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STUVWXYV
Z[ \][^[_` a[b[c def gadefh i j ^[kl][ i mn[]j]km nkjo plo`nq
kj^` ]rl`n_s \]r`rkro t Z[ ^mru `mj` r`m[] ^mj][cq`][[ ploq
`nkj^` ]rl`n_s \]r`rkro^ j][ ^lvw [k` `r j``jkx^ jsjn_^` `m[
plo`nkj^` ]rl`n_s n_y]j^`]lk`l][ `mj` kj_ n^roj`[ ][k[nz[]^ r]
crp jn_^ r] n_`]rclk[ orr\^ n_`r `m[ ^`]lk`l][ ry `m[ plo`nq
kj^` ]rl`n_s `][[ t adef kmj_s[^ `m[ plo`nkj^` ]rl`n_s prc[o
^r `mj` r_ob `]l^`[c p [pv[]^ j][ jvo[ `r w rn_ `m[ plo`nkj^`
`][[ t {mn^ \]r`[k`^ `m[ plo`nkj^` ]rl`n_s jsjn_^` j``jkx^ `mj`
krloc yr]p v]j_km[^ `r l_jl`mr]n|[c ][k[nz[]^ i \][z[_`^ ][q
\ojb j``jkx^ j_c onp n`^ `m[ [}[k`^ ry ~rrcn_s j``jkx^ t �_q
`]l^`[c ]rl`[]^ `mj` j][ \][^[_` r_ `m[ \j`m v[`u[[_ `]l^`[c
]rl`[]^ kj__r` kmj_s[ `m[ ]rl`n_s j_c kj_ prl_` _r c[_njoq
ryq^[]znk[ j``jkx ^`]r_s[] `mj_ ^np\ob c]r\\n_s kr_`]ro p [^q
^js[^ t adef jo^r \]rznc[^ j ^np\o[ p [kmj_n^p yr] cn^`]nvl`q
n_s cj`j [_k]b\`nr_ x[b^ umno[ jccn_s on``o[ rz[]m[jc `r `m[
\]r`rkro t

� ��VW���YV���
� plo`nkj^` ]rl`n_s \]r`rkro \]rz nc[^ [� kn[_` p j_bq`rq
p j_b c[onz[]b jk]r^^ j _[`ur]x vb kr_^`]lk`n_s j `][[ rz[]
joo ^rl]k[^ j_c ][k[nz[]^ n_ `m[ _[`ur]x t �lo`nkj^`n_s \][q
^[]z[^ vj_cu nc`m vb ^[_cn_s cj`j \jkx[`^ r_ ob r_k[ rz[] j_b
on_x ry `m[ plo`nkj^` ]rl`n_s `][[ t {m[][ j][ `ur krppr_
ujb^ `r yr]p `m[ plo`nkj^` ]rl`n_s `][[ t � ���������������
\]r`rkro^ i ^lkm j^ ����f ��� j_c fe�q�� ��� i vl noc j
^[\j]j`[ `][[ y]rp [jkm ^rl]k[ `r joo \ r^^nv o[ ][k[nz[]^ l^q
n_s j � ��������� ���� p [kmj_n^p t � j`j y]rp j_b ^rl]k[ n^
n_n`njoob ~rrc[c `r joo \ r^^nv o[ ][k[nz[]^ i j_c ][k[nz[]^ `mj`
cr _r` uj_` `r ][k[nz[ `m[ plo`nkj^` ^[_c [�\onkn` ][p rz[
p [^^js[^ i kjoo[c � ��� ��i `mj` `]jz[o vjkx `ruj]c^ `m[ ^rl]k[j_c ][prz[ l__[[c[c v]j_km[^ y]rp `m[ `][[ t {m[^[ \]rq
`rkro^ kr_^`]lk` plo`n\o[ ���� �������� `][[^ i [jkm ]rr`[c j`
j_c u n`m p n_nplp c[onz[]b oj`[_kb y]rp j \j]`nkl oj] ^rl]k[ t
dru[z[] i `m[b j][ pr][ [�\[_^nz[ n_ `[]p ^ ry ]rl`[] p [p q
r]b ][¡ln][p [_`^ j_c kr_`]ro `]j� k rz[]m[jc `mj_ `m[ ^[kq
r_c `b\[ ry plo`nkj^` \]r`rkro t ¢� ��£����� ������� \]r`rkro^ i
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^lkm j^ ÏÐ{ �Ñ� i ÒÏÐ{ �ÓÔ� i j_c fe�qÕ� ��� i ][¡ln][ `mj`
[jkm ][k[nz[] `mj` c[^n][^ `r \j]`nkn\j`[ n_ `m[ plo`nkj^` ^[_c
j_ [�\onkn` w rn_ p [^^js[ `ruj]c^ j x_ru_ \rn_` i y][¡l[_`ob
kjoo[c j  ���t {m[ kr][ ][`l]_^ j p [^^js[ `mj` yr]p ^ j v]j_km
ry `m[ plo`nkj^` `][[ vjkx `r `m[ ][k[nz[] t e_^`[jc ry l^n_s
j cn}[][_` `][[ yr] [jkm ^rl]k[ i `m[^[ \]r`rkro^ vlnoc j ^n_q
so[ �Ö���� ���� ^\j__n_s joo ^rl]k[^ j_c ][k[nz[]^ t Z mno[
^mj][c `][[^ p jb n_k][j^[ `m[ oj`[_kb ry \jkx[` c[onz[]bi
`m[b s][j`ob ][clk[ `m[ p [pr]b ][¡ln][p [_`^ j` ]rl`[]^ j_c
oru[] `m[ jprl_` ry kr_`]ro `]j� k ][¡ln][c t {mn^ ][clk`nr_
n_ ]rl`n_s rz[]m[jc p jx[ ^mj][c `][[^ nc[jo yr] ]rl`n_s v[q
`u[[_ m[`[]rs[_[rl^ ]rl`n_s crp jn_^ i j_c pr][ ][k[_` mn[]q
j]km nkjo i n_`]jqcrp jn_ plo`nkj^` ]rl`n_s \]r`rkro^ l^[ ^mj][c
`][[^ �Ó ×i ×Ø� t

�lo`nkj^` ]rl`n_s \]r`rkro^ `rcjb ojkx [}[k`nz[ ^[kl]n`b
p [kmj_n^p ^ `mj` jooru yr] \]nzjkb r] yr] ^jy[ `]j_^p n^^nr_ ry
\]r\]n[`j]b n_yr]p j`nr_ t {mn^ n^ cl[ `r `m[ yjk` `mj` plo`nq
kj^` ]rl`n_s n^ yl_cjp [_`joob cn}[][_` `mj_ l_nkj^` ]rl`n_s i
v [kjl^[ plo`nkj^`n_s n_zroz[^ j oj]s[ _lpv[] ry \j]`nkn\j_`^
umr^[ nc[_`n`n[^ j][ _r` x_ru_ jk]r^^ `m[ [_`n][ s]rl\ Ù jkq
kr]cn_sobi `m[ p [kmj_n^p ^ _[[c[c `r plo`nkj^` ^[kl][ob j][
kr]][^\r_cn_sob cn}[][_` �Ú� `mj_ `mr^[ _[[c[c yr] ^[kl][
l_nkj^`n_s t {m[][ j][ `m][[ \]rvo[p ^ `mj` _[[c `r v[ ^roz[c
`r \]rz nc[ j ^rol`nr_ yr] ^[kl][ plo`nkj^`n_s t {m[ Û]^` n^
`m[ \]rvo[p ry ���Ö ���� ����� i umnkm ][¡ln][^ `mj` \j]`nkq
n\j_`^ \]rz[ `m[n] nc[_`n`b v [yr][ `m[b j][ jooru[c `r w rn_
`m[ s]rl\ j_c ][k[nz[ [_k]b\`nr_ x[b^ yr] `m[ ^[^^nr_ t {m[
^[kr_c \]rvo[p n^ `mj` ry ���Ö ���Ü ����� i umnkm np\on[^ `mj`
r_ob `mr^[ [_`n`n[^ u n`m ^\ [knÛk \ []p n^^nr_ p jb l^[ r] jo`[]
`m[ plo`nkj^` ]rl`n_s `][[ ry j snz[_ s]rl\ i \][y[]jv ob jy`[]
`m[b mjz[ v[[_ ^ln`jv ob jl`m[_`nkj`[c t {m[ `mn]c \]rvo[p n^
����Ý ���Þi umnkm ][¡ln][^ `mj` cj`j j_c kr_`]ro \jkx[`^ r]nsq
n_j`[c j` j_ jl`mr]n|[c ^rl]k[ _r` v [ n_`[]k[\`[c r] jo`[][c
umno[ `]jz[]^n_s `m[ plo`nkj^` `][[ i j_c `mj` `m[ \r^^nv non`b
ry j c[_njoqryq^[]znk[ j``jkx \][z[_`n_s `m[ `]j_^p n^^nr_ ry
^lkm \jkx[`^ v [ p n_np n|[c r] [onp n_j`[c t

�j_b [�n^`n_s \]r`rkro^ yr kl^ r_ \]rzncn_s plo`nkj^`q
^[kl]n`b ^[]znk[^ yr] cj`j \jkx[`^ j` `m[ j\\onkj`nr_ ojb[] �ÓØ i
ß i ÓÑ� t {m[^[ \]r`rkro^ `b\nkjoob j^^lp [ `mj` joo s]rl\ p[pq
v[]^ x_ru umnkm r`m[] [_`n`n[^ j][ jooru[c `r ^[_c j_c ][q
k[nz[ cj`j i j_c `mj` [jkm p [pv[] mj^ j x_ru_ \lvonk x[b
`mj` kj_ v[ l^[c `r [�kmj_s[ j ^bpp[`]nk x[b r] `r km[kx
j ^ns_j`l][ r_ cj`j \jkx[`^ `r z[]nyb `m[ jl`m[_`nkn`b ry `m[
^rl]k[^ t Z mno[ `m[^[ \]r`rkro^ j][ z[]b [}[k`nz[ yr] `m[n]
\l]\r^[ i `m[b l^[ [� n^`n_s n_^[kl][ plo`nkj^` ]rl`n_s yr] cj`j
`]j_^p n^^nr_ i umnkm \[]p n`^ p j_b \r^^nv o[ j``jkx^ jsjn_^`
`m[ \]r`rkro t à n]^` i `m[ yjk` `mj` plo`nkj^` ]rl`n_s \]rznc[^
j z[]b [� kn[_` ujb `r cn^`]nvl`[ cj`j jo^r p [j_^ `mj` `m[][



n^ j z[]b [� kn[_` p [`mrc ry ojl_kmn_s j c[_njoqryq^[]znk[ j`q
`jkx jsjn_^` joo p [pv[]^ t ey ^rp [ p jonknrl^ ^[_c[] u[][ `r
^[_c cj`j j` j mnsm ]j`[ `r j plo`nkj^` s]rl\ l^n_s `m n^ `b\ [
ry ^[kl]n`bi `mj` cj`j urloc v[ kr\n[c j_c yr]uj]c[c rz[] joo
v]j_km[^ ry `m[ `][[ `r joo ][k[nz[]^ t �_ j``jkx[] kj_ cn^]l\`
^[]z nk[ `r joo ][k[nz[]^ vb \l]\r^[ob ^j`l]j`n_s `m[ plo`nkj^`
]rl`n_s `][[ t {mn^ p jb rkkl] v [kjl^[ [n`m[] `m[ ^j`l]j`[c
_[`ur]x ojkx^ kj\jkn`b `r kj]]b `m[ o[sn`np j`[ `]j� k i r] `m[
][k[nz[]^ v [krp [ ^j`l]j`[c v[kjl^[ `m[ z[]nÛkj`nr_ ry p [^q
^js[^ pl^` `jx[ \ojk[ j` `m[ ][k[nz[]^ t

�ccn`nr_joobi j_b j``jkx[] kj_ on^`[_ `r `m[ `]j� k s[_[]q
j`[c vb `m[ s]rl\ p[pv[]^ i v [kjl^[ `m[][ n^ _r kr_`]ro rz[]
`m[ plo`nkj^` s]rl\ p[pv[]^m n\ [z[_ `mrlsm `m[][ n^ kr_`]ro
rz[] `m[ ^[kl][ s]rl\ p[pv[]^m n\ t Z mno[ [_k]b\`nr_ n^ l^[c
`r \]r`[k` `m[ cj`j kr_`[_`^ y]rp [�\r^l][ i `m[][ j][ ^n`ljq
`nr_^ n_ umnkm `mn^ p jb _r` p [[` j c[^n][c o[z[o ry ^[kl]n`bt
Ð[kjl^[ `m[ l^[ ry [_k]b\`nr_ n^ ry`[_ j \ron`nkjo n^^l[ j_c
v[kjl^[ ^[kl][ plo`nkj^` s]rl\ p[pv[]^ p nsm` v [ orkj`[c
n_ cn}[][_` krl_`]n[^ `m]rlsmrl` `m[ ur]oc i `m[ ^`][_s`m ry
`m[ [_k]b\`nr_ v[n_s l^[c p jb v[ onp n`[c n_ ^rp [ kj^[^ vb
`m[ oju ^ ry r_[ r] plo`n\ o[ krl_`]n[^ um[][ `m[ \j]`nkn\j_`^
][^nc[ t e` p nsm` jo^r v [ `]l[ `mj` `m[ or_sq`[]p ^[k][kb ry
`m[ cj`j n^ c[^n]jv o[ i r] ^np\ob `mj` n` urloc v[ `r j_ j`q
`jkx[] �^ jczj_`js[ `r x_ru umnkm \j]`n[^ u[][ krppl_nkj`q
n_s t {m[][ n^ jo^r `m[ ^p joo ]n^x ry [�\r^l][ `m]rlsm j``jkx^
jsjn_^` `m[ [_k]b\`nr_ �� i Ó�� t Ð[kjl^[ ry `m[^[ j``jkx^ i n`
kj_ ^rp [`np [^ v [ _[k[^^j]b `r onp n` `m[ jvnon`b ry j_ j``jkx[]
`r jkk[^^ `m[ ^[kl][ `]j� k t {r cr `m n^ i `m[ plo`nkj^` p rc[o
pl^` v [ kmj_s[c ^r `mj` jl`m[_`nkj`nr_ i jl`mr]n|j`nr_ j_c
n_`[s]n`b km[kxn_s rkkl] n_ `m[ ]rl`n_s \]r`rkro t e_ `m n^ ujbi
`m[ kr_^`]lk`nr_ ry `][[ v]j_km[^ rkkl]^ r_ob v [`u[[_ jlq
`mr]n|[c ^[_c[]^ j_c ][k[nz[]^ t Ïl]][_` \]r`rkro^ cr _r` cr
`mn^ Ù `m[b r_ob \]r`[k` `m[ cj`j p [^^js[^ j_c _r` `m[ kr_`]ro
p [^^js[^ ry `m[ ]rl`n_s \]r`rkro t

