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LMNOPQRO
STUVWXYZ [W WY\]^_`[Wa \YXbW^c^ad VWT \bY YZ\Vec[ZbfYW\
^g \bY hWg^_fV\[^W ijkY_b[ab]Vd bVUY _YWTY_YT \bY U[_\jVc
c[e_V_d V X^WX_Y\Y k^ZZ[e[c[\dl mY V_Y Xj__YW\cd [WUYZ\[aV\[WajZY_ YnkY_[YWXY [W ]Vc`[Wa \b_^jab V cV_aY U[_\jVc YWU[_^WofYW\ [W \bY X^W\Yn\ ^g hW\Y_WY\l pb[Z k_^U[TYZ jZY_Z ][\b\bY Ve[c[\d \^ U[Y] UV_[^jZ U[_\jVc ^eqYX\Z g_^f T[rY_YW\ T[Zo\VWXYZ VWT VWacYZs jZ[Wa X^ff^W ]Ye e_^]ZY_Zl p^ TYc[UY_ Va^^T kY_g^_fVWXY g^_ ZjXb Vkkc[XV\[^WZs ]Y WYYT \^ VTT_YZZ
ZYUY_Vc [ZZjYZ [W T[rY_YW\ _YZYV_Xb T[ZX[kc[WYZlt[_Z\s ]Y fjZ\ eY VecY \^ f^TYc U[_\jVc ^eqYX\Z YrYXo\[UYcdl pbY _YXYW\cd TYUYc^kYT \YXbW[ujYZ g^_ fjc\[o_YZ^cj\[^W^eqYX\ f^TYc[Wa [W X^fkj\Y_ a_Vkb[XZ V_Y ^g a_YV\ UVcjYbY_Ys Z[WXY \bYd V_Y XVkVecY ^g Z[fkc[gd[Wa \bY ^eqYX\ f^ToYcZ VWT \bY_Yg^_Y _YTjX[Wa \bY \[fY \^ _YWTY_ \bYfl iYX^WTs][\b \bY c[f[\YT eVWT][T\b X^WZ\_V[W\ ^g \bY hW\Y_WY\s ]Y
WYYT \^ _YTjXY \bY _YZk^WZY \[fY ed _YTjX[Wa \bY Vf^jW\ ^gTV\V _YujYZ\YT ^UY_ \bY WY\]^_`l vWY Vc\Y_WV\[UY [Z \^ XVXbY^eqYX\ f^TYcZ ^g b[ab VwW[\dl x_YgY\Xb[Wa ^eqYX\ f^TYcZ edk_YT[X\[Wa \b^ZY ]b[Xb V_Y c[`Ycd \^ eY jZYT [W \bY WYV_ gjo\j_Y VWT T^]Wc^VT[Wa \bYf [W VTUVWXY ][cc cYVT \^ V Z[f[cV_
[fk_^UYfYW\l pb[_Ts \bY hW\Y_WY\ ^g\YW ZjrY_Z g_^f T[ZX^WoWYX\[^Wl S XVXb[Wa fYXbVW[Zf \bV\ Vcc^]Z ^eqYX\Z \^ eY
XVXbYT ][\b V\ cYVZ\ \bY[_ f[W[fjf _YZ^cj\[^W ][cc eY jZYgjc\^ k_^U[TY V\ cYVZ\ V X^V_ZY U[Y] ^g \bY ^eqYX\Z \^ V T[ZX^WoWYX\YT U[Y]Y_ g^_ [fk_^UYT U[ZjVc kY_XYk\[^Wl hW \b[Z kVkY_s]Y k_^k^ZY V yz{|}~����{z|}�� ����}�� y�����}�y VWT [WUYZo\[aV\Y [\Z YrYX\[UYWYZZ [W Zjkk^_\[Wa U[_\jVc ]Vc`\b_^jab Vkokc[XV\[^WZ [W \bY hW\Y_WY\ YWU[_^WfYW\l pbY XVXb[Wa fYXbVoW[Zf [Z gj_\bY_ X^fkcYfYW\YT ][\b ZYUY_Vc ��� ��| ���� �|��}��
y�����}�y� g^_ k_YT[X\[Wa gj\j_Y VXXYZZYT ^eqYX\Zl pbY kY_og^_fVWXY ^g ^j_ k_^k^ZYT fYXbVW[ZfZ VWT \bY[_ gYVZ[e[c[\[YZ
V_Y ujVW\[�YT U[V Z[fjcV\YT YnkY_[fYW\Zl
� ��OP���RO���
�YXYW\ YZ\Vec[ZbfYW\ ^g \bY m^_cT m[TY mYe [Wg_VZ\_jXo\j_Y ��� bVZ e_^jab\ Ve^j\ V _YU^cj\[^WV_d XbVWaY \^ \bY
^_aVW[�V\[^W VWT k_YZYW\V\[^W ^g [Wg^_fV\[^Wl pbY \YXbW^co^ad bVZ Vcc^]YT fjc\[ofYT[V [Wg^_fV\[^W \^ eY VXXYZZYT ^W

