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$SFNQRZOHGJHPHQW

, ZRXOG OLNH WR H[SUHVV P\ VLQFHUH JUDWLWXGH WR |
IRU KHU LQVLIJKW DQG VXSSRUW WKURXJKRXW DOO VWDJ}
P\ UHYLHZHUV 'U %LOO .DUDNRVWDV DQG 3URI ‘U

FRQVWUXFWLYH FRPPHQWYV , DP YHU\ JUDWHIXO WR 'KXL
IRU WKH ILQDQFLDO VXSSRUW WKH\ SURYLGHG GXULQJ Wi

, DP JUDWHIXO WR 1HHN )HQZLFN DQG 'U .HOO\ $QGURXW
WKHVLY DQG SURYLGLQJ YDOXDEOH FRPPHQWY |, ZRXOG
DQRG 'U (GzZDUG 3DUNLQVRQ IRU WKHLU JHQHUDO DGYLFH
IRU KHU FRQVWUXFWLYH DGYLFH DQG IHHGEDFN

, ZRXOG OLNH WR WKDQN SHRSOH DW &LW\ 8 HVSHFL
LQYDOXDEOH IULHQGVKLS DQG HQFRXUDJHPHQW &ULVWL
DQG .KDOHG ODKEXE IRU KLV KHOSIXO IHHGEDFN O0DQ\
%HQDYLGLYVY IRU KLV ORYLQJ VXSSRUW 7KDQNV DOVR

ORWVKHJZD DQG *UHHN IDPLO\ IRU SURYLGLQJ DQ DSSHD

)LQDOO\ , ZRXOG OLNH WR WKDQN P\ SDUHQWYV IRU WK
XQGHUVWDQGLQJ WKURXJK WKH \HDUV P\ VLVWHU IRU H
PH P\ EURWKHUV IRU WKHLU ZRQGHUIXO EDFNXS 6SHFL
NWXPUXQIJNLWWLNXO IRU D ZRQGHUIXO VXSSRUW WKURXJ
DOZD\V EHOLHYLQJ LQ PH
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"HFODUDWLRQ

6RPH RI WKH PDWHULDO LQ WKLV WKHVLV KDV EHHQ SUH
SDSHUV

f -LUDSDQWKRQJ : 7RZDUGV D 7UDFHDELOLW)\ $SS
6\WWHRMVHUQDWLRQDO B6RIWZDUH 3URGXFW /LQHV <R
 QWHUQDWLRQDO 6RIW 2ZDRMNVREOR @¥FW /LQH &RQIHUHQFF

f MLUDSDQWKRQJ : DQG $ =LVPDQ 7UDFHDELO
B\WWHPV $Q ;4XHUWQWSISURDFKRQDO :RUNVKRS RQ 5HT)
6\WWHP )DPLO\ (QJLQHHULQJ LQ ,QWorDIEQUL\EL BSDDQ&RQ It

f -LUDSDQWKRQJ : DQG $ =LVPDQ 6XSSRUWLQJ 3
WKURXJK 7UDPHDEBEVOQDWDGILF 6RIWZDUH (QJLQHHULQJ
7DLSHL 7DLZDQ

f -LUDSDQWKRQJ : DQG $ =LVPDQ "7UD4XH 7UL
/ILQH 6\VVRHWYDUH DQG 6XQWHBVWHREGHDLQJ

, JUDQW SRZHUV RI GLVFUHWLRQ WR WKH 8QLYHUVLW\ O
FRSLHG LQ ZKROH RU LQ SDUW ZLWKRXW IXUWKHU UHIHU
RQO\ VLQJOH FRSLHV PDGH IRU VWXG\ SXUSRVHV VXEI
DFNQRZOHGJHPHQW



$SEVWUDFW

6RIWZDUH WUDFHDELOLW\ KDV EHHQ UHFRJQL]J]HG DV D
VI\VWHP GHYHORSPHQW 7UDFHDELOLW\ UHODWLRQV FDQ
EHLQJ GHYHORSHG Dv ZHOO DV UHGXFH WKH WLPH D
GHYHORSPHQW ,Q SDUWLFXODU WUDFHDELOLW\ UHODW
SURFHVVY UHXVH RI SDUWV RI WKH V\VWHPV E\ FRPSDU!
VIVWHP PHHWYVY LWV UHTXLUHPHQWY XQGHUVWDQGLQJ W
LPSOHPHQWDWLRQ GHFLVLRQV DQG DQDO\VLV RI WKH LP
+RZHYHU VXSSRUW IRU WUDFHDELOLW\ LQ VRIWZDUH HQ
DUH QRW DOZD\V DGHTXDWH ,Q DGGLWLRQ DXWRPDWL]I
WUDFHDELOLW\ UHODWLRQV DUH QRW HDV\ WDVNYV

,Q FRQWUDVW SURGXFW IDPLO\ VA\VWHPV LQ ZKLFK VRI
VHW RI IHDWXUHYV DQG QHZ SURGXFW PHPEHUV FDQ EH
DUWHIDFWYV LV FRQVLGHUHG DQ LPSRUWDQW SDUDGLJP
'"HVSLWH LWV LPSRUWDQFH DQG DGYDQFHV LQ WKH DUH
YDULDEOH DVSHFWV DPRQJ DSSOLFDWLRQV DQG WKH HQ.
FRPSRQHQWY DUH GLIILFXOW WDVNV 7KLV LV PDLQO\
KHWHURJHQHLW\ RI GRFXPHQWYV JHQHUDWHG GXULQJ WHK
VA\VWHPYV

7KH XQGHUO\LQJ SULQFLSOH RI WKLV WKHVLV LV WR X
GLIILFXOWLHYVY DVVRFLDWHG ZLWK SURGXFW IDPLO\ V\VWH
DVVLVW ZLWK WKH LGHQWLILFDWLRQ RI FRPPRQ DQG YDU
PHPEHUV UHGXFWLRQ RI LQFRQVLVWHQFLHY EHWZHHQ S
FRUH DVVHWY DQG HVWDEOLVKPHQW RI UHODWLRQVKL:
SURGXFW IDPLO\ DUFKLWHFWXUHYV

[LI



7KH WKHVLV WBWUBDFHEW VO DWIX L WHKI HUHH HG IPPRFGUHHID W W\
WUDFHDELOLW\ UHODWLRQV IRU HLIJIKW GLIITHUHQW W\S|
EDVHG REMHFW RULHQWHWL. ®H W R K 8ARFOIREGOGIRD A &/ RCP D W
JHQHUDWLRQ RI WUDFHDELOLW\ UHODWLRQV LQ GRFXPH
Rl VRIWZDUH SURGXFW IDPLO\ VI\VWHPV 7KH GRFXPHQW
WKH GLITHUHQW W\SHV RI WUDFHDELOLW\ UHODWLRQV I
H[SUHVVHG LQ DQ H[WHQVLRQ RI ;4XHU\ 7KH WH[WXDO \
DUH DQQRWDWHG ZLWK SDUW RI VSHHFK DVVLIQPHQWYV
WKH YDULRXV ZRUGV LQ WKH VHQWHQFH 7KH WUDFHLEL
VHPDQWLF RI WKH GRFXPHQWY EHLQJ FRPSDUHG LL
UHODWLRQV LQ WKH SURGXFW IDPLO\ GRPDLQ LLL WK
WKH WH[WXDO SDUWV RI WKH GRFXPHQWYV DQG LY V\Q
FRPSDUHG LQ D WHI[W

$ SURWRW\SH ;WRROXIBWOBOHKEQ GHYHORSHG WR GHPR
HYDOXDWH DXWRPDWLF JHQHUDWLRQ RI WUDFHDELOLW
PRELOH SKRQH GRPDLQ WR LOOXVWUDWH WKH IHDVLELC(
DQG WR HYDOXDWH WKH ZRUN LQ WHUPV RI UHFDOO DQG

[l



&KDSWHU

 QWURGXFWLRQ

,Q UHFHQW \HDUV ZH KDYH EHHQ H[SHULHQFLQJ WKH SU
VRIWZDUH V\VWHPV WKDW VKDUH D FRPPRQ VHW RI IHD
GLVWLQFW FKDUDFWHULVWLFV ([DPSOHV RI VXFK V'
WHOHFRPPXQLFDWLRQ GRPDLQ LQ ZKLFK SURGXFWYV LQF
3'$V PRELOH SKRQHV DQG SDJHUV KDYH PDQ\ FRPPR
HIDPSOHV DUH IRXQG LQ WKH DXWRPRWLYH HOHFWURQI
FRQWURO GRPDLQV 7KHVH V\VWHPS/URGHK AW) RZR)L 0Q WY XW
$UGLV DQG :HLVV %DVV HW DO &$)( &OHPHC
&OHPHQWY DQG 1RUWKURS 6WDXGHQPD\HU DQG 3HU!
DQG DUH FKDUDFWHUL]J]HG DV EHLQJ VRIWZDUH V\VWHPYV \
DQG DUH GHYHORSHG EDVHG RQ WKH UHXVH RI FRUH
IXQFWLRQDOLWLHYV

9DULRXV PHWKRGRORJLHVY DQG DSSURDFKHV KDYH EHH
GHYHORSPHQW RI VRIWZDUH V\WWHPV EDVHG RQ SURGX
(IDPSOHV Rl WKHVH PHWKRGRORJLHYV DQG DSSURDFKHYV
JHDWX56(% *ULVV HW DO &$)e &$)( )$67 HL\
.DQJ HW DO 3X/6( %D\HU HW DO DQG .REUS$ $

7KH DERYH PHWKRGRORJLHV DQG DG&6&PRDKHIYJ IDQHHH UDIOC
DSSURDFKHY DQG HPSKDVLVH D JURXS RI UHODWHG DSS
VLQJOH DSSOLFDWLRQV 1RUWKURS 7TKHLU PDLQ IR
DQRDO\VLV RI FRPPRQDOLW\ DQG YDULDELOLW\ SULQFLSOF
RUGHU WR HQJLQHHU UHXVDEOH DQG DGDSWDEOH FRP!
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SURGXFW IDPLO\ VIVWHP GHYHORSPHQW +RZHYHU GHV
LQ WKH DUHD WKH VXSSRUW IRU FRPPRQ DQG YDULDEC
WKH HQJLQHHULQJ Rl UHXVDEOH DQG DGDSWDEOH FRP
PDLQO\ GXH WR WKH ODUJH QXPEHU DQG KHWHURJHQHI
WKH GHYHORSPHQW RI SURGXFW IDPLO\ VI\VWHPV 2WKF
WKH D QHFHVVLW\ RI KDYLQJ D EDVLF XQGHUVWDQGL
GXULQJ WKH GLIIHUHQW GHYHORSPHQW SKDVHV RI VR
SDUWLHY 6LQQHPD 6YDKQEHUJ DQG %RVFK 7
QHFHVVLW\ Rl HYWDEOLVKLQJ UHODWLRQVKLSY EHWZHH
DUWHIDFWY DQG UHODWLRQVKLSY EHWZHHQ SURGXFW

ORKDQ DQG 5DPHVK F SRRU VXSSRUW IRU FI
UHSUHVHQWLQJ UHTXLUHPHQWYVY IRU WKH ZKROH SURG X
PHPEHUV )DQWHFKL HW DO ODQQLRQ HW DO
FRPSOH[ UHODWLRQV DPRQJ SURGXFW PHPEHUV %D\HL
5DPHVK DQG H SRRU VXSSRUW IRU PDLQWDLQL
GHYHORSPHQW SURFHVV OH\HU

,Q WKLV WKHVLY ZH DGYRFDWH WKH XVH RI VRIWZDUH \
DVVRFLDWHG ZLWK SURGXFW IDPLO\ VIVWHP GHYHORSP
UHFRJQL]JHG DV DQ LPSRUWDQW DFWLYLW\ LQ VRIWZD
WUDFHDELOLW\ UHODWLRQV DUH JHQHUDWHG EHWZHE
VWDNHKROGHUV DQG VRIWZDUH DUWHIDFWV *RWHO

WUDFHDELOLW\ FDQ LPSURYH WKH TXDOLW\" RI WKH SUR
DQG WLPH RI GHYHORSPHQW *RWHO DQG )LQNHOVWHL
-DUNH W VXSSRUWV VRIWZDUH GHYHORSHUV LQ F
UHTXLUHPHQWYV HQVXULQJ FRPSOHWHQHVV DQG VXSSRI
HQKDQFLQJ PDLQWDLQDELOLW\ DQG PDLQWDLQLQJ F
XQGHUVWDQGLQJ WKH UDWLRQDOH IRU FHUWDLQ GHVL.
DQDO\VLV Rl WKH LPSOLFDWLRQV RI FKDQJHV LQ WKH V\

7KH QHHG IRU WUDFHDELOLW\ LV GXH WR WKH ODUJH D
DUWHIDFWV WKDW DUH JHQHUDWHG GXULQJ WKH GHYH
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ODFN RI IRUPDOLVP ZKHQ GHYHORSLQJ VRIWZDUH V\VWH

LI IRUPDO PHWKRGRORJLHY DUH XVHG GXULQJ WKH (
DQG V\VWHPV DUH JHQHUDWHG IURP IRUPDO VSHFLILFDW
WKH FRGH WKHQ WKHUH LV QR QHHG IRU WUDFHDELOLW\

7TUDFHDELOLW\ FDQ VXSSRUW WKH GLIILFXOWLHY DVVRFLI
WUDFHDELOLW\ UHODWLRQV FDQ DVVLVW ZLWK WKH L
IXQFWLRQDOLWLHY LQ WKH SURGXFW PHPEHUYV LL UHC
SURGXFW PHPEHUV LLL UHXVH RI FRUH DVVHWYVY WKDW
VA\VWHP LY PDLQWHQDQFH RI KLVWRULFDO LQIRUPDWLR
Y HVWDEOLVKPHQW RI UHODWLRQVKLSY EHWZHHQ FRUI
DQG SURGXFW PHPEHUV VSHFLILFDWLRQ GRFXPHQWYV

$OWKRXJIJK PDQ\ DSSURDFKHV IRU VRIWZDUH WUDFHDELO
IRU WUDFHDELOLW\ LQ VRIWZDUH HQJLQHHULQJ HQYLUF
DGHTXDWH 5DPHVK JRU H[DPSOH % D\HU 570

WUDFHDELOLW\ UHODWLRQV VKRXOG EH HVWDEOLVKHG P
WLPH FRQVXPLQJ H[SHQVLYH FRPSOH[ DQG OLPLWHG L¢
EHHQ PDGH WR DOOHYLDWH WKH LVVXHV DVVRFLDWHG

UHFHQWO\ RWKHU DSSURDFKHV KDYH EHHQ SURSRVHG W
DXWRPDWLF JHQHUDWLRQ RI WUDFHDELOLW\ UHODWLRQV
DO E (J\HG DQG *UXQEDFKHU ODUFXV DQG OHOH\
3RKO D 5DPHVK DQG 'KDU 6KHUED HW DO E 6S

+RZHYHU LQ WKH PDMRULW\ RI WKRVH DSSURDFKHV WKH
QRW KDYH HQRXJK VHPDQWLF PHDQLQJV WR VXSSRUW W
E\' VRIWZDUH WUDFHDELOLW\ ([FHSWLRQV DUH IRXQG L
$OH[DQGHU *RWHO DQG )LQNHOVWHLQ . QHWKH (
5DPHVK DQG -DUNH 6KHUED HW DO D 6SDQRXGDN
GLIIHUHQW W\SHV RI WUDFHDELOLW\ UHODWLRQV +RZHY
SURGXFW IDPLO\ VIVWHPV DQG GR QRW WDFNOH WKH VI
EHWZHHQ VRIWZDUH DUWHIDFWY ORUHRYHU WUDFHDELC
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DQG DPELJXRXV LQ SURGXFW IDPLO\ VI\VWHPV GXH WR
%D\HU DQG :LGHQ &%) ( /IDJR HW DO $0)
WUDFHDELOLW\ UHODWLRQV WR VXSSRUW SURGXFW ID
DGYRFDWHG LQ $WNLQVRQ HW DO %D\HU DQG :LGt
&%) ( &RULDW HW DO 'LEN (6$36 -D]D\HUL

/IDJR HW DO ORKDQ DQG 5DPHVK 30DQNO
5LHELVFK DQG 3KLOLSSRZ WKH PDMRULW\ RI W]
WUDFHDELOLW\ PHWD PRGHOV DQG GR QRW SURYLGH ZD
DXWRPDWLFDOO\

,Q WKLV WKHVLV ZH SUHVHQW D UXOH EDVHG DSSURDF
WUDFHDELOLW\ UHODWLRQV EHWZHHQ GRFXPHQWY FUHL
IDPLO\ VA\VWHPV 2XU ZRUN ODUJHO\ HIWHQGV WKH ZRU
=LVPDQ HW DO D 7KLV SUHYLRXV ZRUN SURSRVHV
DQ DXWRPDWLF JHQHUDWLRQ RI WUDFHDELOLW\ UHO
UHTXLUHPHQWY GRFXPHQWY VXFK DV FXVWRPHU UHTXI
VSHFLILFDWLRQ DQG DQDO\WLV REMHFW PRGHOV ,Q V
WUDFHDELOLW\ UHODWLRQV RDNHHWWEHDMBRDOBWBOSRVHG Q
UHODWLRQV

,Q FRQWUDVW WKH ZRUN LQ WKLV WKHVLV D GHVFULE
QLQH GLIIHUHQW W\SHV RI WUDFHDELOLW\ UHODWLRQV
REMHFW RULHQWHG GRFXPHQWY DQG E VXSSRUWV DX
WUDFHDELOLW\ UHODWLRQV EHWZHHQ VRIWZDUH DUWHI
UHTXLUHPHQWY DQG VRIWZDUH DUFKLWHFWXUH DQG VR

7KH GRFXPHQWY XVHG LQ RXU DSSURDFK DUH EDVHG R
PHWKRGRORJLHVY $ IHDWXUH EDVHG DSSURDFK VXSSRL
ZKLOH DQ REMHFW RULHQWHG DSSURDFK DVVLVWYV ZLWE
PHPEHUV 2XU DSSURDIFW XSS Q@ UH W QAKBHG UDHXV H VP DK R C
DQRG WKH XQLILHG PRGHOLQJ ODQJXDJH 80/ 80/
WR VHYHUDO UHDVRQV QDPHO\ D SUDFWLFDOLW\ 3)z
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LQGXVWULDO SURGXFW IDPLO\ V\VWHPV VXFK DV HOHY
EXOOHWLQ ERDUG V\VWHPV \DUG DXWRPDWLRQ V\VWHPYV
DQ H[WHOWRR@EUH RULHQWHG DSSHRD.BPIQWRW PPDLQ DQD
DQG LQFOXGHY GRPDLQ GHVLJQ DQG LPSOHPHQWDWLRQ ¢
H[WHQVLEOH DQG FDQ EH H[WHQGHG WR DFFRPPRGDWH V
UHXVDEOH FRPSRQHQWY LQ WKH DUFKLWHFWXUH RI SURG
EDVHG RQ D IHDWXUH PRGHOLQJ ZKLFK EHFRPHV D FRF
HQJLQHHULQJ SURFHVV DQG KDV SURYLGHG D WRRO FDO
GHYHORSHUV GXULQJ GRPDLQ DQDO\VLY DQG GHVLJQ

2Q WKH RWKHU KDQG 80/ KDV EHHQ FKRVHQ DV WKH REN
WR LWV D PDWXULW\ PDQ\ DSSURDFKHVY DQG PHWKRG
80/ RYHU WKH \HDUYV E FRPSOLDQFH 80/ LV WKH GH II
VRIWZDUH DQDO\VLY DQG GHVLJQ LQ REMHFW RULHQWHG
FRPPHUFLDO VRIWZDUH WRROV VXSSRUW 80/ PRGHOLQJ

7TKH GRFXPHQWYV XVHG LQ IRERWXUSK /BB WAREOXIE H

PRGHOV WR VSHFLI\ WKH LQIRYXVF B WATRRRWDI WHBFRUED WDW VH W V
VHTXGEIIDRHDPY WR VSHFLI\ WKH LQIRUPDWLRQ RI SURGXF
WKH GRFXPHQWY DUH UHSUHVHQWHG LQ ;0/ DQG WKH (
UHODWLRQV DUH LGHQWLILHG E\ XVLQJ WUDFHDELOLW\
;4XHU\  ;4XHUN 7TKH WH[WXDO VHQWHQFHV RI WKH ;0/ C
ZLWK SDUW RI VSHHFK DVVLJQPHQWY LQGLFDWLQJ WKH
ZRUGY LQ WKH VHQWHQFH 7KHVH JUDPPDWLFDO UROHYV L
RI WHIWXDO WHUPV LQ WKH GRFXPHQWVG IZKHFW UDXxGIHD\E L (
LH UXOHV WKDW VXSSRUW WKH FUHDWLRQ RI WUDFHDEL
HILVWHQFH RI RWHKKG IUHOADAV UIR@@MHWDWY&DW UHTXLUH WKH
SUHYLRXVO\ JHQHUDWHG UHODWLRQV ,Q ERWK W\SHV RI
D UXOH LV IRXQG D WUDFHDELOLW\ UHODWLRQ RI WKH
EHWZHHQ SDUWV RI WKH GRFXPHQWY EHLQJ FRPSDUHG E\
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$ SURWRW\SH; WRORXEAD@BHR LPSOHPHQWHG LQ RUGHU
HYDOXDWH WKH ZRUN 7KH HYDOXDWLRQ RI WKH ZRUN
SKRQH FDVH VWXG\ 7KH UHVXOWYVY RI WKLV HYDOXDWLF
RWKHU DSSURDFKHVY WKDW VXSSRUW DXWRPDWLF JHQHU

7KH UHPDLQGHU RI WKLV FKDSWHU GHVFULEHV WKH K\
REMHFWLYHY FRQWULEXWLRQ DQG WKHVLV RXWOLQH

+\SRWKHVLV

7KH K\SRWKHVLV RI WKH ZRUN SUHVHQWHG LQ WKLV WKt}

, WLV SRVVLEOH WR DXWRPDWLFDOO\ JHQH
SURGXFWIDPLO\ V\VWHPYV

‘H DGYRFDWH WKH IDFW WKDW WUDFHDELOLW\ UHODWL
VLQFH PDQXDO WUDFHDELOLW\ JHQHUDWLRQ LV HUURU
OHDGLQJ WR WKH VLWXDWLRQ LQ ZKLFK WUDFHDELOLW)

&$)( /IDJR HW DO 7KLV LV DOVR WKH FDVH |
LQ ZKLFK ODUJH QXPEHUV RI GLIITHUHQW DUWHIDFWYV D!
SURFHVV :‘H H[SHFW WR UHGXFH WKH HIIRUW RI DFW
HQJLQHHULQJ WKDW UHTXLUH WUDFHDELOLW\ SUDFWLF
IDPLO\ VA\VWHPV E\ HQDEOLQJ DXWRPDWLF VXSSRUW IR
([DPSOHV RI WKH DFWLYLWLHYV LQ GRPDLQ DQG DSSOLF
XVLQJ WUDFHDELOLW\ UHODWLRQV DUH VXFK DV L YH!
FRPPRQ DQG YDULDEOH DVSHFWV EHWZHHQ SURGXFW |
UDWLRQDOH IRU FHUWDLQ UHTXLUHPHQW DQG GHVLJ(
LPSOLFDWLRQV RI FKDQJHV LQ SURGXFW IDPLO\ VA\VWHF
VXSSRUWLQJ HYROXWLRQ RI SURGXFW IDPLO\ VI\VWHPV
SURGXFW PHPEHUV LQ D IDPLO\



BUREOHP 'HILQLWLRQ DQG 2EMHF

SUREOHP "HILQLWLRQ DQG 2EMHFWLYHYV

ORUH VSHFLILFDOO\ WKH ZRUN SUHVHQWHG LQ WKLV WI
SUREOHPV LQ WKH DUHDV RI VRIWZDUH WUDFHDELOLW)\
GLVFXVVHG EHORZ

, 7TKH /DFN Rl $XWRPDWLF 6XSSRUW IRU 7UDI
$UWHIDFWV RI 3URGXFW )DPLO\ 6\VWHPV

$V GLVFXVVHG WKHUH LV SRRU VXSSRUW RU PHFKDQL)\
SURGXFW IDPLO\ VI\VWHPV )DQWHFEL HW DO /IDJR H
PDQ\ DSSURDFKHV WR VXSSRUW HVWDEOLVKPHQW RI WUD
VI\VWHPV WKHVH DSSURDFKHV FDQQRW EH XVHG WR VXS

VI\IVWHPV $QWRQLRO HW DO &OHPHQWY DQG 1RUWKU
*RWHO DQG )LQNHOVWHLQ ODUFXV DQG OHOHWLF
DQG -DUNH 6KHUED HW DO D 2Q0Q WKH RWKHU K

DSSURDFKHY KDYH EHHQ SURSRVHG WR VXSSRUW WKH
VI\VWHPV DQG WDFNOH WKH WUDFHDELOLW\ LVVXH WKH\
RI WUDFHDELOLW\ UHODWLRQV %D\HU HW DO &%) (
+X00 HW DO .LP HW DO 3ODQNO DQG %RFNOH

2XU ZRUN LV IRFXVHG RQ HVWDEOLVKLQJ WUDFHDELOLW\
JHQHUDWHG GXULQJ GRPDLQ DQDO\WLY DQG GHVLJQ RI Sl

., [(KH '"LIILFXOW\ RI ,GHQWLI\LQJ WKH 6HPDQW
S5 HODWLRQV LQ WKH '"RPDLQ RI 3URGXFW )DPLO\ ¢
'XH WR D ODUJH VL]H GLYHUVLW\ DQG FRPSOH[LW\ RI
VIVWHPV LW LV GLIILFXOW WR LGHQWLI\ WKH VHPDQWL
DUWHIDFWV %D\HU DQG :LGHQ ORKDQ DQG 5DPHVK

LQ WKH FDVH RI FRPPRQ DQG YDULDEOH UHODWLRQV EHYV
DUH UHTXLUHG WR EH FRQVLGHUHG GXULQJ WKH GHYHO



&+$37(5 , ,1752'8&7,21

%D\HU DQG :LGHQ &RULDW HW DL .DQJ HW DO
S5LHELVFK DQG 3KLOLSSRZ

2XU ZRUN LV DLPHG WR JHQHUDWH WUDFHDELOLW\ UHO
UHODWLRQVKLSY 6RPH RI WUDFHDELOLW\ UHODWLRQV
YDULDEOH DVSHFWYV EHWZHHQ DUWHIDFWY LQ SURGXFW
DUH FRQFHUQHG ZLWK VDWLVIDFWLRQ FRQWDLQPHQW
LPSOHPHQWDWLRQ DQG UHILQHPHQW DVSHFWYV

&ERQWULEXWLRQ RI WKH 7KHVLV

7KH PDLQ FRQWULEXWLRQV RI RXU ZRUN DUH

, TUDFHDELOLW\ 5HIHUHQFH ORGHO IRU 3URGXF
'H KDYH LQYHVWLJDWHG ZKLFK DUWHIDFWVY DUH SOD\LC
SURGXFW IDPLO\ VIVWHP GHYHORSPHQW DQG FODVVLILH
WKRVH DUWHIDFWY 7KH FRQFHSWV DQG PRWLYDWLRQ
UHODWLRQV LQ WKH GRPDLQ RI SURGXFW IDPLO\ V\VWH
-LUDSDQWKRQJ -LUDSDQWKRQJ DQG =LVPDQ
PRGHO KDV EHHQ LQLWLDOO\ GHVFULEHG LQ -LUDSDQ
DSSHDUHG LQ -LUDSDQWKRQJ DQG =LVPDQ

,, BXOH %DVHG $SSURDFK IRU *HQHUDWLQJ 7UD
'H DSSO\ D UXOH EDVHG DSSURDFK IRU DXWRPDWLFDOO
DFFRUGLQJ WR WKH WUDFHDELOLW\ UHIHUHQFH PRGH
DSSURDFK IRU WUDFHDELOLW\ JHQHUDWLRQ KDV EHHQ
-LUDSDQWKRQJ DQG =LVPDQ DQG DOVR DSSHI

=LVPDQ MLUDSDQWKRQJ DQG =LVPDQ 7KH UXO
FRQVLGHUDWLRQ

D WKH VHPDQWLFV RI GRFXPHQW W\SHYV

E WKH W\SHV RI WUDFHDELOLW\ UHODWLRQYV

F WKH SDUW Rl VSHHFK RI WKH ZRUGV LQ WH[WXDO



&ERQWULEXWLRQ RI WKH 7KH

G WKH VIQRQ\P DQG GLVWDQFH RI ZRUGV LQ WH[WXDC

- (YDOXDWLRQ RI WKH 5XOH EDVHG 7UDFHDE
SURGXFW )DPLO\ 6\VWHPYV

'H KDYH GHPRQVWUDWHG WKH UXOH EDVHG DSSURDFK
UHODWLRQV LQ WKH GRPDLQ RI SURGXFW IDPLO\ VI\VWHP
(DFK VFHQDULR SUHVHQWYV WKH H[SHULPHQW RI JHQHUD!
RFFXUV GXULQJ WKH SURFHVV RI SURGXFW IDPLO\ V\VWH
RI WKH DSSURDFK DUYHUDSBMRRG ZKMW K MMXDWY RI WKH JH
WUDFHDELOLW\ UHODWLRQV LQ HDFK VFHQDULR DUH HYD:
WKLV WKHVLV :H KDYH DOVR LOOXVWUDWHG WKH GHPRQ\
-LUDSDQWKRQJ DQG =LVPDQ

7TKHVLV 2XWOLQH

7KH UHPDLQGHU RI WKLV WKHVLV LV RUJDQL]J]HG LQ WKUH
DQG IRXU DSSHQGLFHY DV GHVFULEHG EHORZ

3buw , /LWHUDWXUH 5HYLHZ

&KDSWHWRYLGHYV D VXUYH\ RQ VRIWZDUH WUDFHDELOLW\
DQG FXUUHQW DSSURDFKHV WR VXSSRUW VRIWZDUH WUDF

&KDSWHBUHVHQWY D VXUYH\ RQ SURGXFW IDPLO\ LQFOXG
WHFKQLTXHV IRU SURGXFW IDPLO\ VA\VWHP GHYHORSPHQ
DSSURDFKHV IRU WUDFHDELOLW\ WR SURGXFW IDPLO\ V\V

3DUW ,, 7KH $SSURDEFK

&KDSWHIHVHQWY WKH WUDFHDELOLW\ UHIHUHQFH PRGHO
GRFXPHQWY XVHG LQ RXU ZRUN DQG LQWURGXFHV WK
UHODWLRQVKLS W\SHV IRU SURGXFW IDPLO\ V\VWHPV
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&KDSWBGBGUHVVHV RXU WUDFHDELOLW\ SODWIRUP IRU
FKDSWHU HODERUDWHV WKH SURSRVHG DSSURDFK LQF
UHODWLRQV DQG H[WUD IXQFWLRQV

&KDSWEUVFXYVBY¥)XDOHSURWRW\SH WRRO WR DOORZ DXWR
WUDFHDELOLW\ UHODWLRQV

&KDSWGHMHVFULEHY D FDVH VWXG\ RI PRELOH SKRQH V\V
HYDOXDWH RXU ZRUN :‘H SUHVHQW WKH IDPLO\ RI PR
PHPEHUY DFFRUGLQJ WR WKH GRFXPHQWY RI RXU FRQFH

3DUW ,,, (YDOXDWLRQ DQG &RQFOXVLRQ
&KDSWHRQWDLQVY D GHVFULSWLRQ RI WKH H[SHULPHQW
GHPRQVWUDWH WKH ZRUN DQG HYDOXDWHYV WKH H[SHUL

&EKDSWHWFXVVHY WKH FRQFOXVLRQV RI WKH WKHVLYV DQ

$SSHQGLFHYV

$SSHQGIH¥FULEHV ;0/ VFKHPDV IRU WUDFHDELOLW\ U
WUDFHDELOLW\ UXOHV DQG ;0/ VFKHPDV IRU VRPH GRFX
PRGHO XVH FDVH VXEV\VWHP PRGHO SURFHVV PRGHO

$SSHQBLIJUHVHQWY WKH WUDFHDELOLW\ UXOHV XVHG LC

$SSHQGSUBRVHQWY WKH H[WUD IXQFWLRQV WKDW ZH KL
ODQJXDJH

$SSHQGEUHVHQWY H[DPSOHV RI GRFXPHQWY FUHDWHG II



3buUw , /LWHUDWXUH 5HYLH:



&KDSWHU

6RIWZDUH 7UDFHDELOLW\

7KLV FKDSWHU GHVFULEHVY D OLWHUDWXUH RI VRIWZD
SUREOHPV H[LVWLQJ DSSURDFKHV WHFKQLTXHYV DQG W
WUDFHDELOLW\ JHQHUDWLRQ UHSUHVHQWDWLRQ UHFRU
VRIWZDUH WUDFHDELOLW\ GXULQJ VRIWZDUH GHYHORSF
EHQHILWY ZLWK DQG FXUUHQW SUREOHPV RI VRIWZDUH \

6HFWLRQ DQG 6HFWLRQ UHVSHFWLYHO\ ,Q 6HFW
WUDFHDELOLW\ UHODWLRQV LQ UHODWLRQ WR WKH W\S
WUDFHDELOLW\ UHODWLRQV G6HFWLRQ LOOXVWUDWH
JHQHUDWLRQ ,Q 6HFWLRQ ZH VXPPDULVH WHFKQLTX

DQG PDLQWHQDQFH RI WUDFHDELOLW\ UHODWLRQV 6HFW
DUH XVHG WR VXSSRUW WUDFHDELOLW\ DFWLYLWLHV

'"HILQLWLRQ RI 7UDFHDELOLW\

7KH WHUPF KDELDHWQ L Q LUMITIXQ O H X M EDE\G W U DFRHDFEHDQ MG
ZLWK WKH DELOLW\ WR UHODWH UHTXLUHPHQWYVY ZLWK DO
GXULQJ WKH GHYHORSPHQW RI VRIWZDUH V\VWHP *RWH
UHFHQWO\ ZH KDYH EHHQ H[SHVURHOQFLQH WHIR DHNIBE RO LWK
E\ $QWRQLRO HW DO *RWHO DQG )LQNHOVWHLQ
3RKO E 5DPHVK DQG -DUNH =LVPDQ HW DO E
VRIWZDUH DUWHIDFWV FUHDWHG GXULQJ WKH OLIH F\FOH
DV UHWULHYDO GRFXPHQWVYV UHTXLUHPHQW VSHFLILFDW
VRXUFH FRGHV DQG WHVW FDVHYV
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*RWHO DQG )LQNHOVWHLQ *RWHO DQG )LQNHOVWHLQ

EH ELGLUHFWLRQDO UHODWLRQV LQ ZKLFK UHTXLUHPE
VRIWZDUH DUWHIDFWV LQ ERWK IRUZDUG DQG EDFNZD
FDWHJRULHY DVVRFLDWHG U W KJ AT FHHPES@W VB 6/ S® B P H..
WUDFHDELOLW\ LQ ZKLFK WUDFHDELOLW\ UHODWLRQYV
UHTXLUHPHQWRYV DOGQLEJHP HRRWVS5 & S MALDIEFHDVELRQW\ L
WUDFHDELOLW\ UHODWLRQV DVVRFLDWH UHTXLUHPHQW:"
LQ GLIIHUHQW SKDVHV Rl GHYHORSPHQW OLIH F\FOH

6LPLODU WR *RWHO DQG )LQNHOVWHLQ -DUNH -Dl
WR SHUIRUP WUDFHDELOLW\ FDQ EH DFFRPSOLVKHG E\
IRUZDUG DQG EDFNZDUG GLUHHAWUROQV G7IKUHRWH WIKHHO DWT R
ZKLFK UHODWH D SDUWLFXODU UHTXLEBFNQWUR WRD WE |
UHTXLUMHAHBEWVYHODWH D SDUWLFXODU GHVLIJQ DUWHIDEF
IRUZDUG WR WZAKH RKH DXIOHPH XV WRPHU-V QHHGYV RU V
IRUZDUG WR UHTXLWEDPANEWYG DORBP GXKHFK HTMWDWDAMAH Q
UHTXLUHPHQWY EDFNZDUG WR FXVWRPHU:-V QHHGV RI VI

IDZUHQFH DQG %RKQHU /DZUHQFH 3IOHHJHU DQG %RK
FROQFHSXWRVIRRQMDWUPFEGDELOLW)\ %\ YHUWLFDO WUDFI
DVVRFLDWLRQ EHWZHHQ GLIITHUHQW W\SHV RI DUWHIDF
GHYHORSPHQW OLIH F\FOH %\ KRUL]JRQWDO WUDFHDE
EHWZHHQ VDPH W\SHV RI DUWHIDFWV LQ GLIIHUHQW
GHYHORSPHQW OLIH F\FOH 7KH FRQFHSWYV DUH DSSOLH
PRGHO WR UHSUHVHQW GLIITHUHQW DUWHIDFWYV IURP
GHYHORSPHQW DQG WUDFHDELOLW\ EHWZHHQ WKRVH W
WUDFHDELOLW\ EHWZHHQ V\VWHP UHTXLUHPHQWYV DQC
UHTXLUHPHQWY DQG VXEV\VWHP WHVW DQG FRPSRQHQ\
E KRULIRQWDO WUDFHDELOLW\ EHWZHHQ V\VWHP

UHTXLUHPHQWY DQG VXEV\VWHP UHTXLUHPHQWY DQG F
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Y%HQHILWY ZLWK 6RIWZDUH 7UDFHDELOLW\

‘H GHVFULEH EHORZ VRPH RI WKH EHQHILWY DVVRFLDWF
GLYLGH WKHVH EHQHILWY LQWR WZR JURXSV 7KH ILUVW
DVSHFWV RI VRIWZDUH WUDFHDELOLW\ ZKLOH WKH VHF
GLIITHUHQW ZzZD\V RI XVLQJ VRIWZDUH WUDFHDELOLW\ LQ \
GHYHORSPHQW OLIH F\FOH

(FRQRPLF $VSHFWYV

6RIWZDUH WUDFHDELOLW\ KDV EHHQ ZHOO NQRZQ DV D
GHYHORSPHQW OLIH F\FOH 7KH GHVLUDELOLW\ RI VRIWZ]
LQ WHUPV RI LWV H[SHFWHG EHQHILWY UHODWLYH WR LV
IRU HVWDEOLVKLQJ WUDFHDELOLW\ UHODWLRQV LV FR
GHYHORSPHQW RI VRIWZDUH V\VWHPV +RZHYHU WKH Ul
WUDFHDELOLW\ GXULQJ VRIWZDUH V\VWHP GHYHORSPH!
HVWDEOLVKLQJ VRIWZDUH WUDFHDELOLW\ DUH PDLQO\ FF
LL PDQSRZHU $FFRUGLQJ WR /HLVKPDQ DQG &RRN
SHUIRUPLQJ VRIWZDUH WUDFHDELOLW\ DUH D D VRIWZI
E D VRIWZDUH V\VWHP QHHGV WR EH IXOO\ UHZRUNHG I
HILVWLQJ VRIWZDUH DUWHIDFWYV LV LQYDOLG

&XUUHQWO\ VRIWZDUH WUDFHDELOLW\ LV PDQGDWHG

8.BOLQLVWU\BRIB'HIHQFH IRU VRIWZDUH V\VWHP GH
WKH FXUUHQW OLWHUDWXUH PDQ\ DSSURDFKHV IRFXV R
SUDFWLFH $ IHZ ZRUNV KDYH EHHQ IRXQG LQYHVWLJDWL
RI SURYLGLQJ VRIWZDUH WUDFHDELOLW\ WR WKH VRIWZI
RI WKRVH ZRUNV DUH O0XUUD\ HW DO 5DPHVK HW DO
HW DO KDV VKRZQ WKDW VRIWZDUH WUDFHDELOLW\
EHQHILW 7KH DXWKRUV FUHDWHG D FDVH VWXG\ RI WKUF
WKH LGHQWLILFDWLRQ RI UHOHYDQW DUWHIDFWV DQG

EHWZHHQ WKRVH DUWHIDFWYVY $FFRUGLQJ WR WKHLU HI[S
HQJLQHHUV IRU HVWDEOLVKLQJ WUDFHDELOLW\ UHODW
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WUDFHDELOLW\ UHODWLRQV H[SUHVVHG LQIRUPDWLRQ LC
UHODWLRQV LQGLFDWHG ZKHWKHU RU QRW DOO UHTXL
GHVLJQ DUWHIDFWY KDYH EHHQ GRFXPHQWHG DQG VRX
DFFXUDWHO\ 7KH DXWKRUV FRQFOXGHG WKH FRVW RI F
DQRG WKH XVH RI WUDFHDELOLW\ UHODWLRQV LV EHQH
TXDQWLWDWLYH HYLGHQFHV RI WUDFHDELOLW\ EHQLILW

E FUHDWHG D FDVH VWXG\ RI WUDFHDELOLW\ LPSOH
WKH FRVW DQG EHQHILWY RI SURYLGLQJ WUDFHDELOLYV
UHODWLRQV ZHUH XVHG WR GHFUHDVH WLPH DQG HIIF
$FFRUGLQJ WR WKHLU FDVH VWXG\ VRIWZDUH WUDFHDI
PRQWKY EXW GUDPDWLFDOO\ GHFUHDVHG WKH EXGJHW F
DXWKRUVY GLVFXVVHG WKDW HVWDEOLVKPHQW Rl VRIWZI
GRFXPHQWDWLRQ 7KLV OHDGHG DQ LQLWLDO EXGJHW I
KRZHYHU WRWDO OLIHF\FOH FRVWV GXH WR WKH GHYF
I1RQHWKHOHVVY WKH DXWKRUV GLG QRW SURYLGH DQ\ T2
ZDV UHGXFHG

$GGLWLRQDOO\ WKH XVH RI VRIWZDUH WUDFHDELOLW
GHYHORSPHQW SURFHVV 0DQ\ UHVHDUFKHV LQ WKH
LQYHVWLIJDWLQJ KRZ WR DSSO\ WUDFHDELOLW\ UHODWL]
WR /LQGYDLO DQG 6DQGDKO WUDFHDELOLW\ UHOD
DQG FRQGXFWLQJ GHWDLOV WR VXSSRUW LPSDFW DQDO
WKH DFFXUDF\ Rl FRVW HVWLPDWLRQ DQG GHFUHDVH
DGGLWLRQ WR %RHKP %RHKP HW DO WKH UH
GHYHORS D QHZ VRIWZDUH V\VWHP FDQ FRVW DURXQG
7UDFHDELOLW\ UHODWLRQV DVVLVW WKH UHXVH RI VRIV
H[LVWLQJ DUWHIDFWV WKDW DUH DVVRFLDWHG WR QHZ
UDLVHG LQ $OH[DQGHU &%) ( 'LFN (6$36 .C
/ILQGYDOO DQG . 7KH DXWKRUV DJUHHG DSSO\LQJ F
WKH SURSRUWLRQ RI UHXVH DQG GHFUHDVHV WKH FRV!
GHVFULEH WKH IROORZLQJ VHFWLRQ WKH GLIITHUHQW X\
WKH DFWLYLWLHV LQ WKH VRIWZDUH GHYHORSPHQW SUR
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'LITHUHQW 8VH RI 6RIWZDUH 7UDFHDELOLW\

6RIWZDUH WUDFHDELOLW\ FDQ EH XVHG WR DVVLVW ZLWK
RI VRIWZDUH V\VWHPV ([DPSOHV RI WKHVH DFWLYLWLHYV
YDOLGDWLRQ YHULILFDWLRQ DQG WHVWLQJ F UHXV
XQGHUVWDQGLQJ VRIWZDUH DUWHIDFWYV ,Q WKLV VHF
DSSURDFKHV WKDW KDYH EHHQ SURSRVHG WR VXSSRUW V

, 'RPDLQ ,PSDFW $QDO\VLV

7KH DLP RI GRPDLQ LPSDFW DQDO\VLV LV WR SUHGLFW S
LQ WKH VRIWZDUH DUWHIDFWYV /LQGYDOO DQG 6DQGDKC
WUDFHDELOLW\ LV D WHFKQLTXH DSSOLHG WR VXSSRUW
SDUWLFXODU WUDFHDELOLW\ UHODWLRQV FDQ EH XVHG
FKDQJHG VLQFH WUDFHDELOLW\ UHODWLRQV FDQ DVVRF
DUWHIDFW EHLQJ FKDQJHG 7UDFHDEGIOU &E QURODWD RQ V
UHSUHVHQW DVVRFLDWLRQV EHWZHHQ WZR DUWHIDFWYV
6DQGDKO GRPDLQ LPSDFW DQDO\VLV LV GHILQHG D\
V\VWHP DUH DIIHFWHG DQG KRZ WKH DUWHIDFWYVY DUH DIl
D UHTXLUHPHQW LV SURSRVHG WR EH FKDQJHG DOO R
UHTXLUHPHQW KDYH WR EH FKDQJHG WR IXOILOO WKH
VXJJHVWHG WKDW WUDFHDELOLW\ UHODWLRQV DVVLVW W
FKDQJH E\ FRQVLGHULQJ ZKLFK DQG KRZ DUWHIDFWV D
VXJIJHVWHG WKDW WKH XVH RI WUDFHDELOLW\ UHODWLR(
VXSSRUW LPSDFW DQDO\VLV RI D SURSRVHG FKDQJH ([D
VWUDLIJKWIRUZDUG WUDFLQJ EHWZHHQ D FKDQJHG UHT
UHTXLUHPHQWY GHVLJQ PRGHOV VRXUFH FRGH LL WU
D FKDQJHG UHTXLUHPHQW WR H[WHUQDO GRFXPHQWYV L
EHWZHHQ DUWHIDFWY UHJDUGLQJ D FKDQJHG UHTXLUHF
DXWKRUV SURSRVHG WR DSSO\ WUDFHDELOLW\ WHFKQL
DQEDO\WLYV 7KHLU DSSURDFK L Q Y\WRWD/FHD B/1ZGA KIFFA/HIL WLIVD IFRM
JHQHUDWHY WUDFHDELOLW\ UHODWLRQV EHWZHHQ DUWF
VI\VWHP WODFHDELDKMRARKDRO@DOWYYHMY DQG UHSUHVHQWYV SR
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FKDQJH XVLQJ WKH GDWDEDVH +RZHYHU LQ WKLV ZRUN
WR JHQHUDWH WKH WUDFHDELOLW\ UHODWLRQV

,Q B5LFKDUGVRQ DQG *UHHQ 5LFKDUGVRQ DQG *L
SURSRVHG WR XVH WUDFHDELOLW\ UHODWLRQV WR JHQ
FRGHV 7KH WUDFHDE LDX.W D FH AMWHRHENEH CBVDW® HESH W Z H |
SURJUDP VSHFLILFDWLRQ DQG WKH FRUUHVSRQGLQJ V\(
VIQWKHVL]HG FRGHV DUH JHQHY®DMN,G7ESDESBOLFDWLRQ"
& &RPS188HU+RZHYHU WKH DXWKRUV RQO\ GHVFULEHG \
WKH WUDFHDELOLW\ JHQHUDWLRQ LV D OLJKWZHLJKW
SHUWX UEDHW ERBDYWHG RQ WKH VSHFLILFDWLRQV DQG W
SURJUDP DUH REVHUYHG E\ XVLQJ WKH WUDFHDELOLW\ L

,Q &OHODQG +XDQJ HW DO D *RWRH&ERWKRB V7 SDRISE
*&7 WR VXSSRUW GHYHORSHUV LPSDFW DQDO\VLV RQ Q
LV LPSOHPHQWHG WKURXJKRW OHP RRRHPKE @NVBHY BRFW DY LW
PRGHOLQJ QRQ IXQFWLRYROWURDXLUGWH®EMSHQWGKHQF\ .
LPSDFW GKWHKFWUPGEHDELOLW\ UHODWLRQV EHWZHHQ IX
SRVVLEOH HIIHFWV RI D BRD@®J BIBOUGRI MG HUBDMHHON FFQ ZK
VIVWHP LV GHYHORSHG DFFRUGLQJ WR WKH WUDFHDELO
DQG GBFLVLRRKRBKLWUDNHKROGHUYV GHWHUPLQH WKH LF
GHFLVLRQ UHJDUGLQJ WKH FKDQJH ,Q *&7 WKH JHQHU
LPSOHPHQWHG E\ XVLQJ D SUREDELOLVWLF QHWZRUN P|
'RQJ DQG <DR

6RPH DSSURDFKHVY &OHODQG +XDQJ HW DO E 'KDU

E S3LOQKHLUR DQG *RJIJXHQ 5DPHVK DQG 'KDU k
WUDFHDELOLW\ WHFKQLTXHV VXSSRUW GRPDLQ LPSDFW
WKH DXWKRUV GHVFULEHG D NQRZOHGJH EDVHG GHSH
PHFKDQLVP UHJDUGLQJ VRIWZDUH DUWHIDFWY LQ D V\V
UHODWLRQYV UHSUHVHQWLQJ WKH GHSHQGHQFLHV LOO.
DUWHIDFWYV 7KH ZRUN LV H[WHQGHG LQ 5DPHVK DQG
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GHILQHG DQ HEWDWUHOWRBBVDOYHDU LQ WZR VXE PRGE
WUDFHDELOLW\ UHIHUHQFH PRGHOHMRL WKHR K QVQ\G PRI Ht
DQGHVLJQ DOORFKWHKRQ MXIURBRWO\D W \WMOTPBIRE MHE W LY
DQGBHTXLUHPHIOWNHY ZLWK WUD B H DEHEE®WE LH WMKMLRQV F
UHTXLUHP HQWYE PIDROEHI® ZHKQ WH WKH ISOIWH.QW LW\ IZA WRK U H (
WUDFHDELOLW)\PREQQWE R ®LVJI @ DSDEDEHBAROOMIR Q7 KHVH W\SHYV
WUDFHDELOLW\ UHODWLRQV DUH XVHG WR PDLQWDLQ W
VIVWHP $GGLWLRQDOO\ WKW\VGWHPBWGEN QV A/BNYK B/FRD SR |
WUDFHDELOGWS UPREMIKYRIG WR VXSSRUW LPSDFW DQEL
DXWKRUV VXJJBWS H QGUERIBW BLIOH W\ UHODWLRQV FDQ DVYV
RI GHSHQGHQF\ LQSR WMIBWRIRKD ELIOH W\ UHODWLRQV DUH

GHSHQGHQFLHV ZLWKLQ D SDUWLFXODU DUWHIDFW ,Q R
DUH XVHG WR MXVWLI\ ZKLFK DUWHIDFWV PD\ DIIHFW D S
DUWHIDFW LV FUHDWHG RU PRGLILHG WKH WUDFHDELOLW
WKH LPSDFW RQ WKH ZKROH V\VWHP

,Q 3LQKHLUR DQG *RJXHQ GRPDLQ LPSDFW DQDO\VL
W\SHV R| WUDFHD H 5O LNEE-DHIRIQVELER QRMYS/0 BF&KBMW LR QV DU H
XVHG WR LGHQWLI\ ZKLFK DUWHIDFWV DUH VXEVWLWXWH
ZKLO M MKIGWRIQB® LRQV DUH XVHG WR GHWHUPLQH ZKLFK
LQ D VIVWHP GXH WR D FKDQJHG UHTXLUHPHQW &OHODQ
E SURSRVHG D WUDFHDELOLW\ DSSURDFK WR VXSSRI
LPSDFW RI D FKDQJH ZLWK D FRQFHUQ RQ SHUIRUPDQF!
H[LVWLQJ WUDFHDELOLW\ UHODWLRQV WR GHWHUPLQH
LOOXVWUDWHY D FRPSDULVRQ Rl WKH SRVVLEOH UHVXOV
D .QHWKHQ E WKH\ GHVFULEHG VXFK DQ DQDO\VL
*UXQEDFKHU GHVFULEHG WKDW WKHLU WUDFHDELO
DQDO\]LQJ WKH LPSDFW RI D SURSRVHG FKDQJH :KHQ D
QHZ VFHQDULR LV FUHDWHG DQG H[HFXWHG ZLWK D UXQQ
IRRWSULQW UHIOHFWLQJ WKH SURSRVHG FKDQJH
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., 9DOLGDWLRQ O9HULILFDWLRQ DQG 7HVWLQJ
7KH TXDOLW\ RI VRIWZDUH V\WVWHPV UHOLHV RQ KRZ W
7UDFHDELOLW\ UHODWLRQV DUH XVHG WR LGHQWLI\ D\
GXULQJ WKH GHYHORSPHQW OLIH F\FOH )LQNHOVWHLQ
VIVWHP ZKRVH UHTXLUHPHQWY KDYH QRW EHHQ UHSUHV
LV UHTXLUHG WR DFKLHYH YDOLGDWLRQ YHULI\LQJ
$FFRUGLQJ WR , ((( VIVWHP GHYHORSPHQW UHT:
WR DVVLVW YDOLGDWLRQ YHULILFDWLRQ DQG WHVWLQJ
DXWKRUV SURSRVHG DQ DSSURDFK RI DSSO\LQJ WUDFI
VIVWHP GHYHORSPHQW 7KH XVDJH R3HDV\RWBB BYHHAF
5:6 5:6 DQG RWKHU REVHUYDWLRQDO PDWHULDOV U
VWUXFWEHBG DRUOG 5{DP$OH UHIOHFW VRIWZDUH DUWI
UHTXLUHPHQWY GHVLJQ SURJUDP VSHFLILFDWLRQV LQ
WUDFHDELOLW\ UHODWLRQV E H\WDWH® VO] P[H@ WU HR ) UD (
DQG WKH VRIWZDUH DUWHIDFWV W XVHV WKHVH WUD
VRIWZDUH DUWHIDFWYV LQ WKH FXUUHQW V\VWHP DJDLQ\

SUHVHQWHG DQ LGHD RI IRUPDO VSHFLILFDWLRQ C
YDOLGDWLRQ 7KH\ GHVFULEHG XVLQJ WUDFHDELOLW\
FKHFNLQJ EHWZHHQ UHTXLUHPHQWYVY GHVLJQV DQG VRXL
QRW GHVFULEH GLIIHUHQW W\SHV RI WUDFHDELOLW\ UHC

([SHULPHQWY LQ 5DPHVK DQG (GzZDUGYV GHVFULEL}
EHQHILWY IURP WUDFHDELOLW\ UHODWLRQV LQ YDOLGDYV
SURMHFW PDQDJHUV VSHFLI\ DUWHIDFWV HJ SURMHFW
DQG WKHQ DVVXUH WKDW WKH VSHFLILFDWLRQV KDYH E}
*RWHO DQG )LQNHOVWHLQ LQLWLDOO\ SURSRVHG W
V\VWHP GHYHORSPHQW WR DVVLVW DFWLYLWLHV RI1 YD!
IRUPDO DQG LQIRUPDO UHTXLUHPHQWY UHFRUGHG LQ Gl
PHHWLQJ PHHWLQJ WUDQVFULSW LQLWLDO UHTXLUHPHC
UHTXLUHPHQWY VSHFLILFDWLRQ DQG TXHU\ 7KH\ VXJJH
UHODWLRQV WKDW DVVRFLDWH VWDNHKROGHUYV DQG UHT

VT
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UHODWLRQV IURP UHTXLUHPHQWY EDFNZDUG VWDNHKROG|
DVVXUH YDOLGDWLRQ YHULI\LQJ DQG WHVWLQJ WKH UH
WKH\ DUH F RRYHHW@MNESHSHD MO LW\ UHODWLRQV 7KH ZR
WKH RYHUODS WUDFHDELOLW\ UHODWLRQV DUH XVHG
UHTXLUHPHQWY UHSUHVHQWHG LQ D IRUPDO VSHFLILFD!'
$QWRQLRO VXJIJHVWHG WKDW WUDFHDELOLW\ UHODWI
VRIWZDUH DUWHIDFW FUHDWHG GXULQJ VRIWZDUH GHYHO
DQ DSSURDFK IRU FKHFNLQJ WKH IXOILOOPHQW RI REMHF!
LPSOHPHQWHG LQ & &KHFNLQJ LV SHUIRUPHG E\ DSS
7KH WUDFHDELOLW\YVUMRDWHREVYDMD-OO EHGIWZHHQ GHVLJQ
VRXUFH FRGH 7KHVH UHODWLRQVY DVVLVW WUDFHDELOL
EHWZHHQ GHVLJQ DQG FRGH 7KH ZRUN LQ 1%$6% SURSRVI
OLIH F\FOH DQG DSSOL NG DOFG! DIER\GLMWNWRIQABBDYWHHEER S P H Q W
DFWLYLWLHV LH UHTXLUHPHQWY DQDO\VLV GHVLJQ DQD
ZRUN XVHV WUDFHDELOLW\ UHODWLRQV WR YDOLGDWH
UHTXLUHPHQWY GHVLJIQ DQG LPSOHPHQWDWLRQ

,Q DGGLWLRQ WR PDQ\ WUDFHDELOLW\ DSSURDFKHV [/HW
-DUNH DUH DLPHG WR VXSSRUW WKH DFWLYLW\ RI YD
VIVWHP 3RKO 3RKO SBJ RS H R RRVHHON WIKHGWKHDWKLUHP HQ
HQDEOH WUDFHDELOLW\ DFWLYLW\ LQ WKH VA\VWHP GHY
YHULI\LQJ DQG WHVWLQJ WKH V\VWHP ,Q 5DPHVK DQG -D
WKH WUDFHDELOLW\ PHWD PRGHO FRQWDLQLQJ WUDFHDE
ZRUN LQ 5DPHVK DQG (GzZzDUGYV ,Q S8LQKHLUR

WKH DXWKRUV FODLPHG WKDW WKHLU DSSURDFK DV
YHULILFDWLRQ DQG WHVAHLWLY B W MDY WHURNFUERAEN. O L W\
UHODWLRQY DUH XVHG WR GHVFULEH WKH DVVRFLDWLRQ
DUWHIDFWYV L H GHVLJQ PR@HGODQEHG QWRQHFHD FIRGLIHV\ LI
UHODWLRQV DUH XVHG WR LGHQWLI\ XQQHFHVVDU\ VRIW
GHYHORSPHQWHWVMPDEHDELOLW\ UHODWLRQV DUH XVHG WR
DQG WHVW FDVHV (J\HG (J\HG GHVFULEHG WZR ED\
UHODWER QL UHWWDRQOQPIODYNY D WUDFHDELOLW\ UHODWLRQ
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DUWHIDFWV LQ ERWK WWRD®WIRBLW LWRQR WWISFHDIELOLW
UHODWLQJ WKUHH VRIWZDUH DUWHIDFWYV FDQ FRQFOXG
WZR RI WKRVH VRIWZDUH DUWHIDFWYVY 7KH\ GHVFULEHG
D VI\VWHP E\ XVLQJ WKRVH WZR SURSHUWLHV LQ RUC
YHULILFDWLRQ WKH V\VWHP

v, HDHXVH RI 6RIWZDUH $UWHIDFWYV

7KHUH KDYH EHHQ PDQ\ DSSURDFKHV $OH[DQGHU

'LEN (6336 .QHWKHQ HW DO /ILQGYDOO D
WUDFHDELOLW\ UHODWLRQV WR DVVLVW ZLWK VRIWZDU
WKH DSSURDFK LV SURSRVHG IRU UHF\FOLQJ UHTXLUH
FODLPHG WKDW GLUHFW VXSSRUW IRU UHF\FOLQJ U
WUDFHDELOLW\ UHODWLRQV ,Q WKLV ZRUN XVH FDVH
XVHG WR UHSUHVHQW UHTXLUHPHQWYV 7KHOBRBIKROHPHC
HQWIKWFK LV D WH[WXDO SDUWREIX P H D MWAKAPRK@OLM QRDLONG
VRIWZDUH DUWHIDFW L H IXQFWLRQDO UHTXLUHPHQW D
PRGHORRQEHSWXDO&6OVWHPLPRGHO/FULEHVY W\SHV RI OR
WKHLU WUDFHDELOLW\ UHODW LRRYFHISWZXB®QG BH X R HQKP
&'0 ZKLFK GHVFULEHV W\SHV RI GRFXPHQWDWLRQ H
UHODWLRQV EHWZHHQ UHTXLUHPHQWYV 7KH &60 RI QH?Z
H[LVWLQJ V\VWHP DUH GHYHORSHG 7UDFHDELOLW\
GRFXPHQWDWLRQ HQWLWLHV DUH XVHG WR LGHQWLI\
DUWHIDFWYV

7KH ZRUNV LQ $OH[DQGHU LOOXVWUDWH WKH GHSC
LQGXVWULDOV 1HZ UHTXLUHPHQWY DUH FRPSDUHG ZlL
WUDFHDELOLW\ UHODWLRQV EHWZHHQ QHZ DQG H[LVV
UHODWLRQV KHOS ZLWK GLDJQRVLV RI UHXVH H[LVWLQJ
DO SURSRVHG WKH JHQHUDWLRQ RI WUDFHDELOLW\
WR QHZ UHTXLUHPHQWY UHSUHVHQWHG LQ WH[WXDO OD
DFWLYLW\ KHOSV ORFDWLQJ SRVVLEOH UHXVHG VRXL

VvV
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UHTXLUHPHQWY ,Q /LQGYDOO DQG . WKH DXWKRL
DFWLYLW\ KHOSV GLVFRYHULQJ H[LVWLQJ VRIWZDUH DUW
PLJKW EH SRVVLEOH WR UHXVH 7UDFHDELOLW\ UHODWLR!
GHVLIJQ RU FRPSRQHQW UHODWLQJ WR D QHZ UHTXLUHPHC

5HFHQWO\ LQ WKH GRPDLQ RI SURGXFW IDPLO\ V\VWH
DSSURDFKHV WKDW HPSOR\HG WUDFHDELOLW\ DFWLYLWLI

V X JJ H V WAHKG WDWDFE HIDLEOA MV W XSSOHPHQWDO DUWHIDFW
UHTXLUHPHQWY WR H[LVWLQJ UHTXLUHPHQWY 7KH LGHD
H[LVWLQJ UHTXLUHPHQWY IRU D QHZ SURGXFW PHPEHU -\
UHTXLUHPHQWY DQG UHPRYLQJ XQXVHG UHTXLUHPHQWYV
HIWHQGHG LQ +XOO HW DO 7KH DXADKWRWYVDSWR KRRV H
DUJXPW@&DW DUH UHSUHVHQWHG E\ XVLQJ JRDO VWUXF
GHFRPSRVLWLRQV 7KH VDWLVIDFWLRQ DUJXPHQW FRQW
DQG LVVXHV DUWHIDFWV LQ WKH GRPDLQ RI SURGXFW
DSSURDFK LV WR DSSO\ WKH ULFK WUDFHDELOLW\ WR V)
IRU WKH SURGXFW IDPLO\ VIVWHP GHYHORSPHQW

6RPH SURMHFWY &83$)( (6$36 VXJIJHVWHG WUDFHDELO
IDPLO\ VA\VWHP GHYHORSPHQW WR VXSSRUW GHYHORSH
DUWHIDFWYV L H UHTXLUHPHQWY GHVLIJQ VRIWZDUH FI
GHYHORS QHZ SURGXFW PHPEHU 7UDFHDELOLW\ UHODWL
QHZ SURGXFW PHPEHUV DQG H[LVWLQJ DUWHIDFWYV LQ SL
LGHQWLI\ UHOHYDQW H[LVWLQJ VRIWZDUH DUWHIDFWV
VRIWZDUH DUWHIDFWY L H GHVLJQ PRGHOV DQG UHXVDI
UHXVHG DQG LOQWHJUDWHG DV D QHZ SURGXFW PHPEHU LC

,9 8QGHUVWDQGLQJ 6RIWZDUH $UWHIDFWYV

7KH ZRUNV LQ 5DPHVK DQG (GZDUGYV SDPHVK HW L
REVHUYDWLRQ RI LVVXHVY LQ WKH VRIWZDUH GHYHORSPHC
WKDW VWDNHKROGHUV DUH UHTXLUHG WR XQGHUVWDQG
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VRIWZDUH GHYHORSPHQW SURFHVV DQG VXJJHVWHG WK
E\ GLITIHUHQW VWDNHKROGHUV WR XQGHUVWDQG DQ DU
HIDPSOH VRIWZDUH HQJLQHHUV QHHG WR XQGHUVWDOQ
E\ GLITHUHQW VWDNHKROGHUVY HJ SURMHFW PDQDJHUV
WR LPSOHPHQW WKH V\VWHP

,Q $QWRQLRO HW DO WKH\ SURSRVHG WR XVH WU
H[LVWLQJ VRXUFH FRGH 7KH WUDFHDELOLW\ UHODWLRQ
LH KDQGERRN GHVLJQ GRFXPHQWV DQAGRSIBRZIO GR
DQBRWWRPPSSHKHQVLRQ ,Q WRS GRZQ FRPSUHKHQVLRC
RQ ZKHUH WR ORRN IRU GHWDLOV RI D SDUWLFXOD!
FRPSUHKHQVLRQ LW SURYLGHV WKH DEVWUDFWLRQ RI
DQG OHOHWLF WKH DXWKRUV SURSRVHG DQ DSSU
UHODWLRQV EHWZHHQ VRXUFH FRGHV DUWHIDFWV ZL
VLPLODULWLHY EHWZHHQ WKHP

7KH ZRUNV LQ )DLUOH\ DQG 7KD\HU +DXPHU HW D
LOOXVWUDWHG WKDW WUDFHDELOLW\ UHODWLRQV
FRQWUROOLQJ RI SURMHFWY 7UDFHDELOLW\ LQIRUPDW

SODQV ,Q )ODXPHU HW DO WUDFHDELOLW\ UHOD
XVHG WR XQGHUVWDQG WKH VDWLVIDFWLRQ RI UHTXLU
3RKO +DXPHU HW DO UW WHVROMEKRHR & Y/ OM XA\ W VA\G B

DVVRFLDWHG EHWZHHQ VRIWZDUH DUWHIDFWY H J G
DVVXPSWLRQV LQ D VIVWHP WR VXSSRUW V\VWHP FRPS
*RWHO DQG )LQNHOVWHRQWUWEXWKERBYW/IHVME\ UHODWLRC
VWDNHKROGHUY DQG UHTXLUHPHQWY 7KH VXSSOHPHQ\
VI\VWHP-V SROLFLHV DQG FRQVWUDLQWY FDQ EH FDSW
UHODWLRQV DUH XVHG E\ VWDNHKROGHUV WR FRPSUHKF

6RIWZDUH WUDFHDELOLW\ FDQ EH XVHG GXULQJ WKH
GLITHUHQW DFWLYLWLHYV O0DQ\ H[LVWLQJ DSSURDFKHYV |
SURSRVHG WR DFKLHYH WKHVH DFWLYLWLHV +RZHYH



()
%HQHILWY ZLWK 6RIWZDUH 7UDFH

UHODWLRQV FDQ EH DFKLHYHG DQG EH PRUH DGYDQWDJH
JHQHUDWHG DFFXUDWHO\ HIIHFWLYHO\ DQG HIILFLHQWO\

SUREOHPV ZLWK 6RIWZDUH 7UDFHDELOLW\

'"HVSLWH WKH LPSRUWDQFH RI VRIWZDUH WUDFHDELOLW\
QRW DQ HDVN WDVN DQG WKHUH DUH PDQ\ DVVRFLDWHG S
SUREOHPYV

, (KH '"LIILFXOW\ WR ODQDJH 7UDFHDELOLW\ LQ

6\VWHPV GXH WR 1XPHURXV 6RIWZDUH $UWHIDFW
6RIWZDUH DUWHIDFWYV JHQHUDWHG GXULQJ WKH VRIWZ
QXPHURXV DQG GLYHUVH 7UDFHDELOLW\ DFWLYLWLHV L
YLVXDOLIDWLRQ DQG WUDFHDELOLW\ XVDJH UHTXLUH G
7KH WUDFHDELOLW\ DFWLYLWLHVY EHFRPH PRUH GLIILFXO
RI KHWHURJHQHRXYVY VRIWZDUH DUWHIDFWYV

., TKH /DFN RI $XWRPDGF 6XSSRUW IRU 7UDFHDE

oObQXDO WUDFHDELOLW\ HVWDEOLVKPHQW LV HUURU S
H[SHQVLYH FRPSOH[ DQG OLPLWHG RQ H[SUHVVLYHQH
VXSSRUW IRU WUDFHDELOLW\ LQ VRIWZDUH HQJLQHHULC
DOzZzD\V DGHTXDWH 5DPHVK DQG -DUNH 6KHUED HW D

v,, (KH /DFN RI 3UHVHQWLQJ RI WKH 6HPDQWL

SHODWLRQV IRU 6SHFLILF '"RPDLQ 6\VWHPYV
,Q JHQHUDO WUDFHDELOLW\ UHODWLRQV KDYH GLIITHUHQ\

RI DUWHIDFWVY 0DQ\ DSSURDFKHV $OH[DQGHU 'LFN
.QHWKHQ D /HWHOLHU /ILQGYDOO DQG 6DQG
OHOHWLF 3RKO E 5DPHVK DQG -DUNH =LVPDQ

WR FODVVLI\ GLIITHUHQW W\SHV RI WUDFHDELOLW\ UHOD
DVSHFW +RZHYHU WKH PDMRULW\ RI WKHVH DSSURDFKH\)\
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RI WUDFHDELOLW\ UHODWLRQV UHJDUGLQJ VRPH VSHFL
V\VWHPVY ‘H GHVFULEH WKH OLWHUDWXUH RI SURGXFW
WKHVH V\VWHPV LQ &KDSWHU

,9 7KH "'LVMRLQWHG 3URFHVV EHWZHHQ ODLQ '

DQG 7UDFHDELOLW\ $FWLYLWLHV

6RPH H[LVWLQJ DSSURDFKHV $QWRQLRO HW DO
SLOKHLUR DQG *RJXHQ 3RKO E S5DPHVK DQG -D
HVWDEOLVK WUDFHDELOLW\ GXULQJ WKH FUHDWLRQ F
SURFHVVHV RI VRIWZDUH GHYHORSPHQW DQG WUDFHDEL
FRQIXVHG DERXW WKH EHVW WLPH WR GR WUDFHDELOLYV
VXSSRUW WUDFHDELOLW\ DFWLYLWLHYV DIWHU WKH DUWE

9 7KH '"LITHUHQW 6WDNHKROGHUV:- 1HHGYV
"LITHUHQW VWDNHKROGHUV UHTXLUH GLIITHUHQW WUDF
SHUVSHFWLYHV DQG SXUSRVHV RI XVH 6RIWZDUH HQ
UHTXLUHPHQWY DIIHFW DQ H[LVWLQJ V\VWHP DQG UHTX
LPSDFW DQDO\VLV ORUHRYHU UHTXLUHPHQWY HQJLC
UHTXLUHPHQWY KDYH EHHQ DFKLHYHG DQG WR VXSSRU
V\VWHP 7KHUHIRUH GLIIHUHQW WUDFHDELOLW\ UHODW
DFWLYLWLHYV IRU GLITHUHQW VWDNHKROGHUYV

9, 7KH 'LIILFXOW\ WR 7UDFH RQ 'LVWULEXWHG

7TRROV

7KHUH LV D ODUJH QXPEHU DQG KHWHURJHQHLW\ RI1 VF
VRIWZDUH DUWHIDFWYVY FDQ EH FUHDWHG IURP GLIIHUH
LQWHURSHUDWH GRFXPHQWY JHQHUDWHG E\ GLIITHUHQW

9,, 7KH )UDJLOLW\ RI TUDFHDELOLW\ 5HODWLRC

7TUDFHDELOLW\ UHODWLRQV DUH RQO\ EHQHILFLDO WR \
WKH\ KDYH EHHQ HVWDEOLVKHG SURSHUO\ DQG FRUUH



SUREOHPV ZLWK 6RIWZDUH 7UDFHI

WUDFHDELOLW\ LQ D V\VWHP ORUH VSHFLILFDOO\ LI Wl
UHTXLUHV D FKDQJH RQ VRPH H[LVWLQJ VRIWZDUH DUW
UHODWLRQV ZLOO QHHG WR EH XSGDWHG 8QIRUWXQDWHC
WUDFHDELOLW\ UHODWLRQV GXH WR V\VWHP -V FKDQJH

5HIHUHQFH ORGHOV DQG &ODVVLILFDWLRC
5SHODWLRQV

9DULRXV UHIHUHQFH PRGHOV %D\HU DQG :LGHQ &$)(
/IDJR HW DO /JHWHOLHU 3RKO E 5DPHVK D¢
DQG &DVWUR DQG FODVVLILFDWLRQ IRU WUDFHDEL
$QWRQLRO HW DO %D\HU DQG :LGHQ &$)( (
D &0HODQG )OXDQJ HW DO E 'LFN (J\HG (:
*RWHO DQG )LQNHOVWHLQ +D\HV HW DO L

D /DJR HW DO /ILQGYDOO DQG . ODOHILF DQG
OHOHWLF 3LQKHLUR DQG *RJXHQ 3RKO E 5DF
6KHUED HW DO D 6SDQRXGDNLV HW DO =LVPDC

SURSRVHG LQ WKH OLWHUDWXUH :‘H GHVFULEH EHORZ VR

SHIHUHQFH ORGHOV

3RKO 3RKO 3RKO E SURSRVHG D WUDFHDELOLYV
WUDFHDELOLW\ UHIHWIKG@FHIPRIGMIORQ QRB8HO\ UHSUHVHQV
PRGBQEGHSHQGHDRKN REBEHOILFDWLRQ PRGHO UHSUHVHQWYV
FROQWHQW RI WKH VSHFLILFDWLRQ LQGHSHQGHQW RI LW\
JXLGHOLQHV VWDQGDUGY RU GRPDLQ PRGHOV 7KH Ut
LQIRUPDWLRQ L H WKH YDULRXV UHSUHVHQWDWLRQ IR
GHYHORSPHQW SURFHVV HJ QDWXUDO ODQJXDJH JUDSt
)V IRUPDO QRWDWLRQV OLNH 2 7HORYV 7KH DJUHH
LQIRUPDWLRQ L H WKH GLITHUHQW YLHZSRLQWY RI WKH
VROXWLRQV DQG GHFLVLRQV FUHDWHG GXULQJ WKH VRIV
WKUHH PRGHOV UHSUHVHQW WU GHFSHELCOH®A | LR)RBBIOD W L |
W\SHV RI WUDFHDELOLW\ UHODWLRQV WR EH XVHG WR
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DFFRUGLQJ WR WKH GHISH QB HIRCSHUBRVGIBOHY W\I\SHV RI WU
UHODWLRQV LQ ILYH GLIIFROCGWW.LEDRDWHOS OBIGQN D
GRFXPHQW MWWLRMX O/ILREQEGLEVONL QDIF W LR OH. Q NYHI REXB X S V
LQFOXGH FRQFUHWH W\SHVY Rl WUDFHDELOLW\ UHODWI
DUWHIDFWYV G/ISIHBLH GF DY MAEDGUH-SRIRIG/GI® W DAVKIHR DR Q G L W L
OLQNV DUH WUDFHDELOLW\ UHODWLRQV WKDW UHODW|
FRQWHQW OLQNV DUH WUDFHDELOLW\ UHODWLRQV WK
VRIWZDUH DUWHIDFWV 7KH GRFXPHQW OLQNV DUH WUD
DUWHIDFWV WR WKH VRXUFH RI WKH VRIWZDUH DUWE
WUDFHDELOLW\ UHODWLRQV WKDW DVVRFLDWH EHWZH}
FUHDWHG LQ GLIIHUHQW SKDVHV RI VRIWZDUH GHYHO
WUDFHDELOLW\ UHODWLRQV WKDW UHSUHVHQW WKH D
DUWHIDFWYV

%DVHG RQ H[SHULHQFHV ZLWK WKH GHSOR\PHQW R 5(C
5DPHVK DQG -DUNH 5DPHVK DQG -DUNH GHYHORSFH
PRGHOV IRU WZR JURXSV RO RYUDEE DVE U CFERADIFEKANY X \Di
ZLWK WKRVH XVHUV WKDW KDYH IHZ \HDUV RI H[SHUL
LPSRUWDQFH RI WUDFHDELOLW\ DV D ZDKLRK HWRBSO\L
WUDFHDERRQ M VDQMH® VZLWK WKRVH XVHUV WKDW KDYH F
WKH DUHD Rl WUDFHDELOLW\ DQG VHH WUDFHDELOLW)\
VDWLVIDFWLRQ DQG NQRZOHGJH FUHDWLRQ WKURXJK |
7KHVH WZR UHIHUHQFH PRGHOV ZKLFK RQH UHVHPEOH:!
WUDFHDELOLW\ UHODWLRQV DQG W\SHV Rl HQWLWLF
WUDFHDELOLW\ XVHUV FRQWDLQV \GHUWLY HV\ SHIW HRO RVS Wil
SHWIRUPHGBRQ GHSHQGBRQW.YMIH\L UMHAH B EIQW K FOROGHRF
KLJK HQG WUDFHDELOLW\ XVHUVHTRQWBR B Q WRXRD ¥ R EHF
UDWLRGHVHIQ DQGRARIAVSIOR® Q F\HX E HAURLG IHRDW LDRIQG FRQ W D
W\SHV Rl WUDFHDELOLW\ UHODWLRQV $00 WRJHWKHU
SURSRVHG LQ ERWK KLJK HQG DQG ORZ HQG UHIHUHQF
JURXSY QDPHWLVIDRWLRK IOLXVHG WR HQVXUH WKDW |
VDWLVILHG E\ B YWROWMPROQMEOLIQN XVHG WR UHFRUG WK
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GRFXPHQWY HJ QHZ PRGLUDMWA RDDIGIHHKLWMWNXY/HG WR
UHSUHVHQW WKH UDWLRQDOH EHKLQGG MWXHQ BUHIREFW IOR.Q NR
ZKLFK LV XVHG WR UHSUHVHQW GHSHQGHQFLHYVY EHWZHHQ

$GGLWLRQDOO\ ORKDQ DQG 5DPHVK ORKDQ DQG 5DPHVK
PRGHOV IURP ©5DPHVK DQG -DUNH IRU LGHQWLI\LC
UHTXLUHPHQWY LQ WKH GRPDLQ RI SURGXFW IDPLO\ V\
PRGHO LQFOXGHYVY SULPLWLYHYVY VXFK DV DUFKLWHFWXUD (
UHIOHFW WKH FRPPRQ DQG YDULDEOH UHTXLUHPHQWYV LQ

7TRUDQ]J]R DQG &DVWUR 7RUDQ]JR DQG &DVWUR GHVF!
GLIITHUHQW YLHZV Rl WUDFHDELOLW\ XVHUV L H UHTXLU
DQG SURMHFW HQJLQHHUYV +RZHYHU WKH UHIHUHQFH P
UHODWLRQV ZLWKRXW DQ\ H[SOLFLW VHPDQWLFYV

/IHWHOLHU /HWHOLHU SURSRVHG D UHIHUHQFH PR
VSHFLILFDWLRQV UD FHDREHOM6 SHKHL IL NBWERIQ F W\A\SHV R
7TUDFHDEOHG6SHFLILEWWRRQOBUBHHFIWOLFDWLRQ ZKLFK GH)
EHKLQG D 7UDFHDEOHESXHPIHR AQWMNMIFHKFEVLIDWH RXQLUHP H(
RU JURXS RI UHTXHUW @HHINKVIFKEFHHR®H D WHVW IRU D UH
DQG 2WKHU80, BB6SKIIFAKMWMLNVNDARMIRRU W\SH RI 80/ PRGHOV W
VSHFLILFDWLRQ RI D UHTXLUHPHQW 7KH UHIHUHQFH PR(
WUDFHDELOLW\ UHODWLRQV 7KH ILUVW JURXS SUHYV
7TUDFHDEOHG6SHFLILFDWLRQV E\ PHDQV RI| BDDIUWWJIRIWLRQ D
7KH VHFRQG JURXS LV FRPSRVHG RI VHYHWQUWKFSHR RI WU
ZKLFK UHSUHVHQWY D WUDFHDELOLW\ UHODWLRQ EHWZI
UDWLRAXDGK2UHSUHVHQWY D WUDFHDELOLW\ UHODWLRQ |
DQG 7TUDFHDEOHGSHF LY IDFOOLWS IDRMHKGE % KAF UHODWHYV D
SHTXLUHPHQWV6SHFLILFDW L R/ DIQ B KT/ \WIGSIHFHL V IHFRKDWWL R\
D 7THVWG6SHFLILFDWLRQ YHULILHV D2WKBQAOUBE SHFLIL FI
UHSUHVHQWY WKDW 2WKHU80/B6SHFLILFDWLRQ UHODWH\
PRGLZIKH¥K UHSUHVHQWY WKH D VWDNHKROGHU RU JURXS:
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7TUDFHDEOHG6SHFLIUANWR QAN IEBEXHRIHBEUHVHQWY WKH VWD
JURXS RI VWDNHKROGHUY WKDW DUH UHVSRQVLEOH IRLU
TUDFHDEOHG6SHFLILFDWLRQ

%D\HU %D\HU DQG :LGHQ GHILQHG D WUDFHDELOLW
DUWHIDFWV DQG UHODWLRQVKLSY EHWZHHQ WKHVH DUV
WKUHH DFWLYLWLHV Rl SURGXFW |D/FFIRS\L @IV WHIFF KG MNHH
GHVDID@P SOHPHRWIDQNLR®H V F RISILDGAQRVAWA YU MS UHV HQ W LC
UHTXLUHPHQWYV RI ZKRO H USRIGRIGPAVRLW \ | UAHISIUHB B QWL QJ

PHPEHUV RI WKH IDPLO\ DUH FUHDWHG 7KH DFWLYLW\ |
ZLWK WK UFRP 8 RIZAR OV Y VR RBIREDHEIGMDY ¥ RQWHIZV WL QJ R

F O DM W HHWY E WG B W DD\OVE F RFOW X VBIDWOVRLIW\  'XULQJ WKI
DEFWLYLW\ RI LPEROGH HPRWE X BDHBGRIKESBEWWNEOHDWHG  7KH
PRGHOV FRQWDLQV UHODWLRQVKLSY WKDW FDQ EH FDW
EHWZHHQ GLIIHUHQW W\SHV Rl DUWHIDFWHWDPWMEBWHG LQ
LPSOHPHQWMODWLRQV EHWZHHQ GLIIHUHQW W\SHV RI
DFWLYLW\KDYDPIHFFRHVVHYV LPSPR@EH@EWEHYVERQWDHQD W DR
EHWZHHQ WKH VDPH W\SHX\RHVDUWWHOXEWMY CGBHSHQGYV F
LPSOHP&/®WM¥LDOLVHV

,Q .LP HW DO WKH DXWKRUV GHWQBREH DEERQ WH VD
7KH PRGHO FRQVLVWV RI DUWHIDFWVY FUHDWHG GXUI
GHYHORSPHQW SURFHVV DQG WUDFHDELOLW\ UHODWLE
FRQFHUQHG ZLWK WKH FUHDWLR®R BXIUQ QH Q MIARH HAXLEQ S
DSSOLFDWLRQ XHQQUQMHKWMLQIRPDLQ HQJLQHHULQJ VXE
UHTXLUHPHQWY DUWHIDFWVS DB B XFUMHIDISRE WHIEES BRI LW K
ERXQGDU\ Rl D SUR& ¥ F WR GHMISQMNH \DHQBW LQJ FRPPRQ DQG
DVSHFWV LQ WKH IDPLO\ DQG E WKH GHVLJQ DQG LP:
DQG GHILFRUGI BWVIOW WKH DSSOLFDWLRQ HQJLQHHULQJ
UHTXLUHPHQWY DUWHIDFWV DWSSPUFDWHEBQ DRGD G\WIL
UHSUHVHQWLQJ D FRQFHSWXDO D @BG\ILKDRILRQSVRBKXIE
DQDO\VLWHBRBWWQWLQJ D VSHFLILFDWLRQ RI D SURGX
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DUWHIDFWYV DUH FUHDBD\8 B GF DG R®H VISHFE S DFDWAHIQR/QL G H \DL
GHVLJQ PRGHO RI D SURIGKIPWL RPQH RIBHMAR OMW®E R @/ IPQRIGE H V L .
GHFLVLRQ DUWHIDFWVY DQG F WKH LPSOHPHQWDWLRQ |
LQVWDQWLDWHSU FRMGWR QU HWS HFLILF UHXVHG DVVHWV |
LOQWHJUDWHG WSISQIHADHMLRIOQQ & WWKKHQLQWHJIJUDWLRQ RI1 D

DSSOLFDWLRQ UHPSWHH\WPHDWIDQMLR® SOHPHQWDWLRQ DUWH
PHPEHU 7KH WUDFHDELOLW\ UHODWLRQVKLUSOHER MK H P
DQGH | MKDBN DVVRFLDWH EHWZHHQ G LIUMHDIOQWHGH ToH W IHPH
DQBOXWWBW DVVRFLDWH EHWZHHQ UHTXLUHPHRONH®QG (
WKDW DVVRFLDWHV EHWZHHQ GHVLJQ DQG LPSOHPHQWDW

,Q /DJR HW DO WKH DXWKWRIURS GHILIQGE W HDSPREHQ WD
WKDW FRQVLVWY RI DUWHIDFWY DQG UHODWLRQVKLSV LQ
7KH DUWHIDFWYV D8UHRIGIRENSG HEPASR VEBWMR BRFW IDPLO\ IHDW
PRGIHBEGAW RGXFW IDPLX2URGBOMXUBPLO\ IHDWXUH PRGHO UH
PRGHO IRU D IDPLO\ ZKLOH D SURGXFW IDPLO\ IHDWXUH
IDPLO\SUBDB X FMR DS R\H®UE RBIXFW ITHDWXUH PRGHO SURGX
FRPSROQHDWSHWOISIQ WKHAVHLROQUWHIDFWY UHSUHVHQW WKH
GHVLJQ RI D SURGXFMW $EREHQWPRRERBHRESHBHHROH QW DWLRQ
DVVBHNWSWHVHQWLQJ WKH LPSOHPHQWDWLRQ DUWHIDFWYV
LOOXVWUDWHYV WZR W\SHV RI WUDFHDELOLW\ UHODWLRQ\
VXFKVRS SRAWYOHPIQGWE EHWZHHQ DUWHIDFWY LQ WKH
UHDOLVHV FRP@HVEXQG H¥HAXQNBVDQG %RFNOH WKH |
VXJJHVWHG WKH WUDFHDELOLW\ UHIHUHQFH PRGHO ZKLF
WKH GRPDLQ RI SURGXFW IDPLO\ V\\GMHHRXKLEFKH PRGHO
DVVRFLDWHY EHWZHHQ WKH UHTXLUHPHQWY RI D SURGXF
SURGXFW PBHIREMEGFK DVVRFLDWHY EHWZHHQLBLUIQHUHQW U
YHUYKR®K DVVRFLDWHY WKH HYROXWLRQ RI D UHTXLUHPF

$GGLWLRQDOO\ LQ WKH SURMHFWV &8$)( (6%36 WK H
UHSUHVHQW WZR W\SHV RI| WULHRUDNELFDLQV\W U B 6 B WE RQLMW
EHWZHHQ GLIITHUHQW W\SHV RI DUWHIDFWV FUHDWHG LQ
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DQG VHFRRGLWKMWDO W BB WHBIHIQO LDV \ EHMOHWMIOR WK H UHT
SURGXFW IDPLO\ DQG WKH UHTXLUHPHQWYV RI SURGXFW
YHUVLRQV RI UHTXLUHPHQWY 7KH\ GHILQHG WKH WUDF
UHODWLRQVKLSY LQ WKH SURGXFW IDPLO\ +RZHYHU W
DSSOLHG GXULQJ WKH DFWLYLW\ RI GRPDLQ DQDO\VLV L
DEFWLYLW\ 7KH DXWKRUV VXJJHVWHG WIU\D BHDOLLQH® \EY H
H[F O OGHQFOBHOWMBHHQ GLIITHUHQW UMW TIXS 8@ B WMQ DQ G
UHTXLUHPHQWY DQG FRQVWUDLQWYV

&ODVVLILFDWLRQ RI 7UDFHDELOLW\ 5HODW

,Q RUGHU WR GLVFXVV WKH YDULRXV W\SHV RI WUDF
SURSRVHG LQ WKH OLWHUDWXUH ZH IROORZ WKH FOD\
=LVPDQ ‘H GHVFULEH EHORZ WKHVH WUDFHDELOLW
VRIWZDUH DUWHIDFWV WR ZKLFK WKH WUDFHDELOLW\ UF

'"HSHQGHQF\

'"HSHQGWMUIFRHDELOLW\ UHODWLRQV DUH UHODWLRQV Wk

UHOLDQFH EHWZHHQ DUWHIDFWY LQ D VIVWHP $ GHSHQ

DUHTXLUHPHQWY DQG UH GXISHHORGHQWFY WSDFIHD EDW/IL\R)
EHWZHHQ GLIIHUHQW UHTXLUHPHQWY KDYH EHHQ S

.QHWKHQ D .QHWKHQ HW DO ODOHILF HW DO
-DUNH 6SDQRXGDNLV HW DO =LVPDQ HW DO

ODOHILF HW DO WKH GHSHQGHQFFDNXDEOHDELO
FRQIRURDQFFHDQRXGDNLY HW DO =LVPDQ HW DO

WUDFHDELOLW)\ UHBDXWQRIAD \IHUWH DRG0 @HESHQ G VB R Q
WUDFHDELOLW\ UHODWLRQV DVVRMWWHEVEHWZHHQ U
EUHTXLUHPHQWY DQG GHBHQQ HWYFH FWILLEDMOLRIGOL W\ UH
UHTXLUHPHQWY DQG GHVLJQ KDYH EHHQ VXJJHVWHG
ORKDQ DQG 5DPHVK 5DPHVK DQG -DUNH ,Q
GHSHQGHQF\ WUDFHDELOLW\ UHODWLRQV DUH X\
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VI\VWHP PDQDJHPHQW ,Q ORKDQ DQG 5DPHVK Gl
UHODWLRQV KDYH EHHQ XVHG WR VXSSRUW DFWLYLWL
DQRDO\VLVY LQ WKH GRPDLQ RI SURGXFW IDPLO\ V\VWH
GHSHQGHQF\ WUDFHDELGHWN CRHSIPIHWNWR \QNH OO L K (
GHSHQGHQF\ UHODWLRQV DUH DOVR XVHG WR UHSUHVI
DQRG RWKHU W\SHV RI VRIWZDUH DUWHIDFWVY JHQH
GHYHORSPHQW SURFHVV
FUHTXLUHPHQWY DQG VFHQDULRVIJI\P@G (I RWSOHPHQWDW
SURSRVHG GHSHQGHQF\ UHODWLRQV EHWZHHQ UHTX
EHWZHHQ UHTXLUHPHQWY DQG VRXUFH FRGH WR UHFR
JHQHUDWLRQ DQG GHYHORSPHQW RI UHTXLUHPHQWYV

SHILQHPHQW
5HILQMPUHDQPMDELOLW\ UHODWLRQV DVVRFLDWH WZR DUW
PRUH GHWDLOV Rl DQRWKHU DUWHIDFW S5HILQHPHQW UH

JLQNHOVWHLQ . QHWKHQ D .QHWKHQ HW DO |
3LQKHLUR DQG *RJXHQ 3RKO E 5DPHVK DQG 'KD

E 7KH UHILQHPHQW JHHO-DUMLARIQAH 1O B SAHRIMY/OEGY HYR K D
DQG 5DPHVK 5DPHVK DQG 'KDU 7KH\ VXJIJHVWHG

HODERUDWH FRPSOH[LW\ Rl DQ DUWHIDFW LQWR WKH RWI
RWKHU ZRUGY DQ DUWHIDFW VSHFLILHV PRUH GHWDLOV
DUHTXLUHPHQWY DQG UHJ XERWRIDQWYGV BLHAN. HICADMH LR V
E D UHILQHPHQW UHODWLRQ LV UHIHUUHG DV D W
EHWZHHQ UHTXLUHPHQWY DQG UHTXLUHPHQWYV ,Q 3R
W\SH RI WUDFH D BJH LZMN VWK Q@ B VKIVRIGY WOR/ GHILQH WKDW L
LV HODERUDWHG LQ PRUH GHWD LI BEUDMKIRKRMYKHU UH
XVHG WR UHSUHVHQW D JHQHUDOL]DWLRQ RI D UHTXLU
,Q *RWHO DQG )LQNHOVWHLQ WKH\ FDOOHG UHIL®
FRQWDLQP QG WHDDWIHR @Y UHTXLUHPHQW DQG D FRP
UHTXLUHPHQWY ,Q DGGLWLRQ WR %D\HU DQG :LGHQ
UHILQHPHQW WUDFHDED®HM\ZHHQDWZAR QWS AP OROIHIGH T X L
DUWH IDFWHND QID@BH®\G.XPWHW DO .LP HW DO GHILC
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W\SHV Rl UHILQHPHQW UHODWLRQV EHWZHHQ UHTXLU
SURGXFW IDPLO\ VHOMHREHIGERRHOGIBGR HW DO W
DXWKRUV VXJIJHVWHG WZR W\USHV RI UWXISGRRMQW W
DQERPSRVHG2UHE®DOMNSIROVVUHSUHVHQW WKH UHTXLUHP
IUDFWLRQLQJ WR WKH UHTXLUH PHRRS\R RH G IGRXFW P
UHSUHVHQW WKH PL[WXUH RI WKH UHTXLUHPHQWV RI
%RFNOH WKH UHILQHPHQW UHODWERRQWHEBHWZHHQ
EUHTXLUHPHQWY DQG QG BGIGIOVYRBFWIR FDVWPLRQYVD O
GHILQHG UHILQHPHQWHYRDYPWRERLDW L@QDPEMWZHHQ UHT
DQG GHVLJQ DUWHIDFWV LQ WKH GRPDLQ RI SURGXFW
FUHTXLUHPHQWY DQG LP%O0WRHQDWD WIOR Q WIS\HIFL DG B W L
GHILQHG UHILQHPHQW WUDFHDELOLW\ HHDRWHRQV EH
LPSOHPHQWDWLRRURSWHW\FWY FDOOHG
GGHVLJQ DQG GH¥UD® S\OSHWF LR L FIDASULRRDWF KHY LQFOXG L (
UHODWLRQV EHWZHHQ GHVLJQ DUWHIDFWYV DUH -DFR
DQG 5DPHVK 3LQKHLUR DQG *RJXHQ 5DPHVK
DGGLWLRQ WR %D\HU DQG :LGHQ WKH DXWKRL
UHILQHPHQW WUDFHDES € EVWIGH®B WEHEQ W L DD OFHGZ H +
VDPH W\SHV Rl GHVLJQ DUWHIDFWV L H FRPSRQHQWYV
HLPSOHPHQWDWLRQ DQG LFE\GIKHPHEY WDW LR DQ\MB HFQ GL EIX
DOVR GHILQHG WZR W\SHV Rl UHILQHPHQW WUDFHDE
LPSOHPHQWD W LFFR@ \B) QAGRX}YID.B WY HV

(YROXWLRQ
(YROXMWWLIREHDELOLW\ UHODWLRQV DUH UHODWLRQV WKD
EHHQ FKDQJHG RU DQ DUWHIDFW WKDW KDV EHHQ UHS(
GHYHORSPHQW PDLQWHQDQFH RU HYROXWLRQ RI WKH
EHHQ VXJJHVWHG LQ *RWHO DQG )LQNHOVWHLQ OCL
*RIXHQ 3RKO E 5DPHVK DQG 'KDU SDPHVK D
HYROXWLRQ UHODWLRQ PD\ KROG EHWZHHQ
DUHTXLUHPHQW DQG UHJI XBRKOGHQWE VSMKHILE B WIORIGV IL
RI HYROXWLRQ UHODWLRQV 7KUHH RI WKH HYROXWL
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EHWZHHQ GLIIHUHQW UHT X LRW P Bl REAHYWVODQ G HDTUKHL UFHDROHOGHVE
LV GHILQHG LQ D PRUH IRUPDO ZD\ WKDQ DQRWKHU L
VDWI2KIHBYD UHTXLUHPHQW VSHFLILFDWLRQ VDWLVILHV
UHSODKHHY D UHTXLUHPHQW KDV EHHQ VXEVWLWXWHG
VSHFLILFDWLRQ ,Q 3LQKHLUR DQG *RJXHQ WK H
HYROXWLRQ UMGDWERQD UHTXLUHPHQWY KDV EHHQ V
DQRWKHU UHTX L \DHEPH@GERID OGUHTXLUHPHQWY LV QRW
DQ\PRUH ,Q ODOHILF HW DO WKH\ FRQ GHEVWRLYV \
FRQIRUPDG@PWQNO DQG %RFNOH WKH DXWKRUV GH
QDPHOA LQ YAKLFIKRQUHODWH EHWZHHQ WKH ROG DQG
UHTXLUHPHQWYV

EUHTXLUHPHQW VSHFLILFDWLRQV DQG RWKHU W\SHV R

GHYHORSPH@®WHO DQG )LQNHOVWHLQ HYROXWLR
WHP SR UDIDQGHOWIWLHRMOW WKH KLVWRU\ RI UHTXLUHPH
GHYHORSPHQW ,Q 3RKO E  HHODER IHRO®W W HRQW LR C

DQG DVVRFLDWH DQ DUWHIDFW IURP ODWHU SKDVHV LC
WR WKH SDUWLFXODU UHTXLUHPHQW ,Q 6KHUED HW I
QDPHGDODORFDWEDBWERQVY WKDW DVVRFLDWH D UHTXLL
GHVLJQ PRGHGE0DPREGDHMDIBIERQY WKDW DVVRFLDWH U
VRXUFH FRGH

FUHTXLUHPHQWY DQG FRQBWKOLQWY VFRGHLWM\EBWRREYV R
UHODWLRQV KDV EHHQ SURSRVHG EHWZHHQ UHTXLULI
UHODWLR@DMHBBBQWESUHVHQWY DQ DVVRFLDWLRQ EH!
DQG FRQVWUDLQWY WKDW KDYH LQIOXHQFHG WKH JHQF

&RQIOLFW
&RQIWUPWHDELOLW\ UHODWLRQV DUH UHODWLRQV WKDW
VRIWZDUH DUWHIDFWYV LQ D VI\VWHP 7KLV W\SH RI WUDF!
LQ $OH[DQGHU 3RKO E 5DPHVK DQG -DUNH
DUWHIDFW KDV D FRQWH[W WKDW PD\ EH RSSRVHG WR D
PD\ KROG EHWZHHQ
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DUHTXLUHPHQW DQG UWHIXBRK®HQWE VSMIEHILE B W QRIGY W
RI FRQIOLFW WUDFH D E L GFLRAD\| QuUH-BIDMLLRRQW UHDSRUHHOAH Q I
UHTXLUHPHQW KDV QHJDWLYH LQIOXHPEGWRD ®LFFRIWK
UHODWLRQV UHSUHVHQW DQ LQFRQVLVWHQF\ EHWZHH

EUHTXLUHPHQW VSHFLILFDWLRQV DQG RWKHU W\SHV F
GHYHORKPHIDWHVK DQG -DUNH WKH\ GHILQHG W
UHODWLRQV DQG HQWLWLHVY FRQFHUQLQJ WKH FRQI
GHFLVIKRG¥ GHVFULEH GHFLVLRQ LQIRUPDWLRQ FRQ]
UHTXLUHBPBWWRAXDGK UHSUHVHQWY WKH UDWLRQDO}
DVVXPSZWLRRVGHVFULEH FRQFOXVLRQV VD\HWX FR G | Q/IRF
ZKLFK UHSUHVHQW WKH FRQIOLFWLRQ EHWZHHQ UHT
QDPHGHVROYBWLRQV ZKLFK DVVRFLDWH EHWZHHQ G|
HQWLWLHMHWDWLRQYV ZKLFK UHODWH EHWZHHQ UHTX
JHQHUBWBIWLRQV ZKLFK DVVRFLDWH EHWZHHQ UHTX
DQG HIXVHGHR®WLRQV ZKLFK UHODWH EHWZHHQ UH
HQWLWLHY EHWZHHQ DVVXPSWLRQV DQG UDWLRQDOF
GHFLVLRQV HQWLWLHV

2YHUODS

2YHUWOBFHDELOLW\ UHODWLRQVY DUH UHODWLRQV WKD!'

