� LQGLYLGXDO� WHUPV� VWDWHG� LQ� QDWXUDO� ODQJXDJH�� � %\� FRQWUDVW�� WKH� JUDPPDU� DQG

D[LRPV�RI�DQ�RQWRORJ\�DUH�VWDWHG�LQ�D�SUHFLVH�IRUPDO� ODQJXDJH�ZLWK�D�YHU\�SUHFLVH�V\QWD[�DQG�D

FOHDU� IRUPDO� VHPDQWLFV� �VHH� 6HFWLRQ� ������ � &RQVHTXHQWO\�� RQWRORJLHV� DUH�� LQ� JHQHUDO�� IDU� PRUH

ULJRURXV�DQG�SUHFLVH� LQ� WKHLU�FRQWHQW� WKDQ�D� W\SLFDO�GDWD�GLFWLRQDU\��DQG��KHQFH��PRUH� VR� WKDQ�D

W\SLFDO� GDWD� ©HQF\FORSHGLD�ª� EHFDXVH� DQ� HQF\FORSHGLD� LV� MXVW� D� FROOHFWLRQ� RI� UHODWHG� GDWD

GLFWLRQDULHV����2QWRORJLHV�DOVR�WHQG�WR�EH�PRUH�FRPSOHWH�DV�ZHOO��UHODWLRQV�EHWZHHQ�FRQFHSWV�DQG

REMHFWV� LQ� D� GRPDLQ�� DQG� FRQVWUDLQWV� RQ� DQG� EHWZHHQ� GRPDLQ� REMHFWV�� DUH�PDGH� H[SOLFLW� UDWKHU

WKDQ�OHIW�LPSOLFLW��WKXV�PLQLPL]LQJ�WKH�FKDQFH�RI�PLVXQGHUVWDQGLQJ�ORJLFDO�FRQQHFWLRQV�ZLWKLQ�WKH

GRPDLQ�� �$�GDWD�GLFWLRQDU\��E\�FRQWUDVW��JHQHUDOO\� UHOLHV�XSRQ�DQ� LQWXLWLYH�XQGHUVWDQGLQJ�RI� WKH

WHUPV� LQ�TXHVWLRQ�DQG� WKH� ORJLFDO�FRQQHFWLRQV�EHWZHHQ� WKH�FRQFHSWV�DQG�REMHFWV� WKH\�VWDQG� IRU�

7KLV� ZRUNV� ZHOO� HQRXJK� LQ� VPDOO� UHVWULFWHG� GRPDLQV�� � %XW� ZKHQ� LQIRUPDWLRQ� V\VWHPV� VSDQ

RUJDQL]DWLRQDO��JHRJUDSKLF��DQG�HQWHUSULVH�ERXQGDULHV��SUREOHPV�DULVH���7KH�WUDGLWLRQDO�DSSURDFK

LV� SUREOHPDWLF� IRU� VHYHUDO� UHDVRQV�� QRW� WKH� OHDVW� RI�ZKLFK� LV� WKDW� GLIIHUHQW� SHUVRQV� LQ� GLIIHUHQW

GRPDLQV� PLJKW� XQGHUVWDQG� WKH� VDPH� WHUP� VXEWO\� GLIIHUHQW� EXW� LPSRUWDQW� ZD\V� WKDW� DUH� QRW

XQFRYHUHG�LQ�D�QDWXUDO�ODQJXDJH�GHILQLWLRQ��ZKLFK�FDQ�OHDG�WR�LQFRQVLVWHQW�LQWHUSUHWDWLRQV�RI�WKH

VDPH� WHUP� DFURVV� GLIIHUHQW� FRQWH[WV��� DQG� VR� IRUWK�� � 7KH� UHJLPHQWDWLRQ� RI� DQ� RQWRORJ\� RI� WKH

LQYROYHG� GRPDLQV� LQ� D� FDQRQLFDO� ODQJXDJH� KHOSV� WR� DYRLG� WKLV� SUREOHP�� � )XUWKHUPRUH�� WKH

GLVFLSOLQH� RI� H[SUHVVLQJ� WKH� RQWRORJ\� LQIRUPDWLRQ� LQ� D� IRUPDO� ODQJXDJH� HQKDQFHV� WKH� VNLOOV

QHFHVVDU\� IRU� H[WUDFWLQJ� WKH� LQIRUPDWLRQ�� LQ� SDUWLFXODU�� WKH� DELOLW\� WR� DEVWUDFW� IURP� SDUWLFXODU

REMHFWV�WR�WKH�NLQGV�RI�ZKLFK�WKH\�DUH�LQVWDQFHV��IURP�SDUWLFXODU�FRQQHFWLRQV�WR�WKH�UHODWLRQV�VXFK

LQVWDQFHV�VWDQG�LQ�JHQHUDOO\��DQG�IURP�SDUWLFXODU�EHKDYLRUV�WR�WKH�FRQVWUDLQWV�WKDW�ELQG�LQVWDQFHV

RI�YDULRXV�NLQGV�WRJHWKHU�ORJLFDOO\�ZLWKLQ�WKH�GRPDLQ�
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����� 0RWLYDWLRQV�IRU�2QWRORJ\

7KH�DELOLW\� WR� IL[�D�GRPDLQ�YRFDEXODU\�DQG� LWV�PHDQLQJ� LQ� WKH�FRQWH[W�RI�XVH� LQ� WKLV�PDQQHU� LV

FULWLFDO�IRU� WUXH�FRQFXUUHQW�HQJLQHHULQJ�� �$�ODUJH�HQJLQHHULQJ�RU�PDQXIDFWXULQJ�SURMHFW� LQYROYHV

WKH�UHVRXUFHV�RI�PDQ\�GLIIHUHQW�FOXVWHUV�RI�FRRSHUDWLYH�DJHQWV��KXPDQ�RU�RWKHUZLVH��LQ�WKH�JLYHQ

HQGHDYRU�� � (DFK� FOXVWHU� PDNHV� LWV� RZQ� FRQWULEXWLRQV�� DQG� WKH� RYHUDOO� VXFFHVV� RI� WKH� SURMHFW

GHSHQGV�LQ�ODUJH�PHDVXUH�RQ�WKH�GHJUHH�RI�LQWHJUDWLRQ�EHWZHHQ�WKRVH�GLIIHUHQW�FOXVWHUV�WKURXJKRXW

WKH� GHYHORSPHQW� SURFHVV�� �$� NH\� WR� HIIHFWLYH� LQWHJUDWLRQ� LV� WKH� DFFHVVLELOLW\� RI� ULFK� RQWRORJLHV

FKDUDFWHUL]LQJ� HDFK� RI� WKH� GRPDLQV� DGGUHVVHG� E\� HDFK� FOXVWHU�� � )RU� LQVWDQFH�� DFFHVV� WR� D

PDQXIDFWXULQJ�RQWRORJ\� WKDW� LQFOXGHV� FRQVWUDLQWV� RQ�KRZ�D�JLYHQ�SDUW� LV�PDQXIDFWXUHG� FDQ� DLG

GHVLJQHUV� LQ� WKHLU� GHVLJQ� RI� D� FRPSOH[� SURGXFW� E\� JLYLQJ� WKHP� LQVLJKW� LQWR� WKH�PDQXIDFWXULQJ

LPSOLFDWLRQV�RI�WKHLU�GHVLJQ�FRQFHSWV���6LPLODUO\��DFFHVV�WR�DQ�HQJLQHHULQJ�RQWRORJ\�WKDW�LQFOXGHV

FRQVWUDLQWV� RQ� KRZ� D� JLYHQ� SDUW� LV� WR� IXQFWLRQ� JLYHQ� D� SDUWLFXODU� VKDSH� RU� ILW� FDQ� DLG� SURFHVV

SODQQHUV� LQ� WKHLU� GHYHORSPHQW� RI� WKH� DSSURSULDWH� PDQXIDFWXULQJ� SURFHVVHV�� � $� FRPPRQO\

DFFHVVLEOH� FROOHFWLRQ� RI� UHOHYDQW� RQWRORJLHV� WKXV� SHUPLWV�PRUH� HIILFLHQW� VKDULQJ� RI� LQIRUPDWLRQ

DULVLQJ�IURP�YDULRXV�VRXUFHV�ZLWKLQ�WKH�HQWHUSULVH�

$�UHODWHG�PRWLYDWLRQ�IRU�RQWRORJ\�FDSWXUH�LV�WKH�VWDQGDUGL]DWLRQ�RI�WHUPLQRORJ\�� �$Q�HQRUPRXV

SUREOHP�LQ�WKH�FRRUGLQDWLRQ�RI�ODUJH�SURMHFWV�LV�WKH�GLYHUVLW\�RI�EDFNJURXQGV�WKH�YDULRXV�NLQGV�RI

HQJLQHHUV� EULQJ� WR� WKHLU� UHVSHFWLYH� UROHV�� � $V� D� FRQVHTXHQFH�� PDQ\� HQJLQHHUV� XVH� VLPLODU

WHUPLQRORJ\� LQ� PDQ\� GLIIHUHQW� ZD\V� ZLWK� PDQ\� GLIIHUHQW� FRQQRWDWLRQV�� � %HFDXVH� RI� VXFK

GLIIHUHQFHV��WKH�LQIRUPDWLRQ�WKDW�RQH�HQJLQHHU� LQWHQGV� WR�FRQYH\�WR�DQRWKHU�PD\�LQ�IDFW�EHFRPH

JDUEOHG��LQ�WKH�EHVW�FDVH��VXFK�PLVFRPPXQLFDWLRQV�FDQ�EH�UHVSRQVLEOH�IRU�D�JUHDW�GHDO�RI�ORVW�WLPH

DQG� UHVRXUFHV�� LQ� WKH� ZRUVW� FDVH�� VXFK� PLVFRPPXQLFDWLRQV� FDQ� UHVXOW� LQ� WKH� ORVV� RI� OLIH�

&RQVHTXHQWO\�� LW� LV� RIWHQ� QHFHVVDU\� LQ� WKH� FRXUVH� RI� D� ODUJH� SURMHFW� WR� VWDQGDUGL]H� WKH� UHOHYDQW

YRFDEXODU\���7KH�RQWRORJ\�FDSWXUH�PHWKRG�SURYLGHV�D�SULQFLSOHG�PHWKRG�IRU�FDUU\LQJ�RXW�WKLV�WDVN

HIILFLHQWO\�DQG�HIIHFWLYHO\��DQG�PDLQWDLQLQJ�WKH�UHVXOWV�RI�WKH�WDVN�LQ�D�UREXVW��DFFHVVLEOH�IRUP�

7KLV�VXJJHVWV�DQRWKHU��VWURQJ�PRWLYDWLRQ�IRU�RQWRORJ\���UHXVDELOLW\���$PRQJ�WKH�PRVW�VLJQLILFDQW

SUREOHPV� LQ� HQJLQHHULQJ� DQG� PDQXIDFWXULQJ� LQ� JHQHUDO� LV� WKH� UHGXQGDQW� HIIRUW� H[SHQGHG� LQ

FDSWXULQJ�RU� UHFUHDWLQJ� LQIRUPDWLRQ� WKDW�KDV�DOUHDG\�EHHQ�UHFRUGHG�HOVHZKHUH�� �)RU�H[DPSOH�� LQ

SURJUDPPLQJ�� WKH� VDPH�NLQGV�RI� URXWLQHV� �H�J��� LQ� WKH�GHVLJQ�RI�XVHU� LQWHUIDFHV�� DUH�RIWHQ�XVHG

DJDLQ� DQG� DJDLQ� LQ� GLIIHUHQW� SURJUDPV� E\� �LQ� JHQHUDO�� GLIIHUHQW� SURJUDPPHUV�� � &RQVHTXHQWO\�

HQRUPRXV� DPRXQWV� RI� WLPH� DQG� HIIRUW� KDYH� JRQH� LQWR� UHLQYHQWLQJ� WKH� ZKHHO� WLPH� DQG� DJDLQ�

5HFRJQLWLRQ�RI�WKLV�SUREOHP�KDV�OHG�WR�WKH�GHYHORSPHQW�RI�YDVW�OLEUDULHV�WKDW�FRQWDLQ�RIWHQ�XVHG

URXWLQHV�ZKLFK�SURJUDPPHUV�FDQ�VLPSO\�FDOO� VWUDLJKW� LQWR� WKHLU�SURJUDPV�� UDWKHU� WKDQ�KDYLQJ� WR

GXSOLFDWH� WKH� IXQFWLRQ�RI�H[LVWLQJ�FRGH�� �(QJLQHHULQJ� DQG�PDQXIDFWXULQJ� IDFH� WKH� VDPH� W\SH�RI
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SUREOHP�� � 0DQXIDFWXULQJ� GRPDLQV�� IRU� H[DPSOH�� VKDUH� PDQ\� FRPPRQ� IHDWXUHV� WKDW� DUH

LQGHSHQGHQW�RI�WKH�VSHFLILF�FKDUDFWHULVWLFV�RI�D�JLYHQ�GRPDLQ��DQG�WKH�PRUH�VLPLODU�WKH�GRPDLQV�

WKH�PRUH�VXFK�IHDWXUHV�WKH\�VKDUH���5DWKHU�WKDQ�HQFRGLQJ�WKLV�LQIRUPDWLRQ�DOO�RYHU�DJDLQ�LQ�HYHU\

QHZ�VHWWLQJ��DQDORJRXV�RI�WKH�FRQFHSW�RI�D�SURJUDPPLQJ�OLEUDU\��RQH�FDQ�LPDJLQH�FROOHFWLQJ�WKLV

FRPPRQ� LQIRUPDWLRQ� LQWR� RQWRORJ\� OLEUDULHV�� �L�H��� ODUJH� UHYLVDEOH� RQWRORJ\� GDWDEDVHV� RI

VWUXFWXUHG��GRPDLQ�VSHFLILF�LQIRUPDWLRQ����,QIRUPDWLRQ�LQ�WKHVH�RQWRORJLHV�FDQ�WKHQ�EH�UHXVHG�DQG

PRGLILHG�WR�VXLW�WKH�QHHGV�RI�WKH�PRPHQW���0RUHRYHU��EHFDXVH�RQWRORJLHV�SURYLGH�D�VWDQGDUGL]HG

WHUPLQRORJ\�E\�WKHLU�YHU\�QDWXUH��QR�VSHFLDO�DGGLWLRQDO�HIIRUW�QHHG�EH�H[SHQGHG�RQ�IL[LQJ�GRPDLQ

WHUPLQRORJ\�� � ,W� PXVW� EH� HPSKDVL]HG�� KRZHYHU�� WKDW�� GHVSLWH� WKH� SRWHQWLDO� VL]H� RI� D� JLYHQ

RQWRORJ\��WKH�FRQFHSW�LWVHOI�LV�KLJKO\�VFDOHDEOH��WKDW�LV��RQWRORJLHV�DUH�QR�OHVV�HIIHFWLYH�LQ�VPDOOHU

FRQWH[WV�WKDQ�RQ�YHU\�ODUJH�RQHV�

����� 0RWLYDWLRQV�IRU�DQ�2QWRORJ\�'HYHORSPHQW�0HWKRG

7KHUH� LV� D� JOREDO� YLVLRQ� EHKLQG� WKH� LGHD� RI� RQWRORJ\� GHYHORSPHQW�� � 6SHDUKHDGHG� E\� WKH

.QRZOHGJH� 6KDULQJ� (IIRUW� VSRQVRUHG� E\� WKH� $GYDQFHG� 5HVHDUFK� 3URMHFWV� $JHQF\� �$53$��

RQWRORJLHV� DUH� EHLQJ� FRQVWUXFWHG� IRU� D� JURZLQJ� QXPEHU� RI� PDQXIDFWXULQJ�� HQJLQHHULQJ�� DQG

VFLHQWLILF�GRPDLQV���:LWK�VXFK�RQWRORJLHV�LQ�SODFH��WKH�DGYDQWDJHV�QRWHG�DERYH�FRXOG�EH�UHDOL]HG

RQ� D� JOREDO� VFDOH�� � VWDQGDUGL]HG� WHUPLQRORJ\� ZLWK� SUHFLVH� PHDQLQJV� WKDW� DUH� IL[HG� DFURVV

LQGXVWULHV�DQG�DFURVV�LQWHUQDWLRQDO�ERUGHUV��DQG�WKH�DELOLW\�WR�DFFHVV�DQG�UHXVH�D�KXJH�QXPEHU�RI

H[LVWLQJ�RQWRORJLHV�LQ�WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�QHZ�V\VWHPV���&HQWUDO�SURGXFWV�RI�WKLV�HIIRUW

LQFOXGH� WKH� .QRZOHGJH� ,QWHUFKDQJH� )RUPDW� �.,)��� D� WH[W�EDVHG� ORJLFDO� ODQJXDJH� IRU� WKH

LQWHUFKDQJH�RI�NQRZOHGJH��DQG�2QWROLQJXD��D�PHFKDQLVPV�EXLOW�RQ�.,)�IRU�WUDQVODWLQJ�NQRZOHGJH

EHWZHHQ�GLIIHUHQW�UHSUHVHQWDWLRQ�ODQJXDJHV���7KH�,'()��PHWKRG�GHVFULEHG�LQ�WKLV�UHSRUW�KDV�EHHQ

GHVLJQHG�ZLWK�WKH�.QRZOHGJH�6KDULQJ�(IIRUW�DQG�LWV�YLVLRQ�FORVHO\� LQ�PLQG�� �0RVW�QRWDEO\�� WKH

,'()�� HODERUDWLRQ� ODQJXDJH� �VHH� 6HFWLRQ� ����� ²� WKH� FHQWUDO� PHGLXP� IRU� VWRULQJ� RQWRORJ\

LQIRUPDWLRQ�FROOHFWHG�YLD�WKH�,'()��PHWKRG��VHH�6HFWLRQ����²�XVHV�.,)�DV�LWV�IRXQGDWLRQ��DQG�LV

WKXV� ZKROO\� FRPSDWLEOH� ZLWK� WKH� FHQWUDO� WRROV� RI� WKH� .QRZOHGJH� 6KDULQJ� (IIRUW�� � 7KLV� LV

SDUWLFXODUO\� FUXFLDO� DV� WKH� FRQFHSWV� EHKLQG� WKH� HIIRUW� EHFRPH� HYHQ� PRUH� ZLGHO\� DFFHSWHG� DQG

LPSOHPHQWHG�

$QRWKHU� NH\� PRWLYDWLRQ� IRU� DQ� RQWRORJ\� GHYHORSPHQW� PHWKRG� LV� D� SUDJPDWLF� RQH�� � 3UHYLRXV

DSSURDFKHV� WR� RQWRORJ\� KDYH� DOPRVW� H[FOXVLYHO\� EHHQ� DFDGHPLF� LQ� QDWXUH�� � 5HVHDUFKHUV� IURP

YDULHG� ILHOGV� VXFK� DV� $UWLILFLDO� ,QWHOOLJHQFH�� 3KLORVRSK\�� 'DWDEDVH�0DQDJHPHQW�� 0DWKHPDWLFV�

DQG� &RJQLWLYH� 6FLHQFH� KDYH� VWXGLHG� RQWRORJ\� IURP� GLIIHUHQW� SHUVSHFWLYHV�� � $OO� SUHYLRXV

DSSURDFKHV� KDYH� IDLOHG� WR� SURGXFH� D� SUDFWLFDO� PHWKRG� IRU� RQWRORJ\� DFTXLVLWLRQ�� � 7KH� ,'()�
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PHWKRG�WKHUHIRUH�IXOILOOV�DQ�LPSRUWDQW�QHHG�E\�SURYLGLQJ�D�FRVW�HIIHFWLYH�PHFKDQLVP�WR�DFTXLUH�

VWRUH��DQG�PDLQWDLQ�VFDOHDEOH�DQG�UH�XVDEOH�RQWRORJLHV���7KH�LQWHQGHG�FRQWULEXWLRQ�RI�,'()��LV�D

PHWKRG�WR�JXLGH�DQG�DVVLVW�GRPDLQ�H[SHUWV�DQG�NQRZOHGJH�HQJLQHHUV�LQ�WKH�FRQVWUXFWLRQ�RI�ERWK

VPDOO�DQG�ODUJH�UHXVDEOH�RQWRORJLHV�� �:H�KDYH�GHVLJQHG�WKH�,'()��WHFKQLTXH�WR�EH�XVDEOH�E\�D

SHUVRQQHO�DW�YDU\LQJ�VNLOO�OHYHOV�DQG�IURP�D�YDULHW\�RI�GLIIHUHQW�NLQGV�RI�RUJDQL]DWLRQV�

��� %HQHILWV�RI�2QWRORJ\�'HYHORSPHQW

2QWRORJ\� GHYHORSPHQW� SURYLGHV� VHYHUDO� EHQHILWV� WR� RUJDQL]HG� HQWHUSULVHV�� � 7KH� EHQHILWV� RI

RQWRORJ\�GHYHORSPHQW�FDQ�EH�JURXSHG�XQGHU�WZR�KHDGLQJV�

�� %HQHILWV� RI� GHYHORSLQJ� WKH� RQWRORJ\�� � 7KH� SURFHVV� RI� RQWRORJLFDO� DQDO\VLV� LV� D

GLVFRYHU\�SURFHVV�WKDW�OHDGV�WR�DQ�HQKDQFHG�XQGHUVWDQGLQJ�RI�D�GRPDLQ���7KH�LQVLJKWV

RI�RQWRORJLFDO� DQDO\VLV� DUH�XVHIXO� IRU� �L�� LGHQWLILFDWLRQ� RI� SUREOHPV� �GLDJQRVLV��� �LL�

LGHQWLILFDWLRQ� RI� WKH� SUREOHP� FDXVHV� �FDXVDO� DQDO\VLV��� �LLL�� LGHQWLILFDWLRQ� RI

DOWHUQDWLYH� VROXWLRQV� �GLVFRYHU\�DQG�GHVLJQ��� �LY�� FRQVHQVXV� DQG� WHDP�EXLOGLQJ�� DQG

�Y��NQRZOHGJH�VKDULQJ�DQG�UHXVH�

�� %HQHILWV� GHULYHG� IURP� WKH� SURGXFWV� RI� RQWRORJ\� GHYHORSPHQW�� � 7KH� RQWRORJLHV� WKDW

UHVXOW�DW� WKH�HQG�RI�DQ�RQWRORJ\�GHYHORSPHQW�HIIRUW� FDQ�EH�XVHG�EHQHILFLDOO\� IRU� �L�

LQIRUPDWLRQ� V\VWHPV� GHYHORSPHQW�� RQWRORJLHV� SURYLGH� D� EOXHSULQW� IRU� GHYHORSLQJ

PRUH� LQWHOOLJHQW� DQG� LQWHJUDWHG� LQIRUPDWLRQ� V\VWHPV�� �LL�� V\VWHPV� GHYHORSPHQW�

RQWRORJLHV� FDQ� EH� XVHG� DV� UHIHUHQFH� PRGHOV� IRU� SODQQLQJ�� FRRUGLQDWLQJ�� DQG

FRQWUROOLQJ�FRPSOH[�SURGXFW�SURFHVV�GHYHORSPHQW�DFWLYLWLHV���LLL��EXVLQHVV�SURFHVV�UH�

HQJLQHHULQJ�� RQWRORJLHV� SURYLGH� FOXHV� WR� LGHQWLI\LQJ� IRFXV� DUHDV� IRU� RUJDQL]DWLRQDO

UHVWUXFWXULQJ�DQG�VXJJHVW�SRWHQWLDO�KLJK�LPSDFW�WUDQVLWLRQ�SDWKV�IRU�UHVWUXFWXULQJ�

2QWRORJLFDO�DQDO\VLV�DQG�GHYHORSPHQW�KDYH�EHHQ�VKRZQ�WR�EH�XVHIXO�IRU���L��&RQVHQVXV�EXLOGLQJ�

�LL�� 2EMHFW�RULHQWHG� GHVLJQ� DQG� SURJUDPPLQJ�� �LLL�� &RPSRQHQW� EDVHG� SURJUDPPLQJ�� �LY�� 8VHU

LQWHUIDFH�GHVLJQ�� �Y��(QWHUSULVH� LQIRUPDWLRQ�PRGHOLQJ�� �YL��%XVLQHVV�SURFHVV� UHHQJLQHHULQJ��DQG

�YLL��&RQFHSWXDO�VFKHPD�GHVLJQ�

��� 2YHUYLHZ�RI�WKH�5HSRUW

7KH�VHFWLRQV�IROORZLQJ�WKLV�H[HFXWLYH�VXPPDU\�MRLQWO\�FRQVWLWXWH�D�FRPSUHKHQVLYH�UHSRUW�RQ�WKH

,'()��RQWRORJ\�FDSWXUH�PHWKRG�� �6HFWLRQ���RI� WKH� UHSRUW�SURYLGHV�D�GHWDLOHG�GLVFXVVLRQ�RI� WKH

FRQFHSWXDO� IRXQGDWLRQV� RI� ,'()��� � ,W� EHJLQV� E\� WUDFLQJ� WKH� URRWV� RI� RQWRORJLFDO� LQTXLU\�� ZLWK
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UHVSHFW�WR�HQJLQHHULQJ�DQG�PDQXIDFWXULQJ��WR�WKH�FODVVLFDO�SKLORVRSKLFDO�WUDGLWLRQ�²�DOVR�NQRZQ

DV�©RQWRORJ\ª�²�RI� FKDUDFWHUL]LQJ� DQG� FODVVLI\LQJ�ZKDW� XOWLPDWHO\� H[LVWV�� � )URP� WKLV� WUDGLWLRQ

VSULQJV�WKH�FHQWUDO�FRQFHSWV�RI�RQWRORJ\���NLQGV��URXJKO\��FODVVHV�RU�W\SHV���SURSHUWLHV��DWWULEXWHV�

UHODWLRQV�� SDUWV� DQG� ZKROHV�� DQG� SURFHVVHV�� � 0RVW� RI� 6HFWLRQ� �� LV� GHYRWHG� WR� H[SOLFDWLQJ� DQG

UHODWLQJ�WKHVH�FRQFHSWV���7KH�VHFWLRQ�FORVHV�ZLWK�D�GLVFXVVLRQ�RI�WKH�QHHG�IRU�D�VHSDUDWH�RQWRORJ\

PHWKRG� GLVWLQFW� IURP� H[LVWLQJ� PHWKRGV�� � �7KH� UHODWLRQ� RI� WKH� RQWRORJ\� FDSWXUH� PHWKRG� ZLWK

H[LVWLQJ�,'()�PHWKRGV�LV�GLVFXVVHG�LQ�6XEVHFWLRQ������

6HFWLRQ���SURYLGHV�D�SUDFWLFDO�PHWKRG�IRU�WKH�FRQVWUXFWLRQ�RI�RQWRORJLHV���2QWRORJ\��GHYHORSPHQW

UHTXLUHV� H[WHQVLYH� LWHUDWLRQV�� GLVFXVVLRQV�� UHYLHZV�� DQG� LQWURVSHFWLRQ�� �.QRZOHGJH� H[WUDFWLRQ� LV

XVXDOO\� D� GLVFRYHU\� SURFHVV� DQG� UHTXLUHV� FRQVLGHUDEOH� LQWURVSHFWLRQ�� � ,W� UHTXLUHV� D� SURFHVV� WKDW

LQFRUSRUDWHV� ERWK� VLJQLILFDQW� H[SHUW� LQYROYHPHQW� DV� ZHOO� DV� WKH� G\QDPLFV� RI� D� JURXS� HIIRUW�

*LYHQ� WKH� RSHQ�HQGHG� QDWXUH� RI� RQWRORJLFDO� DQDO\VHV�� LW� LV� QRW� SUXGHQW� WR� DGRSW� D� ©FRRNERRNª

DSSURDFK�WR�RQWRORJ\�GHYHORSPHQW���:H�UHFRPPHQG�WKH�XVH�RI�D�JHQHUDO�SURFHGXUH�DORQJ�ZLWK�D

VHW�RI�XVHIXO�JXLGHOLQHV���6HFWLRQ���GHVFULEHV�WKH�PHFKDQLFV�RI�VXFK�D�SURFHVV�IRU�SRWHQWLDO�,'()�

RQWRORJ\�GHYHORSHUV�

,Q�EULHI��WKH�,'()��RQWRORJ\�GHYHORSPHQW�SURFHVV�FRQVLVWV�RI�WKH�IROORZLQJ�ILYH�DFWLYLWLHV�

�� 2UJDQL]LQJ�DQG�6FRSLQJ 7KLV� DFWLYLW\� LQYROYHV� HVWDEOLVKLQJ� WKH� SXUSRVH�� YLHZSRLQW�

DQG� FRQWH[W� IRU� WKH� RQWRORJ\� GHYHORSPHQW� SURMHFW� DQG� DVVLJQLQJ� UROHV� WR� WKH� WHDP

PHPEHUV�

�� 'DWD�&ROOHFWLRQ 7KLV� DFWLYLW\� LQYROYHV� DFTXLULQJ� WKH� UDZ� GDWD� QHHGHG� IRU� RQWRORJ\

GHYHORSPHQW�

�� 'DWD�$QDO\VLV 7KLV�DFWLYLW\�LQYROYHV�DQDO\]LQJ�WKH�GDWD�WR�IDFLOLWDWH�RQWRORJ\�H[WUDFWLRQ�

�� ,QLWLDO�2QWRORJ\�'HYHORSPHQW 7KLV� DFWLYLW\� LQYROYHV� GHYHORSLQJ� D� SUHOLPLQDU\

RQWRORJ\�IURP�WKH�DFTXLUHG�GDWD�

�� 2QWRORJ\�5HILQHPHQW�DQG�9DOLGDWLRQ 7KLV�DFWLYLW\�LQYROYHV�UHILQLQJ�DQG�YDOLGDWLQJ�WKH

RQWRORJ\�WR�FRPSOHWH�WKH�GHYHORSPHQW�SURFHVV�

$OWKRXJK�WKH�DERYH�DFWLYLWLHV�DUH�OLVWHG�VHTXHQWLDOO\��WKHUH�LV�D�VLJQLILFDQW�DPRXQW�RI�RYHUODS�DQG

LWHUDWLRQ� EHWZHHQ� WKH� DFWLYLWLHV�� � 7KHVH� DFWLYLWLHV�� DQG� WKHLU� LQWHUFRQQHFWLRQV�� DUH� GHVFULEHG� LQ

GHWDLO�LQ�6HFWLRQ���
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6HFWLRQ� �� FRQWDLQV� D� GHVFULSWLRQ� RI� WKH� ,'()�� RQWRORJ\� ODQJXDJHV�� � 7KHUH� DUH� WZR� VXFK

ODQJXDJHV���WKH�,'()��VFKHPDWLF�ODQJXDJH�DQG�WKH�,'()��HODERUDWLRQ�ODQJXDJH���7KH�VFKHPDWLF

ODQJXDJH� LV� D� JUDSKLFDO� ODQJXDJH� WKDW� KDV� EHHQ� VSHFLDOO\� WDLORUHG� WR� HQDEOH� GRPDLQ� H[SHUWV� WR

H[SUHVV� WKH� PRVW� FRPPRQ� IRUPV� RI� RQWRORJLFDO� LQIRUPDWLRQ�� HVSHFLDOO\� ZLWK� WKH� DLG� RI� DQ

DXWRPDWHG�RQWRORJ\�FDSWXUH�WRRO���7KLV�HQDEOHV�DYHUDJH�XVHUV�ERWK�WR�LQSXW�WKH�EDVLF�LQIRUPDWLRQ

QHHGHG� IRU� D� ILUVW�FXW� RQWRORJ\� DQG� WR� DXJPHQW� RU� UHYLVH� H[LVWLQJ� RQWRORJLHV� ZLWK� QHZ

LQIRUPDWLRQ�

7KHUH�LV�D�SULFH�IRU�WKH�UHODWLYH�HDVH�RI�XVH�RI�WKH�VFKHPDWLF�ODQJXDJH��YL]���WKDW�LW�ODFNV�WKH�IXOO

H[SUHVVLYH�SRZHU�QHHGHG�WR�FDSWXUH�JHQHUDO�RQWRORJ\�LQIRUPDWLRQ���7R�FDSWXUH�VXFK�LQIRUPDWLRQ

LV� WKH�SXUSRVH�RI� WKH�,'()�HODERUDWLRQ�ODQJXDJH�� �7KH�HODERUDWLRQ� ODQJXDJH� LV�D�VWUXFWXUHG� WH[W

ODQJXDJH�ZLWK�WKH�IXOO�H[SUHVVLYH�SRZHU�RI�ILUVW�RUGHU�ORJLF�DQG�VHW�WKHRU\���7KLV�HQDEOHV�D�XVHU�WR

H[SUHVV�YLUWXDOO\�DQ\�FRQGLWLRQ��RU�UHODWLRQ��RU�IDFW�WKDW�RQH�PLJKW�QHHG�WR�H[SUHVV�WR�FKDUDFWHUL]H

D�JLYHQ�NLQG�RI�WKLQJ��RU�SURSHUW\��RU�UHODWLRQ��RU�SURFHVV�IRXQG�LQ�D�GRPDLQ���,Q�DGGLWLRQ�WR�VHW

WKHRUHWLF� FRQVWUXFWV�� WKH� ODQJXDJH� DOVR� LQFOXGHV� VSHFLDOL]HG� FRQVWUXFWV� IRU� H[SUHVVLQJ� RQWRORJ\

LQIRUPDWLRQ� LQ� WKH� SDUWLFXODU� IRUPDW� RI� ,'()��� � 7KLV� PDNHV� IRU� HDV\� WUDQVODWLRQ� IURP� WKH

VFKHPDWLF�ODQJXDJH�LQWR�WKH�HODERUDWLRQ�ODQJXDJH��DQG�YLFH�YHUVD��LQVRIDU�DV�WKDW�LV�SRVVLEOH�

)LQDOO\�� WKH� UHSRUW� FRQFOXGHV� ZLWK� WZR� DSSHQGLFHV�� � 7KH� ILUVW� LV� WKH� �FXUUHQW�� ,'()�� UHODWLRQ

OLEUDU\�RI�UHXVDEOH�RQWRORJ\�HOHPHQWV���7KLV�OLEUDU\�LV�D�ULFK�UHSRVLWRU\�RI�LQIRUPDWLRQ�FRQVLVWLQJ

RI� D� VHW� RI� FKDUDFWHUL]DWLRQV� RI� �L�H��� GHILQLWLRQV� DQG� D[LRPV� IRU�� FRPPRQO\� XVHG� UHODWLRQV�� � ,W

SURYLGHV� D� UHSRVLWRU\� RI� IRUPDOO\� GHILQHG� DQG� FKDUDFWHUL]HG� UHODWLRQV� WKDW� FDQ� EH� UHXVHG� DQG

FXVWRPL]HG� LQ� D� SDUWLFXODU� SURMHFW�� � 7KH� UHODWLRQ� OLEUDU\� LWVHOI� LV� D� VSHFLDOL]HG� RQWRORJ\�� � DQ

RQWRORJ\�RI�FRPPRQO\�XVHG�UHODWLRQV���7KH�PRWLYDWLRQ�IRU�WKLV�OLEUDU\�JUHZ�RXW�RI�WKH�SUHYLRXVO\

PHQWLRQHG�DQDORJ\�ZLWK�VRIWZDUH�HQJLQHHULQJ���2IWHQ�LQ�VRIWZDUH�GHYHORSPHQW��WKH�VDPH�NLQGV�RI

URXWLQHV�DUH�XVHG�DJDLQ�DQG�DJDLQ� LQ�GLIIHUHQW�SURJUDPV�E\� �LQ�JHQHUDO�� GLIIHUHQW� SURJUDPPHUV�

7KH�GHYHORSPHQW�RI�RQWRORJLHV�ZLOO�IDFH�WKH�VDPH�VRUW�RI�SUREOHP���,W�LV�OLNHO\�WKDW�WKH�VDPH�RU

VLPLODU�UHODWLRQV�ZLOO�DSSHDU�LQ�D�QXPEHU�RI�GLIIHUHQW�RQWRORJLHV���7KH�UROH�RI�D�OLEUDU\�RI�UHODWLRQV

VXFK� DV� WKH� RQH� SUHVHQWHG� LQ�$SSHQGL[�$�ZLOO� EH� WR� HQDEOH�PRGHOHUV� WR� UHXVH� DQG� FXVWRPL]H

UHODWLRQV�WKDW�KDYH�EHHQ�GHILQHG�LQ�SUHYLRXVO\�FDSWXUHG�RQWRORJLHV���7KH�OLEUDU\�FDQ�DOVR�EH�XVHG

DV�D�UHIHUHQFH�IRU�WKH�GLIIHUHQW�ZD\V�WR�GHILQH�DQG�FKDUDFWHUL]H�UHODWLRQV�DQG�LOOXVWUDWLYH�H[DPSOHV

RI�WKH�XVH�RI�WKH�,'()��HODERUDWLRQ�ODQJXDJH���$OO�GHILQLWLRQV�DQG�FKDUDFWHUL]LQJ�D[LRPV�LQ�WKH

OLEUDU\�KDYH�EHHQ�ZULWWHQ�XVLQJ�WKH�,'()��HODERUDWLRQ�ODQJXDJH���7KXV��WKH�OLEUDU\�FDQ�DOVR�VHUYH

DV� D�XVHIXO� OHDUQLQJ� WRRO� IRU�PDVWHULQJ� WKH� ,'()��HODERUDWLRQ� ODQJXDJH�� �)LQDOO\�� WKH� OLEUDU\� LV

H[WHQVLEOH�LQ�WKDW�DQ\�UHODWLRQ�WKDW�KDV�EHHQ�IRUPDOO\�GHILQHG�DQG�FKDUDFWHUL]HG�PD\�EH�DGGHG�WR

LW�
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7KH� VHFRQG� DSSHQGL[� FRQVLVWV� RI� WKH� %1)� VSHFLILFDWLRQ� RI� WKH� ,'()�� HODERUDWLRQ� ODQJXDJH� WR

HQVXUH�WKDW�WKH�ODQJXDJH�LV�ZHOO�GHILQHG���$�JORVVDU\�IRU�WKH�UHSRUW�IROORZV�WKLV�DSSHQGL[�

��� 7KH�&RQQHFWLRQ�%HWZHHQ�,'()��DQG�2WKHU�0HWKRGV

$V�0U�� -RKQ�=DFKPDQ� LQ� KLV� VHPLQDO�ZRUN� RQ� LQIRUPDWLRQ� V\VWHPV� DUFKLWHFWXUH� REVHUYHG�� ©���

WKHUH�LV�QRW�DQ�DUFKLWHFWXUH��EXW�D�VHW�RI�DUFKLWHFWXUDO�UHSUHVHQWDWLRQV���2QH�LV�QRW�ULJKW�DQG�DQRWKHU

ZURQJ���7KH�DUFKLWHFWXUHV�DUH�GLIIHUHQW���7KH\�DUH�DGGLWLYH��FRPSOHPHQWDU\���7KHUH�DUH�UHDVRQV�IRU

HOHFWLQJ�WR�H[SHQG�WKH�UHVRXUFHV�IRU�GHYHORSLQJ�HDFK�DUFKLWHFWXUDO�UHSUHVHQWDWLRQ���$QG��WKHUH�DUH

ULVNV�DVVRFLDWHG�ZLWK�QRW�GHYHORSLQJ�DQ\�RQH�RI�WKH�DUFKLWHFWXUDO�UHSUHVHQWDWLRQV�ª��>=DFKPDQ���@

&RQVLVWHQW��UHOLDEOH�FUHDWLRQ�RI�FRUUHFW�DUFKLWHFWXUDO�UHSUHVHQWDWLRQV��ZKHWKHU�DUWLILFLDO�DSSUR[LPD�

WLRQV� RI� D� V\VWHP� �PRGHOV�� RU� SXUHO\� GHVFULSWLYH� UHSUHVHQWDWLRQV�� UHTXLUHV� WKH� XVH� RI� D� JXLGLQJ

PHWKRG�� �7KHVH�REVHUYDWLRQV�XQGHUVFRUH� WKH�QHHG� IRU�PDQ\�©DUFKLWHFWXUDO� UHSUHVHQWDWLRQV�ª�DQG

FRUUHVSRQGLQJO\��PDQ\�PHWKRGV�

7\SLFDOO\��PHWKRGV�� DQG� WKHLU� DVVRFLDWHG�DUFKLWHFWXUDO� UHSUHVHQWDWLRQV�� IRFXV�RQ�D� OLPLWHG� VHW�RI

V\VWHP� FKDUDFWHULVWLFV� DQG� H[SOLFLWO\� LJQRUH� WKRVH� WKDW� DUH� QRW� GLUHFWO\� SHUWLQHQW� WR� WKH� WDVN� DW

KDQG�� � 7KXV�� ,'()�� SURYLGHV� D� FRPSDFW�� \HW� VXUSULVLQJO\� SRZHUIXO�� FRQFHSWXDO� XQLYHUVH� IRU

PRGHOLQJ� EXVLQHVV� DFWLYLWLHV�� IRU� DOO� LWV� SRZHU�� KRZHYHU�� LW� ZRXOG� EH� KLJKO\� LQFRQYHQLHQW�� LI

SRVVLEOH�DW�DOO��WR�XVH�LW�WR�GHVLJQ�D�UHODWLRQDO�GDWDEDVH��,'()�;�LV�WKH�PHWKRG�WKDW�LV�RSWLPL]HG

IRU�WKDW�WDVN���6LPLODUO\��,'()��H[SOLFLWO\�H[FOXGHV�WHPSRUDO�LQIRUPDWLRQ��DQG�OLPLWV�ZKDW�FDQ�EH

UHSUHVHQWHG�DERXW�WHPSRUDO�UHODWLRQV�WKDW�KROG�EHWZHHQ�EXVLQHVV�DFWLYLWLHV��DV�ZHOO�DV�WKH�REMHFWV

LQYROYHG�LQ�WKH�LQWHUQDO�VWUXFWXUH�RI�WKRVH�DFWLYLWLHV���7KHVH�H[FOXVLRQV�DUH�ZKDW�JLYH�,'()��LWV

SRZHU� LQ�PRGHOLQJ�EXVLQHVV�DFWLYLWLHV�� �)RU� LQ�D�PHWKRG�GHVLJQ� DV� LQ� D�SURJUDPPLQJ� ODQJXDJH

GHVLJQ��ZKDW�GLVWLQJXLVKHV�D�ZHOO�GHVLJQHG�HIIHFWLYH�PHWKRG�LV�ZKDW�LV�OHIW�RXW�PRUH�VR�WKDQ�ZKDW

LV�OHIW�LQ���,'()���RQ�WKH�RWKHU�KDQG��LQFOXGHV�H[SOLFLW�UHSUHVHQWDWLRQV�RI�SURFHVVHV��WLPH�LQWHUYDOV�

DQG�WHPSRUDO�UHODWLRQV�DQG��KHQFH��LV�LGHDOO\�VXLWHG�IRU�H[SUHVVLQJ�LQIRUPDWLRQ�DERXW�WLPLQJ�DQG

VHTXHQFLQJ�� LW� DOVR� LQFOXGHV� WKH� FDSDFLW\� WR� H[SUHVV� DUELWUDU\� LQIRUPDWLRQ� DERXW� WKH� LQGLYLGXDOV

SDUWLFLSDWLQJ�LQ�WKRVH�SURFHVVHV���,W�ODFNV��KRZHYHU��WKH�VSHFLDOL]HG�UHSUHVHQWDWLRQV�RI�,'()��DQG�

WKHUHIRUH�� LQIRUPDWLRQ� WKDW� ,'()��H[SUHVVHV�ZLWK� JUHDW� HDVH� DQG� VLPSOLFLW\� LV�� E\� FRPSDULVRQ�

H[SUHVVHG�RQO\�DZNZDUGO\�LQ�,'()��

7KH�FRQQHFWLRQ�EHWZHHQ�WKHVH�PHWKRGV�DQG�,'()��LV�UDWKHU�VWUDLJKWIRUZDUG���2I�WKH�PHWKRGV�MXVW

PHQWLRQHG��WKH�,'()��VFKHPDWLF�ODQJXDJH�LV�SHUKDSV�FORVHVW�WR�,'()��DQG�,'()�;���+RZHYHU�

WKH�FRQQHFWLRQ�EHWZHHQ�,'()���;�DQG�,'()��LV�DQDORJRXV�WR�WKDW�EHWZHHQ�,'()��DQG�,'()��

7KH� LQIRUPDWLRQ� LQ�DQ� ,'()��RU� ,'()�;�PRGHO�FRXOG� LQ�SULQFLSOH�EH� H[SUHVVHG� LQ� WKH� ,'()�

HODERUDWLRQ� ODQJXDJH�� � � +RZHYHU�� EHFDXVH� LW� GRHV� QRW� FRQWDLQ� WKH� ZHOO�GHVLJQHG�� VSHFLDOL]HG
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UHSUHVHQWDWLRQV� RI� ,'()���;�� LW� ZRXOG� EH� H[FHHGLQJO\� FXPEHUVRPH� LQ� ,'()�� WR� GHVLJQ� D

UHODWLRQDO�GDWDEDVH��IRU�H[DPSOH���%XW�WKH�H[SUHVVLYH�SRZHU�RI�,'()���;�VRRQ�UHDFKHV�LWV�OLPLWV

DQG�� KHQFH�� FRXOG� QRW� SRVVLEO\� GR� DOO� WKDW� LV� H[SHFWHG� RI� D� JHQHUDO� RQWRORJ\� ODQJXDJH�� � �)RU� D

PRUH�GHWDLOHG�FRPSDULVRQ�RI�,'()���;�DQG�,'()���VHH�6XEVHFWLRQ������

,Q�D�VHQVH��WKH�GHVLJQV�RI�ERWK�,'()��DQG�,'()��EUHDN�WKH�WUDGLWLRQDO�PROG�DFFRUGLQJ�WR�ZKLFK

PHWKRGV� DUH�SXUSRVHO\�GHVLJQHG�ZLWK� OLPLWHG� H[SUHVVLYH� SRZHU�� �7KH� HODERUDWLRQ� ODQJXDJHV� RI

ERWK� PHWKRGV� DUH� IXOO� ILUVW�RUGHU� ODQJXDJHV� �DQG� PRUH� EHVLGHV�� DQG�� KHQFH�� DUH� FDSDEOH� RI

H[SUHVVLQJ�PRVW�DQ\�LQIRUPDWLRQ�WKDW�PLJKW�QHHG�WR�EH�UHFRUGHG�LQ�D�JLYHQ�GRPDLQ���7KLV�EUHDN

ZLWK� WUDGLWLRQ� QRW� RQO\� UHIOHFWV� WKH� QHHG� IRU� JUHDWHU� H[SUHVVLYH� SRZHU�� EXW� DOVR� UHIOHFWV� WKH

GHYHORSPHQW� DQG� LQFUHDVHG� XWLOL]DWLRQ� RI� PRUH� LQWHOOLJHQW� WRROV� DQG� DXWRPDWHG�� PRGHO�GULYHQ

V\VWHPV�LQ�EXVLQHVV�DQG�HQJLQHHULQJ���,QWHOOLJHQW�WRROV�DQG�PRGHO�GULYHQ�V\VWHPV�JHQHUDOO\�PXVW

PDQLSXODWH�PXFK�ULFKHU�IRUPV�RI�LQIRUPDWLRQ�WKDQ�FDQ�EH�H[SUHVVHG�LQ�D�WUDGLWLRQDO�PHWKRG���7KLV

PRWLYDWHV� WKH� GHVLJQ� RI� ULFKHU�PHWKRGV� WKDW� KDYH� WKH� FDSDFLW\� WR� UHSUHVHQW� DQG� RUJDQL]H� VXFK

LQIRUPDWLRQ��PHWKRGV� WKDW� DUH� QRW� UHVWULFWHG� WR� SHQFLO� DQG� SDSHU� IRUP� DQG�� KHQFH��ZKLFK� WUXO\

DXJPHQW� WKH�DELOLW\�RI�KXPDQ�DJHQWV� WR�FUHDWH��PDQDJH��DQG�UHXVH�D� ULFKHU� VWRUH�RI�NQRZOHGJH�

)RU� WKH� UHDVRQV� DERYH�� WKHVH�QHZHU�PHWKRGV�ZLOO�QRW�PDNH� WKH� ROGHU��PRUH� UHVWULFWHG�PHWKRGV

REVROHWH��WKH�DELOLW\�WR�ILOWHU�DQG�VWUXFWXUH�LQIRUPDWLRQ�UHODWLYH�WR�FHUWDLQ�ZHOO�GHILQHG�WDVNV�ZLOO

VWLOO�EH�YHU\�XVHIXO���$W�WKH�VDPH�WLPH��WKH�JUHDWHU�GHPDQGV�RI�LQWHOOLJHQW�WRROV�DQG�PRGHO�GULYHQ

V\VWHPV�ZLOO�UHTXLUH�PRUH�

7KH� EURDGHU� YLVLRQ� WKDW� JXLGHV� WKHVH� QHZHU� PHWKRGV� LV� RQH� LQ� ZKLFK� DOO� V\VWHP� GHILQLWLRQ

LQIRUPDWLRQ�LV�VWRUHG�LQ�D�JOREDO��DOEHLW�SHUKDSV�YLUWXDO��UHSRVLWRU\�RI�LQIRUPDWLRQ��ZLWK�PRGHOLQJ

PHWKRGRORJLHV� SURYLGLQJ� GLIIHUHQW� YLHZV� WKDW� ILOWHU� WKH� LQIRUPDWLRQ� LQ� YDULRXV� XVHIXO� ZD\V

UHODWLYH�WR�WKH�WDVN�DW�KDQG���:KHQ�WKH�WDVN�DW�KDQG�LV�WKH�JHQHUDO�QDWXUH�RI�WKH�GRPDLQ�LQ�ZKLFK

WKH�V\VWHP�RSHUDWHV��WKH�RQWRORJ\�FDSWXUH�PHWKRG�ZLOO�SURYLGH�WKH�DSSURSULDWH�SHUVSHFWLYH���7KH

QH[W�WLHU�LQ�WKH�YLVLRQ�LV�IRU�DOO�RUJDQL]DWLRQV�²�ZLWKLQ�WKH�ERXQGV�RI�WKHLU�SURSULHWDU\�LQWHUHVWV

²� WR� KDYH� RQWRORJLHV� RI� WKHLU� YDULRXV� FRPSRQHQW� V\VWHPV� DYDLODEOH� IRU� VKDULQJ� DQG� UHXVH�

,'()��LV�EHLQJ�GHYHORSHG�LQ�WKH�EHOLHI�WKDW�LW�FDQ�FRQWULEXWH�LQ�D�YLWDO�ZD\�WR�WKH�UHDOL]DWLRQ�RI

WKLV�YLVLRQ�RI�JOREDO�NQRZOHGJH�VKDULQJ�
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� &RQFHSWXDO�)RXQGDWLRQV�RI�2QWRORJ\

7KH� SULPDU\� JRDO� RI� WKH� 2QWRORJ\� 'HVFULSWLRQ� &DSWXUH� PHWKRG� LV� WR� SURYLGH� D� VWUXFWXUHG

WHFKQLTXH��VXSSRUWHG�E\�DXWRPDWHG�WRROV��E\�ZKLFK�D�GRPDLQ�H[SHUW�FDQ�HIIHFWLYHO\�GHYHORS�DQG

PDLQWDLQ�XVDEOH��DFFXUDWH��GRPDLQ�RQWRORJLHV���,Q�WKH�,'()��PHWKRG��DQ�RQWRORJ\�LV�FRQVWUXFWHG

E\�FDSWXULQJ�WKH�FRQWHQW�RI�FHUWDLQ�DVVHUWLRQV�DERXW�UHDO�ZRUOG�REMHFWV��WKHLU�SURSHUWLHV��DQG�WKHLU

LQWHUUHODWLRQVKLSV� DQG� UHSUHVHQWLQJ� WKDW� FRQWHQW� LQ� DQ� LQWXLWLYH� DQG� QDWXUDO� IRUP�� � 7KLV� VHFWLRQ

SURYLGHV� DQ� RYHUYLHZ�RI� WKH� QDWXUH� DQG� FRQWHQW� RI� DQ� RQWRORJ\�� IROORZHG� E\� D� GLVFXVVLRQ� WKDW

FRQWUDVWV�WKH�RQWRORJ\�FDSWXUH�PHWKRG�SUHVHQWHG�LQ�WKLV�UHSRUW�ZLWK�RWKHU�H[LVWLQJ�PHWKRGV�

��� 7KH�1DWXUH�RI�2QWRORJLFDO�,QTXLU\

+LVWRULFDOO\��RQWRORJLHV�DULVH�RXW�RI�WKH�EUDQFK�RI�SKLORVRSK\�NQRZQ�DV�PHWDSK\VLFV��ZKLFK�GHDOV

ZLWK�WKH�QDWXUH�RI�UHDOLW\��RI�ZKDW�H[LVWV��7KH�WUDGLWLRQDO�JRDO�RI�RQWRORJLFDO�LQTXLU\�LQ�SDUWLFXODU

LV� WR� GLYLGH� WKH� ZRUOG� ©DW� LWV� MRLQWV�ª� WR� GLVFRYHU� WKRVH� IXQGDPHQWDO� FDWHJRULHV�� RU� NLQGV�� LQWR

ZKLFK� WKH� ZRUOG¶V� REMHFWV� QDWXUDOO\� IDOO�� � 6R� YLHZHG�� QDWXUDO� VFLHQFH� SURYLGHV� DQ� H[FHOOHQW

H[DPSOH� RI� RQWRORJLFDO� LQTXLU\�� � )RU� H[DPSOH�� D� JRDO� RI� VXEDWRPLF� SK\VLFV� LV� WR� GHYHORS� D

WD[RQRP\�RI�WKH�PRVW�EDVLF�NLQGV�RI�REMHFWV� WKDW�H[LVW�ZLWKLQ�WKH�SK\VLFDO�ZRUOG��H�J���SURWRQV�

HOHFWURQV��PXRQV��� �$W�WKH�RWKHU�HQG�RI�WKH�VSHFWUXP��DVWURSK\VLFV��DPRQJ�RWKHU�JRDOV��VHHNV�WR

GLVFRYHU�WKH�UDQJH�RI�REMHFWV�WKDW�SRSXODWH�LWV�GRPDLQ��H�J���TXDVDUV��EODFN�KROHV��JUDYLW\�ZDYHV��

6LPLODUO\�� WKH� ELRORJLFDO� VFLHQFHV� VHHN� WR� FDWHJRUL]H� DQG� GHVFULEH� WKH� YDULRXV� NLQGV� RI� OLYLQJ

RUJDQLVPV�WKDW�SRSXODWH�WKH�SODQHW���)XUWKHU�H[DPSOHV�RI�RQWRORJLFDO�LQTXLU\�FDQ�EH�REVHUYHG�LQ

WKH�ILHOGV�RI�JHRORJ\��SV\FKRORJ\��FKHPLVWU\��VRFLROLQJXLVWLFV��DQG��LQ�JHQHUDO��DQ\�GLVFLSOLQH�WKDW

DWWHPSWV�WR�XQGHUVWDQG�WKH�QDWXUH�RI�VRPH�VHW�RI�SK\VLFDO��SV\FKRORJLFDO��RU�VRFLDO�SKHQRPHQD�

+RZHYHU��WKLV�VRUW�RI�LQTXLU\�LV�QRW�OLPLWHG�WR�WKH�QDWXUDO�DQG�VRFLDO�VFLHQFHV���$EVWUDFW�VFLHQFHV

DV�ZHOO� PDWKHPDWLFV�� LQ�SDUWLFXODU� DWWHPSW� WR�GLVFRYHU�DQG�FDWHJRUL]H�WKH�GRPDLQ�RI�DEVWUDFW
REMHFWV�VXFK�DV�SULPH�QXPEHUV��SRO\QRPLDO�DOJRULWKPV��FRPPXWDWLYH�JURXSV��WRSRORJLFDO�VSDFHV�

DQG�VR�IRUWK�

7KH� QDWXUDO� DQG� DEVWUDFW� ZRUOGV� RI� SXUH� VFLHQFH� GR� QRW� H[KDXVW� WKH� DSSOLFDEOH� GRPDLQV� RI

RQWRORJ\���7KHUH�DUH�YDVW��KXPDQ�GHVLJQHG�DQG�HQJLQHHUHG�V\VWHPV�VXFK�DV�PDQXIDFWXULQJ�SODQWV�

EXVLQHVVHV��PLOLWDU\�EDVHV�� DQG�XQLYHUVLWLHV� LQ�ZKLFK�RQWRORJLFDO� LQTXLU\� LV� MXVW� DV� UHOHYDQW� DQG

MXVW�DV�LPSRUWDQW���,Q�WKHVH�KXPDQ�FUHDWHG�V\VWHPV��RQWRORJLFDO�LQTXLU\�LV�SULPDULO\�PRWLYDWHG�E\

WKH�QHHG�WR�XQGHUVWDQG��GHVLJQ��HQJLQHHU��DQG�PDQDJH�VXFK�V\VWHPV�HIIHFWLYHO\�� �7KLV�EHLQJ� WKH
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FDVH��LW�LV�XVHIXO�WR�DGDSW�WKH�WUDGLWLRQDO�WHFKQLTXHV�RI�RQWRORJLFDO�LQTXLU\�LQ�WKH�QDWXUDO�VFLHQFHV

WR�WKHVH�GRPDLQV�DV�ZHOO�

��� 7KH�&HQWUDO�&RQFHSWV�RI�2QWRORJ\

����� .LQGV

7KH�FRQVWUXFWLRQ�RI�RQWRORJLHV�IRU�KXPDQ�HQJLQHHUHG�V\VWHPV�LV�WKH�IRFXV�RI�WKLV�UHSRUW�� �,Q�WKH

FRQWH[W�RI�VXFK�V\VWHPV�� WKH�QDWXUH�RI�RQWRORJLFDO�NQRZOHGJH�LQYROYHV�VHYHUDO�PRGLILFDWLRQV� WR

WKH�PRUH�WUDGLWLRQDO�FRQFHSWLRQ���7KH�ILUVW�RI�WKHVH�PRGLILFDWLRQV�KDV�WR�GR�ZLWK�WKH�QRWLRQ�RI�D

NLQG�� � +LVWRULFDOO\�� D� NLQG� LV� DQ� REMHFWLYH� FDWHJRU\� RI� REMHFWV� WKDW� DUH� ERXQG� WRJHWKHU� E\� D

FRPPRQ� QDWXUH�� D� VHW� RI� SURSHUWLHV� VKDUHG� E\� DOO� DQG� RQO\� WKH� PHPEHUV� RI� WKH� NLQG�� � 0RUH

H[DFWO\��RQ�WKH�WUDGLWLRQDO�QRWLRQ��IRU�HYHU\�NLQG�.� WKHUH�LV�D�VHW�1�FRQVLVWLQJ�RI�SURSHUWLHV�WKDW

DUH�LQGLYLGXDOO\�QHFHVVDU\�DQG�MRLQWO\�VXIILFLHQW�IRU�EHLQJ�D�.��WKDW�LV��[�LV�D�.�LI�DQG�RQO\�LI�[�KDV

HYHU\� SURSHUW\� LQ�1�� �0RUHRYHU�� DQG� VLJQLILFDQWO\�� WKHVH� SURSHUWLHV� DUH� WUDGLWLRQDOO\� KHOG� WR� EH

HVVHQWLDO� WR�WKHLU�EHDUHUV��WKDW�LV�WR�VD\��WKH\�DUH�SURSHUWLHV� WKDW� WKHLU�EHDUHUV�FRXOG�QRW�SRVVLEO\

ODFN���)RU�LQVWDQFH��LW�LV�UHDVRQDEOH�WR�VD\�WKDW�WKH�QDWXUH�RI�JROG�LV�WR�KDYH�WKH�SDUWLFXODU�DWRPLF

VWUXFWXUH�WKDW�LW�KDV���HYHU\WKLQJ�WKDW�KDV�WKLV�SURSHUW\�LV�JROG��DQG�QRWKLQJ�WKDW� ODFNV�LW� LV�JROG�

)XUWKHUPRUH�� LQ� FRQWUDVW� WR� QRQHVVHQWLDO�� RU� DFFLGHQWDO�� SURSHUWLHV� OLNH� VKDSH�� WKLV� SURSHUW\� LV

HVVHQWLDO�WR�HYHU\�LQVWDQFH�RI�JROG���QR�LQVWDQFH�RI�JROG�FRXOG�SRVVLEO\�ODFN�LW��RWKHUZLVH��LW�ZRXOG

QRW�EH�JROG���2Q�WKH�WUDGLWLRQDO�FRQFHSWLRQ��WKHQ��WR�GLYLGH�WKH�ZRUOG�DW�LWV�MRLQWV�YLD�DQ�RQWRORJ\

LV�VLPSO\�WR�LGHQWLI\�WKH�QDWXUH�RI�HDFK�UHOHYDQW�NLQG�LQ�D�JLYHQ�GRPDLQ�

:KLOH� WKHUH� LV� DQ� DWWHPSW� WR� GLYLGH� WKH� ZRUOG� DW� LWV� MRLQWV� LQ� WKH� FRQVWUXFWLRQ� RI� HQWHUSULVH

RQWRORJLHV��WKRVH�GLYLVLRQV�DUH�QRW�GHWHUPLQHG�E\�WKH�QDWXUHV�RI�WKLQJV�LQ�WKH�HQWHUSULVH�VR�PXFK

DV�WKH�UROHV� WKRVH�WKLQJV�DUH� WR�SOD\�LQ� WKH�HQWHUSULVH�IURP�VRPH�SHUVSHFWLYH�RU�RWKHU�� �%HFDXVH

WKRVH�UROHV�PLJKW�EH�ILOOHG�LQ�DQ\�RI�D�QXPEHU�RI�ZD\V�E\�REMHFWV�WKDW�GLIIHU�LQ�YDULRXV�ZD\V��DQG

EHFDXVH�OHJLWLPDWH�SHUVSHFWLYHV�RQ�D�GRPDLQ�FDQ�YDU\�ZLGHO\��LW�LV�WRR�UHVWULFWLYH�WR�UHTXLUH�WKDW

WKH�LQVWDQFHV�RI�HDFK�LGHQWLILDEOH�NLQG�LQ�DQ�HQWHUSULVH�VKDUH�D�FRPPRQ�QDWXUH��OHW�DORQH�WKDW�WKH

SURSHUWLHV� FRQVWLWXWLQJ� WKDW� QDWXUH� EH� HVVHQWLDO� WR� WKHLU� EHDUHUV�� � &RQVHTXHQWO\�� HQWHUSULVH

RQWRORJLHV�UHTXLUH�D�PRUH�IOH[LEOH�QRWLRQ�RI�NLQG���7RZDUG�WKLV�HQG��WKH�ILUVW�PRGLILFDWLRQ�WR�EH

PDGH� LV� WHUPLQRORJLFDO�� � 7R� DYRLG� RYHUORDGLQJ� WKH� WHUP� ©QDWXUH��� FDOO� WKH� VHW� RI� SURSHUWLHV

DVVRFLDWHG�ZLWK�PHPEHUVKLS�LQ�D�JLYHQ�HQWHUSULVH�NLQG�.�LWV�GHILQLQJ�SURSHUWLHV����1RWH���DV�ZLWK

QDWXUHV�� GHILQLQJ� SURSHUWLHV� DUH� QRW� SURSHUWLHV� H[HPSOLILHG� E\� WKH� NLQG� .� LWVHOI�� WKH\� DUH

SURSHUWLHV�H[HPSOLILHG�E\�LWV�LQVWDQFHV��WKH�.¶V��
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6HFRQG�� XQOLNH� WKH� SURSHUWLHV� WKDW� PDNH� XS� D� NLQG¶V� QDWXUH� LQ� WKH� WUDGLWLRQDO� FRQFHSWLRQ�� WKH

GHILQLQJ�SURSHUWLHV�RI� D�NLQG�QHHG�QRW�EH� HVVHQWLDO� WR� LWV� LQVWDQFHV�� �'HSHQGLQJ�RQ� WKH� NLQG� LQ

TXHVWLRQ��D�GHILQLQJ�SURSHUW\��WKLV�PD\�RU�PD\�QRW�EH�VR���0DWKHPDWLFDO�NLQGV�SURYLGH�WKH�HDVLHVW

H[DPSOHV�RI�WKH�IRUPHU���7KH�SURSHUW\�KDYLQJ�IRXU�VLGHV��IRU�H[DPSOH��FDQ�EH�WDNHQ�DV�D�GHILQLQJ

SURSHUW\�RI�WKH�NLQG�UHFWDQJOH��QRW�WKH�RQO\�RQH��REYLRXVO\���DQG�LV�DOVR�DQ�HVVHQWLDO�SURSHUW\�RI

DOO�LQVWDQFHV�RI�WKH�NLQG��QR�UHFWDQJOH�FRXOG�SRVVLEOH�IDLO�WR�KDYH�IRXU�VLGHV���2Q�WKH�RWKHU�KDQG�

EHFDXVH�RI�LWV�UROH�LQ�D�FHUWDLQ�PDQXIDFWXULQJ�FHOO��WKH�SURSHUW\�KDYLQJ�D�GLDPRQG�LQVHUW�PLJKW

EH�D�GHILQLQJ�SURSHUW\�RI�WKH�NLQG�FXWWHU�LQ�D�FHUWDLQ�HQWHUSULVH��HYHQ�WKRXJK�WKH�SDUWLFXODU�FXWWHU

FKRVHQ�WR�ILOO�WKDW�UROH�FRXOG��LI�GHVLUHG��EH�ILWWHG�ZLWK�D�FDUELGH�LQVHUW�LQVWHDG���,Q�WKLV�FDVH��WKH

GHILQLQJ�SURSHUW\�RI�WKH�NLQG�LV�DFFLGHQWDO�WR��DW�OHDVW�RQH�RI���LWV�LQVWDQFHV���$�SURSHUW\¶V�VWDWXV

DV� D� GHILQLQJ� SURSHUW\�� UHODWLYH� WR� D� JLYHQ� NLQG�� LV� WKXV� LQGHSHQGHQW� RI� LWV� EHLQJ� HVVHQWLDO� RU

DFFLGHQWDO�WR�LQVWDQFHV�RI�WKH�NLQG�

%\� WKH� VDPH� WRNHQ�� D� SURSHUW\¶V� VWDWXV� DV� HVVHQWLDO� WR� VRPH� RU� DOO� LQVWDQFHV� RI� D� NLQG� LV

LQGHSHQGHQW�RI�LWV�VWDWXV�DV�D�GHILQLQJ�SURSHUW\���7KDW�LV�WR�VD\��WKH�WZR�FODVVLILFDWLRQ�GLPHQVLRQV

RI�GHILQLQJ�DQG�HVVHQWLDO�DUH�RUWKRJRQDO���)RU�H[DPSOH��VXSSRVH�WKH�GHILQLQJ�SURSHUW\�RI�D�FLUFOH

LV�WDNHQ�WR�EH�EHLQJ�D�FORVHG�SODQDU�)LJXUH�DOO�RI�ZKRVH�SRLQWV�DUH�HTXLGLVWDQW�IURP�D�JLYHQ

SRLQW�� �7KHQ��ZKLOH�QRW�D�GHILQLQJ�SURSHUW\�RI� WKH�NLQG�FLUFOH�� WKH�SURSHUW\�KDYLQJ�QR�LQWHULRU

DQJOHV�LV�QRQHWKHOHVV�HVVHQWLDO�WR�DOO�RI�LWV�LQVWDQFHV�²�QR�FLUFOH�FRXOG�SRVVLEO\�KDYH�DQ�LQWHULRU

DQJOH���)LQDOO\��WKHUH�PD\�EH�SURSHUWLHV�RI�LQVWDQFHV�ZKLFK�DUH�QHLWKHU�GHILQLQJ�QRU�HVVHQWLDO��IRU

H[DPSOH�� WKH�QXPEHU�RI�SDJHV�RI�D�JLYHQ�UHTXLUHPHQWV�GRFXPHQW�� �7KHVH�GLIIHUHQW�SRVVLELOLWLHV

DUH�UHSUHVHQWHG�LQ�WDEXODU�IRUP�LQ�)LJXUH�����

'HILQLQJ 1RQGHILQLQJ

(VVHQWLDO .LQG� 5HFWDQJOH

3URSHUW\� KDYLQJ IRXU VLGHV

.LQG� &LUFOH

3URSHUW\� KDYLQJ QR LQWHULRU DQJOHV

$FFLGHQWDO .LQG� &XWWHU

3URSHUW\� KDYLQJ D GLDPRQG LQVHUW

.LQG� 5HT¶WV GRFXPHQW

3URSHUW\� EHLQJ �� SDJHV LQ OHQJWK

)LJXUH�������'HILQLQJ�1RQGHILQLQJ�YV��(VVHQWLDO�$FFLGHQWDO�3URSHUWLHV

                                                          

�7KLV LV \HW DQRWKHU SRVVLEOH VXEWOHW\� SURSHUWLHV HVVHQWLDO WR VRPH PHPEHUV RI D JLYHQ NLQG PD\ EH DFFLGHQWDO WR
RWKHU PHPEHUV RI WKH NLQG�



��

2QH�ILQDO�PRGLILFDWLRQ�WR�WKH�WUDGLWLRQDO�QRWLRQ�RI�D�NLQG�UHPDLQV���,QVWHDG�RI�UHTXLULQJ�WKDW�WKH

GHILQLQJ�SURSHUWLHV�RI�.�DUH�LQGLYLGXDOO\�QHFHVVDU\�DQG�MRLQWO\�VXIILFLHQW�IRU�PHPEHUVKLS�LQ�.��LW

LV� UHTXLUHG� RQO\� WKDW�� IRU� HYHU\� LQVWDQFH� [� RI� D� NLQG�.�� [� KDYH� DW� OHDVW� RQH� RI� WKH� GHILQLQJ

SURSHUWLHV� RI�.�� � 7KH� UHDVRQ� IRU� WKLV�ZHDNHU� FRQGLWLRQ� LV� WKDW� LW� RIWHQ� KDSSHQV� WKDW�� DOWKRXJK

LQVWDQFHV�PD\�EH�HDVLO\�UHFRJQL]DEOH��LW�PD\�DOVR�EH�WKDW�WKHUH�DUH�QR�FOHDU��H[FHSWLRQOHVV�FULWHULD

IRU�VRPHWKLQJ¶V�EHLQJ�DQ� LQVWDQFH�RI�D�JLYHQ�NLQG��D�GRPDLQ�H[SHUW�PLJKW� VLPSO\�©NQRZ� WKHP

ZKHQ�VKH�VHHV�WKHP�ª���,Q�VXFK�FDVHV��RQH�PXVW�UHO\�XSRQ�WKH�GRPDLQ�H[SHUW�WR�VWLSXODWH�ZKHQ�D

JLYHQ�REMHFW�LV��LQ�IDFW��DQ�LQVWDQFH�RI�WKH�NLQG�LQ�TXHVWLRQ�

,Q� D� SDUWLFXODU� FDVH�� RI� FRXUVH��ZKHQ� WKH� GHILQLQJ� SURSHUWLHV� RI� D� NLQG� ILW� WKH�PRUH� WUDGLWLRQDO

FRQFHSWLRQ�RI�D�QDWXUH��WKH�VWURQJHU�FRQGLWLRQV�DVVRFLDWHG�ZLWK�QDWXUHV�FDQ��DQG�VKRXOG��EH�DGGHG

WR�WKH�GHILQLWLRQ�RI�WKH�NLQG���7KH�SRLQW�RI�WKH�ZHDNHU�FRQGLWLRQV�LV�WR�DOORZ�VRPHWKLQJ�WR�FRXQW

DV� D� NLQG� HYHQ� ZLWKRXW� PHHWLQJ� WKH� VWURQJHU� FRQGLWLRQV� RI� WKH� WUDGLWLRQDO� FRQFHSWLRQ�� � ,W� LV

EHFDXVH� RI� WKH� ZHDNHU� FRQGLWLRQV� RQ� LQVWDQFHKRRG� LQ� RXU� FRQFHSWLRQ� WKDW� ZH� KDYH� DYRLGHG

IDPLOLDU� UHODWHG� WHUPV� OLNH� ©W\SHª� DQG� ©FODVVª� LQ� IDYRU� RI� WKH� OHVV� HQWUHQFKHG� WHUP� ©NLQG��� � ,Q

YLUWXDOO\�DOO�FRQWH[WV��W\SHV�DQG�FODVVHV�DUH�WDNHQ�WR�KDYH�XQDPELJXRXV��ZHOO�GHILQHG��QHFHVVDU\�

DQG�VXIILFLHQW�PHPEHUVKLS�FRQGLWLRQV��WKLV�LV�VR��IRU�H[DPSOH��IRU�WKH�QRWLRQ�RI�D�W\SH�LQ�3DVFDO�RU

&��WKH�QRWLRQ�RI�DQ�DEVWUDFW�GDWD�W\SH�LQ�WKH�WKHRU\�RI�SURJUDPPLQJ�ODQJXDJHV��DQG�WKH�QRWLRQ�RI

FODVV�LQ�WKH�WKHRU\�RI�VHWV���7KRXJK�HQWLUHO\�DSSURSULDWH�LQ�WKRVH�FRQWH[WV��VXFK�ULJRURXVO\�GHILQHG

PHPEHUVKLS�FRQGLWLRQV�DUH�VLPSO\� WRR� LQIOH[LEOH� WR�FDSWXUH� WKH�VXEWOHWLHV�RI�FDWHJRUL]DWLRQ�DQG

JURXSLQJ�LQ�KXPDQ�HQJLQHHUHG�V\VWHPV�

����� .LQGV�DV�'LVWLQJXLVKHG�3URSHUWLHV

:KDW� WKHQ�� H[DFWO\�� DUH� NLQGV"� � )RU� WKH� UHDVRQV� MXVW� QRWHG�� WKH\� VKRXOG� QRW� EH� LGHQWLILHG�ZLWK

W\SHV�RU�FODVVHV���(YHQ�LI�WKH\�DUH�VR�LGHQWLILHG��WKH�TXHVWLRQ�RI�ZKDW�WKH\�DUH�ZRXOG�QRW�EH�VHWWOHG

XQWLO�WKH�VDPH�TXHVWLRQ�LV�DQVZHUHG�ZLWK�UHJDUG�WR�W\SHV�DQG�FODVVHV�� �:KDW�LV�GLVWLQFWLYH�RI�DOO

WKUHH�QRWLRQV�LV�WKH�IDFW�WKDW�WKH\�DUH�ZKDW�PLJKW�EH�FDOOHG�FDWHJRULDO���&ODVVHV��W\SHV��DQG�NLQGV

DOO�LQGLFDWH�VRPH�JURXSLQJ�RI�LQGLYLGXDOV�LQWR�FDWHJRULHV���7KXV��DOO�WKUHH�DUH��W\SLFDOO\��PXOWLSO\

LQVWDQWLDEOH��GLIIHUHQW�LQGLYLGXDOV��WKDW�LV��FDQ�EH�LQVWDQFHV��RU�PHPEHUV��RI�WKH�VDPH�W\SH��FODVV�

RU� NLQG�� � )XUWKHUPRUH�� LQ� WKH� FDVH� RI� W\SHV� �LQ� JHQHUDO�� DQG� NLQGV� DW� OHDVW�� WKHVH� HQWLWLHV� DUH

                                                          

�7KH SKLORVRSKHU :LWWJHQVWHLQ LOOXVWUDWHG WKLV LGHD ZLWK WKH NLQG *DPH� 7KRXJK JDPHV FHUWDLQO\ DSSHDU WR FRQVWLWXWH

D GLVWLQFW NLQG RI DFWLYLW\� WKHUH LV QR VSHFLILF VHW RI SURSHUWLHV WKDW DUH LQGLYLGXDOO\ QHFHVVDU\ DQG MRLQWO\ VXIILFLHQW

IRU VRPHWKLQJ WR EH D JDPH� 6RPH� EXW QRW DOO� JDPHV KDYH UXOHV� VRPH LQYROYH VFRULQJ� ZKLOH RWKHUV GR QRW� VRPH

DUH FRPSHWLWLYH� VRPH KDYH D WLPH�OLPLW� DQG VR IRUWK� ,QVWHDG RI D VHW RI SURSHUWLHV WKDW GHWHUPLQH ZKHWKHU

VRPHWKLQJ LV DQ LQVWDQFH RI WKH NLQG *DPH� WKHUH LV D EURDG VHW RI SURSHUWLHV HDFK RI ZKLFK LV FKDUDFWHULVWLF RI VRPH

EXW SHUKDSV QRW DOO LQVWDQFHV RI WKH NLQG� ,Q DQ\ FDVH� WKH SURSHUWLHV SURYLGH QRWKLQJ OLNH D VHW RI QHFHVVDU\ DQG

VXIILFLHQW FRQGLWLRQV IRU EHLQJ D JDPH�
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LQWHQVLRQDO�� WKDW� LV� WR� VD\�� XQOLNH� VHWV� �DQG� SHUKDSV� FODVVHV�� GHSHQGLQJ� RQ� WKH� DFFRXQW��� WKH

LGHQWLW\�RI�D� W\SH�RU�NLQG�²�LWV�EHLQJ�ZKDW� LW� LV�²�LV�QRW�GHSHQGHQW�XSRQ� LWV�PHPEHUVKLS�� WKH

LQVWDQFHV� RI� D� W\SH� RU� NLQG�.� FDQ� FKDQJH� RYHU� WLPH� ZLWKRXW� DQ\� FKDQJH� LQ�.� LWVHOI�� � 7KH

HPSOR\HHV�RI�DQ�HQWHUSULVH�FDQ�JURZ��\HW�WKH�NLQG�HPSOR\HH�²�WKDW�LQ�YLUWXH�RI�ZKLFK�D�WKLQJ�LV

ULJKWIXOO\�FRQVLGHUHG�DQ�HPSOR\HH�²�SHUVLVWV��DQ�DJLQJ�DLUFUDIW�FDQ�EH�UHSODFHG�E\�D�QHZHU�RQH

ZLWKRXW� DQ\� HIIHFW� RQ� WKH� NLQG� DLUFUDIW�� DQG� VR� IRUWK�� � 7KHVH� WZR� FKDUDFWHULVWLFV�²�PXOWLSOH

LQVWDQWLDELOLW\� DQG� LQWHQVLRQDOLW\�²� KRZHYHU�� DUH� GLVWLQJXLVKLQJ� IHDWXUHV� RI� ZKDW� DUH� W\SLFDOO\

FDOOHG�SURSHUWLHV�� �%HFDXVH�SURSHUWLHV� DUH� DOUHDG\� D�SDUW� RI� WKH�EDVLF�PHWDSK\VLFV�RI� ,'()��� LW

ZLOO��WKHUHIRUH��EH�ERWK�LQWXLWLYH�DQG�FRQYHQLHQW�VLPSO\�WR�WDNH�NLQGV�WR�EH�SURSHUWLHV�RI�D�FHUWDLQ

GLVWLQJXLVKHG�VRUW�

����� &RQWUDVWLQJ�3URSHUWLHV�DQG�$WWULEXWHV

,W�LV�LPSRUWDQW�IRU�WKH�SXUSRVHV�RI�RQWRORJ\�WKDW�WKH�WHUPV�©SURSHUW\ª�DQG�©DWWULEXWHª�EH�FODULILHG�

$Q�DWWULEXWH�LV�EHVW�WKRXJKW�RI�DV�D�IXQFWLRQ��WKDW�LV��D�PDSSLQJ�WKDW�WDNHV�HDFK�PHPEHU�RI�D�JLYHQ

VHW�RI�LQGLYLGXDOV�WR�D�VLQJOH�VSHFLILF�YDOXH���7KXV��WKH�DWWULEXWH�FRORU�RI�PDSV�HDFK�REMHFW��LQ�D

JLYHQ�VHW��WR�LWV�FRORU��WKH�DWWULEXWH�DJH�RI�PDSV�HDFK�HPSOR\HH�WR�KLV�RU�KHU�DJH����%\�FRQWUDVW��D

SURSHUW\�LV�LQWXLWLYHO\�QRW�VXFK�D�PDSSLQJ���5DWKHU��WKH\�DUH�MXVW�FKDUDFWHULVWLFV�RI�WKLQJV��©ZD\V

WKLQJV�DUH�ª�DEVWUDFW��JHQHUDO�FKDUDFWHULVWLFV�WKDW�LQGLYLGXDOV�VKDUH�LQ�FRPPRQ�

7KLQJV�H[KLELW�FHUWDLQ�DWWULEXWH�YDOXHV���WKH�FRORU�RI�WKDW�REMHFW�LV�UHG��KHQFH��LW�KDV�WKH�SURSHUW\

RI�EHLQJ�UHG��WKH�DJH��LQ�\HDUV��RI�WKDW�HPSOR\HH�LV�����KHQFH��VKH�KDV�WKH�SURSHUW\�RI�EHLQJ���

\HDUV� ROG�� � +RZHYHU�� WKHUH� LV� QRW� DOZD\V� VXFK� D� FRUUHODWLRQ� EHWZHHQ� SURSHUWLHV� DQG� DWWULEXWH

YDOXHV�WR�EH�IRXQG���)RU�H[DPSOH��QHLWKHU�WKH�SURSHUW\�KDYLQJ�DW�OHDVW�RQH�LQWHULRU�DQJOH �QRU�WKH

SURSHUW\�KDYLQJ�D�FRORU��EHFDXVH�RI�WKHLU�LQGHILQLWHQHVV��LV�REYLRXVO\�FOHDUO\�FRUUHODWHG�ZLWK�DQ\

VRUW�RI�DWWULEXWH�YDOXH���7KH�XVHIXOQHVV�RI�ERWK�SURSHUWLHV�DQG�DWWULEXWHV�LQ�,'()��OLHV�LQ�SUHFLVHO\

WKLV�REVHUYDWLRQ���,W�LV�RIWHQ�WKH�FDVH�WKDW�WKH�GHILQLQJ�SURSHUWLHV�RI�D�NLQG�ZLOO�EH�LQGHILQLWH�ZLWK

UHJDUG� WR� DQ\� SDUWLFXODU� DWWULEXWH� YDOXH�� � )RU� H[DPSOH�� WKH� SURSHUW\� KDV�LGHQWLILDEOH�VHULDO�

QXPEHU�PLJKW�EH�D�GHILQLQJ�SURSHUW\�RI�WKH�NLQG�1&�PDFKLQH�LQ�D�JLYHQ�PDQXIDFWXULQJ�GRPDLQ�

$Q� 1&� PDFKLQH¶V� KDYLQJ� WKLV� SURSHUW\�� KRZHYHU�� VD\V� QRWKLQJ� DERXW� ZKDW� LWV� DFWXDO� VHULDO

QXPEHU� LV�� �$�PRGHOHU�FDQ�� WKHUHIRUH�� LQGLFDWH� WKDW� WKLV� LV� LQIRUPDWLRQ� WKDW� LV� WR�EH�NHSW� DERXW

LQVWDQFHV� RI� WKH� NLQG� E\� LQFOXGLQJ� WKH� FRUUHVSRQGLQJ� DWWULEXWH� VHULDO�QXPEHU�RI� DPRQJ� WKH

DWWULEXWHV�DVVRFLDWHG�ZLWK�WKH�NLQG�LQ�TXHVWLRQ�

3UDFWLFH� KDV� FRQILUPHG� WKDW� LQ� WKH� FRXUVH� RI� EXLOGLQJ� DQ� RQWRORJ\� LW� PD\� LQLWLDOO\� EH� XQFOHDU

ZKHWKHU�DQ�LGHQWLILHG�QRWLRQ�LV�EHVW�WKRXJKW�RI�DV�D�SURSHUW\�RU�DV�DQ�DWWULEXWH���&RQVHTXHQWO\��LQ



��

WKH�,'()��PHWKRGRORJ\�� WKH� WHUP�©FKDUDFWHULVWLFª� LV�XVHG�DV�D�QHXWUDO� WHUP�HQFRPSDVVLQJ�ERWK

SURSHUWLHV�DQG�DWWULEXWHV��6HH�6HFWLRQ����

����� 5HODWLRQV

6R�IDU��RQO\�SURSHUWLHV�DQG�DWWULEXWHV�RI�LQGLYLGXDOV�KDYH�EHHQ�FRQVLGHUHG���%XW��RI�FRXUVH��WKHUH

DUH�RWKHU�VRUWV�RI�JHQHUDO�IHDWXUHV�WKDW�LQGLYLGXDOV�H[KLELW��DOEHLW�MRLQWO\�UDWKHU�WKDQ�LQGLYLGXDOO\�

QDPHO\��FRQQHFWLRQV��RU�DVVRFLDWLRQV��RU�DV�WKH\�VKDOO�EH�UHIHUUHG�WR�KHUH��UHODWLRQV���7KH�UHODWLRQ

ZRUNV�LQ��IRU�LQVWDQFH��LV�D�JHQHUDO�IHDWXUH�WKDW�KROGV�EHWZHHQ�DQ�LQGLYLGXDO�DQG�WKH�GHSDUWPHQW

LQ�ZKLFK�KH�RU�VKH�ZRUNV���/LNH�D�SURSHUW\��WKHQ��LW�LV�ERWK�PXOWLSO\�LQVWDQWLDEOH�²�GLIIHUHQW�SDLUV

RI� WKLQJV� FDQ� VWDQG� LQ� WKH� VDPH� UHODWLRQ�²� DQG� LQWHQVLRQDO�²� D� UHODWLRQ¶V� LGHQWLW\� GRHV� QRW

FRQVLVW�LQ�LWV�LQVWDQFHV�

7KH�UHODWLRQV�LQ�DQ�RQWRORJ\�DUH�W\SLFDOO\�ELQDU\��WKDW�LV�WR�VD\��WKH\�KROG�EHWZHHQ�WZR�HQWLWLHV��DV

ZLWK� WKH� UHODWLRQ�ZRUNV�LQ�� �+RZHYHU�� WKHUH� LV� QR� WKHRUHWLFDO� ERXQG�RQ� WKH�©DULW\ª� �QXPEHU�RI

DUJXPHQWV��RI�D�UHODWLRQ��WKH�UHODWLRQ�EHWZHHQ��IRU�LQVWDQFH��KROGV�EHWZHHQ�WKUHH�REMHFWV�� �0RUH

DUWLILFLDO� EXW� QRQHWKHOHVV� XVHIXO� UHODWLRQV� FDQ� HDVLO\� EH� GHILQHG� ZLWK� IRXU� RU� PRUH� DUJXPHQWV�

,'()�� WKXV� SODFHV� QR� UHVWULFWLRQ� RQ� WKH� DULW\� RI� WKH� UHODWLRQV� WKDW� FDQ� EH� LQWURGXFHG� LQWR� DQ

RQWRORJ\�

����� 6HFRQG�RUGHU�3URSHUWLHV�DQG�5HODWLRQV

,QWXLWLYHO\��SURSHUWLHV�DQG�LQGLYLGXDOV�DUH�RI�GLIIHUHQW� ORJLFDO� W\SHV�� �3URSHUWLHV�DUH� WKH�DEVWUDFW�

JHQHUDO� IHDWXUHV� WKDW�DUH�VKDUHG�E\�GLVWLQFW� LQGLYLGXDOV�� WKH�UHVSHFWV� LQ�YLUWXH�RI�ZKLFK�GLVWLQFW

LQGLYLGXDOV�DUH�WKH�VDPH���6LPLODUO\��UHODWLRQV�DUH�WKH�JHQHUDO�DVVRFLDWLRQV�ZKLFK�FDQ�EH�VKDUHG�E\

GLVWLQFW� SDLUV� �WULSOHV�� HWF��� RI� LQGLYLGXDOV�� � 7KXV�� SURSHUWLHV� DQG� UHODWLRQV� DUH� LGHQWLILHG� E\

DEVWUDFWLQJ�DZD\�IURP�WKH�SDUWLFXODU�IHDWXUHV�RI�LQGLYLGXDOV�DQG��KHQFH��DUH�RIWHQ�FKDUDFWHUL]HG�DV

EHLQJ�RI�D�KLJKHU� �L�H��� URXJKO\��PRUH�DEVWUDFW�� ORJLFDO� W\SH� WKDQ� WKH� LQGLYLGXDOV� WKDW�H[HPSOLI\

WKHP�� � ,QGLYLGXDOV� DUH� WKXV� IUHTXHQWO\� UHIHUUHG� WR� DV� ILUVW�RUGHU� REMHFWV�� DQG� SURSHUWLHV� DQG

UHODWLRQV�RI�ILUVW�RUGHU�REMHFWV�DV�ILUVW�RUGHU�SURSHUWLHV�DQG�UHODWLRQV�� �+RZHYHU��SURSHUWLHV�DQG

UHODWLRQV� WKDW�KROG� DPRQJ� LQGLYLGXDOV� DUH� LGHQWLILDEOH� �DOEHLW� DEVWUDFW�� REMHFWV� WKHPVHOYHV�� �%XW

EHFDXVH�WKH\�DUH�RQH�OHYHO�RI�DEVWUDFWLRQ�DERYH�RUGLQDU\�ILUVW�RUGHU�REMHFWV��WKH\�DUH�VDLG�WR�EH�RI

D� KLJKHU� ORJLFDO� W\SH� DQG�� KHQFH�� FODVVLILHG� DV� VHFRQG�RUGHU� REMHFWV�� � $V� REMHFWV�� ILUVW�RUGHU

SURSHUWLHV�DQG�UHODWLRQV�FDQ�WKHPVHOYHV�KDYH�SURSHUWLHV�WKDW�DSSO\�WR�WKHP��EXW�QRW�WR�LQGLYLGXDOV�

IRU�H[DPSOH��WKH�SURSHUW\�KDYLQJ�DW�OHDVW�RQH�LQVWDQFH���6XFK�SURSHUWLHV�DUH�W\SLFDOO\�NQRZQ�DV

VHFRQG�RUGHU�SURSHUWLHV��EHFDXVH�WKH\�DSSO\�WR�VHFRQG�RUGHU�REMHFWV���)XUWKHUPRUH��VHFRQG�RUGHU

REMHFWV� FDQ� VWDQG� LQ� UHODWLRQV� ZLWK� RQH� DQRWKHU�� � 7KH� UHODWLRQ� KDV�PRUH�LQVWDQFHV�WKDQ�� IRU
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H[DPSOH�� LV�D� UHODWLRQ� WKDW�KROGV�EHWZHHQ� WZR�NLQGV�� �$JDLQ�� WKH� VXENLQG� UHODWLRQ� LV�D� UHODWLRQ