c[WY [W V jZY_og_[YWTcd fVWWY_ VX_^ZZ aY^a_Vkb[XVc e^jWToV_[YZl vg \bY WjfY_^jZ YfY_a[Wa fjc\[ofYT[V Vkkc[XV\[^WZs]Y YWU[Z[^W V kV_\[XjcV_ `[WT ^g Vkkc[XV\[^Ws \bY U[_\jVc ]Vc`o\b_^jab Vkkc[XV\[^W ����s \^ eY ^g [W\Y_YZ\lhW V U[_\jVc ]Vc`\b_^jab Vkkc[XV\[^Ws V jZY_s ][\b VXXYZZ\^ \bY hW\Y_WY\s X^jcT Ynkc^_Y V ZkYX[�X kcVXY ^g [W\Y_YZ\
][\b^j\ bVU[Wa \^ \_VUYc kbdZ[XVccdl pbY kcVXY ^g [W\Y_YZ\][cc eY f^TYcYT VZ V U[_\jVc ]^_cTs X^W\V[W[Wa V UVZ\ WjfeY_
^g U[_\jVc ^eqYX\Zl iVfkcY Vkkc[XV\[^WZ ^g \b[Z Z^_\ [WXcjTYU[_\jVc fjZYjfs U[_\jVc c[e_V_ds U[_\jVc jW[UY_Z[\ds Y\Xl ����l�fkc^d[Wa V Z\VWTV_T Xc[YW\oZY_UY_ V_Xb[\YX\j_Ys [Wg^_ofV\[^W ^g U[_\jVc ^eqYX\Zs [WXcjT[Wa \bY[_ c^XV\[^WZs Z[�YZs
^_[YW\V\[^WZs VWT ZbVkYZs ][cc eY fV[W\V[WYT [W V XYW\_VcTV\VeVZY ZY_UY_l mbYW V U[Y]Y_ �jZY_� ]Vc`Z \b_^jab V U[_o\jVc ]^_cTs [Wg^_fV\[^W ^g \bY U[_\jVc ^eqYX\Z c^XV\YT ][\b[W
V U[Z[ecY T[Z\VWXY g_^f \bY U[Y]Y_ ][cc eY X^WUYdYT \^ \bY
Xc[YW\ fVXb[WY ^g \bY U[Y]Y_l pbY [Wg^_fV\[^W ][cc \bYW eYk_^XYZZYT VWT _YWTY_YT [W\^ [fVaYZ \^ eY U[Y]YT ed \bY
U[Y]Y_l xY_[kbY_Vc TYU[XYZ ZjXb VZ bYVTof^jW\ T[ZkcVdZ ^_X^WUYW\[^WVc X^c^_ f^W[\^_Z X^jcT eY Yfkc^dYT \^ U[Y] \bY
_YWTY_YT [fVaYZl SZ \bY U[Y]Y_ f^UYZ ][\b[W \bY U[_\jVc]^_cTs \bY _YcV\[UY c^XV\[^WZ VWT ^_[YW\V\[^WZ ^g \bY U[_o\jVc ^eqYX\Z fVd XbVWaY ][\b _YZkYX\ \^ \bY k^Z[\[^W ^g \bY
U[Y]Y_l ijXb XbVWaYZ ^g [Wg^_fV\[^W Zb^jcT eY _Y�YX\YT[W\^ \bY _YWTY_YT [fVaYZ [W V \[fYcd gVZb[^Wl hW aYWY_Vcs\bY U[_\jVc ^eqYX\Z X^jcT eY TdWVf[X VZ ]Yccs XbVWa[Wa \bY[_
c^XV\[^WZ VWT ^_[YW\V\[^WZ ][\b[W \bY U[_\jVc YWU[_^WfYW\l�^]YUY_s [W \b[Z kVkY_s ]Y ^Wcd g^XjZ ^W V U[_\jVc YWU[_^WofYW\ ]bY_Y U[_\jVc ^eqYX\Z V_Y Z\V\[Xl pbY jc\[fV\Y a^Vc[Z \^ k_^U[TY V a^^T kY_g^_fVWXY ^g \bY Vkkc[XV\[^Ws e^\b
[W \Y_fZ ^g _YZk^WZ[UYWYZZ VWT _YZ^cj\[^Ws jWTY_ \bY Yn[Z\o[Wa X^WZ\_V[W\Z ^g _YcV\[UYcd c^] hW\Y_WY\ eVWT][T\b VWT \bY
cV_aY fYf^_d TYfVWT ^g U[_\jVc ^eqYX\Zl
mY V_Y VTT_YZZ[Wa ZYUY_Vc [ZZjYZ [W \b[Z _YZYV_Xbl t[_Z\sU[_\jVc ^eqYX\Z fjZ\ eY f^TYcYT [W V X^fkVX\ g^_fl pb[ZXVW _YTjXY W^\ ^Wcd \bY Vf^jW\ ^g Z\^_VaY ZkVXY WYYTYTsej\ VcZ^ \bY \[fY _Yuj[_YT \^ \_VWZgY_ \bY ^eqYX\Z g_^f \bY

ZY_UY_ \^ V Xc[YW\ jWTY_ \bY ZXV_Y hW\Y_WY\ eVWT][T\bl SX^fkVX\ f^TYc[Wa ^g U[_\jVc ^eqYX\Z VcZ^ bVZ \bY eYWY�\ ^ggVZ\ _Y\_[YUVc g_^f ZYX^WTV_d Z\^_VaYs e^\b V\ \bY ZY_UY_ VWT
V\ V Xc[YW\l �^]YUY_s ^UY_oX^fkVX\ f^TYc[Wa ^g U[_\jVc ^eoqYX\Z ][cc [WX_YVZY \bY ^UY_bYVT [W X^fk_YZZ[Wa VWT TYX^fok_YZZ[Wa \bY ^eqYX\Zl S fYXbVW[Zf \bV\ XVW _YTjXY e^\b\bY Z\^_VaY ZkVXY VWT \_VWZf[ZZ[^W ^UY_bYVTs ej\ dY\ k_^oU[TY V _YVZ^WVecY X^fk_YZZ[Wa VWT TYX^fk_YZZ[Wa YwX[YWXd
[Z _Yuj[_YTl pbY _YXYW\cd TYUYc^kYT fjc\[o_YZ^cj\[^W ^eqYX\f^TYc[Wa \YXbW[ujYZ [W X^fkj\Y_ a_Vkb[XZ �� s ��� X^jcT eY
Yfkc^dYT bY_Yl pbY \YXbW[ujYZ Vcc^] k_^a_YZZ[UY \_VWZf[ZoZ[^W ^g ^eqYX\Z ][\b ^Wcd f[W[fVc ^UY_bYVTZl

In Proceedings of ACM Multimedia, pp. 171-180, Sept. 1998.