� _lpv[] ry j``jkx^ j][ \r^^nvo[ um[_ jl`m[_`nkj`nr_ i
jl`mr]n|j`nr_ j_c n_`[s]n`b km[kxn_s ry kr_`]ro p [^^js[^ j][
_r` l^[c i j_c j_b ]rl`[] n_ `m[ plo`nkj^` `][[ kj_ ^[_c kr_q
`]ro p [^^js[^ j}[k`n_s `m[ [_`n][ plo`nkj^` ]rl`n_s `][[ t {mn^
n^ \j]`nkl oj]ob `]l[ ry ][k[nz[]qn_ n`nj`[c \]r`rkro^ `mj` ][ob r_
j ^mj][c `][[ yr] cj`j c[onz[]bt {m[ \]rvo[p j]n^[^ v [kjl^[
j_ n_cnzncljo ]rl`[] _[z[] ][k[nz[^ j_b j^^l]j_k[ `mj` `m[
]rl`[]^ `mj` j][ yr]uj]cn_s n`^ w r n_ p [^^js[ `ruj]c^ j_b kr][ i
][_c[|zrl^ \rn_` r] ]rr` crp jn_ � v[n_s l^[c `r kr_^`]lk`
`m[ plo`nkj^` s]rl\ t � kr]]l\` ]rl`[] p jb kmrr^[ n_^`[jc
`r jkx_ru o[cs[ `m[ w rn_ p [^^js[ n`^[oy i u n`mrl` [z[] w rn_ n_s
`m[ `][[ t e_ `m n^ kj^[ i `m[ kr]]l\` ]rl`[] urloc mjz[ ^ro[
jkk[^^ `r `m[ cj`j v[n_s `]j_^p n``[c y]rp `m[ _[u v]j_km r]
krloc y[[c j \j]`nkloj] ][k[nz[] r] ^lv^[` ry ][k[nz[]^ r_ `m[
v]j_km v[oru j yjo^[ ^`][jp ry cj`j t � pr][ jk`nz[ yr]p ry
`mn^ j``jkx i ^mru_ n_ ànsl][ ×i krl oc kr_^n^` ry ^[z[]jo kr]q
]l\`[c ]rl`[]^ ur]xn_s `rs[`m[] `r n^roj`[ ^[z[]jo plo`nkj^`
\j]`nkn\j_`^ y]rp `m[ ][^` ry `m[ plo`nkj^` `][[ vb yr]uj]cn_s
`m[ w rn_ ][¡l[^`^ `m[b ][k[nz[ `ruj]c^ r_[ ry `m[ kr]]l\`[c
]rl`[]^ n_^`[jc ry `m[ kr][ t {m[^[ `b\[^ ry j``jkx^ cr _r`
_[k[^^j]nob n^roj`[ r_ob j y[u ]rl`[]^ Ù u n`m `m[ n_`]rclk`nr_
ry mn[]j]km nkjo plo`nkj^` ]rl`n_s \]r`rkro^ `mj` l^[ ^mj][c
`][[^ `r yr]p j vjkxvr_[ v[`u[[_ crp jn_^ i [_`n][ crp jn_^
p jb v[ `j]s[`[c �Ó× i ×Ø� t e` n^ \ r^^nv o[ `r np jsn_[ p j_b
r`m[] ^np noj] ^k[_j]nr^ i joo ry umnkm ^\]n_s y]rp `m[ ojkx ry
`]l^`[c plo`nkj^` ]rl`n_s t
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��­º¦ ª· ©¦§º¦ §¨ ¾ ®¨° ­ ¨¯±º§�º ³­Ä± ¿§¹±³ ´µ ­ ¯­«°§º® �­« ¯«ª°ªºª �°ª �­´ ± � °¦± ¬³ª©³ ¯ª§³° °¦­° ­ �� Ä±Ä´±«¨ ²±¨§«§³¿ Ä® �°§º­¨° ¨±«¹ §º±Ä®¨° ºª³°­º° °ª ¾ ª§³ °¦± ¿«ª®¯ �

Core, RP,

Link

On-tree

Router

Router

Corrupted

or root domain
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Link

ànsl][ Ó � Ïr]]l\` ]rl`[] vlnocn_s j orr\ n_ `m[ plo`nkj^`
`][[

c[^ns_[c `r ][\ ojk[ r] onp n` jkk[^^ `r `m[ cj`j \jkx[`^ ^[_`
jor_s `m[ `][[ t e_^`[jc i j_ j``jkx[] p jb uj_` `r c[_b plo`nq
kj^` ^[]z nk[ rz[] j u nc[ j][j t e_ `m n^ kj^[ i j kr]]l\`[c ]rl`[]
krloc v[ l^[c `r n_`]rclk[ orr\^ n_`r `m[ plo`nkj^` `][[ i j^
^mru_ n_ ànsl][ Ó t e_ `m n^ ^np\o[^` kj^[ i `m[ kr]]l\` ]rl`[]
w rn_^ `m[ `][[ r_ n` ^mr]`[^` \j`m `r `m[ kr][ i `m[_ ^[_c^ j_q
r`m[] w rn_ ][¡l[^` `r j_r`m[] ]rl`[] umnkm mj^ j \j`m `r `m[
kr][ `mj` cr[^ _r` \j^^ `m]rlsm `m[ kr]]l\` ]rl`[] t {mn^
urloc kjl^[ [jkm cj`j \jkx[`^ `r `]jz[]^[ `m[ orr\ j^ or_s
j^ `m[n] {{
 jooru[c i u n`m [jkm jk`nz[ ^rl]k[ jccn_s `r `m[
`]j� k i j_c ][k[nz[]^ ][k[nz n_s plo`n\o[ kr\n[^ ry [jkm \jkx[` t
Z mno[ `m n^ urloc kr_s[^` `m[ kr]]l\`[c ]rl`[] j^ plkm j^
j_b r`m[] i j_ j``jkx[] umr sjn_[c noonkn` jkk[^^ p nsm` _r`
kj][ t {m[][ j][ o[^^ p jonknrl^ ][j^r_^ yr] uj_`n_s `r jo`[]
`m[ ^`]lk`l][ ry `m[ `][[ i j^ u[oo t �_ j``jkx[] p jb uj_` `r
][clk[ `m[ kr^`^ ry `m[n] ]rl`n_s i j_c vb kmj_sn_s `m[ ^mj\[
ry `m[ `][[ vb yr]sn_s kr_`]ro p [^^js[^ i krl oc ][]rl`[ `]jyq
Ûk ^r `mj` n` `]jz[o[c j \j`m yr] umnkm `m[ j``jkx[] uj^ _r`
Û_j_knjoob ][^\r_^nv o[ i \ ojkn_s `m[ vl]c[_ r_ [o^[um[][ t

{r p jn_`jn_ ^[kl]n`b n_ `m[ yjk[ ry j``jkx^ i j ^[kl][
plo`nkj^` ]rl`n_s \]r`rkro pl^` onp n` `m[ kr_^`]lk`nr_ ry
`][[ v]j_km[^ `r `mr^[ on_x^ ][¡ln][c `r kr__[k` jl`mr]n|[c
^[_c[]^ j_c ][k[nz[]^ t {mn^ ][¡ln][^ \ ojkn_s `]l^` n_ ^rp [
ry `m[ ]rl`[]^ ry `m[ _[`ur]x i j_c [_^l]n_s `mj` `m[ `]l^`[c
]rl`[]^ j][ jvo[ `r krppl_nkj`[ ^[kl][ob u n`m [jkm r`m[] i
[z[_ jk]r^^ j ^[]n[^ ry l_`]l^`[c ]rl`[]^ t {mrlsm krp\]rq
p n^[ ry j `]l^`[c ]rl`[] krloc ][^l o` n_ `m[ ^jp [ `b\[ ry
j``jkx^ c[^k]nv [c jvrz[ i n` ^mrloc v[ [j^n[] `r mj]c[_ j_c



pr_n`r] j ][oj`nz[ob y[u `]l^`[c ]rl`[]^ i onp n`n_s `m[ \rn_`^
ry \r^^nvo[ j``jkx t {m[ \]r`rkro ^mrloc jo^r onp n` `m[ [}[k`^
ry ~rrcn_s j``jkx^ i j_c ^mrloc \]rz nc[ j ^kjojv o[ p [`mrc yr]
cn^`]nvl`n_s x[b^ t {m[ \]r`rkro pl^` cr `mn^ umno[ p jn_`jn_q
n_s j_ [� kn[_` plo`nkj^` ^[]z nk[ `mj` cr[^ _r` cl\onkj`[ cj`j
\jkx[`^ rz[] j_b on_x j_c p n_np n|[^ `m[ rz[]m[jc ][¡ln][c
n_ `[]p ^ ry kr_`]ro `]j� k j_c ]rl`[] p [pr]bt

{mn^ \j\[] \][^[_`^ j ^rol`nr_ `mj` p [[`^ joo `m[ jvrz[
k]n`[]nj t � ^n_s `[km_n¡l[^ ^np noj] `r `mr^[ \]r\r^[c vb �r_s
j_c Õmjkmjp �×Ú� i u[ \][^[_` ^np\o[ [�`[_^nr_^ `r def �Ó×� i
kjoo[c a[b[c d ef gadef h i `mj` k][j`[^ j ^[kl][ plo`nkj^`
]rl`n_s ^[]znk[ t adef \]rznc[^ ^[kl]n`b ry plo`nkj^` ]rl`n_s
vb jccn_s ^[z[]jo [o[p [_`^ `r `m[ plo`nkj^` p rc[o t à n]^` i
adef k][j`[^ j_ jl`m[_`nkj`nr_ ^[]znk[ `mj` n^ `]l^`[c `r
n^^l[ k[]`nÛkj`[^ `r jl`m[_`nkj`[c mr^`^ j_c ]rl`[]^ umnkm
p [[` `m[ k]n`[]nj yr] w rn_n_s `m[ s]rl\ t {m[^[ k[]`nÛkj`[^ j][
l^[c n_ kr_^`]lk`n_s `m[ plo`nkj^` `][[ t � ]rl`[] kr__[k`n_s
`r j \j][_` mnsm[] n_ `m[ `][[ g\r^^nv ob `m]rlsm ^[z[]jo l_q
`]l^`[c ]rl`[]^h ^ns_^ `m[ kr_`]ro p [^^js[ j_c n_kolc[^ n`^
k[]`nÛkj`[ `r \]rz[ `r n`^ \j][_` `mj` n` n^ jl`mr]n|[c `r prcq
nyb `m[ `][[ ]rl`n_s Ù `m[ \j][_` n_kolc[^ n`^ k[]`nÛkj`[ n_ j
^ns_[c ][\ ob ^r `mj` `m[ kmnoc p jb `]l^` n` mj^ w rn_[c j ^[q
kl][ `][[ t {m[ `][[ n^ cnznc[c n_`r j _lpv[] ry ^lvqv]j_km[^ i
[jkm u n`m n`^ ru_ x[b ^mj][c v[`u[[_ `m[ `]l^`[c p [pv[]^
u n`mn_ `mj` v]j_km t � ^n_s `mn^ x[bi `m[ `]l^`[c p [pv[]^
kj_ \]r`[k` jsjn_^` ~rrcn_s r] ][\ ojb j``jkx^ j_c [� kn[_`ob
cn^`]nvl`[ cj`j [_k]b\`nr_ x[b^ ny c[^n][c t

Õ[k`nr_ Ó \]rznc[^ j_ rz[]zn[u ry d efi `m[ mn[]j]km nkjo
plo`nkj^` ]rl`n_s \]r`rkro `r v [ p jc[ ^[kl][ t Õ[k`nr_ Ú
c[^k]nv [^ mru `m[ d ef `][[ n^ cnznc[c n_`r ^lvqv]j_km[^ i
c[^k]nv [^ `m[ p [^^js[^ l^[c `r k][j`[ `m[ adef `][[ i j_c
^mru ^ mru def p[^^js[^ j][ p jc[ ^[kl][ t Õ[k`nr_ Ñ \]rq
znc[^ j_ n_yr]p jo j_job^n^ ry `m[ [}[k`nz[_[^^ ry cn}[][_`
j``jkx^ jsjn_^` `m[ ]rl`n_s t Õ[k`nr_ � \][^[_`^ j ][z n[u ry
\][znrl^ ur]x t

� ���W� ��� � � � ��
def �Ó×� n^ j m n[]j]kmnkjo plo`nkj^` ]rl`n_s \]r`rkro `mj` l^[^
`m[ Ò]c[][c Ïr][ Ðj^[c {][[ \]r`rkro gÒÏÐ{h �ÓÔ� `r ]rl`[
plo`nkj^` cj`j v[`u[[_ m[`[]rs[_[rl^ plo`nkj^` crp jn_^ t
d ef jons_^ u n`m [� n^`n_s plo`nkj^` crp jn_^ j_c p jx[^ [jkm
crp jn_ r_ `m[ `][[ j\\[j] j^ j_ ÒÏÐ{ £����� 	 ������ vb
r]sj_n|n_s `m[ vr]c[] ]rl`[]^ ry `m[ crp jn_ `r ^nploj`[ `m[
rl`\l` ry j ^n_so[ ÒÏÐ{ ]rl`[] t {m[ `][[ kj_ `ml^ v [ kr_q
^`]lk`[c ry ]rl`[]^ j_c crp jn_^ i j_c j_b crp jn_ p jb kr_q
`jn_ r`m[] crp jn_^ u n`m n_ i ][kl]^nr_ `m[][yr][ \]rzncn_s j^
p j_b o[z[o^ ry m n[]j]kmb j^ _[k[^^j]bt ànsl][ Ú ^mru ^ `m[
^`]lk`l][ ry j m n[]j]kmnkjo plo`nkj^` ]rl`n_s `][[ kr_^`]lk`[c
l^n_s d eft e_ `m n^ Ûsl][ `m[][ j][ Ûz[ cn}[][_` plo`nkj^` crq
p jn_^ i [jkm rl`on_[c u n`m j cj^m[c on_[ j_c _lpv[][c r_[
`m]rlsm Ûz[ t 
 r`nk[ `mj` crp jn_ _lpv[] Ûz[ n^ krp\o[`[ob
[_kor^[c u n`mn_ crp jn_ yrl] t à nsl][ Ñ ^mru ^ `m[ ^mj\[ ry
`m[ `][[ j` `m[ mnsm[^` o[z[o i um[][ [jkm crp jn_ j\\[j]^ j^
j ^n_so[ ]rl`[] r_ `m[ `][[ t