FRPPRQ DVSHFWV RI D VIVWHP $Q RYHUODS UHODWLRQ

DUHTXLUHPHQWY DQG UHDAQUB &S QRDF KW FE UIRFCRW IHREQ
UHODWLRQV EHWZHHQ GLIITHUHQW UHTXLUHPHQWYV VX

*RWHO DQG )LQNHOVWHLQ +D\HV HW DO
E .QHWKHQ HW DO 3RKO E 5DPHVK DQG -D
D 6SDQRXGDNLV DQG )LQNHOVWHLQ 6SDQRXGEL
HW DO =LVPDQ HW DO E .,Q (J\HG WK
UHODWLR®P FR@RGIVDVVRFLDWH WZR DUWHIDFWV ZL
,Q *RWHO DQG )LQNHOVWHLQ WKHDGSBBWRVHG F

UHODWLRQV EHWZHHQ GLIIHUHQW UHTXLUHPHQWV ,C
WKH\ GHILQHG RYWMUGDS VBIQOIDMLIRRIY DG VKRZ
DVVRFLDWLRQ EHWZHHQ WZR DUWHIDFWV ZLWK WKH V
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EUHTXLUHPHQWY VSHFLILFDWLRQV DQG VRXUFH RI1 UH’
UHTXLUHRBH@RKC E WKH\ GHILQHG WZR W\SHV RI
QDPHON[DEPESQUHBIBWLRQ WKDW UHODWHYV EHWZHHQ UHT
LISXUSRH/OIDWLRQ WKDW UHODWHV EHWZHHQ D UHTXL
UHTXLUHPEHQMNJIJURBOOQ®LRQ WKDW UHODWHY EHWZHHQ
EDFNJURXQG RI WKH UHRRPUIR&EWE YWR @ QUK DMWY UHODWHYV
UHTXLUHPHQW DQG FRPPHQW UHJDUGLQJ WR WKH UHTX

FUHTXLUHPHQWY VSHFLILFDWLRQVY DQG RWKHU W\SHV R
,Q 6SDQRXGDNLV HW DO =LVPDQ HW DO E RY
EHWZHHQ UHTXLUHPHQWY DQG REMHFW PRGHOV ,Q 3K
UHODGRQW\WFOD WEBHAHBWRBQV WKDW UHODWH D UHTXLUH

$QWRQLRO HW DO ODUFXV DQG OHOHWLF
WUDFHDELOLW\ UHODWLRQV EHWZHHQ UHTXLUHPHQWYV
*UXQEDFKHU WKH\ VXJJHVWHG WKDW RYHUODS UH

EHWZHHQ VRXUFH FRGH DQG GHVLJQ PRGHOV

GVFHQDULRY DQG GEBVUJWMHGESHFLI(UFP® RIS/ *UXQEDFKHU
WKH\ GHILQHG RYHUODS UHODWLRQV EHWZHHQ VFHQD
GLDJUDPV XVH FDVH GLDJUDPV DQG GDWD IORZV

HGHVLJQ DQG GH2YHY ®B 8 RLHIOMDMIRRN EHWZHHQ GLIIHU
DUH SURSRVHG LQ %D\HU DQG :LGHQ . QHWKHQ |
VSHFLILFDOO\ LQ %D\HU DQG :LGHQ WKH DXV
WUDFHDELOLW\ UHODWLRQV DVVRFLDWLQJ EHWZHHQ F
GXULQJ DUFKLWHFWXUH GHVLJQ

6DWLVILDELOLW\

6DWLVIWDPEGDWLOLW\ UHODWLRQV DUH UHODWLRQV WKL

UHTXLUHPHQWY $ VDWLVILDELOLW\ UHODWLRQ PD\ KROG
DUHTXLUHPHQWYV D @6 DAHWULQ EMOH ML\ LFFDAVMOLWRIOR/QYV EHW Z
DQRG GHVLIJQ DUWHIDFWY DUH SURSRVHG LQ &25( 5DPF
DO E ,Q =LVPDQ HW DO E VDWHBOIDBEL OL W\
UHODWLRQYV , Q %D\HU DQG :LGHQ WKH DXWK
WUDFHDELOLW\ UHD@DANHB\Q N WK OHBW XUH HQWLWLHV |
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DUWHIDFWVY DQG WKH FRPSRQHQW HQWLWLHV RI DUFK
DO GHILQHG WZR W\SHV RI VDWLVILDELOLW\ UHC
GHVLJQ DUWHIDFWY LQ WKH GRPDLQURIID ®UBEFW D
GHUL®HG DJR HW DO WKH DXWKRUV DOVR GHILC
UHODWLRQMD @DHNKGDVVRFLDWH EHWZHHQ UHTXLUHP
PHPEHU DQG GHVLJQ GHFLVLRQ DUWHIDFWYV
EUHTXLUHPHQWY DQG LP S HPKHUEDWHWR @ &S HFLHLFDDWL
WUDFHDELOLW\ UHODWLRQV EHWZHHQ D UHTXLUHPH
LPSOHPHQWHGBE\
FUHTXLUHPHQWY DQG FR@WWLY DLEELDL WS HBHIQBDWRR ¥
UHTXLUHPHQW DQG FRQVWUDLQWY DUH SURSRVHG LQ
E 5DPHVK DQGMDUNH
GUHTXLUHPHQWY DQG USDNLVYIHPHEQ /MW SIHFQ DLVFE DRAQ\R @
UHTXLUHPHQWY DUH SURSRVHG LQ $OH[DQGHU g
3LQKHLUR DQG *RJXHQ 30DQNO DQG %RFNOH
VDWLVILDELOLW)\ G HOIMELIRWLVR @V HD @6 O0DMTEX VW L
UHTXLUHPHQW LV GHULYHG IURP DQRWKHU UHTXLUH
UHTXLUHPHQW LV VDWLVILHG LWV GHULYHG UHTXLUFK
GRHV QRW QHFHVVDULO\ PHDQ WUXH LQ YLFH YHUV
WUDFHDELOLW\ U H® MU BRFR/XIMUHEDRHEEQV ,Q &RULD)
WKH VDWLVILDE L OLW U KB @DWHRE EYWHD € B WG HBI\Q
IXQFWLRQDO UHTXLUHPHQWYVY DQG IXQFWLRQDO UHTX
WKH DXWKRUV GHILQHG V DBMIMIXIBIEAKO WWA\O D W®ID
EHWZHHQ WKH UHTXLUHPHQWY Rl SURGXFW IDPLO\ D¢
PHPEHUYV

HGHVLJQ DQG LPSOHPHQWBWHRBBEDVISWFDIQFDWIERQWDW
WUDFHDELOLW)\ UHP®OH R KYQNBIGH BRDXOVHHEG WR UHOD W H
GHVLJQ DUWHIDFWVY DQG VRXUFH FRGH ,Q DGGLWLRQ
WUDFHDELOLW\LBISOEB®HQYWHFDIWEAIEHQ FODVV DQG L«
RI DUFKLWHFWXUH DUWHIDFWY DQG FRGH PRGXOH HQ
.LP HW DO .LP HW DO DOVR GHILQH&RCDMIGY LD
EHWZHHQ GHVLJQ DQG LPSOHPHQWDWLRQ DUWHIDFW\
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VIVWHPV $FFRUGLQJ WR /DJR HW DO WKH DXV
WUDFHDELOLW\LPISOB®KRAKY DFYAOHBWH EHWZHHQ GHV
DUWHIDFWVY DQG LPSOHPHQWDWLRQ DVVHW DUWHIDFW
| GHVLJQ DQG GHVLQQ WI\HHAL | DBIW LIRGH/Q WKUHH
VDWLVILDELOLW\ W U XNHDKELFKL \BV WRIFOLDWLHRQ \EHW.Z HH Q
FRPSRQHQW HXFPWHWKHNK DVYVRFLDWHY EHWZHHQ FRPS
DQG GDWD HQWR®QHFKIQMKED ULRFLDWHY EHWZHHQ FOD)
GDWD HQWLWLHYV

5DWLRQDOH
5DWLRMQUDFHDELOLW\ UHODWLRQV DUH UHODWLRQV WKD
DUWHIDFWY FRQFHUQHG ZLWK GHFLVLRQV DQG DUJXPHQ
FDQ EH IRXQG EHWZHHQ L GLIIHUHQW W\SHV RI DUW
GHYHORSPHQW DQG WKH UDWLRQDOH VSHFLILFDWLRQV
WKH ODWWHU FDVH WKH UDWLRQDOH DUWHIDFWY DUH LC
ZLWK WKH UDWLRQDOH 7KXV D UDWLRQDOH UHODWLRQ F
DUDWLRQDOH DUWHIDFW,\Q DRI RWK D@ GV HIW R | DU WRIQMH
PRGHO Rl WUDFHDELOLW\ UHIHUHQFH PRGHO IRU KLJK
UDWLRXEDPRIGHO 7KH UDWLRQDOH VRE MAMRERWO FIDMV HQV
EWWRIWZDUH FRPSRDOEHVYJQ\HTXYDWHR@WY GHFLVLRQ
DOWHUQDWLYHV GHFLD QRAQLW LIADVOX R WA HR\R\H | DIFBHR/E M Q \
RI WUDFHDELOLW\ UHODWLRQV LQ WKH VXE PRGHO DU}
QDPH®VHGBRQ DIIHFW JHQ@EH HMQEIG BIREGWHOLH UL Q 1O X H C
UDWLRQDOH UHODWLRQRUHDDAY LRDYOM®G DVVRFLDWH
5DWLRQDOHG6BAB5EHFOMIHRRHQW6SHFLILFDWLERD 7HVW
2WKHUB80IB6SKBBIGMMFIDRMIDRAOA  ,Q  3RKO E UDWLRQ
GHILQHG LQ D FIR@XSWERGAXBEBERRQVLVWY RI WZR W\SHV F
QDPHOBUHFR@WEDWLRY XVHG WR UHODWH D FRQGLWLRQ
PXVW EH IXOILOOHG WR HQDEOH DQ LPSOHPHQWDWLF
FRQVWWDMQWY XVHG WR UHODWH D FRQVWUDLQW WR
FUHDWHG LQ ODWHU SKDVHV RI VRIWZDUH GHYHORSPH(
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UHODWLRRW DESB@MMM/RRO®WH EHWZHHQ UHTXLUHPHQW
VSHFLILFDWLRQV

EUHTXLUHPHQWY DQG UMTX%hDHPHQWE VISHFQILFDWWRA\
GHILQHG UDWLR Q D[t OUXMKHDMY LURHQO/D \WiD CEIMGZ HHQ G LIIH

/IDJR HW DO /IDJR HW DO GHILQHG WZR W\SHYV
UHTXDQM{F O XEH¥K DVVRFLDWH EHWZHHQ WKH UHTXLL
IDPLO\ ,Q &RULDW HW DO WZR WHASHXBHWVDWL

DQGQFOXGHW PPHODWHG EHWZHHQ GLIITHUHQW UHTXL
SURKLELWLRQV DQG FRQVWLWXWLRQ EHWZHHQ WZR U

&RQWULEXWLRQ
&RQWUWEMWHRELOLW\ UHODWLRQV DUH UHODWLRQV WK
VWDNHKROGHUV ZKR KDYH FRQWULEXWHG WR WKH JHQI
DQG )LQNHOVWHLQ *RWHO DQG )LQNHOVWHLQ L C
WUDFHDELOLW\ UHODWLRQVS D &V FIDROHOER FOXEE W OD W

E  WZR W\SHV RI FRQWULE XWAIRF Q\H\BHM@BIR R § VD WH LX;
DVVRFLDWH EHWZHHQ D UHTXLUHPHQWY DQG D VWDNHK
KDV FRQWULEXWHG WR WKH JHQH WDMARUD W E BBER QM T X |
WKDW DVVRFLDWH D VWDNHKROGHU RU JURXS RI VWDNF
FRGH

7TDEOH VKRZV D VXPPDU\ RI GLIITHUHQW W\SHV RI W
SURSRVHG E\ GLITHUHQW DSSURDFKHV :‘H SUHVHQW WK
FODVVLI\LQJ WKH JHQHUDWLRQ RI WUDFHDELOLW\ UHO
VRIWZDUH DUWHIDFWY L H UHTXLUHPHQWY GHVLJIQ V
FRQVWUDLQWY WHVW FDVHV DQG UDWLRQDOH
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7DEOH 'LIITHUHQW WUDFHDELOLW\ UHODWLRQVKLSV EHW.
6RIWZDUH DUWHIDFWV 7UDFHDELOLW\ UHODWLRQV
%HWZHHQ GHSHQGHQHRIDQGHU %D\HU DQG :LG
UHTXLUHPHQWV VSHFRIHGFD@GRQXQEDFKHU *RWHO DQG
DQG .QHWKHQ D .QHWKHQ HW DO 0D«
UHTXLUHPHQWY VSHFLOLADWHR®VDQG -DUNH 6SDQRXGD
=LVPDQ HW DO E
UHILQHBDOMU DQG :LGHQ *RWHO DQC
.LP HW DO .QHWKHQ D .QH
/IDJR HW DO ORKDQ DQG 5DPHVK
DQG *RJIXHQ 30DQNO DQG %RFNOH
5DPHVK DQG 'KDU 5DPHVK DQG -DUN
HW DO D
HYROXWRWBO DQG )LQNHOVWHLQ 0
3LQKHLUR DQG *RJXHQ 30DQNO DQG
D 5DPHVK DQG 'KDU 5DPHVK DQG
FR Q| CBLIRAVD D 5DPHVK DQG -DUNH
RYHUBR®RQLRO HW DO (J\HG
*UXQEDFKHU *RWHO DQG )LQNHOVWH
-DUNH .QHWKHQ E .QHWKHQ
3RKO E 5DPHVK DQG -DUNH 6KHU
6SDQRXGDNLV DQG )LQNHOVWHLQ
6SDQRXGDNLV HW DO =LVPDQ H\
VDWLVILPEHDLO\G HU &RULDW HW DO
3LQKHLUR DQG *RJIXHQ 30DQNO I
%HWZHHQ GHSHQGHRWHO DQG )LQNHOVWHLQ
UHTXLUHPHQWYV VSHBPPIMFRWLR@DPHVK DQG -DUNH
DQG VDWLVILBDEWHOLWQG :LGHQ &25( .LP
GHVLJQ VSHFLILFDWLRQYR HW DO 5DPHVK DQG -LC
6SDQRXGDNLV HW DO =LVPDQ HW DC

FRQIGIDAAHVK DQG -DUNH
RYHUQODBWKHQ D .QHWKHQ E 6SDQ
DO =LVPDQ HW DO D =LVPDQ HW
UHILQHPBHIRREVRQ .LP HW DO OR

XU
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5DP HVK

3LQKHLUR DQG *RJIXHQ 5DP }
-DUNH
HYROXWIMWRIQ@ DQG )LQNHOVWHLQ 3RKO
6KHUED HW DO D
%HWZHHQ GHSHQGHG®FREVRQ .QHWKHQ D 5DPH
GHVLIJQ VSHFLILFDWLPRQVH
DQG UHILQHBHQW bpQc :LGHQ -DFREVRQ
GHVLJQ VSHFLILFDW lvRQy D ORKDQ DQG 5DPHVK 3LQK.
*RIXHQ 5DPHVK DQG -DUNH
RYHU®DSU poG :LGHQ .QHWKHQ D .Q

E
VDWLVIlDELO b Y6\

VDWLVILbDELO W&
GHVLJQ VSHFLILFDWAR®\Wo

%HWZHHQ

DQG
LPSOHPHQWDWLRQ
VSHFLILFDWLRQV
UHILQH®RHH@WDbDqo
LPSOHPHQWDWLRQ
VSHFLILFDWLRQV
DQG
LPSOHPHQWDWLRQ
VSHFLILFDWLRQV
RYHUQ DS
GHVLJQ VSHBQELFDWLRQV
VFHQDULR VSHFLILFDWLRQV
GHSHQGHWQE\
UHTXLUHPHQWYV VS HRKHURDWIQORQV HW DO
DQG VDWLVIlsRELLL M b o
LPSOHPHQWDWLEBRILQH®PH@WDQG
VSHFLILFDWLRQV
%BHWZHHQ GHSHQGH®QE\
UHTXLUHPHQWY VSHFLILFDWLRQV

DQG

% HWZHHQ

%HWZHHQ

% HWZHHQ

"LGHQ

SLGHQ

"LGHQ

D

:LcHbPHW DO

6KHUED HW DO E
RYHUQODIS poG *UXQEDFKHU

(J\HG DQG *UXQEDFKHU

(J\HG DQG *UXQEDFKHU

ODUFXVY DQG OHOH
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VFHQDULRV VSHFLILFDWLRQV
YWHWZHHQ RY H U BMKSO E
UHTXLUHPHQWYV VSHRIQWRL\ERWHER D QG J)LQNHOVWHLQ
DQG D
VRXUFH RI UHTXLUHPHQWYV
%HWZHHQ HY R O X3\RLKROCE
UHTXLUHPHQWYV VS HNBIWILNDWRER T \WQG )LQNHOVWHLQ
DQG 5DPHVK DQG -DUNH
FRQVWUDLQWY VSHFLILFDWLRQV
%HWZHHQ RY H U BMKSO E
UHTXLUHPHQWY VSHFLILFDWLRQV
DQG
WHVW FDVH VSHFLILFDWLRQV
%HWZHHQ FRQWULEKWWRD HW DO E
LPSOHPHQWDWLRQ
VSHFLILFDWLRQV
DQG
VRXUFH RI UHTXLUHPHQWYV

6l

3F

%HWZHHQ UDWLRRAWGB®LHU 3RKO E S5DPHVK |

UDWLRQDOH VSHFLILFDWLRQV
DQG
UHTXLUHPHQWY VSHFLILFDWLRQV

%HWZHHQ UDWLRABWOGI®LHU 3RKO E 5DPHVK |

UDWLRQDOH VSHFLILFDWLRQYV
DQG
GHVLJQ VSHFLILFDWLRQV
%HWZHHQ UDWLR@PEMK DQG -DUNH
UDWLRQDOH VSHFLILFDWLRQV
DQG
LPSOHPHQWDWLRQ
VSHFLILFDWLRQV
%HWZHHQ UDWLRBWEBLHU
UDWLRQDOH VSHFLILFDWLRQV
DQG
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WHVW FDVH VSHFLILFDWLRQV
%HWZHHQ UDWLRQ@DHOH QG :LGHQ
UDWLRQDOH LQ UHTXPBHPHQWYV
VSHFLILFDWLRQV
DQG
UDWLRQDOH LQ UHTXLUHPHQWYV
VSHFLILFDWLRQV

&RULDW HW DO



$SSURDFKHV IRU (VWDEOLVKLQJ 7UDFHDE

$SSURDFKHV IRU (VWDEOLVKLQJ 7TUDFHDELOL

,Q WKLV VHFWLRQ ZH GHVFULEH H[LVWLQJ DSSURDFKHYV V
UHODWLRQYV 7KHVH DSSURDFKHVY FDQ EH FODVVLILHG LQ
OHYHO RI DXWRPDWLRQ QDPHO\ D PDQXDO DSSURDFKH"
DUH JHQHUDWHG PDQXDOO\ E\ WKH XVHUV ZLWK RU ZLWK
E VHPL DXWRPDWLF DSSURDFKHY ZKHQ WKH WUDFHDEI
RQ WKH H[LVWHQFH RI SUHYLRXVO\ PDQXDOO\ GHILQHC
DSSURDFKHVY ZKHQ WKH WUDFHDELOLW\ UHODWLRQV DUH
‘H GHVFULEH EHORZ WKHVH DSSURDFKHYV

ODQXDO (VWDEOLVKPHQW RI 7UDFHDELOLW\

$V PHQWLRQHG HDUOLHU VRPH H[LVWLQJ DSSURDFKHYV

.DLQGO :DWNLQV DQG 1HDO DQG FRPPHUFL
'2256 5'7 S5HTXLVLWH3UR 570 7HVW'LUHFWRU DVVXPH
WUDFHDELOLW\ UHODWLRQV WR EH PDQXDO LQ ZKLFK Wt
HOHPHQWYVY LQ WKH GRFXPHQWY WR EH WUDFHG DQG HYH
DVVRFLDWHG ZLWK WKHVH HOHPHQWYV

$OWKRXJIJK VRPH RI WKHVH DSSURDFKHV RIITHU WRRO VXS
WUDFHDELOLW\ JHQHUDWLRQ 7KLV VXSSRUW LV PDLQO)
YDULRXVY GRFXPHQWY DQG HOHPHQWYVY WR EH WUDFHG W
WUDFHG WKH VHOHFWLRQ RI WKH GLIIHUHQW W\SHV F
YLVXDOLVDWLRQ RI WKH WUDFHDELOLW\ UHODWLRQV ,Q
WRRO WKDW DOORZV WUDFHDELOLW\ XVHUV WR FUHDW
EHWZHHQ VRIWZDUH DUWHIDFWY 7KH ZRUN LV LQWHQG
ZKLFK DUH VSHFLILHG LQ QDWXUDO ODQJXDJH DQG X
UHSUHVHQWLQJ DQG YLVXDOLVLQJ WUDFHDELOLW\ UHC
+RZHYHU WKH LGHQWLILFDWLRQ RI WUDFHDELOLW\ UHOEL
DQG )0O\QQ WKH\ GHYHORSHG D WRRO FDOOHG $57
JHQHUDWLRQ DQG YLVXDOLVDWLRQ 7KH WRRO DOORZYV
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WHPSODWHV RI VRIWZDUH DUWHIDFWYV VSHFLI\ WKH V
WHPSODWHY PDQXDOO\ FUHDWH WUDFHDELOLW\ UHODMW
YLVXDOLVH WKH WUDFHDELOLW\ UHODWLRQV E\ PHDQV
1HDO WKH\ SURYLGHG D WRRO FDOOHG $76 7KH
LGHQWLI\ WUDFHDELOLW\ UHODWLRQV EHWZHHQ GDWD
UHODWLRQV E\ PHDQ RI SUH GHILQHG UHSRUWYVY ,Q +D
WUDFHDELOLW\ UHIHUHQFH PRGHO DQG GHYHORSHG D
JHQHUDWLRQ +H DOVR GHILQHG D VHW RI WHPSODWHYV
DUWHIDFWV L H UHTXLUHPHQWY DQG VRIWZDUH DUFKL
WUDFHDELOLW\ XVHUV WR PDQXDOO\ FUHDWH WUDFHDE
VRIWZDUH DUFKLWHFWXUH DFFRUGLQJ WR WKH WUDFHDI

ORUHRYHU VRPH H[LVWLQJ FRPPHUFLDO UHTXLUHPHQW
EHHQ SURSRVHG WR VXSSRUW WUDFHDELOLW\ DFWLYLW
VXFK DV &DOLEHUS50 &DOLEHUS5O0 '2256 '2256 5'7 5"
SHTXLVLWH3UR GS5HTXLVLWH3UR DQG 7THVW'LUHFWRU 7
LV D UHTXLUHPHQWY PDQDJHPHQW WRRO GHYHORSHG
OLFURVRIW ([SORUHU OLNH DQG VSUHDGVKHHW OLNH LQ
GRFXPHQWYV '2256 SURYLGHYV IXQFWLRQDOLWLHYV IRU F
VRIWZDUH DUWHIDFWYVY LQ D V\VWHP 2QH RI WKH PDMRU
FUHDWH UHODWLRQV EHWZHHQ VRIWZDUH DUWHIDFWYV JlI
WRRO DOORZV XVHUV WR HVWDEOLVK WUDFHDELOLW\ U
WKH DUWHIDFWY DUH FUHDWHG +RZHYHU WKH WRRO R
UHODWLRQV IRU WKH VRIWZDUH DUWHIDFWYVY WKDW KDYH

2WKHU DSSURDFKHV $OH[DQGHU "LFN KDYH HI[V
IRU FDSWXULQJ DQG UHFRUGLQJ WUDFHDELOLW\ UHODYV
ULFK WUMHRABR@LOXMW\ZKLFK GHILQH WUDFHDELOLW\ UHC
DQG RWKHU GLIITHUH®WWDVYM iF VDLW ICNDIDERMICGREDYV DU J X P |
LQFOXGH GRPDLQ NQRZOHGJH DQG GHFLVLRQ DQG LVVX
DUH UHSUHVHQWHG E\ JRDO VWUXFWXUHV FKDUWLQJ

'2256 ,Q WKLV ZRUN WKH WUDFHDELOLW\ UHODWLRQYV



$SSURDFKHV IRU (VWDEOLVKLQJ 7UDFHDE

'225 ,Q $OH[DQGHU WKH DXWKRU SURSRROMHUEHDQ DS S
WHPSODWH 9ROHUH IRU JHQHUDWLQJ VRIWZDUH DUW
WUDFHDELOLW\ LQIRUPDWLRQ DQG K\SHUWH[W WHFKQL
LQIRUPDWLRQ

,Q 5DPHVK DQG -DUNH WKH DXWKRUV GHILQHG D WU
WUDFHDELOLW\ UHIHUHQFH PRGHOV DUH GHVFULEHG 7KF
D FRQFHSWXD® (OBRGHID FBPOIOBM®G 'KDU 7KH WUDFHDE
PRGHO LV XVHG DV D ODQJXDJH IRU GHILQLQJ GLIIHUHQ
DVVXPSWLRQV GHFLVLRQV FRQVWUDLQWY UHTXLUHPHQ

ZLWK WKH 5DWLRQDOH &DSWXUH.QRBWHRBU K QGHUHG @ R& W
$VVLVWREPY 0O WRRO 7KH WRRO SURYLGHV IXQFWLRQDO
DUWHIDFWV DFFRUGLQJ WR WKH WUDFHDELOLW\ UHIHUHQ
UHODWLRQV EHWZHHQ DUWHIDFWYV FUHDWHG E\ WKH WRR
UHODWLRQVY +RZHYHU WKRVH DFWLYLWLHY DUH SHUIRUPF

6RPH DSSURDFKHV *RWHO DQG )LOQNHOVWHLQ +DXP
.RWRQ\D DQG 6RPPHUYLOOH /I[HWHOLHU 6XWFOLIII
WKH IUDPHZRUNV WHFKQLTXHYVY DQG DSSURDFKHV RI WU
,Q *RWHO DQG )LQNHOVWHLQ WKH DSSURDFK GHVF
EHWZHHQ GLIITHUHQW UHTXLUHPHQWY DQG EHWZHHQ V
KRZHYHU LW GRHV QRW VWDWH D VXSSRUW IRU DXWRPD
UHODWLRQV ,W LV DVVXPHG WKDW WKH DFWLYLW\ VKRXO

6RPH DSSURDFKHVY DUH SURSRVHG IRU WUDFHDELOLW\ DI
IDPLO\ VA\VWHPV ([DPSOHV RI WKHVH DSSURDFKHV DUH %
%LVKRS &$)( &RULDW HW DO (6$36 ,VWLP H
ORKDQ DQG 5DPHVK 3ODQNO DQG %RFNOH 5
+RZHYHU WKH DFWLYLWLHYV DUH DVVXPHG WR EH GR
HI[SOLFLWO\ GHILQH KRZ WR DFKLHYH LQ DQ DXWRPDWLF

7KHFRPSDRDEHHRXUUHRNWoADIEFHQWXUH

$0
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WUDFHDELOLW\ JHQHUDWLRQ DFWLYLW\ $Q H[FHSWLRQ
DXWKRUV VXJJHVWHG WR XVH UXOHV IRU WUDFHDELOL
GHILQH KRZ WR DSSO\ WKH UXOHV LQ DQ DXWRPDWLF ZLC

6HPL $XWRPDWLF (VWDEOLVKPHQW RI 7UDI

6RPH H[LVWLQJ DSSURDFKHV &OHODQG +XDQJ HW DO

SLOKHLUR DQG *RJXHQ 3RKO E DUH DLPHG
WUDFHDELOLW\ JHQHUDWLRQ +RZHYHU WKH DSSURDFK
VLQFH WKH\ UHTXLUH VRPH PDQXDO HIIRUWYV IURP WUDI
RI DUWHIDFWYV WR EH WUDFHG RU LGHQWLILFDWLRQ RI
FODVVLI\ WKRVH DSSURDFKHV LQWR IRXU W\SHV GHSHC
IRXU W\SHV LQFOXGH D SURFHVV FHQWHUHG WHFKQLT
VFHQDULR EDVHG WHFKQLTXHV DQG F D[LRP EDVHG WI

3URFHVV FHQWHUHG WHFKQLTXH
3RKO 3RKO E SURSRVHG DQ DSSURDFK FDOOHG 352
DQG YLVXDOL]DWLRQ RI SUH WUDFHDELOLW\ XQGHU
HQYLURQPHQW 7KH D SSURQUKHBHEMQYGYIRRKHULQI (QY
LQ ZKLFK UHTXLUHPHQWY DUH UHSUHVHQWHG DV K\SHU
HQWLW\ UHODWLRQVKLS PRGHOV 3RKO DQG +DXPHU
3RKO E REMHFW PRGHOV DQG EHKDYLRU PRGHOV
E 7KH DSSURDFK SURYLGHV LQWHJUDWHG WRROV W
HQYLURQPHQW ([DPSOHV RI WKHVH DFWLYLWLHV DUH
GHYHORSPHQW SURFHVV LL FDSWXULQJ RI WUDFHDI
DUWHIDFWV DQG EHWZHHQ DUWHIDFWV DQG VWDNHKRO
SURFHVV DQG LLL YLVXDOL]DWLRQ RI WUDFHDELOLW\
UHSRVLWRU\ WR UHFRUG WKH H[HFXWHG SURFHVVHV
WUDFHDELOLW\ UHODWLRQV FDQ EH JHQHUDWHG PDQXD
FRQFUHWH WUDFHDELOLW\ UHIHUHQFH PRGHO IRU D VS
WUDFHDELOLW\ UHIHUHQFH PRGHO PXVW EH PDQXDOO\ ¢



$SSURDFKHV IRU (VWDEOLVKLQJ 7UDFHDE!

QHHG WR VSHFLI\ WKH VWUXFWXUH RI WUDFHDELOLW\ U
FUHDWHG GXULQJ WKH GHYHORSPHQW SURFHVYV

(YHQW EDVHG WHFKQLTXH

,Q &OHODQG +XDQJ HW DO E WKH\ GHILQHG DQ HYHC
WR VXSSRUW WUDFLQJ GLIIHUHQW UHTXLUHPHQWV 7KF
LPSDFW DQDO\WLV RQ ERWK IXQFWLRQDO DQG QRQ IXQ]
UHSUHVHQWHG LQ QDWXUDO ODQJXDJH $ FKDQJH RQ L
GHOHWHG DQG DEDQGRQ UHTXLUHPHQW GULYHV DQ D
EHWZHHQ UHTXLUHPHQWYV 7KH WUDFHDELOLW\ UHODWL
GRFXPHQW HQWLWLHV ,Q WKLV ZRUN D SURWRW\SH V
JHQHUDWLRQ Rl WUDFHDELOLW)\ UHODWIORWY PD@® JBHIW R P
DXWRPDWLFDOO\ UHVSRQG WR DQ HYHQW RI D FKDQJH D
JHQHUDWLRQ L H JHQHUDWH QHZ WUDFHDELOLW\ UHOD\
UHODWLRQV +RZHYHU VRPH HYHQWV VXFK DV XSGDWL
UHTXLUH WUDFHDELOLW\ XVHUV WR PDQXDOO\ FUHDWH W

6FHQDULR EDVHG WHFKQLTXH

(J\ HG DQG *UXQEDFKHU (J\ HG DQG *UXQEDFKHU Su
DSSURDFK IRU WUDFHDELOLW\ JHQHUDWLRQ ZKLFK LV
(J\HG (J\HG DQG *UXQEDFKHU WKH\ GHVFULEHG

LV FODLPHG WR DXWRPDWLFDOO\ JHQHUDWH WUDFHDELO
LH XVH FDVH GLDJUDPV FODVV GLDJUDPV DQG GDWD |
VFHQDULRY L H WHVW FDVH VFHQDULRY XVDJH VFHQDU
DQ LQLWLDO PDQXDO SURFHVV IRU FUHDWLQJ SUH GHI
K\SRWKHVLKHGHWUBRMKHYVLI]HG WUDFHYVY DUH LGHQWLILHC
DQG VFHQDULRY DQG DUH XVHG LQ D VHFRQG VWHS WR C
UHODWLRQV EDVHG RQ WUDFHDELOLW\ UXOHV DQG WUDQ
DSSURDFK XVHV VFHQDULRV WR GLVFRYHU DVVRFLDWLR
DVVRFLDWLRQ EHWZHHQ D VFHQDULRRBYW®& W.IBWIRNVLFXOD |
IRRWSULQWY DQG K\SRWKHVL]HG WRPRPWIBVY LMWH JWRBRKR UF
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IRRWSULQW JUDSK LV UHSUHVHQWHG IRU WUDFHDELOL
VFHQDULR

$[LRP EDVHG WHFKQLTXHYV

3LQEHLUR DQG *RJXHQ 3LQKHLUR 3LQKHLUR DQG

DSSURDFK IRU WUDFHDELOLW\ JHQHUDWLRQ WKDW XVH
*RIJXHQ 7UDFHDELOLW\ RI 2EMHF222 U ILNQ WUHHED \& H GX LW
SURYLSHRMHFW IXQHRWLIRODWLWY ZKLFK DOORZV WUDFH
WHPSODWHVY RI DUWHIDFWV L H UHTXLUHPHQWYVY GHV
VWUXFWXUH Rl WUDFHDELOLW\ UHODWLRQV LL D IXQF
IXQFWLRQDOLW\ IRU FUHDWLQJ WUDFHDELOLW\ UHODYV
EHWZHHQ DUWHIDFWV DQG VWDNHKROGHUV DQG LY
WUDFHDELOLW\ UHODWLRQV 7KH VSHFXQFDWLEDORD QG
2EMHFW 2ULHQWHG 3PR36UDRBREFRUBRVWHPV7UDFHDELOLW
DUH JHQHUDWHG EDVHG RQ D[LRP WHFKQLTXHV $UWHID
DSSOLHG ZLWK ORJLFDO RSHUDWRUV LQ D[LRPV 7UDFH
WKH WRRO DQDO\WH WKH LPSOLFDWLRQV RI D[LRPV 7KH
LV SURYLGHG LQ WKHGIHFRDEWHROPRAY WUDFHDELOLW\ X
WUDFHDELOLW\ UHODWLRQ Y QD¥FIFZKEWE R YHY @ R W SHUFD FIHD
XVHUV WR TXHU\ UHODWHG DUWHIDFWYV CRRFRUGIHG] WF
ZKLFK DOORZV WUDFHDELOLW\ XVHUV WR YLVXDOL]H

VSHFLI\LQJ WKH WHPSODWHYV RI DUWHIDFWV GHILQLQJ
DQG LQVWDQWLDWLQJ WKH DUWHIDFWV PXVW EH GRQH E

7KRVH DSSURDFKHVY KDYH DWWHPSWHG WR HQDEOH DX
WUDFHDELOLW\ UHODWLRQV +RZHYHU VRPH RI DFWLYL
SURFHVV VXFK DV GHILQLQJ W\SHV RI WUDFHDELOLW\ U
W\SHV RI VRIWZDUH DUWHIDFWV WR EH WUDFHG DUH VW



$SSURDFKHV IRU (VWDEOLVKLQJ 7TUDFHDE!

)XOO\ $XWRPDWLF (VWDEOLVKPHQW RI1 7UDF

H FODVVLI\ WKH GLITHUHQW W\SHV RI DSSURDFKHV WK
WUDFHDELOLW\ UHODWLRQV LQ D IXOO\ DXWRPDWLF ZD\
WHFKQLTXHV XVHG WR DVVLVW ZLWK WKLV WDVN 7KHVH
UHWULHYDO WHFKQLTXHYV E UXOH EDVHG WHFKQLTXHV
LOQWHIJUDWLRQ WHFKQLTXHY DV GHVFULEHG EHORZ

,QIRUPDWLRQ 5HWULHYDO 5 WHFKQLTXHYV

$QWRQLRO HW DO $QWRQLRO HW DO DSSOLHG ,5 W
UHODWLRQV EHWZHHQ VRXUFH FRGH GRFXPHQWV UHSU
UHTXLUHPHQWY VSHFLILHG LQ QDWXUD G WOREDKIDA HY W KFH |
PHWRRGHFWRRRGSHDFHW FRQVLVWYVY RI XVLQJ FRPPHQWV I
ZLWKLQ WKH VRXUFH FRGH WR ILQG VLPLODULWLHV LQ
UDQNHG E\ UHOHYDQFH 7KHQ WKH WUDFHDELOLW\ UHC
UHOHYDQFH RI WKH GRFXPHQWY 7KH ZRUN KDV EHHQ H[S
QDPHO\$ DQYOEHUUMMWH[SHULPHQWDO UHVXOWYV KDYH Gl
SHUFHQW RI UHFDOO PHDVXUHPHQWVY KRZHYHU IDLU
PHDVXUHPHQWY 7KH DXWKRUV GHVFULEHG WKDW ERWK
VDPH UHFDOO PHDVXUHPHQWV +RZHYHU WKH YHFWRU V
PHDVXUHPHQWYV ZLWK GLITHUHQW QXPEHUV RI GRFXPHQW

,Q ODOHWLF HW DO ODUFXV DQG OHOHWDMWHQWKH D
6HPDQWLF/6QGIRWLBNWDEOLVKLQJ WUDFHDELOLW\ UHODWI
RWKHU GLITHUHQW W\SHV RI GRFXPHQWYV VXFK DV UHTXL
7KH DXWKRUV DUJXHG WKDW WKHLU DSSURDFK DFKLHYHC

LQ WHUPV RI UHFDOO DQG SUHFLVLRQ PHDVXUHPHQ
SDUVHG VRXUFH FRGH DQG DQDO\VLVY RI GRFXPHQWYV | W
RI FRQWH[W LQ GRFXPHQWY ODUFXV HW DO DUJXH WKD!'
SURFHVVLQJ RI WKH VRXUFH FRGH DQG GRFXPHQWDWLR
ODQJXDJH DQG SDUDGLJP LQGHSHQGHQW
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+D\HV HW DO +D\HV HW DO SURSRVHG WR XVH
WUDFHDELOLW\ JHQHUDWLRQ ,Q SDUWLFXODU WKH DS
WHFKQLTXEBQLODD YHARNERK UWVWWULAHODWVLFDO YHFWRU
LQIRUPDWLRQ UHWULHYDO ZAMMK-KNHY SBRQDNHWHQVLRQ |
FODVVLFDO YHFWRU ,5 PRGHO WKDW DVVRFLDWHYV D OL
GHYHORSV SRVVLEOH UHOHYDQW SKUDYVHWKWRDRXDMKFK E
UHWWKHY¥IXOLY DQ H[WHQVLRQ RI WKH FODVVLFDO YHFV
WKHVDXUXV DQG WKHQ DVVRFLDWHV WKH WKHVDXUXV
+D\HV HW DO WKH DSSURDFK L SDUVHV UHTXLI
XQQHFHVVDU\ ZRUGV ZKLFK DUH QRW FRQVLGHUHG IRU
LLL FRQVWUXFWY D OLVW RI WRNHQV DQG WKHVDXU>
GRFXPHQWY $FFRUGLQJ WR WKHLU H[SHULPHQWYV WKI
PHDVXUHPHQWY EXW ORZ HU SUHFLVLRQ PHDVXUHPHQW
WHFKQLTXHY 7KLV ZRUN KDV EHHQ5QD5R2H#D WXS IRUW H G
DO 7KH DXWKRUV KDYH GHPRQVWUDWHG LQ WKH
IDFLOLWDWH WKH DXWRPDWLF WUDFHDELOLW\ JHQHUDV
PHDVXUHPHQWYV

+RZHYHU WKH JHQHUDWLRQ RI WUDFHDELOLW\ UHODW
WDNH LQWR FRQVLGHUDWLRQ WKH VHPDQWLF RI DUWHID

5DLOH EDVHG DSSURDFKHYV

,Q G6SDQRXGDNLV HW DO D UXOH EDVHG DSSURLEL
WUDFHDELOLW\ UHODWLRQV KDV EHHQ SURSRVHG 7K
UHODWLRQV EHWZHHQ GLITHUHQW WVLYS\HW RRRIH U HU EXT X IHUPHHF
VSHFLIKBEEBWQRYWLRQDO UHTX)ISAFHPBQW VRESIHFWLFRBHA Q
DSSURDFK WUDFHDELOLW\ UXOHV WDNH LQWR FRQVLG
WHUPV XVHG WR VSHFLI\ UHTXLUHPHQWY LQ &56 DQG )
;0/ LQ ZKLFK ERWK GRFXPHQWYV DQG WUDFHDELOLW\ L
IRUPDW ,QLWLDO H[SHULPHQWY KDYH GHPRQVWUDWHG
SHUFHQW RI UHFDOO PHDVXUHPHQWYV



$SSURDFKHV IRU (VWDEOLVKLQJ 7UDFHDE

7KH JHQHUDWLRQ RI WUDFHDELOLW\ UHODWLRQV E\ XVLC
FRQVLGHUDWLRQ RI WKH VHPDQWLFV RI GRFXPHQWYV EHI
UHODWLRQ

+\SHUPHGLD DQG LQIRUPDWLRQ LQWHJUDWRUYV
6KHUED HW DO 6KHUED HW DO E SURSRVHG DQ DSE
DQG LQIRUPDWLRQ LQWHJUDWLRQ WHFKQLTXHV IRU VXSS
WUDFHDELOLW\ JHQHUDWLRQ DQG YLVXDOLVDWLRQ 7KL\
LQWHJUDWRUIVS UFMDBIROMGE LQ $QGHUVRQ HW DO DQG
7KH DSSURDFK DSSOLHV ,QILQLWH LQWHJUDWRUV IRU FU
LQ GRFXPHQWYV $Q DQFKRU LV DQ LQWHUHVWHG HOHP
DSSURDFK GLVFRYHUV LPSOLFLW WUDFHDELOLW\ UHOD\
FUHDWHG DQFKRUV DQG H[SOLFLW UHODWLRQV 7KH DXW
DQFKRUV GHSHQGV RQ WKH DOJRULWKPV XVHG E\ WKH LC
WKH LQWHJUDWRUV FDQ EH ,5 WHFKQLTXHV RU UXQWLPH
EH DV VLPSOH DV D NH\ZRUG VHDUFK RU DV FRPSOH[ DV
7UDFHO KDV EHHQ GHYHORSHG DQG S U R WIHIH V WWKCHV ILRRGQO |
ZKLFK DOORZV XVHUV WR UHJLVWHU DUWHIDFWV JHQHUD
WUDFHDELOLW\ UHODWLRQV DQG QHZ WUDQVODWRUV DC
RI DUWH \DFFRHVEKRE®ILY XVHG WR VFKHGXOH WKH H[HFXW
LQWHJUDWROWD W LIRQ VAKISF kP DCBBQRAV XVHUV WR JHQHUDYV
UHODWLRQV EHWZHH@R CREXRKEDWORZVYXVHUV WR XSGDWI
UHODWLIR(HWBKLFK DOORZV XVHUV WR VHW DQ LQTXLU\ DI
XSRQ H[LVWLQJ GRFXPHQWYVY DQG MSBERNFAK. MONM\RZMOD V
XVHUV WR YLVXDOLVH D VXPPDU\ Rl WUDFHDELOLW\ UH
DUWHIDFW LQ +70/ IRUPDW 6LQFH WKH WRRO LV DLPHG
DSSURDFK GRHV QRW GHSHQG RQ SDUWLFXODU VSHFLILF
+RZHYHU WKH DSSURDFK GHSHQGV RQ WKH LQWHJUDWRL
GR QRW SURYLGH WKH HYDOXDWLRQ E\ PHDQV RI SUHFLV

7KH PDMRULW\ RI H[LVWLQJ DSSURDFKHV GR QRW VXSS
UHODWLRQV LQ D IXOO\ DXWRPDWLF ZD\ DOWKRXJK V
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DWWHPSWHG WR DFKLHYH D IXOO\ DXWRPDWLF JHQHUDV
VRPH RI VHPL DQG IXOO\ DXWRPDWLF DSSURDFKHV C
HI[SHULPHQWDO UHVXOWY DQG QRQH RI WKHP DUH SUR
VI\VWHPV VXFK DV SURGXFW IDPLO\ VA\VWHPV

5HSUHVHQWDWLRQ 5HFRUGLQJ DQG ODLQW

5HODWLRQV
6LQFH WKH PDMRULW)\ Rl H[LVWLQJ DSSURDFKHV IRU WU
D IXOO\ DXWRPDWLF JHQH UDGH QMDJE B Y FOIPPBERR@IQ T X H V
DUH XVHG WR DVVLVW UHSUHVHQWDWLRQ RI WUDFHDEI
WHFKQLTXHV FDQ EH GRQH E\ PDQXDO RU DXWRPDWLF
PDUN XS P D DPSKRIHIDDBXDOVR XVHG WR UHSUHVHQW WL
$GGLWLRQDOO\ WHFKQLTXHV LH GDWDEDVH DQG VSHF
WUDFHDELOLW\ UHODWLRQV :H GHVFULEH EHORZ WHF
UHSUHVHQWLQJ UHFRUGLQJ DQG PDLQWHQDQFH RI WU

,GHQWLILHU 7THFKQLTXH

,GHQWHRKIQLTXH XVHV D XQLTXH QXPEHU WR LGHQWLI\ |
WKH QXPEHU WR RWKHU UHOHYDQW DUWHIDFWYVY 6DZ\H
RWKHU ZRUGYV LGHQWLILHU WHFKQLTXH UHTXLUHYV LGH(
IRU HDFK DUWHIDFW 7UDFHDELOLW\ UHODWLRQV FDQ
LGHQWLILHU FDQ EH FRPSRVHG RI D XQLTXH QDPH DQG
QDPH RI D VI\VWHP DQG D W\SH RI DQ DUWHIDFW )LJ>
LGHQWLILHU WHFKQLTXH 7KH LGHQWLILHU LV FRQVWU)
L DEEUHYLDWLRQ RI D VI\VWHP ZKLFK D UHTXLUHPHQW
LL DEEUHYLDWLRQ RI DQ DUWHIDFW W\SH HJ XVHU I
VRXUFH FRGH 6& DQG LLL RUGHULQJ QXPEHU RI D U
LQ )LIJXUH D UHTXLUHPHQW 03 8, LV UHILQHG D UH



5HSUHVHQWDWLRQ 5HFRUGLQJ DQG ODLQWHQDQFH

03 8, 7KH XVHU LQWHUIDFH VKDOO KDYH JUDSKLFDO PHQX
03 8, 7KH VFUHHQ VKDOO SURYLGH D OLVW RI JUDSKLFDO LFRQV ZKRVL!
DQG D EDFNJURXQG

)LIXUH 5HSUHVHQWLQJ WUDFHDELOLW\ E\ XVLQJ
7KLY WHFKQLTXH VXSSRUWY ERWK PDQXDO DQG DXWRP
WUDFHDELOLW\ UHODWLRQV DQG LV EHVW VXLWHG IRU
YHUWLFDO WUDFHDELOLW\ UHODWLRQV HJ EHWZHHQ WZ
LW LV GLIILFXOW WR DSSO\ WKH WHFKQLTXH WR UHSUHYV
UHSUHVHQWY WUDFHDELOLW\ UHODWLRQV ZLWKRXW WKH
IRXQG LQ H[LVWLQJ WUDFHDELOLW\ DSSURDFKHYVY DQG W

'2256 S5HTXLVLWH3UR 570 ,GHQWLILHU WHFKQLTX
RWKHU WHFKQLTXHV WR UHSUHVHQW DGGLWLRQDO WUDF
WKH HIWHQVLRQ RI WKH WHFKQLTXH

7DJJIJLQJ THFKQLTXH

TDIIJWHFKQLTXH XVHV DGGHG LQIRUPDWLRQ WR UHSUHV|
UHODWLRQV LQ DUWHIDFW VSHFLILFDWLRQ 6DZ\HU HW D
LQ )LIXUH D OBHE XKDNPBIQ VWD W W WBIREXWHHS WQHDWPHH@W L Q J
ZKR FUHDWHG WKH UHTXLUHPHQW 7KH WHFKQLTXH LV VX
WR PDQ\ RU PDQ\ WR PDQ\ UHODWLRQV DQG VXSSRUWYV |
ZLWK WKHLU VHPDQWLFV )ORZHYHU WKH XVH RI WKLV
VSHFLILFDWLRQV KDUGHU WR UHDG

03 8, 7KH XVHU LQWHUIDFH VKDOO KDYH JUDSKLFDO PHQX
6RXUskuolkGXFW PDQDJIHU $

03 8, 7KH VFUHHQ VKDOO SURYLGH D OLVW RI JUDSKLFDO LFI

UHSUHVHQWY D PHQX DQG D EDFNJURXQG

JLIXUH 5HSUHVHQWLQJ WUDFHDELOLW\ E\ WDJJL(

,QGH[LQJ 7THFKQLTXH

, QGHWRFKQLTXH DUUDQJHV DUWHIDFW VSHFLILFDWLRQ®
6RPPHUYLOOH 6RPPHUYLOOH DQG 6DZ\HU 7TKH I
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XVLQJ LGHQWLILHUV $V VKRZQWU)L QXWHU | DB WHRT XV_FUHP!
VSHFLILHG ZLWK3 8GHNBBLELHUKH WHFKQLTXH LV VXLW
UHSUHVHQWLQJ RQH WR RQH DQG RQH WR PDQ\ WUDF}
UHODWLRQV DUH RQO\ UHDGDEOH LQ RQH GLUHFWLRQ
WUDFHDELOLW\ UHODWLRQV ZLWKRXW WKHLU VHPDQWI
GLUHFWLRQ DQG QRW SUDFWLFDO ZLWK PDQ\ WR PDQ\ U

1R SHTXLUHPHQWYV
03 8, 03 8, B8VHU LQWHUIDFH RI VFUHHQ GLVSOD\
03 8, 03 8, 8VHU LQWHUIDFH RI HPEHGGHG DSSOLFDWLRQ L H JDP}
03 8, 03 8, B8VHU LQWHUIDFH RI QHWZRUN FRQQHFWLRQ
JLIXUH 5HSUHVHQWLQJ WUDFHDELOLW\ E\ LQ

7TDEOH 7THFKQLTXH

7DEWHFKQLTXH UHSUHVHQWY WUDFHDELOLW\ UHODWLRQ
W\SHV Rl WUDFHDELOLW\ UHODWLRQV 6RPH ZRUN VXF
.RWRQ\D DQG 6RPPHUYLOOH /LQGYDOO DQG . /
6RPPHUYLOOH DQG 6DZ\HU UHSUHVHQW WUDFHDEL
WHEKQLTXH 7KH WHFKQLTXH LV VXLWHG IRU UHSUHVHC
PDQ\ WR PDQ\ UHODWLRQV 7DEOH WHFKQLTXH FDQ V:
UHODWLRQV ZLWK WKHLU VHPDQWLFV

03 8, 03 8, 03 8, 03 8, 03 8,
03 8, 5 5
03 8,
03 8, &
03 8,
J)LIXUH 5HSUHVHQWLQJ WUDFHDELOLW\ E\ W
JLIXUH VKRZV D3UBTXUHARHODAW WKHBI3UBHTRRDWBHPHQWYV

03 8, DQG D UHTXBLYHRBQWRQVWUDLQWVO®WR WKH UHTX



5HSUHVHQWDWLRQ 5HFRUGLQJ DQG ODLQWHQDQFH

+RZHYHU LW LV GLIILFXOW WR PDLQWDLQ ZLWK D ODU
DQG SRVVLEOH WR PLVUHDG GLUHFWLRQV RI WUDFHDELO

ODSSLQJ *UDSK 7THFKQLTXH

0DSSLQMIAKSTXH UHSUHVHQWY WUDFHDELOLW\ UHODWI
D VFHQDULR ZKLFK DQG KRZ VRIWZDUH DUWHIDFWV DVV
JUDSK WHFKQLTXH LV XVHG WR UHSUHVHQW ZLWK VHPE
WUDFHDELOLW\ UHODWLRQV ,W FDQ UHSUHVHQW UHODWI
SDUWLFXODU GRFXPHQW LQ D SDUWLFXODU ILOH DQG V.
RQH WR PDQ\ DQG PDQ\ WR PDQ\ UHODWLRQVKLSV 7KLV \
LQ DQ DXWRPDWLF zZD\ ([DPSOHV RI WUDFHDELOLW\ DSS
/IHWHOLHU ODOHILF HW DO 3LQKHLUR DQG *RJXHQ

,Q /HWHOLHU D JUDSK LV FRPSRVHG RI HOHPHQWYV

WUDFHDELOLW\ UHODWLRQV DQG GLUHFWLRQV RI WUDF}
DXWKRUV GHILQHG D FOXVWHU DV D VHW RI GRFXPHQ
GRFXPHQWHG LQ GLIIHUHQW ILOHV $ JUDSK LV XVHG W
EHWZHHQ VRXUFH FRGH LQ GLIIHUHQW FOXVWHUV DQG

.%6% $'0 WRRO WKDW SURYLGHVY WKH UHSUHVHQWDWLRQ |
UHSUHVHQWLQJ DVVRFLDWHG DUWHIDFWY DQG W\SHV RI \

ODUN XS 7THFKQLTXH

ODUN XHFKQLTXH UHSUHVHQWY WUDFHDELOLW\ UHODMW
SHSUHVHQWDWLRQ RI WUDFHDELOLW\ UHODWLRQV ZLWK
PDQXDOO\ RU DXWRPDWLFDOO\ 7KH WHFKQLTXH VXSSRUYV
WR PDQ\ DQG PDQ\ WR PDQ\ UHODWLRQVKLSY DV ZHOO L
JLONHOVWHLQ WKH\ GHILQHG D GHVFULSWLYH PD
WUDFHDELOLW\ UHODWLRQV 7KH GHVFULSWLYH PDUNXS
7KH WUDFHDELOLW\ LQIRUPDWLRQ FDSWXUHG LQ WKH [
WUDFHDELOLW\ UHODWLRQ DQG UHODWHG VRIWZDUH D
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6SDQRXGDNLYV HW DO =LVPDQ HW DO E LV EI
7TUDFHDELOLW\ UHODWLRQV DQG UXOHV DUH UHFRUGHG

+\SHUOLQN 7HFKQLTXH

+\SHUGHEKQLTXH UHSUHVHQWY WUDFHDELOLW\ UHODWL
DUWHIDFWV +\SHUOLQN WHFKQLTXH VXSSRUWV UHSU}L
VHPDQWLFV 7KH WHFKQLTXH FDQ UHSUHVHQW RQH WR
PDQ\ UHODWLRQVKLSY 7KH WHFKQLTXH DOORZV PXOW
DQG LQWHUUHODWHG VFHQDULRVY 7KH JURZWK RI ,QWH
VXSSRUW WKH GHSOR\PHQW RI K\SHUOLQN WHFKQLTXF
UHSUHVHQWLQJ WUDFHDELOLW\ UHODWLRQV ZLWK WKH
LPSOHPHQWHG ([DPSOHV DUH WKH ZRUN LQ .QHWKHQ
6KHUED HW DO D 6/$7(

7TDEOH VKRZV WKH FRPSDULVRQ EHWZHHQ GLIIHUHC
WUDFHDELOLW\ UHODWLRQV



5HSUHVHQWDWLRQ 5HFRUGLQJ DQG ODLQWHQDQFH

7TDEOH &RPSDULVRQ RI WHFKQLTXHV IRU WUDFHDELOLW\ L

,GHQWLVDHIULQXY GH[LGDEOHODSSLQWDUN +\SHUOLQN

JuD3K XS
6XSSRUW : :
UHSUHVHQWDWLRQ RI
WUDFHDELOLW\
UHODWLRQV PDQXDOO\
6XSSRUW : :
UHSUHVHQWDWLRQ RI
WUDFHDELOLW)
UHODWLRQV
DXWRPDWLFDOO\
6XSSRUW :
UHSUHVHQWLQJ R
RQH WR RQH
UHODWLRQVKLS
6XSSRUW :
UHSUHVHQWLQJ R
RQH WR PDQ\
UHODWLRQVKLS
6XSSRUW
UHSUHVHQWLQJ R
PDQ\ WR PDOQ\
UHODWLRQVKLS
6XSSRUW
UHSUHVHQWLQJ R
VHPDQWLFV

([LVWLQJ WHFKQLTXHV DSSOLHG IRU UHFRUGLQJ WUDFHI
VSHFLDO UHSRVLWRULHYVY 6RPH WRROV '2256 3LQKHLUR
-DUNH 570 UHSUHVHQW DQG UHFRUG WUDFHDELOLW\
DGGLWLRQ WR 3RKO E 6KHUED HW DO D WKH I
GHYHORSPHQW HQYLURQPHQWYVY WR SDUWLFXODUO\ VXSSR
GHILQHG VSHFLDO UHSRVLWRULHV IRU WKH DFWLYLWLHYV
SURFHVVIRH SRVARWRGILQJ VRIWZDUH DUWHIDFWY DQG WUD
WR IRXU W\SHV RI UHIHUHQFH PRGHOV DV GHVFULEHG
UHSRVLWRU\ FRQVLVWWYIRQ WKURHHA NEKKH®KBO HYBIQJXDJHV |
GHILQLQJ SURFHVVHV DQG WUDFHDELGCEAMWL QIHWHB R QETHY A
ZKLFK WKH SURFHVV PRGHOV DQG WUDFHDELOLW\ UHIHU
,5' OHYHO ZKLFK SURFHVV H[HFXWLRQ VRIWZDUH DUWHII
UHFRUGHG ,Q O6KHUED HW DO L Q DR U PADRAHL ROQX W IQ RMUHVI UL
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HQYLUR@FHUWRQ HW DO LQ WUDFHDELOLW\ DFWL)
DUWHIDFWV ZKLFK DUH WUDQVODWHG DQG LQWHJUDWH
UHODWLRQV DUH UHFRUGHG XQGHU WKH UHSRVLWRU\ L
HW DO D &OHODQG +XDQJ HW DO E WUDFHDEL
HYHQW EDVWBUWHMDFHDELOLW\

7TUDFHDELOLW\ &&RPPHUFLDO 7RROV

,Q WKLV VHFWLRQ ZH VXPPDULVH WKH IHDWXUHV RI
WUDFHDELOLW\ DFWLYLWLHVJHQH FD @WHRROISRNAK WAKH DR
LQLWLDOO\ GHYHORSHG IRU VXSSRUWLQJ RWKHU SXUS
WUDFHDELOLWV DHMLUYWV\BRKOWBREAGFK DUH GHYHORSHG |
UHTXLUHPHQW PDQDJHPHQW DQG SURYLGH VRPH [IX(
WUDFHDELOLW\ DFWLYLWLHV

*HQHUDO 3XUSRVH 7RROV

6RPH JHQHUDO SXUSRVH WRROV DUH XVHG WR VXSSRU
DQG SUDFWLFDO IRU VPDOO VFDOH DQG VKRUW WHUP
HIDPSOH LQFOXGH VSUHDGVKHHW SURJUDPV VXFK DV /|
&RUSRUDWLRQ 06 ([FHO & OLFURVRIW &RUSRUDWLRQ
&RUSRUDWLRQ ZRUG SURFHVVRUV DQG K\SHUWH[W |
OLFURVRIW &RUSRUDWLRQ "RUG3HUIHFW 0 &RUHO &R
$GREH 6\VWHPV ,QF RUG SURFHVVRUV SURYLGH ZD\
XVLQJ WHFKQLTXHYV DV OLVWY DQG WDEOHV +\SHUWH]
EHWZHHQ DUWHIDFWY G6SUHDGVKHHW SURJUDPV KHOS
UHTXLUHPHQWY DQG WKHLU DWWULEXWHYV

+RZHYHU WKHUH DUH WKUHH PDLQ OLPLWDWLRQV LQ X
WUDFHDELOLW\ UHODWLRQV 7KHVH OLPLWDWLRQV DL
FRQILIXULQJ RI WRROV LV WLPH FRQVXPLQJ LL WRRO
QRU VXSSRUW PDQ\ VLPXOWDQHRXV XVHUV DQG LLL V



7TUDFHDELOLW\ &RPPHUFLDO 7R|

FRQVLVWHQW IUDPHZRUN IRU WUDFHDELOLW\ EXW SURPR
7TKHUHIRUH JHQHUDO SXUSRVH WRROV DUH QRW DSSUR
UHTXLUHPHQWY WUDFHDELOLW\

6SHFLILF 3XUSRVH 7RROV RI 5HTXLUHPHQW\

6SHFLDO SXUSRVH WRROV SURYLGH IHDWXUHV VXFK D\
UHFRUGLQJ H[WUD LQIRUPDWLRQ DV DWWULEXWHV RI GF
FUHDWRU YHUVLRQ E ILOWHULQJ DQG VRUWLQJ WR Y
HISRUWLQJ GRFXPHQWYV EHWZHHQ GLIIHUHQW SURMHFW!'
YHUVLRQVY DQG H FUHDWLQJ UHSRUWY DQG VXPPDULHYV
PD\ EH SURYLGHG E\ WKH WRROV D JUDSKLFDO XVHU 1
RWKHU WRROV DQG F VXSSRUW IRU VLPXOWDQHRXV XVFI
PDQDIJHPHQW WRROV WKDW VXSSRUW WUDFHDELOLW\ L
6RIWZDUH &RUSRUDWLRQ &DOLEHU 50 E 7HFKQRORJ\ ¢
7THOHORJLF $% 570 :RUNVKRS E ,QWHJUDWHG &KLSZDL
6WUXFWXUHG 6RIWZDUH 6\VWHPV /LPLWHG 6/ &DOLEH
570

‘2256

'2256 '2256 LV SDUW RI D FRPPHUFLDO VXLWH RI UHTXLU
WKDW DUH SURGXFHG E\ THOHORJLF ,W LV GHVLJQHG WR
DQG KDQGOH KXQGUHGV RI XVHUV '2256 DOVR VXSSRUWYV
E\ PDQ\ XVHUV DW RQFH 7KH PDLQ IHDWXUHV RI '2256
DUWHIDFWY DV ZHOO DV FUHDWH DQG PDLQWDLQ WUDFH
DUWHIDFWV '2256 FODLPHG WKDW WKH WRRO FDQ VXSSR
VRIWZDUH DUWHLPB\WDVWE DQW@MNBIH\D EL O HWD W QR@XV LAK H
WUDFHDELOLW\ UHODWLRQV DUH XSGDWHG ZKHQ D XVHU
7KHUH LV DOVR D IXQFWLRQ RI NHHSLQJ KLVWRU\ ORJV V
VRIWZDUH DUWHIDFWY +RZHYHU DV PHQWLRQHG EHIRU
UHODWLRQ UHOLHV RQ WUDFHDELOLW\ XVHUV DQG '2256
FUHDWHG E\ WKH WRRO
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5HTXLVLWH3UR

SHTXLVLWH3UR S5HTXLVLWH3UR LV D UHTXLUHPHQW PD
, %0 7KH WRRO LV GHVLIQHG WR LPSURYH WKH FRPP
SURMHFWY DQG HQKDQFH FROODERUDWLYH GHYHORSP]
ZRUG DQG GDWDEDVH WR VXSSRUW UHTXLUHPHQWYV
IXQFWLRQDOLWLHYVY IRU PDQXDOO\ JHQHUDWLQJ WUDFH
FUHDWHG E\ WKH WRRO 7KH WUDFHDELOLW\ UHODWLRC
DUHYROUHMOURWLRQY DQG UHSUHVHQW WKH KLVWRU\ RI FK

&DOLEHUS50

&DOLEHU50 &DOLEHUS50 LV D UHTXLUHPHQWY PDQDJHI
%RUODQG W LV GHVLIQHG WR IDFLOLWDWH FROO
FRPPXQLFDWLRQ LQ V\VWHP GHYHORSPHQW HQYLURQP
DVVLVW WKH GHILQLWLRQ DQG PDQDJHPHQW RI D SUR
UHTXLUHG WR LGHQWLI\ WUDFHDELOLW\ UHODWLRQV EH

$V PHQWLRQHG EHIRUH WKHUH DUH OLPLWDWLRQV L«
VXSSRUWLQJ WUDFHDELOLW\ DFWLYLWLHY DQG VSHFL
SHTXLVLWH3UR &DOLEHU 50 570 DUH DSSOLHG IRU WU
UHSUHVHQWDWLRQ DQG XVDJH +RZHYHU PDQXDO HIIF
DFWLYLWLHY 7KHUH KDYH EHHQ HIIRUWV WR GHYHO
UHTXLUHPHQWY HQJLQHHULQJ DQG VRIWZDUH WUDFHDE]
JLONHOVWHLQ DQG )XNV *RWHO DQG )LQNHOVWHLQ

$FFRUGLQJ WR WKH OLWHUDWXUH D QXPEHU
$QWRQLRO HW DO &OHODQG +XDQJ HW DO 0D
DQG *RJIXHQ 3RKO D 6KHUED HW DO D =LV
VRIWZDUH WUDFHDELOLW\ KDYH EHHQ GHYHORSHG DQG
HQYLURQPHQWYV +RZHYHU WKH IROORZLQJ DUH VWLOO
PDLQWDLQ VRIWZDUH WUDFHDELOLW\ IRU D VPDOO SUR
WKH PDLQWHQDQFH RI WKH WUDFHDELOLW\ UHODWLRQ\
PDQDJHPHQW RI VRIWZDUH DUWHIDFWYV PXFK PRUH GLII
SURQH E WKRVH WRROV GR QRW SURYLGH IRU VXSSF



7TUDFHDELOLW\ &RPPHUFLDO 7R

VXFK DV SURGXFW IDPLO\ VIVWHPV DQG F VRPH RI WKR
DQG KDYH FRQVWUDLQWY HJ GRFXPHQWV PXVW EH VSHF
WRROV RU GRFXPHQWVY PXVW EH UHFRUGHG LQ VSHF
GHYHORSPHQW HQYLURQPHQW

6 XPPDU\

7KLY FKDSWHU KDYH SURYLGHG EDFNJURXQG LQIRUPDW
GHVFULEHG WKH GHILQLWLRQ FXUUHQW SUREOHPV H[LV
DQRG WRROV UHJDUGLQJ VRIWZDUH WUDFHDELOLW\ ,Q QH
SURGXFW IDPLO\ VA\VWHPV



&KDSWHU

SURGXFW )DPLO\ 6\VWHPYV

7KLYV FKDSWHU GHVFULEHV D OLWHUDWXUH RI SURGXFW
SUREOHPV DQG H[LVWLQJ DSSURDFKHV WHFKQLTXHV DQ
IDPLO\ VA\VWHPV W DOVR SUHVHQWYV WKH H[LVWLQJ DSS
DFWLYLWLHYVY LQ SURGXFW IDPLO\ V\VWHPV DV ZHOO

WHUPLQRORJLHY DUH JLYHQ LQ 6HFWLRQ ,Q 6HFWLRQ
LQ WKH GRPDLQ RI SURGXFW IDPLO\ VA\VWHPYVY G6HFWLRQ

SURGXFW IDPLO\ VA\VWHP GHYHORSPHQW G6HFWLRQ DQ
PHWKRGRORJLHVY DSSURDFKHV DQG WHFKQLTXHV IRU SU
,Q 6HFWLRQ ZH GHVFULEH H[LVWLQJ WRROV ZKLFK DU
VI\VWHP GHYHORSPHQW 6HFWLRQ GHVFULEHV WKH Ut
IDPLO\ VA\VWHPV

, QWURGXFWLRQ WR 3URGXFW )DPLO\

6RIWZDUWN WMHKHVIBURFHVV RI VRIWZDUH GHYHORSPHQW E

DUWHIDFWY 'HSDUWPHQWBBRIB'HIHQVH 2YHU WKH
WHFKQLTXHV IRU VRIWZDUH UHXVH KDYH EHHQ GHYHORH
&OHPHQWY DQG 1RUWKURS (6$36 :HLVV DQG /DL

ODUJHVW OHYHO RI JUDRQXRG®GXEWKIIIVWLYXEKRRVYMHYG BVKH L
SUDFWLFH LQ DQ RUJDQL]DWLRQ KDYLQJ D ODUJH QXPEH
VXFK DV KLJKO\ H[SHQVLYH FRPSOH[ DQG WHGLRXV WDV
RI SURGXFW IDPLO\ ZLOO EH JLYHQ LQ 6HFWLRQ

7KH LGHD RI SURGXFW IDPLO\ ZDV PRWLYDWHG E\ WKH Q
SURGXFWYV PRUH HIIHFWLYHO\ DQG WKH IDFW WKDW WK}
FRPPRQ DQG VSHFLDO IXQFWLRQDOLWLHYVY )RU H[DPSOH
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FUHDWHG D PRELOH SKRQH IDPLO\ WKDW FRQWDLQV D
HQG PRELOH SKRQHV KDYH VLPLODU EDVLF IXQFWLRC
FDSDFLWLHV WR RIIHU FRPSHWLWLYH SULFH ORELOH &
VRPH FRXQWULHY SURYLGH GLIITHUHQW VWDQGDUGV R
GHSHQG RQ UHJLRQDO GLYHUVLW\ WKHUHE\ D FRPSD(
GLITHUHQW UHJLRQV

7THUPLQRORJLHVY LQ 3URGXFW )DPLO\

‘H GHVFULEH EHORZ WHUPLQRORJLHV XVHG LQ WKH Gl
GHYHORSPHQW

BURGXFW )DPLO\

,QLWLDOO\p uDYQIHISQRGUDMYDB L\OHW RI VRIWZDUH SU
FRQVWLWXWHG DV D IDPLO\ ZKHUHE\ D SURJUDP LV G
SURSHUWLHYV RI SULRU SURJUDPV DQG DGGLQJ H[WUD S|

,Q %DVV HW DO &$)( &OHPHQWY DQG 1RUWKUF
3HUQ 'HLVY DQSURG XFWGIDIRR®G DV D VHW RI SURG
VRPH FRPPRQ DVSHFWV DQG KDYLQJ VRPH GLIIHUHQW
DLPHG DW JDLQLQJ WKH PDUNHW VKDUH XQGHU WKH VC
IDFWRUV 7KH\ BOWRR X¥KWMIRHEWEHBUN SURGXFWYV ZKLFK DL
DSSO\LQJ VKDUHG DVVHWV L H UHTXLUHPHQWY DUFKL\
SUR G X F W3 UIRREDOBR\EER Y QOIHDWH XRMWHU WHUPYV IRXQG LQ W
WKDW KDYH WKH VDPH PHDQLQJ DV WKDW RI SURGXFW |

DO &OHPHQWY DQG 1RUWKURS
$FFRUGLQJ WR %DVV HW DO &$)( &OHPHQW
6WDXGHQPD\HU DQG 3HWW\ SURGXFW IDPLO\ WDNI

DQG VRIWZDUH V\VWHPV ,Q &OHPHQWYV DQG 1RUWKUR
VRIWZDUHISWRGMHAMWRILMORHWZDUH LQWHQVLYH VA\VWHPV \
VHW RI IHDWXUHV WKDW VDWLVI\ WKH VSHFLILF QHHG)

7



,QWURGXFWLRQ WR 3URGXFEW )

PLVVLRQ DQG LV GHYHORSHG IURP D FRPPRQ VHW RI FRU
WKLV WKHVLV ZH IRFXV RQ DQG FDOO WKH VRIWZDUH V\V
IDPLO\WUIRG XFW IDPLO\ VA\VWHPV

JHDWXUHV
7KH WHDPKPVHEHHQ LQLWLDOO\ XVHG LQ .DQJ HW DO
IHDWXUH DV D SURPLQHQW DQG GLVWLQFWLYH DVSHFW
YLVLEOH WR YDULRXV VWDNHKROGHUV HJ HQG XVHUV
% RVFK *LEVRQ HW DO *ULVV 6YDKQEHUJ H
FRQFHUQHG ZLWK D ORJLFDO EHKDYLRU RI D VIVWHP WK
VHW Rl UHTXLUHPHQWY L H IXQFWLRQDO DQG QRQ IXQ
WKH DXWKRU VXJJHVWHG D GLIIHUHQW GHILQLWLRQ
GLVWLQFWLYH RU XQXVXDO DVSHFW RI D V\VWHP WKD\
HQJLQHHULQJ ,Q WKLV WKHVLV ZH XVH WKH WHUP IHDW
FKDUDFWHULVWLF Rl SURGXFW IDPLO\ VI\VWHPV $ IHDWX
UHSUHVHQWHG LQ D WUHH VWUXFWXUH RI $QG 2U QRGHYV
DVSHFWV ZLWKLQ SURGXFW IDPLO\ VIVWHPV

&RUH $VVHWYV

&RUH D&OHHPAHWQWY DQG 1RUWKURS DUH WKRVH DVVHW
SURGXFW IDPLO\ &RUH DVVHWYV LQFOXGH UHTXLUHPHC
VRIWZDUH FRPSRQHQWYV GRPDLQ PRGHOV GRFXPHQWDWI
WHVW FDVHV DQG ZRUN SODQV ,Q S5LHELVFK HW DO
FRUH DVVHWYVY L H UHTXLUHPHQWY DUFKLWHFWXUHYVY D
FDVHVY DQG VRXUFH FRGHV DUH UHXVHG EHWZHHQ GLIIHLU
IDPLO\ $ YDULDQW W ISIOM \RAIKBARA H VD GHHMWOQHE® LQ WKH G|
ORGHO 'ULYHQ $SUFKLWHFWXUH 0'$

&RPPRQDOLW\ 9V O9DULDELOLW\
$FFRUGLQJ WR %RVFK &OHPHQWY DQG 1RUWKURS
FRPPRQUORRQFHUQHG ZLWK D VHW RI VLPLODU IXQFWLR
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SURGXFW PHPEHUV RI D SORGDRMBEANOGIIMRIQOAGDRY GLIIHL
IXQFWLRQDOLWLHY RU DVSHFWYV EHWZHHQ SURGXFW PH|

SUREOHPV RI WKH (VWDEOLVKPHQW DQG OC
)DPLO\ 6\VWHPV
0DQ\ DSSURDFKHV KDYH EHHQ SURSRVHG WR VXSSRUW
IDPLO\ VIVWHPV +RZHYHU WKHUH DUH PDQ\ DVVRFLDW
WKLV VHFWLRQ

, 7TKH '"LIILFXOW\ WR *HW 6XSSRUW IURP 2UJDQL
'XH WR WLPLQJ FRQVWUDLQWY DQ RUJDQLVDWLRQ XVXIL
UDWKHU WKDQ HVWDEOLVKLQJ SURGXFW IDPLO\ $GGLV
DQG XVHG WKH FXUUHQW GHYHORSPHQW SURFHVV IRl
RUJDQL]DWLRQ SUHIHUV DGRSWLQJ IDPLOLDU DQG SU
GHYHORSPHQW SURFHVV UDWKHU WKDQ XQIDPLOLDU WH

., [KH 8QFRQWUROOHG *URZWK RI 9DULHW\

,GHDOO\ WKH HVWDEOLVKPHQW RI SURGXFW IDPLO\ QH
Rl GRPDLQ KRZHYHU LW QHHGV WR EH IOH[LEOH HQR:
3UDFWLFDOO\ DQ RUJDQL]DWLRQ LV XQFHUWDLQ DERX
DQG GHYHORSV H[WUD RSWLRQV WR DQWLFLSDWH DOC
6LQQHPD 6YDKQEHUJ DQG %RVFK 7KLHO DQG +H

vy, (KH '"LIILFXOW\ LQ &RPPXQLFDWLRQ

BURGXFW IDPLO\ VA\VWHP GHYHORSPHQW LV D FROODER
YDULRXV GLVFLSOLQHV QHHG WR FRPPXQLFDWH HD
FRPPXQLFDWLRQ LV UHTXLUHG WR IDFLOLWDWH DQG
GHYHORSPHQW )RU H[DPSOH OH\HU OH\HU VXJIJIF
EHWZHHQ VWDNHKROGHUVY HJ EHWZHHQ WKH GHYHORS
VKRXOG EH FRQFHUQHG ,Q DGGLWLRQ WR )LQNHOVWHFE
SURSRVHG WKDW JRRG FRPPXQLFDWLRQ SURYLGHV WK

Z\



SUREOHPV Rl WKH (VWDEOLVKPHQW DQG ODLQWHQDQFH

WLPH DQG WKH ULJKW SODFH 3UHFLVH UHTXLUHPHQWYV F
DFWXDO LPSOHPHQWDWLRQ

+RZHYHU LW LV QRW HDV\ WR VXSSRUW FRPPXQLFDWLF
VWDNHKROGHUV LQ DQ RUJDQLVDWLRQ 6XFFHVVIXO FRF
GHSHQGV RQ YDULRXV IDFWRUV VXFK DV L VXIILFLHQ)
IDFLOLWDWH WKH FRPPXQLFDWLRQ LL GLIIHUHQFHV LQ
RUJDQLVDWLRQDO VWUXFWXUHV DQG LY VWDNHKRO
B8QVXFFHVVIXO FRPPXQLFDWLRQ LQ DQ RUJDQL]JDWLRQ C
ODFNV Rl VRPH FRQFHSWV GXULQJ WKH GHYHORSPHQW R

,9 7KH 'LIILFXOW\ RI '"HILQLQJ &RPPRQDOLW\ DQ
'"HILQLQJ FRPPRQDOLW\ DQG YDULDELOLW\ RI SURGXFW |
WKH SURGXFW IDPLO\ GHVFULSWLRQV LQFOXGLQJ DOO FR
+RZHYHU WKHUH DUH WZR LVVXHV ZKLFK FDXVH WKH GL
DQG 3RKO 6YDKQEHUJ DQG %RVFK "HEEHU DQG *F
7TKHVH LVVXHV DUH

"LITHUHQW 3HUVSHFWLYHYV

W LV GLIILFXOW WR VKDUH YLHZVY EHWZHHQ GLIIHUHQW
EHWZHHQ GLIIHUHQW WRROV )RU H[DPSOH VDOHV HQJLC
RI UHTXLUHPHQWY ZKLFK VHHP SHUIHFWO\ UHDVRQDEOH
DSSHDU WR EH XQSURYHG LQ WKH WHFKQRORJ\ GRPDL
GLITHUHQW SHUVSHFWLYHYV RI DQ DUWHIDFW FDXVHV WKI
DQG YDULDELOLW\

IDFN RI .QRZOHGJH

'"HILQLQJ FRPPRQDOLW\ DQG YDULDELOLW\ RI D SURGXFW
KDYH HQRXJK H[SHULHQFH NQRZOHGJH UHVSRQVLELOLW
HDV\ WR ILQG VWDNHKROGHUV ZKR DUH TXDOLILHG DQG
FKDUJH %RVFK



&+$37(5 352'8&7 )$0,/< 6<67(06

9 7KH 'LIILFXOW\ RI 'RFXPHQWLQJ ODQDJHPHQW
'DWD LQ SURGXFW IDPLO\ VA\VWHPV UDSLGO\ JURZ DV Wt
D SURGXFW IDPLO\ LQFUHDVHV %RVFK %RVFK GHV|
LOQWHUSUHW GRFXPHQWY DQG GLVFRYHU UHOHYDQW GR
VSHFLI\ WKH GRFXPHQWYV FOHDUO\ DQG YDOLGO\ +RZH
KHWHURJHQHLW\ RI DUWHIDFWYVY DQG UHODWLRQVKLSV E
SURGXFW IDPLO\ V\VWHPYV W LV GLIILFXOW WR GRF
GRFXPHQWY 7KH GLIILFXOW\ RI GRFXPHQWLQJ PDQDJHI
LPLVVLQJ VEHREXPMFNVYV PLVV WR H[SUHVV WKH VHPDQ\
IDLOXUH RI LQWHUS/MDMWHKIR WEHUVHRRODLQWWRY LOQWHUSU
GRFXPHQMWVLQIL RI UHOMHWDNHK ERENBM QPULVY GLVFRYHL
GRFXPHQWY RI LQWHUBVW XWR WK NP DI KEMIE LG RAXFOHAD W
ORFDWH WKH GRFXPHQWYV HIILFLHQWO\ DQG SURPSWO\

9, 7KH &RQIOLFWLRQ DQG 'HSHQGHQF\ EHW:
S3URGXFW )DPLO\ 6\VWHPV

,GHDOO\ D IHDWXUH LV DQ DWRPLF XQLW DQG D VHW R
ZLWK D SURGXFW PHPEHU-V UHTXLUHPHQWYV +RZHYH
LQGHSHQGHQW $GGLQJ RU UHPRYLQJ D IHDWXUH WR F
LPSDFW RQ RWKHU IHDWXUHV $GGLWLRQDOO\ D IHDW.
DUWHIDFWV LQ D SURGXFW IDPLO\ 7KHUHIRUH DGGLQJ
LPSDFW RQ RWKHU GLIIHUHQW DUWHIDFWY ,W OHDGV
PDLQWHQDQFH RI SURGXFW IDPLO\ VIVWHPV

9,, 7KH '"LIILFXOW\ WR 6SHFLDOLVH 9DULDELOL\
O9DULDELOLW\ FDQ EH VSHFLDOL]HG LQ GLIIHUHQW SK
FRPSLOH OLQNLQJ RU UXQ WLPH +RZHYHU WKHUH DU
IRU YDULDELOH®WYURK IDQSVHHRLDROA I RWLRQ RI D IHDWXUH
IHDWXUHYVY LQ D SURGXFW IDPLO\ WR KDYH XQH[SHFWH
VHSDUDWLRWRRHFPRQAHDEQOGLW\ DUH VHSDUDWHG LQWR



BUREOHPV Rl WKH (VWDEOLVKPHQW DQG ODLQWHQDQFH

WKLV FDQ OHDG WR WKH GLIILFXOW\ RI VSHFLDOL]DWLRQ
DO

9,,, ,VVXHV RI (YROXWLRQ RI SBURGXFW )DPLO\ 6
7KHUH DUH VRPH VLWXDWLRQV WKDW UHTXLUH WKH HYRC
DV L WKHUH LV D FKDQJH RQ H[LVWLQJ SURGXFW IDPI
SURGXFW IDPLO\ KDYH PLVVHG VRPH IXQFWLRQDOLWLHYV
PDWXULW\ OHYHO RI SURGXFW IDPLO\ VI\VWHPV LQ DQ
RUJDQLVDWLRQ UHTXLUHV D VRIWZDUH SURFHVV ZKLFK |
PDLQWDLQV WKH FRQVLVWHQF\ Rl H[LVWLQJ VI\VWHPV +R
IRXQG DQG GHILQHG LQ %RVFK

$FWLYLWLHVY LQ WKH 3URFHVV Rl 3URGX
'"HYHORSPHQW
$FFRUGLQJ WR WKH PDWXULW\ OHYHO RI DQ RUJDQL]C
GHYHORSPHQW RI SURGXFW IDPLOGURD@ AEHHYBFIOFHH IR ULV F
HIWUDHWGHUHNFULEH EHORZ WKUHH W\SHV RI DSSURDFKH
VIVWHP GHYHORSPHQW

SURDFWLYH

7TKBURDBFOMIWUYRIDFK .UXHJHU LV DQ DSSURDFK RI WKH
GHYHORSPHQW ZKHQ DQ RUJDQL]DWLRQ GHFLGHV WR DQTI
RI SURGXFWYVY SULRU WR WKH FUHDWLRQ RI LQGLYLGXD!
IDPLO\ LV EXLOW XS DQG WKH FRUH DVVHWYVY UHSUHVHQW
DUH FUHDWHG $00 SURGXFW PHPEHUV DUH WKHQ FUHDYV
IDPLO\ 7KH DSSURDFK LV YLHZHG DV D WRS GRZQ GHYH
WKH VHWWLQJ RI EURDG JRDOV DQG WKH JRDOV DUH
GHYHORSPHQW

SHDFWLYH
TKRUHDPWBYRDFK .UXHJHU LV DQ DSSURDFK RI WKH
GHYHORSPHQW ZKHQ DQ RUJDQL]DWLRQ HQODUJHV WKH
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LQFUHPHQWDO zZzD\ EDVHG RQ WKH GHPDQG IRU QHZ
UHTXLUHPHQWY IRU H[LVWLQJ SURGXFWYV 7KH FRUH C
HYROYHG LQ VXFK D zb\ bV WR FRUUHVSRQG WR QHZ UH
FDXVHG E\ WKH IDFW WKDW WKH FXVWRPHU UHTXLUH
DUFKLWHFWXUH DQG WKH GHVLJQ RI SURGXFWYV 20Q WK
VWULFWO\ WR WKH SULQFLSOHV RI PDGH WR RUGHU
XQFRQWUROOHG SUROLIHUDWLRQ RI YDULHW\ GXH WR
+RZHYHU LQ UHDOLW\ PDQ\ FRPSDQLHV KDYH D SURGX
FXVWRPHU UHTXLUHPHQWY 6R WKH SUREOHP RFFXUV Z
SURGXFW IDPLO\ VI\IVWHPV VKRXOG EH PDLQWDLQHG 7
VKRUWHU WLPH WKDQ WKH SUHYLRXV RQH VLQFH V\VWFE
WKH DYDLODEOH SURGXFWYV

(IWUDFWLYH

7TKH[WUDBWURBFK .UXHJHU LV DQ DSSURDFK RI WKl
GHYHORSPHQW ZKHQ DQ RUJDQLVDWLRQ FUHDWHV SURG
SURGXFW PHPEHUV E\ LGHQWLI\LQJ DQG XVLQJ FRPPRQ
SURGXFWV 7KH VWDNHKROGHUV L H GRPDLQ H[SHUWYV
GHILQH WKH SURGXFW IDPLO\ E\ WDNLQJ LQWR FRQ\
UHTXLUHPHQWYV 7KH DSSURDFK LV YLHZHG DV D ERW\
EHJLQV ZLWK H[LVWLQJ DUWHIDFWVY HJ UHTXLUHPHQV
FRGH WKHQ FUHDWHVY WKH KLJKHU JUDQXODULW\ OHYH(¢

,Q WKH IROORZLQJ VHFWLRQ ZH GHVFULEH WKH DFWL
IDPLO\ VA\VWHP GHYHORSPHQW SURFHVV ,Q DGGLWLRQ
IRUWKURS -DID\HUL HW DO VRIWKIDHIH QR GHHA\W
HQJLQHWHDL®MAIWKRGRORJ\ IRU GHYHORSLQJ SURGXFW 1ID
DFWLYLWLHYV RI DQDO\VLYV GHVLIJQ DQG LPSOHPHQWDW
XVH RI WKH FRUH DVVHWY LQFOXVLYH FRPPRQ DQG Y
HITHFWLYHO\ IRU SURGXFW PHPEHUV



$FWLYLWLHY LQ WKH 3URFHVV RI 3URGXFW )DPLO

JLIXUH LOOXVWUDWHY WKH PDLQ DFWLYLWLHV RI VRI
GRPDLQ HQJLQHHULQJ DQG DSSOLFDWLRQ HQJLQHHULQJ

JHHGEDFN

= -

= &
8 §RIWZDUH 3URGXFW 1

5HIHUHQFRA ° /LQH $SUFKLWHFWXUH 5HXDEGORIWZDUH
A-5HT XOUHPHQWVA VBEBRLWLSRQHQWVAA

3URGXFW OHPEHUVY ? ? ?
SHTXLUHPHQWV SHTXLUHPHQWYV ,QWUDWLRQ DQG
(QIJLQHHULQJ z z 7HWLQJ
? +3 2 BURGXFW OHPEHUV

$SS,LFDGRQ (Q JLQHH UL QJ

J)LIXUH $FWLYLWLHYVY LQ VRIWZDUH SURGXFW OLQH HQJLQ
DQG 1RUWKURS

'RPDLQ (QJLQHHULQJ

'RPDLQ HQUVQBHWMWHPDWLF SURFHVV IRU WKH FUHDW
&OHPHQWY DQG 1RUWKURS 7TKHUH DUH WKUHH VWHS

'RPDLQ $QDO\VLV

'RPDLQ $QDO\VLV LV WKH SURFHVV RI LGHQWLI\LQJ FI
UHSUHVHQWLQJ WKH UHOHYDQW LQIRUPDWLRQ LQ D
VWXG\ RI H[LVWLQJ V\VWHPV DQG WKHLU GHYHORSL
FDSWXUHG IURP GRPDLQ H[SHUWV XQGHUO\LQJ WHK
WHFKQRORJ ZLWKLQ D GRPDLQ .DQJ HW DO
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$V VKRZQ LQ )LIXUH VRIWZDUH DUWHIDFWYV WKDW D
GRPDLQ DQDO\WHWVHDHR AT € 8 Rt UHFHPHQPAHVUHTXLUHPHQW
SURGXFWYV DQG WKHLU UHTXLUHPHQWY LQ D IDPLO\ 71
FRPPRQDOLW\ DQG YDULDELOLW\ RI WKH SURGXFW IDF
RFFXU GXULQJ WKH GRPDLQ DQDO\VLYV

, 6FRSLQJ

$FFRUGLQJ WR $UDQJR DQG 3ULHWR 'LD] $UGLYV
DQDO\WVLYV IRU D SURGXFW IDPRSIREBNVQBDI/VOWRW.BWHWEQW L
FRQWH[W RI SURGXFW PHPEHUV LQ D SURGXFW IDP
SHUIRUPDQFHY 7KH DFWLYLW\ LV FRQFHUQHG ZLWK G
GRPDLQ H[SHUWV DQG RWKHU VRXUFHV VXFK DV ERR
GRFXPHQWYV 1XVHLEHK DQG (DVWHUEURRN 7TKH G
GHILQH WKH ERXQGDU\ RI WKH SURGXFW IDPLO\ DQG W
IDPLO\ 7KH SURGXFW PHPEHUV DUH WKHUHIRUH GHILQH

., &RPPRQDOLW\ DQG 9DULDELOLW\

7TKH DFWLYLW\ RI GHILQLQJ FRPPRQDOLW\ DQG YDULDEL
GHILQH FRPPRQDOLW\ DQG YDULDELOLW\ LQ D SURGXFW
ODQ\ H[LVWLQJ DSSURDFKHVY DUH SURSRVHG WR VX
VXFK DSSURDFKHV DUH $UGLV DQG :HLVV %RVFK
6YDKQEHUJ DQG %RVFK "HLVV 7TKH GHWHL
FKDUDFWHULVWLF LV D FRPPRQDOLW\ RU YDULDELOLW\
RI RUJDQLVDWLRQV

,Q SDUWLFXODU GHILQLQJ FRPPRQDOLW\ LV WKH GHWH .1
VHUYHG DV WKH FRPPRQDOLW\ RI D SURGXFW IDPLO
GHWHUPLQDWLRQ RI ZKHWKHU D UHTXLUHPHQW LV VHU
IDPLO\ O9DULDELOLW\ LVYDMHSEDW\VIR@ YEHR® VYD LRHWV SRILQ V
VLWXDWLRQ WKDW SURGXFW PHPEHUV FDQ EH VSHFLDO
QXPEHUDRILDQWIMO QWY DUH SRVVLEOH YDULDEOHV IRU



$FWLYLWLHY LQ WKH 3URFHVV RI 3URGXFW )DPLC

YDULDWLRQ SRLQWRISW ERDQE OV SHBWDPD\LH[LVW LQ D SUF
DOWHURQWIWIHFW FDQ EH VSHFLDOL]JHG BS$W@®H RO WKH
DOWHU@IWDRYBHFW FDQ EH VSHFLDOL]JHG DV RQH RI WKF
6YDKQEHUJ HW DO 9DULDWLRQ SRLQWV FDQ DSSHEL
IDPLO\ VIVWHP GHYHORSPHQW L H DQDO\VLV GHVLJQ D¢
GRPDLQ DQDO\VLV D YDULDELOLW\ SRLQW LV FRQFHUQHC
DQ DUWHIDFW

,,, 30DQQLQJ IRU 3URGXFW OHPEHUV DQG )HDW X
$FFRUGLQJ WR $UDQJR DQG 3ULHWR 'LD] RQH RI

DQDO\VLV LV WR LGHQWLI\ IHDWXUHV Rl SURGXFW PHPEH
RI D SURGXFW IDPLO\ DUH SODQQHG IRU SRVVLEOH SURG
UHOHYDQW UHTXLUHPHQWYVY RI SURGXFW PHPEHUV DUH

SURGXFW IDPLO\ 7KH FRPPRQ DQG YDULDEOH DVSHFW
DFFRPPRGDWHG DQG SODQQHG IRU SURGXFW PHPEHUYV

'RPDLQ 'HVLJQ

'"RPDLQ GHVLJQ LV WKH SURFHVYVY RI GHYHORSLQJ D G
SURGXFWV RI GRPDLQ DQDO\WLY DQG WKH NQRZOHGJ!
Rl VRIWZDUH UHTXLUHPHQWY RU GHVLJQ UHXVH DOQC(
*DUODQ DQG 6KDZ

6RIWZDUH DUWHIDFWYVY WKDW DUH SURGXFHG GXULQJ WKF
VRIWZDUH SURGX¥WHOILQXUBIUFKLWEFWDWN HW DO -
VRIWZDUH IRUPKLWKRAWBOHANERQH RI LQWHJUDWLQJ VF
FRQVLVWY RI D VHW RI GHFLVLRQV DQG LQWHUIDFHV ZK
WRIJHWKHU 6RIWZDUH SURGXFW OLQH DUFKLWHFWXUH G
VI\VWHPV WKDW LW PXVW UHSUHVHQW WKH FRPPRQ GHVL
YDULDEOH GHVLJQ IRU VSHFLILF SURGXFW PHPEHUV /LQ
VXE DFWLYLWLHY RFFXU GXULQJ WKH GRPDLQ GHVLJQ
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, 6RIWZDUH 3URGXFW /LQH $UFKLWHFWXUH 'HIL
7KH DFWLYLW\ RI VRIWZDUH SURGXFW OLQH DUFKLWHFW
DUFKLWHFWXUH WKDW GHVFULEHV FRPPRQDOLW\ DQG
VRIWZDUH SURGXFW OLQH DUFKLWHFWXUH LV FRPSRVHC(
VHW RI UHXVDEOH GHVLJQ DUWHIDFWYVY DQG D VHW RI R:

7KH YDULDELOLW\ LQ VRIWZDUH SAHRVGXEMA ® lYQH) LLDUEA OLLV
6YDKQEHUJ HW DO 7KH VRIWZDUH SURGXFW OLQI
LQWR GLIITHUHQW OHYHOV Rl JUDQXODULW\ $W KLJKH
DUFKLWHFWXUH GRHV QRW HQWDLO VKDUHG DUWHIDFW)
ORZ OHYHOV WKH VRIWZDUH SURGXFW OLQH DUFKLW
VSHFLILF GHVLJQV RI SURGXFW PHPEHUV

., 6RIWZDUH 3URGXFW /LQH $UFKLWHFWXUH (YL
7KH DFWLYLW\ RI VRIWZDUH SURGXFW OLQH DUFKLWHI
VRIWZDUH DUFKLWHFWXUH WKDW GHVFULEHV FRPPRQ
PHPEHUVY 7KH HYDOXDWLRQ RI VRIWZDUH SURGXFW OLC
DUFKLWHFWXUH KDV WKH ULJKW SURSHUWLHY DQG FKDL

JRU WKH HYDOXDWLRQ RI VRIWZDUH SURGXFW OLQH D!
FRQVLGHUHG L WKH FRQWH[W IRU VRIWZDUH SURGXF
DQG SODQQHG GXULQJ GRPDLQ DQDO\VLV LL WKH FRP
EH HODERUDWHG LQ VHYHUDO OHYHOV RI WKH DUFKL\
SURGXFW IDPLO\ PXVW EH LGHQWLILHG DQG SURYLGHCG
GHVLJQHG YDULDELOLW\ SRLQW LQ WKH VRIWZDUH SURC

+RZHYHU %RVFK %RVFK VXJIHVWHG WKDW WKH PD
DUFKLWHFWXUH FDQ EH YLHZXK®G HL D®K KIHW HSMYXHUBHV W K
GHILQHVY FRPPRQ DVSHFWV EXW GRHV QRW VSHFLI\
PHPEHUVVSHREWDFKGWHFWXUH WKDW GHILQHV ERWK FRPI
IRU SURGXFW PHPEHUV KRZHYHU GRHV QRW GHILQH



$SEWLWLHY LQ WKH 3URFHVV RI 3URGXFW )DPLO\ 6

DVSHFWV DRGIRDEFHIGDWHFWXUH WKDW GHILQHV ERWK FF
DVSHFWV FRYHULQJ SRVVLEOH YDULDEOHY IRU DOO SURG

ODQ\ DSSURDFKHVY DQG WHFKQLTXHV DUH SURSRVHG WR
SURGXFW IDPLO\ 5HOHYDQW RRGMQOQ ED \PHIGV K/REGW DRU HHM
0% 6 ( RUJDQLVDWLRQDO GREPRQ VP ROBMHQAIHDBLIE BI'QO

HW DO GRPDLQ VSHFLILF VRIWZDUH7DDFKIHWHBWXUH '66
HYROXWLRQDU\ GRPDtRPODLIHKHW\FIDOH ('/ & DUH DSSOLHG
GHYHORSPHQW RI VRIWZDUH SURGXFW OLQH DUFKLWE
WHFKQLTXHV VXFK DV GDWD IORZ GLDJUDPV VWUXFWXU
HOWLW\ UHODWLRQVKLS PRGHOLQJ (50 REMHFW PRGHO
RULHQWHG PRGHOV )J)LQNHOVWHLQ HW DO FDQ EH
5HFHQWO\ D QXPEHU RI PHWKRGRORJLHV VXFK DV $WNL

%D\HU HW DO *ULVV HW DO .DQJ HW DO

"HLVYV "HLVV DQG /DL DUH SURSRVHG WR SDUWLF.
GRPDLQ GHVLJQ LQ WKH GRPDLQ RI SURGXFW IDPLO\

'RPDLQ ,PSOHPHQWDWLRQ

'"RPDLQ LPSOHPHQWDWLRQ LV WKH SURFHVV Rl LC
FRPSRQHQWY EDVHG RQ WKH GRPDLQ PRGHO DQG
&OHPHQWY DQG 1RUWKURS

6RIWZDUH DUWHIDFWV WKDW DUH SURGXFHG GXULQJ WKI
DUH FDI®XOWMEGEOH VRIWEHBUH PRASRQHQWN DFWLYLW\ LV IR
FUHDWLRQ RI UHXVDEOH VRIWZDUH FRPSRQHQWY H J VR
DUH ODWHU DVVHPEOHG IRU SURGXFW PHPEHUV ,Q 6]\S
FRPSRQHQW LV D XQLW Rl FRPSRVLWLRQ ZLWK LQWHUIDF
UHXVDEOH VRIWZDUH FRPSRQHQW LV FUHDWHG DQG WK
VRIWZDUH FRPSRQHQWYVY IRU D SDUWLFXODU SURGXFW
FRPSRQHQWYVY DUH GHILQHG LQGHSHQGHQWO\ DQG SURYL
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ZLWK RWKHU FRPSRQHQWVY WR ILW LQWR D VSHFLILF |
YLHZHG DV EODFN ER[HV ZKRVH GDWD DQG LPSOHPHQWI
DQG RQO\ LQWHUIDFHV DUH DOORZHG 7KH GHYHORSPH
ZLWK UHOHYDQW H[LVWLQJ PHWKRGV VXFK DV REMHFW
6]\SHUVNL

$W WKH HQG RI WKH GRPDLQ HQJLQHHULQJ SURFHVYV
GHYHORSLQJ SURGXFW PHPEHUV ,Q WKH IROORZLQJ VH
GHYHORSLQJ WKH SURGXFW PHPEHUV LQ WKH VRIWZDUH

$SSOLFDWLRQ (QJLQHHULQJ

$V VKRZQ LQ )LIXUH DSSOLFDWLRQ HQJLQHHULQJ
VRIWZDUH SURGXFW OLQH HQJLQHHDSSOLBEBWRRBGLIPQIWGE
LV D VIVWHPDWLF SURFHVV IRU WKH FUHDWLRQ RI D SLU
FUHDWHG GXULQJ WKH GRPDLQ HQJLQHHULQJ 'RPDLQ
DFWLYLWLHV RI DQDO\VLYV GHVLJQ DQG LPSOHPHQWDWL
SHUIRUPHG IRU DOO SURGXFW PHPEHUV ZKLOH DSSOLF
RI WKH FRUH DVVHWV RI WKH SURGXFW IDPLO\ IRU WKH

7KH DSSOLFDWLRQ HQJLQHHULQJ SURFHVYV IRU D SURGX
ZLWK WKH SURFHVV IRU D VLQJOH V\VWHP &OHPHQWYV
DFWLYLWLHVUMXKKUBWY H QMRK/L HQIULNQHDH SURFHVY WKDW F
UHTXLUHPHQWY HOLFLWDWLRQ DQDO\VLYV VSHFLILFD)
)DLUOH\ DQG 7KD\HU 6RPPHUYLOOH DQG 6DZ\HU
GHVLIQ DIKQIOF&\\VYVVD SURFHVV WKDW LV FRQFHUQH!
IXQFWLRQDOLW\ LV WR EH SURYLGHG E\ WKH GLIIHUI
6RPPHUYLOOH LOQWBIQGDWILE®LBR GLW BVBURBHVY RI W
UHXVDEOH FRPSRQHQWYV WKHQ SXWWLQJ WKHP WRJIJHWKI
WHVWLQJ LI WKH VI\VWHP LV ZRUNLQJ DSSURSULDWHO\



$FWLYLWLHY LQ WKH 3URFHVV RI 3URGXFW )DPLO

SHTXLUHPHQWY (QJLQHHULQJ

7KH DFWLYLW\ RI UHTXLUHPHQWY HQJLQHHULQJ IRFXV
RUJDQL]LQJ DQG UHSUHVHQWLQJ UHTXLUHPHQWY RI D
GLIIHUHQFH EHWZHHQ UHTXLUHPHQWY HQJLQHHULQJ RI D
PHPEHU LV WKDW VWDNHKROGHUV QRW RQO\ IRFXV RQ Wi
VFRSH Rl SURGXFW IDPLO\ 7HFKQLFDOO\ WKH UHTXLUH
GHILQHG DQG VFRSHG XQGHU WKH GRPDLQ RI WKH SUR
YDULDELOLW\ SRLQW RI D UHTXLUHPHQW LV ERXQG ZLWK
PHPEHU GXULQJ UHTXLUHPHQWY HQJLQHHULQJ

