— o nginesring

b

b

b

O INFUSE

'HOLYHUDEOH BHIH I b
7LWOH | " HWDLOHG 'HVLJQ 'RFXPHQW
&RQILGHQWLD®OLW | 38b

JHDG 3DWWQHU | 63$&($336

$SEVWWDFW | 7KEVHOL Y BBWHE/GHKE W V R O IRE/DHW i
RbW KWEHW DGOINGRHW &' )) bU H I H Ut
LPSOHPH QMW RMMIEIDD Q B V@R \U E I
W UDBEDN®WG (*6 (Vb RAL QW i WO BDLQL
YDOLGIDWLRQ

(& *UDQW 1° | b

SURMHFW 2IbLFHU | &KULVWRYV $PSDBDWI]LV 5($

* X %
* *
* %
* *

* 4 *

b

QXWHIFRIXQGHGEL WH+RURQ b
) WP HZ RN 3 URIWDP P HRI WH ( XURSHDQ8 QR



b

© INFUSE.

S5HIHUH

9HUWLR
' D \\bH
3D JH

' (7$,/( '(6,*1 '2&80(17

k
k
k
I

o oo T

b
'2&80(17 $33529%/ 6+ (47
b 1DPH 2UJDQL]®DWLHA 'DWH
3UHSDUHG DJ 6KDVKDQN 6SDFH $SSOh
FURVV UHYUH *RYLQ®@DUDM|
“HUHPL *BQFH
DYLHU 0DUW/|
-RVHSK ®DOL{ |
b b
1DVVLU DXPH| '/5b
OLFKDO 6P LVH b
b b
YD EURFH ODJHOBLXP
6RXYDQQBYR{ b
9LQFHQW %Lt °
$UQDXG BRXUl P
: :
ODUN IRVW &156 /$H6
$OHVVDQGUIR| b
5RPDLQ OLBKIL b
b b
6LPRQ/DFURL2WUDWKFOM;
4XHQWLQ /DE| gQLYHIIVLW\
$QGUHD 'th 0D |
b b
5DX0 'RPLBRJIN )b
%LODO :HKEH
$®[ DAGHU) DEIVFKY
b b b b




b

SHIHUH & b
”’=§\ 9HUVLR t b
) "D WbH k b
~—~ 3D JH | b
: "(7%,/(" '(6,*1 '2&80(17
b
'28&80(17 &+$1*( 5(&258
9HUVL R 'DWbH $XWKRU &KDQMbHG | 5SHDVRQ IRU &KDQWH 5,' 1R
6HFWLIRQ
3DJWV
b -RVHSK ®&D| $®0 &RQVROLGDWLRQ RI WKLVb(
6KDVKIDQN b
*RYLQGDU
b -RVHSK ®D| $®0 JLQDO UHYLHZ DQG ILQDOL]
6KDVKIDQN
*RYLQGDU
b -RVHSK ®&D| $®0 JLQDO YHUVLRQ
6KDVKIDQN
*RYLQGDU
b b



b

O INFUSE,

S5HIHUH

9HUWLR
' D \\bH
3D JH

"(7%,/(" '(6,*1 '2&80(17D

k
k
k
I

o oo T

b
+0.A%. 0 . " II$
+0. A+ " 0.09. /11$
+0. A . 0 O01. /. 0



&+3$37(5

25%,7%$/ 5, $1' $662&,$7 (" (*6(
(7$,/(" "(6,*1



- s Ungineering.

O INFUSE

b
b

'HOLYHUDEOH BHIH | ' b
7LVBOH | 2UE LbB/B$Q'b$662&,$70(*6(b (7$,/('t
'(6,*1b

&RQILGHQWLD®OLW! | 38b

/IHDG 3DWLWQHU | "/5b

$EVWWDFW | 7K b H O LY BHSADHE\CHMDKIEN W G € M BRI
W KB HR U E b WBIOH Ut Q F 5 O H P H &\\DDt
DVVRF (D O(HIZG G UHMWVE® SOHPHQ
G H WHDIQBBQ W H WRDE BI OV LbR | GHB\D!
GDWDVLbBQRFHWHYR B R XA/ &l ) ) |
IUDPHZIRUN

(& *UDQW 1° | b

SURMHFW 2IbLFHU « | &KULVWRYV $PSDWI]LV 5($
b

b

b * X %

* *
* *
* *

b * 4 *

Q XHIVFR IXQGHGE\ WH+RURQ b
) P HZ R 3 WRIWP P HRI WH ( XURSHDQ 8 QR



b

O INFUSE.

t
t
t
I
25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$./(' '¢B,*1

S5HIHUH
9HUWLR

' D \bH
3DJH

o oo T

'2&80(17 $33529%/ 6+(§7

b 1DPH 2UJDQLIDWLRQ | 'DWH
3UHSDUHG DJ 1IDVVLU dXPHU| '/5b b
FURVV UHYm{-HUHPL*DQFH 63$&($3D6 b
6KDVKDQN *RIY| 63$&($3 36 b
b b b
1DVVLU DXPHU| '/5b b
OLFKDO 6PLVH| b
b b
6KDVKDQN *RIY| 63$&($3 36
-HUHPL *BDQFHY b
':DYLHU OUWL| b
b b
)DEULFH ODJHOBLXP
6RXYDQQDPYRQ| .
9LQFHQW %Lb/\ b
$UQDXG BRXUO b
b b
ODUN BRVW 6WUDWHKFO\GH
$OHVVDQGUIR 9 8QLYHIVLW)\
5RPDLQ OLBKD| b
b b
6LPRQ /DFURL[] &156 /$%6
AXHQWLQ /DER| b
$QGUHD 'HhoDU b
b b
5Dx0'RP|_@Jx+.b)_,b
3% &KHFNHG { b b b

b

b




b

O INFUSE.

t
t
t
I
25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$./(' '¢B,*1

S5HIHUH
9HUWLR
' D \bH
3DJH

o oo T

"28&80(17 &+$1*( 5(&25

9HUVAL R 'DWH $XWKRU &KDQMIHG [ GHDVRQ IRU &KDQWH 5,' 1R
6HFWLIRQ
3DJWV
b 1DVVLU dX| $®O "REXPHQW FRQWHQWY WHIP S
,Q)XVH WH
b 1DVVLU dX| $00 VHIEW )LUVW 5BOHDVH
b 'DYLHU O & KDSWHW| )1 DQG ")3&V IRU PLG UDQJ
DQG GHWHFWLRQ
b 1DVVLU dX| &KDSWHW| $GGLQJ ')1 DQG ')3& GHVFU
ODUN PRVW
OLFKDO 6P
ILQFH QW
%LVVRQQH
YDEURFH
6RXYDQQD
b 1DVVLU dX| &KDSWHW| OHUJLQJ PRVW FRQWHQWYV
VHFWDbRQ
b $QGUHP 'Hl &KDSWHUW| &URVV FKHFN RI ')1V DQG b)
0D kR ' DQG 'b
b 6KDVKIDQN| $00 &KDbS| )LQDO FKHFN Rl FRQWHQW
*RYLQ®DUI GRFXPHQW
-RVHSK ®D
1DVVLU DX
-HUHPL *b
b 1DVVLU 2X| $00 &KDS| $GGUHVVLQJ 5,'V HPLWWHG
6KDVKDQN
*RYLQ®DUI
-HUHPL *b
$®O
b
b
b b



b
S5HIHUH t

@IHFIUSEb o |

o oo T

3D JtH |
25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$./(' '¢B,*1

([ HEXWH 6XP P DU b

7KIVb GREXP HQW SUAVHOM WHo GHVIBIG GHMVLI Qb RIb WiHb,Q XVHb&' )) b, WFRQUWMbORIb DD
IP SGP HQEMRQOGHEIORIbE.' ) ) bFRP SRQHANICHRUENIBWIFN b7 KHIGRFXP HQRSURYIGHVIWHD
GHVILBGHWL Q biQFOGIQI QM LDBDQGEH WACDBIQMUIDFHVORID D) XMRh 1RGHD' )1 B Db
) XMRQ3 RFHWMQI B8RP SRXQ®' ) 3&  DQGDORH SRVHVHQMUIDFHVBRDH WLDOVXFKEDVD
2% pDQER* b 6HYHDOXVHOFDVHVEDUHAGHOMHGDQGOUHDWCHGHEIBGGHWI QRIB ) 3&MDQGh
") 1 VIDUHH, WWQUYHOGHVFUEHG b& RQVHT XHQ® BAMGREXP HQB/HYHVDMDW XIGHIHI RUMHD
VRIVE DUH GHYHB'SP HOAR! WH RUENVBOADFN DARFIDWG VR WH &' ) ) ILDP HZ RWNb

b

b b



b

\ S5HIHUH ¢ b

9HUWILR L b

O INFUSE, A s

' 25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$,/(" '@B,*1
7DEGIRI & RQMQAD
b

Alid xBQ[ AA
AeA+ke] hi AA
AR 1EKZI[j/jkBkd AA
AA ddYEDY (EkZI[jh AA
AR INJ[BH 1EZI[jh AA
A/E EJ[SZh AA
A.ING[B /B[<gQh ZdYZI[jgQ[ AA
AA [jd KEQI A
AA 1]IEQ[«. IH[HKEQ[ <[ GOgEXQO] Nc 0<gD AE
BeA. Y' 1/ » 1jIBEQ[«. IH[HKBQ[ < GOxEXDO AE
AR 1H  <hl Ae <gi{ Q 0<gQj 1jIBQ[ < GOgEXPO AE
BeBeleA | NEYQ Q[ AE
AfeALlN <hl Ae! @A A ! ]AY 1jIBQ[ < GOgEXQO AE
AeBsBeA Q@ QQrZ AA
BeBeR1N  <hl Ao . \D<H GOgEXQO] N< 0<¢Q j AA
AlefeA Qs QQKRZ AA
BeBe/ELN  <H A 6QK<YOEXQO] N<O<gQj G HZ<SQ[ IN]IDOj. 1Y@l /jgI AA
AeleseA | NEOQ Q[ AA
Pele/eA BQQs QQRZ AE
AACLIN < & A . 1H[HKEQ AC
AeAeQA | hE( Q[ AC
AAGA BQRs QQRZ AE



b

A o |
Ot o

25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$./(' '¢B,*1

o oo T

ReBeE . 1£k@ Z 1 [jh
AAE. Y. o.YIjIEQ[=. IH[HKEQ[ J GOgEXQO
Alsh1Z 1 1@ YO
AAI<GIMR G.]Dj@& shlz
BA. Y 1/
AleA/shlZ 1Zd][I[jh
BePeAS[ Y DR/ | p®&DO/ Qk¥] g
AA. Y. .
A 1j<QG PR Bkd G |IhQ)
AA + PR Ekd 6Qq
RBA  + o <g¥[ Q $DWF OEXQO
BefeA  + o1 @V{G YN Y[ Q 0<cQj IjIEQ]
BB+ o1 @Y<[G YH Y Q 0<gQ | 0<EXQO
APl + o . YD<hl GOEXPO] N< 0<Q
Ale/E + ! @Y({G Yh Y Q 6Qk<YOEXPO] N< 0<¢Q |
AAC  + A 1B[HKEQ]
RBAE + « A 0g<BXQO

ReA

+

+

ABeA " 0Ol Zd¥1
ReBeleA " | NESQj Q[
ReBePeR <01 Zd¥jl ZdYZI[j<Q[
ABeAeA " IHEURQ[ Q@
BeBefeA " [1fKI[B QQrZ
RefeA " 1j<QG | hQd

5 &

3
D

i

1
J

P22 RRELERRILHEMHAEBRAEEERSE SR EEEAR



b
S5HIHUH t

9HUWLR t

@ INFUSE own

A’ b 3D JiH |
' 25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$,/(" '¢B,*1

AbefeA "o Z<Q 1]Z1jgB+d B QO
Z<Q 1]Z1jgg+d B QO
RePeBePeA  « Z<Q 1[ GH] G Q[
Z<Q 1[CH]gQ[
ReBefeA "¢ QD 1jIGQ[
RefefeleA  « <[[s GO 1jIB]g
RePefeA "+ HQAGQ[ Qg
AelelefeA  « rjl[QG <Z < Qlg
HI[AG <z Qlg
ReBeleA "o 14 [G@rj<B] g
BeBoPefeA . 1gkd rjg<B]g
ReBePe/E "o 1gkd | EPQO
ReBoBofeh  « """ | SEPIg
"t GEPlg
ABeBeC "o K[GZI[j<Y GgR <E¥Q[
APefoGA o K[GZI[j<Y gD <¥Y]g
K[GZI[j<Y gg@ <E¥]g
RePeBeE "o K[GY ORNZI[]
BeBeBesA o K[GY QRNZI[]
KIGY GKHZI[]
ReBefeE " <A +]Qj 1ZdkjgQ[
ABeoEsA o QI <gOgR] KG Q[ ¥ 0
d@] ¥gQ]Z1jes
BeBeBeE  "«A A | 1JO[ HQSQ[

o oo T

TR RRAAAAAAAAARSBQLIIQII2LYL LR



b

S5HIHUH ¢ b
O INFUSE E
~ b 3D JiH | b
' 25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$,/(" '@B,*1
RefefeeA o+ +¥I gdI QI N Z [ V] Qjh, EA
+ + EA
AehefePA "« 4] Qj YKG 1[N KEQI EA
ReBeBeAleA  «+] Q] YKG k@ g EA
+1Qj YkG kQag EA
AehefePA A 1sd] Qj |MEi]g rig<HQI EA
ReBeBelBeA </ $O0A 15]Qj rigB]g EA
I $0A Is]Qj rigHlg EA
AlefeAA "¢ @] [G[B dkdQO EA
RePefeBeA  « 1k@P ] h][G[B dkdQO EA
1k® ] hd][G[B dkdQO EA
BeBePePA " «0<gQj +]H HQ@<Q[ EA
AeBefoAleA  +0<gQj+]H H@<]g EA
0<gQj+h hHQ&d]g EA
AA <j<0sdlh EA
A 1j<QG IhE@Q[IN / EAE
/A [jd QI EE
A EE
AEReA <9 <d <[G/1Ng<g [jlgvH EC
ABA K[ BQ[<Y[jl g¢H ==
ALASdl o< Q[ <Y[ ]l g%H ==
G 1[EkhQ[ EE
E dd[Gp =3
BA. 1Tk@ ZI[jh EE



b

SHIHUH t

9HUWLR t

@ INFUSE owi

A’ b 3D JiH |
' 25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$,/(" '¢B,*1

o oo T

BAOIER[@&Y']j1 ][ " <G + /dl BB Q[

EAA/ B dl INjP "]l

BAA | NDQD[ h
EeAsAeA
BAsfeA  +
EAA " OlZdYl
BAfA " 01Zd¥l YZI[jh
EAefeA 0] g <gth<0sd] YG»0<r][]Zs] N

BAA + IhE@jQ[ Ol Zd¥l

& 5 & 5 R

0

T T m



b
5HIHUH

@IHFIUSEb o

o oo T

t
t
t
3D JtH |
25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$./(' '¢B,*1

/ MR R ) LIXUHVD
b

YLUXUWH (DU EDFNIURXQG R DB HAP DIH bb

YUXWH (DU DQG GHHS VSDFH EDFNI URXQG \R WH VB HWY

YUXH ,GVMADARQRI D VSDFHFWDIW D VHYIEHU UHQGH YRXV R DVBU HWURP 1DUWDQIH \Rb
F@VH WDQJ H DG WMV WDVWKRXT EH HNP DIMG tb

YUXWH 3DFNDIHGDIWP R \WH GHP ROMDWRQ DQG YDIEDWRQ VFHDUR Q RUEMIOADFN b
JUXWH 8WH&DWH 0I1GWQH ' 0 RGHO HMPWRQDQG 7WDFNQIb

YUXWH / IGDUEDVHG 7UDFNQJ R D7DUHS FRW ' IDIWDP b

YUXWH  $PMW GDIWP R HGIH EDVHG SRVH WDFNIQI

YJUXH  $PMW' IDIWP R ' 5 HFRQWKPWRQ DQG 7WDFNQI b

JUXWH 2 Q REMVHYIEIQ) A MP FROWW Rl VHIYIEHUDQG \BU HW DV \WH P DICh

FRP SRQHQN b

JUXH  6HQRUM WMP |RUDQ REEMMVHYIELQ) b

YJUXWH 2 YHYHZ R WH 6 RIVE DUHW MMP Rl \WH REEMIOUH HUHQFH [P SBP HQEMRQ b
YJUXWH  7KHRYHYHZ R WHP DQRQ REMYHYIFIQ) JURXQG VIP XDMRQbb

JUXWH ' HSE\ P HOARYHYLLZ RIWH,Q XVHZIWWH' /5226 VP 7KH/ IO\ DQGh
1RGHVIVWH' /5 URERWFV P IGGBZ DUH XVHG KHUH I RUIQMUSURFHW FRP P XQEDMRQb
JUXWH  7KH' )1 R WH P RGHOEDVHG YWXDOADFNQ) o

YJUXWH  6HTXHFHGDIWP R \WHP RGHOEDVHG YIVXDOADFNHU)

JUXWH  7KH226 WP IDFIOV b

JUXH  $ VP SBIVFKHPDWE YIHZ R ' ) 1VDQG' ) 3&VDb

YUXWH  ([DP S®IR DSRWMEGI P SBP HQBMRQ/R D' ) 1b

YJUXWH /. $5 3% 6/$0b



b
5HIHUH

O INFUSE,

o oo T

3D JtH
25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$./(' '¢B,*1

 QARGXFURD

3 XWBRVHD

7KHSXUIBRVHOR WIVIGRFXP. HQMVOROSURYLIGHIDHGHVEABIGHGHLI Qol RUMHD 1P SBP HQBMRQRID
RUEVIGLH HUHQFHOVFHQDURY b7 KHOGHBABIGHGHML QUGFGGHVBMHIGH LOWRQDQGVSHALEEDARQRI b
(* 6 ( DVZ HEDVOMHOVRIVE DUHGHBIBIGHGHWL Q b7 KHVRI\E DUHIGHMI CHMEEDVHGIRQOMHDE.' ) ) b
SUHTP IQDWb GAMIQD 5" @ DQGh WiHh \WWMFKQIEDD WDGH RIIb DQDOVMI ' @ 7KHo GRFXP HOW
DGGUHWHVIE RAUHDWIGHH HIHGFHAP SGP HQEMRQVD LH HOMI UDARQIDQGEYDIEDARIADFNY BidHb
| LYARRQHODWMHDFRQVRWXP b®IVHO5 , 1) 8 6( IWHOVHFRQGEORCHIDWKHIG 5 & 5 SDFHB RERWA\D
®IYHD5, 658& 65 b7KHREMPWHORIDS, ,1) 8 6 ( bIVbRHGHP RQADM) DQGH HYDODWOWHD | X@®

FDSDEIOM VD RibWH0 &' ) ) b IURP b VSDFHb FRP STQW VWb WM R WWH Dy DORUKEP Vb IURP b

WDGMRCDORAQCRYDWYHWVHVRLY HDQESRMEOHQFIGIQI FFROARAMMHIRRS (¥ KHREMPWHRIb
5, 65& 65 VRGP ROMDM&' )) IVUDG \WREHIQMIWDMGZIW 2* 2* DQG2* b

" RFXP HOW6 WKF\MUHD
QEUH \WH GRFXP HQAY \MKFMUHG DV IRTRZ Vb
6HWRQ 7KLY IQARGXFVRY P DWUD(H
6HWRQ  7KH UHHIHGFH VFHCDURY DQG YDIGDWRQR! \WH P SBP HQBWRGD

6 HPWRQD b 7KHIA VWMP P RGHER) R BMHOMAMEHGORGHP XOWDEFKDVHUDQGEELI HA/DMBAMRI b
226 RSHIDWRQV b

6HAMRQD b 7 KHIGHBIBGDUFKIWRMUHO DQGEIGHVL Qo HRIBKHGDEH XMRQYSURFHWMQI FRP SRXQGh
' )3& DQGDWRFIDMG' ) 1b

6HAWRD b’ HEIGIGIGHVFUSWRQRIL * 6 ( BMDWZ ICGBEHXVHGA RUMMAL] EDQGHYDEEDWI |2 ELMID
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5 HIHUIHQFH 6 FHQDURV ,P SGP HOMMRQD

+ HIH Z Ho GHVFUEHD \WiHh GHVBIBIGH P SBP HQBMRQ b DQGh DWRFIDWGH GHP ROMIMRGD DQGh
YDEEDWRQVFHDURY SUWHOMG IQ5,' 5, @

QARGXFURQD

$bUHQGH YRXVbP MMRQHI RUDGORQ RUEMWVHYIFLQ) bKDVHEHHQHGH IQHGHIUHVSHRYHDR! bDQORUEIMY

[(2 W0 (2* (2 PS5, @KHFHIMHIFKRIEHR IDQRUELMMBI\WROMHHQGEVHBRIBNHE' )) b
7 KHSHURWP DQFHRIBMHAH HIHQFHIP SOP HQEMRQIMIQ GHQFHEP DIQDEE\ BMHIQMAMWDQGH
GLHPWRQD Rib WHb VXQb Z Wb WHo UHVSHRW Wb YIVXD® DQGb 72 ) b VHQVRWY b 7KH BHHHQRHD
[P SOP HQBMRQD 5 , bVENHVBDFFRXQWR! b YDURXVOFRQGMRQVLR! bVSDFH@ KWQJ bE\ bHP S® 1QIb
DSSURSUDWHUHQGH YRXVOVHQURWWVXFKIDMDY | $5 EDQEDEFDP HIDOA WP 10 RUHRYHUBMHS ,b
VKRX@h DEGUHWO WHVSDFHOHQYIURGP HOWUHDMWCH RO WHO VLI HWEDFNI URXQGh Z KIEKb SRVHVD
FKD@®IQ) HvbGXUQJ bDSSURDFKORUSUR] P MbRSHIDARQ b7 KHoVELI HWEDFNI URXQGh P D\ bEHOWMHD
IR®ZIQJ b

' HHSHVSDFHEEDFNI IRXQE0 ) LU 12 KHIHOWHIVHQURUSRIQMDZ D\ - URP BAHL DIMDQGD
WRZ DLBEVHVSDFHOREMIFW b, QOWIMAFDVH RWHUFHBMADEE RGIIVVXFKIDVOABWAP D\ [ MW

DV D EDFNJ IRXQG CRWKRZ QKHH b

( DUMODQGOGHHSHVSDFHD ) L) b WWHOVHQURWB@HHRI bV KWMDI KV hGUEWMGHI URP bQDGILD
GILHPWRQ bHQDE@R) BHY DUDQGGHHSHVSDFHICHVHQURWAI HTORIBYLHZ. b7 KHOVHQURUD
P D\ DOR SRIQNFRP SGMOD \WRZ DG WH QDGUGIHFWRD

YUXWH ' HHS 6 SDFH EDFNI URXQG VR D VB HWY



b
5HIHUH

@IHFIUSEb o

o oo T

t
t
t
3D JtH |
25%,7$/ 5, $1' $662&,$7(" (*6( '(7$./(' '¢B,*1

&RQHTXHQO® b WP MRQGH IQUWRQ b SUHSDUMRGODQGH, HEXWRQOVKRX@OFROUGHBVXFKD
VHQVRUDQGHELI HWFRQIL XUDWRQZ. IMHLHVSHPMROVSDFHIRU DUMACIRGHBKDIMMHS , FDSWUHD
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WHOADWEHMP DMSWRYIGHGE\ 18" ) ) b7 KIMIFKRIEHIRI BRUEIZ. LGEHABI\WRBMHHQGXVHUR bAHD
&))b

YLUXUWH (DI DQG GHHS VSDFH EDFNI URXQG VR WH VI HWY

7KHB | RIBMHREMIBADFNFRQAMICONHIHDWHIBRFDO DWRQ . KIEKHQFOGHo DSSURDFKIQI Db

VLI HWW/SDFHEUDI WY URP H DUWDQI HORIGRAENQ) EHWILQ) HRIBR RCOMHGHVUHGHH) IRQIRI BOMUHAAMD
,QOSUDPWEH bWWHOUHQGH YRXVORI bDOVIL) H\/SDFHOREMPMVERXQGHGHE\ bUDQ) HODQGOWP HoDVb

LGMADMGD ICb WiHD IRGRZ LQIb ) LIXUWH WiHb QXP HIED® YDXHVD DUHb DSSUR] P Db DQGH YDUHVD
DFFRUEQI BRBMHIUHT XIUHP HOMRIEDFHWBIGP MMRQ 17 KHADQJ HR! IRSHIDARQUSRVHVSHFLLED
UHTXWHP HOQW (o VSHFLIEDARQb GAMJ Qb DQGh P SBP HOMMRGD Rib VHQURW DQGh VRIE DU
FRP SRQHQWV b0 RUHRYHUDWIH0 DUWHUIIHMVIL HW URP BAHOVHIYLEHUEY BAHIBMHUBWIHDFFXUDR b
UHTXIUHP HQMD

b
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YUXH  GVWADMRQRI D VSDFHAUWDIWD VHYEHU UHQGH YRXV VR D VL) HAYURP  1DUUDQI H iR
FE&VH UDQJ H DQG WM WDW/KRXG EH HWP DG [

7KH GHP RQMDWRQ DQG YDIEDWRQ RI RIEEMIOFHDUR FDQEH SHURWP HGE\ b

6 RIVE DUH VIP XOMRQ 1RUH, DP S®! UHQGHUQ) \WWH VLI FDAYDURXV (DQJ Hvb
+ DUZ DUH DQG VRI\E DUH VIP XOMRQD

7KHo VRIVE DUHo VIP XOMRGb b UHDMYHOb HDV b DQGh! Bf LEEGH YDEEDWRGh DSSURDFKbICHRUGHb\RD
UHSURGXFHAOMHIRQ RUEMVFHCDURY HGHP ROMIDWIDQGEYDIEDMINHE:' ) ) BUDP HZ RUINDMVZ HBDVD
') 3&V b+ RZ HYHUbVXFKDYDIEDWRGODS SURDFKBIVOGRMWYX | LELHQWMROIUHS URGXFHOWIHIU-DOVSDF H)
HOVILRQP HOW DQGh RSWED® FKDUDRWMUMMFVD Rib idHb VL HW VSDFHFWDIVG 7KXV b WHD* ) 3&\b
GHP ROMDMGHZ WMODOVRIVE DUHOMP XOMWRQHQYILRGP HOWFRXGHCRDUHIDE®bFDSWUHMWHDUHDD
Z R VFHQDURY WDWFRX@ HQFRXQMUIQ VSDFH P MMRQV b

0 RUHOUHDDAMFDYDISDWRGHDSSURDFKBIVOVROMP. XOWHOWHDVSDFHOHQVILRGP HOMNDQEWHORSWFDD
FKDUDFWUMAFVD RIb VidHd VLI HW VDWAAD Z Wi Db UHSUVHQEMYHD KDUEZ DU b VXFKb Dvb Db VXQb
VP XOWRUZ DKL KESRZ HUtl GRRGDI KV XERUWVFDBIGP RFN XSHRI DML HAVDW@MDQGGEHHSD
VSDFHoRU( DWNHDEHGROEDFNI URXQG b7 KIvbivhZ KDIWZ HoFDBDQ GPMEDD* URXQGE06 XSSRW
( TXISP HQW ( * 6( b+ RZ HYHUbWHOKDUEZ DUIHOMP XOMRQHIP MWHOUDQ) HoRIbRSHUMRQ b7 Klvb
WDQJ H @ MIMRQ FDQ EH SDWD@ RYHIFRP HE\ XMIQIb

VFDBIG P RFN XS R D VDM@
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" UHSUMVHQMYH VXEWDQJ HV IRUP IG (DQJH YDIGDWRQb

* Hol RAAVHHOWHOOWUBDS SURDFKWROYDISDWMWHS ) 3 & VOIQHWHIP |G UDQI HODQGOF@VH WDQIH b
7DEGD HVKRZ VBNHIHQGH YRXVAIDQI HVERIWMCHXVHGH RURQ RUEMWHYIFLQI HDQGHRUP DARQIOLQIb
P MRQ DQG D GHP RQMDWRQ DQG YDIEDWRQ GMEBGFHV [Q,Q XVH b

5DQIH) $SSWR P Divb Q XVHb 2 EVHYDEGM)
GMBGFHD GHP ROMDIRQDQ | b
YDIGDARQ GMBGFHD
) DUWDQI Ho WNP VR WPb| 1 $b %HDUQ) DQG WDQI Ho
0 1G QI Ho WP W Pb PW Pb 3 RVIMRQ DQGh
DMXGHD
b
&®VH QI Hd PW Pb PW Pb 3 RVMRQ DQG
DMNGH

7DE®  5HQGH YRXV DQG G-P ROMDIRQ  YDIGDMRQ UDQIHV DQG UHVSHAWH REVHLYDEGM)

7KHOUH HIHQFHOP SOP HOBMRQLZ IGEHGHP RQMDMGHDQGHYDIEDMGHZ MOWHGDEHHFREHD
ZIWM2* |IDFIOMNV OAMGIQ7DE®I b

2% ) DFIOMD 9 DIGDWRQ IDQI Ho 5HP Db

/5226 MPb &BVH QI Hb b

* 0 9 IDFIOMVD 0 IG DQIHo UHFRWBHG GDW DQGh
FROIERDIRQZ W 2 * b
VHORWD

7DE® ' HP ROMDWRQ DQG YDIEDWRQ UDQJ H DQG DARFIDMG (* 6( b

b

 QREHBRYDIEDMICHMHP (G UDQI H BNHWVHQURUCDWIIHFRGHEDW *  * 0 94 DFIOMVKRX@D
FROMAQ DABDN

VHTXHQFHD Rib WP Ho WP SHEh SRIQN FBXGW IRP b /' $5b DQG FRUAVSRQGQIb
A QFKURQ] HG J URXQG WKW SRVH WDVFVRU b

VHTXHQFHOR WP HOWEP SHEOWMUHRAP DI HVEDQGHFRUHVSRQGIQ) A QFKURQ HGhJ URXQGh
WKW SRVHD

7KHb J URXQGH WKW | RUb YDIEDWRGh R b DO RUMP VbGP IG UDQ) HoFDQb EHo I HOHIDMGH\WURXI Kb
FDIEUDMG VHCRU URERWDQG VU DV IRTZ V b

WDOVIRWP DWRQRI VL HAWDP HWR 7&3 IWDP HRI' D URERWFDUY 1QJ WH VL HVWDW @M
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WDOVIRWP DWRQRI 7FS WP HRI Vil HHRERWR 7& 3 1UDP HRI VHYIFHUURERW
WDMRWP DARQR! 7&3 1WDP HRI D VHYIFHUURERWR WHVHQWRU FDP HID /' $5 WP Ho

0 RURYHUDWZ DYH IRQARUWD: $' P RGHERI BKHIAA) HAVDWM 17 KIFKKY IBEHSRWASURFHWHGD

VROVX (WM RUDDOFHWEAGHGDMEI XVIRQEDO RUMP mmrrxmnqwmwwmmm
UHTXIWHG IRUXVIRQR! FDP HDGDWBZ W/, $5 b
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' HWWIFWRQ 5 HFRQWAKFWRQ DQG 7WDFNIQJ RI D 7 DU HW

$ QORQ RUEEMIVHYIELQ) hlQYRIHVOUHQGH YRXVORSHIDARQVH URP BMHIBFDWRQY. KHIHOMWHWVHYIEH D
VSDFHFUDI WVOSXWOQ RUEMMRAMHDUHMGHQMYS DFHREMIFWY VLI HWWYSDFHFUDI W7 KHoGDYL DARCH
I XQPWRGD UHT XILHVD YDURX VP DQHXYHWH GXUQI bDSSURDFK b7 KiHal XQGEDP HQBGRSHIDARQVOWDW
HQDE GRRDFKIHYHMHA/SDFHEUD \WCDYL) AR HAQFGGHP DIQOINELI HMGHMPWRQDQG)
WDFNQJ b, oRUGHWROSUHFLVHDBWDFNoVHHVELS HADWDR LYHQOUDQ) HoRI bGMBQRH bDQODFFXUDWD
JHRP HAIED P RGHB RIb WiHo VSDFHEUD W Vb FWWHQMDD , o FDVHO RIbLQDFFXUDW. HRP HA bIwvb
QHFHVWDL b VR UHFRQAKFWY \WHD VDW@M \SDFHFUDI W Z Wb Db DIGH Rlb QDYLI DARGh VHQURWY b
3 DMEXOUD bDWDHYHY FFGVH UDQI HZ KHUHKLI KHUDFFXUDR, VAT XIUHG BAMHIHFRQAMKPWRQRI D
WHIGHVILHGHUHI LRQORI QMU H J b UDVSIQJ bUHI IRQ bROOMHIELS HAVSDFHFUD\RHCKDQFHVBAMHD
SHURWP DQFH IRUDQ RQ REEMVHYIEIQ) GXUQ] YIVXDOMYRIQ) b

Qo WIMVb 6 HFAWRQ bZ Ho GHVFUEHD HDFKb &FDT DMRCOIXQRPWRGD ' ) 3&  bDQGhSWRYIGH Db HOHID®
RYHYIHZ bRIBMHS ) 3&IFRP SRGHOMD' ) 1 b DFKBVFHCDURAVHP SOGP HOMGHQHRQHRUVHYHIDD
XVHOFDVHV b7 KHB VHIFDVHVIDUHIGIMM) XIVKHGEE) BHOXVHAR! G HIHQBAVSHVIR BVHQURWARUE\ b
GlLIHHQAP DICH ) 3 & BAMKPMUHV i DFKB ) 3 & BAKPMUHFDQHCHMUIEHIQABQADMGHQHYDURX\VD
VDYRW b Z KHUH GlLIHHQWFRP EICDWRQVD RIbIXQPWRQVDZ Mo HOVDP HoWSHORI bLOBXWHDQGh
RXVBXW FDQEH XVHG 7KHVH YDUDWRQV RQD' ) 3& DUH GHVFUEHG IQVHAIWRQ b

7TKHIR@®Z 1Q) VHRAWNRQ Z LODCEUHW UHHUIHQFH IP SGP HQAMRQY DAE R BIYHY b

5, ,1) 86( bWHOFRQURWXP bBIYHMDIQHZ KIFKbZ HhGHP ROMDMoDQGHHYDIDWIOWIHDI X
FOSDELOMAV R WH&' )) b

5, 65& 65 bWHS5 &6 SDFHE RERWAKBIYHIMNDWGHP ROMDWMIM-DE.' ) ) BVHIHDG, Bio
EHIQMIIDMGZ I 2* 2* 2* DQG2* b

5, ,1)86( 'HWHFWLRQ 5HFRQVWUKFWLRQ DQG 7UDFNLC

7 KHUH HHGFHOP SGP HOBMRQHIGH, Q) XVHAZ IEEHTFDUIHGRXWP DIQDLZ MIBMHS /51226 MP b
7KHy REMPWYHD Ivb ViR FDUY b RXW Db RIIEH)Y YDIEDWRQD Rlb WiHb UH HHQRHD [P SGP HQEMRQb
) XUWMHUP RUH b DQORQEHIGHP ROMIMRCOFDQOEHFRQGXAMGZ MWOVHBPMES ) 3& b7 KHRII@QHD
YDIGDARGH FROMWAMAQISUP DUDGDEHHFREQ) FDQGGDEEH SEMMRQ b7 KHHYDDWRQP HAED
UHDAVORQEDQODFFXUWO bFDEEUDMGMAA DFIOVEXVHGRFDUY HRXMHOYDEEDWRQ 17 KHo) URXQGD

WKWREVIAQHGH URP HDARERWRIQNHQFRGHWADQEDIKDQG H HIFDIEUWRQY IGEHXVHERDWHW
WH SHURWP DQFH Rl UHHUHQFH [P SBP HQBMRQb

7KH SDFNDJ HoGIDI WP bih) L] bVKRZ Vb DO RYHWIHZ bRl b RUAMHHGVRIVE DUHDQGOKDUEZ D)
HBP HOW 1Q RUGHUVR FDUWY RXVNH UH HUHCFH 1P SBP HOBMRQ h


https://docs.google.com/document/d/1dzXoeUw53Aa8eO9zmDp28ZrmBW5gFQI8jxTk5CSIpOQ/edit#heading=h.7l4e5ee26ja9
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RI-INFUSE-Detection-Tracking-Reconstructior

CDFF-Support ‘

Data Fusion Processing Chair |

CDFF-Core |

Core algorithms Internal Data

CDFF-Dev

Ground segment | Ground truth

Command| [ Visualization Data logging ER Ao

Sensor Suite ‘

Sensordata acquistior |

Stereo camera | | MU |

Facilitators Testbed |

Mission | Simulation |

| Servicer | | Target | | Manipulator Robotsc;yizrn\;i;:cesrﬁarget

YUXWH 3DFNDIHGDIWP R WH GHP ROADIRQ DQG YDIGDMRQ VFHIDUR [Q REEMIOADFN b

8VH &DVH )DU UDQJH 7DUJHW "HWHFWLRQ DQG 7UDF

5 HJ DUELQJ BMHYDEEDWRQIDQGEGHP ROMDMRQIDS SURDFKI RUIVHVHIFDVH FEXWHQAMGVFXVWIRQVD
EHE HHQb,Q XVHODQGOWIH)3 6 $ bKDYHOEURXJ KWMHOFRGFOMRQUMWDWRQOWHRGHIKDQG bDbi X
SK\ VIED® YDIEDWRGH R bWV VFHCDURD Vb GRWFXUHQWb SRWIEEGLZ MORXUBQM DBKDUEZ DHo
VHXSV bDQEORUWHIRWHUKDQG bVIP XOWRQ EDVHGL YDEEDWRQLZ RXCHQRWE HIUHSUAVHQBMY Ho
HQRXJ K 157 KHUH RUH BMVOXVHIFDVH. LAMEEHGHVFUEHG EXWAWEP SOP HORMRQY IGEHSXWRGD
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MIQGE\ BVROIGFUHDVHOWHDHP SKDVIVORQEP LG UDQJ HORSHUIDWRCD®VFHODURMZ. KIEKHFDQIDRMD@®b
EH SHURWP HG RQWH | RUVHHQ SK\ VIEDOMMEHGY b

6 LQFH EDW DUADQ) H AMIRQDHHDOAMFRRDFFXUDWO WP DMBMHIEL RAEHDUQ) |7 HiRFXVIMVD
XVHFDVHRQDOMP SGb ' HFDP HID b7 KHABL HAZ KIEKEZ. HDWXP HFDQISRWEOKDYHIWHRZ Qb
WDQVOMRQDBDQGEHUREMRCDEP RWRQ bivbl INANGHWIRMGHCOMHIP DI HE\ bGHQVHP DWKIQ) BMHQD
WIVDEHDUQ) bP HDVXUHP HQWIVH HGH.QRODOFOMMED LEMUQ) bl XQPWRQHZ KIEKEXVHVEDOFKDVHUDQGh
I HWP RARQEP RGHBRAHQUXUHDFRQAXRXVIDQGEH REXVABADFNIQ) H5 GRMRCD® BAMHIADFNIQI b
| LEMUBZ RXTHEHQH W URP bKDYIQ) bDFFHWHVRBIQHWD®P HDVXUHP HQMRI bWHOFKDVHUBXMIQI bl
HWWHb RUDOVP SEHARMSUHGEWRQ HFRUDVDP HOVXUHP HON RIWBMERWHPWRQ B LQD® bX\VH

IOMDPWRQOVOCHHGHEWRHIQWDD HOMHWM P bE\ bGHVL QDA BAMHIEL FREHIADFNHGAQDGh
DFTXIWHG [P DIH

'"HVFUUSWLRQ
7KH FRUH CDW I XMRQ 1P SGP HOMRQ WXV UHT XILHV WH |R@RZ 1Q) KLIK GIYHOXQRWRQV b

* HQWH P DUH P DWKHUb
7WDFNQJ [.GMUD

$GAMRCDD DG KRFb IXQRWRQV DUHb DORb UHTXIWHGD R LOMI UDWh Db IX@® YDEEDWRG DQGH
GHP ROMDIRQ FKDIQ

6 HQURUDFT XIMMRQ | RUWH FDP HUD DQG I(QHWDCP HDVXUHP HQW b

& KDVHUCDYL) DWRQ DQG ®FRP RWRQ FRQARGBRSV b

&KDVHD DQGh VB HW SRVIMRGL DQGH RUHQEMRGD P HDVXUHP HQWD 1RUD J URXQGh WKWD
GHWMP ICDWRQb

8 VHUIQMUDFHV | RIVBL HAVHBIFWRQ @H P RQVRUQ) b

' DB BJJIIQ) DQG UHSD\ IXQRPURQV b

/ RFEDIVDWRQ DFFXUDR. HYDODWRQ

$OJRULWKP 3HWIRUPDQFH

6 LOFHAWHIEQ) bUDQI HMBFNQI ) 3 & lRQDERSHIDMAQHEHDUIQ) BRG) XIGHIKHFKDVHBRZ DEVD
WOV HAZ HoH SHAVIURP bEHQFKP DUNQ) bDQGHOMADMUHNI LI XUAV DMHIWDFNQI bDFFXUDR RIb
WHOFHQMUBR! WHOVELI HWVROEHICOWHORWGHIBRI bP DI QUXGHIRID S HERQOMHIVHQVRUGZ KIEKD
Z RX@EHVXI  EHQMREDTRZ i RU XUNHUHGH YRAVERSHIDARQY b7 UDFNIQI B DMAVH SHAMGARD

EHOVXI | IFIHQ®H DAMRISHURUP EDXVRQRP RXAVICDYLI DARQIDW +] 5 QRIMHUEP HDVXUHRIBVXFFHWh
IV WH J XDUDQMH WDWADFNIQ) FDQ EH VXFFHWIXCRYHUWH Z KR®I DSSURDFK WDMPVRY [

8VH &DVH OLG UDQJH ' ORGHO 'HWHHFWLRQ DQG 7UDF

7 KIVoXVHoF DVHA REXVHVORQOEFDIVDARCQHZ IWHUHI DUGVDP RGHER! BMHAEL HWZ KIEKHFRP ELGHVD
YIVXD®B | HDMUHVb DQGH J HRP HWIED SUP MYHV b VXFKb DVb Db &$' bP RGHh$ WFEMHOUDQI H b\H-b
FRP ELQDWRQORIDD * bFDP HUDDQGDDGDUREEDUVHVRUEMDE G RIGAWRRDQCEIADFNDYLVXD®
| HDMUHMVRQONHOEL HAERG. 57 Rl UHDWBHQKDQFHIADFNIQJ ISHURWP DFHDQGEHREXWZHW BHD
DORUMP FDQFRQVUGHUDEXVHUSIRYIGHD ' b HRP HWI b P DGHRIBVIP SG] HRP HWIELSUP MYHVD
VXFKb Dvh SOQHV DQGOR\ GGHWY bIQROWOUW IG ERG\ bP RARGHP RGHM+ RZ HYHUDVHD| LAMUD\AD
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UHT XLUHVH DO LQUDIYDWRGH\VAMS b, Qo RUBHUD VRO UHGXFHO RSHIDRWBLOMYHQWRQ bZ Ho SURSRVHOWRD
SHURWP hlQUWDO/DWRQEZ WDV HAGHMPUWRCH XQPWRQ 157 KHGHWRVRUBXVHVDQR! | GH WDIGHGD
WP SOWHRI DMHMIL FBDQG5 * %' bP HDVXUHP HQMAVRGSURYIGHODOFRDWHA LWARHVWP DWERI WD
SRVH VR WH WDFNQ) IXCPARQ b

COMHFROM WRIBMMVHP SGP HOBMRQ LZ MNBMHFROUGHHG * 6( BMQ) DHDGDWHORWP D b
GRW EHb IHDVE®! b KRZ HYHUb UDGDU P HDVXUHP HQWb FRX@b HDVI®b EHo VIP XOWGH [URP b @S0
P HDVXUP HON R J URXQG WKWK DB b

7KH FRUH CDW IXXMRQIP SGP HOMRQ WXV UHTXIUHY WH IR@RZ 1Q) KLIK GIYHOXQPWRQV [b

0 RGHOEDVHG WL HAGHMARUD
9 VXDA HDMWUH GHWRRUDQG P DWKHUD
0 RGHOEDVHG ' WDFNQJ [1.GMUb

$GAMRQDD DG KRFb IXQPUMRQVD DUHb DORD UHTXILHGD VR [QMI DM Db IX@® YDIEDARGD DQGh
GHP ROMIDWRQ FKDIQ ty

7HP SOWWDIQQ) VRRY EDVHG RQ VP XOWG RUUHDAP DIH GDW b

7RRY IRUP RGHOJ HRP HW GHIQWRQ DQG 1161 J HOHIMRQ b

6 HQVRUDFTXMWRQ | RUWH FDP HIDV @EDUWDGDUDQG [QHWDCP HOVXUHP HOW b
&KDVHUDQG B HWP RENXSV QDYL] DARQ DQG FRQARGBRSV b

&KDVHUDQG VI HWERVH P HDVXUHP HQW 1RUJ URXQG WKW GHMUP LQDWRQ b

8 VHUIQMUDFHV | RUVBL HWVHBFWRQ @H P RQWUQJ b

' DD ®JIJIIQ) DQG UHSD\ IXQPUMRQV b

5 HOWYH GFDIVDARQ DFFXUDR. HYDODWRQ b

$SFWLYLW\bLDJUDP

7 KIMOXVHF DVHIS UAVHQMGKHUHAVIGHVFUE HEHCOMHA RGRZ LQJ EDPWYIMWALGIDI IDP 1 URP BMHISRION
RIBYIHZ HRIBMHOXVHUG? KHGID) UDP HKHSVAQHKLI K@ KW BAHYDURXVDI HOMIQYROHGHQHMHI\HD
FDVH DQG WH VHTXHQFH Rl DFWRQV GHFHWDW \R [P SGP HQWKH VFHQDUR b

7 KHo XVHI [QUWDDHVOWHD2 2 6 6 1P bDQGFKRRVHVDWMHD UHT XIWHGH WDMFVRY b URP bWHD
SURVIGHG VHW
7KH XVHUBDGV WH P RGHOR! WWH VB HAMMH VHQURUFDEEUDWRQ [ LBV b
6 BLWAH UHQGH YRXV WDFNIQJ SURFHW R H HEXWM WH SUH SOQQHG WDWRRY b
D &DPHDIPDIHV /,' $5 5DGDUDQG,0 8 DUH DFTXIWHG DAD SUHGHIQHG DM b
E 7KHGHMARY' ) 3& LV IXQRQWH FXUWHOAG* %' GDB b
F I EGHWPWRQZ DVOVXFFHWIXCOMHOYIVXDBADFNIQI B ) 3 & IVAQWDOMHG EDQEHARD
VROXVHOWHOLP DI HOVAHDP bDVALQSXWWWROHMNP DIMoDOUHDMYHISRVHEHE HHQOWHD
VHYIFHUDQG FAHQAFDWMDQ IWDP HV b
G 7KHXVHI FDQo P RQWRUWHO AENYVH DQGEOWHD H HEXWRQ b YIVXDDVHo GOV bDQGh
UHFHYH WP DG SRVH b
H ([ HFMRAVORSSHEDVIVRRDVOMHIF QHQMKDVEHDFKHGAWBEL HASRVH BRULD
WHWDWRRY KDV UDFKHG IW 1 IQDCSRIQAD
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User

Turn on OOS-8im

Select 00S-Sim
trajectory

Load target model
files

Set final pose goal

Prepare execution

Ground Station 00S-Sim

Initialise OOS
systems

Initialise Intlt\allste chaser agd
GlobalFrame arget poses an:
dynamics

Initialise localisation
reference

Initialise detection &
tracking DPFCs

Initialise Sensors

Sensors

Initialise Stereo

Initialise
Lidar/Radar

Initialise IMU

Start execution Acquire Stereo
Acquire Lidar/Radar
Acquire Sensors

Acquire IMU

tracking initialized ?

Monitor results. Display results

Run Target
Detection

target detected ?

yes
Run target tracking

Stop execution

pose goal reached ? OR
simulation end ?

YJWUXH 8W&DWH 0IGWQH ' 0 RGHO HWRWRQDQG 7WDFNQIb
b

$OJRULWKP 3HWIRUPDQFH

7 KHOGHWPRQOVXEI XQPIRQORIBWIMG ) 3.8 ISHURWP VIGHMPURQIRIDANGRZ QREMPWDQGERQODD
FROW/HA LWARHMAP DRI EWHHDMWYHISRVH 16 XFFHWW XEGHWPMRQER! BMHREMPMAGHMUP 1QHGD

E\ bYHUL\ LQJ BAMDWIMHIHVWP DWIGESRVHI DOV IWLGQDR] LYHQBROUDQFEHIRI b URXQGORKW Y KHILCD®
SRVHOHP DINRQHDFFXUDR\ bIVAWWHQIRQODEGHSHQGHQMROWHHVSDADBUAVRGMRCOR WHIADIQHGD
WP SOWD LH BMHIQXP EHUBR! bGVFUWIODQI XOUDQGEHDUFDP HIDSRMRQWXVHEORSHURWP b

WHOADIQCQ 57 KHKLI KHBMHQXP EHURI bYHWFHVACHAHIADIQQ) BHEHRMABKHDFFXWR  EXW
Z MW WH FRWRI D ®Q HUFRP SXVIMRQ WP H b

3 HURWP DQFHb 1] XUHvb DYDIDE®D LCh WH QM DMUHH P (LR UHVX OV REVIIGHGHE\ bEHQFKP DUV
FDUIHGORXMGXUQ) WHIADGHRI DCDOMMSKDVH B Qo+, 1 7( 567 @GHMPIMRHMSHURWP HCh
RQUDOVHBPWRQERI BREMPWLZ IMODOMP SOWBWDICHGEY WHDDVSDWOVDP ST HRIb - bGHI UHWKHGH


https://www.draw.io/?scale=2#G15Lxay84J8r7IGgmMlHK7frgPECtVf4-Q
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UREMRODQGh  bFP bIChVED®! b, oWHVHIFRQGMRQY BHAELI HBVOVXFFHM X@BGHMEWG bR

DHDIHbEHEHHD  bDQGh  bRIBWHOWP H bz IHDQDYHUDI HOUDWORID + ] bRQEIDIGHVNVRSD
FRP SX\MUtb

2 XUEHQFKP DUWHQMP XOWRHQGFDMMP IDWSHURUP DQFH HEEXWKHVSDWDEB/DP ST HRIBKHD

WDIQQ] b7 1aHHGHMROE HOUH LCHG bDViHOoM] HoDQGLUDQ HoRI bwHOVIALD FvbMDURXQGHDCQRUGHUWRIb
P DI QWXCGH O HU IXUWHUIP SDFWI WH SRVH HWP DARQ DFFXUDA o

& RQFH.QIQ) bWHWDFNQJ bVXEI XGPWRQ bl URP bMVMHDQGOSUHTP ICDLY bEHQFKP DUWLSHURWP HGh

GXUQJ b\WHWDGHR! | bDQDOMY bZ HoH SHRAMHOWDFNLQI bDFFXUDR\ bVRbEHDDI I HAMGHP RABLE\ b

VFHQHFRQGMRQW H J 160 KW HEDFNI URXQG BB W) HRP HAY EDQGEMHDSSURDFKBADMPVRY b

$\bDbFRP SDUVRQEDVHIRH bWHo | RGRZ LQJ b DFFXUDR\ bIQMYDE bZ Wb YDUDWRQVD GXHOVROWHD

HOVILRQP HQW FRQGMRQY b KDYH) EHHG REWIGHGD Z Wb VIP XOWGH UHQGH YRXVb VHTXHQFHD
[ FOP HUD UVROMRQ IRFDOBIQIW PP b

70EG 0 IGWQIH ' 0 RGHIYWFNQJ ( [ SHAWMG $FRXWDR ) LI XUHD

5DQUH P b SRVIMRQ50 6 (URUP b $QUB®I506 (WRUGHI b
W b W b
W b W b
W b W b

b

> 17(567 @ IQMMRMHUDG M DQbHWDh 0 RGHBEDVHEMDIQQ) hGHWPWRQHDQGSRVHD
HWP DARCORIbW] \MUH GMb  GoREMPWLICHKHDYIObFOMWMHGOVFHCHY - b$ IDQhFRQI HIHQFHORGD

FRP SXWMUYIMRQ 6 SUQIHU %HAD) + HGHEHJ b

8VH &DVH OLG WR &0RVH UDQJH /,'$5 EDWHG 7UDFNLC

7KIVb XvHo FDVHD | RFXVHVb RGb Db VP SBh [P SGP HQBMRQRIb Do/ I $5 EDFNHGHP RGHOEDVHGD
GFDD/DWROVFKHP H b OMMFDVH BMHAEL HAP RGHEFRQWMMR DHHFRQMKPMGSRIQAFBXGh
Z Wb Db GHQWDKLI KbHQRXJ KOVRODTRZ bl RWVXEVDP ST b: - HoSURSRVHOROSHURWP bDhGHMHD
P DWKIQIb DQGh WIG ERG\ b RSWP [ DWRGh EHE HHQb WHo DFTXIUHGD SRIQWN F&XGh DQGh WHb
XVHUSURYIGHGP RGHO3 RIHQDEBHDHFROAXRXVIMDFNQ) [SRVHI IGMUQ) 7 WD RARQP RGHEVD
DOR IQFOGHG [b

7KH FRUH GDVB I XVIRQ [P SBP HQBMRQ WXV UHTXILHV WH IRGRZ 1Q) KLIK BYHOXQPIRQY

3 RIONFEXG P DWKHUD
" SRWHILGMUb

$GAMRQDD DG KRFb IXQPWRQVD DUHh DORD UHTXILHGD VR [QMI DM Db IX@® YDIEDARGD DQGh
GHP ROMIDWRQ FKDIQ ty

6 HQURUDFTXIMMRQ IRUWH/ I $5 DQG LOHWDAP HDOVXUHP HQN b
7RRY | RUVB HBRIQAFBXG P RGHOHFRQMKFWRQ b
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& KDVHUHQDYL) DWRQHDQEHEFRP RARQIFRQARBBRSVY 7 KIVUH HYDWROMHOMP XOWGD* 1 &b
JXIGDGFH bQDYL) DARQIDQGEFRQAURIMBRSVH RXQERMHIFKDVHB/DM®M (7 KIEKIFRQARD
WHG, QDP LEHEHKDYIRXUACHIMQGH, YRXVEP DQHXYHLY hQMMIFDVH BHVHI XQPWRQU. [CEHD
FRYHUGE\ WH226 6P HTXISP HQAD

& KDVHUDQG VLI HWERVH P HDVXUHP HQWRUJ URXQG WKW GHWAP ICDARQb

8 VHUIQMUDFHV | RIVB HAVHBIFWRQ @H P RQVRUQ) b

' DD ®JJIQ) DQG UHS@\ IXQRPURQV b

/ REDDVDWRQ DFFXUDR\ HYDADWRQ b

6 RP HoFKDEBIQJ HVODERXWWIVHDS SURDFKIDUHI RUAVHHQ bQDP HOBWHOMXHOR! bSRMQAD®bOL Ho
UHVROMRQ GLLIHIHQFHY EHE HHQ WH P RGHIDQG DFTXILHG SRIQAFBXGV [h

$FWLYLW\ 'hDJUDP

7 KIVOXVHIF DVHIS UAVHQWGKHUHIMIGHVFUEHGAQOANHA RGRZ 1QJ EDFWIWLGIDI UDP | URP BHISRIQIN
RIBYIHZ HRIBMHOXVHUG? KHOGIDI UDP BKHSVAQHKLI KT KWL BMHIYDURXVEDI HOMIQYROHGIQHMHIXVHD
FDVH DQG WH VHTXHQFH Rl DFWRQV QHFHWDW \R [P SGP HOWKH VFHQDUR b

7KH XVHD LOWDIVHVOWH2 2 6 6 1P bDQGHFKRRVHVOWWHD UHT XIUHGOWDIIFVRY b1 URP b\WHD
SURYIGHG VHVb
7KH XVHUBDGV \WH P RGHIR! \WWH VB HWWH VHQVRUFDIEUDARQ | LBV b
6 VB WH UHQGH YRXV WDFNQJ - SURFHW VR H HEX\WM WH SUH SOQQHG WDMRRY b
D /L $5 DQG,0 8 DUHDFTXWHG DD SUHGHIGHG DM b
E  7KHoSRQAFEXCOWDFNQID' ) 3 & bIVHIQWIIVHG bDQEOWEWWROXVHVOWHY L $5 b
WHDP BDVHLOS XVWRGHVAP DAWODOUHDMWYHOSRVHOEHE HHQOWHVHYIEHUEDQGF QHOW
FDUMVIDQ IUDP HV b
F 7KH XVHI FDQh P RQURDWHo MYVH DQGOWIHb H HFXWRQ b YIVXDIWH GOV b DQGh
UHFHYH HWP DMG SRVH b

G ([ HFAWRQIVOWRS SHEDVWVRRADVIWHFCHMKDVIUHDFKHGEWOAL HWSRVH [HRULD
WHWDVIRRY KDV BHDFKHG IW [ICQDCSRIOND
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)LUXWH /IGDUEDVHG 7WDFNQ] Rl D7DUHN FRMW ' IDJWDP b

$OJRULWKP 3HWIRUPDQFH

6 LOFH\WIVBIVEDOMP LOUD\ HAMP SQLHGHIP SGP HOBWMRGHRIBWHH0 LG bDQGH& ®VH b5 DQIHD * b
UHFRQVUAKFWRCODQGOREMPWGHMAMRGS ) 3&b 8 VH& DVHD iz RUNQI bz IWHDOFRP SGM bGHOWHD
SRIQNFEXG iz HH SHAMDIEZ HUt HOHIDEDFFXUDR FDQEAREXAZHW EXWDSRWIEGHCFUHDVHICH
H HAXWMRQIDM b HFDQOAXVH SHAWHXFASHDQGMBGFHIREHEHBZ b RIS 12 KHUHS iVikH-b
PDIPXP RSHIDWRQDOGMEQFH RN WH FDP HID DQG D [IQDODQI XOUGMBQFH\R EHEHBZ  “ [b

8VH RI 3BRLQW &ORXG 'DWD IDRP 2WKHU 6RXUFHYV

SAMRXIKY ' $5 BBIRVIGAMDP HDQUE\ 17 KIEKBRREVIQSROQAFBXGLGEUHAV® IRWHUP HKMRGVD
DUHOSRWIEGD bVSHFLLIEDEBWHXVHIRI BAMUHROYIMIRQDQEO YIVXDBOUHFRQUAKFWRCD VHHOVHRRGD

b ,Q XVHbIMoDoP RGXOWW WMP b DQGEWHUH RUHDTRZ VhSRIQMFEXGhI HHIDARI URP b
GLLI HHQMVRXUFHVOVROEHIXVHGHICHMHHVDP HODO RUMEP V b 7 KHUH RUH BMIVISRWIEGLIRW | $5b
SRIQNFEXGVb\ROEHOXVHGDIRW ' bP RGHOEDVHGH\IL HWWEDFNQI bDWGHVFUEHGHIh  bE\b
P RGLEDARQR WH' ) 3&V XVHG b
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b8V H&DWHD 0L GD Q& ORVH Ui RV BDOD F NbRQDL7 D U Job WIS
(VWLPDWLRQ RI 5RERWb5HODWLYH 6WDWH

B QAMMVXVHIFDVH 17 HI REXVIRQIDGFDP HUD EDVHGSRVHHWP DARQRI DAEL WV DMBMSURYIGHD
DQIRWGHHEIP DI HWVHTXHQFHIQHHVSHPWYHMP HAEP S b HDWXP HDIQRQ FRRSHDAYHMIL HAD
Z KHIHOCHWHUBYIMRQ DIGIQI bP DUNHWACRWF 1 & HRQ ERDUEIVHVRWARINHIELI HAVSDFHFUDI W
DUHDFFHVWIEGH RUH SGMIMRQ b7 KXV BAMHSRVHIADFNQ) {HIVRQFDIEWDMGFDP HIDGP DI HVD
DQGHDLI HRP HAFOP RGHER! BAMHIELI AR WMDWXP HEBMDWKH) HRP HAEP RGHER BMHAELI HWY
FDQEHREVIAQHGHWHU URP EDVSDFHFUDIWP DQXI DPWUHINS.$' P RGHERULHFRQUKPWRQIDQG)
P RGHIQ \MFKQTXHV b

7KHo SRVH HP DWRGH SIRYIGHVOWHD ' b SRVMRGH DQGH RUHQEMRCO EHE HHQb\E Ro FDIWMDCh
FRRUEQDWH UDP HVIBFDWIGRQONHVHYIEHUE UDP HIRUY & 3 HRIDBURERWFP DQSXOMRUb DQGH R
WHAEL) HARUDEFKRVHQE UDVSIQ) ISRIQRRQMHIEL HA/SDFHRUD Vb, QREHBRSHIRP BNHSRVHD
WDFNQJ (2 HiHP S@\ HP DI HOHT XHQFHV HHVXEM) HURP BAHIHDAWYHP RWRQRI BMHHYIEHIDQG)
FQHQMDMBMOMQI BE RFFDP HIDVAOAMUHRIFRQIL) XUDARQ b 7 KHDO RUMP 17 [CBDWHUH SEIW
HDFKb FDP HUDb [P DI HolQGHSHQGHQ®H DQGHI XVHOWH0 CDVEDVROFRP SXWHhWIHOSRVH b7 KIVO\E Rb
P RQRFDP HIDY XVMIRQKDVDQDGYDQUEI HEDWWEXOUDHCH/SDFHDSSTFDWRQ HQFDVHRQHFDP HIDh
| DOOGXHMROXQH, SHAMGHUDGIDWRQ BWHOADFNIQ) FDQISURFHHGZ, IMBNHIHP DIQQI P RQRFXOU
FDP HUD bl RWFHOWDWE RoFDP HIDOFRQIL XUDWRQEP D\ bEHoXVHGHIQHFDVHIDOKLI KHUDFFXUDR\ Hvb
UHTXIWHGh DWW F&VHo IDQIH b RIMHZ IVH Db P RQRFX@U FDP HUDb FDGQb EHb XVHGD VRo UHGXFHD
FRP SXBMRCDBEXUGEHQ b7 KHoP RQRFXOUWFDP HIDnZ WMIDhSURIBNGRZ GIGI HoRI bH) HRP HWIED
P RGHCR! WH VB HAFDQ EH XVHG VR HVWP DWW \WH DEVROIWM SRVIMRQ DQG RUHQEMRQ b

7KHOYWXDOWDFNQIbICh 1 2') bUHIHVORQODLEFDORSWP [} DWRQ bKHQFHIMMUHT XWUVHDQH, \MELD®
QWD) DARGIMZ HEDVIHH LMD DWRQUCFDVHIR EDMBMRI BADFNQ) | KHH \MCDBQWD DARQD
FRXGOEHIDFKIHYHGOE\ bDh) GEDD ' bGHWPWRQP HIRG bH JBIURP bD ) 3 & bGHVFUEHGOIQS Vb
FDVHb 1) XUHIP RUH BWHOYIVXDOWDFNQ) bDQGIGHMARQS ) 3 & VP X\VRKDYHID QFKURQL] HGO
VHQURUBGDWHICORGHIMRISHURUP bGHMPWRQ WDFN.QI bSURFHGXUHUREXVMD b, Gl DPWBMHUHP D\ b
H MAFHYBIQHGHD, VEEHFDXVHRI BMHHQMOLYHFRP SXVIMRQR! BH) GREDEGHMAVRUFRP SDUHGH
VROMHIBFDBADFNHUZ KIEKAVEP XFKH DAMUR | BMHGHMPVRUME DVHGRQHQURUGDEIRWMH MDD
\WWH> WDFNHUb FDP HUD b Db UHDMYH) SRVHo RIb WiH0 VHQURWD P XWWYEHD SUH GHMUP IQHGO WURXI Kb

FDIEUDMRQUSURFHGXUH b7 KHIZ RUN BZ bR BHD YLV XDBADFNHUDQGOMHGHWIRRUMVACVDMGAH
YU bl RWFHONMDABMHGHWRRUIMCDPWYHIGXUQ) BADFNQI HDQEIMDPWDWMGH RQIGHP DQEVXFKb
DVIZ KHQHUH LQWD@ DAWRQAVAHT XIUHG b7 KIMVBHS P RGHIVXVHGRO H 1 EELHQ®@BME) HUHVRXUFHVD
PHPRY SURFHWRUDQG SRZHU b
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YUXWH 7KH ZRINGZ R WH 1OMI IDIMG YIVXDOADFNHUDQG GHWRRU' ) 3&VDb

© HUHP DUNWDWIKH VDP H YIVXDOADFNQ) P HWRG LV XVHG ERW IRUP IG  DQG F&VH WDQIH b
Z W DQ DSSURSUDWO VHBFWMG FDP HUD DQG GIQVH WP DFFRWEIQ) VR IDQI H bb

'"HVFUUSWLRQ
+ HHDIWUZ H GHVFUEH WH WDFNIQJ- SURFHGXUH DQG SUIRFHWIQJ I®&Z b

3 UHSDUDARQ RII@H b

' P RGHOSUH SURFHWIQI RI \WH VB HAJ HRP HAI b
&DIEUMRQR WMUHR FDP HIDV DQG FDP HD  72) VHQWRWY L DQ b
$ IRERW&3 VHQURUFDIEWDARQ DN\D KDQG H H FDIEUDARGH

7TKHWDFNQJ SURFHGXUH IR@Z Vb

7 KHOXVHBGHWUP IQHVOP RGHORIBADFNIQI b P IG UDQI HORUWFEVH WDQIH b EDVHGORQOWHD
DSSURSUDWOGMBQFHMROMHDELI FADQGHLHVSHPRYHFDP HID GIQVHVSHALIEDARQ b 1bMHD
P RGHORIBWHORSHIDARCHMOFBVH UDQ) H MHIXVHINVKRXGIGH LOHOWHGHMILHG] IDVSIQT b
SRIQAR \WH FOHQWJ RDCSRIQAD
7 KHoXVHI@BDGVHWHOP RGHBR! bWWHoMILI HBVMHDF DIEUDARGH! LOHDQGEDHSUH SOQQHGORW
UH HUHQFH WDVIPWRY b
6 VILWWAMH UHQGH YRXV WDFNIQ) SURFHW VR H HEXWM WH WH SUH SOQQHG WDMPRY b
D &DP HDIP DIH LV DFTXILHG DWD SUHGH ICHG DD
E  7KHoYIVXDBOWDFNHHZ DIWOXQMMHDIQWDT) DARGOVENHVESOFHAE\ BWHOGHWIPIRGD
') 3&Db
F  7KHYVXDOWDFNQIb' ) 3&bXVHVEWHLP DI HOMAMDP bDVBICSXWROHAP DMoDb
UHDMYH SRVH EHE HHQ \WH VHYIEHUDQG FOHQAFDUWMDQ I WDP Hvb

G 7KHIXVHUBFDQP RQURIWHOBMVODQGEMWHoH HEXWRQ b DQGHLHFHYHIHP DIMGH
SRWHD

H  7KHOYVXDOADFNQI HVOARS SHADQENHIS URFHWH IQVKHVIDVIRRQIDVMHF QHOWN
IVHRXWBRI bl LHTHRI BYLHZ bRIBWHOVHIYIEHBRBDWDOSUHGHMUP IQHGGMEBGFHOROMHD

L R D

$SFWLYLW\bLDJUDP

+ HUHZ HOGHVFUEHOWHA XQPWRCQDEDVSHRWER BAHOYVXDBADFNQ) hWMEDVED®HP RGHOEDVHGD
HGI HOWDFNQJ bl RTRZ IQJ bWHo FOVWEDO FRORXUWP DWKIQ) bP HWRGH\ HWDb WM R bWHODWY
WFKQT XH b7 KH DFIWh GIDI WP bih) L] bVKRZ Vb - DOVMUHROFDP HIDbEDVHGOSRVHOWDFNIQI b

SURFHGXUH DQG IQMUDFH VR H \MEDO ) 3& b
b
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YUXWH  $PAMW GADIWP R HAJH EDVHG SRVHWDFNQI [
b

$OJRULWKP 3HWIRUPDQFH

7KHISHURUP DQFHORI BMHHDO RUMEP bivibP HDVXUHGHDFFRUGIQ) BROMHIDFFXUDR\ 7 IWHHVSHRMRD
UDQJ HIDQGOUREXVZHWIMROVSDFHOM KW b [WoUH) DUEWROD KW D& REERXQGDLY BFRQAMRQVD
DUHFROUGHHGEZ KHUHOMHID) KWQ) BVYHY ESRRUKHOFHAMHMIL) HAMVXQGHUIOIP ICDMG IDQEIMHD
VSDFHIDI KW HVEKL KOWGIUHPWRQDBRDEH GPWYHNVXUWDFH bBDGIQ) BRIRYHUGP IQOWGHEL HAb
Qo WV @ KWDJ b FRQGMRQ bWHoFDP HUD EDVHGOWDFNQJ b DO RUMP bIvbH SHAMGH\VROSURYIGHD
IQDFFXUDWh DQGO XQUATDE G SRVHOHVWP DM b7 KHOERWRP b @QHoKHUHoLY bWIDWDh YIMIRQ EDVHGH
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DORUNP HFRXGHEHIHIDEOXVHERQOHQDS SURSUDWIL) KW FFRQGMRQY. MECMMPWHYMEGD
1P DU Hol HDMUVRCOWHOVEL HVB+ RZ HYHUBZ [WBVXSSRUARIBVEL HWG, QDP IEVOIGHQWIEDARQ bib

QY WP BSUHEFWRQFDIEHSHURP HERAP SURYHIMHOYIVXDBADFNQI ISHURWP DFHIQFDVHD
RIEZ RUAMD KW FFRQGIMRQ b , GHOMEDMRQR DAL HWG, QDP IFVHVFXUHO@ECRNCMH/FRSH)
R ,Q XWHb

0 RURYHUBWHSSHURUP DQFHARI HDBYIVXDBADFN.QJ hGHSHOQGVERQIDBARKFWUHR BMHAELI HWKHQFHD
P D\ BQRAWEHI HDVIEGBHRA/SHFLL BWMBHUIRUP DQFHERXQGDUHMY. IMRXWRCRZ 1Q) BKHARLI HWS Qb
DFFXWDR\ bRIb  bP P bDWF&VH bUDQI HDQGh  bHURBDWP |G UDQJ HalMoDFKLHYHGH RUDOWSIEDD
VDIM@M Z W VROUSDGQHO DEDSWUUQI V DQG OXQFKHUEUDFNHWQMUDFHD

b8VH&DWHD 0L GoD Q& ORWHD QJiH' b5 HF R Q VW UiR RYRIERVGH F W
GHWHMRBWLRQ

7 KHb ®FDX DWRQ DSSURDFKHVh GHVFUEHGH DERYHo DWXP HoWDWWWHORENFWI HRP HWIEbP RGHD
H MMDVHQOMHIRP HRIb &S$' P RGHERUE\ b GLHFRQMKPWRQ B/HBZ (7 HGHVFUEHMNHIDWAD
DVbDOXVHOFDVHORI DMHORIEEMIBIP SGP HQBMRQD 7KHb ' b5 HFRQUAKFWRQUDQGOWDFNQIB ) 3&b
|DP LOLMVOXVHDEGIZ MICOFEVMHOUDQIHD P bDQGP IGIDQIHD P BUXEMPMRADSSUIRSUDMD
VHQURU FDSDEIMMVD VX HELHQWVHSDUDARGD RIb MMUHRD FOP HUDVb DQGH LGP ICDARGH UDQI HORQD
/' $5 TRV bGHYIERV b 7KIMb XVHd FDVH Vb VSOW IQRO \E Rb' ) 3& Vb GXHb\Rb FRP SB[ MbRIb
[P SGP HQBMRQD 7KHb ' bUHFRQMKFUIRG ) 3 &bSHURWP VBHQMURGP HQWUHFRQOAMKFUWRC URP b
FDP HDbIP DI HVb bQhP RABFDVHVOMMUHROLE DI HVbDVSHUMHD, Q) XVHOVHQURUBVXIW BEXWEZ Wb
VRP HyGHJ IDGDWRQbRIbSHURUP DQFHIP RQREXOWLP DI HVbFRX@H EHoXVHGD bDQGHDORODFWYHo
GHYIEHVO VXFKb DVb/ " $5bDQG07IP HRI ) WKW 7R) bFDP HIDVh \WDW SURGXFHD SRIQNFEXG\b
GUF® b ' LIHHOMOYRWLRID' ) 3&bDUHGHWLI QHEOWROSHURWP bUHFRQMKFIRGHI URP bWHVHD
GlLIHHQMVRXUFHVOXMQIFRP P RQ ) 1 Vb7KHb * BADFNIQIB ) 3 & lRSHIDMRQIMHOFHQHSRIQN
FEXGVb WDW DUHb SURGXFHGD | URP b WiHo UHFRQAMKFWRGD SURFHWH RO LGHQWA b IQABFHVL RIbDb
SUH GHIQHG P RGH MWIQWH \VFHQH b

