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5XVVLDQ )HGHUDWLRQ 6FLHQWLILF &HQWHU

,QVWLWXWH RI 3K\VLFV DQG 3RZHU (QJLQHHULQJ

1DPHG DIWHU $FDGHPLFLDQ $�,� /HLSXQVN\ � 2EQLQVN

�
,Q UHODWLYHO\ UHFHQW UHYLHZV E\ 0DUW\QRY *�$� >�@� 5XGR\ <X� *� DQG 6XNKDQRY $�'� >�@ DWWHQWLRQ KDV EHHQ

SDLG WR VXFK VWLOO XQVROYHG SUREOHPV RI VWDWLVWLFDO PHFKDQLFV DV�

�� +RZ DUH WKH TXDQWXP�PHFKDQLFDO DQG VWDWLVWLFDO IOXFWXDWLRQV FRQQHFWHG"

�� :KDW LV WKH UHDVRQ RI D SKDVH WUDQVLWLRQ� ZKDW DUH WKH FDXVHV RI D ORVV RI VWDELOLW\ E\ D PDVWHU SKDVH LQ WKH

VXSHUFULWLFDO UHJLRQ"

�� :K\ GRHV WKHUPRG\QDPLFV GHVFULEH WKH PHWDVWDEOH VWDWHV DQG VWDWLVWLFDO PHFKDQLFV GRHV QRW" :KDW DUH WKH

OLPLWDWLRQV WKDW H[FOXGH PHWDVWDEOH VWDWHV IURP FRQVLGHUDWLRQ LQ WKH *LEEV VWDWLVWLFDO PHFKDQLFV"

%\ GHILQLWLRQ� WKH SKDVH WUDQVLWLRQ LV MXPSLQJ RI WKH V\VWHP VWUXFWXUH DFFRPSRQLHG E\ FDWDVWURSKLFDO FKDQJHV RI

VRPH SK\VLFDO FKDUDFWHULVWLFV� %XW WKH *LEEV GLVWULEXWLRQ IRU ILQLWH V\VWHPV GRHVQ¶W LPSO\ HYHQ DQ\ LQGLFDWLRQV RI

SKDVH WUDQVLWLRQV DQG GRHVQ¶W FRQWDLQ LQIRUPDWLRQ DERXW DQ\ PHWDVWDEOH VWDWHV�

1RZ VWDWLVWLFDO WKHUPRG\QDPLFV FRQVLGHUV PRUH DGHTXDWHO\ WKDQ VWDWLVWLFDO PHFKDQLFV LQWHJUDO FKDUDFWHULVWLFV RI

PDFURREMHFW DEVHQW LQ SULQFLSH LQ DQ\ PLFURREMHFWV �VXFK SURSHUWLHV DUH GHVFULEHG� IRU LQVWDQFH� E\ LQWHQVLYH

WKHUPRG\QDPLF SDUDPHWHUV��

$IWHU VXPPDUL]LQJ WKH H[SHULHQFH RI WKH *LEEV VWDWLVWLFDO PHFKDQLFV H[SORLWDWLRQ WKH DEVHQFH RI WKH ILQDO DQVZHU

IRU WKH TXHVWLRQ DERXW WKH FDXVHV RI SKDVH WUDQVLWLRQV DQG D ORVV RI VWDELOLW\ E\ D PDVWHU SKDVH LQ WKH VXSHUFULWLFDO

UHJLRQ SXWV WKH LGHD DERXW OLPLWDWLRQV LQ LWV EDVLF D[LRPV QRW SHUPLVVLYH WR UHYHDO WKHVH FDXVHV� $ SRVVLELOLW\ RI DQ

LQFRPSOHWH FRUUHVSRQGHQFH RI WKH UHVXOWV RI VWDWLVWLFDO PHFKDQLFV DQG VWDWLVWLFDO WKHUPRG\QDPLFV ZDV LQGLFDWHG E\

$�*� /RUHQW] LQ ����� , DP FLWLQJ DFFRUGLQJ WR >�@� ³,W FRXOG EH FRQFOXGHG WKDW DW WKH SUHVHQW PRPHQW WKH

DSSOLFDELOLW\ UDQJHV RI ERWK PHWKRGV GR QRW FRPSOHWHO\ FRLQFLGH WKRXJK WKH\ KDYH DQ H[WHQVLYH JHQHUDO SDUW�´ 6XFK D

VLWXDWLRQ LV WKH VDPH XS WR QRZ�

/DWHU RQ WKH LQHYLWDELOLW\ RI VXFK LQFRQVLVWHQF\ ZDV LQGLFDWHG E\ 9�$� )RFN DQG 1�6� .U\ORY ������� ³2QH FDQ

DVVXPH WKDW EHWZHHQ WKH PDFURVFRSLF FKDUDFWHULVWLF DQG D XVXDO PLFURVFRSLF GHVFULSWLRQ WKHUH H[LVWV VRPH NLQG RI

DGGLWLRQDO SURSHUW\ VLPLODU WR WKDW DSSHDULQJ DW D FODVVLFDO GHVFULSWLRQ DFFRUGLQJ WR TXDQWXP PHFKDQLFV� $ PRUH

SUHFLVH ORFDWLRQ RI WKH V\VWHP LQVLGH WKH SKDVH UDQJH ZLWK WKH PDFURVFRSLF VWDWH LV LPSRVVLEOH ZLWKRXW WKH GLVWXUEDQFH

RI WKH V\VWHP PDFURVFRSLF FKDUDFWHULVWLF´�

,Q IDFW� WKH V\VWHP PDFURVFRSLF VWDWH FDQ EH SUHVHW RQO\ ZLWK DQ DFFXUDF\ WR WKH V\VWHP LQWHUDFWLRQ ZLWK WKH

WKHUPRVWDW HQHUJ\� $W D SUHFLVH FDOFXODWLRQ RI WKH V\VWHP VWDWH LQ WKH 6FKURGLQJHU RSHUDWRU WKH LQWHUDFWLRQ RI FKDUJHG

SDUWLFOHV ERWK ZLWKLQ WKH V\VWHP DQG ZLWK WKH WKHUPRVWDW FKDUJHG SDUWLFOHV LV SUHVHQWHG E\ WKH &RXORPE IRUFHV DQG ZH

GR QRW KDYH D UXOH DFFRUGLQJ WR ZKLFK WKH LQWHUDFWLRQ ZLWK WKH WKHUPRVWDW FDQ EH QHJOHFWHG� 0RUHRYHU� WKH LQWHUIHUHQFH

HIIHFWV RI WKH ZDYH HTXDWLRQ FDQ UDGLFDOO\ FKDQJH WKH SLFWXUH RI WKH PLFURVWDWHV PXOWLSOLFLW\ IRU D V\VWHP LPPHUVHG

LQWR WKH WKHUPRVWDW DV FRPSDUHG ZLWK WKH LVRODWHG V\VWHP PLFURVWDWHV PXOWLSOLFLW\� +HUH LW VKRXOG EH NHSW LQ PLQG WKDW

WKH QXPEHU RI SDUWLFOHV LQ WKH WKHUPRVWDW WHQGV WR LQILQLW\ DQG WKH WKHUPRVWDW EHKDYLRXU LV DEVROXWHO\ VWRFKDVWLF�

$W ODVW WKH ZRUGV RI 5�%� /DXJKOLQ �1REHO 3UL]H /DXUHDWH RI ������ ³, VXVSHFW WKDW DOO WKH PRVW LPSRUWDQW SUREOHPV

LQ SK\VLFV LQFOXGLQJ TXDQWXP JUDYLWDWLRQ DUH LQ WKHLU HVVHQFH FRQQHFWHG FORVHO\ ZLWK VXFK FROOHFWLYH SKHQRPHQD WKDW

FDQQRW EH GHULYHG IURP WKH SURSHUWLHV RI WKH FRPSULVLQJ WKH V\VWHP FRPSRQHQWV´�

7KHVH RSLQLRQV JLYH UHDVRQV WR FRQVLGHU WKH HIIRUWV GLUHFWHG WRZDUGV SXWWLQJ LQWR FRQIRUPLW\ VWDWLVWLFDO DQG

WKHUPRG\QDPLF GHVFULSWLRQV DFWXDO DQG QHFHVVDU\�

7KH FOHDU DQG H[DFW GHILQLWLRQ RI WKH PHWDVWDEOH VWDWH QRWLRQ LV DEVHQW LQ OLWHUDWXUH� WKH FDXVHV RI LWV DULVLQJ DQG

LQVWDELOLW\ ZLWK UHVSHFW WR ILQLWH SHUWXUEDWLRQV DUH QRW IRXQG RXW� DQG LW LV QRW LQGLFDWHG E\ ZKDW LW GLIIHUV IURP D VWDEOH