WKDW�KROGV�EHWZHHQ�D�JLYHQ�NLQG�DQG�D�PRUH�JHQHUDO�NLQG�WKDW�VXEVXPHV�LW��IRU�H[DPSOH��WKH�NLQGV

KXPDQ� DQG�PDPPDO�� RU�1&�PDFKLQH� DQG�PDFKLQH�� � 6RPH� VHFRQG�RUGHU� UHODWLRQV�� KRZHYHU�

LQFOXGH� LQGLYLGXDOV� DPRQJ� WKHLU� DUJXPHQWV�� � 7KH� LQVWDQFH�RI� UHODWLRQ�� IRU� H[DPSOH�� KROGV

EHWZHHQ�DQ� LQGLYLGXDO�D� DQG� D�NLQG�.� MXVW� LQ� FDVH�D� LV� DQ� LQVWDQFH� RI�.�� � 6XFK� ©PL[HG�W\SHª

UHODWLRQV� WKDW� KROG� EHWZHHQ� REMHFWV� RI� GLIIHUHQW� ORJLFDO� W\SHV� DUH� QRQHWKHOHVV� VHFRQG�RUGHU�� �$

VHFRQG�RUGHU�UHODWLRQ��WKHUHIRUH��LV�D�UHODWLRQ�WKDW�DOZD\V�LQFOXGHV�DW�OHDVW�RQH�ILUVW�RUGHU�SURSHUW\

RU�UHODWLRQ�DPRQJ�LWV�DUJXPHQWV�

$V�ZLWK�SURSHUWLHV�DQG�UHODWLRQV�KROGLQJ�RI�LQGLYLGXDOV��,'()��SHUPLWV�UHIHUHQFH�WR�DQ\�KLJKHU�

RUGHU� SURSHUW\� RU� UHODWLRQ�� � 7KH� VXENLQG�RI� UHODWLRQ� DQG� WKH� LQVWDQFH�RI� UHODWLRQ�� KRZHYHU�

EHFDXVH� RI� WKHLU� SURPLQHQFH� DQG� LPSRUWDQFH�� DUH� LQFOXGHG� H[SOLFLWO\� LQ� WKH� ,'()�� ODQJXDJH�

1RWH�WKDW�ERWK�RI�WKH�GLVWLQJXLVKHG�VHFRQG�RUGHU�UHODWLRQV�²�VXENLQG�RI�DQG�LQVWDQFH�RI�²�DUH

RIWHQ� DPELJXRXVO\� H[SUHVVHG� E\� WKH� H[SUHVVLRQ� ©LV�Dª� LQ� VHPDQWLF� QHWV� DQG� RWKHU� JUDSKLFDO

ODQJXDJHV�� � 7R� DYRLG� WKH� SRVVLEOH� FRQIXVLRQV� WKLV� SUDFWLFH�PLJKW� HQJHQGHU�� WKH\� DUH� H[SOLFLWO\

GLVWLQJXLVKHG�LQ�,'()���DQG�WKH�H[SUHVVLRQ�©LV�Dª�LV�QRW�XVHG�LQ�WKH�,'()��ODQJXDJH�

������� 0RUH�RQ�WKH�6XENLQG�5HODWLRQ

7KH�VXENLQG�UHODWLRQ�KDV�DQ�LPSRUWDQW�FRQVHTXHQFH�IRU�LQGLYLGXDOV���LI�.�LV�D�VXENLQG�RI�.���WKHQ

HYHU\�LQVWDQFH�RI�.�LV�DQ�LQVWDQFH�RI�.��� �,W�VKRXOG�EH�QRWHG�WKDW�WKH�FRQYHUVH�GRHV�QRW�KROG�LQ

JHQHUDO�� �LI�HYHU\�LQVWDQFH�RI�D�NLQG�.� LV�DQ�LQVWDQFH�RI�DQRWKHU�.��� WKHQ�LW�GRHV�QRW� LQ�JHQHUDO

IROORZ�WKDW�.�LV�D�VXENLQG�RI�.����7KH�UHDVRQ�IRU�WKLV�LV�WKDW�WKH�VXENLQG�UHODWLRQ�LV�QHFHVVDU\���LW

LV� QRW� HQRXJK� WKDW�� DV� D�PDWWHU� RI� IDFW�� HYHU\�.� LV� D�.��� LW�PXVW� DOVR� EH� LPSRVVLEOH� �LQ� VRPH

DSSURSULDWH�VHQVH�� IRU�D�.� WR� IDLO� WR�EH�D�.��� �)RU� LQVWDQFH�� HYHU\�8�6��SUHVLGHQW� LV� D�KXPDQ�

PDOH�� �%XW� WKLV� LV� REYLRXVO\� D� FRQWLQJHQW� UHODWLRQVKLS�� WKHUH� LV� QRWKLQJ�QHFHVVDU\� DERXW� LW�� DQG

LQGHHG�TXLWH�OLNHO\�LQ�WKH�IXWXUH�WKHUH�ZLOO�EH�D�ZRPDQ�SUHVLGHQW���%\�FRQWUDVW��LQ�WKH�FXUUHQW�8�6�

JRYHUQPHQW�RQWRORJ\��KROGLQJ�IL[HG�FHUWDLQ�EDVLF�ODZV�DERXW�WKH�SUHVLGHQF\���8�6��SUHVLGHQW�LV�D

VXENLQG�RI�$PHULFDQ�FLWL]HQ���7KH�SUHYLRXV�H[DPSOHV�DUH�PRUH�REYLRXV�VWLOO��FOHDUO\��QR�KXPDQ

EHLQJ��DV�WKH�QRWLRQ�LV�FXUUHQWO\�XQGHUVWRRG��FRXOG�IDLO�WR�EH�D�PDPPDO��MXVW�DV�QR�1&�PDFKLQH

FRXOG�IDLO�WR�EH�D�PDFKLQH�

,W�VKRXOG�EH�QRWHG�DOVR�WKDW�WKH�VXENLQG�UHODWLRQ�HQFRPSDVVHV�VHYHUDO�ZLGHO\�XVHG�QRWLRQV���7KH

QRWLRQ�RI�NLQG�VXEVXPHV�WKRVH�RI�W\SH�DQG�FODVV���$�FRUROODU\�WR�WKLV�LV�WKDW�WKH�QRWLRQ�RI�VXENLQG

VXEVXPHV� WKRVH� RI� VXEW\SH� DQG� VXEFODVV�� �0RUH� H[DFWO\�� W\SHV� DQG� FODVVHV� DUH� MXVW� NLQGV�ZLWK

GHILQLWH� QHFHVVDU\� DQG� VXIILFLHQW�PHPEHUVKLS� FRQGLWLRQV�� �$� VXEW\SH�7� RI� D� W\SH�7�� LV� D� W\SH

ZKRVH�PHPEHUVKLS�FRQGLWLRQV�HQWDLO�WKRVH�RI�7����7KH�VDPH�KROGV�IRU�FODVVHV���,Q�VXFK�FDVHV��LW�LV
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DOVR�VDLG�WKDW�7� LV�D�VXENLQG�RI�7���DQG�VXFK�RFFXUUHQFHV�RI� WKH�VXENLQG�UHODWLRQ�DUH�NQRZQ�DV

GHVFULSWLRQ�VXEVXPSWLRQ��EHFDXVH�WKH�PHPEHUVKLS�FRQGLWLRQV�RI�7���WKH�GHVFULSWLRQ�RI�ZKDW�LW�LV

WR�EH�D�PHPEHU�RI�7���VXEVXPH�WKRVH�RI�7�

%\� FRQWUDVW�� LQ� WKRVH� FDVHV� ZKHUH� D� NLQG� GRHV� QRW� KDYH� ULJRURXVO\� VSHFLILHG� QHFHVVDU\� DQG

VXIILFLHQW�PHPEHUVKLS� FRQGLWLRQV�� WKH� VXENLQG� UHODWLRQ�� LQ� JHQHUDO�� FDQ� RQO\� EH� VWLSXODWHG�� QRW

LQIHUUHG���7KDW�LV��LQ�FDVHV�ZKHUH�LW�LV�RQO\�SRVVLEOH�WR�GHFODUH�WKDW�D�JLYHQ�LQGLYLGXDO�LV�D�PHPEHU

RI�D�FHUWDLQ�NLQG�.��WKH�LQIRUPDWLRQ�DVVRFLDWHG�ZLWK�.��LQ�JHQHUDO��ZLOO�QRW�SURYLGH�D�PHDQV�IRU

GHWHUPLQLQJ� ZKHWKHU� DQRWKHU� NLQG� .�� LV� D� VXENLQG� RI� .�� � 7KH� UHDVRQ� IRU� WKLV� LV� WKDW�� LI

PHPEHUVKLS� LV� QRW� QHDWO\� GHWHUPLQHG� IRU� D� JLYHQ� NLQG� .�� WKHUH� ZLOO� EH� QR� JXDUDQWHH� WKDW

PHPEHUVKLS�LQ�DQRWKHU�NLQG�.���LQ�SDUWLFXODU��ZLOO�EH�VXIILFLHQW�IRU�PHPEHUVKLS�LQ�.��WKRXJK�LW

PLJKW�EH�LQ�VSHFLILF�FDVHV��

7KH� QRWLRQ� RI� VXENLQG� DOVR� HQFRPSDVVHV� WKH� QRWLRQ� RI� JHQHUDOL]DWLRQ�VSHFLDOL]DWLRQ�� WKDW� LV�

RFFXUUHQFHV�RI�WKH�VXENLQG�UHODWLRQ�LQ�ZKLFK�WKH�VXENLQG�LV�QDWXUDOO\�WKRXJKW�RI�DV�D�VSHFLDO�FDVH

RI�D�PRUH�JHQHUDO�FRQFHSW���)RU�LQVWDQFH��WKH�NLQG�KH[�KHDGHG�EROW�LV�QDWXUDOO\�FKDUDFWHUL]HG�DV�D

VSHFLDOL]DWLRQ�RI�WKH�FRQFHSW�IDVWHQHU�

����� 7ZR�:D\V�WR�,QWURGXFH�.LQGV�LQWR�DQ�2QWRORJ\

.LQGV� DUH� LQWURGXFHG� LQWR� DQ� RQWRORJ\� HLWKHU� E\� GHILQLWLRQ� RU� VWLSXODWLRQ�� � 7KH� IRUPHU� FDVH� LV

DSSOLFDEOH�ZKHQ�LW�LV�SRVVLEOH�WR�SURYLGH�QHFHVVDU\�DQG�VXIILFLHQW�FRQGLWLRQV�IRU�D�WKLQJ¶V�EHLQJ

DQ�LQVWDQFH�RI�D�NLQG�.�LQ�WHUPV�RI�REMHFWV��SURSHUWLHV��DQG�UHODWLRQV�DOUHDG\�DVVXPHG�WR�H[LVW�LQ

WKH�GRPDLQ�DW�KDQG���,Q�WKH�FDVH�RI�GHILQLWLRQ��WKHQ��WKH�ZKROH�RI�.¶V� ORJLFDO�QDWXUH� LV�JLYHQ�LQ

WHUPV�RI�DQWHFHGHQWO\�JLYHQ�HOHPHQWV�RI�WKH�RQWRORJ\���,Q�WKH�ODWWHU�FDVH��.�LV�SRVWXODWHG�WR�H[LVW�

EXW�RQO\�D�SDUWLDO�GHILQLWLRQ�RI�LWV�QDWXUH�LV�SURYLGHG���7R�LOOXVWUDWH��WKH�NLQG�SULPH�QXPEHU�FDQ

EH�WRWDOO\�GHILQHG�LQ� WHUPV�RI� WKH�NLQG�QXPEHU�� WKH�QXPEHU�RQH��DQG� WKH� UHODWLRQ�GLYLVLEOH�E\�

%\�FRQWUDVW��D�NLQG�OLNH�ERRN�LQ�D�OLEUDU\�RQWRORJ\�FDQQRW�EH�GHILQHG�FRPSOHWHO\�LQ�WHUPV�RI�RWKHU

NLQGV��SURSHUWLHV��DQG�UHODWLRQV�LQ�WKH�GRPDLQ��LW�LV�QRW��IRU�LQVWDQFH��MXVW�WKH�FROOHFWLRQ�RI�SDJHV�

+RZHYHU��LW�FDQ��OHW�XV�VXSSRVH��EH�SDUWLDOO\�GHILQHG��RU�D[LRPDWL]HG��LQ�WHUPV�RI�RWKHU�NLQGV�LQ

WKH�GRPDLQ��IRU�LQVWDQFH��WKH�NLQGV�DXWKRU�DQG�SXEOLVKHU���3URSHUWLHV�DQG�UHODWLRQV�LQ�JHQHUDO�FDQ

EH�LQWURGXFHG�LQWR�DQ�RQWRORJ\�E\�GHILQLWLRQ�RU�VWLSXODWLRQ�DV�ZHOO�

����� 3DUWV��:KROHV��DQG�&RPSOH[�.LQGV

7KH� H[DPSOHV� DERYH�PLJKW� VXJJHVW� WKDW� LQGLYLGXDOV� DUH� FRQVLGHUHG� ORJLFDOO\� VLPSOH� LQ� ,'()��

+RZHYHU��LW�LV�FOHDU�WKDW�LQGLYLGXDOV�RI�PRVW�NLQGV��SHRSOH��1&�PDFKLQHV��HWF���FDQ�WKHPVHOYHV�EH
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YLHZHG� DV� FRPSOH[� REMHFWV� FRPSULVLQJ� PDQ\� RWKHU� REMHFWV� RI� YDULRXV� NLQGV�� � � ,Q� JHQHUDO�

LQGLYLGXDOV� DUH� FRQVLGHUHG� VLPSOH� RQO\� LQVRIDU� DV� WKHLU� FRPSRVLWH� QDWXUH� LV� LUUHOHYDQW� WR� WKH

SDUWLFXODU� SHUVSHFWLYH� IURP� ZKLFK� WKH\� DUH� EHLQJ� YLHZHG�� � %\� WKH� VDPH� WRNHQ�� IURP� VRPH

SHUVSHFWLYHV��WKH�FRPSRVLWH�QDWXUH�RI�D�FHUWDLQ�NLQG�RI�REMHFW�PD\�EH�KLJKO\�UHOHYDQW��RQH�PLJKW�

IRU�H[DPSOH��ZLVK�WR�GRFXPHQW�QRW�RQO\� WKH�H[LVWHQFH�RI� WKH�NLQG�HQJLQH�EXW�DOVR� WKH� IDFW� WKDW

WKLV�NLQG�RI�REMHFW�LQFOXGHV�REMHFWV�RI�RWKHU�NLQGV��H�J���GLVWULEXWRUV��SLVWRQV��VSDUNSOXJV��DV�SDUWV�

2QH�PLJKW�WKHQ�ZDQW�WR�GRFXPHQW�WKH�GHFRPSRVLWLRQ�RI�WKRVH�REMHFWV�DV�ZHOO���,'()���WKHUHIRUH�

LQFOXGHV�DPRQJ�LWV�SULPLWLYHV�D�EDVLF�SDUW�RI� UHODWLRQ�WKDW�KROGV�EHWZHHQ�DQ�LQGLYLGXDO�DQG�WKH

PRUH�FRPSOH[�REMHFWV�RI�ZKLFK�LW�LV�D�SDUW���,W�WKXV�KROGV�EHWZHHQ��VD\��D�JLYHQ�VSDUN�SOXJ�DQG�WKH

HQJLQH�LQ�ZKLFK�LW�KDV�EHHQ�LQVWDOOHG���:KHQ�WKH�PHPEHUV�RI�D�NLQG�DUH�YLHZHG�DV�KDYLQJ�SDUWV�LQ

D�JLYHQ�RQWRORJ\��WKH�NLQG�LV�NQRZQ�DV�D�FRPSOH[�NLQG�

7KH�SDUW�RI�UHODWLRQ�LV�FKDUDFWHUL]HG�LQ�,'()��VLPSO\�DV�D�ZHDN�SDUWLDO�RUGHULQJ�RQ�WKH�GRPDLQ

RI� LQGLYLGXDOV�� � 7KDW� LV� WR� VD\�� LW� LV� HQWLUHO\� FKDUDFWHUL]HG� IRUPDOO\� E\� WKH� WZR� �KLJKHU�RUGHU�

SURSHUWLHV�RI�UHIOH[LYLW\��HYHU\�REMHFW�LV�D�SDUW�RI�LWVHOI��DQG�WUDQVLWLYLW\��HYHU\�SDUW�RI�D�SDUW�RI�DQ

REMHFW�D�LV�D�SDUW�RI�D����7KXV��IRU�LQVWDQFH��D�VSDUN�SOXJ�WKDW�LV�D�SDUW�RI�D�FDU¶V�HQJLQH�LV�DOVR�D

SDUW�RI�WKH�FDU���,W�VKRXOG�EH�QRWHG��WKRXJK��WKDW�,'()��GRHV�QRW�DVVXPH�WKH�IXOO�WKHRU\�RI�SDUWV

DQG�ZKROHV�� LQ�SDUWLFXODU�� LW� LV� QRW� DVVXPHG� WKDW� WKH�GRPDLQ�RI� LQGLYLGXDOV� LV� FORVHG� XQGHU� WKH

IRUPDWLRQ�RI�FRPSOH[�REMHFWV���)RU�H[DPSOH��LW�LV�QRW�DVVXPHG�WKDW��IRU�HYHU\�WZR�LQGLYLGXDOV�D

DQG�E�� WKHUH�LV�D�WKLUG�LQGLYLGXDO�WKDW�LV�WKH�©VXPª�RI�D�DQG�E��WKRXJK��RI�FRXUVH��RQH�LV�IUHH�WR

SRVWXODWH�VXFK�D�SULQFLSOH�DV�SDUW�RI�WKH�RQWRORJ\�RI�D�JLYHQ�GRPDLQ��

����� 3URFHVVHV��6WDWHV��DQG�3URFHVV�.LQGV

$Q�DGHTXDWH�FKDUDFWHUL]DWLRQ�RI�WKH�NLQGV�WKDW�LQKDELW�D�JLYHQ�GRPDLQ�RIWHQ�FDQQRW�EH�GLYRUFHG

IURP�WKH�SURFHVVHV�LQ�ZKLFK�WKHLU�LQVWDQFHV�DUH�LQYROYHG���7\SLFDOO\��SURFHVVHV�LQYROYH�WZR�VRUWV

RI�FKDQJH���FKDQJH�LQ�NLQG��DQG�FKDQJH�LQ�VWDWH���,Q�DQ�LQFLQHUDWLRQ�SURFHVV��IRU�H[DPSOH��WKHUH�LV

D� WUDQVIRUPDWLRQ� RI� VRPH� TXDQWLW\� RI� ZRRG� LQWR� DVKHV� DQG� JDV�� WKH� ZRRG� LV� GHVWUR\HG� DQG

TXDQWLWLHV�RI�DVK�DQG�JDV�UHVXOW���%\�FRQWUDVW��D�SURFHVV�LQ�ZKLFK�LFH�LV�PHOWHG�VLPSO\�LQYROYHV�D

FKDQJH� LQ� VWDWH� RI� D� JLYHQ� TXDQWLW\� RI� ZDWHU� IURP� IUR]HQ� WR� OLTXLG�� WKH� ZDWHU� LWVHOI� LV� QRW

GHVWUR\HG�� EXW� RQO\� DOWHUHG� LQ� D�QRQHVVHQWLDO�ZD\�� �7KLV� LV� LQ� IDFW�ZKDW� JHQHUDOO\� GLVWLQJXLVKHV

VWDWHV�IURP�NLQGV���XQOLNH�NLQGV��VWDWHV�DUH�XVXDOO\�FRQWLQJHQW�JURXSLQJV�ZLWKLQ�D�GRPDLQ���7KDW

LV��WKH�GLVWLQJXLVKLQJ�IHDWXUH�RI�D�VWDWH�LV�XVXDOO\�D�FKDQJHDEOH��DFFLGHQWDO�IHDWXUH�RI�D�WKLQJ��IRU

H[DPSOH��D�TXDQWLW\�RI�ZDWHU¶V�EHLQJ�IUR]HQ��RU�D�FDU�ERG\�EHLQJ�SDLQWHG�� �%RWK�VRUWV�RI�FKDQJH

DUH�DFFRPRGDWHG�LQ�,'()��
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/LNH� LQGLYLGXDO� REMHFWV�� SURFHVVHV�� WRR�� FOXVWHU� QDWXUDOO\� LQWR� JHQHUDO� FDWHJRULHV�� � )RU� LQVWDQFH�

WHPSRUDOO\� GLVWLQFW� HYHQWV� LQ� ZKLFK� D� PDQXIDFWXULQJ� SURFHVV� SODQ� LV� JHQHUDWHG� IURP� D� JLYHQ

GHVLJQ�DUH�DOO�LQVWDQFHV�RI�WKH�JHQHUDO�SURFHVV�RI�PDQXIDFWXULQJ�SURFHVV�SODQQLQJ���7KXV��JHQHUDO

SURFHVVHV��OLNH�WKH�NLQGV�GLVFXVVHG�LQ�WKH�SUHYLRXV�SDUDJUDSK��DUH�PXOWLSO\�LQVWDQWLDEOH��GLVWLQFW�

LQGLYLGXDO�HYHQWV�FDQ�EH� LQVWDQFHV�RI� WKH� VDPH�JHQHUDO�SURFHVV�� �)XUWKHUPRUH�� WKH� LGHQWLW\�RI�D

JHQHUDO�SURFHVV�LV�LQGHSHQGHQW�RI�LWV�LQVWDQFHV��LW�UHPDLQV�WKH�VDPH�UHJDUGOHVV�RI�ZKHWKHU�RU�KRZ

LW� LV� LQVWDQWLDWHG�� �+HQFH�� DOVR� OLNH� NLQGV�� D� JHQHUDO� SURFHVV� LV� LQWHQVLRQDO�� � 7KHUHIRUH�� JHQHUDO

SURFHVVHV�FDQ�EH�WKRXJKW�RI�DV�NLQGV�QR�OHVV�WKDQ�REMHFW�NLQGV���8QOLNH�WKH�LQVWDQFHV�RI�LQGLYLGXDO

NLQGV��KRZHYHU��SURFHVVHV�DUH�WKLQJV�WKDW�KDSSHQ���7KXV��QRW�RQO\�GR�WKH\�©FRQWDLQª�RWKHU�REMHFWV

DV�SDUWV��OLNH�WKH�LQVWDQFHV�RI�FRPSOH[�NLQGV��WKH\�RFFXU�RYHU�DQ�LQWHUYDO�RI�WLPH��DQG�WKLQJV�DUH

WUXH�RI�WKH�REMHFWV�LQ�WKH�SURFHVV�RYHU�DW�OHDVW�VRPH�SDUWV�RI�WKDW�LQWHUYDO���,W�LV�WKLV�IDFW�WKDW�RIWHQ

PDNHV�LW�UHOHYDQW�WR�UHIHU�WR�UHOHYDQW�SURFHVVHV�LQ�WKH�FKDUDFWHUL]DWLRQ�RI�D�JLYHQ�NLQG�

%HFDXVH�RI�WKH�LPSRUWDQFH�SURFHVV�NLQGV�FDQ�KDYH�LQ�WKH�GHILQLWLRQ�RI�D�GRPDLQ�RQWRORJ\��,'()�

SHUPLWV�RQH�WR�UHIHU�WR�WKHP�QR�OHVV�WKDQ�REMHFW�NLQGV���+RZHYHU��WKHUH�DUH�WZR�GLVWLQFW�FRQWH[WV

LQ�ZKLFK� VXFK� UHIHUHQFH� FDQ� RFFXU�� DQG� WKH� LQIRUPDWLRQ� WKDW� LV� NHSW� DERXW� D� SURFHVV� NLQG�ZLOO

GLIIHU� GHSHQGLQJ� RQ� WKH� FRQWH[W�� � ,I� D� SURFHVV� NLQG� 3� LV� UHIHUUHG� WR� LQ� WKH� GHVFULSWLRQ� RI� D

WUDQVIRUPDWLRQ�RU�WUDQVLWLRQ�LQYROYLQJ�WZR�NLQGV�RI�REMHFWV��WKHQ�WKH�©LQWHUQDOª�FKDUDFWHU�RI�3�LV

GHVFULEHG� LQ� DFFRUGDQFH� ZLWK� WKH� ,'()�� SURFHVV� GHVFULSWLRQ� FDSWXUH� PHWKRG�� � 7KDW� LV�� 3� LV

GHVFULEHG�LQ�WHUPV�RI�WKH�REMHFW�NLQGV�LW�LQYROYHV��WKHLU�SURSHUWLHV��DQG�WKH�UHOHYDQW�UHODWLRQV�WKDW

KROG�EHWZHHQ�LQVWDQFHV�RI�WKRVH�NLQGV�ZKHQ�WKH�SURFHVV�LQ�TXHVWLRQ�LV�LQVWDQWLDWHG���,Q�SDUWLFXODU�

LQ�VXFK�FRQWH[WV��WKH�XVXDO�VRUW�RI�LQIRUPDWLRQ�NHSW�DERXW�DQ�REMHFW�NLQG�²�LWV�GHILQLQJ�SURSHUWLHV

DQG�VR�IRUWK�²�LV�QRW�NHSW�DERXW�WKH�SURFHVV�NLQG�

2Q�WKH�RWKHU�KDQG��LW�PD\�EH�LPSRUWDQW�IRU�XQGHUVWDQGLQJ�D�GRPDLQ�QRW�RQO\�WR�NQRZ�KRZ�REMHFWV

DUH�LQYROYHG�LQ�WKH�LQWHUQDO�VWUXFWXUH�RI�D�SURFHVV��EXW�DOVR�²�DV�ZLWK�REMHFW�NLQGV�JHQHUDOO\�²

KRZ�RQH�NLQG�RI�SURFHVV�UHODWHV�ORJLFDOO\�WR�DQRWKHU�NLQG�RI�SURFHVV��LQGHSHQGHQW��LQ�JHQHUDO��RI

WKH�GHWDLOV�RI�LWV�LQWHUQDO�VWUXFWXUH���)RU�LQVWDQFH��PDQXIDFWXULQJ�SURFHVV�SODQQLQJ�LV�D�VXENLQG

RI�SODQQLQJ���,Q�WKHVH�FDVHV��SURFHVV�NLQGV�DUH�FKDUDFWHUL]HG�H[DFWO\�OLNH�REMHFW�NLQGV���GHILQLQJ

SURSHUWLHV� DUH� LGHQWLILHG�� DQG� VR� RQ�� � 7ZR� GLVWLQFW� FRQVWUXFWV� ZLOO� EH� SURYLGHG� LQ� WKH� ,'()�

JUDSKLFDO�ODQJXDJH�FRUUHVSRQGLQJ�WR�WKHVH�WZR�SRVVLEOH�FKDUDFWHUL]DWLRQV�RI�SURFHVV�NLQGV�

��� /HYHOV�RI�2QWRORJLHV

5RXJKO\�VSHDNLQJ��HQWHUSULVH�RQWRORJLHV�FDQ�EH�FDWHJRUL]HG�LQ�WHUPV�RI�WKUHH�OHYHOV�RI�JHQHUDOLW\�

DV� VKRZQ� LQ� )LJXUH� ����� � 7KHVH� OHYHOV� DUH� XVHIXO�ZKHQ� VFRSLQJ� DQ� RQWRORJ\�EXLOGLQJ� HIIRUW� DV

GLVFXVVHG� LQ� 6HFWLRQ� ��� � $W� WKH� KLJKHVW� OHYHO� RI� JHQHUDOLW\� DUH� GRPDLQ� RQWRORJLHV�� � $� GRPDLQ
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RQWRORJ\� FODVVLILHV� WKH� PRVW� JHQHUDO� LQIRUPDWLRQ� WKDW� FKDUDFWHUL]HV� DQ� HQWLUH� GRPDLQ�� � )RU

H[DPSOH�� D� GRPDLQ� RQWRORJ\� IRU� VHPLFRQGXFWRU� PDQXIDFWXULQJ� ZRXOG� LQFOXGH� JHQHUDO

LQIRUPDWLRQ�DERXW�SURGXFWV��PDQXIDFWXULQJ�WHFKQLTXHV�DQG�WRROV��DQG�VR�IRUWK��DSSOLFDEOH�DFURVV

WKH�HQWLUH�VHPLFRQGXFWRU�PDQXIDFWXULQJ�GRPDLQ����7KH�QRWLRQ�RI�D�GRPDLQ�RQWRORJ\�LV�VRPHZKDW

IOH[LEOH�LQ�WKH�VHQVH�WKDW�LW�PLJKW�EH�SRVVLEOH� WR�DEVWUDFW�IXUWKHU�DFURVV�YDULRXV�VSHFLILF�GRPDLQ

RQWRORJLHV� WR� GHULYH� DQ� HYHQ� PRUH� JHQHUDO� GRPDLQ� RQWRORJ\�� IRU� LQVWDQFH�� RQH� PLJKW� DEVWUDFW

IURP�VHPLFRQGXFWRU�PDQXIDFWXULQJ��WKH�DXWRPRELOH�LQGXVWU\��DQG�VR�IRUWK��WR�GHULYH�DQ�RQWRORJ\

WKDW�HQFRPSDVVHV�PDQXIDFWXULQJ�JHQHUDOO\��

$W�D�OHVVHU�OHYHO�RI�JHQHUDOLW\�DUH�SUDFWLFH�RQWRORJLHV�� �$�SUDFWLFH�RQWRORJ\�LV�DQ�H[WHQVLRQ�RI�D

GRPDLQ�RQWRORJ\�WKDW�LQFOXGHV�WKH�FRPPRQ�IHDWXUHV�RI�VLPLODU�VLWHV�LQ�WKDW�GRPDLQ���)RU�H[DPSOH�

D� JURXS� RI� VHPLFRQGXFWRU� PDQXIDFWXULQJ� FRPSDQLHV� LQYROYHG� LQ� WKH� GHYHORSPHQW� RI� VLPLODU

SURGXFW� OLQHV�PLJKW�GHYHORS�DQ�RQWRORJ\� WKDW�FKDUDFWHUL]HV� WKH�VHPLFRQGXFWRU�GRPDLQ�IURP�WKH

SHUVSHFWLYH�RI�WKH�GHYHORSPHQW�RI�WKDW�SURGXFW�OLQH�

)LQDOO\�� DW� WKH� ORZHVW� OHYHO� RI� JHQHUDOLW\� DUH� VLWH�VSHFLILF� RQWRORJLHV�� � $� VLWH�VSHFLILF� RQWRORJ\

H[WHQGV� D� SUDFWLFH� RQWRORJ\� �KHQFH�� DOVR� D� GRPDLQ� RQWRORJ\�� WR� LQFOXGH� LQIRUPDWLRQ� DERXW� DOO

UHOHYDQW� NLQGV� RI� REMHFWV�� SURSHUWLHV�� DQG� UHODWLRQVKLSV� IRXQG�ZLWKLQ� D� VSHFLILF� VLWH�� � 7KXV�� IRU

H[DPSOH�� EHJLQQLQJ�ZLWK� D�SRUWDEOH�SUDFWLFH�RQWRORJ\�GHYHORSHG� LQGHSHQGHQWO\�RQ� WKH�EDVLV� RI

VLPLODU�VLWHV��D�VSHFLILF�VHPLFRQGXFWRU�PDQXIDFWXULQJ�SODQW�LQ�6LOLFRQ�9DOOH\�PLJKW�XVH�,'()��WR

H[WHQG�WKLV�RQWRORJ\�WR�FUHDWH�D�VLWH�VSHFLILF�RQWRORJ\�WR�GHVFULEH�LWV�RZQ�IDFLOLWLHV�LQ�GHWDLO�

'RPDLQ
2QWRORJ\

3UDFWLFH
2QWRORJLHV

6LWH 6SHFLILF
2QWRORJLHV

)LJXUH�������/HYHOV�RI�2QWRORJLHV

$�WUDGLWLRQDO�SUREOHP�ZLWK�RQWRORJ\�GHYHORSPHQW�KDV�EHHQ�WKDW�PDQ\�SUDFWLFH�DQG�VLWH�VSHFLILF

RQWRORJLHV� IRU� WKH� VDPH� VLWHV�PD\� H[LVW�ZLWKLQ� D� VLQJOH� GRPDLQ� >+REEHV� ��@� EHFDXVH�ZKDW� DQ

RQWRORJ\�FDSWXUHV�LV� LQIOXHQFHG�E\�WKH�YLHZSRLQW�RI� WKH�GHYHORSHUV�� �5HFRJQL]LQJ�WKLV�SUREOHP�

,'()��IDFLOLWDWHV�WKH�FDSWXUH�RI�RQWRORJLHV�IURP�PXOWLSOH�YLHZSRLQWV�DQG�VXJJHVWV�JXLGHOLQHV�IRU

UHVROYLQJ�LQFRQVLVWHQFLHV�EHFDXVH�RI�GLIIHUHQW�IUDPHV�RI�UHIHUHQFH�
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��� 2Q�WKH�1HHG�IRU�D�6HSDUDWH�2QWRORJ\�0RGHOLQJ�0HWKRG

2QWRORJ\� GHYHORSPHQW� KDV� WUDGLWLRQDOO\� EHHQ� D� GLIILFXOW� DQG� H[SHQVLYH� WDVN�� � 2QWRORJLHV

GHYHORSHG� WR� GDWH�� VXFK� DV� 7DFLWXV� >+REEHV� ��@� DQG� &<&� >/HQDW� ��@�� DUH� WKH� UHVXOW� RI� YHU\

H[SHQVLYH�DQG�KDQGFUDIWHG�HIIRUWV�E\�KLJKO\�VNLOOHG�VSHFLDOLVWV�� �0DQ\�HQWHUSULVHV�DUH�XQDEOH� WR

IXQG�VXFK�H[SHQVLYH�HIIRUWV���$�VWDQGDUG�DQG�FRVW�HIIHFWLYH�PHDQV�RI�GHYHORSLQJ�RQWRORJLHV�PXVW

EH� GHYHORSHG� LI� HQWHUSULVHV� DUH� WR� JDLQ� WKH� EHQHILWV� RI� RQWRORJ\� XVH�� � 7KH� GHYHORSPHQW� RI� D

WKHRUHWLFDOO\� DQG� HPSLULFDOO\�ZHOO�JURXQGHG�PHWKRG� VSHFLILFDOO\� GHVLJQHG� WR� DVVLVW� LQ� FUHDWLQJ�

PRGLI\LQJ��DQG�PDLQWDLQLQJ�RQWRORJLHV�ZLOO� UHVXOW� LQ�ERWK� VWDQGDUGL]HG�SURFHGXUHV�DQG� UHGXFHG

FRVWV�

7KH�JRDO�RI�,'()��LV�QRW�WR�GHILQH�\HW�DQRWKHU�PHWKRG�WR�GR�VRPHWKLQJ�D�OLWWOH�EHWWHU�RU�D�OLWWOH

GLIIHUHQW�WKDQ�DQ�H[LVWLQJ�PHWKRG���5DWKHU��WKH�,'()��PHWKRG�GHYHORSPHQW�LV�GHVLJQHG�WR�ILOO�D

JDS�LQ�WKH�H[LVWLQJ�VHW�RI�PHWKRGV���$�W\SH�RI�LQIRUPDWLRQ�²�RQWRORJLFDO�LQIRUPDWLRQ�²�KDV�QRW

EHHQ�GLUHFWO\�WDUJHWHG�E\�DQ\�H[LVWLQJ�PHWKRG���7KH�LPSRUWDQFH�RI�WKLV�VRUW�RI�LQIRUPDWLRQ�VKRXOG

EH�FOHDU���:KDW�LV�SHUKDSV�OHVV�FOHDU�LV�WKH�QHHG�IRU�D�QHZ�PHWKRG�IRU�FDSWXULQJ�WKLV�LQIRUPDWLRQ�

7KLV�LVVXH�LV�WDNHQ�XS�LQ�WKLV�VHFWLRQ�

)RU�WKRVH�IDPLOLDU�ZLWK�RWKHU�,'()�PHWKRGV��WKH�LGHD�RI�FDSWXULQJ�LQIRUPDWLRQ�DERXW�NLQGV�DQG

WKHLU� DVVRFLDWHG� SURSHUWLHV�ZLOO� QR� GRXEW� VXJJHVW� ERWK� ,'()�� DQG� ,'()�;�� �$� NLQG� KDV� EHHQ

GHILQHG�LQ�6XEVHFWLRQ�������DV�D�FHUWDLQ�VRUW�RI�FODVV��ZKLFK�PLJKW�WKHQ�VXJJHVW�WKDW�D�NLQG�LV�OLNH

DQ� ,'()�� HQWLW\� FODVV� RU� DQ� ,'()�;� � HQWLW\�� � )XUWKHUPRUH�� DVVRFLDWHG� ZLWK� HDFK� HQWLW\� FODVV

�HQWLW\��LV�D�OLVW�RI�DVVRFLDWHG��DWWULEXWHV�WKDW�DVVLJQ�YDOXHV�WR�WKH�PHPEHUV�RI�WKH�HQWLW\�FODVV���6R

SHUKDSV�WKH�PDNLQJV�RI�DQ�RQWRORJ\�PRGHOLQJ�PHWKRG�DUH�DOUHDG\�DYDLODEOH�LQ�RQH�RI�WKHVH�WZR

PHWKRGV�

+RZHYHU�� WKLV� LV� QRW� WKH� FDVH�� � 7KH� FKLHI� UHDVRQ� LV� WKDW� ,'()�� DQG� ,'()�;� DUH� SXUSRVHO\

GHVLJQHG�ZLWK�FHUWDLQ�LQWULQVLF�H[SUHVVLYH�OLPLWDWLRQV�WR�FRQVWUDLQ�WKH�VWUXFWXUH�RI�WKH�LQIRUPDWLRQ

WKDW� WKH\�UHSUHVHQW�� � ,'()�;�� IRU�H[DPSOH��ZDV�GHVLJQHG�H[SOLFLWO\� IRU� WKH�GHVLJQ�RI� UHODWLRQDO

GDWDEDVH�PRGHOV��KHQFH��LW�FDQ�RQO\�H[SUHVV�LQIRUPDWLRQ�RI�D�UDWKHU�ORZ�ORJLFDO�FRPSOH[LW\����7KLV

PDNHV� IRU� YHU\� FOHDU�� XQFOXWWHUHG�� DQG� HDVLO\� LPSOHPHQWHG� GDWD� PRGHOV�� EXW� LW� DOVR� OLPLWV� WKH

DSSOLFDELOLW\� RI� ,'()�� DQG� ,'()�;� RXWVLGH� WKHLU� LQWHQGHG� GRPDLQV�� � )RU� H[DPSOH�� QHLWKHU

PHWKRG�KDV�WKH�FDSDFLW\� WR�H[SUHVV�PRGDO� LQIRUPDWLRQ�� �)RU� LQVWDQFH�� LQ� WKH�PDQXIDFWXULQJ�FHOO

H[DPSOH�GLVFXVVHG�HDUOLHU���LW�FRXOG�EH�GHVLUHG�IRU�VHFXULW\�UHDVRQV�WKDW�LW�EH�LPSRVVLEOH�WR�VZDS

RXW� WKH�GLDPRQG� WRRO� LQ� WKH�FXWWHU�� WKDW� LV�� VXSSRVH� LW� LV� VSHFLILHG� WKDW�DQ\� LQVWDQFH�RI� WKH�NLQG

&XWWHU� PXVW� KDYH� D� QRQUHPRYDEOH� GLDPRQG� WRRO�� � :LWKRXW� WKH� FDSDFLW\� WR� H[SUHVV� PRGDO
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LQIRUPDWLRQ��LW�LV�QRW�SRVVLEOH�WR�UHSUHVHQW�WKLV�FRQVWUDLQW���%XW�DV�WKH�H[DPSOH�LOOXVWUDWHV��LW�PD\

EH�RI�VLQJXODU�LPSRUWDQFH�WR�EH�DEOH�WR�H[SUHVV�VXFK�LQIRUPDWLRQ�

)XUWKHU�H[DPSOHV�DERXQG���)RU�LQVWDQFH��LQ�ERWK�,'()��DQG�,'()�;��LW�LV�QRW�SRVVLEOH�WR�QDPH

LQGLYLGXDO�REMHFWV�LQ�DQ�RQWRORJ\�DQG�DVVHUW�WKLQJV�VSHFLILFDOO\�DERXW�WKHP���5DWKHU��RQH�FDQ�RQO\

VD\� WKLQJV� WKDW� KROG�RI� HYHU\�PHPEHU�RI� D�JLYHQ� FODVV�RI� HQWLWLHV� LQ�JHQHUDO�� �7KLV� LV� D� FUXFLDO

OLPLWDWLRQ�LQ�FDVHV�ZKHUH�WKHUH�LV�D�GLVWLQJXLVKHG�PHPEHU�RI�D�JLYHQ�NLQG�ZLWK�VSHFLDO�SURSHUWLHV�

$JDLQ�� WKH� WZR�PHWKRGRORJLHV�FDQ�H[SUHVV�RQO\�D� OLPLWHG�YDULHW\�RI�JHQHUDO�SURSRVLWLRQV�DERXW

WKH�VWUXFWXUH�RI� WKH�HQWLWLHV�ZLWKLQ�D�JLYHQ�FODVV�� �)RU� LQVWDQFH��RQH�PLJKW�ZDQW� WR�QRWH� WKDW� IRU

HYHU\�PHPEHU�RI�FODVV�$�ZLWK�SURSHUW\�3�� WKHUH� LV�DQRWKHU�PHPEHU�ZLWK�SURSHUW\�4�� �7KLV� LV�D

VWUDLJKWIRUZDUG�TXDQWLILFDWLRQ�VWDWHPHQW��HDVLO\�H[SUHVVHG�LQ�WKH�ODQJXDJH�RI�SUHGLFDWH�ORJLF�WKDW

XQGHUOLHV� ,'()��� RQFH� DJDLQ�� WKRXJK�� WKLV� SURSRVLWLRQ� LV� EH\RQG� WKH� H[SUHVVLYH� FDSDELOLWLHV� RI

,'()�� DQG� ,'()�;�� � +RZHYHU�� DV� ZLWK� WKH� SUHYLRXV� H[DPSOHV�� WKH� FDSDFLW\� WR� H[SUHVV� VXFK

LQIRUPDWLRQ� PLJKW� ZHOO� EH� QHHGHG� LQ� JLYLQJ� D� WKRURXJK� FKDUDFWHUL]DWLRQ� RI� WKH� QDWXUH� RI� WKH

REMHFWV�ZLWKLQ�D�V\VWHP�

7KH�PDLQ�SRLQW�KHUH�LV�WKDW�WKH�H[LVWLQJ�,'()�PHWKRGV�ZHUH�VLPSO\�QRW�GHVLJQHG�WR�GR�RQWRORJ\

PRGHOLQJ��WKH\�ZHUH�GHVLJQHG�ZLWK�RWKHU�JRDOV�LQ�PLQG���*UDQWHG��WKH�PHWKRGV�FRXOG�SHUKDSV�EH

H[WHQGHG� WR� LQFRUSRUDWH� DGGLWLRQDO� H[SUHVVLYH�SRZHU� DV� WKH�QHHG� DULVHV�� EXW� WKHUH�ZRXOG� EH� QR

SRLQW���$�PHWKRG�GHVLJQHG�IRU�RQH�SXUSRVH�VKRXOG�QRW�EH�IRUFHG�WR�SHUIRUP�DQRWKHU���$JDLQ��WKH

FODLP�LV�QRW� WKDW� WKHUH� LV�VRPHWKLQJ�ZURQJ�ZLWK�RU� LQDGHTXDWH�DERXW� WKH�H[LVWLQJ�,'()V�� �7KH\

ZHUH�VLPSO\�QRW�GHVLJQHG�DV�PHWKRGV�IRU�RQWRORJ\�GHYHORSPHQW�
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� 7KH�,'()��2QWRORJ\�'HYHORSPHQW�3URFHVV

7KLV� VHFWLRQ� GHVFULEHV� WKH� ,'()�� RQWRORJ\� GHVFULSWLRQ� GHYHORSPHQW� SURFHVV�� �$V� GHVFULEHG� LQ

6XEVHFWLRQ� ����� DQ� RQWRORJ\� FKDUDFWHUL]HV� ZKDW� H[LVWV�� WKH� NLQGV�� WKHLU� SURSHUWLHV�� DQG� WKHLU

LQWHUUHODWLRQVKLSV� LQ� D� JLYHQ� GRPDLQ�� DV� UHYHDOHG� LQ� WKH� WHUPLQRORJ\� XVHG� E\� H[SHUWV� LQ� WKH

GRPDLQ���$�FRPSOHWH�RQWRORJ\��WKHQ��UHYHDOV�WKH�IXQGDPHQWDO�QDWXUH�RI�D�JLYHQ�GRPDLQ�� � ,Q� WKH

FRQWH[W�RI�EXVLQHVV�UH�HQJLQHHULQJ��FRQFXUUHQW�HQJLQHHULQJ��DQG�LQIRUPDWLRQ�V\VWHP�GHYHORSPHQW�

DQ�RQWRORJ\�LV�NH\�IRU�WKH�GHVLJQ�RI�HIIHFWLYH�VFDODEOH�VROXWLRQV�

3UDFWLFDOO\��DQ�RQWRORJ\� LV�D�GRFXPHQWDWLRQ�RI� WKH� WHUPLQRORJ\�XVHG� LQ�D�SDUWLFXODU�GRPDLQ�� � ,W

DOVR� LQFOXGHV� WKH� UXOHV� IRU� FRPELQLQJ� DQG�XVLQJ� WKDW� WHUPLQRORJ\� WR� IRUP� VWDWHPHQWV� DERXW� WKH

GRPDLQ��DQG�VDQFWLRQHG�LQIHUHQFHV�WKDW�FDQ�EH�PDGH�IURP�WKRVH�VWDWHPHQWV�LQ�WKH�GRPDLQ���7KLV

XVH�RI�RQWRORJ\�LV�FRQVLVWHQW�ZLWK�WKH�WUDGLWLRQDO�XVH�EHFDXVH�ZKDW�©H[LVWVª�LQ�D�JLYHQ�GRPDLQ�LV

ODUJHO\�LQIOXHQFHG�E\�WKH�DELOLW\�RI�WKH�DJHQWV�WR�LQGLYLGXDWH�RU�©FDUYH�XSª�WKH�ZRUOG���$V�KXPDQV

GLIIHU� JUHDWO\� LQ� WKLV� DELOLW\�� ERWK� EHFDXVH� RI� GLIIHULQJ� FDSDELOLWLHV� DQG� GLIIHULQJ� SHUVSHFWLYHV�

RQWRORJLHV�DUH�UDUHO\�SHUVSHFWLYH�LQYDULDQW�� �2QWRORJ\�GHYHORSPHQW� LV�IRFXVHG�RQ�XQGHUVWDQGLQJ

WKH� FRQFHSWV� RI� D� GRPDLQ� IURP� WKHVH� YDULHG� SHUVSHFWLYHV�� � ,W� LV� DOVR� IRFXVHG� RQ� H[WUDFWLQJ� WKH

HVVHQWLDO�QDWXUH�RI�WKHVH�FRQFHSWV�DQG�UHSUHVHQWLQJ�WKLV�NQRZOHGJH�LQ�D�VWUXFWXUHG�PDQQHU�

7KH� FRQVWUXFWLRQ� RI� DQ� RQWRORJ\� GLIIHUV� IURP� WUDGLWLRQDO� LQIRUPDWLRQ� FDSWXUH� DFWLYLWLHV� LQ� WKH

GHSWK�DQG�EUHDGWK�RI�WKH�LQIRUPDWLRQ�FDSWXUHG���7KXV��DQ�RQWRORJ\�GHYHORSPHQW�H[HUFLVH�ZLOO�JR

EH\RQG�DVVHUWLQJ� WKH�PHUH�H[LVWHQFH� RI� UHODWLRQV� LQ� D�GRPDLQ�� � WKH� UHODWLRQV� DUH� ©D[LRPDWL]HGª

ZLWKLQ� DQ� RQWRORJ\� �L�H��� WKH� EHKDYLRU� RI� WKH� UHODWLRQ� LV� H[SOLFLWO\� GRFXPHQWHG��� � 7R� LOOXVWUDWH�

FRQVLGHU� WKH� UHODWLRQ� KLJKHU� WKDQ�� � 7\SLFDO� LQIRUPDWLRQ� DQDO\VLV� DFWLYLWLHV� �VXFK� DV� ,'()�;

PRGHOLQJ�� ZRXOG� DVVHUW� WKH� H[LVWHQFH� RI� WKLV� UHODWLRQ� DQG� GHFODUH� LWV� FDUGLQDOLW\�� RQO\� LI� WKH

RUJDQL]DWLRQ�©PDQDJHG�LQIRUPDWLRQ�DERXWª�WKH�NLQGV�RI�REMHFWV�LQ�WKH�GRPDLQ�WKDW�FDQ�SDUWLFLSDWH

LQ� WKH� UHODWLRQ�� � ,'()�� DOORZV� WKH� FKDUDFWHUL]DWLRQ� RI� WKH� UHODWLRQ� LQ� JUHDWHU� GHWDLO�� � 7KXV�� DQ

,'()��PRGHO� RI� WKH�KLJKHU� WKDQ� UHODWLRQ�PLJKW� GHFODUH� WKDW� WKLV� UHODWLRQ� KDV� WKH� SURSHUW\� RI

EHLQJ� WUDQVLWLYH�� � 0RUHRYHU�� ,'()�� SURYLGHV� PHFKDQLVPV� IRU� FKDUDFWHUL]LQJ� WKH� QDWXUH� RI

WUDQVLWLYLW\�E\�PHDQV�RI�DSSURSULDWH�D[LRPV��L�H���UXOHV�DQG�FRQVWUDLQWV�JRYHUQLQJ�WKH�EHKDYLRU�RI

UHODWLRQV� ZLWK� WKDW� SURSHUW\��� � $[LRPV� DUH� UHFRUGHG� XVLQJ� WKH� ,'()�� HODERUDWLRQ� ODQJXDJH

�6HFWLRQ��������7KHVH�D[LRPV�PD\�EH�XVHG�WR�PDNH�LQIHUHQFHV��L�H���GHULYH�QHZ�NQRZOHGJH�IURP

H[LVWLQJ� NQRZOHGJH��� � 7KH� SURSHUW\� RI� WUDQVLWLYLW\�� IRU� H[DPSOH�� HQDEOHV� LQIHUHQFHV� RI� WKH

IROORZLQJ�IRUP���VXSSRVH�LW�LV�JLYHQ�WKDW�$�LV�KLJKHU�WKDQ�%�DQG�WKDW�%�LV�KLJKHU�WKDQ�&���7KHQ��E\

WKH�WUDQVLWLYLW\�RI�WKH�KLJKHU�WKDQ�UHODWLRQ��LW�FDQ�EH�LQIHUUHG�WKDW�$�LV�KLJKHU�WKDQ�&���2QWRORJLFDO
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DQDO\VLV��WKHUHIRUH��IDFLOLWDWHV�WKH�H[WUDFWLRQ�RI�LQIRUPDWLRQ�WKDW�LV�FRQYH\HG��EXW�QRW�GLVSOD\HG��LQ

DQ�RQWRORJ\�

7KH�RQWRORJ\�GHYHORSPHQW�SURFHVV�UHTXLUHV�FRQVLGHUDEOH�VNLOO�DQG�H[SHULHQFH�SULPDULO\�EHFDXVH

RI�WKH�IROORZLQJ�UHDVRQV�

� 7KH�NQRZOHGJH�DERXW�D�GRPDLQ�LV�RIWHQ�YHU\�SRRUO\�GRFXPHQWHG��DQG�H[LVWV�SULPDULO\

LQ� WKH�PLQGV� RI� D� IHZ� GRPDLQ� H[SHUWV�� � 7KLV� GRPDLQ� NQRZOHGJH� LV� RI� WZR� NLQGV�

SURFHGXUDO� DQG� GHFODUDWLYH� >0XVHQ� ��@�� � 'HFODUDWLYH� NQRZOHGJH� LV� WKH� W\SH� RI

NQRZOHGJH� WKDW� KXPDQ� � H[SHUWV� RIWHQ� ILQG� HDV\� WR�PDNH� H[SOLFLW� �L�H��� KXPDQV� DUH

FRQVFLRXVO\� DZDUH� RI� WKLV� W\SH� RI� NQRZOHGJH��� � 7KLV� NQRZOHGJH� FDQ� EH� LQVSHFWHG�

DEVWUDFWHG��DQG�DSSOLHG�LQ�D�YDULHW\�RI�GLIIHUHQW�FRQWH[WV�� �2Q�WKH�RWKHU�KDQG�� LW�KDV

EHHQ� REVHUYHG� WKDW� GRPDLQ� H[SHUWV� ILQG� LW� GLIILFXOW� WR�PDNH� SURFHGXUDO� NQRZOHGJH

H[SOLFLW� >0XVHQ� ��@�� �5HVHDUFK� UHYHDOV� WKDW� H[SHUWV¶� DZDUHQHVV� RI�ZKDW� WKH\� NQRZ

SURJUHVVLYHO\�GHJUDGHV� DIWHU� UHSHDWHGO\� DSSO\LQJ� WKHLU� NQRZ�KRZ� WR� VSHFLILF� WDVNV��

7KH� QDWXUH� RI� GRPDLQ� NQRZOHGJH� WKHUHIRUH� PDNHV� WKH� SURFHVV� RI� ©H[WUDFWLQJª

NQRZOHGJH�IURP�GRPDLQ�H[SHUWV�LQWULQVLFDOO\�GLIILFXOW�

� 5HVHDUFKHUV�KDYH�IRXQG�WKDW�D�SHUVRQ¶V�SULRU�NQRZOHGJH�RI�D�GRPDLQ�DUHD�LV�FULWLFDO

IRU� SURSHUO\� DVVLPLODWLQJ� QHZ� LQIRUPDWLRQ� DQG� FODULI\LQJ� DUHDV� RI� DPELJXRXV

LQWHUSUHWDWLRQ�� � 7KHUHIRUH�� NQRZOHGJH� HQJLQHHUV� PXVW� PDNH� DQ� HIIRUW� WR� OHDUQ� WKH

GRPDLQ�H[SHUW¶V�DUHD�WR�DYRLG�WKH�FRQVHTXHQFHV�RI�PLVXQGHUVWDQGLQJ�ZKDW�WKH�H[SHUW

LV�WU\LQJ�WR�FRQYH\�

� 7KH� NQRZOHGJH� DQDO\VLV� QHHGHG� IRU� RQWRORJ\� FDSWXUH� UHTXLUHV� FRQVLGHUDEOH

LQWURVSHFWLYH� WKRXJKW�� �7\SLFDOO\�� LW� UHTXLUHV� WKH� HIIRUW� RI� D�JURXS�ZRUNLQJ� LQ� FORVH

FRQFHUW�� ZLWK� RQWRORJ\� HYROXWLRQ� RFFXUULQJ� LWHUDWLYHO\� E\� D� SURFHVV� RI� VXFFHVVLYH

UHILQHPHQW�>0XVHQ���@�

2QWRORJ\� GHYHORSPHQW� UHTXLUHV� H[WHQVLYH� LWHUDWLRQV�� GLVFXVVLRQV�� UHYLHZV�� DQG� LQWURVSHFWLRQ�

.QRZOHGJH�H[WUDFWLRQ�LV�XVXDOO\�D�GLVFRYHU\�SURFHVV�DQG�UHTXLUHV�FRQVLGHUDEOH�LQWURVSHFWLRQ���,W

                                                          

�7KH SUREOHP IRU NQRZOHGJH HQJLQHHUV LV WKDW H[SHUWV GR QRW LQWURVSHFW UHOLDEO\� $OWKRXJK KXPDQ EHLQJV PD\ KDYH

VRPH GHFODUDWLYH NQRZOHGJH RI WKH H[WHQW RI WKHLU SURFHGXUDO PHPRU\� WKH WZR W\SHV RI PHPRU\ DSSHDU WR EH KDQGOHG

TXLWH VHSDUDWHO\ E\ WKH QHUYRXV V\VWHP� )RU H[DPSOH� &RKHQ LQYHVWLJDWHG SDWLHQWV ZLWK QHXURORJLF DPQHVLD WR OHDUQ

PRUH DERXW WKH PHFKDQLVPV RI KXPDQ PHPRU\� ,Q RQH H[SHULPHQW� �� VXFK SDWLHQWV ZHUH WDXJKW KRZ WR VROYH WKH

7RZHU RI +DQRL SX]]OH� 7KH SDWLHQWV ZLWK DPQHVLD EHFDPH SURILFLHQW DW WKH WDVN MXVW DV TXLFNO\ DV GLG FRQWURO

VXEMHFWV ZLWKRXW DPQHVLD DQG OHDUQHG UDSLGO\ WR SHUIRUP WKH QHFHVVDU\ VHTXHQFHV RI PRYHV ©ZLWKRXW WKLQNLQJª�

+RZHYHU� GHVSLWH WKHLU REYLRXV DFTXLUHG H[SHUWLVH DW VROYLQJ WKH 7RZHU RI +DQRL SX]]OH� QRW RQH RI WKH DPQHVLD

SDWLHQWV ZRXOG HYHU VWDWH WKDW KH ZDV IDPLOLDU ZLWK WKH SX]]OH RU NQHZ LWV VROXWLRQ�
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UHTXLUHV�D�SURFHVV�WKDW�LQFRUSRUDWHV�ERWK�VLJQLILFDQW�H[SHUW�LQYROYHPHQW�DV�ZHOO�DV�WKH�G\QDPLFV

RI�D�JURXS�HIIRUW���*LYHQ�WKH�RSHQ�HQGHG�QDWXUH�RI�RQWRORJ\�DQDO\VHV��LW�LV�QRW�SUXGHQW�WR�DGRSW�D

©FRRNERRNª�DSSURDFK�WR�RQWRORJ\�GHYHORSPHQW���:H�UHFRPPHQG�WKH�XVH�RI�D�JHQHUDO�SURFHGXUH

DORQJ�ZLWK�D�VHW�RI�XVHIXO�JXLGHOLQHV�� �7KLV�VHFWLRQ�GHVFULEHV�WKH�RQWRORJ\�GHYHORSPHQW�SURFHVV

IRU�SRWHQWLDO�XVHUV�RI�WKH�,'()��PHWKRG�

7KH�,'()��RQWRORJ\�GHYHORSPHQW�SURFHVV�FRQVLVWV�RI�WKH�IROORZLQJ�ILYH�DFWLYLWLHV�

� 2UJDQL]H�DQG�'HILQH�3URMHFW 7KLV� DFWLYLW\� LQYROYHV� HVWDEOLVKLQJ� WKH� SXUSRVH�

YLHZSRLQW��DQG�FRQWH[W�IRU� WKH�RQWRORJ\�GHYHORSPHQW�SURMHFW�DQG�DVVLJQLQJ�UROHV� WR

WKH�WHDP�PHPEHUV�

� &ROOHFW�'DWD 7KLV� DFWLYLW\� LQYROYHV� DFTXLULQJ� WKH� UDZ� GDWD� QHHGHG� IRU� RQWRORJ\

GHYHORSPHQW�

� $QDO\]H�'DWD7KLV� DFWLYLW\� LQYROYHV� DQDO\]LQJ� WKH� GDWD� WR� IDFLOLWDWH� RQWRORJ\

H[WUDFWLRQ�

� 'HYHORS�,QLWLDO�2QWRORJ\7KLV� DFWLYLW\� LQYROYHV� GHYHORSLQJ� D� SUHOLPLQDU\� RQWRORJ\

IURP�WKH�DFTXLUHG�GDWD�

� 5HILQH�DQG�9DOLGDWH�2QWRORJ\ 7KLV� DFWLYLW\� LQYROYHV� UHILQLQJ� DQG� YDOLGDWLQJ� WKH

RQWRORJ\�WR�FRPSOHWH�WKH�GHYHORSPHQW�SURFHVV�

$OWKRXJK� WKHVH� DFWLYLWLHV� DUH� OLVWHG� VHTXHQWLDOO\�� WKHUH� LV� D� VLJQLILFDQW� DPRXQW� RI� RYHUODS� DQG

LWHUDWLRQ� EHWZHHQ� WKH� DFWLYLWLHV�� � 7KXV�� WKH� LQLWLDO� RQWRORJ\� GHYHORSPHQW� �$FWLYLW\� �� ��� RIWHQ

UHTXLUHV�WKH�FDSWXUH�RI�DGGLWLRQDO�GDWD��$FWLYLW\������DQG�IXUWKHU�DQDO\VLV��$FWLYLW\��������(DFK�RI

WKH� ILYH� DFWLYLWLHV� ZLOO� LQYROYH� RWKHU� DFWLYLWLHV� DQG� WDVNV�� � 7KH� UHPDLQGHU� RI� WKLV� VHFWLRQ� ZLOO

GHVFULEH�WKH�RQWRORJ\�GHYHORSPHQW�SURFHVV�LQ�JUHDWHU�GHWDLO�

��� 2UJDQL]H�DQG�'HILQH�WKH�3URMHFW

����� 2UJDQL]H�WKH�3URMHFW

$Q� LPSRUWDQW� LQLWLDO� VWHS� LQ� GHYHORSLQJ� DQ� ,'()�� RQWRORJ\� GHVFULSWLRQ� LV� WKH� IRUPDWLRQ� RI� D

GHYHORSPHQW� WHDP�� � (DFK� PHPEHU� RI� WKH� ,'()�� WHDP� ZLOO� SHUIRUP� D� SDUWLFXODU� UROH� LQ� WKH

GHYHORSPHQW�HIIRUW���,QGLYLGXDOV�ZKR�DUH�LQYROYHG�LQ�WKH�PRGHOLQJ�PD\�HDFK�IXOILOO�VHYHUDO�UROHV�



��

EXW� HDFK� UROH� LV� GHDOW� ZLWK� GLVWLQFWO\� DQG� VKRXOG� EH� FOHDUO\� VHSDUDWHG� LQ� WKH� PLQGV� RI� WKH

SDUWLFLSDQWV���7KH�IROORZLQJ�DUH�WKH�UROHV�DVVXPHG�E\�,'()��GHYHORSPHQW�SURMHFW�SHUVRQQHO�

� 3URMHFW�/HDGHU 7KLV�DGPLQLVWUDWLYH� UROH� LV� UHVSRQVLEOH� IRU�RYHUVHHLQJ� DQG�JXLGLQJ

WKH�HQWLUH� ,'()��GHYHORSPHQW�HIIRUW�� �7KLV�SHUVRQ� LV�XOWLPDWHO\� UHVSRQVLEOH� IRU� WKH

RXWFRPH�RI�WKH�RQWRORJ\�GHYHORSPHQW�HIIRUW�� WHDP�RUJDQL]DWLRQ�DQG�OHDGHUVKLS��DQG

VFKHGXOH�DQG�EXGJHW�PDQDJHPHQW�

� $QDO\VW�.QRZOHGJH�(QJLQHHU 7KLV�WHFKQLFDO�UROH�LV�ILOOHG�E\�D�SHUVRQ�ZLWK�,'()�

H[SHUWLVH�ZKR�ZLOO�EH�WKH�SULPDU\�GHYHORSHU�RI�WKH�,'()��RQWRORJ\�GHVFULSWLRQ���7KH

SHUVRQ�ILOOLQJ�WKLV�UROH�PD\�EH�D�UHJXODU�HPSOR\HH�RI� WKH�RUJDQL]DWLRQ�UHTXLULQJ� WKH

RQWRORJ\�GHYHORSPHQW��RU� WKH�SHUVRQ�PD\�EH�KLUHG�RQ�FRQWUDFW� IRU� WKH� WDVN�� � ,Q� WKH

ODWWHU�FDVH��WKH�RUJDQL]DWLRQ�UHTXHVWLQJ�WKH�RQWRORJ\�GHYHORSPHQW�LV�UHIHUUHG�WR�DV�WKH

&OLHQW�

� 'RPDLQ�([SHUW 7KLV� UROH� LV� SOD\HG� E\� WKH� SULPDU\� VRXUFH� RI� NQRZOHGJH� IURP� WKH

DSSOLFDWLRQ�GRPDLQ�RI� LQWHUHVW�� �3HUVRQV� ILOOLQJ� WKLV� UROH�ZLOO�SURYLGH� LQVLJKWV�DERXW

WKH� FKDUDFWHULVWLFV� RI� WKH� DSSOLFDWLRQ� GRPDLQ� WKDW� DUH� QHHGHG� IRU� H[WUDFWLQJ� WKH

XQGHUO\LQJ� RQWRORJ\� NQRZOHGJH�� � 2IWHQ� WKH� NQRZOHGJH� RI� D� GRPDLQ� H[SHUW� LV

VXSSOHPHQWHG� E\� D� YDULHW\� RI� GLIIHUHQW� GRFXPHQWV� IURP� WKH� RUJDQL]DWLRQ�� � 7KH

VXSSRUWLQJ�GRFXPHQWV�DUH�UHIHUUHG�WR�DV�VRXUFH�PDWHULDO�

� 7HDP�0HPEHUV $OO�SHUVRQV�LQYROYHG�ZLWK�WKH�,'()��RQWRORJ\�GHVFULSWLRQ�SURMHFW�

� 5HYLHZHUV 3HUVRQV� NQRZOHGJHDEOH� DERXW� WKH� DSSOLFDWLRQ� GRPDLQ� DQG�RU� WKH� ,'()�

PHWKRG� UHVSRQVLEOH� IRU� UHYLHZLQJ� DQG� FRPPHQWLQJ� RQ� GUDIW� GHVFULSWLRQV� DQG

GRFXPHQWV�� �5HYLHZHUV�DXWKRUL]HG� WR�PDNH�ZULWWHQ�FULWLTXHV�RI� ,'()��GHVFULSWLRQV

DUH�FRPPHQWRUV�� �7KH�UHPDLQLQJ�UHYLHZHUV�DUH�FDOOHG�UHDGHUV�� �7HDP�PHPEHUV�DQG

GRPDLQ�H[SHUWV�FDQ�EH�UHYLHZHUV�

����� 'HILQH�WKH�3URMHFW

7KH�GHYHORSPHQW�WHDP�PXVW�HVWDEOLVK�WKH�SXUSRVH�DQG�FRQWH[W�RI�WKH�GHVFULSWLRQ�FDSWXUH�HIIRUW�DV

HDUO\�DV�SRVVLEOH�LQ�WKH�SURMHFW���7KH�FRQWH[W�VWDWHPHQW�ERXQGV�RU�GHOLPLWV�WKH�DUHD�RI�WKH�GRPDLQ

DGGUHVVHG� E\� WKH� GHYHORSPHQW� HIIRUW�� � 7KH� FRQWH[W� LV� HVWDEOLVKHG� E\� VFRSH� VWDWHPHQWV� DQG� WKH

LGHQWLILFDWLRQ�RI�WKH�LQLWLDO�ERXQGDULHV�IRU�WKH�RQWRORJ\�DFTXLVLWLRQ�SURMHFW���7KH�VFRSH�GHILQHV�WKH

ERXQGDULHV�RI�WKH�GHVFULSWLRQ�GHYHORSPHQW�HIIRUW�DQG�VSHFLILHV�SDUWV�RI�WKH�V\VWHPV�WKDW�PXVW�EH

LQFOXGHG�RU�PXVW�EH�H[FOXGHG���7KH�SXUSRVH�VWDWHPHQW�SURYLGHV�D�VHW�RI�©FRPSOHWLRQ�FULWHULDª�IRU
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WKH� RQWRORJ\� GHVFULSWLRQ� FDSWXUH� HIIRUW�� � 7KH� SXUSRVH� LV� XVXDOO\� HVWDEOLVKHG� E\� D� OLVW� RI� ��

VWDWHPHQWV�RI�REMHFWLYHV� IRU� WKH�HIIRUW�����VWDWHPHQWV�RI�QHHGV� WKDW� WKH�GHVFULSWLRQ�PXVW� VDWLVI\�

DQG����TXHVWLRQV�WKDW�PXVW�EH�DQVZHUHG�E\�WKH�UHVXOWLQJ�RQWRORJ\�GHVFULSWLRQ���7KH�SXUSRVH�DQG

FRQWH[W� FDQ� UDUHO\� EH� GHWHUPLQHG� FRPSOHWHO\� DQG� DFFXUDWHO\� LQ� DGYDQFH�� � 7KH� OLVW� RI� QHHGHG

ILQGLQJV� RU� TXHVWLRQV� �WKH� SXUSRVH�� VKRXOG� EH� SHULRGLFDOO\� UHYLVHG� DV� WKH� GDWD� VWDUWV� EHLQJ

FRPSLOHG�� �6LPLODUO\�� WKH�FRQWH[W�DQ�DQDO\VW� WKLQNV�ZLOO�FRQWDLQ�WKH�GDWD�RIWHQ�WXUQV�XS� OHDGV� WR

RWKHU�DUHDV�QRW�RULJLQDOO\�FRQVLGHUHG�ZLWKLQ�WKH�VFRSH���7KXV��WKH�SXUSRVH�DQG�FRQWH[W�JHQHUDOO\

HYROYH� DQG� DUH� UHILQHG� WKURXJKRXW� WKH� GXUDWLRQ� RI� WKH� SURMHFW�� � 7KH� SXUSRVH�� FRQWH[W�� DQG

YLHZSRLQW� RI� DQ� ,'()�� RQWRORJ\� GHVFULSWLRQ� DUH� FDSWXUHG� LQ� DQ� ,'()�� 'HVFULSWLRQ� 6XPPDU\

)RUP�� DV� VKRZQ� LQ� )LJXUH� ����� � 7KH� ,'()�� 'HVFULSWLRQ� 6XPPDU\� )RUP� DOVR� UHIHUHQFHV� WKH

GRFXPHQW�QXPEHUV�RI�DOO�WKH�GLIIHUHQW�DUWLIDFWV�WKDW�FRPSULVH�WKH�,'()��GHVFULSWLRQ�

������� 'HILQH�3XUSRVH

7KH� VWDWHPHQW� RI� SXUSRVH� FOHDUO\� VSHFLILHV� WKH�PDLQ� REMHFWLYH�V�� RI� WKH� RQWRORJ\� GHYHORSPHQW

HIIRUW���'HILQLQJ�WKH�SXUSRVH�LV�DQ�LPSRUWDQW�LQLWLDO�VWHS�LQ�WKH�GHYHORSPHQW�HIIRUW���2IWHQ��SURMHFW

SHUVRQQHO� WDNH� WKH�SXUSRVH�IRU�JUDQWHG�RQO\� WR� ILQG� WKH� UHVXOWV�RI� WKHLU� HIIRUWV� LJQRUHG�E\�RU�RI

OLWWOH� XVH� WR� WKH� HQWHUSULVH�� �:LWKRXW� D� SXUSRVH� VWDWHPHQW�� WKH� RQO\� FRPSOHWLRQ� FULWHULD� LV� WKH

EXGJHW�DQG�WLPH�DOORFDWHG�WR�WKH�HIIRUW�� �&RQYHUVHO\��ZLWK�D�FOHDUO\�GHILQHG�SXUSRVH��WKH�SURMHFW

FDQ�RIWHQ�EH�FRPSOHWHG�PXFK�PRUH�FRVW�HIIHFWLYHO\���'HILQLQJ�WKH�SXUSRVH�FDQ�EH�VHSDUDWHG�LQWR

WZR�SDUWV�� ����GHILQLQJ�D� VWDWHPHQW�RI�QHHG� �621��DQG����GHILQLQJ�REMHFWLYHV�RI� DFTXLULQJ� DQG

PDLQWDLQLQJ�WKH�RQWRORJ\�

7KH�621�VKRXOG�LGHQWLI\�WKH�VRXUFH�RI�WKH�UHTXHVW��SHUVRQ�RU�SURMHFW��DQG�SDUDSKUDVH�WKH�VWDWHG

PRWLYDWLRQV�IRU�WKH�SURMHFW�� �,GHQWLI\LQJ�WKH�REMHFWLYHV�LV�VLPSOLILHG�E\�DQVZHULQJ�WKH�IROORZLQJ

TXHVWLRQV�

� :KDW�GHFLVLRQV�PXVW�EH�VXSSRUWHG�E\�WKH�RQWRORJ\�GHVFULSWLRQ"

� +RZ�PXFK�GHWDLO�LV�QHHGHG�LQ�WKH�RQWRORJ\�WR�UHVROYH�DQ�LVVXH��PDNH�D�GHFLVLRQ��RU�DQVZHU

D�TXHVWLRQ"

� :KDW�TXHVWLRQ�V��GRHV�WKH�FOLHQW�RU�GRPDLQ�H[SHUW�QHHG�DQVZHUHG"

� :KR�ZLOO�XVH�WKH�RQWRORJ\�RQFH�LW�LV�DYDLODEOH"
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������� 'HWHUPLQH�6FRSH�DQG�/HYHO�RI�'HWDLO

2QFH�WKH�SXUSRVH�RI�WKH�HIIRUW�KDV�EHHQ�FKDUDFWHUL]HG��LW�LV�SRVVLEOH�WR�GHILQH�WKH�FRQWH[W�RI�WKH

SURMHFW� LQ� WHUPV� RI� ��� WKH� VFRSH� RI� FRYHUDJH� DQG� ��� WKH� OHYHO� RI� GHWDLO� IRU� WKH� RQWRORJ\

GHYHORSPHQW�HIIRUW���7KH�VFRSH�GHILQHV�WKH�ERXQGDULHV�RI�WKH�GHVFULSWLRQ�GHYHORSPHQW�HIIRUW��DQG

VSHFLILHV�SDUWV�RI� WKH� V\VWHPV� WKDW�PXVW� EH� LQFOXGHG�RU� H[FOXGHG�� �$� VDPSOH� FRQWH[W� VWDWHPHQW

IURP�WKH�VHPLFRQGXFWRU�GRPDLQ�PLJKW�EH��©7KLV�LV�D�VLWH�VSHFLILF�GHVFULSWLRQ�RI�WKH�FRQFHSWV�DQG

WHUPLQRORJ\�DVVRFLDWHG�ZLWK� WKH�VKRS�IORRU� OHYHO�REMHFWV� LQ� WKH�GRPDLQª��H�J���ZDIHUV�� HWFKDQWV�

ZDIHU�FDUULHUV��DXWRPDWHG�JURXQG�YHKLFOHV����7KLV�FRQWH[W�VWDWHPHQW�LQGLFDWHV�WKDW�WKH�GHVFULSWLRQ

ZLOO�QRW�FRYHU�VFKHGXOLQJ��PDQXIDFWXULQJ�FHOOV��ELOOV�RI�PDWHULDOV��RU�PDQ\�RWKHU�SRVVLEOH�DVSHFWV

RI� WKH� VHPLFRQGXFWRU� PDQXIDFWXULQJ� GRPDLQ�� � 7KH� OHYHO� RI� GHWDLO� VSHFLILFDWLRQ� LV� QRUPDOO\

GRFXPHQWHG�LQ� WKH�IRUP�RI�D�VHW�RI�H[DPSOHV�� � ,W�VKRXOG�EH�QRWHG��KRZHYHU�� WKDW� WKH�VFRSH�DQG

OHYHO� RI� GHWDLO� GHFLVLRQV� DUH� WHQWDWLYH� DW� WKLV� VWDJH�RI� WKH�SURMHFW� DQG� VKRXOG� EH� XSGDWHG� DV� WKH

RQWRORJ\�GDWD�EHFRPHV�DYDLODEOH���$Q�DVWXWH�SURMHFW�OHDGHU�ZLOO�SHULRGLFDOO\�DVVHVV�WKH�DGHTXDF\

RI�WKH�RQWRORJ\�FDSWXUHG�DJDLQVW�WKH�VSHFLILHG�QHHGV�DQG�LQIRUPDWLRQ�JRDOV�RI�WKH�FOLHQW�

������� (VWDEOLVK�9LHZSRLQWV

$OWKRXJK� RQWRORJ\� LV� WKH� VWXG\� RI� WKH� ©�� �� �� QDWXUH� RI� EHLQJ�� UHDOLW\�� RU� XOWLPDWH� VXEVWDQFH�ª

>:HEVWHU� ��@�� RQWRORJLHV� DUH� WLQWHG�� MXVW� DV� DQ\� RWKHU� GDWD�LQIRUPDWLRQ�NQRZOHGJH�� WKURXJK� WKH

H\HV�RI� WKH� LQGLYLGXDO� UHVSRQVLEOH� IRU� UHFRUGLQJ� WKH�GHVFULSWLRQ�� �'LIIHUHQW� LQGLYLGXDOV�SHUFHLYH

WKH�ZRUOG�DURXQG�WKHP�LQ��RIWHQ�VLJQLILFDQWO\��GLIIHUHQW�ZD\V�EHFDXVH�RI�GLIIHUHQFHV�LQ�FRJQLWLYH

VNLOOV� DQG� EDFNJURXQG� NQRZOHGJH�� 7KHVH� GLIIHUHQFHV� LQ� KXPDQV¶� FDSDFLW\� WR� LQGLYLGXDWH� DUH

UHIOHFWHG� LQ� WKH� SHUVSHFWLYH� RU� YLHZSRLQW� WKDW� HYHU\� LQGLYLGXDO� EULQJV� WR� EHDU� RQ� HYHU\GD\

DFWLYLWLHV�� � 'LIIHULQJ� YLHZSRLQWV� WKHUHIRUH� KDYH� D� VLJQLILFDQW� LPSDFW� RQ� WKH� RXWFRPH� RI� DQ

RQWRORJ\�FDSWXUH�HIIRUW�

7KH�GLIIHUHQFHV�LQ�YLHZSRLQWV��RU�IUDPHV�RI�UHIHUHQFH��DUH�RIWHQ�UHIOHFWHG�LQ�GLIIHUHQW�DVSHFWV�RI

WKH�RQWRORJ\�VXFK�DV�WKH�GHILQLWLRQ�RI�WKH�VFRSH�RI�WKH�HQWLUH�HIIRUW��WKH�GHILQLWLRQ�RI�ERXQGDULHV

EHWZHHQ� VXEV\VWHPV�� DQG� WKH� VSHFLILFDWLRQ� RI� WKH� OHYHO� RI� GHWDLO� RI� WKH� GHVFULSWLRQ� FDSWXUH�� �$

VDPSOH�YLHZSRLQW�VWDWHPHQW�IRU�DQ�DXWRPRELOH�PDQXIDFWXULQJ�RQWRORJ\�PLJKW�EH�©GHVFULEHG�IURP

WKH� YLHZSRLQW� RI� WKH� SURGXFWLRQ� HQJLQHHULQJ� GHSDUWPHQW�ª� �$OWKRXJK� WKH� IRFXV� GRPDLQ� FDQ� EH

VWXGLHG� IURP� GLIIHUHQW� YLHZSRLQWV�� HDFK� ,'()�� GHVFULSWLRQ� UHTXLUHV� WKH� VHOHFWLRQ� RI� D� VSHFLILF

YLHZSRLQW�
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$Q� ,'()�� GHVFULSWLRQ� FDQ� KDYH� D� VHW� RI� GLIIHUHQW� YLHZSRLQWV� DVVRFLDWHG� ZLWK� LW�� � � 5HVROYLQJ

GLIIHUHQFHV� LQ� YLHZSRLQWV� LV� DQ� LPSRUWDQW� SDUW� RI� RQWRORJ\� DQDO\VLV�� � 7KH� YLHZSRLQWV�PXVW� EH

H[SOLFLWO\�UHFRUGHG�LQ�WKH�,'()��2QWRORJ\�'HVFULSWLRQ�6XPPDU\�)RUP��)LJXUH������

������� ,'()��'HVFULSWLRQ�6XPPDU\�)RUP

7KH� ,'()�� 'HVFULSWLRQ� 6XPPDU\� )RUP� VXPPDUL]HV� WKH� HYROYLQJ�FRPSOHWHG� RQWRORJ\

GHVFULSWLRQ���,W�UHFRUGV�WKH�SXUSRVH��YLHZSRLQW��DQG�FRQWH[W�DQG�DOVR�SURYLGHV�D�VXPPDU\�RI�DOO

WKH�VFKHPDWLFV�DQG�GRFXPHQWV�XVHG� WR� UHFRUG� WKH�RQWRORJ\�� �7KH�IROORZLQJ�DUH� WKH� ILHOGV�RI�DQ

,'()��'HVFULSWLRQ�6XPPDU\�)RUP��VHH�)LJXUH������

,'()��'HVFULSWLRQ�6XPPDU\�)RUP

3URMHFW��3URMHFW�3ODQQLQJ�2QWRORJ\ $QDO\VW� 3��%HQMDPLQ 5HYLHZHU� 5��0D\HU

9HUVLRQ� ���� 5HYLHZ 6WDUWLQJ 'DWH�������������� 5HYLHZ FRPSOHWLRQ 'DWH����������

3XUSRVH� �7R�GHYHORS�DQ�RQWRORJ\�RI�WKH�SURMHFW�SODQQLQJ�GRPDLQ�

&RQWH[W� � 7KH� LQIRUPDWLRQ� DFTXLUHG� PXVW� EH� VXIILFLHQW� WR� SODQ� DFWLYLWLHV�� VSHFLI\� SUHFHGHQFH

UHODWLRQVKLSV��DQG�DVVLJQ�UHVRXUFHV�WR�DFWLYLWLHV�

9LHZSRLQW� �3URMHFW�0DQDJHU

/LVW RI 'RFXPHQWV

6RXUFH�0DWHULDO�/RJ

6RXUFH�6WDWHPHQW�3RRO

6RXUFH�6WDWHPHQW�'HVFULSWLRQ�)RUP

7HUP�3RRO

7HUP�'HVFULSWLRQ�)RUP

3URWR�.LQG�3RRO

3URWR�.LQG�6SHFLILFDWLRQ�)RUP

3URWR�5HODWLRQ�3RRO

3URWR�5HODWLRQ�6SHFLILFDWLRQ�)RUP

3URWR�&KDUDFWHULVWLF�3RRO

.LQG�3RRO

.LQG�6SHFLILFDWLRQ�)RUP

3URSHUW\�3RRO

$WWULEXWH�3RRO

5HODWLRQ�3RRO

5HODWLRQ�6SHFLILFDWLRQ�)RUP

&ODVVLILFDWLRQ�6FKHPDWLF

&RPSRVLWLRQ�6FKHPDWLF

5HODWLRQ�6FKHPDWLF

)LJXUH�������,'()��'HVFULSWLRQ�6XPPDU\�)RUP
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� 3URMHFW�1DPH 7KH� QDPH� RI� WKH� RQWRORJ\� GHVFULSWLRQ� GHYHORSPHQW� SURMHFW� LV

UHFRUGHG� LQ� WKLV� ILHOG�� � 7KLV� SXUSRVH� RI� WKLV� ILHOG� LV� WR� LGHQWLI\� WKH� GRPDLQ� IRU� WKH

RQWRORJ\�GHVFULSWLRQ�FDSWXUH�HIIRUW�

� 9HUVLRQ7KLV� ILHOG� UHFRUGV� WKH� YHUVLRQ� QXPEHU� RI� WKH� RQWRORJ\� GHVFULSWLRQ�� � 7KH

YHUVLRQ�QXPEHU�LV�LPSRUWDQW�EHFDXVH�LW�SURYLGHV�D�PHDQV�WR�GRFXPHQW�DQG�WUDFH�WKH

HYROXWLRQ�SURFHVV�RI�WKH�RQWRORJ\�GHYHORSPHQW�

� $QDO\VW7KLV� ILHOG� UHFRUGV� WKH� VLJQDWXUH� RI� WKH� ,'()�� H[SHUW� ZKR� LV� WKH� SULPDU\

GHYHORSHU�RI�WKH�,'()��GHVFULSWLRQ���,W�LV�LPSRUWDQW�WR�UHFRUG�WKH�QDPH�RI�WKH�DQDO\VW

UHVSRQVLEOH� IRU� WKH� RQWRORJ\� GHYHORSPHQW� EHFDXVH� WKH� GRPDLQ� RQWRORJ\� UHIOHFWV

KLV�KHU� YLHZSRLQW�� LQGLYLGXDWLRQ� VFKHPHV� �ZD\V� RI� ©FDUYLQJ� XSª� GRPDLQ��� DQG

DQDO\WLFDO�VNLOOV�

� 5HYLHZ�6WDUW 7KLV�ILHOG�FDSWXUHV�WKH�GDWH�RI�GLVSDWFK�RI�RQWRORJ\�IRU�UHYLHZ�

� 5HYLHZHU 7KH�VLJQDWXUH�RI�WKH�UHYLHZHU�LV�UHFRUGHG�LQ�WKLV�ILHOG���7KLV�LQIRUPDWLRQ

LV�XVHIXO�IRU�IXWXUH�UHIHUHQFH�

� 5HYLHZ�&RPSOHWLRQ 7KLV� ILHOG� FDSWXUHV� WKH� GDWH� RI� UHYLHZ� FRPSOHWLRQ�� � 7KH

GLIIHUHQFH� EHWZHHQ� WKH� UHYLHZ� FRPSOHWLRQ� GDWH� DQG� UHYLHZ� VWDUWLQJ� GDWH� LQGLFDWHV

KRZ� PXFK� WLPH� D� UHYLHZHU� KDV� WDNHQ� WR� SURYLGH� UHFRPPHQGDWLRQV�� LQVLJKWV�� DQG

FRPPHQWV�RQ�WKH�RQWRORJ\�GHYHORSPHQW�SURMHFW�

� 3XUSRVH 7KH�SXUSRVH�RI�WKH�RQWRORJ\�GHVFULSWLRQ�GHYHORSPHQW�SURMHFW�LV�UHFRUGHG

LQ�WKLV�ILHOG���7KH�SXUSRVH�RI�WKH�GRPDLQ�RQWRORJ\�GHYHORSPHQW�LV�LPSRUWDQW�EHFDXVH

LW� SURYLGHV� D� EULHI� DQG� FRQFLVH� GHVFULSWLRQ� RI� ZKDW� WR� H[SHFW� IURP� WKLV� RQWRORJ\

GRFXPHQW�

� &RQWH[W7KH�FRQWH[W�RI� WKH�RQWRORJ\�GHVFULSWLRQ�GHYHORSPHQW�SURMHFW� LV�UHFRUGHG�LQ

WKLV� ILHOG�� � 7KH� FRQWH[W� FRPSULVHV� WKH� ERXQGDULHV� DQG� WKH� OHYHO� RI� GHWDLO�� � 7KH

VWDWHPHQW� RI� FRQWH[W� LV� LPSRUWDQW� EHFDXVH� LW� LQGLFDWHV� WKH� VFRSH� DQG� OHYHO� RI

JUDQXODULW\�RI�WKH�VWXG\�

� 9LHZSRLQW 7KLV� ILHOG� UHFRUGV� WKH� YLHZSRLQW� RI� WKH� RQWRORJ\� GHYHORSPHQW� SURMHFW�

.QRZOHGJH�RI� WKH�YLHZSRLQW� SURYLGHV� FOXHV� DERXW� WKH� UDWLRQDOH� IRU� WKH� VFKHPHV� RI

LQGLYLGXDWLRQ�XVHG�WR�FDUYH�XS�WKH�GRPDLQ�
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� /LVW�RI�'RFXPHQWV 7KH� QDPH�V�� RI� WKH� ,'()�� GRFXPHQW�V�� DUH� UHFRUGHG� RQ� DQ

,'()��'HVFULSWLRQ�6XPPDU\�)RUP���7KLV�LQIRUPDWLRQ�LV�LPSRUWDQW�LQ�RUGHU�WR�KDYH�D

EDVLF� LGHD� RI� KRZ� DQRQWRORJ\� LV� GHYHORSHG� DQG� RUJDQL]HG� LQ� HDFK� GRFXPHQW�� DQG

VHUYHV�DV�DQ�LQGH[�IRU�HDFK�GRFXPHQW�

��� &ROOHFW�'DWD

7KH�GHILQLWLRQ�RI�YLHZSRLQW��FRQWH[W��DQG�SXUSRVH�VHWV� WKH�VWDJH�IRU� WKH�GDWD�JDWKHULQJ�SKDVH�RI

WKH� RQWRORJ\� FDSWXUH� HIIRUW�� � 2QH� SUREOHP�ZLWK� GDWD� FROOHFWLRQ� LV� GHWHUPLQLQJ� WKH� DSSURSULDWH

VRXUFHV� RI� GDWD�� � ([SHULHQFH� LQGLFDWHV� WKDW� WKH� PDLQ� GDWD� VRXUFHV� DUH� WKH� GRPDLQ� H[SHUW� DQG

GRFXPHQWV� UHOHYDQW� WR� WKH� FLUFXPVFULEHG� RQWRORJ\�� � ,W� PD\� EH� DOVR� LQVWUXFWLYH� WR� VFUXWLQL]H

H[LVWLQJ�DQG�UHOHYDQW�,'()�PRGHOV�LQ�WKH�RUJDQL]DWLRQ���,'()��PRGHOV�DQG�,'()��GHVFULSWLRQV

DUH�OLNHO\�WR�EH�VRXUFHV�RI�GDWD�

7KH�NQRZOHGJH�HQJLQHHU�DQDO\VW�PXVW�ZRUN�FORVHO\�ZLWK�WKH�GRPDLQ�H[SHUW�WR�HIIHFWLYHO\�UHFRUG

DOO� WKH�GDWD� UHOHYDQW� WR� WKH�GHVFULSWLRQ� GHYHORSPHQW� HIIRUW��7KH� GDWD� FROOHFWLRQ� SURFHVV� LV� ERWK

LWHUDWLYH�DQG�LQWHUDFWLYH���7KH�SURFHVV�LV�LWHUDWLYH�EHFDXVH�WKH�UHVXOW�RI�FRPSLOLQJ�RUJDQL]LQJ�WKH

GDWD� ZLOO� GULYH� DGGLWLRQDO� GDWD� DFTXLVLWLRQ� HIIRUWV�� � 7KH� LQWHUDFWLRQV� DUH� QHFHVVDU\� WR� PDNH

FODULILFDWLRQ� DQG� GLVFRYHU� LQVLJKWV� EDVHG� RQ� GLVFXVVLRQV� ZLWK� WKH� GRPDLQ� H[SHUW�� � 7KH� GDWD

FROOHFWLRQ�PD\�RFFXU�LQ�GLIIHUHQW�PRGHV������GLUHFW�WUDQVFULSWLRQ�RI�GDWD�IURP�VRXUFH�GRFXPHQWV�

��� LQWHUYLHZV� DQG� SURWRFRO� DQDO\VLV� ZLWK� GRPDLQ� H[SHUWV�� RU� ��� LQWURVSHFWHG� REVHUYDWLRQ� RI

SDUWLFXODU�RUJDQL]DWLRQ�DFWLYLWLHV�SKHQRPHQD�

'LUHFW�4XHVWLRQLQJ��,QWHUYLHZ��DQG�3URWRFRO�$QDO\VLV�DUH� WKH�PRVW�FRPPRQO\�XVHG�NQRZOHGJH�

HOLFLWDWLRQ�PHWKRGV� IRU� DFTXLULQJ� NQRZOHGJH� IURP� GRPDLQ� H[SHUWV�� �$Q� H[SHUW¶V� UHVSRQVH� WR� D

TXHVWLRQ� PD\� GHSHQG� RQ� WKH� W\SH� RI� TXHVWLRQV� DVNHG� E\� D� NQRZOHGJH� HQJLQHHU� GXULQJ� DQ

LQWHUYLHZ� >0XVHQ� ��@�� � 7KH� W\SLFDO� TXHVWLRQV� DVNHG� GXULQJ� DQ� LQWHUYLHZ� DUH� GHVFULEHG� LQ

6XEVHFWLRQ���������

����� ,QWHUYLHZ�*XLGHOLQHV

������� ,QWHUYLHZ�3UHSDUDWLRQ

'DWD� WKDW� QHHGV� WR� EH� DFTXLUHG� GLUHFWO\� IURP� D� GRPDLQ� H[SHUW� RIWHQ� ZLOO� EH� REWDLQHG� WKURXJK

LQWHUYLHZV���7KH�IROORZLQJ�JHQHUDO�JXLGHOLQHV�DUH�VXJJHVWHG�WR�SUHSDUH�IRU�WKH�LQWHUYLHZ�
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� 2EWDLQ� EDFNJURXQG� LQIRUPDWLRQ� DERXW� HDFK� H[SHUW� ZKR� ZLOO� SURYLGH� SRWHQWLDOO\