'"HVFULBWLRQ

7 RODMZ DBADFNHUBVSDFHFUD WRAGHQM DQEHWP DIMIMHP RYHP HQNRI MBS HW/SDFHFUD VD
| RXUDRSWRQUVEDUHHSRWIE GHDFFRUEIQ) BROMHVHQVRWADYDIDE® b ' BHFRQMKFWRGHURP Db ' b
/ IGDURW7R) bFDP HD b ' b5 HFRQUWKPWRQH URP DOAMUHRAFDP HD b ' 15 HFRQUKPWRQH URP (D
P RQR FDP HDb ' BIHFRQWKFWRCH URP [P RQRIFDP HIDDQGh ! b IGDUWDQER) FDP HID hQoMHD
| LYADFDVHAZ HOREVIIGQhDISRIQFEXGGEUHFWDH URP BHIVHQVRLY HQBMHIVHFRQEDQEOMILEFDVH b
WHOSRIQBFEXGOMFRP SXWGE bGHWPIRQRIb Gl HDWUHY BP DWKIQI EDQGh GHOAIDQ) XOMRQYRIb
WHOFRUHVSRQGHQFHV b%8 bSURMIFWR) bWHONH. SRIQMIQROWUHHGIP HOVRQY bZ HOEXITHXSHDh
SRIQNFEXGRI BMHALI HWZ KIEKHFDOMHQEHP DWKHGAQ)KDSHIRDISRIQNFGXGP RGHIDQG
WH SRVH Rl WH P RGHIDFFXUDMY REWIICHG E\ WUHH GP HOVRQDONH SRIQAFRUMVSRQGHFHV b

7TKHRSHDWROQR! ' BHFROWIKFWRQ SURFHHGV DV IR@BZ V b

3 DUDP HMYbP XMIEHoVHU RUMHOVHOURWXVHG bUHVROMRQ bDQGOVHQVRUWSHo P RQRD
FDP HID VMR FOP HDRU72) /, $5 SRIQAFF®XGb

) RUMIHOFDVIHOR! HGHQWM 1Q) EDAS HWKDSH HDSRIQRFGXGP RGHEP XVREHSUH VWRUHGD
RUBDGHG LQR WH WA VMP Z W NGRZ Q UHVROMRQ DQG SDUDP HMUYb
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7KH VHOVRUFDIEUDWRQ P X\W\EH DYDIDE®D

D

E

F

© KHQLXVIQIbFDP HIDV b\WHoFDP HIDb SDUDP HWWb [UXMMP bSDUDP HWAY bl RFDD
GQIW HF P XWEHNQRZ Qb

: KHQXMQI EDOAMUBHRIFDP HUD BHIFDP HIDEEDVHIHP XVEHINQRZ HQIDGGMRGD
R \WH DERYH SDUDP HMLY b

) RWXVIQIb7R) bFDP HIDVbRW/ ' $5 bWHoVFDERJ bDQGEHUDQ) HoRIbGDVIOP XVAbEHD

NRZ Qb

,P DI HVoDUHAIUHDGACH URP blHb ' bYLlVXD@FDP HID V IIRWSRIQAFGXGVHE URP b7 R) IFDP HIDVD
RU ., $5Db
| WHP RCR FDP HD IV XVHG b

D
E
F
G

H

|HDMUAV DUH H WDRWMG IURP WH [P DI HV b
) HDUAV IURP DQLP DI H DUH P DWKHG Z W D VXIMZE®I SDWNP DIH b

7 KHoFRUMVSRQGHQFHVEDUHOXVHGH RUMHIFRP SXIMRQIRIDUFDP HIDP DAY, DQGO
HWP DWRQR! \WH FDP HDWDQVRWP EHE HHQWH \Z R 1P DIHV t

$b CHWDQI XOWRQOMMSHDTRZ HROSURMPMAHI HDWUVOFRUHVSRQGHFHIGH Gb
VSDFH DQG REWIQ D SRIQWFBXG b

7 KHOVHT XHQFHR SRVHIHVNP DMV URP ERQHIP DI HIRDESDVME DI HDTRZ VKHD
FRP SXVEMRCHRI bWHOFXUWHQWSRVHORI BWIHOFDP HUDbZ IOUHVSHRROWHDLQUWD®
SRWHD

| WHVMUHR FDP HID LV XVHG [

D
E
F
G

H

$ HGVSDUMP DSHMFRP SXWIGDQGAMVIXVHGE RIMHFRQMKFWRQRIDD GBRIQN
FRXGb

) HDMUHV DUH H WDRWG [URP ERW. BIVIDQG W KWP DIHV b

) HDMUHV IURP \WH GIWP DI H DUH P DIRKHG Z WY D VXIMIE®! SDAWBIWP DIH b

7 KHoFRUMVSRQGHQFHVIEDUHOXVHGH RMHIFRP SXIMRQIRI DUFDP HIDP DAY, EDQGh
HWP DARQ R \WWH FDP HIDWDQVRWP EHE HHQWH \ER [P DIHV [

7 KHWVHT XHQFHR BSRVHIAWWP DMVE URP RQHAP DI HORIDSDVNP DI HD@RZ VIKHD
FRP SXVMROR! bWHOFXUWHQWSRVHoRI bWHOFDP HDbZ IMDUHVSHRMROWHOIQUWD®
SRVHb

I D7R) &DPHDRU ' /ICDUIV XVHG [b

GO Tmo

T

$ SRIQNFFEXG IV DOHDG. DYDIDE®! GUHAWD IURP WH VHQVRUD

G IHDWUHV DUH H WDFWG IURP WH SRIQAF@XGV b
) HDMUHV [URP \WWH SRIQNV F&XG DUH P DWKHG Z W D VXMIE®! SDWMBRIQNFBXG b
7 KHOFRUHVSRQGHIFHV DUHOXVHGEOVROFRP SXWHDOWDQVIRUP bEHE HHOWHOVE Ro
SRIQAF®XG b
7 KHOVHT XHQFHOR BADQVIRUP bHVUAP. Diivbl URP bRGHISRIQIFEXGMRDLSDRSRIQN
FEXGDMZ VWHHFRP SXVEMRQR! BMHIFXWHOASRVHR BKHVHQURUY. IWHHVSHRW
R WH IQWDCSRVH b

| ZHXVHP RQRFDP HDDQGD7R) &DP HIDRU '/ IGDUWHQ b

D
E
F

G

$ SRIQNFEXG IV DOHDG. DYDIDE®! GUHFWD ILRP WH VHQVRUD

) HDIMUHV IURP DQ P DI H DUH P DWKHG Z W D VXMIE®! SDWIP DIH b

7 KHoFRUMVSRQGHQFHVIEDUHOXVHGH RBMHIFRP SXIMRQIRI DUFDP HIDP DAY, EDQGD
HWP DARQ R \WWH FDP HIDWDQVRWP EHE HHQWH \ER [P DI HV )

7 KHWVHT XHQFHR ESRVHIAVWP DMVE URP RQHAP DI HORIDSDVNP DI HD@RZ VIkHD
FRP SXVMRCOR! bWHOFXUWHQWSRVHOR! bWHOFDP H.DbZ I UHVSHRMROWHOIQUWD®
SRVHb
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7 KHISRIQIBFEXGoP XWEEHIVFDBIG bSRWQMDEbI LEMUHGH RURXVEHLY bDQEOWHIHVROMRQD
HBEQAKHG b

7KHSRIQBFEXGOVOP HU HGhZ WOMHIUHFRQMKPMGD  GOHQYILRGP HOMCHWHSRVIMRCGD
GHIGHGE\ WH HlP DMG VHOVRUSRVH b

) HDMUHV DUH H WDPWG IURP \WWH SRIQAFBXG DQG WH REMPWP RGHD

) HDMUHV DUH P DWKHG DQG DWDQVRWP 1URP P RGHOR VFHQH LIV VWP DMG b

7ROSHURUWP BADFNIQ) bH0 RTRZ LQJ bSURFHWHIVBXVHG bDQGHZ IBEH0GRQHIGOVHSDUDMS ) 3&b
GXH R WH FEDUVHSDUMRQ R SIRFHWHY RQFH D SRIQAFEXG LV SURGXFHG b

7KH RSHIDWRQRI P RGHOEDVHG WDFNQJ SURFHHGV DV IR®Z V b

7 KHOSRIQAFBXGOMFX@IGOLWHUHVEDOWL QUEDQAUHVROMROGLL HIHQFHEHE HHOMHD
UHVROMRQR! P RGHIDQG VFHQH FBXGWb

7 KHVFHQHOMOP DRKHGZ WBMHP RGHBXVIQIb ' lGHVFUS\RUDRGHMP IQHIQWEGRHVD
R \WH P RGHZ WIQWH VFHQH b

7 KHSURFHWHVAHSHDWMGZ, IWIOHZ BHQVRUGDWD b6 XFFHWIYHP DKV LABQGEDMIMHD
P RWRQR! WH P RGHZ WIQ WH VFHQHD

$SFWLYLW\bLDJUDP

Q) LIXUH iz HOVKRZ bDbGIDI UDP bRIDWHOFRP SBM * bUHFRQAKPWRQHDQGMIDFNQI ISURFHW b
2 QOWHOBI WWIGHORI DMHDSIEVMUH b2 HODUHBXMIQ) bDbP RQROFDP HIDBDQGDY ;' $5 BVHQURWIRW ' b
UHFRQVAKPWRQ b2 QhVMHOUD KWMGHDRI bViHH SIEVUH bDCHIQWEIGEHORI bDbP RGHBZ IMICHMHOISRIQ
F@XGOFDQOEHOWDFNHGOE\ bIGHQMA LQIb * bFRUHVSRQGHIFHV b $JDIQbWHD * bUHFRQMKFUWRD

SURFHWh XSEXQAMBVE RYH:3 Q8 bl RUB RVHVXORGOBI VHVOGRGHIICHDVHSDUDMS ) 3&HURP BHD ' b
WDFNQJ SURFHW IRTBZ 1QJ 6 FHQH 3 RIQA& BXGX RQ W KWh
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Extract Features LIDAR Sensor
and Descriptors ¢

| Haris | [oRB| [SuRF|
Scene Point Gloud

v

LIDAR/Reconstruction =
Camera Eoatira Maksin f ) Maodel Point Cloud
Calibration & g i
Distortion [FLANN] [ BEM ] \ /
'l' Find Point Normals
Find Fundamental '1'
Matrix
¢ "\ i Extract Descriptors
Triangulate Compare with vL
Features Different Pose Match Descriptors

[ sHot | [ 1cP |

¥

Correspondence
[ Hougn | [ 1P |

Solve PnP for Poses
arget ID and Pose

Estimate

Ransaq [terative |

YJUXH  $PMW' IDIWP R ' 5HFRQMKFWRQ DQG 7WFNQIb

$OJRULWKB '"HWDLOV

" XHORONHFRP SO MDQEIMHIQXP EHURIHDO RUMP IXVHCHCMHD ' 1 HFROWKFWRADQGh ' b
WDFNQIbB' ) 3&V bDbP RUHGHRIGICHCHVFUSWRCHRI bKRZ b\WHDO RUMP Moz RUNSMVOSURYIGHGODVD
IRBZVb

) HDW(UH O DWKIQIb

© HoXvHh 2 5%b 2 UHQMS) $67b DQGH5 REMMGH %6 ,( ) b SRIQNGHVFUS\RILIRY ' bIHDMUWD
P DWKIQJ b ) IWANDEP HMRGERINH SRIQAGHMPIRQP XMAEHXVHGORREVQINH SRIQMIURP [Dh
VHTXHQFHORIbIP DIHV b7KHb) $67bNH SRIQNGHMARU ) HOWUHVDIURP b$ FFHBIIDWMGH6 HI P HQW
7 HWBLVD! BT XHQ@XVHGH] RUNH. SRIQNGHWPMRCOGXHOROMWBHYSHHG bDQGHVXVHGH RUT XIENDb
HIP LD XQUXMIEBP DKV 5 % 16 VB (2 MIDQHP DIHSDWKISIRIBALH0 [ BHDFKb
SI[ HEMFRP SDUHGZ IMIDH/AHVHQKDP HRLUFOEFHORHGRQONDWSRIQNEXISY  HGHI UHHVDWOP Ho
E\b b7KHoUDGXVHRI bWHoVXWRXQGQ) bFILFBbRIbSRIQMIVIGRP IQD®b  bEXWIMD bl RUWHR 5 %
GHVFUS\RUEZ KIEKEH SDQGVBMHSDWKIM] HDQGQXP EHURI ISRIQMIQHMHGHVFUS\RUG EDMBDY

ERIBKHCSI] HORQOMHIFLUFBEDUHFRQW XRXMDQGEP RUABKMD/RP HWNUAVKRGYDOXHDERYHRU
EHBZ BXHGS, HBYDOH KD HDMUHAMFRQUGHHEHREEHSUHVHONY KHE 5 %4D0 RUMP HOARGXFHD
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DO RUHQEMRGOP HDVXUHOWRD) $6 7bE\ bFRP SXWLJ b FRUGHBRUIHQEMRCHE\ bIOMMMWOFHOARG b
GHIQHG Dvb

b

7 KHaSDWKBRUHQEMRQOFDQWHQLEHA RXQGOE\ b b6 IQFHIWHD) $6 7 iGHMPVRUGRAVIQRWSURGXFH)
P X@/\VFDBbI HDMUHV bDb+ DUV IGMIHGOVFDBLS\ WP IGHVIXVHGOROFRP SDUHOVHYHIDOVFDBMORIb
IHDMUAV b

25%. H SRIQN HVFUSWRQD

7 KiHol HDWUHOGHVFUS\VRU SURYIGHGOE\ b6 ,( ) bIVeDOE MR bUAVXEAR EICDY HOMOMBMAMD b

HDFKIERI 2 KIEKHMOGH LQHGH URP BMHAQIMOWWES D 1R DSSRIQADADAHDWHIMRMHIQMOWS E W
D SRQADVE b

b

%5 ,( ) BGHVFUS\RWAFDQEHH HUHGHRDMEE ,( ) N2 KHIHNAVBMHIOXP EHURIKE\ WAMICHHGHGARD
ARUHOWIHOGHVFUSVRUB 7 KHOGHVFUSVRUVOYHLY BVHOUMYHAWRLGQRIVH BVRGF DXVWIDQOVP RRWMLQI bVl
DSSTHEOWROWHDLP DI HoSDWKHWDWWHOGHVFUSVRUIDDFWORQ b7 KHoP RUHVP RRIMQ) DMHOP RUHD
P DWKHVOFDQOEHDREIIQHG b6 OR BWIHIEDVIER () bGHVFUSVRUS DOYOQHDFFXUDA\ BT XIENDLY Wb
UREMRQVORIbP RUHWDCODSSUR] [P DMOb  bGHI UHHV b7 RoP DNHO%5 () bIQYDUDQWROLQ SOQHD
URVEMIRQ bMVOMMHUHGODF FRUBQ) DRDMHRUHQEMRQUFRP SXWGH RUMHY $6 70\NH SRIQNV b7 KHb
| HDWUHOVHWRIBSRIQAD ) E, biGh [ QoP DAL bl RUP bVBURVIMMGOE\ bP XGABAFDWRGHE) HIURVMRCD
P DW 5, FRUMVSRQEQ) R WH SDWK RUHQEMRQ U VR REWIQ WH UREAMG VHY

b

TKHWMHUIHG %5 ,( ) RSHIDRUXVHG 1Q2 5 % WHQEHFRP HV b
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B

$ BRNXSHREGIR DAMHIHE/EG , () ISDAWAVMMIF-ROAMKXFMG URP BRIVARD/SHHGXSIHFRP SXVIMRCh
R WMHUHG GRVFUSWRY 1Q VXEVHT XHOASRIQN b

0 DWKIQJ 3 RFH\Wh

7 KHI IANAMSHVOREP DWKBMHINH SRIQMZ IWHGHVFUS\VRYAR) HOHIDIMGEE\ 16 ,( ) (EHE HHQOE Rb
1P DI HVOENHD! URP BV KVDHGLLI HUHQASRVIMRQY EDMP SW0J BRI IQGDHFRUAVSRQGEIQI INH SRIQN
DUQHMHHFRQGIP DI HIMDWP DWKHVHHDFKESRIQADICHMHILWANP DI H 94X\WM |RUFHP DWKIQIERIb
D@ FRP EICDMRQVD Rib SRIQAM Vb WHo VIP SBMIVP HWRGH Z KIEKD J HOHID@®b IQYROHVL DQb: 2 5b
RSH.DWRQb EHVE HHQb HDFKb GHVEUSVRU DQGH Db SRSXOMRGL FRXQW R REVICH Wb+ DP P IQJb
GMBGQFH b7 KMMDQ2 1 bDORUMP  bDQGVENHVEUHDMYHOEQ) BRFRP SOM b+ RZ HYHUG KiHo
)/ $11b) DWY LEWDY HRUS SSUR] [P DWW HDUHVL H.J KERUBHDUFKEDO RUMP HEXIGHQR? SHQ8.9b
IV XVHG LQ FXUHQAZ RIN b

7KH ) XQGDP HQBCD DWI b

7RREWIQGHSWHQTD ' BVFHQH IDCHQUWEEDVHIHI R ' ESURMPARQUVE IWANHT XIUHG L2 KIEKD
| RWWHOFDVHORIbP RQREXOUWLE DI HVUHT XWUHVHWWHOF DEXOMRQLRI HD) XQGDP HQUEB®0 DA b) b
Z KIEKBVODOWHDI HQHID® [ BADQVIRUP DWRQHP DL BWDWWP DSVbHDFKLSRIQMGEDH LWAKE DI HIRD
DQRWHUVHFRQGHLP DI H b, W) HOHDEESUH HIDEGBRIXVHMMUHRVFRSIEBYIVIRQH RUSRIQAF@XGh
UHFRQUAKPWRCOEHFDXVHOWIHOE DVHIQHF DQEHREIQHGY, IWHAL RAFDP HIDUDINGRZ QuGMBQRHD
DSDWY DWHDFKb GFDWRQ b $ Vb Db UHVX@ WHo I XQGEDP HQE® P D, b Vb FROABQWDQGH FDQb EHd
FDBXOWGIHDWHOHDVO 1) RUP RQRFXOUYMRQ BMHIXQEDP HQBEP DA P XMAEHIHP DIMGD
XVIQJ bKRP RIUDSKIHV b7 KHoVHWRIbVW RRGOP DIFKHVI0 | bIVbXVHEOWROREVEIGHWHOI XQEDP HQED
P DI i RUBH) LYHQOVFHQH 157 KHA XQGDP HQEEP DL EVKHP DI B BMDWP DSVHHYHY ESRIQARQD
WHI LYANP DI HORAWHFRUHVSRQGIQ) HBFDWRCHCMHAHFRQGHP DI H EEDVHERANHDWXP SWRGD
RIb@QHDUDI HRP HAY bEHE HHQO RoYIHZ SRIQW b& RQVHT XHQW® bHDFKbNH SRIQNDLIGOWIHI LAY

IP D) HZ I@P DSHRDE-RUHVSRQGIQ) iNH SRIQMNRMHHSISROUILH WHIRHR HOMYHPWRQDW
QVR WH VHERQG P DI H SOQH Z W \WH FDP HUD EDVHICH 1QWH VHFRQG 1P DIHE\ WH UHDMRGD

b

) RUWUHH GIP HOURQDOVSDFH BAHP D b EKDVIQQHIXQNQRZ QFRH I EEHQMDQG TXDARGD Lvh
@QHDUDQGKRP RIHQHRXV BVRY) HFDQEHXQT XHOBVRIHGI RUE\ BXMQ) HHI KWNH SRIQMZ IWBMHD
P HWRGRIY RQIXHW L1 JIQV b+ RZ HYHUHP DI HIQRIVHDQGEMRMRHQHYIVIE OHFDXVHYDUDWRD
LCOSRIQMWDNP DNHoWWGLI LEXTMROREVIICHDOMQ) GHVFRWHFM) bl RUBDBSRIQN b7 KHUH RUH biRU
SUDPWFDEFDEXOWRQY HOUIHDUHP DIWRQEP HMRGHVXFKIDVIIHDUWBDMATXDUAD RIS $1 6 $ &b
P XWAEHXVHG K5 $1 6 $&05$ 1 GRP b6$ P S®b&RQHQVXV bivoDQH | EIHQADO RUMP 1GHWLI QHGh
| RIBUREX\VAP RGHB! ) BWDWFDQOKDQGEBHOL HiQXP EHWARI BRXV@Y EDQEIMFRP P RQDXVHGD
Z b2 SHQ8.9 bDQGORWHBDORWKP Vb:  HaXVH05 $ 1 6$ &bl RUDMWHVSHHGOROHVWP D) bl RUDT
P DWKHVb DQGOHVP DIMAWHIDWRFIDIMGOHSISROWIHY 12 XV@H b GH IQHGDVEHQI BNH SRIQAD
P RUDNDQOMHORGIDGEHD B URP BMHHVWP DWIGHHSISROUEH EDUHIWHQHUHP RYHGH URP [0 | BRD
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\ IHGHD! ICDCHUHIDEGHVHINRIbNH SRIQINP DWKHVG0 b, IbQRONH, SRIQKP DWKHVDUHP DICHE\ bMIVb
SRIQN WHQ WHUH) DUHL VR [ HZ b IHDMUHVD .G FRP P RQb EFVZ HHQb WH0 \E R 1P DI Hvb DQGh QRb
WIDQI XOWRQ FDQ EH FUDMG b

7KH ( WHQWDOD DWW b

7RSHIRP HHMUIHH GP HORQDOADQ) XOWRQRIBSROMIURP BE R GP HMMRQDGHDWUHSOHD
DQGH Db WDQVIRWP DARQD ) b EHVE HHGD WHP b WY Vb GHFHVDU b \Rb VENHD LQWR0 DFFRXQW DQ b
WDQVI RUP DARQVODQCHSURMPWYHODP ELI XIWHFDXVHGHE\ b\HbFDP HIDVOWHP \VHOHV b5 bFDP H.Db
P DA bVbGHIQHGHDVLE: . 35 WDEHQI bFRP SRVHGORI BWHOFDIEUWMRGOP DAL b. - bWHOUREMRQD
P DI b5 bDQGEOWHMDQUDMRLYHRRUE: - HIDORIQHHEOROEFDMAWIHSRVMRQER BWHVHFRQGD
FDP HIb& bIGh WHD®VSDFHH Z Wb UVSHRW RO WHD [ IAWFDP HIb & b7KHoFDP HIDVbFDCQEHD
LQGELYIGXD®b FDIEUDWGH XVIQ) b DoNQRZ Qb SDMALDVXFKb Dvb Db FKHENHUERDUS bEXW DILDbI RRGO
UHVXEOV KDYH EHHQ DFKIHYHG E\ HVWP DWW WH FDP HUD FDIEUMRQP DAL Dvb

b

) RUUHDOZ RUBLSRIQIMRFDD) DWRQ 72 HFDQOXVHINHVR FDMIGHHWHQADEP DRI, b WDWHDWMVA Rb
P DWKIQ) QRWP DO HG SROQWI [ DQG1[ 1QWH FDP HID SOQHDV b

b
QOWLMZ D\ b( bIGFEGHVHWHOVIAWHQWDGH DWXP SWRQHRI b FDIEUDMGH DQGH Vo UHDWIGH VRO WD

IXQGDP HQECP DA E\ (b

2 UHQMMRQD

$IWUFDBXOW b( bZ HoFDQol LQGOWIHEFDMRGHRI BWHOVHFRQGOFDP HIDbE  bE\ bDWXP LQI bR
VP STFWOWDWWHo | LWANFDP HUDb Vb XQFDIEUDWMGH DQGOh RFDWCODMWMHORWIh & > @b: Ho
GHFRP SRWHb (W5 bLQWRD Wb FRP SRGHQW'S b DQGh WP DAEHVD E\ b XVIQJ b\WHMQI XU YDOH)
GHFRP SRMRQR! ( : HWWBAWZ WY WH RWRIRQDCP DA :©  DQG IWWDQUSRVH  Z KHUHD

b

DQG \WH VIQI XOUYDOH GHFRP SRVMRQR! ( IV GHIQHG Dvb
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|

7KHoP DAL b bGRAVOQRWGEIUHRV®LGHSHQGRQY  IEXWSURVIGHVIDP HDQUGRI K DRVRU DWRQA R b
7 KHUHo DUHo \& Rb SRWMWEGDH | DRVRUL DWRQWRIbS bQDP HOb5 8: "9'bDQGh5 8: 97 bDQGL\E Rb
SRWEGLFKRIFHVLIRWWQDP HObWS8 "bDQGOW 8 7 b7 KXWbZ KHQOGHMUP 1QQI bH
VHRQGFDPHDPDW & . 55 @7 HKDYH IRXUFKRIFHV 1Q \VRECH

7UDQI XOMRQb

* LYHQD WHo HWHQUWDBP DWI b( bDQG Do SDIRIbP DWKHGONH SRIQN bIWVbGRZ bSRMEGH\Rb
WIDQ) XOWOMHHRUW IQDBSRIQASRMRDICHMUHHIGP. HOURQUXVIQI BBDWNT XDUHVEHP DARQ b
7 KHDO RUMP EGHVFUEHGKE) b+ DY@ HDQES \MUP 1 RUMMUDWYHIIHDUBDWT XDUHVBAIDQ) XDWRGD
RIEDVHAR! BSRIQMIVOXVHEDVAWMDI 1 LQH IQYDUDQADQESHURWP VT XWMEZ HBZ IWRX\WH FHWLYHD
FRP SXVEMRCOMNP H b bSRIQBCOMUHHGP HOVRQW 2 KHQZ UMMCHCOMHP DAY, BHT XDWRQIRWP b
$[  BHVXOVHQH RXABEHDWORQKRP RIHQHRXVEHT XDWRQUCH RXUXQNQRZ QU RUDQIDSSURSUDM)
FKRIFHIR! b 57 RVROHINLY BAQI XOUYDOHIGHFRP SRVMRQIFDQD) DIGEHXVHG IRUMWHP HMRGRIb
SVHXGR IQYHWHV b5 QDEIMIDMP HMRGIVBRIMP SO UMBNHOA MP IDVISS [ % 17 (WSS LDQE9/D
GHIGHG Db

b

6 RGWRD Rib WHo UHVXAMI b W WP b Rib HTXDWROQWD  1Ch WiV FDVH b XMQI b MQI XD YDAHD
GHFRP SRUMRQ b\ IHOWY  bZ KIFKFDQOEHMDOV RUP HEIQRXQEMRIMGHMHDBFRRUGICOWME b
[ . & [ b7 KMiDWXP HVOWDWMHOSRIQMNVCHWHUBOW bQRUDWIQ LW bVROYHY bGMEQWSRIQM
P D\ bKDYHWRbEHOUHP RYHGHEH RUHOWIMOSURFHW b%dHFDXVHVRGMROQVODUHISRWIE G RUDHWHUD

GIUHFWRCOR! BWHOWDQUDMRC YHRVRUIWEHE HHQOWIHOFDP HUDV bRUY RUDBURBMRQORIE bUDGIDQVD
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DERXWWHD YHRVRUD Vi VROV WIDQI XDMRGH P XVYEH) SHURUP HGbI RXUWP HV bRQFH0I RWHDFKD
SRWIEGFRP ELQDWRCORI b5 bDQEMBDQGOHDFKIBUHVXEM) bSRIQMVHMFKHENHGOROYHUL BM@HVLCH
| URQWRIBWIHIFDP HID b HoXVHIDHVIP. SGESHWSHAWHAMDOVIRUP DARGOXMIQI b8, bDQGDWAANRD
HQUXUH], ! 157 UDQ) XOMRQSURGXFHVDISRIQAFEXGHQUBRFDBFDP HID HFRRUBICDMVE WESRIQAD
Sb

3RVH ( WP DWRQD

7 KiHo OVWY\ASD Vb \RD | LQGOWHOREMPWSRVHOI URP bWHD ' ' b SRIQIFRUMVSRQGHQFHVLDQGh
FRQVHT XHQ@BAMHAHI RP RARQER BMHIFDP HIDIHDWHIROMHI HDMUHSBRIQN FRP P RQDINGRZ Qb
DVOWHEE HYSHAWHD 53 RQW3 QB bSUREBP b %aXQGBIDGMR HQWFDQDOYREHISHIRWP HGWD
RSWP [} HOMHSRIQIWFEXGD \WUBHAIDQI XOMRQ HEXWEZ RUIWEHNRQIDHDLI HIQXP EHURIESRIQMDQGH
[P DI HVH RUZ KIBHZ HDUHd RFXVHERQUHDWYHOH DAMAMDQ) XOMRYRYHUDHHZ BUDP HV ) RUAMLY b
Z HDSSOBMHL SHE.9HP SEP HUEMRIRI BKHY 3 B HDORWKP b) RXUFRQARBSRIQMGHRMGD
Dvio DUHIXVHGHRAGHQM BMHZ RUEBIFRRUGLCOWIA WP HRIBKHG) LYHQH HHQFHSRIQFBXGZ Wb
QBRQMS Q S, FKRVH/RINDNRQHIMRFDWGDWAHFHOARGER BNHSRIQNFGXGDQEMHIHAN
DUHRUHQMGHRA RUP DEDVIVZ. IWIKHSUQFISDEGUHPWRQUARI BMHGDVD . DFKEH HIHQFHSRIQMD
GHVFUEHGHIGHZ RUBHFRRUBICDWMODVIODOGRUP DX HG bz H.I KWGHVXP bRIBWHFRQARBSRIQMY Wb
Z HI KWQJ Vo3, , b VOWIVHFRRUBICDWI VMP bVFRQUMMQADFURWHIRHDUADQVIRUP  BH EKDYH)
WHIVDP HiZ HJ K\MGOVXP bICOMHIFDP HIDIFRRUBCDMOM VMP - bH I HRWYHOLFUHDWL bDOVHSDUDWD
EDVVb

b

7KHINQRZ OV R GIP HURQDBSIRWIFWRQVD RIWHOUH HIHQFHISRIQAM FDQOEH@NHGWROWHVHD
Z HI KW VbZ MOWHOFDP HIDbFDIEUDARGHP DA, b, bFRQUGHUIQ) BWDWMHHSURMPNRIIQYROHD
VFDDUSURMPWYH SDUDP HMY Dvb

b

7KHH SDOURQR BMMHT XDIRQKDVD  IXQNQRZ QFRQARESRIQMDQGIS URMPAYHSDUDP HMY b
7Z ROHDUHT XDWRQUFDQHE HREIAQHGH RUHDFKIAUH HIHGFHSSRIQADQGEFRQFEDMCDMGIR] HHD
VRIRWP DA VWP LRIBMHARWP 0 [ 2 KHUHOWHIQX@VSDFHRUNHUQHER BAHP DA bJ LYHVMHD
VROMRQ[ VR WHWA VMP RI HTXDMRQY Z KIEK FDQ EH H SUAWHG Dvb
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b

Z KHUHONHVHW MFRP SRVHGR! BKHIOX@HLI HQYHPVRWAR BNHSURGXFWFRUMVSRQGIQ) BRP KX
VIQI XOWYDOHRIED 157 KHP HIMRGR B/ROLQ) B RIMMHFRH | LEIHQMI BGHSHQGVIRQUMHAM] HRIP b
* LYHQUSHUHPWGDVEH URP DWBDMAN BH HHQFHISRIQN BP BVKRXGHEHD  EEXWNQSUDFWRH P BFDQb
YDUWbBIWRP b bR hGHSHQGIQI bRQOWIHIFDP HIDLSDUDP HMLY bUH HIHQFHOSRIQMEBFDWRQULZ Wb
UHVSHRMROWIHOEDVY bDQGHQRIVH b+ HOFH b RXUGLLHUHQWP. HMRGVEDUHoXVHGEOICOWHOMUIDWMUH)
% WRUS HHHQFHYRXUFHIQRWRXQG @RUSUDPWFDB/ROMRQ EEXWMHP HMRGUDUHFRP SO (DQGh
QRW/XP P DUl HG KHH b

2 EMFWB RVH ( VMP DARQD

$bVHWRIbBWUHH GIP HOVRCDGNH SRIQMIDUHOFKRVHC0 URP bERWIMWHOVFHQHODQGOWHIP RGHBE) b
SIENQI HQEYIGXDBSRIQMI URP BMHFGXGVHSDUDMGHE D) LYHQ/DP ST HDGIXV . RUP DODUH
FDBXOWMGhH | R WHVH NH. SRIQM) UHDWYHO R GHDUE\ b SRIQMo VROWDIWHDFKbNH SRIQIVKDVEDD
UHSHDWWE Bb RUHQEMRQ b 7 KHoNH. SRIQMDUHOWHLDWRFIDMGHZ WIOWUHH GIP HOURQD®6 + 2 7b
6 L] QDMUHOR b+ DRI UDP VERIER UHQY DWRQY BGHVEUSVRY 16 + 2 7 hiGHVFUS\RUADUHFDEXOWGE) b
JURXSIQI BRI HMHUDH/HARI ERFDEKMR] WDP IRYHIBMHYROP HDERXMHANH SRIONZ KHIHIMVD
YROP HAVHGYIGHGHQRE\ HDQI GHORD  BVSDWDEELQY 13 RIQAFRXQMI URP BMHIERFDEKIMARI LDP Vb
DUHb ELQQHGH Dvib Do FRVIGHD I XQPUWRQL RIbWH DQI B - EHE HHQb WiHh SRIQWGQRUP DBZ IWILCh\MHD
FRUHVSRQGIQJ bSDWR bWHIMAKPWUHDQGEWHO HDMWUHOSRIQRQRUP D7 KIVKDVWHOEHQH LEID®
H I HAWER BFUHDWR] ED) HQHUDBUREMRQDEQYDUDQFHMQFHDQ) GMDUHLHDMYHYRABFDECRUP DY b
DFFXP XOMEQJ HSRIQMIQRIGL HHQREIQUDVDHLHVXERRI BVP DAGLL HHQFHVHCH HDAWHGUHFWRQY b
DQGHFUHDWR) bDoFRDYHOSDURQIQ) BMDWFDQOEHIFDEXOWMGH DWKZ IWHVP DBFDUECDMN b7 Kivh
P HWRG J HHDQ HV \R WH GHVFUS\RU

b

Z KIFK FDQ DOR EH XVHG IRUFRBUW \WUH GHVFUSWRQV b

&RP SDUQI BMHWFHGHINH SRIQMGHVFUS\VRWAZ IBMHP RGHENH SRIQAGHVFUS\RWAMRG QG RRGD
FRUHVSRQGHQFHP DWKHVHMIGRGHIXMQI DY) / $1 1 BVHDUFKERQEDIN GIP HOURQDOWH-bN GHH b
MKPMUH bVIP LOWDbVROWHoP DVRKLQI bRIbLP DI HoNH SRIQW b$ GGMRQD® b\H0R WGHBS Z DU
5 HSHDWE®D' ILHPWRQVODO RUMKP bl RUEFDBUH HUHQFHol LDP HOHVWP DMRQH 92 $5" - bIVXVHGWRD
FDEXOWLBRFDEUH HHQFHI WP Hvid RBHDFKBMUHH GIP HOVRQD®ES + 2 7HGHVFUSVRUMRP DNHIMHP b

IQGHSHQGHAR! J REDCFRREICDMY | RUIREMRQ DQG WDQUDMRQ LQYDUDQFH b
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2 QFHODOVHWBR! bGQHDUHVFRUIHVS RQGHIFHVIODQGEIERFDEUH HUHGFHI UDP HVEME RXQG BEGOMMUQI ERID
FRUHVSRQGHIFHWW Vb SHURWP HEHE\ bSUH FRP SXWGh+ RXJ Kb YRWDI b\RbP DNHOUHFRI QURCHRIb
VKDSHY P RUH LREXVWR SDIMDCREFGMERQ DQG FOWMUD

( YIGHQFHOR! bDhS DWMFXOUBSRVHIDQGAQWEIGFHOR WIHIP RGHBLCOWIHOVFHQHOMAQWDD HGEH RUHD
YRWQJ HE\ FREVIAQIQ) BMHYHPRUEHE HHQIDXQT XHH HHQFHSRIQRRS HDQEHDFKIP RGHBHDWUH
SRIQW ¢ HDQEIADQV RWP QI HWQREBFDEFRRUEICDWMVE BMHIADQURIP DWRQP DA 15°,, #° ;b
1°, b/°, @IURP bWH@FDB[ \ ] bUHHHIFHOIWDP HOXQUYYHRRWA/ © , b/° , bDQGH/°; b7Klvb
SUHFRP SXVBMRQD FDQb EHy GRQH RI @HD | RU WHb P RGHD IGQb DGYDQFHo DQGh M SHURWP HEOE\ b
FDBXOWQY |RUHDFK [HDMUH D YHRVRUD

b

) RBRQEHISRVHIHVWP DARQ b+ RXJ KBYRWR) AVSHURWP HAHE\ BHDFKIVFHQH HDUMUH) © BADWKDVD
EHHHRXQEE\ by / $1 1 bP DWKIQI BRIFRUAVSRQGY WMEDHP RGHBIHDMUHY) © - FFDIGI HDORWHRU
WHOSRVIMRQORI WHOUH HIHQFHOSRIQE. bIGOWHOVFHGH b7 KHOADQU RUP DWRQDE 6, BMDIMP DNHVD
WHVHb SRIQM @H XS FDQOWHD EHoWDQVIRUP HGHLQR0.) REDBFRRUBICDMLZ MO WHOVFHQHD
UH HUHQFH 1UDP H XQUWWYHRVRY VFHGQH UHHUHQEH SRIQW ¢, DQG VIFHGH | HDWUH YHRVRUS® , Dvb

b

7 KHOYRWVOFDWAE 19", bDUHAMUAVKRGHGORA LQGOMHP RAMMNHOMQAMIGEHRIBMHP RGHEIQHMHD
VFHQH bDOMRXJ KbP X@EGbSHONVLICHWHo+ RXJ KBVSDFHADUH0 DLDLFRP P RQhDQGHFDQHQGEDM)
P XOBSOLSRMELMAVE RUEP RGHEQABGFHV B XHAROMHIWBMYAFDOCDMUHR b RXJ KIYRWQ) H\kvh
SRWEGBRIHFRI Q] HSDWD® RFFOGHARUQRM HP RGHAQAMIQFHY BMRXJ KEDFFXUDR\ P D\ EEH)
GZ HU

$OJRULWKP 3HWIRUPDQFH

, COWHOFDVHODOMIQI BbP RQROFDP HIDbIVOXVHG bWH0SHURUP DQFHOR! BMIVODO RUMP bKDVREHHD
WAMMGHRQEDOMVE XOWMRQOR BADFNQI bDh& XEHE Db ) RXUGLLI HIHQWWAMMZ HUHSHURWP HGAQHMHD
OERWDWRY b RQ P DI Ho VHTXHQFHVD SURGXFHGD ILRP b URERWFD P RYHP HQWRIb Db FDP HIIb ICh
HT XIGMBQRDUPVDERXWDD 8 b XEHE DWHQI IQHHUIQ) P RGHM 7KHS5 + 2 7HGHVEUSVRULDGXVDQGH
FOMMU V] Ho SDUDP HMWb Z HuH YDUHGH W WY WHD UHDMRQVKIS b RI b WHVHD YDUDE BV VRO WiHD
UHVXGM P DIRKHV b 6 [P IOWSHURWP DQFHAVEH SHAWMGH URP BHOAMUHRIFDP HIDAHFRQMKPIRD
DVIDOVP IOUVHARIB ) 1 VAVIXVHG b7 KHAHFRQMKFWRQSBURFHWHVE DAMBMQIG ' $5DQEYR) b
FDP HUDOKDUEZ DUHIDVOMIGRAVIOGRWUHT XIUHAQWD® HDMUHIGHMPWRQ bP DWKIQ) bVHBIPWRQ HDQGh
WIDQI XDWRQ WMSV b

7THWY 1XPEHbD | 1XPEHURDb 1XP EHURIQ 1XPEHURDb| ' HVFUSWRW | &CMMU
IXPE R ,PDIRV] VFHCHIHDWUHVD NH SRIOMy | PDWKHVW | 5DAXV P bl 60H P b
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b b b b b b b
b b b b b b b
b b b b b b b
b b b b b b b

7DEGI  3DWP HMYIRU ' 5HFRQAKPWRQ DQG 7WDFNQ) 7HVAAD

7KH SURFHW RI UFFRQUKFWRQ DQG WDFNQJ Z DV SWRILBIG IXQQQ) RQWH$50 FRUHRI D; 1@ b
=\ QT = 6R& P IFLRFROARGU 0 +] $50 &RW $ 7DE® \KRZVWHWP IQIb
UHVXOV |RUHDFK SDIWRI WH ' UHFRQMKPWRQ SURFHW DQG 7DEGI  VKRZ V \WH WP 1Q) UHVX@D
IQVHFRQGY IRUNH ' P RGHOEDVHG IGHQWIFDWRQ DQG WDFNIQ) SURFHW —\WFDQ EH VHHQD
ILRP WY WDVWAH P DIRUW RI WP H 1V VSHOARQ NH SRIQASURGXFWRQDQG ) / $1 1 VHDUFK GXUQIb
WHWDFNQ) SURFHW b

YHDWBX | )HDWBX | YHDWIX | )XQGDPH (VVHQ 7ULDC 3QB (JR 0 727$k

7THY
'"HWHFN ODWFK 6HOHM ODWHW L[] ODWHRL ODWL 5%$16%& RWbF W
b b b b b b b b k b
b b b b b b b b k b

7DEGI  7IP 1IQJ 5HVXWV IRU&XEHG DW ' UHFROMKFWRQIWRP [P DJH VHT XHQFHVD

shy ORGHC 6FHQH ORGHO 6FHQH ORGHO 6FHQH )/$1lb . ..\ 727S
1RUPD 1RUPD 6DPSO 6DPSCH .H\SRLE .H\SRLH 6H D WF b
b b b b b b b b b b
b b b b b b b b b b
b b b b b b b b b b
b b b b b b b b b b
7DEG 7P IQ) 5 HVXOWV IRUEXEHG DW ' P RGHOEDVHG WDFNQI b

| Model |
(reference) |

YUXH 8 &XEHs DAWP RGHO®BIWDQG UHFRQMKAMG VFHQH W KV

7TKHDFFXWDA R HIR P RWRQ HAMWP DARQ HITHAYHO WH WDFNQJ Rl WH UHDWYH SRMMWRQRIb

WH VB HWGXUQ) WH WDFNIQ) SURFHW Z DV DGGIMRCD® SURIIBIG XMQJ DORWHUIMAMKVQI Db
8 &XEH6 DWHQIIQHHUIQ) P RGHOVKRZ QIQ) LIXUWH ) LIXWH  WKRZVSEW R \WH SRV

0 $ BRMb I Lb& l&OWNL b DQB/ VXDES RVHY WP DWRQS \ VIMP HRUS XVRQRP RXVES HQGH YRXMRIb
6 SDFHFDIWWD( 6$SbSVADD b \WWo6\ P SRVIXP HRQS GYDQFHE6 SDFHS? HEKQRE IEVAQH RERWAVKDQGH
$XWRP DIRQ (6$ (67(& 1RREZ N WH 1 HKHDQGV 0D b
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HVWP DWRQ DFFXWDR\ [QWDQUDMRQDQG) UXWH  IQURIMRQ  7KHVRECE 0 6 HURUIGH
WDQUDMRQZDV PP IQ; PP IQ< DQG PP IQ= 7KHWRE®0 6 HIRUIQ UREMRQZ Dvb
DG DERXW WGDERWE DQG DG DERXWE b

) LIXWH 8 &XEH5 DWP RGHO®IWDQG P DWK Z IW VFHCQH WD KW

Estimated Translation

1'4':' 1 1 1 1 1
120
- .
E g0 I I .
E; Translation in %
_E 60 - Translation in A
E Translation in 2
s | Reference for X
=40 Feference for Y 7
T e Reference for £
20 F
|:| -
_2|:| | | | 1 1
] 2 4 G a 10 12

Foze Mumber

) LIXUH 7WFNQI DFFXWDA R 8 &XEHS6 DWP RGHAQ WDOVDMRD
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Estimated Faotation
I:IE T T T T T

o
I
T

1

=

m
T

Rotation (radians)

Fotation about X

Reotation about
Fotation about £
"""" Feference for X
"""" Reference for
"""" Feference for £

_DE -

Pose Mumber

) LIXWHH 7TWAFNQI DFFXWDA R 8 &XEH6 DWP RGHAQ LRIMR(D

7KV WDFNQJ DFFXUDR\ IV FROUGHHG R EH DFFXUIDM Z MIQWHFRVHWDQIH P VFHDUR b
$FFXWDR IV H SHAWG \R VFDBI DSSUR] IP DIMO @HDWD Z W GMBFH DQG FDQ EH H SUAWHGD
DV D SHFHQBIH R WH GMEQFH R\ HWS ) RUWH FEVH WDQJ H VFHQDUR SUVHOMG KHUH b
SRWMRQDIDFFXDR IVZIWIQ  RI5 ) RUWHP IG IDQIH VFHQDUR P SRMRQDD
DFFXDR VH SHAMGWRUPDQ RI5 b

6 RP H IQWIHP DMV Rl SRVH HWP DARQ DFFXWDR. XQGHUSDWDCRFFOMRQR! D 8 &XEH5 DWY
VI HAZ HUH DOR SHURWP HG 6 KDGRZ LQ) WH VB HAE\ UHVXQMG IQDQDGAMRD: b
HURUQWDQUDMRQDQG a2 HURUIQ URIMRQ VKDGRZ 1Q) WH VLI HVE\ UHVXEMG LQ Db

DGGMRCDG:  HURUIQWDQUDMRQDQG  HURUIQ URIMRQ DQG Z W KDGRZ IQ) QRb
FRUMVSRQGHQFH Z W WH P RGH DV IRXQG b

) URP WH WM BHVXOV J LYHQ LIQWPCSDUDP HWMLY IRUWH" ) 3& DUHVXIIHWMG DV IR@Z V b

T HVFUSWRUS DGXV DQG & GMWMUG [} H VKRX@ EH D IWDFWRQ R WHMV]IHRI Wb
REMFWR EH GHWRWCGD

" HVFUSWRUS DAXV DG & GWMUG 1} H VKRX@ EH WH VOP H RUGHURI P DI QWGHD

" HWFUSWRUWDGXV P D EH WCHG W IP SURYH WH VSHHG Rl WH GHAVFUSVWRUVHBIFWR(D

" &GVWMUMIHP D EH WQHG W IGFUBHDVH WH VSHHG Rl WH P DWKIQ) SURFHWD
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" 7KHP RGHBRQAGHW VKRXG EH QR P RUH WDQ RQH REHUR! P DI QWGH GLLIHHOW
IURP \WH VFHQH SRIQAGHOMW VXEVDP ST IV SRME®GIb

8VH &DVH "UHFRQVWUXFWLRQ DQG PDSBLQJ ZLWK +I

+ DSWFb6 FDQQLQI bEDVHOL FRQUMAMD RIbVEN.QJI b EHQH IMYRI bIQ RUP DARGHGHDTJ bZ MOFRQEFAD
HWIEQKHGOEHE HHQIDARERWFP DQSXOVRUDQGEDOMLI HA QONHRIEEMIOVFHODURVIRIB Q) XVH b
KDSWFOVFDQQIQ) bV GHQMHGOHDVHDQOHRS SRIWQMIFHVADMI \ BMRFRGBFMQ RUP DARQODERX\MH)
HOYILRGP HOANAMIVHGQRVM RUAVHHOOWREFDUY HRXWGHGIEDWGKDSWEBVFDQQIQ) EDPWRQVRBVHUMRI b
DPRQVD HJ' bl RERZ Q) bDOFHWQhS DAMIOR! BVFDQQQ) EDRQ) OOAKFMUH EXWWIDWHUBRP DNHb
XVHORIbIQRWP DARGH DYDIDEGLZ KIBbP DQASXOMWRGDPWRQVODUHEHQ) bFDUHGHRXWH RUDRWHU
SXISRVHV ¥ KHDWXP SWRAVINDWE. KHQIDHFRQEPWEN-MBSOFHEHE HHWWHP DQSXOWRUDQGH
DOVEL WDl RUFHOVHP HDVXUHGH DQGHMODYDIOEGLDVDLSIHFHORIBIQ RUP DMRQ D, HoSURSRVHIRD
FROIPWDQGHOMI UDWHVXFKOFRQEFPNQ RUP DARGHIQRODP RGHIWDWZ IGFRQMICHVSDYH bEX\W
DFFXUDWh LQIRUP DIRGh RGO VLI HW SRIQAM SRVMRQQT b WIURX Kb QI RUP DARGH RQb HQFRGHWA b
NQHP DWFbFKDIQORIBWHIP DQSXOWRUDQEDWRFIDMG | RUFHIQ RUP DARQ b6 XFKEDP RGHINDW
Z LE®WDQUDMWHIQHDQHDXI P HQMGHP HVKb FROVUGHUIQ) bl RIFHIIQ RUP DARQ bP D\ bSRIMQWD®OEH)
IXVHG Z W RIMHU ' P RGHY Rl WH HOYLLRGP HOWD

YHMGHVEDQIRSSRWNMQMNFEXVDY H BWFRXGIEHHQYIVI) HEWROAD J HUGHGEDMGHIKDSWA/FDQQQI b
DPWRQVD LH bSXUIBRVHOHWREQ/KLQI HDFRQEFWARIGVDP ELI XDIMIGHS\WWAQ RUP DWRQUQFHWICH
GFDWRQNZ KHUIHORWHIBVHOVRWHP Dy bKDYHOEHHOIP SDILHG bl RUYDURXVOUBDVRQVW HJ bYIVXD®
FDP HIDVbP D\ bEHGD] ] BIGHE\ bVXCQORUBUH BFWROVKIQ bVXUDFH b/ LGDWhP D\ bEHOP IMBIGOE\ b
WDQVSDUHQBRUMDQVFHQMP DMIDY bW b7 KIVOFDSDELMMGP D\ b.QRWEHODOI XQGEDP HQBIERQH b
EXWP D\ bRFFDVRQD@b EHy UHBIYDQW DWITP WG FRWHG P LOW® bIGhFDVHHRIbDbl DIUHZ WMbDh
SUP DY BVHQVRU/ LGDUKYR) BFDP HD BAMUHRQ  ESUR DPWYHKDSWERFDQQQ) P D\ KHSHHQUXUQI b
WDWDOEDVIED VSDWH bP RGHBRIBWHOHQYILRQP HQWP Dy iQHYHWWHBMAEHEXI®Y 7 KIFKIP D\ HEHo
XVHXOR VINH GHFIMRQ DQG SOQ SDMV IQDGHIWDGHGP RGH ILRP 2% (5* 2 Ib

1 RIMDWDWZ HoGROCRMQMQGOLGD, Q) XVHOWRLGHYHERSHDQGOSURYIGH XIGDQFH FRQAROMHUYRIQIb
FDSDEIMAMI RUDbP DASXOWRUVHMNS b\HKDSWE VFDQQQI bDSSURDFKbIVOFRUGHHGHDoGDVED
IXVIRQZFDSDELDN HURP BHIQ) XVHS ) 3&ISRIQIRIVEZ 12 QOIRSSRWMQMAFKDSWAN/FDQQQ) ivh
WHUH RUH HQFRP SDWHG QRWSUR DPWYH KDSWF VFDQQQ b

7KH FRUH CDW I XMRQ 1P SGP HQMRQ WXV UHT XILHV WH IR@RZ 1Q) KLI K GIYHOXQRPWRQV b

0 HVK CDVB VMKPMUH DIRFDRY
DA@Z [QJ \R SRSXOWM | RUHDFK SRVMRQ DQ DARFIDMG QRUP Db
D@®Z IQ) R TXHY IRUHDFK G SRIQAMW DWRFIDWMG QRUP DAL DYDIDE®! b
C O DABGFH TXHY IXQPUARQWD
7UDQ) XOWMRQ EDVHG RQ P HDVXUHG SRIQM)

$GAMRCDD DG KRFb IXQRWRQV DUHb DORb UHTXIWHGD R LOMIUDWh Db IX@® YDEEDWRG DQGH
GHP ROMDIRQ FKDIQ

7RRY | RIMILI HABRIQNFEXG P RGHIHFRQMKFWRQ DQG YIVXDD/DMRQ b
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(QGGHIHARUIRFH  SRVMRQV J HOHIDWRQWD

SHTXLUHPHQWYV

7KHM VWP HHTXIUHP HOWS ' @SHUYHVOWHAUHT XIWHP HOMR! BMHAH HUHQFHIP SBP HOBMRQIGD
WIVbGREXP HQW 7 KHb GHVFUSWRQO R b\WHIGHP ROAADARGHDQGH YDIEDWRCOVFHQDURLRIb, Q) X\Ho
H WQGVHDQGH/RIBLLHVIKIVIA VP BIHT XILHP HQAB- HQFH 12 HA RTXZ BKHAHT XIUHP HQAGHVFUEHGH
IO$SSHOE[ R HYDODWM WH P SBP HQEMRQb

5, 65& 65 '"HWHFWLRQ 5HFRQVWUNFWLRQ DQG 7UDFNLQ

TKH5, 65& 65 bMDoVXSHYHWRIbWHOS , ,1) 8 6 ( bKHFHOWHLGHVFUSWRQUOVRABEUHCHWROWIHD
5,,1)86( Z IBEHDSSMHEIRWS , 65& 65 b KHIXUKHUIGHVFUSWRQD/SHFLIEWRS , 65& 6517 1B
EH UHSRUMG RQFH WH LOMUDFHV ViR RWHUZ2 * V DUH P DIXUHG b

b

6\ WWMP 0 RGHIJb

7 KIVOFKDSWABGHVFUEHVOWIHD, Q) XVHOM IMP bDUFKIWMPMUHDDQGOMY * 6( b) DFIMRIL2* b
(6528&26 2* DUG(5*2 2* SUWRGXFWbD

7 KHREMPWHAVBRAGHN HDEFRP SRGHOV HOMIDFHVIDQGHHOMRQVKISVERI BHI VWP 57 KHo
A AMP bIVb GH IQHGH Dvb Db KDUEZ DUHY DQGOVRIVEL DUHO VXEVA VMP Vb Z KIEKD DABRZ b\VROLP SOP HQW
VFHCDURVIGHVFUEHGHQFKDSWMU 1§ HSHQGIQ) HFRQBMHIVFHCDURDBMDWY IGEHGHP RQMIDWG HD®
SDW Rl WWH RYHIDOA WP P LJKWCRWEH UHTXILHG b

© HOWEE) bSUAVHQWDY b HOHUFFRP SRQHQOMFRP SRVIQI HDURERWFVIM VWP BMHQZ. HIDAMD®
FRP SRQHQMb WDWFRX@b EHo XVHG b DQGh IICD®b Z Ho H SOIQOKRZ b\WH bZ IBEHDAHP EGGH
| RORZ LQJ DBRSHGRZ QDSSURDFK ($ VP HOWRCHGHQSUAYIRXVIFKDSWAY BKHIA VAMP EDUFKIWRMU-D
FRUHVSRQAQIb VR0 5, ,1) 86( b DQH 5, 65& 65 b VFHIDURVD DU SURVHQMGD Qb GHAFDMGh
VHARQY

6 DW@M DQG 5 RERWE 6\ WMP [b

7 KiHo DPVRU/D LG RUEIMYVHUIYLELQ] b DUHo VHIYLEHUD VOWARM b\ HWRU FGHQMVDM@MODQGOURERWFD
P DQSXOWRUL7 KHoVHYIEHUBDQGOFQHOMDUHXVXD@bUHSURGXFHGEZ IWDOUHVSHRWYHOP RFN XSh
VDM@Mol RUDI URXQG0 YDIEDWRODQGL YHULEEDARGOSXUSRVHY b7 KHoP RARCORI BWHOVDWM@AMEDUH
VP XOWIGH Z Wb IQGXVIDBURERW b: - HoFDWI RUJ HoWHoM VWP bDVhP MMRQHDQGHMP XOMRQD
HBOP HOMDWQY DE®D ¥ KHP MRQUHSUHVHOMDPMDEKDUEZ DUHHA VWMP VIGHS® HIQH/SDFHD
DQEWHOMP XOMRGOHBP HOMOGH IQH] IRXQGOMIP. XOMRQLZ KIEKDUHSURGXFHVOWHEHKDYIRXURIb
WHo DRMD® VSDFHb VWP b, Qb I HQHIDGHh WiHb RQ RUEIMY VHIYLEHU DQGH FOHQW M VWP b DUHb
UHSUAVHQMGEZ WIDBIRERWFBA AMP BRIUHSURGXFHINHEHKDYIRXUWRI BAMHVSDFHO VWP V b HUHD
RQDINCHP DAFEDVSHRWERIERQ RUEMWVHIYIELQ) AVFROUGHHG b Qd DPWAKH Q) XVHIMFRFHLOHGD
Z IS HUFHSWRQDQGIGDES URFHWIQI FDVSHPMDQGZ. LABRWDGGUHANHAP XOWRQRI B/DWM@AM
G QP IEVh
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6 DIM@M 6 SDFHFWDIWY * URXQG 9 DIEDWRH 0 RWRQD
+ DU=Z DUHb
6 HMFHY 6 HMEFHUP RFN XStb 61P XOW Z W, QGX\VWIDD
URERWY
7DUHW 7DUJHNP RFN XSho 61P XOW Z W, QGXMADD
URERWY
5 RERWF P DQSXOWRU 5 RERWF P DQSXOWUb 5 RERWF P DQSXOWRU

70EG 2 Q REMWHYIFIQY VP XOMRH

7 KHUH RUH BAHOVDMEBAMOA WP HOMHIFRQM, WRIIRQ URXQGOYDIGDWRGHCHQ) XVHAHGXFHGMRTD
URERWEDA VWP 15 VIGH IQHGHQISOCHEBY BADFNY BMHARERWABA WP BV DIQOFRP SRVHGh
Rib URERW b VHQURWY b DRDVRWY b RQ ERDUED FRP SXWLY b HQVURGP HQW b JURXQGh WEMRQY b

FRP P XQEDWRQ @\ DQG VRIVE DUH b

URERW VWP BHARERWQHRXUFDVHIMIDHQGXMMDEP DQASXOWRUKDYIQ) IDEDRYDWRLY b
VHOVRLY FROARGLY RQ ERDUEFRP SXWYADQGVRIVE DUHIRAHSURGXFHIHYIEHUVIL HY

VA MP WWDWFDQ EH FROARDIG 1Q VSHHG DG GIUHRWRQb

VHOURU WA VMP b IMYLGFGXGHV DB H] WMURFHSWYHD DQGH LOMURFHSWYHO VHOVRWH XVHGD | RUD
SHUFHSWRQ DQG VHOMQJ b

DPYDRU VWP H\NQFOGHDTEDRWDWRYANDRDUHIMHAIRERADQGH UHT XIHGORSBURYIGHD
QHFHWDL VR XH 1Q RUEHUI HCHIDM P RWRQ DQG IQMUDFWZ W \WWH Z RWG b

FRP SX\MUM MP  MIQFOGHY DOWH SURFHWIQJ XQW b

HQVILRQP HOMBLMGQFOIGHVOWHOUHS UHVHQUMYHOVS DFHOHQYILRQP. HQWZ KHUHOWHORQ RUEIW
VHYIFIQJ IV SHIRWP HG b

J URXQEMEMROA VWP MIVIOHVHARIBFRP SXWAYONDWDTRZ BMHIHQG XVHBRIQMIDAN
Z W \WH P DQSXOWRWY b

FRP P XQEDWRQUINOA VWP b BWFRQUMMRIDTFRP P XQEDWRQUENAMDWHT XILHGE b
JURXQG WIMRQV b RQ ERDUED FRP SXWMLY b VHQURWY b DRMDRY b P LEURFRQARDYD R
FRP P XQEDWM b
HP EHGGHGOVRIE DUHM WP bAMVHDEWHQHFHMDL bVRIVE DUVOVRORSHIDMIRQ RUEIWY
VHYIEIQ) b ,\W FRX@b EHo IXQFUWRCD®b GHFRP SRVHGh Dvb GHWIRMRQ b WDFNQIb DQGh
UHFRQMKPWRQ b

5,,1)86(b

7 KMoVHRWRCQOGHVFUEHVIOWHD, Q) XVHOM VWMP EDUFKIWRYUHOCHG FDWICHROKHIP SGP HOBMWRQRIb
WHS5, ,1)86( VWHDURVDb

6\WWHP &RPSRQHQWYV

7KH 6 HMEFHU7DUJ HWA WMP - IV WWH URERVWG\ WP WKRZ Q1Q) LJ FROMWWY Rith

VHYIEHUW
L HWY
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b
«ServicerTargetSystems»
ERI-INFUSE
«Servicers «Jarget» «SensorSystem» «Environment»
E 00S-simRobots = 00S-simRobot H Sensors = 00S-simLighting

«Environment»
E 00S-simEnvironment

«Platform»
E GroundStation

«Platform»
= EmbeddedPlatform

JUXH 2 Q REMYHYIEIQ) VA WMP FROAWW RI VHIYIEHUDQG VU HW DV \WH P DICh
FRP SRQHQW b

6HQRUMVMP  7KHVH DU P DIQ VHQURWY XVHG IRURQ REEMVHYIFIQ) IQFOGIQIb

VMR FDP HIDVb
/), $5b
,08Db

IRUFH VR XH VHQURY [RUIUVSIQ) GRFNQJ b

( DFKVHQVRUFDQLEHOXVHGOLQGHSHOGHQM@ORUWDVHDOW VWP bRIBVHQURWA) LT b b RBVHQVRW
IXVIRQ RUDQIRQ REEMYHYIFIQ) b1 RWFHINDWRGHHQVRUMSBUH HIDEGRRONHRWHUGHSHQGEQI b
RQWH WDQIH Rl RSHIDWRQ EHVE HHQ WH VHIIEHUDQG FOHQAVDM®AMY b
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«SensorSystem>»
= Sensars
«CameraSystem>» «CameraSystem» «|IDARSystem>»
E ManipulatorCamera E DockingCamera ELIDAR
«InertialSensorSystem: «ContactSensorSystem» «PositionSensorSystem»
=My = ForceTorqueSensor H JointEncoder

) LIXWHH 6 HOVRUM WP |RUDQ REEMWHWIFLQJ b

b6 RIVE DUHO AMP b 7 KHOVRIVE DUHMDOFUKFIDBOFRP SRQHQWRI BWHORQ RUEMWVHWYIELQ) BURERWFD
VA VMP 157 KHIRYHYLHZ BRI BMHD WHO/RIVE DUHBA VWP HRIBNHRUELVBEH HHQFHIP SOP HQBMRQIVD
VKRZ QIQ0) I b7 KHoVHQVRIM VMP b BIVBSURYIGHVBUDZ bGDMHIQHRUEHUWDW WHOVRIE DU
VVMP P IGGBI SURGXFHV WWH UHTXIWUHG P HDVXUHP HQW VXFK DV SRVMIRQ DQG DAMYGH bb
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A

Point target P Far-range s )
detection § Beaing
5|  Farrange ._{ Bearing & )
rd . >
tracking range

Image data

yes

Range
Far ?

no Structure
3D reconstruction ( 3D model)

Marker-based ]
Markers yes detection & > Al:ltﬁdz &
! tracking ang
B Model-based z :
odel-base o ‘
detection »(  Attitude &
4 range
» Model-based " Attitude &
"] tracking “\ range

Output to
robotic manipulator
or GNC

A 4

Radar/LIDAR/IMU
data

A 4

h 4

y

) LIXWH 2 YHYMHZ R WH 6 RI\VZ DUIHWM WP Rl \WWH RUEEIMROUH HIHQFH [P SGP HOMMRQ [h

,QoWMHbI LI XUHDDERYH b7 KHoOVHQURIOM AP b BIVBVXSS@HVOUZ bGDWh LORWGHD WHOVRIE Db
A VMP b P LGGB! bSURGXFHVOGDWIIOSURGXFW U KWZ KIEKHFDQEHFRP P XQEDMGORDQH WLLDO
XVHUVXFK DV (5* 2 b

2Q RUELW 6HUYLFWbQJ 6LPXODWRU
+ HUHOZ HoSURYIGHODQH] DP S®h) URXQEMP XOMRQOA WP H RUDQIRQ REEMWVHIYIEIQ) B7KHS / 5b
226 VP IDFIOW IV P DIQD XVHG IRUFB\VH IDQIH RSHDWRQDQG HTXISSHGZIW )J b

" \E R IQGXVNDORERM)
" VHYIFIQ) URERWE DUP th
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" IRUFH VR XH VHQVRWA
B00S-sim
ServicerRobotSystem» «TargetRobotSystem» «CameraSystem» «CameraSystem» «Force/TorqueSensor
E Servicer E Target E ManipulatorCamera E DockingCamera E ForceToque

) LIXUH 7KHRYHYHZ R WH P DIQ RQ REMYWHYELCY JURXQG VIP XOMRQbb

) LQD® K2 HSWRYIGHDQH, DP SCHNDIMKRZ DIGHSE P HOMRIBNHE.' ) ) lRQOMHD /51226 VP b

VWH)U b

DLR
0O0S-sim

‘Links & Node}

Over Ethernet

InFuse
OBC

CDFF
Support

[

| InFuse Wrapper |

Ground
Station

Links & Node|

Over Ethernet

Command &
Control
Computer
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YUXWb b ' HSA P HQOMRYHYIHZ bRIbWHD,Q XWHoZ IWbWH' / 5b2 26 VP b7KHo/ IQNvbDQGh
1IRGVIVWH' /5 URERWFV P IGGBEZ DUH XVHG KHH IRUIQMU SURFHW FRP P XQEFDWRQb

5,65&65b

5, 65& 65bVDOVXEVHWRIDS, ,1) 8 6( bZ KHH®GMOVHQRWAZ IEHDYDIDE®! b$ Q bP DRU
GlLI HIHQFHEHE HHQOMHIGLL HHQBA VWP EDUFKIWRMUHY. LEBEHICFXGHRHCOMMGRFXP HWD7KHD
GHIBG IQMIDFHDQGZRINBZ R 2* EHEHHQ2* DQG2* IVSWRYIGHGIQ$SSHXGEL b
b
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" HVILBIG $ UFKIWIFVUH DQG ' HVL Qo

7 KIMoFKDSWABS UAVHOMGHVIBIGIGHVEUSWRQRIB ) 3 & (DQEDWRFIDIMES ) 1 FFRUHVSRQGIQI B
WH XVH FDVHV SURYIGHG IQ FKDSWU  Hp

') 3& $UFKIWIFVXUH9LHZ b

) IAMBZ Hol REXVORGOWHIDUFKIWIFMUHDR! BHIGDVI XVIRQISURFHWIQI FRP SRXQG FKDIQh' ) 3& b
DQASURYIGHGHEIEGHI QRIIDWRFIDMES ) 1V b 7KXV IDWMMBIYHEZ HDVSIUHRIGHN [DQGh
GHVFUEHD

HOFK' )1 XVHGIQ' )3& b
') 1 IQMODAQMUIDFHY b
IOQMEDADQG H WLDAQMUDFHVR! * ) 3FV b

7KHI ) 3 &HGHVFUSWRQH RBZ WWAHHS ) 3 & BVSHRLIEDWRQISIRYIGHGHQS SSHOGL b KHD ) 3&b
DUFKIWPMUH 1V SUVHOMG [Q WUHH SDIW

' Dillh) BZ 1 HVFUSWRQ bDb XQPMRQDBGHVFUSWRQRI BMHS ) 1 VOMDWFRP SRVHID ) 3&b
DQGH WHLH UHDMRQY bVHHORQDbIURP hDh GDWD | BZ bSRQMRIbYLHZ b7 KHo.J RDBRIbWIVD
GHVFUSWRQ IV \R IGHOM WH QMR BITXIWHG' ) 1VVREXIG D' ) 3& b

' DVitB URGXPWD DQDI HP HQWD GHVFUSWRQERI BAMHKDUHGIEDWKEHE HHQOMHS ) 1 \VHQIMHD
JIYHQ' ) 3& DQG WH IQMIDFHY EHVE HHQ WY GDVI DQG WH YDURXV' ) 1Vb

&RQARD HVFUSWRQ KEHVFUSWRGR BKHIFROARG BZ (7 LGS ) 3& BMHREHHBQY KIEKD
') 1 VODUHOFDIIG B 30 bDFFHWOMROVKDUHGHGOWS BA GFKURQIFIMARI BAP HOARP SHEXGDE b
7KHFROARQ®Z Z LQEH DFKIHYHG E\ WH 2 UFKHVADRUIRUIP SGP HOBMRQb

7 KHoVSHFLLIFDWRQ bGH IQWRGODQGOWHOSXISRVHIRIbWHD' ) 3 & bVSHFLLIEDWRQEDUHMIEXDWCHICH
7DE® b

' ) 3& GHVFUSWRQD SXUBRVHD VSHFLLLHY GHILOHVD

' D) BZ GHVFUSWRQD 3 RYIGHV D @ RAMWDQGD IOBXW RAVBXWR! ' ) 3&b
RGHIQI R GLIHHON ) 1\b | LOBXW RXAVBXW Rl HDFKb
')1b

VKDUHG GDB EHE HHQ' ) 1 WA

' DVl 3 UIRGXPWP DQDIHP HOW | 0 DQDUHVWHE&' )) b VKDUHG GDB AKFWMUHVD
SURGXFW VXFK DV SRVH b DPRQY ' )1\b
PDS P RGHDQG IFDMUAM | SURFHVWIQI XQW WDWXHY B
DQG IQHYWKRVH GV
AKFUHVD
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3DJH
& ROARCGHVFUSWR(D " WWFUERVI®Z R SIRFRWHV WP SRIDGFRXWH RI WiHD

ZIWMQ' )3& 7HP SRIDO H HFXWRQRI D' ) 3&b
H HFXWRQRI D' ) 3& b
GEVDWG E\ \WH RUFKHVWDWRU

7DE® ' ) 3& 6SHFLIEDWRQ GDB I®Z DQG FROARCGHVEUSWRQ DQG GO SURGXFW
P DQDIHP HQMb

7TKHIR@Z IQ) WP SOW LV XVHG VR GAVFUEH WH IP SGP HOMMRQ GHICRI HOFK ' ) 3& b

/MR ) IVXVHG DV GHVRUEHG IQ VHRWRQ b

" DEOMKPMUHY BGDEBASHVIR BMHICS XWRXVEXWDQENKDUHGS  DEBAKFYUH BHDWRQIRD
WH' 30 DV DFOQHQAD SURYIGHU h

') 3&153 DUDP HMYWb BHIXVHBRIBWHG ) 3 &b Z LBVHBIFWSDUDP HMYARIDORUKP b7 KHo
GH DX@\SDUDP HMUZ LQEH SURYIGHG 7KHVH SDUDP HMLY DU VHWEQ D FRQLI XUDARQ | 1Bb

7KHDAMRIB ) 3 & DQENHSDWEHWLHVSROUEBH RUGHYHBSIQ) BKHP IDIHBURYIGHRIQY DEGD b
7KHVHAWRQY EHBZ  SUMVHQNINH GAVFUSWRQR HDFK ' ) 3& b

')3&b 3 DUHWD

b

0 IG DQG F&VH WDQI H GHMAIRGD 0 DIH®XP b
/. $5 EDVHGWDFNQI b 0 DIH®XP b

0 IG DQG F&VH WDQI H YIVXDOADFNQI b ' /5b

' UHFRQMKFURGD 8675$7+b
+ DSWE 6 FDQQIQIb 63$&($336b

7DEG /MR ') 3&V DQG UHVSRQUE®! SDUgHYD

7KHIRGZ 1Q) WHPMRQUSUAVHONMHIP SGP HOEMRQGHIIOMRI BKHD ) 3 & HCUMHIFROM \WRIBbKHD
5,,1)86( bBIQFHOWHDS.' )) bDVZ HBDVY 652 &2 6 HDUHQRWDYDIMEBIDQERSHIMRDG HAb
ZHIP SBP HQMH' ) 3& XVIQ) DQRWHUS &2 6 DQG P LGGBE DU t

' HEIO'RI ,1) 86( 5,b

0 IGGBZDH 5&26 * (120 <$53 526 b

' )3& &ROARGBU [P SBP HOBMRQGHWIOHJ * (120 <$53 6O DFKICH b
6 SHFLLLE GV AAKPWUHV b

' HS® P HQMWFKHP Hb

$+3& IQMIDFHV  VHQURUDFTXIMMRQ GVSD b
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')3& )DU UDQJH 2EMKFW 7UDFNLQJ
7K' ) 3& UHVSRQGV \R WH IRTZ 1Q) UHHHQFH [P SBP HOBMRQ VFHDURY b

5,.1)86( ' HWFWRQ 5 HFROWXFWRQ DOG 7WDENQIb
8WH&DWH ) DUWQIH7DJHW HWRFWRQ DOG 7UWDFNQIb

MIVOXVHEDRSURYIGHDHHDAWHDMP SGHEHDUQ) RQDHHDAWHIEFDO/DWRQR BAMHIELI HADWHW
Z KHOAWIGMBQFHZ IWEUHI DIEHROMHIFKDVHUEVRRL) UHDWRDE@RZ B RUDH X@SRVHHMP DARQ b
| RFDO/DMROIVHSHURUP HEOWURXJI KBWDFNIQ) bLGhDQ05 * %40FDP HIDLIQSXVHR! bDLYLVXD® HDMUHD
SUHYIRXVO LQWDD HG E\ WH XVHUD

')3& BXWb

5* %IP DIH Z W DWRFIDIMG P HEBCDW b
&KDVHUDMYXMCH IURP $+56 b
5 DEDUWDQIH b

') 3& 2 XVBXW Ih
( VP DWMG B HVEHDUQ) DQG IDQIH b

7KH' ) 3& ZIQEHFRP SRMHGRI WHIR@®Z IQJ ' ) 1 Vb

8 VHUy QMUDFH 18 URVIGHMDZ D\ H RUWHOXVHUBROMHHIMHIQSXWP DI FVDQGAQWDD HWHo
SRVMRQRI \WH VB HAE\ VHBFWY D52, Z MIQWHP b

(.) 1B UHEFWRQ B HIRWP VIDSUHAPWRQRI BAHH SHAMGLSRVMRGR BKHMELI HAHDMU-D
LQb WWHb [P DI Ho XMQJ b Db FKDVHU DQGH L WP RARGH P RGHB DQGH WH0 FXUHQWIP DI Ho
WP HBP S b

=1 &&b0 DFKIQ) b0 DRKHVOWHOVDYHGOVEL Hb HDMUHD5 2 ,bZ IMICHWIHOGHZ bDFTXILHGD
IP DIHb

(. ) B8 RUHPWRQ B VHVIMHIHVXEMRI BMHP DIRKIQIB ) 1 EDVEDQREVHYDWRQORXSGOWD
WHA LOMUEDQGEFRP SXWDQHP DIWRQIR BAHIHDWHSRVHRI BMHIEL HWZ W DUEWRD
WH FKDVHU 7KV IV\WH' ) 1 Z KIEK SURYIGHV WH [LQDCSRVH RABXVRI WH' ) 3& th

6 RP H DUFKIMWF\MUH FKRIFHY KDYH EHHQP DGHIRUWLY ' ) 3& b

7KH=1 & &P DWKHURSWP [} HVIDKRP RJ UDSK\ BRAHSUHVHOWHDWUHS 2 | ISRMRQHCHMHD
IOBXWP DIHV b

7 KiHol HDUHVE DUHO UHSUAVHQIMGHE\ b5 2 ,blP DI H bDOKRP RI UDSK\ bZ WhUH) DUE\VROIWD
VRXUFH [P DIH DQG WH FDP HID SRVH R WH VRXUFH [P DIH b

7KHO( . ) bSUHAPWRGVOVHSDUDMGH URP DWMHDFRUHPRGHICHRUBHUMROVX S SRUWHOFDVHD
Z KHUHP DI HVDUHIQRWDF T XILHGDWDIFRQABIQIN BHT XHQR\ b WAXMIQHHGVDOAP HABP Sh
LOSXW, WMDY D SUHGIEWG KRP RIUDSK\ Z W UHI DUG VR WH FXUHOAP DI H kb
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: HORXUHQ@LSURSRVHOWOXVHOS + 5 6 BEDWHCONHY . ) IFRUHFWRCQOAMS b+ RZ HYHUWQDb
GLIHHAP SGP HOMMRQ IWFRX@ EH XVHGWR SHIRWP (. ) SUHGFWRQb

7KHIR®Z 1QI H LI XUMIGHEIOMHS ) 1 FFRP SROHOMARKPWUHIQAGHIWHS ) 3& BMHIKDUHGGDED
VWKPMUHV DQGIW' ) 1 FDEQ) VHTXHQFH b

DFPC:Long-range Tracking (OT Version) /.

parameters/data ¥

<<DFN>> <<DFN=> <<DFN>>
<<DFN=> Feature Matching EKF Correction EKF Prediction
User Interface |
inimage: Image in featurePosition: Transform* in imageTime: Timestamp
in image: Image in featureROI: Image” in featureCamPose: Pose™ in featurePosilions: Transform(]* | out TargetBearing: Pose
in featurePositionini: Transform in chaserPose: Pose in cameraPoses: Pose[]"
— out featureROI: Image” in radarRange: Range
in image: Image out feat. position: Transform? out featurePosition: Transform*
‘ out updatedROl: Image® out targetBearing: Pose out featurePasitionIni: Transform
out matchScore: double I —

in RoverPose: Pose

<<DATA - Shared>>
in RadarRange: Range Features & Tracking States

= s
b e )
Feature || Feature ||Camera EKF
ROI frenstorm)| Posel] \Sla!es/

<<DFN>> <<DFN>>
N Feature Matching: ZNCC Correlation Motion Estimation: EKF Correction
<<DFN>> [ =
<<DFN> Motion Estimation: EKF Prediction in image: Image —»in featurePosition: Transform®
Camera : RGB in featureRO: Image* ‘in featureCamPose: Pose®
i in imageTime: Timestamp in featurePositionini: Transform in chaserPose: Pose
: <<DFN>> in featurePositions: Transform(]* ~>-nradarRange: Range
outimage: Image Target Selection in cameraPoses: Pose[]* out featurePosition: Transform : :

" 0 out updatedROl: Image? | out largelBearing: Posg—ip.
! jLimepe; Imags, out matchScore: doubler | :
i out featurePositionIni: Transform |
: out featureROl: Image’ |

<<DFN>> ! aut feat. position: Transform ot

AHRS : GNC Pose i

out ChaserPose: Posé.