RQH�

7KH SUREOHPV RI PHWDVWDELOLW\ DQG SKDVH WUDQVLWLRQV DUH FRQQHFWHG FORVHO\ DV WKH PHWDVWDEOH V\VWHPV DOZD\V VWRS

WKHLU H[LVWHQFH YLD WKH SKDVH WUDQVLWLRQ� 7KHUHIRUH WKH XQGHUVWDQGLQJ RI WKH FDXVHV RI WKH PHWDVWDELOLW\ DSSHDUDQFH FDQ

EH KHOSIXO IRU UHYHDOLQJ WKH SKDVH WUDQVLWLRQV UHDVRQV �



���

)URP WKH IDFW RI WKH PHWDVWDEOH SKDVH H[LVWHQFH DW DQ\ ORQJ WLPH LQWHUYDOV DW VXSSUHVVLRQ RI DOO H[WHUQDO

SHUWXUEDWLRQV LW IROORZV WKDW LW LV LQ D VWDWLVWLFDO HTXLOLEULXP EHFDXVH DOO WKH UHOD[DWLRQ SURFHVVHV GXULQJ WKH WLPHV RI LWV

H[LVWHQFH FRPH WR HQG�

7KH SKDVH WUDQVLWLRQ SKHQRPHQRQ LV DOZD\V DFFRPSDQLHG E\ FKDQJH RI VSDWLDO V\PPHWU\ DQG VWUXFWXUH DW PHOWLQJ

DQG RI VWUXFWXUH DW WKH WUDQVLWLRQ IOXLG�JDV�

7KH SRWHQWLDOV RI LQWHUDFWLRQ DUH UHVSRQVLEOH IRU WKH V\VWHP VWUXFWXUH� VR RQH FDQ VXSSRVH WKDW WKH\ FKDQJH WKHLU

VWUXFWXUH VKDUSO\ GXULQJ SKDVH WUDQVLWLRQ �WKH ILUVW ³SURPSW´ RI QDWXUH��

7KH FRPSDULVRQ RI WKH UDGLDO GLVWULEXWLRQ IXQFWLRQV IRU D FU\VWDO DQG D IOXLG IRU DOO WKH VXEVWDQFHV ZLWKRXW DQ\

H[FHSWLRQ UHVXOWV LQ D FRQFOXVLRQ RQ WKH DSSHDUDQFH RI DQ H[FHVV RI PROHFXOHV EHWZHHQ WKH �VW DQG �QG FRRUGLQDWLRQ

VSKHUHV IRU D IOXLG �WKH VHFRQGDU\ VWUXFWXUH� >�@� 7KLV LV GLVWLQFWO\ VHHQ RQ WKH H[SHULPHQWDO FXUYHV IRU WKH SDLUHG

GLVWULEXWLRQ IXQFWLRQV RI SDUWLFOHV LQ WKH IOXLG >�@� .QRZLQJ WKDW WKH GLVWULEXWLRQ UDGLDO IXQFWLRQ XQGHU WKH ]HUR

DSSUR[LPDWLRQ LV SURSRUWLRQDO WR WKH IDFWRU H[S^�8�5��N7` �8�5� LV WKH SRWHQWLDO RI PROHFXOH SDLUHG LQWHUDFWLRQ� >�@�

ZH FRPH WR D FRQFOXVLRQ WKDW DW PHOWLQJ WKH SDLUHG FRHIILFLHQW RI LQWHUDFWLRQ IRU PROHFXOHV XQGHUJRHV D FKDQJH IURP

WKH SRWHQWLDO ZLWK RQH PLQLPXP WR WKH SRWHQWLDO ZLWK WZR PLQLPD� �7KH VHFRQG ³SURPSW´��

6XPPDUL]LQJ WKH DIRUHVDLG ZH FDQ FRQFOXGH WKDW ORFDOL]DWLRQ RI WKH LPPHUVHG LQWR WKH WKHUPRVWDW V\VWHP ZLWK DQ

DUELWUDU\ ODUJH DFFXUDF\ LV LPSRVVLEOH EHFDXVH RI WKH UHPRWHO\ DFWLQJ &RXORPE IRUFHV DQG ³HIIHFWLYH´ SRWHQWLDOV RI

LQWHUDFWLRQ �RWKHU RQHV DUH RXW RI TXHVWLRQ� GHSHQG RQ WKH WKHUPRG\QDPLFDO SDUDPHWHUV DQG MXVW WKH\ DVVLJQ V\VWHP

SKDVH VWDWH�

7R GHGXFH D FDQRQLFDO GLVWULEXWLRQ WKH V\VWHP TXDVL�LVRODWLRQ ZDV QHHGHG� 7KLV SUREOHP ZDV VROYHG ZLWK WKH

DSSOLFDWLRQ RI WKH UHTXLUHPHQW RI WKH LQWHUPROHFXODU IRUFHV VKRUW DFWLRQ WKDW UHVXOWHG LQ WKH FRQGLWLRQV

���16��1:� ���

86:��+6��+:� ���

ZKHUH 16� 1 : DUH QXPEHUV RI SDUWLFOHV LQ WKH V\VWHP DQG LQ WKH WKHUPRVWDW� FRUUHVSRQGLQJO\�

86: ± LV WKH HQHUJ\ RI WKH V\VWHP DQG WKHUPRVWDW LQWHUDFWLRQ� +6 ± LV WKH HQHUJ\ RI WKH V\VWHP�

+: ± LV WKH HQHUJ\ RI WKH WKHUPRVWDW�

3RLQW RXW WKDW WKH PROHFXOHV VKRUW�UDQJH LQWHUDFWLRQ WKH PRVW IUHTXHQWO\ XVHG LQ SUREOHPV RI VWDWLVWLFDO PHFKDQLFV LV

WKH LQWHUDFWLRQ RI XQVWUXFWXUHG SRLQW SDUWLFOHV DQG LW¶V WKH VDPH IRU DOO SRVVLEOH SKDVHV� ,QWHUDFWLRQV RI RWKHU W\SHV DUH

FRQVLGHUHG QHDU QHYHU�

7KH UHTXLUHPHQW 86: �� +6 PDNHV WKH V\VWHP G\QDPLFV LQGHSHQGHQW RQ WKH WKHUPRVWDW VWDWH DQG H[FOXGHV

PHWDVWDEOH VWDWHV IURP WKH PXOWLSOLFLW\ RI WKH HTXLOLEULXP HQVHPEOH PLFURVFRSLF VWDWHV� 7KLV FRQGLWLRQ LV YHU\ VWULFW

DQG LQDSSOLFDEOH WR IXQGDPHQWDO UHPRWHO\ DFWLQJ LQWHUDFWLRQV ZKDW PDNHV WKH VWDWLVWLFDO GHVFULSWLRQ RI V\VWHP

FRPSRVHG� LQ JHQHUDO� RI FKDUJHG SDUWLFOHV ZDQLQJ�

/HW XV VXEVWLWXWH WKH ULJLG UHTXLUHPHQW ��� E\ D OHVV ULJLG RQH�

86: a +6��+:� ���

)RU V\VWHPV RI PDFURVFRSLF VL]HV WKLV PHDQV D UHPRWH DFWLRQ� $ TXDVL�FORVHG LQ WKLV FDVH FDQ RQO\ EH D V\VWHP RI DQ

LQILQLWH VL]H� L�H� WKH WKHUPRVWDW�

)LJ��� $ SRWHQWLDO RI D SDLUHG LQWHUDFWLRQ LQ D FU\VWDO� )LJ��� $ SRWHQWLDO RI D SDLUHG LQWHUDFWLRQ LQ D IOXLG�



���

6R� OHW FRQGLWLRQ ��� EH IXOILOOHG� $V 86:��+:� WKH WKHUPRVWDW FDQ EH FRQVLGHUHG D TXDVL�LVRODWHG V\VWHP IRU ZKLFK

WKH *LEEV IXQFWLRQ I:
*�^T:`�^S:`�7:� H[LVWV� ZKHUH TZ DUH WKH FRRUGLQDWHV RI WKHUPRVWDW SDUWLFOHV WKH� SZ

PRPHQWXPV� 7Z DUH WKH LV WKH WHPSHUDWXUH�

7KH TXDVL�LVRODWLRQ FRQGLWLRQ IRU UHPRWHO\ DFWLQJ IRUFHV LV IXOILOOHG RQO\ DW 1Z o f�

9Zof� DQG WKH IXQFWLRQ I:
*
� GHSHQGLQJ RQ DQ LQILQLWH QXPEHU RI YDULDEOHV KDV WKH IRUPDO FKDUDFWHU�

7KH SDUWLFOHV PRWLRQ HTXDWLRQV LQ WKH V\VWHP DQG LQ WKH WKHUPRVWDW GXH WR ��� KDV WKH IRUP RI
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$W UHPRWHO\ DFWLQJ LQWHUDFWLRQV WKH WLPH EHWZHHQ FROOLVLRQV RI DQ\ WZR SDUWLFOHV LQ WKH V\VWHP LV LQYHUVHO\