XVHIXO� LQIRUPDWLRQ� LQFOXGLQJ� LQIRUPDWLRQ� DERXW� WKH� UHVSRQVLELOLWLHV�� FXUUHQW

DVVLJQPHQWV��DQG�RWKHU�DUHDV�ZLWKLQ�RU�UHODWHG�WR�WKH�GRPDLQ�LQ�ZKLFK�WKH�H[SHUW�KDV

H[SHULHQFH�� � 7KH� QDPH�� ORFDWLRQ�� WHOHSKRQH� QXPEHU�� DQG� H�PDLO� DGGUHVV� RI� WKH

H[SHUW�V��VKRXOG�DOVR�EH�UHFRUGHG�

� 3UHSDUH� D� EULHI� RXWOLQH� RI�� � ��� WKH� SXUSRVH� RI� WKH� LQWHUYLHZ�ZLWK� WKH� H[SHUW�� ��� WKH

WRSLFV� WR�EH�FRYHUHG����� WKH� W\SHV�RI� LQIRUPDWLRQ�EHLQJ�VRXJKW����� WKH� DXWKRULW\� IRU

UHTXHVWLQJ�WKH�LQWHUYLHZ��DQG����WKH�UHOHYDQW�TXHVWLRQV�WKDW�FDQ�EH�XVHG�WR�PRWLYDWH

GLVFXVVLRQV�

� 6FKHGXOH�D�GDWH�DQG�WLPH�IRU�WKH�LQWHUYLHZ�ZLWK�WKH�H[SHUW�

������� 7KH�,QWHUYLHZ

7KH� LQWHUYLHZ�ZLWK� WKH�H[SHUW� LV�FULWLFDO�� �7KH�NQRZOHGJH�HQJLQHHU�DQDO\VW� �LQWHUYLHZHU��VKRXOG

FUHDWH�D�SRVLWLYH�� IULHQGO\�DWPRVSKHUH�GXULQJ� WKH� LQWHUYLHZ�� �7KH� LQWHUYLHZHU� VKRXOG�DWWHPSW� WR

FRQYH\� WR� WKH� GRPDLQ� H[SHUW� WKH� IHHOLQJ� WKDW� WKH\� DUH�ZRUNLQJ� WRJHWKHU� WR� FUHDWH� WKH� UHTXLUHG

RQWRORJ\�DQG�VROYH� VRPH�SUREOHP�IRU� WKH�RUJDQL]DWLRQ�� �1RYLFH� LQWHUYLHZHUV� VKRXOG�FRQVWDQWO\

UHPLQG� WKHPVHOYHV� WKDW� WKH� H[SHUWV� DUH� WKH� RQHV� ZLWK� WKH� NQRZOHGJH� DERXW� WKH� GRPDLQ�

*HQHUDOO\��H[SHUWV�DUH�LQWHUHVWHG�LQ�KHOSLQJ�DQG�RIWHQ�SURYLGH�TXHVWLRQV�DQG�OLQHV�RI�LQYHVWLJDWLRQ

WKDW� WKH� LQWHUYLHZHUV� KDG� QRW� WKRXJKW� RI� SXUVXLQJ�� � :HOO�SUHSDUHG� LQWHUYLHZHUV� ZLOO� ILQG� WKDW

H[SHUWV� SURYLGH� IDU�PRUH� LQIRUPDWLRQ� WKDQ�ZDV� H[SHFWHG�� RIWHQ� FRYHULQJ� WRSLFV� WKH� LQWHUYLHZHU

KDG� QRW� DQWLFLSDWHG�� � ,Q� DQ� RQWRORJ\� GHVFULSWLRQ� FDSWXUH� SURMHFW�� WKLV� LV� WKH� ERQXV� IRU� JRRG

SUHSDUDWLRQ�

7KH�JXLGHOLQHV�EHORZ�VKRXOG�EH�FRQVLGHUHG�ZKHQ�SUHSDULQJ�TXHVWLRQV�IRU�DQ�LQWHUYLHZ�

� 4XHVWLRQV� VKRXOG�QRW� LQWHUIHUH�ZLWK� WKH�GRPDLQ�H[SHUW¶V� OLQH�RI� WKRXJKW�� �5HVHDUFK

KDV� VKRZQ� WKDW� YHU\�GHWDLOHG� TXHVWLRQV� DUH�RIWHQ� FRXQWHU�SURGXFWLYH�� �([DPSOHV� RI

VXFK� TXHVWLRQV� DUH�� ©:KDW� 530� VKRXOG� D� PDFKLQLVW� PDLQWDLQ� ZKLOH� SHUIRUPLQJ� D

GULOOLQJ� RSHUDWLRQ"ª� RU� ©:K\� GLGQ¶W� \RX� FRQVLGHU� SHUIRUPLQJ� 2SHUDWLRQ� ;� EHIRUH

2SHUDWLRQ�<"ª

� 4XHVWLRQV�VKRXOG�SURPSW�H[SHUWV�WR�H[SUHVV�WKHLU�WKRXJKW�SURFHVVHV�GXULQJ�SUREOHP

VROYLQJ���:KHQ�GRPDLQ�H[SHUWV�UHPDLQ�VLOHQW�IRU�D�FRQVLGHUDEOH�DPRXQW�RI�WLPH��LW�LV

SRVVLEOH�WKDW�WKH\�DUH�VROYLQJ�WKH�SUREOHP�LQ�WKHLU�PLQGV�DQG�QRW�H[SUHVVLQJ�DOO�WKHLU

WKRXJKWV�� � 3URPSWLQJ� TXHVWLRQV� DUH� XVHIXO� DW� WKLV� VWDJH�� � ([DPSOHV� RI� SURPSWLQJ
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TXHVWLRQV� DUH�� ©$W� WKLV� SRLQW� RI� WLPH�� ZKDW� DUH� \RX� WKLQNLQJ"�ª� ©:KDW� DUH� \RX

FRQVLGHULQJ�QRZ"�ª�DQG�©:KDW�DUH�\RXU�UHDVRQV�IRU�GRLQJ�WKLV"ª

� 4XHVWLRQV�VKRXOG�FRYHU�GHWDLOV�UHJDUGLQJ�QRW�RQO\�IUHTXHQWO\�RFFXUULQJ�VLWXDWLRQV�EXW

DOVR�UDUH�VLWXDWLRQV�LQ�WKH�GRPDLQ�

����� 3URWRFRO�$QDO\VLV

$�SURWRFRO�LV�DQ�XQGHUO\LQJ�SDWWHUQ�RU�VWUXFWXUH�RI�D�GLVFRXUVH�RU�EHKDYLRUDO�SURFHVV�� �7KH�WHUP

SURWRFRO�LPSOLHV�WKDW�DQ�H[SHUW�LV�VROYLQJ�D�SUREOHP�XVLQJ�FRPPRQO\�XVHG�DSSURDFKHV�DQG�WRROV�

3URWRFRO�DQDO\VLV�LV�WKH�SURFHVV�RI�DQDO\]LQJ�D�UHFRUG�RI�GLVFRXUVH�RU�EHKDYLRUDO�SURFHVV���7KHUH

DUH� WZR� W\SHV� RI� SURWRFRO� DQDO\VLV�� � YHUEDO� SURWRFRO� DQDO\VLV� DQG� PRYHPHQW� SURWRFRO� DQDO\VLV

>-DFNVRQ���@�� � ,Q�YHUEDO�SURWRFRO�DQDO\VLV�� H[SHUWV�DUH�DVNHG� WR� WKLQN�DORXG�DV� WKH\�DUH� VROYLQJ

SUREOHPV���.QRZOHGJH�HQJLQHHUV�UHFRUG�WKH�HQWLUH�GLVFXVVLRQ�GXULQJ�WKH�SUREOHP�VROYLQJ�SURFHVV�

,Q�PRYHPHQW�SURWRFRO�DQDO\VLV��LQGXVWULDO�HQJLQHHUV�LGHQWLI\�LGOH�PRYHPHQWV�E\�VWXG\LQJ�PRWLRQ

HIILFLHQF\�

����� 'DWD�&ROOHFWLRQ�'RFXPHQWV

5HJDUGOHVV� RI� WKH� GDWD� FROOHFWLRQ�PHWKRGV� XVHG�� LW� LV� LPSRUWDQW� WR� HVWDEOLVK� DQ� DFWLRQ� SODQ� IRU

FROOHFWLQJ�GDWD�SHUWLQHQW�WR�WKH�SXUSRVH�DQG�YLHZSRLQW�RI�WKH�PRGHO���2QFH�FROOHFWHG��HDFK�SLHFH

RI� FROOHFWHG� GDWD� PXVW� EH� WUDFHDEOH� EDFN� WR� LWV� VRXUFH�� � 7UDFHDELOLW\� RI� VRXUFH� PDWHULDO� LV

LPSRUWDQW�EHFDXVH�LW�LV�WKH�GDWD�WKDW�SURYLGHV�REMHFWLYH�HYLGHQFH�IRU�WKH�EDVLF�RQWRORJ\�VWUXFWXUHV

WKDW�DUH�ODWHU�LVRODWHG�IURP�WKLV�GDWD���:H�VXJJHVW�WKH�XVH�RI�VL[�LPSRUWDQW�VXSSRUW�GRFXPHQWV�WR

IDFLOLWDWH�VRXUFH�GDWD�WUDFHDELOLW\�����6RXUFH�0DWHULDO�/RJ�����6RXUFH�0DWHULDO�'HVFULSWLRQ�)RUP�

���6RXUFH�6WDWHPHQW�3RRO�����6RXUFH�6WDWHPHQW�'HVFULSWLRQ�)RUP�����7HUP�3RRO�� DQG����7HUP

'HVFULSWLRQ�)RUP���7KHVH�GRFXPHQWV�DUH�GHVFULEHG�LQ�JUHDWHU�GHWDLO�ODWHU�LQ�WKLV�VHFWLRQ�

������� 6RXUFH�0DWHULDO�/RJ

7KH�6RXUFH�0DWHULDO�/RJ� LV�D�GRFXPHQW� WKDW�VHUYHV�DV� WKH�SULPDU\� LQGH[� WR�DOO� VRXUFH�PDWHULDO

FROOHFWHG� DQG� XWLOL]HG� LQ� WKH� SURMHFW�� � (DFK� SLHFH� RI� VRXUFH�PDWHULDO� LV� VHTXHQWLDOO\� DVVLJQHG� D

XQLTXH�LGHQWLI\LQJ�QXPEHU�DV�WKH�ORJ�LV�ILOOHG�RXW��)LJXUH��������$�VRXUFH�PDWHULDO�PD\�EH�D�WH[W

ERRN��D�UHVHDUFK�DUWLFOH��DQ�HQWHUSULVH�VSHFLILF�GRFXPHQW�VXFK�DV�D�SROLF\�PDQXDO�RU�D�SURFHGXUH

PDQXDO��D�VHW�RI�DQ�LQWHUYLHZ�QRWHV��RU�GLUHFW�REVHUYDWLRQ�QRWHV���$�6RXUFH�0DWHULDO�'HVFULSWLRQ

)RUP���)LJXUH������LV�ILOOHG�RXW�WR�GHVFULEH�HDFK�VRXUFH�PDWHULDO�LQ�JUHDWHU�GHWDLO���7KH�IROORZLQJ

ILHOGV�DUH�XVHG�LQ�WKH�6RXUFH�0DWHULDO�/RJ��VHH�)LJXUH������
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6RXUFH�0DWHULDO�/RJ

3URMHFW���3URMHFW�3ODQQLQJ�2QWRORJ\ $QDO\VW� 3��%HQMDPLQ

6RXUFH

0DWHULDO �

6RXUFH 0DWHULDO 1DPH &ROOHFWHG

)URP

&ROOHFWHG %\ 'DWH RI

&ROOHFWLRQ

60��� ©3URGXFWLRQ� DQG� 2SHUDWLRQV

$QDO\VLVª�� E\� 1DKPLDV�� 6��

5LFKDUG�'��,UZLQ�,QF�������

���� +DUL �������

60��� ,QWHUYLHZ�1RWHV 3KLOOLSV +DUL �������

)LJXUH�������6RXUFH�0DWHULDO�/RJ

� 6RXUFH�0DWHULDO�� 7KH� UHIHUHQFH� QXPEHU� DVVLJQHG� WR� HDFK� VRXUFH� PDWHULDO� LV

GRFXPHQWHG� LQ� WKLV� ILHOG�� � ,W� LV� LPSRUWDQW� WR� PDLQWDLQ� VRXUFH� PDWHULDO� QXPEHUV� WR

SURYLGH� WUDFHDELOLW\� WR� WKH� VRXUFH� PDWHULDO� IURP� ZKLFK� VWDWHPHQWV�� WHUPV�� NLQGV�

SURSHUWLHV��HWF��DUH�LQGLYLGXDWHG�E\�PHPEHU�V��RI�WKH�RQWRORJ\�GHYHORSPHQW�WHDP�

� 6RXUFH�0DWHULDO�1DPH 7KH�QDPH�RI� WKH�VRXUFH�PDWHULDO� LV� UHFRUGHG� LQ� WKLV� ILHOG�

7KH�QDPH�RI�WKH�VRXUFH�PDWHULDO�SURYLGHV�D�EDVLF�LGHD�RI�ZKHWKHU�LW�LV�D�WH[WERRN��D

UHVHDUFK� DUWLFOH�V��� DQ� HQWHUSULVH�VSHFLILF� GRFXPHQW� VXFK� DV� D� SROLF\� PDQXDO�V��

SURFHGXUH�PDQXDO�V��RU�VR�IRUWK��LQWHUYLHZ�QRWHV��RU�GLUHFW�REVHUYDWLRQ�QRWHV�

� &ROOHFWHG�)URP 7KH� QDPH� RI� WKH� SHUVRQ� IURP� ZKRP� WKH� VRXUFH� PDWHULDO� ZDV

FROOHFWHG�LV�UHFRUGHG�LQ�WKLV�ILHOG���,I�WKH�VRXUFH�PDWHULDO�LV�D�VHW�RI�LQWHUYLHZ�QRWHV�

WKH� QDPH� RI� WKH� LQWHUYLHZHH� ZLOO� EH� UHFRUGHG� LQ� WKLV� ILHOG�� � 7KLV� LQIRUPDWLRQ� LV

LPSRUWDQW� IRU� WUDFHDELOLW\�� HVSHFLDOO\� ZKHQ� PDQ\� GRPDLQ� H[SHUWV� DUH� LQWHUYLHZHG

GXULQJ�GDWD�FROOHFWLRQ���2Q�WKH�RWKHU�KDQG��LI�WKH�VRXUFH�PDWHULDO�LV�VRPHWKLQJ�OLNH�D

WH[W�ERRN��D�UHVHDUFK�DUWLFOH��HWF���WKHQ�WKLV�ILHOG�LV�HPSW\�

� &ROOHFWHG�%\ 7KH� QDPH� RI� WKH� LQGLYLGXDO�V�� ZKR� FROOHFWV� WKH� VRXUFH� PDWHULDO� LV

GRFXPHQWHG� LQ� WKLV� ILHOG�� � ,W� LV� LPSRUWDQW� WR� GRFXPHQW� LQIRUPDWLRQ� DERXW� ZKR� LV

UHVSRQVLEOH�IRU�WKH�FROOHFWLRQ�RI�HDFK�VRXUFH�PDWHULDO�IRU�IXWXUH�UHIHUHQFH�

� 'DWH�RI�&ROOHFWLRQ 7KLV� ILHOG� UHSUHVHQWV� WKH� GDWH�V�� RQ� ZKLFK� WKH� VRXUFH� PDWHULDO

ZDV�ZHUH�REWDLQHG�
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������� 6RXUFH�0DWHULDO�'HVFULSWLRQ�)RUP

7KH�6RXUFH�0DWHULDO�'HVFULSWLRQ�)RUP�SURYLGHV�D�VXPPDU\�RI� WKH�VRXUFH�PDWHULDO� LQIRUPDWLRQ�

)RU�HDFK�VRXUFH�PDWHULDO�LWHP�UHIHUHQFHG�LQ�WKLV�ORJ��WKHUH�LV�D�6RXUFH�0DWHULDO�'HVFULSWLRQ�WKDW�LV

XVHG� WR� UHFRUG�PRUH�GHWDLOHG� LQIRUPDWLRQ�� �7KH� IROORZLQJ� ILHOGV� DUH� XVHG� LQ� D� 6RXUFH�0DWHULDO

'HVFULSWLRQ�)RUP��VHH�)LJXUH������
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6RXUFH�0DWHULDO�'HVFULSWLRQ�)RUP

3URMHFW��2QWRORJ\�RI�3URMHFW�3ODQQLQJ $QDO\VW� ���3��%HQMDPLQ

6RXUFH 0DWHULDO ����60���

6RXUFH 0DWHULDO 1DPH� �©3URGXFWLRQ�DQG�2SHUDWLRQV�$QDO\VLV�ª�E\�1DKPLDV��6���5LFKDUG

'��,UZLQ�,QF����������&KDSWHU������3URMHFW�6FKHGXOLQJ�

3XUSRVH� � 7R� UHFRUG� WKH� UHOHYDQW� VRXUFH� VWDWHPHQWV� WKDW� KHOS� LQGLYLGXDWH� RQWRORJ\

HOHPHQWV�LQ�WKH�SURMHFW�SODQQLQJ�GRPDLQ�

&RPPHQWV� 7KLV�VRXUFH�PDWHULDO�FRQFHUQV�SURGXFWLRQ�LQ�WKH�EURDGHVW�VHQVH�RI�WKH�ZRUG�

WKDW�LV��SURGXFWLRQ�RI�JRRGV�DQG�VHUYLFHV�

$EVWUDFW� ©3URMHFW�6FKHGXOLQJª�FKDSWHU�IRFXVHG�RQ�����WKH�QHWZRUN�UHSUHVHQWDWLRQV�RI�D

SURMHFW�� ��� WKH� &ULWLFDO� 3DWK� 0HWKRG� �&30��� ��� SURMHFW� FRVWLQJ�� ��� WKH� SURJUDP

HYDOXDWLRQ�UHYLHZ�WHFKQLTXH�PHWKRG��3(57��

����1HWZRUNV�DUH�D�FRQYHQLHQW�PHDQV�RI�UHSUHVHQWLQJ�D�SURMHFW���7KHUH�DUH�WZR�ZD\V�RI

XVLQJ�QHWZRUNV�WR�UHSUHVHQW�SURMHFWV���DFWLYLW\�RQ�DUURZ�DQG�DFWLYLW\�RQ�QRGH�������7KH

FULWLFDO�SDWK�LV�WKH�ORQJHVW�SDWK�RU�FKDLQ�WKURXJK�WKH�QHWZRUN���7KH�OHQJWK�RI�WKH�FULWLFDO

SDWK� LV� WKH� PLQLPXP� SURMHFW� FRPSOHWLRQ� WLPH�� DQG� WKH� DFWLYLWLHV� WKDW� OLH� DORQJ� WKH

FULWLFDO�SDWK�DUH�NQRZQ�DV�FULWLFDO�DFWLYLWLHV���'HOD\�LQ�FULWLFDO�DFWLYLW\�GHOD\V�WKH�SURMHFW�

7KLV� FKDSWHU� SUHVHQWV� D�PHWKRG�� LQYROYLQJ� IRUZDUG� DQG� EDFNZDUG� SDVVHV� WKURXJK� WKH

QHWZRUN��WKDW�VSHFLILHV�WKH�HDUOLHVW�DQG�ODWHVW�VWDUWLQJ�DQG�HQGLQJ�WLPHV�IRU�DOO�DFWLYLWLHV�

����7KH�JRDO�RI�WKH�SURMHFW�FRVWLQJ�DQDO\VLV�LV�WR�GHWHUPLQH�WKH�RSWLPDO�WLPH�WR�SHUIRUP

WKH�SURMHFW� WKDW�PLQLPL]HV� WKH� VXP�RI� LQGLUHFW� DQG� GLUHFW� FRVWV�� �'LUHFW� FRVWV� LQFOXGH

ODERU�� PDWHULDO�� DQG� HTXLSPHQW�� � ,QGLUHFW� FRVWV� LQFOXGH� FRVWV� RI� UHQWV�� LQWHUHVW�� DQG

XWLOLWLHV�������3(57�LV�DQ�H[WHQVLRQ�RI�FULWLFDO�SDWK�DQDO\VLV�WR�LQFRUSRUDWH�XQFHUWDLQW\�LQ

WKH�DFWLYLW\�HVWLPDWHV�

7HUPV 6XSSRUWHG� ��7�����7�����7�����7�����7�����7�����7�����7����

6WDWHPHQWV 6XSSRUWHG� ��66�����66�����66������66������66������66����

)LJXUH�������6RXUFH�0DWHULDO�'HVFULSWLRQ�)RUP

� 6RXUFH�0DWHULDO�� 7KH�VRXUFH�PDWHULDO�QXPEHU�LV�UHFRUGHG�LQ�WKLV�ILHOG���7KH�VRXUFH

PDWHULDO�QXPEHU�LV� LPSRUWDQW�EHFDXVH� LW�SURYLGHV� WUDFHDELOLW\� WR� WKH�VRXUFH�PDWHULDO

IURP�ZKLFK�VWDWHPHQWV�� WHUPV��NLQGV��DQG�SURSHUWLHV�DUH� LQGLYLGXDWHG�E\�PHPEHU�V�

RI�WKH�RQWRORJ\�GHYHORSPHQW�WHDP�



��

� 6RXUFH�0DWHULDO�1DPH ,Q� WKLV� ILHOG�� WKH� QDPH� RI� WKH� VRXUFH� PDWHULDO� LV

GRFXPHQWHG�

� 3XUSRVH 7KH�UHDVRQ�V��IRU�DFTXLULQJ�WKH�VRXUFH�PDWHULDO�DUH�UHFRUGHG�LQ�WKLV�ILHOG

EHFDXVH�IXWXUH�UHDGHUV�RI�WKH�RQWRORJ\�GRFXPHQW�PLJKW�EH�LQWHUHVWHG�LQ�NQRZLQJ�WKH

SXUSRVH�RI�FROOHFWLQJ�VRXUFH�PDWHULDO�LQ�WKH�ILUVW�SODFH�

� &RPPHQWV$Q\� DGGLWLRQDO� UHOHYDQW� UHPDUNV� WKDW� KHOS� GHVFULEH� RU� MXVWLI\� WKH

FROOHFWLRQ� RI� VRXUFH� PDWHULDO� DUH� UHFRUGHG� LQ� WKLV� ILHOG�� � 7KLV� ILHOG� LV� LPSRUWDQW

EHFDXVH�LW�DOORZV�D�WHDP�PHPEHU�V��WR�UHFRUG�VSHFLDO�IHDWXUHV�RU�FRPPHQWV�WKDW�DUH

ZRUWK�UHIHUHQFLQJ�DW�D�ODWHU�GDWH�

� $EVWUDFW $� VXPPDUL]HG� GHVFULSWLRQ� RI� WKH� VRXUFH�PDWHULDO� LV� GRFXPHQWHG� LQ� WKLV

ILHOG���7KH�DEVWUDFW�LV�LPSRUWDQW�EHFDXVH�LW�SURYLGHV�D�FRQFLVH�RYHUYLHZ�RI�WKH�PDLQ

FRQFHSWV�GLVFXVVHG�LQ�WKH�VRXUFH�PDWHULDO�

� 7HUPV�6XSSRUWHG 7KH� OLVW� RI� WHUP� QXPEHUV� VXSSRUWHG� E\� WKH� VRXUFH� PDWHULDO� LV

GRFXPHQWHG�LQ�WKLV�ILHOG��VHH�6XEVHFWLRQ������������7KH�WHUPV�VXSSRUWHG�DUH�LPSRUWDQW

EHFDXVH� WKH\� SURYLGH� WUDFHDELOLW\� IRU� DOO� WKH� WHUPV� WKDW� DUH� LGHQWLILHG� EDVHG� RQ� WKLV

VSHFLILF�VRXUFH�PDWHULDO�

� 6WDWHPHQWV�6XSSRUWHG 7KLV�ILHOG�UHSUHVHQWV�D�OLVW�RI�VWDWHPHQW�QXPEHUV�VXSSRUWHG

E\�WKH�VRXUFH�PDWHULDO���,W�LV�DQ�LPSRUWDQW�ILHOG�EHFDXVH�LW�SURYLGHV�WUDFHDELOLW\�WR�DOO

VWDWHPHQWV�WKDW�DUH�LGHQWLILHG�EDVHG�RQ�D�VSHFLILF�VRXUFH�PDWHULDO�

7KH�6RXUFH�0DWHULDO�/RJ�� WRJHWKHU�ZLWK� WKH�6RXUFH�0DWHULDO�'HVFULSWLRQ��HVWDEOLVKHV� LPSRUWDQW

OLQNV� EHWZHHQ� WKH� RQWRORJ\� DQG� WKH� VRXUFH� NQRZOHGJH� WKDW� WKH� RQWRORJ\� HPERGLHV�� � 7KH

LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�VRXUFH�PDWHULDO�LV�WKH�EDVLV�IRU�PXFK�RQWRORJ\�GLVFRYHU\�WKDW�RFFXUV

GXULQJ�RQWRORJ\�GHYHORSPHQW�

�������� 6RXUFH�6WDWHPHQW�3RRO

7KH�6RXUFH�6WDWHPHQW�3RRO�UHFRUGV�PHDQLQJIXO�VWDWHPHQWV�PDGH�E\�GLIIHUHQW�LQGLYLGXDOV��DV�ZHOO

DV� VWDWHPHQWV� H[WUDFWHG� IURP�VRXUFH�GRFXPHQWV�GXULQJ� WKH�RQWRORJ\�GHYHORSPHQW� HIIRUW�� � (DFK

VRXUFH�VWDWHPHQW�LV�JLYHQ�D�XQLTXH�LGHQWLILFDWLRQ�QXPEHU�WR�LPSURYH�WUDFHDELOLW\���7KH�IROORZLQJ

ILHOGV�DUH�XVHG�LQ�D�6RXUFH�6WDWHPHQW�3RRO��VHH�)LJXUH������
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6RXUFH�6WDWHPHQW�3RRO

3URMHFW���3URMHFW�3ODQQLQJ�2QWRORJ\ $QDO\VW���3��%HQMDPLQ

6RXUFH 6WDWHPHQW

� 6RXUFH 6WDWHPHQW 6XSSRUWHG E\

66��� 3URMHFW�GHILQLWLRQ�LV�FRPSULVHG�RI�SURMHFW

VWDWHPHQW��SURMHFW�JRDOV��SHUVRQQHO��DQG�UHVRXUFHV

UHTXLUHG�IRU�WKH�SURMHFW�

&DUDZD\�

/LQJLQHQL��	

+DUL

66��� 5HVRXUFHV�PD\�EH�FODVVLILHG�DV�SHUVRQQHO�

FRPSXWHU�V\VWHPV��DQG�IDFLOLWLHV�
&DUDZD\

66��� 7KH�SURMHFW�SODQQHU�GHWHUPLQHV�WKH�VHTXHQFH�RI

DFWLYLWLHV�WR�EH�SHUIRUPHG��DQG�VSHFLILHV

SUHFHGHQFH�FRQVWUDLQWV�WR�EH�PDLQWDLQHG�

+DUL

)LJXUH�������6RXUFH�6WDWHPHQW�3RRO

� 6RXUFH�6WDWHPHQW�� 7KH�XQLTXH� LGHQWLILHU� DVVLJQHG� WR� D� VWDWHPHQW� LV� UHFRUGHG� LQ

WKLV� ILHOG�� � ,W� LV� YHU\� LPSRUWDQW� WR� PDLQWDLQ� WKLV� LQIRUPDWLRQ� EHFDXVH� WKH� VRXUFH

VWDWHPHQW� QXPEHUV� SURYLGH� WUDFHDELOLW\� WR� WKH� HYLGHQFH� IURP� ZKLFK� RQWRORJ\

HOHPHQWV�VXFK�DV�SURWR�NLQGV��SURWR�UHODWLRQV��SURWR�SURSHUWLHV��HWF��DUH�LQGLYLGXDWHG�

� 6RXUFH�6WDWHPHQW 7KH�VRXUFH�VWDWHPHQW� LWVHOI� LV� UHFRUGHG� LQ� WKLV� ILHOG�� �7KLV� ILHOG

ZLOO�FRQWDLQ�WKH�ODWHVW�YHUVLRQ�RI�WKH�VRXUFH�VWDWHPHQW���2OGHU�YHUVLRQV�RI�WKH�VRXUFH

VWDWHPHQW�FDQ�EH�REWDLQHG�IURP�WKH�VRXUFH�VWDWHPHQW�GHVFULSWLRQ�IRUP��)LJXUH������

� 6XSSRUWHG�E\ 7KH� QDPH�V�� RI� WKH� WHDP� PHPEHU�V�� UHVSRQVLEOH� IRU� WKH

LGHQWLILFDWLRQ�RI�WKH�VRXUFH�VWDWHPHQW�DUH�UHFRUGHG�LQ�WKLV�ILHOG�

7KH� 6RXUFH� 6WDWHPHQW� 3RRO� WRJHWKHU� ZLWK� WKH� 6RXUFH� 6WDWHPHQW� 'HVFULSWLRQ� )RUP�V�� DOORZV

RQWRORJ\�GHYHORSPHQW�WHDP�PHPEHU�V��WR�GRFXPHQW�WKH�HYROXWLRQ�SURFHVV�RI�VRXUFH�VWDWHPHQW�V��

������� 6RXUFH�6WDWHPHQW�'HVFULSWLRQ�)RUP

7KH�IROORZLQJ�ILHOGV�DUH�XVHG�LQ�D�6RXUFH�6WDWHPHQW�'HVFULSWLRQ�)RUP��)LJXUH������
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6RXUFH�6WDWHPHQW�'HVFULSWLRQ�)RUP

3URMHFW� �3URMHFW�3ODQQLQJ�2QWRORJ\ $QDO\VW���3��%HQMDPLQ

6RXUFH 6WDWHPHQW �� 66��� 6WDWHPHQW �6 (YROYHG 7R�

6WDWXV�

$FWLYH���5HWLUHG

6RXUFH 0DWHULDO �� 60��� 6WDWHPHQW �6 'HULYHG )URP� 2ULJLQDO���'HULYHG

6RXUFH 6WDWHPHQW�����3URMHFW�GHILQLWLRQ�LV�D�FOHDU�VWDWHPHQW�RI�WKH�SURMHFW��WKH�JRDOV

RI�WKH�SURMHFW��DQG�WKH�UHVRXUFHV�DQG�SHUVRQQHO�WKDW�WKH�SURMHFW�UHTXLUHV�

6XSSRUWHG

E\�

&DUDZD\�

+DUL

9HUVLRQ �� ���3URMHFW�GHILQLWLRQ�FRPSULVHV�WKH�SURMHFW�VWDWHPHQW��SURMHFW�JRDOV��DQG

UHVRXUFHV��LQFOXGLQJ�SHUVRQQHO��UHTXLUHG�IRU�WKH�SURMHFW�

6XSSRUWHG

E\�

&DUDZD\�

+DUL�

/LQJLQHQL

9HUVLRQ �� 6XSSRUWHG

E\�

9HUVLRQ �� 6XSSRUWHG

E\�

&RPPHQWV�

)LJXUH�������6RXUFH�6WDWHPHQW�'HVFULSWLRQ�)RUP

� 6RXUFH�6WDWHPHQW�� 7KH� XQLTXH� LGHQWLILHU� DVVLJQHG� WR� D� VRXUFH� VWDWHPHQW� LV

UHFRUGHG�LQ�WKLV�ILHOG�� �,W�LV�YHU\�LPSRUWDQW�WR�PDLQWDLQ�WKLV� LQIRUPDWLRQ�EHFDXVH�WKH

VWDWHPHQW� QXPEHU� SURYLGHV� WUDFHDELOLW\� WR� WKH� HYLGHQFH� IURP� ZKLFK� RQWRORJ\

HOHPHQWV�VXFK�DV�SURWR�NLQGV��SURWR�UHODWLRQV��SURWR�SURSHUWLHV��HWF��DUH�LQGLYLGXDWHG�

� 6RXUFH�0DWHULDO�� 7KLV�ILHOG�UHSUHVHQWV�WKH�QXPEHU�V��RI�WKH�VRXUFH�PDWHULDO�LWHPV

WKDW�VXSSRUW�D�VRXUFH�VWDWHPHQW���:KHQ�LW�LV�LPSRUWDQW�WR�NQRZ�WKH�VXSSRUWLQJ�VRXUFH

PDWHULDO� IURP� ZKLFK� WKH� VRXUFH� VWDWHPHQW�V�� LV� LGHQWLILHG�� WKH� VRXUFH� PDWHULDO

QXPEHU�V��SURYLGHV�D�SRLQWHU�WR�WKH�VRXUFH�PDWHULDO�

� 6WDWXV 7KH�VWDWHPHQW�LV�FDWHJRUL]HG�DV�HLWKHU�DFWLYH�RU�UHWLUHG�DQG�DV�HLWKHU�RULJLQDO

RU�GHULYHG��DQG�WKLV�FDWHJRUL]DWLRQ�LV�UHFRUGHG�LQ�WKLV�ILHOG���:KHQ�D�VRXUFH�VWDWHPHQW
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LV� �VWLOO�� XVHG� IRU�GDWD� DQDO\VLV� SXUSRVHV�� WKH� VWDWXV�RI� WKH� VWDWHPHQW� LV� DFWLYH�� � ,I� D

VRXUFH� VWDWHPHQW� LV� QR� ORQJHU� XVHG� IRU� GDWD� DQDO\VLV� SXUSRVH�V��� WKH� VWDWXV� RI� WKH

VRXUFH� VWDWHPHQW� LV� UHWLUHG�� �:KHQ� D� VWDWHPHQW� LV� GLUHFWO\� FROOHFWHG� IURP� D� VRXUFH

PDWHULDO��WKH�VWDWXV�RI�WKDW�VWDWHPHQW�LV�RULJLQDO���2Q�WKH�RWKHU�KDQG��LI�D�VWDWHPHQW�LV

GHULYHG�IURP�D�VHW�RI�VWDWHPHQWV��WKH�VWDWXV�RI�WKDW�VWDWHPHQW�LV�GHULYHG���7KH�VWDWXV�RI

D� VRXUFH� VWDWHPHQW� SURYLGHV� DQ� LQGLFDWLRQ� RI� ZKHUH� WKH� VWDWHPHQW� LV� ORFDWHG� LQ� LWV

HYROXWLRQ�SURFHVV�

� 6WDWHPHQW���HYROYHG�WR 7KH� VRXUFH� VWDWHPHQW� QXPEHUV� WKDW�ZHUH� JHQHUDWHG� XVLQJ

WKLV�VWDWHPHQW�DV�WKH�EDVH�ZLOO�EH�UHFRUGHG�LQ�WKLV�ILHOG�

� 6WDWHPHQW��V�GHULYHG�IURP 7KH�VRXUFH�VWDWHPHQW�QXPEHUV�WKDW�ZHUH�XVHG�WR�GHULYH

WKLV�VRXUFH�VWDWHPHQW�ZLOO�EH�UHFRUGHG�LQ�WKLV�ILHOG�

� 6RXUFH�6WDWHPHQW 7KLV�ILHOG�SURYLGHV�VSDFH�WR�GRFXPHQW�WKH�VWDWHPHQW�LWVHOI���,W�LV

LPSRUWDQW� WR� GRFXPHQW� WKH� VRXUFH� VWDWHPHQW� EHFDXVH� LW� SURYLGHV� WKH� QHFHVVDU\

HYLGHQFH�EDVHG�RQ�ZKLFK�YDULRXV�RQWRORJ\�HOHPHQWV�DUH�LQGLYLGXDWHG�

� 6XSSRUWHG�%\ 7KLV� ILHOG� UHSUHVHQWV� WKH�QDPH�RI� WKH� WHDP�PHPEHU�V�� UHVSRQVLEOH

IRU�WKH�LGHQWLILFDWLRQ�RI�WKH�VRXUFH�VWDWHPHQW�IURP�D�VRXUFH�PDWHULDO�

� 9HUVLRQ�� $� VRXUFH� VWDWHPHQW�PLJKW� XQGHUJR�PDQ\� VXFFHVVLYH� UHILQHPHQWV� GXULQJ

WKH� RQWRORJ\� GHYHORSPHQW� SURFHVV�� � 7KLV� ILHOG� UHFRUGV� WKH� YHUVLRQ� QXPEHU� RI� WKH

VWDWHPHQW�� ZKLFK� LV� LQFUHPHQWHG� LQ� FKURQRORJLFDO� RUGHU�� � 7KH� YHUVLRQV� RI� WKH

VWDWHPHQW�DUH�XVHIXO�IRU�UHFRUGLQJ�WKH�HYROXWLRQ�RI�WKH�WKRXJKW�SURFHVVHV�WKDW�XQGHUOLH

WKH�GDWD�FDSWXUH�DQG�IRU�KHOSLQJ�LQ�WKH�RQWRORJ\�H[WUDFWLRQ�SURFHVV�

� &RPPHQWV7KLV�ILHOG�GRFXPHQWV�DQ\�DGGLWLRQDO� LQIRUPDWLRQ�DERXW� WKH�VWDWHPHQW�IRU

IXWXUH�UHIHUHQFH�

������� 7HUP�3RRO

7KH� PHDQLQJIXO� WHUPV� UHOHYDQW� WR� WKH� RQWRORJ\� GHYHORSPHQW� SURMHFW� HIIRUW� DUH� UHFRUGHG

DOSKDEHWLFDOO\� LQ�D�7HUP�3RRO�� �7HUPV�RIWHQ�HYROYH� WR�SURWR�NLQGV��SURWR�FKDUDFWHULVWLFV��SURWR�

UHODWLRQV�� NLQGV�� FKDUDFWHULVWLFV�� DQG� UHODWLRQV� �)LJXUH� ������ � $� WHUP� WKDW� LV� LGHQWLILHG� E\� D

PHPEHU�V��RI�DQ�RQWRORJ\�GHYHORSPHQW�HIIRUW�PD\�EH�SURPRWHG�WR�D�SURWR�NLQG��SURWR�UHODWLRQ��RU

D�SURWR�FKDUDFWHULVWLF�DW�D�ODWHU�VWDJH���7KH�IROORZLQJ�ILHOGV�DUH�XVHG�LQ�D�7HUP�3RRO��VHH�)LJXUH

�����
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7HUP�3RRO

3URMHFW� 3URMHFW�3ODQQLQJ�2QWRORJ\ $QDO\VW���3��%HQMDPLQ

7HUP � 7HUP
6RXUFH 6WDWHPHQW

5HIHUHQFH

6RXUFH

0DWHULDO

5HIHUHQFH

6XSSRUW /LVW

7���� 3URMHFW 66��� 60��� 3.���

7���� 3URMHFW�JRDO 66��� 60��� 3.���

7���� 5HVRXUFH 66��� 60��� 3.�����35���

)LJXUH�������7HUP�3RRO

� 7HUP�� 7KH�XQLTXH� LGHQWLILFDWLRQ�QXPEHU�DVVLJQHG� WR�D� WHUP�LV�GRFXPHQWHG� LQ� WKLV

ILHOG�

� 7HUP 7KLV�ILHOG�UHFRUGV�WKH�WHUP�LWVHOI�

� 6RXUFH�6WDWHPHQW�5HIHUHQFH 7KH�VRXUFH�VWDWHPHQW�V��EDVHG�RQ�ZKLFK�WKH�WHUP�LV

LQGLYLGXDWHG�E\�D�WHDP�PHPEHU�LV�GRFXPHQWHG�LQ�WKLV�ILHOG�

� 6RXUFH�0DWHULDO�5HIHUHQFH 7KH� XQLTXH� LGHQWLILFDWLRQ� QXPEHU� RI� VRXUFH� PDWHULDO

WKDW�LV�XVHG�WR�LQGLYLGXDWH�D�WHUP�LV�UHFRUGHG�LQ�WKLV�ILHOG�� �7KLV�LQIRUPDWLRQ�LV�YHU\

XVHIXO�IRU�GHWHUPLQLQJ�ZKLFK�VWDWHPHQW�LV�WKH�EDVLV�IRU�LQGLYLGXDWLQJ�D�WHUP�DQG�DOVR

ZKLFK�VRXUFH�PDWHULDO�LV�XVHG�IRU�FROOHFWLQJ�WKDW�SDUWLFXODU�VWDWHPHQW�

� 6XSSRUW�/LVW 7KH� OLVW� RI� SURWR�NLQGV�� SURWR�FKDUDFWHULVWLFV�� DQG� SURWR�UHODWLRQV� WKDW

DUH�VXSSRUWHG�E\�WKH�WHUP�DUH�GRFXPHQWHG�LQ�WKLV�ILHOG�

7KH�7HUP�3RRO�SURYLGHV�D�OLVW�RI�WKH�WHUPV�XVHG�WR�GHULYH�WKH�RQWRORJ\���(DFK�WHUP�LQ�WKH�7HUP

3RRO�LV�GHVFULEHG�LQ�JUHDWHU�GHWDLO�XVLQJ�WKH�7HUP�'HVFULSWLRQ�)RUP��VHH�)LJXUH������
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7HUP�'HVFULSWLRQ�)RUP

3URMHFW� 3URMHFW�3ODQQLQJ�2QWRORJ\ $QDO\VW���3��%HQMDPLQ

7HUP � 7HUP 'HVFULSWLRQ

7��� (YHQW $Q�HYHQW�LV�D�FKDUDFWHUL]HG�SRLQW�LQ�WLPH�WKDW�KDV

VRPH�VLJQLILFDQFH�WR�D�UHDO�ZRUOG�SURFHVV�

7���� 3URFHVV $�SURFHVV�LV�D�FROOHFWLRQ�RI�LQWHUUHODWHG�DFWLYLWLHV

WKDW� SURGXFHV� D� VHW� RI� RXWSXWV� IURP� D� VHW� RI

LQSXWV�

7���� 5HVRXUFH 5HVRXUFHV� DUH� REMHFWV�SHUVRQQHO� WKDW� DUH

FRQVXPHG��XVHG��RU�UHTXLUHG�WR�SHUIRUP�DFWLYLWLHV

DQG� WDVNV�� � 5HVRXUFHV� SOD\� DQ� HQDEOLQJ� UROH� LQ

SURFHVVHV�

)LJXUH����� ��7HUP�'HVFULSWLRQ�)RUP

7KH�IROORZLQJ�ILHOGV�DUH�XVHG�LQ�WKH�7HUP�'HVFULSWLRQ�)RUP��VHH�)LJXUH������

� 7HUP�� (DFK� WHUP� LQGLYLGXDWHG� E\� DQ� DQDO\VW� IURP� D� VWDWHPHQW� LV� JLYHQ� D� XQLTXH

LGHQWLILHU�IRU�IXWXUH�WUDFHDELOLW\��DQG�WKH�XQLTXH�QXPEHU�LV�UHFRUGHG�LQ�WKLV�ILHOG�

� 7HUP 7KLV�ILHOG�GRFXPHQWV�WKH�WHUP�LWVHOI���7KLV�WHUP�PD\�EH�SURPRWHG�DV�D�SURWR�

NLQG��SURWR�FKDUDFWHULVWLF��RU�D�SURWR�UHODWLRQ�GXULQJ�GDWD�DQDO\VLV�

� 'HVFULSWLRQ $�GHVFULSWLRQ�RI�WKH�WHUP�LV�UHFRUGHG�LQ�WKLV�ILHOG���2IWHQ��LW�LV�XVHIXO�WR

GRFXPHQW� D� FRQFLVH� GHVFULSWLRQ� RI� WKH� WHUP� GXULQJ� WKH� RQWRORJ\� GHYHORSPHQW

SURFHVV�

��� $QDO\]H�'DWD

7KH�REMHFWLYH�RI� WKLV� WDVN� LV� WR�DQDO\]H� WKH� VRXUFH�PDWHULDO� WR�FRQVWUXFW�DQ� LQLWLDO� �©ILUVW�SDVVª�

FKDUDFWHUL]DWLRQ� RI� WKH� RQWRORJ\�� � 7KLV� WDVN� LV� SHUIRUPHG� E\� D� WHDP� FRQVLVWLQJ� RI� NQRZOHGJH

HQJLQHHU�V��DQDO\VW�V�� DQG� GRPDLQ� H[SHUW�V��� � 7KLV� WDVN� ZLOO� W\SLFDOO\� LQYROYH� WKH� IROORZLQJ

DFWLYLWLHV�
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� /LVW�WKH�REMHFWV��RI�LQWHUHVW�LQ�WKH�GRPDLQ���6RPH�REMHFWV�ZLOO�EH�IDLUO\�REYLRXV�IURP

DQ� LQLWLDO� VWXG\�RI� WKH� VRXUFH�GDWD� �VXFK�REMHFWV�DUH�FDOOHG�SKHQRPHQRORJLFDO� QDLYH

REMHFWV����)RU�H[DPSOH��WKH�GLIIHUHQW�NLQGV�RI�PDFKLQHV�WKDW�DUH�RQ�WKH�VKRS�IORRU�ZLOO

EH�REYLRXV�RQWRORJ\�FDQGLGDWHV�IRU�D�PDQXIDFWXULQJ�V\VWHP�RQWRORJ\�� �7KH�OHYHO�RI

GHWDLO�WKDW�QHHGV�WR�EH�HPSOR\HG�WR�GHYHORS�WKLV�OLVW�ZLOO�EH�JXLGHG�E\�WKH�YLHZSRLQW

DQG�FRQWH[W�VWDWHPHQWV�FRQVWUXFWHG�HDUOLHU�LQ�WKH�GHYHORSPHQW�SURFHVV�

� ,GHQWLI\�REMHFWV� WKDW� DUH�RQ� WKH�ERXQGDULHV�RI� WKH�RQWRORJ\�� �7KH� LQLWLDO� ERXQGDULHV

GHILQHG� LQ� WKH� FRQWH[W� VWDWHPHQW� PD\� QHHG� WR� EH� UH�GUDZQ� WR� IDFLOLWDWH� EHWWHU

FRQFHSWXDO� VWUXFWXULQJ� RI� WKH� RQWRORJ\�� � )RU� H[DPSOH�� UHFRJQL]LQJ� WKDW� DQ

$XWRQRPRXV� *XLGHG� 9HKLFOH� �$*9�� LV� RQ� WKH� �LQLWLDO�� ERXQGDU\� EHWZHHQ� WKH

PDFKLQH�FHOO�VXEV\VWHP�DQG�WKH�VWRUHV�VXEV\VWHP�PD\�FDXVH�WKH�ERXQGDULHV�WR�EH�UH�

GUDZQ�WR�LQFOXGH�PDWHULDO�KDQGOLQJ�HTXLSPHQW��DQG��KHQFH��WKH�$*9�

� /RRN� IRU� DQG� LQGLYLGXDWH� LQWHUQDO� V\VWHPV�ZLWKLQ� WKH� ERXQGDU\� RI� WKH� GHVFULSWLRQ�

6\VWHPV�DUH�GHILQHG� DV� FROOHFWLRQV�RI�SK\VLFDO� DQG�RU� FRQFHSWXDO� REMHFWV� WKDW�ZRUN

WRJHWKHU�WR�DFKLHYH�FRPPRQ�REMHFWLYH�V����2UJDQL]LQJ�RQWRORJLHV�E\�WKH�V\VWHP�LQ�WKH

GRPDLQ�SURYLGHV�D�FOHDU�FRQFHSWXDO� IUDPHZRUN�IRU�VXEVHTXHQW�DQDO\VLV�RI�RQWRORJ\

NQRZOHGJH�

7KH�DFWLYLWLHV�LQYROYHG�LQ�WKH�DQDO\VLV�RI�VRXUFH�PDWHULDO�DUH�VXPPDUL]HG�LQ�)LJXUH�����

�)DVWHQHU +DQGERRN� GHVFULSWLRQ

RI FRPPRQ IDVWHQHUV!

�6(0, VWDQGDUG 9� �� UHIHUHQFH

IRU ZDIHU VWDQGDUGV!

�:HEVWHU
V� 'LFWLRQDU\ RI 7HUPV!

PDFKLQH WKUHDGHG IDVWHQHUV

UHDJHQWV

ZDIHUV

/RRN IRU %RXQGDU\
2EMHFWV /RRN IRU 6\VWHPV

'20$,1 '20$,1

&DWDORJ 2EMHFWV

)LJXUH�������6RXUFH�0DWHULDO�$QDO\VLV

                                                          

�7KH WHUP REMHFW LV XVHG LQ D JHQHULF VHQVH WR GHQRWH LQVWDQFHV DQG NLQGV DQG DOVR SK\VLFDO WKLQJV DQG FRQFHSWXDO

WKLQJV�



��

��� 'HYHORS�,QLWLDO�2QWRORJ\

����� 'HYHORS�3URWR�&RQFHSWV

7KH�WHUP�SURWR�FRQFHSWV��LQ�WKH�,'()��PHWKRG��UHIHUV�WR�WKH�VHW�RI�SURWR�NLQGV��SURWR�SURSHUWLHV�

SURWR�DWWULEXWHV�� DQG�SURWR�UHODWLRQV�� �7KH�SUHIL[�SURWR�� VXJJHVWV� WKDW� WKH� FRQFHSWV� DUH� WHQWDWLYH

DQG� VXEMHFW� WR� IXUWKHU� LQTXLU\� EHIRUH� ILQDO� FKDQJH� RI� VWDWXV�� � 'XULQJ� WKH� SURFHVV� RI� RQWRORJ\

GHYHORSPHQW�� SURWR�FRQFHSWV� RIWHQ�PDWXUH� LQWR� FRQFHSWV� �L�H��� NLQGV�� SURSHUWLHV�� DWWULEXWHV�� DQG

UHODWLRQV��� � 7KH� NLQG� UHILQHPHQW� SURFHGXUH� DQG� UHODWLRQ� UHILQHPHQW� SURFHGXUH� DUH� GHVFULEHG� LQ

6XEVHFWLRQ�������DQG�6XEVHFWLRQ��������UHVSHFWLYHO\�

����� 'HYHORS�3URWR�.LQGV

7KH� REMHFWLYH� RI� WKLV� WDVN� LV� WR� FRQYHUW� RQH� RU� PRUH� REMHFWV� WKDW� UHVXOW� IURP� WKH� VRXUFH� GDWD

DQDO\VLV�WR�SURWR�NLQGV��LI�WKLV�LV�DSSURSULDWH����$�SURWR�NLQG�LV�WKH�UHVXOW�RI�D�SUHOLPLQDU\�DWWHPSW

DW�LQGLYLGXDWLQJ�D�NLQG���7KLV�WDVN�HVVHQWLDOO\�FRQVLVWV�RI�DVVRFLDWLQJ�WKH�REMHFWV�LGHQWLILHG�LQ�7DVN

���6XEVHFWLRQ������ZLWK�WKH�SURWR�SURSHUWLHV�LGHQWLILHG�LQ�6XEVHFWLRQ���������,W�PD\�EH�LQVWUXFWLYH

WR�SHUIRUP�WKLV�DVVRFLDWLRQ�SURFHVV�LQ�WZR�VWDJHV���)LUVW��WKH�DVVRFLDWLRQ�LV�FDUULHG�XS�WR�WKH�SRLQW

ZKHUH�WKH�SURWR�NLQG�FDQ�EH�FOHDUO\�GLVWLQJXLVKHG�IURP�DQ\�RWKHU�SURWR�NLQG�� WKDW� LV�� WKH�SURWR�

NLQGV� KDYH� D� EDVLV� IRU� EHLQJ� XQLTXHO\� LQGLYLGXDWHG�� � 7KHVH� SURSHUWLHV� WKDW� FRQWULEXWH� WR� WKH

XQLTXHQHVV�RI�D�NLQG�DUH�FDQGLGDWH�GHILQLQJ�SURSHUWLHV�� �'HILQLQJ�SURSHUWLHV�VWLSXODWH�QHFHVVDU\

FRQGLWLRQV� IRU�PHPEHUVKLS� WR� D� NLQG�� �2QFH� WKH� GHILQLQJ� SURSHUWLHV� DUH� LGHQWLILHG�� RWKHU� �QRQ�

GHILQLQJ��SURSHUWLHV�DQG�DWWULEXWHV�DUH�XVHG�WR�FKDUDFWHUL]H�WKH�NLQGV�LQ�JUHDWHU�GHWDLO���7KH�SURWR�

NLQGV�DUH� WDJJHG�ZLWK�VXSSRUWLQJ�VRXUFH�PDWHULDO� �IRU� WUDFHDELOLW\��DQG�FDWDORJXHG� LQ� WKH�3URWR�

.LQG�3RRO���)LJXUH������

                                                          

�:KHQ D SURWR�NLQG PDWXUHV LQWR D NLQG GXULQJ DQ RQWRORJ\ GHYHORSPHQW SURFHVV� WKH NLQG LV UHFRUGHG LQ D NLQG SRRO�

7KH GHVLJQ RI D NLQG SRRO LV VDPH DV WKDW RI WKH 3URWR�.LQG 3RRO� DV VKRZQ LQ )LJXUH �����



��

3URWR�.LQG�3RRO

3URMHFW���2QWRORJ\�RI�3URFHVV�3ODQQLQJ $QDO\VW���3��%HQMDPLQ

3URWR�.LQG � 3URWR�.LQG

1DPH

6XSSRUWHG %\ 6XSSRUWHG

%\

6XSSRUWV

/LVW

6FKHPDWLF

/LVW

3.��� S���$FWLYLW\ &DUDZD\ 60��� 35���� &26���

3.��� S��5HVRXUFH &DUDZD\ 60��� 35���� &/6���

3.��� S��3URMHFW�3ODQ &DUDZD\ 60��� 35���� 5/6���

)LJXUH����� ��3URWR�.LQG�3RRO

7KH�YDULRXV�ILHOGV�LQ�D�3URWR�.LQG�3RRO�)RUP�DUH�EULHIO\�GHVFULEHG�EHORZ�

� 3URWR�.LQG�� 7KH� XQLTXH� LGHQWLILHU� RI� D� SURWR�NLQG� LV� UHFRUGHG� LQ� WKLV� ILHOG�� � 7KLV

SURWR�NLQG�QXPEHU�LV�LPSRUWDQW�EHFDXVH�LW�SURYLGHV�WUDFHDELOLW\�WR�WKH�SURWR�NLQG�

� 3URWR�.LQG�1DPH 7KH�QDPH�RI�WKH�SURWR�NLQG�LV�UHFRUGHG�LQ�WKLV�ILHOG��7KLV�SURWR�

NLQG�PD\�EH�SURPRWHG�WR�D�NLQG�DW�D�ODWHU�VWDJH�E\�WHDP�PHPEHUV�GXULQJ�WKH�RQWRORJ\

GHYHORSPHQW�SURFHVV�

� 6XSSRUWHG�%\ 7KH� VRXUFH� PDWHULDO� LWHPV� �WHUPV�� VWDWHPHQWV�� WKDW� VXSSRUW� WKH

SURFHVV�RI�LQGLYLGXDWLQJ�WKH�SURWR�NLQG�DUH�GRFXPHQWHG�LQ�WKLV�ILHOG�

� 6XSSRUWV�/LVW 7KH� SURSHUWLHV� DQG� UHODWLRQV� WKDW� DUH� LGHQWLILHG� EDVHG� RQ� WKH

LQGLYLGXDWLRQ�RI�WKLV�SURWR�NLQG�DUH�UHFRUGHG�LQ�WKLV�ILHOG�

� 6FKHPDWLF�/LVW 7KH�VFKHPDWLFV�LQ�ZKLFK�WKLV�SURWR�NLQG�RFFXUV�DUH�GRFXPHQWHG�LQ

WKLV� ILHOG�� � 7KXV� WKLV� ILHOG� LV� LPSRUWDQW� EHFDXVH� LW� DFWV� DV� D� SRLQWHU� WR� DOO� WKH

VFKHPDWLFV�LQ�ZKLFK�WKH�SURWR�NLQG�LV�DQ�HOHPHQW�

(DFK�SURWR�NLQG�KDV�D�3URWR�.LQG�6SHFLILFDWLRQ�)RUP��)LJXUH�������LQ�ZKLFK�D�EULHI�GHVFULSWLRQ

RI�WKH�SURWR�NLQG��LWV�V\QRQ\PV��DQG�RWKHU�UHOHYDQW�FRPPHQWV�FDQ�EH�GRFXPHQWHG�

                                                          

�3UHIL[ ©Sª GHQRWHV WKH QRWLRQ RI ©SURWRª �L�H�� SURWR�FKDUDFWHULVWLF� RU SURWR�NLQG� RU SURWR�UHODWLRQ��



��

3URWR�.LQG�6SHFLILFDWLRQ�)RUP

3URMHFW���2QWRORJ\�RI�3URMHFW�3ODQQLQJ $QDO\VW���3��%HQMDPLQ

3URWR�.LQG �� �3.���

3URWR�.LQG 1DPH� �5HVRXUFH

'HVFULSWLRQ� �5HVRXUFHV�DUH�LQGLYLGXDOV�WKDW�DUH�FRQVXPHG��XVHG��RU�UHTXLUHG�WR�SHUIRUP

DFWLYLWLHV�DQG�WDVNV���5HVRXUFHV�SOD\�DQ�LPSRUWDQW�UROH�LQ�SURFHVVHV�

6\QRQ\PV����0DFKLQHV��(TXLSPHQW��3HUVRQQHO��HWF�

&RPPHQWV� ��,QGLYLGXDWHG�E\�%��&DUDZD\

)LJXUH��������3URWR�.LQG�6SHFLILFDWLRQ�)RUP

����� ,GHQWLI\�3URWR�&KDUDFWHULVWLFV

7KH�REMHFWLYH�RI�WKLV�WDVN�LV�WR�FDWDORJ�WKH�FKDUDFWHULVWLFV��WKDW�LV��WKH�SURSHUWLHV�DQG�RU�DWWULEXWHV�

QHHGHG� WR� LGHQWLI\� DQG� GHVFULEH� WKH� REMHFWV� LQ� WKH� GRPDLQ�� � 3URSHUWLHV� DQG� DWWULEXWHV� DUH� WKH

FKDUDFWHULVWLFV� WKDW�KROG�RI�REMHFWV� LQ� WKH� UHDO�ZRUOG�� �([DPSOHV�RI�DWWULEXWHV�DUH�ZHLJKW�� FRORU�

DJH�� VKDSH�� DQG� VR� IRUWK�� �([DPSOHV� RI� SURSHUWLHV� DUH� KDV�FRORU�� KDV�GHSWK�� KDV�LQWHULRU�DQJOHV�

HWF��� � 7KH� SRWHQWLDO� FDQGLGDWHV� IRU� ©SURSHUWLHV�DWWULEXWHVª� LQ� WKH� RQWRORJ\� DUH� LQLWLDOO\� FDOOHG

©SURWR�FKDUDFWHULVWLFV�ª� � 3URWR�FKDUDFWHULVWLF� LGHQWLILFDWLRQ� XVXDOO\� RFFXUV� FRQFXUUHQWO\� ZLWK

SURWR�NLQG� LGHQWLILFDWLRQ� EHFDXVH� NLQGV� DUH� XVXDOO\� LQGLYLGXDWHG� RQ� WKH� EDVLV� RI� �VRPH� RI�� WKH

SURSHUWLHV�DWWULEXWHV� WKDW� WKH\� H[KLELW�� � � 7KH� OLVWLQJ� RI� FKDUDFWHULVWLFV� LV� D� UHODWLYHO\

VWUDLJKWIRUZDUG�WDVN�EHFDXVH�FKDUDFWHULVWLFV�DUH�UHDGLO\�REVHUYDEOH�DQG�DUH�RIWHQ�PHDVXUDEOH���7KH

SURWR�FKDUDFWHULVWLFV�DUH�WDJJHG�ZLWK�VXSSRUWLQJ�VRXUFH�PDWHULDO��IRU�WUDFHDELOLW\��DQG�FDWDORJXHG

LQ�WKH�3URWR�&KDUDFWHULVWLF�3RRO��)LJXUH���������7KH�GLVWLQFWLRQ�EHWZHHQ�DWWULEXWHV�SURSHUWLHV�DQG

NLQGV� LV� QRW� DOZD\V� FOHDU�� KRZHYHU�� DQG� JXLGHOLQHV� WR� GLIIHUHQWLDWH� WKHVH� FRQFHSWV� DUH� JLYHQ� LQ

6XEVHFWLRQ�������� �)RU� LOOXVWUDWLRQ�� D� SURWR�NLQG�SURMHFW� WDVN�FDQ� KDYH� ILYH� FKDUDFWHULVWLFV�� � ��

GXUDWLRQ������HDUOLHVW�VWDUWLQJ�WLPH�����ODWHVW�VWDUWLQJ�WLPH�����HDUOLHVW�ILQLVKLQJ�WLPH��DQG����ODWHVW

                                                          

�7KH GLIIHUHQFH EHWZHHQ SURSHUWLHV DQG DWWULEXWHV LV GHVFULEHG LQ 6XEVHFWLRQ ������



��

ILQLVK�WLPH���7KHVH�DWWULEXWHV�DUH�FDWDORJXHG�LQ�D�3URWR�&KDUDFWHULVWLF�3RRO����DV�VKRZQ�LQ�)LJXUH

�����

3URWR�&KDUDFWHULVWLF�3RRO

3URMHFW���2QWRORJ\�RI�3URMHFW�3ODQQLQJ $QDO\VW � �3��%HQMDPLQ

3URWR�FKDUDFWHULVWLF
3URWR�FKDUDFWHULVWLF 1DPH 6XSSRUWHG%

\

6XSSRUWHG %\ .LQGV 8VHG

,Q

3&��� S�HDUOLHVW�VWDUWLQJ�WLPH 60��� +DUL 3.����3.

��

3&��� S�ODWHVW�VWDUWLQJ�WLPH 60��� +DUL 3.����3.

��

3&��� S�HDUOLHVW�ILQLVK�WLPH 60��� +DUL 3.����3.

��

3&��� S�ODWHVW�ILQLVK�WLPH 60��� +DUL 3.����3.

��

)LJXUH��������3URWR�&KDUDFWHULVWLF�3RRO

7KH�IROORZLQJ�ILHOGV�DUH�XVHG�WR�GHVFULEH�WKH�3URWR�&KDUDFWHULVWLF�3RRO�

� &KDUDFWHULVWLF��7KH� XQLTXH� LGHQWLI\LQJ� QXPEHU� DVVLJQHG� WR� HDFK� FKDUDFWHULVWLF� LV

GRFXPHQWHG�LQ� WKLV�ILHOG�� �7KH�FKDUDFWHULVWLF�QXPEHU� LV� LPSRUWDQW�EHFDXVH� LW�FDQ�EH

XVHG�DV�D�PHDQV�RI�WUDFHDELOLW\�WR�WKH�FKDUDFWHULVWLF�LQ�WKH�IXWXUH�

� &KDUDFWHULVWLF�1DPH 7KH�QDPH�RI�WKH�FKDUDFWHULVWLF�LV�UHFRUGHG�LQ�WKLV�ILHOG�

� 6XSSRUWHG�%\ 7KH�QDPHV�RI� WKH� WHDP�PHPEHUV� UHVSRQVLEOH� IRU� WKH� LGHQWLILFDWLRQ

RI�WKH�SURWR�FKDUDFWHULVWLF�DUH�UHFRUGHG�LQ�WKLV�ILHOG�

                                                          

�:KHQ D SURWR�FKDUDFWHULVWLF PDWXUHV LQWR DQ FKDUDFWHULVWLF GXULQJ RQWRORJ\ GHYHORSPHQW SURFHVV� WKH FKDUDFWHULVWLF

LV UHFRUGHG LQ D &KDUDFWHULVWLF 3RRO� 7KH GHVLJQ RI D &KDUDFWHULVWLF 3RRO LV WKH VDPH DV WKDW RI D 3URWR�&KDUDFWHULVWLF

3RRO� DV VKRZQ LQ )LJXUH ����



��

� .LQGV�8VHG�,Q 7KLV� ILHOG� FRQVLVWV� RI� WKH� OLVW� RI� DOO� NLQGV� WKDW� SRVVHVV� WKLV

FKDUDFWHULVWLF�

����� 7KH�5ROH�RI�,'()��6FKHPDWLFV�LQ�2QWRORJ\�9LVXDOL]DWLRQ

7KH�,'()��ODQJXDJHV�DUH�XVHG�GXULQJ�WKH�LQYRFDWLRQ�RI� WKH�,'()��SURFHGXUH�WR�DVVLVW�ZLWK�WKH

GHYHORSPHQW�DQG�YLVXDOL]DWLRQ�RI�WKH�RQWRORJ\���7KH�SXUSRVH�RI�,'()��VFKHPDWLFV�LV�WR�VHUYH�DV

DQ�DLG� IRU� WKH�FRQVWUXFWLRQ�RI�RQWRORJLHV�� WKH\�DUH�QRW� WKH�SULPDU\�UHSUHVHQWDWLRQDO�PHGLXP�IRU

VWRULQJ�WKH�RQWRORJLHV��UHIHU�6XEVHFWLRQ�������IRU�PRUH�GHWDLOV��� �7KH�HOHPHQWV�RI�WKH�6FKHPDWLF

/DQJXDJH�� WKDW� DUH�XVHG� WR� LOOXVWUDWH� WKH� ,'()��SURFHGXUH� LQ� WKLV� VHFWLRQ�DUH�DV� IROORZV�� ����$

NLQG�LV�UHSUHVHQWHG�E\�D�FLUFOH�FRQWDLQLQJ�D�ODEHO������$�ILUVW�RUGHU�UHODWLRQ�LV�UHSUHVHQWHG�HLWKHU�E\

DQ�DUURZ�ZLWK�D�ODEHO�RU�E\�D�UHFWDQJOH�ZLWK�URXQGHG�FRUQHUV�FRQWDLQLQJ�D�ODEHO��DQG�����$�VHFRQG�

RUGHU� UHODWLRQ� LV� UHSUHVHQWHG� E\� DQ� DUURZ� ZLWK� LWV� DUURZKHDG� DW� LWV� EDFN� HQG�� � 7KH� XVH� RI

&ODVVLILFDWLRQ� 6FKHPDWLFV�� 5HODWLRQ� 6FKHPDWLFV�� DQG� &RPSRVLWLRQ� 6FKHPDWLFV� DUH� EULHIO\

LOOXVWUDWHG�LQ�WKLV�VHFWLRQ�

����� 8VLQJ�&ODVVLILFDWLRQ�6FKHPDWLFV�IRU�2QWRORJ\�'HYHORSPHQW

7KH�IROORZLQJ�H[DPSOH�GHPRQVWUDWHV�KRZ�D�&ODVVLILFDWLRQ�6FKHPDWLF�IHDWXUH�KHOSV�YLVXDOL]H�WKH

VXENLQG�RI� UHODWLRQ� EHWZHHQ� GLIIHUHQW� NLQGV� LQ� D� GRPDLQ�� � $� VRXUFH� VWDWHPHQW� ©SODQV�PD\� EH

EURDGO\� FODVVLILHG� DV� SURMHFW� SODQV�� SURFHVV� SODQV�� DQG� PDQSRZHU� SODQV�ª� FDQ� EH� FRQVLGHUHG�

6XSSRVH�WKDW�EDVHG�RQ�WKLV�VRXUFH�VWDWHPHQW��WHDP�PHPEHUV�LQGLYLGXDWHG�NLQGV�DV�SODQ��SURMHFW

SODQ��SURFHVV�SODQ�� DQG�PDQSRZHU�SODQ�GXULQJ� GDWD� DQDO\VLV�� �$�&ODVVLILFDWLRQ�6FKHPDWLF� LV

GHVLJQHG� WR� H[SOLFLWO\� GLVSOD\� WKH� VXENLQG�RI� UHODWLRQ� EHWZHHQ� YDULRXV� SURWR�NLQGV�NLQGV� LQ� D

GRPDLQ��DV�VKRZQ�LQ�)LJXUH������

3ODQ

3URFHVV
3ODQ

3URMHFW
3ODQ

0DQSRZHU
3ODQ

)LJXUH��������&ODVVLILFDWLRQ�6FKHPDWLF

                                                          

�7KH ,'()� 6FKHPDWLF /DQJXDJH LV GHVFULEHG LQ GHWDLO LQ 6XEVHFWLRQ ����



��

����� .LQGV�9HUVXV�3URSHUWLHV

$� FRPPRQ� SUREOHP� LQ� RQWRORJ\� GHYHORSPHQW� LV� GLVWLQJXLVKLQJ� EHWZHHQ� NLQGV� DQG� SURSHUWLHV�

3URSHUWLHV��E\�GHILQLWLRQ��DUH�FKDUDFWHULVWLFV�WKDW�KROG�RI�NLQGV���$Q�H[DPSOH�RI�D�SURSHUW\�PD\�EH

�DQ� REMHFW��EHLQJ� UHG�� �+RZHYHU�� LQ� VRPH� FLUFXPVWDQFHV�� LW�PD\� EH� XVHIXO� WR� REMHFWLI\� �PDNH

REMHFWV�RI��WKH�SURSHUWLHV�DQG�WUHDW�WKHP�DV�NLQGV�LQ�WKHLU�RZQ�ULJKW���7R�LOOXVWUDWH�WKH�QDWXUH�RI�WKH

SUREOHP�� WKH� WROHUDQFH� RI� D� PHFKDQLFDO� SDUW� XVHG� WR� PDNH� DQ� DVVHPEOHG� SURGXFW� FDQ� EH

FRQVLGHUHG���)RU�WKH�PDQXIDFWXULQJ�HQJLQHHU�SHUIRUPLQJ�WKH�DVVHPEO\��WKH�WROHUDQFH�LV�VLPSO\�D

SURSHUW\�WKDW�PXVW�KROG�IRU�DOO�SDUWV�VXSSOLHG�WR�KLP���,I�WKH�WROHUDQFH�GRHV�QRW�KROG��LW�LV�UHMHFWHG�

RWKHUZLVH��LW�LV�DFFHSWHG���)RU�WKH�SDUW�GHVLJQHU��KRZHYHU��WROHUDQFHV�DUH�RI�JUHDWHU�VLJQLILFDQFH�

7KXV��WKH�GHVLJQHU�ILQGV�LW�XVHIXO�WR�FODVVLI\�GLIIHUHQW�NLQGV�RI�WROHUDQFHV��GLPHQVLRQDO�WROHUDQFH�

SRVLWLRQDO�WROHUDQFH���JHRPHWULFDO�WROHUDQFH��HWF���DQG�WR�VWXG\�WKH�FKDUDFWHULVWLFV�RI�HDFK�NLQG�RI

WROHUDQFH�� �7KH�GHVLJQHU�ZLOO�� WKXV�� ILQG� LW�XVHIXO� WR�PRGHO� WROHUDQFH� DV� D�NLQG� UDWKHU� WKDQ� DV� D

SURSHUW\���,Q�JHQHUDO��WKH�GHFLVLRQV�EHWZHHQ�NLQGV�DQG�SURSHUWLHV�DUH�D�IXQFWLRQ�RI�WKH�JUDQXODULW\

�GHWDLO�� OHYHO� RI� WKH� RQWRORJ\� GHYHORSPHQW� HIIRUW�� � 7KH� OHYHO� RI� JUDQXODULW\� LV� VLJQLILFDQWO\

LQIOXHQFHG�E\�WKH�SXUSRVH��YLHZSRLQW��DQG�FRQWH[W�RI�WKH�SURMHFW��VHH�6XEVHFWLRQ��������

����� &RLQLQJ�7HUPV

&ORVHO\� DVVRFLDWHG�ZLWK� WKH� GLVFRYHU\� RI� SURWR�NLQGV� LV� WKH� WDVN� RI� XQDPELJXRXVO\� LGHQWLI\LQJ

HDFK� RI� WKHVH� SURWR�NLQGV�� LQ� SUDFWLFDO� WHUPV�WKLV�PHDQV� WKDW� HDFK� LQGLYLGXDWHG� FDQGLGDWH� NLQG

PXVW�EH�EHVWRZHG�D�QDPH�� �*LYLQJ�QDPHV�LQ�RQWRORJ\�GHYHORSPHQW� LV�QRW�DV� WULYLDO�D� WDVN�DV� LW

PD\� ILUVW� DSSHDU�� � 1DPHV� DUH� XVHG� DV� UHIHUHQWLDO� SRLQWHUV� WR� WKH� UHDO� ZRUOG� LQGLYLGXDOV� EHLQJ

GHVFULEHG�� � 7KH\� PXVW�� WKXV�� FRQQRWH� D� PHDQLQJ� WKDW� FORVHO\� PLUURUV� WKH� LQGLYLGXDOV� WKDW� DUH

UHIHUHQFHG�� � )RU� PDQ\� UHDO� ZRUOG� LQGLYLGXDOV� �HVSHFLDOO\� WKH� SKHQRPHQRORJLFDO� QDLYH� RQHV��

ZLGHO\�DFFHSWHG�QDPHV�DOUHDG\�H[LVW�DQG�ZLOO�EH�XVHG�DV�VXFK���)RU�H[DPSOH��GRPDLQV�RI�FHUWDLQ

HQJLQHHUHG�SURGXFWV��VXFK�DV�DXWRPDNLQJ��KDYH�KDUGHQHG�DQG�KDYH�IDLUO\�VWDEOH�RQWRORJLHV����2Q

WKH�RWKHU�KDQG��RQWRORJLHV�RI�QHZ�WHFKQRORJLFDO�ILHOGV��VXFK�DV�©YLUWXDO�UHDOLW\�ª�DUH� LQ�FRQVWDQW

IOX[��� � ,W�PD\�EH�QHFHVVDU\�� DW� WKLV� VWDJH�� WR� LQYHQW�QHZ�QDPHV� IRU�FHUWDLQ� LQGLYLGXDOV�� �7KLV� LV

RIWHQ�WUXH�IRU�QHZ�FRQFHSWXDO�JURXSLQJV�RI�LQGLYLGXDOV��DV�LOOXVWUDWHG�LQ�)LJXUH��������7KH�VWUDWHJ\

VXJJHVWHG� LQ� ,'()�� LV� WR� FRLQ� D� WHUP� WR� GHVFULEH� WKH� LQGLYLGXDO� DQG� UHFRUG� WKH� IDFW� WKDW� WKH

LQGLYLGXDO¶V�QDPH�ZDV�FRLQHG�UDWKHU�WKDQ�GLVFRYHUHG�WR�DYRLG�ODWHU�FRQIXVLRQ�

&RQFHSWXDO�REMHFWV�DUH�RIWHQ�GLVFRYHUHG�GXULQJ� LQWHUYLHZV�ZLWK�GRPDLQ�H[SHUWV�� �)RU� H[DPSOH�

GXULQJ� GHYHORSPHQW� RI� D� IDVWHQHU� VHOHFWLRQ� H[SHUW� V\VWHP� IRU� DQ� DXWRPRELOH� PDQXIDFWXUHU�� D

GRPDLQ�H[SHUW�KDG�FRQFHSWXDOL]HG�D� VHW�RI� V\VWHPV� IRU� IDVWHQHU�XVDJH� LQ�YDULRXV�SDUWV� RI� D� FDU

ERG\�� �7KHVH�V\VWHPV�ZHUH�QRW� UHFRUGHG� LQ� WKH� OLWHUDWXUH�� DQG� WKH�H[SHUW�KDG�QHYHU�JLYHQ� WKHP
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QDPHV���5DWKHU��KH�FDUULHG�WKH�LGHDV�ZLWK�KLP�LQWHUQDOO\�DQG�XVHG�WKHP�ZLWKRXW�QDPHV���7KH�WHUP

ZRUOG�FODVV�V\VWHPV�ZDV�FRLQHG�WR�GHVFULEH�WKHVH�FRQFHSWXDO�LGHDV��VHH�)LJXUH�������

)LJXUH��������&RLQLQJ�7HUPV

7KH�3URWR�.LQG�3RRO� LV�SURYLGHG� LQ� ,'()�� WR� UHFRUG�SURWR�NLQGV� �VHH�)LJXUH������� �$V� VHHQ� LQ

)LJXUH������HDFK�SURWR�NLQG�LV�WDJJHG�WR�WKH�VXSSRUWLQJ�VRXUFH�GRFXPHQW�IRU�WUDFHDELOLW\�SXUSRVHV�

$V� D� IXUWKHU� DLG� WR� LGHQWLI\LQJ� SURWR�NLQGV�� WKH� ,'()�� RQWRORJ\� OLEUDU\� �VHH� $SSHQGL[� %�

SURYLGHV�D�FDWDORJ�RI�JHQHULF�NLQGV�WKDW�FRPPRQO\�RFFXU� LQ�HQJLQHHULQJ�DQG�EXVLQHVV�GRPDLQV�

7KHVH� NLQGV� PD\� EH� XVHG� IRU� HIIHFWLYHO\� RUJDQL]LQJ� WKH� FDSWXUHG� RQWRORJ\� NQRZOHGJH� DERXW

GLIIHUHQW�NLQGV�RI�REMHFWV�DQG�SKHQRPHQD�

����� 2WKHU�*XLGHOLQHV

2WKHU�XVHIXO�JXLGHOLQHV�IRU�GHYHORSLQJ�SURWR�NLQGV�DUH�DV�IROORZV�

� ,GHQWLI\�DQG�UHFRUG�VSHFLDO�FDVHV�� �6SHFLDO�FDVHV�DUH�LQVWDQFHV�RI�REMHFWV�WKDW�GR�QRW

VHHP� WR� ILW� WKH� SDWWHUQ� RI� RWKHU� LQVWDQFHV� RI� WKH� REMHFW�� � )RU� H[DPSOH�� D� SDUWLFXODU

IDVWHQHU�LQ�D�KDQGERRN�PD\�KDYH�D�VSHFLDO�KHDW�UHVLVWDQW�SURSHUW\�QRW�SUHVHQW�LQ�RWKHU

IDVWHQHUV���$OO�VSHFLDO�FDVHV�DUH�FDWDORJXHG�VHSDUDWHO\�LQ�WKH�VRXUFH�PDWHULDO�FDWDORJ�

� *URXS�REMHFWV� WRJHWKHU� WR� IRUP�QHZ�NLQGV�DQG�FDWHJRULHV��ZKHUHYHU�DSSURSULDWH�� � ,W

PD\�EH�KHOSIXO�WR�DEVWUDFW�DZD\�IURP�D�JURXS�RI�REMHFWV�DQG�IRUP�QHZ�SURWR�NLQGV�E\

H[WUDFWLQJ� WKH� SURSHUWLHV� IURP� WKH� REMHFW� JURXS�� � 6XFK� DEVWUDFWLRQV� RIWHQ� VHUYH� WR

HQKDQFH�WKH�FRQFHSWXDO�FODULW\�RI�WKH�RQWRORJ\�

� *URXS� WKH� REMHFWV� WR� LVRODWH� V\VWHPV� DQG� VXEV\VWHPV�� � 6\VWHPV� DUH� FROOHFWLRQV� RI

REMHFWV� WKDW� IXOILOO� D� FRPPRQ� SXUSRVH�� � 6\VWHPV�PD\� QRW� KDYH� DQ\� GLVWLQJXLVKLQJ

FKDUDFWHULVWLFV�EXW�RIWHQ�SURYLGH�D�XVHIXO�IUDPHZRUN�IRU�RUJDQL]LQJ�NQRZOHGJH�DERXW

UHODWLRQV�

³, KDYH WKLV LGHD IRU
D QHZ VHW RI IDVWHQLQJ

V\VWHPV�´

³/HW
V FDOO WKHP
ZRUOG FODVV
V\VWHPV�´

&RQFHSW QDPH� ZRUOG FODVV V\VWHP
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� 8VH� WKH� ,'()�� FODVVLILFDWLRQ� DQG� RWKHU� UHODWLRQ� VFKHPDWLFV� WR� DLG� WKH� FRQFHSWXDO

DQDO\VLV�RI�NLQGV���7KH�FODVVLILFDWLRQ�VFKHPDWLFV�DQG�WKH�FRPSRVLWLRQ�VFKHPDWLFV�DUH

SDUWLFXODUO\�XVHIXO�LQ�WKH�GHYHORSPHQW�RI�NLQGV�

)LJXUH������VXPPDUL]HV�VRPH�RI�WKH�NH\�DFWLYLWLHV�DVVRFLDWHG�ZLWK�GHYHORSLQJ�SURWR�NLQGV�

2%-(&76

3523(57,(6

35272�.,1'6

&RPELQH REMHFWV DQG
SURSHUWLHV WR IRUP

SURWR�NLQGV

)DVWHQHU 0��

)DVWHQHU +DQGERRN� S�

KDV KHDW UHVLVWDQW SURSHUW\

)DVWHQHU 0��

)DVWHQHU
+DQGERRN� S�

KDV KHDW
UHVLVWDQW
SURSHUW\

5HFRUG 6SHFLDO &DVHV

)DVWHQHU $SSOLFDWLRQ

:DIHU )DEULFDWLRQ &HOO

3URSRVDO 3UHSDUDWLRQ 6WDWLRQ

*HQHUDWH 6\VWHP
3URWR�.LQGV

)LJXUH��������'HYHORSLQJ�3URWR�.LQGV

����� 'HYHORS�3URWR�5HODWLRQV

7KH�REMHFWLYH�RI� WKLV� WDVN� LV� WR� LGHQWLI\�DQG�FKDUDFWHUL]H� WKH�SURWR�UHODWLRQV�EHWZHHQ� WKH�SURWR�

NLQGV�� �$�SURWR�UHODWLRQ� LV� WKH� UHVXOW�RI�D�SUHOLPLQDU\�DWWHPSW�DW� LQGLYLGXDWLQJ�D� UHODWLRQ��DQG� LW

H[SUHVVHV� DVVRFLDWLRQV� EHWZHHQ� WKH� SURWR�NLQGV�� � 7KH� LGHQWLILFDWLRQ� DQG� FKDUDFWHUL]DWLRQ� RI

UHODWLRQV� LV�RIWHQ� WKH�PRVW�GLIILFXOW�SDUW�RI�NQRZOHGJH�DFTXLVLWLRQ�� �7KH� LGHQWLILFDWLRQ�RI�SURWR�

UHODWLRQV�UHIHUV�WR�WKH�DFWLYLW\�RI�UHFRJQL]LQJ�WKH�H[LVWHQFH�RI��RU�EHFRPLQJ�DWWXQHG�WR��D�SDUWLFXODU

SURWR�UHODWLRQ�LQ�WKH�GRPDLQ���&KDUDFWHUL]DWLRQ�IROORZV�LGHQWLILFDWLRQ�DQG�UHIHUV�WR�WKH�DFWLYLW\�RI

LGHQWLI\LQJ� DQG� VSHFLI\LQJ� WKH� SURSHUWLHV� RI� D� SURWR�UHODWLRQ� LQ� D� PDQQHU� WKDW� ZLOO� DOORZ� WKH

UHODWLRQDO�NQRZOHGJH�WR�EH�XVHG�IRU�PDNLQJ�XVHIXO�LQIHUHQFHV�DW�VRPH�WLPH�LQ�WKH�IXWXUH�� �7KXV�

UHFRJQL]LQJ�WKDW�D�WRRO�SRVW�LV�2Q�WRS�RI�WKH�ODWKH�EHG�LV�WKH�DFW�RI�GLVFRYHULQJ�DQG�DVVHUWLQJ�LWV

H[LVWHQFH�DQG�JLYLQJ�LW�D�QDPH���&KDUDFWHUL]LQJ�LW�ZLOO�LQYROYH�PDNLQJ�DVVHUWLRQV�VXFK�DV�WKH�2Q�

WRS�RI�UHODWLRQ�LV�WUDQVLWLYH�

6HYHUDO�PHFKDQLVPV�DUH�SURYLGHG�LQ�,'()��WR�JXLGH�WKH�UHODWLRQ�NQRZOHGJH�DFTXLVLWLRQ�SURFHVV�

7KH\�DUH�

� 7KH�,'()��6WDWHPHQW�3RRO�LV�WKH�ULFKHVW�VRXUFH�RI�LQIRUPDWLRQ�IRU�UHODWLRQ�GLVFRYHU\

DQG� FKDUDFWHUL]DWLRQ�� � 6RXUFH� VWDWHPHQWV� DVVHUW� WKH� H[LVWHQFH� RI� UHODWLRQV� HLWKHU

LPSOLFLWO\�RU�H[SOLFLWO\�
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� 7KH�,'()��5HODWLRQ�/LEUDU\�SURYLGHV�D�FDWDORJ�RI�UHODWLRQV�WKDW�FRPPRQO\�RFFXU�LQ

EXVLQHVV�DQG�HQJLQHHULQJ�GRPDLQV���7KHVH�OLEUDULHV�FDQ�EH�UHXVHG�DQG�WDLORUHG�WR�WKH

UHTXLUHPHQWV� RI� SDUWLFXODU� RQWRORJ\� GHYHORSPHQW� HIIRUWV� ZLWKLQ� D� ZLGH� UDQJH� RI

GRPDLQV�

� 7KH� ,'()��5HODWLRQ� 6FKHPDWLFV� �LQFOXGLQJ�&RPSRVLWLRQ� 6FKHPDWLFV�� IDFLOLWDWH� WKH

GLVSOD\�RI�UHODWLRQV�LQ�D�JUDSKLFDO�IRUP�

� 7KH� ,'()�� (ODERUDWLRQ� /DQJXDJH�� ZKLFK� SURYLGHV� D� VWUXFWXUHG� WH[W� IRUPDW� IRU

FDSWXULQJ� FRPSOH[� UHODWLRQ� NQRZOHGJH� DW� DQ\� OHYHO� RI� FRPSOH[LW\�� FDQ� H[SUHVV

HYHU\WKLQJ�WKDW�FDQ�EH�UHFRUGHG�XVLQJ�WKH�6FKHPDWLF�/DQJXDJH�� � LW�FDQ�DOVR�H[SUHVV

NQRZOHGJH� WKDW� LV�EH\RQG� WKH� VFRSH�RI� WKH�6FKHPDWLF�/DQJXDJH�� �)RU�H[DPSOH�� WKH

H[SUHVVLRQ� ]�  � D� �� E� �� F� �� G�� ZKHUH� ]�� D�� E�� F�� DQG� G� DUH� LQWHJHUV�� FDQ� RQO\� EH

H[SUHVVHG�LQ�WKH�,'()��(ODERUDWLRQ�/DQJXDJH���

7KH�GHYHORSPHQW�RI�SURWR�UHODWLRQV�ZLOO�LQYROYH�WKH�IROORZLQJ�DFWLYLWLHV�

� 5HFRUG�PHDQLQJIXO�DVVRFLDWLRQV�EHWZHHQ�SURWR�NLQGV���6XFK�PHDQLQJIXO�DVVRFLDWLRQV

RIWHQ� LQGLFDWH� WKH�H[LVWHQFH�RI�SURWR�UHODWLRQV�� �$�XVHIXO� VRXUFH� IRU�H[WUDFWLQJ� VXFK

DVVRFLDWLRQV�LV�WKH�6RXUFH�6WDWHPHQW�3RRO��6XEVHFWLRQ������������$�3URWR�$VVRFLDWLRQ

&KDUW�LV�D�WZR�GLPHQVLRQDO�PDWUL[�ZLWK�UHOHYDQW�SURWR�NLQGV�OLVWHG�RQ�ERWK�D[HV���$Q

;�LV�PDUNHG�LQ�FHOOV�ZKHUH�WKH�H[LVWHQFH�RI�D�SRVVLEOH�SURWR�UHODWLRQ�LV�LQGLFDWHG��DV

VKRZQ�LQ�)LJXUH������

� &DWHJRUL]H� WKH� SURWR�UHODWLRQV� DV� EHLQJ� V\VWHP�DFFLGHQWDO� RU� V\VWHP�HVVHQWLDO� DQG

UHFDOO�WKDW�V\VWHP�HVVHQWLDO�UHODWLRQV�KDYH�WR�QHFHVVDULO\�KROG��JLYHQ�WKH�H[LVWHQFH�RI

LQVWDQFHV�RI�WKH�SDUWLFLSDWLQJ�NLQGV�

� ,GHQWLI\� WKH� SURSHUWLHV� RI� WKH� SURWR�UHODWLRQ�� � 7KH� ,'()�� UHODWLRQ� OLEUDU\� DQG� WKH

,'()��HODERUDWLRQ�ODQJXDJH�DUH�XVHG�WR�IDFLOLWDWH�WKLV�SURFHVV�

� ([DPLQH�WKH�QDWXUH�RI�WKH�SDUWLFLSDWLQJ�SURWR�NLQGV���5HODWLRQV�RIWHQ�KDYH�UHVWULFWLRQV

RQ�WKH�W\SHV���RI�DUJXPHQWV���)RU�H[DPSOH��WKH�DVVHUWLRQ�$�5HSRUWV�WR�%�LPSOLHV�WKDW

ERWK�$�DQG�%�UHIHU�WR�LQVWDQFHV�RI�SHRSOH��RU�WR�LQVWDQFHV�RI�RUJDQL]DWLRQDO�UROHV��RU

WR� D� FRPELQDWLRQ� RI� DQ� RUJDQL]DWLRQ� UROH� LQVWDQFH� DQG� D� SHUVRQ� LQVWDQFH�� � 7KXV�

                                                          

��7KH ,'()� (ODERUDWLRQ /DQJXDJH LV GHVFULEHG LQ 6HFWLRQ ����

��7KH WHUP ©W\SHª LV XVHG KHUH LQ D JHQHUDO VHQVH� 6HH 6XEVHFWLRQ ����� IRU D GLVFXVVLRQ RI NLQGV DQG W\SHV�
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NQRZOHGJH�RI�WKH�SDUWLFLSDWLQJ�SURWR�NLQGV�ZLOO�IRFXV�DWWHQWLRQ�RQ�D�PRUH�UHVWULFWHG

VHW�RI�SRVVLEOH�UHODWLRQV�WKDW�PD\�H[LVW�EHWZHHQ�LQVWDQFHV�RI�WKHVH�SURWR�NLQGV�

.�

.�

.LQGV

.LQGV

.Q

.Q

.� .� .� .�

.�

.�

;

;

;

;

Note: Proto-kinds are denoted K1, K2, ... , Kn.