iYX^WTs ][\b \bY c[f[\YT eVWT][T\b ^g \bY hW\Y_WY\s ]Y
WYYT \^ _YTjXY \bY Vf^jW\ ^g TV\V _YujYZ\YT ^UY_ \bY WY\o]^_` g^_ gVZ\Y_ _YZk^WZY \[fYl pb[Z XVW eY VXb[YUYT ed e^\bXVXb[Wa VWT k_YgY\Xb[Wa fYXbVW[ZfZl S XVXb[Wa fYXbVW[ZfVcc^]Z V Xc[YW\ \^ j\[c[�Y [\Z fYf^_d VWT c^XVc Z\^_VaY \^
XVXbY Xj__YW\cd U[Z[ecY ^eqYX\Z \bV\ V_Y c[`Ycd \^ eY U[Z[ecY
[W \bY WYV_ gj\j_Y ����l S k_YgY\Xb[Wa fYXbVW[Zf Vcc^]Z VXc[YW\ \^ k_YT[X\ ^eqYX\Z \bV\ ][cc c[`Ycd eY U[Z[ecY [W \bY gjo\j_Y VWT ^e\V[W \bY ^eqYX\Z [W VTUVWXYl S a^^T XVXb[WafYXbVW[Zf Zb^jcT _Y\V[W ^eqYX\Z ][\b b[ab VwW[\d ]b[cY V
a^^T k_YgY\Xb[Wa fYXbVW[Zf Zb^jcT k_YT[X\ \b^ZY ^eqYX\Z
]b[Xb ][cc f^Z\ c[`Ycd eY jZYTl
pb[_Ts \bY hW\Y_WY\ ^g\YW ZjrY_Z g_^f UV_[^jZ TYa_YYZ ^gT[ZX^WWYX\[^Wl pbY c^XVc Z\^_VaY XVXbY ^g V Xc[YW\ XVW eYjZYT \^ k_^U[TY kV_\[Vc [Wg^_fV\[^W \^ Zjkk^_\ V XY_\V[W TYoa_YY ^g T[ZX^WWYX\YT ^kY_V\[^Wl t^_ YnVfkcYs V U[Y]Y_ fVdZ\[cc eY VecY \^ ZYY V X^V_ZY _YZ^cj\[^W ^g ^eqYX\Z [W \bY U[_\jVc

]^_cT [g \bY f[W[fVc Vkk_^n[fV\YT f^TYcZ ^g \bY ^eqYX\Z V_Y
XVXbYTl �UYW [g ^Wcd \bY X^^_T[WV\YZ ^g \bY U[_\jVc ^eqYX\ZV_Y XVXbYTs V U[Y]Y_ X^jcT Z\[cc eY V]V_Y ^g \bY Yn[Z\YWXY ^g\bY ^eqYX\Z [W \bY U[_\jVc ]^_cTlhW \b[Z kVkY_s ]Y k_^k^ZY V Z\^_VaY XVXb[Wa VWT k_YgY\Xbo[Wa fYXbVW[Zf \bV\ Vcc^]Z U[_\jVc ^eqYX\Z g_^f V _Yf^\YTV\VeVZY ZY_UY_ \^ eY XVXbYT [W V Xc[YW\�Z c^XVc Z\^_VaY V\ UV_o[^jZ _YZ^cj\[^WZl mY \Y_f ^j_ fYXbVW[Zfs yz{|}~����{z|}������}�� y�����}�ys VWT V\\Yfk\ \^ ujVW\[gd \bY kY_g^_ofVWXY U[V Z[fjcV\YT YnkY_[fYW\Zl pbY _YZ\ ^g \bY kVkY_[Z ^_aVW[�YT VZ g^cc^]Zl iYX\[^W � k_YZYW\Z V Zj_UYd ^W _YcYoUVW\ _YZYV_Xbl iYX\[^W � k_YZYW\Z VW ^UY_U[Y] ^g ^j_ fY\b^TVWT X^W\_VZ\Z \bY T[rY_YWXYZ ^g ^j_ Vkk_^VXb ][\b k_YU[^jZ
^WYZl hW iYX\[^W �s ]Y k_YZYW\ ^j_ fjc\[o_YZ^cj\[^W f^TYc[Wa\YXbW[ujYl iYX\[^W � k_YZYW\Z \bY fjc\[o_YZ^cj\[^W XVXb[WaVWT k_YgY\Xb[Wa fYXbVW[Zfl hW iYX\[^W �s ]Y k_YZYW\ VWTT[ZXjZZ \bY kY_g^_fVWXY ^g ^j_ fYXbVW[Zf U[V ZYUY_Vc Z[fojcV\YT YnkY_[fYW\Zl t[WVccds ]Y X^WXcjTY ^j_ kVkY_ ][\b VT[ZXjZZ[^W ^W k^ZZ[ecY gj\j_Y ]^_`l
� ���QO�� ��P	
hW V Xc[YW\oZY_UY_ TV\VeVZY YWU[_^WfYW\s \^ X^feV\ \bY WY\o]^_` \_VWZf[ZZ[^W cV\YWXds V fjc\[ocYUYc XVXb[Wa fYXbVW[ZfX^jcT eY YZ\Vec[ZbYT ed XVXb[Wa TV\VeVZY ^eqYX\Z g_^f \bY
ZY_UY_ [W V Xc[YW\�Z c^XVc fYf^_d VWT
^_ c^XVc Z\^_VaYl SZ\^_VaY XVXbY VcZ^ bVZ VW VTUVW\VaY ^g kY_Z[Z\YWXYl mbYWT[ZX^WWYX\YT g_^f \bY ZY_UY_s V Xc[YW\ XVW Z\[cc ^kY_V\Y ^W\bY TV\VeVZY ^eqYX\Z VUV[cVecY [W [\Z c^XVc Z\^_VaYlhW V X^WUYW\[^WVc Xc[YW\oZY_UY_ TV\VeVZY YWU[_^WfYW\s TV\V^eqYX\Z V_Y jZjVccd \_VWZgY__YT g_^f \bY TV\VeVZY ZY_UY_ \^
V Xc[YW\ ^W V kY_okVaY eVZ[Z ��s ��s ���l pb[Z [Z k_[fV_[cd eYoXVjZY \bY ZY_UY_�Z Z\^_VaY [Z VcZ^ kVaYoeVZYTl pbY ^UY_bYVTg^_ \_VWZf[\\[Wa ^WY [\Yf ^_ V kVaY [Z Z[f[cV_l hW aYWY_VcsV kVaYoeVZYT fYXbVW[Zf _Yuj[_YZ V b[ab TYa_YY ^g c^XVc[\dVf^Wa \bY [\YfZ ][\b[W YVXb kVaY \^ eY YrYX\[UY ����lhW V U[_\jVc ]Vc`\b_^jab YWU[_^WfYW\s U[_\jVc ^eqYX\Z
V_Y _Yk_YZYW\YT jZ[Wa ��� ��| y���{� VWT V_Y jZjVccd UY_d
X^fkcYn VWT cV_aY [W Z[�Ys ^XXjkd[Wa k^ZZ[ecd fjc\[kcY TV\V
kVaYZl pbY ^UY_bYVT _Yuj[_YT \^ \_VWZgY_ VW ^eqYX\ f^TYc�̂ _ Z[fkcd ^eqYX\� [W [\Z YW\[_Y\d U[V \bY WV__^] eVWT][T\b
hW\Y_WY\ [Z UY_d b[abl tj_\bY_f^_Ys ]Y f[ab\ W^\ Vc]VdZWYYT \^ _YWTY_ VW ^eqYX\ V\ [\Z gjcc _YZ^cj\[^W �ZYY iYX\[^W ��l
pbY_Yg^_Ys \bY_Y ][cc eY Z[\jV\[^WZ \bV\ ]Y WYYT \^ \_VWZgY_cYZZ \bVW V kVaY ^g [Wg^_fV\[^W VWT \bY_Y VcZ^ Yn[Z\Z Z[\jVo\[^WZ \bV\ ]Y WYYT \^ \_VWZgY_ f^_Y \bVW V kVaY ^g [Wg^_fVo\[^Wl S f^_Y TdWVf[X a_VWjcV_[\d g^_ XVXb[Wa [Z WYYTYT [W\b[Z U[_\jVc ]Vc`\b_^jab YWU[_^WfYW\l