SURSRUWLRQDO WR WKH SDUWLFOHV QXPEHU
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WV� WZ LV WKH PHDQ WLPH EHWZHHQ WKH FROOLVLRQV RI DQ\ WZR SDUWLFOHV LQ LVRODWHG V\VWHPV 6 DQG :�

,Q YLHZ RI WKH UHODWLRQVKLS 1V��1Z ZH KDYH WV!!WZ� WKHUHIRUH HTXDWLRQV ��� FDQ EH DYHUDJHG RYHU WKH WLPH LQWHUYDO

W�WZ��W��WV�� %\ GHILQLWLRQ WKH YDULDEOHV TZ DQG SZ DUH UDQGRP RQHV� 7KH WLPH EHWZHHQ WKH FROOLVLRQV RI WKH V\VWHP

ZLWK WKH WKHUPRVWDW GXH WR WKH LQWHUDFWLRQ RI WKH V\VWHP 6 ZLWK WKH ZKROH WKHUPRVWDW LV DERXW WZ� 7KH WLPH W�LV QRW WKH

WLPH ZKHQ D WKHUPDO HTXLOLEULXP LV HVWDEOLVKHG EHWZHHQ WKH V\VWHP DQG WKH WKHUPRVWDW� 7KLV LV D W\SLFDO WLPH RI WKH

SDUWLFOHV LQWHUDFWLRQ HQHUJ\ UHGLVWULEXWLRQ LQ 6 EHWZHHQ HDFK RWKHU GXH WR D FKDQJH RI WKH 6 ZLWK WKH WKHUPRVWDW

LQWHUDFWLRQ� $V WKH WKHUPRVWDW LV LQ D FRPSOHWH WKHUPRG\QDPLF HTXLOLEULXP� ZKHQ DOO WKH UHOD[DWLRQ SURFHVVHV DUH RYHU�

WKH WKHUPRVWDW GXULQJ WKH WLPH W�LV RQO\ LQ WKH VWDWHV FRQVWLWXWLQJ WKH HTXLOLEULXP GLVWULEXWLRQ� 7KH FRQGLWLRQ RI WKH

HUJRGLF K\SRWKHVLV DSSOLFDELOLW\ UHTXLUHV RQO\ D VKRUW WLPH EHWZHHQ WKH FROOLVLRQV RI WKH V\VWHP ZLWK WKH WKHUPRVWDW DV

FRPSDUHG ZLWK WKH WLPH EHWZHHQ FROOLVLRQV LQ 6 �WKH REVHUYDWLRQ WLPH�� DQG WKXV WKH FRQGLWLRQ �WZ��WV� LV IXOILOOHG�

8VLQJ WKH HUJRGLF K\SRWKHVLV ZH VXEVWLWXWH DYHUDJLQJ LQ WLPH W RI WKH PRWLRQ HTXDWLRQV ��� E\ DYHUDJLQJ RYHU WKH

HQVHPEOH RI V\VWHPV : SUHVHQWHG E\ WKH GLVWULEXWLRQ IXQFWLRQ � � � �� �
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7KH YDOXH RI � �

VT

7TV8 Z`�V^Z

w

w
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JLYHV DQ DYHUDJH IRUFH DFWLQJ RQ WKH SDUWLFOHV LQ 6 IURP WKH VLGH RI WKH

WKHUPRVWDW WKDW LV LQ DFFRUGDQFH ZLWK WKH SDUWLFOHV PRWLRQ LQ 6� $YHUDJLQJ RYHU �I6
*
LV RI D IRUPDO FKDUDFWHU� LW RQO\

LQGLFDWHV WKDW WKH WKHUPRVWDW VKRXOG EH FRQVLGHUHG D FRQWLQXRXV PHGLXP DQG WKH YDOXH RI 8VZ�^TV`� 7Z� VKRXOG EH

FRQVLGHUHG WKH HQHUJ\ RI WKH LQWHUDFWLRQ RI WKH V\VWHP 6 ZLWK WKH ILHOG RI WKH WKHUPRVWDW UHVSRQVH WR WKH V\VWHP 6

H[WHUQDO ILHOG YDULDWLRQ�

7KH DYHUDJH ILHOG LGHRORJ\ GHPDQGV WR UHODWH D SDUW RI WKH LQWHUDFWLRQ RI 6 ZLWK WKH WKHUPRVWDW HQHUJ\ WR WKH

WKHUPRVWDW DV DQ DYHUDJH ILHOG DJDLQVW ZKLFK WKH V\VWHP PRYHV �UHQRUPDOL]DWLRQ GXH WR WKH HQHUJ\ FRXQW�� ,Q

SDUWLFXODU� LI WKH V\VWHP LV LQ WKH WKHUPRG\QDPLF HTXLOLEULXP ZLWK WKH WKHUPRVWDW LW LV SRVVLEOH EXW DJDLQ IRUPDOO\ WR

LQWURGXFH WKH GLVWULEXWLRQ IXQFWLRQ RI WKH FRPELQHG V\VWHP 6�:
*

:6
�
�

DQG WR FDOFXODWH D SDUWLFOH PHDQ

LQWHUDFWLRQ HQHUJ\ LQ 6�:�
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=6�: LV WKH SKDVH VSDFH RI WKH V\VWHP 6�:�
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( VKRXOG EH UHODWHG WR WKH WKHUPRVWDW� 7KHQ

������������������������������������6HII���6�����6�	�
�����6����6�����6����
6:���6�	�
����6:�
������������� ���

LV WKH HIIHFWLYH +DPLOWRQLDQ RI WKH TXDVL�LVRODWHG V\VWHP 6HII� GHSHQGLQJ RQ WKH WKHUPRVWDW LQWHQVLYH FKDUDFWHULVWLFV DV

RQ SDUDPHWHUV�

7KH HIIHFWLYH +DPLOWRQLDQ +6HII LV FRUUHODWHG ZLWK WKH WKHUPRVWDW WKHUPRG\QDPLF VWDWH �LQ HTXLOLEULXP ZLWK WKH

V\VWHP WKHUPRG\QDPLF VWDWH�� $ WUDQVLWLRQ WR WKH WKHUPRG\QDPLF OLPLW �1:of� 9:of� 1:�9:  FRQVW � LV

UHDOL]HG LQ WKH WKHUPRVWDW EHIRUH FRQVWUXFWLQJ WKH GLVWULEXWLRQ IXQFWLRQ I6HII� 7KH WKHUPRVWDW VWDWH FDQ EH FKDUDFWHUL]HG