<<DFN>>
Radar : Radar Range

out RadarRange: R

JUXH /RQJ UDQJH 7'DDF®&EL GMFUSWROD

b


https://www.draw.io/?scale=2#G1XHlKXpupYfTdTlWtsoNbqmulbQMGd3Z7

b

O INFUSE.

' 25%,7%/ 5,

S5HIHUH

k
9HUWLR
"D WbH k
3D JH |

$1' $662&,$7(" (*6( '(7$,/(" "¢B,*1

o oo T

<<QUERIER>>
ROIFeatureQuerier

in featurelndex: intf]

out featurePositions:Transform[]
out cameraPoses: Pose[
out featureROI: Image|

<<QUERIER>>
getFeature: ROIFeatureQuerier

in featurelndex: int[]

1. Select indexes in past features
2. Return features position information:
2.a. Feature Transform wrt to its
image
2.b. Associated camera pose

out featurePositions:Transform
out cameraPoses: Pose|

<<DATA - Shared>>
Image & tracking states

<<QUERIER>>
EKFStateVectorQuerier

in statelndex: int[]

out EKFStates: StateVecto

<<QUERIER>>
getStates: EKFStateVectorQuerier

in statelndex: int[]

1. Select indexes current state vector
2. Return references to elements

out EKFStates: StateVecto

YJUXH /RQ WDQIH7WFNQ) ' D 3 URGXFW) DQDIHP HOMD
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:Orchestrator

Target Selection: User Motion Estimation: EKF Feature Matching: ZNCC Motion Estimation: EKF it getStates:
Interface Prediction Correlation Correction EKFStateVectorQuerier

selectTarget()

getstates()

state Vector]

updateStates()

[orcatebone]

homography]

runEstimation( |
updateStates()

updateFeaure()

|

fwaitForNewimage

JUXHH /RQJ UDQJH 7&RDNRD! BVEUBWRGD

')3& OLG DQG &ORVH UDQJHWDUJHW 'HWHFWLRQ
7K' ) 3& UHVSRQGV R WH IRTZ 1Q) UHHHQFH [P SBP HOBMRQ VFHIDURY b

" HWFWRQ 5 HFROMXFWRQ DOG 7UDFNIQJ RI D VU HWY
8WH&DW 001G WQIH ' 0 RGHO HWFWRQ DQG 7WDFNQIb

7 KHSURFHVWIQI FRP SRXQEDWHP SWHRLGHWIPADINGRZ QOB HWZ IMICIWHQSXWAMUHRAP DI Ho
SDIHDQG biLOVXFFHWWXCOUMUVMODOFRDWHIAVWP DWGHHDMAWHSRVH b7 KHIGHWPWRQESURFHWAWHVD
EDVHGORQIWHY ,1 (0 2 bMP SOWHGHWIRIRQIDORUMP 17 KIEKAHT XUV ' 18.$' P RGHERID
WHO VLI HV $ b WDIQLQ) b \MMSb Vb | LWANSHURUP HGORI I @H0Z WMo WHD P RGHO DQGOWHD UHVXEIDI b
WP SOWMIVBNHQBDGHGE BMHGAWMAIRQS ) 1 7 KHWP SOWFRQMAMIQIDU HEDWEDVHRIb
WiHo REMPW/h P RN GVEUP ICDQW I HDWUAVD LGb YDURXVD P RGDDAAV b LIGFGIQ) b IDGHQM DQGh
VXUDFHQRUP DO bl URP b D@ SRWIEGH SRIQWRIbYIHZ V b( DFKLOSXWIP DI HoIVoWHOH | EELHQ®b
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FRP SDUHGOROMHOMP SOW bDQGEHMHA XCQRPVMRQIM.] COODOVXFFHW XGGHWFWRCALKHIRP SXWCGH
VP I OUWW H FHHGV D J LYHQ WUHWKRG b

$\VBMVIVRQDIDIGHMARQD ) 3 & (7 HGRIQRMCFOGHDQ, MRQI BMUP BADFNQI HORGHVIVXFKIDMDD
| LGMUD EXWIQAMDGH WIVD' ) 3 &b FRX@h EHb XVHEOIQh FROMQPUWRGH Z IO 1G IDQIHD ' b0 RGHD

7WFNQI DV D SRVH LQWDD) DARQMS th
') 3& ,QBXW b
/ HWDQG W KWAMUR P DI HV Z W DWRFIDIMG P HEGDVB b
') 3& 2 XVBXW D
( VP DG FKDVHUSRVH Z W UHJ DUG VR B HVD
7KH' ) 3& ZIOEHFRP SRHGR WHIR®ZIQJ ' ) 1Vb

6 WUHRDS HAWIEDARQ b3 HIRUP VhDoUHPWIEDARGHRI bERWHFDP HIDVALQOWHOEHQRKBXVIQ) b
WHUFDIEUDARQ SDUDP HWAY

2 SHQE 916 WUHRDE, RUMDMRQ b RP SXWV BUH LOAVDQGH LGMWADHGVSDUMEP DSHURP BdHb
GIVDQG W KWIHPWIHG P DIHV & RP SXWV \WWH DWRFIDWMG GHSW P DS b

/,1(02" B7THP SOWS HMPIRQ L RDGVBMHIEL HMP SOMDQESHURP VIDIGHWRIRGD
XVIQJ bDDIQEXWS * %P DI HIDQGOMOGHSWIP DS b7KIMS ) 1 bSURYIGAVOMHDILQD®E ) 3&b
HVWP DWG VLI HABRVH WL QD) D VXFFHVWIXOGHMPWRQ

7KHIR®Z 1Q) [LIXUH GV WH' ) 1 FRP SROHQAMKPMUH IQUGHWH' ) 3& th

DFPC: Mid-range 3D Model Detection (OT Version) }

<<DFN>>
Stereo Rectification

<<DFN>>
Stereo Correlation

<<DFN>>
Template Detection

| in leftimage: Image

‘ in rightimage: Ima

iin leftimage: Image
lin rightimage: Image

out leftimageRectified: Image
out rightimageRectified: Image

in leftimage: Image
in rightimage: Image

out pointCloud: PointCloud

in modelTemplate: Template* |
in peintCloud: PointCloud
in image: Image

out targetPose: Posel

out

targetPose: Pose |

<<DATA - Shared>>

Template data
Model
emplal

& é;DF">?“ - <<DFN>> <<DFN>> <<DFN>>
mera : OpenCVRectification:Stereo OpenCVStereo: Stereo LINEMOD: Template Detection
Rectification Correlation
in modelTemplate: Template*
out image: I in leftimage: Image in leftimage: Image »{in image: Image

<<DFN>>
Right Camera : RGB

out image: Imagey H

) LIXUH

in rightimage: Image

out leftimageRectified Image/
out rightimageRectified: Image:

in rightimage: Image

out pointCloud: Poin|C|0ud/

OLG UDQJH

/i pointCloud: PointCloud
-
out targetPose: Pose,

" 0 R G H O Dut) W' FHWUSIRRQb
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<<DATA - Shared>>
Template Data

Template
Model

<<QUERIER>>
TemplateModelQuerier

out targetTemplate: Template

A 4
<<QUERIER>>
getTemplate: TemplateModelQuerier

1. Return reference to template model

out targetTemplate: Template

JUXWH  0IGWQH ' 0RGHO HMAWRQ' D3 URGXPW) DQDIHP HOW
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OpenCVRectification: OpenCVCorrelation:

‘Orchestrator StereoRectification StereoCorrelation

LINEMOD: Template Detection

init()

: Init Done :
< ________ e - - - - -

rectify() f :
rectifiedimages '
€= = = == - - : :
combuteSlereo() 5

dépthMap
< ________ e - -

match()

< target pose

waitForNewlmages

NewLeftimage & NewRightimage

JUXWH  01GWQUH ' 0RGHO HWMPIRQ&RQARO HVFUSWRGD
'Y)3& OLG DQG &ORVH UDQJHpb7DUJHW 7UDFNLQJ
7K' ) 3& UVSRQGV R WH IRGZ 1Q) UHHUHGFH P SBP HQBMRQ VFHQDUR

5,.1)86( ' HWFWRQ 5 HFROWXFWRQ DG 7WDENQIb
8WH&DWH 0IGWQIH ' 0 RGHO HWRWRQ DQG 7WDENQIb

7KIVB ) 3 & BVDPWY DWIGHRQFHMWHIFKDVHUIMFGVHIHQRXJ Kk RUMMHIFDP HIDBRAHVROHA HRP HWED
| HDMUHVERQOMHOEL) HWE WMVEDVHGRQOMHH, MR 19,6 3 10 RGHOEDVHGS? IDFNHUIEWDY 2 KIEKD
VHDEGHWHOWDFNDDONGRZ Qb ' bVELS HVXMIQ) b\ RoWSHVORI bl HDVUHVb DQGOWHLBFRP EICDWRQ b
HGJ HVbDQGOFRUGHLY bDQG0. / 7HNH SRIQN b7 KHOADFNIQJ H XGPARCHVBMXVIDGDS\WGH RUBM, \WUHGH
RUXQM \WUHGHREMFW bZ 1\ YIME®HHGI HVORIBQRH, OWIVLIP SBP HABMRQ bZ HODAMP S\WWRD
DXJ P HQMMHOFDP HIDLIQSX\NZ Wb DhUDGDUBUDQ) HoP HDVXUHP HQWWZ KIEKDZ IQBEHOXVHEMRIDGGD

UREXVWZHW VR WHWDFNICQY ' ) 1 tb

7 KHo VL) HWQHHGVO VRO EHOGHVFUEHGHZ IWHDQOIQSXWNES' bP RGHDI LBLICORGHBROVSHFLL b
JHRP HAIED SUP MYHV b, WD®Rb DOHDG bIQFGGHVDLIWORZ QoVXEDI XCPARQUWVXFKODVONH SRIQW
H WDPWRQ bHGJ HoYIMEIMAVOFRP SXVEMRQ bDQGHUHDOWP HOADFNIQJ bl LAMUBWHUIH RUHOWHS ) 3&H\b
TXMW VP S DV W FRP SRVHG Rl VHD FROBIGHG' ) 1 Vb

' )3& ,QBXWb

5* %IP DIH Z W DWRFIDIMG P HMBGCDW b
5 DCDUWDQIHDb
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') 3& 2 X\VBXW b
( VAP DWMG UHDMYH FKDVHUSRVH Z I UHVSHPVIR VB HWD

7KH' ) 3& ZIOEHFRP SRVHGRI WHIR@®ZICJ ' ) 1Vb

8 VHHOMUIDFHD 18 RvHy QUDD DWRQ K VSO VHCEXWMP DI HY EDQESURYIGHMDCHQMUIDFH)
IRUMH XVHUR RSWRQD® F@EN VR LQWD@ H WH VLI HABRVH b
9,6 3b7HP SOWL7 IDFNQ) b bVHD FROBIGHGS ) 1 bZ KIEKDIP SOP HOMMIHI XEWDFNQI b
FKDIQ 1Z IENH SRIQINH WDFWRQIDQGEP DWKLQ) BHGI HYMEIMAVFRP SXVIMRQ IDQESRVHD
HWP DWRQ 7KIY' ) 1 SURVIGHV WH IIQDO ) 3& SRVH RX\BX\Wb

TKHIR@Z IQJ [LIXUHY GAMIONH" ) 1 FRP SRCHONAMKRMUH KMCGHWH' ) 3& b

DFPC: Mid-range 3D Model Tracking (OT Version)

h

<<DFN>> )
Pose Initialization Template Tracking

in image: Image in pose init: Pose
. in image: Image

out feat. position: Pose]

outtargePose; Posd

<<DFN>>
Left Camera : RGB
<<DFN: <<DFN>>
User Interface: Pose Initialization VISPModelBasedTracking:
TemplateTracking
in image: Image

in image: Image
in pose init: Pose

out targetInitPose: Posd] i
in radar range: Range

out targetPose: Pose]

JUXH OIGWQPH ' 0 RGHIYWANQ ' D) &Z ' HVFUSWRQD
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<<DATA - Shared>>

.

<<QUERIER>>

<<QUERIER>>

YUXWH 0IGWQYH ' 0 RGHIYWFNQ] ' D3 URGXFW) DQDIHP HOW
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Pose Initialization: User VISPModelBasedTracking:

:Orchestrator Interface TemplateTracking

Init()

I
loadModel()

modelLoaded

Init()

InitDone|

Firstimage

selectTarget()

aitForNewlmage

YJUXWH  0IGWQYH ' 0 RGHIWDFNQ) &RQARO HVFUSWRQD
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'y3& /,'$5 EDVHG 7UDFNLQB RI D 7DUJHW
7K' ) 3& UAVSRQGV R WH IRTRZ IQ) [P SBP HQBMRQ VFHDURY b

5,.1)86( ' HWFWRQ 5 HFROWXFWRQ DOG 7UWDFNQIb
8WH&DW /' $5 EDVHGWOFNQ] R DI HWY

7 KiHo) HQHUD®) RDBRIBMMY ) 3 & HVBRSSHURUP HDHREXVABADFNQ) R DUNGRZ QO HAGHVFUEHGD
B\ EDUSRIQIE@XG BHWHUIREVIIGHGHMURXI KB 1 $5 BVHQURWY BAMUHRIFDP HIVERUS R) FDP HIDV b
7KHP HWRGHHT XILAVBMDADOVXI | LEHQ@GHQVHSRIQAFBXGP RGHER BMHMILI HAMBURYIGHRIH
DGYDQFHE\ \WH XVHUD

© HoSURSRVHODLQDLYHOIP SGP HQBMRCOR! bSRIQIFEXGOWDFNQI bEXIGRDURXQEDQ, . ) bz IWhDh
VP SBHP RARQHP RGH7 KHP HDVXUHP HOMODUHISURYIGHEHRBMHI LOMUE\ ESHURWP 1Q) D0GHQHD
&3 P DFKIQJ BAMSHEEHE HHOMHIQEXWERIQNFEXGDQEIWHSURYIGHEP RGHIY KHMIL HAP RGHD
Vb Db KLI Kb GHQWD SRIQN FEXGh FUDWGH RIEHL ILRP b Db ' bP RGHMRW ILRP b SURW ' b
UHFRQMKPWRQ 1Y KHy& 3 DO RUMP EVIDIGHGEE) IDQHQUWDESUHEFWRQERI BAHMIL) HABSRVH EDQGMHD
(.) FRUHPWRQWWMS LV HKDQFHG E\ P HDVXUHP HQW FRP LQJ IURP WH FKDVHYY $+5 6 VHQURUD

) RUD GHVIIGIG GHVFUSWRQRI WH (. ) ' ) 1 UHIXVHGIQWLY' ) 3& UHHUR VHRARQ b
')3& ,(BXWb

&KDVHUDMYXGH ILRP $+56 b
3 ROAFEXGAZ MIODWRFIDMGHP HVEGDMEHIURP ' I $5 BVHQURIRUMMUHRFDP HIDIRU R) b
FDP HD 7KH SRIQAFEXG GHOW FDQYDU  GHSHQGEIQ) RQWH IQSXWHQVRUXVHG b

') 3& 2 X\BXW b
( VAP DIMG FKDVHUSRVH Z W UHVSHPVR VLI HWD

7KH' )3& WVFRP SRHGR WHIR®ZIQJ ' ) 1VDb

&3b3RIQN& BXGH5 HI MADMRQ b 8 VIQI b DQb IQWDBSRVHO WP DWRQ bDSS@HVLDD,&3b
DORUMP BRGHMP (GHIMHIADOQV RUP BKDWP IQP [ FVIKHGMBIQFH HXFESHDQRURWHUD
EHEZHQ  ICBXVBRIQNFEXGVY

(.) b3 UHGIFWRQ b3 HURWP VDLSUHGIFWRQOR! BHIH SHAMGHSRVIMRQOR! BWHAELI HASRIQN
FEXG XVIQJ WH FKDVHUDQG VLI HAP RWRQ P RGHY DQG \WH FXWHQAP DIHWP HAEBP S b

(. ) b&RWHPWRQ b8 VHVOWHOUHVX@VORI bWHD, & 3 bP DWKIQID' ) 1 hDVEDQOREVHYDARQOWRD
XSCDWOWHO! LEMUBDQGOFRP SXWEDCHHWWP DMRGER! BMHAHDMYHISRVHR BB HASRIQN
FEXGHZ IWDUHVSHAMROWIHFKDVHUB 7 KIVOVOWHD' ) 1 bZ KIEKbSURVIGHVOWWIHOI LODBSRVHD
RXBX\WRI WH' ) 3& th

6 RP HVSHFLIE DUFKIWRXUH FKRIFHY KDYH EHHQP DCHZ KHQGHIQQ) WIV' ) 3& b
TKHo( . ) bSUHGFWRQOVOVHS DUDWCH URP b HOFRUHFWWRCOICORUGHUNMROVXS SRUIMEHOFDVHD

Z KHUHOP DI HVEDUHICRWDF T XIUHGDWDIFRQABQA UHT XHQR\ b WAKOXVQHHGVDOAP P Sb
IOBXV



b

S5HIHUH

' D V\bH
3DJH

O INFUSE.

k
9HUWLR
k

o oo T

' 25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$./(' '¢B,*1

: HORXUHQ@LSURSRVHOWOXVHOS + 5 6 BEDWHCONHY . ) IFRUHFWRCQOAMS b+ RZ HYHUWQDb
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DFPC: Point Cloud Model-based Localization (OT Version) )

<<DFN>>

EKF Prediction Point Cloud Registration

<<DFN>> ‘
in posePrediction: Pose

in sensorPointCloud: PointCloud
in modelPointCloud: PointCloud*

in EKFStates: StateVector*
in pointCloudTime: Timestamp

in LidarPointCloud: PointClol

'in Chaserlnertial Pose: Pose '
J out posePrediction: Post out targetPose: Pose|

<<DFN>>
EKF Correction

lin EKFStates: StateVector*
lin measuredPose: Pose out targetPose: Pose

fin inertialPose: Pose

out targetPose Pose

<<DATA - Shared>>
Point Cloud Model & States

parameters/data AN

EKF
States

Target PC
Maodel

<<DFN>>
Motion Estimation: EKF Prediction

<<DFN>>
ICP: Point Cloud Registration

<<DFN5: |
LIDAR: PointCloud
oo —>in posePrediction: Pose
in sensorPointCloud: PointCloud
lin modelPointCloud: PointCloud*

in EKFStates: StateVector*
in pointCloudTime: Timestamp

out LPC: PQ out posePrediction: Pos out targetPose: Pos

<<DFN>>
AHRS : Inertial Pose

out inertialPose: P

) LIXWH

b

<<DFN>>
Motion Estimation: EKF correcﬁcn‘

in EKFStates: StateVector*
in measuredPose: Pose
in inertialPose: Pose

out targetPose Posj_'—>

&3 3ROM.EBXG0 DFKIQ) ' D) BZ ' HFUSWRD
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<<DATA - Shared>>
Point Cloud Model

<<QUERIER>>

<<QUERIER>> EKFStateVectorQuerier

TarguetPCQuerier

in pointcloudindex: int[] in statelndex: int[]

out targetPC: PointCloud out EKFStates: StateVecto

<<QUERIER>> <<QUERIER>>
TarguetPCQuerier: getStates: EKFStateVectorQuerier

in pointcloudindex: int[] in statelndex: int[]

1. Select indgxes in past pointcloud 1. Select indexes current state vector
2. Return pointcloud 2. Return references to elements

out targetPC: PointCloud[] out EKFStates: StateVecto

JUXH &3 3RONBXGO DWKIQ) ' D3 URGXFW) DQDI HP HQW
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Motion Estimation: EKF
Prediction

Motion Estimation: EKF
Correction

getStates:

‘Orchestrator EKFStateVectorQuerier

ICP: Point Cloud Registration TarguetPCQuerier:Point Cloud

getPCModel()

pointcloud|

getState:
stateVector

runPrediction()

runEstimation()

updateStates()

jwaitForNewPC|

JUXH ,&3 3RLQW & O R X SROMBRONHFHSMRTL
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')3& OLG DQG &ORVH UDQJH 9LVXD® 7UDFNLQJ RI D 7C
7KWV' ) 3& WHDWV R WH XVH FDVH GHVFUEHG ICh

5,.1)86( ' HWMPWRQ 5 HFROWIKFWRQ DOG 7 UDFNQI b

b8 th&Dvib b 9 IVXDB7 WDENQJ bRIbDb7 DL HWDQGH( WP DWRCHRIDS RERW
5 HDWH 6 Vb

' )3& ,QBXW b

5 WHDP @ \WWMUHR 1P DIHV Z IW DWRFIDMG P RMEGDVMb

> DV 3 URGXFWEO DI IQWDQ) XHW RI WH VU HWSRWH b
3 DUDP HMLE@0 RGHALGBI VP IOUMR Z DYH URQARUWP DWD
>3 DUDP HML@)7 UDFNHUSDUDP HWLY b

3 DUDP HML@& DOEUDWRQ SDUDP HiUY/b

") 3& 2 XV8XW b

6\WHDP @ \MP DMG SRVHD
6\WHDP @ \MP DIMG BFDOYHBFMD

7KH' ) 3& ZIQEHFRP SRHGRI WHIR®ZIQJ ' )1V ) L] b

P DIH XQGMRWRQD

( GJH GHMPWRQ | RUDQ DQ HGJ H EDVHG WDFNIQJ b

. DB DQ SUHGIFWRQ |RU FDSWMUQJ [P H R 1UDP H ®FDCP RWRQD

. DB DQFRUHPWRQ IRUXSGDWQ) \WH SUHGIEWRQ Z W P HDVXUHP HQMD
9 IMEIDN GHMP ICDMRQD

&RQRXUVDP ST b

0 DWKIQJ P RGHIDQG [P DIHHGIH\Wb

3RVH HWP DARQD
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DFPC: Model-based Visual Tracking)

<<DFN>> <<DFN>> <<DFN>>
Edge Detection EKF Prediction EKF Correction
in imagel : Image inimageTime: TimeStamp in imageTime: TimeStamp
inimageR: Image in Image in Image
out edgeMapL: Image outedgeMapL: Image out edgeMapL: Image
out edgeMapR: Image outedgeMapR: Image out edgeMapR: Image

in imagell-i Image out estimatedPose: Pose & Velocity

inimageL: Image

<<DFN>> <<DFN>> <<DFN>>
Image Undistortion Visibility Determination Contour Sampling
in i"itia”:'TSE Pose in imageL.: mage in pose: Pose in visibleModel: Points

in imageR: Image in 3DModel: Points
in initial Velocity: Velocity . g ; ;
out undistortedimageL: Imag out visibleModel: Paints out samplePoints: Pointg

out undistortedimageR: Ima

<<DFN>>
Contour Matching/Pose Estimation

in edgeMaps: Points
in sampledContours: Points

out pose: Pose

) UXWH 7KH' )1 R WH P RGHOEDVHG YIVXDOADFNCJ kb

7 KHol RGRZ 1QJ bl LI XUHGHBIOOWHIQMDFWRORID ) 1 bFRP SRGHOMIQUGHDWHS ) 3& b 1 RWFHD
WDWWHOREMPWOICOWHIVHT XHQFHOGIDI P P RGHOP BFRQRXUEP BND® DQDQGEP DIQ7 UDFNHUD
FRUHVSRQG VR YIMIELMV GHMUP ICDARQ FRORXUP DFKIQJ (. ) ' ) 1 UNSHPRYHD b
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sd:ModelbasedTracker]
{ parser:FileParser mainTracker:ObjectTracker | |m_kalmanFilterKalmanFilter m_contour:ContourTracker model:Multibody
:
loadConfig - ;
' parse
i D init
setParameters getObjectModel
D predict
. initFilter N
H detectEdge
> sampleContour
computePose I
return
< ..................
Loop [Max_iter]
opt [resetSample_count]
resample
return_samplePoints
< .................
computeResidualdacc
matchEdges
. retir posSARAVSIOEHYLL . . .. oeceovnin
correctPose -
return_correctedposeVel
<_ .....................
) UXWH 6 HTXHFHGADIWP R WH P RGHOEDVHG YIVXDOADFNHULD
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7KHOFDP HUD EDVHGOSRVHOWDFNQI bivbGHVFUEHGHE\ by’ ) 1 Vb 7DEGD b’ ) 3&bSDUDP HMUYb
7DEGDL  bIQSXWHDQGORXVBXW b0 RUHRYHUBWIHHLCEXWWDQGERXSX\WCDWEHNS HVODUHIGH ICHEOWRD
HQDE®! LOMUDFH R D 6 HQVRUG XIW DQG GDVB SURGXFWFRQUXP HUVXFK DV ( 5* 2 b

/MR ) 1Vo

' D) XMRQLRGH ' )1 b IXQPARQD

( GIH G-WRIRQD H WDFW [P DJH HGI H\Vb

. DB DQIIEGMIQIb 3 UHGEW WH WIW EDVHG RQ D P RURQD
P RGHIDQG XSCDOWA Z W P HDVXUHP HOW

P DI H XQAMRWRQD &RUHFW [P DIH SI[ HY GMRIMG GXH \Rb
FDP HD BIQvb

9 IMEIDN GHMP ICDARGD &RP SX\MV \WWH YIME®! P RGHOHDWURV [URP b
WH FXWHQAFDP HID YIHZ b

&RQRXUVDP ST b 6DP SGV SRQN DBQJ \WH YME®! FRORXWb

&RQRXUP DIFKIQ) DQG SRVH HAWP DUWRGH ( VWP DMV SRVHE\ DOIQQI P DIHHGIHV Wb
\VDP SBIG FRORXWY MWIWHOb

70EG ' D) XMRQ1 RGHV R WH P RGHOEDVHG YIVXDOADFNCQYJ ' ) 3&b

7KHo. DO DQOIGMBMDFNVD ' 2) b A VWP BABMAD Z KIEKOFROBIQWMHIU HASRHD ' 2) b
DQGHIWDP H I WDP Ho@FDBYHBFMD ' 2) b+ HWbZ HODWXP HhDOFROAMIQNYHBFMLP RIRGH
P RGHOLHINHA UDP HARI P HUHDMYHP RWRQERI BAMHIFDP HIDDQEOMHAEL HIMFRQABIQNY KHo
LM LOSXW b SURFHWb QRIVH b P HDVXUHP HQW QRIVHY DQGh [QWDB FRYDUDGFHD DUH WDFNHUD
SDUP HMWADQGKDYHIREEHSURYIGHGE BMHXVHUD RURYHURMHY DB D IGMUBHT XIUVEQWD®
AWML Z KIEKD FRX@b EHb SURVIGHGH E\ bDQbH WLLDBP HDQWVXFKhDOGHWRIRQD' ) 3& bW
UHDVRQDEGHQWDD DWRQ BilHI LGMUQ) H DWWV REYIRXVOIKLI KHIWWDQDRMDEP DI HISURFHWIQI b
WP H b+ HQFH -l LOMBOWCR\ bZ WMBZ bGP HOVMRQDOWRMMOYHRVRUMICRWRXUFRQFHUHCOMD
SDWEXOUFDVHHZ KHUHFRP SXVMRQDD EXUGHQD VHKLI KOUHDWGOWROWEHDLP DI H EDVHGOSRWHD

HWP DWRQ b

') 3&b3 DUDP HWAY 157 KHUHH M ROWSHVDRI ESDUDP WA KIEKBVKRXGHEHVSHFLIHGEH RUD
WHS ) 3 &HVIGHSE HG BADFNHUIDQGEFDP HIDSDUDP HWAY Y KHADFNHUDQGDP HIDSDUDP HMYb
DUH UHDWIG R WH' ) 1 DQG IQMEGDCSDUDP MY DQG FDP HUD SURSHWAY UVSHRRYHD

3DUDP Hidib 3 DUDP HWMUWSHD

0 O QXP EHUR VDP SGI SRIOM 7WFNHUSDUDP Hidb

0 1Q GMEQFH EHE HHQ D SROJRQ SOCH DQGh| 7 UDFNHUSDUDP H
\WH FDP HID FHQMUP P @
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S[HY> \UNHDDQ ®@
01QP XP ®GQIW R DYDIG ' VHIP HQN 7 DFNHUSDUDP HMUb
PP@
6 HDUFK GMIQFH sS1[ HAQM H@ 7WDFNHUSDUDP HWMU
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WP Ho 7P H V@R [P DIH 7P Ho P IFIRVHFRQGV
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XVHE3H6 HF
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RUHQEMRQD DWAXGHD b $QOB[ MD

9HBFIW 7 DQVOMRQDD b YHARU Go
YHBFIW 1Q ®FDO
FRRUGCDW [P H[ \
DQG] b

$ QI XOUYHBFWD 5 RIMRQDOYHBFWD | b YHARU Gb

LQ ®FDOFRRGICDMD
IWDP H[ \ DQG]b

WXVD 6 XFFHW IDGWHIQ | b 7 QMo
SRVH AP DIRQD
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3 DUDP HWMLES GEMRQDARSWRCDCSDUDP HMWYb

') 3& 2 X\VBXW b

BWHDP @ JR P RWRQ HWP DWRQIURP 3B IRUWH FDP HID WDFNHUb
36 WHDP @ FHCH SRIQAFEXG DV UBHFRQAKRMG RYHUMP HIURP P RWRCD

7KHI ) 3&IZ IBEHFRP SRVHARIBMHIR@Z QB ) 1V 2 MOYDURXVH OYRURSWROUDYDIDE®HD
HOFK b

) HDMUH GHMPWRQ 1RUIGHQM 1QJ 1HDWUHV 1Q \WWH VFHQHD
) HDIMUH P DRKIQ) | RUFRUHDMG) |HDWUHY EHE HHQ 1P DI Hvb
| 6WUHR FRUHDWRQ RUVHSDUDM IRUP RQRFXOUXVH)
) XQGDP HQECP DA, FDBXOMRQ 1RUILQEQ) WH KRP RIWDSK\ EHE HHQIP DI Hvb
7UDQI XOMRQR! [HDWUHY \R ®FDM IFDMUVIQ ' VSDFHD

3HYSHAWH DQG 3RON3@B VROMRQ \R 110G WH HIR P RWRQR! WH FDP HIDb

YU bGHEIOBWHIQMDPWRDRIG ) 1 bFRP SROHOMIQUGHOWHS ) 3& b 7KH0SDUDP HMYBNDW
FDQEH VHWRUMLY ' ) 3& IQFOGHWH IR®Z IQ) b

» FDP HUD FDIEUDWRQ SDUDP HWAYb

" PO IPXP QP EHUR IHDMUD
|HDMUH VFD@I b

" HGIHWUVKRGD

" SDWK M Ho

" WAHDWUH BYHOIQWH FDVHRI 2 5% GHVEUS\RWY b

" QXP EHUR! IHDWUH GIYHY IQWH FDVHRI 2 5% GHVEUS\RWY b
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' )3& QBXW b

3 DD 3 URGXPUEB FHQH SRIQAFEXG IR BHFRQAKFWRQD
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2 DV 3 URGXPUO DI QWD) XHW R WH VLU HWSRVH b
8 DUDP M@ GGMRCDCRSWRQDCSDUDP HMUYb

') 3& 2 XV8XW tb

5 WHDP @ WP DIMG SRWH 1Q UHHUHQFH IWDP H RI VU HWY
5 WHDP @ WP DIMG RUHQAMRQ DQG P DWKIQJ RI VL HAZ I UHVSHFWIR P RGHD

7TKH ) 3&I7Z IBEHFRP SRVHARIBMHIR@Z 1QIB ) 1V 7 MOYDURX\VH OYRURSWROUDYDIOE®HH
HOFK b

3 RIQANFEXG GHVFUSWRUH WDFWRQ R 11QG NH SRIQWV 1Q VFHQH DQG P RGHOBRIQNFRXGVb
| 3ROQAMRP DO 6+2 7 IHDMUWHGVFUSWRY b

" HVFUSWRUP DWKIQ) \R P DWK GHVFUSVRY EHVE HHQ VFHQH DQG P RGHD
| )/$11 GAVFUSVRUP DWKHUb

&RUHVSRQGHFH JURXSIQ) R 11QG FRUMHVSRQGHIFHV EHVE HHQ VFHQH DQG P RGHD
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')3& ,QBXW b
( QG HIHARUSRVMRCD
( QG HIHRRUIRUFH P HDVXUHP HQMD
( VWP DIMG FKDVHUSRVH UHDWYH VR VB HWD
') 3& 2 X\BXW Db
' SRIQNFEXG Z W QRUP DARUFHV HP EHGGHG GHVFUELQ]
7KH' ) 3& ZI@EHFRP SRVHGR WHIR®Z Q) ' ) 1Vb
2 ARP DS JHHIDRU : 1@P HJH IRUFH GRUP DY GDVB LOR D VSDWDAHSUHVHQEBMR b
) RUFHo 0 HVKb * HQHIDRW b: 1@ H SEMW \WHo RFVRP DSb GDVEb R J HHDWD P HVKHVD
UHSUVHOWQ) \RXFKHG REMFW b

')3& ([SHFWHG 3HUbDRUPDQFH
7KH I BEOMRP LV D WRQGDUEG FRP SXWUP DGHRI [

&38 ,QMBRUHL +4 # *+]tb
5%0 *0%' ' 5 (1))

) IRP WHVWH K\ SRIHVY WH H SHAMG XXKQWP HDUH o
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) RUFHO HVK * HQHUIDWRU | FDUMVIDQ 3 RVHD b b
727$/b t b ! ISVb
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5, 65& 65b

1)86( 65&b5,bVbDOVXSHYHWRID,1) 86( 5, bKHFHOI XWHWGHEIOLRb IQMIDFHXVIQIb
(652&26 PIGGBZDHZ M &' )) Z LQEH GAVFUEHG GXUQ) WH GHYHBSP HOM

"y1b

+ HHO Z Ho SUVHQOINWHO GHVIABIGH GHVLI Qo RIbHDFKb GDVE0 I XMROGRGHD ' ) 1 bIGHQMHGOIQOWHD
') 3&VIBH ) 1 bVDQDWRP IFLSURFHVWIQJ bHQAOMDUM XD LYHQOEDVIED XQPWRQ b, \WVaAH)
VP DEMAXQUWRIEDFRP SO BBVNIGH IQHGE\ HWH XQPUWRQ HOBXWDQGRX\EXWi+ RZ HYHUEDS ) 1 b



b
5HIHUH

@IHFIUSEb o

o oo T

t
t
t
3D JtH |

25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$./(' '¢B,*1

FDQOEHoGH IQHGHE\ bDoFRP EICDWRQORIbHBP HQB bI XQPWRQWZ KIEKDP Dy hQRWH SRVHOWHLD
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FRQUXWH DQ&
" SURFHW b

7KHFRQLIXWH BHMDBNHFRQ LI XUMRISDUP HMYARIBMHS ) 1 17 KIBBNHSURFHW BXQRIRQD
FDQ WY IXQPWRQY VR FRP SX\WM WH RXABXW R WH' ) 1 b
‘Y1 7THP S @D WH

7 KIMIWVHPMRQER BMHIGRIXP. HQAMIDGDSWIGH URP BMHIGREXP HOIS ' @WWKHIFRUHD ) 1 G-I Qb
VHVKDUHGE\ BAMHSOQHI DQGREMIBADFN 57 KM ) 1 BMP SOWLZ LEBEHXVHEDVDL XIGHIH)
R GHMJQHDFK FRP SRHOWVR! ' ) 3& b

"Y1 '"HVFULBWLRQ
© HWBWE\ GHVFUEIQ) WHFRP PRQ' ) 1 HBP HQNV b

') 1 HOP HQW 5 HP DUNVD
* HQHUE GHVFUSWRQD b
QBXW DQG 2 XSXW GDWilb " DD KHH BHHY \R b

$PWDOGD® HJ ,PDIH  EMWb
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IXQPWRQ SURSH® b

,QBXVB DIDP HMYb &DQEHSWRYIGHGE\ b
&RQUXWDARQIIBI HJ 7KUVKRG 61 HR SDWK b

T 2XVEXVRIDQRWHU )1 HI . ) LHQWDO DWRQDb

7DEG ' )1 \MP SOW HBP HQN IRUIQMUDFIQ) th

7KH' )1 WP SOW HBP HQV UHOWIG R IP SGP HOMWRQ CHVIDUH OMG IQ7DE®N th

') 1 HOP HQW 5HP DU\b

3HURPDFH) DQG  FRW $HFRWSHUIRUP DQFHIHVP DWRQOP HIMRGZ KIEKHMFRP P RQ
HVWP DWRQ P HMRGVD WRDO ),RWV' )1 b

' IDJQRWIE FDSDFIWVD QFOGHV b

( WRWY Z DLIQI VO DWXQWP Ho HJ bXQH SHAWMGHGD]
WSH RXAWR! (DQIHSDUDP HMU b

" | RIbFDSDEIONMD HJ bW FDWKOUHVXOMAZ UNMQOLGD)
®J IIBIb
2 XVSXWIHSRW HJ WL WH P DJH LV DGEDFNQ Xb
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7DEG® ' )1 WP SOW HBP HQN DAP SOP HQEMRQ GIYHD

'), 7THPSODWH ,PSMHPHQWDWLRQ
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IQAMIGFHV R WY WP SOWM XQGHUWHVDP H' )1 b

'), 1DP Ho 7HP SOWAL DP H,P SGP HQEMRQ b

'), HOP HQW 5HP DU\b

( VWSHJRWP DQFHDQG FRW | 3 RME®D UHSUHVHQMG bLQb DO DGHT XDWh FRWBHURWP DFH
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([ WLDOIEWDY GHSHQGHQFIHM] / MARI H \WMUDOIEWY GHSHQGHQFIHY HJ 2 SHFY 3&/ b
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") HDWUH WUHVKRGV
" HVFUS\VRUGIQI W b
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' |DJ QR FOSDFIWAD QFOGHVb

(WRY ZDQQIVb DV )XQIP Hb HJ b XQH SHAMG
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) DXQY' HWIPMRQHDQGh, GHOMEDARQDIVOWHDUAVSROUELDMVOR
WHS ) 1 br RZ HYHUWES HFRYHY bZ KHQSRWIE®G! H\VP DGHDU
WH' ) 3& GIYHIDQG LV SDWR WH 2 UFKHVRDRUD

'Y)1T '"HVFULSWHLRQ )LOH

7KH3 ) 1 bGAVFUSWRQ IBGIRMDIKXP DQHHDCDE GHDUNDRBMDWGHVFUERVONHS ) 1 EEDVHARQMHD

") 1 bwP SOW b$ bFRGH0I HOHIDRWSURGXFHWS:  IIFRGHIDQGFRUHVSRQGIQI KBS\ WIRQELQGEIQI Vb
IWRP WH' )1 GHVFUSWRQIL®! b

$QbH DP SBb<$0 / bGHVFUSWRQH B RMZ IQIBMHR.' )) 6 XSSRUNVSHFLLIEDWRCHVESURYIGHGHCD
7DE®  bb
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'), HOP HQN 5HP Db

( WSHURWP DQFHDQGFRWY | b

,QBXV\B DUDP HMYb 1RGH

([ WDAIEEWDY GHSHQGHQFIEMY 2 SHQ&9b

" 1DJ QR FDSDFIWAVD 7% b

b

b
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"Y1 YHDWS$QG6LIQWUDFWRU
b
')11DPHo ) HDVB QG5 L) ( [ WDF\VRUD
' )1 HBP HOW 5HP DUNVb

* HQHUE GHVFUSWRQD

" HMPWODQGOH, WDPDLYLYXDBSRIQN HDWUHI URP EDCHP DI H
7KHD HDMUD Mo UHSUAVHOMGD E\ b Db GHWRRW FKRRVQ)
NH SRIQAD RIb IQMIIICH WHo IP DI HoDQGHE\ bDQo DU bR
GHVFUS\RY GHVFUELQ) WH UHJ LRQ DURXQG WH NH SRIQM

QBXW DQG 2 XSXW/ GDMEb

,CBXW$ JUD VFDBIIP DIH HJ FY 0 DW
2 X\BX\W$ bYHRPRUWBRIbNH SRIQMD HJ bFY . H SRIQANDQGEDQ
DUD R GHAVFUS\RY HJ FY 0 DWIRUHDFK NH SRIQW
b

,CBX\\B DUDP HWYbh 1XPEHUR PD[IP XP GHMUHG IHDXUHV b

SHURPDFH DQGh  FRW ' HWPMRQOWP HoFDQOEHXVHGOWROHNP DIWOMIHOFRVBRI bDQ

HVWP DWRQ P HMRGVb IHDMUH H WDFVRUD ) R VRP H IQARIGFHV b SHURWP DQFH
HYDODWRQP HKRGVP D H Wb

8 QUIMAN &RP SDUVRQZ W NQRZ Q | HDMUH QAMQLP DI Ho

b

"), 25%) HDWWH ([ WDF\VRW

'), 1DP Ho 25%) HDVWUH ( [ WDFVRW

'), HOP HOW 5 HP DUNb

( WWSHURWP DQFHDQG FRWY | 5 HDWYHDbIDWYFRP SDUHCH\R06,) 7 68 5) b EXWMEBZ HbIRU
OUHIP DIHV] Hvb

,QBXV\B DIDP HMYb 3\ P IG GHFIP DWRQ UIMR \FD®! IDRVRUD

( GJH\WMUHVKRGD

1 XP EHUR SRIQN \R SURGXFHIRUY6 ,( ) b
3DRKVJHXVHGE\ 9%6,() b

1 XP EHUR! S\ UDP IG BIYHY IQFDVHR! 2 5% GHVEUS\RUD
QXP EHUR! IHDWUH BIYHY IQWH FDVH R 2 5% GHVFUS\RWY b
© 7$ . YDOH IQWHFDVHR 2 5%GHVFUS\RWY b

([ WLLDATEWDY GHSHQGHFIHW

2 SHQ&9b

' |DJ QR FOSDFIWAD

1 $b
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‘Y1 JHDWXUH GDWFKLQJ
b
')1 1DP Hb ) HDW(UH O DWKIQI b
') 1 HOP HQW 5 HP DNV

* HQHUE GHVFUSWRQD

* LYHQD \® Ro VHWD RIb YIVXD® SRIQW ! HDMUHVD UAMUOVD Do VM
P DWKHV ( DFK P DK DWRFIDW\Z R [HDMUAV b

QBXW DQG 2 XSXW GDWEb

CBX\W 7ZRb YHRRWD RIb NH SRIQM DQGh WHUD UHDWYH
GHVFUS\RWA

2 XV@XWS$ YHRVRURI P DFKHV HJ FY ' 0 DK b
b

,CBX\\B DUP WU ' DMBQFH WUHVKRS VR DFFHSWP DWKHV b
3HIRPDQFH  DQG  FRW 0 DWKIQ) WP H 3HUFHQEUH R RXAVEHY LQWH P DRKHV b
HWP DARQ P HMRGVD

8 QUIMAN &RP SDUVRQZ W NQRZ QP DWKHV IQ\E R [P DI Hvb

b

'), )/ $11 0 DRKHD

"), 1DPHo )/ $11 0 DWKHWb

'), HOP HQW 5 HP DUNb

( VWSHURWP DQFHDQG FRWY | 0 DIGEDEMDWYHWRODHE XMl RUFHOP DWKHUBY/HMBFKRIEHA)

WP VR FRP SXVIMRQ WP H EXWAMEDKLI K ®DG b

,QSXV\B DUDP HiMWYb b

([ \WMLODAIEWDY GHSHQGHFIHM] 2 SHR&9b

' IDJ QRVWE FDSDFIWVD 7% b

b
"Y1 )XQGDPHQWDO ODWWL[ &DOFXODWLRQ
b

')1 1DPHb ) XQGDP HQWCXD DM & DEXTMRQb

') 1 HGP HQW

5HP DUNb
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* HQHUE GHVFUSWRQD 7KIVb' ) 1 bFDBXOWAMDLIXQGDP HQBOP DA, b LYHb! HDMUA
SRVMRQV DQG WHUP DIRKHVD

,@BXW/ DQG 2 XSXW/ GDWb ,@BXW [HDWUWH GHVFUSWRWA WSHb FY 0 DWh 3DIUQIVL RI
[HDMWUHY J RRG WIDQI XOWRQV | RUWHVH [ HDWUHVD
b

2 XVBXW) XQGDP HQE DAL WSH FY 0 DvW
,CSX\\B DUP HWUYb 1RQb

8 QUYMAN & DBEXOW DNQRZ QP DA 1URP NQRZ Q SRIQAD
b

'), )JXQGDPHQWDO ODWWL[] &DOFXODWRU
b

'), 1DPHb ) XQGDP HQBAD DW] &DBXOMRUD
'), HOP HQW 5HP DU\b

( VWWSHUIRWP DQFHDQGFRWY | ) DWFDBXOMRD

,CBX\V\3 DIDP HMUYb 1RQHb

([ WLGDATEWDY GHSHQGHQFIHM] 2 SHQ8.9b

' IDJQRWIE FDSDFIMEVD 1 $b

b

"Y1 %XQGOH $GMXVWPHQW
7K' ) 1 IV RSWRQDARUXVH 1Q HQYILRGP HOABHFRQMKFWRQD

b

')1 1DP Hb ) XQGDP HQBXD D] & DBXTMRQD

') 1 HOP HOW 5 HP DUND

* HQHUF GHVFUSWRQD 7KV ) 1 ERSWP [} HVSRIQAFBXGVIVROMDWINMH. EDUHDEHAMU
P DWK \R P DIH\b

BX\W DQG2 XSXW GDEb | ,Q8XVb 3 RIQW FBXG b IHDXUH GHVFUS\WRYD WSHbBFY 0 DM
SDUQIVRI [HDWUAVD
2 XVBXW3 RIQAFBXGH

,QBXWB DUDP HiYb &DP HID SDUDP HWUP DAL GMRWNRQ FRH I LFIHQMD

8 QWM 1 $b
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'), YXQGBI S GMWWR HOW

'),1DPHb %X QGBI $ GMWR HOW
'), HOP HOW 5 HP DUNb
( WVSHURWP DQFHDQG FRWY | + LJK FRP SXVIMRQDORDG | RUDL H SRIQAFRXGVb
,CBX\\B DLDP HWUYb 1RGHb
([ MEDOEDY GHSHQGHFEM] & HIHV VROHD
' [DJ GRWWF FDSDFIWAVD 1 $b
b

‘Y1 ' 3BRLQW &RPB8XWDWLRQ
b
')1 1DP Hb ' 3RIQN&RP SXVMRQh
') 1 HEP HQW 5 HP DUNVD

* HHUE GHVFUSWR(D

* LYHQOA ROVHMRI bYLlVXDOSRIQW HOWUHVIDQGEOMHFDIEUDWRQ
P DAL bRIbWHOFDP HIDbZ MbZ KIFKWHOLP DI HviaZ HHOMINHQ)

UHMUV D SRIQAFFBXG RUP RIH JHGHD® DVHWR ' SRIQN b

QBXW DQG 2 XSXW GDWEb

,CBXV 7Z R YHRVRWD RIb NH SRIQNV b WHL SDILIQI Vb DQGh D)
FDIEWDARQ P DW b
2 X\BX\WiS bYHRVRUBRID ' bSRIQM HJ Y 3 RIQMV ERUDISRIQN
FEXGo
b

,CBX\\B DLLP HWUYb b

SHURPDQFHh DQGb  FRW &RP SXIMRQ7IP Hb

HWP DARQ P HMRGVD

8 QUMY * LYHQ D GDVHWFKHFN WH \WIDQJI XOMRQ R SRIQMD

b

"), / .QHDU7UDQIXOMRQ ' /7 b

'), 1DP Ho

( SISROUJIHRP HWM b

"), HBP HQW

5HP DUNb
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( VWSHURWP DQFH DQG FRAN

) DAMVEXWGHSHQGHQARQ QXP EHUR! SRIQMD

,CBX\\B DUP HWWYb

1R

([ WLLDATEDY GHSHQGHFLHM

2 SH®.9b

" 1DJ QR FDSDFIWHVD

1 $b

b

N1

' ORWLRQ (VWLPDWLRQ

')1 1DP Hb

' 0 RARQ( WP DMRQD

') 1 HBP HOW

5 HP DUNVb

* HGHUE GHVFUSWRGD

( VWP DMVOWIHOVHD P RWRCORI bWHOFDP HDbXVIQIE $1 6 $ &

JLYHQ Db VHW Rl b WWIDQJ XOWGH SRIQN DQGH Db I XQGEDP HOMM
PDWI b

QBXW DQG 2 XSXW/ GDEb

,QBXWDOYHRRWRID * bSRIQA bDbYHRVRWRIBP DI HOSRIQW bD

FDP HUD P DA DQG DQDUD\ R GMRWRQ FRHILEIHQAD
2 X\VBXWD W LG WDQVIRWP DARQ 3 RvH HNP DWRQP DAY, b

,CBX\V\3 DUDP MUY/ 1RQH

SHURPDQFHh DQGb FRW &RP SB[ IW &RP SXMRQ7IP H 3HFHQEUH R IQ0HY b
HWP DARQ P HMRGVD

8 QUMY * LYHQ D GDVHWFKHFN WH HIR P RARQ HNP Db

b

"), 3@ 3HYWSHFWYHIWRP Q 3RIQV b

'), 1DPHb 308

'), HOP HOW 5HP DUND

( VWSHURWP DQFHDQG FRW | ' HSHQGHQW 1URP b \WWHo DORUMP b SDUDP HMIVDWRQ b 1D
RYHD®

,QBXV\B DUDP HMYb 6ROIQ) PHMRG HJ (313 WADWH 3 3 b

5 DQVDF SDUDP HMUYb
1 XP EHURI MDARQVD
5 HSURVIFWRQ HURU
1 XP EHUR! 1QDHWYb
8 VH H WIQUE JXHW IRUMWDAYH P HMRG b
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([ WEDOIEWDY GHSHQGHQFIRW,

2 SH®.9b

' |DJQRWE FDSDFIWAVD ' HSHQGIQIb RIb WH FKRVHO P HMRG b ( J b3 3b UHT XM
HDAW® P DRKHY RUZ QMM HURUD
b
"Y1 3RLQW &ORXG &RQVWUXFWLRQ
b
)1 1DP Hb 3 RIQAL BXG & ROMKFURQD
') 1 HOP HQW 5 HP DNV

* HQHUE GHVFUSWRGD

7KIMb' ) 1 bFRP EIQHVbDHQHZ bSRIQMFEXGHZ IMHDOH ML)
SRIQNFEXGh E\ b RIDbDGCGQI b SRIQMWDWKDYHo CRIWEHHJ]
DODG. \WDQI XOWGh

BXW DQG 2 XSXW GDWib

BXW3 RIQNFEXG UH SURMPMG SRION SRVH HP DW\Vb
2 XVBXW3 RQAFBXGH

,C5X\\B DLDP HWUYh 1RGH
SHUIRPDFH Db FRW &RP SXIMRQTIP Ho
HWP DIARQ P HMRGVb
8 QUIMAY 1 $b
b

'), 3RIQN&BXG %XITHD
b
"), 1DPHb 3 RIQA& BRXG YXI@HWD
'), HBP HOW 5 HP DUNb
( WSHURWP DQFHDQGFRWY | ) DWARYHID@®
,GSX\\B DUDP HWLYh 1RGH
([ WLEDAIEWDY GHSHQGHQFIHM] 2 SHQ&.9b
' IDJ QR FDSDFIWAMD 1 $b
b

‘)1 " .H\SRLQW '"HVFULSWRU ([WUDFWLRQ
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')1 1DP Hb

' . H SRIQN HVFUS\RU( [ WDFWRQD

') 1 HBP HOW

5 HP DUNVb

* HQHUE GHVFUSWRGD

7KVb ' ) 1b GHWP IQ-Vb NH SRIQN b WHL CRUP DV b DU
H WDFW GHVEUSVRLY | RUMWHVH NH SRIOMD

QBXW DQG 2 XSXW GDWilb

,OBXW3 RONFEXCGo
2 X\VBXW. H SROAGHVFUS\RWA

,CBXV\3 DIDP HMYb

0 RGHOXQURWP \VDP S@ WDGX\b
6 FHQH XQURP VDP S@Y WDGX\b
5 HHUHQFH IWDP H DGX\b

SHIRPDFHh DQ& FRW &RP SXIMRQ7IP Ho
HWP DWRQ P HMRG\b
8 QUYMAY * LYHQ D SRIQAFEXG FKHFN NH SRIQN SURGXFH)
b
'), 6+27 ' . HRIQA [ WDFVRUb
b
"), 1DPHb 6+27 ' . HROQA [ WDF\RW
'), HOP HQW 5HP DU\b
( WWSHURWP DQFHDQG FRWY | ) DWEXWGHSHQGHIARQM] H Rl GHVFUS\RUIDGIX\b
,QSXW\B DIDP HMWYb ' HVFUS\RUWDGIX\Vb
([ WAGDOIEWDY GHSHQGHQFIEM] 2 SHQR.9b
' DI GRWWE FDSDFIWAVD 1 $b
b

'Y)1T &RUUHVSRQGHQMBH *URXSLQJ

')1 1DP Hb

&RUHVSRQGHQFH * URXSIQIb

') 1 HBP HOW

5 HP DUNVb

* HQHUE GHVFUSWRQD

7KVb' ) 1 bI1QGVh FRUMVSRQGHIFHVD EHE HHb \Z RoVHADRI
SRIQNFEXG\b

QBXW DQG 2 XSXW GDWElb

BXW . HSRON GHVFUS\WRYL IR VFHQHD . H SRIO!
GHVFUS\RY IRUP RGHD
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2 XV8XW&RUHVSRQAQI SRVHV RI P RGHAQ WWHHD

,CBX\\B DUP HWWYb &OMMIQ) DORIMP R XVH & GWWMUB ] Hd
3HIRPDQFH) DQG  FRW &RP SXIMRQ7IP Ho

HWP DARQ P HMRGVD

8 QUMY 1 $b

b

"), +RXIK &RUHVSRQGHQFH* LRXSIQIb

b

"), 1DPHo + RXJ K & RUHVSRQGHQFH * UIRXSIQIb
'), HOP HQW 5HP DUNb
( WWSHURWP DQFHDQG FRWY | +LIK®O FRP SXWMRQDD® IQMYH GHSHQEQ) RQ FGMMUM] H
,QSXW\B DIDP HMWYb 1RQb
([ WUCDOIEWDY GHSHQGHQFIEM] 2 SHQR.9b
" 1D GRWWF FDSDFIWHVD 1 $b
b
‘Y1 7DUJHW 3RVH BVWLPDWLRQ
b
')1 1DPHb 7DU HWB RVH ( WP DWRCh
') 1 HOP HQW 5 HP DUNVb

* HQHUF GHVFUSWRQD

7KIVD' ) 1 bGHMUP IQHVOWHIP RANDNHDBSRVHORI bVMHOVEL HM
JLYHQD VHVR| SRIMQADCSRVHY DQG D P RYHP HQNIGMUD

QBXW DQG 2 XSXW/ GDMEb

,QBXW3 RIMQMDCSRVHVD
2 XVXW( VWP DIMG SRVH RI VB HWY

,QBX\V\B DIDP HiMYb 6 HOVRUFRYDUDQFHWA RUSRVH P RGHBFRYDUDQFHWI RUSRWH
SUHYIRXV IQSX\Wh

SHIRPDQFHb DQ&h FRW &RP SXWMRQ WP Ho

HMP DAWRQ P HKMRGW

8 QWA 1 $b

b

'), 7DUHABRVH ( WP DR

b

'), 1DP Ho

7DUJHAB RVH ( WP DVRRW
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'), HOP HOW 5 HP DUNb
( VWSHJRWP DQFHDQG FRW | 0 RGHIDW GDGQIb
,QBXV\B DUDP HMYb 1RQb
([ WUDAEWDY GHSHQGHQFIHMW] 2 SHQ&.9b
' IDJ QRVNF FDSDFIW¥\VD 1 $b
b

"Y1 +DSWLF VFEDQQLQJ

b

')1 1DP Hb 7DU HWB RVH ( WP DMRQD
') 1 HOP HQW 5 HP DUNVD

* HQHUE GHVFUSWRQD

7KV ) 1 h) DWHYHRSSRUMQMFDIDHDQ bFRQEFPWSRIQADQT
JHQHIDWV DQ DARFIDMG P VK. SRIQADQG QRWP Db

QBXW DQG 2 XSXW GDWilb

,CBXW( VWP DIMG SRVH Rl L HWY

,CBXWEXWHOND DQASXORURIQNADWAD

,CBXW) RUFH VHQURWD

2 XVBXW) RUFH P HVK UHSUVHOMY) FRQIEFWSRIQMD

,CBX\V\3 DIDP HMYb 6 HQURUFRYDUDGQFHV | RUREMPWGHMPWRGD
3HIRPDQFHh  DQG  FRW &RP SXIMRQWP Ho
HWP DWRQ P HMRGVb
8 QUIMAN * lYHQDb&S$' b HQHIDWOUDQGRP bFRAVRQSDMY bFRAVRY
SDWV P XVWP DWK J HOHIDWMG IRUFH P HVKb
b
b
" DW 7\ SHWD

$bFRP P RQbGDbWSHol Vb GH LOHGHWR! DFLOIMMODOIOM CDODQGEHDH WALDOIQMUDFHDP RQIb

')1VHE ) 3&VDQEH &' ) ) FOHQMVXFKIDWMHDXRCRP \ b2 *

HDQGH WHB HOVRUS X2 *

7KHb (652 &2 6b GDMElb WSHVD Z LGB EH XVHGH [RU WiHb FRP P XQEDWRG DP RQIb 2 * VbZ KIBb
LOMP HADM" ) 1V DUH 1UHH VR XVH RMHUGDB WSHV b

7 KHOWEGLEHBZ BVKRZ VhGHVFUSWRQHR! bHDFKEGDMEBIMAKFMUH bz IWHDVCH IBMIQDP H 556 1 HIBVD
QP HIQERGH MAQ( 652 &26 b

KWBYV JIWXE FRP (652 &2 6 WSHY EDVHWH P DAMMUDVD



b
5HIHUH

@IHFIUSEb o

o oo T

t
t
t
I
25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$./(' '¢B,*1

3DJH
' DD 1DP Ho " HVFUSWRQD $61 1LBIQDP Ho
PDIH8& b PDIHZMW RQHFKDQQHR b | PDJH 8& DV
EIW YDOHV b
PDIH8& b PDIHZIMW\WUHFKDQQHR b | PDIH 8& Db
EIW YDOHV b
PDIH )& b PDIHZMWRQHFKDQQHR b | PDUH )& DV
EIW YDOHV b
71P HABP Sb 71P HIQP I[ELRVFRQG b 7lP HDVQb
' 3RIQON SRIONVIQVSDFH [ \ ] b 3RIOADVQD
' 3RIQBBXCH $UD R ' 3RQM 3 RIQE BXG DV
3RWb 3 RVMRQ DQG RUHQEMRQRI Db | 3RVH DVQb
REMFWD
7WDQMRP b * HICH D SRVHWDQURWP DWRQb | 7WDQVIRWP : W& RYDUDQFH DVQh
&DIEWDWMRQ DAL | ' HIQHWH FDIEWDARQ P DA \Rb | & DIEWDARQD DAY Db
DFDP HDb

' HWBLBIG' HVFUSMRQRI (* 6( b

7KMb FKDSWUWD GHVFUERVOWHD ( * 6 (1 bZ KIFKbZ L®EHL XVHCH WO YDGEDWD' ) 3 & VOSUHVHIMGHICH
SUHYIRXV FKDSWUID

 QARGXFUWRQD

Qb FKDSW b Z Ho GHVEUEHGh \WHb GHVIIGIGh DUFKIWRXUHY DQGh GHVLI Qb Rib WiHo UH HIHQRHD
[P SGP HQBMRQY DGGIHMQIBNHE.' )) FRUIHGDENXVIRQFRP SRQHOAD' ) 1 IDQASURFHWQIb
WDAWBDGVDRICDWLSURGXFWD' ) 3& HRIBNHE.' )) 17 KH{ GPWEDS URXQEH XSSRW( TXISP HOW
(* 6( bIMOXVHGODVHDOWMBSOANRIP HROYDIEDMMIHIP SBP HQBMRQHE) bSURVIGIQI bDQORUIEMI®
VP XOMWRDHQYILRQP HON? KHAQM) UDWIGFRP SRCHOMRIBMH®R.' ) ) VXFKEDWS ) 3& B ) 1 1DQGh
UHDWCHLQMUIDFHVORORUFKHVADRUG  DESURGXFWP DD HBDQGHP [GGBZ DUHIZ LAEHYHULIHG b
7KH IRTZ 1Q) VHPWRQ GHVFUEHV WH KDUEZ DUH DQG VRIVEL DUH LOMUDFHY R WH ( * 6( b

(*6(b

7KHY GPWEDD* URXQG06 XSSRUN TXISP HQW ( * 6( bSURYIGHVDD YDIEDWRQIDQEHOMAMSOMREP b
IRUBMHS.' ) ESDMFXOUDH RBKMHRELMID ) 38V 1) RIMMSXSRHBMHS /51226 VP HDFIOM
VKRZQUh ) U b b Z IBEHIXVHGODVORXWP DRUY * 6( 10 RUHRYHUOGDEVHMUHFRGHGHE\ BHb
2% b6 HQVRUVXIMODWWHS* O 9 bl DFIOVHZ IEEHXVHGH RUMIHOYDIEDARGRIEP IG IDQIHS ) 3&V b
7KHP DIGREMPWHRIBMHL( * 6 ( b MAKHDFTXMUWRGHER FDEOXP EHURI KGDIVHMI URP BHbI DFLOMD
IQURGHBRYDIEDMDQGEOMARMHD ) 3 & IGHVFUEHGIGR. ) ) RIBMHIRIEMIBADFN b+ HIDI WU Ho
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VSHFLL bDQGLCHVFUEHMHORUEMI®( * 6 (| bGHVLI QoEDVHGORQOWHOIGRFXP HONS ' @URIGHGE\ b
WH2* b

'/5226 VP IDFIOV \WFROWWW Ritb

D VHYIEHMDW@M P RFN XSh
D @ KX HI KWRERWF P DQASXOWRUD
D \BJ HWOW@M P RFN XSb

DQ HOYLRQP HQADQG VSDFH @ KW VIP XOWRU
' /5226 VP 6HQRWD

6 WUHR FDP HDV IRUF&WH UWDQJ H DSSURDFKD
,08b
/) $5 6\ WP [b

6HQVRU 6SHFbILFDWLRQV
&DP HID D SIQ KR®I SURVIFWYH P RGHD

(WHOHW3RMTFDO* &  + bDb b0 HIDS[HBFDPHIL b bISVb# bIX®
UHVROMRQD

6RQ ,&  && WHORWL

& 0 RXQAMBQV IRFDOBIQIW. PP b

,0 8 b SIRVIGHVORUIHQEMROEDVHERQP HDVXUHP HQAOR! bDQJ) XOUYHEFIWLDQGHIHDU
DFFHBIDARD

- VHQHO 7, 56  IQMIDFHD

+UKXSCOMWDM ~ +]  ICHWDOGEDW SIRFHWIQI DWP O] +1b
s RUHQEMRQ UH HIHGFHG B\ JUDYIW DQG ( DM 0 DI QHWE ) 1HTh

OMIUDWMG ' J\ URVFRSHV DFFHBIURP HWAY DQG P DJ GHRP HMUYb

SQXOUUVROMRQ  GHIb

' \@DP [EDFFXWDA  GHJ 50 6b

/" $5 SROQNFFEXGR DWJHAE\ P HOVXUQ] WP HRI I KWRI D WKRWSXOHD

QHRG QH9/ b
&KDQCHb
3ROQW SHU6 HFRQGL
“+RU RQEO 2 9b
“ QHWFDQ 2 9b
P 5DQIHb
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7KHb22 6 61P b DFIMAVOFROMMALRIbDb@ KX HIKW URERWFHP DQASXOWRW P RXQMCbRCh\WiHo
VHNEHBHVDWM@MP RFN XS 5 BAMUHRG-DP HIDOA WP VP RXQUMGHDMXHAHQGH | HRVRUDQGHKHD

SRMQADO ,' $5 SRVMRQLY IQGFDMG RQWH VHIYIEHUD
b

b

) LIXWH 7KH226 VP |IDFIOV b

+DUGZDUH DQG 6RIWHADDUH ,QWHUIDFH

7 KHoKDUEZ DUHIQMUDFHOGH IGHVEDQOHBPWEDEDQGDP HFKDQIEDBIQMUIDFHEHE HHOMHR * b
VHQRWDQGWH' /5 226 VP IDFIOW b

7 KHHBPWIED® DQGhP HFKDQEDBIQMUDFHORIb\WIH\MMUHROFDP HIDO\M WP bIvbDBHDG, b
IP SGP HQMG b



b
5HIHUH

@IHFIUSEb o

o oo T

t
t
t
3D JtH |

25%,7%$/ 5, $1' $662&,$7(" (*6( '(7$./(' '¢B,*1

7KHb P HFKDQEDB IQMUDFHORIbWH02 * ,Q XWHb/ ' $5b 7%& bZ IEH0GHWVLI QHGO\RD
DFFRP P RGDWMHVHQVRURQOMHI URQIVXUDFHAR! BAHVHYIEHIVDW@MP RFN XS 7 KHo
HOFWEDAQMUDFH Z LOEH VSHFLLIHG b

7 KHOVRI\E DUHOIQMUDFHoGH IQHVIOWHO GDVEOLQMUDFHOEHVE HHQOWHD2 66 VP bl DFLON bDQGOWHD

Q XVHR' ) ) EDQADWRFIDMGVHQURWY b 7 KHI DFIOMXVHVDCHQMBGHVNRSHIDX] FRP SXWMURU
DFT XIMMWRQLDQGHLSURFHWQI bR bDoVHQURWGDWS b7 KHLQMUDFHOR bWHOMMUHROFDP HDO\VROMHD
|DFLOW IV DOHDG. P SGP HOMG b