)LJXUH��������6WUXFWXUH�RI�D�3URWR�$VVRFLDWLRQ�&KDUW

7KH� SURWR�UHODWLRQV� WKDW� DUH� LGHQWLILHG� DUH� UHFRUGHG� LQ� WKH� 3URWR�5HODWLRQ� 3RRO���� DV� VKRZQ� LQ

)LJXUH������

3URWR�5HODWLRQ�3RRO

3URMHFW��2QWRORJ\�RI�3URMHFW�3ODQQLQJ $QDO\VW� ���3��%HQMDPLQ

3URWR�5HODWLRQ � 3URWR�5HODWLRQ

1DPH

6XSSRUWHG %\ 3DUWLFLSDWLQJ

.LQGV

&RPPHQWV

35��� S��'HWHUPLQHV 66��� 3.�����3.���

35��� S��6SHFLILHV 66��� 3.�����3.���

)LJXUH��������3URWR�5HODWLRQ�3RRO

� 3URWR�5HODWLRQ�� 7KH�XQLTXH�LGHQWLILFDWLRQ�QXPEHU�DVVLJQHG�WR� WKH�SURWR�UHODWLRQ

LV�UHFRUGHG�LQ�WKLV�ILHOG���7KLV�ILHOG�LV�LPSRUWDQW�WR�HQKDQFH�WUDFHDELOLW\�RI�WKH�SURWR�

UHODWLRQ�WKDW�LV�LQGLYLGXDWHG�E\�D�PHPEHU�RI�WKH�RQWRORJ\�GHYHORSPHQW�WHDP�

� 3URWR�5HODWLRQ�1DPH 7KH�QDPH�RI�WKH�SURWR�UHODWLRQ�LV�GRFXPHQWHG�LQ�WKLV�ILHOG�

                                                          

��:KHQ D SURWR�UHODWLRQ PDWXUHV LQWR D UHODWLRQ GXULQJ RQWRORJ\ GHYHORSPHQW SURFHVV� WKH UHODWLRQ LV UHFRUGHG LQ D

5HODWLRQ 3RRO� 7KH GHVLJQ RI D UHODWLRQ SRRO LV VDPH DV WKDW RI 3URWR�5HODWLRQ 3RRO� DV VKRZQ LQ )LJXUH �����
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� 6XSSRUWHG�%\ 7KLV� ILHOG� LQYROYHV� VRXUFH� GDWD� LWHPV� �WHUPV�� VWDWHPHQWV�� WKDW

VXSSRUW� WKH� LQGLYLGXDWLRQ� SURFHVV� RI� WKH� UHODWLRQ� GXULQJ� WKH� RQWRORJ\� GHYHORSPHQW

SURFHVV�

� 3DUWLFLSDWLQJ�.LQGV 7KH� VHW� RI� DOO� NLQGV� EHWZHHQ� ZKLFK� WKLV� UHODWLRQ� KROGV� LV

GRFXPHQWHG� LQ� WKLV� ILHOG��ZKLFK� LV� LPSRUWDQW� EHFDXVH� LW� KHOSV� LQ� FKDUDFWHUL]LQJ� WKH

UHODWLRQ�LWVHOI�

� &RPPHQWV� �$Q\� DGGLWLRQDO� GHVFULSWLYH� UHPDUNV� DERXW� WKH� SURWR�UHODWLRQ� LPSRUWDQW

IRU�IXWXUH�UHIHUHQFH�VKRXOG�EH�UHFRUGHG�LQ�WKLV�ILHOG�

(DFK� SURWR�UHODWLRQ� KDV� D� 3URWR�5HODWLRQ� 6SHFLILFDWLRQ� )RUP� �)LJXUH� ������� LQ� ZKLFK� D� EULHI

GHVFULSWLRQ� RI� WKH� SURWR�UHODWLRQ�� H[DPSOHV� RI� XVH�� DQG� RWKHU� UHOHYDQW� FRPPHQWV� FDQ� EH

GRFXPHQWHG�

3URWR�5HODWLRQ�6SHFLILFDWLRQ�)RUP

3URMHFW��2QWRORJ\�RI�3URMHFW�3ODQQLQJ $QDO\VW� ���3��%HQMDPLQ

3URWR�5HODWLRQ �� �35���

3URWR�5HODWLRQ 1DPH���'HWHUPLQHV

'HVFULSWLRQ� �7R�IL[�FRQFOXVLYHO\�RU�DXWKRULWDWLYHO\�

([DPSOHV RI 8VH� ��$�SURMHFW�SODQQHU�GHWHUPLQHV�DOO�WKH�SUHFHGHQFH�FRQVWUDLQWV�WKDW�PXVW

EH�PDLQWDLQHG�LQ�WKH�V\VWHP�

&RPPHQWV� ��,QGLYLGXDWHG�E\�%���&DUDZD\

)LJXUH��������3URWR�5HODWLRQ�6SHFLILFDWLRQ�)RUP

������ 5ROH�RI�5HODWLRQ�6FKHPDWLFV�LQ�2QWRORJ\�'HYHORSPHQW

7KH�,'()��5HODWLRQ�6FKHPDWLFV�DOORZV�RQWRORJ\�GHYHORSHUV�WR�YLVXDOL]H�DQG�XQGHUVWDQG�UHODWLRQV

EHWZHHQ�UHOHYDQW�SURWR�NLQGV�RU�NLQGV�LQ�D�GRPDLQ���&RQVLGHU�WKH�VRXUFH�VWDWHPHQW��D�PDQSRZHU

SODQQHU� GHYHORSV� D� PDQSRZHU� SODQ� LQ� ZKLFK� UHVRXUFHV� DUH� DOORFDWHG� WR� SHUIRUP� WKH

UHTXLUHG� DFWLYLWLHV�� � %DVHG� RQ� WKLV� VRXUFH� VWDWHPHQW�� VXSSRVH� WKDW� WKH� RQWRORJ\� GHYHORSPHQW

WHDP� LQGLYLGXDWHG� WKH� IROORZLQJ� NLQGV��PDQSRZHU� SODQQHU��PDQSRZHU� SODQ�� UHVRXUFH�� DQG
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DFWLYLW\����7KH�UHODWLRQV�EHWZHHQ�WKHVH�NLQGV�DUH�YLVXDOL]HG�XVLQJ�WKH�UHODWLRQ�VFKHPDWLF�VKRZQ�LQ

)LJXUHV������RU��DOWHUQDWLYHO\��)LJXUH������

0DQSRZHU
3ODQQHU

'HYHORSV

3HUIRUPV 5HVRXUFH$FWLYLW\

$OORFDWHV

3ODQ

0DQSRZHU

)LJXUH��������)LUVW�RUGHU�6FKHPDWLF

0DQSRZHU
3ODQQHU

$FWLYLW\

5HVRXUFH0DQSRZHU
3ODQ

$OORFDWHV

3HUIRUPV
'HYHORSV

)LJXUH��������$OWHUQDWLYH�6\QWD[�IRU�WKH�6FKHPDWLF�LQ�)LJXUH����������� 5ROH�RI

&RPSRVLWLRQ�6FKHPDWLFV�LQ�2QWRORJ\�'HYHORSPHQW

7KH� ,'()�� &RPSRVLWLRQ� 6FKHPDWLFV� DOORZV� RQWRORJ\� WHDP� PHPEHU�V�� WR� YLVXDOL]H� SDUW�RI

UHODWLRQV� EHWZHHQ� UHOHYDQW� SURWR�NLQGV� RU� NLQGV� LQ� D� GRPDLQ�� � &RQVLGHU� WKH� IROORZLQJ� VRXUFH

VWDWHPHQWV��$�SURMHFW�SODQ�LV�FRPSULVHG�RI�SURMHFW�JRDOV��DQ�DFWLYLW\�OLVW��DQG�WKH�PDQSRZHU

DOORFDWLRQ�SODQ�DQG�7KH�DFWLYLW\�OLVW�LQFOXGHV�D�PDMRU�DFWLYLW\�OLVW�DQG�D�PLQRU�DFWLYLW\�OLVW�

%DVHG�RQ�WKHVH�VRXUFH�VWDWHPHQWV��WHDP�PHPEHUV�LQGLYLGXDWH�WKH�IROORZLQJ�NLQGV��SURMHFW�SODQ�

SURMHFW�JRDO��DFWLYLW\�OLVW��PDQSRZHU�DOORFDWLRQ�SODQ��PDMRU�DFWLYLW\�OLVW��DQG�PLQRU�DFWLYLW\

OLVW���)LJXUH������LOOXVWUDWHV�WKH�XVH�RI�D�FRPSRVLWLRQ�VFKHPDWLF�WR�GLVSOD\�SDUW�RI�UHODWLRQV�LQ�WKLV

�SURMHFW�SODQQLQJ��GRPDLQ�

0DQSRZHU
$OORFDWLRQ

3ODQ

3DUW�RI 3DUW�RI

1RQ�
&ULWLFDO
$FWLYLW\

&ULWLFDO
$FWLYLW\

3URMHFW
*RDO

$FWLYLW\
/LVW

3URMHFW
3ODQ

)LJXUH��������&RPSRVLWLRQ�6FKHPDWLF
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��� 5HILQH�DQG�9DOLGDWH�2QWRORJ\

7KH�REMHFWLYH�RI�WKLV�SKDVH�RI�RQWRORJ\�GHYHORSPHQW�LV�WR�UHILQH�WKH�SURWR�FKDUDFWHULVWLFV��NLQGV�

DQG�UHODWLRQV��DQG�WR�DIILUP�WKHLU�DXWKHQWLFLW\�E\�FRQYHUWLQJ�WKHP�WR�SURSHUWLHV�DWWULEXWHV��NLQGV�

DQG� UHODWLRQV�� UHVSHFWLYHO\�� � 7KH� UHILQHPHQW� SURFHVV� LV� HVVHQWLDOO\� D� GHGXFWLYH� YDOLGDWLRQ

SURFHGXUH���7KH�RQWRORJ\�VWUXFWXUHV�DUH�©LQVWDQWLDWHGª��WHVWHG��ZLWK�DFWXDO�GDWD��DQG�WKH�UHVXOW�RI

WKH� LQVWDQWLDWLRQ� LV� FRPSDUHG� ZLWK� WKH� RQWRORJ\� VWUXFWXUH�� � ,I� WKH� FRPSDULVRQ� SURGXFHV� DQ\

PLVPDWFK��HYHU\�VXFK�PLVPDWFK�PXVW�EH�DGHTXDWHO\�UHVROYHG���5HILQHPHQWV��LI�DQ\��WR�WKH�LQLWLDO

RQWRORJ\�DUH�LQFRUSRUDWHG�WR�REWDLQ�D�YDOLGDWHG�RQWRORJ\�

����� .LQG�5HILQHPHQW�3URFHGXUH

7KH� NLQG� UHILQHPHQW� SURFHGXUH� LV� VXPPDUL]HG� LQ� WKH� IROORZLQJ� �URXJKO\�� EXW� QRW� QHFHVVDULO\�

VHTXHQWLDO��VWHSV�

� 0DNH� LQVWDQFHV� RI� WKH� SURWR�NLQGV�� � 7KH� H[DPSOHV� PD\� EH� FRQVWUXFWHG� IURP� WKH

DYDLODEOH�VRXUFH�GDWD��VRXUFH�GDWD�ORJ���RWKHUZLVH��QHZ�GDWD�PXVW�EH�JDWKHUHG�IRU�WKH

SXUSRVH� RI� FRQVWUXFWLQJ� WKHVH� H[DPSOHV�� � 7KH� H[DPSOHV� PXVW� EH� UHDVRQDEO\

UHSUHVHQWDWLYH��ZLWK� DW� OHDVW� RQH� H[FHSWLRQ� FDVH� LQFOXGHG�� LI� SRVVLEOH�� � (DFK� RI� WKH

SURWR�NLQG�LQVWDQFHV�FUHDWHG�LV�SRSXODWHG�ZLWK�SURSHUWLHV�DQG�RU�DWWULEXWHV��WKLV�PD\

LQYROYH� FRQYHUWLQJ� SURWR�FKDUDFWHULVWLFV� WR� SURSHUWLHV�DWWULEXWHV��� � &ODVVLILFDWLRQ

VFKHPDWLFV�DQG�NLQG�FKDUDFWHUL]DWLRQ�IRUPV�DUH�XVHG�WR�VXSSRUW�WKH�NLQG�LQVWDQWLDWLRQ

SURFHVV�

� 5HFRUG� LQIRUPDWLRQ� WKDW� FDQQRW� EH� UHFRUGHG� LQ� WKH� NLQG� LQVWDQFHV�� GHWHUPLQLQJ

ZKHWKHU� WKLV� DGGLWLRQDO� LQIRUPDWLRQ� LV� UHDOO\� QHFHVVDU\�� DQG�� LI� VR�� UHILQLQJ� WKH

VWUXFWXUH�RI�WKH�NLQG�WR�LQFOXGH�WKH�LQIRUPDWLRQ�

� &KHFN�ZKHWKHU�WZR�LQVWDQFHV�RI�WKH�VDPH�NLQG�KDYH�GLIIHUHQW�GHILQLQJ�SURSHUWLHV��DQG

LQ�VXFK�FDVHV��FKHFN�ZKHWKHU�WKH�YLHZSRLQWV�DUH�GLIIHUHQW���,I�QRW��WKH�LQFRQVLVWHQFLHV

ZLOO�KDYH�WR�EH�UHVROYHG�E\�UHILQLQJ�WKH�RQWRORJ\�

� &RQYHUW�WKH�SURWR�NLQGV��DORQJ�ZLWK�WKHLU�SURWR�SURSHUWLHV��WR�NLQGV�DIWHU�DOO�WKH�NLQG

LQVWDQFHV�KDYH�EHHQ�YDOLGDWHG�XVLQJ�6WHSV���WKURXJK�����7KH�YDOLGDWHG�NLQGV�DUH�OLVWHG

LQ�WKH�.LQG�3RRO�

$�.LQG�6SHFLILFDWLRQ�)RUP��)LJXUH�������LV�GHVLJQHG�WR�GRFXPHQW�DOO�UHOHYDQW�IHDWXUHV�RI�D�NLQG

DIWHU�LW�LV�SURPRWHG�IURP�D�SURWR�NLQG�



��

.LQG�6SHFLILFDWLRQ�)RUP

3URMHFW��2QWRORJ\�RI�3URMHFW�3ODQQLQJ $QDO\VW� ���3��%HQMDPLQ

.LQG �� �.���

.LQG 1DPH� �5HVRXUFH

'HVFULSWLRQ�

$WWULEXWHV�

����+DV�VWDWXV���DFWLYH�LGOH��'HILQLQJ�

����+DV�D�XQLTXH�LGHQWLILFDWLRQ�QXPEHU��1RQ�GHILQLQJ�

����+DV�D�XQLTXH�ODEHO��1RQ�GHILQLQJ�

'HILQLQJ 3URSHUWLHV�

�� ,V�QHFHVVDU\�IRU�SHUIRUPLQJ�WDVN�DFWLYLW\�HIILFLHQWO\

3URSHUWLHV� ��

����,GHQWLILFDWLRQ�QXPEHU�LV�5�������$FFLGHQWDO�

����/DEHO�LV�©&DSVWDQ�/DWKH���ª��$FFLGHQWDO�

5HODWLRQ WKH .LQG 3DUWLFLSDWHV LQ�

&RPPHQWV�

(ODERUDWLRQ /DQJXDJH 6SHFLILFDWLRQ�

)LJXUH��������.LQG�6SHFLILFDWLRQ�)RUP7KH�YDULRXV�ILHOGV�LQ�D�.LQG�6SHFLILFDWLRQ�)RUP�DUH

EULHIO\�GHVFULEHG�DV�IROORZV�

� .LQG�� 7KH�XQLTXH�LGHQWLILHU�RI�D�NLQG�LV�UHFRUGHG�LQ�WKLV�ILHOG���7KH�NLQG�QXPEHU�LV

LPSRUWDQW�EHFDXVH�LW�SURYLGHV�WUDFHDELOLW\�WR�WKH�NLQG�

� .LQG�1DPH 7KH�QDPH�RI� WKH�NLQG� LV� UHFRUGHG� LQ� WKLV� ILHOG�� �7KLV� NLQG�PD\� KDYH

EHHQ� SURPRWHG� IURP� D� SURWR�NLQG� VWDWXV� E\� WHDP� PHPEHUV� GXULQJ� WKH� RQWRORJ\

GHYHORSPHQW�SURFHVV�

� 'HVFULSWLRQ $�EULHI�GHVFULSWLRQ�RI�WKH�NLQG�LV�GRFXPHQWHG�LQ�WKLV�ILHOG�
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� $WWULEXWHV $OO�WKH�DWWULEXWHV�RI�WKH�NLQG�DUH�GRFXPHQWHG�LQ�WKLV�ILHOG�

� 'HILQLQJ�3URSHUWLHV $OO�WKH�SURSHUWLHV�RI�WKH�NLQG�DUH�UHFRUGHG�LQ�WKLV�ILHOG�

� 3URSHUWLHV$OO�QRQ�GHILQLQJ�SURSHUWLHV�DUH�UHFRUGHG�LQ�WKLV�ILHOG���(DFK�QRQ�GHILQLQJ

SURSHUW\�PD\�EH�FDWHJRUL]HG�DV�DQ�HVVHQWLDO�RU�DFFLGHQWDO�SURSHUW\�DQG�WDJJHG�WR�WKH

VWDWHG�SURSHUW\�

� 5HODWLRQV�WKH�.LQG�3DUWLFLSDWHV�,Q $OO�WKH�UHODWLRQV�LQ�ZKLFK�WKH�NLQG�SDUWLFLSDWHV

DUH�GRFXPHQWHG�LQ�WKLV�ILHOG�

� &RPPHQWV$Q\� DGGLWLRQDO� GHVFULSWLYH� UHPDUNV� DERXW� WKH� NLQG� LPSRUWDQW� IRU� IXWXUH

UHIHUHQFH�VKRXOG�EH�UHFRUGHG�LQ�WKLV�ILHOG�

� (ODERUDWLRQ�/DQJXDJH�6SHFLILFDWLRQ7KH� ,'()�� (ODERUDWLRQ� /DQJXDJH

VSHFLILFDWLRQ� RI� WKH� NLQG� VKRXOG� EH� GRFXPHQWHG� LQ� WKLV� ILHOG�� � �7KH� ,'()�

(ODERUDWLRQ�/DQJXDJH�LV�GHVFULEHG�LQ�6XEVHFWLRQ������

����� 5HODWLRQ�5HILQHPHQW�3URFHGXUH

7KH�UHODWLRQ�UHILQHPHQW�SURFHGXUH�LV�VXPPDUL]HG�LQ�WKH�IROORZLQJ��URXJKO\��EXW�QRW�QHFHVVDULO\�

VHTXHQWLDO��VWHSV�

� 0DNH� LQVWDQFHV�RI� WKH�SURWR�UHODWLRQV�� �7KH�H[DPSOHV�PD\�EH�FRQVWUXFWHG� IURP� WKH

DYDLODEOH�VRXUFH�GDWD��VRXUFH�GDWD�FDWDORJ���RWKHUZLVH��QHZ�GDWD�PXVW�EH�JDWKHUHG�IRU

WKLV� SXUSRVH�� � 7KH� ,'()�� 5HODWLRQ� 6FKHPDWLFV� DQG� WKH� ,'()�� 5HODWLRQ

&KDUDFWHUL]DWLRQ�IRUPV�DUH�XVHG�WR�DLG�WKH�LQVWDQWLDWLRQ�DQG�YDOLGDWLRQ�SURFHGXUH�

� &RPSDUH�WKH�SURSHUWLHV�RI�HDFK�RI�WKH�UHODWLRQ�LQVWDQFHV�ZLWK�WKH�SURSHUWLHV�LGHQWLILHG

LQ� WKH� ,'()�� GHVFULSWLRQ�� WKXV� UHVROYLQJ� DQ\� PLVPDWFKHV�� � 0RUHRYHU�� PLVVLQJ

UHODWLRQ�SURSHUWLHV�VKRXOG�EH�FKHFNHG�IRU�DQG�DGGHG��LI�QHHGHG�

� 6DPSOH�LQVWDQFHV�RI�VHOHFWHG�V\VWHP�HVVHQWLDO�UHODWLRQV�DQG�H[DPLQH�ZKHWKHU�WZR�RU

PRUH� LQVWDQFHV� RI� VXFK� UHODWLRQV� DUH� LQFRPSDWLEOH�� � )RU� H[DPSOH�� RQH� V\VWHP�

HVVHQWLDO�UHODWLRQ�PD\�VD\� WKDW�D� IDVWHQHU�PXVW�KDYH�D�VHDODQW��DQG�DQRWKHU�PD\�VD\

WKDW� LW� FDQQRW� KDYH� D� VHDODQW�� � 6XFK� LQFRQVLVWHQFLHV� PD\� EH� HLWKHU� GXH� WR� KLGGHQ

YLHZSRLQW� GLIIHUHQFHV� QRW� UHFRUGHG� LQ� WKH� RQWRORJ\� RU� WR� GLIIHULQJ� YLHZSRLQWV�

,QFRPSDWLELOLWLHV� WKDW� RFFXU� EHFDXVH� RI� GLIIHULQJ� YLHZSRLQWV� PD\� EH� UHVROYHG� E\

VSOLWWLQJ� WKH� IRFXV� UHODWLRQ� LQWR� GLIIHUHQW� UHODWLRQV�� RQH� IRU� HDFK� YLHZSRLQW�
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2WKHUZLVH�� D� FRQVHQVXV� PXVW� EH� UHDFKHG� WR� UHVROYH� WKH� LQFRPSDWLELOLW\� WKURXJK

GLVFXVVLRQV�ZLWK�WKH�GRPDLQ�H[SHUW�

� 'HWHFW�QHZ�UHODWLRQV�GLVFRYHUHG�E\�H[DPSOH�WKDW�ZHUH�QRW�FDSWXUHG� LQ� WKH�RQWRORJ\

DQG�DGG�VXFK�UHODWLRQV�WR�WKH�RQWRORJ\�

� 0DNH� LQVWDQFHV�RI� LQIHUHQFH� VHTXHQFHV�XVLQJ� WKH� UHODWLRQ�SURSHUWLHV�� LI� DSSURSULDWH�

)RU� H[DPSOH�� LI� LW� LV� UHFRUGHG� WKDW� UHODWLRQ�5� LV� WUDQVLWLYH�� LQVWDQFHV�[��\�� DQG�]� RI

NLQGV�$��%��DQG�&�UHVSHFWLYHO\�VXFK�WKDW�[5\�DQG�\5]�DUH�ERWK�WUXH�PXVW�EH�IRXQG�

7KH�WUDQVLWLYLW\�RI�5�PXVW�EH�YDOLGDWHG�E\�FKHFNLQJ�ZKHWKHU�[5]�LV�WUXH�

� &RQYHUW� WKH� SURWR�UHODWLRQV� WR� UHODWLRQV�� DIWHU� DOO� WKH� UHODWLRQ� LQVWDQFHV� KDYH� EHHQ

YDOLGDWHG�XVLQJ�6WHSV� �� WKURXJK� ��� DQG� UHFRUG� WKH� YDOLGDWHG� UHODWLRQV� LQ� D�5HODWLRQ

3RRO�

7KH�5HODWLRQ�6SHFLILFDWLRQ�)RUP� �)LJXUH� ������ LV� GHVLJQHG� WR� IDFLOLWDWH� WKH� FKDUDFWHUL]DWLRQ� RI

UHODWLRQV���1RWLFH�WKDW�WKH�(ODERUDWLRQ�/DQJXDJH�VWDWHPHQWV�DUH�DOVR�UHFRUGHG�RQ�WKLV�IRUP�

5HODWLRQ�6SHFLILFDWLRQ�)RUP

5HODWLRQ ����5���

5HODWLRQ 1DPH� �'HWHUPLQHV

'HVFULSWLRQ� �7R�IL[�FRQFOXVLYHO\�RU�DXWKRULWDWLYHO\�

$UJXPHQWV� �3URMHFW�3ODQQHU��SUHFHGHQFH�FRQVWUDLQWV

([DPSOHV RI 8VH� � �$�SURMHFW� SODQQHU� GHWHUPLQHV� DOO� WKH� SUHFHGHQFH� FRQVWUDLQWV

WKDW�PXVW�EH�PDLQWDLQHG�LQ�WKH�V\VWHP�

&RPPHQWV� ��7KLV�UHODWLRQ�LV�LQGLYLGXDWHG�E\�%��&DUDZD\�

(ODERUDWLRQ /DQJXDJH 6SHFLILFDWLRQ�

)LJXUH��������5HODWLRQ�6SHFLILFDWLRQ�)RUP�5HODWLRQ�� 7KH�XQLTXH�LGHQWLILFDWLRQ�QXPEHU

DVVLJQHG�WR�WKH�UHODWLRQ�LV�UHFRUGHG�LQ�WKLV�ILHOG�� �7KLV�ILHOG�LV� LPSRUWDQW� WR�HQKDQFH

WUDFHDELOLW\� RI� WKH� UHODWLRQ� WKDW� LV� LQGLYLGXDWHG� E\� D� PHPEHU� RI� WKH� RQWRORJ\

GHYHORSPHQW�WHDP�
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� 5HODWLRQ�1DPH 7KH�QDPH�RI�WKH�UHODWLRQ�LV�GRFXPHQWHG�LQ�WKLV�ILHOG�

� 'HVFULSWLRQ 7KLV�ILHOG�UHFRUGV�D�EULHI�H[SODQDWLRQ�RI�WKH�UHODWLRQ�

� $UJXPHQWV 7KH�VHW�RI�DOO�NLQGV�EHWZHHQ�ZKLFK�WKLV�UHODWLRQ�KROGV�LV�GRFXPHQWHG

LQ�WKLV�ILHOG��ZKLFK�LV�LPSRUWDQW�EHFDXVH�LW�KHOSV�LQ�FKDUDFWHUL]LQJ�WKH�UHODWLRQ�LWVHOI�

� ([DPSOHV�RI�8VH $�VHW�RI�VHQWHQFHV��WKDW�SURYLGHV�D�EDVLF�LGHD�RI�KRZ�WKH�UHODWLRQ

KROGV�EHWZHHQ�NLQGV��FDQ�EH�UHFRUGHG�LQ�WKLV�ILHOG�

� &RPPHQWV$Q\�DGGLWLRQDO�GHVFULSWLYH�UHPDUNV�DERXW�WKH�UHODWLRQ�LPSRUWDQW�IRU�IXWXUH

UHIHUHQFH�VKRXOG�EH�UHFRUGHG�LQ�WKLV�ILHOG�

� (ODERUDWLRQ�/DQJXDJH�6SHFLILFDWLRQ7KH� ,'()�� (ODERUDWLRQ� /DQJXDJH

VSHFLILFDWLRQ� RI� WKH� UHODWLRQ� VKRXOG� EH� GRFXPHQWHG� LQ� WKLV� ILHOG�� � �7KH� ,'()�

(ODERUDWLRQ�/DQJXDJH�LV�GHVFULEHG�LQ�6XEVHFWLRQ������
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� 7KH�,'()��2QWRORJ\�/DQJXDJHV

$� GRPDLQ� RQWRORJ\� LV� D� GHWDLOHG� FKDUDFWHUL]DWLRQ� RI� ©ZKDW� WKHUH� LVª� LQ� D� JLYHQ� DSSOLFDWLRQ

GRPDLQ�� �6XFK�FKDUDFWHUL]DWLRQV�PXVW��RI�FRXUVH��EH�JLYHQ� LQ� VRPH� ODQJXDJH��KHQFH�� ODQJXDJHV

SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�RQWRORJ\�FDSWXUH�SURFHVV���0RUH�VSHFLILFDOO\��ODQJXDJHV�IRU�RQWRORJ\

FDSWXUH�DUH�LPSRUWDQW�IRU�WZR�UHDVRQV�

� 7KH\�SURYLGH�D�PHGLXP�IRU�FDSWXULQJ�DQG�VWRULQJ�NQRZOHGJH�

� 7KH\�SURYLGH�D�IRUPDW�IRU�GLVSOD\LQJ�WKH�DFTXLUHG�NQRZOHGJH�

5HSUHVHQWDWLRQDO�VWUXFWXUHV�WKDW�DUH�ULFK�LQ�H[SUHVVLYH�SRZHU�DUH�LPSRUWDQW�IRU�RQWRORJ\�EHFDXVH

SUHYLRXVO\� DFTXLUHG� NQRZOHGJH� LV� RIWHQ� XVHG� WR� JXLGH� WKH� SURFHVV� RI� DFTXLULQJ� DGGLWLRQDO

NQRZOHGJH�

%HFDXVH�LW�FDQQRW�JHQHUDOO\�EH�GHWHUPLQHG�D�SULRUL�ZKDW�VRUWV�RI�UHSUHVHQWDWLRQDO�VWUXFWXUHV�ZLOO

EH� QHHGHG� WR� FDSWXUH� WKH� RQWRORJ\� RI� D� JLYHQ� GRPDLQ�� ODQJXDJHV� IRU� RQWRORJ\� QHHG� WR� EH

H[SUHVVLYHO\� YHU\� ULFK�� � +RZHYHU�� LI� WKH� PHWKRG� RI� RQWRORJ\� FDSWXUH� LV� WR� EH� XVDEOH�� LWV

UHSUHVHQWDWLRQDO� VWUXFWXUHV� PXVW� EH� LQWHOOLJLEOH� WR� RQWRORJ\� GHYHORSHUV�� � 7KH� HDVH� RI� XVH� RI� D

ODQJXDJH�LV�GHWHUPLQHG�E\�LWV�©ORRN�DQG�IHHOª�DQG�E\�KRZ�ZHOO�LW�VXSSRUWV�WKH�FRJQLWLYH�DFWLYLWLHV

RI� WKH� RQWRORJ\� GHYHORSPHQW� SURFHVV�� � 7KH� RQWRORJ\� ODQJXDJHV� PXVW� KDYH� D� V\QHUJLVWLF

UHODWLRQVKLS�ZLWK�WKH�RQWRORJ\�GHYHORSPHQW�SURFHGXUH��6HFWLRQ����� �7KDW�LV�� WKH�ODQJXDJHV�PXVW

VXSSRUW�WKH�XVH�RI�WKH�SURFHGXUH�DQG�WKH�SURFHGXUH�PXVW�VXSSRUW�WKH�XVH�RI�WKH�ODQJXDJHV�

7KH� SXUSRVH� RI� WKLV� VHFWLRQ� LV� WR� GHVFULEH� WKH� RQWRORJ\� FDSWXUH� ODQJXDJHV�� � ,'()�� KDV� WZR

ODQJXDJHV�

� 7KH�,'()��6FKHPDWLF�/DQJXDJH 7KLV� ODQJXDJH� LV� WKH�JUDSKLFDO�FRPSRQHQW�RI� WKH

,'()��ODQJXDJHV���,W�SURYLGHV�YLVXDO�DVVLVWDQFH�LQ�WKH�RQWRORJ\�FDSWXUH�SURFHVV�DQG

IDFLOLWDWHV�FRPPXQLFDWLRQ���

� 7KH�,'()��(ODERUDWLRQ�/DQJXDJH 7KLV�ODQJXDJH�LV�D�VWUXFWXUHG�WH[WXDO�ODQJXDJH

DQG�KDV�WKH�IXOO�SRZHU�RI�ILUVW�RUGHU�ORJLF�

                                                          

��7KH ,'()� 6FKHPDWLF /DQJXDJH LV VXSSOHPHQWHG E\ WZR LPSRUWDQW IRUPV� �� WKH .LQG 6SHFLILFDWLRQ )RUP DQG ��
WKH 5HODWLRQ 6SHFLILFDWLRQ )RUP� 7KHVH IRUPV DOORZ WKH RQWRORJ\ GHYHORSHU WR UHFRUG WKH RQWRORJ\ LQ D WH[WXDO IRUP�
,W SHUPLWV RQWRORJ\ FKDUDFWHUL]DWLRQ DW D JUHDWHU OHYHO RI GHWDLO WKDQ ZKDW LV SRVVLEOH LQ D JUDSKLFDO IRUP� 7KH ,'()�
IRUPV DUH DOVR GHVLJQHG WR IDFLOLWDWH WKH UHFRUGLQJ RI ,'()� (ODERUDWLRQ /DQJXDJH VWDWHPHQWV� 7KH ,'()� IRUPV DUH
GHVFULEHG LQ 6XEHFWLRQ ������ 7KH ,'()� (ODERUDWLRQ /DQJXDJH LV SUHVHQWHG LQ 6HFWLRQ ����
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7KH�WZR�,'()��ODQJXDJHV�FRPSOHPHQW�DQG�VXSSOHPHQW�HDFK�RWKHU���7KH�6FKHPDWLF�/DQJXDJH�LV

VRPHZKDW� UHVWULFWHG� LQ� H[SUHVVLYH� SRZHU�� � +RZHYHU�� WKH� JUDSKLFDO� VWUXFWXUHV� RI� WKLV� ODQJXDJH

PDNH� LW� LQWXLWLYH� DQG� HDV\� WR�XVH�� �7KH� ,'()��(ODERUDWLRQ�/DQJXDJH�� RQ� WKH�RWKHU�KDQG�� LV� DQ

H[SUHVVLYHO\�ULFK�WH[WXDO�ODQJXDJH���,Q�SDUWLFXODU��LW�FDQ�H[SUHVV�HYHU\WKLQJ�WKDW�FDQ�EH�H[SUHVVHG

LQ� FODVVLFDO� ILUVW�RUGHU� ORJLF�� � +RZHYHU�� WKH� VWUXFWXUHG� WH[W� V\QWD[� UHTXLUHV� D� KLJKHU� OHYHO� RI

SURILFLHQF\�IRU�LWV�HIIHFWLYH�XVH�

��� 7KH�,'()��6FKHPDWLF�/DQJXDJH

(VVHQWLDOO\�� DQ� RQWRORJ\� LGHQWLILHV� DQG� RUJDQL]HV� WKH� UHOHYDQW� NLQGV� DQG� LQGLYLGXDOV�� WKHLU

SURSHUWLHV�� DQG� WKH� QHWZRUN� RI� UHODWLRQV� EHWZHHQ� WKHP� ZLWKLQ� D� VSHFLILF� DSSOLFDWLRQ� GRPDLQ�

7KH� ,'()�� 6FKHPDWLF� /DQJXDJH� SURYLGHV� D� YDULHW\� RI� JUDSKLFDO� FRQVWUXFWV� WR� DVVLVW� LQ� WKH

FRQVWUXFWLRQ� RI� RQWRORJLHV�� � ,Q� WKH� IROORZLQJ� VXEVHFWLRQV�� D� VXPPDU\� RI� WKH� ,'()��6FKHPDWLF

/DQJXDJH� OH[LFRQ� LV� ILUVW� SUHVHQWHG�� � 7KH� XVH� RI� WKHVH� UHSUHVHQWDWLRQDO� ©EXLOGLQJ� EORFNVª� WR

GHYHORS�GLDJUDPV��RU�VFKHPDWLFV��LV�WKHQ�GHVFULEHG�ZLWK�WKH�KHOS�RI�LOOXVWUDWLYH�H[DPSOHV�

����� 7KH�6FKHPDWLF�/DQJXDJH�/H[LFRQ

7KH�FHQWUDO�SULPLWLYH�V\PEROV�RI�WKH�,'()��6FKHPDWLF�/DQJXDJH�DUH�VKRZQ�LQ�)LJXUH�����

.LQG V\PEROV�
,QGLYLGXDO V\PEROV�

5HIHUHQWV

5HODWLRQ V\PEROV�
6WDWH WUDQVLWLRQ V\PEROV

$OWHUQDWLYH ��SODFH )LUVW�RUGHU

5HODWLRQ 6\PEROV

5HODWLRQ /DEHO

.LQG /DEHO

.LQG 6\PEROV

,QGLYLGXDO

/DEHO

,QGLYLGXDO 6\PEROV

��3ODFH 6HFRQG�RUGHU 5HODWLRQ 6\PEROV

5HODWLRQ /DEHO

,' 0HWKRG 1DPH

5HIHUHQFHG
&RQFHSW /DEHO

5HIHUHQWV

5HODWLRQ /DEHO

Q �3ODFH )LUVW�RUGHU 5HODWLRQ 6\PEROV

3URFHVV V\PEROV�
&RQQHFWLQJ V\PEROV�

-XQFWLRQV

3URFHVV

/DEHO

3URFHVV V\PEROV

; 2 	

-XQFWLRQV

&RQQHFWLQJ V\PEROV

6WDWH 7UDQVLWLRQ 6\PEROV

:HDN 7UDQVLWLRQ $UURZ

6WURQJ 7UDQVLWLRQ $UURZ

,QVWDQWDQHRXV 7UDQVLWLRQ 0DUNHU

∆

)LJXUH�������%DVLF�,'()��6FKHPDWLF�/DQJXDJH�6\PEROV

7KH�EDVLF�OH[LFRQ�RI�WKH�,'()��6FKHPDWLF�/DQJXDJH��VHH�)LJXUH������FRQVLVWV�RI�WKH�IROORZLQJ�
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� .LQG�6\PEROV $�NLQG�LV�UHSUHVHQWHG�E\�D�FLUFOH�FRQWDLQLQJ�D�ODEHO���7KH�ODEHO�LQ�D

NLQG� V\PERO� VKRXOG� EH� HLWKHU� LGHQWLFDO� ZLWK� WKH� QDPH� RI� WKH� NLQG� JLYHQ� LQ� WKH

DVVRFLDWHG�VSHFLILFDWLRQ�IRUP�IRU�WKH�NLQG��6XEVHFWLRQ���������RU�LQ�VKRUWKDQG�IRUP�RI

WKH�QDPH�

� ,QGLYLGXDO�6\PEROV /DEHOHG� FLUFOHV� WKDW� DOVR� LQFOXGH� D� VPDOO�� ILOOHG�FLUFOH� �DV

VKRZQ� LQ�)LJXUH������ UHSUHVHQW� VSHFLILF� LQGLYLGXDOV� LGHQWLILHG� LQ� DQ�RQWRORJ\�� �7KH

ODEHO�VKRXOG�EH�XQLTXH�ZLWKLQ�WKH�RQWRORJ\�

� 5HIHUHQWV $Q�,'()��5HIHUHQW�LV�DQ�DUWLIDFW�XVHG�WR�PDNH�UHIHUHQFH�WR�D�FRQFHSW�LQ

DQ\�RWKHU�,'()�PHWKRG���5HIHUHQW�UHFWDQJOHV�KDYH�WKH�IROORZLQJ�LQIRUPDWLRQ�LWHPV�

�� 5HIHUHQFHG�&RQFHSW�/DEHO 7KLV� LV� WKH� ODEHO� RI� WKH� FRQFHSW� �ZLWKLQ� DQ

,'()�PRGHO�� WKDW� LV� EHLQJ� UHIHUHQFHG�� � )RU� H[DPSOH�� DQ� DFWLYLW\� NLQG�PD\

UHIHUHQFH�DQ�DFWLYLW\�ODEHO�LQ�DQ�,'()��PRGHO�

�� ,' 7KLV�LV�WKH�LGHQWLILFDWLRQ�ODEHO�IRU�WKH�5HIHUHQW�

��0HWKRG�1DPH 7KLV� LV� WKH� QDPH� RI� WKH� ,'()� PHWKRG� WKDW� LV� EHLQJ

UHIHUHQFHG�

� 5HODWLRQ�6\PEROV 5HFWDQJOHV� ZLWK� URXQGHG� FRUQHUV� VLJQLI\� ILUVW�RUGHU� Q�SODFH

UHODWLRQV��L�H��� UHODWLRQV�WKDW�KROG�EHWZHHQ�ILUVW�RUGHU� LQGLYLGXDOV��� � ,Q� WKH�FDVH�RI���

SODFH�UHODWLRQV��D�ODEHOHG�DUURZ�FDQ�EH�XVHG�LQVWHDG�RI�D�UHFWDQJOH���$UURZV�ZLWK�WKHLU

DUURZKHDGV�DW�WKH�EDFN�UHSUHVHQW�VHFRQG�RUGHU�UHODWLRQV��L�H���UHODWLRQV�WKDW�KROG��QRW

EHWZHHQ�LQGLYLGXDOV��EXW�EHWZHHQ�NLQGV�RU�EHWZHHQ�LQGLYLGXDOV�DQG�NLQGV����7KHUH�DUH

QR�V\PEROV�LQ�WKH�,'()��6FKHPDWLF�/DQJXDJH�IRU�Q�SODFH�KLJKHU�RUGHU�UHODWLRQV��DV

H[SHULHQFH�KDV�VKRZQ�WKHLU�SUHVHQFH�LQ�RQWRORJLHV�WR�EH�UDUH���,I�QHFHVVDU\��KRZHYHU�

VXFK� UHODWLRQV� FDQ� DOZD\V� EH� DGGHG� WR� DQ� RQWRORJ\� YLD� WKH� ,'()�� (ODERUDWLRQ

/DQJXDJH��VHH�6XEVHFWLRQ��������%HFDXVH�RI�WKH�LPSRUWDQFH�RI�WKH�ILUVW�RUGHU�SDUW�RI

UHODWLRQ� LQ� RQWRORJ\�� WKH� GLVWLQJXLVKHG� ODEHO� SDUW�RI� LV� LQFOXGHG� LQ� WKH� ,'()�

6FKHPDWLF�/DQJXDJH�

(YHU\�UHODWLRQ�V\PERO� LQFOXGHV�D� ODEHO�FRQQRWLQJ� WKH� UHODWLRQ�UHSUHVHQWHG�� �$V�ZLWK

NLQG�V\PEROV��WKH�ODEHO�VKRXOG�EH�HLWKHU�LGHQWLFDO�ZLWK�WKH�QDPH�RI�WKH�UHODWLRQ�JLYHQ

LQ�WKH�DVVRFLDWHG�VSHFLILFDWLRQ�IRUP�IRU�WKH�UHODWLRQ�RU�LQ�VKRUWKDQG�IRUP�RI�WKH�QDPH�

/LNH�SDUW�RI��WKH�GLVWLQJXLVKHG�ODEHOV�LQVWDQFH�RI�DQG�VXENLQG�RI�DUH�SURYLGHG�IRU�WKH

VHFRQG�RUGHU�UHODWLRQV�LQVWDQFH�RI�DQG�VXENLQG�RI�
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� 6WDWH�7UDQVLWLRQ�6\PEROV 7KHUH�DUH�WZR�W\SHV�RI�VWDWH�WUDQVLWLRQ�OLQNV�SURYLGHG�E\

,'()��VFKHPDWLF� ODQJXDJHV�� ���� � DQ� DUURZ�ZLWK� DQ�RSHQ� FLUFOH� DW� WKH� FHQWHU� RI� WKH

DUURZ� WKDW� UHSUHVHQWV�ZHDN� WUDQVLWLRQ� DQG���� � D� GRXEOH�KHDGHG� DUURZ�ZLWK� DQ� RSHQ

FLUFOH�DW�WKH�FHQWHU�RI�WKH�DUURZ�WKDW�UHSUHVHQWV�VWURQJ�WUDQVLWLRQ�

$Q� LQVWDQWDQHRXV� WUDQVLWLRQ� PDUNHU� ©¨ª� LV� SURYLGHG� E\� WKH� ,'()�� 6FKHPDWLF

/DQJXDJH�WR�UHSUHVHQW�WKH�VWDWH�WUDQVLWLRQ�WKDW�RFFXUV�RYHU�D�SHULRG�VPDOOHU�WKDQ�WKH

VPDOOHVW�WLPH�XQLW�UHFRJQL]HG�LQ�WKH�FRQWH[W�EHLQJ�PRGHOHG�

� 3URFHVV�6\PEROV 5HFWDQJOHV� ZLWK� VTXDUH� FRUQHUV� DQG� D� OLQH� QHDU� WKH� ERWWRP

LQGLFDWH� SURFHVV� NLQGV� �L�H��� JHQHUDO�� UHSHDWDEOH� VWDWHV� RI� DIIDLUV�� DV� GLVFXVVHG� LQ

6HFWLRQ������7KHLU�V\QWD[�DQG�LQIRUPDO�VHPDQWLFV�DUH�SURYLGHG�LQ�6XEVHFWLRQ�������

� &RQQHFWLQJ�6\PEROV &RQQHFWLQJ� V\PEROV� DUH� D� W\SH� RI� DUURZ� XVHG� WR� FRQQHFW

NLQGV�WR�ILUVW�RUGHU�UHODWLRQV���7KHLU�V\QWD[�LV�GLVFXVVHG�LQ�6XEVHFWLRQ�������

� -XQFWLRQV -XQFWLRQV� DUH� VLPSO\� V\PEROV� WKDW� UHSUHVHQW� ERROHDQ� RSHUDWRUV�� � 7KHLU

V\QWD[�DQG�VHPDQWLFV�DUH�GLVFXVVHG�LQ�6XEVHFWLRQ�������

����� ,'()��6FKHPDWLFV�DQG�WKHLU�,QWHUSUHWDWLRQ

,Q�WKLV�VXEVHFWLRQ��WKH�YDULRXV�GLDJUDP�W\SHV��RU�VFKHPDWLFV��WKDW�FDQ�EH�FRQVWUXFWHG�LQ�WKH�,'()�

6FKHPDWLF�/DQJXDJH�DUH�SUHVHQWHG���7KH�SXUSRVH�RI�WKHVH�VFKHPDWLFV��OLNH�DQ\�UHSUHVHQWDWLRQV��LV

WR� FDUU\� LQIRUPDWLRQ�� � 7KXV�� VHPDQWLF� UXOHV� PXVW� EH� SURYLGHG� IRU� LQWHUSUHWLQJ� HYHU\� SRVVLEOH

VFKHPDWLF�� � )ROORZLQJ� WKH� XVXDO� DSSURDFK�� WKHVH� UXOHV�ZLOO� EH� SURYLGHG� E\� SURYLGLQJ� UXOHV� IRU

LQWHUSUHWLQJ�WKH�PRVW�EDVLF�FRQVWUXFWV�RI�WKH�ODQJXDJH��ZKLFK�FDQ�WKHQ�EH�DSSOLHG�UHFXUVLYHO\�WR

PRUH�FRPSOH[�FRQVWUXFWV���+RZHYHU��WKH�FKDUDFWHU�RI�WKH�VHPDQWLFV�IRU�WKH�6FKHPDWLF�/DQJXDJH

GLIIHUV�IURP�WKH�FKDUDFWHU�RI�WKH�VHPDQWLFV�IRU�RWKHU�JUDSKLFDO�ODQJXDJHV���0RUH�VSHFLILFDOO\��HDFK

EDVLF� VFKHPDWLF� LV� SURYLGHG� RQO\� ZLWK� D� GHIDXOW� VHPDQWLFV� WKDW� FDQ� EH� RYHUULGGHQ� LQ� WKH

(ODERUDWLRQ�/DQJXDJH��VHH�6XEVHFWLRQ������� �7KH�UHDVRQ�IRU�WKLV�LV�WKDW�WKH�FKLHI�SXUSRVH�RI�WKH

6FKHPDWLF� /DQJXDJH� LV� WR� VHUYH� DV� DQ� DLG� IRU� WKH� FRQVWUXFWLRQ� RI� RQWRORJLHV�� WKH\� DUH� QRW� WKH

SULPDU\�UHSUHVHQWDWLRQDO�PHGLXP�IRU�VWRULQJ�WKHP���7KDW�WDVN�IDOOV�WR�WKH�(ODERUDWLRQ�/DQJXDJH�

7KH�6FKHPDWLF�/DQJXDJH�SDUWLFXODUO\�XVHIXO�IRU�WKH�FRQVWUXFWLRQ�RI� ILUVW�FXW�RQWRORJLHV�LQ�ZKLFK

WKH�FHQWUDO�FRQFHUQ�LV�WR�UHFRUG�LQ�D�URXJK�ZD\�WKH�EDVLF�NLQGV�RI�WKLQJV�WKDW�H[LVW�LQ�D�GRPDLQ�

WKHLU�FKDUDFWHULVWLF�SURSHUWLHV�� DQG� WKH� VDOLHQW� UHODWLRQV� WKDW�FDQ�EH�REWDLQHG�EHWZHHQ�REMHFWV�RI

WKRVH� NLQGV� DQG� EHWZHHQ� WKH� NLQGV� WKHPVHOYHV�� � &RQVHTXHQWO\�� WKH� EDVLF� FRQVWUXFWV� RI� WKH

6FKHPDWLF�/DQJXDJH�DUH�GHVLJQHG�VSHFLILFDOO\�WR�FDSWXUH�WKLV�W\SH�RI�LQIRUPDWLRQ���+RZHYHU��WKH
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GHIDXOW�VHPDQWLFV�PD\�QRW�DFFXUDWHO\�FDSWXUH�WKH�GHVLUHG�LQIRUPDWLRQ���,Q�VXFK�D�FDVH��D�XVHU�FDQ

H[SOLFLWO\�RYHUULGH�WKH�GHIDXOW�VHPDQWLFV�LQ�WKH�(ODERUDWLRQ�/DQJXDJH�

+RZHYHU�� WKH� SUHFLVH� FKDUDFWHU� RI� WKH� SURSHUWLHV� RI�� DQG� UHODWLRQV� EHWZHHQ�� REMHFWV� RI� YDULRXV

NLQGV�LV�RIWHQ�TXLWH�GLIIHUHQW�IURP�RQH�FDVH�WR�DQRWKHU���'RHV�WKH�UHODWLRQ�KROG�EHWZHHQ�HYHU\�SDLU

RI�LQVWDQFHV"��6RPH�LQVWDQFHV"��0XVW�LW�KROG�EHWZHHQ�WZR�LQVWDQFHV�LI�LW�KROGV�EHWZHHQ�WKHP�DW

DOO"��7KHUHIRUH��WR�DVVLJQ�D�VHPDQWLFV�WKDW�HQIRUFHV�MXVW�RQH�RI�WKHVH�VHPDQWLF�SRVVLELOLWLHV�ZLWK

UHVSHFW� WR� D� JLYHQ� FRQVWUXFW� UXOHV� RXW� RWKHU� OHJLWLPDWH� SRVVLELOLWLHV� DQG�� KHQFH�� OLPLWV� WKH

IOH[LELOLW\�DQG�XVHIXOQHVV�RI�WKH�ODQJXDJH�LQ�WKH�FRQVWUXFWLRQ�RI�DQ�RQWRORJ\��EHFDXVH�DQ\�RI�WKH

SRVVLELOLWLHV�PLJKW�EH�SUHVHQW� LQ� WKH�GRPDLQ�XQGHU� FRQVLGHUDWLRQ�� �7KH� LGHD� EHKLQG� WKH� GHIDXOW

VHPDQWLFV�� IRU� HDFK� FRQVWUXFW�� LV� WR� H[SUHVV�ZKDW� H[SHULHQFH� KDV� VKRZQ� WR� EH� WKH�PRVW� XVHIXO

PHDQLQJ� DV� D� GHIDXOW� EXW� DOVR� WR� DOORZ� UHYLVLRQ� RU� IXUWKHU� VSHFLILFDWLRQ� RI� WKLV�PHDQLQJ� LQ� WKH

(ODERUDWLRQ�/DQJXDJH��VKRXOG�WKH�QHHG�DULVH�

7KLV�LVVXH�UDLVHV�DQ�REYLRXV�TXHVWLRQ���:K\�QRW�VLPSO\�HQGRZ�WKH�6FKHPDWLF�/DQJXDJH�ZLWK�WKH

SRZHU�WR�H[SUHVV�WKHVH�VXEWOH�VHPDQWLF�GLVWLQFWLRQV�GLUHFWO\"��:K\�QRW�VLPSO\�DGRSW�D�JUDSKLFDO

UHSUHVHQWDWLRQ� ODQJXDJH� OLNH� 6HPDQWLF� 1HWV� �61V� ²� LQ� LWV� PRUH� VRSKLVWLFDWHG� JXLVHV�� RU

&RQFHSWXDO�*UDSKV��&*V��WKDW�KDYH�WKH�IXOO�H[SUHVVLYH�SRZHU�RI�D�ILUVW�RUGHU�ODQJXDJH"����:K\

QRW� DGRSW� D� JUDSKLFDO� ODQJXDJH� WKDW� LV� LQWHQGHG� WR� EH� FRPSOHWH� LQ� LWVHOI�� ZLWKRXW� QHHG� RI� DQ\

IXUWKHU�VXSSOHPHQWDWLRQ�E\�D�QRQJUDSKLFDO�ODQJXDJH��LQVWHDG�RI�RQH�WKDW�IDOOV�IDU�VKRUW�RI�WKH�IXOO

H[SUHVVLYH�SRZHU�RI�D�ILUVW�RUGHU�ODQJXDJH"����7KH�FHQWUDO�DQVZHU�LV�DJDLQ�URRWHG�LQ�WKH�IDFW�WKDW

WKH�6FKHPDWLF�/DQJXDJH�LV�GHVLJQHG�RQO\�IRU�WKH�FRQVWUXFWLRQ�RI�ILUVW�FXW�RQWRORJLHV�DQG�WKH�HDV\

EURZVLQJ� DQG� UDSLG� DGGLWLRQ� RI� QHZ� LQIRUPDWLRQ� WR� H[LVWLQJ� RQWRORJLHV�� � ,W� ZDV� GHVLJQHG� WR

VWUHDPOLQH� WKH� SURFHVV� RI� RQWRORJ\� FRQVWUXFWLRQ� DQG� HYROXWLRQ�� QRW� WR� EH� WKH� FHQWUDO

UHSUHVHQWDWLRQDO�PHGLXP�IRU�RQWRORJ\���$PRQJ�WKH�FHQWUDO�FRQVLGHUDWLRQV�EHKLQG�LWV�GHVLJQ��WKHQ�

ZDV�WR�JLYH�GRPDLQ�H[SHUWV�ODUJHO\�XQIDPLOLDU�ZLWK�IXOO�ILUVW�RUGHU�ODQJXDJHV�DQG�WKH�VXEWOHWLHV�RI

PRGDOLW\�DQG�TXDQWLILFDWLRQ�DQ� LQWXLWLYH� LQWHUIDFH� IRU� HQWHULQJ�EDVLF�RQWRORJ\� LQIRUPDWLRQ�� �)RU

WKLV� SXUSRVH�� D� JUDSKLFDO� ODQJXDJH� LV� LGHDO�� � +RZHYHU�� EH\RQG� UHODWLYHO\� VLPSOH� SLHFHV� RI

LQIRUPDWLRQ� DERXW� NLQGV� DQG� WKHLU� FKDUDFWHULVWLF� SURSHUWLHV� DQG� UHODWLRQV�� JUDSKLFDO� ODQJXDJHV

                                                          

��7KDW LV� ORRVHO\� IRU DQ\ JLYHQ 61 RU &* ODQJXDJH /� WKHUH LV D PDSSLQJ WKDW WDNHV DQ\ 61 RU &* $ RI / LQWR D VHW
RI VHQWHQFHV LQ D ILUVW�RUGHU ODQJXDJH ZLWK WKH VDPH PHDQLQJ� 7KDW LV� $ DQG WKH VHW ZLOO EH WUXH RI WKH VDPH PRGHOV
DQG YLFH YHUVD �IRU ILQLWH VHWV RI VHQWHQFHV�� )RU 61V� VHH 6� 6KDSLUR� ©7KH 61H36 VHPDQWLF QHWZRUN SURFHVVLQJ
V\VWHP�ª LQ 1� )LQGOHU� $VVRFLDWLYH 1HWZRUNV� 5HSUHVHQWDWLRQ DQG 8VH RI .QRZOHGJH E\ &RPSXWHUV� 1HZ <RUN�

$FDGHPLF 3UHVV� ����� )RU &*V� VHH -� 6RZD� &RQFHSWXDO *UDSKV� ,QIRUPDWLRQ 3URFHVVLQJ LQ 0LQG DQG 0DFKLQH�

0HQOR 3DUN� &$� $GGLVRQ�:HVOH\ 3XEOLVKLQJ &R�� �����

��0RUH H[DFWO\� ZLWK UHJDUG WR LWV GHIDXOW VHPDQWLFV� LW LV��YHU\ URXJKO\�� HTXLYDOHQW WR D ILUVW�RUGHU ODQJXDJH WKDW

SHUPLWV RQO\ VWULQJV RI H[LVWHQWLDO TXDQWLILHUV�
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KDYH�QR�DGYDQWDJH�RYHU�VWDQGDUG�OLQHDU�ODQJXDJHV�LQ�HLWKHU�OHDUQDELOLW\�RU�XVDELOLW\��LQGHHG��LQ�WKH

H\HV�RI�PDQ\�H[SHUWV�� JUDSKLFDO� UHSUHVHQWDWLRQV�RI�PRUH� FRPSOH[� LQIRUPDWLRQ� DUH� VXEVWDQWLDOO\

PRUH�FXPEHUVRPH�WKDQ�WKHLU�VWDQGDUG�OLQHDU�FRXQWHUSDUWV���7KHUH�LV��WKXV��QR�UHDVRQ�QRW�WR�FDUU\

RXW�UHILQHPHQWV�RI�DQ�RQWRORJ\� LQ� WKH�(ODERUDWLRQ�/DQJXDJH�GLUHFWO\�� �7KDW� LV�DW�DQ\�UDWH�PXFK

PRUH� HIILFLHQW� ZLWK� UHVSHFW� WR� WKH� GHYHORSPHQW� RI� DQ� DXWRPDWHG� RQWRORJ\� VXSSRUW� WRRO�� � D

JUDSKLFDO�ODQJXDJH�LV�QRW�LQ�LWVHOI�FRPSXWHU�SURFHVVDEOH���+HQFH��LI�WKH�LQIRUPDWLRQ�H[SUHVVHG�LQ

VXFK�D�ODQJXDJH�LV�WR�EH�PDQLSXODWHG��TXHULHG��XSGDWHG��DQG�VR�IRUWK��LW�QHHGV�WR�EH�FRPSLOHG�LQWR

D�PRUH�VWDQGDUG�FRPSXWHU�SURFHVVDEOH�IRUP���7KH�(ODERUDWLRQ�/DQJXDJH��KRZHYHU��LV�SURFHVVDEOH

DV� LW� VWDQGV�� DQG� KHQFH�� RQFH� DJDLQ�� WKHUH� LV� QR� DGYDQWDJH� LQ� XVLQJ� DQ� H[SUHVVLYHO\� HTXLYDOHQW

JUDSKLFDO�ODQJXDJH�IRU�RQWRORJ\�UHILQHPHQW�V

������� %DVLF�)LUVW�2UGHU�6FKHPDWLFV

7KLV�VXEVHFWLRQ�SUHVHQWV�WKH�V\QWD[�DQG�GHIDXOW�VHPDQWLFV�IRU�WKH�EDVLF�ILUVW�RUGHU�VFKHPDWLFV�RI

WKH�ODQJXDJH���7KH�VLPSOHVW�RI�WKHVH�DUH�VFKHPDWLFV�LQYROYLQJ���SODFH��ILUVW�RUGHU�UHODWLRQV�

��������� ��3ODFH�5HODWLRQ�6FKHPDWLFV

,'()�� VFKHPDWLFV� DUH� FRQVWUXFWHG� E\� SXWWLQJ� WRJHWKHU� WKH� EDVLF� ,'()�� JUDSKLFDO� V\PEROV� LQ

GLIIHUHQW� ZD\V�� � 7KH� EDVLF� ,'()�� VFKHPDWLFV� DUH� WKH� VPDOOHVW� GLDJUDPV� WKDW� FDQ� EH� VR

FRQVWUXFWHG���7KH�V\QWD[�RI�WKH�EDVLF�VFKHPDWLFV�LV�TXLWH�VLPSOH���WKH\�DUH�REWDLQHG�E\�FRQQHFWLQJ

FLUFOHV�ZLWK�UHODWLRQ�DQG�SURWR�UHODWLRQ�V\PEROV�

7KH�PRVW�FRPPRQ�FRQVWUXFW�RI�WKLV�VRUW�LQYROYHV�FRQQHFWLQJ�WZR�NLQG�V\PEROV�ZLWK�D�ILUVW�RUGHU

UHODWLRQ�V\PERO��DV�LQ�)LJXUH�����

.LQG ODEHO .LQG ODEHO5HODWLRQ /DEHO

)LJXUH�������*HQHUDO�)RUP�RI�D�%DVLF�)LUVW�2UGHU�6FKHPDWLF

6XFK�GLDJUDPV�QHHG�D�GHIDXOW� VHPDQWLFV� �L�H��� DQ�DFFHSWHG�PHDQLQJ� WKDW�FDQ�EH�DVVXPHG� LQ� WKH

DEVHQFH� RI� DQ\� IXUWKHU� FODULILFDWLRQ� LQ� WKH� (ODERUDWLRQ� /DQJXDJH��� � )RU� WKLV� SXUSRVH�� ZH

FRQVLGHUHG�WKH�FRQFUHWH�H[DPSOH�LQ�)LJXUH�����
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6SDUNSOXJ (QJLQH3DUW�RI

)LJXUH�������([DPSOH�RI�D�%DVLF�)LUVW�2UGHU�6FKHPDWLF

:KDW��H[DFWO\��VKRXOG�WKH�GHIDXOW�PHDQLQJ�RI�WKLV�FRQVWUXFW�EH"��,W�LV�YHU\�LPSRUWDQW�WR�QRWH�WKDW�LW

GRHV�QRW�PHDQ�WKDW� WKH�NLQG� VSDUNSOXJ� LV�D�SDUW�RI� WKH�NLQG�HQJLQH�� IRU�SDUW�RI� LQ� ,'()�� LV�D

ILUVW�RUGHU�UHODWLRQ�WKDW�KROGV�EHWZHHQ�ILUVW�RUGHU�SK\VLFDO�REMHFWV��DQG��LQ�SDUWLFXODU�QRW�EHWZHHQ

DEVWUDFW��KLJKHU�RUGHU�REMHFWV�OLNH�NLQGV���7KXV��)LJXUH�����PXVW�EH�DERXW�LQVWDQFHV�RI�WKH�NLQGV

LQ�TXHVWLRQ±WKH�LQGLYLGXDOV�WKDW�H[HPSOLI\�WKRVH�NLQGV���*LYHQ�WKDW�WKHUH�DUH�D�YDULHW\�RI�SRVVLEOH

PHDQLQJV�WKDW�PLJKW�EH�DVVLJQHG�WR�)LJXUH������WKH�IROORZLQJ�VSHFLILFDWLRQV�DUH�PDGH�

��� (YHU\�VSDUNSOXJ��LQ�WKH�GRPDLQ�LQ�TXHVWLRQ��LV�D�SDUW�RI�HYHU\�HQJLQH��LQ�WKH�GRPDLQ�LQ

TXHVWLRQ��

&OHDUO\� WKDW� LV� QRW� HYHQ� SK\VLFDOO\� SRVVLEOH�� LQ� JHQHUDO�� � VSDUNSOXJ� FDQ� RQO\� EH� D� SDUW� RI� RQH

HQJLQH���$�ZHDNHU�UHDGLQJ�LV�WKH�IROORZLQJ�

��� (YHU\�VSDUNSOXJ�LV�D�SDUW�RI�VRPH�HQJLQH�

7KLV�LV�D�PXFK�PRUH�SODXVLEOH�UHDGLQJ��EXW�DV�D�GHIDXOW��LW�LV�VWLOO�WRR�VWURQJ���7KHUH�PD\�EH�ORRVH

VSDUNSOXJV�LQ�LQYHQWRU\�RU�RQ�WKH�VKRS�IORRU�

��� (YHU\�HQJLQH�KDV�VRPH�VSDUNSOXJV�DPRQJ�LWV�SDUWV�

7KLV� UHDGLQJ� WDNHV� DFFRXQW�RI� WKH� SRVVLELOLW\� RI� ORRVH� VSDUNSOXJV�� EXW� QRZ� WKH� SUREOHP� LV� WKDW

WKHUH�PD\�ZHOO�EH�HQJLQHV�O\LQJ�DERXW�ZLWK�WKH�SOXJV�UHPRYHG��VR�WKLV��WRR��LV�WRR�VWURQJ�

��� 6RPH�VSDUNSOXJV�DUH�SDUWV�RI�VRPH�HQJLQHV�

7KLV�UHDGLQJ�QRZ�DFFRXQWV�IRU�ERWK�FRXQWHUH[DPSOHV��EXW�DJDLQ��DV�D�GHIDXOW��LW�VWLOO�PLJKW�VD\�WRR

PXFK���7KDW�LV��)LJXUH�����PLJKW�RQO\�EH�UHFRUGLQJ�WKH�ZD\�WKH�GRPDLQ�LQ�TXHVWLRQ�RUGLQDULO\�LV�

EXW�QRW�DW�DOO�DQ\�ZD\� WKDW� LW� LV�DW�DOO� WLPHV�� �)RU� LQVWDQFH�� WKH�GRPDLQ� LQ�TXHVWLRQ�PLJKW�EH�DQ

RQWRORJ\�IRU�DQ�DXWRPRELOH�IDFWRU\�WKDW�KDV�WHPSRUDULO\�VKXW�GRZQ�LWV�HQJLQH�IDEULFDWLRQ�GLYLVLRQ

DQG�LV�PDNLQJ�RQO\�FDU�ERGLHV�DQG��KHQFH��ZKLFK��IRU�WKH�WLPH�EHLQJ��FRQWDLQV�QR�HQJLQHV�DW�DOO�

7R� DFFRPPRGDWH� VXFK� FDVHV�� D� UHDGLQJ�ZHDNHU� WKDQ� ���� LV� QHHGHG� IRU� WKH� GHIDXOW� VHPDQWLFV� RI

)LJXUH������VSHFLILFDOO\�� WKH�GHIDXOW�VHPDQWLFV�IRU�VFKHPDWLFV� OLNH�WKH�RQH� LQ�)LJXUH�����ZLOO�EH

WDNHQ�WR�LQGLFDWH�RQO\�ZKDW�LV�SRVVLEOH��RU�SHUPLVVLEOH�� LQ�D�FHUWDLQ�GRPDLQ�YLV�D�YLV�VSDUNSOXJV



��

DQG�HQJLQHV�UHODWLYH�WR�WKH�SDUW�RI�UHODWLRQ���7KXV��PRUH�H[DFWO\��LW�ZLOO�EH�WDNHQ�DV�D�GHIDXOW�WR

PHDQ�RQO\�WKDW��LQ�WKH�FXUUHQW�RQWRORJ\�

��� 6SDUNSOXJV�FDQ�EH�SDUWV�RI�HQJLQHV�

7KDW�LV��LW�LV�SRVVLEOH��RU�SHUPLVVLEOH��WKDW�D�VSDUNSOXJ��L�H���DQ�LQVWDQFH�RI�WKH�NLQG�VSDUNSOXJ��EH

D�SDUW�RI�DQ�HQJLQH��L�H���DQ�LQVWDQFH�RI� WKH�NLQG�HQJLQH����� �7KHUHIRUH�� WKH�GHIDXOW�VHPDQWLFV�RI

VFKHPDWLFV�OLNH�)LJXUH�����VKRXOG�EH�YLHZHG�DV�DQDORJRXV�WR�W\SH�GHFODUDWLRQV�LQ�D�SURJUDP�WKDW

JLYHV� WKH� SHUPLVVLEOH� DUJXPHQWV� WR� FHUWDLQ� IXQFWLRQV� ZLWKRXW� GHFODULQJ� SUHFLVHO\� KRZ� WKRVH

IXQFWLRQV� DUH� LQVWDQFHG� LQ� D� UXQ� RI� WKH� SURJUDP�� � ,Q� WKH� VDPH� ZD\�� )LJXUH� ���� LV� HVVHQWLDOO\

VSHFLI\LQJ�SHUPLVVLEOH�DUJXPHQWV�IRU�WKH�SDUW�RI�UHODWLRQ�

1RWH�WKDW�WKH�VHQVH�RI�SRVVLELOLW\�LQ�TXHVWLRQ�KHUH�LV�VWURQJHU�WKDQ�PHUH�ORJLFDO�SRVVLELOLW\���,Q�WKH

SXUHO\� DEVWUDFW� VHQVH�� LW� LV� ORJLFDOO\� SRVVLEOH� IRU� DOPRVW� DQ\WKLQJ� WR� EHDU� D� JLYHQ� UHODWLRQ� WR

DQ\WKLQJ�HOVH���,W�LV�ORJLFDOO\�SRVVLEOH��IRU�H[DPSOH��WKDW�D�VSDUNSOXJ�EH�SDUW�RI�DQ�RGGO\�GHVLJQHG

FRPSXWHU�� � 7KH� VHQVH� RI� SRVVLELOLW\� LQ� TXHVWLRQ� KHUH�� WKRXJK�� LV� LQWHQGHG� WR� UHIOHFW� WKH� DFWXDO

QDWXUH�RI�D�JLYHQ�GRPDLQ�� LW� LV� LQWHQGHG� WR�FDSWXUH� WKH�ZD\� WKLQJV�FDQ�EH� LQ� WKH�GRPDLQ��RWKHU

WKLQJV� EHLQJ� HTXDO�� QRW� KRZ� WKLQJV� FRXOG� EH�� XQGHU� DQ\� LPDJLQHG� FLUFXPVWDQFHV�� � ,QGHHG�

JHQHUDOO\�VSHDNLQJ�� LQ� WKH�HYROXWLRQ�RI�DQ�RQWRORJ\��EDVLF�DVVHUWLRQV�ZLOO�PRUH�JHQHUDOO\�UHIOHFW

DFWXDO�REVHUYDWLRQV�LQ�WKH�GRPDLQ��L�H���JHQHUDOL]DWLRQV�RI�ZKDW�KDV�DFWXDOO\�EHHQ�REVHUYHG�LQ�WKH

GRPDLQ�� � 6SHFLILF� VSDUNSOXJV� KDYH� EHHQ� REVHUYHG� WR� EH� SDUWV� RI� VSHFLILF� HQJLQHV�� � 7KHVH

REVHUYDWLRQV�DUH�WKHQ�JHQHUDOL]HG�LQ�WKH�IRUP�RI�)LJXUH�����DQG��IRU�WKH�UHDVRQV�QRWHG��JLYHQ�WKH

VHPDQWLFV�RI�������,W�VKRXOG�DJDLQ�EH�QRWHG��WKRXJK��WKDW�WKLV�LV�RQO\�D�GHIDXOW�VHPDQWLFV��VWURQJHU

PHDQLQJV�IRU�VXFK�GLDJUDPV������IRU�LQVWDQFH�FDQ�EH�LPSRVHG�YLD�WKH�(ODERUDWLRQ�/DQJXDJH�

$V�DQ�DOWHUQDWLYH�V\QWD[�IRU���SODFH�ILUVW�RUGHU�VFKHPDWLFV��LW�LV�SHUPLVVLEOH��DQG�RIWHQ�SUHIHUDEOH�

WR�UHSODFH�WKH�WZR�FRQQHFWLQJ�V\PEROV�DQG�WKH�UHODWLRQ�V\PERO�ZLWK�D�VLQJOH�DUURZ�ODEHOHG�E\�WKH

VDPH�UHODWLRQ�ODEHO��DV�LOOXVWUDWHG�LQ�)LJXUH�����

3DUW�RI
6SDUNSOXJ (QJLQH

)LJXUH�������([DPSOH�,OOXVWUDWLQJ�$OWHUQDWLYH�6\QWD[�IRU�%DVLF�)LUVW�2UGHU�6FKHPDWLFV

                                                          

��)LJXUH ��� LV HTXLYDOHQW WR WKH HODERUDWLRQ ODQJXDJH VWDWHPHQW �SRVVLEO\ �H[LVWV �"[ "\� �DQG �6SDUNSOXJ "[�
�(QJLQH "\� �3DUW�RI "[ "\�����
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7KH�GLUHFWLRQ�RI�WKH�DUURZ��DV�ZLWK�WKH�GLUHFWLRQ�LQGLFDWHG�E\�FRQQHFWLQJ�V\PEROV��FRUUHVSRQGV�WR

WKH� QDWXUDO� (QJOLVK� UHDGLQJ� RI� VHQWHQFHV� LQYROYLQJ� WKH� NLQG� ODEHOV� DQG� WKH� UHODWLRQ� ODEHO�

6SDUNSOXJ�FDQ�EH�3DUW�RI�DQ�(QJLQH�

��������� ([LVWHQWLDO�6FKHPDWLFV

7KH� VHPDQWLFV� RI� EDVLF� VFKHPDWLFV� OLNH� )LJXUH� ���� VXJJHVWV� D� QDWXUDO� XQGHUVWDQGLQJ� RI� D� NLQG

V\PERO�VWDQGLQJ�DORQH�DV�LQ�)LJXUH�����

6SDUNSOXJ

)LJXUH�������$Q�([LVWHQWLDO�6FKHPDWLF

6SHFLILFDOO\��WKLV�VKRXOG�EH�XQGHUVWRRG�VLPSO\�DV�WKH�DVVHUWLRQ�WKDW�6SDUNSOXJ�LV�D�NLQG�WKDW�FDQ

EH�LQVWDQWLDWHG�LQ�WKH�GRPDLQ��RU�PRUH�FROORTXLDOO\��WKDW�VSDUNSOXJV�DUH�DPRQJ�WKH�WKLQJV�WKDW�RQH

FDQ�H[SHFW� WR� ILQG� LQ� WKH�GRPDLQ�� �$JDLQ�� WKLV� LV� D� UDWKHU�ZHDN� UHDGLQJ�� LW� GRHV�QRW� LPSO\� WKDW

WKHUH�DUH�� LQ� IDFW�� DQ\�VSDUNSOXJV� LQ� WKH�GRPDLQ��RQO\� WKDW� WKHUH�FRXOG�EH�� LQ� WKH� VHQVH� WKDW� WKH

GRPDLQ� LQ� TXHVWLRQ� LV� DSSURSULDWH� IRU� VXFK� WKLQJV���� � 6WURQJHU� UHDGLQJV� FDQ�� RQFH� DJDLQ�� EH

HQIRUFHG�LQ�WKH�(ODERUDWLRQ�/DQJXDJH�

)UHH�VWDQGLQJ��ILUVW�RUGHU��UHODWLRQ�V\PEROV�DUH�DOVR�DOORZHG��DV�LQ�)LJXUH�����

2SWLRQ�RI

)LJXUH�������$Q�([LVWHQWLDO�6FKHPDWLF�IRU�D�5HODWLRQ

$QDORJRXV�WR�)LJXUH������)LJXUH�����DVVHUWV�WKDW�WKH�2SWLRQ�RI�UHODWLRQ�LV�RQH�WKDW�FDQ�KROG�LQ�WKH

GRPDLQ� LQ�TXHVWLRQ��RU�DJDLQ��PRUH�FROORTXLDOO\�� WKDW�RQH� WKLQJ¶V�EHLQJ�DQ�RSWLRQ�RI�DQRWKHU� LV

VRPHWKLQJ�RQH�FDQ�H[SHFW�WR�ILQG�LQ�WKH�GRPDLQ�

                                                          

��7KXV� WKH VHQVH RI SRVVLELOLW\ LQ TXHVWLRQ� WKH VHQVH RI ©FRXOG EHª KHUH� LV VRPHZKDW VWURQJHU WKDQ PHUH ORJLFDO

SRVVLELOLW\� ,W LV ORJLFDOO\ SRVVLEOH WKDW YLUWXDOO\ DQ\ NLQG EH LQVWDQWLDWHG LQ DQ\ GRPDLQ� +RZHYHU� LQ PRVW FDVHV WKLV

ZLOO UHTXLUH H[WUDRUGLQDU\ RU XQXVXDO PHDQV RXWVLGH WKH QDWXUH DQG IXQFWLRQ RI WKH DJHQWV DQG PHFKDQLVPV LQ WKH

GRPDLQ� )RU H[DPSOH� LW LV� RI FRXUVH� ORJLFDOO\ SRVVLEOH IRU DQ HPSOR\HH WR EULQJ D EDVHEDOO LQWR D VHPLFRQGXFWRU

IDEULFDWLRQ GRPDLQ� WKXV LQVWDQWLDWLQJ WKH NLQG EDVHEDOO� %XW LW ZRXOG� SUHVXPDEO\� QRW EH SDUW RI WKDW DJHQW¶V UROH LQ

WKH GRPDLQ WR GR VR� +HQFH� LQ WKH VHQVH LQ TXHVWLRQ� WKH NLQG EDVHEDOO LV QRW D NLQG WKDW FRXOG EH LQVWDQWLDWHG LQ WKH

GRPDLQ�
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%HFDXVH�WKH\�DVVHUW�WKH�SRVVLEOH�H[LVWHQFH�RI�REMHFWV�RI�D�FHUWDLQ�NLQG�LQ�D�GRPDLQ��IUHH�VWDQGLQJ

NLQG� V\PEROV� OLNH� )LJXUH� ���� DQG� LWV� LON� ZLOO� EH� NQRZQ� DV� H[LVWHQWLDO� VFKHPDWLFV�� � 6XFK

VFKHPDWLFV�DUH�XVHIXO�LQVRIDU�DV�WKH\�HQDEOH�RQH�WR�UHFRUG�WKDW�FHUWDLQ�NLQGV�KDYH�EHHQ�REVHUYHG

LQ� D� JLYHQ� GRPDLQ� ZLWKRXW� UHTXLULQJ� DQ\� IXUWKHU� LQIRUPDWLRQ� DERXW� WKH� UHODWLRQV� VXFK� REMHFWV

VWDQG�LQ�ZLWK�RWKHU�REMHFWV�

��������� Q�3ODFH�)LUVW�2UGHU�6FKHPDWLFV

7KH� VHPDQWLFV� IRU� ILUVW�RUGHU� VFKHPDWLFV� LQYROYLQJ� ��SODFH� �ILUVW�RUGHU�� UHODWLRQ� V\PEROV

JHQHUDOL]HV� WR� VFKHPDWLFV� LQYROYLQJ� Q�SODFH� UHODWLRQ� V\PEROV�� � 6R�� IRU� H[DPSOH�� � )LJXUH� ���

LQGLFDWHV�RQO\� WKDW�DQ� LQVWDQFH�RI� WKH�FRQYH\V�WR� UHODWLRQ�FDQ� LQYROYH�D�FRQYH\HU�� D�FDU�ERG\�

DQG�D�SDLQW�SULPHU�YDW�

&RQYH\HU

&DU ERG\

3DLQW
SULPHU YDW&RQYH\V�WR

�

�

�

)LJXUH�������([DPSOH�RI�D�%DVLF���3ODFH�)LUVW�2UGHU�6FKHPDWLF

7KH� QXPEHUV� �RSWLRQDOO\�� DWWDFKHG� WR� WKH� VSRNHV� KHUH� JHQHUDOL]H� WKH� DUURZV� RQ� FRQQHFWLQJ

V\PEROV� LQ� WKH� ��SODFH� FDVH�� � 6SHFLILFDOO\�� WKH\� LQGLFDWH� WKDW� FRQYH\HU�� FDU� ERG\�� DQG� SDLQW

SULPHU�YDW�DUH�WR�EH�DVVRFLDWHG�ZLWK�WKH�ILUVW��VHFRQG��DQG�WKLUG�DUJXPHQW�SODFHV�RI�WKH�FRQYH\V�

WR� UHODWLRQ��DV� WKH\�RFFXU� LQ� WKH�QDWXUDO�(QJOLVK�UHDGLQJ�RI� WKH� ODEHO�� � �FRQYH\HU�FRQYH\V�D�FDU

ERG\�WR�D�SDLQW�SULPHU�YDW�

$V�LQ�WKH���SODFH�FDVH��WKH�UHODWLRQ�V\PERO�FDQ�EH�RPLWWHG�DQG�ODEHOHG�OLQNV�FDQ�VLPSO\�EH�XVHG�

DV�LQ�)LJXUH�����

&RQYH\HU

&DU ERG\

3DLQW
SULPHU YDW

&RQYH\V�WR

�

�

�

)LJXUH�������$OWHUQDWLYH�6\QWD[�IRU�)LJXUH����
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,Q�WKLV�GRFXPHQW��WKLV�QRWDWLRQ�ZLOO�JHQHUDOO\�EH�SUHIHUUHG�

7KRXJK�WKH\�DUH�VRPHZKDW�XQFRPPRQ��UHODWLRQV�RI�DULW\�IRXU�DQG�JUHDWHU�FDQ�EH�H[SUHVVHG�LQ�D

VLPLODU�IDVKLRQ���7R�LOOXVWUDWH��WKH�JHQHUDO�IRUP�RI����DQG���SODFH�UHODWLRQ�VFKHPDWLFV�DUH�VKRZQ�LQ

)LJXUH������WKRXJK�WKH�SODFHPHQW�RI�WKH�UHODWLRQ�ODEHO�DQG�WKH�QXPEHULQJ�RI�WKH�NLQG�V\PEROV�FDQ

YDU\��� LI� GHVLUHG�� RI� FRXUVH�� D� UHFWDQJXODU� UHODWLRQ� V\PERO� FRQWDLQLQJ� WKH� UHODWLRQ� ODEHO� FDQ

DOWHUQDWLYHO\�EH�SODFHG�QHDU�WKH�PLGGOH�RI�WKH�GLDJUDP�

5HODWLRQ
ODEHO

.LQG �

.LQG �

.LQG �

.LQG �
�

�

�

�

5HODWLRQ
ODEHO�

�

�

�

�

.LQG �

.LQG �

.LQG �

.LQG �

.LQG �

)LJXUH�������*HQHUDO�)RUP�RI����DQG���3ODFH�)LUVW�2UGHU�6FKHPDWLFV

��������� 8VLQJ�,QGLYLGXDO�6\PEROV

7KH�XVH�RI�LQGLYLGXDO�V\PEROV�HOLPLQDWHV�VRPH�RI�WKH�LQGHILQLWHQHVV�RI�WKH�VFKHPDWLFV�LQ�)LJXUH

����� � )RU� LQVWDQFH�� WKH� VLWXDWLRQ� GHSLFWHG� E\� )LJXUH� ���� SHUPLWV� PXOWLSOH� SDLQW� SULPHU� YDWV�

+RZHYHU��LW�PLJKW�EH�GHVLUDEOH�LQ�VRPH�VLWXDWLRQV�WR�IRFXV�RQ��VD\��RQH�SDUWLFXODU�YDW��DQG�KHQFH

WR�UHSUHVHQW�LW�H[SOLFLWO\�E\�DQ�LQGLYLGXDO�V\PERO�DV�LQ�)LJXUH������

&RQYH\V�WR
&RQYH\HU

&DU ERG\

339��
�

�

�

)LJXUH��������([DPSOH�,OOXVWUDWLQJ�WKH�8VH�RI�DQ�,QGLYLGXDO�6\PERO

7KLV�VFKHPDWLF�QRZ�H[SUHVVHV�WKDW�D�FRQYH\HU�FDQ�FRQYH\�D�FDU�ERG\�WR�WKH�SDUWLFXODU�SULPHU�YDW

339����LQGLFDWHG�E\�WKH�LQGLYLGXDO�V\PERO��D�PRUH�GHILQLWH�SURSRVLWLRQ�WKDQ�WKH�RQH�H[SUHVVHG�LQ

)LJXUH�����
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,QGHILQLWHQHVV�LV�HOLPLQDWHG�FRPSOHWHO\�LI�RQO\�LQGLYLGXDO�V\PEROV�DUH�XVHG���7KXV��WKH�VFKHPDWLF

LQ�)LJXUH������ LV� WDNHQ� WR� H[SUHVV� WKDW� WKH�SDUWLFXODU� FDU�ERG\�&%�-���6���� LV� �DV�RSSRVHG� WR

RQO\�FDQ�EH��DW�VRPH�WLPH�FRQYH\HG�E\�FRQYH\HU�&RQY���WR�WKH�SDLQW�SULPHU�YDW�339�����

&RQYH\V�WR

&RQY��

&%�-���
6���

339��
�

�

�

)LJXUH��������$�)XOO\�3DUWLFXODUL]HG�([DPSOH

������� &RPSOH[�)LUVW�2UGHU�6FKHPDWLFV

0XOWLSOH� FLUFOHV� FDQ� EH� FRQQHFWHG� WR� WKH� VDPH� FLUFOH� E\� GLIIHUHQW� DUURZV� WR� FUHDWH� FRPSOH[

VFKHPDWLFV���,Q�JHQHUDO��FRPSOH[�VFKHPDWLFV�WKDW�GR�QRW�LQYROYH�SURFHVV�V\PEROV�DUH�HVVHQWLDOO\

MXVW�FRQYHQLHQFHV�� WKH\�VLPSO\�HQDEOH�RQH� WR� UHXVH�JUDSKLFDO�HOHPHQWV�DQG�HQDEOH�RQH� WR�PDNH

VHYHUDO�DVVHUWLRQV�LQ�WKH�ODQJXDJH�E\�PHDQV�RI�D�VLQJOH�FRPSOH[�VFKHPDWLF���7KXV��IRU�LQVWDQFH��LI

RQH�ZLVKHG�WR�H[SUHVV�ERWK�WKDW�VSDUNSOXJV�FDQ�EH�SDUWV�RI�HQJLQHV�DQG�WKDW�HQJLQHV�FDQ�EH�SDUWV

RI�FDUV�� WKHUH� LV�QR�QHHG�IRU� WZR�FLUFOHV� UHSUHVHQWLQJ� WKH�NLQG�HQJLQH�� �5DWKHU�� WKH� WZR�IDFWV� LQ

TXHVWLRQ�FDQ�EH�H[SUHVVHG�PRUH�VXFFLQFWO\��DV�LQ�)LJXUH������

6SDUNSOXJ (QJLQH
3DUW�RI

&DU
3DUW�RI

)LJXUH��������$�6PDOO�&RPSOH[�6FKHPDWLF

6LPLODUO\��RQH�PLJKW�ZDQW�WR�DGG�WKH�LQIRUPDWLRQ�WKDW��LQ�WKH�JLYHQ�GRPDLQ��FDUV�FDQ�EH�PDGH�LQ

'HWURLW�DQG�IURP�WKHUH�VKLSSHG�WR�GHDOHUV��FRQYHQLHQWO\�H[SUHVVHG�DV�LQ�)LJXUH������

                                                          

��7KDW LV� LQ WHUPV RI WKH HODERUDWLRQ ODQJXDJH� )LJXUH ���� WUDQVODWHV WR �FRQYH\V�WR &RQY�� &%�-���6��� 339����
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&DU
3DUW�RI

'HDOHU 'HWURLW

6KLSSHG�WR
IURP

�

� �

(QJLQH
3DUW�RI

6SDUNSOXJ

0DGH�LQ

)LJXUH��������&RPSOH[�6FKHPDWLF�,QYROYLQJ�0XOWLSOH�5HODWLRQV

&RPSOH[�VFKHPDWLFV�WKDW�GR�LQYROYH�SURFHVV�V\PEROV�DUH�GLVFXVVHG�LQ�6XEVHFWLRQ�������

��������� 6LQJOH�5HODWLRQ�&RPSOH[�6FKHPDWLF�&RQYHQWLRQ

$W�WKH�VDPH�WLPH��LW�ZLOO�FRPPRQO\�EH�WKH�FDVH�WKDW�DQ�,'()��VFKHPDWLF�PD\�LQYROYH�RQO\�RQH

W\SH� RI� UHODWLRQ�� � ,Q� VXFK� FDVHV�� WR� SUHYHQW� QHHGOHVV� FOXWWHU�� WKH� PRGHOHU� FDQ� RPLW� ODEHOV� DQG

VLPSO\� QRWH� WKH� �VLQJOH�� PHDQLQJ� RI� WKH� UHODWLRQ� V\PEROV� DW� WKH� ERWWRP� RI� WKH� GLDJUDP�� DV

LOOXVWUDWHG�LQ�)LJXUH������

&RQQHFWHG�WR

3RZHU

VXSSO\

6XUJH

SURWHFWRU
7HUPLQDO

6HUYHU &38 XQLW .H\ERDUG

0RXVH

)LJXUH��������3HULSKHUDO�&RQQHFWLRQV�WR�D�3HUVRQDO�&RPSXWHU

1RWH� DOVR� WKDW� WKH� FRQQHFWHG�WR� UHODWLRQ� LV� LQFOXGHG� LQ� WKH� ,'()�� UHODWLRQ� OLEUDU\� �VHH

$SSHQGL[�$��

������� 6HFRQG�2UGHU�6FKHPDWLFV

$V�QRWHG��VHFRQG�RUGHU�UHODWLRQV�DUH�UHODWLRQV�WKDW�KROG�EHWZHHQ�VHFRQG�RUGHU�REMHFWV��L�H���NLQGV

DQG� ILUVW�RUGHU� UHODWLRQV�� RU� EHWZHHQ� ILUVW�RUGHU� DQG� VHFRQG�RUGHU� REMHFWV�� � $� SDUDGLJP� RI� WKH

IRUPHU�LV�WKH�VXENLQG�RI�UHODWLRQ�EHWZHHQ�NLQGV��ZKLOH�D�SDUDGLJP�RI�WKH�ODWWHU�LV�WKH�LQVWDQFH�RI
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UHODWLRQ�� � $� GLVWLQFW� W\SH� RI� DUURZ� LV� QHHGHG� WR� UHSUHVHQW� VHFRQG�RUGHU� UHODWLRQV� EHFDXVH� ERWK

W\SHV�RI�DUURZV�FRQQHFW�FLUFOHV�UHSUHVHQWLQJ�NLQGV���%HFDXVH�WKH�DVVRFLDWHG�VHPDQWLFV�LQ�WKH�WZR

FDVHV�DUH�TXLWH�GLIIHUHQW��WR�DYRLG�DPELJXLW\��VHSDUDWH�FRQVWUXFWV�PXVW�EH�XVHG�

7KH�EDVLF�IRUP�RI�D�VHFRQG�RUGHU�VFKHPDWLF�ORRNV�MXVW�OLNH�WKDW�RI�D�ILUVW�RUGHU�VFKHPDWLF��H[FHSW

IRU�WKH�SUHVHQFH�RI�D�VHFRQG�RUGHU�UHODWLRQ�DUURZ�LQVWHDG�RI�D�ILUVW�RUGHU�UHODWLRQ�DUURZ�

5HODWLRQ /DEHO

.LQG ODEHO .LQG ODEHO

)LJXUH��������%DVLF�6HFRQG�2UGHU�6FKHPDWLF

7KH�VHPDQWLFV� IRU� VHFRQG�RUGHU� VFKHPDWLFV� LV�PXFK�PRUH�GHILQLWH� WKDQ� WKH� VHPDQWLFV� IRU� ILUVW�

RUGHU� VFKHPDWLFV�� � 6SHFLILFDOO\�� WKHVH� VFKHPDWLFV� DUH� DERXW� WKH� LQGLFDWHG� NLQGV� GLUHFWO\�� UDWKHU

WKDQ�DERXW� WKHLU� LQVWDQFHV�� �)LJXUH������PHDQV� WKDW� WKH�NLQG�UHSUHVHQWHG�E\� WKH� OHIW�KDQG�FLUFOH

VWDQGV� LQ� WKH� �VHFRQG�RUGHU�� UHODWLRQ�� LQGLFDWHG� E\� WKH� DUURZ�ZLWK� WKH� NLQG� UHSUHVHQWHG� E\� WKH

ULJKW�KDQG�FLUFOH���)XUWKHUPRUH��QRWH�WKDW�WKH�GHIDXOW�VHPDQWLFV�LV�QRW�TXDOLILHG��XQOLNH�ILUVW�RUGHU

VFKHPDWLFV�� WKH�VHPDQWLFV� LV�QRW�PHUHO\�DERXW�KRZ�WKLQJV�FDQ�EH� LQ� WKH�GRPDLQ�EXW�DERXW�KRZ

WZR�NLQGV�DUH�LQ�IDFW�UHODWHG���7KH�UHDVRQ�IRU�WKLV�LV�WKDW�VXFK�VHFRQG�RUGHU�DVVHUWLRQV�JHQHUDOO\

FRQFHUQ� WKH� QDWXUHV� RI� WKH� NLQGV� LQ� TXHVWLRQ�� DQG�� WKXV�� DUH� QRW� XVXDOO\� GHSHQGHQW� RQ� WKH

FRQWLQJHQFLHV� RI� WKH� GRPDLQ� WKRXJK� WKLV� LV� FHUWDLQO\� QRW� DOZD\V� VR�� � )LJXUH� ����� LOOXVWUDWHV� D

VFKHPDWLF�LQYROYLQJ�WKH�GLVWLQJXLVKHG�VHFRQG�RUGHU�UHODWLRQ�VXENLQG�RI��ZKLFK�LV�SURYLGHG�DV�DQ

,'()��SULPLWLYH�

6XENLQG�RI+H[�KHDGHG
EROW

)DVWHQHU

)LJXUH��������([DPSOH�RI�D�6HFRQG�2UGHU�6FKHPDWLF�ZLWK�6XENLQG�RI

%\� WKH� VHPDQWLFV� MXVW� JLYHQ�� WKH� NLQG� KH[�KHDGHG� EROW� LV� D� VXENLQG� RI� WKH� NLQG� IDVWHQHU���

6LPLODUO\��WKH�VFKHPDWLF�LQ�)LJXUH������H[SUHVVHV�WKDW�WKHUH�DUH�PRUH�8�6��FLWL]HQV�WKDQ�&DQDGLDQ

�L�H��� PRUH� OLWHUDOO\�� WKDW� WKH� NLQG�8�6�� &LWL]HQ� KDV� PRUH� LQVWDQFHV� WKDQ� WKH� NLQG� &DQDGLDQ

&LWL]HQ�

                                                          

��,Q WHUPV RI WKH HODERUDWLRQ ODQJXDJH DJDLQ� ZH KDYH VLPSO\ �VXENLQG�RI KH[�KHDGHG�EROW IDVWHQHU��
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+DV�PRUH�
LQVWDQFHV�WKDQ

