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STUVWXYV
Z[ \] ^_ `a`bc d eb `cb_b[\ a fag ^hi jf aka`\^lb `cj\jmjh_ d
mahhbk noZp qnb[_jc ocj\jmjh_ fjc Z[fjcg a\^j[ l^a pbrj\^as
\^j[ t d \]a\ bu m^b[\hi k^__bg ^[a\b_ ^[fjcg a\^j[ agj[r _b[s
_jc_ ^[ a[ b[bcrismj[_\ca^[bk e ^cbhb__ _b[_jc [b\ejcv w pjkb_
cx[[^[r a noZp mjggx[^ma\^j[ `cj\jmjh [ag b \]b^c ka\a x_s
^[r ]^r]shblbh ka\a kb_mc^`\jc_ d mahhbk g b\aska\a w y]bi x_b
g b\aska\a [brj\^a\^j[_ \j bh^g ^[a\b \]b \ca[_g ^__^j[ jf cbs
kx[ka[\ ka\a \]cjxr]jx\ \]b [b\ejcv w Z[ akk^\^j[ d noZp
[jkb_ ma[ za_b \]b^c mjggx[^ma\^j[ kbm^_^j[_ zj\] x`j[
a``h^ma\^j[s_` bm^{m v[je hbkrb jf \]b ka\a a[k x`j[ v[je hs
bkrb jf \]b cb_jxcmb_ \]a\ acb ala^haz hb \j \]bg w y]^_ ahhje _
\]b _b[_jc_ \j bu m^b[\hi k^_\c^zx\b ka\a r^lb[ a h^g ^\bk b[s
bcri _x``hiw |b _^gxha\b a[k a[ahi}b \]b `bcfjcg a[mb jf
\ej _` bm^{m noZp `cj\jmjh_ d mjg`ac^[r \]bg \j j\]bc `j_s
_^zhb a``cjam]b_ a[k a \]bjcb\^mahhi j`\^g ah `cj\jmjh w |b
{[k \]a\ \]b noZp `cj\jmjh_ ma[ kbh^lbc ~�� gjcb ka\a fjc a
r^lb[ agjx[\ jf b[bcri \]a[ mj[lb[\^j[ah a``cjam]b_ w |b
ah_j {[k \]a\ d ^[ \bcg _ jf k^__bg ^[a\^j[ ca\b a[k b[bcri
x_arb d \]b noZp `cj\jmjh_ ` bcfjcg mhj_b \j \]b \]bjcb\^mah
j`\^gxg w

� ��VW� ��YV���
| ^cbhb__ [b\ejcv_ jf _b[_jc_ acb h^vbhi \j z b e ^kbhi kb`hjibk
^[ \]b fx\xcb z bmax_b \]bi rcba\hi b�\b[k jxc az^h^\i \j gj[s
^\jc a[k mj[\cjh \]b `]i_^mah b[l^cj[g b[\ fcjg cbgj\b hjs
ma\^j[_ w nxm] [b\ejcv_ ma[ rcba\hi ^g`cjlb \]b ammxcami jf
^[fjcg a\^j[ jz\a^[bk l^a mjhhazjca\^j[ agj[r _b[_jc [jkb_
a[k j[h^[b ^[fjcg a\^j[ `cjmb__^[r a\ \]j_b [jkb_ w

| ^cbhb__ _b[_jc [b\ejcv_ ^g`cjlb _b[_^[r ammxcami zi
`cjl ^k^[r k^_\c^zx\bk `cjmb__^[r jf la_\ �xa[\^\^b_ jf _b[_^[r
^[fjcg a\^j[ qb wr wd _b^_g ^m ka\a d amjx_\^m ka\a d ]^r]scb_jhx\^j[
^g arb_ d b\m wt w | ]b[ [b\ejcvbk d _b[_jc_ ma[ arrcbra\b _xm]
ka\a \j `cjl^kb a c^m] d gxh\^sk^g b[_^j[ah l^be jf \]b b[s
l^cj[g b[\ w Z[ akk^\^j[ d [b\ejcvbk _b[_jc_ ma[ fjmx_ \]b^c
a\\b[\^j[ j[ mc^\^mah blb[\_ `j^[\bk jx\ zi j\]bc _b[_jc_ ^[
\]b [b\ejcv qb wr wd a[ ^[\cxkbc b[\bc^[r a zx^hk^[rt w � ^[ahhid
[b\ejcvbk _b[_jc_ ma[ mj[\^[xb \j fx[m\^j[ ammxca\bhi ^[ \]b
famb jf fa^hxcb jf ^[k^l^kxah _b[_jc_ � fjc b�ag`hb d ^f _jg b _b[s

_jc_ ^[ a [b\ejcv hj_b a `^bmb jf mcxm^ah ^[fjcg a\^j[ d j\]bc
_b[_jc_ g ai mjg b \j \]b cb_mxb zi `cjl^k^[r \]b g ^__^[r
ka\a w

| ^cbhb__ _b[_jc [b\ejcv_ ma[ ah_j ^g`cjlb cbgj\b ammb__
\j _b[_jc ka\a zi `cjl^k^[r ���� ����� \]a\ mj[[bm\ \]bg \j
j\]bc [b\ejcv_ d _xm] a_ \]b Z[\bc[b\ d x_^[r e ^kbsacba e ^cbs
hb__ h^[v_ w Zf \]b _b[_jc_ _]acb \]b^c jz_bcla\^j[_ a[k `cjmb__
\]b_b jz_bcla\^j[_ _j \]a\ g ba[^[rfxh a[k x_bfx h ^[fjcg a\^j[
^_ ala^haz hb a\ \]b _^[v [jkb_ d x_bc_ ma[ cb\c^blb ^[fjcg a\^j[
fcjg \]b _^[v [jkb_ \j gj[^\jc a[k mj[\cjh \]b b[l^cj[g b[\
fcjg afac w

|b \]bcbfjcb b[l^_^j[ a fx\xcb ^[ e]^m] mjhhbm\^j[_ jf
_b[_jc [jkb_ fjcg ak ]jm k^_\c^zx\bk `cjmb__^[r [b\ejcv_
\]a\ `cjkxmb ba_^hi ammb__^z hb a[k ]^r]s�xah^\i ^[fjcg a\^j[
azjx\ \]b `]i_^mah b[l^cj[g b[\ w �am] _b[_jc [jkb j`bca\b_
ax\j[jgjx_hi e ^\] [j mb[\cah `j^[\ jf mj[\cjh ^[ \]b [b\s
ejcv d a[k bam] [jkb za_b_ ^\_ kbm^_^j[_ j[ ^\_ g ^__^j[ d \]b
^[fjcg a\^j[ ^\ mxccb[\hi ]a_ d a[k ^\_ v[je hbkrb jf ^\_ mjg s
`x\^[r d mjggx[^ma\^j[ a[k b[bcri cb_jxcmb_ w �jg`acbk \j
\jkai �_ ^_jha\bk _b[_jc_ d \jgjccje �_ [b\ejcvbk _b[_jc_ ]alb
\]b `j\b[\^ah \j ` bcfjcg \]b^c cb_`j[_^z ^h^\^b_ e ^\] gjcb ams
mxcamid cjzx_\[b__ a[k _j`]^_\^ma\^j[ w

nblbcah jz_\amhb_ [bbk \j zb jlbcmjg b zbfjcb \]^_ l^_^j[
ma[ zbmjg b a cbah^\iw y]b_b jz_\amhb_ ac^_b fcjg \]b h^g ^\bk
b[bcrid mjg`x\a\^j[ah `jebc d a[k mjggx[^ma\^j[ cb_jxcmb_
ala^haz hb \j \]b _b[_jc_ ^[ \]b [b\ejcv w

� ������ � �bmax_b [b\ejcvbk _b[_jc_ ma[ x_b x` \]b^c
h^g ^\bk _x``hi jf b[bcri _^g`hi `bcfjcg ^[r mjg`x\as
\^j[_ a[k \ca[_g ^\\^[r ^[fjcg a\^j[ ^[ a e ^cbhb__ b[s
l ^cj[g b[\ d b[bcrismj[_bcl ^[r fjcg _ jf mjggx[^ma\^j[
a[k mjg`x\a\^j[ acb b__b[\^ah w

� � ¡¢£¤¥¤¦ � � nb[_jc_ ]alb h^g ^\bk mjg`x\^[r `jebc
a[k \]bcbfjcb g ai [j\ z b azhb \j cx[ _j`]^_\^ma\bk [b\s
ejcv `cj\jmjh_ w

� � ¡¡£�¦§¥¤¦ � � y]b za[ke ^k\] jf \]b e ^cbhb__ h^[v_
mj[[bm\^[r _b[_jc [jkb_ ^_ jf\b[ h^g ^\bk d j[ \]b jcs
kbc jf a fbe ]x[kcbk ¨z`_ d fxc\]bc mj[_\ca^[ ^[r ^[\bcs
_b[_jc mjggx[^ma\^j[ w

Z[ \] ^_ `a`bc d eb `cb_b[\ ©ª«¬ qnb[_jc ocj\jmjh_ fjc Z[s
fjcg a\^j[ l^a pbrj\^a\^j[ t d a fag ^hi jf [brj\^a\^j[sza_bk ^[s
fjcg a\^j[ k^__bg ^[a\^j[ `cj\jmjh_ _x ^\az hb fjc e ^cbhb__ _b[s
_jc [b\ejcv_ w |b fjmx_ j[ \]b bu m^b[\ k^__bg ^[a\^j[ jf
^[k^l^kxah _b[_jc jz_bcla\^j[_ \j ahh \]b _b[_jc_ ^[ a [b\s
ejcv d \cba\^[r ahh _b[_jc_ a_ `j\b[\^ah _^[v [jkb_ w y]bcb acb
_blbcah z b[b{\_ \j _jhl^[r \] ^_ `cjzhbg w �^c_\ d ^\ e ^hh r ^lb
x_ a eai jf cb` h^ma\^[r mjg`hb\b l^be _ jf \]b b[l^cj[g b[\
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�^rxcb �� y]b ^g`hj_^j[ `cjzhbg w Z[ \]^_ rca`] d [jkb �
_\ac\_ zi �jjk^[r ^\_ ka\a \j ahh jf ^\_ [b^r]zjc_ w yej mj`^b_
jf \]b ka\a blb[\xahhi acc^lb a\ [jkb � w y]b _i_\bg ea_\b_
b[bcri a[k za[ke ^k\] ^[ j[b x[[bmb__aci _b[k a[k cbmb^lb w

amcj__ \]b b[\^cb [b\ejcv \j b[]a[mb \]b fax h\s\jhbca[mb jf
\]b _i_\bg w nbmj[k d ^\ e ^hh r^lb x_ a eai jf k^__bg ^[a\^[r
a mc^\^mah `^bmb jf ^[fjcg a\^j[ qb wr wd \]a\ ^[\cx_^j[ ]a_ z bb[
kb\bm\bk ^[ a _xclb^hha[mb [b\ejcvt \j ahh \]b [jkb_ w

y]b kb_^r[ jf noZp rcbe jx\ jf jxc a[ahi _^_ jf \]b k^fs
fbcb[\ _\cb[r\]_ a[k h^g ^\a\^j[_ jf mj[lb[\^j[ah `cj\jmjh_
fjc k^__bg ^[a\^[r ka\a ^[ a _b[_jc [b\ejcv w nxm] `cj\jmjh_ d
e]^m] eb m]acam\bc^}b a_ ������� � �����	 
 _\ac\ e ^\] a _jxcmb
[jkb _b[k^[r ^\_ ka\a \j ahh jf ^\_ [b^r]zjc_ w �`j[ cbmb^l ^[r
a `^bmb jf ka\a d bam] [jkb \]b[ _\jcb_ a[k _b[k_ a mj`i jf \]b
ka\a \j ahh jf ��� [b^r]zjc_ w y]^_ ^_ \]bcbfjcb a _\ca^r]\fjcs
eack `cj\jmjh cb�x^c^[r [j `cj\jmjh _\a\b a\ a[i [jkb d a[k
^\ k^__bg ^[a\b_ ka\a �x^mvhi ^[ a [b\ejcv e]bcb za[ke ^k\]
^_ [j\ _macmb a[k h^[v_ acb [j\ hj__s`cj[b w

y]cbb kb{m^b[m^b_ jf \] ^_ _^g`hb a``cjam] cb[kbc ^\ ^[s
akb�xa\b a_ a `cj\jmjh fjc _b[_jc [b\ejcv_ �

� «� ������ � Z[ mha__^m �jjk^[r d a [jkb aheai_ _b[k_
ka\a \j ^\_ [b^r]zjc_ d cbrackhb__ jf e]b\]bc jc [j\ \]b
[b^r]zjc ]a_ ahcbaki cbmb^lbk \]b ka\a fcjg a[j\]bc
_jxcmb w y]^_ hbak_ \j \]b ^g`hj_^j[ `cjzhbg d ^hhx_s
\ca\bk ^[ �^rxcb � w � bcb d [jkb � _\ac\_ jx\ zi �jjks
^[r ka\a \j ^\_ \ej [b^r]zjc_ d � a[k � w y]b_b [jkb_
_\jcb \]b ka\a fcjg � a[k _b[k a mj`i jf ^\ j[ \j
\]b^c [b^r]zjc � w y]b `cj\jmjh \]x_ ea_\b_ cb_jxcmb_
zi _b[k^[r \ej mj`^b_ jf \]b ka\a \j � w Z\ ^_ ba_i \j
_bb \]a\ ^g`hj_^j[ ^_ h^[bac ^[ \]b kbrcbb jf a[i [jkb w