'"HVLJQ $QDO\VLYV

'HVLJQ DQDO\VLV LQ DSSOLFDWLRQ HQJLQHHULQJ PXVW |
GHVLJQ DQDO\VLVY LQ GRPDLQ HQJLQHHULQJ 7KLV DFWL
DUFKLWHFWXUH IRU D SURGXFW PHPEHU 6RIWZDUH SURG
VSHFLDOL]JHG IRU D SDUWLFXODU SURGXFW PHPEHU 7K
SURGXFW IDPLO\ LV FRQILIXUHG WR ILW IRU D SURGXFW
SURGXFW:V UHTXLUHPHQWY 7KH FRQILJXUDWLRQ LQFOX
GHVLJQHG YDULDELOLW\ SRLQWV RI WKH SURGXFW IDPLO\

,Q %WRVFKDUFKLWHFWXUB@GWDLXxWLQLW\ WKDW WKH FRPPR
VRIWZDUH SURGXFW OLQH DUFKLWHFWXUH LV FROOHFWHC
SURGXFW PHPEHU DUH VSHFLILHG 7KH FRPSRVLWLRQ RI
DFTXLUHVY WKH VRIWZDUH DUFKLWHFWXUH IRU D VSHFLILF
SRVVLEOH WKDW D VRIWZDUH SURGXFW OLQH DUFKLWHEF
GHVLJQ RI D VSHFLILF SURGXFWD UrFRKKLIMV @ IF M R W@ [ B/AFAV) WVYLLE

7KH DFWLYLW\ H[WHQGV VRPH DVSHFWV WKDW DUF
SURGXFW OLQH DUFKLWHFWXUH

,QWHJUDWLRQ DQG 7HVWLQJ

7KH XVDJH RI WKH FRUH DVVHWV RI SURGXFW IDPLO\ I
PHPEHUV LQYROYH WKH IROORZLQJ WKUHH VWHSV L
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FRPSRQHQWY IRU D VSHFLILF SURGXFW PHPEHU LL LQ
WKH UHXVDEOH FRPSRQHQWY IRU D VSHFLILF SURGXFW
WHVWLQJ WKH UHXVDEOH FRPSRQHQWY IRU WKH SURGXI

OHWKRGRORJLHV IRU WKH 'HYHORSPHQW
6\VWHPV
,Q WKLV VHFWLRQ ZH GHVFULEH H[LVWLQJ PHWKRGRC(
V\VWHP GHYHORSPHQW 7KHVH PHWKRGRORJLHV FDQ EF}
REMHFW RULHQWHG DQG E IHDWXUH RULHQWHG PHWK
DSSURDFKHYV

2EMHFW 2ULHQWHG OHWKRGRORJLHYV

2EMHFW RULHQWHG PHWKRGRORJLHY KDYH EHHQ FRPPR
RI VRIWZDUH V\VWHPV O0DQ\ H[LVWLQJ REMHFW RULHQW
WKH GHYHORSPHQW RI VLQJOH VRIWZDUH V\VWHPV !
PHWKRGV KDYH EHHQ H[WHQGHG DQG SURSRVHG IRU Wtk
V\VWHPVY :H GHVFULEH EHORZ WKH PHWKRGYV DQG DSSU
GHYHORSPHQW LQ WKH REMHFW RULHQWHG SDUDGLJP

&23%

&RPSRQHQW 2ULHQWRB$30BWHRUPDO HWKRG LV SUF
SURGXFW IDPLOLHV RI VRIWZDUH LQWHQVLYH HOHFWUR
PHGLFDO LPDJLQJ DQG FRQVXPH D UF®H EVEBRRAVY &2 3
IUDPHZZIRRBINDUFKLWHFWXUDO IUDPHZRUN FRQVLVWV RI IL
L&XVWRPHWKH. WZHZ VKRZV FXVWRPHU EXVLQHVV PF
FXVWRPHUV ODQJXDJH RU WH[WXDO ODQJXDJH
LESSOLFDWWR® YLHZ VKRZV DSSOLFDWLRQ PRGHOV
GLDJUDPYV
LIXQFWLR@X® YILHZ VKRZV IXQFWLRQDOLWLHY DQG S
UHSUHVHQWHG LQ XVH FDVHV



OHWKRGRORJLHV IRU WKH '"HYHORSPHQW RI 3URC

LYSRQFHSWX\DKH YYLIHEZZ & DIDHNI KEBRRVG X F WRWPSHRRLH QW V
FUHDWHG IRU D SURGXFW IDPLO\ DQG SURGXFW PHPE
FROQOVWUXFWLRQ FRPSRQHQWY DUH DSSOLHG ZLWK VRP
VXFK DV &276 OLFURVRIW:-V &20 FRPSRQHQW PRGHO
20*-V &25%$%

YS5HDOLVDWMWKMH WULHZ LOOXVWUDWHY VSHFLILF WHFK
LQIUDVWUXFWXUH KDUGZDUH SODWIRUP RSHUDWLQJ
WH[WXDO ODQJXDJH

7KH SURFHVV IUDPHZRUN FRQVLVWYV Rl WKUHH PDLQ DFWL
L3URGXFW IDPE®\KHQILRWHUILOI LY GULYHQ E\ SROLF\
RUJDQLVDWLRQ 7KHUH DUH VXE DFWLYLWLHV GXULQJ
GRPDLQ PRGHOLQJ UHTXLUHPHQWY IRUPXODWLRQ DC
GHVLJQ 7KHVH DFWLYLWLHV FRQVWUXFW FXVWRPHU
7KH DUFKLWHFWXUH Rl SURGXFW IDPLO\ LV FUHDWHG G
)RU H[DPSOH &23%$ DSSOLHG .RDOD IRU UHSUHVHQW
DUFKLWHFWXUH $FFRUGLQJ WR )LIJXUH WKLV DFWL
GRPDLQ DQDO\VLY DQG GRPDLQ GHVLJQ GXULQJ GRPDL:
LBODWIRUP *HKIL\D HDHFWLQXA W\ LV FRQFHUQHG ZLWK WH
PDQDJHPHQW 6XE DFWLYLWLHV FDQ RFFXU GXULQJ S
VWDQGDUG GHYHORSPHQW FRRSHUDWLQJ EHWZHHQ \
HQJLQHHULQJ DQG SURGXFW HQJLQHHULQJ WR FRPSUF
IDPLO\ DQG SURGXFW PHPEHUV LQWHJUDWLQJ DQG WH
PDLQWHQDQFH RI H[LVWLQJ UHXVDEOH FRPSRQHQWYV D
VXE DFWLYLWLHV WKDW DUH FRPSDUDEOH ZLWK GRPD
DQDO\VLY GRPDLQ GHVLJQ DQG GRPDLQ LPSOHPHQWD!
LBWRGXFW HWEKLYHBEWQYLW\ LV FRQFHUQHG ZLWK WK
SURFHVV 7KHUH DUH VXE DFWLYLWLHV GXULQJ SURG X
GHYHORSPHQW FRRSHUDWLQJ ZLWK FXVWRPHUV WR X
FRQVWUXFWLRQV Rl SURGXFW PHPEHUVY DQG PDLQWHGC
PHPEHUV $FFRUGLQJ WR )LJXUH WKLV DFWLYLW\ F
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HQJLQHHULQJ LQFOXGLQJ UHTXLUHPHQWY HQJLQHHUL
DQG WHVWLQJ

,Q WKH &23%$ PHWKRG WKH DXWKRUV VXJIJHVWHG WKH LC
HQJLQHHULQJ DQG DUWHIDFWY FUHDWHG GXULQJ WK
UHSUHVHQWHG LQ 80/ GLDJUDPV XVH FDVHV WH[WX
2PPHULQJ HW DO DQG FRPSRQHQW EDVHG UHSUHYV

4%,'$

4AXDOLW\ GULYHQ '"HYHORSPHQ4AM'RI| 8R'ISWAD/UH TIXBPIOQ\WS U

GULYHQ DUFKLWHFWXUH FHQWULF PHWKRG IRU SURGXF

4%$'$ PHWKRG GHVFULEHG WKH GHYHORSPHQW RI VRIWZ

7KH PHWKRG LQFOXGHV ILYH DFWLYLWLHYV
L SHTXLUHPHQWVWHKDVLDRAWUYQW\ LV DLPHG WR FDS
UHTXLUHPHQWY DQG FRQWH[W PRGHO 7KH UHTXLUH
IXQFWLRQDO UHTXLUHPHQWY DQG FRQWH[W PRGHO L
RI' D VIVWHP D VHW RI FRQVWUDLQWY UXOHV DQG V
ODQJXDJH
L&ERQFHSWXDO DUFKILWBDFWXYHWIHWL.IBLPHG WR LGHC
DUFKLWHFWXUH ZKLFK LV UHSUHRWAQX\VANGX 2 DWW KY MWHAJ HE
YLHZQGHSOR\PH&W VYWHZXFWXUDO YLHZ LV FRQFHUQH
FRPSRQHQWY DQG WKHLU UHODWLRQVKLSY 7KH VWU
W\SHV RI DUWHIDFWYV D OLVW RI IXQFWLRQDO UHYV
ODQJXDJH E WDEOH RI QRQ IXQFWLRQDO UHTXLUHPI
DQG F GHFRPSRVLWLRQ PRGHO 7KH EHKDYLRU YLH
DFWLRQV DQG NLQGV RI DFWLRQV WR ZKLFK D V\VW
UHSUHVHQWHG LQ D FROODERUDWLRQ PRGHO 7KH Gt
DOORFDWLRQ RI WKH FRQFHSWXDO FRPSRQHQWV LC
EHKDYLRU LV FRPSRVHG RI WZR W\SHV RI DUWHIDFW
UHSUHVHQWHG LQ WH[W DQG WDEOH DQG E DOORFD
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JHQHUDWHG GXULQJ FRQFHSWXBULDYUFEEWHEQYXOH G
UHSUHVHQWY GHVLJQ SULQFLSOHVY DQG UXOHYV
LBIRQFHSWXDO DURKKMMHBWWUHLIVQ DREXMHY RQ TXDOLV
DQG YDULDELOLW\ RI D VIVWHP 7KUHH W\SHV RI DUW
SURGXFWZELEK VFABSHVHQWY D ERXQ®MYR @RRBURIG XFW
UHTXLWHKRAH@WOHVFULEH VIQWDFWLF DUFKLWHFWXUDO ¢
LQ GRPDLQ PRGHOV UHOHYDQW DUFKLWHFWXUDO
HQYLURQPHQWDO DVVXPSWLRQV DQG FRQVWUDLQWYV
NQRZOHGKHMFKDRPBO®ORZY WKH HYDOXDWLRQ RI FROOHFW
DQG SDWWHUQV LQ WHUPV RI ERWK TXDOLW\ IDFWRUYV
LQ 4%$'$ FRQWDLQV PDWHULDOV TXDOLW\ DWWULEXWE
HYDOXDWLRQ RI DUWHIDFWYV

LMRQFUHWH D URKUWHFMMXIUH. WHVRBERVHY RQ SURYLGLQ
VRIWZDUH FRPSRQHQWYVY DQG GHILQLWLRQ RI LQWHUIL
DFWLYLW\ LV FRQFHUQHG ZLWK WKUHH YLHZV LQ WKH
GHVLJQ VWUXFWXUDO YLHZ EHKDYLRU YLHZ DQG GHS
IXQFWLRQDO QRQ IXQFWLRQDO UHTXLUHPHQWYVY DQG
FRQFHSWXDO DUFKLWHFWXUH \LW UG R WIXJUQWED @L.@®G UD A |
UHSUHVHQW FRQFUHWH FRPSRQHQWY LQWHUIDFHV T
FROODERUDWLYH PRGHO IURP WKH FRQFHSWXDO DUFK
VWDWH BQOHWDPM VHTKHQGBO\FRDKHVWDEOH RI GHSOR)
DQG DOORFDWLRQ PRGHO IURP WKH FRQFHSWXDO DUFF
DGHSOR\PHQW PRGHO

Y&RQFUHWH D UPFKMKALMFOVRWIHY DWD OVWDYPHG WR DVVHV)
VRIWZDUH SURGXFW OLQH DUFKLWHFWXUH UHJDUGLAQ.
PHWKRG FRQVLVWYV RI ILYH VXE DFWLYLWLHV D GHUL
OLQH VFRSH E GHILQLQJ SURGXFW OLQH DUFKLWHI
VFHQDULR LGHQWLILFDWLRQ G HYDOXDWLQJ WKH HII
VFHQDULR LQWHUDFWLRQ

,Q WKH 4%$'$ PHWKRG WKH DFWLYLWLHV RI GRPDLQ HQ.
VSHFLILFDOO\ WKH DFWLYLW\ RI UHTXLUHPHQWY HQJLQ
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DERDO\VLV LQ )LIXUH DQG WKH DFWLYLWLHV RI1 F
FRQFHSWXDO DUFKLWHFWXUH DQDO\VLV FRQFUHWH
DUFKLWHFWXUH DQDO\VLY DUH FRPSDUDEOH ZLWK GRP
WKH 4%$'$ PHWKRG GRHV QRW FRYHU DQ DFWLYLW\ RI D¢

,Q DGGLWLRQ DUWHIDFWY FUHDWHG GXULQJ WKHVE
WH[WXDO ODQJXDJH DQG 80/ GLDJUDPV

.REUS$

.REUBWNLQVRQ HW DO LV D FRPSRQHQW EDVHG PF
OLQH HQJLQHHULQJ WKDW LV GHYHORSHG E\ JUDXQKRIF
DXWKRUV SURBRR®BQW VHW RI UHXVDEOH FRPSRQHQW
UHTXLUHPHQW RU JURXS Rl UHTXLUHPHQWY 7KH .REUD
DFWLYLWBDHWHZRUN HQUEK HHULQHY D VHW RI £&RPSRQ
DSSOLFDWLRRLARJIJDOSIGIUHLYIH[LVWLQJ .RPSRQHQWYV DQGC
PHPEHU

JUDPHZRUN HQJLQHHULQJ FRQVLVWYV RI IRXU DFWLYLWLI
L&RQWH[W UMK DMLPWRIRWKLY DFWLYLW\ LV WR GHILCG
RI D SURGXFWEDDWPLL@H V V KSH RIFAKY & P\RFAUHEW WKH UHTX
DQG FRQVWUDLQV R D58ERCRENPFBEEEVFDQEH FRPPR
DQG YDULDEOH UHTXLUHPHQWY RI D SURGXFW IDPLO\
LLRPSRQHQW 3W8KH IDLPFDRMLWRH DFWLYLW\ LV WR GHYV
.RPSRQHQWWUKXKHAW XBKDRPKPRG B SUHVHQWHG LQ 80/ FO
EHKDYLRXDWLFPRFZHOHSUHVHQWHG LQ | XQ/F WWR@MHME KL
PRGHIOLFK LV UHSUHVHQWHG LGB RBIHUIEKLEKGHEK HP D\
UHSUHVHQWHG LQ D WH[WXDO ODQJXDJH DUH FUHDW!
LLRPSRQHQW: WHBIORDVP WURWKH DFWLYLW\ LV WR GHI
.RPSRQHQWQWHKHDFWHIRRK LRGHBSUHVHQWHG LQ 80/ F
GLDJUDWYXFW XKDREKPRGHMHSUHVHQWHG DEWIAOLWAODVV
PRGHKOLFK LV UHSUHVHQWHG LQ GHF DRI R GLS/Q D J U D
UHSUHVHQWHG LQ D WH[WXDO ODQJXDJH DUH FUHDW!
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LY&RPSRQHQMKIUM DWW LYLW\ IRFXVHV RQ DSSO\LQJ HIJL
GHYHORS QHZ .RPSRQHQW

$SSOLFDWLRQ HQJLQHHULQJ FRQVLVWYV RI WZR DFWLYLWL
L&RQWH[W UHDOLVYVWWHRDFWQRYWWQWYDMIRRHG WR LGH
.RPSRQHQWYVY WR EH UHXVHG IRU D SURGXFW PHPEHU
LODUDPHZRUN LEOQWWDOAWILDWWRQLY XVHG WR FUHDWH D |
.RPSRQHQWY DQG UHODWLRQVKLSV EHWZHHQ WKRVH
PHPEHU

7KH .REUD PHWKRG LV GHILQHG WR FRPSOHWH WKH DF\
SURGXFW IDPLO\ V\VWHPV ORUH VSHFLILFDOO\ WKH D
.RPSRQHQW VSHFLILFDWLRQ .RPSRQHQW UHDOL]DWLRQ
FRPSDUDEOH ZLWK WKH DFWLYLWLHV RI GRPDLQ DQDO\
LPSOHPHQWDWLRQ DV VKRZQ LQ )LJXUH UHVSHFWLY]
FRQWH[W UHDOL]DWLRQ LQVWDQWLDWLRQ DQG IUDPHZRI
DSSOLFDWLRQ HQJLQHHULQJ LQFOXGLQJ UHTXLUHPHQW\
LQWHJUDWLRQ DQG WHVWLQJ LQ )LIXUH $GGLWLRQDO
DQG SUDFWLFDO IRU WKH GHYHORSPHQW RI SURGXFW ID
LQ WKH PHWKRG DUH EDVHG RQ 80/ GLDJUDPV DQG WH[W)>
WR IXOILO WKH DFWLYLWLHVY LQ WKH GRPDLQ RI SURGXFW

3X/6(

BURGXFW )LQH 6RIWZMYH % QVHQ HHW LI LV D EXV
VRIWZDUH SURGXFW OLQH HQJLQHHULQJ DSSURDFK 7KH
PDLQ DFWLYLWLHYV
L,QLWLDOMKHD WERQYLW\" LV DLPHG WR DQDO\VH DQG +
RUJDQLVDWLRQ
LLQIUDVWUXFW XWKHFROQN VRUXFMIMR Q@ FWLYLW\ LV WR Gt
SURFHVVHV RI D SURGXFW IDPLO\ $ VFRSH PRGHO D
IDPLO\ DUH FUHDWHG
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LLQIUDVWUXFWEK HD X DRH DSFWLYLW\ LV WR GHILQH
PHPEHUV
LYYROXWLRQ D QWKRMDIDQIDR HRR HDFW EYLW\ LV WR HYROYH

7KH 3X, 6. PHWKRG FRQVLVWV Rl VL[ WHFKQLFDO FRF
FRPSRQHQWY 7KH WHFKQLFDO FRPSRQHQWY DUH L
VXSSRUW WKH DQDO\VLY DQG HYDOXDWLRQ RI DQ RUJDC
3X/6( (FR ZKLFK LV XVHG WR VXSSRUW DQ HFRQRPLF DC
3X/6( &% ZKLFK LV XVHG WR VXSSRUW D GRPDLQ DQDO
3X/6( '66% ZKLFK LV XVHG WR VXSSRUW D GRPDLQ GHYV
3X/6(, ZKLFK LV XVHG WR VXSSRUW WKH GHYHORSPHQ
3X/6( (0 ZKLFK LV XVHG WR VXSSRUW WKH HYROXWLRQ
IDPLO\

7KH VXSSRUW FRPSRRM KWV ZBQWK \IBRL FWWG WR VXSSRU
RI DQ RUJDQLVDWERWY-XVLIMKXDARDBR®GH XVHG WR VXSSRUW
WKH DGRSWLRQ RI SURW@XDBW L\DBPAKO K & DBHXIKVYHG WR VXS
PDLQWHQDQFH RI SURGXFW IDPLO\

3X/6( GHILQHG WKH IUDPHZRUN RI FRPSRQHQWVY FRQGXF
DFWLYLW\ RI LQLWLDOL]DWLRQ LV FRPSDUDEOH ZLWK

DFWLYLW\ RI LQIUDVWUXFWXUH FRQVWUXFWLRQ KDV V)
DQDO\VLVY GRPDLQ GHVLJQ DQG GRPDLQ LPSOHPHQWL
LQIUDVWUXFWXUH XVDJH LV FRPSDUDEOH ZLWK DSS
UHTXLUHPHQWY HQJLQHHULQJ GHVLJQ DQDO\VLV DQG

YJLIXUH ,Q DGGLWLRQ VRIWZDUH SURGXFW OLQH DU
SURGXFW IDPLO\ DUH UHSUHVHQWHG DV D VHW RI SUHVF

)$67

)DPLO\ RULHQWHG $EVWUDFWLR®67 6 SHFILVVNFDWLRIQV DQ C
VRIWZDUH SURGXFW OLQH PHWKRG WKDW LQLWLDOO\ Gt
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SURGXFW OLQH HQJLQHHULQJ 7KH DFWLYLWLHV ZKLFK L
LQ )LIXUH DUH

L'RPDLQ HQAKQHKI WGHIILQHY D SURGXFW IDPLO\ DQG WK
SURGXFW IDPLO\ DQG

LBESSOLFDWLRZXK HRXKI LGHYHIARIY SURGXFW PHPEHUV E\
DVVHWY RI WKH SURGXFW IDPLO\

)$67 GHVFULEHY D GRPDLQ VSHFLILF ODQJXDJH $0/ $SSO
IRU VSHFLI\LQJ WKH UHTXLUHPHQWY RI D SURGXFW IDPLC
IDPLO\ UHSUHVHQWHG LQ WKH ODQJXDJH DUH WKHQ VS
JORZHYHU WKH GHILQLWLRQ DQG VSHFLILFDWLRQ RI UHT

56 (%

5HXVH 'ULYHQ B6RIWZDUH (QJLQHHULQJ %XVLQHVV 56(%
SURSRVHG WR IRFXV RQ DFKLHYHPHQW RI EXVLQHVV JRD
SHUIRUPDQFH ,Q -DFREVRQ HW DO WKH\ SURSRVHC
UHIHUHQFH UHTXLUHPHQWY RI D SURGXFW IDPLO\ DQG
VRIWZDUH SURGXFW OLQH DUFKLWHFWXUH 7KH\ DOVR G|
RI SURGXFW IDPLO\ V\VWHPYV
LS5HTXLUHPHQRWHHEOJYDHHDEQOLW\ LV VSHFLILHG DV X\
LEUFKLWHFWXUDQ@KB PHOW K MRINZWDILUH SURGXFW OLQ
FUHDWHG LQ 80/ GLDJUDPYV
LBIRPSRQHQW V\Y WHPHHQHKYBEBHOHQIRPSRQHQWY DUH G
L$SSOLFDWLRQ WY \EKPFKQIUREKBPWQRHPEHUY DUH GHY

7KH DFWLYLWLHYV GHILQHG LQ 56(% DUH FRPSDUDEOH ZLW
VSHFLILFDOO\ WKH DFWLYLW\ RI UHTXLUHPHQWY HQJLQ|
GRPDLQ DQDO\WVLYVY DQG UHTXLUHPHQW HQJLQHHULQJ GHI

7KH DFWLYLWLHV RI DUFKLWHFWXUDO IDPLO\ HQJL
HQJLQHHULQJ KDYH OLNHZLVH VXE DFWLYLWLHV LQ
LPSOHPHQWDWLRQ UHVSHFWLYHO\ ORUHRYHU WKH DFV
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56(% FRYHUV WKH DFWLYLWLHV RI GHVLJQ DQDO\VLV D
LQ )LIXUH

63/,7

6RIWZDUH 3URGXFW ,-GBB/,WRRIDWWGCGHMWHMBKQRORJIWLV D
DSSURDFK IRU WKH GHYHORSPHQW RI SURGXFW IDPLO\
F\FOH Rl WKH GHYHORSPHQW SURFHVV ZKLFK FRQVLVW
ZKLFK UHVHPEOH WKH PDLQ DFWLYLWLHYVY GHSLFWHG LQ
L'RPDLQ HQZKQWHKUUGIHUHQFH UHTXLUHPHQWYVY VRI'
DUFKLWHFWXUH DQG UHXVDEOH FRPSRQHQWY DUH FU
LESSOLFDWLREIHISQRBXEFWM PHPEHUVY DUH GHYHORS

7KHUH DUH IRXU DSSURDFKHY DSSOLHG LQ 63/,7

L 7KH DSSUR®IK7 RIDBXHBESSOLHG WR GHYHORS WK
UHTXLUHPHQWY RI SURGXFW IDPLO\ VI\VWHPV ,Q WK
FUHDWHG EXVLQHVV SURFHVV FDSDELOLW\ IXQF)
UHTXLUHPHQW DQG QRQ IXQFWLRQDO UHTXLUHPHQW
VLWXDWLRQV RI UHTXLUHPHQWY HQJLQHHULQJ WKH

RQ H[LVWLQJ SURGXFWV DQG WKH VHFRQG RQH LV W
SURGXFW IDPLO\ VIVWHP GHYHORSPHQW EDVHG RQ

DFWLYLWLHY L GHILQH UHIHUHQFH UHTXLUHPHQWYV |
LGHQWLI\ DQG RUJDQL]JH WKH UHTXLUHPHQWY RI HDF
DUWHIDFWVY WKDW UHSUHVHQW KLJK OHYHO YLHZV R
SURGXFW PHPEHU LY GHILQH DUWHIDFWV WKDW UH
IXQFWLRQDO UHTXLUHPHQWY RI HDFK SURGXFW PHPE
IXQFWLRQDO DQG QRQ IXQFWLRQDO UHTXLUHPHQWV W

7KH SURGXFW IDPLO\ VA\VWHP GHYHORSPHQW IURP VF
GHILQH WKH GRPDLQ RI D SURGXFW IDPLO\ LL VFRS
UHTXLUHPHQWY RI WKH SURGXFW IDPLO\ LY GHWHU
IDPLO\ GRPDLQ E\ DSSO\LQJ ZLWK &276 PRGHO Y GH
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LH IXQFWLRQDO DQG QRQ IXQFWLRQDO YL GHILQH
FDSDELOLWLHVY UHODWHG WR HDFK EXVLQHVV SURFHV\
HDFK QRQ IXQFWLRQDO DVSHFW

LL 7KH DSSUMPRLNK APSBIHGIG IRU GHYHORSLQJ VRIWZE
DUFKLWHFWXUH ,Q 'DLV\ D VRIWZDUH V\WWHP SURG X
GHVFULSWLRQ LV EDVHG RQ WKUHH DUFKLWHFWXUDC
VXEV\WWHP YLHZ DQG F WHFKQRORJ - YLHZ 7KH EXVI
DUHD DQG DQDO\VLV SDWWHUQ 7KH VXEV\VWHP Y|
DUFKLWHFWXUDO SDWWHUQ SURFHVV DUFKLWHFWXUD
DQG LQIRUPDWLRQ 7KH WHFKQRORJ\ YLHZ UHSUHVHQW
LQIUDVWUXFWXUH DQG GHSOR\PHQW 7KH YLHZV DUH U

LLL 7KH DBHGBRBWBWAKSSOLHG IRU GHYHORSLQJ UHXVDEO
IDGGHU WKH\ VXJJHVWHG WKH WUDQVIRUPDWLRQV
DEVWUDFWLRQ UHILQHPHQW GHYHORSPHQW EUDQFI
GHYHORSPHQW DV ZHOO DV &276 DGDSWDWLRQ

LY 7KH DSKSHIHHRWWHKSSOLHG IRU VXSSRUWLQJ VXE SURFH
HQIJLQHHULQJ DQG DSSOLFDWLRQ HQJLQHHULQJ LQ 63/,

7KH 63/,7 PHWKRG LV DSSOLHG LQ O ,6%$36 (6%$36 DQC
SURMHFWY 7KH PHWKRG LWVHOI LV FRPSRVHG RI RWKHU
LQ VRIWZDUH SURGXFW OLQH HQJLQHHULQJ 2WKHUZLVH
PHWKRGY DUH UHSUHVHQWHG LQ L H 80/ GLDJUDPV X
UHSUHVHQWDWLRQ ODQJXDJHV

JHDWXUH 2ULHQWHG OHWKRGRORJLHYV

7KH FRQFHSW RI IHDWXUH RULHQWDWLRQ LV QRW FRPSO
DQG WKHUH KDYH EHHQ HIIRUWV WR DSSO\ WKH FRQFHSW
VRIWZDUH V\VWHP ([DPSOHV RI IHDWXUH RULHQWHG PH
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)250 .DQJ HW DO DQG )HDWX56(% *ULVV HYV
LQFUHDVLQJO\ LPSRUWDQW WR VRIWZDUH SURGXFW OLC
L 7KH IDFW LV ZKHQ GHYHORSLQJ WKH SURGXFW ID
ZLWK HDFK RWKHU LQ WHUPV RI SURGXFW IHDWXUHYV
FRPPXQLFDWLRQ EHWZHHQ FXVWRPHUYV DQG V\VWHP C
LL 'XH WR D ODUJH VL]H DQG GLYHUVLRQ RI UHTX
VI\VWHPV VSHFLI\LQJ DQG UHSUHVHQWLQJ WKH UHTXL
GRPDLQ DQDO\WLYV DV WKHVH DFWLYLWLHV DUH VX
PHWKRGRORJLHYV
LLL )HDWXUHV FDQ EH XVHG DV WKH EDVLV IRU
FRPPRQDOLWLHY DQG YDULDELOLWLHV RI SURGXFW |
IDPLO\ $GGLWLRQDOO\ WKH IHDWXUH RULHQWHG PH
YDULRXV UHTXLUHPHQWYV

)2'$

JHDWXUH 2ULHQWH)@'$R P DDLQJ $HQW MV L V LV SURSRVHG

WKH DFWLYLW\ RI GRPDLQ DQDO\VLV ,Q )2'$ WKH DFWL

DFWLYLW\ RI GRPDLQ DQDO\WVLY GHSLFWHG LQ )LJXUH
L'RPDLQ DQ@BOKRKLMRFXVHV RQ VFRSLQJ RI D SURG
LGHQWLI\LQJ SURGXFW PHPEHUV
LOHDWXUHZBQPKO\GHYHORSY D OLVW RI FRPPRQ DQG
SURGXFW IDPLO\ DQG
LD HDWXUH PRIFHKOPR@HB OV WKH FRPPRQDDGWROWUHDEC
PRGHO

)2'$ LV DQ LQLWLDO PHWKRG WKDW GHILQHYVY D IHDWXU'
DQRG YDULDEOH DVSHFWV RI D SURGXFW IDPLO\ ,GHQWL
NQRZOHGJH REWDLQHG IURP WKH GRPDLQ H[SHUWYV DQG
PDQXDOV GHVLIQ GRFEXPHQWY HWF ,Q )2'$ WKH DXV
H[SHUWV DQG V\VWHP DQDO\VWV FDQ XVH VWDQGDUG
HDFK RWKHU LQ PDWXUH DQG VWDEOH GRPDLQV 7Kl
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WHUPLQRORJ\ LV DQ HIIHFWLYH DQG HIILFLHQW ZD\ WR
GRPDLQ +RZHYHU LQ SULRU WR IHDWXUH LGHQWLILFD\
GRPDLQ VFRSH VKRXOG EH GRQH VLQFH WKH\ DUH QRW D
GRPDLQVY )HDWXUH PRGHOV DUH XVHG DV D PHFKDQLVP \
RI GRPDLQ FRQFHSWYVY DQG VFRSH ZKLFK FDXVH FRQIXVLR

7KH DXWKRUV GHILQHG W KRIHMG WMERMIX BRH M H B WIXFUKH W H SUH'
WKH FRPPRQDOLW\ RI| DDSWRIGHEWXIWPHN. OY KLLAK DUH VSHF
IRU SURGXFW PHPESWUR@W®BUHMLZKLFK PD\ RU PD\ QRW
SURGXFW PHPEHUV 7KH IHDWXUH PR G HWURHRRQ VAU VRX LHH
GLDJUWIPFFK UHSUHVHQWY FKDUDFWHGHYWLEWLRIDSURG X FV
IHDW X UHF PRSR VA IMLIRFK DXWHHEHILQHG UDWLRQDOO\ EHWZ
DUH WZR W\SHV RI UXGHAYLQUBWROKM IHDWXUH DQG LL RQ
LQFODQGBIGRWKHU IHDWXUH

)250

JHDWXUH 2ULHQWBS0 5 HXVBIQO HWKHR@GVLRQ RI )2'$ WKDW S

DFWLYLWLHV RI GRPDLQ DQDO\VLY DQG WKH GHYHORSPH(

FRQFHUQHG
L)HDWXUH PRIGHW AMQOD SURFHVV IRU GHILQLQJ IHDWX
VIVWHPV 7KH DXWKRUV SURSRVHG WR DSSO\ WKH HI[\
IURP )2'$ IRU UHSUHVHQWLQJ IHDWXUHV 7KH\ SURSRVI
UHVSHFW IHDWXUHV WR WKHMIDESBDWKRWY DWKDW HY SAHW
FKDUDFWHULVWLFV Rl GLVWLQFW VHQGHHY RSHUDWLR
VHWRBHUDWLQJHDIWX.WHRY RHK@OW UHSUHVHQW DWWULE XV
LQ ZKLFK DQ DSSOLFDWLRQ LV XVGIRGP DIQWE VRISHU@RVOHRG)
IHDWXUHV WKDW UHSUHVHQW WKH GRPDLQ RI UHDOL]D)\
DYLDWLRQ GRPDLRI LPGGHBH @AW K Q HW HW K Q WT X S U H
LPSOHPHQWDWLRQ GHWDLOV DW ORZHU DQG PRUH WHF
DQG VRUWLQJ DOJRULWKPV .DQJ HW DO SRLQWHG F
IHDWXUH LV PRUH VSHFLILF WR D JLYHQ GRPDLQ DQG
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GRPDLQV ZKLOH DQ LPSOHPHQWDWLRQ WHFKQLTXH IH
XVHG LQ RWKHU GRPDLQV
LEUFKLWHFWXWKDMRGW OO ISQRFHVY IRU GHILQLQJ VR
DUFKLWHFWXUHY $UWHIDFWY FUHDWHG GXULQJ WKL
FRQVVXEV\VWHP PRG HDQBRGRKPHVAKRBHMOPRGHOV DUH
UHSUHVHQWHG WKH FRPPRQDOLW)\ DQG YDULDELOLW\
LIBIRPSRQHQW VHIQDWQHHDLRURFHVV IRU GHILQLQJ UHX
/HH HW DO WKH DXWKRUV GHVFULEHG WKH WH
FRPSRQHQW HQJLQHHULQJ LQ WKH )250 PHWKRG 7KH
IRU WKH FUHDWLRQ Rl UHXVDEOH FRPSRQHQWYV E\ PD
DFWLYLW\ Rl IHDWXUH PRGHOLQJ 7KH SULQFLSOHYV
PRGHOHG DV DQ REMHFW RU JURXS RI REMHFWV W
RSHUDWLRQV 7KH REMHFW RU JURXS RI REMHEWV L\
SDUWLFXODU SURGXFW PHPEHU E RSHUDWLQJ HQYL
DV DQ REMHFW RU JURXS RI REMHFWV WKDW SURYLG
UHTXLUHPHQWYVY RI SURGXFW PHPEHUV F GRPDLQ Wt
WR EH VSHFLILF IRU WKH GRPDLQ RI SURGXFW IDP
WHFKQLTXH IHDWXUHV VKRXOG EH XVHG WR LPSOHPI
H[DPSOH D FRPPXQLFDWLRQ PHWKRG IHDWXUH H J
FRPPXQLFDWLRQ GHSHQGVY RQ WKH LPSOHPHQWDW
+RZHYHU WKH PDSSLQJ RI WKH IHDWXUH PRGHO D¢
GHVFULEHG

,Q WKH )250 PHWKRG WKH DFWLYLWLHV RI GRPDLQ H
VSHFLILFDOO\ WKH DFWLYLWLHV RI IHDWXUH PRGHC
FRPSRQHQW HQJLQHHULQJ KDYH OLNHZLVH VXE DFWLY
GHVLJQ DQG GRPDLQ LPSOHPHQWDWLRQ GHILQHG LQ
+RZHYHU WKH )250 PHWKRG GRHVY QRW FRYHU DQ DFWL!



OHWKRGRORJLHV IRU WKH '"HYHORSPHQW R 3URC(

YHDW X56 (%

J)HD W X UL Q)H DIW X5 6 (% *ULVV HW DO LY D FRPELQDW
&DPSEHOO HW DO DQG )2'$ .DQJ HW DO 7KH
LQFOXGHV WKH DFWLYLWLHV GHILQHG LQ 56(% ZKLFK
DUFKLWHFWXUDO IDPLO\ HQJLQHHULQJ FRPSRQHQW V\V
HQJLQHHULQJ 7KH PHWKRG DGDSWHG XVLQJ D IHDWXUF
UHODWLRQVKLSV L H GHSHQGHQF\ DQG UHILQHPHQW 7K't
FRPPRQ DQG YDULDEOH 56(% PRGHOV ,Q RWKHU ZRUGYV
UHSUHVHQW DQ DVVRFLDWLRQ EHWZHHQ 56(% PRGHOV LQ

THFKQLTXHYV IRU WKH "HYHORSPHQW RI 3URG:

,Q WKLV VHFWLRQ ZH GHVFULEH H[LVWLQJ WHFKQLTXHV
GHYHORSPHQW 7KHVH DUH D XVH FDVHV E 80/ PRGHO
G DUFKLWHFWXUH GHVFULSWLRQ DQG FRPSRQHQW EDVF

8VH &DVHV

,Q JHQHUDO D XVH FDVH &RFNEXUQ LV D WH[WXDO V
IRU VSHFLI\LQJ UHTXLUHPHQWY ([DPSOHV RI WKH DSSU
FDVHV LQ WKH DFWLYLWLHYV RI SURGXFW IDPLO\ V\VWHP

*ULVV HW DO -DFREVRQ HW DO ,Q )DQWHF
SURSRVHG WR H[SUHVV WKH UHTXLUHPHQWY RI SURGXFW
HIWHQGLQJ WKH XVH FDVH GHILQLWLRQ JLYHQ E\ &RF|
YDULDELOLW\ LV H[SUHVVHG LQ XVH FDVHV E\ XVLQJ VS
YDULDEOH UHTXLUHPHQWY RI D SURGXFW IDPLO\ WKDW C
PHPEHU 7KH\ SURSRVHG W KWHHH WQ M FRA WHDBIU/H V HQ W V
YDULDEOH UHTXLUHPHQWY ZLWK D SUHSSHUD®HGY V HRVWRD JU
ZKLFK UHSUHVHQWY YDULDEOH UHTXLUHPHQWY WKDW U
SDUDPHWHUV IRU D SUR GOSAMAL RPHPIGFHWDID QUGH VIHQWY YD U
UHTXLUHPHQWY ZKLFK PD\ RU PD\ QRW EH LQVWDQWLDWH
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-RKQ DW HO -RKQ DQG OXWKLJ HIWHQGHG XVH FDV
YDULDEOH UHTXLUHPHQWY 8VH FDVHV H[SUHVV YDULD)
PHPEHUV ,Q DGGLWLRQ WKH DXWKRUV DSSOLHG WKF
UHODWLRQVKLSY DQG GHSHQGHQFLHVY EHWZHHQ WKH YD

80/ ORGHOLQJ

$FFRUGLQJ WR WKH OLWHUDWXUH $PHULFD HW DO

*ULVV HW DO -DFREVRQ HW DO 4%$'$ REM|I
XVHG LQ VRIWZDUH SURGXFW OLQH HQJLQHHULQJ 6RPF
*RPDD . HHSHQFH DQG ODQQLRQ DUH SURSRVHG

IRU PRGHOLQJ VRIWZDUH SURGXFW IDPLO\ V\VWHPV *]|
SURGXFW OLQH 80/ EDV386VREMWMLIU HS 61/Q PIRGHHFOWLIQYJ | R
GHYHORSPHQW RI SURGXFW IDPLO\ VIVWHPV 3/86 DSSO
WKH FRPPRQDOLW)\ DQG YDULDELOLW\ RI SURGXFW IDPL

LQ &ODXVV WKH\ XVH D 80/ FODVV GLDJUDP WR U}l
DUFKLWHFWXUH 7KH\ GHILQH WKUHH W\SHV RI FODVVHYV
IDPLOYDULDWZIRIFRLULHASUHVHQWY D YDULDWLRQ SRLQW
YDULDKQAWK UHSUHVHQWY DQ DOWHUQDWLYH RI D SDUYV
RSWIARKQP® UHSUHVHQWY DQ RSWLRQDO FODVYV 7KH\ D¢
WR DVVLVW UHSUHYVHQNVADW URQSLR/ANIERR KEFEY O RWY R F LID W H \
EHWZHHQ FODVVHV W\SHG RI YD ULDWRARQ@3NRILRQNZDYE& ¥D

ZKLFK DVVRFLDWHYVY EHWZHHQ DQ\ FODVV DQG D FOD\

,Q .HHSHQFH DQG ODQQLRQ WKH DXWKRUV SURS
SDWWHUQV DQG GLVFULPLQDQWY WR VXSSRUW UHSUHVE
VRIWZDUH SURGXFW G DWHW\B UBKIWHADXWHIG €\ FODVV

GLDJUDPV $FFRUGLQJ WR .HHSHQYFH LICR).® DIPIEVOX RIQ W KL
GLIIHUHQWLDWHY D VIVWHP IURP DQRWKHU LQ D SURG X
RI GLVFULPVQ®QDWH G LAKLLFIKP UHSQ@WVHQW D VHW RI PXW
IHDW X UMXOWLISOH GKVFKLPHSDBWWQW D VHW RI IHDWXL



THFKQLTXHV IRU WKH '"HYHORSPHQW RI B3URGXF

PXWXDOO\ HIFORSWYLRQDQGZKUMAKLPURDWWXUHYVY WKDW P
QRW EH XVHG

7KH VLQJOH GLVFULPLQDQW UHSUHVHQWY DQ LQKHULWDGQ
FODVV ELDOHDRIGD WWVVHW R VX EDPOBRWHDHOW AVOXOWHEE WR UHSU
YDULDQWY RI D YDULDWLRQ SRLQW LQ D SURGXFW IDPL
VXEFODVV LQ D UHDOP FDQ EH FKRVHQ IRU D SURGXFW P
DOVR UHSUHVHQWY DQ LQKHULWDQFH KLHUDUFK\ WKDW F
RU PRUH VXEFODVVHV LQ D UHDOP FDQ EH FKRVHQ IRU L
GLVFULPLQDQW LV UHSUHVHQWHG E\ WZR FODVVHV ZLWK

JHDWXUH ORGHOLQJ

7KLY WHFKQLTXH ZDV LQLWLDOO\ SURSRVHG LQ )2'$ WR
DQDO\VLV $V GHVFULEHG LQ 6HFWLRQ PDQ\ DSSUF
GHILQLWLRQ RI' D IHDWXUH PRGHO WR VXSSRUW WKH GHY
7KXV ZH GHVFULEH EHORZ GLIIHUHQW DVSHFWV RI WKH
DUH DSSOLHG LQ H[LVWLQJ DSSURDFKHYV

, 7\SHV RI )HDWXUHV LQ D )HDWXUH ORGHO

LPDQGDWRU%RNPW XUHV&OHPHQWY DQG 1RUWKURS
.DQJ HW DO .DQJ HW DO 3X/6( :HLVYV

IRU SURGXFW PHPEHUV LQ D IDPLO\

LRSWLRQDWRNBWY XUHWOHPHQWY DQG 1RUWKURS *

.DQJ HW DO .DQJ HW DO 3X/6( 6YDKQEHUJ H\

PD\ H[ILVW LQ D VSHFLILF SURGXFW PHPEHU RU QRW

LLDOWHUQDWRYWHHKHD WX&BNPHQWY DQG 1RUWKURS
.DQJ HW DO 3X/6(YDHLYY W UH BRW XIWH D O

DUH D VHW RI SRVVLEOH IHDWXUHYVY WKDW FDQ EH VHOH

ORUHRYHU 6YDKQEHUJ HW DO H[WHGRDWKHBE W WND BWXUH
IHDWXUH XQDYDLODEOH LQ D VI\IVWHP EXW QHHGV WR EH
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,» 1RWDWLRQV RI )HDWXUHYV LQ D )HDWXUH ORGHO

$V VKRZQ LQ )LIXUH D IHDWXUH PD\ EH GHSLFWHG D

QDPH LQVLGH ODQ\ DSSURDFKHV DSSOLHG WKH IHDWXL
+RZHYHU VRPH DSSURDFKHV DSSOLHG D 80/ FOD’

IHDWXUHV IRU H[DPSOH *ULVV HW DO ORUHRYHU

PDQGDWRU" RSWLRQDO DQG DOWHUQDWLYH DUH UHSU

JHDWXUH JHDWXUH JHDWXUH

0 DQGDWRU\ 2SWLRQDO 0DQGDWRU\

1
)HDWXUH L

WHUQDO
JHDWXUH JHDWXUH o Q

$OWHUQDWLYH

J)LIXUH GLITHUHQW QRWDWLRQV IRU GLITHUHQW W\S
E *ULVV HW DO .DQJ HW DO DQG F 6Y

v, OHOHODWLRQVKLSV EHWZHHQ )HDWXUHYV LQ D )HDWXUF
,GHDOO\ |IHDWXUHV DUH DWRPLF XQLWV WKDW FDQ EH
GLIILFXOW\ +RZHYHU IHDWXUHYVY DUH JHQHUDOO\ QRW
UHODWLRQV FDQ H[LVW EHWZHHQ WKHP $FFRUGLQJ V
LOWHUDFWLRQ LV GHILQHG DV D FKDUDFWHULVWLF RI D
QRW VDWLVI\ WKH VHSDUDWH VSHFLILFDWLRQV RI DOO L

7KH W\SHV RI UHODWLRQVKLSV H[SUHVV WKH UXOHV
UHODWLRQVKLSY DUH FRQVLGHUHG ZKHQ IHDWXUHV DU
UHSUHVHQW ZKLFK IHDWXUHV PXVW EH VHOHFWHG WRJ
7TDEOH VKRZV GLIITHUHQW W\SHV RI UHODWLRQVKLSV I



THFKQLTXHV IRU WKH '"HYHORSPHQW R1 3URGXI

7TDEOH SUHVHQWY WKH FODVVLILFDWLRQ RI UHODWLRQV
5HODWLRQVKLS W\SH '"HVFULSWLRQ

GHSHQGMWRWHW DO ,QGLFDWLQJ WKDW D IHDWXUH UHOLF
RI DQRWKHU IHDWXUH

PXWXDOOVWVHINOXWWYPDGLFDWLQJ WKDW WZR IHDWXUHV P
VDPH WLPH

FRQIOLtEMVMMIBIW DO ,OO0XVWUDWLQJ WKDW UHODWHG
FRQIOLFWLQJ UHTXLUHPHQWYV

FRPSRVID®Q RIHW DO QGLFDWLQJ WKDW D IHDWXUH LV FR

FRPSRWBWYWKREHUJ HW HDWXUHV

JHQHUDOLVDWLRQJVEMEALADON VW WKW D FKLOG IHDWXU

DO YSHFLDOUR/®DWLRBUHQW IHDWXUH

6YDKQEHUJ HW DO

LPSOHPHQOWBEHW\DO,QGLFDWLQJ WKDW D IHDWXUH LV L
DORWKHU IHDWXUH

;25 VSHFLDOYDBRQYERQGLHWWLQJ WKDW FKLOGUHQ IHDWX

DO H[FOXVLYH

$UFKLWHFWXUH  'HVFULSWLRQ DQG  &F

IDQJXDJHYV
$FFRUGLQJ WR $PHULFD HW DO WKH DXWKRUV
WHFKQLTXH VXSSRUWV WKH GHVLJQ DQG LPSOHPHQWDW,
WHFKQLTXH LQFOXGHV WKH DUFKLWRIFOIR B H UG IQV FWWS W L R
DO .RDOD LV XVHG WR GHILQH D ODUJH GLYHUVLW
.RDOD FRPSRQHQW PRGHO LV FUHDWHG WR UHSUHVHQW
.RDOD D FRPSRQHQW. (PROYKYRHY RUH ERPPXQLFDWLRQ
EHWZHHQ GLIIHUHQW FROIRERRWARQQHFW EHWZHHQ Gl
LQWHUIDFHY DQG LLL VXEFRPSRQHQWY ZKLFK DUH
FRPSRQHQW 7KH\ GHILQH WZRURYSGW \RHLEWWHQDREZNY |
H[WHUQDO FRPSRQHQWVY WR XVH IXQFWLRQDOLW\ LPSOF
UHTXLUHY KLFW HUODREZY D FRPSRQHQW WR XVH IXQFWLRC
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H[WHUQDO FRPSRQHQW 7KH\ DOVR GHILQHFWKURGQW FN\
ZKLFK GLUHFWO\ FRQQNEWZRERKLOWE WHARGBWWRQLIRU FKI
GLUHFWLRQ RI FRQQHFWLRQ ERWGNERFKRP\SRQ B QRMH VD
H[LVWLQJ EHWZHHQ WZR LQWHUIDFHYV

,Q WKH .RDOD FRPSRQHQW PRGHO YDULDWLRQ SRLQW!
FRQQHFWRUV 7KH\ GHVFULEH WKDW YDULDWLRQ SRLQW
LOQOWHIJUDWLRQ DQG WHVWLQJ LQ WKH DSSOLFDWLRQ
DSSOLHG LQ WKH &23% PHWKRG WKDW GHILQHYV D IUDPI
GHYHORSPHQW ZKLFK LV GHYHORSHG DQG XVHG E\ 3KL!
WKH .RDOD FRPSRQHQW PRGHO DUH LPSOHPHQWHG DV
FROQOOQHFWRUV DUH SURYLGHG IRU LQWHUFRQQHFWLRQ ZI

$GGLWLRBQDOQV D VRIWZDUH DUFKLWHFWXUH GHVFULSW
GHYHORSHG E\ [$'/ [$'/ LV DQ H[WHQVLRQ RI [$UFK

;0/ VFKHPDV 7KH ODQJXDJH LV FRPSDWLEOH ZLWK ;0/ W
[$'/ LV GHILQHG WR SURYLGH WKH UHSUHVHQWDWLRQ

SURGXFW IDPLO\ V\\R\S WR\R Q/DABKKH DK DHIGIWS/DUWYV R DUFK
VXFK DV FRPSRQHQWY FRQQHKNWRUDKREY §Q R/LG B FBI W H
RI YDULDEOH DVSHFWV Rl WKH DUFKLWHFWXUH ([DPSO
IRU SURGXFW IDPLO\ VIVWHP GHYHORSPHQW DUH %DVV
+RHN

$V GHVFULEHG LQ 6HFWLRQ H[LVWLRRPPRIRFRQBQ@WM E
7KH 6K&2X¥I6  'HDQ OLFURVRIW:V &20 &20 6XQ-
-DYD%HDQV  &2%5%$ &2%5% DUH XVHG LQ WKH DF\
LPSOHPHQWDWLRQ $FFRUGLQJ WR WKH OLWHUDWXUH
%D\HU DQG :LGHQ &RULDW HW DO W K H
H[LVWLQJ FRPSRQHQW EDVHG WHFKQLTXHV IRU WKH GH
LQ DQ DFWLYLW\ RI GRPDLQ LPSOHPHQWDWLRQ ,Q DGG
DXWKRUV GHILQHG D FRPSRQHQW EDVHG DSSURDFK IRU
DQDO\VLV LQ VRIWZDUH SURGXFW OLQH HQJLQHHULQJ



THFKQLTXHV IRU WKH '"HYHORSPHQW R1 3URGXF

LQFUHPHQWDO PHWKRG WR UHSUHVHQW UHTXLUHPHQWYV
V\VWHPYVY 7KH UHTXLUHPHQWY DUH JURXSHG DV FRPSRC
YDULDQWYV

6 XSSRUWLQJ 7RROV IRU 3URGXFW )DPLO\ 6\V\

$W WKLV VWDJIJH WRROV IRU VRIWZDUH SURGXFW IDPLO\
$OWKRXJIK VRPH H[LVWLQJ DSSURDFKHV IRU SURGXFW 1D
SURYLGHG WRRO VXSSRUW PRVW RI WKH WRROV GR QR
SURGXFW IDPLO\ VA\VWHP GHYHORSPHQW ([DPSOHV RI W

FRPSLOHU $PHULFD HW DO .RDODODNHU $PHULFD
6FKPLG DQG 6FKDQN ',9(56,7< &'$ %D\HU HW D@
PRGHOLQJ WRRO :HLVYV DQG $6%$'$/ $6%$'$/ $GGLW!

KDYH EHHQ GHYHORSHG E\ SURMHFWY DQG FRPSDQLHV (
DV 9 0DQDJH (6$36 OHWD(GLW OHWDFDVH DQG 3U
*($56 6RPH FRPPHUFLDO UHTXLUHPHQWY HQJLQHHULQJ
DQG DGRSWHG LQ VRPH H[LVWLQJ DSSURDFKHV DQG SURI
DSSOLHG FRPPHUFLDO WRROV VXFK DV '2256 '2256 SHT
5DWLRQDO 5RVH 5DWLRQDOS5RVH 9LVLR 9LVLR DQ
IRU VRIWZDUH SURGXFW OLQH HQJLQHHULQJ ,Q *RPDD I
FRPPHUFLDO FDVH WRROV L H S5DWLRQDO 5RVH DQG 5R\
LQWHJUDWH ZLWK WKHLU FXVWRPLVHG WRRO .%5(7 WR V
RI WKH SURSRVHG DUFKLWHFWXUH IRU SURGXFW IDPLO\ \
HIWHQGHG WKH FRPPHUFLDO WRRO 7RJHWKHUS &RQWUR
DQG PDLQWDLQ GHVLJQ DUWHIDFWV RI D SURGXFW IDPLC
OLWHUDWXUH VWLOO KDYH OLPLWDWLRQV LQ WHUPV RI W

7KH WRROV IRU SURGXFW IDPLO\ VA\VWHPYV DUH UHTXLUHG
SURGXFW IDPLO\ VIVWHP GHYHORSPHQW $V PHQWLRQHG
IRFXVHG RQ SDUWLFXODU DFWLYLWLHYVY VXFK DV FRPPRC
GHYHORSPHQW RI FRUH DVVHWV 2WKHU DFWLYLWLHYV V.
PHPEHUV IURP FRUH DVVHWV WUDFHDELOLW\ EHWZHHQ
DQG PDLOWHQDQFH DUH DOVR UHTXLUHG VXSSRUWLQJ WF
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7TDEOH SUHVHQWY WKH FRPSDULVRQ EHWZHHQ H[LVW
VIVWHP GHYHORSPHQW E\ FRQFHUQLQJ ZLWK DFWLYLWL
LQ DSSOLFDWLRQ HQIJLQHHULQJ DUWHIDFWYV FUHDWHG
WRRO VXSSRUW SURYLGHG PDWXULW\ RI WKH DSSURDFI



7 DEOH & RP SDULVRAQ DSSURDFKHY IRU SURGXFW IDP LOV VVVWHP GHYHORSP HQW

$SSURDFIKMHWLYLWLHYV 'fRPDLYOLWLHVQHUDWHG DUWHHBROWNVTXHVRRO VXSSROWWXULW\ 'RPDLQV
DQG OHWKRGBQJLQHHULGBSOLFDWLRQ
HQJLQHHULQJ

&23% BURGXFW IDPBORGXFW %XVLQHVV PRG&W W REGHWLUQIRBYB FRPSDOYHWEHHQ DSSMHHRGPPXQLFD
HQJLQHHULQJIHQIOIDMRWIPRGHOV UHTXIADNVAHHQSWHWFLILRDWDAROMNHD VXFFHVVIRO OHGLFDO

HQJLQHHULQJ SODWIRUP DQG&RUKGCGHXIFW RVERREHVHGLWRGXVWULHVYPBRLQOLSV
VSHFLILF FRPSBOHQEX® -V SOXJV LQ 9LVLR &RQVXPHU
BURGXFW OLQH DYF%HWRNFW XWHV HOHFWURQLFV

&2%5% .RDOD $'/
4%-'$ SHTXLUHPHQWVS$ S5HTXLUHPHQWWOFRPRWHPALQ&RPPHUFLD®VXOW IURPOWRKHDWLRQ

HQJLQHHULQJ PRGHO GHFRPSRVLWLRQ 80/ 9LVLR UHVHDUFK SVURMHPWV

&RQFHSWXDO PRGHO DOORFDWLRQ PRGHMRUG SURFBIMIBEQJ OLGGOHZDUH

DUFKLWHFWXUH GHVLIJQFROODERUDWLRQ PRGHO ‘LUHOHVYV VHUYL

&RQFHSWXDO GHVLJQ UDWLRQDOH

DUFKLWHFWXUH DQDO\WNQRZOHGJH EDVH
&RQFUHWH DUFKLWHFWXMWHUXFWXUDO GLDJUDPV VWDWH

GHVLJQ GLDJUDPV PHVVDJH
&RQFUHWH DUFKLWHFWMHIT XHQFH FKDUWYV
DQDO\VLV GHSOR\PHQW PRGHO

VFHQDULRYV



$SSURDFKHFWLYLWLHV 'SPWLQLWLH/QHUDWHG DUWHHBRQYNTXHVRRO VXSSROWWXULW\ 'RPDLQV
DQG OHWKRGBWQWJILQHHUL@BBSOLFDWLRQ
HQJLQHHULQJ

.REUS$ ¢ RQWH[W UHDOLEDR\QLWR Q[ W .RPSRQHQWV REMHFWPRGHOLQJ &RPPHUFLDO,QVWDQFH RI 3XJBRUPDWLRDQ
_RPSRQHQW UHDOL]DWLR@®@RGHOV FRPSRQHQW ED®6G :RUG VIVWHP V
VSHFLILFDWLRQ LQVWDQWLDWLRQ WHFEKQLTXHV SURFHVVLQJ
_RPSRQHQW JUDPHZRUN &RQILIXUDWLRQ
UHDOL]DWLRQ LQVWDQWLDWLRQ PDQDJHPHQW

&RPSRQHQW UHXVH

3X/6( ,QLWLDOLVDWLRQQIUDVWUXFMWXUB( %& 3X/6( (RRRPSRQHQW ED¥H/G( %($7 +DYH EHHQ DSBEBUHWEBDQGLVH

,QIUDVWUXFWXUKVDJH 3X/6( &'$ 3X/6( WHFKQLTXHYV ',9(56,7< & EV LQGXVWULDQ@WYWIRUPDWLRAQ
FRQVWUXFWLRQ '66% 3X/6( , '$ VIVWHPYV 6WRFN
(YROXWLRQ DQG VXSSRUWLQJ FRPSRQHQWYV PDUNHW GDWD
PDQDJHPHQW SURGXFW OLQH DUFKLWHFWXUH HYDOXDWLRQ &8$'

VIVWHPYV + XPDQ
FRPIRUW
VLP XODWLRQV DQG

OD\RXW VI\VWHPV



$SSURDFK$PWLYLWLHV 'KRPOLQYLWLHVQHUDWHG DUWHHBRQ@NTXHVRRO VXSSROWWXULW\ 'RPDLQV
DQG OHWKRGQJIJLQHHULGBSOLFDWLRQ
HQJLQHHULQJ

'"RPDLQ HQJUJLQHHWLIQAILFDWLRGHTXLUHPHQWYV BVRIWEZRGHOLQJ) &RPPHUFLDO5S5HVXOW IURP 7HOHFRPPXQLFDWLF

HQJLQHHULQY\VWHP SURGXFW 206 FRPSRQHWRROV UHVHDUFK SUR®HFWYV
DUFKLWHFWXUH 6BBAMMHG WHFKQLTXHYV (6$36 DQG &$)e
63/,7 SDWWHUQV JXLGHOLQHYV

FRQVWUDLQWY FRPSRQHQW

PRGHOV
"RPDLQ HQJLQHHIBLQULFDWLROMTXLUHPHQWV "RPDLQ VSHFLILF$67$ SURFHVYV 5HDO WLPH V\WWHP V
HQJLQHHULQJ ODQJXDJH $0/ PRGHOLQJ WRRO
)$67
56 (% SHTXLUHPHQWY $SSOLFDWLROHTXLUHPHQWY S&WRH ¥XPWH 13 18 13
(QIJLQHHULQJ VIVWHP OLQH DUFKLWHFWXWSHHFLILFDWLRQ 80/
$UFKLWHFWXUDOHIDIFLIQAWHULQJ PRGHOLQJ

HQJLQHHULQJ
&RPSRQHQW V\VWHP

HQJLQHHULQJ



$SSURDFK$FWLYLWLHV 'RPWLQLWLHQHUDWHG DUWHBRQYNVNTXHVRRO VXSSROWWXULW\ 'RPDLQV

DQG OHWKRGWQJILQHHUL@GBSOLFDWLRQ
HQJLQHHULQJ

'"RPDLQ DQDO\VLQ $ SHTXLUHPHQWYV FRHDODWHWH PRGHQL®J
JHDWXUH DQDO\VLYV PRGHO IHDWXUH PRGHO

)2'$ JHDWXUH PRGHOLQJ

JHDWXUH PRGHOLQ® SHTXLUHPHQWYV IHBDWWXHH PRGHGBGJI $/

$UFKLWHFWXUH PRGHOLQJ PRGHO VXEVA\VWHP PRGHO

)250 &RPSRQHQW SURFHVV PRGHO PRGXOH
HQJLQHHULQJ PRGHO
SHTXLUHPHQWY $SSOLFDWLROHTXLUHPHQWY S8&\RHS XK DWH 13

J)OQJIJLQHHULQJ VIVWHP OLQH DUFKLWHFWXWBHFLILFDWLRQ 80/

$SUFKLWHFWXUDOHIDIPLIQGHHULQ J
YHDW X56 (%
HQJLQHHULQJ

PRGHOLQJ IHDWXUH
PRGHOLQJ
&RPSRQHQW VI\VWHP

HQJLQHHULQJ

+DYH EHHQ DSSOSLHG
DQG H[WHQGHG E\
UHVHDUFKHY DQG

LOQGXVWULDOV VLQFH \HDU

([WHQVLRQ RI (OHFWURQLF EXOOH)

)2'$ DQG KDYHERDUG 3ULYDWH

EHHQ DSSOLHG®%EIDQFK ([FKDQJH

LQGXVWULHY (OHYDWRU &RQWURC
B\VWHPV

3O[WHQVLRQ RUL5%(%



7TUDFHDELOLW\ RI 3URGXFW )DPLO\ ¢

7TUDFHDELOLW\ RI 3URGXFW )DPLO\ 6\VWHPYV

$V VXIJIJHVWHG LQ %RHKP HW DO 6WUHLWIHUGW
V\VWHPV LV LPSRUWDQW GXH WR VRPH UHDVRQV
D 7TUDFHDELOLW\ WKURXJKRXW DUWHIDFWV LV D QHFHYV
FRQVLVWHQF\ RI D SURGXFW IDPLO\ GXULQJ GHYHO
GHYHORSPHQW LQ JHQHUDO
E 7TUDFHDELOLW\ DFWLYLW\ DVVLVWV WKH UHXVH RI LC
7TKH EHQHILWYV RI SURGXFW IDPLO\ DSSURDFK GHSH
RUJDQLVDWLRQ FDQ UHXVH WKH FRUH DVVHWY RI D ILC
LV KLJK WKH FRVW RI SURGXFW PHPEHU GHYHORSPHQ
F 7UDFHDELOLW\ UHODWLRQV DVVLVW VWDNHKROGHUV
LQ SURGXFW IDPLO\

*HQHUDOO\ WUDFHDELOLW\ UHODWLRQV DUH XVHG LQ GL
D VA\VWHP E YDOLGDWLRQ DQG YHULI\LQJ VRIWZDUH
VRIWZDUH DUWHIDFWY DQG G XQGHUVWDQGLQJ VRIWZD
$FFRUGLQJ WR WKH OLWHUDWXUH HVWDEOLVKLQJ W
V\VWHPV LV H[SHFWHG WR VROYH VRPH RI H[LVWLQJ SUI
SDUWLFXODUO\ WKH XVH RI WUDFHDELOLW\ UHODGRQV
EHWZHHQ VWDNHKROGHUV E DVVLVW GHILQLQJ FRPP
GLIITHUHQW SHUVSHFWLYHVY DQG ODFN RI NQRZOHGJH E\
DVVLVW WKH GRFXPHQWDWLRQ E\ DSSO\LQJ ZLWK WUDFH
WKH FRQIOLFWLRQ EHWZHHQ DUWHIDFWYV E\ DSSO\LQJ ZLYV

([LVWLQJ $SSURDFKHV IRU 7UDFHDELOLW
3URGXFW )DPLO\ 6\VWHPV
6RIWZDUH WUDFHDELOLW\ FDQ EH HVWDEOLVKHG EHWZF
SURGXFW IDPLO\ GHYHORSPHQW $FFRUGLQJ WR )LJXUH
JHQHUDWHG EHWZHHQ UHIHUHQFH UHTXLUHPHQWY VRIW
UHXVDEOH FRPSRQHQWY ,Q DGGLWLRQ PDQ\ WUDFHDEL
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&KDSWHU DUH DSSOLHG IRU WKH VRIWZDUH V\VWHP (
EHHQ H[WHQGHG WR VDWLVI\ WKH WUDFHDELOLW\ DFWL
,Q ORKDQ DQG 5DPHVK WKH DXWKRUV DGRSWHG W
GHYHORSHG E\ 5DPHVK DQG -DUNH DQG DSSOLHG
IDPLO\ V\VWHPV

$GGLWLRQDOO\ %D\HU DW HO %D\HU DQG :LGHQ \
LQWR WKH 3X/6( PHWKRG $V GHVFULEHG LQ &KDSWHI
WUDFHDELOLW\ UHIHUHQFH PRGHO ZKLFK FRQVLVWV RI
LQ WKH GRPDLQ RI SURGXFW IDPLO\ VAIVWHPV ORUH VSF
WKH DUWHIDFWYVY FUHDWHG GXULQJ GRPDLQ HQJLQHHUL
QRW H[SOLFLWO\ GHILQH KRZ WR DFKLHYH WKH WUDFHL
LV SURYLGHG

,Q %HUJ DQG %LVKRS WKH DXWKRUV GHILQHG WKH
LQ SURGXFW IDPLO\ VI\VWHPV 7KH PRGHO FRQWDLQV
UHTXLUKWMSQWVHQWHG LQ XVH FDDWMVK D\@GSRMIXDW X U H
UHSUHVHQWHG LQ 80/ FODWRXGRDBEOEPYHQPWBG LLQ &

SURJUDPPLQJ ODQJXDJH 7KH DXWKRUV VXJIJHVWHG W!
GLIIHUHQW W\SHV Rl DUWHIDFWV +RZHYHU WKH\ GR
WUDFHDELOLW\ UHODWLRQV DQG GR QRW GLVFXVV R
$GGLWLRQDOO\ WKH ZRUN LQ B5LHELVFK DQG 3ELOLSSF
WUDFHDELOLW\ UHODWLRQV IRU VXSSRUWLQJ WKH DI
GHYHORSPHQW ,Q RWKHU ZRUGVY WKH WUDFHDELOLW\

UHXVHG DUWHIDFWV RI H[LVWLQJ V\VWHPV IRU QHZ ¢
VXJIJHVWHG WKH JHQHUDWLRQ RI WUDFHDELOLW\ UHOI
IHDWXUH LPSOHPHQWDWLRQ E EHWZHHQ GHVLJQ D
UHTXLUHPHQWY GHVLJQ GHFLVLRQV DQG IHDWXUHYV

FODVVLILFDWLRQ RI WUDFHDELOLW\ UHODWLRQV DUH
VXJIJHVWHG WKH WHFKQLTXH LQ 'LFN IRU WUDFHDE
GHILQH DQ\ WRRO VXSSRUW IRU WKH DFWLYLWLHV ,Q V



7TUDFHDELOLW\ RI 3URGXFW )DPLO\

GHILQHG LQ WKH FRDUVH JUDLQHG OHYHO DQG QRW FRYH
IDPLO\ VA\VWHPYV

$FFRUGLQJ WR /DJR HW DO WKH DWWISFOWVL IEE ILQ F
UHSUHVHQWBMFLKR Q QFFOXHAHY RI DUWHIDFWY DQG WUDFHD
GRPDLQ RI SURGXFW IDPLO\ VAIVWHPVY WKRXJK WKH WUD!
WKH FRDUVH JUDLQHG OHYHO +RZHYHU WKH\ GR QRW H
DUH XVHG IRU WUDFHDELOLW\ DFWLYLWLHY DQG GR QRW

$GGLWLRQDOO\ WKH SURMHFWV &$)( (6336 KDYH |
WUDFHDELOLW\ DFWLYLWLHV 7KH WUDFHDELOLW\ PHWD

UHSUHVHQW SDUWLFXODU W\SHV RI WUDFHDELOLW\ UHO
VXSSRUW IRU WKH DFWLYLWLHV $OWKRXJK WKH 63/,7 &C
DSSOLHG GXULQJ WKH DFWLYLW\ Rl GRPDLQ DQDO\VLV LQ
RI WUDFHDELOLW\ UHODWLRQV 7KH PHWKRG GHILQHG W
EHWZHHQ IXQFWLRQDO DQG QRQ IXQFWLRQDO UHTXLUHPFE
FRQVWUDLQWY 7KHUH DUH QR VSHFLDO WRRO VXSSRUW

WKH SURMHFWY SURSRVHG WR DSSO\ '2256 '2256 IRU

HQJLQHHULQJ DFWLYLWLHV

$V GHVFULEHG LQ &KDSWHU LQ .LP HW DO WKH
UHIHUHQFH PRGHO IRU WKH GRPDLQ RI SURGXFW IDPLO\
DUWHIDFWYV W\SHV DQG WUDFHDELOLW\ UHODWLRQVKLS
GHVFULEH KRZ WR DFKLHYH WKH JHQHUDWLRQ RI WUDFHI
RU H[SOLFLWO\ GHILQH WKH WRRO VXSSRUW IRU WKH WUL

,Q 3ODQNO DQG %RFNOH WKH DXWKRUV VXJIHVWHG
LQ WKH VRIWZDUH SURGXFW OLQH HQJLQHHULQJ DQG
LQFOXGLQJ WUDFHDELOLW\ UHODWLRQVKLSY EHWZHHQ U
GR QRW GHILQH KRZ WR DFKLHYH WKH DFWLYLWLHV
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,VVXHV RI 7TUDFHDELOLW\ $FWLYLWLHV LQ

7KHUH DUH WZR PDLQ LVVXHV WKDW QHHG WR EH WDFNC

'LITLFXOW\ WR (VWDEOLVK 7UDFHDELOLW\ DFURVV WKH
6RIWZDUH $UWHIDFWV LQ 3URGXFW )DPLO\ 6\VWHPV

,W LV GLIILFXOW WR HVWDEOLVK WUDFHDELOLW\ UHOTL
VI\VWHPV GXH WR WKH ODUJH VL]H DQG GLYHUVLW\ RI \
GLIILFXOW WR FDSWXUH WKH VHPDQWLFV RI WUDFHDEL
7KLV LVVXH LV DOVR FRQFHUQHG LQ VRPH DSSURDFKH
HIDPSOHV RI WKHVH DSSURDFKHV DUH VXFK DV $OH[D
7KH DXWKRUV KDYH GLVFXVVHG WKDW WKHLU DSSURDF|
WUDFHDELOLW\ UHODWLRQV LQ WKH GRPDLQ RI SURGXF

,QDGHTXDWH 7RRO 6XSSRUW

$OWKRXIJK WUDFHDELOLW\ LV UHFRJQL]JHG DV DQ LPS
GHYHORSPHQW WKH VXSSRUW RI WKH WUDFHDELOLW\
V\VWHPV LV VWLOO UDUH 6RPH DSSURDFKHV %D\HU D
/IDJR HW DO SURSRVHG D WUDFHDELOLW\ UHIHUHQF
IDPLO\ VA\VWHPV KRZHYHU WKH\ GR QRW SURYLGH DX
WUDFHDELOLW\ UHODWLRQV ,Q DGGLWLRQ DOWKRXJK
WUDFHDELOLW\ LVVXH LQ WKH GRPDLQ RI SURGXFW 1D

DXWRPDWLF VXSSRUW %D\HU HW DO &$)( &RUL
DO .LP HW DO 3O0DQNO DQG %RFNOH SLHEL
6 XPPDU\

7KLYV FKDSWHU KDV SURYLGHG EDFNJURXQG LQIRUPDWI
KDV SUHVHQWHG WKH WHUPLQRORJLHV H[LVWLQJ SUR
WHFKQLTXHY DQG FXUUHQW WRROV LQ WKH GRPDLQ RI
HILVWLQJ DSSURDFKHYVY DQG SUREOHPV RI WUDFHDELOL
IDPLO\ VA\VWHPV ,Q WKH QH[W FKDSWHU ZH SUHVHQW
SURGXFW IDPLO\ VA\VWHPYV



3DUW ,, 7KH $SSURDEFK



&KDSWHU

fUDFHDELOLW\ SHIHUHQFH ORGHO

7KLV FKDSWHU GHVFULEHV D WUDFHDELOLW\ UHIHUHQFH
7KH UHIHUHQFH PRGHO LQFOXGHV WZR PDLQ HVVHQWLDC
UHSUHVHQWHG VRIWZDUH DUWHIDFWY RI SURGXFW IDPLC

6HFRQGO\ WKH FODVVLILFDWLRQ RI UHODWLRQVKLSV

LQ 6HFWLRQ 7KH H[DPSOHV RI WUDFHDELOLW\ UHODW
SURGXFW IDPLO\ VA\VWHPV DQG WKH VXPPDU\ RI WUDFHD
JLYHQ LQ 6HFWLRQ 6HFWLRQ VXPPDULVHVY RI WKH F

,QWURGXFWLRQ

$V GLVFXVVHG LQ &KDSWHU ZH EHOLHYH WKDW D |
HQJLQHHULQJ DSSURDFK LV UHTXLUHG ZKHQ GHYHORSL
IHDWXUH EDVHG DSSURDFK LV LPSRUWDQW WR VXSSRUW
HQKDQFH FRPPXQLFDWLRQ EHWZHHQ FXVWRPHUVY DQG G
IHDWXUHVY DQG DVVLVW ZLWK WKH GHYHORSPHQW RI VRI
WKH RWKHU KDQG DQ REMHFW RULHQWHG DSSURDFK |1
GHYHORSPHQW RI WKH YDULRXVY SURGXFW PHPEHUV :H S
WKH )250 )HDWXUH 2ULHQWHG 5HXVH OHWKRG PHWKRGF
WR LWV PDWXULW\ SUDFWLFDOLW\ DQG H[WHQVLELOLW\

2XU ZRUN FRQFHQWUDWHY RQ GRFXPHQWY JHQHUDWHG |
IHDWXUH VXEV\VWHP SURFHVV DQG PRGXOH PRGHOV

RULHQWHG GRFXPHQWY VXFK DV XVH FDVH VSHFLILFDW
GLDJUDPV DQG VHTXHQFH GLDJUDPV IRU WKH SURGXFW
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) XUWKHUPRUH RXU DSSURDFK FRPELQHYV IHDWXUH R
GRFXPHQWY DQG WKHUHIRUH UHTXLUHYVY D FRPPRQ UH
W\SHVY ,Q RXU DSSURDFK WKH GRFXPHQWY DUH UHSUFL
;0/ DV D EDVLV IRU RXU DSSURDFK GXH WR VHYHUDO Ul
GH IDFWR ODQJXDJH WR VXSSRUW GDWD LQWHUFKDQJ
DSSOLFDWLRQV E WKH H[LVWHQFH RI ODUJH QXPEHU
UHSUHVHQW LQIRUPDWLRQ LQWHUQDOO\ RU DV D VWDQ
H[SRUWHU IRU 5DWLRQDO 5RVH 5DWLRQDOS5RVH %RUC
$UJR8BO/ DQG F WR DOORZ WKH XVH RI ;4XHU\ ;4XH
H[SUHVVLQJ WUDFHDELOLW\ UXOHVY ORUHRYHU WKH 240
OHWDGDWD ,QWHUFKDQJH 0, ;0, WR HQDEOH LQWHL
PRGHOLQJ WRROV WKDW DUH EDVHG RQ 20* 80/ DQG F
LQWHJUDWHY 20* 80/ PRGHOLQJ VWDQGDUGYV ZLWK OHW
;0/ : & VWDQGDUG

)RU HDFK GRFXPHQW W\SH XVHG LQ RXU DSSURDFK ZH
VKRZQ LQ $SSHQGL[ $ 7KH WH[WXDO VHQWHQFHV LQ Wt
ZLWK SDUW RI VSHHFK DVVLJQPHQW E\ XVLQJ D JHQHUD
&/$:6 &/$:6 7KLV JUDPPDWLFDO WDJJHU DVVXPHV WK
/JHHEK HW DO DQG WDJV WKH WH[W LQ D IRXU VWI
WH[W WR EH WDJJHG LV GLYLGHG LQWR ZRUGV DQG VH
326 WDJV DUH DVVLJQHG WR WKH ZRUGVY EDVHG RQ D
WKLUG VWDJH WKH LQLWLDO WDJV DUH UHYLVHG WR W
ZRUGV EDVHG RQ RWKHU UXOHV ,Q WKH IRXUWK VWD
ODUNRY ORGHO 3RULW] &/$:6 KDV DQ HUURU UDWHF
H[SODQDWLRQ RI &/$:6 FDQ EH IRXQG LQ &/$:6

SURGXFW )DPLO\ 6RIWZDUH $UWHIDFWYV

7KH VRIWZDUH DUWHIDFWY JHQHUDWHG GXULQJ WKH GH
DUH FODVVLILHG LQSWREXE WY BRASRHC@IHRHEH PREGMNUFWH Y HO
OLQH OHYHO LV FRQFHUQHG ZLWK WKH VRIWZDUH DUWH



BURGXFW )DPLO\ 6RIWZDUH $UWL

HQJLQHHULQJ ZKLOH SURGXFW PHPEHU OHYHO LV FRQ
FUHDWHG GXULQJ DFWLYLWLHYV LQ DSSOLFDWLRQ HQJLC
PHPEHUV LQ SURGXFW IDPLO\ V\VWHPV

,Q WKH SURGXFW OLQH OHYHO WKH VRIWZDUH DUWHIDFW
WKH YDULRXV SKDVHV LQ GRPDLQ HQJLQHHULQJ RI \
GHYHORSPHQW $FFRUGLQJ WR WKH OLWHUDWXUH VHH ¢
UHIHUHQFHLVHAIKQPHPRIO®/ ZLWK DUWHIDFWY FUHDWHG G
SKDVH 7KH VHFRQGVRN\EHAD WK BY® ONVF W RQ BHU QUK £ WM K
DUWHIDFWYV FUHDWHG GXULQJ WKH GHMXWDERBVWR ITWKZAD L
FRPSRHEWYFHUQHG ZLWK DUWHIDFWYV FUHDWHG GXULQ
SKDVH

,Q WKH SURGXFW PHPEHU OHYHO WKH VRIWZDUH DUWHID
EDVHG RQ WKH YDULRXV SKDVHV LQ DSSOLFDWLRQ HQJLC
GHYHORSPHQW 7KH DUWHIDFWV LQ WKH SURGXFW PHPE
DUWHIDFWV LQ VLQJOH VRIWZDUH V\VWHPV 1XVHLEHK DC
LV FRQFHUQHG ZLWK DKTXLIDHFMYQ WERRZHHPRIQEDWLRQ LV
FRQFHUQHG ZLWK [BUHW HJIQFINRG WERK @ W\SH LV FRQFHUQ
DUWHIDFWWRXNFEFPRGEBLQJ WR WKH OLWHUDWXUH %D\H
%RVFK DQG +RJVWURP &OHPHQWY DQG 1RUWKUR:
(DVWHUEURRN ‘HLVV DQG /DL WKH FRPSRVLWLR
DUWHIDFWY GHYHORS LQWR SURGXFW PHPEHUV

7TKH ZRUN SUHVHQWHG LQ WKLV WKHVLV LV FRQFHUQHC
GXULQJ WKH GRPDLQ DQDO\VWLV DQG GHVLJQ SKDVHV
GHYHORSPHQW DFFRUGLQJ WR )LJXUH ORUH VSHFLIL
DUWHIDFWYVY RI RXU FRQFHUQ LQWR WZR GLPHQVLRQV 7
SURGXFW OLQH DQG SURGXFW PHPEHU OHYHOV ZKLOH V
WZR SKDVHV RI WKH VRIWZDUH GHYHORSPHQW SURFHVYV
VRIWZDUH DUWHIDFWYVY XVHG LQ RXU DSSURDFK IRU HDFK
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7KH DUWHIDFWYVY LQ 7DEOH DUH FRPSDUDEOH WR WK
OHYHO DQG SURGXFW PHPEHU OHYHO LQ WKH OLWH
UHTXLUHPHQWY FUHDWHG GXULQJ WKH IGPRADX QHDRM®HYV L
.DQJ HW DO LQ 7DEOH VRIWZDUH SURGXFW OLC
VXEV\VWH B QRRIGHFHIN IDRQGGHIBW DO LQ 7DEOH UH
VSHFLILFDWLRQ LQ SURGXFW PX\VPHE RORBEHNE XIOQLY FRIPG D L
7TDEOH DQG GHVLJQ PRGHOV LQ SURGXFOMDOWHPEHU
VWDWHMEOXWQFH8G/LDJUDPV

7TDEOH 'RFXPHQWY XVHG LQ RXU DSSURDFK
$QDO\VLYV "HVLJIQ

B3URGXFW /LQH /HYHWODWXUH PRGHOGXEV\VWHP PRGHO
3URFHVYVY PRGHO

ORGXOH PRGHO

BURGXFW OHPEHU BHVHH&DVH &ODVV GLDJUDP
6WDWHFKDUW GLDJUDP

6HTXHQFH GLDJUDP

, QWKH IROORZLQJ ZH GHVFULEHG HDFK W\SH RI DUWHID
DUWHIDFWYV

JHDWXUH ORGHO

$ IHDWXUHVPRGHIWZDUH DUWHIDFW WKDW GHVFULEHV
NQRZOHGJH REWDLQHG IURP GRPDLQ H[SHUWV VXFK DV
GHYHORSHUV DV ZHOO DV RWKHU VRXUFHV VXFK DV ER]
DQG VRXUFH SURJUDPVY W GHVFULEHV WKH FRPPRQ DC
IDPLO\ LQ D GRPDLQ *ULVV HW DO .DQJ HW DO

7KH IHDWXUH PRGHO SURSRVHG LQ )250 .DQJ HW DO

PRGHO IURP )2'$ .DQJ HW DO HOQKDQFHG ZLWK D
HDFK IHDWXUH 7KHUHIRUH D IHDWXUHD PRJDHBX LKKMVO W
KLHUBURKIDWXWHYWXQG VYBHFUHLFDWIWRHNVHQWY DQ H[DP



BURGXFW )DPLO\ 6RIWZDUH $UWF

JUDSKLFDO KLHUDUFK\ RI IHDWXUH IRU D PRELOH SKRQH
SUHVHQWY DQ H[DPSOH RI D WH[MNWXWDOHME BEHMUFDWLRQ IR

$V VKRZQ LQ )LIXUH D IHDWXUH LV URBQBDMRWHNG E\
ZKHQ LW PXVW H[LVW LQ WKH DRSOLERIMOROW LY QRWM G
QHFHVVDU\ WR EH SUHVHQW LQ WKHDDSSHQIFEBWLNRMY LQ
FDQ EH VHOHFWHG IRU DQ DSSOLFDWLRQ IURP D VHW RI |
SDUHQW IHDWXUH LQ WKH KLHUDUFK\

7KH IHDWXUHV FDQ EH FODVVLILHIS $QWRO WRRQ FDEDEL
VLIQLI\LQJ IHDWXUHVY WKDW UHSUHVHQW IXQFWLRQDO D\
FRQQHFWLYLW\ SHUVRQDO SUH IHRSHUFMHW LDQGH YRIRLR QA
VLIQLI\LQJ IHDWXUHV WKDW UHSUHVHQW DWWULEXWHV |
PHPEHUV DUH XVHG DQG RSHUDWHG HJ QHWZRUN LQ
RSHUDWLQJ V\VW ISR RAB DY XWMHBKQRIMRILHMDWXUHY WKDW
VSHFLILF LPSOHPHQWDWLRQ DQG WHFKQRORJLFDO DVSHF

HJ :$3 DQG ;+70/A EURZVHU W\SHV VSHFLILF -DYD D
PRELOH PHGLD DQG ZLUHOHVYVY PHVVDJLQJ DSSOLFDWLRC

323 DQG ,0$3 A QHWZRUN SURWFRFROHRHDWOWH\R Q DAQHF |
VLIQLI\LQJ IHDWXUHV WKDW UHSUHVHQW PRUH JHQHUDC
DVSHFWV Rl WKH DSSOLFDWLRQV EXW QRW QHFHVVDU\ V
'(6 HQFU\SWLRQ PHWKRGV $05 0,', DQG 03 VRXQG IRU

03(* A YLGHR IRUPDW IHDWXUHYV

JHDWXUH FDQ DOVR EH UHODWHG E\ GLIITHUHQW W\SHV R
UHODWLR Q \FRIPSS\R WHIGIER] U DVSIHVL\U DR BOVR ERQ@PHQWHGBE\
UHODWLRQVKLS W\SHYV

a :$3 :LUHOHVYV $SSOLFDWLRQ 3URWRFRO s+ 70/ ([WHQVLEOH +\SHU7H[W O0ODUNXS /DQJXDJH
A 6073 6LPSOH 0DLO 7UDQVIHU SURWRFRO 323 3RVW 2I1ILFH 3URWRFRO 0$3 ,QWHUQHW 0 HVVDJH $ FF

A $05 $GDSWLYH 0XOWL 5DWH o, 0 XVLFDO ,QVWUXPHQW '"LJLWDO ,QWHUIDFH 03 03 (~ $ XGLR /D\HI
*HQHUDWLRQ 3DUWQHUVKLS 3URMHFW DQG 0 3(* ORYLQJ B3LFWXUH ([SHUWV *URXS
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J)LIXUH 7KH IHDWXUH PRGHO RI WKH PRELOH

$V VKRZQ LQ )LJIJXUH WKH WH[WXDQDWHHFLDLFDWLR
GHVFULSWLRKV DQE SBHALWQRQYJ WUDGH RIIV UDWLRQD
LQFOXGLQJ WKH IHDWXUHW\QBFK DYSDESDWERWLRDRY F DS
RSHUDWLQJ HQYLURQPHQWY GRPDLQ WHFKQRORJLHV LT
FRPPRQDGLWDWLQJ LI D IHDWXUH LV PDQGDWRU RS
UHODWLRQVKLS ZLWK RWKHU IHDWXUHV VXFK DV F
JHQHUDOLVDWLRQ V¥RRSRNQUWDBQHRMXQWLDI PXWXDO GH
DQG PXWXDO H[FOXVLRQ UHODWLRQVKLSY WR LQGLFDW

IHDWXUH LI DO RRBW HGQW R FDXMEMIYWHKH QDPH RI D VX
FRQWDLQV WKH IHDWXUH LI DQ\



BURGXFW )DPLO\ 6RIWZDUH $UWF

JHDWXUH QDPHH[W 0HVVDJIHV

'"HVFULSWLRQ 7KH SKRQH FDQ HGLW VHQG DQG UHFHLYH D VKRUW W|

,VVXHV DQG GHHWVARQ@DIH RYHU PRELOH SKRQH LV D ZD\ Rl FRP P X

7\SH $SSOLFDWLRQ FDSDELOLW)\

&RPPRQDOLW\obDQGDWRU\

&RPSRVHG RI 6HQGLQJ 7H[W OHVVDJHV S5HFHLYLQJ 7H[W OHVVDJH)
7H[W OHVVDJHV

&RPSRVLWLRQ UXOH

$OORFDWHG WRvvDJILQJ

VXEV\VWHP

JLIXUH JHDWXUHV LQ WH[WXDO VSHFLILFDWLRQ ODQ

'H KDYH GHYHORSHG DQ ;0/ UHSUHVHQWDWLRQ RI WKH
WH[WXDO VSHFLILFDWLRQ ,Q WKLV UHSUHVHQWDWLRQ L
IHDWXUHV DV VKRZQ LQ WKH H[WUDFW RI )LJXUH |
JHDWXUHBQDPH! D GHVFULSWLRQ RI WKH IHDWXUH L

'HVFULSWLRQ! D GHVFULSWLRQ RI SRVVLEOH LVVXHV L
UDLVHG GXULQJ WKH IHDWXUH DQDO\VLV SURFHVV ,VVXI
DQ HOHPHQW ([LVWHQWLDO! GHQRWLQJ LI WKH V\VWH
DOWHUQDWLYH UHODWLRQVKLSV ZLWK RWKHU IHDWXUHYV
W\PHHG WKH DVVRFLDWHG IHDWXUHV UHSUHVHQWHG LQ
VXEV\VWHP QDPH WKDW PD\ FRQWDLQ WKH IHDWXUH $0O
7KH FRQWHBDWXBHBODPHEWRLRBDQGBGHFLVDR@ 5H -HD
$ ORFDWH G BNRBPAHKEWWWHR PDUNHG XS ZLWK SDUW RI VS
326 WDJV LQGLFDWLQJ WKHLU JUDPPDWLFDO UROH LQ W
"7H[WH LV PDNHG XS ZLWK HOHPHQW 11! GHQRWLQJ V
FRPPRQ QRXQ WKH ZRUG "OHVVDJHVp LV PDUNHG XS DV
FRPPRQ QRXQ WKH ZRUG "HGLWp LV PDUNHG XS DV 99,!
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JHDWXUHBORGH,!
JHDWXUH!

JHDWXUHBQODPHAH[W 110! 11 ! OHVVDJHV)HDWXUHBQDPH!
'"HVFULSWLRQ!

$72! 7TKH $72! 11 ! SKRQH 110! 90 ! FDQ 90 !' 99, HGLW 99,!

6&! 6&! 99,! VHQG 99,! 6&! 6&! &-&! DQG &-&! 99, UHFHLYH 9
VFHDVI%{! $- ! VKRUW $- ! 11 ! WH[W 110! 11 ! PHVVDJH 110!

'"HVFULSWLRQ!
,VVXHBDQGBGHFLVLRQ!
11 ' 7H[W 110! 11 ! PHVVDJH 110! ,,2/)2% RYHU ,,' --1 PRELOH --1
11 ! SKRQH 110! 9%=! LV 9% =1 $7 ! D $70! 11! ZzD\ 11,!
,2!' R1 ,2! 11 ! FRPPXQLFDWLRAQ 110!
,VVXHDQGGHFLVLRQ!
7\SH!'$SSOLFDWLRQ FDSDELOLW\ 7\SH!
(ILVWHQWLDO!0ODQGDWRU\ ([LVWHQWLDO!
S5HODWLRQVKLERPSRVHGBRI !
S5HOBIHDWXYH6HQGLQJ 99*! 11 ' 7H[W 110! 11 ! OHVVDJHV 11!
5HOBIHDWXUH!
S5HOBIHDWXHUHS HFHLYLQLF! 11 ! 7TH[W 110! 11 ! OHVVDJHYV 11!
5HOBIHDWXUH!
5HOBIHDWXHYUH(GLWLQJ 99*1 11 ' 7TH[W 110! 11 ! OHVVDJHV 11 !
5HOBIHDWXUH!
5SHODWLRQVKLS!
$OORFDWHGBWRBIMXBEWNWHRILQJ $DORFDWHG BWRBVXEV\VWHP!
YHDWXUH!
YHDWXUH!
JHDWXUHBQ@DBPH{GLWLQJ 99*[11 ' 7TH[W 110[11 ! OHVVDJHV 11
YHDWXUHB QDPH!
"HVFULSWLRQ!

$7 ! 7TKH $7 ! 11 ,! SKRQH 11 ! 99=! SURYLGHYV 99=! $7 IDQ %
11 ' HGLWRU 110! 72! WR 72! 99,! FUHDWH 990! $7 ! D $7,!
--1 QHZz --1 11 ! WH[W 110! 11,! PHVVDJH 110! 6&! 6&!

99*! (GLWLQJ 99*!1 $7! WKH $7! 11 ! WH[W 110! 11 ! PHVVDJH
90! FDQ 90! 9%,! EH 9%,! 9'1! GRQH 9'1! 1 LQ !

--l GLITHUHQW --1 11! ZD\V 11!t ,,I VXFK N A b A .

11! DOSKD 110! 11 ! PRGH 110! &&! DQG &&! --1 SUHGLFWLYH
11 ! PRGH 11 !

"HVFULSWLRQ!

7\SH!'$SSOLFDWLRQ FDSDELOLW\ 7\SH!

([LVWHQWLDO!0ODQGDWRU\ ([LVWHQWLDO!
$OORFDWHGBWRBIMXEBEWNWHDRIILQ)J $OQRFDWHGBWRBVXEV\VWHP!
&RPSRVLWLRQUXOH!

99=! UHTXLUHYV 99=! $7! WKH $7! 11! WH[W 110! 11 ! OLEUDU\
11 ' HDWXUH 11 !

&RPSRVLWLRQBUXOH!

YHDWXUH!

JHDWXUHBORGHO!

J)LIXUH JHDWXUH PRGHO IRU PRELOH SKRQH \



BURGXFL )DPLO\ 6RIWZDUH $UWHI

8VH &DVHV

8VH AYWB WH[WXDO VSHFLILFDWLRQ ODQJXDJH WKDW FL
VWDNHKROGHUV RI D VI\VWHP DERXW LWV EHKDYLRU &R
UHSUHVHQW WKH IXQFWLRQDO UHTXLUHPHQWYVY RI SURGX
WKH WHPSODWH SURSRVHG LQ &RFNEXUQ

,Q RXU WHPSODWH D XVH FDVH LV UHSUHVHQWHG E\ HOF
LGHQWMHBDVHQIRUPDWLRQ DERXW WK6&\VWHRGEFW OLQH
SURGXFW PHPERURGORWBROENHE HFDVH KDV DOVR D WLWOH
EULHI WH[WXDO GHVFULSWLRQ '"HVFULSWLRQ! WKH OHY
ZLWKLQ D V\VWHP /IHYHO! SUH DQG SRVW FRQGLWLRQ
DQRG DIWHU LWV H[HFXWLRQ UHVSHFWLYHO\ SUHFRQGL
SULPDU\ DQG VHFRQGDU\ DFWRUV GHVFULELQJ WKH XVHU
DQG 6HFRQGDU\BDFWRUV! IORZ RI HYHQWYV GHQRWLQJ
FDVH DQG WKH VSHFLILFDWLRQ RI WKH QRUPDO HY!

JORZBRIBHYHQWV! HIFHSWLRQDO HYHQWYVY GHVFULELQJ
ZKHQ WKH XVH FDVH LV H[HFXWHG JO[FHSWLRQDOBHYF
VXERUGLQDWH XVH FDVHV 6 XSHURUGLQDWHBXVHBFDVH
$V LQ WKH FDVH RI IHDWXUH PRGHO WKH ZRUGV LQ WKH
DQQRWDWHG ZLWK ;0/ 326 WDJV GHQRWLQJ WKHLU JUDPP|

JLIXUH LOOXVWUDWHY 6IH@ GIIL QR SBO RIAR/Y PR HOFD S KR QH
IRU SURGXFW PHPEHU 30 RI WKH PRELOH SKRQH FDV
8VHB&DVH! LV LGNGQWDVISRS &\WVWWKIPRELOH3KRQHU DQG
9URGXFWBBGBPEHW FRQWDLQV HOHPHQWYV L H 7LWOH! "
SUHFRQGLWLRQV! SRVWFRQGLWLRQV! SULPDU\BDFWI
JORZBRIBHYHQWV! (YHQW! ([FHSWLRQDOBHYHQWV! 6
DQG G6XERUGLQDWHBXVHBFDVH! WKDW GHVFULEH WKH FF
WKH HOHPHQWY WKDW DUH FRPSRVHG RI WH[WXDO GHVFL
VSHHFK LQGLFDWLQJ WKHLU JUDPPDWLFDO UROH LQ WKH
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8VHB&DBWHH&DVH, p8 & Op 6\VWHP pPpORELOH3KRQHWPW BURGXFWBOHPEH
7TLWBHQGLQJ D ORVWOHRH
'"HVFULSWERQ!7KH $72! 11 ! SKRQH 110! 9%=! LV 9% =1

$- ! DEOH $- 1 722! WR 722! 99,! VHQG 99,! $7 !' D $7 !

11 ! WH[W 110! 11 ! PHVVDJH 110! 6&! 6&! $7! 7KH $7!
11 ! XVHU 11 ! 90! FDQ 90! 99,! VSHFLI\ 990! $7 ! DQ $7
11 ' DGGUHVYV 110! ,2! RI ,2! $7 ' D $70! 11 ! UHFHLYHU 1
, I EN P 99* VHOHFWLQJ 99*1 1 TJURP ! $7 I'D $70!

11 ! OLVW 110! ,2! RI , 211 ' FRQWDFWYV 11! 6&! 6&!

'"HVFULSWLRQ!
/HYH®VHU *RODYHO!
SUHFRQGLWLRQRH $7! 11 ! XVHU 110! 9+=! KDV 9+=
9+=! DOUHOG¥! 991! VHOHFWHG 991! 11 ! IXQFWLRQ 110!

21 R ,2 99*1 VHQGLQJ 99*! $7 ! D $7 ! 11 ! WH[W 110!
11 ' PHVVDJH 110!t ,,1' ITURP 87! WKH $7! --1 PDLQ --1
11 ' PHQX 11! 6&! 6&!

BUHFRQGLWLRQV
SRVWFRQGLWWLRQM! $7! 11 ! SKRQH 110! 9+=1 KDV 9+ =1
991! VHQW 991! $7! WKH $7! 11 ! PHVVDJH 110! 6&!
3RVWFRQGLWLRQV
3ULPDU\BD/AWRUMBULPDU\BDFWRU!
6HFRQGDU\BDFWRUV !
YJRZ RI HYHQWV!

(YHQWSI7! 7KH $7! 11 | VAVWHP 11 | 99=1 VKRZV 99=I
$7 1 DQ $70! 11 ! HGLWRU 110! ,)I IRU ,)!I 99*!I ZULWLQJ 9
$7 !'D $7 ! 11 | PHVVDJH 11 | 6&YHQW&!

(YHQWSI7! 7KH $7! 11 | XVHU 11 1| 99,1 W\SH 99,1 $7 I D $7
11 | SKRQH 11 ! 11 1| QXPEHU 11 ! 21 Rl ,2! $7 1 D $7 |
11 1 UHFHLYHU 11,1 6&! 6&! $7!7KH $7! 11 ! XVHU 110!
99 | VHOHFW 99,1 $7 I D $70! 11 | SKRQH 110! 11 1! QXPEHU
2RI ! $7 1D $7 1 11 1 UHFHLYHU 11 ! ,,1 E\ I
99*! VHOHFWLQJ 99*! ,,l [URP ,,! $7 ! D $70! 11 ! OLVW 11
21 RI .21 11 | FRQWDFWY 11 ! 6&! 6&! $7! 7TKH $7!

11 ! XVHU 11 ! 99,1 VHQG 99,! $7! WKH $7! 11 | WH[W 11
11 1 PHVVDJH 110! ,,! WR ,,! =--1 PXOWLSOH --1 11 | UHFHLYF
JEV L1 99*1 LQVHUWLQJ 99*! --1 PXOWLSOH --1 --1 PRELOH

11 ! SKRQH 110! 11 ! QXPEHUV 11 ! 6(&'HQ&!
(YHQWs!7! 7KH $7! 11 ! VIVWHP 110! 99'! GLVSOD\HG 99!

$7! WKH $7! 11 ! SKRQH 110! 11 ! QXPEHU 110! 6&! 6&!
(YHQW!
(YHQV\&!?! 7 KH $7! 11 ! XVHU 11 ! 99 I HQWHU 99,! $7! WKH $
11 ' PHVVDJH 11 ! 6&! (eyeH Q W'!

YORZBRIBHYHQW V!
([FHSWLRQDOBHYHQWYV !
6XSHURUGLQDWHBXVHBFDVH !
6XERUGLQDWHBXVHBFDVH !
8VHB&DVH!