86 &LWL]HQ
&DQDGLDQ
&LWL]HQ

)LJXUH��������([DPSOH�RI�D�*HQHUDO�6HFRQG�2UGHU�6FKHPDWLF

%HFDXVH�WKH�VXENLQG�UHODWLRQ�LV�VR�FRPPRQ�ZLWKLQ�RQWRORJLHV��WKH�GHIDXOW�PHDQLQJ�RI�WKH�VHFRQG�

RUGHU� UHODWLRQ� DUURZ� ZLWK� QR� DVVRFLDWHG� ODEHO� UHSUHVHQWV� WKH� VXENLQG� UHODWLRQ�� WKXV� SHUPLWWLQJ

XVHUV�WR�DYRLG�KDYLQJ�WR�DWWDFK�WKH�ODEHO�VXENLQG�RI�UHSHDWHGO\�WKURXJKRXW�D�VFKHPDWLF�

������� 5HODWLRQ�6FKHPDWLFV

7KLV�VHFWLRQ�GHVFULEHV�WKH�XVH�RI�,'()��VFKHPDWLFV�WR�FDSWXUH�DQG�GLVSOD\�UHODWLRQV�EHWZHHQ�ILUVW�

RUGHU�UHODWLRQV���7KH�PDLQ�PRWLYDWLRQ�IRU�XVLQJ�VFKHPDWLFV� WR�FDSWXUH�DQG�GLVSOD\�VXFK�VHFRQG�

RUGHU� UHODWLRQV� LV� GHULYHG� IURP� WKH� REVHUYDWLRQ� WKDW� SHRSOH� RIWHQ� GHVFULEH� DQG� GLVFRYHU� QHZ

FRQFHSWV� LQ� WHUPV� RI� H[LVWLQJ� FRQFHSWV�� � 7KLV� LV� FRQVLVWHQW�ZLWK�$XVXEHO¶V� WKHRU\� RI� OHDUQLQJ�

ZKHUHLQ�OHDUQLQJ�RIWHQ�RFFXUV�E\�VXEVXPLQJ�QHZ�LQIRUPDWLRQ�XQGHU�PRUH�JHQHUDO��PRUH�LQFOXVLYH

FRQFHSWV�>1RYDN�DQG�*RZLQ�����6DUULV���@�� �8VLQJ�WKLV�K\SRWKHVLV��D�QDWXUDO�ZD\� WR�GHVFULEH�D

QHZ��RU�SRRUO\�XQGHUVWRRG��UHODWLRQ�LV�WR�FRQQHFW�LW�WR�D�UHODWLRQ�WKDW�LV�DOUHDG\�ZHOO�XQGHUVWRRG

DQG�� PRUH� JHQHUDOO\�� WR� FDWHJRUL]H� LWV� SODFH� LQ� D� ©FRQFHSWXDO� VSDFHª� RI� RWKHU� UHODWLRQV�� � 7KH

,'()��UHODWLRQ�OLEUDU\��$SSHQGL[�$��SURYLGHV�D�EDVHOLQH�UHIHUHQFH�IRU�XVHUV�RI�,'()��WR�DLG�WKH

GLVFRYHU\�DQG�FKDUDFWHUL]DWLRQ�RI�UHODWLRQV�XVLQJ�UHODWLRQ�VFKHPDWLFV�

7KH�EDVLF�V\QWD[�RI�UHODWLRQ�VFKHPDWLFV�LV�LOOXVWUDWHG�LQ�)LJXUH������

�6HFRQG�RUGHU�
UHODWLRQ ODEHO

�)LUVW�RUGHU�
UHODWLRQ ODEHO

�)LUVW�RUGHU�
UHODWLRQ ODEHO

)LJXUH��������7KH�*HQHUDO�)RUP�RI�D�%DVLF�5HODWLRQ�6FKHPDWLF

,W�VKRXOG�EH�QRWHG�WKDW�WKH�V\QWD[�RI�)LJXUH������LV�LGHQWLFDO�WR�WKDW�RI�VHFRQG�RUGHU�VFKHPDWLFV�

H[FHSW�WKDW�ILUVW�RUGHU�UHODWLRQ�V\PEROV�DUH�VXEVWLWXWHG�IRU�NLQG�V\PEROV���7KH�XVH�LQ�WKLV�FRQWH[W

RI�D�VHFRQG�RUGHU�UHODWLRQ�V\PERO�LV�QRW�PHUH�QRWDWLRQDO�SDUVLPRQ\��EHFDXVH�NLQGV�DQG�ILUVW�RUGHU

UHODWLRQV�DUH�RI�WKH�VDPH�ORJLFDO�W\SH���$V�QRWHG�LQ�6HFWLRQ����NLQGV�DUH�SURSHUWLHV�RI�LQGLYLGXDOV�

DQG� ILUVW�RUGHU� UHODWLRQV� DUH� DVVRFLDWLRQV� EHWZHHQ� LQGLYLGXDOV�� WKDW� LV�� SURSHUWLHV� RI� Q�WXSOHV�

7KXV�� UHODWLRQV� EHWZHHQ� ILUVW�RUGHU� UHODWLRQV� DUH� RI� WKH� VDPH� ORJLFDO� W\SH� DV� UHODWLRQV� EHWZHHQ

NLQGV���ERWK�UHODWH�HQWLWLHV�WKDW�KROG��RU�QRW��ZLWK�UHVSHFW�WR�LQGLYLGXDOV�DQG��KHQFH��DUH�VHFRQG�

RUGHU�UHODWLRQV��DV�LQGLFDWHG�H[SOLFLWO\�LQ�)LJXUH������WR�DYRLG�FRQIXVLRQ��
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��������� 8VLQJ�5HODWLRQ�6FKHPDWLFV�IRU�5HODWLRQ�$QDO\VLV

7KH�XVH�RI�UHODWLRQ�VFKHPDWLFV�WR�IDFLOLWDWH�FRQFHSWXDO�DQDO\VLV�LQYROYLQJ�UHODWLRQV��ERWK�UHODWLRQV

EHWZHHQ�NLQGV�DQG�UHODWLRQV�EHWZHHQ�UHODWLRQV��ZLOO�QRZ�EH�LOOXVWUDWHG���&RQVLGHU�WKH�RQWRORJ\�IRU

DQ�HQJLQHHULQJ�%LOO�2I�0DWHULDOV��%20��RI�DQ�DXWRPRELOH�PDQXIDFWXULQJ�FRPSDQ\���7KH�3DUW�RI

UHODWLRQ�SOD\V�DQ�LPSRUWDQW�VWUXFWXUDO�UROH�LQ�WKH�%20���7KH�GDWD�DFTXLUHG�LQ�WKH�GDWD�FROOHFWLRQ

SURFHVV�PLJKW�FRQWDLQ�WKH�IROORZLQJ�VWDWHPHQWV�DERXW�WKH�%20�

� $Q�DXWRPDWLF�WUDQVPLVVLRQ�LV�D�YDULDQW�RI�WKH�WUDQVPLVVLRQ�

� $�PDQXDO�WUDQVPLVVLRQ�LV�D�YDULDQW�RI�WKH�WUDQVPLVVLRQ�

� $�UDGLR�LV�DQ�RSWLRQ�RI�WKH�FDU�

$�9DULDQW�RI�D�SURGXFW� LV�DQ�HVVHQWLDO�FKDUDFWHULVWLF�RI� WKH�SURGXFW� WKDW� LV�RIWHQ�GHWHUPLQHG�E\

FXVWRPHU� FKRLFH� >$QXSLQGL���@�� �7KH� FXVWRPHU� SLFNV� RQH� RI� VHYHUDO� SRVVLEOH� YDULDQWV�� � ,Q� WKLV

H[DPSOH�� DXWRPRELOH� FXVWRPHUV� FKRRVH� EHWZHHQ� DXWRPDWLF� DQG�PDQXDO� WUDQVPLVVLRQV�� � 1RWLFH

WKDW�KDYLQJ�D� WUDQVPLVVLRQ� V\VWHP� LV� DQ� HVVHQWLDO� SURSHUW\�RI� WKH� FDU� �IRU�PRVW� FRQWHPSRUDU\

DXWR�PDNHUV��� � 7KH� FKRLFH� RI� D� SDUWLFXODU� YDULHW\� RI� WUDQVPLVVLRQ� LV� D� FKRLFH� H[HUFLVHG� E\� WKH

FXVWRPHU�

$Q�2SWLRQ� LV� D� IHDWXUH� RI� D� SURGXFW� WKDW� WKH� FXVWRPHU� FKRRVHV�� � 2SWLRQV� DUH� GLIIHUHQW� IURP

YDULDQWV� LQ� WKDW� RSWLRQV� FDQ� EH� FRPSOHWHO\� HOLPLQDWHG� IURP� D� SURGXFW�� ZKHUHDV� YDULDQWV� DUH

UHTXLUHG�FKDUDFWHULVWLFV���,Q�WKLV�H[DPSOH��WKH�UDGLR�LV�QRW�HVVHQWLDO�WR�WKH�IXQFWLRQ�RI�WKH�FDU�DQG

FDQ�EH�RSWLRQDOO\�H[FOXGHG�

%DVHG�RQ�DQ�DQDO\VLV�RI�WKH�VRXUFH�VWDWHPHQWV��WKH�,'()��GHYHORSHU�K\SRWKHVL]HV�WKH�H[LVWHQFH�RI

WZR� UHODWLRQV�� DQG� VHOHFWV� WKH� UHODWLRQ� QDPHV�9DULDQW�RI� DQG�2SWLRQ�RI�� � 7KHVH� UHODWLRQV� DUH

PDSSHG�JUDSKLFDOO\�RQ�D�UHODWLRQ�VFKHPDWLF�LQ�WKH�PDQQHU�VKRZQ�LQ�)LJXUH������
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)LJXUH��������%LOO�RI�0DWHULDO�5HODWLRQ�6FKHPDWLF

$W� WKLV� VWDJH�� DQ� ,'()��GHYHORSHU�ZRXOG�EURZVH� WKH� ,'()��5HODWLRQ�/LEUDU\�� �+H�RU� VKH�PD\

QRWLFH� WKDW� WKH�9DULDQW�RI� DQG� WKH�2SWLRQ�RI� UHODWLRQV�DUH�FRQFHSWXDOO\� VLPLODU� WR� VRPH�RI� WKH

OLEUDU\� UHODWLRQV�� � 6SHFLILFDOO\�� KH� RU� VKH� PD\� UHDOL]H� WKDW� WKH� 2SWLRQ�RI� UHODWLRQ� LV� D

VSHFLDOL]DWLRQ�RI�WKH�3DUW�RI�UHODWLRQ�

6XSSRVH�WKDW�WKHVH�LQVLJKWV�DUH�QRZ�UHSUHVHQWHG�E\�WKH�VHFRQG�RUGHU�UHODWLRQ�6SHFLDOL]DWLRQ�RI�LQ

WKH�UHODWLRQ�VFKHPDWLFV�VKRZQ�LQ�)LJXUH������
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)LJXUH��������5HODWLRQ�6FKHPDWLFV�,QYROYLQJ�WKH�6SHFLDOL]DWLRQ�RI�5HODWLRQ

7KH� KLJKHU�RUGHU� 6SHFLDOL]DWLRQ�RI� UHODWLRQ� LV� XVHG� WR� DVVHUW� WKH� JHQHUDOL]DWLRQ�VSHFLDOL]DWLRQ

UHODWLRQ� EHWZHHQ� WKH� LQGLFDWHG� ILUVW�RUGHU� UHODWLRQV�� � )XUWKHU� UHIOHFWLRQ� OHDGV� WKH� ,'()�

GHYHORSHUV� WR� GUDZ� D�PRUH� GHWDLOHG� UHODWLRQ� VFKHPDWLF� WKDW� SODFHV� WKH�2SWLRQ�RI� UHODWLRQ� LQ� D

UHODWLRQ� WD[RQRP\�GLDJUDP��L�H��� D� VSHFLDO� W\SH�RI� UHODWLRQ� VFKHPDWLF� WKDW� VKRZV�D�KLHUDUFK\�RI

UHODWLRQV� WKDW� DUH� DVVRFLDWHG� E\� JHQHUDOL]DWLRQ�VSHFLDOL]DWLRQ� UHODWLRQVKLSV��� � 7KH� WD[RQRP\� LQ

TXHVWLRQ�LV�H[KLELWHG�LQ�)LJXUH��������

                                                          

��$ PRUH FRPSOHWH WD[RQRP\ GLDJUDP RI WKH PHURQ\PLF �SDUW�RI� UHODWLRQV LV JLYHQ LQ WKH ,'()� 5HODWLRQ /LEUDU\
�$SSHQGL[ $��
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&RPSRQHQW�RI3RUWLRQ�RI 6WXII�RI

)LJXUH��������$�3DUWLDO�5HODWLRQ�7D[RQRP\�RI�WKH�3DUW�RI�5HODWLRQ

,W�LV�WR�EH�QRWHG�WKDW�WKH�VLQJOH�UHODWLRQ�FRPSOH[�VFKHPDWLF�FRQYHQWLRQ�LV�RSHUDWLYH�ZLWK�UHVSHFW�WR

VHFRQG�RUGHU� UHODWLRQV� LQ� )LJXUH� ������ DQG� DOVR� WKDW� FRPSOH[� VHFRQG�RUGHU� VFKHPDWLFV� FDQ� EH

FRQVWUXFWHG� LQ� WKH� VDPH�PDQQHU� DV� ILUVW�RUGHU� VFKHPDWLFV�� � 7KDW� LV�� RQH� FDQ� ©UHXVHª� NLQG� DQG

�ILUVW�RUGHU��UHODWLRQ�V\PEROV�ZLWKLQ�D�VLQJOH�VFKHPDWLF���)RU�LQVWDQFH��WKH�LQIRUPDWLRQ�FRQWDLQHG

LQ�)LJXUH������DQG�)LJXUH������FRXOG�EH�H[SUHVVHG�LQ�WKH�VLQJOH�VFKHPDWLF�LQ�)LJXUH������
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)LJXUH��������&RPSOH[�6HFRQG�2UGHU�5HODWLRQ�6FKHPDWLF

������� 5HIHUHQWV

$Q�,'()��UHIHUHQW�LV�D�PRGHOLQJ�DUWLIDFW�XVHG�WR�LQGLFDWH�D�FRQFHSW�LQ�DQ\�DQRWKHU�,'()�PHWKRG�

5HIHUHQW�UHFWDQJOHV�KDYH�WKH�IROORZLQJ�LQIRUPDWLRQ�LWHPV�
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� 5HIHUHQFHG�&RQFHSW�/DEHO 7KLV�LV�WKH�ODEHO�RI�WKH�FRQFHSW��ZLWKLQ�DQ�,'()�PRGHO�

WKDW� LV� EHLQJ� UHIHUHQFHG�� � )RU� H[DPSOH�� DQ� DFWLYLW\� NLQG�PD\� UHIHUHQFH� DQ� DFWLYLW\

ODEHO�LQ�DQ�,'()��PRGHO�

� ,' 7KLV�LV�WKH�LGHQWLILFDWLRQ�ODEHO�IRU�WKH�5HIHUHQW�

� 0HWKRG�1DPH 7KLV�LV�WKH�QDPH�RI�WKH�,'()�PHWKRG�WKDW�LV�EHLQJ�UHIHUHQFHG�

,'()��5HIHUHQWV�SURYLGH�D�PHFKDQLVP�WR�OLQN�,'()��ZLWK�RWKHU�,'()�PHWKRGV���)RU�H[DPSOH��D

NLQG�LQ�,'()��PD\�EH�UHSUHVHQWHG�DV�DQ�(QWLW\�LQ�,'()���DQG�WKH�,'()��GHYHORSHU�FDQ�PDNH�WKLV

UHIHUHQFH�H[SOLFLW�ZLWKLQ�WKH�,'()��PRGHO�

����� &RPSRVLWLRQ�6FKHPDWLFV

%HFDXVH�WKH�SDUW�RI�UHODWLRQ�LV�VR�FRPPRQ�LQ�GHVLJQ��HQJLQHHULQJ��DQG�PDQXIDFWXULQJ�RQWRORJLHV�

WKH�©SDUW�RIª�ODEHO��DQG�DVVRFLDWHG�D[LRPV��DUH� LQFOXGHG� LQ� WKH� ,'()�� ODQJXDJHV�� � ,Q�SDUWLFXODU�

WKLV�FDSDELOLW\�HQDEOHV�XVHUV�WR�H[SUHVV�IDFWV�DERXW�WKH�FRPSRVLWLRQ�RI�D�JLYHQ�NLQG�RI�REMHFW���,Q

JHQHUDO��WKLV�LV�DFKLHYHG�E\�PHDQV�RI�VFKHPDWLFV�RI�WKH�IRUP�LOOXVWUDWHG�LQ�)LJXUH������
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)LJXUH��������&RPSRVLWLRQ�6FKHPDWLF

$V�QRWHG�LQ�6HFWLRQ��������)LJXUH������LV�VLPSO\�D�FRQYHQLHQW�ZD\�WR�GUDZ�PXOWLSOH�LQVWDQFHV�RI

WKH�EDVLF�ILUVW�RUGHU�UHODWLRQ�VFKHPDWLF�LOOXVWUDWHG�LQ�)LJXUH������DQG�KHQFH��WKH�GHIDXOW�VHPDQWLFV

RI�)LJXUH�������PHDQV�WKDW�$�¶V��L�H��� LQVWDQFHV�RI�$���FDQ�EH�SDUWV�RI�%¶V��$�¶V�FDQ�EH�SDUWV�RI

%¶V���������DQG�$L¶V�FDQ�EH�SDUWV�RI��%¶V���+RZHYHU��LQ�WKH�FRQWH[W�RI�SDUW�RI�� LW� LV�IUHTXHQWO\�WKH

FDVH�WKDW�D�VWURQJHU�UHDGLQJ�LV�GHVLUHG���)RU�LQVWDQFH��LQ�D�ELOO�RI�PDWHULDOV��RQH�ZLVKHV�WR�VD\�QRW

VLPSO\�WKDW�$�¶V�FDQ�EH�SDUWV�RI�%¶V��DQG�VR�RQ��EXW�WKDW�HYHU\�%�GRHV�LQ�IDFW�FRQVLVW�RI�DQ�$���DQ

$���DQG�VR�IRUWK���)RU�H[DPSOH��RQH�PLJKW�ZLVK�WR�UHSUHVHQW�WKH�FRPSRQHQW�VWUXFWXUH�IRU�D�FHUWDLQ

NLQG�RI�EDOOSRLQW�SHQ��DV�LQ�)LJXUH������
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)LJXUH��������&RPSRVLWLRQ�6FKHPDWLF�IRU�WKH�.LQG�%DOOSRLQW�3HQ

7R�FDSWXUH�WKLV�VWURQJHU�PHDQLQJ�RQH�PXVW�UHVRUW�WR�WKH�(ODERUDWLRQ�/DQJXDJH��6XEVHFWLRQ�����

DQG��IRU�HDFK�LQVWDQFH�RI�)LJXUH�������DGG�WKH�VWDWHPHQW�WKDW�HYHU\�%�GRHV�LQ�IDFW�KDYH�DQ�$���DQG

$��� �� �� ��� DQG�DQ�$Q�DV�SDUWV���� �2Q� WKLV� VWURQJHU� VHPDQWLFV�� WKHQ�� WKH� VFKHPDWLF� LQ�)LJXUH�����

H[SUHVVHV� WKDW� D� EDOOSRLQW� SHQ� LQ� WKH� GRPDLQ� LQ� TXHVWLRQ� KDV� ERWK� DQ� XSSHU� ERG\� DQG� D� ORZHU

ERG\��WKDW�WKH�IRUPHU�FRQVLVWV�RI�D�EXWWRQ��D�UHWUDFWLRQ�PHFKDQLVP��DQG�DQ�XSSHU�EDUUHO��ZKLOH�WKH

ODWWHU� FRQVLVWV� RI� D� ORZHU� EDUUHO� DQG� D� FDUWULGJH��ZKLFK� LQ� WXUQ� FRQVLVWV� RI� D� VSULQJ� DQG� DQ� LQN

VXSSO\�

������� +LGLQJ�&RPSRVLWLRQ�,QIRUPDWLRQ

$V�)LJXUH������LOOXVWUDWHV��FRPSRVLWLRQ�VFKHPDWLFV�FDQ�EH�TXLWH�GHWDLOHG���6XFK�GHWDLO�FDQ�FDXVH�D

JUHDW�GHDO�RI�FOXWWHU�LQ�DQ�,'()��GLDJUDP���)RU�LQVWDQFH��LQ�DGGLWLRQ�WR�GHVFULELQJ�WKH�FRPSRQHQW

VWUXFWXUH�RI�WKH�NLQG�EDOOSRLQW�SHQ��RQH�PLJKW�DOVR�ZDQW�WR�WDON�DERXW�PDQ\�RI�WKH�RWKHU�UHODWLRQV

LW� DQG� LWV� LQVWDQFHV� DUH� LQYROYHG� LQ�� IRU� H[DPSOH�� WKDW� WKH� SHQV� FDQ� EH� PDGH� LQ� 6HTXLP�

:DVKLQJWRQ��WKDW�IRXQWDLQ�SHQV�JHQHUDOO\�FRVW�PRUH�WKDQ�EDOOSRLQW�SHQV��WKDW�EDOOSRLQW�SHQ� LV�D

VXENLQG�RI�SHQ��DQG�VR�RQ���+HQFH��LQ�PDQ\�FRQWH[WV��WKH�FRPSRQHQW�VWUXFWXUH�RI�WKH�NLQG�PLJKW

ZHOO�EH�LUUHOHYDQW��DQG�LQ�VXFK�FDVHV�LW�ZRXOG�EH�XVHIXO�WR�EH�DEOH�WR�KLGH�WKDW�LQIRUPDWLRQ���7KDW

VXFK�LQIRUPDWLRQ�LV�EHLQJ�KLGGHQ�LV�LQGLFDWHG�RQ�D�GLDJUDP�E\�XVLQJ�D�GRXEOH�FLUFOH�WR�UHSUHVHQW

                                                          

��6SHFLILFDOO\� LQ WKH FDVH RI D NLQG % ZKRVH LQVWDQFHV KDYH WKUHH SDUWV RI NLQGV $�� $�� DQG $�� RQH ZRXOG DGG WKH

HODERUDWLRQ ODQJXDJH VWDWHPHQW �IRUDOO "[ ��! �% "[� �H[LVWV �"\� "\� "\���DQG �$� "\�� �$� "\�� �$� "\��

�SDUW�RI "\� [� �SDUW�RI "\� [� �SDUW�RI "\� [�����
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WKH�NLQG��LQVWHDG�RI�D�VWDQGDUG�VLQJOH�FLUFOH���DORQJ�ZLWK�DQ�XSSHU�FDVH�µP¶��IRU�SDUW�RI��LQ�WKH�WRS

RI�WKH�FLUFOH�WR�GLVWLQJXLVK�WKH�NLQG�RI�LQIRUPDWLRQ�WKDW�LV�EHLQJ�KLGGHQ��DV�LOOXVWUDWHG�LQ�)LJXUH���

���

0DGH�LQ
6HTXLP

6XENLQG�RI
3HQ %DOOSRLQW
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)LJXUH��������+LGLQJ�&RPSRVLWLRQ�,QIRUPDWLRQ

1RWH�WKDW�WKLV�H[DPSOH�LOOXVWUDWHV�WKH�XVH�RI�ILUVW��DQG�VHFRQG�RUGHU�UHODWLRQ�V\PEROV�LQ�WKH�VDPH

GLDJUDP�

����� &ODVVLILFDWLRQ�6FKHPDWLFV

$PRQJ� WKH� PRUH� FRPPRQO\� XVHG� VWUXFWXULQJ� PHFKDQLVPV� XVHG� E\� KXPDQV� WR� RUJDQL]H

NQRZOHGJH� DUH� WD[RQRP\� GLDJUDPV� >%UDFKPDQ� ��@�� � 'RPDLQ� H[SHUWV� HQJDJHG� LQ� NQRZOHGJH

DFTXLVLWLRQ�RIWHQ�PDNH�VWDWHPHQWV�VXFK�DV�$�LV�D�%��$�LV�D�W\SH�RI�%��RU�$�LV�D�NLQG�RI�%���7KH

FRJQLWLYH�DFWLYLW\�LQYROYHG�LQ�RUJDQL]LQJ�NQRZOHGJH�LQ�WKLV�IDVKLRQ�LV�FDOOHG�FODVVLILFDWLRQ���7KHUH

DUH� VHYHUDO� LGHQWLILDEOH� YDULHWLHV� RI� FODVVLILFDWLRQ�� � 7ZR� SDUWLFXODUO\� SURPLQHQW� W\SHV� RI

FODVVLILFDWLRQ� DUH� GHVFULSWLRQ� VXEVXPSWLRQ� DQG� QDWXUDO� NLQG� FODVVLILFDWLRQ�� � ,Q� GHVFULSWLRQ

VXEVXPSWLRQ���L��WKH�GHILQLQJ�SURSHUWLHV�RI�WKH�©WRS�OHYHOª�NLQG�.�LQ�WKH�FODVVLILFDWLRQ��DV�ZHOO�DV

WKRVH�RI�DOO�LWV�VXENLQGV��FRQVWLWXWH�ULJRURXV�QHFHVVDU\�DQG�VXIILFLHQW�FRQGLWLRQV�IRU�PHPEHUVKLS

LQ�WKRVH�NLQGV��DQG��LL��WKH�GHILQLQJ�SURSHUWLHV�RI�DOO�WKH�VXENLQGV�DUH�©VXEVXPHGª�E\�WKH�GHILQLQJ

SURSHUWLHV�RI�.�LQ�WKH�VHQVH�WKDW�WKH�GHILQLQJ�SURSHUWLHV�RI�HDFK�NLQG�HQWDLO�WKH�GHILQLQJ�SURSHUWLHV

RI�.��WKH�GHILQLQJ�SURSHUWLHV�RI�.�FRQVWLWXWH�D�PRUH�JHQHUDO�FRQFHSW�

,Q�QDWXUDO�NLQG�FODVVLILFDWLRQ��E\�FRQWUDVW��LW�LV�QRW�DVVXPHG�WKDW�WKHUH�DUH�ULJRURXVO\�LGHQWLILDEOH

QHFHVVDU\�DQG�VXIILFLHQW�FRQGLWLRQV�IRU�PHPEHUVKLS�LQ�WKH�WRS�OHYHO�NLQG�.��EXW�WKDW��QRQHWKHOHVV�

WKHUH�DUH�VRPH�XQGHUO\LQJ�VWUXFWXUDO�SURSHUWLHV�RI�LWV�LQVWDQFHV�WKDW��ZKHQ�VSHFLDOL]HG�LQ�YDULRXV

ZD\V��\LHOG�WKH�VXENLQGV�RI�.���7KH�EHVW�H[DPSOHV�RI�VXFK�FODVVLILFDWLRQ�VFKHPHV�DUH��RI�FRXUVH�

JHQXLQH� QDWXUDO� NLQGV� VXFK� DV�PHWDO�� IHOLQH�� DQG� VR� IRUWK�� EXW� WKH� LGHD� FDQ� EH� H[WHQGHG� WR

DUWLIDFWXDO� NLQGV� OLNH� DXWRPRELOH� DQG� 1&� PDFKLQH�� � 7KHVH� WZR� W\SHV� RI� FODVVLILFDWLRQ� DUH

LOOXVWUDWHG�LQ�)LJXUH������
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'HVFULSWLRQ
6XEVXPSWLRQ

1DWXUDO .LQG
&ODVVLILFDWLRQ

3RO\JRQ
0HWDO

+H[DJRQ ,URQ

7ULDQJOH
$OXPLQXP &RSSHU5HFWDQJOH

)LJXUH��������'LIIHUHQW�7\SHV�RI�&ODVVLILFDWLRQ

&OHDUO\��ZLWK�LWV�FHQWUDO�QRWLRQ�RI�D�NLQG��D�QDWXUDO�DSSOLFDWLRQ�IRU�WKH�,'()��VFKHPDWLF�ODQJXDJH

LV�WKH�GHYHORSPHQW�RI�WD[RQRP\�GLDJUDPV��RU�DV�ZH�VKDOO�FDOO�WKHP��FODVVLILFDWLRQ�VFKHPDWLFV�

&ODVVLILFDWLRQ� LV� W\SLFDOO\�PXFK�PRUH� GHWDLOHG� WKDQ� WKH� H[DPSOHV� VXJJHVW�� �0RVW� FODVVLILFDWLRQ

VFKHPHV�ZLOO�LQYROYH�VHYHUDO�OHYHOV�RI�PRUH�VSHFLDOL]HG�VXENLQGV�©EHORZª�PRUH�JHQHUDO�NLQGV�LQ

WKH� VFKHPH�� � �6XFK� VFKHPHV� DUH� RIWHQ� FDOOHG� µLV�D� KLHUDUFKLHV�¶� EXW� IRU� WKH� UHDVRQV� DGGXFHG� LQ

6XEVHFWLRQ��������WKH�XVH�RI�µLV�D¶�LV�VWURQJO\�GLVFRXUDJHG�LQ�,'()���HLWKHU�WKH�VXENLQG�RI�UHODWLRQ

RU� WKH� LQVWDQFH�RI� UHODWLRQ� VKRXOG� EH� XVHG� LQVWHDG�� GHSHQGLQJ� RQ� WKH� LQWHQGHG� PHDQLQJ��� � 7R

LOOXVWUDWH��LW�LV�HVVHQWLDO�LQ�SURMHFW�SODQQLQJ�WKDW�RQH�FDWHJRUL]H�WKH�NLQGV�RI�UHVRXUFHV�WKDW�ZLOO�EH

QHHGHG� IRU� WKH� SURMHFW¶V� VXFFHVV�� � ,QIRUPDOO\�� D� UHVRXUFH� FDQ� EH� GHILQHG� DV� DQ� REMHFW� WKDW� LV

FRQVXPHG�� XVHG�� RU� UHTXLUHG� WR� SHUIRUP� DFWLYLWLHV� DQG� WDVNV�� � 5HVRXUFHV�� WKHUHIRUH�� SOD\� DQ

HQDEOLQJ� UROH� LQ� SURFHVVHV�� � &ODVVLILFDWLRQ� GLDJUDPV� SURYLGH� D� QDWXUDO� ZD\� RI� FDWHJRUL]LQJ

QHFHVVDU\� UHVRXUFHV�� DV�� IRU� H[DPSOH�� LQ�)LJXUH� ������ � �6HFRQG�RUGHU� UHODWLRQ� V\PEROV�ZLWK� QR

DWWDFKHG�ODEHO��GHIDXOW�WR�WKH�VXENLQG�UHODWLRQ��
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/RFDO

$GPLQLVWUDWRU

5HVRXUFH

7HFK
ZULWHU

3URJUDPPHU

7HFK
VXSSRUW
VSHFLDOLVW

&RPSXWHU
6\VWHP

3HUVRQQHO )DFLOLW\ 4XDGUD

���
0DFKLQH

3HQWLXP
0DFKLQH

6XQ
6SDUFVWDWLRQ

,%0
5,6& ����

2OGHU
PRGHO

&HQWULV

5HPRWH��[��
$UFKLWHFWXUH

8QL[
:RUNVWDWLRQ

0DFLQWRVK

)LJXUH��������&ODVVLILFDWLRQ�RI�5HVRXUFHV

������� +LGLQJ�&ODVVLILFDWLRQ�,QIRUPDWLRQ

$V�ZLWK� FRPSOH[� FRPSRVLWLRQ� VFKHPDWLFV�� KRZHYHU�� LW� RIWHQ� SURYHV� YHU\� XVHIXO� WR� KLGH� VRPH

GHWDLO� LQ�D�FODVVLILFDWLRQ�VFKHPDWLF�� �7KXV�� LQ� VRPH�FRQWH[WV� �H�J��� WKRVH� LQ�ZKLFK� IDFLOLWLHV�DQG

SHUVRQQHO� QHHG� WR� EH� KLJKOLJKWHG��� LQIRUPDWLRQ� DERXW� FRPSXWHU� V\VWHPV�PLJKW� QRW� QHHG� WR� EH

H[SOLFLW�� � $V� ZLWK� FRPSRVLWLRQ� VFKHPDWLFV�� KLGGHQ� LQIRUPDWLRQ� ZLOO� EH� LQGLFDWHG� E\� D� GRXEOH

FLUFOH��DQQRWDWHG�LQ�WKLV�FDVH�ZLWK�DQ�XSSHU�FDVH�µC¶��IRU�µFODVVLILFDWLRQ¶��DW�WKH�WRS�RI�WKH�FLUFOH�DV

VKRZQ� LQ� )LJXUH� ������ � 7KXV�� RQH� PLJKW� KLGH� WKDW� LQIRUPDWLRQ� DQG� DGG� LQIRUPDWLRQ� DERXW

IDFLOLWLHV�WR�REWDLQ�WKH�IROORZLQJ�VFKHPDWLF�
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3HUVRQQHO

5HVRXUFH
3URJUDPPHU

7HFK
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)LJXUH��������&ODVVLILFDWLRQ�RI�5HVRXUFHV�ZLWK�+LGGHQ�,QIRUPDWLRQ

����� 2EMHFW�6WDWH�6FKHPDWLFV

$V�QRWHG�LQ�6XEVHFWLRQ�������� WKHUH� LV�QR�FOHDQ�GLYLVLRQ�WR�EH�PDGH�EHWZHHQ� LQIRUPDWLRQ�DERXW

NLQGV� DQG� VWDWHV� DQG� LQIRUPDWLRQ� DERXW� SURFHVVHV�� � 7KLV� VXEVHFWLRQ� GHVFULEHV� KRZ� WKH� ,'()�

VFKHPDWLF� ODQJXDJH� HQDEOHV� PRGHOHUV� WR� H[SUHVV� IDLUO\� GHWDLOHG� REMHFW�FHQWHUHG� SURFHVV

LQIRUPDWLRQ�� WKDW� LV�� LQIRUPDWLRQ� DERXW� NLQGV� RI� REMHFWV� DQG� WKH� YDULRXV� VWDWHV� WKH\� FDQ� EH� LQ

UHODWLYH� WR� FHUWDLQ� SURFHVVHV�� � 'LDJUDPV� EXLOW� IURP� WKHVH� FRQVWUXFWV� DUH� NQRZQ� DV�REMHFW�VWDWH

VFKHPDWLFV��26
V���WKH�LQWHJUDWLRQ�RI�26
V�ZLWK�WKH�YDULRXV�NLQG�VFKHPDWLFV�LQWURGXFHG�DERYH�LV

GLVFXVVHG�EHORZ�

,Q�6HFWLRQ�������WZR�W\SHV�RI�FKDQJHV�WKDW�FDQ�EH�REVHUYHG�LQ�WKH�REMHFWV�XQGHUJRLQJ�SURFHVVHV

ZHUH�QRWHG���FKDQJH�LQ�NLQG�DQG�FKDQJH�LQ�VWDWH���7KHUH�LV�LQ�IDFW�QR�IRUPDO�GLIIHUHQFH�EHWZHHQ

WKHVH� WZR� W\SHV�RI� FKDQJH��REMHFWV�RI� D�JLYHQ�NLQG�.� WKDW� DUH� LQ� D� FHUWDLQ� VWDWH� FDQ� VLPSO\� EH

UHJDUGHG�DV�D�FRQVWLWXWLQJ�D�VXENLQG�RI�.���)RU�IRUPDO�SXUSRVHV��IRU�H[DPSOH��ZDUP�ZDWHU�FDQ

MXVW�EH�UHJDUGHG�DV�D�VXENLQG�RI�ZDWHU���+RZHYHU��LW�LV�YHU\�XVHIXO�WR�GLVWLQJXLVK�WKH�WZR�LQ�WKH

VFKHPDWLF�ODQJXDJH�WR�LQGLFDWH�H[SOLFLWO\�WKH�NLQG�RI�WKLQJ�WKDW�LV�LQ�D�FHUWDLQ�VWDWH���7KLV�LV�GRQH

E\�PHDQV�RI�D�FRORQ�QRWDWLRQ��WKDW�LV��NLQG�VWDWH���)RU�H[DPSOH��ZDUP�ZDWHU�ZLOO�EH�LQGLFDWHG�E\

WKH�ODEHO�ZDWHU�ZDUP��IUR]HQ�ZDWHU�E\�ZDWHU�IUR]HQ��DQG�VR�RQ���7KH�QRWDWLRQ�LV� LOOXVWUDWHG�LQ

)LJXUH������
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)LJXUH��������.LQGV�DQG�6WDWHV

,Q�WKLV�FRQWH[W��WKH�VXENLQG�RI�UHODWLRQ�LV�EHVW�WKRXJKW�RI�DV�D�VWDWH�RI�UHODWLRQ��DV�LOOXVWUDWHG�LQ�WKH

FODVVLILFDWLRQ�GLDJUDP�LQ�)LJXUH������

)LJXUH��������6FKHPDWLF�'HSLFWLQJ�6WDWHV�RI�:DWHU7R�LQGLFDWH�KRZ�REMHFWV�FKDQJH�HLWKHU�NLQG

RU� VWDWH� ZLWKLQ� SURFHVVHV� UHTXLUHV� DQ� HQWLUHO\� QHZ� FODVV� RI� FRQVWUXFW�� � 7KH� UHPDLQGHU� RI� WKLV

VHFWLRQ�ZLOO�EH�GHYRWHG�WR�LQWURGXFLQJ�WKH�V\QWD[�DQG�LQIRUPDWLRQ�VHPDQWLFV�RI�WKHVH�FRQVWUXFWV�

������� %DVLF�2EMHFW�6WDWH�7UDQVLWLRQ�6FKHPDWLFV

7KH�ILUVW�DQG�PRVW�EDVLF�FRQVWUXFW�LV�WKH�VLPSOH�WUDQVLWLRQ�OLQN�VKRZQ�LQ�)LJXUH��������1RWH�WKDW

WKH�SUHVHQFH�RI�WKH�RSHQ�FLUFOH�GLVWLQJXLVKHV�DQ�REMHFW�VWDWH�WUDQVLWLRQ�OLQN�IURP�D�JHQHUDO�UHODWLRQ

DUURZ�

$ %

)LJXUH��������%DVLF�6WDWH�7UDQVLWLRQ�6FKHPDWLF7KH�FLUFOHV�ODEHOHG�A�DQG�B�LQ�WKHVH�OLQNV�VWLOO

LQGLFDWH�WZR�NLQGV��DQG�HYHU\WKLQJ�VDLG�DERXW�NLQGV�DQG�NLQG�V\PEROV�LQ�WKH�SUHYLRXV�VXEVHFWLRQ

VWLOO� DSSOLHV�� �+RZHYHU�� LQ� FKDUDFWHUL]LQJ� LQ� D� JHQHUDO� IDVKLRQ� WKH�ZD\� REMHFWV� DUH� WUDQVIRUPHG

WKURXJK�D�SURFHVV��LW�LV�QDWXUDO�WR�FODVVLI\�WKRVH�REMHFWV�LQ�WHUPV�RI�WKH�VWDWHV�WKH\�DUH�LQ�DW�YDULRXV

VWDJHV� RI� WKH� SURFHVV�� � +HQFH�� W\SLFDOO\�� WKH� NLQG� V\PEROV� LQ� D� VWDWH� WUDQVLWLRQ� VFKHPDWLF� ZLOO

LQGLFDWH�D�NLQG� LQ� D� SDUWLFXODU� VWDWH�� IRU� H[DPSOH��GU\�ZRRG��ZDUP�ZDWHU��XQUHZRUNHG�SDUW�

DQG�VR�IRUWK�� �7R�HPSKDVL]H�WKLV�UROH�RI� WKH�NLQG�V\PEROV�� WKHLU�PHDQLQJV�ZLOO�RIWHQ�VLPSO\�EH

UHIHUUHG�WR�DV�REMHFW�VWDWHV�RU��VLPSO\��VWDWHV�

,QWXLWLYHO\��DQ�REMHFW�VWDWH�WUDQVLWLRQ�OLQN�LQGLFDWHV�WKDW�WKHUH�LV�DQ�DOORZDEOH�WUDQVLWLRQ�VXFK�WKDW

DQ�REMHFW�LQ�D�JLYHQ�VWDWH�$�PD\�EH�PRGLILHG��WUDQVIRUPHG��RU�FRQVXPHG�VR�DV�WR�\LHOG�DQ�REMHFW

:DWHU�

:DUP

:DWHU�

&ROG

:DWHU�

)UR]HQ

6WDWH�RI

:DWHU�

&ROG

:DWHU�

)UR]HQ

:DWHU�

:DUP

:DWHU
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�SRVVLEO\�WKH�VDPH�REMHFW��LQ�D�GLIIHUHQW�VWDWH���)LJXUH������GHSLFWV�WKH�VLWXDWLRQ�ZKHUH�D�FHUWDLQ

W\SH�RI�WUDQVLWLRQ�IURP�$�WR�%�LV�REVHUYHG��EXW�WKHUH�LV�HLWKHU�QR�NQRZOHGJH�RU�GHVLUH�WR�VSHFLI\

WKH�SURFHVV�HV��LQYROYHG�LQ�WKH�WUDQVLWLRQ�

,W� LV� LPSRUWDQW� WR�QRWH� WKH�GLVWLQFWLRQ�EHWZHHQ�WKH�FKDUDFWHUL]DWLRQ�RI�DQ�REMHFW� LQ�D�JLYHQ�VWDWH

DQG�WKH�FRQGLWLRQV�RU�UXOHV�WKDW�JRYHUQ�KRZ�WKH�REMHFW�WUDQVLWLRQV�WR�DQG�IURP�WKDW�VWDWH�� �,Q�WKH

ª,'()��SURFHVV�GHVFULSWLRQ�FDSWXUH�PHWKRG��FRQGLWLRQV�IRU�HQWHULQJ�DQG�OHDYLQJ�D�VWDWH�DUH�FDOOHG

HQWU\�DQG�H[LW�FRQGLWLRQV�� UHVSHFWLYHO\�� �7KH�,'()��(ODERUDWLRQ�/DQJXDJH� �6HFWLRQ������FDQ�EH

XVHG�WR�VSHFLI\�UHOHYDQW�HQWU\�DQG�H[LW�FRQGLWLRQV�IRU�D�JLYHQ�VWDWH�

$GGLWLRQDO� LQIRUPDWLRQ�DERXW� WKH�SURFHVV�HV�� LQYROYHG� LQ�D�VWDWH� WUDQVLWLRQ�PD\�EH�GLVSOD\HG� LQ

,'()���DV�VKRZQ�LQ�)LJXUHV������DQG������

3

$ %

)LJXUH��������6FKHPDWLF�IRU�2EMHFW�6WDWH�7UDQVLWLRQ�ZLWKLQ�D

3URFHVV

$ %

3 4

)LJXUH��������6FKHPDWLF�IRU�2EMHFW�6WDWH�7UDQVLWLRQ�EHWZHHQ�3URFHVVHV0RUH�SUHFLVHO\��WKH

VHPDQWLFV�RI�WKH�VWDWH�WUDQVLWLRQ�VFKHPDWLF�GLVSOD\HG�LQ�)LJXUH������LV�WKLV�� �GXULQJ�VRPH�LQLWLDO

VHJPHQW�WLQLW�RI�DQ\�RFFXUUHQFH�S�RI�WKH�SURFHVV�3��WKHUH�LV�DQ�REMHFW�D�LQ�VWDWH�$��LQGLFDWHG�E\�WKH

DWRPLF�IRUPXOD�µ$D¶�LQ�WKH�©LQWHUYDO�GLDJUDPª�LQ�)LJXUH��������DQG�GXULQJ�VRPH�ILQDO�VHJPHQW�WILQ

�SRVVLEO\�WKH�YHU\�ODVW�PRPHQW��RI�S��D�SRVVLEO\�GLIIHUHQW�REMHFW�E�LV�LQ�VWDWH�%�

Aa Bb

Instance of the process P

)LJXUH��������7KH�*HQHUDO�6HPDQWLFV�RI�)LJXUH�����

,W�PD\�KDSSHQ��KRZHYHU��WKDW�DQ�LGHQWLILHG�WUDQVLWLRQ�RFFXUV�QRW�ZLWKLQ�D�SURFHVV��EXW�EHWZHHQ�WKH

HQG�RI�D�JLYHQ�SURFHVV�3�DQG�WKH�VWDUW�RI�VRPH�SURFHVV�4��6HH�)LJXUH�������� �$�VSHFLDO�FDVH�RI

WKLV� VLWXDWLRQ� LV� GLVFXVVHG� LQ� VHFWLRQ� ��������ZKHUHLQ� WZR� FRQWLJXRXV� SURFHVVHV�3� DQG�4�PHHW�
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7KH� WUDQVLWLRQ� DUURZ� LQ� VXFK� D� VFKHPDWLF� GRHV� QRW� UHSUHVHQW� D� VLQJOH� XQVSHFLILHG� SURFHVV� EXW

UDWKHU�PDUNV�WKH�GLYLVLRQ�LQ�WLPH�EHWZHHQ�DQ�REMHFW¶V�EHLQJ�LQ�VWDWH�$�DW�WKH�HQG�RI�VRPH�SURFHVV

3� DQG� WKH� WUDQVIRUPDWLRQ� WR� DQ� REMHFW¶V� EHLQJ� LQ� VWDWH�%� DW� WKH� VWDUW� RI� DQRWKHU� SURFHVV�4�� DV

GLVSOD\HG� LQ� WKH� LQWHUYDO�GLDJUDP�LQ�)LJXUH������� � �7KH�GDVKHG� OLQH�EHWZHHQ� WKH� LQVWDQFHV�RI�3

DQG�4�LQGLFDWHV�WKDW�WKH\�QHHG�QRW�EH�WHPSRUDOO\�FRQWLJXRXV��

Aa Bb

Instance of P Instance of Q

)LJXUH��������7KH�*HQHUDO�6HPDQWLFV�RI�)LJXUH������������ 6WURQJ�6WDWH�7UDQVLWLRQ

6FKHPDWLFV

7KH�VHPDQWLFV�RI�DQ�REMHFW�VWDWH�WUDQVLWLRQ�OLQN�LV�RSHQ�RQ�WKH�TXHVWLRQ�RI�ZKHWKHU�WKH�REMHFW�LQ

VWDWH�$�DW�WKH�EHJLQQLQJ�RI�D�WUDQVLWLRQ�LV�LGHQWLFDO���WR�WKH�REMHFW�LQ�VWDWH�%�DIWHU�WKH�WUDQVLWLRQ��DV

ZKHQ� DQ� XQSDLQWHG� REMHFW� EHFRPHV� D� SDLQWHG� REMHFW�� RU� GLVWLQFW�� DV� ZKHQ� D� SLHFH� RI� ZRRG� LV

WUDQVIRUPHG�LQWR�D�SLOH�RI�DVKHV�E\�D�IXUQDFH���7KH�EDVLF�VWDWH�WUDQVLWLRQ�VFKHPDWLF�VKRXOG�EH�XVHG

LQ�DQ\�RI�WKH�IROORZLQJ�WKUHH�FDVHV����L��WKH�REMHFWV�DW�WKH�EHJLQQLQJ�DQG�HQG�RI�WKH�SURFHVV�DUH�LQ

IDFW�GLVWLQFW���LL��LW� LV�QRW�NQRZQ�ZKHWKHU�RU�QRW� WKH\�DUH�GLVWLQFW��RU��LLL�� LW�GRHV�QRW�PDWWHU�RQH

ZD\�RU�WKH�RWKHU���2Q�WKH�RWKHU�KDQG��LI�D�PRGHOHU�GHVLUHV�WR�UHSUHVHQW�H[SOLFLWO\�WKDW�WKH�REMHFW�DW

WKH�EHJLQQLQJ�RI�DQ�LQVWDQFH�RI�D�VWDWH�WUDQVLWLRQ�LV�LGHQWLFDO�ZLWK�WKH�REMHFW�DW�WKH�HQG��D�VWURQJ

VWDWH�WUDQVLWLRQ�OLQN�VKRXOG�EH�XVHG���7KLV�LQYROYHV�VLPSO\�DIIL[LQJ�D�GRXEOH�WLS�RQ�WKH�DUURZ�LQ�D

VWDWH�WUDQVLWLRQ�OLQN��DV�VKRZQ��LQ�)LJXUH������

3

$ %

)LJXUH��������6WURQJ�6WDWH�7UDQVLWLRQ�6FKHPDWLF

,Q�RUGHU� WR�DOORZ�IRU�QRQLQVWDQWDQHRXV�VWDWH�FKDQJH�ZLWKLQ�DQ� LQVWDQFH�S�RI�D�SURFHVV�� LW� LV�QRW

JHQHUDOO\�UHTXLUHG�WKDW�S¶V�LQLWLDO�VHJPHQW�WLQLW��GXULQJ�ZKLFK�DQ�REMHFW�LV�LQ�VWDWH�$��DQG�LWV�ILQDO

VHJPHQW�WILQ��GXULQJ�ZKLFK�DQ�REMHFW�LV�LQ�VWDWH�%��EH�FRQWLJXRXV�RU�RYHUODS�� � ,Q�VXFK�FDVHV�� WKH

LQWHUYHQLQJ�SHULRG�ZLOO�� WKHUHIRUH�� W\SLFDOO\�EH�WKRXJKW�RI�DV�D�SHULRG�GXULQJ�WKH�SURFHVV�GXULQJ

                                                          

��,GHQWLW\ PD\ EH LQ WHUPV RI FKHPLFDO VWUXFWXUH� PDVV� SK\VLFDO IRUP� IXQFWLRQ� HWF� )RU H[DPSOH� JUDSH MXLFH

EHFRPHV ZLQH DIWHU XQGHUJRLQJ D IHUPHQWDWLRQ SURFHVV� 2QH PLJKW DUJXH WKDW WKH ©VWXII RIª WKH NLQG JUDSH MXLFH LV

WKH VDPH DV WKDW RI WKH UHVXOWLQJ NLQG ZLQH� 2WKHU SHRSOH KDYLQJ GLIIHUHQW DWWXQHPHQWV PD\ SHUFHLYH WKH WZR NLQGV DV
EHLQJ HQWLUHO\ GLIIHUHQW EDVHG RQ� IRU H[DPSOH� FKHPLFDO FRPSRVLWLRQ RI WKH WZR NLQGV� ,W LV WKHUHIRUH UHFRPPHQGHG
WKDW WKH DVVXPHG FULWHULD IRU LGHQWLW\ EH HVWDEOLVKHG RU FKDUDFWHUL]HG ZKHQ WKHUH LV SRVVLEOH DPELJXLW\�
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ZKLFK�DQ�REMHFW� LQ�VWDWH�$� LV� LQ� WKH�FRXUVH�RI�EHLQJ� WUDQVIRUPHG� LQWR�VRPHWKLQJ� LQ�VWDWH�%��EXW

GXULQJ�ZKLFK� WKHUH� LV� DFWXDOO\� QRWKLQJ� LQ� HLWKHU� VWDWH�� DV� LQ� WKH� SHULRG� RI� WLPH� GXULQJ�ZKLFK� D

TXDQWLW\� RI� ZDWHU� LV� KHDWHG� IURP� ��&� �VWDWH�$�� WR� ����� �VWDWH�%��� � 7KLV� LQGHWHUPLQDF\� LQ� WKH

VHPDQWLFV�EHWZHHQ�LQVWDQWDQHRXV�DQG�QRQLQVWDQWDQHRXV�WUDQVLWLRQV�LV�UHIOHFWHG�JUDSKLFDOO\�LQ�WKH

GDVKHG�OLQH�FRQQHFWLQJ�WKH�WZR�VWDWHV�RI�WKH�REMHFW�D�LQ�)LJXUH������

9DSRUL]H
:DWHU

:DWHU�
/LTXLG

:DWHU�
*DVHRXV

)LJXUH��������$Q�([DPSOH�RI�6WURQJ�6WDWH�7UDQVLWLRQ�6FKHPDWLF

������� ,QVWDQWDQHRXV�6WDWH�7UDQVLWLRQ�6FKHPDWLFV

$V� ZLWK� WKH� LGHQWLW\� RI� REMHFWV� LQ� D� WUDQVLWLRQ�� LW� LV� RIWHQ� XVHIXO� WR� DOORZ� IRU� WKH� H[SOLFLW

UHSUHVHQWDWLRQ�RI� LQVWDQWDQHRXV�VWDWH� WUDQVLWLRQV�ZLWKLQ�D�SURFHVV� �UHODWLYH� WR�D�FHUWDLQ� WHPSRUDO

JUDQXODULW\��� �$FFRUGLQJO\�� WKH�26�V\QWD[�DOORZV�D�PRGHOHU� WR� WDJ� WKH� VPDOO� FLUFOH� LQ�DQ�REMHFW

VWDWH�WUDQVLWLRQ�OLQN�ZLWK�D�∆� DV�LQ�)LJXUH�������LQGLFDWLQJ�WKHUHE\�WKDW�WKH�WUDQVLWLRQ�RFFXUV�RYHU
D�SHULRG�VPDOOHU�WKDQ�WKH�VPDOOHVW�WLPH�XQLW�∆�UHFRJQL]HG�LQ�WKH�FRQWH[W�EHLQJ�PRGHOHG�

∆$ %

)LJXUH��������,QVWDQWDQHRXV�6WDWH�7UDQVLWLRQ�6FKHPDWLF

$�GRXEOH�DUURZ�WLS��RI�FRXUVH��PD\�EH�DGGHG�LI�D�VWURQJ�WUDQVLWLRQ�LV�GHVLUHG���)RU�LQVWDQFH��ZKHQ

OLTXLG�R[\JHQ�LV�H[SRVHG�WR�DWPRVSKHUH��LW�WUDQVIRUPV�WR�JDVHRXV�VWDWH�LQVWDQWDQHRXVO\��DV�VKRZQ

LQ�)LJXUH�������

∆

([SRVH WR
DWPRVSKHU

H

2[\JHQ�
/LTXLG

2[\JHQ�
*DVHRXV

)LJXUH��������$Q�([DPSOH�RI�,QVWDQWDQHRXV�6WDWH�7UDQVLWLRQ2QH�PD\�EH�PRUH�LQWHUHVWHG�LQ

WKH� SURFHVVHV� ZKLFK� LPPHGLDWHO\� SUHFHGH� DQG�RU� IROORZ� WKH� WUDQVLWLRQ� UDWKHU� WKDQ� WKH
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LQVWDQWDQHRXV�SURFHVV�ZKLFK�RFFXUV�XSRQ�WUDQVLWLRQ���7KLV�VLWXDWLRQ�LV� LOOXVWUDWHG�E\�WKH�LQWHUYDO

GLDJUDP�LQ�)LJXUH������

3RLQW RI VWDWH WUDQVLWLRQ

$D $E

,QVWDQFH RI 3 ,QVWDQFH RI 4

)LJXUH��������,QWHUYDO�'LDJUDP�IRU�)LJXUH�����

7R� H[SUHVV� WKH� FRQWHQW� RI� )LJXUH� ����� SUHFLVHO\�� WKH� FRQVWUXFW� LQ� )LJXUH� ����� LV� XVHG�� � 7KH

WUDQVLWLRQ�DUURZ�LQ�VXFK�D�VFKHPDWLF�PDUNV�WKH�GLYLVLRQ�LQ�WLPH�EHWZHHQ�DQ�REMHFW¶V�EHLQJ�LQ�VWDWH

$�DW�WKH�HQG�RI�VRPH�SURFHVV�3�DQG�WKH�WUDQVIRUPDWLRQ�WR�DQ�REMHFW¶V�EHLQJ�LQ�VWDWH�%�DW�WKH�VWDUW

RI�DQRWKHU�SURFHVV�4�

%∆$

43

)LJXUH��������$�3UHFLVH�([SUHVVLRQ�RI�)LJXUH�����)RU�H[DPSOH��RQH�FRXOG�LPDJLQH�D�FXWWLQJ

WRRO� WKDW� LV� GULYHQ� IRUZDUG� DFURVV� D�ZRUNSLHFH� XQWLO� LW� DFWLYDWHV� D� OLPLW� VZLWFK�ZKHUHXSRQ� WKH

FXWWHU�LV�VZLWFKHG�RII�DQG�UHWUDFWHG�WR�LWV�VWDUWLQJ�SRVLWLRQ��)LJXUH�������

%∆$

6KXW GRZQ
DQG UHWUDFW
FXWWHU

3

/LPLW
VZLWFK�
2Q

∆
/LPLW
VZLWFK�
2II

0RYH FXWWHU
IRUZDUG

)LJXUH��������&XWRII�6ZLWFK�([DPSOH�IRU�)LJXUH������������&RPSOH[�2EMHFW�6WDWH

6FKHPDWLFV

$V� ZLWK� WKH� VFKHPDWLFV� LQWURGXFHG� WKXV� IDU�� WKH� VLPSOH� REMHFW� VFKHPDWLFV� LQWURGXFHG� LQ� WKH

SUHYLRXV� VHFWLRQ� FDQ� EH� FRPELQHG� WR� IRUP� PRUH� FRPSOH[� REMHFW�VWDWH� VFKHPDWLFV�� � 8QOLNH

FRPSOH[�VFKHPDWLFV� LQWURGXFHG�WR� WKLV�SRLQW��KRZHYHU��FRPSOH[�REMHFW�VWDWH�VFKHPDWLFV�DUH�QRW

VLPSO\� QRWDWLRQDO� FRQYHQLHQFHV�� WKH\� FDUU\� DGGLWLRQDO� PHDQLQJ�� � )RU� LQVWDQFH�� )LJXUH� ����

H[SUHVVHV�PRUH� WKDQ� LV� SLFWXUHG� LQ� )LJXUH� ������ WKH� ODWWHU� LQGLFDWHV� QRWKLQJ� DERXW� WKH� VWDWH� RI

REMHFW�D�SULRU�WR�LWV�EHLQJ�LQ�VWDWH�$��LQ�SDUWLFXODU��QRWKLQJ�DERXW�VWDWH�'���DQG�QRWKLQJ�DERXW�WKH

VWDWH�RI�REMHFW�E�DIWHU�LWV�EHLQJ�LQ�VWDWH�%��LQ�SDUWLFXODU��QRWKLQJ�DERXW�VWDWH�&��
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%$ &'

3 4

∆

)LJXUH��������$�0RUH�,QIRUPDWLYH�2EMHFW�6WDWH�7UDQVLWLRQ�6FKHPDWLF$W�WLPHV��RQH�PD\�RQO\

ZLVK�WR�UHFRUG�WKH�EDUH�WUDQVLWLRQ�LWVHOI��ZLWKRXW�SURYLGLQJ�DQ\�IXUWKHU�GHWDLO�DERXW�ZKDW�KDSSHQV

RQ�©HLWKHU� VLGHª�RI� WKH� WUDQVLWLRQ�� � ,Q� VXFK� D� FDVH��)LJXUH������ VXIILFHV�� �2WKHUZLVH�� D� GLDJUDP

VXFK�DV�WKDW�LQ�)LJXUH������FDQ�EH�XVHG���7K�LQWHUYDO�GLDJUDP�IRU�)LJXUH������LV�VKRZQ�LQ�)LJXUH

�������+HQFH��)LJXUH������LV�DSSURSULDWH��IRU�H[DPSOH��LQ�WKRVH�FDVHV�LQ�ZKLFK�RQH�NQRZV�DERXW�

RU�ZLVKHV�WR�H[SUHVV��WKH�GHWDLOV�RI�WKH�SURFHVV�E\�ZKLFK�DQ�REMHFW�FRPHV�WR�EH�LQ�VWDWH�$�DQG�WKH

GHWDLOV�RI�ZKDW�KDSSHQV�DIWHU�WKDW�REMHFW�LV�LQ�VWDWH�%�

'D

,QVWDQFH RI 3 ,QVWDQFH RI 4

,QVWDQWDQHRXV WUDQVLWLRQ

$D %D &D

)LJXUH��������,QWHUYDO�'LDJUDP�IRU�)LJXUH�����

$QRWKHU�H[DPSOH�RI�KRZ�FRPSOH[�VFKHPDWLFV�FDQ�SURYLGH�DGGLWLRQDO�LQIRUPDWLRQ�LV�DV�IROORZV�

3 4

$ % &

)LJXUH��������$�&RPSOH[�2EMHFW�VWDWH�6FKHPDWLF

)LJXUH� ����� PHDQV�� ILUVW�� WKDW� WKHUH� LV� D� WUDQVIRUPDWLRQ� IURP� VRPHWKLQJ¶V� EHLQJ� LQ� VWDWH�$� WR

VRPHWKLQJ¶V� EHLQJ� LQ� VWDWH� %� LQ� LQVWDQFHV� RI� SURFHVV� 3� DQG�� VXEVHTXHQWO\�� D� WUDQVIRUPDWLRQ

LQYROYLQJ� WKDW�VDPH�WKLQJ� LQ�VWDWH�%�WR�VRPHWKLQJ¶V�EHLQJ�LQ�VWDWH�&� LQ� LQVWDQFHV�RI�SURFHVV�4�

7KDW� LV�� WKH� IDFW� WKDW� WKH� V\PEROV� IRU� REMHFW� VWDWHV�$� DQG�&� DUH� OLQNHG� WR� WKH� V\PERO� IRU�%� LQ

)LJXUH������LQGLFDWHV��ILUVW��WKDW�3�DQG�4�FDQ�EH�WKRXJKW�RI�DV�SDUWV�RI�D�PRUH�FRPSOH[�SURFHVV�5

WKDW�HQFRPSDVVHV�WKHP�ERWK�DQG��VHFRQG��WKDW�WKH�LQVWDQFHV�RI�3�DQG�4�ZLWKLQ�DQ�LQVWDQFH�RI�WKH
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RYHUDUFKLQJ�5� VKDUH� DQ� REMHFW� LQ� VWDWH�%�� � 7KLV� JHQHUDO� VHPDQWLFV� LV� GHSLFWHG� LQ� WKH� LQWHUYDO

GLDJUDP�LQ�)LJXUH��������

$D %E

,QVWDQFH RI 3

&F

,QVWDQFH RI 4

%E

,QVWDQFH RI 5

)LJXUH��������'HIDXOW�6HPDQWLFV�IRU�)LJXUH������7KH�VHPDQWLFV��RI�FRXUVH��JHQHUDOL]HV�WR�PRUH

FRPSOH[� 26� VFKHPDWLFV� LQYROYLQJ� PRUH� WKDQ� WZR� SURFHVV� V\PEROV��� � )LJXUH� ����� LV� WR� EH

FRQWUDVWHG�ZLWK�)LJXUH������LQ�ZKLFK�WKH�V\PEROV�IRU�VWDWHV�$�DQG�&�DUH�HDFK�OLQNHG�WR�VHSDUDWH

V\PEROV�IRU�%�

3

$ %

4

% &

)LJXUH��������$�6FKHPDWLF�6XEVXPHG�E\�)LJXUH�����

%HFDXVH�WKH�WZR�VFKHPDWLFV�DUH�QRW�FRQQHFWHG�DV�LQ�)LJXUH�������WKHUH�LV�QR�LPSOLFDWLRQ�WKDW�WKHUH

LV�DQ\�RYHUDUFKLQJ�SURFHVV�5�WKDW�VXEVXPHV�ERWK�3�DQG�4��QRU�LV�LW�LPSOLHG�WKDW�DQ\�LQVWDQFHV�RI

WKH�WZR�WUDQVLWLRQV�VKDUH�DQ�REMHFW�LQ�VWDWH�%���)LJXUH������WKXV�LPSOLHV�ZKDW�LV�H[SUHVVHG�E\�WKH

WZR�VHSDUDWH�GLDJUDPV�RI�)LJXUH������EXW��LQ�DGGLWLRQ��LPSOLHV�PRUH�LQIRUPDWLRQ�

������� 6WDWH�&ODVVLILFDWLRQ�6FKHPDWLFV

$Q�LPSRUWDQW�FRUROODU\�RI�WKH�LQFOXVLRQ�RI�REMHFW�VWDWHV�DV�SRVVLEOH�PHDQLQJV�RI�NLQG�V\PEROV�LQ

WUDQVLWLRQ�VFKHPDWLFV� LV� WKDW� WKH�VXENLQG�RI� UHODWLRQ�FDQ�� LQ� WKHVH�FRQWH[WV��EH� WKRXJKW�RI�DV� WKH

VWDWH�RI�UHODWLRQ��DV�LOOXVWUDWHG�LQ�)LJXUH������

                                                          

��7KH VHFRQG FRQGLWLRQ RI WKH GHIDXOW VHPDQWLFV KHUH PLJKW EH WRR VWURQJ IRU VRPH VLWXDWLRQV� )RU LQVWDQFH� D GRPDLQ

H[SHUW PLJKW ZDQW WR UHSUHVHQW D VLWXDWLRQ LQ ZKLFK PXOWLSOH SDUWV PD\ EH SURGXFHG WKURXJK D JLYHQ SURFHVV 3 DQG

LQVSHFWHG DW UDQGRP WKURXJK VRPH SURFHVV 4� ,Q JHQHUDO� WKHQ� LQ WKLV FDVH� DOWKRXJK WKHUH LV DQ RYHUDUFKLQJ SURFHVV

5� WKHUH LV QR DVVXPSWLRQ WKDW WKH REMHFW LQ VWDWH % DW WKH HQG RI �DQ LQVWDQFH RI� 3 LV LGHQWLFDO ZLWK WKH REMHFW LQ VWDWH

% DW WKH EHJLQQLQJ RI 4� 6XFK D VLWXDWLRQ FDQ EH UHSUHVHQWHG� IRU H[DPSOH� E\ FRQQHFWLQJ WKH WZR V\PEROV IRU % LQ
)LJXUH ���� ZLWK D ZHDN WUDQVLWLRQ DUURZ RU� RI FRXUVH� FDQ EH H[SUHVVHG LQ WKH HODERUDWLRQ ODQJXDJH GLUHFWO\�
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6WDWH�RI

:DWHU�
%RLOLQJ

:DWHU�
:DUP

:DWHU�
&ROG

:DWHU�
+RW

:DWHU�
)UR]HQ

:DWHU

)LJXUH��������6FKHPDWLF�'HSLFWLQJ�6WDWHV�RI�:DWHU

+HUH�� LQVWHDG� RI� YDULRXV� VXENLQGV� RI� WKH� NLQG�ZDWHU�� YDULRXV� SRVVLEOH� VWDWHV� RI�ZDWHU� WKDW� FDQ

RFFXU�LQ�WKH�JLYHQ�GRPDLQ�DUH�UHSUHVHQWHG���6XFK�VFKHPDWLFV�FDQ�EH�FRPELQHG�ZLWK�VWDQGDUG�26

VFKHPDWLFV�DV�LQ�)LJXUH������

6WDWH�RI
:DWHU

:DWHU�
%RLOLQJ

:DWHU�
:DUP

:DWHU�
&ROG

∆:DWHU�
+RW

:DWHU�
)UR]HQ

0HOW LFH +HDW WR
��X &

+HDW WR
���X &

)LJXUH��������&RPELQHG�6FKHPDWLF�'LVSOD\LQJ�6WDWHV�DQG�6WDWH�7UDQVLWLRQV

������� 6WDWH�&RPSRVLWLRQ�6FKHPDWLFV

$�SDUWLFXODUO\�LPSRUWDQW�SRLQW�RI�FRQWDFW�EHWZHHQ�26
V�DQG�WKH�EDVLF�,'()��VFKHPDWLFV�FRQFHUQV

FRPSRVLWLRQV���7KH�JHQHUDO�26�FRPSRVLWLRQ�VFKHPDWLF�LV�LOOXVWUDWHG�LQ�)LJXUH������

A
�

�
�
�

A
Q

A
�

3

%	

)LJXUH��������6WDWH�&RPSRVLWLRQ�6FKHPDWLF
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7KH� VHPDQWLFV� IRU� VWDWH� FRPSRVLWLRQ� VFKHPDWLFV� LV� D� JHQHUDOL]DWLRQ� RI� WKH� VHPDQWLFV� IRU� VWDWH

WUDQVLWLRQ�VFKHPDWLFV���,QWXLWLYHO\��RQFH�DJDLQ��WKH�26�LQ�)LJXUH������UHSUHVHQWV�D�SURFHVV�W\SH�3

LQ�ZKLFK�REMHFWV�D����������DQ�LQ�VWDWHV�$����������$Q��UHVSHFWLYHO\��DUH�LQYROYHG�LQ�VRPH�SURFHVV�WKDW

\LHOGV�DQ�REMHFW�E�LQ�VWDWH�%���$V�ZLWK�VWDWH�WUDQVLWLRQ�VFKHPDWLFV��HDFK�RI�WKH�DL�VKRXOG�EH�LQ�VWDWH

$L�GXULQJ�VRPH� LQLWLDO� VHJPHQW�RI�S�� � ,W� LV�QRW� UHTXLUHG� WKDW�HYHU\�DL� EH� LQ� VWDWH�$L� WKURXJKRXW

VRPH�LQLWLDO�VHJPHQW��DV�WKHLU�FRPLQJ�LQWR�WKHVH�VWDWHV�PD\�EH�VWDJJHUHG�WKURXJKRXW�WKH�FRXUVH�RI

S�� � ,W� LV� UHTXLUHG� WKDW� HYHU\�DL� EH� LQ� VWDWH�$L� � SULRU� WR�E¶V� EHLQJ� LQ�%� �RU� HOVH�� FRQWUDU\� WR� WKH

LQWXLWLYH�PHDQLQJ�RI� WKH� VFKHPDWLF�� LW�ZRXOG�QRW�EH� WKH� FDVH� WKDW� WKH�DL¶V� LQ� WKH� FRUUHVSRQGLQJ

VWDWHV�DUH�FRPELQHG�LQWR�E��� �7KLV�JHQHUDO�VHPDQWLFV�IRU�)LJXUH������ LV� LQGLFDWHG�JUDSKLFDOO\� LQ

)LJXUH������

A�a�

A�a�

A
Q
a
Q

�
�
�

Bb

Instance of P

)LJXUH��������7KH�*HQHUDO�6HPDQWLFV�RI�D�6WDWH�&RPSRVLWLRQ�6FKHPDWLF

7KH� SURFHVV� UHSUHVHQWHG� LQ� )LJXUH� ����� LQLWLDOO\� LQYROYHV� ZRRG� LQ� D� GU\� VWDWH� DQG� DLU� WKDW� LV

R[\JHQ�ULFK���2EMHFWV�LQ�WKHVH�VWDWHV�DUH�WKHQ�LQYROYHG�LQ�WKH�LQFLQHUDWLRQ�SURFHVV��ZKLFK�UHVXOWV

LQ�DVKHV����1RWH�WKDW�WKLV�H[DPSOH�DOVR�LOOXVWUDWHV�WKDW�NLQG�ODEHOV�WKDW�GRQ¶W�LQYROYH�UHIHUHQFH�WR

DQ�REMHFW�VWDWH�FDQ�EH�XVHG�LQ�26�VFKHPDWLFV��WKH�ODEHO�µ$VKHV¶��LQ�SDUWLFXODU��LV�QRW�TXDOLILHG�LQ

WKLV�PDQQHU���6XFK�D�XVDJH�DULVHV�LQ�WKRVH�VLWXDWLRQV�LQ�ZKLFK�WKH�VWDWH�RI�WKH�REMHFW�LQ�D�FHUWDLQ

SURFHVV�LV�LUUHOHYDQW�IURP�WKH�SHUVSHFWLYH�EHLQJ�PRGHOHG��

,QFLQHUDWH
:RRG

$VKHV	

:RRG�
GU\

$LU�
R[\JHQ�
ULFK

)LJXUH��������$Q�([DPSOH�RI�6WDWH�&RPSRVLWLRQ�6FKHPDWLF
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&RPELQLQJ�WKLV�VHPDQWLFV�ZLWK�WKH�FRPSRVLWLRQ�VFKHPDWLFV�RI�)LJXUH������JHQHUDWHV� WKH�QRWLRQ

RI�D�VWULFW�VWDWH�FRPSRVLWLRQ�VFKHPDWLF��ZKRVH�IRUP�LV�WKH�VDPH�DV�D�FRPSRVLWLRQ�VFKHPDWLF��EXW

ZLWK�WKH�ODEHO�µ3DUW�RI¶�DWWDFKHG�WR�WKH�DUURZ��DV�VKRZQ�LQ�)LJXUH������

A
�

�
�
�

A
Q

A
�

3

%	
3DUW�RI

)LJXUH��������6WULFW�6WDWH�&RPSRVLWLRQ�6FKHPDWLF

7KH�VHPDQWLFV�RI�D�VWULFW�FRPSRVLWLRQ�VFKHPDWLF�LV�WKDW��QRW�RQO\�DUH�LQVWDQFHV�D����������DQ�RI�$������

���$Q��UHVSHFWLYHO\��LQYROYHG�LQ�D�SURFHVV�WKDW�\LHOGV�DQ�LQVWDQFH�E�RI�%��EXW�DOVR�WKDW�WKRVH�REMHFWV

DUH�DOO�SDUWV�RI�E���7KLV�LGHD�LV�LOOXVWUDWHG�LQ�)LJXUH������E\�H[SOLFLWO\�DGGLQJ�SURFHVV�LQIRUPDWLRQ

WR� WKH� FRPSOH[� FRPSRVLWLRQ� VFKHPDWLF� RI� )LJXUH� ����� GHSLFWLQJ� WKH� FRPSRQHQW� VWUXFWXUH� RI� D

NLQG�RI�EDOOSRLQW�SHQ���>,W�VKRXOG�EH�HPSKDVL]HG�WKDW�WKLV�VFKHPDWLF�LV�QRW�LQWHQGHG�WR�UHSUHVHQW

WKH� VWUXFWXUH� RI� DOO� SRVVLEOH� EDOOSRLQW� SHQV� �VRPH� EDOOSRLQW� SHQV� GRQ¶W� KDYH� D� UHWUDFWLRQ

PHFKDQLVP�� IRU� H[DPSOH��� EXW� UDWKHU� WKH� SDUWLFXODU� NLQG� RI� SHQ� IRXQG� LQ� VRPH� K\SRWKHVL]HG

GRPDLQ�@

6SULQJ

Cartridge

,QN
6XSSO\

Lowe
r
Body

&DUWULGJH

/RZHU
%DUUHO

%DOO�
SRLQW
SHQ

8SSHU
%RG\

/RZHU
%RG\

%XWWRQ

5HWUDF�
WLRQ
0HFK�

8SSHU
%DUUHO

$VVHPEO\
3URFHVV ��

$VVHPEO\
3URFHVV ��

$VVHPEO\
3URFHVV ��

$VVHPEO\
3URFHVV ��

	

	

	

	

)LJXUH��������&RPSOH[�6WULFW�6WDWH�&RPSRVLWLRQ�6FKHPDWLF�IRU�WKH�.LQG�%DOOSRLQW�3HQ
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,Q� WKH� XVXDO� FDVH�� WKH� REMHFW�E� UHVXOWLQJ� IURP� D� FRPSRVLWLRQ� SURFHVV�ZLOO� EH� GLVWLQFW� IURP� WKH

REMHFWV�D����������DQ RI�ZKLFK�LW�LV�FRPSRVHG���+RZHYHU��WKH�FRQFHSWLRQ�RI�REMHFWV�KHUH�LV�IOH[LEOH

HQRXJK�WKDW�WKLV�LV�QRW�DOZD\V�VR��D�FDU�ERG\�ZLWKRXW�D�VLGH�YLHZ�PLUURU�LV�LQWXLWLYHO\�WKH�VDPH�DV

WKH� FDU�ERG\� WKDW� UHVXOWV� IURP� DIIL[LQJ� VXFK� D� PLUURU�� � +HQFH�� WKH� UHSUHVHQWDWLRQ� RI� VWURQJ

WUDQVLWLRQ� LQ� FRPSRVLWLRQ� VFKHPDWLFV� LV� SHUPLWWHG� DV� ZHOO�� LQGLFDWHG� RQFH� DJDLQ� E\� PHDQV� RI

GRXEOH�WLS� DUURZV�� DV� LQ� )LJXUH� ������ � 1RWH� DOVR� WKDW� LQVWDQWDQHRXV� WUDQVLWLRQV� FDQ� DOVR� EH

UHSUHVHQWHG�E\�DSSURSULDWH�SODFHPHQW�RI�WKH�∆�V\PERO�

$WWDFK
0LUURU

∆

$XWR
%RG\

6LGH�YLHZ
0LUURU

$XWR
%RG\
�

0LUURU

)LJXUH��������6WURQJ�6WDWH�7UDQVLWLRQ�LQ�D�&RPSRVLWLRQ�6FKHPDWLF

,Q�WKH�FRQWH[W�RI�26
V��ZKHUH�WKHUH�LV�DQ�H[SOLFLW�WHPSRUDO�FRPSRQHQW��WKH�QRWLRQ�RI�REMHFW�VWDWH

GHFRPSRVLWLRQ�PDNHV�VHQVH�� � ,W� LV�� IXUWKHUPRUH��HDV\�WR�VSHFLI\��DV� LW� LV� MXVW� WKH�LQYHUVH�RI�VWDWH

FRPSRVLWLRQ��LWV�UHSUHVHQWDWLRQ��VKRZQ�LQ�)LJXUH�������UHIOHFWV�WKLV�
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)LJXUH��������2EMHFW�6WDWH�'HFRPSRVLWLRQ�6FKHPDWLF

7KH�VHPDQWLFV�RI�D�VWDWH�GHFRPSRVLWLRQ�VFKHPDWLF�DV�ZHOO�LV�MXVW�WKH�LQYHUVH�RI�WKH�VHPDQWLFV�IRU

FRPSRVLWLRQ�VFKHPDWLFV���$QG�RQFH�DJDLQ��GRXEOH�WLS�DUURZV�DUH�SHUPLWWHG�IRU�LQGLFDWLQJ�VWURQJ

WUDQVLWLRQV�� � 6WDWH� WUDQVLWLRQ� VFKHPDWLFV� FDQ� EH� WDNHQ� WR� EH� OLPLWLQJ� FDVHV� RI� FRPSRVLWLRQ� DQG

GHFRPSRVLWLRQ�VFKHPDWLFV�IRU�WKH�FDVH�Q� ���
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7KH�QH[W�26�FRQVWUXFW� WR�EH� LQWURGXFHG�±�D�GLVMXQFWLYH� VWDWH� WUDQVLWLRQ�VFKHPDWLF�±� LV�D� ORJLFDO

VFKHPDWLF� WKDW� LQGLFDWHV� WKDW�DQ�REMHFW� VWDWH�PD\� WUDQVLWLRQ�DOWHUQDWLYHO\� WR�RQH�RI� D�QXPEHU�RI

RWKHU�VWDWHV��DV�VKRZQ�LQ�)LJXUH������

�
�
�

3
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)LJXUH��������'LVMXQFWLYH�6WDWH�7UDQVLWLRQ�6FKHPDWLF

7KH� W\SH� RI� GLVMXQFWLRQ� KHUH� LV� LQFOXVLYH�� LQ� WKDW� LW� SHUPLWV� D� WUDQVLWLRQ� IURP�%� WR� DQ\� RI� WKH

VXEVHTXHQW� VWDWHV�� SRVVLEO\� PRUH� WKDQ� RQH�� � 7R� LQGLFDWH� H[FOXVLYH� GLVMXQFWLRQ�� ZKLFK� SHUPLWV

WUDQVLWLRQ�WR�QR�PRUH�WKDQ�RQH�RI�WKH�VXEVHTXHQW�VWDWHV��WKH�FRQVWUXFW�LQ�)LJXUH������LV�XVHG�

�
�
�

3
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)LJXUH��������([FOXVLYH�'LVMXQFWLYH�6WDWH�7UDQVLWLRQ�6FKHPDWLF

%\� WKH� VDPH� WRNHQ��D�FRQMXQFWLYH� VFKHPDWLF� LV� LQWURGXFHG� WR� LQGLFDWH�D� WUDQVLWLRQ� IURP�D�JLYHQ

VWDWH�WR�DOO�RI�VHYHUDO�VXEVHTXHQW�VWDWHV��DV�LOOXVWUDWHG�LQ�)LJXUH������

�
�
�

3

% 	

)LJXUH��������&RQMXQFWLYH�6WDWH�7UDQVLWLRQ�6FKHPDWLF
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,Q�HDFK�FDVH��WKH�PRGHOHU�LV�SHUPLWWHG�WR�DWWDFK�D�SURFHVV�V\PERO�WR�WKH�MXQFWLRQ�RU�WR�HDFK�DUURZ

H[WHQGLQJ� IURP� WKH� MXQFWLRQ� �EXW� QRW� ERWK��� � ,Q� WKH� FDVH� RI� GLVMXQFWLRQV�� DWWDFKLQJ� D� SURFHVV

V\PERO� WR� WKH� MXQFWLRQ�PHDQV� WKDW� WKH� LQGLFDWHG�SURFHVV�FDQ�EULQJ�DERXW�DQ\�RI� WKH� VXEVHTXHQW

VWDWHV�� � ,Q� WKH� FDVH� RI� FRQMXQFWLRQV�� DWWDFKLQJ� D� SURFHVV� V\PERO� WR� WKH� MXQFWLRQ�PHDQV� WKDW� WKH

LQGLFDWHG�SURFHVV�EULQJV� DERXW� DOO� RI� WKH� VXEVHTXHQW� WUDQVLWLRQV�� � �'HFRPSRVLWLRQ�� WKHUHIRUH�� LV

MXVW�D�VSHFLDO�FDVH�RI�D�FRQMXQFWLYH�VWDWH�WUDQVLWLRQ�VFKHPDWLF�ZKHQ�WKH�OLQHV�OHDGLQJ�RXW�IURP�WKH

MXQFWLRQ�LQGLFDWH�WKH�SDUW�RI�UHODWLRQ����-XGLFLRXV�XVH�RI�WKH�∆�RSHUDWRU�RQFH�DJDLQ�FDQ�EH�XVHG�WR
LQGLFDWH�ZKLFK��LI�DQ\��RI�WKH�WUDQVLWLRQV�LQ�DQ��LQFOXVLYH�RU�H[FOXVLYH��GLVMXQFWLYH�RU�FRQMXQFWLYH

VFKHPDWLF�DUH�LQVWDQWDQHRXV�

$V�ZLWK�FRPSRVLWLRQ��WKHVH�ORJLFDO�VFKHPDWLFV�KDYH�©FRQYHUVHV�ª��6SHFLILFDOO\��ZKHUH�WKH�V\PERO

µ
¶�LV�O��X��RU�&��WKH�GLDJUDP�LQ�)LJXUH������LV�DOVR�D�VFKHPDWLF�

�
�
�

3

%



)LJXUH��������&RQYHUVH�/RJLFDO�6WDWH�7UDQVLWLRQ�6FKHPDWLF

7KH�VHPDQWLFV�LQ�HDFK�FDVH�ZLOO�EH�H[DFWO\� WKH�FRQYHUVH�RI� WKH�FRUUHVSRQGLQJ�VFKHPDWLF�DERYH�

�+HQFH��LQ�SDUWLFXODU��FRPSRVLWLRQ�VFKHPDWLFV�ZLOO�EH�VSHFLDO�FDVHV�RI� WKH�FRQYHUVH�FRQMXQFWLRQ

VFKHPDWLF����,W�LV�FRQFHLYDEOH�WKDW�RQH�REMHFW�VWDWH�PLJKW�WUDQVLWLRQ�DOWHUQDWLYHO\�LQ�PDQ\�GLIIHUHQW

ZD\V��DV�LOOXVWUDWHG�LQ�)LJXUH������
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)LJXUH��������$Q�26�,OOXVWUDWLQJ�3RVVLEOH�&RPSOH[�6WDWH�7UDQVLWLRQ�/RJLF

������� +LGLQJ�2EMHFW�6WDWH�,QIRUPDWLRQ

$V�ZLWK� FRPSRVLWLRQ� DQG� FODVVLILFDWLRQ� VFKHPDWLFV�� LW� LV� SRVVLEOH� WR� KLGH� LQIRUPDWLRQ� LQ� REMHFW

VWDWH� VFKHPDWLFV�� �7KDW� LV�� IRU� FHUWDLQ�SXUSRVHV�� LW�PD\� RIWHQ� SURYH� XVHIXO� WR� FROODSVH� FRPSOH[

VWDWH�WUDQVLWLRQ�LQIRUPDWLRQ�DERXW�D�JLYHQ�REMHFW�LQWR�D�VLQJOH�REMHFW�VWDWH���)RU�H[DPSOH��D�VHULHV

RI�VWDWH�WUDQVLWLRQV�LQYROYHG�LQ�WKH�SURFHVV�RI�KHDWLQJ�ZDWHU�IURP�IUHH]LQJ�WR�ERLOLQJ�LV�GHSLFWHG�LQ

)LJXUH������

:DWHU�
%RLOLQJ

:DWHU�
:DUP

:DWHU�
&ROG

∆:DWHU�
+RW

:DWHU�
)UR]HQ

0HOW LFH +HDW WR
��X &

+HDW WR
���X &

)LJXUH��������6WDWH�7UDQVLWLRQV�LQ�D�+HDWLQJ�3URFHVV

,I��IURP�D�FHUWDLQ�SHUVSHFWLYH��WKH�LQWHUPHGLDWH�WUDQVLWLRQV�IURP�LFH�WR�ERLOLQJ�ZDWHU�DUH�LUUHOHYDQW�

WKHQ�WKHVH�WUDQVLWLRQV�FDQ�EH�KLGGHQ�LQ�D�VLQJOH�VWDWH�LQ�ZKLFK�WKH�RQO\�UHOHYDQW�VWDWH�LV�WKH�FRDUVH�

JUDLQHG�:DWHU�EHLQJ�KHDWHG�DV�GHSLFWHG� LQ�)LJXUH�������DJDLQ�D�GRXEOH�FLUFOH� LV�XVHG��RQO\� LQ

WKLV�FDVH�DQµ6¶�LQGLFDWHV�WKDW�WKH�W\SH�RI�LQIRUPDWLRQ�WKDW�LV�KLGGHQ�LV�VWDWH�WUDQVLWLRQ�LQIRUPDWLRQ�



���

,FH

+HDW ZDWHU

:DWHU
EHLQJ
KHDWHG

%RLOLQJ
ZDWHU

S

0HOW LFH

)LJXUH��������+LGLQJ�6WDWH�7UDQVLWLRQ�,QIRUPDWLRQ

7KH�SURFHGXUH� IRU�JHQHUDWLQJ�D�FRDUVH�JUDLQHG�VFKHPDWLF� IURP�D� ILQHU�JUDLQHG�VFKHPDWLF� LV� QRW

TXLWH�DOJRULWKPLF���,Q�WKH�H[DPSOH��WKH�NLQG�V\PERO�IRU�:DWHU�EHLQJ�KHDWHG�FDQ�EH�WKRXJKW�RI�DV

GLUHFWO\� UHSODFLQJ� WKH�©VFKHPDWLFª�RI�)LJXUH�������FRQVLVWLQJ�RI� WKH�PLGGOH� WKUHH�NLQG� V\PEROV

DQG�WKHLU�FRQQHFWLQJ�OLQNV���+RZHYHU��WKH�LQVWDQWDQHRXV�WUDQVLWLRQ�VFKHPDWLF�LQ�)LJXUH������KDG

WR�EH�UHSODFHG�E\�DQ�RUGLQDU\�VWDWH�WUDQVLWLRQ�VFKHPDWLF��DQG�DQ�DSSURSULDWH�ODEHO�KDG�WR�EH�IRXQG

IRU� WKH� DWWDFKHG� SURFHVV� ER[�� �7KH� H[DFW� QDWXUH� RI� WKLV� DOWHUDWLRQ� KDG� WR� EH� GHWHUPLQHG� E\� WKH

QDWXUH�RI�WKH�UHSUHVHQWHG�SURFHVV�DQG��KHQFH��LV��LQ�JHQHUDO��D�QRQDOJRULWKPLF�PRGHOLQJ�GHFLVLRQ�

������� ,QWHJUDWLQJ�7UDQVLWLRQ�6FKHPDWLFV�DQG�5HODWLRQ�6FKHPDWLFV

26
V� LQWHJUDWH� QDWXUDOO\� LQWR� RUGLQDU\� ,'()�� VFKHPDWLFV� DV� WKH� 26� FRQVWUXFWV� DUH� VLPSOH

H[WHQVLRQV�RI� WKH�VFKHPDWLF� ODQJXDJH�SUHVHQWHG�DERYH��RQH�FDQ�VXSSOHPHQW�DQ\�VFKHPDWLF�EXLOW

IURP� WKH� RULJLQDO� FRQVWUXFWV� ZLWK� 26� FRQVWUXFWV� DV� GHVLUHG�� � $Q� H[DPSOH� RI� WKLV� ZDV� VHHQ� LQ

)LJXUH�������LQ�ZKLFK�FRPSRVLWLRQ�LQIRUPDWLRQ�DQG�SURFHVV�LQIRUPDWLRQ�DUH�LQWHJUDWHG�LQ�D�VLQJOH

JHQHUDOL]HG�VWDWH�FRPSRVLWLRQ�VFKHPDWLF���$QRWKHU�VLPSOH�H[DPSOH�RI�D�VFKHPDWLF�WKDW�LQWHJUDWHV

ERWK�WKH�RULJLQDO�FRQVWUXFWV�DQG�WKH�26�FRQVWUXFWV�LV�VHHQ�LQ�)LJXUH������
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)LJXUH��������,'()��6FKHPDWLF�,QYROYLQJ�26�&RQVWUXFWV
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,Q�WKLV�H[DPSOH��LQ�DGGLWLRQ�WR�LQGLFDWLQJ�WKH�WUDQVLWLRQ�RI�D�ZHW�SDLQW�REMHFW�WR�D�GU\�SDLQW�REMHFW

YLD� D� GU\LQJ� SURFHVV�� UHODWLRQ� V\PEROV� DUH� XVHG� WR� LQGLFDWH� WKDW� WKH� VWDWHV�:HW�3DLQW� DQG�'U\

3DLQW�DUH�DOVR�UHODWHG�WR�RWKHU�NLQGV��DV�LQGLFDWHG�E\�WKH�ODEHOV�RQ�WKH�DUURZV���$JDLQ��GHVSLWH�WKH

IDFW� WKDW� UHODWLRQ� V\PEROV� DUH� VLPLODU� WR� WKH� DUURZV�XVHG� LQ� WUDQVLWLRQ� VFKHPDWLFV� DQG� SRLQW�RI�

WUDQVLWLRQ� VFKHPDWLFV�� WKHUH� LV� QR� GDQJHU� RI� DPELJXLW\�� DV� WKH� DUURZV� LQ� WUDQVLWLRQ� VFKHPDWLFV

DOZD\V�LQFOXGH�DQ�RSHQ�FLUFOH�

��� 7KH�,'()��(ODERUDWLRQ�/DQJXDJH

����� 2YHUYLHZ

7KH� ,'()�� (ODERUDWLRQ� /DQJXDJH� LV� D� VWUXFWXUHG� WH[WXDO� ODQJXDJH� WKDW� IDFLOLWDWHV� WKH� GLUHFW

FDSWXUH�RI�RQWRORJLHV���7KH�SRZHU�RI�WKH�ODQJXDJH�GHULYHV�IURP�LWV�WKHRUHWLFDOO\�VRXQG�IRXQGDWLRQ

DQG� LWV� H[SUHVVLYHO\� ULFK� VWUXFWXUH�� � 7KH� GHVLJQ� RI� WKH� ,'()�� (ODERUDWLRQ� /DQJXDJH� ZDV

PRWLYDWHG�E\�WKH�QHHG�WR�FDSWXUH�DQG�UHSUHVHQW�FRPSOH[�RQWRORJ\�NQRZOHGJH�IURP�D�ZLGH�UDQJH

RI� DSSOLFDWLRQ� GRPDLQV�� � :KLOH� D� JUDSKLFDO� PHGLXP� FDQ� KHOS� WR� YLVXDOL]H� UHODWLYHO\� VLPSOH

RQWRORJ\�NQRZOHGJH�� LWV�H[SUHVVLYH� OLPLWDWLRQ�GRHV�QRW�DOORZ�FRPSOH[� LQIRUPDWLRQ� WR�EH�HDVLO\

H[SUHVVHG��LI�DW�DOO����+HQFH��WKH�QHFHVVLW\�IRU�D�PRUH�H[SUHVVLYH�PHGLXP�ZDV�HYLGHQW�

7KH�SHUFHLYHG�XVHUV�RI� WKH� ,'()��(ODERUDWLRQ�/DQJXDJH�DUH�NQRZOHGJH�HQJLQHHUV�DQG�V\VWHPV

DQDO\VWV�LQ�FROODERUDWLRQ�ZLWK�GRPDLQ�H[SHUWV�� �7KH�ODQJXDJH�LV� LQWHQGHG�WR�EH�XVHG�DORQJ�ZLWK

WKH�,'()��6FKHPDWLF�/DQJXDJH���7KH�WZR�ODQJXDJHV�ZLOO�FRPSOHPHQW�HDFK�RWKHU�LQ�D�YDULHW\�RI

GLIIHUHQW�XVDJH�VFHQDULRV�

� 7KH� V\VWHP� DQDO\VW� DQG� GRPDLQ� H[SHUW� UHFRUG� DQ� LQLWLDO� RQWRORJ\� ZLWK� WKH� ,'()�

6FKHPDWLF�/DQJXDJH���7KLV�LQLWLDO�NQRZOHGJH�LV�DQDO\]HG��WKHQ�UHFDVW�LQWR�WKH��PRUH

VWUXFWXUHG��(ODERUDWLRQ�/DQJXDJH�IRUPDW���

� 7KH� RQWRORJ\� FDSWXUH� LV� GRQH� FRQFXUUHQWO\�ZLWK� WKH� (ODERUDWLRQ� /DQJXDJH� DQG� WKH

6FKHPDWLF� /DQJXDJH�� ZLWK� RQH� ODQJXDJH� FRPSOHPHQWLQJ� WKH� RWKHU� WKURXJKRXW� WKH

NQRZOHGJH�FDSWXUH�SKDVH�

� 7KH� NQRZOHGJH� FDSWXUH� LV� GRQH� HQWLUHO\� ZLWK� WKH� (ODERUDWLRQ� /DQJXDJH�� � 7KH

6FKHPDWLF�/DQJXDJH� LV�XVHG�PDLQO\� IRU�FRPPXQLFDWLRQ� DQG�SRVW�DFTXLVLWLRQ�YLVXDO

DQDO\VLV�SXUSRVHV�

                                                          

