
$33/,&$7,21#127(#4

1$552:#%$1'#0,&52:$9(#%$1'3$66#),/7(5

ìïý,QWURGXFWLRQ

7KHýPDMRUýREMHFWLRQýWRýXVLQJýH[DFWýV\QWKHVLVýPHWKRGVýIRUýWKHýGHVLJQýRIýPLFURZDYH
õFRPPHQVXUDWHýOLQHýOHQJWKôýILOWHUVýLVýWKHýGLIILFXOW\ýRIýREWDLQLQJýUHDOL]DEOHýFRPSRQHQWýYDOXHV
XVLQJýWKLVýPHWKRGïý7KHýSUREOHPýVWHPVýIURPýWKHýIDFWýWKDWýSUDFWLFDOO\ýDOOýUHDOL]DEOHýPLFURZDYH
FRPSRQHQWVýPXVWýKDYHýLPSHðýGDQFHVýWKDWýIDOOýLQWRýDýPXFKýQDUURZHUýUDQJHýWKDQýLQýDQ\ýRWKHU
UHDOL]DWLRQýPHWKRGï

7KLVýDSSOLFDWLRQýQRWHýSURYHVýWKHýIDOODF\ýRIýWKLVýREMHFWLRQïý7KHýPDQ\ýGHJUHHVýRIýIUHHGRPýLQKHUHQW
LQýQHDUO\ýDOOýILOWHUýV\QWKHVLVýPHWKRGVñýFRXSOHGýZLWKýWKHýODUJHýQXPEHUýRIýPDQLSXODWLRQýPHWKRGV
EXLOWýLQWRý6î),/6<1ýDQGýDýIHZýWULFNVýRIýWKHýWUDGHñýHQDEOHýXVýWRýGHVLJQýDQ\ýIHDVLEOHýILOWHUñýZKLOH
NHHSLQJýHOHPHQWýYDOXHVýLQýDýQDUURZñýUHDOL]DEOHýUDQJHï

ëïý3UREOHPý6SHFLILFDWLRQ

:HýVHOHFWýDýQDUURZýEDQGýõëøýEDQGZLGWKôýEDQGSDVVýH[DPSOHñýZKLFKýLVýWKHýNLQGýOLNHO\ýWRýFDXVH
GLIILFXOWLHVïý:HýFHQWHUýWKHýEDQGýDWýìý*+]ýZKLFKýLVýDOVRýJRLQJýWRýEHýWKHýTXDUWHUðZDYHýIUHTXHQF\ï
7KHýVSHFLILFDWLRQýFDOOVýIRUýDýíïíèýG%ýSDVVEDQGýULSSOHýõDýPD[LPXPý96:5ýRIýìïëèôýDQGýDýêèýG%
VXSSUHVVLRQýDERXWýêøýDZD\ýIURPýWKHýEDQGðFHQWHUï

7KLVýILOWHUýLVýWRýEHýUHDOL]HGýLQýDQýHGJHðFRXSOHGýVWULSOLQHýIRUPñýVKRZQýEHORZýLQý)LJïý$1ìïìï

)LJïý$1ìïìý3K\VLFDOýVWUXFWXUHýRIýHGJHðFRXSOHGýVWULSOLQHýILOWHU

2QHýSDLUýRIýFRXSOHGýOLQHVýKDVýDQýHOHFWULFDOýHTXLYDOHQWýõVHHýUHIïý>èê@ôýVKRZQýEHORZýLQý)LJïý$1ìïë

7KHUHIRUHýWKHýHOHFWULFDOýGHVLJQýPXVWýFRQWDLQýVHULHVýRSHQýVWXEVýVHSDUDWHGýE\ýXQLWýHOHPHQWVï
%HFDXVHýDOOýWKHýVHULHVýRSHQýVWXEVýFDEýEHýFRPELQHGýLQWRýDýVLQJOHýVHULHVýVWXEýE\ýWKHýUHSHDWHGýXVHýRI
WKHýDSðýSURSULDWHý.XURGDöVýLGHQWLW\ñýWKHýGHVLJQýPXVWýFRQWDLQýDýVLQJOHýVHULHVýRSHQýVWXEýDQGýDVýPDQ\
XQLWýHOHPHQWVýDVýQHHGHGýWRýPHHWýWKHýVWRSEDQGýUHMHFWLRQýUHTXLUHPHQWï
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3OHDVHýQRWHýWKDWýRQýWKHýSHUVRQDOýFRPSXWHUýZHýKDYHýDýEDWFKýILOHñýFDOOHGý(0&ï%$7ñýWKDWýSHUIRUPV
DOOýRIýWKHVHýVWHSVýFRPSOHWHO\ýDXWRPDWLFDOO\ïý7KHýUHDVRQýIRUýWKLVýDSSOLFDWLRQýQRWHýLVýWRýHQDEOHýRXU
XVHUVñýZKRýUXQýWKHýSURJUDPýRQýPDLQIUDPHýRUýZRUNVWDWLRQýV\VWHPVñýWRýSHUIRUPýWKLVýW\SHýRIýGHVLJQï
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= =R R

õ=ýýýðý=ýýýôîëH R

)LJïý$1ìïëý(OHFWULFDOýHTXLYDOHQWýRIýFRXSOHGýOLQHýSDLU

êïý(OHFWULFDOý'HVLJQ

7KHýGHVLJQýLVýVWDUWHGýDVýDýKLJKSDVVñýEHFDXVHýLQýWHUPVýRIýWKHý5LFKDUGöVýWUDQVIRUPDWLRQñýWKHýTXDUWHUð
ZDYHýIUHTXHQF\ýFRUUHVSRQGVýWRýLQILQLWHýIUHTXHQF\ýLQýWKHýWUDQVIRUPHGýIUHTXHQF\ýYDULDEOHïý7KH
VHULHVýRSHQýVWXEýUHSUHVHQWVýDýVLQJOHýWUDQVPLVVLRQý]HURýDWý]HURýIUHTXHQF\ñýDQGýWKHUHýDUHýQRýILQLWH
WUDQVPLVVLRQý]HURVâýWKHUHIRUHýWKHýRQO\ýYDULDEOHýSDUDPHWHUýLVýWKHýQXPEHUýRIýXQLWýHOHPHQWVïý$ýSUHYLð
RXVýUXQýKDVýDOUHDG\ýLQGLFDWHGýWKDWýêýXQLWýHOHPHQWVýZLOOýVXIILFHýWRýPHHWýWKHýVWRSEDQGýUHTXLUHPHQWVñ
KHQFHýWKHýVHVVLRQýZLWKý6î),/6<1ýVWDUWVýDVýVKRZQãý

&=?!VILOV\Q
#########-----#62),/6<1#-----
####5(/($6(#615##9(56,21#4##7242<7

##########--#5227#6(*0(17#--

&RS\ULJKW#+&,#4<;6#0#4<<8#'U1#*HRUJH#6]HQWLUPDL
############$OO#5LJKWV#5HVHUYHG1
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(17(5#7,7/(
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!##4*+]
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!##<1<H;
3$66%$1'#0#0$;10)/$7=#3/#(48$/05,33/(=#4/#)81&7,21$/#,1387=#5
!##4
:+$7#,6#7+(#%$1'#('*(#/266#,1#'%
!##3138
6723%$1'#0#0212721,&=#3/#(48$/00,1,0$=#4#25#63(&,),('=#5
!##5
(17(5#121#2)#81,7#(/(0(176
,)#,03('$1&(#0$7&+,1*/#(17(5#04
!##6
(17(5#08/7,3/,&,7<#2)#75$160,66,21#=(52#$7#=(52############
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(17(5#121#2)#),1,7(#75$160,66,21#=(526
!##3
(17(5#,1387#7(50,1$7,21#,1#2+06
!##83
(17(5#287387#7(50,1$7,21#+31#,1',&$7(6#23(1#25#6+257,
!##83