JLIXUH &\ ¢-IDVHD OHVVDJH



BURGXFW )DPLO\ 6RIWZDUH $UWH

6XEV\WWHP ORGHO

,Q )250 WXHV\VWHR PRBUHISKLFDO GLDJUDP WKDW UHSU
DEVWUDFWLRQ RI WKH VRIWZDUH SURGXFW OLQH DUFKLW
RI VXEV\VWHP PRGHO IRU WKH PRELOH SKRQH SURGXFW
IXQFWLRQDO JURXSV RIVXEMWOBGG QDPHG DYWHUDFWL
VXEV\VWHR (ARIQUEHB®D W H[LVWV LQ WKH $SHYREXEWADPLO)
ZKHQ LW GRHV QRW EHORQJ WR WKH SURGXFW IDPLO\ V\V
VXEV\VWHPV Rl WKH IDPLO\

$Q LQWHUDFWLRQ UHSUHVHQWY KRZ WKH VXEV\VWHPV FR
DUH WZR W\SHV RIGDQ/WHBREAWMVRIQWILQJ D IORZ RI GDWL
VXEV\VWHFR QW ARHBIORZHQWLQJ D IORZ RI FRQWURO EHW:
VKRZQ LQ )LIJXUH D VXEV\VWHP PRGHO RI WKH PREL
FRQVLVWYV Rl ILYH VRENWDMHRM @BRMDILQIDQRGRELOH ,QV
FDOOLQJ DQG KRXEM\VY/IDBB\EOLFDWLRQV

'H SURSRVH DQ ;0/ UHSUHVHQWDWLRQ IRU D VXEV\VWHP P
,Q RXU WHPSODWH D VXEV\VWHP PRGHO IRU D GRPDL
VXEV\VWHPV (DFK VXEV\VWHP KDV D QDPH 6XEV\VWHPB
GHVFULSWLRQ 'HVFULSWLRQ! DQG FDQ EH RI W\SH LQW
GDWD DQG FRQWURO IORZV EHWZHHQ WKH VXEV\VWHPV D
ZLWK DWWULEXWHYV GH QR RZBWGKHWXROHE WRSHGHKMHW L I LH U
VXEV\VWHPV VHQGLQJ DQG QHEEHFHIFHIMKEN LDRA\  7KH
FRPSOHWH ;0/ UHSUHVHQWDWLRQ RI WKH VXEV\VWHP PRC
WDJV FDQ EH IRXQG LQ $SSHQGL[ $



&+$37(5 758&($%,/,7< 5()(5(12&( 02" (/

Y
2SHUDWLQJ
3 U u
vOHVVDJLQJ
ORELOH ,
,QWHUQHW
| /HIHQG
1HWZRUN U XEV\VWHP 2
(IWHUQDO
,QWHUQDO
) OR
&DOOLQJ DQG CDWD
KRXVH LQ X

& &RQWURO
DSSOLFDWLRQV

J)LXUH 6 XEV\VWHP PRGHO RI PRELOH SKRQH V

Y)LIXUH VKRZV DQ H[WUDFW RI WKH VXEV\VWHP PRGH
IDPLO\ 7KH H[WUDFW RI WKH VXEV\VWHP PRGHO 6XE
VXEV\WVWHPV  6XEV\VsHR DINJIHR WO FIKH GHVFULSWLRQ
'HVFULSWLRQ! RI D VXEV\VWHP VSHFLILHG LQ QDW
UHSUHVHQWHG ZLWK DQQRWDWHG ;0/ 326 WDJV %RWK
LOQOWHURWHRYHU WKH H[WUDFW RI WKH VXEV\VWHP P
JORZ! LGHQWLDQBSG) ZRAMK/ W\FHR® R UR@EB WOIRIV [URP
2SHUNWEGUW\WHPVIWRLEVM\VWHP @ HKIVOW)\BGHESEN RPRI® RZ

V' H Q W OIR/\NRWPD/IXLEN\ V OVRIEPL VIRV (& BAH\Y Q/HH\R



BURGXFW )DPLO\ 6RIWZDUH $UWH

6XEV\WVWHPBORGHO!
6XEV\VWWHP!
6XEVI\WWHQLBRIBDQDWBEXQEV\VWHPBBQDPH

'HVFULSW’LRQ!KH Ol 11 ! VXEV\VWHP 110! 99=! SURYLGHYV 99=1
11 ! IDFLOLWLHYV 11! ! IRU D! 99*! SHUIRUPLQJ 99 *I
--l EDVLF -1 11 ! WDVNYV 11! . VXFK ' ,, 1 DV L)
11! FRQWURO 110! 20 LI , 2! $7! WKH $7! 11 ! LQWHUDFWLRAQ :
o ZLWK ,o ] '%! DOO "% ! 11! FRQWURDO 110! , 21 R , 21!
$7! WKH $7! 11 ! LQWHUDFWLRQ 110! o ZLWK , o '%! DOO "% !
11 ! GHYLFHYV 11! 6&! 6&! 11 ' VRIWZDUH 110! 6&! 6&!
&&! DQG & &! 11 ! GDWD 11! 6&! 6&! 11 ! VXSSRUW 110!
20 R 21 $7! WKH $7! 11 ' LQWHUDFWLRQ 11 ' J,1T EHWZHHQ
--1l LQWHUQDO --1 11! DSSOLFDWLRQV 11 ! 6&! 6&! 5(;!' HJ
11 ! JDPHV 11! 6&! 6&! 11 ! PXOWLPHGLD 11 ! 6&! 6&!
&&! DQG & &! 11 1 3& 11 ! 11 ' FRQQHFWLYH 11 ! 6&! 6&!
6&! 6&! 11 ! UHFRJQLWLRQ 110! 20 R , 2! --1 LQWHUQDO -1
11 I KDUGZDUH 11 ! 6&! 6&! 5(;!' HJ 5(;! 11 ' VFUHHQ 11
6&! 6&! 11 ! NH\SDG 110! 6&! 6&! &&! DQG & &!
13! %OXHWRRWK 130! 6&! 68& &k &! DQG
'"HVFULSWLRQ!
7\SHLQWHUD\SH !
6XEV\WWHP!
6XEV\VWHP!
6 XEV\VWHP BQHWWHD JLEXEV\VWHPBQDPH
'"HVFULSWLRQ@!KH "ol 11 ! VXEV\VWHP 110! 99=! PDQDJHYV 99=1
$7! WKH $7! 11 ! HIFKDQJH 110! &&! DQG & &!
11 ! PDQLSXODWLRQ 110! , 20 R , 2! 11! PHVVDJHV 11! 6&! €
33+ ! W 33+ ! 99=! VXSSRUWYV 99 =1 0&! WZR 0&!
11! VHUYLFHYV 11 [6&! 6&! --1 VKRUW --1 11! PHVVDJH 110!
11 ! VHUYLFH 110! 6&! 6&! 13 ! 606 130! 6&! 6&!
!N IRU )b --! WH[WXDO -1 11 ! PHVVDJHV 11 ! 6&! 6&!
&&! DQG & &! 11! PXOWLPHGLD 11! 11 ' PHVVDJH 11 !
11 ! VHUYLFH 110! 6&! 6&! 118 ! 006 118 ! 6&! 6&!
) IRU ! 11! PXOWLPHGLD 11! 11 ! PHVVDJHV 11 ! 6&! 6&!
$7! 7TKH $7! 11 ! VHUYLFHV 11 ! 9%5! DUH 9%5! 991! EDVHG 9 ¢
.,/ RQ ! $7 ! D $70! 11 ! VWRUH 110! &&! DQG & &!
--1 IRUZDUG --1 11 ' SURWRFRO 110! 6&! 6&! $7! 7KH $7!
11 ! VXEV\VWHP 110! 99=! LQWHUDFWYV 99=1 o ZLWK , !
--1 VKRUW -1 11 ! PHVVDJH 110! 11 ' VHUYLFH 110!
11 ! FHQWHUYV 11! 6&! 6&! 13 ! 606& 130! 6&! 6&!
&&! RU & &!
'"HVFULSWLRQ!
7\SHLQWHUD\SH !
6XEV\VWHP!
)ORZORZMG "FOn IORZBW\SH "FRQWUROBIORZpu VHQGHU "2SHUDWLQ
UHFHLYHU "OHVVDJILQJIp !
)ORZORZBLG G p IORZBW\SH "GDWDBIORZpy VHQGHU "OHVVDJLQJypu

UHFHLYHU "ORELOH ,QWHUQHWQ !

6 XEV\VWHPBORGHO!

J)LIXUH ([IDPSOH RI 6 XEV\VWHP ORGHO
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URFHVY ORGHO

)250 SURSRVHV HDFK VXEV\VWHP LQ WKH VXEV\VWHP P
PDAWURFHVV7RRGHORFBSHVY PRGHO LV D JUDSKLFDO GLDJ
PLGGOH OHYHO RI WKH VRIWZDUH SURGXFW OLQH DUFK
SURFHVV PRGHO LV FRPSRVHG RI PDQ\ SURFHVVHV W
SDUWLFXODU VXEV\VWHP PDQ\ PHVVDJHV WKDW UHSULI
SURFHVVHV DQG VKDUHG GDWD WKDW PD\ EH XVHG E\ W

(DFK SURFHVV FDQ EWH Y FoWHORMHHGAGY. QJ L1 WKH SUR
EHORQJV WR WKH VXEV\VWHF V.ISaHBGHWV VD OV D O O RIKBIW H ¢
VXEV\VWHPNDQ GWRFAHWY H[LVWV RXWVLGH WKH VXEV\VW
PHVVDJHV H[FKDQJLQJ WR D UHVLGHQW SURFHVV LQ WK
DOVR EH FOPXOWASIGHENE HQGLQJ RQ WKH QHFHVVDU\
LQVWDQFHV RI D SURFHVV WR SHUIRUP D WDVN 7KH S
PHVVDJHV H[FKDQJHG EHWZHHQ WKH YDULRXV SURFH\
SURFHVV 7KH PHVVFDRNHORKEHE OMESSRUWY VIQFKUJ
FRPPXQLFDWLRQ LPSOHPHRAWHN® JED (08 SBRWRGRBORR S OH
ZKLFK VXSSRUWV DQ DV\QFKURQL]HG FRYYBROH FIDWALXRIQ
*RPDD 6KDUHG GDWD LQFOXGHV GDWDEDVH UHSRI

$V VKRZQ LQ NMKRUM PHVVDJISUR NHWW LHFRHG HHO 6UHSUHVH
SURFHVVHV WRBWYBJKEW\VLWHP DV VKRZQ &@6 )LIJXUH
SURFHVV PRGHO LQFOXGHW GEHWR EHROVS/USRFBRWFNHY L
VLIQDORFHR/WLISBEBWHRN RDDAWWGPHVVDJLQJSWHRFHMAH D@6 F
PXOWLSOH SUXRBBHDWHBWHREFRIWHEeEUWE PHVVDILQJ VHQGHH |
SURFHVYV

uvX



BURGXFW )DPLO\ 6RIWZDUH $UWH

J)LIXUH SWRBHVV PRGHOVMVRBEVRAWWPILQJ

‘H SURSRVH DQ ;0/ UHSUHVHQWDWLRQ IRU SURFHVV PRG
7KH ;0/ VSHFLILFDWLRQ IRU SURFHVV PRIBBWWOD XIMHIG LQ
VXEVIWWWWRRZQ LQ )LIJXUH $ SURFHVV PRGHO SURFHYV
LGHQWBILREHVVORGBHLWKH QDPH RI WKH UHVSHFWLY
6 XEV\VWHFPBRXKDBHRFHVV BURFHVV!I LQ WKH PRGHO PD\
DWWULEXWH UHIHUHQFL QX WKHGSKERRBCH GO WY VSHRRUDUHG
QDPH SURFHVVBQDPH! KDV D WH[WXDO GHVFULSWLR
FROQOFHUQHG ZLWK PXOWLSOH RU VLQJOH DFWLYLWLHYV $
RU WUDQVLHQW 7\SH! 7KH PHVVDJHV H[FKDQJHG EHW
OHVVDJH! DUH UHSUHVHQWHRSHYYV D) V/ERXBIHMD LKEBMD\E HI L H |
WKDW FDQ EH FORVHO\BFRXSOHG ZKHQ LW VXSSRUWYV
ORRVHO\BFRXSOHG ZKHQ LW VXSSRUWY DVI\QFKURQRXYV [
UHFHLYLQJ DQG VHQCOMHDEWHHHPKINVWDKIBIUHG GDWD VWRL
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6KDUHGBGDWD! KDV LGHQWLDWDBWSE3H DW\SSHH © WVRW U L E >
SURFHVVY PRGHOV LQ ;0/ ZLWK ;0/ 326 WDJV DUH IRXQG L

uvz



BURGXFW )DPLO\ 6RIWZDUH $UWH

SURFHVVBORRBHHO/VORGHOO" ‘3, - 6XEV\VWHPBQDPH "0OHVVDJLQJp!
BURFHVYV!
SURFHVVBBRERMW OHVVDJLQJ 6HUY LFWR FaD\6Y ASQRDPW U R O
'"HVFULSWHERQIKH $7! 11 ! SURFHVYV 110! :=! SHUIRLPV $9=!
$7! WKH $7! 11! GHOLYHU\ 11! &&! DQG &&! 11 ! UHFHLYLQJ 1:
, 21 R ,2! $7 ' D $70! --1 VKRUW --1 11! PHVVDJH 110! ,,I WR
$7 ! D $70! --1 VKRUW --1 11! PHVVDJH 110! 11 ! VHUYLFH 11
11 ' FHQWHU 110! 6&! 6& ! 13 ! 606& 130! 6&! 6&!
6&! 6&! $7! 7KH $7! 13 1 606& 130! 9%=! LV 9% =1
991! FRQQHFWHG 991! ,,I WR ! $7! WKH $7!
11! WHOHFRPPXQLFDWLRQ 110! 11 ! QHWZRUN 11 !
6&! 6&! 5(;! H J 5(;! 118! *60 118! 6&! 6&!
13 ! +6&6" 130! 6&! 6&! &&! DQG &&!I 11 I ('"*( 110!
6&! 6&! ,,! WKURXJK ! $7! WKH $7!11 --1 VKRUW
11 ' PHVVDJH 11 ,! 11 ! VHUYLFH 11 ' 11 ! JDWHZD\ 11 !
--1 PRELOH --1 --1 VZLWFKLQJ --1 11 ' FHQWHU 110! 6&! 6&!
13! 606 130! 13 ! *06& 130! 6&! 6&! 6&! 6&!
$7! 7TKH $7! 11 ! SURFHVYV 110! 55! DOVR 55! 99=! DWWDFKHYV
--1 H[WUD --1 11 1 LQIRQQDWLRAQ 110! ,,! DERXW ,O0l 13 1 606&
P LQ ! $7 1D $70! --1 VKRUW --! 11 ! PHVVDJH 110! 6&!

'"HVFULSWLRQ!
$FWLYLW\V\IPXOWLSOH S$FWLYLW\!
7\SHI!UHVL G\Biw 7

BURFHVV!
SBURFNXWYUHGBGDWD "G Oou!
BURFHVVBBGLMBURFHVVBQDPH!

'"HVFULSWLRQ@!KLV '"Oo! 11! SURFHVYV 110! 99=! SHUIRUPYV 99=1I
$7! WKH $7! 11 ! FRPSRVLWLRQ 11 ! ' RI ' $7 !' D $70!

--I VKRUW --! 11! PHVVDJH 110! 6&! 6&! $7! 7KH $7!

--I VKRUW --111 ' PHVVDJH 110! 99=! FRQWDLQV 99=! $7 ! D $
11 ! UHFHLYHUYV 11! 11 ' DGGUHVYV 110! &&! DQG & &!

11 ! FRQWHI[W 110! 6&! 6&! $7! 7KH $7! 11 ! SURFHVYV 110!
99=! SURYLGHYV 99=! $7 ! D $70! 11! OLVW 110! ,2! RI 2!

11 ' FRQWDFWYV 11! &&! DQG &&! $7 ! D $70! 11 ! VHW 110!

, 21 R 111 ! WHPSODWH 110! --! VKRUW --1 11! PHVVDJHYV 11
6&! 6&! $7! 7TKH $7! 11 ! SURFHVYV 11 ! 9b=EIVXSSRUWYV

0&! WZR 0&! 11 ! HGLWLQJ 110! 11 ! PRGHYV 11! 5(;!' L H 5(;!
11 ' DOSKD 11 ' 11 ! PRGH 11 ! &&! DQG &&! --1 SUHGLFWLYH
11 ' PRGH 11 ! 6&! 6&! $7! 7KH $7! 11 ! DOSKD 11 !

11 ' PRGH 11! 99=! DFFHSWYV 99=! --1 DOSKDQXPHULF --1 6&! 1
$7! 7KH $7! --1 SUHGLFWLYH --1 11 ! PRGH 110! 99=! SUHGLFWYV
$7 !' D $7 ! 11 ! ZRUG 117 ¢ ,,1' TURP ! $7 1 DQ $7 !

11 ' LQSXW 11 ! 11 ! NH\WWVWURNH 11 ! 'HYFULS6&LRQ!

$FWLYLWVIVLQJOH S$FWLYLW\!

7\SH!UHVLGHQW 7\SH!

SBURFHVV!

OHVVDRIHVVDJIHBLG P BWULJJHU PHVVDJHBW\SH FORVHO\ FRXSOHG
VHQGHU 6KRUW OHVVDJLQJ 6HUYLFH 606 &RQWURO UHFHLYHU

OHVVDRIHVVDJIJHBLG P BUHVSRQVH PHVVDJHBW\SH FORVHO\ FRXSOHG
VHQGHU 1RWLILFDWLRQ UHFHLYHU 6KRUW OHVVDJLQJ 6HUYLFH

6KDUHGBE®MWWBMG G W\SH GDWDEDVH !

:3UQUS©®©O© 097QUOSOA

J)LIXUH 606 SURFHWWYWIPIRGH®O\VRUHP
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ORGXOH ORGHO

,Q )250 HDFK SURFHVV LQ WKH SURFH\RGRBBHRGMO X
PRGXOH PRGHO LV UHSUHVHQWHG DV D JUDSKLFDO GLD
WKH VRIWZDUH SURGXFW OLQH DUFKLWHFWXUH )LJXUH
6KRUW OHVVDJLQJ $HR FHMHYW RMXERQWUHRO

$ PRGXOH PRGHO UHSUHVHQWY D KLHUDUFKLFDO VW
FRPSRVLQJ D SURFHVV DQG WKHLU LQWHUDFWLRQV 7K
JURXSYV UHODWHG WR WKH GLITHUHQW JURXSV RI IHDW)>
VHUYLFHZRRFEX YKV SRUW WKH IXQFWLRQDOLW\ RI WKH

DSSOLFDWLRQ FDSDHQOYILWR QIHHDQWXZHING K QU HFSRIGIX/BIKQWY W
UXQQLQJ HQYLURQPHQW RI WKH V\VWHP DQG FRUUHVSF
IHDWXUWMFKIQUTXH KIKGE® IJUMHRBEXIYHYW WKH WHFKQRORJ
RI WKH V\VWHP DQG FRUUHVSRQG WR WKHXWRPLDWQY WH|]
PRGXOKH¥VK UHSUHVHQW JHQHUDO SXUSRVH DVSHFWV R
LPSOHPHQWDWLRQ WHFKQLTXHYV IHDWXUHYV

'H SURSRVH DQ ;0/ UHSUHVHQWDWLRQ IRU PRGXOH PRC
7KH ;0/ VSHFLILFDWLRQ IRU PRGXOH PRGHBKRWMG LQ R
OHVVDJLQJ B6HUYLFHY &XKRZE@RDWURDOXUH $ PRGXO

ORGXOHBORGHO! KDV D ORGXTOXHDRGH BWARUKWBVSRQGL
SURFAVYRFHVDRGDP\H FRPSRVHG RI YDULRXV PRGXOHV  (

/LQN! (DFK PRGXOH KDV D QDPH ORGXOHBQDPHI

'HVFULSWLRQ! DQG D W\SH 7\SH! 7KH W\SH RI D PR
GHWDLO RI LWV FRGH LPSONREBRERY RN OERDEMWEJ [URP
GHWDLOHG FRGH ZLWKRXW SOUHDFPRHGEFRHSO W\S HF E RGH W L7
OLQNV WDSKN HV RU LQKMR XWNEBEHY Y RQDHN-DRY ([DPSOHV R
PRGXOH PRGHOV LQ ;0/ ZLWK 326 WDJV XVHG LQ RXU DS
$



BURGXFW )DPLO\ 6RIWZDUH $UWH

7ZR PRGXOHV FDQ EH DVVRFLDWHG E\ OLQNV 7KH PHWK
OLQNWVHMJQLI\LQJ WKDW D PRGXOH XVHQKBIQRWYXHU P
VLIQLI\LQJ WKDW D PRGXOH LQKHULWY DQRWKHU PRGXOH

J)LIXUH 7TKH PRGXOH PRGHO |IRI06VKRQ®/UMHWNVILQJ VHU
Rl PHVVDIEQIJVWHP
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ORGXOHBORRGAEMXOOHORGHOO! 00 p 3URFHVVBQDPH "6KRUW 0 HVVLI
&RQWUROUM!

ORGXOH!

ORGXOHBQBRRIUW 0HVWREDQUHBQDPH!

'"HVFULSW4LRQIKH $7! --1 PD[LPXP --1 11 ! OHQJWK 110! ,21 R
$7 !' D $70! 11 ! WH[W 11 ' 11 ' PHVVDJH 110!
9%=! LV 9% =1 0&! 0&! 11! FKDUDFWHUYV 11!
6&! 6&! 11 ! QXPEHUYV 11 ! 6&! 6&! &&! RU & &!
"1 DQ\ "'l --1 DOSKDQXPHULF --1 11 ! FRPELQDWLRQ 1
6&! 6&! 'l 7KLV 'Ol 11 ! PRGXOH 110!
55! DOVR 55! 99=! VXSSRUWYV 99=1 ! IRU D!
11! QRQ WH[W 110! 991! EDVHG 991! --1 VKRUW --1
11 ! PHVVDJHYV 11! I VXFK o, ! ,, ! DV ,, !
--l ELQDU\ --1 11 ' IRQQDW 110! '"41! ZKLFK 4
6&! 6&! 9%=! LV 9% =1 991! XVHG 991! ! IRU D!
11 ! ULQJ 110! 11! WRQH 11 ! &&! DQG & &!
11 ! ORJR 11! 11! VHUYLFHYV 11! 6&! 6&!

'"HVFULSWLRQ!
7\SHSUHFRGHGH!
ORGXOH!

/ILQMW\SH OLQKHULW VRXUFH p6KRUW OHVVDJLQJ GHVWLQDWLRQ ©0

ORGXOHBORGHO!
J)LIXUH ORGXOWKAPRG HOVIRULQ) VHUYSBWRFHYWRQWURO

&ODVV 6WDWHFKDUW DQG 6HTXHQFH 'LDJUDPV

7KH GHVLJQ RI SURGXFW PHPEHUV DUH GHVFULEHG L
VHTXHQFH GLDJUDPV ,Q RXU DSSURDFK WKHVH GLDJUL
; 0, ‘H SUHVHQW KHUH H[WUDFWV RI D FODVV GLDJUDP
J)LIXUH DQG VHTXHQFH GLDJUDP )LJXUH XVHG



BURGXFW )DPLO\ 6RIWZDUH $UWtE

,PDJH)RUPDW 6\WVWHP&RQWURO ,QWHUIDFH
QDW IRUPDW6L]H E\WHODVWS$FWLRUUBWULQJ
IRUPDW1IDPH 6WUMLQRH IORDW
VHWS8S YRLG
SRZHU IORDW
VIQFKURQLVH YRLG

YGLVFRQQHFWYRLG

VHOHFW6HQGOHWKRG YRLG
AaVHQG'DWD YRLG
RSHUDWH7RRO$SSOLFDWLRQ YRLG
GLVS,D\'"'DWD YRLG

GLDO&DOO YRLG

VHW'DWD YRLG

VHW)XQFWLRQ YRLG
RSHUDWH1HWZRUN YRLG
DFNQRZOHGJH YRLG
YGLVFRQQHFW<RLG

3&&RQQHFW 6LIJQDO&RQWURO &DOO IHWZRUN&RQWURO 'LVSOD\6FUHHQ

SHUORG&DOOGR®HWHRUN7\SH 6WULQJ VL]H< GRXEOH
GLDO1R-QW VWDWXV 6WULQJ VL]H; GRXEOH

$FRQQHFWYROG VHQG'DWD YRLG
©OVGLVFRQQHFWYRIFNQRZOHGJH YRLG

WUDQVIHU'DWD YRLG
AaVHDUFKS$3DLU YRLG

$ IL

,QIUDUHG %OXHWRRWK

GLVFRQQHFW WYRIWWDQVIHU'DWD YRLG
VHDUFK$3DLU YWHMDBUFK$3DLU YRLG
FRULQHFW YRLGFRQQHFWYROG
WUDQVIHU'DWD IRLFRQQHFWYRLG

JLIXUH

XHFHLYH&DOO YRHBWDEOLVK&RQQHFWIlyREQWSROIDB6HWWLQJ YRLG
©OVHQG&DO1YRLG v GLVFRQQHFW&RQQHFWIIR/GORLYEKQFWLRQOHQX YRLG
UHVWDEOLVK&D QQHVRMRGUH&RQQHFWLRYYNRZIEHQGOHWKRG YRLG
GLYHUW&DOO YRLG yGLVSOD\7LPH6WDPS YRLG
YyGLVSOD\$FNQRZOHGJH YRLG
GOVSOD\ YROG
YyRSHUDWLRQ YRLG

4 )
*UDSKLF&RORXUG6FUHHQ7/H[WE6FUHHQ

GLVSOD\)XQFWLRQOH@LYROB\)XQFWLRQOHQX YRL
JUDSKLF6HWWLQJ YROG

$Q H[WUDFW RI D FODVWOGLDJUDP IRU SUR
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J)LIXUH $ VWDWHFKDUW GLEFOIDHA IRU D GLILWI

J)LIXUH $Q H[WUDFW RI D VHTXHQFH GLDJUDP RI



7TUDFHDELOLW\ 5SHODWLRQ

7TUDFHDELOLW\ 5HODWLRQV

%DVHG RQ RXU VWXG\ DQG DQDO\VLV RI WKH PRELOH ¢
H[SHULHQFH ZLWK VRIWZDUH WUDFHDELOLW\ WKH W\SHV
WKH OLWHUDWXUH %D\HU DQG :LGHQ ORKDQ DQG

5DPHVK DQG -DUNH DQG WKH VHPDQWLFV RI WKH GF
KDYH LGHQWLILHG QLQH GLIITHUHQW W\SHV RI WUDFHDE
GRFXPHQWY XVHG LQ RXU DSSURDFK $V VKRZQ LQ 7DEO
DUH FODVVLILHG LQ VL[ GLIIHUHQW JURXSYV

*URXSSHODWLRQV EHWZHHQ GRFXPHQWY LQ WKH SURGXF\
WKH SURGXFW PHPEHU OHYHO HJ IHDWXUH PRGHO YV X

*URXS5HODWLRQV EHWZHHQ GRFXPHQWYV RI WKH VDPH W
PHPEHUV HJ FODVV GLDJUDP RI 30 YV FODVV GLDJUDP

*URXS5HODWLRQV EHWZHHQ GRFXPHQWYV RI GLIITHUHQW V
PHPEHU HJ XVH FDVH RI 30 YV FODVV GLDJUDP RI1 30

*URXS5HODWLRQV EHWZHHQ GRFXPHQWV RI GLITHUHQW \
PHPEHUV HJ XVH FDVH RI 30 YV FODVV GLDJUDP RI 30

*URXS5HODWLRQYVY EHWZHHQ GRFXPHQWYV RI WKH VDPH W
PHPEHU H J XVH FDVH 8& RI 30 YV XVH FDVH 8& RI 30

*URXS5HODWLRQYVY EHWZHHQ GLIITHUHQW GRFXPHQWYV LQ
IHDWXUH PRGHO YV VXEV\VWHP PRGHO



7D E OH 6 XP P DU\ RI WUDFHDELOLW\ UHODWLRQ JURXSYV

JHDWXBNWEV\V3WRFHWRGXOBVH &ODVV 6HTXHQBEWDWHRMVMHIWLODVY 6HTXHQEMWDWHFKDUW
ORGHOP ORGHIRGHOORGHO &DVHBDJUDPADJUDPBOJUDP&DVHBLDJUDP'LDJUDP'LDJUDPB

B B
)HDWXUH * * * * *O * * * *O *O *O
ORGHO
6 XEV\VWH * * * * * * *0O *0O *O *O
P ORGHO
3URFHV~)\/ * * * * * * * *O *O *O
ORGHO
ORGXOH* * * *0 * * * *0O *0O *0O *O
ORGHO
8VH * * * * * * * * * * * *
&DVHO
&ODVV * * * * * * * * * * * *
'LDJUDPB
6HTXHQ~IFH * * * * * * * * * * *

'LDJUDPB



JHDWXBNKEV\VIWURFHWRGXOBVH &ODVV 6HTXHQEBWDWHRMVMHUWLODVY 6HTXHQBEMWDWHFKDUW
ORGHOP ORGHIRGHOORGHO &DVHBDJUDPBDJUDPIDIJUDP&DVHBLDJUDPLDJUDP'LDJUDP

B -
6WDWHEKDUW * * * * * * * * * &£ *
'LDJUDPB
8SVH * * * * * * * * * * * *
&DVHB
&ODVYV * * * * * * * * * * * *
'LDJUDP
B
6HTXHQFH * * * * * * * * * * *
'LDJUDPB
6WDWHEKDUW * * * * * * * * * * *

'LDJUDPB
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(DFK RI WKHVH JURXSV FDQ DVVLVW VRIWZDUH GHYHOR
JRU LQVWDQFH UHODWLRQV LQ JURXS DVVLVW ZLW
FRPSRQHQWY UHODWLRQV LQ JURXS DQG JURXS \
YDULRXV SURGXFW PHPEHUV LQ D SURGXFW IDPLO\ Uk
DVVLVW ZLWK EHWWHU XQGHUVWDQGLQJ RI HDFK SURC
SURGXFW IDPLO\ UHVSHFWLYHO\ DQG UHODWLRQV LQ .
HYROXWLRQ DVSHFWV LQ D SURGXFW PHPEHU DQG WK
ZKHQ D QHZ SURGXFW PHPEHU VKRXOG EH FUHDWHG ¢
KDYH LGHQWLILHG QLQH GLIIHUHQW W\SHV RI WUDFHD
GRFXPHQWY GHVFULEHG LQ WKH SUHYLRXV VHFWLRQ 71
DUH QRW PXWXDOO\ H[FOXVLYH 2QH RU PDQ\ W\SHV R
EHWZHHQ WZR SDUWLFXODU DUWHIDFWYV $Q H[DPSOH R

DQG $ GHVFULSWLRQ RI HDFK UHODWLRQ LV JLYHC

6DWLVILDELWKWY W\SH RI UHOWDIWL.R\Q LEHYHHPOIDMH GIW HIO F

PHHWV WKH H[SHFWDWLRODWD Y OHUHRMIWRIPB\ ESHH DUUDQ.

JURXS JURXS JURXS RU JURXS DQG KROG EHWZ?t

D WKH GHVFULSWLRQ RI D VXEVI\VWHP SURFHVV RU P
D IHDWXUH LQ D IHDWXUH PRGHO JURXS

E WKH GHVFULSWLRQ RI D VXEV\WVWHP SURFHVV RU |
IHDWXUH PRGHO JURXS

F DQ RSHUDWLRQ RU DWWULEXWH RI D FODVV LQ D F(
XVH FDVH RU WKH GHVFULSWLRQ RI D IHDWXUH LQ D |
JURXS

G D WUDQVLWLRQ LQ D VWDWHFKDUW GLDJUDP DQG \
GHVFULSWLRQ RI D IHDWXUH LQ D IHDWXUH PRGHO JU

H D VHTXHQFH RI HYHQWV LQ D VHTXHQFH GLDJUDP D¢
WKH GHVFULSWLRQ RI D IHDWXUH LQ D IHDWXUH PRGH

'"HSHQGH@FWKLYV W\SH RI| UHCGCEHS$HRDBDVHOHOG HRMQMW HLOQ W
HILVWHQUBEHORWNRHKRILVWHQFH RI H RU LI FKDQJHV LQ H



7TUDFHDELOLW\ 5HODWLRQ

HO G$HSHQGEKWOMLRQ PD\ EH DUUDQJHG LQWR JURXS JUR

DQG KROG EHWZHHQ

D WKH GHVFULSWLRQ RI D XVH FDVH DQG WKH GHVFULS
JURXS

E DQ RSHUDWLRQ RU DWWULEXWH RI D FODVV LQ D FOI
XVH FDVH RU D IHDWXUH LQ D IHDWXUH PRGHO JURXS

F D VHTXHQFH RI HYHQWV LQ D VHTXHQFH GLDJUDP DQC
D IHDWXUH LQ D IHDWXUH PRGHO JURXS JURXS RU

G D PHVVDJH LQ D VHTXHQFH GLDJUDP DQG DQ RSHUDW
JURXS RU JURXS

H D WUDQVLWLRQ LQ D VWDWHFKDUW GLDJUDP DQG WKt
LQ D IHDWXUH PRGHO JURXS JURXS RU JURXS

| D WUDQVLWLRQ LQ D VWDWHFKDUW GLDJUDP DQG D F
JURXS

J D VXEV\VWHP LQ D VXEV\VWHP PRGHO D SURFHVV LQ
D PRGXOH PRGHO DQG D IHDWXUH LQ D IHDWXUH PRGHC

K D FODVV LQ D FODVV GLDJUDP DQG D VXEV\VWHP LQ |
SURFHVV PRGHO RU D PRGXOH LQ D PRGXOH PRGHO Jl

L D PHVVDJH LQ D VHTXHQFH GLDJUDP DQG D WUDQVL
PHVVDJH LQ D SURFHVV PRGHO RU D PHVVDJH LQ D PR(

2YHUORSWKLY W\SH RI UH@®RYW LZR@ VD G HIIOMPG\@ W & LI H

H UHIHU WR FRPPRQ DVSHFWV RI D VIVWHP RU LWV GR

UHODWRRG@UBOOSWLRQ PD\ EH DUUDQJHG LQWR JURXS J

H[LVWV EHWZHHQ

D WKH GHVFULSWLRQ RI D IHDWXUH LQ D IHDWXUH PRG
VWDWH LQ D VWDWHFKDUW GLDJUDP RU DQ REMHFW |
JURXS

E WKH GHVFULSWLRQ RI D XVH FDVH DQG D FODVV LQ D
GLDJUDP RU DQ REMHFW RU PHVVDJH LQ D VHTXHQFH ¢
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F D FODVV LQ D FODVV GLDJUDP DQG D VWDWH LQ D
VHTXHQFH GLDJUDP JURXS RU JURXS

G DQ RSHUDWLRQ RU DWWULEXWH RI D FODVV LQ D
DWWULEXWH RI DQ REMHFW LQ D VHTXHQFH GLDJUDP

H D VWDWH LQ D VWDWHFKDUW GLDJUDP DQG D PHVVD
JURXS

I D IHDWXUH LQ D IHDWXUH PRGHO DQG D XVH FDVH J

J D IHDWXUH LQ D IHDWXUH PRGHO DQG D VXEV\VWHP
D SURFHVVY PRGHO RU D PRGXOH LQ D PRGXOH PRGHO

K WKH GHVFULSWLRQ RI D SURFHVV LQ D SURFHVV
VXEV\VWHP LQ D VXEV\VWHP PRGHO DQG D WUDQVLW
PHVVDJH LQ D VHTXHQFH GLDJUDP JURXS

L WKH GHVFULSWLRQ RI D VXEV\VWHP LQ D VXEV\VW
SURFHVVY LQ D SURFHVVY PRGHO RU WKH GHVFULSWLR
DQG D FODVV LQ D FODVV GLDJUDP JURXS

(YROXWIR@' KLY W\SH RI UHCDWRIOD@ \BIQ RIFO-HPW QAW H D H O
EHHQ UHSODFHG E\ H GXULQJ WKH GHYHORSPHQW PL
VIVWHM YROXMOARWLRQ RFFXUV EHWZHHQ GREFXPHQW PRC
WKH SURGXFW PHPEHU V LQ D IDPLO\ JURXS 7KLV
HOHPHQWYV LQ

XVH FDVHYV

FODVV GLDJUDPV

VWDWHFKDUW GLDJUDPV

VHTXHQFH GLDJUDPYV

@ T m O

,PSOHPHQW WKLV W\SH RI| UHODPW ORI OOEMINHPHRNQ W H DI F

HIHFRIWOIOIRUVWKH DFKLHYHPISQWPROQMYLR@ PD\ EH DUUL

LOQWR JURXS JURXS RU JURXS DQG KROG EHWZHHC
D D FODVV RU DQ RSHUDWLRQ RI D FODVV LQ D FODV
PRGHO IORZ RI HYHQWY LQ D XVH FDVH RU WKH GH\
JURXS RU JURXS



7TUDFHDELOLW\ 5SHODWLRQ

E D VHTXHQFH RI HYHQWYV LQ D VHTXHQFH GLDJUDP DQ
IORZ RI HYHQWYV LQ D XVH FDVH RU WKH GHVFULSWLRQ
JURXS

F D WUDQVLWLRQ LQ D VWDWHFKDUW GLDJUDP DQG D
HYHQWY LQ D XVH FDVH RU WKH GHVFULSWLRQ RI D XV

S5HILQHPH®W W\SH Rl UHODWLRQ DVVRFLDWHV HOHPHC

DEVWUDFWLRQV $ UHILQHPHQW UHODWLRQ LGHQWLILHV

GRZQ LQWR FRPSRQHQWY DQG VXEV\VWHPV DQG KRZ HOI

GHWDLOV E\ RWKHU HOHPH QW MDQHKEK®H PCHI \M OHH P HZQK\M QH &

VSHFLILHV PRUH GHMDILQMPOIWXWQHPD$ EH DUUDQJHG LQ

JURXS JURXS JURXS JURXS RUJURXS DQG KROC

D WKH GHVFULSWLRQ RI D VXEV\VWHP LQ D VXEV\VWH
SURFHVV LQ D SURFHVV PRGHO RU WKH GHVFULSWLRQ
DQG D IHDWXUH LQ D IHDWXUH PRGHO JURXS

E D SURFHVV PRGHO DQG D VXEV\VWHP LQ D VXEV\VWHP

F D PRGXOH PRGHO DQG D SURFHVV LQ D SURFHVV PRGH!

G D FODVV LQ D FODVV GLDJUDP D VHTXHQFH RI HYHQW
D VWDWHFKDUW GLDJUDP DQG DQ HYHQW LQ D XVH FD
JURXS

H DQ REMHFW LQ D VHTXHQFH GLDJUDP DQG D FODVV LC
JURXS RU JURXS

| D PHVVDJH LQ D VHTXHQFH GLDJUDP DQG DQ RSHUDW
JURXS JURXS JURXS RU JURXS

J D WUDQVDFWLRQ DQG LWV FRUUHVSRQGLQJ VRXUFH
GLDJUDP DQG D PHVVDJH LQ D VHTXHQFH GLDJUDP JL
JURXS

K D FODVV LQ D FODVV GLDJUDP DQG D VXEV\VWWHP LQ D

L D VHTXHQFH RI HYHQWV LQ D VHTXHQFH GLDJUDP DQ
D PRGXOH LQ D PRGXOH PRGHO JURXS
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M D VHW RI WUDQVLWLRQV LQ D VWDWHFKDUW GLDJUL
PRGXOH LQ D PRGXOH PRGHO JURXS

N HOHPHQWYV LQ GLIITHUHQW FODVV GLDJUDPV VWDW
DQG XVH FDVHV JURXS RU JURXS

&RQWDLQRH@WLY W\SH RI UHPRG\WROBMG ~HHOHVP HQ WZ K B Q
LV D GRFXPHQW RU DQ HOHPHQW LQ D GRFXPHQW WK

HOHPHQWY IURP D GLIITHUHQW GRFXPHQW 7KLV UHODW

JURXS RU JURXS DQRG KROG EHWZHHQ

D D XVH FDVH DQG D IHDWXUH LQ D IHDWXUH PRGHO J

E D VXEV\VWHP LQ D VXEV\VWHP PRGHO D SURFHVV L
D PRGXOH PRGHO DQG FODVVHYV LQ D FODVYVY GLDJUDP
FODVVHV JURXS

F D SURFHVV PRGHO DQG D VHTXHQFH RI HYHQWYV LQ
LQ D VWDWHFKDUW GLDJUDP JURXS

G VHTXHQFH RU VWDWHFKDUW GLDJUDPV DQG FODVVH

6LPLODKILY W\SH RI UHODWLRQ RFFXUV EHWZHHQ GRFX
GLITHUHQW SURGXFW PHPEHUV JURXS 7KLY UHODWLEF
FRPPRQ DVSHFWV EHWZHHQ YD UWILRPAMHBEWDMEROW LV HDP EEH
GLUHFWLRQDO UHODWLRQ WKDW PD\ KROG EHWZHHQ HO
XVH FDVHV

FODVYV GLDJUDPYV

VWDWHFKDUW GLDJUDPYV

VHTXHQFH GLDJUDPYV

@ T m O

$VLPIUMDWWLRQ EHWZHHQ HOHPHQWY HO DQG H GHSHQ
EHWZHHQ HO DQG DQRWKHU HOHPHQW H DQG D UHODW
H[DPSOH D XVH DIV WF®RVHVFDVH XF LI ERWK XFO L
FRQWDLHPHWWYMRQ ZLWK D IHDWXUH 10

UXT



7TUDFHDELOLW\ 5HODWLRQ

6LPLODU UHODWLRQV EHWZHHQ WZR HOHPHQWYVY FDQ EH
RQ WKH IROORZLQJ LQIHUHQFH UXOHV
L2YHUODS WUHD® WLROVHQW HO RYHUODSV DQ HOHPHQW
RYHUODSY HOHPHQW H WKHQ HOHPHQW HO LV VLPLOD
LIERQWDLQPHQ VD Q@ HIHPHROQV]HO FRQWDLQV DQ HOHPHQV
FRQWDLQV HOHPHQW H WKHQ HOHPHQW HO LV VLPLOL
LIDWLVILDELOLMWNQ HBOEPWORQWO VDWLVILHYV DQ HOHPHQ!
VDWLVILHY HOHPHQW H WKHQ HOHPHQW HO LV VLPLOTL
LYHILQHPHQW DROPWHRBAYQW HO UHILQHV DQ HOHPHQW
UHILQHVY HOHPHQW H WKHQ HOHPHQW HO LV VLPLODU
Y'HSHQGHQR\ DHDBWHREQYW HO GHSHQGY RQ DQ HOHPHQ
GHSHQGY RQ HOHPHQW H WKHQ HOHPHQW HO LV VLPL
YLPSOHPHQWY DO GDOWHROYW HO LPSOHPHQWY DQ HOHPH
H LPSOHPHQWY HOHPHQW H WKHQ HOHPHQW HO LV V

'LITHUHWY W\SH RI UHODWLRQ DOVR RFFXUV EHWZHHQ (
IRU GLITHUHQW SURGXFW PHPEHUV JURXS 7KLY UHODWV
RI YDULDEOH DVSHFWYV EHWZHHQ YDULRXV SURGXFW PHP
WUDFHDELOLW\ UHODWLRQ H[SUHVVHV WKH GLIITHUHQW \
SRLQW EHWZHHQ WZR $&SURGXHOPWHRBPHUW D$EL GLUHFWLR
WKDW PD\ KROG EHWZHHQ HOHPHQWYV LQ

XVH FDVHYV

FODVV GLDJUDPV

VWDWHFKDUW GLDJUDPYV

VHTXHQFH GLDJUDPV

G T m ©

$ GLIIHUHODWLRQ EHWZHHQ DQ HOHPHQW HO DQG H GH:
UHODWLRQ EHWZHHQ HO DQG DQRWKHU HOHPHQW H DQ¢
HOHPHQW H ZKHUH H DQG H DUH YDULDQWV RI WKH
VXEFODVVHV Rl WKH VDPH VXSHUFODVV VLEOLQJ IHDWX!I
H[DPSOH D XVHGEDNAHURKGWD DWH FDVH XF ZKHQ WKHU}
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VXEFODVVHVY FO DQG F RI WKH \'PB® HIHHVDPW GFE6D VYV
LIQSOMPHRMRWVLGHU WKH WZR BV MSEKIDAWHR I WHHDR/WRHHGY WO
DQGLVSOD\ RIJUXEKLRQCREVOYBIFKRQHYVY 6XSSRVH D F(
FODVNVYSOD\BEFWHMEX VXHPOB/AMABYVHRQUIDS KLFB&RORQUBGFI
F TKMSOD\FEODUWHHRD YV BQ VRESKDFIKWILVR QQKHULWHG E\ F(
DQG F ,Q WKLY FDVH HO LPSOHPHQWYV XFO H LPSOl
GLITHUHQW DOWKRXJK WKH\ KBYMSWION RDPHVMDQHUDO

'LIIHUHQW UHODWLRQV EHWZHHQ WZR HOHPHQWYV FDQ E

RQ WKH IROORZLQJ LQIHUHQFH UXOHYV

L 2YHUODS UHODWLRQV LI DQ HOHPHQW HO RYHUOI
RYHUODSY DQ HOHPHQW H DQG HOHPHQW H LV D YD
HO DQG H DUH GLIIHUHQW

LL &RQWDLQPHQW UHODWLRQ LI DQ HOHPHQW HO FR
FRQWDLQV DQ HOHPHQW H DQG HOHPHQW H LV D YD
HO DQG H DUH GLIIHUHQW

LLL 6DWLVILDELOLW\ UHODWLRQV LI DQ HOHPHQW HO
VDWLVILHY DQ HOHPHQW H DQG HOHPHQW H LV D YI
HO DQG H DUH GLIIHUHQW

LY ,PSOHPHQWV UHODWLRQV LI DQ HOHPHQW HO LP
HOHPHQW H LPSOHPHQWY DQ HOHPHQW H DQG HOHF
WKHQ HOHPHQWY HO DQG H DUH GLIIHUHQW

Y)LIXUH DQG )LJIJXUH VKRZ H[DPSOHV RI HDFK W
FUHDWHG EHWZHHQ WKH H[DPSOHV Rl GRFXPHQWV GH
VLPSOLILFDWLRQ ZH RQO\ SUHVHQW WKH H[WUDFW RI H
DGHSHQGUWmMAFNDELOLW\ UHODWLRQ KHROMUQBDBWZHHQ
VXEV\VWHP PRGHO7H({M OCHV&DIVHAH B W X UHD W R\GIH O E LDD L W
WUDFHDELOLW\ UHODWLRQ KROGV BEHKRZWHIQHGAWIHI IGHV F |
PRGXOH PRGHO DHY® D HMYWIMHI/B W X UH | PQRMEHEDDNDD E L O L W\
UHODWLRQ KROGV EHWZDIGI® D BXHRAN\MMARRIE X BV\VWHP
PRGHOFRVZRDUQPHIQMELOLW\ UHODWLRBRWREROG EHWZHH

UXxyv



7TUDFHDELOLW\ 5HODWLRQ

DQG D IHIDMWXUHMY DJ HVYDW X UH PRIBMWIDF BRELDLW\ UHODWLR
EHWZHHQ WZR&X\DH) G DB@& EDFRGWIW QP HIQMELOLW\ UHODV
H[LVWLQJ EHW Z88H @ Q&% HDRIV BV IHHDWXUHHYQ DI HMD W X U H
PRGHO

$V VKRZQ LQ )LIXVYHWODFBOQELOLW\ UHODWLRQ KROGV EH
WDNLQR3KRWE®PFPHIOD D FODVV GLDJUD R DNJLGEBEORRVGRI UD W LF
REM&BRHQDD VHTXHQFH YREMNWDRDEQ OLW\ UHODWLRQ KR
WZR VWDWHFK® UW Q3 B AFPF\O MPIHIDAH DELOLW\ UHODWLRQ
EHWZHHQ DQNRSIHQR MIAFRBIRPWYG WKH GHVFULSWLRQ RI D
8& DQG LL EHWZHH®ODNRQRSHRNEB®ERGD=IRRM® [FODVV
GLDJUDP DQG WKH GHV&&SL B WG RE) HRAKEDWALIR & IKRD GV EH W Z
WZR XVHS8ED\DH)MG ERDPSOHV RI WUDFHDELOLW\ UXOHV W
WUDFHDELOLW\ UHODWLRQV LQ )LJXUH DQG )LIXUH
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PHI6KRUW OHVV]

F'HVFULSWLRQ 2

HGWRDODWWEBYLYDWHUQ?2
GBWRBVLLEV\V W@O©Q!

'"HSHQGHQF\

URFHVVORC(
I 6KRUW OH

V
U
U
© 3URFHVV ORGHO

PD QL S XA0RW

VXSSRUW
&RQWDLQPHQW

S5HILQHPHQW

%

- 7KH VXEV\\OWUHRR

ORGHO?®?

&RQWDLQPHQW

UMQIQHPHQW F

GHSHQGHQF\

([DPSOBHMLRELOLW)

J)LIXUH

VLPLOMWWDFHDELOLW\ UHODWLRQV
U XX



7TUDFHDELOLW\ 5SHODWLRQ

"LITHUHQW
8VHBB&S8YWH.DVH,' p& Rt 8VHB&BVH&DVH, 8&
A WWHP UORELOH3KRQHu AT 6\WWHP HORELOH3KRQHU
BURGXFWBOHPEHU u30 Oyl BURGXFWBOHPEHU p30 p!
7TLWIZBINLQJ 3KRW@AH! 7TLWTOONLQJ 3IKRW@H!
'"HVFULSWKR@GIKRQH KDV DQ LQWHJUDWHIE SMWMEHREKRQH KDV DQ LQWHJUDWHG GL.
9*$ FDPHUD 7KH SKRQH FDQ FDPHUD 7KH $WKRNH BDQ
WDNH DX8KERWR9*$ SKRWRQJ BBSPHUD=RRPO]
FDPHUD
'"HVFULSWLRQ! F'HVFULSWLRQ!

8VH &DVH!
F 8VH &DVH!

Ua

,PSOHPHQWYV PSOHQ HQWV

&DPHUD $SSOLFDWLRQ

GLVSOD\ 9HD OYRLG
&DPHUD=RRP GLVSOD\2 $RLGM

RonH3KRWR Y& #G

GLVSOD\$UHD YRL%WDNH3KFWR YRLG_
VDYH3KRWR YRLG TGLVSOD\SUHD YRLG

GLVSOD\3KRWR YRLEPYH3KRWR YRLG
GLVSOD\3KRWR YRLG

¢ Wt WDNH3KRWR4 ¢LG

2YHUODSYV

J)LIXUH (IDPSOHV RI LPSOHPHO®E® GRLYWHUDHBEBIVE LHOMLRAO\ X W L
UHODWLRQV
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7DEOH SUHVHQWY D VXPPDU\ RI RXU WUDFHDELOLW\
FHOO FRQWDLQV WKH GLIIHUHQW W\SHV RI WUDFHDELO
DUWHIDFWV GHVFULEHG LQ WKH URZ DQG FROXPQ RI
UHSUHVHQW WKH H[DFW HOHPHQWY WKDW DUH UHODWH
WKH W\SHV Rl WKH DUWHIDFWV 7KH GLUHFW%R® RI WKF
WR D FROM@PXY D UH QIBWISHWEBEG@L I LHY @GVKUW HODW H
WR >M@ WKRIXJIK UXEOWVSBNPLIWBMHY/OH PRGHOp 7KH WUL
UHODWLRQV WKDW DUH EL GLUHFWLRQDO DSSHDU LQ

UHODWLRQ



7D E OH 7UDFHDELOLW\ 5 HIHUHQFH 0 RGHDO

JHDWXBXEV\VIWRFHURGXO8VH &DMHD VYV 6 W D W HFHKIXUWHW F H

ORGHOP ORGH®GHOORGHO 'LDJUDRDJUDRDJUDP
YHDW X UH 2YHUORBHUODYSHUODS 2YHUODBNUODYSHWUODSV
ORGHO
6XEV\VBDMLVILHV GRQWDLQV
P ORGH®SHQGVBRQ

SHILQHV

2YHUODS
3URFHWYDWLV3HHNVQHV &R Q W D& RYW RIRDMW DL Q V
ORGHO'HSHQGVBRQ

SHILQHV

2YHUODS
ORGXOGDWLVILHV S5HILQHV &RQWDLQV
ORGHO'HSHQGVBRQ

SHILQHV

2YHUODS
8\H &DERQWDLQYV 6LPLODRY HUODSHUODSHUOD SV

'"HSHQGVBRQ 'LITHUHQW

(YROYHV

&ODVV6DWLVIHHVQBWILQHBWILQHMDYWLVELRVORYHUODSHWUODSV
'LDJUDPM S H Q GVBHR@GVBROCGH/B-ROG/BHR@GM BHRRUDH Q W

2YHUODSV 2YHUODIRO Y HV
,PSOHPHQWYV ,PSOHPHQWYV
S5HILQHV

6 WD W HBRDIMYLHY S5HILQHBHILQHWWD WL I LHSWHW EGRBERBYHUOD SV
'LDJUDPISHQGVBRQ'HSHQGVBROGVBHRMEVBEEQDRSWHUBEW QHV

2YHUODSV 2YHUODOBQWIOYRWDYHV
,PSOHPHQWYV ,PSOHPHQWYV
SHILQHYV

6HTXHOBWLVILHV S5HILQHOWHILQHBDWLVIHSNQGVERQ®LPLODU
'LDJUDPSHQGVBRQ'HSHQGVBROGVSBHRMEVBERQDSY 'LITHUHQW
2YHUODSYV 2YHUOBHSIV.QH V (YROYHV
_PSOHPHQWYV  PSOHRRQWWLQV
SHILQHV



6XPPDU\

7KLV FKDSWHU GHVFULEHG D WUDFHDELOLW\ UHIHUHQF
KDV SUHVHQWHG WKH VRIWZDUH DUWHIDFWYV XVHG LQ R
WUDFHDELOLW\ UHODWLRQV WKDW H[LVW EHWZHHQ Wtk
GHVFULEH RXU DSSURDFK WR DOORZ DXWRPDWLF JHQHL



&KDSWHU

fUDFHDELOLW)\ )UDPHZRUN

7KLYV FKDSWHU HODERUDWHY WKH DSSURDFK RQ KRZ WR
RQ WKH GRPDLQ RI SURGXFW IDPLO\ VA\VWHPV :H SUHVHQ
WR WKH VRIWZDUH SURGXFW IDPLO\ VI\VWHPV DFFRUGLQJ
GHVFULEHG LQ SUHYLRXV FKDSWHU 7KLYV FKDSWHU L
PHWKRGRORJ\ DQG WHFKQLTXHV RI RXU DSSURDFK 6HFW
WUDFHDELOLW\ JHQHUDWLRQ SURFHVV G6HFWLRQ GHV
UHODWLRQV DQG H[DPSOHV RI GLUHFW DQG LQGLUHFW W
WKH HIWHQGHG IXQFWLRQV LPSOHPHQWHG LQ ;4XHU\ DQ
WKH FKDSWHU

2YHUYLHZ RI 7KH 7UDFHDELOLW\ *HQHUDWLRC

2XU DSSURDFK LV EDVHG RQ WKH H[WHQVLEOH PDUNXS O
WKHUH DUH VHYHUDO UHDVRQV

D ;0/ KbV EHFRPH WKH GH IDFWR ODQJXDJH WR VXSSR
KHWHURJHQHRXV WRROV DQG DSSOLFDWLRQV

E WKH H[LVWHQFH RI ODUJH QXPEHU RI DSSOLFDWLRC
LQIRUPDWLRQ LQWHUQDOO\ RU DV D VWDQGDUG H[SRUW |
5DWLRQDO 5RVH ,%0 %RUODQG 7RIJHWKHU %RUODQG ¢

F ;0/ DOORZV WKH XVH RI ;4XHU\ : & DV D VWDQGDL
WUDFHDELOLW\ UXOHV
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7KH ;0/ GRFXPHQWV XVHG LQ RXU DSSURDFK DUH EDVH
FUHDWHG ;0/ VFKHPDV IRU WKH IHDWXUH PRGHOV VXE
PRGXOH PRGHOV DQG XVH FDVHV 7KHVH ;0/ VFKHPDV
2XU ZRUN DOVR DGRSWV ;4XHU\ : & DV D UXOH UHSLU
VHYHUDO UHDVRQYV

D ;4XHU\ LV SRZHUIXO IRU UHWULHYLQJ GDWD LQ ;0/ G
E ;4XHU\ LV FRPSDWLEOH ZLWK ;0/ DQG -DYD HQYLURQ
F ;4XHU\ LV H[WHQVLEOH DQG IOH[LEOH DQG WKHUH
ODQJXDJH ZKHQ QHFHVVDU\

$SDUW IURP WKH HPEHGGHG IXQFWLRQV RIIHUHG E\ ;4)
IXQFWLRQV DQG FRPPDQGY :H KDYH H[WHQGHG ;4XHU\
RI FRQVHTXHQFH SDUW RI WKH UXOHV L H WKH DFWLRC
VDWLVILHG DQG WR VXSSRUW H[WUD IXQFWLRQV WR FF
ORUH VSHFLILFDOO\ WKHVH IXQFWLRQV KDYH EHHQ LP¢
DUH FRQFHUQHG ZLWK WKH LGHQWLILFDWLRQ RI VSHF]
ZRUGV WKDW DUH V\QRQ\PV RU WH[WXDO FRPSDULVRQ
PRUH GHWDLOV LQ 6HFWLRQ 2XU WUDFHDELOLW\ IULC
WUDFHDELOLW\ EHWZHHQ WKH VRIWZDUH DUWHIDFWYV L
JLIXUH SUHVHQWY DQ RYHUYLHZ RI WKH WUDFHDEL
FRPSRVHG RI WKUHH PDLQ VWDJHV QDPHO\

D $QQRWDWLRQ RI WH[WXDO VHQWHQFHV LQ WKH GR
DVVLIJQPHQWRDWLFROLODIELR D & &/$:6 7KH GRFEXPEH
WKDW PDLQO\ FRQWDLQ WH[WXDO VHQWHQFHV L H
PRGHO SURFHVV PRGHO DQG PRGXOH PRGHO DUH I
326 WDJV JHQHUDWHG E\ &/$:6 DUH FRQYHUWHG LQWH
H[DPSOHV LQ )LIJXUHV DQG 2XU DSS
WDJJLQJ RI GLDJUDP HOHPHQWY HJ VXEV\VWHP
QDPHYV



2YHUYLHZ RI 7KH 7UDFHDELOLW\ *HQHUD

E &UHDWLRQ RI GRFXPHQWW UKD VMBEDRIGGPRY WK ;0/
VFKHPDVY DQG WKH 326 WDJV JHQHUDWHG E\ &/%$:6 RU
; 0, DV GHVFULEHG LQ &KDSWHU

F *HQHUDWLRQ RI GLUHFW DQG 71WQiSARMHEMW MWW D*AHDHEU D
EDVHG RQ WUDFHDELOLW\ UXOHV DQG H[WUD IXQFWLRQ

*UDPPDWLFDO
ODJJLQJ

7TUDFHDELOLW\
*HQHUDWLRQ

J)LIXUH 2YHUYLHZ RI WUDFHDELOLW\ JHQHUDWL

7KH WUDFHDELOLW\ JHQHUDWLRQ SURFHVV LV LOOXVWU
WUDFHDELOLW\ UHOD WU BRNDEU B EIRARGRIPHHAGWRKIDW ZH KD
GHYHORSHG ZLWK LV IRUPHG E\ WZR VXE FRPSRQHQWYV
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D5DLO H VREHRRHREROQHQW LV UHVSRQVLEOH IRU

tf LGHQWLI\LQJ WKH WUDFHDELOLW\ UXOHV WKDW DUH
WR EH WUDFHG DQG GLIITHUHQW W\SHV RI WUDFHDELO

f LQVWDQWLDWLQJ WKH SODFHKROGHUV IRU WKH GRF>
WKH QDPHV RI WKH GRFXPHQWYVY WR EH WUDFHG VHI
DERXW WKH WUDFHDELOLW\ GRFXPHQWV WR EH WUD
JHQHUDWHG DUH JLYHQ E\ WKH XVHU VHH &KDSWHU

E 7KXKOH SREBVWRPSRQHQW LV UHVSRQVLEOH IRU H[HF.
LQVWDQWLDWHG UXOHV W XVHV WKH ;0/ IRUPDWWHG

"RUG1IHW 'RUG1IHW WR DVVLVW ZLWK WKH LGHQWLI
DQRG LQGLUHFW WUDFHDELOLW\ UHODWLRQV UHVXOWLC
UHSUHVHQWHG LQ ;01 GRFXPHQWYV '"LUHFWB7!

, QGLUHFWB7UDFHB5HO [PO UHVSHFWLYHO\ 7TKH GRF
UHODWLRQV LV XVHG DV LQSXW WR WKH UXOH SDUVHU V

J)LIXUH 7TUDFHDELOLW\ JHQHUDWRU



2YHUYLHZ Rl 7KH 7TUDFHDELOLW\ *HQHUD

7KH WUDFHDELOLW\ JHQHUDWLRQ SURFHVV FDQ ILW ZLWt
IDPLO\ VA\VWHP GHYHORSPHQW DFFRUGLQJ WR WKH FXUU
PHWKRGV DUH VXFK DV )2'$ )250 DQG )HDWX56(%

$GGLWLRQDOO\ WKH WUWEIDPHDEIL\EKIDWW OBHYH @ \DIRUER B W H G
EDVHG RQ

L VHPDQWLF RI WKH GRFXPHQWY EHLQJ FRPSDUHG

LL WKH YDULRXV W\SHV RI WUDFHDELOLW\ UHODWLRQV
LLL WKH JUDPPDWLFDO UROHV RI WKH ZRUGYV LQ WKH Wt
LY VIQRQ\PV DQG GLVWDQFH RI ZRUGV EHLQJ FRPSDUHG

&DVH $V DQ H[DPSOH RI FDVH L D UXOH IRU FRPSDUL
PRGHOV WDNH LQWR FRQVLGHUDWLRQ WKH IDFW WKDW D
DW WKH SURGXFW OLQH OHYHO ZKLOH XVH FDVHV GHVFU
ZKLFK PD\ EH PRUH VSHFLILF 7KHUHIRUH LW PD\ EH QHF
RI' D IHDWXUH DQG LQYHVWLJIJDWH LI RQH RU PRUH FKLOC
FDVH 6LPLODUO\ D VHTXHQFH GLDJUDP GHVFULEHV Wtk
HIFKDQJHG EHWZHHQ YDULRXV FODVV REMHFWV DQG \
RSHUDWLRQV LQ FODVVHV DQG VHTXHQFH RI PHVVDJHV
XVHG

&DVH HHJIJDUGLQJ FDVH LL WKH W\SHV RI WUDFHDELC
LPSRUWDQW UROH LQ WKH YDULRXV WUDFHDELOLW\ UX
WUDFHDELOLW\ UXOHV IRU LGHQWLI\LQJ HYROXWLRQ UH
PRGHOV DQG FODVYV GLDJUDP IHDWXUH PRGHOV DQG VHT
DQG VWDWHFKDUW GLDJUDPV VLQFH VXFK UHODWLRQV
GRFXPHQWY HYROXWLRQ UHODWLRQV H[LVW EHWZHHQ G
VDPH SURGXFW PHPEHU

&DVH &RIQVLGHULQJ FDVH LLL LW LV D FRPPRQ DSSUF
VRIWZDUH HQJLQHHUV IRU WKH PDLQ HOHPHQWY LQ FODYV
GR QRW FRQWDLQ FHUWDLQ W\SHV RI ZRUGV VXFK D
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VXERUGLQDWLQJ FRQMXQFWLRQV VLQJXODU DQG SO:
VXSHUODWLYH DGMHFWLYHV HWF 7KHUHIRUH ZKHQ FR
DQG IHDWXUH QDPHV RU IORZ RI HYHQWV LQ XVH FD
GLDJUDPV HJ FODVVHV PHVVDJHV RSHUDWLRQV DQ
ZRUGY GR QRW QHHG WR EH FRQVLGHUHG

ORUH VSHFLILFDOO\ ZRUGV DUH QRW FRQFHUQHG ZKHQ
VXFK DV DUWLFOHVY HJ WKH QR D DQ HYHU" FRQM
GHWHUPLQHUYV HJ ZKRVH WKHVH ZKLFK WKLV WKD!'
IHZ VHYHUDO PDQ\ VXFK DGMHFWLYHV HJ ROG DE
KLV KLP DGYHUEV HJ PRUH OHVV KRZHYHU DERXYV
DQG LQWHUMHFWLRQV HJ RK \HV XP ,Q WKH RWKH!
326 WDJV DQG FPMWBHR REQ|WMEAH DWWV DUH FRQVLGHUHG ([D
WDJV FDWHJRUL]JHG DV QRXQ DUH 11 ZKLFK LV D VLQ.
JLUO 11 ZKLFK LV D SOXUDO FRPPRQ QRXQ H J ERRN
wbJV FDWHJRUL]J]HG DV YHUE DUH :2 ZKLFK LV D EDVH
ZRUN ' ZKLFK LV SDVW WHQVH RI OH[LFDO YHUE H J
YHUE LQJ SDUWLFLSOH RI OH[LFDO YHUE H J JLYLQJ Z
WR JLYH WR ZRUN 1 ZKLFK LV SDVW SDUWLFLSOH R
DQG : = ZKLFK LV V IRUP RI OH[LFDO YHUE H J JLYHV

&DVH LWK UHVSHFW WR FDVH LY WKH PXOWLSOLFLW\
WKH GHYHORSPHQW RI WKH V\VWHP WKH GLIIHUHQW
HQJLQHHULQJ GRPDLQ DQDO\WLV YV GRPDLQ GHVLJC
VSHFLDOL]DWLRQ RI WKH V\VWHP SURGXFW OLQH YV S
RI GLITHUHQW ZRUGV WR UHSUHVHQW WKH VDPH WKLQ
VXSSRUWYV WKH XVH RI HTXLYDOHQW ZRUGV WR VSHFLI\
KDV DSSOLHG :RUG1HW DV WKH GDWD¥E¥DV.RWRI1HWRQ
8EUDUY/ WR DFFHVV WKH :RUG1HW GDWDEDVH

JXUWKHUPRUH WKH H[LVWHQFH RI WZR RU PRUH ZRUG\
QRW LPSO\ WKDW WKH SDUDJUDSK LV UHODWHG WR WKF



2YHUYLHZ Rl 7KH 7UDFHDELOLW\ *HQHUD

DSSHDU LQ GLIITHUHQW VHQWHQFHYV LQ WKH SDUDJUDSK
VHQWHQFH $vV DQ H[DPSOH FRQVLGHU SDUW RI D S
IXQFWLRQDOLWLHY RI D PRELOH SKRQH LQ D XVH FDVH D
UHFHLYHB F&XorRQI WKLY FDVH DOWKRXJK WKH SDUDJUDSF
"UHFHLYHu DQG "FDOOp WKH WH[W LQ WKH SDUDJUDSK L
FDOOVuy EXW ZLWK "UHFHLYH RI WH[WXDO PHVVDJHVu DQ
FDOOV , I WKH GLVWDQFHV RI WKH ZRUGV LQ WKH SD
FRQVLGHUDWLRQ WKH RSHUDWLRQ ZRXOG KDYH EHHQ LC
RI WKH XVH FDVH

"HVFULSWIKRIQ$ KRQH VKRXO0OG EH DEI®FHWR HMWXQG PQHGY VD J H V
$QLOWHUQDWLROD@OKRKRGHQRW ODV WPPLR XK MWK D Q

?'HVFULSWLRQ!

‘H GHVFULEH EHORZ WUDFHDELOLW\ UXOHV EHLQJ XVHC
FUHDWHWWEMHDELOLW\ JHQHUDWRU

7TUDFHDELOLW\ 5XOHV DQG 5SHODWLRQV

,Q RXU DSSURDFK WKH JHQHUDWLRQ RI WUDFHDELOLW\

WUDFHDELOLW\ UXOHV GXH WR VRPH UHDVRQV

D LW HQDEOHV DXWRPDWLF WUDFHDELOLW\

E LW DOORZV IRU D VWDQGDUG ZD\ RI UHSUHVHQWLQJ
UHODWLRQV L H HTXLYDOHQW ZRUGV IURP GLIITHUHQW
LQ D WH[W JUDPPDWLFDO UROHV RI ZRUGV LQ D WH[W
UHODWLRQV

F LW VXSSRUWV WKH SURFHVVLQJ RI ODUJH VL]HG GRF>
QXPEHU RI WUDFHDELOLW\ UHODWLRQV DQG

G LW VXSSRUWYV FRQVLGHUDWLRQ LQWR WKH VHPDQWL
LOWHUGHSHQGHQFLHY EHWZHHQ D SURGXFW IDPLO\
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$V EHORZ ZH GHVFULEH WKH WHPSODWH RI WUDFHDELO

7TUDFHDELOLW\ 5XOHV

H XVH WZR GLIIHUHQW W\SHV RIGWUBDFWDEUDE® D BJILXOLHM
ELQGLUHFW WUUCSHHDELQVWRRQXGIWWVWHG ZLWK WUDFHDE
UHODWLRQV EHWZHHQ WZR LQGHSHQGHQW HOHPHQWYV
RYHUODSY HYROXWLRQ LPSOHPHQWYV UHILQHPHQW D
E LV FRQFHUQHG ZLWK WUDFHDELOLW\ UXOHV IRU UHC
RWKHU UHODWLRQV VXFK DV VLPLODU DQG GLITHUHQW L

75%&(-58/( sxoHO" 5 -
5XOH7\SH 5XOHB7\SH
"RF7\SHO 'RF7\SH1DPH
"RF7\SH 'RF7\SH1DPH
48(5<

> (&/$5( 1DPHVSDFH@
> (&/$5( YXQFWLRQV@
>'(&/$5( 9DULDEOHV @

IRU YDULDEOHBQDPH LQ GRF "RF7\SHO3ODFHKROGHU i 3DWK([S UL
YDULDEOHBQDPH LQ GRF "RF7\SHO3ODFHKROGHU i 3DWK([SUHV
ZKHUH
IL IL O IL M
48(5<B (1’
$&7,21
5(/$7,21 5X0OHO" 5 -"
7\SH 5HODWLRQB7\SH
'"RF7\SHO '"RF7\SH1DPH
'"RF7\SH '"RF7\SH1DPH
(/(o0(17 '"RFXPHQW '"RF1IDPH >S>(OHPHQW7\SHO@ YDULDEOHBQDP

> ;SDWK([SUHVVLRQ@
>(OHPHQW7\SH @
(/(0(17 'RFXPHQW 'RF1DPH >(OHPHQW7\SHO@ YDULDEOHBQDP
> ;SDWK([SUHVVLRQ@
>(OHPHQW7\SH @
>S5HODWLRQ7\SH ~;SDWK([SUHVVLRQ 7;SDWK([SUHVVLRQ @
>S5HODWLRQ7\SH A;SDWK([SUHVVLRQ ~;SDWK([SUHVVLRQ @

$&7,21B(1'
75$&(B58/(B(1'
JLIXUH 7UDFHDELOLW\ UXOH WHPSODWH
YJLIXUH VKRZV D JH QGHLUIHJESYVGHIREHIABW Bl E LROL W\ UXOH YV

WHPSODWH HOHPHQWY EHWZHHQ VTXDUH EUDFNHW)\
IL IL O IL M % f DUH HPEHGGHG ;4XHU\ IXQFWLRQ



7TUDFHDELOLW\ 5XOHV DQG 5HOL

ZH KDYH GHYHORSHG 7KH ;0/ 6FKHPD IRU RXU WUDFHDE
$SSHQGL[ $ %RWK W\SHV RI WUDFHDELOLW\ UXOHV DUH
GHVFULEHG EHORZ $Q H[DPSOH RR QDN DNV(DBHEDEE IOQ MW\ U
UHODWLRQ EHWZHHQ XVH FDVHV DQG IHDWXUH PRGHOV
H[DPSOWLPRUWHIDDWLRQ LV VKRZQ LQ )LJIJXUH 'H H[SODL
SDUWV LQ D WUDFHDELOLW)\ UXOH

3DUW W FRQVLVWY RI WKH UXOH LGHIDWIOLFDWLRQ
GHVFULSWLRQ RI WKHXWHIHESERI HHWFUKOWLRQV RI WKH
GRFXPHQWYV DVVRFLDRMHGSZEWIS AKKIHUXOBHW\SH LV EDVHC
WKH W\SH RI WUDFHDELOLW\ UHODWLRQ JHQHUDWHG E
WUDFHDELOLW)\ "WREIANSHORFWEHRQOQWHDVL.Q WKH QDPHV RI
GLITHUHQW W\SHV RI GRFXPHQWY XVHG LQ RXU DSSURDF
WUDFHDELOLW\ UXAHRY\S HWGARFL7E & MUHHV H U WR WKH
0/ B%DVHB5HODWLRQVKLS GRFXPHQW WKDW FRQWDLQV W
UHODWLRQV )LJXUH

3DUW , W LV UHSUHVHQWHG E\ HOHPHQW 4XHU\! DQG F
7KLV SDUW LV FRPSRVHG RI WKUHH RWKHU VXESDUWYV

7KH ILUVW GHFESDWMS WLRQDO DQG FRQWDLQV GHFODUD
YDULDEOHV RU H[WUD IXQFWLRQV XVHG LQ WKH UXOH ,
WKDW ZH KDYH GHYHORSHG DUH HLWKHU LPSOHPHQWH
'4XHU\BIXQFWLRQV RU DV -DYD FODVVHV YL] -DYDBIXQI
DUH GHFIXMUFWAKBY-DYDBIXQFWLRQV DUH UHSUHVHQWHG
GHFODQBGHM&DKHH VKRZV DQ H[DPSOH RI WKHVH GHF
IXQFWLRQV 7KH H[DPSOH LQ )LIJXUH GRHV QRW PDNH »

7KH VHFRQG IRMEBESFDUW ILHVY HOHPHQW\\RFRNSBME®E GRFXPH
'RF7\SWR EH FRPSDUHG DQG ELQG WKWNIPQ GVWHPHQWYV WR
UHVSHFWY P HDDE ®HBIDPEHD EOIHB QDB KUH ,QLWLDOO\
HOHPHQWY WR EH FRPSDUHG DUH GHVFULEHG LQ ;3DWK
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ZLWK SODFHKROGHUV WKDW UHSUHVHQW WKH W\SHV
SODFHKROGHUV IRU WKH GRFXPHQWY WR EH WUDFHG DL
GRFXPHQW QDPHV ILOH QDPHV DIWHU WKH XVHU KDV L
WKH WUDFHDELOLW\ WRRO VHH &KDSWHU 7KH H[DP
VKRZ WKH YDWHNHRMWRDFOUHDG\ LQVWDQWLDWHG ZLWK Wk
8VH&DVHB8&O [PO DQG )HDWXUHBO3 [PO LQ )LIJXUH

IRU WKH UHVSHFWLYH HOHPHQWY DQG 'LUHFWB7UDFHI
H[SUHVVLRQV IRU FRDVDIMIQRAGAVOHR/F DAYSIHR | LQGLUHFW WU
ILWHPO DQG LWHP DOZD\V UHIHU WR 'LUHFWB7UDFHB®
UHODWLRQ JLYHQ E\ WKH ;3DWK H[SUHVVLRQ ??5HODW
RQ WKH UXOH W\SH

7KH WKLUGZAKHEOSDMVAWLERQ GEBWHWQRI WKH UXOH WKDW
VDWLVILHG LQ RUGHU WR FUHDWH D WUDFHDELOLW\ U
VHFMXHQFH FRQMXQFWLRQ RU GLVMXQFWIRP® RI ;4XI
FROQOWDLQRU WDRAH. \HIIVAWYD ;4XHU\ RU -DYD IXQFWLRQV WK
'"HSHQGLQJ RQ WKH UXOH WKH FRQGLWLRQ SDUW DOVF
326 WDJV LQ WKH WH[WXDO SDUWV RI WKH GRFXPHQWYV

,Q WKH H[DPSOH Rl )LIXUH WKH UXOH YHULILHV LI W
LQ HOHRA@M SVH&DVHB8&O D SYIFDUSWDRIHKBIWXUH LQ
JHDWXUHBO3 [PO DW DQ DSSURISHEDW WWIIWMHEROHA U R O
FKHENV IRU VIQRQ\PV E\ XVLQJ :RUG1HW :RUG1IHW R
PDLQ YHUE :, :% 99* :2 DQG RI DQ\ SRVVLEOH IRUI
11 11 132 Rl WKH YHUE SKUDVH LQ WKH WLWOH RI Wl
UXOH YHULILHV LI WKHUH FIRWHV DILIIRP IHBHIFDWBLRUDWF HRE 5\ 05
GRFXPHQW EHWZHHQ D XVH FDVH DQG D IHDWXUH PRGF
WKH VDPH (OHPHQW> - DQG WKH XVH FDVHV DUH GLIIH

3DUW W LV UHSUHVHQWHG E\ HOHFRHOQWSDIAGHRRQ! D
WKH UXOH W VSHFLILHY WKH DFWLRQ V WR EH WDNHQ

7KH FRQVHTXHQFH SDUW GHVFULEHV WKH W\SH RI WL



7TUDFHDELOLW\ 5XOHV DQG 5HOI

DWWULEXWH 7\SH DQG WKH HOHPHQWV WKDW VKRXOG EI
GHVFULEHBBDQUWKRI WKH UXOH HOHPHQW (OHPHQW! ) F
WUDFHDELOLW\ UXOHVY DQ H[WUD HOHPHQW DVVRFLDWHC
J)LIXUH PD\ EH XVHG WR LQGLFDWH WKH H[DFW W\SH
GRFXPHQWYV WKDW ZHUH VDWLVILHG E\ WKH UXOH ZKH
UHSUHVHQWHG E\ (OHPHQW7\SHO LQ )LJXUH LV XV
YDQDEORBYIDPAH EQNBRIDWHSH VWULQJ DQG LW LV QHFHVV
;0/ HOHPHQW WKDW WKLV FRQWHQW UHSUHVHQWY VHH U

JLIXUH IRU H[DPSOHYV JRU WKH FDVH RI LQGLUHFW
HOHPHQW LV XVHG WR UHSUHVHQW KRZ WKH HOHPHQW)\
GLIITHUHQW OS5HODWLRQ7\SH LQ )LJXUH 7KH FRQWHQW

FRPSRVHHMWRBUOWN RI ;4XHU\ 7KH LPSOHPHQWDWLRQ RI D¢
ZULWLQJ WKH LQIRUPDWLRQ LQ WKH $FWLRQ! SDUW L
'LUHFWB7UDFHB5HO [PO DQG ,QGLUHFWB7UDFHB5HO [PO
RI WKH VSHFLILF GRFXPHQW PRGHOV WR EH DVVRFLDWH
XVHU-V LQSXW

F7ZUDFH5XOM, 57? 5KKOMPIDISQP HQW

"RF7\SHO &BWHRF\SH p)HDWXUH ORGHOQW!
4XHU\!
GHFO®MAHVSDFH V MDYD VIQRQ\P V
GHFO@WAHHVSDFH G MDYD GLVWDQFH&RQWURO G

IRULWHPO LQ@GRF F 8VH&DPHBB&OVHB&DVH
LWHP LQIL®ORIF F )HDWXUHBO3 [PO YHDWXUHBORGHO )HDWXUH
ZKHUH
G FKHFN'LVWDQFH&RQWURO LWHP 'HVFULSWLRQ
V VHWRI V ILQGB\QRQ\P LWHPO 7LWOH 99, V ILQGB6\QRQ\P LWHP WLW
VILQG6\QRQ\P LWHPO 7LWOH3 92 V ILQGB6\QRQ\P LWHPO 7LWOH
V VHWRI V ILQGB6VQRQ\P LWHPO 7LWOH 112 V ILQGB6\QRQ\P LWHPO 7L\
VILQG6\QRQ\P LWHPO 7LWOH 13 V ILQG6\QRQ\P LWHPO 7LWOH 1
AXHU\!
$FWLRQ!
SHODVWBDRMHO O \SH pFRQWDLQPHQWH
'"RF7\SHO&MBWHH 'RF B\SH p)HDWXUH ORGHOU!
(OHPHQWXP HQMOH F 8VH&DVHBSRWHPO® 7 (HORHQW!
(OHPH@WXP HQWOH F JHDWXUHBOWHPOYHDWXUHBQDPH" 'HVFULSWLRQ
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
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J)LIXUH ([OFRYWID LRMIFUDWHDELOLW\ UXOH

,Q )LIXUH D UHRORQW BLOQ RHGWSH G EHWZHHQ WKH WL
8VH&DVHB8&O ILUVW (OHPHQW! DQG WKH IHDWXUH
GRFXPHQW WKDW VDWLVILHY WKH FRQGLWLRQ SDUW
UHSUHVHQWHG E\ ;3DWK H[SUHVVLRQV $Q HOHPHQW
WKDW WKH UHODWLRQ LV EHWZHHQ WKH WLWOH RI WK
IHDWXUH ,Q )LIJXUH VLP IUGOED\MDRVH ® IEWVEHHHQ WKH
WZR XVH FDVHV ERWK HOHPHQWVY (OHPHQW! WRJH!
UHSUHVHQWLQJ KRZ WKH WZR XVH FROY\WMBUB® B\WARPQ O D |
ZLWK WKH IHDWXUH HOHPHQW &RQWDLQPHQW!

7TUDFH5X00H' 5 5 X O HVVL\BBLHO D U
'"RF \SH p;0/ %DVHG 5HU = RF \SH - ;0/ %DVHG 5HOuu!
4XHU\!
IRULWHPO LIQOGHRF F 'LUHFWB7UDFH5HO [UQO S5HOMWLRQ>#7\SH - FRQ
LWHP LQILORF F '"LUHFWB7UDFH5HO [PO S5HODWLRQ>#7\SH pFR(
ZKHUH
LWHPO #'RF7\SHO p8VH &DVHp DQG LWHPO #'RF7\SH p)HDWXUH O0ORG
LWHP #'RF7\SHO p8VH &DVHp DQG LWHP #'RF7\SH u)HDWXUH ORGH

VWULQJ LWHPO (OHPHQW> @ VWULQJ LWHP (OHPHQW> @ DQG
LWHPO (OHPHQW> @ #'RFXPHQW LWHP (OHPHQW> O@ #'RFXPHQW
4XHU\!

$FWLRQ!

S5HODWKXR@,' pu5 u 7VSALDOBWPXVH FDVH FRQWDLQV IHDWXUH PRGHO|
(OHPHQWWMHROHPH@W 'RFXPHRWHROHPHOWLWOHOHPHQW!
(OHPHQWWHP (OHPHQW> @ #'RFXPHQW' G6LWKHOHRBAQWHQW> @ 7LV
&RQWDLQPH®WP (OHPHQW> @ # RFXPHQW  "6LWHP (OHPHQW> @
&RQWDLQPHQW!

5HODWLRQ!

$FWLRQ!

7UDFH5XOH!

J)LIXUH ([DREOMOPBDFHDELOLW\ UXOH

7TUDFHDELOLW\ 5HODWLRQV

$Q H[DPSOH RI UXOH 5 LQ )LJXUH H[LVWV EHWZHH
PHPEHU 30B HIQQGMWQIHG)DHVWIDIH DQG IHBIWXUH QDP
OHVVDJIHXUH FRQWDUGPHGMRQ LV FUHDWHG VLQFH D \
YHUE 99*! 6HQGLQJ 99*! DQG QRXQ 11! OHVVDJH 11
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7TUDFHDELOLW\ 5XOHV DQG 5HO

WKH GHVFULSWLRQ RI WKH IHDWXUH DW DQ DSSURSULL
FRQMXQFWLRQ RI YHUEV 99,! VHQG 99,! 6&! 6&! &-
:,1 UHFHLYH :,! IROORZHG E\ D TXDOLILHU RI WKH Q
D $7 ! $- IVKRUW $-! 11! WH[W 110! VHSDBUDWH W]
DQBHVVDKH UHVXOW RI UXOH 5 IRU KNHVFOHBHVB&HWD QG |
VKRZQ LQ )LJXUH

S5HODWLRQB'RFXPHQW!
GHODWKR®O' "58H UFRQWDLQPHQWH
"RF7\SHO IBWHRF7\SH 7 BBREHO !

(OHP H@WX P H QWO i F 8VH&DVHBB&O [POp
7LWOH! 99*! 6HQGLQJ 99*! $7 ! D $7 ! 11 | OHVVDJH 110
7LWOH!

(OHPHQW!

(OHPH@WXP HQWOH F )HDWXUHBO3 [PO
JHDWXUHAQDPH! 11 ! 7H[W 110! 11 ! OHVVDJHV 11 !
"HVFULSWLRQ! 'HVFULSWLRQ!
YHDWXUHBQDPH!
(OHPHQW!
5SHODWLRQ!
5HODVBIXFOH,5 u \SH WFRQWDLQPHQWH

"RF7\SHO &BVVWRF\ WH -)HDWXUH ORGHO!
(OHPH®@WXP H QWO 1 F 8VH&DVHBS8& [POypu
7LWOH! 99*! 7UDQVPLWWLQJ 99*! 11 ! OHVVDJHV 11! 7LWOH!
(OHPHQW!

(OHPH®WXP H QWO F J)HDWXUHBO3 [POu
JHDWXUHBQDPH! 11 ! 7H[W 110! 11 ! OHVVDJHV 11!
"HVFULSWLRQ! 'HVFULSWLRQ!
JHDWXUHBQDPH!
(OHPHQW!
5HODWLRQ!

5 HODWLRQB'RFXPHQW!

J)LIXUH 5HVXOWVWRU FRQMNEDICQRMHQWHODWLRQV

$QRWKHU H[DPSOH RI UXOH 5 DOVR H[LVWV EHWZHHQ X\
30B HQWUWQMBLW WL J LOKWWD JH\B B BN | 6 BIVEXOUIHX/U H
,Q WKLVRRDVBULKEPHVWQMRQ LV DOVR FUHDWHG DV VKRZQ
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8VHBFBDVH&DVH, 7-& p 6\VWHP HORELOH3KRQH:- 3UDGXFWBOHPEHU - 3
7LWO#Hd*! 7UDQVPLWWLQLL ! OHVVDJIHLIO! 7LWOH!
'"HVFULSWLRQ!
110!SKRQH 110! 902 !FDQ 9 ¥hRQ®B®,!
'"HVFULSWLRQ!

8VH FDVH!

J)LIXUH ([IDPSOH RI XVH FDVH 8& 7UDQVPLWWLQ

$V VKRZQ LQ )LIXUH \HKHG XY B B @QGHREEBRRV P LWWLQJ
OHVVBDMRQWDWQPRBIWELOLW\ UHODWLRBM ZLRWKY VKN V|
)LIXUH ,Q WIKALIMHEEDMLFDQ LV FUHDWHG E\ WKH GHS!
5 JLJIJXUH DV VKRZQ LQ )LIJXUH

5HODWMIXRAO'5 7\SHVLPLGMBHWP XVH FDVH HQFRPSDVV IHDWXUH PRGHO
(OHPH@WXPHQWOH F 8VH&OPIBIB &O
7LWOH! 9OMGLOY*! $7 !D $7 ! 11 ! OHVVDJIHO!

7LWOH!
(OHPHQW!
(OHPH@WXPHQWOH F 8VH&DVHB8& [PO
7LWOH! 9B®DQVPLWWEQJILL ! OHVVDJBY! 7LWOH!
(OHPHQW!

&RQWDLQRFHXQPW QWOH F )HDWXUWHBO3 [PO
JHDWXUHBQOPHIH[W 110! 11 IOHVVDJHV 11 !
JHDWXUHBQDPH!

&RQWDLQPHQW!

5HODWLRQ!

J)LIXUH 5HVXOW RI VLPLODU WUDFHDELOLW\

2XU DSSURDFK XVH ;0/ IRU UHSUHVHQWLQJ WUDFHDELOL
D W JIJXDUDQWHHV WKH UHSUHVHQWDWLRQ RI ODUJ
DXWRPDWLFDOO\ FUHDWHG E\ WUDFHDELOLW\ JHQHUDWF
E ,W DOORZV WKH PDLQWHQDQFH DQG YLVXDOL]DWLR
FRPPRQ FRPPHUFLDO ;0/ EDVHG DSSOLFDWLRQV H J ;
JHQHUDO SXUSRVHG DSSOLFDWLRQV HJ ZHE EURZVHUV
F ,wDOORZV WKH UHWULHYDO RI WUDFHDELOLW\ UHOD
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7TUDFHDELOLW\ 5XOHV DQG 5HO

ORUH VSHFLILFDOO\ DOO WUDFHDELOLW\ UHODWLRQV DL
GLUHFW UHODWLRQV DQG LOQGLUHFW UHODWLRQV

"'LUHFWB7UDFH5HO [POpu DQG ",QGLUHFWB7UDFHS5HO [POU
ORJV RI' WKH WUDFHDELOLW\ DFWLYLW\ DUH UHFR
", QVWDQWLDWHGB'LUHFWB7UDFH5XOH [POp DQG ",QVWD
IRU GLUHFW DQG LQGLUHFW UHODWLRQV UHVSHFWLYHO\

([DPSOHV RI '"LUHFW DQG ,QGLUHFW 7UDFHDELOL
$SDUW IURP WKH H[DPSOHV FRRQWWDDRRMIEQRDWOWURQWYV |F
VKRZQ LQ )LIXUHV DQG LQ WKLV VXEVHFWLRQ ZH S
UXOHV IRU HDFK RI WKH RWKHU WUDFHDELOLW\ UHODW
WUDFHDELOLW\ UXOHV IROORZ IURP WKH H[DPSOHV VKRZ
'H UHSHDW WKHVH ILIXUHV EHORZ DV )LJXUH DQG )
IDFLOLWDWH XQGHUVWDQGLQJ
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&ROWDLOP HOW &RQWDLQPHQW

/L .
8VH &BVIH&DVH, u8&o0 A8VH &BVH&DVH,' u8&
6\WWHP poﬁELoﬁnl@Qﬂ 6\VWHP HOHEL H3KRQHuU
3URGXFW OHPEHU pu30/p 3UR GXFWBOHPE HU 1 30, u!
7LWwEHQGLQJ Dy (GHMAV D JH 7LWIWDQVPLWWHQDLAHVVDJIHYV
"HVFULSWK&OSKRQM H\D BED H WRVFULSWKRKOSEKRQM UD Q¥ HW R
WH[W PIHM \KVHW FDQ DVKRUW W7IK[I-DW PHVVD.
VSHFLI\ DQ DGGUHVV RI D XRUW WH[W PHVVDJH F
UHFHLYHU RI WKH PHVVDJH RQH RU PDQ\ UHFHLYI
© V'HVFULSWLRQ ©HVFULSWLRQ
8VHB& DVH!

8VHB&DVH!

JLIXUH ([IDPSOHV RI WUDFHDELOLW\ UHODWLRQV UF



7TUDFHDELOLW\ 5XOHV DQG 5HOI

"LITHUHQW
8VHB&[8VI-|H&DVH,'Q8& V1 8VHB&BVH&DVH,' p8&
ELOH3KRQHW 6\VWHP HnORELOH3KRQHu

6\WWHP HO
3URGXFWBOHPEHU p30Qw! 3URGXFWBOHPEHU p30 p!
7LWIDNLQJ 73MRWIR F7LW7IDINL QJ 7R WRWIR

"HVFULSWKHQ SKRQH KDV DQ LOQMWHJUSMHISGKRQH KDV DQ LQWHJUD
9*¢ FDPHUD 7KH SKRQH FDDPHUD 7KWBMRQH FDQ
WDNH RVIIQR \U R*$ SKRWRQFDBHUD=RRPO]

FDPHUD

'"HVFULSWLRQ! '"HVFULSWLRQ!

8VH &DVH!
F 8VHB&DVH!

,PSOHPHQWYV
Q ,PSOHQ HQWYV

&DPHUD $SSOLFDWLRQ

GLVSOD\ 9HD2IYRLG

&DPHUD=RRP GLVSOD\ YRLGM

R-DNH3KRWR YRLG |,
GLVSOD\$UHD YRLGWDNH3KRWR YRLG_

VDYH3KRWR YRLG GCLVSOD\$UHD YRLG

GLVSOD\3KRWR YRLRPYH3KRWR YRLG
GLVSOD\3KRWR YRLG

W W WDNH3KRWR _M LD
J 0 GLVSOD\ Z-%

2YHUODSYV

J)LIXUH ([IDPSOHV RI WUDFHDELOLW\ UHODWLRQV UHS

5XOH 5 'HSHQGHQF\
$V VKRZQ LQ )LJIXUH W K LG/H 8 B QUBHHIKDR® L R @ WEDHEWO Z M K QD
VXEV\VWHP LQ D VXEV\VWHP PRGHO DQG D IHDWXUH LQ D
WKH VXEV\WWHP LV WKH VDPH DV WKH FRQWHQW RI HOHP

D IHDWXUH PRGHO ,Q WKLV FDVH WKH IHDWXUH KDV EH
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DQ\ FKDQJH LQ WKH IHDWXUH KDV WR EH UHIOHFWHG
;4XHUN IXQERURRQOLJIH VIS\DHFGI4AWR UHPRYH DQ\ ;0/ VXE HC(
ZKLWH VSDFHV FRPSRVLQJ WKH FRQWHQW RI HOHPH
$OORFDWHGBWRB6XEV\VWHP! $FEHEHQEHREMPWRR L JEKWM W
EHWZHHQ VWEBEMWUVWHPD WR(GM OHVVQBHVWKLY IHDWXUH LV
WR VXEUYHWIBBKRJIJUHODWLRQ LV FUHDWHG EHWZHHQ WK
6 XEV\VWHPORGWHW [P@HPHQW! DQG WHKB WIXIDMBOBH[ PGD P
VHFRQG (OHPHQW!

TUDFHSX®Hs 5XOH7\SH GHSHQGHQF\
"RF7\SBXEV\VWHP ORGHEH —-]DRBHO !
4XHU\!

IRULWHPO LQLGHRF F B6XEV\WVWHPORGHO [POu 6XEVI\WWHP 6XEV\VW|
LWHP LQILG®RIF 'F )HDWXUHAO03 [PU )HDWXUHBORGHO )HDWXUH
$OORFDWHGBWRB6XEV\VWHP

ZKHUH
QRUPDOL]H VSDFH LWHPO QRUPDOL]H VSDFH 6LWHP
4XHU\!
$SFWLRQ!
5H O DAMKIORIQs \ MH GHSHQGHQF\

LIRF \ MH 6XEV\VWHRFIRSH O ) HRGXOH
(OHPHRQMW P HQH F 6XEV\VWHIPosR&H® (@ HHPHQW!

(OHPHE WP HQwWOH F )HDWXUHBOWHPOpL )HDWXUHBQDPH"®
(LHPHQW!
S5HODWLRQ!
$SFWLRQ!
7TUDFH5XO0OH!
JLIXUH ([ D0l AMQFDFHDELOLWY\ UXOH

5X0OH 5 SHILQHPHQW

$V VKRZQ LQ )LIXUH W K LWH WX GRYHL RIQ WELHBANDA_ WV HK C
SURFHVV PRGHO DQG D VXEV\VWHP BKEY\WXIHRRBRO@WHQ W
WKH SURFHVV LV WKH VDPH DV WKH QDPH RI WKH VXE
IXQFWMWRIQQJIJWRVFEAEOFFDUH WKH QDPHV RI WKH HOHPHQW:'
$Q H[DPSOWHRLQWRBDGWDELOLW\ UHODWLRQ IURP WKLYV

VXEV\VWHYPIDDIQQRJISURFHBVDWREBGR2Q LQ )LIJXUH 7KH Ut
FUHDWHG EHWZHHQ WKH LGHRUWRIAHMVIURHGWEINFQWH B VIVQ
URFHVVORGHO,"! LQ WKH ILUVW (OHPHQW! DQG Wtk

6 XEVI\VWHPUYRGE6RQGP FOHPHQW!
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7TUDFHDELOLW\ 5XOHV DQG 5HODWLI

F7TUDFHX0GH "P=FU\!H UHIL Q HPHQW
= F\"L! 3URFHVVRRGMSO 6 XE VIVWHP ORGHO !
4XHU\!
GHFQP#RJHH/ SDFH G MDYD GLVWDQFH&RQWURO G

IRUwWHPO LOLGHRF F 3URFHVVORGHO [PU- 3URFHVVBORGHO
6LWHP LQILOMF 'F 6XEV\WWHPORGHO [PU B6XEV\WVWHPBORGHO 6XEV\)
6XEV\VWHPBQDPH

ZKHUH
G VWULQJQRVSDFH LWHPO #6XEV\WVWHPBQDPH G VWULQJQRVSDFH
AXHU\!
$FWLRQ!
5HO DMWKILORIQS$ 7 \S HHQIHP HQ W
"RF7\SBORFHVV ORGHO =-RF \!SH B6XEV\VWHP ORGHO !
(OHPHAE)XWP HQWOH F 3URFHVVORGHO [POup
3URFHVVORGHOO'! A LWHPO #3URFHVVORGHO," S3URFHVVORGHO,"
(OHPHQW!
(OHPHHFWPHQWOH F 6XEV\VWHPORGHO [fQUHPIHQ@W!
5HODWLRQ!
$FWLRQ!
7TUDFH5XOH!
JLIXUH ([ wRSIOH RHODVFHDELOLW\ UXOH

5XOH 5 6DWLVILDELOLW\
$V VKRZQ LQ )LIXUH W KV B WUIVQHDER W L RMWDHEVD Z M K QD V
GHVFULSWLRQ RI D PRGXOH PRGHO DQG D IHDWXUH ZKHQ
WKH GHVFULSWLRQ RI D PRGXOH PRGHO DW DQ DSSUR.
FRQVWDLQW[WUDWIXQFMARQ WR YHULI\ LI WKH QDPH RI W
VIQRQ\PV LV LQ WKH GHVFULSWLRQ RI WKH PRGXOH $ °
FRQVLGHUDWLRQ WKH QDPH RI D IHDWXUH DQG WKH QDP
SDUHQW H[LVWV $ D WD MDEEEFOEROLW\ UHODWLRQ IURF
VKRZQ LQ )LIJXUH EHWZ B HRYBIDANKHUB HVFULSWLRQ R |
QDPHBG&RUW OH\XKWHD UHQDWLRQ LV FUHDWHG EHWZHHQ WK|
ORGXOHORIGHOW OQOOHPHQW! DQG)WHKW X UiiDBBEFP@DPH LQ
(OHPHQW!
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7UDFHHXOHe "+ H\SH VDWLVILDELOLW\
"RF7\SHO O®RRGH®FA "H )HDWXUH ORGHO !
4XHU\!

GHFOPAHYSDFH G MDYD GLVWDQFH&RQWURO G

IRUJLWHP O LIQOHRFF ORGXOHORGHO [POu ORGXOHBORGHO ORGXOH '
LWHP LQIL®ORIF 'F )HDWXUHBO3 [PU- )HDWXUHBORGHO )HDWXUH
YHDWXUHBQDPH
ZKHUHFROQWDLQV,Q'LVWDQFH LWHPO LWHP
4XHU\!
$SFWLRQ!
5H O DMKLORIQs \SH VDWLVILDELOLW\
"RF7\SHO 0O RREGXHGRIF7\SHHDWXUH ORGHO !
(OHPHAFWP HQwoH F ORGXOHIORGHO [PU
A LWHP 0RGXOHBQIPHPHQW!
(OHPHQ)WPHQW "IL,H F )HDWXUHBO3(CPHRHQWIHP -
5HODWLRQ!
$SFWLRQ!
7TUDFH5XO0OH!

J)LIXUH ([ DS IRWEUDEWDELOLW\ UXOH

5XOH 5 ,PSOHPHQWYV

$V VKRZQ LQ )LJXUH W K LL\P SJOX [UPHH @DV LHR\QW B I W Z VK @
RSHUDWLRQ RI D FODVV LQ D FODVV GLDJUDP DQG D XVt
FDVH FRQWDLQV WKH QDPH Rl WKH RSHUDWLRQ DQG WK
$FFRUGLQJ WR )LIXUHPSOHMBRBMHMELALW\ UHODWLRQV
H[LVW L EHWZBKRHDQGV R SRIENMICR RRWE&DWWIEDG LL
EHWZHHQ %H DRIV HR S HWDNHOK®R W FE GBWPEH UD =RBRP 3L
UHODWLRLP ROHPMSEWH/DWHG EHWZHHQ WKH QDPHV RI WK
WKH QDPH RI WKH RSHUDWLRQ R80W B3 0F O[PNOW VW SHUD \
(OHPHQW! DQG WKH 8VIH&OMHBISKWFROBVHOHPHQW!  $Q
HOHPHQW 'HVFULSWLRQ! LV XVHG WR LQGLFDWH WKD
RSHUDWLRQ RI WKH FODVV DQG WKH GHVFULSWLRQ RI W
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7UDFHDELOLW\ 5XOHY DQG 5HODWLR

F7TUDFHX@H "+ F\ "H LPSOHPHQWV
'"RF7\SHO &DDVNRF7\SH &BVH !
4XHU\!
GHFOPMRHsSbFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
GHFOPMUHSDFH G MDYD GLVWDQFH&RQWURO G

IRUwWHPO LOLGHRRF F 80/0OB300 [POp 80/ &ODVVLILHU IHDWXUH
80/ 2SHUDWLRQ #QDPH
LWHP LQIL®ORIF 'F 8VH&DVHBS8& [POp B8VHB&DVH
OHW WO LWHPO #QDPH

ZKHUH
G FRQWDLQV,Q'LVWDQFH LWHP '"HVFULSWLRQ 6WO DQG
G FRQWDLQVOQ'LVWDQFH LWHP "HVFULSWLRQ 6LWHPO

4XHU\!

$FWLRQ!

SHODWKLORH@ ' U\ 'H LPSOHPHQWYV
'"RF7\SHODVY 'LDIYRBP\SHVH &DVH !

(OHPHWP HQMW OH F 80/0OB30@QPPOV!I ~ WO  &ODVV!
2SHUDWLRQ! ~ LWHP 0" (OHRH@QWIQ!

(OHPHQWPHQWOH F 8VH&DVHBB&E&WHPOWLWOH ™ 'HVFULSWLRQ !
(OHPHQW!
5HODWLRQ!
$SFWLRQ!
TUDFH5XO0OH!
JLIXUH ([DLPSOHPROWIYFHDELOLW\ UXOH

5XOH 'LITHUHQW

7KLV H[DPSOH LV RQH RI W IGH | UBEHINAM R B LIOG MQ WILH CLODW LR
UHSUHVHQWY WKH LQWHUGHSHQGHQF\ RI D YDULDWLRQ €
$V VKRZQ LQ )LIXUH W KE V1 BUHPODWOL R G \EW IVEZ BIIHVGK VIDZ |
FDVHV ZKHQ WRBOHFMMBBWIRQY EHWZHHQ WZR GLIIHUHC
WZR GLIIHUHQW FODVVHV DQG WKHVH FODVVHV DUH VX
RUGHU WR VXSSRUW W EHW 3TDWHHQ WVRK i QUGLIDED DOE\S, AV V H V

H[WUD IXQFWLRQV $V VKRZQ LQ )GIXIHMBIDFMHDBOLE[LDRS C
UHODWLRQ IURP WKLV UXO8$& H) QSR W K Bl WLARSHIH XWEOIWRAD V H !
UHODWLRQV ZLW\WDW KHKR SHRIKHEP®ON®G WKH RSHUDWLRC
WDNH3KRWWR KHRIE®BEVD=RRRFSHFWLYHO\ :KBDRABUDWKH FO
DQ&DPHUD=IRRP [XEFODV\&DWP RUDVR IS FAWLIFDW LR Q
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TUDFHSXO®OH5 5XOH7\SH $?2LLW[WQ&
L F \ "H ;0/ %DVHG 5HO = RF U\SH ;0/ % DVHG 5HO !

AXHU\!
GHFODAUHY SDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
GHFOXXDEUWMLRQ ORFDO JHW3DUHQW&ODVY 6FKLOG DV [V VWULQJ DV

AN JBRUVHPS LQLGRF F 80/OBROW® 80/ *HQHUDOL]DWLRQ
80/B*HQHUD,L]DWLRQ FKLOG
ZKHUHwWHPS$ 80/ &0DVV #[PL LGUHI FKLOG

UHW&XWQPr s 80/ *HQHUDOL]DWLRQ SDUHQW 80/ &0DVV
GHFOXbUWMLRQ ORFDO JHW3DUHQWRI9DULDQW&ODVVHY 6RQH DV [V
[V VWULQJ DV LWHP
AN JRUVHUQO ILOQHSRF "80/0B300 [POp $-0/ *HQHUDOL]DWLRQ
80/ *HQHUDOL]DWLRQ FKLOG
LWHP LQILGORIF 'F 80/OBPRO®W 80/ *HQHUDOL]JDWLRQ
80/ *HQHUDOL]DWLRQ FKLOG

ZKHUH
LWHPO 80/ &0ODVYV #[PL LGUHI RQH DQG
LWHP 80/ &0ODVV #[PL LGUHI WZR DQG

ORFDO JHW3DUHQW&ODVY B6LWHPO 80/ &ODVV #[PL LGUHI
ORFDO JHW3DUHQW&ODVY LWHP 80/ &0DVV #[PL LGUHI DQG
ORFDO JHW3DUHQW&ODVY LWHPO 80/ &ODVV #[PL LGUHI [
LWHPO 80/ &0ODVV #[PL LGUHI LWHP 80/ &ODVV #[PL LGUHI
UHWoORBE0O JHW3DUHQW&ODVY LWHPO 80/ &0DVV #[PL LGUHI
GHFXDUWMLRQ ORFDO JHW&ODVV," QDPH DV [V VWULQJ DV [V VWUL
N JRUVHP % LODLGHRF F $-0/0B300 [POp 80/ &0DVV #QDPH
ZKHUHWHP®% 6QDPH
UHW X WP % #[PL LG
IRAUWHP LOLGRF F 'LUHFWB7UDFH5HO [PO 5HOD& LRQ>#7\SH LP
LWHP LQL®RIF F 'LUHFWB7UDFHS5HO [PO 5HOD@& LRQ>#7\SH LP
ZKHUH
LWHPO #' RF7\SHO &ODVV 'LDJUDP DQG 6LWHPO #'RF7\SH 8V}
LWHP #'RF7\SHO &ODVV 'LDJUDP DQG LWHP #'RF7\SH 8VH &
VWULQJ LWHPO (OHPHQW> @ #'RFXPHQW
VWULQJ 6LWHP (OHPHQW> @ #'RFXPHQW DQG
LWHPO (OHPHQW>0@ #'RFXPHQW LWHP (OHPHQW>0@ #'RFXPH
LWHP (OHPHQW - &ODVYV LWHP (OHPHQW>0@ &ODVV DQG
ORFDO JHW3DUHQWRI9O9DULDQW&ODVVHVI
ORFDO JHW&ODVV,' VWULQJ LWHPO (OHPHQW> @ &ODVV #QDP
ORFDO JHW&ODVV,' VWULQJ LWHP (OHPHQW>0@ &ODVYV #QDP |
4XHU\!
$SFWLRQ!
S5HODMWLRQ5 \sSH GLIIHOHQRFODLIWSOHPHQWY XVH FDVH !
(OHPHQWWHP (OHPHQW - #' RFXPHQW"
A6LWHP  (OHPHQWMO® PH@W!
(OHPHQWMHP (OHPHQW> @ #'RFXPHQW"
A LWHP (OHPHQW@HPMQW!
,PSOHPHQWV! M VWULQJ 6LWHP (OHPHQW @ &ODVV > ,PSOHPHQV
,PSOHPHQWVIAVWULQJ LWHP (OHPHQW>0 @ &0ODVV ° ,PSOHPHQW\
9DULD@W%2blo JHW3DUHQW&ODVYV ORFD, JHW&ODVVO'
6LWHP (OHPHQW> @ &9 DWLHEWRI!
BHODWORQ! $FWLRQ! 7UDFH5XOH!

J)LIXUH ([DPS HHWRIDFHDELOLW\ UXOH

N
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7TUDFHDELOLW\ 5XOHYVY DQG 5HODWLF

5XOH 5 2YHUODSYV
7KLV UXOH FDQRWN WBHESW/IKRQ EHWZHHQ D VHTXHQFH DQ
ZKHQ WKHUH LV DQ RSHUDWLRQ LQ WKH VHTXHQFH GLD.
RSHUDWLRQ RI D FODVV LQ D FODVV GLDJUDP DQG WKH F
WKH VHTXHQFH GLDJUDP LV WKH VDPH DV WKH FODVV RI
'XH WR VLPSOLFDWLRQ )LJXUH GRHV QRW VKRZ WK
IXQFWLRQV LPSOHPHQWHBW2S®UDWKRWED GHFTMLQ6HT
JHW&-DVV2EMHFWLQ EHI® W2IS\M & O IV\Z'RIEQ EIIA/DIWLRQ DQC
FRPSOHWH GHFODUDWLRQ RI WKH IXQFWLRQV FDQ EH IRX
UHVSHFWLYHO\ 7KLV UXOH DOWRQW®MERHWYHB R Y;H XZKUL\WIEK\DF A
RFFXUUHG DW WKH EHJLQQLQJ DQG HQG RI WKH QDPH RI I
DQ H[DPSRWHRMDDBNHDELOLW\ UHODWLRQ IURP WKLV
R S H U DWDLINRHB KR WREADWRDEGDG R S MUDONHIBAIRQV R/ KHR IMGH T X H Q F H
GLDJUDP 7KH UHODWLRQ LV FUHDWHG EHWZHHQ WKH RE
2SHUDWLRQ! LQ WKH VHTXHQFS80/GEBRPUGPADUWWUHYVHQW
(OHPHQW! $QG WKH FODVV &ODVV! DQG WKH RSHUDWI
GLDJUDP UHS3OHVBRPWHBHRRQG (OHPHQW!
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TUDFHSX®Hs 5XOH7\BHHUODSV
"RF7\SHO VBIXH@FY\SHODVY GLDJUDP !

4XHU\!
OHW [O ORFDO JHW2SHUDWLRQLQG6HT
IRU [ LQ 6]
IRU [ LQ ORFDO JHW2EMHFWLQG6HT 6]
IRU 6] LQ ORFDO JHW&ODVV2EMHFWLQG6HT |
IRU [ LQ ORFDO JHW&ODVVLQ&ODVV [ “&'BSKRQHp
OHW [ [ 80/ &ODVVLILHU IHDWXUH 80/ 2SHUDWLRQ
ZKHUH [ # QDPH '6'BSKRQHp DQG
VWULQJ [ #QDPH VWULQJ [ #QDPH
4XHU\!
$SFWLRQ!

5H O DMWKIoRQs \SH RYHUODSYV
"RF7\SWOGTXHQFH G LRORU\BMH BADYVYDP !
(OHPHE)XWPHQMOH F 80/0BRO O
2EMHFW! 6] #QDPH 2EMHFW!
2SHUDWLRQ! 6[ #QDPH 4OHPHQMY!
(OHPHQWPHQWOH F 80/0BRO D!
&ODVV! A [ #QDPH' &ODVV!
2SHUDWLRQ! M [ #QDPH (OsHBEH@W Q!
5HODWLRQ!
$SFWLRQ!
7TUDFH5XO0OH!

J)LIXUH ([DPYSTUMREID FHDELOLW\ UXOH

5X0OH (YROXWLRQ
7KLY UXOH FDOQHWAROOUNEIEORW KRRQRQEHWZHHQ WZR VWDWH G
SDUDPHWHUV RI WKH VDPH VLIQDOV DUH GLIITHUHQW LQ
J)LIXUH UXOH 5 FKHFNV D LI WKH QDPHV RI WKH Gl
VDPH E LI WKH QDPHV RI WKH WUDQVLWLRQV DUH WKH
DUH WKH VDPH G LI WKH VLIQDO HYHQWYV DUH WKH VD
I LI WKH SDUDPHWHUV RI WKH VLIQDOMYBOHWGRIQHU
WUDFHDELOLW\ UHODWLRQ IURP WKLV UXOH LV VKRZQ L
RI WKH VHTXHQFH GLDJUDPV 7KH UHODWLRQ LV FUHDW
7TUDQVLWLRQ! WRIJHWKHU ZLWK WKH SDUDPHWHU RI
80/ -30 [POLUVW (OHPHQW! DQG WKH QDPH RI D WUD(
WRIJHWKHU ZLWK WKH SDUDPHWHU RIOWES0 WWDQVLWLR!
VHFRQG (OHPHQW!
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7TUDFHDELOLW\ 5XOHYV DQG 5HODWL

F7TUDFHX@H 50 H\ "H HYR@XWLRQ
"RF7\SHO 6 WIDDWHFKRKP7\SHWDWHFKDUW 'LDJUDP !
4XHU\!
IRUWHPO LOLGHRF F 80/0B300O [POp 80/ 7TUDQVLWLRQ
LWHP LQILGORIF ¥ 80/ BPOOM $-0/ 7TUDQVLWLRQ

ZKHUH
[o 80/ 'LDJUDP #QDPH 6] 80/ 'LDJUDP #QDPH DQG
[O #QDPH [ #QDPH DQG

[O 80/ 7TUDQVLWLRQ HIIHFW 80/ $FWLRQ6HTXHQFH 80/ $FWLRQ6HT
80/ 8QLOQWHUSUHWHGS$FWLRQ #QDPH

[ 80/ TUDQVLWLRQ HIIHFW 80/ $FWLRQB6HTXHQFH 80/ $FWLRQG6HTX
80/ 8QLQWHLSUHWHGSFWLRQ # QDPH DQG

[O 80/ TUDQVLWLRQ WULJJHU %HKDYLRUD@B(OHPHQWY 6WDWHBOD

#[PL LGUHI [o 80/ 6LIQDO(YHQW #[PL LG DQG
[ 80/ 7UDQVLWLRQ WULJJHU %HKDYLRUDOB(OHPHQWY 6WDWHAODF
#[PL LGUHI [ 80/ 6LJQDO(YHQW #[PL LG DQG
[O 80/ 6LIQDO(YHQW #QDPH [ 80/ 6LIJQDO(YHQW #QDPH DQGC
[O 80/ 6LIQDO(YHQW 80/ 6LJQDO(YHQW VL JQDO %HKDYLRUDOB ((
B%HKDYLRU 6LJQDO #[PL LGUHI [O 80/ 6LJQDO #[PL LG DQG
[ 80/ 6LIQDO(YHQW 80/ 6LJQDO(YHQW VLIJQDO %HKDYLRUDOB(OH
B%HKDYLRU 6LJQDO #[PL LGUHI [ 80/ 6LJQDO #[PL LG DQG
[O 80/ 6LJQDO #QDPH [ 80/ 6LJQDO #QDPH DQG

6[0O 80/ 6LJQDO #[PL LG 80/ 'DWD7\SH #[PL LG

[ 80/ (YHQW 3DUDPHWHU 80/ 3DUDPHWHU 80/ 3DUDPHWHU W\S
JRXQGDWLRQ &RUH &ODVVLILHU #[PL LGUHI DQG

[ 80/ 6LJQDO #[PL LG 80/ 'DWD7 \SH # [PL LG

[ 80/ (YHQW 3DUDPHWHU 80/ 3IDUDPHWHU 80/ 3DUDPHWHU W\SH
JRXQGDWLRQ &RUH &ODVVLILHU #[PL LGUHIDQG

[O 80/ (YHQW 3DUDPHWHU 80/ 3IDUDPHWHU #QDPH

[ 80/ (YHQW 3DUDPHWHU 80/ 3IDUDPHWHU #QDPH

4XHU\!
$FWLRQ!
5H O DMWKLoRIQs \SH HYROXWLRQ
"RF7\SHO 6 1G.WHFKPP WRF \SH 6WDWHFKDUW 'LDJUDP !
(OHPHQWP HQwoOH F 8880 [POpu!
7UDQVLWLRQ! "6] # QDPH' 7UDQVLWLRQ!
3DUDPHWHU! ~ [, 80/ (YHQW 3DUDPHWHU 80/ 3DUDPHWHU #QDPH
3DUDPHWHU!

(OHPHQW!
(OHPHXWPHQwWOH F 80/ BBROA!
7UDQVLWLRQ! ~6[ #QDPH 7UDQVLWLRQ!
S3DUDPHWHU! A [ 80/ (YHQW 3DUDPHWHU 80/ 3DUDPHWHU #QDPH"
3DUDPHWHU!
(OHPHQW!
5HODWLRQ!
$SFWLRQ!
7TUDFH5XOH!

J)LIXUH ([DRPYSUIWREID FHDELOLW)\ UXOH
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$GGLWLRQDOO\ ZH KDYH GHYHORSHG WUDFHDELOLW\

GLUHFW WUDFHDELOLW\ UHODWLRQV DQG DUH IRU
$SSHQGL[ % ‘H KDYH XVHG DOO WKRVH WUDFHDE
H[SHULPHQWY VHH LQ &KDSWHU 7KH ITROORZLQJ VX

IXQFWLRQV WKDW ZH KDYH LPSOHPHQWHG WR VXSSRUW

(IWHQGHG )XQFWLRQV

7KH VDWLVIDFWLRQ RI DOO SRVVLEOH FRQGLWLRQV IF
FRQVLGHULQJ JUDPPDWLFDO VWUXFWXUHV RI WKH VF
VIOQRQ\PV UHTXLUHVY D QHHG IRU H[WUD IXQFWLRQV WR
LGHQWLI\ WKH UHODWLRQV 7KH H[WHQGHG IXQFWLRQV
2QH JURXS LV FRQFHUQHG ZLWK IXQFWLRQV WKDW KDY
YL] ;4XHU\ DQG WKH RWKHU JURXS ZLWK IXQFWLRQV
IXQFWLRQV $GGLWLRQDOO\ ;4XHU\ ODQJXDJH DOORZ
FRPPDQGV LQ LWV RZQ DQG RWKHU ODQJXDJHV ([WUD I
DUH FRQFHUQHG ZLWK WKH UHWULHYDO RI VSHFLILF HO
IXQFWLRQV LPSOHPHQWHG LQ MDYD DUH FRQFHUQHG Z
DVSHFWV LQ WKH GRFXPHQWY :‘H SUHVHQW EHORZ W
LPSOHPHQWHG LQ WZR ODQJXDJHV L H LQ ;4XHU\ DQG L

JXQFWLRQV LQ :4XHU\

$V PHQWLRQHG WKH H[WHQGHG IXQFWLRQV UHSUHVHQ
IXQFWLRQV WKDW LGHQWLI\ VSHFLILF HOHPHQWYV LQ W
VXFK DV VWDWH LQ D VWDWHFKDUW GLDJUDP FODVVHYV
LQ D VHTXHQFH GLDJUDP DQG IHDWXUHV LQ D IHDWX
IXQFWLRQ GHFODUDWLRQ LV FRPSRVHG RI WZR SDUWV D

3DUWWV, LV FRQFHUQHG ZLWK WKH QDPNFRQEDWLPIWDWXUH
LGHFODUNMXRBBNRR VWDUW WKH GHFODUDWLRQ
LORMNMHOZRUG ZKLFK GHILQHV WKH VFRSH RI D IXQF)



(IWHQGHG )XQFWLRQV

LLL WKH QDPH RI WKH IXQFWLRQ DQG
LY WKH LQSXW DQG RXWSXW SDUDPHWHUYV RI WKH |

3DUW,W, LV FRQFHUQHG ZLWK WKH"GHQEW L REKRERR WKH |
FRQVLVWYV RI ;4XHU\ VWDWHPHQWY 7KH IXQFWLRQ ERG)
IXQFWLRQV RU RWKHU H[WHQGHG IXQFWLRQV LPSOHPHQW

GHFODUH IXQFWLRQ XORFFDIRQ QDPH AYDULDB®HQSRWH
DVRXWSXW

IXQFWLRQ ERG\

JLIXUH $ VWUXFWXUH RI D XVHU GHILQHG IXQ|

,Q WKH IROORZLQJ ZH SUHVHQW HDFK RI WKH H[WUD ;
GHFODUDWLRQ RI WKHVH IXQFWLRQV ZLWK WKHLU UHVSHI

, JHW7UDQVLWLRQLQG6WDWH

GHFODUH IXQFWLRQHWRFDDQVLWLRQLQBWRWHP
J)LIXUH JHW7UDQVLWLRQLQ6WDWH IXQFWLRC

7KHHI7UDP LWDREFIVDBRMD WEHQWLILHY WKH VHW RI WUDQ
GLDJUDP )LJIXUH 7KH IXQFWLRQ GRHVY QRW WDNH DQ
D VHTXHQFH RI RQH RU PRUH WUDQVLWLRQV WKDW D
80/ 7TUDQVLWLRQ HOHPHQWY LQ D VWDWHFKDUW GLDJU
DSSHDUV DV LWHP LQ ;4XHU\ )RU LQVWDQFH DFFRUGL
GLDJUDP VKRZQ LQ )LJXUH WKH JHW7UDQVLWLRQLQ

WUDQVLWLRQY W U'MQEDMNWVDRYAEL RQL R Q

6HIBHWDRDIQ®MY VSHFLILFDWLR®,



&+$37(5 75$8&($%,/,7< )58$0(:25.

J)LIXUH ((WUDFW RI D VWDWHFKDUW GLDJU

JHW6WDWHLQG6WDWH

GHFODUH IXQFWLRQJHODREWOWHLQ6WWDMH/ LWLRQ DV QRGH
DV LWHP

J)LIXUH JHWG6WDWHLQ6WDWH IXQFWLRQ

7KBHW6 WDMWBE@EAWRDQWHHQWLILHY WKH VWDWH RI D WUD
)LIXUH 7KH IXQFWLRQ WDNHV D WUDQVLWLRQ DV
GRFXPHQW DV DQ 80/ 7TUDQVLWLRQ HOHPHQW DQG UHMW
80/ 6LPSOH6WDWH HOHPHQW RI WKH WUDQVLWLRQ 7KH
LWHP4 LQ :;4XHU\ $FFRUGLQJ WR WKH SUHYLRXV HJI
JHW6WDIWBE®@E\RQWRDRWEU B ®XUWVROW D W H

JHWOHVVDJIJHLQG6HT

GHFODUH IXQFWLRQHHWEBOVDIHL@WTWHP

J)LIXUH JHW7UDQVLWLRQLQ6WDWH IXQFWL

TKAHWOHVVIDKIHAWERIG LGHQWLILHY WKH VHW RI PHVVDJ
JLIXUH 7TKH IXQFWLRQ WDNHVY QR LQSXW SDUDPHW
RU PRUH PHVVDJHV DSSHDULQJ LQ DQ ;0, GRFEXPHQW D
VHTXHQFH GLDJUDP 7KH UHVXOW RI WKLV IXQFWLRQ
$FFRUGLQJ WR DQ H[DPSOH RI D VHTXHQFH GLDJUI
JHWOHVVDJIJHLQG6HT IXQFWLRQ UHWXU®@VPBVVBWH RI PHV!
PHVVDJH U"



(IWHQGHG )XQFWLRQV

,9 JHW2EMHFWLQG6HT

GHFODUH IXQFWLRQJIOWRFEFODMHFWLQBERN DV QRGH DV
LWHP
J)LIXUH JHW2EMHFWLQG6HT IXQFWLRQ

TKBHW2 EMHRWFWIGHTI LGHQWLILHY WKH REMHFW WKDW UHF
GLDJUDP )LJXUH ,Q JHQHUDO D PHVVDJH LQ D VHT?
FRPPXQLFDWLRQ EHWZHHQ WZR REMHFWVY 7KH IXQFWLR
SDUDPHWHU DSSHDULQJ LQ DQ ;0, GRFXPHQW DV DQ 80/
WKH REMHFW DSSHDULQJ LQ WKH ;0, GRFXPHQW DV DC(
UHFHLYHVY WKH PHVVDJH 7KH UHVXOW RI WKLV IXQFWLTF
$FFRUGLQJ WR WKH H[DPSOH LQ )LJXUH WKH JHW2I
REMHRW WKH 80/ 2EMHFW HEBFNHQQS X VW S PUHVFNBDWH U

9 JHW&ODVVZ2EMHFWLQG6HT

GHFODUH IXQFWLRQJHDWR&ODVV2EMHFWEQ&HHEW DV QRGH
DV LWHP

J)LIXUH JHW&ODVV2EMHFWLQG6HT IXQFWLRQ

TKHHW&ODVV2ZEQMHAWMWLQ@ 6IHGTHQWLILHY WKH FODVV RI DQ

GLDJUDP )LJIXUH 7TKH IXQFWLRQ WDNHYV DQ REMHFV
UHWXUQV LWV FODVV DV DSSHDULQJ DV LWHP4 LQ ;4XHL
J)LIXUH WKH JHW&ODVV2EMHEW VQLEMT XML GIOW IDRPG! WVHDUN H

UHWXUQY DF'OWKWH 80/ &ODVV HOHPHQW ZKHUHE\ WKH REM
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9, JHW&ODVVLQ&ODVYV

GHFODUH IXQFWLRQJHOWR&ODVVLQ&®IIDVMWDP DV [V VWULQJ
DV LWHP

J)LIXUH JHW&ODVVLQ&ODVV IXQFWLRQ

7KHHW&ODVXQBOWORYVLGHQWLILHY FODVVHV LQ D FODVYV
IXQFWLRQ WDNHV DV LQSXW SDUDPHWHU WKH QDPH RI
FODVVHV LQ WKH GLDJUDP DSSHDULQJ DV 80/ &0DVV
IXQFWLRQ DSSHDUV DV LWHP4 LQ ;4XHU\ )RU LQVWDQF
FODVV GLDJUDP VKRZQJH® & DDA EOWORGMIHWXUQV D \
FODVVHV&2 PERDNIU BV W

9,, JHW3DUHQW)HDWXUH

GHFODUH IXQFWLRQ HKOWFDWHQW)HIPFWXWEH DV [V VWULQJ DV
LWHP

J)LIXUH JHW3DUHQW)HDWXUH IXQFWLRQ

7TKAHW3DUHKXXWAWMMVRQOUHGHQWLILHY WKH SDUHQW IHDWX!
PRGHO )LJXUH 7TKH IXQFWLRQ WDNHV DV LQSXW D
QDPH RI LWV SDUHQW IHDWXUH LI DYDLODEOH 7KH RX\
ZRUGYV ZLWK SDUW RI VSHHFK WDJV DV LWHP4 LQ ;4XH
VKRZV DQ H[WUDFW RI D IHDWXU®GKBPRGMH G D UPPOWK H HID YuxU
DQG FKLOGWIDLGHBDWXRYHUP KBVWOXQURWKHU FKLOG IHDWX



(IWHQGHG )XQFWLRQV

KDV FKLOGUHONIHHOXWKWY IXQGEWORY KWWY ILHODOXXWBHDUDPH!
LW UHWXUQ VU@ D WXKUH SOPWAH W QHDW XUH RI IHDWXUH

9,,, JHW&KLOGUHQ)HDWXUH

GHFODUH IXQFWLRQHW&EBRIOOGUHQ)H®PMNIHUHN DV [V VWULQJ
DV LWHP

J)LIXUH JHW&KLOGUHQ)HDWXUH IXQFWLRQ

7KBHW&KLOGMBOW.RWXWEHQWLILHY WKH VHW Rl FKLOGUH
IHDWXUH PRGHO )LJXUH 7KH IXQFWLRQ WDNHV D
SDUDPHWHU DQG UHWXUQV WKH VHTXHQFH RI FKLOGUHQ
LI DYDLODEOH 7KH RXWSXW RI WKH IHDWXUH LV D VHTX
WDJV $FFRUGLQJ WR WKH SUHY LIRIXWS K O BEBN ) HIKW QU H
IHDWXUBDQDPWY LQSXW SDUDPHWHU LW UHWKUQV WKH \
D QIG

,; JHW)HDWXUHRI6XEV\VWHP

GHFODUHXQFWLRQ@RFDIXHW)HDWXUHRI6XEVXWMHPWHDYV
[VVWULQJ DV LWHP

JLIXUH JHW)HDWXUHRI6XEV\VWHP IXQFWLRQ

7TKBHW)HDW X UIKRRIBWER QY WEBHIRQWLILHYV WKH VHW RI1 IHDWXL
LQ D VXEV\VWHP PRGHO )LJXUH 7TKH IXQFWLRQ WDNF
RI D VXEV\VWHP DQG UHWXUQV D VHTXHQFH RI RQH RU P
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'4XHU\ LI DYDLODEOH $Q H[DPSOH RI WKH XVH RI Wi
FRQVLGHULQJ )LIXUH JHW:)KHDQV XX & BRWORKEVAWWPR P QDP F
OHVVDLWQUHW X @8 WIKEBWXDH V

; JHW2SHUDWLRQLQG6HT

GHFODUH IXQFWLRQHOWEDPHOUDW LR Q IDY6 HWHP

JLIXUH JHW2SHUDWLRQLQ6HT IXQFWLRQ

7KBHW2SHUDYWQRWLRGHTGHQWLILHY WKH VHW RI RSHUDW
)LIXUH 7KH IXQFWLRQ GRHVY QRW WDNH DQ\ LQS)
RSHUDWLRQV DSSHDULQJ LQ ;0, GRFXPHQW DV 80/ 2S
GLDJUDP 7KH UHVXOW RI WKLV IXQFWLRQ DSSHDUV DV
WKH XVH RI WKLV IXQFWLRQ LV LOOXVWUDWHG E\ FRQ
JHW 2 S HU W WRKYIQY6 RIB Bl U DG DA/

;, JHW2SHUDWLRQLQ&ODVV

GHFODUH IXQFWLRQIJHKOWEFPHOUDWLRQLQ&O®DWY DV QRGH
DV LWHP

J)LIXUH JHW2SHUDWLRQLQ&ODVYV IXQFWLRC

7KHBHW2SHUD WIQRFAMWLIREO DBWQWLILHY WKH VHW RI RSHUD
GLDJUDP )LJXUH 7KH IXQFWLRQ WDNHV D FODVV D
D VHW RI RSHUDWLRQV RI WKH FODVV DV LWHP4 LQ ;4Xl|
IXQFWLRQ LV LOOXVWUDWHG E\ FRQWVGHHWIW)ILRRUD &
KDV RODQWG UHWXUQS RSHUDWLRQ

v, JHWO6WDWHRI2ZSHUDWLRQLQG6WDWH

GHFODUH IXQFWLRG@JBRBWODWHRI2 D W L RREIHQGDN\DLVR K DV
H

SHU
QRG DV LWHP

J)LIXUH JHW6WDWHRI2ZSHUDWLRQLQG6WDWH |



(IWHQGHG )XQFWLRQV

TKBBHW6WDWHRI12%3€ BWWRQ QICHQWILWIEHY WKH VWDWH LQ D
UHFHLYHY DQ HYHQW ZKHQ WKH HYHQW UHSUHVHQWYV I
IXQFWLRQ WDNHVY DQ RSHUDWLRQ DSSHDULQJ LQ ;0, GR
HOHPHQW DQG UHWXUQV D VHTXHQFH RI RQH RU P
80/ 6LPSOH6WDWH HOHPHQWY LQ VWDWHFKDUW GLDJUDF
SDUWLFXODU RSHUDWLRQ QDPH 7KH UHVXOW RI WKLV 1X(

7wy, JHW3DUHQWRIODULDQW)HDWXUHYV

GHFODUH IXQFWLRQ JHORFDWHQWRIOIDULDQWRRBBW XDWYV
QRGH WZR DV QRGH DV LWHP
J)LIXUH JHW3DUHQWRI9SDULDQW)HDWXUHV IXQI

7TKHBHW3DUHQWR I XAFWLLIDRO KW@ WU HIVHY WKH SDUHQW [HELC
WKDW DUH HLWKHU DOWHUQDWLYH RU RSWLRQDO IHDWXlL
IXQFWLRQ WDNHV DV LQSXW SDUDPHWHUV WKH QDPHV R
UHSUHVHQWLQJ WKH SDUHQW IHDWXUH LQ D IHDWXUH PR
IHDWXUHY DUH DOWHUQDWLYH RU RSWLRQDO IHDWXUHYV
$FFRUGLQJ WR WKH H[DPSOH LQHW3IRPUH QWR HKRE Q LIDX@QW WH.
DOWHUQD WIDYNDW RWXUIHYS XW SDUDPHWHUV LW UHWXUQV

;7,9 JHW3DUHQWRIODULDQW&ODVVHYV

GHFODUH IXQFWLRQ JHOWRFDWHQWRIIDULD QWREMD V VIHW
[V VWULQJ WZR DV [V VWULQJ DV
LWHP

J)LIXUH JHW3DUHQWRISDULDQW&ODVVHV IXQF

7TKBHWODUHQWRIXQB WLRQWEEHOMMWHNHY WKH JHQHUDOL]JHC
WZR FODVVHV WKDW DUH VSHFLDOL]JHG VXEFODVYV )LIXL
SDUDPHWHUV WKH QDPHV RI WZR FODVVHV DQG UHWXUQV
FODVV LQ D FODVYVY GLDJUDP DV LWHP4 LQ ;4XHU\ LI DYD!
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WKH IXQFWLRQ JHW3DUHQWRIOSDULD GWQHBVD/HE KDV Wi
UHWXU@Y FODVYV

;9 JHW3DUHQW&ODVYV

GHFODUH IXQFWLRQJHOWFDWH QW &BKOL\OMG DV [V VWULQJ DV
LWHP

J)LIXUH JHW3DUHQW&ODVYV IXQFWLRQ

7TKHHW3DUHQWWILIRVQYY LGHQWLILHVY WKH JHQHUDOL]HG F
GLDJUDP )LJIXUH 7TKH IXQFWLRQ WDNHV DV LQSXW
DQG UHWXUQV D QRGH UHSUHVHQWLQJ WKH JHQHUDOL]!I
;4XHU\ LI DYDLODEOH $FFRUGLQJ WR WKH H[DPSOH

JHW3DUHQW&ODVY KOWPBHIQWERHGFRM FODVYV

79, JHW&ODVV,'

GHFODUH IXQFWLRQ JIODR&ODV\QDPH DV [V VWULQJ DV
[V VWULQJ

J)LIXUH JHW&ODVV," IXQFWLRQ

7TKBHW& OIXQ¥VFWLRQ LGHQWLILHY WKH LGHQWLILHU RI D F
7KH IXQFWLRQ WDNHV DV LQSXW SDUDPHWHU WKH
UHSUHVHQWLQJ WKH LGHQWLILHU ," RI WKH FODVV

)XQFWLRQV ,Q -DYD

$V PHQWLRQHG WKH H[WHQGHG IXQFWLRQV LPSOHPHQ
IXQFWLRQV WKDW PDQLSXODWH ZLWK WH[WXDO DVSHFW
WKHVH IXQFWLRQV WDFNOH VSHFLILF VWULQJ PDQLSXOEL
EHWZHHQ ZRUGV LQ D VHQWHQFH RU SDUDJUDSK DQG F

*HQHUDOO\ D MDYD IXQFWLRQ LV VSHFLILHG DV SDUW
LPSOHPHQWHG WZR SDFNDVHM QIQRDA OF R QVIDNLMM X Q F

u\v



(IWHQGHG )XQFWLRQV

ILQG6\QR@GP SDENDWID Q AMHKORQ WER W DER Y W BREW,IQROWW D QF
VWULQJ1R65DEKHPHMRVIDAAH& RDGMRIDWVLRQ RI D MDYD |
VKRZQ LQ )LJIXUH $V VKRZQ LQ WKH ILIXUH WKH M
QDPHD®WMFEWWULEXWHG WR D YDULDEOH QDPHVSDFH

GHFODUH QDPHVBDEBEOH QDPHVMD¥EEDFNDJH FODVYV

J)LIXUH WKH GHFODUDWLRQ RI D QDPHVSDFH UHIHUUL
SDFNDJH

&DOOLQJ D IXQFWLRQ FDQ EH DSSHDUHG LQ WKH VHFRQG
WUDFHDELOLW\ UXOHV DV VKRZQ LQ )LJXUH W FRQW
LV XVHG DV D SUHIL[ IRU HIWUD IXQFWLRQV IROORZHG E
DQG D SDUDPHWHU V LI UHTXLUHG 7KH WHPSODWH R
LPSOHPHQWHG LQ MDYD LV VKRZQ LQ EHORZ ILJXUH

YDULDEOH QDPHVSDFH IXQFWLRQ QDPH"EVDQERWOH QDPH
DVRXWSXW

J)LIXUH &DOOLQJ DQ HIWHQGHG IXQFWLRQ LPSOH

&EXUUHQWO\ ZH KDYH GHYHORSHG ILYH MDYD IXQFWLRC
IROORZLQJ WKH GHVFULSWLRQ RI WKH MDYD IXQFWLRQ'
FDOOHG LQ ;4XHU\ VWDWHPHQWY DQG WKH VLIJQDWXUH
FRPSOHWH FRGHV RI WKHVH IXQFWLRQV DUH GHVFULEHG

, FRQWDLQV,Q'LVWDQFH

7TKHFRQWDLQVXWEWWRQFHY D %RROHDQ IXQFWLRQ WKDW
FRQWDLQV FHUWDLQ ZRUGY RU WKHLU V\QRQ\PV DW DQ
WKHLU SDUW Rl VSHHFK 7KH WH[W PD\ EH SDUDJUDSK |
ZLWK 326 ;0/ WDJV $Q DSSURSULDWH GLVWDQFH PHDQ
DSSHDULQJ LQ WKH VDPH VHQWHQFH $V VKRZQ LQ 7DEO
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IXQFWLRQ ZLWK GLIITHUHQW W\SHV DQG QXPEHUV WZR F
SDUDPHWHUV RADWQUE ZWIRUGV\WSWH PDQ\ ZRUGV LQ D WH[W W

LQ ;4XHU\ ODQJXDDHODV\DMWWWUX RO SDUDJUDSK ZLWK 3¢
ZKLFK DSSHDUV DV D VHTXHQFH Rl ;0/ GHPHQWYV LQ D ;f

UHFRJQL]JHG LQ ;4XHU\ OD QJXRIEN{HDB WLH VWX D® FSHDQMD J U CDSK
326 ;0/ WDJV ZKLFK DSSHDUV DV D VHTXHQFH RI ;0/ QR

GRFXPHQW DQG LV UHFRJQL]JHG LQ ;TXHU\ ODQJXDJH DV

7DEOH 9 DRRLDWWLR @, RINQFWERQ ZLWK GLIIHUHQW SDUDI
" TXHU\ VWDWHPHQW  -DYD VLJQDWXUH
D U FRQWDLQV,Q'LVWDSXEO L E RRMDHDLF
ZRUBV QRGH4 FRQWDLQV,Q'LVWDQFH
PUGDV [V VWULQJ 2 E MZAHRAUNG V
ZRUBV [VLVWULQJ 6 W ZIRQG V
DV DV %RROHDQ 6 W ZLIRQUG V
E WRQWDLQV,Q'LVWDQBKEO L E RRDHDLF
PUGBV QRGH4 FRQWDLQV,Q'LVWDQFH
XIRUBV [V VWULQJ A2 E NZIREMS V
DV [V ERROHDQ 6 W ZLIRQUG V

F U FRQWDLQV,Q'LVWDOXEOLER
6ZRUBW®IOHPHQWA4 FRQWDLQV,Q'LVWDQFH

MR UIBW [V VWULQJ $U U D B R 6WW
DV [V ERROHDQ 6 W WIRQIG V

G FRQWDLQV,Q'LVWDQFI$XEO L FE RRDYWWLF
LYRD&VQRGH4 FRQWDLQV2,Q'LVWDQFH
_Q!RUBW QRGH4 A2 E NLIRFENG V
ZRUGV DV HOHPHQW4 2EMARNGYV
DV [VU%RROHDQ $UUDEZRVUWYV

H VFRQWDLQV,Q'LVWDQBMEOLER
PUGBYV QRGH4 FRQWDLQV2,Q'LVWDQFH
PUGDV QRGH4 A2 E NZIRFMG V
DV [V ERROHDQ 2 E MARAWG V

-pyD UUDNAd/dsWW e WR UHSUHVHQW D VHTXHQFH RI DQ :0/ QRGH RU DQ ;0/ HOHPH
VHH GHWDLOV LQ : & :4XHU\

-DYBEMWHIsWoLHG WR UHSUHVHQW DQ ;:0/ QRGH RU DQ :0/ HOHPHQW

VHH GHWDLOV LQ : & ;4XHU\



([ WHQGHG )XQFWLRQV

., IPGB6\QRQ\P4

7TKHQG6\QR@FEWLRQ LGHQWLILHY D VHW RI VIQRQ\PV IRU L

WKLV IXQFWLRQ WDND ZRUG DV DQ LQSXW SDUDPHWH
D VHW RI VIQRQ\PV UHSUHVHQWHG DV DUUD\/LVW LQ -D
VIQRQ\PV 7KH VIQRQ\PV DUH LGHQWLILHG EDVHG RQ :RU(

7DEOH $ OD\RXW IRQAWIGEOQRQ\P
4XHU\ VWDWHPHQW -DYD VLJQDWXUH

VIL Q@ BRQ ZR DS SXEOLB UWDWLFW
[V VWULQJ DV HOHPHQMXG 6\QR WUIWQD QS XW

yw VWULQJIJQRVSDFHA4

TKNWULQIRRNVEDRE UHWXUQV D VWULQJ ZLWKRXW ZKLWH
WKH IXQFWLRQ WDNHYV D VHTXHQFH RI ZRUGV DV LW\
VWULQJ ZLWK WKH FRQFDWHQDWLRQ RI WKHVH ZRUGYV ZL!

7TDEOH $ OD\RXWIRQFWURQJIJQRVSDFH
;4AXHU\ VWDWHPHQW ODYD VLIQDWXUH

UYVWULQBQ@RWSDYFH SXEOLFRBWWIDWLF
[V VWULQJ DV [V VWUVYQU L QJQRNS DEH

9 VHWRI

TKWHWRIFWLRQ UHWXUQVY D VHW RI ZRUGV FRPSRVHG E\
VKRZQ LQ 7DEOH WKH IXQFWLRQ WDNHV IRXU SDUDPH
FRPSRVHG DUUD\ OLVW
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7TDEOH $ O-DAMRIQWWRLR Q
;4XHU\ VWDWHPHQW -DYD VLIQDWXUH
AMWHWRDWWHOHPHQW SXEOLB WWD WV
tU DV HOHPHQW VHWRI*$WUD\ MVW
6UL DV HOHPHQW4 $UUDV MV W
tVDV HOHPHQW $UUDWV MV W
DV LWHP4 $UUDWV MV W

9 FKHFEN'LVWDQFH&RQWURO

7KHFKHFEN'LVW DXQFH&IRRQV UR @D %RROHDQ IXQFWLRQ WKDYV
VIQRQ\PV Rl WZR ZRUGV DUH DVVRFLDWHG LQ D WH[WXEC
SDUDJUDSK FRQWDLQV WZR ZRUGV RU RQHV RI WKHLU \
ZRUGV PXVW DSSHDU LQ WKH VDPH VHQWHQFH LQ WKH
LQSXW SDUDPHWHUV D WH[W DQG WZR VHWV RI V\QRQ
FRQWDLQV VRPH RI WKH ZRUGV LQ WKH WZR VHWV RI V\
$V VKRZQ LQ 7DEOH WKH IXQFWLRQ WDNHV WKUHH L
VWULQJ LQ -DYD DQG DOVR UHFRJQL]JHG DV [V VWULQJ L
DUH DUUD\/LVW LQ -DYD DQG [PO HOHPHQWYV LQ ;4XHU\

7TDEOH $ ODARNX YW R D Q F HEREW/ILR Q
;4XHU\ VWDWHPHQW -DYD VLIQDWXUH

VFKHFN'LVWDQFH&RQWUBRE O L FE R/RUDHDLF

® R QJVW MWDIWULQJ FKHFN'LVWDQFH&RQWURO
VL DV HOHPHQW 6WUHQBULSWLRQ

V DV HOHPHQW DV [V$ERRIDVHDWD W MV W

6 XPPDU\

7KLV FKDSWHU KDV SUHVHQWHG WKH WUDFHDELOLW\

JHQHUDWLRQ LQ SURGXFW IDPLO\ VI\VWHPV W DOVR

GLITHUHQW W\SHV RI WUDFHDELOLW\ UXOHV ,Q DGGLW|
HIWUD IXQFWLRQV WKDW ZH KDYH LPSOHPHQWHG



&KDSWHU

, /TUD4XH 7RRO

7KLV FKDSWHU SUHVHQWYV7WKIH BH¥R W RAH KHD YWHR RS BHE® G
WR GHPRQVWUDWH DQG HYDOXDWH RXU ZRUN W DLPV W
FDQ IDFLOLWDWH WKH WUDFHDELOLW\ DFWLYLW\ E\ JHQH
WKH WUDFHDELOLW\ UHIHUHQFH PRGHO LQ &KDSWHU 6 H

IXQFWLRQDOLWLHYV RI WKH ;7UD4XH WRRO G6HFWLRQ S
6HFWLRQ VXPPDULVHV WKH FKDSWHU
2YHUYLHZ

,Q RUGHU WR HYDOXDWH DQG GHPRQVWUDWH RXU DSS
SURWRW\SH WRRO FDOOHG ;7UD4XH :H HQYLVDJH WKH
SODWIRUP IRU DXWRPDWLF JHQHUDWLRQ RI WUDFHDELOL
IDPLO\ VI\VWHP GHYHORSPHQW 7KH WRRO KDV EHHQ LPSC
WR HYDOXDWH ;4XHU\ VWDWHPHQWY 7KH H[WUD IXQFWLI
GHVFULEHG LQ 6HFWLRQ KDYH DOVR EHHQ LPSOHPHQ

)LIXUH LOOXVWUDWHY WKH DUFKLWHFWXUH RI ;7UD4X
VHYHQ FRPSRQHQWY QDPHO\

D;7UD4XH ,OMKHVIBRASRQHQW SURYLGHV WKH XVHU LQ\
LQWHUDFW ZLWK WKH WRRO UDQJLQJ IURP WKH W\SH
WKH W\SHV RI UHODWLRQV DQG IDPLO\ Rl SURGXFWYV

E'RFXPHQW37&HWY WRPLSIRIQHQW LGHQWLILHY D VHW R1 Ut
EH WUDFHG EDVHG RQ7WHKHXHQ DRI B & P QWK H
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F5XOH 7HPSODWHKILYGHRPMBIRQHQW LGHQWLILHY D VHW
WHPSODWHY WKDW DUH UHODWHG WR WKH GRFXPHC
RQ LQSXWNVUWRXW K i@ R/AMHSR Q FIiQ W

G7UDFHDELOLW)\ 75X .0H FRPLSRRMH QW YHULILHV ;4XHU\
WUDFHDELOLW\ UXOH WHPSODWHY DQG GLVSOD\V W

H5X H ,QVWDRMWLFRRSRQHQW FUHDWHV D VHW RI LQ"
UXOHV E\ UHSODFLQJ WKH SODFHKROGHUV RI WKH
WUDFHDELOLW\ UXOH WHPSODWHY ZLWK WKH QDPH
7KH LGHQWLILHG WUDFHDELOLW\ UXOH WHPSODWH\
DUH GHULYHG5XORP 7 WKS$IO D IVOIGR, BX-PHVQIWL HGH QWL I L
UHVSHFWLYHO\

| 7UDFHDELOLW)\ 5RAIOIDWERBPSRHOHUM WRQHUDWHY WUDF
E\ HIHFXWLQJ WKH WUDF H B K DG®IL YO\V WXDMHL B WHRJW H G

J7UDFHDELOLW\ 5H@DWLRRP SRONGBWYWHUFRUGY DQG
WUDFHDELOLW)\ UHO YW DR @& B EJIHIQLNWU DSMID® \E L RAK HH Q H

$FFRUGLQJ WR )LJXWDMUXH ,@RARSRHQW LV UHVSRQVLI
FRPPXQLFDWLRQ ZLWK D XVHU IRU D VSHFLI\LQJ WKH
DQG E HQWHULQJ D QHZ WUDFHDELOLW\ UXOH WR EH
'REXPHQW FBP®RQHIONI LGHQWLILHV D ¥¥XOWH RIHB R ORMHQ
,GHQWGH®WLILHY D VHW RI WUDFHDELOLW\ UXOH WHP
GHULYHG jUBP4WKH GWRSIRDHGWO H K B VRRPE\WR QDY RU L V

UHVSRQVLEOH IRU FUHDWLQJ D VHW RI LQVWDQWLDWHG
IRU WKH GRFXPHQWV REXPOMQW. AFGABRQMHMW LQ WKH U
WHPSODWHV L GKQW LT HRPG CHRRWHS REH@WDIRTHKME LOL W\ 5HOD
*HQHFRWRRQHQW LV UHVSRQVLEOH IRU L H[HFXWLQJ W
WKHXOH ,QV ARBRICCHORW DQG H[WUD IXQFWLRQV XVHG
JHQHUDWLQJ WUDFHDELOLW\ UHODWLR QWM B FMIZEHHIL WK
5HODWLRQF BUSRGIPOWMAULY UHVSRQVLEOH IRU UHFRUGLC
UHODWLRQV FUPDBPWBELEL WKBHEREBRQRQW H@H WD VBERE X P HC
+RZHYHU FRQVLGRAHUD&EDDH L 6 L MR RSBFROHH QG W R WHVSRQVL



2YHUYLHZ

L YHULI\LQJ ;4XHU\ VWDWHPHQWY LQ WUDFHDELOLW\
; 7UD4XH QGRWMHIRDHKW DQG LL GLVSOD\LQJ LWV UHVXOW\

J)LIXUH 7KH $UFKLWHFWXUH RI1 ;7UD4XH 7RRO

7KH YDULRXV FRPSRQHQWYVY RI WKH ;7UD4XH WRROV VXS

7TKHVH IXQFWLRQDOLWLHY LQFOXGH
L7UDFHDELOZWNFEKHOWHFWRODFRIUQHG ZLWK WKH VSHFLILFD
WR EH WUDFHG DQG WKH W\SHV RI UHODWLRQV WR EH
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LZAUDFHDELO AL RMUHVWERQFHUQHG ZLWK WKH JHQHU
LQGLUHFW WUDFHDELOLW\ UHODWLRQV EDVHG RQ WK
LIMUDFHDELOZMMAFXUHY HFRWHRHUQHG ZLWK WKH UHFRUGL
Rl WKH WUDFHDELOLW\ UHODWLRQV JHQHUDWHG LQ
LYUDFH 5X@HLFEKWRWFRQFHUQHG ZLWK WKH YLVXDOL]L
WUDFHDELOLW\ UXOHYV
,Q WKH IROORZLQJ ZH H[SODLQ WKHVH IXQFWLRQDOLWL

, TUDFHDELOLW\ 6HOHFWLRQ

,Q RUGHU WR VXSSRUW WKLV IXQFWLRQDOLW\ WKH WRR
LQ ZKLFK D XVHU FDQ VHOHFW WR HVWDEOLVK WUDFHD!
RI GRFXPHQWY $FFRUGLQJ WR WKH WUDFHDELOLW\ UH
OHYHOV RI GRFXPHQUWRG XDRINHD@ESARHGOXHFYW @ BREHU OHY H (
VSHFLILFDOO\ WKLV IXQFWLRQDOLW\ DOORZV WKH XVHU

D GRFXPHQWV RI WZR VSHFLILF SURGXFW PHPEHUYV

E GRFXPHQWV DW WKH OHYHO RI SURGXFW OLQH DC
DQG

F GRFXPHQWY DW WKH OHYHO RI SURGXFW OLQH DQC

&DVH D VXSSRUWV WKH JHQHUDWLRQ RI WUDFHDELOLW
GHVFULEHG LQ &KDSWHU &DVH E VXSSRUWV WKH JH
JURXSYV DQG &DVH F VXSSRUWV WKH JHQHUDW
JURXSYV

JRU DQ\ RI FDVHV D WR F DERYH WKH XVHU FDQ VH
UHODWHG WR WKH OHYHOV RI SURGXFW OLQH DQG SUI
GRFXPHQWYVY WR EH WUDFHG EDVHG RQ

f W\SH RI GRFXPHQWY HJ DOO XVH FDVHV FOD)
GLDJUDPV RI WKH SURGXFW PHPEHU OHYHO RU DO
DQG PRGXOH PRGHOV RI WKH SURGXFW OLQH OHYHC

Uit



2YHUYLHZ

¥ SDUWLFXODU GRFXPHQW QDPHV RU
¥ W\SHV RI WUDFHDELOLW\ UHODWLRQV

,Q WKLV ODWHVW FDVH WKH W\SHV RI GRFXPHQWV WR E
WKH GRFXPHQWYVY WKDW FDQ EH DVVRFLDWHG ZLWK D VSH
LPSOHWPHOQDWYLRQ PD\ H[LVW EHWZHHQ FODVYV GLDJUDP DQ
VHTXHQFH GLDJUDPV DQG IHDWXUH PRGHOV RU XVH FDV
IHDWXUH PRGHOV RU XVH FDVHV 7KHUHIRUH GRFXPHQW\
WKH SURGXFW OLQH OHYHO L H VXEV\VWHP SURFHVV

VHOHFWHG WR EH WUDFHG LQ WKLV FDVH ORUHRYHU Wtk
LPSOHUHFOODWLRQV EHWZHHQ GRFXPHQWYV WKDW KDYH EHH
UHODWLRQ W\SH HJ IHDWXUH PRGHO DQG XVH FDVH

,Q WKH FDVH WKDW WKH XVHU VHOHFWY WR WUDFH DOO (
WZR FDVHV DERYH W\SH RI GRFXPHQWY DQG SDUWLFXOD
DOORZV WKH XVHU WR VSHFLI\ WKH W\SHV Rl UHODWLRQV
WUDFH WKH GRFXPHQWYVY IRU DOO WUDFHDELOLW\ UHODW
6HFWLRQ ZH VKRZ XVHU LQWHUIDFHV IRU WKLV IXQFW
WKH LQWHUIDFHV LQ ZKLFK WKH WUDFHDELOLW\ XVHU KD
WUDFHG DQG WKH W\SHV RI WUDFHDELOLW\ UHODWLRQV

,, TUDFHDELOLW\ &UHDWLRQ

7KH JHQHUDWLRQ RI GLUHFW DQG LQGLUHFW WUDFHDEL
FRPSRQHQWV LQ ;7URBXPHOWRGHQWMLILHU 5XOH 7HPSOL
,QVWD @WQUTDWRUDELOLW\ 5HOD/WDRIF WH Q@ FWIDWWR D ELLHOHOW F W \
*HQHWMWRHVY GHVFULEHG LQ 6HFWLRQ )RU HDFK SD
LGHQWLILHY WUDFHDELOLW\ UXOH WHPSODWHY DVVRFLDYV
SODFHKROGHUV IRU WKH GRFXPHQW W\SHV LQ WKH UXOH
LQ ;0/ IRUPDW DQG LQGLUHFW UHODWLRQV EDVHG RQ WKF
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7KH WRRO DOVR DSSOLHV WKH H[WUD IXQFWLRQV LP:
ODQJXDJHV LI DSSOLFDEOH

6LQFH WKH ;7UD4XH WRRO DOORZV D XVHU WR VHOHFW
IDPLO\ VA\VWHPV RU VSHFLILF GRFXPHQWY WKH WRRO F
GLITHUHQW OHYHOV RI JUDQXODULW\ QDPHO\
¥ DW WKH OHYHO RI WZR SURGXFW PHPEHUYV
¥ DW WKH OHYHO RI SURGXFW OLQH DQG SURGXFW PF
¥ DW WKH OHYHO RI SDUWLFXODU GRFXPHQWYV LQ WK
¥ DW WKH OHYHO RI SDUWLFXODU GRFXPHQWYV LQ SUI

.., (UDFHDELOLW\ 3UHVHQWHU

7KH JHQHUDWHG WUDFHDELOLW\ UHODWLRQV DUH UH
GRFXPHQWY ORUHRYHU WKH ;7UD4XH WRRO DOVR NHHS
E\ VSHFLILF ORJ ILOHVY UHSUHVHQWHG DV ;0/ GRFXPHQW"

,9 7TUDFHDELOLW\ 5XOH (GLWRU

7KH ;7UD4XH WRRO DOORZV IRU WKH FUHDWLRQ RI Q
HIHFXWLRQ RI WKHVH UXOHV LQ RUGHU WR YHULI\ WKHI
UXOHV LQ WKH VHW RI WUDFHDELOLW\ UXOH WHPSODW
WUDFHDELOLW\ XVHU LV VDWLVILHG ZLWK D QHZ UXOL
GRFXPHQW FRQWDLQLQJ DOO WKH WUDFHDELOLW\ UXOF
XVHU LQWHUIDFH IRU WKLV IXQFWLRQDOLW\ DQG DQ HJ
FDVH LQ ZKLFK WKH XVHU KDV FUHDWHG D QHZ UXOH DQ

8VHU ,QWHUIDFHYV

7KLY VHFWLRQ LOOXVWUDWHY WKH XVHU LQWHUIDFHV R
XVHU FDQ H[HFXWH WKH YDULRXV DFWLYLWLHV VXSSRUYV
WKH WRRO E\JLYLQJ H[DPSOHVY EDVHG RQ WKH PRELOH



8VHU ,QWHUIDFHYV

6SHFLI\LQJ WKH 6FRSH RI 7UDFHDELOLW\ *H

$V VKRZQ LQ )LIXUH WKLV LQWHU ID/RMD AHXCEESIROUWN W
6HOHFKMMH RQWHUIDFH FRQVLVWY RI WKUHH PDLQ SDUWYV
D D SDQHO UHSUHVHQWLQJ D SURGXFW IDPLO\ ZLWK |
WKLV FDVH D PRELOH SKRQH IDPLO\ ZLWK WKUHH £
30 DQG 30

E D SDQHO FRQVLVWLQJ RI WKUHH PHQXV RI RSWLRQ
WUDFHDELOLW\ DFWLYLW\ DQG

F D FRPPDQG EXWWRQ "*Rp IRU PRYLQJ WR WKH QHI[V

7KH SEQWARU VSHFLI\LQJ WKH VFRSH RI WUDFHDELOLW\ .
WUDFHDELOLW\ UHIHUHQFH PRGHO WKH SURGXFW IDPLC
SURGXFW OLQH DQG SURGXFW PHPEHU

¥ 7KH ILUVW PHQX RI RSWLRQV LQ WKHBWRHKOQLY IRU
SURGXFWPHWEHHY SURGXFW OVE@H DPDIQEBHW RGXFW PHF

¥ 7KH RWKHU WZR PHQXV RI RSWLRQV DUH IRU VSHFL
PHPEHUV WR EH WUDFHG VHH )LJXUH
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7KH YDULRXV RSWDRQWRAWQ EDMWVQUHDFHDELOLWN XVHU WR \
WUDFHDELOLW\ L EHWZHHQ RQH SURGXFW OLQH DQG R
SURGXFW OLQH DQG WZR SURGXFW PHPEHUV RU LLL EI

$V VKRZQ LQ )LJIXUH WKH XVHU ILUVWO\ FRQVLGHUYV
JHQHUDWH WUDFHDELOLW\ UHODWLRQV EHWZHHQ GRFXI
WZR SURGXFW PHPEHUV G6HFRQGO\ WKH XVHU VSHFLILI
PRGHOOEERGHO7TKHQ WKH XVHU VHOHFWYVY WR PRYH WR W

J)LIXUH ([IDPSOH LQWHUIDFH GHPRQVWUDWLQJ VSHFLI'
JHQHUDWLRQ EHWZHHQ GRFXPHQWY DW WKH OHYHOV RI
PHPEHRRGHO 3DQPERGHO 30

6SHFLI\LQJ 7\SHV RI 'RFXPHQWY DQG 5HOL

$V VKRZQ LQ )LIXUH WKLV LQWHUIDFH DEPHREVABWR L
6HOHFMWH RQWHUIDFH IROORZV IURP WKH LQWHUIDFH LQ
VSHFLI\ WKH W\SHV RI GRFXPHQWY DQG UHODWLRQVKLS
PDLQ SDUWYV



8VHU ,QWHUIDFHYV

D D SDQHO WKDW LV FRPSRVH G HRIX WKHMBHQBX EG $IIY Q H®
DUFKL\WHAWYXXYE SDQHO FRQWDLQV GLIIHUHQW LFRQV
W\SHV RI GRFXPHQWY RI| HDFKUBS RXHDHREHB@EQ WOSKDVH
FRQWPOLIQ\BRBID WX UHF PRGHHSUHVHQWLQJ GRFXPHQW
GXULQJ WKH DQD®NWXYESEKDYHTETHBRIOWOLRQYUDP VWDW!
GLDIDQ®AHTXHQFHFEBRDNJUBBUHVHQWLQJ GRFXPHQWV S
WKH GHVLJQ SKDVH RI WKB WSRKRSXEFVERORE HRQ W K HQ \
VXEV\VWHP PR GBQCRBKOFHPREMRGHDUHVHQWLQJI GRF X
SURGXFHG GXULQJ WKH GHVLJQ SKDVH RI WKH SURG
WKH LFRQV UHSUHVHQWLQJ WKH YDULRXV GRFXPHQW:

E D OLVW WKDW VKRZV QLQH W\SHV Rl WUDFHDELOI
DSSURDFK 7KLV DOORZV WKH WUDFHDELOLW\ XVHU \
W\SHV WR EH JHQHUDWHG

F D SDQHO WKDW VKRZV WKH VHOHFWHG GRFXPHQWYV

G D SDQHO ZLWK WZR EXWWRQV “*Rp DQG "7TUDFH $0C
QH[W LQWHUIDFH RU H[HFXWHV WKH WUDFHDELOLW
GRFXPHQWY DQG UHODWLRQV UHVSHFWLYHO\
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)LIXUH $Q ;7UD4XH LQWHUIDFH IRU VSHFLI\LQJ W\SHV
UHODWLRQVKLSYV DFFRUGLQJ WR WUDFLQJ EHWZHHQ WKI
PHPEHUV

7KH LQIRUPDWLRQ D\KHRIZMQGY RMQWE&®H VFRSH RI WUDFHD
WKDW WKH XVHU KDV VSHFLILHG LQ WKH SUHYLRXV LQV
H[DPSOH LQ )LJXUH WKH VFRSH RI WUDFHDELOLW\ J
SURGXFW OLQH DQG WPR GHGIZRIRWG PRI VLQ WKLV
FDVH BDQ#OUH VKRZV GRFXPHQWYV UG TXQOHWKQMWH
GHVRO FKLWHFWXUH

$V VKRZQ LQ )LIXUH WKMH H DDWHH 3/0 K LDKYHSID FBXQNH 3 0
PRGHQ VXEWHDTHOMPHQWRIQ@WY GLDJUDP 30 FODVV GL
VWDWHFKDUW GLDJUDP 300 VWDWHFKDQMWTEHDRFBIDP 3
GLDJUDR Q@OVXEGSDWIH@MG WKUWHEVFRWNP PRGEBQGSURFHYV
PRGXOH @ RVGHOVUFrEHWHFWXUH



8VHU ,QWHUIDFHV

7DEOH ,FRQV LQ SDQHO D
6XE SDQHO ,FRQ 'RFXPHQW YV
SHTXLUHPHQWYV g 4 8VH FDVH
8VH& H
SHTXLUHPHQWYV JHDWXUH PRGHO
VFLX&H O
'HVLJQ 5 &ODVV GLDJUDP
2XMLLUQ
'"HVLJIQ BHTXHQFH GLDJUDP

RXJXHUXH
'LDJUDP

'"HVLJQ Y o1 6WDWHFKDUW GLDJUDP

BWDWH &KDUW
8&7

$UFKLWHFWXUH I ORGXOH PRGHO
Y,RF8HORG(

$UFKLWHFWXUH 3URFHVY PRGHO
AWRFVVL ORUL
d FLS

$UFKLWHFWXUH 6 XEV\VWHP PRGHO

6 X ED\Y WHU
0XXO0

&RQVLGHU WKH VLWXDWLRQ LQ ZKLFK WKH VFRSH RI WUD
SURGXFW MPHRREEHIDEBRR GHO, 0 WKLYV FDVKRBY RO\ WZR
VXE SDUHTOXV DHBSH IV VKRZQ LQ )LIXUKVH FOUMKBOFRQV
XVH FDVH 30 FODVV GLDJUDP 30 FODVV GLDJUDP 30
GLDJUDP 30 VHTX HD@EHTEHDFHD B LIWIUDP 30
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P GLjOLVL

JLOH 2SWLRQV

5(48,5(0(716

8VH &DVH 8VH &DVH

6(/(&7(' $57,)$&76 5HODWLRQ 7\SH
VDWLVILDELOLW\
UHILQHPHQW
LPSOHPHQWYV
GHSHQGHQF\
HYROXDWLRQ
FRQWDLQPHQW
RYHUODS
VLPLODU
GLIIHUHQW %

J)LIXUH $Q ;7UD4XH LQWHUIDFH IRU VSHFLI\LQJ W\SHYV

UHODWLRQVKLSY DFFRUGLQJ WR WUDFRQHOEMMMBHHQ WZR
PRGHO 30

J)LIXUH LOOXVWUDWHY KRZ WR ZRUN ZLWK WKH LQWH!

$ )JLUVWO\ WKH XVHU VHOHFWV D W\SH RI GRFXPHQW
LQ SDQKQFK LV WKHQ GRLVSOD\HG LQ SDQHO

+ 6HFRQGO\ WKH XVHU VHOHFWV RQH RU PDQ\ UHOLI
SD@EHO

f 1H[W WKH XVHU HLWKHU VHOHFWV WKH "*Rp EXWW
WKH "7UDFH $00pu EXWWRQ WR H[HFXWH WKH JHQHU
DOO VHOHFWHG GRFXPHQWV DFFRUGLQJ WR WKH
GRFXPHQW W\SHVY DQG UHODWLRQVKLS W\SHV



8VHU ,QWHUIDFHYV

:CCCCCCCCC -3 LM
JLOH 2SWLRQV
5(485(0(716 (6,%1 $58&+,7(&78)W (
2 X
6XEV\VWHP
8VI&DVH 8VHREE &ODVV 'LDUREQVDWH &KDUW 0 xo08 3URFHVV ORGHO
‘LbijuoP  2DVV 'LDFUHP
6G-€FLeH
6WDWH &KDUWDJUDP
YL XUH (IDPSOH LQWHUIDFH GHPRQVWUDWLQJ VSHFLI\LQ

DUWLIDFWYVY DQG UHODWLRQVKLSYV

6SHFLI\LQJ SDUWLFXODU '"REXPHQWY DQG 5

$V VKRZQ LQ )LJIXUH WKLV LQWHUIDFUHDPBOVRLOYXBSRU
6HOHFPWIULRQORZV IURP WKH LQWHUIDFH LQ )LJXUH DQG
YLVXDOL]H VSHFLILF GRFXPHQWV RI WKH W\SHV VHOHFW
LOQOWHUIDFH FRQVLVWYV RI
D D SDQHO WKDW OLVWV WKH W\SHV RI GRFXPHQW)\
GREFXPHQWYV IURP WKH SUHYLRXV LQWHUIDFH )LJXUH
DUH FDWHSB R GPXHFEMBDRLEHF W HPYHRCEVWH U7 KH H[DPSOH LQ )I
VKRZV WKUHH OLVWYV SRIRGKEBWY @AM 7 IQHD PH O\
SURGXBEWWW®WLRBY WZR W\SHV RI GRFXPHQWYVY [IHDWXU
PRGHO 30K®LVW KDV WZR W\SHV RI GRFXPHQWYV X\
GLDJUDBO "TXKllWW KDV RQH W\SH RI GRFXPHQWYV XVH F
EHHQ WKH GRFXPHQWY VHOHFWHG LQ WKH SUHYLRXYV
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E D SDQHO WKDW GLVSOD\V OLVWV RI GRFXPHQW QD
LQ SDOQWROEH VHOHFWHG E\ WKH XVHU 7KH VHOHFWI
DUH WKHQ OLWWHG LQ D SDQHO

F D SDQHO WKDW GLVSOD\V WKH FRQWHQW RI D VHO

G D OLVW WKDW VKRZV QLQH W\SHV RI UHODWLRQV
VSHFLI\ WKH W\SHV Rl UHODWLRQVKLSVY WR EH JHQH

H D SDQHO WKDW VKRZVY VHOHFWHG GRFXPHQWV WR

| D SDQHO ZLWK WKUHH EXWWRQV QDPHO\ "7UDFH
ZKLFK DUH UHODWHG WR DFWLRQV IRU JHQHUDWLQJ
VHOHFWLRQ DQG VDYLQJ WKH VHOHFGRQ UHVSHFW

J)LIXUH $Q ;7UD4XH LQWHUIDFH IRU VSHFLI\LQJ SDUW
UHODWLRQVKLSY DFFRUGLQJ WR WKH VSHFLILHG FULWHULD

7KH H[DPSOH VKRZQ LQ )LJXUH IROORZV IURP WKH
HIDPSOH LQ )LJXUH 7KLV VKRZV WKH FDVH LQ ZK
GREXPHNQWWBORAHD VYV [RW BUIRG XF3W P XNEHHED \SHURG X FW

PHPE3WM I|HDW XDIMCPER/GHWIKIR P RMGKHHOSUHYLR XV LQWHUIDFI

VTT



8VHU ,QWHUIDFHYV

JLOH 2SWLRQV
7\SHV RI VRIWZDUH DUWHIDFWYV

w 2UWUFUUDUP
FODLV GLDJUDP & ORFDOWH[PI
,VWDWHFKDUW GLDJUDP 062&DFKH
VHTXHQFH GLDJUDP & O\5HVHDUFK

R & 1 *DJH

R & 30

va & 30

© & 30
/RRNXS IRU 30 + & 30

1RQH A GO3URTUDP ILOHV

©
LXUH FDLH iL& OODI;NFQDDOL;?HQPI M
FODVV GLDJUDP = OGZ&DFKH[
VWDWHFKDUW GLDJUjDS‘

P _, O\ 5HVHDUFK
VHTXHQFH LDJUDP R241 *DJIH

& 30,
& 30

VA& 30

/RRNXS IRU 30 R> 30

..La®*0 5URDUDQL ILDHV
1RQH Q

JLIXUH $Q ;7UD4XH LQWHUIDFH IRU VSHFLI\LQJ SDUWLF
UHODWLRQVKLSY DFFRUGLQJ WR WKH VSHFLILHG FULWHULD I

+RZHYHU )LJXUH VKRZVY WKH FDVH LQ ZKXWVK WKH XVH
FDVH FODVV GLDJDOWND/WH K KRB WURIGDXIFMDIFP B B EH U

XVH FDVH FODVV GLDQGDPW NHKDRHNY FE REDOA@ PRHP EH U
IURP WKH SUHYLRXV LQWHUIDFH VHH )LJXUH DQG )LJIX

J)LIXUH VKRZVY KRZ WR ZRUN ZLWK WKH LQWHUIDFH

f )LUVWO\ WKH XVHU VHOHFWYV D W\BHAKRIVGRRRPHQW

GLVSOD\V D OLVW RI GRFXPHQWY DFERUGLQJ WR WKF
f 6HFRQGO\ LI WKH XVHU VHOHFWYV D SEPWWHFXODU GF

FROWHQW RI WKH GRFXPHQW DLYGCGWKKIK FRRXBHDQY 3L
OLVWHGHLQHS&DYXRH®UH

$ 7KLUGO\ WKH XVHU VSHFLILHV WKH W\SHV RI
SDQHO

WUDF
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¥ 2SWLRQDOO\ WKH WUDFHDELOLW\ XVHU VHOHFWYV
WKH WUDFHDELOLW\ UHODWLRQV DEAERMBEGLQJ WR V
WKH "5HVHWp EXWWRQ WR VWDUW WKH VHOHFWLRQ
WR VDYH WKH VHOHFWLRQ

3, &IOILLEL\BDUWH I D F@VW DMXWXUORRERAIUSOIOHUI6LALA\L 0YZ Z6 RUJA220 ;0/6FK'UQDLQVWDQFH

7 L)HDWXUHBO3 [PO ?  YA)HDWXUH?
> )HDWXUHBO3BEDFNXS [Pd ©)HDWXUHBQDPH2 11 !%OXHWRRWK® 110 1© )HDWXUHBQDPH! ?
9 M )HDWXUHBO3BUHIOQHG (RO ©'HVFULSWLRQ®

q ©11 1%OXHWRRWK 11 2
EMAPDOOB)HDWXUHBO3 [PO\ ©:=2HQDEOHV®G-:=

FA0OO XVHBFDV-N ©IXQFWLRQDOUHTVSHF [POQV[VW "KWWS M$YZZZ RUJ * ;0/6FKHUUSIFLHWDULFH [VPR1DPHV
‘' 300B8&O[PO9 WLRQ & ;7UD2XHB7(67? 8VHB&DVHB'HVFULSWLFQV?8VHB&DVH [VFI$
4 30 B8& [PO 2 8VH &DVH 8VH&DVHO' 1 B8&U %YVWHP ORE?H 3KRQH" )DPLO\ OHPEHU

4 30 B8& [PO 2 ©:*30DNLQJ ©® :*2 ?
©$7 aDO $7 @ MJ

= F 03 XVHBEDVH ©IXQFWLRQDOUHTVSHEZP @QRIML K WWEFKSPD LQVWDQFH [VL QRIDPHVSDFH6FKH
30 8& [PO WLRQ & ?;7UD4XHB7(6UQXVHBFDVH?8VHB&DVH [VF72
4 308 8& [PO ©8VHB&DVH BVH&DVHO' 3% B8& 3 6\VWHP ORELOH 3KRQH )DPLO\BOHPEHUU
©7LWOHa
4 30 B8& [PO ©:237DNOQJ® :*a
$741D0 $7 !

JLIXUH ([DPSOH LOQWHUIDFH GHPRQVWUDWLQJ GLVSOD
EDVHG GRFXPHQW DQG VHOHFWLRQ RI GRFEXPHQWYV W\SHV
WUDFHG

(GLWLQJ DQG 7THVWLQJ ;4XHU\ 6WDWHPHQ\

$V VKRZQ LQ )LIXUH WKLV LQWH U UDAH /XIS IRU\WE/X ¢
(GLWKUYVY LQWHUIDFH FRQVLVWYV RI

D D SDQHO IRU HGLWLQJ ;4XHU\ VWDWHPHQWYV

E D SDQHO WKDW KDV VL[ EXWWRQV

+ “1HZpu EXWWRQ IRU UHVHW®LQJ WKH FRQWHQW LQ
f /JRDGu EXWWRQ IRU ORDGLQJ DQ H[LVWLQJ ;4XHU\
f '6DYHH EXWWRQ IRU UHFRUGLQDIDI®Q D4XBH\ VWDWH

VTV


http://www.w3.org/20G1/XMLSchema-instance%22xsi:noNamespaceSche

8VHU ,QWHUIDFHYV

$ ‘5XQ u EXWWRQ IRU H[HFXWLRQ WKEHEQ:@XWMKN VWDW
UHVXOWY DUH WKH® GLVSOD\HG LQ SDQHO

f "5HVHWp EXWWRQ IRU UHVHWWLQJ WKH FRQWHQW L(

f "6DYH5HVXOWp EXWWRQ IRU BEIHFRUIGD®J WKH UHVXO
F D SDQHO IRU GLVSOD\LQJ WKH UHVXOWYV RI H[HFXWL
D ¢

JLIXUH LOOXVWUDWHY DQ H[DPSOH ZKHUH D XVHU ZRU
tf )LUVWO\ WKH XVHU HGLWW ;4XHU\ VWDWHPHQWYV LQ
f 6HFRQGO\ WKH XVHU VHOHFWY DQ DFWLRQ E\ FOLFN

f )JLQDOO\ WKH XVHU VHOHFWV "5XQ p EXWWRQ WR F
7KH UHVXOWYV DUH WKRZQ LQ WKH SDQHO
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J)LIXUH ([DPSOH LQWHUIDFH IRU FUHDWLQJ DQG YHU

6 XPPDU\

7KLYV FKDSWHU KDV SUHVHQWHG WKH ;7UD4XH WRRO LQ
LOQOWHUIDFHY 7KH FKDSWHU KDV LOOXVWUDWHG WKH XV
JHQHUDWLRQ RI WUDFHDELOLW\ UHODWLRQYV



&KDSWHU

ORELOH 3KRQH 6\VWHPV 3&DVH 6W X

7KLV FKDSWHU SUHVHQWYV WKH FDVH VWXG\ RI PRELOH SK
WKH RYHUYLHZ RI WKH FDVH VWXG\ 6HFWLRQ LOOXVW
6HFWLRQ VXPPDULVHVY WKH FKDSWHU

2YHUYLHZ RI WKH &DVH 6WXG\

7KH REMHFWLYHV RI WKH FUHDWLRQ RI WKH FDVH VWXG\ |

L WR VWXG\ WKH DFWLYLWLHV GXULQJ WKH GHYHORSP
GRPDLQ DQDO\WLV DQG GRPDLQ GHVLJQ IRU SURGXF\
HQJLQHHULQJ DQG GHVLJQ IRU SURGXFW PHPEHUV DQC(

LL WR GHPRQVWUDWH DQG HYDOXDWH RXU DSSURDEFK

7KH FDVH VWXG\ KDV EHHQ GHYHORSHG EDVHG RQ VWXC
PRELOH SKRQH GRPDLQ DQG LGHDV LQ 1RNLD 20% 0
FUHDWHG EDVHG RQ PDUNHWLQJ GHPDQGYV ZKLFK UHTXLLU
ZD\ D QXPEHU RI GRFXPHQWY DUH FUHDWHG E\ VWDNH
UHVHDUFKHUV WR UHTXLUHPHQWV HQJLQHHUV SURGXF)
DQG VRIWZDUH GHYHORSHUV 2XU FDVH VWXG\ LV FRPSR)
ZLWK WKUHH PRELOH SKRQH BH& PRBWVWIQDW HOA KDYH

FUHDWHG (DFK PHPEHU KDV VKDUHG DQG VSHFLDOL]HG
7KH SURGXFW PHPEHUY DUH DLPHG WR VDWLVI\ GLITHUHQ
OX[XULRXV EXGJHW DQG KLJK WHFKQRORJ\ FXVWRPHUV
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7KH OLVW RI IXQFWLRQDOLWLHY DQG VSHFLILFDWLRQV
FDVH VWXG\ DUH VKRZQ LQ 7DEOH DQG 7DEOH Ut
WKH GHWDLOV RI HDFK PRELOH SKRQH SURGXFW PHPEHL

30
7TKH SURGXFW PHPEHU 30 LV H[SHFWHG WR EH D WUHQC
SHRSOH $V VKRZQ LQ 7DEOH DQG 7DEOH WKH SU

EDVLF IXQFWLRPDOHWLHEY WKFKLFY FDOOQMKQIQD Q 60

UHFHLYH W\ VKPWHWOIRVDGYDQFHG | XGIRVELRQBOUWEH M
PXOWLPHGZRLPKVWDSIISIRRUWY D XVHU WR VWRUH GRZQOF
YRLFH ZLWK D DPFHFHWIVZHQLWEK IDQCHOMRZV D XVHU WR EURZVH
GDWD EDVHG RQ :$3 H PADHLFOK HRAPRE B/ X FSRUWY WKH H
SURWRFRO HJ 6073 323 DRSSRGW -MDEGE WEFEKQRORJL
DQG 0,3' )XUWKHUPRUH WKH SKRQH PRGH@IKNDN DGYD:
SKRWRV XVLQJLUAPK & DIRHUBESQOMFHW YOL@G% Q KHWRIBW K

30

7KH SURGXFW PHPEHU 30 RIIHUV DQ HOHJDQW GHVLJIQ
XVH D PRELOH SKRQH IRU DVVLVWLQJ EXVLQHVV $V VKF
SURGXFW PHPEHU 30 KDV EDVLPDNXQB® GRQBOH MYLHH \F D\
*60 DQGDQHQG DQG UHFHWYBOW R [ WDR/HMMDRIW VR Q
VXFK DVH®G DQG UHFHLYH KDEKWYRESRDWRVH DV XVHHW W
GRZQORDG DQG VHQG SLFWXUH\DBPRHV YRQMH ZIGMKR 2 VP H \
D XVHU WR EURZVH DQG GRZQORDG GDWD EDVHG RQ :$2
FHPDLO AKVMKHR XSSRUWY WKH HPDLO SURWRFRO H J 6
DQG VESSRUW -DYDJIWRKFKQRORILHWHOHVY PHVVDJILQJ
ORELOH PHGLD $3, ORUHRYHU 30 K BDAD NMHWSKIR WHRDAW X VIt
9*$ FDPHUD ZLWK D[QGS QDN & VGR®H WXQHV DQG YLGHRYV

30
7KH WDUJHW FXVWRPHUV RI WKH SURGXFW PHPEHU 30
JDPHV DQG PXVLF 30 LQWURGXFHV D QHZ FDWHJRU\ I



2YHUYLHZ RI WKH &DVH 6WXG\

GHYLFHV OLNH PRELOH JDPH GHFN KDQG VSHDNHU %OXtF
DSSOLFDWLRQV OLNH 03 SOD\HU DQG VWHUHR )0 UD¢
IXQFWLRQDOLWIHHNG IXFEB DN F HL YHK R KIO W XSS UDV P HV X HHU
VWRUH GRZQORDG DQG VHQG SLFWBEHWVURGLWRUDMH VELW
DOORZV D XVHU WR EURZVH DQG GRZQORDG GDWD E\ VXS
WHFKQRORPIDH\D ZEVRKH R XSSRUWYV WKH HPDLO SURWRFRO
DQG ,0$3 NQASSBUWLQJ@ DY EMEHFKQ@RAQRUHMMHYY PHVVDJ
$3, DQG ORELOH PHGLD $3,
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7TDEOH JXQFWLRQDOLWLHY RI ORELOH 3KRQH C

JXQFWLRQDOLW\ 30 30 30
ODNH DQG UHFHLYH FDOOV XVLQJ *60 ; ;
ODNH DQG UHFHLYH FDOOV XVLQJ *60 ; ;
ODNH DQG UHFHLYH FDOOV XVLQJ *60 ; ;
+ROG DQG vZDS D FDOO ; ;

SHFHLYH DQG XSGDWH YRLFH PDLO
'LVSOD\ DQG XSGDWH WLPH DQG GDWH;
6HW DODUP DQG WLPH :
5HFRUG GLVSOD\ DQG PDQLSXODWH FDOO ORJV
30D\ JDPHV : , :

8SGDWH FDOHQGDU

$GG GHOHWH DQG XSGDWH SUHIHUHQFHV

$GG GHOHWH DQG XSGDWH FRQWDFWV

,QFOXGH FDOFXODWRU : :

7DNH SKRWRV XVLQJ 9*$ FDPHUD:

7DNH SKRWRV XVLQJ 9*$ FDPHUD ZLWK [ GLJLWDO ]RR
)0 UDGLR :

(PDLO VIVWHP XVLQJ 6073 323 RU ,03% ;

+DQG IUHH VSHDNHU :

\‘

~ -

6HQG DQG UHFHLYH WH[W PHVVDJHV ;
6HQG DQG UHFHLYH PXOWLPHGLD PHVVDJH;
30D\ 56HDO2QH IRUPDW WXQHV DQG YLGHR
30D\ DQG UHFRUG 03 IRUPDW WXQHV :
5HFRUG DQG XSGDWH YLGHR FOLSV ;
30D\ *33 YLGHR IRUPDW : :
30D\ 5HDO 9LGHR IRUPDW :
$FFHVV ,QWHUQHW XVLQJ :$3 : :
$FFHVV ,QWHUQHW XVLQJ :$3 ;
$FFHVV ,QWHUQHW XVLQJ :$3 ;+70/ :
&RQQHFW YLD %OXHWRRWK WUDQVIHU GDWD
&RQQHFW YLD ,QIUDUHG WUDQVIHU GDWD
&RQQHFW YLD 86% :
30D\ 0,', IRUPDWWHG WXQHYV : : :
30D\ $05 IRUPDWWHG WXQHYV : :
30D\ $$& IRUPDWWHG WXQHYV :

30D\ 03 IRUPDWWHG WXQHV

30D\ :$9 IRUPDWWHG WXQHV

30D\ 7TUXH 7TRQHV IRUPDWWHG WXQHYV,;

&RPSRVH DQG SOD\ 0,', IRUPDWWHG ULQJ WRQHV
SHFRUG DQG XSGDWH YRLFH PHV,VDJHY ;
7TUDQVIHU GDWD YLD 6\QFO0/ DQG;7&3 3 ;

6XSSRUW &/'& -DYD WHFKQRORJ\; ; ;

6XSSRUW 0,3' -DYD WHFKQRORJ\ ; , ;

6XSSRUW LUHOHVYV PHVVDJLQJ $3, -DYD WHFKQRORJ\
6XSSRUW ORELOH PHGLD $3, -DYD WHEKQRORJ\

N N e N e N N N N N N N N N N N N N N N N N e N N N S N N N N N N N N N N N N N N N N N



7D E OH 6 SHFLILFDWLRQV RI1 0 RELOH 3 KRQH 0 HP EHUYV

6SHFLILFDWLRQV 30 30 30

6L]H T HLJKW J T CHLJIJKW J ZLWK %/ & EBWWKHW\ J
1 F'FLPHQVLRQV [ [+ 'lPPHQVLRQV [ [+ 'BPHQWRQV [ [ PP

'LVSOD\ DQG 8VHWQOOXPLQDWHG KLJK ERQUNURWW FIXOOH PDWU k] 7)Y7TFRORPRORUVSOD\

,QWHUIDFH JUDSKLFV FRORXU GLY¥SOD\FRORXUV t 6FUHHQ VL]H [ SL[HOV
¥ *UDSKLFDO XVHU LQWHUIDFHSL[HOV t YLYH ZD\ GLUHFWLRQDO FRQWUI
¥ -R\WWWLFN ZLWK ILYH#Z D) DEXYIFIOWXRAU LQWHUIDFH ZLWK VHOHFWDEOH
WKHPHYV

¥ ZD\ MR\VWLFN QDYLJDWLRQ

, QWHIJUDWHG19*$PDJH FDSWXUH DW t [ | SL[HO UHVROXWLRQ VWDQ@GDUG
GLJLWDO FDPHWIMHVROXWLRQ SRUWUDLW DQG QLJKW PRGHV [ GLJLWDO ]RRP
VHOI WLPHU

9LGHR 5HFRUGHU 13 f 9LGHR 5HFRUGHU B6HOHFW SLFWXWH VL]H 4&,)
RU VXE4&,) [ DXGLR
RQ RII [ GLIJLWDO ]RRP



6SHFLILFDWLRQV 30 30 30

5HDO2QH 30D\HU 13 15HDO2QH 30D\HU 3OD\EDFN DQG VYWUHDP
SHDOOHGLD DQG *33 FRPSOLDQW FRQWHQW

OHPRU\ )XQFWLRRRQHERRN 8S WR $@RRBHBWERRN 8S WR QDPHKRQHERRN 8S WR QDPHYV
¥ 606 8S WR PHVVDJHab &R | 8 HiME PHVVDJHV iR 60H[W
¥ 006 8S WR PHVVDJHVOoBE 8S WR PHVVDJHViROOBXBWLWPRIGLPHVVDJHV RI
PXOWLPHGLD f &DOHOGDU QRWHYV BROMINVPHGLD
t &DOHQGDU QRWHYV |_T Q%? VW S WR ORWRAQHQGDU QRWHYV
QGRH\,?,E\?GLQJ RQ WKH ? %3/0 o HVM'éHDBo VKDUHG PRPRRIOLVW
7R GR OLVW 8s wr I w@f\ FDUG VORW IRUIDGGA%W LRWIM @VAUWKDUHG PHPRI
0% LOWHUQDO VKDJg bRU\ + OHPRU\ FDUG VORW IRU DGGLWL

PHPRU\

+H H

OHVVDJLQJ $17H[W OXOWLPHGLD PHVA\HIWLQXOWLPHGLD PHVVDIHDN OKPRELRHGLD PHVVDJILQJ &l
FRPELQH SLFWXUH WH[MDJHURLYAH HFRLSVH[W DQGLPRUFRH FIOAKR WH[W DQG YRLFH
1 (PDLO SURWRFROV 6@(BDBB3RYPR®G*60 GDWD +6(@®OLORYHU *60 GDWD +6&6' DQC

,08$3 *356 *356
t(PDLO SURWRFROV 6073 (BPRO BBUMRWRFROV 6073 323 D¢
,0%$3 ,0%$3
'LUHOHVV &RQQIQFWRLYH® \ F%AOXHWRRWK F%AOXHWRRWK
I %OXHWRRWK $,QIUDUHG

186%
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%URZVLQJ t %URZVHU VXSSRUWLR »%$RZVHURYX¥MEISRUWLQJI$BURARMHU VESSRUWLQJ :$3 RY
*60 +6&6' DQG *356 +6&6' DQG *356 *60 +6&6' DQG *356
t $GYDQFHG ;+70/ EURZVHU$SGYDQFHG ;+70/ EURZVHU

'‘DWD 7UDQVIHU 8S WR NLORELWViS8IY WRFRQESMILQ *356 GHWESR WA/ .ESV LQ *356 QHWZRU

g';'JV\*}Z\ésLJF,'\IT/G FLUFXLWtVEEWKHG @BWRQ +6&6' IQHWBRMRY .ESV LQ +6&6' QHWZR

f 8S WR NLORELWV SHU VHFRQG LQ
*356 QHWZRUNYV

&DOO ODQDJHBHERQWDFWY $GYDQFHG SFRRQWIFRMWY &6 YWIDEPH/G i RGQWY /W W \G DWCDYIDIMHH G FRQWDF V
ZLWK VXSSRUW IRU PX@QWWEOHXSERQW DRG PXOWZISWK BXREU QIR B PIXIOOV LSOH Sk
HPDLO GHWDLOV SHU H®NWD L O \SRH V XEEWR UW \D ONRDVY.XOSS R WW I OW KXHPE GIIMVOU\ DO\
WKXPEQDLO SLFWXUH BQEWXBRX DG JURXSV WKXPEQDLO SLFWXUH DQG JURXS

¥ 6SHHG GLDOOLQJ tf 6SHHG GLDOOLQJ ¥ 6SHHG GLDOOLQJ
¥ /RJV .HHSV OLVWYV R} \RXIV GHHGOUHWLVWYV RI \RXBRIZLDPABOSG OUMANWLRHBER XU GLDC
UHFHLYHG DQG PLVVHG@d® ®QVVHG FDOOV UHFHLYHG DQG PLVVHG FDOOV

f $XWRPDWLF UHGLDO # $XWRPDWLF UHGLDO $ $XWRPDWLF UHGLDO

f $XWRPDWLF DQVZHU $Z&UWRPOLWIKF DQVZHU ZRUNVWERIADKY ER DSDWZHEO ZRUNYV ZLW
FRPSDWLEOH KHDGVHWKRD G\DHMWNRW RMWOWLW RQERPSDWLEOH KHDGVHW RU FDU N
f 6XSSRUWYV )L[HG 'LDCO6RISIRWPEMUYL[HG 'LDO O L QEXBSREHMY JK[HX 'LDOOLQJ 1XPE
ZKLFK DOORZV FDOOV PQORWR SNOGGWHIRQEGWR BOKRHAW. OEHGOYXRBDIOVWR SUHGHIL

QXPEHUV  &RQIHUHQFH FDOO t &RQIHUHQFH FDOO
+ &RQIHUHQFH FDOO

-DYDE $SSOLEDWXR@RUWLQJ -DYDE P,"BXSSRUWLQJ -DYDE 0,13 6XSSRUWLQJ -DYDE 0,'3
DSSOLFDWLRQV DSSOLFDWLRQV DSSOLFDWLRQV



6SHFLILFDWLRQV 30 30

O9RLFH )HDWXUHWRLFH UHFRUGHU ¥

+

, QWHIJUDWHG KDQGVIUHH VSHDNHU

2SHUDWLRQ ¥ *60 *60 ¥ *60 *60
QHWZRUNYV
2SHUDWLRQ 6\YWKBPPELDQ 26 ¥ O6\PELDQ 26

B3RZHU ODQDJHPHRDWWHW)\ &HOO %/%t

RQ

9RLFH UHFRUGHU

*60

6 WBRGDURBQEDWWHU\

30

¥ 9RLFH UHFRUGHU
f , QWHJUDWHG KDQGVIUHH VSHD|

¥ *60 *60 *60
QHWZRUNYV

¥ 6\PELDQ 26

o/ 68VDQAEBHUGL /L ,RQ P$K %/ &



'REXPHQWY LQ WKH ORELOH 3KRQH 6!

'REXPHQWY LQ WKH ORELOH 3KRQH 6\VWHPV

7KH IROORZLQJ VHFWLRQV GLVFXVV WKH GRFXPHQWYV FU]I
WR WKH WUDFHDELOLW\ UHIHUHQFH PRGHO LQ 6HFWLRQ
IHDWXUH DQG VXEV\VWHP PRGHOV EXW WKHUH H[LVW YD
PRGXOH PRGHOV DV ZHOO DV WKHUH H[LVW PDQ\ LQVWD
DQRG VHTXHQFH GLDJUDPV ©6RPH H[DPSOHV RI WKHVH GR
VKRZQ LQ $SSHQGL[ ' 7KH FRPSOHWH VHW RI WKH GRFXI
IDPLO\ DQG LWV WKUHH SURGXFW PHPEHUV FDQ EH IRXQG

JHDWXUH ORGHO RI ORELOH 3KRQH 6\VWHPV

$V LOOXVWUDWHG LQ )LIXUH WKH IHDWXUH PRGHO L
V\VWHP KDV IHDWRD® @ DXASTFWKH WRIGIWLQJ FRPPRQ IHD
DOWHDQ@BWILNFRHEOJAHVHQWLQJ GLITHUHQW IHDWXUHYV EHWZH

JRU HI[DPSOH DOO SURGXFWIIPHIREHDVFPRQOW WBHMRMLYGKJ C
VHUYHU ZDOOSDS BDIGORHE® WXRIHHVFDERHAQGBEBU WKH SURGXEF
FDQ VXSSRUWHGIARDMWHQM VXFK DV &6' *356 *60 3,6&6
('*( )XUWKHUPRUH WKH DVVRFLDWLRQV EHWZHHQ IHDW)>
LQ WKH IHDWXUH PRGHO HJ WKH SBEUWRRG2NMBW RUHREKHDWN ZKLI
DOVR :$3 RU ;),70/ IHDWXUHV

6 XEV\VWHP ORGHO RI ORELOH 3KRQH 6\VWHF

‘H GHVLIJQHG ILYH VXEV\VWHPV IRU PRELOH SKRQH V\VWH
EULHI GHVFULSWLRQV RI HDFK VXEV\VWHP DUH OLVWHG D

, 2SHUDWLQJ 6XEV\VWHP

7KLV VXEV\VWHP SURYLGHV IDFLOLWLHV IRU SHUIRUPLQJ
V\VWHPV ([DPSOHV RI WKHVH WDVNV DUH D FRQWUROO
VRIWZDUH DQG GDWD E SHUIRUPLQJ WKH LQWHUDFWLR
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JDPHV PXOWLPHGLD DQG 3& FRQQHFWLYH F UHVSR({
VFUHHQ NH\SDG DQG %OXHWRRWK GLITHUHQW W\SH
NH\VWURNH VFUHHQ WRXFK YRLFH DQG GLIIHUHQW W
VFUHHQ GLVSOD\ YRLFH

,», OHVVDJLQJ 6XEV\VWHP

7KLV VXEV\VWHP PDQDJHV WKH H[FKDQJH DQG PDQLSXC
WZR VHUYLFHV VKRUW PHVVDJH VHQGHH 606 IRU WH
PHVVDJH VHQGHH 006 IRU PXOWLPHGLD PHVVDJHV 7KF
DQRG IRUZDUG SURWRFRO 7KH VXEV\VWHP LQWHUDFWYV
606& RU PXOWLPHGLD PHVVDJH VHUYLFH FHQWHUV O
PHVVDJH DQG WR IRQYDUG DQ RXWJRLQJ PHVVDJH

,,, ORELOH ,QWHUQHW B6XEV\VWHP

7KLV VXEV\VWHP PDQDJHV WKH LQWHUDFWLRQ EHWZHH(
DV SOXJ LQ DSSOLFDWLRQV HJ IRU RQOLQH JDPHV D¢
KDUGZDUH HJ PRELOH JDPH GHVN DQG * 3&0&,$ GDWD
LQWHUQHW DSSOLFDWLRQV 7KH VXEV\WWHP VXSSRUW
HGLWLQJ DQG EURZVLQJ PRELOH ZHE SDJHV E\ XVLQJ

7KH VXEV\VWHP LV DOVR DEOH WR DFWLYDWH KRXU
IXQFWLRQV HJ SOD\LQJ RQOLQH JDPHV PDQDJLQJ SH
SOD\LQJ RQOLQH UDGLR DQG YLGHR DQG VHUYLFLQJ R

, 9 1HWZRUN 6XEV\VWHP

7KLV VXEV\VWHP VXSSRUWV WKH FRPPXQLFDWLRQ EHW.:
DQG PDLQWHQDQFH RI WKH QHWZRUN FRYHUDJH RI WKH
D QHWZRUN SURWRFRO IRU SDVVLQJ GDWD RYHU D PREL
+6&6' &6' DQG ('*( ORUHRYHU WKH VXEV\VWHP VXSSR
SURWRFRO DUFKLWHFWXUHV IRU H[DPSOHV 7&3 ,3Y
7&3 ,3 SOXJ LQ IUDPHZRUN :$3 VWDFN DQG OXOWLSOH



'RFXPHQWY LQ WKH ORELOH 3KRQH 6

9 &DOOLQJ DQG $SSOLFDWLRQV 6XEV\VWHP

7KLV VXEV\VWHP SURYLGHV WKH WHOHSKRQ\ PDQDJHPHQ
SKRQH FDOOV VXSSRUWV IXQGDPHQWDO IXQFWLRQV H
WKH LQWHUZRUNLQJ RI KRXVH LQ DSSOLFDWLRQV H J HC
SDUWLFXODU WKH VXEV\WWHP SURYLGHV WKH PXOWLPR
WKH UHVW Rl WKH DSSOLFDWLRQV LQWHUZRUNLQJ DQG W
EDVHG RQ JOREDO QHWZRUN VWDQGDUGY LQFOXGLQJ *6
&'0$% O[ ('*( (&6' (*356 DQG :&'0$ U

BURFHVYVY ORGHOV RI ORELOH 3KRQH 6\VWHP

‘H FUHDWHG WZR SURFHVV PRGHOV L H VKRUW PHVVDJL
DV VKRZQ LQ )LJXUH DQG ,QWHUQHW DSSOLFDWLR
YLIXUH ‘H GHVFULEH EHORZ WKHVH SURFHVV PRGHOV

, B6KRUW OHVVDJLQJ 6HUYLFH 606 3URFHVV PRGHO
6KRUW PHVVDJLGURMUWWLFRMRGEDB LV D UHILQHPHQW RI
VXEV\VWHP 7KH SURFHVV PRGHO LOOXVWUDWHY WKH C
PHVVDJH 7KH V\VWHP YHULILHV WKH QHWZRKRWUWLJIQDO
PHVVDIJLGBO& HENNQBHU :KHQ D SKRQH XVHU KDV FUHDWH
WKH V\VWHP VHQGV RIlI WKH PHVVDJH DQG ZDLWV IRU D
KDV D IRXU UHVLGH @®RQNWRFON ¥ KMER\W PR H@ED®QR QLW
PXOWLSOH SURKHRWW GEFHWDILQJ DOGYLFHWER6 WERQW U
SURFHVVHVKRDWHTHVVDJLQJ b EXEBAFW H-: i QGHHRMAUB 6+
EHORZ HDFK RI WKH DERYH SURFHVVHV {

¥ &RQWURDV SURFHVV LQLWLDWHY DQ DFWLRQ RI VHQC
PRELOH SKRQH XVHU KDV FUHDWHG D VKRUW WHIV
DFNQRZOHGJHPHQW WR WKH XVHU 7KH SURFHVYV NH
PRELOH SKRQH PHPRU\

f &KHFN VAIKIQDOURFHVYV SHUIRUPV FKHFNLQJ LI D VLJQI
DQG LV UHDG\ IRU PHVVDJLQJ
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+ 8SGDWHUKPRWHABFHVYV LV WR DOORZ XSGDWH RI UH

+ (GETKLYVY SURFHVV SHUIRUPV WKH FRPSRVLWLRQ RI I
PHVVDJH FRQWDLQV D UHFHLYHU:-V DGGUHVV DQG F
OLVW RI FRQWDFWVY DQG D VHW Rl WHPSODWH VKRL
WZR HGLWLQJ PRGHV L H DOSKD PRGH DQG SUHGL
DFFHSWV DOSKDQXPHULF 7KH SUHGLFWLYH PRGH S
NH\VWURNH

+ 6KRUW OHVVDSLQJ 6HQ®HW SBORBFHYR/QWHIRIRUPYV GHC
UHFHLYHV RI D VKRUW PHVVDJH WR D VKRUW PHVV]
FRQQHFWVY WKH WHOHFRPPXQLFDWLRQ QHWZRUN H
WKURXJK WKH VKRUW PHVVDJH VHQGHH JDWHZD\ P
*06& 7KLV SURFHVV DOVR DWWDFKHV H[WUD LQIRU
WH[W PHVVDJH

$ 6KRUW PHVVDJLQJ VH®GW 5 &R DNVH/U L RBHLEEADW DQIV L D V
VHQGHH & QMQGI UHVSRQGY D PHVVDJH IURP WKH 6
7KH 06& EURDGFDVWYV BEADKWHH PYHAVDY\BGIBRS QADRENBVMIR I
WUDQVFHLYWHLY VEDIVHL WEW GHVWLQDWLRQ 06&

$ IRWLIBFEWY.RSQURFHVV LV WR QRWLI\ LQFRPLQJ PHV\
RI VHQGLQJ D VKRUW WH[W PHVVDJH

oy ,QWHUQHW $SSOLFDWLRQ 3URFHVV ORGHO

, QWHUQHW DSSREAVWLRRGHO LV UHILQHG IRU WKH PREL
7KH SURFHVV PRGHO LOOXVWUDWHY WKH DFWLYLWLHV F
SKRQH VHW ,QLWLDOO\ WKH V\VWHP PDLQWDLQV WKFE
, QWHUQHW :KHQ WKH V\VWHP KDV UHFHLYHG D PHVVD
HQDEOHVY WDNLQJ DQ DFWLRQ L H GRZQORDGLQJ VRIW
DSSOLFDWLRQV 7KH SURFHVV PRGHOWUWDMJIHYH WRIZQGR

VRIWZDUH ODXQFK D GPSIOLLGW WVILED®) BERIG W RRBIVG B IMDQ W S
QDPRARQWHJBBVFULEH HDFK RI WKH SURFHVVHV %

¥F 7TULJIJKUY SURFHVV LV WR QRWLI\ LQFRPLQJ GDWD W
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+H

EROQWHKR® SURFHVV LQLWLDWHY DQ DFWLRQ RI DFF
SURFHVV WKHQ LQWHUDFWYVY ZLWK RWKHU SURFH\
GRZQORDGLQJ VRIWZDUH ODXQFKLQJ DQ DSSOLFDV
SURFHVV NHHSV WKH ORJ RI WUDQVDFWLRQV LQ PREI
¥ ODLQWDLQ UHKRENSWWURRBRHVY SHUIRUPV WKH PDLQWHQ
EHWZHHQ D PRELOH SKRQH KDQGVHW DQG WHOHFRPF
¥ RZQORDG VIKIWZBURFHVV SHUIRUPV GRZQORDGLQJ V
VXSSRUW ODXQFKLQJ DQ DSSOLFDWLRQ RQ D PRELOH
T KDXQFK DSIRL¥DSWREKHVY SHUIRUPV ODXQFKLQJ DQ
LOQWHUDFWY WKH Y QWHUQHW
¥ SHVYWRUH7KGD/IWBURFHVYVY SHUIRUPV UHVWRULQJ GDW
PHPRU\

7QJJFU

/IHIHQG aaa?
3 3URFHVV

1DPR 5HVLGHQW
JDP" 7TUOXOVNRW

70 Z!7 0XOL SN

2 OHVVDJH
a“L OHVVDJH TXHXH

OHVVDJH B5HSO\
6 KDUHG

JLIXUH,QWHUQHW D SSWRFBIWNVRBRGHO

ORGXOH ORGHOV RI ORELOH 3KRQH 6\VWHPYV

‘H FUHDWHG WZR PRGXOH PRGHOV L H WKH PRGXOH PRG
WKH SURFHWR/RBWRGPRIOVVDJILQJ \DHUS LWKH FORBG XK WRREG O
VKRZQ LQ )LIJXUH IRU QWKHHU QUHRWVF B8 8 CALHFGM/Q R Q
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, ORGXOH ORGHO IRU 6KRUW OHVVDJLQJ 6HUYLFH 606 &
7KLYV PRGXOH PRGHO LOOXVWUDWHY D VHW RI PRGXOH)

PHVVDJLQJ ,W FRQWDLQYV PRUXOWPREBKAIFYK LEFOXGH
HQYLURQP H®E XXCHVGHAIQI L PRS E DG VQ DWW BORGWO H V
7DEOH SUHVHQWY WKH GHVFULSWLRQ DQG W\SH RI HE
7DEOH ORGXOHV IRU VKRUW PHVVDJLQJ VHUYLFH 606 F
ORGXOH 7\SH 'HVFULSWLRQ
OHVVDJLQJ FRQWURBDBFHRIGH®RQWUROOLQJ WKH PHVVDJILQC
&RQQHFWLQJ 3UHFRGHGWDEOLVKLQJ D QHW

FRPPXQLFDWLRQ

'DWD FRQWUROOHWUHFRGHARQWUROOLQJ LQWHUQDO GI
SKRQH KDQGVHW

OXOWL QHWZRUN 3UHFRGHGVSRQGLQJ PXOWL QHWZRUN

6LJQDOLQJ FRQWURIOPIHWDWBHRYLGLQJ DOJRULWKPYV
PDLQWHQDQFH WKH PRELC
UHFHSWLRQ DQG VXSSRUWLC
PRELOH SKRQH QHWZRUNYV

,QWHUIDFH FRQWWRIGRBWWRYLGLQJ VRIWZDUH LQWH

LQSXW DQG RXWSXW GHYLFHV
SKRQH KDQGVHW

,6GLW FRQWUROOHMUHFRGH®QDJLQJ DQ HGLWRU

2XWSXW ,QWHUIDFMNHOHWRRQDJILQJ RXWSXW GHYLFHV F
SKRQH KDQGVHW

,QSRWWSXW ,QWHUBNHOHWRRQDJILQJ LQSXW DQG RXWS:
RI D PRELOH SKRQH KDQGVHW

L QSXW ,QWHUIDFH 6NHOHWRRQDJLQJ LQSXW GHYLFHV RI
SKRQH KDQGVHW

'LVSOD\ 3UHFRGHGVSOD\LQJ GDWD WR RXWSXW]
PRELOH SKRQH KDQGVHW

7RXFK VFUHHQ 3UHFRGH®QDJLQJ D WRXFK VFUHHQ R
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KRQH KDQGVHW

.H\SDG BUHFRGH®QDJLQJ D NH\SDG RI D PR
SKRQH KDQGVHW
MR\VWLFN BUHFRGH®QDJLQJ D MR\WWLFN RI D

SKRQH KDQGVHW

7H[WXDO GLVSOD\ 3UHFRGH®QDJLQJ D WH[WXDO GLVSC
PRELOH SKRQH KDQGVHW WR
GLVSOD\LQJ WH[W

'HE GLVSOD\ BUHFRGH®QDJLQJ D JUDSKLFDO GLVS
PRELOH SKRQH KDQGVHW WR
GLVSOD\LQJ ZHE SDJHV

7LPHU BUHFRGHGIWWLQJ DQG GLVSOD\LQJ WLF

'DWD HQFU\SWLRQ 3UHFRGH® FU\SWLQJ DQG GHFU\SWLQJ

, ORGXOH ORGHO IRU ,QWHUQHW $SSOLFDWLRQ 3URFHVV
7KH PRGXOH PRGHO LOOXVWUDWHY D VHW RI PRGXOHV I
DFWLYLWLHV LQ WKH ,QWHUQHW DSSOLFDWLRQ SURFHVYV
ZKLFK LQF WHG&FRONOHWMQYLURQP RPRE XKDHOW BERQL T XH
KLGRRGXOHV XDOWIBRGKOHY 7DEOH SUHVHQWY WKH GH\
RI HDFK PRGXOH
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7DEOH ORGXOHV IRU ,QWHUQHW DSSOLFDWLRQ SURFHVV
ORGXOH 7\SH 'HVFULSWLRQ

$SSOLFDWLRQ FRQMHFRGHER QWUROOLQJ D UXQQLQJ
DSSOLFDWLRQ

&RQQHFWLQJ 3UHFRGH®WDEOLVKLQJ D QHW
FRPPXQLFDWLRQ

'DWD FRQWUROOHWBUHFRGHRQWUROOLQJ LQWHUQDO GI
SKRQH KDQGVHW

ORELOH SKRQH 3 U IQFRIGUEBRIQW UROOLQJ D UXQQLQJ

DSSOLFDWLRQ FRQWUROOHNSSOLFDWLRQ

OXOWL QHWZRUN 3UHFRGHGIVSRQGLQJ PXOWL QHWZRUN

0XOWL SODWIRUP 3UHFRGHGIVSRQGLQJ PXOWL SOI
DSSOLFDWLRQV
6LIQDOLQJ FRQWURORPRHOWDWMHRYLGLQJ DOJRULWKPV

PDLQWHQDQFH WKH PRELC
UHFHSWLRQ DQG VXSSRUWL:
PRELOH SKRQH QHWZRUNYV

,QWHUIDFH FRQWWRIGEBW®WRYLGLQJ VRIWZDUH LQWH

LQSXW DQG RXWSXW GHYLFH\
SKRQH KDQGVHW

:$3 FRQWUROOHU 3UHFRGHGRQWUROOLQJ :$3 EURZVLQJ

36 PDLOLQJ 7HPSODWKRYLGLQJ DOJRULWKPV IRU
DQ HPDLOV DQG VXSSRUWLC
HPDLOLQJ SURWRFROV

-DYD70 VXSSRUW WH{PKS@IDNEB QDJLQJ -DYD EDVHG SOXJ L

'HYLFH ,QWHUIDFH 6NHOHWRRQDJLQJ LQWHUIDFHV IRU H
RI D PRELOH SKRQH KDQGVH\
GHVN 3'$ FRPSXWHUYV

2XWSXW ,QWHUIDFNHOHWRBRRQDJILQJ RXWSXW GHYLFHV |
SKRQH KDQGVHW

,QSRWWSXW ,QWHUBNHOHWRRQDJIJLQJ LQSXW DQG RXWS
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RRD PRELOH SKRQH KDQGVHW

,QSXW ,QWHUIDFH 6NHOHWBRQDJLQJ LQSXW GHYLFHV RI

'LVSOD\

7TRXFK VFUHHQ

.H\SDG

-R\WWLFN

'HE GLVSOD\

7LPHU

SKRQH KDQGVHW
BUHFRGHGVYSOD\LQJ GDWD WR RXWSXW
PRELOH SKRQH KDQGVHW
BUHFRGH®QDJLQJ D WRXFK VFUHHQ RI
SKRQH KDQGVHW
BUHFRGH®QDJLQJ D NH\SDG RI D PF
SKRQH KDQGVHW
BUHFRGH®QDJLQJ D MR\WWLFN RI D
SKRQH KDQGVHW
BUHFRGH®QDJLQJ D JUDSKLFDO GLVS
PRELOH SKRQH KDQGVHW WR
GLVSOD\LQJ ZHE SDJHYV
BUHFRGHGIWWLQJ DQG GLVSOD\LQJ WLI

'‘DWD HQFU\SWLRQ 3UHFRGH@FU\SWLQJ DQG GHFU\SWLQJ



B3KRQH V\VWHP

'DWD FRQWUROOHU

&RQQHFWLQJ $SSOLFDWLRQV FRQWUROOHU
ORELOH ,QWHUQHW
DSSOLFD ER
FRRWUROOHU 3
‘ , 3 BB

(QYLURQPHQW +LGLQJ

THFKQLTXH +LGLQJ

0XOWL QHWZRUN

1<WZRUN!
6LJQDOO

L '"HYLFH ,QWHUIDFH
FRQWURO

QJ
OHU

ZXWSXW . QWHUIBEHY, 2XxwsSXW ,QWHUIDFSKW ,QWHIDRH

‘LvsoD\ 7RXFK VFUHHQ .H\SDG _R\WWWLFN

BBB
:HE GLVSOD\ BB 7LPHU
BBBB?

JLIXUH ORGXOMWHRGH® bREBWRFBIWNVRPRGHO
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8VH &DVHV &ODVV 6WDWHFKDUW DQG 6H
ORELOH 3KRQH OHPEHUYV

7KH XVH FDVHV DUH XVHG WR HODERUDWH WKH VDWLVID
SURGXFW PHPEHU :H KDYH FUHDWHG IRXU XVH FDVHV IR
IRXU XVH FDVHV IRU SURGXFW PHPEHU 30 7KH IRXU XVF
30 DUHVHQGLQJ DLEPHVIMDPUHLMEDRDQJ D GG FAMXEH Q J
HPDZ®&M IRXU XVH FDVHV IRU S U RGDX\FLVQ P BWFEINA@3I0 D D U H
SKRWRHQGLQD@FPWILUYQVPLWWLQJ PHVVDJIHV

ORUHRYHU ZH KDYH FUHDWHG

D D FODVV GLDJUDP IRU HDFK SURGXFW PHPEHU 30 3
VKRZV DQ HI[WUDFW RI WKH FODVV GLDJUDP RI SURGXFW F
E D VWDWHFKDUW GLDJUDP IRU HDFK SURGXFW PHPEH
VKRZVY D VDPSOH VWDWHFKDUW GLDJUDP RI SURGXFW PHF
F IRXU VHTXHQFH GLDJUDPV IRU SURGXFW PHPEHU 30
IRU SURGXFW PHPEHU 30 JLIXUH VKRZV DQ H[WUDFW
SURGXFW PHPEHU 30

6 XPPDU\

7KLY FKDSWHU KDV LOOXVWUDWHG DQ RYHUYLHZ RI WKH
GHWDLOV RI PRELOH SKRQH IDPLO\ DQG LWV PHPEHUV
DFFRUGLQJ WR WKH WUDFHDELOLW\ UHIHUHQFH PRGHO S|
GHPRQVWUDWLRQ DQG HYDOXDWLRQ RXU DSSURDFK WKDYV



3DUW ,,, (YDOXDWLRQ DQG &RQ



&KDSWHU

(YDOXDWLRQ DQG $QDO\VLV

,Q WKLV VHFWLRQ ZH HYDOXDWH DQG DQDO\]H RXU ZRUN
RI RXU HYDOXDWLRQ WKH GLIITHUHQW VFHQDULRY XVHG
RI KRZ WKH HYDOXDWLRQ ZDV FRQGXFWHG G6HFWLRQ
HYDOXDWLRQ DQG DQDO\]JH WKHVH UHVXOWYVY 6HFWLRQ

(YDOXDWLRQ 2YHUYLHZ

2XU ZRUN KDV EHHQ HYDOXDWHG LQ RUGHU WR GHPRQV\
&KDSWHU WKDW WKH ZRUN FDQ VXSSRUW

$XWRPDWLF JHQHUDWLRQ RI WUDFHDELO
SURGXFWIDPLO\ VA\VWHPYV

,Q WKLV HYDOXDWLRQ ZH KDYH FRQGXFWHG ILYH VHW)\
GLITHUHQW VFHQDULRYVY RI SURGXFW IDPLO\ VI\VWHP GHYF
H[SHULPHQWY ZHUH WR HYDOXDWH

D KRZ HIIHFWLYH ;7UD4XH WRRO LV DEOH WR LGHQWLI
DSSO\ WKH YDULRXV WUDFHDELOLW\ UXOH WHPSODWH\
UXOHV IURP WKH WHPSODWHY DQG

E KRZ HIIHFWLYH ;7UD4XH WRRO LV DEOH WR JHQHULI
DXWRPDWLFDOO\
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JRU REMHFWLYH D WKH HYDOXDWLRQ ZDV FRQGXFWtL
H[SHFWHG DQG DSSOLHG GRFXPHQWYV QXPEHUV RI H[SF
Rl HISHFWHG DQG DSSOLHG WUDFHDELOLW\ UXOH WHPS
DSSOLHG LQVWDQWLDWHG UXOHV )RU WKH FDVH RI RI
S UHFLQURRD OMKH UHOHYDQW WUDFHDELOLW\ UHODWLROQ\

:H KDYH XVHG WKH IROORZLQJ VWDQGDUG GHILQLWLRC
J)DORXWVRV DQG 2DUG 7TKH DXWKRUV GHVFULE
UHSUHVHQWY WKH SURSRUWLRQ RI UHWULHYHG GRFXP
PHDVXUH UHSUHVHQWYV WKH SURSRUWLRQ RI UHOHYI
VSHFLILFDOO\ ZH DSSOLHG WKH SUHFLVLRQ PHDVXUH
JHQHUDWHG WUDFHDELOLW\ UHODWLRQV ZKLFK DUH YD
SURSRUWLRQ RI YDOLG WUDFHDELOLW\ UHODWLRQV ZKL
DQRG UHFDOO PHDVXUHPHQWY LQ WUDFHDELOLW\ OLWHL

ODUFXV DQG OHOHWLF )OD\HV HW DO 6SDQTF
)OXDQJ HW DO E $V WKH IROORZLQJ WKH SUHFLVLR
3UHFLVLRQ _ 67 Q 87 _ _67 _
5SHFDOO _ 67 Q 87 _ 87 _
ZKHUH

+ 67 LV WKH VHW Rl WUDFHDELOLW\ UHODWLRQV GHWH]

+ 87 LV WKH VHW RI WUDFHDELOLW\ UHODWLRQV ZKLF
XVHU DQG

+f M ; _ GHQRWHV WKH FDUGLQDOLW\ RI WKH VHW ;

7KH XVH RI UHFDOO DQG SUHFLVLRQ PHDVXUHV WR HYI
EHHQ DGYRFDWHG LQ $QWRQLRO HW DO &OHODQG

6SDQRXGDNLV HW DO ORUHRYHU UHFDOO TC
FRQVLGHUHG FRPPRQ PHDVXUHV IRU TXDOLW\ UHVXOWYV



(YDOXDWLRQ 2YHUYLHZ

7KH VFHQDULRV XVHG LQ RXU HYDOXDWLERIQ MARWHKY EDVHC

IDFWRBY FRQFHUQHG ZLWK WKH GLIITHUHQW ZD\V LQ ZKLF

SURGXFW IDPLO\ VI\IVWHPV $V SURSRVHG LQ .UXHJHU
RUJDQLVDWLRQV FDQ GHYHORS SURGXFW IDPLO\ V\VW

D ZKHQ DQ RUJDQLVDWLRQ GHFLGHV WR DQDO\]H Gt
SURGXFWV SULRU WR WKH FUHDWLBQ RO FM)LG/LHY DG X D R DF
E ZKHQ DQ RUJDQLVDWLRQ HQODUJHV WKH SURGXFW
ZD\ EDVHG RQ WKH GHPDQG IRU QHZ SURGXFW PHPEHU
HILVWLQJ SURGWEWBQESSURDFK

F ZKHQ DQ RUJDQLVDWLRQ FUHDWHV D SURGXFW IDF
PHPEHUV E\ LGHQWLI\LQJ DQG XVLQJ FRPPRQ DQG YI
SURGX-FAWWDFWLYH DSSURDFK

7TKHVH DSSURDFKHV DUH QRW PXWXDOO\ H[FOXVLYH DQG
LOQVWDQFH LW LV SRVVLEOH WR KDYH SURGXFW IDPLO
HIWUDFWLYH ZD\ WR EH LQFUHPHQWDOO\ HQODUJHG RYHL

7KH VHFRQZDODDFMRRFHUQHG ZLWK WKH VWDNHKROGHUYV L
IDPLO\ VA\VWHP GHYHORSPHQW SURFHVV 9DULRXV VWDNF
SURFHVY UDQJLQJ IURP PDUNHW UHVHDUFKHUV WR Sl
HQJLQHHUV SURGXFW OLQH HQJLQHHUV VRIWZDUH DQDC
VWDNHKROGHUV FRQWULEXWH LQ GLITHUHQW ZD\V WR WK
SURFHVY KDYH GLVWLQFW SHUVSHFWLYHV RI WKH V\VW
GLIITHUHQW DVSHFWV RI WKH SURGXFW IDPLO\ VA\VWHPYV
PD\ EH LQWHUHVWHG LQ WKH UHTXLUHPHQWY DQG IHDWX
GHYHORSHG ZKLOH D VRIWZDUH GHYHORSHU PD\ EH L
LPSOHPHQWDWLRQ DVSHFWV RI WKLY QHZ SURGXFW PHP
ZRXOG EH LQWHUHVWHG LQ GLIITHUHQW W\SHV RI GRFX
DVVRFLDWHG ZLWK WKHVH GRFXPHQWV WKDW PD\ DVVLV\
VI\VWHP GHYHORSPHQW
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,Q RUGHU WR WDNH LQWR FRQVLGHUDWLRQ WKH YDULR
VI\VWHPVY WKH KHWHURJHQHLW\ RI VWDNHKROGHUV GI
W\SHV 7KH ILYH VFHQDULRYV XVHG LQ RXU H[SHULPHQW)\

D WKH FUHDWLRQ RI D QHZ SURGXFW PHPEHU IURP H

E WKH FUHDWLRQ RI SURGXFW IDPLO\ IURP DOUHDG\

F FKDQJHV WR D SURGXFW PHPEHU LQ D SURGXFW IO

G FKDQJHV WR WKH FRUH DVVHWY RI D SURGXFW IDF

H LPSDFW RI FKDQJHV WR WKH FRUH DVVHWYV RI D
PHPEHU

JRU HDFK RI WKHVH VFHQDULRYV ZH KDYH LGHQWLILHG
SURFHVV DQG WKH W\SHV RI GRFXPHQWY DQG WUDFHEL
WUDFHDELOLW\ UHIHUHQFH PRGHO VHH &KDSWHU w
GHVFULEH WKHVH ILYH VFHQDULRY LQ WKH IROORZLQJ V

6FHQDULR 7KH FUHDWLRQ RI D QHZ SU
HILVWLQJ SURGXFW IDPLO\
7KLY VLWXDWLRQ RFFXUV ZKHQ DQ RUJDQLVDWLRQ ZDQ\
QHZ SURGXFW PHPEHU ,Q WKLV FDVH WUDFHDELOLW\ L
HYROXWLRQ RI VRIWZDUH VA\VWHPVY DQG UHXVH RI H[LVW
JLIXUH WKH VWDNHKROGHUY LQYROYHG LQ WKLV VFH

D PDUNHW UHVHDUFKHUV WKDW DUH UHVSRQVLEO
SURGXFLQJ D QHZ SURGXFW DQG WKH IHDWXUHV W
LQFOXGH IURP D FRPPHUFLDO SRLQW RI YLHZ

E UHTXLUHPHQWY HQJLQHHUV DQG SURGXFW PDQDJ}
RI WKH QHZ SURGXFW

F SURGXFW OLQH HQJLQHHUV SURGXFW PDQDJHUY
LGHQWLI\ ZKLFK DVSHFWV LQ WKH FRUH DVVHWYV RI
WKH QHZ SURGXFW



(YDOXDWLRQ 2YHUYLHZ

G VRIWZDUH DQDO\WWV DQG VRIWZDUH GHYHORSHUYV
PHPEHUV DQG LGHQWLI\ WKH FRPPRQDOLW\ DQG GL
SURGXFW PHPEHUV DQG WKH QHZ SURGXFW DQG

H VRIWZDUH GHYHORSHUV WKDW GHVLJQ WKH QHZ SUF

SURGXFW PHPEHUV DQG VSHFLI\LQJ QHZ DVSHFWYV
GHYHORSHG

JRU WKLV VFHQDULR VXSSRVHG WKH VLWXDWLRQ LQ ZK
FRQWDLQ SURGXFW PHPEHU 30 DQG WKH QHZ SURGXFW
30 IURP RXU FDVH VWXG\ VHH &KDSWHU $V VKRZQ LQ
UHTXLUHPHQWY RI 30 KDYH EHHQ VSHFLILHG LQ IRXU GLI
DEOH WR LGHQWLI\ WKH VLPLODULWLHY DQG GLIIHUHQFH\
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30 WKDW FDQ EH UHXVHG IURP 30 DQG WKH SDUWV RI
LW LV QHFHVVDU\ WR FRPSDUH YDULRXV GRFXPHQWYV LC(
IDPLO\ XVH FDVHV RI 30 DQG 30 DQG FODVV VHTXHQ
30

7KH W\SHV RI GRFXPHQWV WR EH FRPSDUHG DQG WKH
DVVRFLDWHG ZLWK WKHVH GRFXPHQWYV IRU WKLV VFHC(
SUHVHQWHG LQ WKH WDEOH WKH GLUHFWLRQ RI D UHO
FROXPQ > M@ DQG EL GLUHFWLRQDO UHODWLRQV DSSHL

UHODWLRH)A/HW RI XVH FDVHV RI 30 DQG 30 QHHG WR
IHDWXUH PRGHO RI D SURGXFW IDPLO\ LQ RUGHU WR
vLPLODULWLHY DQG GLIIHUHQFHY EHWZHHQ XVH FDVHV
FODVV VHTXHQFH DQG VWDWHFKDUW GLDJUDPV RI1 30

30 WR DVVLVW ZLWK WKH LGHQWLILFDWLRQ RI ZKLFK H
EH UHXVHG ,W LV DOVR QHFHVVDU\ WR FRPSDUH DO
GLDJUDPV RI 30 ZLWK WKH XVH FDVHV RI 30 WR DVVI
VLPLODULWLHY DQG GLIITHUHQFHV EHWZHHQ XVH FDVH\
FODVV VHTXHQFH DQG VWDWHFKDUW GLDJUDPV RI1 30

VXSSRUW WKH LGHQWLILFDWLRQ RI WKH HOHPHQWYV WKL

7TDEOH 'RFXPHQWY DQG WUDFHDELOLW\ UHODWLRQV |
JHDWXUBIVH &DV&VH &DVH&ODVV 6HTXHQFH
ORGHO 30 30 'LDJUDP 'LDJUDP

30 30

8VH &DRQWDLQV 6LPLODU

30 'LITHUHQW

8VH &D¥RQWDLG@GUYPLODU

30 'LITHUHQW

&ODVYV 6DWLVILDWLVILHV

‘'LDJUDP ,PSOHPHRSOHPHQWYV

30 SHILQHVSHILQHV

6HTXHQFH 6DWLVILEDWLVIBHHVYLQHYV

'LDJUDP ,PSOHPHRINOWHP BRRWYWWDLQV

30 SHILQHVWHILQHV

6WDWHFKDUW 6DWLVILHEDWLVIBHRQWDLAHILQHYV

'LDJUDP ,PSOHPHRSOHPHQWYV

30 SHILQHWHILQHV

7KLV ZLOO DOVR EH WKH FDVH IRU WDEOHYV DQG



(YDOXDWLRQ 2YHUYLHZ

6FHQDULR 7KH FUHDWLRQ RI SURGXFW
HILVWLQJ SURGXFWYV
,Q WKLV FDVH WUDFHDELOLW\ UHODWLRQV FDQ EH XVt
YDULDEOH DQG FRPPRQ DVSHFWV RI H[LVWLQJ SURGXFV
IDPLO\ $V VKRZQ LQ )LIJXUH WKH VWDNHKROGHUV LQY

D SURGXFW PDQDJHUV WKDW LGHQWLI\ ZKLFK DVSH
VKRXOG EH SDUW RI WKH SURGXFW OLQH

E SURGXFW OLQH HQJLQHHUV VRIWZDUH DQDO\VWYV
GHVLIQ WKH GRFXPHQWY DW WKH SURGXFW OLQH OH

F VRIWZDUH DQDO\WWY DQG VRIWZDUH GHYHORSHUV \
SURGXFW OLQH OHYHO

JRU WKLV VFHQDULR VXSSRVHG WKH VLWXDWLRQ LQ ZK
PHPEHUV 30 DQG 30 IURP RXU FDVH VWXG\ VHH &KDS\
FUHDWH D SURGXFW IDPLO\ WKDW FRPSRVHV WKHVH WZ
GRPDLQ DQDO\VLYVY DQG GHVLJQ PRGHOV RI SURGXFW PHP
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FRPSDUHG LQ RUGHU WR DVVLVW ZLWK LGHQWLILFDW
UHSUHVHQWHG WKH FRUH DVVHWY RI WKH SURGXFW IDP
GLITHUHQFHY EHWZHHQ 30 DQG 30 DUH LGHQWLILHG L(
WKH GRFXPHQWV DW WKH SURGXFW OLQH OHYHO DFFR!
LQ &KDSWHU ,W LV QHFHVVDU\ WR FRPSDUH YDULRXYV
30 DQG 30 DQG FODVV VHTXHQFH DQG VWDWHFKDUW

7KH W\SHV RI GRFXPHQWV WR EH FRPSDUHG DQG WKH
DVVRFLDWHG ZLWK WKHVH GRFXPHQWY IRU WKLV VFHQD
VHTXHQFH DQG VWDWHFKDUW GLDJUDPV RI 30 DQG 30
XVHU FDVHV RI 30 WR DVVLVW ZLWK WKH LGHQWLILFD
PRGHOV FDQ EH GHSOR\HG IRU SURGXFW PHPEHU 30 , \
DOO FODVV VHTXHQFH DQG VWDWHFKDUW GLDJUDPV R
30 WR DVVLVW ZLWK WKH LGHQWLILFDWLRQ RI ZKLFK |
GHSOR\HG IRU SURGXFW PHPEHU 30 ORUHRYHU WKH X\
WR EH FRPSDUHG DQG WKH FODVV VHTXHQFH DQG VW
QHHG WR EH FRPSDUHG LQ RUGHU WR VXSSRUW WKH LC
VLPLODU DQG GLITHUHQW



7D E OH '"RFXP HQWY DQG WUDFHDELOLW\ UHODWLRQV IRU VFHQDULR

8VH &D&WHH &D&E®GDVV 6HTXHQGMDWHRIODYWW6HTXH@GRMHDWHFKDUW

30 30 'LDJUDA.DJUDPLDJUDPLDJUDRDJUDPLDJUDP
30 30 30 30 30 30

8VH &DVH 6LPLODU
30 'LITHUHQW
8VH &D&HPLODU
30 'LITHUHQW
&ODVV 6DWLVIEBWLVILHV 6LPLODU
'LDJUDP,PSOHPHBWOWPHQWYV "LITHUHQW
30 SHILQHBHILQHYV
BHTXHQRBHWLVIBEBWLVIEHM QHYV 5HILQHS&LPLODU
'LDJUDP,PSOHP HREWWHPERGWDLQV &RQWDLQWUHQW
30 SHILQHBHILQHYV
6W D W HFEDW W IBBWLVIERQW DEQIN. Q HV SRQWDEBMQH&LPLODU
'LDJUDP,PSOHP HRBMWHPHQW YV 'LITHUHQW
30 SHILQHBHILQHYV

&ODVV 6DWLVIBBWLVIGHRLODU
'‘LDJUDP,PSOHPHBPWWPHQWYHQW

30

SHILQHWHILQHV

BHTXHQBDWLVIBBWLILHYILQHBLPLODU SHILQHYV
'LDJUDP,PSOHP HCBWWP ERQW D'ILONH UH QW &RQWDLQV

30

SHILQHBHILQHV

6WDWHFEDWIW IBBWLVIERQW DRI QHFLPLOD&RQWDLHIVQHV
'LDJUDP,PSOHPHRBWOWHPHQWV 'LITHUHQW

30

S5HILQHBHILQHYV



(YDOXDWLRQ 2YHUYLHZ

6FHQDULR &KDQJIJHV WR D SURGXFW PH
IDPLO\
,Q WKLV VFHQDULR WUDFHDELOLW\ UHODWLRQV FDQ Et
LPSOLFDWLRQV RI FKDQJHV LQ WKH V\VWHP $V VKRZQ
LQYROYHG LQ WKLV VFHQDULR DUH

D VRIWZDUH DQDO\WWV WKDW VSHFLI\ FKDQJHV WR
SURGXFW PHPEHU DQG

E VRIWZDUH DQDO\WWV DQG VRIWZDUH GHYHORSHUV
FKDQJHVY LQ WKH RWKHU UHODWHG GHVLJQ VRIWZDU

JRU WKLV VFHQDULR VXSSRVHG WKH VLWXDWLRQ LQ Zk
WKH FRUH DVVHWV RI PRELOH SKRQH V\VWHPV ZLWK S
IURP RXU FDVH VWXG\ DQG WKDW FKDQJHV DUH GRC
7TKHUHIRUH LW LV QHFHVVDU\ WR HYDOXDWH KRZ WKHYV
PRGHOV RI 30 DQG LI WKHVH FKDQJHYV DOVR DIIHFW WK
SURGXFW IDPLO\ WKDW PD\ EH UHODWHG WR WKH FKDQJ
RI GRFXPHQWYVY WR EH FRPSDUHG DQG WKH UHOHYDQW W
WKHVH GRFXPHQWY IRU WKLY VFHQDULR DUH VKRZQ LQ °



(YDOXDWLRQ 2YHUYLHZ

7TDEOH 'RFXPHQWY DQG WUDFHDELOLW\ UHODWLRQV IR

&ODVV G6HTXHQBWDWHRIODYVW 6HTXH@WDWHFKDUW
'LDJUDPLDJUDPLDJUDPLDJUDP 'LDJUDPLDJUDP

30 30 30 30 30 30
&ODVYV 2YHUODSYHUODSSWLODU2YHUORYWHUODSV
'LDJUDP
30
BHTXHQFHSHQGVBRQ 2YHUODS®HQGVBRRLODAXYHUODSV
'LDJUDP2YHUODSV 2YHUODSYV
30 SHILQHV SHILQHV

&RQWDLQV &RQWDLQV
6WDWHFKBHWGYBRQODSV 'HSHQGVBRQOBEPLODU
'LDJUDP2YHUODSWILQHV 2YHUODSBHILQHYV
30 &RQWDLQV &RQWDLQV
&ODVV 6LPLODRYHUODBWHUODSYV 2YHUORYMUODSV
'LDJUDP
30
BHTXHQRHSHQGYBRIQODRYHUODHYSHQGVBRQ 2YHUODSV
'LDJUDP2YHUODSYV 2YHUODSYV
30 SHILQHV SHILQHYV

&RQWDLQV &RQWDLQV
6WDWHFKBHYGYBRQODBMW LOD'WSHQGVBRIQUODSV
'LDJUDP2YHUODSWILQHV 2YHUODSBHILQHV
30 &RQWDLQV &RQWDLQV

6FHQDULR &KDQJIJHV WR WKH FRUH DVVHWYV

,Q WKLV FDVH ZH DUH LOWHUHVWHG LQ LQYHVWLJIJDWLQJ
WR VXSSRUW WKH HYROXWLRQ DQG DQDO\VLV RI WKH LPS
RI D SURGXFW IDPLO\ ORUH VSHFLILFDOO\ WKLV VFHQD!
WKH GRFXPHQWYVY DW WKH SURGXFW OLQH OHYHO DFFR
PRGHO LQ &KDSWHU GXH WR WKH DGGLWLRQ RI QHZ IH
VKRZQ LQ )LIJXUH WKH VWDNHKROGHUY LQYROYHG LQ

D PDUNHW UHVHDUFKHUV WKDW LGHQWLI\ QHZ IHDWXL

E SURGXFW OLQH HQJLQHHUV WKDW LGHQWLI\ ZKLFK
SURGXFW IDPLO\ DUH UHODWHG WR WKH QHZ IHDWXL
IHDWXUHV WR WKH RWKHU GRFXPHQWY DW WKH SURG
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J)LIXUH 6FHQDULR

JRU WKLV VFHQDULR VXSSRVHG WKH VLWXDWLRQ LQ Ztk
SURGXFW IDPLO\ VA\VWHPV IURP RXU FDVH VWXG\ DQG
GRFXPHQWY DW WKH SURGXFW OLQH OHYHO 7KHUHIRUH
FKDQJHVY ZLOO DIIHFW WKH RWKHU GRFXPHQWY LQ Wk
GRFXPHQWY WR EH FRPSDUHG DQG WKH UHOHYDQW WU
WKHVH GRFXPHQWY IRU WKLY VFHQDULR DUH VKRZQ L
GRFXPHQWYVY DW WKH SURGXFW OLQH OHYHO DUH FRPS
LGHQWLILFDWLRQ RI LQIRUPDWLRQ WKDW PD\ EH DIIHFW

7TDEOH 'RFXPHQWY DQG WUDFHDELOLW\ UHODW L

JHDWXWKEV\VWHIRFHVWORGXOH
PRGHO PRGHO PRGHOPRGHO
6XEV\SWWLVILHV
P PRGHHGHQGVBRQ
SHILQHYV

3URFH&IWLVIEHN QHV
PRGHOHSHQGVBRQ
S5HILQHV

ORGX@BBWLVILHV SHILQHYV
PRGHOHSHQGVBRQ
S5HILQHYV



(YDOXDWLRQ 2YHUYLHZ

6FHQDULR ,PSDFW RI FKDQJHV WR WKH
SURGXFW IDPLO\ DQG SURGXFW PHPEHUYV

,Q WKLY FDVH ZH DUH LOWHUHVWHG LQ LQYHVWLJIJDWLQJ

WR VXSSRUW WKH LPSDFW RI FKDQJHYVY PDGH DW WKH FR

SURGXFW PHPEHUV 7KLV LV D VPDOO VFHQDULR DQG LV

VXEV\VWHP RI D SURGXFW IDPLO\ DQG WKH LPSDFW RI WI

$V VKRZQ LQ )LIJXUH WKH VWDNHKROGHUY LQYROYHG L

D SURGXFW OLQH HQJLQHHUV WKDW LGHQWLI\ WKH FK
DQG

E VRIWZDUH DQDO\WWY DQG GHYHORSHUV WKDW LGHQ
WKH SURGXFW PHPEHU GHVLJQ GRFXPHQWYV

J)LIXUH 6FHQDULR

JRU WKLV VFHQDULR FRQVLGHU WKH VLWXDWLRQ LQ ZKLF
FKDQJHV DW WKH VXEV\WVWHP PRGHO WR WKH FODVV GLDJ
RXU FDVH VWXG\ $OWKRXJK FKDQJHV DW WKH VXEV\VWH|
RWKHU GRFXPHQWY DW WKH SURGXFW PHPEHU GHVLJQ

GLDJUDPV LQ WKLV H[SHULPHQW ZH RQO\ DQDO\]H WKt
PRGHOV DQG FODVV GLDJUDP 7KH W\SHV RI GREXPHQWYV )
WUDFHDELOLW\ UHODWLRQV IRU WKLV VFHQDULR DUH VKR
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7TDEOH 'RFXPHQWY DQG WUDFHDELOLW\ UHODWLI
& DVYV 'LDJUDP

6 XEV\VWHP&aRrROQWDLQYV
ORGHO

(YDOXDWLRQ 5HVXOWY DQG $QDO\VLV

,Q WKLV VHFWLRQ ZH SUHVHQW WKH UHVXOWYVY RI RXU
GHVFULEHG LQ 6HFWLRQ DQG DQDO\]H WKHVH UHVXOV

,Q WKH H[SHULPHQWY ZH GHSOR\HG D WRWDO RI WU L
EHHQ LQVWDQWLDWHG GHSHQGLQJ RQ WKH GRFXPHQW)\
WUDFHDELOLW\ UHODWLRQV WR EH LGHQWLILHG 7DEO
VXPPDU\ RI WKH QXPEHU RI GRFXPHQWY QXPEHU RI Il
LQGLUHFW WUDFHDELOLW\ UXOH WHPSODWHY DQG QXF
UXOHV WKDW ZHUH H[SHFWHG WR EH XVHG DQG WKDW K
WKH WDEOH ZH FRQVLGHU WKH QXPEHU RI GRFXPHQWYV
ILOHV VLQFH FODVV VHTXHQFH DQG VWDWHFKDUW GLD
UHSUHVHQWHG LQ WKH VDPH ;0, ILOH GXH WR WKH QDW)>

$V VHHQ LQ 7DEOH WKH QXPEHU RI GRFXPHQWYV IL!
DQG LQVWDQWLDWHG UXOHV H[SHFWHG DQG WKH QXPEF
ZRUGY WKH SHUIRUPDQFH RI WKH ;7UD4XH WRRO LV
FRQVLVWHQW DFURVYVY DOO ILYH VFHQDULRY LQYROY
WUDFHDELOLW\ UHODWLRQV DQG GLIITHUHQW VL]HV RI G

ORUH VSHFLILFDOO\ LQ VFHQDULRYV DQG WKH KL
ZHUH H[SHFWHG WR EH FUHDWHG ZKHUHDV LQ VFHQD
LQVWDQWLDWHG UXOHV ZHUH H[SHFWHG WR EH FUHDWF
GRFXPHQWY QXPEHU RI ILOHV DQG QXPEHU RI WUDFHEL
VFHQDULRY 7KHVH UHVXOWY LQGLFDWH WKDW WKH St
ILOHVY WUDFHDELOLW\ UXOH WHPSODWHY DQG FUHDWLQ



(YDOXDWLRQ 5HVXOWYV DQG $Q

LV FRQVLVWHQW DFURVY VPDOO RU ODUJH VHWYV RI GRFX
WUDFHDELOLW\- UHODWLRQVKLSYV

7TDEOH 6XPPDU\ RI GRFXPHQWY ILOHVY WUDFHDELO
LQVWDQWLDWHG WUDFHDELOLW\ UXOHV XVHG LQ WKH H[SHL

6FHQD BER QDBERQDEERQDEERQDULR

1R R[SHERFXPHQWYV
1R RBSGRABPHQWYV

1R R[SHIEWHG

1R RBSOloHY

1R PRI[SHBWHIBGFW WUDFHDELOLW\
UXOH WHPSODWHYV

1R RBSOGLHBFW WUDFHDELOLW\ UXOH
WHPSODWHYV

1R R[SHEWEGUHFW WUDFKDELOLW\
UXOH WHPSODWHYV

1R MPISSQRBEUHFW WUDFHKDELOLW\
UXOH WHPSODWHYV
7RWDOHPRHWRWBIBHDELOLW\ UXOH
WHPSODWHYV

7RWDO DBRSORHG WUDFHDELOLW\ UXOH
WHPSODWHYV

1R RI[SHEQWWDQWLDWHG GLUHFW D7
WUDFHDELOLW\ UXOHYV

1R PIFWXREYDQWLDWHG GLUHFW
WUDFHDELOLW\ UXOHV

1R R[SHEQMWGD QWLDWHG LQGLUHFW
WUDFHDELOLW\ UXOHV

1R RFWXQUO@DQWLDWHG LQGLUHFW
WUDFHDELOLW\ UDOHYV

7RWDO QRS HEQMEDQWLDWHG
WUDFHDELOLW\ UDOHYV

7RWDO RRW RO@WONDQWLDWHG
WUDFHDELOLW\ UDOHYV

7DEOHYV WR VKRZ D VXPPDU\ RI WKH QXPEHU RI WUI
UHVSHFWLYH UHODWLRQVKLS W\SH PDQXDOO\ GHWHFWH
GHWHFWHG E\ ;7UD4XH 67 LQ HDFK VFHQDULR $V VKRZC
VFHQDULR WKH QXPEHUV RI YDULRXV WUDFHDELOLW\ UH
VFHQDULR WKH WRR®Y DM@QBPFRUEMWEHGL W\ LPISOBIWHR@W E X\
WUDFHDELOLW\ UHODWLRQV VHH 7DEOH 7KLV LQGLF
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UHODWLRQV EHLQJ FUHDWHG IRU HDFK UHODWLRQVKL
DOWKRXJK WKH\ DUH JHQHUDWHG DFURVV WKH VDPH VH\

$GGLWLRQDOO\ WKH QXPEHUV RI WUDFHDELOLW\ UHOD'
UHODWLRQVKLSY DUH QRW QHFHVVDULO\ VLPLODU ZKt
VFHQDULRY LQYROYHG GLIIHUHQW GRFXPHQWYVY DQG ILO

VDWLVWDODEEODWNOLW\ UHODWLRQV LQVODAMHQDULRRL O LW
UHODWLRQV LQ VFHQDULR VHH 7DEOH

ORUHRYHU WKH QXPEHU RI WUDFHDELOLW\ UHODWLRQ
QXPEHU RI UHOHYDQW GRFXPHQWYV DQG ILOHV DQG W
VFHQDULR DQG WKH QXPEHU RI WUDFHDELOLW\ UF
RI UHOHYDQW GREFXPHQWV DQG ILOHV VHH 7DEOH
UHODWLRQVKLSY VHH 6HFWLRQV DQG z
QXPEHU RI UHODWLRQV DUH IDLUO\ ORZ GXH WR WKH VP
DQG ILOHV VHH 7TDEOH DQG OHVV W\SHV RI WUDFHD
DQG SDUWLFXODUO\ LQ VFHQDULR VHH 7DEOH
UHODWLRQV EHLQJ FUHDWHG LV YHU\ VPDOO GXH WR Wk
DQG ILOHV DQG RQO\ RQH W\SH RI WUDFHDELOLW\ UHOLCL

7TDEOH 6XPPDU\ RI WUDFHDELOLW\ UHODWLRQV GHWH

7\SHV Rl WUDFHDELOLVV UHEYDWLRQV
1R RUPSOWPH@WEMoLWY UHODWLRQV LGHQWLILHG
1R RMDWLWUDDELOLOWWY, UHODWLRQV LGHQWLILHG
1R RARQWWWLEFRHEQWLW, UHODWLRQV LGHQWLILHG
1R RUHILQbBPH@MW oLw\ UHODWLRQV LGHQWLILHG
1R RMLPLOBPUYDELOLWY UHODWLRQV LGHQWLILHG
1R RGLINAUDH EOWELOLWY UHODWLRQV LGHQWLILHG

7TDEOH 6XPPDU\ RI WUDFHDELOLW\ UHODWLRQV GHWH

7\SHV Rl WUDFHDELOLVV UHE&YDWLRQV
1R RUPSOWPHWEMMoLW\ UHODWLRQV LGHQWLILHG
1R RMDWLWUDEELOLLWWY, UHODWLRQV LGHQWLILHG
1R RAERQWWULEXRHEQWLWY UHODWLRQV LGHQWLILHG
1R RUHIQWWPH Q¥ LoLw\ UHODWLRQYV LGHQWLILHG
1R RMLPU@ODPUYDELOLWY UHODWLRQV LGHQWLILHG
1R RGLINAUDH @V LOLWY UHODWLRQV LGHQWLILHG

VX



(YDOXDWLRQ 5HVXOWY DQG $Q

7DEOH 6XPPDU\ RI WUDFHDELOLW\ UHODWLRQV GHWHF

7\SHV RI WUDFHDELOLWV UHEDWLRQV
1R BHSHWG&BEHDELOLW\ UHODWLRQV LGHQWLILHG
1R RY¥HWUDSFHDELOLW\ UHODWLRQV LGHQWLILHG
1R RRQWMNWWFPAFHDELOLW\ UHODWLRQV LGHQWLILHG
1R RHILQHPHEFADELOLW\ UHODWLRQV LGHQWLILHG
1R RLPWOUDFHDELOLW\ UHODWLRQV LGHQWLILHG

7TDEOH 6XPPDU\ RI WUDFHDELOLW\ UHODWLRQV GHWHF

7\SHV RI WUDFHDELOLWYVY UHEO/DWLRQV
1R RDWLWIUDEHAHDBANOLWN UHODWLRQV LGHQWLILHG
1R BHSHWG&MBEHDELOLW\ UHODWLRQV LGHQWLILHG
1R BHILQHPHEKHDELOLW\ UHODWLRQV LGHQWLILHG

7TDEOH 6XPPDU\ RI WUDFHDELOLW\ UHODWLRQV GHWHEF

7\SHV RI WUDFHDELOLWY UHEO/IDWLRQV
1R RRQWDVLWIFAHDELOLWN UHODWLRQV LGHQWLILHG

$GGLWLRQDOO\ 7DEOH VKRZVY |IRU HDFK VFHQDULR

WUDFHDELOLW\ UHODWLRQV GHWHFWHG DQG JURXSHG D
UHODWLRQV DQG WKH QXPEHU RI WUDFHDELOLW\ UHODWI
JHQHUDWHG E\ ;7UD4XH WRRO DQG PDQXDOO\ LGHQWLILH
LV WKH VHW Rl WUDFHDELOLW\ UHODWLRQ® L&GHWWFWHG

WUDFHDELOLW\ UHODWLRQV GHWHFWQRGMVMAHIFRHDEXKBLWY LC
UHODWLRQV GHWHFWHG E\ ;7UD4XH 87WRWDO LV WKH VHYV
WUDFHDELOLW\ XVHU GUIGWBEIFFHLNEMWXHV\YVHWORWLRQV L
WUDFHDELOLW\ XVHU DIQQGG BNOUIHFEHIHE WO ILW WK H OO RRQ VL
WUDFHDELOLW\ XVHU
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7DEOH 6XPPDU\ RI WUDFHDELOLW\ UHODWLRQV GHWH#
6FHQDWFRIQDBERQDBERQDWBERQDULR

87GK HFW
67 GLUHFW

_ 67 GLYBFEWGLUHFW _
87LQGLUHFW
67LQGLUHFW

_ B67LQGLUHFW A B87LQGLUHFW _
8 7 WRWDO
67WRWDO

_ 67WRWDO A 87WRWDO _

$VVKRZQ LQ 7DEOH IRU VFHQDULRYV DQG WKH
QXPEHU RI LQGLUHFW WUDFHDELOLW\ UHODWLRQV 87L(

VLQFH WKHVH VFHQDULRYVY GR QRW LQYROYH LQGLU
EHFDXVH WKH WRRO FDQQRW JHQHUDWH WKHVH UHODW
UHODWLRQV PDQXDOO\ ORUHRYHU WKH KLJK QXPEHU F
VFHQDULRYV DQG LV GXH WR WKH QXPEHU RI GRFXPH!
W\SHV XVHG LQ WKHVH VFHQDULRV DV ZHOO DV WKH
WKURXJK WKH YDULRXV UHODWLRQ W\SHV )RU LQVWDQF
FDVH GRFXPHQWY IRU 30 DQG IRXU XVH FDVH GRFXPHQ
WHUPV RI WKUHH GLIITHUHQW W\SHV RI WUDFHDELOLW\
UHILQHYVY ZLWK RQH FODVV GLDJUDP IRXU VHTXHQFH GL
E IRXU XVH FDVH GRFXPHQWYV IRU 30 DQG IRXU XVH FD
UHODWHG LQ WHUPV RI FRQWDLQV UHODWLRQV ZLWK
GRFXPHQWY RI 30 WKDW DUH UHODWHG WR IRXU XVH FI
VLPLODU DQG GLIITHUHQW UHODWLRQYV G IRXU VHTXHQI
WHUPV RI UHILQHYVY DQG FRQWDLQVY UHODWLRQ W\SHV ZL
UHILQHY UHODWLRQ ZLWK RQH VWDWHFKDUW GLDJUDP
LQ WHUPV RI FRQWDLQV UHODWLRQV ZLWK RQH VWDW|
FRPSOH[ VLWXDWLRQ RFFXUV LQ VFHQDULR

J)LIXUH VKRZV FKDUWYV FRPSDULQJ WKH QXPEHUV RI
E\ WKH XVHU DQG ;7UD4XH WRRO LQ HDFK VFHQDULR DV



(YDOXDWLRQ 5HVXOWYV DQG $QI

KDV WKUHH FROXPUWHSUGVURARW\LQJ D QXPEHU RI WUDFHI
JHQHUDWHG E\ ERWK XVHLUW 7oL 8 7WRBKEK PERROR |
WUDFHDELOLW\ UHODWLRQRWDE® QXKWHBUER IWWHDXWBDEL O
UHODWLRQV JHQHUDWHGwE\ ;7UD4XH WRRO

J)LIXUH 7TUDFHDELOLW\ UHODWLRQV GHWHFWHG E\ WKH
$ E\ WUDFHDELOLW\ XVHU % DQG E\ ;7UD4XH & LQ

7DEOH 3UHFLVLRQ DQG 5HFDOO 5DWHYV
6F HQ D UsLFRH Q D B IRQ D 6 IRQ D B IRQ DEY.RU D J H

3UHFLVLRQ RI JHQHUDWLQJ
GLWHRMWLRQV

3UHFLVLRQ RI JHQHUDWLQJ
LQGUHIBPWLRQV

3UHFLVLRQ RI JHQHUDWLQJ
DQWBIODWLRQV

5SHFDOO RI JHQHUDWLQJ
GLWHROMWLRQV

SHFDOO RI JHQHUDWLQJ
LQGUHBPWLRQV

5SHFDOO RI DOQHUDWLQJ
UHODWLRQV

7TDEOH VKRZV WKH UHVXOWY RI RXU H[SHULPHQWYV IRU
DQG SUHFLVLRQ UDWHV LQFOXGLQJ WKH QXPEHU RI GLUH
LGHQWLILHG E\ WKH XVHUV DQG E\ WKH WRRO 7KH WUD|I
WRRO LQ HDFK GLIITHUHQW VFHQDULR ZHUH FRPSDUHG DJ
LGHQWLILHG E\ XVHUV ZLWK VXEVWDQWLDO H[SHULHQFH
DQG SURGXFW IDPLO\ V\VWHPV $GGLWLRQDOO\ IRU V
FRUUHVSRQGLQJ WR WKH SUHFLVLRQ DQG UHFDOO UDWH
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QRW VKRZ DQ\ YDOXHV VLQFH WKHVH VFHQDULRV GR QR
UHODWLRQY DV PHQWLRQHG HDUOLHU VHH 7DEOH

7TKH UHVXOWY VKRZQ LQ 7DEOH SURYLGH SRVLWLYH
DXWRPDWLF JHQHUDWH WUDFHDELOLW\ UHODWLRQV DW
UHVXOWYVY VKRZ WKDW GLUHFW WUDFHDELOLW\ UHODWLR
ZKHQ FRPSDUHG WR LQGLUHFW WUDFHDELOLW\ UHODWL
WR WKH IDFW WKDW LQGLUHFW WUDFHDELOLW\ UHOD
WUDFHDELOLW\ UHODWLRQV DQG LQ WKH FDVHV RI L
JHQHUDWHG E\ WKH WRRO RU PLVVLQJ GLUHFW WUDFHI
LOQOWHUIHUH ZLWK WKH SUHFLVLRQ DQG UHFDOO RI WKI
VSHFLILFDOO\ WKH LQFRUUHFW DQG PLVVLQJ GLUHFW \
SUHFLVLRQ ZKLOH WKH PLVVLQJ GLUHFW WUDFHDELOL'
UHFDOO ORUHRYHU VFHQDULR KDV WKH ORZHVW UHF
VFHQDULRY ‘H DWWULEXWH WKLV WR WKH IDFW WKDW !
GLUHFW UXOH WHPSODWHY ZLWK UHVSHFW WR WKH GLII
WKH VFHQDULR ZKHQ FRPSDUHG WR VFHQDULRYV D C
VFHQDULR WR EH FRQVLGHUHG LQ WKLV FDVH JRU H[D
WHPSODWHY IRU IRXU GLIITHUHQW W\SHV RI GLUHFW L
WHPSODWHYV IRU IRXU GLITHUHQW W\SHV RI GLUHFW UH
WHPSODWHYV IRU IRXU GLITHUHQW W\SHV RI GLUHFW UHO
UXOH WHPSODWHYV IRU WKUHH GLIITHUHQW W\SHV RI UHO
WUDFHDELOLW\ UHODWLRQV JHQHUDWHG E\ ;7UD4XH IF
QXPEHU RI WUDFHDELOLW\ UHODWLRQV LGHQWLILHG E\
REVHUYH DQ LQYHUVLRQ RI WKLV VLWXDWLRQ L H Q X
JHQHUDWHG E\ WKH WRRO LV KLIJIKHU WKDQ WKH RQHV J
RI QHZ WUDFHDELOLW\ UXOHV IRU VDWLVILDELOLW\ GF
GRFXPHQWY DW WKH SURGXFW OLQH OHYHO FDXVH DQ L

‘H DSSOLHG WKH EDU FKDUW WR FRPSDUH WKH SUHFLV
JLIXUH D DQG )LIJXUH E VKRZ WKDW WKH SUHFL"
DQG WKH UHFDOO ILJXUHV LQ DOO WKH VFHQDULRV DU



(YDOXDWLRQ 5HVXOWYV DQG $Q!

SHUIRUPDQFH RI RXU DSSURDFK LQ WHUPV RI SUHFLVLRQ
VFHQDULRY VHHPV WR EH FRQVLVWHQW VHH )LJXUH
SUHFLVLRQ YDOXHYVY LQ DOO ILYH VFHQDULRY UDQJLQJ |

YDOXHV LQ VFHQDULR DQG UDQJLQJ IURP WR
YDOXH LQ VFHQDULR LV VOLIKWO\ ORZHU WKDQ WKH RYV
IRU RI UHFDOO LV VWLOO FRPSDUDEOH WR WKH D)
6SDQRXGDNLYVY HW DO DQG KLJKHU WKDQ WKH DYF

$QWRQLRO HW DO

7KH FKDUWYV LQ )LJXUH E VKRZ WKDW WKH SUHFLVLR
UDQJLQJ IURP WR DQG WKH UHFDOO YDOXHV D

7TKHVH UDWHY LQGLFDWH WKDW WKH SUHFLVLRQ YD
RXU DSSURDFK DUH IDLUO\ FRQVLVWHQW DOWKRXJK WKI
ZHUH SHUIRUPHG EHWZHHQ YDULRXV QXPEHUV RI GRFXPI
RI WUDFHDELOLW\ UHODWLRQVKLSV

J)LIXUH D 3UHFLVLRQ DQG UHFDOO ILJXUHV RI HDFK VI
SUHFLVLRQ DQG UHFDOO ILJXUHV IURP ILYH VFHQ

2YHUDOO WKH DYHUDJH SUHFLVLRQ PHDVXUHG DQG
LQ RXU H[SHULPHQWY DUH HQFRXUDJLQJ UHVXOWYV $FFR
VXPPDU\ RI UHFDOO DQG SUHFLVLRQ PHDVXUHPHQWYV |
WUDFHDELOLW\ DSSURDFKHV ,Q WKH WDEOH RXU SUHFL
UHFDOO UHVXOWY DUH FRPSDUDEOH WR WKH UHVXOWYV D

WKDW VXSSRUW DXWRPDWLF JHQHUDWLRQ RI WU
UHTXLUHPHQWY VSHFLILFDWLRQV DQG VRXUFH FRGH EDVI
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LQIRUPDWLRQ UHWULHYDO DSSURDFKHY ,Q WKHLU ZRUN
RI UHFDOO DQG RI SUHFLVLRQ 7KH UHVXOWY DFKL
WKDQ WKH UHVXOWV RI WKH ZRUN IRU DXWRPDWLF Jt
EHWZHHQ WH[WXDO GRFXPHQWV UHSUHVHQWLQJ UHTX
PRGHOV RI VRIWZDUH V\VWHPV 6SDQRXGDNLV HW DO

DFKLHYHG RI UHFDOO DQG RI SUHFLVLRQ ©6LPL
RXU ZRUN DUH DOVR EHWWHU WKDQ WKH UHVXOWY DFKL
DSSOLHG WKUHH YHFWRU VSDFH ,5 WHFKQLTXHV WR HQ
UHODWLRQV DQG KDYH DFKLHYHG RI SUHFLVLRQ DC
UHVXOWY DFKLHYHG LQ WKH ZRUN &OHODQG +XDQJ HW
UHFDOO WKH\ KDYH DFKLHYHG IDLUO\ ORZ RI SUHFL

7TDEOH 6XPPDU\ RI UHFDOO DQG SUHFLVLRQ UDWHYV LC
WUDFHDELOLW\ DSSURDFKHV

$SSURDFK $YHUDJH 5HFD®VHUDJH 3UHFLVLRQ
$QWRQLRO HW DO
&OHODQG +XDQJ HW DO E
6SDQRXGDNLV HW DO
+D\HV HW DO
2XU DSSURDFK

7K UHVXOWYV RI RXU H[SHULPHQWY KDYH GHPRQVWUDW
;7UD4XH FDQ EH HIIHFWLYHO\ XVHG WR DXWRPDWLFDOO
SURGXFW IDPLO\ VA\VWHPV 21 FRXUVH RI UHFDOO D
JRDO RI DQ\ WRRO +RZHYHU WR WKH EHVW RI RXU N
DSSURDFKHV PDQDJHG WR DFKLHYH WKLV JRDO

$GGLWLRQDOO\ WKH WLPH VSHQW GXULQJ WKH JHQHUD
ILYH VFHQDULRY XVHG LQ RXU HYDOXDWLRQ YDULHV GH
DQG WKH QXPEHU RI YDULRXV UHODWLRQVKLS W\SHV )I
ORQJHU WR EH H[HFXWHG WKDQ VFHQDULRYV DQG

ORUHRYHU WKH WH[WXDO FKDUDFWHULVWLFV RI VRPH F
UXOHV WKDW PD\ H[LVW IRU D FHUWDLQ UHODWLRQVKLS
WKH SURFHVVLQJ WLPH +RZHYHU RXU ;7UD4XH WRRO



(YDOXDWLRQ 5HVXOWYV DQG $QT

GRFXPHQWY DQG WUDFHDELOLW\ UHODWLRQVKLS W\SHV W
IHDWXUH RI WKH WRRO FDQ EH XVHG WR DVVLVW DQG F
WUDFHDELOLW\ JHQHUDWLRQ

6 XPPDU\

7KLYV FKDSWHU KDYH LOOXVWUDWHG WKH H[SHULPHQWYV I
WKH HITHFWLYHQHVYVY RI WKH WRRO DV ZHOO DV HYDOXDW|
E\ DSSO\LQJ ZLWK WKH SUHFLVLRQ DQG UHFDOO PHDV.
HISODQDWLRQV RI UHVXOWYV KDYH EHHQ JLYHQ 7KH HYD
FRQFOXVLRQ RI WKLV WKHVLVY WKDW ZLOO EH SUHVHQWHC



&KDSWHU

&RQFOXVLRQV DQG )XWXUH ZRUN

‘H SURYLGH LQ WKLV FKDSWHU WKH FRQFOXVLRQV ILQGL
6HFWLRQ SUHVHQWY WKH RYHUDOO FRQFOXVLRQV 7K
IXWXUH ZRUN DUH GHVFULEHG LQ 6HFWLRQ DQG 6HF\
UHPDUNV DUH OLVWHG LQ 6HFWLRQ

2YHUDOO &RQFOXVLRQV

7KH UHVHDUFK LQ WKLV WKHVLVY KDV FRQWULEXWHG WR
VI\VWHPV LQ DQ DXWRPDWLF ZD\ :H VXPPDUL]H EHORZ WK

$ WUDFHDELOLW\ UHIHUHQFH PRGHXQQ RVUKSEWY RGBKKHW. D ZHO
SURSRVHG D WUDFHDELOLW\ UHIHUHQFH PRGHO IRU SUR
7KH FRQFHSWYVY DQG PRWLYDWLRQ DUH GHULYHG IURP WKI
7KH PRGHO LV FRPSRVHG RI WZR PDLQ FRPSRQHQWV )]
GRFXPHQWY FUHDWHG GXULQJ WKH GHYHORSPHQW RI

DSSURDFK DISSIOWNKGHWKULHQWHHIG DRXXGKPHHVEKRBGHOLQJ
ODQJIJX¥MIH (LIKW W\SHV RI GRFXPHQWY DUH FRQFHUQHC
QDPHOMHDW XU VIRE® GVMHRO UHSUHVHQW UHIHUHQFH UHTXLUHF
VA\VWHPWXE¥\VW HB IPRREHHMVDY QRSRPEIEX O K WPHRG AWMR UHSUHVHQW
VRIWZDUH SURGXFW OO\QH RBWERK W\RH RWSUHVHQW UHTXLU
SURGXFW PHPEHUD/V VD GBOHTHOHPQ F D GG DWIDMWPHFKDUW GLDJU
XVHG WR UHSUHVHQW GHVLJQ PRGHOV RI SURGXFW PHPE}

6HFRQGO\ WKH PRGHO LQFOXGHV WKH FODVVLILFDWLRQ
WKHVH GRFXPHQWY 7ZR JURXSV RI WUDFHDELOLW\ UHOL



&+$37(5 &21&/86,216 $1' )8785( :25.

GLUBRWK DUH WUDFHDELOLW\ UHODWLRQV EHLQJ LGH
GRFXPHQWVY QDO @BHEW DUH WUDFHDELOLW\ UHODWLRQV [
WKH H[LVWLQJ GLUHFW WUDFHDELOLW\ UHODWLRQV 7Kt
LQ VHYHQ W\SH\P SQBPHOMYDRQYV KROGLQJ EHWZHHQ WZ
DQ DUWHIDFW LQ D GRFXPHQW H[HFXWHV RU DOORZV IF
DQRWKHU GRFR®WOWOPEWMRQYV KROGLQJ EHWZHHQ WZR
DUWHIDFW LQ D GRFXPHQW XVHV DQRWHKHUL QH RHQMF W
UHODWLRQV KROGLQJ EHWZHHQ WZR GRFXPHQWVY WKDW
DERXW DQRWKHUW B\REXBHEMILBQYV KROGLQJ EHWZHHQ \
WKDW DQ DUWHIDFW LQ D GRFXPHQW PHHWY WKH H[SHF
LQ DQRWKHU RRFYEHDBEWLRIQYV KROGLQJ EHWZHHQ WZR C
WR FRPPRQ DVSHFWYV GRISBQEIWAVRRQNV KROGLQJ EHW:
GRFXPHQWYV WKDW DQ DUWHIDFW LQ D GRFXPHQW UHOLI
LQ D GRFXPHEWR MMERWLRQYV KROGLQJ EHWZHHQ WZR

HYROYHG GXULQJ WKH SURGXFW IDPLO\ VIVWHP GHYHO
WUDFHDELOLW\ UHODWLRQV DUHVAE®LMHADMWLR QY NEBRGW
EHWZHHQ WZR GRFXPHQWV Rl WKH VDPH W\SH DQG DV\
FRPPRQ DVSHFWV EHWZHHQ YDULR X3/L | SHURKEDONW. RFOHP E +
KROGLQJ EHWZHHQ WZR GRFXPHQWYV RI WKH VDPH W\StH
DQG DVVLVWLQJ ZLWK WKH LGHQWLILFDWLRQ RI YDULD
PHPEHUYV

7KH UXOH EDVHG DSSURDFK IRU JHQHUDWIRQ WRNKH WUI
WKHVLY ZH SURSRVHG D UXOH EDVHG DSSURDFK IRU H
GRPDLQ RI SURGXFW IDPLO\ VI\VWHPV LQ &KDSWHU

GHYHORSHG DQG XVHG WR MXVWLI\ WKH LGHQWLILH
DXWRPDWLFDOO\ 7ZR JURXSV QRUUMEG®YEHDEFOR WW UK H V
WKH FUHDWLRQ RI GLUHFW DQG LQGLUHFW WUDFHDELO
H[SUHVVHG LQ DQ H[WHQVLRQ RI ;4XHU\ WKDW LQFOXGF
;4XHU\ DQG -DYD ODQJXDJHYV 7KH LGHQWLILFDWLRQ RI
IRXU FULWHULD DV IROORZV D VHPDQWLFV RI GRFXP]|
UHODWLRQV F SDUW RI VSHHFK RI ZRUGV LQ WH[WXD



2YHUDOO &RQFOXVLRQV

GLVWDQFH RI ZRUGV EHLQJ FRPSDUHG LQ D WH[W :KHQ
YHULILHG WUDFHDELOLW\ UHODWLRQV DUH JHQHUDWHG I

7TKH GHPRQVWUDWLRQ DQG HYDOXEBWLRWRWRR WKSH DNERBRI®R
&KDSWHU ;7 UHDAQIWHGP SOHPHQWHG LQ -DYD WR IDFLOLWD!
DQG HYDOXDWLRQ RI WKH DSSURDFK LQ &KDSWHU 7KH
DQ ;4XHU\ SURFHVVRU 7KH PDLQ IXQFWLIR@PFOGDWLAVYWI W
6HOHY¥B®HRIQ\LQJ GRFXPHQWY WR EH WUDFHG DQG WKH W\
WR EH FUHDWHBDEEOL®WN GQWHDWLRQUDFHDELOLW\ UHODYV
WKH FULWHULD IURP 7UDFUDEHDEWO LVWHF BN BHRYQVDHUS

UHSUHVHQWLQJ WKH WUDFHDELOLW\ UHODWLRQV LGHQV
7TUDFHDELOLWHYMWALQH DRANEBUVSOD\LQJ UHVXOWYV RI D WU

$GGLWLRQDOO\ D FDVH VWXG\ RI PRELOH SKRQH V\VWI
GHPRQVWUDWLRQ DQG HYDOXDWLRQ WKH DSSURDEFK ]
GHPRQVWUDWH GLIITHUHQW VLWXDWLRQV RI WUDFHDELO
VI\VWHP GHYHORSPHQW LOQYROYLQJ D HVWDEOLVKLQJ
GLITHUHQW W\SHV RI GRFXPHQWYV E LGHQWLI\LQJ GLIIHI
DQRG F VXSSRUWLQJ GLIITHUHQW VWDNHKROGHUV 7KH HI!
KDYH EHHQ HYDOXDWHG E\ FRQVLGHULQJ WZR FULWHULD
LGHQWLI\LQJ WUDFHDELOLW\ UXOH WHPSODWHY DQG FUF
LL JHQHUDWLQJ WUDFHDELOLW\ UBOBBIDEHVDQRU WKFE
PHDVXUHPHQWY DUH XVHG

7KH )LQGLQJV

7KLV WKHVLV KDV VKRZQ WKDW VRPH GHJUHH RI ODEI
WUDFHDELOLW\ UHODWLRQV IRU D ODUJH QXPEHU RI K
UHGXFHG ZLWK WKH WRRO VXSSRUW LPSOHPHQWHG 7UL
UHFRUGLQJ DQG UHSUHVHQWDWLRQ RI WUDFHDELOLW\ U
7KH JHQHUDWLRQ RI WUDFHDELOLW\ UHODWLRQV FDSWXL
WKURXJK WKH WUDFHDELOLW\ UHODWLRQVKLS W\SHV 7K
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OHDVW WZR GRFXPHQWV 6RPH WUDFHDELOLW\ UHODYV
FUHDWHG EDVHG XSRQ WZR GLUHFW UHODWLRQV $Q
DVVRFLDWLRQVY EHWZHHQ WKUHH VGAREBRD®IQWNUHCRW H

WUDFHDELOLW\ UHODWLRQV DUH LGHQWLILHG EHWZHH
ZKHUHDV WKH GRFXPHQWVY KDYH D VDPH UHODWLRQVK
DQRWKHU W\SH $V VKRZQ LQ WKLV WKHVLV WKH UHVX
XV LUH FD QUEREDAWAHY 7KH DYHUDJH SUHFLVLRQ PHDVXUH
UHFDOO PHDVXUHG DV 7KH UHVXOWY DFKLHYHG E
EHWWHU WKDQ WKH UHVXOWY DFKLHYHG LQ H[LVWLQJ W

$GGLWLRQDOO\ WKLV WKHVLV KDV GHPRQVWUDWHG C
DSSURDFKHY ‘H GHVFULEH EHORZ WKH DVSHFWYV

¥ (ODEOHV WUDFHDELOLW\ $SRPRWERRBRGKXFWYRREP HOLV W

DSSURDFKHV $OH[DQGHU $QWRQLRO HW DO

&OHODQG +XDQJ HW DO E 'LFN (J\HG
JLONHOVWHLQ +D\HV HW DO .LP HW DO
/IDJR HW DO /JHWHOLHU /ILQGYDOO DQG
ODUFXV ODUFXV DQG OHOHWLF 3LQKHLUF
3ROLO E 5DPHVK DQG -DUNH 6KHUED HW I
&DVWUR VXJIJHVWHG WUDFHDELOLW\ DFWLYL

GHYHORSPHQW WKH\ GR QRW VXSSRUW WUDFHDE
IHLWKHU WKH WUDFHDELOLW\ UHIHUHQFH PRGHO\
UHODWLRQV DUH SURSRVHG IRU LGHQWLI\LQJ FR
WKH GRPDLQ RI SURGXFW IDPLO\ VIVWHPV ,Q W
WUDFHDELOLW\ UHIHUHQFH PRGHO DQG FODVVLIL
WKH GRPDLQ RI SURGXFW IDPLO\ VIVWHPV

+ (QDEOHV WKH DXWRPDWLF JHQHUDWLRQ RI WUDF
IDPLO\ VWOUWKRXJK VRPH H[LVWLQJ DSSURDFKHV

&%) ( 'LEN (6$36 .LP HW DO 5L H
3KLOLSSRZ 7RUDQ]JR DQG &DVWUR SURS



7KH )LQGLQJV

DFWLYLWLHYV LQ WKH GRPDLQ RI SURGXFW IDPLO\
WRRO VXSSRUW RU GHILQH WKH SURFHVV IRU DFK
WKHVLVY ZH KDYH SURYLGHG WKH ;7UD4XH WRRO
JHQHUDWLRQ UHFRUGLQJ DQG UHSUHVHQWDWLRQ
KDV VRSKLVWLFDWHG DQG XVHU IULHQGO\ LQWHUIL
+ *HQHUDWHY WUDFHDELOLW\ UHOOQWAXRION WRHGLWH |
GLIIHUHQW UHODWLRQVKLSY DUH JHQHUDWHG EHW
GLIIHUHQW DFWLYLWLHV RI WKH GHYHORSPHQW C
VIVWHPV 7ZR YLHZV Rl WKH UHODWLRQVKLSV FDQ
JUDLQHG DVVRFLDWLRQV VXFK DV WUDFHDELOLW
SURGXFW PHPEHUV DQG EHWZHHQ FRUH DVVHWYV |
E ILQH JUDLQHG DVVRFLDWLRQV VXFK DV WUDF
HOHPHQWY LQ GRFXPHQWY +RZHYHU VRPH H[LVW]
/IDJR HW DO /JHLWH DQG %UHLWPDQ 5LH
7RUDQJR DQG &DVWUR GHILQHG WKH WU
SURGXFW IDPLO\ V\WVWHPV HLWKHU IRU ILQH JUL
DVVRFLDWLRQV EXW QRW IRU ERWK

7KH UHVHDUFK LQ WKLV WKHVLV KDV GHPRQVWUDWHG W
WUDFHDELOLW\ UHODWLRQV GXULQJ WKH GHYHORSPHQ
GHVFULEH EHORZ WKH XVH IRU LWV GLITHUHQW SXUSRVH)\

¥ 5SHXVKH UHVHDUFK LQ WKLV WKHVLV KDV IRXQG W
FRUH DVVHWYV RI SURGXFW IDPLO\ VA\VWHPV DIl
GHYHORSPHQW RI WKH VM\WVWHPV 7KH FRVW RI WK
GHYHORSPHQW GHSHQGV RQ WKH SURSRUWLRQ RI
WKH GHYHORSPHQW RI SURGXFW PHPEHUV +RZHYF
KDYH FDXVHG KLJKHU FRVW WR WKH SURGXFW ID
7TUDFHDELOLW\ UHODWLRQV DUH XVHG WR DVVLVW
FRVW L H HIIRUW DQG WLPH 6LQFH LW LV D FRPPEF
VXFK DV VRIWZDUH HQJLQHHUV QHHG WR UHODWH
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WR QHZ UHTXLUHPHQWY LQ RUGHU WR DVVLVW \
UHTXLUHPHQWY 7KH UHVHDUFK LQ WKLV WKHYV
WUDFHDELOLW\ UHODWLRQV FDQ EH XVHG WR II
VLWXDWLRQ

SQOGHUVWRRGURVHDUFK LQ WKLV WKHVLV KDV V
VWDNHKROGHUV ZKR KDYH GLIITHUHQW H[SHULHC
VA\VWHP GHYHORSPHQW SURFHVV KDYH GLIIHUHQ
VRIWZDUH DUWHIDFWYV 7TUDFHDELOLW\ UHODWL
FRPSUHKHQG WKH DVVRFLDWLRQV EHWZHHQ WKH
&RDUVH JUDLQHG DVVRFLDWLRQV VXFK DV FRPP
EHWZHHQ SURGXFW PHPEHUV DQG ILQH JUDLQHG
EHWZHHQ HOHPHQWY LQ GLIIHUHQW DUWHIDFWYV L
UHODWLRQVY DQG FDQ IDFLOLWDWH WKH XQGH!I
GRFXPHQWYV

)XWXUH :RUN

$ QXPEHU RI SRVVLEOH GLUHFWLRQV IRU IXUWKHU LQYH
SURYLGH LQ WKLV VHFWLRQ IXWXUH ZRUN RI WKH UHVH
GRQH WR LPSURYH WKH DSSURDFK DQG WR LQFUHDVH W

t

OLVXDOISWDWHRDQ LQ WKLV WKHVLVY D ODUJH QX
UHODWLRQVY FDQ EH JHQHUDWHG DFURVV SURGXF)
WKHUHIRUH EHOLHYHG WKDW WKH DSSURDFK FRXC(
VXSSRUW D EHWWHU ZD\ RI YLVXDOL]LQJ WKH UH
YLHZV ,Q DGGLWLRQ VRSKLVWLFDWHG WHFKQL
VXSSRUW WKH XVH RI WUDFHDELOLW\ UHODWLRQV
'"RPDLQ ,PSOHPHCHNDMVYIRQUFK LQ WKLV WKHVLV |
WZR PDLQ DFWLYLWLHYV RI SURGXFW IDPLO\ V\VW
DQRG GHVLIJQ 7KH DSSURDFK FRXOG EH H[SDQGHC



)XWXUH :RUN

LPSOHPHQWDWLRQ LQ RUGHU WR FRPSOHWH WKE
GHYHORSPHQW RI SURGXFW IDPLO\ VIVWHPV

$ 'REXPHQW VSH$VUINMKREDRQQ WKLV WKHVLV WKH
WUDFHDELOLW\ VWDUW DIWHU WKH FUHDWLRQ RI W
EHOLHYHG WKDW WKH DSSURDFK FRXOG EHQHILW |
WKH VSHFLILFDWLRQ RI GRFXPHQWYV

$ 7UDFLQJ EHWZHHQ GLIIHUWYQWKBGIQAXQFW K DWP VO iV
WKH DSSURDFK FDQ HQDEOH WUDFHDELOLW\ SUDF\
+RZHYHU LW LV EHOLHYHG WKDW WKH DSSURDFK
VXSSRUW WUDFHDELOLW\ EHWZHHQ GLIIHUHQW SUR

+ B5HGXFWLRQ RI WUDFHDEB®LWI RZHQ HQ DMK IRQ WKLHPV
WKH WUDFHDELOLW\ JHQHUDWLRQ FDQ WDNH D ¢
GHSHQGLQJ RQ WKH VL]H QXPEHU DQG W\SHV
UHODWLRQVKLSY ORUH ZRUN QHHGV WR EH GRQH
WLPH

J)LQDO 5HPDUNV

7KLV WKHVLV KDV SUHVHQWHG WKH UXOH EDVHG DSSUF
SURGXFW IDPLO\ VA\VWHPYV 7KH UHVHDUFK LQ WKLV WKHVI
SURYLGH WKH EDFNJURXQG RI WUDFHDELOLW\ WR VRIW
SURYLGH WKH EDFNJURXQG RI SURGXFW IDPLO\ V\VWHP
SUHVHQW WKH WUDFHDELOLW\ UHIHUHQFH PRGHO &KD:¢
SUHVHQW WKH IUDPHZRUN RI DXWRPDWLF WUDFHDELOI
IDPLO\ VA\VWHPV &KDSWHU
LOOXVWUDWH WKH ;7UD4XH WRRO &KDSWHU
SURYLGH D FDVH VWXG\ LQ WKH GRPDLQ RI PRELOH SKF
GHPRQVWUDWH DQG HYDOXDWH WKH DSSURDFK &KDSW



$SSHQGLFHYV



$SSHQGL[ $ 0/ 6FKHPDYV
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$ O ;0/ 6FKHPD IRU GLUHFW WUDFHDEL

"[PO YHUVLRQ HQFRGLQJ 87) "1
[V VFKHPD HOHPHQW)RUP'HIDXOW TXDOLDMAWBULEXWH)RQQ'HIDXOW XQTXDOLIwH
[POQV [V KWWS $YZZ Z RUJ ;0/6FKHPD !

[VHOHPHQW QDPH u5XOHV !
[V FRPSOH[7\SH!
[V VHTXHQFH!
[VHOHPHQW QDQLH 7UDFH5XOH PD[2FFXUV XQERXQGHG !
[V FRPSOH[7\SH!
[V VHTXHQFH!
[VHOHPHQW QDPH 4XHU\ W\SH [V VWULQJ !
[VHOHPHQW QDPH $FWLRQ !
[V FRPSOH[7\SH!
[V VHTXHQFH!
[VHOHPHQW QDPH 5HODWLRQ !
[V FRPSOH[7\SH!
[V VHTXHQFH!
[VHOHPHQW QDPH p(OHPHQW PLQ FFXUV PD[ FFXUV !
[V FRPSOH[7\SH PL[HG WUXH !
[V VHTXHQFH!
[VHOHQLHQW QDPH 'HVFULSWLRQ W\SH [V VWULQJ
PLQ2FFXUV PD[2FFXUV XQERXQGHG !
[VHOHPHQW QDPH &ODVV W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 2EMHFW W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH &KLOG W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH /LQN W\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH 6WDWHp W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH ,QFRPLQJ7UDQVLWLRQ W\SH [V VWULQ
PLQ2FFXUV p !
[VHOHPHQW QDPH 2SHUDWLRQ W\SH [V VWULQJ PLQ FF.
[VHOHPHQW QDPH B\WWHP W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 3URFHVVORGHO,' W\SH [V VWULQJ
PLQ2FFXUV !
[VHOHPHQW QDPH ORGXOHORGHO>' W\SH [V VWULQJp
PLQ2FFXUV !
[VHOHPHQW QDPH B3UHFRQGLWLRQV W\SH [V VWULQJ
PLQ2FFXUV !
[VHOHPHQW QDPH (YHQW W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 7UDQVLWLRQ W\SH [V VWULQJ PLQ2FF
[VHOHPHQW QDPH 3DUDPHWHU W\SH [V VWULQJ PLQ2FF
[V VHTXHQFH!
[VDWWULEXWH QDPH ‘RFXPHQO W\SH [V VWULQJ XVH RSW
[V FRPSOH[7\SH!
[VHOHPHQW!
[V VHTXHQFH!
[VDWWULEXWH QDPH 5XLH," W\SH [V VWULQJ XVH UHTXLUHG !
[VDWWULEXWH QDPH 7\SH W\SH [V VWULQJ XVH UHTXLUHG !
[VDWWULEXWH QDPH 'RF7\SHO W\SH [V VWULQJ XVH RSWLRQD
[VDWWULEXWH QDPH 'RF7\SH W\SH [V VWULQJ XVH RSWLRQDC
[V FRPSOH[7\SH!
[VHOHPHQW!
[V VHTXHQFH!
[V FRPSOH[7\SH! [V HOHPHQW! [V VHTXHQFH!
[VDWWULEXWH QDPH 5XOH," W\SH [V VWULQJ XVH UHTXLUHG !
[VDWWULEXWH QDPH pu5XOH7\SH W\SH [V VWULQJ XVH UHTXLUHG !
[VDWWULEXWH QDPH 'RF7\SHO W\SH [V VWULQJ XVH UHTXLUHG !
[VDWWULEXWH QDPH 'RF7\SH W\SH [V VWULQJ XVH UHTXLUHG !
[V FRLQSOH[7\SH! [V HOHPHQW! [V VHTXHQFH! [V FRPSOH[7\SH[ [V HOHPHQW!
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$ ;0/ 6FKHPD IRU LQGLUHFW WUDFHDEI

"[PO YHUVLRQ HQFRGLQJ 87) "I
[V VEKHPD HOHPHQW)RUP'HIDXOW T>DAOW ULHEXWH)RUP'HIDXOW XQT)>
[POQV KWWS ZZZ Z RUJ LO/6FKHPD

[VHOHPHQW QDPH 5XOHV !
[V FRPSOH[7\SH!
[V VHTXHQFH!
[V HOHPHQW QDPH 7UDFH5XOH PD[2FFXUV XQERXQGHG !
[V FRPSOH[7\SH!
[V VHTXHQFH!
[V HOHPHQW QDPH 4XHU\ W\SH [V VWULQJ !
[VHOHPHQW QDPH $FWLRQ !
[V FRPSOH[7\SH!
[V VHTXHQFH!
[V HOHPHQW QDPH 5HODWLRQ !
[V FRPSOH[7\SH!
[V VHTXHQFH!
[V HOHPHQW QDPH (OHPHQW W\SH [V VWULQJ PLQ:
PD[2FFXUV !
[V FKRLFH PD[2FFXUV !
[VHOHPHQW QDPH 'HSHQGHQF\ W\SH [V VWULQJ
PD[2FFXUV !
[VHOHPHQW QDPH &RQWDLQPHQW W\SH [V VWULC
PD[2HEXUV !
[VHOHPHQW QDPH (YROXWLRQ W\SH L[V VWULQJ
PD[2FFXUV !
[VHOHPHQW QDPH ,PSOHPHQWV W\SH [V VWULQJ
PD[2FFXUV !
[VHOHPHQW QDPH 2YHL ODS W\SH [V VWULQJ PL:
PD[2FFXUV !
[VHOHPHQW QDPH 6DWLVILDELOLW\ W\SH [V VWU
PD[2FFXUV !
[V HOHPHQW QDPH B5HIPHPHQW W\SH [V VWULQJ
PD[2FFXUV !
[V FKRLFH!
[VHOHPHQW QDPH 9DULDQW2I W\SH [V VWULQJ PL
[V VHTXHQFH!
[V DWWULEXOH QDPH 5XOH,"” W\SH [V VWULQJ XVH
[V DWWULEXWH QDPH 7\SH W\SH [V VWULQJ XVH UH
[V DWWULEXWH QDPH 7HUP W\SH [V VWULQJ XVH U]
[V FRPSOH[7\SH!
[V HOHPHQW!
[V VHTXHQFH!
[V FRPSOH[7\SH!
[V HOHPHQW!
[V VHTXHQFH!
[V DWWULEXWH QDPH 5XOH," W\SH [V VWULQJ XVH UHTXLU}I
[VDWWULEXWH QDPH 5XOH7\SH W\SH [V VWULQJ XVH UHTXI
[VDWWULEXWH QDPH 'RF7\SHO W\SH [V VWULQJ XVH UHTXL
[V DWWULEXWH QDPH 'RE7\SH W\SH [V VWULQJ XVH UHTXLL
[V FRPSOH[7\SH!
[V HOHPHQW!
[V VHTXHQFH[ [V FRPSOH[7\SH! [V HOHPHQW][ [V VEKHPD!
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$ ;0/ 6FKHPD IRU )HDWXUH PRGHO

$ )HDWXUH QDPH(
+ '"HVFULSWLRQ A

((¥ ,VVXHBDQGBGHFLVLRQ(

f 7\SHJ
VWULQJ

+ ([LVWHQWLDO ,
f JHDWXUH ORGHOQHDWXUH .\ prerppeps

ZWSH J
VWULQD
t 5HODWLRQVKLS 6HL IHDWXUH (
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“[PO YHUVLRQ HQFRGLQJ 87) "
HGLWHG ZLWK ;0/63< Y K WW § 782z [P OVSE\FRPUDSRUQ -LUDSDQWKRQUJ 2!
[V VEKHPD HOHP HQO)RUP 'HIDXOW TXDOLILHG DWWULEXWH)RUP "'HIDXOW XQTXDOLULHG
[POQV [KWWS zzz z RUJ ;0/8FKHP D

[VHOHPHQW QDPH ")HDWXUHAORGHO !
[V FRP SOH[7 \SH!
[V VHTXHQFH!
[VHOHPHQW QDPH )HDWXUH PD[2FFXUV XQERXQGHG !
[V FRPSOH[7\SH!
[V VHTXHQFH!
[VHOHPHQW QDPH )HDWXUHBQDPH !
[V FRPSOH[7\SH!
[V FKRLFH UQD[2FFXUV XQERXQGHG !

[VHOHPHQW QDPH 353 W\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDLQH -- W\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH && WVSH [V VOULQJ PLQ2FFXUV !
[VHOHPHQW QDPH 'O W\SH [V VWULQJ PLQ2FFXUV ~ !
[VHOHPHQW QDPH 9%= W\SH [ V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH 72 W\SH [V VWULQJ PLQ2FFXUV 1
[VHOHPHQW QDPH 99, W\SH [V VWULQJ PLQ2FFXUV ~ f!
[VHOHPHQW QDPH 99= W\SH [V VWULQJ PLQ2FFXUV

[V HOHPHQW LLDPH f5* WISH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH "% WV\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH + W\SH [V VWULQJ PLQ2FFXUV 1

[V HOHPHQW QDPH ,, WISH [V VWULQJ PLQ2FFXUV !
[V HOHPHQW QDPH $7 W\SH [V VWULQJ PLQ2FFXUV !
[V HOHPHQW QDPH §$7 WISH [V VWULQJ PLQ2FFXUV L
[V HOHPHQW QDPH 110 WV\SH [V VWULQJ  PLQ2FFXUV 1
[VHOHPHQW QDPH "11 WV\SH [V VWULQJ PLQ2FFXUV !
[V HOHPHQW QDPH 190 WISH [V VWULQJ PLQ2FFXUV 1
[VHOHPHQW QDPH 99, W\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH &-6 W\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH &-& W\SH [V VWULQJ  PLQ2FFXUV !
[V HOHPHQW QDPH 9% % W\SH [V VWULQJ PLQ2FFXUV ~ !
[VHOHPHQW QDPH 99% W\SH [V VWULQJ PLQ2FFXUV 1
[VHOHPHQW QDPH §- WVSH [V VWULQJ PLQ2FFXUV 1
[V HOHQLHQW QDPH 6& W\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH { WVSH [V VWULQJ PLQ2FFXUV !
[V HOHPHQW QDPH §- WVISH [V VWULQJ PLQ2FFXUV 1
[VHOHPHQW QDPH % ,& W\SH [V VWULQJ PLQ2FFXUV !
[V HOHPHQW QDPH $ ,6 W\SH [V VWULQJ PLQ2FFXUV !
[ VHOHPHQW QDPH $7 WISH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH $70 W\SH [V VWULLLI  PLQ2FFXUV
[VHOHPHQW QDPH $ 3 W\VSH [V VWULQJ PLQ2FFXUV 1
[V HOHPHQW QDPH $94 W\SH [V VWULQJ PLQ2FFXUV 1
[ VHOHPHQW QDPH &-& W\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH &-6 W\SH [V VWULQJ PLQ2FFXUV !
[V HOHPHQW QDPH &-7 W\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH &5' W\SH [V VWULQJ PLQ2FFXUV 1
[VHOHPHQW QDPH 36 W\SH O[V VWULQJ PLQ2FFXUV 1
[VHOHPHQW QDPH '7 WVSH [V VWULQJ PLQ2FFXUV 1
[VHOHPHQW QDPH '74 W\SH [V VWULQJY PLQ2FFXUV ~ !
[VHOHPHQW QDPH (; WVSH "[V VWULQJ PLQ2FFXUV !
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[VHOHPHQW QDPH ,7- W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 99% W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 112 W\SH [V VWULQJ PLQ2FFXUV 02
[VHOHPHQW QDPH 11U W\SH [V VWULQJ PLQ2FFXUV
[V HOHPHQW QDPH "11 WV\SH [V VWULQJ PLQ2FFXU V
[VHOHPHQW QDPH 132 W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 18// W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 25' W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 310 W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDUDH 313 W\SH [V VOULQJ PLQ2FFXUV
[VHOHPHQW QDPH 31;  WV\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 314 WISH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 326 W\SH [V VWULQJ  PLQ2FFXUV
[VHOHPHQW QDPH “35) W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 38/ W\V\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 381  W\SH [V VWULQJ PLQ2HFXUV
[VHOHPHQW QDPH 384 W\SH [V VWULQJ PLQ2HFXUV
[VHOHPHQW QDPH 385 O\VSH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 722 WVSH [V VWULQJ  QLLQ2FFXUV
[ VHOHPHQW QDPH 81& W\ S H [ V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 9%% W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 9% 'f W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQO QDPH 9%* W\SH [V VWULQJ  PLQ2FFXUV
[VHOHPHQW QDPH 9%, W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 79 %= WS H [V VWULQJ PLQ2FFXUV
[V HOHPHQW QDPH 9'% W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 9'' W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 9'*° W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 9', O\VSH f[V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 9°'1 WVSH [V VWULQJ PLQ2FFXUV
[V HOHPHQW QDPH 9 = W\SH [V VWULQJ PLQ2FFXUV
[V HOHPHQW QDPH 9+% W\SH [V VWULQJ PLQ2FFXUV
[V HOHPHQW QDPH 9+ W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 9+* WISH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 9+, W\SH [V VWULQJ PLQ2FFXUV O
[VHOHPHQW QDPH "9+1 W\SH [V VWULQJ PLQ2FFXUV
[V HOHUDHQW QDPH "9+= W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 90 2 W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 992 W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 99% WVSH [V VWLLQJ PLQ2FFXUV
[V HOHP HQ QDPH 99 W\SH [ VVWULQJI  PLQ2FFXUV
[VHOHPHQW QDPH 99* W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 99, W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 991 W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 99= WI\SH [V VWULQJ PLQ2FFXU V
[V HOHPHQW QDPH ;;2 WISH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH ==2 W\SH [V VWULQJ PLQ2FFXUV
[V HOHPHQW QDPH “,) W\SH [V VWULQJ PLQ2HFXUV !
[VHOHPHQW QDPH i WASH [V VWULQJ PLQ2FFXUV 1
[VHOHPHQW QDPH 5(; W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDP H 130 W\SH [V VWULQJ  PLQ2FFXUV
[V HOHPHQW QDPH 33+0 W\SH [V VWULQJ PLQ2HFXUV
[VHOHPHQW QDPH 0& W\SH [V VWULQJ PLQ2FFXUV 1
[V HOHPHQW QDPH 11 W\V\SH [V VWULQJ  PLQ2FFXUV
[VHOHPHQW QDPH 1138 WV\SH [V VWULQJ PLQ2FFXUV
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[VHOHPHQW QDPH 9%5f W\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH 5/ W\SH [V VWULQJf PLQ2FFXUV !
[VHOHPHQW QDPH 53.° W\SH [V VWULQJ PLQ2FFXUV !
[V HOHPHQW QD 55 W\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH $92 W\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH 9%1 W\SH [V VWULQJ PLQ2FHXUV ~ 1
[V HOHPHQW QD &6 W\SH [V VWULQJ PLQ2FFXUV
[VHOHPHQW QDPH 90 W\SH [V VWULQJ PLQ2FFXUV !
[V HOHPHQW QDPH &67 W\SH [V VWULQJ PLQ2FFXUV 1
[V HOHPHQW QDPH ;; WISH [V VWULQJ PLQ2FFXUV 1
[VHOHPHQW QDPH $33*( W\SH [V VWULQJ PLQ2FFXUV !
[V HOHPHQW QD 0" W\SH [ V VWULQJ PLQ2FFXUV !
[V HOHPHQW QD -7 WV\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH 53 W\SH [V VWULQJ PLQ2FFXUV ~ !
[V HOHPHQW QDP )8 WVSH [V VWULQJ PLQ2FFXUV [
[V HOHPHQW QDP e WVSH [V VWULQJ PLQ2FFXUV ~ !
[ VHOHPHQW QDPH 'O W\SH [V VWULQJ PLQ2FFXUV !
[V HOHPHQW QDPH ' WVSH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH 118 W\SH [V VWULQJ WQLQ2FFXUV !
[V HOHPHQW QDPH 57  W\SH [V VWULQJ PLQ2FFXUV [
[VHOHPHQW QDPH 555  W\SH O [V VOULQJ PLQ2FFXUV !
[VHOHPHQW QDPH "% &/ WVSH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH 1170 W\SH [V VWULQJ PLQ2FFXUV !
[VHOHPHQW QDPH 117 W\SH [V VWULQJ PLQ2FFXUV 1
[VHOHPHQW QDPH 0&O0 W\SH [V VWULQJ PLQ2FFXUV !
[V HOHPHQW QDPH 0 & WS H [V VWULQJ PLQ2FFXUV !
[V FKRLFH!
[V FRPSOH[7 \SH!

[V HOHP HQW!

[VHOHPHQW QDPH 'HVFULSWLRQ !

[V FRPSOH[7\SH!
[V FKRLFH PD[2FFXUV XQERXQGHG !

[V FKRLFH!
[V FRPSOH[7\SH!
[V HOHP HQW!
[VHOHPHQW QDPH ~,VVXHBDQGBGHFLVLRQ LQLQ2FFXUV
[V FRPSOH[7 \SH!
[V FKRLFH PD[2FFXUV XQERXQGHG !

[V FKRLFH!
[V FRPSOH[7\SH!
[V HOHP HQW!
[V HOHPHQW QDPH 7VSH W\SH [V VWULQJ !
[V HOHPHQW QDUDH ([LVWHQWLDO W\SH [V VWULQJ !
[VHOHPHQW QDPH 5HODWLRQVKLS PLQ2FFXUV !
[V FRPS,H[7 \SH!
[V VHTXHQHH!
[VHOHPHQW QDPH 5HOBIHDWXUH PLQ2FFXUV PD[2FFXUV XQERXQGHG !
[V FRPSOH[7\SH!
[V FKRLFH PD[2FFXU V XQERXQGHG !

[V FKRLFH!
[V FRPSOH[7\SH!
[V HOHP HQW!
[V VHTXHQFH!
[V DWWULEXWH QDPH W\SH W\SH [V VWULQJ XVH UHTXLUHG !
[V FRPSOH[7\SH!
[V HOHP HQW!
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[V HOHPHQW QDPH? $OORFDWHGBWRBV\VWHP PLQ2FFXUV 1
[V FRPSOH[7\SH!

[V FKRLFH PD[2FFXUV XQERXQGHG !
[V FKRLFH!

[V FRPSOH[7 \SH!
[V HHPHQW!
[VHOHPHQW QDPH &RPSRVLWLRQBUXOH PLQ2FFXUV !
[V FRPSOH[7\SH!

[V FKRLFH PD[2FFXUV XQERXQGHG !

[V FKRLFH!
[V FRPSOH[7\SH!
[V HOHP HQW!
[V VHTXHQFH!
[V FRPS,H[7\SH!
[V HOHP HQW!
[V VHTXHQFH!
[V FRPSOH[7\SH!
[V HOHP HQW!
[V VEKHP D!

1RWH [V FKRLFH! KDV VXE HOHPHOQNWLOWWY ¥ KBRZI) HD WKAELF



$ ;0/ 6FKHPD IRU XVH FDVH

$ ;0/ 6FKHPD IRU XVH FDVH

t 8VH&DVHO'JT 6\VWHP J f3URGXFW OHPEHU J
VWULQJ WULQJ WULQJ

t 7LVYOH
'"HVFULSWLRQ J

f /JHYHO ,
VWULQJ

n it 3UHFRQG(LWLRQV
t 3RVWFRQC(-3LWLRQV

¥ BULPDU\BDFWRUJ
t 8VH & BV H VW BIBBBBBBBBBBBBBBB

\' +t6HFRQGDU\BDFWRUG _
1>V\BBBGBBBBBBBBBBBBBBBB

7ULJJIHU (
¥ )@ZRRI HYHQWYV U

>W &YH@W

\ £ ([FHSWLRQDOBHYHQWV (
"f 6XSHURUGLQDWHBXVHBFDVHU

/gi 6 XERUGLQDWH  XVH FDVH

(
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"[PO YHUVLRQ HQFRGLQJ 87) "1
[V VFKHPD HOHPHQW)RUP'HIDXOW TXDOLDMHWMBULEXWH)RUP'HIDXOW XQTXDOL
[POQV [KWWS ZZZ Z RUJ O ;0/6FKHPD

[VHOHPHQW QDPH B8VHB&DVH !
[V FRPSOH[7 \SH!
[V VHTXHQFH!
[VHOHPHQW QDUDH 7LWOH !
[V FRPSOH[7\SH!
[V FKRLFH PD[2FFXUV XQERXQGHG !

[V FKRLFH!
[V FRPSOH[7 \SH!

[VHOHPHQW!

[VHOHPHQW QDPH 'HVFULSWLRQ !

[V FRPSOH[7\SH!
[V FKRLFH PD[2FFXUV XQERXQGHG !

[V FKRLFH!
[V FRPSOH[7 \SH!
[V HOFPHQW!
[VHOHPHQW QDPH /HYHO W\SH [V VWULQJ PLQ2HFXUV !
[VHOHPHQW QDPH W3UHFRQGLWLRQV PLQ2FFXUV !
[V FRPSOH[7\SH!
[V FKRLFH PD[2FFXUV XQERXQGHG !

[V FKRLFH!
[V FRPSOH[7\SH!
[VHOHPHQW!
[VHOHPHQW QDPH 3RVWFRQGLWLRQV PLQ2FFXUV !
[V FRPSOH[7\SH!
[V FKRLFH PD[2FFXUV UXQERXQGHG !

[V FKRLFH!
[V FRPSOH[7\SH!
[VHOHPHQW!
[VHOHPHQW QDQLH 3ULPDU\BDFWRU !
[V FRPSOH[7\SH!
[V FKRLFH PD[2FFXUV XQERXQGHG !

[V FKRLFH!
[V FRUDSOH[7\SH!
[VHOHPHQW!
[VHOHPHQW QDPH 6HFRQGDU\BDFWRUV PLQ2FFXUV !
[V FRPSOH[7\SH!
[V FKRLFH PD[2FFXUV XQERXQGHG !

[V FKRLFH!
[V FRPSLH[7\SH!
[VHOHPHQW!



$

70/ 6FKHPD IRU XVH FDVH

JORZBRIBHYHQWV !

.QDPH 7ULJIJHU PLQ2FFXUV

PD[2FFXUV XQERXQGHG !

S

\

(YHQWpu PD[2FFXUV XQERXQGHG !

D[2FFXUV XQERXQGHG !

QDPH
H!

\

bof

([FHSWLRQDOBHYHQWY PLQ2FFXUV

[2FFXUV XQERXQGHG !

DPH

DPH 6XSHURUGLQDWHBXVHBFDVH PLQ2FF>

\
%S
PD[2FFXUV XQERXQGHG !

QDPH 6XERUGLQDWHBXVHBFDVH PLQ2FFXUYV

PD[2FFXUV XQERXQGHG !

7\SH!
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$ ;0/ 6FKHPD IRU VXEV\VWHP PRGHO
"[PO YHUVLRQ HQFRGLQJ 87) "
[V VFKHPD HOHPHQW)RQQ'HIDXOW TXDOLWMWHWGULEXWH)RUP'HIDXOW

[POQV [KNWWS ZZZ Z RUJ ;0/BFKHPD
[VHOHUDHQW QDPH 6XEV\VWHPBORGHO !
[V FRPSOH[7\SH!
[V VHTXHQFH!
[VHOHPHQW QDPH 6XEV\WWHP PD[2FFXUV XQERXQGHG !
[V FRPSOH[7\SH!
[V VHTXHQFH!
[VHOHPHQW QDPH 6XEV\WWHPBQDPH !
[V FRPSOH[7\SH!
[V FKRLFH PD[2FFXUV XQERXQGHG !

[V FKRLFH!
[V FRPSOH[7\SH!

[V HOHPHQW!