��,I ,'()� LV XVHG ZLWK DQ DXWRPDWHG WRRO� VRPH RI WKH UHFDVW FRXOG EH GRQH DXWRPDWLFDOO\ XVLQJ WKH LQIRUPDWLRQ
UHSUHVHQWHG LQ WKH VFKHPDWLF ODQJXDJH�
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$V� VWDWHG� SUHYLRXVO\�� WKH� (ODERUDWLRQ� /DQJXDJH� FDQ� EH� XVHG� WR� FDSWXUH� WKH� HQWLUH� RQWRORJ\�

7KHUHIRUH�� VRPH� RI� LWV� FRQVWUXFWV� GXSOLFDWH� WKH� IXQFWLRQV� RI� WKH� 6FKHPDWLF� /DQJXDJH� DQG� WKH

VSHFLILFDWLRQ� IRUPV� DVVRFLDWHG� ZLWK� WKH� NLQGV�� UHODWLRQV�� SURSHUWLHV�� VRXUFH� PDWHULDO�� VRXUFH�

VWDWHPHQWV�� DQG� RQWRORJ\�WHUPV�� � ,Q� JHQHUDO�� WKH� FDSWXUH� RI� RQWRORJ\� LQIRUPDWLRQ� XVLQJ

(ODERUDWLRQ�/DQJXDJH�FRQVWUXFWV�ZLOO�EH�PRUH�GLIILFXOW� WKDQ�XVLQJ�WKH�6FKHPDWLF�/DQJXDJH�DQG

ZLOO�UHTXLUH�JRRG�NQRZOHGJH�DQG�XQGHUVWDQGLQJ�RI�WKH�ODQJXDJH�

6XEVHFWLRQ�������GHVFULEHV� WKH�YDOLG� VHQWHQFHV�RI� WKH� ODQJXDJHV� DQG�JLYHV� H[DPSOHV�RI� XVH� IRU

HDFK�FRQVWUXFW���)RU�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�ODQJXDJH��UHIHU�WR�$SSHQGL[�$��ZKLFK�FRQWDLQV

WKH�JUDPPDU�IRU�WKH�ODQJXDJH�

����� 'HVFULSWLRQ�RI�WKH�/DQJXDJH

7KH�V\QWD[�RI� WKH� ODQJXDJH�XVHV�D�SUHIL[�QRWDWLRQ�DQG�SDUHQWKHVHV� WR�GHOLPLW�H[SUHVVLRQV�� �7KH

DOSKDEHW�IRU�WKH�ODQJXDJH�FRQVLVWV�RI�WKH�VWDQGDUG�DOSKDQXPHULF�DQG�SXQFWXDWLRQ�FKDUDFWHUV���7KH

FRUH�RI� WKH�,'()��(ODERUDWLRQ�/DQJXDJH��ZKLFK�HQDEOHV� WKH�H[SUHVVLRQ�RI�D[LRPV�� LV�EDVHG�RQ

WKH�.QRZOHGJH� ,QWHUFKDQJH�)RUPDW� �.,)�� >*HQHVHUHWK���@�� � ,Q� WKLV� VXEVHFWLRQ�� WKH� WHUP�VWULQJ

ZLOO�UHIHU�WR�DQ\�ILQLWH�VHTXHQFH�RI�FKDUDFWHUV�DQG�ZKLWH�VSDFHV�HQFORVHG�LQ�GRXEOH�TXRWHV���,Q�WKH

IROORZLQJ�VXEVHFWLRQV��WKH�ZRUGV�WKDW�DUH�UHVHUYHG�ZRUGV�LQ�WKH�ODQJXDJH��L�H���WKDW�KDYH�D�VSHFLILF

PHDQLQJ�LQ�WKH�ODQJXDJH��ZLOO�LQ�DSSHDU�LQ�&RXULHU�IRQW�

������� &RQVWDQWV��9DULDEOHV��DQG�2SHUDWRUV

7KH�QRWLRQ�RI�D�ZRUG�LV�WDNHQ�DV�D�SULPLWLYH�RI�WKH�,'()��(ODERUDWLRQ�/DQJXDJH���$�VHQWHQFH�LQ

WKH�ODQJXDJH�LV�FRPSRVHG�RI�RSHUDWRUV��FRQVWDQWV��DQG��SRVVLEO\��YDULDEOHV�

��������� &RQVWDQWV

$�FRQVWDQW�LV�D�ZRUG�WKDW�LV�QHLWKHU�DQ�RSHUDWRU�QRU�D�YDULDEOH���&RQVWDQWV�FDQ�EH�YLHZHG�DV�ZRUGV

GHQRWLQJ�REMHFWV�LQ�WKH�ZRUOG���,Q�WKH�,'()��(ODERUDWLRQ�/DQJXDJH��FRQVWDQWV�DUH�GLYLGHG�LQWR�WKH

IROORZLQJ�FDWHJRULHV�

� 2QWRORJ\�&RQVWDQWV $Q�RQWRORJ\�FRQVWDQW�LV�D�ZRUG�GHQRWLQJ��DQ�RQWRORJ\�

� /RJLFDO�&RQVWDQWV $�ORJLFDO�FRQVWDQW�LV�D�ZRUG�GHQRWLQJ�D�WUXWK�YDOXH�

� ,QGLYLGXDO�&RQVWDQWV $Q�LQGLYLGXDO�FRQVWDQW�LV�D�ZRUG�GHQRWLQJ��DQ�LQGLYLGXDO�
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� .LQG�&RQVWDQWV $�NLQG�FRQVWDQW�LV�D�ZRUG�GHQRWLQJ�D�NLQG�

� )LUVW�2UGHU�5HODWLRQ�&RQVWDQWV $�ILUVW�RUGHU�UHODWLRQ�FRQVWDQW�LV�D�ZRUG�GHQRWLQJ

D�ILUVW�RUGHU�SUHGLFDWH��L�H���D�UHODWLRQ�WKDW�KROGV�EHWZHHQ�LQGLYLGXDOV��

� 6HFRQG�2UGHU�5HODWLRQ�&RQVWDQWV $� VHFRQG�RUGHU� UHODWLRQ� FRQVWDQW� LV� D� ZRUG

GHQRWLQJ� D� VHFRQG�RUGHU� SUHGLFDWH� �L�H��� D� UHODWLRQ� WKDW� KROGV� EHWZHHQ� ILUVW� RUGHU

UHODWLRQV��

� 5HODWLRQ�&RQVWDQWV$�UHODWLRQ�FRQVWDQW�LV�HLWKHU�D�ILUVW�RUGHU�SUHGLFDWH�FRQVWDQW�RU�D

VHFRQG�RUGHU�SUHGLFDWH�FRQVWDQW�

� )XQFWLRQ�&RQVWDQWV $�IXQFWLRQ�FRQVWDQW�LV�D�ZRUG�GHQRWLQJ�D�IXQFWLRQ�

� $WWULEXWH�&RQVWDQWV $Q�DWWULEXWH�FRQVWDQW�LV�D�ZRUG�GHQRWLQJ�DQ�DWWULEXWH�

� 3URSHUW\�&RQVWDQWV $�SURSHUW\�FRQVWDQW�LV�D�ZRUG�GHQRWLQJ�D�SURSHUW\���

� 2EMHFW�6WDWH�&RQVWDQW $Q� REMHFW�VWDWH� FRQVWDQW� LV� D� FRQVWUXFW� RI� WKH� IRUP

NLQG�SURSHUW\��ZKHUH�NLQG�LV�D�NLQG�FRQVWDQW�DQG�SURSHUW\�LV�D�SURSHUW\�FRQVWDQW�

� 6RXUFH�6WDWHPHQW�&RQVWDQWV $� VRXUFH�VWDWHPHQW� FRQVWDQW� LV� D� ZRUG� GHQRWLQJ� D

VRXUFH�VWDWHPHQW�

� 2QWRORJ\�7HUP�&RQVWDQWV $Q�RQWRORJ\�WHUP�FRQVWDQW�LV�D�ZRUG�GHQRWLQJ�D�WHUP�LQ

WKH�RQWRORJ\�

� 6RXUFH�&RQVWDQWV $�VRXUFH�FRQVWDQW�LV�D�ZRUG�GHQRWLQJ�D�VRXUFH�

� 1RWH�&RQVWDQWV $�QRWH�FRQVWDQW�LV�D�ZRUG�GHQRWLQJ�D�QRWH�

([DPSOHV�RI�FRQVWDQWV�DUH�0DU\��DQ�LQGLYLGXDO�FRQVWDQW���&DU��D�NLQG�FRQVWDQW���DQG�7UDQVLWLYH

�D� SURSHUW\� FRQVWDQW��� � ,Q� WKH� GHVFULSWLRQ� RI� WHUPV�� GHILQLWLRQV�� DQG� VHQWHQFHV� �VHH� 6XEVHFWLRQV

������������������WKH�WHUP�,'()��FRQVWDQW�ZLOO�EH�XVHG�WR�UHIHU�WR�DQ\�FRQVWDQW�WKDW�LV�QHLWKHU�DQ

RQWRORJ\�FRQVWDQW�QRU�D�ORJLFDO�FRQVWDQW���&RQVWDQW�PD\�EH�SUHIL[HG�E\�WKH�QDPH�RI�DQ�RQWRORJ\

ZKHQ� QHFHVVDU\� WR� GLVDPELJXDWH� D� WHUP� �H�J��� PDQXIDFWXULQJ��WHFKQRORJ\� ZKHUH

                                                          

��3URSHUWLHV DUH WUHDWHG VHSDUDWHO\ IURP UHODWLRQV LQ WKH ,'()� HODERUDWLRQ ODQJXDJH EHFDXVH RI WKHLU UROHV DV SULPDU\
FRQFHSWV RI WKH PHWKRG� $ SURSHUW\ FDQ EH D ILUVW�RUGHU SUHGLFDWH LI LW DSSOLHV WR LQGLYLGXDOV� RU D VHFRQG�RUGHU
SUHGLFDWH LI LW DSSOLHV WR UHODWLRQV EHWZHHQ LQGLYLGXDOV�
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PDQXIDFWXULQJ�LV�WKH�QDPH�RI�DQ�RQWRORJ\�DQG�WHFKQRORJ\�LV�WKH�QDPH�RI�D�NLQG�WKDW�LV�SDUW�RI

WKH�PDQXIDFWXULQJ�RQWRORJ\��

��������� 9DULDEOHV

$� YDULDEOH� FDQ� EH� YLHZHG� DV� D� RQH�SODFH� KROGHU� IRU� D� FRQVWDQW�� � ,Q� WKH� ,'()�� (ODERUDWLRQ

/DQJXDJH�� D� YDULDEOH� LV� D� ZRUG� ZKRVH� ILUVW� FKDUDFWHU� LV� HLWKHU� "� RU� ��� � $� ZRUG� ZKRVH� ILUVW

FKDUDFWHU� LV�"� LV�DQ� LQGLYLGXDO�YDULDEOH��L�H���D�RQH�SODFH�KROGHU� IRU�DQ� LQGLYLGXDO�FRQVWDQW��� �$

ZRUG�ZKRVH�ILUVW�FKDUDFWHU�LV��� LV�DQ�SUHGLFDWH�YDULDEOH��L�H���D�RQH�SODFH�KROGHU�IRU�D�SUHGLFDWH

FRQVWDQW����,QGLYLGXDO�YDULDEOHV�DUH�XVHG�LQ�TXDQWLI\LQJ�RYHU�LQGLYLGXDO�FRQVWDQWV�ZKLOH�SUHGLFDWH

YDULDEOHV�DUH�XVHG�LQ�TXDQWLI\LQJ�RYHU�SUHGLFDWH�FRQVWDQWV�� �([DPSOHV�RI�YDULDEOHV�DUH�"[��"LQG�

�S��DQG��SUHG�

��������� 2SHUDWRUV

2SHUDWRUV�DUH�UHVHUYHG�ZRUGV�DQG�FKDUDFWHUV�WKDW�FDQ�EH�XVHG�WR�IRUP�FRPSOH[�H[SUHVVLRQV���7KH

RSHUDWRUV�WKDW�DUH�SDUW�RI�WKH�,'()��(ODERUDWLRQ�/DQJXDJH�DUH�SUHVHQWHG�LQ�WKLV�6XEVHFWLRQ���)RU�D

EHWWHU�XQGHUVWDQGLQJ�RI�WKH�XVH�RI�WKHVH�RSHUDWRUV��UHIHU�WR�6XEVHFWLRQV���������DQG���������

� 'HILQLWLRQ�2SHUDWRUV 7KHVH� RSHUDWRUV� DUH� XVHG� LQ� IRUPLQJ� GHILQLWLRQV�� � 7KHUH� DUH

ILYH�GHILQLWLRQ�RSHUDWRUV�LQ�WKH�/DQJXDJH���WKH�GHILQH�UHODWLRQ�RSHUDWRU�LV�XVHG

LQ� IRUPLQJ� GHILQLWLRQV� RI� VHFRQG� DQG� WKLUG�RUGHU� SUHGLFDWHV�� WKH

GHILQH�IXQFWLRQ� RSHUDWRU� LV� XVHG� LQ� IRUPLQJ� GHILQLWLRQV� RI� IXQFWLRQV�� WKH

GHILQH�LQGLYLGXDO� RSHUDWRU� LV� XVHG� LQ� IRUPLQJ� GHILQLWLRQV� RI� LQGLYLGXDOV�

ILQDOO\��WKH�RSHUDWRUV�� �DQG��DUJ�W\SHV�DUH�RSHUDWRUV�WKDW�DUH�XVHG�LQ�GHILQLWLRQV

�IRU�PRUH�RQ�WKHVH�RSHUDWRUV��VHH�6XEVHFWLRQV���������DQG����������

� 7HUP�2SHUDWRUV7KHVH� RSHUDWRUV� DUH� XVHG� WR� IRUP� FRPSOH[� WHUPV�� � 7KHUH� DUH� VL[

VXFK�RSHUDWRUV���OLVWRI��VHWRI��LI��FRQG��WKH��DQG�VHWRIDOO�

� 6HQWHQFH�2SHUDWRUV 7KHVH� RSHUDWRUV� DUH� XVHG� WR� IRUP� FRPSOH[� VHQWHQFHV�� � 7KH

,'()��(ODERUDWLRQ�/DQJXDJH�LQFOXGHV�FRPPRQ�ORJLFDO�RSHUDWRUV�� ��� ��QRW��DQG�

RU�� LPSOLHV�� HTXLY�� IRUDOO�� DQG� H[LVWV��� WZR� PRGDO� RSHUDWRUV� �QHF� IRU

QHFHVVDU\�DQG�SRV�IRU�SRVVLEO\���DQG�D�QXPEHU�RI�,'()��6SHFLILF�RSHUDWRUV�� �)RU�D

FRPSOHWH�OLVW�RI�,'()��6SHFLILF�RSHUDWRUV��UHIHU�WR�$SSHQGL[�$�
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������� 7HUPV

7KH� ,'()��(ODERUDWLRQ�/DQJXDJH� VXSSRUWV� WKUHH� W\SHV� RI� H[SUHVVLRQV�� � WHUPV�� GHILQLWLRQV�� DQG

VHQWHQFHV���7HUPV�DUH�XVHG�WR�GHQRWH�REMHFWV���([DPSOHV�RI�VRPH�WHUPV�DUH�VKRZQ�LQ�)LJXUH������

7HUPV�DUH�GLYLGHG�LQWR�WKH�IROORZLQJ�FDWHJRULHV�

� ,'()��&RQVWDQWV�DQG�2QWRORJ\�&RQVWDQWV $OO�FRQVWDQWV�H[FHSW�ORJLFDO�FRQVWDQWV

DUH�WHUPV�EHFDXVH�WKH\�GHQRWH�REMHFWV�LQ�WKH�GRPDLQ�RI�GLVFRXUVH�

� 9DULDEOHV $�YDULDEOH�LV�D�WHUP�EHFDXVH�LW�LV�D�RQH�SODFH�KROGHU�IRU�D�FRQVWDQW�

� $WWULEXWH�7HUP $Q�DWWULEXWH�WHUP�LV�DQ�H[SUHVVLRQ�RI�WKH�IRUP��DWWULEXWH�FRQVWDQW

LQGLYLGXDO�FRQVWDQW��� � ,W� GHQRWHV� WKH� REMHFW� FRUUHVSRQGLQJ� WR� WKH� YDOXH� RI� WKH

DWWULEXWH� GHQRWHG� E\� DWWULEXWH�FRQVWDQW� ZKHQ� DSSOLHG� WR� LQGLYLGXDO�FRQVWDQW�� � $Q

H[DPSOH�RI�DQ�DWWULEXWH� WHUP�LV� WKH�H[SUHVVLRQ� �DJH�RI�0DU\�� DV� LQ�)LJXUH������� LQ

ZKLFK�DJH�RI�LV�DQ�DWWULEXWH�FRQVWDQW�DQG�0DU\�LV�DQ�LQGLYLGXDO�FRQVWDQW���,I�0DU\�LV

��� \HDUV� RI� DJH�� WKHQ� WKH� WHUP� GHQRWHG� E\� WKH� IRUP� �DWWULEXWH�FRQVWDQW

LQGLYLGXDO�FRQVWDQW��LV�WKH�QXPEHU����

� )XQFWLRQ�7HUP $�IXQFWLRQ�WHUP�LV�DQ�H[SUHVVLRQ� WKDW�FRQWDLQV�D� IXQFWLRQ�FRQVWDQW

IROORZHG�E\�RQH�RU�PRUH�WHUPV���,W�GHQRWHV�WKH�REMHFW�FRUUHVSRQGLQJ�WR�WKH�YDOXH�RI

WKH�IXQFWLRQ�GHQRWHG�E\� IXQFWLRQ�FRQVWDQW�ZKHQ�DSSOLHG� WR� WKH�DUJXPHQW� WHUP�� �)RU

H[DPSOH��WKH�IXQFWLRQDO�WHUP��VTXDUH����GHQRWHV�WKH�REMHFW���

� /LVW�7HUP $�OLVW�WHUP�FRQVLVWV�RI�WKH�OLVWRI�RSHUDWRU�DQG�RQH�RU�PRUH�WHUPV���7KH

REMHFW�GHQRWHG�E\�D�OLVW�WHUP�LV�WKH�OLVW�RI�REMHFWV�GHQRWHG�E\�WKH�JLYHQ�WHUPV���7KH�OLVW

WHUP�H[DPSOH�SUHVHQWHG�LQ�)LJXUH������GHQRWHV� WKH�OLVW�FRQWDLQLQJ�WKH�REMHFWV�EOXH�

UHG��DQG�ZKLWH�

� 6HW�7HUP $� VHW� WHUP� FRQVLVWV� RI� WKH� VHWRI� RSHUDWRU� IROORZHG� E\� RQH� RU� PRUH

WHUPV�� � 7KH� REMHFW� GHQRWHG� E\� D� VHW� WHUP� LV� WKH� VHW� RI� REMHFWV� GHQRWHG� E\� WKH

FRUUHVSRQGLQJ�WHUPV���)RU�H[DPSOH��WKH�VHW�WHUP��VHWRI�HPSOR\HH�PDQDJHU��GHQRWHV

WKH�VHW�FRQWDLQLQJ�WKH�REMHFWV�HPSOR\HH�DQG�PDQDJHU�

� /RJLFDO�7HUP$�ORJLFDO�WHUP�FDQ�GHQRWH�RQH�RI�VHYHUDO�REMHFWV�EDVHG�RQ�VRPH�JLYHQ

FRQGLWLRQ�� � ,W� FRQVLVWV�RI�HLWKHU� WKH�LI�RSHUDWRU� IROORZHG�E\�D� VHQWHQFH� DQG�RQH�RU

WZR� WHUPV�� RU� WKH�FRQG� RSHUDWRU� DQG� D� ILQLWH� OLVW� RI� VHQWHQFH�WHUP� SDLUV�� � ,Q� ERWK

FDVHV�� WKH�VHQWHQFH�SUHFHGLQJ�D� WHUP�GHQRWLQJ�DQ�REMHFW�2� UHSUHVHQWV� WKH�FRQGLWLRQ
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WKDW�PXVW�EH�PHW�IRU�WKH�ORJLFDO�WHUP�WR�GHQRWH�2���7ZR�H[DPSOHV�RI�ORJLFDO�WHUPV�DUH

JLYHQ� LQ� )LJXUH� ������ � 7KH� WHUPV� PLJKW� EH� XVHG� WR� GHQRWH� WKH� FKLOG� VL]HV� IRU� D

SDUWLFXODU� OLQH� RI� FORWKLQJ�� � 7KH� ILUVW� WHUP� GHQRWHV� WKH� FRQVWDQW� PHGLXP� LI� WKH

DWWULEXWH�ZHLJKW�DSSOLHG�WR�D�FKLOG�LV�VWULFWO\�OHVV�WKDQ�����SRXQGV��DQG�WKH�FRQVWDQW

ODUJH�RWKHUZLVH���,Q�WKLV�IRUP�RI�D�ORJLFDO�WHUP��WKH�VHFRQG�WHUP�FDQ�EH�RPLWWHG���,Q

VXFK�FDVH��QR�GHIDXOW�WHUP�LV�VSHFLILHG�LI�WKH�FRQGLWLRQ�LV�QRW�PHW���7KH�VHFRQG�WHUP

DOORZV�IRU�D�ILQHU�JUDLQ�FKDUDFWHUL]DWLRQ���,W�GHQRWHV�WKH�FRQVWDQW�VPDOO�LI�WKH�DWWULEXWH

ZHLJKW�DSSOLHG�WR�VRPH�FKLOG�LV�VWULFWO\�OHVV�WKDQ����SRXQGV��PHGLXP�LI�WKH�DWWULEXWH

YDOXH�LV�VWULFWO\�OHVV�WKDQ�����SRXQGV��DQG�ODUJH�RWKHUZLVH�

� 4XDQWLILHG�7HUP $�TXDQWLILHG�WHUP�LV�XVHG�WR�GHQRWH�DQ�REMHFW��RU�D�VHW�RI�REMHFWV�

E\�VSHFLI\LQJ�D�FRQGLWLRQ�WKDW�DOORZV�WKH�LGHQWLILFDWLRQ�RI� WKH�REMHFW�V��� � ,W� LQYROYHV

HLWKHU� WKH�WKH� RSHUDWRU� RU� WKH�VHWRIDOO� RSHUDWRU�� � $� TXDQWLILHG� WHUP� XVLQJ� WKH

WKH� RSHUDWRU� GHQRWHV� DQ� REMHFW� WKDW� VDWLVILHV� WKH� JLYHQ� FRQGLWLRQ�� VXFK� DV� WKH� ILUVW

H[DPSOH� VKRZQ� LQ� )LJXUH� ������ ZKLFK� GHQRWHV� WKH� REMHFW� WKDW� 3DXO� PDUULHG�� � $

TXDQWLILHG�WHUP�XVLQJ�WKH�VHWRIDOO�RSHUDWRU�GHQRWHV�WKH�VHW�RI�REMHFWV�WKDW�VDWLVI\

WKH�JLYHQ�FRQGLWLRQ���$Q�H[DPSOH�RI�D�TXDQWLILHG�WHUP�XVLQJ�WKH�VHWRIDOO�RSHUDWRU

LV�WKH�VHFRQG�H[DPSOH�VKRZQ�LQ�)LJXUH�������ZKLFK�GHQRWHV�WKH�VHW�RI�DOO�REMHFWV�WKDW

DUH�PDUULHG�DQG�DUH�WKLUW\�\HDUV�RI�DJH�

$WWULEXWH 7HUP �DJH�RI 0DU\�

)XQFWLRQDO 7HUP �VTXDUH ��

/LVW 7HUP �OLVWRI EOXH UHG ZKLWH�

6HW 7HUP �VHWRI HPSOR\HH PDQDJHU�

/RJLFDO 7HUP �� �LI �� �ZHLJKW "[����� PHGLXP ODUJH�

�� �FRQG ��� �ZHLJKW "[� ��� VPDOO�

��� �ZHLJKW "[� ��� PHGLXP�

��! �ZHLJKW "[� ���� ODUJH��

4XDQWLILHG 7HUP �� �WKH �"[� �PDUULHG 3DXO "[��

�� �VHWRIDOO �"[� �DQG �PDUULHG "[� � �DJH "[� ����

)LJXUH��������([DPSOHV�RI�7HUPV�LQ�WKH�,'()��(ODERUDWLRQ�/DQJXDJH

������� 'HILQLWLRQV

$�GHILQLWLRQ�LV�D�W\SH�RI�H[SUHVVLRQ�XVHG�WR�GHILQH�DQ�LQGLYLGXDO��UHODWLRQ��RU�IXQFWLRQ�FRQVWDQW���$

GHILQLWLRQ� FDQ� EH� FRPSOHWH� RU� SDUWLDO�� � $� FRPSOHWH� GHILQLWLRQ� LV� XVHG� ZKHQ� D� FRQVWDQW� FDQ� EH

GHILQHG�FRPSOHWHO\��ZKLOH�D�SDUWLDO�GHILQLWLRQ�LV�XVHG�ZKHQ�RQO\�OLPLWHG�LQIRUPDWLRQ�LV�DYDLODEOH

UHJDUGLQJ� D� FRQVWDQW�� � )RU� H[DPSOH�� WKH� H[SUHVVLRQ� �GHILQH�LQGLYLGXDO� RULJLQ� � � �OLVWRI� �� ���
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GHILQHV�WKH�FRQVWDQW�RULJLQ�WR�EH�WKH�OLVW��������ZKLOH�WKH�H[SUHVVLRQ��GHILQH�IXQFWLRQ�)��"[�"\��

VSHFLILHV�RQO\�WKDW�WKH�IXQFWLRQ�)�WDNHV�WZR�DUJXPHQWV���$�FRQVWDQW�PD\�KDYH�RQO\�RQH�FRPSOHWH

GHILQLWLRQ�EXW�VHYHUDO�SDUWLDO�GHILQLWLRQV�

7KHUH�DUH�WKUHH�W\SHV�RI�GHILQLWLRQV�LOOXVWUDWHG�LQ�)LJXUH��������$Q�LQGLYLGXDO�GHILQLWLRQ�LV�XVHG�WR

GHILQH�DQ�LQGLYLGXDO���,Q�D�FRPSOHWH�LQGLYLGXDO�GHILQLWLRQ��WKH�QDPH�RI�WKH�LQGLYLGXDO�DQG�D�WHUP

GHILQLQJ�WKH�LQGLYLGXDO�PXVW�EH�VSHFLILHG���,Q�D�SDUWLDO�GHILQLWLRQ��RQO\�WKH�QDPH�RI�WKH�LQGLYLGXDO

PXVW�EH�VSHFLILHG�� �2SWLRQDOO\��D�VHQWHQFH�FDQ�EH� LQFOXGHG� LQ�D�SDUWLDO�GHILQLWLRQ� WR� UHVWULFW� WKH

GHILQLWLRQ�RI�WKH�LQGLYLGXDO�

$�IXQFWLRQ�GHILQLWLRQ�LV�XVHG�WR�GHILQH�D�IXQFWLRQ���,Q�D�FRPSOHWH�IXQFWLRQ�GHILQLWLRQ��WKH�QDPH�RI

WKH� IXQFWLRQ�� D� OLVW� RI� YDULDEOHV� �WKH� QXPEHU� RI� YDULDEOHV� LQ� WKH� OLVW� VSHFLILHV� WKH� DULW\� RI� WKH

IXQFWLRQ��� DQG� D� WHUP� WKDW� GHILQHV� WKH� IXQFWLRQ� PXVW� EH� JLYHQ�� � 7KH� W\SHV� RI� WKH� DUJXPHQWV

H[SHFWHG� E\� WKH� IXQFWLRQ� DQG� WKH� W\SH� RI� DUJXPHQW� WKH� IXQFWLRQ� UHWXUQV� FDQ� DOVR� EH� VSHFLILHG�

7KH\�DUH�VSHFLILHG�DV�D�OLVW�ZKRVH�HOHPHQWV�DUH�OLVWV�RI�NLQGV�RU�REMHFW�VWDWHV���(DFK�OLVW�UHSUHVHQWV

D� OHJDO� VHW� RI� DUJXPHQW� W\SHV� IRU� WKH� IXQFWLRQ�� �7KH� ODVW� HOHPHQW� LQ� D� OLVW� VSHFLILHV� WKH� W\SH� RI

DUJXPHQW�UHWXUQHG�E\�WKH�IXQFWLRQ���,Q�D�SDUWLDO�IXQFWLRQ�GHILQLWLRQ��RQO\�WKH�QDPH�RI�WKH�IXQFWLRQ

DQG�D�OLVW�RI�YDULDEOHV�PXVW�EH�VSHFLILHG���2SWLRQDOO\��WKH�W\SHV�RI�WKH�DUJXPHQWV�H[SHFWHG�E\�WKH

IXQFWLRQ�DQG�D�VHQWHQFH�UHVWULFWLQJ�WKH�GHILQLWLRQ�RI�WKH�IXQFWLRQ�FDQ�EH�DGGHG�

&RQVWDQW�

�'HILQLWLRQV

&RPSOHWH 3DUWLDO

,QGLYLGXDO �GHILQH�LQGLYLGXDO�RULJLQ

� ��OLVWRI������

�GHILQH�LQGLYLGXDO�VXQ

��URWDWHV�DURXQG�HDUWK�VXQ��

)XQFWLRQ �GHILQH�IXQFWLRQ�LQWHJUDO�SDUW��"[�

�DUJXPHQW�W\SH���UHDO�LQWHJHU��

� ��WKH��"\���DQG �LQWHJHU�"\�

� � ��"\�"[�

�!�"\����"[������

�GHILQH�IXQFWLRQ�GXUDWLRQ��"[�

�DUJXPHQW�W\SH���SURFHVV�WLPH�

LQWHUYDO��

�QXPEHU��GXUDWLRQ�"[���

5HODWLRQ �GHILQH�UHODWLRQ�EHORZ��"[�"\�

� ��DERYH�"\�"[��

�GHILQH�UHODWLRQ�GDXJKWHU�RI��"[�"\�

�DUJXPHQW�W\SH���IHPDOH�SDUHQW��

� ! �GDXJKWHU�RI�"[�"\�

�FKLOG�RI�"[�"\���

)LJXUH��������'HILQLWLRQV�LQ�WKH�,'()��(ODERUDWLRQ�/DQJXDJH$�UHODWLRQ�GHILQLWLRQ�LV�XVHG�WR

GHILQH� D� UHODWLRQ�� � $� FRPSOHWH� UHODWLRQ� GHILQLWLRQ� FRQWDLQV� WKH� QDPH� RI� WKH� UHODWLRQ�� D� OLVW� RI

YDULDEOHV� �WKH�QXPEHU�RI�YDULDEOHV� LQ� WKH� OLVW� VSHFLILHV� WKH�DULW\�RI� WKH� UHODWLRQ��� DQG�D� VHQWHQFH
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GHILQLQJ�WKH�UHODWLRQ�FRPSOHWHO\���2SWLRQDOO\��WKH�NLQGV�RI�LQVWDQFHV�WKDW�FDQ�VWDQG�LQ�WKH�UHODWLRQ

DUH�VSHFLILHG��LQ�WKH�IRUP�RI�D�OLVW�ZKRVH�HOHPHQWV�DUH�OLVWV�RI�NLQGV�RU�REMHFW�VWDWHV����,Q�D�SDUWLDO

UHODWLRQ� GHILQLWLRQ�� RQO\� WKH� QDPH� RI� WKH� UHODWLRQ� DQG� D� OLVW� RI� YDULDEOHV� PXVW� EH� VSHFLILHG�

2SWLRQDOO\��WKH�NLQGV�RI�LQVWDQFHV�WKDW�FDQ�VWDQG�LQ�WKH�UHODWLRQ��LQ�WKH�IRUP�RI�D�OLVW�RI�NLQGV�RU

REMHFW�VWDWHV��DQG�D�VHQWHQFH�UHVWULFWLQJ�WKH�GHILQLWLRQ�RI�WKH�UHODWLRQ�FDQ�EH�DGGHG�

������� 6HQWHQFHV

$�VHQWHQFH� LQ� WKH� ,'()��(ODERUDWLRQ�/DQJXDJH�H[SUHVVHV� VRPH� IDFW�DERXW� WKH�FRQVWDQWV� LQ� WKH

RQWRORJ\�� �7KHUH�DUH�VHYHQ�W\SHV�RI�VHQWHQFHV�LQ� WKH�ODQJXDJH��VRPH�RI�ZKLFK�DUH� LOOXVWUDWHG� LQ

)LJXUH������

� /RJLFDO�&RQVWDQWV $�ORJLFDO�FRQVWDQW�LV�D�ZRUG�GHQRWLQJ�D�WUXWK�YDOXH�

� (TXDWLRQ $Q�HTXDWLRQ�LV�DQ�H[SUHVVLRQ�FRQVLVWLQJ�RI�WKH�RSHUDWRU� �DQG�WZR�WHUPV�

� ,QHTXDOLW\ $Q� LQHTXDOLW\� LV� DQ� H[SUHVVLRQ� FRQVLVWLQJ� RI� WKH� V\PERO� � � DQG� WZR

WHUPV�

� 5HODWLRQ�6HQWHQFH $� UHODWLRQ� VHQWHQFH� LV� DQ� H[SUHVVLRQ� FRQVLVWLQJ� RI� D� UHODWLRQ

FRQVWDQW�RU�D�IXQFWLRQ�FRQVWDQW�IROORZHG�E\�RQH�RU�PRUH�WHUPV�

� /RJLFDO�6HQWHQFH $�ORJLFDO�VHQWHQFH�FRQVLVWV�RI�D�ORJLFDO�RSHUDWRU�IROORZHG�E\�WKH

DSSURSULDWH� QXPEHU� RI� VHQWHQFHV�� �$� ORJLFDO� VHQWHQFH�ZLWK� WKH�QRW��SRV�� RU�QHF

RSHUDWRU�FRQWDLQV�RQO\�RQH�VHQWHQFH�IRU�DUJXPHQW��ZKLOH�DQ\�RWKHU� ORJLFDO� VHQWHQFH

KDV�WZR�VHQWHQFHV�IRU�DUJXPHQW�

� 4XDQWLILHG�6HQWHQFH 7KHUH� DUH� WZR� W\SHV� RI� TXDQWLILHG� VHQWHQFHV�� � XQLYHUVDOO\

TXDQWLILHG�VHQWHQFHV�DQG�H[LVWHQWLDOO\�TXDQWLILHG�VHQWHQFHV���$�XQLYHUVDOO\�TXDQWLILHG

VHQWHQFH� FRQVLVWV� RI� WKH� RSHUDWRU� IRUDOO� IROORZHG� E\� RQH� RU� PRUH� YDULDEOHV

HQFORVHG�LQ�SDUHQWKHVHV�DQG�D�VHQWHQFH���6XFK�D�VHQWHQFH�LV�XVHG�WR�PDNH�D�JHQHUDO

VWDWHPHQW�DERXW�VRPH�FODVV�RI�REMHFWV���7KH�XQLYHUVDOO\�TXDQWLILHG�VHQWHQFH�LQ�)LJXUH

������IRU�H[DPSOH��VWDWHV�WKDW�DOO�KXPDQV�WKDW�DUH�DW�OHDVW�WZHQW\�RQH�\HDUV�RI�DJH�DUH

DGXOWV�� � $Q� H[LVWHQWLDOO\� TXDQWLILHG� VHQWHQFH� FRQVLVWV� RI� WKH� RSHUDWRU� H[LVWV

IROORZHG� E\� RQH� RU� PRUH� YDULDEOHV� HQFORVHG� LQ� SDUHQWKHVHV� DQG� D� VHQWHQFH�� � $Q

H[LVWHQWLDOO\�TXDQWLILHG�VHQWHQFH�DOORZV�WKH�GHFODUDWLRQ�RI�WKH�H[LVWHQFH�RI�DQ�REMHFW

WKDW�SRVVHVVHV�FHUWDLQ�SURSHUWLHV�
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� ,'()��6SHFLILF�6HQWHQFH$Q�,'()��VSHFLILF�VHQWHQFH�LV�D�VHQWHQFH�WKDW�HQDEOHV�WKH

LQWURGXFWLRQ� RI� FRQVWDQWV� DFFRUGLQJ� WR� WKH� FRQFHSW� VWUXFWXUH� RI� WKH� ,'()��PHWKRG�

7KLV�W\SH�RI�VHQWHQFH�LV�GHVFULEHG�LQ�GHWDLO�LQ�6XEVHFWLRQ���������

(TXDWLRQ � �DJH�RI 3DXO� ���

,QHTXDOLW\ �� �JDV�PLOHDJH WUXFN� �JDV�PLOHDJH FDU��

5HODWLRQDO VHQWHQFHV �PDUULHG�WR 6X]\ -DPHV�

/RJLFDO VHQWHQFH �DQG � �DJH 3DXO� ��� �QRW �PDUULHG�WR 3DXO 6X]\���

4XDQWLILHG VHQWHQFHV �IRUDOO �"[� � ! �DQG �KXPDQ "[� �! �DJH "[� ����

�DGXOW "[���

)LJXUH��������([DPSOHV�RI�6HQWHQFHV�LQ�WKH�,'()��(ODERUDWLRQ�/DQJXDJH

������� ,'()��6SHFLILF�6HQWHQFHV

7KHUH� DUH� HOHYHQ� FDWHJRULHV� RI� ,'()��VSHFLILF� VHQWHQFHV�� HDFK� FDWHJRU\� FRUUHVSRQGLQJ� WR� D

FRQFHSW�LQ�WKH�,'()��PHWKRG�

��������� 2QWRORJ\�&RQVWUXFWV

7KHUH� DUH� HLJKW� RQWRORJ\� FRQVWUXFWV�� HDFK� RI� ZKLFK� SURYLGHV� D� FRQVWUXFW� WR� H[SUHVV� VRPH

LQIRUPDWLRQ� DERXW� DQ� RQWRORJ\�� � 7KH� QLQH� FRQVWUXFWV� DUH� H[SODLQHG� LQ� WKLV� 6XEVHFWLRQ� DQG

H[DPSOHV�RI�VRPH�RI�WKH�FRQVWUXFWV�DUH�VKRZQ�LQ�)LJXUH������

� 2QWRORJ\�6HQWHQFH 7KLV� W\SH� RI� VHQWHQFH� LV� XVHG� WR� GHFODUH� DQ� RQWRORJ\�� � $Q

RQWRORJ\� GHFODUDWLRQ� FRQVLVWV� RI� WKH� RSHUDWRU� ,��RQWRORJ\� IROORZHG� E\� DQ

RQWRORJ\�FRQVWDQW�RU�DQ�LQGLYLGXDO�YDULDEOH�

� &RQWH[W�6HQWHQFH 7KLV�W\SH�RI�VHQWHQFH�LV�XVHG�WR�GHFODUH�WKH�FRQWH[W�LQ�ZKLFK�DQ

RQWRORJ\� LV� FDSWXUHG�� $� FRQWH[W� GHFODUDWLRQ� FRQVLVWV� RI� WKH� RSHUDWRU

,��RQWRORJ\�FRQWH[W� IROORZHG� E\� DQ� RQWRORJ\� FRQVWDQW� RU� DQ� LQGLYLGXDO

YDULDEOH�DQG�D�VWULQJ�

� 9LHZSRLQW�6HQWHQFH 7KLV� W\SH� RI� VHQWHQFH� LV� XVHG� WR� GHFODUH� WKH� YLHZSRLQW

DGRSWHG� WR�GHVFULEH� DQ�RQWRORJ\�� �$� YLHZSRLQW� GHFODUDWLRQ� FRQVLVWV� RI� WKH� RSHUDWRU

,��RQWRORJ\�YLHZSRLQW� IROORZHG� E\� DQ� RQWRORJ\� FRQVWDQW� RU� DQ� LQGLYLGXDO

YDULDEOH�DQG�D�VWULQJ�
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� 3XUSRVH�6HQWHQFH 7KLV�W\SH�RI�VHQWHQFH�LV�XVHG�WR�GHFODUH�WKH�SXUSRVH�LQ�FDSWXULQJ

DQ� RQWRORJ\�� � $� SXUSRVH� GHFODUDWLRQ� FRQVLVWV� RI� WKH� RSHUDWRU

,��RQWRORJ\�SXUSRVH� IROORZHG� E\� DQ� RQWRORJ\� FRQVWDQW� RU� DQ� LQGLYLGXDO

YDULDEOH�DQG�D�VWULQJ�

� 3URMHFW�6HQWHQFH 7KLV�W\SH�RI�VHQWHQFH�LV�XVHG�WR�GHFODUH�WKH�SURMHFW�RI�ZKLFK�WKH

RQWRORJ\� FDSWXUH� HIIRUW� LV� D� SDUW�� � $� SURMHFW� GHFODUDWLRQ� FRQVLVWV� RI� WKH� RSHUDWRU

,��RQWRORJ\�SURMHFW� IROORZHG� E\� DQ� RQWRORJ\� FRQVWDQW� RU� DQ� LQGLYLGXDO

YDULDEOH�DQG�D�VWULQJ�

� $QDO\VW�6HQWHQFH 7KLV� W\SH�RI�VHQWHQFH� LV�XVHG� WR�GHFODUH� WKH�DQDO\VW� UHVSRQVLEOH

IRU� WKH� FDSWXUH� RI� WKH� RQWRORJ\�� � $Q� DQDO\VW� GHFODUDWLRQ� FRQVLVWV� RI� WKH� RSHUDWRU

,��RQWRORJ\�DQDO\VW� IROORZHG� E\� DQ� RQWRORJ\� FRQVWDQW� RU� DQ� LQGLYLGXDO

YDULDEOH�DQG�D�VWULQJ�

� 5HYLHZHU�6HQWHQFH 7KLV� W\SH�RI� VHQWHQFH� LV�XVHG� WR�GHFODUH� WKH�SHUVRQ� UHVSRQVLEOH

IRU� UHYLHZLQJ� WKH� RQWRORJ\�� � $� UHYLHZHU� GHFODUDWLRQ� FRQVLVWV� RI� WKH� RSHUDWRU

,��RQWRORJ\�UHYLHZHU� IROORZHG� E\� DQ� RQWRORJ\� FRQVWDQW� RU� DQ� LQGLYLGXDO

YDULDEOH�DQG�D�VWULQJ�

� ,Q�2QWRORJ\�6HQWHQFH 7KLV�W\SH�RI�VHQWHQFH�LV�XVHG�WR�GHFODUH�WKDW�D�FRQVWDQW�LV�SDUW

RI� DQ� RQWRORJ\�� � ,W� FRQVLVWV� RI� WKH� RSHUDWRU� ,��LQ�RQWRORJ\� IROORZHG� E\� DQ

,'()��FRQVWDQW�RU�YDULDEOH�DQG�DQ�RQWRORJ\�FRQVWDQW�RU�DQ�LQGLYLGXDO�YDULDEOH�

�,��RQWRORJ\ VKRSBIORRUBFRQWUROBV\VWHP�

�,��RQWRORJ\�FRQWH[W VKRSBIORRUBFRQWUROBV\VWHP ³7KLV RQWRORJ\ LV IRFXVHG
RQ XQGHUVWDQGLQJ ZKDW NQRZOHGJH LV XVHG WR PDQDJH MREV DQG
PDQXIDFWXULQJ UHVRXUFHV LQ D MRE VKRS HQYLURQPHQW� 7KH RQWRORJ\ ZLOO
DOVR GHVFULEH NH\ UHVRXUFH FRQVWUDLQWV WKDW WKH VKRS IORRU FRQWURO V\VWHP
PXVW WDNH LQWR DFFRXQW�´�

�,��RQWRORJ\�SXUSRVH VKRSBIORRUBFRQWUROBV\VWHP ³7KH SXUSRVH RI WKLV
RQWRORJ\ LV WR HVWDEOLVK ZKDW LQIRUPDWLRQ LV DFWXDOO\ UHTXLUHG LQ D VKRS
IORRU FRQWURO V\VWHP LQ D MRE VKRS HQYLURQPHQW� ,W ZLOO HQDEOH IXWXUH
DQDO\VWV WR GHWHUPLQH ZKDW LQIRUPDWLRQ DQG NQRZOHGJH LV FULWLFDO WR WKH
VXFFHVV RI FRQWUROOLQJ UHVRXUFHV DQG MREV RQ D VKRS IORRU�´�

�,��RQWRORJ\�YLHZSRLQW VKRSBIORRUBFRQWUROBV\VWHP ³7KLV RQWRORJ\ LV
GHVFULEHG IURP WKH YLHZSRLQW RI WKH FRVW FHQWHU VFKHGXOHUV ZRUNLQJ LQ
GLIIHUHQW FRVW FHQWHUV WKURXJKRXW D FRPSDQ\¶V SUHFLVLRQ JHDU
PDQXIDFWXULQJ IDFLOLW\�´�

)LJXUH��������([DPSOH�RI�2QWRORJ\�&RQVWUXFWV�LQ�WKH�,'()��(ODERUDWLRQ�/DQJXDJH���������

.LQG�&RQVWUXFWV
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7KHUH�DUH�QLQH�NLQG�FRQVWUXFWV��HDFK�RI�ZKLFK�SURYLGHV�D�FRQVWUXFW�WR�H[SUHVV�VRPH�LQIRUPDWLRQ

DERXW�D�NLQG���7KH�VHYHQ�FRQVWUXFWV�DUH�GHVFULEHG�LQ�WKLV�6XEVHFWLRQ�DQG�H[DPSOHV�RI�VRPH�RI�WKH

FRQVWUXFWV�DUH�VKRZQ�LQ�)LJXUH������

� .LQG�6HQWHQFH 7KLV�W\SH�RI�VHQWHQFH�LV�XVHG�WR�GHFODUH�D�NLQG�DQG�FRQVLVWV�RI� WKH

RSHUDWRU�,��NLQG�IROORZHG�E\�D�NLQG�FRQVWDQW�RU�D�SUHGLFDWH�YDULDEOH���7KH�H[DPSOH

LQ� )LJXUH� ����� VKRZV� D� NLQG� VHQWHQFH� ZKLFK� GHFODUHV� WKDW�GULOOLQJ� LV� D� NLQG� LQ� D

SDUWLFXODU�RQWRORJ\�

� .LQG�3URSHUW\�6HQWHQFH 7KLV�W\SH�RI�VHQWHQFH�LV�XVHG�WR�DVVRFLDWH�D�SURSHUW\�ZLWK�D

NLQG���$�SURSHUW\�VHQWHQFH�FRQVLVWV�RI�WKH�RSHUDWRU�,��NLQG�SURSHUW\�IROORZHG

E\� D� NLQG� FRQVWDQW� RU� SUHGLFDWH� YDULDEOH�� D� SURSHUW\� FRQVWDQW� RU� SUHGLFDWH� YDULDEOH�

DQG��RSWLRQDOO\��WKH�UHVHUYHG�ZRUGV�GHILQLQJ�DQG�HVVHQWLDO���7KH�H[DPSOH�VKRZQ

LQ� )LJXUH� ����� VKRZV� WKDW� WKH� SURSHUW\� XVHVBGULOOBELW� �SUHVXPDEO\� GHFODUHG

EHIRUHKDQG��LV�D�GHILQLQJ�SURSHUW\�RI�WKH�NLQG�GULOOLQJ�

� .LQG�$WWULEXWH�6HQWHQFH7KLV�W\SH�RI�VHQWHQFH�LV�XVHG�WR�DVVRFLDWH�DQ�DWWULEXWH�ZLWK

D� NLQG�� � $Q� DWWULEXWH� VHQWHQFH� FRQVLVWV� RI� WKH� RSHUDWRU� ,��NLQG�DWWULEXWH

IROORZHG� E\� D� NLQG� FRQVWDQW� RU� SUHGLFDWH� YDULDEOH� DQG� DQ� DWWULEXWH� FRQVWDQW� RU

SUHGLFDWH�YDULDEOH�� �7KH�NLQG�DWWULEXWH� VHQWHQFH� VKRZQ� LQ�)LJXUH������GHFODUHV� WKDW

GULOOBELWBW\SH�LV�DQ�DWWULEXWH�RI�WKH�NLQG�GULOOLQJ���,W�LV�DVVXPHG�WKDW�GULOOBELWBW\SH

ZDV�SUHYLRXVO\�GHFODUHG�WR�EH�DQ�DWWULEXWH�

� .LQG�'HVFULSWLRQ�6HQWHQFH 7KLV�W\SH�RI�VHQWHQFH�LV�XVHG�WR�DVVRFLDWH�D�GHVFULSWLRQ

VWULQJ� ZLWK� D� NLQG�� � $� NLQG� GHVFULSWLRQ� VHQWHQFH� FRQVLVWV� RI� WKH� RSHUDWRU

,��NLQG�GHVFULSWLRQ�IROORZHG�E\�D�NLQG�FRQVWDQW�RU�SUHGLFDWH�YDULDEOH�DQG�D

VWULQJ�

� .LQG�6\QRQ\PV�6HQWHQFH 7KLV� W\SH�RI� VHQWHQFH� LV� XVHG� WR� GHFODUH� WKH� RQWRORJ\�

WHUPV�WKDW�DUH�V\QRQ\PV�WR�D�NLQG�FRQVWDQW���$�NLQG�V\QRQ\PV�GHFODUDWLRQ�FRQVLVWV�RI

WKH� RSHUDWRU� ,��NLQG�V\QRQ\PV� IROORZHG� E\� D� NLQG� FRQVWDQW� RU� SUHGLFDWH

YDULDEOH�DQG�RQH�RU�PRUH�RQWRORJ\�WHUP�FRQVWDQWV�RU�LQGLYLGXDO�YDULDEOHV�HQFORVHG�LQ

SDUHQWKHVHV�

� 5HIHUHQFHG�5HODWLRQV�6HQWHQFH � 7KLV� W\SH� RI� VHQWHQFH� LV� XVHG� WR� GHFODUH� WKH

UHODWLRQV�LQ�ZKLFK�D�NLQG�LV�LQYROYHG���$�UHIHUHQFHG�UHODWLRQV�GHFODUDWLRQ�FRQVLVWV�RI

WKH� RSHUDWRU� ,��UHIHUHQFHG�UHODWLRQV� IROORZHG� E\� D� NLQG�FRQVWDQW� RU
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SUHGLFDWH�YDULDEOH�DQG�RQH�RU�PRUH�UHODWLRQ�FRQVWDQWV�RU�SUHGLFDWH�YDULDEOHV�HQFORVHG

LQ�SDUHQWKHVHV�

� 6XENLQG�6HQWHQFH 7KLV� W\SH�RI�VHQWHQFH� LV�XVHG� WR�GHFODUH�D�NLQG�DV�D� VXENLQG�RI

DQRWKHU�� �$�VXENLQG�VHQWHQFH�FRQVLVWV�RI� WKH�RSHUDWRU�,��VXENLQG�RI�IROORZHG

E\�D�NLQG�FRQVWDQW�RU�SUHGLFDWH�YDULDEOH�DQG�D�NLQG�FRQVWDQW�RU�SUHGLFDWH�YDULDEOH�

� 2EMHFW�6WDWH�6HQWHQFH7KLV� W\SH� RI� VHQWHQFH� LV� XVHG� WR� GHFODUH� DQ� REMHFW� VWDWH� DQG

FRQVLVWV�RI�WKH�RSHUDWRU�,��REMHFW�VWDWH�IROORZHG�E\�DQ�REMHFW�VWDWH�FRQVWDQW

RU�D�SUHGLFDWH�YDULDEOH�

� 3URFHVV�6HQWHQFH 7KLV�W\SH�RI�VHQWHQFH�LV�XVHG�WR�GHFODUH�D�SURFHVV�DQG�FRQVLVWV�RI

WKH�RSHUDWRU�,��SURFHVV�IROORZHG�E\�D�SURFHVV�FRQVWDQW�RU�D�SUHGLFDWH�YDULDEOH�

�,��NLQG GULOOLQJ�

�,��NLQG�GHVFULSWLRQ GULOOLQJ ³'ULOOLQJ LV D W\SH RI FXWWLQJ
RSHUDWLRQ�´�

�,��NLQG�SURSHUW\ GULOOLQJ XVHVBGULOOBELW GHILQLQJ�

�,��NLQG�DWWULEXWH GULOOLQJ GULOOBELWBW\SH �

)LJXUH��������([DPSOHV�RI�.LQG�&RQVWUXFWV�LQ�WKH�,'()��(ODERUDWLRQ�/DQJXDJH���������

3URSHUW\�&RQVWUXFWV

3URSHUW\�FRQVWUXFWV�DUH�XVHG� WR�SURYLGH� LQIRUPDWLRQ�DERXW�SURSHUWLHV�� �7KHUH�DUH� WKUHH� W\SHV�RI

SURSHUW\�FRQVWUXFWV���6RPH�H[DPSOHV�RI�SURSHUW\�FRQVWUXFWV�DUH�JLYHQ�LQ�)LJXUH������

� 3URSHUW\�6HQWHQFH $�SURSHUW\�VHQWHQFH�LV�XVHG�WR�GHFODUH�D�SURSHUW\���,W�FRQVLVWV�RI

WKH�RSHUDWRU�,��SURSHUW\�IROORZHG�E\�D�SURSHUW\�FRQVWDQW�RU�D�SUHGLFDWH�YDULDEOH�

7KH�SURSHUW\�VHQWHQFH�VKRZQ�LQ�)LJXUH������GHFODUHV�WKH�SURSHUW\�PDGHBLQB'HWURLW�

� 3URSHUW\�'HVFULSWLRQ�6HQWHQFH 7KLV�VHQWHQFH�FDQ�EH�XVHG�WR�GHVFULEH�D�SURSHUW\�

,W�FRQVLVWV�RI�WKH�RSHUDWRU�,��SURSHUW\�GHVFULSWLRQ�IROORZHG�E\�D�SURSHUW\

FRQVWDQW�RU�D�SUHGLFDWH�YDULDEOH�DQG�D�VWULQJ�

� +DV�3URSHUW\�6HQWHQFH 7KLV� VHQWHQFH� LV� XVHG� WR� GHFODUH� WKDW� DQ� LQGLYLGXDO

SRVVHVVHV� D� JLYHQ� SURSHUW\�� � ,W� FRQVLVWV� RI� WKH� RSHUDWRU� ,��KDV�SURSHUW\

IROORZHG�E\�DQ� LQGLYLGXDO�FRQVWDQW�RU�YDULDEOH�DQG�D�SURSHUW\�FRQVWDQW�RU�SUHGLFDWH

YDULDEOH�� � 7KH� KDV�SURSHUW\� VHQWHQFH� VKRZQ� LQ� )LJXUH� ����� GHFODUHV� WKH� SURSHUW\

PDGHBLQB'HWURLW�WR�EH�D�SURSHUW\�RI�WKH�LQGLYLGXDO�&%�-���6����
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��������� ,QGLYLGXDO�&RQVWUXFWV

,QGLYLGXDO� FRQVWUXFWV� DUH� XVHG� WR� GHFODUH� LQIRUPDWLRQ� DERXW� LQGLYLGXDOV�� � 7KHUH� DUH� WKUHH

LQGLYLGXDO�FRQVWUXFWV�LQ�WKH�,'()��(ODERUDWLRQ�/DQJXDJH���([DPSOHV�RI�LQGLYLGXDO�FRQVWUXFWV�DUH

JLYHQ�LQ�)LJXUH������

� ,QGLYLGXDO�6HQWHQFH WKLV�VHQWHQFH�LV�XVHG�WR�GHFODUH�LQGLYLGXDOV���,W�FRQVLVWV�RI�WKH

RSHUDWRU� ,��LQGLYLGXDO� IROORZHG� E\� DQ� LQGLYLGXDO� FRQVWDQW� RU� YDULDEOH�� � 7KH

LQGLYLGXDO�VHQWHQFH�VKRZQ�LQ�)LJXUH������GHFODUHV�&%�-���6����WR�EH�DQ�LQGLYLGXDO�

� ,QGLYLGXDO�'HVFULSWLRQ�6HQWHQFH 7KLV� VHQWHQFH� LV� XVHG� WR� DVVRFLDWH� D� GHVFULSWLRQ

VWULQJ� ZLWK� DQ� LQGLYLGXDO�� � ,W� FRQVLVWV� RI� WKH� RSHUDWRU

,��LQGLYLGXDO�GHVFULSWLRQ�IROORZHG�E\�DQ�LQGLYLGXDO�FRQVWDQW�RU�YDULDEOH

DQG�D�VWULQJ�

� ,V�RI�NLQG�6HQWHQFH 7KLV� VHQWHQFH� LV� XVHG� WR� GHFODUH� WKDW� DQ� LQGLYLGXDO� LV� RI� D

JLYHQ�NLQG���,W�FRQVLVWV�RI�WKH�RSHUDWRU�,��LV�RI�NLQG�IROORZHG�E\�DQ�LQGLYLGXDO

FRQVWDQW� RU� YDULDEOH� DQG� D� NLQG� FRQVWDQW� RU� D� SUHGLFDWH� YDULDEOH�� � 7KH� LV�RI�NLQG

GLVSOD\HG� LQ� )LJXUH� ����� GHFODUHV� WKH� LQGLYLGXDO�&%�-���6���� WR� EH� RI� NLQG� FDU�

ERG\�

�,��LQGLYLGXDO &%�-���6����

�,��SURSHUW\ PDGHBLQB'HWURLW�

�,��KDV�SURSHUW\ &%�-���6��� PDGHBLQB'HWURLW�

�,��LV�RI�NLQG &%�-���6��� FDU�ERG\�

)LJXUH��������([DPSOHV�RI�,QGLYLGXDO�DQG�3URSHUW\�&RQVWUXFWV

��������� $WWULEXWH�&RQVWUXFWV

$WWULEXWH�FRQVWUXFWV�DUH�XVHG� WR�SURYLGH� LQIRUPDWLRQ� DERXW� DWWULEXWHV�� �7KHUH� DUH� WKUHH� W\SHV�RI

DWWULEXWH�FRQVWUXFWV�

� $WWULEXWH�6HQWHQFH 7KLV� VHQWHQFH� LV� XVHG� WR� GHFODUH� DWWULEXWHV�� � ,W� FRQVLVWV� RI� WKH

RSHUDWRU�,��DWWULEXWH� IROORZHG�E\�DQ�DWWULEXWH�FRQVWDQW�RU�D�SUHGLFDWH�YDULDEOH

DQG�DQ�DWWULEXWH�W\SH���$Q�DWWULEXWH�W\SH�PD\�EH�RQH�RI�WKH�IROORZLQJ��D�OLVW�WHUP��D�VHW

WHUP�� RU� D� NLQG� FRQVWDQW�� � $Q� H[DPSOH� RI� DQ� DWWULEXWH� VHQWHQFH� LV� WKH� VHQWHQFH

�,��DWWULEXWH�GLPHQVLRQV��OLVWRI�UHDO���ZKLFK�GHFODUHV�GLPHQVLRQV�WR�EH�DQ�DWWULEXWH

RI�W\SH�D�OLVW�RI�UHDO�QXPEHUV�



���

� $WWULEXWH�'HVFULSWLRQ�6HQWHQFH 7KLV�VHQWHQFH�LV�XVHG�WR�GHVFULEH�DQ�DWWULEXWH�� � ,W

FRQVLVWV�RI�WKH�RSHUDWRU�,��DWWULEXWH�GHVFULSWLRQ�IROORZHG�E\�DQ�DWWULEXWH

FRQVWDQW�RU�D�SUHGLFDWH�YDULDEOH�DQG�D�VWULQJ�

� $WWULEXWH�$SSOLHV�WR�6HQWHQFH 7KLV� VHQWHQFH� LV� XVHG� WR� GHFODUH� WKDW� DQ� DWWULEXWH

DSSOLHV� WR� D� JLYHQ� LQGLYLGXDO�� � ,W� FRQVLVWV� RI� WKH� RSHUDWRU

,��DWWULEXWH�DSSOLHV�WR� IROORZHG� E\� DQ� DWWULEXWH� FRQVWDQW� RU� D� SUHGLFDWH

YDULDEOH� DQG� DQ� LQGLYLGXDO� FRQVWDQW� RU� YDULDEOH�� � $Q� H[DPSOH� RI� DQ

DWWULEXWH�DSSOLHV�WR� VHQWHQFH� LV� WKH� VHQWHQFH� �,��DWWULEXWH�DSSOLHV�WR

GLPHQVLRQV�&%�-���6����� ZKLFK� GHFODUHV� GLPHQVLRQV� WR� EH� DQ� DWWULEXWH� RI� WKH

LQGLYLGXDO�&%�-���6����

��������� 5HODWLRQ�&RQVWUXFWV

5HODWLRQ� FRQVWUXFWV� DUH� XVHG� WR� SURYLGH� LQIRUPDWLRQ� DERXW� UHODWLRQV�� � 7KHUH� DUH� IRXU� UHODWLRQ

FRQVWUXFWV��VRPH�RI�ZKLFK�DUH�LOOXVWUDWHG�LQ�)LJXUH������

� 5HODWLRQ�6HQWHQFH 7KLV� VHQWHQFH� LV� XVHG� WR� GHFODUH� UHODWLRQV�� � ,W� FRQVLVWV� RI� WKH

RSHUDWRU�,��UHODWLRQ�IROORZHG�E\�D�UHODWLRQ�FRQVWDQW�RU�SUHGLFDWH�YDULDEOH���7KH

UHODWLRQ�VHQWHQFH�VKRZQ�LQ�)LJXUH������GHFODUHV�SDUW�RI�WR�EH�D�UHODWLRQ�

� 5HODWLRQ�$ULW\�6HQWHQFH 7KLV�VHQWHQFH�LV�XVHG�WR�GHFODUH�WKH�DULW\�RI�D�UHODWLRQ�� � ,W

FRQVLVWV�RI�WKH�RSHUDWRU�,��UHODWLRQ�DULW\�IROORZHG�E\�D�UHODWLRQ�FRQVWDQW�RU

SUHGLFDWH�YDULDEOH�DQG�D�SRVLWLYH�LQWHJHU�RU�LQGLYLGXDO�YDULDEOH���7KH�UHODWLRQ�VHQWHQFH

VKRZQ�LQ�)LJXUH������GHFODUHV�SDUW�RI�WR�EH�D�UHODWLRQ�RI�DULW\���

� 5HODWLRQ�DUJXPHQW�W\SH�6HQWHQFH 7KLV� VHQWHQFH� LV� XVHG� WR� GHFODUH� WKH� NLQG� RI

LQGLYLGXDOV� WKDW� FDQ� VWDQG� LQ� D� UHODWLRQ�� � ,W� FRQVLVWV� RI� WKH� RSHUDWRU

,��UHO�DUJ�W\SH�IROORZHG�E\�D�UHODWLRQ�FRQVWDQW�RU�SUHGLFDWH�YDULDEOH�DQG�D�OLVW

ZKRVH� HOHPHQWV� DUH� OLVWV� RI� NLQGV� DQG�RU� SUHGLFDWH� YDULDEOHV�� � (DFK� OLVW� RI� NLQGV

UHSUHVHQWV� D� VHW� RI� OHJDO� DUJXPHQW� NLQGV� IRU� WKH� UHODWLRQ�� � )RU� H[DPSOH�� WKH

UHODWLRQ�DUJXPHQW�W\SH� VHQWHQFH�JLYHQ� LQ�)LJXUH������GHFODUHV� WKDW� LQVWDQFHV�RI� WKH

NLQG�VSDUN�SOXJ�FDQ�VWDQG� LQ� WKH�SDUW�RI� UHODWLRQ�ZLWK� LQVWDQFHV�RI� WKH�NLQG� HQJLQH�

DQG�WKDW�LQVWDQFHV�RI�WKH�NLQG�HQJLQH�FDQ�VWDQG�LQ�WKH�SDUW�RI�UHODWLRQ�ZLWK�LQVWDQFHV

RI�WKH�NLQG�FDU�
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� 5HODWLRQ�'HVFULSWLRQ�6HQWHQFH 7KLV� VHQWHQFH� LV� XVHG� WR� GHVFULEH� D� UHODWLRQ�� � ,W

FRQVLVWV� RI� WKH� RSHUDWRU� ,��UHODWLRQ�GHVFULSWLRQ� IROORZHG� E\� D� UHODWLRQ

FRQVWDQW�RU�D�SUHGLFDWH�YDULDEOH�DQG�D�VWULQJ�

�,��UHODWLRQ SDUW�RI�

�,��UHODWLRQ�DULW\ SDUW�RI ��

�,��UHO�DUJ�W\SH SDUW�RI ��VSDUN�SOXJ HQJLQH� �HQJLQH FDU���

)LJXUH��������([DPSOHV�RI�5HODWLRQ�&RQVWUXFWV

��������� )XQFWLRQ�&RQVWUXFWV

)XQFWLRQ� FRQVWUXFWV� DUH� XVHG� WR� SURYLGH� LQIRUPDWLRQ� DERXW� IXQFWLRQV�� � 7KHUH� DUH� IRXU� IXQFWLRQ

FRQVWUXFWV��VRPH�RI�ZKLFK�DUH�LOOXVWUDWHG�LQ�)LJXUH������

� )XQFWLRQ�6HQWHQFH 7KLV� VHQWHQFH� LV� XVHG� WR� GHFODUH� IXQFWLRQV�� � ,W� FRQVLVWV� RI� WKH

RSHUDWRU�,��IXQFWLRQ�IROORZHG�E\�D�IXQFWLRQ�FRQVWDQW�RU�SUHGLFDWH�YDULDEOH���7KH

H[DPSOH�LQ�)LJXUH������GHFODUHV�ZDUUDQW\�H[S�WR�EH�D�IXQFWLRQ�

� )XQFWLRQ�$ULW\�6HQWHQFH7KLV�VHQWHQFH�LV�XVHG�WR�GHFODUH�WKH�DULW\�RI�D�IXQFWLRQ��L�H��

WKH� QXPEHU� RI� DUJXPHQWV� WKDW� WKH� IXQFWLRQ� FDQ� WDNH��� � ,W� FRQVLVWV� RI� WKH� RSHUDWRU

,��IXQFWLRQ�DULW\�IROORZHG�E\�D�IXQFWLRQ�FRQVWDQW�RU�SUHGLFDWH�YDULDEOH�DQG�D

SRVLWLYH�LQWHJHU�RU�LQGLYLGXDO�YDULDEOH���7KH�H[DPSOH�LQ�)LJXUH������GHFODUHV�WKDW�WKH

IXQFWLRQ�ZDUUDQW\�H[S�WDNHV�RQH�DUJXPHQW��L�H���LV�RI�DULW\����

� )XQFWLRQ�$UJXPHQW�7\SH�6HQWHQFH 7KLV�VHQWHQFH�LV�XVHG�WR�GHFODUH� WKH�DUJXPHQW

W\SHV�IRU�D�IXQFWLRQ���,W�FRQVLVWV�RI�WKH�RSHUDWRU�,��IFW�DUJ�W\SH�IROORZHG�E\�D

IXQFWLRQ�FRQVWDQW�RU�SUHGLFDWH�YDULDEOH�DQG�D�OLVW�RI�NLQGV�DQG�RU�SUHGLFDWH�YDULDEOHV�

7KH� H[DPSOH� LQ� )LJXUH� ����� GHFODUHV� WKDW� WKH� IXQFWLRQ� ZDUUDQW\�H[S� WDNHV� DQ

LQVWDQFH�RI�GDWH�IRU�DUJXPHQW�DQG�UHWXUQV�DQ�LQVWDQFH�RI�GDWH�

� )XQFWLRQ�'HVFULSWLRQ 7KLV�VHQWHQFH�LV�XVHG�WR�GHVFULEH�D�IXQFWLRQ���,W�FRQVLVWV�RI�WKH

RSHUDWRU� ,��IXQFWLRQ�GHVFULSWLRQ� IROORZHG� E\� D� IXQFWLRQ� FRQVWDQW� RU� D

SUHGLFDWH�YDULDEOH�DQG�D�VWULQJ�
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�,��IXQFWLRQ ZDUUDQW\�H[S�

�,��IXQFWLRQ�DULW\ ZDUUDQW\�H[S ��

�,��IXQFWLRQ�GHVFULSWLRQ ZDUUDQW\�H[S ³7KLV IXQFWLRQ
UHWXUQV WKH H[SLUDWLRQ GDWH RI WKH ZDUUDQW\ RQ D FDU EDWWHU\
JLYHQ WKH GDWH VKRZQ RQ WKH EDWWHU\�´�

�,��IFW�DUJ�W\SH ZDUUDQW\�H[S ��GDWH GDWH��

)LJXUH��������([DPSOHV�RI�)XQFWLRQ�&RQVWUXFWV

��������� 6RXUFH�&RQVWUXFWV

6RXUFH�FRQVWUXFWV�DUH�XVHG�WR�SURYLGH�LQIRUPDWLRQ�DERXW�VRXUFH�PDWHULDOV���7KHUH�DUH�QLQH�VRXUFH

FRQVWUXFWV��VRPH�RI�ZKLFK�DUH�LOOXVWUDWHG�LQ�)LJXUH������

� 6RXUFH�6HQWHQFH$�VRXUFH�VHQWHQFH�LV�XVHG�WR�GHFODUH�D�VRXUFH�PDWHULDO�� �,W�FRQVLVWV

RI�WKH�RSHUDWRU�,��VRXUFH�IROORZHG�E\�D�VRXUFH�FRQVWDQW�RU�DQ�LQGLYLGXDO�YDULDEOH�

$Q� H[DPSOH� RI� D� VRXUFH� VHQWHQFH� LV� JLYHQ� LQ� )LJXUH� ������ � 7KH� VHQWHQFH� GHFODUHV

&KDQJB7&�DV�D�VRXUFH�PDWHULDO�

� 6RXUFH�'HVFULSWLRQ�6HQWHQFH $�VRXUFH�GHVFULSWLRQ� VHQWHQFH� LV� XVHG� WR�GHVFULEH� D

VRXUFH�PDWHULDO���,W�FRQVLVWV�RI�WKH�RSHUDWRU�,��VRXUFH�GHVFULSWLRQ�IROORZHG

E\�D�VRXUFH�FRQVWDQW�RU�DQ�LQGLYLGXDO�YDULDEOH�DQG�D�VWULQJ�

� &ROOHFWHG�IURP�6HQWHQFH7KLV� VHQWHQFH� LV� XVHG� WR� GHFODUH�ZKR� WKH� VRXUFH�PDWHULDO

ZDV�FROOHFWHG�IURP���,W�FRQVLVWV�RI�WKH�RSHUDWRU�,��FROOHFWHG�IURP�IROORZHG�E\

D�VRXUFH�FRQVWDQW�RU�DQ�LQGLYLGXDO�YDULDEOH�DQG�D�VWULQJ�

� &ROOHFWHG�E\�6HQWHQFH7KLV�VHQWHQFH�LV�XVHG�WR�GHFODUH�E\�ZKRP�WKH�VRXUFH�PDWHULDO

ZDV�FROOHFWHG���,W�FRQVLVWV�RI�WKH�RSHUDWRU�,��FROOHFWHG�E\�IROORZHG�E\�D�VRXUFH

FRQVWDQW�RU�DQ�LQGLYLGXDO�YDULDEOH�DQG�D�VWULQJ�

� 6RXUFH�$EVWUDFW�6HQWHQFH 7KLV�VHQWHQFH�LV�XVHG�WR�JLYH�DQ�DEVWUDFW�RI� WKH�VRXUFH

PDWHULDO���,W�FRQVLVWV�RI�WKH�RSHUDWRU�,��VRXUFH�DEVWUDFW�IROORZHG�E\�D�VRXUFH

FRQVWDQW� RU� DQ� LQGLYLGXDO� YDULDEOH� DQG� D� VWULQJ�� � $Q� H[DPSOH� RI� D� VRXUFH�DEVWUDFW

VHQWHQFH�LV�JLYHQ�LQ�)LJXUH��������7KH�VHQWHQFH�VSHFLILHV�WKH�VRXUFH�DEVWUDFW�IRU� WKH

VRXUFH�PDWHULDO�&KDQJB7&�

� 6RXUFH�3XUSRVH�6HQWHQFH 7KLV�VHQWHQFH�LV�XVHG�WR�GHFODUH�WKH�SXUSRVH�RI�D�VRXUFH

PDWHULDO�� � ,W�FRQVLVWV�RI� WKH�RSHUDWRU�,��VRXUFH�SXUSRVH� IROORZHG�E\�D�VRXUFH

FRQVWDQW� RU� DQ� LQGLYLGXDO� YDULDEOH� DQG� D� VWULQJ�� � $Q� H[DPSOH� RI� D� VRXUFH�SXUSRVH



���

VHQWHQFH� LV� JLYHQ� LQ�)LJXUH� ������ �7KH� VHQWHQFH� VSHFLILHV� WKH� SXUSRVH� RI� XVLQJ� WKH

VRXUFH�PDWHULDO�&KDQJB7&�

� 6XSSRUW�2QWRORJ\�7HUPV�6HQWHQFH 7KLV�VHQWHQFH�LV�XVHG�WR�GHFODUH�WKH�RQWRORJ\�

WHUPV� WKDW� DUH� VXSSRUWHG� E\� D� VRXUFH� PDWHULDO�� � ,W� FRQVLVWV� RI� WKH� RSHUDWRU

,��VXSSRUW�RQWRORJ\�WHUP� IROORZHG� E\� D� VRXUFH� FRQVWDQW� RU� DQ� LQGLYLGXDO

YDULDEOH� DQG� RQH� RU� PRUH� RQWRORJ\�WHUPV� RU� LQGLYLGXDO� YDULDEOHV� HQFORVHG� LQ

SDUHQWKHVHV�

� 6XSSRUW�6WDWHPHQW�6HQWHQFH 7KLV� VHQWHQFH� LV� XVHG� WR� GHFODUH� WKH� VRXUFH�

VWDWHPHQWV�LQ�WKH�RQWRORJ\�WKDW�DUH�VXSSRUWHG�E\�D�VRXUFH�PDWHULDO���,W�FRQVLVWV�RI�WKH

RSHUDWRU� ,��VXSSRUW�VWDWHPHQW� IROORZHG� E\� D� VRXUFH� FRQVWDQW� RU� DQ

LQGLYLGXDO� YDULDEOH� DQG� RQH� RU� PRUH� VRXUFH�VWDWHPHQWV� RU� LQGLYLGXDO� YDULDEOHV

HQFORVHG� LQ� SDUHQWKHVHV�� � $Q� H[DPSOH� RI� D� VXSSRUW�VWDWHPHQW� VHQWHQFH� LV� JLYHQ� LQ

)LJXUH��������7KH�VHQWHQFH�GHFODUHV�WKH�VWDWHPHQWV�6���6���DQG�6��WR�EH�VXSSRUWHG�E\

WKH�VRXUFH�PDWHULDO�&KDQJB7&�

� +DV�6XSSRUWLQJ�6RXUFHV�6HQWHQFH 7KLV�VHQWHQFH�LV�XVHG�WR�GHFODUH�WKDW�DQ�,'()�

FRQVWDQW� LV� VXSSRUWHG� E\� RQH� RU�PRUH� VRXUFH�PDWHULDOV�� � ,W� FRQVLVWV� RI� WKH� RSHUDWRU

,��KDV�VXSSRUWLQJ�VRXUFHV� IROORZHG� E\� DQ� ,'()�� FRQVWDQW� RU� D� YDULDEOH

DQG�RQH�RU�PRUH�VRXUFH�FRQVWDQWV�RU�DQ�LQGLYLGXDO�YDULDEOH�HQFORVHG�LQ�SDUHQWKHVHV�

�,��VRXUFH &KDQJB7&�

�,��VRXUFH�SXUSRVH &KDQJB7& ³'HVFULSWLRQ RI JHQHUDO WHUPV LQ
PDQXIDFWXULQJ GRPDLQV�´�

�,��VRXUFH�DEVWUDFW &KDQJB7& ³5ROH RI FRPSXWHUV LQ WKH
SODQQLQJ� FRQWURO DQG VFKHGXOLQJ RI PDQXIDFWXULQJ
SURFHVVHV� FRPSXWHU FRQWUROOHG PDQXIDFWXULQJ V\VWHPV ZLWK
HPSKDVLV RQ WKH GHVLJQ DQG LQWHJUDWLRQ RI KDUGZDUH DQG
VRIWZDUH V\VWHPV�´�

�,��VXSSRUW�VWDWHPHQW &KDQJB7& �6� 6� 6��

)LJXUH��������([DPSOHV�RI�6RXUFH�&RQVWUXFWV

��������� 6RXUFH�6WDWHPHQW�&RQVWUXFWV

6RXUFH�VWDWHPHQW�FRQVWUXFWV�DUH�XVHG�WR�SURYLGH�LQIRUPDWLRQ�DERXW�VRXUFH�VWDWHPHQWV���7KHUH�DUH

IRXU�VXFK�FRQVWUXFWV��VRPH�RI�ZKLFK�DUH�LOOXVWUDWHG�LQ�)LJXUH������

� 6RXUFH�6WDWHPHQW�6HQWHQFH 7KLV�VHQWHQFH�LV�XVHG�WR�GHFODUH�D�VRXUFH�VWDWHPHQW�� �,W

FRQVLVWV�RI�WKH�RSHUDWRU�,��VRXUFH�VWDWHPHQW�IROORZHG�E\�D�VRXUFH�VWDWHPHQW
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FRQVWDQW� RU� DQ� LQGLYLGXDO� YDULDEOH�� � $Q� H[DPSOH� RI� D� VRXUFH�VWDWHPHQW� VHQWHQFH� LV

JLYHQ�LQ�)LJXUH��������7KH�VHQWHQFH�GHFODUHV�GHVLJQBTXHVWLRQV�DV�D�VRXUFH�VWDWHPHQW�

� 6RXUFH�6WDWHPHQW�'HVFULSWLRQ7KLV� VHQWHQFH� SURYLGHV� WKH� WH[W� DVVRFLDWHG� ZLWK� D

VRXUFH�VWDWHPHQW�DQG�RU�SURYLGHV�D�GHVFULSWLRQ�RI�WKH�VRXUFH�VWDWHPHQW���,W�FRQVLVWV�RI

WKH� RSHUDWRU� ,��VRXUFH�VWDWHPHQW�GHVFULSWLRQ� IROORZHG� E\� D� VRXUFH�

VWDWHPHQW�FRQVWDQW�RU�DQ�LQGLYLGXDO�YDULDEOH�DQG�D�VWULQJ�� �$Q�H[DPSOH�RI�D�VRXUFH�

VWDWHPHQW�GHVFULSWLRQ� VHQWHQFH� LV� JLYHQ� LQ�)LJXUH� ������ �7KH� VHQWHQFH� SURYLGHV� WKH

WH[W�DVVRFLDWHG�ZLWK�WKH�GHVLJQBTXHVWLRQV�VRXUFH�VWDWHPHQW�

� 6WDWXV�6HQWHQFH 7KLV�VHQWHQFH�LV�XVHG�WR�GHFODUH�WKH�VWDWXV�RI�D�VRXUFH�VWDWHPHQW���,W

FRQVLVWV�RI�WKH�RSHUDWRU�,��VWDWXV�IROORZHG�E\�D�VRXUFH�VWDWHPHQW�FRQVWDQW�RU�DQ

LQGLYLGXDO� YDULDEOH� DQG� RQH� RI� WKH� IROORZLQJ� RSHUDWRUV�� � DFWLYH�RULJLQDO�� DFWLYH�

GHULYHG��UHWLUHG�RULJLQDO��RU�UHWLUHG�GHULYHG���$Q�H[DPSOH�RI�D�VWDWXV�VHQWHQFH�LV�JLYHQ

LQ� )LJXUH� ������ � 7KH� VHQWHQFH� GHFODUHV� WKH� VWDWXV� RI� WKH� GHVLJQBTXHVWLRQV� VRXUFH�

VWDWHPHQW�DV�DFWLYH�DQG�RULJLQDO�

� +DV�2ULJLQDO�6WDWHPHQW�6HQWHQFH 7KLV� VHQWHQFH� LV� XVHG� WR� GHFODUH� WKH� RULJLQDO

VRXUFH�VWDWHPHQW� RI� D� GHULYHG� VRXUFH�VWDWHPHQW�� � ,W� FRQVLVWV� RI� WKH� RSHUDWRU

,��KDV�RULJLQDO�VWDWHPHQW�IROORZHG�E\�D�VRXUFH�VWDWHPHQW�FRQVWDQW�RU�DQ

LQGLYLGXDO�YDULDEOH�DQG�D�VRXUFH�VWDWHPHQW�FRQVWDQW�RU�LQGLYLGXDO�YDULDEOH�

�,��VRXUFH�VWDWHPHQW GHVLJQBTXHVWLRQV�

�,��VRXUFH�VWDWHPHQW�GHVFULSWLRQ GHVLJQBTXHVWLRQV ³'HVLJQ
TXHVWLRQV VKRXOG FRQVLGHU WKH PRVW DSSURSULDWH PDWHULDO
UHPRYDO SURFHVV ZKLFK GHSHQGV RQ YROXPH� EDWFK VL]H�
DFFXUDF\� ILQLVK� PDWHULDOV� DQG FRVW FRQVWUDLQWV�´�

�,��VWDWXV GHVLJQBTXHVWLRQV DFWLYH�RUJLQDO�

)LJXUH��������([DPSOHV�RI�6RXUFH�VWDWHPHQW�&RQVWUXFWV

���������� 2QWRORJ\�7HUP�&RQVWUXFWV

2QWRORJ\�WHUP�FRQVWUXFWV�DUH�XVHG�WR�SURYLGH�LQIRUPDWLRQ�DERXW�RQWRORJ\�WHUPV���7KHUH�DUH�WKUHH

VXFK�FRQVWUXFWV��VRPH�RI�ZKLFK�DUH�LOOXVWUDWHG�LQ�)LJXUH������

� 2QWRORJ\�7HUP�6HQWHQFH 7KLV� VHQWHQFH� LV� XVHG� WR� GHFODUH� DQ� RQWRORJ\�WHUP�� � ,W

FRQVLVWV� RI� WKH� RSHUDWRU� ,��RQWRORJ\�WHUP� IROORZHG� E\� DQ� RQWRORJ\�WHUP

FRQVWDQW�RU�DQ�LQGLYLGXDO�YDULDEOH���$Q�H[DPSOH�RI�D�RQWRORJ\�WHUP�VHQWHQFH�LV�JLYHQ

LQ�)LJXUH��������7KH�VHQWHQFH�GHFODUHV�3HULVKDEOHB7RROLQJ�DV�DQ�RQWRORJ\�WHUP�
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� 2QWRORJ\�7HUP�GHVFULSWLRQ�6HQWHQFH 7KLV� VHQWHQFH� LV� XVHG� WR� GHVFULEH� DQ

RQWRORJ\�WHUP�DQG�FRQVLVWV�RI�WKH�RSHUDWRU�,��RQWRORJ\�WHUP�GHVFULSWLRQ

IROORZHG� E\� DQ� RQWRORJ\�WHUP� FRQVWDQW� RU� DQ� LQGLYLGXDO� YDULDEOH� DQG� D� VWULQJ�� �$Q

H[DPSOH� RI� DQ� RQWRORJ\�WHUP� VHQWHQFH� LV� JLYHQ� LQ� )LJXUH� ������ � 7KH� VHQWHQFH

GHVFULEHV�WKH�RQWRORJ\�WHUP�3HULVKDEOHB7RROLQJ�

� 8VHG�LQ�6WDWHPHQWV�6HQWHQFH 7KLV�VHQWHQFH�LV�XVHG�WR�GHFODUH�WKH�VWDWHPHQWV�XVHG

E\� DQ� RQWRORJ\�WHUP�� � ,W� FRQVLVWV� RI� WKH� RSHUDWRU� ,��XVHG�LQ�VWDWHPHQWV

IROORZHG� E\� DQ� RQWRORJ\�WHUP� FRQVWDQW� RU� DQ� LQGLYLGXDO� YDULDEOH� DQG� RQH� RU�PRUH

VRXUFH�VWDWHPHQW� FRQVWDQW� RU� LQGLYLGXDO� YDULDEOHV� HQFORVHG� LQ� SDUHQWKHVHV�� � $Q

H[DPSOH�RI�DQ�RQWRORJ\�WHUP�VHQWHQFH�LV�JLYHQ�LQ�)LJXUH��������7KH�VHQWHQFH�GHFODUHV

WKDW�WKH�RQWRORJ\�WHUP�3HULVKDEOHB7RROLQJ�LV�XVHG�LQ�WKH�VRXUFH�VWDWHPHQW�66���

�,��RQWRORJ\�WHUP 3HULVKDEOHB7RROLQJ�

�,��RQWRORJ\�WHUP�GHVFULSWLRQ 3HULVKDEOHB7RROLQJ ³7RROV
ZLWK D OLPLWHG XVDEOH OLIH GXH WR ZHDU�´�

�,��XVHG�LQ�VWDWHPHQWV 3HULVKDEOHB7RROLQJ �66����

)LJXUH��������([DPSOHV�RI�2QWRORJ\�7HUP�&RQVWUXFWV

���������� 1RWH�&RQVWUXFWV

1RWH�FRQVWUXFWV�DUH�XVHG�WR�SURYLGH�LQIRUPDWLRQ�DERXW�QRWHV���7KHUH�DUH�WKUHH�VXFK�FRQVWUXFWV�DQG

WKH\�DUH�GHVFULEHG�DV�IROORZV�

� 1RWH�6HQWHQFH 7KLV�VHQWHQFH�LV�XVHG�WR�GHFODUH�D�QRWH�� �,W�FRQVLVWV�RI�WKH�RSHUDWRU

,��QRWH�IROORZHG�E\�D�QRWH�FRQVWDQW�RU�DQ�LQGLYLGXDO�YDULDEOH�

� 1RWH�'HVFULSWLRQ�6HQWHQFH 7KLV�VHQWHQFH�LV�XVHG�WR�GHVFULEH�D�QRWH���,W�FRQVLVWV�RI

WKH� RSHUDWRU� ,��QRWH�GHVFULSWLRQ� IROORZHG� E\� D� QRWH� FRQVWDQW� RU� DQ

LQGLYLGXDO�YDULDEOH�DQG�D�VWULQJ�

� +DV�1RWH�6HQWHQFH 7KLV�VHQWHQFH�LV�XVHG�WR�©DWWDFKª�D�QRWH�WR�DQ�,'()��FRQVWDQW���,W

FRQVLVWV�RI�WKH�RSHUDWRU�,��KDV�QRWH�IROORZHG�E\�DQ�,'()��FRQVWDQW�RU�D�YDULDEOH

DQG�D�QRWH�FRQVWDQW�RU�DQ�LQGLYLGXDO�YDULDEOH�
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������� 3UHGHILQHG�5HODWLRQV

7KH�UHODWLRQ�FRQVWDQWV�OLVWHG�LQ�WKLV�6XEVHFWLRQ�DUH�SUHGHILQHG�LQ�WKH�ODQJXDJH�DQG��KHQFH��FDQ�EH

XVHG�LQ�VHQWHQFHV�

� SDUW�RI 7KLV�UHODWLRQ�FRQVWDQW�GHQRWHV�WKH�©SDUW�RIª�UHODWLRQ���,W�LV�SDUWLDOO\�GHILQHG�DV

D�ILUVW�RUGHU�UHODWLRQ�RI�DULW\���DQG�WDNHV�WZR�LQVWDQFHV�RI�NLQGV�DV�DUJXPHQWV�

� WUDQVLWLRQV�WR7KLV�UHODWLRQ�FRQVWDQW�GHQRWHV�WKH�©WUDQVLWLRQV�WRª�UHODWLRQ�WKDW�FDQ�EH

IRXQG�LQ�D�%DVLF�6WDWH�7UDQVLWLRQ�6FKHPDWLF�ZKHUH�LW�LV�UHSUHVHQWHG�DV�DQ�REMHFW�VWDWH

WUDQVLWLRQ� OLQN�ZLWKRXW� D� SURFHVV� V\PERO� DWWDFKHG� WR� LW�� � ,W� LV� SDUWLDOO\� GHILQHG� DV� D

ILUVW�RUGHU�UHODWLRQ�RI�DULW\���DQG�WDNHV�WZR�LQVWDQFHV�RI�NLQGV�DV�DUJXPHQWV�

� WUDQVLWLRQV�GXULQJ 7KLV� UHODWLRQ� FRQVWDQW� GHQRWHV� WKH� ©WUDQVLWLRQV� GXULQJª� UHODWLRQ

WKDW�FDQ�EH�IRXQG�LQ�WKH�%DVLF�6WDWH�7UDQVLWLRQ�6FKHPDWLFV�ZKHUH�LW�LV�UHSUHVHQWHG�DV

D�VWDWH�WUDQVLWLRQ�OLQN�ZLWKRXW�D�SURFHVV�V\PERO�DWWDFKHG�WR�LW���,W�LV�SDUWLDOO\�GHILQHG

DV�D�ILUVW�RUGHU�UHODWLRQ�RI�DULW\���DQG�WDNHV�WZR�LQVWDQFHV�RI�NLQGV�DQG�DQ�LQVWDQFH�RI

D�SURFHVV�DV�DUJXPHQWV�

� LQVW�WUDQVLWLRQV�WR 7KLV� UHODWLRQ� FRQVWDQW� GHQRWHV� WKH� ©WUDQVLWLRQV� LQVWDQWDQHRXVO\

WRª� UHODWLRQ� WKDW� FDQ�EH� IRXQG� LQ� WKH�%DVLF�6WDWH�7UDQVLWLRQ�6FKHPDWLFV�ZKHUH� LW� LV

UHSUHVHQWHG� DV� DQ� LQVWDQWDQHRXV� VWDWH� WUDQVLWLRQ� OLQN� ZLWKRXW� D� SURFHVV� V\PERO

DWWDFKHG�WR�LW���,W�LV�SDUWLDOO\�GHILQHG�DV�D�ILUVW�RUGHU�UHODWLRQ�RI�DULW\���

� LQVW�WUDQVLWLRQV�GXULQJ 7KLV� UHODWLRQ� FRQVWDQW� GHQRWHV� WKH� ©WUDQVLWLRQV

LQVWDQWDQHRXVO\� GXULQJª� UHODWLRQ� WKDW� FDQ� EH� IRXQG� LQ� WKH� %DVLF� 6WDWH� 7UDQVLWLRQ

6FKHPDWLFV�ZKHUH� LW� LV� UHSUHVHQWHG� DV� DQ� LQVWDQWDQHRXV� VWDWH� WUDQVLWLRQ� OLQN�ZLWK� D

SURFHVV�V\PERO�DWWDFKHG�WR�LW���,W�LV�SDUWLDOO\�GHILQHG�DV�D�ILUVW�RUGHU�UHODWLRQ�RI�DULW\��

DQG�WDNHV�WZR�LQVWDQFHV�RI�NLQGV�DQG�DQ�LQVWDQFH�RI�D�SURFHVV�DV�DUJXPHQWV�

� V�WUDQVLWLRQV�WR 7KLV�UHODWLRQ�FRQVWDQW�GHQRWHV�WKH�©VWURQJO\�WUDQVLWLRQV�WRª�UHODWLRQ

WKDW� FDQ�EH� IRXQG� LQ� WKH�6WURQJ�7UDQVLWLRQ�6FKHPDWLFV�ZKHUH� LW� LV� UHSUHVHQWHG� DV� D

VWURQJ�WUDQVLWLRQ�OLQN�ZLWKRXW�D�SURFHVV�V\PERO�DWWDFKHG�WR�LW���,W�LV�SDUWLDOO\�GHILQHG

DV�D�ILUVW�RUGHU�UHODWLRQ�RI�DULW\���DQG�WDNHV�WZR�LQVWDQFHV�RI�NLQGV�DV�DUJXPHQWV�

� V�WUDQVLWLRQV�GXULQJ 7KLV� UHODWLRQ� FRQVWDQW� GHQRWHV� WKH� ©VWURQJO\� WUDQVLWLRQV

GXULQJª�UHODWLRQ�WKDW�FDQ�EH�IRXQG�LQ�WKH�%DVLF�6WDWH�7UDQVLWLRQ�6FKHPDWLFV�ZKHUH�LW

LV�UHSUHVHQWHG�DV�D�VWURQJ�VWDWH�WUDQVLWLRQ�OLQN�ZLWK�D�SURFHVV�V\PERO�DWWDFKHG�WR�LW���,W
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LV�SDUWLDOO\�GHILQHG�DV�D�ILUVW�RUGHU�UHODWLRQ�RI�DULW\���DQG�WDNHV�WZR�LQVWDQFHV�RI�NLQGV