)XQFWLRQDOW QWHUIDFH

157 KHol XQPARCDBLOMUDFHAMGH ICHEE\ BAMHFRP P DQGEIQ) BADMPVRUHMDQGID KW BFRQGMRQ b
&RP P DQEQ) WDVRRULV b

2*  bXVHYOZ IBEHDEGLWOFKRRVHOI URP bWHoQANRI BUHS UAVHQEAY HOWDIAFVRUEMODQCh
UHSHDWKHP DWIKHUZ IQIURP WH 2 %68 Z KIFK FRQARY \WH | DFIOV b

/ LJKW FRQGMRQV b
2% SWRVIGHV SRME®I @KWY FRQGMRQY R FKRRVH b

2SHUDWLRQD® ,QWHUIDFH

7 KHORSHDWRQDBIQMUIDFHFROWADIGHFRP P DQGQ) BMHHVHIYIEHUP DQYSXOVRUHURP bDOVHARID
SUH SOQQHGHWDRPRUEVD WDVRRY b@EWY b7 KHoFRQMQWR bWHoWDRVRY b@EWD bZ LAEH)
IXWWHUGVPXWHG Z W 2 * b

7IDMRRY @EEWDY b

DovHVRI bBUHSURVHQUEMWY HOWDIFVRUHVD RUMEHOFKDVHWVOWM blHY LI KW HI KW RERW
DQGOHWIHOEL HWVDM@AMOROWHL2 2 6 6,0 bl DFIOMLZ LWBEHLP DGHoDYDIME®H RUMINCQI b

P HDVXU-P HQW Z W WH FKRVHQ VHQURWV b
7WDWARY EWDY YIHZ Q) b

7KHWDYRVRUHY 1Q WH GEWDURY Z LQEH YIHZ DE®! 1Q D GHAFDMG VIP XOWRUb
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& ROFOOVIRQD

COMMGRFXP HQMMHGHEIGIGGHWL QRIBMHREMIGH HHQFHIP SGP HOBMRQAMBUHVHOMG HCh
RUGHUb VR | DFLOMWA WiH VRIVE DUH GHYHBSP HQAB ) LWIA® b\WHb GHP RQMIDWRG DQGH YDIEDIRGD
VFHQDURVD DUHb GHVEUEHGH E\ b IGHQWMA 1Q1 b YDURX Vb XVHb FDVHVD [RU P IG b DQGh FBVH UDQI Ho
UHQGH YRXV b 7KHy XVHo FDVHMVb DUHb P DIQ®b FRQFHUHGD Z Wb Db B HW REMFW GHMPRQ b
UHFRQMKPWRGH DQGOWDFNQ) b7 KH b DUMHO DORDIURP b\Ho | DPAMDIMMHDDWRFIDMGOP HKRGD
P LJKWH SEMWDL ' bDQG RBYIMRIVHQRUER QHRQHKDQG HXSRIQRFEXG EDVHASRHIADFNQI b
H SBIWDY ;' $5 ICDWRWMIHRIFDP HIDORHMP DIMIHDWHP RARQEHE HHJDRHYIEHUDQGH
DAL HAVDM@®M 2 QOMHRWHUIEKDQG QP DI H EDVHEDSSURDFKAROYYXDOADFNQI BHIMVRQDD
P RQRFXOURWWWMUIHROFDP HUD b7 KHD ' bUHFRQUKPMRQOH, SBIWOMMUHROFDP HIDORW ;' $5 biRU
P RGHIJ bR BWHMILI HUWVDWIRM 5 QR | GQHCDVS URFHVMQI HUHFRUGHGH URP DQY( * 6 ( 12 LGBEHD
XVHGORH WIQULYHODAXG, BMHSHURUP DQFHRIBMHDO RUMP V2 QOMHRWHIEKDQG HDQRQIDHD
YDEEDWRQY LBEHSHURWP HEZ WMWDB/HBPWGHVHFDVHVRYHUL BHIQM) IDARQIDQGHHDBAP Ho

EHKDYIRXUb 6 HFRQGED b IGh RUEHU VR [GHQM\ b DQGh P RAWDWH GHP ROMADIRGH DQGh YDIEDIRGD
VFHCDURWD | RU WHo UH HIHQRHD 1P SOP HQEMRQ b Z Ho DGGUHWHGD Db J HOHID® VLI HWY VDW@AMo
FRQIL) XUDWRQH Z WD UHVSHPWRD UHQGH] YRXVOVHQVRUBVSDFHOHQYIURGP HOWDQGH@ KW bIChDGh
RQ REEMYHWYIFIQ) VFHQDURV b

7KHGRFXP HOWSURYIGHVIWHIRYHIDEBYIHZ bRIBMHA VWP P RGHIR) FFRQUMM HRIBMHWVHQVRUD
VA VWP bFRP P XQEDWRQOM MP bVRIVEL DUHoM VP b DQGO DPWDVRUDM VIMP bVRDKLI KT K\WWHD
SRWIE®D [QMI IDARORIbWHE' ) ) bVRORWHUW WMP Vb DQGhWHo( BPWFDG* URXQGH6 XSSRW
( TXISP HQW( * 6( 157 KHAUH HHQFHIP SGP HOEMRDUHOMHQIGHVEUEHGHQGHIIOE FGHIQQIb
WWHD LGB XV RXVBXW DQGH W I XQRWRQ b 0 RUHRYHUD HDFKb GOV | XMRQL SURFHWIQI bFRP SRXQGh
') 3& HVIGHFRP SRVHGORIWIBZ BIYHOXQPUWRQDE ) 1 B KHIQMIDPWRQIRIBHDFKB ) 1 17 MIQDD
') 3 & HVHOVWDMEZ MWHVHT XHQFHIGIDI UDP BRVKRZ BKRZ BMHI/P DIMANEGFNVIFRXCHEXITHXSH
WHI ) 3 & DRSURYIGHGDWISURGXPWHT XLUHGHE BHHQGXVHBVXFKEDUDXVRQRP \ ) RURYHUD
WHGHFRP SRUMRQRIB ) 3 & KHSVHGHQM BFRP P RQIXQPMRQW/KDUHGDP RQIBMHS ) 3&MDQGh
IQMIDEEHKDYIRWY B LQD® BMHFRQURIEDIMGGHEIBEHWI QRIS ) 3&MDQES ) 1 DUHIGHVFUEHGD
ICOWHOOMAFKDSWAR BMHIGRFXP HQM+ HUH DSDIWURP D6 ) 3&HDQGH ) 1 HOMEQDEDW HEDVD
H WACDOMKPMUHY EDSGHBIGCIQMIDFHIRDQEH WWMODB/XFKIDVDXVRGRP \ BUDP HZ RUN 6 HQVRW
6 XIWMZ IGBEHH SRVHEHMURXI KBMHRUIFKHADRUDQGEDEISURGXFWP DQDJ HUY KIMFKDSWU (@D
EH XSGDWMG GXUQ) \WH GHYHBSP HQABKDVH b

b

b
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$SSHQAL b
5 HTXWHP HQWb
b
AN &DMIR| 70M@b ' HVFUSWRQD | ,GHOMHG 8 VH{ 5 HTXIHP HON
Wb &DHIQ'  b| GUYHQE\ 65&N
DQG VSHFLLIHGD
105" b
65B )3&B  b| ' )3&b| 01G WQH> | 3R 01G DQGh 65 B3 HU5 BS
WDFNQIb | HMAWP DR | FRVH DQIHD | b
DFFXWDR\ b YIVXDD
Z UWFKDVHD | WDFNQIb
Pb |/, $UEDMHD
b | WDOFNQIb
GHIb
65B )3&B  b| ' )3&b| &BRH WY | 3R 01G DQ&h 65 B3 HU5 BS
HWDFNQIb | WP DIRQD | FBVH DQIHD | b
DFFXWDR\ b YIVXDO
Z UWFKDVHD | WDFNQIb
b
Pb
b
GHIb
65B )3&B  b| ' )3&b| 01G WQH> | 3RV b 65 B3 HU5 BS
WDOFNQIb | HWP DR b
b XSGDWh
&B@H QY | IHTXHF b
HWDFNQID | ! +1b
b
b
b
658 )3&B  b| ' )3&b| &BH DY | (WP DARQRIb| b 65 B3 HU5 BS
b HWDFNQIb | URERWHDWHb b
b WIWIZ UW
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b
b *)3&b| ' Db ‘b 65 B3 HU5 BS
658 )3&B SHFRQMKF | 2EMFW' b | SHFROQAKFW | b
WRGD P RGHD RQD
UHFROAMKFUR
Q@ b
b
b
b
658 )3&B ')3&b| &B®H DQ | 2 EMFW 01G DQGh 65 B3 HU5 BS
HGHMAWRCL| GFDO DWRQLQ] FEVH DQIHo | b
DQGh URERW I HWY
WDOFNQIb | HHHHFHD | GAWPWRD
IWDP Ho
658 )3&B ')3&b| 01G DQH> | ) DFDDWD 01G DQ& 65B8 VH5 B$
GAWAIRQD | GBFDODIRYD | FBWVH QI Hd b
DQGh Z UW I HWY
WDOFNQIb | WKPWUHGD | GHWPRD
DQCo
XQMKPMUHGD
REMPWD
658 )3&B ')3&b| ' b BXSSRWP DSh| ' b 65B8 VH5 B$
5 HFRQMKF | EXXTQ) b SHFROQMKFW | b
WR UHFROMKFWR | RQd
03]
b

7HFKQFDOLRMRQ' ) 1 DQG' ) 3& 6 SHFLLFDWRQD

7 KIVo VHRWRGD SURYIGHVD VSHFLLIEDWRQORID' ) 1 bDQG0' ) 3& bIQORGHBHWDMDL' ) 3 & bGHYHBRSHU

VKRX@G IRBZ WLV J XIGHTH DV D WP SOW VR DO H WH UH HHCQRH 1P SGP HOMRQY b

6FRSH RI

WIKH 1RWH

7KLY DSSHQA[ VHW RXAD SURSRVHG WP SOW IRUWH GHIQURQR ' DIF) XMRQ1RGHV ' ) 1
DQG DQRIMHURGH |RUWH GHVFUSUIRQ R \WH YDURXY' DV ) XVIRQ 3 URFHWIQJ & RP SRXQGV

') 3& RMIHGIQ' SWAWDWD SUH [P SEP HOBMRQ GHVFUSWRQ GIYHOWH &Z HWABIYHO

EHRUWHFRGH@HY ,\WFRQMAMR ZIW' P XWEH [P SIRYHG W I@EH EHFRP H \KH
IORGKAIRQR VHAIRQ ' HEIBIGS UKMMPMUHR ' ) 3& [Q'



https://drive.google.com/open?id=1E2GTbMvRUVs_HY2LTzM9ryhYQxfOC9NOgge2kdQWwEU
https://drive.google.com/open?id=1dzXoeUw53Aa8eO9zmDp28ZrmBW5gFQI8jxTk5CSIpOQ
https://drive.google.com/open?id=1GeVU9NwVsm27YkO4rNjKTovqHc7NWmTFPpRHJNzgL_8
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'"HILQLWLRQV

' D) XMRQ1RGHV ' )1 DQG' DW) XVIRQ3 WRFHWIQJ &RP SRXQGV ' ) 3& KDYH DOHDG
EHHQGHIQHG 1Q VHHHJ DSSHQA[ * BWDY  +HUHZH JIYHVRP HP RUH G

Y 1b

$WRP IFIW- $ ' D) XMRQ1 RGH IV DQ D\RP IF SURFHWIQ] HQW 1Q WH VHQOVH \KDWWXTQ D
VIQI ®1 JLYHQ EDVIE IXQRIRQ , W \WH VP DEMAEUEN IRUWH SXBRVHR WH &' ))  IQR ZKIFK
ZHEWDND P RIHFRP SB SURFHWIQJ \BWN $ VWD FRQFHSWDOBIYHOD' ) 1 1V FRP SBMWO
GHIQHGE
" W SXSRH
7KH CDIBWSHV R IW IQ8XW/  DQG RXEXW/

QMUDFHV-  7KH RQD FRQMRAQMUIDFHY H KIEMMGE\ D' ) 1 DUH FRQLIXUH DQG SUIRFHW H J
VHH LB/ DVHY (G4 ) 1 SA

,QMODCP DNHXS- $' ) 1 PD\ EHP DGHXS R VHYHIDO/P DBUIXGPIRQYY EXVIRHVH IXQRURQY
DQG WHURXEXWOSXWDUH RV SRVHG ) RUQWBGRH DQ,P DI H LQHE HIP HQW[ WDRRU ) 1 IV
P DGH XS R WH VHTXHQFH & RP SX\M,P DUH* IDAHQN7 KUAVKRG P DI H IDAHQW

&KDIQ7 KUIWVKRTGHG* IDAHQN &KDIQ 1QHDLS SSUR] P DURQ EXVWKLY VHTXHQFH Z KIEK P D\
IQFOGH VRP H FRARY  UHP DIQV FRP SBMMOD IQMIDOR\WH' ) 1 DQG LIV QR SRVHG

)3 &

$' ) 3& DZD\V.JHHIDWY DWBDWIRGH GDUI SURGXPW, WY/ DQ RU DQ] HG VHWD FRP SRXQG R
') 1V Z WK GHWUP IQDW CDW DQG FROARAEGZ V FROARGIG E\ WH 2 UFKHMDRU WP D\
DEEMRCD® P DIQMIQ DQ LOMECDAEDME WKPWUH XQGHUWH UHVSROUEIOW R \WH' DB 3 URGXFW
0 DQUHU


https://drive.google.com/open?id=1GeVU9NwVsm27YkO4rNjKTovqHc7NWmTFPpRHJNzgL_8
https://drive.google.com/drive/folders/0B2f4AImIv45fRUFkeldjdTVtSUE
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YJUXH  $ VP SBIVIKHPDWEYHZ R ' ) 1VDQG' ) 3&V

7KHIUXWHVKRZVKRZ ' ) 1V FDQEH SXYWRIHWHUWR IRWP ' ) 3&V \®R' ) 3&VRQWLY ILJXUH
$ IHZ FRP P HQW

$')3& DD VNV IQSXWDIB R RQH RUP RUH CDWB SURGXFW

7KH FROWROFKHP HR D' ) 3& IV QRWKDUG Z ILHG  1Q \WH VHQVH \KDVWKH VHTXHQFH R
') 1 FDO FDQYDY GHSHQAQ) RQWH FRQOM WIQSXVEDIDP HMY R \WH' ) 3&

IOMP HADY BVXAVR ' ) 1V 7KH FROARAY IP SBP HQMGE\ WH 2 UFKHVADRU
7KHIQMIDFHVZ W 2 *  KDYHEHHQGHIQHGIQ'  DQG' EXVWKH DWRFDWMG
WD AKPUMUHY \WOIHHG \R EH GHIQHG

7KHIQMIDFHVZ M 2 *  KDYH EHHQ GHIQHG 1Q \WH FRP SUVH \KH *DFTXILHG
W  7KH SRWEGI DEAVRQDACEXW ,QUDO DI DQG0 RGHY AMDQHHG R EH GHIGHG
QRM WH 3NQRZ BIGTH IQSXWDUH CRWDQG Z IOCRWEH H STAWDQG DU DPXD® P STFV®
FROVIGHUHG IO \WH P SBP HQBMRQR! WH' ) 1V

$')3& PD \WHRUFD® EHP DGHXS R DMQI®!' ) 1 DWNRXIK Z H GRQWKDYH VXFK
D FDVH IQRXUDMR ' ) 3&V

"Y1 THPS®WDWH

‘YT THPSODWH (OHPHQWYV

7HP SOW HBP HOW 5 HP DNV

* HQHUE GHVFUSURQ 1 RWP XFK\RVD. P XWWEH SUAVHQW
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,QBXW/ DQG2 XSXW GO\ " DWW KHUH P HDQV ERWM
" $PNMDOEDW HJ PDIH EW
0 HWCDW HJ &DP HUIDG DUDP HWMY 71P HBIP S
$ ') 1 FDQQRWZ RUN Z MRXVWKHVH COMD \VAKRMUHY

,QBXW/ 3 DUDP HWMY/ &DQEH SUIRNGHG E\
&RQAUXIMRQIIGI HI 7KUIHWKRG 61 HR SDRK

2 X\BXWR DQRKHU )1 HJ . ) UHQWDQ DURQ

( AP DMG SHURWP DQFHDQG | 7KLY VKRX@ EH UHSUAVHQIMG 1L SRMEBI 1Q DQ DGHTXDM
FRW FRW\BHURUP DQFH VSDFH 7 KLY LQIRUP DUMRQ VKRX@ P DNH VMSRMEG
\R GHICH D SHURWP DQFH P HDVXUH DQG D FRWP HDVXUH IRUD
UHVXED ' ) 3&

( [ WACDOIEWDY CGHSHQGHCHRY | 6 WD KWRZ DL

" IDIQRWE FDSDFMAV QFOGHV
" (UWRYZDUWIQIVDWXQIP H HJ  XQH SHRWG GDEWSH
RXWR UDQIH SDUDP HMU
/ RJ FDSDEIOMV HJ W FDWK UHVXOV Z UMKQ QD ®J 116
2 X\VEXWHSRW HJ 3l \WH IP DIH LV DOEDFN ~
) DXOV HWRIRQ DQG , GHQMEDMRQ IV \WH UMVSROUEIDV R WH ' ) 1
+ RZ HYHUW 5 HFRYHY  Z KHQ SRWME®! LV P DGHDWKH' ) 3& ®IYHO
DQG LV SDWR \WH 2 UFKHDRU

8 QWMWY 7KLY P XWEEH SURYIGHG Z W WH FRGH DRQJ Z M WH COMVHWKVHG
IRUYDIEDMRQ

7TRZDUGV D 7\SRORJ\ 7D[RQRP\ RI ")1V

WP D\ EH QMM \R FDMIRU H' ) 1V IURP ERI D GHVRUSWIRQ GRFXP HQBMRQ SRIQAR
YiHZ DQGP RAE IIRP DQIP SBP HOBMRQ SROM YIHZ  9HQ) HQMHO GHIGHGE\ WHUIQSXW
DQG RXAGXWEDMD WSHY WH' ) 1 FDWMI RUVDMRQ QDD [QGXFHV D FDWI RIVDIRQ Rl GO
WSHV

7KLY FDWI RUL DIRQ LV \ HVWR EH GRQH DQG Z LOBDG \R DQ REMPWRUHQIG P SGP HQBMRQ R
"Y1V

') 1 &KDWDFWA) DARQD
$' )1 IVFKDUDRMI HGE\
" $ GAIRDY R' D) XVIRQIP SOP HOBMRYY ' ), I WH' ) 1 GHIQURQ
" $ FRWBHURUP DQFH VSDFH UHSUAVHQEMRQ LI SRWIEG! R HDFK [P SBP HQEMRQ
HQDEQ \WH XVH\R FKRRVHZKIEK ' ) , \R XVH
" $ VAR YDIEDMRQ WMV $ GGHG DIMULP SOP HQBMRQ
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'), &KDUDFWU] DARGH

7 KHUH FDQ EH GLIHHQNP SBP HOBMRQV R \WWHVDP H' D) XMIRQ1 RGH HJ D9 IVXDCB RQW/
) HDWUH H WDRRU' ) 1 FDQEH [P SBP HQMG Z W + DUV ) HDWMUHVRUG85)  WRXIK QRAD
JRRGH DP SGI DRXD® DV \WH RXSXWEDVD KPMYUH DUH D K\W® GLLIHUHQW 7 KH QLIHUHQWY

[P SBP HQBMRQY DUH FDMIG' D) XVIRQ,P SOBP HQBMRYY ' ), DQG FKDUDFWAL, H \WH JLYHQ
)1

(DFK' ), IV FKDIDRMU HG B\
" WIGBXVSDUDP HAY
W H WACDOTEWDY  GHSHQGHQAHY
" W QDI CRAF FDSDFMAV

)UXWH  ([DPSGIR DSRWME®GI P SBP HQBMRQ/R D' ) 1

')3& '"HVFULSWLRQ@7HPSODWH

7KH VSHALIFDIRQR D' ) 3& IV VSONQR \MUHH P DIQ SDIW

' DWW ) BZ GHVFUSIRQ WY IV D SXUHD IXQRPIRCDO GHVFUSWRQ R \WH HBP HOBW
SURFHWHV \WH ' ) 1V WDWFRP SRVH D' ) 3& DQG WHUUHDMRQYY VHHQ RQ® IRP D
W IGZ SROMR YHZ 7KH JRDOR KLY GHVFUSWIRQ IV R IGHQM WH QMR UHTXILHG
') 1VWREX@GD' )3&

' DD 3 URGXPVD DQDJ HP HQWWKLY SDIWGHVRUEHY \WH VKDUHG GDWY EHE HHQWH' ) 1VIQ
WHJILYHQ' ) 3& DQGWWH IQMUIDFHY EHE HHQ\KLY GDVI DQG\KH YDURXV' ) 1V P HP RY
FDO G FURSSIQ) HWk


https://www.draw.io/#G0Bz49B4IRnFaZWWdYOGdtbnA0cUk
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7KH VHRIRQ HQGV Z M IXUKHU FROVIGHUDIRQY DERXVKH ' DU 3 URGXPW) DQDIHP HQW
Z KIFK 1Q SDWMFEXOUFDQ KDQEBI GDW [Q EHEHHY' ) 3&V

&RQUROGHVFUSIIRQ D SXUH CDW IBZ GHVFUSUIRQ IV QRARSHIDMRGDO DQG 1Q SDMEXOU
GRHV QRAGHSIPWKH VHTXHQFH DQG ®JIE R D' ) 3& 7KLY VHAIRQ SIRSRVHV D ZD\ \R
GHSIPWKH FROWROBZ ZIWIQD' ) 3& REHUIQZKIFK ' ) 1V DUH FD®IG ' 30 DFFHW
\R VKDUHG CDW \A QFKURQIEIW R WP HMIBP SHG Gk 7 KH FROMRAGZ. Z I@EH DFKIHYHG
B\ \WH 2 UKHADRUIRUP SOGP HQIMRQ

')3& GOWI®Z GHVFUSWRQD

7KH' ) 3& GO IGZ SURYIGHV D @\ RXMDQG REHII R WH GLIHHQW ) 1V WEHICHYV

,QBXW 2 X\8XWR WH' ) 3&

L QBXW 2 X\8XW R HDFK ' ) 1

') 1 WSHV XVHG

6 KDUHG GDWD EHEHHQ' ) 1V HYHQWRXJ K GD\B SURGXPWP DCDI HP HOWY QRW
UHSUAVHQAMG IWBURYIGHY GDWJ IRU' ) 1V DV IQBXW

) IQGGEHBZ HDP S®IIRU/ ;' $5 3* 6/$0

JUXH /. $53* 6/$0b

QWY H DP S®I DOICEXW WDWDIUH SURYIGHG E\ ' 30 DQG RXGXW \KDWDUH IQVHIMG 1Q WH
' 30 DUHUHSUMVHOMGZ WD  DIMUWHUCDP H

b

b
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YUXWH  9IVXDI DS %DVHG/ RFDIVDARQ' ) 3& &RQARO HVFUSWRQb

b
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YUXWH /RQY WDQH7WFNQ ' D) ®Z ' HFUSWRQb

YJUXWH /RQ WDQIH7WFNQ) ' Dl 3 URGXFW) DQDIHP HQMD

YUXWH /RQ WDQH7WFNQ) &RQARD HVFUSWRD

JUXWH 0IGWQH ' 0 RGHO HMAIRQ' D) BZ ' HVFUSWRQb
YJUXWH 0IGWQUH ' 0 RGHO HWPIRQ' D3 IRGXFW) DI HP HOW
JUXWH 0IGWQH ' 0 RGHO HMPIRQ&RQARO HVFUSWRGD
JUXWH 0IGWQYH ' 0 RGHYWFNQ ' D) BZ ' HVFUSWRD
JUXWH  0IGWQUH ' 0 RGHOVWFNQ ' D3 URGXFW) DQDIHP HOW
JUXWH 0IGWQYH ' 0 RGHIWFNQ) &RQARO HVFUSWRD
YJUXH &3 3ROAEXGO DIFKIQ) ' D) BZ ' HVFUSWRQD

JUXWH &3 3ROMEXGO0 DWKIQ) ' Dl 3 URGXFW DQDIHP HOW
YJUXH &3 3ROAEXG0 DIFKIQ)I & RQARO HVFUSWRQD

JUXWH  GAEIO'WH' )1 FRP SRQHONAMKPMUH IQUGHWH' ) 3& b

) UXUH ' \BUHWADFNQ) WP IQ) GIDJ WP b

YJUXH  $EVROW/ RFDDDIRQ' ) 3& ' DB) BZ ' HVFUSWRGD
YUXWH  $EVROW/ RFDO DWRQ' ) 3& ' Dl 3URGXAVW DQDIHP HON
JUXWH  $EVROW/ RFDD/DWRQ & RQARD HVFUSWRGD

YJUXH ' (0 9XGIQ) ' DW) BZ ' HVFUSWRQD

) LIXUH '(o EX@Q) ' )3& ' Dl 3URGXFW) DQDIHP HOW

YUXH ' (0 EXCIQ) ' ) 3& &RQARO HVFUSWRGD

YUXH /., $5 6/$0 ' D) ®Z ' HFUSWRD

YUXWH /) $5 6/$0 ' )3& ' DW3URGXPW DQDIHP HOW

YUXH /., $5 6/$0 ') 3& &RQARO HVFUSWRQD

YUXWH /. $5 0 DS EDVHG/ RFDD DWRQ' DW) BZ ' HVFUSWRQD
YUXWH /., $5 P DS EDVHG ®FDI DARQ' DV 3 URGXPWD DQDJ HP HOW
YUXWH /. $5 0 DS EDVHG/ RFDIVDWRQ &RQARO HVFUSWRGD

YUXWH 1 DYIDARQO DS 9X@Q) ' DIB) BZ ' HVFUSWRQD

YUXWH 1 DYIDARQO DS %XICHQ) ' D0 DQDIHP HOW

YUXWH 1 DYIDARQO DS 9X@Q) &RQARO HVFUSWRD

YJUXH ' 0 RGHO HWMPWRQDQG 7WDFNQJ 3 URFHWD

JUXH  OVMDWRQVR ' /5 (* 6( IRP BIWRWKW +&58 EDUEVHXS  +&58Db
VHORUE VXS 986 1Q3(/ b

JUXH  OVDARQVR ' /5 (* 6( IRP BIWRWKW +&58 EDUEVHXS  +&58Db
VHORUE VXS 9% 1Q3(/ b

YUXWH  ([RO DW3KDH% Y4HDGERDG %% b

YUXWH  3(/ 3RH7WFNQI DQG' 60 ' HYIEHD

YUXWH  6KHSD77 IQ\E R VSDFH DQDRJ VFHQDURVD

YJUXWH  $3,3IRVIGHGE\ 2* \RH FKDQIHGDW Z W 6 KHBD7 7t

YUXWH  7KHURERWO DQD WKWDQGO0 1QQH BIW SIEWUHG LQ DXWP Q th

JUXWH  $HID®IHZ R &1 (6 0 DW<DE &UHAWE1L (6 b

YJUXH  $UDZIW DKIK GHOUW R VP DOURFNVD

o oo T
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YUXH  $UDZIW OUHGDP HMUURFNY LH IREIGGHQ REWIFBN | RUWH DXVRQRP RX\b
QDYLIDWRQP RGHD

YUXWH ) OWDQG REWEF®! | UH DUHDL

JUXWH  6DQB GXQHRQWH GIVKDQG VIGH R WH\ DUEb

YUXWH 9D RQWHBIVIR WH GXQHb

JUXH  * HR HHHHQFHGIWP HV (&() b

YUXWH  / RFDOMUDIQIWDP Ho

JUXH  COVDWRQR WHSRYHIURG ) WP H 5% ($' 6 $VMXP ([ RO Db
YJUXH — GVADARQR WH&DP HD) WP H &) GIWDQG,PDIH) WP H ) WKW
YJUXH  $ VP SBIVFKHPDWE YIHZ R ' ) 1VDQG' ) 3&VDb

YUXWH  ([DP S®IR DSRWME®GI P SGP HQBMRQ/R D' ) 1b

YUXWH /. $5 3* 6/$0b

JUXWH  +IHDFK R TXHIHYIRU3* /' $5 EDVHG6/$0 b

JUXWH  3* /. $5 EDHG6/$0 VHTXHQFHGDIWP b

JUXWH  5HDWRQV EHE HHQWH YDURXV NQGVR! ' ) 3&VDQGWH' 30 b

YJUXH QMIDFHVZ M WH' 30 IRUWH IXVIRQR! Z KHHIDQG YIVXDCRGRP HWHVD
JUXWH ) XMRQR I R IQGHSHQGHP RIWRQ HP DWRQ SUIRFHWHVY : KHHC2 GRP HWI DQGb
9IVXDR GRP HAY th

JUXWH 5ROIRWH' 30 Z M UVSHARWH' 70 9XGIQ) ' ) 3&b

JUXWH  5RBIRWH' 30 Z M UHVSHAVR WH $ EVROIWM/ RFDD) DWRQ' ) 3& Z KHQIW
SURGXFHV \WH 7RVBCS RYHUO DSb

JUXWH SROIRIWH' 30 ZIW UHVSHAVWR WHO DS %DVHG/ RFDO DURYQ' ) 3&\Wb
YJUXH S5ROIRWH' 30 Z M UHVSHAVIR \WH $ EVROWM / REDD DARQ' ) 3&b

JUXWH  71P HIQH R WH YDURXV SRVH HWP DMV KDQGBIG E\ WH' 30 b

JUXWH  7KH' 3) &W IQBXW DUHWH IRTRZ IQJ b

b
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/ MRl Rl 7DEGM
b

70EG  7DE® SWRYIGHV D FRP SDUVRQRI SURSRVHG YDIEDWRQ DSSURDFKHV b
7DEG 7DEGI SUWVHQW DVXP P DU R D@ ) 3&V W EHGHYHBSHG DQG WH SDYHYL

UHVSROUE®! | RUMHUGHVFUSWRQ DQG GHYHBSP HOWN( DFK Rl \WH IRTZ 1Q) VHRIRQY SUAVHOAD
WH DUFKIWIRMUH GHVFUSWRQRI RGHRI WHVH' ) 3&V b

7DEGI 0 1G WQIH ' 0 RGHOVWDFNQ) ( [ SHAMG $FFXWDR ) LIXUAD
7DE® 7\ SIEDCSHURWP DQFH UDAR |RUWH QDYLI DWRQ P DS EXITGHQ) IXQFWRD

b
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QARGXFURQD

3 XWBRVHD

7 KHOSXUBRVHORI BWIVOGRFXP HQWVAROGH IGHIWHM AMP HDUFKIMPMUHDQGGHRIBIGIGHWI QHRD
1P S®P HQMUH HHGFHOVFHCDURVID RUMWHS QQHVELY BADFN 157 KHM WP EDUFKIWRMUH [P DIQDb

| REXVORQOWIHOKDUEZ DUHODUFKIWPWUHDQEOWIHIDRFDWRQER! BWHOVRIE DUHICOMHDA VMP 157 KHD
GHRIBIGHGHW Qb7 LABIQFOGHOMHGH IQURQERIK * 6 ( EDVZ HEDVBMHHVRIE DUHIGARIBIGGHWVI b
Z KIEK Z L@HD RQWH&' )) DGYDQFHG GAMIQGHWFUEHGIQ' b

7KHOGREXP HOWZ IGDGGUIHAWD  bUH HIHQFHO P SBP HQBMRQVD LH bIQMI UDARQODQGH YDIEDWRGD
WDFNV H

" 5,,1)86( bWHFRQRWXP bGIYHDIGHZ KIEKb\WH REMPWHO VRO GHP ROMDWHDQGh
HYDODWOWHo X@FDSDELOMVORI DMHDE.' ) ) HURP BVSDFH FRP STOQMROAMDW Rl \WH DU

DORUMP V bi URP BADGIMRQDBVRIQCRYDAYHOVHQVRY HDQESRWEOHQFOGQ) FFROARBIGH
WH GRS b

5, 65& 65 bWHIB5 &b SDFHE RERWAVDBYHOZ KHHOWHDREMPWHIVBRIGHP ROAMDM)
WDWKHE' )) VUDG WREHIQMIIDMGZIW 2*  2* 2* DQG2* b

" RFXP HOAWMKF\XUHD
QEUH \WH GREXP HQAW \MKFWWUHG DV IRGRZ V b

6HAWRQ 7KL IQARGXARY P DWUDh

6HAWRGD b’ HP RQMIMRGH DQGh YDIEDWRGH VEHCDURY b 7 Kivb FKDS\MUD SURYIGHVD Db GHVIBIGH
GHVFUSWRQ R \WH VFHCDUR \WDWZ LQEH [P SGP HOMG IQWH VFRSHRI ,Q XVHb

6HAWRQD b6\ IMP bP RGHIRY b7 KIVbFKDSWU GHVFUEHVOWWHO\VA VAMP b DUFKIWRMUHICFOXGIQI b
(* 6( VP XOMRQWRRY DQG,Q XVHb

6HAMRQD b’ HVEABIGH DUFKIMWRMUH b 7 KIvb FKDS\WU GHBIOH WH0 VRIVE DUH DUFKIWRMUHORI bGDVEh
IXVIRQOSURFHWIQIBFRP SRXQGWD ' ) 3& b, WIQFGGHVOWHOGHFRP SRVMRCORID' ) 3&bIChGDWED
IXMRQQRGHV ' )1 DQG WH FRUHVSRQGIQ) VHTXHQFH GIDU WP b

6HAWRQD B HVEABIGHGHL Q 7 KIMIFKDS\WUFRYHWANHA/RI\E DUHDQEKDUEZ DIHGHRIBIEGHI Qb
\WGHVFUEHVHQSXW HRXABXWIDQGESDUP HMWARID ) 3&HDQE0 ) 1 HWEHVFUEHVY * 6 ( HQYROHGD
WA DQG YDIGDARQ ERW IQMED® WR2* DQGZLIN2* b

6HAWRQD b &RQFGMRCQh DQGh DSSHQAFHV b 7KMo FKDSWAD F&VHVL WiHo GRFXP HOWN Z Wb Db

GHVFUSWRCORI BWHAZ RUNOGRQHIDQEMRISXWXH b, QoDSSHQGFHV bz Hol LQGWHOMP SOWAWDWIMD
XVHG\R GHMVFUEH' ) 3& DQG' )1 DQG WH GHIQWRQR! IWDP HV b
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$' ,Q XVH&RQWRWXP $JUHHP HOWN
$' ,Q XVH IQM.ODCP DCDJ HP HQAP DQXDA RUSURMPWSDUIEHYA
5 HHHQFH' RFXP HOWD
5' >0Q XvB @QAXVH & RORMKP 37 HFKQRBRIJIFDGh HYIHZ © - DQ
5 >Q XvB @QAXVH & ROVRUKP 37 HFKQEFDOADCGH RIIV DQDOMY - XQ
5' >Q XvB @QAXWH &RQRIXP 3$GYDQFHG &' ) ) DUFKIWRMUH DQG ,&' ~ - XQ

$FLIRQ P \b
") " D) XMRQ
5826 5RERNRQUR SHIDWQ 6\ WP b
')1&, ' D) XMRQ1 RGH&RP P RQ,QMIDFH)
)3* $ ) IHG 3URJWDP P DEGI* DM$UWD\ b
0: 0 IGGBZ Db
) SV ) WP HV SHIMHRQGh
2* 2 SHIMRQDO WDQWY
$+56 $WMNGH DQG +HDGQI 5 HHIHQFH 6\ \WP b
$3, $SSIFDARQ3WRIWDP ,QMUIDFHb
&')) &RPPRQ' D) XVIRQ) WP HZ Rb
' (0 ' LIMIQ BIYDWRQO DSb
')1 ' D) XMRQ1RGHb

')3& ' D) XMRQ3 RFHWIQJ &RP SRXQ®
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' HP ROMDWRQ DOG 9 DAICDWRQ 6 FHQDURVD
 QARGXFURQD

7 KiHaJ RDERI BMMIFKDSWAMVRISURYIGHD)/HANR BVHFDVHVIDQGIHT XILHP HOMMDWE LABGUYHOMHD
GHVLJ Qb DQG0 [P SBP HQBMRQD RIb,Q XVHb) RUb WIVb SXUBRVH bZ HyWEWE\ b GHVFUELQI b\iH)

SUGQFISGNVORIbWIHGHP RQMIDWRQDQGHYDIGDWRGOADWM EVOVHBIPWMGHICH, Q) XVH b8 ROMGHIQIb

WIVHDQGO GHOWIHGHRSHUIDMRQDEVFHQDURVEDQGE DVHIHVROMRQY 2 HIQARGXFHIDQGGHEIEDD
VHARI XVH FDVHV \WDAZ L@EH [P SGP HOMG b

7 KHINH BSUGQFLSGER BMHGHP ROADMRQDQGE)YDIEDWRGOMIDW IHVEVBRR! | HUDHGXDEDSSURDFKD
WDW (GD@RZ BRGHP ROMIDW BIAMBNDWQ) XVHIVEHDG BRUQMI IDARQDRAMHA AMP KBIYHBRD
[P SOP HOMRSKMAFDWGOVFHDURVOICOMHG 5 &6 3$&( 152 92 7,86 bVHFRQEONMDAH SHAMGD
SHURWP DFHV URWRXUFHV FRQUXP SWRQ GFDDDMRQ ' (0 IXVIRQDFFXWDR\  DUH P HAlD

7 KHOl WARMADMI\ bGHSIEWGHIQD) LI XU DL HAMDRQEHIGHP ROMDWRQZ MIDQDXWRGRP RX\Vh
URYHUD RUKDUEZ DUHOVHNS bDQGOMP XOMRUIRRY' 16 1P XOMWRQHVIHT XIHGORSUHSDUHOMHZ RUND
| RULQMI UDWRQZ MWIDHRYHUIDQGFRQGXPWSUHTP LQDW BHYDODWRQY K7 KXV 4 IAMZ HE a7 RINRQD
WHILQMI UDWRQERI b, Q) XVHIZ DOV XOWRUDS QGODVOVRRQEDVD, Q) XVHOVORSHIDARGDEZ WIWHD
VP XOWRUD Z Ho AEWY WiHD LOMI UDWRGH Z b Db URYHUD 2 1b FRXWH b Z Ho P L KWKDYHb GLLIHIHQW
VP XOWRWAGHSHOGIQ) FROAMHAELI HMGARYHLY B KHARYHUWMKRXCHKDYHDXVRGRP RXAVICDYL] DWRGD
FDSDELDN M LG RUBHUD VR H HFX\Mb UHSUAVHQUEMY Ho WDMPVRUEMD LH b UHBIYDQW UREMRQVD DQGH
WDMPVRY BVKDSHY b0 RURYHUDMIVKRX@HEHOFDSDEGLRIbXVIQI b, Q) XVHIGDEESURGXFWHIN-BAHD
HWP DWIGH BFDO/DWR DQGh' (0 Vb, Qo WiVh GHP ROMDARCH FRQOM WoHbP DICh&:" ) ) bSDUY
IQYROHGOIDE' )) 6 XSSRWZ KIEKbSURYIGHVOWHOIQMUDFHVLZ b2 *  bDQE2*  b7KHo2* b
VHQURWODQGOIQMUDFHVLZ LGBEHOVIP XOWIGHZ IMBRXUWRZ CoVHQVRY b, GoVRP HhGHGEDMGXVHD
FDVHV Z HZ LW HWFRQARAQ WH BRS DQG VIP XOW VRP H IQMUDFHY DQG IXQFWRQVRI 2* b

b

YUXH ,GVADARQR WH GHP ROAMDIRQWDMI\ 5HP IQGHUR WHURBIR 2*  DQG2* b
Z W BVSHRWR ,Q XVH b
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7KHWVHFRQGOMDMI\ HGHSIEWGHCHP DIHo BB HWER! | GHYDISDWRQDQGHYDODWRQURIT XD\ b
,Q XVHOSHIRWP DQFHV b, WZ LOUHDbRQUHFRIEHGHGDEHSURYIGHGEHE\ bRGHIRUP RUHIDFT XMUWRGH
VHXSVIINHDQS XWRQRP RXVES RYHURUDG &5 8 IDQEBRMEDHAP XOMRURRY hQUMMFRQM W
WHP DIQ&' )) SDWIQVROHGDHE&' )) &RIHDQGE' )) ' HYDb

YUXH  GVIMRQR! WH YDIEDWRQ DQG HYDIDWRQ VADMI\ b

7 KUHHOWAN LHTVODUHOFXUHW® b GHOMHGH RUWGHP ROADWRQVORUMMRODF T XIUHGDW b8 1 ( 6 DM
[HG IQ7RX®XWH ' / 5 WMWIHG IQ0 XQFK DQG D WMNWAW IQ0 RURFFR b

* RIQIBRED RURFFRAMVIDIGHFHVWIW 157 KHo XURS OQHWIHVHDUFKHQ UDWKPWUHHCDE GMAMAMACDD
YDUHABRI 00 DWODQDEI XHMUDIQUQHD RURFFR ERYHUOL HVSDADOVFDBV 17 KIFKKDVIQRWIQI b
VROFRP SDUHAZ WHSOQHEL BN IHTVVXFKIDVOMHS. 1 ( 616 ( 52 0 R / 5 BAMNIHTV b7 KHVHD
FKDUDPMUMARVHDUHOGHFHWDL bVRO\WAARP. RVBR bVHVFHQDURVDGGUAWHGHE b,Q) XVH bZ KIEKD
[P SObWHoI RERZ LQJ bl XQRARQDOAV bE&QJ bUDQ) HEFDIVDWRQ bE&FDIVDIRGHZ KIBHUAMUIIQ] b\
EDVHVFHQDUR  DEVROWM GFDOVDWRQ XVIQI REEMIOMUDIQ P DSV b

YHVGHVBNHVHREYIRXVH-RQUGHIDIRQY BMHEHGH WHRI HGHS® 1Q) Bl RARERWHRGH/XFKBMUDIQVD
Db

7 KHISRWIELDMDR) DWHUCDIVHMY. WEDQOXQBUHFHGHQWGERP SGMQHW HQERWHAHD
NQGOR BWUDIQVEDQEOVHURY b6 XFKOGDEVHMIZ LGB RAMUE X\MUHZ RUN H RBQABGFHRRCQD
BQ QY H P XAWURERWHNSY b

" 7KHO WRURXJ KQHWWb RIb WiHb YDIGDARQY b EURXI KWEHb WiHb YDUHWb DQGh VFDBb RIbWiHD

HQYILRQP HOAD

7KHIP SDPWERWMZ MICH Q) XVHDQEICHMP HRIIGMHP ICDIRQ B/ARWHKHGDEVHMDQG0
WHREVIIGHGIHVXOMZ | BEHBXEQAKDEGHQKLI KEBIYHEFRQ HIHQFHVIDQGEIRXUDOL Z KIEKD
IV QRZ EHFRP Q) GLLIEXQWR GR Z KHQWMIY 1Q QRQ UHDOANF WUIDIQV b

/ DV DQGOP D EHOQRAWBDVWWIWIVI RDBKDVHDTHDG BVKRZ QMROEH0DIKL KOP RAYDWQI b
RQH IRUWH IQYROHG WDP Vb
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,QGRRUMMANACY / 5 HDFIOM
3(/ bVbUSUNVHOBMYHDRIb
0 DWDCD VRO
WUDP HFKDQEVD I'b
UDDAMFLRGRP HW bFDGhEHD
H SHAMG b

) XUKHUP RUH bJ URXQG WKW
GDWbIVbDYDIME®! bZ KIFKKM:
XVH XOI RWWIHFRQRWXP b
© RX@b UHXWHb DB RWY \WH:

)., 6KHSDb
+&58 7%& b
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bSOWRP BVHEHGR * b VDOPHh &' ))b VRVEDWL Db52&. HOYRURBAHE' ))E

QMDD WMIQJ b VHMSHDVOWHD& 15610 DX \BF bl RH WDIR *  BHQWRUL
$GDQMHbL Db b RQH\EF b Z RXG EHDGGHG b

SHIRWP IQIb GDMEb IXVIRGE o
IRWEQJ HDQJ HELDYL) DURCQD

b Db  UHSUVHODWH:
SOQHEY b HOVILRCP HQW
DQGh WAMEQIb Wb &' ) ) b
Z WM D P XGUURERVWHS b

3RWQAD® FROFHWOVD DQG ' HWb HIRW Wb PDN 1HHGh \Rb HTXISb ' /5b  $YDIDEIDM Rib Wi 6 KHSDE:

FROMDIOND &156 b SOARPb UDA L ([ RP DWhZ MHDLVHBFWRGE DKHDGh Rib Wb 0 RIRFFRW
IRWD RIRFFRFDP SDUGQ  RIb2*  bVHQRWDGZ QUL WDVb IR SUHSDUMRGD
VKRX@b EH: VROFDU bRXWDGOH WOMYHD  SXISRWHbD PD\b EHb YHUb
DFFRP P RGDMGD E\b WHo WMWY FDP SDJQb 3K\ VEDB  @P WG b5 MNoRIHQMUHUHQFH:
FRORMXP b IQMIDFIQIb VRb EFbDIWHHGE ZIW2* b

ZMb /5D DQ&

[P SBP HOMGH HIRWHREH:

© UWODIb b0 IQQHE DAWHWHG b

WHID M Db BZb UM

DAWRFDMGL b \WHb

IXQPURCDBFDSDELOMAVLRID

WiHb URYHWb DQGO VHOVRUL

DVb\WH. bDUHbICHObP DU

WM DQGOZ ICBEHOMAMGD

IQMECDOHQP * (7 WOMH:

& ))b WREDHb 7KHb

DGGMRQDD HIRWD DQGE

FRVWD DWRFIDMGD Z Wb

Wb GHS®RPHW I

0 RIRFFRb KD\b Wb EHb

DQDOMVHG b

7DE®I 9 DOEDWRQ $ SSURDFKHWD

0] 0]

$I\MUFRP SBMRQRID 3  HQ KIEKBKMHAMFKQEDBADGH RIIMDQDOVIVY, IHBHGMHGH IQWRQRI b

DOVHUHVER! BGDVEH XMRGH XQPUWRCDONMGHYRMCHRIBF DOVDWRQDQEHQVILRQP HOWP DSSIQIHRW
WHSOHEY WDFN*  @Z H RSWG \R XVH\E R URERW IOAMDG Rl RQH b

b2 QHb URERWZ L@®P RWBLEH) GHYRMGH VR0 YIMRCh SURFHWHVY bZ Wb\E Ro@U Hol IHTHRIbYLHZ b
AWUHRVFRSIEEHQFKHVIOUL LGP RXQMGHRQOWIH URQMDQGHUHDURI BWHIURERW DD D) &DP b
DQGLDOWILELP RUHOUHVROHGHDQGEOVP DABbI HTHR bYIHZ BAMIHRVERSIFDEHQFKDP RXQMGORQDG

Dl Wb RUHQWEGb XQWRDWHo\RSHRIBWHOURERW Cb@b1 DY&DP  b$hSROUP HAEbDQGODh
K\ SHYSHPADGFDP HUD Z L@DOR EH P RXQMG RQ WLV XQWb

b$ QRWHU RQHb Z LG P RWBb EH GHYRWGH R/ L $5 b SURFHWHV bZ M Do SDQRUDP IED/ L $5b
OHBG QHo+' /| bP RGHIP RXQMGIRQIRS bDQGHDP RUHISUHFIVHIDQGP RUMIMVROHGD L $5b
P RXQMGRQDIMQI BERUIHQEEGIXQUCH URQIRI BMHLRERWWIVEDWMU 1 $5 KKDYIQI BAMHDEIMAMD
VR GHDYHUP X@8®! HFKRAV b
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7 KHFKRIFHR 5XMIQJ B RRERMIQADGLR! FRQHIKDVEHHQP DGHE\ BHD@ LQI BMDWQMI UDAQI b
WIMEZ KREVHQURUXIWRQ ERDUEIDMQI GHRERWZ DVIQRWSRWIE®! ) XUWNHUP RUH BE RAURERWD
Z LGBD@Z HMHIWMGI bR kGO XMRQISURFHWHVHCHMHP XE/URERWFDVH 12 KIEKIMVIRGHRI BHD
REMPWH R ,Q XVHb

7KHOE RISOMRUYP VIDUHDOHDG EDYDIDEBHDW $$ 6 HDQGH XHHT XISSHGEZ. IWHDHRGRP HAY HXKLI Kb
JWGH) 2* W\ Db O MiBZ FRANO 8 DQEFP DFFXWDR\ 15 7. I 36 HQUAKP HOM BAMHIE Rb
URERMZ LEEHP DGHDWCRAH WDHFRWHDMDTGRWHUH \WURFHSWHHQURWDUHDOHDG, IDYDIDE®GD
DW $$6 b EHVIGHVOWHISURFXUHP HQWRIBVRP HDGGMRQDEFDP HIDVIDQGBIQVHY BSUIRYIMRQHEIGH
WH/ $$6 ,Q XVHEXGIHWb

/ $$60DQE0 $* bSOLWRHIQMI IDWHSDMODQCHMOHIDY bSOQQQ) hSURFHWHVIRIGHP ROMDM)
VRP HRIBMHOFHODURGHSIPEMAIQ @7 KHIREMPWYHAVBRIDWHWBMHST XDOWR! BNHGDWED
IXVIRQESURFHWWHVACH HDOMFXVHVIFDVHY HQ7. KIEKBAHGDEH XVMIRQSURFHWHVDUHIQM) UDMGD
Z IWIQODIZ KRBIOVHUHVER bSDUD@IBSURFHWHVWDWDUHIUHT XILHGORQ ERDUE 157 KHH SHIHQFHRIb
SDWHYHLVOVWDWAXFKEDDIQMI UDARGHUHYHDOLIM/XHVOWDMFDQLQRWEHGHWRMGh DQGOKHFHD
QHWHUDGGUHWHG 2 KHQhSURFHMQ) bGDVHAMOR! | GH bH SGMEQI lGDWIISURGXFWORQ H L@
GDERP RIHFRP SGMDQEIMRURXI KBYDEEDWRGR BAHIGDEH XVIRQLSURFHWHY DQGIQFUHDVHD
WHU75/ b

)]

YUXWH  WRYHUVXSSTHY EXW WRYHY DQG \WWMWIHGV DUH FXWHQW 1GHAMHG IRUMWI DQGh
YDCEDWRQRI ,Q XVHb

7 KHVHOMMVB LHTBVHDQGOURYHWAZ IEHIXVHEWROP SBP HMKHHQYIMRGQHGGHP ROMDWRQDQGH
YDIGDARQD VFHDURY b 3 URSRVHGH VEHCDURVD UHDHVb RQb RSHUDWRQD® VFHCDURVH DQGO EDVHIHD
VROMRQWIGHQMHGHh,Q XVHE  bDQGhQ XVHI b DFKBVFHQDURNI RFEXVHVORQODOVSHFLLED
RSHUDWRQDOFRQFHSWDQGHFDQHEHHVSMQRHVHYHIDBXVHOF DVHVORADGCUAWBMHIGLL HHQAGDED
SURGXFWh LQYROHG b WHD YDURXVH VHQVRWHWDWFDGH EHo XVHG b RUWHO GlLI HHQWGDED I XVIRQD
\MDWAI HVOWDWFDCOEHIQYROHGD ' ) 3& b7 KHVHDYDUDMRQURIDY ) 3 & EDUH XUNHUGHEIBIGHCD
VHRWRQ b
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Qb WIVb GRFXP HQWZ Ho IRFX\Vb RQb WHb SOGHE b WDFN b5 HDWGh RSHIDARCDB FRQFHSWh DU
DWXP HEDREHNQRZ QFE\ BMHIUHDGHURWHZ IVHY HIQYWKIP BROIDAMBDGQ XV b Ho
DGGUHW WH IRGZ 1Q) VFHIDURY b

/ RQ 7WYHYH/ RFDOVDARQb
/ RQ 7WDYHYH' (0 b

5 HQGH YRXV b

5 HMDWR %DVH b

7 KiHb BQ) b WDYHYHo VFHCDURL KDvb EHHOb VS NIQRO\E RoVFHCDURY b DGGUAWQI bUHVSHRWYHOD
@FDD/DWRD DQG ' (0 b Db SURGXFW b ) Rl HDFKb VFHQDURD Z Ho GHEI® Db UHHHFHD
[P SBP HOMMRQIE , ,1) 8 6 ( [DGCUHWHVOMHIH HIHQFHIP SBP HOBMRCUQMIDORQ XVHINDW
Z I@EHGRHRQE. 1 ( 6 1SUHP VHV HZ KIBIS , 65& 65 HDGGUHWHWBMHIH HHQFHIP SOP HOBMRGD
ZIW2* DQGSRWE® RKHU2 * VWDWZ IOEH GRHRQ' /5 SUP IVHV RUIQO RURFFR b

' VMEXWMRQUDUHAMEERQ) RIQ) DWMHONP HRIEZ UMY FEXWIAMH, BMQGHRIFRQYHU HIRZ DUBMDICHZ b
VFKHP HZ KHUHS , ,1) 8 6 ( 2 RXGHINANEHH HPXWMGDW& 1 ( 6 BUHP VHVDQEIMHHFRQGXPMGh
IO RURFFR bZ KIBK5 , 65 & 65 iz IDGGUHWODHVXEVHWRIDG , ,1) 8 6( bDW / 5bSUHP IVHVH RUDD
SUHFIVHOHYDODWRGORI bSHURWP DQFHVEDQGOIQH0. RURFFROl RWDQHIOMI UDMGGHP RQMIWRQLZ (Wb
2%  DANBDWH

/ RQ 7WDYHYWH/ RFDO/DWRD

7 KHREMPWYHRI BMHP MMRQH RUKMHIRYHIMARDXRGRP RXVORHDFKIDRMII HMBRFDWGDERXW b
NP D7 D\ bGH IQHGE) BWDEVROMWMFRRUGECDWA [ KHIRFDOV/DWRCH XQPMRCHVDINA, EHBP HQARU
WHOVXFFHWORI BHP MRQ b, QGHHG bEFDIVDMRCHGDEHVIXVHEE\ BMUHHFRP SRGHOMRIBHD
VA M BADMPVRY FRQARCH XVIRQIRI KODYLI DARQP DSVORW (0 HDQGURFDOVDWRGIR BKHMEL) HWY
Z W BVSHPWR WH URYHU , WQFOIGHV WH URYHUSRVH DQG W XGFHWRIQMAY

5, ,1)86( /21* 75%$9(56( b2&

7 KH®QI bWDYHWHIUH HIHGFHOP SGP HOBMRQIGH, Q) XVHAZ IGEHOFDUHGORXWRQY $$6 bURYHW
DQGORQOWIHG ( 52 0 b& 1 ( 6 bV b, WbREMPWYHOVOWROFRQGXFBDCORQEHIGHP ROMIMRGDQG)
RII@H YDEEDWRQ R \WH GFDDVDWRQ IXQPUWRQY SIRSRVHG 1Q,Q XVH b

7 KHR | GQHOYDISDARQY [GBFRQVIMAICHA RMEI HV B WAMGDEIFRBPWRQ LQH WEDWIH SEMMRQb
7KHOURYHWZ IEBH HFX\WoDoVHWR BADVFVRUEVOWDWZ LGBEHIGH LOHGODWUBCOWHSURMPWY DFKb
WDMPVR b7 I HGHVL QHEORDGGUAWLGL HIHQWFRP SGf IMABYHOLGHSHOGIQ) ROMHOMUDIQ b
WH VXUDFHWSH WH URFN GMAEXWRQ  th

7KiHb RQIHo GHP ROMIMRQD Z L FRQMWANRI bWHh H HEXWRQORIb Do @ MWGHVHIWRI b @FDDVDIRGD
IXQPWRQY WDWZ I@HHG \WH BFRP RURQV WP WDIVIPRY  FRQAROL)

7 KHORQIHIGHP ROMIMRCOP LI KWQFOGHODQHDXVRGRP RXVHGQDYLI DARCOEFNARDYDEEDWOWHD
UREXVWZHWER BAHI XQPARQZ IWHHVSHPRARYHUP RARQY L. HYHWHBMY BAHIQDYL) DARQDQGD
@FRP RIRCOWEFNY bZ LBRQDXVHDQYS 7. * 36 bDQSB+56 HDQESRWMEO KHHERGRP HA B
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1P SOP HOMMHUERFDO/DWRGH XQPWRQ b QDQH WQGHGEHP ROMDIRD/FHDUR BNHS 7. * 36b
FRX@ EH U RYHG DQG WHSOFHG E\ YIMRQ EDVHG ®FDDVDMRQb

© HSURSRVHb BXVHFDVHVH DWW RONHIERFDOVDWRGH XQPUWRQMRDQVZ HIARIERFDODMRQIOHHGD
QD ®Q) WDYHYH VFHDUR b

9VXDER GRP HA b BMMIP SEP HOEMRQUIMFRP SDWEGHY?. IMWIFXWHQR/SDFH JUWDCH? %&b
DQG RIHY 1DIWD JRRG GFDOVDWRQ DFFXWDR b

" QVXDEB/ $0 bIMMIP SGP HOBMRGAMIGHVI GHGH RUQH W HOHUDWRQH/SDFH J UDGHR %&b
DQG RIIHY WM Rl WH DIWBFDOVDWRQ DFFXWDR\ b

/L $5 6/$0 WIVIP SBP HOBMRQL GAMIGQHG IRU/ L $5 VHQRW b

" QWXDD W I $5b6/ $0 b WM SEP HOMMRH SEUNVOKHFRP SBP HQBUMRIBYVXDD
DQG/ I $5 6/$0 b

S3DFNDJH GRDJUDP

YUXWH 3DFNDIHGDIWP R WHEQ WDQIHWDYHYH VFHDUR b
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7 KHoSUHYIRXVOSDFNDI HoGIDI UDP bSUHVHQALDOVXP P DU bRIBVRIVE DUHHDQGOKDUEZ DUHHBP HQMo
| RUIVHHQOWROEHOUHT XIUHG b DEGMROVROWHO YDEEDWES ) 3 & hICORUGHIVROFDUY bRX\WDM®XVHD
FDVHVORI BWIVOUH HIHQFHOP SOP HOBMRQL7KHR * 2 *  IDQER *  HDEHODUHRQOBVSHFLLIHGD
KHUHOROHP SKDVI] HOWHISHUP HWUBRI DHISDFENDI HY 166 GOHGIP HQMAZ IEVAMBEHSRYIGHGE) b
Q XVHRU2*  IRUWLV5, th

$FWLYLW\bGLDJUDP

YUXWH  $PMW GDIWP R WHEQ WDQJHWDYHWH VFHDUR b

MIVAQMIVILI BRVHHNDWDIERFDIVDMRQD/XEVA VWP BT XILHGDQGAMAKRXCHEHAMABIMGHHY b
HDUD DQG IQGHSHQGHQ® RN WH 6/ $0  7KH6/ $0  VKRXG XSGDW WH GRFDIVDWRQ VXEM WP b
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([SHFWHG WHVXOWYV

) RUHDFKIERI BMHSURSRVHGXVHIFDVHY [ KIBHMHDO RUMP BVAXQQQ) (7 HH SHAMKMHIRTRZ [Q) b
IQMIDPWRQY Z M \WWH XVHU

UHDWIG VR WH | LCDCBURGXFWD
| GVSO WHGLIHHQNWP HV RGRP HY HMP DM b
| GVSO WHREMIOGDEb
| VHH XQFHRIQMA [HDWUHY DQG SRVH b
UHDWG \R WH IOMECDOMMW R WH' ) 3& b
|  GVSO WHIHDMUH P DS EXIG Z W XQFHYBIQMA b
| EURZ VHblP DI HVbDERQI b\HoH HFX\WIGhSDWh BiRVHHAZ KDWKDSSHQHGHICQHVRP Ho
SRIQN R WHWDWRRY SRSWRQDGD
|  GVSO WH' (0 XVHG\R P DWK RUEEMICCDW b

0 RUHRYHUb Z Ho Z DQWYWRb HYDADWh WHo FRP SXVMRCO WP H b \WiHo P HP RUY bl RRGUQWDQGH WHD

GFDIVDARQD DFFXWDR b VKRWYDQGh BQJ b UDQJ H b b WiHb YDURXVO VRGMWRQY bGRQHORI I GHOE\ b
WSO\ IQ) GDW b

7KH P RAIEV WDWZ IQEH XVHG DUH WH RCHY SUIRSRVHG IQWH . MRS IMRQ ¥HQFKP DN b

8VH &DVH 9LVXDO 2GRPHWU\

7 Kb XVHb FDVHb | RFEXVHVD RQb YIVXD® RGRP. H b RQD b, W1V WiHb EDVHIRHD VRGMRCH I RWO Db
H SEUDMRGOURYHLY b7 KHOSURSRVHGOVROMROVKRXCGHVXSSRUMMHI RGRZ LQIK5 * %' bVHQVRW b
WMIHR EHQFK . IQHFW; WRQ 72)  &DP HID ,\WQFOGHY WH IRTRZ 1QJ KLIK GIYHOXQPWRQY b

: KHHORGRP HW b
9 IWVXDCRGRP W b
2 EEMAUP DS EDVHG GFDDYDWRQDb

$GEMRQDD DG KRFb IXQPUWRQVD DUHy DORD UHTXILHGh VR IQMI DM Db IX@® YDIEDARGD DQGh
GHP ROMIDMRQ FKDIQb

6 HQURUDFTXIMMRQ IRUWH 5* %' VHQVRY DQG RGRP HWI b

5 RYHUQDYL) DWRQ DQG BFRP RWRQ FROARABRS b

* 36 URYHUSRVIMRQ P HDVXUHP HQWRUJ URXQG WKWK GHWMUP ICDWRQ b
8 VHUIQMUDFHV |RUQYH P RQVRUQ) DQG YIVXDOVDWRQ [l DSSTFDE®! b
' DD ®JJIQ) DQG UHS@\ IXQRWRQV b

| RFDD/DWRQ DFFXUDR\ HYDODWRQ \RRY

&KDBQJHV t
VHQRWY FDIEUDARQ b

BQCUDW HIHUD 15 UHZ HIDG, BRUDXVRQRP RXAVBUMQI" WKHD |, 77, BMRQEHFKP Do
VXM b, 0 3WRFHHAQIVORIbWHD b, ( ( ( b&RIHHIFHO R & RP SXWAHO IMRGhDQGH3 DAL
5 HFRIQUWRQ &935 &935 ((( &RP SX\MUBRFIHW : DKIQIRQ ' & 86% b

b
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YHYDABI VROMRQ VHQVRUVXSSRWh

GHD) P DQDI HP HORRSURYIGHINHFXUHONAIP DIMY. KIBRENQI HQRDFFRXQAGHD\ HGh
HP DMV b

P DS EDVHG GFDO/DMRQD

$WODWb WLV EDVHIH VROWRGD LOYROIQI b Do MMUHRL EHQFK b Z KHHB RGRP HW! b DQGh YIVXDD
RGRP HW VKDOEH GHP RQMIDWIG Z W DQ 2 %& UHSUAVHQBMYH Rl VSDFH P MMRQV b

8VH &DVH 9LWXDO 6/%$0

7 KIVOXVHEFDVHI RFXVHVERQOYLVXDE6 / $0 EDQEEILS HWEQH] W HOHUIDWRQB/ROMRQY VMBS UHVHOAD
DQUQFUHDVHGFRP SG[ W IWHHI DIEWRAMHI IANKVHIFDVH hQGHHG BMHYMVXDEB/ $0 BXQPIRGD
Z IGFUHDWMDQEP DQRQIDIRQ) WP [P DSHRIBMHIH SBRUHEHMUDIQ Y KIFKISURP IVHAVBRAP SURYHD
GFDO/DWRQIDFFXUDR BHVSHADEHLDQDUHDAVLHYIVIWG £ OR BAHP DSFUHDWGHGXUIQ) HDG AN
SDWHRI BWHOBQI BADYHWHIP D\ bEHGXVHGO RUP DS EDVHGLGFDIVDAMRQUGOWHBE HMOR/OVHD
VFHCDUR BREHGHVFUEHGIQINHI RTZ [Q) FKDS\WMLY 57 KHISURSRVHGVROMRVKRX VXS SR
WHIR®Z LQIb5* %' bVHQURUW bWMIHRDEHGFK b. IGHPW: WRQb72) b b&DP HID b, WIQFOGHVD
IR®Z IQ) KK GYHIXQPWRQY [

© KHHRGRP HW b
9IlVXD3B/ $0 b
2 EEMAUP DS EDVHG GFDDDWRQDb

$GAMRCDD DG KRFb IXQRWRQV DUHb DORb UHTXIWHGD R LOMI UDWh Db IX@® YDEEDWRG DQGH
GHP ROMDIRQ FKDIQb

6 HQURUDFTXIMMRQ IRUWH 5* %" VHQVRY DQG RGRP HWI b

5 RYHUQDYL) DWRQ DQG ®FRP RWRQ FRQARGEBRS b

* 36 URYHUSRVIMRQ P HDVXUHP HQWRUJ URXQG WKW GHWMUP IQDWRQ b
8 VHUIQMUDFHV |RUQYH P RQURUQ) DQG YIVXDOVDWRQ IL DSSTFDE®! b
' DD ®JJIQ) DQG UHSD\ IXQPWRQV b

/ REDIVDMRQ DFFXUDR. HYDODWRQ \RRY b

&KDBQHV b

VHORWY FDIEUDARQ b

YHYDWB! VROMRQ VHQURUVXSSRWh

GHD) P DD HP HOMRSURYIGHINHP RANDFFXUDWHWP DM KIBRENQI HQRDFFRXQN
GHD\ HG WP DMV b

P DS EDVHG GFDOI/DARQb

VDMDFRY DFFXWDR b

8VH &DVH /L'$5 6/$0

$\bIWZ DVbVDIGHIRBOVXDB6/ $0 16/ $0 bUHSUVHQMADLHQH] W HQHUIDARGORI DO RUMP VVROEHD
HP EHGGHGh RQb VSDFHo YHKIE®N b HODEER) b WiH URYHUD Vb EXI@h DQGh P DIQEICH Db BQJ \MP b
HOYURGP HQAP RGHERI HWH/XWRXQGEIQI V b7 KHP DSHFUHDMGE\ 1 I $515/ $0 FFDQIDOREHXVHD



S5HIHUH

k b

9HUVLR & b

' D V\bH k b

b 3DJH | b
3/$1(7%5< 5, $1' $662&,$7(" (*6( '(7%,/(" '"(®,*1

IRWP DS EDVHEHEFDIVDAROICHMHOUHAMOREDVHIFHCDUR b7 KHISURSRVHGVROWRQHGFBGHVD
WH IR®Z IQ) KLIK GYHOXQPWRQV b

: KHH® GRP HWIb
/L $56/$0 b
/L $5 0 DS EDVHG GFDDVDWRQb

7 KHo XQPWRQVOUHT XILHGOWROIOWM) UDWDH X@YDIEDMRQDQGGHP ROMIDWRQFKDIQDUHIMHIVDP Ho
DV WH RQHV [RUWH YIVXDOB/ $0

6 HQURUDFTXIMMRQ IRUWH 5* %' VHQVRY DQG RGRP HWI b

5 RYHUCDYL) DWRQ DQG BFRP RWRQ FROARAERS b

* 36 URYHUSRVIMRQ P HDVXUHP HQWRUJ URXQG WKWK GHWMUP ICDARQ b
8 VHUIQMUDFHV |RUQYH P RQURUQ) DQG YIVXDOVDWRQ [L DSSTFDE®! b
' DB ®JIJIIQ) DQG WSO\ IXQPMRQV b

/ RFDD/DWRQ DFFXUDF\ HYDODWRQ VRRY b

7 KH | RUAVHHQ FKDE@IQI HY DUH WH VOP H DV WH RQHV IRUYIVXDGB/ $0 [h

VHQURUFDIEUDARQ b

YHYDWB! VROMRQ VHQURUVXSSRWh
P DS EDVHG GFDO/OMRQD
VDADRRY DFFXWDR b

8VH &DVH )XVLRQ RI /L'$5 PQG 9LVXDO 'DWD
) XMRQRI / L $5 DQG YIVXDOEDW FDQ EH DFKIHYHG DWE R GLLIHIHOABIYHY b

' IUWHPWD HE\ HOFRUSRIDMI K 1 $5 HDQGIYVXDEGEDWHQMNHVDP HEDWOAMKPMUHD - WOKHD
GHICH®' ) 3&V bWHVRBbFDVHHRIbVXFKbI XMRQOFDGhEHOWEYIDhGRGHE\ biHb' (0 b
EXITQIb ' ) 3& b Z KIEKD VENHVD LQGILIHHQM®b Dvb IGBXWh SRIQN FEXGvb SIRYIGHGH B\ b
WMHRYMRQRUE\ D/ L. $5 7KHIXVIRQL KHHKDQGBIGE\ WH' (0 EXW@IQI ' )3& b
,QGUHA® bE\ b XVIQ) bSRVMRCOHVP DIMVESURYIGHGHE\ bERMONQGRIBHORY b IWBAMHD
GHICH' ) 3&V bVXFKbDOVFKHP HoFDQhl RUQAWEIQFHOEHGH LOHGOI RIWMHY L $5 b3 RvHb
* DSKb6/ $0 b' ) 3& blQhZ KIFKOWHIQUWDBSRVHIDWMHOWP HoRI BWIHIDFT XIMWRCHRI DHb
/ & $5 BFDQUHMBURYIGHGE\ BMHD VXDER GRP HWIB ) 3& 17 KHI XMRQAVKHUHIKDQGBIGh
E\ WH/ L $5 3RH* DSK6/$0 ' )3&b

1 RWOWDWRWHUBLOGUHPWAVFKHP HVOFRX@HEHGH LQHG bl RBIQAMIQFHAZ KHbH SBIMQI b
9 VXDBSRIQMFEXGVOVROEXITODL' ( 0 bXMIQ) bSRVMRQOHP DIMESIRYIGHGOE\ Y I $5b
6/ $0 bRUYIEH YHWD b6 XFKOVFKHP HVbKRZ HYHUbGROGRIWSUHVHQADOW QLEDQMDGGHCD
YDOH th
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5, 65& 65 /21* 75%$9 (56 (

7 KHXVHIFDVHVONDW, |[GEHAHBICHGY WP * 7 LARQOHEHD)/XESDUNR BMHXVHFDVHVDTHDG b
IGHQMHG b7 KH\ bZ LGEHVHBFWMGHGHSHQGQI bRUOWHIVHWRI bVHQVRWHDYDIDE®! bWwWHoBYHBRIb
DXVRQRP\ Rl WH SOMRUP V' DQG \WH DYDIDE®! VRIVE DUH LOMUDFHV b

/ RQJ 7WDDYHWH' (0 b

7KHREMPWYHR bHP MR RBKHIRYHEIMIRDXVRCORP RAVORHDFKIDHAAI HWBFDMGIDERXW b
NP DZD DQGGHICHGE\ IW DEVRAW FRRUGICDWMY Z KIBI SIRGXFIQ)  WSHVRI' (0 Vb

7KHURYHUP DS BMIVHVIONHP DSERI BMHWVXWRXQGQI VIR BMHIRYHUDWHDFKEREVHYDIRD
2 QHIRYHUP DSHVFUHDWMGH RURQHIREVHYDIRQ )\MMDWIFKHGRAMHIH HUHQFHIWDP Ho
R WH WRYHUD

7 KHI XVHGARYHUEP DS BAMVAVBMHE XMRQER HRYHUP DSVERYH D0 LYHQUSHURGHRIBAP H b\l
IV DWEFKHG VR D ®FDOHHUHGFH [P H VWP H b

7KHOREBE XVHEP DS BRVAVINHI XVIRQRI (DERYHUEP DSVAREFUHDMDIFRP SGMAP DSIRIb
WHOURERWVXUWRXQGIQJ b, \WMMVDWIFKHGORMIHASOCHAVHUH HUHQRHO UDP H bDQGHOFDQEH)
XVHG LQ IXWMUH FRXUH V Rl WH URYHUD

7KRVHWUHHOWSHVD R b SURGXFHGH P DSVBIQUGHD, Q) XVHIDUHbQHFHWDL bl RIWKHODXVRCRP RX\b
QDY DAROABFNBRDCDOVHIMHLRYHUVXUWRXQGEQ) IDQES OQDQRSWP DEDQGVD HIDMFVRY b
WRZ DBEVDIWL GHVMDWRQb: - KDWIVOVIBGORSWP DOWDMPVRLY XoVKDBCQRWEHGVFXWWHGOKHUIHDVD
GlLIHHQAFUAMUD FDQ EH FROVUGHUHG GHSHQGIQ) RQWH QHHG Rl WH P MRQ b