p^ Z[fkc[gd \bY V_Xb[\YX\j_YZs f^Z\ Yn[Z\[Wa U[_\jVc ]Vc`o\b_^jab ZdZ\YfZ V_Y _Ykc[XV\[^WoeVZYT Vkk_^VXb ��s �s �s ��s��s �
�l pbY aY^fY\_d TV\VeVZY [Z �_Z\ \_VWZgY__YT \^ \bYXc[YW\ fVXb[WY �̂ _ \bY Xc[YW\ Z[\Y ]bY_Y V b[ab ZkYYT WY\]^_`
X^WWYX\Z \bY Xc[YW\ VWT \bY c^XVc aY^fY\_d TV\VeVZY ZY_UY_�lhW VW hW\Y_WY\ YWU[_^WfYW\s \b[Z Vkk_^VXb [Z k^ZZ[ecY ^Wcd [g
Y[\bY_ \bY Z[�Y ^g \bY aY^fY\_d TV\VeVZY [Z ZfVcc ^_ \bY Xc[YW\
XVW k_^U[TY jWe^jWTYT T[Z` Z\^_VaY VWT ]V[\ g^_ V k^ZZ[ecd
UY_d c^Wa k_Yoc^VT[Wa \[fYs �^]YUY_s V f^_Y _YVc[Z\[X Z[\jVo\[^W [Z \bV\ \bY VUV[cVecY Z\^_VaY g^_ XVXb[Wa VWT \bY VUV[coVecY k_Yoc^VT[Wa \[fY V_Y c[f[\YT ����l S T[rY_YW\ Vkk_^VXb\^ TV\VeVZY _Ykc[XV\[^W ed \_VWZf[\\[Wa \bY ^eqYX\ f^TYcZ
^W TYfVWT \^ \bY Xc[YW\Z Tj_[Wa \bY ]Vc`\b_^jab ���s ��� [Z
V eY\\Y_ Vc\Y_WV\[UY [W \b[Z hW\Y_WY\ YWU[_^WfYW\l hW ����s VZ[f[cV_ Vkk_^VXb [Z VT^k\YT ed \_VWZf[\\[Wa k_^a_Vf X^TYZg^_ X^WZ\_jX\[Wa \bY ^eqYX\ f^TYcZ V\ \bY Xc[YW\l pbYZY Vkok_^VXbYZ Zb^_\YW \bY k_Yoc^VT[Wa \[fYl
��� ���O����N���O��� ��������
hW V U[_\jVc ]Vc`\b_^jab Vkkc[XV\[^Ws _YWTY_[Wa V X^fkcYn
^eqYX\ V\ V Xc[YW\ [Z YnkYWZ[UYl mY W^\[XY \bV\ g_^f \bY
kY_ZkYX\[UY ^g V U[Y]Y_ [W \bY U[_\jVc ]^_cTs T[Z\VW\ ^eqYX\Z
^XXjkd ZfVccY_ ZX_YYW V_YVZ \bVW WYV_ed ^eqYX\Z Vg\Y_ k_^oqYX\[^Wl �^Z\ ^g \bY TY\V[cZ ^g T[Z\VW\ ^eqYX\Z V_Y VX\jVccdW^\ U[Z[ecY \^ \bY U[Y]Y_l �YWXYs [\ [Z ^Wcd WYXYZZV_d \^_Yk_YZYW\ VW ^eqYX\ V\ \bY _YZ^cj\[^W qjZ\ b[ab YW^jab g^_\bY a[UYW U[Y][Wa T[Z\VWXYl pb[Z X^jcT _YTjXY \bY \_VWZf[ZoZ[^W TYcVd VWT \bY Z\^_VaY _Yuj[_YT \^ b^cT \bY ^eqYX\Z [W V
Xc[YW\�Z c^XVc Z\^_VaYl pb[Z X^jcT VcZ^ _YTjXY \bY _YWTY_[Wa^UY_bYVTl p^ ^k\[f[�Y e^\b \bY \_VWZf[ZZ[^W TYcVd VWT \bY_YWTY_[Wa kY_g^_fVWXYs ]Y Yfkc^d fjc\[o_YZ^cj\[^W f^TYco[Wa \YXbW[ujYZ bY_Y \^ Z\jTd \bY YrYX\ ^g XVXb[Wa ^eqYX\Z
[W V Xc[YW\ V\ UV_[^jZ TYa_YYZ ^g a_VWjcV_[\dl hW e_[Ygs ^j_fjc\[o_YZ^cj\[^W fYXbVW[Zf XVXbYZ VWT k_YgY\XbYZ V WYV_ed^eqYX\ V\ V b[abY_ _YZ^cj\[^W VWT V T[Z\VW\ ^eqYX\ V\ V c^]Y_
^WYl
pbY_Y V_Y fVWd fY\b^TZ TYUYc^kYT g^_ aYWY_V\[Wa fjc\[o_YZ^cj\[^W f^TYcZ ��s �
s ��s ���l �^]YUY_s f^Z\ ^g \bYfg^XjZ ^W \bY VXXj_VXd ^g \bY Z[fkc[�XV\[^Ws VWT bYWXYs V_Y

Zc^]l S k^kjcV_ fY\b^T \^ ^UY_X^fY \bY kY_g^_fVWXY c[fo[\V\[^W [Z XVccYT \bY �}����|� yz{|}~����{z|}�� y�|���l pb[ZfY\b^T k_YoaYWY_V\YZ V gY] `Yd f^TYcZ ^g VW ^eqYX\ V\ T[gogY_YW\ _YZ^cj\[^WZl �j_[Wa _jWo\[fYs \bY ^eqYX\�Z T[Z\VWXYg_^f \bY U[Y]Y_ TY\Y_f[WYZ ]b[Xb f^TYc \^ jZY g^_ _YWTY_o[Wa �
�l Sc\b^jab \b[Z fY\b^T [Z gVZ\ VWT Z[fkcYs [\ bVZ \]^fVq^_ c[f[\V\[^WZl t[_Z\s ]bYW \bY ^eqYX\�Z T[Z\VWXY g_^f\bY U[Y]Y_ X_^ZZYZ \bY \b_YZb^cT T[Z\VWXYs \bY_Y [Z V ZjTTYW
XbVWaY [W f^TYc _YZ^cj\[^W VWT VW ^eqYX\[^WVecY U[ZjVc T[ZoX^W\[Wj[\d YrYX\ XVW eY ^eZY_UYTl hW ����s pj_` k_^k^ZYZ\^ bVUY V \_VWZ[\[^W kY_[^T Tj_[Wa ]b[Xb V Zf^^\b [W\Y_k^ocV\[^W eY\]YYW \bY \]^ ZjXXYZZ[UY f^TYcZ [Z kY_g^_fYT \^
k_^TjXY f^TYcZ ^g [W\Y_fYT[V\Y _YZ^cj\[^WZl pb[Z fY\b^Tsb^]YUY_s gj_\bY_ [WX_YVZYZ \bY X^fkj\V\[^WVc X^Z\ Tj_[Wa \bY\_VWZ[\[^W kY_[^T eYXVjZY ^g \bY WYYT \^ k_^XYZZ \]^ f^ToYcZ V\ \bY ZVfY \[fYl iYX^WTs eYXVjZY Vcc \bY `Yd f^TYcZV_Y [WTYkYWTYW\ ^g YVXb ^\bY_s \bY ^UY_Vcc Vf^jW\ ^g [Wg^_ofV\[^W WYYTYT \^ _Yk_YZYW\ V kV_\[XjcV_ ^eqYX\ [Z [WX_YVZYT
VWT [Z TYkYWTYW\ ^W \bY \^\Vc WjfeY_ ^g `Yd f^TYcZ jZYTlhW V T[Z\_[ej\YT YWU[_^WfYW\s \b[Z ][cc [WX_YVZY \bY WY\]^_`\_VwX VWT bYWXY _YTjXY \bY VUV[cVe[c[\d ^g ^eqYX\ZlS fY\b^T _YgY__YT \^ VZ ��������}�� y����� ]VZ _YXYW\cd
k_^k^ZYT g^_ k_^a_YZZ[UY \_VWZf[ZZ[^W ^g fjc\[o_YZ^cj\[^W ^eoqYX\ f^TYcZ �� �l pbY fY\b^T VZZjfYZ \bV\ \bY ^eqYX\ [ZX^fk^ZYT ^g \_[VWacYZs ]b[Xb [Z X^ff^Wcd jZYT g^_ _Yk_YoZYW\[Wa �� ^eqYX\Zl h\ [Z eVZYT ^W \]^ ^kY_V\^_Zs ���� ��{~



{���� g^_ _YTjX[Wa f^TYc _YZ^cj\[^Ws VWT ���� ��{}| g^_ [WoX_YVZ[Wa f^TYc _YZ^cj\[^Wl �VXb ^eqYX\ [Z f^TYcYT VZ VW ^_oTY_YT c[Z\l pbY c[Z\ eYa[WZ ][\b V f[W[fVc _YZ^cj\[^W f^TYc^g \bY ^eqYX\s VcZ^ _Yk_YZYW\YT [W \bY g^_f ^g V \_[VWacYf^TYcl �VXb ZjeZYujYW\ _YX^_T [W \bY c[Z\ Z\^_YZ [Wg^_fVo\[^W ^g VW YTaY Zkc[\l pbY Z\_jX\j_Y ^g V k_^a_YZZ[UY fYZb[Z Zb^]W [W t[aj_Y �l hg ]Y Vkkcd \bY [Wg^_fV\[^W Z\^_YT [WYVXb ^g \bY _YX^_TZ \^ \bY ^eqYX\ [W ^_TY_s \bY ^eqYX\ ][cc
a_VTjVccd [WX_YVZY [W _YZ^cj\[^W jW\[c [\ _YVXbYZ \bY fVn[ofjf _YZ^cj\[^Ws ]bYW Vcc \bY _YX^_TZ [W \bY c[Z\ V_Y Vkkc[YTl
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triangle model

t[aj_Y �� pbY Z\_jX\j_Y ^g V k_^a_YZZ[UY fYZbl
p^ X_YV\Y \bY c[Z\s \bY fY\b^T eYa[WZ ][\b \bY b[abYZ\_YZ^cj\[^W f^TYc ^g \bY ^eqYX\l S \_[VWacY YTaY c^XV\YT [WV c^XVccd �V\ _Ya[^W [Z ZYcYX\YTs VWT X^ccVkZYT [W\^ V Z[WacY

