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L MNOPQ RSTOUQN
V WXYZY[ \[YW] ^_ Y \[YW] `]Y` aYZ bc d[YeZ e ^`]fg` a[f__^Z\ h i jY[kl m`c^Z YZd nY\o
Zc[ pi jY[qr l m`cstl nY\uvw W[fxcd ^ZdcW cZdcZ`Xk `]Y` cxc[k WXYZY[ \[YW] ]Y_ Y d[Ye ^Z\
_ga] `]Y` YXX cd\c_ Y[c d[YeZ Y_ _`[Y^\]`oX^Zc _c\y cZ`_ h zc i[Yk__c^{ l |Ya] YZd |fXXYa}
pi||~�w l YZd ^ZdcWcZdcZ`Xk ma]Zkdc[ pma]~�w c_`YbX^_]cd `]Y` ^Z �Ya` � ��> � Y[cY _g� ac_ �f[
Y _`[Y^\]`oX^Zc d[Ye ^Z\ f� YZ �oxc[`c{ WXYZY[ \[YW] l e ^`] xc[`^ac_ WXYacd Y` \[^d Wf^Z`_ h �]^_
^_ Y_kyW`f`^aYXXk fW`^y YX l _^Zac `]c[c Y[c WXYZY[ \[YW]_ `]Y` Zccd � ��> � Y[cY pi||rrw h

V Zgybc[ f� f`]c[ \[YW] d[Ye ^Z\ yfdcX_ �c h\ hl W fXkoX^Zc d[Ye ^Z\_ l f[`]f\fZYX d[Ye ^Z\_ l
x ^_^b ^X^`k [cW[c_cZ`Y`^fZ_� c{ ^_` �f[ WXYZY[ \[YW]_ h mcc mca`^fZ � ht �f[ W[ca^_c dc�Z^`^fZ_ h �Z
YXX `]c_c yfdcX_ l � ��>� Y[cY aYZ b c Ya]^cxcd �f[ WXYZY[ \[YW]_ l _cc �f[ c{YyWXc p�YZ~v l
i��~� l n ^_rsw h �Z `]c f`]c[ ]YZd l � ��> � Y[cY ^_ Zccdcd l cxcZ ^Z `]c_c y fdcX_ l �f[ `]c
\[YW] ^Z pi||rrw h

VZ ^yWf[`YZ` fW cZ �gc_`^fZ ^Z \[YW] d[Ye ^Z\ p�����uw ^_ e]c`]c[ YZ Y[cY f� � ��> � ^_
Wf__^b Xc l Y` XcY_` ^Z Y ecY}c[ d[Ye ^Z\ yfdcX _ga] Y_ W fXkoX^Zc d[Ye ^Z\_ l �f[ _gb aXY__c_ f�
WXYZY[ \[YW]_ h �]c fZXk _gbaXY__ f� WXYZY[ \[YW]_ �f[ e]^a] _ga] d[Ye ^Z\_ ec[c }ZfeZ Y[c
`[cc_ l YZd fg`c[oWXYZY[ \[YW]_ gZdc[ _W ca^YX [c_`[^a`^fZ_ �_cc b cXfe h� nc _]fe ^Z `]^_ WYW c[
`]Y` ^Z �Ya` YXX _c[^c_oWY[YXXcX \[YW]_ aYZ b c d[YeZ ^Z � ��> � Y[cY l YZd YX_f afZ_^dc[ _fy c f`]c[
_gb aXY__c_ _ga] Y_ fg`c[oWXYZY[ \[YW]_ l W XYZY[ WY[`^YX �o`[cc_ YZd �ofg`c[oWXYZY[ \[YW]_ h
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áâá ã äåæ ä çèéêëìé
�xc[k íîïï ]Y_ Y _`[Y^\]`oX^Zc d[Ye ^Z\ ^Z � �� Xf\ � � Y[cY pm]^�vw l YZd ^Z � �� � Y[cY ^� `]c
y Y{^ygy dc\[cc ^_ Y_kyW`f`^aYXXk _y YXXc[ `]YZ � p���~vw h mcc pz����~rw �f[ y YZk f`]c[
gWWc[ YZd Xfec[ bfgZd_ [c\Y[d^Z\ d[Ye ^Z\_ f� `[cc_ \[YW]_ gZdc[ _W ca^YX [c_`[^a`^fZ_ h

ðf` y YZk d[Ye ^Z\ [c_gX`_ Y[c }ZfeZ �f[ ñòíïîóô õö÷öî øîöôùú h �` ^_ �g^`c cY_k �YZd
YWWcY[_ `f b c �fX}Xf[c� `f a[cY`c _`[Y^\]`oX^Zc d[Ye ^Z\_ f� Y[cY � ��û� l e]c[c û ^_ `]c d^Yy c`c[
f� `]c dgYX `[cc f� `]c \[YW] h �Z YZf`]c[ [c_gX` l YZk � Wf^Z`_ ^Z \cZc[YX W f_^`^fZ aYZ bc g_cd
�f[ Y _`[Y^\]`oX^Zc d[Ye ^Z\ f� YZk fg`c[oWXYZY[ \[YW] püý~vw h þfecxc[ l � ��> � Y[cY ^_ Zccdcd
`f a[cY`c � \[^d W f^Z`_ ^Z \cZc[YX Wf_^`^fZ_ l _f `]^_ [c_gX` dfc_ Zf` XcYd `f Y[cY bfgZd_ _y YXXc[
`]YZ `]c `[^x ^YX � ��> � h m^Zac `]c YWW cY[YZac f� Y W[cX^y ^ZY[k xc[_^fZ f� `]^_ WYWc[ p� ^c��w l
�Y[\ YZd ÿg_g p�ÿ�uw _]fecd `]Y` YZk fg`c[oWXYZY[ \[YW] e ^`] yY{^ygy dc\[cc � ]Y_ Y
_`[Y^\]`oX^Zc d[Ye ^Z\ f� Y[cY � ��� ���� � l _f � ��> � Y[cY d[Ye ^Z\_ c{ ^_` �f[ fg`c[oWXYZY[ \[YW]_
e ^`] _y YXX y Y{^ygy dc\[cc h� YZk d[Ye ^Z\ [c_gX`_ Y[c }ZfeZ �f[ úïî �ïúóôöîöõõï õ øîöôùú l _cc c h\ h p�üz��~q l ü���~s l
þ���~rw h þfecxc[ l `]c cyW]Y_^_ ]c[c eY_ fZ d^_WXYk^Z\ `]c _c[^c_oWY[YXXcX _`[ga`g[c f� `]c
\[YW] l YZd	f[ `f g_c `]c _`[ga`g[c `f YXXfe �f[ Ydd^`^fZYX afZ_`[Y^Z`_ h V XX }ZfeZ YX\f[^`]y _
bfgZd `]c Y[cY bk � ��> � Y[cY f[ ef[_c h

ðf \[YW] d[Ye ^Z\ [c_gX`_ _W ca^�aYXXk `Y^Xf[cd `f �óñòíïîóô õö÷öî øîöôùú ��f[ � 
 �� l f[
ô õö÷öî ôöîí �öõ �óíîïïú YWW cY[ `f b c }ZfeZ l Y` XcY_` Zf` �f[ �od^y cZ_^fZYX d[Ye ^Z\_ h

n ]^Xc ]^\]c[od^y cZ_^fZYX d[Ye ^Z\_ Y[c Zf` `]c �f ag_ f� fg[ WYW c[ l ec efgXd X^}c `f
y cZ`^fZ b[^c�k `]Y` YXX \[YW] aXY__c_ afZ_^dc[cd ^Z `]^_ WYWc[ aYZ b c d[YeZ e ^`] X^ZcY[ Y[cY
^Z uz l b caYg_c `]ck Y[c WY[`^YX �o`[cc_ �f[ afZ_`YZ` � � _cc pz�n �sw l YZd YX_f pi�n �uw �f[
_fy c cY[X^c[ [c_gX`_ �f[ fg`c[oWXYZY[ \[YW]_ h

nc efgXd YX_f X^}c `f Zf`c `]Y` YXX `]c_c \[YW]_ ]Yxc afZ_`YZ`o_^
c _cWY[Y`f[_ l YZd ]cZac
bk Y [c_gX` �c^_c[_fZ p�c^r�w `]ck ]Yxc Y `efod^y cZ_^fZYX f[`]f\fZYX W f^Z`od[Ye ^Z\ ^Z � �� �Y[cY ^� `]c y Y{^ygy dc\[cc ^_ Y` yf_` q h þfecxc[ l `]c d[Ye ^Z\ Zccd Zf` b c WXYZY[ h

áâ� �êç çèéêëìé
�Z `]^_ WYWc[ l ec _`gdk `efod^y cZ_^fZYX WXYZY[ W fXkoX^Zc d[Ye ^Z\_ f� _fy c _gb aXY__c_ f�
WXYZY[ \[YW]_ l YZd W[fx^dc `]c �fXXfe ^Z\ d[Ye ^Z\ [c_gX`_ �

� V_ fg[ y Y^Z [c_gX` l ec _]fe `]Y` cxc[k _c[^c_oWY[YXXcX \[YW] ]Y_ Y x^_^b ^X^`k [cW[c_cZo
`Y`^fZ ^Z � ��EF> � Y[cY ^� ec aYZ a]ff_c `]c WXYZY[ cybcdd^Z\ h

� nc aYZ ^yW[fxc `]^_ gZdc[ _fy c a^[agy _`YZac_ h �Z WY[`^agXY[ l Y _c[^c_oWY[YXXcX \[YW]
�f[ e]^a] Y` yf_` � \[YW]_ Y[c afyb^Zcd ^Z WY[YXXcX ]Y_ Y x^_^b^X^`k [cW[c_cZ`Y`^fZ ^Z
� �� � Xf\ � � Y[cY � `]^_ ^_ Y` yf_` � ��� Xf\ �� Y[cY h

� �]^_ cY_^Xk ^y WX^c_ `]Y` cxc[k fg`c[oWXYZY[ \[YW] ]Y_ Y x^_^b ^X^`k [cW[c_cZ`Y`^fZ ^Z
� �� Xf\ � � Y[cY h

� if[ fg`c[oWXYZY[ \[YW]_ l ec aYZ y Y^Z`Y^Z `]c �_`YZdY[d� WXYZY[ cybcdd^Z\ e ^`] `]c
_Yy c Y[cY bfgZd � �xc[k fg`c[oWXYZY[ \[YW] ]Y_ YZ f[`]f\fZYX bf{od[Ye ^Z\ e ^`] Y[cY
� �� Xf\ � � ^Z e]^a] YXX xc[`^ac_ Y[c d[YeZ fZ `]c fg`c[o�Yac h

nc YX_f W[fx^dc `]c �fXXfe ^Z\ Xfec[ b fgZd_ �f[ d[Ye ^Z\_ ^Z xY[^fg_ y fdcX_ �
�



� �]c[c Y[c _c[^c_oWY[YXXcX \[YW]_ `]Y` [c�g^[c � ��> � Y[cY ^Z YZk WfXkoX^Zc d[Ye ^Z\ `]Y`
[c_W ca`_ `]c WXYZY[ cybcdd^Z\ h

� �]c[c Y[c _c[^c_oWY[YXXcX \[YW]_ `]Y` [c�g^[cd � �� Xf\ � � Y[cY ^Z YZk f[`]f\fZYX bf{o
d[Ye ^Z\ l cxcZ ^� ec aYZ a]ff_c `]c WXYZY[ cybcdd^Z\ h

� �]c[c Y[c _c[^c_oWY[YXXcX \[YW]_ `]Y` [c�g^[cd � �� Xf\ �� Xf\ Xf\ � � Y[cY ^Z YZk _`[Y^\]`o
X^Zc d[Ye ^Z\ l cxcZ ^� ec aYZ a]ff_c `]c WXYZY[ cybcdd^Z\ h

� �]c[c Y[c fg`c[oWXYZY[ \[YW]_ `]Y` [c�g^[cd � ��> � Y[cY ^Z YZk WfXkoX^Zc d[Ye ^Z\ _ga]
`]Y` `]c xc[`^ac_ Y[c fZ `]c b fgZd^Z\ bf{ h

� �]c[c Y[c WY[`^YX uo`[cc_ `]Y` [c�g^[c � ��> � Y[cY ^Z YZk WfXkoX^Zc d[Ye ^Z\ h
� �]c[c Y[c �ofg`c[oWXYZY[ \[YW]_ `]Y` [c�g^[c � ��> � Y[cY ^Z YZk WfXkoX^Zc d[Ye ^Z\ h
if[ YX\f[^`]y _ l ec [c_`[^a` fg[ Y``cZ`^fZ `f x^_^b ^X^`k [cW[c_cZ`Y`^fZ_ YZd f[`]f\fZYX

d[Ye ^Z\_ l b caYg_c l Y_ ec b[^c�k [caYXX ^Z mca`^fZ � l YZk _ga] d[Ye ^Z\ aYZ bc afZxc[`cd `f Y
WfXkoX^Zc d[Ye ^Z\ e ^`]fg` ^Za[cY_^Z\ `]c Y[cY bk yf[c `]YZ Y afZ_`YZ` h þcZac YXX fg[ gWW c[
bfgZd_ �\^xcZ ^Z mca`^fZ u YZd mca`^fZ q� YX_f ]fXd �f[ W fXkoX^Zc d[Ye ^Z\_ h �Z `]c f`]c[
]YZd l fg[ Xfec[ bfgZd_ ^Z mca`^fZ s Y[c yf_`Xk �f[ WfXkoX^Zc d[Ye ^Z\_ � `]^_ YX_f ^y WX^c_ `]c
_Yy c Y_kyW`f`^a Xfec[ b fgZd_ �f[ YXX f`]c[ d[Ye ^Z\ yfdcX_ h

� ��T��PQSNR
� âá � ç���é �ä�  ç��� ! ë�ééèé
�c` " # �$ % & � b c Y \[YW] e ^`] � # � �" � # '$ ' xc[`^ac_ YZd ( # ( �" � # '& ' cd\c_ h nc
Y__gyc `]Y` " ^_ )*+, -.l ^ hc hl ^` ]Y_ Zf XffW_ YZd ygX`^W Xc cd\c_ h �][fg\]fg` `]^_ WYWc[ l
ec e ^XX Y__gyc `]Y` " ^_ WXYZY[ l ^ hc hl `]Y` " aYZ b c d[YeZ e ^`]fg` a[f__^Z\ h mga] Y WXYZY[
d[Ye ^Z\ aYZ b c a]Y[Ya`c[^
cd bk `]c akaX^a f[dc[ f� cd\c_ Y[fgZd cYa] xc[`c{ h V WXYZY[
d[Ye ^Z\ _WX^`_ `]c WXYZc ^Z`f afZZca`cd W^cac_ � `]c gZbfgZdcd W^cac ^_ aYXXcd `]c /01.234 56.l
YXX f`]c[ W^cac_ Y[c aYXXcd *71.2*/2 4 56.) h

VZ /01.23, -5752 8 25, 9 ^_ Y WXYZY[ \[YW] `]Y` aYZ bc d[YeZ _ga] `]Y` YXX xc[`^ac_ Y[c
^Za^dcZ` `f `]c fg`c[o�Yac h V +5: *+ 5- /01.23, -5752 8 25, 9 ^_ YZ fg`c[oWXYZY[ \[YW] `f e]^a]
ec aYZZf` Ydd YZ cd\c e ^`]fg` dc_`[fk ^Z\ _^y WX^a^`k f[ fg`c[oWXYZY[^`kh mga] Y \[YW] afZ_^_`_
f� YZ �oakaXc e ^`] a]f[d_ YZd cxc[k ^Z`c[^f[ �Yac ^_ Y `[^YZ\Xc h n ]cZ d[Ye ^Z\ fg`c[oWXYZY[
\[YW]_ l ec e ^XX \cZc[YXXk Y__gy c `]Y` `]ck Y[c y Y{^y YX fg`c[oWXYZY[ l b caYg_c ec aYZ yY}c
fg`c[oWXYZY[ \[YW]_ y Y{ ^y YX bk Ydd^Z\ cd\c_ l d[Ye `]c [c_gX`^Z\ \[YW] l YZd `]cZ dcXc`c
Yddcd cd\c_ h

V ;31.2+ *75- ) .2*.)3,525- -.- 8 25, 9 <*19 1.2+ *75-) = % > ^_ Y \[YW] dc�Zcd [cag[_^xcXk Y_
�fXXfe _ � �Y� VZ cd\c �= % >� ^_ Y �o`c[y ^ZYX _c[^c_oWY[YXXcX \[YW] h �b � �� "? l @ # t % � Y[c �o
`c[y ^ZYX _c[^c_oWY[YXXcX \[YW]_ e ^`] `c[y ^ZYX_ =? YZd >? ll `]cZ ^Z Y ) .2*.) 6/+, /)*1*/7 ec
^dcZ`^�k > � e ^`] => `f fb`Y^Z Y �o`c[y ^ZYX _c[^c_oWY[YXXcX \[YW] e ^`] `c[y ^ZYX_ =� YZd >> h �a��� "? l @ # t % A A A % � l Y[c �o`c[y ^ZYX _c[^c_oWY[YXXcX \[YW]_ e ^`] `c[y ^ZYX_ =? YZd >? l `]cZ ^Z Y,525- -.- 6/+, /)*1*/7 ec ^dcZ`^�k =� % => % A A A % =B ^Z`f fZc `c[y ^ZYX = YZd > � % >> % A A A % >B ^Z`f fZc
`c[y ^ZYX > `f fb`Y^Z Y �o`c[y ^ZYX _c[^c_oWY[YXXcX \[YW] e ^`] `c[y ^ZYX_ = YZd > h nc Y__gyc �f[
Y WY[YXXcX afyWf_^`^fZ `]Y` � ]Y_ b ccZ a]f_cZ Y_ XY[\c Y_ Wf__^b Xc l ^ hc hl ZfZc f� `]c \[YW]_ "?

u



g_cd �f[ `]c WY[YXXcX afyWf_^`^fZ ^_ ^`_cX� fb`Y^Zcd x^Y Y WY[YXXcX afyWf_^`^fZ h �]c 4 573/01 f�
Y _c[^c_oWY[YXXcX \[YW] ^_ `]c y Y{^ygy Zgybc[ f� _gb\[YW]_ � g_cd ^Z Y WY[YXXcX afyWf_^`^fZ h

� ^xcZ Y �o`c[y ^ZYX _c[^c_oWY[YXXcX \[YW] " l Y )0C8 25, 9 4 2/+ 19 . 6/+,/)*1*/7 ^_ YZk f�
`]c _gb\[YW]_ " � % A A A % " B `]Y` eY_ g_cd `f a[cY`c " l f[ [cag[_^xcXk YZk _gb\[YW] �[fy
`]c afyWf_^`^fZ f� " � % A A A % " B h m^Zac ec Zcxc[ afZ_^dc[ YZk f`]c[ _gb\[YW]_ l ec e ^XX _Yk�_gb\[YW]_� ^Z_`cYd f� �_gb\[YW]_ �[fy `]c afyWf_^`^fZ� h

V ) .2*.)3,525- -.- 8 25, 9 l f[ DE 3825, 9 �f[ _]f[` l ^_ Y \[YW] �f[ e]^a] cxc[k b^afZZca`cd
afyWfZcZ` ^_ Y �o`c[y ^ZYX _c[^c_oWY[YXXcX \[YW] h V +5: *+ 5- ) .2*.)3,525- -.- 8 25, 9 ^_ Y _c[^c_o
WY[YXXcX \[YW] `f e]^a] ec aYZZf` Ydd YZk cd\c e ^`]fg` dc_`[fk^Z\ _^y WX^a^`k f[ _c[^c_o
WY[YXXcXZc__ h m^y ^XY[Xk Y_ �f[ fg`c[oWXYZY[ \[YW]_ l e]cZcxc[ ec _W cY} f� Y _c[^c_oWY[YXXcX
\[YW] �[fy Zfe fZ l ec e ^XX ^Z �Ya` Y__gy c `]Y` ^` ^_ y Y{^y YX _c[^c_oWY[YXXcX l _^Zac `]^_
y Y}c_ Zf d^Fc[cZac �f[ Y_kyW`f`^a gWWc[ bfgZd_ fZ `]c Y[cY f� \[YW] d[Ye ^Z\_ h �Zc aYZ
cY_^Xk _]fe `]Y` Y y Y{^y YX _c[^c_oWY[YXXcX \[YW] ^_ Y �o`c[y ^ZYX _c[^c_oWY[YXXcX \[YW] l �f[
e]^a] Ydd^`^fZYXXk ^Z YZk WY[YXXcX afyWf_^`^fZ `]c[c c{ ^_`_ YZ cd\c b c`eccZ `]c `c[y ^ZYX_ l
YZd ^Z YZk _c[^c_ afyWf_^`^fZ cYa] _gb\[YW] ^_ c^`]c[ YZ cd\c f[ fb`Y^Zcd �[fy Y WY[YXXcX
afyWf_^`^fZ h

� â� G ç�æ Hä I å�èëé �ä� ì�è Hç çèë�ì Håäé�H�é
nc afZ_^dc[ `]c �fXXfe ^Z\ d[Ye ^Z\ yfdcX_ �_cc YX_f i^\g[c t� �� D 125*89 13-*7 . J25< *78)� Kc[`^ac_ Y[c Wf^Z`_ l YXX cd\c_ Y[c _`[Y^\]`oX^Zc _c\y cZ`_ h

� E /-L3-*7 . J25< *78)� Kc[`^ac_ Y[c W f^Z`_ l YXX cd\c_ Y[c afZ`^\gfg_ _c�gcZac_ f� _`[Y^\]`o
X^Zc _c\y cZ`_ h

� M219 /8 /75- , /*713J25< *78)� V WfXkoX^Zc d[Ye ^Z\ e]c[c YXX cd\c _c\ycZ`_ Y[c ]f[^
fZ`YX
f[ xc[`^aYX h mga] d[Ye ^Z\_ c{ ^_` fZXk ^� `]c y Y{ ^ygy dc\[cc ^_ Y` y f_` q h�

� M219 /8 /75- C/: 3J25< *78)� Kc[`^ac_ Y[c bf{c_ l> cd\c_ Y[c afZ`^\gfg_ _c�gcZac_ f� ]f[^o
fZ`YX f[ xc[`^aYX _c\y cZ`_ h
� N*)*C*-*1L 2., 2.) .7151*/7)� Kc[`^ac_ Y[c b f{c_ l cd\c_ Y[c ]f[^
fZ`YX f[ xc[`^aYX _c\y cZ`_ h

i ^\g[c t � �]c _Yyc \[YW] ^Z Y _`[Y^\]`oX^Zc d[Ye ^Z\ l Y WfXkoX^Zc d[Ye ^Z\ l YZ f[`]f\fZYX
Wf^Z`od[Ye ^Z\ l YZ f[`]f\fZYX b f{od[Ye ^Z\ l YZd Y x^_^b^X^`k [cW[c_cZ`Y`^fZ h

if[ Y WXYZY[ \[YW] l _ga] d[Ye ^Z\_ _]fgXd b c WXYZY[ l ^ hc hl ]Yxc Zf a[f__^Z\ h nc YX_f
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YZd `[YZ_^`^fZoWf^Z`_ �C.7J)� ^Z `]c [fg`c_ f� cd\c_ ]Yxc ^Z`c\[YX aff[d^ZY`c_ l YZd bf{c_
f� xc[`^ac_ ]Yxc ^Z`c\[YX af[Zc[ Wf^Z`_ h nc YXXfe bf{c_ `f b c dc\cZc[Y`c l ^ hc hl `f b c X^Zc
_c\ycZ`_ f[ Wf^Z`_ h

�]c <*J19 f� Y bf{ ^_ `]c Zgybc[ f� xc[`^aYX \[^d X^Zc_ �6/-0+7)� `]Y` Y[c faagW^cd bk ^` h
�]c 9 .*89 1 f� Y b f{ ^_ `]c Zgybc[ f� ]f[^
fZ`YX \[^d X^Zc_ �2/<)� `]Y` Y[c f aagW^cd bk ^` h V
d[Ye ^Z\ e]f_c y ^Z^ygy cZaXf_^Z\ b f{ ]Y_ e ^d`] X YZd ]c^\]` Y ^_ aYXXcd Y X Z Yod[Ye ^Z\ l
YZd ]Y_ 52.5 X [ Y h

�]c[c Y[c _fy c [cXY`^fZ_]^W_ b c`eccZ `]c_c \[YW] d[Ye ^Z\ yfdcX_ l e]^a] ec e ^XX c{WXf^`
`f fb`Y^Z `]c _Yyc Y[cY bfgZd_ �f[ y f_` yfdcX_ h ðf`c `]Y` bk dc�Z^`^fZ cxc[k x^_^b ^X^`k
[cW[c_cZ`Y`^fZ ^_ YZ f[`]f\fZYX bf{od[Ye ^Z\ l YZd cxc[k _`[Y^\]`oX^Zc d[Ye ^Z\ ^_ Y W fXkoX^Zc
d[Ye ^Z\ h �`]c[ [cXY`^fZ_]^W_ aYZ bc fb`Y^Zcd bk yfd^�k ^Z\ `]c d[Ye ^Z\_ l e]^a] ec c{WXY^Z
Zfe h

\ ]\ ]^ _îíùñøñ÷öõ `ñaóbîöc �÷øú íñ ôñõdó õ�÷ï bîöc �÷øú
i[fy YZk f[`]f\fZYX b f{od[Ye ^Z\ l fZc aYZ cY_^Xk fb`Y^Z Y W fXkoX^Zc d[Ye ^Z\ e ^`] Y_kyWo
`f`^aYXXk `]c _Yy c Y[cY Y_ �fXXfe _ � Vdd cyW`k \[^doX^Zc_ gZ`^X cxc[k _c\ycZ` f� cxc[k cd\c
]Y_ XcZ\`] Y` XcY_` � h ðfe �f[ cxc[k xc[`c{ e l a[cY`c Y Wf^Z` �f[ e Y` YZ Y[b^`[Y[k \[^d Wf^Z`
^Z_^dc `]c bf{ f� e h if[ cYa] ^Za^dcZ` cd\c f f� e l [co[fg`c f `f cZd Y` `]^_ W f^Z` bk WXYa^Z\
Y Zce b cZd �^� Zccdcd� Y` `]c \[^d W f^Z` Zc{` `f e]c[c f g_cd `f Y``Ya] `f `]c bf{ f� e h
�mga] Y \[^d W f^Z` yg_` c{ ^_` l YZd ^_ Zf` afZ`Y^Zcd ^Z YZk f`]c[ xc[`c{ l _^Zac f ]Yd XcZ\`]
Y` XcY_` � bk Y__gyW`^fZ h� mcc i^\g[c � �f[ YZ ^XXg_`[Y`^fZ h

i ^\g[c � � üfZxc[`^Z\ `f Y Wf^Z`od[Ye ^Z\ h
�]c ^Z^`^YX _`cW Y` yf_` dfgbXc_ `]c e ^d`] YZd ]c^\]` f� `]c d[Ye ^Z\ l _^Zac bk Ydd^Z\ Y

Zce [fe 	afXgyZ Y�`c[ cxc[k c{ ^_`^Z\ [fe 	afXgyZ l YXX cd\c_ Y[c \gY[YZ`ccd `f ]Yxc XcZ\`] Y`
XcY_` � h �]g_ l ^� `]c f[`]f\fZYX bf{od[Ye ^Z\ ]Y_ Y[cY g l `]c Zce d[Ye ^Z\ ]Y_ Y[cY Y` yf_`
qg h
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\ ]\ ]\ m õöí n �ú�` �õ�íd îïôîïúï÷íöí �ñ÷ú íñ ^ób�îïoí �ñ÷öõ n�ú�` �õ�íd îïôîïúï÷íöí �ñ÷ú
ÿcaYXX `]Y` Y x^_^b^X^`k [cW[c_cZ`Y`^fZ ^_ YZ f[`]f\fZYX bf{od[Ye ^Z\ e]c[c cd\c_ ]Yxc Zf
bcZd_ l ^ hc hl `]ck Y[c c^`]c[ ]f[^
fZ`YX f[ xc[`^aYX X^Zc _c\y cZ`_ h K ^_^b ^X^`k [cW[c_cZ`Y`^fZ_
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aYZ b c d^_`^Z\g^_]cd ^Z`f d^F c[cZ` `kW c_ h V p3J*2.61*/75- q*)*C*-*1L 2., 2.) .7151*/7 g_c_ fZXk
xc[`^aYX X^Zc_ �f[ cd\c_ h V r 51 q*)*C*-*1L 2., 2.) .7151*/7 ]Y_ ]c^\]` t �f[ cxc[k bf{ h �xc[k to
d^[ca`^fZYX x ^_^b ^X^`k [cW[c_cZ`Y`^fZ aYZ b c y Ydc �Y` l _^Zac Zf xc[`c{ ]Y_ ^Za^dcZ` ]f[^
fZ`YX
cd\c_ h �]c f`]c[ d^[ca`^fZ ^_ YX_f �cY_^b Xc bk `[YZ_�f[y ^Z\ `]c d[Ye ^Z\ h

V __gyc ec Y[c \^xcZ Y �Y` x ^_^b ^X^`k [cW[c_cZ`Y`^fZ h ÿcWXYac cxc[k \[^doX^Zc ^Z ^` bk `ef
Zce \[^doX^Zc_ h �� e � % A A A % eB Y[c `]c xc[`^ac_ ^Z [fe s �[fy Xc�` `f [^\]` l `]cZ WXYac e � % A A A % eBYX`c[ZY`^Z\Xk ^Z `]c `ef [fe _ s � YZd s> `]Y` [cWXYacd s h �� Y xc[`c{ ^Z`c[_ca`cd afXgyZ t
bc�f[c l `]cZ Xc` ^` Zfe ^Z`c[_ca` b f`] afXgyZ_ `]Y` [cWXYacd t h

ÿ cWXYac cd\c_ Y_ �fXXfe _ h �� f ^_ [fg`cd xc[`^aYXXk ^Z afXgyZ t l `]cZ WXYac ^` ^Z `]c [^\]`
f� `]c `ef afXgyZ_ `]Y` [cWXYacd t h �� f ^_ [fg`cd ]f[^
fZ`YXXkl `]cZ �_^Zac `]c d[Ye ^Z\ ^_�Y`� ^` yg_` afZZca` `ef xc[`^ac_ e? YZd e?� � `]Y` ec[c WXYacd afZ_cag`^xcXk ^Z `]c _Yy c [fes h Kc[`c{ e? ^_ Zfe ^Z �_Yk � [fe s � YZd e?� � ^Z [fe s> `]Y` [cWXYacd s h �{`cZd xc[`c{ e? `f
`]c [^\]` gZ`^X ^` fxc[XYW_ `]c Xc�`yf_` afXgyZ f� e?� � l YZd [fg`c f xc[`^aYXXk ^Z `]^_ afXgyZ h
mcc i^\g[c u h

i ^\g[c u � üfZxc[`^Z\ Y �Y` x ^_^b ^X^`k [cW[c_cZ`Y`^fZ `f Y tod^[ca`^fZYX x ^_^b^X^`k [cW[c_cZ`Yo
`^fZ h

V __gyc f ^_ Y ]f[^
fZ`YX cd\c b c`eccZ e? YZd e?� � h ðf`c `]Y` Zf xc[`^aYX cd\c ]Y_ b ccZ
WXYacd ^Z `]c afXgyZ_ b c`eccZ e? YZd e?� � �f`]c[e ^_c l `] ^_ efgXd a[f__ cd\c f ^Z Y WXYZY[
d[Ye ^Z\� l YZd `]c[c ^_ Zf f`]c[ xc[`c{ ^Z `]^_ _WYac �_^Zac e? YZd e?� � Y[c afZ_cag`^xc h�V X_f l `]c Xc�`yf_` afXgyZ f� e?� � dfc_ Zf` afZ`Y^Z Y xc[`^aYX cd\c �_^Zac YZk _ga] cd\c ^_
WXYacd ^Z `]c [^\]` f� `]c `ef afXgyZ_ `]Y` [cWXYacd ^` h� mf `]^_ `[YZ_�f[y Y`^fZ yY^Z`Y^Z_ Y
x^_^b ^X^`k [cW[c_cZ`Y`^fZ YZd afZxc[`_ YXX ]f[^
fZ`YX cd\c_ ^Z`f xc[`^aYX cd\c_ l ]cZac \^xc_ Y
tod^[ca`^fZYX x ^_^b ^X^`k [cW[c_cZ`Y`^fZ h
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i^\g[c q _gyyY[^
c_ YXX [cXY`^fZ_]^W_ b c`eccZ d[Ye ^Z\ yfdcX_ � _fX^d Y[[fe _ y cYZ `]Y`
d[Ye ^Z\_ ^Z fZc yfdcX Y[c Yg`fy Y`^aYXXk d[Ye ^Z\_ ^Z `]c f`]c[ yfdcX Y_ ecXX l e]c[cY_ dY_]cd
Y[[fe _ ycYZ `]Y` d[Ye ^Z\_ ^Z fZc yfdcX aYZ bc `[YZ_�f[y cd `f d[Ye ^Z\_ ^Z `]c f`]c[ yfdcX
e ^`]fg` Y_kyW`f`^a ^Za[cY_c ^Z `]c Y[cY h

poly-line drawingorth. box-drawingflat vis.repr.1-dir. vis.repr.

straight-line drawing

i^\g[c q � ÿcXY`^fZ_]^W_ b c`eccZ d[Ye ^Z\ yfdcX_ h
i[fy i^\g[c q l ^` _]fgXd b c aXcY[ e]k ^Z fg[ afZ_`[ga`^fZ_ ec �y f_`Xk � afZ_^dc[ �Y`

x^_^b ^X^`k [cW[c_cZ`Y`^fZ_ � `]^_ ^y WX^c_ `]c _Yy c Y_kyW`f`^a bfgZd_ �f[ YXX f`]c[ d[Ye ^Z\
yfdcX_ c{acW` _`[Y^\]`oX^Zc d[Ye ^Z\_ h �Z `]c f`]c[ ]YZd l WfXkoX^Zc d[Ye ^Z\_ Y[c `]c b c_`
yfdcX �f[ Xfec[ bfgZd_ h
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�Z `]^_ _ca`^fZ l ec _`gdk ]fe `f a[cY`c _y YXX x ^_^b ^X^`k [cW[c_cZ`Y`^fZ_ f� _c[^c_oWY[YXXcX
\[YW]_ l YZd �[_` \^xc YZ YX\f[^`]y dcWcZd^Z\ fZ _fyc WY[Yyc`c[ � h �� `]c _c[^c_oWY[YXXcX
\[YW] ]Y_ �YZofg` Y` yf_` � l ^ hc hl YXX WY[YXXcX afyWf_^`^fZ_ f� `]c _c[^c_oWY[YXXcX \[YW] ]Yxc
Y` y f_` � _gb\[YW]_ l `]cZ `]c [c_gX`^Z\ d[Ye ^Z\ ]Y_ YZ Y[cY f� � ��� Xf\ � � h �Z WY[`^agXY[ l
`]^_ k ^cXd_ Y[cY � ��� Xf\ �� �f[ YXX _c[^c_oWY[YXXcX \[YW]_ l bk a]ff_^Z\ � # � h �� `]c �YZofg`
c{accd_ � l `]cZ bk a]ff_^Z\ � _g^`YbXk ec \c` YZ Y[cY bfgZd f� � ��EF> � h

� âá ��è Hä��ç H�äì
|[c_gyc �[fy Zfe fZ `]Y` ec Y[c \^xcZ Y y Y{^y YX m|o\[YW] " l e]^a] ec }Zfe `f bc Y
�o`c[y ^ZYX _c[^c_oWY[YXXcX \[YW] h �g[ YX\f[^`]y d[Ye _ " YZd [cag[_^xcXk YXX ^`_ _gb\[YW]_� �[caYXX `]Y` `]^_ y cYZ_ _gb\[YW]_ g_cd �f[ afyWf_^`^fZ_ `f fb`Y^Z " � h �f cY_c Wg``^Z\
d[Ye ^Z\_ `f\c`]c[ l ec Wg` afZ_`[Y^Z`_ fZ `]c Xf aY`^fZ f� `]c `c[y ^ZYX_ �_cc YX_f i^\g[c s� �� Kc[`c{ = ^_ W XYacd ^Z `]c gWWc[ [^\]` af[Zc[ f� `]c bfgZd^Z\ bf{ h

� Kc[`c{ > ^_ W XYacd ^Z `]c Xfec[ [^\]` af[Zc[ f� `]c bfgZd^Z\ bf{ h

��
�

� ��
i^\g[c s � �XXg_`[Y`^fZ f� `]c ^Zdga`^fZ ]kWf`]c_^_ l YZd `]c bY_c aY_c � # � h

n ^`] fg[ afZ_`[ga`^fZ ec e ^XX YX_f dcxcXfW Y [cag[_^xc �f[ygXY �f[ `]c ]c^\]` f� `]c
d[Ye ^Z\ f� � l YZd dcZf`c ^` bk Y �( � l e]c[c � ]Y_ ( cd\c_ h � f[c W[ca^_cXkl Y �( � ^_ `]c
y Y{^ygy ]c^\]` f� Y d[Ye ^Z\ fb`Y^Zcd e ^`] fg[ YX\f[^`]y fxc[ YXX y Y{^y YX m|o\[YW]_ e ^`]( cd\c_ hE �Z `]c bY_c aY_c �( # t� l _^yWXk WXYac = Y`fW > � _cc i^\g[c s h �]c afZd^`^fZ_ f�
`]c ^Zdga`^fZ ]kWf`]c_^_ Y[c aXcY[Xk _Y`^_�cd l YZd ec ]Yxc Y �( � # � �f[ ( # th

� â� �åI è å� èç�ì Håäé
�� fg[ _gb\[YW] ^_ yf[c `]YZ YZ cd\c l `]cZ ec e ^XX fb`Y^Z Y _g^`YbXc d[Ye ^Z\ �f[ ^` bk _WX^`o
`^Z\ ^` ^Z`f �g[`]c[ _gb\[YW]_ l d[Ye ^Z\ `]cy l YZd yc[\^Z\ `]c^[ d[Ye ^Z\_ `f\c`]c[ _g^`YbXkh
�c�f[c y c[\^Z\ `]c d[Ye ^Z\_ l ec e ^XX _fy c`^y c_ ]Yxc `f yfd^�k `]cy l YZd ]cZac _`gdk ^Z
`]^_ _gbo_ca`^fZ ]fe `f yfd^�k d[Ye ^Z\_ h �f`] fWc[Y`^fZ_ \^xcZ b cXfe aYZ b c YWWX^cd Zf`
fZXk `f Y �Y` x^_^b ^X^`k [cW[c_cZ`Y`^fZ l bg` ^Z �Ya` `f YZk r 51 /219 /8 /75- J25< *78 �^ hc hl YZ
f[`]f\fZYX d[Ye ^Z\ �f[ e]^a] YXX xc[`^ac_ ]Yxc ]c^\]` Y` yf_` th� ðc^`]c[ f� `]cy Ydd_ b cZd_
�`]c _cafZd fZc y Yk [cyfxc b cZd_� l ]cZac YWWXk ^Z\ `]cy `f Y x^_^b ^X^`k [cW[c_cZ`Y`^fZ e ^XX
Y\Y^Z \^xc Y x ^_^b ^X^`k [cW[c_cZ`Y`^fZ h� W� £� ���¦ �� ���¼ ���� ¥ �U £¥ �  Â� PÀ��¡�� ��§� � � ¸� � Ð �¢À�� R ¼� ¼ £   � �� � £¤����¢ �� ¸� � Ð ���£¥¡ £�¦ ��� ¾�¥¡����£�¤� º

�



�]c �[_` fW c[Y`^fZ ^_ Yb_fXg`cXk _`[Y^\]`�f[eY[d l bg` `]c Yb^X^`k `f df `]^_ fW c[Y`^fZ ^_
fZc f� `]c y Y^Z [cY_fZ_ e]k a[cY`^Z\ f[`]f\fZYX d[Ye ^Z\_ ^_ _f yga] cY_^c[ `]YZ _`[Y^\]`oX^Zc
d[Ye ^Z\_ h
hïii ö � ]^ �.1 � �� � C. 5 r 51 /219 /8 /75- J25< *78 /4 � /4 9 .*89 1 Y 
 � 19 51 )51*)� .) 19 .*7q52*571l �9 .7 4 /2 57L Y� 
 Y k 19 .2. .: *)1) 5 r 51 /219 /8 /75- J25< *78 �� �� � /4 � /4 9 .*89 1Y� 19 51 )51*)� .) 19 . *7q52*571 57J 95) 19 . )5+ . 70+ C.2 /4 C.7J) 5) � �� � l
� îññ � � m^yWXk ^Z_c[` Y� � Y cyW`k [fe _ b c`eccZ `]c `fW [fe YZd `]c bf``fy [fe h V XX
cd\c _c\ycZ`_ `]Y` ^Z`c[_ca` Y Zce cyW`k [fe Y[c Zcac__Y[^Xk xc[`^aYX l YZd ]cZac _^y WXk aYZ
bc c{`cZdcd h �

�]c _cafZd fWc[Y`^fZ ^_ Y b^` yf[c ^ZxfXxcd h nc _Yk `]Y` ^Z Y d[Ye ^Z\ Y xc[`c{ ),57)19 . 1/, �C/11/+� 2/< ^� ^`_ xc[`c{ bf{ afZ`Y^Z_ b f`] `]c `fW �bf``fy � Xc�` Wf^Z` YZd `]c `fW
�bf``fy � [^\]` W f^Z` f� `]c _y YXXc_` cZaXf_^Z\ b f{ f� `]c d[Ye ^Z\ h
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� îññ � � Vdd Y Zce [fe Ybfxc � �� � l YZd yfxc = ^Z`f `]^_ [fe l _WYZZ^Z\ ^` YXX `]c eYkh
�]c yY^Z �gc_`^fZ ^_ ]fe `f [co[fg`c `]c cd\c_ ^Za^dcZ` `f = h if[ YXX cd\c_ `]Y` Y``Ya] Y` =
xc[`^aYXXkl ec _^yWXk c{`cZd `]c cd\c `f [cYa] `]c Zce Wf_^`^fZ f� = h

m^Zac = ]Y_ ]c^\]` t YZd afZ`Y^Z_ `]c `fW [^\]` af[Zc[ l Y` yf_` fZc cd\c Y``Ya]c_ ]f[^o
fZ`YXXk Y` = h �� `]c[c ^_ fZc l `]cZ Xc` � b c `]c f`]c[ cZdWf^Z` f� `]c ]f[^
fZ`YX _c\y cZ` ^Z
`]c `fW [fe �� afgXd b c Y xc[`c{ f[ Y b cZd h� m^Zac = _WYZ_ `]c `fW [fe ^Z �� �� � l = yg_` b c
Zfe Ybfxc � l _f ec aYZ [co[fg`c `]c cd\c bk afZ`^Zg^Z\ xc[`^aYXXk gWeY[d �[fy � `feY[d_ = h
mcc YX_f i^\g[c v h �

�

��
�

�

i^\g[c v � � fx^Z\ = _f `]Y` ^` _WYZ_ `]c `fW [fe h
nc aYXX `] ^_ YWW[fYa] 2.-.5)*78 1.2+ *75- = h n ^`] c{Ya`Xk `]c _Yy c YWW[fYa] Y` `]c

bf``fy cZd l ec aYZ fb`Y^Z `]c �fXXfe ^Z\ [c_gX`_ �
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