EHVLGHV WKH WHPSHUDWXUH DOVR E\ WKH LQWHQVLYH SDUDPHWHUV ^OL` RI WKH H[WHUQDO WR WKH V\VWHP ILHOGV ZKLFK H[FLWLQJ

FHUWDLQ GHJUHHV RI IUHHGRP LQ WKH V\VWHP 6 FDQ FKDQJH WKH HQHUJ\ RI LQWHUDFWLRQ EHWZHHQ WKH V\VWHP SDUWLFOHV DQG�

FRQVHTXHQWO\� WKH SKDVH VWDWH�

(IILFLHQWO\� WKH V\VWHP 6 ZLWK D OLPLWHG QXPEHU RI SDUWLFOHV 16 KDV DQ LQILQLWH QXPEHU RI IUHHGRP GHJUHHV GXH WR WKH

WKHUPRVWDW IUHHGRP GHJUHHV DFFRXQW� 7KH V\VWHP LV DOVR HIIHFWLYHO\ TXDVL�LVRODWHG IURP WKH WKHUPRVWDW �WKH

+DPLOWRQLDQ +6HII GRHV QRW GHSHQG H[SOLFLWO\ RQ WKH WKHUPRVWDW G\QDPLF YDULDEOHV ^TZ` DQG ^SZ`� ZLWK WKH KHOS RI WKH

DYHUDJLQJ SURFHGXUH RYHU WKH WKHUPRVWDW IUHHGRP GHJUHHV DQG WKH HQHUJ\ UHQRUPDOL]DWLRQ� )RU VXFK DQ HIIHFWLYH

V\VWHP WKH *LEEV FRQGLWLRQV DUH IXOILOOHG DQG WKH V\VWHP 6HII FDQ EH UHSUHVHQWHG E\ WKH *LEEV HIIHFWLYH HQVHPEOH

� �`^�`�^`�^
L

7
V

T
V

S
6HII
I O  

� �
°¿

°
¾

½

°̄

°
®

­
�

�

N7

L
7

V
T

V
S

6HII
+

6HII
=

`^�`�^`�^

H[S
�

O
� ����

ZKHUH =6HII LV WKH VWDWLVWLFDO VXP IRU WKH HIIHFWLYH V\VWHP 6HII�
'XH WR WKH QRQOLQHDU FRQQHFWLRQ RI WKH SDUWLFOH G\QDPLFV LQ 6 ZLWK WKH WKHUPRG\QDPLF VWDWH WKH IXQFWLRQ + FDQ EH

D PDQ\�YDOXHG IXQFWLRQ RI WHPSHUDWXUH� DV D UHVXOW WKH *LEEV PHDVXUH EHFRPHV D PDQ\�YDOXHG RQH RYHU WHPSHUDWXUH

DV ZHOO�

1RWH WKDW WKH FRUUHVSRQGHQFH SULQFLSOH LV IXOILOOHG DV� ZKHQ QHJOHFWLQJ WKH LQWHUDFWLRQ HQHUJ\ RI WKH V\VWHP 6 ZLWK

WKH WKHUPRVWDW DV FRPSDUHG ZLWK WKH V\VWHP LQQHU HQHUJ\� ���� DXWRPDWLFDOO\ EHFRPHV WKH *LEEV GLVWULEXWLRQ I6
*
�

7KH FRQGLWLRQ 16!!� LV XVHG QRZKHUH �HDUOLHU LW ZDV QHHGHG IRU WKH V\VWHP WR EHFRPH D TXDVL�LVRODWHG IURP WKH

WKHUPRVWDW DW VKRUW�DFWLQJ IRUFHV�� WKHUHIRUH +6HII FDQ EH FRQVWUXFWHG RI WKH HIIHFWLYH SDLUHG LQWHUDFWLRQ SRWHQWLDOV

GHSHQGLQJ RQ WKH V\VWHP WKHUPRG\QDPLF VWDWH ¸
¹
·¨

©
§ �) 7TT

HII
�

����

&& SUHVHQWLQJ WKH LQWHUDFWLRQ RI WZR PROHFXOHV ZLWK

WKH DFFRXQW IRU WKHLU LQWHUDFWLRQ ZLWK WKH FRQWLQXRXV HQYLURQPHQW WKH WKHUPRG\QDPLF SDUDPHWHUV RI ZKLFK JRYHUQ WKH

)��HII�GHSHQGHQFH RQ WHPSHUDWXUH� 7KH HQYLURQPHQW LQ LWV WXUQ GHSHQGV RQ)��HII �VHOI�FRQVLVWHQF\��

$ VWULFW VROXWLRQ RI WKH SKDVH WUDQVLWLRQV SUREOHP XQGHU VXFK DQ DSSURDFK LV WKH VHOI�FRQVLVWHQW SUREOHP IRU

GHWHUPLQLQJ WKH LQWHUDFWLRQ HIIHFWLYH SRWHQWLDOV� UDGLDO GLVWULEXWLRQ IXQFWLRQV DQG WKH PHGLXP WKHUPRG\QDPLF

FKDUDFWHULVWLFV� 7KLV LV D UHFLSH WR REWDLQ WKH *LEEV PHDVXUHV PXOWL�YDOXHG RYHU WHPSHUDWXUH DQG� DV D FRQVHTXHQFH�

WKH PHWDVWDEOH VWDWHV DQG SKDVH WUDQVLWLRQV LQ WKH OLPLWHG V\VWHP�

7KH VFKHPH SURSRVHG IRU GHWHUPLQLQJ WKH FDXVH RI WKH PHWDVWDELOLW\ DQG SKDVH WUDQVLWLRQV DSSHDUDQFH SUHVHQWV WKH

IHHGEDFN SULQFLSOH ± WKH V\VWHP VHOI�DFWLRQ YLD D UHDFWLRQ ILHOG RI WKH VXUURXQGHG WKH V\VWHP DQG FKDUDFWHUL]HG RQO\ E\

LQWHQVLYH WKHUPRG\QDPLFDO SDUDPHWHUV FRQWLQXRXV HQYLURQPHQW LQ UHSO\ WR WKH FKDQJH RI LQWHUDFWLRQV LQVLGH WKH

V\VWHP�

7KH VWDWHPHQW WKDW WKH WKHUPRVWDW UHSUHVHQWV D FRQWLQXRXV PHGLXP IRU WKH V\VWHP LV RI SULQFLSDO FKDUDFWHU� ,QGHHG�

KDYLQJ H[WUDFWHG WKH V\VWHP IURP WKH WKHUPRVWDW DV WKH SDUWLFOH HQXPHUDEOH DJJUHJDWH ZH FDQQRW WDNH LQWR DFFRXQW

LQWHUDFWLRQV ZLWK WKHUPRVWDW SDUWLFOHV VLPSOLFLWHU EHFDXVH RI WKHLU LQILQLWH QXPEHU DQG UDQGRP YDOXHV RI WKHLU

FRRUGLQDWHV DQG PRPHQWXPV� 7KH LPSRVVLELOLW\ RI FKDUDFWHUL]LQJ WKH WKHUPRVWDW E\ G\QDPLFDO SDUDPHWHUV LV SULQFLSDO�

6R WKH WKHUPRVWDW LV DOZD\V FRQWLQXDO IRU WKH V\VWHP DQG WKH LQWHUDFWLRQ RI WKH V\VWHP ZLWK WKH WKHUPRVWDW LV� LQ

SULQFLSOH� WKH LQWHUDFWLRQ ZLWK WKH UHDFWLRQ ILHOG� L� H� WKH V\VWHP VHI�DFWLRQ YLD FRQWLQXRXV HQYLURQPHQW FKDUDFWHUL]HG

E\ RQO\ PDFURVFRSLF SDUDPHWHUV� $W WKH VWRFKDVWL]DWLRQ RI WKH WKHUPRVWDW WKH HQXPHUDEOH VHW RI SDUWLFOHV LQ WKH
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WKHUPRVWDW EHFRPHV LQQXPHUDEOH FRQWLQXXP� -XVW WKHUHIRUH WKH V\VWHP ZLWK WKH WKHUPRVWDW LQWHUDFWLRQ UHSUHVHQWV WKH

IHHGEDFN�

7KH V\VWHP VL]H LV GHWHUPLQHG RQO\ E\ WKH REVHUYHU FDSDELOLW\ WR H[WUDFW LW IURP WKH LQILQLWH VWRFKDVWL]HG VHW RI

SDUWLFOHV DQG WR GHVFULEH WKH G\QDPLFV RI WKH 1V LQWHUDFWLQJ SDUWLFOHV ZLWK DFFRXQW RI WKHLU LQWHUDFWLRQ ZLWK WKH

FRQWLQXRXV HQYLURQPHQW� 7KH DFFRXQW RI LQWHUDFWLQJ ZLWK WKH WKHUPRVWDW LQ IRUP RI LQWHUDFWLQJ ZLWK WKH WKHUPRVWDW

UHDFWLRQ ILHOG LQ UHSO\ WR WKH FKDQJH RI WKH V\VWHP H[WHUQDO ILHOG DV LW PRYHV �WKH IHHGEDFN� SXWV D QRQOLQHDULW\ LQWR WKH