� ������� � nb[_jc [jkb_ jf\b[ mjlbc jlbcha``^[r rbjs
rca`]^m acba_ d a[k [jkb_ jf\b[ ra\]bc jlbcha``^[r `^bmb_
jf _b[_jc ka\a w �^rxcb � ^hhx_\ca\b_ e]a\ ]a``b[_ e]b[
\ej [jkb_ q� a[k � t ra\]bc _xm] jlbcha``^[r ka\a a[k
\]b[ �jjk \]b ka\a \j \]b^c mjggj[ [b^r]zjc q�t w
�ra^[ d \]b ahrjc^\]g ea_\b_ b[bcri a[k za[ke ^k\]
_b[k^[r \ej mj`^b_ jf a `^bmb jf ka\a \j \]b _ag b [jkb w
�lbcha` ^_ a ]ackbc `cjzhbg \j _jhlb \]a[ \]b ^g`hjs
_^j[ `cjzhbg� ^g `hj_^j[ ^_ a fx[m\^j[ j[hi jf [b\ejcv
\j`jhjrid e]bcba_ jlbcha` ^_ a fx[m\^j[ jf zj\] \j`jhs
jri a[k \]b g a``^[r jf jz_bclbk ka\a \j _b[_jc [jkb_ w

� � ������� ���� ����� � Z[ mha__^m �jjk^[r d [jkb_ kj [j\
gjk^fi \]b^c am\^l^\^b_ za_bk j[ \]b agjx[\ jf b[bcri
ala^haz hb \j \]bg a\ a r^lb[ \^g b w � [b\ejcv jf bg s
zbkkbk _b[_jc_ ma[ zb �cb_jxcmbsaeacb� a[k aka`\ ^\_
mjggx[^ma\^j[ a[k mjg`x\a\^j[ \j \]b _\a\b jf ^\_ b[s
bcri cb_jxcmb_ w

C

(r,s)(q,r)

BA

s
r
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�^rxcb � � y]b jlbcha` `cjzhbg w yej _b[_jc_ mjlbc a[ jlbcs
ha``^[r rbjrca`]^m cbr^j[ w | ]b[ \]b_b _b[_jc_ �jjk \]b^c
ka\a \j [jkb � d � cbmb^lb_ \ej mj`^b_ jf \]b ka\a g acvbk � w

y]b noZp fag ^hi jf `cj\jmjh_ ^[mjc`jca\b_ \ej vbi ^[s
[jla\^j[_ \]a\ jlbcmjg b \]b_b kb{m^b[m^b_ � ��	 �������� a[k
������������� ������ �

yj jlbcmjg b \]b `cjzhbg _ jf ^g`hj_^j[ a[k jlbcha` d noZp
[jkb_ [brj\^a\b e ^\] bam] j\]bc z bfjcb \ca[_g ^\\^[r ka\a w
p brj\^a\^j[ ]bh`_ b[_xcb \]a\ j[hi x_bfxh ^[fjcg a\^j[ e ^hh
z b \ca[_fbccbk w yj [brj\^a\b _xmmb__fx hhid ]jeblbc d [jkb_
gx_\ z b azhb \j kb_mc^z b jc [ag b \]b ka\a \]bi jz_bclb w
|b cbfbc \j \]b kb_mc^`\jc_ x_bk ^[ noZp [brj\^a\^j[_ a_
 �������� �

Z[ noZp d [jkb_ `jhh \]b^c cb_jxcmb_ z bfjcb ka\a \ca[_g ^_s
_^j[ w �am] _b[_jc [jkb ]a_ ^\_ je[ �������� ���	 �� \]a\
vbb`_ \camv jf cb_jxcmb mj[_xg`\^j[ � a``h^ma\^j[_ `cjzb \]b
g a[arbc z bfjcb \ca[_g ^\\^[r jc `cjmb__^[r ka\a w y]^_ ahhje _
_b[_jc_ \j mx\ zamv j[ mbc\a^[ am\^l^\^b_ e]b[ b[bcri ^_ hje d
b wr wd zi zb^[r gjcb `cxkb[\ ^[ fjceack^[r \] ^cks`ac\i ka\a w

yjrb\]bc d \]b_b fba\xcb_ jlbcmjg b \]b \]cbb kb{m^b[m^b_
jf mha__^m �jjk^[r w y]b [brj\^a\^j[ `cjmb__ \]a\ `cbmbkb_ ams
\xah ka\a \ca[_g ^__^j[ bh^g ^[a\b_ ^g`hj_^j[ zbmax_b ^\ bh^g s
^[a\b_ \ca[_g ^__^j[ jf cbkx[ka[\ ka\a g b__arb_ w y]b x_b
jf g b\aska\a kb_mc^`\jc_ bh^g ^[a\b_ \]b `j__^z^h^\i jf jlbcs
ha` zbmax_b ^\ ahhje _ [jkb_ \j [ag b \]b `jc\^j[ jf \]b ka\a
\]a\ \]bi acb ^[\bcb_\bk ^[ jz\a^[ ^[r w �b^[r aeacb jf hjs
mah b[bcri cb_jxcmb_ ahhje _ _b[_jc_ \j mx\ zamv j[ am\^l^\^b_
e]b[blbc \]b^c b[bcri cb_jxcmb_ acb hje d \]bcbzi b�\b[k^[r
hj[rbl^\iw

yj a__b__ \]b bu m^b[mi jf ^[fjcg a\^j[ k^__bg ^[a\^j[ l^a
noZp d eb `bcfjcg a _^gxha\^j[sza_bk _\xki jf {lb k^__bg ^s
[a\^j[ `cj\jmjh_ w yej jf \]b `cj\jmjh_ acb noZp `cj\jmjh_
qe]^m] eb mahh ©ª «¬ �� a[k ©ª«¬ � t � \]b_b acb \]b b�`bc^s
g b[\ah `cj\jmjh_ ^[ jxc _\xkiw y]b j\]bc \]cbb `cj\jmjh_
fx[m\^j[ a_ mjg`ac^_j[ `cj\jmjh_ � q^t � �����	 
 e]^m] eb
jx\h^[bk azjlb � q^^t 	 ����� ��	 
 a lac^a[\ j[ �jjk^[r \]a\
_b[k_ g b__arb_ \j ca[kjg _b\_ jf [b^r]zjc^[r [jkb_ � a[k
q^^^t �����
 a[ ^kbah^}bk cjx\^[r `cj\jmjh \]a\ a__xg b_ `bcs
fbm\ v[je hbkrb a[k ]a_ \]b zb_\ `j__^z hb ` bcfjcg a[mb w

|b blahxa\b \]b_b `cj\jmjh_ zi g ba_xc^[r zj\] \]b agjx[\
jf ka\a \]bi k^__bg ^[a\b jlbc \^g b a[k \]b agjx[\ jf b[bcri
\]bi k^__^`a\b w y]b noZp `cj\jmjh_ k^__bg ^[a\b ^[fjcg a\^j[
e ^\] hje ha\b[mi a[k mj[_bclb b[bcri a\ \]b _ag b \^g b w �xc
cb_xh\_ ] ^r]h^r]\ \]b akla[\arb_ jf x_^[r g b\aska\a \j [ag b
ka\a a[k [brj\^a\b ka\a \ca[_g ^__^j[_ w noZp s� x_b_ [brj\^s
a\^j[ \j _jhlb \]b ^g`hj_^j[ a[k jlbcha` `cjzhbg _ � ^\ cbkxmb_
b[bcri mj[_xg`\^j[ zi a fam\jc jf ! w" mjg`acbk \j �jjks
^[r d e]^hb k^__bg ^[a\^[r ka\a ahg j_\ a_ �x^mvhi a_ \]bjcb\s
^mahhi `j__^zhb w noZps� d e]^m] akk^\^j[ahhi ^[mjc`jca\b_ a



\]cb_]jhksza_bk cb_jxcmbsaeacb[b__ g bm]a[^_g ^[ akk^\^j[
\j [brj\^a\^j[ d k^__bg ^[a\b_ ~�� gjcb ka\a `bc x[^\ b[s
bcri \]a[ �jjk^[r a[k ^[ fam\ mjg b_ lbci mhj_b \j \]b ^kbah
agjx[\ jf ka\a \]a\ ma[ zb k^__bg ^[a\bk `bc x[^\ b[bcriw

� �� ��� ���U�W �W�V� Y� � ��W ����W�XV��� 	 �X ��
�V�XV ���
y]b noZp fag ^hi jf `cj\jmjh_ cb_\_ x`j[ \ej za_^m ^kba_ w
� ^c_\ d \j j` bca\b bu m^b[\hi a[k \j mj[_bclb b[bcrid _b[_jc
a``h^ma\^j[_ [bbk \j mjggx[^ma\b e ^\] bam] j\]bc azjx\
\]b ka\a \]a\ \]bi ahcbaki ]alb a[k \]b ka\a \]bi _\^hh [bbk
\j jz\a^[ w ��m]a[r^[r _b[_jc ka\a g ai zb a[ b�`b[_^lb
[b\ejcv j`bca\^j[ d zx\ b�m]a[r^[r ka\a ����� _b[_jc ka\a
[bbk [j\ z b w nbmj[k d [jkb_ ^[ a [b\ejcv gx_\ gj[^\jc a[k
aka`\ \j m]a[rb_ ^[ \]b^c je[ b[bcri cb_jxcmb_ \j b�\b[k
\]b j`bca\^[r h^fb\^g b jf \]b _i_\bg w

�xc kb_^r[ jf \]b noZp `cj\jmjh_ ^_ g j\^la\bk ^[ `ac\ zi
\]b `c^[m^` hb jf �``h^ma\^j[ �blbh �cag ^[r q���t �� w | ^\]
��� d [b\ejcv `cj\jmjh_ gx_\ m]jj_b \ca[_g ^__^j[ x[^\_ \]a\
acb g ba[^[rfx h \j a``h^ma\^j[_ d ^ wb wd `amvb\^}a\^j[ ^_ z b_\
kj[b ^[ \bcg _ jf �``h^ma\^j[ � a\a �[^\_ q��� _t w �[b jf \]b
^g`jc\a[\ mjg`j[b[\_ jf ���sza_bk `cj\jmjh_ ^_ \]b mjg s
gj[ ka\a [ag ^[r zb\ebb[ \]b \ca[_g ^__^j[ `cj\jmjh a[k
a``h^ma\^j[ qb wr wd ��� �t d e]^m] eb fjhhje ^[ \]b kb_^r[ jf jxc
g b\aska\a w |b \avb ���sh^vb ^kba_ j[b _\b` fxc\]bc zi acrxs
^[r \]a\ ������	 kbm^_^j[_ acb ah_j z b_\ g akb ^[ a``h^ma\^j[s
mj[\cjhhbk a[k a``h^ma\^j[s_` bm^{m eai_ d x_^[r v[je hbkrb jf
[j\ �x_\ [b\ejcv \j`jhjri zx\ a``h^ma\^j[ ka\a haijx\ a[k
\]b _\a\b jf cb_jxcmb_ a\ bam] [jkb w |b zbh^blb \]a\ _xm]
^[\brca\bk a``cjam]b_ \j [ag ^[r a[k cjx\^[r acb a\\cam\^lb
\j a hacrb ca[rb jf [b\ejcv _^\xa\^j[_ d b_` bm^ahhi ^[ gjz^hb
a[k e ^cbhb__ [b\ejcv_ jf kbl^mb_ a[k _b[_jc_ w

y]^_ _bm\^j[ `cb_b[\_ \]b ^[k^l ^kxah bhbg b[\_ \]a\ g avb
x` \]b noZp fag ^hi jf `cj\jmjh_ a[k `cb_b[\_ \ej noZp `cjs
\jmjh_ \]a\ eb ]alb kb_^r[bk d noZp s� a[k noZps� w
� �� ��VX� �XVX
nb[_jc_ x_b g b\aska\a \j _xmm^[m\hi a[k mjg`hb\bhi kb_mc^z b
\]b ka\a \]a\ \]bi mjhhbm\ w Zf � ^_ \]b g b\aska\a kb_mc^`\jc
fjc _b[_jc ka\a � d \]b[ \]b _^}b jf � ^[ zi\b_ gx_\ z b _]jc\bc
\]a[ \]b _^}b jf � d fjc noZp \j zb zb[b{m^ah w Zf \ej `^bmb_
jf am\xah ka\a acb k^_\^[rx^_]azhb d \]b[ \]b^c mjccb_`j[k^[r
g b\aska\a _]jxhk zb k^_\^[rx^_]azhb w � ^vbe ^_b d \ej `^bmb_
jf ^[k^_\^[rx^_]azhb ka\a _]jxhk _]acb \]b _ag b gb\aska\a
cb`cb_b[\a\^j[ w

noZp kjb_ [j\ _` bm^fi a fjcg a\ fjc g b\aska\a � \] ^_ fjcs
g a\ ^_ a``h^ma\^j[s_` bm^{m w nb[_jc_ \]a\ mjlbc k^_� j^[\ rbs
jrca`]^m cbr^j[_ g ai _^g`hi x_b \]b^c je[ x[^�xb Z� _ a_
g b\aska\a w y]b g b\aska\a � ejxhk \]b[ _\a[k fjc �ahh \]b
ka\a ra\]bcbk zi _b[_jc �� w � mag bca _b[_jc d ^[ mj[\ca_\ d
g ^r]\ x_b q� � � � � t a_ g b\aska\a d e]bcb q� � � t ^_ a rbjrca`]^m
mjjck^[a\b a[k � ^_ a[ jc^b[\a\^j[ w �bmax_b bam] a``h^mas
\^j[ �_ g b\aska\a fjcg a\ g ai zb k^�bcb[\ d noZp cbh^b_ j[
bam] a``h^ma\^j[ \j ^[\bc`cb\ a[k _i[\]b_^}b ^\_ je[ gb\as
ka\a w y]bcb acb mj_\_ a__jm^a\bk e ^\] \]b _\jcarb d cb\c^blah d
a[k rb[bcah g a[arbg b[\ jf g b\aska\a d zx\ \]b zb[b{\ jf
]al^[r a _xmm^[m\ cb`cb_b[\a\^j[ fjc hacrb ka\a g b__arb_ ^[
noZp fac jx\eb^r]_ \]b_b mj_\_ w
� �� �� �� ��UUX
�U
noZp [jkb_ x_b \]cbb \i`b_ jf g b__arb_ \j mjggx[^ma\b �

� ��� � [be ka\a aklbc\^_bg b[\ w | ]b[ a noZp [jkb
]a_ ka\a \j _]acb d ^\ ma[ aklbc\^_b \] ^_ fam\ zi \ca[_s
g ^\\^[r a[ ��� gb__arb mj[\a^[^[r g b\aska\a w

� ��� � cb�xb_\ fjc ka\a w � noZp [jkb _b[k_ a[ ���
gb__arb e]b[ ^\ e ^_]b_ \j cbmb^lb _jg b am\xah ka\a w

� ��y� � ka\a g b__arb w ��y� gb__arb_ mj[\a^[ am\xah
_b[_jc ka\a e ^\] a g b\aska\a ]bakbc w

�bmax_b ��� a[k ��� gb__arb_ mj[\a^[ j[hi g b\as
ka\a d \]bi acb _g ahhbc d a[k m]ba`bc \j _b[k a[k cbmb^lb d
\]a[ \]b^c mjccb_`j[k^[r ��y� gb__arb_ w
� �� �� �� ��U��WY� �X�X
����V
noZp a``h^ma\^j[_ acb cb_jxcmbsaeacb a[k cb_jxcmbsaka`\^lb w
y]bi ma[ `jhh \]b^c _i_\bg cb_jxcmb_ \j {[k jx\ ]je gxm]
b[bcri ^_ ala^haz hb \j \]bg w y]bi ma[ ah_j mahmx ha\b \]b mj_\ d
^[ \bcg _ jf b[bcrid jf ` bcfjcg ^[r mjg`x\a\^j[_ a[k _b[k^[r
a[k cbmb^l ^[r ka\a jlbc \]b [b\ejcv w | ^\] \] ^_ ^[fjcg as
\^j[ d noZp [jkb_ ma[ g avb ^[fjcg bk kbm^_^j[_ azjx\ x_^[r
\]b^c cb_jxcmb_ b�bm\^lbhiw noZp kjb_ [j\ _` bm^fi a `ac\^ms
x hac b[bcri g a[arbg b[\ `jh^mi fjc ^\_ `cj\jmjh_ w � a\]bc d
^\ _` bm^{b_ a[ ^[\bcfamb \]a\ a``h^ma\^j[_ ma[ x_b \j `cjzb
\]b^c ala^haz hb cb_jxcmb_ w
� � �� �� ��!�����VXV ���
noZp ^_ a[ a``h^ma\^j[shblbh a``cjam] \j [b\ejcv mjggxs
[^ma\^j[ w |b \]bcbfjcb ^[\b[k \j ^g`hbg b[\ noZp a_ g ^ks
khbeacb a``h^ma\^j[ h^zcac^b_ e ^\] a ebhh kb{[bk �oZ w y]b_b
h^zcac^b_ e ^hh ^g`hbg b[\ \]b za_^m noZp gb__arb \i`b_ d g b_s
_arb ]a[kh^[r cjx\^[b_ d a[k cb_jxcmbsg a[arbg b[\ fx[m\^j[_ w
nb[_jc a``h^ma\^j[_ ma[ \]b[ x_b \]b_b h^zcac^b_ \j mj[_\cxm\
\]b^c je[ noZp `cj\jmjh_ w
� �" �� ���� � S ���VX
� #X��U$X%� �W�V� Y� �
y]b noZps� `cj\jmjh ^_ a _^g`hb ]a[k_]avb `cj\jmjh fjc
k^__bg ^[a\^[r ka\a \]cjxr] a hj__hb__ [b\ejcv w Z\ ejcv_
^[ \]cbb _\arb_ q��� s��� s��y� t d e ^\] bam] _\arb mjccbs
_`j[k^[r \j j[b jf \]b g b__arb_ kb_mc^z bk azjlb w y]b `cjs
\jmjh _\ac\_ e]b[ a [jkb jz\a^[_ [be ka\a \]a\ ^\ ^_ e ^hh^[r
\j k^__bg ^[a\b w Z\ kjb_ \]^_ zi _b[k^[r a[ ��� gb__arb \j
^\_ [b^r]zjc_ d [ag ^[r \]b [be ka\a q��� _\arbt w �`j[ cbs
mb^l^[r a[ ��� d \]b [b^r]zjc^[r [jkb m]bmv_ \j _bb e]b\]bc
^\ ]a_ ahcbaki cbmb^lbk jc cb�xb_\bk \]b aklbc\^_bk ka\a w Zf
[j\ d ^\ cb_`j[k_ zi _b[k^[r a[ ��� gb__arb fjc \]b g ^__^[r
ka\a zamv \j \]b _b[kbc q��� _\arbt w y]b `cj\jmjh mjg s
`hb\b_ e]b[ \]b ^[ ^\^a\jc jf \]b `cj\jmjh cb_`j[k_ \j \]b
��� e ^\] a ��y� gb__arb d mj[\a^[^[r \]b g ^__^[r ka\a
q��y� _\arbt w

� ^rxcb ! _]je _ a[ b�ag`hb jf \]b `cj\jmjh w �`j[ cbs
mb^l^[r a[ ��� `amvb\ fcjg [jkb � d [jkb � m]bmv_ \j _bb
e]b\]bc ^\ `j__b__b_ ahh jf \]b aklbc\^_bk ka\a qat w Zf [j\ d
[jkb � _b[k_ a[ ��� gb__arb zamv \j � d h^_\^[r ahh jf \]b
ka\a \]a\ ^\ ejxhk h^vb \j am�x^cb qzt w | ]b[ [jkb � cbmb^lb_
\]b ��� `amvb\ d ^\ cb\c^blb_ \]b cb�xb_\bk ka\a a[k _b[k_
^\ zamv \j [jkb � a_ a ��y� gb__arb qmt w pjkb � d ^[ \xc[ d
_b[k_ ��� gb__arb_ aklbc\^_^[r \]b [be ka\a ^\ cbmb^lbk
fcjg [jkb � \j ahh jf ^\_ [b^r]zjc_ qkt w Z\ kjb_ [j\ _b[k a[
aklbc\^_bg b[\ zamv \j [jkb � d z bmax_b ^\ v[je _ \]a\ [jkb �
ahcbaki ]a_ \]b ka\a w y]b_b [jkb_ \]b[ _b[k aklbc\^_bg b[\_
jf \]b [be ka\a \j ahh jf \]b^c [b^r]zjc_ d a[k \]b `cj\jmjh
mj[\^[xb_ w

y]bcb acb _blbcah ^g`jc\a[\ \] ^[r_ \j [j\b azjx\ \]^_
b�ag`hb w � ^c_\ d ^f [jkb � ]ak ^\_ je[ ka\a d ^\ mjxhk arrcbs
ra\b \]^_ e ^\] \]b ka\a jf [jkb � a[k _b[k aklbc\^_bg b[\_
jf \]b arrcbra\bk ka\a \j ahh jf ^\_ [b^r]zjc_ qkt w nbmj[k d
[jkb_ acb [j\ cb�x^cbk \j cb_`j[k \j blbci g b__arb ^[ \]b



B

A
ADV

REQB

A

DATA

B

A

A
D

VADV

ADV
A

D
V ADV

B

A

R
E

Q

REQ R
E

Q

REQ
B

A

D
A

T
A

DATA

D
A

T
A DATA

B

A
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(c) (d)

(e) (f)�^rxcb ! � y]b noZps� ocj\jmjh w pjkb � _\ac\_ zi aklbc\^_s
^[r ^\_ ka\a \j [jkb � qat w pjkb � cb_`j[k_ zi _b[k^[r a
cb�xb_\ \j [jkb � qz t w � f\bc cbmb^l^[r \]b cb�xb_\bk ka\a
qmt d [jkb � \]b[ _b[k_ jx\ aklbc\^_bg b[\_ \j ^\_ [b^r]zjc_
qkt d e]j ^[ \xc[ _b[k cb�xb_\_ zamv \j � qb df t w

`cj\jmjh w Z[ \] ^_ b�ag`hb d j[b [b^r]zjc kjb_ [j\ _b[k a[
��� `amvb\ zamv \j [jkb � qbt w y]^_ ejxhk jmmxc ^f \]a\
[jkb ahcbaki `j__b__bk \]b ka\a zb^[r aklbc\^_bk w

y]jxr] \]^_ `cj\jmjh ]a_ z bb[ kb_^r[bk fjc hj__hb__ [b\s
ejcv_ d ^\ ma[ ba_^hi z b aka`\bk \j ejcv ^[ hj__i jc gjz^hb
[b\ejcv_ w � bcb d [jkb_ mjxhk mjg`b[_a\b fjc hj_\ ��� gb_s
_arb_ zi cbsaklbc\^_^[r \]b_b g b__arb_ ` bc^jk^mahhiw pjkb_
ma[ mjg`b[_a\b fjc hj_\ ��� a[k ��y� gb__arb_ zi cbs
cb�xb_\^[r ka\a ^\bg _ \]a\ kj [j\ acc^lb e ^\] ^[ a {�bk \^g b
`bc^jk w �jc gjz^hb [b\ejcv_ d m]a[rb_ ^[ \]b hjmah \j`jhjri
ma[ \c^rrbc x`ka\b_ \j a [jkb �_ [b^r]zjc h^_\ w Zf a [jkb [js
\^mb_ \]a\ ^\_ [b^r]zjc h^_\ ]a_ m]a[rbk d ^\ ma[ _`j[\a[bjx_hi
cbsaklbc\^_b ahh jf ^\_ ka\a w

y]^_ `cj\jmjh �_ _\cb[r\] ^_ ^\_ _^g`h^m^\iw �am] [jkb ^[
\]b [b\ejcv `bcfjcg _ h^\\hb kbm^_^j[ g av^[r e]b[ ^\ cbmb^lb_
[be ka\a d a[k \]bcbfjcb ea_\b_ h^\\hb b[bcri ^[ mjg`x\as
\^j[ w �xc\]bcgjcb d bam] [jkb j[hi [bbk_ \j v[je azjx\
^\_ _^[rhbs]j` [b\ejcv [b^r]zjc_ w y]b fam\ \]a\ [j j\]bc
\j`jhjri ^[fjcg a\^j[ ^_ cb�x^cbk \j cx[ \]b ahrjc^\]g ]a_
_jg b ^g`jc\a[\ mj[_b�xb[mb_ w � ^c_\ d noZps � ma[ zb cx[
^[ a mjg`hb\bhi x[mj[{rxcbk [b\ejcv e ^\] a _g ahh d _\ac\x`
mj_\ \j kb\bcg ^[b [bacb_\ [b^r]zjc_ w nbmj[k d ^f \]b \j`jhjri
jf \]b [b\ejcv m]a[rb_ fcb�xb[\hid \]b_b m]a[rb_ j[hi ]alb
\j \calbh j[b ]j` zbfjcb \]b [jkb_ ma[ mj[\^[xb cx[[^[r \]b
ahrjc^\]g w
� �� �� ���� � �� ���� � �V$ X ��� ���� W
� �$ W�U$� ��
y]b noZps� `cj\jmjh akk_ a _^g`hb b[bcrismj[_bcla\^j[ ]bxc^_s
\^m \j \]b noZps� `cj\jmjh w | ]b[ b[bcri ^_ `hb[\^fx h d noZps
� [jkb_ mjggx[^ma\b x_^[r \]b _ag b !s_\arb `cj\jmjh a_
noZp s� [jkb_ w | ]b[ a noZps� [jkb jz_bclb_ \]a\ ^\_ b[s
bcri ^_ a``cjam]^[r a hje sb[bcri \]cb_]jhk d ^\ aka`\_ zi cbs
kxm^[r ^\_ `ac\^m^`a\^j[ ^[ \]b `cj\jmjh w Z[ rb[bcah d a [jkb
e ^hh j[hi `ac\^m^`a\b ^[ a _\arb jf \]b `cj\jmjh ^f ^\ z bh^blb_

\]a\ ^\ ma[ mjg`hb\b ahh \]b j\]bc _\arb_ jf \]b `cj\jmjh e ^\]s
jx\ rj^[r zbhje \]b hje sb[bcri \]cb_]jhk w y]^_ mj[_bcla\^lb
a``cjam] ^g`h^b_ \]a\ ^f a [jkb cbmb^lb_ _jg b [be ka\a d ^\
j[hi ^[^\^a\b_ \]b \]cbbs_\arb `cj\jmjh ^f ^\ z bh^blb_ ^\ ]a_
b[jxr] b[bcri \j `ac\^m^`a\b ^[ \]b fx hh `cj\jmjh e ^\] ahh jf
^\_ [b^r]zjc_ w n^g ^hachid ^f a [jkb cbmb^lb_ a[ aklbc\^_bg b[\ d
^\ kjb_ [j\ _b[k jx\ a cb�xb_\ ^f ^\ kjb_ [j\ ]alb b[jxr] b[s
bcri \j \ca[_g ^\ \]b cb�xb_\ a[k cbmb^lb \]b mjccb_`j[k^[r
ka\a w y]^_ a``cjam] kjb_ [j\ `cblb[\ a [jkb fcjg cbmb^l^[r d
a[k \]bcbfjcb b�`b[k^[r b[bcri j[ d ��� jc ��� gb__arb_
z bhje ^\_ hje sb[bcri \]cb_]jhk w Z\ kjb_ d ]jeblbc d `cblb[\
\]b [jkb fcjg blbc ]a[kh^[r a ��y� gb__arb z bhje \]^_
\]cb_]jhk w

� �V$� W �XVX � �UU�� ��XV ��� S �
�W�V$� U
Z[ \] ^_ _bm\^j[ d eb kb_mc^z b \]b \]cbb k^__bg ^[a\^j[ ahrjs
c^\]g _ ara^[_\ e]^m] eb e ^hh mjg`acb \]b `bcfjcg a[mb jf
noZp w
� �� � �XUU�Y �������

Z[ mha__^m �jjk^[r d a [jkb e ^_]^[r \j k^__bg ^[a\b a `^bmb jf
ka\a amcj__ \]b [b\ejcv _\ac\_ zi _b[k^[r a mj`i jf \]^_ ka\a
\j ahh jf ^\_ [b^r]zjc_ w | ]b[blbc a [jkb cbmb^lb_ [be ka\a d
^\ g avb_ mj`^b_ jf \]b ka\a a[k _b[k_ \]b ka\a \j ahh jf ^\_
[b^r]zjc_ d b�mb`\ \]b [jkb fcjg e]^m] ^\ �x_\ cbmb^lbk \]b
ka\a w y]b agjx[\ jf \^g b ^\ \avb_ a rcjx` jf [jkb_ \j cbmb^lb
_jg b ka\a a[k \]b[ fjceack \]a\ ka\a j[ \j \]b^c [b^r]zjc_
^_ mahhbk a �����w y]b ahrjc^\]g {[^_]b_ d jc ������	 ��d e]b[
ahh \]b [jkb_ ^[ \]b [b\ejcv ]alb cbmb^lbk a mj`i jf \]b ka\a w
�hjjk^[r mj[lbcrb_ ^[ 	 q
 t cjx[k_ d e]bcb 
 ^_ \]b k^ag b\bc
jf \]b [b\ejcv d z bmax_b ^\ \avb_ a\ gj_\ 
 cjx[k_ fjc a ` ^bmb
jf ka\a \j \calbh fcjg j[b b[k jf \]b [b\ejcv \j \]b j\]bc w

� h\]jxr] �jjk^[r b�]^z^\_ \]b _ag b a``bah^[r _^g`h^ms
^\i a_ noZp s� d ^\ kjb_ [j\ _jhlb b^\]bc \]b ^g`hj_^j[ jc \]b
jlbcha` `cjzhbg w
� �� ��UU�! ��

������ ��	 � � ^_ a[ ah\bc[a\^lb \j \]b mha__^m �jjk^[r a`s
`cjam] \]a\ x_b_ ����� ������� \j mj[_bclb b[bcriw Z[_\bak
jf ^[k^_mc^g ^[a\bhi fjceack^[r ka\a \j ahh ^\_ [b^r]zjc_ d a
rj__^` ^[r [jkb j[hi fjceack_ ka\a j[ \j j[b ca[kjg hi _bs
hbm\bk [b^r]zjc w Zf a rj__^` ^[r [jkb cbmb^lb_ ka\a fcjg a
r^lb[ [b^r]zjc d ^\ ma[ fjceack ka\a zamv \j \]a\ [b^r]zjc ^f
^\ ca[kjg hi _bhbm\_ \]a\ [b^r]zjc w � ^rxcb  ^hhx_\ca\b_ \]b
cba_j[ \]a\ rj__^` ^[r [jkb_ fjceack ka\a zamv \j \]b _b[kbc w
Zf [jkb � [blbc fjceackbk \]b ka\a zamv \j [jkb � d [jkb �
ejxhk [blbc cbmb^lb \]b ka\a w

| ]b[blbc ka\a \calbh_ \j a [jkb e ^\] ]^r] kbrcbb ^[
a mha__^m �jjk^[r [b\ejcv d g jcb mj`^b_ jf \]b ka\a _\ac\
�ja\^[r acjx[k \]b [b\ejcv w �\ _jg b `j^[\ d ]jeblbc d \]b_b
mj`^b_ g ai b[k x` ^g`hjk^[r w �j__^`^[r alj^k_ _xm] ^g`hjs
_^j[ zbmax_b ^\ j[hi g avb_ j[b mj`i jf bam] g b__arb a\ a[i
[jkb w y]b fbebc mj`^b_ g akb d \]b hjebc \]b h^vbh^]jjk \]a\
a[i jf \]b_b mj`^b_ e ^hh blbc ^g`hjkb w

| ]^hb rj__^`^[r k^_\c^zx\b_ ^[fjcg a\^j[ _hje hid ^\ k^__^s
`a\b_ b[bcri a\ a _hje ca\b a_ ebhh w �j[_^kbc \]b ma_b e]bcb
a _^[rhb ka\a _jxcmb k^__bg ^[a\b_ ka\a x_^[r rj__^`^[r w n^[mb
\]b _jxcmb _b[k_ \j j[hi j[b jf ^\_ [b^r]zjc_ d a[k \]a\ [b^r]s
zjc _b[k_ \j j[hi j[b jf ^\_ [b^r]zjc_ d \]b fa_\b_\ ca\b a\
e]^m] rj__^` ^[r k^_\c^zx\b_ ka\a ^_ � [jkb�cjx[k w y]x_ d ^f
\]bcb acb � ka\a _jxcmb_ ^[ \]b [b\ejcv d rj__^`^[r �_ fa_\b_\
`j__^zhb k^_\c^zx\^j[ ca\b ^_ � [jkb_�cjx[k w
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�^rxcb  � �j__^` ^[r w �\ blbci _\b` d bam] [jkb j[hi fjceack_
ka\a j[ \j j[b [b^r]zjc d e]^m] ^\ _bhbm\_ ca[kjg hiw � f\bc
[jkb � cbmb^lb_ \]b ka\a d ^\ gx_\ fjceack \]b ka\a ���� \j
\]b _b[kbc q� t d j\]bce ^_b \]b ka\a ejxhk [blbc cbam] [jkb
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�^rxcb " � Zkbah k^__bg ^[a\^j[ jf jz_bclbk ka\a � a[k � w �am]
[jkb ^[ \]b {rxcb ^_ g acvbk e ^\] ^\_ ^[^\^ah ka\a d a[k zj�bk
[xgzbc_ cb`cb_b[\ \]b jckbc ^[ e]^m] ka\a ^_ k^__bg ^[a\bk ^[
\]b [b\ejcv w Z[ ^kbah k^__bg ^[a\^j[ d zj\] ^g`hj_^j[ d max_bk
zi � a[k � �_ mjggj[ [b^r]zjc d a[k jlbcha` d max_bk zi �
a[k � �_ jlbcha``^[r ^[^\^ah ka\a ^\bg d � d kj [j\ jmmxc w

� ^[ahhid eb [j\b \]a\ d ah\]jxr] rj__^`^[r hacrbhi alj^k_
^g`hj_^j[ d ^\ kjb_ [j\ _jhlb \]b jlbcha` `cjzhbg w
� �� ���X � � �UU�� ��XV ���
�^rxcb " kb`^m\_ a[ b�ag`hb [b\ejcv e]bcb blbci [jkb _b[k_
jz_bclbk ka\a ahj[r a _]jc\b_\s`a\] cjx\b a[k blbci [jkb
cbmb^lb_ bam] `^bmb jf k^_\^[m\ ka\a j[hi j[mb w |b mahh \] ^_
����� ���� � ������� zbmax_b jz_bclbk ka\a � a[k � acc^lb a\
bam] [jkb ^[ \]b _]jc\b_\ `j__^zhb agjx[\ jf \^g b w pj b[s
bcri ^_ blbc ea_\bk \ca[_g ^\\^[r a[k cbmb^l^[r x_bhb__ ka\a w

�xccb[\ [b\ejcv^[r _jhx\^j[_ j�bc _blbcah `j__^z hb a`s
`cjam]b_ fjc k^__bg ^[a\^j[ x_^[r _]jc\b_\s`a\]_ w �[b _xm]
a``cjam] ^_ [b\ejcvshblbh gxh\^ma_\ d _xm] a_ Zo gxh\^ma_\
�"� w Z[ \] ^_ a``cjam] d \]b [jkb_ ^[ \]b [b\ejcv zx^hk a[k
g a^[\a^[ k^_\c^zx\bk _jxcmbs_` bm^{m _]jc\b_\s`a\] \cbb_ a[k
\]bg _bhlb_ am\ a_ gxh\^ma_\ cjx\bc_ w yj k^__bg ^[a\b a [be
`^bmb jf ka\a \j ahh \]b j\]bc [jkb_ ^[ \]b [b\ejcv d a _jxcmb
ejxhk _b[k \]b ka\a \j \]b [b\ejcv gxh\^ma_\ rcjx` d \]x_ b[s

_xc^[r \]a\ \]b ka\a ejxhk cbam] ahh jf \]b `ac\^m^`a[\_ ahj[r
_]jc\b_\s`a\] cjx\b_ w Z[ jckbc \j ]a[khb hj__b_ d \]b k^__bg ^s
[a\^j[ `cj\jmjh ejxhk zb gjk^{bk \j x_b cbh^azhb gxh\^ma_\ w
�[fjc\x[a\bhid gxh\^ma_\ a[k `ac\^mxhachi cbh^azhb gxh\^ma_\
zj\] cbhi x`j[ mjg`h^ma\bk `cj\jmjh g am]^[bcid gxm] jf
e]^m] g ai zb x[[bmb__aci fjc _jhl^[r \]b _` bm^{m `cjzhbg
jf ka\a k^__bg ^[a\^j[ ^[ a _b[_jc [b\ejcv w Z[ g a[i cb_` bm\_ d
noZp gai ^[ fam\ z b l^bebk a_ a fjcg jf ��� �������� ������
 ����������	 d e]bcb ^[fjcg a\^j[ azjx\ zj\] \]b \j`jhjri
a[k ka\a haijx\ acb ^[mjc`jca\bk ^[\j \]b k^_\c^zx\bk gxhs
\^ma_\ \cbb_ w

n^[mb gj_\ b� ^_\^[r a``cjam]b_ \j _]jc\b_\s`a\] k^_\c^s
zx\^j[ \cbb_ ejxhk ]alb \j zb gjk^{bk \j am]^blb ^kbah k^_s
_bg ^[a\^j[ d eb e ^hh mj[mb[\ca\b j[ mjg`ac^[r noZp \j \]b
cb_xh\_ jf a[ ^kbah k^__bg ^[a\^j[ `cj\jmjh d ca\]bc \]a[ ^\_
^g`hbg b[\a\^j[ w Z\ \xc[_ jx\ \]a\ eb ma[ _^gxha\b \]b cbs
_x h\_ jf a[ ^kbah k^__bg ^[a\^j[ `cj\jmjh x_^[r a gjk^{bk
lbc_^j[ jf noZps� w |b acc^lb a\ \] ^_ _^gxha\^j[ a``cjam] zi
[j\^m^[r \]a\ ^f eb \camb \]b g b__arb ]^_\jci jf \]b noZps�
`cj\jmjh ^[ a [b\ejcv d \]b ��y� gb__arb_ ^[ \]b [b\ejcv
ejxhk g a\m] \]b ]^_\jci jf a[ ^kbah k^__bg ^[a\^j[ `cj\jmjh w
y]bcbfjcb d \j _^gxha\b a[ ^kbah k^__bg ^[a\^j[ `cj\jmjh d eb
cx[ \]b noZps� `cj\jmjh a[k bh^g ^[a\b a[i \^g b a[k b[bcri
mj_\_ \]a\ ��� a[k ��� gb__arb_ ^[mxc w

 ���U�W ��V��W% � �� � �XV���U
Z[ jckbc \j mjg`acb \]b k^�bcb[\ mjggx[^ma\^j[ a``cjam]b_
k^_mx__bk ^[ \]b `cbl^jx_ _bm\^j[_ d eb kblbhj` bk a _b[_jc
[b\ejcv _^gxha\jc zi b�\b[k^[r \]b fx[m\^j[ah^\i jf \]b � �
_jf\eacb `amvarb w � _^[r \]^_ _^gxha\^j[ fcag bejcv d eb mjg s
`acbk noZps� a[k noZps� e ^\] mha__^m �jjk^[r a[k rj__^`s
^[r a[k \]b ^kbah ka\a k^_\c^zx\^j[ `cj\jmjh w |b fjx[k \]a\
noZps� `cjl^kb_ ]^r]bc \]cjxr]`x\ \]a[ rj__^` ^[r a[k \]b
_ag b jckbc jf \]cjxr]`x\ a_ �jjk^[r d e]^hb a\ \]b _ag b
\^g b x_b_ _xz_\a[\^ahhi hb__ b[bcri \]a[ zj\] \]b_b `cj\js
mjh_ w noZp s� ^_ az hb \j kbh^lbc blb[ gjcb ka\a `bc x[^\
b[bcri \]a[ noZps� a[k mhj_b \j \]b ^kbah agjx[\ jf ka\a
`bc x[^\ b[bcri zi aka`\^[r \j \]b h^g ^\bk b[bcri jf \]b
[b\ejcv w |b fjx[k \]a\ ^[ ahh jf jxc _^gxha\^j[_ d [jkb_
e ^\] a ]^r]bc kbrcbb \b[kbk \j k^__^`a\b gjcb b[bcri \]a[
[jkb_ e ^\] a hjebc kbrcbb d mcba\^[r `j\b[\^ah ebav `j^[\_ ^[
a za\\bcisj` bca\bk [b\ejcv w
 �� � � ��!�����VXV ���
� � ��"� ^_ a[ blb[\skc^lb[ [b\ejcv _^gxha\jc e ^\] b�\b[s
_^lb _x``jc\ fjc _^gxha\^j[ jf y�od cjx\^[r d a[k gxh\^ma_\
`cj\jmjh_ w yj ^g`hbg b[\ \]b noZp fag ^hi jf ka\a k^_\c^zxs
\^j[ `cj\jmjh_ d eb akkbk _blbcah fba\xcb_ \j \]b � � _^gxhas
\jc w y]b � � pjkb mha__ ea_ b�\b[kbk \j mcba\b a � b_jxcmbs
�ka`\^lb pjkb d a_ _]je[ ^[ �^rxcb ~ w y]b g a� jc mjg`js
[b[\_ jf a � b_jxcmbs�ka`\^lb pjkb acb \]b � b_jxcmb_ d \]b
� b_jxcmb � a[arbc d \]b � b_jxcmbs�j[_\ca^[bk �``h^ma\^j[
q���``h^ma\^j[ t d \]b � b_jxcmbs�j[_\ca^[bk �rb[\ q��� s
rb[\t a[k \]b pb\ejcv Z[\bcfamb w y]b � b_jxcmb � a[arbc
`cjl^kb_ a mjggj[ ^[\bcfamb z b\ebb[ \]b a``h^ma\^j[ a[k
\]b ^[k^l ^kxah cb_jxcmb_ w y]b ���``h^ma\^j[ d a _xzmha__ jf
� � �_ �``h^ma\^j[ mha__ d ^_ cb_`j[_^z hb fjc x`ka\^[r \]b _\a\x_
jf \]b [jkb �_ cb_jxcmb_ \]cjxr] \]b � b_jxcmb � a[arbc w Z[
akk^\^j[ d \]b ���``h^ma\^j[ ^g`hbg b[\_ \]b noZp mjggxs
[^ma\^j[ `cj\jmjh a[k \]b cb_jxcmbsaka`\^lb kbm^_^j[sg av^[r
ahrjc^\]g _ w y]b ���rb[\ `amvb\^}b_ \]b ka\a rb[bca\bk zi
\]b ���``h^ma\^j[ a[k _b[k_ \]b `amvb\_ \j \]b pjkb �_ p b\s
ejcv Z[\bcfamb fjc \ca[_g ^__^j[ \j j[b jf \]b [jkb �_ [b^r]s
zjc_ w
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�^rxcb � � yj`jhjri jf \]b �"s[jkb d e ^cbhb__ \b_\ [b\ejcv w
y]b bkrb_ _]je[ ]bcb _^r[ ^fi mjggx[^ma\^[r [b^r]zjc_ w

