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TUV WXY ZV[\V]^V _ZZV`abVc dV a\ebf ghc fUV dUhbV iV]h` V
ZUhfi\] _ZZV`abj hg fUV U\` _] iV]h` V k \febelVZ V]mncV_mZ
hg e]ZVcfZ fh hcmVc _]m hceV]f _ZZV`abVm ^h]feiZ e]fh Z^_gn
gh bmZ ghc dUe^U fUV meZf_]^VZ a VfdVV] ^h]ZV^\feoV ^h]feiZ
_cV Zf_feZfe^_bbj ^U_c_^fVcelVm p qV ^h]ZemVc fUV rchabV` hg
^h`r_ce]i fdh Z\^U Z^_shbmZ p Yrrbe^_feh]Z e]^b\mV ^h`r_cn
eZh] hg fdh meZfe]^f _ZZV`abeVZ ghc `\f\_b ^h]tc` _feh] k _]m
^h`r_ceZh] hg Z^_shbm _ZZV`abeVZ hg uYvZ fh mVfVc` e]V _ d n
UhbV iV]h` V febe]i hg fUV uYvZ p qV ghc` _belV fUV rchabV`
_]m mVoVbhr Vw ^eV]f _bihcefU` Z ghc _ ]\`aVc hg o_ce_feh]Z
hg fUV rchabV` k fUV VZZV]fe_b cVZ\ bf a Ve]i _ Zr_cZV _bihcefU`
fU_f cVt]VZ i_r VZfe` _fVZ a_ZVm h] fUV hoVcb_r VoemV]^V p

x yzPQ{ |}SP~{z
�hZf ZV[\V]^V _]_bjZeZ rchic_` Z ` _�V fUV _ZZ\`rfeh] fU_f
fUV Z\a� V^f ZV[\V]^V hc ZV[\V]^VZ `hmVb ^h]fei\h\Z ZfcVf^Un
VZ k hc ^h]feiZ k hg _] \]mVcbj e]i iV]h` V p �hdVoVc k ` hZf b_ciV
Z^_bV iV]h` V rch� V^fZ iV]Vc_bbj rchm\^V ^hbbV^feh]Z hg ^h]n
feiZ dUhZV hcmVc k hceV]f_feh] k _]m _rrch�e` _fV ZVr_c_fe]i
meZf_]^VZ _cV �]hd] fh o_cj e]i bVoVbZ hg ^h`rbVfV]VZZ p �hc
V�_`rbV k fUV ^\ccV]f ch\iU mc_gf U\` _] iV]h` V Vshcf hg
fUV �\` _] �V]h`V �ch� V^f ����� ��� U_Z rchm\^Vm _ ZVf
hg r_cfe_bbj hcmVcVm ^h]feiZ k hg ` Vme_] ZelV ����ar k ^hoVce]i
V_^U hg ch\iUbj �� k��� uYvZ ^bh]VZ hg _oVc_iV ZelV ����ar k
fU_f _cV r_cfe_bbj hcmVcVm _^chZZ fUV iV]h` V p vVbVc_ �Z dUhbV
iV]h` V ZUhfi\] _rrch_^U �� k �� rchm\^VZ _ ZVf hg ^h]feiZ k
hg ` Vme_] ZelV ����ar k fU_f _cV hcmVcVm _]m hceV]fVm e]fh
Z^_shbmZ Zr_]]e]i _] _oVc_iV hg �p��ar k V_^U hg dUe^U eZ
` _rrVm _]m hcmVcVm _^chZZ fUV iV]h` V p Y] e]fVcVZfe]i be]V
hg e][\ecj ghc ` _]j e]oVZfei_fhcZ dh\bm aV Uhd fh ` _�V fUVec
fhhbZ dhc� h] Z\^U m_f_ p

�] fUeZ r_rVc dV gh^\Z h] _ r_cfe^\ b_c ^b_ZZ hg rchabV` Z
_ZZh^e_fVm d efU fUV Z^_shbm _ZZV`abeVZ fU_f cVZ\ bf gch` _Zn
ZV`abe]i ZUhfi\] m_f_ ZVfZ ghc dUe^U V]mnZV[\V]^V r_ece]i
e]ghc` _feh] eZ _o_eb_a bV p �]mnZV[\V]^V r_ecZ _cV iV]Vc_fVm
aj c\]]e]i ZV[\V]^e]i cV_^feh]Z gch` ahfU V]mZ hg _ oV^fhc
e]ZVcf p �hc V�_`rbV k e] vVbVc_ �Z dUhbV iV]h` V rchfh^hb k dV
a\ebm beac_ceVZ hg ��ar k ���ar k _]m ���ar e]ZVcfZ _]m mVn

fVc` e]V fUV ZV[\V]^V hg ���n��� a_ZV r_ecZ gch` ahfU V]mZ hg
fUVZV e]ZVcfZ p TU\Z fUV e]r\f fh fUV _ZZV`abVc eZ � ���� hg Wn
XY cV_mZ dUhZV meZf_]^V gch` V_^U hfUVc eZ �]hd] fh aV meZn
fcea\fVm ]hc` _bbj d efU _ dVbbn^U_c_^fVcelVm ` V_] _]m Zf_]n
m_cm mVoe_feh] p �f eZ dVbbn�]hd] aj fUV �_]mVcnq_fVc` _]
ghc`\b_ ��� fU_f VoV] d efU fUV ^hbbV^feh] hg V]h\iU m_f_ fh
^hoVc fUV iV]h` V fV] fe` VZ hoVc k fUVcV d ebb Zf_feZfe^_bbj a V
` _]j i_rZ hc cVieh]Z dUVcV fUV iV]h` V d_Z ]hf Z_`rbVm p
�h fUV _ZZV`abVc rchm\^VZ _ ^hbbV^feh] hg ^h]feiZ d efU e]fVcn
Zr VcZVm i_rZ p q efUh\f fUV V]mnr_ecZ k fUV hcmVc _]m hceV]f_n
feh] hg fUVZV ^h]feiZ dh\bm aV \]�]hd] _]m fUV e]ghc` _feh]
hg beffbV o_b\V p �hdVoVc k fUV V]mnr_ecZ ^h]]V^f ^h]feiZ aj
oecf\V hg U_oe]i fUV cV_mZ hg fUVec r_ecZ e] mesVcV]f ^h]feiZ p
TUeZ cVb_feh] hcmVcZ _]m hceV]fZ fUV ^h]feiZ e]fh Z^_shbmZ
ghc dUe^U fUV meZf_]^V a VfdVV] ^h]ZV^\feoV ^h]feiZ eZ Zf_n
feZfe^_bbj ^U_c_^fVcelVm k d efU VZr V^e_bbj feiUf o_ce_]^V dUV]
` _]j r_ecZ rchoemV fUV be]�_iV p �ei\cV � ebb\Zfc_fVZ fUV emV_
hg _ Z^_shbm p TUV Z_` V �_]mVcnq_fVc` _] ghc`\b_ e`rbeVZ
fU_f Z^_shbmZ _cV V�rV^fVm fh Zr_] ` ebbeh]Z hg a_ZV r_ecZ h]
_oVc_iV _f ^hoVc_iVZ _Z bhd _Z �� k _]m fUVZV b_ciV Z^_shbmn
Z _cV V_Zebj ` _rrVm fh _ bh^_feh] h] fUV iV]h` V oe_ _]j
^h_cZVnic_e]Vm iV]Vfe^ ` _r Z\^U _Z _ bhd nmV]Zefj �T� ` _r
��� p

TUV rchabV` hg ^h`r_ce]i Z\^U Z^_shbmZ _chZV e] ZVon
Vc_b rc_^fe^_b ^h]fV�fZ d efU e] h\c dhc� h] dUhbV iV]h` V
ZV[\V]^e]i p TUch\iU Z\^^VZZeoV cVt]V` V]fZ hg fUV _ZZV`abj
_bihcefU` Z k dV gh\]m h\cZVboVZ d efU mesVcV]f _ZZV`abj oVcn
Zeh]Z k ghc dUe^U dV d_]fVm fh \]mVcZf_]m fUV mesVcV]^VZ k eg
_]jp �hcVhoVc k fUVcV d_Z hgfV] e]mVrV]mV]fbj mVfVc` e]Vm
ZV[\V]^V m_f_ _]m dV d_]fVm fh ^h`r_cV h\c Z^_shbmZ _n
i_e]Zf Z\^U m_f_ ghc fUV r\crhZV hg o_bem_fe]i h\c fV^U]e[\VZ p
� e]_bbjk e] fUV ^_ZV hg fUV U\` _] iV]h` V k dV dVcV _abV fh
\ZV h\c V]mncV_mZ fh a\ebm Z^_shbmZ hg fUV beiUf ZUhfi\] m_f_
rchm\^Vm aj fUV r\abe^ ��� Vshcf h] _ uYv ^bh]V a_ZeZ p
TUV r\abe^ febe]i hg fUV uYvZ k e]gVccVm aj cVZfce^feh] meiVZf
bV]ifU t]iVcrce]fZ k d_Z ]hf r_cfe^\b_cbj cVbe_a bV p q efU h\c
Z^_shbm _ZZV`abeVZ g\ bbj hcmVce]i fUV m_f_ _]m g\cfUVc ^h` n
rbVfe]i fUV ZV[\V]^V hg V_^U uYv k dV rch^VVmVm fh rchm\^V
h\c hd] febe]i a_ZVm h] haZVcoe]i fUV hoVcb_r e] ZV[\V]^V
a VfdVV] Z^_shbmZ p