SDUWLFOHV PRWLRQ HTXDWLRQV ZKLFK LV WKH VRXUFH RI DPELJXLW\ RI WKH V\VWHP HIIHFWLYH +DPLOWRQLDQ RQ WKH HQYLURQPHQW

WKHUPRG\QDPLFDO SDUDPHWHUV DQG� FRQVHTXHQWO\� WKH VRXUFH RI *LEEV PHDVXUH QRQ�XQLTXHQHVV�

7KH FDXVH RI SKDVH WUDQVLWLRQV DQG PHWDVWDELOLW\ VWDWHV H[LVWHQFH LQ ILQLWH V\VWHPV LV WKH SUHVHQFH RI WKH LQILQLWH�

VWRFKDVWL]HG DQG� FRQVHTXHQWO\� LQQXPHUDEOH HQYLURQPHQW FRUUHFWLQJ V\VWHP SDUWLFOHV PRYLQJ DFFRUGLQJ WR WKH

IHHGEDFN SULQFLSOH�

'HSHQGLQJ RQ WKH IHHGEDFN VWUXFWXUH SUHYDLOLQJ LQ D FHUWDLQ SKHQRPHQRQ WKH PDVWHU SKDVH LQ WKH VXSHUFULWLFDO

UHJLRQ LV HLWKHU DEVROXWHO\ XQVWDEOH �WKH DEVHQFH RI VXSHUKHDWHG FU\VWDOV� RU XQVWDEOH UHODWLYHO\ WR WKH OLPLWHG

SHUWXUEDWLRQV �D PHWDVWDEOH VXSHUFRROHG IOXLG�� 7KH DEVHQFH RI VXSHUKHDWHG FU\VWDOOLQH SKDVHV FDQ EH HDVLO\ H[SODLQHG

ZLWK WKH PRGHOV OHDGLQJ WR D UHFRQVWUXFWLRQ RI WKH SRWHQWLDO IRU WKH SDLUHG LQWHUDFWLRQ IURP D SRWHQWLDO ZLWK RQH

PLQLPXP WR D SRWHQWLDO ZLWK WZR PLQLPD� $W WKH IRUPDWLRQ RI WKH VHFRQG PLQLPXP LQ WKH SDLUHG LQWHUDFWLRQ SRWHQWLDO

DQ LPPHGLDWH ORVV RI D FU\VWDOOLQH SKDVH V\PPHWU\ RFFXUV �DEVROXWH LQVWDELOLW\�� 6WDWLVWLFDO GLVDJUHHPHQW WKDW UHVXOWHG

LQ WKH IRUPDWLRQ RI WKH VHFRQG PLQLPXP DW FRROLQJ RI WKH IOXLG� RQ WKH FRQWUDU\� SUHYHQWV LWV GLVDSSHDUDQFH IRU ZKLFK

D FRRUGLQDWHG WUDQVLWLRQ RI PROHFXOHV RYHU WKH HQHUJ\ EDUULHU LQ VRPH PDFURVFRSLF UHJLRQ LV QHFHVVDU\ �D NHUQHO RI D

VWDEOH SKDVH��

$ VLPSOH FHOO�OLNH PRGHO ZLWK D FRQVWDQW YROXPH IRU D ZDWHU�OLNH IOXLG� LQ ZKLFK WKH IHHGEDFN SULQFLSOH LV UHDOL]HG

DV D PROHFXOH LQWHUDFWLRQ ZLWK DQ HOHFWURPDJQHWLF VWUXFWXUH FKDQJLQJ ZKHQ SDLU LQWHUDFWLQJ ZLWK WKH GLHOHFWULF

HQYLURQPHQW� KDV GHPRQVWUDWHG WKH SUHVHQFH RI SKDVH WUDQVLWLRQV DQG VXSHUFRROHG IOXLG PHWDVWDEOH VWDWHV� WKH

K\VWHUHVLV RI WKHUPDO FDSDFLW\ RQ WHPSHUDWXUH DQG WKH DEVHQFH RI VXSHUKHDWHG FU\VWDO >�@�

/HW XV UHPLQG WKDW DW WKH IRUPDWLRQ RI DQ K\GURJHQ ERQG �+%� EHWZHHQ ZDWHU PROHFXOHV D UHGLVWULEXWLRQ RI

HOHFWURQLF GHQVLWLHV RFFXUV VR WKDW WKH PROHFXOHV WDNH HIIHFWLYH FKDUJHV r4HII�5�� $V WKH SHUPLWWLYLW\ GHSHQGV RQ WKH

EURNHQ WKH +% PROHFXOHV QXPEHU WKDW LQ LWV WXUQ LV FRQQHFWHG ZLWK WKH HIIHFWLYH SRWHQWLDO YLD WKH %ROW]PDQQ

GLVWULEXWLRQ� D SUREOHP RI VHOI�FRQVLVWHQF\ DULVHV IRU WKH GHILQLWLRQ RI WKLV EURNHQ WKH +% PROHFXOHV QXPEHU DQG WKH

HIIHFWLYH SRWHQWLDO DFWLQJ LQ DQ HOHPHQWDU\ FHOO GHSHQGLQJ RQ WHPSHUDWXUH�

7KH SDUDPHWUL]HG LQWHUDFWLRQ RI WKH HIIHFWLYH FKDUJH ZLWK WKH HQYLURQPHQW LV FKRVHQ LQ IRUP� :  � >D�E1��7�@5

�D DQG E DUH FRQVWDQWV FKDUDFWHUL]LQJ WKH ZDWHU PROHFXOH� 1��7� LV WKH QXPEHU RI EURNHQ WKH +% PROHFXOHV� 5 LV WKH

PROHFXOH GLVWDQFH IURP WKH HOHPHQWDU\ FHOO FHQWHU��

$ QXPHULFDO VROXWLRQ IRU WKH QXPEHU RI EURNHQ WKH +% PROHFXOHV DQG WZR W\SHV RI SRWHQWLDOV LQ WKH FHOO UHDOL]HG DW

WKH PHOWLQJ WHPSHUDWXUH LP� DUH JLYHQ LQ WKH ILJXUHV EHORZ�

)LJ��� 'HSHQGHQFH RI D PROHFXOH QXPEHU LQ D EURNHQ

+% SHU XQLW RI YROXPH RQ WHPSHUDWXUH�
)LJ� �� (IIHFWLYH SRWHQWLDOV LQ DQ HOHPHQWDU\ FHOO DW

PHOWLQJ WHPSHUDWXUH 7
P

� LV OLTXLG ZDWHU�

� LV D FU\VWDO�
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7KH HIIHFWLYH SRWHQWLDOV DUH UHQRUPDOL]HG� WKHUHIRUH WKH ODWHQW KHDW RI PHOWLQJ LV WKH GLIIHUHQFH EHWZHHQ WKH PHDQ

YDOXHV RI 8HII IRU WKH FU\VWDO DQG WKH IOXLG DW WKH JLYHQ WHPSHUDWXUH�

)LJ� �� � LV D IOXLG� � LV D FU\VWDO� G4 � ( " T! � � (FU! LV WKH ODWHQW KHDW RI PHOWLQJ SHU RQH PROHFXOH�

7KH EHKDYLRU RI WKH KHDW FDSDFLW\ F9 GHPRQVWUDWHV WKH K\VWHUHVLV SKHQRPHQD DV WKH V\VWHP HYROYHV ZLWK FKDQJLQJ WHPSHUDWXUH

LQ DFFRUGDQFH ZLWK WKH /H &KDWHOLHU SULQFLSOH�

)LJ��� &XUYH �� GHSHQGHQFH RI FY RQ WHPSHUDWXUH DW KHDWLQJ� FXUYH �� WKH VDPH DW FRROLQJ�7
P
� LV WKH PHOWLQJ WHPSHUDWXUH� L
 � LV

WKH WHPSHUDWXUH RI WKH IOXLG PD[LPXP VXSHUFRROLQJ�

$W WKH WHPSHUDWXUHV L
�7�7P WKH H[LVWHQFH RI D VXSHUFRROHG IOXLG LV SRVVLEOH�

,Q VSLWH RI WKH UDWKHU URXJK SDUDPHWUL]DWLRQ RI WKH HIIHFWLYH SRWHQWLDO DQJ IL[LQJ WKH YROXPH� WKH PHOWLQJ

WHPSHUDWXUH LV IRXQG WR EH ��� .� WKH WHPSHUDWXUH RI PD[LPXP VXSHUFRROLQJ ± ��� . DQG WKH ODWHQW KHDW RI WKH SKDVH

WUDQVLWLRQ ± ���� NFDO�PRO� 7KH FRQVLVWHQF\ ZLWK WKH H[SHULPHQWDO GDWD LV VDWLVIDFWRU\� 7DNLQJ LQWR DFFRXQW WKH YROXPH

FKDQJH DOORZV WR FDOFXODWH WKH VXUIDFH RI IUHH HQHUJ\ LQ VSDFH RI YDULDEOHV 9 DQG 7� DQG LW UHVXOWV LQ D GLVWLQFWLYH IROG