Z mno[ d ef cr[^ _r` ^roz[ `m[ \]rvo[p ry plo`nkj^` jcq
c][^^ joor kj`nr_ i n` cr[^ \]rz nc[ j 	� ����� ���£� � yr] cn^q
`]nvl`n_s `m[ p j\\n_s ry k[_`[] \rn_`� or kj`nr_ `r `m[ ploq
`nkj^` jcc][^^ t e_ `m[ Ûsl][ i `m[ k[_`[] \rn_` n^ or kj`[c j`
]rl`[] � t {m[ k][j`r] ry `m[ plo`nkj^` s]rl\ ^[_c^ j p [^^js[
jcz[]`n^n_s `m[ [� n^`[_k[ ry `m[ s]rl\ j_c `m[ k[_`[] \rn_`
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or kj`nr_ ry `m[ s]rl\ `r `m[ mnsm[^` o[z[o ry `m[ mn[]j]kmbi
um[][ n` n^ ^`r][c vb j cn][k`r]b ^[]znk[ t �[k[nz[] n_ n`nj`[c
crp jn_^ u n`m n_cnzncljo ][k[nz[]^ u n^m n_s `r w rn_ `m[ s]rl\
kj_ oj`[] ][¡l[^` j_c ][k[nz[ `m[ orkj`nr_ ry `m[ k[_`[] \rn_` t
àr] ^[_c[]qn_n`nj`[c crp jn_^ i `m[ jcz[]`n^[p [_` kj_ v[ ^[_`
r_ j x_ru_ plo`nkj^` jcc][^^ umnkm n^ ^lv^k]nv [c `r vb joo
zn]`ljo ]rl`[]^ kr_`jn_ n_s ^[_c[] n_ n`nj`[c crp jn_^ t {m[ jcq
z[]`n^[p [_` i umnkm kj_ kr_`jn_ `m[ Û]^` \jkx[` ry plo`nkj^`
cj`j i n^ ^[_` rz[] `mn^ �	 	�£����� 	������� plo`nkj^` jcc][^^ `r
joo ^[_c[]qn_n`nj`[c crp jn_^ i um[][ n` n^ ~rrc[c `m]rlsmrl`
`m[ crp jn_ t ey `m[ n_`[]_jo ^rl]k[q]rl`[c `][[ n^ _r` \]l_[c
vjkx krp\o[`[obi `m[ vr]c[] ]rl`[]^ p jxn_s l\ `m[ zn]`ljo
]rl`[] yr] `m[ crp jn_ `m[_ n^^l[ j w rn_ ][¡l[^` yr] `m[ s]rl\ t

{m[ plo`nkj^` `][[ n^ yr]p [c v[`u[[_ ]rl`[]^ j_c crq
p jn_^ l^n_s ÒÏÐ{ i j mj]cq^`j`[ i ][k[nz[]qn_ n`nj`[c \]r`rkro
`mj` ^l\\r]`^ `m[ l^[ ry plo`n\o[ kr][^ t 	jkm kr][ n^ ojv [o[c
u n`m j _lpv[] ][\][^[_`n_s `mj` kr][ �^ orsnkjo o[z[o t 
ru[]
_lpv[][c kr][^ w rn_ `r mnsm[] _lpv[][c kr][^ i j_c ]rl`[]^
r_ `m[ `][[ j][ ojv [o[c u n`m `m[ o[z[o ry `m[ kr][ j_^u[]n_s
`m[n] w rn_ ][¡l[^`^ t Ïr_`]ro p [^^js[^ kj]]b `m[ o[z[o ry kr][
`m[b j][ j``[p\`n_s `r ][jkm i ^r `mj` oru[]qo[z[o v]j_km[^
v][jx `r jooru yr]p j`nr_ ry m nsm[]qo[z[o v]j_km[^ t {m[ ojq
v [on_s slj]j_`[[^ orr\ y][[crp j` joo `np [^ t

� [k[nz[]^ u n^mn_s `r w rn_ `m[ `][[ ^[_c j p [^^js[ kjoo[c j
� ��� ������� `ruj]c^ `m[ kr][ `m[b u n^m `r w rn_ i ojv [o[c u n`m
`m[ o[z[o |[]r `r n_cnkj`[ `mj` j_b r_q`][[ p [pv[] kj_ j_q
^u[] t {m[ w rn_ ][¡l[^` `]jz[o^ mr\qvbqmr\ `ruj]c^ `m[ ^\ [kq
nÛ[c kr][ i ^[``n_s l\ `]j_^n[_` ^`j`[ jor_s `m[ ujbt Z m[_
`m[ w rn_ ][¡l[^` mn`^ `m[ kr][ r] ^rp [ v]j_km ry `m[ `][[ joq
][jcb n_ \ojk[ i `m[ ][k[nzn_s ]rl`[] ][`l]_^ j p [^^js[ kjoo[c
j � ��� � ���� 	��Ý� ��� `mj` kj]]n[^ `m[ o[z[o ry kr][ r] v]j_km
`m[ w rn_ ][¡l[^` [_krl_`[][c t {m[ w rn_ jkx_ru o[csp [_` ][q
`l]_^ jor_s `m[ ][z[]^[ \j`m ry `m[ w rn_ ][¡l[^` j_c yr]p ^
j v]j_km ry `m[ `][[ vjkx `r `m[ r]nsn_jo ][¡l[^`[] t Ð[kjl^[
ÒÏÐ{ n^ j mj]cq^`j`[ \]r`rkro i r_k[ v]j_km[^ j][ yr]p [c
`m[b ][p jn_ n_ \ojk[ l_`no [�\onkn`ob ][prz[c y]rp `m[ `][[ i
r] j ]rl`[] r] on_x yjnol][ ][¡ln][^ `mj` `m[ `][[ v [ ][vlno` t �
_rc[ ^[_^n_s `mj` n`^ \j][_` on_x r] ]rl`[] mj^ yjno[c ^[_c^ j
p [^^js[ kjoo[c j � ��Ö `mj` `]jz[o^ y]rp \j][_` `r joo kmnoc][_
`[j]n_s cru_ `m[ `][[ t {mn^ \]rk[^^ kr_`n_l[^ cru_ `r o[jy
]rl`[]^ r] cru_q`][[ kr][^ i umnkm `m[_ ][w rn_ j^ _[[c[c t ey
j _rc[ _r or_s[] mj^ j_b kmnoc][_ r] ][k[nz[]^ r_ j ^lv_[`
`mj` u n^m `r s[` `m[ plo`nkj^` `][[ i n` ^[_c^ j p [^^js[ kjoo[c
j ���� ���� � `r n`^ \j][_` t �_b _rc[ ][k[nzn_s j ¡ln` _r`nk[
`mj` mj^ _r r`m[] km noc][_ jo^r o[jz[^ `m[ `][[ vb ^[_cn_s j
¡ln` _r`nk[ `r n`^ \j][_` t Ò_k[ `m[ `][[ n^ kr_^`]lk`[c i cj`j
~ru ^ rz[] `m[ `][[ n_ j z[]b ^np\o[ yj^mnr_ t �_b _rc[ ][q
k[nzn_s j cj`j \jkx[` r_[ r_[ n_`[]yjk[ ^np\ob yr]uj]c^ n` r_
rz[] [z[]b r`m[] r_q`][[ n_`[]yjk[ t e_ `m[ [z[_` ry j _[`ur]x
\j]`n`nr_ i ÒÏÐ{ kr][^ n_n`nj`[ j cn}l^n_s krp\l`j`nr_ `mj`
][`l]_^ `m[ nc[_`n`n[^ ry `m[ r`m[] kr][^ u n`m n_ n`^ \j]`n`nr_ t
� ^n_s `mn^ n_yr]p j`nr_ i j plo`nkj^` `][[ kj_ v[ kr_^`]lk`[c
u n`m n_ [jkm \j]`n`nr_ t Ò_k[ `m[ \j]`n`nr_ mj^ p []s[c i `m[
`][[^ u n`m n_ [jkm \j]`n`nr_ p []s[ t

Z n`m j_b ][k[nz[] n_ n`nj`[c plo`nkj^` \]r`rkro `m[ \]rvq
o[p j]n^[^ j^ `r um[][ `r \l` `m[ kr][ t d ef ^roz[^ `m n^ vb
l^n_s [� n^`n_s plo`nkj^` crp jn_ vr]c[] ]rl`[]^ j^ kr][^ t e_
j_b zn]`ljo ]rl`[] i `m[ �� �� ������ `mj` mj^ `m[ ^mr]`[^` \j`m
`r `m[ s]rl\ k[_`[] \rn_` n^ j o[z[oq`ur ]rl`[] i j_c joo r`m[]
]rl`[]^ j][ o[z[oqr_[ ]rl`[]^ t e_ ànsl][ Ú i ]rl`[]^ � i � i �
j_c � urloc v[ [� n` ]rl`[]^ yr] `m[ k[_`[] \rn_` j` ]rl`[] � i
j^ `m[b mjz[ `m[ ^mr]`[^` \j`m^ `r `m[ k[_`[] \rn_` rl` ry joo
v r]c[] ]rl`[]^ n_ `m[n] crp jn_^ t � ]rl`[] u n^m n_s `r w rn_ `m[
plo`nkj^` s]rl\ ^np\ob cn][k`^ n`^ w rn_ ][¡l[^` `r j_b vr]c[]
]rl`[] � n` cr[^ _r` _[[c `r x_ru `m[ k[_`[] \rn_` ry `m[
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ànsl][ Ñ � {m[ d ef `][[ j^ n` j\\[j]^ j` `m[ mnsm[^` o[z[o

s]rl\ t Z m[_ `m[ w rn_ ][¡l[^` j]]nz[^ j` j vr]c[] ]rl`[] `mj`
n^ _r` `m[ [� n` ]rl`[] i n` ^[_c^ j_ jkx_ru o[csp [_` j_c `m[_
w rn_^ `m[ [� n` ]rl`[] n`^[oy t e_ `m[ kj^[ n_ umnkm j crp jn_
kr_`jn_^ r] n^ n`^[oy j k[_`[] \rn_` i n` n^ \ r^^nvo[ `r l^[ ^rp [
n_`[]_jo ]rl`[] j^ `m[ kr][ t e` u noo v [ `m[ o[z[oq`ur kr][ i j_c
joo v r]c[] ]rl`[]^ u noo v [ o[z[oqr_[ kr][^ t e_ ànsl][ Ú i ]rl`[]
� u noo `m[][yr][ v [ ojv [o[c u n`m `m[ o[z[o `ur i umno[ ]rl`[]^
� j_c � u noo v [ ojv [o[c o[z[o r_[ t �^ vr]c[] ]rl`[]^ j][
s[_[]joob Û�[c j_c kmj_s[ n_y][¡l[_`obi l^n_s `m[p j^ kr][^
jooru ^ r`m[] ]rl`[]^ n_ `m[ crp jn_ `r v[ snz[_ j Û�[c on^` ry
vr]c[] ]rl`[]^ `r l^[ j^ kr][^ t

� � ���� � ��
e_ [�`[_cn_s d efi `m[ c[^ns_ srjo^ j][ `r \]rznc[ ^kjojv o[
p [kmj_n^p ^ yr] jl`m[_`nkj`nr_ j_c jl`mr]n|j`nr_ i ^r `mj`
r_ob \]nzno[s[c p [pv[]^ j][ jvo[ `r rv`jn_ `m[ \]r\[] k]b\q
`rs]j\mnk k][c[_`njo^ yr] ][`]n[zn_s x[b^ j_c k[]`nÛkj`[^ `mj`
jooru jkk[^^ `r `m[ plo`nkj^` `][[^ i j_c r_ob `mr^[ mrocn_s
k[]`nÛkj`[^ kj_ kjl^[ _[u v]j_km[^ `r yr]p n_ `m[ `][[ yr]
`]j_^p n^^nr_ r] ][k[\`nr_ t Z[ jo^r u n^m `r \][z[_` r] onp n`
][\ ojb j_c ~rrcn_s j``jkx^ t Z[ j^^lp [ `mj` j_ j``jkx[]
kj_ v[ \r^n`nr_[c jor_s j_b on_x r] kr_`]ro j_b _r_q`]l^`[c
]rl`[] ^r `mj` `m[b p jb c]r\ i ][\ ojbi c[ojbi jo`[] r] n^^l[
j_b cj`j r] kr_`]ro \jkx[` t �ccn`nr_joobi u[ j^^lp [ `mj` j_
j``jkx[] p jb _r` v [ r_ j \j`m l^[c vb `m[ plo`nkj^` `][[ j_c
p jb ^[_c kr_`]ro p [^^js[^ `r s]rl\ p[pv[]^ n_ j_ j``[p\`

`r k][j`[ v]j_km ry `m[ `][[ `r `m[ j``jkx[] i [n`m[] `r ][k[nz[
cj`j r] `r ojl_km j c[_njoqryq^[]z nk[ j``jkx znj ~rrcn_s t Z[
cr _r` ][¡ln][ `mj` korkx^ v [ ^b_km]r_n|[c `nsm`ob jk]r^^ `m[
_[`ur]x t Z[ cr j^^lp [ `mj` ^rp [ p[`mrc ry \lvonk x[b
cn^`]nvl`nr_ j_c z[]nÛkj`nr_ n^ \r^^nv o[ t à n_joobi ^n_k[ d ef
j_c ÒÏÐ{ l^[ `m[ [� n^`n_s l_nkj^` ]rl`n_s i u[ j^^lp [ `mj`
^rp [ ^[kl][ yr]p ry l_nkj^` ]rl`n_s n^ jzjnojv o[ i v r`m yr]
n_`[]qcrp jn_ j_c n_`]jqcrp jn_ ]rl`n_s t � _lpv[] ry \]rq
\r^jo^ mjz[ v[[_ p jc[ yr] [jkm \]r`rkro `b\ [ �×Ñ i ÓÚ i ×� i ÓÓ� t
Z[ j^^lp [ `mj` ^[kl][ l_nkj^` ]rl`n_s \]rznc[^ j ][onjvo[
\j`m v[`u[[_ ]rl`[]^ n_ `m[ _[`ur]x t

a [b[c d ef gadef h k][j`[^ j m n[]j]kmb ry ^lvqv]j_km[^
rz[] joo `m[ v]j_km[^ ry `m[ plo`nkj^` `][[ i umnkm ][prz[^
`m[ _[[c yr] j ^n_so[ ^mj][c x[b yr] `m[ [_`n][ s]rl\ t Z mno[
j \]r`rkro `mj` kj_ krp\l`[ j ^n_so[ x[b jk]r^^ joo ][q
k[nz[]^ �ÓÑ i ÓØ i ß� p jb v[ l^[c i j_c n_ ^rp [ kn]klp ^`j_k[^
p jb v[ c[^n]jvo[ i `m[ _j`l]jo r]sj_n|j`nr_ ry ad ef \]rq
znc[^ j ^np\o[ i [� kn[_` p [kmj_n^p yr] cn^`]nvl`n_s [_k]b\q
`nr_ x[b^ t 	jkm ^lvqv]j_km ^mj][^ j krppr_ x[b jpr_s n`^
p [pv[]^ yr] l^[ n_ [_k]b\`n_s ^[¡l[_k[ n_yr]p j`nr_ u n`m n_
`m[ ^lvqv]j_km t � j`j \jkx[`^ kj_ [j^nob v [ ][\]rk[^^[c j`
`m[ ]rr` ry `m[ ^lvqv]j_km yr] `]j_^p n^^nr_ r_ `m[ _[�` ^lvq
v]j_km `ruj]c^ `m[ k[_`[] \rn_` Ù ^np noj]obi km noc][_ ry j ^lvq
v]j_km `mj` j][ ]rr`^ yr] j_r`m[] ^lvqv]j_km ][q\]rk[^^ `mj`
cj`j v[yr][ ][q`]j_^p n^^nr_ `r `m[n] kmnoc][_ t � [q\]rk[^^n_s
n^ p jc[ o[^^ [�\[_^nz[ n_ `[]p ^ ry `m[ jprl_` ry krp\l`jq
`nr_ _[[c[c vb [_k]b\`n_s `m[ cj`j n_ j ]j_crp x[b j_c
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ànsl][ � � Õ[kl][ ^lvqv]j_km[^ r_ `m[ def `][[