 �� � �� � �XV��� ��UVT��
�jc jxc b�`bc^g b[\_ d eb mcba\bk \]b �"s[jkb [b\ejcv _]je[
^[ �^rxcb � w y]^_ [b\ejcv d e]^m] ea_ ca[kjg hi rb[bca\bk
e ^\] \]b mj[_\ca^[\ \]a\ \]b rca`] zb fxhhi mj[[bm\bk d ]a_
" bkrb_ d a kbrcbb jf  w� d a ]j` k^ag b\bc jf � d a[k a[ als
bcarb _]jc\b_\ `a\] jf ! w� ]j`_ w y]b `jebc jf \]b _b[_jc
cak^j \ca[_g ^\\bc ^_ _b\ _j \]a\ a[i [jkb e ^\]^[ a �� g b\bc
cak^x_ ^_ e ^\] ^[ mjggx[^ma\^j[ ca[rb a[k ^_ mahhbk a [b^r]s
zjc jf \]b _b[_jc w y]b cak^j _` bbk q� �z`_t a[k \]b `jebc
k^__^`a\^j[ q~�� g| ^[ \ca[_g ^\ gjkb d ��� g| ^[ cbmb^lb
gjkbt ebcb m]j_b[ za_bk j[ ka\a fcjg mxccb[\hi ala^haz hb
cak^j_ w y]b `cjmb__^[r kbhai fjc \ca[_g ^\\^[r a g b__arb ^_
ca[kjg hi m]j_b[ zb\ebb[ " g_ a[k �� g _ � w |b ^[^\^ah^}bk
bam] [jkb e ^\] ! ka\a ^\bg _ d m]j_b[ ca[kjg hi fcjg a _b\
jf �" `j__^z hb ka\a ^\bg _ w y]^_ g ba[_ \]bcb ^_ jlbcha` ^[
\]b ^[^\^ah ka\a jf k^�bcb[\ _b[_jc_ d a_ jf\b[ jmmxc_ ^[ _b[_jc
[b\ejcv_ w y]b _^}b jf bam] ka\a ^\bg ea_ _b\ \j "�� zi\b_ d
a[k eb ralb bam] ^\bg a k^_\^[m\ d �~ zi\b d g b\aska\a [ag b w
�xc \b_\ [b\ejcv a__xg b_ [j [b\ejcv hj__b_ a[k [j �xbx^[r
kbhai_ w yazhb � _xggac^}b_ \]b_b [b\ejcv m]acam\bc^_\^m_ w

� _^[r \] ^_ [b\ejcv mj[{rxca\^j[ d eb ca[ bam] `cj\jmjh
a[k \camvbk ^\_ `cjrcb__ ^[ \bcg _ jf \]b ca\b jf ka\a k^_\c^s
zx\^j[ a[k b[bcri x_arb w �jc bam] b�`bc^g b[\ d eb ca[ \]b
`cj\jmjh_ �� \^g b_ a[k albcarbk \]b ka\a k^_\c^zx\^j[ \^g b_
a[k b[bcri x_arb \j ammjx[\ fjc \]b ca[kjg `cjmb__^[r kbs
haiw y]b cb_x h\_ jf \]b_b b�`bc^g b[\_ acb `cb_b[\bk ^[ \]b
fjhhje ^[r _bm\^j[_ w
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� 
���	����
 �� ��� 	����� ��� 	�� ���	� �	
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pjkb_ �"
�krb_ "
�lbcarb kbrcbb  w� [b^r]zjc_
� ^ag b\bc � ]j`_
�lbcarb _]jc\b_\ `a\] ! w� ]j`_
�[\b[[a cbam] �� g
� ak^j `cj`ara\^j[ kbhai !� ��� g �_
ocjmb__^[r kbhai "s�� g _
� ak^j _` bbk � �z`_
yca[_g ^\ mj_\ ~�� g|
� bmb^lb mj_\ ��� g|
� a\a _^}b "�� zi\b_
� b\aska\a _^}b �~ zi\b_
p b\ejcv hj__b_ pj[b
�xbx^[r kbhai_ pj[b

yazhb �� �]acam\bc^_\^m_ jf \]b �"s[jkb e ^cbhb__ \b_\ [b\s
ejcv w

 �� �� ��� �V�� ��� W
� � �� � �XV���U
�jc \]b {c_\ b�`bc^g b[\ d eb ralb ahh \]b [jkb_ a l ^c\xahhi
^[{[^\b _x``hi jf b[bcri a[k ca[ bam] ka\a k^_\c^zx\^j[ `cjs
\jmjh x[\^h ^\ mj[lbcrbk w n^[mb b[bcri ^_ [j\ h^g ^\bk d noZp s�
a[k noZps� acb ^kb[\^mah `cj\jmjh_ w y]bcbfjcb d \]b cb_xh\_ ^[
\] ^_ _bm\^j[ j[hi mjg`acb noZps � e ^\] �jjk^[r d rj__^` ^[r d
a[k \]b ^kbah ka\a k^_\c^zx\^j[ `cj\jmjh w
 �� �� �XVX SY���W�� �	� W � ���
�^rxcb � _]je _ \]b agjx[\ jf ka\a am�x^cbk zi \]b [b\ejcv
jlbc \^g b fjc bam] jf \]b `cj\jmjh_ w y]b_b rca`]_ mhbachi
_]je \]a\ rj__^` ^[r ]a_ \]b _hjeb_\ ca\b jf mj[lbcrb[mb w
� jeblbc d ^\ ^_ ^[\bcb_\^[r \j [j\b \]a\ x_^[r rj__^` ^[r d \]b
_i_\bg ]a_ am�x^cbk jlbc �"� jf \]b \j\ah ka\a ^[ a _g ahh
ag jx[\ jf \^g b � \]b g a�jc^\i jf \]b \^g b ^_ _` b[\ k^_\c^zx\s
^[r \]b ha_\ �"� jf \]b ka\a \j \]b [jkb_ w y]^_ ^_ z bmax_b a
rj__^` ^[r [jkb _b[k_ ahh jf \]b ka\a ^\ ]a_ \j a ca[kjg hi m]js
_b[ [b^r]zjc w � _ \]b [jkb_ jz\a^[ a hacrb agjx[\ jf ka\a d
\] ^_ \ca[_g ^__^j[ e ^hh z b mj_\hid a[k d _^[mb ^\ ^_ lbci h^vbhi
\]a\ \]b [b^r]zjc ahcbaki ]a_ a hacrb `cj`jc\^j[ jf \]b ka\a
e]^m] ^_ z b^[r \ca[_g ^\\bk d ^\ e ^hh ah_j z b lbci ea_\bfx h w �
rj__^` ^[r `cj\jmjh e]^m] vb`\ _jg b `bcs[b^r]zjc _\a\b d _xm]
a_ ]al^[r bam] [jkb vbb` \camv jf \]b ka\a ^\ ]a_ ahcbaki
_b[\ \j bam] jf ^\_ [b^r]zjc_ d ejxhk `bcfjcg gxm] zb\\bc zi
cbkxm^[r \]b agjx[\ jf ea_\bfxh \ca[_g ^__^j[_ w

� ^rxcb � _]je _ \]a\ noZp s� \avb_ �� g _ hj[rbc \j mj[s
lbcrb \]a[ �jjk^[r d e]bcba_ �jjk^[r \avb_ j[hi �� g _ hj[rbc
\j mj[lbcrb \]a[ ^kbah w � h\]jxr] ^\ a``bac_ \]a\ noZp s
� `bcfjcg _ gxm] ejc_b \]a[ �jjk^[r ^[ mj[lbcrb[mb \^g b d
\] ^_ ^[mcba_b ^_ am\xahhi a mj[_\a[\ agjx[\ d cbrackhb__ jf \]b
hb[r\] jf \]b _^gxha\^j[ w y]x_ fjc hj[rbc _^gxha\^j[_ d \]b
^[mcba_b ^[ mj[lbcrb[mb \^g b fjc \]b noZps� `cj\jmjh e ^hh z b
[brh^r ^z hb w y]b cba_j[_ fjc \]^_ z b]al^jc e ^hh z b k^_mx__bk
^[ kb\a^h ^[ nbm\^j[  w" w

�xc b�`bc^g b[\ah cb_x h\_ _]jebk \]a\ \]b ka\a k^_\c^zxs
\^j[ mxclb_ ebcb mj[lb� fjc ahh fjxc `cj\jmjh_ w |b \]bcbfjcb
_` bmxha\bk \]a\ \]b_b mxclb_ g ^r]\ rb[bcahhi z b mj[lb� d cbs
rackhb__ jf \]b [b\ejcv \j`jhjriw Zf eb mjxhk `cbk^m\ \]b
_]a`b jf \]b_b mxclb_ d eb g ^r]\ z b azhb \j ra^[ _jg b ^[\xs
^\^j[ azjx\ \]b zb]al^jc jf \]b `cj\jmjh_ fjc k^�bcb[\ [b\s
ejcv \j`jhjr^b_ w yj kj \] ^_ d eb [j\bk \]a\ \]b agjx[\ jf
ka\a cbmb^lbk zi a [jkb � a\ bam] cjx[k 
 kb`b[k_ j[hi j[
\]b [xgzbc jf [b^r]zjc_ 
 ]j`_ aeai fcjg \]^_ [jkb d � q
 t w
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�^rxcb � � obcmb[\ jf \j\ah ka\a am�x^cbk ^[ \]b _i_\bg jlbc
\^g b fjc bam] `cj\jmjh w qat _]je _ \]b b[\^cb \^g b _mahb x[\^h
ahh \]b `cj\jmjh_ mj[lbcrb w qz t _]je _ a zhje sx` jf \]b {c_\
� w�� _bmj[k_ w

�jeblbc d _^[mb � q
 t ^_ k^�bcb[\ fjc bam] [jkb � a[k bam]
k^_\a[mb 
 a[k ^_ b[\^cbhi kb`b[kb[\ j[ \]b _` bm^{m \j`jhs
jrid eb fjx[k \]a\ d ^[ fam\ d [j rb[bcah mj[mhx_^j[_ ma[ zb
kcae[ azjx\ \]b _]a`b jf \]b_b mxclb_ w
 �� �� ��� W
� � �UU �!XV�� �	� W � ���
�jc \]b `cbl^jx_ b�`bc^g b[\ d eb ah_j g ba_xcbk \]b b[bcri
k^__^`a\bk zi \]b [b\ejcv jlbc \^g b d a_ _]je[ ^[ �^rxcb  w

y]b_b rca`]_ _]je \]a\ rj__^` ^[r ara^[ ^_ \]b gj_\ mj_\hi
`cj\jmjh � ^\ cb�x^cb_ gxm] gjcb b[bcri \]a[ \]b j\]bc \ej
`cj\jmjh_ \j ammjg`h^_] \]b _ag b \a_v w � _ _\a\bk zbfjcb d
akk^[r a _g ahh agjx[\ jf _\a\b \j \]b rj__^`^[r `cj\jmjh
e ^hh kcag a\^mahhi cbkxmb \]b \j\ah _i_\bg b[bcri x_arb w

�^rxcb  ah_j _]je _ \]a\ noZp s� x_b_ a``cj� ^g a\bhi a
fam\jc jf ! w" hb__ b[bcri \]a[ �jjk^[r w y]x_ d zi _amc^{ms
^[r a _g ahh d mj[_\a[\ j� _b\ ^[ mj[lbcrb[mb \^g b d noZp s�
am]^blb_ a kcag a\^m cbkxm\^j[ ^[ _i_\bg b[bcriw noZp s�
^_ az hb \j am]^blb \] ^_ hacrb cbkxm\^j[ ^[ b[bcri _^[mb \]bcb
^_ [j ea_\bk \ca[_g ^__^j[ jf \]b hacrb "��szi\b ka\a ^\bg _ w

|b ma[ _bb \] ^_ akla[\arb jf \]b noZps� `cj\jmjh zi
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�^rxcb  � yj\ah agjx[\ jf b[bcri k^__^`a\bk ^[ \]b _i_\bg
fjc bam] `cj\jmjh w qat _]je _ \]b b[\^cb \^g b _mahb x[\^h ahh
\]b `cj\jmjh_ mj[lbcrb w qz t _]je _ a zhje sx` jf \]b {c_\ � w��
_bmj[k_ w

hjjv^[r a\ \]b g b__arb `cj{ hb_ fjc \]b k^�bcb[\ `cj\jmjh_ d
_]je[ ^[ �^rxcb �� w y]b {c_\ \]cbb zac_ fjc bam] `cj\jmjh
_]je \]b [xgzbc jf ka\a ^\bg _ \ca[_g ^\\bk \]cjxr]jx\ \]b
[b\ejcv d \]b [xgzbc jf \]b_b ka\a ^\bg _ \]a\ acb cbkx[ka[\
a[k \]x_ cb`cb_b[\ ea_\bfx h \ca[_g ^__^j[ d a[k \]b [xgzbc
jf ka\a ^\bg _ \]a\ acb x_bfxh w y]b [xgzbc jf x_bfx h ka\a
\ca[_g ^__^j[_ ^_ \]b _ag b fjc bam] `cj\jmjh _^[mb \]b ka\a
k^_\c^zx\^j[ ^_ mjg`hb\b j[mb blbci [jkb ]a_ ahh \]b ka\a w
y]b ha_\ \]cbb zac_ fjc bam] `cj\jmjh _]je \]b [xgzbc jf
g b\aska\a ^\bg _ \ca[_g ^\\bk a[k \]b [xgzbc jf \]b_b ^\bg _
\]a\ acb cbkx[ka[\ a[k x_bfx h w y]b_b zac_ ]alb a ]b^r]\
}bcj fjc ^kbah d �jjk^[r d a[k rj__^`^[r d _^[mb \]b_b `cj\jmjh_
kj [j\ x_b g b\aska\a \ca[_g ^__^j[_ w pj\b \]a\ \]b [xgzbc
jf x_bfxh g b\aska\a \ca[_g ^__^j[_ fjc \]b noZps� `cj\jmjh ^_
\]cbb \^g b_ \]b [xgzbc jf x_bfxh ka\a \ca[_g ^__^j[_ d _^[mb
bam] ka\a \ca[_g ^__^j[ ^[ \]b noZps� `cj\jmjh cb�x^cb_ \]cbb
g b__arb_ e ^\] g b\aska\a w

�hjjk^[r a[k rj__^` ^[r [jkb_ _b[k jx\ g a[i gjcb ka\a
^\bg _ \]a[ noZps� [jkb_ w �xc\]bcgjcb d ��� jf \]b_b ka\a
^\bg _ acb cbkx[ka[\ fjc �jjk^[r a[k ~� jf \]b ka\a ^\bg _
acb cbkx[ka[\ fjc rj__^` ^[r d a[k \]b_b cbkx[ka[\ g b__arb_
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�^rxcb ��� �[bcri k^__^`a\^j[ lbc_x_ [jkb kbrcbb w

mjg b a\ \]b ]^r] mj_\ jf "�� zi\b_ bam] w noZp s� [jkb_
ah_j _b[k jx\ a hacrb [xgzbc jf cbkx[ka[\ g b__arb_ q"!�t�
]jeblbc d \]b_b cbkx[ka[\ g b__arb_ acb g b\aska\a g b__arb_ w
� b\aska\a g b__arb_ mjg b a\ a cbha\^lbhi hje mj_\ a[k mjg b
e ^\] a[ ^g`jc\a[\ z b[b{\ �  �������� ��	 �������� � ��� � ©ª«¬ �
� ����� � �� � �����	 ��� ���� � ���	 �� �������� � �������� w

|b `hj\\bk \]b albcarb b[bcri k^__^`a\bk fjc bam] [jkb
jf a mbc\a^[ kbrcbb d a_ _]je[ ^[ �^rxcb �� w y]^_ {rxcb _]je _
\]a\ fjc ahh \]b `cj\jmjh_ d \]b b[bcri k^__^`a\bk a\ bam] [jkb
kb`b[k_ x`j[ ^\_ kbrcbb w y]b cb` bcmx__^j[_ jf \]^_ {[k^[r
^_ \]a\ ^f a ]^r]skbrcbb [jkb ]a``b[_ \j h^b x`j[ a mc^\^s
mah `a\] ^[ \]b [b\ejcv d ^\ g ai k^b jx\ z bfjcb j\]bc [jkb_
a[k `ac\^\^j[ \]b [b\ejcv w |b zbh^blb \]a\ ]a[kh^[r _xm]
_^\xa\^j[_ ^_ a[ ^g`jc\a[\ acba fjc ^g`cjlbg b[\ ^[ ahh fjxc
`cj\jmjh_ w

y]b vbi cb_xh\_ fcjg \]b_b x[h^g ^\bk b[bcri _^gxha\^j[_
acb _xggac^}bk ^[ yazhb � w
 � ��� �V�� ��� W
� � �� � �XV���U
�jc \] ^_ b�`bc^g b[\ d eb h^g ^\bk \]b \j\ah b[bcri ^[ \]b _i_s
\bg \j � w~ �jxhb_ \j kb\bcg ^[b ]je b�bm\^lbhi bam] `cj\jmjh
x_b_ ^\_ ala^haz hb b[bcriw �^rxcb �� _]je _ \]b ka\a am�x^s

obcfjcg a[mb ocj\jmjh
�� bha\^lb \j Zkbah noZps � �hjjk^[r �j__^` ^[r
Z[mcba_b ^[ �[bcri � w" � ~ w! �  w� �
� ^__^`a\^j[ �
Z[mcba_b ^[ � g _ �� g _ !��" g_
�j[lbcrb[mb y ^g b �
nhj` b jf �[bcri � w�"� "� �"�
� ^__^`a\^j[ l_ w
pjkb � brcbb
�jccbha\^j[ � ^[b �
� jf yj\ah � a\a � ��� ~�
� b__arb_ \]a\ acb
� bkx[ka[\

yazhb � � ¨bi cb_x h\_ jf \]b x[h^g ^\bk b[bcri _^gxha\^j[_
fjc \]b noZps� d �jjk^[r d a[k rj__^`^[r `cj\jmjh_ mjg`acbk
e ^\] \]b ^kbah ka\a k^_\c^zx\^j[ `cj\jmjh w

_^\^j[ ca\b fjc \]b noZps� d noZps� d �jjk^[r d rj__^` ^[r d a[k
^kbah `cj\jmjh_ w y]^_ {rxcb _]je _ \]a\ noZps� `x\_ ^\_ ala^hs
azhb b[bcri \j zb_\ x_b a[k mjg b_ mhj_b \j k^_\c^zx\^[r \]b
_ag b agjx[\ jf ka\a a_ \]b ^kbah `cj\jmjh w noZp s� ^_ azhb
\j k^_\c^zx\b �!� jf \]b \j\ah ka\a a_ mjg`acbk e ^\] \]b
^kbah `cj\jmjh e]^m] k^_\c^zx\b_ �"� w |b [j\b \]a\ noZp s
� k^_\c^zx\b_ ~�� d �jjk^[r k^_\c^zx\b_ "!� d a[k rj__^` ^[r
k^_\c^zx\b_ j[hi !�� w

�^rxcb �! _]je _ \]b ca\b jf b[bcri k^__^`a\^j[ fjc \]^_
b�`bc^g b[\ w y]^_ ` hj\ _]je _ \]a\ �jjk^[r x_b_ ahh ^\_ b[bcri
lbci �x^mv hid e]bcba_ rj__^` ^[r d noZp s� d a[k noZps� x_b
\]b b[bcri a\ a _hjebc ca\b a[k \]x_ acb azhb \j cbg a^[
j`bca\^j[ah fjc a hj[rbc ` bc^jk jf \^g b w

�^rxcb � _]je _ \]b [xgzbc jf ka\a ^\bg _ am�x^cbk `bc
x[^\ b[bcri fjc bam] jf \]b `cj\jmjh_ w Zf \]b _i_\bg b[s
bcri ^_ h^g ^\bk \j zbhje � w� �jxhb_ d [j[b jf \]b `cj\jmjh_
]a_ b[jxr] b[bcri \j k^_\c^zx\b a[i ka\a w | ^\] � w� �jxhb_ d
\]b rj__^` ^[r `cj\jmjh ^_ az hb \j k^_\c^zx\b a _g ahh ag jx[\
jf ka\a � e ^\] � w" �jxhb_ d \]b noZp `cj\jmjh_ z br^[_ \j k^_s
\c^zx\b ka\a � a[k e ^\] � w� �jxhb_ d \]b �jjk^[r `cj\jmjh z bs
r^[_ \j k^_\c^zx\b \]b ka\a w y]^_ _]je _ \]a\ ^f \]b b[bcri
^_ lbci h^g ^\bk d \]b rj__^`^[r `cj\jmjh ma[ ammjg`h^_] \]b
gj_\ ka\a k^_\c^zx\^j[ w � jeblbc d ^f \]bcb ^_ b[jxr] b[bcri
\j rb\ \]b �jjk^[r jc j[b jf \]b noZp `cj\jmjh_ _\ac\bk d
\]b_b `cj\jmjh_ kbh^lbc gxm] gjcb ka\a `bc x[^\ b[bcri \]a[
rj__^` ^[r w y]^_ rca`] ah_j _]je _ \]b akla[\arb jf noZp s�
jlbc noZp s� d e]^m] kjb_[ �\ za_b a[i kbm^_^j[_ j[ \]b mxcs
cb[\ hblbh jf ^\_ cb_jxcmb_ w �i g av^[r \]b mjggx[^ma\^j[
kbm^_^j[_ za_bk j[ \]b mxccb[\ hblbh jf \]b b[bcri ala^hazhb
\j bam] [jkb d noZp s� ^_ azhb \j k^_\c^zx\b ��� gjcb ka\a
`bc x[^\ b[bcri \]a[ noZps� a[k ~�� gjcb ka\a `bc x[^\
b[bcri \]a[ �jjk^[r w
 �" ��UV��XU� ���	� W
��Y� � ���U
Z[ g a[i ma_b_ d eb acb hb__ mj[mbc[bk e ^\] \]b zb]al^jc jf
\]b `cj\jmjh_ jlbc \^g b \]a[ \]b jlbcahh \^g b a\ e]^m] \]b
`cj\jmjh_ mj[lbcrb w yj _\xki \]^_ z b]al^jc d eb _b\ x` a _bs
c^b_ jf b�`bc^g b[\_ e]bcb eb g ba_xcbk \]b b�bm\_ jf lac^jx_
[b\ejcv `acag b\bc_ j[ \]b mj[lbcrb[mb \^g b_ jf \]b `cj\js
mjh_ w � _ e ^\] \]b `cbl^jx_ b�`bc^g b[\_ d \]b_b b�`bc^g b[\_
a[k \]b b[_x ^[r a[ahi _^_ kj [j\ ammjx[\ fjc �xbx^[r kbhai_
jc [b\ejcv hj__b_ a[k acb \]x_ \]b zb_\sma_b _mb[ac^j_ fjc
cbah [b\ejcv_ w

� ^rxcb_ �" s �� _]je \]b m]a[rb ^[ mj[lbcrb[mb \^g b
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�^rxcb �� � obcmb[\ jf \j\ah ka\a am�x^cbk ^[ \]b _i_\bg fjc
bam] `cj\jmjh e]b[ \]b \j\ah _i_\bg b[bcri ^_ h^g ^\bk \j � w~
�jxhb_ w
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�^rxcb �! � �[bcri k^__^`a\bk ^[ \]b _i_\bg fjc bam] `cj\jmjh
e]b[ \]b \j\ah _i_\bg b[bcri ^_ h^g ^\bk \j � w~ �jxhb_ w

fjc �jjk^[r d noZp s� d a[k ^kbah a_ \]b `acag b\bc_ � qh^[v
za[ke ^k\]t d 
 q{�bk `cjmb__^[r kbhai t d a[k � qka\a _^}bt
acb lac^bk fjc \]b _mb[ac^j_ � q�t bam] _b[_jc z br^[_ e ^\] a
_^[rhb x[^�xb ka\a ^\bg a[k q�t bam] _b[_jc z br^[_ e ^\] \]cbb
`^bmb_ jf jlbcha``^[r ka\a w y]b m^cmhb_ j[ \]b \j` rca`]_ a[k
\]b _\ac_ j[ \]b zj\\jg rca`]_ kb[j\b \]b mj[k^\^j[_ x_bk
^[ ahh jxc `cbl^jx_ b�`bc^g b[\_ q� � � �z`_ d 
 � " g_ d � �
"�� zi\b_t w

y]b mj[lbcrb[mb \^g b fjc ^kbah a[k �jjk^[r acb \]b _ag b
e]b[ \]bcb ^_ [j jlbcha` ^[ \]b ^[ ^\^ah ka\a w pj\b \]a\ ^[ \]b
[j[sjlbcha``^[r ma_b d \]bcb ^_ [j _b\ jf `acag b\bc_ \]a\ r^lb_
noZp s� a _g ahhbc mj[lbcrb[mb \^g b \]a[ �jjk^[r w � jeblbc d
fjc \]b jlbcha``^[r ^[ ^\^ah ka\a ma_b d \]bcb acb mcj__sjlbc_ a_
\]b za[ke ^k\] jf \]b h^[v a[k \]b _^}b jf bam] ka\a ^\bg acb
lac^bk w

yj x[kbc_\a[k \]b_b cb_xh\_ d eb kblbhj` b�xa\^j[_ \]a\
`cbk^m\ \]b mj[lbcrb[mb \^g b jf bam] jf \]b_b `cj\jmjh_ w �jc
ahh \]cbb `cj\jmjh_ d \]b hj[rb_\ `a\] a[i `^bmb jf ka\a e ^hh
[bbk \j \calbc_b ^_ \]b g a�^gxg _]jc\b_\ `a\] jf \]b [b\s
ejcv d jc \]b [b\ejcv k^ag b\bc d �� w y]b \ca[_g ^__^j[ \^g b
jlbc a _^[rhb h^[v jf za[ke ^k\] � z^\_ ` bc _bmj[k fjc a ka\a
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�^rxcb � � � a\a am�x^cbk fjc a r^lb[ agjx[\ jf b[bcriw
noZps� k^_\c^zx\b_ ��� gjcb ka\a `bc x[^\ b[bcri \]a[
noZps� a[k ~�� gjcb ka\a `bc x[^\ b[bcri \]a[ �jjk^[r w

g b__arb jf _^}b � zi\b_ ^_ ���� w y]b \ca[_g ^__^j[ \^g b fjc
��� a[k ��� gb__arb_ ^_ [brh^r^z hb mjg`acbk e ^\] \]b
\ca[_g ^__^j[ \^g b fjc \]b ��y� gb__arb_ a[k e ^hh z b ^rs
[jcbk ]bcb w Z[ akk^\^j[ d \]b [b\ejcv ^g`j_b_ a {�bk 
 g_
a[k a ca[kjg ��s� � g_ `cjmb__^[r kbhai zbfjcb a[i g b__arb
qb wr wd ��� d ��� d jc ��y� t ^_ \ca[_g ^\\bk w y]^_ g ba[_
\]a\ \]b mj[lbcrb[mb \^g b fjc \]b ^kbah a[k �jjk^[r `cj\js
mjh_ acb �

�� q
 � ��
� t � �	�
�� � � ���� � �� q
 � � � ��

� t q�t
y]b g ^[^gxg mj[lbcrb[mb \^g b ejxhk jmmxc ^f \]b ca[kjg
kbhai ea_ aheai_ }bcj a[k \]b g a�^gxg mj[lbcrb[mb \^g b
ejxhk jmmxc ^f \]b ca[kjg kbhai ea_ aheai_ \]b g a�^gxg
`j__^zhb lahxb w � \i`^mah mj[lbcrb[mb \^g b ejxhk zb ^[ \]b
g ^kkhb jf \]b_b \ej zjx[k_ w

� _^g ^hac a[ahi_^_ ma[ zb kj[b fjc \]b noZps� `cj\jmjh w
�[mb ara^[ d \]b hj[rb_\ `a\] a[i `^bmb jf ka\a e ^hh [bbk \j
\calbc_b ^_ �� w �jeblbc d \]b kbhai ^[mxccbk \j rb\ \]b ka\a
fcjg j[b [jkb \j \]b [b�\ e ^hh z b ! q
 � � t � ���� d _^[mb
bam] g b__arb q��� d ��� d a[k ��y� t ^[mxc_ a `cjmb__^[r
kbhai jf q
 � � t g _ w y]^_ g ba[_ noZps � ]a_ \]b mj[lbcrb[mb
zjx[k_ �

�� q!
 � ��
� t � ��� 	� � � � �� q! q
 � � t � ��

� t q�t
y]bcbfjcb d \]bcb e ^hh aheai_ z b a[ j� _b\ jf z b\ebb[ � �� 

a[k ��� q
 � � t z b\ebb[ \]b mj[lbcrb[mb \^g b jf noZps � a[k
�jjk^[r qjc ^kbaht fjc \]b ma_b e]b[ \]bcb ^_ [j jlbcha` ^[
\]b ^[ ^\^ah ka\a jf bam] [jkb a[k \]bcb acb [j �xbx^[r kbhai_ �
\]bcb ^_ [j m]j^mb jf [b\ejcv `acag b\bc_ fjc e]^m] noZps�
e ^hh mj[lbcrb z bfjcb �jjk^[r fjc \] ^_ _mb[ac^j w � jeblbc d \]b
k^�bcb[mb z b\ebb[ mj[lbcrb[mb \^g b_ e ^hh z b a mj[_\a[\ a[k
\]x_ z b [brh^r ^z hb fjc hj[r _^gxha\^j[_ w

y]b a[ahi_^_ m]a[rb_ _h^r]\hi fjc \]b ma_b e]bcb \]bcb ^_
jlbcha` ^[ \]b ^[ ^\^ah ka\a a[k bam] [jkb zbr^[_ e ^\] � � �
`^bmb_ jf ka\a w yj zbr^[ e ^\] d \]b hb[r\] jf \]b hj[rb_\
`a\] e]^m] a `^bmb jf ka\a gx_\ \calbc_b ^[ \]^_ _mb[ac^j ^_
[j\ [bmb__ac^hi \]b g a�^gxg _]jc\b_\ `a\] jf \]b [b\ejcv w
� a\]bc d \]^_ hb[r\] ��� e ^hh kb` b[k j[ \]b haijx\ jf \]b [b\s
ejcv a[k \]b ^[^\^ah k^_\c^zx\^j[ jf \]b ka\a w Z[ akk^\^j[ d
\]b _^}b jf bam] ka\a g b__arb z b^[r \ca[_g ^\\bk ma[ ca[rb
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�^rxcb �" � �j[lbcrb[mb \^g b a_ \]b h^[v za[ke ^k\] ^_ lac^bk
zb\ebb[ ��� ¨z`_ a[k � �z`_ w y]b {�bk `cjmb__^[r kbhai
^_ _b\ \j " g_ a[k \]b ka\a _^}b ^_ _b\ \j "�� zi\b_ w qat �am]
[jkb zbr^[_ e ^\] a _^[rhb ` ^bmb jf x[^�xb ka\a w qz t �am]
[jkb zbr^[_ e ^\] ! `^bmb_ jf [j[sx[^�xb ka\a w

fcjg � \j �� zi\b_ w �jc b�ag`hb d ^[ ^\^ahhi a [jkb � mjxhk
_b[k ahh � `^bmb_ jf ^\_ ka\a \j ^\_ [b^r]zjc � w y]b_b g b__arb_
e ^hh z b �� zi\b_ hj[r w �jeblbc d \]b � `^bmb_ jf ka\a [jkb
� cbmb^lb_ fcjg � g ^r]\ [j\ ahh z b [be � \]bcbfjcb [jkb �e ^hh j[ hi \ca[_g ^\ � � � jf \]b_b ka\a `^bmb_ \j ^\_ [b^r]zjc_ d
e]bcb � � � � � ^_ \]b [xgzbc jf ka\a ^\bg _ \]a\ � _b[\ \j
� e]^m] � ahcbaki ]ak a[k \]x_ ]a_ ahcbaki \ca[_g ^\\bk \j
^\_ [b^r]zjc_ w y]bcbfjcb d \]b \^g b \j \ca[_g ^\ a ka\a g b_s
_arb ^_ z b\ebb[ ���� a[k ����� d kb` b[k^[r j[ \]b [xgzbc
jf ka\a ^\bg _ ^[ \]b g b__arb d _j \]b mj[lbcrb[mb zjx[k_ fjc
�jjk^[r a[k ^kbah z bmjg b �

��� q
 � ��
� t � � �	 �
� � � � � ���� � ��� q
 � � � � ��

� t q!t
n^g ^hachid \]b mj[lbcrb[mb zjx[k_ fjc noZps � zbmjg b �

��� q!
 � ��
� t � � ��� 	� � � � ��� q! q
 � � t � � ��

� t q t
�jeblbc d noZp s� a[k ^kbah [jkb_ e ^hh z b gxm] gjcb h^vbhi
\j j[hi _b[k a _g ahh [xgzbc jf ka\a ^\bg _ d _^[mb \]b_b [jkb_
[blbc _b[k ea_\bfxh ka\a w y]bcbfjcb d \]b mj[lbcrb[mb \^g b
fjc \]b noZps� a[k ^kbah `cj\jmjh_ e ^hh g j_\ jf\b[ zb zbs
\ebb[ \]b x``bc a[k hjebc zjx[k_ d e]bcba_ \]b mj[lbcrb[mb
\^g b fjc �jjk^[r e ^hh g j_\ h^vbhi z b [bac \]b x``bc zjx[k w
Zf \]b hjebc zjx[k jf mj[lbcrb[mb fjc noZp s� ^_ gxm] hb__
\]a[ \]b x``bc zjx[k jf mj[lbcrb[mb fjc �jjk^[r d \]bcb ^_ a
[j[}bcj `cjzaz^h^\i \]a\ noZp s� e ^hh mj[lbcrb z bfjcb �jjks
^[r w y]^_ jmmxc_ e]b[ �

��� q!
 � ��
� t � ��� q
 � � � � ��

� t q"t

 � q� � �t �� � �

�
y]^_ g ba[_ \]a\ e]b[ \]bcb ^_ a hacrb agjx[\ jf ^[ ^\^ah
jlbcha``^[r ka\a d ^\ ^_ ` j__^zhb fjc noZp s� \j mj[lbcrb z bfjcb
�jjk^[r _^[mb noZps� e ^hh g jcb jf\b[ _b[k _g ahhbc qa[k hb__
mj_\hi t ka\a g b__arb_ \]a[ �jjk^[r w
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�^rxcb �~ � �j[lbcrb[mb \^g b a_ \]b {�bk `jc\^j[ jf \]b
`cjmb__^[r kbhai ^_ lac^bk zb\ebb[ � g_ a[k  g_ w y]b h^[v
za[ke ^k\] ^_ _b\ \j � �z`_ a[k \]b ka\a _^}b ^_ _b\ \j "��
zi\b_ w qat �am] [jkb zbr^[_ e ^\] a _^[rhb `^bmb jf x[^�xb
ka\a w qz t �am] [jkb zbr^[_ e ^\] ! `^bmb_ jf [j[sx[^�xb
ka\a w

p b\ejcv k^ag b\bc q]j`_t �� �
n]jc\b_\ `a\] fjc ��� �
jlbcha``^[r ^[ ^\^ah ka\a q]j`_t
�^�bk `cjmb__^[r kbhai q_t 
 "� ����
� a[kjg `cjmb__^[r kbhai q_t � "� ����
pxgzbc jf ^[ ^\^ah � !
jlbcha``^[r ka\a ^\bg _
� a\a _^}b qzi\b_t � "��
� ^[v za[ke ^k\] qz`_t � �b~

yazhb ! � pb\ejcv `acag b\bc_ x_bk \j mahmx ha\b mj[lbcrb[mb
zjx[k_ fjc �jjk^[r d noZps� d a[k ^kbah w

Z[ _xggacid ^f bam] [jkb zbr^[_ e ^\] gjcb \]a[ j[b
`^bmb jf [j[sx[^�xb ka\a d ^\ ^_ ` j__^z hb fjc noZp s� \j mj[s
lbcrb z bfjcb �jjk^[r w � jeblbc d ^f \]b ^[ ^\^ah ka\a ^_ x[^�xb d
noZps� e ^hh [blbc mj[lbcrb z bfjcb �jjk^[r � w

�xc \b_\z bk [b\ejcv ]a_ \]b `acag b\bc_ _]je[ ^[ yas
z hb ! w o hxrr^[r \]b_b `acag b\bc_ ^[\j ��[_ w ! a[k  r^lb
\]b fjhhje ^[r mj[lbcrb[mb zjx[k_ fjc jxc [b\ejcv �

� ��~! � � �	 �
� � �� � ���� � � ��" q~t

� ��!! � � �� � 	� � � � � �� q�t
y]b b�`bc^g b[\ah cb_xh\_ _]je \]a\ d j[ albcarb d �jjk^[r
mj[lbcrb_ ^[ �!" g_ d noZps� mj[lbcrb_ ^[ ��" g_ d a[k ^kbah
mj[lbcrb_ ^[ ��" g_ w pj\^mb \]a\ \]b �jjk^[r mj[lbcrb[mb
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Convergence Time versus Data Size (Non−Overlapping Initial Data)

Ideal
SPIN−1
Flooding
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Convergence Time versus Data Size (Overlapping Initial Data)
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SPIN−1
Flooding

�^rxcb �� � �j[lbcrb[mb \^g b a_ \]b _^}b jf a ` ^bmb jf ka\a
^_ lac^bk zb\ebb[ ��� zi\b_ a[k ��� zi\b_ w y]b h^[v za[ks
e ^k\] ^_ _b\ \j � �z`_ a[k \]b {�bk `cjmb__^[r kbhai ^_ _b\
\j " g_ w qat �am] [jkb zbr^[_ e ^\] a _^[rhb `^bmb jf x[^�xb
ka\a w qz t �am] [jkb zbr^[_ e ^\] ! `^bmb_ jf [j[sx[^�xb
ka\a w

\^g b ^_ mhj_b \j \]b x``bc zjx[k d e]bcba_ \]b noZps� mj[s
lbcrb[mb \^g b ^_ ^[ \]b g ^kkhb jf \]b \ej zjx[k_ d a_ arcbb_
e ^\] jxc ^[\x ^\^j[ \]a\ noZps� _b[k_ hb__ \]a[ � � ! ka\a
^\bg _ `bc g b__arb gjcb jf\b[ \]a[ �jjk^[r w � _ _\a\bk zbs
fjcb d \] ^_ ^[mcba_b ^[ mj[lbcrb[mb \^g b ^_ mj[_\a[\ fjc a r^lb[
\j`jhjri a[k e ^hh z bmjg b [brh^r ^z hb fjc hj[rbc _^gxha\^j[_ w

�[mb �xbx^[r kbhai_ acb ^[mjc`jca\bk ^[\j jxc [b\ejcv
\b_\z bk d \]b mj[lbcrb[mb \^g b fjc �jjk^[r e ^hh z b ejc_b \]a[
\]b mj[lbcrb[mb \^g b fjc ^kbah w Z[ akk^\^j[ d eb b�`bm\ \]b
mj[lbcrb[mb \^g b fjc �jjk^[r \j zb ejc_b \]a[ \]b mj[lbcs
rb[mb \^g b fjc noZp s� d blb[ ^[ \]b x[^�xb ^[ ^\^ah ka\a ma_b d
kxb \j \]b b�\ca[bjx_ \ca[_g ^__^j[_ max_^[r �xbx^[r kbhai_
^[ a �jjk^[r [jkb \]a\ acb [j\ a `cjzhbg ^[ a noZps� [jkb w