LQ WKH PHOWLQJ WHPSHUDWXUH UHJLRQ� DV LQ 7RP¶V WKHRU\ RI FDWDVWURSKHV�

$ PRGHO ZLWK WKH IHHGEDFN DOORZV WR PDQDJH D SKDVH VWDWH YLD D VHOHFWLYH LQIOXHQFH E\ WKH UHVRQDQFH UDGLDWLRQ RQ

WKH GHILQLWH IUHHGRP GHJUHHV UHVSRQVLEOH IRU WKH IHHGEDFN VWUXFWXUH >�@� 'LUHFWLQJ RI SKDVH VWDWH YLD UHVRQDQFH

UDGLDWLRQ LV RQH RI H[SHULPHQWDO RSSRUWXQLWLHV WR FKHFN WKH VXJJHVWHG WKHRU\�

7KH SURSRVHG PRGHO RI PHWDVWDELOLW\ LV� DV ZH EHOLHYH� H[SHULPHQWDOO\ VXSSRUWHG E\ ZRUNV >�@ DQG >�@� ,Q >�@ LW LV

IRXQG WKDW XQGHU WKH DFWLRQ RI UHVRQDQFH UDGLDWLRQ RQ WKH VXSHUFRROHG ZDWHU GURSOHWV WKH UDWH RI FU\VWDO IRUPDWLRQ

LQFUHDVHG DOPRVW E\ WZR RUGHUV RI PDJQLWXGH� ,Q >�@ WKH FRQGHQVDWLRQ RI VXSHUKHDWHG DQWKUDFHQH YDSRUV ZDV REVHUYHG

ZLWKLQ WKH ILHOG RI XOWUDYLROHW UHVRQDQFH UDGLDWLRQ� WKH SRLQW RI FRQGHQVDWLRQ EHLQJ VKLIWHG LQ WHPSHUDWXUH E\ DOPRVW

��� .�

7KH SULQFLSOH RI WKH IHHGEDFN DV DSSOLHG WR WKH FRQGHQVHG PHGLD OHDGV WR DQ XQGHUVWDQGLQJ WKDW DW FKDQJLQJ

WHPSHUDWXUH RU GHQVLW\ RI RXWHU UHVRQDQFH �RU FRKHUHQW� ILHOGV� H[FLWLQJ FHUWDLQ VHOHFWLYH GHJUHHV RI IUHHGRP� WKH

SRWHQWLDOV RI PROHFXOH LQWHUDFWLRQ FKDQJH LQ VHOI�FRQVLVWHQF\ ZLWK WKH YDULDWLRQ RI WKHVH FRQWUROOLQJ SDUDPHWHUV LQ WKH

MRLQW �V\VWHP�WKHUPRVWDW� FRPSOH[� 6XFK QRQOLQHDU FRQQHFWLRQV UHVXOW LQ WKH HQG LQ LQVWDELOLW\ RI WKH PDVWHU SKDVH RYHU

VRPH YDU\LQJ SDUDPHWHU GHSHQGLQJ� E\ QR PHDQV� RQ WKH IHHGEDFN VWUXFWXUH� )URP WKH YLHZSRLQW RI WKH IHHGEDFN

SULQFLSOH DQ\ PHWDVWDEOH SKDVH ZLWK WKH KHOS RI D FHUWDLQ VHOHFWLYH HIIHFW� PXFK OHVV WKDQ WKH LQQHU HQHUJ\ RI WKH
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V\VWHP� FDQ EH FKDQJHG LQWR D VWDEOH VWDWH� )RU WKLV WKH H[LVWLQJ VWDWLVWLFDO HTXLOLEULXP HQVXULQJ WKH PDVWHU SKDVH

VWDELOLW\ UHODWLYHO\ WR OLPLWHG SHUWXUEDWLRQV VKRXOG EH GLVWXUEHG�

/HW XV JLYH QRZ D GHILQLWLRQ WR D PHWDVWDEOH VWDWH�

7KH PHWDVWDEOH VWDWH LV SRVVLEOH RQO\ IRU FRRSHUDWLYH V\VWHPV ZLWK IOXFWXDWLRQV� 7KH IOXFWXDWLRQV DUH WKH FRQGLWLRQ

QHFHVVDU\ EXW QRW VXIILFLHQW� 7KH VXIILFLHQW FRQGLWLRQ IRU WKH H[LVWHQFH RI WKH PHWDVWDEOH VWDWH LV WKH V\VWHP VHOI�DFWLRQ