7KHýVXPPDU\ýSULQWRXWýGRHVýQRWýFRQWDLQýDQ\WKLQJýQHZïý:HýSURFHHGýWRýWKHýV\QWKHVLVýDQGýVHOHFWýWKH
FRPSXWHUðJHQHUDWHGýFRQILJXUDWLRQñýEHFDXVHýWKHýVWUXFWXUHýLVýXQLTXHã

/$77,&(=#//#&20387(5#&21),*1=#&/#,1387#6,'(=#,1/#287387#6,'(=#287#25#(1'=#(1'
!##F
:,6+#72#6((#,17(50(',$7(#5(68/76=#<21
!##Q
--#(9(1#180%(5('#%5$1&+(6#$5(#6(5,(6/#2''#21(6#6+817#--

PLFURZDYH#GHPRQVWUDWLRQ#H[DPSOH#################################

----#$//#9$/8(6#$5(#,03('$1&(6#----

###4###¼¶¶¶5¶¶¶½#######831333333##RKP
#######·#######·
#######-#######-
###6###-##8#(##-########61385464#NRKP
#######-#######-
#######·#######·
#######-#######-
###8###-##8#(##-#######4816;54;8#0RKP
#######-#######-
#######·#######·
#######-#######-
###:###-##8#(##-######45<1<;;3<3#*RKP
#######-#######-
#######·#######·
##43###·#######&######988136;:5;#7RKP
#######·#######·
##44###¼¶¶¶5¶¶¶½#######431:65<:3#7RKP
#######·#######·

7KHVHýYDOXHVýDUHýFOHDUO\ýXQDFFHSWDEOHñýEXWýVHYHUDOýPHWKRGVýDUHýDYDLODEOHýWRýLPSURYHýWKLVñ
LQFOXGLQJýWKHýXVHýRIýSDUWLDOý.XURGDöVýLGHQWLWLHVýõVSOLWWLQJýWKHýVHULHVýRSHQýVWXEýLQWRýWZRýDQGýVKLIWLQJ
RQHýRIýWKHVHýRYHUýWRýWKHýRWKHUýVLGHýRIýWKHýDGMDFHQWýXQLWýHOHPHQWôñýDQGýLQVHUWLQJýDGGLWLRQDOýXQLW
HOHPHQWVýDWýHLWKHUýRUýERWKýHQGVýRIýWKHýVWUXFWXUHï

%RWKýRIýWKHVHýVWHSVýZLOOýEHýHPSOR\HGñýEXWýILUVWýZHýPDNHýWKHýFLUFXLWýV\PPHWULFDOýE\ýXVLQJýWKHý75
õLPSHGDQFHýWUDQVIRUPôýFRPPDQGñýUHTXHVWLQJýèíýRKPVýRXWSXWýWHUPLQDWLRQïý7KHýSURJUDPýSHUIRUPV
DýIXOOýDQGýDýSDUWLDOý.XURGDöVýLGHQWLW\ýWUDQVIRUPDWLRQýDXWRPDWLFDOO\ñý\LHOGLQJýWKHýFLUFXLWã

&200$1'=
!##WU#831
(17(5#6(5,$/#121*6#2)#%5$1&+(6#72#%(#86('
(17(5#7:2#=(526#)25#&20387(5#6(/(&7,21
!##3#3
/$5*(67#75$16)250$7,21#5$7,2=###61<697478'03;
75$16)250$7,21#5$7,2#86('=######61<697478'03;
###;###·#######&######45<1<95633#*RKP
#######·#######·
#######-#######-
##44###-##8#(##-#######581:<3489#0RKP
#######-#######-
#######·#######·
##48###¼¶¶¶5¶¶¶½######75517<7537#NRKP
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#######·#######·
/$5*(67#75$16)250$7,21#5$7,2=###4173387<9'03;
75$16)250$7,21#5$7,2#86('=######414;677;5'037
###9###·#######&#######481547;7;#0RKP
#######·#######·
#######-#######-
###<###-##8#(##-######49:166:596#NRKP
#######-#######-
#######·#######·
##47###·#######&#######481547;7;#0RKP
#######·#######·
#######-#######-
##4:###-##8#(##-########61385464#NRKP
#######-#######-
#######·#######·
##54###¼¶¶¶5¶¶¶½#######831333333##RKP
#######·#######·

&200$1'=
!##SUL
PLFURZDYH#GHPRQVWUDWLRQ#H[DPSOH###############################

----#$//#9$/8(6#$5(#,03('$1&(6#----

###4###¼¶¶¶5¶¶¶½#######831333333##RKP
#######·#######·
#######-#######-
###6###-##8#(##-########61385464#NRKP
#######-#######-
#######·#######·
###9###·#######&#######481547;7;#0RKP
#######·#######·
#######-#######-
###<###-##8#(##-######49:166:596#NRKP
#######-#######-
#######·#######·
##47###·#######&#######481547;7;#0RKP
#######·#######·
#######-#######-
##4:###-##8#(##-########61385464#NRKP
#######-#######-
#######·#######·
##54###¼¶¶¶5¶¶¶½#######831333333##RKP
#######·#######·

$VýZHýFDQýVHHñýWKHýFLUFXLWýEHFDPHýFRPSOHWHO\ýV\PPHWULFDOñýEXWýWKLVýLVýMXVWýDQýDFFLGHQWñýUHODWHGýWR
WKHýIDFWýWKDWýZHýKDYHýH[DFWO\ýWKUHHýXQLWýHOHPHQWVïý,QýDQ\ýFDVHñýWKLVýV\PPHWU\ýLVýQRWýLPSRUWDQWï

:HýLQVHUWýDýèíýRKPýXQLWýHOHPHQWýQH[WýDWýHDFKýHQGýRIýWKHýFLUFXLWñýZKLFKýZLOOýQRWýFKDQJHýWKHýORVVñýLW
ZLOOýRQO\ýDGGýWRýWKHýSKDVHïý1H[WñýWKHýGXDOýRIýWKHýFLUFXLWýLVýUHTXHVWHGýEHFDXVHýWKHý(&0ýFRPPDQG
ZHýZLOOýXVHýZRUNVýRQO\ýZLWKýVKRUWHGýVKXQWýVWXEVñýUDWKHUýWKDQýRSHQýVHULHVýVWXEVïý$WýWKHýHQGýRIýWKH
GHVLJQñýZHýVKDOOýUHVWRUHýWKHýFLUFXLWýWRýLWVýRULJLQDOýIRUPïý)LQDOO\ñýZHýVKLIWýWKHýWZRýVWXEVýWRýRQHýHQG
RIýWKHýFLUFXLWýDQGýFRPELQHýWKHPýLQWRýDýVLQJOHýVWXEïý7KLVýLVýQHFHVVDU\ýWRýSUHSDUHýIRUýWKHý(&0
FRPPDQGï

&200$1'=
!##LQV#5#XH#831
#######-#######-
###7###-##8#(##-#######831333333##RKP
#######-#######-
#######·#######·
#######-#######-
###:###-##8#(##-########61385464#NRKP
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#######-#######-
#######·#######·
##43###·#######&#######481547;7;#0RKP
#######·#######·
#######-#######-
##46###-##8#(##-######49:166:596#NRKP
#######-#######-
#######·#######·
##4;###·#######&#######481547;7;#0RKP
#######·#######·
#######-#######-
##54###-##8#(##-########61385464#NRKP
#######-#######-
#######·#######·
##58###¼¶¶¶5¶¶¶½#######831333333##RKP
#######·#######·

&200$1'=
!##LQV#55#XH#831
#######-#######-
##57###-##8#(##-#######831333333##RKP
#######-#######-
#######·#######·
##5:###¼¶¶¶5¶¶¶½#######831333333##RKP
#######·#######·