k^[W\l ijXb V X^ccVkZY ][cc _YZjc\ [W \bY _Yf^UVc ^g \]^ \_[VWoacYZ g_^f \bY f^TYcl pbY [Wg^_fV\[^W _YcV\YT \^ \b[Z Z[WacYYTaY X^ccVkZY [Z kVX`VaYT [W V Z[WacY _YX^_T VWT kcVXYT V\ \bY
YWT ^g \bY c[Z\l pb[Z YTaY X^ccVkZ[Wa ^kY_V\[^W [Z X^W\[WjYTVWT \bY X^__YZk^WT[Wa _YX^_TZ V_Y [WZY_\YT [W \bY c[Z\ [W V
_YUY_ZY ^_TY_ jW\[c \bY f^TYc [Z _YTjXYT \^ [\Z f[W[fVc _YZ^ocj\[^Wl pb[Z f[W[fVc _YZ^cj\[^W f^TYc [Z \bYW VTTYT \^ \bYeYa[WW[Wa ^g \bY c[Z\ \^ g^_f \bY X^fkcY\Y c[Z\l pb[Z c[Z\ [Z _YogY__YT \^ VZ \bY k_^a_YZZ[UY fYZbs VWT \bY f[W[fVc _YZ^cj\[^Wf^TYc [Z _YgY__YT \^ VZ \bY ���� y���l �VXb ^g \bY _YX^_TZ [W\bY Z[fkc[�XV\[^W c[Z\ [Z `W^]W VZ V ��������}�� ������l mYbVUY _YXYW\cd TYUYc^kYT V Z[f[cV_ fY\b^T ���s ���l
��� ����QR����O Q�� �P���OR���� ��R������N
hW ����s UV_[^jZ XVXbY _YkcVXYfYW\ k^c[X[YZ bVUY eYYW k_^ok^ZYT VWT \bY[_ Zj[\Ve[c[\[YZ [W V X^WUYW\[^WVc TV\VeVZY ZdZo\Yf bVUY eYYW YnVf[WYTl pbYZY k^c[X[YZ V_Y Vcc kVaYoeVZYTsTjY \^ \bY c^a[XVc fVkk[Wa fVTY ed \bY TV\VeVZY ^_ ^kY_oV\[Wa ZdZ\Yf \^ \bY kbdZ[XVc Z\^_VaYl hW aYWY_Vcs \bY kY_og^_fVWXY ^g [WT[U[TjVc _YkcVXYfYW\ k^c[X[YZ [Z ZYWZ[\[UY \^\bY XbV_VX\Y_[Z\[XZ ^g ujY_[YZ [W[\[V\YT VWT \bY Vkkc[XV\[^W
YWU[_^WfYW\l S aYWY_Vc X^WXcjZ[^W ^W \bY kY_g^_fVWXY ^g\bY _YkcVXYfYW\ k^c[X[YZ XVWW^\ eY fVTYl hW k_VX\[XYs \bY_YkcVXYfYW\ k^c[Xd [Z ^g\YW Vkk_^n[fV\YT ed \bY cYVZ\ _YoXYW\cd jZYT ���	� k^c[Xd [W X^WUYW\[^WVc XVXb[Wa ��s ��s ���lhW ����s [\ ]VZ Zb^]W \bV\ ��	 k^c[Xd [Z W^\ Vkk_^k_[V\Y [W V
X^W\Yn\ ]bY_Y \bY ^eqYX\Z VXXYZZYT ed V Xc[YW\ f[ab\ XbVWaY
^UY_ \[fYl �V\bY_s \bY ZYfVW\[XZ ^g TV\V VXXYZZ [Z f^_Y[fk^_\VW\ [W TY�W[Wa \bY _YkcVXYfYW\ k^c[Xdl mYs \bY_Yog^_Ys WYYT \^ TYUYc^k V f^_Y Vkk_^k_[V\Y _YkcVXYfYW\ k^c[XdeVZYT ^W \bY ZYfVW\[XZ ^g VXXYZZYZ [W V ]Vc`\b_^jab YWU[o_^WfYW\l h\ ]VZ VcZ^ W^\[XYT [W ��� \bV\ k_YgY\Xb[Wa X^jcTeY UY_d eYWY�X[Vc [W [fk_^U[Wa \bY kY_g^_fVWXY ^g TV\VeVZY
Vkkc[XV\[^WZ [g \bY k_YgY\Xb[Wa [Z kY_g^_fYT [W\Ycc[aYW\cdl

 ��O��� ���P���

hW ^j_ ]Vc`\b_^jab Vkkc[XV\[^W ][\b[W \bY hW\Y_WY\ YWU[_^WofYW\s YVXb U[_\jVc ^eqYX\s �s [Z Z\^_YT [W \bY TV\VeVZY ZY_UY_
V\ [\Z fVn[fjf _YZ^cj\[^Ws ��� s [W \bY g^_f ^g V k_^a_YZoZ[UY fYZbl i[WXY \bY fjc\[o_YZ^cj\[^W fY\b^T ]Y jZY bY_Y[Z eVZYT ^W YTaY X^ccVkZYs \bY fVn[fjf _YZ^cj\[^W ��� ^g �
[Z VX\jVccd _Y�YX\[Wa V X^jW\ ^g \bY \^\Vc WjfeY_ ^g YTaYZ
]b[Xb XVW eY X^ccVkZYT g_^f [\Z fVn[fjf _YZ^cj\[^Wl �VXb