YLD WKH FRQWLQXRXV HQYLURQPHQW UHDFWLRQ ILHOG �WKH UHDOL]DWLRQ RI WKH IHHGEDFN SULQFLSOH� VHOI�VXVWDLQHG DIWHU WKH

UHPRYDO RI WKH RXWHU FDXVHV OHG WR WKH DSSHDUDQFH RI WKLV VWDWH� -XVW IURP WKLV PRPHQW WKH V\VWHP VWDWH EHFRPHV WKH

PHWDVWDEOH RQH DQG LW H[LVWV RQO\ WLOO WKH PRPHQW ZKHQ WKH V\VWHP XQGHU WKH DFWLRQ RI RXWHU SHUWXUEDWLRQV JRHV WR WKH

RWKHU VWDWH� $W VXFK D WUDQVLWLRQ WKH PHWDVWDEOH VWDWH EUHDNV GRZQ�

7KH FDXVH RI WKH DSSHDUDQFH RI PHWDVWDEOH VWDWHV LV VR JHQHUDO WKDW WKH IHHGEDFN SULQFLSOH SUHWHQGV WR EH RQH RI WKH

PDLQ SRVWXODWHV RI SK\VLFV�

1RW ZLWKRXW DUJXPHQW RQH FDQ QXPEHU ZLWK VXFK SRVWXODWHV WKH SULQFLSOH RI OHDVW DFWLRQ �D PHWKRG IRU PDWWHU

GHVFULSWLRQ�� WKH SRVWXODWH DERXW WKH JHRPHWULFDO VSDFH�WLPH VWUXFWXUH �WKH SULQFLSOH RI UHODWLYLW\� FRQYHUVDWLRQ ODZV��

WKH SRVWXODWH DERXW FRUSXVFXODU�ZDYH GXDOLVP ZLWK WKH SULQFLSOH RI XQFHUWDLQW\ E\ +HLVHQEHUJ�%RKU IRU FRRUGLQDWH�

PRPHQWXP DQG HQHUJ\�WLPH �YDFXXP� SDUWLFOHV� ZDYH IXQFWLRQ�� DQG� DW ODVW� WKH VWDWLVWLFDO SULQFLSOH ZKLFK LV RI

DX[LOLDU\ FKDUDFWHU�

$OO NQRZQ SKHQRPHQD LQ WKH ZRUOG H[FHSW PHWDVWDEOH VWDWHV DUH FRYHUHG E\ WKLV FRGH RI SRVWXODWHV� 7KH DEVHQFH RI

FOHDU LGHDV DERXW FDXVHV RI SKDVH WUDQVLWLRQV DQG PHWDVWDEOH VWDWHV QDWXUH SRLQWV WR D SRVVLEOH LQFRPSOHWHQHVV RI WKH

FRGH RI IXQGDPHQWDO ODZV�

7KH QHFHVVLW\ RI LQFOXVLRQ PHWDVWDEOH V\VWHPV LQWR SKHQRPHQD GHVFULEHG RQ EDVLV RI PDLQ SULQFLSOHV OHDGV WR

XQGHUVWDQGLQJ WKDW WKH IHHGEDFN SULQFLSOH LV RQH RI IXQGDPHQWDO RQHV� ,W WUDQVIRUPV WKH IXQGDPHQWDO D[LRPV FRGH LQWR

FORVHG RQH UHODWLYHO\ WKH OHYHO RI WKH SUHVHQW SK\VLFDO NQRZOHGJH DQG UDLVHV WKH VWDWLVWLFDO SULQFLSOH WR D EDVLF UDQN�

)RU GHVFULSWLRQ RI PHWDVWDELOLW\ LQ WKH IUDPHZRUN RI HTXLOLEULXP VWDWLVWLFDO PHFKDQLFV WKH FDOFXODWLRQ RI WKH V\VWHP

LQWHUDFWLRQ ZLWK HQWLUHO\ VWRFKDVWL]HG V\VWHP ZLWK LQILQLWH QXPEHU RI IUHHGRP GHJUHHV LV UHTXLUHG� 7KLV UHTXLUHPHQW LV

SULQFLSDO DQG QRW SHUPLWWLQJ WR H[WHQG WKH V\VWHP XS WR QRQVHQVLFDO LQILQLW\� 6R WKH IHHGEDFN SULQFLSOH LQWURGXFHV WKH

QRWLRQ RI JOREDO HQWLUHO\ VWRFKDVWL]HG WKHUPRVWDW LQ ZKLFK DOO WKH UHDO SDUW RI PDWWHU LV LPPHUVHG DQG LQWHUDFWLRQ ZLWK

WKLV WKHUPRVWDW WUDQVIRUPHV GHWHUPLQLVWLF PRWLRQ HTXDWLRQ LQWR LUUHYHUVLEOH HYROXWLRQ HTXDWLRQV� :KDW LV WKLV

WKHUPRVWDW" $ PRVW SURPLVLQJ FDQGLGDWH IRU WKH UROH RI D JOREDO� FRPPRQ WKHUPRVWDW LV YDFXXP RI WKH 8QUXK

DFFHOHUDWHG V\VWHPV >��@� )URP WKH YLHZSRLQW RI WKH 8QUXK HIIHFW YDFXXP KDV SURSHUW\ RI LGHDO SRWHQWLDO OLTXLG�

PRYLQJ HYHQO\ ELPRGDO GHWHFWRUV GRQ¶W LQWHUDFW ZLWK LW DQG DFFHOHUDWHG RQHV IHHO D UHVLVWDQFH FRQQHFWHG ZLWK

VWRFKDVWLF H[FKDQJLQJ PRPHQWXPV ZLWK YDFXXP IOXFWXDWLRQV GLVWULEXWHG DFFRUGLQJ WR WKH 3ODQFN ODZ ZLWK D

WHPSHUDWXUH
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��L�H� RQ WKH WKHUPRG\QDPLF VWDWH RI WKH HQYLURQPHQW� WKHUHIRUH

WKH WKHUPRG\QDPLF WHPSHUDWXUH FDQ EH FRQQHFWHG ZLWK WKH HIIHFWLYH WHPSHUDWXUH RI WKH YDFXXP >��@�

$FFRUGLQJ WR WKHVH SRVWXODWHV WKH PDWWHU PRYLQJ LQ WKH TXDVL�(XFOLGHDQ VSDFH±WLPH H[LVWV LQ WZR VWDWHV� UHDO

SDUWLFOHV IRU ZKLFK WKH FRQGLWLRQ '('Wt K�� LV IXOILOOHG� WKH LQWHUDFWLRQ DPRQJ ZKLFK HQVXUHV WKH PRWLRQ GHWHUPLQLVP

DQG WKH YLUWXDO SDUWLFOHV IRU ZKLFK WKH +HLVHQEHUJ�%RKU UHODWLRQVKLS IRU WKH HQHUJ\�WLPH LV GLVWXUEHG� 7KH FRQQHFWLRQ

EHWZHHQ WKH WKHUPRG\QDPLFDO WHPSHUDWXUH DQG WKH HIIHFWLYH YDFXXP WHPSHUDWXUH �PD\ EH QRW VLPSOH� SRLQWV WR WKH

IDFW WKH WKHUPRG\QDPLFDO WHPSHUDWXUH LV WKH PDFURVFRSLF GHPRQVWUDWLRQ RI YDFXXP IOXFWXDWLRQV LQWURGXFLQJ

IRUWXLWRXVQHVV LQWR WKH ZRUOG RI UHDO SDUWLFOHV YLD WKH DFFHOHUDWLRQV RI PXOWL�OHYHO GHWHFWRUV�SDUWLFOHV LQ HIIHFWLYH ILHOGV�

7KH VWULFW VXEVWDQWLDWLRQ RI WKH VWDWLVWLFDO PHFKDQLFV� WR DOO DSSHDUDQFHV� LV SRVVLEOH RQO\ LQ WKH TXDQWXP ILHOG WKHRU\

ZLWK WKH 8QUXK YDFXXP �WKH UDQGRP FRQWLQXDO PHGLXP� LQWHUPL[LQJ LQ D UDQGRP ZD\ UHDO SDUWLFOHV V\VWHPV YLD WKH

FRQQHFWLRQ RI YDFXXP TXDQWXP FKDUDFWHULVWLFV ZLWK WKH V\VWHPV RI UHDO SDUWLFOHV TXDQWXP QXPEHUV E\ WKH FODVVLFDO

TXDQWLW\ ± DFFHOOHUDWLRQ�� ,Q WKLV SKHQRPHQRQ WKH IHHGEDFN SULQFLSOH UHYHDOV LWVHOI LQ SXUH IRUP DV YDFXXP LV FRQWLQXDO

LQ SULQFLSOH� ,W LV DQ REMHFWLYH VRXUFH RI IRUWXLW\� QHFHVVDU\ IRU WKH H[LVWHQFH RI VWDWLVWLFDO ODZV DV REMHFWLYH RQH¶V�

7KH IHHGEDFN SULQFLSOH VXSSOLHV ZLWK WKH H[LVWHQFH RI PHWDVWDEOH V\VWHPV� DOORZV WR H[SODLQ WKH UHDVRQV RI SKDVH

WUDQVLWLRQV DQG SRLQWV WR WKH FRQQHFWLRQ EHWZHHQ WKHUPRG\QDPLFDO DQG TXDQWXP�PHFKDQLFDO YDFXXP IOXFWXDWLRQV DV WR

KLHUDUFKLFDO RQH�

7KH IHHGEDFN SULQFLSOH LV QRW RQO\ RI DEVWUDFW FKDUDFWHU� ,W DOORZV RQH WR IRUPXODWH FHUWDLQ SUREOHPV RI GLIIHUHQW

V\VWHPV SKDVH VWDWHV PDQDJHPHQW� ,W PD\ EH� IRU H[DPSOH� JHWWLQJ WKH FU\VWDO SKDVH DW WHPSHUDWXUHV ODUJHU WKDQ
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PHOWLQJ WHPSHUDWXUH LQ UHVRQDQW ILHOGV H[FLWLQJ VHOHFWLYHO\ GHJUHHV RI IUHHGRP UHVSRQVLEOH IRU UHFRYHU\ RI WRUQ

