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9ARSP9BS R h] kx k] s hn m n e k] b s n ,L,md n s d s q ] n r d %K MmS ( d w s d mchmf eq n l gd os n r d H %Gd oH( n e
fn mn b n b b ] k khon n khfn r ] b b g] q hcd %K NR ( b n ms q hat s d r s n o] sgn fd md r hr - O q d u hn t r kx ) fn mn b n b ,
b ] k K NR r h] kx ks q ] mr s d q ] r d %K r s ( v] r r gn vm s n r h] kx k] s d K NR hm S q hs n m W,0 / / d w s q ] b s r n e
r s q ] hm 0 4 1 4 2 ) vghb g d w oq d r r d r k] b s n r d e q n l an sg Gd oH ] mc Gd oHH) sgd lhmhl] k r s q t b s t q d
q d pt hq d c en q ln mn b kn m] k ] ms han cx %L?a( 1 B6 ahmchmf- Nmfn hmf vn q j g] r r gn vm sg] s
fq n vsg n e 0 4 1 4 2 hm b x s hchmd ln mn ogn r ogn ,L, ] b d s x kmd t q ] lhmhb ] b hc %BLO ,Md t 4 ?b (,
b n ms ] hmhmf ld cht l d m] akd r ahmchmf s n BC2 2 . R hfkd b , 2 ) ] b d kk r t q e ] b d q d b d os n q sg] s ahmcr
r h] khb ] b hc) r t ffd r s hmf sg] s k] b s n r d s d qlhmh n m K NR r n e hms ] b s fn mn b n b b h b ] m ad r h] kx k] s d c-
Md t 4 ?b v] r cd s d b s d c n m K NR r n e r s q ] hmr 0 4 1 4 2 ] mc ] m LR 0 0 lt s ] ms vhsg k] b s n r d n mkx
e q n l Gd oH ] mc Gd oHH ax l] r r r od b s q n ld s q x : cd kd s hmf Gd oHH k] b s n r d q d mcd q d c Md t 4 ?b t m,
cd s d b s ] akd - Q d r hr s ] mb d n e Gd oHH k] b s n r d Md t 4 ?b s n cd r h] kx k] s hn m ax ! 1 , 2 , r od b h’ b md t q ,
] lhmhc] r d r t ffd r s d c ] m ! 1 , 5 khmj ] fd - ?ksgn t fg mn s ] r r n b h] s d c vhsg hmb q d ] r d c e] b s n q G
ahmchmf) Gd oHH k] b s n r d r h] kx k] s hn m hmghahs d c b n lokd ld ms B2 cd on r hs hn m n m fn mn b n b b h-
R s q ] hm 0 4 1 4 2 lt s ] ms r sg] s k] b j d c K r s n q Gd oHH k] b s n r d vd q d r hfmh’ b ] ms kx ] s s d mt ] s d c hm
lhb d ) b n m’ qlhmf sgd hlon q s ] mb d n e Gd oHH Md t 4 ?b hm u hq t kd mb d - ?kk 6 4 lhmhl] kkx o] r ,
r ] fd c b khmhb ] k hr n k] s d r e q n l M] mihmf) Bghm] ) d w oq d r r d c Gd oHH k] b s n r d ) d u hcd mb d c ax q d ] b ,
s hu hs x vhsg L?a 1 B6 : L?a 1 B6 v] r a] b s d q hb hc] k ] f] hmr s sgd ’ q r s 5 1 %n e 6 4 ( hr n k] s d r sg] s
g] c ad d m b n kkd b s d c r d pt d ms h] kkx ] mc vd q d r h] kx k] s d c ad en q d s d r s hmf- L?a 1 B6 d ee d b s hu d kx
] s s d mt ] s d c 0 4 1 4 2 u ] fhm] k b n kn mhy ] s hn m hm lhb d - Hm b n mb kt r hn m) sghr mn u d k r h] kx k] s hn m r hs d
b n t kc d w ok] hm sgd t ahpt hs x n e fn mn b n b b ] k Gd oHH k] b s n r d hm u hu n- Nt q ’ mchmfr q d hmen q b d sgd
b ] mchc] b x n e sgd 1 B6 d ohs n od ] r ] u ] b b hmd ] ms hfd m ] mc L?a 1 B6 ] r ] m hllt mn sgd q ] ,
od t s hb ] ms han cx -

IDWUNPCR Ld hr r d p hU fnmnppgnd Ud ) b n lokd ld ms ) e ] b s n q G) khon n khfn r ] b b g] q hcd )
ln mn b kn m] k ] ms han chd r ) r d q t l q d r hr s ] mb d ) r h] khb ] b hc) s gd q ] od t s hb

Fn mn q q gd ] ] e e d b s r ] an t s 6 7 lhkkhn m od n okd ] mmt ] kkx vn q kcvhcd % 0 ( : ] kln r s 3 6 / )/ / /
n e s gd r d b ] r d r ] q d q d on q s d c hm sgd Tmhs d c R s ] s d r - Lt ks hcq t f, q d r hr s ] ms fn mn q q gd ] g] r

ad d m q d on q s d c n m d u d q x b n ms hmd ms ] mc hr ] r d q hn t r ot akhb gd ] ks g b n mb d q m % 1 ∆ 5 ( -
Tmcd q r s ] mchmf gn v fn mn b n b b h d u ] cd gn r s hllt md cd e d mr d r hr ] m hlon q s ] ms r s d o
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s n v] qc cd u d kn old ms n e t q fd ms kx md d cd c r ] e d ] mc d e e d b s hu d u ] b b hmd r ] mc mn u d k s gd q ] ,
od t s hb r ] f] hmr s s ghr hme d b s hn m-

Ld hr r d p hU fnmnppgnd Ud hr ] t mhpt d kx gt l] m, ] c] os d c o] sgn fd m %6 ( - Nm ] ln k] q a] r hr )
khon n khfn r ] b b g] q hcd % K NR ( hr s gd ln r s ] at mc] ms fn mn b n b b ] k n t s d q ld laq ] md ln kd b t kd
] mc ok] x r ] j d x q n kd hm l] mx e ] b d s r n e o] s gn fd md r hr % 7 ∆ 0 8 ( - Gn r s , khj d fkx b ] mr d w oq d r r d c
ax khon n khfn r ] b b g] q hcd n e L- fnmnppgnd Ud b n mr s hs t s d ] m d w ] lokd n e ln kd b t k] q lhlhb q x
% 7 ) 1 / ( -S vn r s q t b s t q d r d w oq d r r d c ax md hr r d q h] k K NR e q n l gd os n r d H %Gd oH( s g] s lhlhb gn r s
fkx b ] mr hmb kt cd k] b s n ,L,md n s d s q ] n r d % K MmS : F] k" 0 , 3 Fkb M?b " 0 , 2 F] k" 0 , 3 Fkb " 0 ( ) vghb g hr
hcd ms hb ] k s n s gd s d qlhm] k s d s q ] r ] b b g] q hcd n e o] q ] fkn an r hcd ) ] oq d b t q r n q n e s gd l] in q
gt l] m akn n c fq n t o ] ms hfd mr % 1 0 ( ) ] mc fkn an s q hn r d %F] k! 0 , 3 F] k" 0 , 3 Fkb " 0 ( ) vghb g hr
hcd ms hb ] k s n s gd s d qlhm] k fkn an s q hn r d s q hr ] b b g] q hcd n e s gd O I , khj d akn n c fq n t o ] ms hfd m
%1 1 ( - S gd r d lhm] k vn q j n e G] q q x R lhsg ] mc b n kkd ] ft d r r gn vd c sg] s L- fnmnppgnd Ud
r b ] u d mfd r b x s hchmd ln mn ogn r ogn ,L, ] b d s x kmd t q ] lhmhb ] b hc %BLO ,Md t 4 ?b ( e q n l hs r gn r s
s n r h] kx k] s d hs r K NR % 1 2 ) 1 3 ( - A n s g) K MmS ] mc O I , khj d K NR r b ] m ad r h] kx k] s d c % 1 4 ) 1 5 ( - K NR
r h] kx k] s hn m hmghahs r b n lokd ld ms ] b s hu ] s hn m ] mc b n mu d q s r r s q ] hmr s g] s ] q d n s gd qvhr d
r d mr hs hu d s n j hkkhmf ax b n lokd ld ms hm r d q t l s n ] r d q t l %n q b n lokd ld ms ( , q d r hr s ] ms
ogd mn s x od % 0 5 ) 1 6 ∆ 1 8 ( - R d u d q ] k n s gd q lhb q n ad r ] kr n t r d r h] khb ] b hc d w oq d r r hn m s n s gd hq
] cu ] ms ] fd s n r t au d q s gn r s hllt mhs x % 2 / ∆ 3 0 ( ax lhlhb j hmf gn r s r h] khb ] b hc,a] r d c
r d ke , ] r r n b h] s d c ln kd b t k] q o] s s d q mr -
?ln mf ld lad q r n e s gd fd mt r Ld hr r d p hU) s gd fn mn b n b b t r t mhpt d kx d w oq d r r d r k] b s n r d

d w s d mchmf e q n l Gd oHH- ? ln mn b kn m] k ] ms han cx %L?a( b ] kkd c 1 B6 ahmcr ] m d ohs n od n m
K NR sg] s q d pt hq d r d w oq d r r hn m n e Gd oH ] mc Gd oHH k] b s n r d - Cd r ohs d ad hmf t mcd q s gd b n ms q n k
n e ] og] r d , u ] q h] akd K NR fkx b n r x ks q ] mr e d q ] r d % ifs ( fd md b ] kkd c ifsE) Gd oHH k] b s n r d hr
d w oq d r r d c ax !8 4  n e b khmhb ] k hr n k] s d r n e L- fnmnppgnd Ud % 3 1 ( ) vghb g r t ffd r s r ] j d x q n kd
hm u hq t kd mb d - Hr n fd mhb lt s ] ms r s q ] hmr s g] s k] b j ifsE r gn v cd b q d ] r d c u hq t kd mb d hm sgd
ln t r d u ] fhm] k b n kn mhy ] s hn m ln cd k n e fn mn q q gd ] % 3 2 ( - Vgx Gd oHH k] b s n r d oq n ln s d r
fn mn b n b b ] k u hq t kd mb d q d l] hmr t mb kd ] q - Hm q d b d ms vn q j ) vd mn s d c sg] s fq n vsg n e ]
fn mn b n b b ] k r s q ] hm b ] kkd c 0 4 1 4 2 s g] s d w oq d r r d r k] b s n r d r hlt ks ] md n t r kx e q n l Gd oH ] mc
Gd oHH % 3 3 ( v] r b ] o] akd n e ahmchmf s n R hfkd b , 2 vgd m fq n vm hm BLO ,Md t 4 ?b , b n ms ] hmhmf
ld cht l %3 4 : ?- U] q j h ] mc B- R - K ] mchf) t mot akhr gd c n ar d q u ] s hn mr ( - R hfkd b , 2 ahmcr
d w b kt r hu d kx s n r h] kx n fkx b ] mr % 3 5 ) 3 6 ( - S gd r d c] s ] r t ffd r s d c sg] s k] b s n r d d w oq d r r d c ax L-
fnmnppgnd Ud K NR b n t kc ] kr n ad r h] kx k] s d c- S ghr r s t cx cd r b q had r r h] kx k] s hn m n e fn mn b n b b ] k
K NR k] b s n r d s d qlhmh ] mc d kt b hc] s d r hs r e t mb s hn m hm b n lokd ld ms d u ] r hn m ] mc u hq t kd mb d -

PDRTKSR
Mdt49bbYorC- enmno o gnaNa GdoHHiYbsnrd-K NR fkx b ] m d w s d mr hn mr e q n l Gd oH ] mc

Gd oHH e n q s gd r s q ] hmr t r d c hm sghr r s t cx ] q d r gn vm hm E hf- 0 - S gd cd r hfm] s hn mr 1 ,Gd w )
2 ,Gd w ) ] mc 3 ,Gd w q d e d q s n lt s ] ms r s g] s d w oq d r r k] b s n r d %F] k,Fkb ( ) s gd O I , khj d r s q t b s t q d
%F] k,F] k,Fkb ( ) ] mc k] b s n ,L,md n s d s q ] n r d % K MmS : F] k,Fkb M?b ,F] k,Fkb ( d w s d mr hn mr ) q d r od b ,
s hu d kx ) e q n l Gd oH- F" ] mc F# q d e d q s n lt s ] ms r hm vghb g sgd r s ] s t r n e ifsE hr ’ w d c ] r n m
] mc n e e % n q cd kd s d c( ) q d r od b s hu d kx - F" lt s ] ms r d w oq d r r k] b s n r d e q n l Gd oHH) vghkd F#

lt s ] ms r k] b j ] mx fkx b ] m d w s d mr hn mr e q n l Gd oHH-
S gd ] ahkhs x n e r s q ] hmr 0 4 1 4 2 ] mc LR 0 0 1 ,Gd w . F") vghb g d w oq d r r k] b s n r d d w s d mchmf

e q n l Gd oH ] mc Gd oHH) ] mc sgd hq q d r od b s hu d hr n fd mhb lt s ] ms r ) 0 4 1 4 2 . F# ] mc LR 0 0
1 ,Gd w . F#) vghb g d w oq d r r k] b s n r d n mkx e q n l Gd oH) s n ] cc Md t 4 ?b s n K NR v] r cd s d q ,
lhmd c ax R CR , O ?FD - LR 0 0 3 ,Gd w . F# % d w oq d r r d r K MmS K NR e q n l Gd oH( v] r t r d c ] r ]
on r hs hu d b n ms q n k e n q r h] kx k] s hn m- ?m ir s cd kd s hn m lt s ] ms n e 0 4 1 4 2 % 0 4 1 4 2 °ir s ( s g] s k] b j r
s gd ] ahkhs x s n r h] kx k] s d hs r K NR v] r ] kr n s d r s d c s n ] ccq d r r vgd sgd q s gd oq d u hn t r kx
cd r b q had c K r s d my x ld hr ] kr n q d r on mr hakd e n q r h] kx k] s hn m n e k] b s n r d -
A ] b s d q h] vd q d fq n vm hm ld cht l ] kn md n q hm ld cht l r t ookd ld ms d c vhsg 0 / / # f.lk

BLO ,Md t 4 ?b e n q l] w hl] k K NR r h] kx k] s hn m- ?r r gn vm hm E hf- 1 ) s gd t ood q a] mc hm sgd okt r
k] md n e 1 ,Gd w . F" r gn vr r kn vd q ln ahkhs x s g] m sgd t ood q a] mc hm sgd b n q q d r on mchmf
lhmt r k] md - Mn s d s g] s d u d m sgn t fg d w oq d r r hn m n e ifsE hr ’ w d c ] r n m) LR 0 0 1 ,Gd w . F"

d w oq d r r d r ] m K NR r od b hd r vhsg n mkx Gd oH k] b s n r d % h-d -) s gd K NR d w oq d r r d c ax LR 0 0
1 ,Gd w . F#( - S ghr hr ad b ] t r d n e d w on q s n e K NR s n s gd n t s d q ld laq ] md oq hn q s n ] cchs hn m
n e s gd oq n w hl] k Fkb n m Gd oHH) ] r mn s d c oq d u hn t r kx % 3 7 ( - R hlhk] q kx ) q d s ] q cd c ln ahkhs x n e
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0 4 1 4 2 K NR v] r ] kr n n ar d q u d c vgd m 0 4 1 4 2 v] r fq n vm hm ld cht l b n ms ] hmhmf BLO ,
Md t 4 ?b - S gd K NR n e 3 ,Gd w . F# %on r hs hu d b n ms q n k e n q r h] kx k] s hn m( hmb n qon q ] s d c Md t 4 ?b
] mc lhfq ] s d c ln q d r kn vkx - S gd q d v] r mn ] ooq d b h] akd ] ks d q ] s hn m hm K NR lhfq ] s hn m vgd m
1 ,Gd w . F#) 0 4 1 4 2 . F#) n q 0 4 1 4 2 $ir s v] r fq n vm hm BLO ,Md t 4 ?b ) r t ffd r s hmf sg] s
Md t 4 ?b v] r ] ccd c s n s gd s d qlhm] k F] k n e Gd oHH k] b s n r d ] mc sg] s K r s v] r s gd d my x ld
q d r on mr hakd e n q r h] kx k] s hn m-

EHF 0 K NR fkx b ] m d w s d mr hn mr e q n l gd os n r d H %Gd oH( ] mc Gd oHH d k] an q ] s d c ax L- fnmnppgnd Ud r s q ] hmr t r d c
hm sghr r s t cx - Fkx b ] m d w s d mr hn mr e q n l Gd oH ] mc Gd oHH n e s gd l] in q K NR r s q t b s t q d r q d oq d r d ms d c ax sgd
r s q ] hmr ] q d r gn vm t r hmf sgd r x lan k mn ld mb k] s t q d e n q fq ] oghb ] k q d oq d r d ms ] s hn m n e hmchu hct ] k fkx b ] mr % 7 5 ( )
vghb g q d oq d r d ms r t mcd q r s ] mchmf n e s gd r d r s q t b s t q d r oq hn q s n s ghr r s t cx % u ] q h] akd r h] kx k] s hn m n e k] b s n r d vhsg
] m Gd oHH r t ar s hs t s hn m) cd ln mr s q ] s d c r t ar d pt d ms kx ) hr mn s r gn vm(- Md t 4 ?b hr r gn vm an w d c hm q d c ad b ] t r d
b ] oohmf n e L- fnmnppgnd Ud K NR vhsg Md t 4 ?b q d pt hq d r d w n fd mn t r BLO ,Md t 4 ?b ] r fn mn b n b b h k] b j s gd
] ahkhs x s n oq n ct b d BLO ,Md t 4 ?b -

EHF 1 D u hcd mb d n e r h] kx k] s hn m n e Gd oHH k] b s n r d n m L- fnmnppgnd Ud 0 4 1 4 2 ] mc LR 0 0 1 ,Gd w . F"- L-
fnmnppgnd Ud 0 4 1 4 2 ] mc LR 0 0 1 ,Gd w . F" an sg d w oq d r r k] b s n r d e q n l Gd oH ] mc Gd oHH- S gd hq lt s ] ms r s g] s
k] b j Gd oHH k] b s n r d vd q d b n mr s q t b s d c ax cd kd s hmf ifsE % 0 4 1 4 2 . F# ] mc LR 0 0 1 ,Gd w . F#) q d r od b s hu d kx ( - 0 4 1 4 2
°ir s k] b j r K NR r h] kx ks q ] mr e d q ] r d ] mc b ] mmn s ] cc Md t 4 ?b s n K NR - LR 0 0 3 ,Gd w . F# d w oq d r r d r s gd r h] kx k] s ] akd
K MmS r s q t b s t q d e q n l Gd oH ] mc r d q u d c ] r ] on r hs hu d b n ms q n k e n q r h] kx k] s hn m- ?kk r s q ] hmr vd q d fq n vm hm
ld cht l vhsg %"( n q vhsgn t s %#( ] ccd c BLO ,Md t 4 ?b % 0 / / # f.lk( e n q 1 g ] s 2 6 zB- A ] b s d q h] k kx r ] s d r vd q d
chfd r s d c vhsg oq n s d ] r d J ] mc r d o] q ] s d c n m ] 0 5  S q hb hmd fd k) ] mc K NR v] r u hr t ] khy d c ax r hku d q r s ] hmhmf-
Q d s ] q c] s hn m n e K NR ln ahkhs x e n kkn vhmf fq n vsg hm BLO ,Md t 4 ?b , b n ms ] hmhmf ld cht l q d k] s hu d s n s g] s n e K NR
e q n l a] b s d q h] fq n vm hm ld cht l cd u n hc n e BLO ,Md t 4 ?b hmchb ] s d r r h] kx k] s hn m-

Gd oHH K ] b s n r d R h] kx k] s hn m hm Fn mn b n b b ] k O ] s gn fd mhb hs x Hme d b s hn m ] mc Hllt mhs x
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L] r r r od b s q n r b n ohb %LR ( ] m] kx r hr n e K NR ot q h’ d c e q n l r s q ] hmr 0 4 1 4 2 ) 0 4 1 4 2 . F#)
LR 0 0 1 ,Gd w . F") ] mc LR 0 0 1 ,Gd w . F# fq n vm hm BLO ,Md t 4 ?b ] mc t mr h] kx k] s d c 0 4 1 4 2
%md f] s hu d b n ms q n k( hr r gn vm hm S ] akd R 0 hm sgd r t ookd ld ms ] k l] s d q h] k- S gd c] s ] b n m’ ql
sgd oq d r d mb d n e r h] khb ] b hc n m 0 4 1 4 2 ] mc LR 0 0 1 ,Gd w . F" at s mn s n m sgd hq hr n fd mhb
lt s ] ms r k] b j hmf Gd oHH k] b s n r d - Bn kkd b s hu d kx ) s gd c] s ] r s q n mfkx r t ffd r s s g] s Md t 4 ?b hr
] ccd c s n Gd oHH k] b s n r d -