5,,1)86( /21* 75$9(56( ' (0b

7 KH@QJ bWDYHWHIUH HIHQFHIP S&P HOBMRQICH, Q) XVHIZ LABEHOFDUHGHRX\WMRQY $$6 bURYHWA
DQGORQOWH6 ( 52 0 b& 1 ( 6 VI b, WbREMPWYHoVOWROFRQGXFWDCORQEHIGHP ROMIMRGDQG)
RII@H YDEEDWRQ R \WH GFDDVDWRQ IXQFUWRQY SIRSRVHG 1Q,Q XVH b

7 KHOR! | GQH YDIEDMRQHZ LBFRQMBICHE ROED HV hEDWIFRBPWRQ HDQGEEDWISIRFHWIQ) B7KHD
URYHUZ [QBH HFXWDB/AHAR BADMPVRUAMAKDAY. |GEHGH IOHGDWUMCHMHSURVIFW DFKBADVIFVRU b

Z 1@ EHo GV QHGb Wb DECUHWO GLLIHHQWFRP SEf Wb GiYHYD GHSHQGQI bRChWHoWUDICH HJ b
VXUDFHWSH URFN GMAEXWRQ b

) RUHDFK WDVRRY WH IR@Z 1)) Z LQEH EXION

5 RYHUP DSV DQG IXVHG URYHUP DSV GXUQ) WDMFRY H HRXWRQ [QVIP XDMRQ WP Hb
) XVHG \RVBCP DS DVWIKH HOG Rl WDMPRY H HEXWRQ VR FUHDW WH 1100 (0 b
/ RFDD/DWRQRI WHRYHU#  +] Z UWMH IXVHG IRYHUP DS 1QVIP XOMRQW Hb

7 KRVHOWUHHO DV SURGXPWDZ IABEHOWMMGHERWIHZ IMIOGDVIODFTXLUHGH URP bDOMMUHROFDP HIDb
EHQFK DQGILRP D/ L. $5 VHQWRUD

7KHo FROWMQR b RIBWHDILCD®' (0 VbFDQOWHEHOFRP SDUHGHZ IO WH0 MVMb J URX QGO WKW
SIRVIGHGE\ &1(6 6(520 b
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7 KHRQIHGHP ROMDARQHZ LABFRQVIMARI DV ROMMSV bl IARNEXLGHQI bURYHUWP DSV bl XVHGOURYHUD
P DSVbDQGHI XVHGOVREOP DSVHRYHBDLI LYHOWDMPRY  bRQERH bZ KIGHh@FDE) 1Q) b\WHOURYHUBDW

+] b7 KH XVHGOVREBP DShSURGXFHEFDQLEHOWHXVHGODVODCGHRUEMMUBP DShi RUDEVRO\M)
BFDQ DWRQ b7 KHoH HEXWRQORI bWHODEVROMWHEFDOYDWRCHI XGPUWRQOZ L@ HHEOWHOBFRP RARQD
VVMP  WDMPRY FRQAROD

7 KHORQEHIGHP ROMIMRCOP LI KWQFOGHODQHDXVRQRP. RXVHGQDYLI DARCOEFNAMRDYDEEDWOWHD
UREXVAMZHVWER BMHI XQPWRQZ. IMHLIHVSHPRARYHUEP RARQV b HYHWMHBMY BAHICDYL] DARQDQGH
@FRP RIRQOWEFNY bZ LRQDXVHDIE 7. * 36 bDQB+56 DQESRWEOZ KHHERGRP HAY BRD
[P SGP HQMNNH GFDO/DWRQ | XQFWRQ H

3DFNDIH GIDIWDP b

7KHI RGRZ 1QJ bSDFNDJI HoGIDI WDP bSURVHQAMDOVXP P DY bRIbVRIVE DUHDQGKDUEZ DUHHBP HOMo
[ RUAVHHCQOWRDEHOUHT XIUHG bIQbDCEMRCOWROWHO YDIEDWGD ) 3 & hICORUGHUBHROFDUY bRX\WMD®MX\VHD
FDVHVOR! bIVOUH HIHQFHOIP SGP HOMMRQDb7KHR * 2 *  lDQER *  KDEHMDUHRQOBVSHHLIHGD
KHUHMROHP SKDVI] HoWHO0SHUP HAMUDRI fMHOSDFNDI HV b @HEIP HOWMWZ LAIMWBEHSURYIGHGE) b
QXWHRU2* |RUWLVYS, b
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)UXWH 3DFANDIHADIWP R WHEGQJ WDYHWYHVWHDUR ' (0 EXI@QI b

$FWLYLW\bGLDJUDP

, COMVEXVHOFDVH bl RUWHORQEHGHP RQMIMRQ BWH0DEVROWMGBFDO/DMRUIMSHURWP HAZ o
WH IRTXZ IQ) AMSV b

$VINH EHIIQQQ) R WH P MRQ WH URYHUSRVIMRQ LY IQWDWMG B\ \WH XVHUD
7 KH XVHUWHQ [QUWDOVHV b
D WHHQRYb
E  WHURYHUQDYL) DARQ DQG BFRP RIRQ VXEV VWP Vb
F  WH@FDO/DWRQ IXQFMRQb
L Z KIEKBVHWMDQHQWIBUH HHQFHOIUDP H bBDGVIWHIP RGHER! I XVHGORWED
P DSBADWHYHVDVDQREMIGP DSHREFDD HIWHIZ W HDQGDGE RDGRU
WWH 1LQDCBRVH LQ WH VB HWILDP H
© KHQ WH XVHUMBUW WH SURFHW WH URYHUEH] IQV IW WDYHWH b
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E

F
G

6 HQURWY GD LV DFTXWWHG DWD SUHGHIQHG DM b

7 KHIDEVROWWIBRFDDVDWRQY ) 3 & BXVHVINHIGDEHNHDP EDVHQSXWWREHVP DML
UHDMYH SRVH b

0 HDQZ KIBI WH XVHUFDQ P RQURUH, HFXWRQ DQG UHFHYH HVWP DWIG GDW b
7KHQRP ICDOQDYL) ARG DQGHGFRP RURGDF\ FBEXVHVOWIVLSRVHOHP DIMoRD
FRQARONH P RYHP HQADQG WDMPWRY Rl WH URERWZ KIGI DYRIGIQ) KD DBV b

© KHQOWIHOFXWHQAHVWP DWIGESRVHOMDUHDFKHG BADMRVRY bH, HEXWRQOVOVWRSSHEDQG0
WH SURFHW IIQVKHV

7TKHIR@®Z IQ) DAMW GDIWP JLYHV DQRYHYVEHZ R WH VFHDUR H HEXWRQ [

YUXWH  $PMW GDIWIP R WHEQ WDYHVHVFHDUR ' (0 EXICHQI b

b

b
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([SHFWHG WHVXOWYV
( [ SHPAMG DUH\WWH IRGRZ 1) GXUQY WH URYHUDYHYH b

5 HDWIG R WH 1LCDCBURGXFWD
| $FFHWWR WH SRUMRQ RI WH URYHULQ WH I XVHG VRVECP DS 1P HRI LHHUHQFH b
|  &RP SXVIMRQ DQG HYDADWRQ R HUWRUD WU X@ADYHYH b
" 5 HDWG R WH IOMCDOMM R WH' ) 3& b
|  $FFHWWR WH URYHUP DS EXIONQ RGHUVR &FDO H WH URYHUD
|  $FFRVWVORDWHOSRIQIFEXGSURICGHGE HWHBKHY 1L $5 IRBKMHOWWMIHRVFRSIED
[P DJHVD

7KH FRP SXWWMRQDOHVRXUFHV XVHG GXUQ WH GFDOVDWRQ SURFHW Z IGDOR EH HYDADWG b

, ORGHHVRHYDIDWOMHDFFXUDR IRIBKHI (0 lSURGXFW IDIHHHGRHS (0 B2 IAEHXVHADQCGh
VEMYMEV RQ WH HURY FRP SXWMG b

8VH &DVH $EVROXWIH /RFDOLVDWLRQ

7 KIMXVHFDVHIGHP ROMDMERWHMHIFDSDEMBREXICH (0 IDQEWRERFDY HIQUGHDS (0 b
72 ROVXEFDVHMDUHSRWIEGHDQEZ LABEHIMAMGEHT XD HEXLGHQIBMHS (0 BDMQIK L $5 bGDMEh
RUEXI@IQ] WH' (0 XVIQ) D\WMBRVFRSIE P DJH SRQAF®XG b

7KH SURSRVHG VROMRQ ICFOGHY WH IRGRZ LI KLTK BYHIXQFWRQY b

: KHHORGRP HWI b
5 RYHUP DS EX@QIb
$ EVRGWM GFDD/DWRCH

$GGMRQDD DG KRFD IXGPMRQUD DU DORD UHTXIWHGD VWb LOMI DM Db IX@® YDISDWRGD DQYGh
GHP RQMIDWRQ FKDIQ [

6 HQURUDFT XIMMRQ | RUWH FOP HUD DQG I(QHWDCP HDVXUHP HQW b

5 RYHUGDYL] DWRQ DQG ®FRP RWRQ FRQARGBRS b

* 36 URYHU DQG VI HWSRVIMRQ P HDVXUHP HQWRUJ URXQG WKW GHMUP ICDIRQb
8 VHUIQMUDFHV | RIVBL HAVHBIPWRQ @H P RQVRUQ) b

' DD ®JJIQ) DQG UHSD\ IXQRWRQV b

/ REDDVDWRQ DFFXUDR\ HYDODWRQ b

5 HQGH| YRX\b

7KHa) GEDBP MRQOREMPWHIFRQIMAICH] XIGIQ) BWHOURYHUMRZ DUBVDSUHFVHISRVMRQDQG)
RUHQEMRCH Z Wb UHVSHRW\RH Db P DQ P DGHo DWHWH H.J b WH0 VDP S®h DQDOMVL P RGX®! bIRU
IQAMIQFH BRISHIRUP BHIADQU HUR! DB/RIB/DP SO 1Y KHWEL FMFROUGHIHGORQ FRRSHIWYH b
DVvbWHUH Vb QROGIHABFRP P XQEDWRQOEHE HHQbWWDQEOWHOURYHUD+ RZ HYHUbWIHhSURSRVHGD
GFDD/DWRCH DO RUMP Vb FDQb VINHb DGYDQUEYI Ho Rlb WHD | DRW\MDWIWD I HOHID®.J HRP HW hDQGh

DSSHDUDQFH DUH YHY Z HONGQRZ QIQ DGYDQFH th
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7 ROUHDFKBKDW IQD®) RDAY. HIGMWNQ XIVKBE RP MMRQESKDVHY HDFKIZ IWIVSHFLLLIFERSHIDWRQDO
UHTXIBHP HQW DQG FROVWADION b

/ RQ UDQIHRSHIMRQY bl IRP P MMRCHQWID DWRQBRDQDSSWR] 1P DMIDQIHRIb P b
$ WMMGMBIGRH HRYHUVHQURWAFDQQRWHVRIH/X | LELHQRYLYXDE HDMUMRQIMHIELS HWY
DWHMRLSHURUP bDol X@UHDMWYHoSRVHHVP DWRQ b7 KHUH RUH bDOMP SGHEHDUQ) b DQGh
SRWIE®b UDQJ H b WDFNQJ bivh SHURUP HGh DQGHWH0 UVX@IVO XVHGH E\ b\ QDYL) DARH
VA VMP R J XIGH WH IRYHUWRZ DUV WH J HOHIDOGUWHRWRQ R WH URYHUD

5 HQGH YRXV 12 QFHOWIHIUDQJ HOVHVKRUWBHQRX Kbl RUMHOVHQURWOROGHMAWI HRP HAED
| HDMUHVORCOMHMELS FHOURYHUDVZ MFKHVIVREDES HQGH YRXVERSHUDWRQDEP RGH HDQGh
GFDIVDARGH DORUWP b FDSDE®D RIbJ IYIQJ b Db X@ UHDMYH SRVH DU DPWDWIG b 7KHb
UHQGH YRXV SKDVH OV XQMDKH XVHUVSHFILHG UHDMYH VB HASRVH LV UHDFKHG b

)RWb Db VIP SBU YDIEDARGD SURFHW b WHVHo SKDVHVD DU GHFRXS®IGD 1Qh \ Rb GMICFW
IP SBP HQBMRQY 5, ,1)86( /21* 5$1* ( 75$&. ,1* DQG5,,1)86( 5(1' (=9286 b

5, ,1)86( /21* 5$1*( 75$&.h1*

7KHEBQ WDQI HAADFN.QI B/FHCDURAMVEH SHAMCGHREHYDISDMGRNHE 1 ( 616( 52 0 BAME Wb
/ $$6 LRYHWY 155 BSUHYIRXVOLFKRVHBEL FMDWHIMREHIGH IQHG 1 IGEHSOFHERUMH MDD
Z HOGH ICHASRVMRQ 5 iz MWINHS , 1) 86( /21* 75$9(56( /2 &HP SOP HOBMRQLEERWD
RQEHIGHP ROMIMRQODQGHR! | QHYDIEDMRQVZ ICBEHFDUIHGRX\WRQVHYHIDBADMPVRUEMY Wb
YDURXV GIYHY Rl GLLIEEX@V b

) RURI @RHH HEXWRQ BHEDVHTIHS UHGH IQHEADMFVRY 17 LABHQVXUHIWHIL) RWHP DIOVY. IWICH
WHbl IHTGORI bYIHZ bR bHIVHVRWADVIOWHOURYHUDS SURDFKHY b GGMRCD@ bYDURXVIRSHIDARCDD

YDUDEGN BVXFKIDVHOKP LODWRQIGEUHFWRQ EREFGMRQY HDQGHMHIELI HAH, IMQJ HURP BMHI HTIRIb
YIHZ  FDQ EH WG \R FKDUDRWMU, H WWH DO RUMP W SHURWP DQFH DQG Z RINQJ GRP DIQHD

) RU RQEHo GHP RQMIDWRQb Z Ho HIHFWHDb F&VH WHo @RS E\ b XVIQJ b WHo RXBXWRI b \iH)
QY WDQJ HMILI HMADFNIQ bl XQPWRGDVHDNI XIGDQFHAQSXW RUMHICDYL) DARQIDQGIERFRP RIRQD

IXQPWRQV b, WZ ICGMXVOQHHGWROEHDH HFX\WMGHIQhSDUDTIEZ WIWIHIQRP LQDBQDYL) DARGOBRSHICH
RWGHUVR NHHS DYRIGIQ) KD DUV RQWH Z D VR WH VB HA)

& ROVGHUQ) BAHIQHHGAVIRQOH RUDIHDWHO FRDWHIEF DO/DMRQDWMVAED H 2 HSURSRVHDD
VIQIBIWSH Rl UHHHQFH [P SGP HQEMRQ VR DGGUHW IWD FDP HD EDVHG ' WDFNQJ 1)

([SHFWHG BHVXOWYV
- KIGI\WHDORWKP IV IXQQQJ Z HH SHAVINH IRTZ Q) IQMDPIRQY Z WK WH XVHU H

" UHDWG R \WH | LCDCBURGXFW
QSO WH ,Q XVH GFDIVDARQ RABXW * 36 RX\BXWRQD P DS b
GVSO\ bWHoHVP DIMGHVEL HWSRVIMRGh EHDUIQ) hDQGOSRWIE®BUDQJ H bRQOWHD
PDSh
GVSO\ XQFHWIQM Rl HNP DIMG WMV b
UHDWG \R WH IQMEDOMMM R WH' ) 3& b
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| SURVIGHOWHODELDMAMREURZ VHIP DI HVIDVBMHIHQGH YRXVESURI UAWWHVD BRIVHHD
Z KDAKDSSHCHG IQ VRP H SRIQN Rl \WH WDWRRY b

| GVSO\ b WHo DFTXIWHGH [P DI Hvb Z M DQb RYHUD! b RIb WiHo UHSURMPMGH VLI HWY
SRVMRQDb

0 RURYHUDZ HoDIP bVRbHYDODOWHWHDFRP SXVBMRQOWP H bWWHoP HP RW bl RRBUQWRDQGEWH0! LD
@FDD/DWRQ DFFXWDA b

7 KH GFDIYDWRQO DFFXUDA bZ IMEHLHYDADWGHZ Mg UHVSHRRMROWHOGMBCFHO VHSDUDWR] b\HD
VL Hvibl URP BHFKDVHUB? KIMHYDADWRQY. LEHFRP SGMIGE\ BlHo i DOHGHMAWRGIDCDOMMD
E\ XMQJ 52 & FXUHVD

S3DFNDJH 'LIDJUDP

)UXWH 3DFNDIHGDIWP R WH®Q QI HWDFNQI VFHQDUR b
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7 KHol RGRZ LQJ bSDFNDI HoGIDI UDP hSUAVHQMDVXP P DU bRI BVRIVE DUHHDQGOKDUEZ DUHHBP HQMb
| RUIVHHQOWROEHOUHT XIUHG b DEGMROVROWHO YDEEDWES ) 3 & hIGORUGHIBVROFDUY bRX\WDM®XVHD
FDVHVORI BWIVOUH HIHQFHOP SOP HOBMRQL7KHR * 2 *  IDQER *  HDEHODUHRQOBVSHFLLIHGD
KHUHOROHP SKDVI] HOWHISHUP HWUBRI DHISDFENDI HY 166 GOHGIP HQMAZ IEVAMBEHSRYIGHGE) b
,Q XVHIRUWL 5, b

$SFWLYLW\bLDJUDP

YUXH  $PWMW GDIWP R WHEGQ WQJHWDFNQI VFHQDUR b

8VH &DVH /IRQJ UDQJH %HDULQJ RQO\ 7DUJHW 7UDEFN

6 LQFH EDWIMHIFROUGHHGHDQ) H AAWVERQOBHDOMERRDFFXUDMOB-WWP DMONHMELI HAEHDUQ) b
Z HI REXVMMOVHIFDVHRQEMAP SGb ' FDP HUD b KHAIL HWEZ KIEKHVDWXP HGMREEHDABME Vb
LYANGHMPWGAQONHAP DI HE\ biGHQWHP DIRKLQ) BMHCOMIMEEHDUIQ) P HDVXUHP HQWME HEHQURDD
FOWIED I GMUQ] bI XGPIRGHZ KLIEKh XVHVE DOURYHUP RARQHP RGHBWROHQVXUHDOFRQWXRXVHDQG)
UREXVANADFNQ) 15 GGMRQD® BAMHIADFNQJ H IGMU. RXTHEHQH MTURP EKDYIQ) EDFFHBRAGHWW®
P HDVXUHP HQAD Rib WiHb URYHUD XVIQT b Iy HWHU | RU Db VIP SGb Wb SUHGIEWRQ b RUb Dvb Do

b
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P HDVXUHP HQM RIBABMWFRUHPWRQ B LD BXVHHOQM DPWRGAVIGHHGHGMRIQWDD HANHOA WP b
B\ G-I QDWQ) WH VB AR EH WDFNHG LQ DQ DFTXIUHG [P DIH

7KH FRUH CDW IXMRQ 1P SGP HOMRQ WXV UHT XIUHV WH |RERZ 1Q) KLIK GIYHOXQRPWRQV b

* HQWH P DUH P DWKHUb
7WDFNQJ 11GMUb

$GEMRQDD DG KRFb IXQPUMRQVD DUHy DORb UHTXILHGh VRo IQMI DM Db IX@® YDISDARGD DQGh
G-P ROMDWRQ FKDIQ ty

6 HQURUDFT XIMMRQ | RUWH FOP HUD DQG IQHWDCP HDVXUHP HQW b

5 RYHUCDYL) DWRQ DQG BFRP RWRQ FROARAERS b

* 36 URYHU DQG VI HV'SRVIMRQ P HDVXUHP HQAYRUJ URXQG WKW GHMUP ICDWRQ b
8 VHUIQMUDFHV | RUVIL HAVHBIPWRQ @H P RQVRUQ) b

' DD ®JIJIIQ) DQG WSO\ IXQPMRQV b

/ RFDO/DWRQ DFFXUDR\ HYDOOWRQ b

5, ,1)86( 5(1'(=92186

$VIDSUFRQGUMRQGHIIBEIQREQ XVHB  @WHIRYHIMDWXP HG i RMMYHFRQESKDVHRIb
WH P MRQ R EHDDHDG SRMRGQHG [Q WH YIEIQW Rl WH VL HADAHWD

7 KIMSSKDVHZ IGEDOREHFDUHGRXW, MWHMHY $$6 HLRYHY HRQOMHE: 1 ( 616 ( 52 0 BAM Z MDD
VI HVBREHIGH LOHG 12 QFHAD) DIQ ByHYH DBADPVRUEMDURXQGOMHELI FADWHAABD] B URP b
WHOHQGOSRIQBRIDWHE , ,1)86( /21* 5$1* ( 75$&. ,1* bDQEHQGEQI IGhDHSRVMRGHDQGH
RUHQEMRQOVXIMIZE B RUDOFEVH UDQJ HIVDP SBBADQU HUKZ IBEHH HFX\WMGP DOXDO®LZ KIBBMHD
VHQURWY DFTXIUH DQG @ \WH GDVI | RURI I @QH YDIGDWRQ H

,QDQRQIHGHP ROMIDWRQ BMHXVHUZ LEBVSHFLL FSRVMRQDQGRUIHQEMRQ RD®H RUKHIRYH D
VROUHDFKIZ IWHUHI DUBVIRBMHDWHWDQGMHRXVBXWR BMHIBRFDIVDWRQH X QPR LEBEHXVHGE\ b
WHICDYLI DWRGH XQPRCORAHDF KMV RDC)WE LABAXVEHHEHREHH HEXWGIQSDUDIEY. WIKHD
QRP ICDACDYL) DARQ @RS 1Q REHUMR NHHS DYRIGIQ) KD DUV RQWH Z D VR WH \BU HWh

$WP HGEXP BRFEVHIDQI H 2 HFDQIFKRRVHLHDMYHIERFDOY/DWRGAMDM] HVONDWP DNHXVHRIb
UEKHB5* %" b RUb SRIQNFEXGh GDVB b VXFKb Dvb Do MUHRb EHGFK b OVAKPWUH ILRP P RURQD
DUDQI HP HQND7R) BFDP HIDIRUDD ' 1 1 $5 IDQAKDUHWRXUSURUNGRZ BIGI HRI BMHEL) HAXD
JHRP HWY : HWXV SURSRVH IRXUSRMQAD® FRP SGP HQBY XVH FDVHV VR DFKLHYH WY VN

5% 06" 10 RGHOEDVHEGHWPWRGOADFNQ) b7 KIEKIGHWPMDQGIADFNVIMHAELI HBMQI b
5* 0" GO DQG FRP EIQHG JHRP HWEE DQG DSSHDUDQFH EDVHG P RGHY b

/I $5b0 RGHOEDVHGOWDFNQJ 17 KIEKhGHMPWHDQGHADFNVY IS XUHSSRIQRFEXGGDED
EDVHG RQD SRIQAFBXG P RGHIR! WH VLI HWD

6WKPUH ILRP P RIRQH UHFRQMKFWRQVD R bWHO VL HWEDVHGH RQDOROMMUHRLYIMRQD
FDP HUDV DQG WH P RYHP HQAR! WH URYHUUHDMYH VR WH VLI HAb

+ DSWF 6 FDQQQJ IRUP DSSIQ DQG UHFRQUAKPWRQ R WH VL HVERG,
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([SHFWHG BHVXOWYV
© KIGI\WHDORWKP IV IXQQQJ Z HH SHAVINH IRTZ 1Q) IQMDPIRQY Z WK WH XVHU H

" UHDWG \R \WH I LlCDCBURGXFW

QSO WH ,Q XVH GFDIVDARQ RAVBXWFRP SDUHG \R * 36 RXAVBXWRQDP DS b
WHSRVHR BAMHLRYHUEQHMHIELI HAUH HIHQFHA UDP HDQEOMHIFRQ LUP DWRQANDW
MDFFXUDWO UHDFKHY WH VHWI RD)
QVSO\ XGFHWTIOM Rl VWP DIMG \AWMV b

UHDWG \R WH IQMEDOMMM R WH' ) 3& b
SURYIGHOWMHIDEIMVOREURZ VHAP DI FVIDVBMHILHQGH YRXVISUR] UMWHVD BROVH-D
Z KDAKDSSHCHG IQVRP H SRIQN Rl \WWH WDVRRY b
GVSO\ bWHODFTXWHGHLP DI HvbZ WHDQORYHUD) bRIb\WHIUHSURMIFWIGOHVIP DIMGh
P RGHOSRVH UHSURWMFWG b

0 RURYHUbZ HoDIP bVRoHYDSDWIOWHDFRP SXVMMRQOWP H bWHOP HP RW bl RRBUQMDQEOMH0 LQDD
@FDO/DWRQ DFFXIDR Rl WH YDURXY VROMRQY b

7 KH GFDDY/DWRQO DFFXUDRA bZ IWEHLHYDADWGHZ Mg UHVSHRRMROWHOGMBCFHO VHSDUDWR] b\HD
L) HAYURP  \WH FKDVHUD

b
b b
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SDFNDJH 'LIDJUDP

7 KiHol RTRZ 1QJ bSDFNDJ HoGLIDJ UDP bSUHVHQMDHVXP P DU bRIbVRI\E DUHIDQGOKDUEZ DUHDHBP HQMD
| RUAVHHQOVROEHDUHT XLUHG bICHhDGGIMRCOVROVHD YDIEDWIGS ) 3& hIQORUGHUNVROFDUY bRARDX\VH)
FDVHVOR BWIVOUH HIHQFHOIP SBP HQEMRQL7KHR2 * 2 *  HDQAR *  KDEHODUHRQDVSHFLLHGD
KHHOWROHP SKDV] HOWHbSHUP HMUBRI DMHOSDFNDI HV 166 @HBP HQMHZ IEVWEBEHISURYIGHGE\ b
Q XVHRU2*  |IRUWLV 5, th

YUXWH  3DFNDIHGADIWP R WHUHQGH YRXV VWHDUR b


https://www.draw.io/#G0B56zoo_GDZqRVHVKUUo3NEN4Z2c
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YJUXWH  $PAMWADIWP R WHUHQGH YRXV VFHQDUR b

, COMMEXVHIFDVH - RUMWHRQEDHIGHP RQMIDWRQ BMHIHOGH YRXVAMBHURIP HGACWMHIR®Z 1QIb
WSV 7KH DPWYIW GDJ WP JLYHV DQRYHYILZ Rl WH VFHQDUR H HEXWRQ b

$ WWHOEH] 1QQQI bRIbWHOP BAMRQ bWHOURYHUIVbEFDMGHLCOMHOYIELQWOR! DHOELI HAb
Z KIFK IV YME® IQWH IIHG R YIHZ Rl WH FDP HD b
7 KH XVHUIQWDD/MHY b
D WHWHQRWYbD
E  WHURYHUQDYL) DARQ DQG BFRP RIWRQ VXEVA VWP Vb
F WHGFDD/DIRQIXQPIRQD
L Z KIEKBVHMDQHQWEH HIHQFHH WDP H KBDGVHMHP RGHER BMHAELI HWDb
JRDORUWH [LQDOSRVH 1Q WH VU HAIDP H
© KHQWH XVHUMBUW WH SURFHW WH URYHUEH LQV IW UHQGH YRXV RSHIDARQb
D 6HQURWY GDWD LV DFTXILHG DAD SUHGH IQHG DWW b


https://www.draw.io/?scale=2#G0B56zoo_GDZqRM1oyelRWX0lWNms
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E  7KHo P RGHOEDVHGh GFDIVDIRQD' ) 3 &b XVHvb WiHo GDVEL AHDP b Dvb LOSXW\WRD
HVWP DWW D UHDMYH SRVH b

F 0 HDQZ KI®! \WWH XVHUFDQ P RQURUH HFXWRQ DQG UHFHYH VWP DIMG GOV b

G 7KHQRP IQDBCDYLI MR DQEHBFRP RURQOF FEbXVHVOWIVOSRVHOHVWP DM\VRD
FROAROMH P RYHP HOADQG WDVIRRY RI WH URERWZ KIBI DYRGIQ) KD DBV b

* KHQOWHOFXWHQAHVWP DIMGESRVHOMOUHDFKHG DADMRVRY bH HEXWRCOVOWRS SHGDQGD
WH SURFHW ILQVKHV b

8VH &DVH 5*% ' ORGHO EDVHG '"HWHFWLRQ DQG 7UDF

7 KIVoXVHOFDVHI REXVHVERQOBFDIVDARQLZ IWoUH) DUV RGHER! BMHAEL HWZ KIEKIFRP ELQHVD
YIVXDOI HDWUHVHDQG0I HRP HAEEBSUP MYHV bVXFKbDVODL&S' bP RGHDS \WFEVHIDQI HbWHD ' b
FDP HUDOVHDE BIVROGHWIRBDQGOADFNGYIVXDE HOWUHVERQOMHAEL HAERG 157 R UHDWEHQKDGRHD
WDFNQJ b SHURUP DQFH0 DQGH LREXVWEZHW b\idH) DO RUMP bFDQ FROUGHBDOXVHUSIRYIGHGD ' b
JHRP HI b P DGHbRIbVIP S®bJ HRP HAFb SUP MYHVHVXFKb Dvh SOQHV DQGOF\ @GHLY bIQRD WD
WIG ERG bP RIRQHP RGHI+ RZ HYHUbWHO! GMI\AMBQHHGVHDQOIQUDIVDAROWMS b, CoRUEHUNRD
UHGXFHRSHIDRUQMYHQMRQ 7 HSURSRVHIRSHURUP HQUWDO/DARQY. WL HAGHMARUY KiH)
GHWRRIBVHVIDQIRI | GH WDICHEWP SOWLRIBNHMIL HADQGE * %' HP HDVXUHP HOMMRSURYIGHD
D FRDWH [ IMHP DM R W SRVH VR WH WDFNIQ) IXCPWRQ [

7KH FRUH GDVB I XVIRQ [P SBP HQBMRQ WXV UHTXILHV WH IRGRZ 1Q) KLIK BYHOXQPIRQY h

0 RGHOEDVHG \BJ RAGHMARUD
9 lVXDAHDMWUH GHWMRRUDQG P DWKHUD
0 RGHOEDVHG ' WDFNQJ [1.GMUb

$GEMRQDD DG KRFb IXQPUWRQVD DUHy DORD UHTXILHGD VR IQMI DM Db IX@® YDISDARGD DQGh
GH-P ROMDWRQ FKDIQ ty

7HP SOWMWDIQQ) VRRY EDVHG RQ VP XOWG RUUHDAP DIH GDW b

7RRY IRUP RGHOJ HRP HWI GH LQWRQ DQG 11B1 J HHIDWRQ b

6 HQVRUDFTXMWRQ | RUWH FDP HID DQG [QHWDITP HDVXUHP HQW b

5 RYHUGDYL] DWRQ DQG ®FRP RWRQ FRQARGBRS b

* 36 URYHU DQG VB HVSRVIMRQ P HDVXUHP HQAYRUJ URXQG WKW GHMUP ICDWRQ b
8 VHUIQMUDFHV | RV HWVHBPWRQ @H P RQWRUQ] b

' DD ®JJIQ) DQG UHSD\ IXQRWRQV b

| RFDO/DWRQ DFFXUDR\ HYDOOWRQ b

8VH &DVH 'HQVH 3RLQW &0ORXG ORGHO EDVHG /RFDO

7KIVb XVHy FDVHD I RFXVHVh RQb Db VP SBb 1P SBP HOEMRQ RIbDL/ L $5 EDFNHGHP RGHOEDVHGD
GFDW/DARDVFKHP H b QOMMIFDVH BHAEL HAP RGHEFROWMRI D HFRQUKPMGISRIQAFBXGh
Z Wb Do GHQWDKLI KbHQRXJ KOVRODERZ bl RWVXEVDP ST b: - HSURSRVHOWROSHURWP bDhGHMHD
P DWKIQJ b DQGh WIG ERG\ b RSWP [} DARGH EHE HHQb WHo DFTXIWHGH SRIQN FBXGh DQGh \WHb
XVHUSURYIGHGP RGH57 RIHDEGHDHFROAXRXVBADFNIQ) ESRVHILGMUQ) 7 WD RARQP RGHEVD
DOR IQFOGHG b
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7KH FRUH CDW IXXMRQIP SGP HOMRQ WXV UHTXIUHY WH IR@RZ 1Q) KLIK GIYHOXQPWRQV b

3 RIQAF®XG P DWKHUD
" SRVHIIGMUb

$GGMRQDD DG KRFD IXGPMRQU DU DORD UHTXIHGD VWb LOMI DM Db IX@ YDISDWRG DQYGh
GHP RQMIDWRQ FKDIQ [

6 HQURUDFTXIMMRQ IRUWH / 1= $5 DQG LQHWDAP HDOVXUHP HQW b

7RRY | RV HABRIQAFBXG P RGHOHFRQMKFWRQ b

5 RYHUQDYL] DWRQ DQG ®FRP RWRQ FRQARGBRS b

* 36 URYHU DQG VB HWSRVIMRQ P HDVXUHP HQWRUJ URXQG WKW GHMUP ICDIRQb
8 VHUIQMUDFHY | RIVBL HAVHBIPWRQ @H P RQWRUQ) b

' DD ®JJIQ) DQG WS\ IXQPWRQV b

/ REDIVDWRQ DFFXUDR\ HYDXDWRQ b

6 RP HoFKD@IQJ HVbDERXWWIVDS SURDFKBDUH) RUAVHHQ bCDP HOBWHOMXHOR bSSRMQWD@LOU Ho
UHVROMRQ GlLI HIHQFHV EHVE HHQ WH P RGHIDQG DFTXILHG SRIQAFEXGV

8VH &DVH " )HDWXUH ORGHO BDVHG /RFDOLVDWLRQ

7 KM XVHo FDVHo | REXVHVD RGh DOMP LOUWWFKQLT XHoRI bP DWKIQJ bDQGOWDFNQ) bEHE HHQbSRIQN
FEXGV hZ MOWHISDIWEXOUMWLRI bZ RUNGQI bDWWHOBIYHERIb ' bl HDMUMVOGHWIRMGZ MICONHP b
$.J DIQ HQHMMFDVH BMHAEL AP RGHEFRQWMR! DHHFRQMKPMGSRIQAFBXGZ MIDIGHMWD
KLI KBHQRXJ KOWROD@RZ bl RWXEVDP S b HISURSRVHIRA IWARSHURWP b ' H\NH SRIQAGHWIRWRQD
DQEGHVFUS\RUH WDFWRCQHQHP RGHEDQGEP HDVXUHASBRIQNFEXGV BKMHQP DRKBMHVHANH SRIQAM
VR HWHUBRAGH, WDRADLLD LGERG, BADQVIRUP DARQ Y KHREVIGQHGP HDVXUHP HQNFDQOMHQEHIHGD
R D ILGMUQ) IXQPWRQ VR HQDE®! D FROAXRXY VLI HABRVH HRP DWRQ h

7 KIMXVHFDVHFFDQEHIP SGP HOMGWRIVXSSRUNE RIQWFEXGVi) HOHIDWGH URP BAMUHRI-DP HIDV b
7R) FDPHIVRU ' /L $5 VHORRWY b

7KH FRUH CDW I XMRQ IP SEP HOMRQ WXV UHT XILHY WH IR@RZ 1Q) KLIK GIYHOXQPWRQV b

' NH SRQAGHMARUDQG GHVFUS\RUH WDRVRUD
" HVFUSVRUP DRKHUD
' SRVH IlGMUb

$GEMRQDD DG KRFb IXQPUWRQW DUy DORb UHTXIUHGH VR [QMI DM Db IX@® YDIGDARGH DQGh
GHP ROMDIRQ FKDIQ

6 HQURUDFTXIMMRQ | RUWH LOHWDCDQG / I $5 RUFDP HID P HOVXUHP HQW b
7RRY |RIMILI HABRIONFEXG P RGHOMHFRQMKPIRQ b

5 RYHUQDYL] DWRQ DQG ®FRP RWRQ FRQARGBRS b

* 36 URYHU DQG VB HVSRVIMRQ P HDVXUHP HQAYRUJ URXQG WKW GHMUP ICDWRQ b
8 VHUIQMUDFHV | RIVBL HWVHBFWRQ @H P RQWRUQ] b

' DD ®JJIQ) DQG WS\ IXQRWRQV b
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/ REDO/DWRQ DFFXUDR\ HYDOOWRQ b

6 RP HoFKDEBIQJ HVODERXWWLVHDS SURDFKIDUHI RUAVHHQ bQDP HOBWHOMVXHOR! bSRMQAD®bOL Ho
UHVROMRQ GLLI HIHQFHV EHE HHQ WH P RGHIDQG DFTXILHG SRIQAFFBXGV b

8VH &DVH " 5SHFRQVWUXFWLRQ IURP BWUXFWXUH )UI

7 KIMOXVHFDVHDFFRP SOVKHVIGHWIPRQRID ' 1 HDWUAVZ MIQIDSRQAF@XGDHQS VHEDVHD b
+ RZ HYHUbWIHO SRIQIFEXGolMbI HOHDWGXVIQI BAMKPXYUH ILRP P RARCHP HMRGVHZ IWDWMUHRD
FDP HIDV bZ KIEKbD@Z V@ H DUHDhSRIQIFEXGVHVROEH0UHFRQUKFWGH URP bP XEIB®HDQ) BMvb
RYHUBAP H BXVIQI BMHLHDWYHP RARQER! BMHARYHUDQGHMLI HMREE XD X@P RGHER DMAGHD
RIEDOEI HAURP BP XGSGLYILZ Vb KIBH XVIQJ bSRIQRFEXGVh HOHIDMGH URP 157 R) BFDP HIDVRUD
' L $5 BVHQURWHMISRWIE®! 7 Hil RFXVERQDYIVXDORQDIFFRQMKPMRHCHMMVXVHIFDVH b$ OR b
VROLGHQWMA bP RGHOHZ MLQOWIHIVFHQHOWDWMODUHFRQMKPMG 2 HoXVHOG + 2 7 bGHVFUSVRIHDQGH
+ RXJ KbYRWL iQhSOFHRIh & 3 BRIBURVIGHDGEWRCDEFRQARER FFRP SXWMRCDEH | ELHCR\ HDQGh
WHo UHVROMRGHRI bNH SRIQMLE\ bP HDQUBR! bFKDQI LQJ bWWHOGHVFUS\VRUNIDGXVHDQGOQXP EHBRID

NH SRIQN b
7KH FRUH GDVB I XVIRQ [P SBP HQBMRQ WXV UHTXILHV WH IRTRZ 1Q) KLIK BYHOXQPIRQY h

' [HDMUH GAMPVRUDQG GHVFUSVRUH WDRVRUD
' GHVFUS\RUP DIRKHU) / $11 b
) XQGDP HQECP DA FDBXOWRQIURP WIDQI XOMRQR! SRIQAD
3HYSHPWYH DQG 3RIQAVROHUS5$16$& b
' NH SRQAGHMARUDQG GAVFUS\RUH WDRRU 6+2 7 b
' GHVFUS\RUP DRFKHU5$16$& b
' SRVH I1GMUb

$GGMRQDD DG KRFD IXGPMRQU DU DORD UHTXIHGD VWb LOMI DM Db IX@® YDISDWRG DQYGh
GHP RQOMIDWRQ FKDIQ [

6 HQVRUDFT XMMRQ | RUWH IQHWDCDQG FDP HID P HDVXUHP HQW b

7RRY |RIMILI HABRIONFEXG P RGHOHFRQMKPIRQ b

5 RYHUGDYL] DWRQ DQG ®FRP RWRQ FRQARGBRS b

* 36 URYHU DQG VI HWSRVIMRQ P HDVXUHP HQAYRUJ URXQG WKW GHMUP ICDWRQ b
8 VHUIQMUDFHV | RIVBL HWVHBPWRQ @H P RQWRUQ] b

' DD ®JJIIQ) DQG UHSD\ IXQPWRQV b

/ RFDO/DWRQ DFFXUDR\. HYDOOWRQ b

7 KIMoDS SURDFKIF DQDOROEHHYDADWSH RUWP 1M DWW lSRWQWD@ DL HIHVRGWRCHALI HIHFHVD
ERE HHQ WH P RGHIDQG DFTXIWHG SRIQAFEXGV GXH W WH \WQHDE®I 6+ 2 7 GHVFUSWRY/ b

8VH &DVH '"UHFRQVWUXFWLRQ DQG PDSIBLQJ ZLWK -

+ DSWFb6 FDQQLQI bEDVHOL FRQUMAD RIbVEN.QI b EHGH IMYRI bIQI RUP DARGHGHDT bZ MoFRQEFAD
HWIZEQVKHGH EFVEZ HHQh Db URERWFD P DQSXOWRU DQGH Do VLI HAB, Qo WWH SOQHIL bVFHQDURVORIb

,Q XVH bKDSWFb VFDQQQJ bV LGHQMHGH DVODGHRS SRUNQMAFHVADMI \ BVROFRFWQ RUP DARGH
DERXWKHIHQYIURQP HOAHMIVIGRW RUAVHHCDRAFDU FRXGHGEEDMGKDSWHVFDQQIQ) DPWRQURUD

b
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VHIEVRI IDPWRQVOH J BRTRZ 1QJ HDFHWIIQS DMAGHR! B/FDQQIQ) DERQI EBMKPMUH HEXWNIDMHIRD
P DNHXVHRIHQ RUP DWRQIDYDIDEGIZ. KIBHP DQSXOMRQDPWRQUDUHEHQ) HFrDUHGRXE RURWHU
SXISRVHV ¥ KHDWXP SWRAVINDWE. KHQIIDHFRQEFPWEN-MBSOFHEHE HHWHP DASXOWRUDQGH
DIV Hi DUWIFLDORBCDMUDBVKPNWUH  bDbl RUFHAMP HDVXUHGDQEOMADYDIDEGHDVODLSIHFHRID
IQRWP DARQb:  HoSURSRVHoMROFRFWDQGHOM UDWIOVXFKOFRQEFWIQ RUP DARHIQREDLP RGHMD
WDWZ [@®FRQEICHVSDWH bEXWDFFXUDMoLQ RUP DWRGORGOVELI HWSRIQMSRVIMRQQ] b WURXJ Kb
IQRUP DWRQO RO HIFRGHYD b N.GHP DWEb FKDIGh RIbWHoP DQSXOWRUDDQGHDWRFIDWMGD [RUFHD
LQRWP DARQ b6 XFKbDbP RGHIWDWZ IWDQUDMBLGODDXI P HOMGOP HVKb FROVGHUQ) bl RUFHD
IQRP DWRQ P D\ SRMQD® EH IXVHG Z W RMHU ' P RGHY Rl WWH HOYLRQP HQWb

YHMGHVEDQRSSRUNMQMNFEXVDY H HWFRXGHEHHQYIVI) HEWROAL J HUGHEEDMGHKDSWAN/FDQQQI b
DPWRQVD LH bSXUIBRVHOHWRE Q/KLQI EDFFRQEFWARIGIVDP ELI XDIMIGHS\WWAQ RUP DWRQUQFHWICH
GFDWRQDZ KHUIHORWHIBVHVRWHP Dy bKDYHOEHHDIP SDILHG bl RUYDURXVOUBDVRQVW HJ bYIVXD®
FDP HIDVbP D\ bEHGD] ] BIGHE\ bVXCQORUUH BFWRQOVKIQ. bVXUWDFH b/ IGDWhP D\ bEHOP IMBIGOE\ b
WDQVSDUHQBRUMDQVFHQMP DMIDY bHW b7 KIVOFDSDELMMVP Dy b.QRWEHODI XQGEDP HQEIERQH b
EXWP D\ bREFDVIRQD@b EHy UHBIYDQW DWIP WG FRWHG P LOW® bIGhFDVHHRIbDbl DISUHZ WMbDh
SUP DY BVHQVRU/ LGDUKYR) BFDP HD BAMUHRQ  ESUR DPWYHKDSWERFDQQQ) P D\ IKHSHHQUXUQI b
WDWOOEDVIED \SDWH bP RGHBERIBWHOHQYILRQP HOWP Dy BOHYHWHBMAEHEXIEY [ KIEKKP D\ HEHb
XVHXOR VINH GHFIMRQ DQG SOQ SDMV IQDGHIWDGHGP RGH ILRP 2% (5* 2 Ib

1 RIMDWDWZ HoGROCRMQMQGOLGD, Q) XVHOWRLGHYHERSHDQGOSURYIGHI XIGDQFH FRQAROVMHYRIQIb
FDSDELOMVLIRUDHP DASXORHVHNS bWHo KDSWH VFDQQRQI bDSSURDFKbIVOFROUGHHGHDbGDED

IXVIRQUFDSDEIDN HURP BMHIQ XVHS ) 3&ISROQARIYEZ (2 QOIRSSRUMQMMNFHKDSWAFDQQQI v
WHUH RUH HQFRP SDWHG QRWSUR DPYH KDSWF VFDQQQ b

7KH FRUH CDW I XMRQ 1P SGP HOMRQ WXV UHT XILHV WH |RERZ 1Q) KL K GIYHOXQRPWRQV b

0 HVK CDVI VMAKPMUH DIRFDIRY
D@BZ 1QJ VR SRSXOWM | RUHDFK SRVIMRQ DQ DWRFIDIMG QRUP Db
D@®Z 1QJ VR TXHY IRUHDFK G SRIQAW DWRFIDWG GRUP DAL DYDIDE®I b
C O DABGRH TXHY IXQPUARQWD
7UDQ) XOWMRQ EDVHG RQ P HDVXUHG SRIQM)

$GEMRQDD DG KRFb IXQPUWRQVD DUHy DORD UHTXILHGD VR IQMI DM Db IX@® YDISDARGD DQGh
GHP ROMDWRQ FKDIQ ty

7RRY | RIMILI HABRIQNFEXG P RGHOHFRQMKFWRQ DQG YIVXDD/DMRQ b
( QGGHIHARUIRFH  SRVMRQV JHCHIDWRQWD

5, 65& 65 5(1'(=9D86

7 KHXVHFDVHVONDWE |GEHAMIIQHG IWER * 7 LBRQOHEHDN/XESDUARI BMHXVHFDVHMDTHDG b
IGHQWMIHG b7 KH bZ LEHVHBPWGHGHSHIGQ) bROWHVHWR bVHQURWHDYDIDE®! b\Hh®IYHBRIb
DXVRGQRP\ Rl \WH SOMRWP V' DQG WH DYDIOE®! VRIE DUH LOMUIDFHY b
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5 HXWD VR ¥DvHb

7KH REMPYH R WH P MRQ IRUWH RYHULY \R DXRQRP RXMD H HFPX\M D WDWRRY \WDWKDV
EHHQ H HFX\WMG EHRUWKDQG HJ DIWUD &Q) WDYHWH RUDIMUKDYIQ) IHWWKHG D VDP S®I RU
SHURWP HG D VFHQME DQDOMY  EXWQ \WH RSSRVIW GUHAIRQ 7 KH GFDDVDMRQ Vi MMP FDQ
WXV EHHIWIRP \WH XVH R P DSV FUDMG GXUQ) \WH ILWASDW DQG SHURWP D UHDWIYHO

VP SBUSRVH HIP DURQ Z WIQ WLV P DS IQAMDG R KDYIQ) \R FUHDWM DQG P DIQEIQD Q2 RQH
5, ,1)86( 5(7851 72 %$6(

7KHE HYMUIDRYOVHIP SBP HOBMRQRIHQ XVHT IGEHFDUHGRMWRQY $$6 LRYHWUDQGRWMHD
6(520 b&1 ( 6bVIWIb$\VhZ MbWHO5, 1) 86( /21* 75%$9(56( /2 &blP SBP HQBWRQ DD
RQEDHGHP RQMIMRQEDQGODCHR! | CHOYDIEDWRQER! HERFDIVDWRGH XQPWRQUSURSRVHEICh Q XVHb
Z L@EH FRQGXPWMG [b

7 KHRI | GHYYDIEDARQY. LGBFRQMMNCHE RO HY b LWAMGDEFRGFWRQ HQH WEDEEH SEMMRQb
6 LOFHINMIP SEP HOBMRUVKHDYIOHGHSHQGHQMRQOMHIGDELDF T XIUHGDQESURGXFHGGXUQI b
WHb 5, ,1)86( /21* 75$9(56( /2&b [P SBP HQBMRQb ZH SURSRWH VR FDW b RXW
5,,1)86( 5(7851 72 %$6( b Qb BQGHP b Z Wb \WiVb VFHDUR b ,Cb WIVb FDVH b WiHb GDElb
FROPUWRQISKDVHVKDEEHH HFXWGIP P HADWOD WUBIQVKIQ) bKHI RQJ Y IDYHWH KE\ BKDYIQI b
WHILRYHUSHURUP BAHIHYHWHIDRVRY EEDFNAROMHOABAG] ESRIQANWP Dy [DOREHIHBYDQMRD
SHURWP b\WH UMM WDVFVRY bDIMUBVRP HoWP HhGHD) bICh RUGHUVROVENHDIQRODFFRXQAMIHD

FKDQJ HV LQ LGP ICDWRQ FRQGIMRQY WDWFRX@ RFFXUGKUQ) D WSIEDCP MRQ

7KH RQIH GHP ROMDIRG FRX@b DORb EHb H HFXWGD [P P HGIDMOb DM WiHb RQIHD
GHP ROMDWRQS, ,1)86( /21* 75$9(56( /2 & hDQGZ IBFROMMCHUHSOFIQI bWHY RQIb
7 IDYHYHIBFDO/DWRQH XQPMRQHZ IWHWIHOP DS EDVHGOEGFDOV/DWRCH XQPWRQHGXUQ) BMHIHYHWHD
WDMPRY  [HHGIQ) WH GFRP RARQM WP DQG HIHPWYHD FEMQ) WH GRS

QERMFDVHVBMHY 2 1* 75$9(56( / 2 &HP SOP HQBMRQYP XVINSURYIGHDZ D\ BRY/DYHANHD
6/$0 P DS IRUXVHIQIXWHUS ( 7851 72 %86( VFHIDURV kb

© HSURSRVHb IXVHFDVHVHQIRGHBRDQVZ HIMRP DS EDVHGBFDO/DMRQCHHOHQDS HXMUHRD
%DV VFHDUR b 1 DMUD® b WH b IRGZ b WHo b WSHW Rib GFDO/DIRQD P DS\Vb FUDWIGH ICh
5,,1)86( /21* 75$9(56( /2&

9LVXD®) DS EDVHEY RFDDV/DMRGH BMMIP SGP HOBMRQXVHVOMHS/ $0 P DSEEDVHARQD
YIVXDOHDMUHY H WDRPWMG ILRP 5* %' GDWb
" 3RIQN&BXGH0 DS EDVHGD/ RFDD/DWRQ bWIVHIP SBP HOBMRQDIVHGHWLI QHGOIRWG/ $0 b
P DSV FUDMG XMQ) SRQNFBXG GDW b
([SHFWHG BHVXOWYV
) RHDFKbRIbWH SURSRVHGH XVHO FDVHV bZ KIBhWHOVFHDURD MO XQGHZ D bZ HoH SHAWMWHD
IRGZ 1Q) LQMDPWRQY Z W \WWH XVHUD

UHDWG R WH 1LCDCSURGXFW
| CGVSO\ WH,1) 86 ( GFDIVDWRQRXBXWYW* 36 RXAVEXWRQD P DSb
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| GVSO\ XQFHYRIQMV WRYHUSRWH b

UHDWG \R WH IQMEDOMMM R WH' ) 3& b
| EURZ VHbIP DI HVbDERQ b\HoH HFX\WGhSDWD BiRVHHAZ KDWKDSSHQHGICHVRP Ho

SRIQN R WHWDWRRY SRSWRQDGD

0 RURYHUb Z HoZ DQW\R HYDBDWM) \WiHb FRP SXVMRCH WP H b WiHo P HP RUY bl RRBUQWDQGO\WH)
@FDD/DWRCL DFFXUWDR b VKRWYDQGh BQJ b UDQJI H b Rl b WHo YDURXVHVROMRQY hGRQHRII@HOE b

UHSO) LQIbGDW b HAZ LEXVHIWIHIVDP HoP HAEVODVH RUBKHIERQJ H.DQJ HiGDYL) DWRQUBFDDVDWRGD
VFHQDUR b

SDFNDJH 'LIDJUDP

) IXWH SDFNDIHGDIWP R WH UHXUDQ VR EDVH VFHQDUR b
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7 KIVESDFNDU HoGIDJ WDP BSUHVHQMDOVXP P DU bRIB/RIVE DUHDQEKDUEZ DUHHBP HQAMI RUAVHHQRD
EHoUHT XILHG biQhDCEMRVRIWHOYDIEDMES ) 3 & hIQORUGHUWROFDUY bRXARD@XVHIFDVHVIRI BAVD
UHHHQFHO IP SBP HQERMRQD 7KHD2 *  b2* bDQGHh2*  h@EHD®LDUHRQDLVSHALLIHGOKHUIOWRD
HP SKDV] HONHSSHIP HMURI BMHSDFNDI HV [$ @HOP HQMZ LAMEEEHSRYIGHGE\ hQ) XVHRWD
2%  |RUWLVS, th

$FWLYLW\BLDJUDP
) RUWH RQIH GHP RQMDUWRQ WH VFHQDUR 1V SHURWP HG IO WH [RTRZ LQJ AMSV b

YUXH  $PAMMWGDIWP R WH UMD R EDVH VFHCDUR b

8VH &DVH 9LVXDO 0ODS %MVHG /RFDOLVDWLRQ

7 KIVEXVHOFDVHO REXVHVORQUEBFDOYDARQHZ WMOUHI DUEVBRODESUHYIRXMD EXIGHS/ $0 BP DSHAMQIb
YIVXD® HDWUH bOVBGHBIBICHQS Vb Db b BOIVXDB6/ $0 57 KHIEDVIEDRGRP HW ESURFHWHVD
WXVb DXJ P HOMGHZ Wb Do ®FDBP DShWDFNQJ bSURFHWHIRUDHUH IQHP HOWRI bWHO VWP DIMGH

b
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SRVMRQOZ IWHUHI DUBVOROWHOP DS b7 KIVOSURFHWHGHWPWINH. SRIQMICOMHODFTXWHGOP DIH b
DQGH P DWKHVOWHP bZ Wb NQRZ Qb NH SRIQM) IURP b \WiHo P DS b, Qb RUBHU R VHBIFW UHBIYDQWY
NH SRIQMICHMHIP DS V& RAMFKQT XHVHDUHDYDIOE® HLIBADFN.QI BKDVEHHQVXFFHWW XBLQOMHD
SUHYIRX\D IWDP Hb Z Ho VIP S®b VHBFW NH SRIQAD ICh \WHD FEVHN NH\ IUDP Hb 2 WHZ IVH b Db
EDJ R Z RGVbP DIRKLQI bWIFKQT XHo DWMP SWH\RD I LQGOWHOP RANQNHOBNH, [P Ho\RoH, WDFWY
NH SRIQMIURP (55 I\MUDCHQMDESRVHIHVWP DRRQ BAHIADFNQJ i XQPWRQEH WDRWENH, [UDP HVHCH
WH QHIKERXUQJ 1LDP HY DQG SHURWP V D IX@UWRYHUSRVH RSWP [} DARQ b

$\WoZ Wb WHOI LVXDB6/ $0 bXVHFDVH bWV VRGWRCOVKRX@hVXSSRWMHOI RGRZ 1QI bVHOVRWY/ b
WMUR EHQFK . IGHFW; WRQ DQGRWHU7R)  5* % FDP HID VHMSV th

7KLY XVH FDVH IQFOGHY WH IRTRZ L) KLI K BIYHOIXQPRQY [

9 VXDOHDWUH GHMPWRQ DQG H WDFWRQ b

© KHHCRGRP HA th

5 HRFDO/DARQ R SURYIGH D ILWAMBRVH KR DM b
7WDFNQ) VR SURYIGH DQRSWP [} HG URYHUSRVH th

$GAMRQDD DG KRFb IXQPUMRQVD DUHy DORD UHTXILHGh VR IQMI DM Db IX@® YDIEDARGD DQGh
GHP ROMIDWRQ FKDIQb

6 HQURUDFTXIMMRQ IRUWH 5* %' VHQVRY DQG RGRP HWI b

5 RYHUQDYL] DWRQ DQG ®FRP RWRQ FRQARGBRS b

* 36 URYHUSRVIMRQ P HDVXUHP HQAWRUJ URXQG WKW GHWLP LODWRQb
8 VHUIQMUDFHV |RUQYH P RQVRUQ) DQG YIVXDOVDWRQ |1 DSSTFDE®! b
' DD ®JJIQ) DQG UHSD\ IXQRWRQV b

/ RFDO/DWRQ DFFXUIDR\ HYDODWRQ VRRY b

1 RWE® DR J 1Q) (DQEIHS D\ BXQPWRQVP X\VMRWRQDEHDEGRRY/DYHDQGUHARUHVHRD
G EXWDOR WH FRP SGMI6/ $0 P DS FUDMGGXUQ) / 21* 75$9(56( /2& b

8VH &DVH SRLQW &ORXG ODSBDVHG /RFDOLVDWLRC

QOWIVbFDVHOZ Hol RFXVORQOEFDOVDMRQHZ IWHUHI DUEVHVREDISUHYIRXVOLEXIGhP DSXVIQ) bSRIQN
FEXGV bVXFKODVOIQS VH& DV b/ | $516/ $0 b7 KIVOXVHIFDVHAVA P P HAFLZ IBMHOYVXD®
P DS EDVHGh GFDD/DIRQb W [P SURYHVD WiHb RGRP HWi b GFDQVDWRGD E\ b P DWKIQIb / L $5b
REVHYDARQ Z W D SUHYIRXVOD EXIOV I $5 P DS \WDQNWVR\WH/ L $5 6/$0 b

7KLV XVH FDVH IQFAGHY WH IRGRZ 1) KL K GIYHOIXCQRWRQV b

3 RIQNFBXG P DIFKIQI b
- KHHORGRP HAI b
3RVH WP DWRD

$GAMRQDD DG KRFb IXQPUWRQVD DUHy DORD UHTXILHGD VR IQMI DM Db IX@® YDIEDARGD DQGh
GHP ROMIDWRQ FKDIQb

6 HQVRUDFTXMMRQ IRUWH 5 * %' VHQURWY DQG RGRP HAY b
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5 RYHUGDYL] DWRQ DQG ®FRP RWRQ FRQARGBRS b

* 36 URYHUSRVIMRQ P HDVXUHP HQWRUJ URXQG WKW GHMUP IQDWRQ b
8 VHUIQMUDFHV |RUQYH P RQURUQ) DQG YIVXDOVDWRQ 1L DSSTEDE®! b
' DD ®JJIIQ) DQG UHS@\ IXQRURQV b

/ REDIVDMRQ DFFXUDR. HYDODWRQ WRRY b

1 RWWE® (EDWIR] J 1QJ HDQGHHS O\ BXQPUWRQUP X\VAMCRWRQOEHDE GHARN/DYHDQGHHRUIHVHOVR U
GDW EXVDOR \WH FRP SBM 6/ $0 P DS FUDMG GXUQ) /2 1* 75$9(56( /2 & th

5, 65& 65 5(7851 72 B0$6(
7 KHXVHFDVHVONDWE |GEHAMBIQHG IWER * 7 LBRQOEEHDN/XESDUNR BMHXVHFDVHMDTHDG b
IGHOWIHG b7 KH bZ LEHVHBPWGHGHSHIGQ) bROWHVHWRI bVHQVRWHDYDIDE®! b\iHh®IYHBRIb
DXVRQRP\ Rl \WH SOMRWP V' DQG WH DYDIOE®! VRIE DUH LOMUIDFHY b
5 HTXIWHP HQWb

) REZ LQJ bWHo REMPWYHV b SOWRIP \b DQGOVFHQDURVOGHVEUEHGHICHWIVHGREXP HQMDOQALRIb
UHTXIUHP HQWb DSSTDE®D R WiHb 3 OQHE b 7UDFNo UH HHGFHD P SBP HQBMRGD KDvb EHHQD
SURGXFHG b7 KIMIDARZ [@VHYHDVDMRRORHYDIDMKRZ HRXUICDAP SGP HOMMRQHVSRQGWWRD
WH H SUHWWHG QHHGV [h

6 HH DWRFIDWG UHT XIWHP HON VSUHDGWHHW ,Q XMB  B$33(1' ,; B5(48,5(0(176 b
b

b b
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6\ VWP 0 RGHIQIb

7KVb FKDS\WMUb DEGUHWHVD WiHb P RGHIQIb Rib ,Q XVH b LOMI IDMGD [Co RXU YDIEDWRGD DQGH
GHP RQOMIDWRQOVFHCDURY b WWRP HKRZ bGHVFUEHVOWIHOV VWP bDUFKMMPMUHIGFBGIQI b, Q) XviHb
(* 6( DVZHODV) DFIOMRY (652 &2 6 DQG(5* 2 SURGXFW b

7 KHo REMPWYHD (Vb WXV VR LGHQWA b DB FRP SRQHQWD RIb V- A VAMP b \WHLLD LOMUDFHV DQGh
UHDMRQUKISV b ) Rub WLV b \idH DUFKIMPMUHD FRUHVSRQAQIb VRO 5, ,1) 8 6( b DQR05, 65& 65b

VFHQDURV DUH SUMVHOMG LQ GHAEDMG VHRWRQY [

7 KHM VWP HVIGH IQHGDVDTKDUEZ DUHDQGEVRIVE DUHSDUVANDWIR HWHUD@RZ VMRIP SOP HOW

VFHCDUROGHVFUEHGOIQH KDSWW B HSHQGEQI -RQUMHIVFHCDURONDWZ LGBEHGHP RQMDMG D@®
SDW Rl WH RYHIDOA VWP P LJKWCRWEH BHTXILHG b

7Rb SURYIGHL DbFRP SUHKHOMYHOGHVFUSWRQ bZ HODGRSWDbVRShGRZ ChDSSURDFK b: - HOWRWE) b

SUVHQA b) HQHUFHFRP SRQHQMFRP SRVIQIDHRERWAVOA WMP BMHQZ. HODANDG@FRP SRQHQMD
WDWFRX@ EH XVHG DQG IICD® Z HH SOIQKRZ WH Z I@EH DAMHP EBG b

5 RERWEV 6\ WMP b

8 VXDOHIHRERWAVIA VWMP HMFFRP SRVHGIRILIRERW BHOVRY IDRYDWRLY H1RQ ERDUGTFRP SXWY/ b

HOVILRQP HOW bJ URXQEOMBMRQY bFRP P XQEDWRQO@NVHDQGEHVRIVE DUH b, OWIVOGRFXP HQAZ Ho
DGRSVWAH IRTZ IQ) GHIQWRQY Z KIEK P LI KWFKDQJ H LQ RMHUFRQM W b

URERWW VWP b BMHIURERWIQERXUFDVHIMDQH, SEUDMRQHRYHHQFOGIQ) DBDRMDRY b
VHQURWY bFRQARTLY bWHRQ ERDUEIFRP SXWIUDEDWHURMDQGVRIVE DUHYZ KIEKBRI HKHUD
SURYIGH D EDVIE P REIGBI SOMRWP \WDWFDQ EH FRQARDG [Q VSHHG DQG GILHAWRQ b
VHQVRW WMP b HVWQFOGHVID@VHQVRWBKDWDUHICRNCF B GHEHHMHIRERMDQGEY KIEKD
DUHOUHT XILHGOWROLP SURYHOMWODXVRGRP \ bVROSHURUP bVFHQFHORUDVROIQMDFWZ WIWHD
HYLWRCP HQNb

DRYDRUW VP b QRO GHDEDRWDRWAMDADUHQRMGF G GHEIOMHIRERWDQGONDW
DUHOUHT XILHGOWROLP SURYHOMWODXVRGRP \ bVROSHURUP bVFHQFHORUDVROIQMDFWZ WIWHD
HQYLWRCP HQNb

RQ ERDUEOFRP SXWU P b bIMQFGHVEDBWHOSURFHVWIQI bXQWHH, FHSWWHORGQHVD
LQFOGHG 1Q WH URERW DQG GHGFDWG \R WHURSHIDARQ b

HQVILRQP HOMA VWP IIQFOIGHV WH HQYILRQP HOWZ KHUH WH URERWZ I@HYRGOH b

J URXQEEMROA VWP b MIVIHVHARIFRP SXWMIMKDWDERZ BMHHOG XVHIMRIQMIDAW
Z W \WH WRYHUD

FRP P XQEDWRQUINIA VMP b BMWFRQUMMERIEDTFRP P XQIEDWRQUITNVNDWDUHAHT XILHGD
E\ bJ URXQGOVWIMRQY bRQ ERDUELFRP SXWLY bVHQVRLY bDPMDVRLY bP LEURFRQARGLYVOWRD
FRP P XQEDWM DQG H FKDQIH GDVB [

HP EHGGHGEOVRIVE DUHAA VAMP b MIVIFRP SRVHGER D@MHIQHFHWDL BVRIVEL DUH b WFRX@h
EHo GHFRP SRVHGh DWDb | LGHUb I XQPWRQD® BIYHD MNH GFDOY/DWRCO VRIVE DUH b QDYL] DMRQD
VRIE DH HW b



S5HIHUH

k b

9HUVLR & b

' D \bH k b

b 3DJH | b
3/$1(7%5< 5, $1' $662&,$7(" (*6( '(7%,/(" '"(®,*1

YUXWH  &RP SRQHOW Z WIQ D JHHIE URERWFV A VWP b

5,,1)86(b
7KLY VHRIRQ GAVFUEHY WH M VWMP - DUFKIMWRMUH URBAICHG VR 1P SGP HOMB, ,1) 8 6( VFHQDURV th

6\WWHP &RPSRQHQWYV
7KHIRMZ IQ) Vi VWP FRP SRQHQWN DUH SDWRI WH ,Q) XVH IRERIEV A VWP b

5 RERWW VMP b 57 KHAURERWA AP HMVHP SGP HOMG WA RARYHY HDP HOH) DQDIDQED 1QQHD
SWRYIGHGE\ &156 /$$6 7KH VKRXG KDYH D P DWWR P RXQAQDYL) DARQ FOP HIDV b

6 HORUM WP 7KH VHOURUVXIW LHTXILHG E\ 5, ,1) 86( VWHDURV ICFAGHV b

" \ER57. *36 RQHSHURYHUD

" \ER$+56 b
WUHHDAMUHREHQFKHVD RQHI RMHICDYL) DWRQIRQDRSIRI P DAL DY&DP  1RQHD
IRU YIVXD® RGRP HW b RUb KD} DU DYRIGDGFH ) IRQEDP  bhDQGHRQHOIRWEDFND
KD} DUB DYRIGDQFH RUUHMUQ VR EDVH VFHQDUR 5 HD&DP b
RQH/,' $5 IRUQDYL) DNRQ DQG ®FDODMRQ b

$PXYDRUM WMP  7KH DRYODWRUVXIW LHTXIWHG E\ 5, ,1) 8 6( VWHDUR IQFAGHV b

DLSDQ WEbXUIH RUDXVRGRP RXVHCDYL) DWRQIDQGHI HWADFNQIbUHQGH YRX\bD
RSHIDARQ b
" DURERWE DIP IRUVDP SGIH FKDQIHb
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2 Q ERDUEFRP SXWUM VWP b HaZ DQIROFRYHUWIHOYDURXVEFDWI RUHMER! BSURFHVQI EXQWD
WDWFRX@ EH DYDIDE®! IRUVSDFH W WP VILRP QRZ R DQG P RUH WXV Z HSWRSRH b

" l(21 )7 WY SUIRFHWRULY DYDIOE®! | RUVSDFH DSSTFDWRQV b
" $50b&257(; $ bWVbWSHy RIb SURFHWRU DUFKIWRMUHD VKRX@h VRRQO EHo
DYDIDE®!I b

[ MFDQEH FROVGHHG UHSUAVHQEBMYH Rl IX\MUH SURFHWRWY b
" 6RP HIXQPIRQY FRX@ DOR EH IP SBP HOMGRQD) 3* $ b

( QMURGP HOMA VWP bS$ Vb SUNVHOMGHICHWIHD IQARGXFWRCH R b YDEEDWRQ DQGHGHP ROMDWRCD
VFHODUR ,Q XVH Z @Y R IQIR®Z 1Q) HOMLRGP HOW b

" 6(520 WMWIHG IQ7RXEXVHb
' /5 3/ ( WMWIHG Q0 XQFK b
( URXG WMWIHG IQ0 RIRFFR b

* URXQEOWBMRQOV VWP 1) RUQRZ. [RQH0) URXQEHWEMRQISHUURYHUIVEHQYIVDI HG 157 KH BUKDGEH)
WDQUSRWIE®! ( DFK DOR IQFGGHY W RZ Q VRIVE DUH DQG XVHUIQMUDFHV b

&RP P XQEDMRG @No Vi VWP b) R QRZ b WHb IRGRZ LQIb FRP P XQEDWRGh GNVb KDYHY EHHGD
IGHOMHG h

© WHBMV FRP P XQEDWRQ @N EHE HHQ URYHY DQG WH J URXQG WMRQ b
© IUHG FRP P XQIFDWRQ @N EHVE HHQ RQ ERDUG FRP SXWLY b

( P EHGGHGO VRIVEZ DUHOM MMP b b 7 KHb RYHID@® VRIE DUHo VA VWMP b FDQOEHOGHFRP SRVHGLICH b
VXE WWMP Vb

/ RFRP RARQV WP WY/ UMVSRQVE®! IRUADVIPRY H HEXWRQb
/ REDDVDARCH Vi VMP b b, W1vb UMVSRQUEGD | RU SURYIGIQ) b WiHo LRERWSRVHD ICQh
UHDOWP HIRUCHNHSDWHVKRUNMIP EDQEBRQIBMP  [IDQEIMHIHDWHSRVHEZ DD
VI HWD
3 HFHSWRCOM VWP b b, WIVb UHVSRQUEGHRI b DFT XIMMRQY b\MUWHWP DQDI HP HQW
XVHGOWROP DNHoDPWYHODF T XIMWRQUINHDOSDQRIDP DoRUMILI HWADFNQ) b DQGh
VRP HBZ GIYHOSURFHWIQ) @\H VMR YIMRQb
+D| D& DYRIGDQFH MMMP b b W (Vb UVSRQUEGD |RW UDIMQI b DBWD Z KHD
XQH SHAMG RENMPW DUH GHWRMG 1O WH FB\VH YIEIQW RI LRYHUD
$XVRQRP RXVOCDYLI DARCOV WP b b, \WVHUHVSROUE®D RBEXITIQI b b XMQIKGHP b
DQEIQDYL) DARQP DSV HIQGEQI HDQGH, HEXWQJ HDOV/D HAADVIFVRY BRRZ DBV LYHQD
JRDM

" $XWRQRP RXVIFRQARGBUM WP b b \WVHVSROUEGHRWP DQDI IQI BHTXHMIURP b
WiH.J URXQEOWEMRCODQGODENQGVHR bHYHQAMOWDWFDCODUMHo bHWRWY bKD} DUEb
GHWRIRQ HF b

" 5 RYHOWEAMGDEOSURGXPWP DQDJI Hlb b, WVHUHAVSROUEGHRI BADFNQJ BHURYHUD
FRQILI XUMRGODQGEWWEMA bDPYDRUBAEMDQEMEN BVHVRUP RGHY bREXUWHOW
GFDDDIRQ Q b
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6\VWHP $UFKLWHFWXUH

Qb RUEHU VR YDIGDWH DQGO GHP RQMDMD,Q XVH D' ) 3 &\WbZ LG EH0LOMI UDWIGHICh Db H MAQI b
5 RERWAVDP (GBI DUHWDWZ LBD@RZ BROXVHOHWH VP XOMRQORROIRUHDBURYHY B RUQRZ b
Z HI RFXVIRQOWHAGHQMEDWRQER! BUHBIYDQAQWMUDFHVEHE HHI VWP Vb7 KHQ hGHSHQGIQ) IRQD
WHIGHS® P HOMVADMI\ DMHODSSURSUDMIURERWAVLP LGGBZ DUHAZ IGEHIFKRVHQ b, oRUEHBMD
VP S@\ BMHSUHVHQEMRQRI BAHDUFKIWRMUH £ HIRFXVIRQOVRP HINH BXQPIRQUQIP XEYLLZ b