[VHOHPHQW QDPH 'HVFULSWLRQ !

[V FRPSOH[7\SH!
[V FKRLFH PD[2FFXUV XQERXQGHG !

[V FKRLFH!
[V FRPSOH[7\SH!
[V HOHPHQW!
[VHOHPHQW QDPH 7\SH W\SH [V VWULQJ !
[V VHTXHQFH!
[V FRPSOH[7\SH!
[VHOHPHQW!
[VHOHPHQW QDPH )ORZ PD[2FFXUV XQERXQGHG !
[V FRPSOH[7\SH!

XQTXDO

[VDWWULEXWH QDPH IORZBLG W\SH [V VWULQJ XVH UHTXLUHG !
[VDWWULEXWH QDPH QRZBW\SH W\SH [V VWULQJ XVH UHTXLUHG !
[VDWWULEXWH QDPH VHQGHU W\SH [V VWULQJ XVH UHTXLUHG !
[VDWWULEXWH QDPH UHFHLYHU W\SH [V VWULQJ XVH UHTXLUHG !

[V FRPSOH[7\SH!
[VHOHPHQW!
[V VHTXHQFH!
[V FRPSOH[7\SH!
[V HOHPHQW!
[V VEKHPD!



$ ;0/ 6FKHPD IRU VXEV\VWHP PRG

1RWH [V FKRLFH! KDV VXE GHPHQWYV HJ 353 -- && "'
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$ ;0/ 6FKHPD IRU SURFHVV PRGHO



$ ;0/ 6FKHPD IRU SURFHVV PRGH

“[PO YHUVLRQ O HQFRGLQJ 87) "I
[V VFKHPD HOHPHQW)RUP'HIDXOW TXDOLILEWWULEXWH)RUP'HIDXOW XQTXDOL
[POQV [KNWWS ZZZ Z RUJ i0/6FKHPD
[VHOHPHQW QDPH 3URFHVVBORGG !
[V FRPSOH[7\SH!
[V VHTXHQFH!
[VHOHPHQW QDLQH 3URFHVV PD[2FFXUV XQERXQGHG !
[V FRPSOH[7\SH!
[V VHTXHQFH!
[VHOHUDHQW QDPH 3URFHVVBQDPH !
[V FRPSOH[7 \SH!
[V FKRLFH PD[2FFXUV XQERXQGHG !
VLH
[V FKRLFH!
[V FRPSOH[7 \SH!
[V HOHPHQW!
[VHOHPHQW QDPH 'HVFULSWLRQ !
[V FRPSOH[7\SH!
[V FKRLFH PD[2FFXUV XQERXQGHG !

[V FKRLFH!
[V FRPSOH[7 \SH!
[VHOHPHQW!
[VHOHPHQW QDPH S$FWLYLW\ W\SH [V VWULQJ !
[VHOHPHQW QDPH 7\SH W\SH [V VWULQJ !
[V VHTXHQFH!
[V DWWULEXWH QDPH pWVKDUHGBGDWDM W\SH [V VWULQJ XVH RSWLRQDO
[V FRPSOH[7\SH!
[VHOHPHQW!
[VHOHPHQW QDPH OHVVDJH PD[2FFXUV XQERXQGHG !

[V FRPSOH[7\SH!
[VDWWULEXWH QDPH PHVVDJHBLG W\SH [V VWULQJ XVH UHTXLUHG !

[VDWWULEXWH QDPH PHVVDJHBW\SH W\SH [V VWULQJ XVH UHTXLUHG !
[VDWWULEXWH QDPH VHQGHU W\SH [V VWULQJ XVH UHTXLUHG !
[VDWOULEXWH QDPH UHFHLYHU W\SH [V VWULQJ XVH UHTXLUHG !

[V FRPSOH[7\SH!

[VHOHPHQW!

[VHOHPHQW QDPH 6KDUHGBGDWD PLQ2FFXUV PD[2FFXUV XQERXQGHG !
[V FRPSOH[7\SH!
[VDOWULEXWH QDPH GDWDBLG W\SH p[V VWULQJ XVH UHTXLUHG !
[VDWWULEXWH QDPH GDWDBW\SH W\SH [V VWULQJ XVH UHTXLUHG !
[V FRPSOH[7 \SH!

[V HOHPHQW!

[V VHTXHQFH!
[VDWWULEXWH QDPH 3URFHVVORGHO," W\SH [V VWULQJ XVH UHTXLUHG !

[VDWWULEXWH QDPH 6XEVI\VWHPBQDLQH W\SH [V VWULQJ XVH UHTXLUHG
[V FRPSOH[7\SH!

[VHOHPHQW!

[V VEKHPD!

1RWH [V FKRLFH! KDV VXE HOHPHQWYV H J 353 -- && '
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$ ;0/ 6FKHPD IRU PRGXOH PRGHO

ORGXOHORGHOO'3URFHVVBQDPH J
VWULQJ VWULQJ

f ORGXOHBORGHO J B

06% /LQNU AaW\SH I VRXUFH - GIVWLQDWLRQ ,
VWULQJ VW BB®BBB VW IBLEBIB BIBB
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;0/ 6FKHPD IRU PRGXOH PRGHO
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$SSHQGL[ % 37UDFHDELOLW\ 5XOHYV

% O 'LUHFW 7UDFHDELOLW\ 5XOHYV

7UDFH5XO0OH 5X0OH," 5 5X0OH7\SH VDWLVILDELOLW\ 'RF7\SHO 6XEV\VWI
'"RFEF7\SH JHDWXUH ORGHO !
4 XHU\!

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy
GHFODUH IXQFWLRQ ORFDO JHW3DUHQW)HDWXUH FKLOG DV [V VWULQJ DV

IRU 6LWHPS$ LQ GRF $... $.. 5HODWLRQVKLS 5HOBIHDWXUH
ZKHUH QRUPDOL]JH VSDFH LWHPS$ QRUPDOL]H VSDFH 6FKLOG
UHWXUQ LWHPS$ JHDWXUHBQDPH

IRUBLWHP O LQ GRF $..0% .. 6 XEV\VWHP '"HVFULSWLRQ

LWHP LQ GRF $.. $ .. JHDWXUHBORGHO )HDWXUH )HDWXUHBQDQLH

ZKHUH ORFDO JHW3DUHQW)HDWXUH VWULQJ LWHP

DQG V FRQWDLQV,Q'LVWDQFH LWHPO 6LWHP ORFDO JHW3DUHQW)HDWXUF

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH VDWLVILDELOLW\ 'RF7\SH A 6XEV\VWHP
"RF7\SH )HDWXUH ORGHO !
(OHPHQW 'RFXPHQW ! A~ LWHPO 6XEV\WWHPBQDPH (OHPHQW!
(OHPHQW 'RFXPHQW | "6LWHP ° (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XO0OH," 50 5XOH7\SH LPSOHPHQWY 'RF7\SHO &ODVV 'LDJ
"RF7\SH )HDWXUH ORGHO !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
GHFODUH QDPHVSDFH V '"MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW&ODVVLQ&ODVY GLDJUDP DV [V VWULQJ D

IRU 6LWHP( LQ

GRF $..0%$.. 80/ 'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSK1RGH
HQW VHPDQWLFORGHO 80/ 8POO6HPDQWLFORGHO%ULGJH 80/ 8POO6HPDQYV
W 80/ &0ODVV

ZKHUH

6LWHP ( QDPH 6GLDJUDP

UHWXUQ 6LWHP(

OHW FO ORFDO JHW&ODVVLQ&ODVV O
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IRU 6LWHP2 LQ FO

IRU LWHPO LQ

GRF $..0%$.. $-0/ 1DPHVSDFH RZQHG(OHPHQW 80/ &0DVV 80/ &ODVVLILHL
LRQ

IRU LWHP LQ GRF $.. $.. )HDWXUHBORGHO )HDWXUH 'HVFULSWLRQ

OHW WO LWHPO #QDPH

ZKHUH 6LWHPO #[PL LG LWHP2 #[PL LGUHI

DQG V FRQWDLQV,Q'LVWDQFH LWHP G6LWHPO #QDPH WO

4XHU\!
$FWLRQ!
5HODWLRQ 5XOHO' 50 7\SH LPSOHPHQWY 'RF7\SHO &ODVV 'LDJU
"RF7\SH )HDWXUH ORGHOUM
(,LHPHQW 'RFXPHQW p! &ODVV!A WO ° &ODVV!
2SHUDWLRQ! " LWHP # QDPH' 2SHUDWLRQ! (OHPHQMW

(OHPHQW 'REFXPHQW | LWHP JHDWXUHBQDPH (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5X0OH 5XOH," 5 5XOH7\SH GHSHQGHQF\ 'RF7\SHO 8VH &DVH
"RF7\SH )YHDWXUH ORGHOU
4XHU\!

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW&KLOGUHQ)HDWXUH 6SDUHQW DV [V VWULC
N

IRU LWHPS$ LQ GRF $.. $.. JHDWXUH 5HODWLRQVKLS 5HOBIHDWXUH
ZKHUH QRUPDOL]H VSDFH LWHPS$ JHDWXUHBQDPH QRUPDOL]H VSDFH
UHWXUQ 6LWHPS$

IRU 6LWHPO LQ GRF $..0 $.. 8VHB&DVH 3UHFRQGLWLRQV
LWHP LQ GRF $.. $.. JHDWXUHBORGHO )HDWXUH )HDWXUHBQDPH

ZKHUH ORFDO JHW&KLOGUHQ)HDWXUH VWULQJ LWHP
DQG V FRQWDLQV,Q'LVWDQFH LWHPO LWHP ORFDO JHW&KLOGUHQ)HDW

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH GHSHQGHQF\ 'RF7\SHO 8VH &DVH
"RF7\SH W) HDWXUH ORGHO !
(OHPHQW 'RFXPHQW | AB6LWHP $7LWOH" 3UHFRQGLWLRQV !
(OHPHQW!
(OHPHQW 'REFXPHQW | A6LWHP
&KLOG! " ORFDO JHW&KLOGUHQ)HDWXUH VWULQJ LWHP = &KLOG
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH," 5 5XOH7\SH GHSHQGHQF\p '"RF7\SHO 3URFHVV (

'"RF7\SH JHDWXUH ORGHOu!



%O 'LUHFW 7UDFHDELOLW\ 5X

4 XHU\!
GHFODUH QDPHVSDFH Z MDYD VIQRQ\P V

GHFODUH IXQFWLRQ ORFDO JHW)HDWXUHRI6BXEV\VWHP 6VXEV\VWHP DV [V V
N

IRU 6LWHPS$ LQ GRF $... $.. JHDWXUHBORGHO )HDWXUH $OORFDWHGBWRBG6X
ZKHUH QRUPDOL]H VSDFH LWHPS$ QRUPDOL]H VSDFH VXEV\VWHP
UHWXUQ LWHPS$ 6LWHPS$ JHDWXUHBQDPH

IRU 6LWHP LQ GRF $1 ,%$.. 3URFHVVBORGHO
OHW W ORFDO JHW)HDWXUHRI6XEV\VWHP VWULQJ LWHPO #6XEV\VWHP B
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH GHSHQGHQF\ 'RF7\SHO 3URFHVV ORGHO

"RF7\SH )HDWXUH ORGHO !
(OHPHQW 'RFXPHQW !

BURFHVVORGHO,'! "6LWHP # 3URFHVVORGHOO'® 3URFHVVORGHO,"!
(OHPHQW 'RFXPHQW ! "6W ° (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
F7TUDFH5XOH 5XOH,' 5 5XOH7\SH FRQWDLQPHQW 'RF7\SHO 8VH &DVH
"RF7\SH )HDWXUH ORGHO !

4 XHU\!
GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW3DUHQW)HDWXUH FKLOG DV [V VWULQJ DV
N

IRU 6LWHPS$ LQ GRF $... $.. 5HODWLRQVKLS 5HOBIHDWXUH

ZKHUH QRUPDOL]H VSDFH LWHPS$ QRUPDOL]H VSDFH 6FKLOG

UHWXUQ 6LWHPS$ JHDWXUHBQDPH

IRUBLWHP O LQ GRF $..0% .. 8VHB&DVH "HVFULSWLRQ
LWHP LQ GRF $.. $.. JHDWXUHBORGHO )HDWXUH )HDWXUHBQDPH
ZKHUH V FRQWDLQV,Q'"LVWDQFH LWHPO LWHP ORFDO JHW3DUHQW)HDW X

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH FRQWDLQPHQW 'RF7\SHO 8VH &DVH
"RF7\SH )HDWXUH ORGHO !
(OHPHQW 'RFXPHQW | "6LWHP 7LWOH' 'HVFULSWLRQ !
(OHPHQW!
(,LHPHQW 'RFXPHQW ! A6LWHP ° (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH,' 5 5XOH7\SH FRQWDLQPHQWHM 'RF7\SHO 3URFHVV 0
"RF7\SH &ODVV 'LDJUDP !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
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GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

IRU 6LWHPO LQ GRF -.. -.. 80/ &ODVVLILHU IHDWXUH 80/ 2SHUDWLRQ #Q
IRU LWHP LQ GRF -..0-.. BURFHVY "HVFULSWLRAQ
OHW 6W LWHPO #QDPH

ZKHUH V FRQWDLQV,Q'LVWDQFH LWHP LWHPO W O

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH FRQWDLQPHQW 'RF7\SHO 3URFHVV ORG
"RF7\SH &ODVV 'LDJUDP !
(OHPHQW 'RFXPHQW | A~ LWHP S3URFHVVBQDPH' 'HVFULSWLRQ !
(OHPHQW!
(OHPHQW 'RFXPHQW ! &ODVV!IA6W ° &ODVV! 2SHUDWLRQ! "6LWHP (
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH,' 5 5XOH7\SH UHILQHPHQW 'RF7\SHO ORGXOH OR
"RF7\SH 3URFHVV ORGHOQ
4XHU\!

GHFODUH QDPHVSDFH Z MDYD VIQRQ\P V

IRU 6LWHPO LQ GRF $.. $.. BURFHVVBORGHO 3URFHVYV
OHW LWHP GRF $..0% .. ORGXOHBORGHO

ZKHUH Z VWULQJQRVSDFH VWULQJ LWHPO 3URFHVVBQDPH
Z VWULQJQRVSDFH LWHP #3URFHVVBQDPH

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH UHILQHPHQW 'RF7\SHO ORGXOH ORGHO
"RF7\SH 3URFHVV ORGHO
(OHPHQW 'RFXPHQW ! ORGXOHORGHO,'! " LWHP # ORGXOHORGHOO"
ORGXOHORGHO ,'[ (OHPHQW!
(OHPHQW 'RFXPHQW ! A LWHPO 3URFHVVBQDPH' (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH," 5 5XOH7\SH RYHUODSY 'RF7\SHO 6WDWHFKDUW
"RF7\SH 8VH &DVH !
4XHU\!

GHFODUH QDPHVSDFH 80/ pRUJ RPJ [PL QDPHVSDFH 80/
GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW7UDQVLWLRQLQ6WDWH DV LWHP

b

IRU 6LWHP) LQ

GRF $..0%.. 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8P OO6HPDQWLFOF

O6HPDQWLFORGHO%ULGJH HOHPHQW 80/ 7TUDQVLWLRQ
UHWXUQ 6LWHP)

GHFODUH IXQFWLRQ ORFDO JHW6WDWHLQ6WDWH WUDQVLWLRQ DV QRGH
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IRU 6LWHUQ* LQ GRF C..,C .. 80/ 6LPSOH6WDWH

ZKHUH LWHQL* 80/ 6WDWH9HUWH[ LQFRPLQJ 80/ 7UDQVLWLRQ #[PL LGUHI
WUDQVLWLRQ # [PL LGUHI
UHWXUQ LWHP*

OHW 6LWHPO ORFDO JHW7UDQVLWLRQLQG6WDWH
IRU WO LQ LWHPO

IRU LWHP LQ ORFDO JHW6WDWHLQG6WDWH WO
IRU LWHP LQ GRF $.. $.. 8VHB&DVH )ORZBRIBHYHQWY (YHQW
ZKHUH V FRQWDLQV,Q'LVWDQFH LWHP 6LWHP #QDPH

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH RYHUODSV 'RF7\SHO 6WDWHFKDUW 'LDJL
"RF7\SH 8VH &DVH !
(OHPHQW 'RFXPHQW ! 6WDWH!" LWHP #QDPH' 6WDWH!
,QFRPLQJ7UDQVLWLRQ!~” WO #[PL LGUHI> ,QFRPLQJ7UDQVLWLRQ!
(OHPHQW 'RFXPHQW ! ABLWHP 7LWOH > (YHQW !
(OHPHQW!
5HODWLRQ!
$FWLROQ!

7TUDFHS5XOH!

7TUDFH5XOH 5X0OHO" 5 5XOH7\SH HYROXWLRQ 'RF7\SHO 6WDWHFKDUW
'"RFE7\SH 6WDWHFKDUW 'LDJUDP !

4XHU\!

IRU 6LWHPO LQ GRF $..0%$.. 80/ 7TUDQVLWLRQ

6LWHP LQ GRF $.. $.. $-0/ 7TUDQVLWLRQ

ZKHUH

[ O 80/ 'LDJUDP #QDPH [ 80/ 'LDJUDP #QDPH DQG [O #QDPH [ #
DQG

[O 80/ 7TUDQVLWLRQ HIIHFW 80/ $FWLRQ6HTXHQFH 80/ $FWLRQ6HTXHQFH D
HWHGS$FWLRQ #QDPH

[ 80/ 7TUDQVLWLRQ HIIHFW 80/ $FWLRQ6HTXHQFH 80/ $FWLRQB6HTXHQFH DF
HWHG$FWLRQ #QDPH DQG

[O 80/ 7TUDQVLWLRQ WULJJHU %HKDYLRUDOB(OHPHQWY 6WDWHBODFKLQHV |
[O 80/ 6LIQDO(YHQW #[PL LG DQG

[ 80/ 7TUDQVLWLRQ WULJJHU %HKDYLRUDOB(OHPHQWY 6WDWHBODFKLQHV (
6 80/ 6LJQDO(YHQW #[PL LG DQG

6[0 80/ 6LIQDO(YHQW #QDPH [ 80/ 6LIQDO(YHQW #QDPH DQG

6[0 80/ 6LJQDO(YHQW 80/ 6LIJQDO(YHQW VLIJQDO %HKDYLRUDOB(OHPHQW
QDO #[PL LGUHI [O 80/ 6LJQDO #[PL LG DQG

[ 80/ 6LJQDO(YHQW 80/ 6LJQDO(YHQW VLIQDO %HKDYLRUDOB(OHPHQWYV
QDO #[PL LGUHI [ 80/ 6LJQDO #[PL LG DQG

[O 80/ 6LJQDO #QDPH [ $-0/ 6LJQDO #QDPH DQG

6[0 80/ 6LJQDO #[PL LG 80/ 'DWD7\SH #[PL LG

6[0 80/ (YHQW 3DUDPHWHU 80/ 3DUDPHWHU 80/ 3DUDPHWHU W\SH )RXQGHE
#[PL LGUHI DQG [ 80/ 6LJQDO #[PL LG 80/ 'DWD7\SH #[PL LG

6 80/ (YHQW 3DUDPHWHU 80/ 3DUDPHWHU 80/ 3DUDPHWHU W\SH )RXQGD

#[PL LGUHIDQG [O 80/ (YHQW 3DUDPHWHU 80/ 3DUDPHWHU #QDPH
[ 80/ (YHQW 3DUDPHWHU 80/ SDUDPHWHU #QDPH

4 XHU\!
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$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH HYROXWLRQ 'RF7\SHO 6WDWHFKDUW 'LL
"RF7\SH G6WDWHFKDUW 'LDJUDP !
(OHPHQW 'RFXPHQW !
7UDQVLWLRQ!A [ #QDPH' 7UDQVLWLRQ!
3DUDPHWHQ! ~ [O 80/ (YHQW 3DUDPHWHU 80/ 3DUDPHWHU #QDPH
(OHPHQW!
(OHPHQW 'RFXPHQW !
7UDQVLWLRQ! A6 #QDPH ° 7UDQVLWLRQ!
3DUDPHWHL! ~ [ 80/ (YHQW 3DUDPHWHU 80/ 3DUDPHWHU #QDPH"
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFHS5XOH!
F7TUDFH5XOH 5X0OH,' 5 5XOH7\SH LPSOHPHQWY 'RF7\SHO 6HTXHQFH
"RF7\SH 8VH &DVH
4XHU\!
GHFODUH QDPHVSDFH 80/ pRUJ RPJ [PL QDPHVSDFH 80/

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHWOHVVDJHLQG6HT DV LWHP
N

IRU LWHPS$ LQ
GRF $..0 $ .. 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8PO O6HPDQWLFO |

O6HPDQWLFORGHO%ULGJH HOHPHQW 80/ /LQN
UHWXUQ LWHPS$

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQ6HT 60LQN DV QRGH DV LWHP
N

IRU LWHP% LQ GRF $..0$.. 80/ /LQN
ZKHUH LWHP% #[PL LG OLQN #[PL LGUHI
UHWXUQ LWHP% 80/ /LQN FRQQHFWLRQ 80/ /LQN(QG 80/ /LQN(QG LQVWDGQ

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQORGHO REMHFW DV QRGH DV
N

IRU LWHP& LQ GRF $..0 $.. 80/ 2EMHFW
ZKHUH LWHP& #[PL LG REMHFW #[PL LGUHI
UHWXUQ LWHP& 80/ ,QVWDQFH FODVVLILHU 80/ &0ODVYV

GHFODUH IXQFWLRQ ORFDO JHW&ODVV2EMHFWLQG6HT FODVV DV QRGH [
N

IRU 6LWHP' LQ GRF $..0 $.. 80/ &0DVYV
ZKHUH LWHP' #[PL LG FODVV #[PL LGUHI

UHWXUQ 6LWHP'

GHFODUH IXQFWLRQ ORFDO JHW&ODVVLQ&ODVY FODVV DV QRGH4 6GLDJ
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N

IRU 6LWHP( LQ

GRF C..OC .. 80/ 'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSK1RGH
HQW VHPDQWLFORGHO 80/ 8PO@6HPDQWLFORGH@%ULGJH 80/ 8POO6HPDQ\
W 80/ &0DVYV

ZKHUH LWHP( SDUHQW QRGH #QDPH GLDJUDP

UHWXUQ 6LWHP(

OHW 6LWHPO ORFDO JHWOHVVDJHLQG6HT

IRU 6W LQ 6LWHPO

IRU LWHP LQ ORFDO JHW2EMHFWLQG6HT WO

IRU 6LWHP LQ ORFDO JHW2EMHFWLQORGHO LWHP
IRU LWHP LQ ORFDO JHW&ODVV2EMHFWLQ6HT LWHP

IRU 6LWHP LQ GRF $.. $.. 8VHB&DVH "HVFULSWLRQ

ZKHUH V FRQWDLQV,Q'LVWDQFH LWHP 6LWHP #QDPH

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH ULPSOHPHQWY 'RF7\SHO 6HTXHQFH 'LDJU
"RF7\SH 8VH &DVH !
(OHPHQW 'RFXPHQW | &ODVV!IA LWHP #QDPH' &,DVV! /LQN!A6W = /I
(OHPHQW!
(OHPHQW 'RFXPHQW I AGLWHP 7LWOH 'HVFULSWLRQ ! (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH,' 5 5XOH7\SH UHIPHPHQW 'RF7\SHO WBHTXHQFH 'LD
"RF7\SH 8VH &DVH !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO G-

GHFODUH IXQFWLRQ ORFDO JHWOHVVDJHLQ6HT DV LWHP

N

IRU 6LWHPS$ LQ

GRF $..0%.. 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8POO6HPDQWLFORG
,6HPDQWLFORGHO%ULGJH HOHPHQW 80/ /LQN

UHWXUQ 6LWHP$

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQ6HT 60OLQN DV QRGH DV LWHP
N

IRU 6LWHP% LQ GRF $..0 $.. 80/ /LQN

ZKHUH 6LWHP% #[PL LG OLQN #[PL LGUHI

UHWXUQ 6LWHP % 80/ /LQN FRQQHFWLRQ 80/ /LQN(QG 80/ /LQN(QG LQVWDQF

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQORGHO REMHFW DV QRGH DV L
N
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IRU LWHP& LQ GRF $..0 $.. 80/ 2EMHFW
ZKHUH LWHP& #[PL LG REMHFW #[PL LGUHI
UHWXUQ LWHP& 80/ ,QVWDQFH FODVVLILHU 80/ &,DVV

GHFODUH IXQFWLRQ ORFDO JHW&ODVV2EMHFWLQ6HT FODVV DV QRGH C
N

IRU 6LWHP' LQ GRF $..0 $.. 80/ &0DVYV

ZKHUH LWHP' #[PL LG FODVV #[PL LGUHI

UHWXUQ LWHP'

GHFODUH IXQFWLRQ ORFDO JHW&ODVVLQ&ODVY FODVV DV QRGH 6GLDF
N

IRU LWHP( LQ

GRF $..0%$.. 80/ 'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSK1RG|
HQW VHPDQWLFORGHO 80/ 8PO G6HPDQWLFORGHO%ULGJH 80/ 8PO 6HPDQ
W 80/ &0DVYV

ZKHUH LWHP( SDUHQW QRGH #QDPH 6GLDJUDP

UHWXUQ B6LWHP (

OHW LWHPO ORFDO JHWOHVVDJHLQG6HT

IRU WO LQ LWHPO

IRU LWHP LQ ORFDO JHW2EMHFWLQG6HT WO

IRU LWHP LQ ORFDO JHW2EMHFWLQORGHO LWHP
IRU LWHP LQ ORFDO JHW&ODVV2EMHFWLQG6HT LWHP

IRU LWHP LQ GRF $.. $.. B8VHB&DVH 'HVFULSWLRQ
ZKHUH V FRQWDLQV,Q'LVWDQFH LWHP LWHP #QDPH
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH UHILQHPHQW 'RF7\SHO G6HTXHQFH 'LDJ
"RF7\SH 8VH &DVH !
(OHPHQW 'RFXPHQW | &0DVV!A LWHP #QDPH' &ODVV[/LQN!”A" WO
(OHPHQW!
(OHPHQW 'RFXPHQW IAGLWHP 7LWOH 'HVFULSWLRQ ! (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH,' 5 5XOH7\SH VDWLVILDELOLW\ 'RF7\SHO 6HTXHQ
"RF7\SH p8VH &DVH !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHWOHVVDJHLQG6HT DV LWHP
N
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IRU 6LWHP$ LQ

GRF C..OC.. 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8POOB6HPDQWLFORG
O6HPDQWLFORGHO%ULGJH HOHPHQW 80/L/LQN

UHWXUQ LWHQLS

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQG6HT 60LQN DV QRGH DV LWHP
N

IRU 6LWHP % LQ GRF $..0$.. 80/ /LQN

ZKHUH LWHP% #[PL LG OLQN #[PL LGUHI

UHWXUQ LWHP% 80/ /LQN FRQQHFWLRQ 80/ /LQN(QG 80/ /LQN(QG LQVWDQF

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQORGHO REMHFW DV QRGH DV L
N

IRU 6LWHQL& LQ GRF C..OC.. 80/ 2EMHFW
ZKHUH LWHP& #[PL LG REMHFW #[PL LGUHI
UHWXUQ LWHP& 80/ ,QVWDQFH FODVVLILHU 80/ &0DVYV

GHFODUH IXQFWLRQ ORFDO JHW&ODVV2EMHFWLQGB6HT FODVV DV QRGH DV
N

IRU BLWHP' LQ GRF $..0 $.. 80/ &0DVV

ZKHUH LWHP' #[PL LG FODVV #[PL LGUHI

UHWXUQ LWHP'

GHFODUH IXQFWLRQ ORFDO JHW&ODVVLQ&ODVY FODVV DV QRGH GLDJUI

fRueLWHP(LQ

GRF $..0$... 80/ 'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSK1RGH
HQW VHPDQWLFORGHO 80/ 8PO 6HUQDQWLFORGHO%ULGJH 80/ 8PO 6HPDQ
W 80/ &0DVYV

ZKHUH LWHP( SDUHQW QRGH #QDPH 6GLDJUDP

UHWXUQ LWHP(

OHW 6LWHPO ORFDO JHWOHVVDJHLQG6HT

IRU 6WO LQ 6LWHPO

IRU 6LWHP LQ ORFDNJHW2EMHFWLQ6HT 6WO

IRU 6LWHP LQ ORFDO JHW2EMHFWLQORGHO LWHP
IRU 6LWHP LQ ORFDO JHW&ODVV2EMHFWLQ6HT 6LWHP

IRU 6LWHP LQ GRF $.. $.. 8VHB&DVH 'HVFULSWLROQ
ZKHUH V FRQWDLQV,Q'LVWDQFH LWHP LWHP #QDPH
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH VDWLVILDELOLW\ 'RF7\SHO B6HTXHQFH 'L

'"RF7\SH 8VH &DVH !
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(OHPHQW 'RFXPHQW ! &ODVV!IA LWHP #QDPH &ODVV! /LQN!A WO
(OHPHQW!
(OHPHQW 'RFXPHQW 1A LWHP 7LWOH' 'HVFULSWLRQ !
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH," 5 U 5XOH7\SH LPSOHPHQWY 'RF7\SHO &ODVV 'LD
"RF7\SH p8VH &DVH !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

IRU 6LWHPS$ LQ GRF $..0 $ .. 80/ &0DVYV
IRU 6LWHPO LQ GRF $..0% .. 80/ &O0ODVVLILHU IHDWXUH 80/ 2SHUDWLRQ #
IRU LWHP LQ GRF $.. $.. 8VHB&DVH

OHW 6w L W H P O Q D P H

ZKHUH
V FRQWDLQV,Q'LVWDQFH LWHP 7LWOH WO

DQG

V FROQWDLQV,Q'LVWDQFH 6LWHP 'HVFULSWLRQ LWHP

4XHU\!
$FWLRQ!
5SHODWLRQ 5XOH,' 5 7\SH LPSOHPHQWVH 'RF7\SHO &ODVV 'LDJUD
"RF7\SH 8VH &DVH !
(OHPHQW 'RFXPHQW ! &ODVV!IA"6WO ° &ODVV[2SHUDWLRQI!AB6LWHPO
(OHPHQW!
(OHPHQW 'RFXPHQW !~ LWHP 7LWOH 'HVFULSWLRQ !
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5X H 5XOH," 5 5XOH7\SH FRQWDLQPHQW 'RF7\SHO 8VH &DVH
"RF7\SH )YHDWXUH ORGHO !
4XHU\!

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

IRU

6LWHPO LQ GRF $..0 $.. 8VHB&DVH

6LWHP LQ GRF $.. $.. )HDWXUHBORGHO )HDWXUH

ZKHUH

V FRQWDLQV,Q'LVWDQFH 6LWHP 'HVFULSWLRQ 6LWHP )HDWXUHBQDPH
4XHU\!
$FWLRQ!

5HODWLRQ 5XOH," 5 7\SH FRQWDLQPHQW 'RF7\SHO 8VH &DVH
'"RF7\SH JHDWXUH ORGHO !
(OHPHQW '"RFXPHQW ' "6LWHPO 7LWOH (OHPHQW!
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(OHPHQW 'RFXPHQW ! "6LWHP )HDWXUHBQDPH (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH,' 5 5XOH7\SH UHILQHPHQW 'RF7\SHO 6WDWHFKDUW
"RF7\SH 6HTXHQFH 'LDJUDP !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

GHFODUH IXQFWLRQ ORFDO JHW2SHUDWLRQLQG6HT DV LWHP

IRU 6LWHPS$ LQ

GRF $.. $ .. 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8POO6HPDQWLFORG!
O6HPDQWLFORGHO %ULGJH HOHPHQW 80/ 2SHUDWLRQ

UHWXUQ LWHPS$

GHFODUH IXQFWLRQ ORFDO JHW2SHUDWLRQLQORGHO RSHUDWLRQ DV QRGH
N

IRU 6LWHP & LQ GRF C.. C .. 80/ &ODVVLILHU IHDWXUH 80/ 2SHUDWLRQ
ZKHUH LWHP& #[PL LG RSHUDWLRQ #[PL LGUHI

UHWXUQ 6LWHP&

GHFODUH IXQFWLRQ ORFDO JHW6WDWHRI2SHUDWLRQLQ6WDWH RSHUDWLRQ
N

IRU 6LWHP' LQ GRF $..08% ... 80/ 6LPSOH6WDWH

ZKHUH LWHP' #QDPH RSHUDWLRQ #QDPH

UHWXUQ 6LWHP"

IRU6LWHPO LQ ORFDO JHW2SHUDWLRQLQG6HT
IRU 6LWHP LQ ORFDKJHW2SHUDWLRQLQORGHO 6LWHPO
IRU LWHP LQ ORFDO JHW6WDWHRI2ZSHUDWLRQLQ6WDWH LWHP

4XHU\!
$FWLRQ!
5HODWLRQ 5XOHO' 5 7\SH UHILQHPHQWUK 'RF7\SHO B6WDWHFKDLW 'L
"RF7\SH G6HTXHQFH 'LDJUDP !
(OHPHQW 'RFXPHQW | 6WDWH!" LWHP #QDPH "6LWHP #[PL LG ° 6W
(OHPHQW!
(OHQUHQW 'RFXPHQW ! 2EMHFW!A LWHP #QDPH_ 2EMHFW!

2SHUDWLRQ!” LWHP #QDPH' 2SHUDWLRQ! (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH,' 5 5XOH7\SH LPSOHPHQW 'RF7\SHO &ODVV 'LDJUD
"RF7\SH 8VH &DVH !
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4 XHU\!
GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

IRU 6LWHP LQ GRF $..0 $ .. 80/ &0ODVV #QDPH
IRU 6LWHP LQ GRF $... $.. 8VHB&DVH "HVFULSWLRQ
ZKHUH

V FRQWDLQV,Q'LVWDQFH LWHP G6LWHP ,

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH LPSOHPHQW 'RF7\SHO &ODVV 'LDJUDP
"RF7\SH 8VH &DVHu
(OHPHQW 'RFXPHQW ! &ODVV! 6LWHP = &ODVV! (OHPHQW!
(OHPHQW 'RFXPHQW MI"6LWHP 7LWOH' (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH,' 5 5XOH7\SH FRQWDLQPHQW 'RF7\SHO G6WDWHFK.
"RF7\SH &ODVV 'LDJUDP !
4XHU\!

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy
GHFODUH QDPHVSDFH 80/ pRUJ RPJ [PL QDPHVSDFH 80/

IRU 6LWHPS$ LQ GRF $..0 $ .. 80/ &RPSRVLWH6WDWH VXEYHUWH[ 80/ 6LP S
IRU 6LWHP& LQ GRF $.. $.. 80/ &O0DVVLILHU IHDWXUH 80/ 2SHUDWLRAQ

ZKHUH V FRQWDLQV Q'LVWDQFH LWHP& #QDPH LWHPS$ #QDPH

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH FRQWDLQPHQW 'RF7\SH O 6WDWHFKDUW
"RF7\SH &ODVV 'LDJUDP !
(OHPHQW 'RFXPHQW ! 6WDWH!" LWHPS$ #QDPH" 6WDWH! (OHPHQW!
(OHPHQW 'RFXPHQW | &ODVVIA6LWHP& #QDPH' &ODVV!

2SHUDWLRQ! "6LWHP& # QDPH"~ 2SHUDWLRQ! (OHPHQW!
5HODWLRQ!

$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH,' 5 5XOH7\SH RYHUODS 'RF7\SH O &ODVV 'LDJUDP
"RF7\SH 6WDWHFKDUW 'LDJUDP !
4XHU\!

GHFODUH QDPHVSDFH Z MDYD VIQRQ\P V
GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

IRU 6LWHP LQ GRF $..0 $ .. 80/ &ODVVLILHU IHDWXUH 80/ 2SHUDWLRQ
6LWHP LQ GRF $.. $.. 80/ &RPSRVLWH6WDWH VXEYHUWH[ 80/ 6LPSOHG6B6W
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ZKHUH
LWHUQ O # QDPH LWHP #QDPH

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH -RYHUODS 'RF7\SHO p&ODVV 'LDJUDP
"RF7\SH 6WDWHFKDUW 'LDJUDP !
(OHPHQW 'RFXPHQW | &ODVV!A LWHPO #QDPH' &ODVYV
2SHUDWLRQ!”" LWHPO #QDPH' 2SHUDGRQ! (OHPHQW!
(OHPHQW 'RFXPHQW [BWDWH!A" LWHP #QDPH 6WDWH !
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH,' 5 5XOH7\SH RYHUODS 'RF7\SHO 6HTXHQFH 'LDJU
"RF7\SH &ODVV 'LDJUDP
4XHU\!

GHFODUH QDPHVSDFH Z MDYD VIQRQ\P V
GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

IRU 6LWHPO LQ GRF $..0 $.. 80/ 2EMHFW
6LWHP LQ GRF $.. $.. 80/ &0ODVV
ZKHUH
LWHPO #QDPH LWHP #QDPH
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH RYHUODS 'RF7\SHO 6HTXHQFH 'LDJUDP
"RF7\SH &ODVV 'LDJUDP !
(,LHPHQW 'RFXPHQW ! 2EMHFW! LWHPO #[PL LG ~ LWHPO #QDPH
(OHPHQW!
(OHPHQW 'RFXPHQW | &ODVVIA LWHP #[PL LG  ~ 6LWHP #QDPH" &
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH,' 5 5XOH7\SH UHILQHPHQW 'RF7\SHO ORGXOH ORG
"RF7\SH 3URFHVV ORGHO
4XHU\!

GHFODUH QDPHVSDFH Z uyMDYD VVQRQ\P V

IRU 6LWHPO LQ GRF $.. $.. 3URFHVVBORGHO 3URFHVYV
OHW LWHP GRF $.. $.. ORGXOHBORGHO
ZKHUH
Z VWULQJQRVSDFH VWULQJ LWHPO 3URFHVVBQDPH Z VWULQJQRVSDFH
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH UHILQHPHQW 'RF7\SHO ORGXOH ORGHO

'"RF7\SH SURFHVYVY ORGHO !
(OHPHQW 'RFEXPHQW ! ORGXOHORGH,,'!'" 6LWHP #O0ORGXOHORGHO,""
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ABLWHP #3URFHVVBQDPH' ORGXOHORGHO,'! (OHPHQW!
(OHPHQW 'RFXPHQW ! A~ LWHPO 3URFHVVBQDPH ° (OHPHQW!
5HODWLRQ!

$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH," 5 5XOH7\SH GHSHQGHQF\ 'RF7\SHO B6WDWHFKDU
"RF7\SH )JHDWXUH ORGHO !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW7UDQVLWLRQLQ6WDWH DV LWHP

N

IRU 6LWHP) LQ

GRF $..0%$.. 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8P0O 6HPDQWLFOR
O6HPDQWLFORGHO%ULGJH HOHPHQW 80/ 7TUDQVLWLRQ

UHWXUQ LWHP)

GHFODUH IXQFWLRQ ORFDO JHW7UDQVLWLRQLQ6WDWH WUDQVLWLRQ DV Q

1

IRU LWHP* LQ GRF $..0 $.. 80/ 6LPSOH6WDWH

ZKHUH LWHP*$-0/ 6WDWHO9HUWH[ LQFRPLQJS$-0/ 7TUDQVLWLRQ #[PL LGUHI
6WUDQVLWLRQ #[PL LGUHI

UHWXUQ LWHP*

OHW 6LWHPO ORFDO JHW7UDQVLWLRQLQ6WDWH
IRU WO LQ 6LWHPO
IRU LWHP LQ ORFDO JHW7UDQVLWLRQLQ6WDWH 6WO

IRU LWHP LQ GRF $.. $.. )HDWXUH 'HVFULSWLRQ
ZKHUH
V FRQWDLQY Q'LVWDQFH LWHP LWHP #QDPH
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH GHSHQGHQF\ 'RF7\SHO 6WDWHFKDUW
"RF7\SH )HDWXUH ORGHO
(OHPHQW 'RFXPHQW ! 6WDWH!_ LWHP #QDPH' 6WDWH!
,QFRPLQJ7UDQVLWLRQ! M 6W #[PL LGUHI' ,QFRPLQJ7UDQVLWLRQ!
(OHPHQW 'RFXPHQW | A~ LWHP JHDWXUHBQDPH' (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
F7TUDFH5XOH 5X0OH," 5 5XOH7\SH GHSHQGHQF\ 'RF7\SHO B6HTXHQFH
"RF7\SH )YHDWXUH ORGHO
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy
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GHFODUH IXQFWLRQ ORFDNJHWOHVVDJHLQ6HT4 DV LWHP

IRU 6LWHPS$ LQ

GRF C..OC... 80/ *UDSK(OHPH Q VHUQDQWLFORGHO 80/ 8POO0OG6
OGHPDQWLFORGHO%ULGJH HOHPHQW 80/ /LQN

UHWXUQ 6LWHPS$

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQG6HT OLQN DV QRG]
N

IRUGLWHP% LQ GRF C...O C... 80/ /LQN
ZKHUH LWHQL% #[PL LG OLQN #[PL LGUHI
UHWXUQ LWHP% 80/ /LQN FRQQHFWLRQ 80/ /LQN(QG 80/ /LQN(Q

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQORGHO REMHFW D\
N

6LWHP& LQ GRF C...OC... 80/ 2EMHFW
Z UH LWHP& #[PL LG REMHFW #[PL LGUHI
UHWXUQ 6LWHP& 80/ ,QVWDQFH FODVVLILHU 80/ &0DVYV

GHFODUH IXQFWLRQ ORFDO JHW&ODVV2EMHFWLQ6HT FODVV

L
IRU 6LWHP' LQ GRF C..O C... 80/ &0DVV
ZKHUH LWHP' #[PL LG FODVV #[PL LGUHI

UHWXUQ 6LWHP'

GHFODUH IXQFWLRQ ORFDO JHW&ODVVLQ&ODVYV 6FODVV DV Q

N
IRU 6LWHP( LQ
FC..OC.. 80/'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQ
H

GR G 80/ *L
HQW VHPDQWLFORGHO 80/ 8POO6HPDQWLFORGHO%ULG
w

LDJ

H
LGJH 80/ 8

80/ &0ODVV

HUH LWHP( SDUHQW QRGH #QDPH 6GLDJUDP

OHW 6LWHPO ORFDO JHWOHVVDJHLQG6HT

I 6W LQ 6LWHPO

I 6LWHP LQ ORFDO JHW2EMHFWLQG6HT 6WO

IRU LWHP LQ ORFDO JHW2EMHFWLQORGHO LWHP
IRU6LWHP LQ ORFDO JHW&ODVV2EMHFWLQG6HT LWHP

IRU 6LWHPY LQ GRF $... $... )HDWXUH 'HVFULSWLRQ
ZKHUH V FRQWDLQV,Q'LVWDQFH LWHP G6LWHP #QDPH

AXHU\!
$FWLRQ!
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5HODWLRQ 5XOH,' 5 7\SH UGHSHQGHQF\ 'RF7\SHO 6HTXHQFH 'LDJ
"RF7\SH )JHDWXUH ORGHO !
(OHPHQW 'RFXPHQW | &ODVV!IA LWHP #QDPH &ODVV! /LQN!A WO
(OHPHQW!
(OHPHQW 'REFXPHQW !~ LWHP JHDWXUHBQDPH" '"HVFULSWLRQ !
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5X0OH 5X0OHO" 5 5X H7\SH FRQWDLQPHQW 'RF7\SHO 6XEV\VWH
"RF7\SH &ODVV 'LDJUDP !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW&ODVVLQ&ODVY GLDJUDP DV [V VWULQJ
N

IRU 6LWHP ( LQ

GRF $.. $.. 80/ 'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSK1RGH
HQW VHPDQWLFORGHO 80/ 8P0O O6HPDQWLFORGHO%ULGJH 80/ 8P OO6HP D
W 80/ &0DVYV

ZKHUH

6LWHP ( $ Q60BLRPJHDP

UHWXUQ B6LWHP(

OHW FO ORFDO JHW&ODVVLQ&ODVYV &'BSKRQH
IRU 6LWHP2 LQ FO

IRUBLWHPO LQ

GRF $.. $.. 80/ 1DPHVSDFH RZQHG(OHPHQW 80/ &0ODVYV 80/ &,DVVLILHU |
LRQ
IRU LWHP LQ GRF $..0$.. 6XEV\WWHP 'HVFULSWLRQ
OHW 6WO LWHPO #QDPH
ZKHUH
6LWHPO #[PL LG G6LWHP #[PL LGUHI
DQG
V FRQWDLQV,Q'LVWDQFH LWHP LWHPO #QDPH
4AXHU\!
$FWLRQ!
5HODWLRQ 5XOHO' 5 7\SH FRQWDLQPHQW 'RF7\SHO 6XEV\VWHP
"RF7\SH &ODVV 'LDJUDP !
(OHPHQW 'RFXPHQW I~ LWHP 6XEVI\VWHPBQDPH" (OHPHQW!
(OHPHQW 'RFXPHQW ! &ODVVIA6WO ° &ODVV[2SHUDWLRQ!”" LWHPC
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH," 5 5XOH7\SH FRQWDLQPHQW 'RF7\SHO 3URFHVV

'"RFE7\SH 6HTXHQFH '"LDJUDP !
4 XHU\!
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GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHWOHVVDJHLQG6HT DV LWHP

IRU 6LWHPS$ LQ

GRF $.. $ .. 80/ *UDSK(OHUQHQW VHPDQWLFORGHO 80/ 8POO6HPDQWLFORC

O6HPDQWLFORGHO%ULGJH HOHPHQW 80/ /LQN
UHWXUQ LWHPS$

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQG6HT 60LQN DV QRGH DV LWHP
N

IRU 6LWHP% LQ GRF $.. $.. 80/ /LQN

ZKHUH LWHP% #[PL LG OLQN #[PL LGUHI

UHWXUQ LWHP% 80/ /LQN FRQQHFWLRQ 80/ /LQN(QG 80/ /ILQN(QG LQVWDQF
GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQORGHO REMHFW DV QRGH DV L

IRU 6LWHP & LQ GRF C.. C .. 80/ 2EMHFW
ZKHUH LWHP& #[PL LG REMHFW #[PL LGUHI
UHWXUQ LWHP& 80/ ,QVWDQFH FODVVLILHU 80/ &0DVYV

GHFODUH IXQFWLRQ ORFDO JHW&ODVV2EMHFWLQ6HT FODVV DV QRGH DV
N

IRU 6LWHP' LQ GRF $.. $.. 80/ &0DVV

ZKHUH LWHP' #[PL LG FODVV #[PL LGUHI

UHWXUQ LWHP'

GHFODUH IXQFWLRQ ORFDO JHW&ODVVLQ&ODVYV FODVV DV QRGH 6GLDJU
N

IRU 6LWHP ( LQ

GRF $.. $.. 80/ 'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSKLRGH 8

HQW VHPDQWLFORGH®@ 80/ 8PO 6HPDQWLFORGHO%ULGJH 80/ 8PO 6HPDQW
W 80/ &0DVV

ZKHUH LWHP( SDUHQW QRGH #QDPH 6GLDJUDP

UHWXUQ LWHP(

OHW 6LWHPO ORFDO JHWOHVVDJHLQG6HT

IRU 6W LQ 6LWHP

IRU 6LWHP LQ ORFDNIJHW2EMHFWLQ6HT 6WO

IRU 6LWHP LQ ORFDO JHW2EMHFWLQORGHO LWHP
IRU 6LWHP LQ ORFDO JHW&ODVV2EMHFWLQ6HT LWHP

IRU 6LWHP LQ GRF C..OC.. URFHVVBORGH, 3URFHVY "HVFULSWLRQ
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ZKHUH V FRQWDLQV,Q'LVWDQFH LWHP 6LWHP #QDPH

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH FRQWDLQPHQW 'RF7\SHO 3URFHVV ORG
"RF7\SH 6HTXHQFH 'LDJUDP !
(OHPHQW 'RFXPHQW !~ LWHP 3URFHVVBQDPH' 'HVFULSWLRQ !
(OHPHQW!
(OHPHQW 'RFXPHQW | &0ODVV! "6LWHP # QDPH' &ODVV[/LQN! "6W
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH," 5 5XOH7\SH FRQWDLQPHQW 'RF7\SHO B3URFHVYV
"RF7\SH G6WDWHFKDUW 'LDJUDP !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW7UDQVLWLRQLQ6WDWH DV LWHP

N

IRU 6LWHP) LQ

GRF $.. $.. 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8PO 6HPDQWLFORC
O6HPDQWLFORGHO%ULGJH HOHPHQW 80/ 7UDQVLWLRQ

UHWXUQ 6LWHP)

GHFODUH IXQFWLRQ ORFDO JHW6WDWHLQ6WDWH WUDQVLWLRQ DV QRGH
N

IRU 6LWHP* LQ GRF $.. $.. 80/ 6LPSOHB6WDWH

ZKHUH LWHP* 80/ 6WDWHOHUWH[ LQFRPLQJ 80/ 7UDQVLWLRQ #[PL LGUHI
6WUDQVL WLRQ # [PL L GUHI

UHWXUQ 6LWHP*

OHW 6LWHPO ,RFDO JHW7UDQVLWLRQLQ6WDWH
IRU 6W LQ BLWHP

IRU 6LWHP LQ ORFDO JHWG6WDWHLQG6WDWH 6WO
IRU 6LWHP LQ GRF $..0 $... 3URFHVV 'HVFULSWLRQ
ZKHUH

V FRQWDLQV,Q'LVWDQFH LWHP G6LWHP #QDPH

AXHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH FRQWDLQPHQW 'RF7\SHO 3URFHVV ORG
"RF7\SH 6WDWHFKDUW 'LDJUDP !
(OHPHQW 'RFXPHQW ! A~ LWHP BURFHVVBQDPH' (OHPHQW!
(OHPHQW 'RFXPHQW p! 6WDWH!" 6LWHP #QDPH 6WDWH!

,QFRPLQJ7 UDQVLWLRQ! M 6W #[PL LGUHI' ,QFRPLQJ7 UDQVLWLR(
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(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH,' 5 5XOH7\SH VDWLVILDELOLW\ 'RF7\SHO B6WDWHFK
"RF7\SH 8VH &DVH !
4XHU\!
GHFODUH QDPHVSDFH 80/ RUJ RPJ[PL QDPHVSDFH 80/

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW7UDQVLWLRQLQ6WDWH DV LWHP

N

IRU 6LWHP) LQ

GRF $..0%.. 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8POO6HPDQWLFORC
O6HPDQWLFORGHO%ULGJH HOHPHQW 80/L7UDQVLWLRQ

UHWXUQ LWHP)

GHFODUH IXQFWLRQ ORFDO JHW6WDWHLQ6WDWH WUDQVLWLRQ DV QRGH

'RU 6LWHP* LQ GRF $..0$.. 80/ 6LPSOH6WDWH

ZKHUH LWHP* 80/ 6WDWHOHUWH[ LQFRPLQJ 80/ 7TUDQVLWLRQ #[PL LGUHI
WUDQVLWLRQ #[PL LGUHI

UHWXUQ B6LWHP*

OHW 6LWHPO ORFDO JHW7UDQVLWLRQLQ6WDWH
IRU 6 W LQ 6LWHPL
IRUGLWHP LQ ORFDO JHW6WDWHLQ6WDWH WO

IRU 6LWHP LQ GRF $.. $.. 8VHB&DVH 'HVFULSWLROQ
ZKHUH
V FRQWDLQV,Q'LVWDQFH LWHP LWHP #QDPH
4XHU\!
$FWLRQ!
5HODWLRQ 5X,H,' 5 7\SH VDWLVILDELOLW\ 'RF7\SHO 6WDWHFKDUYV
"RF7\SH 8VH &DVH
(OHPHQW 'RFXPHQW ! 6WDWH!A" LWHP #QDPH' 6WDWH!
,QFRPLQJ7UDQVLWLRQ!” WO #[PL LGUHI  ,QFRPLQJ7UDQVLWLRQ!
(OHPHQW 'RFXPHQW I AGLWHP 7LWOH' (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH," 5 5XOH7\SH MUHILQHPHQW 'RF7\SH 6WDWHFKDUW
"RF7\SH 8VH &DVH !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW7UDQVLWLRQLQ6WDWH DV LWHP
N
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IRU 6LWHP) LQ

GRF $..0 % .. 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8POO6HPDQWLFO |
O6HPDQWLFORGHO%ULGJH HOHPHQW 80/ 7TUDQVLWLRQ

UHWXUQ 6LWHP)

GHFODUH IXQFWLRQ ,RFDO JHW6WDWHLQ6WDWH WUDQVLWLRQ DV QRGH
N

IRU 6LWHP* LQ GRF $..08% .. 80/ 6LPSOHB6WDWH

ZKHUH LWHP* 80/ 6WDWHO9HUWH[ LQFRPLQJ 80/ 7UDQVLWLRQ #[PL LGUHI
WUDQVLWLRQ # [PL LGUHI

UHWXUQ 6LWHP*

OHW 6LWHPO ORFDO JHW7UDQVLWLRQLQ6WDWH
IRU 6WO LQ 6LWHPO
IRU 6LWHP LQ ORFDO JHW6WDWHLQG6WDWH WO

IRU 6LWHP LQ GRF $.. $.. B8VHB&DVH J)ORZBRIBHYHQWY (YHQW
ZKHUH
V FRQWDLQV,Q'LVWDQFH LWHP LWHP #QDPH
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH UHILQHPHQW 'RF7\SHO 6WDWHFKDUW

"RF7\SH 8VH &DVH
(OHPHQW 'RFXPHQW | 6WDWH!" LWHP #QDPH 6WDWH!

,QFRPLQJ7UDQVLWLRQ!A" WO #[PL LGUHI"® ,QFRPLQJ7UDQVLWLRQ!
(OHPHQW 'RFXPHQW IA6LWHP 7LWOH' (YHQW ! (OHPHQW!
5HODWLRQ!

$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH,' 5 5XOH7\SH LPSOHPHQWY 'RF7\SHO 6WDWHFKD
"RF7\SH 8VH &DVH

4 XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW7UDQVLWLRQLQ6WDWH DV LWHP
N

IRU 6LWHP) LQ

GRF $..0%.. 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8PO 6HPDQWLFOR
O6HPDQWLFORGHO%ULGJH HOHPHQW 80/ 7UDQVLWLRQ

UHWXUQ 6LWHP)

GHFODUH IXQFWLRQ ORFDO JHW6WDWHLQ6WDWH WUDQVLWLRQ DV QRGH
N

IRU 6LWHP* LQ GRF $..0 $ .. 80/ 6LPSOH6WDWH

ZKHUH LWHP* 80/ 6WDWHO9HUWH[ LQFRPLQJ 80/ 7UDQVLWLRQ #[PL LGUHI
6WUDQVLWLRQ # [PL LGUHI
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UHWXUQ LWHP*

OHW LWHPO ORFDO JHW7UDQVLWLRQLQ6WDWH
IRU WO LQ 6LWHPO
IRU LWHP LQ ORFDO JHW6WDWHLQG6WDWH WO

IRU 6LWHP LQ GRF $.. $... 8VHB&DVH )ORZBRIBHYHQWY (YHQW
ZKHUH
V FRQWDLQV Q'LVWDQFH LWHP LWHP #QDPH
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH LPSOHPHQWY 'RF7\SHO 6WDWHFKDUW 'L
"RF7\SH 8VH &DVH !
(OHPHQW 'RFXPHQW ! B6WDWH!A LWHP #QDPH' 6WDWH
,QFRPLQJ7UDQVLWLRQ!”" WO #[PL LGUHI' ,QFRPLQJ7UDQVLWLRQ!
(OHPHQW 'REFXPHQW !~ LWHP 7LWOH" (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0HO' 5 5XOH7\SH VDWLVILDELOLW\ 'RF7\SHO &ODVV ‘|
"RF7\SH 8VH &DVH !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

IRU 6LWHPO LQ GRF $.. $.. 80/ &ODVVLILHU IHDWXUH 80/ 2SHUDWLRQ #QTC
IRU 6LWHP LQ GRF $.. $.. B8VHB&DVH 'HVFULSWLRQ
OHW W , LWHPO #QDPH
ZKHUH
V FRQWDLQVOQ'LVWDQFH LWHP LWHP W O
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH VDWLVILDELOLW\ 'RF7\SHO &,DVV 'LDJU
"RF7\SH 8VH &DVH
(OHPHQW 'RFXPHQW | &ODVV!IA6W ° &ODVV! 2SHUDWLRQ!ABLWHP O
(OHPHQW!
(OHPHQW 'RFXPHQW IA6LWHP 7LWOH" '"HVFULSWLRQ !
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH,' 5 5XOH7\SH LPSOHPHQWY 'RF7\SHO &ODVV 'LDJU
"RF7\SH )HDWXUH ORGHOW!
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

GHFODUH QDPHVSDFH V '"MDYD GLVWDQFH&RQWURO Gy
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GHFODUH IXQFWLRQ ORFDO JHW&ODVVLQ&ODVY GLDJUDP DV [V VWULQJ

I
IRU LWHP( LQ

GRF $..0$.. 80/ 'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSK1RG!|
HQW VHPDQWLFORGHO 80/ 8PO 6HPDQWLFORGHO%ULGJH 80/ 8PO 6HPDQ
W 80/ &0DVYV

ZKHUH

LWHP ( #QDPH 6GLDJUDP

UHWXUQ 6LWHP(

OHW FO ORFDO JHW&ODVVLQ&ODVV O
IRU LWHP2 LQ 6FO

IRU 6LWHPO LQ

GRF $..0%$.. 80/ 1DPHVSDFH RZQHG(OHPHQW 80/ &,DVV 80/ &ODVVLILHU
LRQ

IRU LWHP LQ GRF $.. $.. )JHDWXUHAORGHO )HDWXUH

OHW WO 6LWHP O #QDPH

ZKHUH

6LWHP O #[PL LG LWHP2 #[PL LGUHI

DQG

V FRQWDLQVS$,Q'LVWDQFH LWHP )HDWXUHBQDPH W

DQG

V FRQWDLQV,Q'LVWDQFH LWHP '"HVFULSWLRQ LWHPO #QDPH

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH LPSOHPHQWY 'RF7\SHO &ODVV 'LDJUD
"RF7\SH )HDWXUH ORGHO !
(OHPHQW 'RFXPHQW ! &ODVV!IA6WO ° &ODVV!
2SHUDWLRQ! A LWHP #QDPH' 2SHUDWLRQ! (OHPHQW!

(OHPHQW 'RFXPHQW !"6LWHP )HDWXUHBQDPH' (OHPHQW!
5HODWLRQ!

$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH," 5 5XOH7\SH GHSHQGHQF\ 'RF7\SHO 8VH &DVH
"RF7\SH )YHDWXUH ORGHO !
4XHU\!

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW&KLOGUHQ)HDWXUH SDUHQW DV [V VWULRQ
N

IRU 6LWHPS$ LQ GRF $.. $.. )HDWXUH 5HODWLRQVKLS 5HOBIHDWXUH
ZKHUH

QRUPDOL]H VSDFH 6LWHP $ HDWXUHBQDPH QRUPDOL]H VSDFH SDUH
UHWXUQ

6LWHP $

N
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IR U

6LWHPO LQ GRF $..0%.. 8VHB&DVH 'HVFULSWLRQ

LWHP LQ GRF $.. $.. JHDWXUHBORGHO )HDWXUH HDWXUHBQDPH
ZKHUH

ORFDO JHW&KLOGUHQ)HDWXUH VWULQJ BLWHP

DQG

V FRQWDLQV,Q'LVWDQFH LWHPO LWHQL ORFDO JHW&KL@GUHQ)HDWXUH

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH GHSHQGHQF\ 'RF7\SHO 8VH &DVH
"RF7\SH )HDWXUH ORGHO !
(LHPHQW 'RFXPHQW | A6LWHP 7LWOH ' (OHPHQW!
(OHPHQW 'RFXPHQW !"B6LWHP
&KLOG!" ORFDO JHW&KLOGUHQ)HDWXUH VWULQJ LWHP =~ &KLOG!
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XO0OH,' 5 5XOH7\SH GHSHQGHQF\ 'RF7\SHO B8VH &DVH
"RF7\SH )HDWXUH ORGHO
4XHU\!

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW3DUHQW)HDWXUH FKLOG DV [V VWULQJ DV

IRU 6LWHP$ LQ GRF $.. $.. B5HODWLRQVKLS 5HOBIHDWXUH
ZKHUH

QRUPDOL]H VSDFH LWHPS$ QRUPDOL]JH VSDFH FKLOG
UHWXUQ

6LWHP $ YHDWXUHBQDPH

IR U

6LWHPO LQ GRF $..0$.. 8VHB&DVH 'HVFULSWLRQ

LWHP LQ GRF $.. $.. JHDWXUHBORGHO )HDWXUH HDWXUHBQDPH
ZKHUH

ORFDO JHW3DUHQW)HDWXUH VWULQJ LWHP

DQG

V FRQWDLQV,Q'LVWDQFH LWHP 6LWHP ORFDO JHW3DUHQW)HDWXUH VWU

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH GHSHQGHQF\ 'RF7\SHO 8VH &DVH
"RF7\SH W) HDWXUH ORGHO !
(OHPHQW 'RFXPHQW ! A6LWHPO 7LWOH' (OHPHQW!
(OHPHQW 'RFXPHQW IABLWHP
&KLOG!" ORFDO JHW&KLOGUHQ)HDWXUH VWULQJ LWHP ° &KLOG
(OHPHQW!

S5SHODWLRQ!
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$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH,' 5 5XOH7\SH VDWLVILDELOLW\ 'RF7\SHO 3URFHV
"RF7\SH )JHDWXUH ORGHO !
4XHU\!

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW3DUHQW)HDWXUH FKLOG DV [V VWULQJ D

IRU LWHPS$ LQ GRF $.. $... S5HODWLRQVKLS 5HOBIHDWXUH
ZKHUH

QRUPDOL]H VSDFH LWHPS$ QRUPDOL]H VSDFH FKLOG

UHWXUQ

6LWHP $ JHDWXUHBQDPH

IRU

6LWHP LQ GRF $.. $.. B3URFHVVBORGHO 3URFHVV 'HVFULSWLRQ
LWHP LQ GRF $.. $.. )HDWXUHBORGHO )HDWXUH )HDWXUHBQDPH
ZKHUH

ORFDO JHW3DUHQW)HDWXUH VWULQJ LWHP

DQG

V FRQWDLQV,Q'LVWDQFH LWHPO G6LWHP ORFDO JHW3DUHQW)HDWXUH VYV

4AXHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH VDWLVILDELOLW\ 'RF7\SHO B3URFHVV 0
"RF7\SH )HDWXUH ORGHO
(,LHPHQW 'RFXPHQW ! "6LWHPO BURFHVVBQDPH ' (OHPHQW!
(OHPHQW 'RFXPHQW !~ LWHP ° (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH,' 5 5XOH7\SH VDWLVILDELOLW\ 'RF7\SHO 3URFH)\
"RF7\SH )HDWXUH ORGHO
4XHU\!

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW&KLOGUHQ)HDWXUH SDUHQW DV [V VWULC
N

IRU 6LWHPS$ LQ GRF $.. $.. )JHDWXUH 5HODWLRQVKLS S5H/IHDWXUH

ZKHUH

QRUPDOL]H VSDFH LWHPS YHDWXUHBQDPH QRQQDOL]H VSDFH 6SDUH
UHWXUQ

6LWHP $

IRU

6LWHP LQ GRF $..0$.. 3URFHVVBORGHO 3URFHVV 'HVFULSWLRQ

6LWHP LQ GRF $.. $.. JHDWXUHBORGHO )HDWXUH )HDWXUHBQDPH
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ZKHUH
ORFD@ JHW&ELOGUHQ)HDWXUH VWULQJ LWHP
DQG
V FRQWDLQV,Q'LVWDQFH LWHPO LWHP ORFDO JHW&KLOGUHQ)HDWXUH VV
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH VDWLVILDELOLW\ 'RF7\SHO B3URFHVV 0RC
"RF7\SH YHDWXUH ORGHO !
(OHPHQW 'RFXPHQW ! A~ LWHPO SURFHVVBQDPH' (,HPHQW!
(OHPHQW 'REXPHQW p!'~ LWHP (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH,' 5 5XOH7\SH VDWLVILDELOLW\ 'RF7\SHO ORGXOH (
"RF7\SH )HDWXUH ORGHO !
4XHU\!

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW3DUHQW)HDWXUH FKLOG DV [V VWULQJ DV

IRU 6LWHPS$ LQ GRF $.. $.. B5HODWLRQVKLS 5HOBIHDWXUH
ZKHUH

QRUPDOL]H VSDFH LWHPS$ QRUPDOL]JH VSDFH FKLOG

UHWXUQ

6LWHP $ YHDWXUHBQDPH

IRU

6LWHPO LQ GRF $..0%.. ORGXOHBORGHO ORGXOH 'HVFULSWLRQ
6LWHP LQ GRF $.. $.. )HDWXUHBORGHO )HDWXUH )HDWXUHBQDPH
ZKHUH

ORFDO JHW3DUHQW)HDWXUH VWULQJ LWHP

DQG

V FRQWDLQV,Q'LVWDQFH LWHPO LWHP ORFDO JHW3DUHQW)HDWXUH VWU |

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' u5 7\SH VDWLVILDELOLW\ 'RF7\SHO ORGXOH ORG
"RF7\SH )HDWXUH ORGHO !
(OHPHQW 'RFXPHQW | ~ LWHPO ORGXOHBQDPH' (OHPHQW!
(OHPHQW 'RFXPHQW !~ LWHP ° (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH,' 5 5XOH7\SH FRQWDLQPHQW 'RF7\SHO ORGXOH OR
"RF7\SH &ODVV 'LDJUDP
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

IRU 6LWHPO LQ GRF $.. $.. 80/ &O0DVVLILHU IHDWXUH 80/ 2SHUDWLRQ #QD
IRU 6LWHP LQ GRF $..08% .. ORGXOH "HVFULSWLRQ
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OHW 6WLWHPO # QD PH
ZKHUH

V FRQWDLQV,Q'LVWDQFHW OWHP LWHPO

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH FRQWDLQPHQW 'RF7\SHO ORGXOH ORG!
"RF7\SH &ODVV 'LDJUDP !
(OHPHQW 'RFXPHQW I~ LWHP ORGXOHBQDPH' 'HVFULSWLRQ !
(OHPHQW!
(OHPHQW 'RFXPHQW [&ODVV!IA WO ' &ODVV! 2SHUDWLRQ! "BLWHPC
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH," 5 Dp 5XOH7\SH VDWLVILDELOLW\ 'RF7\SHO 6XEV\
"RF7\SH )YHDWXUH ORGHO !
4XHU\!

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW3DUHQW)HDWXUH FKLOG DV [V VWULQJ D
N

IRU 6LWHPS$ LQ GRF $.. $.. S5HODWLRQVKLS 5HOBIHDWXUH

ZKHUH

QRUPDOL]H VSDFH 6LWHP$ QRUPDOL]H VSDFH 6FKLOG

UHWXUQ

6LWHP $ JHDWXUHAQDPH

IRU

6LWHPO LQ GRF $..0 $.. B6XEV\WWHP 'HVFULSWLRQ

6LWHP LQ GRF $.. $.. )JHDWXUHBORGHO )HDWXUH HDWXUHBQDPH
ZKHUH

QRQQDOL]H VSDFH ORFDO JHW3DUHQW)HDWXUH VWULQJ LWHP
DQG

V FRQWDLQV,Q'LVWDQFH LWHP LWHP
4XHU\!
$FWLRQ!
5HODWLRQ 5XOHO' 5 7\SH VDWLVILDELOLW\ 'RF7\SHO 6XEV\VWH I
"RF7\SH )YHDWXUH ORGHO !
(OHPHQW 'RFXPHQW | A~ LWHPO 6XEVI\VWHPBQDPH" (OHPHQW!
(OHPHQW 'RFXPHQW IABLWHP ° (OHPHQW!
5HODWLRQ!
$FWLRQ!

7TUDFHS5XOH!
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7UDFH5XOH 5X,H," 5 5XOH7\SH VDWLVILDELOLW\ 'RF7\SHO 3URFHVV (
'"RF7\SH JHDWXUH ORGHO !
4 XHU\!

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW3DUHQW)HDWXUH FKLOG DV [V VWULQJ DV
N

IRU 6LWHP$ LQ GRF $.. $.. BS5HODWLRQVKLS 5HOBIHDWXUH

ZKHUH

QRUPDOL]H VSDFH 6LWHPS$ QRUPDOL]JH VSDFH FKLOG

UHWXUQ

6 LWHPS$ YHDWXUHBQDPH

IRU

6LWHPO LQ GRF $..0%.. B3URFHVVBORGHO 3URFHVYV 'HVFULSWLRQ
LWHQU LQ GRF $.. $.. )JHDWXUHBORGHO )HDWXUH )HDWXUHBQDPH
ZKHUH

QRUPDOL]H VSDFH ORFDO JHW3DUHQW)HDWXUH VWULQJ LWHP
DQG
V FRQWDLQV,Q'LVWDQFH LWHP 6LWHP

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,"' p5 7\SH VDWLVILDELOLW\ 'RF7\SHO 3URFHVV OR
"RF7\SH )HDWXUH ORGHO !
(OHPHQW 'RFXPHQW ! A~ LWHPO 3URFHVVBQDPH' (OHPHQW!
(OHPHQW 'RFXPHQW !"6LWHP M (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH," 5 5XOH7\SH VDWLVILDELOLW\ 'RF7\SHO ORGXOH
"RF7\SH )HDWXUH ORGHO !
4XHU\!

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW3DUHQW)HDWXUH FKLOG DV [V VWULQJ DV
N

IRU 6LWHPS$ LQ GRF $.. $... B5HODWLRQVKLS 5HOBIHDWXUH
ZKHUH

QRUPDOL]H VSDFH LWHP$ QRUPDOL]H VSDFH 6FKLOG
UHWXUQ

6LWHP $ YHDWXUHBQDPH

IRU

6LWHPO LQ GRF C..OC .. ORGXOHBORGHO ORGXOH "HVFULSWLRQ
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LWHP LQ GRF $.. $.. JHDWXUHBORGHO )HDWXUH )HDWXUHBQDPH
ZKHUH

QRUPDOL]H VSDFH ORFDO JHW3DUHQW)HDWXUH VWULQJ LWHP
DQG
V FRQWDLQVOQ'LVWDQFH LWHPO LWHP

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH VDWLVILDELOLW\ 'RF7\SHO ORGXOH OR
"RF7\SH )HDWXUH ORGHO !
(OHPHQW 'RFXPHQW | ~ LWHPO ORGXOHBQDPH' (OHPHQW!
(OHPHQW 'RFXPHQW !~ LWHP ° (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFHS5XOH!
7UDFH5XOH 5X0OH," 5 5XOH7\SH GHSHQGHQF\ 'RF7\SHO &ODVV 'LDJL
"RF7\SH pP)HDWXUH ORGHO
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/p
GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW&ODVVLQ&ODVYV GLDJUDP DV [V VWULQJ

N

IRU LWHP( LQ

GRF $..0%$.. 80/ 'LDJUDP 80/ *UDSK(,HPHQW FRQWDLQHG 80/ *UDSK1RGH
HQW VHPDQWLFORGHO 80/ 8P OO6HPDQWLFORGHO%ULGJH 80/ 8POO6HP DQ
W 80/ &0DVYV

ZKHUH

6LWHP ( #QDPH 6GLDJUDP

UHWXUQ LWHP(

GHFODUH IXQFWLRQ ORFDO JHW3DUHQW)HDWXUH FKLOG DV [V VWULQJ D
N

IRU LWHPS$ LQ GRF $.. $.. S5HODWLRQVKLS 5HOBIHDWXUH
ZKHUH

QRUPDOL]H VSDFH LWHPS$ QRUPDOL]JH VSDFH FKLOG
UHWXUQ

LWHP $ YHDWXUHBQDPH

OHW 6FO ,RFDO JHW&ODVVLQ&ODVV O

IRU LWHP LQ 6FO

IRU BLWHPO LQ

GRF $..0%$.. 80/ 1DPHVSDFH RZQHG(OHPHQW 80/ &0DVYV 80/ &ODVVLILHU
LRQ

IRU LWHP LQ GRF $.. $.. )HDWXUHBORGHO )HDWXUH 'HVFULSWLRQ
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OHW WO 6LWHP O #QDPH
ZKHUH
LWHPO #[PL LG LWHP #[PL LGUHI
DQG
V FRQWDLQV,Q'LVWDQFH LWHWO LWHPO #QDPH
DQG
QRUPDOL]H VSDFH ORFDO JHW3DUHQW)HDWXUH VWULQJ LWHP YHDWX UHE

4XHU\!

$FWLRQ!

5H,DWLRQ 5XOH,' 5 7\SH GHSHQGHQF\ 'RF7\SHO &ODVV 'LDJUDP
"RF7\SH )HDWXUH ORGHO

(OHPHQW 'RFXPHQW ! &ODVV!IABWO ° &ODVV!

2SHUDWLRQ! ~ LWHP #QDPH" 2SHUDWLRQ! (OHPHQW!
(OHPHQW 'REXPHQW p!

ANORFDO JHW3DUHQW)HDWXUH VWULQJ LWHP JHDWXUHBQDPH °
5HODWLRQ!
$FWLRQ!
7UDFH5XOH
7UDFH5XOH 5X0HO' 5 5XOH7\SH GHSHQGHQF\ 'RF7\SHO B6HTXHQFH 'L
"RF7\SH &ODVV 'LDJUDP !

4 XHU\!
GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

GHFODUH IXQFWLRQ ORFDO JHWOHVVDJHLQ6HT DV LWHP4

N

IRU 6LWHPS$ LQ

GRF $..0%$.. 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8P0O O6HPDQWLFORZ(
6HPDQWLFORGHO%ULGJH HOHPHQW 80/ /LQN

UHWXUQ LWHPS

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQ6HT 60LQN DV QRGH DV LWHP
N

IRU 6LWHP % LQ GRF $..0 $.. 80/ /LQN

ZKHUH LWHP% #[PL LG OLQN #[PL LGUHI

UHWXUQ LWHP% 80/ /LQN FRQQHFWLRQ 80/ /LQN(QG 80/ /LQN(QG LQVWDQF

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQORGHO REMHFW DV QRGH DV L
N

IRU 6LWHP & LQ GRF C..OC .. 80/ 2EMHFW
ZKHUH LWHP& #[PL LG REMHFW #[PL LGUHI

UHWXUQ LWHP& 80/ OQVWDQFH FODVVLILHU 80/ &0DVYV

GHFODUH IXQFWLRQ ORFDO JHW&ODVV2EMHFWLQ6HT FODVV DV QRGH DV
N
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IRU LWHP' LQ GRF E..OE .. 80/ &0DVV
ZKHUH LWHP' #[PL LG FODVV #[PL LGUHI

UHWXUQ 6LWHP'

GHFODUH IXQFWLRQ ORFDO JHW&ODVVQDPH FODVV DV QRGH DV LWHP
N

IRU 6LWHP' LQ GRF $.. $.. 80/ &0DVYV

ZKHUH LWHP' #QDPH FODVYV #QDPH

UHWXUQ LWHP'

GHFODUH IXQFWLRQ ORFDO JHW&ODVVLQ&ODVYVY F,DVV DV QRGH 6GLDJU
N

IRU LWHP( LQ

GRF E.. E.. 80/ 'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSK1RGH
HQW VHPDQWLFORGHO 80/ 8POO6HPDQWLFORGHO%ULGJH 80/ 8POO6HPDAQ
W 80/ &0DVYV

ZKHUH 6LWHP( #[PL LGUHI FODVV #[PL LG

DQG LWHP( #QDPH 6GLDJUDP

UHWXUQ 6LWHP(

OHW 6LWHPO ORFDO JHWOHVVDJHLQG6HT
IRU WO LQ 6LWHPO

IRU LWHP LQ ORFDO JHW2EMHFWLQG6HT 6WO

IRU 6LWHP LQ ORFDO JHW2EMHFWLQORGHO LWHP
IRU LWHP LQ ORFDO JHW&ODVV2EMHFWLQG6HT LWHP
IRU LWHP BO LQ ORFDO JHW&ODVVQDPH LWHP

IRU LWHP LQ ORFDO JHW&ODVVLQ&ODVV LWHP BO
ZKHUH

6 WO #QDPH

DQG

ORFD, JHW3DUHQW&ODVY LWHP BO #QDPH

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH, 5 7\SH GHSHQGHQF\ 'RF7\SHO 6HTXHQFH 'LDJ
"RF7\SH &ODVV 'LDJUDP !
(OHPHQW 'RFXPHQW p !~ WO #[PL LG A6 W@ ° #QI
A LWHP £ ABLWHP ° (OHPHQW!
(OHPHQW 'REXPHQW | \ORFDO JHW3DUHQW&ODVY LWHP B # QDPH
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5X0OH 5X0OHO' 5 5XOH7\SH HYROXDWLRQ 'RF7\SHO 8VH &DVH
&DVH !
4XHU\!

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

IRU 6LWHPO LQ GRF E..OE .. 8VHB&DVH 7LWOH
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LWHP LQ GRF $.. $.. B8VHB&DVH 7LWOH
ZKHUH
LWHPO #8VH&DVH," LWHP #8VH&DVH, DQG
LWHPO #6\VWHP LWHPO #6\WWHP DQG
LWHPO #3URGXFWBOHPEHU LWHP #3URGXFWBOHPKHU DQG
V FRQWDLQV,Q'LVWDQFH LWHPO LWHP
A4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH UHYROXDWLRQ 'RF7\SH, 8VH &DVH
"RF7\SH 8VH &DVH !
(OHPHQW 'RFXPHQW ! A~ LWHPO #8VH&DVH, ABLWHP
B\VWHP! ~ LWHEP\VWHP > "6LWHP #3URGXFWBOHPEHU" 6\WWHP!
(OHPHQW!
(OHPHQW 'RFXPHQW ! A~ LWHP #8VH&DVH,'~ ~“6LWHP
6\WWHP!”~ LWHP #6\WWHP  ~ LWHP #3URGXFWBOHPEHU" 6\VWH
(OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XO0OH,' 5 5XOH7\SH HYROXDWLRQu 'RF7\SHO &ODVV 'LDJU
"RF7\SH &ODVV 'LDJUDP !
4XHL\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHW&ODVVLQ&ODVYV GLDJUDP DV [V VWULQJ
N
IRU 6LWHP ( LQ
GRF $..0%.. 80/ 'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSKL1RGH
HQW VHPDQWLFORGHO 80/ 8P OO6HPDQWLFORGHO%ULGJH 80/ 8POO6HPDQV
W 80/ &0DVYV
ZKHUH
LWHP ( #QDPH 6GLDJUDP
UHWXUQ BLWHP (

N

OHW FO ORFDO JHW&ODVVLQ&ODVYVY O
OHW FO ORFDO JHW&ODVVLQ&ODVYV

IRU 6LWHP2 LQ 6FO
IRU 6LWHP22 LQ FO

IRU 6LWHPO LQ GRF C..OC.. 80/ &ODVV
IRU 6LWHP LQ GRF C.. C.. 80/ &0ODVV
ZKHUH

6LWHP O #[PL LG LWHP2 #[PL LGUHI
DQG

6LWHP #[PL LG 6LWHP22 #[PL LGUHI
DQG
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V FRQWDLQV,Q'LVWDQFH LWHP #QDPH LWHPO #QDPH

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH HYROXDWLRQK 'RF7\SHO &ODVV 'LDJUD|
"RF7\SH &ODVV 'LDJUDP
(OHPHQW 'RFXPHQW I~ LWHPO ° (OHPHQW!
(OHPHQW 'RFXPHQW !'M 6LWHP M (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH," 5 5XOH7\SH GHSHQGHQF\ 'RF7\SH, &ODVV 'LDJU
"RF7\SH 8VH &DVHu
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

IRU LWHPS$ LQ

GRF E..OE .. 80/ 'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSK1RGH

HQW VHPDQWLFORGHO 80/ 8POO6HPDQWLFORGHO%ULGJH 80/ 8POO6HPDC
W 80/ &0DVYV

IRU LWHP O LQ

GRF E..OE.. 80/ 3DFNDJH 80/ 1DPHVSDFH RZQHG(OHPHQW 80/ &0ODVV 8¢
UH 80/ 2SHUDWLRQ #QDPH
IRU LWHP LQ GRF E.. E.. 8VHB&DVH
OHW 6W LWHPO #QDPH
ZKHUH
6LWHP$ SDUHQW QRGH #QDPH
DQG
LWHPO #[PL LG LWHPS$ #[PL LGUHI
DQG
V FRQWDLQV,Q'LVWDQFH LWHP 7LWOH W
DQG

V FRQWDLQV,Q'LVWDQFH LWMPH POVFULSWLRQ

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH GHSHQGHQF\ 'RF7\SHO &ODVV 'LDJUDP
"RF7\SH 8VH &DVH
(OHPHQW 'RFXPHQW [&ODVVVIA WO &,DVV! (OHPHQW!
(OHPHQW 'RFXPHQW | A6LWHP 7LWOH' (OHPHQW!
5HODGRQ
$FWLRQ!
7UDFH5XOH!
7UDFH5X,H 5XOH,' 5 5XOH7\SH GHSHQGHQF\ 'RF7\SH, B6WDWHFKDUW
"RF7\SH 8VH &DVH
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy



%, 'LUHFW 7UDFHDELOLW\ 5X

GHFODUH IXQFWLRQ ORFDO JHW7UDQVLWLRQLQ6WDWH DV LWHP
N

IRU 6LWHP) LQ

GRF C..0C .. 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8PO 6HPDQWLFORG
O6HPDQWLFORGHO%ULGJH HOHPHQW 80/ 7UDQVLWLRQ
UHWXUQ 6LWHP)

GHFODUH IXQFWLRQ ORFDO JHW6WDWHLQ6WDWH WUDQVLWLRQ DV QRGH
N

IRU 6LWHP* LQ GRF $..0 $ .. 80/ 6LLQSOH6WDWH
ZKHUH LWHP* 80/ 6WDWHOHUWH[ LQFRPLQJ #[PL LGUHI WUDQVLWLRQ #

UHWXUQ 6LWHP*

OHW 6LWHPO ORFDO JHW7UDQVLWLRQLQ6WDWH
IRU 6WO LQ 6LWHPO

IRU 6LWHP LQ ORFDO JHWG6WDWHLQ6WDWH WO

IRU 6LWHP LQ GRF $.. $.. 8VHB&DVH "HVFULSWLRQ

IRU 6LWHP( LQ

GRF $..0 $.. 80/ 'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSK1RGH

HQW VHPDQWLFORGH 80/ 8PO 6HPDQWLFORGHO%ULGJH 80/ 8PO 6HPDQW|
W 80/ &0DVV

ZKHUH LWHP( #QDPH LWHP SDUHQW QRGH #QDPH
DQG BLWHP( SDUHQW QRGH #QDPH
DQG V FRQWDLQV,Q'LVWDQFH LWHP 6LWHP #QDPH

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH GHSHQGHQF\ 'RF7\SHO G6WDWHFKDUW 'L
"RF7\SH 8VH &DVH
(OHPHQW 'RFXPHQW ! A6LWHP ° (OHPHQW!
(OHPHQW 'RFXPHQW | AGLWHP 7LWOH' (OHPHQW!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH," 5 5XOH7\SH GHSHQGHQF\ 'RF7\SHO B6HTXHQFH 'L
"RF7\SH 8VH &DVH
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/
GHFODUH QDPHVSDFH V "MDYD GLVWDQFH&RQWURO Gy

GHFODUH IXQFWLRQ ORFDO JHWOHVVDJHLQG6HT DV LWHP
N
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IRU 6LWHUQS$ LQ
GRF $..0%.. 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8PO 6HPDQWLFOR
6HPDQWLFORGHO %ULGJH HOHPHQW 80/ /L QN

UHWXUQ 6LWHPS$

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQ6HT OLQN DV QRGH DV LWH
N

IRU 6LWHP % LQ GRF $..0 $.. 80/ /LQN

ZKHUH LWHP% #[PL LG OLQN #[PL LGUHI

UHWXUQ LWHP% 80/ /LQN FRQQHFWLRQ 80/ /LQN(QG 80/ /LQN(QG LQVWI

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQORGHO 6REMHFW DV QRGH D
N

IRU 6LWHUQ& LQ GRF $..08% ... 80/ 2EMHFW
ZKHUH LWHP& #[PL LG 6REMHFW #[PL LGUHI

UHWXUQ LWHP& 80/ ,QVWDQFH FODVVLILHU 80/ &0DVYV

GHFODUH IXQFWLRQ ORFDO JHW&ODVV2EMHFWLQG6HT FODVV DV QRGH2
N

IRU 6LWHP' LQ GRF $..0 $.. 80/ &0DVYV
ZKHUH LWHP' #[PL LG FODVV #[PL LGUHI

UHWXUQ LWHP'

GHFODUH IXQFWLRQ ORFDO JHW&ODVVLQ&ODVYV FODVV DV QRGH 6 GLL
N

IRU 6LWHP( LOQ
GRF $..0%$.. 80/ 'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSKL1RGF
HQW VHPDQWLFORGHO 80/ 8POOB6HPDQWLFORGHO%ULGJH 80/ 8P OO6HPDC
W 80/ &0ODVYV

ZKHUH LWHP( #QDPH FODVV #QDPH

DQG 6LWHP( SDUHQW QRGH #QDPH 6GLDJUDP

UHWXUQ BLWHP (

N

OHW 6LWHPO ORFDO JHWOHVVDJHLQG6HT

IRU 6 W LQ 6LWHPO

IRU 6LWHP LQ ORFDO JHW2EMHFWLQG6HT 6WO

IRU 6LWHP LQ ORFDO JHW2EMHFWLQORGHO LWHP
IRU LWHP LQ ORFDO JHW&ODVV2EMHFWLQ6HT LWHP
IRU 6LWHP LQ ORFDO JHW&ODVVLQ&ODVV LWHP

IRU 6LWHP LQ GRF $.. $.. 8VHB&DVH "HVFULSWLRQ



% 'LUHFW 7UDFHDELOLW\ 5XO

ZKHUH V FRQWDLQV,Q'LVWDQFH LWHP LWHP
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH GHSHQGHQF\ 'RF7\SHO 6HTXHQFH 'LDJUD
"RF7\SH 8VH &DVH !
(OHPHQW 'RFXPHQW ! BLWHP ° (OHPHQW!
(OHPHQW 'REXPHQW ! A~ LWHP 7LWOH" (OHPHQW!
5HODWLRQ!
$FWLRQ!

7TUDFHS5XOH!
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% ,QGLUHFW 7UDFHDELOLW\ 5XOHV
7UDFH5XOH 5XOH,” 5 5XOH7\SH VLPLODU 'RF7\SHO ;0/ %DVHG 5HO
"RF7\SH ;0/ %DVHG 5HO !

AXHU\!

IRU LWHPO LQ GRF IL@H F '"LUHFWB7UDFH5HO [PO 5HODWLRQ>#7\SH
6LWHP LQLGRF F "LUHFWB7UDFH5HO [PO S5HOD@LRQ>#7\SH LPSOHPHQ

ZKHUH LWHPO #'RF7\SHO 8VH &DVHp DQG 6LWHPO #'RF7\SH WHBHTXHQTF
DQG LWHP #'RF7\SHO 8VH &DVH DQG 6LWHP #'RF7\SH G6HTXHQFH 'LD
DQG VWULQJ LWHP®@ (OHPHQW> @ /LQN VWULQJ LWHP (OHPHQW> @ /
DQG LWHPO (OHPHQW>0@ #'RFXPHQW 6LWHP (OHPHQWI @ #'RFXPHQ
DQG LWHPO (OHPHQW> @ #'RFXPHQW 6LWHP (OHPHQW> @ #' RFXPHQW

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH VLPLODU 7HQQ VHTXHQFH GLDJUDP LP
(OHPHQW!~ 6LWHP (OHPHQW @ #'RFXPHQW_ A~ LWHP (OHPHQWI 7

(OHPHQW!A LWHP (OHPHQW>0 @ #'RFXPHQW ' A LWHP (OHPHQW> @

,PSOHQUHQWV! "6LWHP (OHPHQW> @ # 'RFXPHQW "6LWHP (OHPHQ\
,PSOHPHQWV!

5HODWLRQ!

$FWLRQ!
7UDFH5XOH!
$fF7UDFH5XOH 5X0OH,' 5 5XOH7\SH GLIIHUHQW 'RF7\SHO :;0/ %DVHG 5
"RF7\SH :0/ %DVHG 5HO !
4XHU\!

GHFODUH IXQFWLRQ ORFDO JHW3DUHQW)HDWXUH FKLOG DV [V VWULQJ
N

IRU BLWHP $ LQ

GRF $.. $.. 5HODWLRQVKLS 5HOBIHDWXUH

ZKHUH QRUPDOL]JH VSDFH 6LWHP$ QRUPDOL]H VSDFH 6FKLOG

UHWXUQ 6LWHP $ YJHDWXUHBQDPH

GHFODUH IXQFWLRQ ORFDO JHW3DUHQWRI9DULDQW)HDWXUHY RQH DV QR
N

IRU 6LWHP LQ GRF $... $ .. JHDWXUH
6LWHP LQ GRF $.. $.. JHDWXUH
ZKHUH QRUPDOL]H VSDFH 6LWHPO )HDWXUHBQDPH QRUPDOL]H VSDFH

DQG QRUPDOL]H VSDFH LWHP )HDWXUHBQDPH QRUPDOL]H VSDFH 6WZI
DQG ORFDO JHW3DUHQW)HDWXUH 6LWHPO )HDWXUHBQDPH

ORFDO JHW3DUHQW)HDWXUH 6LWHP )HDWXUHBQDPH

DQG ORFDO JHW3DUHQW)HDWXUH 6LWHPO )HDWXUHBQDPH

DQG QRUPDOL]JH VSDFH LWHPO HDWXUHBQDPH QRUPDOL]H VSDFH 6LV
DQG 6LWHPO ([LVWHQWLDO 6LWHP ([LVWHQWLDO

DQG 6LWHPO ([LVWHQWLDO 2SWLRQDO RU 6LWHPO ([LVWHQWLDO $0
UHWXUQ WUXH

IRU 6LWHP OILGQHGRF 'LUHFWB7UDFHS5HO [PO 5HOD®WLRQ>#7\SH FRQWDL
6LWHP LQLGRF F '"LUHFWB7UDFH5HO [PU:- 5HOD@WLRQ>#7\SH pFRQWDLQ



% ,QGLUHFW 7UDFHDELOLW\ 5

ZKHUH LWHPO #'RF7\SHO upu8VH &DVH DQG LWHPO #'RF7\SH JHDWXUH 0
DQG LWHP #'RF7\SHO 8VH &DVH DQG 6LWHP #'RF7\SH JHDWXUH ORGHC

DQG VWULQJ LWHPO (OHPHQW>0@ # RFXPHQW VWULQJ LWHP (OHPHQ\
DQG LWHPO (OHPHQW> @ #' RFXPHQW LWHP (OHPHQW> @ #'RFXPHQW
DQG LWHPO (OHPHQW @ )HDWXUHBQDPH LWHP (OHPHQW> @ )HDWXUHE

ORFDO JHW3DUHQWRI9SDULDQW)HDWXUHYV 6LWHPO (OHPHQW> @ )HDWXUHBQT
DPH

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH GLIIHUHQW 7HUP XVH FDVH FRQWDLQV IH
(OHPHQW!A LWHP (OHPHQW @ #'RFXPHQW A LWHP (OHPHQW - 7LW

(OHPHQW!A LWHP (OHPHQW> @ #'RFXPHQW 7~ LWHP (OHPHQW> @ 7L
&ROQWDLQPHQW!A LWHPO (OHPHQW> @ JHDWXUHBQDPH' &RQWDLQPHQW
&RQWDLQPHQW!A LWHP (OHPHQW> @ JHDWXUHBQDPH' &RQWDLQPHQW!
9DULDQW?2I!"ORFDO JHW3DUHQW)HDWXUH LWHP (OHPHQW> @ )HDWXL

9DULDQW2I!
5HODWLRQ!

$FWLRQ!

7UDFH5XOH!

7UDFH5XOH 5XOH,' 5 5XOH7\SH VLPLODU 'RF7\SHO 0/ %DVHG 5HO
"RF7\SH 10/ %DVHG 5HO !

4XHU\!
GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

IRU 6LWHP OILGQHGRF 'LUHFWB7UDFH5HO [PO 5HOD@WLRQ>#7\SH VDWLVILD
LWHP LQIL®ORIF F 'LUHFWB7UDFHS5HO [PO SHOD@LRQ>#7\SH VDWLVILDEL
ZKHUH

LWHPO #'RF7\SHO &ODVV 'LDJUDP DQG LWHPO #'RF7\SH 8VH &DVH |
LWHP # ' RF7\SHO &ODVV 'LDJUDP DQG 6LWHP #'RF7\SH 8VH &DVH

DQG

VWULQJ LWHPO (OHPHQW> @ &0ODVV VWULQJ LWHP (OHPHQW O@ &ODYV

DQG LWHPO (OHPHQW>0@ # RFXPHQW LWHP (OHPHQW>0@ # ' RFXPHQW
DQG LWHPO (OHPHQW_ @ #'RFXPHQW 6LWHP (OHPHQW> @ #'RFXPHQW
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH VLPLODU 7HUP FODVV GLDJUDP VDWLVIL

(OHPHQW!A LWHPO (OHPHQW> @ #' RFXPHQW' M LWHPO (OHPHQW> @ 7L
(OHPHQW!A LWHP (OHPHQW> @ #'RFXPHQW ' A~ LWHP (OHPHQW> @ 7LW(
6DWLVILDELOLW\!A LWHP (OHPHQW @ #' RFXPHQW' " LWHP (OHPHQV

6DWLVILDELOLW\!
5HODWLRQ!

$FWLRQ!
7UDFH5XOH
7UDFH5XOH 5XOH,' 5 5XOH7\SH VLPLODU 'RF7\SHO ;0/ %DVHG 5HO
"RF7\SH ;0/ %DVHG 5HO !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

IRU 6LWHP OILAQHGRF 'LUHFWB7UDFHS5HO [PO S5HOD&LRQ>#7\SH LPSOHPHQ

6LWHP LQLGRF F "LUHFWB7UDFHS5HO [P O SHOD& LRQ>#7\SH LPSOHPHQW
ZKHUH



$33(1',; % 75%&($%,./,7< 58/(6

6LWHPO #'RF7\SHO &ODVV 'LDJUDP DQG LWHPO #'RF7\SH 8VH &DVH

LWHP #'RF7\SH u&ODVV 'LDJUDP DQG LWHP #'RF7\SH 8VH &DVH

DQG

VWULQJ LWHPO (OHPHQW>0@ &ODVYV VWULQJ LWHP (OHPHQW>0@ &O
DQG 6LWHPO (OHPHQW'® O @ #' RFXPHQW LWHP (OHPHQW> @ #'RFXPHOQV

DQG G6LWHP O (OHPHQW> @ #'RFXPHQW 6LWHP (OHPHQW> @ #'RFXPHOQ\
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH VLPLODU 7HL7Q FODVV GLDJUDP LPSOH

(,LHPHQW!A" LWHP (OHPHQW> @ #' RFXPHQW ~ LWHP (OHPHQW> @ 7

(OHPHQW!M LWHP (OHPHQW> @ # RFXPHQW' A~ LWHP (OHPHQW> @ 7L

,PSOHPHQWV!_6LWHP (OHPHQW> @ # ' RFXPHQW  "6LWHP (OHPHQWI
,PSOHPHQWV!

5HODWLRQ!

$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XOH,' 5 5XOH7\SH VLPLODU 'RF7\SHO ;0/ %DVHG 5HO
"RF7\SH ;0/ %DVHG 5HO !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

IRU LWHPOILQHGRF 'LUHFWB7UDFH5HO [PO 5SHOD@LRQ>#7\SH VDWLVIL
6LWHP LQLORF F 'LUHFWB7UDFH5HO [PO 5HOD@LRQ>#7\SH VDWLVILDE
ZKHUH

6LWHPO #'RF7\SHO &ODVYV 'LDJUDP DQG 6LWHPO #'RF7\SH 8VH &DVH,
6LWHP #'RF7\SHO &ODVV 'LDJUDP DQG B6LWHP #'RF7\SH 8VH &DVH
DQG

VWULQJI 6LWHPO (OHPHQW ™ @ &ODVV VWULQJ LWHP (OHPHQW>0@ &O
DQG 6LWHP (OHPHQW O@ #'RFXPHQW LWHP (OHPHQW> @ #'RFXPHQW
DQG VWULQJ LWHPO (OHPHQW> @ #' RFXPHQW VWULQJ 6LWHP (OHPHC
DQG VWULQJ LWHPO (OHPHQW> @ 7LWOH

DQG VWULQJ LWHP (OHPHQW> @ 7LWOH

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH VLPLODU 7HUP FODVV GLDJUDP VDWLV
(OHPHQW! "6LWHP (OHPHQW> @ #' RFXPHQW  "6LWHP (OHPHQW> @
(OHPHQW!"6LWHP (OHPHQW @ #'RFXPHQW' 6LWHP (OHPHQW> @ 7L
6DWLVILDELOLW\!A" 6LWHP (OHPHQW  O@ #'RFXPHQW  ~"6LWHPO (OHPI
6DWLVILDELOLW\!
5HODWLRQ!

$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH," 5 5XOH7\SH VLPLODUp 'RF7\SHO ;0/ %DVHG 5HO
"RF7\SH ;0/ %DVHG 5HO !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

IRU 6LWHP ILQHGRFF 'LUHFWB7UDFHS5HO [PO 5SHOD@®LRQ>#7\SH GHSHQG
6LWHP LQLGRF F '"LUHFWB7UDFH5HO [PO 5SHOD@&@LRQ>#7\SH GHSHQGHQ



% ,QGLUHFW 7UDFHDELOLW\ !

ZKHUH
LWHPO # RF7\SHO G6HTXHQFH 'LDJUDP DQG 6LWHPO #'RF7\SH 8VH &DV
LWHP # ' RF7\SHO B6HTXHQFH 'LDJUDP DQG 6LWHP #'RF7\SH 8VH &DVH
DQG

VWULQJ LWHP (OHPHQW @ /LQN VWULQJ LWHP (OHPHQW> @ /LQN
DQG 6LWHPO (OHPHQW> @ # 'RFXPHQW LWHP (OHPHQW> @ # 'RFXPHQW
DQG 6LWHPO (OHPHQW O@ #'RFXPHQW 6LWHP (@HPHQW>0@ #'RFXPHOQV
DQG VWULQJ LWHPO (OHPHQW @ 7LWOH

DQG VWULQJ LWHP (OHPHQW>0@ 7LWOH

DQG LWHPO H 80/ /LQN #[PL LGUHI LWHP H 80/ /LQN #[PL LGUHI
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH VLPLODU 7HUP UWVHTXHQFH GLDJUDP GHS

(OHPHQW!A" LWHP (OHPHQW @ #' RFXPHQW™ "6LWHP (OHPHQW £ 7L

(OHPHQW!" LWHP (OHPHQW> £ <«<RFXPHQW M ~ LWHP (OHPHQW> £ 7L

,PSOHPHQWV!" LWHPO (OHPHQW> @ #' RFXPHQW "6LWHPO (OHPHQW> ¢
,PSOHPHQWV!

5HODWLRQ!

$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OHO' 5 5XOH7\SH VLPLODU 'RF7\SHO ;0/ %DVHG 5HO
"RF7\SH :0/ %DVHG 5HO !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

IRU 6LWHP ILQHGRFF 'LUHFWA7UDFHS5H, [P, 5HODWALRQ>#7\SH UHILQHPHQ
6LWHP LQLORF F 'LUHFWB7UDFH5HO [PU 5HODBWLRQ>#7\SH UHILQHPHQMW
ZKHUH

6LWHPO #'RF7\SHO 6WDWHFKDUW 'LDJUDP DQG 6LWHP #'RF7\SH 6HT Xt
6LWHP #'RF7\SHO B6WDWHFKDUW 'LDJUDP DQG B6LWHP #'RF7\SH 6HTXHOQ
DQG

VWULQJ LWHPO (OHPHQW £ 2EMHFW VWULQJ LWHP (OHPHQW> £ 2EMH
DQG VWULQJ LWHP (OHPHQW £ 2SHUDWLRQ VWULQJ LWHP (OHPHQWS>
DQG LWHPO (OHPHQW>0@ #'RFXPHQW B6LWHP (OHPHQW>O0f < RFXPHQW

DOG 6LWHPO (OHPHQW> @ < 'RFXPHQW LWHP (OHPHQW> @ #'RFXPHQW
4XHU\!
$FWLRQ!
5HODWLRQ 5XOHO' 5 7\SH VLPLODUp 7HUP VWDWHFKDUW GLDJUDP
GLDJUDP !
(OHPHQW! "6LWHP (OHPHQW> @ #'RFXPHQW"
A6LWHPO (OHPHQW>0@ 2EMHFW A"6LWHPO 2SHUDWLRQ (OHPHQ

(OHPHQW! ~ LWHP (OHPHQW> £ <« RFXPHQW"
ANLWHP (OHPHQW>0f£ 2EMHFW "6LWHP 2SHUDWLRQ" (OHPHQW!