^eqYX\ ][cc VcZ^ bVUY V eVZY fYZb V\ [\Z f[W[fjf _YZ^cjo\[^Ws ��� l mY ZVd \bV\ \bY eVZY fYZb ��� ^g � _Yk_YZYW\Z �
V\ _YZ^cj\[^W cYUYc �s TYW^\YT VZ ��� s ]b[Xb bVZ V UVcjY ^g�l �VXb k_^a_YZZ[UY _YX^_T ][cc [WX_YVZY \bY _YZ^cj\[^W cYUYced ^WYl pbY_Yg^_Ys \bY fVn[fjf _YZ^cj\[^W ��� _Yk_YZYW\Z �
V\ \bY b[abYZ\ _YZ^cj\[^Ws TYW^\YT VZ ��� s ]bYW Vcc k_^a_YZo
Z[UY _YX^_TZ V_Y Vkkc[YT VWT ��� [Z \bY WjfeY_ ^g k_^a_YZZ[UY
_YX^_TZl�VXb ^eqYX\ VWT U[Y]Y_ [Z TY�WYT ][\b V �����l mY TYoW^\Y \bY U[Y]Y_ ZX^kY g^_ U[Y]Y_s � s ed �� VWT \bY ^eqYX\
ZX^kY g^_ ^eqYX\s �s ed�� l hW\j[\[UYcds VW ^eqYX\ ZX^kY ^g VW^eqYX\ TY�WYZ \bY V_YV ][\b[W ]b[Xb \bY ^eqYX\ ][cc eY U[Zo[ecYl h\ [Z _^jabcd k_^k^_\[^WVc \^ [\ Z[�Yl pbY U[Y]Y_ ZX^kYTY�WYZ \bY TYk\b ^g Z[ab\ ^g \bY U[Y]Y_l S U[Y]Y_ XVW ZYY VW^eqYX\ ^Wcd ]bYW \bY U[Y]Y_ ZX^kY [W\Y_ZYX\Z ][\b \bY ^eqYX\
ZX^kYl pbY a^Vc [Z \^ Yc[f[WV\Y \bY YrYX\ ^g ZjTTYW VkkYV_oVWXY ^g cV_aY ^eqYX\Z VWT \^ _YTjXY jWWYXYZZV_d ^UY_bYVT g^_\_VWZf[\\[Wa VWT _YWTY_[Wa ZfVcc ^eqYX\Zl
pbY [W\Y_VX\[^W eY\]YYW V U[Y]Y_ VWT \bY U[_\jVc ]^_cT[Z [ccjZ\_V\YT [W t[aj_Y �l hW VTT[\[^W \^ \bY U[Y]Y_ ZX^kYsYVXb U[Y]Y_s � s [Z VcZ^ VZZ^X[V\YT ][\b V �}��}�� �}���|}��s��� s VWT V c^XV\[^Ws ���� l pbY U[Y][Wa T[_YX\[^W TY�WYZ \bYc[WY ^g Z[ab\ ^g \bY U[Y]Y_l �[UYW \bY c^XV\[^W ^g V U[Y]Y_s VccU[_\jVc ^eqYX\Z ]b^ZY ^eqYX\ ZX^kYZ [W\Y_ZYX\ ][\b \bY U[Y]Y_

ZX^kY ][cc eY X^WZ[TY_YT g^_ _YWTY_[Wal mY _YgY_ \^ \bYZY^eqYX\Z VZ ��������{� ��� ��|�l pbY U[Y][Wa _Ya[^W TY�WYZ \bYU[Y][Wa VWacY ^g \bY U[Y]Y_ VWT [Z V ZjeoZkVXY ^g \bY U[Y]Y_ZX^kYl Scc _YWTY_VecY ^eqYX\Z ][\b[W \bY U[Y][Wa _Ya[^W V_YU[Z[ecY \^ \bY U[Y]Y_ [g \bYd V_Y W^\ ^eZXj_YT ed VW^\bY_
^eqYX\l mY _YgY_ \^ \bYZY ^eqYX\Z VZ �}�}�{� ��� ��|�l
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t[aj_Y �� v_aVW[�V\[^W ^g \bY U[_\jVc ]^_cTl
hg \bY \]^ ZX^kYZ ^UY_cVks ]Y WYYT \^ TY\Y_f[WY \bY Vkok_^k_[V\Y _YZ^cj\[^W ^g \bY ^eqYX\ g^_ _YWTY_[Wal mY W^\Y\bV\ \bY _YcV\[^WZb[k eY\]YYW \bY _YWTY_YT _YZ^cj\[^W ^g VW

^eqYX\ VWT \bY kY_XY[UYT [fVaY ujVc[\d ��}�z�{ ������|}���
^g \bY ^eqYX\ ed \bY U[Y]Y_ [Z W^\ c[WYV_l mY TYW^\Y ZjXbV _YcV\[^WZb[k [W t[aj_Y �l SZ Zb^]W [W \bY T[Va_Vfs YVXb^eqYX\ ][cc eY _YWTY_YT V\ cYVZ\ V\ [\Z f[W[fjf _YZ^cj\[^W
]bYW [\ [Z _YWTY_YT jZ[Wa [\Z eVZY fYZb ^Wcdl tj_\bY_ W^\[XY\bV\ YVXb ^eqYX\ [Z VcZ^ VZZ^X[V\YT ][\b VW ��|}y�{ ����{z~|}��l hg \bY ^eqYX\ [Z _YWTY_YT V\ V _YZ^cj\[^W b[abY_ \bVW [\Z^k\[fVc _YZ^cj\[^Ws \bY VTT[\[^WVc TY\V[cZ ][cc W^\ eY YVZ[cd
W^\[XYVecY \^ \bY U[Y]Y_l �YWTY_[Wa VW ^eqYX\ b[abY_ \bVW[\Z ^k\[fVc _YZ^cj\[^W [Z \bY_Yg^_Y V ]VZ\Y ^g _YZ^j_XYZl �dX^W\_VZ\s [g \bY ^eqYX\ [Z _YWTY_YT V\ V _YZ^cj\[^W c^]Y_ \bVW\b[Z ^k\[fVc _YZ^cj\[^Ws \bY U[ZjVc kY_XYk\[^W YnkY_[YWXYTed V U[Y]Y_ T_^kZ _Vk[Tcdl h\ [Z \bY_Yg^_Ys k_YgY_VecY \^ _YWoTY_ VW ^eqYX\ V\ [\Z ^k\[fVc _YZ^cj\[^W [W ^_TY_ \^ Z\_[`Y
V eVcVWXY eY\]YYW _YWTY_[Wa YwX[YWXd VWT U[ZjVc kY_XYko\[^Wl pb[Z ^k\[fVc _YZ^cj\[^W ^g VW ^eqYX\ [Z TY�WYT VZ VkY_XYW\VaY ^g \bY [\Z fVn[fjf _YZ^cj\[^Ws [lYls \bY WjfeY_^g k_^a_YZZ[UY _YX^_TZs VWT [Z TY\Y_f[WYT VXX^_T[Wa \^ \bY