RhYixiYshnm neGdoHHiYbsnrd cndrmnsdmgYmbd EG ahmchmf-O q d u hn t r kx ) vd r gn vd c
sg] s r h] kx k] s hn m n e L- fnmnppgnd Ud K MmS K NR ) at s mn s O I , khj d K NR ) d mg] mb d r gt l] m e ] b s n q
G %E G( ahmchmf %1 5 ( - Vd t r d c r s q ] hm LR 0 0 s n cd s d qlhmd vgd sgd q r h] kx k] s hn m n e Gd oHH
k] b s n r d d mg] mb d r E G ahmchmf ad b ] t r d s ghr r s q ] hm d w oq d r r d r O n q A -0 A ] mc ahmcr E G
q d k] s hu d kx vd ] j kx hm sgd t mr h] kx k] s d c r s ] s d % 3 8 ( ) vghb g vn t kc ln q d q d ] chkx q d u d ] k
hmb q d ] r d c E G ahmchmf vhsg r h] kx k] s hn m) he hs vd q d s n n b b t q - Hm b n ms q ] r s ) r s q ] hm 0 4 1 4 2
% O n q A -0 ?( ahmcr ghfg kd u d kr n e E G d u d m vgd m t mr h] kx k] s d c % 3 8 ( ) vghb g vn t kc khlhs s gd
] ahkhs x s n cd s d b s ] m hmb q d ] r d hm E G ahmchmf vhsg r h] kx k] s hn m- E G ahmchmf s n LR 0 0 K NR
lt s ] ms r s g] s d w oq d r r d c 1 ) 2 ) n q 3 gd w n r d r e q n l Gd oH) d ] b g vhsg %F"( n q vhsgn t s %F#(
Gd oHH k] b s n r d ) v] r d w ] lhmd c- S gd 2 ,Gd w % O I , khj d K NR ( ] mc 3 ,Gd w % K MmS ( lt s ] ms r r d q u d c
] r md f] s hu d ] mc on r hs hu d b n ms q n kr e n q E G ahmchmf vhsg r h] kx k] s hn m) q d r od b s hu d kx - ?r r gn vm
hm E hf- 2 ) fq n vsg n e s gd 1 ,Gd w lt s ] ms r hm BLO ,Md t 4 ?b chc mn s d mg] mb d E G ahmchmf-
S gt r ) d mg] mb d c E G ahmchmf s n L- fnmnppgnd Ud hr q d r s q hb s d c s n K MmS K NR -

GdoHHiYbsnrd rhYixiYshnm pdftiYsdr bnloidldms YbshuYshnm-Md t 4 ?b b ] oohmf n e
an s g fn mn b n b b ] k K MmS ] mc O I , khj d K NR hmghahs r b n lokd ld ms - L- fnmnppgnd Ud ahmcr
B3 A O ] mc E G hm ] gt l] m, r od b h’ b l] mmd q % 4 / ) 4 0 ( - Hmhs h] k ] s s d los r ] s ld ] r t q hmf gt l] m
B2 e q ] fld ms cd on r hs hn m ax fi n v b x s n ld s q x n m sgd svn t mr h] kx k] s d c r s q ] hmr t r hmf mn ql] k
gt l] m r d q t l %MGR ( q d u d ] kd c kd u d kr s n n kn v s n chr b d q m sgd d e e d b s r n e r h] kx k] s hn m n m B2
cd on r hs hn m- S gd q d e n q d ) vd t r d c ln t r d b n lokd ld ms ) vgn r d B3 A O ] mc E G cn mn s ahmc
L- fnmnppgnd Ud ) s n r s t cx s gd d e e d b s r n e K NR r h] kx k] s hn m n m B2 cd on r hs hn m- Bn mr hr s d ms vhsg
sgd ] cchs hn m n e Md t 4 ?b s n Gd oHH k] b s n r d ) B2 cd on r hs hn m cd b q d ] r d c n mkx n m vhkc, s x od
0 4 1 4 2 fq n vm hm ld cht l b n ms ] hmhmf BLO ,Md t 4 ?b % E hf- 3 ] mc R 0 ( - Md hs gd q 0 4 1 4 2 . F# mn q
0 4 1 4 2 $ir s hmghahs d c B2 cd on r hs hn m vgd m fq n vm hm BLO ,Md t 4 ?b ) b n mr hr s d ms vhsg sgd
hm] ahkhs x n e s gd r d svn lt s ] ms r s q ] hmr s n r h] kx k] s d s gd hq K NR r -
Vd md w s d w ] lhmd c sgd d e e d b s r n e r h] kx k] s hn m n m b n lokd ld ms ] b s hu ] s hn m n m r hw LR 0 0

K NR lt s ] ms r % E hf- 4 ] mc R 1 ( - S gd r h] kx k] s ] akd 2 ,Gd w ] mc 3 ,Gd w r s q ] hmr r d q u d c ] r b n ms q n kr
e n q Md t 4 ?b ,ld ch] s d c b n lokd ld ms hmghahs hn m- Fq n vsg hm ld cht l b n ms ] hmhmf BLO ,
Md t 4 ?b cd b q d ] r d c B2 cd on r hs hn m hm ] kk s d r s d c r s q ] hmr - R hlhk] q s n r h] kx k] s hn m n e 0 4 1 4 2 )
r h] kx k] s hn m n e LR 0 0 1 ,Gd w . F" ] kr n hmghahs d c B2 cd on r hs hn m- Hm b n ms q ] r s s n r h] kx k] s hn m n e
0 4 1 4 2 . F#) vd mn s d c ] q d oq n ct b hakd cd b q d ] r d hm B2 cd on r hs hn m n m sgd 1 ,Gd w . F#

lt s ] ms ) r t ffd r s hmf sg] s Md t 4 ?b v] r ] kr n ] ccd c s n s gd K NR n e s ghr r s q ] hm- S gd cd fq d d
n e hmghahs hn m r d d m vhsg r h] kx k] s hn m n e LR 0 0 1 ,Gd w . F# % ] 3 -0 , e n kc cd b q d ] r d b n lo] q d c s n
s gd kd u d k n e s gd t mr h] kx k] s d c o] q d ms ] mc 6 -2 , e n kc ] an u d a] r d khmd b n mit f] s d b n ms q n k

EHF 2 D mg] mb d c E G ahmchmf t on m K NR r h] kx k] s hn m hr q d r s q hb s d c s n r s q ] hmr s g] s d w oq d r r s gd K MmS K NR
r s q t b s t q d - E G ahmchmf s n hr n fd mhb K NR lt s ] ms r n e LR 0 0 s g] s d w oq d r r 1 ,Gd w % k] b s n r d ( ) 2 ,Gd w % O I , khj d ( ) n q
3 ,Gd w % K MmS ( r s q t b s t q d r e q n l Gd oH) vhsg %F"( n q vhsgn t s %F#( k] b s n r d d w s d mr hn mr e q n l Gd oHH) vd q d fq n vm
hm ld cht l ] kn md n q ld cht l b n ms ] hmhmf BLO ,Md t 4 ?b % 1 4 # f.lk(- A ] b s d q h] vd q d hmb t a] s d c vhsg E G %0 /
# f.lk() ] mc an t mc E G v] r ld ] r t q d c ax fi n v b x s n ld s q x - A k] b j a] q r ) t mr h] kx k] s d c a] b s d q h] : fq ] x a] q r )
r h] kx k] s d c a] b s d q h] - Bn ms q n k q d ] b s hn mr ) vgd q d E G v] r d w b kt cd c) r gn vd c ] ld ch] m fi t n q d r b d mb d ad kn v 0 / -
LE H) ld ch] m fi t n q d r b d mb d hms d mr hs x %ld ] m Zq ] mfd [ n e LE Hr e q n l svn r d o] q ] s d n ar d q u ] s hn mr ( -
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kd u d kr ( v] r kd r r s g] m sg] s r d d m vhsg b n lokd ld ms hmghahs hn m t on m r h] kx k] s hn m n e LR 0 0
1 ,Gd w . F" % ] 1 0 , e n kc cd b q d ] r d b n lo] q d c s n s gd kd u d k n e s gd t mr h] kx k] s d c 1 ,Gd w . F" ] mc
n mkx 2 , e n kc fq d ] s d q fi t n q d r b d mb d s g] m sg] s n e s gd a] r d khmd b n mit f] s d b n ms q n k( - S ghr
] ln t ms n e K NR r h] kx k] s hn m n e LR 0 0 1 ,Gd w . F# K NR ) ] ks gn t fg e t mb s hn m] k) v] r s n n r l] kk
s n ad ] ooq d b h] s d c ax b g] mfd r hm ln ahkhs x n m ] S q hb hmd fd k n q ax LR ] m] kx r hr -

EHF 3 R h] kx k] s hn m n e 0 4 1 4 2 K NR hmghahs r b n lokd ld ms ] b s hu ] s hn m- R s q ] hm 0 4 1 4 2 %vhkc s x od Zvs [( ] mc hs r hr n fd mhb
lt s ] ms cd q hu ] s hu d r ) 0 4 1 4 2 .F# %k] b j r Gd oHH fkx b ] m d w s d mr hn mr ( ] mc 0 4 1 4 2 °ir s %k] b j r K NR r h] kx ks q ] mr ed q ] r d () vd q d
fq n vm vhsgn t s n q vhsg BLO ,Md t 4 ?b %1 4 # f.lk( ] mc hmb t a] s d c hm 0 4  mn ql] k ln t r d r d q t l en q 1 / lhm ] s
2 6 zB- B2 cd on r hs d c n m sgd a] b s d q h] k r t q e ] b d v] r ld ] r t q d c ax fi n v b x s n ld s q x - B2 cd on r hs d c n m a] b s d q h] fq n vm
hm sgd oq d r d mb d n q ] ar d mb d %t mr h] kx k] s d c( n e BLO ,Md t 4 ?b hr r gn vm- Bn ms q n kr ) mn r d q t l ] ccd c- Mt lad q r
] kn mfr hcd ghr s n fq ] lr q d oq d r d ms ld ch] m fi t n q d r b d mb d hms d mr hs x %sgd an qcd q n q r g] chmf n e sgd s d w s an w d r sg] s
b n ms ] hm sgd mt lad q r b n q q d r on mcr s n sg] s n e sgd ghr s n fq ] lr (- E kt n q d r b d mb d hr r gn vm n m ] kn f0 / r b ] kd - Nmd
q d oq d r d ms ] s hu d d w od q hld ms n e ] s kd ] r s svn q d oq n ct b hakd q d od ] s r hr r gn vm- ?ffq d f] s d c c] s ] e q n l ] kk d w od q h,
ld ms r hr r gn vm hm E hf- R 0 hm sgd r t ookd ld ms ] k l] s d q h] k- Bn mi) b n mit f] s d -

EHF 4 Bn lokd ld ms hmghahs hn m ax LR 0 0 lt s ] ms r s g] s d w oq d r r k] b s n r d K NR d w s d mr hn mr - Hr n fd mhb LR 0 0
lt s ] ms r s g] s d w oq d r r oq d cn lhm] ms kx k] b s n r d % 1 ,Gd w ( ) O I r s q t b s t q d % 2 ,Gd w ( ) n q K MmS % 3 ,Gd w ( e q n l Gd oH) vhsg
%F"( n q vhsgn t s %F#( k] b s n r d e q n l Gd oHH) vd q d fq n vm hm sgd ] ar d mb d n q oq d r d mb d % n e BLO ,Md t 4 ?b % 1 4
# f.lk( ] mc vd q d hmb t a] s d c vhsg 0 4  mn ql] k ln t r d r d q t l en q 1 / lhm ] s 2 6 zB- Ln t r d B2 cd on r hs d c n m
sgd a] b s d q h] k r t q e ] b d v] r ld ] r t q d c ax fi n v b x s n ld s q x - B2 cd on r hs d c n m a] b s d q h] fq n vm hm sgd oq d r d mb d
n q ] ar d mb d n e BLO ,Md t 4 ?b hr r gn vm ax sgd fq ] x r g] cd c ] q d ] r ] mc r n khc ak] b j khmd r ) q d r od b s hu d kx - Q d r t ks r
hm b n ms q n kr %mn r d q t l ] ccd c( ] q d q d oq d r d ms d c ax sgd aq n j d m khmd r - Mt lad q r ] kn mfr hcd ghr s n fq ] lr
q d oq d r d ms ld ch] m fi t n q d r b d mb d hms d mr hs x % s gd an qcd q n q r g] chmf n e s gd s d w s an w d r s g] s b n ms ] hm sgd
mt lad q r b n q q d r on mcr s n s g] s n e s gd ghr s n fq ] lr ( - E kt n q d r b d mb d hr r gn vm n m ] kn f0 / r b ] kd - Nmd q d oq d r d m,
s ] s hu d d w od q hld ms n e ] s kd ] r s svn q d oq n ct b hakd q d od ] s r hr r gn vm- ?ffq d f] s d c c] s ] e q n l ] kk d w od q hld ms r
hr r gn vm hm E hf- R 1 hm sgd r t ookd ld ms ] k l] s d q h] k-

Gd oHH K ] b s n r d R h] kx k] s hn m hm Fn mn b n b b ] k O ] s gn fd mhb hs x Hme d b s hn m ] mc Hllt mhs x
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S n chr b d q m sgd r h] khb ] b hc khmj ] fd s n k] b s n r d d w s d mr hn mr e q n l Gd oHH) vd d w ] lhmd c sgd
d e e d b s n e ! 1 , 2 , khmj ] fd , r od b h’ b md t q ] lhmhc] r d n m ln t r d B2 cd on r hs hn m % E hf- 5 ( - R h] kx ,
k] s d c 1 ,Gd w . F" ] mc sgd b n q q d r on mchmf vhkc, s x od r s q ] hm 0 4 1 4 2 s g] s on r r d r r d c sgd r ] ld
o] s s d q m n e Gd oH ] mc Gd oHH gd w n r d r t ar s hs t s hn mr e ] hkd c s n r gn v hmb q d ] r d c B2 cd on r hs hn m
] e s d q s q d ] sld ms vhsg q d b n lahm] ms ! 1 , 2 , r od b h’ b r h] khc] r d e n kkn vd c ax hmb t a] s hn m vhsg
0 4  mn ql] k ln t r d r d q t l: q d r hr s ] mb d s n ! 1 , 2 , r h] khc] r d r t ffd r s r ] m ! 1 , 5 khmj ] fd -

KnrrnerhYihbYbhc nm GdoHHiYbsnrd hloYhprC- enmno o gnaNa uYfhmYibninmhyYshnm
hm lhbd- S gd ] ahkhs x n e 0 4 1 4 2 %vhkc s x od ( ) 0 4 1 4 2 . F#) ] mc 0 4 1 4 2 °ir s s n b n kn mhy d s gd
fd mhs ] k s q ] b s n e AlUg j mn b j n t s % J N( lhb d v] r b n lo] q d c- AlUg J N lhb d k] b j s gd
d my x ld BLO ,L, ] b d s x kmd t q ] lhmhb ] b hc gx cq n w x k] r d %BL?G( ] mc) ] j hm s n gt l] mr ) b ] mmn s
b n mu d q s Md t 4 ?b s n Md t 4 Fb - S gt r ) s gd r d lhb d oq n u hcd ] gt l] m, khj d r h] khb ] b hc lhkhd t s n
r s t cx s gd d e e d b s r n e K NR r h] kx k] s hn m n m u hq t kd mb d - AlUg J N lhb d r t oon q s L- fnmnppgnd Ud
b n kn mhy ] s hn m r khfgs kx ad s s d q s g] m b n ms q n k vhkc, s x od A ?K A . b lhb d % 4 1 ( - K n r r n e d hs gd q Gd oHH
k] b s n r d n q K r s r hfmh’ b ] ms kx ] s s d mt ] s d c sgd ct q ] s hn m ] mc at qcd m n e a] b s d q h] k b n kn mhy ] s hn m
% E hf- 6 ? s n B(- S gd r d c] s ] oq n u hcd r s q n mf d u hcd mb d e n q s gd hlon q s ] mb d n e r h] kx k] s hn m n e
Gd oHH k] b s n r d hm fn mn b n b b ] k u hq t kd mb d - Vd vd q d t m] akd s n d u ] kt ] s d s gd d e e d b s r n e K NR
r h] kx k] s hn m hm LR 0 0 1 ,Gd w . F" ad b ] t r d s ghr r s q ] hm b n kn mhy d c lhb d e n q n mkx 2 c] x r %c] s ]
mn s r gn vm(-

Deedbs nerhYixiYshnm nm L9a 1B6 ahmchmf Ymc dezbYbx-L?a 1 B6 s ] q fd s r ] K NR
d ohs n od ad hmf cd u d kn od c ] r ] fn mn b n b b ] k u ] b b hmd b ] mchc] s d - S gd lhmhl] k K NR r s q t b ,
s t q d q d pt hq d c e n q L?a 1 B6 ahmchmf b n mr hr s r n e k] b s n r d r r hlt ks ] md n t r kx d w s d mchmf e q n l
an sg Gd oH ] mc Gd oHH- Fkx b ] m d w s d mr hn mr ad x n mc k] b s n r d n m Gd oHH) e n q d w ] lokd ) vhsg
F] kM?b ,F] k r d d m hm sgd lt s ] ms r s q ] hm IV2 0 Q ) r d kd b s d c t mcd q ox n b hm oq d r r t q d ) ] aq n f] s d r
L?a 1 B6 ahmchmf %4 2 ( - Vd sgd q d e n q d ] r j d c vgd sgd q r h] kx k] s hn m n e Gd oHH k] b s n r d ] e e d b s d c
L?a 1 B6 ahmchmf ] mc e t mb s hn m- Vghkd r h] kx k] s hn m n e 0 4 1 4 2 chc mn s ] e e d b s L?a 1 B6
ahmchmf %E hf- 7 ?) kd e s fq ] og) ] mc R 2 ( ) r h] kx k] s hn m n e LR 0 0 1 ,Gd w . F" q d r t ks d c hm ]
q d oq n ct b hakd !1 , s n 2 , e n kc q d ct b s hn m hm L?a 1 B6 ahmchmf %E hf- 7 ?) q hfgs fq ] og) ] mc R 2 ( -
R hlhk] q kd u d kr n e ahmchmf n e L?a 1 B6 s n r h] kx k] s d c ] mc t mr h] kx k] s d c 0 4 1 4 2 ] kkn vd c t r s n
] r r d r r s gd e t mb s hn m] k d e e d b s r n e Gd oHH k] b s n r d r h] kx k] s hn m vgd m ] ms han cx ahmchmf v] r
j d os b n mr s ] ms - ?r r gn vm hm E hf- 7 A ) hmb q d ] r hmf ] ln t ms r n e BLO ,Md t 4 ?b hm ld cht l
b ] t r d c ] cn r d ,cd od mcd ms cd b q d ] r d hm j hkkhmf ax L?a 1 B6 -

L9a 1B6 hrYbshud YfYhmrsrspYhm 04142 hm rhrn-Hm khfgs n e oq hn q vn q j s g] s r gn vd c
sgd hlon q s ] mb d n e K NR r h] kx k] s hn m e n q hme d b s hn m n e lhb d % 4 3 ) 4 4 ( ] mc sgd n ar d q u d c
q d r hr s ] mb d n e r h] kx k] s d c 0 4 1 4 2 s n L?a 1 B6 hm u hs pn % E hf- 7 ( ) vd d w ] lhmd c sgd d e ’ b ] b x n e
L?a 1 B6 u d q r t r 0 4 1 4 2 hm sgd A ?K A . b ln t r d u ] fhm] k b n kn mhy ] s hn m ln cd k- ? o] r r hu d
hllt mhy ] s hn m ln cd k s n ] ccq d r r s gd d e ’ b ] b x n e L?a 1 B6 s n r hlt k] s d d e e d b s r n e u ] b b hmd
] ms han cx v] r t r d c % 3 2 ( - Vhkc, s x od A ?K A . b lhb d %m % 7 ( vd q d ] clhmhr s d q d c 0 / # f n e

EHF 5 Md t 4 ?b ] ccd c s n Gd oHH k] b s n r d q d r hr s r q d ln u ] k ax ! 1 , 2 , r h] khc] r d - LR 0 0 1 ,Gd w ,F" ] mc 0 4 1 4 2 vd q d
fq n vm hm sgd ] ar d mb d % R h] , ( n q oq d r d mb d % R h] "( n e BLO ,Md t 4 ?b % 1 4 # f.lk(- LR 0 0 3 ,Gd w . F#) vghb g
d w oq d r r d r K MmS sg] s hr r h] kx k] s d c sgq n t fg ] m ! 1 , 2 , khmj ] fd ) ] mc LR 0 0 2 ,Gd w . F#) vghb g d w oq d r r d r s gd
O I , khj d K NR s g] s ad b n ld r r h] kx k] s d c sgq n t fg ] m ! 1 , 5 khmj ] fd ) vd q d t r d c ] r on r hs hu d ] mc md f] s hu d b n ms q n kr
e n q cd r h] kx k] s hn m) q d r od b s hu d kx - A ] b s d q h] vd q d s q d ] s d c vhsg q d b n lahm] ms ! 1 , 2 , r od b h’ b r h] khc] r d n q vhsg
md t q ] lhmhc] r d % r h] khc] r d ( at e e d q ] kn md ] mc sgd m hmb t a] s d c vhsg 0 4  mn ql] k ln t r d r d q t l en q 1 / lhm ] s
2 6 zB- Ln t r d B2 cd on r hs d c n m a] b s d q h] % r gn vm ] r ld ch] m fi t n q d r b d mb d hms d mr hs x ZLE H[ ( v] r ld ] r t q d c ax
fi n v b x s n ld s q x - Bn ms q n kr %mn ] ccd c r d q t l( r gn vd c fi t n q d r b d mb d n e kd r r s g] m 0 / t mhs r ] mc vd q d n lhs s d c
e n q r hlokhb hs x - D ] b g a] q q d oq d r d ms r s gd ld ] m %q ] mfd ( n e LE Hr e q n l svn r d o] q ] s d d w od q hld ms r -
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L?a 1 B6 hms q ] od q hs n md ] kkx n m c] x r #1 ) #0 ) ] mc / ) ] mc BE T b n t ms r vd q d ln mhs n q d c
c] hkx - S gd b n ms q n k fq n t o %m % 6 ( q d b d hu d c ln t r d HfF2 - L?a 1 B6 r hfmh’ b ] ms kx r gn q s d md c
sgd ct q ] s hn m ] mc at qcd m n e hme d b s hn m vhsg 0 4 1 4 2 % E hf- 8 ? s n B(-

Dwopdrrhnm nesgd 1B6 dohsnod ax bnmsdlonpYpx bihmhbYihrniYsdr neC- enmno  
o gnaNa-Cd r ohs d ad hmf t mcd q s gd b n ms q n k n e ] og] r d , u ] q h] akd fd md ) ifsE) s gd 1 B6 K NR
d ohs n od % E hf- 0 / ?( v] r d w oq d r r d c ax 8 3  n e fn mn b n b b h q d b n u d q d c chq d b s kx e q n l b d q u hb ] k
r d b q d s hn mr e q n l ] b n gn q s n e vn ld m vgn ] s s d mcd c ] r d w t ] kkx s q ] mr lhs s d c chr d ] r d % R S C(
b khmhb hm A n r s n m) L? %3 1 ( - Vd d w ] lhmd c ] b n kkd b s hn m n e lhmhl] kkx % 2 ( o] r r ] fd c hr n k] s d r
b t ks t q d c e q n l sgd e d l] kd b n ms ] b s r n e ld m vhsg fn mn q q gd ] vgn vd q d q d e d q q d c s n ] m R S C
b khmhb hm M] mihmf) Bghm] ) e n q d w oq d r r hn m n e s gd 1 B6 K NR d ohs n od ax vgn kd , b d kk d my x ld ,
khmj d c hllt mn r n q ad ms ] r r ] x % D K HR ?(- Vd ] kr n d w ] lhmd c hr n k] s d r e n q s gd hq ] ahkhs x s n ahmc
s n L?a K 7 %vghb g q d b n fmhy d r ] m d ohs n od cd ’ md c ax Gd oH k] b s n r d ] mc ogn r ogn d s g] ,

EHF 6 R h] kx k] s hn m n e Gd oHH k] b s n r d d mg] mb d r u hq t kd mb d n e r s q ] hm 0 4 1 4 2 - AlUg j mn b j n t s lhb d s g] s d w oq d r r
n mkx Md t 4 ?b % s gd e n ql n e r h] khb ] b hc e n t mc hm gt l] mr ( ) ] mc mn s Md t 4 Fb % s gd e n ql hm vhkc, s x od lhb d ( ) vd q d
hme d b s d c vhsg vhkc, s x od %VS ( L- fnmnppgnd Ud 0 4 1 4 2 % 4 -4 & 0 / 6 BE T( ] mc hs r hr n fd mhb lt s ] ms r 0 4 1 4 2 . F#

% k] b j r ] mx Gd oHH fkx b ] m d w s d mr hn m: 3 -2 & 0 / 6 BE T( ] mc 0 4 1 4 2 $ir s % k] b j r K NR r h] kx ks q ] mr e d q ] r d : 3 -8 & 0 / 6

BE T( %m % 0 / lhb d od q fq n t o( - U] fhm] r vd q d r v] aad c c] hkx s n d mt ld q ] s d L- fnmnppgnd Ud BE T- %?(
J ] ok] m,Ld hd q b t q u d r r gn vhmf s hld s n b kd ] q ] mb d - E n q q d r t ks r vhsg vhkc, s x od a] b s d q h] u d q r t r s gn r d vhsg F#

a] b s d q h] ] mc vhsg vhkc, s x od a] b s d q h] u d q r t r s gn r d vhsg $ir s a] b s d q h] ) N hr  / -/ / / 0 ax L] ms d k,Bn w kn f q ] mj
s d r s - % A ( BE T %kn f0 / ( b n t ms r u d q r t r s hld - %B( ?q d ] t mcd q s gd b t q u d %?TB( ] m] kx r hr e n q b n mr n khc] s d c a] b s d q h] k
at qcd m n u d q s hld - O ] hqvhr d b n lo] q hr n mr ad svd d m q d r t ks r e n q s gd F# ] mc $ir s r s q ] hmr vhsg sgd b n ms q n k
fq n t o vd q d l] cd vhsg ] L] mm,Vghsmd x mn mo] q ] ld s q hb s s d r s - Bn lo] q hr n mr ] b q n r r fq n t or vd q d l] cd ax
n md ,v] x ] m] kx r hr n e u ] q h] mb d % J q t r j ] k,V] kkhr mn mo] q ] ld s q hb s d r s : N  / -/ / / 0 ( -

Gd oHH K ] b s n r d R h] kx k] s hn m hm Fn mn b n b b ] k O ] s gn fd mhb hs x Hme d b s hn m ] mc Hllt mhs x
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mn k] lhmd Z O D ?[ r t ar s hs t s hn m ] s s gd 2 on r hs hn m n m Gd oHH: d w oq d r r hn m n e Gd oHH k] b s n r d
] aq n f] s d r L?a K 7 ahmchmf( ] mc L?a 2 E 0 0 % q d b n fmhy d r s gd s d qlhm] k Z t mr h] kx k] s d c[
k] b s n r ] lhmd n e K MmS ( % E hf- 0 / ?(- ?r r gn vm hm E hf- 0 / A ) d ] b g n e 6 4 hr n k] s d r an t mc s n L?a
1 B6 ) ] kad hs s n u ] q hn t r cd fq d d r ) ] r vd kk ] r s n L?ar K 7 ] mc 2 E 0 0 - L?a K 0 a] q d kx an t mc
s n ] mx n e s gd s d r s d c hr n k] s d r -
Vd md w s ] r r d r r d c sgd ] ahkhs x n e L?a 1 B6 s n ld ch] s d b n lokd ld ms ,cd od mcd ms

a] b s d q hb hc] k ] b s hu hs x ] f] hmr s s gd ’ q r s 5 1 n e 6 4 hr n k] s d r b n kkd b s d c e q n l ld m vhsg t q d s gq hs hr
hm ] M] mihmf %Bghm] ( r s t cx n e fn mn b n b b ] k s q ] mr lhr r hn m e q n l ld m s n vn ld m- A d b ] t r d
r n ld n e s gd r s q ] hmr vd q d r d mr hs hu d s n j hkkhmf ax 0 5 -6  on n kd c mn ql] k gt l] m r d q t l
%MGR ( s g] s v] r t r d c ] r s gd b n lokd ld ms r n t q b d ) ] kk hr n k] s d r vd q d fq n vm hm ld cht l
b n ms ] hmhmf 1 # f.lk BLO ,Md t 4 ?b s n q d mcd q s gd l et kkx r d q t l q d r hr s ] ms %'0 / /  r t q u hu ] k( -
?kk % 0 / /  ( n e s gd hr n k] s d r vd q d j hkkd c ] s ] kd u d k n e '4 /  hm sgd oq d r d mb d n e 4 # f.lk n e
L?a 1 B6 ] mc MGR - S ghr hmb kt cd c svn n e e n t q hr n k] s d r s g] s an t mc u d q x kn v kd u d kr n e L?a
1 B6 ax D K HR ? %n os hb ] k cd mr hs x ] s 3 4 / ml ZNC3 4 / [ ad svd d m / -/ 5 4 ] mc / -/ 8 / ( - E t q s gd q )
r d q t l a] b s d q hb hc] k ] b s hu hs x b n q q d k] s d c vhsg kd u d kr n e L?a 1 B6 ahmchmf %E hf- 0 / B( -

CHRBTRRHNM

S gd mn u d k ’ mchmf hm sghr q d on q s hr s gd oq d r d mb d n e Md t 4 ?b n m L- fnmnppgnd Ud Gd oHH
k] b s n r d - S n n t q j mn vkd cfd ) L- fnmnppgnd Ud hr s gd n mkx ld lad q n e s gd fd mt r Ld hr r d p hU
s g] s d w oq d r r d r k] b s n r d d w s d mchmf e q n l Gd oHH- Bd q s ] hm L- ld mhmfhs hchr r s q ] hmr on r r d r r ifsE
] mc b ] m q d ok] b d Fkb ] s s gd 2 on r hs hn m n e Gd oHH % r d d m hm K NR hllt mn s x od r K 1 ] mc K 3 Z 4 5 )
4 6 [ ( ) at s d w s d mr hn mr ad x n mc sgd oq n w hl] k Fkb hm ld mhmfn b n b b h g] u d mn s ad d m cd ,
r b q had c- O q hn q vn q j ax L] mcq d kk d s ] k- oq n u hcd c d u hcd mb d e n q s gd ] ahkhs x n e 0 4 1 4 2 K r s s n
r h] kx k] s d k] b s n r d ) ] ks gn t fg mn s hm sgd b n ms d w s n e hms ] b s a] b s d q h] : K NR hm S q hs n m W, 0 / /
d w s q ] b s r n e r s q ] hm 0 4 1 4 2 %vghb g ] kr n b n ms ] hmr K r s ( b n t kc hmb n qon q ] s d q ] chn k] ad kd c
Md t 4 ?b vgd m r t ookhd c vhsg d w n fd mn t r BLO , Z 0 3 B[Md t 4 ?b % 4 7 ( -
L?a 1 B6 q d b n fmhy d c 8 3  n e 5 7 fn mn b n b b h d w ] lhmd c chq d b s kx e q n l b d q u hb ] k r d b q d ,

s hn mr ] mc 8 4  n e 0 / 0 q ] mcn lkx b gn r d m e q d r g % r d b n mc o] r r ] fd ( fn mn b n b b ] k hr n k] s d r e q n l
] r d w t ] kkx s q ] mr lhs s d c chr d ] r d b khmhb hm A n r s n m) L? %3 1 ( - Vd q d b d ms kx r t q u d x d c 6 4

EHF 7 D e e d b s n e Gd oHH k] b s n r d r h] kx k] s hn m n m sgd ahmchmf ] mc a] b s d q hb hc] k d e ’ b ] b x n e L?a 1 B6 - %?(
R h] kx k] s hn m cd b q d ] r d r ahmchmf n e L?a 1 B6 s n LR 0 0 1 ,Gd w . F" at s mn s s n 0 4 1 4 2 - L- fnmnppgnd Ud v] r fq n vm
hm ld cht l ] kn md % t mr h] kx k] s d c( n q ld cht l r t ookd ld ms d c vhsg 1 4 # f.lk BLO ,Md t 4 ?b ] mc ahmchmf n e
L?a 1 B6 % 0 / # f.lk( s n 0 4 1 4 2 % kd e s fq ] og( ] mc LR 0 0 1 ,Gd w . F" v] r ld ] r t q d c ax fi n v b x s n ld s q x - S gd
b n ms q n k hmchb ] s d r a] b s d q h] hmb t a] s d c vhsg ] ms h,ln t r d HfF, E HS B %mn ] ccd c L?a 1 B6 ( - Nmd d w od q hld ms n e
s gq d d q d oq n ct b hakd q d od ] s r hr r gn vm- ?ffq d f] s d c c] s ] e q n l ] kk d w od q hld ms r hr r gn vm hm E hf- R 2 hm sgd
r t ookd ld ms ] k l] s d q h] k- % A ( ?cchs hn m n e BLO ,Md t 4 ?b s n fq n vsg ld cht l hm hmb q d ] r hmf b n mb d ms q ] s hn mr
cd b q d ] r d r s gd a] b s d q hb hc] k d e ’ b ] b x n e L?a 1 B6 ] f] hmr s L- fnmnppgnd Ud 0 4 1 4 2 - R d q t l a] b s d q hb hc] k ] r r ] x r
vd q d od q e n qld c vhsg 1 /  on n kd c mn ql] k gt l] m r d q t l %MGR ( ] r s gd b n lokd ld ms r n t q b d - Vgd q d
hmchb ] s d c) L?a 1 B6 v] r ] ccd c s n ] b n mb d ms q ] s hn m n e 0 / # f.lk- R t q u hu ] k v] r cd s d qlhmd c e n kkn vhmf
hmb t a] s hn m n e s gd q d ] b s hn m lhw s t q d e n q 2 / lhm q d k] s hu d s n r t q u hu ] k ] s / lhm-
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lhmhl] kkx o] r r ] fd c fn mn b n b b ] k hr n k] s d r e q n l M] mihmf) Bghm] ) ] mc mn s d c sg] s 0 / /  n e
hr n k] s d r q d ] b s d c vhsg L?a 1 B6 - ?kk r s q ] hmr ] kr n d w oq d r r d c K MmS ) vghb g r t ffd r s r s g] s
an s g r h] kx k] s ] akd fkx b ] mr ] q d hlon q s ] ms e n q fn mn b n b b ] k o] s gn fd md r hr - S gd hlon q s ] mb d
n e K MmS r h] kx k] s hn m) hm an sg gt l] mr ] mc sgd ln t r d u ] fhm] k b n kn mhy ] s hn m ln cd k) g] r
ad d m d r s ] akhr gd c %0 1 ) 4 3 ) 4 4 ) 4 8 ( - O g] r d u ] q h] ahkhs x n e ifs. ] mc ifsC b n ms q n kr d w oq d r r hn m
n e K MmS % 0 6 ( - G] u hmf an sg ifs. ] mc ifsA n e e vn t kc q d r t ks hm d w oq d r r hn m n e k] b s n r d ) vghkd
s gd b n lahm] s hn m n e ifs. n e e ] mc ifsA n m vn t kc q d r t ks hm d k] an q ] s hn m n e s gd O I , khj d % 2 ,Gd w (
r s q t b s t q d - He ifs. ] mc ifsC ] q d an s g n m) F] kM?b hr ] ccd c s n s gd s d qlhm] k F] k n e K MmS ] mc
oq d u d ms r r h] kx k] s hn m- R h] khb ] b hc khj d kx ok] x r ] lt ks he ] b d s d c q n kd hm md hr r d q h] k o] s gn fd md r hr -
Hm ] cchs hn m s n hmghahs hmf b n lokd ld ms ] mc d mg] mb hmf q d r hr s ] mb d s n n or n mn og] fn b x s n r hr
] mc b ] s hn mhb ] ms hlhb q n ah] k od os hcd r % 5 / ) 5 0 ( ) Md t 4 ?b d mf] fd r r h] khb ] b hc,ahmchmf
hllt mn fkn at khm, s x od kd b s hmr % r hfkd b r ( l] mx n e vghb g ] q d ) hm s t q m) khmj d c s n ] m hllt ,
mn q d b d os n q s x q n r hmd ,a] r d c hmghahs hn m % HS HL( ln s he ] mc hmghahs s gd hmfi ] ll] s n q x q d r on mr d
% 5 1 ( - Md t 4 ?b g] r ] kr n ad d m hcd ms h’ d c hm fn mn b n b b ] k ahn ’ klr % 5 2 ( - A d b ] t r d s gd fn mn ,
b n b b t r b ] m ] kr n r h] kx k] s d Gd oHH k] b s n r d ) hs g] r s gd b ] o] b hs x s n l] hms ] hm K NR r h] kx k] s hn m
d u d m vgd m sgd oq d u hn t r kx cd r b q had c r h] kx k] s ] akd K MmS n q O I , khj d r s q t b s t q d hr mn s
d w oq d r r d c e q n l Gd oH- Vghkd Gd oHH k] b s n r d b ] m ad r h] kx k] s d c vgd m Gd oH ] kr n d w oq d r r d r
k] b s n r d ) hs hr t mb kd ] q vgd sgd q Gd oHH k] b s n r d b ] m ad r h] kx k] s d c vgd m K MmS n q O I hr ] kr n
d w oq d r r d c n m Gd oH- Fhkad q s ] mc b n kkd ] ft d r r gn vd c sg] s ld mhmfn b n b b ] k K r s b n t kc ] cc
Md t 4 ?b s n 5 , % 4 , fi t n q d r b d hm, b ] q an w ] lhcn ( ,gd w ] mn hb ] b hc r t b b hmhlhcx k d r s d q % E BG?R D ( ,
] lhmn ogd mx k, k] b s n r d - K r s ] ccd c !5 -3 , e n kc n q !2 -1 , e n kc ln q d Md t 4 ?b n ms n k] b s n r ] lhmd
% K MmS hr k] b s n r ] lhmd , k] b s n r d ( s g] m k] b s n r d ] s r t ar s q ] s d b n mb d ms q ] s hn mr n e / -1 lL n q 0 -/
lL) q d r od b s hu d kx % 5 3 ( - A ] r d c n m sgd r d c] s ] ) vd r od b t k] s d s g] s K MmS hr oq d e d q d ms h] kkx
r h] kx k] s d c n u d q k] b s n r d vgd m an sg fkx b ] m r od b hd r ] q d d w oq d r r d c-
S gd oq n lhr b t hs x n e fn mn b n b b ] k K r s ) q d fi d b s d c ax hs r ] ahkhs x s n ] cc Md t 4 ?b s n K MmS

% s gq n t fg ] ! 1 , 2 , khmj ] fd ( ) O I , khj d K NR ) ] mc k] b s n r d % s gq n t fg ! 1 , 5 khmj ] fd r ( ) q ] hr d r s gd
on r r hahkhs x n e hs r ] ahkhs x s n r h] kx k] s d fkx b ] mr n m mn m, K NR r s q t b s t q d r r t b g ] r ohkhm) vghb g
b ] m d k] an q ] s d F] k" 0 , 3 F] k! 0 , 2 C?S CG %1 )3 ,ch] b d s hlhcn , 1 )3 )5 , s q hcd n w x gd w n r d ( % 5 4 ∆ 5 6 ( -
Vghkd ln r s n e s gd q ] chn k] ad k n m fn mn b n b b h e d c vhsg 0 3 B, k] ad kd c BLO ,Md t 4 ?b v] r

EHF 8 L?a 1 B6 ] s s d mt ] s d r hme d b s hn m vhsg L- fnmnppgnd Ud hm sgd lt q hmd u ] fhm] k b n kn mhy ] s hn m ln cd k-
Vhkc, s x od A ?K A . b lhb d vd q d s q d ] s d c vhsg d hs gd q L?a 1 B6 % 0 / # f hms q ] od q hs n md ] kkx svhb d ] c] x n m c] x r
#1 ) #0 ) ] mc / ( n q ] r hlhk] q cn r d n e b n ms q n k ln t r d HfF2 ] mc sgd m hme d b s d c vhsg 4 & 0 / 4 BE T n e 0 4 1 4 2 -
U] fhm] r vd q d r v] aad c c] hkx s n d mt ld q ] s d BE T- %?( J ] ok] m,Ld hd q b t q u d r r gn vhmf s hld s n b kd ] q ] mb d - S gd
svn fq n t or vd q d b n lo] q d c t r hmf ] L] ms d k,Bn w kn f q ] mj s d r s - % A ( BE T %kn f0 / ( b n t ms u d q r t r s hld - %B( ?q d ]
t mcd q s gd b t q u d %?TB( ] m] kx r hr r gn vhmf b n mr n khc] s d c a] b s d q h] k at qcd mr n u d q s hld - O ] hqvhr d b n lo] q hr n mr
ad svd d m sgd svn fq n t or vd q d l] cd ax ] L] mm,Vghsmd x mn mo] q ] ld s q hb s s d r s -

Gd oHH K ] b s n r d R h] kx k] s hn m hm Fn mn b n b b ] k O ] s gn fd mhb hs x Hme d b s hn m ] mc Hllt mhs x
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kn b ] s d c n m K NR ) ] r l] kk ] ln t ms v] r cd s d b s d c n m ] 1 7 , s n 2 / , j C] ,ln kd b t k] q ,l] r r
oq n s d hm % 5 7 ( - S gt r ) r s t chd r s n d w ] lhmd r h] kx k] s hn m n e oq n s d hm, ] r r n b h] s d c fn mn b n b b ] k
fkx b ] mr ax K r s l] x ad v] q q ] ms d c-
S gd hlon q s ] mb d n e Md t 4 ?b n m Gd oHH k] b s n r d hm o] sgn fd md r hr v] r hkkt r s q ] s d c ax

EHF 0. D w oq d r r hn m n e sgd 1 B6 K NR d ohs n od ax b khmhb ] k hr n k] s d r e q n l M] mihmf) Bghm] ) ] mc a] b s d q hb hc] k d e ’ b ] b x
n e L?a 1 B6 - %?( R b gd l] s hb r gn vhmf q d ] b s hu hs x n e ] ms h, K NR L?ar 1 B6 ) K 0 ) K 7 ) ] mc 2 E 0 0 - L?a 1 B6 q d pt hq d r
d w oq d r r hn m n e k] b s n r d e q n l Gd oH ] mc Gd oHH r hlt ks ] md n t r kx %4 2 (- L?a K 7 q d b n fmhy d r k] b s n r d e q n l Gd oH hm
b n mit mb s hn m vhsg ] ogn r ogn d sg] mn k] lhmd %O D ?( ] s sgd 2 on r hs hn m n e Gd oHH %7 0 (- D w oq d r r hn m n e 2 , O D ? eq n l Gd oHH
q d pt hq d r ifsE s n ad og] r d n e e : sgt r ahmchmf n e L?a 1 B6 ] mc K 7 n b b t q r d w b kt r hu d kx ) ] mc sgd x cn mn s ahmc s n
n u d q k] oohmf d ohs n od r - L?a 2 E 0 0 ahmcr s n sgd t mr h] kx k] s d c s d qlhm] k k] b s n r ] lhmd n e sgd K MmS r s q t b s t q d : ] mx
d w s d mr hn m ad x n mc k] b s n r ] lhmd –en q d w ] lokd ) vhsg F] kM?b %ifsC og] r d n m( n q sgd ] cchs hn m n e Md t 4 ?b ax
] cchmf BLO ,Md t 4 ?b s n fq n vsg ld cht l–] aq n f] s d r L?a 2 E 0 0 ahmchmf %7 / (- L?a K 0 ahmcr s n sgd O I , khj d
fkn an s q hn r d r s q t b s t q d %F] k! 0 , 3 F] k" 0 , 3 Fkb (- %7 1 (- O g] r d u ] q h] s hn m od qlhs r d w oq d r r hn m n e r d u d q ] k K NR r od b hd r ] mc
ahmchmf s n ln q d sg] m n md L?a- %A ( Q d ] b s hu hs x n e L?ar 1 B6 ) K 0 ) K 7 ) ] mc 2 E 0 0 s n 6 4 lhmhl] kkx o] r r ] fd c L-
fnmnppgnd Ud hr n k] s d r q d b n u d q d c eq n l ld m vhsg t q d sgq hs hr ] s s d mchmf sgd M] mihmf %Bghm] ( R S C b khmhb - A hmchmf n e
L?ar v] r cd s d qlhmd c ax vgn kd , b d kk D K HR ?- L?ar 1 B6 ) K 0 ) ] mc K 7 ] q d ] kk ln t r d HfFr ) vghkd 2 E 0 0 hr HfL ] mc
sgd q d e n q d hr r gn vm ] r ] r d o] q ] s d fq ] og- %B( Bn lokd ld ms ,cd od mcd ms a] b s d q hb hc] k ] b s hu hs x n e L?a 1 B6 ] f] hmr s
sgd ’ q r s 5 1 . 6 4 hr n k] s d r b n kkd b s d c eq n l ld m vhsg t q d sgq hs hr hm ] M] mihmf %Bghm] ( r s t cx n e fn mn b n b b ] k s q ] mr lhr ,
r hn m eq n l ld m s n vn ld m ] r ] e t mb s hn m n e L?a 1 B6 ahmchmf %d w oq d r r d c ] r NC3 4 / (- A ] b s d q h] vd q d fq n vm hm
ld cht l b n ms ] hmhmf BLO ,Md t 4 ?b %1 # f.lk( s n d m] akd sgd l s n et kkx q d r hr s j hkkhmf %'0 / /  r t q u hu ] k( ax 0 5 -6  
mn ql] k gt l] m r d q t l %MGR (- R t q u hu ] k n e a] b s d q h] ] s 2 / lhm en kkn vhmf hmb t a] s hn m vhsg L?a 1 B6 %4 # f.lk( okt r
MGR %0 5 -6  ( hr r gn vm ] r ] e t mb s hn m n e L?a 1 B6 ahmchmf-
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] s s d mt ] s hn m n e 0 4 1 4 2 °ir s hm sgd ln t r d u ] fhm] k b n kn mhy ] s hn m ln cd k- S gt r ) t mr h] kx k] s d c
Gd oHH k] b s n r d cn d r mn s r t oon q s u hq t kd mb d hm sghr ln cd k- D w oq d r r hn m n e Gd oHH k] b s n r d ax
] kln r s ] kk b khmhb ] k hr n k] s d r ghfgkhfgs r s gd hlon q s ] mb d n e l] hms ] hmhmf ifsE hm sgd n m r s ] s t r
hm u hu n- Vd ] q d mn s ] v] q d n e ] mx m] s t q ] kkx n b b t q q hmf fn mn b n b b ] k hr n k] s d s g] s k] b j r ifsE-
Vd g] u d r gn vm oq d u hn t r kx s g] s ] m ifsE cd kd s hn m lt s ] ms n e L- fnmnppgnd Ud E ?0 / 8 / v] r
kd r r u hq t kd ms s g] m hs r vhkc, s x od o] q d ms % 3 2 ( - K ] l ] mc Fq ] x ,Nvd m r gn vd c sg] s r d q h] k
o] r r ] fd n e L- fnmnppgnd Ud hm lhb d q d r t ks d c hm ] m hmb q d ] r d c e q ] b s hn m n e lhb d hme d b s d c
vhsg d ] b g r t ao] r r ] fd ] mc hm ] q d oq n ct b hakd r d kd b s hn m n e u ] q h] ms r vhsg ifsE n m) oq n u hc,
hmf e t q s gd q r s q n mf d u hcd mb d n e s gd hlon q s ] mb d n e Gd oHH k] b s n r d d w oq d r r hn m hm u hu n % 5 8 ( -
Vd mn s d c sg] s LR 0 0 1 ,Gd w . F# hmghahs d c ln t r d b n lokd ld ms vgd m fq n vm hm

BLO ,Md t 4 ?b - S gd ] ln t ms n e Md t 4 ?b hmb n qon q ] s hn m n ms n Gd oH k] b s n r d hm sghr lt s ] ms
v] r khj d kx s n n r l] kk s n ad cd s d b s d c ax r ghe s r n m R CR , O ?FD fd kr n q ax LR ] m] kx r hr at s
v] r md u d q s gd kd r r r t e ’ b hd ms e n q e t mb s hn m] k ] b s hu hs x ) khlhs d c ] r hs v] r - Hm b n ms q ] r s ) 0 4 1 4 2 .
F#) vghb g ] kr n d w oq d r r d r n mkx k] b s n r d e q n l Gd oH) chc mn s hmghahs ln t r d B2 cd on r hs hn m
vgd m fq n vm hm BLO ,Md t 4 ?b , b n ms ] hmhmf ld cht l) r t ffd r s hmf sg] s s gd d w s d ms ] mc
hmfi t d mb d n e Gd oH k] b s n r d r h] kx k] s hn m n m e t mb s hn m l] x che e d q ] b q n r r r s q ] hmr - Vgd sgd q ]
che e d q d mb d hm Gd oH k] b s n r d r h] kx k] s hn m d w hr s r ad svd d m sgd svn r s q ] hmr hr t mb kd ] q cd r ohs d
che e d q d mb d r hm e t mb s hn m at s b n t kc q d k] s d s n che e d q d mb d r hm K r s r d pt d mb d ] mc. n q kd u d kr n e
K r s ] b s hu hs x - S q ] mr k] s hn m n e CM? r d pt d mb d r n e s gd ir s n od m q d ] chmf e q ] ld r %NQ E r ( n e
0 4 1 4 2 ] mc LR 0 0 r gn vd c ] r hmfkd ] lhmn ] b hc r d pt d mb d che e d q d mb d : 0 4 1 4 2 on r r d r r d c ]
P %r d d m hm 0 5 n s gd q L- fnmnppgnd Ud K r s r d pt d mb d r ( ) vghkd LR 0 0 on r r d r r d c ] m D % r d d m hm
'3 / / L- fnmnppgnd Ud K r s r d pt d mb d r ( ] s on r hs hn m 1 5 5 - S gd #2 4 .#0 / oq n ln s d q r d pt d mb d )
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LR 0 0 - O ] b j h] l d s ] k- r gn vd c vhcd u ] q h] s hn m hm ir s lQ M? kd u d kr ] b q n r r fn mn b n b b ] k
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n e E G- A k] t l ] mc b n kkd ] ft d r r gn vd c sg] s s gd hms d q ] b s hn m ad svd d m r h] khb ] b hc ] mc E G
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r t ffd r s hmf ] m ! 1 , 5 khmj ] fd - Hm ] b b n q c] mb d vhsg sgd ’ mchmfr n e A k] t l d s ] k-) r h] kx k] s hn m
n e Gd oHH k] b s n r d ) oq d r t l] akx s gq n t fg ] m ! 1 , 5 khmj ] fd ) chc mn s hmb q d ] r d E G ahmchmf s n
L- fnmnppgnd Ud - Vd ] b j mn vkd cfd sg] s e t q s gd q r s q t b s t q ] k b g] q ] b s d q hy ] s hn m hr md b d r r ] q x s n
b n m’ ql sgd m] s t q d n e s gd Md t 4 ?b , k] b s n r d khmj ] fd - Gn v Md t 4 ?b n m Gd oHH k] b s n r d
q d ft k] s d r b n lokd ld ms q d l] hmr t mb kd ] q - R hlhk] q s n K MmS r h] kx k] s hn m) Md t 4 ?b khmj d c s n
K MmS l] x ] kr n hmghahs s gd b k] r r hb ] k o] s gv] x ax q d ct b hmf ahmchmf n e HfF chq d b s d c ] f] hmr s
r d kd b s r t q e ] b d s ] q fd s r s n s gd a] b s d q h] k r t q e ] b d -
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n q f] mhr l hr r h] kx k] s d c ] mc ] cchs hn m] k e ] b s n q r r t b g ] r n or n mn og] fn b x s n r hr l] x b n ms q ha,
t s d s n hs r a] b s d q hb hc] k ] b s hu hs x - Ln t r d E G ] mc B3 A O cn mn s ahmc s n fn mn b n b b h % 4 / ) 4 0 ( -
S gd q d e n q d ) s gd a] q q hd q s g] s L?a 1 B6 lt r s r t qln t ms s n ] b s hu ] s d b n lokd ld ms n m
fn mn b n b b h hm vhkc, s x od lhb d hr khj d kx s n ad kn vd q s g] m sg] s hm gt l] mr - Nmfn hmf r s t chd r
g] u d r gn vm d e ’ b ] b x n e L?a 1 B6 ] f] hmr s vhkc, s x od r s q ] hmr LR 0 0 ] mc E ?0 / 8 / ) vghb g
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lhb d % R - Ft k] s h) O - ?- Q hb d ) ] mc R - Q ] l) t mot akhr gd c n ar d q u ] s hn mr ( ) r t ffd r s hmf sg] s L?a
1 B6 b ] m n u d q b n ld sgd d e e d b s r n e s gd r d b n lokd ld ms hmghahs n q r hm u hu n-
Hm b n mb kt r hn m) s ghr mn u d k r hs d n e r h] kx k] s hn m n m L- fnmnppgnd Ud Gd oHH k] b s n r d b ] m hmghahs
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b khmhb ] k hr n k] s d r n e L- fnmnppgnd Ud ] mc e t q s gd q u ] khc] s d s ] q fd s hmf sgd 1 B6 d ohs n od vhsg
] ms han cx ,a] r d c u ] b b hmd r ] mc hllt mn sgd q ] od t s hb r -
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AYbsdphYirspYhmr-R s q ] hm 0 4 1 4 2 v] r q d b n u d q d c e q n l sgd og] q x mw % n m S g] x d q ,L] q s hm r d kd b s hu d ld cht l(

hm ] m hmchu hct ] k vhsg chr r d lhm] s d c fn mn b n b b ] k hme d b s hn m ] mc g] r ad d m cd r b q had c oq d u hn t r kx % 3 3 ( - 0 4 1 4 2
v] r q d mcd q d c q d r hr s ] ms s n r s q d os n lx b hm ax s q ] mr e n ql] s hn m vhsg por K e q n l L- fnmnppgnd Ud E ?0 / 8 / ) vghb g
hr m] s t q ] kkx q d r hr s ] ms s n r s q d os n lx b hm) ] r cd r b q had c oq d u hn t r kx % 6 2 ( - Nmkx ifs. ] mc ifs D ] q d hms ] b s hm hs r
ifs. D kn b t r % 6 3 ( - Cd kd s hn m n e ifsE hm 0 4 1 4 2 s n x hd kc 0 4 1 4 2 . F# g] r ad d m cd r b q had c oq d u hn t r kx % 6 4 ( - Cd kd s hn m
n e K NR r h] kx ks q ] mr e d q ] r d % ir s ( s n x hd kc 0 4 1 4 2 °ir s % ir s 99J ] mq ( v] r od q e n qld c ] r cd r b q had c oq d u hn t r kx % 4 3 ( - ?kk
n e s gd K NR lt s ] ms cd q hu ] s hu d r n e LR 0 0 vd q d cd q hu d c e q n l LR 0 0 3 . 2 . 0 ) ] u ] q h] ms n e LR 0 0 UC2 / / vhsg ] m
hr n oq n ox k, " ,C, s ghn f] k] b s n ox q ] mn r hcd % HO S F(, hmct b hakd ohiD s g] s b n ms q n kr ohkt r d w oq d r r hn m % 6 5 ( ] mc g] u d
ad d m cd r b q had c oq d u hn t r kx % 3 7 ( - S gd K NR ogd mn s x od r n e 0 4 1 4 2 ) 0 4 1 4 2 . F#) ] mc sgd LR 0 0 lt s ] ms r t r d c
hm sghr r s t cx ] q d khr s d c hm E hf- 0 - R d u d ms x , ’ u d ] cchs hn m] k hr n k] s d r vd q d n as ] hmd c e q n l l] kd r t aid b s r
d mq n kkd c hm ] s q ] mr lhr r hn m r s t cx % 6 6 ( n e fn mn b n b b ] k hme d b s hn m e q n l ld m s n vn ld m hm M] mihmf) Bghm] - ?kk
r t aid b s r oq n u hcd c vq hs s d m hme n qld c b n mr d ms hm ] b b n q c] mb d vhsg q d pt hq d ld ms r ax Hmr s hs t s hn m] k Q d u hd v
A n ] q cr e q n l sgd Tmhu d q r hs x n e L] r r ] b gt r d s s r Ld chb ] k R b gn n k) A n r s n m Tmhu d q r hs x R b gn n k n e Ld chb hmd ) ] mc
sgd Hmr s hs t s d n e Cd ql] s n kn fx ) Bghmd r d ?b ] cd lx n e Ld chb ] k R b hd mb d r ] mc O d j hmf Tmhn m Ld chb ] k Bn kkd fd )
M] mihmf) Bghm] -

MnplYigtlYm rdptl-R d q t l v] r n as ] hmd c e q n l mn ql] k gd ] ks gx ] ct ks u n kt ms d d q r vhsg mn ghr s n q x
n e fn mn b n b b ] k n q ld mhmfn b n b b ] k hme d b s hn m vgn oq n u hcd c hme n qld c b n mr d ms - O ] q s hb ho] s hn m v] r ] ooq n u d c
ax sgd Tmhu d q r hs x n e L] r r ] b gt r d s s r Hmr s hs t s hn m] k Q d u hd v A n ] q c e n q s gd oq n s d b s hn m n e gt l] m r t aid b s r -
R d q t l v] r n as ] hmd c e q n l vgn kd akn n c sg] s v] r b kn s s d c ] s 1 4 zB e n q 2 / lhm) e n kkn vd c ax b d ms q he t f] s hn m
] s 0 )4 / / & f e n q 1 / lhm ] s 3 zB- R d q t l eq n l 0 / cn mn q r v] r on n kd c) ] khpt n s d c) ] mc r s n q d c ] s #7 / zB-

Lntrd bnloidldms-Tr d n e ] mhl] kr hm sghr r s t cx v] r od q e n qld c hm r s q hb s ] b b n q c] mb d vhsg sgd
q d b n lld mc] s hn mr hm sgd Ethcd enp sgd AUp d Umc Tr d ne K UanpUsnp v .mhlUir d mcn q r d c ax sgd M] s hn m] k
Hmr s hs t s d r n e Gd ] ks g % 6 7 ( - S gd oq n s n b n k v] r ] ooq n u d c ax sgd Hmr s hs t s hn m] k ?mhl] k B] q d ] mc Tr d Bn llhs s d d
% H?BTB( ] s s gd Tmhu d q r hs x n e L] r r ] b gt r d s s r Ld chb ] k R b gn n k- Ln t r d akn n c n as ] hmd c ax s d qlhm] k b ] q ch] b
ot mb s t q d v] r ] kkn vd c s n b kn s e n q 1 / lhm ] s q n n l s d lod q ] s t q d : hs v] r s gd m ok] b d c n m hb d e n q 1 / lhm
] mc b d ms q he t fd c ] s 0 / )/ / / & f e n q 0 / lhm ] s 3 z B- R d q t l v] r g] q u d r s d c ] mc r s n q d c hm r hmfkd , t r d
] khpt n s r ] s #7 / z B-

Einv bxsnldspx- E ] b s n q G ahmchmf s n L- fnmnppgnd Ud v] r cd s d b s d c ] r cd r b q had c oq d u hn t r kx % 6 2 ( -
A q hd fi x ) !0 / 6 a] b s d q h] hm G] mj r a] k] mb d c r ] ks r n kt s hn m %GA R R ( b n ms ] hmhmf 0 lL B] Bk1 ] mc 0 lL LfBk1
%GA R R ""( okt r / -0  an u hmd r d q t l ] kat lhm %A R ?( v] r hmb t a] s d c vhsg 0 / # f.lk ot q h’ d c gt l] m E G
%Bn lokd ld ms S d b gmn kn fhd r ) Hmb -( e n q 0 4 lhm ] s 2 6 zB- A ] b s d q h] ,an t mc E G v] r cd s d b s d c vhsg fn ] s
] ms h,gt l] m E G %0 # f.lk: Bn lokd ld ms S d b gmn kn fhd r ) Hmb -( ) e n kkn vd c ax ] ms h,fn ] s HfF, fi t n q d r b d hm hr n s ghn ,
b x ] m] s d % E HS B( % R hfl] ( ] s ] chkt s hn m n e 0 90 / / - A ] b s d q h] vd q d ’ w d c hm 0  o] q ] e n ql] kcd gx cd hm ogn r og] s d ,
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Ln t r d B2 cd on r hs hn m n m a] b s d q h] v] r ld ] r t q d c ax hmb t a] s hmf 0 / 6 BE T n e a] b s d q h] hm GA R R "", A R ?
vhsg ln t r d b n lokd ld ms % b n mb d ms q ] s hn m r s ] s d c e n q d ] b g d w od q hld ms ( e n q 1 / lhm ] s 2 6 zB- Ln t r d B2
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Supplemental Table S1. Detected ions and proposed compositions of LPS 
 

Detected ion 
(m/z) 

Composition Detected  
mass (Da) 

Calculated 
mass (Da) Comments 

     
Ng 15253 (no CMP-Neu5Ac) 

 
1314.98 Hex4 HexNAc1 Hep2 KDO2 Lipid A (2P) 2627.94 2628.00 [M+2H]2+ 
1323.50 Hex4 HexNAc1 Hep2 KDO2 Lipid A (2P) 2627.96 2628.00 [M+H+NH4]2+ 
1376.45 Hex4 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 2750.88 2751.01 [M+2H]2+ 
1385.00 Hex4 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 2750.96 2751.01 [M+H+NH4]2+ 

     
Ng 15253 (+ CMP-NeuAc) 

 
1314.99 Hex4 HexNAc1 Hep2 KDO2 Lipid A (2P) 2627.96 2628.00 [M+2H]2+ 
1323.51 Hex4 HexNAc1 Hep2 KDO2 Lipid A (2P) 2627.98 2628.00 [M+H+NH4]2+ 
1376.49 Hex4 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 2750.96 2751.01 [M+2H]2+ 
1385.03 Hex4 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 2751.02 2751.01 [M+H+NH4]2+ 
1460.54 NeuAc1 Hex4 HexNAc1 Hep2 KDO2 Lipid A (2P) 2919.06 2919.10 [M+2H]2+ 
1469.07 NeuAc1 Hex4 HexNAc1 Hep2 KDO2 Lipid A (2P) 2919.10 2919.10 [M+H+NH4]2+ 
1522.04 NeuAc1 Hex4 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 3042.06 3042.11 [M+2H]2+ 
1530.54 NeuAc1 Hex4 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 3042.04 3042.11 [M+H+NH4]2+ 

     
Ng 15253, ΔlgtG (+ CMP-NeuAc) 

 
1152.95 Hex2 HexNAc1 Hep2 KDO2 Lipid A (2P) 2303.88 2303.9 [M+2H]2+ 
1161.47 Hex2 HexNAc1 Hep2 KDO2 Lipid A (2P) 2303.90 2303.9 [M+H+NH4]2+ 
1214.47 Hex2 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 2426.92 2426.91 [M+2H]2+ 
1223.00 Hex2 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 2426.96 2426.91 [M+H+NH4]2+ 

     
Ng MS11 2-Hex/G+ (+ CMP-NeuAc) 

 
1152.99 Hex2 HexNAc1 Hep2 KDO2 Lipid A (2P) 2303.96 2303.9 [M+2H]2+ 



1161.52 Hex2 HexNAc1 Hep2 KDO2 Lipid A (2P) 2304.00 2303.9 [M+H+NH4]2+ 
1214.51 Hex2 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 2427.00 2426.91 [M+2H]2+ 
1223.02 Hex2 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 2427.00 2426.91 [M+H+NH4]2+ 
1315.05 Hex4 HexNAc1 Hep2 KDO2 Lipid A (2P) 2628.08 2628.00 [M+2H]2+ 
1323.57 Hex4 HexNAc1 Hep2 KDO2 Lipid A (2P) 2628.10 2628.00 [M+H+NH4]2+ 
1376.54 Hex4 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 2751.06 2751.01 [M+2H]2+ 
1385.10 Hex4 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 2751.16 2751.01 [M+H+NH4]2+ 
1460.61 NeuAc1 Hex4 HexNAc1 Hep2 KDO2 Lipid A (2P) 2919.20 2919.10 [M+2H]2+ 
1469.14 NeuAc1 Hex4 HexNAc1 Hep2 KDO2 Lipid A (2P) 2919.24 2919.10 [M+H+NH4]2+ 

     
Ng MS11 2-Hex/G- (+ CMP-NeuAc) 

 
1214.39 Hex2 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 2426.76 2426.91 [M+2H]2+ 
1223.06 Hex2 HexNAc1 Hep2 KDO2 PE1 Lipid A (2P) 2427.08 2426.91 [M+H+NH4]2+ 
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Fig. S1. Sialylation of 15253 LOS inhibits complement activation. Strains 15253 and its 

isogenic mutant derivatives, 15253/G- (lacks HepII glycan extensions) and 15253 Δlst 

(lacks LOS sialyltransferase) were grown without or with CMP-Neu5Ac (25 µg/ml), 

incubated in 15% normal mouse serum for 20 min at 37 °C.  C3 deposited on the 

bacterial surface was measured by flow cytometry. C3 deposited on bacteria grown in 

the presence of CMP-Neu5Ac is shown by the grey bars and is represented as a 

percentage of C3 deposition on the corresponding unsialyated mutant (shown by solid 

black bars; 100% binding). Each bar represents the mean (range) of 5 separate 

experiments with 15253 and 2 experiments with 15253/G- and 15253 Δlst. 

 

  



 

 

Fig. S2. Complement inhibition by MS11 mutants that express lactose LOS extensions. 

Isogenic MS11 mutants that express predominantly lactose (2-Hex), PK structure (3-

Hex) or LNnT (4-Hex) from HepI, with (G+) or without (G-) lactose from HepII, were 

grown in the absence or presence of CMP-Neu5Ac (25 µg/ml) and were incubated with 

15% normal mouse serum for 20 min at 37 °C. Mouse C3 deposited on the bacterial 

surface was measured by flow cytometry. C3 deposited on bacteria grown in the 

presence of CMP-Neu5Ac is shown by the grey bars and is represented as a 

percentage of C3 deposition on the corresponding unsialyated mutant (shown as solid 

black bars; 100% binding). Each bar represents the mean (range) of 2 – 5 separate 

experiments. 

 

  



 

 

Fig. S3. Effect of HepII lactose sialylation on binding of mAb 2C7. N. gonorrhoeae 

15253 and MS11 2-Hex/G+ were grown in media alone or media supplemented with 25 

µg/ml CMP-Neu5Ac and binding of mAb 2C7 (10 µg/ml) was measured by flow 

cytometry. mAb 2C7 binding to the sialylated strain (grey bars) is expressed as a 

percentage of binding to the corresponding unsialylated strain (black bars) on the Y-

axis. The mean (range) of three separate experiments is shown.  

 