DQG�DQ�LQVWDQFH�RI�D�SURFHVV�DV�DUJXPHQWV�

� LQVW�V�WUDQVLWLRQV�WR 7KLV� UHODWLRQ� FRQVWDQW� GHQRWHV� WKH� LQVWDQWDQHRXV� V�

WUDQVLWLRQV�WR�UHODWLRQ�� � ,W� LV�SDUWLDOO\�GHILQHG�DV�D�ILUVW�RUGHU�UHODWLRQ�RI�DULW\���DQG

WDNHV�WZR�LQVWDQFHV�RI�NLQGV�DV�DUJXPHQWV�

� LQVW�V�WUDQVLWLRQV�GXULQJ 7KLV� UHODWLRQ� FRQVWDQW� GHQRWHV� WKH� LQVWDQWDQHRXV� V�

WUDQVLWLRQV�WR�UHODWLRQ�� � ,W� LV�SDUWLDOO\�GHILQHG�DV�D�ILUVW�RUGHU�UHODWLRQ�RI�DULW\���DQG

WDNHV�WZR�LQVWDQFHV�RI�NLQGV�DQG�DQ�LQVWDQFH�RI�D�SURFHVV�DV�DUJXPHQWV�

� LQ�VWDWH�WKURXJKRXW 7KLV� UHODWLRQ� FRQVWDQW� LV� XVHG� WR� VSHFLI\� WKDW� DQ� LQGLYLGXDO

VWD\V� LQ� D� JLYHQ� VWDWH� WKURXJKRXW� D� SURFHVV�� � ,W� LV� SDUWLDOO\� GHILQHG� DV� D� ILUVW�RUGHU

UHODWLRQ� RI� DULW\��� DQG� WDNHV� DQ� LQVWDQFH� RI� D� NLQG� DQG� DQ� LQVWDQFH� RI� D� SURFHVV� DV

DUJXPHQWV�
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$SSHQGLFHV��%LEOLRJUDSK\��*ORVVDU\
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$SSHQGL[�$��,'()��5HODWLRQ�/LEUDU\

7KLV�DSSHQGL[�GHVFULEHV� WKH�,'()��UHODWLRQ�OLEUDU\�� �7KH�OLEUDU\�LV�D�NQRZOHGJH�ULFK�UHSRVLWRU\

PDGH� RI� D� VHW� RI� GHILQLWLRQV� DQG� FKDUDFWHUL]DWLRQV� RI� FRPPRQO\� XVHG� UHODWLRQV�� � ,W� SURYLGHV� D

UHSRVLWRU\� RI� IRUPDOO\� GHILQHG� DQG� FKDUDFWHUL]HG� UHODWLRQV� WKDW� FDQ� EH� UHXVHG� DQG� FXVWRPL]HG�

7KH�PRWLYDWLRQ�IRU�WKLV�OLEUDU\�GHYHORSHG�IURP�DQ�DQDORJ\�ZLWK�VRIWZDUH�HQJLQHHULQJ���2IWHQ�LQ

VRIWZDUH�GHYHORSPHQW��WKH�VDPH�NLQGV�RI�URXWLQHV�DUH�XVHG�DJDLQ�DQG�DJDLQ�LQ�GLIIHUHQW�SURJUDPV

E\��LQ�JHQHUDO��GLIIHUHQW�SURJUDPPHUV�� � ,Q�HDUOLHU� WLPHV��JUHDW�DPRXQWV�RI� WLPH�DQG�HIIRUW�ZHUH

ORVW�IRU�ODFN�RI�WKH�DELOLW\�WR�UHXVH�ZRUN�� �5HFRJQLWLRQ�RI� WKLV�SUREOHP�RYHU� WLPH�KDV�OHG�WR� WKH

GHYHORSPHQW�RI�H[WHQVLYH�OLEUDULHV�WKDW�FRQWDLQ�IUHTXHQWO\�XVHG�URXWLQHV�ZKLFK�SURJUDPPHUV�FDQ

VLPSO\�FDOO�VWUDLJKW�LQWR�WKHLU�SURJUDPV���6XFK�OLEUDULHV�KDYH�HOLPLQDWHG�WKH�QHHG�WR�GXSOLFDWH�WKH

IXQFWLRQDOLW\�RI�H[LVWLQJ�FRGH���7KH�GHYHORSPHQW�RI�RQWRORJLHV�ZLOO�IDFH�WKH�VDPH�VRUW�RI�SUREOHP

�DQG� VROXWLRQ��� � 7KH� VDPH� RU� VLPLODU� UHODWLRQV� ZLOO� OLNHO\� DSSHDU� LQ� D� QXPEHU� RI� GLIIHUHQW

RQWRORJLHV�� �$�OLEUDU\�RI�UHODWLRQV�VXFK�DV� WKH�RQH�SUHVHQWHG�KHUH�ZLOO�HQDEOH�PRGHOHUV� WR�UHXVH

DQG�FXVWRPL]H� UHODWLRQV� WKDW� KDYH�EHHQ�GHILQHG� LQ�SUHYLRXVO\� FDSWXUHG�RQWRORJLHV�� �7KH� OLEUDU\

FDQ� DOVR�EH�XVHG� DV� D� UHIHUHQFH� IRU� WKH� GLIIHUHQW�ZD\V� WR� GHILQH� DQG� FKDUDFWHUL]H� UHODWLRQV� DQG

LOOXVWUDWLYH� H[DPSOHV� RI� WKH� XVH� RI� WKH� ,'()�� HODERUDWLRQ� ODQJXDJH�� � $OO� GHILQLWLRQV� DQG

FKDUDFWHUL]LQJ�D[LRPV�LQ�WKH�OLEUDU\�DUH�ZULWWHQ�XVLQJ�WKH�,'()��HODERUDWLRQ�ODQJXDJH�� �)LQDOO\�

WKH�OLEUDU\�LV�H[WHQVLEOH�LQ�WKDW�DQ\�UHODWLRQ�WKDW�KDV�EHHQ�IRUPDOO\�GHILQHG�DQG�FKDUDFWHUL]HG�PD\

EH�DGGHG�WR�LW�

7KH�,'()��OLEUDU\�UHODWLRQV�DUH�JURXSHG�LQWR�WKH�IROORZLQJ�VHYHQ�FDWHJRULHV�

�� &ODVVLILFDWLRQ�5HODWLRQV��LQFOXGLQJ�FODVV�LQFOXVLRQ�UHODWLRQV��

�� 0HURQ\PLF�5HODWLRQV�

�� 7HPSRUDO�5HODWLRQV�

�� 6SDWLDO�5HODWLRQV�

�� ,QIOXHQFH�5HODWLRQV�

�� 'HSHQGHQF\�5HODWLRQV�

�� &DVH�5HODWLRQV�

)LJXUH�$���LOOXVWUDWHV�WKH�,'()��UHODWLRQV�FDWHJRUL]DWLRQ�

7KLV��DSSHQGL[��LV��RUJDQL]HG��LQ��WKH��IROORZLQJ��PDQQHU���)RU��HDFK��W\SH��RI��UHODWLRQ��VKRZQ��LQ

)LJXUH� $���� DQ� RYHUYLHZ� GHVFULELQJ� WKH� UHODWLRQ� W\SH� LV� JLYHQ�� WKH� IRUPDO� GHILQLWLRQV� RI� WKH

UHODWLRQV�WKDW�DUH�PHPEHUV�RI�WKDW�W\SH�DUH�SURYLGHG��DQG�WKH�UHODWLRQV�DUH�IRUPDOO\�FKDUDFWHUL]HG�

0RVW� D[LRPV� WKDW� DUH� SDUW� RI� WKH� FKDUDFWHUL]DWLRQV� DUH� IROORZHG� E\� D� EULHI� H[SODQDWLRQ�� � 7KH
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IRUPDO�GHILQLWLRQV�DUH�QXPEHUHG�XVLQJ� WKH� OHWWHU�©'ª� IROORZHG�E\�D�QXPHUDO��ZKLOH�D[LRPV�DUH

QXPEHUHG�XVLQJ�WKH�OHWWHUV�©$[ª�IROORZHG�E\�D�QXPHUDO�

PHPEHU�RI

&ODVVLILFDWLRQ
5HODWLRQ

0HURQ\PLF
5HODWLRQ

7HPSRUDO
5HODWLRQ

'HSHQGHQF\
5HODWLRQ

,QIOXHQFH
5HODWLRQ

&DVH
5HODWLRQ

,'()� 5HODWLRQ

6SDWLDO
5HODWLRQ

)LJXUH�$�����2YHUYLHZ�RI�WKH�,'()��/LEUDU\�5HODWLRQV

$�� &ODVVLILFDWLRQ�5HODWLRQV

$���� 2YHUYLHZ

7KH�FODVVLILFDWLRQ� UHODWLRQV�DUH� WDUJHWHG�DW� FDSWXULQJ� WKH� LQWXLWLYH� VHPDQWLFV�RI� WKH� LV�D� UHODWLRQ

DQG� LQFOXGH� WKH� FDWHJRUL]DWLRQ� UHODWLRQV� NLQG� DQG� W\SH� DQG� WKH� FODVV� LQFOXVLRQ� UHODWLRQV�� � $

FDWHJRUL]DWLRQ�UHODWLRQ�DOORZV� WKH�VSHFLILFDWLRQ� WKDW�DQ�REMHFW�EHORQJV� WR�D�FHUWDLQ�NLQG�RU� W\SH�

$W� WKH�PRVW�JHQHUDO� OHYHO��D�FODVV� LQFOXVLRQ�UHODWLRQ�UHODWHV� WZR�W\SHV� �RU�NLQGV��ZKHQ�RQH� W\SH

VXEVXPHV�WKH�RWKHU��UHODWLRQV�VXENLQG�DQG�VXEW\SH����$W�D�PRUH�GHWDLOHG�OHYHO��WKH�PHDQLQJ�RI�D

FODVV�LQFOXVLRQ�UHODWLRQ�FDQ�EH�GHWHUPLQHG�IURP�NQRZOHGJH�RI�WKH�EDVLF�QDWXUH�RI�UHODWHG�REMHFWV

DQG� WKH� FRQWH[W� RI� XVH� RI� WKH� UHODWLRQ�� � )LYH� VSHFLDOL]HG� FODVV� LQFOXVLRQ� UHODWLRQV��ZKLFK�ZHUH

FKRVHQ� IRU� WKHLU� SURPLQHQFH� LQ� $,� UHVHDUFK� UHVXOWV�� DUH� SURYLGHG� >:LQVWRQ�� HW�� DO�� ��@�� � 7KH

GLVWLQFWLRQ�EHWZHHQ�WKH�ILYH�PRUH�VSHFLILF�FODVV�LQFOXVLRQ�UHODWLRQV�LV�EDVHG�RQ�WKH�EDVLF�QDWXUH�RI

WKH�UHODWHG�NLQGV�RU�W\SHV�DV�IROORZV�

� )XQFWLRQDO�,QFOXVLRQ 7KLV� UHODWLRQ� LV� XVHG� WR� UHODWH� NLQGV� ZKRVH� UHODWLRQVKLS� LV

IXQFWLRQDO� LQ�QDWXUH�� �$�FKDLU�LV�D�SLHFH�RI�IXUQLWXUH�DQG�$�KDPPHU� LV�D� WRRO�DUH

H[DPSOHV�RI�IXQFWLRQDO�LQFOXVLRQ�UHODWLRQV�

� 6WDWH�,QFOXVLRQ 7KLV� UHODWLRQ� LV�XVHG� WR� UHODWH�NLQGV�ZKRVH� UHODWLRQVKLS� LQYROYHV�D

VWDWH�RU�FRQGLWLRQ���3ROLR�LV�D�GLVHDVH�DQG�+DWH�LV�DQ�HPRWLRQ�DUH�H[DPSOHV�RI�VWDWH�

LQFOXVLRQ�UHODWLRQV�
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� $FWLYLW\�,QFOXVLRQ 7KLV�UHODWLRQ�LV�XVHG�WR�UHODWH�NLQGV�ZKRVH�UHODWLRQVKLS�LQYROYHV

DQ� DFWLYLW\�� �7HQQLV� LV� D� VSRUW� DQG�0XUGHU� LV� D� FULPH� DUH� H[DPSOHV� RI� DFWLYLW\�

LQFOXVLRQ�UHODWLRQV�

� $FWLRQ�,QFOXVLRQ 7KLV�UHODWLRQ�LV�XVHG�WR�UHODWH�NLQGV�ZKRVH�UHODWLRQVKLS�LQYROYHV

DQ� DFWLRQ�� �/HFWXULQJ� LV� D� IRUP�RI� WDONLQJ� DQG�)U\LQJ� LV� D� IRUP�RI� FRRNLQJ� DUH

H[DPSOHV�RI�IXQFWLRQDO�LQFOXVLRQ�UHODWLRQV�

� 3HUFHSWXDO�,QFOXVLRQ 7KLV� UHODWLRQ� LV� XVHG� WR� UHODWH� NLQGV� ZKRVH� UHODWLRQVKLS� LV

SHUFHSWXDO�LQ�QDWXUH�� �$�FDW�LV�D�PDPPDO�DQG�$Q�DSSOH�LV�D�IUXLW�DUH�H[DPSOHV�RI

SHUFHSWXDO�LQFOXVLRQ�UHODWLRQV�

$���� 5HODWLRQ�'HILQLWLRQ

$V�H[SODLQHG�LQ�6HFWLRQ����D�NLQG�FRQWDLQV�LQVWDQFHV�WKDW�DUH�VLPLODU�LQ�VRPH��SRVVLEO\�DUELWUDU\�

ZD\���,W�LV�UHTXLUHG�RQO\�WKDW�DQ�REMHFW�SRVVHVV�DW�OHDVW�RQH�GHILQLQJ�SURSHUW\�RI�WKH�NLQG�IRU�LW�WR

EH� DQ� LQVWDQFH� RI� WKDW� NLQG�� � $� W\SH�� RQ� WKH� RWKHU� KDQG�� UHJURXSV� REMHFWV� WKDW� VKDUH� WKH� VDPH

SURSHUWLHV���$Q�REMHFW�LV�DQ�LQVWDQFH�RI�D�W\SH�LI�DQG�RQO\�LI�LW�KDV�DOO�WKH�SURSHUWLHV�RI�WKH�W\SH�

7KLV�VHFWLRQ�FRQWDLQV�WKH�IRUPDO�GHILQLWLRQV�RI�WKH�FODVVLILFDWLRQ�UHODWLRQV���7KH�ILYH�PRUH�VSHFLILF

FODVV�LQFOXVLRQ�UHODWLRQV�FDQ�WDNH�HLWKHU�WZR�NLQGV�RU�WZR�W\SHV�DV�DUJXPHQWV�

'�� �GHIUHODWLRQ�W\SH���W�

'�� �GHIUHODWLRQ�VXENLQG�RI���[��\�

�DUJXPHQW�W\SH���,��NLQG�,��NLQG����

'�� �GHIUHODWLRQ�VXEW\SH�RI���[��\�

�DUJXPHQW�W\SH���W\SH�W\SH���

'�� �GHIUHODWLRQ�IXQFWLRQDO�LQFOXVLRQ��"[�"\�

� �DUJXPHQW�W\SH���,��NLQG�,��NLQG���W\SH�W\SH���

'�� �GHIUHODWLRQ�VWDWH�LQFOXVLRQ��"[�"\�

� �DUJXPHQW�W\SH���,��NLQG�,��NLQG���W\SH�W\SH���

'�� �GHIUHODWLRQ�DFWLYLW\�LQFOXVLRQ��"[�"\�

� �DUJXPHQW�W\SH���,��NLQG�,��NLQG���W\SH�W\SH���

'�� �GHIUHODWLRQ�DFWLRQ�LQFOXVLRQ��"[�"\�

� �DUJXPHQW�W\SH���,��NLQG�,��NLQG���W\SH�W\SH���

'�� �GHIUHODWLRQ�SHUFHSWXDO�LQFOXVLRQ��"[�"\�

� �DUJXPHQW�W\SH���,��NLQG�,��NLQG���W\SH�W\SH���
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$���� 5HODWLRQ�&KDUDFWHUL]DWLRQ

,Q�WKLV�VHFWLRQ��WKH�UHODWLRQV�GHILQHG�LQ�6XEVHFWLRQ�$�����DUH�FKDUDFWHUL]HG���$[LRPV�$[���WR�$[��

DUH�JHQHUDO�VWDWHPHQWV�DERXW�WKH�FODVVLILFDWLRQV�UHODWLRQV���$[LRPV�$[���WR�$[���VWDWH�VRPH�RI�WKH

SURSHUWLHV�RI�WKH�FODVVLILFDWLRQ�UHODWLRQV���3URSHUWLHV�WKDW�DUH�FRPPRQ�WR�DOO�FODVVLILFDWLRQ�UHODWLRQV

QHHG� RQO\� EH� VWDWHG� IRU� WKH� NLQG� DQG� VXENLQG� UHODWLRQV� EHFDXVH� DOO� RWKHU� UHODWLRQV� DUH

VSHFLDOL]DWLRQV�RI�WKHVH�WZR�UHODWLRQV�

$������ *HQHUDO�D[LRPV

$[�� �IRUDOO��"[��\�

� ! �DQG��,��NLQG��\���LQVWDQFH�RI�"[��\��

�H[LVWV���S���DQG �,��NLQG�SURSHUW\��\��S�GHILQLQJ�

�,��KDV�SURSHUW\�"[��S�����

$[�� �IRUDOO��"[��\�

� �� ! �DQG��W\SH�"\���,��LV�RI�NLQG�"[��\��

�IRUDOO��"S��� �!��,��NLQG�SURSHUW\��\��S�GHILQLQJ���,��KDV�SURSHUW\�"[��S����

$[�� �IRUDOO���[��� !��W\SH��[���NLQG��[���

��©7\SHª�LV�D�VSHFLDOL]DWLRQ�RI�©NLQG�ª�KHQFH�HYHU\�W\SH�LV�DOVR�D�NLQG�

$[�� �IRUDOO���[��\��S�

� ! �DQG��VXEW\SH��[��\���,��NLQG�SURSHUW\��\��S�GHILQLQJ��

�,��NLQG�SURSHUW\��[��S�GHILQLQJ���

� ,I�D�W\SH�7��LV�D�VXEW\SH�RI�D�W\SH�7��DQG�3�LV�D�GHILQLQJ�SURSHUW\�IRU�7���WKHQ�3�LV�DOVR�D�

GHILQLQJ�SURSHUW\�IRU�7��

$[�� �IRUDOO���[��\��S��� ! �DQG��VXENLQG��[��\���,��NLQG�SURSHUW\��\��S�HVVHQWLDO��

�,��NLQG�SURSHUW\��[��S�HVVHQWLDO���

� ,I�D�NLQG�.��LV�D�VXENLQG�RI�D�NLQG�.��DQG�3�LV�DQ�HVVHQWLDO�SURSHUW\�RI�.���WKHQ�3�LV�DOVR�DQ

HVVHQWLDO�SURSHUW\�RI�.��

$[�� �IRUDOO���[��\��� ! �VXENLQG��[��\�

�IRUDOO��"]��� !��LV�RI�NLQG�"]��[���LV�RI�NLQG�"]��\�����

� ,I�D�NLQG�.��LV�D�VXENLQG�RI�D�NLQG�.���WKHQ�DOO�LQVWDQFHV�RI�.��DUH�DOVR�LQVWDQFHV�RI�.����1RWH

WKDW�IURP�WKLV�D[LRP�DQG�$[LRP�$[����LW�FDQ�GHGXFHG�WKDW�WKH�VDPH�D[LRP�KROGV�IRU�VXEW\SHV�

$[�� �IRUDOO���[��\�

� !� �RU�IXQFWLRQDO�LQFOXVLRQ��[��\���DFWLYLW\�LQFOXVLRQ��[��\�
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�VWDWH�LQFOXVLRQ��[��\���DFWLRQ�LQFOXVLRQ��[��\�

�SHUFHSWXDO�LQFOXVLRQ��[��\���VXEW\SH��[��\��

�VXENLQG��[��\���

� 7KH� VXEW\SH�� IXQFWLRQDO�LQFOXVLRQ�� DFWLYLW\�LQFOXVLRQ�� VWDWH�LQFOXVLRQ�� DFWLRQ�LQFOXVLRQ�� DQG

SHUFHSWXDO�LQFOXVLRQ�UHODWLRQV�DUH�DOO�VSHFLDOL]DWLRQV�RI�WKH�VXENLQG�UHODWLRQ�

$������ 5HIOH[LYLW\

$�UHODWLRQ�KDV� WKH�SURSHUW\�RI� UHIOH[LYLW\� LI� HYHU\�REMHFW� VWDQGV� LQ� WKH� UHODWLRQ�ZLWK� LWVHOI�� �)RU

H[DPSOH��WKH�UHODWLRQ�NQRZV��ZKLFK�WDNHV�KXPDQV�DV�DUJXPHQWV��LV�UHIOH[LYH�EHFDXVH�HDFK�KXPDQ

NQRZV�KLPVHOI�KHUVHOI���7KH�IROORZLQJ�D[LRP�VWDWHV�WKDW�WKH�VXENLQG�UHODWLRQ�LV�UHIOH[LYH�

$[�� �IRUDOO���[���VXENLQG��[��[��

$������ $QWLV\PPHWU\��

$�UHODWLRQ�5�LV�DQWLV\PPHWULF�LI�WKH�IDFW�WKDW�DQ�REMHFW�$�LV�UHODWHG�WR�DQ�REMHFW�%�WKURXJK�5�DQG

%�LV�DOVR�UHODWHG�WR�$�WKURXJK�5�LPSOLHV�WKDW�$�DQG�%�GHQRWH�WKH�VDPH�REMHFW���$Q�H[DPSOH�RI�DQ

DQWLV\PPHWULF�UHODWLRQ�LV�WKH�UHODWLRQ����JUHDWHU�WKDQ�RU�HTXDO�WR����,I�[�LV�JUHDWHU�WKDQ�RU�HTXDO�WR�\

DQG� \� LV� JUHDWHU� WKDQ� RU� HTXDO� WR� [�� WKHQ� [� LV� HTXDO� WR� \�� �7KH� IROORZLQJ� D[LRP� VWDWHV� WKDW� WKH

VXENLQG�UHODWLRQ�LV�DQWLV\PPHWULF�

$[�� �IRUDOO���[��\�

� ! �DQG��VXENLQG��[��\���VXENLQG��\��[���� ��[��\���

$������ 7UDQVLWLYLW\

$�UHODWLRQ�5�LV�WUDQVLWLYH�LI�IRU�DOO�REMHFWV�$��%��DQG�&��VXFK�WKDW�$�LV�UHODWHG�WR�%�WKURXJK�5�DQG

%�LV�UHODWHG�WR�&�WKURXJK�5��$�LV�UHODWHG�WR�&�WKURXJK�5���$Q�H[DPSOH�RI�D�WUDQVLWLYH�UHODWLRQ�LV

WKH� �� UHODWLRQ�� � ,I� $�%� DQG� %�&�� WKHQ� $�&�� � 7KH� IROORZLQJ� D[LRP� VWDWHV� WKDW� WKH� VXENLQG

UHODWLRQ�LV�WUDQVLWLYH�

$[�� �IRUDOO���[��\��]��� ! �DQG��VXENLQG��[��\���VXENLQG��\��]����VXENLQG��[��]���

                                                          

��$ UHODWLRQ 5 LV V\PPHWULF LI IRU HYHU\ REMHFWV $ DQG %� VXFK WKDW $ LV UHODWHG WR % WKURXJK 5� % LV DOVR UHODWHG WR $
WKURXJK 5�



���

$�� 0HURQ\PLF�5HODWLRQV

$�����2YHUYLHZ

0HURQ\PLF�UHODWLRQV�DUH�XVHG� WR�GHVFULEH�SDUW�RI� UHODWLRQVKLSV�DQG�DUH� LQWURGXFHG� LQ�6HFWLRQ���

)LJXUH�$���VKRZV�D�SDUWLDO�WD[RQRP\�RI�PHURQ\PLF�UHODWLRQV���3K\VLFDO�DQG�FRQFHSWXDO�SDUW�RI

UHODWLRQVKLSV�DUH�ILUVW�GLVWLQJXLVKHG���7KHUH�DUH�IRXU�SK\VLFDO�SDUW�RI�UHODWLRQV���7KH�SODFH�ZLWKLQ

UHODWLRQ�LV�XVHG�WR�UHODWH�JHRJUDSKLFDO�REMHFWV���,W�UHODWHV�D�JHRJUDSKLFDO�REMHFW�DQG�WKH�DUHD�ZKHUH

WKH� REMHFW� LV� ORFDWHG�� � ([DPSOHV� RI� WKH� XVH� RI� WKLV� UHODWLRQ� DUH�7KH� (YHUJODGHV� DUH� SDUW� RI

)ORULGD� DQG�7KH�$OSV� DUH� SDUW� RI� (XURSH�� � 7KH� FRPSRQHQW�RI� UHODWLRQ� LV� XVHG� WR� UHODWH� DQ

REMHFW�DQG�RQH�RI�LWV�FRPSRQHQWV���7KH�REMHFW�LV�FRQVLGHUHG�DQ�LQWHJUDO�ZKROH�WKDW�LV�GLYLGHG�LQWR

LWV�FRPSRQHQWV���([DPSOHV�RI�WKH�XVH�RI�WKLV�UHODWLRQ�DUH�$�FKDSWHU�LV�D�SDUW�RI�D�ERRN�DQG�$

ZKHHO� LV�D�SDUW�RI�D�ELF\FOH�� �7KH�VWXII�RI� UHODWLRQ� LV�XVHG� WR�GHVFULEH� WKDW�DQ�REMHFW� LV�SDUWO\

PDGH�RI�VRPH�PDWHULDO���([DPSOHV�RI�WKH�VWXII�RI�UHODWLRQ�DUH�$�ELNH�LV�SDUWO\�VWHHO�DQG�$�FKDLU

LV�SDUWO\�ZRRG���7KH�SRUWLRQ�RI�UHODWLRQ�GHVFULEHV�WKH�UHODWLRQVKLSV�EHWZHHQ�WZR�VLPLODU�REMHFWV�

RQH�EHLQJ�LQFOXGHG�LQ� WKH�RWKHU�� �([DPSOHV�RI�SRUWLRQ�RI� UHODWLRQV�DUH�$�VOLFH� LV�SDUW�RI�D�SLH

DQG�$�\DUG�LV�SDUW�RI�D�PLOH�

7KHUH�DUH� WZR�FRQFHSWXDO�SDUW�RI� UHODWLRQV�� �7KH�PHPEHU�RI� UHODWLRQ�GHVFULEHV� WKH� IDFW� WKDW�DQ

REMHFW�LV�D�PHPEHU�RI�VRPH�FROOHFWLRQ���,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKLV�UHODWLRQ�GLIIHUV�IURP�WKH

FODVVLILFDWLRQ� UHODWLRQV� GHVFULEHG� LQ� 6HFWLRQ� ��� � 7KH�PHPEHU�RI� UHODWLRQ� GRHV� QRW� UHTXLUH� DQ\

VLPLODULW\� EHWZHHQ� WKH� PHPEHUV� RI� D� FROOHFWLRQ� RI� REMHFWV� H[FHSW� WKHLU� PHPEHUVKLS� WR� WKDW

FROOHFWLRQ���([DPSOHV�RI�WKH�XVH�RI�WKH�PHPEHU�RI�UHODWLRQ�DUH�&DUGV�DUH�SDUW�RI�D�GHFN�DQG�$

WUHH� LV� SDUW� RI� D� IRUHVW�� � 7KH� DFWLYLW\�ZLWKLQ� UHODWLRQ� GHVFULEHV� WKH� IHDWXUHV� RU� SKDVHV� RI

DFWLYLWLHV�� �([DPSOHV�RI� WKH�XVH�RI� WKDW� UHODWLRQ�DUH�3D\LQJ� LV�SDUW�RI� VKRSSLQJ� DQG�'DWLQJ� LV

SDUW�RI�DGROHVFHQFH�

$���� 5HODWLRQ�'HILQLWLRQ

,Q�WKLV�VXEVHFWLRQ��WKH�PHURQ\PLF�UHODWLRQV�GHVFULEHG�LQ�6XEVHFWLRQ�$�����DUH�IRUPDOO\�GHILQHG�

0RVW�GHILQLWLRQV�FRQVLVW� VLPSO\�RI� WKH�GHFODUDWLRQ�RI� WKH� UHODWLRQ�� �7KH� LQYHUVH� UHODWLRQV�RI� WKH

UHODWLRQV�VKRZQ�LQ�)LJXUH�$���DUH�DOVR�GHILQHG�



���

,QFOXGHG�%\

,QFOXGHG�6SDWLDOO\ ,QFOXGHG�0HURQ\PLFDOO\

3K\VLFDO

3DUW�2I

,QFOXGHG�'HVFULSWLYHO\

&RPSRQHQW�2I
6WXII�2I

3RUWLRQ�2I

&RQFHSWXDO

3DUW�2I

0HPEHU�2I $FWLYLW\�:LWKLQ

6SHFLDOL]DWLRQ�2I

3ODFH�:LWKLQ

)LJXUH�$�����$�3DUWLDO�7D[RQRP\�RI�0HURQ\PLF�5HODWLRQV

'�� �GHIUHODWLRQ�PHPEHU�RI��"[�"\��

'��� �GHIUHODWLRQ�KDV�PHPEHU��"[�"\��� ��PHPEHU�RI�"\�"[��

��7KH�UHODWLRQ�KDV�PHPEHU�LV�GHILQHG�DV�WKH�LQYHUVH�UHODWLRQ�RI�WKH�UHODWLRQ�PHPEHU�RI�

'��� �GHIUHODWLRQ�DFWLYLW\�ZLWKLQ��"[�"\��

'��� �GHIUHODWLRQ�FRQWDLQV�DFWLYLW\��"[�"\��� ��DFWLYLW\�ZLWKLQ�"\�"[��

��7KH�UHODWLRQ�FRQWDLQV�DFWLYLW\�LV�GHILQHG�DV�WKH�LQYHUVH�UHODWLRQ�RI�WKH�UHODWLRQ�DFWLYLW\�ZLWKLQ�

'��� �GHIUHODWLRQ�PDGH�RI��"[�"\��� !��PDWHULDO�"\��

'��� �GHIUHODWLRQ�PDNHV�XS��"[�"\��� ��PDGH�RI�"\�"[��

��7KH�UHODWLRQ�PDNHV�XS�LV�GHILQHG�DV�WKH�LQYHUVH�UHODWLRQ�RI�WKH�UHODWLRQ�PDGH�RI�

'��� �GHIUHODWLRQ�VWXII�RI��"[�"\��� !��PDWHULDO�"\��

'��� �GHIUHODWLRQ�PDNHV�LQ�SDUW��"[�"\��� ���VWXII�RI�"\�"[��

��7KH�UHODWLRQ�PDNHV�LQ�SDUW�LV�GHILQHG�DV�WKH�LQYHUVH�UHODWLRQ�RI�WKH�UHODWLRQ�VWXII�RI�

'��� �GHIUHODWLRQ�SRUWLRQ�RI��"[�"\�

�IRUDOO��"[�"\�"]���H[LVWV��"]���DQG��QRW��HTXDO�"[�"]���SRUWLRQ�RI�"]�"\�����

��,I�[�LV�D�SRUWLRQ�RI�\��WKHQ�WKHUH�H[LVWV�VRPH�RWKHU�PDWHULDO�]�RI�ZKLFK�[�LV�FRPSRVHG�

'��� �GHIUHODWLRQ�KDV�SRUWLRQ��"[�"\��� ��SRUWLRQ�RI�"\�"[��

��7KH�UHODWLRQ�KDV�SRUWLRQ�LV�GHILQHG�DV�WKH�LQYHUVH�UHODWLRQ�RI�WKH�UHODWLRQ�SRUWLRQ�RI�



���

'��� �GHIUHODWLRQ�FRPSRQHQW�RI��"[�"\��

'��� �GHIUHODWLRQ�KDV�FRPSRQHQW��"[�"\��� ��FRPSRQHQW�RI�"\�"[��

��7KH�UHODWLRQ�KDV�FRPSRQHQW�LV�GHILQHG�DV�WKH�LQYHUVH�UHODWLRQ�RI�WKH�UHODWLRQ�FRPSRQHQW�RI�

'��� �GHIUHODWLRQ�SODFH�ZLWKLQ��"[�"\��

'��� �GHIUHODWLRQ�FRQWDLQV�SODFH��"[�"\��� ��SODFH�ZLWKLQ�"\�"[��

��7KH�UHODWLRQ�FRQWDLQV�SODFH�LV�GHILQHG�DV�WKH�LQYHUVH�UHODWLRQ�RI�WKH�UHODWLRQ�SODFH�ZLWKLQ�

'��� �GHIUHODWLRQ�SK\VLFDO�SDUW�RI��"[�"\�

� ��RU �FRPSRQHQW�RI�"[�"\���VWXII�RI�"[�"\���SRUWLRQ�RI�"[�"\���SODFH�ZLWKLQ�"[�"\���

� 7KH� UHODWLRQV� FRPSRQHQW�RI�� VWXII�RI�� SRUWLRQ�RI�� DQG� SODFH�ZLWKLQ� DUH� DOO� SK\VLFDO�SDUW�RI

UHODWLRQV�DQG�WKHUH�H[LVWV�QR�RWKHU�SK\VLFDO�SDUW�RI�UHODWLRQ�

'��� �GHIUHODWLRQ�FRQFHSWXDO�SDUW�RI��"[�"\�

� ��RU��PHPEHU�RI�"[�"\���IHDWXUH�RI�"[�"\���

� 7KH�UHODWLRQV�PHPEHU�RI�DQG�IHDWXUH�RI�DUH�DOO�FRQFHSWXDO�SDUW�RI�UHODWLRQV�DQG�WKHUH�H[LVWV�QR

RWKHU�FRQFHSWXDO�SDUW�RI�UHODWLRQ�

'��� �GHIUHODWLRQ�SDUW�RI��"[�"\�

� ��RU��SK\VLFDO�SDUW�RI�"[�"\���FRQFHSWXDO�SDUW�RI�"[�"\���

� 7KH� SDUW�RI� UHODWLRQV� FRQVLVW� RI� WKH� SK\VLFDO�SDUW�RI� UHODWLRQV� DQG� WKH� FRQFHSWXDO� SDUW�RI

UHODWLRQV�

$���� 5HODWLRQ�&KDUDFWHUL]DWLRQ

,Q� WKLV� VXEVHFWLRQ�� WKH� UHODWLRQV� GHILQHG� LQ� 6XEVHFWLRQ� $����� DUH� FKDUDFWHUL]HG�� � 7KH

FKDUDFWHUL]DWLRQ�LV�RUJDQL]HG�DFFRUGLQJ�WR�FRPPRQ�SURSHUWLHV�RI�UHODWLRQV�

$������ 0XWXDO�([FOXVLYLW\

$�VHW�RI�Q�DU\�UHODWLRQV��L�H���UHODWLRQV�ZLWK�Q�DUJXPHQWV��KDV�WKH�SURSHUW\�RI�PXWXDOO\�H[FOXVLYLW\

LI��JLYHQ�Q�REMHFWV��HLWKHU�WKH�REMHFWV�VWDQG�LQ�QRQH�RI�WKH�UHODWLRQV�RU� WKH\�VWDQG�LQ�H[DFWO\�RQH

UHODWLRQ���7KH�D[LRPV�EHORZ�IRUPDOO\�VWDWH�WKDW�DOO�PHURQ\PLF�UHODWLRQV�DUH�PXWXDOO\�H[FOXVLYH�

$[��� �IRUDOO��"[�"\��� ! �FRPSRQHQW�RI�"[�"\�

�DQG �QRW��FRQFHSWXDO�SDUW�RI�"[�"\����QRW��VWXII�RI�"[�"\��



���

�QRW��SRUWLRQ�RI�"[�"\����QRW��SODFH�ZLWKLQ�"[�"\�����

$[��� �IRUDOO��"[�"\��� ! �VWXII�RI�"[�"\�

�DQG �QRW��FRQFHSWXDO�SDUW�RI�"[�"\����QRW��FRPSRQHQW�RI�"[�"\��

�QRW��SRUWLRQ�RI�"[�"\����QRW��SODFH�ZLWKLQ�"[�"\�����

$[��� �IRUDOO��"[�"\��� ! �SRUWLRQ�RI�"[�"\�

�DQG �QRW��FRQFHSWXDO�SDUW�RI�"[�"\����QRW��FRPSRQHQW�RI�"[�"\���

�QRW��VWXII�RI�"[�"\����QRW��SODFH�ZLWKLQ�"[�"\�����

$[��� �IRUDOO��"[�"\��� ! �SODFH�ZLWKLQ�"[�"\�

�DQG �QRW��FRQFHSWXDO�SDUW�RI�"[�"\����QRW��SRUWLRQ�RI�"[�"\�

�QRW��FRPSRQHQW�RI�"[�"\����QRW��VWXII�RI�"[�"\�����

$[��� �IRUDOO��"[�"\��� ! �PHPEHU�RI�"[�"\�

�DQG��QRW��SK\VLFDO�SDUW�RI�"[�"\����QRW��DFWLYLW\�ZLWKLQ�"[�"\�����

$[��� �IRUDOO��"[�"\��� ! �DFWLYLW\�ZLWKLQ�"[�"\�

�DQG��QRW��SK\VLFDO�SDUW�RI�"[�"\����QRW��PHPEHU�RI�"[�"\�����

$������ ,UUHIOH[LYLW\

$Q�LUUHIOH[LYLW\�D[LRP�IRU�D�UHODWLRQ�VWDWHV�WKDW�QR�REMHFW�FDQ�VWDQG�LQ�WKH�UHODWLRQ�ZLWK�LWVHOI���7KH

IROORZLQJ�D[LRP�IRUPDOO\�VWDWHV�WKDW�DOO�PHURQ\PLF�UHODWLRQV�DUH�LUUHIOH[LYH�

$[��� �IRUDOO��"[���QRW��SDUW�RI�"[�"[��

$������ $V\PPHWU\

$�UHODWLRQ�5�LV�DV\PPHWULF�LI�WKH�IDFW�WKDW�DQ�REMHFW�$�LV�UHODWHG�WR�DQ�REMHFW�%�WKURXJK�5�LPSOLHV

WKDW� %� GRHV� QRW� VWDQG� LQ� WKDW� UHODWLRQ� ZLWK� $�� � 7KH� D[LRP� EHORZ� IRUPDOO\� VWDWHV� WKDW� DOO

PHURQ\PLF�UHODWLRQV�DUH�DV\PPHWULF�

$[��� �IRUDOO��"[�"\��� !��SDUW�RI�"[�"\���QRW��SDUW�RI�"\�"[����

$������ 7UDQVLWLYLW\

7KH�D[LRP�EHORZ�IRUPDOO\�VWDWHV�WKDW�DOO�SK\VLFDO�SDUW�RI�UHODWLRQV�DUH�WUDQVLWLYH�

$[��� �IRUDOO��"[�"\�"]��� ! �DQG��SK\VLFDO�SDUW�RI�"[�"\���SK\VLFDO�SDUW�RI�"\�"]���

�SK\VLFDO�SDUW�RI�"[�"]���



���

$������ 0LVFHOODQHRXV

7KH� PHURQ\PLF� UHODWLRQV� PD\� EH� FKDUDFWHUL]HG� IXUWKHU� ZLWK� WKUHH� SURSHUWLHV�� VHSDUDELOLW\�

IXQFWLRQDOLW\��DQG�KRPHRPHURVLW\�>:LQVWRQ��HW��DO����@���7KHVH�SURSHUWLHV�HQDEOH�IXUWKHU�JUDLQHG

GLIIHUHQWLDWLRQ�RI�PHURQ\PLF�UHODWLRQV�� �7KH�VHSDUDELOLW\�SURSHUW\�DSSOLHV� WR�SDUW�RI� UHODWLRQV� LQ

ZKLFK�REMHFWV�FDQ�EH�SK\VLFDOO\�VHSDUDWHG��DW�OHDVW�LQ�SULQFLSOH��IURP�WKH�ZKROH�WR�ZKLFK�WKH\�DUH

FRQQHFWHG���2EMHFWV�WKDW�SDUWLFLSDWH�LQ�D�IXQFWLRQDO�UHODWLRQ�KDYH�D�IXQFWLRQDO�UROH�ZLWK�UHVSHFW�WR

WKH�ZKROH���2EMHFWV�SDUWLFLSDWLQJ�LQ�D�KRPHRPHURXV�UHODWLRQ�DUH�VLPLODU�WR�HDFK�RWKHU�DQG�WR�WKH

ZKROH� WR�ZKLFK� WKH\�EHORQJ�� �7KHVH� WKUHH�SURSHUWLHV� DUH� IRUPDOO\�GHILQHG�EHORZ�� � �)LJXUH�$��

VXPPDUL]HV� WKH�SURSHUWLHV� IRU�HDFK�PHURQ\PLF� UHODWLRQ�� � ,Q� WKH� WDEOH�� WKH� V\PERO�©�ª� LQGLFDWHV

WKDW� WKH�FRUUHVSRQGLQJ�UHODWLRQ�GRHV�QRW�KDYH�WKH�SURSHUW\��ZKLOH� WKH�V\PERO�©�ª� LQGLFDWHV� WKDW

WKH�FRUUHVSRQGLQJ�UHODWLRQ�KDV�WKH�SURSHUW\���7KH�IRUPDO�,'()��HODERUDWLRQ�ODQJXDJH�VWDWHPHQWV

IRU�WKH�WKUHH�SURSHUWLHV�RI�VHSDUDELOLW\��IXQFWLRQDOLW\��DQG�KRPHRPHURVLW\�DUH�SURYLGHG�

0HURQ\PLF�5HODWLRQV 6HSDUDEOH )XQFWLRQDO +RPHRPHURXV

SODFH�ZLWKLQ � � �

FRPSRQHQW�RI � � �

VWXII�RI � � �

SRUWLRQ�RI � � �

PHPEHU�RI � � �

DFWLYLW\�ZLWKLQ � � �

)LJXUH�$�����6SHFLDO�3URSHUWLHV�RI�0HURQ\PLF�5HODWLRQV

$[��� �SURSHUW\�VHSDUDEOH�

$[��� �SURSHUW\�KRPHRPHURXV�

$[��� �SURSHUW\�IXQFWLRQDO�

$[��� �KDV�SURSHUW\�PHPEHU�RI�VHSDUDEOH�

$[��� �KDV�SURSHUW\�SRUWLRQ�RI�VHSDUDEOH�

$[��� �KDV�SURSHUW\�FRPSRQHQW�RI�VHSDUDEOH�

$[��� �QRW��KDV�SURSHUW\�DFWLYLW\�ZLWKLQ�VHSDUDEOH��

$[��� �QRW��KDV�SURSHUW\�VWXII�RI�VHSDUDEOH��



���

$[��� �QRW��KDV�SURSHUW\�SODFH�ZLWKLQ�VHSDUDEOH��

$[��� �QRW��KDV�SURSHUW\�PHPEHU�RI�IXQFWLRQDO��

$[��� �QRW��KDV�SURSHUW\�SRUWLRQ�RI�IXQFWLRQDO��

$[��� �KDV�SURSHUW\�FRPSRQHQW�RI�IXQFWLRQDO�

$[��� �KDV�SURSHUW\�DFWLYLW\�ZLWKLQ�IXQFWLRQDO�

$[��� �KDV�SURSHUW\�VWXII�RI�IXQFWLRQDO�

$[��� �QRW��KDV�SURSHUW\�SODFH�ZLWKLQ�IXQFWLRQDO��

$[��� �QRW��KDV�SURSHUW\�PHPEHU�RI�KRPHRPHURXV��

$[��� �KDV�SURSHUW\�SRUWLRQ�RI�KRPHRPHURXV�

$[��� �QRW��UHODWLRQ�SURSHUW\�FRPSRQHQW�RI�KRPHRPHURXV��

$[��� �QRW��UHODWLRQ�SURSHUW\�DFWLYLW\�ZLWKLQ�KRPHRPHURXV��

$[��� �UHODWLRQ�SURSHUW\�VWXII�RI�KRPHRPHURXV�

$[��� �QRW��UHODWLRQ�SURSHUW\�SODFH�ZLWKLQ�KRPHRPHURXV��

$�� 7HPSRUDO�5HODWLRQV

$���� 2YHUYLHZ

7KLV� VXEVHFWLRQ� FRQWDLQV� WKH� GHILQLWLRQV� DQG� FKDUDFWHUL]DWLRQV� RI� D� VHW� RI� FRPPRQO\� RFFXUULQJ

WHPSRUDO�UHODWLRQV���7KHVH�UHODWLRQV�VKRXOG�EH�YLHZHG�DV�SDUW�RI�D�WLPH�RQWRORJ\�WKDW�FRQWDLQV�WZR

NLQGV� FDOOHG� ©WLPH�LQWHUYDOª� DQG� ©WLPH�SRLQW�ª� � 7KH� WLPH�LQWHUYDO� NLQG� FRUUHVSRQGV� WR� WKH

LQWXLWLYH�QRWLRQ�RI�DQ�LQWHUYDO�RI�WLPH��ZKLOH� WKH�WLPH�SRLQW�NLQG�FRUUHVSRQGV�WR� WKH�QRWLRQ�RI�D

SRLQW� LQ� WLPH�� � 7KH� WLPH�LQWHUYDO� NLQG� KDV� WKUHH� DWWULEXWHV�� � EHJLQQLQJ�� ZKLFK� UHWXUQV� WKH

EHJLQQLQJ� SRLQW� RI� DQ� LQWHUYDO�� HQG�� ZKLFK� UHWXUQV� WKH� HQG� SRLQW� RI� DQ� LQWHUYDO�� DQG�GXUDWLRQ�

ZKLFK� UHWXUQV� WKH� OHQJWK� RI� DQ� LQWHUYDO�� � 7LPH� SRLQWV� DUH� RUGHUHG� XVLQJ� D� SULPLWLYH� UHODWLRQ�

GHQRWHG�����WKDW�FRUUHVSRQGV�WR�WKH�EHIRUH�UHODWLRQ���7KH�UHODWLRQV�EHWZHHQ�WLPH�LQWHUYDOV�DUH�DOO

GHILQHG� LQ� WHUPV� RI� WKH���� UHODWLRQ� EHWZHHQ� WLPH� SRLQWV�� � 7KH� VHPDQWLFV� RI� WKH� WLPH�LQWHUYDO

UHODWLRQV� SUHVHQWHG� KHUH� DUH� WKH� RQHV� IRXQG� LQ� $OOHQ� >��@�� � 7KHVH� UHODWLRQV�� ZKRVH� LQWXLWLYH

VHPDQWLFV�DUH�LOOXVWUDWHG�LQ�)LJXUH�$����DUH�DOO�ELQDU\�UHODWLRQV�



���

$���� 5HODWLRQ�'HILQLWLRQ

,Q�WKLV�VXEVHFWLRQ��WHPSRUDO�UHODWLRQV�DUH�IRUPDOO\�GHILQHG�

'��� �GHIUHODWLRQ�����"[�"\�

�DUJXPHQW�W\SH ��WLPH�SRLQW�WLPH�SRLQW���

'��� �GHIUHODWLRQ�EHIRUH��"[�"\�

�DUJXPHQW�W\SH ��WLPH�LQWHUYDO�WLPH�LQWHUYDO���

�IRUDOO��"[�"\���� ! �EHIRUH�"[�"\�������HQG�"[����EHJLQQLQJ�"\����

; EHIRUH <

< DIWHU ;

; GXULQJ <

< FRQWDLQV ;

; RYHUODSV <

< RYHUODSSHG�E\ ;

; PHHWV <

< PHW�E\ ;

; VWDUWV <

< VWDUWHG�E\ ;

; ILQLVKHV <

< ILQLVKHG�E\ ;

;;;

<<<<<<

;;; <<<

;;;

<<<<

;;;<<<

;;;

<<<<<<

;;;

<<<<<

; HTXDOV <
;;;

<<<

)LJXUH�$�����%LQDU\�7HPSRUDO�5HODWLRQV

'��� �GHIUHODWLRQ�DIWHU��"[�"\��� ��EHIRUH�"\�"[��

'��� �GHIUHODWLRQ�GXULQJ��"[�"\�

�DUJXPHQW�W\SH ��WLPH�LQWHUYDO�WLPH�LQWHUYDO���

�IRUDOO��"[�"\�

�� ! �GXULQJ�"[�"\�

�DQG �����EHJLQQLQJ�"[����EHJLQQLQJ�"\��������HQG�"\����HQG�"[�����

'��� �GHIUHODWLRQ�FRQWDLQV��"[�"\��� ��GXULQJ�"\�"[��

'��� �GHIUHODWLRQ�RYHUODSV��"[�"\�

�DUJXPHQW�W\SH ��WLPH�LQWHUYDO�WLPH�LQWHUYDO���

�IRUDOO��"[�"\�

�� ! �RYHUODSV�"[�"\�

�DQG �����EHJLQQLQJ�"[����EHJLQQLQJ�"\��������HQG�"[����HQG�"\�

�����EHJLQQLQJ�"\���HQG�"[�����

'��� �GHIUHODWLRQ�RYHUODSSHG�E\��"[�"\��� �RYHUODSV��"\�"[��

'��� �GHIUHODWLRQ�PHHWV��"[�"\�

�DUJXPHQW�W\SH ��WLPH�LQWHUYDO�WLPH�LQWHUYDO���



���

�IRUDOO��"[�"\���� ! �PHHWV�"[�"\���� ��HQG�"[����EHJLQQLQJ�"\����

'��� �GHIUHODWLRQ�PHW�E\��"[�"\��� �PHHWV��"\�"[��

'��� �GHIUHODWLRQ�VWDUWV��"[�"\�

�DUJXPHQW�W\SH ��WLPH�LQWHUYDO�WLPH�LQWHUYDO���

�IRUDOO��"[�"\�

�� ! �VWDUWV�"[�"\�

�DQG � ��EHJLQQLQJ�"[����EHJLQQLQJ�"\��������HQG�"[����HQG�"\�����

'��� �GHIUHODWLRQ�VWDUWHG�E\��"[�"\��� �VWDUWV��"\�"[��

'��� �GHIUHODWLRQ�ILQLVKHV��"[�"\�

�DUJXPHQW�W\SH ��WLPH�LQWHUYDO�WLPH�LQWHUYDO���

�IRUDOO��"[�"\�

�� ! �ILQLVKHV�"[�"\�

�DQG �����EHJLQQLQJ�"\����EHJLQQLQJ�"[���� ��HQG�"[����HQG�"\�����

'��� �GHIUHODWLRQ�ILQLVKHG�E\��"[�"\��� �ILQLVKHV��"\�"[��

7KH�HTXDOV�UHODWLRQ�LV�WKH�FRPPRQ�LGHQWLW\�UHODWLRQ�EHWZHHQ�REMHFWV�

$���� 5HODWLRQ�&KDUDFWHUL]DWLRQ

7KH�WHPSRUDO�UHODWLRQV�GHILQHG�LQ�6XEVHFWLRQ�$�����DUH�FKDUDFWHUL]HG�LQ�WKLV�VXEVHFWLRQ���)LUVW��WKH

D[LRPV� WKDW� FKDUDFWHUL]HV� WKH� ��� UHODWLRQ� FRPSOHWHO\� DUH� SUHVHQWHG�� � 7KH� SURSHUWLHV� RI� WKH

WHPSRUDO� UHODWLRQV� DUH� DOVR� JLYHQ�� � �$OO� WKHVH� SURSHUWLHV� FDQ� EH� GHGXFHG� IURP� WKH� UHODWLRQ

GHILQLWLRQV����,Q�WKH�IROORZLQJ�GLVFXVVLRQ��WKH�LGHQWLW\�UHODWLRQ�ZLOO�QRW�EH�FRQVLGHUHG�D�WHPSRUDO

UHODWLRQ� SHU� VH�� � 7KH� SURSHUWLHV� RI� WHPSRUDO� UHODWLRQV� SUHVHQWHG� KHUH� DUH� VWDWHG� IRU� RQO\� VL[

UHODWLRQV�� EHIRUH�� GXULQJ�� RYHUODSV��PHHWV�� VWDUWV�� DQG� ILQLVKHV�� � 3URSHUWLHV� IRU� WKHLU� LQYHUVH

UHODWLRQ�FDQ�EH�GHGXFHG�HDVLO\�

$[��� �IRUDOO��"[���QRW�����"[�"[���

$[��� �IRUDOO��"[�"\�"]��� ! �DQG�����"[�"\������"\�"]��

$[��� �IRUDOO��"[�"\���RU�����"[�"\������"\�"]���

7KH� IROORZLQJ� D[LRPV� VWDWH� WKDW� DOO� WKH� WHPSRUDO� UHODWLRQV� �H[FOXGLQJ� WKH� LGHQWLW\� UHODWLRQ�� DUH

LUUHIOH[LYH�

$[��� �IRUDOO��"[����DQG �QRW��EHIRUH�"[�"[���QRW��GXULQJ�"[�"[���QRW��RYHUODSV�"[�"[�

�QRW��PHHWV�"[�"[��QRW��VWDUWV�"[�"[���QRW��ILQLVKHV�"[�"[���



���

7KH�IROORZLQJ�D[LRPV�VWDWH�WKDW�DOO�WKH�WHPSRUDO�UHODWLRQV�DUH�DV\PPHWULF���)RUPDOO\�VWDWHG�

$[��� �IRUDOO��"[�"\��� !��HTXDOV�"[�"\���HTXDOV�"\�"[���

$[��� �IRUDOO��"[�"\��� !��EHIRUH�"[�"\���QRW��EHIRUH�"[�"\����

$[��� �IRUDOO��"[�"\��� !��GXULQJ�"[�"\���QRW��GXULQJ�"[�"\����

$[��� �IRUDOO��"[�"\��� !��RYHUODSV�"[�"\���QRW��RYHUODSV�"[�"\����

$[��� �IRUDOO��"[�"\��� !��PHHWV�"[�"\���QRW��PHHWV�"[�"\���

$[��� �IRUDOO��"[�"\��� !��VWDUWV�"[�"\���QRW��VWDUWHG�E\�"[�"\���

$[��� �IRUDOO��"[�"\��� !��ILQLVKHV�"[�"\���QRW��ILQLVKHG�E\�"[�"\���

7KH�IROORZLQJ�D[LRPV�VWDWH�WKDW�WKH�EHIRUH��GXULQJ���VWDUWV��DQG�ILQLVKHV�UHODWLRQV�DUH�WUDQVLWLYH�

$[��� �IRUDOO��"[�"\�"]��� !��DQG��EHIRUH�"[�"\���EHIRUH��"\�"]����EHIRUH��"[�"]���

$[��� �IRUDOO��"[�"\�"]��� !��DQG��GXULQJ�"[�"\���GXULQJ��"\�"]����GXULQJ��"[�"]���

$[��� �IRUDOO��"[�"\�"]��� !��DQG��VWDUWV�"[�"\���VWDUWV��"\�"]����VWDUWV��"[�"]���

$[��� �IRUDOO��"[�"\�"]��� !��DQG��ILQLVKHV�"[�"\���ILQLVKHV�"\�"]����ILQLVKHV�"[�"]���

$�� 6SDWLDO�5HODWLRQV

$���� 2YHUYLHZ

6SDWLDO�UHODWLRQV�FDQ�EH�XVHG�WR�GHVFULEH�SLFWXUHV��L�H���WR�VSHFLI\�WKH�VSDWLDO�UHODWLRQVKLSV�EHWZHHQ

REMHFWV�LQ�D�SLFWXUH����7KH�,'()��OLEUDU\�FRQWDLQV�WKH�FRPPRQO\�RFFXUULQJ�VSDWLDO�UHODWLRQV�OLVWHG

LQ�)LJXUH�$���

IDU

QHDU

WRXFKLQJ

EHVLGH

DGMDFHQW

GLVMRLQW

LQWHUVHFW

FRLQFLGHQW

OHIW�RI

ULJKW�RI

DERYH

EHORZ

EHKLQG

LQ�IURQW�RI

LQVLGH

RXWVLGH

EHWZHHQ

)LJXUH�$�����/LVW�RI�6SDWLDO�5HODWLRQV



���

$OO�OLVWHG�UHODWLRQV�DUH�ELQDU\�UHODWLRQV�H[FHSW�WKH�EHWZHHQ�UHODWLRQ��ZKLFK�LV�D� WHUQDU\�UHODWLRQ�

6HYHQWHHQ�UHODWLRQV�DUH�VKRZQ�LQ�)LJXUH�$�����7KH�UHODWLRQV�ULJKW�RI��EHORZ��DQG�LQ�IURQW�RI�DUH

WKH�UHVSHFWLYH�LQYHUVH�UHODWLRQV�RI�WKH�UHODWLRQV�OHIW�RI��DERYH��DQG�EHKLQG�

$���� 5HODWLRQ�'HILQLWLRQ

,Q�WKLV�VXEVHFWLRQ��WKH�VSDWLDO�UHODWLRQV�OLVWHG�LQ�)LJXUH�$���DUH�IRUPDOO\�GHILQHG�

'��� �GHIUHODWLRQ�OHIW�RI��"[�"\��

'��� �GHIUHODWLRQ�ULJKW�RI��"[�"\��� ��OHIW�RI�"\�"[��

'��� �GHIUHODWLRQ�DERYH��"[�"\��

'��� �GHIUHODWLRQ�EHORZ��"[�"\��� ��DERYH�"\�"[��

'��� �GHIUHODWLRQ�EHKLQG��"[�"\��

'��� �GHIUHODWLRQ�LQ�IURQW�RI��"[�"\��� ��EHKLQG�"\�"[��

'��� �GHIUHODWLRQ�QHDU��"[�"\��

'��� �GHIUHODWLRQ�IDU��"[�"\��� ��QHDU�"\�"[��

'��� �GHIUHODWLRQ�EHWZHHQ��"[�"\�"]��

'��� �GHIUHODWLRQ�WRXFKLQJ��"[�"\��

'��� �GHIUHODWLRQ�EHVLGH��"[�"\��

'��� �GHIUHODWLRQ�DGMDFHQW��"[�"\��

'��� �GHIUHODWLRQ�GLVMRLQW��"[�"\��

'��� �GHIUHODWLRQ�LQWHUVHFW��"[�"\��

'��� �GHIUHODWLRQ�FRLQFLGHQW��"[�"\��

$���� 5HODWLRQ�&KDUDFWHUL]DWLRQ

,Q�WKLV�6XEVHFWLRQ��WKH�VSDWLDO�UHODWLRQV�DUH�FKDUDFWHUL]HG�XVLQJ�WKH�FRPPRQ�UHODWLRQ�SURSHUWLHV�RI

UHIOH[LYLW\��V\PPHWU\��DQWLV\PPHWU\�DQG�WUDQVLWLYLW\��DV�ZHOO�DV�WKH�UHODWLRQVKLS�WKH\�EHDU�WR�RQH

DQRWKHU�



���

$������ 5HIOH[LYLW\�DQG�,UUHIOH[LYLW\

7KH� IROORZLQJ� D[LRPV� VWDWH� WKDW� WKH� FRLQFLGHQW� UHODWLRQ� LV� UHIOH[LYH�� � $OO� RWKHU� UHODWLRQV� DUH

LUUHIOH[LYH�

$[��� �IRUDOO��"[���FRLQFLGHQW�"[�"[��

$[��� �IRUDOO��"[���QRW��ULJKW�RI�"[�"[���

$[��� �IRUDOO��"[���QRW��DERYH�"[�"[���

$[��� �IRUDOO��"[���QRW��EHKLQG�"[�"[���

$[��� �IRUDOO��"[���QRW��LQVLGH�"[�"[���

$[��� �IRUDOO��"[���QRW��EHORZ�"[�"[���

$[��� �IRUDOO��"[���QRW��LQ�IURQW�RI�"[�"[���

$[��� �IRUDOO��"[���QRW��RXWVLGH�"[�"[���

$[��� �IRUDOO��"[���QRW��IDU�"[�"[���

$[��� �IRUDOO��"[���QRW��QHDU�"[�"[���

$[��� �IRUDOO��"[���QRW��WRXFKLQJ�"[�"[���

$[��� �IRUDOO��"[���QRW��EHVLGH�"[�"[���

$[��� �IRUDOO��"[���QRW��DGMDFHQW�"[�"[���

$[��� �IRUDOO��"[���QRW��GLVMRLQW�"[�"[���

$[��� �IRUDOO��"[���QRW��LQWHUVHFW�"[�"[���

$������ 6\PPHWU\�DQG�$QWLV\PPHWU\

7KH�IROORZLQJ�D[LRPV�VWDWH�WKDW�WKH�QHDU��IDU��DFURVV��IDFHV��DQG�EHVLGH�UHODWLRQV�DUH�V\PPHWULF�

ZKLOH�WKH�UHODWLRQV�OHIW�RI��DERYH��EHKLQG��DQG�LQVLGH�DUH�DQWLV\PPHWULF�

$[��� �IRUDOO��"[�"\��� !��QHDU�"[�"\���QHDU�"\�"[���

$[��� �IRUDOO��"[�"\��� !��IDU�"[�"\���IDU�"\�"[���

$[��� �IRUDOO��"[�"\��� !��EHVLGH�"[�"\���EHVLGH�"\�"[���

$[��� �IRUDOO��"[�"\��� !��DQG��OHIW�RI�"[�"\���OHIW�RI�"\�"[���� �"[�"\���



���

$[��� �IRUDOO��"[�"\��� !��DQG��DERYH�"[�"\���DERYH�"\�"[���� �"[�"\���

$[��� �IRUDOO��"[�"\��� !��DQG��EHKLQG�"[�"\���EHKLQG�"\�"[���� �"[�"\���

$[��� �IRUDOO��"[�"\��� !��DQG��LQVLGH�"[�"\���LQVLGH�"\�"[���� �"[�"\���

$������ 7UDQVLWLYLW\

7KH�IROORZLQJ�D[LRPV�VWDWH�WKDW�WKH�UHODWLRQV� OHIW�RI��ULJKW�RI��DERYH��EHKLQG��DQG�WKHLU�LQYHUVH

UHODWLRQV��DV�ZHOO�DV�WKH�UHODWLRQ�LQVLGH�DUH�WUDQVLWLYH�

$[��� �IRUDOO��"[�"\�"]��� !��DQG��OHIW�RI�"[�"\���OHIW�RI�"\�"]����OHIW�RI�"[�"]���

$[��� �IRUDOO��"[�"\�"]��� !��DQG��ULJKW�RI�"[�"\���ULJKW�RI�"\�"]����ULJKW�RI�"[�"]���

$[��� �IRUDOO��"[�"\�"]��� !��DQG��DERYH�"[�"\���DERYH�"\�"]����DERYH�"[�"]���

$[��� �IRUDOO��"[�"\�"]��� !��DQG��EHORZ�"[�"\���DERYH�"\�"]����EHORZ�"[�"]���

$[��� �IRUDOO��"[�"\�"]��� !��DQG��EHKLQG�"[�"\���EHKLQG�"\�"]����EHKLQG�"[�"]���

$[��� �IRUDOO��"[�"\�"]��� ! �DQG��LQ�IURQW�RI�"[�"\���LQ�IURQW�RI�"\�"]����LQ�IURQW�RI�"[�"]���

$[��� �IRUDOO��"[�"\�"]��� !��DQG��LQVLGH�"[�"\���LQVLGH�"\�"]����LQVLGH�"[�"]���

$������ 0XWXDO�([FOXVLYLW\

7KH�IROORZLQJ�DUH�VHWV�RI�PXWXDOO\�H[FOXVLYH�UHODWLRQV���^OHIW�RI��FRLQFLGHQW��LQVLGH`��^ULJKW�RI�

FRLQFLGHQW�� LQVLGH`�� ^DERYH�� FRLQFLGHQW�� LQVLGH`�� ^EHORZ�� FRLQFLGHQW�� LQVLGH`�� ^EHKLQG�

FRLQFLGHQW�� LQVLGH`�� ^LQ�IURQW�RI�� FRLQFLGHQW�� LQVLGH`�� ^QHDU�� FRLQFLGHQW�� LQVLGH�� IDU`�

^FRLQFLGHQW�� RXWVLGH`�� ^EHVLGH�� LQVLGH�� FRLQFLGHQW`�� ^WRXFKLQJ�� IDU`�� ^DGMDFHQW�� IDU�

FRLQFLGHQW�� LQWHUVHFW�� LQVLGH`�� DQG� ^FRLQFLGHQW�� GLVMRLQW�� LQWHUVHFW�� LQVLGH`�� � 7KH� IRUPDO

VWDWHPHQWV� FRUUHVSRQGLQJ� WR� WKHVH� VHWV� RI� PXWXDOO\� H[FOXVLYH� UHODWLRQV� DUH� RUJDQL]HG� LQ� WKH

IROORZLQJ�ZD\���)RU�HDFK�UHODWLRQ�5��WKH�UHODWLRQV�WKDW�DUH�LQFRPSDWLEOH�ZLWK�LW��L�H���WKH�UHODWLRQV

LQ�ZKLFK�D�SDLU��D�E��FDQQRW�VWDQG�LI��D�E��DOUHDG\�VWDQG�LQ�WKH�UHODWLRQ�5��DUH�JLYHQ�

$��� �IRUDOO��"[�"\�

�� ! �OHIW�RI�"[�"\�

�DQG �QRW��ULJKW�RI�"[�"\����QRW��FRLQFLGHQW�"[�"\����QRW��LQVLGH��"[�"\�����

$��� �IRUDOO��"[�"\�

� � ! �ULJKW�RI�"[�"\�

�DQG �QRW��OHIW�RI�"[�"\����QRW��FRLQFLGHQW�"[�"\����QRW��LQVLGH��"[�"\�����



���

$��� �IRUDOO��"[�"\�

�� ! �DERYH�"[�"\�

�DQG �QRW��FRLQFLGHQW�"[�"\����QRW��EHORZ�"[�"\����QRW��LQVLGH��"[�"\�����

$��� �IRUDOO��"[�"\�

� � ! �EHORZ�"[�"\�

�DQG �QRW��DERYH�"[�"\����QRW��FRLQFLGHQW�"[�"\����QRW��LQVLGH��"[�"\�����

$��� �IRUDOO��"[�"\�

� ! �EHKLQG�"[�"\�

�DQG �QRW��LQ�IURQW�RI�"[�"\����QRW��FRLQFLGHQW�"[�"\����QRW��LQVLGH��"[�"\�����

$��� �IRUDOO��"[�"\�

�� ! �LQ�IURQW�RI�"[�"\�

�DQG �QRW��EHKLQG�"[�"\����QRW��FRLQFLGHQW�"[�"\����QRW��LQVLGH��"[�"\�����

$��� �IRUDOO��"[�"\�

� ! �QHDU�"[�"\�

�DQG �QRW��FRLQFLGHQW�"[�"\����QRW��IDU�"[�"\�����QRW��LQVLGH��"[�"\�����

$��� �IRUDOO��"[�"\�

� ! �IDU�"[�"\�

�DQG �QRW��DGMDFHQW�"[�"\����QRW��FRLQFLGHQW�"[�"\����QRW��LQWHUVHFW�"[�"\���

�QRW��LQVLGH�"[�"\����QRW��WRXFKLQJ�"[�"\����QRW��QHDU�"[�"\�����

$��� �IRUDOO��"[�"\��� !��RXWVLGH�"[�"\�

�DQG��QRW��LQVLGH�"[�"\����QRW��FRLQFLGHQW�"[�"\�����

$��� �IRUDOO��"[�"\��� !��EHVLGH�"[�"\�

�DQG��QRW��LQVLGH�"[�"\����QRW��FRLQFLGHQW�"[�"\�����

$��� �IRUDOO��"[�"\��� !��WRXFKLQJ�"[�"\���QRW��IDU�"[�"\����

$��� �IRUDOO��"[�"\�

�� ! �DGMDFHQW�"[�"\�

�DQG �QRW��IDU�"[�"\����QRW��FRLQFLGHQW�"[�"\����QRW��LQWHUVHFW�"[�"\��

�QRW��LQVLGH�"[�"\�����

$��� �IRUDOO��"[�"\�

�� ! �LQWHUVHFW�"[�"\�

�DQG �QRW��IDU�"[�"\����QRW��FRLQFLGHQW�"[�"\����QRW��DGMDFHQW�"[�"\��

�QRW��GLVMRLQW�"[�"\����QRW��LQVLGH�"[�"\�����

$��� �IRUDOO��"[�"\�

� ! �GLVMRLQW�"[�"\�

�DQG �QRW��FRLQFLGHQW�"[�"\����QRW��LQWHUVHFW�"[�"\����QRW��LQVLGH�"[�"\�����



���

$��� �IRUDOO��"[�"\�

�� ! �LQVLGH�"[�"\�

�DQG �QRW��IDU�"[�"\����QRW��FRLQFLGHQW�"[�"\����QRW��LQWHUVHFW�"[�"\��

�QRW��DERYH�"[�"\����QRW��EHORZ�"[�"\����QRW��EHKLQG�"[�"\��

�QRW��ULJKW�RI�"[�"\����QRW��QHDU�"[�"\����QRW��EHVLGH�"[�"\��

�QRW��OHIW�RI�"[�"\����QRW��DGMDFHQW�"[�"\�����

$��� �IRUDOO��"[�"\�

�� ! �FRLQFLGHQW�"[�"\�

�DQG �QRW��OHIW�RI�"[�"\����QRW��ULJKW�RI�"[�"\����QRW��DERYH�"[�"\��

�QRW��EHORZ�"[�"\����QRW��EHKLQG�"[�"\�����QRW��LQ�IURQW�RI�"[�"\��

�QRW��EHVLGH�"[�"\����QRW��DGMDFHQW�"[�"\����QRW��GLVMRLQW�"[�"\���

�QRW��LQWHUVHFW�"[�"\����QRW��IDU�"[�"\����QRW��LQVLGH�"[�"\��

�QRW��RXWVLGH�"[�"\�����

$�� ,QIOXHQFH�5HODWLRQV

$���� 2YHUYLHZ

,QIOXHQFH� UHODWLRQV�FDQ�EH�XVHG� WR�H[SUHVV� WKDW�DQ�REMHFW�KDV� VRPH�HIIHFW�RU� LPSDFW�RQ� DQRWKHU

REMHFW�� � 7KHUH� DUH� ILYH� LQIOXHQFH� UHODWLRQV�� LQIOXHQFHV� EHLQJ� WKH�PRVW� JHQHUDO�� � ,W� FDQ� EH� XVHG

ZKHQ�WKH�W\SH�RI�LQIOXHQFH�RU�WKH�LPSOLFDWLRQ�RI�WKH�LQIOXHQFH�EHWZHHQ�WZR�REMHFWV�LV�XQFOHDU�RU

XQNQRZQ���7KH�IRXU�UHPDLQLQJ�LQIOXHQFH�UHODWLRQV�DUH�VSHFLDOL]DWLRQV�RI�WKH�JHQHUDO�RQH�DQG�FDQ

EH� XVHG� WR� UHODWH� REMHFWV� LQ� VRPH� TXDQWLWDWLYH� ZD\�� � 7KH\� DUH� SDUWLFXODUO\� DSSURSULDWH� LQ

GHVFULELQJ�WKH�LQIOXHQFH�RI�VRPH�PHDVXUH�RQ�DQRWKHU���7KH�HQGLQJV�LQ�WKH�QDPH�RI�WKH�UHODWLRQV

LQGLFDWH� WKH�GLUHFWLRQDO� LQIOXHQFH�RI�RQH�PHDVXUH�RQ�DQRWKHU�� �)RU�H[DPSOH�� �D�VWDWHPHQW�RI� WKH

IRUP� �LQIOXHQFHV�SS� [� \�� H[SUHVVHV� WKDW� LI� WKH� PHDVXUH� [� DXJPHQWV�� VR� ZLOO� WKH� PHDVXUH� \�

6LPLODUO\��D�VWDWHPHQW�RI�WKH�IRUP��LQIOXHQFHV�SP�[�\��H[SUHVVHV�WKDW�LI�WKH�PHDVXUH�[�DXJPHQWV�

WKH�PHDVXUH�\�ZLOO�GHFUHDVH���$�VWDWHPHQW�RI�WKH�IRUP��LQIOXHQFHV�PS�[�\��H[SUHVVHV�WKDW�LI�WKH

PHDVXUH� [� GHFUHDVHV�� WKH� PHDVXUH� \� ZLOO� DXJPHQW�� � )LQDOO\�� D� VWDWHPHQW� RI� WKH� IRUP

�LQIOXHQFHV�PP�[�\��H[SUHVVHV� WKDW� LI� WKH�PHDVXUH�[�GHFUHDVHV�� VR�ZLOO� WKH�PHDVXUH�\�� �)LJXUH

$���LOOXVWUDWHV�WKH�GLUHFWLRQDO�LQIOXHQFH�H[SUHVVHG�E\�HDFK�UHODWLRQ���,Q�WKH�WDEOH��WKH�ILUVW�DUURZ

LQGLFDWHV� WKH�EHKDYLRU�RI� WKH� ILUVW�DUJXPHQW�DQG� WKH�VHFRQG�DUURZ�LQGLFDWHV� WKH�EHKDYLRU�RI� WKH

VHFRQG� DUJXPHQW�� � $Q� DUURZ� SRLQWLQJ� XSZDUG� LQGLFDWHV� DQ� LQFUHDVH� LQ� WKH� YDOXH� RI� WKH

FRUUHVSRQGLQJ�DUJXPHQW��ZKLOH�DQ�DUURZ�SRLQWLQJ�GRZQZDUG�LQGLFDWHV�D�GHFUHDVH�LQ�WKH�YDOXH�RI

WKH�FRUUHVSRQGLQJ�DUJXPHQW�

)LQDOO\��DQ� LQKLELWV� UHODWLRQ�LV�DOVR�LQFOXGHG�� �7KLV�UHODWLRQ�FDQ�EH�XVHG�WR�H[SUHVV� WKH�IDFW� WKDW

VRPH�REMHFW�LQKLELWV�VRPH�RWKHU�REMHFW�LQ�VRPH�XQGHWHUPLQHG�ZD\���7KLV�UHODWLRQ�FRXOG�EH�IXUWKHU

VSHFLDOL]HG�WR�GHVFULEH�VSHFLDO�FDVHV�RI�LQKLELWLRQ�
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5HODWLRQ 'LUHFWLRQDO

,QIOXHQFH

,QIOXHQFHV �

,QIOXHQFHV�SS  
,QIOXHQFHV�SP  ¬
,QIOXHQFHV�PS ¬  
,QIOXHQFHV�PP ¬ ¬

)LJXUH�$�����7KH�)LYH�©,QIOXHQFHVª�5HODWLRQV�DQG�7KHLU�'LUHFWLRQDO�,QIOXHQFH

$���� 5HODWLRQ�'HILQLWLRQ

,Q�WKLV�VXEVHFWLRQ��WKH�LQIOXHQFH�UHODWLRQV�DUH�IRUPDOO\�GHILQHG�

'��� �GHIUHODWLRQ�LQIOXHQFHV��"[�"\��

'��� �GHIUHODWLRQ�LQIOXHQFHV�SS��"[�"\��

'��� �GHIUHODWLRQ�LQIOXHQFHV�SP��"[�"\��

'��� �GHIUHODWLRQ�LQIOXHQFHV�PS��"[�"\��

'��� �GHIUHODWLRQ�LQIOXHQFHV�PP��"[�"\��

'��� �GHIUHODWLRQ�LQKLELWV��"[�"\��

$���� 5HODWLRQ�&KDUDFWHUL]DWLRQ

,Q�WKLV�VXEVHFWLRQ��WKH�LQIOXHQFH�UHODWLRQV�DUH�FKDUDFWHUL]HG�E\�LGHQWLI\LQJ�WKHLU�SURSHUWLHV�

$������ 6SHFLDOL]DWLRQ

7KH�IROORZLQJ�D[LRPV�VWDWH�WKDW�WKH�UHODWLRQV�LQIOXHQFHV�SS��LQIOXHQFHV�SP��LQIOXHQFHV�PS��DQG

LQIOXHQFHV�PP�DUH�VSHFLDOL]DWLRQV�RI�WKH�LQIOXHQFHV�UHODWLRQ�

$[���� �IRUDOO��"[�"\��

� !� ��RU �LQIOXHQFHV�SS�"[�"\���LQIOXHQFHV�SP�"[�"\���LQIOXHQFHV�PS�"[�"\��

�LQIOXHQFHV�PP�"[�"\��

�LQIOXHQFHV�"[�"\��



���

$������ 5HIOH[LYLW\�DQG�,UUHIOH[LYLW\

7KH�IROORZLQJ�D[LRPV�VWDWH�WKDW�WKH�UHODWLRQV� LQIOXHQFHV��LQIOXHQFHV�SS��DQG�LQIOXHQFHV�SP�DUH

UHIOH[LYH���7KH�UHODWLRQV�LQIOXHQFHV�SP�DQG�LQIOXHQFHV�PS�DUH�LUUHIOH[LYH�

$[���� �IRUDOO��"[�"\���LQIOXHQFHV�"[�"[��

$[���� �IRUDOO��"[�"\���LQIOXHQFHV�SS�"[�"[��

$[���� �IRUDOO��"[�"\���LQIOXHQFHV�PP�"[�"[��

$[���� �IRUDOO��"[�"\���LQKLELWV�"[�"[��

$[���� �IRUDOO��"[�"\���QRW��LQIOXHQFHV�SP�"[�"[���

$[���� �IRUDOO��"[�"\���QRW��LQIOXHQFHV�PS�"[�"[���

$������ 7UDQVLWLYLW\

7KH�IROORZLQJ�D[LRPV�VWDWH�WKDW�WKH�LQIOXHQFH�UHODWLRQV�DUH�WUDQVLWLYH�

$[���� �IRUDOO��"[�"\�"]��� ! ��DQG��LQIOXHQFHV�"[�"\���LQIOXHQFHV�"\�"]��

�LQIOXHQFHV�"[�"]��

$[���� �IRUDOO��"[�"\�"]��� ! ��DQG��LQIOXHQFHV�SS�"[�"\���LQIOXHQFHV�SS�"\�"]����

�LQIOXHQFHV�SS�"[�"]��

$[���� �IRUDOO��"[�"\�"]�

� ! ��DQG��LQIOXHQFHV�SP�"[�"\���LQIOXHQFHV�SP�"\�"]��

�LQIOXHQFHV�SP�"[�"]��

$[���� �IRUDOO��"[�"\�"]�

� ! ��DQG��LQIOXHQFHV�PS�"[�"\���LQIOXHQFHV�PS�"\�"]��

�LQIOXHQFHV�PS�"[�"]��

$[���� �IRUDOO��"[�"\�"]�

� ! ��DQG��LQIOXHQFHV�PP�"[�"\���LQIOXHQFHV�PP�"\�"]��

�LQIOXHQFHV�PP�"[�"]��

$[���� �IRUDOO��"[�"\�"]��� ! ��DQG��LQKLELWV�"[�"\���LQKLELWV�"\�"]����LQKLELWV�"[�"]��

$������ 0XWXDO�H[FOXVLYLW\

7KH�IROORZLQJ�D[LRPV�VWDWH�WKDW�WKH�VSHFLDOL]HG�LQIOXHQFH�UHODWLRQV�DUH�PXWXDOO\�H[FOXVLYH�

$[���� �IRUDOO��"[�"\��
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� ! �LQIOXHQFHV�SS�"[�"\�

�DQG �QRW��LQIOXHQFHV�SP�"[�"\����QRW��LQIOXHQFHV�PS�"[�"\��

�QRW��LQIOXHQFHV�PP�"[�"\���

$[���� �IRUDOO��"[�"\��

� ! �LQIOXHQFHV�SP�"[�"\�

�DQG �QRW��LQIOXHQFHV�SS�"[�"\����QRW��LQIOXHQFHV�PS�"[�"\��

�QRW��LQIOXHQFHV�PP�"[�"\���

$[���� �IRUDOO��"[�"\��

� ! �LQIOXHQFHV�PS�"[�"\�

�DQG �QRW��LQIOXHQFHV�SP�"[�"\����QRW��LQIOXHQFHV�SS�"[�"\��

�QRW��LQIOXHQFHV�PP�"[�"\���

$[���� �IRUDOO��"[�"\��

� ! �LQIOXHQFHV�PP�"[�"\�

�DQG �QRW��LQIOXHQFHV�SP�"[�"\����QRW��LQIOXHQFHV�PS�"[�"\��

�QRW��LQIOXHQFHV�SS�"[�"\���

$�� 'HSHQGHQF\�5HODWLRQV

$���� 2YHUYLHZ

7KH�GHSHQGHQF\�UHODWLRQV�FDQ�EH�XVHG�WR�H[SUHVV�WKH�IDFW�WKDW�DQ�REMHFW�GHSHQGV�RQ�DQRWKHU���7KH

GHSHQGHQF\�FDQ�EH�JHQHUDO� �LQ�ZKLFK�FDVH� WKH�©GHSHQGV�RQª� UHODWLRQ� LV�XVHG��RU�PD\�EH�PRUH

VSHFLILF�� � ,Q� SDUWLFXODU�� WKH� GHSHQGHQF\� PD\� EH� H[LVWHQWLDO� �LQ� ZKLFK� FDVH� WKH� ©GHSHQGV�RQ�

H[LVWHQWLDOO\ª�UHODWLRQ�LV�XVHG��RU�FDXVDO��LQ�ZKLFK�FDVH�WKH�©GHSHQGV�RQ�FDXVDOO\ª�UHODWLRQ�FDQ

EH�XVHG����$Q�REMHFW�$�LV�H[LVWHQWLDOO\�GHSHQGHQW�RQ�DQ�REMHFW�%�LI�WKH�H[LVWHQFH�RI�$�GHSHQGV�RQ

WKH�H[LVWHQFH�RI�%���,Q�VXFK�D�FDVH��LI�%�FHDVHV�WR�H[LVW��WKHQ�$�ZLOO�DOVR�FHDVH�WR�H[LVW���$Q�REMHFW

$�LV�FDXVDOO\�GHSHQGHQW�RQ�DQ�REMHFW�%�LI�$�LV�WKH�UHVXOW�RU�HIIHFW�RI�WKH�H[LVWHQFH�RI�%���,Q�RWKHU

ZRUGV��%�LV�WKH�FDXVH�RU�RQH�RI�WKH�FDXVHV�IRU�WKH�H[LVWHQFH�RI�$���7KH�H[LVWHQWLDOO\�GHSHQGHQW

DQG�FDXVDOO\�GHSHQGHQW�UHODWLRQV�GLIIHU�LQ�WKDW��ZLWK�WKH�ODWWHU�UHODWLRQ��%¶V�GHVWUXFWLRQ�PD\�QRW

FDXVH�$�WR�FHDVH�WR�H[LVW�

$���� 5HODWLRQ�'HILQLWLRQ

,Q�WKLV�VXEVHFWLRQ��WKH�GHSHQGHQF\�UHODWLRQV�DUH�IRUPDOO\�GHILQHG���7R�HQDEOH�D�GHWDLOHG�GHILQLWLRQ

RI� WKH� GHSHQGV�RQ�H[LVWHQWLDOO\� UHODWLRQ�� DQ� H[LVWV� UHODWLRQ� WKDW� WDNHV� RQH� DUJXPHQW� LV� DOVR

GHILQHG���$�VWDWHPHQW�RI�WKH�IRUP��H[LVWV�$��GHQRWHV�WKH�IDFW�WKDW�$�H[LVWV�

'��� �GHIUHODWLRQ�H[LVWV��"[�



���

'��� �GHIUHODWLRQ�GHSHQGV�RQ��"[�"\��

'��� �GHIUHODWLRQ�GHSHQGV�RQ�H[LVWHQWLDOO\���"[�"\�

�IRUDOO��"[�"\�

�� ! �DQG��GHSHQGV�RQ�H[LVWHQWLDOO\��"[�"\���QRW��H[LVWV�"\�����QRW��H[LVWV�"[�����

'��� �GHIUHODWLRQ�GHSHQGV�RQ�FDXVDOO\���"[�"\��

$���� 5HODWLRQ�&KDUDFWHUL]DWLRQ

,Q�WKLV�VXEVHFWLRQ��WKH�GHSHQGHQF\�UHODWLRQV�DUH�FKDUFWHUL]HG�E\�LGHQWLILFDWLRQ�RI�WKHLU�SURSHUWLHV�

$������ 6SHFLDOL]DWLRQ

7KH� IROORZLQJ� D[LRPV� VWDWH� WKDW� WKH� UHODWLRQV� GHSHQGV�RQ�H[LVWHQWLDOO\� DQG� GHSHQGV�RQ�

FDXVDOO\�DUH�VSHFLDOL]DWLRQV�RI�WKH�UHODWLRQ�GHSHQGV�RQ�

$[���� �IRUDOO��"[�"\��

� !� ��RU �GHSHQGV�RQ�H[LVWHQWLDOO\��"[�"\�

�GHSHQGV�RQ�FDXVDOO\��"[�"\��

�GHSHQGV�RQ�"[�"\��

$������ 7UDQVLWLYLW\

7KH�IROORZLQJ�D[LRPV�VWDWH�WKDW�WKH�WKUHH�GHSHQGHQF\�UHODWLRQV�DUH�WUDQVLWLYH�

$[���� �IRUDOO��"[�"\�"]�

� ! ��DQG��GHSHQGV�RQ�"[�"\���GHSHQGV�RQ�"\�"]��

�GHSHQGV�RQ�"[�"]��

$[���� �IRUDOO��"[�"\�"]�

�� !� ��DQG �GHSHQGV�RQ�H[LVWHQWLDOO\��"[�"\�

�GHSHQGV�RQ�H[LVWHQWLDOO\��"\�"]��

�GHSHQGV�RQ�H[LVWHQWLDOO\��"[�"]��

$[���� �IRUDOO��"[�"\�"]�

� !� ��DQG��GHSHQGV�RQ�FDXVDOO\��"[�"\���GHSHQGV�RQ�FDXVDOO\��"\�"]���

�GHSHQGV�RQ�FDXVDOO\��"[�"]��



���

$�� &DVH�5HODWLRQV

$���� 2YHUYLHZ

7KH� FDVH� UHODWLRQV� GLIIHU� IURP�RWKHU� IDPLOLHV� RI� UHODWLRQV� LQWURGXFHG� VR� IDU� LQ� WKDW� WKH\� GR� QRW

GHSHQG�VROHO\�RQ�WKH�QDWXUH�RU�WKH�PHDQLQJ�RI�WKH�WHUPV�WKH\�UHODWH�>:LQVWRQ��HW��DO����@�� �(DFK

FDVH�UHODWLRQ�SURYLGHV�D�NQRZOHGJH�VWUXFWXUH�ZLWKRXW�ZKLFK�WKH�UHODWLRQ�FDQQRW�H[LVW���)LYH�FDVH

UHODWLRQV�WKDW�DUH�FRPPRQ�LQ�WKDW�WKH\�DOO�FDQ�EH�XVHG�WR�GHVFULEH�SDUWV�RI�DQ�HYHQW�DUH�GHILQHG

DQG�FKDUDFWHUL]HG�� �$Q�HYHQW� W\SLFDOO\� LQYROYHV�DQ�DJHQW��DQ�DFWLRQ��DQ� LQVWUXPHQW�RU�DQ�REMHFW�

DQG�D�UHFLSLHQW��7KH�ILYH�FDVH�UHODWLRQV�SUHVHQWHG�KHUH�LQYROYHG�WZR�VXFK�FRPSRQHQWV�RI�DQ�HYHQW�

7KH�ILYH�UHODWLRQV�DUH�DV�IROORZV�

� $JHQW�$FWLRQ7KLV�UHODWLRQ�UHODWHV�DQ�DJHQW�RI�DQ�HYHQW�WR�WKH�FRUUHVSRQGLQJ�DFWLRQ�

7KH� DUJXPHQWV� WR� WKLV� UHODWLRQ� VKRXOG� EH� D� NLQG� DQG� D� YHUE�� � ([DPSOHV� RI� WHUPV

UHODWHG�WKURXJK�WKLV�UHODWLRQ�DUH�GRJ�DQG�EDUN��DQG�DUWLVW�DQG�SDLQW�

� $JHQW�,QVWUXPHQW 7KLV� UHODWLRQ� UHODWHV� DQ� DJHQW� RI� DQ� HYHQW� WR� WKH� FRUUHVSRQGLQJ

LQVWUXPHQW���([DPSOHV�RI�WKH�XVH�RI�WKLV�UHODWLRQ�DUH�$�VNLHU�XVHV�VNLV�DQG�$�VROGLHU

XVHV�D�JXQ�

� $JHQW�2EMHFW7KLV�UHODWLRQ�UHODWHV�DQ�DJHQW�RI�DQ�HYHQW�WR�WKH�REMHFW�WKDW�WDNHV�SDUW�LQ

WKH� HYHQW�� � 7KLV� UHODWLRQ� LV� XVHG� LQ� FDVH� WKH� REMHFW� LV� QHLWKHU� WKH� UHFLSLHQW� QRU� WKH

LQVWUXPHQW���([DPSOHV�RI�WHUPV�UHODWHG�WKURXJK�VXFK�UHODWLRQV�DUH�ZULWHU�DQG�SDSHU

DQG�EDNHU�DQG�IORXU�

� $FWLRQ�5HFLSLHQW 7KLV� UHODWLRQ� UHODWHV� WKH� UHFLSLHQW� RI� DQ� HYHQW� WR� WKH

FRUUHVSRQGLQJ�DFWLRQ���([DPSOHV�RI�WHUPV�UHODWHG�WKURXJK�WKLV�UHODWLRQ�DUH�OD\�GRZQ

DQG�EHG�DQG�W\SH�DQG�NH\ERDUG�

� $FWLRQ�,QVWUXPHQW 7KLV� UHODWLRQ� UHODWHV� WKH� LQVWUXPHQW� LQ� DQ� HYHQW� WR� WKH

FRUUHVSRQGLQJ�DFWLRQ���([DPSOHV�RI�WHUPV�UHODWHG�WKURXJK�WKLV�UHODWLRQ�DUH�SDLQW�DQG

EUXVK�DQG�VWUXP�DQG�JXLWDU�

$���� 5HODWLRQ�'HILQLWLRQ

,Q�WKLV�VXEVHFWLRQ��WKH�FDVH�UHODWLRQV�DUH�IRUPDOO\�GHILQHG�

'��� �GHIUHODWLRQ�DJHQW�DFWLRQ��"[�"\��
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'��� �GHIUHODWLRQ�DJHQW�LQVWUXPHQW��"[�"\��

'��� �GHIUHODWLRQ�DJHQW�REMHFW��"[�"\��

'��� �GHIUHODWLRQ�DJHQW�UHFLSLHQW��"[�"\��

'��� �GHIUHODWLRQ�DFWLRQ�LQVWUXPHQW��"[�"\��

$���� 5HODWLRQ�&KDUDFWHUL]DWLRQ

,Q�WKLV�VXEVHFWLRQ��WKH�FDVH�UHODWLRQV�DUH�FKDUDWHUL]HG

$������ ,UUHIOH[LYLW\

7KH�IROORZLQJ�D[LRPV�VWDWH�WKDW�WKH�ILYH�FDVH�UHODWLRQV�DUH�LUUHIOH[LYH�

$[���� �IRUDOO��"[���QRW��DJHQW�DFWLRQ�"[�"[��

$[���� �IRUDOO��"[���QRW��DJHQW�LQVWUXPHQW�"[�"[��

$[���� �IRUDOO��"[���QRW��DJHQW�REMHFW�"[�"[��

$[���� �IRUDOO��"[���QRW��DJHQW�UHFLSLHQW�"[�"[��

$[���� �IRUDOO��"[���QRW��DFWLRQ�LQVWUXPHQW�"[�"[��

$������ $V\PPHWU\

7KH�IROORZLQJ�D[LRPV�VWDWH�WKDW�WKH�ILYH�FDVH�UHODWLRQV�DUH�DV\PPHWULF�

$[���� �IRUDOO��"[�"��� !��DJHQW�DFWLRQ�"[�"\���QRW��DJHQW�DFWLRQ�"\�"[����

$[���� �IRUDOO��"[�"��� !��DJHQW�LQVWUXPHQW�"[�"\���QRW��DJHQW�LQVWUXPHQW�"\�"[����

$[���� �IRUDOO��"[�"��� !��DJHQW�REMHFW�"[�"\���QRW��DJHQW�REMHFW�"\�"[����

$[���� �IRUDOO��"[�"��� !��DJHQW�UHFLSLHQW�"[�"\���QRW��DJHQW�UHFLSLHQW�"\�"[����

$[���� �IRUDOO��"[�"��� !��DFWLRQ�LQVWUXPHQW�"[�"\���QRW��DFWLRQ�LQVWUXPHQW�"\�"[����



���

$SSHQGL[� %�� � *UDPPDU� IRU� WKH� ,'()�� (ODERUDWLRQ
/DQJXDJH

%�� &RQVWDQW�DQG�YDULDEOHV

�ZRUG!��� D�SULPLWLYH�V\QWDFWLF�REMHFW

�H[SUHVVLRQ!��� ��ZRUG!�_���H[SUHVVLRQ!
�

�LQGYDU!��� �D�ZRUG�EHJLQQLQJ�ZLWK�WKH�FKDUDFWHU��"

�SUHGYDU!��� ��D�ZRUG�EHJLQQLQJ�ZLWK�WKH�FKDUDFWHU��

�YDULDEOH!��� ��LQGYDU!�_��SUHGYDU!