" �� �XV�� � �W%
obc]a`_ \]b gj_\ fx[kag b[\ah x_b jf k^__bg ^[a\^j[ `cj\js
mjh_ ^[ [b\ejcv ^[r ^_ ^[ \]b mj[\b�\ jf cjx\^[r \azhb k^__bg s
^[a\^j[ w �jc b�ag`hb d [jkb_ ^[ h^[vs_\a\b `cj\jmjh_ q_xm] a_
�no� ���t ` bc^jk^mahhi k^__bg ^[a\b \]b^c l^be jf \]b [b\s
ejcv \j`jhjri \j \]b^c [b^r]zjc_ d a_ k^_mx__bk ^[ ��� d �� w
nxm] `cj\jmjh_ mhj_bhi g ^g ^m \]b mha__^m �jjk^[r `cj\jmjh
eb kb_mc^z bk bach^bc w

y]bcb acb rb[bcahhi \ej \i`b_ jf \j`jhjr^b_ x_bk ^[ e ^cbs
hb__ [b\ejcv_ � mb[\cah^}bk mj[\cjh a[k `bbcs\js` bbc mjggxs
[^ma\^j[_ ��~ � w y]b ha\\bc _\i hb ^_ z b\\bc _x^\bk fjc e ^cbhb__
_b[_jc [b\ejcv_ \]a[ \]b fjcg bc d r^lb[ \]b ak ]jm d kbmb[s
\cah^}bk [a\xcb jf _xm] [b\ejcv_ w � bmb[\hid g jz^hb ak ]jm
cjx\^[r `cj\jmjh_ ]alb zbmjg b a[ am\^lb acba jf cb_bacm]
�! d �� d �� d � d �!� w | ]^hb \]b_b `cj\jmjh_ _jhlb ^g`jc\a[\
`cjzhbg _ d \]bi acb a k^�bcb[\ mha__ jf `cjzhbg _ fcjg \]b
j[b_ \]a\ ac^_b ^[ e ^cbhb__ _b[_jc [b\ejcv_ w Z[ `ac\^mxhac d eb
zbh^blb \]a\ _b[_jc [b\ejcv_ e ^hh z b[b{\ fcjg a``h^ma\^j[s
mj[\cjhhbk [brj\^a\^j[sza_bk k^__bg ^[a\^j[ `cj\jmjh_ d _xm]
a_ noZp w

�jx\^[r `cj\jmjh_ za_bk j[ g ^[^gxgsb[bcri cjx\^[r ��� d
��� a[k j\]bc `jebcsfc^b[khi ahrjc^\]g _ ]alb zbb[ `cj`j_bk

^[ \]b h^\bca\xcb ��! � w |b zbh^blb \]a\ _xm] `cj\jmjh_ e ^hh
z b x_bfx h ^[ e ^cbhb__ _b[_jc [b\ejcv_ d mjg`hbg b[\^[r noZp
a[k b[azh^[r zb\\bc cb_jxcmb aka`\a\^j[ w � bmb[\ akla[mb_
^[ j`bca\^[r _i_\bg kb_^r[ ��� ]alb g akb a``h^ma\^j[shblbh
a``cjam]b_ \j cb_jxcmb aka`\a\^j[ d _xm] a_ \]b_b d a l^azhb
ah\bc[a\^lb \j gjcb \cak^\^j[ah a``cjam]b_ w

� _^[r rj__^`^[r a[k zcjakma_\^[r ahrjc^\]g _ \j k^__bg ^s
[a\b ^[fjcg a\^j[ ^[ k^_\c^zx\bk _i_\bg _ ]a_ z bb[ b�\b[_^lbhi
b�`hjcbk ^[ \]b h^\bca\xcb d jf\b[ a_ �� ��� �� ��	 ����� � �~ � w
Z[ �� d ~ � d rj__^` ^[r ^_ x_bk \j g a^[\a^[ ka\aza_b mj[_^_\b[mid
e]^hb ^[ ��� � d rj__^`^[r ^_ x_bk a_ a g bm]a[^_g \j am]^blb
fax h\ \jhbca[mb w � \]bjcb\^mah a[ahi_^_ jf rj__^` ^[r ^_ `cbs
_b[\bk ^[ �� w � bmb[\hid _xm] \bm][^�xb_ ]alb ah_j z bb[ x_bk
fjc cb_jxcmb k^_mjlbci ^[ [b\ejcv_ �� � w

obc]a`_ mhj_b_\ ^[ `]^hj_j`]i \j \]b [brj\^a\^j[sza_bk
a``cjam] jf noZp ^_ \]b `j`xhac p b\ejcv pbe _ yca[_fbc
ocj\jmjh qppyot fjc � _b[b\ [be _ k^_\c^zx\^j[ j[ \]b Z[\bcs
[b\ ��� w � bcb d [be _ _bclbc_ fjcg [b^r]zjc]jjk_ a[k k^__bg s
^[a\b [be ^[fjcg a\^j[ zb\ebb[ bam] j\]bc d x_^[r [ag b_ a[k
\^g b_\ag`_ a_ g b\aska\a \j [brj\^a\b ka\a k^__bg ^[a\^j[ w

|b ah_j [j\b \]a\ \]bcb ]a_ z bb[ a hj\ jf cbmb[\ ^[\bcb_\
^[ x_^[r Zo gxh\^ma_\ �"� a_ \]b x[kbchi ^[r ^[fca_\cxm\xcb
\j bu m^b[\hi a[k cbh^azhi k^__bg ^[a\b ka\a fcjg a _jxcmb \j
g a[i cbmb^lbc_ ���� j[ \]b Z[\bc[b\ w �jeblbc d fjc \]b cba_j[_
kb_mc^z bk ^[ nbm\^j[ ! d eb zbh^blb \]a\ b[azh^[r a``h^ma\^j[_
\j mj[\cjh cjx\^[r kbm^_^j[_ ^_ a hb__ mjg`hb� a[k zb\\bc
a``cjam] fjc e ^cbhb__ _b[_jc [b\ejcv_ w

� ���Y ��U���U
Z[ \]^_ `a`bc d eb ^[\cjkxmbk noZp qnb[_jc ocj\jmjh_ fjc Z[s
fjcg a\^j[ l^a pbrj\^a\^j[ t d a fag ^hi jf ka\a k^__bg ^[a\^j[
`cj\jmjh_ fjc e ^cbhb__ _b[_jc [b\ejcv_ w noZp x_b_ g b\aska\a
[brj\^a\^j[ a[k cb_jxcmbsaka`\a\^j[ \j jlbcmjg b _blbcah kbs
{m^b[m^b_ ^[ \cak^\^j[ah k^__bg ^[a\^j[ a``cjam]b_ w � _^[r
g b\aska\a [ag b_ d [jkb_ [brj\^a\b e ^\] bam] j\]bc azjx\
\]b ka\a \]bi `j__b__ w y]b_b [brj\^a\^j[_ b[_xcb \]a\ [jkb_
j[hi \ca[_g ^\ ka\a e]b[ [bmb__aci a[k [blbc ea_\b b[bcri
j[ x_bhb__ \ca[_g ^__^j[_ w �b^[r cb_jxcmbsaeacb d [jkb_ acb
azhb \j mx\ zamv j[ \]b^c am\^l^\^b_ e]b[blbc \]b^c cb_jxcmb_
acb hje \j ^[mcba_b \]b^c hj[rbl^\iw

|b ]alb k^_mx__bk \]b kb\a^h_ jf \ej _` bm^{m noZp `cjs
\jmjh_ d noZp s� a[k noZps� w noZp s� ^_ a !s_\arb ]a[k_]avb
`cj\jmjh fjc k^__bg ^[a\^[r ka\a d a[k noZps� ^_ a lbc_^j[ jf
noZps� \]a\ zamv_ j� fcjg mjggx[^ma\^j[ a\ a hje sb[bcri
\]cb_]jhk w �^[ahhid eb mjg`acbk \]b noZps� a[k noZps�
`cj\jmjh_ \j �jjk^[r d rj__^` ^[r d a[k ^kbah k^__bg ^[a\^j[ `cjs
\jmjh_ x_^[r \]b �� _^gxha\^j[ \jjh w

� f\bc b�ag ^[^[r noZp ^[ \]^_ `a`bc d z j\] �xah^\a\^lbhi
a[k �xa[\^\a\^lbhid eb acc^lb a\ \]b fjhhje ^[r mj[mhx_^j[_ �

� p ag ^[r ka\a x_^[r g b\aska\a kb_mc^`\jc_ a[k [brj\^s
a\^[r ka\a \ca[_g ^__^j[_ x_^[r g b\aska\a _xmmb__fx hhi
_jhlb \]b ^g`hj_^j[ a[k jlbcha` `cjzhbg _ kb_mc^z bk ^[
nbm\^j[ � w

� noZp s� a[k noZps� acb _^g`hb `cj\jmjh_ \]a\ bu m^b[\hi
k^__bg ^[a\b ka\a d e]^hb g a^[\a^[ ^[r [j `bcs[b^r]zjc
_\a\b w y]b_b `cj\jmjh_ acb ebhhs_x^\bk fjc a[ b[l^cj[s
g b[\ e]bcb \]b _b[_jc_ acb gjz^hb z bmax_b \]bi za_b
\]b^c fjceack^[r kbm^_^j[_ j[ hjmah [b^r]zjc]jjk ^[fjcs
g a\^j[ w

� Z[ \bcg _ jf \^g b d noZps� am]^blb_ mjg`acazhb cb_xh\_
\j mha__^m �jjk^[r `cj\jmjh_ d a[k ^[ _jg b ma_b_ jx\` bcs
fjcg _ mha__^m �jjk^[r w Z[ \bcg _ jf b[bcrid noZps� x_b_
j[hi azjx\ �"� a_ gxm] b[bcri a_ a mha__^m �jjk^[r



`cj\jmjh w noZps� ^_ azhb \j k^_\c^zx\b ~�� gjcb ka\a
`bc x[^\ b[bcri \]a[ �jjk^[r w

� Z[ ahh jf jxc b�`bc^g b[\_ d noZp s� a[k noZps� jx\` bcs
fjcg bk rj__^` ^[r w y]bi ah_j mjg b mhj_b \j a[ ^kbah
k^__bg ^[a\^j[ `cj\jmjh ^[ \bcg _ jf zj\] \^g b a[k b[s
bcri x[kbc _jg b mj[k^\^j[_ w

Z[ _xggacid noZp `cj\jmjh_ ]jhk \]b `cjg ^_b jf am] ^bls
^[r ]^r] `bcfjcg a[mb a\ a hje mj_\ ^[ \bcg _ jf mjg`hb� ^\id
b[bcrid mjg`x\a\^j[ d a[k mjggx[^ma\^j[ w

� h\]jxr] jxc ^[ ^\^ah ejcv a[k cb_x h\_ acb `cjg ^_^[r d \]bcb
^_ _\^hh a rcba\ kbah jf ejcv \j zb kj[b ^[ \]^_ acba w �^c_\ a[k
fjcbgj_\ d eb ejxhk h^vb \j _\xki noZp `cj\jmjh_ x_^[r gjcb
cbah^_\^m e ^cbhb__ g jkbh_ w y]b hj__s`cj[b [a\xcb jf e ^cbhb__
m]a[[bh_ [bbk_ \j z b ^[mjc`jca\bk a[k b�`bc^g b[\bk e ^\] ^[
jxc fcag bejcv d a[k eb zbh^blb \]a\ \]^_ e ^hh [j\ z b k^u mxh\ w
�xc\]bcgjcb d noZp s� a[k noZps� acb mxccb[\hi \acrb\bk fjc
a ���shaibc \]a\ kjb_ [j\ _x``jc\ e ^cbhb__ zcjakma_\ w nxm]
`cj\jmjh_ d g j_\ [j\azhi \]b `j`xhac ��� w�� ���shaibc `cjs
\jmjh d kj b� ^_\ d a[k eb ejxhk h^vb \j b�ag ^[b ]je noZp
`cj\jmjh_ g ai zb ^g`cjlbk \j \avb akla[\arb jf ���shblbh
zcjakma_\ w � ^[ahhid eb ejxhk h^vb \j kblbhj` gjcb _j`]^_\^s
ma\bk cb_jxcmbsaka`\a\^j[ `cj\jmjh_ \j x_b ala^haz hb b[bcri
ebhh w Z[ `ac\^mxhac d eb acb ^[\bcb_\bk ^[ kb_^r[^[r `cj\jmjh_
\]a\ g avb aka`\^lb kbm^_^j[_ za_bk [j\ j[hi j[ \]b mj_\
jf mjggx[^ma\^[r ka\a d zx\ ah_j \]b mj_\ jf _i[\]b_^}^[r
^\ w nxm] cb_jxcmbsaka`\^lb a``cjam]b_ g ai ]jhk \]b vbi \j
g av^[r mjg`x\bs^[\b[_^lb _b[_jc a``h^ma\^j[_ a cbah^\i ^[
\]b fx\xcb w
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|b acb rca\bfxh \j |b^ n]^ d e]j `ac\^m^`a\bk ^[ \]b ^[ ^\^ah
kb_^r[ a[k blahxa\^j[ jf _jg b jf \]b ejcv ^[ \] ^_ `a`bc d fjc
]^_ mj[\c^zx\^j[_ w |b \]a[v �[a[\]a �]a[kcava_a[ fjc ] ^_
l^_^j[ \]a\ `j^[\bk x_ ^[ \]b k^cbm\^j[ jf hje sb[bcri _b[s
_jc [b\ejcv_ a[k fjc ] ^_ ]bh`fx h mjggb[\_ a[k _xrrb_\^j[_
\]cjxr]jx\ \] ^_ ejcv w |b ah_j \]a[v nxm]^\ca � ag a[ a[k
�j][ |cjmhae _v^ fjc _blbcah mjggb[\_ a[k _xrrb_\^j[_ \]a\
rcba\hi ^g`cjlbk \]b �xah^\i jf \]^_ `a`bc w y]^_ cb_bacm]
ea_ _x``jc\bk ^[ `ac\ zi a cb_bacm] rca[\ fcjg pyy �jcs
`jca\^j[ a[k ^[ `ac\ zi \]b �kla[mbk � b_bacm] ocj� bm\_
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