LQWHUPROHFXODU FRQQHFWLRQV RU SXWWLQJ D PHWDVWDEOH V\VWHP LQWR D VWDEOH VWDWH YLD H[WHUQDO UHVRQDQW UDGLDWLRQ YLRODWLQJ

D VWDWLVWLFDO EDODQFH ZKLFK SURYLGHV ZLWK PDVWHU SKDVH VWDELOLW\ FRQFHUQLQJ ILQLWH SHUWXUEDWLRQV� 8QGHU VXFK WUDQVLWLRQ

WKH IURQW RI FU\VWDOOL]DWLRQ PXVW EH DEVHQW DV WKH WUDQVLWLRQ LV UHDOL]HG DW RQFH LQ DOO WKH UDQJH ZKHUH WKH VWLPXODWLQJ

UDGLDWLRQ LV SUHVHQW �WHPSRUDU\ FORVLQJ�GRZQ RI DOLYH FHOOV� KLJK KRPRJHQHRXV FU\VWDO PL[WXUHV�� ,W PD\ EH SRVVLEOH WR

PDQDJH WKH UDGLRDFWLYH QXFOHL KDOI�GHFD\ WLPH LI WKHLU QDWXUH RI PHWDVWDEOH VWDWHV LV LQ DJUHHPHQW ZLWK WKH DERYH

VXJJHVWHG FRQFHSWLRQ� 7KH IHHGEDFN SULQFLSOH PDNHV LW SRVVLEOH WR SUHGLFW DOVR VXFK H[RWLF SKHQRPHQD DV WKH

GHSHQGHQFH RI WKH /DPE VKLIW RQ WHPSHUDWXUH DQG WKH .D]LPLU HIIHFW RI WKH V\VWHP XQGHU VWXG\ DFFHOHUDWLRQ�

7KH IHHGEDFN SULQFLSOH KDV QRW RQO\ XWLOLWDULDQ VLJQLILFDQFH DOORZLQJ WR UHDOL]H FDXVHV RI SKDVH WUDQVLWLRQV DQG

PHWDVWDEOH VWDWHV IRUPDWLRQ DQG LQ ZKLFK ZD\ RQH FDQ PDQDJH V\VWHP SKDVH VWDWH� EXW DOVR D SKLORVRSKLFDO RQH� 7KLV

SULQFLSOH ILOOV WKH SKLORVRSKLFDO ODZ RI TXDQWLW\�TXDOLW\ WUDQVLWLRQ ZLWK FRQFUHWH FRQWHQW DQG VKRZV KRZ PDFURVFRSLF

SURSHUWLHV RI WKH V\VWHP DV D ZKROH DUH WUDQVPLWWHG WR WKH PLFURVFRSLF OHYHO RI LQWHUDFWLQJ HOHPHQWDU\ V\VWHP SDUWV QRW

DOORZLQJ D WRR ODUJH GHWDLOHG HODERUDWLRQ RI WKH PLFURVFRSLF VWDWH LQ D SKDVH UHJLRQ� GHWHUPLQHG E\ WKH PDFURVFRSLF

FKDUDFWHULVWLF DQG QRW DOORZLQJ VHOI�FRQVLVWHQWO\ D YLRODWLRQ RI LW �UHPHPEHU 9�$�)RFN¶V VWDWHPHQW�� 3RLQW RXW� WR

SUHVHW WKH V\VWHP PLFURVFRSLF VWDWH GHWDLOHG DV D SDUW RI WKHUPRVWDW LV SRVVLEOH RQO\ ZLWK DQ DFFXUDF\ QRW EH\RQG WKH

DFFXUDF\ RI GHWHUPLQDWLRQ WKH V\VWHP ZLWK WKHUPRVWDW LQWHUDFWLRQ HQHUJ\� 5HWXUQLQJ WR WKH 9�$�)RFN¶V VWDWHPHQW�

VSHFLI\� WKH V\VWHP PLFURVFRSLF VWDWHV FRPELQHG ZLWK LWV PDFURVFRSLF RQH DUH FRPSOHPHQWDU\ RQH DQRWKHU

FKDUDFWHULVWLFV DQG FDQ¶W EH LQGHSHQGHQW MXVW DV FRRUGLQDWHV DQG PRPHQWXPV LQ TXDQWXP PHFKDQLFV� 7KH ODVW SURSHUW\

LV D FRQVHTXHQFH RI PDWWHU FRUSXVFXODU�ZDYH QDWXUH ZLWK DQ DFWLRQ PLQLPDO TXDQW K DQG LV H[SUHVVHG E\ WKH

+HLVHQEHUJ�%RKU XQFHUWDLQW\ UHODWLRQ� 7KH VXEVLGLDULW\ RI WKH PDFURVFRSLF DQG PLFURVFRSLF VWDWHV LV H[SUHVVHG E\ WKH

IHHGEDFN SULQFLSOH ZKLFK GRHVQ¶W DOORZ WR SUHVHW WKH V\VWHP PLFURVFRSLF VWDWH ZLWK WKH DEVROXWH DFFXUDF\ EHFDXVH RI

LWV FRQQHFWLRQ ZLWK WKH LQILQLWH HQYLURQPHQW DQG WR VHW WKLV FRQQHFWLRQ LQ RWKHU ZD\ WKDQ YLD WKH HQYLURQPHQW UHDFWLRQ

PDFURVFRSLF ILHOG LQ YLHZ RI WKH ODVW RQH¶V UDQGRP IUHHGRP GHJUHHV LQILQLWH QXPEHU�

7KH IHHGEDFN SULQFLSOH DOORZV WR UHDOL]H WKH LPSRVVLELOLW\ RI WKH HYROXWLRQ WLPH UHYHUVH DV LW QRW RQO\ FKDQJHV WKH

SUREDELOLW\ RI WKH V\VWHP EHLQJ LQ PLFURVFRSLF FRPELQHG ZLWK WKH SUHVHW PDFURVFRSLF RQH VWDWHV EXW FKDQJHV WKHVH

VWDWHV WKHLUVHOI FRQVLVWLQJ WKHP ZLWK WKH HQYLURQPHQW RU WKH V\VWHP LWVHOI SUHVHQW PDFURVFRSLF VWDWH �VHOI�FRQVLVWHQF\��

6R WKH IHHGEDFN SULQFLSOH DQG WKH VWDWLVWLFDO SULQFLSOH FDQ EH UDLVHG WR WKH UDQN RI QDWXUH IXQGDPHQWDO ODZV�

:LWKRXW FDOOLQJ WKH IHHGEDFN SULQFLSOH LW¶V DOVR GLIILFXOW WR H[SODLQ WKH V\VWHP HYROXWLRQ RULHQWDWLRQ IURP VLPSOH WR

FRPSOH[� 7KH IHHGEDFN SULQFLSOH DOORZV WR GHVFULEH KRZ D FKDQFH DSSHDUDQFH RI VRPH PDFURVFRSLF FKDUDFWHULVWLF

VLJQ LV FDUULHG WR WKH PLFURVFRSLF OHYHO DQG GHYHORSV� ,I WKHUH LV QR IHHGEDFN WKH DSSHDUDQFH DQG GHFD\ RI VXFK VLJQ LV

HTXLSUREDEOH DQG WKHUH LV QR GHWDLOHG HYROXWLRQ GLUHFWLRQ� 7KH IHHGEDFN YLRODWHV VXFK D V\PPHWU\� $FFXPXODWLRQ RI

VXFK VLJQ RQ WKH PLFURVFRSLF OHYHO � JUDGXDO PLFURVWDWHV FKDQJLQJ ZLWK WKH HQYLURQPHQW PDFURSDUDPHWHUV FKDQJH

EULQJV WKH V\VWHP� DW ODVW� WR WKH LQVWDELOLW\ UHJLRQ RQ JLYHQ PDFURVFRSLF FKDUDFWHULVWLF DQG� FRQVHTXHQWO\� WR SKDVH

WUDQVLWLRQ� 4XDQWLW\ FRQYHUWV LQWR TXDOLW\� ,W¶V SRVVLEOH RQO\ LQ V\VWHPV ZLWK IHHGEDFN�

6R WKH IHHGEDFN SULQFLSOH LV WKH SKDVH WUDQVLWLRQV� PHWDVWDELOLW\� HYROXWLRQ� VHOI�FRQVLVWHQF\ RI WKH PRYLQJ PDWWHU�

5()(5(1&(6

>�@ 0DUW\QRY *�$� ± 8VSHNKL IL]LFKHFNLNK QDXN� Y� ����� �� &� �������� �����

>�@ 5XGR\ <X�*�� 6XNKDQRY $�'� ± 8VSHNKL IL]LFKHFNLNK QDXN� Y� ���� ���� &� ���������� �����

>�@ &UR[WRQ &�$� ± /LTXLG VWDWH SK\VLFV� ± $ VWDWLVWLFDO PHFKDQLFDO LQWURGXFWLRQ� &DPEULGJH 8QLYHUVLW\ 3UHVV� �����

>�@ (LVHQVWHLQ $�� *LQJULFK 1�6� ± 3K\V� 5HY�� ����� Y� ��� S� ����

0RUJDQ -�� 1DUUHQ %�(� ± -� &KHP� 3K\V�� ����� Y� �� S� ����

>�@ )LVKHU ,�=� ± 6WDWLVWLFDO WKHRU\ RI IOXLGV� 6WDWH (GLWRULDO +RXVH� 3K\V� 	 0DWK� /LWHUDWXUH� 0RVFRZ� �����

>�@ *RGL]RY $�*� ± ,]Y� 9X]RY� )L]LND� �������� &� ������

>�@ *RGL]RY $�*�� 0LNKHHYD 7�<X� ± 7UXG\ ,(0� ����� LVVXH �������� &� ������

>�@ 'XEURYLFK 1�$� ± 'RNODG\ $NDGHPLL 1DXN 8665� ����� Y� ������� &� ��������

>�@ *DODVKLQ (�$� ± 9HVWL 0*8� ����� VHU� ����� &� ���

*DODVKLQ (�$�� *DODVKLQ $�(� ±'RNODG\ $NDGHPLL 1DXN 8665� ����� Y� ������� &� ��������

>��@ 8QUXK :�*� ± 3K\V� 5HY� '� ����� Y� ��� &� ����

>��@ *RGL]RY $�*� ± 0HWDVWDELOLW\� 3UHSULQW ,33(�� ����� ����� 2EQLQVN�


