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NB;N L?F;NCP? NI NB? ?F?G?HNM NB;N Q?L? M??H ;M =IHMNCNONCHA 4!* CH NB? N?LG B;M
?PIFP?> =IHMC>?L;<FS
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0=BI?H<?LA?L /' 4ILF>=F;MM G;HO@;=NOLCHA NB? F?MMIHM I@ MCGJFC=CNS ;JJFC?> +?Q 6ILE $L?? -L?MM J
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1B?M? N?=BHCKO?M B;P? <??H EHIQH @IL ; FIHA NCG? <ON QCNB 0=BIH<?LA?L ; J?L@7?=NFS
CHN?AL;N?> ;H> p?RC<F? MSMN?G Q;M I<N;CH?> =;J;<F? 1@ ;=BC?PCHA =IGJ;HS
=IGJ?NCNCP?H?MM QCNB JLI>0=NM I@ BCAB KO;FCNS 1B? 4!* GI>?F <S 0=BIH<?LA?L CM
CFFOMNL;N?> B?L? ;<IP8CKDL?

==|L>CHA NI $C;N %LIOJ ONIGI<CF?M i4ILF>!F;MM *;HO@;=NOLCHA 4!*jCM ;

MNLO=NOL?> ;H> CHN?AL;N?> JLI>O=NCIH MSMN?G NB;N ?H=1GJ;MM?M ;FF NB? JLI=?MM?M 1@
NB? JF;HN NB? M?=0OLCNS ?HPCLIHG?HN @LIG G;CHN?H;H=? NI FIACMNC=M ;H> KO;FCNS 1B?
AlLF CM NI =IHNCHOIOMFS CGJLIP? JLI>O=NCIH J?L@ILG;H=? M??ECHA ; JLIAL?MMCP?
?FCGCH;NCIH 1@ Q;MN? CH IL>?L NI ?HMOL? JLI>O=N KO;FCNS ;H> G;RCGOG p?RC<CFCNS CH
L?MJIH>CHA NI =OMNIG?L L?KO?MNM NBLIOAB NB? CHPIFP?G?HN ;H> GINCP;NCIH I@ NB?
J?1JF? QILECHA CH NB? ?MN;<FCMBG?HN

1B? 4!* JLIAL;G B;M <??H G;>? <S -LI@ &;DCG? 6;G;MBCH; @LIG ;N NB? $C;N
%LI0J ONIGI<CF?M 1B? JLIAL;G CM MBIQH B?L? <?FIQ &EAOL?
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$C;N %LIOJ ONIGI<CF?M B;M =OMNIGCT?> NB? 4!* ;JJLI;=B NI NB?CL H??>M QCNB -LI@
&,DCG? 6;G;MBCH; @LIG (SINI 2HCP?LMCNS B? CM ;FMI G?G<?L I@ NB? /IS;F 0Q?>CMB
=;>?GS ;H> CH J;LNC=0F;L B? CM /0 *?G<?L |@ #HACH??LCHA 0=C?H=?M <S L?>?MCAHCHA
;H> CGIF?G?HNCHA NB? GI>?F NBLIOAB NQI FCH?M 1@ ;BN88H931< @9<<1BC

=1>175B91< @9<<1BC

1B? >?0HCNCIH JLIJIM?> <S 6;G;MBCH; CH=FO>?M ; G;HO@;=NOLCHA =IGJ;HS NB;N ?R=?FM
CH;JIFC?> L?M?;L=B JLI>O=NCIH ?HACH??LCHA CGJLIP?G?HN =;J;<CFCNS ;H> >?N;CF?>
MBIJ plIL EHIQF?>A? ;H> CHN?AL;N?M NBIM? =IGJIH?HNM CHNI ; =IG<CH?> MSMN?G tH
@;=N ;==IL>CHA NI &;DCG? 6;G;MBCH; NB? GIMN CGJILN;HN NBCHA =IHNCHO?M NI <? NB?
;<CFCNS NI =B;HA? ;H> KOC=EFEM >?P?FIJ?>CH MN?JM @IL ?;=B JCFF;L ;H> NB?

MN?JM ;L? C>?HNCo?> CH NBL?? JE8ABKA<I8 CES8ISAG<I8 4A7 CEB4BIEKI80L? ;H

?R;GJIF? 1@ ; NSJC=;F =ILL?F;NCIH <?NQ??H MN?JM ;H> JB;M?M CM MBIQH <ON NBCM
=ILL?F;NCIH =IOF> =B;HA? @IL ?;=B >Cs?L?HN N?=BHC=;F JCFF;L CH @;=N ?;=B JCFF;L =IOF>
B;P?;>Cs?L?HN L?F;NCIH NI NB?M? JB;M?M 1B? ;JJLI;=B 1@ 4!* H??>M NI MN;LN @LIG ;
i=?45< 1B51j ;H> NB?H ?RN?H> NI NB? ?HNCL? =IGJ;HS 4!*i;NN;=EMj NB?

G;HO@;=NOLCHA ;L?; 4* CM <;M?> IH ; MSMN?G 1@ ;O0>CNM NB;N ACP? ; M=IL? NB;N ;FFIQM
NI A?N NI NB? BCAB?MN F?P?F 1B? BCAB?MN F?P?F CM L?JEBVIBHI7-628HF ?BI8?

6;G;MBCH; & ";J;H?M? G;HO@;=NOLCHA MNL;N?AS ;H> NB? LIF? I@ NIN;F JLI>O=NCP? G;CHN?H;H=? 'IOLH;F I@ .O;FCNS CH
*,CHN?H;H=? #HACH??LCHA 3IFOG? tMMO? -A?M
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1B? JLI=?MM NI ;=BC?P? i4ILF> IF;MM *;HO@;=NOLCHA]j 4!* B;M ; HOG<?L |@

JBCFIMIIBC?M ;H> ?F?G?HNM NB;N ;L? =IGGIH @IL ;FF =IGJ;HC?M 1B?L?@IL? QB?H

;JJFC?> NI NB? G;HO@;=NOLCHA 0?F> 1.* ;H> 4!* ;L? MSHIHSGIOM 47? QIOF> FCE? NI

I<KM?LP? NB;N =OMNIG?L H??>M ;H> ?RJ?=N;NCIHM CM ; P?LS CGJILN;HN ?F?G?HN CH 4!*

1B? G;HO@;=NOLCHA MNL;N?AS MBIOF> <? A?;L?> NI MOJJILN NB?M? H??>M 1B?M? =IOF> <?
>?,FCHA QCNB =?LNCo=;NCIH G;LE?N MB;L? =IGJ;HS ALIQNB JLIoN;<CFCNS IL INB?L AFI<;F
N;LA?NM 1B? ION=IG?M MBIOF> <? >?0H?> MI NB;N NB?S ;L? G?;MOL;<F? ;H> B;P?;

>?0HCN? NCG?N;<F? 1B?M? ;L? ;FMI ; G?;HM I@ >?0HCHA ?GJFIS?? L?MJIHMC<CFCNC?M ;H>
G;ECHA NB?G @7?7?F CHPIFP?> #GJFIS?? ?>0=;NCIH ;H> NL;CHCHA CM ;H ?MM?HNC;F ?F?G?HN CH
; 4ILF> IF;MM *;HO@;=NOLCHA !IGJ;HS 1B?S GOMN OH>?LMN;H> NB? =IGJ;HS M PCMCIH

;H> GCMMCIH ;H> =IHM?KO?HNC;F JLCILCNC?M M CHNLI>O=?> CH 4ILF> IF;MM *;HO@;=NOLCHA
Q?FF EHIQH >CM=CJFCH?M MO=B ;M 1IN;F .O;FCNS !IHNLIF 1IN;F -LI>O=NCP? *;CHN?H;H="

1IN;F tH>OMNLC;F #HACH??LCHA 'OMN tH 1CG? ;H>)?;H *;HO@;=NOLCHA ;L? N;E?H CHNI
;==IOHN 1BOM (4ILF>!F;MM *;HO@;=NOLCHA CM <;M?> |H ; @?Q @OH>;G?HN;F JLCH=CJF?M

I NB? CHPIFP?G?HN 1@ J?IJF? CM NB? E?S NI =B;HA?

| CN CMHIN DOMN ; JLID?=N <ON; H?Q Q;S |@ QILECHA

| ;==C>?HN JL?P?HNCIH CM ; HIH >?LIA;N?> iP;FO?]

| NB? =OMNIG?L M PIC=? MBIOF> L?;=B ;FF >?J;,LNG?HNM ;H> Ig=?M
| ;FF F?;>?LM GOMN >?G;H> L?MJ?=N @IL NB? MN;H>;L>M M?N

| G?NBI>M MBIOF> <? ;JJFC?> QCNB =IHMCMN?H=S ;H> LCAIL
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| ;FF @ILGM 1@ *2" Q;MN? ;L? HIN NIF?L;<F?
| ;FF @;OFNM GOMN <? G;>? PCMC<F?
| ?FCGCH;N? NB? =;0M? ;H> HIN NL?;N NB? ?s?=N

$S & '&SHSH' " (&'

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

4* @IL?M??M  N?=BHC=;F JCFF;LM ;H> G;H;A?LC;F JCFF;LM 1B? F?P?FM 1@

;==IGJFCMBG?HN CH N?=BHC=;F 0?F>M ;L? CH>CL?=NFS ;s?=N?><S NB? F?P?F |@
;==IGJFCMBG?HN CH ;>GCHCMNL;NCP? 0?F>M 1B? JCFF;L MNLO=NOL? L?JL?M?HNM NB? i1?GJF
I@ 4*]  $CAOL? ;H>JICHNM ION NB;N NI ;=BC?P? NB? MN;H>;L> 1@ ?R=?FF?H=? ;

J;L;FF?F >?P?FIJG?HN 1@ ;FF NB? JCFF;LM CM H?=?MM;LS #;=B JCFF;L @I=OM?M IH ; MJ?=Co=
;L?; 1@ NB? JLI>O=NCIH MSMN?G OMCHA ;JJLIJLC;N? NIIFM NI ;=BC?P? ?R=?FF?H=? AFI<;F
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9J3?L?J7;1

EDJ?DKEKI
?CFHEL;C;DJ E<
17<;J0

D7BOI?I E< J>;
BEIl;1 7D: 9EIJI
BEII;I M?J>?D J>;
9EJI

*H?EH?J?;| E< 79J?EDI
JE C7D7=,C;DJ J>;
BEIl ?:;DJ?<?;. 80

J>; 9EIJ

3 FBEOC;DJ

EDJ?DKEKI
?CFHEL;C;DJ E<
FB7DJ 7D:
MEHAFB79;

Table 1.1: Description of pillars

. E H;:K9; :H713?97BBO J>; DKC8;H E< 7997::DJI
. E ;;L;BEF 7 9KBJKH; E< FH;L;DJ?ED

. E ?CFHEL,; J>; ;H=EDEC?9I E< J>; MEHAFB79;
. E ;;L;BEF IF;9?<?9 FHE<;II?ED7B IA?BBI

. E ?:;DJ?<019?;DJ?<?97BBO 7D: I01J;C7J?97BBO J>; C7?D
?J;Cl E< BEIl ?D J>; I01J;C FHE:K9J?ED BE=?1J?9I

8KI?D;ll

. E GK7DJ?<0 J>; FEJ;DJ?7B ;9EDEC?9 8;D;<?JI 7D:
:NF;9J;:

LET7:HINI> HIIEK  H9;1 7D: 9ECC?JC;DJ JE

C7D7=;H?7B J71Al M?J> =H;7J;1J FEJ;DJ?7B

. E H;:K9; :H71J?97BBO J>; CEIJ ?CFEHJ7DJ BEIIl;l FH;I;DJ
?D J>; 101J;C C7DK<79JK H?D=FB7DJ ;B?C?D7J?D=
?D;<<?97?;D97;l

. E;B?C?D7J; DED L7BK; 7::;: 79J?L?J?;| ?D EH:;H JE
?D9H;71; J>; 9ECF;J?J?L;D;ll E< J>; 9EIJ E< J>; FHE:K9J

. E ;;L;BEF IF;9?<?9 FHE<;II?ED7B IA?BBI E< FHES8B;C
IEBL?D=

#J ?1 9EDIJ?JKJ;: 80 JME F?BB7HI

AM Autonomous Maintenance. #J ?I Kl;: JE ?CFHEL; J>;
EL;H7BB ;<<?97?;D90 E< J>; FHE:K9J?ED I0I1J;C J>HEK=>
C7?DJ;D7D9; FEB?97?;l J>HEK=> J>; 9ED:K9JEHI
;GK?FC;DJ IF;9?7B?1JI
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*HE<;II?ED7B
"7?DJ;D7D9;

+
+K7B?JO
EDJHEB

&N
&E=?1J79I
KIJEC;H

- HL?9;

7HBO
GK?FC;DJ
"7D7=;C;DJ

*!

EDJ?DKEKI
?CFHEL;C;DJ E<
:EMDJ?C; 7D:
<77BK;l

EDJ?DKEKI
?CFHEL;C;DJ E<
9KIJEC;HIR D;;:

YJFI?C?P7J?ED E<
[JEQAI

YJFI?C?P7J?ED E<
?DIJ7BB7J?ED J?C;
7D: 9EIJI 7D:
EFJ?C?P7J?ED E<

Table 1.1: Description of pillars

1) 1IEHAFB79; )H=7D?P7J?ED #J ?I :;L;BEFI JE :;J;HC?D;
7D ?CFHEL;C;DJ ?D J>; MEHAFB79; 8;97KI; E<J;D J>;
C7J;H?7BI 7D: ;GK?FC;DJ 7H; :;=H7:; ?D F7THJ?9KB7H
8;97Kl; ?D J>; FHEY;ll J>;H; 7H; C7DO BEIl;l '/ JE
H;CEL;

. E?D9H;71; J>; ;<<?9?7;D90 E< J>; C79>7?D;l KI?D= <7?BKH;
7D7BOI?1 J;9>D?GK;l

. E<79?B?J73J; J>; 9EEF;H7J?ED 8;JM;;D 9ED:K9JEHI
;GK?FC;DJ IF;9?7B?1J1 7D: C7?DJ7?D;HI C7?DJ;D7D9;
F;EFB; JE H;79> P;HE 8H;7A:EMDI

. E;DIK H; GK7B?JO FHE:K9JI
. E H;:K9; DED 9ECFB?7D9;
. E ?D9H;71; J>; IA?BBI E< J>; ;CFBEO;;!

. E H;:K9; I?=D?<?97DJBO J>; B;L;BlI E< IJE9AI
. E C?D?C?P; J>; C7J;H?7B >7D:B?D= ;L;D M?J> :?H;9J
:B?L;H?;I <HEC IKFFB?;HI JE J>; 711;C8BO B?D;

. EFKJ ?D FB79; D;M FB7DJI 71 19>;:KB;:

. E;DIK H; 7 H7F?: IJ7HJ KF 7D: 1J78B;

. E H;:K9; J>; &?<; O9B; EIJ &

. E ;;1?=D IOI1J;CI ;71?BO C7?DJ7?D;: 7D: ?DIF;9J;:



7HBO *HE:K9J
"7D7=,C;DJ

*
*EFB;
:L;:BEFC:;DJ

©"
DL?HEDC;DJ
( "

D;H=0

<;7JKH;l E< D;M
FHE:K9JI

EDJ?DKEKI
?CFHEL;C;DJ E< J>;
IA?BBI E< ;CFBEO;;!
7D: MEHA;HI

EDJ?DKEKI
?CFHEL;C;DJ
;DL?HEDC;DJ7B
C7D7=;C;:DJ 7D:
H;:K9; ;D;H=0 M71J;

Table 1.1: Description of pillars

. E;DIK H; J>HEK=> 7 [JHK9JK;: IO1J;C E< JH7?D?D=
9EHH;9J IA?BBI 7D: 78?B?J?;| <EH ;79> MEHAIJ7J?ED

. E;L,BEF J>; HEB;| E< C7?DJ;D7D9; MEHA;HI
J;9>DEBE=?1JI IF;9?7B?1JI IK9> 7| CT@EH 137<< JH7?D?D=

. E9ECFBO M?J> J>; H;GK?H;C;DJI 7D: 1IJ7D:7H:l E<
;DL?HEDC;DJ7B C7D7=;C;DJ

. E;;L;BEF 7D ;D;H=0 9KBJKH; 7D: JE H;:K9; J>; ;:D;H=0
9EIJI 7D: BEII;I



M L?A;L>M NB? N?H *;H;A?LC;F -CFF,LM NB?L? ;L? *H;A?G?HN IGGCNG?HN
IF,LCNS |@ ,<D?=NCP?M /ION? G;J NI 4*  FFI=;NCIH I@ &CABFS .O;FCo?> -?1JF? NI
*I>?F LM ,LA;HCT;NCIH IGGCNG?HN  IGJ?N?H=? 1@ ,LA;HCT;NCIH NIQ;L>M
tGILIP?G?HN 1CG?;H> O>A?N "?N;CF)?P?F #RJ;HMCIH )?P?F ;H>

*INCP;NCIH |@ ,J?L;NILM

(85 =19> D??<C 67?B +?B<4 <1CC !1>E613DEB9>7
51DEB5C 1>4 45C3B9@D97?>

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

41% L2KOCL?M ;FF >?=CMCIHM NI <? G;>? <;M?> IH I<D?=NCP? G?;MOL?> >N; ;H> CNM

;H;FSMCM 1B?L?@IL? ;FF NB? NL;>CNCIH;F >N; ;H;FSMCM NIIFM MO=B ;M M=;NN?L >C;AL;GM
BCMNIAL;GM ;H> =B?=EFCMNM ;L? OM?> 1BOM @LIG FCN?L;NOL? MOLP?S CN CM CH@?LL?> NE
HIN JIMMC<F? NI OM? NB? MJ?=Co= MCHAF? NIIF NI ;=BC?P? QILF> =F;MM J?L@ILG;H=? ;H>
;>>L?MM ;FF NB? G;HO@;=NOLCHA =IGJIH?HNM tN CM CH@?LL?> NB;N NI ;>>L?MM ;FF NB?
=IGJIH?HNM 1@ NB? G;HO@;=NOLCHA MSMN?G NB? @IFFIQCHA NIIFM ;L? H?£2MIM;LS M??

#J ?1 7 C;J>E:EBE=0 <EH J>; ;;I9H?FJ?ED 7D: J>;
7D7BOI?I E< 7 BEIl F>;DEC;DED :;<;9JI

<7?BK;| C7TB<KD9J?EDI  #J 87I;: ED J>; <79JI
7D: J>; Kl; E< J>; DIl

#J ?1 Kl;: 80 J>; B?IJ E< FEII?8B; <79JEHI
97KI;l IK8 97KI;l J>7J =?L; H?I; JE J>;
F>.DEC;DED EH J>; 'J>; 97KI;l 7H;

"EH ' =HEKF;: ?DJE 97J;=EH?;| ;J>E:l
'7J;H?7BI '79>?D;l '7DI
D:<EH J>; ' J>;H; 7H; J>; I7C; ' CEH,;
J>; <?<J>J>7J ?1 J>; ;DL?HEDC;DJ

#J ?1 Kl;: JE 79>7?;L; :N9;BB;D9; J>HEK=>
?CFHEL;C;DJ E< J>; MEHAFB79; ?D J;HCI E<
EH:;;H EH=7D?P7J?ED 7D: 9B;7DB?D;ll .>;

- J;9>D?GK; ?1 871;: ED -;?H? [;F7H7J; 7D:
EH:;H -?JED 7HH7D=; 7D: EH=7D?P; -;?IE
9B;7D -;?AJIK IJ7D:7H:?P;: ->?JIKA;
C7?DJ7?D?D=7D: ?CFHEL?D=

Table 1.2: Main T ools and description
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#J ?1Kl;: JE ;DIK H; 7 9ECFB;J; 7D7BOI?I E< 7
FHES8B;C ED 7BB ?JI <KD:7C;DJ7B 71F;9JI .>;
GK;IJ?EDI 9EHH;IFED:?D=JE J>; 17D: "

7H; 1>E 1>7J 1>0 1>;H; 1>;D "EM

#J ?1 Kl;: JE 7D7BOP; J>; 97KI;l E< 7 FHESB;C
J>HEK=> 7 9EDI;9KJ?L; I;H?;| E< GK;IJ?EDI #J ?I

1>0I 7FFB?;: ?D <7781 7D7BOI?1 7D7BOI?I E<
IFEH7:?9 7TDEC7B?;| 7D7BOI?I E<9>HED?9 BEII;!
7H?1?D= <HEC IF;97<79 97KI;|

#J 2?17 1>;;J M>?9> |[K?J78BO 9ECFB;J;: ?I
"7= 7FFB?;: ED J>; C79>?D; ?D EH:;H JE H;FEHJ 7DO
7DEC7BO :;J;9J;:

#3217 1>;;J M>?9> |IK?J78BO 9ECFB;J;: ?IKl;:
1).7= ?D EH:;H JE H;FEHJ 7DO 7DEC7BO :;J;9J;: <EH
1EHAFB79; )JH=7D?P7J?ED

#J 2?17 1>;;J M>?9> |IK?J78BO 9ECFB;J;: ?I Kl;:
* 7= ?D EH:;H JE H;FEHJ 7DO 7DEC7BO :;J;9J;: <EH
*HE<;II?ED7B '7?DJ;D7D9;

#J ?1 KI;: <EH 9B711?<0?D= J>; ;L;DJI J>7J >7 L;
7D ?CF79J ED 17<;JO IK9> 71 <7J7B?J?; I;H?EKI

"?2DH?9>
C?DEH C;:?97J?EDI D;7H 7997?:;DJI
*OH7C?:
7997::DJI :7D=;HEKI 9ED:?J?EDI 7D: KDI7<;
FH79J7?9:1 EL;H J?C;
#J 217 1>;;J M>?9> IK?J78B0O 9ECFB;J;: ?IKl;:
- 7= ?D EH:;:H JE H;FEHJ 7DO 7DEC7BO :;J;9J;: <EH
-7<;JO
GK?FC:DJ

#J ?1 KI;: JE 9B711?<0O FB7DJI 799EH:?D= J>;?H

FH?EH?J?;| E< ?DJ;HL;DJ?ED ?D 971; E< <FBK
*H?EH?J?P7J?ED

Table 1.2: Main T ools and description



B;7D?D=
909B;!

#DIF;9J?ED
909B;!

"7?DJ;D7D9;
909B;l

EDJHEB 909B;|

' 7?BK H;
'‘E:; 7D:

<<;9J

D7BOI?I

%7D87D

%7?P;D"
+K?9A
-J7D:7H:
‘T@EH
:L7D9;:

. ME
0?:;E97C;H7
“J>E:

'1.# D7BOI?I

-/,
D7BOI?I

H; KlI;: <EH 79J7L?J?;1 ED KJEDECEKI
'"7?DJ;D7D9; 1EHAFB79; )H=7D?P7J?ED 7D:
*HE<;II?ED7B '7?DJ;D7D9;

H; Kl;: <EH 79J?L?J?;1 ED KJEDECEKI
'7?DJ;D7D9; 1EHAFB79; )H=7D?P7J?ED 7D:
*HE<;II?ED7B '7?DJ;D7D9;
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Table 2.1: Six Big Losses model proposed by Nakajima

0I0L=? 0 +;E;DCG; tHNLI>O=NCIH NI 1-* 1IN;F -LI>O=NCP? *;CHN?H;H=? -LI>O=NCPCNS
-L?MM

,HNB? <;M? 1@ OCR CA)IMM?M GI>?F CN CM JIMMC<F? NI OH>?LMN;H> BIQ NB? )I;>CHA
1CG? >?=L?;M?M OHNCF NI NB? 3;FO;<F? ,J?L;NCHA 1CG? ;H> NB? ?s?=NCP?H?MM CM
=IGJLIGCM?> )?NhM Al NBLIOAB NB? H3RNOL?

0 +;E;DCG; tHNLI>O=NCIH NI 1-* 1IN;F -LI>O=NCP? *;CHN?H;H=? -LI>O=NCPCNS -L?MM
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)?NhM Al NBLIOAB ; JL;=NC=;F ?R;GJF? CH.NB?
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Table 2.2: Example of OEE calculation.
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=IGGIH @L;G?QILE CH IL>?L NI =IGJ;L? CNM NBL?? H?Q?MN JF;HNM 1B? MIFONCIH Q;M NB?
C>?HNCo=;NCIH |@ @;=NILM F?;>CHA NI ;MM?G<FS FCH? >IQHNCG? !IGJ;HC?M ONCFCTCHA NBCM
CH@ILG;NCIH =;H G;E? =IGJ;LCMIHM ;=LIMM JF;HNM ;H> ;MM?G<FS FCH?M NI CGJLIP?
?s?=NCP?H?MM 1B? L?MOFNM Q?L?

| ## CH=L?;M? @
| t>?HNCo?> GIL? >IQHNCG? HIN @IOH> QCNB JL?PCIOM G?NBI>M
| /?>0=?>=IMNM

BNNJ QQQCH@ILG;H=? =IG >IQHFI;> ;MJR C> JB;LG;:=;M?MNO>S J>@ ;==?MM?> ,=NI<?L
BNNJ QQQCH@ILG;H=? =IG >IQHFI;>;MJR C>! 0# 012"6:&t%& 1#!& J>@ ;==?MM?> ,=NI<?L
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1 I() _
P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1B? 4BCLFJIIF 1LJIL;NCIHhM $CH>F;S "CPCMCIH G;HO@;=NOL?M >CMBQ;MB?LM @IL G;HS
<L;H>M CH NB? QILF>1B? >?G;H> @IL JLI>O=N CM ;N ;H ;FF NCG? BCAB 1B? Al;F Q;M

NB?H BIQ NI A?N GIL? ION I@ NB? @;=CFCNS ;H> CNM ?KOCJG?HN QCNBION G;ECHA BOA?
=,JCN;F CHP?MNG?HNM H> GIL? MJ?=Co=;FFS BIQ =;H NB? G;CHN?H;H=? >?J;LNG?HN
MOJJILN NB? H??>M 1@ G;HO@;=NOLCHA NI ;=BC?P? NB? =IGJ;HS Al;FM

11 G;E? NB?M? CGJLIP?G?HNM NB? "CPCMCIH OM?> ## ;M ; G?;MOL? |@ NB?CL =OLL?HN
?KOCJG?HN ?q=C?H=S M NB? =IGJ;HS MN;LN?> NL;=ECHA CH>CPC>0O;F JC?=?M 1@
?KOCJG?HNhM ,## L,NCHAM CN <?=;G? ;JJ;L?HN NB;N NB?L? Q;M LIIG @IL CGJILIP?G?HN

1B? =IG<CH;NCIH I@ @OH>;G?HN;F G;CHN?H;H=? JL;=NC=?M MO=B ;M /lIN |;,0M? $;CFOL?
;H;FSMCM ;H> ; JL?P?HNCP? ;H> JL?>C=NCP? G;CHN?H;H=? MSMN?G ;FIHA QCNB P?LS MNLIHA
MOJJILN @LIG "CPCMCIH F?;>?LMBCJ ?H;<F?> NB? $CH>F;S "CPCMCIH NI A?N Is NB? ALIOH>
QCNB NB? 1IN;F -LI>O=NCP? *;,CHN?H;H=? JLIAL;G A;CH CN Q;M NB? J?1JF? NB;N G;>?

NBCM =B;HA? JIMMC<F? 'CG"L;S 1-*$;=CFCN;NIL 1B? "CPCMCIH B;M <??H ;<F? NI

CH=L?;M? JLI>O=NCIH <S  QCNBION ;HS MCAHCo=;HN =;JCN;F =IMNM

1B? ## G?;MOL? CM ;H ?R=?FF?HN (-t @IL OM? IH <INB MNL;N?AC= ;H> IJ?L;NCIH;F F?P?FM C@
CN CM OM?> =ILL?=NFS 4B?H ;H ILA;HCT;NCIH BIF>M J?1JF? QCNB EHIQF?>A? ;H>

?RJ?LC?H=? 1@ NB? NSJC=;F MBILN;A?M 1@ ,## ;H> CNM =IGGIH CGJF?G?HN;NCIH

=B;FF?HA?M NB? JLI<;<CFCNS 1@ ;=BC?PCHA NB? CHN?H>?> <?H?0NM I@ ,## QCFF =?LN;CHFS
CH=L?;M? ;M?>IH OMCHA ## ;M ;H CGJLIP?G?HN >LCP?L ;N NB? =;M? MNO>S =IGJ;HS

MIG? MO==?MM @;=NILM B;P? <??H C>?HNCo0?>

|  MN;H>;L>>?0HCNCIH |@ ,## GOMN <? =F?;LFS >?0H?> ;H> =IGGOHC=;N?> ;N ;FF
F?P?FM QCNBCH NB? ILA;HCT;NCIH MCH=? NBCM CM NB? @IOH>;NCIH @IL CNM ONCFCT;NC
?MJ?=C;FFS CGJILN;HN NI >?N?LGCH? BIQ NB? C>?;F =S=F? NCG? ;H> JF;HH?> ;H>
OHJF;HH?> >IQHNCG? MBIOF> <? CHN?LJL?N?>

| tHPIFPCHA NB? IJ?L;NILM CH NB? JLI=?MM |@ >?0HCHA JLI>O=NCIH FIMM =;0M?M ;H>
=|[HoAOLCHA NB? N?GJF;N?M ;H> FCMNM NI <? OM?> @IL GIHCNILCHA JLIGIN?M 1J3?L;NIL
=IGGCNG?HN OH>?LMN;H>CHA 1@ NB? JLI=?>0L? ;H> ;Q;L?H?MM |I@ NB? @L?KO?H=S |@
MJIL;>C= ;H> =BLIHC= >CMNOL<;H=?M

| "LCPCHA NB? ,## CGJF?G?HN;NCIH ;M ; JLID?=N QCNB ; JL?>?0H?> ILA;HCT;NCIH ;
MNLO=NOL?> QILECHA JLI=?>0L? JLIGINCHA =LIMM @OH=NCIH;F ;H> MBIJ plIL
CHPIFP?G?HN ;H> JL;=NC=;F AOC>;H=? IH QB;N ;=NCPCNC?M NI ?R?=0N? ;H> CH QB;N
IL>?L CGJFC?M L?MIOL="? ;FFI=;NCIH NB;N @IL=?M G;H;A?G?HN ;NN?HNCIH ;H> JONM
H# IH NB? ;A?H>;

| 3C?QCHA ;H>=IGGOHC=;NCHA ## ;M ; >LCP?L @IL CGJLIP?G?HNM L;NB?L NB;H ;
G;H;A?G?HN G?;MOL? @IL @IFFIQ OJ ;H> =IHNLIF |@ J?L@ILG;H=? ;FNBIOAB NBCM CM
;FMINB? =;M? CM IH? |@ NB? =ILH?LMNIH?M @IL ; MO==?MM@OF ,## CGJF?G?HN;NCIH

| =NCP? CHPIFP?G?HN I@ NB? MOJJILN @OH=NCIHM ?MJ?=C;FFS JLI>O=NCIH ?HACH??LCHA
;H> G;CHN?H;H=? CM L?KOCL?> INB?LQCM? NB? F?P?F |@ CGJLIP?G?HNM NI CH=L?;M?
H# QCFF HIN <? ?HIOAB ;H> NB? MJ??> |@ =B;HA? QCFF =IHM?KO?HNFS <? NIl FIQ

BNNJ QQQF?;H?RJI?LNCM? =IG 1-*+)t+# ;LNC=F?M:IH:NIN;F:JLI>O=NCP?:G;CHN?H;H=? NJG QBCLJIIF=;M? BNG ;==?MM?>
,=NI<?L
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I 0?J;L;NCHA CGJLIP?G?HN ;=NCIHM CHNI NBIM? >CL?=NFS B;PCHA ;H CGJ;=N IH JLI=?MM
MN;<CFCNS C? ## @LIG NBIM? QCNB CH>CL?=N CGJ;=N CM H?=?MM;LS ?MJ?=C;FFS CH NB?
CHCNC;F CGJF?G?HN;NCIH JB;M? NI MBIQ KOC=E L?MOFNM

| tH=FO>CHA L?JILNCHA ## ;H> JLCILCNCT?> >;CFS ;=NCIHM CH NB? LIONCH?M I@ >;CFS
@IFFIQ OJ G??NCHAM @LIG N?;G F?P?F NI >?J;,LNG?HN MCN? F?P?F CM ;H ?R=?FF?HN Q;S
NI CHN?AL;N? ,## ;M ; >LCP?L @IL CGJILIP?G?HNM CH NB? 13?L;NCIHM G;H;A?G?HN
MSMN?G

| /?MOFNM MBIOF> <? =IGGOHC=;N?> ? A <S AL;JBC=;F PCMO;FCT;NCIH |@ NB? ##
CGJLIP?G?HNM IH NB? <I;L>M 3CMO;FCTCHA ## ;H> JLI=?MM IONJON NIA?NB~?L ;L?
CFFOMNL;NCP? ;H> GINCP;NCHA

| tH=FO>CHA JLI>O=NCIH J?L@ILG;H=? CH NB? =IGJ;HS M IP?L;FF JLI>O=NCIH MNL;N?AS
;H> G;H;ACHA NBCM QCNB ; =IHNCHOIOM @IFFIQ OJ 1@ ## ;M ; (-t IH >Cs?L?HN
=IHMIFC>;NCIH F?P?FM CM NB? IINCG;F >LCP?L @IL ?g=C?HN G;H;A?G?HN 4B?H NIJ
G;H;A?G?HN ;NN?HNCIH CM =I[HNCHOIOMFS ACP?H NI NB? JLI=?MM I@ ;=BC?PCHA MN;<F?
JLI>O=NCIH JLI=?MM?M NB? JIMMC<CFCNC?M I@ L?;=BCHA All> L?MOFNM =?7LN;CHFS
CH=L?;M?M

?>3<EC9?>

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

1B?L? ;L? G;HS =B;FF?HA?M ;MMI=C;N?> QCNB NB? CGJF?G?HN;NCIH |@ ,## @IL GIHCNILCHA
;H> G;H;ACHA JLI>O=NCIH J?L@ILG;H=? @IL ?R;GJF?

| BIQ CN CM >?0H?> CHN?LIL?N?> ;H> =IGJ.L?>
| BIQ NB? ## >:N: ;L? =IFF?=N?> :H> ;H;FST?>

| BIQ CN CM GIHCNIL?> ;H> <S QBIG

| BIQ CN ;FCAHM QCNB NB? IP?L:FF JLI>O=NCIH MNL:N?AS

| BIQ CN =IOF> <? ONCFCT?> @IL MOMN:CH;<CFCNS JOLJIM?

*|L?IP?L CN CM L?G;LE;<F? NB:N M?NNCHA BCAB ,## Al:FM CH :H ?HPCLIHG?HN QCNB

?R=?MMCP? =;J;=CNS CM |@ F?MM P;FO? MCH=? CN CM HIN JIMMC<F? NI ONCFCT? NB? ?KOCJG?HN |
NCG? ## G?:MOL? CM F?MM MOCN:<F? ;M ; N;LA?N (-t MCH=? ## IHFS G?:MOL?M NB?

2q=C?H=S >OLCHA NB? NCG? NB? ?KOCJG?HN CM JF;HH?> NI <? 1J?L;:NCHA QBCF? ?KOCJG?HN

‘H> J?2LMIHH?F >LCP?M G;:HO@:=NOLCHA =IMNM <INB QB?H NB?S :L? CH IJ?L:NCIH ;H> >OLCHA
>IQHNCG?

1B? JOLJIM? |@ G?;MOLCHA ## =;H <? KO?MNCIH?> CH NB? FCABN I@ NB? oH;H=C;F =LCMCM

1B?L? ;L? MIG? ;ONBILM NB;N B;P? L?JILN?> NB? H??> 1@ @OLNB?L L?M?;L=B QILE IH

FCHECHA ,## QCNB oH;H=C;F G?;MOL?M ";F 72MMP?LNM iNB?L? QIOF> ;JJ?;L NI <?;

OM?@OF FCH? I@ L?M?;L=B CH ?RJFILCHA NB? FCHE <?NQ??H ,## ;H> NB? JIJOF;,L <OMCH?MM
GI>?FM MO=B ;M <;F;H=?> M=IL?=;L>j *O=BCLC ?NKMOAA?MNM i$OLNB?L L?M?;L=B MBIOF>

?RJFIL? NB? >SH;GC=M I@ NL;HMF;NCHA ?KOCJG?HN ?s?=NCP?H?MM IL FIMM |@ ?s?=NCP?H?MM CH
N?LGM I@ =IMN j 1B? ;ONBILM ;AL?? QCNB NB?M? MN;N?G?HNM NB?L? CM =F?;LFS ; GCMMCHA FCHE
<?NQ??H ## ;H> G;HO@;=NOLCHA =IMN '[HMMIH ?N ;F 8 9 JL?M?HNM ; G;HO@;=NOLCHA

"F - 10AQ7?FF /%L?;N<;HEM ,P?L;FF ?KOCJG?HN ?s?=NCP?H?MM ;M ; G?;MOL? |@ 1J?L;NCIH;F CGJLIP?G?HN JL;=NC=;F
;H;FSMCM tHN?LH;NCIH;F 'IOLH;F I@ ,J?L;NCIHM -LI>O=NCIH *;H;A?G?HN
-*O=BCLC ) -CHN?FIH -?L@ILG;H=? G?;MOL?G?HN OMCHA IP?L;FF ?KOCJG?HN ?s?=NCP?H?MM ,## )CN?L;NOL? L?PC?Q ;H>
JL;=NC=;F ;JJFC=;NCIH >CM=OMMCIH tHN?LH;NCIH;F 'IOLH;F I@ -LI>O=NCIH /?M?;L=B
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=IMN GI>?F FCHECHA JLI>O=NCIH J?L@ILG;H=? QCNB ?=IHIGC= J;L;G?N?LM 1B? ONCFCT;NCIH
I@ NBCM G;HO@;=NOLCHA =IMN GI>?F CH >?P?FIJCHA CH>OMNLC;FFS ;JJFC=;<F? JLI>O=NCPCN
M QCFF <? ?F;<IL;N?> IH CH @ONOL? L?M?;L=B
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

3CNNILCI 1?M:LINNE?MMCI %COCONH> 3CNI tHNLIH:
89 2HCP?LMCNS 1@ /1G? i1IL 37LAN;j tN:FS

89 L?; *;H;A?L tH<IOH> ,J?L;NCIHM ;N G;TIH =IG

S>DB?4E3D97>

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

"Cs?L?HN G?NLC=M @IL G?;MOLCHA ;H>;H;FSTCHA NB? JLI>O=NCPCNS I@ G;HO@;=NOLCHA
MSMN?GM B;P? <??H MNO>C?> @IL M?P?L;F >?=;>?M 1B? NL;>CNCIH;F G?NLC=M @IL G?;MOLCHA
JLI>O=NCPCNS QGIEBH:;CH@> HG<?<M4E64B&)BC=B IHFS G?;MOL? J;LN |@ NB?

J?L@ILG;H=? |@ G;HO@;=NOLCHA ?KOCJG?HN ON NB?S Q?L? HIN P?LS B?FI@OF
@ILR<78AG<9L<A: G;8 CEB5?8@F 4A7 HAT8E?L<A: <@CEBI8B@8AGF A88787 GB <A6E84F8
CEB7H6G<I<GLS

"OLCHA NB? F;MN S?;LM M?P?L;F MI=C?N;F ?F?G?HNM B;P? L,CM?> NB? CHN?L?MN CH ;H;FST? NB?
JB?HIG?H; OH>?LFSCHA NB? C>?HNCo=;NCIH 1@ JLI>O=NCP? J?L@ILG;H=? J;L;G?N?LM ;M
=;J;=CNS JLI>O=NCIH NBLIOABJON ONCFCT;NCIH M;NOL;NCIH ;P;CF;<CFCNS KO;FCNS ?N=

1BCM LCMCHA CHN?L?MN B;M BCABFCABN?> NB? H??> @IL GIL? LCAILIOMFS >?0H7?> ;H>
;=EHIQF?>A?> JLI>O=NCPCNS G?NLC=M NB;N ;FFIQ NI N;E? CHNI ;==I0HN ; M?N |@ MSHNB?NC=
<ON CGJILN;HN @;=NILM ;P;CF;<CFCNS J?L@ILG;H=? ;H> KMRCNE?P;HN =;,0M?M

C>?HNCo0?> CH FCN?L;NOL? ;L?

| 1B? ALIQCHA ;NN?HNCIH >?PIN?> <S NB? G;H;A?G?HN NI =IMN L?>0O=NCIH
;JILI,=B?M

", O&4AH946GHE<A: CEB7H6G<I<GL <@CEBI8B@8AG HF<A: 8X86G<I8A8F @8GE<6F 4A7 F<@H?4G<BA 4A4?LF<F P
& & 0 Z*HO@;=NOLCHA JLI>O=NCPCNS CGJLIP?G?HN OMCHA ?s?=NCP?H?M G?NLC=M ;H> MCGOF;NCIH ;H;FSMCM [
t Z#s?=NCP? G?;MOL?G?HN ;H> MO==?MM@OF ?F?G?HNM I@ =IGJ;HS JLI>O=NCPCNS NB? <;MCM |I@ =IGJ?NCNCP?H?MM ;H> QILF>
JLIMJI?LCNS [tHN?LH;NCIH;F 'lOLH;F 1@ -LI>O=NCIH #=IHIGC=M PIF  JJ
- ""2IHA (6 Z,J?L;NCIH;F ?2q=C?H=S ;H> ?s?=NCP?H?MM G?;MOL?G?HN [ tHN?LH;NCIH;F 'IOLH;F 1@ ,J?L;NCIHM ;H>
-LI>O=NCIH *;H;A?G?HN H
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| 1B? CHN?L?MN =IHH?=N?> NI MO==?MM@OF ?;MN?LH JLI>O=NCIHM ;JJLI;=B?M FCE?
1IN;F)EB7H6G<I8 &4<AG8A4ABE?7 ?4FF &4AH946GHE4A:%84A CEB7TH6G<BA

| 1B? CGJILN;H=? NI Al <?SIH> NB? FCGCNM I@ NL;>CNCIH;F <OMCH?MM G;H;A?G?HN
=IHNLIF MSMN?G

$IL NBCM L?;MIHM ; P;LC?NS 1@ H?Q J?L@ILG;H=? =IH=?JNM B;P? <??H >?P?FIJ?> 1B?
NIN;F JLI>O=NCP? G;CHN?H;H=? 1-* =IH=?JN F;OH=B?><S 0?7CC=BC +;E(CRB?

M B;M JLIPC>?> JLI<;<FS NB? GIMN ;=EHIQF?>A?> ;H> QC>?MJL?;> KO;HNCN;NCP?
G?NLC= @IL NB? G?;MOL? I@ NB? JLI>O=NCPCNS 1@ ;HS JLI>O=NCIH ?KOCJG?HN CH ; @;=NILS
NBAI8E4?? DH<C@B8AG X86G<I8ABFEF## CM ;H ;JILIJLC;N? G?;MOL? @IL
G;HO@;=NOLCHA ILA;HCT;NCIHM ;H> CN B;M <?CHA OM?> <LI;>FS CH G;HO@;=NOLCHA CH>OMN|
NSJC=;FFS NI GIHCNIL ;H> =IHNLIF NB? J?L@ILG;H=? NCG? FIMM?M 1@ ;H ?KOCJG?HN QILE
MN;NCIH QCNBCH ; JLI>O=NCIH MSHIBI?G# ;FFIQM NI KO;HNC@S ;H> NI ;MMCAH ;FF NB?
NCG? FIMM?M NB;N ;s?=N;H ?KOCJG?HN QBCFMN NB? JLI>O=NCIH NI NBL?? MN;H>;L>
=N?AILC?M ?CHA MN;H>;L> ;H> QC>?FS ;=EHIQF?>A?> ## B;M =IHMNCNON?> ; JIQ?L@OF
NIIF @IL JLI>O=NCIH MSMN?GM J?L@ILG;H=? <?H=BG;LECHA ;H> =B;L;=N?LCT;NCIH ;M ;FMI
NB? MN;LNCHA JICHN @IL M?P?L;F ;H;FSMCM N?=BHCKO?M =I[HNCHOIOM CGJLIP?G?HN ;H>
L?M?;L=B "?MJCN? NBCM QC>?MJL?;> ;H> L?F?P;H=? NB? OM? |@ ,## JL?M?HNM
FCGCN;NCIHM M ; G;NN?L 1@ @;=N ,## @I=OM CM IH NB? MCHAF? ?KOCJG?HN S?N NB?
J?L@ILG;H=? @ ; MCHAF? ?KOCJG?HN CH ; JLI>O=NCIH MSMN?G CM A?H?L;FFS CHpO?H=?> <S
NB? J?L@ILG;H=? I@ INB?L MSMN?GM NI QBC=B CN CM CHN?L=IHH?=N?> 1B? NCG? FIMM?M
JLIJ;A;NCIH @LIG ; MN;NCIH NI ;HINB?L G;S QC>?FS ;s?=N NB? J?L@ILG;H=? 1@ ; MCHAF?
?KOCJG?HN OCH=? ## G?;MOL?M NB? J?L@ILG;H=? I@ NB? ?KOCJG?HN QCNBCH NB? MJ?=Co=
MSMN?G ; FIQ P;FO? 1@ ## @IL ; ACP?H ?KOCJG?HN =;H >?J?H> ?CNB?L IH FCNNF?
J?L@ILG;H=? 1@ NB? ?KOCJG?HN CNM?F@ ;H> IL NCG? FIMM?M JLIJ;A;NCIH >0O7? NI INB?L
CHN?L=IHH?=N?> ?KOCJG?HNM |I@ NB? MSMN?G

1BCM CMMO? B;M <??H QC>?FS CHP?MNCA;N?> CH FCN?L;NOL? NBLIOAB NB? CHNLI>O=NCIH I@
G?NLC= NB? ,P?L;FF #KOCJG?HN #s?=NCP?H?MM ,1# NB;N =I[HMC>?LM NB? QBIF?

JLI>O=NCIH MSMN?G ;M ; QBIF? ,1# ?G<L;=?M NB? J?L@ILG;H=? FIMM?M |@ ; JLI>O=NCIH
MSMN?G <INB >0? NI NB? ?KOCJG?HNM ;H> NB?CL CHN?L;=NCIHM

-LI=?MM "?MCAH?LM H??> OMO;FFS NI C>?HNC@S NB? HOG<?L |@ ?;=B ?KOCJG?HNM H?=?MM;L
NI L?;FCT? ?;=B ;=NCPCNS I@ NB? JLI>O=NCIH JLI=?MM =IHMC>?LCHA NB? CHN?L;=NCIH ;H>
=IHM?KO?HN NCG? FIMM?M ; JLCILC &?H=? @IL ; JLIJ?L >?MCAH I@ NB? MSMN?G Q? <?FC?P?
NB;N NB? ## JLIPC>?M >?MCAH?L QCNB <?NN?L CH@ILG;NCIH IH ?;=B ?KOCJG?HN NB;H ,1#

tH NBCM =B;JN?L Q? QCFF MBIQ BIQ ## =;H <? OM?> NI =;LLS ION ; =ILL?=N ?KOCJG?HNM
MCTCHA ;H> ;H ?s?=NCP? JLI>O=NCIH MSMN?G >?MCAH N;ECHA CHNI ;==IOHN <INB ?KOCJG?HN
NCG? FIMM?M ;H> NB?CL JLIJ;A;NCIH NBLIOABION NB? QBIF? JLI>O=NCIH MSMN?G

tH NB? oLMN J;L;AL;JB Q? QCFF MBIQ NB? ;JJLI;=B NB;N ; JLI=?MM >?MCAH?L MBIOF> @;=?
QB?H >?MCAHCHA ; H?Q JLI>O=NCIH MSMN?G MN;LNCHA @LIG M=L;N=B

', YAGEB7H6G<BA GB -)& -BG4? )EB7H6G<I8 &4<AG8A4A68 )EB7H6G<I<GL )E8FF

, +# [BE?7 ?4FF &4AH946GHE<A: -;8 ?8FFBA B9 F<@C?<6<GL CC?<87 -;8 E88 )E8FF

# /B@46> #) %84A-<A><A: <@BA ,6;HFGSE

+ 3"CRIH '/ 1B? H?Q J?L@ILG;H=? =B;FF?HA? *?;MOLCHA 1J?L;NCIHM @IL QILF> =F;MM =IGJ?NCNCIH "IQ 'H?M tLQCH

+ 0 tHNLI>O=NCIH NI 1-* 1IN;F -LI>O=NCP? *;CHN?H;H=? -LI>O=NCPCNS -L?MM
0" ZLH!t* CGILIP? IP?L;FF @;=NILS ?s?NCP?H?M [ CH -;H -;=Co= *C=LI?F?=NLIHC= 0SGJIMCOG (;O;C &t
4 "4;N?LM "' J?L;NCIHM *H;A?G?HN (IA;H -;A? -O<FCMB?LM

+ ' $1B;M? / ,J?L;NCIHM *H;A?G?HN *=%L,;Q &CFF



tH NB? M?=IH> J;L;AL;JB Q? QCFF CHP?MNCA;N? NB? NSJC=;F NCG? FIMM?M NB;N ;s?=N ;
JLI>O=NCIH MSMN?G ;FNBIOAB ;L? CH>?J?H>?HN @LIG NB? JLI>O=NCIH MSMN?G CNM?F@

tH NB? NBCL> J;LN Q? QCFF >?0H? ;FF NB? CHN?LH;F NCG? FIMM?M NB;N H??> NI <? =IHMC>?L?>
QB?H ;MM?MMCHA NB? ## ;FIHA QCNB NB? >?M=LCJINCIH 1@ ; M?N |@ =LCNC=;F @;=NILM L?F;N?> NI
H## ,MM?MMG?HN MO=B ;M <Os?L MCTCHA ;H>=BIC=? 1@ NB? JF;HN F;SION

tH NB? @IOLNB J;L;AL;JB Q? QCFF MBIQ ;H> KO;HNC@S BIQ NCG? FIMM?M 1@ ; MCHAF?
?KOCJG?HN ;s?=NM NB? QBIF? MSMN?G ;H> PC=? P?LM;

$CH;FFS Q? QCFF MBIQ NBLIOAB NB? MCGOF;NCIH MIG? L?;F =;M?M CH QBC=B ; JLI=?MM >?MCAH
B;P? <??H @OFFS =IGJF?N?> =IHMC>?LCHA <INB ?KOCJG?HN ;H> NCG? FIMM?M JLIJ;A;NCIH

11>E613DEB9>7 CICD5=45C97> CD12<9C8 D85 >E=25B
?6 @B?4E3D97> =1389>5C

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

#;=B JLI=?MM >?MCAH?L QB?H MN;LNCHA NB? >?MCAH 1@ ; H?Q JLI>O=NCIH MSMN?G GOMN
?HMOL? NB;N NB? HOG<?L |@ ?KOCJG?HNM H?=?MM;LS NI =;LLS ION ; ACP?H JLI=?MM ;=NCPCNS
? A G?N;F GCFFCHA CM MOg=C?HN NI L?;FCT? NB? L?KOCL?> PIFOG? ONCFF NB? >?MCAH?L GOMN
A?H?L;FFS ?HMOL? NB;N NB? GCHCGOG HOG<?L |@ ?KOCJG?HN CM <IOABN >0? NI ?F?P;N?>
CHP?MNG?HN =IMNM !F?;LFS NB? J?L@ILG;H=? CH?q=C?H=C?M ;H> NB?CL JLIJ;A;NCIH

<?=;G? =LCNC=;F QB?H NB? JOL=B;M? 1@ ;H ?RNL; M?N 1@ ?KOCJG?HN M CM L?KOCL?> NI
ISM?N NCG? FIMM?M JLIJ;A;NCIH $LIG ; JLC=? MNL;N?AS J?LMJ?=NCP? NB? JLI=?MM

>?MCAH?L CM A?H?L;FFS L?KO?MN?> NI ;MMOL? NB? HOG<?L |@ L?KO?MN?> ?KOCJG?HNM CM
?s?=NCP?FS NB? GCHCGOG JIMMC<F? @IL NB? L?KO?MN?> PIFOG? HS HIN H?=?MM;LS IP?L
MCTCHA L?MOFNM CH ;H ?RNL; CHP?MNG?HN =IMN @IL NB? =IGJ;HS =IGJLIGCMCHA NB?
?=IHIGC=;F J?L@ILG;H="?

1SJC=;FFS NB? A?H?L;F ?KO;NCIH NI ;MM?MM NB? HOG<?L |@ ?KOCJG?HNM H??>?> NI
JLI=?MM ; >?G;H> @ JLI>O=NM QCNBCH ; NIN;F =;F?H>;L NCG®OMO;FFS IH? S?;L
=H <? QLCNN?H ;M @IFFIQ

Table 3.1: Equation

| CM NB? HOG<?L |@ JLI>O=NM NB;N GOMN <? JLI>0=?>

| =NCM NB?IL?NC=;F =S=F? NCG? @IL NB? ?KDLIG2AMM ; JC?=? 1@ JLI>O=N

I I'NCM NB? HOG<?L |@ BIOLM IL GCHON?M CH IH? S?;L

| &CM; =1?g=C?HN NB;N CH=FO>?M ;FF NB? ?RN?LH;F NCG? FIMM?M NB;N ;s?=N ; JLI>O=NCIH
MSMN?G JL?=FO>CHA JLI>O=NCIH
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| cCM NB? ?0=C?H=S |@ NB? ?KOCJG?HN C QCNBCH NB? MSMN?G

tN CM NB?L?@IL? JIMMC<F? NI $UBTHA NCG? ;M NB? J?L=?HN;A? |@ NIN;F =;F?H>;L
NCG? NNB;N CM ;=NO;FFS M=B?>0F?> @IL 13?L;NCIH

1B? 1;<F? MBIQM NB;N NB? JLI=?MM >?MCAH?L GOMN =I[HMC>?L CH BCM B?L ;H;FSMCM NBL?"
J;L;G?N?LM OHEHIQH ; JLCILC QBC=B CHpO?H=? >L;G;NC=;FFS NB? JLI>O=NCIH MSMN?G
MCTCHA ;H> JF;S ; E?S LIF? CH NB? >?MCAH 1@ NB? MSMN?G CH IL>?L NI L?;FCT? NB? >?MCL?>
NBLIOABJON 1B?M? J;L;G?N?LM ;s?=N NB? NIN;F NCG? ;P;CF;<F? @IL JLI>O=NCIH ;H> NB?

L?;F NCG? ?;,=B ?KOCJG?HN L?KO?MN NI L?;FCT? ; JER=R? L?MJI?=NCP?FS

| #RN?LH;F NCG? FIMM?M QBC=B ;L? =IHMC>?L?> CH NB? ;H;&ESMCM QCNB

I 1B? NB?IL?NC=;F NCG? =S=F? QBC=B >?J?H>M OJIH NB? M?F?=N?> ?KOCJG?HN M

| 1B? ?q=C?H=S I@ NB? ?KOCJG?HN QBC=B >?J?H>M OJIH NB? M?F?=N?> ?KOCJG?HNM
;H>NB?CL CHN?L;=NCIHM CH ;==IL>;H=? NI NB? MJ?=Co= >?MCAH

1BCM FCMN BCABFCABNM NB? =IGJF?RCNS CGJFC=CNFS CHPIFP?> CH ; JLI=?MM >?MCAH 0?P?
@IL?=;MNM ;H> ;MMOGJNCIHM G;S <? L?KOCL?> tH NBCM M?HM? CN CM ; All> JL;=NC="? NI
?HMOL? NB;N NB? L;NQI, &FP CM ;FQ;SM L?MJ?=N?> @IL ?;=B ?KOCJIG?HN

Table 3.2: Equation

M ; All> JL;=NC=? NI ?HMOL?;<F? <?CHA JLIJ?LFS FIQ?L NB;H ;FFIQM NI ?G<L;=?
;GIHA INB?LM NB? P;LC;<CFCNS ;H> OH=?LN;CHNS CGJFC=CNFS ?G<?>>7?> QCNBCH NB? >?G;H>
@IL?=;MN

tH NB? H?RN J;L;AL;JB Q? QCFF ;H;FST? NB? #RN?LH;F NCG? FIMM?M NB;N GOMN <?
=[HMC>?L?>>0OLCHA NB? >?MCAH

4 "4;N?LM "' J?L;NCIHM *H;A?G?HN (IA;H -;A? -O<FCMB?LM



HD5B>1< D9=5 <?CC5C

&H)"

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

$IL NB? >?MCAH 1@ ; JLI>O=NCIH MSMN?G M?P?L;F NCG? FIMM?M 1@ >Cs?L?HN H;NOL? H??> NI
<? =[HMC>7?L?> )CN?L;NOL? CM JF?HNS 1@ =F;MMCo=;NCIHM CH NBCM M?HM? ;FNBIOAB NB?S =;H
>CP?LA? IH? ?;=B INB?LM CH J;L;G?N?LM HOG<?L =,N?AILCT;NCIH F?P?F @ >?N;CF ?N=
2MO;FFS ?;=B =F;MMCo=;NCIH CM N;CFIL?> IH ; M?N |@ M?HMC<F? >LCP?LM MO=B ;M >;N;
;P;CF,<CFCNS ?RJ?=N?>L?MOFNM ?N=

,H? L?F?P;HN =F;MMCo=;NCIH I@ <INB ?RN?LH;F ;H> CHN?LH;F NCG? FIMM?M CM JLIPC>?> <S
%L;H>I ?N ;F  ON;LNCHA @LIG NBCM =F;MMCo=;NCIH ;H> @I=OMCHA IH ?RN?LH;F NCG? FIMM?M
IHFS Q? QCFF <LC?pS CHNLI>0=?; >?M=LCJINCIH |@ =IGGIH NCG? FIMM?M CH ,J?L;NCIHM
*H;A?G?HN BCABFCABNCHA QBC=B ;L? GIMN L?F?P;HN ;H> QBC=B ;L? H?AFCAC<F? OH>7L
=?LN;CH BSJINB?MCM @IL NB? >?MCAH 1@ ; JLI>O=NCIH MSMN?G

1B? =;N?AILC?M )1 ;H>)1 >IHhN ;s?=N NB? J?L@ILG;H=? |@ ; MCHAF? ?KOCJG?HN HIL
CHpO?H=? NB? JLIJ;A;NCIH |@ NCG? FIMM?M NBLIOABION NB? JLI>O=NCIH MSMN?G

ONCFF CN CM CGJILN;HN NI HINC=? NB;N MIG? =;0M?M ?P?H NBIOAB F;<?F?> ;M ?RN?LH;F ;L?
=IGJF?R NI ;MM?M >OLCHA NB? >?MCAH "?MJCN? NB?M? =,0M?M ;L? ?RN?LH;F ;H> Q?FF

EHIQH <S I3?7L;NCIHM G;H;A?L >0? NI NB? CGJFC=CN =IGJF?RCNS CH ;MM?MMCHA NB?G NB?M?
;L? >?N?=N?> [HFS QB?H NB? JLI>O=NCIH MSMN?G CM QILECHA PC; NB? ,## QCNB
=IHM?KO?H="? IH ,## P;FO?M $IL ?R;GJF? NB? F,;=E |@ G;N?LC;F @??>CHA ; JLI>O=NCIH

FCH? >1?M HIN >?J?H> <S NB? ,## |@ NB? MJ?=Co= MN;NCIH ?KOCJG?HN +?P?LNB?F?MM QB~?H
F;=E 1@ G;N?LC;F I==OLM ; MN;NCIH =;HHIN JLI>0=? QCNB =IHM?KO?H=?M IH ?KOCJG?HN
?0=C?H=S >?N7?=N7?7><S NB? ##

Symbol Name Description Synonyms
#:B; J?C;l
-KCC;H L797J?EDI
H;IKBJ?D=
>EB?:70I 1>?7<JI -013;C
<HEC B7M
&J IF;9?7B ;L;DJI NJ;HD7B
H;=KB7J?EDI
s THI>GK7A;] 7K1
EH 9EHFEH7J;
<BEE:
:;9?1?EDI

Table 3.3: Adapted from Grando et al. 2005

3 0?GC=IH>0O=NIL *;HO@;=NOLCHA -LI>O=NCPCNS ,P?L;FF #KOCJG?HN #s?=NCP?H?MM ,## AOC>?<IIE 0#* 1#!&
">t # Z#KOCJIG?HN ?s?=NCP?H?MM ## L?PCMCN?> [ t### 1L;HM;=NCIHM IH 0?GC=IH>0O=NIL *;HO@;=NOLCHA H

% ) ! %;G<?LCHC / ZFN?LH;NCP? ;JJLI;=B?M @IL ,## ?P;FO;NCIH MIG? AOC>?FCH?M >CL?=NCHA NB? =BIC=? [ CH 53t
00GG?L 0=BIIF $L;H=?M=I 10L=| 3?HC=?
1 $%L;H>  Z*I>?FFCHA -F;HN !;J3;=CNS ;H> -LI>O=NCPCNS [ -LI>O=NCIH -F;HHCHA ;H>!l[HNLIF H
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&79A E< :;C7D:
&79A E< C7J;H?7B 72D
IJEQAI

&79A E< EH:;HI 2D J>;
FHE:K9J?ED FB7D

/DFB7DD:: &79A E<;D;H=0 -013;C
& J?C: &79A E< C7TDFEM:H NJ;HD7B
’ IJH?A:I 7K
781:DJ::?IC

:9>D?97B J;1J1 7D:
C7DK<79JKH?D= E<
DEDC7HA;J78B;
FHE:K9JI

. H7?D?D= E< MEHA;HI

'"?29HE 78I1;DJ;?IC
>7<J 9>7D=;l
F>OI?EBE=?97B
?D9H;71;l

C7D C79>?D;
?DJ;H79J?ED

'"79>7D;
&79A E<H7M C7J;H?7B
NJ;HD7B
IJEQAI <EH I1?D=B;
-J7D: 80 7Kl
&J C79>7D:]
J?C; -0lJ;C
/DIK?J78B; F>01?797B
NJ;HD7B
7D: 9>:C?97B
7KI;1

FHEF;HJ?;l E< J>;
7L77?B78B; C7J;H?7B

&79A E< [;HL?9;
L;>79B;

7?BKH; JE EJ>;H
C79>?D;l

Table 3.3: Adapted from Grando et al. 2005
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1B? ?RN?LH;F NCG? FIMM?M ;MM?MMG?HN G;S P;LS CH ;==IL>;H=? NI NB?CLM =;N?AILC?M
BCMNILC=;F ;P;CF;<F? >;N; ;H> INB?L ?RIA?HIOM @;=NILM 0IG? MNIJM ;L? ?MN;<FCMB?> @IL
NBLIOAB CHN?LH;F JIFC=C?M ? A HOG<?L |@ MBC@N JLI>O=NCIH MSMN?G =FIMOL? @IL BIFC>;SM
?N=,NB?L G;=LI MNIUM ;L? ;MM?MM?> ? A ,J?HCHA NCG? NI M;NCM@S @IL?=;MN?>

>?G;H> QB?L?;M INB?LM ;L? =IHMC>7?L?> ;M ; @IL@?CN CH ;==IL>;H=? NI NB? ,J?L;NCIHM

*H;A?L #RJI?LC?H=? tN CM HIN JIMMC<F? NI JLIPC>? ; A?H?L;F G;AHCNO>? IL>?L <?=;0M?

NB? ?RN?HN |@ NCG? FIMM?M >?J?H> @LIG ; P;LC?NS 1@ =B;L;=N?LCMNC= @;=NIL =IHH?=N?>
G;CHFS NI NB? MJ?=Co= JLI=?MM ;H> NB? MJ?=Co=0oLG GIHA NB? GIMN =IGGIH Q;SM NI

;MM?MM NBCM NCG? FIMM?M Q? @IOH> &CMNILC=;F >;N; ?H=BG;LECHA QCNB MCGCF;L
JLI>O=NCIH MSMN?G ,J?L;NCIHM *;H;A?L #RJ?LC?H="? !ILJIL;N? -IFC=C?M

1B? I;F?H>,L NCG? cCM L?>0=?> ;@N?L NB? ?RN?LH;F NCG? FIMM?M 1B? J?L=gE8N;A? 1@
QBC=B NB? JLI>O=NCIH MSMN?G >I?M HIN JLI>0=? CM ?RIL?MM&>;s3=-NCHA
=IHM?KO?HNFS Ng?

1B?M? J;L;G?N?LM MBIOF> <? =IHMC>?L?> =;L?@OFFS <S MSMN?G >?MCAH?LM CH ;MM?MMCHA
NB? FI;>CHA NCG? FNBIOAB NB?M? J;L;G?N?LM > HIN JLIJ;A;N? NBLIOABION NB? FCH?
NB?CL =IHMC>?L;NCIH CM @OH>;G?HN;F NI ?HMOL? NB? C>?HNCo=;NCIH 1@ ; JLIJ?L HOG<?L |@
?KOCJG?HNM

S (S

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1B?L? CM ; M?N |@ C>F? NCG?M NB;N L?MOFN @LIG F;Q L?AOF;NCIHM IL =ILJIL;N? >?=CMCIHM
1B?M? MNIIM ;L? A?H?L;FFS EHIQH ; JLCILC MCH=? NB?S ;L? L?AOF;N?> <S FI=;F F;Q ;H>
OMO;FFS =IHNLC<ON? NI NB? JLI>O=NCIH JF;HN FI=;FCT;NCIH >?=CMCIH JLI=?MM ,HFS =,0M?M
?RN?LH;F NI NB? JLI>O=NCIH MSMN?G ;L? L?MJIHMC<F? @IL NB?CL JL?M?H="?

y'$ ™ (S!"

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

1B? OHJF;HH?> NCG? ;L? A?H?L;FFS A?H?L;N?> <S MSMN?G ?RN?LH;F =;0M?M =IHH?=N?>
QCNB G;=BCH?LC?M JLI>O=NCIH JF;HHCHA ;H> JLI>O=NCIH LCMEM

QBIF? JLI>O=NCIH MSMN?G ? A JLI>O=NCIH FCH? IL MIG? ?KOCJG?HN G;S <?
N?GJIL;LCFS OM?> @IL HIH G;LE?N;<F? JLI>O=N ? A JLININSJ? IL NB?S G;S;L? HIN
MOJJIM?> NI JLI>0=? >0? NIN?MN ? A @IL F;Q L?KOCL?G?HNM CHMN;FF;NCIH |@ H?Q
?KOCJG?HNM ;H> NB? L?F;N?>;=NCPCNC?M ? A NL;CHCHA 1@ QILE?LM

OCGCF;LFS ; JLI>O=NCIH MSMN?G G;S @;=? C>F? NCG? <?=,0M? 1@ F,=E |@ >?G;H> ;<M?H=?
1@ ; JLI>O=NCIH M=B?>0F? CH?s?=NCP?H?MM I@ G;LE?NCHA @OH=NCIH IL JLI>O=NCIH
JF;HHCHA ;=NCPCNC?M IL F;=E 1@ G;N?LC;F CH MNI=E >0? NI CH?s?=NCP?H?MM CH G;H;ACHA NB?
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IL>?LM !F?;LFS NB? JL?M?H=? |@ ; JLI>O=NCIH M=B?>0F? CH ; JLI>O=NCIH MSMN?G CM
CH>?J?H>?HN <S NB? ,J?L;NCIHM G;H;A?L ;H> <S NB? JLI>O=NCIH MSMN?G >?MCAH ;M Q?FF
6?N NB? F;=E 1@ MNI=E G;N?LC;F ;FNBIOAB CH>?J?H>?HN @LIG NB? JLI>O=NCIH MSMN?G
>?MCAH CM IH? |@ NB? =LCNC=;F L?MJIHMC<CFCNS I@ ;HS ,* CHP?HNILS G;H;A?G?HN

GIHA NBCM M?N I@ NCG? FIMM?M Q? oH> ;FMI INB?L ?RN?LH;F @;=NILM NB;N ;s?=N NB? MSMN?(
;P;CF;<CFCNS QBC=B ;L? OMO;FFS G;H;A?><S =IGJ;HC?M ;M ; LCME tH NBCM M?HM?
==0OLL?H=? |@ JB?HIG?HIH FCE? NB? F;=E 1@ ?H?LAS IL NB? JL?M?H=? |@ MNLCE?M ;L? LCMEM
NB;N =IGJ;HC?M Q?FF EHIQ ;H> NB;N OMO;FFS G;H;A? ;==IL>CHA NI IH? |@ NB? @IOL LCME
G;H;A?G?HN MNL;N?AS ;PIC>;H=? NL;HM@7?L GCNCA;NCIH ;==?JN;H=? >?J?H>CHA IH NB?CL
CGJ;=N ;H> JLI<;<CFCNS

(" - (S!

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

$CH;FFS NB? MN;H><S NCG? FIMM?M ;L? ; M?N |I@ FIMM?M >0? NI MSMN?G CHN?LH;F =;,0M?M <
MNCFF ?KOCJG?HN ?RN?LH;F =,0M?M 1BCM NCG? FIMM?M G;S ;s?=N QC>?FS NB? ,1# |@ NB?
JLI>O=NCIH FCH? ;H> >?J?H> IH QILE ILA;HCT;NCIH FIMM?M L;Q G;N?LC;F ;H> G;N?LC;F
B;H>FCHA

*C=LI ;<M?HN??CMG ;H> MBC@N =B;HA?M G;S ;s?=N NB? J?L@ILG;H=?M |I@ ;FF NB? MSMN?G
NB;N ;L? <;M?> IH G;H G;=BCH? CHN?L;=NCIH MO=B ;M NB? JLI>O=NCIH ?KOCJG?HNM IL

NB? NL;HMJILN;NCIH MSMN?GM ;M Q?FF );=E I@ J?L@ILG;H=? G;S JLIJ;A;N? NBLIOABION

NB? QBIF? MSMN?G ;M INB?L ?KOCJG?HN CH?s?=NCP?H?MM #P?H MI ,J?L;NCIHM G;H;A?L
=;HhN ;PIC> NB?M? FIMM?M <S >?MCAHCHA ; <?NN?L JLI>O=NCIH FCH? #s?=NCP? MNL;N?AC?M (
NBCM M?HM? ;L? =IHH?=N?> QCNB MI=C;F M=C?H=? NB;N ;CG NI ;=BC?P? NB? ?GJFIS??
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NB? M;G? @ILGOF;NCIHIGHF? =;HhN <? OM?> MCH=? QCNBION CH@ILG;NCIH IH NB?
MSMN?G aACH OHEHIQH ; JLCILC &?H=? CH NBCM =;M2MNB? =IOF>HhN JLIPC>?;

=ILL?=N P;FO? |@ ,1#

#+ 9%)S$I"((S! #'S" )" ( (!
$EHEI" TS * &

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1B? ## 1@ ?,=B ?KOCJIG?HN4F <FB?4G87 @46;<&8>?J?H>?HN <S INB?L MN;NCIH CM

;5?=N?> IHFS <S ;H>  NB?IL?NC=;F CHNLCHMC= P;FO? ON IH=? NB? ?KOCJG?HN CM

J;LN 1@ ; MSMN?G CNM J?L@ILG;H=? >?J?H>M ;FMI OJIH NB? CHN?L;=NCIH QCNB

INB?LA ?KOCJG?HNM ;H>NBOM IH NB?CL J?L@ILG;H=? tN CM HIQ GIL? ?PC>?HN QBS @IL

; =ILL?=N ?MNCG;N? ;H> IL ;H;FSMCM 1@ ?KOCJG?HN ## ;H> MSMN?G ## CN CM H?=?MM;LS

NI N;E? CHNI ;==I0OHN FIMM?M JLIJ;A;NCIH 1B?M? >Cs?L?H=?M <?NQ??H MCHAF? MO<MSMN?G
;H>?HNCL? MSMN?G H??> NI <? >??JFS ;H;FST?> NI OH>?LMN;H> L?;F =;,0M?M |@ MSMN?G
?9=C?H=S FIIM?M tH J;LNC=0OF;L NB?CL CHP?MNCA;NCIH CM @OH>;G?HN;F >OLCHA NB? >?MCAH
JLI=?MM <?=;0M? ; =ILL?=N ?P;FO;NCIH |@ ,## ;H> @IL NB? MNO>S |I@ ?s?=NCP? FIMM?M
L?>0=NCIH ;=NCIHM C ? <0Os?L =;J;=CNS >CG?HMCIHCHA KO;FCNS =IHNLIF MN;NCIH
JIMCNCIHCHA <ON ;FMI >0OLCHA NB? HILG;F ?R?=0ONCIH I@ NB? 1J?L;NCIHM <?=;,0M? CN F?;>M
NI =ILL?=N ?P;FO;NCIH 1@ =,0M?M I@ ?q=C?H=S FIMM?M ;H> NB?CL L?;F CGJ;=N IH NB? MSMN?G

1B? 1;<F? MBIQM BIQ ?g=C?H=S FIMM?M |@ ; MCHAF? MO<MSMN?G ? A ;H ?KOCJG?HN
G;=BCH? ACP?H <S +,E;DCG=;H MJL?;> NI INB?L MO<MSMN?G ? A CH M?LC?M G;=BCH?M
;H>NB?H NI QBIF? MSMN?G

tH ;==IL>;H=? NI 1;<F? ; L?F?P;HN F;=E 1@ =IIL>CH;NCIH CH >?JFISCHA ;P;CF;<F?

@;=NILS L?MIOL=?M J?IJF? CH@ILG;NCIH G;N?LC;FM ;H> NIIFM <S OMCHA ## G?NLC=
<;M?> [H MCHAF? ?KOCJG?HN ?RCMNM &?H=? ; QC>?L ;JJLI;=B @IL ; BIFCMNC= JLI>O=NCIH
MSMN?G >?MCAH B;M NI @I=OBAF3/8 CSE9BE@4A68 B9 G;8 J;B?8 946GBHDFNCHA <S

NB? CHN?L;=NCIHM |@ CNM ?KOCJG?HNM

+ 0 tHNLI>O=NCIH NI 1-* 1IN;F -LI>O=NCP? *;CHN?H;H=? -LI>0O=NCPCNS -L?MM
+(86;FASE EB@ BISE4?? 8DH<C@8AG 8W6<SAG6L ( GB BISE4?? 45 8X86G<ISASFF ( P &4GSE<4?F ,6<8A68 <A ,8@<6BA7H6GBE
YEBBSFF<A:
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Table 3.6: Example of propagation of losses in the system

1BCM CMMQO? B;P? <??H QC>?FS >?<;N?> ;H> ;=EHIQF?>A?> CH FCN?IONAL?F
ONBILM  B;P? L?=IAHCT?> ;H> ;H;FST?> NB? H??> @IL ; =IB?L?HN MSMN?G;NC=
G?NBI>IFIAS @IL >?MCAH ;N NB? @;=NILS F?P?F

$OLNB?LGIL? NB? @IFFIQCHA ;=NCPCNC?M ;==IL>BRA NI <? =IHMC>7?L?> ;M ,1# CM
;EMI MN;LN?> ;N NB? @;=NILS >?MCAH F?P?F

I .O;FCNS <?NN?L ?KOCJG?HN L?FC;<CFCNS BCAB?L SC?F>M F?MM L?QILE HI GCMJLI=?MM

I  ACFCNS ;H> L?MJIHMCP?H?MM GIL? =OMNIGCT;NCIH @;MN L?MJIHM? NI OH?RJ?=N?>
=B;HA?M MCGJF?L CHN?AL;NCIH

| 1?=BHIFIAS =B;HA?M

[ 0J??> @;MN?LL;GJ OJ MBILN?L =S=F? NCG?M @;MN?L >?FCP?LS

& & 0 Z*HO@;=NOLCHA JLI>O=NCPCNS CGJLIP?G?HN OMCHA ?s?=NCP?H?M G?NLC=M ;H> MCGOF;NCIH ;H;FSMCM [
/,2=BMH?L $LIG IP?L;FF ?KOCJG?HN ?q=C?H=S ## NI IP?L;FF $;< ?s?=NCP?H?MM ,$# [ *;N?LC;FM 0=C?H=? CH
0?GC=IH>O=NIL -LI=?MMCHA 9

0 " ZLH!t* CGILIP? IP?L;FF @;=NILS ?s?NCP?H?M [ CH -;H -;=Co= *C=LI?F?=NLIHC= 0SGJIMCOG (;O;C &t

- /0=INN " ZI;H IP?L;FF @;=NILS ?s?NCP?H?MM JLIFIHA *IIL?hM );Q [ OIFC> ON;N? 1?=BHIFIAS

/,2=BMH?L $LIG IP?L;FF ?KOCJG?HN ?q=C?H=S ,## NI IP?L;FF $;< ?s?=NCP?H?MM ,$# [ *;N?LC;FM 0=C?H=? CH
0?GC=IH>0O=NIL -LI=?MMCHA

- /0=INN " ZLH IP?L;FF @;=NILS ?s?NCP?H?MM JLIFIHA *IIL?hM );Q [OIFC> ON;N? 1?=BHIFIAS



| -LI>O=NCIH =IMN <?NN?L ;MM?N ONCFCT;NCIH BCAB?L NBLIOABJON F?MM CHP?HNILS F?MM
M?NOJ F?MM C>F? NCG?

N JL?M?HN NB?L? CM HIN ; =IGGIH Q?FF >?0H?> ;H> JLIP?H G?NBI>IFIAS @IL NB?

;H;FSMCM 1@ 0SMN?G ,##7HE<A: G;8 FLFG8@ 78FS:AB? Q;S NB? ?s?=N |@ ?q=C?H=S

FIMM?M JLIJ;A;NCIH GOMN <? =[HMC>?L?> ;H> >??JFS ;H;FST?> Nl OH>?LMN;H> ;H>

?FCGCH;N? NB? =,0M?M <?@IL? NB? JLI>O=NCIH MSMN?G CM L?;FCT?> tH NBCM M?HM?
NBF<@H?4GEBA=IHMC>?L?> NB? GIMN L?FC;<F? G?NBI> NI >;N? CH >?MCAHCHA MNO>SCHA
;H>;H;FSTCHA NB? G;HO@;=NOLCHA MSMN?GM ;H> CNM >SH;GC= J?L@TOBAE="N"?

?P?HN MCGOF;NCIH ;H> ;>P;H=?> JLI=?MM =IHNLIF ;L? NB? GIMN L?JL?M?HN;NCP?M |@ MO=B
L?;M

#H)(SI$ (#"#

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

$CH;FFS CN CM CGJILN;HN NI =IHMC>?L BIQ NB? @I=OM |@ NB? >?MCAH G;S P;LS ;==IL>CHA NB?
NSJ? 1@ JLI>O=NCIH MSMN?G tH plQ MBIJ JLI>O=NCIH MSMN?G NB? >?MCAH GIMNFS @I|=OM?M
IH NB? ,1# 1@ NB? QBIF? JLI>O=NCIH FCH? QB?L?;M CH DI< MBIJ JLI>O=NCIH MSMN?G NB?
;H;FSMCM G;S @I=OM ?CNB?L IH NB? .## |@ ; MCHAF? ?KOCJG?HN IL CH NBIM? |@ NB? MJ?=Co=
MBIJ plIL L;NB?L NB;H NBIM? |@ NB? QBIF? JLI>O=NCIH MSMN?G 1BCM CM >0? NI NB?
CHNLCHMC= @;=NILM NB;N OH>?LFC?M ; F;SION =IHoAOL;NCIH =BIC=?

?BJ F;BC CEB7H6G<BA FLF@E3@IBSJIC=;F |@ BCAB PIFOG? ;H> FIQ P;LC?NS JLI>O=NCIH

1B? ?KOCJIG?HN JL?M?HN ;FF ; MCGCF;L =S=FHNCGIPOMO;FFS ILA;HCT?> CH ; JLI>O=N

F;SION QB?L? CHN?LIJ?L;NCIH <Os?LM ;L? MG;FF IL ;<M?HN "O? NI MCGCF;LCNS ;GIHA NB?
?KOCJG?HNM NB;N =IGJIM? NB? JLI>O=NCIH MSMN?G NB? M;NOL;NCIH F?P?F |@ NB? >Cs?L?HN
?KOCJG?HNM ;L? FCE?FS NI <? MCGCF;L IH? ?;=B INB?L 1B? ,## ;L? MCGCF;L ;M Q?FF tH NBCM
M?HM? NB? @I=OM |I@ NB? ;H;FSMCM QCFF <? IH FIMM NCG? JLIJ;A;NCIH =;,0M?M QCNB NB? ;CG NI
;PIC> NB?CL I==OLL?H=? NI LCM? NB? ,1# 1@ NB? MSMN?G

,HNB? INB?L B;H> CHB5 F;BC CEB7TH6G<BA FLFSB@NA NB? MJ?=Co= H;NOL? |@

13?L;NCIHM GOFNC plQM >Cs?L?HN JLI>O=NCP? J;NBM H??> @IL JLI=?MM p?RC<CFCNS L;NB?L
NB;H ?q=C?H=S =B;L;=N?LCT?><S BCAB?L C>F? NCG? ;H>BCAB?L MN;H><S NCG? FIQ?L
P;FO?M 1@ J?L@ILG;H=?M CH>?R ;L? JOLMO?>

"Cs?L?HN JLI>O=NM =;N?AILC?M OMO;FFS L?KOCL? ; >Cs?L?HN M?KO?H=? |@ N;MEM QCNBCH NB?
M;G? JLI>O=NCIH MSMN?G MI NB? ?KOCJG?HN CM ILA;HCT?> CH ; JLI=?MM F;SION tH NBCM

=M? L;NB?L NB;H @I=OMCHA IH ?q=C?H=S NB? >?MCAH @I|=OM?M IH JLI>O=NCIH MSMN?G
p?RC<CFCNS ;H> CH NB? F;SION IINCGCT;NCIH CH IL>?L NI ?HMOL? NB;N >Cs?L?HN JLI>O=NCIH
JLI=?MM?M =;H N;E? JF;=? ?s?=NCP?FS

& & 0 Z*HO@;=NOLCHA JLI>O=NCPCNS CGJLIP?G?HN OMCHA ?s?=NCP?H?M G?NLC=M ;H> MCGOF;NCIH ;H;FSMCM [

"0 ! 3tHNLIH; 3 $FIQ MBIJ JLI=?MM 1?? =;F=0F;NCIH ;H> CGJLIP?G?HN OMCHA MCGOF;NCIH ;H;FSMCM [ CH *t1t-

$FIL?H=?

& & 0 Z*HO@;=NOLCHA JLI>O=NCPCNS CGJLIP?G?HN OMCHA ?s?=NCP?H?M G?NLC=M ;H> MCGOF;NCIH ;H;FSMCM [

"0 ! 3tHNLIH; 3 $FIQ MBIJ JLI=?MM 1?? =;F=OF;NCIH ;H> CGJLIP?G?HN OMCHA MCGOF;NCIH ;H;FSMCM [ CH *t1t-

$FIL?H=?
" Z 0s?L MCT? >?MCAH FCHE?> NI L?FC;<CFCNS J?L@ILG;H=? MCGOF;NCP? MNO>S [!IGJON?LM tH>OMNLC;F #HACH??LCHA PIF
J

% 3tHNLIH; 3 ZtH=L?;MCHA P;CF;<CFCNS |I@ -LI>O=NCIH $FIQ FCH?M NBLIOAB ,JNCG;F Os?L OCTCHA ; 0CGOF;NCP? ONO>S [ CH

1B? L>#OLIJ?;H *I>?FCHA O0CGOF;NCIH 0SGJIMCOG O0CGOF;NCIH CH tH>OMNLS /IG?
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%?H?L;FFS >Cs?L?HN JLI=?MM?M NI JLI>0=? >Cs?L?HN JLI>O=NM CGJFS NB;N <INNF?H?=E
G;S MBC@N @LIG ; MN;NCIH NI ;HINB?L >O? NI >Cs?L?HN JLI>O=NCIH JLI=?MM?M ;H>
>Cs?L?HN JLI=?MMCHA NCG? |@ ?;=B MN;NCIH CH ;==IL>;H=? NI NB? MJ?=Co= JLI=?MM?>
JLI>O=N ;M Q?FF

"O? NI NB? MBC@N 1@ <INNF?H?=E NB? JL?M?H=? |@ <Os?LM <?NQ??H NB? MN;NCIHM OMO;FFS
;FFIQM >Cs?L?HN MN;NCIHM NI QILE CH ;H ;MSH=BLIHIOM G;HH?L =IHM?=0ONCP?FS L?>0=CHA
?FCGCH;NCHA NB? JLIJ;A;NCIH 1@ FIQ ONCFCT;NCIH L;N?M

+?P?LNB?F?MM QB?H NB? JLI>O=NCP? GCR CM EHIQH ;H> MN;<F? IP?L NCG? NB? MNO>S I@
JF;HN F;SION =;H ?G<L;=? <INNF?H?=E IJINCGCT;NCIH @IL ?;=B JLI>O=N I@ NB? GCR MCH=7?;
FIQ?L p?RC<CFCNS CM >?G;H>?>

1B? ;H;FSMCM 1@ KO;FCNS JLIJ;A;NCIH ;GC> NQI IL GIL? MN;NCIHM MBIOF> HIN <7 ;
L?F?P;HN CMMO? CH DI< MBIJ MCH=? >?@7?=NM ;L? OMO;FFS >?N?=N?> ;H> G;H;A?> QCNBCH NB
MJ?=Co= MN;NCIH

ONCFF CH M?P?L;F G;HO@;=NOLCHA MSMN?G >?MJCN? ; plQ MBIJ JLI>O=NCIH NB? ?KOCJG?HN
CM ILA;HCT?> CH ; JLI=?MM F;SION >0? NI JBSMC=;F ;NNLC<ON?M I@ ?KOCJG?HN ? A
G;HO@;=NOLCHA 1@ ?F?=NLC=;F =;<F?M MBIQ?>CH X IL >Cs?L?HN 1J?L;NCIH;F =IH>CNCIH

? A JB;LG;=?0ONC=;F M?=NIL tH NBCM =;M? OMO;FFS <Os?LM ;L? JL?M?HN ;H>NB?CL MCT? =;H
>L;G;NC=;FFS CHpO?H=? NB? ,1# |@ NB? JLI>O=NCIH MSMN?G

tH ;H ?RIFC=CN ;NN?GJN NI ;PIC> OHG;H;A?;<F? GI>?FM Q? QCFF HIQ JLIPC>? JLI=?MM
>?MCAH?LM ;H> IJ?L;NCIHM G;H;A?LM QCNB OM?@OF BCHNM ;H> MOAA?MNCIH ;<ION NB? ?s?=N
|@ CH?q=C?H=C?M JLIJ;A;NCIH ;GIHA ; JLI>O=NCIH FCH? ;FIHA QCNB NB? >?P?FIJG?HN 1@ ;

M?N 1@ MCGOF;NCIH M=?H;LCIM X

B H( (H& H& $&H) (SH''-(! 'S”

P;CF;<F? OH>?IL?;NCP? !IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,

## CM @ILGOF;N?> ;M ; @OH=NCIH |@ ; HOG<?L |@ GONO;FFS ?R=FOMCP? =IGJIH?HNM MO=B
;M ;P;CF;<CFCNS ?q=C?H=S J?L@ILG;H=? ?q=C?H=S ;H> KO;FCNS ?q=C?H=S CH IL>?L NI
KO;HNC@S P;LCIOM NSJ?M I@ JLI>O=NCPCNS FIMM?M

"OLCHA NB? >?MCAH |@ NB? JLI>O=NCIH MSMN?G NB? OM? |@ CHNLCHMC= J?L@ILG;H=? CH>?F
NB? MCTCHA 1@ ?;=B ?KOCJG?HN ;FNBIOAB QLIHA =IOF> M??G NB? IHFS L;NCIH;F ;JJLI;=B

@IL NB? >?MCAH S NB? Q;S NBCM ;JJLI;=B >IHhN =IHMC>?L NB? CHN?L;=NCIH <?NQ??H NB?
MN;NCIHM O0IG?IH? =;H ;LAO? NB;N NI G;E? CH>?J?H>?HN ?;=B MN;NCIH @LIG NB? INB?L
MN;NCIHM NBLIOAB NB? <Os?L QIOF> MCGJFC@S NB? >?MCAH ;H> CH=L?;M? NB? ;P;CF;<CFCNS
ONCFF NB? CHN?LJIMCNCIH I@ ; <Os?L <?NQ??H NQI IL GIL? MN;NCIH G;S HIN <? JIMMC<F? @IL
M?P?L;F L?;MIH *IMN L?F?P;HN ;L?

I FIACMNC= MJ;=? OH;P;CF;<CFCNS BOA? MCT? |I@ NB? JLI>O=N =1GJ;=N JF;HN F;SION ?N=

| ?=IHIGC= NB? =L?;NCIH |@ MNI=E ;GC> ?;=B =I0JF? |@ MN;NCIH CH=L?;M? NB? 4t- ;H>
=IHM?KO?HNFS CHN?L?MN IH =OLL?HN ;MM?NM

| J?L@ILG;H=?

| JLI>O=N @?;NOL?M <0Os?L CH=L?;M? =LIMM NCG?M =LCNC=;F @IL J?LCMB;<F? JLI>O=NM
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tH I0OL GI>?F Q? QCFF MBIQ BIQ ; JLI>O=NCIH MSMN?G =;H <? >?0H?> =IHMC>?LCHA
;P;CF,;<CFCNS J?L@ILG;H=? ;H> KO;FCNS ?q=C?H=S I@ ?;=B MN;NCIH ;FIHA QCNB

NB?CL CHN?L;=NCIHM 1B? G?NBI> ?G<L;=?M ; M?N |@ BCHNM ;H> MOAA?MNCIHM <?MN
JL;=NC=?M NB;N F?;>>?MCAH?LM CH B;H>F? CHN?L;=NCIHM ;H> FIMM?M JLIJ;A;NCIH QCNB NB?
;CG NI LCM? NB? ?RJ?=N?>J?L@ILG;H=? 1@ NB? MSMN?G $OLNB?LGIL? NBLIOAB NB?
>?P?FIJG?HN 1@ ; MCGOF;NCIH GI>?F 1@ ; L?;F JLI>O=NCIH MSMN?G @IL NB? ?F?=NLC=;F =;<F?
JLI>O=NCIH Q? JLIPC>? MNO>?HNM QCNB ; =F?;L OH>?LMN;H>CHA 1@ BIQ NCG? FIMM?M
JLIJ;A;N? CH ; L?;F G;HO@;=NOLCHA MSMN?G

1B? >?MCAH JLI=?MM 1@ ; H?Q JLI>O=NCIH MSMN?G MBIOF> ;FQ;SM CH=FO>? NB? MCGOF;NCIH

I@ NB? C>?HNCo?> MIFONCIH MCH=? NB? MCGOF;NCIH JLIPC>?M >?MCAH?L QCNB ; BIFCMNC=
OH>?LMN;H>CHA |@ NB? MSMN?G tH NBCM M?HM? CH NBCM J;L;AL;JB Q? JLIPC>? ; G?NBI>

QB?L? NB? >?MCAH |@ ; JLI>O=NCIH MSMN?G CM ;H CN?L;NCP? JLI=?MM NB? MCGOF;NCIH IONJON
CM NB? CHJON 1@ ; MO==?MMCP? >?MCAH MN?J OHNCF NB? >?MCAH?> MSMN?G G??N NB? ?RJ?=N"
J?L@ILG;H=? ;H> J?L@ILG;H=? ;L? P;FC>;N?> <S MCGOF;NCIH #;=B FIMM QCFF <? oLMNFS
>?M=LC<?> L?@7?LLCHA NI ; MCHAF? ?KOCJG?HN NB;H CNM ?s?=N QCFF <? ;H;FST?> =IHMC>?LCHA
NB? QBIF? MSMN?G ;FMI NBLIOABION NB? MOJJILN 1@ MCGOF;NCIH NIIFM

"()$ *S SS(-

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

P;CF;<CFCNS FIMM?M >07? NI M?N OJ ;H> =B;HA?IP?L GOMN <? =IHMC>?L?> >0OLCHA NB? >?MCAH
I@ NB? JF;HN tH ;==IL>;H=? QCNB NB? JLI>O=NCIH GCR NB? HOG<?L |@ M?N OJ A?H?L;FFS
L?MOFNM ;M ; NL;>? Is <?NQ??H NB? M?N OJ =IMNM >07? NI FIMM 1@ ;P;CF;<CFCNS MO<MNCNON?>
NIIFM ?N= ;H>NB? Q;L?BIOM? =IMN

"OLCHA NB? >?MCAH JB;M? MIG? L?F?P;HN =IHMC>?L;NCIH =IHH?=N?> QCNB M?N OJ NCG?
FIMM?M MBIOF> <? =I[HMC>?L?> JLI>O=NCIH FCH? CM =IGJIM?> 1@ H MN;NCIHM 1B? M;G?
FCH? =;H OMO;FFS JLI>0=? GIL? NB;H IH? JLI>O=N NSJ? "?J?H>CHA IH NB? >Cs?L?H="
<?NQ??H >Cs?L?HN JLI>O=N NSJ?M ; =B;HA?IP?L CH IH? IL GIL? MN;NCIHM 1@ NB? FCH? =;H

<? L?KOCL?> 2MO;FFS NB? GIL? H?AFCAC<F? NB? >Cs?L?H=?M <?NQ??H NB? JLI>O=NM NB?
FIQ?L NB? HOG<?L I@ ?KOCJG?HNM MO<D?=N?> NI M?N OJ ? A CN CM MOg=C?HN NB? M?N OJ
IHFS 1@ NB? F;<?F G;=BCH? NI =B;HA? NB? F;<?FM 1@ ; JLI>O=N >?J?H>CHA IH NB?
>?MNCH;NCIH =IOHNLS tH; ACP?H FCH? 1@ H ?KOCJG?HNM C@ ; M?N OJ CM L?KO?MN?> CH
MN;NCHKIFIMM ;P;CF;<CFCNS =;H CHN?L?MN IHFS NB? MCHAF? ?KOCJG?HN t IL NB? QBIF?
JLI>O=NCIH FCH? >?J?H>CHA IH NB? <Os?L JL?M?H=? NB?CL FI=;NCIH ;H>>CG?HMCIH

| t@ <Os?LM ;L? HIN JL?M?HN NB? M?N OJ |@ NMDENEGPM NB? MNIJ |@ NB? QBIF? FCH?
$CAOL? 1BCM CM ; NSJC=;F =IHOAOL;NCIH |@ plQ MBIJ JLI=?MM L?;FCT?> <S IH?
IL GIL? JLI>O=NCIH FCH? ;M @lI> <?P?L;A?M JB;LG;=?0ONC=;F J;=E;ACHA
| t@ <Os?LM ;L? JL?M?HN <?@IL? ;H> <?SIH> NB? MNsNCIRIB?CL MCT? CM MOg=C?HN
NI >?=I0JF? NB? MN;NG&¥E NB? INB?k ;H> < MN;NCIH >OLCHA NB? QBIF? M?N OJ
NB? FCH? =IHNCHO?M NI QILE L?ACFIAE8_?
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&?H=? NB? <0s?L >?MCAH JF;SM ; E?S LIF? CH NB? JB?HIG?H; |@ FIMM?M JLIJ;A;NCIH
NBLIOABION NB? FCH? HIN IHFS @IL M?N OJ FIMM?M <ON ;FMI @IL INB?L ;P;CF;<CFCNS FIMM?M
J?L@ILG;H=? FIMM?M ;M Q?FF 1B? >?AL?? |@ JLIJ;A;NCIH L;HA?M ;==IL>CHA NI NB? <Os?L

MCT? ;GC> T?LI NIN;F >?J?H>?H=? G;RCGOG JLIJ;A;NCIH ;H> G;RCGOG <Os?L MCT?

NIN;F CH>?J?H>?H=? HI JLIJ;A;NCIH tN QCFF <? >?<;N?> CH NB? @IFFIQCHA X QB?H
=IHMC>?LCHA NB? J?L@ILG;H=? FIMM?M ;FNBIOAB NB? M;G? JLCH=CJF?M =;H <? ;JJFC?> NI
;PIC> JLIJ;A;NCIH |@ GCHIL M?N OJ FIMM?M GIMNFS @IL MBILN M?N OJ =B;HA?IP?L FCE?
;>DOMNG?HN ;H> =;FC<L;NCIHM

IS"("" *S SS(-

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

1B? ;P;CF;<CFCNS I@ ;H ?KOCJGECNN-?0H?> ;M 1B? ;P;CF;<CFCNS I@ NB?

QBIF? JLI>O=NCIH MSMN?G =;H <? >?0H?> MCGCF;LFS +?P?LNB?F?MM CN >?J?H>M OJIH NB?
?KOCJG?HN =IHoAOL;NCIHM ,J?L;NCIHM *;H;A?L NBLIOAB NB? =BIC=? |@ ?KOCJG?HN
=IHoAOL;NCIHM =;H CH=L?;M? NB? G;CHN?H;H=? ;P;CF;<CFCNS 1BCM CM ; >?MCAH >?=CMCIH
MCH=? >Cs?L?HN ?KOCJG?HNM GOMN <? <IOABN ;H> CHMN;FF?> ;==IL>CHA NI >?MCL?>
;P;CF;<CFCNS F?P?F 1B? =BIC=? 1@ NB? =IHOAOL;NCIH OMO;FFS L?MOFNM ;M ; NL;>? Is <?NQ??H
?KOCJG?HN =IMNM ;H> MSMN?G ;P;CF;<CFCNS 1B? NQI G;CH ?KOCJG?HN =IHoAOL;NCIH HIN
L?>0OH>;HN MSMN?G L?>0OH>;HN MSMN?G ;L? >?<;N?>CH NB? @IFFIQCHA

'BG E87THA74AG FLFG8@

4B?H ; MSMN?G CM =IGJIM?> 1@ HIH L?>0H>;HN ?KOCJG?HN ?;=B MN;NCIH JLI>0=?M IHFS
C@ NB? ?KOCJG?HN CM QILECHA

&?H=? C@ Q? =IHMC>7?L ; FCH? |@ H ?KOCJG?HN =IHH?=N?>; M ; M?LC?M Q? B;P? NB;N NB?
>|QHNCG? 1@ ?;=B ?KOCJG?HN =;0M?M NB? >IQHNCG? I@ NB? QBIF? MSMN?G

- "1 ,1HHIL -L;=NC=;F /?FC;<CFCNS #HACH??LCHA $IOLNB #> +?Q 6ILE 'IBH 4CF?S OIHM
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1B? ;P;CF;<CFCNS I@ MSMN?G =IGJIM?> |@ ; M?LC?M I@ ?KOCJG?HN CM ;FQ;SM FIQ?L NB;H NB?
:P;CF;<CFCNS 1@ ?;=B ?KOCJGREINDL?
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-BG4? E87THA74AG FLFG8@

JIIMCN?FS NI ;PIC> @;CFOL? JLIJ;A;NCIH ;GC> MN;NCIHM >?MCAH?L =;H M?N NB? FCH? QCNB ;
NIN;F L?>0OH>;H=S 1@ ; ACP?H ?KOCJG?HN tH NBCM =;M? IHFS NB? =IHN?GJIL;H?IOM
>IQHNCG? |@ <INB ?KOCJG?HNM =;0M?M NB? >IQHNCG? |@ NB? QBIF? MSMN?G

tH NB? ?R;GJF? CHCAOL? Q? B;P? NQI MCHAF? ?KOCJG?HNM =IHH?=N?> QCNB ;
L?>0OH>;HN MSMN?G |@ NQI ?KOCJG?HN >INN?> FCH? MSMN?G

&?H=? NB? L?>0OH>;HN MSMN?G ;P;CF;<CFCNS >INN?>FCH? MSMN?G LCM?M @LIG |@ NB?
MCHAF? ?KOCJG?HN OJ NI



IIHM?KO?HNFS NB? ;P;CF;<CFCNS I@ NB? QBIF? MSMN?G QCFF <?
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11;=BC?P? ;H BCAB?L F?P?F 1@ ;P;CF;<CFCNS CN B;M <??H H?=?MM;LS NI <OS NQI C>?HNC=;F
?KOCJG?HNM >I0<F? =IMN &7?H=? NB? BCAB?L P;FO? I@ ;P;CF;<CFCNS I@ NB? MSMN?G MBIOF
<? QILNB ?=IHIGC=;FFS

YJAEG<4? E8THAT4AGBL

H CHN?LG?>C;N? MIFONCIH =;H <? NB? J;,LNC;F L?>0OH>;H=S |@ ;H ?KOCJG?HN 1BCM CM
H;G?> $ A MSMN?G QB?IKXCM NB? NIN;F HOG<?L |@ ?KOCJG?HN 1@ NB? J;L;FF?F MSMN?G
;H> >CM NB? GCHCGOG HOG<?L I@NE2CIG?HN NB;N GOMN QILE JLIJ?LFS NI ?HMOL?
NB? NBLIOABJON CM JLI>0=?> 4BROL? MBIQM ;H ?R;GJF?

1B? =;J;=CNS 1@ ?KOCJIG?5{ 5 5QQ8 JC?=?M CH NB? L?@?LL;F NCG? OHCN t@ NB?
NBL?? MSMN?GM GOMN ?HMOL? ; NBLIOABJON I@ JC?=?M CN CM ;N F?;MN H?=?MM;LS

NB;N> I@ NBA ?KOCJG?HN JLI>0=? JC?=?M 1BP<F? MBIQM NB?

=IHoAOL;NCIH MN;N?M QBC=B ?HMOL? NB? IONJON CM JLI>0=?> ;H> NB? L?F;NCP? JLI<;<CFCNS
NB;N ?;=B MN;N? G;HC@?MNM
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* )1( *
)A( I* I*

. EJ7B L7?B78?B?JO

Table 3.7: State Analysis Configu  ration

tH NBCM ?R;GJF? ;FF ?KOCJGBHBRP NB? M;G? L?FC;<CFCNSB?H=? NB? JLI<;<CFCNS
NB? MSMN?G 1@ NBL?? ?KOCJG?HN ?HMOL? NB? IONJON MBIOF> B;P? <??H =;F=0OF;N?>
QCNBION NB? MN;N? ;H;FSMCM =IHoAOL;NciH NBLIOAB NB? <CHIGC;F >CMNLC<ONCIH



&?H=? NB? ;P;CF;<CFCNS I@ NB? MSMN?G ; <h <hh <hhh = QCFF <?

tH NBCM =;M? NB? CHP?MNG?HN CH L?>0H>;H=S CM FIQ?L NB;H NB? JL?PCIOM tN CM =F?;L BIQ
NB? =BIC=? 1@ NB? F?P?F I@ ;P;CF;<CFCNS CM ; NL;>? Is <?NQ??H oR =IMN >07? NI ?KOCJG?HN
CHP?MNG?HN ;H>F;=E 1@ ;P;CF;<CFCNS

tH ;FF NB? =;M?M Q? =IHMC>?L?> NB? <Os”L ;M HOFF

4B?H L?FC;<CFCNS |@ NB? ?KOCJ&CHNGIL ?R;GJF? NB? <CHIGC;F >CMNLC<ONCIH CM
HIN ;JJFC=;<F? NB?L?@IL? NB? MN;N? ;H;FSMCM =IHoAQisNCIH CM L?KOCL?>

+87HA74A6L J<G; @B7H?4E 64C46<GL
HINB?L =IHOAOL;NCIH CM JIMMC<F?

1B? JLI>O=NCIH MSMN?G =;H <? >?MCAH?> ;M =IGJIM?> |@ NQI ?KOCJG?HN QBC=B

MCHAOF;L =;J;=CNS CM FIQ?L NB;H NB? L?KO?MN?> <ON QBC=B MOG CM BCAB?L tH NBCM =;M?
CM JIMMC<F? NI GI>OF;N? NB? JLI>O=NCIH =;J;=CNS 1@ JL?PCIOM ;H> MO==?MMCP? MN;NCIHM
NB? ?RJ?=N?> NBLIOABJON QCFF <? BCAB?L NB;H NB? IONJON 1@ ; MCHAOF;L ?KOCJG?HN

IIHMC>?LCHA NB? ?R;GJF2{THAOL?  QB?H5QH> 5QQ? <INB OJ NB? NBLIOABJON 1@
NB? MO<MSMMNSZE5Q®  MCH=?=;3;=CNS 1@ ; ;H>=CM  00JJIMCHA NB;N =;J;=CNS
|@4 ;H> 6 CM GI>OF;L QB?HQ@M >IQH NB? MO<MSMN?G =;H JLI>0=? JC?=?M CH NB?
NCG? OHCN OCGCF;LFS5QBRH>IQH NB? MO<MSMN?G =;H JLI>O=? &?H=? NB?
?RJ?=N?>;GIOHN I@ JC?=?M JLI>0=?><S <h<hh CM  JC2:7RP

4B?H =IHMC>?LCHA NB? QBIF? MSMN?G C@ IRCNB?L>IQH NB? MSMN?G =;HHIN
JLI>0=? &?H=? NB? ?RJ?=N?> NBLIOABJON CH NB? =IHMC>7?L?> NCG? OHCN GOMN <?
L?>0=?> 1@ NB? ;P;CF;<CFCNS I@ NB? NQI ?KOCJG?HNM
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=?4E<1B 31@139DI
I* *
I )A(
)A( I

NF;9J;: DKC8;H E< *?;9;| *HE:K9;:

Table 3.8: State Analysis Configu  ration

!Sn#& |(#$$ [T |$ & ) (S#u
P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

H# NB?ILS CH=FO>?M CH J?L@ILG;H=? FIMM?M <INB NB? =S=F? NCG? MFIQ>IQH ;H> GCHIL
MNIJJ;A?M  FMINCG? FIMM?M 1@ NBCM =;N?AILS JLIJ;A;N? ;M MN;N?> <?@IL? NBLIOABION
NB? QBIF? JLI>O=NCIH JLI=?MM

OLMN NSJ? 1@ J?L@ILG;H=? FIMM?M JLIJ;A;NCIH CM >0O? NI NB? JLIJ;A;NCIH 1@ GCHIL
MNIJJ;A?M ;H> L?>0=?> MJ??> ;GIHA G;=BCH?M CH M?LC?M MSMN?G $LIG NB?IL?NC=;F
JICHN I@ PC?Q <?NQ7??H NQI G;=BCH?M QCNB NB? M;G? =S=FHNQE&NBION <Os?L

+IN?M M MBIQHCH J;L  4B?H NQI =IHM?=ONCP? MN;NCIHM JL?M?HN >Cs?L?HN =S=F? NCG?M NB? @;MN?L MN;NCIH QILEM QCNB
NB? M;G? =S=F? NCG? |@ MFIQ?L MN;NCIH QCNB =IHM?KO?H=? IH ?KOCJG?HN ,## ?P?H C@ ;HS NCG? FIMM?M CM |==0OLL?> ,H NB?
INB?L B;H> QB?H NQI =IHM?=ONCP? MN;NCIHM ;L? <;F;H=?> M;G? =S=F? NCG? C@ ;HS NCG? FIMM CM I==OLLCHA NB? NQI MN;NCIHM
## QCFF <?  t>?,FFS NB? BCAB?L P;FO? 1@ J?L@ILG;H=? L;N? =;H <? L?;=B?> QB?H NB? NQI MN;NCIHM ;L? <;F;H=?>
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GCHIL MNIJJ;A? ;H> L?>0=?> MJ??> JLIJ;A;N? =IGIF?N?FS FCE? ;M G;DIL MNIJJ;A?
,<<PCIOMFS DOMN ; FCNNF? <Os?L =;H GCNCA;N? NB? JLIJ;A;NCIH

0?P?L;F GI>?FM NI MNO>S NB? LIF? |@ <Os?LM CH ;PIC>CHA NB? JLIJ;A;NCIH 1@

J?L@ILG;H=? FIMM?M ;L? ;P;CF;<F?HD{8E 8F<:A 9BE 14<?45<1<CN?L;NOL2B?

JLI<KF?G CM I@ M=C?HNCo= L?F?P;H=? MCH=? NB? F;=E 1@ 1JJILNOH? <Os?L <?NQ??H NB? NQI
MN;NCIHM =;H CH>??> ;s?=N >L;G;NC=;FFS NB? ;P;CF;<CFCNS |I@ NB? QBIF? MSMN?G 1l <LC?pS
CHNLI>O=? NBCM JLI<F?G Q? L?@7?L NI ; JLI>O=NCIH MSMN?G =IGJIM?> |@ NQI =IHM?=0ONCP?
?KOCJG?HNM IL MN;NCIHM QCNB ;H CHN?LJIM?>$s7L?
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ZtH=L?;MCHA P;CF;<CFCNS I@ -LI>O=NCIH $FIQ FCH?M NBLIOAB ,JNCG;F Os?L OCTCHA ;
OCGOF;NCP? ONO>S [CH 1B? L>#OLIJ?;H *I>?FCHA OCGOF;NCIH 0SGJIMCOG
OCGOF;NCIH CH tH>OMNLS /IG? <S% 3tHNLIH; 3

2H>?L NB? FCE?FS BSJINB?MCM NB;N NB? C>?;F =S=F? NCG?M |@ NB? NQI MN;NCIHM ;L? C>?HN(
NB? P;LC;<CFCNS I@ MJ??> NB;N ;s?=N NB? MN;NCIHM CM HIN H?=?MM;LCFS |@ NB? M;G?
G;AHCNO>? >07? NI CNM >?J?H>?H=? IH M?P?L;F @;=NILM $OLNB?LGIL? -?L@ILG;H=? CH>?R

CM ;H ;P?L;A? 1@ NBgNB?L?@IL? ; M;G? G;=BCH? =;H MIG?NCG?M J?L@ILG ;N ;

L?>0=?> MJ??> ;H> MIG?NCG?M ;H BCAB?MN MJ??:B? JL?M?H=? 1@ NBCM ?s?=N CH NQI
=IHM?=0ONCP? ?KOCJG?HNM =;H <? GONO;FFS =IGJ?HM;N? IL ;>> O0J ,H=? ;A;CH QCNBCH

NB? JLIJ;A;NCIH ;H;FSMCM @IL JLI>O=NCIH MSMN?G >?MCAH NB? LIF? |@ <Os?L CM
>L;G;NC=;FFS CGJILN;HN

4B?H <Os?L MCT? CM HOFF NB? MSMN?G CM CH M?LC?M &?H=? ;M @IL ;P;CF;<CFCNS MJ??> FII
I@ ?;=B ?KOCJG?HN ;s?=N NB? J?L@ILG;H=? |@ NB? QBIF? MSMN?G

1B?L?@IL? @IL NB? NQI MN;NCIHM MSMN?G Q? =;H JIMCN

" Z 0s?L MCT? >?MCAH FCHE?> NI L?FC;<CFCNS J?L@ILG;H=? MCGOF;NCP? MNO>S [!IGJON?LM tH>OMNLC;F #HACH??LCHA PIF

J
% 3tHNLIH; 3 ZtH=L?;MCHA P;CF;<CFCNS I@ -LI>O=NCIH $FIQ FCH?M NBLIOAB ,JNCG;F Os?L OCTCHA ; 0CGOF;NCP? ONO>S [ CH
1B? L>#OLIJ?;H *I>?FCHA O0CGOF;NCIH 0SGJIMCOG 0CGOF;NCIH CH tH>OMNLS /IG?
+IN?M 1BCM NCG? FIMM?M ;L? NSJC=;FFS =,0M?> <S SC?F> L?>0=NCIH NB? ;=NO;F JLI=?MM SC?F> CM FIQ?L NB;H NB? >?MCAH SC?F:
1BCM ?s?=N CM GIL? FCE?FS NI <? =I[HMC>?L?> CH JLI>O=NCIH JLI=?MM QB?L? NB? ?KOCJG?HN M;NOL;NCIH F?P?F ;s?=N CNM SC?F>
FCE? @OLH;=?M =B?GC=;F L?;=NIL ?N=



ON QB?H NB? <Os?L CM JLIJ?LFS >?MCAH?> CN >I?MHhN ;FFIQ NB? GCHIL MNIJJ;A?M ;H>
MJ??> FIMM?M NI JLIJ;A;N? @LIG ; MN;NCIH NI ;HINB?L 4? >?0H? NBCM Os?L MCT? ;M

G;R 4B?H CH ; JLI>O=NCIH MSMN?G |I@ H MN;NCIHM ACP?H ;HS =I0JF? |@ =IHM?=ONCP?
MN;NCIH NB? CHN?LJIM?> <0s?L MCT? CM G;R =;F=0OF;N?>IH NB? NQI MJ?=Co= =I0JF? 1@
MN;NCIHM NB?H Q? B;P?

1B;N @IL NB? =IHMC>?L?> MN;NCIHM MSMN?G CM

&?H=? NB? ?RN?HN I@ NB? JLIJ;A;NCIH 1@ J?L@ILG;H=? FIMM?M >?J?H>M IH NB? <Os?L

MCT? D NB;N CM CHN?LJIM?> <?NQ7??H NB? NQI MN;NCIHM %?H?L;FFS ; <CAA?L <Os?L
CH=L?;M?M NB? J?L@ILG;H=? 1@ NB? MSMN?G MCH=? CN CH=L?;M?M NB? >?=I0JFCHA >?AL??
<?NQ7??H NQI =IHM?=0ONCP? MN;NCIHM OJNID G;R CM ;=BC?P?> D G;R

4?7 =;HNB?L?@IL? CHNLI>O=? NB? J;L;G?N~?L

IIHMC>?LCHA NB? GI>?F QCNB NQI MN$QRIEL? Q? B;P? NB;N



$CAOL?  MBIQM NB? NL?H>+48» )= >?J?H>CHA IH NB? <Os?L MCFQB?H NB?

J?L@ILG;H=? L;N? 1@ ?;=B MN;NCIH CM GI>?F?> QCNB ;H ?RJIH?HNC;F >CMMIEC<ONCIH

plQ MBIJ ?HPCLIHG?HN 1B? NQI =OLP?M L?JL?M?HN NB? GCHCGOG ;H> NB? G;RCGOG
MCGOF;NCIH L?MOFNM FF NB? INB?LM MCGOF;NCIH L?MOFNM ;L? CH=FO>?> <?NQ??H NB?M? |
=0OLP?M *RCGOG =OLP? L?JL?M?HNM NB? =IHOAOL;NCIH QCNB NB? FIQ?MN >Cs?L?H=? CH
J?L@ILG;H=? CH>?R <?NQ??H NB? NQI MN;NCIHM NB? GCHCGOG NB? =IHoAOL;NCIH QCNB NB?
BCAB?MN >Cs?L?H="?

S ;H;FSTCHA NBZCAOL? CNCM =F?;L BIQ ;H CHIJJILNOH? <Os?L MCT? ;s?=N NB?
J?L@ILG;H=? 1@ NB? FCH? ;H> BIQ CH=L?;M? CH <Os?L MCT? ;FFIQM NI I<N;CH CGJLIP? CH
JLI>O=NCIH FCH? ## S NB? Q;S IH=?;=BC?P?>;H |JJILNOH? <Os?L MCT? HI
CGJLIP?G?HN >?LCP?M @LIG ; @OLNB?L CH=L?;M? CH <Os?L 1B?M? =IHMC>?L;NCIHM |@
-?L@ILG;H=? CH>?R NL?H> ;L? @OH>;G?HN;F @IL ;H ?s?=NCP? >?MCAH 1@ ; JLI>O=NCIH
MSMN?G
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P;CF;<F? OH>?IL?;NCP? !IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

tH NBCM J;L;AL;JB Q? ;H;FST? BIQ KO;FCNS FIMM?M JLIJ;A;N? CH NB? MSMN?G ;H> C@ CN CM
JIMMC<F? NI ;MM?MM NB? ?s?=N |@ KO;FCNS =IHNLIF IH ## ;H> ,1#

% 3tHNLIH; 3 ZtH=L?;MCHA P;CF;<CFCNS I@ -LI>O=NCIH $FIQ FCH?M NBLIOAB ,JNCG;F Os?L OCTCHA ; 0CGOF;NCP? ONO>S [ CH
1B? L>#OLIJ?;H *I>?FCHA O0CGOF;NCIH 0SGJIMCOG OCGOF;NCIH CH tH>OMNLS /IG?
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$CLMN 1@ ;FF Q? B;P? NI =IHMC>?L NB;N KO;FCNS L;N? @IL ; MN;NCIH CM OMO;FFS =;F=0OF;N?>
=IHMC>?LCHA IHFS NB? NCG? MJ?HN @IL NB? G;HO@;=NOLCHA I@ JLI>O=NM NB;N B;P? <??H
L?D?=N?> CH NB? M;G? MN;NCIH 1BCM NL;>CNCIH;F ;JJLI;=B @I=OM?M IH MN;NCIHM NB;N =;0M?
>?@7?=NM <ON >I?MHhN ;FFIQ NI JICHN ION =IGJF?N?FS NB? ?s?=N |@ NB? G;=BCH?
>?@7?=NCP?H?MM IH NB? MSMN?G tH IL>?L NI >l Ml NB? NIN;F NCG? Q;MN?> <S ; MN;NCIH >0?

NI KO;FCNS FIMM?M MBIOF> CH=FO>? ?P?H NB? NCG? MJ?HN @IL G;HO@;=NOLCHA I@ All>
JLI>O=NM NB;N QCFF <? L?D?=N?> @IL >?@?=NCP?H?MM =,0M?> <S INB?L MN;NCIHM tH NBCM M?HNM\
KO;FCNS FIMM?M >?J?H>M |H QB?L? M=L;JM ;L? C>?HNCo0?> ;H> L?D?=N?> $IL ?R;GJIF?

M=L;JM CH NB? F;MN MN;NCIH MBIOF> <? =[HMC>?L?> FIMM 1@ NCG? @IL NB? OJMNL?;G MN;NCIH NI
?MNCG;N? NB? L?;F CGJ;=N 1@ NB? FIMM IH NB? MSMN?G ;H> NI ?MNCG;N? NB? NB?IL?NC=;F
JLI>O=NCIH =;J;=CNS H??>?> CH NB? OJMNL?;G MN;NCIH tH =IH=FOMCIH NB? ;ONBILM

JLIJIM? NI =;F=0OF;N? KO;FCNS L;N? @IL ; MN;NCIH =IHMC>?LCHA ;M KO;FCNS FIMM ;FF NCG? MJ?HN
NI G;HO@;=NOL? JLI>O=NM NB;N QCFF HIN =IGJF?N? NB? QBIF? JLI=?MM MO==?MM@OFFS

$LIG ; NB?IL?NC=;F JICHN I@ PC?Q Q? =IOF> =IHMC>7?L NB? @IFFIQCHA =;M? @IL =;F=OF;NCIH |@
KO;FCNS L;N? 1@ ; MN;NCIH NB;N >?J?H>M IH NSJ?M 1@ L?D?=NCIH M=L;JM IL L?QILE ;H>IH
KO;FCNS =IHNLIFM JIMCNCIHCHA t@ Q? =IHMC>7?L NQI MN;NCIHM QCNB ;H ;MMCAH?>
>?@7?=NCP?H?AMt ?;=B MN;NCIH L?QILEM CNM M=L;JM QCNB ; L?QILE =S=F? NCG? ?KO;F NI
NB?IL?NC=;F =S=F? NCG? KO;FCNS L;N? =IOF> <? @ILGOF;N? ;M MBIQH&EMHEM? CH

#,=B MN;NCIH QCFF B;P? KO;FCNS FIMM?M NCG? MJ?HN NI L?QILE JLI>O=NM >0? CNM IQH
>?@7?=NCP?H?MM t@ Q7? =IHMC>?L NQI MN;NCIHM QCNB ;H ;MMCAH?> =P@?=NCP?H?MM
KO;FCNS =IHNLIF MN;NCIH ;N >IQHMNL?;G ?;=B MN;NCIH KO;FCNS L;N? =IOF> <? @ILGOF;N? ;M
MBIQH CH =;M? C$CAOL? 1B? MN;NCIH NB;N CM NB? OJMNL?;G MN;NCIH QCFF B;P?
KO;FCNS FIMM?M NCG? MJ?HN NI QILE JLI>O=NM NB;N QCFF <? >CM=;L>?> >07? NI CNM IQH ;H>
MN;NCIH >?@?=NCP?H?MM t@ Q? =IHMC>?L NQI MN;NCIHM QCNB ;H ;MMCAH?>
>?@7?7=NCP?H?NHF KO;FCNS =IHNLIF MN;NCIH CM IHFS ;N NB? ?H> |@ NB? FCH? KO;FCNS L;N?
KO;FCNS L;N? =IOF> <? @ILGOF;N? ;M MBIQH CH =M?AQ@L? tH NBCM =;M? <INB
MN;NCIHM QCFF B;P? KO;FCNS FIMM?M >0? NI NB? JLIJ;A;NCIH |@ >?@?=NCP?H?MM CH NB? FCH?
5M? ;H> JICHN ION NB;N KO;FCNS FIMM?M =IOF> <? HIN MCGJF? NI ?P;FO;N? C@ Q7
=IHMC>?L ; FIHA JLI=?MM <INB CH >?MCAH ;H> G;H;A?G?HN I@ MSMN?G tH J;LNC=0OF;L CH NB?
KO;FCNS L;N? |@ MN;NCIH Q? =IHMC>?L NCG? FIMN @IL L?D?=N CH NB? MN;NCIH
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$CH;FFS CN CM CGJILN;HN NI BCABFCABN NB? >Cs?L?HN LIF? NB;N NB? KO;FCNS ?q=C?H=S JF;SM
>OLCHA NB? >?MCAH JB;M? ;H> NB? JLI>O=NCIH

4B?H NB? MSMN?G CM JLI>O=CHA ,J?L;NCIHM *;H;A?L @I=OM?M BCM ;NN?HNCIH IH NB?

=,0M?M |@ NB? >?F?=N;<CFCNS QCNB NB? ;CG NI L?>0=? CN 4B?H CN CM NI >?MCAH NB?
JLI>O=NCIH MSMN?G ,J?L;NCIHM *;H;A?L @I=OM?M IH NB? ?RJ?=N7?> KO;FCNS ?q=C?H=S |@

?,=B MN;NCIH IH NB? FI=;NCIH I@ KO;FCNS =IHNLIF IH NB? JLI=?MM L?QILE IL M=L;JM NI
C>?HNC@S NB? =ILL?=N HOG<?L |@ ?KOCJG?HNM IL MN;NCIH @IL ?;=B ;=NCPCNS |I@ NB? JLI=?MM



tH NBCM M?HM? NB? ;H;FSMCM CM P?LNC=;F >OLCHA NB? JLI>O=NCIH JB;M? <ON CN @IFFIQM I
QBIF? JLI=?MM >OLCHA NB? >?M@a&OL?
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

11 MNO>S FIMM?M JLIJ;A;NCIH ;H> NI MBIQ BIQ NB?M? >SH;GC=M ;s?=N ,## CH ; =IGJF?R
MSMN?GNBCM =B;JN?L JL?M?HNM MIG? ?R;GJF?M N;E?H @LIG ;H ## MNO>S |@ ; L?;F
G;HO@;=NOLCHA MSMN?G =;LLC?> ION <S NB? ;ONBILM NBLIOAB ; JLI=?MM MCGOF;NCIH
‘H;FSMCM

OCGOF;NCIH CM LOH @IL ?;=B ECH> |@ NCG? FIMM?M P;CF;<CFCNS -?L@ILG;H=? ;H>.0O;FCNS
NI =F?;LFS MBIQ BIQ ?;=B ?KOCJG?HN CH?s?=NCP?H?MM G;S =IGJLIGCM? NB?
J?L@ILG;H=? |@ NB? QBIF? MSMN?G

1B? MCGOF;NCIH GI>?F CM ;<ION ; G;HO@;=NOLCHA JF;HN @IL JLI>O=NCIH I@ ?F?=NLC=;F
=;<F? tH J;LNC=0OF;L Q? @I=OM?M IH JLI>O=NCIH I@ OHCJIF;L ?F?=NLC=;F =;<F? NB;N N;E?M
JF;=? <S; pIQ MBIJ JLI=?MM tH NB? plIL JF;HN NB? JLI>O=NCIH ?KOCJG?HN CM ALIOJ?>

CH JLI>O=NCIH ;L?;M ;LL;HA?> ;==IL>CHA NI NB?CL @OH=NCIHM JLI=?MM F;SION 1B?
>Cs?L?HN JLI>O=NCIH ;L?;M ;L? FI=;N?> ;FIHA NB? FCH? |I@ JLI>O=N plQ JLI>O=N F;SION
Os?LM ;L? JL?M?HN ;GIHAMN NB? JLI>O=NCIH ;L?;M NI MNI=E NB? JLI>O=N CH JLI=?MM
1BCM J;,LNC=0OF;L JF;HN ;FFIQM NI ;H;FST? >??JFS NB? JLI<F?G |I@ ,## ,1# CHP?MNCA;NCIH
>07? NI CNM =IGJF?RCNS

tH N?LGM 1@ F;SION NB? JLI>O=NCIH MSMN?G Q;M L?;FCT?> ;M ; DI< MBIJ MSMN?G ;FNBIOAB
NB? plQ I@ G;N?LC;F @LIG ; MN;NCIH NI ;HINB?L Q;M =IHNCHOIOM ;H> NSJC=;F |@ pIQ MBIJ
JLI=?MM M MN;N?>CH X NB?L?;MIHFC?M IH >0? NI NB? BOA? MCT? |@ NB? JLI>O=NM NB;N
J;MM?M @LIG ; MN;NCIH NI ;HINB?L $IL NBCM L?;MIH NB? <Os?L ;GC> MN;NCIH ;FNBIOAB
JL?M?HN =I0F>HhN =IHN;CH BOA? ;GIOHN 1@ G;N?LC;F

1B? JLI=?MM CGJF?G?HN?> CH NB? MCGOF;NCIH GI>?F CM MBIQHTCH #HNCNC?M ;L?

OHCN KO;HNCNS 1@ =;<F? NB;N B;P? >Cs?L?HN G;MM ;GIHAMN MN;NCIHM -;L;G?N?LM NB;N ;L?
>:N; CHJON CH NB? GI>?F ;L? ?KOCJG?HN MJ??> >?@7?=NCP?H?MM ?KOCJG?HN @;CFOL? L;N?
;H> G?;H NCG? NI L?J;CL #;=B J;L;G?N?LM CM >?M=LC<?> <S ; MN;NCMNC=;F >CMNLC<ONCIH CH
IL>?L NI MCGOF;N? L;H>IG =IH>CNCIH tH J;LNC=0F;L ?KOCJG?HN MJ??> B;M <??H

MCGOF;N?> QCNB ; NLC;HAOF;L >CMNLC<ONCIH CH IL>?L NI MCGOF;N? J?L@ILG;H=? FIMM?M >C
NI MJ??> L?>0=NCIH

', ((H? OCGOF;NCHA JLI>O=NCIH J?L@ILG;H=? =LIMM =;M? ;H;FSMCM ;H> JIFC=S CGJFC=;NCIHM [ tH>OMNLC;F *;H;A?G?HN
"N; OSMN?GM  H

"0 ! 3tHNLIH; 3 $FIQ MBIJ JLI=?MM 1?? =;F=0OF;NCIH ;H> CGJLIP?G?HN OMCHA MCGOF;NCIH ;H;FSMCM [ CH *t1t-
$FIL?H=?
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1B? GI>?F ?P;FO;N?M ,1# ;H> ## @IL ?;=B MN;NCIH ;M OMO;FFS G?;MOL?> CH
G;HO@;=NOLCHA JF;HN 1B? GI>?F B;M <??H P;FC>;N?> NBLIOAB ; JF;H I@ N?MNM ;H> CNM
L?MOFNM I@ ,## B;M <??H =IGJ;L?> QCNB L?MOFNM I<N;CH?> @LIG ;H ;H;FSNC= ?P;FO;NCIH
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

tH ;==IL>;H=? QCNB NB? JLIJIM?> G?NBI> X Q? MBIQ BIQ ;P;CF;<CFCNS FIMM?M

JLIJ;A;N? CH NB? MSMN?G ;H> NI ;MM?MM NB? ?s?=N 1@ <Os?L =;J;=CNS IH ,## NBLIOAB

NB? MCGOF;NCIH 4? @I=OM?M IH NB? CHMOF;NCHA ;H> J;=E;ACHA QILECHA MN;NCIHM
1?=BHC=;F >;N; ;<ION ;P;CF;<CFCNS |@ ?KOCJG?HN ;L? G?;H NCG? <?NQ??H @;CFOL? @IL
CHMOF;NCHA CM M?= QBCF? @IL J;=E;ACHA CM M?= G?;H NCG? <?NQ??H L?J;CL @IL
CHMOF;NCHA CM M?= QBCF? @IL J;=E;ACHA CM M?= 1B? =S=F? NCG? |@ NB? QILECHA
MN;NCIHM ;L? NB? M;G? ?KO;F NI M?= @IL =ICF 1B? KO;FCNS L;N?M ;L? M?N NI t>FCHA
GCHIL MNIJJ;A?M ;H> L?>0=?> MJ??> ;L? HIN =IHMC>?L?> ;H> M?N NI

IIHMC>?LCHA ?KOCJG?HN CMIF;N?> @LIG NB? MSMN?G NB? ,## @IL NB? MCHAF? G;=BCH? CM
?KO;F NI CNM ;P;CF;<CFCNS CH J;,LNC=0F;L L?F;NCHA NI JL?PCIOM >;N; G;=BCH?M B;P? ;H ,##
?KO;FNI  ;H> L?MJ?=NCP?FS @IL CHMOF;NCHA ;H> J;=E;ACHA 1B? =;M? JICHNM ION

BIQ NB? FIMM?M >0? NI G;DIL MNIJJ;A? MJL?;> NI INB?L MN;NCIH CH @OH=NCIH 1@ <Os?L
=;J;=CNS >CG?HMCIH

MCGOF;NCIH B;M <??H LOH NI MNO>S NB? ?s?=N |@ <Os?L =;J;=CNS CH NBCM =;M? 1,J;=CNS
1@ <Os?L >IQHMNL?;G |@ CHMOF;NCHA B;M <??H =B;HA?> @LIG NI =ICFM @IL >Cs?L?HN
MCGOF;NCIHM 1B? L?MOFNM |@ MCGOF;NCIHM ;BZMBIQH CH1B? ## @IL <INB
G;=BCH?M CM ?KO;F NI  QCNB HI <Os?L =;J;=CNS 1BCM L?MOFNM CM NB? =IGJIMCNCIH 1@
;P;CF,<CFCNS |@ CHMOF;NCHA ;H> J;=E;ACHA R ;M ?RJ?=N?> 1B? ##M CH=L?;M? CH
@OH=NCIH |@ <0s?L >CG?HMCIH NB;N ;PIC>M NB? JLIJ;A;NCIH |@ G;DIL MNIJJ;A? ;H>
;P;CF;<CFCNS FIMM?M JLIJ;A;NCIH FMINB? ,1# CM ?KO;F NI NB;N CM ;==IL>CHA NI
@ILGOF;NCIHCH ;H>;M JL?PCIOMFS ?RJF;CH?> ?KO;F NI ,## 1@ NB? F;MN MN;NCIH <ON
;MM?MM?> CH NB? MSMN?G

tHMOF;NCHA ;H> J;=E;ACHA CH=L?;M? L;JC>FS ,##M MCH=? ; MNLO=NOL;F FCGCNM I@ <Os?L
=J,=CNS 1@ =ICFM @LIG NBCM P;FO? ##M I@ NQI MN;NCIHM =IHP?LA? IH P;FO? 1@ 1B?
OJMNL?;G CHMOF;NCHA MN;NCIH NB;N B;M ;H ;P;CF;<CFCNS AL?;N?L NB;H J;=E;ACHA B;M NI
;>:JN CNM?F@ NI L?;F =S=F? NCG? |I@ J;=E;ACHA NB;N CM NB? <INNF?H?=E MN;NCIH

tNhM CGJILN;HN NI JICHN ION NB;N CH J?L@ILG;H=? GIHCNILCHA 1@ G;HO@;=NOLCHA JF;HN NB?
JLIJ;A;NCIH I@ NB? JL?PCIOM FIMM?M CM I@N7?H A;NB?L?> ;M J?L@ILG;H=? FIMM?M L?>0=?>
MJ??> IL GCHIL MNIJJ;A? CH ;<M?H=? 1@ MJ?=Co= >;N; =IFF?=NCIH L?F;NCHA NI G;DIL

MNIJJ;A? >0? NI ;<M?H=? 1@ G;N?LC;F pIQ 0l C@ Q? =IHMC>?L ;FMI ;FF INB?L ?g=C?H=S

FIIM?M CAHIL?> CH NBCM M;GJF? Q? =;H OH>?LMN;H> BIQ GO=B =IOF> <? >Cq=0FN NI
C>?HNC@S NB? L?;F CGJ;=N |@ NBCM ECH> |I@ ?q=C?H=S FIMM?M GIHCNILCHA NB? L?;F MSMN?G
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*IL?IP?L MCGOF;NCIH MOJJILNM CH MSMN?G >?MCAH CH IL>?L NI >CG?HMCIH <Os?L =;J;=CNS

? A CH NBCM =;M? MNLO=NOL;F FCGCN @IL ,## CM L?;=B?> @IL =ICFM *IL?IP?L NBLIOAB
MCGOF;NCIH CN CM JIMMC<F? NI JICHN ION NB;N NB? JIMCNCP? ?s?=N |@ <Os?L CM L?>0=?> QC
;HBCAB?L =S=F? NCG? 1@ G;=BCH? ;M MBIREFCH? <

97 # 9> 6E>3D97?7> ?6 2ER5B 49=5>C9?> 1 1>4 3|3<5 D9=5 2

ISHE&'#E$ ' "' & ) (SH"

P;CF;<F? OH>?IL?;NCP? !IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?”M <S M;

47? LOH NB? MCGOF;NCIH ;FMI @IL NB? =;M? MNO>S X 1B? MCGOF;NCIH MBIQH BIQ NQI
MN;NCIHM QCNB NB? M;G? NB?IL?NC=;F =S=F? NCG? M?==ICF ;s?=N?7><S; NLC;HAOF;L
>CMNLC<ONCIH QCNB ; J?L@ILG;H=? ;N? 1@ ;M MCHAF? G;=BCH? B;P? 1@

J?L@ILG;H=? L;N? QCNB ; =;J;=CNS <Os?L |@ =ICF;H> 1@ J?L@ILG;H=?L;N? QCNB;

=,J;=CNS <Os?L 1@ =ICFM ONC@ Q? =IHMC>?L NQI MN;NCIHM QCNB NB? M;G? NB?IL?NC= =S=F
NCG? <ON ;s?=NM <S >Cs?L?HN NLC;HAOF;L >CMNLC<ONCIHM MI NB;N NB?IL?NC= J?L@ILG;H="
L;N?M >Cs?L MCGOF;NCIH MBIQM BIQ NB? J?L@ILG;H=? L;N?M 1@ NQI MN;NCIHM =IHP?LA?
NIQ;L>M NB? FIQ?MN IH? ;M ?RJ?=N?>

1BLIOAB NB? M;G? MCGOF;NCIH GI>?F Q? =IHMC>?L?> ;FMI NB? M?=IH> NSJ? |@

J?L@ILG;H=? FIMM?M JLIJ;A;NCIH >07? NI NB? JLIJ;A;NCIH I@ L?>0=?> MJ??> =,0M?> <S
OH<;F;H=?> FCH8CAOL?  MBIQH NB? ?s?=N 1@ OH<;F;H=7?>=S=F? NCG? |@ MN;NCIHM
L?F;NCHA NI CHMOF;NCHA ;H> J;=E;ACHA 1B? MN;NCIH B;P? NB? M;G? - ;M MCHAF? G;=BCH?
?KO;F NI <ON >Cs?L?HN NB?IL?NC=;F =S=F? NCG? tH J;LNC=0F;L CHMOF;NCHA NB? OJMNL?;G
MN;NCIH CM @;MN?L NB;H J;=E;ACHA P;CF;<CFCNS ;H> KO;FCNS L;N? 1@ MN;NCIHM CM M?N NI
<0s?L =;J;=CNS CM M?N NI =ICF MCGOF;NCIH B;M <??H LOH NI MNO>S NB? ?s?=N 1@
OH<;F;H=CHA MN;NCIH 1B?IL?NC=;F =S=F? NCG? |@ CHMOF;NCHA B;M <??H =B;HA?> MCH=?
NB?IL?NC=;F =S=F? NCG? 1@ J;=E;ACHA NB;N CM oR?> CH G?;H 1B? MCGOF;NCIH JICHNM ION
NB;N CHMOF;NCHA B;M NI ;>;JN CNM?F@ NI =S=F? NCG? 1@ J;=E;ACHA NB;N CM NB? <INNF?H?=E
MN;NCIH 1BCM L?MOFNM CH NB? GI>?F ;M ; FIQ?L P;FO? @IL J?L@ILG;H=? L;N? |@ CHMOF;NCHA
MN;NCIH 1B? M;G? B;JJ?HM I@N?H CH L?;F MSMN?GM QB?L? NB? L?MOFN CM CHpO?H=?> <S ;FF
NB? ?q=C?H=S FIMM?M ;N NB? M;G? NCG? 1B? ?s?=N >CM;JJ?;LM AL;>O;FFS QCNB ; <?NN?L
<;F;H=CHA 1@ NQI MN;NCIHM $ZSBIL"?
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P;CF;<F? OH>?LL?;NCP? lIGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

tH L?F;NCIH NI NB? GI>?F NBCM M;GJF? @I=OM?M IH NB? >L;QCHA ;H> <OH=BCHA QILECHA
MN;NCIHM NB;N B;P? >?@?=NCP?H?MM M?N NI NB? M;G? =S=F? NCG?M ;H> HI INB?L
?0=C?H=S FIMM?M 1B? KO;FCNS =IHNLIF B;M <??H =B;HA?> MCGOF;NCHA =;M? ;H> 1B?
L?MOFNM I@ MCGOF;NCIH @IL NB? NQI =;M?M ;L7IMBIQH CEHQBC=B NB? JLIJIM;F

G?NBI> B;M =IGJ;L?> QCNB NB? NL;>CNCIH;F IH? 1B? JLIJIM;F G?NBI> ;FFIQ?> NI

C>?HNC@S NB? =ILL?=N ?q=C?H=S @IL ?R;GJF? NI >CG?HMCIH NB? >L;QCHA MN;NCIH <?=;0M?
CN =IHMC>?LM NCG? Q;MN?> NI G;HO@;=NOL? JLI>O=NM L?D?=N?> CH <OH=BCHA MN;NCIH 1B?
>Cs?L?H=? <?NQ??H P;FO?M I@H> ,1# CM ?RJF;CH?> <S NB? P;FO? |@ - NB;N CM

>0? NI NB? JLIJ;A;NCIH 1@ KO;FCNS FIMM?M @IL NB? OJMNL?;G MN;NCIH CH J?L@ILG;H="?
FIMM?M @IL NB? >IQHMNL?;G MN;NCIH *IL?IP?L ;<ION JIMCNCIHCHA 1@ KO;FCNS =IHNLIF NB?
=M? B;M NI <?JL?@7L <?=;,0M? NB? MCGOF;NCIH MBIQM ; JIMCNCP? ?s?=N IH NB? ,1# C@

NB? <OH=BCHA MN;NCIH CM NB? MSMN?G <INNF?H?=E ;M CN B;JJ?HM CH NB? L?;F MSMN?G
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Table 3.9: Comparison of quality rate calculation and evaluation of
impact of quality control positioning on quality rates and on OTE
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P;CF;<F? OH>?IL?;NCP? !IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

1B? ?P;FO;NCIH 1@ ,P?L;FF #KOCJG?HN #s?=NCP?H?MM ## ;H> ,P?L;FF 1BLIOABJON
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1B? OM? |@ ## ;M J?L@ILG;H=? CGJILIP?G?HN NIIF B;M <??H QC>?FS >?M=LC<?> CH NB?
FCN?L;NOL? ON CN B;M <??H F?MM ;JJLI;=B?> CH MSMN?G >?MCAH @IL ; =ILL?=N ?P;FO;NCIH I@
NB? MSMN?G ?q=C?H=S ,1# CH IL>?L NI MNO>S FIMM?M JLIJ;A;NCIH IP?LF;JJCHA |@

?9=C?H=S FIMM?M ;H> ?s?=NCP? ;=NCIHM @IL FIMM?M L?>0=NCIH

tH NBCM =B;IJN?L MN;LNCHA <S NB? ;P;CF;<F? FCN?L;NOL? IH NCG? FIMM?M Q? C>?HNCo0?> ;
MCGJFCo?> M?N I@ L?F?P;HN NCG? FIMM?M NB;N H??> NI <? =IHMC>?L?> >0OLCHA NB? >?MCAH
JB;M? 1B?H NBLIOAB NB? MCGOF;NCIH Q? MBIQH BIQ ## 1@ MCHAF? G;=BCH? ;H> NB?

P;FO? 1@ ,1# 1@ NB? QBIF? MSMN?G ;L? CHN?L=IHH?=N?> ;H> GONO;FFS CHpO?H=CHA ?;=B
INB?L >0O7? NI NB? JLIJ;A;NCIH |@ ;P;CF;<CFCNS J?L@ILG;H=? ;H> KO;FCNS FIMM?M
NBLIOABION NB? MSMN?G

$IL ?;=B =;N?AILS |@ NCG? FIMM?M Q? >?M=LC<?> NB? ?s?=NM |@ ?q=C?H=S FIMM?M

JLIJ;A;NCIH @LIG ; MN;NCIH NI NB? MSMN?G @IL ; =ILL?=N ?MNCG;NCIH ;H> ;H;FSMCM 1@ ,##

;H> ,1# >OLCHA G;HO@;=NOLCHA MSMN?G >?MCAH 47? ;FMI MBIQH BIQ NI ;PIC> FIMM?M
JLIJ;A;NCIH NBLIOAB ;>?KO;N? N?=BHC=;F MIFONCIHM QBC=B =;H <? >?0H?> >OLCHA

MSMN?G >?MCAH ;M NB? <Os?L MCTCHA NB? ?KOCJG?HN =IHoAOL;NCIH ;H> NB? JIMCNCIHCHA
=IHNLIF MN;NCIHM

1B? MCGOF;NCIH GI>?F MBIQH CH NBCM =B;JN?L Q;M <;M?> IH ; L?;F JLI>O=NCIH MSMN?G

;H> CN OM?> L?;F >;N; NI MNO>S NB? FIMM?M JLIJ;A;NCIH CH ; G;HO@;=NOLCHA JF;HN @IL
JLI>O=NCIH 1@ ?F?=NLC=;F =;<F? 1B? P;FC>;NCIH |@ NB? GI>?F ?HMOL?M NB? G?;HCHA@OF 1@
NB? ;JJLI;=B ;H> 1@ NB? C>?HNCo?> M?N |@ JIMMC<F? MIFONCIHM ;H> BCHNM

S ;H;FSTCHA ;H> ?;=B NCG? FIMM?M Q? ;FMI MBIQH BIQ NB? =BIC=?M N;E?H >OLCHA NB?
>?MCAH |@ NB? JLI>O=NCIH MSMN?G NI CH=L?;M? NB? ,1# ? A <Os?L MCT? G;CHN?H;H="
=IHoAOL;NCIH ?N= ;s?=N NB? MO==?MMCP? G;H;A?G?HN I@ NB? 1J?L;NCIHM
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J?LMIH QBIM? =11J?L;N?> QCNB NB? =B;CL |@ ,J?L;NCIHM *;H;A?G?HN 1@ 2HCP?LMCNS I@
/IG?i1lIL 3?LA;N;j CH NB? F;MN S?;LM JLI>O=CHA P;FO;<F? L?M?;L=B 1B? ;ONBILM QCMB NI
?RJIL?MM NB?CL AL;NCNO>? NI "L LOH; "C OCFPCI QCNBION QBIM? EHIQF?>A? >CFCA?H=? ;H>
;MMCMN;H=? NBCM QILE QIOF> HIN B;P? <??H MO==?MM@OF
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

$CFCJIJI "? l;LFI

8 9'[H>OMNLC;F #HACH??LCHA "?J;,LNG?HN 2HCP?LMCNS I@ $FIL?H=? $FIL?H=? tN;FS

S>DB?4E3D9?>

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1B? MNO>S |@ =IGJIH?HN ;H> JLI=?MM L?FC;<CFCNS CM NB? <;MCM 1@ G;HS ?q=C?H=S

?P;FO;NCIHM CH ,J?L;NCIHM *;H;A?G?HN >CM=CJFCH? $IL ?R;GJF? CH NB? =;F=OF;NCIH |@

NB? ,P?L;FF #KOCJG?HN #s?=NCP?H?MM ,## CHNLI>O0=?> <S +;E{INCGV H?=?MM;LS NI

?MNCG;N? ; =LO=C;F J;L;G?N?L =;FF?> ;P;CF;<CFCNS 1BCM CM MNLC=NFS L?F;N?> NI L?FC;<CFCNS (
;M ;H ?R;GJF? =IHMC>?L BIQ CH NB? MNO>S |@ M?LPC=? F?P?F CN CM CGJILN;HN NI EHIQ NB?
;P;CF;<CFCNS |@ G;=BCH?M QBC=B ;A;CH >?J?H>M IH NB?CL L?FC;<CFCNS ;H> G;CHN;CH;<CFCNS

/?FC;<CFCNS CM >?0H?> ;M NB? JLI<;<CFCNS NB;N ; =IGJIH?HN IL ;H ?HNCL? MSMN?G QCFF
J?L@ILG CNM @OH=NCIH @IL ; MJ?=Co0?> J?LCI> 1@ NCG? QB?H IJ?L;NCHA CH CNM >?MCAH
?HPCLIHG?HN 1B? ?F?G?HNM H?=?MM;LS @IL NB? >?0HCNCIH |I@ L?FC;<CFCNS ;L? NB?L?@IL? ;H
OH;G<CAOIOM =LCN?LCIH @IL DO>ACHA QB?NB?L MIG?NBCHA CM QILECHA IL HIN ;H> NB? ?R;=N
>?0HCNCIH |@ ?HPCLIHG?HN;F =IH>CNCIHM ;H> OM;A? 1B?H L?FC;<CFCNS =;H <? >?0H?> ;M

NB? NCG? >?J?H>?HN JLI<;<CFCNS 1@ =ILL?=N 1J?L;NCIH C@ Q? ;MMOG? NB;N ; =IGJIH?HN CM

OM?> @IL CNM CHN?H>?> @OH=NCIH CH CNM >?MCAH ?HPCLIHG?HN ;H> C@ Q? =F?;LFS >?0H? QB;}
Q? G?;HQCNB @;CFOL? $IL NBCM >?0HCNCIH ;HS >CM=OMMCIH IH NB? L?FC;<CFCNS <;MC=M
MN;LNM QCNB NB? =IP?L;A? 1@ NB? E?S =IH=?JNM |@ JLI<;<CFCNS

<LI;>?L >?0HCNCIH I@ L?FC;<CFCNS CM NB;N L?FC;<CFCNS CM NB? M=C?H=? NI JL?>C=N ;H;FST?
JL?P?HN ;H> GCNCA;N? @;CFOL?M IP?L NCG? tN CM ; M=C?H=? QCNB CNM NB?IL?NC=;F <;MCM ;H>
JLCH=CJF?M tN ;FMI B;M MO< >CM=CJFCH?M ;FF L?F;N?> CHMIG? Q;S NINB? MNO>S ;H>
EHIQF?>A? |@ @;OFNM /?FC;<CFCNS CM =FIM?FS L?F;N?> NI G;NB?G;NC=M ;H> ?MJ?=C;FFS NI
MN;NCMNC=M JBSMC=M =B?GCMNLS G?=B;HC=M ;H> ?F?=NLIHC=M tH NB? ?H> ACP?H NB;N NB?
BOG;H ?F?G?HN CM ;FGIMN ;FQ;SM J;.LN I@ NB? MSMN?GM CN I@N?H B;M NI >l QCNB
JMS=BIFIAS ;H> JIJMS=BC;NLS

+,E;DCG; 0 tHNLI>O=NCIH NI 1-* 1IN;F -LI>O=NCP? *;CHN?H;H=? -LI>O=NCPCNS -L?MM tH=
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tH ;>>CNCIH NI NB? JL?>C=NCIH |@ MSMN?G >OL;<CFCNS L?FC;<CFCNS ;FMI NLC?M NI ACP? ;HM
NI INB?L KO?MNCIHM tH>?7> Q? =;H NLS NI >?LCP? @LIG L?FC;<CFCNS ;FMI NB? ;P;CF;<CFCNS
J?L@ILG;H=? |@ ; MSMN?G tH @;=N ;P;CF;<CFCNS >?J?H>M IH NB? NCG? <?NQ??H NQI
=IHM?=0ONCP? @;CFOL?M ;H> |H BIQ FIHA CN N;E?M NI L?MNIL? NB? MSMN?G /?FC;<CFCNS MNO:
=;H <? ;FMI OM?> NI OH>?LMN;H> BIQ @;OFNM =;H <? ;PIC>?> 610 =;H NLS NI JL?P?HN

JIN?HNC;F @;CFOL?M ;=NCHA IH NB? >?MCAH G;N?LC;FM ;H> G;CHN?H;H="

[?FC;<CFCNS CHPIFP?M ;FGIMN ;FF ;MJ?=NM L?F;N?> NI NB? JIMM?MMCIH I@ ; JLIJ?LNS =IMN
G;H;A?G?HN =OMNIG?L M;NCM@;=NCIH NB? JLIJ?L G;H;A?G?HN 1@ L?MIOL=?M J;MMCHA
NBLIOAB NB? ;<CFCNS NI M?FF JLI>O=NM IL M?LPC=?M M;@?NS ;H> KO;FCNS I@ NB? JLI>O=N

1BCM =B;IN?L JL?M?HNM ; >CM=OMMCIH 1@ L?FC;<CFCNS NB?ILS MOJJILN?> <S JL;=NC=;F
?R;GIF?M |@ CHN?L?MN CH 1J?L;NCIHM G;H;A?G?HN ;MC= ?F?G?HNM I@ JLI<;<CFCNS NB?ILS
M NB? M;GJF? MJ;=? L;H>IG ?P?HNM ;H> ;S?M NB?IL?G MBIOF> <? L?PCM?> @IL ;

>??J?L OH>?LMN;H>CHA
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

1B? J?LCI> 1@ L?AOF;L IJ?L;NCIH |@ ;H ?KOCJG?HN ?H>M QB?H ;HS =B?GC=;F JBSMC=;F
JB?HIG?HIH M;C> @;OFN [==0OLL?> CH IH? IL GIL? |@ CNM J;LNM >?N?LGCH?M ; P;LC;NCIH

|@ CNM HIGCH;F J?L@ILG;H=?M 1BCM G;E?M NB? <?B;PCIL |@ NB? >?PC=? OH;==?JN;<F? 1B?
?KOCJG?HN J;MM?M @LIG NB? MN;N? I@ 13?L;NCIH NI NB;N |@ HIH @OH=NCIHCHA

tH1,<F? @;OFNM ;L? =F;MMCo?> ;==IL>CHA NI NB?CL ILCACH $IL ?;=B @;CFOL? GI>? ;H
?RN?H>?>>?M=LCJINCIH CM ACP?H
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Table 4.1: Main causes of failu re. The table shows the main cases of
failu re with a detailed description

11 MNO>S L?FC;<CFCNS SIO H??> NI NL;HM@ILG L?;FCNS CHNI ; GI>?F QBC=B ;FFIQM NB?
;H;FSMCM <S ;JJFSCHA F;QM ;H> ;H;FSTCHA CNM <ZB:eRICFCNS GI>?FM =;H <? >CPC>?>

CHNI MN;NC=;H> >SH;GC= IHA93=-?45<C ;MMOG? NB;N ; @;CFOL? >I?M HIN L?MOFN CH

NB? I==OLL?H=? |@ INB?L @;QFN¥3 B5<9129<9DI CHMN?;> ;MMOG?M NB;N MIG?

@;CFOL?M MI =;FF?>JLCG;LS @;CFOL?M JLIGIN? NB? ?G?LA?H=? 1@ M?=IH>;LS ;H> N?LNC,LS
@;OFNM QCNB ; =;M=;>CHA ?s?=N tH NBCM N?RN Q? QCFF IHFS >?;F QCNB MN;NC= GI>?FM |@
L?FC;<CFCNS

tH NB? NL;>CNCIH;F J;L;>CAG |@ MN;NC= L?FC;<CFCNS CH>CPC>O;F =IGJIH?HNM B;P? ; <CH,LS
MN;NOM ?CNB?L QILECHA IL @;CF?> 0SMN?GM CH NOLH ;L? =IGJIM?> <S ;H CHN?A?L
HOG<?LH 1@ =IGJIH?HNM ;FF GONO;FFS CH>?J?H>?HN "?J?H>CHA IH BIQ NB?

;LFIQ /# #HACH??LCHA /?FC;<CFCNS 0t *



=IGJIH?HNM ;L? =IHoOAOL?> CH =L?;NCHA NB? MSMN?G ;H> ;==IL>CHA NI NB? I1J?L;NCIH IL
@;CFOL? |@ CH>CPC>O;F =IGJIH?HNM NB? MSMN?G ?CNB?L QILEM IL >I?M HIN QILE

)?NhM =IHMC>7?L ; A?HOCrc8@ HMCMNCHA?@?G?HNM 1B? MN;NC= L?FC;<CFCNS GI>?FCHA
CGJFC?M NB;N NB? 13?L;NCHA MN;NONMU@& IEBTH?HN CM L?JL?M?HN?> <S NB? MN;N?
@OH=NO&*+?0H?> ;M

1B? MN;N? 1@ IJ?L;NCIH |@ NB? MSMN?G CM GI>?F?> <S NB? MN;N? @OH=NCIH

1B? GIMN =IGGIH =IHOAOL;NCIH 1@ NB? =IGJIH?HNM CM NB? M?LC?M MSMN?G M?LC?M
MSMN?G QILEM C@ ;H> IHFS C@ ;FF =IGJIH?HNM QILE 1B?L?@IL? NB? MN;NOM I@ ; M?LC?M
MSMN?G CM ACP?H <S NB? MN;N? @OH=NCIH

QB?L? NB? MSG<IF CH>C=;N?M NB? JLI>O=N I@ NB? ;LAOG?HNM

OSMN?G =IHOAOL;NCIHM ;L? I@N?H L?JL?M?HN?> AL;JBC=;FFS QCNB /?FC;<CFCNS FI=E
"C;AL;GM /"M QB?L? ?;=B =IGJIH?HN CM L?JL?M?HN?> <S ; <FI=E ;H> NB?

=IHH?=NCIHM <?NQ??H NB?G ?RJL?MM NB? =IHOAOL;NCIH I@ NB? MSMN?G 1B? IJ?L;NCIH |@
NB? MSMN?G >?J?H>M IH NB? ;<CFCNS NI =LIMM NB? >C;AL;G @LIG F?@N NI LCABN IHFS <S
J;MMCHA NBLIOAB NB? ?F?G?HNM CH [J?I38E€MH.? =IHN;CHM NB?/" 1@ ; @IOL

=IGJIH?HNM M?LC?M MSMN?G

97 &5<9129<9DI 2<?3; 4917B1=6?B 1 6?EB 3?=@?>5>DC C5B95C CICD5=

1B? M?=IH> GIMN =IGGIH =IHOAOL;NCIH I@ NB? =IGJIH?HNM CM NB? J;L;FF?F MSMN?G
J;L;FF?F MSMN?G QILEM C@ ;H> IHFS C@ ;N F?;MN IH? =IGJIH?HN CM QILECHA J;L;FF?F
MSMN?G >I?M HIN QILE C@ ;H> IHFS C@ ;FF =IGJIH?HNM >| HIN QILE 00 C®& NB?



@OH=NCIH NB;N L?JL?M?HNM NB? MN;N? 1@ HIN @OH=NCIHCHA | GONEZHASHN?G ;H>
NB? HIH @OH=NCIHCHA 1@JgBr?G?HN SIO =;H QLCN?

==IL>CHAFS NB? MN;N? 1@ ; J;L;FF?F MSMN?G CM ACP?H <S NB? MN;N? @OH=NCIH

QB?L? NB? MSG<IF CH>C=;N?M NB? =IGJF?G?HN 1@ NB? JLI>O=N I@ NB? =IGJF?G?HNM |@
NB? ;LAOG?HNRICAOL? =IHN;CHM ;/" @IL ; MSMN?G I@ @IOL =IGJIH?HNM ;LL;HA?>
CH J;L;FF?F

97 $1B1<<5< CICD54B? CG;A? L?2JL?M?HNM NB? /" 1@ ; MSMN?G |@ @IOL ?F?G?HNM ;LLHA?> CH
L?FC;<CFCNS J;L;FF?F =IHOAOL;NCIH

HINB?L =IGGIH =IHOAOL;NCIH I@ NB? =IGJIH?HNM CM NB? M?LC?M J;L;FF?F MSMN?GM tH
NB?M? MSMN?GM =IGJIH?HNM ;L? =IHOAOL?> OMCHA =IG<CH;NCIHM CH M?LC?M ;H> J;L;FF?F
=IHOAOL;NCIHM H ?R;GJF? |@ MO=B ; MSMN?G CM MBIQAGZI?



ON;N? @OH=NCIHM @IL M?LC?M J;L;FF?F MSMN?GM ;L? I<N;CH?> <S >?=IGJIMCNCIH |@ NB?
MSMN?G 4CNB NBCM ;JJLI;=B NB? MSMN?G CM <LIE?H >IQH CHNI MO<MSMN?GM IL
=IHOAOL;NCIHM NB;N ;L? CH M?LC?M IL CH J;L;FF?F 1B? MN;N? @OH=NCIHM I@ NB? MO<MSMN?(
;L? NB?H =IG<CH?> ;JJLIJLC;N?FS >?J?H>CHA IH BIQ NB?S ;L? =IHOAOL?> M=B?G;NC=

?R;GJF? CM MBIQH GHAOL?

97 '5B95C @1B1<<5< CICD3:B? JC=NOL? MBIQM NB? /" 1@ ; MSMN?G >0O7? NI NB? M?LC?M J;L;FF?F GI>?F |@
?F?G?HN;LS OHCNM
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J;L;FF?F MSMN?8B? MN;N? @OH=NCIH |@ NB? MSMN?G CM =;F=0F;N?> <S oLMN G;ECHA NB? MN;N? @OH=NCIHM |@ N

JLFF?FI@U W I® W ;H>1@U W 1B?H Q? ?P;FO;N? NB? MN;N? @OH=NCIH |@ NB? M?LC?M |@ NB? NBL??
ALIOJM DOMN I<N;CH?>



J;LNC=0F;L =IGJIH?HN =IHoAOL;NCIH QC>?FS L?=IAHCT?> ;H> OM?> @IB1B<k
?ED?6n MSMN?G ION I@A QILEM C@ ;H> IHFS C@ ;NHEMMWBA =IGJIH?HNM QILEM
+IN? NB;N ; M?LC?M MSMN?G =;H <? M??H ;M ; MBNDIREAA ;H> ; J;L;FF?F MSMN?G CM ;
MSMN?G ION I®1B? MN;N? @OH=NCIH |@ ; MSMDIRGAA CM ACP?H <S NB? @IFFIQCHA
;FA?<L;C= MSMN?G

1B? /" @IL ; MSMN?GEION I@1B;M ;H ;JJ?;L;H=? C>?HNC=;F NI NB? / " M=B?G; 1@ ;
J;L;FF?F MSMN?CGA@GJIH?HNM QCNB NB? ;>>CNCIH |@ ; F<fN I@A $IL INB?L
GIL? =IGJF?R MSMN?G =IHoAOL;NCIHM MO=B ;M NB? <LC>A? =IHOAOL;NETAQL??

Q7?7 G;S OM? GIL? CHNLC=;N? N?=BHCKO?M MO=B ;M NB? GCHCG;F J;NB M?N ;H> NB?
GCHCG;F =ON M?N NI =IHMNLO=N NB? MSMN?G MN;N? @OH=NCIH

*CHCG;F -;NB 0?N *-0 CM ; MO<M?N 1@ NB? =IGJIH?HNM I@ NB? MSMN?G MO=B NB;N NB?
IJ?L;NCIH 1@ ;FF NB? =IGJIH?HNM CH NB? MO<M?N CGJFC?M NB? 1J?L;NCIH I@ NB? MSMN?G
1B? M?N CM GCHCG;F <?=,0M? NB? L?GIP;F I@ ;HS ?F?G?HN @LIG NB? MO<M?N ?FCGCH;N?M
NBCM JLIJ?LNS H ?R;GJF? CM MBIQ$RIDL?

97 19>9=1< $1D8'5D 1B? MSMN?G IH NB? F?@N =IHN;CHM NB? GCHCG;F J;NB M?N CH>C=;N?> <S NB? ;LLIQM
;H>MBIQH CH NB? LCABN J;LN #;=B 1@ NB?G L?JL?M?HNM ; GCHCG;F MO<M?N 1@ NB? =IGJIH?HNM |@ NB? MSMN?G
MO=B NB;N NB? [J?L;NCIH 1@ ;FF NB? =IGJIH?HNM CH NB? MO<M?N CGJFC?M NB? 1J?L;NCIH |@ NB? MSMN?G

*CHCG;FION 0?N *!10 CM ; MO<M?N 1@ NB? =IGJIH?HNM I@ NB? MSMN?G MO=B NB;N NB?
@;CFOL? 1@ ;FF =IGJIH?HNM CH NB? MO<M?N >I?M HIN CGJFS NB? IJ?L;NCIH |@ NB? MSMN?G
ONCFF NB? M?N CM =;FF?> GCHCG;F <?=;,0M? NB? L?GIP;F I@ ;HS =IGJIH?HN @LIG NB? MO<M?N
=F?;LM NBCM JLIJ?LNS ?OL?



97 19>9=1< ED 5D 1B? MSMN?G 1@ NB? F?@N =IHN;CHM NB? GCHCG;F =ON M?N CH>C=;N?> <S NB? >;MB?> FCH?!
MBIQH CH NB? LCABN J;LN #;=B 1@ NB?G L?JL?M?HNM ; GCHCGOG MO<M?N |@ NB? =IGJIH?HNM |@ NB? MSMN?G MO=B
NB;N NB? @;CFOL? |@ ;FF =IGJIH?HNM CH NB? MO<M?N >|?M HIN CGJFS NB? IJ?L;NCIH I@ NB? MSMN?G

*10 ;H> *-0 =;H <? OM?> NI <OCF> ?KOCP;F?HN =IHOAOL;NCIHM I@ GIL? =IGJF?R

MSMN?GM HIN L?@7?L;<F? NI NB? MCGJF? M?LC?M J;L;FF?F GI>?F 1B? oLMN ?KOCP;F?HN
=IHOAOL;NCIH CM <;M?> IH NB? =IHMC>7?L;NCIH NB;N NB? IJ?L;NCIH |@ ;FF NB? =IGJIH?HNM

CH ;N F?;MN; *-0 ?HN;CFM NB? IJ?L;NCIH I@ NB? MSMN?G 1BCM =IHOAOL;NCIH CM NB?L?@IL?
=IHMNLO=N?> QCNB NB? =L?;NCIH |@ ; M?LC?M MO<MSMN?G @IL ?;=B J;NB OMCHA IHFS NB?
GCHCGOG =IGJIH?HNM 1@ NB;N M?N 1B?H NB?M? MO<MSMN?GM ;L? =IHH?=N?> CH J;L;FF?F
H ?R;GJF? |@ ;H ?KOCP;F?HN MSMN?G CM MBIQH@*?

97 AE9F1<5>D 3?>07EB1D9?>C G9D8 !$'610 <OCF> ; M?LC?M MO<MSMN?G @IL ?;=B *-0 1B?H MO=B
MO<MSMN?GM ;L? =IHH?=N?> CH J;L;FF?F

1B? M?=IH> ?KOCP;F?HN =IHOAOL;NCIH CM <;M?>IH NB? FIAC=;F JLCH=CJF? NB;N NB? @;CFOL?
|@ ;FF NB? =IGJIH?HNM I@ ;HS *!10 CGJFC?M NB? @;OFN 1@ NB? MSMN?G 1BCM =IHoAOL;NCIH CN
<OCFN QCNB NB? =L?;NCIH 1@ ; J;L;FF?F MO<MSMN?G @IL ?;=B *!0 OMCHA IHFS NB?
=IGJIH?HNM 1@ NB;N ALIOJ 1B?H NB?M? MO<MSMN?GM ;L? =IHH?=N?> CH M?LC?M M??
$CAOL?



97 AE9F1<5>D 3?>07EB1D9?>C G9D8!' 610 <OCF> ; MO<MSMN?G CH J;L;FF?F @IL ?;=B *!10 1B?H NB?
MO<MSMN?GM ;L? =IHH?=N?> CH M?LC?”M

@N7?L ?R;GCHCHA NB? =IGJIH?HNM ;H> NB? MN;NOM |I@ NB? MSMN?G NB? H?RN MN?J CH NB?
MN;NC= GI>?FCHA |@ L?FC;<CFCNS CM NB;N 1@ =IHMC>?LCHA NB? JLI<;<CFCNS 1@ 1J?L;NCIH |@ NB?
=IGJIH?HN ;H> |@ NB? MSMN?G

1B? L?FC;<CHEMN® NBRUG:IGJIH?HN CM >?0H?> <S

QBCF? NBB<9129<9DI ?6 DBECD5= RCM >?0H?> ;M QHF?

Table 4.2: Equation

1B? G?NBI>IFIAS OM?> NI =;F=0OF;N? NB? L?FC;<CFCNS |I@ NB? MSMN?G >?J?H>M IH NB?
=IHOAOL;NCIH I@ NB? MSMN?G CNM?F@ $IL ; M?LC?M MSMN?G NB? L?FC;<CFCNS I@ NB? MSMN?G |
ACP?H <S NB? JLI>O=N I@ NB? CH>CPC>O;F L?FC;<CFCNS F;Q |@ )OMM?L >?0H?><S %?LG;H
?HACH??L /I<?LN )OMM?L CHNB? M

Table 4.3: Equation

$IL ;H ?R;GIF? M?? $CAOL?



97 C5B91< CICD5= 3?>C9CD9>7 26 5<5=5>DC GID8 B5<9129<9DI 5AE1< D? 1>4 1B?
L?FC;<CFCNS I@ NB? QBIF? MSMN?G CM ACP?H <S NB?CL JLIBO=NU U

$IL ; J;.L;FF?F MSMN?G L?FC;<CFCNS CM

Table 4.4: Equation

tH @;=N @LIG NB? >?0HCNCIH I@ MSMN?G L?FC;<CFCNS ;H> <S NB? JLIJ?LNC?M I@ ?P?HN
JLI<;<CFCNC?M CN @IFFIQM

tH G;HS J;L;FF?F MSMN?GM =IGJIH?HNM ;L? C>?HNC=;F tH NBCM =;M? NB? L?FC;<CFCNS @ ;
J;L;FF?F MSMN?G QERIB’G?HNM CM ACP?H <S



97 @1B1<<5< CICD5=3?>C9CD9>7 ?6 5<5=5>DC G9D8 D85 C1=5 B5<9129<9DI| ZB? MSMN?G
L?FC;<CFCNS M ACP?H <S NB?CL =l dLi»O=N

$IL ; M?LC?M J;L;FF?F MSMN?G MSMN?G L?FC;<CFCNS CM >?N?LGCH?> OMCHA NB? M;G? ;JJLI;=B
1@ >?=IGJIMCNCIH OM?> NI =IHMNLO=N NB? MN;N? @OH=NCIH @IL MO=B MSMN?GM !IHMC>?L @IL
CHMN;H=? NB? MSMN?G >L,;@HABL.? =IHMCMNCHA I@ ?F?G?HNM QCNB

L?FC;<CFENS + o+ 4 JH>+ + + +  )?NhM=;F=OF;N? NB? IP?L;FF

L?FC;<CFCNS |@ NB? MSMN?G

97 (85 CICD5=3?>C9CDC ?6 D8B55 7B?E@C ?6 2<?3;C 1BB1>754 9> C5BSHC<FI=E CM CH NOLH
@ILG?> <S ?F?G?HNM CH J;L;FF?F $CLMN Q? GOMN+=;F=ORN? 0l CN CM JIMMC<F? NI
?MNCG;N?&> nn 1B?H Q? GOMN =;F=0OF;N? NB? L?FC;<CFCNS I@ NB? F;MN J;L;FF?F
<FI=E+ nn $CH;FFS Q? JLI=??>NINB? M?LC?M I@ NB? NBL??
<FI=EM+ + '+ '+



11 =;F=0OF;N? NB? IP?L;FF L?FC;<CFCNS @IL ;FF INB?L NSJ?M |@ MSMN?GM QBC=B =;HhN <? <LIO
<;=E NI ; M?LC?M J;L;FF?F M=B?G? CN GOMN <? ;>IIN?> ; GIL? CHN?HMCP? =;F=0OF;NCIH
;JILI;=B  NB;N CM HILG;FFS >IH? QCNB NB? ;C> |@ MJ?=C;F MI@NQ;L?

[?FC;<CFCNS @OH=NCIHM 1@ NB? MSMN?G =;H ;FMI <? OM?> NI =;F=0OF;N? G?;MOL?M
|@B5<9129<9DI 9=@7?BD1>35

1B?M? G?;MOL?G?HNM ;L? OM?> NI ;MM?MM QBC=B =IGJIH?HNM I@ ; MSMN?G Is?L NB?
AL?;N?MN IJJILNOHCNS NI CGJLIP? NB? IP?L;FF L?FC;<CFCNS 1B? GIMN QC>?FS L?=IAHCT?>
>?0HCNCIH 1@ L?FC;<CFCNS CGLI®HNE? =IGJIH?HNM CM BB29129<9DI =1B79>1<

719> CH N?LGM I@ IP?L;FF MSMN?G LCM? |@ @OH=NCIH;FCNS I<N;CH?><S ; G;LACH;F CH=L?;M
I@ NB? =IGJIH?HN L?FC;<CFCNS

$IL INB?L MSMN?G =IHOAOL;NCIHM ;H ;FN?LH;NCP? ;JJLI;=B @;=CFCN;N?M NB? =;F=OF;NCIH |@
L?FC;<CFCNS CGJILN;H=? 1@ NB? =IGJIH?HMM¥Z\NNB? L?FC;<CFCNS I@ NB? MSMN?G

GI>Co?> MINB;N+< ;H> + <«<? NB? L?FC;<CFCNS I@ NB? MSMN?G GI>@g?:FQCINB

E??JCHA OH=B;HA?> NB? INB?L =IGJIH?HNM tH NBCM =IHN?RN NB? L?FC;<CFCNS
CGJILN;H=?%CM ACP?H <S

tH ; M?LC?M MSMN?G NBCM @ILGOF;NCIH CM ?KOCP;F?HN NI QLCNCHA

1BOM NB? GIMN CGJILN;HN =IGJIH?HN CH N?LGM I@ L?FC;<CFCNS CH ; M?LC?M MSMN?G CM N
F?MM L?FC;<F? $IL ?R;GJF? =IHMC>?L NBL?? ?F?G?HNM I@ L?FC;<CFCNS

+ + ?+ tN CM NB?L?@IL?

Y Y H>Y U QBC=B CM NB? BCAB?L P;FO?

t@ NB? MSMN?G CM ;LL;HA?> CH J;L;FF?F NB? L?FC;<CFCNS CGJILN;H=? <?=IG?M ;M @IFFIQM

"? ,LFI'$ tGJC;HNC CH>OMNLC;FC =IHIM=?L? ? JLIA?NN;L? C MCMN?GC JLI>ONNCPC +?Q 6ILE *,LCI 10==C



Table 4.5: Equation

tN @IFFIQM NB;N NB? GIMN CGJILN;HN =IGJIH?HN CH ; J;L;FF?F MSMN?G CM NB? GIL? L?FC;<F?
4CNB NB? M;G? >;N; ;M NB? JL?PCIOM ?R;GJF? NBCM NCG? B;PCHA ; J,L;FF?F ;LL;HA?G?HN
Q? =HP?LC@SF? @IL NB? oLMN CN?G  n+
8nn Un n 9n8nn Un n 9
nn n n n n

$IL NB? =;F=OF;NCIH I@ NB? L?FC;<CFCNS CGJILN;H=? |@ =IGJIH?HNM <?FIHACHA NI =IGJF?R
MSMN?GM QBC=B ;L? HIN ;NNLC<ON;<F? NI NB? M?LC?M J;L;FF?F MCGJF? M=B?G? L?FC;<CFCNS |I@
>Cs?L?HN MSMN?GM GOMN <? =|OHN?> $IL NBCM L?;MIH NB? =;F=OF;NCIH CM I@N?H >IH? OMCHA
;ONIG;N?> ;FAILCNBGM

<55D B5<9129<9DI

P;CF;<F? OH>?LL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

00JJIM? SIO B;P? MNO>C?> NB? L?FC;<CFCNS I@ ; =IGJIH?HN ;H> @IOH>NB;NCNCM @IL;
GCMMCIH >OL;NCIH 1@ BIOLM (HIQCHA NB;N Q? B;P? C>?HNC=;F CN?GM MCGOFN;H?IOMFS
;=NCP? Q? GCABN <? CHN?L?MN?> CH EHIQCHA QB;N NB? IP?L;FF L?FC;<CFCNS I@ NB? ALIOJ
QIOF> <? tH INB?L QIL>M Q? Q;HN NI EHIQ QB;N CM NB? JLI<;<CFCNS 1@ B;PCHA ; =?LN;CH

HOG<?L I@ CN?GM @OH=NCIHCHA ;N NB? ?H> 1@ NB? BIOLM I@ GCMMCIH 1BCM CMMO? CM <?MN
EHIQH ;M p??N L?FC;<CFCNS

IIHMC>?L ; M?N I@C>?HNC=;F ;H> CH>?J?H>?HN MSMN?GM CH ; M;G? CHMN;HN ?;=B B;PCHA

; L?FC;<CFE@NEB? ALIOJ G;S L?JL?M?HN ; M?N I@ MSMN?GM CH OM? CH>?J?H>?HN ;H>
C>?HNC=;F IL =IOF> L?JL?M?HN ; M?N |@ >?PC=?M OH>?L N?MN CH>?J?H>?HN ;H> C>?HNC=;F
>CM=L?N? L;H>IG P;LC;<F? I@ AL?;N CHN?L?MN L?FC;&EBRGNSEVL |@ @OH=NCIHCHA

CN?GM 2H>?L NB? ;MMOGJINCIHM MJ?=Gaiet <CHIGC;F L;H>IG P;LC;<F? QBC=B

?RIL?MM?M NB? JLI<;<CFCNS I@ ; ?LHIOFFC JLI=?MM 1B? =ILL?MJIH>CHA JLI<;<CFCMNC=
GI>?F CM NB?L?@IL? NB? IH? NB;N >?M=LC<?M NB? ?RNL;=NCIH I@ <:FFM @LIG ;H OLH oFF?>
QCNB ; EHIQH HOG<?L 1@ L?> :H> AL??H <;FFM 00JJIM? NB;N NB? J?L=2H@ARL??H

<;FFM CM =ICH=C>?HN QCNB NB? L?FC;<CFCNS :@N?L BIOLM @N?L ?;=B ?RNL;=NCIH @LIG NB? OL
NB? <;FF CM JON <;=E CH NB? =IHN;CH?L #RNL;=NCIH C® NTGMN2>H> Q? FIIE @IL

NB? JLI<;<CFCNS |@ oH#CALL?H 1B? M?KO?H=? I@ L;H>IG P;LC;<F?M NBOM I<N;CH?> CM

; ?LHIOFFC JLI=?MM 1@ QBC=B ?;=B ?RNL;=NCIH CM ; N?MN 0CH=? NB? JLI<;<CFCNS |@
I<N;CHCHA MO==?MM?NGCRNL;=NCIHM @LIG ;H OLH QCNB L?MNCNONCIH I@ NB? <;FF @IFFIQM
NB? <CHIGC:F >CMNLC<OMG#H NB? JLI<:<CFCNS G:MM @OH=NCIBMaNB? Q?FF

EHIQH
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1B? ?RJ?=N7?>P;FO? I@CM ACP?H<S '@ +;H>NB? MN;H>;L>>?PC;NCIH CM

)?NhM =IHMC>?L @IL ?R;GJF? ; =ILJIL;N? p??N =IHMCMNCHA 1@ CH>?J?H>?HN ;H>
C>?HNC=;F MSMN?GM FF MSMN?GM B;P? NB? M;G? GCMMCIH CH>?J?H>?HN @LIG NB? INB?L
GCMMCIHM #;=B MSMN?G B;M ; L?FC;<CFCNS |@ GCMMCIH ?KO;F NI 4? Q;HN NI =;F=0OF;N?
NB? ;P?L;A? HOG<?L |@ GCMMCIHM =IGJF?N?> ;H> ;FMI QB;N CM NB? JLI<;<CFCNS NB;N ;N
F?;MN 1@ MSMN?GM QIOF> =IGJF?N? NB?CL GCMMCIH 1BCM CHPIFP?M ;H;FSTCHA NB?
>CMNLC<ONCIH I@ NB? <CHIGC;F L;H>IG P;LC;<F? =B;L;=N*CT?>HS @

1B? ?RJ?=N?> P;FO? CM ACP?H <S '

1B? JLI<;<CFCNS NB;N ;N F?;MN 1@ NB? MSMN?GM =IGJF?N? NB?CL GCMMCIH =;H <?
=, F=0OF;N?> ;M NB? MOG I@ NB? JLI<;<CFCNC?M NB;N =IGJF?N? NB?CL GCMMCIH
H>  ?F?G?HNM @ NB? p??N

(9=545@5>45>D B5<9129<9DI| =?45<C

P;CF;<F? OH>?IL?;NCP? !IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

4B?H L?FC;<CFCNS CM ?RJIL?MM?> ;M ; @OH=NCIH I@ NCG? NB? =IHNCHOIOM L;H>IG P;LC;<F?
HIN H?A;NCP? |@ CHN?L?MWBCNHMN;HN |@ @;CFOL? |@ NB? >8R&ZNBN

JLI<;<CFCNS >?HMCNS @OH=NEIHFEN G <? NB? =OGOF;NCP? >CMNLC<ONCIH @OH=NCIH

I@- G CM;FMIEHIQH ;M @;CFOL? @OH=NCIH IL OHL?FC;<CFCNS @OH=NCIH

tH NB? =IHN?RN I@ L?FC;<CFCNS NQI ;>>CNCIH;F @OH=NCIHM ;L? |@5B1 TIIBI-NB?
NB? B;T;L> @OH=NCIH )?NhM >&6K3129<9B(t) ;M NB? MOLPCP;F @OH=NCIH

1B?151>(9=5 (? 19<EB5 [(( CM>?0H?>;M NB? ?RJ?=N7?>P;FO? 1@ NB? @;CFOL? NCG?

JIHHIL - (F?SH?L -L;=NC=;F /?FC;<CFCNS #HACH??LCHA 'IBH 4CF?S 0IHM
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tHN?AL;NCHA <S J;LNM Q? =;H JLIP? NB? ?KOCP;F?HN ?RJL?MMCIH

1J1B4 6E>3D9?>

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

HINB?L P?LS CGJILN;HN @OH=NCIH BMNBP6E>3D9?>>?HIN?><S G >?0H?> ;M

NB? NL?H> @ NB? CHMN;HN;H?IOM @;CFOL? L; SI@NHNZREZE?HN NB;N B;M MOLPCP?> OJ

NI NB;N NC@&1B? @;CFOL? L;N? CM NB? L;NCI <?NQ??H NB? CHMN;HN;H?IOM JLI<;<CFCNS |@
@;CFOL? CH ; H?CAB<ILBII>X3@H>CNCIH?> NI NB? @;=N NB;N NB? ?F?G?HN CM EZ;FNBS CH
;H>NB? ;GJFCNO>? |@ NB? M;G? H?CAB<ILBII>

1B? B;T;L.> @OH=NCIK> =ICH=C>?M QCNB NB? CHN?HMCN#@Q@H=NMMIH JLI=?MM
1B? B;T;L> @OH=NCIH CM ACP?H <S

1B;HEM NI ;S?M NB?IL?G CN =;H <? MBIQH NB;N NB? L?F;NCIHMBCJ <?NQ??H NB? B;T;L>
@OH=NCIH >?HMCNS 1@ JLI<;<CFCNS |@ @;CFOL? ;H> L?FC;<CFCNS CM NB? @IFFIQCHA

1B;HEM NI NB? JL?PCIOM ?KO;NCIH QCNB MIG? MCGJF? G;NB?G;NC=;F G;HCJOF;NCIHM Q?
I<N;CH NB? @IFFIQCHA L?F;NCIH

*?S?L - 2H>?LMN;H>CHA *?;MOL?G?HN /?FC;<CFCNS ,R@IL>2HCP?LMCNS -L?MM
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Table 4.6: Equation

tH @;=N MCHEB 9FH89 Q?B;P?

$LIG 1;<F? >?LCP? NB? INB?L NQI @OH>;G?HN;F L?F;NCIHM

1B? GIMN JIJOF;L =IH=?JNO;F GI>?F |@ NB? B;T;L> @OH=NCIH QMDSBE2 3EBF5

==IL>CHA NI NBCM GI>?F NB? @;CFOL? L;N? |@ NB? >?PC=? CM L?F;NCP?FS BCAB ;H> >?M=?H>(
CHNB?oLMN J;.LN 1@ NB? >?PC=? FC@? >0? NI NB? JIN?HNC;F G;HO@;=NOLCHA >?@?=NM
=;FF?>51B<| 619<EB5CB?S G;HC@?MN NB?GM?FP?M CH NB? oLMN JB;M? 1@ 1J?L;NCIH |@ NB?
MSMN?G ;H> NB?CL =;0M?M ;L? I@N?H FCHE?> NI MNLO=NOL;F >?0=C?H=C?M >?MCAH IL
CHMN;FF;NCIH >?@?=NM tH N?LGM I@ L?FC;<CFCNS ; MSMN?G NB;N G;HC@?MNM CH@;HNCF?
CGJLIP?M IP?L NB? =IOLM? I@ NCG?

);N?L ;N NB? ?H> @ NB? FC@? 1@ NB? >?PC=? NB? @;CFOL? L;N? CH=L?;M?M >07? NI Q?;L
JB?HIG?H; 1B?S;L? =;,0M?> <S ;FN?L;NCIHM 1@ NB? =IGJIH?HN @IL G;N?LC;F ;H>

MNLO=NOL;F ;ACHA 1B? <?ACHHCHA 1@ NB? J?LCI> |@ Q?;L CM C>?HNC0?> <S ;H CH=L?;M? CH |
@L?KO?H=S 1@ @;CFOL?M QBC=B =I[HNCHO?M ;M NCGTAIIBED 6BI<EBIE=0OL

;LIOH> NB? ;P?L;A? ;A? 1@ 1J?L;NCHA NB? IHFS Q;S NI ;PIC>NBCM NSJ? |@ @;CFOL? CM NI
L?JF;=? NB? JIJOF;NCIH CH ;>P;H=?

?NQ??H NB? J?LCI> 1@ ?;LFS @;CFOL?M ;H> 1@ Q7?;L ION NB? @;CFOL? L;N? CM ;<ION

=IHMN;HN @;CFOL?M ;L? >0O? NI L;H>IG ?P?HNM ;H> ;L? BEF22= 619<EB5C1B?S

==0L CH HIH HIGCH;F 13?L;NCHA =IH>CNCIHM QBC=B JON ; MNL;CH IH NB? =IGJIH?HNM
L?MOFNCHA CH NB? CH?PCN;<F? =B;HA?M ;H> NB? =IHM?KO?HN FIMM I@ 13?L;NCIH;F =;J;<CFCNC(
1BCM NSJ? |@ @;CFOL? |==OLM >OLCHA NB? OM?@OF FC@? |@ NB? MSMN?G ;H> =ILL?MJIH>M |
OHJL?>C=N;<F? MCNO;NCIHM 1B? =?HNL;F J?LCI> QCNB =IHMN;HN @;CFOEZTBEMEXCM =;FF?>
<9651B? DORN;JIMCNCIH 1@ NB? NBL?? J?LCI>M CH ; AL;JB QBC=B L?JL?M?HNM NB? NL?H> 1@
NB? @;CFOL? L;N? I@ NB? MSMN?G ACP?M LCM? NI ; =OLP? QBIM? =B;L;=N?LCMNC= MB;J? L?=;F
NB? M?=NCIH I@ ; <;NBNO< ;M MBIGHEHL?



97 1D8DE2 3EBF5 1B? B;T;L> @OH=NCIH MB;J? ;FFIQM OM NI C>?HNC@S NBL?? ;L?;M NB? CHCNC;F J?LCI> |@
NB? ?;LFS @;CFOL?M NB? GC>>F? NCG? |@ NB? OM?@OF FC@? ;H> NB? oH;F ;L?; 1@ Q?;L ION

1B? GIMN =IGGIH G;NB?G;NC=;F =F;MMCo=;NCIHM I@ NB? B;T;L> =OLP? ;L? NB? MI
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MIFP? >07? NI NB? HOG<?L ;H> P;LC?NS |I@ DI<M N;MEM ;H> JIN?HNC;FFS =IHpC=NCHA Al;FM
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L?IL?M?HN;NCIH |@ NB? CHMN;H=? CH CMMO? NB? ;GIOHN I@ JB?LIGIH? IH ?;=B ;L=
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J;LNC;F All> MIFONCIH tH NBCM CGJLIP?G?HN L?F;NCP? CGJILN;H=? CM ACP?H NI NB?
J;.L;G?N?LM ;H>  %lI> ?F?G?HNM @IL =BIIMCHA NB?M? NQI J;L;G?N?LM ;L?
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MIOL=? CH N?LGM I@ >CMN;H=? ;H> MQ??NH?MM I@ NB? H2N:IOMN ?RIFIL?
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8 <?MN M?F?=N?> MCN?M @LIG QBC=B L?=LOSC*22BIM?H @IL ?RJIFIL;NCIH @LIG

NB? JIJOF;NCIH CHNI NB? BCP? /?M?;L=B?M 1@ J;N=B?M ;L? =IH>O=N?ARGE&?M CH

NB? H?CAB<IOLBII> |@ NB? M?F?=N?> MC8BIMZN?M OSMN?G G;CHN;CHM MN?J L?J?NCNCIH
<@4KQB?L? ?;=B <?? 1@ NB? =IFIHS 1@ <??M QCFF NL;P?LM? ; JIN?HNC;F MIFONCIH $FIQ?L
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%LCgNBM ";PC>"tHNLI>O=NCIH NI #F?=NLI>SH;GC=M L>?> -L?HNC=? & FF


http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

4B?L? GL?IL?M?HNM NB? CN?L;NCIHDMBCWM NB? =B;LA? |@ J;LNERFCN?L;NCGOK G

9Kserds ;H> 9K- G>?HIN? NB? I<D?=NCP? P;FO? |@ J;LKNNBRPX?MN MIFONCIH ;H>
J;LNC=F?@LIG@ J;LNC=F?M ;N NG&H;FFSA CM NB? >CG?HMCIH |@ M?;L=B MJ;=? 1B?

=B;LA? I@ ?;=B JICHM D<G >?N?LGCH?M JICHNhM JIQ?L I@ ;NNL;=NCIH IL L?ZJOFMCIH -ICHNM
K< =IOF> <? ?P;FO;N?> ;M ; N;ME CHNI NB? AL;JB L?JL?M?HNsNEBL?

1B? J;LNC=F?M GIP? ;FIHA QCNB NIN;F @IL=? ;H> M| >CP?LMCo0?> MIFONCIHM ;L? A?H?L;N?>
1B? @IFFIQCHA @ILGOF;NCIH CM NB? L?MOFN;HN @IL= 1@ J;LNC=F?

1B? @IFFIQCHA HIN?M >?M=LC<?> ;H ;>;JN?> P?LMCIH 1@ #* @IL '00- ==IL>CHA NI NBCM
;JJFC=;NCIH NB? CHCNC;F JIJOF;NCIH CM I<N;CH?> <S =BIIMCHA L;H>IGFS @LIG NB? FCMN IL
J?H>CHA N;MEM ;M @IL NB? @?;MC<CFCNS I@ MIFONCIH J;LNC=F?Mh J;NB 1B? A?H?LC=JM?0>|
=I>? @IL NB? #* CM L?JILN?> GBAOL? #;=B J;LNC=F? CM CHCNC;FFS FI=;N?> CHNI ; MIOL="?

HI>? M?? >CMDOH=NCP? AL;3B/M@L? _ -;LNC=F? CM OHCKO?FS >?0H?><S ; =B;LA? ;H>

; FI=;NCIH CHNI NB? HI>?hM MJ;=? -;,LNC=F?hM JIMCNCIH CH ?;=B HI>? CM >?0H?> CH ;

GOFNCALC> >CM=L?N? M?N 4BCF? GIPCHA J;LNC=F? DOGJM CH ; HI>? <;M?>|H CNM ;NNL;=NCIH
@IL=? >?0H?> CH GI>OF? ;H>>CL?=NCIH ;H> Q;S t@ NB? @IL=? @LIG MN;LNCHA FCH? NI

;LLCP;F CM CH L?F;NCIH I@ JIMCNCP? CH?KO;FCNS NB? J;LNC=F?M QCFF <? FI=;N?> CH ; JF;H?
JIMCNCIH CH FCH?;L >?J?H>?H=? QCNB @IL=? CHN?HMCNS M?F?=NCIH G?=B;HCMG =IOF> <? M?N
CH IL>?L NI >?=C>? QB?L? J;LNC=F? CM >CL?=N?> <;M?>IH HI>? @IL=? CHN?HMCNS $IL=? CM
NB?L?@IL? NB? L?MOFN;HN 1@ J;LNC=F?M ;=NCHA CH HI>? MIFONCIH @IL NB? '0 CM I<N;CH?> IHFS
J@N?L ; =IGIJF?N? J;NB @LIG NB? MIOL=? NI NB? MCHE ;H> NB? L?MOFNCHA @IL=? CM OJ>;N?>
;==IL>CHA NI NB? HILG;FCT?> G;E?MJ;H 1@ >Cs?L?HN MIFONCIHM
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1B? MCGOF;N?> ;HH?;FCHA Q;M JL?M?HN?> <S 0=INN (CLBGMRZO+E ‘H><S

3F;>l ?LHe CH 1BCM IINCGCT;NCIH G?NBI> CM <;M?> |H QILEM |@ *?NL8CM
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;JJLIRCG;NCIH NI NB? AFI<;F IINCGOG 1@ ; ACP?H I<D?=NCP? @OH=NCIH *IMNFS CN CM OM?>
QCNB >CM=L?N? JLI<F?GM MO=B ;M NB? G;CH J;,LN 1@ NB? 1J?L;NCIHM G;H;A?G?HN

JLIKF?GM

+,G? ;H> CHMJCL;NCIH =IG? @LIG ;HH?;FCHA CH G?N;FFOLAS ; N?=BHCKO? NB;N NBLIOAB
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1B? N?=BHCKO? >?;FM QCNB NB? GCHCGCT;NCIH |@ NB? AFI<CHMT2LASB? G;N?LC;F
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MIFONCIH CGJLIP?M NB? I<D?=NCP? @OH=NCIHI@ RBRBSMN?G CM FIQ?L NB;H NB?

JL?PCIOM IH? HINB?L N?=BHCKO? NI ?P;FO;N? NB? CGJLIP?G?HN I@ NB? MSMN?G CM NI

;==2JN NB? H?Q L;H>IG MIFONCIH QCNB ; FCE?FCBII> ;==IL>CHA NI ; JLI<BIKOECNS

0 (CLEJ;NLC=E ! "%?F;NN * -3?==BC ,JNCGCT;NCIH <S 0CGOF;N?> HH?;FCHA 0=C?H=?
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JLI<KF?G L?IL?M?HN;NCIH CH =IGJON?L >IG;CH 1B? ;=S=FC= AL;JB L?JL?M?HN;NCIH CM ;

KOCN? All> Q;S NI GI>?F ;FN?LH;NCP?M CH M=B?>0OFCHA &IQ NI oN ;JJLI;=B?M QCNB

JLI<F?G >IG;CH CH>OMNLC;F G;HO@;=NOLCHA MSMN?G CM A?H?L;FFS ; =;M? CH CMMO?
JILI;=B?M ;L? I<PCIOMFS ;s?=N?> <S >;N; ;H> NB? L?MOFNM ;L? MO<D?=N NI NOHCHA |@
;FAILCNBGhM J;L;G?N?LM  =IGGIH LOF? CM F?MM J;L;G?N?LM A?H?L;N? GIL? MN;<F?
J?L@ILG;H=?M <ON FI=;F IINCGOG MIFONCIHM *IL?IP?L NB? JLI<F?G B;M NI <? =IH=CM?FS
?H=1>?> MO=B NB;N NB? DI< M?KO?H=? QCFF L?MJ?=N TIHCHA ;H> M?KO?H=? =IHMNL;CHNM FF
NB? JLIJIM?> ;JJLI;=B?M OM? JLI<;<CFCMNC= NL;HMCNCIH LOF?M ;H> oNH?MM CH@ILG;NCIH
@OH=NCIH 1@ J;SIs C? NB?I<D?=NCP? @OH=NCIH

I, ;H> # G;HC@?MN =IGGIH J?L@ILG;H=?M CH '00- 1B?S >| HIN H??>; =I>CHA

MSMN?G 1BCM @;=NIL G;E?M NB? ;JJLI;=B?M GIL? L?;=NCP? NI NB? J;LNC=0OF;L JLI<F?G
CHMN;H=? CH CMMO? +INQCNBMN;H>CHA NII G;HS J;L;G?N?LM B;P? NI <? =IHNLIFF?> CH

IL>?L NI ;MMOL? >CP?LMCo=;NCIH |@ M?;L=B % M MOLJ;MM?M NB?CL =IOMCHM CH NB? L?KO?MI
@IL LIKOMNH?MM 1B? G;N=BCHA <?NQ??H A?HINSJ? ;H> JB?HINSJ? ;=LIMM NB? M=B?G;N;

GOMN <? CHP?MNCA;N?> CH % M CH IL>?L NI I<N;CH JLIGCMCHA L?MOFNM 1B? >Cg=0OFN I@ % (
NI NL;HMF;N? ; =ILL?=N JB?HINSJ? @LIG ; MN;LNCHA A?HINSJ? LCABN <;F;H=CHA <?NQ??H
=LIMMIP?L ;H> GON;NCIH ?s?=N =;H =IHNLIF NB? J?L@ILG;H=? 1@ NBCM ;FAILCNBG 1B? #*
;JILL=B CM A?H?L;FFS ;s?=N7?> <S FI=;F MN;<CFCNS NB;N ;PIC> AFI<;F ?RJFIL;NCIH ;H>

AFI<;F J?L@ILG;H=? tN CM GIL?IP?L MO<D?=N NI CH@?;MC<CFCNS CH MIFONCIHM <?=,0M? 1@
Q:;S NI';JILI=B ;N NB? JLI<F?G 0 ;H>10 ;M KOCN? MCGJF?L ;JJLI;=B?M >IGCH;N?

NB? J;HIL;G; |@ G?N;B?0OLCMNC=M JLIJIM;F @IL '0 M=B?>OFCHA 1B?S G;HC@?MN MCGJFC=CNS
CGJIF?G?HN;NCIH ;H> L?>0=NCIH CH =IGJON;NCIH ?sILN <ON MOs?L CH FI=;F IINCGOG @;FFM
1B?M? ;JJLI;=B?M ;L? A?H?L;FFS OM?> NI CGJLIP? J?L@ILG;H=?M 1@ JL?PCIOM

G?NBI>IFIAC?M ;H> NB?S ?HB;H=? NB?CL CHCNC;F M=IL? 1B? CHpO?H=? 1@ CHCNC;F MIFONCIHI
IHNB? L?MOFNM @IL IP?L;FF ;JJLI;=B?M CM G;LE?> -?L@ILG;H=?M |@ ++M ;L? A?H?L;FFS
;S?=N?><S NB? F?;LHCHA JLI=?MM IP?L oNNCHA 1II GO=B >;N; MFIQ >IQH NB? F?;LHCHA
JLI=?MM QCNBION CGJLIPCHA CH IINCG;F MIFONCIH +?0L;F +?NQILE CM GIL?IP?L ;s?=N7?>

<S >Cq=0OFNC?M CH CH=FO>CHA DI< =I[HMNL;CHNM QCNB H?NQILE L?JL?M?HN;NCIH 1B? ;=NCP;
MCAH;F H??>M NI <? MO<IL>CH;N?> NI NB? =IHMNL;CHNM ;H;FSMCM

;M?> |H ;ONBILM ?RJ?LC?H=7? ;H> L?JILN?> J;L;AL;JBM CN CM >Cqg=0OFN NI >?0HCNCP?FS
=BIIM? ;HS |@ NBIM? N?=BHCKO?M ;M IONMN;H>CHA CH =IGJ;LCMIH QCNB NB? INB?LM
*?2;MOL?G?HN 1@ IONJON ;H> =IMN DOMNCo=;NCIH =IGJON;NCIH;F NCG? ;H> =IGJF?RCNS ;L?
PCN;F NI G;ECHA All> >?=CMCIH ;<ION QBC=B ;JJLI;=B B;M NI <? CGIJF?G?HN?> 1B?S;L?
PCN;F @IL ; All> M=B?>0OFCHA CH IJ?L;NCIHM G;H;A?G?HN tH G;HS =;M?M NB?L? ;L? HIN
?HIOAB >;N; NI =IGJ;L? f <?H=BG;LE CHMN;H=?M ;M @LIG FCN?L;NOL? @IL M=B?>0OFCHA
=IOF> <? OM?@OF NBIM? G?NBI>M NBILIOABFS tH GIMN =;M?M CN CM ?PC>?HN NB;N NB?
?0=C?H=S 1@ ; ACP?H N?=BHCKO? CM JLI<F?G >?J?H>?HN tN CM JIMMC<F? NB;N NB?
J;L;G?N?LM G;S <? M?N CH MO=B Q;S NB;N NB? L?MOFNM 1@ NB? ;FAILCNBGM ;L? ?R=?FF?HN @I
NBIM? <?H=BG;LE JLI<F?GM <ON QIOF> <? CH@?LCIL @IL INB?LM 1BOM =IGJ;LCMIH |@
G?NBI>M =L?;N?M G;HS JLI<F?GM ;H> OMO;FFS F?;>M NI NB? =I[H=FOMCIH NB;N NB?L? CM HI
NB? IHFS <?MN N?=BHCKO? 1B?L? CM BIQ?P?L ; ALIOJ I@ M?P?L;F G?NBI>M NB;N
>|GCH;N?M <INB CH N?LGM 1@ KO;FCNS 1@ MIFONCIHM ;H> =IGJON;NCIH;F NCG? ON NBCM
>?0HCNCIH CM =;M? >?J?H>7HN

4B;N CM CGJILN;HN NI HINC=? B?L? CM J?L@ILG;H=? CM OMO;FFS HIN CGJLIP?> <S
;FAILCNBGM @IL M=B?>0OFCHA CN CM CGJLIP?> <S MOJJILNCHA NB? BOG;H M=B?>0OF?L ;H>



=L?;NCHA ; >CL?=N PCMO;F FCHE <?NQ??H M=B?>0FCHA ;=NCIHM ;H> J?L@ILG;H=?M tN CM
L?;MIH;<F? NI ?RJ?=N NB;N BOG;HM QCFF CHN?LP?H? CH ;HS M=B?>0F? &OG;HM ;L? MG;LN?L
;H> GIL? ;>;IN;<F? NB;H =IGJON?LM #P?H C@ OM?LM >IHhN CHN?LP?H? INB?L ?RN?LH;F

=B;HA?M QCFF B;JJ?H NB;N CGJ;=N NB? M=B?>0OF? !IHNCHA?HN G;CHN?H;H=? JF;H ;H>

JLI>0O=N KO;FCNS G;S ;s?=N J?L@ILG;H=? |@ M=B?>0OFCHA H ;FAILCNBGC=;JJLI;=B =IOF>

<? I<PCIOMFS B?FJ@OF <ON CN B;M NI <? OM?> ;M ; =IGJON?LCM?> MOJJILN NI NB? M=B?>0OFCHA
>?=CMCIH ?P;FO;NCIH I@ F;LA? ;GIOHN I@ J;NBM QB?L? =IGJON;NCIH;F NL;=N;<CFCNS CM
BCAB 0l CN G;E?M M?HM? NI M?? QB;N IINCG;F =IHoAOL;NCIH CM <?@IL? =IGGCNNCHA NI NB?
oH;F ;HMQ?L



81@D5B #> ECD S> (9=5
$B?4E3D97?> 5F5<9>7

$E2<9C89>7 S>67

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

$L;H=?M=I %CIL>;HI ;H>*MMCGCFC;H| * 0=BCL;F>C

8 9"'?J;LNG'?HN |@ #HN?LILCM? #HACH??LCHA ilIL 3?LA;N;j 2HCP?LMCNS |@ /IG? tN;FS

S>DB?4E3D97?>

P;CF;<F? OH>?IL?;NCP? !IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

O0CH=? NB? hM NB? ;J;H?M? JLI>O=NCIH N?=BHCKO?M ;H> JBCFIMIIBC?M MJL?;> ;GIHA
NB? 4?MN?LH G;HO@;=NOLCHA =IGJ;HC?M 1BCM Q;M JIMMC<F? <?=;0M? NB? 1ISIN; *INIL
IIGJ;HS ?RJI?LC?H=? Q;M CH>??>; MO==?MM 1B? MI =;FF?> i1ISIN; -LI>O=NCIH 0SMN?Gj
1-0 M??G?> NI <? NB? ilH? <?MN Q;Sj NI G;H;A? ; G;HO@;=NOLCHA JLI>O=NCIH MCN?

,HNB? INB?L MC>? CN CM ;FMI Q?FF EHIQH NB;N HIN ?P?LS CGJF?G?HN;NCIH 1@ )?;H
-LI>O=NCIH Q;M ; MO==?MM ?MJ?=C;FFS CH 4?MN?LH =IGJ;HC?M MIG? ?HN?LIJLCM?M f
NIA?NB?L QCNB NB? =IHMOFN;H=S oLGM NB;N MBIOF> B;P? MOJJILN?> NB?G f @ILAIN NB;N
NB?L? ;L? MIG? G;CH BSJINB?M?M ;H> CMMO?M NI =IGJFS QCNB CH IL>?L NI ;=BC?P?

1ISIN; FCE? L?MOFNM ,H NIJ 1@ NBCM =7?LN;CH L?KOCMCN?M ;L? HIN L?F;N?> NI ; G?L?
G;H;A?LC;F ;JJLI;=B <ON >?J?H> |H ?RIA?HIOM =IH>CNCIHM ? A G;LE?N <?B;PCIL IL

MOJJFC?L FI=;NCIH NBOM HIN ?P?LS =IGJ;HS =;H MO==?MM@OFFS CGJF?G?HN ; 1-0 MSMN?G

,H? =LCNC=;F L?KOCL?G?HN @IL ; 1-0 ;JJLI;=B NI <? ?s?=NCP? CM NB;N NB? JLI>O=NCIH JF;H
MBIOF> <? F?P?F?> <INB CH KO;HNCNS ;H> CH GCR 1BCM CM CH>C=;N?> <S NB? ";J;H?M? N?LG
;8<=HA>4%# QBC=B MN;H>M @IL iF?P?FCHA] IL IMGIINBCHA] &?L? Q? QCFF @I=0OM IOL
sNN?HNCIH IH QBS F?P?F?> JLI>O=NCIH CM ; E?S @;=NIL @IL t1 CGIJF?G?HN;NCIH ;H>
MJ?=Co=;FFS Q? QCFF >?M=LC<? ;H> ;H;FST? MIG? ;JJLI;=B?M NI >?;F QCNB NB? F?P?FCHA
JLI<F?G

N oLMN NB? ILCACH;F 1ISIN; -LI>O=NCIH 0SMN?G CM <LC?pS L?=;FF?> QCNB MJ?=Co= L?A;L> NI
NB2#HFGA<@8't1 ;JJLI;=B NI G;H;A? CHP?HNILC?M CH JLI>O=NCIH 't1 CM ; MNI=E
L?JF?HCMBG?HN JIFC=S NB;N ;CGM NI L?>0=? oH;F JLI>O=N MNI=EM ;H> QILE CH JLI=?MM

4t- CN =lIL>CH;N?M L?KOCL?G?HNM ;H> L?IJF?HCMBG?HNM CH IL>?L NI GCHCGCT? MNI=E
<0Os?L H??>M ;H> CN B;M L?P?LM?> NB? IF> G;E? NI MNI=E JLI>O=NCIH ;JJLI;=B F?;>CHA

GIMN =IGJ;HC?M NI ;>IN JOFFj CHMN?;> 1@ iJOMB;j JIFC=C?M NI G;H;A? G;N?LC;F ;H>

OoHCMB?> JLI>O=N plQM &IQ?P?L CH =;M? I@ OHF?P?F?> >?G;H> MNI=E F?P?FM CH 't1 G;S

ALIQ OH=IHNLIFF?>
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0?=IH>FS >4A54A<;M?> JLI>O=NCIH CM >?M=LCBA54A ; ';J;H?M? QIL> G?;HCHA

IPCMO;F L?=IL> CM; =;L> NB;N =IHN;CHM CH@ILG;NCIH IH ; JLI>O=N CH ; ACP?H MN;A? |@ NB?
G;HO@;=NOLCHA JLI=?MM ;H>>?N;CFM IH CNM J;NB |@ =IGJF?NCIH tN CM ;=EHIQF?>A?> ;M
IH? 1@ NB? GIMN @;GIOM N?=BHCKO? @IL G;N?LC;F G;H;A?G?HN CH NB? 't1 ;JJLI;=B &?L?

Q? QCFF JL?M?HN MIG? =IGGIH ;FAILCNBGM @IL G;H;AGABMAKO?0?M ;FIHA QCNB

NB?CL =LCNC=;FCNC?M CH N?LGM I@ JLI>O=NCIH MGIINBCHA L?KOCL?G?HNM ;H> L?>0=?>
>?G;H> MNI=B;MNC=CNS 0IG? I@ NB? 't1 >?LCP;NCP? ;JJLI;=B?M QCFF <? L?=;FF?> ;M Q?FF
l,+4t- .OC=E /?MJIHM? *;HO@;=NOLCHA 1B?ILS I@ 'I[HMNL;CHNM ;H>NB? 'OMN tH
0?KO?H="?,;JJLI;=B

1B?H ; L?PC?Q IH NB? GCR?> GI>?F 't1 M=B?>0OFCHA JLI<F?G **'t1 ;FIHA QCNB NB?
L?F;N?> MIFPCHA ;JJLI;=B?M CM JL?M?HN?> "?MJCN? NB? BOA? FCN?L;NOL? IH **t1
G;NB?G;NC=;F JLIAL;GGCHA ;JJLI;=B?M B?L? CN QCFF <? >?M=LC<?> QBS NB? L?;F QILF>
JLI>O=NCIH MSMN?GM MNCFF JL?@?L NB? MCGJF?L E;H<;H ;JJLI;=B ;H> NB? IF> %I;F
IB;MCHA *?NBI> ;FAILCNBG tH NB? ?H> ;H IP?LPC?Q IH MCGOF;NILM ;>P;HN;A?M NI N?MN
;FN?LH;NCP? B?OLCMNC=M NI G;H;A? 't1 JLI>O=NCIH CM JL?M?HN?>

11>179>7 ECD S> (9=5 @B?4E3D9?> CICD5=C

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

'OMN CH 1CG? Q;M oLMN JLIJIM?> QCNB@EHLBIB2 ) EB7H6G<BA ,LFGS<S 1;CC=BC

,BHI ;@N?L NB? hM QB?H B? =IH=?CP?>; GIL? =IHP?HC?HN Q;S NI G;H;A? CHP?HNILS

;H> =IHNLIF JLI>O=NCIH MSMN?G834A )EB7TH6G<BIB? OH <L;H>?> H;G? 1@ 1-0fCM;

GCR I@ ; JBCFIMIIBS @IL JLI>O=NCIH MSMN?GM G;H;A?G?HN ;H>; =IFF?=NCIH I@ NIIFM NI
CGJLIP? NB? ?HN?LILCM? J?L@ILG;HH#IM =ILH?LMNIH?M ;L? NB? L?>O=N@H V@
Q;MN?M@HE40OH?P?HH?MM ;H®HE<4P?L<OL>?H ,BHI C>?HNCo0?> M?P?H Q;MN?M

NB;N MBIOF> <? L?>0=?> NI G;RCGCT? NB? L?NOLH 1@ CHP?MNG?HN I@ ; JLI>O=NCIH MCN?

| NL;HMJILN;NCIH
| CHP?HNILS

| GINCIH

| Q:CNCHA

| 1IP?L JLI=?MMCHA
| 1IP?L JLI>O=CHA
| >?2@?=NM

1B? 1-0 =;N=BJBL;M? ?GJB;MCT?M NB? iT?LIj =IH=?JN T?LI G;=BCH? =B;HA?IP?LM iM?N

OJMj T?LI>?@?=NM CH NB? oHCMB?> JLI>O=NM T?LI CHP?HNILC?M T?LI JLI>O=NCIH MNIJM
T?LI <OL?;0=L;=S T?LI GCM;FCAHG?HNM 1BCM L?MOFN G;S <? L?;=B?> NBLIOAB ;
=IHNCHOIOM CGJLIP?G?HN ;=NCPCNS QBC=B N;E?M =0? @LIF?22BHBEM 6G
=S=F?NB?>4<M8AJLI;=B

'-4IG;=E " 1 'lH?M " /IM 1B? G;=BCH? NB;N =B;HA?> NB? QILF> 1B? ONILS I@ )?;H -LI>O=NCIH +?Q 6ILE +6
&;LJ?L-?L?HHC;F

* /INB?L ' OBIIE )?;LHCHA NI 0?? 3;FO? ONL?;G *;JJCHA NI >> 3;FO? ;H>#FCGCH;N? *O>; LIEFCH? * 1B?
)?;H #HN?LILCM? tHMNCNON?

1 ,BHI 1ISIN; -LI>O=NCIH 0SMN?G ?SIH> );LA? 0=;F? -LI>O=NCIH -LI>O=NCPCNS -L?MM

'- 4IG;=E " 1 'lH?M " /IM 1B? G;=BCH? NB;N =B;HA?> NB? QILF> 1B? ONILS I@ )?;H -LI>O=NCIH +?Q 6ILE +6
&;LJ?L-?L?HHC;F
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'OMN tH 1CG? CM NB? 1-0 MIFONCIH NI L?>0=? CHP?HNILS ;H> Q;CNCHA NCG?M tNM H;G?
;==IL>CHA NI Q;M =ICH?> <S 1ISIN; G;H;A?LM NI CH>C=;N? ; G?NBI> ;CG?> NI ?HMOL?

iNB? LCABN JLI>O=NM CH NB? LCABN KGHNZNEAMBEL? NB?S ;L? H??7>7>]

"Cs?L?HNFS @LIG ,LFC=EShM *;N?LC;F /?KOCL?G?HN -F;HHCHA */- f QBC=B M=B?>0F?M NB?
JLI>O=NCIH LOH CH ;>P;H=? =IGJ;L?> NI NB? GIG?HN CH QBC=B ; JLI>O=N CM L?KOCL?>

't1 ;JJILI;=B QCFF L?JF?HCMB ; MNI=E IHFS ;@N7?L CNM >?JF?NCIH GIHA CNM JCFF;LM NB?L? ;L?

| 1H? JC?=? pIQ
| GCR?> GI>?F JLI>O=NCIH
| >?G:H> JOFF JLI>O=NCIH
| G4>8CG?

tH>??> A?H?L;FFS MJ?;ECHA JLI=?MMCHA ; JLI>O=N <;N=B L?KOCL?M IH? N?HNB 1@ NB?
NCG? H??>?> @IL; JLI>O=N <;N=B 1BOM L?>0=CHA NB? <;N=B P;FO? OJ NI ilH?

JC?=?] QIOF> A?H?L;N? <?H?0NM CH L?>0=CHA ?CNB?L NCG? NI G;LE?N IL CHP?HNILS F?P?F
1BCM LOF? GOMN =IG? ;FIHA QCNB GCR?> GI>?F JLI>O=NCIH QBC=B CM NB? ;<CFCNS |I@
G;HO@;=NOL? >Cs?L?HN JLI>O=NM ;FN?LH;NCHA P?LS MG;FF <;N=B?M IH MB;L?> L?MIOL=?M
"?G;H> JOFF JLI>O=NCIH CH>C=;N?M NB;N NB? MSMN?G CM ;=NCP;N?> IHFS ;@N?L ;H IL>?L
L?=?CJN NBOM HI M?GC oHCMB?> JLI>O=N CM JLI=?MM?> C@ HI >IQHMNL?;G QILEMN;NCIH
sMEM @IL CN ,H NIJ I@ NBCM CH IL>?L NI MGIINB ION NB? G;N?LC;F plQ NB? JLI=?MM
1J?L;NCIHM MBIOF> <? ILA;HCT?> NI F?N ?;=B QILEMN;NCIH =IGJF?N? >Cs?L?HN DI<M CH
MCGCF;L =S=F? NCG?M 1B? <;M? L?@?L?H=? CMGAHROGRBRN?LG >?LCP?> @LIG NB?

%7?LG;H QIL> G4>GM&85F? NCG? QBC=B CM =IGJON?> ;M ; L;JJILN <?NQ??H NB? H?N
1J?L;NCHA NCG? ;P;CF;<F? @IL JLI>O=NCIH ;H>NB? >?G;H> CH N?LGM |@ OHCNM L?KOCL?>
1B?M? ;L? NB? G;CH >Cs?L?H=?M <?NQ??H7BB? 4,847*/- ;H> NB? 7?BB> 5461

MSMN?G $IL ?R;GJF? NB? */- ;FAILCNBG CH=FO>?M ; FIN MCTCHA JB;M? QBC=B L?MOFNM CH
JLI>0O=N <;N=BCHA NBCM N?H>M NI A?H?L;N? BCAB?L MNI=E F?P?FM =IGJ;L?> NI NB? 't1
;JILI,=B 0?P7?L;F MNO>C?M B;P? <??H =;LLC?> ION IH */- FIN MCTGHANLSCHA NI

CGJLIP? NB? ;FAILCNBG J?L@ILG;H=? BIQ?P?L CN M??GM NB;N 't1 =;H IONJ?L@ILG

*/- ACP?H NB?;8<=HA>4IH>CNCIH CH =;M? |@ F?P?F?> JLI>O=NCIH <INB CH KO;HNCNS ;H> CH
GCR 1B? NL;>CNCIH;F 't1 N?=BHCKO? NI G;H;A? JLI>O=NCIH plQ CM HIG54A

(85 ;1>21> D538>9AE5

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

>4A54AMSMN?G CM ; GOFNCMN;A? JLI>O=NCIH M=B?>0OFCHA ;H> CHP?HNILS =IHNLIF MSMN?G
(;H<;H =;L.>M ;L? OM?> NI =IHNLIF JLI>O=NCIH pIQ ;H> CHP?HNILC?M E??JCHA ; L?>0=?>
JLI>O=NCIH F?;> NCG? ;H> QILE CH JLI=?MM !F?;LFS ; E;H<;H CM HIN H?=?MM;LCFS ;

/' 0=BIH<?LA ';J;H?M? G;HO@;=NOLCHA N?=BHCKO?M +CH? BC>>?H F?MMIHM CH MCGJFC=CNS +?Q 6ILE +6 $L??-L?MM
' ,LFC=ES *;N?LC;F /?KOCL?G?HN -F;HHCHA +?Q 6ILE +6 *=%L;Q &CFF
) ;=C;L?FFI * "n PCHI / ,HILC * 0=BCL;F>C Z)IN OCTCHA &?OLCMNC=M -?L@ILG;H=?[ QILECHA J;J?L

L?AHC * "h PCHI ? * 0=BCL;F>C Z L?PCM?> ;H> CGJLIP?> P?LMCIH I@ NB? */- ;FAILCNBG /?P */- [ >P;H=?>
*N?LC;FM /?M?;L=B @ILNB=IGCHA
* "h PCHI 3 "? OCGIH? * 0=BCL;F>C Z/?PCM?> */- @IL L?>0O=CHA CHP?HNILS F?P?F ;H> MGIINBCHA IL>?L L?F?;M?M ; =;M?
CH G;HO@;=NOLCHA CH>OMNLS [ -LI>O=NCIH -F;HHCHA !IHNLIF @ILNB=IGCHA
* "h PCHI * lILL?;F? * 0=BCL;F>C Z+I H?QM All> H?QM JIMCNCP? CGJ;=NM 1@ >?F;S?> CH@ILG;NCIH CH */-[ QILECHA
J;J?L
1 0?H>CF (OG;L / -;HH??LM?FP;G Z)CN?L;NOL? L?PC?Q 1@ 't1 (+ + MSMN?G [tHN?LH;NCIH;F'IOLH;F I@ >P;H=?>
*HO@;=NOLCHA 1?=BHIFIAC?M JJ
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JBSMC=;F J;J?L JF;MNC= =;L> ;M CN =;H <? ?CNB?L ?F?=NLIHC= IL L?JL?M?HN?> <S NB?
=IHN;CH?L CNM?F@

0CH=? CN Q;M =IH=?CP?> ;M ;H ?;MS ;H>=B?;J Q;S NI =IHNLIF CHP?HNILS F?P?FM G;HS
>Cs?L?HN CGJIF?G?HN;NCIHM I@ E;H<;H MSMN?GM B;P? <??H ?RJ?LCG?HN?> CH
G;HO@;=NOLCHA =IGJ;HC?M ;FF IP?L NB? QILF> tH NB? @IFFIQCHA J;L;AL;JBM NB? GIMN
=IGGIHFS OM?> ilH? NQI =;L.>Mj E;H<;H MSMN?GM ;L? >?M=LC<?>
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,

1B? ilH? =;L>] CM NB? MCGJF?MN CGJF?G?HN;NCIH |I@ E;H<;H MSMN?GM 1BCM ;JJLI;=B CM
OM?> QB?H NB? OJMNL?;G ;H> >IQHMNL?;G QILEMN;NCIHM L?MJ?=NCP?FS NB? JL?=?>CHA
;H> MO==??>CHA JLI=?MM?M ;L? JBSMC=;FFS =FIM? NI ?;=B INB?L MI NB?S =;H MB;L? NB?
M;G? MNI=E <Os?L 1B? =;L> CM =;FF?>i-LI>O=NCIH ,L>?L (H<;Hj -,( 1B? MNI=E

<0s?L ;=NM ?CNB?L ;M NB? ION<IOH> <Os?L @IL NB? oLMN  QILEMN;NCIH IL ;M NB?
CH<IOH> <0Os?L @IL NB? M?=IH> QILEMN;NCIH M=B?G;NC=>C;AL;G 1@ ; IH? =;L>

MSMN?G CM MBIQHCGRDL?
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=?LN;CH G;N?LC;F =IHN;CH?> ;FIHA QCNB ?P?HNO;F =IGJF?G?HN;LS CH@ILG;NCIH 1B? -,(
;EFMI L?2IL?M?HNM ; JLI>O=NCIH IL>?L @IL NB? 4ILEMN;NCIH CH>C=;NCHA NI L?JF?HCMB NB?

' ?LEF?S Z L?PC?Q I@ NB? E;H<;H JLI>O=NCIH =IHNLIF L?M?;L=B FCN?L;NOL? [ -LI>O=NCIH ;H> ,J?L;NCIHM *;H;A?G?HN
PIF H JJ
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=IHN;CH?L QCNB NB? M;G? KO;HNCNS 4B?H; 13?L;NIL QCNB>L;QM ; =IHN;CH?L @LIG NB?
<Os?L B? L?GIP?M NB? -,( @LIG NB? =IHN;CH?L ;H>JIMNM CN IH ; <l;L> &?H=?

13?L;NIL EHIQM NB;N IH? =IHN;CH?L QCNB ; MJ?=Co= J;LN HOG<?L GOMN <? L?JF?HCMB?> CH
NB? MNI=E <Os?L

(G? 31B4 ;1>21> CICD5=

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

tH NB? NQI =;L> MSMN?G ?;=B QILEMN;NCIH B;M M?J;L;N? CH<IOH> ;H> ION<IOH>
<Os?LM 1QI >Cs?L?HN NSJ?M @ =;L>M ;L? OM?> -LI>O=NCIH ,L.>?L (H<;HM -(
;H>4CNB>L;Q;F ((H<;HM 4( 4(=IHN;CHM CH@ILG;NCIH IH BIQ GO=B G;N?LC;F L;Q
G;N?LC;FM M?GC oHCMB?> G;N?LC;FM NB? MO==??>CHA JLI=?MM MBIOF> QCNB>L;Q
M=B?G;NC=>C;AL;G I@ ; NQI =;L> MSMN?G CM MBKIZACH?

#,=B QILE CH JLIAL?MM 4t- =IHN;CH?L CH NB? CH<IOH> <Os?L B;M ; 4(;NN;=B?> ;M

Q?FF ;M ?;=B 4t- CH NB? ION<IOH> <Os?L B;M ; -,( 4(;H>-,(;L? J;CL?> C? ?:=B

ACP?H J;LN HOG<?L CM ;FQ;SM L?JILN?> <IMB,CHi> A4( 4B?H ; =IHN;CH?L CM

QCNB>L;QH @LIG NB? CH<IOH> <Os?L NB? 1J?L;NIL JIMNM NB? 4( IH NB? 4( <I;L>

1B?H ; Q;L?BIOM? E??2J?L 13?7L;NIL OM?M NB? 4( <I;L> ;M ; JC=ECHA FCMN NI L?JF?HCMB

NB? CH<IOH> <Os?L B? N;E?M NB? 4( Is NB? <[;L> ;H> FIIE @IL NB? J;CL?> -,( CH NB?

ION<IOH> <Os?L 1B?H B? GIP?M NB? =ILL?MJIH>CHA KO;HNCNS I@ NB? CH>C=;N?>
G;N?LC;F @LIG NB? ION<IOH>NINB? CH<IOH> <Os?L QBCF? ?R=B;HACHA NB? L?F;N?>

-,( QCNB NB? 4( IH NB? =IHN;CH?L L?MNILCHA NB? CHCNC;F MCNO;NCIH $CH;FFS B? JIMNM NB?
F?@N -,(IH NB? -,( <l;L> &?H=? FCE? CH NB? JL?PCIOM M=?H;LCl QILEMN;NCIH

13?L;NIL EHIQM NB:N IH? =IHN;CH?L 1@ NB;N ECH> GOMN <? L?JF?HCMB?> CH NB? ION<IOH>
MNI=E <Os?L 1B? ?s?=NCP?H?MM I@ NBCM MCGJF? N?=BHCKO? f QBC=B Q;M >?M=LC<?> CH
>?N;CFM <S M?P?L;F ;ONBILM  f CM MCAHCo=;HNFS CHpO?H=?> <S NB? JIFC=S @IFFIQ?>
NI >?N?LGCH? NB? E;H<;H JLI=2MMCHA IL>?L CH NB? <l;L>M

, (CGOL; & 17L;>; Z"?MCAH ;H> ;H;FSMCM I@ JOFF MSMN?G ; G?NBI> 1@ GOFNCMN;A? JLI>O=NCIH =IHNLIF [ tHN?LH;NCIH;F
'IOLH;F |@ -LI>O=NCIH /?M?;L=B H JJ

&?G;G;FCHC ! /;D?H>L;H Z"?N?LGCH;NCIH 1@ NB? HOG<?L I@ =IHN;CH?LM JLI>O=NCIH E;H<;HM ;H> QCNB>L;Q;F
E;H<;HM ;H>M=B?>0OFCHA CH E;H<;H pIQMBIJM [ tHN?LH;NCIH;F 'lOLH;F 1@ -LI>O=NCIH /?M?;L=B PIF  H JJ

1 ,BHI 1ISIN; -LI>O=NCIH OSMN?G ?SIH>);LA? 0=;F? -LI>O=NCIH -LI>O=NCPCNS -L?MM
&?G;G;FCHC ! [;D?H>L;H Z"?N?LGCH;NCIH 1@ NB? HOG<?L I@ =IHN;CH?LM JLI>O=NCIH E;H<;HM ;H> QCNB>L;Q;F
E;H<;HM ;H>M=B?>OFCHA CH E;H<;H pIQMBIJM [ tHN?LH;NCIH;F 'lOLH;F 1@ -LI>O=NCIH /?M?;L=B PIF H JJ

/ -} HH??LM?FP;G -LI>O=NCIH ;H> ,J?L;NCIHM *;H;A?G?HN +?Q "?FBC -L?HNC=? &;FF |@ tH>C;
& 4HA & - 4;HA Z,INCGOG HOG<?L 1@ E;H<;HM <?NQ??H NQI ;>D;=?HN QILEMN;NCIHM CH ; 't1 MSMN?G [
tHN?LH;NCIH;F 'IOLH;F I@ -LI>O=NCIH #=IHIGC=M PIF H JJ
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

$LIG NB? JL?PCIOMFS >?M=LC<?> JLI=?>0L? CN CM =F?;L NB;N NB? ?;=B QILEMN;NCIH <;M?M
CNM JLI>O=NCIH M?KO?H="? IH E;H<;H =;L>M JIMN?> IH NB? -,( <I;L> tH FCN?L;NOL? @?Q
NL;>CNCIH;F Q;SM NI G;H;A? NB? <I;L>;L? L?JILN?> ?;=B 1@ NB?G CM KOCN? ?;MS NI
CGJIF?G?HN ;H>>I?M HIN L?KOCL? MCAHCo=;HN CHP?MNG?HNM CH N?=BHIFIAS IL INB?L
?RI?HMCP? ;MM?NM

1B? GIMN =IGGIHFS OM?> JIFC=9.?KOCL?M B;PCHA ; <I;L> @IL ?;=B MN;NCIH ;H> NBCM
MBIOF> <? G;H;A?> ;M ; MCHAF? $CLMN tH $CLMN ,ON $t$, KO?0? 1B? <I;L> CM OMO;FFS
MNLO=NOL?> ;M IH? P?=NIL IH? =IFOGH GOFNCJF? LIQM -,(;L? JIMN?>IH NB? <I;L> CH

NB? F;MN LIQ /IQM ;L? ALIOJ?> CH NBL?? TIH?M L?> S?FFIQ AL??H QBC=B CH>C=;N? NBL??
F?P?FM I@ OLA?H=S L?MJ?=NCP?FS BCAB G?>COG FIQ (;H<;H ;L? JLIAL?MMCP?FS GIP?>
@LIG NB? AL??H NI NB? L?> TIH? ;H> NB? QILEMN;NCIH 13?L;NIL QCFF JLI=?MM NB? NIJGIMN
E;H<H t@ ; E;H<;H L?;=B?M NB? L?> LIQM CN G?;HM NB;N NB? =ILL?MJIH>?HN G;N?LC;F CM
FCE?FS NI <? L?KO?MN?> MIIH <S NB? MO==??>CHA JLI=?MM 1BOM CN MBIOF> <? OLA?HNFS
L?JF?HCMB?> CH NB? ION<IOH> <Os?L CH IL>?L NI ;PIC> MNI=E IONM

FNBIOAB NBCM JIFC=S >I?M HIN L?FS IH ;HS IINCGCT?> JLI=?>0L? CN G;S ?HMOL? ; F?P?F?>
JLI>O=NCIH L;N? CH ?;=B QILEMN;NCIH ACP?H NB? @;=N NB;N INB?L 1-0 JCFF;LM ;L?

CGJIF?G?HN?> ? A M?NOJ NCG? L?>0=NCIH ;H> GCR?> GI>?F M=B?>0FCHA tH>??> C@ NB?

oH;F >IQHMNL?;G >?G;H> CM F?P?F?> NB? JLI>O=NCIH JF;H |@ NB? QILEMN;NCIHM QCFF <?
F?P?F?> ;M Q?FF !'F?;,LFS NBCM JIFC=S CM POFH?L;<F? NI BCAB M?NOJ NCG?M ;H> >Cs?L?H=?M
;GIHA QILEMN;NCIHM =S=F? NCG?M CH NBCM F;NN?L =;M? CH>??> NB? C>?;F DI<M M?KO?H=? @IL
; QILEMN;NCIH G;S <? @;L @LIG IINCG;F @IL NB? JL?=?>CHA tN CM HINC=?;<F? NB;N NB?

=IFIL?> TIH?M IH NB? <I;L> IHFS JLIPC>? ; PCMO;F MOJJILN @IL NB? 1J?L;NILM ;H> >] HIN

CHpO?H=? NB? DI<M JLI=?MMCHA IL>?L

1 ,BHI 1ISIN; -LI>O=NCIH 0SMN?G ?SIH> );LA? 0=;F? -LI>O=NCIH -LI>O=NCPCNS -L?MM


http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/
http://creativecommons.org/licenses/by-sa/4.0/

;8<=HA>8BKCM ; MILN 1@ ?HB;H=?> E;H<;H <I;L> CN MNCFF ;=NM ;M ; PCMO;F M=B?>0OFCHA
NIF NI I<N;CH JLI>O=NCIH F?P?FCHA ;N NB? QILEMN;NCIHM &IQ?P?L >Cs?L?HNFS @LIG NB?
NL;>CNCIH;F <I;L> CN G;H;A?M NI E??J ?PC>?H=? |@ G;N?LC;FM >CMNCH=NCIHM 2MO;FFS CNC
L?IL?M?HN?> ;M ; ALC> MB;J?> Q;FF M=B?>0F? H;FIAIOMFS NI NB? MCGJF?L <I;L> ?;=B
LIQ L?2IJL?M?HNM ; NCG? CHN?LP;F OMO;FFS GCHON?”M <ON GOFNCJF? =IFOGHM ;L?
JL?M?HN ?;=B IH? ;MMI=C;N?> NI ; >Cs?L?HN G;N?LC;F -,(M ;L? JF;=?> CH NB? MI =;FF?>
iIJCA?IH BIF?Mj QCNBCH NB? <IR <;M?> [H HOG<?L |@ CN?GM NI <? JLI=?MM?> CH NB? DI<
;H>1H NB? G;N?LC;F NSJ? 4ILEMN;NCIH 13?L;NILM QCFF JLI=?MM ;FF NB? E;H<;H JF;=?> CH
NB? =OLL?HN J?LCI> LIQ L?GIPCHA NB?G @LIG NB? <IR &?H=? B?CDOHE; <IR HIN IHFS
JLIPC>?M ; L?2IL?M?HN;NCIH @IL ?;=B DI< KO?07?> @IL JLI>O=NCIH <ON @IL CNM M=B?>0F?>
NCG? ;M Q?FF ;H>;FFIQM IJ?L;NILM NI JOLMO? JLI>O=NCIH F?P?FCHA QB?H CHM?LNCHA H?Q
-,(M CH NB? <IR?M

BID939C= 7> S(

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

"OLCHA NB? F;MN >?=;>?M 'OMN tH 1CG? B;M <??H =LCNC=CT?> @LIG >Cs?L?HN ;ONBILM
tH>??> =?LN;CH MJ?=Co= =IH>CNCIHM f QBC=B NBIOAB ;L? HIN OH=IGGIH CH
G;HO@;=NOLCHA =IGJ;HC?M f =;H JON CH ?PC>?H=? MIG? Q?FF EHIQH Q?;E JICHNM I@ NB?
“J;H?M? ;JJLI;=B 0J?=Co=;FFS OH MN?;>S >?G;H> CH GOFNC JLI>0=N ?HPCLIHG?HNM
QB?L? >Cs?L?H=?M CH JLI=?MMCHA F?;> NCG?M ;L? HIN H?AFCAC<F? L?JL?M?HN ; M=?H;LCI
QB?L? 't1 QIOF> GCM?L;<FS @;CF >?MJCN? NB? =IGGCNG?HN 1@ NB? IJ?L;NCIHM G;H;A?LM

$CLMN Q? B;P? NI E??J CH GCH> NB;N IH? JCFF;L |@ )?;H -LI>O=NCIH CM NB? ilH? JC?="?
plQj>CEN;N [IH? JC?=? <;N=B QIOF> =IGJFS QCNB NB? #=IHIGC= -LI>O=NCIH .O;HNCNS

NB?ILS IHFS QB?H IL>?L =IMN C? M?NOJNCG? CM T?LI &;,PCHA HIH H?AFCAC<F? M?NOJ
NCG?M B;GJ?LM 't1 CGIF?G?HN;NCIH ;H> G;E?M NB? JLI>O=NCIH F?P?FCHA JLI<F?G ?P?H

GIL? =IGIJFC=;N?> tN CM J?=0OFC;L NB;N ILCACH;FFS 1J?L;NCIHM L?M?;L=B?LM =IH=?HNL;N?>

IH oH>CHA NB? <?MN DI<M M?KO?H=? =IHMC>?LCHA H?AFCAC<F? M?NOJM NCG? 1BCM <IOH> Q
CHNLI>O=?> CHNI NB? GCR?> GI>?F E;H<;H M=B?>0OFCHA JLI<F?G IHFS MCH=?  0?NOJM

;L? CH?PCN;<F? CH NB? )?;H -LI>O=NCIH JBCFIMIJBS <ON ;L? =IHMC>?L?> ;FL?;>S

IINCGCT?> ;M Q?FF %CP?H NB;N M?NOJ N@3P/M ;1D ;JJLI;=B @I=OM?M IH

KOC=E?HCHA NB? M?NOJ NCG? ? A NBLIOAB N?=BHC=;F CHN?LP?HNCIHM IH QILEMN;NCIHM IL |
NB? M?NOJ JLI=?MM QCNB 0*#" N?=BHCKO?M HIN |H L?>0O=CHA NB?CL @L?KO?H=S NB?
CH=L?;M?> J?L@ILG;H=? A;,CH?> NBLIOAB M?NOJM @L?KO?H=S L?>0=NCIH CM HIN QILNB NB?
p?RC<CFCNS FIMM NB;N NB? MSMN?G G;S MOs?L ;M ; =IHM?KO?H=? tH>??> NB? MN;H>;L>
E;H<;H G;H;A?G?HN MSMN?G CAHILCHA NB? DI< M?KO?H=CHA >I?M HIN ;CG ;N L?>0=CHA
M?NOJ Q;MN?M ;N ;FF H;FIAIOMFS NB? &?CDOHE; <IR Q;M >?P?FIJ?> @IL F?P?FCHA
JLI>O=NCIH ;H> =;H IHFS ;MMOL? NB;N NB? JLI>O=N GCR CH NB? P?LS MBILN N?LG

L?JLI>O0=?M NB;N CH NB? FIHA N?LG CH CNM ILCACH;F ;JJFC=;NCIH NB? >?=CMCIH IH NB? DI<
M?KO?H=? CM F?@N NI NB? IJ?L;NIL ,HFS CH MIG? ?HB;H=?> P?LMCIH NB? M?KO?H=? CM JL?
>?0H7?>;JJFSCHA MIG? M=B?>0OFCHA ;FAILCNBG

" 6 %IFB;L ! ) ON;GG Z1B? DOMN CH NCG? JBCFIMIJBS ; FCN?L;NOL? L?PC?Q [tHN?LH;NCIH;F 'lOLH;F |@ -LI>O=NCIH
?M?,L=BPIF  H JJ
$ 4 &LLCM Z&IQ G;HS J,LNM NI G;E? ;N IH=?[$;=NILS 1B? *A;TCH? 1@ *;H;A?G?HN PIF H J1J
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%CP?H NB? @;=N NB;N 't1 CM <;M?> IH MNI=E L?JF?HCMBG?HN =IHMN;HN JLI>O=NCIH ;H>
QCNB>L;Q;F L;N?M MBIOF> <? ?HMOL?> CH IL>?L NI ;PIC> ?CNB?L MNI=E IONM IL MNI=E
JLIFC@?L;NCIH *CR?> GI>?F JLI>O=NCIH L?KOCL?M ; F?P?F?>*;MN?L -LI>O=NCIH 0=B?>0OF?
*-0 <ON NBCM CM HIN MOg=C?HN NI MGIINB NB? JLI>O=NCIH L;N? CH ; MBILN NCG? J?LCI>
4BCF? CN CM ?;MS NI I<N;CH ; F?P?F?> JLI>O=NCIH CH ; G?>COG IL ?P?H G?>COG MBILN
J?LCI> CN CM >Cqg=0OFN NI >l CN CH ?;=B BIOL @IL ?;=B QILEMN;NCIH ;H> ?;=B G;N?LC;F

tH>??> >?G;H> CM NSJC=;FFS OHMN;<F? OH>?L NQI JICHNM |I@ PC?Q L;H>IG @L?KO?H=S
QBC=B CM NB? =B;H=? NB;N JLI>O=NCIH IL>?LM ;L? CLL?AOF;LFS L?=?CP?> ;H> L;H>IG
KO;HNCNC?M QBC=B CM L?F;N?> NI JLI>O=N GCR =B;HA?M tH>??> MCH=? 1-0 ;MMOG? GCHCG;F
MNI=E F?P?FM NB? IHFS =B;H=? NI =I1J? QCNB >?G;H> J?;E CM NI L?=0L NI ?RNL; JLI>O=NCIH
=,J;=CNS &IQ?P?L ;P;CF;<F? JLI>O=NCIH =;J;=CNS MBIOF> <? BCAB?L NB;H L?KOCL?> ;M

NB? ;P?L;A? ;M 1-0 L?KOCL?M <ON @IL MOL? =;HHIN <? FCGCNF?MM 1BOM NB?'t1

G;H;A?G?HN MSMN?G MBIOF> ;HSQ;S <? ;<F? NI =IHMC>?L NB? IJJILNOHCNS I@ P;LSCHA

NB? G;CHN?H;H=? JF;H ;M Q?FF ;M NB? M?NOJ M=B?>0OFCHA CH =M? |@ H??> ,H NB? INB?L

B;H> C@ NB? JLI>O=NCIH MCN? @;=?M ; F?P?F?> JLI>O=NCIH =B;HA?M CH JLI>O=N GCR MBIOF>
HIN L?JL?M?HN ; JLIKF?G BIQ?P?L NB?S CH=L?;M? M?KO?H=CHA JLI<F?G =IGJF?RCNS

*IMN 1@ NB? 13?L;NCIH;F L?M?;L=B MIFONCIHM @IL 't1 M=B?>0OFCHA ;L? >?MCAH?> @IL ; oR?>
JLI>O=N GCR NBOM CNM =B;HA?M =;H AL?;NFS ;s?=N NB? IINCG;FCNS I@ MIFONCIHM OJ NI G;E?
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G;HO@;=NOLCHA MCGOF;NCIHM ;H ;MM?MMG?HN I@ NB? MN;N? |@ NB? ;LN [ tt# 1L;HM;=NCIHM PIF H
* 0 *ODN;<C ZOCGOF;NCIH GI>?FCHA |@ G;HO@;=NOLCHA ?HN?LJLCM? QCNB =IGJF?R G;N?LC;F tH@ILG;NCIH ;H> =IHNLIF
pIQM [tHN?LH;NCIH;F DIOLH;F I@ =IGJON?L CHN?AL;N?> G;HO@;=NOLCHA PIF H JJ
0 /I<CHMIH Z!IH=?JNO;F GI>?FCHA @IL MCGOF;NCIH CMMO?M ;H> L?M?;L=B L?KOCL?G?HNM [ CH -LI=??>CHAM 1@ NB?
4CHN?L OCGOF;NCIH lH@?L?H=? -CM=;N;Q;S +'
I ;NNCMN; % "?FFI ONLCNNI $ %CIL>;HI / t;HHIH? * * 0=BCL;F>C Z*;HO@;=NOLCHA 0SMN?GM *|>?FFCHA ;H> 0CGOF;NCIH
OI@NQ;L? "?MCAH  [?@?L?H=?*I>?F [ CH 55tt" *tHN?LH;NCIH;F 4ILF> 0SGJIMCOG 3C?HH;

*),Q 4 " (?FNIH 0CGOF;NCIH *I>?FFCHA ;H> H;FSMCM +?Q 6ILE *=%L,;Q &CFF JJ



=L?@OF ;H;FSMCM |@ NCG? M?LC?M =;H JLIPC>? OM?@OF CH@ILG;NCIH NI <? CH=FO>7?> CH NE
MCGOF;NIL CH IL>?L NI GI>?F MNI=B;MNC= P;LC;<F?M FCHE?> NI G;=BCH? @;CFOL?M IL M=L;J
JLI>O=NCIH 1BCM ;FFIQM ; GIL? NLONB@OF ;MM?MMG?HN 1@ E?S J?L@ILG;H=? CH>C=;NILM

(-t @IL; L;HA? 1@ MIFONCIHM OH>?L N?MN

?>3<EC9?7>C 1>4 1 B?14=1@ 67B B5C51B38

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

1B? ?s?=NCP? ;JJFC=;NCIH |@ 't1 =;HHIN <? CH>?J?H>?HN @LIG INB?L E?S =IGJIH?HNM |@

; F?;H G;HO@;=NOLCHA MSMN?G IL CN =;H i?H> OJ QCNB NB? 1JJIMCN? |@ NB? >?MCL?>
L?MOFNj0J?=Co=;FFS F?P?F?>JLI>O=NCIH B?CDOHE; CM ; =LCNC=;F @;=NIL 1B? F?P?FCHA
JLI<F?G CH't1 ; GCR?> GI>?F M=B?>0OFCHA JLI<F?G Q;M @ILG;FCT?>CH ;H>

H;G?>**t1 0?P?L;F HOG<?LM I@ MIFPCHA ;JJLI;=B?M @IL **t1 B;P? <??H

>?P?FIJ?> >0OLCHA NB? F;MN >?=;>?M *IMN |@ NB?G ;MMOG? =IHMN;HN >?G;H> ;H>

JLI>O=N GCR 77LI M?NOJ NCG?M BSJINB?MCM B;M <??H L?GIP?> I[HFS MCH=? H>@7Q
;JILI;=B?M MNCFF =1J? QCNB MNI=B;MNC=CNS ,H NIJ I@ NBCM NB?M? ;FAILCNBGM ;FNBIOAB
B?OLCMNC= <;M?> OMO;FFS MJ?H> NIl GO=B NCG? CH oH>CHA ; All> MIFONCIH 0CGJFCo=;NCIH
BSJINB?M?M 1J?L;NCIHM L?M?;L=B =IGJ?N?H=?M L?KOCL?G?HNM ;H> MFIQ ?R?=0ONCIH
JL?P?HN?> NB?M? ;JJLI;=B?M NI QC>?MJL?;> CH CH>OMNLS tH>??> NB? B?CDOHE; <IR IL

NB? MN;H>;L> $t$, E;H<;H ;JJLI;=B QCNB NB? MCGJF? %l;F !B;MCHA *?NBI> B?OLCMNC=

;L? MNCFF NB? GIMN OM?> NIIFM NI G;H;A? JLI>O=NCIH CH 't1 ?HPCLIHG?HN 1BCM CM
;=EHIQF?>A?> ;FMI <S NB? JLIJIH?HNM 1@ ;FN?LH;NCP?M ;H> %!* CM ;FQ;SM OM?> ;M ;
<?H=BG;LE @IL ?P?LS H?Q **t1 MIFONCIH &IQ?P?L NB?M? NL;>CNCIH;F ;JJLI;=B?M ;L?

HIN MI ?s?=NCP? CH =;M? |@ FIHA M?NOJM ;H> >?G;H> P;LC;NCIHM ACP?H NB? @;=N NB;N NB?S
B;P? <??H =IH=?CP?> CH JOL? 't1 ?HPCLIHG?HNM tH BCAB MNI=B;MNC= M=7?H;LCIM CH IL>?L NI
JL?P?HN MNI=E IONM E;H<;H HOG<?L CM L;CM?> ;FIHA QCNB NB? CHP?HNILS F?P?FM 1B?L? ;L?
M?P?L;F =;M?M 1@ =IGJ;HC?M [J?L;NCHA CH OHMN;<F? =IHN?RNM ;H> QB?L? M?NOJ NCG?M

= HHIN <? L?>0=?> IP?L ; =?LN;CH ?RN?HN NB;N ;L? CHN?L?MN?> CH ;JJFSCHA 't1 N?=BHCKO?M
NI L?>0=? CHP?HNILS =,LLSCHA =IMNM ;H> G;H;A? NB? JLI>O=NCIH pIQ CH ;H ?s?=NCP? ;H>
MCGJF? Q;S 1B? >?P?FIJG?HN 1@ E;H<;H <I;L> B?CDOHE; <IR P;LC;NCIHM CH IL>?L NI

=13? QCNB NB? MJ?=Co= L?KOCL?G?HNM I@ NB?M? =IGJ;HC?M M??GM NI Is?L <?NN?L
JIN?HNC;FCNC?M C@ =IGJ;L?> NI NB? >?P?FIJG?HN I@ >Cq=0OFN 1J?L;NCIHM L?M?;L=B
;FAILCNBGC=;JJLI;=B?M tH IL>?L NI MIFP? CH>OMNLC;F JLI<F?GM L?M?;L=B?LM G;S
=IH=?HNL;N? CH oH>CHA H?Q JIFC=C?M NB;N =IOF> L?;FFS <? B?FI@OF @IL JLI>O=NCIH MSMN?(
QCMBCHA NI <?H?0N @LIG ; 't1 CGIJF?G?HN;NCIH <ON F;=ECHA CH MIG? F?;H JLI>O=NCIH
L?KOCL?G?HNM L;NB?L NB;H MNO>SCHA H?Q ;FAILCNBG @IL **'t1 JLI<F?G

$IL CHMN;H=? E;H<;H <I;L> B?CDOHE; <IR P;LC;NCIHM =;H ?s?=NCP?FS @I=OM IH DI<
JL??GJINCIH IJJILNOHCNC?M CH IL>?L NI L?>0=? M?NOJM ;<OH>;H=? IL IH H?Q LOF?M NI

G;H;A? JLCILCNC?M CH =M? 1@ <L?;E>IQHM IL P;LC;<F? KO;FCNS L;N?M 1B? J;L;G?N?LM

0H? NOHCHA =;H <? J?L@ILG?> NBLIOAB MCGOF;NCIH tH NBCM M?HM? ACP?H NB? FCGCN;NCIF
|@ GIMN =IGG?L=C;F MI@NQ;L? NB? >?P?FIJG?HN |@ ; MCGOF;NCIH =IH=?JNO;F GI>?F f

;FIHA QCNB CNM L?KOCMCN?M f 1@ ; GI>?F L?JL?M?HN;NCIH I<D?=NM ;H> MNLO=NOL?M ;H>
MIG? =IGGOHC=;NCIH LOF?M <?NQ??H NB? MO<MSMN?GM =IGGOHC=;NCIH JLINI=IFM ;L?

NB? G;CH CMMO?M NB;N H??> NI <? ;>>L?MM?> @QLIG ;=;>?GC=M ;H> >?P?FIJ?LM

0 OBCHAI MNO>S |@ NB? 1ISIN; -LI>O=NCIH 0SMN?G -LI>O=NCPCNS -L?MM
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

%COFCI "C %L;PGL;H=?M=I IMN;HNCHI;H> *;MMCGI 1LIH=C

8 9"?J;LNG’?HN |@ *?=B;HC=;F ;H> ?LIMJ;=? #HACH??LCHA 2HCP?LMCNS I@ /I1G? i);
0;JC?HT;j tN;FS

S>DB?4E3D97?>

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

%FI<;F =IGJ?NCNCIH =B;L;=N?LCT?M NB? G;LE?N 1@ NB? H?Q GCFF?HHCOG QB?L? OH=?LN;CHNS
;H> PIF;NCFCNS ;L? NB? G;CH ?F?G?HNM ;s?=NCHA NB? >?=CMCIH G;ECHA JLI=?MM |@

G;H;A?LM NB;N H??> NI >?N?LGCH? M=?H;LCIM >?0H? MNL;N?AC?M JF;H CHN?LP?HNCIHM ;H>
CHP?MNG?HNM >?P?FIJ JLID?=NM ;H> ?R?=0ON? 1J?LINGIEM _

Decision to achieve Mission and Vision FIRATEGIEG < UNCERTAINTY |
(Strategic decisions)

PROGRAMS UNCERTAINTY |
Decisions to put strategies in actions

(Tactical decisions)

PROJECTS AND OPERATIONS m
Decisions that implement actions

(Operational decisions)

97 539C97?7> 895B1B38l|

/ICMEM B;P? <??H ;FQ;SM J;,LN |@ ?HNL?JL?H?OLMBCJM <ON ; ALIQCHA ;NN?HNCIH NI NB?
CMMO?M L?F;N?> NI /CME *;H;A?G?HN CM HIQ;>;SM MJL?;>CHA FIHA QCNB NB? oH;H=C;F
M=;H>;FM CH NB? ;s;CLM 1@ MIG? G;DIL =ILJIL;NCIHM NB? BCAB >?AL?? I@ >SH;GCMG ;H>

NB? ?PIFONCIHM I@ G;LE?NM H??> ILA;HCT;NCIHM NI L;JC>FS ;>;JN NB?CL <OMCH?MM GI>?FM
NI =B;HA?M QB?NB?L ?=IHIGC= JIFCNC=;F L?AOF;NILS N?=BHIFIAC=;F IL MI=C;F

*CH;B;H1 1B? 00JJFS/CME ?H=BG;LE /?JILN <?L>??H %LIOJ
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tH J;LNC=0OF;L G;H;A?LC;F NL?H>M 1@ <OMCH?MM >CMCHN?AL;NCIH >?=?HNL;FCT;NCIH ;H>
IONMIOL=CHA JOMB?> ILA;HCT;NCIHM NIQ;L>M JL;=NC=?M |@ CH@ILG;NCIH MB;LCHA
=lIL>CH;NCIH ;H> J;LNH?LMBCJ 1B? >Cq=OFNC?M NB;N A?H?L;FFS ;LCM? >OLCHA NB?
CGJIF?G?HN;NCIH 1@ NB?M? JL;=NC=?M OH>?LFCH? NB? CGJ;=N NB;N =LCNC=;F LCME @;=NILM =
B;P? IH =ILJIL;N? AIP?LH;H=? ,J?L;NCIHM ;N ;HS F?P?F ;L? BCABFS ;s?=N?>CH NB?CL
J?L@ILG;H=? <S OH=7LN;CHNS L?>0=CHA NB?CL ?q=C?H=S ;H> ?s?=NCP?H?MM QBCF? FIMCHA
=IHNLIF IH NB? ?PIFONCIH |@ NB? P;FO? =B;CH

ONO>C?M IH LCME G;H;A?G?HN B;P? NI <? ?RN?H>?> CHPIFPCHA HIN IHFS CHN?LH;F
JLI=?MM?M 1@ =IGJ;HC?M <ON =IHMC>?LCHA ;FMI NB? L?F;NCIHMBCJ ;H> NB? F?P?F |@
CHN?AL;NCIH 1@ MOJJFS =B;CH J;,LNH?LM 1BCM =;H <? PC?Q?> ;M ; MNL;N?AC= CMMO? |@
1J?L;NCIHM G;H;A?G?HN NI ?H;<F? CHN?LP?HNCIHM 1@ L?M?;L=B >?P?FIJG?HN ;H>
CHHIP;NCIH

tH ; POFH?L;<F? ?=IHIGS QB?L? NB? ;NN?HNCIH NI KO;FCNS ;H> ?9g=C?H=S NBLIOAB =IMN
L?>0=NCIH CM ; MIOL=? |@ @L?KO?HN J?LNOL<;NCIHM ;H ?P?HNO;F ?LLIL CH OH>?LMN;H>CHA
NB? M?HMC<CFCNS 1@ NB? IJ?L;NCIHM NI =IHNCHOIOM =B;HA?M =;H M?LCIOMFS ;H> CLL?J;L;<F<
=IGJILIGCM? NB? =;J;<CFCNS I@ oNNCHA =OMNIG?LMh L?KOCL?G?HNM

*'H;A?LM H??> NI B;P? J?LMIH;F MECFFM ;H> 13?L;NCIH;F NIIFM NI ?HMOL? NB;N LCME
G;H;A?G?HN MNL;N?AC?M =;H <? MOCN;<FS CGJF?G?HN?> ;H> CHN?AL;N?> CH NB? JLI>O=NCIH
;H> FIACMNC=M <OMCH?MM ?HPCLIHG?HN tH IL>?L NI @;=? CHN?LH;F ;H> ?RN?LH;F OH=7?LN;CH
N;E? ;>P;HN;A? 1@ CN ;H> ?RJIFICN IJJILNOHCNC?M CN CM H?=?MM;LS NI C>?HNC@S ;H;FST? ;H:
?P;FO;N? IJ?L;NCIH;F LCMEM NBLIOAB MN;H>;L> G?NBI>IFIAC?M NB;N B?FJ NI

| =F;MMC@S NB? >Cs?L?HN NSJ?M |@ LCMEM

| C>?HNC@S LCMEM CH M=1J?

I ;MM?MM LCMEM

| C>?HNC@S JIMMC<F? CHN?LP?HNCIHM ;H> L?F;NCP? JLCILCNC?M

| M?F?=N JF;H ;H> CGJF?G?HN CHN?LP?HNCIHM G;H;ACHA ;=NCIHM ;H> =IFF?=NCHA
@??7><,=EM

4BCF? MNO>C?M ;H> MN;H>;L>M IH LCME G;H;A?G?HN @IL B?;FNB ;H> M;@?NS ?HPCLIHG?HN
IL M?=0OLCNS I@ CH@ILG;NCIH >?0H?> ; Q?FF EHIQH ;H> OHCP?LM;FFS L?=IAHCT?> MN;N? |@
NB? ;LN =ILJIL;N? ;H> [J?L;NCIH;F LCME G;H;A?G?HN ;FL?;>S H??>M ; MSMN?G;NC=

;JILL=B ;H>; =IGGIH PC?Q 1B? G;CH =IHNLC<ONCIHM CH NB?M? 0?F>M ;L? NB?

L?@7?L?H=? GI>?FM CMMO?> <S CHN?LH;NCIH;F <I>C?M

ON;LNCHA @LIG NB? GIMN ;>P;H=?> CHN?LH;NCIH;F ?RJ?LC?H=?M CH NBCM =B;JN?L MIG?
JLCH=CJF?M ;L? >?0H?> ;H> >?P?FI1J?> CH ; @L;G?QILE NB;N >?J?H>CHA IH NB? G;NOLCNS
F?P?F 1@ ILA;HCT;NCIHM G;S B?FJ NI ;>?KO;N?FS MOJJILN NB?CL ;=BC?P?G?HNM ;H>>LCP?
IJ?L;NCIHM J?L@ILG;H="?

2(&* 1L?;MOLS ,L;HA? <IIE G;H;A?G?HN I@ LCME f JLCH=CJF?M ;H> =IH=?JNM

MMI=C;NCIH I@ tHMOL;H=? ;H> /CME *;H;A?LM t/*t! % tHMNCNON? I@ /CME *;H;A?G?HN t/* ) /* +;NCIH;F $ILOG @IL
/ICME *H;A?G?HN /CME *;H;A?G?HN ON;H>;L>

2 IGGCNN?? |@ OJIHMILCHA ,LA;HCT;NCIHM 1@ NB? 1L?;>Q;S IGGCMMCIH #HN?LIJLCM? /CME *;H;A?G?HN f tHN?AL;N?>
$L;G?QILE

#OLIJ?;H $I0H>;NCIH @IL .O;FCNS *;H;A?G?HN #$.* @L;G?QILE @IL LCME G;H;A?G?HN #$.*
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

,P?L NB? S?;LM NB? ;NN?HNCIH NI NB? <;MC= N?H?NM I@ =ILJIL;N? AIP?LH;H=? B;M L;>C=;FFS
CH=L?;M?>

tH L?MJIHM? NI NB? L?KOCL?G?HNM 1@ MOJJILNCHA <OMCH?MM F?;>?LM CH G;H;ACHA
ILA;HCT;NCIHM ;H> CH JLIN?=NCHA NB? P;LCIOM MN;E?BIF>?LM NIQ;L>M NB? ?PIFONCIH |@ NB?
JIFCNC=;F ?=IHIGC= ;H> MI=C;F ?HPCLIHG?HN AOC>? FCH?M ;H> L?@?L?H=? GI>?FM CH NB?
0?F> 1@ =ILJIL;N? AIP?LH;H=? B;P? <??H CMMO?>

4CNBCH NBCM <I>S |@ LOF?M LCME G;H;A?G?HN JF;SM ; G;CH LIF? tN L?F;N?M >CL?=NFS NI NB?
L?=IAHCNCIH I@ NB? MNL;N?AC= =IHHIN;NCIHM I@ =ILJIL;N? AIP?LH;H=? ;M NB? G?;HM NI
;=BC?P? <OMCH?”MM N;LA?NM ;==IL>CHA NI NB? LCABNM ;H> ?RJ?=N;NCIHM |I@ MN;E?BIF>?LM

0CH=? NB? GC> HCH?NC?M IHQ;L>M NB? NB?G?M I@ LCME G;H;A?G?HN ;H> =ILJIL;N?
AIP?LH;H=?;L? MNLC=NFS CHN?LNQCH?> ;H> ;FGIMN =ICH=C>?HN NB? MSMN?G;NC=
G;H;A?G?HN 1@ LCMEM B;M <?=IG? ; MSHIHSG |@ ; B?;FNBS G;H;A?G?HN |I@ NB?

<OMCH?MM N NB? M;G? NCG? NB? N?=BHCKO?M |@ LCME ;H;FSMCM BCMNILC=;FFS ;MMI=C;N?> Q(
;MM?MMCHA oH;H=C;F LCMEM B;P? <??H L?PCM?> IL L?JF;=7><S G?NBI>M NB;N J?LP;>? NB?
ILA;HCT;NCIH CH >?JNB FIHA QCNB NB? OM? 1@ MJ?=Co=;H> =IGJF?R =IHNLIF GI>?FM C ?

NB? ?RJ?LC?H=? 1@ NB? !I>? |@ !IH>O=N I@ NB? tN;FC;H ONI=E #R=B;HA? L?MJIHMC<CFCNS @IL
LCME G;H;A?G?HN CM JF;=?> ;N NB? F?P?F 1@ M?HCIL G;H;A?G?HN tH MIG? =IOHNLC?M MO=B
M %?LG;HS OMNL;FC; ;H> +?Q 7?;F;H> NB?M? CH>C=;NCIHM L?;=B?> NB? F?P?F |@
=IGJOFMILS L?KOCL?G?HNM ;M H;NCIH;F F?ACMF;NCIH ;MEM ;FF =IGJ;HC?M NI B;P? ;H
1J?L;NCIH;F LCME G;H;A?G?HN MSMN?G

$LIG NB? ;<IP? NB? =FIM? FCHE <?NQ??H =ILJIL;N? AIP?LH;H=? ;H> LCME G;H;A?G?HN CM
;<MIFON?FS =F?;L tN B;M NI <? =IHMC>?L?> HIN IHFS ;M ;H IJ?L;NCIH;F JL;=NC=? <ON L;NB?L
;M ;H ?MM?HNC;F =IGJIH?HN |I@ >?=CMCIH G;ECHA <;M?>IH NB? =IHNCHOIOM >?P?FIJG?HN
|@ >?0HCNCIH MSMN?GM ;H> NB?L?@IL? 1@ NB? NIJ G;H;A?G?HN L?MJIHMC<CFCNS

1B? G;H;A?G?HN |I@ NB? =IGJ;HS LCME JLIoF? L?KOCL?M NB? EHIQF?>A? |@

| NB? LCME MSMN?G ;s?=NCHA NB? ?HN?LJLCM?

I NB? H;NOL? ;H> CHN?HMCNS I@ NB? >Cs?L?HN NSJ?M |@ LCMEM

| NB?JLIS;<CFCNS 1@ 1==0OLL?H=? 1@ ?;=B LCME ;H> CNM ?RJ?=N7?> CGJ;=N
I NB? GCNCA;NCIH MNL;N?AC?M |@ NB? >Cs?L?HN NSJ?M |@ LCMEM

11 ?HMOL? NB;N NB? ;JJLIP?> >?FC<?L:N?> :H> JF;HH?> LCME G;H:A?G?HN MNL;N?AC?M

:L? ?2R?=ON?> CH ;H ?s?=NCP? ;H> 2q=C?HN Q;S NB? =IGJ;HS M NIJ G;H;A?G?HN MB;FF
J?LCI>C=;FFS L?PC?Q ;H> C@ H?=?MM;LS CGJF?G?HN =ILL?=NCP? ;H> IL JL?P?HNCP? ;=NCIH
QCNB L?A;L> NI

| L?FC;<CFCNS I@ ?RCMNCHA MSMN?GM @IL NB? C>?HNCo=;NCIH ;H> ;MM?MMG?HN |I@ LCMEM
| ?s?=NCP?H?MM I@ CHN?LH;F =IHNLIF MSMN?GM NI GIHCNIL LCMEM ;H> NB?CL JIMMC<F?
?PIFONCIH

HLJIIL;N? AIP?LH;H=? CM NBOM NI <? M??H ;M NB? MNL;N?AC= JF;N@ILG IH QBC=B NB?
N;=NC=;F ;H> IJ?L;NCIH;F MSMN?G |@ LCME =IHNLIF ;=NM C? NB? M?N I@ JLI=?MM?M NIIFM
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;H> L?MIOL=?M ;N ;FF F?P?FM 1@ NB? ILA;HCT;NCIH NI ?HMOL? NB? ;=BC?P?G?HN 1@ =ILJIL;N?
I<D?=NCP?M ,H NB?M? ;LAOG?HNM CN CM ;JJLIJLC;N? NI =IHMC>?L NB;N NB? ;JJFC=;NCIH 1@ ;
MSMN?G <;M?> |[H NB? JLCH=CJF?M |@ LCME =IHNLIF AIP?LH;H=? ;FFIQM NB? =L?;NCIH |@ ;
PCLNOIOM =CL=F? 1@ J?L@ILG;H=?M NB;N B;M ; IMCNCP? CGJ;=N IH NB? ?HPCLIHG?HN CHMC>"
;H>IONMC>? NB? =IGJ;HS <?SIH> L?AOF;NILS L?KOCL?G?HNM

*H;A?G?HN B;M NB? L?MJIHMC<CFCNS NI JF;H ILA;HCT? ;H>>CL?=N CHCNC;NCP?M NI ?HMOL?
NB? ;=BC?P?G?HN 1@ =IGJ;HS Al;FM CH N?LGM I@

| >?0HCNCIH I@ <OMCH?MM ;H> AIP?LHG?HN N;LA?NM

| @ILGOF;NCIH I@ MNL;N?AC?M NI L?;=B <OMCH?MM ;H> AIP?LHG?HN N;LA?NM

| ?s?=NCP? ;H>?q=C?HN OM? I@ NB? L?MIOL=?M 1@ NB? ILA;HCT;NCIH

| L?F?P;H=?;H>L?FC;<CFCNS I@ oH;H=C;F ;H> 13?L;NCIH;F L?JILNCHA

I JLIN?=NCIH 1@ =IGJ;HS ;MM?NM

| =IGJFC;H=? QCNB F;QM L?AOF;NCIHM =IHNL;=NM ;H> =ILJIL;N? ?NBC=;F MN;H>;L>M
| JLIN?=NCIH I@ ?NBC=;F ;H> MI=C;F P;FO?M

1B? G;H;A?G?HN ;=NM NBLIOAB ; L?AOF;L L?PC?Q |@ CNM I<D?=NCP?M =B;HA?M CH JLI=?MM?M
;==IL>CHA NI =B;HA?M CH NB? CHN?LH;F ;H> ?RN?LH;F ?HPCLIHG?HN JLIGINCHA ;H>
G;CHN;CHCHA ; <OMCH?MM ILC?HN?> =0OFNOL? ;H>; =FCG;N?

&9C; 3<1CC9031D9?>

P;CF;<F? OH>?IL?;NCP? !IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

2H=?LN;CH ?P?HNM =;H B;P? <INB ; JIMCNCP? ;H>; H?A;NCP? ?s?=N IH NB? |[H? B;H> CH

@;=N NB?S;L?; NBL?;N NI NB? ;=BC?P?G?HN |@ <OMCH?MM I<D?=NCP?M IH NB? INB?L B;H>

=;H <?=1G? ; MCAHCo=;HN MIOL=? I@ IJJILNOHCNC?M @IL =IGJ;HC?M ;<F? NI OH>?LMN;H>
;HNC=CJ;N? ;H> G;H;A? NB?G ==IL>CHA NE<F=E? R8IBAGF J<G; A8:4G<I8 <@C46GF G;4G

64A ;4E@ G;8 6E84G<BA B9 5HF<A8FF 14?H8 BE 8EB78 G;8 SKIBCGRBCEAEGHA<EGR8F

R8IBAGF J<G; CBF<G<I8 <@C46G G;4G @4L BXF8G A8:4GXER4@ICABHRSNC?M ;L?

=B;H=?M NB;N ;H ?P?HN QCFF [==0L ;H> JIMCNCP?FS ;s?=N NB? ;=BC?P?G?HN I@ I<D?=NCP?M
=IHNLC<ONCHA NBOM NI NB? =L?;NCIH 1@ P;FO? IL JL?M?LPCHA NB? ?RCMNCHA IH? *H;A?G?HN
H??>M NI ;MM?MM NB? IJJILNOHCNC?M L?=IHMC>?LCHA CNM MNL;N?AC?M ;H> JLI=?MM?M 1@
M?NNCHA Al;FM ;H> >?P?FIJCHA H?Q JF;HM NI =;N=B <?H?0NM >?LCP?> @LIG NB?G

H CHB?L?HN LCME =;H MI <? >?0H?> ;M iNB? JIMMC<CFCNS NB;N ;H ?P?HN I==OLM ;H> B;P? ;
H?A;NCP? CGJ;=N IH NB? ;=BC?P?G?HN 1@ I<D?=NCP?Mj QBCF? NB? =IHNLIF =;H <? >?0H?> ;M
i;HS G?;HM OM?> <S G;H;A?G?HN NI CH=L?;M? NB? FCE?FCBII> NB;N NB? <OMCH?MM
I<D?=NCP?M M?N ;L? ;=BC?P?>] GCNCA;NCHA NB? LCMEM CH ;H ;JJLIJLC;N? G;HH?L tH NBCM
=IHN?RN ; B;T;L> CM ; iJIN?HNC;F MIOL=? |@ LCMEj QBCF? ; L?MC>0O;F LCME CM NB? iLCME NB;N
L?G;CHM ;@N?L GCNCA;NCIHMj

FIHA QCNB NB?M? >?0HCNCIHM CN CM JIMMC<F? NI ILA;HCT? NB? >Cs?L?HN NSJ?M |@ LCMEM !
>Cs?L?HN =F;MM?M ;H> NB?CL JIMMC<F? =IG<CH;lSHM tHLMN ?R;GJF? 1@

=F;MMCo=;NCIH CM MBIQH <;M?>IH NQI =B;L;=N?LCMNC=M NB;N L?F;N? NB? ILCACH ;H>
A?H?L;NCIH |@ NB? LCME ILA;HCT;NCIH;F J?LCG?N?L QCNB NB? JIMMC<CFCNC?M 1@ CHN?LP?}
=IHNLIFF;<CFCNS I@ LCME

t0, %0C>? ICME *;H;A?G?HN 3I=;<OF;LS t0,
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Controllability

o Partially
Organization Controllable Uncontrollable
controllable
+K7B?JO 7D: #D97?::DJI
DL?HEDC:;DJ7B
Internal 9EIJ E< 7D:
?CF79Jl
FHE:K9JI 7997?::DJI
.;9>DEBE=?97B :C7D: (7IJK H7B
External
FHE=H;II L7H?7J?ED 21713;HI

Table 7.1: Example of risk classification by perimeter

$OLNB?L =F;MMCo=;NCIHM =;H ;FMI <? N;E?H @LIG NB? ;FL?;>S G?HNCIH?> LCME
G;H;A?G?HN GI>?FM QB?L? NB? >?M=LCJINCP? =;N?AILC?M ;L? L?JL?M?HN?> ;M ; @OH=NCIH
1@ >Cs?L?HN I<D?=NCP?M ;H> >?=CMCIH G;ECHA;EPP?FM
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Table 7.2: Example of risk classification by target

"?P?FIJCHA NB? =F;MMCo=;NCIH NI ;H ?RN?H>?> F?P?F ;H> =IHMC>?LCHA ;FF NB? MIOL=?M 1@
OH=7LN;CHNS NB;N ;s?=NM <OMCH?MM N;LA?NM POFH?L;<CFCNS I@ ILA;HCT;NCIHM =;H <?
iMM?MM?> [H oP? >Cs?L?HN ;L?IMF?

IIE9?7J?7ED E< #DIKH7D9; 7D: ,?IA'7D7=;HI #% ! #DIJ?JKJ; E<,?IA'7D7=,C;DJ #,' &, (7J?ED7B
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/% *H?C; "?D?IJ;HRI -JH7J;=0 /D?J -JH7J;=0 IK HL?L7B =K?;;

#D<EHC7J?ED -;9K1?JO EHKC KD:7C;DJ7B #D<EHC7J?ED ,?IA'7D7=;C;DJ #,' #-

/ ECC?JJ;; E<-FEDIEH?D=)H=7D?P7J?EDI E<J>;. H;7:M70 ECC?II?ED
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Table 7.3: Risk classification by organization
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P;CF;<F? OH>?IL?;NCP? !IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

1B? =IGJ?NCNCP?H?MM I@ ;H ILA;HCT;NCIH >?J?H>M IH CNM ;<CFCNS NI =L?;N? P;FO? @IL CNM
MN;E?BIF>?LM 1B? G;H;A?G?HN G;RCGCT?M NB? P;FO? QB?H I<D?=NCP?M ;H> MNL;N?AC?M
;L? @ILGOF;N?> CH IL>?L NI ;=BC?P? ;H IINCG;F <;F;H=? <?NQ??H ALIQNB JLIoN;<CFCNS

;H> ;MMI=C;N?> LCMEM OMCHA L?MIOL=?M CH ;H ?q=C?HN ;H> ?s?=NCP? Q;S 1B?M?
MN;N?G?HNM ;L? NB? <;MC=JBCFIMIIBS |@ LCME G;H;A?G?HN <OMCH?MMj M M??H ;FF
<OMCH?MM?M @;=7? OH=?LN;CH ?P?HNM ;H> NB? =B;FF?HA? 1@ G;H;A?G?HN CM NI >?N?LGCH?
NB? ;GIOHN 1@ OH=?LN;CHNS ;==?JN;<F? NI =L?;N? P;FO? 1B? OH=?LN;CHNS CM <INB ; LCME
;H>;H IJJILNOHCNS ;H> =;H JIN?HNC;FFS L?>0=? IL CH=L?;M? NB? P;FO? |@ NB? =IGJ;HS

1B? #HN?LILCM? /CME *;H;A?G?HN #/* CM NB? M?N |@ JLI=?MM?M NB;N >?;FM QCNB NB? LCMEM
;H> [JJILNOHCNC?M NB;N B;P? ;H CGJ;=N IH NB? =L?;NCIH IL JL?M?LP;NCIH I@ P;FO? #/* CM

JON CH JF;=? <SNB? [;L>1@ >GCHCMNL;NCIH NB? G;H;A?G?HN ;H> INB?L JLI@?MMCIH;FM

CH ;H ILA;HCT;NCIH NI @ILGOF;N? MNL;N?AC?M >?MCAH?> NI C>?HNC@S JIN?HNC;F ?P?HNM NB
G;S ;s?=N NB? <OMCH?MM NI G;H;A? LCME QCNBCH NB? FCGCNM I@ ;==?JN;<F? LCME ;H> NI
JLIPC>? L?;MIH;<F? ;MMOL;H=? L?A;L>CHA NB? ;=BC?P?G?HN |@ <OMCH?MM N;LA?NM tN CM ;H
IHAICHA ;H> J?LP;MCP? JLI=?MM NB;N CHPIFP?M NB? QBIF? ILA;HCT;NCIH ;=N?> <S J?|JF?

I@ >Cs?L?HN LIF?M ;N ;FF F?P?FM ;H> NBLIOABION NB? =ILJIL;N? MNLO=NOL? <INB IH CNM
MJ?=Co= ;MM?NM ;H> IH NB? =IGJ;HS ;M ; QBIF?

1BCM >?0HCNCIH CM CHN?HNCIH;FFS <LI;> ;H> CH=FO>?M E?S =IH=?JNM =LCNC-=;F NI OH>?LMN
BIQ =IGJ;HC?M GOMN G;H;A? LCME ;H>JLIPC>?M NB? <;MC==LCN?LC; NI ;JJFS CH ;FF
ILA;HCT;NCIHM QB;N?P?L NB?CL H;NOL? 1B? #/* ?H;<F?M NI ?s?=NCP?FS >?;F QCNB
OH=7LN;CHNS ?HB;H=CHA NB? =IGJ;HS M ;<CFCNS NI A?H?L;N? P;FO? NBLIOAB NB? @IFFIQCHA
;=NCIHM

| G;84?7<:A@8AG B9 FGE4G8:L 4G 4668CGEIIRRE?HN ?MN;<FCMB?M NB? F?P?F |@
;==?JIN;<F? LCMEM CH ?P;FO;NCHA MNL;N?AC?M M?NNCHA I<D?=NCP?M ;H>>?P?FIJCHA
G?=B;HCMGM NI G;H;A? NB? ;MMI=C;N?> LCMEM

| G;8 <@CEBIS@8AG B9 G;8 EBFCBAF8 GB <78AGHYVB? E#>ECAILIOM
G?NBI>IFIAS NI C>?HNC@S ;H> M?F?=N NB? GIMN ;JJLIJLC;N? ;GIHA M?P?L;F
;EN?LH;NCP?M |@ L?MJIHM?M NI LCMEM ;PIC> L?>0=? MB;L? ;==?JN NB? LCME

| G;8E87H6G<BA B9 6BAG<A:8A6<8F 4A7 ESFH?GHBJIHBFREFCH=L?;MCHA NB?CL
;<CFCNS NI C>?HNC@S JIN?HNC;F ?P?HNM ;MM?MM NB? LCMEM ;H> @ILGOF;N? L?MJIHM?N
L?>0=CHA NB? @L?KO?H=S |@ OH?RJ?=N?> ?P?HNM ;M Q?FF ;M NB? MO<M?KO?HN =IMNM ;|
FIMM?M

| G;8 <78AG<V64G<BA 4A7 @4A4:8@8AG B9 @H?G<C?8 4A7 6BERF?E580MESHIMM
H??>M NI @;=? ;H BCAB HOG<?L |@ LCMEM ;s?=NCHA >Cs?L?HN ;L?;M ;H> NB? #/*
@;=CFCN;N?M NB? @ILGOF;NCIH |I@ ; OHCKO? L?MJIHM? NI =FOMN?LM 1@ LCMEM ;H> ;MMI=
CGJ;=NM

| G;8 <78AG<V64G<BA B9 BCCBERBWS2E3RB? ;H;FSMCM 1@ ;FF JIMMC<F? ?P?HNM
G;H;A?G?HN CM ;<F? NI JLI;=NCP?FS C>?HNC@S ;H> M?CT? NB? IJJILNOHCNC?M NB;N
?G7?LA?
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| G;8<@CEBIS@8AG B9 64C<G4? 8KCB8NBZGHHBCMCNCIH I@ L?FC;<F? CH@ILG;NCIH IH
LCMEM ;FFIQM G;H;A?G?HN NI ?s?=NCP?FS ;MM?MM NB? IP?L;FF oH;H=C;F H??>M
CGJLIPCHA NB? ;FFI=;NCIH |@ L?MIOL=?M

1B?M? =B;L;=N?LCMNC=M B?FJ G;H;A?G?HN NI ;=BC?P? J?L@ILG;H=? N;LA?NM QCNBION
Q;MNCHA L?MIOL=?M $OLNB?LGIL? CN ?HMOL?M NB? ?s?=NCP?H?MM I@ L?JILNCHA CH
=IGJFC;H=? QCNB F;QM ;H> L?AOF;NCIHM MI NI JL?P?HN >;G;A?M NI =ILJIL;N? L?JON;NCIH
;H> L?F;NCP? =IHM?KO?H=?M 0OGG;LCTCHA NB? #* MOJJILNM ILA;HCT;NCIHM NI
;==IGIJFCMB NB?CL Al;FM QBCF? ;PIC>CHA JCN@;FFM ;H> OH?RJ?=N?> J;NB

(85 B9C,; =1>175=5>D @B?35CC

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1B? LCME G;H;A?G?HN JLI=?MM =IHMCMNM 1@ ; M?LC?M I@ FIAC=;F MN?JM @IL ;H;FSTCHA CH;
MSMN?G;NC=Q;S NB? B;T;L>M NB? >HA?LM ;H> NB? ;MMI=C;N?>LCMEM NB;N G;S ;LCM? CH

NB? G;H;A?G?HN 1@ ;H ILA;HCT;NCIH 1B? Al;F CM L?;FCT?> CH ACPCHA G;RCGOG

MOMN;CH;<F? P;FO? NI ;HS ;=NCPCNS NBLIOAB ; =IHNCHOIOM ;H> AL;>O;F JLI=?MM NB;N

GIP?M @LIG NB? >?0HCNCIH 1@ ; MNL;N?AS ;FIHA CNM CGJF?G?HN;NCIH S OH>?LMN;H>CHA ;FF
JIN?HNC;F JIMCNCP? ;H> H?A;NCP? @;=NILM NB;N ;s?=N NB? MSMN?G CN CM JIMMC<F? NI CH=L?;M?
NB? JLI<;<CFCNS |@ MO==?MM ;H> L?>0=? NB? F?P?F |@ OH=?LN;CHNS

tH J;LNC=0OF;L LCME G;H;A?G?HN JLIN?=NM ;H> MOJJILNM NB? L?KOCL?G?HNM I@ NB?
ILA;HCT;NCIH CH CNM L?F;NCIHMBCJ QCNB MN;E?BIF>?LM NBLIOAB

I ; G?NBI>IFIAC=;F @L;G?QILE NB;N ;FFIQM ; =IHMCMN?HN ;H> =IHNLIFF?> >?P?FIJG?HN
I@ ;=NCPCNC?M

I NB? CGJLIP?G?HN 1@ NB? >?=CMCIH G;ECHA JLI=?MM =L?;NCHA JLCILCNC?M <S L?;FFS
OH>?LMN;H>CHA NB? H;NOL;F ;H> ?R=?JNCIH;F P;LC;<CFCNS |@ ;=NCPCNC?M ;H> NB?CL
JIMCNCP? IL H?A;NCP? ?s?=NM

I NB? =IHNLC<ONCIH NI ; GIL? ?q=C?HN OM? ;H> ;FFI=;NCIH 1@ L?MIOL=?M

I NB? JLIN?=NCIH ;H> ?HB;H=?G?HN 1@ =ILJIL;N? ;MM?NM ;H> CG;A?

I NB? >?P?FIJG?HN ;H> MOJJILN NI NB? J?1JF? ;H> NI NB?CL EHIQF?>A? <;M?

$CAOL? L?IL?M?HNM ; JLI=?MM 1@ LCME G;H;A?G?HN CH CNM >Cs?L?HN MN;A?M 1@
>?P?FIJG?HN NB;N ;L? >?N;CF?> CH NB? @IFFIQCHA M?=NCIHM

&9C; 1CC5CC=5>D

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

/CME ;MM?MMG?HN CM ; M?KO?H=? |@ P;LCIOM ;=NCPCNC?M ;CG?> ;N C>?HNC@SCHA ;H> ?P;FO;N?
NB? M?N |@ LCMEM NB;N NB? ILA;HCT;NCIH B;M NI @;=? 1B? CHN?LH;NCIH;F FCN?L;NOL? Is?LM
M?P?L;F N?=BHCKO?M I@ GI>?FCHA ;H> >?=CMCIH G;BMB{N =;H <?=I1G? J;,LN I@ NB?

;H;FSMCM

t0, /CME G;H;A?G?HN -LCH=CJF?M ;H> AOC>?FCH?M t0,
t0, t#! /CME *H;A?G?HN /CME MM?MMG?HN 1?=BHCKO?M 10,
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1B? L?MOFNM 1@ LCME ;MM?MMG?HN =;H <? MOGG?> OJ CH NQI IONJONM NB;N ;>>L?MM NB?
@IFFIQCHA MN;A?M |@ NL?;NG?HN ;H> =IHNLIF

| NB? LCME JLIoF?
| NB? LCME ;JJ?NCN?

1B? LCME JLIoF? L?IL?M?HNM NB? F?P?F 1@ IP?L;FF ?RJIMOL? 1@ NB? ILA;HCT;NCIH >?0HCHA ClI
; =IGIF?N? Q;S NB? =IGJF?RCNS 1@ NB? LCMEM NI <? G;H;A?> ;H> NB?CL L;HECHA

;==IL>CHA NI NB?CL ?HNCNS ;H> MCAHCo=;H=? M?AG?HN;NCIH @IL ?HNCNC?M ;L?;M @OH=NC
J?IJF? MCN?M IL >?=CMCIH;F F?P?FM ;H> NB? ;=NO;F G?;MOL?M I@ NL?;NG?HN ;H> =IHNLIF
=IGJF?N? NB? JLIoF? 1BCM N;E?M NI NB? ?RIL?MMCIH |@ NB?

| :EBFF CEBVAB? F?P?F I@ ?RJIMOL? NI NB? ?P?HNM QCNBION ;HS G?;MOL? 1@
NL?;NG?HN

| A8G CEBVRB? F?P?F I@ ?RJIMOL? ;==IL>CHA NI NB? G?;MOL?M I@ NL?;NG?HN CH JF;=?
C@ ?s?=NCP? IL HIN

| AS8®HGHES CEBMB2 F?P?F |@ ?RJIMOL? MOLP?S?> ;@N?L ;FF NB? G?;MOL?M |@
NL?;NG?HN ;L? CGIF?G?HN?>

1B? >?0HCNCIH I@ NB? LCME ;JJ?NCN? CM ; E?S ION=IG? |@ NB? ;MM?MMG?HN JLI=?MM IH NB?
IH? B;H>CN CM ;JJLIJLC;N? NI >L;@N CN <?@IL? NB? LCME C>?HNCo=;NCIH QB?L? NB? F?P?F 1@
;==0L;=S |@ ;H;FSMCM =;H ;FMI >?J?H> IH NB? LCME ;JJ?NCN? CNM?F@ IH NB? INB?L CN CM
;<MIFON?FS H?=?MM;LS NI oR CN <?@IL? N;ECHA ;HS >?=CMCIH ;<ION NB? NL?;NG?HN

tH ;HS =;M? NB? LCME ;JJ?NCN? JL?M?HNM NQI >Cs?L?HN >CG?HMCIHM ;==IL>CHA NI NB?
M=1J? 1@ ;H;FSMCM

| G;E84®GIB? NBL?MBIF> F?P?F |@ ?RJIMOL? =IHMC>?L?> ;==?JN;<F? <S NB? ILA;HCT;NCIH
;H> DOMNCo0;<F? CH N?LGM 1@ =IMNM IL INB?L J?L@ILG;H="?

| BCCBEGHAQEBIN NB? ILA;HCT;NCIH CM QCFFCHA NI LCME NI ;=BC?P? NB? <?H?0NM CH
JH;FSMCM =IGJ;L?> QCNB ;FF NB? FIMM?M ?P?HNO;FFS ;LCMCHA @LIG ; @;CFOL?

1B? MI >?0H?> LCME ;JJ?NCN? =;H <? ;>DOMN?> NBLIOAB NB? >?F?A;NCIH |@
L?MJIHMC<CFCNC?M MNL?HANB?HCHA NB? =;J;<CFCNS I@ N;ECHA >?=CMCIHM ;N >Cs?L?HN F?
;==IL>CHA NI =IMN >SH;GC=M
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'3?7@5 450>9D97>

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMZNNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

1B? N;LA?N 1@ NBCM MN;A? CM NB? C>?HNCo=;NCIH I@ ;MM?NM ;H> J?1JF? ?RJIM?> NI NB? LCMEM
;H>NB? C>?HNCo=;NCIH I@ @;=NILM NB;N >?N?LGCH? NB? LCMEM NB?GM?FP?M 1B? >?0HCNCIH I@
NB? M=1J? B;M ; =LCNC=;F CGJILN;H=? CH IL>?L NI ?P;FO;N? CHN?LH;F ;H> ?RN?LH;F

CHpO?H=?M IH NB? ILA;HCT;NCIH
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M NBCM ;H;FSMCM L?KOCL?M L?KOCL?M ; NBILIOAB EHIQF?>A? |@ NB? ?HPCLIHG?HN;F
=IGJIH?HNM <OMCH?”MM G;LE?N JIFCNC=;F MI=C;F ;H>=0OFNOL;F CMMO?M CN B;M NI <?
>?P?FIJ?> @IL ;FF NB? >?=CMCIH G;ECHA F?P?FM MNL;N?AC= N;=NC=;F ;H> 1J?L;NCIH;F ;H>

@IL ;FF NB? MN;E?BIF>?LM $OLNB?LGIL? NB? L?F;NCIHMBCJM QCNB NB? IONJON 1@ NB? MNL;N
JF;HHCHA B;P? NI <? >?N?LGCH?> ;M NB? L?F?P;H=? |@ ; LCME ;H> NB? JLCILCNC?M |@
CHN?LP?HNCIHM =;H <? C>?HNCo07?> IHFS QCNB L?@?L?H=? NI NB? N;LA?NM NI OH=?LN;CHNS QI
NB? ?P?HNO;F CGJ;=N =;H P;LS QC>?FS ;==IL>CHA NI ; JLI1J?L ;MMCAHG?HN ;H>

=IGGCNG?HN 1@ L?MIOL=?M

"?MJCN? NBCM MN;A? CM @IOH> NI <? |@ @OH>;G?HN;F CGJILN;H=? @IL NB? ?s?=NCP?H?MM 1@
NB? INB?LM CH J;LNC=0OF;L @IL NB? C>?HNCo=;NCIH I@ LCMEM CN CM NIl I@N?H ?R?=0N?> QC
CH;JILIILC;N? F?P?F 1@ ;NN?HNCIH IL CN CM HIN >?P?FIJ?> ;N ;FF

&9C; 945>D9031D97?>

P;CF;<F? OH>?IL?;NCP? !IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?”M <S M,;

1B? C>?HNCo=;NCIH |@ LCMEM ;FFIQM NI ;=KOCL? EHIQF?>A? IH JIMMC<F? @ONOL? ?P?HNM
NLSCHA NI G?;MOL? NB? F?P?F |@ ?RJIMOL? I@ NB? ILA;HCT;NCIH 1B? N;LA?N CM NI C>?HNC@S
NB? MCAHCo=;HN MIOL=? 1@ OH=?LN;CHNS CH IL>?L NI >?M=LC<? ;H> JLI;=NCP?FS G;H;A?
>Cs?L?HN M=?H;LCIM 1B? C>?HNCo=;NCIH CM NB? oLMN MN?J ExF2dEtEBVE8 NB?

E<F> 4CC8G3&58B? ILA;HCT;NCIH

1BCM ;=NCPCNS B;M NI <? L?J?;N?> =I[HNCHOIOMFS ;H> =;H <? >CPC>?> CHNI NQI >CMNCH=N
MN;A?M

| CHCNC;F C>?HNCo=;NCIH |@ LCMEM NI <? >?P?FI1J?> @IL ILA;HCT;NCIHM QCNBION ;
MSMN?G;NC=;JJLI;=B NI LCME G;H;A?G?HN tN CM L?KOCL?> NI A;NB?L CH@ILG;NCIH IH
B;T;L>M ;H> NB?CL JIMMC<F? ?PIFONCIHM

| IHAICHA C>?HNCo=;NCIH I@ LCMEM NI OJ>;N? NB? LCME JLIoF? |@ ;H ILA;HCT;NCIH ;H> CNM
L?F;NCIHM N;ECHA CHNI ;==I0HN NB? A?H?L;NCIH |@ H?Q LCMEM IL GI>Co=;NCIHM NI NB?
;FL?,>S C>?HNCo?> IH?M

FF NB? JLI=?MM G;JJCHA N?=BHCKO?M ;L? ?RNL?G?FS OM?@OF NI ;MMI=C;N? ;H> =IHH?=N
LCMEM QCNB ;=NCPCANQ?M 1B? F?P?F 1@ >?N;CF CM >?N?LGCH?> <S NB? H?=?MMCNS 1@
C>?HNC@SCHA NB? MJ?=Co= CGJ;=N ;MMI=C;N?> QCNB LCMEM 1@ ;MMCAHCHA L?MJIHMC<CFC
G;H;A?G?HN ;H> >?0HCHA NB? MO<M?KO?HN ;=NCIHM NI ?HMOL? =IHNLIF

1BCM =;H <? >?P?FIJ?> QCNB NB? MOJJILN |@ ?RN?LH;F =IHMOFN;HNM IL NBLIOAB ; M?F@
sMM?MMG?HN QBC=B C@ =IH>0=N?> QCNB ;>?KO;N? G?NBI>IFIAC=;F NIIFM JLIPC>?M ; <?NN7?L
;Q;L?H?MM I@ NB? JLIoF? ;H>;H OJAL;>? 1@ NB? G;H;A?G?HN MSMN?G

GIHA NB? INB?LM NB? GIMN =IGGIH ;H> QC>?FS OM?> MO==?MM@OFFS N?MN?> CH INB?L
0?F>M ;M @IL G;LE?NCHA ;H> KO;FCNS G;H;A?G?HN ;L?

I N?=BHCKO?M I@ >;N; =IFF?=NCIH ;H> MN;NCMNC-=;F ;H;FSMCM
| N?=BHCKO?M I@ JLI<F?G oH>CHA ;H> JLI<F?G MIFPCHA

| 04,1 ;H;FSMCM ;H> $C?F> $IL=?

| <?H=BG;LECHA QCNB =IGJ?NCNILM IL <?MN CH =F;MM
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1B? L?MOFNM I@ C>?HNCo=;NCIH MBIOF> <? >?P?FI1J?> CH ;H ;JJLIJLC;N? MN;A? |@
>?M=LCJINCIH <S G?;HM 1@ MJ?=Co= CH@ILG;NCIH MOJJILN MSMN?GM C ? ICNE /?ACMN?L
"?J?H>CHA IH NB? M=1J? NB? >I=OG?HN;LS MOJJILN =;H ;MMOG? >Cs?L?HN @ILGM
NI CGJLIP? NB? MB;LCHA |@ CH@ILG;NCIH ;H> CH=L?;M? ?q=C?H=S |@ G;H;A?G?HN
4B;N?P?L NB? MIFONCIH ;>IIN?> @IL NB? >?M=LCJNCIH NBCM B;M NI <? >SH;GC=;FFS
=IGIF?N?> QCNB >;N; =IGCHA @LIG NB? >Cs?L?HN MN;A?M 1@ NB? LCME G;H;A?G?HN
JLI=?MM ;H> OJ>;N?> ;==IL>CHA NI =B;HA?M |@ CHN?LH;F ;H> ?RN?LH;F =IHN?RN tHB?LCNCHA
NB? <?MN JL;=NC=?M ;FL?;>S CH OM? @IL ?HPCLIHG?HN;F ;H> M;@?NS G;H;A?G?HN MSMN?GM
QB?H NB? LCMEM ;L? CH ;HS Q;S L?F;N?> NI L?2AOF;NCIHM C ? 0O;L<;H ,;RF?ShM ;=N ;
IIGJFC;H=? /?ACMN?L B;M NI <? ;MMI=C;N?> NI NB? /CME /?ACMN?L NI ?ZHMOL? NB?
=IH@ILGCNS NI L?KOCL?G?HNM

&9C; 5CD9=1D97?>

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1B? LCME ;MM?MMG?HN B;M NI ?H> OJ QCNB NB? ;MMI=C;NCIH 1@ ; KO;FCN;NCP? IL KO;HNCN;NCP?
G?;MOL? 1@ ;HS LCME CH N?LGM I@ N?=BHC=;F ?=IHIGC= IL oH;H=C;F CHN?HMCNS 1B? =BIC="?

I@ NB? G?NBI>IFIAS CM L?F;N?> NI NB? F?P?F |@ >?N;CFM L?KOCL?> <S NB? =IGJ;LCMIH

;GIHA LCME JLIoF? ;H> LCME ;JJ?NCN? ;H> NI NB? ;P;CF;<CFCNS 1@ >;N; ;H> CH@ILG;NCIH

1B? G?NLC=M =;H L?@~?L NI

| JLI<;<CFCNS 1@ I1==0OLL?H=? ;H> G;AHCNO>? |@ NB? ?s?=NM ;H> CGJ;=NM
| P;FO?;NLCME IL POFH?L;<CFCNS QBC=B CM NB? JIMMC<F? P;FO? 1@ <?H?0NM IL NBL?;NM CH
L?F;NCIH NI NB? =B;L;=N?LCMNC=M I@ NB? ILA;HCT;NCIH

1B? ?MNCG;NCIH |@ LCME =;H <? J?L@ILG?> OMCHA >Cs?L?HN KO;FCN;NCP? KO;HNCN;NCP? IL
GCR?>=LCN?LC; ?;=B QCNB ; >Cs?L?HN F?P?F |@ >?N;CF ;H> L?FC;<CFCNS |@ NB? L?MOFNM 4BCF?
NB? oLMN ;L? =B;L;=N?LCT?> <S ; MNLIHA MO<D?=NCPCNS NB;N IHFS ; BCAB F?P?F |@ ?RJ?LC?H="
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=;H =IGJ?HM;N? NB? M?=IH> H??> B;LGIHCT;NCIH ;H> =IHP?LMCIH |@ NB? M=;F?M ;H> |@

NB? P;FO?M @IOH> 1B? =BIC=? CM ;FMI L?F;N?> NI NB? >?MCL?> IONJON |I@ NB? MN;A? NSJC=:F
; BC?L;L=BC=;F IL>?LCHA I@ NB? LCMEM C>?HNCo0?> ? A MIG? NSJ?M |@ ?RJIMOL?M ;H>
NIF?L;<CFCNS ;L? >?0H?> <S L?AOF;NCIHM ?MJ?=C;FFS @IL M;@?NS ;H> ?HPCLIHG?HN
#R;GIF?M |@ MCGJF? ?P;FO;NCIH =LCN?LC; ;==IL>CHA NI NB? ;FL?;>S G?HNCIH?> L?@7?L?H=?
GI>?F ;L? MBIQH CHL;<F? 1.<F? H> 1:<F?



#::DJ?<?97J?ED
9E:;

7J;=EHO

JH=7D?P7J?ED7B
B:L:B

,B7J;: J7TH=;J

-J7A;>EB:;HI

,,=KB7J?ED

;I9H?FJ?ED

7KL

EDI;GK;D9;l

C;H=;,D90

#D>;H;DJ H?IA

2IATFF;J?J;

. H;7JC;DJ

L1?2:K7B H?IA

EDJHEB

# JE 7IIE9?7J; 7D: 9H,;7J; B?DAI 7CED=
?D<EHC7J?ED

99EH:?D= JE J>; 9B711?<?97J7ED 7:EFJ;:

EHFEH7J; 8KI?D;ll KD?J 1?J3; FHES;II EH
7937L2J7;1 ?DLEBL;:

B7J?ED JE J>; IJH7J;=?9 FB7DD?D= 7D:
59?1?ED7B B;L;B

#DLEBL;C;DJ E< J>; :?<<;H;DJ IJ7A;>EB:;HI

,,B7J?ED JE O9ECFKBIEHO B7MI EH :?H;9J?L;l EH
LEBKDJ7HO FHE9;:K;l H;GK?H;C;DJI

FEII?8B; ;LEBKJ?EDI >7P7H:

?HIJ I;9ED: 7D: J>?H: B;L;B 97KI;l :?H;9J EH
?D:?H;9J

;IOH?FJI?ED E< ?CF79J1 :?H;9J EH ?D:?H;9J

*EJ;DJ?7B ;C;H=;D90 H;B7J;: JE J>; H?IA 7D:
711IE9?7J; FB7DI E< H;9EL;HO

EC8?D7J?ED E< J>; FHE878?B?JO EH <H;GK;D90
E<J>;:L;DJ 7D: J>; ?CF79J EH H;B;L7D9; E<
J>: :<<:9J1

>H;I>EB: B;L;B E< JEB;H7D9; E< J>; IF;97<?9
H?I1A

Table 7.4: Risk register



+IFEDI?8?B?JO E< J>; H?IA 7D: H;B7J;:

') .
,?IA EMD;H 79J7L2J7:

+IFEDI?8?B?JO E< J>; 9EDJHEB 7D: H;B7J;:

EDJHEB EMD;H
79J3?L?J7;1

Table 7.4: Risk register

<?D7D9?7B ?CF79J ED J>; EH=7D?P7J?ED FHE878BO
>?=>HJ>7DNNN V"
"P=> DEJ78B; ?CF79J ED IJH7J;=?;1 EH EF;H7J?EDI E< J>;
EH=7D?P7J?ED"
DEJ78B; ?DLEBL;C;DJ E< J>; IJ7A;>EB:;HI

<?D7D9?7B ?CF79J ED J>; EH=7D?P7J?ED FHE878BO
7CED=000V 7D: NNN V"
?KC H;7IED78B; ?CF79J ED 1JH7J;=?;| EH EF;H7J?EDI E<
J>, EH=7D?P7J?ED "
H;71IED78B; ?DLEBL;C;DJ E< J>; IJ7A;>EB:;HI

<?D7D9?7B ?CF79J ED J>; EH=7D?P7J?ED FHE878BO
BEM;H J>7D OOO V"
&EM B?C?J;: ?CF79J ED 1JH7J;=?;1 EH EF;H7J?EDI E< J>;
EH=7D?P7J?ED"
B?C?J;: ?DLEBL;C;DJ E< J>; IJ7A;>EB:;HI

Table 7.5: Impacts of threats and opportunities
<S MMI=C;NCIH |@ tHMOL;H=? ;H>/CME *;H;A?LM t/*t! % tHMNCNON? |@ /CME

*H;A?G?HN t/* ) /* +;NCIH;F $ILOG @IL /CME *;H;A?G?HN /CME *;H;A?G?HN
ON;H>;L>



07BK; #D:?97JEH

*HE878B; ;L;HO

"P=> O;7H EH ?D CEH;
*HE878B,; J>7D  E<

97151

*HE878B; ?D
:?KC O;7HI EH ?D B;ll
*EIll?8B; J>7D  E<

97151

#CFHEB878B; ?D
&EM O;7HIEH ?D
,,CEJ; B:;11 J>7D E<
971;l

;IOH?FJI?ED

FEII?8B; >7FF;D?D= E< J>;
:L;DJ ?D J>; F;H?E: E<
7D7BOI?lI M?J>C7DO
H;F;J?J?EDI "

?J >7FF;D;: H;9;DJBO

FEII?8B; >7FF;D?D= E< J>;
:L;DJ ?D J>; F;H?E: E<
7D7BOI?I M?J> IEC;
H;F;J?J?EDI "

?7<<?9KBJ?;|1 ?D <EH;9713?D=
7D: 9EDJHEBB78?B?JO "

:7J7 ED F71J ;L;DJI ;N?1J

CEIJBO B?A;BO ?JD;L;H
>7FF;DI "
?JD;L;H >7FF;D;:

Table 7.6: Probability of the event: threats

<S MMI=C;NCIH I@ tHMOL;H=? ;H> /CME *;H;A?LM t/*t! % tHMNCNON? I@ /CME
*H;A?G?HN t/* ) /* +;NCIH;F $ILOG @IL /CME *;H;A?G?HN /CME *;H;A?G?HN

ON;H>;L>



07BK; #D:?97JEH ;IOH?FJI?ED

*HE878B; 9B;7H EFFEHJKD?JO M?J>
"=> 7:L7DJ7=;1 ?D J>; H;7IED78B; 9;HJ7?DJO "
*HEB78B; O;7H EH ?D CEH; JE 79J ?D J>; I>EHJ F;H?E:
J>7D E< 97l M?J> J>; 79JK7B FHE9;II;
. 7IED78B; 79>?:L78B; EFFEHJKD?JO
P 7:L7DJ7=;l ?D J>; J>7J H;GK?H;l 7D 799Kd7J;
,*.I;ZII’>88' O;7H EH 8;0M;;D C7D7=,C;DJ"
Y 7D: E< EFFEHJKD?JO 8;0ED: J>;
9711 FHE=H7CI
FEII?8B; EFFEHJKD?JO
J>7J>71 JE 8; :;;FBO
*E|1?78B;
N7C?D;: "
&EM 7:L7DJ7=;1 ?D J>;
EFFEHJKD?JO M?J> BEM
.CEJ; C?:J;HC EH ?D B;ll
FHE878?B?JO E< IK99;lI
J>7D E< 97l

799EH:?D= JE J>; 79JK7B
H;IEKH9;l ?DLEBL;:

Table 7.7: Probability of the event: opportunities

<S MMI=C;NCIH |@ tHMOL;H="? ;H>/CME *;H;A?LM t/*t! % tHMNCNON? |@ /CME
*H;A?G?HN t/* )/* +;NCIH;F $ILOG @IL /CME *;H;A?G?HN /CME *;H;A?G?HN
ON;H>:L>

&9C; 5F1<E1D9?>

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?”M <S M,;

1B? ?P;FO;NCIH I@ LCMEM JLIPC>?M ; DO>AG?HN =IH=?LHCHA NB? ;==?JN;<CFCNS IL NB? H??>
|@ GCNCA;NCIHM ;==IL>CHA NI NB? =IGJ;LCMIH <?NQ??H NB? LCME JLIoF? ;H> NB? LCME
JJ?NCN? 1B? MN;A? CM ; >?=CMCIH G;ECHA JLI=?MM CH QBC=B C@ NB? LCME CM ;==?2JN;<F? N
sMM?MMG?HN =;H <? N?LGCH;N?> INB?LQCM? CN AI?M IH NI H?RN MN;A? 1@ NL?;NG?HN ;H>
G;H;A?G?HN 11 P?LC@S NB? ;==?JN;<CFCNS ;@N?L NB? CHN?LP?HNCIHM NB? L?MOFNM I@ NB?
GCNCA;NCIHM B;P? NI <? CN?L;NCP?FS =IGJ;L?> NI NB? ?RJ?=N?> N;LA?NM N NBCM MN;A? CN C
JIMMC<F? NI OM? QCNB ;>;JN;NCIH QB?H H?=?MM;LS G?NBI>M ;H> N?=BHCKO?M QC>?FS
N?MN?> CH M;@?NS G;H;A?G?HN

| 18AG -E88 A4?LF<F - 4A7 4H?G -E88 A47?LF<F ;H;FSMCM I@ NB? =0M? ?s?=N
NL?? 1@ NB? LCME JLIoF? 1B? NIJ ?P?HN ;H ?P?HN NB;N CM ;N NB? ?H> @ NB? MB;@N CM
OMO;FFS ; =,0M? 1@ FIMM I@ P;FO? CH NB? ILA;HCT;NCIH L?F;N?> NI ?R=FOMCIH;LS IL
=IH=OLL?HN ?P?HNM I@ ; FIQ?L F?P?F NSJ?
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4<?HES8 &B78F X86GF A4?7LF<F & 4A7 4<?HES8 &B78F X86GF 4A7 E<G<647<GL A47LF<F
& $*#%# CM ; N?2=BHCKO? NB;N ;FFIQM ; KO;FCN;NCP? ;H;FSMCM I@ ; MSMN?G
>?=IGJIMCHA NB? JLI<F?G CH ; BC?L;L=BS 1@ @OH=NCIHM OJ NI ; >?N?LGCH?> F?P?F |@
>?N;CF $IL ?;=B 1@ NB? =IHMNCNO?HNM JIMMC<F? @;CFOL? GI>?M ;>P?LM? ?P?HNM ;L?
C>?HNCo07?> ;H> ;=NCIHM NI ?FCGCH;N? IL L?>0=? NB? ?s?=NM =;H <? =IHMC>?L?>
$*#! ;>>M ; KO;HNCN;NCP? ;MM?MMG?HN |I@ NB? =LCNC=;FCNC?M @IL ?;=B GI>? ;H
CH>?R CM =;F=0F;N?> ;M NB? =IG<CH;NCIH |@ NB? I==OLL?H=? |@ NB? ?P?HN NB? M?P?LCNS
I@ CNM ?s?=NM ;H> NB? >?N?=N;<CFCNS I@ NB? MSGJINIGM
"AMAE7 4A7 (C8E45<?<GL " 1() 4A47?LFKB;FCN;NCP? G?NBI>IFIAS NB;N B;M <INB
>?>0=NCP? M?;L=B @IL =;0M?M ;H> CH>0=NCP? =IHM?KO?H=? ;H;FSMCM ;MJ?=NM 1B?
G?NBI> M??EM @IL NB? LCMEM ;H> 13?L;NCIH;F JLI<F?GM NB;N >?AL;>? MSMN?G
J?L@ILG;H=?M ;H> NB?H oH> MIFONCIHM NI NB? JLI<F?GM C>?HNCo?>
&H?G< 6E<G8E<4 786<F<BA GBB?F <8 A4?7LG<6 "<8E4E6;L )EB6HIIBER A4?LG<6
JEB68FF>?=CMCIH MOJJILN N?=BHCKO?M @IL MIFPCHA =IGJF?R JLI<F?GM CH QBC=B <INB
KO;FCN;NCP? ;H> KO;HNCN;NCP? ;MJ?=NM B;P? NI <? =IHMC>?L?> 1BLIOAB ; BC?L;L=BC=;F
IL H?NQILE GI>?FCHA NB? >?0HCNCIH 1@ ; L;HECHA |@ NB? =LCNC=;F ;MJ?=NM |@ NB?
JLI<F?G CM ?H;<F?> *OFNC =LCN?LC; >?=CMCIH NIIFM ACP? ;H ?s?=NCP? MOJJILN G;CHFS
QB?L? NB? =IHM?KO?H=?M |@ ;H ?P?HN =;H <? <INB JIMCNCP? ;H> H?A;NCP? ;JJFSCHA
=IMN <?H?0N ;H;FSMCM
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ

=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1L?;NG?HN I@ LCMEM GOMN <? >?N?LGCH?> ;@N?L ; oLMN ?P;FO;NCIH ;H> =IGJ;LCMIH |@ NB?
LCME JLIoF? ;H> NB? LCME ;JJ?NCN? 1@ NB? ILA;HCT;NCIH 1B? ;=NCIHM ;LCMCHA @LIG NBCM
>?=CMCIH G;ECHA MN;A? =;H <? =F;MMCo?> ;==IL>CHA NI NB? @IFFIQCHA M=B?G?

GBE@<A4GH5IP? >CMJIM? IL IONMIOL=? QB?L? JIMMC<F? NB? @;=NILM NB;N =;H

=,0M? NB? LCME tN =;H N;E? NB? ILA;HCT;NCIH NI L?@OM? IJJILNOHCNC?M C@ NB? P;FO? ;N
LCME CM BCAB?L NB;H NB? LCME ;JJ?NCN?

GE846?P?FI1J G?;MOL?M I@ GCNCA;NCIH CH IL>?L NI CHN?LP?H? IH NB? P;FO?M |@
MCAHCo=;H=? 1@ NB? LCME L?>0=CHA NB? JLI<;<CFCNS 1@ |1==OLL?H=? JL?P?HNCIH NB?
JIN?HNC;F CGJ;=NM I@ NB? ?s?=NM JLIN?=NCIH IL >?N?LGCHCHA ;=NCIHM 1@ L?MNILCHA
L?=IP?LS ;@N?L >;G;A?M ;L? |I==OLL?> -;MMCHA @LIG JL?P?HNCIH NI JLIN?=NCIH ;H>
L?=IP?LS NB? =;J;<CFCNS I@ =IHNLIFFCHA LCMEM N?H>M NI >?=L?;M? QBCF? CH=L?;MCHA NB?
?RJIMOL? 1@ NB? ILA;HCT;NCIH

GB?8E4G&?IN NB? LCME JLIoF? ;M =IGJ;NC<F? QCNB NB? LCME ;JJ?NCN? CH L?F;NCIH NI
NB? L?MIOL=? CHPIFP?>

GE4AF98H ;HM@7?L NB? CGJ;=NM NI NBCL> J;LNC?M NBLIOAB @IL ?R;GJF? CHMOL;H=?M IL
LCME MB;LCHA ;=NCIHM -IMMC<F? OH=?LN;CH ?s?=NM ;L? =IHP?LN?> CH =?LN;CH J;SG?HNM
ABHGE4?<iB;H=? NQI IL GIL? LCME @IL ?R;GJF? CH=L?;MCHA NB? HOG<?L I@ OHCN
?RJIM?> MINB;N NB?S =;H =;H=?F ?;=B INB?L

G4>8&5;8 BCCBEGHAQBRH >?P?FIJCHA ;=NCIHM |I@ NL?;NG?HN IJJILNOHCNC?M 1@

JIMCNCP? CGJ;=NM =;H <? C>?HNCo0?> ;H> ?RJFIL?>
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1B? E?S N;LA?N 1@ NB? L?PC?Q MN;A? CM NI GIHCNIL NB? =B;HA?M CH NB? LCME JLIoF? ;H> CH
NB? LCME ;JJ?NCN? 1@ NB? ILA;HCT;NCIH ;H> NI JLIPC>? ;MMOL;H=? NI ;FF MN;E?BIF>?LM NB;N
NB? LCME G;H;A?G?HN JLI=?MM CM ;JILIILC;N? NI NB? =IHN?RN ?s?=NCP?FS ;H> ?g=C?HNFS
CGIF?G?HN?>

1B? @L?KO?H=S |@ NB? L?PC?Q MBIOF> <? >?N?LGCH?> >?J?H>CHA IH NB? =B;L;=N?LCMNC=M I
NB? LCME G;H;A?G?HN MSMN?G NI ?R?=0ON?

| 4 E8I<8J B9 G;8 E<ANFP?LC@S NB? ?PIFONCIH I@ ;FL?;>S ?RCMNCHA LCMEM ;H> NB? ;LCM? |
H?Q LCMEM ;MM?MMCHA NB?CL ?HNCNS

| 4 E8I<8J B9 G;8 E<F> @4A4:8@8AG CEBBBHMOL? NB;N ;FF ;=NCPCNC?M ;L? OH>?L
=IHNLIF ;H> NI >?N?=N =B;HA?M CH NB? MNLO=NOL? |@ NB? JLI=?MM

(85 3?>DB?< CICD5=

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

1B? =IH=?JNO;F J;NB NB;N =B;L;=N?LCT?M NBCM ;JJLI;=B NI LCME G;H;A?G?HN CM MNLC=NFS
L?F;N?> NI NB? ?RCMN?H=? |@ ;H CH>CMMIFO<F? =IHH?=NCIH <?NQ??H LCMEM ;H> =IHNLIFM
*IMN =OLL?HN =IHNLIF MSMN?GM L?=IAHCT? NB? LCME ;M J;LN |@ NB? =ILJIL;N? AIP?LH;H="?
NB;N B;M NI <?

| =IHNCHOIOM CHN?AL;NCHA =IHNLIF CH NB? >?=CMCIH G;ECHA JLI=?MM?M

| J?LP;MCP? MJL?;>CHA NB? LCME G;H;A?G?HN ;N ;FF >?=CMCIH;F F?P?FM

| @ILG;FCT?> NBLIOAB NB? OM? |@ =F?;L ;H> MB;L?> G?NBI>IFIAC?M

I MNLO=NOL?> NBLIOAB NB? ;>IINCIH I@ MOCN;<F? ILA;HCT;NCIH;F MIFONCIHM

1B? =IHNLIF MSMN?G NL;>CNCIH;FFS L?JL?M?HNM ; L?;=NCP? ;JJLI;=B CH L?MJIHM? NI

>P?LM? ?P?HNM @L;AG?HN?> CH >Cs?L?HN ;L?;M ;H> |==;MCIH;F @L?KO?H=C?M $LIG ;
MN;H>;L.>>CG?HMCIH A?H?L;FFS FCGCN?> NIl oH;H=C;F LCMEM IL CHN?LH;F ;O>CN CN B;M NI
?PIFP? NIQ;L>M ; JLI;=NCP? =IHNCHOIOM JLI=?MM L?MOFNM ILC?HN?> ;H> QCNB QC>?MJL?;>
L?MJIIHMC<CFCNS 1B? =B;FF?HA? @IL G;H;A?G?HN CM NI >?N?LGCH? ; MOMN;CH;<F? ;GIOHN |@
OH=7LN;CHNS NI =L?;N? P;FO? CH L?F;NCIH NI NB? L?MIOL=?M ;MMCAH?> @;=CHA ; =IMNM ;H>
<?H?0NM NL;>? Is QB?L? NB? G;LACH;F =IMN 1@ =IHNLIF CM HIN AL?;N?L NB;H NB? <?H?0N
I<N;CH?>

1B? G;CH =IGJIH?HNM 1@ NB? =IHNLIF MSMN?G =;H <? MOGG;LCT?> ;M @IFFIQM

| 6BAGEBARI<EBA@S8ATGN CM NB? <;M? |@ NB? QBIF? MSMN?G 1@ =IHNLIFM ;M CN >?N?LGCH?M
NB? M?HMCNCPCNS F?P?F |@ G;H;A?G?HN ;H> MN;s IH NB? ?R?=ONCIH |@ JLI=?MM?M 1B?
;>IINCIH ;H> >CMM?GCH;NCIH 1@ =I>?M |@ ?NBC=M ;H> P;FO?M JIFC=C?M ;H>
G;H;A?G?HN MNSF? NB? >?0HCNCIH |@ ; =F?;L ILA;HCT;NCIH;F MNLO=NOL? ;H>
L?MJIHMC<CFCNC?M CH=FO>CHA MJ?=Co=<I>C?M |@ CHN?LH;F =IHNLIF NB? >?P?FIJG?HI
JLI@?MMCIH;F MECFFM |@ BOG;H L?MIOL=?M ;L? NB? ?F?G?HNM NB;N =IHMNCNON? NBCM
?HPCLIHG?HN
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| 6BAGEB? 46G<I<GBk8M NB? IJ?L;NCIH;F =IGJIH?HN 1@ NB? =IHNLIF MSMN?G =IHoAOL?>
iM; M?N 1@ CHCNC;NCP?M ;H> JLI=?>0L?M NI <? ?R?=0ON?> <INB IH JLI=?MM ;H>
CHN?L@;=?M NI L?>0=? <OMCH?MM LCMEM NI ; L?;MIH;<F? F?P?F ?HMOLCHA NB?
;=BC?P?G?HN I@ NB? N;LA?NM

| CH@ILG;NCIH ;H>=IGGOHC=;NCIH ; MNLO=NOL?> CH@ILG;NCIH MSMN?G ;N ;FF F?P?FM
?H;<F?M NB? =IHNLIF IH JLI=?MM?M L?=IGJIMCHA pIQM G;H;A?> <S >Cs?L?HN
MO<MSMN?GM ;H> ;JJFC=;NCIHM NB;N H??> NI <? CHN?AL;N?> >?KO;N? CH@ILG;NCIH
MSHNB?NC=;H> NCG?FS GOMN <? JLIPC>?> NI ;FFIQ NB? ?R?=ONCIH I@ ;=NCPCNC?M N;ECHA
L?MJIHMC<CFCNC?M ;H> ?HMOLCHA GIHCNILCHA

| @BA<GBE<@N CM NB? =I[HNCHOIOM MOJ?LPCMCIH ;H> J?LCI>C= ?P;FO;NCIH 1@ NB?
J?L@ILG;H=?M |@ NB? =IHNLIF MSMN?G 1B? M=1J? ;H> N?=BHCKO?M |@ GIHCNILCHA
>?J?H> IH NB? L?MOFNM 1@ NB? LCME ;MM?MMG?HN ;H> IH NB? ?s?=NCP?H?MM I@ NB?
JLI=?>0L?M CH IL>?L NI 7HMOL? NB;N NB? =IHNLIFM ;L? CH JF;=? NI ?q=C?HNFS L?>0="
NB? LCMEM
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

ON BIQ =;H ILA;HCT;NCIHM >?;F QCNB NBIM? NSJ?M 1@ LCMEM A?H?L;FFS OHEHIQH ;H> HIN
JL?>C=N;<F? 1B? ;HMQ?L =IG?M @LIG ; >Cs?L?HN ECH> |@ MNL;N?AC=PCMCIH NB;N CM HIN IHFS
<;M?>I|H NB? ;H;FSMCM 1@ C>?HNCo?> LCMEM <ON FIIEM ;N NB? JIMMC<F? GI>?M |@ >CMLOJNCIH
|@ JLI=?MM?M L?A;L>F?MM 1@ NB? =;0M? $IL ?R;GJF? IH=? >?0H?> NB? FIACMNC=M
>CMNLC<ONCIH ;M ; E?S @;=NIL @IL NB? MO==?MM I@ NB? <OMCH?MM SIO =;H ?P;FO;N? BIQ NI
L?=IP?L ;HS FCHE L?A;L>F?MM 1@ NB? MJ?=Co= L?;MIHM 1@ CHN?LLOJNCIH

1B? OMCH?MM !IIHNCHOCNS *;H;A?G?HN CM ;H ;JJLI;=B A?H?L;FFS OM?> CH =;M? |@
JIMMC<F? M?LCIOM =IHM?KO?H=?M L?F;N?> NI =LCMCM IL ?G?LA?HHEA;HCT;NCIH

NB;N ?P;FO;N?M NB? ?s?=NM 1@ >;G;A? NI ; Q;L?BIOM? =;0M?> <S ; MO>>?H MNILG IL

>?0H?M ;=NCIHM @IFFIQCHA NB? @;CFOL? |@ ; J;LNH?L CM J?L@ILGCHA LCME G;H;A?G?HN
QB?H CN ;LL;HA?M MNLO=NOL?> ;=NCIHM L?F;N?> NI NB? OH;P;CF;<CFCNS 1@ ; Q;L?BIOM? IL ;
JLIPC>?L GIP?M OJ NI NB? F?P?F |@ OMCH?MM !IHNCHOCNS *;H;A?G?HN ;H> CNM G;CH
@7?;NOL?M

| ;H;FSMCM ;H> C>?HNCo=;NCIH 1@ NB? ?F?G?HNM 1@ NB? ILA;HCT;NCIH NB;N G;S <?
MO<D?=N NI CHN?LLOJNCIH OH;P;CF;<CFCNS ;H> L?F;N?> ?s?=NM

| >?0HCNCIH I@ ;=NCIH JF;HM ;H> JLIAL;GM NI <? CGIJF?G?HN?> QB?H ;H ?F?G?HN CM
GCMMCHA NI ?HMOL? NB? =IHNCHOCNS I@ G;N?LC;F ;H> CH@ILG;NCIH pIQM IL L?=IP?L ;M
KOC=EFS ;M JIMMC<F?

| GIHCNILCHA I@ JLI=?MM?M NI ;HNC=CJ;N? JIMMC<F? =LCM?M IL NI MN;LN ?G?LA?H=S JF;HM

I ?MN;<FCMBG?HN I@ MSMN?G;NC=N?MN I@ L?=IP?LS JF;HM

| IH=? L?=IP?L?> MNLO=NOL?> ;H;FSMCM I@ ?P?HNM NI ?P;FO;N? NB? MO==?MM |I@ NB?
CHCNCGC;NCP?M NB? ?q=C?H=S |@ NB? JF;HM ;H> NB?CL L?PCMCIH

LCNCMB ON;H>;L>tHMNCNON? -0 %OC>? NI OMCH?MM !I[HNCHOCNS *;H;A?G?HN Ot

B;LN?L?> *H;A?G?HN tHMNCNON? OMCH?MM !IHNCHOCNS *;H;A?G?HN !*t

"?J;LNG?HN I@ 1L;>? ;H> tH>OMNLS tH@ILG;NCIH 0?=OLCNS 2H>?LMN;H>CHA OMCH?MM IIHNCHOCNS
*'H;A?G?HN ON;NCIH?LS ,q=?
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1B? OMCH?MM !ITHNCHOCNS *;H;A?G?HN ;==IGJ;HC?M ILA;HCT;NCIHM >OLCHA >CM;MN?L
L?=IP?LS I@ OH?RJ?=N?>LCMEM J;LNC=0OF;LFS L;L? ;H> QCNB BCAB G;AHCNO>?M |@ NB?
?s?=NM QB?L? NB? IJ?L;NCIHM GOMN <? =;LLC?> 10N QCNB NB? ONGIMN MJ??> ;H>
?s?=NCP?H?MM #P?HNM MO=B ;M NB? ?;LNBKO;E? CH (I<? “J;H CH NB;N =;,0M?>

GIL? NB;H >?;NBM >?GIFCMB?> <OCF>CHAM =FIM?> NB? G;DIL JILNM I@ NB?

=IOHNLS @IL NQI GIHNBM B;PCHA ; A?H?L;F CGJ;=N IH CH>OMNLC?M @IL GIL? NB;H

<CFFCIH >IFF;LM =;H ?;MCFS <? JL?M?HN?> @IL ?R;GJF?M |@ >CM;MN?LM N NB? M;G? NCG?
;FMI GO=B MG;FF?L ?P?HNM =;H <? L?=IAHCT?> ;M ; >CM;MN?L @IL MG;FF ;H> G?>COG MCT?>
?HN?LILCM?M MO=B ;M NB? FIMM 1@ ; E?S =OMNIG?L ; BOA? =L?>CN HIN =IFF?=N?> ; QLIHA
CH>OMNLC;F CHCNC;NCP? ; @;CFOL? I@ NB? JLI>O=NCIH MSMN?G IL NB? <L?;E>IQH 1@ ;
L?F;NCIHMBCJ QCNB ; J;LNH?L IH >IFF;LM NB? INB?L GO=B MG;FF?L ?P?HNM ;FMI =;H <?
L?=IAHCT?> ;M ; >CM;MN?L @IL MG;FF ;H> G?>COG MCT?> ?HN?LJLCM?M MO=B ;M NB? FIMM |@
E?S =OMNIG?L ; BOA? =L?>CN HIN =IFF?=N?> ; QLIHA CH>OMNLC;F CHCNC;NCP? ; MSMN?G @;C
IL <L?;E>IQH 1@ ; L?F;NCIHMBCJ QCNB ; J;,LNH?L tH NB? M;G? Q;S ;HS FIMM L?F;N?> NI ;

@;CFOL? |@ ;H CH@L;MNLO=NOL? =;H A?H?L;N? ;>P?LM? ?s?=NM ;M Q?FF ;M ;H CH=ILL?=N
>?0HCNCIH |@ MNL;N?AC= JLI=?MM?M IL NB? CH>CM=LCGCH;N? ;H> OH=IIL>CH;N?> CHNLI>O=NC
@ H?Q G?NBI>M MO=B ;M DOMN CH NCG? NB? G;DILCNS |I@ H?A;NCP? ?P?HNM =IG? @LIG
G;H;A?LC;F GCMN;E?M NB;N =IOF> <? ;PIC>?> L;NB?L NB;H @LIG NB? ?s?=NM |@ L?;F ;H>
OH?RJ?=N?> ?G?LA?H=C?M

L?=IP?LS JF;H GOMN NB?L?@IL? G??N NB? @IFFIQCHA L?KOCL?G?HNM

| ?HMOL? NB? JBSMC=;F CHN?ALCNS I@ ?GJFIS??M =OMNIG?LM PCMCNILM ;H> CH ;HS =;M?
MO<D?=NM CHN?L;=NCHA QCNB =OLL?HN ;=NCPCNC?M

I JLIN?=N ;M GO=B ;M JIMMC<F? @;=CFCNC?M ;H> L?MIOL=?M NI ?HMOL? ; L;JC> L?=IP?LS

| CGJIF?G?HN JLI=?>0OL?M NI L?MNIL? ; GCHCGOG F?P?F |@ M?LPC=? QBCF? L?>0=CHA NB?
CGJ;=NIH NB? ILA;HCT;NCIH

I QILE QCNB J;LNH?LM NI L?>?0H? NB? ;JJLIJLC;N? M?LPC=?M IH=? L?ILA;HCT?> NB?
CHN?LH;F ;=NCPCNC?M CN CM H?=?MM;LS NI M??E IONMC>? NI ;MM?MM NB? ?s?=NM ;H>
=IHM?KO?H=?M I@ ;=NCIHM N;E?H

| L?NOLH ;FF JLI=?MM?M NI J?L@ILG;H=? MN;H>;L> CH NCG? ;H> ;N L?;MIH;<F? =IMN NB?
MJ??> QCNB QBC=B NB? L?J;CLM GOMN <? =,LLC?> |ON CM <;F;H=?> QCNB NB? ;MMI=C;N?>
=IMNM
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

1B? G;CH ;>P;HN;A?M NB;N =IGJ;HC?M =I0F> I<N;CH @LIG #HN?LJLCM? /CME *;H;A?G?HN
Q?L? >??JFS CHP?MNCA;N?> CH NB? M?=NCIHM ;<IP? HSQ;S NBCM HIP?F ;JJLI;=B =IOF>
JL?M?HN MIG? >Cg=0OFNC?M =IGGIH NI G;HS <OMCH?MM?M L?F;N?> NI NB? ;<M?H=? 1@ ;
=OFNOL? 1@ MNL;N?AC= JF;HHCHA ;CG?> ;N JL?P?HNCIH L;NB?L NB;H L?MJIHM? NI ; A?H?L;F
F,=E 1@ JLI@?MMCIH;FM ;H> 1@ ;JILIJLC;N? NIIFM =;J;<F? NI L?;FFS CHN?AL;N? JLI=?MM?M
ON QBCF? =IGJF?RCNS CM <?=IGCHA ; J;,LN I@ NB? =ILJIL;N? AIP?LH;H=? MSMN?G
;<MIL<CHA ; AL?;N ;GIOHN I@ NCG? ;H> L?MIOL=?M NB? H??> @IL =IGJ?NCNCP?H?MM
L?KOCL?M ; MJ?=Co= ;NN?HNCIH NI J?L@ILG;H=?M ;H> L?MOFNM H?Q ;NNCNO>? |@
ILA;HCT;NCIHM NIQ;L>M LCME M?HMCNCP? ;L?;M ;<F? NI ZHMOL? NB? =IIL>CH;NCIH ;GIHA ;FF
CNM =IGJIH?HNM B?FJM NI NL;HM@ILG NB? G;H;A?G?HN |@ LCME @LIG ; =IMN @;=NIL NI ;H
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P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HMENNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M,;

F<?LNI /?A;NNC?LE> %COFC; O;HN;L?FFC
89"t+f"?J;LNG?HN |@ tH>OMNLC;F #HACH??LCHA 2HCP?LMCNS I@ IFIAH; IFIAH; tN;FS

89106 f "2J;:LNG?HN 1@ *;H;A?G?HN ;H> #HACH??LCHA 2HCP?LMCNS I@ -;>IP; -;>IP;
tN;FS

S>DB?4E3D9?7>

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1B? =B;JN?L @I|=OM?M IH NB? ;H;FSMCM I@ NB? CGJ;=N |I@ J;=E;ACHA CH ,J?L;NCIHM
*H;A?G?HN ,* ;FIHANB? QBIF? MOJJFS =B;CH 1B? JLI>O=N J;=E;ACHA MSMN?G C ?

JLCG;LS M?=IH>;LS ;H> N?LNC;LS J;=E;A?M ;H> ;==?MMILC?M CM BCABFS L?F?P;HN CH NB?
MOJJFS =B;CH ;H> CNM CGJILN;H=? CM ALIQCHA <?=;0M? |@ NB? H?=?MMCNS NI GCHCGCT? =IV
L?>0=? NB? ?HPCLIHG?HN;F CGJ;=N ;H>;FMI >0? NI NB? >?P?FIJG?HN 1@ Q7?< IJ?L;NCIHM

C ? ?F?=NLIHC==IGG?L="

NSJC=;F MOJJFS =B;CH CM ;H ?H> NI ?H> JLI=?MM QCNB NB? G;CH JOLJIM? |@ JLI>O=NCIH
NL;HMJILN;NCIH ;H>>CMNLC<ONCIH I@ JLI>O=NM tN CM L?F;NCP? NI NB? JLI>O=NMh GIP?G?HN
HILG;FFS @LIG NB? MOJJFC?L NI NB? G;HO@;=NOL?L >CMNLC<ONIL L?N;CF?L ;H> oH;FFS NB?
?H>=IHMOG?L FF JLI>O=NM GIP?> ;L? =IHN;CH?> CH J;=E;A?M ;H> @IL NBCM L?;MIH NB?
;H;FSMCM |@ NB? JBSMC=;F FIACMNC=M pIQM ;H> NB? LIF? |I@ J;=E;ACHA CM ; P?LS CGJILN;HN
CMMO? @IL NB? >?0HCNCIH ;H>>?MCAH |@ G;HO@;=NOLCHA JLI=?MM?M CGJLIP?G?HN 1@
F;SION ;H> CH=L?;M? CH =IGJ;HC?Mh ?q=C?H=S

tH L?=?HN S?;LM =IGJ;HC?M B;P? MN;LN?> NI =IHMC>?L J;=E;ACHA ;M ; =LCNC=;F CMMO? tN CM
H?=?MM;LS NI ;H;FSM? NB? J;=E;A?Mh =B;L;=N?LCMNC=M ? A MB;J? G;N?LC;FM NL;HMJILN

?N= CH IL>?L NI CGJLIP? NB? J?L@ILG;H=? 1@ =IGJ;HC?M ;H> GCHCGCT? NB?CL =IMNM
-,=E;ACHA =IH=7?LHM ;FF ;=NCPCNC?M |@ ; =IGJ;HS @LIG NB? JOL=B;MCHA I@ L;Q G;N?LC;FM

NI NB? JLI>O=NCIH ;H> M;F? |@ oHCMB?> JLI>O=NM ;H>>OLCHA NL;HMJILN ;H> >CMNLC<ONCIH

tH IL>?L NI G;H;A? NB? ;=NCPCNC?M >CL?=NFS FCHE?> QCNB NB? G;HO@;=NOLCHA I@ JLI>O=NNM
;H>=IHM?KO?HNFS QCNB NB? J;=E;ACHA MSMN?G NB? ,* >CM=CJFCH? CM >?0H?> tN CM
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L?MJIIHMC<F? @IL =IFF?=NCHA P;LCIOM CHJONM ;H> =I[HP?LNCHA NB?G CHNI >?MCL?> IONJONM
NBLIOAB 13?L;NCIHM

[?=?HNFS GIL? ;H> GIL? =IGJ;HC?M B;P? MN;LN?> NI OM? Q?< IJ?L;NCIHM #F?=NLIHC=
=IGG?L=? ? =IGG?L=? CM NB? GIMN JLIGCMCHA ;JJFC=;NCIH I@ CH@ILG;NCIH N?=BHIFIAS
QCNH?MM?> CH L?=?HN S?;LM tN CM L?PIFONCIHCMCHA MOJJFS =B;CH G;H;A?G?HN ;H> B;M
?HILGIOM JIN?HNC;F @IL G;HO@;=NOLCHA L?N;CF ;H> M?LPC=? IJ?L;NCIHM 1B? LIF? |@
J;=E;ACHA =B;HA?M QCNB NB? CH=L?;M? CH NB? OM? 1@ ? =IGG?L=? @LIG NB? NL;>CNCIH;F
iIMBIJ QCH>IQj CN B;M <?=IG? ; G?;HM I@ CH@ILG;NCIH ;H> =IHN;CHG?HN 1@ JLI>O=NM

1B? JOLJIM? 1@ NB? =B;JN?L CM NI <LC?pS >?M=LC<? : GI>?F |@ ,* >CM=CJFCH? OM;<F? NI
BCABFCABN NB? LIF? 1@ J;=E;ACHA ;FIHA NB? MOJJFS =B;CH >?M=LC<CHA >Cs?L?HN
CGJFC=,NCIHM 1@ ;H 2q=C?HN JLI>O=N J;=E;ACHA MSMN?G @IL MO==?MM@OF G;H;A?G?HN |@
1J?L;NCIHM -LNC=OF;L :NN?HNCIH CM J;:C> NI NB? LIF? I@ JLI>O=N J;=E;ACHA CH GI>?LH

Q?< 1J?L;NCIHM

1B? =B;JN?L CM ILA;HCM?> ;M @IFFIQM 0?=NCIH JL?M?HNM ; <LC?@ >?M=LCJINCIH 1@ ,* CH
IL>?L NI ?HA;A? NB? NIJC= 1@ J;=E;ACHA 1B? J;=E;ACHA FIACMNC=M MSMN?G CM >?M=LC<?> CH
0?=NCIH <?@IL? JL?M?HNCHA ?RJ?LCG?HN;F L?MOFNM I@ MNO>C?M >?;FCHA QCNB J;=E;ACHA
J?L=?JNCIH <S <INB =IGJ;HC?M ;H> =OMNIG?LM*IL?IP?L 0?=NCIH CHNLI>O=?M NB?

J;=E;ACHA FIACMNC=M MSMN?G ;FMI CH=FO>CHA NB? ;H;FSMCM I@ NB? LIF? |@ J;=E;ACHA CH *
;H>; >?M=LCJINCIH 1@ ; =IGJF?N? G;NB?G;NC=;F GI>?F @IL NB? ?P;FO;NCIH I@ NIN;F

J;=E;ACHA =IMN CM JL?M?HN?> 0?=NCIH JL?M?HNM <;=EALIOH> ;<ION GI>?LH ?

=IGG?L=? ;H> CNM L?F;NCIHMBCJ QCNB ,* -;=E;ACHA ;H> ? =IGG?L=? =IHH?=N?> QCNB

¥ CM >?M=LC<?> CH 0?=NCIH ;H>;=M? MNO>S IH J;=E;ACHA ? =IGG?L=? CH IJ?L;NCIHM

CM ;H;FSM?>CH 0?=NCIH $CH;FFS NB? =IH=FOMCIH ;H> @OLNB?L L?M?;L=B ;L? JL?M?HN?>

#@5B1D9?>C =1>175=5>D 9> 2B956

P;CF;<F? OH>?IL?;NCP? IGGIHM 0B;L? FCE? tHN?LH;NCIH;F )C=?HM&NNJ
=L?;NCP?=IGGIHM ILA FC=?HM?M <S M;

1B? <LC?@ CHNLI>O=NCIH NI ,* Q;HNM NI CHNLI>0O=? NB? CGJILN;HN LIF? |@ J;=E;ACHA CH ;FF
;=NCPCNC?M 1@ ; =IGJ;HS 1BCM M?=NCIH QCFF >?M=LC<? ; GI>?F |@ ,* >CM=CJFCH? NB;N NB?
;ONBILM B;P? N;E?H ;M ; L?@7?L?H=? @IL >?;FCHA QCNB NB? J;=E;ACHA NIJC=

==IL>CHA NI "L?D?L ?N ;MNB? i0=C?HNCo= *;H;A?G?HN;j ;JJLI;=B NI CH>OMNLC;F

?HACH??LCHA >?P?FI1J?> <S $L?>?LC=E 1;SFIL CH NB? M CM QC>?FS L?A;L>?> ;M NB? <;MCM
IHQBC=B ,* ;M ; >CM=CJFCH? CM @IOH>?> 1BCM ;JJLI;=B CHPIFP?> L?>0=CHA ; MSMN?G NI
CNM MCGJF?MN ?F?G?HNM ;H;FSMCHA NB?G ;H> =;F=0OF;NCHA BIQ NI CGJLIP? ?;=B ?F?G?HN

¥ CM NB? G;H;A?G?HN @OH=NCIH ;JJFC?> NI G;HO@;=NOLCHA M?LPC=? CH>OMNLC?M ;H> HI
JLION ILA;HCT;NCIHNH> CM L?MJIHMC<F? @IL ;FF ;=NCPCNC?M >CL?=NFS =IH=?LH?> QCNB G;ECHA
; JLI>O=N =IFF?=NCHA P;LCIOM CHJONM ;H> =IHP?LNCHA NB?G CHNI >?MCL?> IONJONM NBLIOAB

4;N?LM " |, J?L;NCIHM G;H;A?G?HN f -LI>O=CHA AlI>M ;H> M?LPC=?M >>CMIH 4?MF?S ?>M %L?;N LCN;CH

/?A;NNC?LC  ,FMMIH  O;HN;L?FFC % *HTCHC/ H ?GJCLC=;F MOLP?S IH J;=E;ACHA J?L=?JNCIH @IL tN;FC;H =IGJ;HC?M ;H>;
=IGJ;,LCMIH QCNB 0Q?>CMB MCNO;NCIH -LI=??>CHAM |@ NB? NB +,$,* IH@?L?H=? 'OH? 10OLEO $CHF;H>

/?2A;NNC?LC  O;HN;L?FFC % ;H> ,FMMIH 1B? !OMNIG?LMh -?L=?JNCIH I@ -LCG;LS -;=E;ACHA ; lIGJ;LCMIH <?NQ??H tN;FC;H
;H>0Q?>CMB OCNO;NCIHM -LI=??>CHAM I@ NB? NBt-/t 4ILF>-;=E;ACHA lIH@?L?H=? 'OH?  0O;H)OCM ,<CMJI

I'FC@ILHC;

"L?D?L  F;=EGIH( 3IMM! 4ILF>M;J;LN f FIIE ;N NB? IJ?L;NCIHM G;H;A?G?HN ;L?; CH NB? 20 2(;H>

0=;H>CH;PC; 0=;H>CH;PC;H'IOLH;F 1@ *;H;A?G?HN

4;FF?L") ,J?L;NCIHM G;H;A?G?HN ; MOJJFS =B;CH ;JJLI;=B H>?>CNCIH 1BIGIJMIH ?> )IH>IH
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IJ?L;NCIHM 1BOM ,* CH=FO>?M CHJONM IONJONM ;H> IJ?L;NCIHM #R;GJF?M |I@ CHJONM
GCABN <? L;Q G;N?LC;FM GIH?S J?IJF? G;=BCH?M ;H>NCG? ,ONJONM ;L? All>M

M?LPC=?M MN;s Q;A?M ;H> Q;MN? G;N?LC;FM ,J?L;NCIHM CH=FO>? ;=NCPCNC?M MO=B ;M
G;HO@;=NOLCHA ;MM?G<FS J;,=ECHA M?LPCHA ;H>NBZHCHNCIHM =H <? |@

NQI =N?AILC?M NBIM? NB;N ;>> P;FO? ;H> NBIM? QCNB HI ;>>?7> P;FO? 1B? oLMN =;N?AILS
CH=FO>?M NB? JLI>O=N JLI=?MMCHA MN?JM ? A 13?L;NCIHM NB;N NL;HM@ILG L;Q G;N?LC;FM
CHNI All> JLI>O=NM 1B? M?=IH> =;N?AILS CM ;=NO;FFS ; ECH> 1@ Q;MN? 4;MN? =IHMCMNM 1@
;FF OHH?=?MM;LS GIP?G?HNM @IL =IGIJF?NCHA ;H IJ?L;NCIH QBC=B MBIOF> NB?L?@IL? <?
?FCGCH;N?> #R;GJF?M 1@ NBCM ;L? Q;CNCHA NCG? JCFCHA JLI>O=NM L? FI;>CHA ;H>
GIP?G?HNM *IL?IP?L CN CM CGJILN;HN NI OH>?LFCH? LCABN @LIG NB? MN;LN NB;N NB?
J;=E;ACHA MSMN?G =;H L?JL?M?HN ; MIOL=? I@ Q;MN? <ON ;N NB? M;G? NCG? ; JIMMC<F?
MIOL=? 1@ 1JJIILNOHCNC?M ?@IL? Q;MN? NI ?H?LAS MIFONCIHM @IL ?R;GJF? CN CM JIMMC<F?
NI =IHMC>?L NB? OM? |@ L?=S=F?> J;=E;A?M @IL MBCJJCHA JLI>O=NM 1B? M;G? J;=E;A?

G;S <? OM?> GIL? NB;H IH=? @IL ?R;GJF? C@ ; JLI>O=N CM M?HN <;=E <S NB? =IHMOG?L

NB? JLI>O=N J;=E;A? =IOF> <? OM?> @IL NB? H?RN MBCJG?HN

F = H<? PC?Q7?> ;M NB? NIIF <?BCH> NB? N?=BHC=;F CGJLIP?G?HNM NB;N G;E?

JLI>O=NCIH ?q=C?HNN G;S CH=FO>? NBL?? J?L@ILG;H=? ;CGM ?q=C?H=S ?s?=NCP?H?MM
;H>=OMNIG?L M;NCM@;=NCIH 4B?NB?L NB? ILA;HCT;NCIH CM CH NB? JLCP;N? IL NB? JO<FC=
M?=NIL ; G;HO@;=NOLCHA IL HIH G;HO@;=NOLCHA ILA;HCT;NCIH ; JLIoN IL ; HIH JLIoN
ILA;HCT;NCIH NB? IINCG;F ONCFCT;NCIH 1@ L?MIOL=?M CM ;FQ;SM ; >?MCL?> I<D?=NCP?
==IL>CHA NI 4;N?LM ,* =;H CGJLIP? ?q=C?H=S 1@ ;H IJ?L;NCIH MSMN?G NI >| NBCHAM

LCABN ;H> ;M ; <LI;>?L =IH=?JN #s?=NCP?H?MM CHPIFP?M IINCG;FCNS CH NB? @OFoFG?HN 1@
GOFNCJF? I<D?=NCP?M QCNB JIMMC<F? JLCILCNCT;NCIH QCNBCH NB?G CN L?@?LM NI >ICHA I
LCABN NBCHAM Q?FF NB? LCABN 1J?L;NCIH LCABN KO;HNCNS LCABN KO;FCNS LCABN MOJJFC
NCG? LCABN JF;=? ;H>LCABN JLC=? 1B? ,* MSMN?G B;M NI <? HIN IHFS JLIoN;<F? ;H> IL
?0=C?HN <ON GOMN H?=?MM;LCFS M;NCM@S =OMNIG?LM

==IL>CHA NI (F?CH@IL@7?L ?NNB? NIIFM ;H> ?F?G?HNM I@ NB? G;H;A?G?HN MSMN?G
H??> NI <? CHN?AL;N?> QCNB =IGJ;HS MNL;N?AS 1B? FI=OM I@ NB? =IHNLIF ;H>
G?NBI>IFIAS |@ NB?M? NIIFM ;H> G;H;A?G?HN MSMN?GM CM >CL?=NFS ;MMI=C;N?> QCNB
1J?L;NCIHM 4CNB NB? ALIQCHA L?;FCT;NCIH I@ NB? CGJ;=N |@ NB?M? CHHIP;NCIHM IH
=OMNIG?LM ;H> JLIoN 1J?L;NCIHM <?A;H NB?CL NL;HM@ILG;NCIH @LIG ; iIH?AF?=N?>
MN?JMCMN?L H??>?> NI MOJJILN G;LE?NCHA ;H> oH;H=? NI ; =B?LCMB?> B;H>G;C>?H |@
P;FO? =L?;NCIH;j

==IL>CHA NI &GG?L ;Q;P? 1@ =B;HA? <?A;JHCHNB? M =;FF?> OMCH?MM -LI=?MM
[??HACH??LCHA /- -/ JLIPC>?> <?H?0NM NI HIH G;HO@;=NOLCHA JLI=?MM?M <S

4;N?LM " ,J?L;NCIHM G;H;A?G?HN f -LI>O=CHA All>M ;H> M?LPC=?M >>CMIH 4?MF?S ?>M %L?;N LCN;CH

4;N?LM " ,J?L;NCIHM G;H;A?G?HN f -LI>O=CHA All>M ;H> M?LPC=?M >>CMIH 4?MF?S ?>M %L?;N LCN;CH

0=BG?HH?L/4 OQCHE*) ,H NB?ILS CH IJ?L;NCIHM G;H;A?G?HN 'IOLH;F 1@ ,J?L;NCIHM *;H;A?G?HN

4;N?LM " J?L;NCIHM G;H;A?G?HN f -LI>O=CHA AlI>M ;H> M?LPC=?M >>CMIH 4?MF?S ?>M %L?;N LCN;CH

(F?CH>IL@?L -/ 3;H 4,MM?HBIP? )+ ONL;N?AC?M @IL <OCF>CHA MO==?MM@OF AFI<;F <OMCH?MM?M tH %;NCAHIH ;H> (CG<?LF?S
?>M *H;ACHA LCME CH AFI<;F MOJJFS =B;CHM J

&;S?M /& 4B??FQLCABN 0! /?2MNILCHA ION =IGJ?NCNCP? ?>A? =IGJ?NCHA NBLIOAB G;HO@;=NOLCHA tH 4CF?S +?Q 6ILE

&,GG?L* /? ?HACH??LCHA QILE >IHhN ;ONIG;N? I<FCN?L;N? &;LP;L> OMCH?MM /?PC?Q

/- CM NB? @OH>;G?HN;F L? NBCHECHA ;H> L;>C=;F L? >?MCAH |@ <OMCH?MM JLI=?MM?M NI ;=BC?P? CGJLIP?G?HNM CH =LCNC=;F
=IHN?GJIL,LS G?;MOL?M I@ J?L@ILG;H=? MO=B ;M =IMN KO;FCNS M?LPC=? ;H>MJ??>8&;GG?L* IB;GJS"

/2?HACH??LCHA NB? =ILJIL;NCIH ; G;HC@?MNI @IL <OMCH?MM L?PIFONCIH +;NCIH;F ?MNM?FF?L 9



;JJFSCHA NB? ?sILNM NB;N 1IN;F .O;FCNS *;H;A?G?HN* ;H>'OMN tH 1CG? 't1

B;>;JJFC?> NI G;HO@;=NOLCHA %L;>0O;FFS NBCM QBIF? ?PIFONCIH =;G? NI <? EHIQH ;M
-LI=?MM *;H;A?G?HN ; H;G? NB;N ?GJB;MCT?> NB? =LO=C;F CGJILN;H=? |@ JLI=?MM?M CH
P;FO? =L?;NCIH ;H> G;H;A?G?HN -LI=?MM G;H;A?G?HN CM ACP?H @OLNB?L CGJ?NOM <S NB?
=IL? =IGJ?N?H=S GIP?G?HN QBC=B MNL?MM?> NB? H??> @IL =IGJ;HC?M NI >?P?FIJ
N?=BHIFIAS <;M?> ;H> ILA;HCT;NCIH;F =IGJ?N?H=C?M NB;N NB?CL =IGJ?NCNILM =I0OF> HIN
?;MCFS CGCN;N? 1B? =IHpO?H=? |@ NB? =IL? =IGJ?N?H=S ;H> JLI=?MM G;H;A?G?HN
GIP?G?HNM F?> NI G;HS 1@ NB? J;MN >?=;>?hM =B;HA?M CH=FO>CHA NB? OH<OH>FCHA 1@
P;FO? =B;CHM IONMIOL=CHA ;H> CHHIP;NCIHM CH =IHNL;=NCHA ;H> MOJJFS =B;CHM -?1JF?
HIQ L?=IAHCT? NB? CGJILN;H=? 1@ ;FCAHCHA MNL;N?AS ;H> 1J?L;NCIHM ; HINCIH
=B;GJCIH?> <S OECHH?L

M =IGJ;HC?M >?P?F13?> NB?CL =IL? =IGJ?N?H=C?M ;H> CH=FO>?> NB?G CH NB?CL <OMCH?MM
JLI=?MM?M NB? NIIFM ;H> =IH=?JNM |@ 1.* ;H>'t1 B;P? <??H ;JJFC?> NI NB?

>?P?FIJG?HN |@ H?Q JLI>O=NM ;H> MOJJFS =B;CH G;H;A?G?HbPH?L;FFS =IGJ;HC?M

OLMN CH=ILJIL;N?>'t1 <?NQ??H MOJJFC?LM ;H> JLI>O=NCIH OHCNM 1B? Mh CHNLI>O=NCIH
1@ 1. ;H>"'t1 CH G;HO@;=NOLCHA A;P? LCM? NI NB? L?=IAHCNCIH NB;N NB? JLCH=CJF?M 1@
?R=?FF?H=?;JJFC?> NI G;HO@;=NOLCHA 13?L;NCIHM =IOF> ;FMI CGJLIP? <OMCH?MM
JLI=?MM?M ;H> NB;N ILA;HCT;NCIHM MNLO=NOL?> ;==IL>CHA NI JLI=?MM G;H;A?G?HN
JLCH=CJF?M QIOF> CGJLIP? ==IL>CHA NI (F?CH>IL@?LNBI?,EIG<CH;NCIH |@ NB?M?

JLI=?MM G;H;A?G?HN @OH>;G?HN;FM CH@ILG;NCIH ;H> =IGGOHC=;NCIH N?=BHIFIAC?M

;H> AFI<;FCT;NCIH B;M JLIPC>?> NB? @IOH>;NCIHM ;H> NIIFM @IL G;H;ACHA NI>;ShM
IONMIOL=CHA =IHNL;=N G;HO@;=NOLCHA ;H> AFI<;F MOJJFS =B;CHM tHNB? M

=IGJ;HC?M GIP?> IP?L NI IINCGCT?> FIACMNC=M CH=FO>CHA #g=C?HN !IHMOG?L

[?MJIHM?  #1/ <?NQ??H JLI>O=7?LM ;H>>CMNLC<ONILM NB?H NI 'OMNIG~?L

[?F;NCIHMBCJ *;H;A?G?HN  I/* ;H> oH;FFS NI AFI<;F @OFoFG?HN ;L=BCN?=NOL? ;H>

LCME G;H;A?G?HN 1B?M? MOJJFS =B;CH @I=0OM?> NL?H>M CHMJCL?> MCGCF;L NL?H>M ;N NB?
=ILJIL;N? F?P?F ;M =IGJ;HC?M GIP?> @LIG F?;H IJ?L;NCIHM NI F?;H ?HN?LILCM?M ;H>

HIQ NI F?;H =IHMOGJNCIH $CAOL? MBIQM NB?M? NL?H>M ;H>>LCP?LM <;M?> I|H
(F?CH>IL@7?L ?N ;F
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