[_k]b\`n_s `mj` x[b n_ `m[ ^mj][c v]j_km x[bt �[q\]rk[^^n_s
kr_^n^`^ ry c[k]b\`n_s j_c ][q[_k]b\`n_s r_ob `m[ ]j_crp x[b
j_c jccn_s j\\]r\]nj`[ _r_k[^ yr] `m[ _[u ^lvqv]j_km t {mn^
[_k]b\`nr_ j_c c[k]b\`nr_ n^ _[k[^^j]b j_bujb `r [_^l][ `m[
n_`[s]n`b ry `m[ ^[¡l[_k[ _lpv[]n_s j_c _r_k[^ Ù \]rk[^^n_s
`m[ ]j_crp x[b r_ob kmj_s[^ `m[ ^n|[ ry `m[ m[jc[] `mj`
_[[c^ `r v [ \]rk[^^[c t

Z m[_ _[u p[pv[]^ w rn_ `m[ `][[ `m[b _[[c r_ob jl`m[_q
`nkj`[ `m[p ^[oz[^ `r `m[ ]rr` ry `m[ ^lvqv]j_km `m[b j][ w rn_q
n_s i cn^`]nvl`n_s `m[ orjc ry \]rk[^^n_s _[u p[pv[]^ jk]r^^
p j_b \j]`nkn\j_`^ jo][jcb n_ `m[ `][[ t {m[ _j`l][ ry d efi
umnkm ][on[^ r_ `m[ [� n^`n_s vr]c[] ]rl`[]^ ry plo`nkj^` crq
p jn_^ `r ^[]z[ j^ ÒÏÐ{ kr][^ i \]rznc[^ j _j`l]jo \ ojk[p [_`
ry `]l^`[c ]rl`[]^ `mj` jk` j^ `m[ ]rr`^ ry ^lvqv]j_km[^ n_ `m[
^jp [ orkj`nr_ t � crp jn_ u n^m n_s `r \j]`nkn\j`[ n_ j ^[kl][
plo`nkj^` ^[^^nr_ kj_ `m[][yr][ [_^l][ n`^ ^[kl]n`b j_c kr_Ûsq
l][ `m[n] vr]c[] ]rl`[]^ ^r `mj` `m[b \r^^[^ j \lvonk�\]nzj`[
x[b \jn] j_c j][ jvo[ `r ][¡l[^` j k[]`nÛkj`[ y]rp `m[ jl`m[_q
`nkj`nr_ ^[]z nk[ t {m[ jl`m[_`nkj`nr_ ^[]z nk[ n^ j m n[]j]kmb ry
`]l^`[c ^[]z[]^ `mj` p jn_`jn_ j_ jkk[^^ on^` yr] [jkm plo`nq
kj^` s]rl\ j_c n^^l[^ k[]`nÛkj`[^ i ^ns_[c u n`m j u[oo x_ru_
jl`m[_`nkj`nr_ ^[]z[] x[bi yr] `]l^`[c p [pv[]^ `r \][^[_` j^
\]rry `m[b j][ [ons nv o[ `r w rn_ j \j]`nkl oj] s]rl\ t

ànsl][ � ^mru ^ mru j def `][[ p nsm` v [ v]rx[_ cru_
n_`r ^lvqv]j_km[^ t �rl`[] � n^ `m[ k[_`[] \rn_` ry `m[ `][[
j_c j^ ^lkm pl^` \r^^[^^ j zjonc k[]`nÛkj`[ `r \]rz[ `r ][q
k[nz[]^ w rn_ n_s `mj` n` n^ j zjonc k[_`[] \rn_` t à nsl][ Ø ^mru ^
`m[ ^`]lk`l][ ry `m[ ^[kl][ `][[ t {m[ vr]c[] ]rl`[]^ ry crq
p jn_ r_[ j][ jo^r `]l^`[c i j_c j ^lvqv]j_km i ojv [o[c �� ��i n^
yr]p [c u n`m ]rl`[] � j^ `m[ ]rr` j_c ]rl`[]^ � j_c � j^ n`^
^[kl][ km noc][_ t �rl`[] � n^ `m[ ]rr` ry n`^ ru_ ^lvqv]j_km i
u n`m kmnoc ]rl`[]^ � j_c � t 
 r`nk[ `mj` j ^[kl][ v]j_km
kj_ `]jz[]^[ l_`]l^`[c ]rl`[]^ i j_c `mj` `m[ vr]c[] ]rl`[]^
ry j crp jn_ cr _r` _[[c `r v[ `]l^`[c n_ r]c[] `r ^l\\r]`
n_`[]_jo `]l^`[c ]rl`[]^ i j^ ^[[_ n_ crp jn_ `ur t dru[z[] i
n` n^ ][krpp[_c[c `mj` j crp jn_ `mj` n^ `r kr_`jn_ j oj]s[
_lpv[] ry p [pv[]^ ry `m[ ^[kl][ plo`nkj^` s]rl\ [_^l][
`mj` n`^ vr]c[] ]rl`[]^ j][ ^[kl][ i j^ `mn^ n_k][j^[^ `m[ ^kjoq
jv non`b vb oru[]n_s `m[ _lpv[] ry kmnoc][_ j_b r_[ ^[kl][
\j][_` pl^` ^[]znk[ t � rl`[] � ^l\\r]`^ n`^ ru_ ^lvqv]j_km
`mj` kr_^n^`^ ry `m[ r`m[] vr]c[] ]rl`[]^ ry crp jn_ `m][[ t

�rl`[] � n^ jo^r ]rr` ry j ^lvqv]j_km i u n`m kmnoc][_ � j_c
� t � rp jn_ yrl] kr_`jn_^ j ^lvqcrp jn_ i _lpv[][c Ûz[ i j_c
`m[ ^lvqv]j_km �� �� ]rr`[c j` � `]jz[]^[^ `m[ zn]`ljo `]l^`[c
]rl`[] i umnkm kr_`jn_^ n`^ ru_ ^lvqv]j_km i ojv [o[c �� ��t Õ[q
kl][ cj`j `]jz[]^n_s `m[ zn]`ljo `]l^`[c ]rl`[] y]rp � `r �
u noo v [ ][q\]rk[^^[c j` ]rl`[] � yr] `]j_^p n^^nr_ jk]r^^ �� ��
`r ]rl`[] � i um[][ `m[b u noo v [ ][q\]rk[^^[c `r j\\[j] j^
ny n` kjp [ cn][k`ob y]rp � t Z mno[ `m n^ p jb ^[[p ^`]j_s[ i
n` n^ kr_s]l[_` u n`m `m[ r\[]j`nr_ ry d efi umnkm ][¡ln][^ j
crp jn_ `r jk` j^ j ^n_so[ ]rl`[] r_ `m[ mnsm[]qo[z[o `][[ t e_
`m n^ kj^[ i crp jn_ Ûz[ j\\[j]^ j^ j ^n_so[ ]rl`[] `r vr`m 	
j_c � i ^r `m[ cj`j `mj` � ][k[nz[^ pl^` v [ `m[ ^jp [ j^ ny
`m[ z n]`ljo ]rl`[] u[][ j ][jo r_[ t
� 
� �������
 X ��Y�W� � � �V�YXUV �W��
{r c[^k]nv [ `m[ p [`mrc^ `m]rlsm umnkm n_cnzncljo p [pv[]^
][¡l[^` j_c ][k[nz[ k[]`nÛkj`[^ j_c `m[_ krppl_nkj`[ u n`m
[jkm r`m[] `r vlnoc `m[ plo`nkj^` `][[ i u[ n_`]rclk[ `m[ yroq
oru n_s _r`j`nr_ i ^np noj] `r `mj` l^[c vb �r_s i 
 [[cmjp
j_c �jmjorp n_ `m[n] ur]x krppr_ob ][y[]][c `r j^ �� �
	�Ý �  �××� t {m[ krppl_nkj`n_s [_`n`n[^ kr_^n^` ry `m[ jl`m[_q
`nkj`nr_ ^[]znk[ �� i `m[ d ef k[_`[] \rn_` or kj`nr_ ^[]z nk[
�� i `m[ s]rl\ n_n`nj`r] � i ][k[nz[]^ ry `m[ plo`nkj^` s]rl\
gumr r_ j ^mj][c `][[ j][ jo^r ^[_c[]^h � i ]rr`^ ry `m[ ^lvq
v]j_km[^ u n`mn_ `m[ ^`]lk`l][ ry `m[ `][[ � i r_[ ry umnkm
u noo v [ `m[ k[_`[] \rn_` yr] `m[ `][[ � � t � rr`^ \][^nc[ rz[]
^lvqv]j_km[^ i � pjc[ l\ ry ^rp [ _lpv[] ry ][k[nz[]^ t �_b
p[pv[] ry `m[ s]rl\ i � i mj^ j \lvonk x[bi ��� j_c `m[
kr]][^\r_cn_s \]nzj`[ x[bi � �� i j_c l^[^ `m[^[ `r \]rz[
n`^ nc[_`n`b `r `m[ jl`m[_`nkj`nr_ ^[]znk[ j_c r`m[] s]rl\
p[pv[]^ t {ur [_`n`n[^ i ^jb � j_c � i kj_ ^mj][ j krppr_
x[b ��� t {m[ `]j_^p n^^nr_ ry p [^^js[^ v [`u[[_ [_`n`n[^
n^ n_cnkj`[c u n`m j_ j]]ru i � � � i u n`m j p [^^js[ `mj`
n^ [_k]b\`[c v[n_s [_kor^[c u n`m v]jk[^ u n`m `m[ x[b j^ j
^lv^k]n\` i ��  !!"#  $%&' t Z[ jo^r p jx[ l^[ ry cnsn`jo ^nsq
_j`l][^ i umnkm kr_^n^` ry j k]b\`rs]j\mnk mj^m ry `m[ p [^^js[
[_k]b\`[c u n`m `m[ \]nzj`[ x[b ry `m[ ^ns_[] t � nsn`joobq^ns_[c
p [^^js[^ j][ n_cnkj`[c n_ v]jkx[`^ i u n`m `m[ x[b v[n_s l^[c
`r ^ns_ n` j^ j ^lv^k]n\` i �� !!"#  �%() t
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{m[ Û]^` _[k[^^j]b jccn`nr_ `r `m[ adef plo`nkj^` p rc[o
n^ j_ ���Ö ���� ����� ���£� �t {mn^ ^[]znk[ p jn_`jn_^ `m[ on^`
ry umr n^ jooru[c umj` jkk[^^ `r ^\ [knÛk plo`nkj^` s]rl\^ t
{m[ \ronkn[^ `mj` n` p nsm` [_yr]k[ j][ v [br_c `m[ ^kr\[ ry
`mn^ \j\[] Ù mru[z[] i n` n^ [j^b `r [_zn^nr_ `mj` `m[ jkk[^^
on^`^ p nsm` kr_^n^` r_ob ry `mr^[ [_`n`n[^ umr mjz[ \jnc yr]
^[]z nk[ r] umr j][ \j]` ry ^rp [ srz[]_p [_`jo r] krpp[]knjo
s]rl\ `mj` u n^m `r ^mj][ cj`j ^[kl][obt {m[ jl`m[_`nkj`nr_
^[]z nk[ n^^l[^  �����  ����i k][c[_`njo^ `mj` z[]nyb `m[ mroc[]^
nc[_`n`b j_c ^\[knyb umj` `b\[ ry jkk[^^ `m[ mroc[] n^ joq
oru[c `r `m[ plo`nkj^` ]rl`n_s t {m[ jl`m[_`nkj`nr_ ^[]znk[
ru_^ j u[ooqx_ru_ \lvonk x[b l^[c `r ^ns_ k[]`nÛkj`[^ j_c
n^ j^^lp [c `r v[ ^[kl][ jsjn_^` krp\]rp n^[ t {mn^ ^[]znk[
p nsm` v [ j ^n_so[ ^[]z[] u n`m n_ j crp jn_ `mj` ][sloj`[^ n`^
n_`[]_jo plo`nkj^` ^[]z nk[ i r] n` krl oc v[ j ]rvl^` m n[]j]kmb
ry ur]ocqu nc[ ^[]z[]^ i u n`m oru[]qo[z[o `]l^`[c ^[]z[]^ \r^q
^[^^n_s x[b^ ^ns_[c vb `m[ mnsm[^`qo[z[o jl`mr]n`bt Õlkm j
prc[o mj^ jo][jcb v[[_ \]r\r^[c �Ø� t

Z m[_ j p [pv[] u n^m[^ `r v [krp [ \j]` ry `m[ ^[kl][ ploq
`nkj^` s]rl\ i n` pl^` Û]^` ^[kl][ j k[]`nÛkj`[ yr] `m[ s]rl\
y]rp `m[ jl`m[_`nkj`nr_ ^[]znk[ t e` ][¡l[^`^ j k[]`nÛkj`[ y]rp
`m[ jl`m[_`nkj`nr_ ^[]znk[ l^n_s n`^ ru_ \lvonk x[b `r jl`m[_q
`nkj`[ n`^ nc[_`n`bt ey jl`m[_`nkj`[c j_c j\\]rz[^ i n` ][k[nz[^
j k[]`nÛkj`[ kr_^n^`n_s ry `m[ p [pv[] �^ ef jcc][^^ i n`^ \lvonk
x[bi `m[ plo`nkj^` s]rl\ r] ]j_s[ ry s]rl\^ `mj` `m[ p [pv[]
n^ jl`mr]n|[c `r l^[ i umj` \ []p n^^nr_^ `m[ p [pv[] mj^ yr]
`mj` s]rl\ i j_c j `np [ ^`jp\ j_c ony[`np [ yr] `m[ k[]`nÛkj`[ t
e_ `m[ �
� _r`j`nr_ i j k[]`nÛkj`[ yr] ^rp [ p[pv[] � u noo
j\\[j] j^ �

����� �
�� �� ���� �� � � �  �� � � � � � ��  �%(&	

{m[ \r^^nvo[ \ []p n^^nr_^ j][ � � "
 � � ��
 j_c �  !
��� t
�^ `m[ _jp [^ np\obi `m[^[ jooru j p[pv[] `r n_n`nj`[ j s]rl\
u n`m j \j]`nkl oj] jcc][^^ i ^lv^k]nv [ `r `m[ s]rl\ j^ j ^[_c[]
r] ][k[nz[] i j_c `[]p n_j`[ j ^[kl][ s]rl\ t Z n`m prcnÛkj`nr_
`r `m[ ]rl`n_s \]r`rkro i n` urloc jo^r v [ \r^^nv o[ `r ^\ [knyb
� �!
 
 j_c �  
� yr] Û_[] s]j_loj]n`b ry jkk[^^ kr_`]ro t {m[
`np [ ^`jp\ j_c ony[`np [ j][ l^[c `r [�\n][ `m[ k[]`nÛkj`[ i
j_c ^mrloc v[ ][j^r_jvob ^mr]` t � nz[_ `mj` n` n^ cn� klo` `r
][zrx[ n^^l[c k[]`nÛkj`[^ n_ j ujb `mj` n^ ^kjojv o[ j_c kj_
][onjv ob ][jkm joo [_`n`n[^ umr krloc mr_r] `m[p i `mn^ u noo
yr]k[ j ][k[nz[] `r rkkj^nr_joob ][q][¡l[^` j _[u k[]`nÛkj`[ t ey

`m[ jkk[^^ on^` mj^ kmj_s[c n_ `m[ n_`[]np i n` u noo v [ c[_n[c t �
vjc k[]`nÛkj`[ u noo `m[][yr][ _[z[] oj^` p r][ `mj_ `m[ ony[`np [
^\ [knÛ[c t {mn^ ^rol`nr_ n^ c[[p [c \][y[]jv o[ j^ n` n^ [j^n[]
`r [�\j_c `m[ mn[]j]kmb ry jl`m[_`nkj`nr_ ^[]znk[^ `mj_ `r
j``[p\` `r k][j`[ j p [`mrc ry n^^ln_s k[]`nÛkj`[ ][zrkj`nr_^ t

� 
� 
� � W��� YW�XV���
{r ^`j]` j ^[kl][ plo`nkj^` ^[^^nr_ i ^rp [ n_ n`nj`r] pl^` ][q
¡l[^` j_c ][k[nz[ j k[]`nÛkj`[ u n`m `m[ j\\]r\]nj`[ \ []p n^q
^nr_^ i `m[_ krppl_nkj`[ `m[ k[_`[] \rn_` ry `m[ s]rl\ `r `m[
orkj`nr_ ^[]znk[ t {m[ n_ n`nj`r] ^[_c n`^ ef jcc][^^ i n`^ \lvq
onk x[b j_c `m[ plo`nkj^` jcc][^^ j_c \[]p n^^nr_^ c[^n][c i
umnkm n_ `mn^ kj^[ urloc n_kolc[ �� "
 i `r `m[ jl`m[_`nq
kj`nr_ ^[]znk[ t {m[ `]j_^p n^^nr_ y]rp `m[ n_n`nj`r] `r `m[
jl`m[_`nkj`nr_ ^[]znk[ j\\[j]^ j^ �

× � � � �� �
�� � � ���� �� � � �  �� �%(�

�\r_ ][k[n\` ry `m n^ p [^^js[ i `m[ jl`m[_`nkj`nr_ ^[]q
znk[ ][`]n[z[^ `m[ n_n`nj`r] �^ \lvonk x[b y]rp `m[ j\\]r\]nj`[
^[]z[] j_c l^[^ n` `r z[]nyb `m[ ef jcc][^^ j_c \lvonk x[b
kr_`jn_[c n_ `m[ p [^^js[ t e` `m[_ km[kx^ `m[ jkk[^^ on^` `r
^[[ ny `m[ n_n`nj`r] n^ jooru[c `r k][j`[ `m[ ][¡l[^`[c plo`nq
kj^` s]rl\^ t ey `m[^[ km[kx^ ^lkk[[c i `m[_ `m[ jl`mr]n|j`nr_
^[]znk[ jcc^ j `np [ ^`jp\ j_c ony[`np [ `r `m[ k[]`nÛkj`[ i
^ns_^ `m[ k[]`nÛkj`[ u n`m `m[ jl`m[_`nkj`nr_ ^[]znk[ \]nzj`[
x[b j_c ][`l]_^ n` `r `m[ n_ n`nj`r] t {m[ ][\ ob n^ `m[_ �

Ó � �� � � �
���� � � �� � � ��� � �� � � �  �� � � � � � ��  �%(&	


 ru `m[ n_ n`nj`r] kj_ ^[_c `m[ s]rl\ k][j`nr_ p [^^js[
`r `m[ orkj`nr_ ^[]znk[ ^r `mj` `m[ ^`j]` ry `m[ s]rl\ kj_ v[
j__rl_k[c t {mn^ p [^^js[ n_kolc[^ `m[ ^ns_[c k[]`nÛkj`[ i `m[
k[_`[] \rn_` yr] `m[ s]rl\ i `m[ ^kr\[ ry `m[ s]rl\ gumnkm
^\ [knÛ[^ umnkm crp jn_^ `m[ s]rl\ ^mrloc u noo krz[]h j_c j
s]rl\ ony[`np [ i umnkm ^mrloc _r` [�k[[c `m[ ony[`np [ ry `m[
k[]`nÛkj`[ t Ò_k[ `m[ orkj`nr_ ^[]znk[ ][k[nz[^ `m[ k][j`nr_
][¡l[^` i n` z[]nÛ[^ `m[ ^ns_j`l][ r_ `m[ ][¡l[^` j_c r_ `m[
k[]`nÛkj`[ n` kr_`jn_^ t 
 r`nk[ `mj` `m[ orkj`nr_ ^[]z nk[ _[[c
_r` ][`]n[z[ `m[ n_ n`nj`r] �^ \lvonk x[b j^ n` n^ kr_`jn_[c n_
`m[ ^ns_[c k[]`nÛkj`[ t ey `m[ ][¡l[^` \j^^[^ `m[^[ km[kx^ i `m[
s]rl\ k[_`[] \rn_` n^ cn^`]nvl`[c j^ j\\]r\]nj`[ snz[_ `m[



^kr\ [ t {m[ p [^^js[ ^[_` y]rp `m[ n_ n`nj`r] `r `m[ orkj`nr_
^[]z nk[ n^ �
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�^ `m[ k[_`[] \rn_` u noo ^[]z[ j^ `m[ ]rr` ry `m[ plo`nkj^`
`][[ i n` _[[c^ `r rv`jn_ j \]r\[] k[]`nÛkj`[ j^ u[oo t {mn^ n^
_[k[^^j]b j^ [z[_ `mrlsm n` _[[c _r` w rn_ `m[ `][[ i n` u noo _[[c
jl`m[_`nkj`[ u n`m `mr^[ w rn_ n_s `m[ `][[ t {mn^ rkkl]^ n_ `m[
^jp [ p j__[] j^ `m[ n_ n`nj`r] �^ k[]`nÛkj`[ ][¡l[^` i `mrlsm
`m[ \[]p n^^nr_^ j][ yr] � ��
 ]j`m[] `mj_ � � "
 t {mrlsm
`m[ k[_`[] \rn_` kj_ v[ j cn^`]nvl`[c [_`n`b kr_^n^`n_s ry j
_lpv[] ry vr]c[] ]rl`[]^ ry j crp jn_ r\[]j`n_s `rs[`m[] i
`m[b cr r\[]j`[ j^ ^lvr]cn_j`[^ `r r_[ p j^`[] ]rl`[] i j_c
r_ob `mj` ]rl`[] _[[c ][`]n[z[ j x[b j^ n` u noo v [ \]rk[^^n_s
j_c ][\ ob n_s `r joo p [^^js[^ t {mn^ [�kmj_s[ j\\[j]^ j^ �

Ñ � � � � �� �
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{m[ \]r`rkro c[^k]nv [c jvrz[ c[`jno^ r_ob `m[ \]rk[^^ ry
]rl`[]^ kr_^`]lk`n_s `m[ plo`nkj^` `][[ Ù n` cr[^ _r` c[^k]nv [
`m[ krppl_nkj`nr_ v[`u[[_ mr^`^ j_c ]rl`[]^ t {rcjbi mr^`^
krppl_nkj`[ u n`m `m[n] c[^ns_j`[c plo`nkj^` ]rl`[] l^n_s
e��ft àr] ^[kl][ plo`nkj^` i j ^[kl][ z[]^nr_ ry e��f _[[c^
`r v [ c[z[or\ [c �Ú� t � mr^` krloc `m[_ jl`m[_`nkj`[ u n`m n`^
]rl`[] l^n_s `m[ ^jp [ yrl] ujb jl`m[_`nkj`nr_ p [kmj_n^p
c[^k]nv [c v[oru i Û]^` u n`m j_ [�kmj_s[ `r Û_c `m[ c[^nsq
_j`[c ]rl`[] j_c ][k[nz[ j _r_k[ i `m[_ `m[ p [^^js[ `r `m[
]rl`[] u n`m j mr^` _r_k[ j_c `m[ ][ob v [j]n_s `m[ x[b j_c ^[q
¡l[_k[ n_yr]p j`nr_ t Z n`m `m n^ p [kmj_n^p n_ \ojk[ i `m[ mr^`
`r ]rl`[] kr__[k`nr_ u noo j\\[j] ^np\ob j^ `m[ kr__[k`nr_ `r
o[jz[^ ry `m[ ^[kl][ plo`nkj^` `][[ t
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Ò_k[ `m[ s]rl\ mj^ v [[_ k][j`[c j_c `m[ k[_`[] \rn_` mj^
][k[nz[c n`^ k[]`nÛkj`[ i `m[ \]rk[^^ ry vlnocn_s `m[ `][[ kj_
^`j]` t d ef l^[^ ÒÏÐ{ `r vlnoc `m[ plo`nkj^` `][[ t ÒÏÐ{
l^[^ r_ob yrl] `b\[^ ry kr_`]ro p [^^js[^ n_ _r]p jo r\ []jq
`nr_ � j � ��� ������� 
�¢� 
 � ��� � ���� 	��Ý� ��� 
��� 
 ����
���� � 
��� j_c � ��Ö 
��� t {m[ w rn_ ][¡l[^` `]jz[o^ y]rp
][k[nz[] `r kr][ j_c ^[`^ l\ `[p\r]j]b ^`j`[ ^r `mj` `m[ w rn_
jkx_ru o[csp [_` kj_ `]jz[]^[ `m[ ^jp [ \j`m vjkx y]rp kr][
`r ][k[nz[] j_c n_^`j_`nj`[ j v]j_km ry `m[ plo`nkj^` `][[ t
{m[ r`m[] `ur p[^^js[^ j][ l^[c `r `[j] cru_ v]j_km[^ ry j
`][[ i [n`m[] yrooru n_s jy`[] j on_x r] ]rl`[] yjnol][ i r] um[_
n` n^ _[k[^^j]b `r v][jx j oru[]qo[z[o `][[ v]j_km `r jooru j
mnsm[]qo[z[o v]j_km `r yr]p t

Õn_k[ r_[ c[^ns_ srjo n^ `r \][z[_` v]j_km[^ y]rp v[n_s
vlno` `r l_jl`mr]n|[c ][k[nz[]^ i u[ jcc cnsn`jo ^ns_j`l][^ `r

`m[ w rn_ ][¡l[^` j_c `m[ w rn_ jkx_ru o[csp [_` `r [_^l][ `mj`
`m[ [_c\rn_`^ ry j \j]`nkl oj] \j`m jor_s j v]j_km j][ `]l^`[c
][k[nz[]^ t 
 [n`m[] `m[ ~l^m p [^^js[ _r] `m[ ¡ln` _r`nk[ _[[c
`r v[ ^ns_[c i j^ `m[b cr _r` ][^lo` n_ kr_^`]lk`nr_ ry j v]j_km
j_c jo^r p jb v[ s[_[]j`[c vb l_`]l^`[c ]rl`[]^ r_ `m[ \j`m
v[`u[[_ `r `]l^`[c ]rl`[]^ n_ ][^\r_^[ `r on_x r] ]rl`[] yjnoq
l][^ t e_ r]c[] `r \][z[_` j``jkx[]^ y]rp ][\ojb n_s w rn_ ][q
¡l[^`^ r] jkx_ru o[csp [_`^ i u[ jcc `ur pr][ p [^^js[^ `r
`m[ r]nsn_jo \]r`rkro t Ð[kjl^[ j p [pv[] ry `m[ s]rl\ cr[^
_r` x_ru `m[ nc[_`n`b ry `m[ nc[_`n`b r] `m[ orkj`nr_ ry `m[
`]l^`[c kr][ `mj` n` u noo ][jkm um[_ ^[_cn_s j w rn_ ][¡l[^`
`ruj]c^ `m[ k[_`[] \rn_` i n` n_^`[jc Û_c^ j_c [�kmj_s[^ p [^q
^js[^ u n`m `m[ `]l^`[c kr][ mnsm[] r_ `m[ `][[ t {m[^[ `ur
p[^^js[^ i kjoo[c j  ��� ������� 
�¢� j_c  ��� � ���� 	��Ý �
� ��� 
��� i j][ ^ns_[c vb [jkm \j]`b j_c kj]]b _r_k[^ `mj`
[_^l][ `mj` `m[ p [^^js[^ j][ y][^m t � ^n_s `np [ ^`jp\^ n_q
^`[jc ry _r_k[^ urloc o[jc `r j ^np\o[ ][\ojb j``jkx n_ umnkm
j_ j``jkx[] krloc ¡lnkxob ][\ ojb `m[ w rn_ ][¡l[^` `r j cn}[]q
[_` kr][ ]rl`[] i umnkm urloc jkk[\` n` j^ zjonc j_c ^[_c `m[
w rn_ jkx_ru o[csp [_` vjkx i vlnocn_s j v]j_km `r `m[ j``jkx[] t

{m[ [�kmj_s[ ry p [^^js[^ `mj` o[jc^ `r `m[ yr]p j`nr_ ry
j v]j_km v[`u[[_ ^rp [ ][k[nz[] j_c ^rp [ kr][ n^ `m[_ j^ yroq
oru ^ t àn]^` i `m[ ][k[nz[] ]rl`[] ^[_c^ j kr][ ][¡l[^` p [^^js[ t
{mn^ p [^^js[ `]jz[o^ mr\qvbqmr\ `ruj]c^ `m[ k[_`[] \rn_` t
Z m[_ n` ][jkm[^ ^rp [ v]j_km ry `m[ `][[ n` n^ yr]uj]c[c y]rp
kmnoc `r \j][_` l_`no n` ][jkm[^ ^rp [ `]l^`[c kr][ t ey n` cr[^
_r` ][jkm j v]j_km ry `m[ `][[ n` u noo [z[_`ljoob j]]nz[ j` `m[
k[_`[] \rn_` t {m[ p [^^js[ kr_`jn_^ `m[ ][k[nz[]^ k[]`nÛkj`[ i
j ]j_crp _r_k[ j_c n^ ^ns_[c vb `m[ ][k[nz[] i j_c orrx^ onx[ �
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Ò_[ `m[ `]l^`[c kr][ r] `m[ k[_`[] \rn_` ][k[nz[^ `m[
kr][ ][¡l[^` i `m[ ^ns_j`l][ j_c k[]`nÛkj`[ j][ km[kx[c j_c
ny \j^^[c i j kr][ jkx_ru o[csp [_` n^ ^[_` cn][k`ob `r `m[ n_nq
`nj`n_s ][k[nz[] t {mn^ jkx_ru o[csp [_` kr_`jn_^ `m[ kr][ �^
k[]`nÛkj`[ i `m[ _r_k[ k][j`[c vb `m[ ][k[nz[] i j _[u _r_k[
k][j`[c vb `m[ kr][ j_c n^ ^ns_[c vb `m[ kr][ t {mn^ `]j_^q
p n^^nr_ ry `m[ jkx_ru o[csp [_` n^ �
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Ò_k[ `m[ ][k[nz[] rv`jn_^ `m[ kr][ jkx_ru o[csp [_` i n` yr]p ^
j_c ^[_c^ j w rn_ ][¡l[^` t {mn^ w rn_ ][¡l[^` kj]]n[^ `m[ ][q
k[nz[] �^ k[]`nÛkj`[ j_c `m[ _r_k[ ^l\\on[c vb `m[ kr][ i j_c
n` n^ ^ns_[c vb `m[ ][k[nz[] t {m[ w rn_ ][¡l[^` n^ ^[_` i mr\qvbq
mr\ i `ruj]c^ `m[ `]l^`[c kr][ i j_c j\\[j]^ j^ �
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�_onx[ j _r]p jo ÒÏÐ{ wrn_ ][¡l[^` i `m[ w rn_ ][¡l[^` n^
_r` jkx_ru o[cs[c vb `m[ Û]^` r_q`][[ ]rl`[] n` ][jkm[^ t e_q
^`[jc i `m[ w rn_ ][¡l[^` n^ yr]uj]c[c l\ `m[ `][[ `r `m[ `]l^`[c
kr][ i umnkm z[]nÛ[^ `m[ ^ns_j`l][ i _r_k[ j_c k[]`nÛkj`[ i `m[_
^[_c^ `m[ w rn_ jkx_ru o[csp [_` vjkx cru_ `m[ `][[ i n_ n`nj`n_s



`m[ v]j_km vjkx `r `m[ ][k[nz[] t Z m[_ `m[ ][k[nz[] s[`^ `m[
jkx_ru o[csp [_` i n` z[]nÛ[^ `m[ _r_k[ i k[]`nÛkj`[ j_c ^ns_jq
`l][ `r \][z[_` ][\ ojb^ ry r`m[] w rn_ jkx_ru o[csp [_`^ t {m[
jkx_ru o[csp [_` jo^r kr_`jn_^ ^rp [ n_yr]p j`nr_ [_k]b\`[c
n_ `m[ ][k[nz[] �^ \lvonk x[b Ù `m[ v]j_km x[bi �� i umnkm n^
l^[c `r ^[_c cj`j `r `m[ plo`nkj^` s]rl\ j^ c[^k]nv [c v[oru i
j v]j_km nc[_`nÛkj`nr_ _lpv[] i �� i umnkm n^ l_n¡l[ `r [jkm
`]l^`[c ][k[nz[] ^[]znk[c vb `mj` \j]`nkloj] kr][ i j_c j ^`j]`q
n_s ^[¡l[_k[ _lpv[] yr] cj`j i ��� t {m[ e� j_c ^[¡l[_k[
_lpv[] `rs[`m[] p jx[ l\ _r_k[^ yr] [jkm cj`j \jkx[` ^[_`
vb j_b p[pv[] t {mn^ Û_jo jkx_ru o[csp [_` n^ �
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	jkm n_cnzncljo ][k[nz[] `mj` n^ \j]` ry `m[ ^lvqv]j_km l_q
c[] ^rp [ `]l^`[c kr][ n^ snz[_ j ^mj][c v]j_km x[bi �� i j
l_n¡l[ nc[_`nÛ[] r_ `mj` ^lvqv]j_km i �� i j_c j ^`j]`n_s ^[q
¡l[_k[ _lpv[] t Z mno[ n` n^ \ r^^nv o[ `r l^[ r`m[] \]r`rkro^
yr] s]rl\ x[b [�kmj_s[ �ÓÑ i ÓØ i ß� i `m[ l_n¡l[ _j`l][ ry j
adef `][[ \]rznc[^ j_ [� kn[_` p [`mrc ry crn_s ^r i umnkm
u[ kr_^nc[] m[][ t � ^n_s adef �^ x[b [�kmj_s[ \]r`rkro i um[_
j ][k[nz[] uj_`^ `r ^[_c cj`j i n` k][j`[^ j ]j_crp [_k]b\q
`nr_ x[bi � ���� j_c [_k]b\`^ `m[ cj`j u n`m `mj` x[bt e`
`m[_ k][j`[^ j \jkx[` `mj` kr_^n^`^ ry `m[ [_k]b\`[c cj`j
j_c j \jkxjs[ ry n_yr]p j`nr_ [_k]b\`[c n_ `m[ v]j_km x[bt
{mn^ n_yr]p j`nr_ kr_^n^`^ ry `m[ ]j_crp x[b l^[c `r [_k]b\`
`m[ cj`j i `m[ ^[_c[] �^ v]j_km e� _lpv[] i `m[ _[�` ^[¡l[_k[
_lpv[] i j_c j km[kx^lp ry `m[ [_k]b\`[c cj`j t {m[ \jkx[`
n^ `m[_ ^[_` r_ `r `m[ v]j_km t Z m[_ r`m[] p [pv[]^ ry `m[
v]j_km ][k[nz[ `m[ cj`j i `m[b c[k]b\` `m[ ]j_crp x[bi ^[q
¡l[_k[ n_yr]p j`nr_ j_c km[kx^lp t {m[ e� j_c ^[¡l[_k[ n_q
yr]p j`nr_ j][ l^[c j^ _r_k[^ Ù [jkm ][k[nz[] x[[\^ `]jkx ry `m[
^[¡l[_k[ _lpv[] y]rp [jkm cn}[][_` e� t Õ[¡l[_k[ _lpv[]^
j][ l^[c ]j`m[] `mj_ ]j_crp _r_k[^ `r yjknon`j`[ ^`r]js[ t ey
\jkx[`^ j]]nz[ n_ ^[¡l[_k[ j_c _r_[ j][ or^` i `m[_ r_ob r_[
_r_k[ _[[c v[ x[\` yr] [jkm ^[_c[] t e_ `m[ ur]^` kj^[ i mru q
[z[] i \jkx[` or^^ rz[] `m[ _[`ur]x r] j_ j``jkx[] ][r]c[]n_s
\jkx[`^ kj_ kjl^[ `m[ ][¡ln][c ^`r]js[ ^\jk[ `r v [ n_k][j^[c t
	jkm ][k[nz[] _[[c x[[\ `]jkx r_ob ry ^[¡l[_k[ _lpv[]^ n_
mn^ ^lvqv]j_km i onp n`n_s `m[ _lpv[] ry ][k[nz[]^ yr] umnkm
_r_k[^ _[[c v[ x[\` t dru[z[] i j ]rl`[] p jb mjz[ p j_b
n_cnzncljo mr^`^ r_ j ^lvq_[` `r ^[]znk[ t e_ `m n^ kj^[ i r_[
mr^` r_ `m[ ^lvq_[` kj_ ^[]z[ j^ j kr][ yr] `m[ r`m[] p [p q
v[]^ r_ `m[ ^jp [ ^lvq_[` t {mn^ u noo ][^lo` n_ cl\onkj`[ cj`j
\jkx[`^ v [n_s ^[_` rz[] `m[ ^lvq_[` i r_k[ y]rp `m[ ]rl`[] `r
j\\rn_`[c mr^` j_c r_k[ y]rp `m[ mr^` `r r`m[] mr^`^ i vl`
u noo p jn_`jn_ `m[ ^kjojvnon`b ry `m[ \]r`rkro t

� v]j_km p [pv[] umr n^ ^[]zn_s j^ j kr][ j_c mj^ \j]q
[_`^ r] km noc][_ r_ j_r`m[] ^lvqv]j_km u noo ][q\]rk[^^ `m[
\jkx[` v [yr][ ^[_cn_s n` r_ t e` u noo c[k]b\` `m[ ]j_crp
x[bi z[]nyb `m[ ^[¡l[_k[ _lpv[] j_c km[kx^lp i `m[_ ][\ ojk[
`m[ ^[¡l[_k[ n_yr]p j`nr_ u n`m n` �^ ru_ ^[¡l[_k[ n_yr]p jq
`nr_ yr] `m[ _[u ^lvqv]j_km i j^ ny n` u[][ `m[ r]nsn_j`r] t e`
u noo `m[_ ][q[_k]b\` `m[ x[bi e� j_c ^[¡l[_k[ n_yr]p j`nr_
j_c `m[ km[kx^lp j_c ^[_c n` rl` rz[] `m[ _[u ^lvqv]j_km t
{mn^ p [`mrc kr_^lp [^ o[^^ \]rk[^^n_s `np [ `mj_ urloc ][q
[_k]b\`n_s `m[ [_`n][ \jkx[` i j^ `m[ ]j_crp x[b j_c ^[¡l[_k[

n_yr]p j`nr_ kj_ v[ plkm ^p joo[] `mj_ `m[ cj`j [_kor^[c t �
cj`j `]j_^p n^^nr_ y]rp j ^[_c[] `r n`^ ^lvqv]j_km urloc `m[_
v[ �
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{m[ km[kx^lp n^ n_`[_c[c `r m[o\ \][z[_`  ���������������� ��i n_ umnkm `m[ j``jkx[] ][\ ojk[^ `m[ [_k]b\`[c cj`j
vl` o[jz[^ `m[ r`m[] n_yr]p j`nr_ n_`jk` t {m[ j``jkx[] kj_
_r` ][\ojk[ `m[ cj`j j` u noo u n`mrl` n` v [n_s c[`[k`[c i j^q
^lp n_s n` kj_ `[oo um[][ `m[ cj`[ [_c^ j_c `m[ x[b j_c ^[q
¡l[_k[ _lpv[] ^`j]`^ i `mrlsm n` kj_ ][\ojk[ n` u n`m ^rp [q
`m n_s i n_kolcn_s roc p [j_n_sylo cj`j i `mj` \]rclk[^ `m[ ^jp [
km[kx^lp t {mrlsm krp\l`j`nr_joob [�\[_^nz[ i `m[ yl_k`nr_
kmr^[_ yr] `m[ km[kx^lp ^mrloc v[ j k]b\`rs]j\mnk mj^m i r]
[o^[ `m[ j``jkx[] u noo v [ jvo[ `r ][\ojk[ `m[ [_k]b\`[c cj`j
u n`m \r^^nvob ]j_crp cj`j `mj` mj^ `m[ ^jp [ km[kx^lp t

e_ ^rp [ kj^[^ i n` p jb v[ _[k[^^j]b yr] j_ [_c ][k[nz[]
`r z[]nyb `m[ nc[_`n`b ry `m[ r]nsn_jo ^[_c[] t e_ `m n^ kj^[ i
`m[ r]nsn_j`r] ry `m[ cj`j kj_ n_kolc[ mn^ ef jcc][^^ u n`m
j_c cnsn`joob ^ns_ `m[ cj`j t � ^n_s `m[ n_kolc[c ef jcc][^^ i
j ][k[nz[] kj_ orrxl\ `m[ r]nsn_j`r] j_c ][`]n[z[ m n^ \lvonk
x[bi `m[_ l^[ `mj` `r z[]nyb `m[ r]nsn_ ry `m[ cj`j t {mn^ orrx^
onx[ �
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ey orrxl\^ ry \lvonk x[b^ j][ [�\[_^nz[ j_c j ^[_c[] n^ _r`
^[_cn_s j oj]s[ jprl_` ry cj`j i n` p jb v[ ur]`mumno[ `r n_q
kolc[ `m[ k[]`nÛkj`[ n^^l[c `r jkk[^^ `m[ plo`nkj^` s]rl\ u n`m
`m[ cj`j t Ðb z[]nyb n_s `m[ jl`m[_`nkj`nr_ ^[]z[] ^ns_j`l][ r_
`m[ k[]`nÛkj`[ i [jkm ][k[nz[] kj_ `m[_ l^[ `m[ [_kor^[c \lvonk
x[b `r z[]nyb `m[ r]nsn_jo ^[_c[] �^ nc[_`n`bt {mn^ p [`mrc ry
z[]nyb n_s `m[ ^[_c[] �^ nc[_`n`b j\\[j]^ j^ �
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{mrlsm `m[][ n^ _r ^n_so[ [_k]b\`nr_ x[b yr] `m[ [_`n][ ploq
`nkj^` s]rl\ i [jkm ^lvqv]j_km x[b u noo _[[c `r kmj_s[ v]j_km
x[b^ �� j^ ][k[nz[]^ o[jz[ i [n`m[] yrooru n_s `m[n] o[sn`np j`[
c[\j]`l][ r] yrooru n_s j on_x r] ]rl`[] yjnol][ `mj` ][prz[^ j
][k[nz[] y]rp `m[ `][[ t e` u noo jo^r v [ _[k[^^j]b `r rkkj^nr_q
joob `r ][^`j]` `m[ ^[¡l[_k[ _lpv[]^ l^[c j^ _r_k[^ t e_ `m[^[
kj^[^ `m[ kr][ ry `m[ ^lvqv]j_km k][j`[^ j _[u v]j_km x[b
j_c ^`j]`n_s ^[¡l[_k[ _lpv[] i jcc `mr^[ `r `m[ roc v]j_km
x[b yr] l^[ j^ j _r_k[ i [_k]b\`^ n` u n`m `m[ \lvonk x[b ry [jkm
jl`m[_`nkj`[c p [pv[] ry `m[ ^lvqv]j_km i ^ns_^ n` j_c ^[_c^
n` plo`nkj^` `r joo p [pv[]^ t {m[ ^`]lk`l][ ry `m[ ][qx[b n_s
p [^^js[ n^ �
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àrooru n_s j x[b kmj_s[ i `m[ roc [_k]b\`nr_ x[b j_c _r_k[
^[¡l[_k[ ][p jn_^ zjonc yr] j ^mr]` \ []nrc `r jooru p[^^js[^
n_ `]j_^n` `mj` j][ [_k]b\`[c n_ `m[ roc x[b `r v[ jkk[\`[c
um[_ `m[b j]]nz[ t 
 r`[ `mj` `m[ ^kjojv non`b ry `mn^ p [`mrc
ry ][qx[b n_s n^ onp n`[c i j_c umno[ n` n^ [�\[k`[c `r ur]x r_
`m[ _lpv[] ry ]rl`[]^ yrl_c n_ j ^lvqv]j_km i n` onx[ob urloc
_r` ^kjo[ u[oo `r j ^lvq_[` u n`m ml_c][c^ ry ][k[nz[]^ t
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e_ ÒÏÐ{ i um[_ j ]rl`[] c[`[]p n_[^ `mj` j on_x `r j kmnoc
r_ `m[ `][[ r] `m[ km noc n`^[oy mj^ yjno[c i n` r_ ob _[[c^ ][prz[
n_yr]p j`nr_ jvrl` `m[ kmnoc y]rp n`^ ]rl`n_s ^`j`[ t Z m[_ j
kmnoc c[`[k`^ `mj` j \j][_` ]rl`[] r] `m[ on_x `r `m[ \j][_`
mj^ yjno[c i n` _[[c^ `r `jx[ jk`nr_ `r j^^l][ `mj` n`^ km noq
c][_ j_c n`^[oy kj_ ][w rn_ `m[ `][[ j^ _[[c[c t {m[][yr][ i j
]rl`[] c[`[k`n_s j yjnol][ u noo ^[_c j ~l^m p [^^js[ `r joo n`^
km noc][_ j_c ][prz[^ ^`j`[ kr_k[]_ n_s `m[p t 	jkm _r_qkr][
km noc ][k[nzn_s j ~l^m p [^^js[ yr]uj]c^ n` `r joo n`^ km noq
c][_ t {mn^ \]rk[^^ ][^lo`^ n_ `m[ `][[ v [n_s ][prz[c y]rp
`m[ \rn_` ry yjnol][ cru_ `r `m[ n_cnzncljo ][k[nz[]^ r] kr][^ i
umr `m[_ mjz[ `m[ ][^\r_^nv non`b ry ][w rn_ n_s `m[ `][[ t Ò`m[]
`][[ p jn_`[_j_k[ rkkl]^ um[_ j ]rl`[] ][k[nz[^ j mnsm[]qo[z[o
w r n_ ][¡l[^` i j` umnkm \rn_` `m[ ]rl`[] ^[_c^ j ¡ln` _r`nk[ `r
n`^ \j][_` j_c v[krp [^ \j]` ry `m[ mnsm[]qo[z[o v]j_km `mj`
n^ yr]p n_s t e_ `m n^ kj^[ `m[ ]rl`[] p jn_`jn_^ n`^ km noc][_ t

Z n`m adefi l_`]l^`[c ]rl`[]^ _[[c `r v[ jvo[ `r ][^\r_c
\]r\[]ob `r on_x j_c ]rl`[] yjnol][^ vl` ^mrloc _r` v [ jvo[ `r
kjl^[ v]j_km[^ ry `m[ `][[ `r v [ yr]p [c `r l_`]l^`[c ]rl`[]^ i
n_kolcn_s ]rl`[]^ `mj` u[][ r_k[ \j]` ry `m[ `][[ rl` ry `m[
_[k[^^n`b ry v [n_s r_ `m[ \j`m `r j `]l^`[c ]rl`[] i vl` _r
or_s[] ^mrloc v[ t {mn^ ][¡ln][^ ^rp [ ^p joo kmj_s[^ `r `m[
p jn_`[_j_k[ p [kmj_n^p ry ÒÏÐ{ t àn]^` i ¡ln` _r`nk[^ _[[c `r
v[ yr]uj]c[c l\ `r `m[ _[�` `]l^`[c kr][ n_ `m[ `][[ i ^r `mj`
ny j `]l^`[c ][k[nz[] ¡ln`^ `m[ `][[ i `m[ kr][ ]rl`[] kj_ ][prz[
^`j`[ jvrl` n` j_c ^`j]` `m[ ][qx[b n_s \]rk[^^ t Õ[kr_c i j_
l_`]l^`[c ]rl`[] `mj` n^ yr]k[c `r ¡ln` y]rp n`^ \j][_` `r
w rn_ j mnsm[]qo[z[o v]j_km `mj` n^ yr]p n_s pl^` jo^r ^[_c j
~l^m p [^^js[ `r c[^`]rb `m[ `][[ v [oru n` t {mn^ n^ _[k[^^j]b
v[kjl^[ `m[ `]l^`[c kr][^ r] ][k[nz[]^ v [oru `mj` ]rl`[] mjz[
`r jl`m[_`nkj`[ `m[p ^[oz[^ u n`m `m[ _[u `]l^`[c kr][ j_c
][k[nz[ `m[ v]j_km x[b yr] `m[n] ^lvqv]j_km t

àn_joobi `r onp n` `m[ [}[k`^ ry j``jkx vj^[c r_ yr]sn_s i
][\ ojb n_s r] yjnon_s `r c[onz[] kr_`]ro p [^^js[^ j_c `r c[`[k`
[�\n][^ k[]`nÛkj`[^ i u[ ][¡ln][ `mj` [jkm ^lvqv]j_km \[]nrcq
nkjoob v [ c[^`]rb[c j_c ][qkr_^`]lk`[c vb `m[ `]l^`[c kr][
^[_cn_s j ~l^m p [^^js[ `r joo n`^ kmnoc][_ t 	jkm ][k[nz[]
u noo `m[_ ][qjl`m[_`nkj`[ u n`m `m[ mnsm[] kr][ t 	jkm ][k[nz[]
^mrloc jo^r x[[\ j `np [] `r [_^l][ `mj` `m[b ][k[nz[ `m[^[
~l^m p [^^js[^ \ []nrcnkjoob Ù ny `m[b cr _r` i `m[_ `m[b ^mrloc
¡ln` y]rp `m[ `][[ j_c j``[p\` `r ][w rn_ `r p jx[ ^l][ `m[
kr][ �^ k[]`nÛkj`[ mj^ _r` [�\n][c t

� ����X ��� ��U�W� �Y� XVVXY�U X�� XVVXY�U T� ���
VW�UV�� W��V�WU

{m[][ j][ j _lpv[] ry c[_njoqryq^[]znk[ j``jkx^ `mj` j][ \r^q
^nv o[ jsjn_^` p [pv[]^ ry j plo`nkj^` s]rl\ t {m[ pr^` \rq
`[_` `b\[ n^ j ~rrcn_s j``jkx i r_[ `mj` l^[^ `m[ _j`l]jo [yq
Ûkn[_kb ry plo`nkj^` `r j``[p\` `r c]ru_ joo ][k[nz[]^ n_ j
vj]]js[ ry ur]`mo[^^ cj`j `mj` n^ ^\][jc `r joo p [pv[]^ ry
`m[ s]rl\ t 
[^^ \r`[_` `b\[^ `mj` l^[ yr]s[c r] ][\ ojb[c
kr_`]ro p [^^js[^ r] `mj` ^np\ob cr _r` \]rk[^^ r] yr]uj]c
kr_`]ro p [^^js[^ j][ jo^r [}[k`nz[ j` c[_bn_s ^[]znk[ `r n_cnq
zncljo ][k[nz[]^ r] v]j_km[^ ry `m[ plo`nkj^` `][[ t adef onp q
n`^ `m[ [}[k` ry ~rrcn_s j``jkx^ i Û]^` vb onp n`n_s `m[ ^\][jc
ry v]j_km[^ ^r `mj` j_ j``jkx[] kj__r` [j^nob jkk[^^ `m[ `][[
`r ^[_c `r n` i j_c ^[kr_c vb z[]nyb n_s `m[ [_k]b\`[c ^[¡l[_k[
_lpv[] j_c e� [_kor^[c n_ [jkm cj`j \jkx[` t �_ j``jkx[]
umr mj\\[_^ `r v [ r_ `m[ \j`m v[`u[[_ j `]l^`[c kr][ j_c
][k[nz[] kj_ j``[p\` `r ~rrc `m[ [_`n][ plo`nkj^` `][[ i vl`
^n_k[ n` n^ _r` n_ \r^^[^^nr_ ry `m[ \]r\[] ^[¡l[_k[ n_yr]q
p j`nr_ r] v]j_km x[b n` kj__r` kr_^`]lk` \jkx[`^ \]r\[]ob
j_c `m[ ~rrc[c cj`j u noo v [ c[`[k`[c j_c c]r\\[c j` [jkm
`]l^`[c ][k[nz[] j_c j` `m[ ]rr` yr] `mj` ^lvqv]j_km t ey j_
j``jkx[] u[][ `r `]b ][\ ojb n_s roc cj`j i `mn^ `rr urloc v[ c[q
`[k`[c um[_ `m[ ^[¡l[_k[ _lpv[] uj^ ^[[_ j^ jo][jcb mjzn_s
v[[_ ][k[nz[c t 	z[_ ny `m[ j``jkx[] \][^[]z[c roc cj`j y]rp
\][z nrl^ ^[^^nr_^ n` urloc v[ np\]rvjvo[ `mj` `m[ ]rr` ry `m[
^lvqv]j_km urloc mjz[ kmr^[_ `m[ ^jp [ ]j_crp v]j_km x[b
`r p jx[ `m[ \jkx[`^ c[k]b\` \]r\[]obi j^ `m[ v]j_km x[b^
kmj_s[^ ][sloj]obt

ad ef cr[^ _r` c[y[_c jsjn_^` r`m[] `b\[^ ry c[_njoqryq
^[]znk[ j``jkx^ i mru[z[] t �_`]l^`[c ]rl`[]^ `mj` on[ r_ `m[
\j`m v[`u[[_ j `]l^`[c kr][ j_c r_[ r] pr][ `]l^`[c ][q
k[nz[]^ kj_ c[_b ^[]znk[ `r `m[ ][k[nz[]^ i j_c m[_k[ `r j_b
^lvqv]j_km `mj` `m[b p jb v[ `m[ ]rr` yr] t e_ jccn`nr_ i ^rp [
ry `m[^[ j``jkx^ p jb kjl^[ v]j_km[^ `r v [ yr]p [c v[`u[[_
`m[ j``jkx[] j_c [n`m[] `m[ `]l^`[c kr][ r] `]l^`[c ][k[nz[] t
Z[ kr_^nc[] `m[^[ v]j_km[^ � � 	� ��� �� j^ `m[b cr _r` ^\j_
j \j`m y]rp `]l^`[c kr][ `r `]l^`[c ][k[nz[] t e_ joo kj^[^
`m[^[ v]j_km[^ j][ `]j_^n[_` j^ `m[b u noo v [ ][prz[c um[_
`m[ kr][ \ []nrcnkjoob ~l^m[^ `m[ `][[ `r yr]k[ ][k[nz[]^ `r
][qjl`m[_`nkj`[ t ey `m[ `]l^`[c ][k[nz[]^ cr _r` ][k[nz[ `mn^
\ []nrcnk ~l^m i `m[b u noo ¡l n` `m[ `][[ `m[p ^[oz[^ t e` n^ np\r]q
`j_` `r _r`[ `mj` `m[ p joyr]p [c v]j_km[^ urloc mjz[ v[[_
\j]` ry `m[ `][[ v]j_km k]r^^n_s `m[ kr]]l\` ]rl`[] j_bujbi ^r
`m[ kr]]l\` ]rl`[] cr[^ _r` sjn_ j_b jccn`nr_jo n_yr]p j`nr_
`mj_ n` r`m[]u n^[ urloc mjz[ i j_c `mj` `mn^ `b\ [ ry c[_njo
ry ^[]znk[ n^ _r ^`]r_s[] `mj_ ^np\ob _r` yr]uj]cn_s kr_q
`]ro p [^^js[^ `r vlnoc `m[ `][[ n_ `m[ Û]^` \ojk[ t �joyr]p [c
v]j_km[^ oj^` r_ ob j^ or_s j^ `m[ \[]nrc jooru[c v[`u[[_ kr][
j_c ][k[nz[] ][qjl`m[_`nkj`nr_ i v [kjl^[ `m[ `][[ n^ c[^`]rb[c
j_c ][qvlno` j` `mr^[ `np [^ t {m[ j``jkx[] jo^r cr[^ _r` sjn_
jkk[^^ `m[ v]j_km x[b u n`m `m[^[ j``jkx^ t {jvo[ × ^mru ^ `m[
[}[k`^ ry ][\ ojb n_s i yr]sn_s r] c]r\\n_s kr_`]ro p [^^js[^ t

e_ pr^` kj^[^ i yr]s[]b r] ][\ ojb ry kr_`]ro p [^^js[^ r]
cj`j j][ c[`[k`jv o[ i v [kjl^[ `m[^[ p [^^js[^ j][ ^ns_[c r]
[_k]b\`[c n_ `m[ v]j_km ^mj][c x[bi k]b\`rs]j\mnk r\ []jq
`nr_^ umnkm `m[ j``jkx[] kj__r` cl\onkj`[ t {m[^[ n_^`j_k[^
j][ p j]x[c ��[`[k`� n_ `m[ Ûsl][ i j^ `m[ ][k[nz[] ry j p [^q
^js[ kj_ `[oo n` mj^ v [[_ jo`[][c um[_ `m[ ^ns_j`l][ cr[^ _r`
p j`km `m[ p [^^js[ t {m[][ j][ jo^r kj^[^ n_ umnkm j ]rl`[]
r_ `m[ \j`m kj_ kjl^[ j c[_njoqryq^[]znk[ j``jkx vb c]r\\n_s
kr_`]ro p [^^js[ r] cj`j \jkx[`^ t {m[^[ kj^[^ j][ p j]x[c
��ÒÕ� t � ^rol`nr_ `r kr]]l\` ]rl`[]^ \l]\r^[ob c]r\\n_s
\jkx[`^ urloc v[ `r l^[ j plo`nq\j`m l_nkj^` ]rl`n_s \]rq
`rkro `r c[`[]p n_[ jo`[]_j`[ \j`m^ `ruj]c^ `m[ k[_`[] \rn_` i
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{jvo[ × � 	}[k`^ ry r_q`][[ l_`]l^`[c ]rl`[] j``jkx^ t

vb\j^^n_s `m[ p n^v [mjzn_s ]rl`[] t
e_ ^rp [ n_^`j_k[^ `m[ j``jkx[] kj_ p jn_`jn_ j v]j_km ry