,PSOHPHQWV!IA6LWHP (OHPHQW ,£ < RFXPHQW
AGLWHP (OHPHQW> £ 6WDWH' ,PSOHPHQWYV
5HODWLRQ!
$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5XO0OH," 5 5XOH7\SH VLPLODU 'RF7\SHO 0/ %DVHG 5HO
"RF7\SH :;0/ %DVHG 5HO !

4 XHU\!
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GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

IRU LWHPOILQHGRF 'LUHFWB7UDFH5HO [PO SHODWLRQ>#7\SH UHILQHP
6LWHP LQLGRF F 'LUHFWA7UDFHS5HO [PO SHOMWLRQ>#7\SH UHILQHPHC
ZKHUH

LWHPO # RF7\SHO 6HTXHQFH 'LDJUDP DQG 6LWHPO #'RF7\SH &ODVYV
LWHP #'RF7\SHO G6HTXHQFH 'LDJUDP DQG LWHP #'RF7\SH &ODVV 'L
DQG

VWULQJ LWHPO (OHPHQW>0@ 2EMHFW VWULQJ LWHP (OHPHQW>0@ I
DQG 6LWHP (OHPHQW @ #'RFXPHQW LWHP (OHPHQW> @ # RFXPHQW

DOG LWHPO (OHPHOW> @ #'RFXPHQW LWHP (OHPHQW> @ # RFXPHQW
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH," 5 7\SH VLPLODU 7HUP VHTXHQFH GLDJUDP UH

(OHPHQW!A" LWHPO (OHPHQW> @ #'RFXPHQW' A"6LWHPO (OHPHQW @ &

(OHPHQW!A LWHP (OHPHQW> @ #' RFXPHQW ' ~ LWHP (OHPHQW> @ &0

5HILQHPHQW!A"6LWHPO (OHPHQW>0@ # RFXPHQW' A~6LWHPO (OHPHQW
5HILQHPHQW!

5HODWLRQ!

$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH,' 5 5XOH7\SH VLPLODU 'RF7\SHO :;0/ %DVHG 5HO
"RF7\SH ;0/ %DVHG 5HO !
4XHU\!

GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

IRU LWHPOILQHGRF 'LUHFWB7UDFH5HO [PU- 5HOD®LRQ>#7\SH GHSHQG
6LWHP LQLORF F 'LUHFWB7UDFHS5HO [PO SHOD@WLRQ>#7\SH GHSHQGHQ
ZKHUH

6LWHPO #'RF7\SHO &ODVV 'LDJUDP DQG LWHPO #'RF7\SH 8VH &DVH
6LWHP #'RF7\SHO &ODVV 'LDJUDP DQG LWHP #'RF7\SH 8VH &DVH
DQG

VWULQJ LWHP (OHPHQW - &ODVYV VWULQJ LWHP (OHPHQW>0@ &OD\
DQG LWHPO (OHPHQW> @ #'RFXPHQW 6LWHP (OHPHQW> @ #'RFXPHQW
DOG LWHPO (OHPHQW>0@ #'RFXPHQW LWHP (OHPHQW>0@ #'RFXPHQMW

4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH VLPLODU 7HUP FODVY GLDJUDP LPSOHI
(OHPHQW! ~ LWHP (OHPHQW @ # RFXPHQW ' ~ LWHP (OHPHQW> @ 7
(OHPHQW!”A" LWHP (OHPHQW> @ #'RFXPHQW" ~ LWHP (OHPHQW> @ 7L
,PSOHPHQWV! 6LWHP (OHPHQW @ #'RFXPHQW' "6LWHP (OHPHQW
,PSOHPHQWV!
5HODWLRQ!

$FWLRQ!
7UDFH5XOH!
7UDFH5XOH 5X0OH,' 5 5XOH7\SH GLIIHUHQW 'RF7\SHO ;0/ %DVHG 5H
"RF7\SH 0/ %DVHG 5HO !

4 XHU\!
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GHFODUH QDPHVSDFH 80/ RUJ RPJ [PL QDPHVSDFH 80/

GHFODUH IXQFWLRQ ORFDO JHW3DUHQW&ODVY FKLOG DV [VWVWULQJ DV L
N

IRU 6LWHP$ LQ GRF $..0$.. 80/ *HQHUDOL]DWLRQ 80/B*HQHUDOL]DWLRQ F
ZKHUH

LWHPS$ 80/ &0ODVV #[PL LGUHI 6FKLOG

UHWXUQ

6LWHP $ 80/ *HQHUDOL]DWLRQ SDUHQW 80/ &0DVV

N

GHFODUH IXQFWLRQ ORFDO JHW3DUHQWRI9DULDQW&ODVVHY RQH DV [V VW

n IRU LWHPO LQ GRF $.. $.. 80/ *HQHUDOL]DWLRQ 80/ *HQHUDOL]DWLRQ
LWHP LQ GRF $... $ .. 80/ *HQHUDOL]DWLRQ 80/ *HQHUDOL]DWLRQ FKLO

ZKHUH

LWHPO 80/ &0ODVV #[PL LGUHI RQH DQG

LWHP 80/ &ODVV #[PL LGUHI WZR DQG

ORFDO JHW3DUHQW&ODVY LWHPO 80/ &0ODVYV #[PL LGUHI

ORFDO JHW3DUHQW&ODVV LWHP 80/ &0ODVV #[PL LGUHI DQG
ORFDO JHW3DUHQW&ODVY LWHPO 80/ &0ODVV #[PL LGUHI DQG
6LWHPO 80/ &0DVV #[PL LGUHI LWHP 80/ &0ODVV #[PL LGUHI
UHWXUQ ORFDO JHW3DUHQW&ODVYVY LWHPO 80/ &0ODVV #[PL LGUHI

GHFODUH IXQFWLRQ ORFDO JHW&ODVYV," QDPH DV [V VWULQJ DV [V VWULQJ
_ IRU LWHP% LQ GRF $.. $.. 80/ &0ODVV #QDPH

ZKHUH LWHP % 6QDPH

UHWXUQ LWHP % #[PL LG

IRU 6LWHLQDLAK GRF 'LUHFWB7UDFH5HO [PU 5HODWLRQ>#7\SH LPSOHPHQ
LWHP LQIL®RIF F ‘'LUHFWB7UDFHS5HO [PO SHOD&LRQ>#7\SH LPSOHPHQW
ZKHUH

LWHPO #'RF7\SHO &ODVV 'LDJUDP DQG LWHPO #'RF7\SH )HDWXUH OR
LWHP # ' RF7\SHO &ODVV 'LDJUDP DQG LWHP #'RF7\SH )HDWXUH ORGH
DQG

VWULQJ LWHP (OHPHQW> @ HDWXUHBQDPH VWULQJ LWHP (OHPHQW>

DQG LWHPO (OHPHQW O@ #'RFXPHQW LWHP (OHPHQW>0@ # ' RFXPHQW

DQG 6LWHPO (OHPHQW @ &ODVYV 6LWHP (OHPHQW> @ &ODVV

DQG
ORFDO JHW3DUHQWRI9DULDQW&ODVVHY ORFDO JHW&ODVV,' LWHPO (OHPH
VV,” LWHP (OHPHQW>0@ &ODVV #QDPH
4XHU\!
$FWLRQ!
5HODWLRQ 5XOH,' 5 7\SH GLIIHUHQW 7HUP FODVV LPSOHPHQWYV IH
(OHPHQW!A LWHP (OHPHQW> @ JHDWXUHBQDPH" (OHPHQW!
(OHPHQW!A LWHP (@HPHQW> @ )HDWXUHBQDPH (OHPHQW!
,PSOHPHQWV!A LWHPO (OHPHQW>0@ &ODVV OPSOHPHQWV!
,PSOHPHQWV! "6LWHP (OHPHQW @ &ODVV " ' ,PSOHPHQWV!
9DULDQW?2I! "ORFDO JHW3DUHQW&ODVY ORFDO JHW&ODVV,' LWHPO (C

9 DULDQW2 I!
5HODWLRQ!
$FWLRQ!
7UDFH5XOH
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& O JHW7UDQVLWLRQLQ6WDWH
GHFODUH IXQFWLRQ ORFDO JHW7UDQVLWLRQLQ6WDWH DV LWHP

IRU LWHP) LQ

GRF ........ 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8POO6HPDQWLI
GJH 80/ 8POO6HPDQWLFORGHO%ULGJH HOHPHQW 80/ 7TUDQVLWLRQ
UHWXUQ LWHP)

& JHW6WDWHLQ6WDWH

GHFODUH IXQFWLRQ ORFDO JHW6WDWHLQ6WDWH WUDQVLWLRQ DV

LWHP
A

IRU LWHP* LQ GRF ......... 80/ 6LPSOH6WDWH

ZKHUH

LWHP* 80/ 6WDWHO9OHUWH[ LQFRPLQJ 80/ 7TUDQVLWLRQ #[PL LGUHI
WUDQVLWLRQ #[PL LGUHI

UHWXUQ LWHP*

& JHWOHVVDJHLQG6HT

GHFODUH IXQFWLRQ ORFDO JHWOHVVDJHLQG6HT DV LWHP

AN

IRU LWHPS$ LQ

GRF ........ 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8POO6HPDQWLH
GJH 80/ 8POO6HPDQWLFORGHO%ULGJH HOHPHQW 80/ /LQN

UHWXUQ LWHPS$



& JHW2EMHFWLQG6HT

& JHW2EMHFWLQG6HT

GHFODUH IXQFWLRQ ORFDO JHW2EMHFWLQB6HT OLQN DV QRGH DV L\
N

IRU LWHP% LQ GRF ....... 80/ /LQN

ZKHUH LWHP% #[PL LG OLQN #[PL LGUHI

UHWXUQ

LWHP% 80/ /LQN FRQQHFWLRQ 80/ /LQN(QG 80/ /LQN(QG LQVWDQFH 80
EMHFW

& JHW&ODVV,'

GHFODUH IXQFWLRQ ORFDO JHW&ODVVQDPH QDPH DV [V VWULQJ DV
[V VWULQJ

AN

IRU LWHP% LQ GRF.. &@DVV QDPH
ZKHUH LWHP%  QDPH

UHWXUQ LWHP% [PL LG

& JHW&ODVV2EMHFWLQG6HT

GHFODUH IXQFWLRQ ORFDO JHW&ODVV2EMHFWLQ6HT GLDJUDP DV [V
DV LWHP

N

IRU LWHP( LQ

GRF ... 80/ 'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSKLRG
/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8PO0O6HPDQWLFORGHO%ULGJH
6HPDQWLFORGHO%ULGJH HOHPHQW 80/ &0DVYV

ZKHUH L W H P GLDQUDP P H

UHWXUQ LWHP(

& JHW3DUHQW)HDWXUH

GHFODUH IXQFWLRQ ORFDO JHW3DUHQW)HDWXUH FKLOG DV [V VWULQ
LWHP
A

IRU LWHPS$ LQ GRF ...... 5SHODWLRQVKLS 5HOBIHDWXUH
ZKHUH

QRUPDOL]H VSDFH LWHP$ QRUPDOL]H VSDFH FKLOG
UHWXUQ

LWHPS$ JHDWXUHBQDPH
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& JHW&KLOGUHQ)HDWXUH

GHFODUH IXQFWLRQ ORFDO JHW&KLOGUHQ)HDWXUH SDUHQW DV [V

DV LWHP
A

IRU LWHPS$ LQ GRF ........ YHDWXUH 5HODWLRQVKLS 5HOBIHDWXUH
ZKHUH

QRUPDOL]H VSDFH LWHPS$ JHDWXUHBBQDPH QRUPDOLI]H
VSDFH SDUHQW

UHWXUQ

LWHP$

& JHW)HDWXUHRI6XEV\VWHP

GHFODUH IXQFWLRQ ORFDO JHW)HDWXUHRI6XEV\VWHP VXEV\VWHP
[V VWULQJ DV LWHP
A

IRU LWHPS$ LQ

GRF ........ JHDWXUHBORGHO )HDWXUH $OORFDWHGBWRB6XEV\VWHP
ZKHUH

QRUPDOL]H VSDFH LWHPS$ QRUPDOL]H VSDFH VXEV\VWHP
UHWXUQ LWHPS$ LWHPS$ JHDWXUHBQDPH

& JHW2SHUDWLRQLQG6HT

GHFODUH IXQFWLRQ ORFDO JHW2SHUDWLRQLQG6HT DV LWHP

A

IRU LWHPS$ LQ

GRF ........ 80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8POO6HPDQWLF
GJH 80/ 8POO6HPDQWLFORGHO%ULGJH HOHPHQW 80/ 2SHUDWLRQ
UHWXUQ LWHPS$

& OO0 JHW2SHUDWLRQLQORGHO

GHFODUH IXQFWLRQ ORFDO JHW2SHUDWLRQLQORGHO RSHUDWLRQ I
DV LWHP

A

IRU LWHP& LQ GRF ........ 80/ &ODVVLILHU IHDWXUH 80/ 2SHUDWLR
ZKHUH LWHP& #[PL LG RSHUDWLRQ [PL LGUHI

UHWXUQ LWHP&



& JHW6WDWHRI2SHUDWLRQLQG®6

& JHW6WDWHRI2ZSHUDWLRQLQG6WDWH

GHFODUH IXQFWLRQ ORFDOUJHWG6WDWHRI2ZSHUDWLRQLQ6WDWH RSHU]I
QRGH DV LWHP
A

IRU LWHP' LQ GRF .8 2..6LPSOH6WDWH
ZKHUH LWHP' #QDPH RSHUDWLRQ QDPH
UHWXUQ LWHP'

& JHW&ODVVLQ&ODVYV

GHFODUH IXQFWLRQ ORFDO JHW&ODVVLQ&ODVV GLDJUDP DV [V VWU
LWHP
N
IRU LWHP( LQ
GRF $.. $.. 80/'LDJUDP 80/ *UDSK(OHPHQW FRQWDLQHG 80/ *UDSKL1R
80/ *UDSK(OHPHQW VHPDQWLFORGHO 80/ 8POO6HPDQWLFORGHO%ULGJ
86HPDQWLFORGHO%ULGJH HOHPHQW 80/ &0DVYV
ZKHUH

L W H P tGLOYUDP P H
UHWXUQ LWHP(

& JHW3DUHQWRI9DULDQW&ODVVHYV

GHFODUH IXQFWLRQ ORFDO JHW3DUHQWRIOSDULDQW&ODVVHY RQH DV
WZR DV QRGH DV LWHP
N

IRU LWHPO LQ

GRF $.. $... 80/ *HQHUDOL]DWLRQ 80/B*HQHUDOL]DWLRQ FKLOG
LWHP LQ
GRF $.. $... 80/ *HQHUDOL]DWLRQ 80/B*HQHUDOL]DWLRQ FKLOG
ZKHUH
ZKHUH
LWHPO 80/ &0DVV [PL LGUHI RQH
DQG
LWHPO 80/ &ODVV #[PL LGUHI WZR

DQG ORFDO JHW3DUHQW&ODVV LWHPO 80/ &0ODVV [PL LGUHI

ORFDO JHW3DUHQW&ODVY LWHP 80/ &0ODVV [PL LGUHI

DQG ORFDO JHW3DUHQW&ODVY LWHPO 80/ &0DVV [PL LGUHI DQC
LWHPO 80/ &0DVV [PL LGUHI LWHP 80/ &0ODVV [PL LGUHI

UHWXUQ ORFDO JHW3DUHQW&ODVYV LWHPO 80/ &0DVV [PL LGUHI
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& JHW3DUHQWRI9O9DULDQW)HDWXUHYV

GHFODUH IXQFWLRQ ORFDO JHW3DUHQWRI9DULDQW)HDWXUHY RQH
WZR DV QRGH DV LWHP
N

IRU LWHPO LQ GRF $... $... JHDWXUH
6LWHP LQ GRF $.. $.. JHDWXUH
ZKHUH QRUPDOL]JH VSDFH LWHPO )HDWXUHBQDPH QRUPDOL]H
VSDFH RQH
DQG QRUPDOL]H VSDFH LWHP )HDWXUHBQDPH QRUPDOL]H VSDFI

DQG ORFDO JHW3DUHQW)HDWXUH LWHPO )HDWXUHBQDPH

ORFDO JHW3DUHQW)HDWXUH LWHP )HDWXUHBQDPH

DQG ORFDO JHW3DUHQW)HDWXUH LWHPO )HDWXUHBQDPH

DQG QRUPDOL]H VSDFH LWHPO )HDWXUHBQDPH QRUPDOL]H
VSDFH LWHP )HDWXUHBQDPH

DQG LWHPO ([LVWHQWLDO LWHP ([LVWHQWLDO

DQG LWHPO ([LVWHQWLDO 2SWLRQDO RU LWHPO ([LVWHQWLDO
$OWHUQDWLYH

UHWXUQ ORFDO JHW3DUHQW)HDWXUH LWHPO )HDWXUHBQDPH

& JHW3DUHQW&ODVYV

GHFODUH IXQFWLRQ ORFDO JHW3DUHQW&ODVYV FKLOG DV [V VWULQ
LWHP
A

IRU LWHPS$ LQ

GRF $.. $... 80/ *HQHUDOL]DWLRQ 80/B*HQHUDOL]DWLRQ FKLOG
ZKHUH

LWHPS$ 80/ &ODVV [PL LGUHI FKLOG

UHWXUQ

LWHPS$ 80/ *HQHUDOL]DWLRQ SDUHQW 80/ &0DVYV



$SSHQGL[® ([DPSOH '"RFEXPHQWYV L
ORELOH 3KRQH 6\VWHP\
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O 8VH &DVH 330

"[PO YHUVLRQ O HQFRGLQJ 87) "1
8VHB&DVH 8VH&DVH," 8&0 6\VWHP ORELOH3KRQHp@ BURGXFWBOHPEHU 300
[POQV [KWWSZZZ RUJ ;0/6FKHPD LQVWDQFH
[VL QR1IDPHVSDFH6FKHPD/RFDWLRQ = ?ZHE?;7UD4XH?8VHBFDVH [VG !
7LWOH!
99*I6HQGLQJ 99*!
$7 ID $7 !
11 'OHVVDJH 11 !
7LWOH!

"HVFULSWLRQ!
$72!7KH $72[110!SKRQH 110[9%=!LV 9%=! $-2!DEOH $-2!
722'WR 722[99,!VHQG 99,[$72!D $72[11 !WH[wW 11 !

11 !'PHVVDJH 11 ! 6&! 6&[$7!7KH $7[11 IXVHU 11 !
90!'FDQ 90[99,!VSHFLI\ 99,[$7 !IDQ $70[110!DGGUHVV 110!
,2!'RI,2[$7 !'D $7 [11 I/UHFHLYHU 11 [,,!E\ !

99 *IVHOHFWLQJ 99*[,,!lIURP ., [$7 'D $7 [11 'oLvw 11 !
,2!'RI ,2[11 'FRQWDFWV 11 [6&! 6&!

'"HVFULSWLRQ!
/HYHO! 3ULPDU\ WDVN /HYHO!
BUHFRQGLWLRQV!
$717KH $7[11 IXVHU 11 ! 9+=!KDV 9+=[9+=!/DOUHDG\ 9+=!
991!'VHOHFWHG 991[110!/'IXQFWLRQ 110[,2!RI ,2!
9 9*IVHQGLQJ 9 9*[$7 'D $7 [11 IOH[O 110!
110!'PHVVDJH 110[Q!IURP ,O[$7!'WKH $7[--IPDLQ --!
11 !'PHQX 11 [6&! 6 &!
BUHFRQGLWLRQV!
BRVWFRQGLWLRQV!
$717KH $7[11 ISKRQH 11 [9+=!KDV 9+=[991!VHQW 9 91!
$7'WKH $7[11 !PHVVDJH 11 [6&! 6&!
SRVWFRQGLWLRQV!
BULPDU\BDFWRU! 7KH XVHU BULPDU\BDFWRU!
6HFRQGDU\BDFWRUV !
JORZBRIBHYHQWV!

(YHQW!
$717KH $7[110!VI\VWHP 110[99=!VKRZV 99=!
$7 IDQ $7 [11 I'HGLWRU 11 ! ,)IIRU ,)!
QﬁfizK7&tQJ 99*[$7 O!D $7 [110 !PHVVDJH 11 !
(YHQW!
(YHQW!

$71'7KH $7[11 I!XVHU 11 [11 INHV LQ 11 !
$7 !D $70[11 ISKRQH 11 [11 'IQXPEHU 11 !
,2!'RL ,2 [ $7 'D $7 [11 '/UHFHL YHU 11 !

6&! 6&[55!/0RUHRYHU 55[6&! 6&[$7!'WKH $7!
11 !XVHU 11 ! 9 9,IVHOHFW 99 ,[$7 'D $7 !
110!SKRQH 11 [11 'IQXPEHU 11 ! ,2!RI ,2!

$7 !'D $70[11 l/UHFHL YHU 11 ' , IE\ , !

9 9*IVHOHFWLQJ 9 9*[,,!lIURP ,,!' $7 'D $7 !

i110!/oLvw 11 !t ,2!'RIlI ,2[11 'FRQWDFWV 11 !
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6&! 6&! 992!11RWH 992! $7IWKH $7[110!XVHU 110!
99,IVHQG 99,[$7!WKH $7[11 IWH[W 11 !
11 I'PHVVDJH 11 [,,!WR ,,[--!PXOWLSOH --!
11 IUHFHLYHUV 11 [,,!E\ ,,! 99*ILQVHUWLQJ 99*!
--I1PXOWLSOH --[--!PRELOH --[11 ISKRQH 11 !
11 IQXPEHUV 11 [6&! 6&!
(YHQW!
(YHQW!
$717KF $7[110!VI\VWHP 110[99'!GLVSOD\HG 99'!
{/#WK‘/ﬁi[ll ISKRQH 11 ! 11 IQXPEHU 11 !
(YHQW!
(YHQW!
$717KH $7[11 IXVHU 11 [9 9,/HQWHU 99,!
$7 IWKH $7[11 !PHVVDJH 11 ! 6&! 6&
5512WKHUZLVH 55['" I7KLV '* [9 %=ILV 9%=!
991!/0OLUPWHG 991[,,!XQGHU O,[$7!WKH $7!
- IPD[LPXP --[11 O!VL]H 110[,2!RI ,2!
9 9*IVHQGLQJ 99*[$7IWKH $7[11 IWH[W 11
11 ,IPHVVDJH 11 ,[6&! 6&!
(YHQW!
(YHQW!
$717KH $7[110!VIVWHP 110[99'IGLVSOD\HG 99!
$7 IWKH $7[11 I!PHVVDJH 11 ! 6&! 6&
9 92!1RWH 9 92[&67!WKDW &67[$7TIWKH $7!
11 'HYHQWYV 11 [9%5!DUH 9%5[;;!QRW ;;!
- IVHTXHQWLDO --[11 !SURFHVVHV 11 [6&! 6&!
(YHQW!
(YHQW!
$717KH $7[11 !XVHU 11 [9 9=!FRQILUPV 99=!

v#!IVH\?&l'QJ 99*[$7!WKH $7[110!PHVVDJH 110!

(YHQW!
(YHQW!
$717KH $7[11 IVI\WWHP 11 | 99=IHVWDEOLVKHYV 9 9=1
$7IWKH $7[110!/FRQQHFWLRQ 110[,)!IRU ,)!
99*IVHQGLQJ 99*[6&! 6&!
(YHQW!
(YHQW!
&61,1 &B6[$7IWKH $7[11 !FRQQHFWLRQ 11
9% =1LV 9%=[55ISURSHUO\ 55[991IVHW 991!
6&! 6&[$7 IWKH $7[11 IV\VWHP 11 |
99=IVHQGV 99 =[ $7 IWKH $7[11 IPHVVDJH 11 !
6&! 6&[55!/2WKHUZLVH 55[6&! 6&!
&6!L1 &6[$7!WKH $7[11 IV\VWHP 110!
99=1GLVSOD\V 99=[$7 IDQ $70 ! --IDOHUW --[,,!WR
$7!WKH $7[110!XVHU 110[,)!IRU ,)!
$33*(ILWV $33*([11 IFLUFXPVWDQFHV 11 [6&! 6&!

(YHQW!

)1
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(YHQW!
&6!$IWHU &6! 991!FRPSOHWHG 991[$7!WKH $7!
11 IVHQGLQJ 11 ! 6&! 6&[$7 'WKH $7!
11 IVIVWHP 11 [9 9=!GLVFRQQHFWV 99=[$7!WKH
11 !'FRQQHFWLRQ 11 ! 6&! 6&!

(YFQW!

(YHQW!
$717KH $7[11 !SKRQH 11 ! 99=1GLVSOD\V 9 9=!
$7!WKH $7[110!VWDWXV 11 [,2!RI ,2!
99*IVHQGLQJ 99*[&&!DQG &&[99=INHHSV 99=!
$7 D $7 [11 1ORJ 11 ! ,2IRI ,2!
99*IVHQGLQJ 99*[6&! 6&!

(YHQW!

JORZBRIBHYHQWV!

([FHSWLRQDOBHYHQWYV !

6XSHURUGLQDWHBXVHBFDVH !

6XERUGLQDWHBXVHBFDVH !
8VHB&DVH!

JLIXUH ' 8VHQEDLYH D PHVVDJIH
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8VHB&DVH 8VH&DVH,' 8%& 6\VWHP ORELOH 3KRQH 3URGXFWBOHPEHU 300
[POQV [KIWWS ZZZRUJ ;0/6FKHPD LQVWDQFH
[VL QR1IDPHVSDFH6FKHPD/RFDWLRQ = ?ZHE?;7UD4XH?8VHBFDVH [VG:-!
7LWOH!
99 *!IODNLQJ 99*!
$7 ID $7 !
11 !'rDOO 11 !
7LWOH!
'"HVFULSWLRQ!
$7 '7TKH $7 [11 ISKRQH 11 ! 9%=1LV 9%=!
$-2!DEOH $-2[722!'WR 722! 99,!PDNH 99,!
$7 !'D $7 [11 'FDOO 11 ! 6&! 6&[$7 I 7TKH $7 !
11 !'XVHU 11 ! 90 !'FDQ 90 [9 9 OIVHOHFW 9 9,!
$7 '!'D $7 [$- !FDOOLQJ $- [11 ISKRQH 11 !
11 'QXPEHU 11 ! 353!/IURP 353[$72!D $72!
11 !'OLVvVW 11 ! 35)!RIlI 35)[11 I!SKRQH 11 !

11 'QXPEHUV 11 ['74!'ZKLFK "'74[9%%!DUH 9% %!
991!'UHVWRUHG 991[353!/LQ 353[$72!WKH $72!

11 'GDWD 11 [11 !FROOHFWLRQ 11 ! &-&!'RU &-&!
99%!'HQWHU 99%([$72!WKH $72[110!QXPEHU 110!
353!YLD 353[11 INH\SDG 11 [6&! 6&[&-6! $IWHU &-6!
$7 'WKH $7 [11 O!XVHU 11 O[ 9 =!FRQILUPV 9 9=!

$7 !'D $7 [11 !FDOOLQJ 110[$72!'WKH $72!

11 !SKRQH 11 [9 9=!/HVWDEOLVKHV 9 9=[$7 I!WKH $7 !
11 'OLQH 11 [11 'FRQQHFWLRQ 11 ! 722!WR 722!
990!/FUHDWH 99,[$72!D $72[11 I!FDOO 11 !

6&! 6&[&-6!,1 &-6[55!/SURSHUO\ 55[9'1!GRQH 9'1!
$7 'WKH $7 [11 ISKRQH 11 [99=!GLDOV 99=!
353!/IRU 353[$72!D $72[11 !UHVSRQVH 11 !
353!/IURP 353[$72!WKH $72[11 !UHFHL YHU 11 !
6&! 6&[$92!2WKHUZLVH $92[$72!WKH $72!

11 !SKRQH 11 ! 99=!LQIRUPV 9 9=[$7 !WKH $7 !

11 IXVHU 11 [ $7 !'D $7 [11 ISUREOHP 11 !
353!/RQ 353[$72!'WKH $72[11 !FRQQHFWLRQ 11 !

35)IRI 35)! 99 *IGLDOOLQJ 9 9*[6&! 68&!

353!1,Q 353! $7 'WKH $7 [11 !FDVH 11 !
&-7'WKDW &-7[$72!WKH $72[110!GHVWLQDWLRQ 110!
11 ISKRQH 11 ! 9%=!LV 9%=[9 91!/HQJDJHG 991!
&-&'RU &-&[;; 'QRW ;; [$- 'DEOH $- !

722/WR 722! 99 ,/UHDFK 99,[$7 !WKH $7 !

11 IVLJQDO 11 ! $7 !'WKH $7 [11 ISKRQH 11 !

11 IUHVSRQVHV 11 [$7 !D $7 [11 IYRLFH 11 !
11 I'PHVVDJH 11 ! 353IWR 353! $7 IWKH $7 !
11 IXVHU 11 | 353!1IRU 353['36ILWV '36!
11 IFLUFXPVWDQFHYV 11 [6&! 6&!

"HVFULSWLRQ!

JHYHO!3ULPDU\ WDVN /HYHO!

3UHFRQGLWLRQV!
$717KH $7[11 IXVHU 11 | 9+=1KDV 9+=!
991IVHOHFWHG 991[110!/IXQFWLRQ 110[02!RI ,2!
99 *IPDNLQJ 99 *[$7 D $7 [11 IFDOO 11 !
LUIURP  [$7!WKH $7[--1PDLQ --[11 IPHQX 11 !
6&! 6&[ 3UHFRQGLWLRQV!

3RVWFRQGLWLRQV!
$717KH $7[110!SKRQH 110[9%=!LV 9%=[--1UHDG\ --!
OJUIRU  )[0'1QH[W O0'[11 IDFWLRQV 11 [6&! 6&!

3RVWFRQGLWLRQV!

3ULPDU\BDFWRU!7KH XVHU 3ULPDU\BDFWRU!
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A6HFRQGDU\BDFWRUV! 6HFRQGDU\BDFWRUV!
JORZBRIBHYHQWV!

7ULJJIHU
(YHQW! $7!17KH $7! 11 ISKRQH 11 ! 9%=ILV 9%=!
--1TUHDG\ --! 72!WR 72[99,!PDNH 99,!
$7 !'D $7 ! 110!FDOO 11 ! 6&! 6&!
(YHQW!
(YHQW!
$717KH $71 11 IXVHU 11 [ 9 9=IVHOHFWV 9 9=
$7 D $7 [11 ISKRQH 11 [11 IQXPEHU 11 |
LIIURP ,,[$7 D $7 [11 !OLVW 11 !
J2'RI ,2[11 'FRQWDFWV 11 [&&!RU &&!

9 9=IHQWHUV 9 9=[%$7 'D $7 [11 ,!SKRQH 11 !

LQ X P, u 11 [ O Oo!'YLD ,,[11 INH\SDG 11 !
VFI"'VF

(YHQW!
(YHQW!
$7 17TKH $7! 11 IXVHU 11 ! 99=IFRQILUPV 99=!
\g/i:*I!P\DA__L'QJ 99*[ $7 ID $7 ! 11 IFDOO 11 !
(YHQW!
(YHQW!

$7!7KH $7[11 I'VIVWHP 11 [99=!/HVWDEOLVKHV 99=1

LW K [11 'OLQH 11 [11 'FRQQHFWLRQ 11 !
VI VRS

(YHQW!
(YHQO!
&61,1 &6[$7!WKH $7[110!/FRQQHFWLRQ 110!
9% =1LV 9%=[55!SURSHUO\ 55[991!VHW 991!
6&! 6&[$7!WKH $7[11 ISKRQH 11
99=1GLDOV 99=[$7 IWKH $7[11 IQXPEHU 11 !
L,IWR ., [$7!WKH $7[11 O!IGHVWLQDWLRQ 11 !
6&! 6&[55!2WKHUZLVH 55[$7!WKH $7!

110!SKRQH 110[99=!LQIRUPV 99=[$7!WKH $7!
11 !XVHU 11 [,)!IRU ,)! $7!WKH $7!

--IH[LVWLQJ --[11 ISUREOHPV 11 [6&! 6&!
(YHQW!
(YHQW!
&6!,1 &6[$7!'WKH $7[11 !GHVWLQDWLRQ 11 !
11 ISKRQH 11 [9%=!LV 9%=[--1HQJDJLQJ --!
&&'RU &&[;;!'QRW ;;[-.!DEOH -.!
72I'WR 72[99,'UHDFK 99,[6&! 6&!
$7'WKH $7[11 ISKRQH 110 [99=!LQIRUPV 9 9=!
$7IWKH $7[1 1 !XVHUV 11 ! ,)IIRU ,)!
$33*(ILWV $33*([11 !FLUFXQLVWDQFHV 11 [6&! 6&!
(YHQW!
(YHQW!

$717KH $7[110!XVHU 110[99=!/FRQILUPV 99=!
99*IKDQJLQJ 99*[53!IXS 53[$7!IWKH $7!

11 !FDOO 11 [6&! 6&!
(YHQW!
(YHQW!
$717KH $7[110!SKRQH 110! 99=IGLVFRQQHFWYV 99=!
$7 IWKH $7[11 I!FRQQHFWLRQ 11 [6&! 68&!

(YHQW!



'"$ 8VH &DVH 300

(YHQW!
$717KH $7! 11 ISKRQH 11 ! 99=IVKRZV 99=!
11 IXVDJH 11 [,2!RI ,2[9 9*IPDNPJ 9 9*!
$7 !'D $7 [11 I'FDOO 110! ,,IWR ,,!
$7'WKH $7[11 IXVHU 11 | 6&! 6&!

(YHQW!

(YHQW!

$717KH $7[11 !SKRQH 11 ! 99=INHHSV 99=!
$7 'D $7 O0[110!0ORJ 11 0[11O0!ILOH

11 1
O2!RI ,2[99*!PDNLQJ 99*[$70 !D $70 !
11 IFDOO 11 ! ,,IDW ,,[$7 !WKH $7!
11 IPRPHQW 11 ! ,,ILQ ,,[$7!WKH $7!
11!GDWD 11[11 !VWRUDJH 11 ! 6&! 6&!
(YHQW!

JORZBRIBHYHQWV!
([FHSWLRQDOBHYHQWYV !
6XSHURUGLQDWHBXVHBFDVH !

6 XERUGL Q DWHBX VHBFDVH !
8VHB&DVH!

JLIXUH ' SWBINERVYH FDOL
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8VHB&DVH 8VH&DVH," 8& 6\VWHP ORELOH 3KRQH 3URGXFWBOHPEHU 300
[POQV [WIWWS ZZZRUJ i0/6FKHPD LQVWDQFH
[VL QRIDPHVSDFHB6FKHPD/RFDWLRQ = ?ZHE?;7UD4XH?8VHBFDVH [VG !
7LWOH!
99*17DNLQJ 99*!
$7 1D $7 !
11 ISLFWXUH 11 !
7LWOH!
"HVFULSWLRQ!
$7 17KH $7 [11 ISKRQH 11 | 9%=ILV 90%=!
991ILQWHJUDWHG 991[353!1ZLWK 353[$72ID $72!
$-21GLJLWDO $-2[11 IFDPHUD 11 ! 6&! 6&!
31310W 313[99=IHQDEOHYV 99=[$72!D $72!
11 IXVHU 11 | 9 9*IWDNLQJ 99*[&-&!DQG &-&!
99*IUHVWRULQJ 99*[$72!D $72[110!SLFWXUH 110!
3531LQ 353[$72!WKH $72[11 ISKRQH 11 !
6&! 6&[$7 I7TKH $7 [11 ISKRWR 11 !
11 1ILOH 11 1| 9%=ILV 9%=[1321-3* 132!
11 1IRUPDW 110! 6&! 6&[$72!17KH $72!
110I/SKRWR 11 ! 9%=!LV 9 %=! $9 ISRVVLEO\ $9 !
991 !1WDNHQ 991[&-6!DV &-6! &5'IRQH &5'!
35)IRI 35)[&5'IWKUHH &5'[$-2IRSWLRQDO $-2!
11 'WVSHV 11 [$9 !L H $9 [11 !JHQHUDO 11 !
11 1QLJKW 11 | &-&!DQG &-&[11 ISRUWUDLW 11 !
"741ZKLFK '74[9% %!DUH 9% %[$-2!GLIIHUHQW $-2!
$- IVL]JHG $- [6&! 6&[$9 ISOVR $9 ! $7 IWKH $7 1!
11 ISKRWRV 11 [&-7!/WKDW &-7[9%%I!DUH 9%%!
9 91!NHSW 991[353!L Q 353[$72!WKH $7 [11 I!SKRQH 11 !
902!FDQ 902[9%,!EH 9%,[991IYLHZHG 991!
&-&!DQG &-&[991!GHOHWHG 991[$92!DIWHUZDUGYV $92!
6&! 6&!
"HVFULSWLRQ!
/JHYHO!3ULPDU\ WDVN /HYHO!
3UHFRQGLWLRQV! $717KH $71
11 IXVHU 11 [9+=!KDV 9+=[991!VHOHFWHG 991!
11 1IXQFWLRQ 11 | ,2!RI ,2[9 9*!WDNL QJ 99*!
$7 ID $7 [11 ISKRWR 11 ! , IIURP , [$7IWKH $7!
--1PDLQ --[110!PHQX 110 [6&! 6&[ 3UHFRQGLOLRQV!
3RVWFRQGLWLRQV!
$717KH $7[11 ISKRQH 11 [99'IWRRN 99'[$7 ID $7 !
11 ISKRWR 11 | &&!DQG &&[99'INHSW 99'[33+ ILW 33+ |
LOIDV ,,! $7 ID $7 | --1-3* [RUPDWWHG --! 11 [I!ILLH 11 |
ILQ L, [$33*(ILWV $33*([--'WHPSRUDU\ --[110!PHPRU\ 110!
11 IVWRUDJH 11 | %&/ILQ %&/[%&/IRUGHU %&/[72!WR 72!
9% ,!EH 9%,[991!1UHVWRUHG 991[$7!/WKH $7[11!GDWD 11!
110/FROOHFWLRQ 110[555!/0DWHU 555[53IRQ 53[6&! 6&!
57 17KHQ 57! $717KH $7[11 ISKRQH 11 [9 %=ILV 90%=!
-IUHDG\ =--[,)!IRU ,)[99*IFDSWXULQJ 99*[0'IQH[W 0!
11 IVKRWV 11 [6&! 6&[ 3RVWFRQGLWLRQV!

BULPDU\BDFWRU!7KH XVHU

BULPDU\BDFWRU!

6HFRQGDU\BDFWRUV!
JORZBRIBHYHQWV!

6HFRQGDU\BDFORUV!

7ULJJHU !
(YHQW[$7!7KH $7[11 IV\WWHP 110[99=IVKRZV 99=!
$7 ID $7 [11 10OLVW 110! ,2!RI ,2[--IRSWLRQD, --!
11 IW\SHV 11 [6&! 6&[11 I7\SHV 11 [,)IIRU ,)!



' O 8VH &DVH 30

9 9*IWDNL QJ 99*! $7 ID $7 [11 ISKRWR 11 ! 5(;!L H
11 1JHQHUDO 11 ! 117 ,!QLJKW 117 ! &&!DQG &&!
11 ISRUWUDLW 11 ! 6&! 6&[ (YHQW!
(YHQW!
$717KH $7[11 IXVHU 11 ! 99=IVHOHFWV 99=!
0&0!'RQH O0&O[,2!'RU ,2[--!'RSWLRQDO --[11 !W\SHV 11 !
6&! 6&[11 !7\SFV 11 [,2!RI >2[99*IWDNLQJ 99*!
$7 ID $7 [11 ISKRWR 11 ! 6&! 6&
(YHQW!
(YHQW!

$717KH $7[11 I'VIVWHP 110 [99=!VKRZV 99=[$7!WKH $7!

VIEIIV':\?&PULR 110[0,'RQ ,>[$7!WKH $7[110!VFUHHQ 110!

(YHQW!

(YHQO!
$717KH $7[11 IXVHU 11 ! 11 !FOLFNV 11 [$7!WKH $7!
11 IEXWWRQ 11 ! ,,IRQ ,,[$7!WKH $7[11 ISKRQH 11 !
72IWR 72[99,/FDSWXUH 99,[$70 !D $70[11 IVKRW 110!
6&! 68&!

(YHQW!

(YHQW!
$717KH $7[11 IVIVWHP 11 ! 99=IGLVSOD\V 9 9=
$7'WKH $7[11 IVKRW 11 [ 9 91!GRQH 9 91[, ,'/DW ,,!
$7'WKH $7[11 I!PRPHQW 11 [6&! 6&[ (YHQW!

(YHQW!
$717KH $7[11 I!VIVWHP 11 [99=!SRSV 9 9=!
531XS 53[$7 !D $7 [11 IUHTXHVW 11 ! ,2!RI 2!
9 9*ITUHVWRULQJ 99*[$7!WOLH $7[11 IVKRW 11 [,,IDV !
$7 D $7 [11 ISKRWR 11 ! ,,ILQ ,,[$7!'0KH $7!
11 ISKRQH 11 ! 6&! 6&!

(YFQW!

(YHQW!
&6!,1 &6[$7!WKH $7[11 !XVHU 110[99=!ZDQWV 99=!
7 IWR 72! 99 ,INHHS 99,1 $7 IWKH $7[11 IVKRW 11
6&! 6&[$7!'WKH $7[11 I!VIVWHP 11 ! 99=IUHVWRUHV 99=!
$7!WKH $7[11 ISKRWR 11 ! ,,IDV ,,[$7 !D $7 !
11 !1ILOH 11 [,,'LQ ,,[$7!WKH $7[11!1GDWD 11!
11 !FROOHFWLRQ 11 ! 6&! 6&!

(YHQW!

(YHQW!
$717KH $7[110!VIVWHP 110[99=!VKRZV 99=[$7!0KH $7!
11 IVFHQDULR 11 ! ,,IRQ ,,[$7!WKH $7[11 IVFUHHQ 11 !
72'WR 72[9%,!EH 9% ,[--!UHDG\ --[,)!IRU ,)[0'!QH[W O
11 IVQDSVKRWYV 11 [6&! 6&!

(YHQW!

JORZBRIBHYHQWV!

([FHSWLRQDOBHYHQWYV !

6XSHURUGLQDWHBXVHBFDVH[ 6XSHURUGLQDWHBXVHBFDVH!

6XERUGLQDWHBXVHBFDVH[] 6XERUGLQDWHBXVHBFDVH!
8VHB&DVH!

JLIXUH 8VH FDVH WDNLQJ D SLFWXUH



$33(1',; ' (;$03/( '2&80(176 ,1 02%,/( 3+21( 6<67(06

8VHB&DVH 8VH&DVH,' 8& 6\VWHP ORELOH 3KRQH BURGXFWBOHPEHU 30

[POQV [KIWWS ZZZRUJ ;0/6FKHPD LQVWDQFH
[VL QR1IDPHVSDFH6FKHPD/RFDWLRQ = ?ZHE?;7UD4XH?8VHBFDVH [VG !
7LWOH!

11 !'6HQGLQJ 11 !
99=!HPDLOV 99=!

7LWOH!

"HVFULSWLRQ!
$7 I7KH $7 ! 11 IXVHU 11 ,! 9%=!LV 9%=[$- !DEOH $- !
722!'WR 722! 990!VHQG 99,[11 '!HPDLOV 11 !
353! ZLWK 353[11 ' DWWDFKPHQW 11 ! 353!YLD 353!

110!QHWZRUN 110[11 !I'SURWRFROV 11 [$9 !HJ $9 !

132!6073 132[81&!323 81&[81&!,0%3 81&!

6&! 6&[$72!7KH $72[110!XVHU 11 [902!FDQ 902!
99,!VSHFLI\ 99,[$72!WKH $72[11 IDGGUHVV V 11 !

35)!RI 3835)[11 'UHFLSLHQW V 11 [353!E\ 353!

99* I VHOHFWLQJ 99*[353!IURP 353[$72!D $72!

11 !oLvw 11 [35)!/RI 35)[11 'FRQWDFWV 11 !

'"T41ZKLFK '74[9% %!DUH 9% %[991!/UHVWRUHG 991!

353!/LQ 353[$72!'WKH $72[110!GDWD 112[11 !FROOHFWLRQ 11 !

35)!IRI 35)[$72!WKH $72[11 !SKRQH 11 ! &-&'RU &-&!
99 %!'HQWHU 99%[353! YLD 353! 11 INH\SDG 11 !
6&! 6&[$72!7KH $72[110!XVHU 110[902!'FDQ 902!

99,!VHQG 990[11 !'HPDLOV 11 [353!/WR 353! $- IPXOWLSOH $- !
11 'UHFHLYHUV 11 [353!LQ 353[&5'!'RQH &5"!

110!/WLPH 110[6&! 6&[99*!16HQGLQJ 99*[9%=!LV 9%=!
991!/OLPLWHG 991[353!XQGHU 353[$72!WKH $72!
$- IPD[LPXP $-[11 I!VL]H 11 ! 6&! 6&[$7 !7TKH $7 !

11 IXVHU 110[ 90 IFDQ 90 [9 9,'DWWDFK 990['7 IVRPH '7 1
11 'ILOHV 11 [35)IRI 35)[11 IQRWHV 11 [11 !'W[wW 11 !

11 ISKRWRV 11 [11 IMSJ 11 [&-&!DQG &-&[11 !LPDJHV 11 !
11 IMSJ 11 [353!1LQ 353[99*IVHQGLQJ 99*[11 IHPDLOV 11 !
6&! 6&[$7 !7KH $7 [11 ISKRQH 11 [9 9=INHHSV 99=!

$7 !'D $7 [11 1ORJ 11 1 11 !ILOH 11 ! 35)IRI 35)!
99*IVHQGLQJ 99*[$7 IDQ $7 [1L10!HPDLO 110!

3531LQ 353[$72!/WKH $72[110!/VWRUDJH 110[$72!/WKH $72!

11 !XVHU 11 ! 90 !'FDQ 90 [99 O!YLH Z 99 !
&-&!'DQG &-&[99,'GHOHWH 99,[$7 !WKH $7 [11 !ORJ 11 !
11 !'ILOHV 11 [$9 'ODWHU $9 [$93!/RQ $93! 6&! 6&!

'"HVFULSWLRQ!
/HYHO!3ULPDU\ WDVN /HYHO!
BUHFRQGLOLRQV!
$7'WKH $7[110!XVHU 110[9+=!KDV 9+=[55!/DOUHDG\ 55!

991!VHOHFWHG 991[$7 O!'D $7 O[11 !IXQFWLRQ 11 !
,21RI ,2[99*IVHQGLQJ 99*[$7 IDQ $70[11 IHPDLO 11 !
,,IIURP ,,[$7!WKH $7[--1'QLDLQ --[11 I!PHQX 11 !

BUHFRQGLWLRQV!
BRVWFRQGLWLRQV!
$7'WKH $7[9+=!SKRQH 9+=[9+=!KDV 9+=[991!VHQW 991!

110!HPDLO 110[,,!WR ,,[$7!WKH $7[11 'UHFHLYHU V 11!
&&!'DQG &&[9%I!/EHHQ 9%1[99*!VKRZLQJ 99*!
$7 IWKH $7[1 1 '!UHVSRQVH 11 [ O >!WR O,! $7!WKH $7!

11 !'XVHU 11 !
SRVWFRQGLWLRQV!
B3ULPDU\BDFWRU!7KH XVHU 3ULPDU\BDFWRU!
6HFRQGDU\BDFWRUV! 6HFRQGDU\BDFWRUV!
JORZBRIBHYHQWV!

7ULJJIJHU !

(YHQW! $7'WKH $7[110!V\VWHP 110[99=!VKRZV 99=!
$7 'DQ $7 [11 'HGLWRU 11 ! 9 91!FRPSRVHG 991!
,2!'RI 20 $7 ID $7 !'11 I!WH[wW 11 ! 11 !'ER[ 11 !

DUIRU  )[99*IVSHFLINLQJ 99*[$7IWKH $7!
11 IHPDLO 110 [11 IDGGUHVV YV 11 I



'$ 8VH &DVH 30,

J2IRI ,2[11 IUHFHLYHU V 11 [&&!DQG &&!
$7 1D $7 ; --1EODQN =--[11 IQRWH 11
ODUIRU  )[99*1ZULWLQJ 99*[$70 ID $70 !
11 IPHVVDJH 11 !

(YHQW!

(YHQW!
$717KH $7[11 IXVHU 11 [99=ILQVHUWYV 99=1I
$7 1DQ $7 [110 IHPDLO 11 [11 IDGGUHVV YV 11 !
J21RI ,2[11 '/UHFHLYHU V11 [,,1E\ !
99* I VHOHFWLQJ 99*[,,!IURP ,,[$7 ID $7 !
11 1OLVW 11 [,2!RIl ,2[11 IFRQWDFWV 11
99* IUHVWRULQJ 99*[,,1LQ ,,[$7!WKH $7!
111GDWD 11[11 !FROOHFWLRQ 11 ;O02!RI ,2!
$7IWKH $7[11 ISKRQH 11 ! &&!RU &&
99* ITHQWHULQJ 99*[,,!YLD Q[110!NH\SDG 110!
99 I1RWH 9 92[&67!WKDW &67 [ $7 IWKH $7!

11 IXVHU 11 | 90!FDQ 90[99,!VHQG 99,!
$7IWKH $7[110!/HPDLO 110[,,!WR ,,!
~-IPXOWLSOH =--[11 IUHFHLYHUV 11 [, 1E\ ,,
99*IVHSDUDWLQJ 99*[$7!WKH $7[110!/HPDLO 110!
11 IDGGUHVVHV 11 [0:1ZLWK O:[)8! )8[6&! 6&!
(YHQW!
(YHQW!
$717KH $7[11 IXVHU 11 | 90!FDQ 90!
99 IHQWHU 9 9,[$7!WKH $7[110 IPHVVDJH 11
(YHQW!
(YHQW!
$717KH $7[11 IXVHU 11 ! 90!PD\ 90!
99 ,IDWWDFK 99,[$7!WKH $7[11 IHPDLO 110
JIZLWK i [''1DQV ''[11 IILOHV 11

,2!'R1,2[11 IQRWHYV 11 [118!W[W 118!
11 'SKRWRV 11 [118!MSJ 118[&&!DQG &&!
11 'LPDJHV 11 [118!MSJ 118[&67!/WKDW &67!

9%5!DUH 9%5[--'!DYDLODEOH --[,,!'LQ O,!
$7'WKH $7[1 1 !SKRQH 11 ! 5512WKHLZLVH 55!
"t ITWKLVY " 9% =1LV 9%=[991!OLPLWHG 991!
,,IXQGHU ,,[$7!WKH $7[--IPD[LPXP --!

11 !VL]H 11 [,2!RIl ,2[99*!IVHQGLQJ 99*!

11 'HPDLOV 11 [99 !1RWH 99 2[&67!WKDW &67!
$7!WKH $7[11 ITHYHQW 11 [ O !'RI ,2!

0&! 0&[0&! 0&[&&!'DQG &&J[0&! 0&!
9%5!DUH 9%5[;;!'QRW ;;[--!VHTXHQWLDO --!

11 'SURFHVVHV 11 [ (YHQW!

(YHQW!
$717KH $7[11 IXVHU 11 [ 9 9=!FRQ ILUPV 99=!
99*IVHQGLQJ 99*[$7!WKH $7[110 !HPDLO 11

(YHQW!

(YHQW!
$717KH $7[11 !SKRQH 11 ! 99=/HVWDE@LVKHV 99=!
$7 IWKH $7[11 IFRQQHFWLRQ 11 ! ,)!IIRU ,)!
11 !'HPDLO 11 [9 9 *IVHQGL QJ 99 *!

(YHQW!

(YHQW!

&6!'LlI &6[$7!/WKH $7[11 '"FRQQHFWLRQ 110!
9% =1LV 9%=[55!SURSHUO\ 55! 991!6HW 991!
$7!'WKH $7[11 ISKRQH 11 [ 9 9=IVHQGV 99=!

$7!'WKH $7[1 1 !'!HPDLO 11 [,,!YLD !

$7!WKH $7[110!'QHWZRUN 11 ! 11 !SURWRFROV 11 !
5512WKHUZLVH 55[&6!,] &6[$7!WKH $7!

11 !'SKRQH 11 [ 99=!LQ IRUPV 99 =] $7 IWKH $7!

11 IXVHUV 11 [,)!IRU ,)[$33*(ILWV $33*(!
11" IULUULLPVWDQUS V 11!
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(YHQW!

(YHQW!
&6!$IWHU &6[991!FRPS, HWHG 991! $7IWKH $7!
99*IVHQGLQJ 99*[$7!WKH $7[11 IHPDLO 11 !
$7'WKH $7[11 ISKRQH 11 [99=!GLVFRQQHFWYV
$7 IWKH $7[11 I!FRQQHFWLRQ 11 !

(YHQW!

(YHQW!
$717KH $7[1 1 !SKRQH 11 ! 9 9=IVKR ZV 9 9=!
$7/WKH $7[110!VWDWXV 110[,2!RI ,2!
9 9*IVHQGLQJ 99 *! $7!WKH $7[11 I!HPDLO 11
57IWKHQ 57[9 9=INHHSV 99=[$7 ID $7

11 'ORJ 11 [11 '""LOH 11 ! ,2!RI ,2!
99*IVHQGLQJ 99*[$7!WKH $7[11@'HPDLO 110!
Q!DW ,,[$7!'WKH $7[11 'PRPHQW 11 [,,!'LQ ,,!
$7'WKH $7[11!'GDWD 11[11 !VWRUDJH 11 !

(YHQW!
JORZBRIBHYHQWV!
([FHSWLRQDOBHYHQWV !
6XSHURUGLQDWHBXVHBFDVH[] 6XSHURUGLQDWHBXVHBFDVH
6XERUGLQDWHBXVHBFDVH[ 6XERUGLQDWHBXVHBFDVH
8VHB&DVH!

JLIXUH ' SVHQEDRDY HHPDLOV

99=1!



&ODVV 'LDJUDP

‘DWD

LWHP7\SHO' LQW
LWHPOQGH[ LQW
QXPBWRUHGLQW
LWHP7\SH 6WUPJ

$GLVSOD\2DWDOWHP YRLG
$GHOHWH'DWDOWHP YRLG
$HGOW'DWDOWHPYRLG
$JHW'DWDOWHPYRLG
$+QHZ'DWDOWHPYRLG

+ VDYH'DODOWHPYRLG

&RP DFW 3URILOH

30,

,PDJH

2DWD&R6HFWLRQ

$JHW2DWDOWHPYRLG
$ VKRZ/LVW'DWD YRLG
fQHZ2DWDWWHP YRLG

NQDJH)RLPDW

PD[LPXP3URILOHOWRPFHQMRXQG)RUMPWLOOHVVDIH PW WH[WOHVVDJH E\WRDJH7\SHUOPDJH)RUPDWIRUPDWYV L]H E\VDID VWSFWLRQ 6WULQJ

HPDLO9YRLFHB6RXQG)RUPDW

$tHGLWR DODOWHPIHE@GW' DWDOWHPMRDEO3LFWXUHLQWVHQG ' DWDOWHPMH@EGE ' DWDOWHPYRLG
$GLVSOD\'DWDOWHBLRLBWDOWHPYRLG

$GLVSOD\'DWDOWHRBYRW®WDOWHPYRIHGOW'DWDOWHRBGRVSOD\'DWDOWHPYRLG

$GOVSOD\2DWDOWHPHQRLGWDOWHP YRLG

f{VHQG'DWDOWHPYRLG
$GLVSOD\'DWDOWHPYRLG

IRUPDWV L]JH E\WH
IRUPDWI1DPH6WULQJ

JLIXUH

IRUPDW1DPH 6WWLRH IORDW
SRZHUIORDW

+VHOHFW6HQGOHWKRGYRLG
$VHQG'DWDYRLG
+RSHUDWH7RRO$SSOLFDWORQYRLG
+GLVSLD\'DWD YRLG

+GLDO&DOO YRLG

+VHW2DWDYRLG
$VHW)XQFWLRQYRLG
+RSHUDWHI1HWZR GHYRLG
+DFNQRZOHGJH YRLG
$GLVFRQQHFWYRLG

$FRQQHFWYRLGVHQG DWDYRLG

$GLVFRQQHFWYREBQRZOHGIHYRLG \1ap00 vRLG

$WUDQVLH U'DWD YRLG fHoGaDO YRLG

FVHDUFKSIDLUYRLG + HVWDEOLVK&DO,YRLG
+ GLYHUW&DOO YRLG

$GLVFRQQHFWWRIONVIHU'DWD YRLG
$VHDUFK$3DLYUYRDGBFK$3DLUYRLG
$FRQQHFWYREGRQQHFWYRLG
$WUDQVIHUW DMLY FRQQHFWYRLG

H\SDGOQWHUIDFH H\SDG

$+ VHOHFW2SWLRQYRLG
$VKRZ/LVWBEHQGOHWKRGYRLG
fVKRZ/LVW2SERQYRLG
$VHOHFW6HQGYRLG

$+ VHOHFWEHQGOHWKRGYRLG
f VHW'DWDYRLG

NH\LQ YRLG

L,QWHUIDFH

$WDNH3KRWR YRLG
$GLVSOD\SUHDYRLG
fVDYH3KRWR YRLG
$GLVSOD\3KRWRYRLG

tVHW.SYROG
$VIQFKURQLVH YRLG
$GLVFRQQHFWYRLG

$ FODVV GLDJUDP RI SURGXFW PHPEHU 30
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6HTXHQFH 'LDJUDP 30,

JLIXUH ' $ VHTXHQFH GLDJUDP ODNLQJ D FDOC



6HTXHQFH 'LDJUDP 30

JLIXUH ' $ VHTXHQFH GLDJUDP 6HQGLQJ GDWD
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JLIXUH ' $ VHTXHOQRH GLD $URRR



6HTXHQFH 'LDJUDP 30

JLIXUH ' $ VHTXHQPH\GEDUQYDBDWD



6WDWHFKDUW 'LDJUDP 330

JLIXUH $ VWDWHFKDUW GLDJUDP RI SURGXFW PHPEHU 30



% % /,2*5$3+<

6/ &5%'/( ITBKRWNS VO FR XN

$OH[DQGHU BHPL$SXWRPDWLF 7UDFLQJ RI 5HTXLUHP
(ISHULHQFH D QW K&K D@® HQWHW QDWLRQDO :RUNVKRS
(PHUJLQJ )RUPV RI 6RIWZDUH RQIWQHBIU L QD QDG 6

$PHULFD 3 + 2EELQN - O0OXOOHU DQG 5 9DQ 2PPHL
&RPSRQHQW 2ULHQWHG 3ODWIRUP $UFKLWHFWLQJ (
6RIWZDUH ,QWHQVLYH 7{GAMWRWWRQLEQ3 UMRKGIX FMUIW W &R
6RIWZDUH 3URGXFW S8QHQWYHUQKRORQD GE3 (&

$QGHUVRQ . 0 6 $ B6KHUED DQG : 9 /HSWKLHQ
,QIRUPDWLRQ ,QWHJUDWKRQ WRJHMWHUQDWLRQDO &|
6RIWZDUH (QUWQRGERLPJI 86%

$QWRQLRO * * &DQIRUD * &DVD]]D DQG $ 'H /XFLD
ORGHOV IRU 5HFRYHULQJ 7UDKHDEQWHWU\QBWIRQYDO
&RQIHUHQFH RQ 6RIWZDBBIQDROMWHIBDQFH ,&60

$QWRQLRO * * &DQIRUD * &DVD]]D $ ' /XFLD DQG (
7UDFHDELOLW)\ /LQNV EHWZHHQ (& RGH @DIEF YWRIFRXPH RW |
6RIWZDUH (QJLQHHULQJ

$UDQJR * DQG 5 3ULHWR 'LD] 'RPDLQ $QDO\VLV
'LUHFWRRQVQ $QDO\VLYVY DQG 6RIWZDUH 6\VWHPV ORGH

$UGLV 0 $ DQG ' 0 :HLVV 'HILQLQJ )DPLOLHV 7KH
3DJHV WKH WK ,QWHUQDWLRQDO &BQOHUHQFH RQ
3UHVV 1HZ <RUN 1< 86% %RVWRQ ODVVDFKXVHWWYV

$UJR80/ IKMWS DUJRXPO WLJULV RUJ SURMHFW KWPO

$6$'$/ IURP VHODE SRVWHFK DF NU IRUP

$WNLQVRQ & - %D\HU & %XQVH ( .DPVWLHV 2 , DI
OXWKLJ % 3DHFK - :XVW&PRIRQHONMWBMOHG 3URGX |
(QJLQHHULQ$EGWAKR O (HVOH\

$WNLQVRQ & - %D\HU DQG ' OXWKLJ &RPSRQH

GHYHORSPHQW 7KH .REU$ DSWKRDRKN BRIWYDUH 3UR
8QH &RQIHUHQ¥BEHWB3(BQYHU &RORUDGR 86$%



%%/,2*5%$3+<

%DLOLQ 6 HW DO .$3785 . QRZOHGJH S$FTXLVLW
7TUDGHRIIV DQG 8QGHUO\LQJ SDWERROD®JV3IRIHWKH
$QQXDO .QRZOHGJH % DVHG /&R HMUASRRHD $ I ¥ LB/RWPIHQ W <&
5RPH $LU '"HYHORSPHQW &HQWHU

%DVV / 3 &OHPHQWV B&GNZD.DHPIUFKLNGHFIWRDH LQ 31
‘HVOH\ 3URIHVVLRQDO

%DVWDUULFD 0 & 1 +LWVFKIHOG .DKOHU DQG 3 !
$UFKLWHFWXUH IRU D )DPLO\ Rl OHNVKLQW AR ROW LR
&RQIHUHQFH RQ 6RIWZDYH, WBXOVYD ,&65-

%DWRU\ 5 &DUGRQH DQG < 6PDUDJGDNLYV 2EI
DQRG 3URGXFW /LQHVWEKBBJIJHWN 6RIWZDUH 3URGXFW /
'"HQYHU &RORUDGR 8QLWHG 6WDWHYV

%D\HU - 2 )J)OHJH 3 .QDXEHU 5 /DTXD ' OXWKLJ . ¢
0 'H®DXG 3X/6( $ PHWKRGRORJ\ WR GHYHOR
OLQHV 3DJHWKH )LIWK $&0 6,*62)7 6\PSRVLXP RC
SHXVDELOLYWRYV GBHIHOHV &$ 869%

%D\HU - DQG 7 :LGHQ ,QWURGXFLQJ 7TUDFHDELOL
WKH WK ,QWHUQDWLRQ@DO :RUNVKRS RQ 6RIWZD!I
6SULQJHU 9HUODJ %LOEDR 6SDLQ

3 ,QWURGXFLQJ 7UDFHDELOLW\ WR 3URGXFW /LQF
(QILQHHULQJ 3DWHW WK ,QWHUQDWLRQDO :RUNYV
6SULQJHU 9HUODJ %LOEDR ©6SDLQ

%HUJ . DQG - %LVKRS 7TUDFLQJ 6RIWZDUH 3URG
SBUREOHP WR 6ROXWLRQ66S®&FH 3DJHV

%RHKP % 6RIWZDUH &RVW (VWLBBSHR @G IXEB/EBH&REFRHPR |
SUHQWLFH +DOO

%RHKP % $ : %URZQ 5 ODGDFK\ DQG < <DQJ $
/LIH &\FOH &RVW (VWLPDWLROUREGHGLG@DVHVI WKH
,QWHUQDWLRQDO 6\PSRVLXP RORYPSQDPED®R\6R B ZD
((( &RPSXWHU 6RFLHW\ 5HGRQGR %HDFK &$

%RUODQG %RUODQG 7RIJHWKHU &RQWURO &HQWHU
%RVFK - SURGXFW /LQH SUFKLWHFWXUHV LQ ,QGXV

WKH VW _ QWHUQDWLRQDO &ROQ(HWRPEKHWREQ 6RIV
6RFLHW\ 3UHVV /RV $QJHOHV &DOLIRUQLD 8QLWHG
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3 'HVLJQ DQG 8VH RI 6RIWZDUH $UFKLWHFWXUHV $GI
$SSURIGFKLVRQ :HVOH\

13 BRIWZDUH 3URGXFW /LQHV WWKIDQU]® WQWREDQ H\®MR
&RQIHUHQFH RQ 6RIWZDUH (QJLQHHULQJ

%RVFK - DQG 0 +RJVWURP 3URGXFW ,QVWDQWLDWL
$ &DVH 6WXG\ 3DVUKN 6HFRQG ,QWHUQDWLRQDO 6\PSHF
DQG &RPSRQHQW %DVHG 6RIWZDASUL@IHLQBHUIODL *
/IRQGRQ 8.

&$)( | KRVPN S Z2Z2Z HVL HV HQ SURMHFWY FDIH FDIH KW
&DOLEHUSKWWIRP Z2ZZ VWDUEDVH FRP

&DPSEHOO * + -U 6 5 )DXON DQG ' 0 :HLVV ,QW
,1752B6<17+(6,6B352&(66 6RIWZDUH 3URGXFWLYLW\ &I
+HUQGRQ 9% 86$%

&ODXVV 0 ORGHOLQJ YDRBUDELOLWRXQWIKH3HDUFKH !
RUNVKRS

&/%$:6 IURWWSV ZZZ FRPS ODQFV DF XN XFUHO FODZzV

&OHODQG +XDQJ - & . &KDQJ DQG < *H D 6XSS
7UDFHDELOLW\ WKURXJK 30LJK /HYHQVIGH FRW&LWLRQ
$QQXDO ,QWHUQDWLRQDO &RPSXWHU G6RIWLYDUH
&2036%$& 2[IRUG (QJODQG

&OHODQG +XDQJ - & . &KDQJ * 6HWKL . MDZDML +
$XWRPDWLQJ B6SHFXODWLYH 4XHULHV WKURXJK (Yl
7UDFHDBMWHWQADWLRQDO 5HTXLUHRMB® V* HUAMMHULQ.

&OHODQG +XDQJ - 5 BHWWLPL 2 %HQ.KDGUD ( %HUH
D *RDO FHQWULF WUDFHDELOLW)\ IRU PDQDJLQJ Q
3DJHV WKH WK LQWHUQDWLRQDO $&®IHUHQFH R

BUHVV 1HZ <RUN 1< 86% 6W /RXLV 02 86%

&OHODQG 3,XDQJ - 5 BHWWLPL & 'XDQ DQG ; =RX
(YLGHQFH WR ,PSURYH '"\QDPLF 5HTWKUKHPHQWYV 7UL
,QWHUQDWLRQDO &RQIHUHQFH RQ 5HTXLUHPHQWYV (QJ

&OHODQG +XDQJ - * =HPRQW DQG : /XNDVLN $ +
IRU ,PSURYLQJ WKH 5HWXUQ RQ ,QYHVWRHQW RI 5HT.
((( , QWHUQDWLRQDO 5HTXLUHPHQWY (QJLQHHULQJ &I
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&OHPHQWYV 3 DQG / 6RRWIMKWHR SURGXFW /LQHV 3UDFV
$GGLVRQ :HVOH\ %RVWRQ 0%

3 $ JUDPHZRUN IRU 6RIWZDUH SURGXFW /1
KWWS ZFPXHGX SURGXFWOLQHYV IUDPHZRUN KWPO

&2%5% IKRRVS Z7Z27Z RPJ RUJ

&RFNEXUQ $ 6WUXFWXULQMRXWB QDO HRVI  2LBVKA PR C2C
SURJUDRRPIL QBW

3 29ULWLQJ (Il HFVBIONH B@H: RDOYHY % RVWRQ

&20 IURWWS ZZZ PLFURVRIW FRP FRP GHIDXOW PVS]

&25( IURPZ YWFRUS FRP

&RULDW 0 - -RXUGDQ DQG ) %RLVERXUGLQ 7KH
86$WKH J)LUVW 6RIWZDUH 3URGXHF®Y BQ H¥RORUBGR Q

'HDQ - * $ (GV &276 %DVHGUWRIWQ@ VWK QBD WL R
&RQIHUHQF6#SUR®RI6B 9HUODJ 2UODQGR )/ 86%

'"HSDUWPHQWBRIB'HIHQVH 6RIWZDUH 5HXVH ([HFXW
9%

'KDU 9 DQG 0O -DUNH '"HSHQGHQF\ "LUHFWHG 5HL
6\VWHPV ODLQWHQQ FHDXEBERWMRQYV LQ 6RIWZDUH
'"LFN - S5LFK 7TUDFHDELOLW\
KWwSs WHOHORJLF FRP LQGXVWULHY WHOHFRPV SD

"IPJHV 5 DQG . 3RKO $GDSWLQJ 7TUDFHDELOLW\
6SHFLILF&QIRPHPGMQLFDWLRQV RI WKH $&0

'2256 IURPZ WHOHORJLF FRP SURGXFWY GRRUV

'RUIPDQ 0 DQG 5 ) )0O\QQ $UWV $Q $XWRPI
7UDFHDELOLZWMN MRMXUH O R1 6\WWHPYV DQG 6RIWZDUH

(J\HG $ $ 6FHQDULR 'ULYHQ $88HRDFE \QR/ HUQBMO
&RQIHUHQFH RQ 6RIWZDUMR (RLVQRHYDQD GR6(
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3 5HDVRQLQJ DERXW 7UDFH 'HSHQGHQFWHW LQ D 0XC
VW ,QWHUQDWLRQDO :RUNVKRS RQ (GUREKDEKOLW\ F
6FRWODQG 8.

3 $ 6FHQDULR 'ULYHQ $SSURDFK WR,#(WDFH 'HSHQG
7UDQVDFWLRQV RQ 6RIWZDUH (QJLQHHULQJ

(J\HG $ DQG 3 *UXQEDFKHU $XWRPDWLF S5HTXLUHP
WKH 5HFRUG DQG S5WEBBD\WOUQGLIPNHUQDWLRQDO &
$XWRPDWHG 6RIWZD (UGILQEXQHHWBLQJI $6(

(J)\HG $ DQG 3 *UXQEDFKHU 7RZDUGV 8QGHUVWDQOC
'HSHQGHQFLHY DPRQJ 4XWRHW\ 58 TWHWHPWQRYDO :RU
7UDFHDELOLW)\ LQ (PHUJLQJ )RUP 6RIWZDUH (QJLQHHU

(6$36 IWKRWWVS Z272Z HVL HV HQ BURMHFWY HVDSV HVDSV K\

J)DLUOH\ 5 ( DQG 5 + 7KD\HU 7TKH &RQFHSW RI 2
IURP 2SHU DWLRQDO 5HTXLUHPHQWY WR 7THFKQLFDO &
DQG 7 5 6RIWMZVOVUH (QUI&®RHPIBUBQYHVYV /RV $ODPLWRV &

JDORXWVRV & DQG ' : 2DUG $ 6XUYH\ RI ,QIRUF
JLOWHULQJ OHWKRGV 'HSW RI &RPSXWHU 6FLHQFH 8

J)DQWHFKL $ 6 *QHVL * /DPL DQG ( 1HVG $ OF
'HULYDWLRQ DQG 9HULILFDWLRQ RI 8VH &DVHHV IRU
WKH UG ,QWHUQDWLR QB® BRIH H WHYFHD J6 & VWR Q

863%

JLONHOVWHLQ $ 7TUDFLQJ , {D&EROIQORPXEMNP XRQ HPRRON
THFKQLTXHVIRU ODLQWDLQLQJ 7UDFHDELOLW\ "XULQJ

JLOQNHO WDHIL® + )XNV OXOWL 3DUW\ 6SMALILFDWLRQ
,QWHUQDWLRQDO :RUNVKRS RQ 6RIWZDUH 6SHFLILFDW

JLQNHOVWHLQ $ - .UDPHU DQG 0 *RHGLFNH 9LHZ
'"HYHORSPHQW 3DUBYV,QWHUQDWLRQDO :RUNVKRS 6RI
LWV $S S QIRW BR & V

JLOQNHOVWHLQ : DQG - $ 5 *XHUWLQ 7KH '"HOWWHQUDWHG
(QILQHHULQJ /LQN6SVE QXEO LA DWOLDRIQ V

JLXWHP 5 DQG * $QWRQLRO ,GHQWLI\LQJ 'HVLJQ
2EMHFW 2ULHQWHG B6RIWZDUWKB &DW HURQMDXGLR @D OH& R
RQ 6RIWZDUH ODLQWHQDQFH WDEOH RI FRQWHQWV &

*($56 IURWWS Z2Z7Z ELIJOHYHU FRP
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*LEVRQ 3 % OHUPHW DQG ' 0OpU\ JHDWXUH ,QWH!L
ORGHO $SSURDFK LQ 2 5HJDW DQEK ORUNVKEBS RQ )
OHWKRGV ,XBOLQ

*RPDD ), 6RIWZDUH '"HVLJQ OHWKRGYV IR U $&GGRANVBRQUH QW
:HVOH\

3 '"HVLIQLQJ 6RIWZDUH 3URGXFW 8QHV ZLWK 808 )U
6RIWZDUH $$F&LWREWHKVYBIN\ BURIHVVLRQDO

*RPDD + 5 )DLUOH\ DQG / .HUVFKEHUJ TRZDUGYV
OLIH F\FOI®Q PRGHMYKRS RQ 'RPDLQ ORGHOLQJIRU 6RIV

*RPDD + DQG $, ( 6KLQ $ OXOWLSOH 9LHZ OHWD
9DULDELOLW\ ODQDJHPHQW LQ 6RIWZDUH 3URGXFW
%RVFK DQG & .UXKJIBWHW®DWLR QD O 68RIQ HIWHHIQ FH
9HUODJ ODGULG 6SDLQ

*RWHO 2 DQG $ )LQNHOVWHLQ $Q $QDO\VLV RI W
SUREOHP 3DJHWKH )LUVW ,QWHUQDWLRQDO &RQIH
(QJODQG

3 &RQWULEXWLRQ 6WUXWWKMKUGHFRIUEV,((( ,QWHUQL
6\PSRVLXP RQ 5HTXLUHPHQ@W&R®S X QMK UGRRL W\ 3U}
<RUN

*ULVV 0 |/ ,PSOHPHQWDULQJ 3URGXFW /LQH )HDWX
WKH WK ,QWHUQDWLRQDESKRQJIHUHIHUHORQ ERINWZDILL

*ULVV 0 / - )DYDUR DQG 0 G $OHVVDQGUR QN
ZLWK WKH 56(% 3DJHV LQ 3 'HWDQEXWKQG M
 QWHUQDWLRQDO &R Q(HU&RFESIXRG! B RSIRVADIWH  S3HMWHY

+DOPDQV * DQG . 3RKO &RPPXQLFDWLQJ WKH 9
3URGXFW )DPLO\ WR X&)XYDWRFRHUFYRIWZDUH DQG 6\V
6SULQJHU

+DQ - 7530 $ 7RRO IRU 5HTXLUHPHQWY DQG $UF

3DJHV WKH $XVWUDODVLDQ &RRASXWRBSKMLHQYFH &
6RFLHW\ *ROG &RDVW 4XHHQVODQG $XVWUDOLD

+DXPHU 3 3 +H\PDQV 0 MDUNH DQG . 3RKO % L
3DVW DQG )XWXUH LQ 5( $ 6FWRBULRXBDKHI(GSS
,QWHUQDWLRQDO 6\PSRVLXP RQ BRTXHWWRMWWM (C
JLPHULFN ,UHODQG
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+DXPHU 3 0O -DUNH . 3RKO DQG . HLGHQKDXSW
FRQFHSWXDO PRGHOV E\ HWHQGHG WUDFHDELOLW\
,(QWHUDFWLQJ ZLWK &RPSXWHUV -RXUQDO

+DXPHU 3 . 3RKO DQG . HLGHQKDXSW S5HTXLUH
O9DOLGDWLRQ ZLWK 5HDCUBQUDFOMVAHRIHWRQ 6RIWZDUH
76( 6SHFLDO ,VVXH RQ 6FHQDQR ODQDJHPHQW

+D\HV - + $ 'HNKW\DU DQG - 2VERUQH , PSURYLC
YLD LQIRUPDWLRQ UHWUXKYQO ,GWHHMDWLRQDO &RQ|
SHTXLUHPHQWN ((®RRPGKMUHWBRFLHW\ :DVKLQJWRQ '&

+D\HV - + $ 'HNKW\DU 6 . 6XQGDUDP DQG 6 +RZDUG
7UDFH 5SHTXLUHPHQWYV $WX 2ENHEOWHWUH DRARNRQDO &RQ
SHTXLUHPHQWYV ( QJLQHHULQJ

+X00 ( . -DFNVRQ DRHTXLUHPN QWSS (YQ QUG MHIHDID J
IRQGRQ

(& )JXQFWLRQDO 6DIHW\ 6DIHW\ 5SHODWHG 6\VWHPV
, QWHUQDWLRQDO (OHFWULFDO &RPPLVVLRQ

L ((( ,((( 5SHFRPPHQGHG 3UDFWLFH IRU 6RIWZDU
6SHFLILFDWLRQV ,((( 6WDQGDUG

-DFREVRQ 2EMHFW 2ULHQWHG 6RIWZDUH (QJLQHHULQJ $
$GGLVRQ :HVOH\ 3URIHVVLRQDO

-DFREVRQ / 0 *ULVV DQ@RIWNZBOQNVRHXVH $UFKLWHFWXL
2UJDQLVDWLRQ I8®GHXRDQ:HW\O BX BRHRMMVVLRQDO

-DUNH O SHTXLUHPHQW 7UDFLQJ $VVRFLDWLRQ II
$VVRFLDWLRQ IRU &RPSXWLQJ ODFKLQHU\ &RPPXQLFI

-DYD%HDWWBRPMDYD VXQ FRP SURGXFWY MDYDEHDQV

-D]D\HUL O $ 5DQ DQG ) B6RIWZDUGBHRUFKLWHFWXUH 1|
J)DPLOLHV 3ULQBIGSIANWR @ Q& VIUHD F3NKLEF H6 G

-LUDSDQWKRQJ : 7RZDUGYV D 7UDFHDELOLW\ $SSU
6\WWHRWHUQDWLRQDO 6RIWZDUH 3URGXFW /LQHV <
 QWHUQDWLRQDO 6RIW 2ORMWRIR A%FW /LQH &RQIHUHQ

-LUDSDQWKRQJ : DQG $ =LVPDQ 7JUDFHDELOLW\ I
$Q ;4XHU\ $SSOWBEKDWLRQDO :RUNVKRS RQ S5HTXLUI
)DPLO\ (QJLQHHULQJ LQ ,QWHUQDMARIYD BKBRIQQHUHQF
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3 BXSSRUWLQJ 3URGXFW /LQH 'HYHOWEP$MILW WKUR
3DFLILF 6RIWZDUH (QJLQHHUIDQSK®RQIBUHMFH $36(&

3 ; 7UD4XH 7UDFHDELOLW\ IRBR3IWROXNHWD Q® H\& WA
ORGHXIQEIHU UHYLHZ

-RKQ , DQG ' OXWKLJ 7DLORULQJ 8VH &DVHV IR
5(3( (VVHQ *HUPDQ\

"-RQHV ' $ - ) 1DOORQ ' 0 <RUN DQG - BLPSVRQ
SHTXLUHPHQW ODQDJHPHQWKH R R\CKV 1$W Q&XHDAH F QW R @
6\PSRVLXP RI WK&261&B8( /RXLV 86%

.DLQGO ), 7KH OLVVLQJ /LQN L@ RBIMTZQWH R B QMOH K]
1IRWMNQH
.DQJ . 6 &RKHQ - +HVV : 1RYDN DQG $ 3HWHUVRC

'RPDLQ $QDO\VLV )2'$ )HDVLELOLW\ 6WXG\ B6RIWZD
&DUQHJIJLH OHOORQ 8QLYHUVLW\ 3LWWVEXUJK 3%

.DQJ , & 6 .LP - /HH . .LP ( BKLQ DQG 0 +XK
RULHQWHG UHXVH PHWKRG ZLWK GRPOVYQRV $RFWATFU
(QJLQHHULQJ

.HHSHQFH % DQG 0 ODQQLRQ 8VLQJ 3DWWHUQ\
3URGXFW )Q(P L6ARLW\Z D U H

LP 6 ' 6 + &KDQJ DQG + - /D 7UDFHDELOLW)
$XWRPDWH IRU 3URGXFW /LQH (QJLQUEWQS6 ,((( 3
 QWHUQDWLRQDO &RQIHUHQFH RQ B6RIWZDUH (QJLl
$SSOLFDWLRQV 6(5%$2

. QHWKHQ $ Y D $XWRPDWLF &KDQJH BWKISRYUW %DV
 QWHUQDWLRQDO :RUNVKRS RQ 7UDFHDELOLW\ LQ (
70)6( - (GLQEXUJK

3 E &KDQJH 2ULHQWHG 5HTXLUHPHQWY 7UDFHDELOL
(PEHGGHG 6WKWHRWHUQDWLRQDO &RQIHUHQFH RQ 6

a

.QHWKHQ $ Y % 3DHFK ) .LHFODLVFK DQG ) +RXGHI
WKURXJK $EVWUDFWLRQ DQG 7UDFHBREQM. WELW 3DJ]
SHTXLUHPHQWYV (QJUQ HERPISXIWNERQERBHWH (VVHQ *

.RWRQ\D * DQG , 6RPPHULUHPHOWY (QJLQHHULQJ 3UR
“RKQ :LOH\ 6RQV
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.UXHJHU & : 6RIWZDUH obvyv & XVW
KWWS 2727 ELJOHYHU FRP SDSHUV %LJ/HYHUODVV&XV

/IDJR 3 ( 1LHPHOD DQG + 9 9OLHW 7RRO 6XSSRU
(YROXWLRQ 3DWKM (LJKW (XURSHDQ &RQIHUHQFH RQ
DQG 5HHQJLQHBPISGIUH.6)A 0D QG

IDZUHQFH 3I0HHJHU 6 DQG 6 %RKQHU $ )UDP
ODLQWHOQDQF(H(0&RQUHRMHQFH RQ 6RIWZDUH ODLQWHQD

/HH . & .DQJ : &KDH DQG % : &KRL JHDWXUH

JEMHFW 2ULHQWHG (QJLQHHUL GR RN ZEEH0 BUDWWR G M [
(ISHULHQFH

/IHHFK * 5 *DUVLGH DQG 0 %U\DQW &/%$:6 7KH 7LC
IDWLRQDO &RUSXV WRBHVY WK ,OQWHUQDWLRQDO &F
&RPSXWDWLRQDO 8QJXRWWLFVSBQ(,1*

/IHLVKPDQ 7 5 DQG ' $ &RRN SHTXLUHPHQWYV 5LVI
SURMBEHTFERVE&URSSUDON

JHLWH - & 6 G 3 DQG . . %UHLWPDQ (ISHULHC
(QKDQFH 7UDNFKIHDEQGLWWHUQDWLRQDO :RUNVKRS RQ
JRUPV RI 6RIWZDUH (QJLQHHULQJ 7()6( ORQWUHDC

IJHWHOLHU 3 $ J)UDPHZRUN IRU S5HTXLUHPHQWYV 7U
BURMSIBRVWHHGLQJV RlI WKH VW ,QWHUQDWLRQDO :RU
JRUPV RI 6RIWZDUH (Q JICQWHEXUQK B()6

JILQGHQ ) Y G - %RVFK ( .DPVWLHV . .DQV DOD
6RIWZDUH 3URGXFW )DPLO\ (YWRMNDMWILREG ,SOMHVQDW
BRIWZDUH 3URGXFW 8 Q H SUR@ HHUW @RV WRQ& 0$ 86$%

/ILQGYDOO 0 DQG . 6DQGDKO 3UDFORUWZOUASOLFD
3UDFWLFH DQG ([SHULHQFH

/LQGYDOO O DQG . 6DQGDKO 7UDFHDELOLW\ $VS|
2EMHFW 2ULHQVRH\E ZDOWVWHBPYQWHQDQFH 5HVHDUFK DQ

IRFN 6 $ 5DVKLG 3 6DZ\HU DQG * .RWRQ\D B\VV
'HWHUPLQDWLRQ LQ &RPSOH[ 2EMHFW 'DWDEDVH 6
(&223

ODOHWLF - / DQG $ ODUFXV BXSSRUWLQJ 3URJUL

6HPDQWLF DQG 6WUXBWXUDO ,QIRUPDWLRQ
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ODOHWLF - / ( 9 0OXQVRQ $ ODUFXV DQG 7 1 1JX\HQ
ORGHO IRU 7UDFHDELOLW)\ /LQN &RQIRWMDQFH $QD
,QWHUQDWLRQDO :RUNVKRS RQ 7UDFHDELOLW\ LQ (
17()6( ORQWUHDO &DQDGD

ODQQLRQ O 2 [/HzZLV + .DLQGO * ORQWURQL DQ¢
SHSUHVHQWLQJ SHTXLUHPHQWY RQ *HQHULF 6RIWZL
ORGHO 3DJHM&6.

ODUFXV $ DQG - , OHOHWLF SHFRYHULQJ 'RFXF
7JUDFHDELOLW\ /LQNV XVLQJ /DWHQW V6KRDQMK.F ,QG
((( $&0 ,QWHUQDWLRQDO &RQIHUHQFH RQ 6RIWZ]
3RUWODQG 25 86$%

0% 6 ( ORGHO %DVHG 6RIWZDUH (Q
KWWS ZHPXHHGX WHFKQRORJ\ PEVH LV KWPO

OFOXOOHQ [ : SHTXLUHPHQWY ODQDJHPHQW 7
5HSRUW Rl ,1&26( 7TRROV 'DWDEDVH :RUNLQJ *URXS

0'$ IURRPWWS ZZZ RPJ RUJ PGD

OHWDFDVKWWBRPYDYZ PHWDFDVH FRP SDSHUV

OH\HU % 2EMHFW 2ULHQW H G3&RIQWZ IDFH +8OF0OQOVW UX FW LR Q

ORKDQ . DQG % 5DPHVK O0DQDJLQJ YDULDELOLW\
DQG 6HUYLFH )DWPRPHHBLQJY Rl WKH WK +DZDLL ,Q
6\VWHP 6H(HQFHYV

OXUSK\ * & ' 1RWNLQ DQG . 6XOO0OLYDQ 6RIWZ
%ULGJLQJ WKH *DS %HWZHHQ B6RXUKHUG @R0BOLJIK /
6,*62) 7 6\PS )RXQGDWLRRN RI 6RIWZDUH (QJ

OXUUD\ / $ *ULIILIWKV 3 /LQGVD\ DQG 3 B6WURR!
7UDFHDELOLW)\ IRU (PEHGGHG 6RIWZDUH DQ ,QGXV!

,Q SURFHHGLQJV RI WKH WK /$67(' 6RIWZDUH (

FRQIHUHQFH$&($ 3UHVYV

1$6$ 3UHIHUUHG 5HOLDELOLW\ 3UDFWLFHV ,QGHSHQGH
(PEHGGHG 6RIWZDUH 3DJHV 3UDFWLFH 1R 3' ('
YOLJKW &HQWUH

1RNLD KWRWS ZZZ IRUXP QRNLD FRP PDLQ KWPO

1RUWKURS [/ O 6(, V 6RIWZDUH( 3BRRW XBWH/LQH 7HQ



%% /,2*5$3+<

1XVHLEHK % DQG 6 (DVWHUEURRN SHTXLUHPHQW:
,Q 7KH )XWXUH RI 6RIW&ZD UH ((QJLQHHULQJ

20%$ IURRZ RSHQPRELOHDOOLDQFH RUJ

2PPHULQJ 65 Y ) Y G /LQGHQ DQG - .UDPHU 71
PRGHO IRU FRQVXPHU HQHRWBBRWHW VRIWZDUH

207 ITURWWS Z2Z2Z RPJ RUJ

3DUQDV 7KH 'HVLJQ DQG 'HYHORSPMHQW RI 3URJ
7UDQVDFWLRQV R®(VRIWZDUH HQJLQHHULQJ

SKLOLSKWIWRBP Z2ZZ SKLOLSV FRP
SLQKHLUR ) JRUPDL DQG ,QIRUPDL $¥BWEFWLNRRI! 5HT

SDSHU LQ SURFHHGLQJV RI UG :RUNVKRBRERRQ 5HTXLL
GH -DQHLUR %UD]LO

3LQKHLUR ) $ & DQG - $ *RJXHOQ $Q 2EMHFW 2Ul|
SHTXLUHRHQIRYWZDUH

30DQNO M DQG * %RFNOH ORGHOLQJ &RQFHSW
SHTXLUHPHQWY ORGHGB6 JUBISGBUMIDFHDELOLW\

3RKO . 7KH 7KUHH 'LPHQVLRQV RI 5HTXLUHPHQWYV (¢
DQG LWV $SSOLFIRWPRGA R Q VA\VWHPV

3 D 352 $57 (QDEOLQJ S5HTXLUHPHQWWRRHWH@®DFHDE
 QWHUQDWLRQDO &RQIHUHQFH RQRXHRXDGRPERIV (Q.

3 E3URFHVV &HQWHUHG 5RIRGLULBOPMHQWRQQILQHHULQJ

3RKO . DQG 3 +DXPHU +<'5%$ $ +\SHUWH[W ORG

,QIRUPDO 5HTXLUHPHQWAKH HSGHYRQM\DKRISR ®RD 5HTX
(QJLQHHULQJ )RXQGDWLRQ R I$SKRMVIWPLUDHXKY X BDEWHNQ5
*HUPDQ\ -\YDVN\OD )LQODQG

3RULW] $ % +LGGHQ ODUNRY ORGHQWHS$ ®OBMGER @R BL
&RQIHUHQFH RQ $FRXVWLFM((6SHHZEKDWNG 6LIJQDO 3UF

3X/6( IWRWPWS PZ LHVH IKJ GH 3X/6(

4%$'$ IURRVWS 2Z2Z YWW IL HOH UHVHDUFK VRK SURMHFW
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5DPHVK % DQG 9 'KDU 6XSSRUWLQJ B6\WWHPV
.QRZOHGJH &DSWXUHG 'XULQJ 5HIT(XZUEPMD MV LRI
LQ 6RIWZDUHXQMILQHHULQJ

5DPHVK % DQG 0 (GZDUGV ,VVXHV LQ WKH 'HYHO
7UDFHDELOLW\ ORGHGW3DWGNMWLRQDO 6\PSRVLXP R
(QJLQHHULQJ

5DPHVK % DQG O -DUNH 7TRZDUGV S5HIHUHQFH O
7TUDFHDEWOTWDQVDFWLRQV RQ 6RIWZDUH (QJLQHHUL(

SDPHVK % 7 3RZHUV & G6WXEEV DQG 0 (GZDUGYV
SHTXLUHPHQWY 7UDFHDELOLW\ VWKEDVHFBQY@&G\((3DJ
, QWHUQDWLRQDO 6\PSRVLXRBR SBHOMWHG P HQWR PQJI

SDPHVK % & 6WXEEV 7 3RZHUV DQG 0 (GZDUGV
,PSOHPHQWDWLQJ 5HTXbBbUB&R RQWYSYUADMANHDELOLW\

SDWLRQDOSRVH IURP
KWWS 2Z2Z YWW IL HOH UHVHDUFK VRK SURMHFWYV |

5'7 TUKRWWS Z2Z YWW IL HOH UHVHDUFK VRK SURMHFW)

5HGRQGR 5 3 ' 0 / 1RUHV - - 3 $ULV $ ) 9LODV
% % ODUWLQH] DQG 0 5 &DEUHU 6XSSRUWLQ
5HXVLQJ *HQHULF ,QFRPSOHWH ORGHOV DW WKH 5
6WDJH 3DMWK ,QWHUQDWLRQD®@BRQLBUIBSBHQ ,&65

SHTXLVLWHGSWR SIURRZ UDWLRQDO FRP
S5LFKDUGVRQ - DQG - *UHHQ 7TUDFHDELOLW\ W

*HQHUDWIGRQQWHUQDWLRQDO :RUNVKRS RQ 7UDFHD
6RIWZDUH QRIQWHHDDQXDQDGD

3 $XWRPDWLQJ 7UDFHDELOLW)\ IRU *HQHUDWHG 6R]
BHSW WK ,QWHUQDWLRQDO &RQIHUHQMMKIRQ $XWRP
$XVWULD

S5LHELVFK 0 . %ROOHUW ' 6WUHLWIHUGW DQG , 3KL

'LDJUDPV ZLWK 80/ OKMW MBIO ZRLWOLGHIVFRQIHUHQFH RQ
DQG 3URFHVV 7HFKIRWDRIN QD3 & $

SLHELVEFK 0 DQG , 3KLOLSSRZ (YROXWLRQ RI
7TUDFHDERONWKRS RQ (QJLQHHULQJ &RPSOH[ 2EMH
(YROXWLRQ LQ ZZBBEH %D\ )ORULGD 86%

570 IURPZ FKLSZDUH FRP
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6DZ\HU 3 $ &ROHERXUQH DQG 6RPPHUYLOOH 7k
EXLOGHU D PHFKDQLVP IRULQWHJUD@QWQU DREIOQF D W
ZLWK &RPSXWHUV

6FKPLG . DQG 0O 6FKDQN 3X/6( %($7 3% '"HFLVLRQ ¢
6FRSLQJ 3URGXFW /L@HKWH SPWHVYQDWLRQDO :RUNVKR
$UFKLWHFWXUHV 6B ULRURG XFHNW DIDRILOLHV

BKHUED 6 $ . 0 $QGHUVRQ DQG 0 )DLVDO D $ )L
7UDFHDELOLW\ WKBDWIGR QYWHSNQDWLRQDO :RUNVKRS
(PHUJLQJ )RUPV RI 6RIWZDUHD@QIL@MHULQJ 10()6(

3 E $ )UDPHZRUN IRU 0DSSLQJ 7UWKHDBHGRWG 5HO
,QWHUQDWLRQDO :RUNVKRS RQ 7UDFHDELOLW\ LQ (P
7()6( ,Q FRQMXQFWLRQ ZLWK WKH WK ,((( ,QV
$XWRPDWHG 6RIWRDWH HQIL Q4XHEHF] &DQDGD

6LPRV O 2UJDQL]DWLRQ 'RPDLQ ORGHOOLQJ 2'0

6LQQHPD 0 HW DO &2<$02) $ JUDPHZRUN IRU ORG

6RIWZDUH 3URGKKNW WBERUGLHYWHUQDWLRQDO FRQIHUFE

6/$7( IURP KWWS WGWHFK FRP

6RFRUUR $ 'HVLJQ ,PSOHPHQWDWLRQ DQG (YDOXDW
2ULHQWHG 3URJU D RARREIX WLQUX PPIRRIGD SYRLLY H UV LW\
2[IRUG

BRPPHUYLOGHRIWZDUH @G RQHRQ LABYOH\

BRPPHUYLOOH / DQGHTXSDHAHQWY (QJLQHHULQJ 3 *RRC
-RKQ :LOH\ B6RQV 1HZ <RUN

6SDQRXGDNLVY * DQG $ )LOQNHOVWHLQ 2YHUOD
6SHFLILFRWNRRRS RQ /LYLQJ ZLW K6t RVFRRXY LE&SHQF\ L

6SDQRXGDNLV * $ )LQNHOVWHLQ DQG ' 7LOO 7
(QILQHBEXNW®RPDWHG 6RIWZDUH (QJLQHHULQJ

6SDQRXGDNLV * DQG $ =LVPDQ 6R$WIDQWF H\UDFHD |
LQ 6RIWZDUH (QJLQHHULQJ PI9FEH MR ZGYBPGQFH VVQILQH

6SDQRXGDNLV * $ =LVPDQ ( 3pUH] OLXxDQD DQG 3 .l
*HQHUDWLRQ RI S5HTXLUHPHQWR XUDOFG DREIL 6 \L\WW HPH/O
6RIWZDUH
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6WDXGHQPD\HU 1 6 DQG ' ( 3HUU\ 6HVVLRQ .H
$VSHFWV IRU 3URGXFWWKIRH WK HOQWBERPQQQWLRQDO 61
"RUNVKRS

6WUHLWIHUGW ' 7TUDFHDELOLW\ IRB(6\VWHP )DPLOL

6XWFOLIIH $ * DQG 1 $ 0 ODLGHQ 7KH "RPDLQ 7|
(QILQHHULQUWDQYV

6YDKQEHUJ O DQRG - %WRVFK y VVXHV &RQFHUQLC

SURGXFWWKRHAMLUG ,QWHUQDWLRQDO :RUNVKRS R
SURGXFW6)IPL@IHHYV 9HUODJ %HUOLQ *HUPDOQ\

6YDKQEHUJ O - *XUS DQG - %RVEFK 2Q WKH 1
6RIWZDUH 3URGXFW /WEHYV:RIONIHMI ,((( ,),3 &RQIHUH
6RIWZDUH $ UFKLWHFWXUH :,&6%

6]\SHUVNL &RPSRQHQW 6RIWZDUH %H\RQ@GGABENRKFW 2UL
:HVOH\ 3BURIHVVLRQDO

THVW'LUHFWWRWSIURRPZ PHUFXU\LQWHUDFWLYH FRP SURG.
7TKLHO 6 DQG $ +HLQ 6\VWHPDWLF ,QWHJUDWLRQ
$UFKLWHFWXUH 'HVLIQNWK3AD BHHFRQG ,QWHUQDWLRQD
6RIWZDUH 3URGXFW (LQHV 63(& 6SULQJHU 9HUODJ

7TRUDQ]JR O DQG - &DVWUR $ FRPSUHKHQVLYH WL
WKH GHVLIJQ RI LQWHUDFW (&H2 ¥\ MUK KRENVIHV

TUDF] /| &RJOLDQHVH DQRG 3 <RXQJ $ GRPL
DUFKLWHFWXUH HQJLQHHMHAL)QIGRUWEBVWY RXWQIHMHH L C
80/ IUKRVWS Z2Z2Z XPO RUJ

8.BOLQLVWU\BRIB'HIHQFH '"HI 6WDQ SHTXLUHPH
6RIWZDUH LQ "HIHQFH (TXLSPHQW

9LVLR KWWS Z2Z2Z PLFURVRIW FRP RIILFH YLVLR SURGLQ
S9ROHUHZZZZRFROHUH FR XN

:DWNLQV 5 DQG 0 1HDO K\ DQG +RZ(RI S5HTXLUF
6RIWZDUH
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"HEEHU ' DQG + *RPDD ORGHOLQJ YDULDELOLW\ :
PRGHO 3DJHVQWHUQDWLRQDO &RQIBSHQEHHBQ 6RI\
9HUODJ

‘HLGHQKDXSW . . 3RKO 0 -DUNH DQG 3 +DXPHU

6\VWHP "HYHQR(SPRHIQWL YD UH

"HLVV 6RIWZDUH 6\QWKHWKW ,QWHHSGDVBURGEHDVER Q
&RPSXWLQJ LQ +LJK (QHWRIGBK\WVQAVYUR+(%UD]LO

3 &RPPRQDOLW\ $QDO\VLV $ 6\WVWHPDWHFRIU®RFHVV Il
,QWHUQDWLRQDO :RUNVKRS RQ 'HYHORSPHQW DQG (
3URGXFW )DPLOLHYV

‘HLVV ' DQG & 7 6RIWADUH 3URGXFW /LQH (QJLQHHULC
BRIWZDUH 'HYHPRGPVHOW: BYRFHNVYHDGLQJ 0$

'HVWKXL]JHQ & Y G DQG $ Y G 30ORHN 8QGHUV
SUFKLWHFXWXUDO &KD&QB$YV 3DJIHV

'RQJ 6 . O DQG < < <DR $ SUREDELOLVWLF L
LQIRUPDWLRQIBHWDWHRRQO\ VWHPYV

8 2Q ORGHOLQJ ,QIRUPDWLRQ 5HWULKYDO ZLWK 3UR
7TUDQVDFWLRQV RQ ,QIRUPDWLRQ 6\VWHPV

'RUGLIHWKWM® ZRUGQHW SULQFHWRQ HGX

[$'/ IURWWS ZZZ LVU XFL HGX SURMHFWYV [DUFKXFL

[SUFK KURWS ZZZ LVU XFL HGX SURMHFWYV [DUFK

0, IURKRVWS ZZZ RPJ RUJ WHFKQRORJ\ GRFXPHQW [PL KV

;0/7RRO.LWKWIRS ZZZ DOSKDZRUNV LEP FRP WHFK [PLWR

'3DWK KWRWS ZZZ Z RUJ 75 [SDWK

J4XHU\ KMRWS ZZZ Z RUJ 75 [TXHU\

;7UD4XH ;7WDMXS ZZZ VRL FLW\ DF XN aDM  ;7UD4XH

=LVPDQ $ * B6SDQRXGDNLV ( 3HUH] OLQDQD DQG 3 .l
7UDFHDELOLW\ $SSURDFK IRU 3URMKHFWUEDPEOLHYV 5

"RUNVKRS RQ 6RIWLYDUH 3URGXFW /LQHV (FRQRPLF
2UO0DQGR 86%
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3 E 7UDFLQJ 6RIWZDUH 5H/KX UH P HQWHW Q@ DWH RDFINOV &
RQ 6RIWZDUH (QJLQHHULQJ 5HAAD YRKDINYQ G H3WIDG-DV L
86%