DSSURDFK b Hol REXVBRQOP DI HoSURFHWIQ) BVRGMRQUDQGEHNHVDP HIB] IEFDQEHDSSTHGER0
SURFHW/ ' $5 GDWb

9LVXDO ORFDOhVDWLRQ YLHZ

7KIVOGIDI UDP bGH IOHVHQMUDFHVEZ. WHAMHSERF DOVOWRQDQGSHIFHSWRQHA VWP VHCMMHO/FHCDURD
R/ RQ 7WDYHYH/ RFDD/DWRQ b

JUXWH  9IVXDORFDIVDARQ YLHZ b

$SXWRQRPRXV QDYWIDWLRQ YLHZ

7 KIVOGIDI WP bGH LOHVHQMUDFHMEZ WWIMHIERFDIVDARQIDQGCDYL) DARQHA WMP VCHAHY/FHQDURD
RIY RQI7WDYHYHS (0 b7 KHOBFDOVDWRCQHAL J HYAQDYL) DARQEFDP HIDVb1 DY&DP HE\ EDVNIQI B
WHSHUFHSWRQOA VWP BREFRYHUDHVSHFLLIEDUHDh HWHUDISDORUDP DHRUDY/SHELLEHDUHDIRQIMHD
JURXQG b) URP bGHS\WMbLP DI HV bWFRP SXWAMCDYLI DWRGHP DSV bSRWIEGbE\ bI XVIQI bP XUB®h
DFTXIMMRQY b, WSOQVbDh SDWHDQGEVHQGVIWHOUHVXGVROWHOBFRP RURGO VWP b7 KHoFXUHOW
@FDO/DWRQ R WH URYHULY SURYIGHG B\ \WH GFDIVDIMRQ W MP b
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b

YJUXH  $XRQRP RXV CDYLI DWRQ YIHZ b
5HODWLYH /RED@LVDWLRQ YLHZ

) LIXWH 5 HDWH GFDO/DWRQ YIHZ b
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7KIVOGIDI WP bGH IGHVBIQMUDFHVHZ IWWHOEFDOYDWRQOM MP bZ KHQOUHDWYHOBFDOVDWRCOVD
DRAYDWG b, HP SKDVI] HVOWHAURBHRI DMHSHUFHSWRGOA AMP ACBMHP DQDI HP HQAR! DU
IR®Z DB Hb

5RYHU 'DWD 3URGXFW ODQDJHU

7KIVbGIDI WP bGH IQHVHQMUDFHMEZ MONHE RYHU DS URGXFWO DQDI HUBA WMP 57 KIMD@RZ Vb

VRFHQADQ/HDBAHLRYHIARMDQEVKDUHINHP 17 MDERWHIDA WP VB DEDUHIH FKDQI HGh
WURXJ K VHYIEHV RQGHP DQG b

YUXWH 5 RYHUGDW SURGXFWP DQDJ Hb

7Ro FRQFOGH WIVb FKDSWUD Z Ho QRZ b SURVHOW \E Rb H DP SBMb RIb GHS® P HOW RQHo IRW
&156 / $$6 URYHY DQG WH RWHUZ M WH +5&8 6+(53$ VWS b

) RWE156 / $$6 bURYHY BWHOVHQURUDDFMDRIBDQGIBRFRP RURIA VWP VIDUHIQD $1$ B7KH b
FRP P XQEDMIMURXJ K 2 6 7 Q) XVHIGHSE HARQDIGHGIEDWGR %& B IQD® BHa) URXQGh

VWIMRQ IQMDFW Z 1M ,Q XVHWIURXIK 52 6 RUDQRWHUURERWV P IGGBYZ DUH [

7KH0 $1 $bURYHBFDQUEHMP XOWMGZ IWHD 2 56 ( HQDBADQUSDUHQAZ D' bW LEBHQVXUHDE IGh
WDQUMRQ IURP WH GHYHESP HOASKDVH VR DQDE WA
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YJUXH " HSRPHMR ,Q XVHZIW&156 / $$6 LRYHY b

YJUXWH ' HS® P HOAR ,Q XVHZ W 0 256( VP XOWRUb

b

0 RURYHU RII@H SIRFHWIQJ Z L@EH HQDE®IG | RUDQDOMY DQG EHQFKP DUNQYJ b

) LIXWHH " HS® P HOARI ,Q XVH IRURII@H SUIRFHWIQJ b
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YRW /5 ' ). HVHXS BlHVHQURUBDPMDRUWDQCHEFRP RARGOV VWMP VODUHIQOWIHo+ 5 &8 bDQGh
6+(53$ b7KH bFRP P XQEDWOWURXI Kb5 2 6 bZ Wb, Q) XVHIGHS® HGORGDLGHGEDMGH2 %8 b

) D@ b WH J URXQGh WIMRQD LOMIPWD Z Wb ,Q XVHb WURXI Kb 5 2 6 b RUb DQRWH URERWF\D
P IGGBZ DHb

QWY VHXS MR YMRQLY FRP SXWG RQERDGRQD) 3* $ E\ WH+5&8 b

JUXH ' HS®PHMR ,Q XVHZ W +5&8 DQG6+(53$ b

5,65&65b

7 KHZ RINKDWQRWEHHQIERQHH STFMPHRUS , 65 & 65 B/FHCQDURDVMH FDUHDOHDG, FRYHUHGD
E\b5, ,1) 86 ( bVFHDURV b,QGHHG b5, 65& 65 bV DoVXEVHWRIDS, ,1) 8 6( blGhZ KIEKbGMb
VHQVRWAZ IBEHODYDIDE®! bERSHFEVXUHIZ LABCRWE HIDGGUHWHGDQGEDLGIL HIHQAMRYHIBA VMP b
Z IOEH XVHG b
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VI HWYJ HRP HWY b DQGWIH0 DSSURDFKDWDMIFVRY  b$ VbDbFRP SDUVRGHEDVHIRH b\iHbI RTBZ IQI b
DFFXUDR\ bIQMYD® Z Mo YDUDWRMGXHAROMHHQVILRQP HOWFRQGEIMRQY BKDYHEHHQIREWIGHGD
Z W VP XOWMG UHQGH YRXV VHTXHQFHV [ FDP HID UAVROMRQ IRFDOBIQIW. PP b
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')3& 3RLQW &ORXG ORGHO %bBVHG /RFDOLVDWLRQ
7KV VIR ' ) 3&V UAVSRQGY R WH IRGRZ LQJ [P SBP HOBMRQ VFHDURY b

5,,1)86( 5(1' (=9286b
8VH&DWH ' HOMH3RQAEBXGO0 RGHOEDVHG/ RFDD/DIRGD

8 VH&DWH ") HDUH O RGHOEDVHG / RFDOVDWR(Ch

7KHbJ HOHID®J RDORI DMVOVHBRID ) 3 & VOVAMRISHUIRUP bDUREXVAMADFNQI bRIbDONQRZ OV HWY
GHVFUEHGHE\ bDbSRIQMFEXG blCb GO HWHUDREVIQHGHGILHAV®LIURP [ 1 $5 BVHQURWORWZR) b
FDP HIDV bRUFRP SXWGhI URP b MMUHROFDP HIDbRUP RQROFDP HIDbIP DIHV b 7KHISRIQBFE&XG\b
VKRX@HEHVDP SBIGHRUDUHVDP SGIGH\VREH DWMIP LOU UHAVROMRQUWEXWSRIQNFEXGVHFDEH)

JHHDWG IRP DQ Rl \WHVH UHBIYDQWHQVRWY b

7Z RIGMPWEXWVP |OUP HKRGDUHSURSRVHERAHVSRQGHIRS VHE DVHD [DQES VHE.DVHD b
UHVSHPWYHD 157 KHA LWARMDAHDWHOBP SGUP SGP HOEMRQDIP 1QJ BRSHURWP IXGHHSBRION
FEXGP DIRKIQI FEHE HHQDQDF T XILHGRGHDQEMHBURYIGHEP RGHIY KHWVHFRQGDWP SWHRD
P DNHOOVHRID ' B HDMUHVIGHWIRMGY. WIS XWBRIQNFEXGHQR GHIBMRIQF B DVHP DFKIQIb
SHURUP DQFHOoDQGOUREX\ZHW bYRWHP HIMRGVEUHT XLUHOMDAWDOVXI | LEHQ@LGHVHISRIQIFBXGh
P RGHCR! WH VB HAL/ SURYIGHG LQ DGYDQFH B\ WH XVHUKD

JODYRU , &3 3RLQW &ORXG ODWFKLQJ

COMMV/SHFLLLEY ) 3 & OYRUZ HBURSRVHDICDLYHIP SOP HOEMRQRI ESRIQNFEXGOADFNQI EEXIGY
DURXQGDQ . ) Z IWEDIVP SBHP RWRQP RGHAY KHP HDVXUHP HQMDUHBURYIGHGHROMHHLOMUE\ b
SHURWP QI bDQh, & 3 bP DWKIQI BAMSHEHE HHOWHIOS XWSRIQAF BXGDQGIMHSURYIGHGP RGHD
7KH3.& 3 DO RUMP BMIDIGHGE) IDCHQMDESUHAIFWRQIR BKHMILI HABRVH EDQEIMHY . ) FFRUHFWRCD
WS IV HKDQFHG E\ P HDVXUHP HON FRP IQJ TURP WH URYHW/ $+ 56 VHQURUHD

')3& ,BXWb
5 RYHUDMMGH [RP $+56 b
3 RIQBFEXGHZ IMODWRFIDWMGOP HEGDWENIURP b 11 $5 BVHQURUIRIDAMUHRIFDP HIDIRWYR) b
FDP HD b

') 3& 2 X\VBXW D
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( WP DIMG URYHUSRVH Z I UHVSHRVWR VL) R

7KH' )3& WFRP SRHGR WHIR®ZICQJ ' )1VDb

\&3b3RONEBXGh5 HI MADWRQ b 8 VIQJ b Db [QWB SRVHO P DWRQ bDSS@VHDD, &3 b
DORUMP BRGHMP IGHIMHIADQV RUP BKDWP IQP [ FVIMHGMEBQFH HXFESHDQRURWHUD
EHREZHQ ICBXVERIQNFEXGVY th

(.) b3 UHGIEWRQ b3 HURWP VEDESUHGIEWRGHRI bl SHAMGHSRVIMRGHR! BWHAELI HASRIQWN
FEXG XMQJ WH URYHUP RWRQ P RGHIDQG WH FXUHQNP DIHWP AP S b

(. ) b&RWHPWRQ b8 VHVOWHOUHVXOVORI bWHD, &3 bP DWKIQI D' ) 1 hDVEDQOREVHYDARQOWRD
XSCDWOWHO! LGMUBDQGOFRP SXWHDQHHWWP DMRGER BMHAHDMYHISRVHR BB HASRIQW
FEXGZ IWHHVSHPRRAMHARYHUEY KMV ) 1 17 KIEKESURYIGHVMHH LODESRVHRAGX\W
RIWH' )3& b

6 RP H VSHFILIE DUFKIWIR\MUH FKRIFHV KDYH EHHQ P DGHZ KHQ GHIQQ) WIV' ) 3& b

7KHb, DB DQOIGMIMDFND — * 2) b A VWP BABMAD Z KIEKDFROBIQWM-HDIU SR  * 2) b
DQGOI WP H \RoIDP HO@FDBYHBFWDL ' 2) b+ HIHZ HODWXP HoDOFRQABQIYHBFWOP RARQD
P RGHOLHINHA UDP HAR P HLHDMYHP RWRQERI BAMHFDP HIDDQGOMHAEL FIMFRQABIONY KHo
LM LOSXW b SUIRFHWb QRIVH b P HDVXUHP HQW QRIVHy DQGh LQWDB FRYDUDGFHD DUHb WDFNHUD
SDUP HMWADQEKDYHIREHSURYIGHEE BMHXVHUD RURYHUBMHY DB D IGMUBHT XILAVEQWD®
AWML Z KIEKD FRX@b EHo SURVIGHGH E\ bDQbH WLLDBP HDQUWVXFKODOGHWIRIRQD' ) 3& bW
UDVRQDE®D [QWDD) DWRQ b\WHD | EMUQI b IDWH M - REYIRXVOLKLI KHUWDQh DRWDD SRIQNFEXGh
SURFHVWIQI bWP H b+ HIFH bWHol lBMUb OWCR bZ Wh®BZ bGP HURDOWIW YHRVRUIVHCRMRXU
FRQFHUID Qb WIVb SDUEXDU FDVHb Z KHUHo FRP SXVIMRCQD® EXUEHCD b KLY KOb UHDWIGH Vb \WH)
IP DJH EDVHG SRVH HAWP DWRQb

7KHO( . ) bSUHAFWRQDIVHVHSDUDMGH! URP HOFRUHFWRCOICORUGHUMROVX S SRUMAHOFDVHAZ KHUHo
[P DI HV DUH QRAWDFT XILUHG DAD FROAMIQAUHTXHGR. VWMXV QHHGV D WP HAEP S IQBX\V

© HEXUHQW@ESURSRVHDRIOXVHIS + 5 6 IGDWHCOMHY . ) IFRUHFWRGBAMS b RZ HYHURQHDIGIL HIHQW
[P SEP HQBMRQ IMFRXG EH XVHG VR SHURWP (. ) SUHGFWRQb



SHIHUH L
9HUVWLR &
"D WbH k
b 3DJH |

3/$1(7%$5< 5, $1' $662&,$7 (' (*6( '(7$,/(" '(B,*1

o oo T

JUXWH &3 3ROMEBXGO DFKIQ) ' DB) BZ ' HVFUSWRD

b


https://www.draw.io/?scale=2#G0B56zoo_GDZqRdTk3dTE2TTRXd0U

SHIHUH L
9HUVILR L
' D V\bH k
b 3DJH |

3/$1(7%$5< 5, $1' $662&,$7 (' (*6( '(7$,/(" '(B,*1

o oo T

) LIXWH

&3 3RO BXG 0 DWKIQI ' D 3 URGXFW) DQDJ HP HQW


https://www.draw.io/?scale=2#G0B33GJ7cRq_VqZk44THFYbk9pYjA

S5HIHUH

k b

9HUVWLR & b

' D V\bH k b

b 3DJH | b
3/$1(7%5< 5, $1' $662&,$7(" (*6( '(7%,/(" '"(®,*1

YJUXH &3 3RLOQW & O R X GROMRONAF-HSUWRL

'Y3& ([SHWHG 3HUIRUPDQFH

6 LQFHWWIVBLVODOMP LOUD\ HWMP SQLHGHIP SBP HOEMRRIDWHOG+2 7b ' b) HDMUH0 DRKIQIb
|OYRBRIDKMG ) 3 &b VHHG HFWRQD hZ RUNQJ bZ IWbDOFRP SGM lGHQVHISRIQAFBXG 12 Ho
H SHADOBZ HUbd HQHIDEDFFXUDR\ EDQEHREXVZHW EEXWDSRWIEGHCFUHDVHIQH, HEXWRQADM b
© HoFDQOWIXVOH SHAMHXFOGHDQUGMEQFHAWRDEHEHBZ b bRIDS iz KHUHI5 bVOWHGP D[ P XP b
RSH.DWRQDOGMEBCFH RN WH FDP HD DQG D IIQDDQI XOUGMBGFH\R EHEHBZ — “ Ih
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JODYRU  6+27 ' )HDWXUH ODWFKLQJ DQG (.)

7KIVG ) 3 &biVbDoP RGLLIHGHP SGP HQBMRQORIBWHD ' BUHFRQMKFWRQD ) 3 & bVSHFILIHGH RUWHD
2 UEMIO7 IDFN 57 KIMG ) 3 & EDWXP HVBMDAWDQHHQYLRGP HOASRIQNFEXGIMDDHDG, DYDIMEGDMDD

FRP SXVMMRCDOUAVXOVORIbRWHWY ) 3 &V bDQGIEUHRVBISHURWP Db ' biCHVFUSWRUP DWKIQI lRCb
WH SURYIGHG U H\ERIONFBXG b

$HVHWRIBWUHH GIP HOURCDONH SRIQMDUHOFKRVH URP bERWIWIHIVFHQHIDQGOWHOP RGHBE\ b
SIFNQI HQEYIGXDESRIQMI URP BXHFGXGVHSDUDMGLE HD LYHQ)/DP ST RDGIXV . RUP DODUH)

FDBXOWMGH | RU WHVH NH. SRIQM) UHDWYHO R GHDUE\ b SRIQMVROWDIWHDFKbNH. SRIQIVKDVE DD
UHSHDWEGH RUHQEMRQ b 7KHb NH SRIQM DuH WHD DWRFIDWGH Z (Wb Db WUHH GIP HOURQDD
GHVFUS\RUDS QoH DP SBb  GhGHVFUSVRUIMYG + 2 7 6 1] QDWUHIRI b+ MR UDP VBRI UHQ7 DARQY b
GHVFUS\RUDS DIMHWDOb @6+ 2 7hGHVFUS\RWADUHFDBXOWGE) b URXSIQI BRI HWHUID/HW
RIKBFDEKMRI WP VIRYHBMHOYROP HVDERXWAHANH, SRIOAZ KHIHMVEYROP HIMGLYIGHGIQRD
B\ IDQJ GHORD  B/SDADEELQY b3 RIQAFRXQMI URP BMHIERFDEKIMRI UDP VIDUHELQQHEDVIDFFRVGHD
IXCFMRQD RIbWHoDQI®Gb EHE HHOWHOSRIQAGQRUP DBZ MICHWIHOFRUWHVSRQGIQI bSDWNRI bWHD
MKPUUHD DQGMIHI HDMUHISRIQAGQRUP DO KIMKDVOMHEHQH LELDEH | HAMR FUHDWE) 1D HQHUID®
UREMRCDBLQYDUDGFHOMGFHODQ) BVDUHO UHDAWHOVROEFDBCRUP DY bDFFXP XOMQ bSRQMIQRD
GLLI HIHQMELQUDVODHUHVXEHRI VP DIBGLL HIHQFHVHLCHUHDMAWYHIGLUHPWRQY bDQGHFUHDWR) bDoFRDWHD
SDWMRQQ) BMDWFDQEHFDEXOWGH D I/ DAFDWECDON (S GEWMRQD® BMHYR (GHUS Z Db
5 HSHDWEGD'  LWHPWRQWMDO RUMP bl RUEFDOUH HHGFHOI LDP HoHVP DWRQD 92 $5° bIVOXVHGWD
FDBXOWBFDBAH HHQFHIDP Hvi RUHDFKBAMUHH GIP HOMRQDES + 2 7 iGHVFUSVRUDS HAM@DQE b
6WDQRD  @RP DNHOMHP HQGHSHQGHQAR! b REDEFRRUECDWMI RULRBMRIDOGHADOMRD
LQYDUDGFH th

&RP SDUQ) BMH/FHQHIN SRIQMGHVFUS\RWAY IWBMHP RGHENH SRIQMGHVFUS\RIBRA QG RRGH
FRUHVSRQGHIFHD P DIRKHVD (Vb GRQHD Z Wb Db P DWKIQ) b DORUMP b $QhH DP S®bP DWKIQIb
DORUMP bViWHD) / $1 1 BVHDUFKBRQEDON GIP HOVURQDOWHH N GOWHH BAKPUH VP IOWROKHD
)/ $1 1 bP DIFKIQI bRIBP DJ HiNH SRIQW 157 KHIUAVXOMER EDP DWKIQ) DO RUMP HMVDVHAR KBRFDO
P DWKIQJ bFDQGGDWY BWDWQHHEMWROE H XWMHUBYHULIHGH) BEDDIEXSRMHRYHIDM®P RGHAE) b
P HDQURIEDFRWHVSRQGHQFHII URXSIQIDORUAP 12 QHiH DP SBHRIFRWHVSRQGHFHA IRXSIQI b
DORUAP b Vb + RXJ Kb YRWQJ b WWDW P DNHVb UHFRI QURGH RIb VKDSHVD P RUHb UREX\VAR RO SDLD®
RFFOMRCODQGHFOMWMLYRP EDUbDQGD' Ib 6\WMDQRD @ : KHQb+ RXJ Ko YRWQI bIMOXVHG b
HYLGHQFHoRI bDhS DIMEX S RVHIDQGO QARG HoRI BWHOP RGHBIGHWIHIVFHQHOMIIQWDD HEEH RUHD
YR bE\ bREVIAQIQ) BMHOYHPVRUDEHVE HHQOHDOX QLT XHIUH HIHQFHISRIQWY DQGHHDFKEP RGHE HDWUHD
SRIQW DQGEHADQV RWP 1QJ INQRIBRFDEFRRUECDWMME\ BAXHMDQVIRUP DARQP DAL HURP BMHEFDD
[\ ] BHHHQFHIUDP HXQUYHRRY 7 KIMSUHFRP SXEMRQFDQEHGROHRI I GHIRBMHP RGHE
DGYDQFH b

) RURQEDHSRVHIAWWR DARQ b RXJ KEYRWL BMBHURUP HGHE\ BHDFKB/FHQH HDWUHMDWKDVEHHQD
IRXQGDE\ b) / $1 1 bP DWKIQJ bVRoFRUHVSRQGHZ MbDbP RGHBIHDMUH bFDVWLI bDb YRWhI RUHD
SRVMRQR! BKHUH HIHQFHS RIQNCHMH)/FHQH 7 KHAADQV RUP DARIAKDWP DNHVINHVHSRIQMIHo
XSHFDQONHQIEHIADQV RUP HGAQRG) BEDEFRRUECDMY 157 KHYRWMFDVWADUHAMUMVKRGHEWRILQGD
WHP RAINHOLOWEIQFHIR! BHP RGHBICOWHOVFHQH bDAMRXJ KoP XGSGHSHDNVAQHMHo+ RXJ Kb
VSDFHIDUHI DILOHFRP P RQIDQGFDHQAFDMP XGSGSRWEIDNAVERUP RGHAQAMIGFHV B XHIRD
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WHAWBMYMEDBCDMUHRI b+ RXJ KBYRWY MAWVSRMEGHRAHFR] Q] HEDWD® RFFOGHARUCRM b
P RGHOQAMIGFHY WRXJK DFFXWDR P D\ EH®Z HUb

')3& ,Q8XW b

( QMURGP HOASRIQIFEXG UHSUAVHQUMY DQDUHD R WH Z R YIMEGIE\ WH SOWRWP b
0 RGHBRIQAFEXG |G L P RGHOEDVHG,! UHTXILMG 3&' 3/< $ ' b

>3 DIDP HML@$ GAWRQDARSWRQDCSDUDP MY b

') 3& 2 X\VBXW D

( VWP DIMG RUHQEMRQ DQG P DWKIQ) R P RGHAQVFHQH b

TKH ) 3&Z IBEHFRP SRVHARIBMHIR@Z IQIH ) 1V Iz MOYDURX\VH OYRURSWROUDYDIOE®HH
HOFK b

3 RIQAFEXG GHVFUSWRUH WDFWRQ R 11QG NH SRIQW 1Q VFHH DQG P RGHOBRIQNFRXGV b
| +DUV ' GAWPRU 6+2 7 IHDWUH GHVFUS\RWY/ b
" HVFUSWRUP DWKIQ) \R P DIWK GHVFUSVRY EHE HHQ VFHQH DQG P RGHD
| )/$11 GHVFUSWRUP DWKHJ DEMIDMD 5$16$& RUEKWM IRUFH P DIWKHUD
& RUHVSRQGHFH JURXSIQ) R 11QG FRUMVSRQGHQFHV EH HHQ VFHQH DQG P RGHODD
| +RXIKYRWY DWMIDMO ,&3 RUS$1635& b
3RVH HWP DWRQ FDBXOMRQb
| 0 RYHP HQADYHIDIIQ) DEMCDWMD ([ WQGHG RU& XEDXUH . DB DQI1GMUb
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$ORUMP ' HVFUSWRQD

$bVHWRIbWUHH GIP HOURQDONH SRIQMDUHIFKRVHCD URP bERWOMHHVFHQHODQGWHIP RGHBE b
SIFN.QI HQELYIGXDESRIQMI URP BMHFGXGVHSDUDWMGHE\ HD LYHQ)/DP ST RDGIXV . RUP DOtDUH)

FDBXOWMGDH | R WHVH NH. SRIQM) UHDWYHO VR GHDUE\ b SRIQMo VROWDIWHDFKbNH. SRIQIVKDVEDD
UHSHDWE G RUHQEMRQ b 7 KHNH. SRIQMyDUHOWHLDWRFIDMGHZ IMOWUHH GIP HOVRQD®6 + 2 7h
6 L] COWUHORI b+ DRI UDP VIRI 2 UHQY DWRQY BGHVFUSVRY 16 + 2 7 iGHVFUS\RWADUHFDEXOWGE\ b
JURXSIQ) BRI HAMHUDH/HWAR EBRFDEKIMRI UDP VIRYHUMMHYROP HDERXWMHANH SRIQAY KHIHMVD
YROP HIMIGIYIGHGHQRE\ [DQI GHORD  BVSDADEELQVY 18 RQAFRXQMI URP BKHIBRFDEKIMRI WDP Vb
DUHb ELQQHGH Dvib Do FRVIGHD I XQPWRQL RIbWiH DQI B - EHE HHQb WiHh SRIQWGQRUP DBZ IWICH\WHD
FRUHVSRQGIQJ bSDWR bWHOMAKPWUHDQGEWHN HDMWUHOSRIQAQRUP D7 KIVKDVWHOEHQH LEID®
H I HAWER BFUHDWD) ED) HQHUDBUREMRQDEQYDUDQFHMQFHDQ) GMDUHHOMYHYRABFDECRIP DY b
DFFXP XOMEQJ HSRIQMIQRIGL HHQREIQUDVDHHVXEHRI BVP DAGLL HHQFHVHQH HDAWHGUHFWRQY b
DQGHFUHDWR) bDoFRDYHOSDURQIQ) BMDWFDQOEHIFDEXDWMGH DWKZ IWHVP DBFDUECDIV b7 Kivh
P HWRG J HQHDD HV VR WH GHVFUS\RUD

b
Z KIFK FDQ DOR EH XVHG | RUFRBUW \MUH GHVFUSWRQY b

&RP SDUQI BMHFHGHINH SRIQMGHVFUSVRWAZ IBMHP RGHENH SRIQAGHVFUS\RWARE QG RRGD
FRUHVSRQGHQFHP DWKHVHMIGRGHIXMIQI DY) / $1 1 BVHDUFKERQEDIN GIP HOURQDOWH-bN GHH b
VMKFMUH bVIP LOWDbVROWHoP DVRKLQI bRIbLP DI HoNH SRIQW b$ GGMRQD® b\WH0YR WGHBS Z DU
5 HSHOWE®D' ILHPWRQVODO RUMP bl RUEFDBUH HIHQFHol LDP HOHVWP DIRG9 $5' - bIVXVHGWRD
FDBXOWLBRFDEUH HHQFHI UDP Hvd RBHDFKBMUHH GIP HMRQD®ES + 2 7HGHVFUSVRUMRP DNHBMHP b

IQGHSHQGHOAR! J REDCFRRUEICDMY | RUIREMRQ DQG WDQUDMRQ [QYDUDGFH b

2 QFHoDOVHWR bQHDUHVINFRUHVS RQGHIFHVEDQGIEBFDBUH HIHQRHI UDP HVHME RXQG HFOMMUQI RIb
FRUHVSRQGHIFHVW IV SHURUP HGOE\ bSUH FRP SX\WMGh+ RXJ Kb YRWQ b\RbP DNHbUHFRI QURCHRIb
VKDSHV P RUH UREX\WIR SDIMDCRFFOMRQ DQG FOWMUD

( YIGHQFHoR! bDbS DUMFEXDUBSRVHIDQGOOQWEQFHOR WHIP RGHBLCOWHIVFHQHIMAQWDD) HGEH RUHD
YRWQJ HE\ (REVIAQIQ) BMHIYHPVRUEHE HHQEDOXQT XHAH HUHQFHSRIQIR® HDQGHHDFKEP RGHE HDWUH)
SRIQW ¢ HFDQEADQV RWP QI HWQREBFDEFRRUEICDMAE\ BMHIADQURIP DWRQP DA 15°., #° ;b
1°, b/°, @IURP bWWH@FDB[ \ ] bUHHHIFHIWDP HoXQUYHRRWA/ © | b/°,, bDQGb/°; b7Kivb
SUHFRP SXVIMRQb FDQb EH GRQH0 Rl @Ho | RUb WiH0 P RGHD ICb DGYDQRHD DQGH Vb SHURWP HEDE\ b
FDBXOMQY) |RUHDFK [HDMUH D YHRVRUD
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) RBRQIDHOSRVHIHVWP DWRQ b+ RXJ KBYRWL BMVISHURUP HGE HDFKIVFHQHI HDWUH) ¢ BMDWKDVD
EHHQIRXQGE\ B / $1 1 BP DIWKIQ) BRFRUHVSRQGEZ WEDHP RGHEIHDWUH) ©  FDVAQ) EDBRWHRU
WHOSRVIMRGORI DKHOUH HUHQEHOSRIQAR. bIQOMHIVFHGH b7 KHOADQUIRUP DARQES? 6, MDA DNHVD
WHVHb SRIQM GHY XS FDQOWHD EHoOWDQVIRUP HGbLQRD. REDOFRRUBCDMVLZ Mo WHOVFHQHD
UHHUHQEH 1UDP H XQWHRVRLY VFHQH UHHUIHQRH SRIQW ¢, DQG VFHGH |HDWUH YHRVRUS® , Dvb

b

7 KHOYRWMOFDWBE 59"/, bDUHOMUHVKRCHGEHRH IQEOMHP RAMMNHOHQWEGFHRIBXHP RGHAGHMHD
VFHQH bDOMRXJ KbP X@EGbSHDNVLICHWHo+ RXJ KBVSDFHADUHo DLDLFRP P RQhDQGHFDQHQGEDM)
P XGSGSRWIELMNVH RUP RGHEQABGFHVE  XHIRBMHOBMYAMEDECDMUHRI - RXJ KBYRWD) Hukivb
SRWEGHRIHFRI Q] HSDWD® RFFOGHARUQRM HP RGHAQMIGQFHY BMRXJ KEDFFXUDR\ P D\ EH)
®ZHJb

') 3& ([ SHFWG 3HURWP DQFHD

) RXUGLLI HIHQMMAMIZ HIH0SHURUP HEOICOMHIDERIDRY RGP DI HWVHT XHQFHVESURGXFHGH URP b

URERWEP RYHP HQARI DGFDP HIDHQHHT XIGMBQADUPVIDERXWDD 8 18 XEHS DWHQ) LOHHUQ) P RGHD
R REWIQ WH VFHQH DQG P RGHOKRZ QIQ) UXWH b

) LIXWH + LIJK UHVRGWRQ & XEH6 DWP RGHO®GIWDQG VFHCH TURP VHOVRY W KW

TKH®G + 2 7 lCRVFUSWRUIDGXMDQEFCMMUBAL HEDUDP HAAY. HUHYY DUHCROMARKHUHDMROWKISD
Rl WHH YDUDEG®N R WH UHVXA) P DIWKHY 7DEGI  VKRZ V UHVXAOV IURP \WHVH MWW b

7DEGI  3DWDP HMY/IRU ' P RGHOEDVHG WDFNQIb

7THWY 1XPEHbD | 1XPEHURDb 1XP EHURIQ 1XPEHURDb| ' HVFUSWRWD | &CMMU
1XPEHY R ,PDIHW VWHCHIFHDXUMY NH SROM | PDWKHVW | 5DAXV P bl 60H P b

b b b b b b b

b b b b b b b
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7KH SIRFHW R UFFRQMKPWRQ DQG WDFNQJ Z DV SWRILBIG IXQQQ) RQWH$50 FRUHRI D; I@ b
=\ QT = 6R& PIFURFROARGBU 0 +] $50 &RW $ 7DEG VKRZ VWP Q) UHVX@WD
IQVHFRQGV IRUNH ' P RGHOEDVHG IGHQMEDWRQ DQG WDFNQJ SURFHW WFDQ EH VHHQD
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DQORUHQBMRCOP HDVXUHb\RD) $6 7bE\ bFRP SXWQJ bFRUHBRUHQMMRGDE\ bIOMWLFHARIG b
GHICHG Db
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25%. H SRIQN HVFUSWRQD

7 KiHol HDWUHOGHVFUS\VRU SURYIGHGOE\ b6 ,( ) bIVeDOE MR bUAVXERR EICDY HOMOMBMAMD b

HDFKIRI 2 KIEKAMIGH IQHGH URP BMHIQIMOWLS DRI DSRIQADADE HOWHARANHIQMOMS E W
D SRIQADVE b
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%5 ,( ) BGHVFUSVRWAFDQHEHIH HUHGHRDVEE () N KHUHNAWMHIOXP EHURIE\ WMQHHGHGMRD
WRUHOWHOGHVFUSVRUD 7 KHOGHVIFUSVRUDVOYHLY bVHOUMYHAWROGQRIVH BVRG: DXVWIDQOVP RRWMIQI bVl
DSS@HEOMVROWHOLP DI HoSDWKOWDWMKHoGHVFUSVRUBDFWLRQ b7 KHoP RUHIVP RRIMIQ) BWHP RUHb
P DWKHVOFDQOEHDREVIICHG ks @R BWHOEDVIEY5 ,( ) bGHVIFUSWRUN DOVOICHDFFXUDR 5T XIENDL. W
UREMRQVORI bP RUHWDCODSSUR] [P DMOb  bGHI UHHV b7 RoP DNHu%5 () bIQYDUDQWMROLQ SOQHD
URVEMIRQ bUMVOMMHUHGODFFRUEIQ) RONHRUHQMMRQWFRP SXWGH RBAH) $6 7H0\H SRIQN b7KHD
| HDWUHOVHWRIbSRIQAD [ E, biGh [ QoP DAL b RUP bVBURVIMMGOE\ bP XGBIFDWRGHE) BHIURMRGD
P DAL 5, FRUMVSRQGQ) VR WH SDWK RUHQEMRQ U R REVIQ WH URMG VHVY

b

TKHWMHUIHG %6 ,( ) RSHIDRUXVHG 1Q 2 5 % WHQ EHFRP HV b
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$ EBRNXSHFEGKR DAMHHG/S () SDAMAQVEMIFROMKFMGH URP BMVIRD/SHHGXSHFRP SXVIMRQD
R VWHUHG GHVFUS\RY 1Q VXEVHT XHQASRIQN b

0 DWKIQ) 3 RFHWh

7KHI IABMSHVOREP DRKBAMHINH SRIQMYZ IMIGHVFUSVRWA) HOHIDMGE 196 ,( ) EEHE HHQOE Rb
1P DI HVOVENHCH! URP BVD) KVIGLI HUHQASRVMRQY EDWMP SWQJ) R LQGDFRUHVSRQGQ) NH SRIQN
DUQMHHFRQGIP DI HIMDWP DWKHVHHDFKESRIQADACHMHILWANP DI H 94X\WM | RUFHP DWKIQIERIb
D@ FRP ELCDWRQVD RIb SRIOMD Vb WHo VIP SBMIYP HWRGb Z KIEKD J HOHID@®b IQYROHVWL DQ; 2 5b
RSHUIDARGH EHVE HHQb HDFKb GHVFUSVRU DQGb Db SRSXOMRGH FRXQW o RECH WiHo + DP P LQIb
GMBGQFH b7KMMIDQ2 1 bDORUMP  bDQGMINHVOUHDWYHOBQI IWROFRP SOM b+ RZ HYHUG? KiHd
)/ $11b) DWY LEWDY HRUS SSUR] [P DWL HDUAVL H.I KERUBHDUFKEDO RUMP HEXIGNIORE?. SHQR.9b
IV XVHG 1Q FXWHOAZ RIN b

7KH ) XQGDP HQBCD DWIL b

7RREWIQGHSWHQTDD ' BVFHQH EDQHQUWDEEDVHIHIRY ' ESURMIPWRQUMVA IAMIHT XILHG |7 KIEKD
|RUWHOFDVHORIbP RQREXOUWLP DI HVbUHT XIHVOWHOF DEXOMRCORI DHD) XQGDP HQEE0 DAL b) b
Z KIEKBIMODOWHDI HQHID® [ BADQVIRUP DWRQLP D, BWDWWP DSVHDFKLSRIQMQED LWANP DI HIRD
DQRWHBVHFRQGHP DI H b Wi HOH DS UH HIDEGBRXVHAMUHRVFRSIERYIMIRGH RUSRIQNFE@XGh
UHFRQAMKPWRQOEHFDXVHWHOE DVHIQHFDQEEHREVIIQHGY. WHE RIFDP HDIDINGRZ QGMBGRHD
DSDUWY DU HDFKb GFDWRQ b $ Vb Do UHVX@ Wb [ XQGDP HQUED P DA, b Ivb FROWBQWDQGh FDQb EHb
FDBXOMELHDMYHOHHDVO B RUP RQRFXOUWYIMRQ BAMHIXQGEDP HQEEP DA HP XVREHIHMP DWGD
XVIQIbKRP R UDSKIHV b7 KHoVHWRI W RRGXOP DWKHVHO | bIVbXVHGOMROREVEIGHWHOI XQGDP HQD

P DAL b RUWIH0) LYHQOVEHQH 157 KIHI XQGEDP HQUBXEP DA, BVAMHP D B BNDWP DSVEHYHY ESRIQARGD
b
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WHI LWANP DI HORIWHFRUHVSRQGIQ) HBRFDWRCUCMNHAHFRQEIP DI H EEDVHARQONHDWXP SWRQD
RIb@HDUI HRP HAY bEHE HHQO\E RoYIHZ SRIQW b& RQVHT XHQ® bHDFKbNH SRIQIMObICHVHo! LAY

IP DJ HZ 1@P DSBRDEFRUHVSRQGIQ) iNH SRIQMNRMHHSISROUWIH WHIRHR HOMYHPWRQDW
QVR WH VHFRQG P DI H SOGH Z W \WH FDP HUD EDVHIRH IQWH VHFRQG 1P DIHE\ \WH UHDWRGD

b

) RWKUHH GIP HOURQDOVSDFH BMHP D b EKDVBQIQHXQNQRZ QFRH HEEHQMDQG TXDWRGQ Hvb
QHDUDQEKRP RIHQHRXV BVRY) BFDQEHXQT XHOBVRIHG RUE\ BMQI BHI KWH SRIQMZ IWHKH)
P HWRGRIY RQIXHWH L1 JIQV br RZ HYHUHP DI HIQRIVHDQGEMRMRCHOHYIVIE OH-DXVHYDUDWRD
LCOSRIQMWDMP DNHoWGL IEXTMROREVIICHDOMQ) GHVFRWHFM) bl RUBDBSRIQN b7 KHUH RUH bR
SUDFWFDEFDBXOWRQY DOTHDUHVMP DIWRQP HWRGH/XFKIDVITHDUWBDMATXDUHD RUS $1 6 $ &b
P XVIMEHOIXVHG 15 $1 6$&b5$ 1 GRP b6 $ P S®h& RQVHVXV bViDQOH | IEIHQADO RUMP bGHMI GHGh
| RIUREX\VALP RGHB! ) BWDWWFDQHKDQGBHOU HiQXP EHWARI BRXAEHY EDQEIMFRP P RQDXVHGD
Z b2 SHQ8.9 bDQCHRWHBDORUKP V b: HoXVHO5 $ 1 6% & bl RUMWHVSHHGOROHWWP D) bl RUBDT
P DWKHVb DQGOHVINP DIMAWHIDWRFIDMGOHSISROWIHY 2 XV@H b GH IGHEDVEHQI BNH SRIQAD
P RUDNDOMHORGIDGEHD b URP BMHIVWP DWCHHSISROWEH EDUHIWHGUHP RYHGH URP [0 | BRD
\ IHT0D0! LGDCOUHIDEGHVHWRIbNA SRIQIMP DWKHVO0 , b,1bQRONH SRIQIP DWKHVBUHP DIGHE\ BiKIVD
SRIQN WHD WHUH DUH VRRD 1 HZ b I DMUMD LCQb FRP P RGb EHVE HHCQo WH0 & Rb P DI Vb DQGHQRD
WIDQJ XOMRQ FDQ EH FUHDWMG b

7KH ( WHQWDOD DWW b

7RSHIRP HDHMUIHH GP HORQDOADQ) XOWRQRISROMIURP BE R GP HMMRDGHDWUHSOHD
DQGh Db WDQVIRWP DARQD ) b EHE HHGh WHP b W Vb GHFHWDL b VR VENHD IQWRD DFFRXQW DQ b
WDQVIRUP DWRQVODQGLSURMIPRYHODP ELI XIWDFDXVHGOE\ bWHOFDP HIDVOWHP VHOHV b bFDP HIDh
P DWI bIMoGHICHGDWE: . 35 WEHQIbFRP SRVHGORI bWHOFDIEUDWRGOP DA b, bWHOUREMRD
P DWI, b5 bDQGOMHMDQUDMRLYHRVRU: - HODOROGHHEWROEFDWOMHISRVIMRGOR! MHHVHFRQGD
FDP HIDb& b1 UHD® VSDFH) Z b UVSHRW VR WHD [ IIANFDP HDb& b7 KHoFDP HDVbFDQhEHD
IQELYIGXDEb FDIEWWIGH XMIQI b DbNQRZ Qo SDWMEH VXFKb Dvb Do FKHFNHUERDLG bEX\M DIL®bI RRGH
UHVX@V KDYH EHHQ DFKIHYHG E\ VWP DWQJ \WH FDP HUD FDEEWDARQ P DAl Dvb

b

) RUUHDOZ RUBSRIQMRFDD DWRQ 7 HFDQOXVHINHWVR FDIGHHWHQADEP DWI, b WDWHDWMVAAL Rb
P DWKIQ) QRWP DO HG SRIQN1 [ DQGI[  1QWH FDP HID SOQHDV b



SHIHUH L
9HUVILR L
' D V\bH k
b 3DJH |

3/$1(7%$5< 5, $1' $662&,$7 (' (*6( '(7$,/(" '(B,*1

T oo T

b

QOWLDZ D b( bIGFEGHVOWHVIAWVHMDOb DWXP SWRQHRI b FDIEUWGH DQGH Vb UHDWMGH\RoWH)
IXQGDP HQECP DA E\ (b

2 UHQMMRQD

$IWUFDBXOW b(  bZ HoFDQol LQGOWIHEFDARGHRI BWHOVHFRQGOFDP HIDbE  bE\ bDWXP IQIbIRU
VP STFWOWDWWHO | LWANFDP HUDb Vb XQFDIEUDWMGH DQGOh RFDWCODMWHORW Ih & > @b: Ho
GHFRP SRV (W5 bIQWRD Wb FRP SRQHQW'S b DQGh WP DAEHVD E\ b XVIQJ b\HMQI XD YDOH)
GHFRP SRVMRQR! ( : HWBWZ W WH RWWRIRCDCP DAL :  DQG IWWDQUSRWH  Z KHUWHD

b

DQG \WH VIQI XOUYDOH GHFRP SRVMRQR! ( IV GHIQHG Dvb

b

7KHOP DWE b bGRAVOCQRWGILHAVDGHSHQGORQY  HEXWSWRYIGHVMDP HDQURIH DRVRUL DARQHRU( b
7KHUH DUH VI R SRME®D | DRVRU DWRQW RIS b QDP HDb5 8: 797bDQGb5 8: 97 hDQGH\E Rb
SRWIEEGLFKRIEHVDIRBWWQDP HObWS "bDQEW 8 7 b7 KXVbZ KHQOGHMUP 1QQI b\Hb
VHFRQGFDP HDP DA & . 5 @Z HKDYH IRXUFKRIEHV 1Q\RVEH

7 UDQI XDMRQD

* LYHQh WH HWHQUWDBP DI b( bDQG Db SDIHRIbP DWKHGONH SRIQN bIWvbGRZ hSRMEGH\Rb
WIDQJ XOWOMHHRU IQDBSRIQASRMRMDICHMUHHIGP. HOURQUXVIQI BBDWANT XDUHVEHP DARQ b
7 KHDO RUMP HGHVFUEHGE) b DY@ HDQGS \MUP i RUMUDWYHIIHDUBDAT XDUVBAIDQ) XDWRGH
RIEDOVHARI BSRIQMVXVHGDVAMMDI 1 LQH LQYDUDQADQGSHURWP VT XMW HBZ IMWRX\NH FHAMYHD
FRP SXVIMRQOWP H 15 bSRIQMCOHMUHHIGP HMRQW] 2 KHQIZ UMMQACHNHP DA HTXDWRQIRWP b
$[  BHVXOVHQH RXABIHDWORQKRP RIHQHRXVEHT XDWRQUHCH RXUXQNQRZ QU RUDQIDSSURSUDM)
FKRIEHRI b 57 RVROHINLY BAQI XOUYDOHIGHFRP SRVMRQHFDQ DIQEHXVHG IRUNHP HMRGRIb
SVHXGR LQYHWHV 15 QDEMEDMP HMRGIVBROP SOZ UMWBMHM WP DV %6t WIS EDQE9/h
GHICHG Db
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b

6 ROWRCD Rib WHo UHVXAMI b W WP b RIb HTXDWROQW  1Ch WiVb FDVH b XMQI b MQI XD YDAHD
GHFRP SRUMRQ b\ IHOWY  bZ KIFKFDQOEHMDOV RUP HEIQRXQEMRIMGHMHDBFRRUGICOWME b
[ . & [ b7 KMDWXP HVOWDWMHOS RIQBMCHWHUBDW bQRUDWIQ LW bVROYHY bGMEQWSRIOM
P D\ bKDYHWRbEHOUHP RYHGHEH RUHOWIMOSURFHW b%dHFDXVHVRGMROQVODUHOSRWIE G RUDHWHUD

GUHPWRCHRI BWHOWDQUDMRGH YHPRWWEHE HHOWIHOFDP HUDV bRUN RWDOURBMRGORIS bUDGIDQWD
DERXWNHD YHRVRUD Vb VROV WIDQ) XDMRGHP XWYEH) SHURUP HGbI RXUMWP HV bRQFH0I RWHDFKD
SRWEGHFRP ELQDWRGHRI b5 bDQGAHDQGEHHDFKOUHVXEM) bSRIQIMHABFKHENHGOWOYHUL bMOHHICH
|URQIRIBWHOFDP HD b HoXVHODOVIP SGIESHYSHPRYHOADQVIRUP DARGIXVIQI bS. - bDQGEDOMANRD
HQUXUH], | b7 UDQI XOMRQSURGXFHVIDHSRIQAF GXGUQUBFDBFDP HID HFRRUGBCDWMMZ LMSRIQM
Sb

3RVH (VWbPDWLRQ

7 KiHo O \AMSDH Vb VRO [ LQCH WHOREMIPWSRVHDIURP bWHD ' ' bSRIQWFRUMVSRQGHIFHVLDQGh
FRQOVHTXHQ@OWIHHI RP RARCQHRI BWHAFDP HIDA HDMYHIROKHI HDWUHSRIQN BFRP P RQDINGRZ b
DVOWHO3 HYSHARYHD 113 RQW3 QB bSUREBP b %eXQGBIDGMAR HQAFDQDOREHISHIRWP HGWD
RSWP [} HOMHSRIQWFEXGD \WBHAIDQ) XDWRQ HEXWEZ RIWEHMNRQIDIDU HIOXP EHURIBSRIQMDQGH
1P DJ HVH RUKZ KIBHZ HDUHI RFXVHGRQUHDWYHOH DAMADQ) XOMRIRYHUDHHZ BUDP HV 1) RUMLY b
Z HDSSOBMHR SHQE.9HP SGP HOEMRYR BKHY 3 BHDORWKP b) RXUFRQARBSRIQMGHRMGD
Dvb DUHXVHGHRAGHQM BAMHZ RUGFRRUGECDWIA WP 1RIBKHG) LYHQH HHQFHSBRIQFBXGZ Wb
QSROMS Q S, FKRVHI/RINDWRGHIVHRF DWMGDWMHIFHQARIGER BMHSRIQNF BXGDQGINHIHAY
DUHRUHQMGHRH RUP DEDVMY. MWINHSUGFLS DAGIUHPWRQUIR BMHIGDWD K DFKIH HHQFHSRIQMD
GHVFUEHGHIGhZ RUBHFRRUBCDWMODVIODOGRUP D) HG bz H.I KWGHVXP bRIBWHIFRQARBSRIQMY Wb
Z HI KW Vi3, b5 VOWIVOFRRUBIQDWAM VMP bVEFRQUMMQADFURWHTRHDUBADQV RUP V BMH, HKDYH)
WHOVDP HoZ HI K\WGOVXP blGOWHOFDP HIDOFRRUECDWOM VWP bH [ HPWHOBFUHDWD) bDVHSDUDM)
EDVVb
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b

7KHINQRZ QO R GIP HOURQDBSIRWIFWROVD RIDWHOUH HIHQFHISRIQAM FDQOEHENHGOWROWHVHD
Z HIKWQJ VbZ MOWHOFDP HIDbFDIEUDARCGHP DA, b, bFRQUGHUIQ) BWDWMHHSURMPRIIQYROHD
VFDOUSURWFWYH SDUDP HWAY Dvb

b

7KHH SDOURQR BMMHT XDIRQKDVD  IXQNQRZ QFRQAREBRIQMDQGIS URVPAYHSDUDP HMY b
7Z RODHDUHT XDWRQUFDQHE HREIAQHGH RUHDFKIAUH HIHGFHSSRIQADQGEFRQEDMODMGHIR] HH D
VRIRWP DDA WP LRIBMHARWP 10 [ 12 KHUHOWHIQX@VSDFHRUNHLQHER BAHP DA bJ LYHVAMHD
VROMRQ[ VR WH WA VWP Rl HTXDWRQY Z KIEK FDQ EH H SUAMHG Dvb

b

Z KHIHOMHWHWIMIFRP SRVHGRI BMHIOX@HI HOYHRVRWARI BRHSURGXFWFRUHVSRQGIQI BRAP HOX@®
VQI XOWYDXHVRID by KHP HIRGRIB/RA1QJ b RUMHFRH | IFIHOMI BEHSHOGURQAKHIM] HRIPP b
* LYHQSHUHRWEDVWEA URP (DWBDMIM BUH HIHQFHISRIOWV 1P BWKRX@HEHY  IEXWIQSUDRWEH P [-DCh
YODUDIUWRP b bW bGHSHGEQI bR WHoFDP HIDbSDUDP HAMLY bUH HIHCFHOSRIOMBFDWRQVLZ Wb

UHVSHPRONHEDVY EDQGICRIVH b+ HQFH B RXUWGLL HHQWP HWRGVDUHXVHGAHMHDMIDMUHI R
SUDFWFDO/ROMRQ EXVINH P HWRGV DUH FRP SB[ DQG QRWIXP P DU HG KHH b

b
([SHFWHG 3HUbBRUPDQFH

7KHVDP HVHWR \WMASDUDP HWMY DV IQ 7DE®!  IURP 6 HAWRQ ZHHXWGIRU ' b
UHFROAMKFWRQ WMD) Z W D 8 &XEH5 DAP RGHO 7R J DIQ DQHWP DM Rl WP H UHT XILHG IRU
SURFHWIQ) WH SURFHW RI UFRQMKPWRQ Z DV SURILBIG (XQQQ) RQWH$50 FRUHRI D; LG b
=\ QT = 6R& P IEIRFROARGU 0 +] $50 &RW[ $ 7DE® \KRZV\WHWP IQJb
UHVX@V |RUHDFK SDIWR WH ' UHFFRQMKPARQ SIRFHW  \WFDQEH VHHQIURP LY WDVWiHD

0 $ BRMb I Lb& lOWNL b DQB/G VXDES RVHY WP DWRQS \ VIMP HRUSS XVRQRP RXVES HQGH YRXMRIb
6 SDFHFDIWD( 6$SbSVADD b \WWo6\ P SRVIXP HRQS GYDQFHE6 SDFHS? HEKQRE IEVAQH RERWAVKDQGH
$XWRP DIRQ (6$ (67(& 1RREZ N WH 1 HKHDQGV 0D b

b
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P DRUW R WP H IV VSHOARQ NH SRIQASUIRGXFWRQDQG ) / $1 1 VHDUFK GXUQ) \WH WDFNIQI b
SURFHW b

70EG  7IP 1QJ 5 HVXWV IRUSXEHG DW ' UHFROWIXFRQIURP 1P DI H VHT XHQFHVD

iy VHDWHXU)HDWX 1 )HDWIX | )XQGDPH (VVHQ 7ULDC 3QB (JR 0 727$k
'"HWHFN ODWFK 6HOHM ODWHRL[ ODWHRL ODWL 5$16%E RWDF Wb
b b b b b b b b t b
b b b b b b b b t b
b

7KHDFFXWDA R WH UBHFROAMKFWRQ Z DV HYDBDWIG WURXJ K GIP HMRQDDDOMWY R WHD
UHVXAMYJ SRIONFEXG 7DEG WKRZ VWHGP HMRQV R VHSDUDM FRP SRCHOMD

UHFRQMKPWG [RP P DIHV b
7DE® ' [P HOURQDCH QDOMY 5 HVXWV IRUEXEHS D' UHFRQMKFWRQD

&RP SRGHOM 60H; P B 60H< P H 60H=PH 5HDQ Pl 5HXOx P b| 5HDC= P b
| HV6 ROW b b b b b b
3DQHD
5 LJKW6 RO b b b b b b
3DCHD
YRG\ b b b b b b b
6 DM@AD b b b b b b
b

7KHVH VXV VKRZ D &Z HUQRIVH @P IMRUSRIQNFBXG UHFRQMKFWRQ VXFK WDVWKLQD

FRP SRQHQW VXFK DV VROUSDQHY P D\ H KIEMKS \R FP GHYIDWRQ R WHUSRIQW Z WY WHD
FDP HUD Z WIQ \WH FEVH UDQJ H GRP DIQ DV KDV RFFXUWHG [QWHVH WMN ) RUDUI HUb

FRP SRHOVRI D P V] HG \BU HMKLY WDQUDWVY LOR DQ HWP DIMG XS \R HUWRUIGD
GP HMRQDIDQDOMY ZKHHDP D P XP HURUR  Z DV REVHIYHG IQ\WHVH WMV WAKRX@h

EH CRWG \WDW/XUDFH GHWIPWRQ DQG 1IGMUQ) P D EH XVHG R UHGXFH WL HURUIQ DGGMRCDO
')Y1VRU )3&VDb

b

7THWY 5 HHHCGFHD 2 X\VBXW 0 HDVXUb
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) HDMUAMD ' HWPARQY * URXQGD7 UAWDP DIRKHV] VNP DIMGh VIP LOUMb
DQG 0 DRKIQIb RQLP DI HWDb P DWKH\bD
) HDMUAVD ' HWPRRQH * URXQGD 7UXWh FDP HID VNP DIMG SRVHMY  HXFEEHDQ  GMBGRH
0 DRKIQIb DQGh 3RVH] SRVHVRI 1P DIHWD DQGh DQJ XOU
( VWP DWRQD GMEGFH BMb WD
bRIG 7 KHUHB M
Wb PP XPt
RSHIMRCDOGMBIGFH:
R \WH FDP HD b
7UDQI XOMRQIDQGD ' || * IRXQGh 7U0Wb  SRIQI HWIP DMGDh QXP EHURIBVP DIMGY
UHFROMKPWRD FEXGb HOMLRQP HON | VFHQHD RA@Yh BMM
FEXGb WDQ b

) OKWRIVEZDWH ' )1 ' HRIGIG' HMJ Qo

+ HUHbZ Ho SUAVHQMHO GHVABIGH GHVL Qo RI b HDFKb GV XMRQOGQRGHD ' ) 1 bIGHQWIHGHIGH\WHD
') 3&VIBH ) 1 bVIDQODWRP [ELSURFHVWIQJ bHOMMOMDWM XCHD0] LYHQOEDVIED XQPWRQ b, \WVBAH)
VP DIMAXQURIEDFRP SO[ BMVNIGH IGHGHE\ HWH XQPURQ HCBXWDQGRX\EXW+ RZ HYHUKDS ) 1 b
FDQOEHoGH IQHGHE\ bDoFRP EIQDWRQbRIbHBP HQUB bI XQPWRQWZ KIFKDP Dy hQRWH SRVHOWHLD
ICBXVRXVEXWS ' ) 1 H KIEIW DWBDWYE R FROARAQMUDFHY b

FRQUXW DQb
SWRFHW b

7TKHFRQLIXWH BvHMDAHFRAQ L) XUDARQGSDUDP HMIARIBMHD ) 1 (7 KIBBKMHSURFHW B XQRWRCD
FDQ@ GEWDY IXQPWRQV VR FRP SXW WH RXAVBXW R WH' ) 1 b

7 KMoVHRWRCQOS UHVHQMAWHOGHRIBICHGHWLI QoRIbHDFKE' ) 1 hiGHQMHGHICHWHS ) 3 & IGHVFUEHGh
SUHYIRXMO b 7KMo VKRX@b EHo WiHo OV WMSh EH RUH FRGH GIYHD GHVFUSWRQ b 7KHo VHRWR(D

IQARGXFHV \E R WP SOMV RCHIRU ) 1V 6HF DQGRCHIRU ),V 6HF th

* LYHQOWHOFXUHQMMEL HoRI bWHOSURMPWHIMAVH QRIS RWIE BHVROKDYHIDOFRP SGMHH KDXYHD
GHVFUSWRQORI D@ ) 1 VbDQGHYHQOP RUHRID ),V b GRMRQDE® WRP HALHGV BHJ BV 1D QRVNFD
FDSDEIONVXDQENE QUMM FDQEEHA AHGRQODI WUH WOLYHAMAM HDQGY DEEDWRIDQGECRW
EHRUONHIP SBP HQBMRQ b+ RZ HYH DS DUMDBDAMMSURYIGHEDVAWMKHS XBRFUHDMIRP Ho
LOMIQFHV R VHHKRZ WH. |VWR WH SURSRVHG \MP SOW

7KHDSSTFDMRQORIbSDWRIbWHD' ) 1 VOVROWIVOWP SOWHZ I HQI RUFHo Db DXVSIEDEGCRGHD
MEQGDUEVDARGD | RUD WWHD | XWHUHO GHYHBSP HQWSKDVH bGXUQI bZ KIFKb G-V Ch GHEIOL Z LA EHD
SURI UMMYHD XSGDWG th
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"Y1 7HPSODWH ')1
7KH IRGRZ 1Q) VHRWRQ DQG W VXEVHRURQY SURSRVH DWP SOW IRU ) 1Vb

"Y1 '"HVFULBWLRQ
2CH' )1 PD KDYHP X@SG!' ), b

')11DPHo ' )1B([DP SGb
' )1 HBP HOW 5HP DUNVb
* HOHUE GHVFUSWRGb 0 XWW\EH SUHVHOW

BXW DQG2 XSXW GDib | ' D KHUWH P HDQVERW b

" $PWDOCDW HJ PDUH EMb

" 0 HVEGD® HJ &DP HID3DUDP HMY 7P HWEP S b
$' )1 FDQQRWEZ RUN Z WRXVWKHVH GOV VWKPMUHY b

,CBX\V\3 DIDP HMUYb &DQEHSWRYIGHGE\ b
&RQLIXDARQIIBI HJ 7KUHVKRG 61 HR SDWK b
" 2 XVBXWR DQRMHU )1 HJ . ) UHQWDD DWRQb

SHURWP DQFHb DQGb  FRW $bFRWSHURUP DQFHoHVWP DWRCHP HWRGHZ KIFKIMFFRP P RQ)

HWP DWRQ P HMRGW WDD ), RWILV' )1 b
8 QWMWY 7KIVb P XMIEH SURYIGHGH Z Wb WiH0 FRGH b DBQI b Z Wb WH

GCDEVHNKVHG | RUYDTEDWRQ b

'Y, 7THPSODWH ,PSMHPHQWDWLRQ

7KIVOWP SOWHDSSGVORIDQ B ) , bSVEDG ) 1 bFDQOKDYHP XGS®H ),V BMHUHFDQEHVHYHIDO
IQMIQFHV R WY WP SOW XQGHUWHVDP H' )1 b

"),1DP Hb 7HP SOWiL DP HP S®P HOMMRQ b

'), HOP HOW 5 HP DUND

( VWSHURWP DQFHDQG FRW | 3 RME®bD UHSUVHQMG bLGb DG DGHT XDWh FRWBHURWP DFH
VSDFH ¥ KIMIQ RUP DMRQIVKRX@P DNHIWSRWIEGRRLGH IOHD)
SHURUP DQFHoP HDVXUHDQGHDOFRRP HDVXUHI RUDHUHVX G

')3&b
([ WADOIEWDY GHSHQGHQFIEM] / MARI H WADOTEUDY GHSHQGHQFIHY HJ 2 SHQFY 3&/ b
,CBX\V\3 DUDP MUY/ '), VSHFILLE IQSXWSDUDP HWAY ) RUH DP S®i th
") HDWUH WUAVKRGV th

' HVFUS\RUGIQ Wb

" 1DJ QR FDSDFIWHVD ,FAGWVDb
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" (URYZDWIQIVo DNV XQWP Ho HJ b XQH SHAWG

GDWWSH RAMWR! IDQIHSDIDP HMU b

/ RIbFDSDELONNVD HJ bW FDURKDUHVXOVEZ UMD

® I1BIb

2 XVXWIHSRW HJ WL WH P DIH IV DGEOFNQ Xb
) DXQY HWIPWRCHDQGh, GHOMEDARQO V- UHVSROUELDMVOR!
WHS ) 1 - RZ HYHUWS HFRYHY bZ KHISRWIE®! i\iP DGHDM
WH' ) 3& GIYHIDQG LV SDWR WH 2 UFKHVADRUD

)1 '"HVFULSWWHLRQ )LOH

7KHS ) 1 HGHVFUSWRQH LBHMDKXP DQBUHDGDEGHDWNDFWNDWGHVFUEHVBAHS ) 1 EEDVHGRGMWHD

") 1 bwP SOWM b$ bFRGH0I HOHIDIRWSURGXFHWS:  IFRGHIDQGFRUHVSRQGIQI S\ WIRQELQGIQ] Vb
IRP WH' ) 1 GAVFUSWRQIIGBIb

+HHZHIQFAGHWH' )1 <$0 / GHVFUSWRQIIBI IR@Z IQJ RXU&' )) 6 XSSRWWSHFLIEDWRQ b

56*) !

ko) 1" -,/1 B

"xo) 1" - /1 N
|

"koy 1" -1 O

*2) 1" /1D
0"580 *-)"0&&1"*-) 1"!
)y 1, /1R

'aa0 *-)"0aa1"*-) 1"!

* 1" , /10
0"é0*)0éé1*)1l

‘Y1 6HTXHQFH 'bDJUDP
. KDWKDSSHQV IMGHWH FRQLUXUWH DQG SWIRFHW FDOYRI WLV ) 1 tb

)T '"HWDLOHG'HVLIQ

7KH GH WWHRRCO GHVFUEHVHh Dol LAWS DUNRI b WHOGHIIGBICHIP SEP HQRMRCORIbVSHFLIED' ) 1 Wb

Z KIEKbFDQOEHOXVHGOIQOFHWIACS ) 3 & bSUAVHQMGODERYH b7 KH ) 1 HBP HOMDQGGHVFUSWRGD
DUH SURYIGHG | RUHDFK GDVB IXVIRQ QRGH EHBZ b
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"Y1 YHDWS$QG6LIQWUDFWRU
b
')11DPHb ) HDVB QG5 LI ( [ WDF\VRUD
' )1 HBP HOW 5HP DUNVD

* HQHUE GHVFUSWRQD

" HWMPWIDQGOH WDPWDLYLVXDESRIQM HDWUHI URP HDQHP DI H
7KH IHDXWUH Vb UHSUAVHOMGD E\ b Db GHMARU FKRRVQ
NH SRIQAD RIb IQMIMIICH WHb IP DI HoDQGHE\ bDQbDUWD bR
GHVFUS\RY GHVFUELQ) WH UHJ IRQ DURXQG WH NH SRIQM

BXW DQG 2 XSXW GDWEb

,@BXW$ JWD VDBIIP DIH HJ FY 0 DWb
2 XV8XWb$ bYHRRWBRIbNH SRIQM HJ bFY . H SRIQADQEHDJ
DUD R GHVFUSWRY HJ FY 0 DVIRUHDFK NH SRIQN
b

,QBX\\B DUP HWWYbh 1XPEHUR PO IP XP GHVUHG IHDXUHV b

SHURPDFHh  DQGb  FRW ' HWPWRQOWP HoFDQOEHXVHGOWROHNP DIWOMIHOFRBRIbDQ

HWP DARQ P HMRGVD IHDMUH H WDFVRUD ) R VRP H IQARIGFHV b SHURWP DQFH
HYDODWRQ P HMRGVP D H Wb

8 QUMY b

b

'), 6,)7) HDWUH ( [ WDF\RW
7KHXVHR! 6,) 7 KDV\R EH FRQILP HG GXH R SDIMOABHQGEIQ) RQ\WH DORUP b

'), 1DP Ho 6,) 7 ) HDWH ( [ WDF\RW
'), HOP HOW 5 HP DUND
( VWSHURW DQFHDQG FRWY | * HQHUDE VBZ HUWDQ RKHUH WDRRWY 9HY IREXW
,CBXV\3 DUDP HMUYb 1 XP EHURI RABYH O\ HYb
( GJH 7KUVKRGD
& ROADWT KUAVKRGD
6LIP Db
([ WLDOEWDY GHSHQGHQFIHM] 2 SHQR.9b
' |DJQRWIE FDSDFIWAVD 1 $b
8 QUIMAN b

b

'), 685) ) HDWH ( [ WDF\RWD
7KHXVHR 685) KDV\R EHFRQILP HG GXH R SDIMQASHQGEQ) RQWH DORUMP b
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'),1DP Hb 685) ) HDWH ( [ WDF\VRUW
"), HBPP HQW 5HP DUNb
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* IRXQGVRIVE DIH ' ) 3& $UFKIWF\WH DQG' HI Qb
'Y3& &DPHUD FDOLEUDWLRQ

7KIVOMIDOVXSSRWDI B ) 3& BSHURUP HEAQISUHSDUMRQVA RUMKHDPWDBAMANXQ b WRBVNAVIRD
REWIICH RSWP D® FDP H.Db SDUDP HMWb b SHY/SHPWYHo SURMPWRGh DQGH GMRWRC SDUDP HMWYb
WDGDMHEQI HOMDMMOQ SUWP b 7 KIEKIDUHXVHERSBURYIGHP DSSIQI FEHE HHISRQMICHP DI Hd
VSDFHY DQGO WD, VbLQhUHDOZ RUEDVSDFH bé& RUMANFDP HUDbFDIEUDWRQLIVODOSUHHT XIMWOVRODQ b
') 3& GHSHQEQI XSRQMIQI ® FOP HUD GOV DQG FRUHVSRQGIQ) P HVBGDW DV IW 108X

& DIEUDWRCH KDUEZ DUH b& DP HIDVLZ LGEHFDIEUDMGOXMQI bIP DIHVDORIb ' bFKHFNHIERDUG MNHD
SDAMACLZ MR LOCHQRWGE BMUHHICRW i HIHFRP P HQGHP DQXI DRYUIQJ DS DWMUERI BV Ho
\KDWI LOHIKNHY. KRBW IHTIRIBrHZ (7 KHASRVIMRCHGDWINHI REXMGMBCFHRIBKHIDP HIDV EEXW
[QSUDFWFHIDHVP DBIURCH BSOFHAFRVHUIMRINHFDP HIEOARIAME LA IRXI KOBKHY. KROH IHTIRIb
YIHZ FDQEHXVHG DV Z HO$ VRES DX GERQG IIQWKIQ) RUMP IOULY UHFRP P HQGHG b

& DIEDMRQVRIVE DUHB / 5 DIP VORSURYIGHIWKHEDFNI URXQG ,3 5 HFDP HUDFDIEUDARQH/RIVE DUHVD
& DO HIDQG0E DO DE b8 DO HoMDWRRGXVHGMRH, WDPWFKHFNHUERDUGOFRUCHYHI URP 4P DI HVERIb
FDIEUMRQD SDAMDb 7KIVb VRRG FDGb EHo XVHGh HWHU Qb Db IX®b DXVRP DWFb P RGH b R
VHP L DXVRP DWFD@DZ M XVHUBSRIQAR) BRAMHISDWHCHRU 1Q be: DO DEHVDIWRRBVRISHURWP bDb
QRQ @HDUW GDWWTXDUHVD RSWP 1} DARGH RIb FRUMVSRQGHQFHVD EHVE HHG 1P DIH VSDFHo DQGh
UHDOZ RWB VSDFH SRVMRQY R \WWH H WDRWMG FRUGHLY H
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REIICKRSW DO ' 2) BADQVIRUP DWRQEHE HHBURERWERG, B UDP HDQGEFDP HIDGUDP H & RUHFW
ERG R FDP HDbFDIEUMRDMDOSUHHT XMWOWRDDQ b ) 3& bZ KIEKbQHHGVOVROREVEAIGOURERW
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&DP HD BV 6 FKQHGHU. UHX] QDFK &IQHIRQ b
6 RIVE DUH VHWS DQG $3,Vb

26 2 SHBXWH/HS EMb
5XQNP H FRQUXWEGh KDWZ D DEVADFWRCH WP HZRWb UWRERWHUHD ' /5b
SURSURMY b

,0 8 1OMJUDARQ YID [ VHQVBIP XBGUYHY b
&DP HUD GUYHY DQG VRIVE DUH IQMI UMRQ 6 HQVRW HA / 5 SURSURBY b

5 RERWFRQARCRSHIDWR] WWMP 526 b
0 RGX®IGHS® P HQW/ 1INV DQG 1 RGHV UHDOWP HIWDP HZRWN ' /5 SURSUEMIY b

%% S5RYHU

7KHo( [ RO DWHURYHWY®%6 bKDVHDOVRWEOP DWORIbDSSUR] [P DWOb  bNJ bDQGhDh RRBUQBRIb
DSSW IPDWOb  FPHb  BFP IDQADMZ VP RXQA HHDMYHOKDL HED, @DGV i KHARYHUMD
HT XISSHEZ MHYDURXVOVHQURWOH J ML b * 2 ) HRUFH VR XHWHQURWY HDQEERMMHKL KubiYHD
URYHUFRQARCDV Z HODV \WH IQGEIYIGXDIDRWDWRY FDQ EH FRP P DQGHG IQGHSHQGHQ® b

b

) LIXWKH ([RO DW3KDWH% YHDGERDWGS %86 b

%9/ KDVIFXWHQ@HEHHQHUH XUEVKHADQGEIMIQRZ HQUIH IMOKMHIN / 5 P RELOMIMBQGDUEX 5 b
XQURUWP B/RIVE DUHDQEKDUEZ DIHDUFKIMPWUHKDVEEHHQHP SO&P HQMGH/RA DFLOBWBMAMY HDQGH
LOMI UDWRQ KL RZ. ED@ RUVHHQBA MP VbH J BKDQGKHTHP REN XSIRURSWRQD®E 5 8 HKRYHUBKDUHD

b
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DIFRP P RQDUFKIWRMUHE. KIEKEDTRZ VP XWDBXVDI HDQGH, FKDQJ HRIB/RIVE DIHDQGKDUEZ Db
P RGXGN RUWH [P SBP HOEMRQ R RSWRCDOMHQVRY RUDORUMWP VRQDQ Rl \WH GHYIEHV b

+DUEZ DIHb
0 RRUFROARBDU [ (PR* RG' & : KM®@ib

) IHOGEXV (WH&S$7 b
3& ,QMRBRUHL 40 *9%5$0 .RQMRQ.740 P.,7: b

(FRGHU [ODRQ05  &37 b
3RMOMRP HMU [ 1292 : $/ 6WHIQ) ' HS®\ P HOAMYRILHV b
) RFH 7RIXH 6HORWY $7,0 QL 6 b
6RIVZ DLHb
26 RSH®B86( /HDS EMb
5 XQMP H FRQILI XUDE®I KDUEZ DUH DEVMDFUWRGH IWDP HZRWb WRERWHEHD ' /5b
SUIRSUHIY b

0 RGXGI GHS® P HQV/ IQW DQG 1 RGHV BHDOWP HIWDP HZRWN ' /5 SURSURMRY b

30DQHWDU\ ([SORUDWLRQ /DE
7KHS /5 50 [8(/ BMANDFIOMFROAMMRIDD P Hb 1P HQGRRUWVRIEELQ hWAVKVHEI RUMAMDI b
WH VKRWIDQI H SOQHEY VFHQDURY IRUAVHHQIRUZ *  YDIGDWRQ DQG WM b

7 KHAWMUDICOFDQOEHIFRP SRVHGHE\ bGLLIHHQWP DWUDD bH J- BVRIWRIBRUMRGHVHIDQGOURFNVERIb
GILIHHQWM] HoDQGOVKDSH bVROLOYHAM DMoWHOP RELOMLI RUGLHIHQMMUDICOVHWKSV 08 7 1GHD

YODUHW R SOCHRY VRIOUP XOQWN DV Z HGDV REVWIIFGN DQG URFNV LV DYDIDE®I b

YUXWH  3(/ 3RH7WFNQI DQG' 60 ' HYIFHD
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) RUbJ URXQGEWIKWI) HOHIDARQ bWIHO3 ( / HVEHT XISSHGZ IMIDQIRSWFDESRVIMRCHADFNIQI B AMP b
DQG D IX@® DXRP DMG' LJMIGB XUDFHO RGHO' 60 GHYIEHD

7 KHSRVHIADFNCQI BA WMP [lID@RZ VOBADFNQI D@ 1EHT UHHMERI B UHHGRP IDQEANHIDIMRVRY RIBKHD
URYHURUWH SRMWRQ RI REMIFBNV FDQ EH P HOVXUHG SUHFIVHD [

3RVHWDFNIQJ FKDUDFWUMAFV b

S5HDONWP HWDFNQI R ' R) IRYHUPRWRQ#  +] b
$@Z VP HDVXUQI SRVH R IHHUHQFH OQGP DUN SUFIVHD b
FDP HIV b
0 DUNHURQ URYHURUUH HIHGFH ©OQGP DN b
$FFXWDRA b
XSWRDSSWR PP b
XSWRDSSWR  “b

7KH3 60 bGHYIEHFRQMRIHLYHIFDP HIDVBAMDWDUHP RXQMGRQIDEDUY KIEKHMP RYHGRYHU
WHOMMBEHGHE bDb@HDWO LV 1) URP BAHVHIFRBXUHGHP DIRVIDD bGP HOMRQD® 60 17 IWDb
UHVROMRQORI b0l HZ bP LGP HAHVESHUSL], HBFDQUEHIFRP SXWGHYIDS HP L* GEDED DWKIQJ b7 KHo
' 60 bGLHAV®L IR Vb Db SUHFIVHo UH HIHQFHo P DSbRI bWH0\MUDICGH DQGH FDQh DORL EHh XVHEO WD
GREXP HQMMH WMWHXS DQG UVX®V HJ  Z KHHOADFNV th

' 60 FKDUWDRWMUIMAEY b

&DP HIDV [ S[HY b

$FEXUDR XS W b
9HWFDO PP b
+RU RQEO PP b

")., 6KHWBD77 5 RYHD

6 KHBD7 712 LBEHXVHGAQD DWADQDE 1GHP ROMIMRQIVFHQDURIQD RURFFR 2 QOMHARYHUD
Wb+ 5 &8 IGHVFUEHGHQWHAWRGD 17 LBEHAQMI UDMG b7 KHAURYHUY. LBEHMBRSHIDMADQGh

WHGDVEH) HOHIDMGLE\ EERWIOA VWP 17 IBEHXVHERGHP ROMIDWBMHINHE' )) * HYdHDWUHVD
RI@H b

2% 17 ISURYIGHDQS 3, BROVHQEP RURQFRP P DQGVBRS KHSD7 7 BRYHUIDMEZ HEDUDFRQARD
O\ HHBRSHURWP BMHFRUHVSRQGEQI P RARQY 7 KHIHQURUGDE IRGRP HAY IDQGHIRIQAIMWAME. LD
EHoP DGHODYDIOEGLYIDHDQS 3, H DPV@DVAW LBEHGRQHIQINHD *  1GHP ROMDWRQE XUQIb
6 KHLBD7 7hi XCPMRQQ) b5 RFNOEI Wiz WIHOVHOVRIBGDVILZ L@BEHA] HOHDWG b5 HR\ SDGE I@EH)
DORSURYIGHED@RZ [QI HQHMIMTZ D BMHAHP RIMRSHIDARQRI BMHS KHSD7 7 JRYHUE\ [DXKXP Db
RSHDWRU 7KH J URXQG WKW SRMRQR! WH URERWZ I@EH J LYHQ WDQNV \R D GLLIHHQNDT 36 b

TKHo+ &5 8 IBURVIGHGE\ [2 * 17 LAEHP RXQMESK\ VIFDOBRINHIRERWDGRZ 1Q) BHDFTXIMWRCD
RIb Do UFKHUWb VHWRI b VHOVRU YDAHV b$ Ch$ 3,bZ IWEHOP DGHhDYDIDEGDLE\ b2 *  b\WRbDMZ b\iHb
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DFTXIMWRQR! BVHVRUGDWIMP I OUBRMHIRCHSURYICHEWROFFHWS KHSD? 7 [ KHOHQVRUGDWD
JHHDWG Z LDV Z HODV |RUWH WRYHUFDWH EH®JJHG b

$ WDODWUMED HOMHIE) J HEOGDWIY IQBEHIBDGHGDQGE XVHERI I EHIXMQIHQ XVHR' )) ' HYBRD
SURYIGHOP DSVIDQESRVHVERIBNHARERWS Q. BH M B ) 3 & BSURYIGHEE\ hQ) XVHDQEWXMIE®D
| RUDVXFKIOVEHCDUROFDCOWHCOEHMWAAMGOR! | GH b OMMGHP ROMIMRQ HHDWUAMRIE' )) * Hyb
Z 1@ EHo YDIEDWIGH VXFKb DVb BDGIQI bRIb®J J HGb GDMhI URP bP XAIB®H5 &2 6V hDQGOWMILJ bRIb
YDURXV GDVB IXVIRQ VROMRQY RQVXFK G b

6 KHLSD77 VHQWRW b

JIGDUOHBG QH+' /| ( b

/ DHUDQIHIIQGHU + R\ R867  /: b
&DP HID %DVBUS FH [ S| ISVb
08 ;VHQVO7L $$+56Db

6 KHLSD77 DFVMDRWY/ b
S5RER UYHP4 ' & P RRUNW b+ DUP RQF  UyHa) HDWADQESDWMD®HT XISSHAZ WWHTHDU
GUYHNW b
6 XVSHMRQOM VWP b iGHQANFDODOP IQXP FDWMGOXQWIZ WD B R) 166 @Z VbDRPWHD
JURXQG DGDSVIMRQ DQG LQGHSHQGHONERG: DMMGH FRQARGH

) RUFH @HDUNRIQW 1b
- KHHORIXH 1P QRPIQDOb

YUXWH  6KHSD77 QW R VSDFH DQD®I VFHDURVD
6KHBD77 6RIVE DIH$3, b

OMIDFHEHZHHQ2* 6KHSDDQG+5&8 b
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b
JUXWH  $3, 3RVIGHGE\ 2* \RH FKDQIHGDW Z W 6 KHSD7 7

b

/ $$6 5 RYHUD

7KHoP XQUURERWY * 6 ( biVbP DGHORIBNHAE RARERWH) DQDIDQED 1QQH HHDFKIHT XISSHGEW WD
I XEOVXIWOR! VHQURIWMKDMDTRZ WMHP BROSHURUP bDXVRGQRP RXVOCDYLI DWRCHEVNY B/RWHIRERWD
KDYHIEHHQOFRQFHYHGODVOFRQ LI XUDEGHHVHDUFKESOWRUP V B KIFKIDGGMRQDOVHVRWADQGh
FRP SXW XQW FDQEH DGGHG b

b

JUXWH  7KHURERWO DQD WKWDQGO0 1QQH GIW SIFWUHG LQ DXMP Q th
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0D @D

3OMRWP 10 DDOMIDGHIZD K50 3 bSOMRWP bZ MHRXWCRQ RUHQEEGD kP bGIDP HMUb
Z KHHY b7 KHISOMRUP bGP HMRQUWDUHZ B[ b®[ kb b b Hb P DQEIWMZ HIKWMVL b
NIV ko

7KH SOWRWP b Vb FRQARME®D \WURXJ Kb Db 8 6 % LOMUIDFH) Z b GHDUD DQGh DI XOU VSHHGD
FRP P DQGVVHQADW  +]  ( DFK Z KHHOREMRQ VSHHG DQG LV UHMUHG DV \WH VDP H DM b

3 IRSURFHSWYH VHQVRWY/ DSDWWURP WH SOMWRWP VHOVRY/ 0 DD IV HTXISSHG Z W b

$bV[ D[Mb,0 8b; VHQWO 7,  bP DGHoRIb bDFFHBIRP HWAY b bJ\ URP HWWYHDQGD b
P DIJQHRP HMY 7KH GHYLIEH FDQ UAMQ UDZ GDV RUDMYGH DQG KHDGAIQJ LQIRWP DMRQ b
$HIEHURSWF)\ WRb. 9+B 63 P RXQMG/RIDVAREP HDVXUHBMHD D7 B/SHHG 155 1\MUb
FRUHPWRQORI bWH0( DIKBURIMRGD GH IGHGHE\ BHIRSHUDAQ) bOMNGH BWHOGULVDRI BWHD
IOMI IDMG KHDGQ) VSHHG GHDHMGDN  +] VR WHRGHUR  GHIUHH SHUKRXUb

" $b57. 0" 36b1RYDMD) G  HWDWHP IWOP HDVXUHGHSRVMRQUIDQEHVSHHGVDW b+ ] b
Z WODOFP EDFFXUDR\ b SURVIGHGFRUMPMRQVEHP IMMGH URP HDOQHDUE\ EEDVHIDUHIHFHYHGD
DADWDMR  +] b

7KH GDB Rl WHVH WUHH VHOURY DUH DFFHAWHG WRXIK D56~ VHUDOENb
( [ WARFHSWYH VHQVRWY 0 DQDVHTXISSHGZ W / IGDW/ b

$bSDCRUP LEb/ IGDW 9HBG QHb+' /| bFRP SRVHGORIb  bIQGHSHQGHQMMBP HMY b

GHOYHWASDQRUP IEBVFDQUDMDMARP b B0 br ] 157 KHOYHWFDB IHGRIMEZ ivb— bb
GHIUHHV WH CDBWUIRXIKSXWY P IGRQ SRIQN SHUVHFRQGH

$ QUDXVRP RWHY IGDWBIENY ' 0 56b bP RXQMGORQDL D] IVORUHQEEGHMUMHWY

DABRZ V/ VR GHIYHUKLI K UHVROMRQ SRIQAFBXGV IQD+ [ 9 [ GUUHVID

YR 1ICDYAH SRUNKHUBGDMIEHAURXI KDQ WHCHNOQMUDFH BHIMMUHNAMOWERIAMAOMHS [END
[ 1GDULY FROAR@E®! WURXJI K D VHUDOREN b

&RP SXWQJ bXQWH7 KHOFRP SXWDJ iXQUMMDQS GYDQMEKES S . ) H DQBMHP EHGGHGB & b
ZMbDbLb  * +]bSUWRFHWRUb b* %RIbP HP RYbDQGhDh  b* Ro66' bKDWEhGUYH bZ Wb
SOFHKRGHY IRU3&, H \WMOMRQY 7KH3& IV IXQQUQ) 8 EXQ b

&RP P XQFDAWRQV b7 KHoURERWVOHT XISSHGAZ Wb: 1) IbFRP P XQIEDWRQ bDQGHDOQGHSHIGHOW
UP RM HP HUHQR WRS b

6 XSSRUAM bVRIVE DUH 00 DQDOVRIVE DUHIMOFRP SRVHGORIDY HQRP bFRP SRQHQW BWDWbH, SGIW
WH URVBFRP P P IGGBZ DUHWIFN 7KH FRP SRQHQW DUH VXSHYIWVHG E\ P HDQVRI 7&/ VFUSW b

OLQBOLH
0 1QQH IV D IRERVWHY VP IDUVR 0 DQD Z W WH IRTRZ IQ) GILIHHQFHV b
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7KHISOWRWP bMoD50 3 bP RGHOZ WWIBMHIVDP HiSK\ VIEDEFKDUDPWUMAFVEDVD DCDb
WHRQOHGL HHFHEHQ) BHHRQ ERDUEP RRUFRQARGHBPWRQEV (7 KIEKHH KIEWBKHD
\VDP HIQMUDFHb

7 KHH WURFHSWYHIVHQVRUVXIWHVFXUHQDEP DGHRID®HBG QHs-' /b SDQRUP IED
/ IGDUDFRP SRVHGORIb  HQGHSHQGHQMMBP HMY lGHDHWSDQRUDP [EBFDQUDWDEDM)
IRP b  b+] b7 KHOYHWFDOIHOORIDYEZ Vbbb bGHI UHHV BMHIGDWEOMURXI KSXWVD

SRIQN SHIMHFRQG b

7 KHUAVARR BAVOVXIWHEMFXUHOEEHQ) BSURFXUHG b WZ LEBEHFRP SRVHGIR BRUHHOAMUHRVFRSIED
EHQFKHV b\E Rbl I HEhZ IGHDQ) BEHFKHVDMAHo! URQINDQGHUHDUDRI BWHOSOMRWP bDQGHRGHD
RUHQIE®I WMUHRVFRSIE EHQFK P RXQMG RQD P DWIRQ\RS Rl WH URERVD

7 KHol [ HGbEHQFKHVbDUHOVIP LOUNROWHo+ D) & DP bFRQILI XUDMRQORIBMHD ( 5 b+ D) &DP Vb

7KH bDUHP DGHRID / ,5186% b HQFKb 10 31 HEFDP HIMDQEYKHDL P P lBIQVHVD

\IHTIQIb  bGHI UHHVEIKRUL ROEBIHTORIBYIHZ. b7 KHRUHQEEGHEHQFKHVOVP (OUNROMHD

1 DY&DP bFRQILI XUMRQURIDWHD ( 5 GWIMP DGHRIB /58 6% HFDP HIVMDQG IQHI R
PP GQMV \HBQ D GHIUWHYKRU RQEAHGR YHZ b

7KHFRP SXWQ) XQWV/ P DGHR! & R $ GYDQMFK $5. ) IDQBMW HP EHGGHG 3&V b

*URXQG WWDWLRQ

7KH JURXQG WIMRQ LY P DGHR! b

$b: 1) ILDFFHWOSRIQNZ M P buDQI H bZ KIFKBFDQOEHIH] \WQGHGZ WIDQHDGGEMRDD
UHP RM DFFHW SRIQAFRQGHAWG YID D GIUHFWRQDADQMQD b

$ WX\ 3& b

$ * 36 EDVH Z KIFK FRUMPWRQY DUH EURDGFDWMG WIRXIK : 1) Lb

&1(6 6(520 0DUVb<DUG

7KH06( 52 0 bl DFIOMVHDWE 1 ( 6 bZ IDYREHIP DGHoDYDIDEGHWRHSHIRUP bDoVXEVHWRIbRXU
YDEEDWRQ DQG GHP RQMDARQ VFHDURY b

) RUb VDI HAMb UHDVRQV bWiH00 Db\ DUEb VO ERXQGHGH E\ b MBSHVIVAMHSHUD WD WiHL DXWIRUVHCD
WUHVKR@D | RUb QDYLI DWRQ b VR WDW WHO URYHUD Z L@ UHP DICh Z IMICh WML 1 THTh Z KHCQb P RYIQI b

DXVRCRP RXMO b

7KH0 DO DWEMVIRXIK®Ob P bBQIDQGh P 12 IGH b7 KHDHUDBYLHZ ERIBNMHOMUDICH/KRZ QACh
WH IRGZ 1QJ ILJXUHZ DVVENHQIURP DSOCHIQSXIXW b

b
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b
JUXH  $HID®IHZ R &1(6 0 DW<DG &HAWEL(6 b

7 KHORXVERRUWWUDICHIVHP DGHIRIbSR] ] RDQDQEHRIBMRGHVBRI bYDURXVOM] HVbDQGEOVKDSHVY b,\W
FROWD RIb DUHDVb DQGh | HDWUHVD Z [\ YDUDE®h GHQWWD DQGH.J HRP. HWA b VR P HHW YDURX\b
UHTXLWUHP HQW bGHSHQGIQI bRUIWHISXUSRVHOR BWHOWMVMD SHIFHSWRGOMAN bBFRP RURCOBMAN b
GFDOVDARQWMAN HF W2 L@NHH RUH EH SRMEGI VR SHIRP \MWW RQ th

$UDV Z W YDURXV GHOUW Rl VIRGQHV th

$UHDV Z W VXUP RXQEEGI RUIQUXUP RXQIE®I REVMIFGN b
) OADUDV b

$UDV Z W VBSHV b

6DQG DUDVb

TKHIR@Z IQ) LI XUHV LGWMADWM WH YDURXY WSHY Rl WAUDIQV DYDIME®! Z IWIQ WH\ DG b
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) LIXUH

YJUXWH  $UDZIW DKUK GHMW R W DQURFNVb

b

$UHD Z W OU H GIDP HWULRFNY LH | RUEIGGHQ REWIFGN | RUWH DXRGRP RX\b
OYLIDIRQP RGH)



SHIHUH L
9HUVILR L
' D V\bH k
b 3DJH |

3/$1(7%$5< 5, $1' $662&,$7 (' (*6( '(7$,/(" '(B,*1

T oo T

YJUXWH ) OWDQG REWEF®! IUHH DUHDh

b

JUXH 608 GXQHRQWH GIVKDQG VIGH R WH\ DUb
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YJUXWH  9D®N RQWH GIVRI WH GXQHo
b

b b
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& ROFOOVIRQD

7 KHSURVHQRGRFXP HOWFRYHUHGOD@MHIWP VAUHT XIUHGOROVXS SRUNKHIGHYHRSP HORSKDVWHb b
GHRIBICH VFHDUROLDQGHhXVHOFDVHY b WMP bP RGHIRY bGHVRAGIGHDUFKIWIRMUHORID ) 3 & VIDQGh
GGG G-MIQRI WH Z KR®I b

S UVHOMGOWHOGHVIIBIGHVFHCDURVHDQGOYDIEDWRCOMIWA \ BADKRXCHEHIP SGP HOMGRD
| LYARYDEEDME Q XVHIVAHDG, BRUAQM) UDWRCHCH X\MUM AMP VHCANHAFRSHIRIBNHE 5 &6 3$ & ( b
5292 7,&6 bQH WWRHTXDD\ b,Q XVHoSHURWP DQFHVLICHWUP VbRIbUAVRXUFHVOFRQUXP SWRQV b
GFDOVDIRQD DR’ (0 bDFFXWR b6 FHQDURVLZ HUH GHVLI QGHGEO VR UHD@bI REXVORQONH bGDEh
SURGXFWHMDNQ) XVHIVKRXTHEXIGHE\ HQARGXFIQ) SXVHIFDVHVIGHEEDMEORHDFKIRIBMHP |7 KiHb
YDIGDARHMDMI\ bUHDAVORGOR! | GHSURFHVWIQ) BIROFRQGXPWM-DVAMG, bRIbDO RUMP VIDQERGD
RQ @Ho SIRFHWIQI b \Rb YDEEDWD WHLL LOMI UDARGH DQGh UHDOWP Ho EHKDYIRXUb 7KH RQEHD

SURFHVMIQJ BHHWHBGRQHIKDQNVORDMP. XOWGHLRYHURIDAHDERYHUH QR GHBRHDVHINHD
WDQUMRQ IRP WH GHYHBSP HOASKDVH R 1IHT WML b

) RTRZ LQJ b\MHHGH LQMRGHRI bNH. bVFHCDURY b\WHIM WP bP RGHTRJ bz DVIOSUAVHQWMGOWR LYHIDh
JEED® YIHZ b Rl b DB®HAMEMOIQYROHGOWRO P SEP HOWRXU UH HIHGFHo VFHQDURY b7 KHo YDURX\VD
A VAMP Vb DQGh VXEVA VAMP Vb Z HUHb GH LGHG b DvbZ HB DVbWHL HDMRQUKLSV b, WH SRVHGOWIHD
SUGQFISBHRI BANHIQMI IDARQSURFHWIRI Q) XVHZ W * 6 ( BMDW [P DIQORHOIRMNHAURERWF\D
P IGGBZ D5 2 6 b0 RUHRYHUOWHOW VAMP bP RGHER) bHP SKDV] HGOWHENVEEHE HHD,Q XVHb
DQG RIMHUSDIW Rl WH VA MP @H WH WUWHAWVHQVRY DQG WH GFRP RIRQWA WP [

7KHIGREXP HQINZ HQMRQLZ MODLGHVFUSWRCORID' ) 3 & VIWDWKDYHMROEHIP SOP HQMG b7 KiVb
GHVBIBICHDUFKMMPMUH GHVFUEHGOWHOFROMOQARID ) 3 & VOWDWZ HIHGHFRP SRVHGHIQRY ) 1Vb
7 KHIGHDOKHUHIZ DVbVROIGHQWA bFRP P RQOIXQPWRQVOVKDUHGHDP RQIb' ) 3 & VDviZ HBDVWHLL

LQMIDEHKDYIRXUb

7 KHOOMFKDSWULZ [@®J DWHUWMHOGAIIGICHGHWVI QORI ) 3&WDQED ) 1V b7 KHaZ RUNJIMAMEERCH
SURJ UHW DQG WL FKDSWUZ LQEH NHSVWKSGDWG GXUQ) WH GHYHBRSP HOASKDVH b

) ICD® bWHOGREXP HOMIQFOGHVD  bDSSHYGEHV b7 KHbl IANRQHGHDOLZ IMOWHHGH IQWRHRIb
|UDP HVbDQGHP DIWHP DWFDBFRQYHMRQUOWROP DASXOWHURMRQUWDQGEWDQV RIP DWRQY b7 KHo
VHFRQGODSSHQG! bQAMIUHT XILHP HQMANDMMKRXGOEHOYHULHGHORUMWAAMG b7 KHoQH WRQHAVBMHD
WP SOWSURSRVHAORIGHVFUEH] ) 1 VIDQEY ) 3 &V H5 QGONHIDMARGHSURSRVHVDI LWAMGHVLI Qb
R WH GDV SURGXPWP DQDJ HUb

b b
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$SSHQG b
' HIQMRQRI 5 HHHQFH ) WP Hb

7KIMDSSHQGEL bVHMORXWMMHL YDURX VI UDP HVIWIDWDUHOUHT XIUHGOVROP DQASXOMDQEHH FKDQI Ho

COWHQ Q) XVHDQGERYHEWH WODBIQMUIDFHY b - HBURSRVHIRE RTXZ HDHIRVSDFHIFRQYHOMRQD
RUVWEN R FRP P RQ FRQYHQWRQV DV P XFK DV SRWIEGI b

7 KHOFRRUB.GDWIOM VWP VbDUHa UL KWKDQGhE: DUMVIDODQGOVH SRMYHOURIMRCDB GIUHFWRQhiVD
GHIQHGHFRXQMUB FBFNZ [VH DIRXQGEOWHO VHBIPMGH D IV bZ KHQbWIVh ] Vb SRIQMVRZ DUGOWHD
REVHYHU 8 QW P XW\EH H SUAWWHG IQWH , QMEDWRQDE\ WMP b

- HQRZ GHVFUEH IDP HV AR [URP JHR UHHUHQFHG RQHV GRZ Q\R ®FDCRQHV b

*HR UHIHUHQFH®WG IUDPHV

(&() b b DS HOMUHGH( D) UDP H b7 KVl UDP HhDQGHMWHDWRFIDMGHFDWMVIDCOFRRUECDWAD
A WP EDEBRZ BREGHVFUEHDQ. ESRIQADQGIMDOV RUP DWRQIRGHDW h\WFDQEHXVHERIGH LOHAKHD
$EVROW) LDP Hb'$) 128 iGH IQURQBAHIS EVROMW) UDP HAVBMHIGHWDIE UDP HIDWEFKHGHROMHD
SOHW

. *6 bbb ROb* HRGAMFDE\\VWP Db b7 Kbl UDP HoDQGEOMWBDWRFIDMGOSROUFRRUGICOWAD
VWP DZ \R GFDOH DQ. SRIQARQ ( DWW b

$8 bbO DWb  b7KIVHDQGHIWLDWRFDMEHSROUWFRRECDMOM MP bDIRZ biRo
GFDOHDQ SRQARQO DWW/ b

b

JUXH  * HR HHHHQFHGIWP HV (&() b
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QREHBRXVHDP RAFRP P RIFRQYHOMRQR BMHIURERWAVEFRP P XQWIZ WI=IXSZ DBV [Z Ho
GHIGHIDQEOUHFRP P HQGOWHIXVHOR BHOl RTRZ LQ) bFRQYHQMRQH RUFRRUEICDWMI IDP HVZ WD
JEEDOHHHFH

(18 bl DWHL RWMEB S b7 KIMFFRQYHMRGAVIXVHGOROVHKSIDEFDUAMDCH UDP HRQIDUBFDESOQH)
VBIQI HOMROWIHDHTSVRIG b, WFDQOEHOXVHEOWROGH IQHWHY* BEDGHUDIQ) WP Ho* 7) bDQGWHD
/ REDGHUDIQ) WP Ho / 7) b9 bGHIQWRQ bHb* GEDFHUDC) WP Holvb Do UH HHGFHOILDP HolGh

Z KIFK IV GHICHG D Z KR®! QDY) DWRQ P MRQ D ®QJ) WP SDW tb

YUXWH  / RFDOMUDIQIWP Ho

7KH/ REDGHUDIQ) WP Holb Do UH HHGFHol P HolQhZ KIEKDDUHGH IQHGO\WIHEFDOWDMFVRUEY b
* XUQ) DBADYHB/HT XHQFH BAMVALDP HAHP DIQWI] HEY IMBNHSOQHWEXWEHFRP HVHVHADRHD
AMRWR! bDOQHZ BADYHBVHT XHQFH b7 KHOUDWRQD®H RUNMIMVAVHMDMDAOADYHBVHT XHQFHAUHT XIUHMVDD
VWIMRCDY UHHUHQFH IWDP HIQZ KIEK VR P HDVXUH SRVMRQ DQG CDYLI DWRQP DSV b

/RFDO YWDPHYV
1 RZ Z H DGGUHW GFDAWP HV DWIFKHG R VRP H KDUEZ DUH FRP SRQHON th
5 RYHWRG ) WP Ho 5% b b7KIVbIMoWHoIUDP Ho DWRFIDWGH VR Db J LYHO VWIE B DQGH VDIHOW
UH HIHQFHOSRIQMRQOWHOURYHIBFKDVWAY b7 KHol LDP HoRU LGbIVOI I, HEHZ MOWHOURYHUBDQGEMWX\VD

P RYHVODVOWIHOURYHUWP RYHV b7 KIVbIVb DChLOQMUP HEDWI UDP HoVRoHDVHOBIQI WP HDVXUHP HOWb
ERE HHQ WH YDURXV SDW FROAMMW \WH URYHUID

$ VMY IGHOBXVHERQOHA IHTER b URXQG EDVHGEP RELBHRERWEY BMHI RGRZ LQJ FRQYHQWRGD
KDV EHHQ FKRVHQ |RUWH URYHUERG, ILDP H b

7KHo[ D[ IV b; B5 % b@VOWRZ DLEVHVKHDI URQMRI bHOURYHUBICH\WIHOQRP ICDBGILHFWRDRIb
WDYHOH
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7KH] O IV b=B5 % hDHVOYHWFDEDEXSZ DUBV HDQUSDUDBIBRINH] UDYMBYHARUZ KHOMHD
URYHULY RQ | OWKRU RQEOMUIDIQ

7KHA. D[ LV b< B5 % FRP SGMAVBMHRWRI RQDBUI KWKDQGHEWVHNDQGEZ LABOHMRNHBI W
Rl \WH WRYHUD

b
JUXH  COVMDIRQR WHSRYHURG ) DPH 5% ($' 6 $VMIXP ([ RO Db

5RYHU DY) WDP Ho51) by KMIVIWHA UDP HDWRADWMGHRKHIRYHUERG, B RUCDYL DARQ Y KHo

[UDP HIRW IQAVA [ HEZ. IMBKHAURYHURBFDWGIDWKHICRP 1QDEB OCHELY B/XUDFH FHQMUHGKQGHD
WH IRYHUWMLD 1Q SOFH LRIMRQ DO LV b

 CORGHHWRONHHSWHOVDP HOFRQYHQWRGLD@DEQ) BAMHIADQV RUP DWRQLFKDICH URP DOVHQURUMD
WH $ EVROW) WP H Z HKDYH FKRVHQ WH FRQYHOMRQ = XSZ DG : IRZ DG DQG < GIVE DG kb

&DP HWD) WP Hb &) bDQGh,P DIH) WDP Ho,) b b7 KHVHiDUHNHIFRP P RQA UDP HVEDAMIFKHGRDD
FDP HIDDQGAWIVHQURIBNDWDTRZ BROVHINHMP SGMASURVIPWRQP DAY, 17 KIBHHVSHAWD) Bid-b
FRP P RQFRQYHOMRGIRGIP DJ HIFRRUEICDWMV 7 KIVK UDP HoGH LQWRQIFDQHEHIH WIQGHGREP DQ b
NQG R VHQRY @HWMBHREHFK /,' $5 72) FDPHD HRF b

b

JUXH  GVWIMRQR WH&E&DP HID) WP H &) GIWDQG,PDIH WP H,) WKW
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b

7 KH FXUHQWVHWRI b UH HUHQFHO  LDP HVbP D\ bEHOFRP SGP HOMGHZ WMWhDGGMRCDBRGHVLZ KHQD
DSS@FDE®! HGHSHQGEQI FRQBMHIASHRI BLRYHUDQEHMHA LODBHRR BVHQVRWADQE DR MDRYVHGD
QD] LYHQHP SGP HQEMRQ b7 KHVHDGGMRD® UDP HVIVKDEBEHIQFOGHIMMHIP SBP HOAMRD
GHVFUSWRQ

ODWKHPDWLFDO &4RQYHQWDRQV DQG 1RWDWLRQV

7 KIVOVHPWRQOGHVEUEHVIOWHOP DINHP DANFDOFRQYHOURQUXVHEHREH, SUMWHIRMRQ BADQVDMRCD
DQG WDQVRWP DURQ [

: HDWXP HKHH BXDAZ H7 L@GRQDBVHIADOM RUP DIRQY i KHADQV RUP DARCHURP BLDP H b
ILDP HYAFRQYHWOMHFRRUBCDMR EDSRIQIS BH. SUMWHGEHQH BRAWHFRRECDWMMEH SUAMHGD
Q% : HSURSRVHWH IRGZ IQ) QREMRQ H

3B 7B % 3BAb

7UDQVIRUP DWRQVO FDQO EHb UHSUMVHQMGH HWIHUD E\ bDbWDQVIRUP bP DAL, b XMIQI bKRP RJHQHRX\D
FRRUECDWA bRUDL TXDMQRGh SGVODOWDQUDMRQ b+ LYHOWHOH SUAVMRGODERYH BWHUHOMIQRD
DP ELJ XMbIRW7BS  ¥hDVvhDOWDQVIRUP bP DAY, b7 KHUH RUH bZ HaZ IRQOGHEIOWHST XDMQRGD
FDWb

7B %b b 7BRBS b7BTBS % bZ KHUH7BRES bIVbWHORW IQHRIb$ blGh%hDQGH7BOBS  YblVb\MH-b
WDQVRWP TXDWMORQIWRP $ VR% 72 %( )857+(5"' (7$/(' b
5HIHUHQ FHYV

>@ SWWXP b ([RODYL 5RYHD 9HKIFGIb &RREDWHL 6\WWMP Vb 6 SHALIEDWRQ b
KW8 HP W WR HWDIOAHP W GRF $675.80/.0 ([RPDYBSRYHB&DPHIV (; 0 50 6<6

$68 BMO/BS RREICDM 6\ WP V 6 SHEWEDWRQ SGltb

>@L$6$b3/ b b0 DI [ SRUDARQS RYHUR RRUGICDWMS \ WP S HBIYDQWRGP DJ 1QJ HDQGh
5 RYHU 0 RIRQD &RXQMU b
KWBV \VFKRODUJRRIGIFRP \VFKROU FOMMU b

>® 70MRYb HWY Db b 9HQXW ([SUHWb +LIKDKWb Rb WH 1RP QDB 0 MRQ b
KWBV \VFKROUJRRIGIFRP \VFKROU FOMMU b

> @ OWPHHBHMD b 7KH5 RVHWEL0 MRQDL) OLQI b7 RZ DGEVHWH2 W ICHRIDWHG RDU
6\WP KWBV \FKRODUJRRI®IFRP VFKROU FOMMU b

> @ RWKQDHM® b 6FIHQMFD3 OQQQIbDQGH&RP P DQGEIQI bRIWHE RVHAMI3 D BDG b
KWBV \VFKRODUJRRIGIFRP \VFKROU FOMMU b

>®' IDb GHD 5IRb b 7WFHo * Dvb 2 EEMAD 7* 2 b 6 SDFHFUDW ) DP H\vb . HHO b

KWBV QDI IBCCDVDJRY SXE COIL ((; 20 $56 NHOHYINHP ~ BARBY Wb



https://scholar.google.com/scholar?cluster=11909632597052415878
https://naif.jpl.nasa.gov/pub/naif/EXOMARS2016/kernels/fk/em16_tgo_v01.tf
http://emits.sso.esa.int/emits-doc/ASTRIUMLIM/Exomars_Rover_Cameras/EXM-RM-SYS-ASU-00101_IssB_Coordinate-Systems-Specification.pdf
http://emits.sso.esa.int/emits-doc/ASTRIUMLIM/Exomars_Rover_Cameras/EXM-RM-SYS-ASU-00101_IssB_Coordinate-Systems-Specification.pdf
https://scholar.google.com/scholar?cluster=11909632597052415878
http://emits.sso.esa.int/emits-doc/ASTRIUMLIM/Exomars_Rover_Cameras/EXM-RM-SYS-ASU-00101_IssB_Coordinate-Systems-Specification.pdf
https://scholar.google.com/scholar?cluster=2440509023330886703
https://scholar.google.com/scholar?cluster=10780063107272110226
https://scholar.google.com/scholar?cluster=2440509023330886703
https://naif.jpl.nasa.gov/pub/naif/EXOMARS2016/kernels/fk/em16_tgo_v01.tf
https://scholar.google.com/scholar?cluster=11732370026057599015
https://scholar.google.com/scholar?cluster=11732370026057599015
https://scholar.google.com/scholar?cluster=10780063107272110226
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> @ -XWb 0 D\Lb b 06/b &RRGDM 6\VIMP\b IRW 6FIHFH ,QMKP HON b
KWV DO WY XVEHGX P VOP MBURZ VHUKHS3 DI HV 0 6/ BERRECOMS) DPHVBO DUB S

Gb

' HVLJ Q5 HTXIWHP HQMb

' VI UHTXIWUHP HOW Db SURYIGH® 1o WHo VSUDGVKHHW
QXWB  B$33(1', B5(48,5(0 (176 WDADFFRP SDQHV WLV GRFXP HOM

7HFKQIFDOL RMRQ' ) 1 DQG' ) 3& 6 SHFLIEDWRQ

6FRSH RI WKLV 1RWH

7KW DSSHQE[ VHW RXWD SURSRVHG WP SOWM IRUWH GHIQURQR ' DIBF) XMRQ1RGHV ' ) 1
DQG DQRIVHURGH |RUWH GHVFUSIRQ R WH YDURXY' D) XVIRQ 3 IRFHWIQJ & RP SRXQGV

') 3& RAMIHGIQ' MW DWD SUH [P SBP HOBMRQ GHVFUSUIRQ BIYHOWH BZ HAWBIYHO
EHRW FRGH @HV

'"HILQLWLRQV

' DW) XMRQ1RGHV ' )1 DQG' DW) XVIRQ3 WRFHWIQJ &RP SRXQGV ' ) 3& KDYH DOHDG
EHHQ GHIGHG 1Q VHHHJ DSSHQE[ * BWDY  +HWHZH JIYHVRP HP RIH G

Y 1b

$\RP IFIW- $' D) XMRQ1 RGH IV DQ D\RP IF SUIRFHWIQ) HQW 1Q WH VHQVH \KDWWXTQ D
VIQI B! JLYHQ EDVE IXQRURQ WA/ \KH VP DIMAEUEN IRUWH SXIBRVHR \WHE&' ) )  IOR Z KIFK

ZHEWDND P RHFRP SBf SIRFHWIQ) \BWN $ VD FRQFHSWDOBIYHOD' ) 1 1V FRP SBMWO
CHICHGE
" WSXSRWH
7KH DB WSHV R IW IQBXW/  DQG RXEXW/

QMUDFHV- 7 KH RQD FRQMRAQMUIDFHY H KIEMMGE\ D' ) 1 DUH FRQLIXUH DQG SUIRFHW H J
VHH 1B/ DVHY [GMY ) 1 SG

QMODCP DNHXS- $' ) 1 PD\ EHP DGHXS R VHYHIDO/P DABUIXGPURQY EXVIRHVH IXQRURQY
DQG WHURXEXWOSXWDUH RV SRVHG ) RUQWBGRH DQ,P DI H LQHE HIP HQW[ WDRRU ) 1 IV
P DGH XS R WH VHTXHQFH & RP SYX\M,P DIH* UDAHQA/7 KUAVKRG; P DIH: IDAHQN

&KDIQ7 KIWVKRTGHG* IDAHQN & KDIQ 1QHDLS$ SSUR] P DURQ EXVWKLY VHTXHQFH Z KIEK P D\
IQFOGH VRP H FROARY  UHP DIQV FRP SBMMOD IOMCDOR\KH' ) 1 DQG LV QR SRVHG


https://an.rsl.wustl.edu/msl/mslbrowser/helpPages/MSL_Coordinate_Frames_Mar5_2013.pdf
https://drive.google.com/drive/folders/0B2f4AImIv45fRUFkeldjdTVtSUE
https://naif.jpl.nasa.gov/pub/naif/EXOMARS2016/kernels/fk/em16_tgo_v01.tf
https://an.rsl.wustl.edu/msl/mslbrowser/helpPages/MSL_Coordinate_Frames_Mar5_2013.pdf
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)3 &

$ ') 3& D& D\ V.JHQHIDWY DWBDWIRQH GDUB SURGXPW, W DQ RU DQ] HG VHWD FRP SRXQG R
') 1V Z WK GHWMUP IQDW G DQG FROARAEGZ V FROMRGIG E\ \WH 2 UFKHMDRU WP D\
DEEMRQD® P DIQMIQ DQ IQMEDOEDE WIKPMUH XQGEHUKH UHVSROUEIDNV R WH' DV 3 URGXFW
0 DQDUHU

YJUXH  $VPSBIVFKHPDWEYHZ R ' ) 1VDQG' ) 3&V

YUXWH VKRZVKRZ ' ) 1VFDQEH SMRIHKHURIIRP ' ) 3&V R’ ) 3&VRQWLY ILJXUH
$ IHZ FRP P HQW
" $')3& D@D\VENIQSXWEDW\R RH RUP RIH GDWY SURGXFW
" 7KHFROWROFKHP HRI D' ) 3& IV QRWKDUG Z UG 1Q\WH VHQVH \KDVWKH VHTXHQFH R
') 1 FDQ@ FDQYDY GHSHQAQ) RQWH FRQOM WIQSXVEDIDP HMY/ R \WH' ) 3&
IOMP HADY BVXAVR ' ) 1V 7KH FROARAY P SBP HQMGE\ WH 2 UFKHVADRU
" 7TKHIQMIDFHVZIN 2 *  KDYHEHHQGHIQHGIQ'  DQG' EXVWKH DWRFDWMG
OV AKPUMUHY \WOIHHG \R EH GHIQHG
7KHIQMUDFHVZ MW 2 *  KDYH EHHQ GHIQHG 1Q \WH FRP SUVH \WH 3DFTXILHG GDWF 7KH
SRWIEGI DEAMRQDACSXW ,QUDO D DQG 0 RGHY WDCHHG \R EH GHIICHG  QRWM \WH
INQRZ BIGIH IQSXWDUH CRADQG Z IOCRWEH H STAWDQG DUH DPXD® [P STRM® FROVGHUHG 1O \WH
IP SBP HQIMRQR WH' ) 1V
$')3&PD WHRUIFD® EHP DGHXS R DMQIG!' ) 1 DIKRXIK Z H GRQWKDYH VXFK
D FDVH IQRXUDMR ' ) 3&V
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$ \DE®!I SIRYIGQ) D GHBIBIG YIHZ R DAIQMIDAHV DQGZRINGBZ EHEIHHQ2 *  2* 2*  FDQ
EH IRXQG 1Q$ SSHQA[

‘Y1 THPS®DWH

‘)1 THPSODWH (OHPHQWYV

7HP SOW HBP HQW 5HP DUV
* HQHUE GHVFUSURQ 1 RWP XFK\RVD. P XWEH SUAVHQW
L QBXW DQG2 XSXW CDW ' DM KHWH P HDQV ERW

$RAXDOCDW HJ ,PDIH EW
0 HUCDW HJ &DP HUD3 DUDP HWY 71P HMIDP S
$ ') 1 FDQQRWZ RUN Z MRXVWKIHVH COMD VAKRMUHY

,QSXWW 3 DUDP HWAY &DQEH SIRVIGHGE\
&RAUXIDIRQIIBI HJ 7KUHVKRG 61} HR SDWK
2 X8XWR DQRKHU )1 HJ . ) WHQWDD) DIRQ

( AP DMG SHURWP DQFHDQG | 7KLY VKRX@ EH UHSUAVHQIMG 1L SRME®H 1Q DQ DGHTXDM
FRW FRW\BHURUP DQFH VSDFH 7 KLY LQIRUP DUMRQ VKRX@ P DNH IVSRMEG
\R GHICH D SHURWP DQFH P HDVXUH DQG D FRWP HDVXUH IRUD
UHVXED] ' ) 3&

( [\MEDOIEWDY GHSHQGHQAHY | 6 WDLIKWRZ DG

" IDJ CRIF FDSDFMAY QFOGHV
( WRY Z DIQIVDWXQIP H HJ  XQH SHAMG GDBWSH
RXVWR UDQIH SDUDP HWU
/ R) FDSDEIOMAY HJ W FDWK UHVXGOV Z UWWQIQ D ®J 1131
2 X\@XWHSRW HJ Il WH [P DIH IV DOEDFN« *
) DXOV HMAIRQ DQG , GHQMEDMRQ LV \WH UHVSRQUELDV R WH' ) 1
+ RZ HYHUIW 5 HFRYHY  Z KHQ SRWME®GI IV P DGHDWKH' ) 3& GIYHO
DQG IV SDWR WH 2 UFKHVWDIRU

8 AV 7KLY P XWNEH SURYIGHG Z W WH FRGH DRQJ Z W \WH GOMIMWHVKVHG
|RUYDEDMRQ

7TRZDUGV D 7\SRORJ\ 7D[R®QRP\ RI ")1V

WP D\ EH QMM \R FDMIRU H' ) 1V IURP ERI D GHVRUSWIRQ GRFXP HQBMRQ SRIQAR
YIHZ DQGP RAW IURP DQIP SBP HQIMRQ SROM YIHZ  Y4HQI HQIMHO GHICHGE\ \WHUIQBXW
DQG RASXWEDM WSHY WH' ) 1 FDWMI RUVDMRQ QDD [QGXFHV D FDWI RIVDIRQ R GO
WSHV
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7KLY FDWJI RUJ DURQ LV \ VIR EH GRQH DQG Z L@IBDG \R DQ REMPRIHQAG P SBP HQIMRQ R
')1V

') 1 &KDUDFWU] DMRQ

$' )1 IVFKDUDRAMIY HGE
" $ GRARQDY R DW) XVIRQIP SBP HQBMRQY ' ), 1MW) WH' ) 1 CHIQURQ
" $ FRWBHURUP DQFH VSDFH UHSUAVHQEMRQ LI SRWIEG! R HDFK [P SBP HQBMRQ
HQDE@Q \WH XVH\R FKRRVH Z KIEK ' ), VR XVH
$ VHWR YDIEDURQ WMW  $ GGHG DIMULP SBP HQBMRQ

'), &KDUDFWU] DARGH

7 KHUH FDQ EH GLIHHQNP SBP HQBMRQV R \WWHVDP H' D) XMIRQ1 RGH HJ D9 IVXDCB RQW/
) HDWUH H WDRRU' ) 1 FDQEH [P SBP HQMG Z W + DUV ) HDWMUAVRUGS5) 7 KH GLIHIHQW

IP SBP HQEMRQY DUH FDBIG' D) XVIRQ,P SBP HQBMRQY ' ), DQG FKDUDPMUL H WH JLYHQ
)1

(DFK' ), IV FKDUDRMU} HG E\
" WIQSXWSDUDP HWAY

" WH WACDOIEWDY GHSHQGHQAHY
" W GDICRAF FDSDFMAV

)UXWH  ([DPSGIR DSRWME®I P SBP HQBMRQ/R D' ) 1

')3& '"HVFULSWLRQ@7HPSODWH
7KHVSHALIFEDWROQRI D' ) 3& IV VSONQR \WUHH P DIQ SDUW

b


https://www.draw.io/#G0Bz49B4IRnFaZWWdYOGdtbnA0cUk
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TKH' )

' DWW ) BZ GHVFUSIRQ WY IV D SXUHD IXQRPIRCDO GHVFUSWRQ R \WH HBP HOBUY
SURFHWHV \WH ' ) 1V WDWFRP SRVH D' ) 3& DQG WHUUHDMRQYY VHHQ RQ® IRP D
W IGZ SROMR YHZ 7KH JRDOR WY GHVFUSUIRQ IV W IGHQMA WH QMR UHTXWHG
') 1VWREX@GD' )3&

' DB 3 URGXPD DD HP HOWWKLY SDIWGHVRUEHY \WH VKDUHG GDVB EHE HHQWH' ) 1VIQ
WHJILYHQ' ) 3& DQGWWH IQMUIDFHY EHE HHQ \KLY GDVI DQG\KH YDURXY' ) 1V P HP RY
FDQY CDWD FURSSIQ) HWFk

7KH VHRIRQ HQGV Z M IXUIMHU FROVIGHUDIRQY DERXVKH ' DU 3 URGXPW) DQDIHP HQW
Z KIEK 1Q SDW¥EXOUFDQ KDQEBI GOW IQ EHEHHR' ) 3&V

&RQUROGHVFUSIIRQ D SXUH CDW IBZ GHVFUSUIRQ IV QRARSHIDMRGDO DQG 1Q SDMEXOU
GRHV QRAGHSIEWKH VHTXHQFH DQG ®JIE R D' ) 3& 7K1V VHAMRQ SIRSRVHV D Z D\ \R
GHSIPWKH FROWROBZ ZIWIQD' ) 3& REHUIQZKIFK ' ) 1V DUH FD®IG ' 30 DFFHW
\R VKDUHG GDIF A QFKURQEIW R \IP HADP SHG GDI HW  7KH FROIROIBZ  Z EH
DFKIHYHG B\ WH 2 UKHVAMDVRUIRUIP SBP HQBMRQ

'Y3& 'DWD )ORZ 'HWFULSWLRQ

3& W IGZ SRYIGHY D O\ RMDQG RGHIQI R \WH GLIHHQN ) 1V WEHIQHY
CBXW 2 X\BXWR \WH' ) 3&

L QBXW 2 X\8XW R HDFK ' ) 1

') 1 WSHVY XVHG

6 KDUHG GDWD EHEHHQ' ) 1V HYHQWRXJK GD\B SURGXPWP DCDI HP HQWY QRW
UHSUAVHQWG IWBURYIGHY GDWJ IRU' ) 1V DV IQBXW

) IQGEHBZ HDP SBIIRU/ ;' $5 3* 6/$0

) LJXWH /) $5 3* 6/$0b


https://www.draw.io/#G0Bz49B4IRnFaZZVlWZjRZZFNqd28
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,COMVOH DP S®! blDMICEXWIWDWDUHISURYIGHGOE\ B 30 bDQEORXVEXWOMDMDUHIQMHIMGACHMHD
' 30 DUHUHSUVHOMG ZIW D  DIWUWHUQDP Hb

')3& 'DWD 3URGXFW ODQDJHPHQW

7KH' DD 3 URGXAVD DQDIHP HOMR ' ) 3& VSHALLHV
" 7 KH VKDUHG GDVI ARKPUMUHV DP RQIVMIKH GLIHUHQW ) 1V
7 KH SUIRFHWIQ) XQW \KDWIXHY  DQG LQVHWAKRVH GDVD VAAKPXUHV
" 6 SHALLE P DQDUIQ) SIRFHWHV

I1RMWH' 30 ZIODORFRP SWH IQMU' ) 3& UHODMRQY KLV Z IQEH I XUKHUGHYHBSHG

6KDUHG' DVl 6 WKFWUHVD

7 KH VKDUHG DU VWIKRXUHV DUH D QMR GOV WSHY \WDWHHG \R EH DFFHWHG B\ ALIHUBHQW
")IVIQWHFRRXUWHRI D' ) 3& HHPAMRQ HJ 106/ $0 \WH P DS IV XSCOWG VHYHIDOIP HY DW
HDRK ALIHUHQAREVHYDIRQ WP HV B\ VXFFHWIYH' ) 1V

$V DQH DP SGI \WH VKDUHG CDIW \WIKPMUH IRU3RVH * IDSK /' $5 EDVHG6/ $0 Z RX@ EH \WH
0 DS \WDWRQEIQV QRW \WHVH Z LOIXWIKHUEH GHSIEWG XVIQ) GDB WSHV
3RH* WDSK / MR SRVHV DQG FROAMDIQN
| 3RH 4\ ] WWW FRRECDMR WHURYHU WP H 1QZ KIFK \KH
DUH GHIGHG
v &RREDM IGDNV
v ) WDPH WK GHIQQI \WH UHHWHQFH IWDP H
| &RQMDIQN 7 IDQVIRWP DIRQ DQG HURU
v 7DQVIRP DIRQ LRIMRQ DQG WDQVDMRQ REMIGHG E\ &3

SRIMRQ [ O DM
" 7IDQVDVRQ [ 9HPRU

v &ROMDIQNV

. H) WP HV / MR 3ROQEEBXGY DQG3RMHV
|  3RWH GHIQHGDERYH
| 3ROE®XG / MWR 3RQN
v 3ROV 4\ ] FRREQDW/R SRQN IQVSDFH
" &RRUECDM IGDNV

3WIRFHWMQJ 8 QW 4 XHUHWD

$ TXHUHULY D SURFHWWIQI XQUIKDWDFFHMVHVY \WH VIKDUHG GDMB ARKPMWUH DQG FURS IVIQ RBHUR
IHHG \WH W KWOBXWR DJILYHQ' ) 1 7KH DUHQRQJIHQHUE HDFK' ) 1 UHTXILK) D SDWFXDU
SDWR DWW DQG DUH GHIQHG B\ \WWHUIQSXW DQG RXABXW

b
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3 RFHWIQJ XQW IRU3RVH * WDSK/ ;' $5 EDVHG6/ $0 Z RX@ EH\WH IRBZ IQ) RGHV
/ RFDAD DS TXHUHU
| ,QBXW. H) WP HVDQG* WDSK
| 2 X\8XW RFDO DS 3RQE®XG
* UDSK 4 XHUIHU
|, QBXW3RVH WDSK
| 2 X\8XVBRVH: WDSK
7KHKIHDUK\ R TXHUHWY IRU3* /' $5 EDVHG6/$0 FDQEH VHHQIQWH IRBZ IQ) ILJXUH

YUXWH  +IHDFK R TXHIHY IRU3* /' $5 EDWHG6/$0 b

')3& &RQWURO )ORZDHVFULSWLRQ

7 KH RIFKHVWIDWRULY UHVSROME®! |RUWP SRUDAUD KWKCH HRXWRQRI D' ) 3& ( DRK' ) 1 4 XHUHU

FDQ EH FROVGHUHG DV D MQI B SURFHW WUHDG  DQG WH RUFKHVADVRURLI DQI] HY \KH H HEXURQ
R\WRH' )1

b
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7KH FROMRA®Z FDQ EH UHSUHVHQIMG DV DQS 0 / VHTXHQFH GDIWDP  ( ®P HQW DSSHDUQ) RQ
WY QDI WP IQFOXCH
2 EMPW DSSHDUQ) [Q\WH DD |BZ
' DB SURGXPWP DQDU HP HQAKQW TXHUHLY
7KH' ) 3& RIFKHVDRUIWHODLY UHSUHVHQIMG DV DQ REMPWHQAQ) I QDO \WH \WH
QUHHQW ) 1V
7KHDIP R WH VHTXHQFH GDIWDP 1V VR UHSUHVHQARH WP SRIDGFRXWH R WH H HFXWRQR! D
') 3& $QH DP SBIR VXFK VHTXHQFH GDI WP FDQEH IRXQGEHBZ IRUKH3* /' $5 EDVHG
6/$0

) UXWH 3* /' $5 EDWG6/$0 WHIXHGFH GDJWDP

QWY ADIWP WH \MP SRIDADVSHAAY YHWFDODQG P HWAWDIHYV FRUHVSRQAQ) W HYHQW
WJIHHGE WH RIFKHMADRU DUH UHSURVHOMG B\ \WH DURZ V

$ UFKIWF\WXWHRI WH* D 3 LIRGXFWO DQDJ HUWb
b

7KLY VHARQ GHBIY \WH G-MIQR \WH' 30 DBQJ WH IRTRZ LQJ \WIKFMUH
QURGXPIRQ JHQHIDAFRGFHWQY GHIQURQR! WH' 30


https://www.draw.io/#G0Bz49B4IRnFaZdFBKNlJLR1h0VzA
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8 VH FDVHV \WH QAR VWDURQY IQZ KIEK \WH' 30 IVDWBD\ 7KLY Z LOKHS \R VSHAL
\KH CDVY \WDVWKDYH \R EH VWRUHG DQG P DQDUHGE\ \WH' 30 DV Z HODV \WH DWRADWG
SURFHWHV

/ MR IXQPURQV R EH HQUXUHGE\ ' 30 W&/ D\ QKHVY P DGHE\ DQDOMQJ \WH
YDURXV XVH FDVHV

P SOP HQBMRQ \KLY 1V \WH GHBIBIG GAMIQR! \WH WKPMUH R \WH' 30 DQG\WH
DWRFIDWG I XQRIRQY

 QWURGXFWLRQ

*HQHUDO FIRQFHUQV

7KH IQWRGXAIRQ R WH ' DV 3 URGXPW0 DQDUHU ' 30 ZIWIQWH ,Q XVH &' )) FRP HV ILRP

\WH |

R®Z Q) IDFV

7KH &' )) FRP SUMHV YDURXV GFDO DIRQ ' ) 3&V WDWHAWIP DM \WH URERASRVH 1Q
YDURXV UHHUHQFH 1UDP HV DQG DWYDURXV IBHTXHQAHY $ FRUH IXQRIRQ R WHE&' )) IV
\WH DEIOV R IXVH WHVH HP DMV \R HKDQFH WH SUHFMRQ R \WH URERWSRVH
HAP DM WLV IV KDQGBIGE\ WH' 30

7KHWH DUH QXP HUIRXV FOHQNV R \WH URERWSRVH GDWD SIRGXFW2 *  (5* 2 IWDQG
DORVRPH' ) 3&VR WHE&' )) HJ WHRQHV \WDVEXIG \MUDIQP RGHY' 7 KHVH FGHQN
VKRX@ KDYH D XQUHG DFFHW R \KH URERWSRVH HIP DM Z KDIMYHUWH VHBIPIRQ DQG
FRULXUDMRQ R \WH GFDODIRY ' ) 3&V MY GHVILDE®! R KDYH D VIQ) ®f LOMUDFH IRU
\WHVH FOHQW \R DFFHW WH URERVSRVH 7KH' 30 SURVIGHV WLV IQMUDFH

6P LOW \KHUH DUH QXP HIRXV FOHON R \WH \MUDIQ P RGHODW SIRGXFW 2+ ( UR
IIWDQG DOR VRP H BFDDVDIRY ' ) 3&V \WDAH SBIMDQ HQYMURGP HONP RGHOWH' 30

IV WH IQMIDFH WURXJK ZKIEK WH HOMRQP HQNVP RGHY DUH DFFHWHG B\ WH
SURFHWHV \KDWHHG \WHP

/ INH URERWSRVH HWIP DMV - HQYILRQP HOMP RGHY FDQ HYROH RYHUWP H Z KHQ SDW
SRVH HVIP DWV KDYH EHHQ WHICHG IRUIQABGRH  DQG WHUH P D\ EH GHSHQGHQAHY
EHEHHQ WH YDURXV P RGHY' D UHTXHWAR WH ' LJMBIO7 HUDIQ 0 DS FDQ EH P DGH \R
EXIG D 1 DYLJDMRQ 0 DS XSRQ D' LJMIO7 HUDIQ 0 DS IRUIQABGFH  \WWHUH IV D QHHG R
P DIQEIQ \WH FROMMGA R WH EXIOHQYLRGP HQAP RGHY' Z KIEK 1V DQ DEGMRCDOR®I
RWH' 30

Q PREI® URERIPV WHWH DU WIRQ IQMEHSHOGHAHY EHEZHHQ \WH GFDDDIRQ DQG
QDY) DIRQ SURFHWHY  DQG IMKDV EHHQ HDU® UHANRQHG \WDWIKHVH \BZR I XQPIRCDQINA DUH \ZR
IDFHW R \WH \DPH SWREGP \WDWP XWEH EH VROHG FROEXUWHO® KV GDGY \R WH
GHYHBSPHON R 6/$0 DSSURDFKHV  +RZHYHU 6/$0 DSSIRDFKHV PRAW® FROUGHU
HQYILRQP HQWP RGHY GHAFDIMG \R GFDO/DIRQ  Z KHHDV RKHU HQYILRQP HOW P RGHY DA
UHTXWWHG IRUWH DXRQRP\ R P REI®I UIRERW IQ\WH ,Q XVHFDVH \WH' 70 DQG\WH 1 DYLIDIRQ
0DS ) XUWKHWP RH GFDI/DIRQ HWP DMV FDQ EH SURGXFHG XVIQ) GHAFDWMG HQYILRGP HQW
P RGHY WDWDUH QRABIRGXFHG E\ D6/ $0 VROMRQ IQ\WH ,Q XVH FDVH $ EVROW / RFDD/DIRQ

b
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XVIQJ \WH 2 UEMUOO DS IRUIQABGFH  7KH ' 30 H STAW \WHVH UHDWRYY ) UXH  \KRZV
WHVH UHDMRQY EHEHHQ \WH \ZR NQGV R GDWU SURGXFW EXIOZ MMIQWH &' ) ) DQG \WH IRXU
IRBZ Q) NQGVR ' ) 3&V
" | REDODIRQ ' ) 3&V ZKIEK SURGXFH SRVMRQ HWIP DMV Z MKRXWUHVRMO) R DQ
HOQVILRQP HQWP RGHY 7KHWH' ) 3&V DU
| KHH GRP HWI
| 9LVXD GRP HW
|  3ROM®XGO RGHOEDVHG/ RFDD DIRQ
6/$0 /RADODIRY ' ) 3&V ZKIFK SURGXFH ERK SRVMRQ HIP DWV DQG GHAFDMG
HOQVILRQP HQWP RGHY 7KHWH' ) 3&V DUH
| 9LVXD3®B/ $0
| /ICDU3RWH* UDSK / RFEDOIVDIRQ
Z KIEK UAVSHRYHO SURGXFHV WH 9 VXDAD DS DQG\WH / IGDUO DS
0 DS EDVHG / RFEDOVDIRY' ) 3&V Z KIFK SURGXFHV SRVMRQY HAP DMV RQ \WH EDWY R
H M HOVILRGP HQWP RGHY 7KHVH' ) 3&V DA
| $EVROWM/ RFDOVDURQ
| 91VXDOD DS EDVHG/ RFDOIVDIRQ
| /ICDUO DS EDVHG/ RFDD DURQ
Z KIEK UAVSHRYHO H SGIW WH 2 UEMIOD DS \WH 9 LVXDAD DS DQG\WH / LGDUO DS
( QVILRQP HONO RGH@Y ' ) 3&V ZKIFK H SBW WH URERWSRVMRQ HIP DMV DQG
SURGXFHV HQYILRQP HQWP RGHY 7KHWH' ) 3&V DA
| ' 70 EXQQ
| 1 DYLJDIRQO DS EXI@IQ)

YUXH 5 HOMRQY EHEHHQWH YDURXVNQGVR ' ) 3&VDQG\WH' 30


https://www.draw.io/?scale=2#G1O7-LiI0sXeDPWJKo2vr5zPhKJbo5Cv8F
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'"HILQLWLRQ Rl WKH '30

7KH BRI R WH ' 30 IV \R KDQGEBI WH VHORIRQ \WKPXUQ) DQG VRIJH R DOWH CDW
SURFHWHG RU SIRGXFHG B\ WH &' )) \WDWP D\ EH BHXVHG HWHU IQMED® E\ ,Q XWH
SURFHWHV RUNR VDWA\ 2* (5% 2 UHTXHW $CAMRQD® MY \WH LOMIDFH \WURXIK Z KIFK
URERW H SRVH DQG UHWIHYH WH &' ) ) CDWB SURGXFW 1Q P XGMIRERMFHQDURY  DQG DOR \WH
LQMUIDFH WWURXJK Z KIFK J URXQG RSHUDRY FDQ DFFHW WH &' ) ) DI SIRGXFW

7KH' 30 FDQ EH VHHQ D URERWFV GHAFDWMG * HRIWDSKIE ,QRP DIRQ 6\VIMP  * 6 : LK
UHVSHAMR \WH DRIYDWIG ' ) 1V DQG ' ) 3&V IQ \WH &' )) WH ' 30 SURFHWHV WH QDB
IQHWRQ UWHTXHW ,QMID® WP DQDUHV DOWH VSDIDO UHDWG GDW E\ P SBP HQMY
IOHMRQ GHBMRQ RUXSCEDM IXQAMRQY DIP 1Q) DAVDWA\ Q) IX\MUH QHHGY IRUGD SUIRGXFW
DQG WRUDI H FROMDIQN
'30 XVH FDVHV

7KY VHAIRQ GHSIEW \WH FDVHV 1Q ZKIFK WH ' 30 IV IQYROHG 1Q \WH YDURXY VFHDURY
GHSIEMG 1Q 7HKQEDO 7WDCH 2 1V $QDOMY  ( DFK XVH FDVH IV ILWANVTXDOQEAMYHD
SUVHOMG \WH IQYROHG ' ) 3&V DQG WHUUHDMRQ \R WH ' 30 DUH QAMG DQG \WH UHTXIWHG
' 30 IXQRIRQY DQGWH CDW R WRUH P DCDIHZ MIQWH' 30 DUH WHQ QANMG : KHQ QHHGHG
D SIFWMUH UHSUHVHQIY) WH GDVB VKFUMUHV DQG IXQRIRQY DWSD\ 1V SURYIGHG

, QWHJUDWH HVWLPDWLRQ RI SDVW $S3RVHY DQG PRWLR

&DWH  IXVIRQR! Z KHHDQG YIVXDORGRP HUHY

" HVAUSMRQ 9VXDORGRP HW 92  SURFHWHV \BZR VAMUHRVFRSIE |WDP HV DFTXIWHG DW
WP HY WDQG W 0W DQG HVIP DV \WH P RIRQ 0 320w ZKIEK IV P DGH DYDIDE®! DW
W GW / W ZKHH / WY \KH YIVXDORGRP HW - SURFHWIQI P H 0 HDQZ KIBH \WH URERWY
FRQIQXRXAMO PRYIQ) DQG KUIKHUIWHTXHQR P RIRQ HWIP DMV DUH SURYIGHG B\ \KH
ZKHHORGRPHW : 2 $WKHWPH W OW / VR WH SURGXPURQR \WH92 HWP DM \WH
92 DQG: 2 HWP DWV 0 3w DG 0 iy waw DUH IXVHG DQG WKLY SDVWAQIRIP DIRQ KDV
R EH SURSDIDIMG XS \R \WH SUHVHQAP H B\ UH IQMI DI \WH : 2 P RURQ HIP DRV
SURVIGHG EHEZHHQ W 0\WDQG W / W
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) UXWH ,QMUDFHV Z W WH' 30 IRUWH IXVRQRI Z KHHIDQG YIVXDARGRP HAlHVD

YLUIXWH ) XMRQR! I R IQGHSHQGHQAP RWRQ HWP DARQ SURFHWHY : KHHCR GRP HW b
DQG 9VXDCR GRP HAY 1)
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%HFDXVHORIFRP SXWQJ BAP H 192 FDQIRQDBAVWP DIMOMHP RARQUERE HHb VDQGOW 0 VIDWDD
OWUBP HOW W / WDQEANIMP RURGHHNP DIMIVEXVHGEY. IMWBNHDWRFIDMGP RIRGHVUP DWIGH
E\b 2 EDWAP HbW OW /W /W (2 QFHIXVHEY IBMH 2 BHVNP DIMRIBMHDVOP HP RARQ BMHD

H SRUMGHSRVHD ICQHUHG HVIXSCDWGKE) FFRP SRVIQI BKHIQHZ OHHVNP DIMGSRVMRIIDASDAKAP Ho
W 0WDQG WH P RURQV P HDVXUHG B\ RGRP HWI VIGFH WHQ

QMROHG' ) 3&V 9IVXDO2 GRP HW DQG: KHHO2 GRP HW VHYH WH' 30 Z W P RUIRQ
HAP DMV P RUH JHQHD® DQ @FDODIRQ ' 3) & \KDWSURGXFHV D P RIRQ HWIP DM
EHE HHQ R SRMRQY
" ' DBRWRWH P DQDIHIQUGHWH' 30
| +DMRY R P RIRQHP DMV SIRGXFHG B\ \WH IQGHSHQGHQW ) 3&V
" 5 HTXWHG IXQRIRQY
| 6\RUHWHKMRY R SRVHV R IQEHSHQGHAXQ W GFKURQ] HG HVIP DIRWY
| ) XMRQR! &R IQGHSHQGHQNP RIRQ HAIP DMV
| 5 HFRP SXMRQR FXUHOABRVH DIMUWH IXVIRQ RN SDVWP RIRQ HAP DV

&DH  $EVROW @FDJ DIRQ
"' HVAUSURQ DQ DEVROW SRVIMRQ HWIP DWW IV SURGXFHG ,WD@Z V \R UH VAP DWM \KH
ZKRGI WDWRRY P DGH VIQFH \WH OWWDEVROWM SRVMRQ KDV EHHQ SURGXFHG \KLV
IXQRMRQ LV P DIQD OXQFKHG DWIKH HQG R D P MIRQ \R EXI@ D 7RWCE RYHU' W VHH
IR®Z Q] XVH FDVH
QROHG ' ) 3&V $EVROWM / RFDOVDMRQ Z KIFK VHYHV \WH' 30 Z W SRVH HIP DWWV
VP IOW® DOR 9IMRQ 0 DS EDVHG / RFD(Q DIRQ / LGDUO DS EDVHG / RFDIVDIRQ VHYH
WH' 30 Z LW SRVH HIP DMV 1Q \KH DWRFIDWG UHHUHQFH IWDP HV
' DP\RWRH P DQDUH
| $ KMRY R \WH SRVHV WDWFDQ EH UHYIVHG DIMU DQ DEVROWW GFDIVDIRQ
HP DIRQ
" 5 HTXIWHG IXQRURQY
| ) XVH WH DEVROMWM SRVH VAP D\ Z MK WH FXUHQASRVH HIP DM
| 5HHAP DMWHKMRY R SRV

1 RM WDWKH \ R RKHUP DS EDVHG GFDO/DMRQ' ) 3&V 9IMRQ 0 DS EDVHG / RFDIVDMIRQ DQG
/ 1GDU0 DS EDVHG GFDODMRQ IQMDANZ W \WWH' 30 1Q D VWIRW® P IOUP DQCHU

'70 EXLOGLQJ
&DWH 5 RYHUO DS DQG) XVH 5 RYHUO DS EXIQIQ)

' HVFUSURQ \KLY 1V \WH CRP IQDORSHIDMRQ R \WH ' 70 9XI@IQ) ' ) 3& 3ROM.EXCV
SURGXFHG HWHUE\ AMUHRYIMRQ RUD / ICDUDUWH IXVHGIQR D' 70 \AWKPMUH 7KH 5 RYHU
0DS' 70 IV H SUHWHG IQWH 5 RYHU) UDP H DVWKH WP H Rl WH 3 RQ/A& BXG SURGXPIRQ
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\WH ) XVHG 5 RYHUO DS IV H SUWWHG 1Q D GHAFDWG IWDP H P RWMINHO FRUHVSRQAQ]
\R\KH [WDP H DVWKH P H RI \WH [LUAMB RIOAE BRXG SURGXRRY'

" QWROHG' ) 3&V
| 70 EXQ@Q IV D FOHOMR \WH ' 30 R REWIQ WH SRVH DWRADWG R \WH
IGFRP 1QJ 3 RO BXGV
| ' 70 EXQ@Q) VHYHVWH' 30 Z LK IW SIRGXFW
"' DB\RWRH P DQDIH
|  +DMRY R SRVHV DARADWG \R 3 ROA&@XGV DFTXMURQY VRP H SROQAFBXGY
DFTXMMRQY DUH P DGH Z MRXD SRVH FRP SXWIMRQ DWRAIDWG \R\MHP HJ 1
WH FDVH R VAHQME DUD GFDOQ DIRQ : H QHHG \R P D\H VXUH WDWZ H DUH
DE®! WX UWHYH D SRVH HDFK WP H DQ REVHYDMRQ LV SHURWP HG
" 5 HTXIUHG IXQRURQY  SUHUHT XV
| HOYHUWH SRVH DWRFIDMG \R D 3 RQAL BXG DFTXIMURQ
| 6\RUHWH SURGXFHG' 70 V

) UXWH S5SROIRIWH' 30 ZIW UHVSHFWRWH' 70 9XI@IQ] ' ) 3&b

&DWH  7RBCS RYHUO DS EXI@IQ]

" HVFUSUIRQ WLV IV RCH R WH VHIYIEH SIRYIGHG B\ WH ' 70 9%X@IQ) ' ) 3& ZKIFK
FROWW 1Q EXT@Q] D' 70 WDWQM DMV D OUH VMR 3RQARBXGY WSIEDD \R
SUHSDUH D * HMQJ %OFN VFHQDUR  : KIB! WH \WH 7 RBO5 RYHUO DS EXI@TIQ) FRX@ EH
GRQH 1Q @H DV 3 RO BXGV DUH SURGXFHG \WH EHQHIW RN EXITIQI D 7 RIBCS RYHUO DS
FRP HV DIWUWH HP DM R DQ DEVROWM SRVH RUD @RS FEBMQJ HYHQAGHWRMGE\ D
6/$0 ' )3& RUD P DS EDVHG SRVMRQ HWIP DWW SURGXFHG E\ RQH R \WH 0 DS EDVHG


https://www.draw.io/?scale=2#G1PSf6lzMy81XsX2GIt3KhJeiDZhsVXho7
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/ RFDDDIRY ' ) 3&V  ZKIEK Z 1O\ IHG WH SUIRGXAIRQ R D VSDID® P RUH FROUMMQN/
' 70
QROHG' )3&V ' 70 YX@Q) ZKIFK IV D FBHQAR WH' 30 R UAUHYH \WH SRVHV
DWRADWG \R HDFK 3 ROA& BXG DFTXIVMIRQ
' DB\RWRWMH P DQDIH
| \WH3RQN&B®XGV RU P RWMNHD \WH DWRFADWG 5 RYHUO DSV DFTXIUHG GXUQ)
D JLYHQWP H SHIRG
" 5 HTXWHG IXQRIRQY
| ' HYHUWH SRVH DWRADWG \R D VHUHV R 3 ROA& @XG DFTXMURQY

) LUXUWH SREIRI WH' 30 Z M UHVSHAWR WH $ EVRGW/ RFDOQ DWRQ' ) 3& ZKHQIW
SURGXFHV WH 7 RWlCs RYHUO DSb

([SORLWDWLRQ RI HQYLURQPHQW PR&®HOV SURGXFHG

&DWH  GFDD DIRQZ WK UVSHPWR GFDD DIRQ P DSV
" HVAUSWRQ D WRYHUSRWH IV HlP DIMG UHDMYHO \R D GFDOVDIRQ P DS Z KIFK FDQ
HWWHUEH
| 7KH 9VXDOODS SWIRGXFFHG B\ WH 9LMVXDO6/$0 ' )3& IRUWH 9WVXDO
0 DS EDVHG/ RFDDDIRY' ) 3&
| 7KH/IGDUODS SWRGXKFHG B\ WH /IGDU6/$0 ' )3& IRUWH / IGDUEDVHG
/ RFDDDIRY' ) 3&
" QROHG' ) 3&V
| 7KH' ) 3&V \KDAEXIG P DSV VHUYH WH ' 30 ZIW WHVH P DSV 91VXDO5/ $0
DQG/ lGDUG/ $0


https://www.draw.io/?scale=2#G1CH3XhXH_x4uFh7EEIXUKGDIYuiZg9d-k
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| 7KH' ) 3& WDWHMIP D\W SRVHV Z W UHVSHPWIR P DSV DUH FBHQV R \WWH ' 30
Z KIEK SURYIGHV WHP  DFFHW R \IWH UHTXIUHG P DSV
' DB\RVRW P DQDUH
| 7KH@FDO/DWRQP DSV 9 lVXDAD DS / IGDUO DS
5 HTXIWHG IXQPIRQY
| 3WRYIGH \WH ARUHG BFDD/DIRQP DSV RUD VXESDWR W
| ,QMIDM \WH SRVMRQ HWP DMV SIRYIGHG B\ WH 0 DS EDVHG / RFDD/DIRQ
') 3&V

YUXWH S5REIRIWH' 30 Z W WHSHWRWHO DS ¥%DVHG/ RFDO DWRQ' ) 3&\Wo

&DH  $EVROW GFDOVDIRQ
" HVAUISWRQ WH $EVROWM / RFDODIRQ ' )3& WHTXWH D ' 70 SRWE® ZIW
DWRADWNG GP IQDGFH IQRP DIRQ \R DWHW P DWKHV Z W \WH 2 UEMIOO0 DS 0 RW
RWQWL' 70 IVDIXVHGRQH DVD' 70 EXIGVURP D VIQI®I 3 RQA.@XG DFTXIMURQ
GRHV CRWRYHUD VXUDFH O H HQRXIK \R EH P DWKHG Z W \KH 2 MDD DS
QROHG' ) 3&V
| \WH $EVROW / RFDODMRYQ ' ) 3& IV D FIHQAR WH' 30  \R UAMHYH D' 70
DQG\R UAMHYH D VXESDWAR \WH 2 EEMDCD DS
|  7KH $EVROW / RFDDDMRY ' ) 3& VHYHV \WH ' 30 Z1W DQ DEVROWM SR
HP DM
' DB\RVWRWH P DQDUH
| 7KH' 70
5 HTXIUHG I XQPURQY
| 3URVIGHD' 70
|, QMIUDM WH SRMRQ HIP DM SUIRYIGHG B\ WH $ EVROWM / RFEDDDIRY' ) 3&


https://www.draw.io/?scale=2#G1h3dJjy7KjDQ19_DHio3ma1Oa1ohmfHO8
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JUXH 5RBIRWH' 30 Z MW UHVSHAWR WH $EVROW/ RFDO DWRQ' ) 3&b

1 RW \WHVH \ER FDVHV DUH YHY VP LOU Z MK WH VO KWGLIHHQFH WDWIKH ' 30 VHUYHV \WH
$EVROWM / RFDO DIRQ' ) 3& ZIW \WH ' 70  ZKHWDV \WH \BR RKHUO DS EDVHG / RFDOVDURQ
') 3&VH SBWIDZ COW

6FLHQFH WDUJHW ORFDOLVDWLRQ

' HVRUSWIRQ D VAHQME \BU HALY GHWIPWG 1Q DQ 1P DIH E\ D SURFHW \WDWY QRVZ IKIQ
WH,Q XVH&' ))  7KH GAMAIRQ FRUMVSRQGY \R DQ DUHD P RAMONHD UHRBIQIXOU 1Q
\WH P DIH W GFDODIRQIQ ' P XWEH SIRYIGHGE\ WH' 30 7KLV FDQEH GRCH
| B\ DWRADIY D ERXQAQ) ER 1Q D P HP RUl HG SROMEXG WDWKDV EHHQ
DFTXIWHG DWVD SRMRQ FBVH RU IDKHU HTXDO \R \WH [P DIH DFTXMMRQ
SRVMRQ
| DEMODWHO E\ UHSURWP \WH P DIH DUHD IQ\WH ' 70 FRUMVSRQAQ \R \WH
DUHD 1Q Z KIFK \KH \BLI HWKDV EHHQ GHWRWNG

7KH UAWMEHG SRMRQ IV D ' ERXQAQ] ER| ®FDOHG 1Q \WH WHHMHQFH 1WDP H
DWRFADWIG R \KH [P DI H DFTXMURQ
,QROHG' ) 3&V
| 6FHQFH 7 DU HW RFDD/DIRQ
"' DB\RWRH P DQDIH
| 3RON&BXG DU DWRFADMG \R WH 1P DIH RQ ZKIFK \WH VAHQRH \BUHW
GHWRPMRQ LV DSSTHG
|  $AMCDIHO ' 70 FRYHUQ) WH DUWD R \WH P DIH RQZ KIFK WH VAHQFH U HW
GHWRIRQ LY DSSTHG
5 HTXILHG IXQPIRQY
| 5 HUHYH \WH 3 RO @XG GOWRUWH' 70 DWRFDWMG \R \H DUD R \WH [P DIH
RQZ KIFK \WH VAIHQFH VB HWGEHMAIRQ LV DSSTHG


https://www.draw.io/?scale=2#G1-BWzogbuo2sjEOITObmg5CqMnjCz5iEy
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1RM R EH DSSGDE®! \WH 6 AIHQFH 7DUJHW RFDODMRQ ' ) 3& UHTXILHV WDW ' DWW DUH
DFTXIUHG DBQJ Z W WH [P DI H WDWY SURFHVWHG Wi GHWMWRVYRH VALHCHH L) HW

OXOWL URERW XVH FDVHV

,Q P XQURERWVHXSY WRERW P D\ EHCHIWRQH IURP HDFK RWHU IRU ERW GFDOIVDURQ DQG
HOVILRGP HQAP RGH@Q) SXISRVHV

&DH  IQMIRERNBFDOI/DURQ

' HVFUSUIRQ 2 QH LRERWS SHUFHLYHV DQG @FD@ HV D URERW Z MY UHVSHPVR W FXUHOW
SRVH 7KLY UHDMYH GFDQ DURQ LRI DIRQ IV XVHG W UHILGH ERW URERW SRVMRQ
QROHG' ) 3&V
| 3RON&BXG 0 RGHOEDVHG GFDODMRY ZKIEK HAP DMV \KH UHDMYH URERW/
SRVMRQ
" ' DBWWRWH P DQDIH
|  7KHKMRY R ERK URERW SRVHV
5 HTXIUHG I XQPURQY
| 5HHAMP DM WHKMRY R WH URERMISRVHV

&DWH  RH URERWH SBIW HQYLLRGP HOAP RGHY SURGXFHG B\ DQ RWHURCH IRUGFDD DIRQ
SXISRVHV

7KLY FDVH IV YHY VP LOUWR \KH *@FDQ DIRQ Z W UAVSHRWR GFDQ DURQ P DSV FDVH Z W \KH
VRO GLIHHQRH \WDVWKH P DSV XVHG DUH SURYIGHG B\ DQRWHUURERW

' HVFUSUIRQ 2 QH URERW H SBVWKH / RFDDV/DMRQ 0 DS SURGXFHG B\ DQ RWHUURERWIR
GFDQ H IWHD
QROHG' ) 3&V
| 0 DS EDVHG IRERWBFDO/DIRQ
| 7KH')3& WDVHWP DM SRVHV ZIW UVSHRWR P DSV 9 VXDOO DS EDVHG
/ RFEDOIVDMRQ DQG/ IGDUEDVHG/ RFDQ DIRQ R RQH IRERWDUH FBHOW R \WH' 30
R \WH RWHUURERWZ KIEK SURYIGHV \KHP  DFFHW \R \WH UHTXILHG P DSV
' DB\RWRWH P DQDIH
| 7KH@FDO/DWRQP DSV 9 VXDAD DS / IGDUO DS
5 HTXIWHG I XQPURQY
| ) RUWH URERASIRYIGQ) \WH GFDD DURQ P DS SWRYIGH \WH ARUHG GFDO/DURQ
PDS RUDVXESDWR W
| ) RUWH UIRERAH SGMD \WH GFDDVDIRQ P DS, QI DM WH SRVMRQ HWIP DMV
SWRYIGHGE\ \WH 0 DS EDVHG/ RFEDODIRY' ) 3&V
&DWH  RQH URERAWH SBIW HQVILRQP HOMP RGHY SURGXFHG B\ DQ RWHURGH IRUCDYLI DURQ
SXIBRVHV
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" HVRUSUIRQ \R SOQ DQ MZHIDY \RZ DBV D JRDOIQ DQ XGP DSSHG DUD RQH IRERW
TXHUHV \WH RKHURGH Z MK \WH 1 DYLI DIRQO DS RQD JLYHQ DUHD
QMROHG' ) 3& QRCH
" DBWWRWH P DQDIH
| 7KHQDYLIDUWRQP DS
" 5 HTXWHG IXQRIRQY
| $WHW Z KHWHUD QDYLI DARQP DS LV DYDIDE®! RQ\WH UHTXHWMG DUHD GHIYHUIW

1RM WV XVH FDVH IV WKW DWRADNMG \R WH MZHDY SOQQQ) IXQRIRDON KLY
IXCPURQDDN VKRX@ \ABW Z KIFK XQNCRZ Q DUHDV DUH \R EH FIRAWHG VR \KDWKH ' 30 FDQEH
TXHUHG \WWH DWRFDWG SDW R \KH QDYLI DIRQP DS

6HUYH WKH RSHUDWRUYV

" HVRUSWIRQ 7KH' 30 EHQJ IQ FKDUH R P HP RUJ 1Q) DQG AWKFWUH \WH ' ) 3& CDW
SURGXFW DQG D VHBRMRQ R \WH DFTXILHG WDZ GDW WY \KH FRP SRGHQMKDALY [Q
FKDUH R GHIYHUQ) WH GD UHTXHWAMG B\ \WH RSHDRY HJ DWMKH HQG R D
WDYHYH P MRQ
QROHG' ) 3&V 1RH
' DB\RWRWH P DQDIH

| 7KHKMRY R \KH URERWBRVHV

| $ VHBPMRQR WH UDZ H \MRFHS\WH GDVD DFTXIHG B\ \KH URYHU

| 7KHEXOWHQVLRQP HOWP RGHY
5 HTXILHG I XQPRQY

| ' HOYHUSRHV DZ GDW RUSDW R HOYURGP HQAP RGHY FRUMVSRQAQ) W

HAKMHUD WP H IQRMYDCRUD VSDUDCDUHD

6\QWKHVLV '30 IXQFEWLRQDOLWLHYV

'30 VHUYOLFHYV

7KH FRUM VHYIEHV\WWH 30 IV RIHUQ) DUH WH IRGZ 1Q)
3 IRGXFH DWKLIK IUHTXHQR D FRQIQXRXY SRVMRQ HIP DM H SUIHWHGIQDQ. VSHALLHG
IWDP H
, QA UDW \WH BFDQ/DVRQ HIP DMV SURGXFHG B\ DOWH GFDQ DIRQ' ) 3&V
$ WRFIDM D SRVMRQ HIlP DWW VR DQ. H \MIRFHSWYH UDZ DWW [P DIH SRQWFEXG RU
GHUYHG SURGXPWSRIQFEXG REIGHG ILRP WMUHRYIMRQ  H SUWHGIQDQ. VSHALLHG
UHHUHQFH IWDP H
BHYHERKWH?2* ( URDQG&' )) SURFHWHV Z W HQYLLRGP HOWP RGHY
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6WRUHG DQG PDIQDJIJHG GDWD

7KH GDIB WRUHG DQG P DQDUHGE\ \WH' 30 DUH\WH IRTRZ LY

" +DMRY R RYHUSRVHV

| $ WKRWAMP KMRY R P RIRQ P DMV SURGXFHG B\ WH : KHHO2 GRP HW
DQG 9 IVXDO2 GRP HW ' ) 3&V 7KLY IV UHTXILHG \R IXVH WH P RIRQ HVIP DMV R
WHVH ' ) 3&V DQG \WH SRVH HIP DMV SUIRGXFHG B\ DQ. RKHU GFDD/DIRQ
')3& ERW 6/$0 DQG 0 DS EDVHG / RFDOVDIRQ ' ) 3&V DQG W SURSDI DM
\WH IXVHG [QRUP DURQ XS \R \WH FXUWHOAP H

| $ QY WP KMRY R WH SRVHV DWRADWG \R 3 ROAL BXG DFTXMURQY 7KLY
IV UHTXWHG \R XSCDM WH ' 70 DQG 1 DYLJDURQ 0 DSV DIMUWH UHYMRQ R WH
SDWSRVHV DWRFIDWG \R 3 RIOA& BXG DFTXIMUMRQY \KH UHYMRQR! \WHVH SRVHV
EHQ) WOJHMHG B\ DQ R WH 6/$0 EDVHG DQG 0 DS EDVHG GFDD/DIRQ
') 3&V

+ MR R DFTXIWHG GDWB DQG EXIOWQYLRGP HOWP RGHY

|  +DMRY R \WH 3ROAREBXG GO H SBIWG \R EXIG WH ' 70 DQG 1 DYLIDIRQ
0 DSV 7KW IV UHTXIHG R XSGDW WH ' 70 DQG 1 DYLJDURQ 0 DSV DIMU \KH
UHYMRQ R \WH SDWSRMHV WIJHHG B\ DQ R WH 6/$0 EDVHG DQG
0 DS EDVHG GFDD/OVRY' ) 3&V QRW\WDWRUWHVDNHR P HP RY ARIDUH \KH
5RYHU 0 DS DWRFDMG \R HDFK 3 ROAR®XG DH P HP RULHG QRMAH 3 RQW
&BXGV

| +DMRY R WH EXIOHQMURP HOAP RGHY 7KLY IV UHTXIUHG R VHUYH \WH ' ) 3&V
\KDWH SEIMHQYILRQP HOAWP RGHY  RWHU URERW 1Q WH P XGMIRERMADVH DQG
2* (UR 7KH/ RFDDDIRQ 0 DSV DUH VIP SO VARUHG DV \WH DUH SIRGXFHG E\
WH6/$0 ' )3&V $VIRUWH' 70 DQG1DYLJDIRQO DSV WH FDQEH EXIORQ
GHP DQG RQWH EDVIV R \WH KMRY Rl GDVI DFTXIMMRQ

'30 IXQFWLRQV
7RDFKIHYHWH' 30 VHYIEHV \WH IXGRIRQV\KH' 30 P XWDFKIHYH DUH WH [RGRZ [QJ

6 HOIFVWH P RURQ HVWP DAV DQG SRVHV VR ARUA
) XVH IQEHSHQGHQAP RIRQ HWIP DMV DQG SRVH HP DMV

" 8 SCDM WH FXUHQARYHUSRVH DIWUWH IXVIRQR! P RIRQ RUSRVH HVIP DWWV

" 5H H\IP DW \WH URYHUSRVHY WRUHG [QWH BQJ WP KMRY R SRVHV DIMUD SRVH
IXVIRQ KDV EHHQ SHURWP HG
$WRFADW D SRVH\R UDZ GDWY DFTXIMMRQV RUGHUYHG SURGXFW  HWHUDVWAH \IP H R
\WH DFTXMURQ RUIRUSDWIDFTXIMMRQY
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3 URYIGH \WH HQYIURQP HQWP RGHY DQG UDZ. GDWY XSRQ D UHT XHWAKDVW/SHALHY \WH

QHHGHG DUHD RUMP H IQMYDO 3 RO @XGV / RFDOVDIRQO DSV ' 70 DQG 1 DYLIDIRQ
0 DS

$UFKLWHFWXUH DQG LPS@WHPHQWDWLRQ GHVLJQ

7KH' 30 P DQDIHV SRVH HWP DMV DQG HQVILRQP HOAP RGHY  DARXJK \WHVH R NQG R
LQRUP DIRQ DUH FEVHD IQMUIHDWMG IRUWH VDNH Rl FOULIFDURQ DQG P RGXOUW Z H SURSRVH \R
VHSDIDM WHP 1Q\BZR FRP SRQHQW

ODQDJLQJBSRVHYV

7KH IRBZIQ) [LIXWH LOVMIDWY \KH YDURXY SRVHV WDWDH SURGXFHG B\ \WH / RFDD/DUIRQ
')3&V DV ZHODV WH SRHV FRUMSRQAQ) \R GDW DFTXMURQ 7KH P XWWD® EH
PHP RUL HG VR DV \R D@BZ \KH SRVH IXVIRQ SURFHWHV \R LOMJ UDM CDVI FRUMVSRQEQ) \R SDWV
SRHV  DQG R SURGXFH XSEDWMG SDWSRVHY DIMUKH DSSTFDMRQ R D SRVH IXVIRQ SURFHW
HJ R D®Z \WH U EXI@IQ) R D 7RBO5RYHU' 70 DIWUD 0 DS EDVHG / RFDDDIRQ ' ) 3&
XSCDWV D URYHU SRVH

) LUXUH 71P HH R WH YDURXV SRVH HWP DV KDQGBIGE\ WH' 30 b

7KH IOM IDWRQ R \KH IXVIRQ SUIRFHWHV DV Z HODV \WH P DQDIIQ) R \KH SDWERVHY KMRY 1V
LOOVMDMG B\ WH QH WHAR 1L XUAV


https://www.draw.io/?scale=2#G1WfZp2Bsi8xAFze_x_ND60HUKkqI4Nmja
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7KH SRVHV DUH P DQDIHG ZWIQ D MQIGI FHQADD HG FRP SRQHOW\KH 3 RMRQ 0 DQDIHU
3R0  WDWIBNHV DV IQ8XW DOWH SRVH DQG P RIRQ HAIP DMV SURGXFHG B\ \WH GFDO/DURQ
') 3&V DQGWDWXVHV \KHVH IQIRUP DURQ UAVRWMIY \R IR NQGV R IXVIRQ' ) 1V
" $ .DPDQ)IMI' )1 IV XVHG W IXVH WH IQAYIGXDOSRVH HIP DMV DV \WH  DUH
SURGXFHG
" $ SRVH JUDSK EDVHG QRQ @HDURSWP [ DURQ ' ) 1 IV XVHG \R XSCDWM WH P HP RU} HG
SDW\BRVHV Z KHQ D SRVH HIP D\ DTBZ V/ VXFK DQ RSWP [} DMRQ QDP HY Z KHQD BRS
R WDQVIRWP V IV IGHQMHG LQ D JWDSK R P HP RU} HG SRVHV
7KH OWHU' ) 1 IV IQURGXFHG KHUH R SURSDIDWM \WH IQRWP DURQ EURXIKWE\ \WH IXVIRQ R
0 DS EDVHG / RFDD/DMRY ' ) 3&V R SDWSRVHY WV \WH VDP H' ) 1 KDWY XVHG 1Q \WH / IGDU

3RVH * IDSK / RFDDDIRY' ) 38&
8VLQJ (QYLUH IRU PDIQDJLQJ SRVHV

7KH (QviltH BN SWRIGHV DOHDG D VHWR XAV WDWHFDQ EH YHY XVHXOIRU \WH
P SGP HQMMRQR WH' 30 7KL VHRAIRQ EUH O IQARGXFHV VRP HR \WWHP

7TKH ( QviLtH * WSK FDQ EH SRSXOWG ZIW ) P HV FRQHAMG B\ WDOVIRWP DIRQ Z W
FRYDUDQFH FRUHVSRQAQ) W HDFK R WH GLIHBHQAIWDP HV 1IQMUCDOR \WH URERWHJ  VHQURUBL
IbPH DV ZHODV HWUIDOW WH UWRERW HJ PDUNHBL 7KHWH WP HV FDQ EH WWRUWHG

FRQUHAMG IRUIQABIGFH \R \WH SUHYIRXV SRVMRQ R \WH IWDP H DWDQ. IBHTXHQR. 6 R 1DU WH
XVHV FDVHV \KRDWKDYH EHHQ FRYHUHG Z W WH ( QYILH * UDSK RQD LQFRUSRUDWM D IWDP H IRUHDFK
SRVIMRQ R EH UHSUAVHQMG DQG WH FRUMVSRQEQ] WDQVIRIP DMRQ KDV EHHQ XSCDMG ( QYILH
* UDSK [P SRVHV FXWHQ® XQTXH QDP IQ) R WH IWDP HV ) RUFRYHUQ) WH ' 30 UHTXIUHP HQW
DQ DSSURDFK Z RX@ EH \R GHFOUH IWDP HV Z W DQ IQGH  DWRFAIDWIG \R \MHP RUR P RAL\ \WH
WY VR \WDWILDP HV Z W VDP H CDP H FRX@ EH IQFOGHG [Q \WH VDP H JUDSK 6 RP H XMW
IXQPURQY FRX@ EH [P SBP HQMG \R DFFHW TXIEND D@IWDP HV FUHDWMG DIMUFHABIQ WP P S
\R XSCDWM W YDOH

2QH YHY XVHXOXUDW R \WH ( QVILH * WDSK WDWFDQ DOR EH XVHG 1Q \MIV FDVH LV \KH
VXEVAUSWRQ \R HYHON $Q REMPWEDQ EH LP SBP HQMG DQG D VXEVFUEHUWR D FHUBIQWSH R
HYHQW \BNQ) SOFH RQ DQ ( QYLH * WDSK R \WH VDP H GBIV ( YHQW \R Z KIFK D FOW FDQEH
VXEVFUEHG DUH IRUIQABIGFH \WH XSGDW R \WH SRMRQ R DQH MIZ 1WDP H \WH DAGMRQR! D
QHZ WP H \R JUDSK RUWH DEGMRQ R DQ REMPRI FHUBIQ WSH \R D SDWEXOUIWP H R \WH
JWDSK RUWR DQ 1P H 1Q JHQHDO 7KLY IXQRIRQ FDQ EHFRP H YHY XVHXOR XSGDW \WH SRVHV
R D KUK IBHTXHQR SRH HIP DIRQ W \VMP  ZIWW KK FRYDUDQFH EDVHG RQ D GZHU
IUHTXHQR DQG P RUH DFFXUDM SRVH HAIP DIRQ P HKRG

$ CRNHUDGYDQEBUH R XMQ) ( QMU IV \R UHGXFH \WH XVH R DAEMRQDOGHSHQGHQRHV 1Q WH
SURVPAEHFDXVH ( QYILH Z LOEH LOMI UDWG DV \WWH YIVXDO DURQ \WROIRUWH &' ) ) ' HY \RRY
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,QGHHG \KLY YIVXD@ DMRQ\RROFDQ EHFRP H YHI XVHIXQAQ\WH GHYHBSP HOAR \WH' 30 DVZHD
DV IRUGHEXJJIQY

O0DQDJLQJ HQYLURQWPHQW PRGHOV

7KH HQVURGP HQAP RGHY DUH SURGXFHG B\ WH 6/ $0 DQG ( QVMURQP HQAO RGHIY ' ) 3&V
7KHWH DUH QR GHSHQGHGAHY EHE HHQ WH YDURXV P RGHY DQG P DQDULQ) WHP 1Q D XQTXH
FHORDQ HG FRP SRGHQWZRX@ WHTXIWH KUK EDQEZIGN H FKDQIHV ZLK \MHVH ' ) 3&V
7KHHRMH \WH DUH P DQDIHG Z WIQ WH ' ) 3&V Z KHUWH \WH DUH SURGXFHG DQGWH ' ) 3&V
DQG RWHU FBHQNSIRFHWHY 2*  (UR RWHU URERW [Q P XWB®I IRERVVHXS DQG \WH
RSHDRY \WDW UWHTXILH HQVILRQP HQVP RGHY KDYH DFFHW \R WHP  \WWURXJK UHTXHWW
DGEUHWWHG R \WH SIRSHU' ) 3&

. MKQ HDFK R WHVH ' ) 3&V \WH HOYLRGP HOWP RGHY DQG PHPRUHG IZ GDW DU
DFFHWHG \MURXIK UHTXHVW WDW\VSHFAL\ \WH DUHD RUWP H IQMYDOFRUAVSRQAQ) R \KH
GHVIHG LQIRP DIRQ ) RUKLY SXUSRVH

$V MY GRCH 1Q P RAMIHRIWDSKIE LQIRWP DIRQ A P V' WH HQYILRQP HQWP RGHY' DUH WRUHG
Z MIQ D VARKPXUH R BNV WDWSDYHV WH VSDFH DBQJ D UHI XOUS: DIAMDQ GVFUY DIRQ 7KLY
VP SBl WIKPMUH IQGHHG \ IHTOV VDL KWRZ DG VSDUDOKDWKIQ)  DQG DABZV VP S®f DWW
P DQDUHP HQASRTHHY \R B®DG VDYH D@FDW H SRWDQG WDQVP MFKXQW R GDW $ W8I LV D
FROBIQHU MIY QRWIQIRUP DMRQ SHUVH 7 KH MBI VWKPMUH 1V JHR UH HUHQPHG RQFH DQG | RUDDIW
IV \KHUIQ RUP DIRQ FROMQUZ KLEK LV XSCDWG DV IQRUP DIRQ DUH JDWHUHG B\ \WH URERW

8VLQJ (QYLUH IRU WKH ODQDJHPHQWbLRI (QYLURQPHQW

( QVILH SURYIGHV VHUDT) DIRQ P HKRGY \WMAG IRUP DSV W P SBP HQMG R DBZ \KH AWRIDIH
R DQ NQG R REMPWQ IW IWDP HV 7KRXIK WH FRUMVSRQGHQAVHUDD DIRQ P HNRGY Z RXG
KDYH\R EH [P SBP HQMG

YR DSSURDFKHY QMUEXWMG DV Z HODV FHQADM HG FRX@ EH FRYHUHG XMVIQJ \WWH ( QYILH * UDSK

,Q \WH IWMFDVH RQD RCH ( QVILH * UDSK Z RX@ KDYH \R EH P DIQEACHG DQG 1Q \WH VHFRQG RCH
IRUHDRK ' ) 3& UHTXILIQ) VHUDD DIRQ

(QYLUH XVDJHbVXPPDU\

( QMY SIRYIGHV DMK VABUH Z HO\MANG FRGH \WDWP DNHV HIEHQAP DQDIHP HOAR \WH
VHQURUGDWY DQG DWRFIDWG GDW SIRGXFW |, WSURYIGHY VHUD@ DURQ P HFKDQWP V WDVWAKRX@
HDVH WH QM UIDWRQ R \WH \RROIQ GlLIHIHOAG &2 6 DQG DQ HYHQA VWP \WWDWZ RX@ EH YHU
XVHXORUWH ' 30 [RUIQABGRH \R \W.J HUWH XSGDW R RG SRVHV EDVHV RQWH DFTXMMRQ R
D P RUH DFFXUDM RQH
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( QVILH P DMAVHG D FRXS®I R THDUMUHV \WDVWZ RX@ EH QHHGHG EDVIFD@ \KHVH DUH \R TXHUHV

' HOYHU DOVHQURU GDWB DQG GDW SURGXFW R \WH UHTXHMMG WSH V' DWRFIDWG \R D \IP H
IQMYDO ' HYHUD@VHQURUGDW DQG GDVI SURGXFW R WH UHTXHMMG WSH V' DWRFIDWMG VR D
JLYHQ YRGP H

) ID® MLV [P SRUIQAR P HQIRQ \WDVW( QYILH 1V DWIKLY B H QRWKUHDG VDIH - $ WKLY SRIQAW
KDV QRAEHHQ GVFXWHG Z KHWHUWH' 30 Z LEOUHTXILH FRQEXUHGR

" HLBIG ,QMUDFHV 9V HHQ2* 2* 2* b
7KHIR®Z 1Q) \WE®! SUVHON WH WH GGG IQMIDFHV ERE HHQ2 * 2% 2% Ip

Hj  /jgI $ Awal|/s[EP |[/jql [QRWI < @Y+ |/kEHHr o O
$ A ghjeh]d Qp<®/jglh
Qj /ig1 $ Aa|/s[EP "1 "y K[j@1 gl
$ A lgldg
Qj + /jgkh $ Aa|/s[EP |Osdl I Jg+H N SeARE]L
$ A lgldg
Qj.]1pld $ Aa|/s[EP | GIN H{Hg[<ZIh I Z<d]g |! <ddg &BH Gq@P
$ A h[Hdr IrdlB1G led ghigl ONZ Q[ GJP g GDs
<HkgEse <HkgEs ][ P dplg@hW
kdGql gqjl e | p<kihe g jP ¥ h [ hDOEdjkd
dhXQ- e
<g<]N doiy] &2
B pl g<@ BplgQ-
QheZjh
Qj kNG]pld <d |$ AWQ|/s[P | G]N H{Hg[<ZIh I Z<d]g
$ A H[Hdr Irdl§I G lod ghigl ! <d dg GkH Gq@P
<P B <BKg<Es PNZ Q[ GJP d GDs
kdGql gl | p<klhe H[Na][jP dplg@i¥
ghXQ- v < jPI ¥ < Gdd pQkh
<g <]N do Y] &2 H [ hQOEdjkd h»
gplgQ HplgQ-
QheZjh




SHIHUH L b
9HUVHLR t b
"D WbH t b
b 3DJH | b
3/$1(7$5< 5, $1' $662&,$7(" (*6( "(7$,/(" '(6,*1
Qj knQ)j<Y <d |$ Awa|/s[EP | @G]N H[Hg[<ZIh I Zd]g
$ A H[Hgr IrdIGIG Ilogd ghigl | <d dd GkB Gq @P
Bk gEse <BKgEs ONEZ<SPI M Z Js
kdGql gqle | p<klhe H[hQOH kB hg s
dh Q[ v EdikgPOj@1-1-0dp o
<g<]N doi Y] &2 ] PR<¥]jPlgZ] DY | g
gpl @ BplgQ- h4@Ap@h][ jMA
QHe<Zjh hkgNH
Qj |K¥H $ AV|/S[EP |NgZI [<ZIl+|NZI DO |+ H U +d B hjPl ¥ H
$ A @IN Hlhg[<ZIh [K[Bd<Qjs |+h NP ]G ¢Zl Q
H[Hd» IrdIG1G Pl 1 EOgr <21
<BEkg<Ese <BKo<Es
kdGql ggl | p<klhe
\Y
Qj YD¥H $ AV|/S[EP |NRZI [<ZIl+|NZI DO |+ H U +d B hjPl  YD¥] h
$ A @IN Hlhgl<Zlh [K[BHd<Qjs |+h NP ]G ¢Zl Q
H[Hd» IrdIG1G jPl YDl gD =21
<BEko<Ese <BKo<Es
kdGql ggl | p<klhe
\'
Qj D ¥jl+h $ AV|/S[EP |NRZI[<ZIl+|NZI hgDO |+ H U +d B hjPl DH Xjl+h
$ A @IN Hlhg[<Zlh [K[BHd<Qjs |+h NP ]G ¢Zl Q
H[Hd» IrdIG1G Pl D)l =z
<BEKo<Ese <BKo<Es
kdGql ggl | p<klhe
\'
Qjo<gj. 1Y@+ N[$ A|/s[EP |NZI[<Zle|NZI HgDG [+ H U d¥Q@ dh ¥<lh
$ A @G ]N H[Hg[<ZIt [K[Bd<Qjs |dhQP[ {GA<Ih
h[Hgr Irdl§1G JjGkA | INP j<Qj ]G
<HK<Ese <HK<Bs Z!| lrdg HH GQ Pl
kdGql ggl | p<klhe BP<hg |G ZIl+q@P
v <th| Bgj1 GK[ B g<QjCh
Qjo<gj. 1 Y@I6IY[$ AW|/s[BP |NZI[<Zle|NZI HgDO |[jq@ U d Y@ hdl I GAA<rlh
203 $ A @GN H{Hg[<ZIh |k[Bd<Qjs |jodh¥Q[ hdll Ghq GA
H[Hde IrdlGIG < hdj<gQ[ kI GY N
<K <Ese <HK<Bs jPlj<Qj 16 «ZlI
kdGql ggl | p<kl h» Irdd M GQ Pl BP<h g
v 1& gZl-q¢P
<t Bgj1 GK[ B g<Qj@h
Qj! 1A $N<]j $ AV|/S[EP |NRZI [<ZI+|NZI HgDO |A ! ]AY | OPQQjIgNE dg GH hjPl
$ A @IN Hlhg[<Zlh A Z]@YINP j<g3j
H[Hde IrdIG1G hd<H Exijle
<BEko<Ese <BKo<Es
kdGql ggl | p<klhe
\'




SHIHUH L
9HUVWL R ¢
' D V\bH k
b 3DJH |

3/$1(7$5< 5, $1' $662&,$7 (' (*6( '(7$.,/(" '(B,*1

T oo T

QR + SEP V| /s[ P + + "<Z| /kEBBhr gjg
+ /i< h
hHld + $P V| /S[ P + + "<Z| /KEBh» gig
+ /i<l h
Qj + /jgkh $HPY| h[EP| + "<Zle "
+ gfki[Ese | w
<YD<EX K[BQ[ dig
N[ Q[ dig
Qj + HHh SEPY| M[EP| + "<Zle ">
+ gfki[Ese | w
<YD<EX kK[BQ[ dig
N[ Q[ dig
aj + ! $SHPWY| M[EP| + "<Z e "
+ gfki[Bse | w
<WD<EX kK[5Q[ dig
N[ EQ[ dig
QP 1 $ AW|/s[EP "1 " /KEBh» gig
$ A /i< h
hHj$digg@a 1@ |$ AW|/s[EP [$d ]1Q "kZDg /KB b of o
$ A Qp<@/jglh
HYB/I[Hg][NXed$ AW|/S[EP |/I[Hg - [kZD g /KEA hr o o
jQl $ A JINXgJQ[ | ][N Qp<¥®/jglh
[kzDg
Qj$d 1Q/I[Hdj<|$ Awn|/s[EP [$d ]Q "kzZDg k[j@11g
jkh $ A Igd ghiglh
Qj/jld] <Z IdjP + |/s[BP "1 " IdjPZ<d]g
<d ws A lod ghig|
Qjljild] <z @<gp| + [/s[BP ["1 " @d<gis! <d
sl <d ws A 1glad ghi<!
Qjl/jild] <4 Qi Y| + [/s[P "1 " +Qj YkG]g
1kG ws A Iod ghigl
Qj/jid] <z z<ah| + |[I/s[P ["1 " Z<Qh]g
ws$ A Ilod ghigl
Qjo] HQj YKG + /[s[EP |"1 "> H Qi YkG]g
ws A I ogd ghi!
aj! 1 g< + /Is[EP |"1 "> Qg
ws A <H YK Q[ 2
J &g
plYEXB]g
lod gh gl
Qj @9t Qi YKG + |/s[BP "1 " + Q) YkG]g
ws$ A Ilogd ghigl




SHIHUH L
9HUVWLR &
"D WbH k
b 3DJH |

3/$1(7%$5< 5, $1' $662&,$7(' (*6( '(7$.,/(" "(B,*1

T oo T

Q] g + |/s[FP "1 " +Y <gA +
ws A 19l d gh<!

Qj. <d K + |/s[BP "1 "> A 1gA + ]d
ws A Ilod ghigl

Qj . ZlxzZ<Q + |/[BP "1 " Z<Q]glgig
ws A hH<l

Qj0. <ZlxZ<Q + /Is[EP |"1 "> Z<Qlgldd
ws A hdl

Qj JHO g kI + [/9[BP ["1 " 7d[FPG<
ws A 1gld gh<l

Qj/jkBkgG@A+q + |[/s[EP ("1 "> +Qj YkG]g

[i YKG ws$ A lod ghigl

Qj/j<PFBEA BO[j + [/s[EP |"1 " $AO[jIQP[

jQl s A &<lgldg

hdl
b




&+3$37(5

$5&+,7(&785(6 5(/$7(" (*6(
(7$,/(" "(6,*1



b
b

'"HOLYHUDEOH BHIH | b
7LWOH |l SUFKLWHFWXUHY UHODWH® (*6
&RQILGHQWLD®OLW | 38b

JHDG 3DWWQHU | 63$&($336

$SEVWWBDFW | 7Kb&HO LY EHSUIDHEHHDHENG (VBU H T X H Bt
SR U \DW &' )) bWHS L V W U VESONFHGT X I
D QB X OW L hD B E R MW HiFRA X W H WL Dk
YDOLGIDWLRQ

(& *UDQW 1° | b

SURMHFW 2IbLFHU | &KULVWRYV $PSDBDWI]LV 5($
b

b

b

QXWHIFRIXQGHGEL WH+RURQ b
) WP HZ RN 3 URIWDP P HRI WH ( XURSHDQ8 QR



S5HIHUH

9HUVILR

' D \\bH k

b 3DJH |
$5&+,7(&785(6 5(/$7(" (*6( '(7%,/(" '(6b*1

o oo T

'2&80(17 $33529%/ 6+(§7

b 1DPH 2UJDQLI®WLH 'DWH
3UHSDUHG DJ -HUHPL *DQFH 63%$&($336 b
FURVV UHYLH o bon *RY| b o
b b b
6KDVKIDQN b b
*RYLQ@®DUDM | b
-HUHPL *BDQFH b
J)DQFHVFR 1] b
b b
ODUN IRVW 86753l
b b
6LPRQ /DFEURL /$$6 &156
b
b b b b




S5HIHUH
9HUWLR

o oo T

b 3DJH

t
t
"D WbH t
I
(

$5&+,7(&785(6 5(/$7(" (*6( '(7$,/(" '(6b*1

"28&80(17 &+$1*( 5(&250

9HUVIL R 'DWbH $XWKRU &KDQMbHG | 5GHDVRQ IRU &KDQWH 5,' 1R
BHFWLIRQ
3DJHWYV

b 6KDVKD QN[ $®0 "REXPHQW VWUXFWXUH WHB
*RYLQ®DU DVVLIQRHQWYV

b )DQFHNWFR]| $®O "REXPHQW VWUXFWXUH UHN
1X]]ROR
ODUN 3RV
6LPRQ /DF

b 6KDVKDQN| &KDSWHUW)| &')) '"HSOR\PHQW DSSURDFK
*RYLQ®@DU| b *6( GHVFULBWLRQV
)DQFHNFR
1X]]RIOR
ODUN 3RV

b )DQFHNWFR| &KDSWHU| 3RUWLQJ &')) WR 57(06 RQ /
1X]]RIOR SRUWLQJ LW RQ )3*$
ODUN 3RV

b 6LPRQ /DIF| &KDSWHU| 0OXOWL URERW (*6(bGHVFULS

b 6KDVKDQN|] $®0 )LQDO UHYLHZ DQ@G ILQDOL]
*RYLQ®DU

b -HUHPL *B| )LQDO BKH $GGUHVVLQJ B6$ 5,'V
6KDVKIDQN
*RYLQG®DU




S5HIHUH

t
9HUWL.R t
"D WbH t
I
(l

o oo T

b 3DJH

$5&+,7(&785(6 5(/$7(" (*6( '(7$,/(" '(6b*1

([ HEXWH 6XP P DW b

7 KIMIGRFXP HONGHQOMHVIDQEDCEHWHIKHDGDSMMRQMHT XIWHGIRUE" ) ) BYXE FRP SRCHQAMD
UHT XIUHGO RBGHS @R 1QI DOVHWRIB ) 1 IRUDIFRP SGMAS ) 3 & RQIDHVSDFHA) UDGHFRP SXWAUD QRW

VSDFHO TXDOIHG bLHh DY/ (2 1 bDUFKIWRYUHHERDUELZ IWMDS 7( 0 6 bDVbWHORSHUIDWRI bV WP b$ b
VXEVHRRIB&' ) ) bIXQPWRQVLZ LBEHVHBFWMGH RUWEHCQI hlSRUMGHRODCODYIRQEVOWEHCOWDWIMD
UHSUAVHOWYH Rl VSDFH JUWDGH FRP SXWQJ SOWRWP V th

7 KHOVHFRQGOFDVHIDGGUHWWHGHVBMHIGHS B P HONQDIGHFHQADD HGOVSDFHA) UDGHDUFKIWRMUH)
WDW Vb UHSUAVHQEMYH RIb D 63$5&b/ HRQ  hERDED XQQAQIb57( 0 6bZ Mb DD) 3* $b
FRSURFHWRUVXFKEDVOMHD=\ QRS GUDVFDBLS R&: 157 KHDIP BVIRSHURUP HXSRWTEIOMIFKHANDQGD
SURI @I bR BMHIVHBIFWMGH XQPWRQY b7 KHoXVHIRIbDQD) 3* $ bFRSURFHVWRUZ ICEBEHXVHGROYHUL b
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LOMI UDWRQ b 7 KHoGHJ UHHORIbFRP SDVELMAGZ M5 7( 0 6 bQHHGVDI XWHUBIQYHV DARQ bEX\WDQD
57( 0 6bERDUELVXSSRWSDFNDI HolVbDYDIDE®HI RUWHO=\ QThSOWRIP bDQGoMIVHINHDBWDMDID
IP SGP HQBMRQRI 57(0 6 Z W +/ 6 VXSSRWW IHDVE®I b

QM LDWG SOQHBY WDFN VFHQDURVD

7KHIDIP bRIDMHDIQAMI UDWGHVFHCDURVH RUNHDSQQHEL BADFNAVBMHHVKRZ BKDWMHGHYHESHGD
') 3&\VBFDQEHH SEMMCHIQHUHDOWP HoDQGHQHUHDDAMFHFRQGMRQY b P RQJ WHIVFHQDURVBADW
KDYHEHHQGHIQHAAQE' b’ 57 HFKQEDBADGH RIIVEDQDOMY HQRGHIBRGH IOHDQVSHFLL b
WHOUHT XILHGD' ) 3 & Vbl RUWKHISOQHEL BADFN b WWHIRQHVIZ KIEKDH SHUP HQBBDFKIHYHP HQWVD
\IELJ HWIG DUH b

" | RQ WDYHWHD
5HQGH YRXWb
* HMQ) EDFND

0 XOV IRERVEOQHEY WDFN VFHQDURVD

1 RDFMDEP XV URERWFHODURKDUWEHHIGHICHRIQS'  IDVBNHUDFKIHYHP HOAZ RXCHHT XIWUH)
DOGHFIMRQDOO HIWNDW IHGVFRRSHDAYHGHFIMRQP DNQI DQGH HPXWRGFRRUBICDIRQ b< Hb
VRP HJ ) 3&\VHP SOP HONXQPAMRQUMDAFDQHEHH SEUMGHRUP XOVURERWFRMERDARQ i KHVH)
DUH b

' (0 bIXVIRQ bRGHIURERWUHFHYHVOMHD (0 bEXIGHE\ EDCRWHUBURERWDQGH XVHVAWQRDD
OUHJ (0 7KV QDMDO® [P SBHVWH' (0 %XTIQ ' ) 3&b
" QMJURERWBFDIVDWRQ Z KIFK FDQ EH DFKIHYHG E\ I R GLLIHHQAP HDQV b
| " IHPWBRFDOYDWRQRI FRQHAURERW. IWHIHVSHPMRIMHRWHULHVRW BROMHS RION
&®XG 0 RGHO/DVHG / RFDDDIRY' ) 3&b
| QEUHPWEFDIVDARQ bE\ bUHI MMUIQ) bSRIQAFBXGOGD B ( 0 V bRIBSRIQAFBXGh
COWZIMD' (0 UHVRWY WRWH/,' $5 0 DS EDVHG/ RFDDDWRYQ' ) 3& b

b b
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' HVFUSWRQRI WH ( * 6( Wb

/(21 DUFKMWFWMWHZ W 57( 0 6b

/(21 SURFHVVL®J ERDUG

7KHOMQI GbERDUEOFRP SXWUWXVHGOIMoDL* 5 /(21 ,7; bHYDADWRCOERDUGHIURP ¢ DIMBIUb7 KHo
ERDUGH Mo HTXISSHGHh Z Wb Db/ (21 b6 R&bIP SGP HQMGbICh Db WKRMUHGH$ 6 ,&bIURP bHE 6 ,&b
WFKQRBRIIHV 7KH/ (21 6R& KDVWHIR@Z IQ) IHDMUHV b

' XDOFRUH63$5&09 bIQMI HIBXQMAZ Wb AR HOSISHIH b bUHI MMUWZ IQGRZ Vb b. 194
IOMKPIRDDQGD b, 194 GOV FDFKHY bKDUEZ DUHP XGSQHBDQGHGYIGHULSRZ HUGRZ Qo
P RGH KDUEZ DUH Z DIFKSRIQM)

" QRQ EGFNQJ GRXE®I SUIHFIMRQ, ( ( ( 2RDIY) SRIQAKQWY

" 0 HPRY 0 DQRIHP HQAB QW
0 XQ/SURFHWRUIQMUIXSWFROARMILD

7KHSWRFHIWRUFRFHUBHTXHR VD 1D +] 15 VP HOARCHGDERYH BKHIA WMP BKDVIEBIYHO HGDVED
DQG IQAMKPWRQ FDFKHY EXWERHY QRWHDIMUH DQ. ®IYHO  FDFKH b

YUXWH %BFNGDIWP RIWHGXDOFRWH/ (21 6R& XVHGIQWH* 5 /(21 |7, ERDWGD

7KHB R& KDV R + YHEXVHY BMHRQHEZ MOMHSURFHWRWDQEINHP HP R FRQARBUIMXQUD
DNV [0 +] iZ KIBRMHRQHZ WP RAWRIBKHSHUSKHIDObH J 8 6% WHEOHAB &, BXQUDWN b
0 +] /RZ VSHHG SHUSKHUD® DUH FRQQHAWG R R $3 % EXVHV b
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2 QERDICOP HPRUHVODWHD KO EV\WORID " 5 b b6 5$0 bDQG b0 EMRIKG 3,16 HID®) @WKb

3520 b7 KHERDUELSURYIGHVLESGIQMORIlCDWHOQMIDFHY [P RMACRWEOD b 0 EMY( WHOHW
IQMUDFHY EXWDOR86% &$1 EXV 3&, 63, , & 8$57Db

YUXWH *5 /(21 ,7; HDODMRQERDGH

)3*$ FR SURFHVVRU ZLWKb/HRQ ERDUG

7 KHIFKDEIQJ Hd DFLQJI BHP EHGGHESURFHVWQI HDO RUMP HP SOP HOBMRQWMQ) 3* $ BRI IEVBNDW
SURFHGXUDBIP DI HoSURFHVWIQI FRGHAVEYHY bGLL IEXENREFRQYHUNQRD +* / HRUD HUBI FRGHI R
IP SEP HQBMRQDIQROSXUH @I IE b( WHMD® bHDFKbRSHIMRGO SHURWP HGORQOGDMELP X\MBEHD
FRQYHWMGH QR0 Do ®J LEDBRSHIDWRCORUWKDLE Z IWHGH DUMP HAFD @I IEb XQUICHVHT XHQFH b7 Kivb
P DNHVBHYHQOMP SGhI GDIMI bSRIQINYHRRUDO RUMP VOYHY bFRP SB[ hiCh®J IERP SGP HQBMRGD

DQGOMVOMHIP DIGHUHDVROWDWYHPRUBSURFHVMQ bHQJ [QHVIORQIDFFHBIDMGH] UDSKIEVOFDLGEVHDUH)
P RANFRP P RQDbXVHGHI RUWFRP SXWUHYIMRQ b7 RoRYHUFRP HOWIVbFKD@IQ) H bZ HoP DNHoXVHORID

+1IK / HYHB6\ QNHVMD +/ 6 bP HWRGVOWDADXWRP DWHNHFRQYHWIRQHRI BSURFHGXUDBFRGHIQRD
®J IEDBFRQMKFW b7 KHORRBKDICHZ HoXVHb I RUb WV Vb WiH0 UHFHQ@b UHBDVHGD; L@ b6’ 6R&b
HOYILRQP HQWDQ FOSVH EDVHGVRIVE DUHVXIWAGHWLI QHGRLY. UMMFRP SGMWRVRIVE DUHA VWP Vb
WHD P RYHb VSHFLLED DORUMP Wb IQRb WHb 3 URIWDP P DEGb / RIIFb 3/ b DUWHDb Rib Db K\ EUCGH
6\\WP RQD &KISh 6R& b GHYIEHD Z Wb ) 3* $b EXIGN LG VXFKb Dvb WiHb =\ QT b VHIHVD
SURFHWRWY 12 KIEKHFRP EICHDQ) 3* $17 IMEDIGXDOFRUIHS5 0 IR $ IKDUEP [EURFRQOARGID
© HOPXUHQMBXVHONHE 9 1 FWD IFUR=HGo= HERDUEH RUSURRWSIQ) FDQGAMME DO RUMP Vb
DWSUHVHQRGXHORAMW/HVP DEBM] H bBZ bFRANHDQGDFFHWIELMWO RUFRGHIGHYHBSP HQRKDYIQI b
EHHQHQSURGXPWRGH RUWVHYH.D®. HDLY 17 KIMEERDUGAVVKRZ QHQ) LIXUD  HDQEMHASHALIEDARQVD
DUH DV IR®Z Vb

$P&RWM $ # 0+] *%6' 530 0E)DWK  ,2b
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TS )3*$ % EXV . RIFFHY N/87vV OE5$0b

)LWXWH O IFWR=-HG ERDUG Z W =\ QT b

7KHp; 1@ b6' 6 R&bHQVILRGP HOMVHXVHGOWROEXIGHERRWP DI HVORG6' bFDUEOWDWFRQEIGHDD
IYAAR HERRVBDGHUED 1QX] INHGHADFRP SGMY LOX] HIBM WMP 1 /) 1RUP DAEICDUHVANDW
IP SGP HQWWHD VRI\E DU MGHo XQ DFFHBIDWMG b Rlb WiHo DSSTFDWRQ b DQGH Db EMMAHDP b WDW
UHSUVHOMMWHOKDUEZ DUHo DFFHBIDMGHMURXI Kb+ / 6 BVIGHIRI BMHDS STFDARQIDQEIMVIXSBDGHGD
VROWHG3/ bDXVRP DAFD@LRQOERRWXS b IWUMHo+ / 6 bSURFHVW BWIHOUHVX @) b®J IEbGHMI QUQDb
+DUEZ D' HVFUSWRGL / DQIXDIH +' /b Vb A QHM] HG b SOFHG b URXWMG b RSWP [} HG b DQGh
FROOHAMEOROMHIQMIDES : EEXVHRUFRP P XQEDWRQE\ BMHSD LYDGRIRIVE DUHVXIWM 7 KHI 1QX] b
NHUOHBDQGH! LBM WP bDUHGHUYHGDHIURP b; LG \B3 HY LQX] bGMAEXWRQ b7 KIEKBFDQOEHOHDVI®b
FXVRP 1] HGd RUKVHRQS R& Q) 3* $HEDVHASBURFHWRLY 7 KIMSURFHWHVHOMWDWEIC) L XU

b 7KHg LG HHD,6,2 1 BABFNRIKIEUDL B XQPARQW/SHFLLIED®IGHWLI QHEI RUMHGF / 6 lBURFHWHCD
6' 6R&HVIDORXVHERH SDQGIMHI XCPMRQUMNDWFDIEHP RYHGORONH) 3* $ b7KHAHD,6,21b
WIFNAQFGGHVDOVP DAB/HARI EBSRIMGER. SHQE: 9 B XQRPWRQVINURXJ KIDQS$ 3, HFDTIGH 12 SHQ&.9 1DQGh
DVHR DFFHBLDMG QHXUDOQHE RUN [P SGP HOBMRQ | XQPWRQY EDVHG RQWH & DIH ILDP HZ RN b

)UXH  SWRFHWIIRU&UDWYI 6\ WP P DIHRQ6' &DWGb
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57(06 DQG %63 RVYHUYLHZ

57( 0 6 bMDol UHHRSHQ VRXUFHUHDOWP HORSHIDWRI b\ VWP bl RUDHP EHGGHGOM WWP V b, \WbiMVakHD

WSIEDBFKRIEHI RUMHY ( 2 1 bVSDFHISURFHWRUBDQGOMKDVDTHDG, FEHHOXVHGHQOVHYHID® 6$b
P MRQVb

57( 0 6bDSSTEDARQDFDDEHGHYHBRSHEIE &  bXVIQI bGLIHHQMVXSSRWMGDS3,Vb32 6, b
EbX7521b  bDQEOWHHVROFDMIGFOWIES 7( 0 6153 bEDVHG RO WH57(," 25., b
VMIQGDS b5 7( 0 6 bGRAVOQRWSWRYIGHODQ biRUWP bRIbP HP R bP DQDI HP HQWRWSURFHWHY blQb

326,; BWMP IQRBJ\ bIMP SGP HQMDOMQI BhSURFHW bP XGWUHDGHGOHQVLRGP HOAS 7( 0 6\h
P XQWIVNQ) FDSDEIOWAY DUH EDVHG RQ SURWW EDVHG SUHHP SWH VEKHGX@

$FRP SEBMW®5 .  BRROHMMDYDIOEGHRD@®Z BKHGHYHBRSP HOARIB 7( 0 61& &  IDSSTFDARQWD

IRBMHY (21 b QOMHIR@Z 1Q) 7 HEUH OHOQARGXFHIWHIKUHHP DICHRROBKDWIUH) RIQ) BREHD
XVHG IQWH IWDP HRI WH ,Q XVHSURWFW 5&& * 50 21 DQGO NSURP b

5&& [z KIFKDABQGWHRUS 7( 0 6 & URWHE RP SIBUAMDQS 7( 0 6 (2 113 1 8 FURWFRP SIOWRQD
VA VMP WDVWEUQ] V VR HMHUWH IRTBRZ IQ) FRP SRGHQW b

*8& & & FRPSIBUYHWMRQ b
" %18 EIQDN XWDND
" 57(0 6 WDOWP HNHOH IW QHE RINVXSSRWYHWMRQ b
" 963 DQG GUYHYb
1 HZ 6 WBQGDBQH & TEWDN b
" g FLRW GHEXJJHUIRUB3$5&b

* 50 2 1 blVb DoGHEXIbP RQURBIRWWHD/ ( 2 1 bSUIRFHWRUbSIRYIGIQI bDb QRQ IQAKMYHOGHEXI b
HOVILRGP HQMRCQOWHMILI HBKDUEZ DUH b, WDTBRZ VOROSHUIRUP hDWSIEDORSHIDWRQVD RXQQAQI b
DQGOGHEXJ J 1Q) bDQDS STFOMRGOROWHMILI HBSURFHWRU H J bUHDG Z UMDFFHWORD@® (2 1 b
UHI MMADQEP HP RY HERZ QRDGIQI HDQGEH, HRXWRQRI IDSSTFDWRQY EXIGMQGVDWHP EGUDQGH
WDFHOEXI [ HBP DQDI HP HQAWEUWHDNSRIQMDQGEZ DWKSRIQIMP DQDI HP HQMUHP RIMoFRQOHPURCOWRD
*' 05 7\SIFD® * 50 21 ZIOEHFRQHFAWG\RWH/ (21 ERDUE XVIQJ 8 6% RU( WHECHABRW

0 NSURP MDOXWMIXVHCEHRFUHDWDXERRWE DI HRI EDQDSSTFDMRQ 12 KIEKHFDQEHMRUHGIQRD
WHOVBL HAXDIOVKDb352 0 b0 NSURP bFU-DWAVb Db FRP SUAVHGOERRWIE DI HOWDWZ [GEDGHWHD
DSSTEDWRIQRE $0  hQWDD) HoYDURXVESURFHWRUBUHI MM YHDQGH QDOBWEIMMWHDSSTEDWRQ b
* 50 2 1 FDQEHXVHEORSUR] UDP BNHERDBYHOVKES 5 2 0 (7 MHKHERRWE DI Ha HHIDWIGE\ b
0 NSWRP b

3R] &' )) FRP SROHONVWR57(0 6 DQG) 3* $\Wb
$GDSWDWLRQV RI ')bV WR 57(06

2 QHbRIbWHOP DICHGLIEXG-VOWDWZ HoHQYVDI HlQoWHOSRWMI bRID' ) 1 VhDQGh' ) 3 & VOVROWHD
/(21 b b57(0 6bSONRP bVbUHSUVHIMEHE BWHODL HhGHSHQGHQR bBRIBWHL,Q XVHG: bRQD
WILG SDUABLE DI HoDQGHGDEHSURFHWIQI b@EWDUHVOMNHO2 SHQ8.9 b3&/ b2 FWRO DS bHWF b7 KHvHb
CEWDUHVOGROQRIVXSSRWNS 7( 0 6 BWHUH RUHMOWHUVRXUFHIFRGHZ. RXGIKDYHIREHFRP SIBIGHCH
WHO57( 0 6 / (2 1 bHQYILRGP HQMDWUBSHURUP LQJ BWHOUHT XILHGODGDSVMRQY b8 ROVGHUQI bHb
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M] HDQGFRP SO MARIBMHVHITEUDUHY ISR HD@RIBMHP BRR5 7( 0 6 / ( 2 1 IMORWRHIHDVME®D
[QWHW HIWP HR WH ,Q XVH SURMFWb

7 KHOSURSRVHGODS SURDFKOVVROTP MWHASRUALQ) bH | RMMROWHER SHQ OBIEWDY HQISDIMWEXOUBRD
2 SHEOBYHWMRQD  b7KIVbRGHB2 SHQ&9DTEUDY bYHWRGOIVHVP DBUHDQGOVIE SGRWDQDWLD
YHMRQUEXWSURYIGHVOP DO bl XCPMRQUNZ W KIEKDH HZ HX@® ) 1 VFDQEEHEXIO|RWH DP SGb
WHo+ DUIMY HDWUHY( [ WDPWRQ (5 Q) XVHS ) 3 &1 LEHIGHQMHGMNDWFRQEIOW ) 1 VAKDWDD
EHb P SGP HOMGOXVIQIbRQDb2 SH®&.9b  bIXQPWRG FD@b RUBLOWIVL VD QRWSRWIE®! bWDW
P IQP [} FVBMHIGHSHOGHOR ERQRWHUBIEWDUHY (6 RP H3 ) 1 VBMDAWDUHFRQUGHUHGH RIBMIMESRMQI b
WR/ (21 DUHWHIR®Z Q) b

"+ DUV) HDMUH ( [ WDPWRGD
" GWUHR' HSW 0 DSSIQI EDVHG RQYBFNO DWKIQIb

P DUH5HV] HDQG ) LOMUIQIb

7KHo DSSURDFKb I RUb DGGUHWWQI b WHo FDVHO RI b Do UHT XILHGH GEUDY bIXCRWRCO WDWIVOP MQI bICh
2 SHX9b  bZ IBEHMROH DR\ XCRWRQWOVRXUFHOFRGH URP bDWAUb2 SHQE: 9 bYHWRCD R
[URP IRWHUIEUDUHY HDQGICFAGHIMWCMHS 7(0 6 / (2 1 BUIRIWDP WKHX:  ISDUMMWDWRUP biHb

') 3 & FFROARBUDQCHOMIDFHFRGHY IGEHENHIDVINH HDUHDQG IBWXHDUVHZ IWBMHP HCh
WH57(06 /(21 HOVLRQP HOMKH Z I@EH P RGLIHG DSSURSUDWO b

7KH ) 3&BXQQQIRQMHY ( 2 1 BBURFHWRUYZ IGXVHIDG? & 3 BVRFNAWRAUHFHYHIQSXWEDWHbH J b
VWUHR P DIHV DQG VR VHQG RABXWED HJ  SRIQAFEXG b

$GDSWDWLRQV RI "1V WR )3*$

7KH SRFHWO RIbKLI K GIYHDWA QNHVMORIbE  bFRGH\RD+" / bivb YHY b @ WG Lo WP VbRIb
DGDSVEELOW P DQ BABQEDUEE.  HXQPWRQUDQEFRQMKPMFDQCRIMEHFRQYHWEHRG ' / iGXHD
VROWHOXQGHDIQ) bFRP SB[ MDUHTXILHG b 7KHUHRUH b\HD' ) 1 VOSRUMGHVRD) 3* $ bl DEUFLDUH)
VHBPMGE\ EEHQI HWH FRP SRVHGRIBYHY BAP SGIDQEEBZ  BIYHER B XQPIRQUINDIWDUHIRXQGD
VROEHSSRWZEGD HJ DMRVHILGHP DW K bRW  hbSDUWARIDWHY 12 SHQ&9k$ 3, bSURYIGHGZ Wl @) \b
UH9,6,2 1 VRIVE DUH WIFN WDWY GHMI QHG IRU+/ 6 XVH GHVEIBG Q> @

" XHWROWHIP MMRQUDERYH HWVIQRW HDVE®HZ MICHMHONP HAUDP HRIEQ) XVHORISRUWHOMHD
") 1 VODQGOXQOWHP biQh) 3* $ bl DEUFHDBQHAZ MWRXVMHOVXSSRWBRI bDOP I[EURFRQARGIUP DIQDb
GXHOVROWHOQHHGOVWROFRP P XQEDMEHE HHYS ) 1Vb 7KHI$50 50 95 b%; b3 RIRFRBXVHGORD
FRP P XQEDWOEHE HHQD) 3* $bFRP SROHOMAVIQRWHDVMOHFRP SDWEGKY W61 vHIDD DWRQD
RUbJ HOHIDMGHLIQMUDFHoI XQPWRQY bDQGOFRP P XQEDWRGHZ IMOWHD' ) 3 & bP DQDI HBDQG RWDQh
5&2 6bZ RXGOUHT XIWHDbFRP SB[ bIQMUIDFHO\VROEH GHYHBSHGHIRWWEHD) 3* $ b ,QAMDG bHb
DSSURDFKDZ HoZ LEVENHOVOVROEXICOWIHOFRUHb GOV XMIRQEDO RUMP Vbl RWVHBIPWMES ) 1 VIQRD
GVFUMMOI XQPWRQY bP RYHOWHVHOFRUHD XQPUWRQUOIQRD) 3* $h®J IELZ WES' 6 R& 7 KIBHHEIQQI b
WH' ) 3 &bFROARBUDQCHIQMIDFHOBI IFBQS.  bDQGOFRP SIBHWHHOMHS ) 1 167 W6' 6R& b
3 RMOMD®bHOWHS ) 3 & VWFRX@HEHIFRP SIBIGHMIMIZ D bDVHEQ) bDVH XQPAMRQWREHP RYHGHRD
) 3* $ @JIE FDQEH SDUMRGHG RXWURP WH UMWWRI WH' ) 1 IXQFWRCDIW b
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7KHS D) XMRQhL RGHVOWDWKDYHIEHHQHBPWGH RUl XEBSRMG R FFRUHI XQPWRQDOMEDVHGD
RQWH DERYH FUMUID DUH DV IR@Z V b

+ DUV ) HDUMUH ([ WDPWRQ [P SBP HQMG XMVIQJ [ 12 SH&9 b
6WUHR' HSW 0 DSSIQ) EDVHG RQUBFNO DWKIQ) 1P SGP HQMG XVIQJ [ 12 SH&.9 b

P DIH5HM] HDQG) IGMUQ) 1P SBP HOMG XVIQJ [ 12 SH&9 b

$ GAMRQD® bH SHUP HQEGSDWMDOSRWQI bRIVRP Hi' D) XMRGhL RGHVIZ IGEHSHIRWP HEHRo
WHoH WQIMMDNH SHUIP HQEBXVHIRIbF / 6 bXGP DMODMRZ Vb' ) 1 VOKDW IGBEHIMMAMSRUIMGIRD
GHWP L.OH WH H WIQARI DFFHBUDWRQ SRWIE®I DUH DV IRTRZ V b

7 UDQI XOMRQORI bl HDMUHVH XVIQI bEDVIELP DWW XCPIRQVD SDIMDBVXSSRWNIQL+ / 6 bDQGH
[12 SHX9 b

) HDXUH O DWKIQ) XVIQ) EDVE ®JIE RSHIDARQY SDIWDOVXSSRWQ+/ 6 DQG[ 12 SH&9 b
( WHQNDOD DA HAWP DARQXVQ) 5$1 6$& SUHIRXVO WMMG RQ) 3* $ EXWORWH/ 6 b

$CAMRDD ' ) 1 b IXQFWRQDOAMD P D\ b EHb SRWMGH Dvb WHb @ MMRQVD Rib WHo FXWHQW +/ 6b
IP SGP HQEMRQIDUHEHMBHWIE Q/KHEOMURXI KRAMMZ RUN EDQGISDIWEXOUDAMQMNRQY [GBEH)
SDIGH\ROWHO DFFHBIDWRCORI b XQPWRQVD Z Wb KL Kb SIRFHWIQI bBDG b $W\HP RP HQABIWIVD
DWXP HG WDWD@UHP DIQQ] ' ) 1V Z .ORSHIDWM Z MIQWH =\ QT $50 P IFURFRQAR®IUD

3RMQIb FXWRP b GHYHBSHGh VRIVE DUHb VRb 5 7( 0 6 b GHSE\ HGb RGb Db VSDFHY UHSUAVHQEMYHD
KDUEZ DUHhZ WMD) 3* $bFR SURFHVWIQI bXQUWVHHP Vo\Rb EHoWWHb SDWDVENHCOE\ bWHOVSDFHD
LQGXVA bl RBXSFRP QI I XWUHDVSDFHIDSSTEDARQY b KIBHDQ5 7( 0 6 b6 3 AVDYDIOE®KH RUKHD
=\Qr bSOWRIP  bDFFHBIDWR) bl XQPARQVXVIQI b+ / 6 bl URP hZ L5 7( 0 6 BKDVEQHYHUWEHHD
GROHDQGFROAMMWMERMIDIKLI KAMNRI H WIQGLQJ lEHYHBRSP HQMP H EDQGDIKLI KOEHQH IFIDD
FDSDELOMI RU I XWWUH GHYHBSP HOWRIb,Q XVH b, QOWHOLOMUHNRI bXGP DIMObHODEER] Dbl X@®
HP EHGGHCO@NDEHE HHQOE 7( 0 6bDQGHDQD) 3* $ bH SHUP HQMZ LAEHSHURIP HEOWROFRP SIBb
57( 0 6 bEIQDUHMIXMQI 06" 6 R&:bDQEP RYIQJ bFRUHIXQRPIRQVORIE ) 1 VHIQRY) 3* $ 1B IE HQOMHD
P DQCHBGHRIBIGHEHBZ bIGhVHAWRGD b ,IBVXFFHMHIVODFKIHYHGOIQOFRP SIGR) hDQGOXQQQIb
57( 0 6bZ MICH\WHWP Hol LDP HoRIb,Q) XVH bDbSURRI R FRQFHSWIMIBRI blDFFHBIUDA bDMP SGb
') 3&HZ KIBHXQQQIES 7( 0 6 lRQAMH=\ QTLZ IBEHFRQEXFWMG b5 HI DUBBMARIZ KHMHUBMMIMAMY
Z I@EHFRQGXPMG B/RP HIXVH XBIQ RUP DARQIRQMHI HDVIEIMMRIBMQ) b / 617 WMIQS 7( 0 617 1aD
EH REWIHG b

, QM LDWIG SOOHVILY WDFN VFHQDUR ( * 6( b
0 DCDDQED IQQAHIURP B $$6 &1 5 6 IUHWHIRERAMKDIE LCB/XSSRUNKHVH/FHIDURY BH HDUHo
GHVFUEHG IQ GHRIOQ WH ' (* 6( GHVFUSWRQD

3OQHRY WDFN P XONURERW * 6( b

$ VOGO ICOVHRWRCh — bQRODRYDOP XA URERWVFHDURL Z IEHOEXIGNOEX W XQRRCDOVD
UHTXWHG E\ P XQVURERW/FHDURY Z LQEH GHP ROMIDWG [
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7KHP XQWURERW * 6 ( IMFRP SRVHGRIBMHIRERMD DQDIQGED IQQHDWVAIMH IDUHGHS® HAIRW

WHOLQWI UDMGHVFHQDURY bDQGHHDFKBRI BWHAWUHHIP X URERY XQPWRCDONAMLZ IEHP DQXD®b
WU JHHG E\ DQRSHIDRU IURP WH J URXQG FRQARCFRP SX\MUth

7 U0 J HUQ) BAVAE XQPWRQMMEP DGHAIKURXI KWHT XHWWOHQRRONKHD ) 3 & RYHBKHGHS® HGh  LLb
QX RN b5 HI DUEIQI bCDWbH FKDQJ Hvb EHVA HHh WiHO\X ROURERW b\ RORSWRQVLDUHOFXUWHQWWD
FROMCGHHG b

" 1 RIGUHPWFRP P XQEDWRQEHE HHOMHIRERMIMVEH SGIWMG hQIMMFDVHIMHGDERREHD
H FKDQJ HG WDQU HUMURXI K \WWH J URXQG WIMRQD
" IWHPWFRP P XQEDWRGH EHE HHD WIHOIRERADIVOH, SGIWMG b, oWIVb FDVHbWH0.J URXQGD

FRQOAROAMMRQ RQD VHQG WH UHTXHW R WH IQYROHG' ) 3&V Db

$WWHo WP Ho Rib Z UM b\WWIVb GHIYHDE®! bWWH FKRIFH EHE HHChWHVHD\E RORSWRQU UHP DIQWD
SHAEQ) b

) RUHDFKBRI bWWHFROUGHIHGHP XEYURERW XQPWRCDOAA b\HHGDEDVROEHH FKDQJ HEbDUWHHWHb
IR®Z Q) b

' (0 IXVIRQ DSDWRI D' (0 EXI®E\ RQH URERWY WDQVIHUHG \R WH RWHUD
" IWHPNQMU URERWERFDOVDWRQ BMHIUHDWHSRMRQEHE HHOMHIE RAURERMIVVHQGE\ b
WHIURERWS 167 KIFKhDSSTHEHWIHE RIQME. BXGH0 RGHOYDVHEY RFDDOWRQY ) 3 & BiROMHD
URERWY/6 BWDWKDVOEHHQOEFDE) HAE\ BIRERWS HDQEERWHIRERAMIADQUP MSMHUSRVMRD
HWP DM R WH RWHUD

" QEUHPWIQMU URERIWEFDOVDARQ bDLSDWBRIbDL (0 bEXIGHE\ bURERWS HRUDOVHT XHQFHRID
SRIQNFEXGVDFT XILHGE) BMVARERWS VDOV HUHCHRIMHRWMHILRERI 6 17 KIFKIDSS@HVD
WHY ;' $500 DS EDVHEY RFDDDIRQ ) 3& b6 XEVHTXHQ® bURERWMIS EDQE/H FKDQI Ho
WHUSRVWRQV b
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& RQFOMRQb

7 KIM0GHIYHIDE®HVRA DUGHVFUEHVBMHD BELI HWY( * 6 ( VOMDADUHFRP SBP HQEW BROMHY * 6 ( \b
Z KIFKGZ QB EHoXVHGO RUMAME) bDQGHYDEEDWRQR 2 EMIEDQGES OQHI 15, (RIBKHS.' )) B7KHD
UHTXIUHP HOMI RUGHS® 1QJ DBVXE VHARIB ) 3&MDQES ) 1 VIURP hQ XVHRE' ) ) EDUHGHVFUEHGh
| RUHDFKO/ELI HAFRP SXWIMRCDEDUFKIWRWUHIS50 / HRQ ) 3* $ (7 IBMHY/XS SR IRSHIDAI b
VWP b/ IQX 57(06 b7KHGHS® P HAMRIG ) 1 VORQD) 3* $ Vbl RUWDFFHBLIWG bSURFHWIQIb b
HWHUBHOWHS ) 1 bRWDOVSHFLLIELFRP SXVBMRQDEHH SHOWYHo XGPUWRQLZ MICHDE ) 1 bKDVEEHHD
LOVADMG b$ WU GRIQ] b Db WDGHIR! | bRQOWIHIDYDIOEIDAMORI VXS SR b@EWDUHVOEHE HHOWHD
/ HRQ b57(0 6 bDQEOWHS$50 ) 3* $bFRSURFHVWQI HERDUG HDVHARIB ) 1 VOKDMVEINHOBREHD
SRUMCHRERWOMHo=\ QFEDQEY HRQERDUGBVIDUHIDMAMG ¥ KHP XEGURERW( * 6 ( IFRQUMMRIBMHD b
URYHYDIURP b/ $$6bWDWZ IGBGHS® b' ) 3& Vb RUWFRMERDMYHIP DSSIQIb ' (0 bIXVIRQbDQGh

@FDO DWRQL GUHPWDQEHQGEUHRWI? KHIGHVIOIR BAHIRYHWADUHYZ HBGHVFUEHGHQS  IDQERWY
UHSHDWIG 1Q WL GHIYHDE®I R DYRIG GXSTFDWRQ R FROMQD b
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