`m[ `][[ `r `m[p ^[oz[^ y]rp [n`m[] `m[ kr][ r] ][k[nz[] umno[
c[_bn_s ^[]znk[ `r r_[ ry `m[ `]l^`[c \j]`nkn\j_`^ t e_ `mr^[
kj^[^ n_ umnkm `]j_^n[_` p joyr]p [c v]j_km[^ [� n^` i `m[ `jq
vo[ [_`]b n^ ojv [o[c j^ ^lkm i u n`m j_ j]]ru \rn_`n_s y]rp
`m[ kmnoc `r `m[ \j][_` ry `m[ p joyr]p [c v]j_km t {m[^[
kj^[^ rkkl] v [kjl^[ `m[ l_`]l^`[c ]rl`[]^ r_ `m[ \j`m v[q
`u[[_ `]l^`[c ]rl`[]^ _[[c `r v[ jvo[ `r n^^l[ ~l^m j_c ¡ln`
_r`nk[^ n_ ][^\r_^[ `r on_x j_c ]rl`[] yjnol][^ t Õn_k[ `m[^[
]rl`[]^ j][ _r` `]l^`[c i `m[b kj__r` v [ n^^l[c k[]`nÛkj`[^ `r
l^[ `r ^ns_ `m[ ¡ln` j_c ~l^m kr_`]ro p [^^js[^ t � ^np\o[
vl` kr^`ob ^rol`nr_ `r `mn^ n^ `r ][¡ln][ [z[]b ]rl`[] n_ `m[
_[`ur]x `r v[ `]l^`[c i umnkm n^ _nk[ yr] ^kjojv non`b ry cj`j
`]j_^p n^^nr_ vl` _r` yr] k[]`nÛkj`[ cn^`]nvl`nr_ t e_^`[jc i u[
`ro[]j`[ `m[ \r^^nvnon`b ry `m[^[ j``jkx^ j^ `m[b j][ i n_ [yq
y[k` i w l^` j krpvn_j`nr_ ry r`m[]u n^[ \r^^nvo[ j``jkx^ t �_
l_`]l^`[c ]rl`[] kj_ on^`[_ `r `]j� k `mj` ~ru ^ jk]r^^ n` i j_c
n` kj_ \][z[_` yr]p j`nr_ ry v]j_km[^ vb _r` \j^^n_s kr_`]ro
p [^^js[^ t �``jkx^ `mj` jooru `m[ `[p\r]j]b yr]p j`nr_ ry
p joyr]p [c v]j_km[^ j][ ^np\ob j krpvn_j`nr_ ry `m[^[ `ur
r`m[] j``jkx^ i `mrlsm o[^^ \r`[_` j^ `m[ j``jkx[] u noo r_ ob
][k[nz[ cj`j y]rp r_[ cn][k`nr_ t

�^ adef ^l\\r]`^ m[`[]rs[_[rl^ plo`nkj^` ]rl`n_s \]rq
`rkro^ i `mr^[ \]r`rkro^ j][ \r^^nv o[ \rn_`^ ry krp\]rp n^[ i
[^\ [knjoob ny `m[b j][ _r` ^[kl][ \]r`rkro^ t � \r^^nv o[ ^rolq
`nr_ n^ `r ^[kl][ j_c `]l^` `m[ [_`n][ crp jn_ j_c mjz[ `m[
adefq^\ [jxn_s vr]c[] ]rl`[]^ cn^`]nvl`[ `m[ l_q[_k]b\`[c
cj`j `r `m[ `]l^`[c crp jn_ t {mn^ n^ ko[j]ob _r` joujb^ \]jkq
`nkjo i mru[z[] i j_c crp jn_^ ^mrloc l^[ ^rp [ ^[kl][ plo`nkj^`
]rl`n_s i [n`m[] adef r] ^rp [ yl`l][ ^[kl][ \]r`rkro t

� 
� �XV�� ��W�
{m[ Û]^` [}r]`^ r_ \]rzncn_s ^[kl][ plo`nkj^` ^[]znk[ yrkl^[c
r_ [^`jv on^m n_s j p [`mrc ry cn^`]nvl`n_s j krppr_ ^mj][c
x[b `r joo p [pv[]^ ry j plo`nkj^` s]rl\ �×� i ×�� t Z mno[ `m[^[
\]r`rkro^ u[][ [}[k`nz[ yr] `mj` \l]\r^[ i `m[b u[][ l_^kjoq
jv o[ i v [kjl^[ [n`m[] `m[b ][¡ln][c j ^n_so[ ^[]z[] krp\l`[
`m[ x[b yr] j s]rl\ i r] `m[b ][¡ln][c [�`[_^nz[ x_ru o[cs[
jvrl` `m[ s]rl\ p[pv[]^m n\ t �r][ ][k[_`obi cn^`]nvl`[c
j_c ^kjojv o[ p [`mrc^ ry x[b n_s j plo`nkj^` s]rl\ mjz[ v[[_
\]r\r^[c �ÓÑ i ÓØ i ß� t {m[^[ \]r`rkro^ i umno[ [}[k`nz[ yr] cn^q

`]nvl`n_s x[b^ jk]r^^ j plo`nkj^` s]rl\ i cr _r` ^roz[ `m[
\]rvo[p ry jl`mr]n|j`nr_ i umnkm n^ _[[c[c `r \][z[_` l_jlq
`mr]n|[c ][k[nz[]^ y]rp on^`[_n_s `r `m[ s]rl\ j_c l_jl`mrq
]n|[c ^[_c[]^ y]rp prl_`n_s j ~rrcn_s j``jkx t �r_s j_c
Õmjkmjp �×Ó� u[][ `m[ Û]^` `r \rn_` rl` `m[ _[[c yr] ^rp [
`b\[ ry jl`m[_`nkj`nr_ j_c jl`mr]n|j`nr_ p [kmj_n^p yr] ploq
`nkj^` t {m[b jo^r ko[j]ob ^`j`[c `m[ srjo^ `mj` j ^[kl][ ploq
`nkj^` \]r`rkro c[^ns_ ^mrloc p [[` �  ��������	��Þ u n`m [� n^`q
n_s \]r`rkro^ i � � 	���	��Þ `r `m[ ^kr\[ ry `m[ sorvjo e_`[]_[` i
���������� Þ `r mnsm[]qo[z[o \]r`rkro^ i 	� � 	�Ü ��	��Þ yr] s]jcq
ljo n_`]rclk`nr_ ry `m[ `[km_rorsb j_c � �� ���	��Þ `r ^l\\r]`
j zj]n[`b ry \ronkn[^ t d ru[z[] i `m[ jl`mr]^ cnc _r` k][j`[ j
\]r`rkro `mj` p [` `m[^[ k]n`[]nj t

{m[ Û]^` j``[p\` `r \]rznc[ yr] jl`m[_`nkj`nr_ j_c jlq
`mr]n|j`nr_ n_ j_ [�n^`n_s plo`nkj^` ]rl`n_s \]r`rkro kjp [ n_
^rp [ ^np\o[ [�`[_^nr_^ `r ÏÐ{ �Ñ� `mj` j``[p\`[c `r ][slq
oj`[ jkk[^^ `r `m[ plo`nkj^` `][[ j` `m[ Û]^` mr\ ]rl`[] �Ú� t
Ðjooj]cn[ j_c Ï]ruk]ry` \rn_`[c rl` `m[ _[[c yr] � � ���
����� i umnkm krloc \][^[_` k]b\`rs]j\mnk k][c[_`njo^ y]rp
`m[ mr^` `r `m[ ]rl`[] t e_ r`m[] ujb^ `m[n] \]r`rkro^ cnc _r`
p [[` j_b ][j^r_jvo[ c[^ns_ ][¡ln][p [_`^ i mru[z[] t {m[][
uj^ _r p [kmj_n^p yr] x[b cn^`]nvl`nr_ i j_c ^n_k[ joo jl`mrq
]n|j`nr_ uj^ cr_[ j` `m[ o[jy ]rl`[] r_ `m[ `][[ i j kr]]l\`
]rl`[] krp\]rp n^[c `m[ [_`n][ ^km[p [ t �ccn`nr_joobi ]j`m[]
`mj_ \][z[_`n_s ~rrcn_s j``jkx^ i `m[ \]r`rkro j``[p\`[c
`r c[`[k` j_c ^¡l[okm ^lkm j``jkx^ vb ]j_crp ob ^jp\on_s
\jkx[`^ j_c i l\r_ c[`[k`nr_ ry l_jl`mr]n|[c `]j� k i ^[_cq
n_s p [^^js[^ `ruj]c^ `m[ \l`j`nz[ ^rl]k[ `mj` \][z[_`[c n`
y]rp yr]uj]cn_s `]j� k r_`r `m[ `][[ t {m[ \]rvo[p u n`m `mn^
^km[p [ n^ `mj` n` o[jc^ `r j ^np\o[ j_c [}[k`nz[ c[_njoqryq
^[]znk[ j``jkx t �_ j``jkx[] i n_ kr_w l_k`nr_ u n`m r_[ kr]]l\`
]rl`[] i krloc ^[_c l_jl`mr]n|[c `]j� k `mj` uj^ yr]s[c u n`m
`m[ ^rl]k[ jcc][^^ ry `m[ `j]s[` ry `m[ j``jkx t Z m[_ `m[^[
\jkx[`^ u[][ c[`[k`[c i `m[ n__rk[_` `j]s[` urloc v[ ][prz[c
y]rp `m[ `][[ i znk`np ry `m[ yr]s[]^ t

�r_s j_c Õmjkmjp [�jp n_[c `m[ \]rvo[p ^ n_m[][_` n_
p jn_`jn_n_s `m[ [� kn[_kb ry plo`nkj^` ]rl`n_s umno[ \]rq
zncn_s j ^[kl][ ^[]znk[ n_ �×Ú� t {mn^ ur]x n_`]rclk[c yrl]
p [`mrc^ ry ][clkn_s `m[ ^n|[ j_c _lpv[] ry kr_`]ro p [^^js[^
_[[c[c `r jl`m[_`nkj`[ s]rl\ p[pv[]^ j_c `r cn^`]nvl`[ [_q
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k]b\`nr_^ x[b^ `r `m[ s]rl\ t àn]^` i `m[b \rn_`[c rl` `mj`
j plo`nkj^` `][[ kr_^n^`[c ry v]j_km[^ i [jkm ry umnkm krloc
l`non|[ cn}[][_` kr_`]ro n_yr]p j`nr_ `mj_ r`m[] v]j_km[^ t �
_rc[ r_ `m[ `][[ krloc `m[_ `jnor] p [^^js[^ yr] [jkm v]j_km
^[\j]j`[obi ]j`m[] `mj_ ^[_c n_yr]p j`nr_ _[[c[c vb r_ob r_[
v]j_km `r joo v]j_km[^ t Õ[kr_c i `m[b ^mru[c `mj` j_ n_`[]q
p [cnj`[ _rc[ krloc cr ^rp [ p[^^js[ ][q\]rk[^^n_s i n_kolcq
n_s ][qj]]j_sn_s r] ][q[_k]b\`n_s `m[ p [^^js[ ^r or_s j^ `m[
p [^^js[ �^ n_`[s]n`b j_c r]nsn_ j][ p jn_`jn_[c t {mn^ n^ ^nsq
_nÛkj_` i v [kjl^[ n` p [j_^ `mj` j ^[_c[] cr[^ _r` _[[c `r
x_ru `m[ `r\rs]j\mb r] s]rl\ p[pv[]^mn\ `r `]np kr_`]ro
n_yr]p j`nr_ y]rp j p[^^js[ t e_^`[jc i ^np\ob x_ru n_s j y[u
_rc[^ cru_ cn}[][_` v]j_km[^ i j _rc[ kj_ krpvn_[ `m n^ u n`m
`m[ Û]^` \rn_` `r `jnor] p [^^js[^ yr] ^[z[]jo ^p joo v]j_km[^ i
j` `m[ vr``rp ry umnkm `m[ p [^^js[^ j][ ][\]rk[^^[c yr] ^lvq
v]j_km[^ t {m[ jl`mr]^ jo^r \rn_` rl` `mj` ^mj][c `][[ \]r`rq
kro^ j][ nc[jo yr] `mn^ `b\ [ ry ][q\]rk[^^n_s i v [kjl^[ \]r`rkro^
`mj` mjz[ cn^`]nvl`[c kr][^ kj_ l^[ `m[p j^ _j`l]jo ^\r`^ yr]
p [^^js[ ][q\]rk[^^n_s i n_ [}[k` v][jxn_s r_[ ~j` `][[ cru_
n_`r j mn[]j]kmb ry ^p joo[] `][[^ i [jkm ry umnkm mj^ n`^ ru_
kr_`]ro `]j� k t {mn]c i `m[b \rn_` rl` `mj` s]rl\ ][qx[b n_s
_[[c _r` `jx[ \ojk[ r_ob j` `m[ `np [ j p [pv[] w rn_^ r] o[jz[^
`m[ s]rl\ i vl` kj_ v[ \][qkrp\l`[c Ù `m[b kjoo `m n^ Ö �� �����
���Ö ���� ����� t àn_joobi `m[b [�`[_c `m[ nc[j ry mr` ^`j]` jlq
`m[_`nkj`nr_ `r  ��������� ���Ö ���� ����� i l_c[] umnkm [jkm
p [pv[] _[[c^ `r \ []nrcnkjoob ][qjl`m[_`nkj`[ `r ][k[nz[ `m[
kl]][_` x[bt {m[^[ yrl] nc[j^ ][qrkkl] n_ oj`[] ur]x^ n_ `m[
j][j �×ß i ÓÑ� t

Õrp [ ry `m[ jvrz[ nc[j^ j\\[j][c n_ j �àÏ `mj` jsjn_
j``[p\`[c `r \]rclk[ j ^[kl][ z[]^nr_ ry ÏÐ{ �×� t �_c[]
`mn^ ^km[p [ i kjoo[c `m[ Õkjojvo[ �lo`nkj^` a [b � n^`]nvl`nr_
gÕ�a� hi `m[ k[_`]jo ÏÐ{ kr][ n^ snz[_ j_ jl`mr]n|j`nr_
on^` `mj` n` l^[^ `r z[]nyb ^ns_[c w rn_ ][¡l[^`^ y]rp ][k[nz[]^ i
[jkm ry umrp mj^ ^rp [ \lvonk�\]nzj`[ x[b \jn] t �^ `m[ `][[
s]ru ^ i `m[ jkk[^^ on^` j_c j ^mj][c s]rl\ x[b j][ cn^`]nvl`[c
jor_s [jkm v]j_km ry `m[ `][[ t {m[ p jw r] \]rvo[p ^ u n`m `m n^
^km[p [ j][ `mj` _r \]rzn^nr_ n^ p jc[ yr] ][qx[b n_s `m[ s]rl\
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