&200$1'=
!##GXDO
PLFURZDYH#GHPRQVWUDWLRQ#H[DPSOH#################################

----#$//#9$/8(6#$5(#,03('$1&(6#----

###4###¼¶¶¶5¶¶¶½#######831333333##RKP
#######·#######·
#######-#######-
###8###-##8#(##-#######831333333##RKP
#######-#######-
#######·#######·
#######-#######-
###;###-##8#(##-######;4<13<<:68#PRKP
#######-#######-
#######·#######·
##44###¼¶¶¶/¶¶¶½######49716464:9#XRKP
#######·#######·
#######-#######-
##47###-##8#(##-#######471<6<;;;#PRKP
#######-#######-
#######·#######·
##4<###¼¶¶¶/¶¶¶½######49716464:9#XRKP
#######·#######·
#######-#######-
##55###-##8#(##-######;4<13<<:68#PRKP
#######-#######-
#######·#######·
#######-#######-
##58###-##8#(##-#######831333333##RKP
#######-#######-
#######·#######·
##5:###¼¶¶¶5¶¶¶½#######831333333##RKP
#######·#######·

&200$1'=
!##LE#47#4<
##46###¼¶¶¶/¶¶¶½#######481437534#PRKP
#######·#######·
#######-#######-
##49###-##8#(##-########416:6656##RKP
#######-#######-
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#######·#######·
#######-#######-
##57###-##8#(##-########91<545<;#NRKP
#######-#######-
#######·#######·
#######-#######-
##5:###-##8#(##-######75517<7537#NRKP
#######-#######-
#######·#######·
##5<###¼¶¶¶5¶¶¶½######75517<7537#NRKP
#######·#######·

$ýIHZýPRUHýVWHSVýOLNHýWKHVHýDQGýWKHýILQDOýFLUFXLWýEHIRUHýWKHý(&0ýVWHSýLVýDVýVKRZQýEHORZã

PLFURZDYH#GHPRQVWUDWLRQ#H[DPSOH##############################

----#$//#9$/8(6#$5(#,03('$1&(6#----

###4###¼¶¶¶5¶¶¶½#######831333333##RKP
#######·#######·
###6###¼¶¶¶/¶¶¶½#######831;4<595##RKP
#######·#######·
#######-#######-
###8###-##8#(##-########61434859#NRKP
#######-#######-
#######·#######·
#######-#######-
###:###-##8#(##-#######481;;8697#0RKP
#######-#######-
#######·#######·
#######-#######-
###<###-##8#(##-######4671573565#*RKP
#######-#######-
#######·#######·
#######-#######-
##44###-##8#(##-######9:918795:8#7RKP
#######-#######-
#######·#######·
#######-#######-
##46###-##8#(##-######7145<;4955;'.49
#######-#######-
#######·#######·
##48###¼¶¶¶5¶¶¶½######7145<;4955;'.49
#######·#######·

2XUýREMHFWLYHýLVýWRýREWDLQýDýVWUXFWXUHñýZKHUHýDOOýVHULHVýRSHQýVWXEVýKDYHýLGHQWLFDOýLPSHGDQFHVýH[ð
FHSWýWKHýHQGýRQHVñýZKLFKýKDYHýKDOIýWKHýLPSHGDQFHVýRIýWKRVHýLQýWKHýPLGGOHïý7KLVýLVýVLPLODUýWRýWKH
/&(ýFRPPDQGñýH[FHSWýIRUýWKHýHQGýHOHPHQWVïý,QýWKHýFDVHýRIýWKHý/&(ýFRPPDQGñýDOOýHOHPHQWVýHQG
XSýKDYLQJýWKHýVDPHýYDOXHïý6LQFHýZHýQHHGýHQGýHOHPHQWVýKDOIýWKDWýVL]HñýZHýPRGLILHGýWKHý/&(
FRPPDQGýMXVWýIRUýWKLVýSXUSRVHýDQGýFDOOýLWý(&0âýRWKHUZLVHñýWKHýFRPPDQGýZRUNVýLQýDQýLGHQWLFDO
PDQQHUï
ý
7KHýSUHDPEOHýLVýDVýXVXDOñýKDYLQJýILYHýXQLWýHOHPHQWVýDQGýDýVKXQWýVWXEñýUHVXOWLQJýLQýDýWRWDOýRIýVL[
EUDQFKHVãïý7KHýVKXQWýVWXEýEUDQFKýQXPEHUýPXVWýEHýILUVWñýWKHýUHVWýDUHýLQýWKHýSURSHUýVHTXHQFHã