�,��RQWRORJ\�FRQVWDQW!�� D�ZRUG�GHQRWLQJ�DQ�RQWRORJ\

�ORJLFDO�FRQVWDQW!��� D�ZRUG�GHQRWLQJ�D�WUXWK�YDOXH�_��RQWRORJ\�FRQVWDQW!���ORJLFDO�FRQVWDQW!

�,��LQGLYLGXDO�FRQVWDQW!��� D�ZRUG�GHQRWLQJ�DQ�LQGLYLGXDO

_��RQWRORJ\�FRQVWDQW!���,��LQGLYLGXDO�FRQVWDQW!

�,��NLQG�FRQVWDQW!��� D�ZRUG�GHQRWLQJ�D�NLQG�_��RQWRORJ\�FRQVWDQW!���,��NLQG�FRQVWDQW!

�,��62�SUHG�FRQVWDQW!��� D�ZRUG�GHQRWLQJ�D�VHFRQG�RUGHU�SUHGLFDWH

_��RQWRORJ\�FRQVWDQW!���,��62�SUHG�FRQVWDQW!

�,��72�SUHG�FRQVWDQW!��� D�ZRUG�GHQRWLQJ�D�WKLUG�RUGHU�SUHGLFDWH

_��RQWRORJ\�FRQVWDQW!���,��72�SUHG�FRQVWDQW!

�UHODWLRQ�FRQVWDQW!��� �,��62�SUHG�FRQVWDQW!�_��,��72�SUHG�FRQVWDQW!

�,��IXQFWLRQ�FRQVWDQW!��� D�ZRUG�GHQRWLQJ�D�IXQFWLRQ

_��RQWRORJ\�FRQVWDQW!���,��IXQFWLRQ�FRQVWDQW!

�,��DWWULEXWH�FRQVWDQW!��� D�ZRUG�GHQRWLQJ�DQ�DWWULEXWH

_��RQWRORJ\�FRQVWDQW!���,���DWWULEXWH�FRQVWDQW!

�,��SURSHUW\�FRQVWDQW!��� D�ZRUG�GHQRWLQJ�D�SURSHUW\

_��RQWRORJ\�FRQVWDQW!���,��SURSHUW\�FRQVWDQW!

�,��VRXUFH�VWDWHPHQW�FRQVWDQW!��� D�ZRUG�GHQRWLQJ�D�VWDWHPHQW

_

�RQWRORJ\�FRQVWDQW!���,��VRXUFH�VWDWHPHQW�FRQVWDQW!

�,��RQWRORJ\�WHUP�FRQVWDQW!��� D�ZRUG�GHQRWLQJ�D�WHUP

_��RQWRORJ\�FRQVWDQW!���,��RQWRORJ\�WHUP�FRQVWDQW!

�,��VRXUFH�FRQVWDQW!���� D�ZRUG�GHQRWLQJ�D�VRXUFH

_��RQWRORJ\�FRQVWDQW!���,��VRXUFH�FRQVWDQW!

�,��QRWH�FRQVWDQW!���� D�ZRUG�GHQRWLQJ�D�QRWH



���

_��RQWRORJ\�FRQVWDQW!���,��QRWH�FRQVWDQW!

�,��REMHFW�VWDWH�FRQVWDQW!���� �,��NLQG�FRQVWDQW!��,��SURSHUW\�FRQVWDQW!�_�

�RQWRORJ\�FRQVWDQW!���,��NLQG�FRQVWDQW!��,��SURSHUW\�FRQVWDQW!

�,��FRQVWDQW!��� �,��SURSHUW\�FRQVWDQW!�_��,��62�SUHG�FRQVWDQW!�_��,��72�SUHG�FRQVWDQW!�_

�,��IXQFWLRQ�FRQVWDQW!�_����,��NLQG�FRQVWDQW!�_�

�,��RQWRORJ\�WHUP�FRQVWDQW!�_��,��VRXUFH�FRQVWDQW!�_��,��QRWH�FRQVWDQW!�_�

�,��VRXUFH�VWDWHPHQW�FRQVWDQW!�_��,��DWWULEXWH�FRQVWDQW!�_��

�,��LQGLYLGXDO�FRQVWDQW!

�FRQVWDQW!��� �,��FRQVWDQW!�_��,��RQWRORJ\�FRQVWDQW!�_��ORJLFDO�FRQVWDQW!

%�� 2SHUDWRUV

�GHILQLWLRQ�RSHUDWRU!��� GHILQH�UHODWLRQ�_�GHILQH�IXQFWLRQ�_�GHILQH�LQGLYLGXDO�_�� �_

�DUJXPHQW�W\SH

�WHUP�RSHUDWRU!��� OLVWRI�_�VHWRI�_�LI�_�FRQG�_�WKH�_�VHWRIDOO

�VHQWHQFH�RSHUDWRU!���  �_�� �_�QRW�_�DQG�_�RU�_�LPSOLHV�_�HTXLY�_�IRUDOO�_�H[LVWV�_�QHF�_�SRVV�_

�,��VHQWHQFH�RSHUDWRU!

�,��VHQWHQFH�RSHUDWRU!�� �,��NLQG�RSHUDWRU!�_��,��RQWRORJ\�RSHUDWRU!�_��,��QRWH�RSHUDWRU!�_

�,��UHODWLRQ�RSHUDWRU!�_��,��IXQFWLRQ�RSHUDWRU!�_

�,��LQGLYLGXDO�RSHUDWRU!�_���,��SURSHUW\�RSHUDWRU!�_

�,��DWWULEXWH�RSHUDWRU!�_��,��VWDWHPHQW�RSHUDWRU!�_

�,��RQWRORJ\�WHUP�RSHUDWRU!�_��,��VRXUFH�RSHUDWRU!�_�

,��SURFHVV

�,��NLQG�RSHUDWRU!�� ,��NLQG�_�,��NLQG�SURSHUW\�_�,��NLQG�DWWULEXWH�_�,��KDV�V\QRQ\PV�_

,��NLQG�GHVFULSWLRQ�_�,��UHIHUHQFHG�UHODWLRQV�_�GHILQLQJ�_�HVVHQWLDO�_

VXENLQG�RI�_�,��REMHFW�VWDWH

�,��RQWRORJ\�RSHUDWRU!��� ,��RQWRORJ\�_�,��RQWRORJ\�FRQWH[W�_�,��RQWRORJ\�YLHZSRLQW�_

,��RQWRORJ\�SXUSRVH�_�,��RQWRORJ\�SURMHFW�_�

,��RQWRORJ\�DQDO\VW�_�,��RQWRORJ\�UHYLHZHU�_�

,��RQWRORJ\�GHVFULSWLRQ



���

�,��LQGLYLGXDO�RSHUDWRU!��� ,��LQGLYLGXDO�_�,��LQGLYLGXDO�GHVFULSWLRQ�_�,��LQVWDQFH�RI

�,��UHODWLRQ�RSHUDWRU!��� ,��UHODWLRQ�_�,��UHODWLRQ�GHVFULSWLRQ�_�,��UHODWLRQ�DULW\�_

,��UHO�DUJ�W\SH

�,��IXQFWLRQ�RSHUDWRU!��� ,��IXQFWLRQ�_�,��IXQFWLRQ�GHVFULSWLRQ�_�,��IXQFWLRQ�DULW\�_

,��IFW�DUJ�W\SH

�,��SURSHUW\�RSHUDWRU!��� ,��SURSHUW\�_�,��SURSHUW\�GHVFULSWLRQ�_�KDV�SURSHUW\

�,��DWWULEXWH�RSHUDWRU!��� ,��DWWULEXWH�_��,��DWWULEXWH�GHVFULSWLRQ�_�,��DWWULEXWH�W\SH�_

,��DWWULEXWH�DSSOLHV�WR

�,��VRXUFH�VWDWHPHQW�RSHUDWRU!��� ,��VRXUFH�VWDWHPHQW�_�,��VRXUFH�VWDWHPHQW�GHVFULSWLRQ�_�

,��VRXUFH�VWDWHPHQW�_�,��KDV�RULJLQDO�VWDWHPHQW�_

,��VWDWXV�W\SH�_�DFWLYHBRULJLQDO�_�DFWLYHBGHULYHG�_�

UHWLUHGBRULJLQDO��_�UHWLUHGBGHULYHG

�,��RQWRORJ\�WHUP�RSHUDWRU!��� ,��RQWRORJ\�WHUP�_�,��XVH�VWDWHPHQWV�_�,��VRXUFHV�XVHG�_

,��RQWRORJ\�WHUP�GHVFULSWLRQ�_�

,��RQWRORJ\�WHUP�GHVFULSWLRQ

�,��QRWH�RSHUDWRU!��� ,��QRWH�_�,��QRWH�GHVFULSWLRQ�_�,��KDV�QRWH

�,��VRXUFH�RSHUDWRU!��� ,��VRXUFH�_�,��VRXUFH�GHVFULSWLRQ�_�,��FROOHFWHG�IURP�_�,��FROOHFWHG�E\��_�

,��VRXUFH�DEVWUDFW�_�,��VRXUFH�SXUSRVH�_�

,��VXSSRUW�RQWRORJ\�WHUPV�_�,��VXSSRUW�VWDWHPHQW�_�

,��KDV�VXSSRUWLQJ�VRXUFHV

�RSHUDWRU!��� �GHILQLWLRQ�RSHUDWRU!�_��WHUP�RSHUDWRU!�_��VHQWHQFH�RSHUDWRU!

%�� 7HUPV

�WHUP!��� �LQGYDU!�_��,��FRQVWDQW!�_��,��RQWRORJ\�FRQVWDQW!�_��IXQWHUP!�_��OLVWWHUP!�_

�VHWWHUP!�_��ORJWHUP!�_�TXDQWHUP!�_��,��DWWULEXWH�WHUP!

�IXQWHUP!��� ��,��IXQFWLRQ�FRQVWDQW!��WHUP!��

�,��DWWULEXWH�WHUP!��� ��,��DWWULEXWH�FRQVWDQW!��LQGLYLGXDO�FRQVWDQW!�_��LQGYDU!��_

�VHWWHUP!��� �VHWRI��WHUP!
�

�OLVWWHUP!��� �OLVWRI��WHUP!
�



���

�ORJWHUP!��� �LI��VHQWHQFH!��WHUP!�>�WHUP!@��_

�FRQG���VHQWHQFH!��WHUP!�����VHQWHQFH!��WHUP!���

�TXDQWHUP!��� �WKH��WHUP!��VHQWHQFH!��_

�VHWRIDOO��WHUP!��VHQWHQFH!�

%�� 'HILQLWLRQV

�GHILQLWLRQ!��� �SDUWLDO�GHILQLWLRQ!�_��FRPSOHWH�GHILQLWLRQ!

�FRPSOHWH�GHILQLWLRQ!��� �GHILQH�LQGLYLGXDO��LQGLYLGXDO�FRQVWDQW!�� ��WHUP!��_

�GHILQH�IXQFWLRQ����IXQFWLRQ�FRQVWDQW!��^�LQGYDU!�_��SUHGYDU!`��

>�DUJXPHQW�W\SH���^�,��NLQG�FRQVWDQW!�_

�,��REMHFW�VWDWH�WHUP!`����@

� ��WHUP!��_

�GHILQH�UHODWLRQ���UHODWLRQ�FRQVWDQW!��^�LQGYDU!�_��SUHGYDU!`��

>�DUJXPHQW�W\SH���^�,��NLQG�FRQVWDQW!�_

�,��REMHFW�VWDWH�WHUP!`����@

� ��VHQWHQFH!�

�SDUWLDO�GHILQLWLRQ!���� �GHILQH�LQGLYLGXDO��LQGLYLGXDO�FRQVWDQW!�>�VHQWHQFH!@��_

�GHILQH�IXQFWLRQ����IXQFWLRQ�FRQVWDQW!��^�LQGYDU!�_��SUHGYDU!`��

>�DUJXPHQW�W\SH���^�,��NLQG�FRQVWDQW!�_

�,��REMHFW�VWDWH�WHUP!`����@

>�VHQWHQFH!@���_

�GHILQH�UHODWLRQ���UHODWLRQ�FRQVWDQW!��^�LQGYDU!�_��SUHGYDU!`��

>�DUJXPHQW�W\SH���^�,��NLQG�FRQVWDQW!�_

�,��REMHFW�VWDWH�WHUP!`����@

>�VHQWHQFH!@��

%�� 6HQWHQFHV

%���� *HQHUDO�6HQWHQFHV

�VHQWHQFH!��� �ORJLFDO�FRQVWDQW!�_��HTXDWLRQ!�_��LQHTXDOLW\!�_��UHOVHQW!�_��ORJVHQW!�

�TXDQWVHQW!�_��,��VHQWHQFH!

�HTXDWLRQ!��� � ��WHUP!��WHUP!�



���

�LQHTXDOLW\!��� �� ��WHUP!��WHUP!�

�UHOVHQW!��� ��UHODWLRQ�FRQVWDQW!��WHUP!���_���IXQFWLRQ�FRQVWDQW!��WHUP!��WHUP!
�

�ORJVHQW!��� �QRW��VHQWHQFH!��_��DQG��VHQWHQFH!��VHQWHQFH!���_��SRVV��VHQWHQFH!��_

�LPSOLHV��VHQWHQFH!��VHQWHQFH!��_��HTXLY��VHQWHQFH!��VHQWHQFH!��_

�QHF��VHQWHQFH!�

�TXDQWVHQW!��� �IRUDOO��>�LQGYDU!�_��SUHGYDU!@����VHQWHQFH!��_

�H[LVWV��>�LQGYDU!�_��SUHGYDU!@����VHQWHQFH!�

%���� ,'()��6SHFLILF�6HQWHQFHV

�,��VHQWHQFH!��� �,��NLQG�VHQWHQFH!�_��,��RQWRORJ\�VHQWHQFH!�_��,��LQGLYLGXDO�VHQWHQFH!�_�

�,��SURSHUW\�VHQWHQFH!�_��,��DWWULEXWH�VHQWHQFH!�_��,��VWDWHPHQW�VHQWHQFH!

_� �,��RQWRORJ\�WHUP�VHQWHQFH!�_��,��VRXUFH�VHQWHQFH!�_��,��QRWH�VHQWHQFH!�_

�,��UHODWLRQ�VHQWHQFH!�_��,��IXQFWLRQ�VHQWHQFH!�_��,��SURFHVV�GHFO!

%������ ,'()��2QWRORJ\�6HQWHQFHV

�,��RQWRORJ\�VHQWHQFH!�� �,��RQWRORJ\�GHFO!�_��,��RQWRORJ\�FRQWH[W�GHFO!�_

�,��RQWRORJ\�YLHZSRLQW�GHFO!�_��,��RQWRORJ\�SXUSRVH�GHFO!�_

�,��RQWRORJ\�SURMHFW�GHFO!�_��,��RQWRORJ\�DQDO\VW�GHFO!�_

�,��RQWRORJ\�UHYLHZHU�GHFO!�_��,��RQWRORJ\�GHVFULSWLRQ�GHFO!

�,��RQWRORJ\�GHFO!��� �,��RQWRORJ\��,��RQWRORJ\�FRQVWDQW!�_��LQGYDU!�

�,��RQWRORJ\�FRQWH[W�GHFO!��� �,��RQWRORJ\�FRQWH[W��,��RQWRORJ\�FRQVWDQW!��_��LQGYDU!�

VWULQJ�

�,��RQWRORJ\�YLHZSRLQW�GHFO!��� � �,��RQWRORJ\�YLHZSRLQW��,��RQWRORJ\�FRQVWDQW!��_��LQGYDU!�

VWULQJ�

�,��RQWRORJ\�SXUSRVH�GHFO!��� �,��RQWRORJ\�SXUSRVH��,��RQWRORJ\�FRQVWDQW!��_��LQGYDU!�

VWULQJ�

�,��RQWRORJ\�SURMHFW�GHFO!��� �,��RQWRORJ\�SURMHFW��,��RQWRORJ\�FRQVWDQW!��_��LQGYDU!�VWULQJ�

�,��RQWRORJ\�DQDO\VW�GHFO!��� �,��RQWRORJ\�DQDO\VW��,��RQWRORJ\�FRQVWDQW!��_��LQGYDU!�VWULQJ�

�,��RQWRORJ\�UHYLHZHU�GHFO!��� �,��RQWRORJ\�UHZLHYHU��,��RQWRORJ\�FRQVWDQW!��_��LQGYDU!�

VWULQJ�

�,��RQWRORJ\�GHVFULSWLRQ�GHFO!��� �,��RQWRORJ\�GHVFULSWLRQ��,��RQWRORJ\�FRQVWDQW!��_�

�LQGYDU!�VWULQJ�



���

�,��LQ�RQWRORJ\�GHFO!���� �LQ�RQWRORJ\���,��FRQVWDQW!�_��SUHGYDU!

�,��RQWRORJ\�FRQVWDQW!��_��LQGYDU!�

%������ ,'()��.LQG�6HQWHQFHV

�,��NLQG�VHQWHQFH!�� �,��NLQG�GHFO!�_��,��NLQG�SURSHUW\�GHFO!�_��,��NLQG�DWWULEXWH�GHFO!�_

�,��NLQG�GHVFULSWLRQ�GHFO!�_��,��KDV�V\QRQ\PV�GHFO!�_

�,��UHIHUHQFHG�UHODWLRQV�GHFO!�_��,��REMHFW�VWDWH�GHFO!

�,��NLQG�GHFO!��� �,��NLQG��,��NLQG�FRQVWDQW!�_��SUHGYDU!�

�,��NLQG�SURSHUW\�GHFO!��� �,��NLQG�SURSHUW\��,��NLQG�FRQVWDQW!�_��SUHGYDU!��

�,��SURSHUW\�FRQVWDQW!�_��SUHGYDU!�>GHILQLQJ@�>HVVHQWLDO@�

�,��NLQG�DWWULEXWH�GHFO!��� �,��NLQG�DWWULEXWH��,��NLQG�FRQVWDQW!_��SUHGYDU!�_�

� �,��DWWULEXWH�FRQVWDQW!�_��SUHGYDU!�

�,��NLQG�GHVFULSWLRQ�GHFO!���� �,��NLQG�GHVFULSWLRQ��,��NLQG�FRQVWDQW!�_��SUHGYDU!�VWULQJ�

�,��NLQG�V\QRQ\PV�GHFO!���� �,��NLQG�V\QRQ\PV��,��NLQG�FRQVWDQW!�_��SUHGYDU!

�^�,��RQWRORJ\�WHUP!�_��LQGYDU!`���

�,��UHIHUHQFHG�UHODWLRQV�GHFO!���� �,��UHIHUHQFHG�UHODWLRQV��,��NLQG�FRQVWDQW!�_��SUHGYDU!�

�^�,��UHODWLRQ�FRQVWDQW!�_��SUHGYDU!`���

�,��VXENLQG�RI�GHFO!���� �,��VXENLQG�RI��,��NLQG�FRQVWDQW!�_��SUHGYDU!�

�,��NLQG�FRQVWDQW!�_��SUHGYDU!�

�,��REMHFW�VWDWH�GHFO!���� �,��REMHFW�VWDWH��,��REMHFW�VWDWH�FRQVWDQW!�_��SUHGYDU!�

%������ ,'()��,QGLYLGXDO�6HQWHQFHV

�,��LQGLYLGXDO�VHQWHQFH!��� �,��LQGLYLGXDO�GHFO!�_��,��LQGLYLGXDO�GHVFULSWLRQ�GHFO!�_

�,��LQVWDQFH�RI�GHFO!

�,��LQGLYLGXDO�GHFO!��� �,��LQGLYLGXDO��,��LQGLYLGXDO�FRQVWDQW!��_��LQGYDU!�

�,��LQGLYLGXDO�GHVFULSWLRQ�GHFO!��� �,��LQGLYLGXDO�GHVFULSWLRQ��,��LQGLYLGXDO�FRQVWDQW!��_�

�LQGYDU!�VWULQJ�

�,��LV�RI�NLQG�GHFO!��� �,��LV�RI�NLQG��,��LQGLYLGXDO�FRQVWDQW!��_��LQGYDU!

�,��NLQG�FRQVWDQW!��_��SUHGYDU!�

%������ ,'()��3URSHUW\�6HQWHQFHV

�,��SURSHUW\�VHQWHQFH!��� �,��SURSHUW\�GHFO!�_��,��SURSHUW\�GHVFULSWLRQ�GHFO!�_

�KDV�SURSHUW\�GHFO!

�,��SURSHUW\�GHFO!��� �,��SURSHUW\��,��SURSHUW\�FRQVWDQW!�_��SUHGYDU!�



���

�,��SURSHUW\�GHVFULSWLRQ�GHFO!���� �,��SURSHUW\�GHVFULSWLRQ��,��DWWULEXWH�FRQVWDQW!�_�

�SUHGYDU!�VWULQJ�

�,��KDV�SURSHUW\�GHFO!��� �,��KDV�SURSHUW\���,��LQGLYLGXDO�FRQVWDQW!�_��SUHGYDU!

�,��SURSHUW\�FRQVWDQW!�_��SUHGYDU!�

%������ ,'()��$WWULEXWH�6HQWHQFHV

�,��DWWULEXWH�VHQWHQFH!��� �,��DWWULEXWH�GHFO!�_���,��DWWULEXWH�GHVFULSWLRQ�GHFO!�_

�,��DWWULEXWH�W\SH�GHFO!�_�,��DWWULEXWH�DSSOLHV�WR�GHFO!

�,��DWWULEXWH�GHFO!���� �,��DWWULEXWH��,��DWWULEXWH�FRQVWDQW!�_��SUHGYDU!��,��DWWULEXWH�W\SH!�

�,��DWWULEXWH�W\SH�GHFO!��� �OLVW�W\SH!�_��,��NLQG�FRQVWDQW!�_��VHW�W\SH!

�OLVW�W\SH!��� �OLVWRI��,��NLQG�FRQVWDQW!�_��RU��,��NLQG�FRQVWDQW!��,��NLQG�FRQVWDQW!����_

�OLVW�RI��OLVW�W\SH!��_��OLVWRI��W\SH!�

�,��DWWULEXWH�GHVFULSWLRQ�GHFO!���� �,��DWWULEXWH�GHVFULSWLRQ��,��DWWULEXWH�FRQVWDQW!�_�

�SUHGYDU!�VWULQJ�

�,��DWWULEXWH�DSSOLHV�WR��GHFO!��� �,��DWWULEXWH�DSSOLHV�WR��,��DWWULEXWH�FRQVWDQW!�_��SUHGYDU!

�,��LQGLYLGXDO�FRQVWDQW!�_��LQGYDU!�

%������ ,'()��5HODWLRQ�6HQWHQFHV

�,��UHODWLRQ�VHQWHQFH!��� �,��UHODWLRQ�GHFO!�_��,��UHODWLRQ�GHVFULSWLRQ�GHFO!�_

�,��UHO�DUJ�W\SH�GHFO!�_��,��UHODWLRQ�DULW\�GHFO!

�,��UHODWLRQ�GHFO!���� �,��UHODWLRQ��SUHGYDU!�_��,��UHODWLRQ�FRQVWDQW!�

�,��UHODWLRQ�DULW\�GHFO!���� �,��UHODWLRQ�DULW\��UHODWLRQ�FRQVWDQW!�_��SUHGYDU!

SRV�LQW�_��LQGYDU!�

�,��UHO�DUJ�W\SH�GHFO!��� ��,��UHO�DUJ�W\SH��UHODWLRQ�FRQVWDQW!�_��SUHGYDU!

��^�,��NLQG�FRQVWDQW!�_��SUHGYDU!�_��,��REMHFW�VWDWH�WHUP!`�����

�,��UHODWLRQ�GHVFULSWLRQ�GHFO!���� �,��UHODWLRQ�GHVFULSWLRQ��,��UHODWLRQ�FRQVWDQW!�_��SUHGYDU!�

VWULQJ�

%������ ,'()��)XQFWLRQ�6HQWHQFHV

�,��IXQFWLRQ�VHQWHQFH!��� �,��IXQFWLRQ�GHFO!�_��,��IXQFWLRQ�GHVFULSWLRQ�GHFO!�_

�,��IXQFWLRQ�DULW\�GHFO!�_��,��IFW�DUJ�W\SH�GHFO!

�,��IXQFWLRQ�GHFO!���� �,��IXQFWLRQ��,��IXQFWLRQ�FRQVWDQW!�_��SUHGYDU!�

�,��IXQFWLRQ�DULW\�GHFO!���� �,��IXQFWLRQ�DULW\��,��IXQFWLRQ�FRQVWDQW!�_��SUHGYDU!

SRV�LQW�_��LQGYDU!�



���

�,��IFW�DUJ�W\SH�GHFO!���� �,��IFW�DUJ�W\SH��,��IXQFWLRQ�FRQVWDQW!�_��SUHGYDU!

��^�,��NLQG�FRQVWDQW!�_��SUHGYDU!�_��,��REMHFW�VWDWH�WHUP!`�����

�,��IXQFWLRQ�GHVFULSWLRQ�GHFO!���� �,��IXQFWLRQ�GHVFULSWLRQ��,��IXQFWLRQ�FRQVWDQW!�_�

�SUHGYDU!�VWULQJ�

%������ ,'()��6RXUFH�6HQWHQFHV

�,��VRXUFH�VHQWHQFH!��� �,��VRXUFH�GHFO!�_��,��VRXUFH�GHVFULSWLRQ�GHFO!�_

�,��FROOHFWHG�IURP�GHFO!�_��,��FROOHFWHG�E\�GHFO!��_

�,��VRXUFH�DEVWUDFW�GHFO!�_��,��VRXUFH�SXUSRVH�GHFO!�_

�,��VXSSRUW�RQWRORJ\�WHUPV�GHFO!�_��,��VXSSRUW�VWDWHPHQW�GHFO!�_

�,��KDV�VXSSRUWLQJ�VRXUFHV�GHFO!

�,��VRXUFH�GHFO!��� �,��VRXUFH��VRXUFH�FRQVWDQW!�_��LQGYDU!�

�,��VRXUFH�GHVFULSWLRQ�GHFO!���� �,��VRXUFH�GHVFULSWLRQ��,��VRXUFH�FRQVWDQW!�_��LQGYDU!�VWULQJ�

�,��FROOHFWHG�IURP�GHFO!��� �,��FROOHFWHG�IURP��,��VRXUFH�FRQVWDQW!�_��LQGYDU!�VWULQJ�

�,��FROOHFWHG�E\�GHFO!��� �,��FROOHFWHG�E\��,��VRXUFH�FRQVWDQW!�_��LQGYDU!VWULQJ�

�,��VRXUFH�DEVWUDFW�GHFO!��� �,��VRXUFH�DEVWUDFW��,��VRXUFH�FRQVWDQW!�_��LQGYDU!�VWULQJ�

�,��VRXUFH�SXUSRVH�GHFO!���� �,��VRXUFH�SXUSRVH��,��VRXUFH�FRQVWDQW!�_��LQGYDU!�VWULQJ�

�,��VXSSRUW�RQWRORJ\�WHUPV�GHFO!���� �,��VXSSRUW�RQWRORJ\�WHUPV��,��VRXUFH�FRQVWDQW!�_�

�LQGYDU!��^�,��WHUP�FRQVWDQW!�_��LQGYDU!`���

�,��VXSSRUW�VWDWHPHQW�GHFO!���� �,��VXSSRUW�VWDWHPHQWV��,��VRXUFH�FRQVWDQW!�_��LQGYDU!

�^�,��VRXUFH�VWDWHPHQW�FRQVWDQW!�_��LQGYDU!`����

�,��KDV�VXSSRUWLQJ�VRXUFHV�GHFO!���� �,��KDV�VXSSRUWLQJ�VRXUFHV��,��FRQVWDQW!�_

�LQGYDU!�_��SUHGYDU!

��^�,��VRXUFH�FRQVWDQW!�_��LQGYDU!`���

%������ ,'()��6RXUFH�6WDWHPHQW�6HQWHQFHV

�,��VRXUFH�VWDWHPHQW�VHQWHQFH!��� �,��VRXUFH�VWDWHPHQW�GHFO!�_��,��VWDWXV�GHFO!�_

�,��VRXUFH�VWDWHPHQW�GHVFULSWLRQ�GHFO!�_

�,��VRXUFH�VWDWHPHQW�GHFO!�_

�,��KDV�RULJLQDO�VWDWHPHQW�GHFO!�_

�,��KDV�VXSSRUWLQJ�VRXUFHV�GHFO!

�,��VRXUFH�VWDWHPHQW�GHFO!��� �,��VRXUFH�VWDWHPHQW� �,��VRXUFH�VWDWHPHQW�FRQVWDQW!� _

�LQGYDU!�



���

�,��VRXUFH�VWDWHPHQW�GHVFULSWLRQ�GHFO!���� �,��VRXUFH�VWDWHPHQW�GHVFULSWLRQ

�,��VRXUFH�VWDWHPHQW�FRQVWDQW!��_��LQGYDU!�VWULQJ�

�,��VWDWXV�GHFO!��� �,��VWDWXV���,��VRXUFH�VWDWHPHQW�FRQVWDQW!_��LQGYDU!

�,��VWDWXV�W\SH�GHFO!

�,��VWDWXV�W\SH�GHFO!��� DFWLYHBRULJLQDO�_�DFWLYHBGHULYHG�_� UHWLUHGBRULJLQDO��_�UHWLUHGBGHULYHG

�,��KDV�RULJLQDO�VWDWHPHQW�GHFO!���� �,��KDV�RULJLQDO�VWDWHPHQW

�,��VRXUFH�VWDWHPHQW�FRQVWDQW!�_��LQGYDU!

�,��VRXUFH�VWDWHPHQW�FRQVWDQW!�_��LQGYDU!�

%������� ,'()��2QWRORJ\�7HUP�6HQWHQFHV

�,��RQWRORJ\�WHUP�VHQWHQFH!��� �,��RQWRORJ\�WHUP�GHFO!�_��,��XVH�VWDWHPHQWV�GHFO!�_

�,��RQWRORJ\�WHUP�GHVFULSWLRQ�GHFO!�_

�,��RQWRORJ\�WHUP�GHVFULSWLRQ�GHFO!

�,��RQWRORJ\�WHUP�GHFO!��� �,��RQWRORJ\�WHUP��,��WHUP�FRQVWDQW!�_��LQGYDU!�

�,��RQWRORJ\�WHUP�GHVFULSWLRQ�GHFO!��� �,��RQWRORJ\�WHUP�GHVFULSWLRQ��,��WHUP�FRQVWDQW!�_�

�LQGYDU!�VWULQJ�

�,��XVHV�VWDWHPHQWV�GHFO!�� �XVH�VWDWHPHQWV��,��RQWRORJ\�WHUP�FRQVWDQW!�_��LQGYDU!

�^�,��VRXUFH�VWDWHPHQW�FRQVWDQW!�_��LQGYDU!`���

%������� ,'()��1RWH�6HQWHQFHV

�,��QRWH�VHQWHQFH!��� �,��QRWH�GHFO!�_��,��QRWH�GHVFULSWLRQ�GHFO!�_��,��KDV�QRWH�GHFO!

�,��QRWH�GHFO!��� �,��QRWH��,��QRWH�FRQVWDQW!�_��LQGYDU!�

�,��QRWH�GHVFULSWLRQ�GHFO!��� �,��QRWH�GHVFULSWLRQ��,��QRWH�FRQVWDQW!��_��LQGYDU!�VWULQJ�

�,��KDV�QRWH�GHFO!��� �,��KDV�QRWH��,��FRQVWDQW!��_��LQGYDU!�_��SUHGYDU!���,��QRWH�FRQVWDQW!

_��LQGYDU!�

%������� 2EMHFW�6WDWH�5HODWHG�&RQVWUXFWV�DQG�5HODWLRQV

�,��SURFHVV�GHFO!��� ��,��SURFHVV��,��SURFHVV�FRQVWDQW!�_��SUHGYDU!�
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$OOHQ��-��)�����������©7RZDUGV�$�*HQHUDO�7KHRU\�2I�$FWLRQ�$QG�7LPH�ª��$UWLILFLDO�,QWHOOLJHQFH
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$QXSLQGL�� 6�� 5�� �������� � 6HPDQWLF� 5HTXLUHPHQWV� IRU� DQ� ,QWHJUDWHG� %LOO� RI� 0DWHULDOV� 6\VWHP�

0�6��7KHVLV���'HSW��RI�,QGXVWULDO�(QJLQHHULQJ��7H[DV�$	0�8QLYHUVLW\��&ROOHJH�6WDWLRQ��7;�

$F]HO�� 3��� ,VUDHO�� '��� .DWDJLUL�� <��� DQG� 3HWHUV�� 6�� �(GV��� �������� � 6LWXDWLRQ� 7KHRU\� DQG� LWV

$SSOLFDWLRQV��9ROXPH�����&6/,�/HFWXUH�1RWHV����

%DUZLVH�� -��� *DZURQ��0��� 3ORWNLQ�� *��� DQG� 7XWL\D�� 6�� �(GV��� �������� � 6LWXDWLRQ� 7KHRU\� DQG� LWV

$SSOLFDWLRQV��9ROXPH�����&6/,�/HFWXUH�1RWHV����

%HDOHU��*�����������4XDOLW\�DQG�&RQFHSW���2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�

%DUZLVH��-��DQG�3HUU\��-�����������6LWXDWLRQV�DQG�$WWLWXGHV���&DPEULGJH��0,7�3UHVV�

%HQMDPLQ��3��&���0HQ]HO��&���DQG�0D\HU��5��-���IRUWKFRPLQJ����©7RZDUGV�D�0HWKRG�IRU�$FTXLULQJ

&,0�2QWRORJLHV�ª��7R�DSSHDU�LQ�,QWHUQDWLRQDO�-RXUQDO�RI�&,0����([SHFWHG�������

%UDFKPDQ��5��-�����������©:KDW�,6�$�,V�DQG�,VQ¶W��$Q�$QDO\VLV�RI�7D[RQRPLF�/LQNV�LQ�6HPDQWLF

1HWZRUNV�ª��,(((�&RPSXWHU���2FWREHU�

%XUNKDUW�� 5��� HW� DO�� �������� � ,5'6� &RQFHSWXDO� 6FKHPD� :RUNLQJ� 3DSHU�� � ,62�,(&
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5HSUHVHQWDWLRQ� DQG� 3URFHVVLQJ� RI� 6HPDQWLF� 5HODWLRQV�ª� � ,Q� 0HPRU\� DQG� /HDUQLQJ�� 7KH

(EELQJKDXV�&HQWHQQLDO�&RQIHUHQFH���*RUIHLQ��'��6���(G�����+LOOVGDOH��1-��(UOEDXP�
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,QIRUPDWLRQ�%DVH����,62�75������������������,QWHUQDWLRQDO�6WDQGDUGV�2UJDQL]DWLRQ�
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0RGHOLQJ�0DQXDO��,'()�����'7,&�%�������������������6RI7HFK��,QF�
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,QWHJUDWHG� &RPSXWHU�$LGHG� 0DQXIDFWXULQJ� �,&$0�� $UFKLWHFWXUH�� � 3W�� ,,�� 9RO�� 9,�� '\QDPLFV
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/LQN�� *�� �������� � ©7KH� /RJLFDO� $QDO\VLV� RI� 3OXUDOV� DQG� 0DVV� 7HUPV�� � $� /DWWLFH� 7KHRUHWLF
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/RLVHOOH�� &�� /�� DQG� &RKHQ�� 3�� /�� �������� � ©([SORUDWLRQV� LQ� WKH� &RQWULEXWRUV� WR� 3ODXVLELOLW\�ª

&2,16�7HFKQLFDO�5HSRUW���������8QLYHUVLW\�RI�0DVVDFKXVHWWV��$PKHUVW��0$�
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0D\HU��5��-���(G�������������,'()�;�'DWD�0RGHOLQJ��$�5HFRQVWUXFWLRQ�RI�WKH�2ULJLQDO�$LU�)RUFH

5HSRUW���&ROOHJH�6WDWLRQ��7;��.QRZOHGJH�%DVHG�6\VWHPV��,QF�

0D\HU��5��-���0HQ]HO��&��3���DQG�GH:LWWH��3��6����������,'()��7HFKQLFDO�5HSRUW���:3$)%��2+�

$/�+5*$�

0D\HU��5�� -���0HQ]HO��&��3�� DQG�0D\HU��3��6��'�� �������� � ,'()���$�0HWKRGRORJ\� IRU� 3URFHVV

'HVFULSWLRQ���:3$)%��2+��$/�+5*$�

0D\HU��5��-���(GZDUGV��'��$���'HFNHU��/��3���DQG�$FNOH\��.��$�����������,'()��7HFKQLFDO�5HSRUW�

:3$)%��2+��$O�+5*$�

0D\HU�� 5�� -��� GH:LWWH�� 3��� *ULIILWK�� 3��� DQG� 0HQ]HO�� &�� 3�� �������� � ,'()�� &RQFHSW� 5HSRUW�

:3$)%��2+��$/�+5*$�

0D\HU��5��-��DQG�GH:LWWH��3�����������)UDPHZRUN�5HVHDUFK�5HSRUW���:3$)%��2+��$/�+5*$�

0D\HU��5��-���0HQ]HO��&���3DLQWHU��0���DQG�%HQMDPLQ��3��&�� �������� �©7KH�5ROH�RI�2QWRORJ\� LQ
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:LQVWRQ��0�(���&KDIILQ��5���DQG�+HUUPDQQ��'�����������©$�7D[RQRP\�RI�3DUW�ZKROH�5HODWLRQV�ª

&RJQLWLYH�6FLHQFH�������������

:LWWJHQVWHLQ��/�����������3KLORVRSKLFDO�,QYHVWLJDWLRQV���2[IRUG��%DVLO�%ODFNZHOO�

=DFKPDQ�� -�� �������� � ©$� )UDPHZRUN� IRU� ,QIRUPDWLRQ� 6\VWHPV� $UFKLWHFWXUH�ª� � ,%0� 6\VWHPV

-RXUQDO����������������
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*ORVVDU\

$QDO\VW $�SULPDU\�GHYHORSHU�RI�DQ�RQWRORJ\��LQ�WKH�FRQWH[W�RI�DQ�,'()�

SURMHFW�� � 7KH� FHQWUDO� PHWKRG� IRU� DFTXLULQJ� VXFK� LQIRUPDWLRQ

FRQVLVWV�RI� LQWHUYLHZLQJ�GRPDLQ� H[SHUWV� DQG� DQDO\]LQJ� UHOHYDQW

GRPDLQ�GRFXPHQWV�

$QWLV\PPHWU\ $�SURSHUW\�WKDW�KROGV�RI�D�JLYHQ�UHODWLRQ�5�ZKHQ��IRU�DQ\�REMHFWV

[�DQG�\��RI�WKH�DSSURSULDWH�NLQGV���LI�[�EHDUV�5�WR�\�DQG�\�EHDUV�5

WR�[��LW�IROORZV�WKDW�[�LV�LGHQWLFDO�WR�\�

$ULW\ 7KH� QXPEHU� RI� DUJXPHQWV� RI� D� UHODWLRQ�� WKDW� LV�� WKH� QXPEHU� RI

WKLQJV�WKDW�DUH�LQYROYHG�LQ�WKH�UHODWLRQ�LQ�D�JLYHQ�LQVWDQFH���)RU

H[DPSOH�� WKH� UHODWLRQ� ODUJHU�WKDQ� KDV� DULW\� WZR�� WKH� UHODWLRQ

EHWZHHQ�KDV�DULW\�WKUHH��DQG�VR�IRUWK�

$V\PPHWU\ $�SURSHUW\�WKDW�KROGV�RI�D�JLYHQ�UHODWLRQ�5�ZKHQ��IRU�DQ\�REMHFWV

[� DQG� \� �RI� WKH� DSSURSULDWH� NLQGV��� LI� [� EHDUV� 5� WR� \�� WKHQ� \

FDQQRW�EHDU�5�WR�[�

$WWULEXWH $�IXQFWLRQ��RU�PDSSLQJ��WKDW�WDNHV�HDFK�PHPEHU�RI�D�JLYHQ�VHW�RI

LQGLYLGXDOV� WR� D� VLQJOH� VSHFLILF� YDOXH�� � 6R�� IRU� H[DPSOH�� WKH

DWWULEXWH�FRORU�RI�PDSV�HDFK�REMHFW�LQ�D�JLYHQ�VHW�WR�LWV�FRORU��WKH

DWWULEXWH�DJH�RI�PDSV�HDFK�HPSOR\HH�WR�KLV�RU�KHU�DJH�

$[LRP $�SUHFLVH�FKDUDFWHUL]DWLRQ�RI�WKH�ORJLF�RI�D�WHUP�RU�VHW�RI�UHODWHG

WHUPV� VWDWHG� LQ� WKH� ,'()�� HODERUDWLRQ� ODQJXDJH�� � $Q� D[LRP

W\SLFDOO\� H[SUHVVHV� D� FRQVWUDLQW� RQ� WKH� REMHFWV� GHQRWHG� E\� WKH

WHUPV�LQ�D[LRP�

&KDUDFWHULVWLF $� GLVWLQJXLVKDEOH� IHDWXUH�� � 7KLV� WHUP� HQFRPSDVVHV� ERWK

DWWULEXWHV�DQG�SURSHUWLHV���6HH�DWWULEXWHV�DQG�SURSHUWLHV�

&ODVVLILFDWLRQ :KHQ�DSSOLHG�WR�UHODWLRQV��FDWHJRUL]LQJ�REMHFWV�LQ�WKH�GRPDLQ�RI

GLVFRXUVH�DFFRUGLQJ�WR�KRZ�LQGLYLGXDOV�UHODWH� WR�NLQGV�DQG�KRZ

NLQGV� UHODWH� WR� RQH� DQRWKHU� LQ� WHUPV� RI� VXEVXPSWLRQ� DQG

LQFOXVLRQ�

&OLHQW $Q� LQGLYLGXDO� RU� RUJDQL]DWLRQ� DFWLQJ� DV� D� FRQWUDFWLQJ� DJHQW� IRU

,'()�� SURMHFW� VHUYLFHV� ZLWK� DQ� H[WHUQDO� VRXUFH� RI� ,'()�

H[SHUWLVH�

&RPPHQWRU 0HPEHU� RI� DQ� ,'()�� SURMHFW� WHDP� UHVSRQVLEOH� IRU� UHYLHZLQJ

GUDIW�,'()��GHVFULSWLRQV�DQG�PDNLQJ�ZULWWHQ�FULWLTXHV�
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&RQVWDQW $� ZRUG� LQ� WKH� ,'()�� HODERUDWLRQ� ODQJXDJH� WKDW� LV� QHLWKHU� DQ

RSHUDWRU�QRU�D�YDULDEOH�� �6HPDQWLFDOO\��FRQVWDQWV�DUH�ZRUGV� WKDW

GHQRWH�REMHFWV�LQ�WKH�GRPDLQ�

&RQVWUDLQW 0RVW� JHQHUDOO\�� D� VWDWHPHQW�ZKLFK�PXVW� �RU� HTXLYDOHQWO\��PXVW

QRW�� KROG� LQ� D� V\VWHP�� �0RVW� RIWHQ�� FRQVWUDLQWV� H[SUHVV� ORJLFDO

SURSHUWLHV�RI��RU�FRQQHFWLRQV�EHWZHHQ��GRPDLQ�REMHFWV�WKDW�PXVW

EH�PDLQWDLQHG�LI�WKH�V\VWHP�LV�WR�IXQFWLRQ�DV�LQWHQGHG�

&RQWH[W $�VWDWHPHQW� WKDW� LGHQWLILHV� WKH�ERXQGDULHV�RI� WKH� ,'()��SURMHFW

DQG� WKH� OHYHO� RI� GHWDLO�� � 7KH� VWDWHPHQW� RI� FRQWH[W� LV� LPSRUWDQW

EHFDXVH� LW� LQGLFDWHV� WKH� VFRSH� DQG� OHYHO� RI� JUDQXODULW\� RI� WKH

VWXG\�

'HFODUDWLYH�.QRZOHGJH 7KH�W\SH�RI�NQRZOHGJH�WKDW�KXPDQ�EHLQJV��GRPDLQ�H[SHUWV��DUH

DZDUH�RI�

'HILQLWLRQ $Q�H[SUHVVLRQ�WKDW�IRUPDOO\�LGHQWLILHV�DQ�LQGLYLGXDO��UHODWLRQ��RU

IXQFWLRQ�

'RPDLQ $� VSKHUH� RI� LQWHUHVW�� VXFK� DV� WKH� VHPLFRQGXFWRU� GRPDLQ� RU� WKH

GRPDLQ� RI� DEVWUDFW� DOJHEUD�� � $� GRPDLQ� KDV� LWV� RZQ� GLVWLQFWLYH

YRFDEXODU\� IRU� WDONLQJ� DERXW� WKH� FKDUDFWHULVWLF� NLQGV� RI� REMHFWV

DQG�SURFHVVHV�W\SLFDOO\�IRXQG�LQ�WKH�GRPDLQ�

'RPDLQ�([SHUW $Q�LQGLYLGXDO�FRQVLGHUHG�NQRZOHGJHDEOH�RI�� DQG�FRQYHUVDQW� LQ�

PRVW�RI�WKH�GLVWLQJXLVKLQJ�FKDUDFWHULVWLFV�RI�D�FHUWDLQ�DVSHFW�RI�D

GRPDLQ�� � $� UROH� SOD\HG� E\� WKH� SULPDU\� VRXUFHV� RI� NQRZOHGJH

IURP�WKH�DSSOLFDWLRQ�GRPDLQ�RI�LQWHUHVW���3HUVRQV�ILOOLQJ�WKLV�UROH

SURYLGH� LQVLJKWV� DERXW� WKH� FKDUDFWHULVWLFV� RI� WKH� DSSOLFDWLRQ

GRPDLQ�WKDW�DUH�QHHGHG�IRU�H[WUDFWLQJ�WKH�XQGHUO\LQJ�RQWRORJLFDO

NQRZOHGJH�

(ODERUDWLRQ�/DQJXDJH $� VWUXFWXUHG� WH[WXDO� ODQJXDJH� GHVLJQHG� VSHFLILFDOO\� WR� H[SUHVV

RQWRORJ\�LQIRUPDWLRQ���7KH�,'()��HODERUDWLRQ�ODQJXDJH�KDV�WKH

IXOO�SRZHU�RI�ILUVW�RUGHU�PRGDO�ORJLF�SOXV�VHW�WKHRU\�

([WHQVLRQDO &ULWHULD� WKDW� VSHFLILHV� WKH� LGHQWLW\� RI� DQ� DEVWUDFW� REMHFW� EH

GHWHUPLQHG� E\� LWV� PHPEHUV� RU� LQVWDQFHV�� � 6HWV� DQG�� LQ� VRPH

WKHRULHV�� FODVVHV�� DUH� WKH�SDUDGLJPDWLF� H[WHQVLRQDO� HQWLWLHV�� � WKH

SULQFLSOH�RI�H[WHQVLRQDOLW\�LQ�VHW�WKHRU\�LV�WKDW�WZR�SXUSRUWHG�VHWV

DUH�LGHQWLFDO�LI�DQG�RQO\�LI�WKH\�KDYH�H[DFWO\�WKH�VDPH�PHPEHUV�

)RUP��'HVFULSWLRQ

6XPPDU\

$� IRUP� WKDW� VXPPDUL]HV� WKH� HYROYLQJ�FRPSOHWHG� RQWRORJ\

GHVFULSWLRQ�� � ,W� UHFRUGV�WKH�SXUSRVH��YLHZSRLQW��DQG�FRQWH[W�DQG

DOVR� SURYLGHV� D� VXPPDU\� RI� DOO� WKH� VFKHPDWLFV� DQG� GRFXPHQWV

XVHG�WR�UHFRUG�WKH�GRPDLQ�RQWRORJ\�
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)RUP��.LQG�6SHFLILFDWLRQ $�IRUP�WKDW�UHFRUGV�WKH�LQIRUPDWLRQ�DVVRFLDWHG�ZLWK�D�NLQG�LQ�D

GRPDLQ�� LQ� SDUWLFXODU�� WKH� GHILQLQJ� SURSHUWLHV� RI� WKH� NLQG�

UHOHYDQW� QRQ�GHILQLQJ� SURSHUWLHV�� UHODWLRQV� WKH� NLQG� SDUWLFLSDWHV

LQ��DQG�RWKHU�LQIRUPDWLRQ�

)RUP��3URWR�NLQG

6SHFLILFDWLRQ

$�IRUP�WKDW�UHFRUGV�LQIRUPDWLRQ�DVVRFLDWHG�ZLWK�D�SURWR�NLQG�LQ

D�GRPDLQ�

)RUP��3URWR�UHODWLRQ

6SHFLILFDWLRQ

$�IRUP�WKDW�UHFRUGV�LQIRUPDWLRQ�DVVRFLDWHG�ZLWK�D�SURWR�UHODWLRQ

LQ�D�GRPDLQ�

)RUP��5HODWLRQ

6SHFLILFDWLRQ

$�IRUP� WKDW� UHFRUGV� LQIRUPDWLRQ�DVVRFLDWHG�ZLWK�D� UHODWLRQ� LQ�D

GRPDLQ�

)RUP��6RXUFH�0DWHULDO

'HVFULSWLRQ

$� IRUP� WKDW� UHFRUGV� LQIRUPDWLRQ� DVVRFLDWHG� ZLWK� D� VRXUFH

PDWHULDO�

)RUP��6RXUFH�6WDWHPHQW

'HVFULSWLRQ

$� IRUP� WKDW� UHFRUGV� LQIRUPDWLRQ� DVVRFLDWHG� ZLWK� D� VRXUFH

GHVFULSWLRQ�

)RUP��7HUP�'HVFULSWLRQ $�IRUP�WKDW�UHFRUGV�OLVW�RI�WKH�WHUPV�XVHG�WR�GHULYH�WKH�RQWRORJ\

DQG�D�EULHI�GHVFULSWLRQ�RI�HDFK�WHUP�

,'() $FURQ\P� IRU� ,QWHJUDWLRQ� 'HILQLWLRQ�� � $OVR� XVHG� WR� UHIHU� WR� D

IDPLO\�RI�PXWXDOO\�VXSSRUWLYH�PHWKRGV�IRU�HQWHUSULVH�LQWHJUDWLRQ

LQFOXGLQJ�LQ�SDUWLFXODU�,'()���,'()���,'()�;��,'()���,'()��

DQG�,'()��

,'()� ,QWHJUDWLRQ�'HILQLWLRQ��,'()��PHWKRG�IRU�)XQFWLRQ�0RGHOLQJ

,'()� ,QWHJUDWLRQ�'HILQLWLRQ��,'()��PHWKRG�IRU�,QIRUPDWLRQ�0RGHOLQJ

,'()�; ,QWHJUDWLRQ� 'HILQLWLRQ� �,'()�� PHWKRG� IRU� 6HPDQWLF� 'DWD

0RGHOLQJ

,'()� ,QWHJUDWLRQ�'HILQLWLRQ��,'()��PHWKRG�IRU�6LPXODWLRQ�0RGHOLQJ

,'()� ,QWHJUDWLRQ� 'HILQLWLRQ� �,'()�� PHWKRG� IRU� 3URFHVV� 'HVFULSWLRQ

&DSWXUH

,'()� ,QWHJUDWLRQ� 'HILQLWLRQ� �,'()�� PHWKRG� IRU� 2EMHFW�2ULHQWHG

'HVLJQ
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,QGLYLGXDO 7KH�PRVW� ORJLFDOO\�EDVLF�NLQG�RI� UHDO�ZRUOG�REMHFW�� �3URPLQHQW

H[DPSOHV�LQFOXGH�KXPDQ�SHUVRQV��FRQFUHWH�SK\VLFDO�REMHFWV��DQG

FHUWDLQ� DEVWUDFW� REMHFWV� VXFK� DV� SURJUDPV�� � 8QOLNH� REMHFWV� RI

KLJKHU�ORJLFDO�RUGHUV�VXFK�DV�SURSHUWLHV�DQG�UHODWLRQV��LQGLYLGXDOV

HVVHQWLDOO\� DUH� QRW� PXOWLSO\� LQVWDQWLDEOH�� � ,QGLYLGXDOV� DUH� DOVR

NQRZQ�DV�ILUVW�RUGHU�REMHFWV�

,QLWLDO�6FRSH $�VSHFLILFDWLRQ�RI� WKH� ERXQGDULHV� RI� WKH� RQWRORJ\� GHYHORSPHQW

HIIRUW�� LQ� SDUWLFXODUO\�� WKH� SDUWV� RI� WKH� V\VWHPV� WKDW� QHHG� WR� EH

LQFOXGHG� DQG� WKRVH� ZKLFK� DUH� WR� EH� H[FOXGHG� IURP� WKH

RQWRORJLFDO�GHYHORSPHQW�HIIRUW�

,QWHQVLRQDOLW\ ,Q� WKH� FRQWH[W� RI� ,'()��� WKH� FKDUDFWHULVWLF� SRVVHVVHG� E\� DQ

DEVWUDFW� REMHFW� ZKHQ� LWV� LGHQWLW\� LV� QRW� GHWHUPLQHG� E\� LWV

PHPEHUV� RU� LQVWDQFHV�� � � 3URSHUWLHV� DUH� WKH� SDUDGLJPDWLF

LQWHQVLRQDO�HQWLWLHV�� �7ZR�GLVWLQFW�SURSHUWLHV�FDQ�KDYH�SUHFLVHO\

WKH� VDPH� LQVWDQFHV� ZLWKRXW�� LQWXLWLYHO\�� EHLQJ� LGHQWLFDO�� � 7KH

SURSHUW\� EHLQJ� D� OLYLQJ� IRUPHU� 8�6�� SUHVLGHQW� IURP� &DOLIRUQLD

DQG� WKH� SURSHUW\� RI� EHLQJ� WKH� PRVW� IDPRXV� DFWRU�WXUQHG�

SROLWLFLDQ� DUH� LQWXLWLYHO\� GLVWLQFW� SURSHUWLHV�� \HW� KDYH� SUHFLVHO\

WKH�VDPH�LQVWDQFHV��YL]���5RQDOG�5HDJDQ�

,QWHUYLHZ $�IDFH�WR�IDFH�PHHWLQJ�ZLWK�GRPDLQ� H[SHUWV� IRU� WKH�SXUSRVH�RI

SXUVXLQJ�VRPH�OLQH�RI�LQYHVWLJDWLRQ�

,UUHIOH[LYLW\ 7KH�SURSHUW\�WKDW�KROGV�IRU�D�UHODWLRQ�5�LI�DQG�RQO\�LI�QR�REMHFW

VWDQGV�LQ�WKH�UHODWLRQ�5�ZLWK�LWVHOI�

.H\ZRUG $� ZRUG� WKDW� KDV� VSHFLDO� PHDQLQJ� DQG� XVDJH� LQ� WKH� ,'()�

HODERUDWLRQ�ODQJXDJH�DQG�FDQQRW�EH�XVHG�WR�GHQRWH�REMHFWV�LQ�WKH

GRPDLQ�RI�GLVFRXUVH�

.LQG ,QIRUPDOO\�� D� JURXS� RI� LQGLYLGXDOV� WKDW� VKDUH� VRPH� VHW� RI

GLVWLQJXLVKHG� FKDUDFWHULVWLFV�� � 0RUH� IRUPDOO\�� NLQGV� DUH

SURSHUWLHV� W\SLFDOO\� H[SUHVVHG� E\� FRPPRQ� QRXQV� VXFK� DV

µHPSOR\HH¶��µPDFKLQH¶��DQG�µODWKH¶�

.LQG�5HILQHPHQW

3URFHGXUH

7KH� DFWLYLW\� RI� HOLPLQDWLQJ� XQYDOLGDWHG� SURWR�NLQGV� IURP� DQ

RQWRORJ\�DQG�SURPRWLQJ�YDOLGDWHG�SURWR�NLQGV�WR�NLQGV�

.QRZOHGJH�(QJLQHHU $� WHFKQLFDO� UROH� ILOOHG�E\�SHUVRQQHO�ZLWK� ,'()�� H[SHUWLVH�ZKR

DUH�WKH�SULPDU\�GHYHORSHUV�RI�DQ�,'()��RQWRORJ\���$OVR�NQRZQ

DV�DQ�DQDO\VW�

/H[LFRQ 7KH�VHW�RI�EDVLF�V\PEROV�RI�D�ODQJXDJH�
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0HURQ\PLF�5HODWLRQV 3DUW�ZKROH�UHODWLRQV�RI�YDULRXV�VRUWV��DV��IRU�LQVWDQFH��EHWZHHQ�DQ

HQJLQH�DQG�WKH�DXWRPRELOH�WKDW�FRQWDLQV�LW��DQ�DFUH�RI�UHDO�HVWDWH

DQG�D�ODUJHU�SLHFH�RI�ODQG�FRQWDLQLQJ�LW��WKH�K\GURJHQ�LQ�D�FXS�RI

ZDWHU�DQG�WKH�ZDWHU�LWVHOI��DQG�VR�IRUWK�

0HWDSK\VLFV 7KH� EUDQFK� RI� SKLORVRSK\� WKDW� V\VWHPDWLFDOO\� LQYHVWLJDWHV� ILUVW

SULQFLSOHV�DQG��LQ�SDUWLFXODU��ZKDW�XOWLPDWHO\�H[LVWV�

0HWKRG $Q� RUJDQL]HG�� VLQJOH�SXUSRVH� GLVFLSOLQH� RU� SUDFWLFH� IRU� DFFRP�

SOLVKLQJ�VRPH�VHW�RI� WDVNV�� �7KH� ,'()�PHWKRGV�DUH� VSHFLILFDOO\

GHVLJQHG� WR� DFFHOHUDWH� WKH� OHDUQLQJ� SURFHVV� DQG� KHOS� QRYLFH

SUDFWLWLRQHUV� HPXODWH� WKH� SHUIRUPDQFH� RI� KLJKO\� H[SHULHQFHG

LQGLYLGXDOV� HQJDJHG� LQ� D� SDUWLFXODU� DQDO\VLV� RU� GHVLJQ� DFWLYLW\�

,'()� PHWKRGV� JXLGH� XVHUV� WKURXJK� D� GLVFLSOLQHG� DSSURDFK�

FRQVLVWHQW�ZLWK�JRRG�SUDFWLFH�H[SHULHQFH��WR�DFKLHYH�FRQVLVWHQWO\

KLJK�OHYHOV�RI�SHUIRUPDQFH��TXDOLW\�DQG�SURGXFWLYLW\��

0RYHPHQW�3URWRFRO

$QDO\VLV

$� W\SH� RI� DQDO\VLV� LQ� ZKLFK� LGOH� PRYHPHQWV� DUH� LGHQWLILHG� E\

VWXG\LQJ�PRWLRQ�HIILFLHQF\�

0XOWLSO\�,QVWDQWLDEOH $ELOLW\�WR�KDYH�PRUH�WKDQ�RQH�LQVWDQFH�RU�PHPEHU���6HWV��SURSHU�

WLHV�� UHODWLRQV�� FODVVHV�� W\SHV�� DQG� NLQGV� DUH� DOO� H[DPSOHV� RI

PXOWLSO\�LQVWDQWLDEOH�REMHFWV�

0XWXDOO\�([FOXVLYH $�FRQGLWLRQ� WKDW�H[LVWV��JLYHQ�0�REMHFWV�DQG�1� UHODWLRQV��ZKHQ

HLWKHU�WKH�REMHFWV�VWDQG�LQ�QRQH�RI�WKH�1�UHODWLRQV�RU� WKH\�VWDQG

LQ�H[DFWO\�RQH�UHODWLRQ�

2EMHFW ,Q� JHQHUDO�� DQ\WKLQJ� WKDW� FDQ� EH� UHIHUUHG� WR� ZLWKLQ� D� GRPDLQ�

LQFOXGLQJ� FRQFUHWH� DQG� DEVWUDFW� WKLQJV�� DV� ZHOO� DV� NLQGV�

SURSHUWLHV��DQG�UHODWLRQV�

2EMHFW��)LUVW�2UGHU 6HH�LQGLYLGXDO�

2QWRORJ\ $�GRPDLQ�YRFDEXODU\�WRJHWKHU�ZLWK�D�VHW�RI�SUHFLVH�GHILQLWLRQV�

RU� D[LRPV�� WKDW� FRQVWUDLQ� WKH� PHDQLQJV� RI� WKH� WHUPV� LQ� WKDW

YRFDEXODU\�VXIILFLHQWO\�WR�HQDEOH�FRQVLVWHQW�LQWHUSUHWDWLRQ�RI�GDWD

WKDW�XVH�WKH�YRFDEXODU\�

2QWRORJ\��'RPDLQ 7KH� KLJKHVW� OHYHO� RI� WKUHH� GLVWLQJXLVKHG� OHYHOV� RI� RQWRORJLHV�

ZKHQ� FDWHJRUL]HG� LQ� WHUPV� RI� JHQHUDOLW\�� � $� GRPDLQ� RQWRORJ\

FODVVLILHV� WKH� PRVW� JHQHUDO� LQIRUPDWLRQ� WKDW� FKDUDFWHUL]HV� DQ

HQWLUH� GRPDLQ�� � 6HH� SUDFWLFH� RQWRORJ\� DQG� VLWH�VSHFLILF

RQWRORJ\�

2QWRORJ\��3UDFWLFH $Q� H[WHQVLRQ� RI� D� GRPDLQ� RQWRORJ\� WKDW� LQFOXGHV� WKH� FRPPRQ

IHDWXUHV�RI�VLPLODU�VLWHV�LQ�WKDW�GRPDLQ�
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2QWRORJ\��6LWH�VSHFLILF $Q� H[WHQVLRQ� RI� D� SUDFWLFH� RQWRORJ\� �KHQFH� DOVR� D� GRPDLQ

RQWRORJ\�� WR� LQFOXGH�LQIRUPDWLRQ�DERXW�DOO�RI� WKH� UHOHYDQW�NLQGV

RI�REMHFWV��SURSHUWLHV�� DQG� UHODWLRQVKLSV� IRXQG�ZLWKLQ�D� VSHFLILF

VLWH�

2SHUDWRU $�OH[LFDO�LWHP�LQ�WKH�,'()��HODERUDWLRQ�ODQJXDJH�WKDW�DWWDFKHV�WR

WHUPV� WR� IRUP� RWKHU� WHUPV�� RU� WR� VWDWHPHQWV� WR� IRUP� RWKHU

VWDWHPHQWV���7KH�ERROHDQ�RSHUDWRU�©QRWª�LV�D�RQH�SODFH�VHQWHQFH

RSHUDWRU�

3RRO��.LQG 7KH�FROOHFWLRQ�RI�NLQGV�WKDW�KDYH�EHHQ�LGHQWLILHG�LQ�DQ�RQWRORJ\�

3RRO��3URSHUW\ 7KH� FROOHFWLRQ� RI� SURSHUWLHV� WKDW� KDYH� EHHQ� LGHQWLILHG� LQ� DQ

RQWRORJ\�

3RRO��3URWR�NLQG 7KH� FROOHFWLRQ� RI� SURWR�NLQGV� WKDW� KDYH� EHHQ� LGHQWLILHG� LQ� DQ

RQWRORJ\�

3RRO��3URWR�FKDUDFWHULVWLF 7KH�FROOHFWLRQ�RI�SURWR�FKDUDFWHULVWLFV� WKDW�KDYH�EHHQ� LGHQWLILHG

LQ�DQ�RQWRORJ\�

3RRO��3URWR�UHODWLRQ 7KH�FROOHFWLRQ�RI�SURWR�UHODWLRQV�WKDW�KDYH�EHHQ�LGHQWLILHG�LQ�DQ

RQWRORJ\�

3RRO��5HODWLRQ 7KH� FROOHFWLRQ� RI� UHODWLRQV� WKDW� KDYH� EHHQ� LGHQWLILHG� LQ� DQ

RQWRORJ\�

3RRO��6RXUFH�6WDWHPHQW 7KH� FROOHFWLRQ� RI� PHDQLQJIXO� VWDWHPHQWV� PDGH� E\� GLIIHUHQW

LQGLYLGXDOV�� DV� ZHOO� DV� VWDWHPHQWV� H[WUDFWHG� IURP� VRXUFH

GRFXPHQWV�GXULQJ�WKH�RQWRORJ\�GHYHORSPHQW�HIIRUW���(DFK�VRXUFH

VWDWHPHQW� LV� JLYHQ� D� XQLTXH� LGHQWLILFDWLRQ� QXPEHU� WR� LPSURYH

WUDFHDELOLW\�

3RRO��7HUP 7KH� FROOHFWLRQ� RI� PHDQLQJIXO� WHUPV� XVHG� LQ� DQ� RQWRORJ\�

7\SLFDOO\� WKHVH� DUH� WKH� WHUPV� UHIHUULQJ� WR� SURWR�NLQGV�� SURWR�

SURSHUWLHV��SURWR�UHODWLRQV��NLQGV��SURSHUWLHV��DQG�UHODWLRQV�LQ�WKH

RQWRORJ\�

3URFHGXUDO�.QRZOHGJH .QRZOHGJH� FRQFHUQLQJ� WKH� PDQQHU� LQ� ZKLFK� D� FHUWDLQ� WDVN� LV

FDUULHG�RXW�

3URFHVV $� UHDO� ZRUOG� HYHQW� RU� VWDWH� RI� DIIDLUV� LQYROYLQJ� RQH� RU� PRUH

LQGLYLGXDOV�RYHU�VRPH��SRVVLEO\�LQVWDQWDQHRXV�� LQWHUYDO�RI� WLPH�

7\SLFDOO\�� D� SURFHVV� LQYROYHV� VRPH� VRUW� RI� FKDQJH� LQ� WKH

SURSHUWLHV�RI�RQH�RU�PRUH�RI�WKH�LQGLYLGXDOV�ZLWKLQ�WKH�SURFHVV�

%HFDXVH� RI� WKH� DPELJXLW\� LQ� WKH� WHUP� ©SURFHVVª�� VRPHWLPHV

UHIHUUHG�WR�DV�SURFHVV�LQVWDQFH�
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3URFHVV�.LQG 7KH� DEVWUDFW� JHQHUDO� FKDUDFWHU� WKDW� LV� VKDUHG� E\� VLPLODU

SURFHVVHV��6XFK�SURFHVVHV�DUH�VDLG�WR�EH�LQVWDQFHV�RI�WKH�SURFHVV

NLQG���)RU�H[DPSOH��WKH�SURFHVV�NLQG�PDQXIDFWXUH�SDUW�IRXQG�LQ

D� FHUWDLQ� HQWHUSULVH� LV� WKH� JHQHUDO� EHKDYLRU� H[KLELWHG� E\� HDFK

SDUWLFXODU�LQVWDQFH�LQ�ZKLFK�D�SDUW�LV�PDQXIDFWXUHG�

3URMHFW $� SODQ� IRU� FRQGXFWLQJ� DQ� ,'()�� RQWRORJ\� GHVFULSWLRQ� FDSWXUH

HIIRUW�ZLWK�D�FOHDUO\�GHILQHG�VWDWHPHQW�RI�SXUSRVH��FRQWH[W��VFRSH

DQG�OHYHO�RI�GHWDLO���DQG�YLHZSRLQW�

3URMHFW�/HDGHU $Q� DGPLQLVWUDWLYH� UROH� WKDW� FDUULHV� WKH� UHVSRQVLELOLWLHV� IRU

RYHUVHHLQJ� DQG� JXLGLQJ� DQ� RQWRORJ\� GHYHORSPHQW� HIIRUW�� � ,Q

SDUWLFXODU�� WKH� SURMHFW� OHDGHU� LV� XOWLPDWHO\� UHVSRQVLEOH� IRU� WKH

RXWFRPH�RI� WKH�RQWRORJ\�GHYHORSPHQW�HIIRUW�� WHDP�RUJDQL]DWLRQ

DQG�OHDGHUVKLS��DQG�VFKHGXOH�DQG�EXGJHW�PDQDJHPHQW�

3URPSWLQJ�4XHVWLRQV $� TXHVWLRQ� LQWHQGHG� WR� SURPSW� D� GRPDLQ� H[SHUW� WR� YHUEDOL]H

WKRXJKWV�DQG�RU�WR�KHOS�JXLGH�D�GLVFXVVLRQ�

3URSHUW\ $Q� DEVWUDFW�� JHQHUDO� IHDWXUH� RU� FKDUDFWHULVWLF� WKDW� LV� PXOWLSO\

LQVWDQWLDEOH��WKDW�LV��LW�FDQ�EH�VKDUHG�E\�GLVWLQFW�REMHFWV�

3URSHUW\��$FFLGHQWDO $�SURSHUW\�WKDW�DQ�LQGLYLGXDO�KDV��EXW�FRXOG�KDYH�ODFNHG�

3URSHUW\��'HILQLQJ $Q�HOHPHQW�RI�WKH�VHW�RI�SURSHUWLHV�DVVRFLDWHG�ZLWK�PHPEHUVKLS

LQ�D�JLYHQ�NLQG�.�

3URSHUW\��(VVHQWLDO $�SURSHUW\�WKDW�DQ�LQGLYLGXDO�FRXOG�QRW�KDYH�IDLOHG�WR�H[HPSOLI\�

3URSHUW\��)LUVW�2UGHU $�SURSHUW\�WKDW�KROGV�RQO\�RI�LQGLYLGXDOV�

3URSHUW\��1RQ�GHILQLQJ $�SURSHUW\�ZKLFK� LV� LPSRUWDQW� IRU� FKDUDFWHUL]LQJ� D� JLYHQ� NLQG�

EXW�ZKLFK�LV�QRW�XVHG� LQ�GHILQLQJ� WKH�NLQG��DQG� LV� WKHUHIRUH�QRW

FRXQWHG�DPRQJ�WKH�GHILQLQJ�SURSHUWLHV�RI�WKH�NLQG�

3URSHUW\��6HFRQG�2UGHU $� SURSHUW\� WKDW� KROGV� RQO\� RI� NLQGV� DQG� RWKHU� ILUVW�RUGHU

SURSHUWLHV�DQG�ILUVW�RUGHU�UHODWLRQV�

3URWRFRO $Q�XQGHUO\LQJ�SDWWHUQ�RU� VWUXFWXUH�RI� D�GLVFRXUVH�RU�EHKDYLRUDO

SURFHVV�� �7KH� WHUP�SURWRFRO� LPSOLHV� WKDW� DQ� H[SHUW� LV� VROYLQJ� D

SUREOHP�XVLQJ�FRPPRQO\�XVHG�DSSURDFKHV�DQG�WRROV�

3URWRFRO�$QDO\VLV 7KH� SURFHVV� RI� DQDO\]LQJ� D� UHFRUG� RI� GLVFRXUVH� RU� EHKDYLRUDO

SURFHVV�� � 7KHUH� DUH� WZR� W\SHV� RI� SURWRFRO� DQDO\VLV�� YHUEDO

SURWRFRO�DQDO\VLV�DQG�PRYHPHQW�SURWRFRO�DQDO\VLV�>-DFNVRQ����@�
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3URWR�DVVRFLDWLRQ�&KDUW $� WZR� GLPHQVLRQDO� PDWUL[� ZLWK� UHOHYDQW� SURWR�NLQGV� OLVWHG� RQ

ERWK�WKH�D[HV�� �$Q�;�LV�PDUNHG�LQ�FHOOV�WR� LQGLFDWH� WKH�SRVVLEOH

H[LVWHQFH�RI�D�SURWR�UHODWLRQ�

3URWR�FKDUDFWHULVWLF $� FKDUDFWHULVWLF� WHQWDWLYHO\� LGHQWLILHG� IRU� LQFOXVLRQ� LQ� DQ

RQWRORJ\�� � $� SURWR�FKDUDFWHULVWLF� DW� D� ODWHU� SRLQW� LV� HLWKHU

HOLPLQDWHG� IURP� WKH� GHYHORSLQJ� RQWRORJ\� RU� HOHYDWHG� WR� WKH

VWDWXV� RI� D� IXOO� IOHGJHG� SURSHUW\� RU� DWWULEXWH�� � 7HQWDWLYHO\

LGHQWLILHG� UHODWLRQV� DUH� NQRZQ� DV� SURWR�UHODWLRQV�� DQG� KDYH� WKH

VDPH�VWDWXV�DV�SURWR�FKDUDFWHULVWLFV�

3URWR�NLQG $�JURXS� LQ�D�GRPDLQ� WHQWDWLYHO\� LGHQWLILHG�DV�D�NLQG�� �$�SURWR�

NLQG� DW� D� ODWHU� SRLQW� LV� HLWKHU� HOLPLQDWHG� IURP� WKH� GHYHORSLQJ

RQWRORJ\�RU�HOHYDWHG�WR�WKH�VWDWXV�RI�D�IXOO�IOHGJHG�NLQG�

3URWR�UHODWLRQ 6HH�SURWR�FKDUDFWHULVWLF�

5HDGHU $�PHPEHU�RI�DQ�,'()��SURMHFW� WHDP�UHVSRQVLEOH� IRU� UHYLHZLQJ

GUDIW� ,'()�� GHVFULSWLRQV� EXW� ZKR� LV� QRW� UHVSRQVLEOH� IRU

SURYLGLQJ�ZULWWHQ�FRPPHQWV�

5HIHUHQW $�FRQVWUXFW�LQ�WKH�,'()��HODERUDWLRQ�ODQJXDJH�XVHG�WR�UHIHU�WR�D

NLQG�� REMHFW�� SURSHUW\�� UHODWLRQ�� RU� SURFHVV� NLQG� LQ� DQRWKHU

RQWRORJ\�RU�DQ�,'()�PRGHO�

5HIOH[LYLW\ $�SURSHUW\�WKDW�KROGV�RI�D�JLYHQ�UHODWLRQ�5�LI��IRU�DQ\�REMHFW�[��RI

WKH� DSSURSULDWH� NLQG��� [� EHDUV� WKH� UHODWLRQ� 5� WR� LWVHOI�� � $Q

H[DPSOH�RI�D�UHIOH[LYH�UHODWLRQ�LV�ZHLJKV�DV�PXFK�DV�

5HODWLRQ $Q� DEVWUDFW�� JHQHUDO� DVVRFLDWLRQ� RU� FRQQHFWLRQ� WKDW� KROGV

EHWZHHQ� WZR� RU� PRUH� REMHFWV�� � /LNH� SURSHUWLHV�� UHODWLRQV� DUH

PXOWLSO\�LQVWDQWLDEOH���7KH�REMHFWV�DPRQJ�ZKLFK�D�UHODWLRQ�KROGV

LQ�D�SDUWLFXODU�LQVWDQFH�DUH�NQRZQ�DV�LWV�DUJXPHQWV�

5HODWLRQ��)LUVW�2UGHU $�UHODWLRQ�WKDW�FDQ�KROG�RQO\�EHWZHHQ�LQGLYLGXDOV�

5HODWLRQ��6HFRQG�2UGHU $�UHODWLRQ��RQH�RI�ZKRVH�DUJXPHQWV�LV�D�NLQG��SURSHUW\��RU�ILUVW�

RUGHU�UHODWLRQ�

5HODWLRQ��6SDWLDO $�UHODWLRQ�EHWZHHQ�VSDWLDO�ORFDWLRQV�VXFK�DV�WR�WKH�OHIW�RI��DERYH�

FRQWLJXRXV�ZLWK�DQG�VR�IRUWK�

5HODWLRQ��7HPSRUDO $�UHODWLRQ�EHWZHHQ� WHPSRUDO�SRLQWV�RU� LQWHUYDOV� VXFK�DV�EHIRUH�

GXULQJ��RYHUODSV�DQG�VR�IRUWK�

5HODWLRQ�/LEUDU\ $�FROOHFWLRQ�RI�FRPPRQ��SUHGHILQHG��D[LRPDWL]HG�UHODWLRQV� WKDW

DUH�DYDLODEOH�WR�,'()��XVHUV���7KH�OLEUDU\�LV�H[WHQVLEOH�
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5HODWLRQ�5HILQHPHQW

3URFHGXUH

7KH� DFWLYLW\� RI� HOLPLQDWLQJ� XQYDOLGDWHG� SURWR�UHODWLRQV� IURP� DQ

RQWRORJ\�DQG�SURPRWLQJ�YDOLGDWHG�SURWR�UHODWLRQV�WR�UHODWLRQV�

5HYLHZHU $� PHPEHU� RI� DQ� ,'()�� SURMHFW� WHDP� ZKR� LV� NQRZOHGJHDEOH

DERXW� WKH� DSSOLFDWLRQ� GRPDLQ� DQG�RU� WKH� ,'()��PHWKRG� DQG� LV

UHVSRQVLEOH�IRU�UHYLHZLQJ�DQG�FRPPHQWLQJ�RQ�GUDIW�GHVFULSWLRQV

DQG� GRFXPHQWV�� � 7HDP� PHPEHUV� DQG� GRPDLQ� H[SHUWV� FDQ� EH

UHYLHZHUV���6HH�DOVR�UHDGHU�DQG�FRPPHQWRU�

6DQFWLRQHG�,QIHUHQFH 6HH�FRQVWUDLQW�

6FKHPDWLF $�FRQQHFWHG�GLDJUDP�FRQVWUXFWHG�IURP�WKH�OH[LFRQ�RI�WKH�,'()�

VFKHPDWLF�ODQJXDJH��LQ�DFFRUGDQFH�ZLWK�WKH�V\QWDFWLF�JXLGHOLQHV

RI�WKH�ODQJXDJH�

6FKHPDWLF��%DVLF�)LUVW�

2UGHU

(LWKHU� DQ� H[LVWHQWLDO� VFKHPDWLF�� RU� DQ� Q�SODFH� ILUVW�RUGHU

VFKHPDWLF�

6FKHPDWLF��%DVLF�6HFRQG�

2UGHU

$� VFKHPDWLF� FRQVLVWLQJ� RI� WZR� NLQG� V\PEROV�� RU� WZR� UHODWLRQ

V\PEROV��RU�D�NLQG�V\PERO�DQG�D�UHODWLRQ�V\PERO�FRQQHFWHG�E\�D

VLQJOH�VHFRQG�RUGHU�UHODWLRQ�V\PERO�

6FKHPDWLF��&ODVVLILFDWLRQ $� VFKHPDWLF� UHSUHVHQWLQJ� KRZ� WKH� VXENLQG�RI� UHODWLRQ� KROGV

EHWZHHQ�GLIIHUHQW�NLQGV�LQ�D�GRPDLQ�

6FKHPDWLF��&RPSOH[�)LUVW�

2UGHU

$Q\� ILUVW�RUGHU� VFKHPDWLF� RWKHU� WKDQ� D� EDVLF� ILUVW�RUGHU

VFKHPDWLF�

6FKHPDWLF��&RPSRVLWLRQ $�VFKHPDWLF�UHSUHVHQWLQJ�KRZ�WKH�SDUW�RI�UHODWLRQ�KROGV�EHWZHHQ

WKH�LQVWDQFHV�RI�GLIIHUHQW�NLQGV�LQ�D�GRPDLQ�

6FKHPDWLFV��([LVWHQWLDO $�VFKHPDWLF� FRQVLVWLQJ�RI� D� VLQJOH� LQGLYLGXDO�� NLQG�� RU� UHODWLRQ

V\PERO�� �6XFK�VFKHPDWLFV�HQDEOH�D�GRPDLQ�H[SHUW� WR�UHFRUG�WKH

PHUH�IDFW�WKDW�FHUWDLQ�LQGLYLXGXDOV��NLQGV��RU�UHODWLRQV�KDYH�EHHQ

REVHUYHG� LQ� D� JLYHQ� GRPDLQ� ZLWKRXW� UHTXLULQJ� DQ\� IXUWKHU

LQIRUPDWLRQ�DERXW�WKH�UHODWLRQV�VXFK�REMHFWV�VWDQG�LQ�ZLWK�RWKHU

REMHFWV�LQ�WKH�GRPDLQ�

6FKHPDWLF��)LUVW�2UGHU (LWKHU�D�EDVLF�ILUVW�RUGHU�VFKHPDWLF��RU�WKH�UHVXOW�RI�FRQQHFWLQJ�D

NLQG� V\PERO� LQ� D� JLYHQ� ILUVW�RUGHU� VFKHPDWLF� WR� DQRWKHU� NLQG

V\PERO�E\�D�ILUVW�RUGHU�UHODWLRQ�V\PERO�

6FKHPDWLF��2EMHFW�6WDWH 7KH� EDVLF� FRQVWUXFW� IRU� GHVFULELQJ� SURFHVV� NLQGV� LQ� WKH� ,'()�

VFKHPDWLF�ODQJXDJH�

6FKHPDWLF��5HODWLRQ $� VFKHPDWLF� FRQVLVWLQJ� RQO\� RI� ILUVW�RUGHU� UHODWLRQ� V\PEROV

FRQQHFWHG�E\�VHFRQG�RUGHU�UHODWLRQ�V\PEROV�
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6FKHPDWLF��6HFRQG�2UGHU $�VFKHPDWLF�LQYROYLQJ�DW�OHDVW�RQH�VHFRQG�RUGHU�UHODWLRQ�V\PERO�

6FKHPDWLF��6WDWH

&RPSRVLWLRQ

$�FRPSOH[� ILUVW�RUGHU� VFKHPDWLF�XVHG� WR� UHSUHVHQW� KRZ�REMHFWV

RI�FHUWDLQ�NLQGV�DUH�WUDQVIRUPHG�WR�\LHOG�DQ�REMHFW�RI�VRPH�NLQG�

6FKHPDWLF��Q�SODFH )RU� Q � ��� D� VFKHPDWLF� FRQVLVWLQJ� RI� Q� NLQG� DQG� LQGLYLGXDO

V\PEROV� FRQQHFWHG� E\� D� VLQJOH� Q�SODFH� ILUVW�RUGHU� UHODWLRQ

V\PERO�

6FKHPDWLF�/DQJXDJH�

,'()�

7KH�JUDSKLFDO�FRPSRQHQW�RI�WKH�,'()��ODQJXDJHV�

6HQWHQFH $�VHQWHQFH� LQ� WKH� ,'()��HODERUDWLRQ� ODQJXDJH� LV�DQ�H[SUHVVLRQ

RI�VRPH�IDFW�WKDW�LV�REVHUYHG�RU�EHOLHYHG�WR�EH�WUXH�LQ�D�GRPDLQ�

6RXUFH�0DWHULDO $� WH[WERRN�� D� UHVHDUFK� DUWLFOH�� DQ� HQWHUSULVH�VSHFLILF� GRFXPHQW

VXFK� DV� D� SROLF\� PDQXDO� RU� D� SURFHGXUH� PDQXDO�� D� VHW� RI� DQ

LQWHUYLHZ� QRWHV�� RU� GLUHFW� REVHUYDWLRQ� QRWHV� WKDW� KDV� UHOHYDQW

LQIRUPDWLRQ�WR�WKH�RQWRORJ\�GHYHORSPHQW�SURMHFW�

6RXUFH�0DWHULDO�/RJ $� GRFXPHQW� ZKLFK� VHUYHV� DV� WKH� SULPDU\� LQGH[� WR� DOO� VRXUFH

PDWHULDO�FROOHFWHG�DQG�XVHG�LQ�DQ�,'()��SURMHFW�

6WDWH $� SURSHUW\�� JHQHUDOO\� LQGLFDWHG� E\� DQ� DGMHFWLYH� UDWKHU� WKDQ� D

FRPPRQ�QRXQ��WKDW�LV�FKDUDFWHULVWLF�RI�REMHFWV�RI�D�FHUWDLQ�NLQG

DW�D�FHUWDLQ�SRLQW�ZLWKLQ�D�SURFHVV���)RU�H[DPSOH��ZDWHU�FDQ�EH�LQ

IUR]HQ��OLTXLG��RU�JDVHRXV�VWDWHV�

6WDWHPHQW�RI�1HHG��621� $� VWDWHPHQW� WKDW� UHFRUGV� WKH� VRXUFH� RI� WKH� UHTXHVW� �SHUVRQ� RU

SURMHFW��DQG�SDUDSKUDVHV�WKH�VWDWHG�REMHFWLYHV�RI�WKH�SURMHFW�

6WDWHPHQW�RI�3XUSRVH $�VWDWHPHQW� WKDW�FOHDUO\�VSHFLILHV� WKH�PDLQ�REMHFWLYH�V�� WKDW� WKH

RQWRORJ\� GHYHORSPHQW� WHDP� LQWHQGV� WR� DFKLHYH�� � 'HILQLQJ� WKH

SXUSRVH�FDQ�EH�VHSDUDWHG�LQWR�WZR�SDUWV�����GHILQLQJ�D�VWDWHPHQW

RI�QHHG��621��DQG����GHILQLQJ�WKH�LQIRUPDWLRQ�JRDOV�LQ�WHUPV�RI

KRZ�WKH�RQWRORJ\�ZLOO�EH�XVHG�

6XENLQG�RI 7KH�FKDUDFWHULVWLF� UHODWLRQ� WKDW�KROGV�EHWZHHQ�D�JLYHQ�NLQG�DQG

LWV�VXENLQGV�� �)RU�H[DPSOH�� WKH�NLQGV�FDSVWDQ� ODWKH�DQG� WXUUHW

ODWKH�EHDU�WKH�VXENLQG�RI�UHODWLRQ�WR�ODWKH�

6\PPHWU\ $�SURSHUW\�WKDW�KROGV�RI�D�JLYHQ�UHODWLRQ�5�LI��IRU�DQ\�REMHFWV�[

DQG�\� �RI� WKH�DSSURSULDWH�NLQGV��� LI� [�EHDUV� WKH� UHODWLRQ�5� WR�\�

WKHQ� \� EHDUV� 5� WR� [�� � $Q� H[DPSOH� RI� D� V\PPHWULF� UHODWLRQ� LV

FRQWLJXRXV�ZLWK�
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6\VWHP $� FROOHFWLRQ� RI� SK\VLFDO� DQG�RU� FRQFHSWXDO� REMHFWV� WKDW� ZRUN

WRJHWKHU�WR�DFKLHYH�FRPPRQ�REMHFWLYH�

7HDP�0HPEHU $�SHUVRQ�LQYROYHG�ZLWK�WKH�,'()��RQWRORJ\�GHVFULSWLRQ�SURMHFW�

7HUP�&RLQLQJ 7KH�VWUDWHJ\�RI�FRLQLQJ�D�WHUP�IRU�QHZ�D�QHZ�GRPDLQ�REMHFW�

7UDQVLWLYLW\ $�SURSHUW\�WKDW�KROGV�RI�D�JLYHQ�UHODWLRQ�5�LI��IRU�DQ\�REMHFWV�[�

\��DQG�]��RI�WKH�DSSURSULDWH�NLQGV���LI�[�EHDUV�WKH�UHODWLRQ�5�WR�\�

DQG� \� EHDUV� 5� WR� ]�� WKHQ� [� EHDUV� 5� WR� ]�� � $Q� H[DPSOH� RI� D

WUDQVLWLYH�UHODWLRQ�LV�ODUJHU�WKDQ�

9HUEDO�3URWRFRO�$QDO\VLV $�PHWKRG�RI�DFTXLULQJ�GRPDLQ�NQRZOHGJH�LQ�ZKLFK�H[SHUWV�DUH

DVNHG�WR�WKLQN�DORXG�GXULQJ�D�SUREOHP�VROYLQJ�DFWLYLW\���7KH�GDWD

GHULYHG� IURP� WKLV� H[HUFLVH� DUH� WKHQ� DQDO\]HG�� DQG� GRPDLQ

NQRZOHGJH�H[WUDFWHG�

9DULDEOH $�WHUP�LQ�WKH�,'()��HODERUDWLRQ�ODQJXDJH�WKDW�UDQJHV�RYHU��L�H��

FDQ�WDNH�DUELWUDU\�VHPDQWLF�YDOXHV�LQ��VRPH�JLYHQ�GRPDLQ�RI�RE�

MHFWV�

9DULDEOH��,QGLYLGXDO $�YDULDEOH�WKDW�UDQJHV�RYHU�WKH�LQGLYLGXDOV�LQ�D�GRPDLQ�

9DULDEOH��6HFRQG�2UGHU $�YDULDEOH� WKDW� UDQJHV� RYHU� NLQGV� DQG� ILUVW�RUGHU� UHODWLRQV� LQ� D

GRPDLQ�

9DULDEOH��6HTXHQFH $�YDULDEOH� WKDW� UDQJHV�RYHU� ILQLWH� VHTXHQFHV�RI� LQGLYLGXDOV� LQ�D

GRPDLQ�


