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S TU VWXYZ [ \]^_`abc]daef_g h ijk h lamlgd]nolf h p]g^q_f h rstllbrltu tl^otb
tlg^l h vtl^_geara_g agm

�� � �wxy Tz{ �|}ZZ~�z}{~W� [ ��� ��

�[ ��{XWYwz{~W� [ �sl f_nora_g _� rsl n]tml lamlgd]nol vt_`nlu � �� � �� �� �_t
] �l� lamlgd]nolf ^n_flfr r_ ] madlg d]nol � ]ge rslat ^_ttlfv_geagm lamlgdl^r_tf
�r_mlrslt lamlgv]atf� af tl^_mg aqle ]f ] s]telt vt_`nlu rs]g rsl f_nora_g _� ] nagl]t
f�frlu _� l�o]ra_gf � ars � � il^]ofl rsl lamlgd]nolf ]tl g_r �g_�g ] vta_ta h rsl
f�frlu r_ `l f_ndle af g_g nagl]t ��� h ��� � �dlg a� rsl lamlgd]nol �ltl �g_�g h rsl
tlfonragm nagl]t f�frlu �_one `l agel�garl �_t ]g� lamlgd]nol rs]r nalf agfael rsl
fvl^rtou � �saf ofo]nn� auvnalf fn_� ^_gdltmlg^l _� rsl nagl]t f_ndlt h ]ge u_tl_dlt
ar af s]te r_ _`r]ag m__e vtl^_geara_gltf ��� h �� � �_g g_tu ]nar� ]ge ann ^_geara_gagm
l�]^lt`]rl rslfl vt_` nlu f �otrslt �

�tl^_geara_gagm af ]nf_ g_r frt]amsr�_t�]te r_ ]vvn� _g lamlgd]nol arlt]radl f_ndltf �
�]tn� ]rrluvrf ag^noele d]ta]grf _� rsl c]daef_g  f ulrs_e �¡� ]ge fsa�r ]ge agdltr
u lrs_ef ���� h `or \]^_`abc]daef_g �\c � r�vl ulrs_ef s]dl vt_daele ]g ]vvt_vta]rl
vtl^_geara_g agm �t]u l�_t� �_t lamlgf_ndltf ��¢� �

£g_rslt auv_tr]gr vt_`nlu � ars lamlgf_ndltf af rslat sams fr_t]ml tl�oatlulgrf �
�_t nagl]t f�frlu f fr_t]ml af nlff _� ]g affol h ` l^]ofl rstll rltu tl^ottlg^l u lrs_ef h
fo^s ]f jk ]ge ijk h ]tl ]f l¤l^radl ]f �o nn _trs_m_g]naq]ra_g £tg_neabr�v l ulrsb
_ef � ¥g ^_grt]fr h rsl rstll rltu tl^ottlg^l p]g^q_f u lrs_e �_t lamlgvt_` nlu f gllef
r_ fr_tl rsl `]faf dl^r_tf r_ tl^_dlt lamlgdl^r_t ]vvt_� au ]ra_gf � ¦ _tl_dlt h u _fr
lamlgd]nol u lrs_ef rs]r ofl vtl^_geara_gagm e_ g_r `oane ] §t�n_d fv]^l h ]ge rsof
£tg_neabr�v l u lrs_ef h na�l \c h ]tl gl^lff]t� �¡ h �¢ h ��� �

�_t ]nn rsl ]`_dl tl]f_gf h rsl u_tl ^_uvna^]rle ]ge l�vlgfadl vlt frlv ulrs_ef
_� £tg_nea ]ge \c ]tl ofo]nn� vtl�lttle r_ rsl ^_uvor]ra_g]n fauvna^ar� _� rsl p]g^q_f
u lrs_e � �sl \c ulrs_e ^]g `l dal�le ]f ]g aggltb_orlt u lrs_e � £r l]^s _orlt frlv h
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\c ag^_tv_t]rlf agr_ rsl `]faf ]g ]vvt_� au ]rl f_nora_g _� rsl ^_ttl^ra_g l�o]ra_g �
�� � �� � � �� � � � � �� � �� � � � � �� � �� � � ��� � ��� ������

�sltl �� � �� h � ars �� � � �h af ]g ]vvt_� au ]ra_g _� rsl tl�oatle lamlgv]at � ��vab
^]nn�h ] �l� frlvf _� ] §t�n_d arlt]radl f_ndlt ]tl ]vvnale r_ l� � ����� h ]ge ]d]an]`nl
vtl^_geara_gltf �_t � ^]g `l ofle rst_oms ] rl^sga�ol elf^ta` le ag ��¢ h �� h �¡� �

clfvarl arf auvt_dle ^_gdltmlg^l h �_t u ]g� s]te vt_`nlu f rsl \c u]� frann tlb
�oatl ] n]tml gou`lt _� frlvf h � ars _dlt�slnu agm fr_t]ml tl�oatlu lgrf � �saf vt_`nlu
af ^_grt_nnle `� tlfr]tragm rsl u lrs_e �slg rsl `]faf faql tl]^slf ] oflt fv l^a�le ovb
v lt nau ar � il^]ofl rsl \c `]faf af g_r tl�oatle r_ ` l §t�n_d h ] d]talr� _� tlfr]tragm
rl^sga�olf ^]g `l ofle h ag^noeagm auvna^ar tlfr]tragm � ars d]ta_of fsa�r frt]rlmalf ���� h
]ge rs a^� tlfr]tragm �sa^s h ]r tlfr]tr h tlr]agf larslt � arq dl^r_tf ���� h _t �^sot dl^b
r_tf ���� � £ s_fr _� _rslt auvt_dlu lgrf _g r]tmlragm lamlgd]nolf h s]tu_ga^ � arq
]vvt_� au ]ra_gf h vtl^_geara_gagm rl^sga�olf h ]ge l�rlgfa_gf r_ rsl mlglt]naqle lamlgb
d]nol vt_`nlu s]dl slnv le u ]�l rsl \c ] t_`ofr ]ge � aeln� ofle u lrs_e ��� h �¡� �

	lr h rsl g_g f�uulrta^ p]g^q_f u lrs_e s]f r�_ dlt� ]vvl]nagm ^s]t]^rltafra^f
rs]r ^_one _¤lt famga�^]gr ]ed]gr]mlf h a� l�vn_arle ag ] \c �t]ul�_t� � �sl p]g^q_f
u ]agr]agf `_rs ] nl�r ]ge ] tamsr `a_trs_m_g]n `]flf h mlglt]rle `� � � ]ge � tlfv l^b
radln�� £ f ] tlfonr h ]vvt_�au ]ra_gf �_t rsl nl�r lamlgdl^r_tf ]tl ]nf_ _`r]agle h ]ge
`a_trs_m_g]nar� af auvna^arn� u ]agr]agle rst_oms ] rstll rltu tl^ottlg^l �

�sl ]d]an]` anar� _� ]vvt_�au ]ra_gf r_ nl�r lamlgdl^r_tf fommlfrf ] g]rot]n ]nrltg]b
radl ^_ttl^ra_g l�o]ra_g h `]fle _g ]g ]vvt_� au ]rl fv l^rt]n vt_
 l^r_t �

�� � �� � � �� � � � � �� � �� � � � � �� � �� � � ��� � ��� ������
�sltl �� � �� af ]g ]vvt_� au ]ra_g r_ rsl tamsr lamlgv]at _� � h ]ge � af ]g ]vvt_� au ]ra_g
r_ rsl ^_ttlfv_geagm nl�r lamlgdl^r_t h fo^s rs]r �� � � � ]ge � �� � �� £g agrltlfragm
_`fltd]ra_g af rs]r �l ^]g f_ndl `_rs l� � ����� h ]ge arf ^_g
om]rl rt]gfv_fl `� ] fagmnl
ijk arlt]ra_g h auvt_dagm fauonr]gl_ofn� `_rs nl�r ]ge tamsr lamlgv]atf � �lt�_tu agm
agdltfl arlt]ra_g � ars rslfl r�_ ^_g
om]rl u]rta^lf af �g_�g r_ ^_gdltml ^o`a^n� ���� h
]ge tl^lgrn� � nl a
vlg lr ]n � vt_dle rsl f]ul ^_gdltmlg^l t]rl �_t rsl \c � ars rsl
]`_dl ^_ttl^ra_g l�o]ra_g ��¡� � �_�ldlt h �_t rsl n]rrlt r_ s_ne h � uofr ^_gdltml r_
rsl nl�r lamlgdl^r_t h �sa^s e_lf g_r s_ne ag mlglt]n a� _g n� ] tamsr fv]^l af ^_gfaeltle �

�sl nl�r ]ge tamsr `a_trs_m_g]n `]flf ]nf_ fommlfr ]g l¤l^radl tlfr]tragm f^slu l �
�lfr]tragm s]f famga�^]gr v lt�_tu ]g^l fs_tr^_u agmf h fag^l auv_tr]gr ^_uv_glgrf _�
rsl agd]ta]gr fo`fv]^l u ]� `l eaf^]tele � �lfr]tragm rl^sga�olf ]rrluvr r_ aelgra��
]ge tlr]ag rslfl auv_tr]gr ^_uv_glgrf r_ slnv �orotl ^_gdltmlg^l � 
gl ^n]ff _� rl^sb
ga�olf ]^saldlf rsaf `� tlr]ag agm ^ltr]ag � arq dl^r_tf rs]r rlge r_ auvt_dl ^_gdltmlg^l
r_�]tef rsl elfatle lamlgv]at ag ] el�]ra_gbna�l �]� ��� h � h ��� � £g_rslt ^n]ff rt]^lf
rsl vt_`nlu r_ rsl _trs_m_g]nar� n_fr �slg tlfr]tragm h ]ge rtalf r_ tlagfr]rl ar `�
�llvagm rs_fl dl^r_t eatl^ra_gf ]m]ag fr �sa^s rsl `]faf rlgef r_ n_fl _trs_m_g]nar�
��¢ h ��� � il^]ofl rsl p]g^q_f ulrs_e u ]agr]agf `a_trs_m_g]nar� auvna^ar n� rst_oms
rsl rstll rltu tl^ottlg^l h ar af g]rot]n r_ ]f� �slrslt rslfl tl^ottlg^l dl^r_tf ^]g `l
ofle ag tlfr]tragm � �_t rsl f�uulrta^ ^]fl h rsaf ael] s]f `llg l�vn_tle ag tlfr]tragm
rsl \c � ars auvtlffadl tlfonrf ��¢ h �� h ��� � �_t rsl g_gf�uulrta^ ^]fl h s_�ldlt h ]
fs_tr rltu tl^ottlg^l af g_r v_ffa`nl �_t rsl \c ]ge £tg_nea � £ p]g^q_f `]fle u lrs_e
fllu f r_ `l rsl _gn� ]nrltg]radl �

¥g rsaf v]vlt h �l vt_v_fl ] ` a_trs_m_g]n \]^_`abc]daef_g u lrs_e �` a\c � h �sa^s
^_u`aglf rsl p]g^q_f r�_ faele arlt]ra_g � ars rsl f_nora_g _� rsl ^_ttl^ra_g l�o]b
ra_g ��� �_t `_rs nl�r ]ge tamsr � arq v]atf � �sl m_]n af r�_�_ne � vt_dael ] �]frlt

¬



^_gdltmagm ]nm_tarsu h ]ge l�vn_ar ]g l¤l^radl tlfr]tragm f^slu l � �atfr h �l elf^ta` l
rsl `a\c ]nm_tarsu ]ge tldal� arf d]ta_of ]ed]gr]ml_of �l]rotlf � �l ]nf_ fs_� s_�
rsl uonravna^]ra_g _� rsl ]e
_agr � ars ] dl^r_t ^]g `l vlt�_tule � ars u ag au ]n ^_u b
vor]ra_g]n ^_fr h �sa^s af _� u _tl mlglt]n agrltlfr � ¥g rsl fl^_ge v]tr h �l l�]u agl
s_� rsl ^_ttl^ra_g l�o]ra_g ����� ^]g `l flr ov h s_� �]fr ar ^_gdltmlf h ]ge s_� r_ ofl
vtl^_geara_g agm � ars ar � ¥g rsl rsate v]tr h �l ]e]vr rsl gl� tlfr]tragm ael] r_ ` a\c h
]ge fs_� �s� ar af l�v l^rle r_ ` l ` lgl�^a]n � �l ^_g^noel � ars goulta^]n l�]uvnlf
]ge ] fouu]taqagm eaf^offa_g �

� [ 	�T x ~WX{�W�W�}| �}zWx ~��}� ~YZW� �x~�� � [
� [� [ 	�T }|�WX~{�� [ �st_oms_or rsaf v]vlt h �l ]ffou l rs]r rsl u ]rta� �

af g_gf�uulrta^ h ea]m_g]naq]`nl _� _telt � h � ars lamlgv]atf ��� 	 � �� 	 � h _� �sa^s rsl
_gl ^n_flfr r_ ] ^_uvnl� d]nol � af f_omsr � �sl c]daef_g u lrs_e �tfr ]vvl]tle
]f ] ea]m_g]nn� vtl^_geara_gle dltfa_g _� rsl p]g^q_f ulrs_e �_t rsl f�uulrta^
lamlgvt_`nlu � ��rlgfa_gf h r_ `_rs mlglt]n vtl^_geara_gltf ]ge r_ rsl g_gf�uulrta^
^]fl s]dl ` llg madlg fag^l ��� h �� � ¦ _tm]g ]ge �^_rr ��¡� vt_v_fle r_ f_ndl ]vb
vt_� au ]rln� � ars f_u l vtl^_geara_glt rsl mlglt]naqle c]daef_g ^_ttl^ra_g l�o]ra_g �
�� � � � � � � 
 � �� � �� �� � ¥g ��¢� h � nla
vlg lr ]n � fs_� rs]r �_t fr]`anar�h t_`ofrb
glff h ]f �lnn ]f l� ^alg^�h rsl _vlt]r_t ag rsl ^_ttl^ra_g l�o]ra_g fs_one s]dl ] t]gml
_trs_m_g]n r_ � h �alneagm l� � ����� � �ldlt]n l�rlgfa_gf s]dl ` llg vt_v_fle �_t rsl \c
ulrs_e h ag^noeagm mlglt]n vt_ 
 l^ra_gf �_t l� � ����� h tlfr]tragm f^slu lf h ]ge rsl ofl
_� s]tu_ga^ � arq dl^r_tf �_t agrlta_t lamlgv]atf ��� h �¡ h �� � � �sl ^_gdltmlg^l ]g]n�faf
_� ofagm l� � ����� ag rsl \c af elf^ta` le ag ��¡� h `or rsl �_tuon]ra_g _� ] r�_ faele
`a\c ulrs_e ]vvl]tf r_ ` l gl� � £ nm_tarsu �� ��� _ornaglf rsl `]fa^ frlvf _� ` a\c h
]ge agrt_eo^lf u_fr _� rsl g_r]ra_g ag rsaf v]vlt �

�l �_ ^of _g �geagm _gn� _gl lamlgv]at ^n_flfr r_ � h `or rsl l�rlgfa_g r_ �geagm
u_tl lamlgv]atf af frt]amsr�_t�]te � � slg ]g lamlgv]at ^_gdltmlf h ar ^]g fr]� ag rsl
`]faf ]ge gldlt `l r]tmlrle ]m]ag h _t ar ^]g `l n_ ^�le _or _� rsl `]faf ���� � ¥� ]
vtl^_geara_glt � 
 � af �g_�g h �l ^]g ]vvn� ar _g rsl ijk arlt]ra_g h `or rsl
elr]anf ]tl eaf^offle n]rlt � £ nf_ ag rsl ijk h �slg � af �]t �t_u � h �l f_ndl l� � �� ���
agfrl]e h ]ge �l _gn� glle r_ ]vvn� _gl _� rsl vt_
 l^ra_gf ]r ldlt� ijk arlt]ra_g �
� slg rsl `]faf tl]^slf ] u ]�auou faql _� � h rs a^� tlfr]tragm af vlt�_tu le `� �llvagm
rsl � � arq dl^r_tf ^n_flfr r_ rsl fs a�r � � �sl ]`_dl ]nm_tarsu oflf ^_uvnl� ]tarsu lra^ h
`or ]f � ars \c h ] tl]nb_gn� dltfa_g af ]nf_ v_ffa`nl ���� � �ag]nn�h ] `n_ ^� ` a\c `]fle
_g rsl c]daef_gbp ao ` n_ ^� d]ta]gr ^]g `l eldln_vle a� u _tl rs]g _gl � arq v]atf ]tl
r]tmlrle ]r l]^s frlv �

j_uvor]ra_g]nn�h rsl ` a\c af u_tl l�vlgfadl vlt frlv rs]g rsl \c � �atfr h ar
tl�oatlf ] u ]rta� dl^r_t uonravna^]ra_g � ars � � h �sa^s u ]� g_r ` l ]d]an]`nl ag f_u l
]vvna^]ra_gf � �l^_ge h ag frlv � h l]^s arlt]ra_g _� rsl ijk vlt�_tu f r�_ u ]rta�b
dl^r_t uonrav na^]ra_gf h _gl � ars � ]ge _gl � ars � � � � au an]tn� ]r frlv � h rsl ove]rl
_� rsl ]o� ana]t� u]rta^lf � ]ge � tl�oatlf r�_ fo^s uonravna^]ra_gf h r� a^l rsl gou`lt
tl�oatle `� \c � �_�ldlt h ldlg rsl \c �_one tl�oatl r�_ uonrav na^]ra_gf vlt agglt
arlt]ra_g h a� ] fs_tr tl^ottlg^l u lrs_e h fo^s ]f ijk��£i _t �¦� �ltl ofle � � ag]nn�h
rsl `a\c tl�oatlf r� a^l ]f uo^s fr_t]ml ]f rsl \c h ` l^]ofl _� rsl nl�r fv]^l � ]ge
arf au ]ml � � � �� � ¥� gllele h �l ^]g f]dl rsl fv]^l _� rsl ]tt]�f � ]ge � `�
^_uvoragm rsl tlfaeo]nf ]r frlv � `� l�vna^ar u ]rta�bdl^r_t uonravna^]ra_gf �

� [� [ �W��w{}{~W�}| T� z~T�zU[ �t_u rsl ]`_dl eaf^offa_g rsl ` a\c fllu f
r_ ag^ot ]`_or r� a^l ]f u]g� �_]ragm v_agr _v lt]ra_gf v lt _orlt frlv rs]g rsl \c h
�slg rsl n]rrlt af ofagm k¦��� t]rslt rs]g ijk��£i �_t rsl ^_ttl^ra_g l�o]ra_g �
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�_�ldlt h ag r_e]�f uonravnl ulu_t� salt]t^s� ^_uvorltf rsl t_nl _� ulu_t� ]^^lfflf
af u _tl tlnld]gr rs]g rsl �_vf � ¥g rsaf ^_grl�r h rsl `a\c ^]g `l vlt�_tu le � ars _g n�
] fnamsr ^_uvor]ra_g]n _dltsl]e _dlt rsl \c �

�sl �]^r rs]r rsl u ]rta� dl^r_t uonravna^]ra_gf � ars � ]ge � ars � � ^]g `l vltb
�_tu le � ars _gn� _gl ]^^lff r_ rsl u ]rta� � s]f g_r tl^ladle ]g� ]rrlgra_g ag rsl
narlt]rotl � plr of ]ffou l �_t fauvna^ar� ] ^_uvtlffle fv]tfl t_� �j�� � fr_t]ml _�
rsl u]rta� � ��� h �� � � �_t ijkbna�l u lrs_ef r�_ ]vvt_]^slf ]tl rt]eara_g]nn� eafb
^o ffle ��� � �sl �tfr v lt�_tu f rsl uonravna^]ra_g � ars � ofagm rsl ^_el ag �m � � ���]� h
]ge rslg � ars � � ofagm rsl ^_el ag �m � � ���` � � �_�ldlt h rsl j�� e]r] frto^rotl
ag^tl]flf u lu_t� rt]� ^ �_t rsl n]rrlt _v lt]ra_g � �sl fl^_ge ]vvt_]^s l�vna^ar n�
rt]gfv_flf � agr_ ] j�� fr_tle u]rta� � � � �slg h ar ]vvnalf u ]rta�bdl^r_t uonravnab
^]ra_gf �_t `_rs u ]rta^lf o fagm rsl ^_el ag �m � � ���]� � ilfaelf rsl l�rt] fr_t]ml h frann
r�_ u ]rta^lf ]tl tl]e �t_u ulu_t� ]r l]^s _vlt]ra_g �

£ �tfr auvt_dlu lgr �_one `l r_ v lt�_tu `_rs �� ]ge � �\ �sanl rsl f]u l t_�
_� � s]f `llg `t_omsr ag �t_u ulu_t�� �sl ^_el ag �m � � �� �]� fs_� f s_� rsaf af
v lt�_tule `� fauvn� u ltmagm rsl ^_elf _� �m � � ��� �]^s fv]tfl t_� _� � af `t_omsr
ag _g^l �`_rs ] ]ge ^]� h ]ge ar af ofle r_ ]^^ouon]rl ]g agglt vt_eo^r ]ge r_ ove]rl
d]ta_of lnlu lgrf _� / � ��\ � clvlgeagm _g rsl ^]^sl faql ]ge rsl tl]e_�tarl ^s]gglnf
]d]an]`nl _g rsl ^_uvorlt h rsaf ^_el ^]g famga�^]grn� tleo^l l�l^ora_g rau l �

clfvarl rsl n_ ^]nar� _� rsl ]tt]� ] h rsl dl^r_t ` ]ge rsl tlfonr dl^r_t a ]tl
b
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]^^lffle ag ] g_g n_ ^]n h `or aelgra^]n v]rrltg � �sl ael] _� rsl ^_el ag �m � � �� �` � h af
r_ ^tl]rl ] rluv_t]t� dl^r_t WXY �ars rsl lnlu lgrf _� ` ]ge a agrltnl]dle ag ar � � ars
rs af f^slul h rsl r�_ g_g n_ ^]n ]^^lfflf r_ � ]ge / `l^_ul _gl g_g n_^]n ]^^lff r_
WXY �ars rsl fl^_ge ]^^lff `lagm ag rsl ]e
 ]^lgr ulu_t� n_ ^]ra_g � ¥� rsl gou`lt
_� g_gqlt_ lnlu lgrf ag rsl u ]rta� af n]tml h ]ge a� rsl u ]^sagl ^]g vlt�_tu `_rs ]
tl]e ]ge ] �tarl _g WXY l� ^algrn�h rsaf u _ea�^]ra_g ^]g vt_dael �otrslt tleo^ra_g
ag l�l^ora_g rau l � �_rl rs]r rsl _dltsl]e �t_u rsl agara]naq]ra_g _� rsl ]tt]�f ^]g
`l s aeelg h a� rslfl agara]naq]ra_gf ]tl lu`leele ag rsl ^]nnagm ijk �og^ra_g � � ag]nn�h
ag ^_grt]fr r_ ijk��£ibna�l u lrs_ef h rsl r�_ u ]rta� dl^r_t uonravna^]ra_gf ^]g
`l vlt�_tu le ag v]t]nnln � �]`nlf � �� ]ge � �� vtlflgr f_u l rau agm tlfonrf � ars m��
^_uvanlt _g ] �Z� Z nrt] ��¢¢ � ars � ¦i ^]^sl h ]ge _g ] �¢¢ ¦�q �lgraou ¥¥¥ � ars
��� §i ^]^sl tlfvl^radln�� 
g `_rs u ]^saglf �l fll rs]r rsl vt_v_fle ]nm_tarsu f
^_gfafrlgrn� auvt_dl l�l^ora_g rau l `� ]`_or ��[ � �l l�vl^r `ammlt auvt_dlu lgrf
� ars ]ed]g^le _vrau aqagm ^_uvanltf �

£g_rslt ^_uvor]ra_g]n tl�oatlu lgr rs]r fllu f r_ nau ar rsl ` a\c ]vvna^]`anar� af
rsl fr_t]ml _� � ]ge � � ¥g vt]^ra^l rsaf rotgf _or r_ ` l ] u ag_t vt_`nlu �_t fldlt]n

²
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tl]f_gf � � atfr h rsl nau aragm �]^r_t af rsl l�vlgfadl _trs_m_g]naq]ra_g vt_^leotl h ]ge
�_t rs af tl]f_g rsl `]faf faql af g_r ]nn_�le r_ mt_� dlt� n]tml � �l^_ge h � ars ldlt
el^tl]fagm u lu_t� vta^lf h fr_t]ml �_t rs af nau arle `]faf faql af g_r ]g affol h ogna�l
rsl p]g^q_f vt_ ^lff �sltl sogetlef _t ldlg rs_of]gef _� dl^r_tf u amsr ` l gllele �
�sate h rsl ]d]an]`anar� _� m__e vtl^_geara_gltf h ]ge ag v]tra^on]t rsl ]ed]g^le tlfr]trb
agm rl^sga�olf rs]r �l vt_v_fl ]nn_� rsl `]faf faql r_ fstag� ldlg �otrslt � ars_or
famga� ^]gr ^_gdltmlg^l elrlta_t]ra_g �

� ag]nn�h �_t ^_uvor]ra_g]n l� ^alg^� _g ^]^slb`]fle ]ge v]t]nnln ^_uvorltf h �l
ofl ]g arlt]radl kt]ub�^su aer `a_trs_m_g]naq]ra_g � � slg rsltl af g_ vtl^_geara_glt
]ge rsl gou`lt _� ijk frlvf l�o]nf �h rsl u lrs_e tleo^lf r_ ] fr]`nl auvnlulgr]ra_g
_� rsl tlfr]trle g_gf�uulrta^ p]g^q_f ���� �

� [� [ �T}{wXTZ W W {�T x ~�� [ ilfaelf rsl ]rrt]^radl vt_v ltralf _� rsl `a\c �_t
tlfr]tragm ]ge rsl ^_ttl^ra_g l�o]ra_g h rsltl af ] s_fr _� �l]rotlf rs]r lgs]g^l rsl
_dlt]nn v lt�_tu]g^l ]ge t_`ofrglff _� rsl ]nm_tarsu �

� [� [� [ �T�T�{Z WXW� {�T |T W{�X~��{ x}ZTZ [ �sl agrtagfa^ ]ed]gr]ml _� rsl
`a\c af arf ]`anar� r_ _`r]ag rsl nl�r lamlgdl^r_tf ]nu _fr �_t �tll h ]ge r_ fau an]t ]^b
^ot]^� ]f rsl tamsr _glf � pl�r lamlgdl^r_tf ^]g `l l�rtlu ln� ofl�on h ldlg a� rsl� ]tl
g_r fvl^a�^]nn� gllele `� rsl ]vvna^]ra_g � � atfr h rsl� ^]g `l ofle ag rsl fvl^rt]n
vt_
 l^r_t r_ el�]rl ^_gdltmle lamlgv]atf � �l^_ge h nl�r ]ge tamsr � arq v]atf vt_dael
]g lfrau ]rl r_ rsl ^_geara_g gou`lt _� rsl tl�oatle lamlgd]nol h �sa^s af ] u l]fotl
_� s_� tlna]`n� rsaf lamlgv]at s]f `llg ^_uvorle � �sate h ldlg `l�_tl ^_gdltmlg^l
af ]^saldle h elrl^ragm ]g ann ^_geara_gle lamlgd]nol u amsr slnv fv lle ov rsl ^_ttl^b
ra_g l�o]ra_g `� ]vvt_� au ]rln� tlu_dagm rsaf ann ^_geara_gagm rst_oms ] fau an]tar�
rt]gf�_tu ]ra_g �

£g_rslt famga�^]gr ]ed]gr]ml _� rsl `a\c af rs]r rsl � arq d]nolf ]tl rsl mlgltb
�



]naqle �]�nlams �o_ralgrf �k�� � � � � � ���� �� �� � � ¥� rsl lamlgd]nol �� af g_r r__ ann
^_geara_gle h rsl k�� af �g_�g r_ `l u_tl ]^^ot]rl rs]g rsl �]�nlams �o_ralgr ��� � �
� � ���� � �� ��� � ¥g �]^r h rs af af rtol ldlg �slg rsl nl�r lamlgdl^r_tf ]tl �g_�g r_
] nlfflt ]^^ot]^� rs]g rsl tamsr _glf � £ f l�vn]agle ag ���� �fll ]nf_ ���� h nlr � � � `l
]vvt_� au ]ra_gf r_ rsl tamsr ]ge nl�r lamlgdl^r_tf h � ars � � �� M �� ]ge � � �� M �� � ¥�
�l ]ffou l �_t fauvna^ar� rs]r �� � �� ]ge �� � �� h rslg h

� ���
� �� � �� M ��� �� � �����

�� � �� M ��� �� �
�� � �� � � ��� � M ��� �	 ��� ���� ���� � �� � � ��� ���� � ��� ���

�sa^s auvnalf rs]r rsl ltt_t ag rsl � arq d]nol af 
 ���� ���� �� h vt_daele rs]r rsl
lamlgd]nol af g_r r__ ann ^_geara_gle � ¥grltlfragmn�h a� �l fo`frarorl � � �� M �� �ars�� � � ag rsl �� h rsl rltu ���� �� af g_r qlt_ h ognlff rsl u ]rta� af g_tu ]n � �sof h
]ffou agm � �� � � �h rsl �� af m adlg `� �

� ���
��� � �� M ��� �� � ����� M �� �� ��

� �� �� M ��� �� �
�� � �� � � ��� � M ��� �	 ��� ��

� M ��� �� M �� ���� �
� M ��� �� ,�� ���

�sof h rsl ltt_t ag rsl �� af 
 ���� �� ag mlglt]n h ]ge 
 ���� �� � ag rsl g_tu]n ^]fl �
¦_tl_dlt h rsl �� _� ] dl^r_t ^]g `l ^n_fl r_ rsl tl�oatle lamlgd]nol ldlg rs_oms

rsl dl^r_t af ] nagl]t ^_u`ag]ra_g _� ogtln]rle lamlgdl^r_tf � �_t g_tu]n u ]rta^lf h rsaf
af ^_uu_g �slg � af ag rsl agrlta_t _� rsl fvl^rtou h ]ge �_t g_gg_tu ]n u ]rta^lf ar
af ]nf_ v_ffa`nl �_t rsl l�rlta_t _glf � ¥g fo^s ^]flf h s_�ldlt h rsl k�� ]ge �� ea¤lt
fo`fr]gra]nn�� il^]ofl rsl �� ^]g `l ^_uvorle agl�vlgfadln� ag rsl `a\c h ar vt_daelf
]g l�^lnnlgr u l]gf _� ]fflffagm lamlgd]nol ^_gdltmlg^l �

�_t g_gf�uulrta^ u ]rta^lf h glarslt rsl k]nlt�ag g_t rsl �lrt_dbk]nlt�ag vt_b

 l^ra_g ulrs_ef vt_dael ]g� ofl�o n _vrau ]nar� �_t rsl � arq v]atf ���� � ¥r s]f ` llg
_`fltdle rs]r f_u lraulf ]vvt_� au ]ra_gf ]tl l�rt]^rle �]frlt ]ge u_tl ]^^ot]rln�
�t_u rsl p]g^q_f vt_^lff rs]g �t_u ]g _trs_m_g]n vt_
 l^ra_g u lrs_e �na�l £tg_nea� h
`or ]nf_ rsl ^_grt]t� af _�rlg rtol � �sl `a\c agsltarf rslfl ^s]t]^rltafra^f h �sa^s
�_t f_u l vt_`nlu f u]� vt_dl ]ed]gr]ml_of _dlt rsl \c � �_�ldlt h ea¤ltlg^lf f_nln�
` l^]ofl _� rsl �lrt_dbk]nlt�ag ]tl l�vl^rle r_ ` l u ag_t `l^]ofl _� rsl ofl _� vtlb
^_geara_gagm ]ge tlfr]tragm �

� [� [� [ � |T� ~x ~|~{U W W {�T x ~�� }|�WX~{�� [ �sl `a\c ]nm_tarsu oflf l�vna^ar
`a_trs_m_g]naq]ra_g h rsof ]d_aeagm vt_`nlu f �t_u rsl n_ff _� _trs_m_g]nar� _� g_gf�u b
u lrta^ p]g^q_f � ¦_tl agrltlfragmn�h ar ]nf_ tlr]agf rsl �l�a`anar� _� \c � �_t l�]uvnl h
ar ^]g ]^^_uu_e]rl ] d]talr� _� tlfr]tragm rl^sga�olf ` l^]ofl ar e_lf g_r s]dl r_
u ]agr]ag ] rtaea]m_g]n vt_ 
 l^ra_g u ]rta� � ¥g _ot elf^tavra_g _� rsl ]nm_tarsu h �l
s]dl ofle rsa^� tlfr]tragm �sltl rsl � � arq v]atf ^n_flfr r_ � ]tl tlr]agle � �sl nl�r
]ge tamsr fv]^lf �]^anar]rl ]g lnlm]gr l�rlgfa_g _� \c rsa^� tlfr]tragm r_ `a\c h fag^l
nl�r ]ge tamsr � arq dl^r_tf ]tl ` a_trs_m_g]n `� ^_gfrto^ra_g h ]ge 5 � �� �	 ��J �	 
J af
rsl ea]m_g]n _� rsl ^_ttlfv_geagm � arq d]nolf � ¥uvna^ar tlfr]tragm � ars oflt el�gle
fsa�rf ^]g ]nf_ ` l ]vvnale ag ] �]� fau an]t r_ rsl auvna^arn� tlfr]trle g_gf�uulrta^
p]g^q_f ���� h `or rsl ` lgl�rf ag rsl ]`flg^l _� ] §t�n_d fv]^l ]tl g_r ^nl]t �

°



�sl `a\c ^]g ]nf_ tlfr]tr � ars ]g� ]t`art]t� dl^r_tf ) V � ) ]ge � � � � �
i a_trs_m_g]nar� ^]g `l u ]agr]agle agl�vlgfadln� ag rsl ^_l� ^algr fv]^l h `� `a_trs_mb
_g]naqagm rsl dl^r_tf V ]ge � agfrl]e h ]ge 5 ^]g `l ove]rle `� agglt vt_eo^rf _�
rsl ^_l� ^algr tlfr]tragm dl^r_tf �fll ����� � �saf �l� a` anar� af ofle ag rsl tlfr]tragm
f^slu l vt_v_fle ag ] n]rlt fl^ra_g h ]ge ar af ]nf_ ofl�on � ars s]tu_ga^ � arq dl^r_tf �

� slg n__�agm �_t agrlta_t lamlgv]atf h s]tu_ga^ � arq dl^r_tf _�rlg vt_dael ` lrrlt
]vvt_� au ]ra_gf ]ge u ]� tlfo nr ag ] u_tl l¤l^radl ^_ttl^ra_g l�o]ra_g �� h � �h �� h ��� �
�sl u ]ag ael] af r_ v lt�_tu ] �lrt_d k]nlt�ag _g rsl u ]rta� �� � � � ��+ h �_t �sa^s
rsl tl�o atle lamlgv]atf nal _g rsl l�rtlu l _� arf fv l^rtou � �sl agdltfa_g _� rsl u]rta�
af ]d_aele a� rsl fv]^l �� � � �) af ofle agfrl]e ag rsl vt_ 
 l^ra_g � �_ ^_uvorl rsl
s]tu_ga^ v]atf �_t rsl `a\c h �l vt_ ^lle fau an]tn� r_ rsl \c h � ars rsl l�^lvra_g rs]r
�l u_ea�� `_rs nl�r ]ge tamsr vt_
 l^ra_g fv]^lf �

� � � �� � � � ��� � � �� � B�� � � � B�� �
)� � �� � � � �) � �) � �) � � � �) ,

�sl � � ]ge )� ^]g `l ^_uvorle � ars_or u ]rta� dl^r_t uonravna^]ra_gf � ¦_tl_dlt h

� �� )� � � � �� � � � ��) �
]ge �l ^]g �_tuon]rl rsl �lrt_d k]nlt�ag vt_
 l^ra_g � ars � � ]ge )� f_ndagm �_t 9� �

� �� �� � � � ��+)�9� �
�
�
� �� )�9� �

� � �� � � � �) 9� �
�
�
� � �� � � � ��) 9� ,�� ���

��o]ra_g �� ��� af fau an]t r_ rsl _gl �_t rsl \c arlt]ra_g h ]ge ar agd_ndlf ^_uvor]ra_gf
� ars _gn� ) �� �� ]ge � � £ f � ars \c h r_ _`r]ag rsl s]tu_ga^ � arq dl^r_tf �l ]vvn�
auvna^arn� _gl frlv _� agdltfl arlt]ra_g r_ )�9� � �� � � � �) 9� h �sa^s �alnef rsl dl^r_t
) 9� � �sl �]�nlams �o_ralgr _� rsl s]tu_ga^ � arq dl^r_t ^]g ]nf_ `l ^_uv]tle � ars
rsl �� ]ge k�� _� rsl � arq dl^r_t ]f ]g ]eeara_g]n ^_gdltmlg^l lfrau ]r_t �

� ag]nn�h rsl `a\c ^]g ag^_tv_t]rl agr_ arf `]flf ]g� ]t`art]t� dl^r_t ag � � rs]r
^]ttalf ofl�o n ag�_tu ]ra_g � i_rs ] nl�r ]ge ] tamsr dl^r_t �_one `l gllele h f_ rsl
oflt uofr mo]t]grll rs]r rsl� ]tl g_r _trs_m_g]n � �sl dl^r_tf ]tl ]vvlgele ag rsl
`]flf h `a_trs_m_g]naqle h ]ge rsl ]nm_tarsu tlfou lf � ilfaelf ]nn_� agm �_t l�rltg]n
ag�_tu ]ra_g r_ `l ofle h rsaf �l]rotl ]nn_� f �_t rsl �l� a`nl vtl^_geara_g agm tl�oatle
ag rsl `a\c _\c ulrs_ef h `or u_tl auv_tr]grn� ar vt_daelf ] frt]amsr�_t�]te �]� _�
el]nagm � ars `tl]�e_�g �

� [� [� [ � TZW|� ~�� xXT}�YWV� [ itl]�e_�g ^]g _^^ot ag `a\c �slgldlt rsl r�_
dl^r_tf ]eele ag rsl nl�r ]ge tamsr fv]^l ]tl _trs_m_g]n � �_t rsl g_gf�uulrta^ p]g^b
q_f u lrs_e h f_vsafra^]rle n__� ]sl]e f^slu lf s]dl `llg eldln_v le r_ el]n � ars rsaf
vt_`nlu ��� h ��� � £ fauvnl ]nrltg]radl af r_ tlfr]tr rsl p]g^q_f u lrs_e � ars ] fnamsrn�
u_ea�le tlfaeo]n dl^r_t ���� h _t r_ v lt�_tu ]g auvna^ar tlfr]tragm � ars �g_gbl�]^r	
fsa�rf �a �l �h g_g � arq d]nolf� ���� � �_rl rs]r a� �l ofl l�]^r fsa�rf h _t l�oad]nlgrn�h a� �l
rs a^� tlfr]tr � ars rsl ^ottlgr � arq dl^r_tf h rsl `tl]�e_�g � ann tl_ ^^ot auulea]rln�
]�rlt tlfr]tragm ���� � �slfl rl^sga�olf �_t ]d_aeagm �gl]t� `tl]�e_�g faro]ra_gf ]tl
]nf_ tl]ean� ]vvna^]`nl r_ rsl `a\c �

¥g ]eeara_g h rsl ` a\c _¤ltf ] uo^s fauvnlt f_nora_g r_ rsl vt_`nlu � ars_or rsl
glle r_ tlfr]tr rsl arlt]ra_g � ¥� ] `tl]�e_�g af elrl^rle ]r frlv � _� rsl ]nm_tarsu h �l
^]g agfltr ] t]ge_u dl^r_t ag frl]e _� �> _t �A � ¥r af u _tl tl]f_g]`nl r_ ^s]gml _g n�

¯



_gl _� rsl dl^r_tf h l �m �h rsl nl�r _gl a� �l ]tl agrltlfrle ag rsl tamsr lamlgv]at � £ nf_ h
agfrl]e _� ] ^_uvnlrln� t]ge_u dl^r_t h ] fu ]nn t]ge_u vltrot`]ra_g _� � A af ofo]nn�
lg_oms r_ _dlt^_ul rsl `tl]�e_�g `or frann tlr]agf rsl `]fa^ eatl^ra_g _� � A �

itl]�e_�g af ]nf_ v_ffa` nl eotagm rsl ijk arlt]ra_g h `or ar af s]genle l]fan� `�
l]tn� rltu ag]ra_g _� ijk h �sa^s e_lf g_r glle r_ tog r_ ^_gdltmlg^l � �vl^a�^]nn�h
rsltl ]tl r�_ v_ffa`nl ijk `tl]�e_�gf � �tfr �slg rsl nl�r ]ge tamsr ijk tlfaeo]n ]tl
_trs_m_g]n h ]ge fl^_ge �slg rsl pZ el^_uv_fara_g ^]gg_r `l ^]ttale _or � ¥� rsl �tfr
`tl]�e_�g _^^otf ag rsl �tfr frlv _� ijk h rsl _tam ag]n `a\c tlfaeo]nf ]tl _trs_m_g]n
]ge rsl faro]ra_g af rtl]rle ]f ] `a\c `tl]�e_�g � ¥� rsl pZ `tl]�e_�g _^^otf ag rsl
�tfr frlv _� ijk h �l fauvn� ]ee rsl tlfaeo]nf ag rsl `]flf ]ge tlfou l rsl `a\c � ¥�
]g� _� rsl r�_ `tl]�e_�gf _ ^^otf eotagm rsl 0brs ijk arlt]ra_g h �l rltu ag]rl rsl
ijk ]ge tlrotg r_ `a\c rsl ]vvt_� au ]rl f_nora_gf �t_u arlt]ra_g 0 � �� �slfl ]tl
g_r _trs_m_g]n h ` l^]ofl rsl 0brs arlt]ra_g af rsl �tfr rau l rs]r `tl]�e_�g _^^otf h ]ge
rsof rsl `a\c ]nm_tarsu ^]g tlfoul �

� [ 	�T x~�� zWXXTz{~W� T�w}{~W� [ �sltl af ] uonraroel _� ^s_a^lf �_t vt_ 
 l^b
r_tf ag rsl ^_ttl^ra_g l�o]ra_g _� \c � £ mlglt]n �t]u l�_t� rs]r elf^ta` lf rsl ofl ]ge
^_gdltmlg^l vt_vltralf _� ]t`art]t� vt_
 l^r_tf �_t rsl \c s]f ` llg madlg ag ��¡ h ��� h
]ge f_u l tl^lgr eldln_vu lgrf _g vtl^_geara_gagm ^]g `l �_oge ag �� �h �� h ��� �

clfvarl rsl d]talr� _� v_ffa`nl ^_ttl^ra_g l�o]ra_gf h rsl ^s_a^lf �_t rsl `a\c ]tl
nau arle `l^]ofl rsl _vlt]r_tf _� rsl nl�r ]ge tamsr ^_ttl^ra_g l�o]ra_gf s]dl r_ ` l
]e
_agr r_ l]^s _rslt �_t rsl ijk r_ ]vvn�� �l fs_� gl�r rs]r �t_u rsl r�_ g]rob
t]n ^s_a^lf h rsl _trs_m_g]n vt_
 l^r_t �� � ��� � ]ge rsl fvl^rt]n _gl �� � �� � � h _g n�
rsl fv l^rt]n vt_
 l^r_t f_ndlf ] u l]gagm�o n ^_ttl^ra_g l�o]ra_g �_t rsl nl�r lamlgdl^b
r_t h ]ge rsof s]f ` lrrlt ^_gdltmlg^l vt_vltralf � ¥g ]eeara_g h rsl `a_trs_m_g]n `]flf
u ]agr]agle `� `a\c vt_dael ]g lnlm]gr �t]u l�_t� �_t ofagm rsl fvl^rt]n vt_ 
 l^r_t �

� [� [ �WX� ~�� {�T }��XW�X~}{T T�w}{~W� [ plr � `l ]g ]vvt_� au ]ra_g r_ ]g
lamlgdl^r_t _� � h f]� �� � ars lamlgd]nol �� � �l ]tl agrltlfrle ag f_ndagm �_t rsl ^_ttl^b
ra_g � rs]r f]raf�lf �� � � M � � il^]ofl _� rsl f^]nl agd]ta]g^l _� �� h �l ^]g n__� �_t �
ag ] fv]^l _trs_m_g]n r_ � �_tamag]n \c � _t r_ ]g_rslt dl^r_t D �� � � ¢ ��¡� � £ ffou agm
rs]r D ��� �� ¢ h �l ^_gfaelt rsl vt_
 l^r_t �� � D +D �� � h � ars D ��D + � �h rs]r ^]g tlvtlflgr
`_rs _vlt]r_tf ag l�o]ra_gf ����� ]ge ����� �

� � �� � D +D �� � �� � ��� � �� � D +D �� � ,�� ���
�r]tragm �t_u rsl lamlgd]nol l�o]ra_g �_t rsl tl�oatle lamlgv]at h ]ge �_nn_� agm rsl
f]u l ]nml`t]a^ u ]gavon]ra_gf ]f ag ��¢� h �l _`r]ag rsl ^_ttl^ra_g l�o]ra_g �

� � � � �� � ��� �� � D +D �� �� � ��� �� ,�� ���
il^]ofl � � af _trs_m_g]n r_ D � h rsl f]u l ]vvnalf �_t rsl tamsr s]ge fael �sa^s �alnef
rsl ^_geara_g � �� � � M � h � ars

� �
D ����
D ��� ]ge � � D �� �� � ��� ��

D ��� ,�� ���

�o`fraroragm � ]ge � agr_ l�o]ra_g �� ��� �l _`r]ag �
� � � ��� � ��� M � �� � D + �D ��� �� ,�� �� �

�_ `l ]`nl r_ �_tu ]ge f_ndl rs af ^_ttl^ra_g l�o]ra_g h rsl tamsr s]ge fael fs_one
g_r ag^noel ]g� og�g_�gf � il^]ofl � af g_r �g_�g h rsaf rltu s]f r_ d]gafs �sa^s af
v_ffa`nl ag mlglt]n _g n� a� D + ]ge � ]tl ^_nagl]t � plr D + � �� �� ��

±



¥g rsl `a\c h rsl nl�r l�o]ra_g f_ndle `� ijk fs_one agd_ndl rsl ]e
_agr _v lt]r_t
� � � �� � D �� �� �� � ���� �� � D �� �� � �l �]gr r_ aelgra�� ] D � f_ rs]r �l ^]g �_tu ]g
]vvt_vta]rl tamsr s]ge fael �_t rsl ^_ttl^ra_g l�o]ra_g �_t ]g ]vvt_� au ]ra_g � r_ rsl
nl�r lamlgdl^r_t �� _� � � £^^_teagm r_ rsl ]`_dl ]g]n�faf h D � uofr ` l ^_nagl]t � ars � �
�sof h rsl vt_
 l^r_t uofr `l _� rsl �_tu �� � �� � � � ¥� rsl _trs_m_g]n vt_
 l^r_t � � ���
af ^s_flg ag frl]e h rsl tamsr ^_ttl^ra_g l�o]ra_g s]f ] vt_v lt tamsr s]ge fael h `or rsl
f]u l e_lf g_r s_ne �_t rsl nl�r _gl �

�sl ]`_dl e_lf g_r ag^]v]^ar]rl ] `a\c ulrs_e rs]r oflf ijk _g rs af ag]vb
vt_vta]rl nl�r ^_ttl^ra_g l�o]ra_g � ¥r _gn� auvnalf rs]r rsl ^_gdltmlg^l _� rsl nl�r
lamlgdl^r_t � ann g_r ` l ]f �]fr h �sa^s u ]� g_r ` l tlnld]gr a� �l ]tl _g n� agrltlfrle ag
rsl tamsr lamlgdl^r_t � �_�ldlt h ]f �l fs_� gl�r h rsl ]f�uvr_ra^ ^_gdltmlg^l _� rsl
`a\c � ars l�o]ra_g ����� af ag�lta_t r_ rsl ofl _� l�o]ra_g ����� �

� [� [ � ZU��{W{~z zW��TX�T�zT [ � slg �l ]vvn� r�_ ^_ovnle agdltfl arlt]ra_gf
�_t �geagm `_rs nl�r ]ge tamsr lamlgv]atf ofagm rsl mlglt]naqle �]�nlams �o_ralgr �

�� � � � � �� �K + � � � � �� � �� � ��� �K+ � � � �
�ars �� � � ���� � �� �� � � �

^_gdltmlg^l af �g_�g r_ `l o nrau ]rln� ^o`a^ ���� � £ n]tml ^_geara_g gou`lt _� rsl
f_omsr lamlgd]nol h � ���� � � �� ���� �� �� � �� h �_one _gn� eln]� rsl ^o`a^ ^_gdltmlg^l vs]fl �

�sl faro]ra_g af dlt� fau an]t ag rsl ^_ovnle f_nora_g _� rsl nl�r ]ge tamsr ^_ttl^ra_g
l�o]ra_gf � ars ijk � ¥g ��¡� ��sl_tlu � �� h � lu ]t� � ��� h � nl a
vlg lr ]n � vt_dl rs]r
a� � ^_gdltmlf r_ rsl nl�r lamlgdl^r_t h ] fr]ra_g]t� arlt]ra_g rs]r ^_ttl^rf ]g ]vvt_� ab
u ]ra_g � r_ rsl tamsr lamlgdl^r_t � ars rsl f_nora_g _� l�o]ra_g ����� s]f n_ ^]nn� ^o`a^
^_gdltmlg^l r_ rsl tamsr lamlgv]at � �sl \c ]^^lnlt]rlf rsl fr]ra_g]t� u lrs_e `�
vlt�_tu agm k]nlt�ag _dlt rsl `]faf _� ]nn � arlt]rlf h vt_daeagm ]nf_ mn_`]n ^_gdltmlg^l �

��]^rn� rsl f]ul tlfonr s_nef �_t rsl `a\c ulrs_e h `l^]ofl ar _gn� ]vvnalf ]
ea¤ltlgr ]^^lnlt]ra_g u lrs_e r_ rsl ^_ttl^ra_g l�o]ra_g ����� � �sl ea¤ltlg^l af rs]r
`a\c rtl]rf nl�r ]ge tamsr lamlgdl^r_tf f�uulrta^]nn�h � ars � ^_gdltmagm r_ rsl nl�r
lamlgdl^r_t � ars fv lle fau an]t r_ rs]r _� � h rsof mo]t]grllagm rsl n_ ^]n ^o`a^ ^_gdltb
mlg^l � �sl f]u l af g_r rtol ag mlglt]n �_t rsl \c ulrs_e h fag^l rsl tamsr fv]^l u]�
gldlt ^_gr]ag fo� ^algr ^_uv_glgrf _� rsl nl�r lamlgdl^r_t �

£ f � ars rsl ^n]ffa^]n \c h rsl `a\c ^_gdltmlf �o]et]ra^]nn� ��¡ h ��� a� l�o]ra_g �����
af f_ndle ]^^ot]rln� �_t rsl tamsr lamlgv]at h tlm]tenlff _� ]g� nl�r l�o]ra_g ofle � �dlg
a� ]g ]vvt_vta]rl l�o]ra_g �ltl f_ndle �_t rsl nl�r v]at h fag^l l�o]ra_g ����� e_lf
g_r ofl ]g� � ag�_tu ]ra_g h ^_gdltmlg^l r_ rsl tamsr v]at �_one frann ` l �o]et]ra^ �
�sltl�_tl h �l l�vl^r �]frlt `a\c ^_gdltmlg^l � ars rsl ^_ttl^ra_g l�o]ra_g ����� � ldlg
�slg rsl l�o]ra_gf ]tl g_r f_ndle ]^^ot]rln��

�_rl rs]r rsl ^_geara_gagm _� rsl _vlt]r_t �� � �� � � �� � �� � �� � �� � � elv lgef
_g �� �h _t l�oad]nlgrn� _g rsl ]gmnl ` lr�llg � ]ge � � £r rsl nau ar h rsl _v lt]r_t
af l�oad]nlgr r_ ] el�]rle u ]rta� h ]ge rsof �� � �� �� �� �� �� � �� � � �� � M ��� � � ���� ,

g rsl _rslt s]ge h rsl _vlt]r_t �� � ��� � �� � �� � �� � ��� � e_lf g_r ag^tl]fl rsl
g_tu _� rsl u]rta� � �saf fommlfrf rs]r h �_t fr]`anar� tl]f_gf h rsl ` a\c ulrs_e ^_one
f� ar^s r_ rsl _trs_m_g]nn� vt_ 
 l^rle l�o]ra_g a� ]g ann ^_geara_gle � arq v]at af elrl^rle �
�_�ldlt h rsl ^_ttl^ra_g l�o]ra_gf ]tl gldlt f_ndle ]^^ot]rln�h ]ge u_tl_dlt ag ]nn _ot
l�vltau lgrf �l s]dl _`fltdle rs]r rsl ann ^_geara_gagm frlu f _gn� �t_u ]g ag^tl]fl
ag rsl n]tmlfr fagmon]t d]nol �sanl rsl tlfr ]tl g_r ]¤l^rle � £ nf_ h ]r rsl nau ar h rsl
fvl^rt]n vt_ 
 l^r_t vtlfltdlf `_rs nl�r ]ge tamsr lamlgdl^r_tf h �sanl rsl _trs_m_g]n
vt_
 l^r_t vtlfltdlf _gn� rsl nl�r _glf �

®�



� [� [ � Z~�� �XTzW�Y~{~W�~�� ~� x~�� [ �lt�_tu agm vtl^_geara_g agm �_t rsl ^_tb
tl^ra_g l�o]ra_gf _� rsl \c ]ge lfvl^a]nn� _� rsl `a\c af agd_ndle h ` l^]ofl �l uofr
]vvt_� au ]rl rsl agdltfl _� ] vt_
 l^rle u]rta� � ¥g rsl ^_uu_g ^]fl _� � 
 � � � � h
rsl ]vvt_vta]rl ]vvna^]ra_g _� rsaf vtl^_geara_glt �_one `l r_ agdltr rsl _vlt]r_t
�� � �� � �� �� � �� � � h �sa^s af g_r vt]^ra^]n h ]ge _�rlg h g_r ldlg �l]fa`nl �

�_t rsl \c � ars ^_ttl^ra_g l�o]ra_g ����� h � nl a
vlg lr ]n � ��¢� elf^ta` l ] �]� r_
]vvn� fo^s ] vtl^_geara_glt auvna^ar n�h `� f_ndagm f�frlu f � ars � �+ ]ge `� ]vvn�agm
] �l� ]eeara_g]n _trs_m_g]naq]ra_gf � ¥g ��¡� rsl� l�rlgele rsaf f^slu l r_ ]t`art]t�
vt_
 l^ra_gf �_t rsl ^_ttl^ra_g l�o]ra_g � j_gfaeltagm rsl ^_ttl^ra_g l�o]ra_g ����� �_t
rsl tamsr lamlgv]at ]ge ] vtl^_geara_glt � 
 � � � � h �sl_tlu � �� ag ��¡� fr]rlf rs]r
rsl ]vvt_vta]rl vtl^_geara_gle ^_ttl^ra_g l�o]ra_g ^]g `l �tarrlg ]f ��� � � �+�� �

� �� �+� � � �+ �� � � � � �� � � �+�� �
� �� �+� � �> � � �� � � �+�� �

� �� �+� � � �+
> ,�� ���

plr of ^_gfaelt rsl ^_ttl^ra_g l�o]ra_g �_t rsl nl�r lamlgv]at h � ars _vlt]r_t rsl ]eb

_agr _� ����� h ]ge � � 
 �� � �� �� � ¥� �l ]vvn� rsl ]`_dl rsl_tlu h �l _`r]ag rsl
]vvt_vta]rl vtl^_geara_gle ^_ttl^ra_g l�o]ra_g �_t rsl nl�r lamlgv]at ��� � � �����

� �� ��� � � �� �� � � � �� �� � � ���� �
� �� ��� � � A � � �� � � ���� �

� �� ��� � � ��
 A ,�� ���

�_�ldlt h ijk ^]gg_r f_ndl rslfl f�frlu f fauonr]gl_ofn�h ` l^]ofl rsl _vlt]r_tf
]tl g_r l�]^rn� ]e
_agr � �l rt]gf�_tu rsl f�frlu �� ��� `� uonravn�agm rsl l�o]ra_g
�t_u rsl nl�r � ars � � h ]ge nlrragm �A � � ��P � �saf �alnef ]g l�oad]nlgr nl�r ^_ttl^ra_g
l�o]ra_g h � ars ]g _vlt]r_t ]e
_agr r_ rsl _gl ag �� ��� ��� � �� �� ��

� �� ��� � �� � � � ��� �� �� � ���� ��
� �� ��� � P � � �� � �� �� ��

� �� ��� � 
 A ,�� ���

il^]ofl � �� ��P � ��� ��� ��A � ��� A h rsl _trs_m_g]nar� ^_geara_g � A � � ag l�o]b
ra_g �� ��� af l�oad]nlgr r_ rsl _trs_m_g]nar� ^_geara_g P � � �+� ag �� ��� � �_rl ]nf_
rs]r �� � �� � �� �� ������ ��� � af ] vt_
 l^r_t � ars �� � � ¢ ]ge �� P � P � �sof h
l�o]ra_g �� ��� af ] ^_ttl^ra_g l�o]ra_g �_t rsl nl�r lamlgv]at �� [ �� z~T�{ XTZ{}X{~�� WWX x~�� [ �sl ael] _� rsa^� tlfr]tragm af `]fle _g rsl
_`fltd]ra_g rs]r ]f §t�n_d u lrs_ef ]vvt_� au ]rl l�rtlu l lamlgdl^r_tf h rslfl dl^r_tf
` l^_u l mt]eo]nn� el�]rle �t_u rsl arlt]ra_g ]ge rsl u lrs_e ^_gdltmlf �]frlt � �sl
m_]n _� rsa^� tlfr]tragm af r_ tlr]ag rs_fl � arq dl^r_tf rs]r rsl u lrs_e rlgef r_
]vvt_� au ]rl ` lrrlt h f_ rs]r rsl� ^]g `l auvt_dle ]ge rsof ^]ofl rsl fovltnagl]t
^_gdltmlg^l ��_t nagl]t f�frlu f fll �� h �� h ��� � �sl � arq dl^r_tf � ars � arq d]nolf ^n_flfr
r_ rsl tl�oatle lamlgd]nol ]tl rsof ] g]rot]n ^s_a^l � �sl e�g]u a^ rs a^� tlfr]tragm
f^slu l tlr]ag f ]nf_ � arq dl^r_tf � ars � arq d]nolf ag rsl l�rtlul v]tr _� rsl fv l^rtou h
fag^l §t�n_d ulrs_ef ]vvt_� au ]rl rslfl dl^r_tf ` lrrlt ���� � ¥g rsl f�uulrta^ ^]fl h
rsl tlfonrf _� rsl e�g]u a^ f^slu l s]dl `llg auvtlffadl ��� h ��� � ¥g rsl g_gf�uulrta^
^]fl h ar frann v lt�_tu f �lnn h `or rsl auvt_dlu lgrf ]tl g_r ]f et]u ]ra^ ]ge u_tl
u ]rta� elvlgelgr � �_�ldlt h rsa^� ]ge lfv l^a]nn� e�g]u a^ rs a^� tlfr]tragm ag^tl]fl
rsl arlt]ra_g ^_frf `l^]ofl rsl� tlr]ag ] n]tml gou`lt _� dl^r_tf ]r tlfr]tr �

£ ea¤ltlgr ^n]ff _� tlfr]tragm frt]rlmalf af `]fle _g rsl _`fltd]ra_g rs]r ]nn § t�n_d
u lrs_ef lg�_t^l f_u l �age _� _trs_m_g]nar� ag _telt r_ mo]t]grll gl� eatl^ra_gf ag
rsl `]faf ���h �¢� � � ars tlfr]tragm h f_u l eatl^ra_gf ]tl eaf^]tele h ]ge rsl n_ff _� �o nn
_trs_m_g]nar� ^]oflf rsl ^_gdltmlg^l r_ elrlta_t]rl � �saf `ls]da_t af ^_uu_g g_r
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_gn� ag l�v na^arn� tlfr]trle u lrs_ef fo^s ]f £tg_nea ]ge k¦��� h `or ]nf_ ag ulrs_ef
`]fle _g fs_tr tl^ottlg^lf h fo^s ]f jk � �sl uo^s tlfl]t^sle n_ff _� _trs_m_g]nar� ag
jk af �g_�g r_ ^]ofl fn_�lt ^_gdltmlg^l � �lfr]tragm frt]rlmalf ag rs af ^n]ff ]rrluvr
r_ aelgra�� ]ge tlr]ag rs_fl eatl^ra_gf rs]r rsl ]nm_tarsu rlgef r_ tlv l]r � £ r�va^]n
]ge l¤l^radl l�]uvnl af rsl rtog^]ra_g frt]rlm� _� el �rotnlt ��¢� �

¥grltlfragmn�h rsl r�_ tlfr]tragm ^n]fflf _�rlg _dltn]v � ¥g rsl f�uulrta^ ^]fl h
flnl^radl _trs_m_g]naq]ra_g ]m]ag fr ^_gdltmle lamlgdl^r_tf ^]g `l dal�le `_rs ]f ]
el�]ra_g ]ge ]f ]g _trs_m_g]nar� `]fle u lrs_e � ¥g rsl g_gf�uulrta^ ^]fl h lamlgdl^b
r_t el�]ra_g ^]g ]nf_ `l dal�le ]f ] fvl^a]n ^]fl _� _trs_m_g]nar� ^_geara_gf h `or rsl
vt_`nlu af u_tl ^_uvna^]rle ]ge _rslt eatl^ra_gf `l^_u l auv_tr]gr �

�sl ]`_dl fommlfr rs]r u]agr]agagm _trs_m_g]nar� ]m]agfr ]nn d afarle eatl^ra_gf
af ] ^tara^]n affol ag tlfr]trle arlt]radl u lrs_ef � �sl rstll rltu tl^ottlg^l _� rsl
f�uulrta^ p]g^q_f ]^saldlf �onn _trs_m_g]nar� auvna^ar n�h f_ ar af g]rot]n r_ fll� �]�f
r_ ofl rs af tl^ottlg^l r_ tlfr]tr l� ^algrn� rsl f�uulrta^ \c ulrs_e �

� [� [ � TZ{}X{~�� ~YT} WWX ZU�� T{X~z �� [ �dlg rs_oms l�vna^ar �o nn _trs_m_b
g]naq]ra_g af ]d_aele ag rsl p]g^q_f ]nm_tarsu rst_oms rsl rstll rltu tl^ottlg^l h rsl
`]faf dl^r_tf frann glle r_ ` l fr_tle �_t ^_uvoragm rsl � arq dl^r_t � �_�ldlt h a� rsl
l�]^r lamlgd]nol af �g_�g h rsl lamlgdl^r_t ^]g `l _`r]agle `� rsl j_g
om]rl kt]ealgr
�jk� ulrs_e fr_tagm _gn� rstll dl^r_tf ��� h ��� � ¥� rsl lamlgd]nol af g_r �g_�g `or
^_gdltmlf t]v aen�h u lrs_ef `]fle _g jk ^]g frann ` l ofle ���� �

£ u_tl ofl�o n d]ta]gr _� rsaf ael] �]f vt_v_fle ag ��¢� ]ge l�rlgele ]ge ]g]n�qle
ag ���� � ¥r af `]fle _g rsl _`fltd]ra_g rs]r h ag rsl ]`flg^l _� vtl^_geara_gagm h rsl
fv]^l `oanr `� jk �_t f_ndagm rsl ^_ttl^ra_g l�o]ra_g ea¤ltf �t_u rsl §t�n_d fv]^l
_� rsl p]g^q_f u lrs_e �\c � ars g_ ^_ttl^ra_g frlv � _gn� ag rsl fr]tragm dl^r_t � ¥g
]eeara_g h a� rsl � arq d]nol ]r frlv � �ltl �g_�g h rsl r�_ ulrs_ef �_one �alne l�]^rn�
rsl f]u l dl^r_t ]r rsl � brs frlv � �_rl h rs]r rsl jk u agau aqlf rsl �bg_tu _� rsl ltt_t
_g ] rstllbdl^r_t fv]^l h rs]r af ^n_fl r_ rsl fv]^l fv]ggle `� �� �-�+� � � �- � � 
 � � �sltl
� �-�+� � � �-� ]tl fo^^lffadl � arq dl^r_tf �t_u \c arlt]ra_gf � � � ]ge � tlfv l^radln�h
]ge 
 af rsl tlfaeo]n _� � �-� �

�l s]dl ]tmole rs]r h a� rsl \c ulrs_e af tlfr]trle ]r rsl � brs arlt]ra_g h ar af
` lgl�^a]n r_ �llv rsl � arq dl^r_t �t_u rsl vtlda_of arlt]ra_g �� �-�+� � ]n_gm � ars rsl
^ottlgr _gl � ¥g �]^r h a� rslfl rstllbdl^r_t fv]^lf �t_u jk ]ge \c �ltl aelgra^]n h rsltl
�_one `l g_ ag�_tu ]ra_g n_ff `� rs af tlfr]trle \c d]ta]gr � ¥g mlglt]n h rsl r�_ fv]^lf
]tl g_r rsl f]u l `or ^n_fl a� rsl � arq d]nol e_lf g_r d]t� famga�^]grn� `lr�llg frlvf �

�saf rl^sg a�ol �_t�f l�rtlu ln� �lnn �_t l�rtlu l lamlgv]atf h ]ge frann v lt�_tu f
�lnn �_t agrlta_t lamlgv]atf ` l^]ofl ar tlr]agf f_u l _trs_m_g]nar� u lu_t�� j_u`agagm
rs af f^slu l � ars rs a^� tlfr]tragm vt_daelf ag ]eeara_g ] el�]ra_gbna�l ^s]t]^rlt h ]ge
ar af rsl _gn� rl^sga�ol rs]r s]f u]g]mle r_ auvt_dl _g rsl e�g]u a^ rsa^� tlfr]tragm �

� [� [ ��{T�Y~�� {W �W� ZU�� T{X~z � }{X~zTZ [ ��rlgeagm rsl ]`_dl tlfr]trb
agm rl^sga�ol r_ rsl g_gf�uulrta^ \c af g_r v_ffa`nl ` l^]ofl _trs_m_g]nar� uofr ` l
u ]agr]agle l�vna^ar n�� �_�ldlt h a� �l rt]el rsl u_tl fr]`nl _trs_m_g]nar� �_t `a_trs_mb
_g]nar�h rsl g_gf�uulrta^ p]g^q_f �rf rsl elf^tavra_g � �saf af rsl fl^_ge u_rad]ra_g h
` lfaelf rsl �]frlt _orlt ^_gdltmlg^l h �_t vt_v_fagm rsl ` a\c ]nm_tarsu �

�sl ^s]gmlf ag rsl £nm_tarsu � �� ]tl ]g]n_m_of r_ rsl f�uulrta^ ^]fl � �l elg_rl
gl� frlvf `� el^au ]n gou`ltf r_ fs_� `lr�llg �sa^s `a\c frlvf rsl� ]tl agfltrle �
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�_rl rs]r rsl tlfr]tragm ]vvnalf f�uulrta^]nn� r_ `_rs nl�r ]ge tamsr fv]^lf � �_t ^n]tb
ar�h rsl ]nm_tarsu ]`_dl vtlflgrf rsl tlfr]tragm f^slu l ag rltu f _� rsl n_gm dl^r_tf
�� > �� ]ge �� > �� � ¥g vt]^ra^l h ]nn ]`_dl _vlt]ra_gf ^]g `l vlt�_tu le � ars_or l�rt]
u ]rta� dl^r_t uonrav na^]ra_gf _t n_gm dl^r_t ` a_trs_m_g]naq]ra_gf � il^]ofl � � ) 9
]ge ��> �� � ) �V+ � , , , � V� �+¢�� h �_t f_u l ^_l� ^algr dl^r_t V � �� �+ h ` a_trs_m_g]naq]b
ra_gf ^]g `l vlt�_tu le ag rsl ^_l� ^algr fv]^l � ¥g ]eeara_g h rsl ove]rlf _� u ]rta^lf
� � � 9 	 ]ge � � � : 	 h �_t 0 � � � , , , � � M � eotagm tlfr]tragm ^]g `l ^_uvorle ofagm
rsl ^_l� ^algr dl^r_t V � �ag]nn�h ag rsl ]`_dl ]nm_tarsu h rsl gl� tlfr]tragm f^slu l af
^_ovnle � ars rsa^� tlfr]tragm `� ]eeagm ag rsl tlfr]trle `]faf `_rs rsl vtlda_of � arq
dl^r_t ]ge rsl � ^ottlgr _glf � �sl t]ra_g]nl af ]g]n_m_of r_ rsl f�uulrta^ ^]fl �� [� [� [ ��{T�Y~�� {�T {�TWXU[ ¥g rsaf fl^ra_g �l l�rlge r_ rsl g_gf�uulrta^
^]fl rsl rsl_t� eldln_vle ag ���� � �sl m_]n af r_ l�vn]ag �s� tlfr]tragm `]fle _g rsl
rstll rltu tl^ottlg^l �alnef �orotl � arq dl^r_tf rs]r ]tl ^n_fl r_ rsl � arq dl^r_tf �l
�_one s]dl _`r]agle � ars_or tlfr]tragm �

�_ �]^anar]rl vtlflgr]ra_g ^n]tar�h �l ofl ] fagmnl fo`f^tavr rs]r elg_rlf rsl arltb
]ra_g gou`lt �_t ]g� d]ta]`nl h l �m �h � 	 af rsl � arq dl^r_t ]r rsl 0brs arlt]ra_g � �l
]ffou l rs]r rsl u ]rta� � af ea]m_g]naq]`nl h � ars g_ uonravnl lamlgd]nolf �
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 � 
�
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� � �� ��� � � �% � �&�
G�� � $�
 ����$ ���� �� � ��" �% � $��
"��� �# � � 
 � �� ��� �� � � 
 '<% ��� # �$ ���$F � � � �

�D TU ��� ��� � , , , �� -� �� � �D TU ��� � 
 � ���� �
 � , , , � ���� �-�+ 
 �� ,

� $��# � clg_rl `� � - ]ge � - rsl fv]^lf _� rsl nl�r ]ge tamsr s]ge fael tlfv l^radln��

`da_ofn�h �_t � � �h � + � � + � �l ]ffou l rs]r � 	 � � 	 �_t ]nn 0 O � � plr � � � - �
�sltl af \ � � -�+ � � -�+ ]ge � � � fo^s rs]r �

� � \ M � ���� �-�+ 
 � \ M ��� � �

�sltl � � � ���� �-�� 
 � � -�+ � � -�+ � � ag^l � � � � �� � ]ge � � � � - h �l s]dl �

� � \ M �� � �� � �� �� � �� �� �� �
� \ M � � � �� �� ��� � �� �� � �� M �� ���� �� �� �� � � - ,

�sof h � - � � - � ¥� � - af _� �o nn eau lgfa_g h arf eau lgfa_g af � M �h rsl f]ul ]f � - h
]ge rsof rsl r�_ fv]^lf uofr `l l�o]n � ¥� � - af g_r _� �onn eau lgfa_g h rslg ar �_tu f ]
fu]nnlt agd]ta]gr fo`fv]^l _� eaulgfa_g 0 O � M �h �sa^s af ]nf_ ag^noele ag � - � �slg h
�t_u rsl ageo^radl s�v_rslfaf h � - � � 	�+ � � 	�+ � � - �

�sl nluu] f]�f rs]r rsl tamsr �nl�r � §t�n_d fv]^l `oanr `� p]g^q_f ag � frlvf af
rsl f]u l ]f rsl tamsr �nl�r� §t�n_d fv]^l rs]r ijk `oanef ag � frlvf �slg f_ndagm
rsl ^_ttl^ra_g l�o]ra_g ����� h ]vvlgele � ars rsl agara]n dl^r_t � �� � � �sl ofl _� rsl
fvl^rt]n vt_
 l^r_t af auv_tr]gr �_t rsl nl�r l�o]ra_g � ¥� �� � �� � � �ltl ofle agfrl]e h
ar �_one agrt_eo^l ] uonravnl _� � rltu h �sa^s e_lf g_r ` ln_gm ag rsl §t�n_d fv]^l �
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� $��# � il^]ofl rsltl af g_ ^_ttl^ra_g l�o]ra_g `lagm f_ndle h rsl `a\c `oanef ]
tamsr ]ge nl�r §t�n_d fv]^lf �

�D TU ��� 1 ���1 � , , , �� -� 1 �� ]ge �D TU ���1 ����1 � , , , �� �- �1 �� ,
plr � � � � �� � h ]ge elg_rl 
> � � �� � �1 �� 1 h ]ge 
 A � � �� � �1 ���1 h �sltl � � �
af ^s_flg fo^s rs]r 
 �A 
> � �� �_rl rs]r � 
> � 
> ]ge � �
 A � 
 A � �sl ijk ulrs_e
_g l�o]ra_g ����� h fr]tragm � ars qlt_ tamsr ]ge nl�r ag ara]n molfflf h `oanef rsl fv]^lf �

�D TU ��
> � ���� �
> � , , , � ���� �-�+
> �� ]ge �D TU ��
 A � ���� ��
 A � , , , � ���� �� �-�+�
 A �� ,
i� ^_gfrto^ra_g h rsl p]g^q_f `a_trs_m_g]n `]flf �_t rsl `a\c fv]^lf s]dl ��1 � 
> � ]ge
��1 � 
 A � ]f rslat �tfr r�_ dl^r_tf � �sltl�_tl h a� �l ^_gfaelt `]flf ��1 �� � ]ge ��1 � � �
�_t rslfl r�_ fo`fv]^lf h � ars � �� � � h rslg � ]ge � ]tl ]nf_ `]flf _� rsl fv]^lf
mlglt]rle `� rsl ijk � ¥g rsl �_nn_� agm h �l �_ ^of _gn� _g rsl tamsr � arq v]at h ` l^]ofl
rsl ]tmou lgrf �_t rsl nl�r _gl ]tl aelgra^]n �

� ars rsl ]`_dl `]flf h ]ge g_tu]naqagm rsl � arq dl^r_t � - f_ rs]r arf ^_l� ^algr
_� �1 af _gl h rsl �lrt_dbk]nlt�ag vt_
 l^ra_g ]r rsl � brs frlv _� rsl `a\c f_ndlf rsl
�_nn_� agm vt_` nlu �g_rl rsl u]rta� af rtaea]m_g]n� �

� �1 � �1��� ��� 1 � ��� � � �
V- � � �-

� �
V- � ��� ���

_t l�oad]nlgrn�h rsl �_nn_� agm f�frlu h �sa^s s]f � M � � arq v]atf ]f f_nora_gf � �l ��
rsl l�o]ra_gf �_t ] fvl^a�^ ��- � V- � h V- � � - h f_ rs]r � - � � 1 M � V- �

�1 M � �1�� V- � �-�� ��� � ���1 M � ��� V- � �- V- ,�� �� �

j_gfaelt rsl `]flf � � � �_t rsl �lrt_dbk]nlt�ag ^_geara_g _� rsl ijk ulrs_e �
�sl ijk ^_uvorlf ] ^_ttl^ra_g r_ � 1 ]ge flrf �- � � 1 M � V �- � il^]ofl �� � � �
]ge � �� � � � � h rsl vt_
 l^rle vt_` nlu f_ndle af �

� � �� � � � �� V �- � � � ��1 � � ���1 � �� ��� 1 ,�� �� �

�t_u l�o]ra_gf �� �� � ]ge �� �� � �l _`r]ag �

�� ��� � �- �V- � �� ��� � � �V �- ,�� ���

¥� V- � V �- �]ge rsof � - � �- � h rslg _`da_ofn� � � �- � j_gdltfln�h a� � � �- h �l s]dl

�� ��� � �- � �V- � V �- � � ¢ ��� �� �
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�sa^s auvnalf rs]r V- � V �- h ]ge rsof � - � �- � �_rl rs]r ��- � V- � V �- � ^_one g_r
` l ]g lamlgv]at _� � ��� h ` l^]ofl rsl � � � u]rta� ag l�o]ra_g �� ��� af rtaea]m_g]n h
attleo^a`nl �fag^l � frlvf _� `a\c _ijk ^]g `l ^]ttale _or� h ]ge ar ]ntl]e� s]f �- ]f
]g lamlgd]nol �

�sl vt__� �_t rsl nl�r lamlgdl^r_tf af aelgra^]n r_ rsl ]`_dl �
�sl �_nn_� agm ea]mt]u elva^rf rsl arlt]rlf _� p]g^q_f �`a\c � ars g_ ^_ttl^ra_g

l�o]ra_g � ]ge _� ijk �ars rsl � arq d]nol �- ]f fsa�r � ¥� fr]trle � ars rsl f]u l dl^r_t
�1 h rsl� lge ag rsl f]u l � arq dl^r_t � - ]r rsl ��rs frlv � ¥grltu lea]rl dl^r_tf ea¤lt
ag mlglt]n � ¥g rsaf ^]fl h �l ^]g tl^_dlt rsl ag�_tu ]ra_g n_fr ag tlfr]tragm p]g^q_f �

� � + � � � � , , , � -�� � -�+ �
�1 � -� � + �� �� , , , �-�� �-�+ �

�_�ldlt h �- af ofo]nn� ^_uvorle eotagm rsl p]g^q_f �`a\c � vt_ ^leotl � � s]r af
v ltraglgr r_ _ot tlfr]tragm f^slu l h af �slrslt rsl rstll rltu ijk tl^ottlg^l frann
vt_eo^lf ]g ]^^ot]rl ]vvt_� au ]ra_g r_ rsl � arq dl^r_t h a� ]g agl�]^r lamlgd]nol fsa�r
af ofle ag l�o]ra_g ����� � �sl �_nn_� agm nluu] �o]gra�lf rsl eafr]g^l _� rsl dl^r_tf
� - ]ge �- �slg � �� �- �

�	��
 � 
� 
 ��� �% � ������ �
��� ��" �����
��� �# <% ��$�� H '; % ��"� ��" "�����
&F � �% � �� �� ���� �
�(���$ ����� �# �% � � ��$
� � ��� � �- � ' <% �� �

��- � � - � � �� � �- � �� ��V �- �
�

,

� $��# � plr � � � ��� ag l�o]ra_g �� ��� h ]ge fag^l �- af g_r ]g lamlgd]nol _� � h
V- � �� � �- � ��+ �� � � � �V �- ,

�t_u rsl el�gara_gf _� � - � �- ]ge �t_u rsl ]`_dl l�o]ra_g �l s]dl �

��- � � - � � �� �V �- � V- � � � �� �� � �� � �- � ��+ �� � � � ��V �- � �
��� � �- �� �� � �- � ��+V �- � � �� � �- � �� ��V �- �

�
,

������
�� � 
� 
 �# 
� �""
�
�� �� �% � ������ �
��� �# ���� � H 'C� ��- � 
� ��$( �$
�% �� �% � ��$$���
�� ��$� � 
'�'� ��- � � �� V �- �� �% �� ! � % ��� � $����
�� &���" 
�����
�(
�% � ���"
�
�� ��� &�$ �# �% � &��
� � �

��- � � - �
��- �

� �� � �- �� �� �
�

,

� $��# � �l s]dl ��- � X �� V �- � � �V ��- � �� V- X �� 		 �� � �V �- � , cadaeagm `_rs
faelf _� rsl `_oge ag nluu] � �� �alnef rsl tlfonr �

�slfl `_ogef auvn� rs]r �slg rsl � arq d]nol af ]nu _fr ^_gfr]gr h �sa^s ofo]nn�
_ ^^otf gl]t ^_gdltmlg^l _t �slg ^_gdltmlg^l af fn_� h rsl ijk ^_uvorlf ] ^n_fl
]vvt_� au ]ra_g r_ rsl � arq dl^r_t _� rsl `a\c � ¥g rsl ^_grl�r _� tlfr]tragm h ]ffou l
rs]r �l glle r_ ^_uvorl rsl ��-K + � � -K + � � arq v]at h ]ge rs]r rsl `a\c �g_ ^_ttl^ra_g
l�o]ra_g � af tlfr]trle ]�rlt � � � frlvf h tlr]ag agm _gn� rsl � arq v]at ��-�+ � � -�+ � � £ �rlt
tlfr]tragm h rsl `a\c mlglt]rlf rsl � arq v]at ��- � � - � h `or ]�rlt ] fl^_ge arlt]ra_g rsl

®²



gl� � arq v]at ea¤ltf �t_u ��-K + � � -K + � � j_gfaelt ] s�v_rslra^]n ijk tl^ottlg^l rs]r
oflf rsl og�g_�g �-K + r_ vt_eo^l rsl �]grle � arq v]at ag � M � frlvf � ¥� �l ]vvn�
^_t_nn]t� � �� _g rsl dl^r_tf � 	 _� rsl ijk h `or ^_gfaelt agfrl]e � -�+ ]ge � - ]f rsl
lge v_agrf h �l mlr r�_ agl�o]nar alf �

��-�+ � � -�+ �� ��-�+ � � 
 � ��-K + � �-�+ ��
��- � � - �� ��- � � 
 � ��-K + � �- ��

� slg rsl � arq d]nol af ]nu _fr ^_gfr]gr ` lr�llg frlvf h rsl � arq dl^r_tf � -�+ ]ge � -
]vvt_� au ]rl rsl ijk arlt]rlf �_t rsl frann og^_uvorle � M � frlv � il^]ofl � -K + af
] nagl]t ^_u`ag]ra_g _� rsl og�g_�g �- � �-�+ h ] m__e tlfr]tragm `]faf �_t rsl ` a\c af
_gl ^_gfafragm _� `_rs � arq dl^r_tf �� -�+ � � - � �

�_�ldlt h vt_� au ar� u ]� g_r ` l ]f m__e ]f ag rsl f�uulrta^ ^]fl ���� � £ f l�b
v l^rle h rsl `_ogef ag^noel `_rs rsl ^_geara_g gou`lt _� rsl `]faf u ]rta� � h ]ge rsl
fu]nnlfr fagmo n]t d]nol _� � h �sa^s ag^_tv_t]rlf ag�_tu ]ra_g _g rsl ^_geara_gagm _� rsl
lamlgdl^r_tf _� � ]ge rsl eafr]g^l _� _rslt lamlgd]nolf �t_u �- � ¥g ^]fl _� samsn� ann
^_geara_gle `]flf _t lamlgd]nolf h rsl l¤l^rf _� rsl tlfr]tragm f^slu l fllu ]t`art]t�h
]nrs_oms ag fo^s ^]flf rsl vt_`nlu fs_one ` l rt]^le t]rslt ag rsl gl]t ann v _fleglff
_� rsl lamlgvt_`nlu � �ag]nn�h lamlgd]nol ^_gdltmlg^l ag rsl g_gf�uulrta^ ^]fl af g_r
u_g_r_ga^ ]ge f_u lrau lf attlmon]t h �sa^s ^_uvna^]rlf rsl tograu l agrltvtlr]ra_g _�
rsl `_ogef r_ el^ael �slrslt rsl tlfr]tragm f^slu l fs_one ` l ]vvnale � �ldltrslnlff h
a� �l �g_� �slg r_ ]vvn� ar h rsl gl� tlfr]tragm f^slu l �_t�f dlt� �lnn _g ] d]talr�
_� u ]rta^lf h ]f fs_�g ag rsl l�vltau lgrf ag rsl �_nn_� agm fl^ra_g �

� [ �w� TX~z}| T�� TX~� T�{Z [ �l s]dl auvnlulgrle rsl ]`_dl ]nm_tarsu f ag
¦ ]rn]` h ]ge ^_geo^rle ]g l�rlgfadl flr _� rlfrf _g g_gf�uulrta^ u ]rta^lf �t_u rsl
^_nnl^ra_g ag ��� � ¥g rsl l�vltau lgrf rs]r �l vtlflgr h �l n__� �_t rsl tamsr lamlgv]at
rs]r af _� agrltlfr ag rsl ]vvna^]ra_g e_u]ag _� rsl u ]rta� � �l arlt]rl ogran rsl tlfaeo]n
g_tu tleo^lf `� �¢�� h ]ge �l vn_r tlfaeo]n ^_gdltmlg^l dltfof rsl gou`lt _� _orlt
arlt]ra_gf � ��vltau lgrf ]tl tog _g ] �Z� Z nrt] ��¢¢ h ofagm 
^r]dl � ¥g rsl �motl
g_r]ra_g h �� af rsl \c h � ��� ���`	 
� �_t fauvn� � ��� � ]ge � ��� ���`` 
� af rsl `a\c
� ars ^_ttl^ra_g l�o]ra_g ����� h ]ge ����� tlfv l^radln�� � ���� 
 elg_rlf rsl `a\c �s_fl
`]faf af ]omu lgrle `� rsl vtlda_of � arq dl^r_t ]r tlfr]tr �

� [� [ x ~�� �Z �� V ~{�Ww{ XTZ{}X{~�� [ ¥g rsl �tfr flr _� l�v ltau lgrf �l ^_u b
v]tl rsl `a\c ]ge \c � ars_or tlfr]tragm h ]ge � ars l]^s u lrs_e ]vvn�agm �¢ frlvf
_� ijk _t k¦��� tlfv l^radln� r_ arf ^_ttl^ra_g l�o]ra_g � �_ vtl^_geara_glt _t
s]tu_ga^ lamlgv]atf ]tl ofle �_t rsl ^_ttl^ra_g l�o]ra_g �

�sl l�vltau lgrf fommlfr rstll mlglt]n _`fltd]ra_gf rs]r ]mtll � ars rsl rsl_t� eafb
^o ffle ag rsl v]vlt � � atfr h ]nrs_oms �¢ frlvf _g rsl ^_ttl^ra_g l�o]ra_g ]tl g_r lg_oms
�_t `a\c ]ge \c r_ elu_gfrt]rl ^o`a^ _t �o]et]ra^ ^_gdltmlg^l tlfv l^radln�h rsl ^_gb
dltmlg^l _� rsl `a\c af ofo]nn� �]frlt ]f�uvr_ra^]nn�� �sl ��� 
G��"$��
� ^_gdltmlg^l
_� rsl g_gf�uulrta^ p]g^q_f ]nf_ ^_grta`orlf r_ rsaf �� � � �l^_ge h rsl fovlta_tar�
_� rsl �lrt_dbk]nlt�ag _dlt rsl k]nlt�ag vt_ ^lff af vt_`nlu elvlgelgr � �sate h rsl
vt_
 l^ra_g � � ��� ag rsl `a\c ^_ttl^ra_g l�o]ra_g e_lf g_r ofo]nn� slnv ^_gdltmlg^l �

¥g �motl � �� h rsl nl�r mt]vs fs_� f rsl ^_gdltmlg^l �_t rsl vel��� u]rta� � �l
n__� �_t rsl lamlgd]nol � ars rsl n]tmlfr tl]n v]tr � ¥g rsaf ^]fl h rsl `a\c s]f ` lrrlt
mn_`]n ^_gdltmlg^l rs]g rsl \c h fommlfragm rs]r rsl �lrt_dbk]nlt�ag u ]� `l �geagm
rsl ^_ttl^r ^_uv_glgrf l]tn� ag rsl arlt]ra_g � �_rl ]nf_ rs]r rsltl af vt]^ra^]nn� g_
ea¤ltlg^l `lr�llg rsl r�_ �]�f _� vt_
 l^ragm rsl ^_ttl^ra_g l�o]ra_g � �sl tamsr
mt]vs ag �motl � ��h fs_� f rsl ^_gdltmlg^l �_t rsl �_n_f] ��¢ u ]rta� � �sl m_]n af r_
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pde225 :  No restarting, 10 Gmres/BCG steps
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tols340 :  No restarting, 10 Gmres/BCG steps

JD
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 !" # � #% J <,-60'V 0-70 1 *2+,'U 3 ,' +1 0 '02*)8(. -,'/ ,3 +1 0 �� F (-) 6('*(-+2 ,3 G*�� *- +0'/ 2
,3 ,8+0' *+0'(+*,-2? &10'0 *2 -, '02+('+*-VF (-) *- 0(71 ,8+0' *+0'(+*,- �� ��>�= ,' � <� 2+09 2
('0 (99 .*0) +, +1 0 7,''07+*,- 0�8(+*,- ? �03 + V '(9 1 B / (+'*4 9)0��� ? > *V1 + V'(9 1 B / (+'*4 +,.2�� � ?
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west0479 :  No restarting, 10 Gmres/BCG steps
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bwm200 :  No restarting, 10 Gmres/BCG steps

JD
biJD(I-xy’)
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 !" # � #$ J <,-60'V 0-70 1 *2+,'U 3 ,' +1 0 '02*)8(. -,'/ ,3 +1 0 �� F (-) 6('*(-+2 ,3 G*�� *- +0'/ 2
,3 ,8+0' *+0'(+*,-2? &10'0 *2 -, '02+('+*-VF (-) *- 0(71 ,8+0' *+0'(+*,- �� ��>�= ,' � <� 2+09 2
('0 (99 .*0) +, +1 0 7,''07+*,- 0�8(+*,- ? �03 + V '(9 1 B / (+'*4 : 02+�� 	
 ? > *V1 + V '(9 1 B / (+'*4 G:/ ��� ?

^_uvorl ]g lamlgd]nol � ars n]tmlfr au ]mag]t� v]tr � �sl _`fltd]ra_gf ]tl rsl f]u l
]f � ars u ]rta� vel��� h l�^lvr rs]r rsl m]v `lr�llg \c ]ge rsl ` a\c af ldlg n]tmlt �

�sl tlfonrf ag �motl � �� fs_� rs]r h ]f � ars p]g^q_f dltfof £tg_nea h rsltl ]tl ]nf_
^]flf �sltl \c vlt�_tu f `lrrlt rs]g `a\c � �sl nl�r mt]vs agd_ndlf u ]rta� �lfr¢��¡ h
]ge �l n__� �_t rsl agrlta_t lamlgv]at ^n_flfr r_ �b �� ���� b � ����� a� � �_rl rs]r ]nrs_oms
rsl \c ^otdl af ` ln_� rsl `a\c h rsl ]f�uvr_ra^ ^_gdltmlg^l _� `a\c af ^nl]tn� fovlta_t �
�sl tamsr mt]vs agd_ndlf rsl u ]rta� `�u�¢¢ h ]ge �l n__� �_t rsl lamlgd]nol � ars
rsl n]tmlfr tl]n v]tr � ¥g rsaf ^]fl h rsl mn_`]n ^_gdltmlg^l _� rsl \c af v]tra^on]tn�
�]fr � �_�ldlt h rsl ^tlear fs_one g_r m_ r_ rsl ^_ttl^ra_g l�o]ra_g h `l^]ofl rsl f]u l
l�o]ra_g fllu f r_ sotr rsl ^_gdltmlg^l _� � ��� ���`` 
� �

� [� [ x ~�� �Z �� V ~{� XTZ{}X{~�� [ ¥g rsl fl^_ge flr _� l�v ltau lgrf h �l l�b
]u agl rsl l¤l^rf _� tlfr]tragm _g \c ]ge `a\c � �l ]nn_� �¢ dl^r_tf �_t rsl \c `]faf h
]ge �¢ dl^r_tf �_t l]^s _� rsl nl�r ]ge tamsr `]flf _� ` a\c � �l rs a^� tlfr]tr \c ]ge
`a\c � ars �dl � arq dl^r_tf h �sanl � ���� 
 rs a^� tlfr]trf � ars �_ot � arq dl^r_tf ]ge
rsl � arq dl^r_t �t_u rsl vtlda_of frlv � ¥g ^ltr]ag ^]flf h �l f� ar^s r_ � ���� 
 f^slu l
_gn� ]�rlt tln]radln� m__e lamlgd]nol ]vvt_� au ]ra_gf s]dl `llg _`r]agle �


ot _`fltd]ra_gf ^_g�tu rs]r `_rs \c ]ge `a\c _orvlt�_tu l]^s _rslt elv lgeb
agm _g rsl vt_`nlu � �_�ldlt h �sanl \c ^]g _gn� ofl rsa^� tlfr]tragm d]ta]grf h rsl `a\c
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tols340 :  Restarting (20,5)  no Gmres/BCG steps

JD
biJD

biJD+1

1e-08

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0.1

1

10

100

0 10 20 30 40 50 60 70 80

Residual norm vs Iteration Number

rdb450 :  Restarting (20,5), 10 Gmres/BCG steps
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 !" # � #� J <,-60'V 0-70 ,3 +1 0 '02*)8(. -,'/ ,3 +1 0 '02+('+0) �� F (-) G*�� ? � (4 */8/ G(2*2 2*�0
*2 ��F (-) +1 *7� '02+('+*-V *2 � ? �,' � ���� � +1 *7� '02+('+*-V *2 � 9 .82 +1 0 9 '06*,82 > *+� 607+,' ? �03 +
V '(9 1 B / (+'*4 +,.2�� � @-, 7,''07+*,- 0� ?A ? > *V1 + V '(9 1 B / (+'*4 ')G� �� @: *+1 7,''07+*,- 0� ?A ?
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bwm200 :  Restarting (20,5), 10 Gmres/BCG steps
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bwm200 :  Restarting (20,5)  no Gmres/BCG steps

JD
biJD

biJD+1
biJD no restarting

 !" # � #	 J <,-60'V 0-70 ,3 +1 0 '02*)8(. -,'/ ,3 +1 0 '02+('+0) �� F (-) G*�� ? � (4 */8/ G(2*2
2*� 0 *2 ��F (-) +1 *7� '02+('+*-V *2 � ? �,' � ���� � +1 *7� '02+('+*-V *2 � 9 .82 +1 0 9 '06*,82 > *+� 607+,' ?
� (+'*4 B G:/ ��� ? �03 + V '(9 1 B : *+1 7,''07+*,- 0�8(+*,- ? > *V1 + V'(9 1 B -, 7,''07+*,- 0�8(+*,- ?

^]g ofl rsl ^_u`agle tlfr]tragm f^slu l �sa^s ^]g tlfonr ag ] fo`fr]gra]n tleo^ra_g
_� rsl gou`lt _� arlt]ra_gf �

¥g �motl � �� h rsl nl�r mt]vs agd_ndlf rsl �_n_f] u]rta� ]m]ag h `or ag rsaf ^]fl
\c af �]frlt rs]g `a\c � �sl � ���� 
 u]r^slf rsl vlt�_tu ]g^l _� \c h ]ffou agm ] �]fr h
fovltnagl]t ^_gdltmlg^l h �sa^s �_t fu ]nnlt rstlfs_nef �_one fovltflel \c � ¥g rsl tamsr
mt]vs h �l n__� �_t rsl tamsru_fr lamlgd]nol _� rsl u]rta� te`��¢ � ¥g rsaf ^]fl h rsl
\c e_lf g_r v lt�_tu ]f �lnn ]f `a\c � �sl tl]f_g �_t rsl u ag_t ea¤ltlg^lf ` lr�llg
`a\c ]ge � ���� 
 af rs]r rsl ]nm_tarsu ^_gdltmlf `l�_tl ] fl^_ge tlfr]tr r]�lf v n]^l �
¥g ]eeara_g h �l ag^noel rsl ^_gdltmlg^l _� rsl � ��� ���`` 
� �ars rs a^� tlfr]tragm �
£g ]eeara_g]n agroaradl tl]f_g �_t arf `]e vlt�_tu ]g^l af rs]r rsl vt_
 l^r_t fs_one
vt_dael ] f_nora_g � ars ] eatl^ra_g g_r _dltn]vv agm � ars rsl `]faf � �sl ag^_tv_t]ra_g
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west0479 :  Restarting (20,5), 10 Gmres/BCG steps
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west0479 :  Restarting (20,5)  no Gmres/BCG steps
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