&200$1'=
!##HFP#9
(17(5##9#%5$1&+#180%(56
!##6#8#:#<#44#46
352&(66#&219(5*('/#86(#75$16)250$7,216=

7+#4,# ##;1:396<9<'036
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7+#5,# ##5145<:748'037
7+#6,# ##414;677;5'037
7+#7,# ##41;7;6395'037
7+#8,# ##51<;83774'035

7KHVHýWUDQVIRUPDWLRQýUDWLRVýZLOOýKDYHýWRýEHýXVHGýLQýVXEVHTXHQWý75ýVWHSVýWRýREWDLQýWKHýVWUXFWXUH
ZHýQHHGïý7KHýILUVWýRQHýLVýDVýIROORZVã

&200$1'=
!##WU#04#6#8
/$5*(67#75$16)250$7,21#5$7,2=###518<;;<:;'037
75$16)250$7,21#5$7,2#86('=######;1:396<9<'036
###6###¼¶¶¶/¶¶¶½#######931775;;:##RKP
#######·#######·
#######-#######-
###:###-##8#(##-######5;<16<:738##RKP
#######-#######-
#######·#######·
###<###¼¶¶¶/¶¶¶½#######5<1:;534;##RKP
#######·#######·
#######-#######-
##44###-##8#(##-######46;16375;6#NRKP
#######-#######-
#######·#######·
#######-#######-
##46###-##8#(##-########4149;:7<#*RKP
#######-#######-
#######·#######·
#######-#######-
##48###-##8#(##-########81;<35;3#7RKP
#######-#######-
#######·#######·
#######-#######-
##4:###-##8#(##-######68<188;4<5#7RKP
#######-#######-
#######·#######·
##4<###¼¶¶¶5¶¶¶½######68<188;4<5#7RKP
#######·#######·

3HUIRUPLQJýWKHýIRXUýDGGLWLRQDOýVWHSVýõMXVWýOLNHýWKHýRQHýDERYHôñýIROORZHGýE\ýREWDLQLQJýLWVýGXDO
DJDLQñýZHýTXLFNO\ýUHDFKýWKHýILQDOýHOHFWULFDOýGHVLJQýVKRZQýEHORZã

&200$1'=
!##GXDO
PLFURZDYH#GHPRQVWUDWLRQ#H[DPSOH###############################

----#$//#9$/8(6#$5(#,03('$1&(6#----

###4###¼¶¶¶5¶¶¶½#######831333333##RKP
#######·#######·
###7###·#######&#######741694693##RKP
#######·#######·
#######-#######-
###;###-##8#(##-########;196;973##RKP
#######-#######-
#######·#######·
##43###·#######&#######;51:55:53##RKP
#######·#######·
#######-#######-
##47###-##8#(##-########4156;95;##RKP
#######-#######-
#######·#######·
##49###·#######&#######;51:55:53##RKP
#######·#######·
#######-#######-
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##53###-##8#(##-######<561578:;<#PRKP
#######-#######-
#######·#######·
##55###·#######&#######;51:55:53##RKP
#######·#######·
#######-#######-
##59###-##8#(##-########4156;95;##RKP
#######-#######-
#######·#######·
##5;###·#######&#######;51:55:53##RKP
#######·#######·
#######-#######-
##65###-##8#(##-########;196;973##RKP
#######-#######-
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