q U_f ` _�VZ fUV Z^_shbm hoVcb_r rchabV` e]fVcVZfe]i k eZ
fUV cV[\ecV` V]f fU_f fUV ^h]feiZ hg fUV Z^_shbmZ hoVcb_r e] _
d_j fU_f eZ ^h]ZeZfV]f d efU fUVec e]fVcn^h]fei Zr_^e]i p TUeZ
eZ r_cfe^\ b_cbj Z\afbV dUV] ^h]feiZ gch` fUV fdh Z^_shbmZ _cV
e]fVcbV_oVm _Z e] �ei\cV �p TUV r_rVc gh^\ZVZ tcZf h] ghcn
`\b_fe]i fUV rchabV` _]m a\ebme]i \r fh _ Zr_cZV o_ce_feh]
hg ef p TUV] fUV fdh ^cefe^_b Z\archabV` Z hg fUV Zr_cZV rchan
bV` _cV ZhboVm _]m fUV r_rVc ^h]^b\mVZ d efU rVcghc` _]^V
cVZ\bfZ p
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�hc` _bbjk _ Z^_shbm � ^h]ZeZfZ hg �� ^h]fei ZV[\V]^VZ � �� � �� ��� � � � � � ���� hoVc _brU_aVf � dUVcV fUV bV]ifU hg V_^U
i_r k Z_j aVfdVV] � ��� _]m � ��� � k eZ _ZZ\` Vm fh aV ]hcn
` _bbj meZfcea\fVm d efU ` V_] � �! � _]m Zf_]m_cm mVoe_feh]
� �" � p �hc _ ieoV] Z^_shbm � k bVf efZ �#$�% #& ZV[\V]^V a V
fUV Zfce]i � �� � '� ()* � ��� � � � '� ()+�,* � ���� dUVcV ' eZ
_ Zr V^e_b d ebmn^_cm Zj`ahb ]hf e] � _]m '- eZ fUV Zfce]i
^h]ZeZfe]i hg . '/ 0 p TU_f eZ k fUV cVb_�Vm ZV[\V]^V hg � eZ
fUV ^h]^_fV]_feh] hg efZ ^h]feiZ ZVr_c_fVm aj c\]Z hg d ebmn
^_cm Zj`ahbZ dUhZV bV]ifUZ _cV fUV V�rV^fVm bV]ifUZ hg fUV
cVbVo_]f i_rZ p �e` eb_cbjk bVf fUV ZVf hg 1 23 #���4$# ZV[\V]^VZ
ghc � aV fUV ZVf hg Zfce]iZ � �� �'5* � ��� � � � '5+�,* � ���� dUVcV
6� 7 �! � 8 1"� � ! � 91"�� ghc _bb : k dUVcV ; 8 < = `_�>� �; ? < @ pTU_f eZ k fUV ZVf hg 1 ngV_Zea bV ZV[\V]^VZ ghc � eZ fUV ZVf hg
_bb ZV[\V]^VZ ^h]ZeZfe]i hg fUV ^h]^_fV]_feh] hg efZ ^h]feiZ
ZVr_c_fVm aj c\]Z hg d ebmn^_cm Zj`ahbZ fU_f ^_] o_cj aj 1
Zf_]m_cm mVoe_feh]Z gch` fUV V�rV^fVm ` V_] bV]ifU �A4B #CDDE DF # �#�D��CD�EG DF �D � H �� C�GGED 4# IG #H �D�J# Kp TUeZ b_Zf
cVZfce^feh] eZ ]_f\c_b e] fU_f _ ]Vi_feoV i_r dh\bm iV]Vc_bn
bj e`rbj hoVcb_r aVfdVV] fUV _m� _^V]f ^h]feiZ fU_f ZUh\bm
U_oV aVV] mVfV^fVm e] fUV ^h]Zfc\^feh] hg fUV Z^_shbm p Yf
fUV V]m hg fUV r_rVc dV fcV_f fUV iV]Vc_b ^_ZV hg ]Vi_feoV
i_rZ p Th cV^_ref\ b_fV k fUV ZVf hg gV_ZeabV Zfce]iZ cVrcVZV]f
_bb r hZZeabV ^h]fei\h\Z ZfcVf^UVZ hg ZV[\V]^V \]mVcbj e]i fUV
Z^_shbm dUVcVe] _]j i_r ^_] aV ZfcVf^UVm hc ^h`rcVZZVm aj
_f `hZf 1 Zf_]m_cm mVoe_feh]Z p

�hc _ ieoV] r_ec hg Z^_shbmZ � _]m L k fUV tcZf [\VZfeh]
fh _Z� eZ dU_f eZ fUV a VZf _bei]` V]f aVfdVV] fUV` ieoV]
_ fUcVZUhbm 1 h] Uhd `\^U fUV i_rZ ^_] aV _m�\ZfVm p YZ
ghc hfUVc ZV[\V]^V ^h`r_ceZh] rchabV` Z fUVcV _cV fUV ibha_b
_bei]` V]f k fUV hoVcb_r _bei]` V]f k _]m fUV bh^_b _bei]` V]f
o_ce_feh]Z fU_f a_Ze^_bbj e]ohboV V�Vc^eZVZ e] _m� \Zfe]i fUV
ah\]m_cj ^h]mefeh]Z hg _ ^hcV _bihcefU` e^ Zhb\feh] ��� p �hc
h\c r\crhZVZ fUV `hZf cVbVo_]f oVcZeh] fh h\c e]fV]mVm ZVf
hg _rrbe^_feh]Z eZ fUV hoVcb_r o_ce_feh] k dUVcVe] _ rcVt� _]m
Z\w� hg fUV ZV[\V]^VZ ` _j cV` _e] \]_bei]Vm _f ]h ^U_ciV p
qV gh^\Z h] fU eZ ^_ZV _]m bV_oV fUV cV` _e] e]i o_ce_feh]Z _Z
_] V�Vc^eZV p

�g M _]m N _cV Zfce]iZ k fUV] bVf O �M � N � a V Zh` V hoVcb_r
Ze` eb_cefj ` V_Z\cV a VfdVV] fUV` k Z\a� V^f fh fUV cVZfce^feh]Z
fU_f ��� ' eZ _ZZ\` Vm fh ` _f^U _]j Zj`ahb e]^b\me]i efZVbg _f
]h ^hZf k _]m ��� VoVcj ' `\Zf aV _bei]Vm fh Zh` V ^U_c_^fVc
�e pV p ef ^_]]hf a V e]ZVcfVm hc mVbVfVm� p TUV `hfeo_feh]Z
a VUe]m fUVZV ^h]mefeh]Z _cV ��� _] \]�]hd] Zj`ahb e] _
i_r hg _ Z^_shbm ZUh\bm ` _f^U _]j �]hd] Zj`ahb hg fUV
hfUVc Z^_shbm k _]m ��� fUV bV]ifU hg _ i_r eZ ^h]fchbbVm aj
fUV ]\`aVc hg ' �Z e] fUV c\] `hmVbe]i ef k _]m fUVcVghcV k h]V
ZUh\bm ]hf a V _abV fh g\cfUVc ZfcVf^U ef aj bV_oe]i Zh` V hg
fUVZV Zj`ahbZ \]_bei]Vm p

P #�D QJ#� $�� R �E4$#S � �eoV] Z^_shbmZ � _]m L k
hoVcb_r Ze` eb_cefj ` V_Z\cV O k _]m fUcVZUhbm 1 k
^h`r\fV OT �� � L � = `_� > O �M � N � � dUVcV M
_]m N _cV 1 ngV_Zea bV ZV[\V]^VZ ghc � _]m L k cVn

Zr V^feoVbj @ p �hcVhoVc k ieoV Zr V^et^ e]Zf_]^VZ hg
M _]m N cV_bele]i fU eZ o_b\V _]m _] _bei]` V]f
aVfdVV] fUV` p

�eoV] OT �� � L � fUVcV fUV] _ceZVZ fUV rchabV` hg t]me]i
e]Zf_]^VZ M _]m N cV_bele]i fUeZ o_b\V fU_f ZfcVf^U fUVec i_rn
Z _Z beffbV _Z rhZZeabV p q UebV fUVcV _cV ` _]j `V_Z\cVZ hg
ZfcVf^U k fUV h]V dV Zf\mj UVcV eZ cVb_fVm fh fUV rUjZe^Z hg
Zrce]i ghc^VZ � dV ZVV� fh ` e]e` elV fUV Z\` hg fUV Z[\_cVZ
hg fUV mVoe_feh] gch` fUV cVb_�Vm Zf_fV ghc V_^U i_r p TUeZ
^Uhe^V ` e]e` elVZ fUV rhfV]fe_b V]Vcij hg _ ZVf hg _ Zrce]iZ
Zr_]]e]i V_^U i_r p

Q� D�SAS UD�#DCF R �E4$#S � 	oVc _bb M _]m N ghc
dUe^U O �M � N � = OT �� � L � k t]m fUV r_ec �M � N � ghc
dUe^U ��� V��W � �M �6 � ?� �! � ��9��X V�Y W � �N �6Y ?L �!Y ��eZ ` e] e` _b p

uhfU hg fUVZV ghc`\b_feh]Z hg fUV rchabV` _cV V_Zebj Zhbon
_abV e] Z �[ \ � fe` V dUVcV [ = ����W � ]� ��� ] 9 ��� V��W � �! � 91"� � _]m \ eZ Ze` eb_cbj fUV bV]ifU hg fUV bh]iVZf gV_ZeabV
ZV[\V]^V ghc Z^_shbm L p Th ZVV fUeZ haZVcoV fU_f fUV ZVf
hg gV_Zea bV Zfce]iZ hg � _]m L ^_] aV `hmVbVm aj cVi\b_c
V�rcVZZeh]Z hg bV]ifU Z �[ � _]m Z �\ � p �hcVhoVc fUV t]efV
_\fh` _fh] ghc fUVZV cVi\b_c V�rcVZZeh]Z _cV _bZh hg fUV Z_` V
hcmVc _]m _cV _^j^be^ ic_rUZ p �f U_Z bh]i aVV] �]hd] fU_f
fdh Z\^U cVi\b_c V�rcVZZeh]Z ^_] aV ^h`r_cVm e] Z �[ \ �
fe` V ��� _]m fUeZ ZhboVZ fUV a VZf hoVcb_r rchabV` p TUV hrfen
`\` ZfcVf^U rchabV` eZ fUV] ZhboVm aj Ze`rbj mVfVc` e]e]i
fUV bV_Zf ZfcVf^UVm _bei]` V]f hoVc _bb fUV hrfe` _b r_fUZ e]
fUV \]mVcbj e]i Vmef ic_rU \ZVm fh ^h`r_cV fUV cVi\b_c V�n
rcVZZeh]Z p

TUV fjre^_b cVb_�Vm ZelV hg _] _ZZV`abj Z^_shbm eZ ���ar
fh ���ar k _]m ^h]feiZ _cV _f bV_Zf h] fUV hcmVc hg fUh\Z_]mZ
hg a_ZV r_ecZ k eg ]hf fV]Z hg fUh\Z_]mZ hg a_ZV r_ecZ p �hcVn
hoVc k fUV ZV[\V]^V hg fUV Z^_shbmZ eZ fjre^_bbj ��^ hc `hcV
_^^\c_fV k Zh fU_f h]V V�rV^fZ ]V_cnemV]fefj ` _f^UVZ hg Zein
] et^_]f bV]ifU aVfdVV] ^h]feiZ hg Z^_shbmZ fU_f hoVcb_r hc
^hccVZrh]m fh fUV Z_` V ZV[\V]^V p _]mVc fUVZV e]r\f ^h]men
feh]Z k fUV ghc` Vc _bihcefU` e^ ` VfUhmZ ^_] aV cV]mVcVm `hcV
rc_^fe^_b aj `hoe]i fh _ Zr_cZV oVcZeh] hg fUV rchabV` dUVcV
_bb r hZZea bV _bei]` V]fZ a VfdVV] ^h]feiZ hg fUV fdh Z^_shbmZ
fU_f _cV _ahoV _ ieoV] [\_befj _cV ^h`r\fVm Vw ^eV]fbj e] _
rcVrch^VZZe]i ZfVr aj _ rchic_` Z\^U _Z u�Y�T �` � p �hcn
` _bbjk h]V ^_] _ZZ\` V _ ZVf hg ^h]fei hoVcb_r _bei]` V]fZa = >b � � b� � � � � bc @ dUVcV ghc _] hoVcb_r b� k h]V eZ ieoV] fU_f
fUV hoVcb_r eZ a VfdVV] ^h]feiZ � ��de (f _]m L ��de (g k U_Z Z^hcV
b� �0�hi j k _]m U_Z \]_bei]Vm rcVt�VZ _]m Z\w�VZ Zr V^etVm aj
Zei]Vm ]\`aVcZ b� �kjl _]m b� �j�m p �hc fUV b_Zf fdh [\_]fen
feVZ dV bVf � n � e`rbj fU_f fUV \]_bei]Vm rhcfeh] eZ fUV
tcZf �b_Zf� � Zj`ahbZ hg fUV � n^h]fei k _]m � o � e`rbeVZ fU_f
fUV \]_bei]Vm rhcfeh] eZ fUV tcZf �b_Zf� ?� Zj`ahbZ hg fUV
L n^h]fei p

�] fU eZ Zr_cZV o_ce_feh] k fUV rchabV` aV^h` VZ h]V hg t]mn
e]i _bei]` V]fZ rchrVcbj ^h`rhZVm hg _ Z\aZVf hg fUV _bei]n
` V]fZ e] a p Th fU eZ V]m _] _bei]` V]f aVfdVV] fdh gV_ZeabV



Zfce]iZ M _]m N eZ J� $�& � �DF �#�� #CD DE a eg _bb _bei]Vm ZVin
` V]fZ hg ]h]n' Zj`ahbZ _cV e] a �_]m ^h]fe]\V fh ` VVf fUV
V_cbeVc cVZfce^feh] h] O k Z\^U _Z ]h \]_bei]Vm ' Zj`ahbZ� p u\f
rVcU_rZ ef eZ Ze`rbVc fh \]mVcZf_]m fUeZ mVt]efeh] e] fVc` Z
hg fUV mj]_` e^ rchic_`` e]i ` _fce� hg M oVcZ\Z N p TVc` fUV
cV^f_]i\b_c Z\a` _fce� ^h]ZeZfe]i hg fUV ^VbbZ ^hccVZrh]me]i
fh fUV ^h`r_ceZh] aVfdVV] _] � n _]m _ L n^h]fei k _ 4$EC� p
TVc` fUV cV^f_]i\b_c cVieh]Z ghc _bb hg N oVcZ\Z _] � ni_r k
_ H �� � �$ $��k _]m fUV cV^f_]i\b_c cVieh]Z ghc _bb hg M oVcZ\Z
_ L ni_r k _ H �� 4#�S p TUV fhf_b ` _fce� eZ fU\Z r_cfefeh]Vm
e]fh �� �� abh^�Z _]m _ H �� H ��& ^h]ZeZfe]i hg fUV \]eh] hg
�� ? � i_r rebb_cZ _]m �� ? � i_r aV_` Z p TUV _bei]` V]fZ
e] a _cV r_fUZ gch` fUV \rrVc hc bVgf ahcmVc fh fUV bhdVc hc
ceiUf ahcmVc hg fUV cVbVo_]f abh^� p Y] _bei]` V]f aVfdVV]
M _]m N eZ o_bem eg ef eZ �_� _] _bei]` V]f gch` a dUV]VoVc
ef r_ZZVZ fUch\iU _ abh^� k _]m �_� _ Zfc_eiUf me_ih]_b be]V
dUV] ef eZ d efUe] fUV i_r icem p �ei\cV � ebb\Zfc_fVZ p

�hc fUV Zr_cZV o_ce_feh] k fUV rchabV` Z fU\Z a V^h` V fh
t]m fUV hrfe` _b _]m bV_Zf ZfcVf^UVm hrfe` _b _bei]` V]f hoVc
fUV Zr_^V hg _bb fUhZV fU_f _cV o_bem d efU cVZr V^f fh a p 	]V
ZUh\bm ]hfV e``Vme_fVbjk fU_f ef eZ r hZZeabV ghc fUVcV fh a V
]h o_bem hoVcb_r _bei]` V]fZ k _ rhZZea ebefj fU_f mem ]hf V� eZf
ghc fUV a_Ze^ oVcZeh]Z hg fUV rchabV` p YZ ghc hfUVc Zr_cZV
_bihcefU` Z k dV ^_] ^h]oVcf fUV rchabV` e]fh h]V hg t]me]i
_] hrfe` _b r_fU fUch\iU _ �D�#DCF H ��� F p TUVcV eZ h]V oVcfV�
e] fUeZ ic_rU ghc V_^U hoVcb_r _bei]` V]f e] a p TUVcV eZ _
mecV^fVm VmiV gch` h]V oVcfV� k b k fh _]hfUVc k � k eg _]m h]bj eg
ef eZ r hZZea bV fh ^h]]V^f fUV V]m rhe]f hg b �Z _bei]` V]f fh fUV
Zf_cf rhe]f hg � �Z _bei]` V]f d efU _ me_ih]_b be]V ]hf r_ZZe]i
fUch\iU _ abh^� e] fUV mj]_` e^ rchic_`` e]i ` _fce� ghc
Zh` V r_ec hg gV_Zea bV Zfce]iZ ghc � _]m L p �] _mmefeh] fUVcV
eZ _ Zr V^e_b Zh\c^V oVcfV� k � k _]m Zr V^e_b Ze]� oVcfV� k � d efU
VmiVZ _Z ghbbhd Z p TUVcV eZ _] VmiV gch` � fh _ oVcfV� b eg
VefUVc �_� fUV Zf_cf hg b �Z _bei]` V]f eZ _f fUV \rrVc hc bVgf
ahcmVc hg fUV mj]_` e^ rchic_`` e]i ` _fce� k hc �a� fUVcV eZ
_ me_ih]_b be]V ]hf r_ZZe]i fUch\iU _ abh^� gch` fUV \rrVc
hc bVgf ah\]m_cj fh fUV Zf_cf hg b �Z _bei]` V]f e] fUV mj]_` e^
rchic_`` e]i ` _fce� ghc Zh` V r_ec hg gV_Zea bV Zfce]iZ ghc �
_]m L p TUV VmiVZ fh � _cV Ze` eb_cbj ^h]Zfc\^fVm dUVcV h]V
^h]ZemVcZ fUV V]m hg _] _bei]` V]f _]m fUV bhdVc _]m ceiUf
ah\]m_ceVZ p

q efU e] fU eZ ZfcVf^U ic_rU k _ r_fU gch` � fh � cVrcVn
ZV]fZ _ o_bem hoVcb_r _bei]` V]f p TUeZ eZ ]hf e``Vme_fV _Z
h]V `\Zf oVcegj fU_f fUVcV _cV fdh Zr V^et^ gV_ZeabV Zfce]iZ M
_]m N e` rbj e]i fUV V� eZfV]^V hg _bb fUV VmiVZ e] fUV r_fU Zen
`\bf_]Vh\Zbjk e pV p h]V ^_] Ze`\bf_]Vh\Zbj _m� \Zf _bb fUV i_rZ
Zh _Z fh e`rbj me_ih]_b k ]h]nabh^� ^h]]V^feh]Z a VfdVV] _bb
abh^� _bei]` V]fZ \ZVm p vh]ZemVc r_fU b � � b� � � � � � b� p
	aZVcoV fU_f fUV V� eZfV]^V hg fUV VmiV gch` b� fh b� � e]n
ohboVZ rchrVcbj _m� \Zfe]i fUV i_rZ b� �� fUch\iU b� � �� ? � e]
fUV � nZ^_shbm _]m fUV i_rZ b� �k fUch\iU b� � �k ? � e] fUV L n
Z^_shbm p u\f Ze]^V b� �� � b� � �� _]m b� �k � b� � �k ghc _bb : k ef
gh bbhd Z fU_f fUV i_rZ e]	\V]^e]i V_^U VmiV h] fUV r_fU _cV
meZ� h e]f k _]m fUVcVghcV h]V ^_] Ze`\bf_]Vh\Zbj _m�\Zf i_rZ
fh e]Z\cV fUV V� eZfV]^V hg _bb VmiVZ p

�f eZ fU\Z fUV ^_ZV fU_f dV U_oV ` _rrVm fUV Zr_cZV k hrfen
` _b hoVcb_r rchabV` e]fh h]V hg t]me]i _ ` _�e`\` dVeiUf
r_fU e] fUV _^j^be^ ZfcVf^U ic_rU k dUVcV fUV dVeiUf hg V_^U
oVcfV� eZ fUV O nZ^hcV hg fUV abh^� hoVcb_r ef ` hmVbZ p TUV
fe` V ghc mhe]i Zh eZ rchrhcfeh]_b fh fUV ]\`aVc hg VmiVZ e]
fUV ic_rU dUe^U eZ ^Vcf_e] bj Z �[ \ � a\f e] `hZf hg fUV Z^Vn
]_ceh �Z dV ZVV e] rc_^fe^V ef eZ Z � ]a ]� p TU\Z fUV cV` _e] e]i
rchabV` eZ fh mVoeZV _] Vw ^eV]f rch^Vm\cV ghc mVfVc` e] e]i
fUV VmiVZ hg fU eZ ic_rU p �hcVhoVc k Ze]^V fUV i_rZ cVbVo_]f
fh V_^U VmiV h] _ r_fU _cV e]mVrV]mV]f k fUV hrfe` _b ZfcVf^U
rchabV` eZ V_Zebj ZhboVm eg h]V _mmefeh]_bbj mVfVc` e]VZ fUV

` e]e`\` ZfcVf^U rhZZea ebefj ghc V_^U VmiV p qV ]hd mVboV e]n
fh fUVZV VZZV]fe_b Z\archabV` Z e] fUV ghbbhd e]i fdh ZV^feh]Z p


 ��� �|� ��P� Q� ~zRP ~{z M {Q~P��
TUV rchabV` dV g_^V e] fU eZ ZV^feh] eZ Uhd fh mVfVc` e]V eg
fdh hoVcb_r _bei]` V]fZ e] a ^_] aV ^h]]V^fVm aj _ me_ih]_b
be]V fU_f beVZ Zfce^fbj d efU e] fUV i_r icem ghc Zh` V ^Uhe^V hg
fUV cVbVo_]f i_rZ ZVr_c_fe]i fUV fdh abh^�Z p TUV rchabV`
U_Z Zh` V hg fUV 	_ohc hg fUV i\_cm rhZfe]i rchabV` ZVV] e]
^h`r\f_feh]_b iVh` Vfcj ��� k fUV e]fVcVZfe]i fd eZf UVcV a Ve]i
fUV \]\Z\_b ` hmVb�^h]^Vrf hg o eZea ebefj�cV_^U_aebefjp

�`rVc_feoV fh _ ghc` _b fcV_f` V]f eZ fUV ]VVm fh rcV^eZVbj
Zr V^egj bh ^_feh]Z �#$�D�J# DE DF # 4EAG&���#� hg a bh^�Z d efU e]
fUV rhZZeabV mj]_` e^ rchic_`` e]i ` _fce^VZ a VfdVV] gV_Zen
a bV Zfce]iZ ghc � _]m L p �] VZZV]^V fUV abh^� Z\a` _fce^VZ
_cV cei em cV^f_]ibVZ dUhZV e]fVcoV]e]i i_r rebb_cZ _]m i_r
aV_` Z ^_] V�r_]m hc ^h]fc_^f p qV d ebb cVgVc fh fUV abh^�
Z\a` _fce� ghc ^h]fei � ��� oVcZ\Z L ��Y Ze`rbj _Z abh^� �: � � � p�hZefeh] ; h] _ bVgf hc ceiUf ah\]m_cj d ebb a V fUV ^Vbb ; Zj` n
ahbZ gch` fUV fhr ahcmVc p �g ; eZ ]Vi_feoV fUV] ef cVgVcZ fh _
^Vbb e] fUV i_r aV_` _ahoV fUV abh^� _bh]i fUV ^hb\`] ^h]n
f_e]e]i fUV cVbVo_]f ahcmVc k ?; ^VbbZ _ahoV fUV fhr ahcmVc p
�hZefeh] ; h] _ fhr hc ahffh` ah\]m_cj d ebb a V fUV ^Vbb ;
Zj`ahbZ gch` fUV bVgf ahcmVc p �g ; eZ ]Vi_feoV fUV] ef cVgVcZ
fh _ ^Vbb e] fUV i_r rebb_c bVgf hg fUV abh^� k ?; ^VbbZ bVgf hg
fUV bVgf ahcmVc p

qV Zf_cf d efU fUV a_Ze^ Z\archabV` hg ^h]]V^fe]i fdh
abh^�Z _^chZZ _ Ze]ibV i_r rebb_c p vh]ZemVc rhZefeh] ; h]
fUV ceiUf ahcmVc hg abh^� �� � k � p Y ZZ\` e]i h]V ^_] _m� \Zf
i_r � _]m i_rZ k fUch\iU m ? � aj 1 Zf_]m_cm mVoe_feh]n
Z k dU_f rhZefeh]Z h] fUV bVgf ah\]m_cj hg a bh^� �� 9 � � m �
^_] jh\ cV_^U � TUV UeiUVZf rhZefeh] eZ cV_^UVm aj ` _�n
e]i i_r � _Z Z` _bb _Z rhZZeabV _]m _bb fUV i_rZ a VfdVV]
L ��g _]m L ��� _Z b_ciV _Z rhZZeabV p �hbbhd e]i fUV me_ihn
]_b gch` rhe]f ; k fU eZ f_�VZ h]V fh rhZefeh] �h� �f �g �� � �m � =
�; 9 �� �!f 8 1� �"f �� ? � �g h] fUV bVgf ah\]m_cj hg a bh^�
�� 9 � � m � dUVcV � �g = ��V�Y Wg � ]L ��Y ]9 L �!Y 9 L �"Y � p �e` eb_cbj
fUV bhdVZf rhZefeh] dh\bm aV � l� �f �g �� � �m � = �; 9 � �!f 91� �"f � ? [ �g dUVcV [ �g = ��V�Y Wg � ]L ��Y ] 9 �L �!Y 8 L �"Y �� p	 g ^h\cZV k h]V ^_] \]mVcn _]m hoVcnZUhhf fUV bVgf ah\]m_cj
hg a bh^� �� 9 � � m � p �h fUV ZVf hg rhZefeh]Z cV_^UVm _cV fUhZV
e] ��h� �f �g �� � �m � �� l� �f �g �� � �m �� � �� � ]L ��� ]� p�j``Vfce^ V[\_feh]Z _]m ^h]mefeh]Z _rrbj ghc fUV Z\an
rchabV` hg ^h]]V^fe]i abh^�Z _^chZZ _ Ze]ibV i_r aV_` p �hcVn
hoVc k ]hfV fU_f �h� �f �g �� � �m 9 �� � �h� �f �g �� � �m �? ]L ��� ] _]m
� l� �� � k �; ��m 9 �� � � l� �f �g �� � �m �? ]L ��� ]p TU\Z ahfU fUVZV
g\]^feh]Z _cV `h]hfh]V mV^cV_Ze]i e] m _]m eg h]V hg fUV o_bn
\VZ eZ e] fUV e]fVco_b �� � ]L ��� ]� ghc _ ieoV] o_b\V hg m k fUV]
fUV m 9 ��Zf o_b\V eZ bVZZ fU_] � p TUVcVghcV k fUV c_]iV hg m
ghc dUe^U _ rhe]f h] fUV bVgf ah\]m_cj hg abh^� �� 9 � � m �
eZ cV_^UVm ghc` _] e]fVco_b �j � � � dUVcV eg j o � fUV rhe]fZ
cV_^UVm _cV _ Z\w� hg fUV ah\]m_cj hg abh^� �� 9 � � j� k _bb hg
fUV ah\]m_cj hg a bh^�Z �� 9 � � j 9 �� fUch\iU �� 9 � � � ? ��
�eg _]j � k _]m _ rcVt� hg ah\]m_cj abh^� �� 9 � � � � p

� #SS � � �g i_rZ _cV cVZfce^fVm fh aV ]h]n]Vi_feoV
fUV] fUV abh^�Z cV_^U_abV _^chZZ _ i_r rebb_c gch`
_ rhe]f h] _ ieoV] abh^� ^h]Zfef\fV _] e]fVco_b
_]m ^_] aV gh\]m e] Z �bhi �� � fe` V \Ze]i ae]_cj
ZV_c^U p

TUV ]V�f ZfVr eZ fh ^h]ZemVc ^h]]V^feh]Z fU_f fc_oVcZV
]hf h]bj i_r rebb_c � k a\f V]fVc i_r aV_` m fh ^h]]V^f fh
fUV fhr hg abh^� �� 9 � � m 9 �� _]m aVjh]m p Th mh Zh ef Z\w ^V
fh mVfVc` e]V dU_f rhZefeh]Z bVgf hg fUV ahffh` ah\]m_cj hg
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�ei\cV � � ubh^�Z k � ebb_cZ k uV_` Z k �_r �cem k _]m 0_bem Y bei]` V]fZ p

abh^� �� 9 � � m � _cV cV_^U_abV gch` rhZefeh] ; h] fUV ceiUf
ah\]m_cj hg �� � k� p qV ^_bb fU eZ e]fVco_b hg i_r V]fcj rhn
Zefeh]Z k 4#�S �E�D�$ �� � m � p 1 V^_bb fU_f fUVZV rhZefeh]Z _cV
]Vi_feoV _]m _cV fUV ^VbbZ h] fUV ahcmVc hg i_r aV_` m _f
dUe^U _ ^h]]V^feh] me_ih]_b ^_] V]fVc fUV a V_` p TUVcVn
_gfVc h]V ^_] cV^\cZeoVbj ZhboV fUV cV_^U_aebefj rchabV` ghc
fUV aV_` k cV_^Ue]i fUV fhrZ hg abh^�Z _]m V]fVce]i i_r rebn
b_cZ gch` dUe^U h]V ^_] _i_e] cV^\cZV p TUV bVgf` hZf rhZen
feh] eZ cV_^UVm aj ` _�e]i i_r rebb_c � _Z b_ciV _Z rhZZea bV
_]m i_r aV_` Z k fUch\iU m ? � _Z Z` _bb _Z rhZZea bV p �hbn
bhd e]i fUV me_ih]_b gch` rhe]f ; k f_�VZ h]V fh fUV rhZefeh]
]L ��� ] ? � l� �f �g �� � �m � h] fUV ahffh` ahcmVc hg a bh^� �� � m � p
�e` eb_cbj ef ghbbhd Z fU_f ]L ��� ] ? �h� �f �g �� � �m � eZ fUV ceiUfn
` hZf rhZefeh] cV_^U_abV h] fU eZ ahcmVc p q UebV h]V ^_] cV_^U
rhe]fZ g\cfUVc bVgf fU_] ?02:3 � = ? �L �! � 8 1L �"� � fUVcV eZ
]h ]VVm fh ^h]ZemVc fUV` _Z h]V ^_] cV_^U rhZefeh] � h] fUV
fhr hg abh^� �� 9 � � m 9 �� gch` fUeZ rhe]f p qV fU\Z ^h]ZemVc
fUV e]fVco_b �?02:3 � � �� _Z fUV ZVf hg rhZZeabV rhe]fZ ^h]n
Zfef\fe]i aV_` rhcf_b �� � m � p � hdVoVc k h]V `\Zf a V ^_cVg\ b
a V^_\ZV e] Zh` V ^_ZVZ h]V cV_^UVZ h]bj rhe]fZ e] fUV e]fVco_b
�?� :mj� � ?02:3 � � dUVcV � :mj� = L �! � 9 1L �"� k e] dUe^U
^_ZV h]V `\Zf _]m ^_] V[\eo_bV]fbj _ZZVcf fU_f fUV rhe]f
?02:3 � U_Z a VV] cV_^UVm p Th fUeZ V]m dV mVt]V

�h� 4�f �g �� � �m � =
567
68

]L ��� ] 9 02:3 � eg �h� �f �g �� � �m � 7�]L ��� ] 9 02:3 � �
]L ��� ] 9 � :mj� �

�h� �f �g �� � �m � hfUVcd eZV
	]V ZUh\bm haZVcoV fU_f �h� 4 eZ Zfebb ` h]hfh]V mV^cV_Ze]i
_]m _bd_jZ ]hf icV_fVc fU_] fUV ^hccVZrh]me]i � l� o_bn
\V p �h _^^h\]fe]i ghc hoVcn _]m \]mVcnZUhhfe]i fUV cVbVo_]f
c_]iV k fUV ZVf hg rhZefeh]Z _f dUe^U h]V ^_] cV_^U aV_` rhcn
f_b m fUch\iU Zh` V e]Zf_]fe_feh] hg i_r rebb_c � k _cV fUhZV e]
�]L ��� ] ? � l� �f �g �� � �m � � ]L ��� ] ? �h� 4�f �g �� � �m �� � �?02:3 � � �� p
qV bV_oV ef _Z _] V�Vc^eZV fh oVcegj fUV ghbbhd e]i bV``_ �

� #SS � � �g i_rZ _cV cVZfce^fVm fh aV ]h]n]Vi_feoV
fUV] fUV aV_` rhcf_bZ cV_^U_abV _^chZZ _ i_r rebn
b_c gch` _ rhe]f h] _ ieoV] abh^� ^h]Zfef\fV _]
e]fVco_b _]m ^_] aV gh\]m e] Z �bhi �� � fe` V p

	]V ZUh\bm ]hd haZVcoV fU_f fUV iV]Vc_b Z\archabV`
hg ^chZZe]i _ i_r rebb_c hc a V_` U_Z _Z e]r\f ]hf _ Ze]ibV
rhZefeh] a\f _] e]fVco_b hg rhZefeh]Z _bh]i _ ceiUf hc ahfn
fh` ah\]m_cjp � eoV] Z\^U _] e]fVco_b �; � < � fUV e]fVco_bn
Z hg rhZefeh]Z cV_^UVm h] _ me_ih]_b fc_� V^fhcj _cV Ze`rbj

��h� �f �g �� � �m � �� l� �f �g �9 � �m �� e] fUV ^_ZV hg cV_^U e]i abh^�n
Z k _]m �]L ��� ] ? � l� �f �g �9 � �m � � ]L ��� ] ? �h� 4�f �g �� � �m �� e] fUV
^_ZV hg V]fVce]i i_r aV_` Z hc r ebb_cZ p qV r\f fUV reV^VZ
fhiVfUVc e] fUV _bihcefU` Z�Vf^U hg �ei\cV � _]m ebb\Zfc_fV
fUV hrVc_feh] hg fUeZ cV_^Ue]i ^h`r\f_feh] d efU _ ^h`r\fVc
iV]Vc_fVm mVre^feh] hg efZ hr Vc_feh] h] _ rchabV` e]Zf_]^V
e] �ei\cV � p �] r_cfe^\ b_c k h]V ZUh\bm ]hfV fU_f dV fcV_f fUV
rchabV` hg ^h`r\fe]i VmiVZ gch` � _]m fh � aj Zf_cfe]i
ZV_c^UVZ gch` fUV fhr hg V_^U rebb_c _]m fUV bVgf V]m hg V_^U
aV_` k _]m dUV] ZV_c^Ue]i k ]hfe]i fU_f h]V U_Z cV_^UVm fUV
ahffh` hg _ rebb_c hc fUV ceiUf V]m hg _ a V_` p

�f cV` _e]Z fh V�rbhcV fUV eZZ\V hg Vw ^eV]^jp Th Zf_cf k han
ZVcoV fU_f eg h]V rcV^h`r\fVZ �� nVbV` V]f _cc_jZ k � 0: 3 �:� =��V�Y W � � ]L ��Y ]9 L �!Y 9 1L �"Y � _]m [ 0: 3 �:� = ��V�Y W � � ]L ��Y ] 9�L �!Y 8 1L �"Y �� k e] Z ��� � fe` V k fUV] h]V ^_] ^h`r\fV
�h� �f �g �� � �m � = �; 9 � �!f 8 1� �"f � ? �� 0: 3 �m � ? � 0: 3 �k� �
_]m � l� �� � k �; � �m � = �; 9 � �!f 9 1� �"f � ? �[ 0: 3 �m � ?
[ 0: 3 �k�� e] ^h]Zf_]f fe` V h] mV` _]m p

�cVZV]fVm _Z _ cV^\cZeoV ZV_c^U ch\fe]V _ahoV k fUV fe` V
ghc fUV _bihcefU` eZ V[\_b fh fUV ]\`aVc hg cV^\cZeoV ^_bbZ
_]m cV_^UVm abh^�Z fe` VZ _ bhi_cefU` e^ g_^fhc p �] fUV rc_^n
fe^_b Zef\_feh]Z dV ZVV k i_rZ _cV iV]Vc_bbj [\efV ]_cchd ^h` n
r_cVm fh abh^�Z _]m `hZf ZV_c^UVZ e]ohboV _ ^h]Zf_]f ]\`aVc
hg a bh^�Z _]m cV^\cZeoV ^_bbZ p � hdVoVc k fU eZ cV^\cZeh] gch`
_ dhcZf ^_ZV rhe]f hg oeVd ^h\bm rhfV]fe_bbj e]ohboV V�rhn
]V]fe_b fe` V ghc ebbnr hZVm ^_ZVZ p �h dV ^h]^b\mV fU eZ ZV^feh]
d efU _ cVZfc\^f\ce]i hg fUV cV_^U e]i ZfVrZ fh ieoV _] _bihn
cefU` d efU _] Z ��� �� ��� 9 �� � bhi ��� 9 �� �� dhcZfn^_ZV
fe` V fh t]m _] VmiV k rce` _cebj ghc efZ fUVhcVfe^_b o_b\V e]
mV`h]Zfc_fe]i fU_f fUV rchabV` eZ rhbj]h` e_b p

� ecZf haZVcoV fU_f fUVcV _cV ��� ? �� ��� ? �� a V_` _]m
rebb_c rhcf_bZ p TUV �� � k� a V_` rhcf_b eZ cV_^U_abV gch` Ven
fUVc _ rebb_c rhcf_b ghc _ abh^� ��? � � m � ghc m � k hc fUV oVcfV�; eg efZ hoVcb_r V]mZ h] fUV ceiUf ah\]m_cj hg Z\^U _ abh^� p
�e` eb_cbj dU_f rhcfeh] hg fUV �� � k� r ebb_c rhcf_b eZ ^hoVcVm
mVrV]mZ h] dU_f rhcfeh] hg a V_` rhcf_bZ �� � k ? �� ghc � � �
_cV ^hoVcVm _]m eg oVcfV� ; �Z hoVcb_r V]mZ h] fUV ahffh`
ah\]m_cj hg Z\^U _ abh^� p TUV ic_rU hg fUVZV mVrV]mV]^eVZ
eZ _^j^be^ e`rbj e]i fU_f h]V ^_] hcmVc fUV ^h`r\f_feh] Zh
fUV h]V mhVZ ]hf ^_bb fUV < i�= ji 0j ch\fe]V h] _ rhcf_b \]feb
_bb efZ rcVmV^VZZhcZ U_oV aVV] rch^VZZVm _]m fU\Z dUV] _bb
r hZZeabV V]fcj rhe]fZ e]fh fUV rhcf_b _cV �]hd_abV p �] g_^n
f k rch^VZZe]i rhcf_bZ e] chd hc ^hb\`] `_� hc hcmVc hg fUVec
_w be_fVm abh^�Z Z\w ^VZ p

qV ]VVm fh ^h]^Vrf\_bbj Ze`rbegj fUV ]hfeh] hg fUV cVn
ieh]Z cV_^UVm _^chZZ _ r ebb_c hc a V_` gch` _ ieoV] rhcf_b
e]fVco_b hc abh^� rhZefeh] p Th mh Zh dV `hoV gch` fUV cVb_n
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�ei\cV � � TUV u_Ze^ �miV WVfVc` e]_feh] YbihcefU` p

feoV rhZefeh] e]i Z^UV` V \ZVm _ahoV fh _] _aZhb\fV h]V p �_r
rhe]f ; h] fUV bVgf ah\]m_cj hg abh^� �� � m � fh _aZhb\fV rhn
Zefeh] [ �� 9 ; _]m ` _r rhe]f ; e] a V_` rhcf_b �� � m � fh
[ �� 9 ]L ��� ] ? ; p �oVcj \]e[\V rhe]f h] bVgf abh^� ah\]mn
_ceVZ _]m aV_` rhcf_bZ e]ohbo e]i ^h]fei � hg � _cV ` _rrVm
eZh`hcrUe^_bbj fh fUV mh` _e] �� � [ �X V�� 9 ]L ���X ]� p �hcVn
hoVc k fUV cVZ\ bf hg rch� V^fe]i _] e]fVco_b hg rhe]fZ _^chZZ
rebb_c � ? � eZ _] e]fVco_b hg fU eZ c_]iV e] fUV _aZhb\fV ZjZn
fV` aj h\c rcVoeh\Z bV``_Z p TU\Z dV ` _j ]hd fUe]� hg
fUV cVZ\bf hg rchr_i_fe]i _] e]fVco_b _^chZZ _ a V_` hc rebb_c
_Z cVZ\fbe]i e] _] e]fVco_b hg cV_^UVm rhe]fZ p

Th haf_e] _] Vw ^eV]f hcmVce]i hg fUV cV_^UVm ah\]m_ceVZ k
dV _ZZh^e_fV _] e]fVco_b fcVV ���� d efU VoVcj chd _]m ^hb\` n
] hg fUV abh^�Z p q UV] r\ZUe]i gch` _] e]fVco_b _^chZZ _
a V_` hc ^hb\`] k dV ^h`r\fV fUV _aZhb\fVn^hhcme]_fV e]fVcn
o_b cV_^UVm _]m _mm ef fh fUV _rrchrce_fV e]fVco_b fcVV ghc
fUV ah\]m_cj _]m rhcf_b rhZefeh]Z h] fUV g_c ZemV hg fUV i_r
e] Z �bhi ��� 9 �� �� fe` V p q UV] ef eZ fe` V fh rch^VZZ _ rhcf_b
hc abh^� ah\]m_cjk fUV ZVf hg e]fVco_bZ ^hoVce]i fUV ha� V^n
f �Z c_]iV _cV V�fc_^fVm e] Z �bhi ��� 9 �� �� fe` V rVc e]fVco_b
gch` fUV cVbVo_]f e]fVco_b fcVV p �f h]bj cV` _e]Z fh _ci\V fU_f
_f `hZf Z ����� ��� 9 �� �� e]fVco_bZ _cV V�fc_^fVm gch` e]n
fVco_b fcVVZ m\ce]i fUV ^h\cZV hg V�V^\feh] p

TUV cVieh]Z hg _ ieoV] rhcf_b hc abh^� ah\]m_cj fU_f _cV
cV_^UVm gch` ; ^h]Zfef\fV _ ^hbbV^feh] hg meZ� he]f e]fVco_bn
Z _]m dV meZfe]i\eZU fUcVV fjrVZ � �_� �F E$# �GD#�J� $� fU_f
^hoVc fUV V]fecV ha� V^f �Z c_]iV k �a � #G& �GD#�J�$� fU_f ^hoVc
_ Z\w� hc rcVt� hg fUV ha� V^f �Z ah\]m_cjk _]m �^� �GD#��E�
�GD#�J� $� fU_f _cV Zfce^fbj e]fVcehc fh fUV ha� V^f �Z ah\]m_cjp
vbV_cbj fUVcV ^_] aV _f `hZf Z ��� �� � dUhbV _]m V]m e]fVcn
o_bZ k _Z fUVcV ^_] aV _f `hZf fdh Z\^U e]fVco_bZ r Vc rhcf_b
_]m abh^� ah\]m_cjp XV�f haZVcoV fU_f eg rchr_i_fe]i rhcn
f_b e]fVco_b : rchm\^VZ _] e]fVcehc e]fVco_b _f _ rhcf_b _^chZZ
efZ a V_` hc rebb_c k fUV] : ^_]]hf rchm\^V e]fVco_bZ _f _]j hg
efZ hfUVc Z\^^VZZhcZ e] fUV rhcf_b mVr V]mV]^j ic_rU p TU\Z
VoVcj e]fVcehc e]fVco_b �^h]Z\` VZ� efZ Z\^^VZZhcZ p Y ^U_e]
hg mVr V]mV]f e]fVcehc e]fVco_bZ ^_] r_ZZ fUch\iU _f `hZf
Z ��� 9 �� � rhcf_bZ _]m `\Zf e] efe_bbj Zf_cf _f _ dUhbV hc

V]m e]fVco_b hg dUe^U fUVcV _cV h]bj Z ��� �� � fh ^h]Z\` V p
TU\Z fUVcV _cV _f `hZf Z ��� �� ��� 9 �� �� e]fVcehc e]fVco_bZ p

qV fU\Z U_oV _] Z �a���� ��� 9 �� � bhi ��� 9 �� �� _bn
ihcefU` ghc a\ebme]i fUV ZfcVf^U ic_rU ghc _ Zr_cZV Z^_shbm
^h`r_ceZh] rchabV` p �f cV` _e]Z _] hrV] rchabV` fh mVZei]
_ aVffVc dhcZfn^_ZV _bihcefU` p �hc fUV Ze`rbV cV_^Ue]ina_ZVm
_bihcefU` hg �ei\cV � dV d ebb ZUhd e] V`rece^_b fce_bZ fU_f
r Vcghc` _]^V eZ Z �a � ghc h\c cV_bndhcbm _rrbe^_feh]Z p TUeZ
bV_oVZ hr V] fUV rchabV` hg ^U_c_^fVcele]i V�rV^fVmn^_ZV r Vcn
ghc` _]^V _Z _ g\]^feh] hg Zh` V r_c_` VfVcel_feh] hg rchabV`
e]Zf_]^VZ p

� ��� �P Q�PS� ��P ~� ~�RP~{z M {Q~P��
�] fUV rcVoeh\Z ZV^feh] dV i_oV _ rc_^fe^_b _bihcefU` ghc
t]me]i _bb VmiVZ e] fUV ZfcVf^U ic_rU _]m g\cfUVc mV`h]n
Zfc_fVm fU_f fUV rchabV` d_Z rhbj]h` e_b p � eoV] fUV ZfcVf^U
ic_rU h]V ^_] fUV] e] Z � ]a ]� fe` V ^h`r\fV _] hrfe` _b r_fU
gch` � fh � dUVcV V_^U oVcfV� eZ dVeiUfVm aj fUV O n^hZf hg
efZ hoVcb_r _bei]` V]f p �hcVhoVc k ef eZ dVbbn�]hd] ���� Uhd
fh ^h`r\fV fUV ZVf hg VmiVZ fU_f _cV h] _] hrfe` _b r_fU
e] fUV Z_` V fe` V p �oVcj r_fU hoVc fUV ZVf hg VmiVZ e] fUeZ
Z\aic_rU eZ _] hrfe` _b r_fU k Zh dV ^_] ZhboV fUV hrfe` _b
ZfcVf^U rchabV` eg dV ^_] mVfVc` e]V fUV ` e]e`\` dVeiUf
r_fU fUch\iU fUeZ Z\aic_rU dUV] V_^U VmiV eZ dVeiUfVm _^n
^hcme]i fh efZ S �G �SAS �D�#DCF dVeiUf p TUeZ ghbbhd Z _Z fUV
ZVf hg i_rZ e]ohboVm e] fUV ^h]]V^feh] hg _ ieoV] VmiV _cV
meZ� h e]f gch` _bb hfUVcZ h] _]j � fh � r_fU p �h dV ]VVm h]n
bj ZhboV fUV rchabV` hg t]me]i fUV ` e]e`\` ZfcVf^U dVeiUf
hg V_^U VmiV e] fUV Z\aic_rU hg hrfe`\` r_fUZ p

vh]ZemVc VmiV ; � b p TUV _bihcefU` Z hg fUV rcVoeh\Z
ZV^feh] mVfVc` e]Vm _bb fUV rhcf_b _]m abh^� ah\]m_cj rhZen
feh]Z cV_^U_abV _bh]i _ me_ih]_b ^h]]V^fhc gch` ; �Z hoVcb_r
V]m rhZefeh] e] Zh` V gV_Zea bV m pr p ` _fce� p uj c\]]e]i fUV
Z_` V _bihcefU` e] fUV cVoVcZV mecV^feh] h]V ^_] mVfVc` e]V
_bb r hZefeh]Z cV_^U_abV gch` fUV Zf_cf rhZefeh] hg b �Z hoVcb_r p
T_�e]i fUV e]fVcZV^feh] hg fUVZV fdh ZVfZ hg rhZefeh]Z k h]V
haf_e]Z fUV ZVf hg rhZefeh]Z � fU_f _cV h] _ me_ih]_b ^h]n



Gap variation

Contig block

Contig overlap

Pillar Ray

Beam Ray

�ei\cV � � WVre^feh] hg �miV WVfVc` e]_feh] Y bihcefU` p

]V^fhc gch` ; fh b e] Zh` V gV_ZeabV m pr p ` _fce� p �f eZ ^bV_c
dV ]VVm h]bj cVZfce^f h\c _ffV]feh] fh fUV rhZefeh]Z e] � p

Y ^h]]V^fhc a VfdVV] ; _]m b Zf_cfZ _f ; �Z V]m rhe]f k
r_ZZVZ fUch\iU _] _bfVc]_fe]i ^U_e] hg a V_` _]m rebb_c rhcn
f_bZ k _]m fUV] V]mZ _f b �Z Zf_cf rhe]f p qV ^_] fU\Z mVn
^h`rhZV fUV rchabV` e]fh mVfVc` e]e]i Uhd fh ` e]e` _bbj
ZfcVf^U fUV i_rZ e]ohboVm e] V_^U Uhr hg fU eZ ^U_e] p �\rrhZV
h]V `hoVZ gch` rhZefeh] ; cVb_feoV fh a bh^� �� � k� _^chZZ i_r
rebb_c � fh rhZefeh] < cVb_feoV fh a bh^� �� 9 � � m � p TUV fhf_b
mVghc` _feh] cV[\ecVm e] fUV i_r rebb_c � _]m i_r aV_` Z k
fUch\iU m ? �k eZ ieoV] aj �
� j� hi3 �f �g� � � �; � < � = �; 9� �!f �? �< 9 ��V�Y Wg � ]L ��Y ]9L �!Y ��
TUV Z\` hg fUV Z[\_cVZ hg fUV mVghc` _feh] h] V_^U hg fUV
. = �m ? k� 9 � Zrce]iZ e]ohboVm eZ ` e] e` elVm aj mVghc` e]i
V_^U Zrce]i V[\_bbjp �hdVoVc k cV^_bb fU_f V_^U Zrce]i ` _j
aV ZfcVf^UVm _f `hZf 1 Zf_]m_cm mVoe_feh]Z gch` efZ cVZfe]i
Zf_fV p �h e] iV]Vc_b k fUV hrfe`\` eZ _^U eVoVm aj ` _�e` _bn
bj ZfcVf^U e]i fUV Zrce]iZ d efU fUV Z` _bbVZf be` ef_feh]Z _]m
V[\_bbj mVghc` e]i _bb hfUVc Zfce]iZ V[\_bbjp �\rrhZV fU_f
fUV be` ef h] ZfcVf^U hg fUV . Zrce]iZ eZ � � �� � � ���� - dUVcV
fUVj U_oV aVV] ZhcfVm Zh fU_f � � n � � � ghc _bb : p TUV] fUV
` e]e` _b ZfcVf^U V]Vcij fh _^UeVoV _ fhf_b mVghc` _feh] hg '\]efZ _`h]i fUV . Zfce]iZ eZ ieoV] aj �

� �� �- � �' � = � �'�. �� eg '�. � � -� �- 9 � �� �-V�� �' ? � - � hfUVcd eZV
	]V ZUh\bm ]hfV fU_f jh\ ^_]]hf k e] iV]Vc_b k Ze`rbj ^h]Zemn
Vc fUV Zrce]iZ a VfdVV] ; _]m b _]m ` e]e` _bbj meZfcea\fVm
ZfcVf^U _^chZZ fUV` _Z fUV me_ih]_b ^h]]V^fhc e] fUV ZVbV^fVm
gV_Zeaebefj m pr p ` _fce� ` _j ]hf beV e] fUV i_r icem p

Th ZhboV ghc fUV ` e]e`\` ZfcVf^U dVeiUf hg VmiV ; � b
dV rVcghc` _ mj]_` e^ rchic_`` e]i ^h`r\f_feh] hoVc _bb
fUV rhZefeh]Z e] � p �hc V_^U rhZefeh] < 7 � dV ^h`r\fV k� �< � k fUV ` e]e`\` ZfcVf^U dVeiUf hg fUV Zrce]iZ gch` fUV
V]m hg ; �Z hoVcb_r fh fUV rhZefeh] < fUch\iU _bb r hZZeabV ^h]n
]V^feh] r_fUZ hoVc � p qV mh Zh e] chd n hc ^hb\`]n` _� hc

hcmVc hg fUV abh^�Z _ZZh^e_fVm d efU fUV rhZefeh]Z p �hc rhZen
feh] < k � �< � eZ fUV ` e]e`\` hg � �; � 9 � �� j� hi3 �; � < �� hoVc
_bb mecV^f rcVmV^VZZhc rhZefeh]Z ; fU_f _cV _^chZZ _ i_r gch`
< p 	]V ^_] g\cfUVc hrfe` elV fUV ^h`r\f_feh] hg � Zh fU_f
ef f_�VZ Z ��� fe` V fh e]^cV` V]f_bbj ^h`r\fV ghc Z\^^VZZeoV
o_b\V hg ; p

�f f_�VZ Z ��� �! � 9 1� �" � � �L �!Y 9 1L �!Y �� dhcZf ^_ZV
fe` V fh ^h`r\fV fUV � no_b\VZ ghc rhZefeh]Z e] _ rhcf_b ghc
r ebb_c : hc a V_` � cV_^U_abV gch` fUhZV e] _ rhcf_b ghc a V_` �hc r ebb_c : p �] fUV dhcZf ^_ZV k _bb Z\^U r_ece]iZ h^^\c e] Vo_bn
\_fe]i _] VmiV k ghc _ fhf_b dhcZf ^_ZV ^h`rbV� efj hg Z �	 
 �
fe` V dUVcV 	 = ��� �! � 9 1� �" � _]m 
 = �Y L �!Y 9 1L �"Y k_cV fUV Z\` Z hg fUV bV]ifUZ hg fUV ` _�e` _b � _]m L i_rZ k
cVZr V^feoVbjp 	] fUV hfUVc U_]m k h]V ZUh\bm haZVcoV fU_f
e] rc_^fe^V h]bj _ be]V_c ]\`aVc hg hrfe` _b VmiVZ _ceZV k _]m
fUV ^h]]V^feh] UhrZ a VfdVV] rhcf_bZ ghc V_^U VmiV _cV _bZh
be]V_c p �\cfUVc cVZfce^fe]i fUV rhZefeh]Z ^h]ZemVcVm fh fUhZV
e] � be` efZ fUV [\_mce^efj hg fUV rchabV` VoV] g\cfUVc p

� ��� ~Q~SR  ��O} PO
q UebV dV gh^\ZVm h] fUV rchabV` e] dUe^U _bb i_rZ dVcV
rchrVc k dV gh\]m fU_f e] rc_^fe^V r Vc` effe]i ]Vi_feoV i_rZ
d_Z mVZec_abV p �\^U _ i_r k eg Z\w ^eV]fbj b_ciV k _bbhd Z fdh
Z` _bb ^h]feiZ e] _ Z^_shbm fh cVoVcZV fUVec rhZefeh]Z p �hcVn
hoVc k Z` _bb ]Vi_feoV i_rZ `hmVb Zef\_feh]Z e] dUe^U fdh ^h]n
ZV^\feoV ^h]feiZ U_oV _ Z` _bb hoVcb_r fU_f ` eiUf a V ` eZZVm
hc dh\bm aV ^h]ZemVcVm e]Zei] et^_]f aj h\c hoVcb_r mVfV^feh]
Zhgfd_cV p �h dV rVc` effVm fUV \ZV hg _ ]Vi_feoV i_r rchoemVm
fU_f eg ef e`rbeVZ _] hoVcb_r aVfdVV] ^h]feiZ k fUV] fUV hoVcn
b_r `\Zf a V haZVco_abV a VfdVV] fUV ZV[\V]^VZ hg fUV ^h]feiZ p
�]^hcrhc_fe]i fU eZ e]fh fUV a_Ze^ _bihcefU` _Z mVZ^cea Vm e]
�ei\cV � h]bj cV[\ecVZ oVcet^_feh] hg ^h]fei hoVcb_rZ k fUV _bn
ihcefU` hfUVcd eZV U_]mbVZ fUeZ o_ce_feh] _Z rcVZV]fVm p q U_f
aV^h` VZ _] hrV] rchabV` k fU_f dV mh ]hf _mmcVZZ UVcV k eZ
dUVfUVc fUV VmiV mVfV^feh] rchabV` cV` _e]Z rhbj]h` e_b p

Th \]mVcZf_]m fUV V`rece^_b a VU_oehc hg fUV a_Ze^ cV_^Un
e]i _bihcefU` hg �ei\cV � k dV a\ebf _ Ze`rbV Ze`\b_fhc fU_f
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T_abV � � �`rece^_b cVZ\ bfZ p

a\ ebmZ fdh hoVcb_rre]i Z^_shbmZ p 	]V ^_] Zr V^egj fUV Zr_]
hg fUV Z^_shbmZ k fUV bV]ifU hg fUV hoVcb_r �hg fUV \]mVcbj e]i
ZV[\V]^VZ� k fUV ]\`aVc hg ^h]feiZ r Vc Z^_shbm k fUV r Vc^V]f
hg fUV Z^_shbm fU_f eZ e] i_rZ oVcZ\Z e] ^h]feiZ k fUV fhf_b
o_ce_feh] e] i_r bV]ifUZ k _]m fUV Vcchc c_fV hg fUV ZV[\V]^V
e] fUV ^h]feiZ p �hc fUV fce_bZ bV_me]i fh T_abVZ �p_n^ dV iV]n
Vc_fVm Z^_shbmZ fU_f Zr_] ����ar k hoVcb_r aj `��ar k U_oV
_ �^ ZV[\V]^e]i Vcchc c_fV k _]m ghc dUe^U fUV i_rZ ^_] o_cj
e] fhf_b aj h]VnU_bg hg fUV fhf_b _oVc_iV bV]ifU hg fUV i_rZ p
�] fUV V�rVce` V]fZ dV o_ceVm fUV ]\`aVc hg ^h]feiZ r Vc Z^_gn
gh bmZ �� k �� k _]m �� k cVZr V^feoVbj � _]m dV o_ceVm fUV rVc^V]f
hg fUV Z^_shbm fU_f d_Z e] i_rZ ��� k �� k �� k �� k _]m ��^ k
cVZr V^feoVbj � p �_^U m_f_ rhe]f eZ fUV _oVc_iV o_b\V hoVc ���
fce_bZ p

�hc fUVZV m_f_ZVfZ k fUV ]\`aVc hg oVcfe^VZ e] fUV ZfcVf^U
ic_rU eZ _bd_jZ a VfdVV] � _]m �� 9 �� 9 �k _]m _oVc_iVZ
� 9 �` ��� 9 �� ��� aV^_\ZV hg fUV ^Uhe^V hg `�^ hoVcb_r p qV
rcVZV]f e] T_abV �p_ fUV _oVc_iV ]\`aVc hg h\fihe]i VmiVZ
gh\]m gch` V_^U ]h]n� oVcfV� p �] T_abV �pa k dV rcVZV]f fUV
_oVc_iV ]\`aVc hg a bh^� ah\]m_ceVZ cV_^UVm gch` _] e] en
fe_b ^_bb h] < i�= ji 0j gch` V_^U Z\^U oVcfV� p �] T_abV �p^ k
dV rcVZV]f fUV _oVc_iV ]\`aVc hg i_r rhcf_bZ cV_^UVm gch`
_] e] efe_b ^_bb h] < i�= ji 0j gch` V_^U oVcfV� p TUeZ b_Zf f_n
abV cV	V^fZ fUV ]\`aVc hg cV^\cZeoV ^_bbZ fU_f _cV ` _mV h]< i�= ji 0j p TUV ` _e] ^h]^b\Zeh] eZ fU_f fUV fe` V rVc VmiV
eZ a_Ze^_bbj ^h]Zf_]f ghc _]j t�Vm bVoVb hg ^h`rbVfV]VZZ hg
fUV Z^_shbmZ k d efU fUV ^h]Zf_]f mV^cV_Ze]i d efU fUV mVicVV
hg ^h`rbVfV]VZZ p �] h\c _rrbe^_feh]Z Z^_shbmZ dVcV _] _oVcn
_iV hg h]bj �^ i_rZ _]m Zh rVcghc` _]^V d_Z V�^VbbV]f p �]
g_^f k ^h`r\fV fe` V eZ a_Ze^_bbj mh` e]_fVm aj fUV \]mVcbj e]i
^h`r\f_feh] hg fUV hoVcb_r _bei]` V]fZ a VfdVV] ^h]feiZ p �h
`\^U Zh fU_f h]^V dV U_oV fUV ^h]fei hoVcb_rZ k dV ZhboV _
ZVceVZ hg rchabV` Z ghc 1 gch` �k � k fUch\iU �� k Zfhrre]i _f
fUV ` e]e`\` 1 ghc dUe^U _ Z^_shbm hoVcb_r eZ gh\]m �e pV pk
_ � fh � r_fU V� eZfZ e] fUV ZfcVf^U ic_rU� p TUeZ ieoVZ \Z _
ch\iU VZfe` _fV hg fUV _`h\]f hg ZfcVf^U cV[\ecVm fh iVf fUV
Z^_shbmZ fh hoVcb_r p

������ ���������� � TUV _\fUhc d eZUVZ fh fU_]� �_\n
cV]f �h\^U_cm _]m Y_ch] �_br Vc] ghc fUVec _ZZeZf_]^V e] fUV
rc_^fe^_b _Zr V^fZ hg fUeZ dhc� _]m fUV ^cefe^_b Vo_b\_feh] hg
fUV cVZ\ bfZ p
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