^eqYX\ T[Z\VWXY g_^f \bY U[Y]Y_ VWT \bY VWajcV_ T[Z\VWXY ^g\bY ^eqYX\ g_^f \bY U[Y]Y_�Z U[Y][Wa T[_YX\[^Ws [lYls c[WY ^gZ[ab\ �ZYY iYX\[^W ��l mY TYW^\Y \bY ^k\[fVc _YZ^cj\[^W ^gVW ^eqYX\s �s ed �� VWT \bY X^__YZk^WT[Wa _YZ^cj\[^W cYUYced �� l
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t[aj_Y �� pbY YrYX\ ^g f^TYc _YZ^cj\[^W ^W U[ZjVc kY_XYk\[^W^g VW ^eqYX\ ^W \bY U[Y]Y_l
�j_[Wa \bY ]Vc`\b_^jabs ]Y X^W\[Wj^jZcd TY\Y_f[WY \b^ZY^eqYX\Z [W \bY U[_\jVc YWU[_^WfYW\ ]b^ZY ZX^kYZ ^UY_cVk ][\b\bY U[Y]Y_ ZX^kYs [lYls \bY _YWTY_VecY ^eqYX\Zl t^_ YVXb ^g\b^ZY ^eqYX\Zs \bY ^eqYX\ f^TYc V\ [\Z ^k\[fVc _YZ^cj\[^W

][cc eY \_VWZf[\\YT \^ \bY Xc[YW\ [g [\ [Z W^\ Vc_YVTd XVXbYT
[W \bY c^XVc Z\^_VaYl mbYW \_VWZf[\\[Wa \bY f^TYcZ g_^f\bY ZY_UY_ \^ V Xc[YW\s \b^ZY g^_ ^eqYX\Z ][\b[W \bY U[Y][Wa
_Ya[^W V_Y \_VWZf[\\YT �_Z\s g^cc^]YT ed \bY \_VWZf[ZZ[^W
^g \b^ZY ^j\Z[TY \bY U[Y][Wa _Ya[^Wl pbY _YXY[UYT f^TYcZ][cc eY XVXbYT [W \bY Xc[YW\�Z c^XVc Z\^_VaYl hg \bY_Y [Z W^\YW^jab XVXbY Z\^_VaYs ]Y ][cc \b_^] V]Vd Z^fY k_^a_YZZ[UY
_YX^_TZ ^g Z^fY ^eqYX\ f^TYcZ \bV\ V_Y W^\ c[`Ycd VXXYZZYT
[W \bY WYV_ gj\j_Y [W ^_TY_ \^ VXX^ff^TV\Y \bY WY] f^ToYcZs [lYls ]Y \_d \^ TYX_YVZY \bY _YZ^cj\[^W ^g Z^fY Yn[Z\[WaXVXbYT ^eqYX\Zl pbY [TYW\[�XV\[^W ^g U[X\[f ^eqYX\Z [Z eVZYT^W \bY[_ k_^eVe[c[\[YZ ^g eY[Wa U[Y]YT V\ b[abY_ _YZ^cj\[^W
[W \bY gj\j_Ys _V\bY_ \bVW VT^k\[Wa \bY X^WUYW\[^WVc ��	
ZXbYfY �ZYY iYX\[^W ��l
mY VcZ^ V\\Yfk\ \^ gj_\bY_ [fk_^UY \bY kY_g^_fVWXY ^g\bY ]Vc`\b_^jab Vkkc[XV\[^W ed bVU[Wa \bY ZY_UY_ \^ k_YgY\Xb

^eqYX\Z ]b[Xb ][cc f^Z\ k_^eVecd eY VXXYZZYT [W \bY WYV_ gjo\j_Y \^ \bY Xc[YW\l �[UYW \bY Xj__YW\ c^XV\[^W VWT U[Y][WaT[_YX\[^W ^g V U[Y]Y_s \bY TV\VeVZY ZY_UY_ k_YT[X\Z \bY WYn\
c^XV\[^W VWT U[Y][Wa T[_YX\[^W ^g \bY U[Y]Y_ eVZYT ^W b[Z
bY_
kVZ\ f^UYfYW\ k_^�cYl �^TYcZ ^g ^eqYX\Z ]b^ZY ZX^kYZ ^UY_ocVk ][\b \bY U[Y]Y_ ZX^kY V\ \bY k_YT[X\YT c^XV\[^W ][cc eY\_VWZf[\\YT V\ \bY[_ ^k\[fVc _YZ^cj\[^WZ \^ \bY Xc[YW\ VZ ]Yccl
pbY VTUVW\VaYZ ^g ^j_ fY\b^T XVW eY ZjffV_[�YT VZg^cc^]Z�
� hW ����s T[ZX_Y\Y fjc\[o_YZ^cj\[^W fY\b^T [Z jZYT g^_f^TYc \_VWZf[ZZ[^Wl �YTjWTVW\ [Wg^_fV\[^W ][cc bVUY\^ eY ZYW\ \b_^jab \bY WY\]^_`s ]bYW fjc\[kcY f^ToYcZ ^g \bY ZVfY ^eqYX\ V\ T[rY_YW\ _YZ^cj\[^WZ WYYT \^eY \_VWZf[\\YTl vj_ fY\b^T Vkkc[YZ \bY k_^a_YZZ[UYfYZb \YXbW[ujY g^_ f^TYc \_VWZf[ZZ[^Wl �^ _YTjWTVW\[Wg^_fV\[^W WYYTZ \^ eY ZYW\ VX_^ZZ \bY WY\]^_`l
� pbY [fk^_\VWXY ^g VW ^eqYX\ [Z XVcXjcV\YT eVZYT W^\^Wcd ^W \bY T[Z\VWXY ^g \bY ^eqYX\ g_^f \bY U[Y]Y_sej\ VcZ^ ^W \bY Z[�Y ^g \bY ^eqYX\ X^WXY_WYT VWT \bY
_YZ^cj\[^W ^g \bY U[Y][Wa TYU[XYl

� vj_ XVXb[Wa fYXbVW[Zf T[rY_Z g_^f X^WUYW\[^WVc XVXbo[Wa fYXbVW[ZfZ ��s ��s ��� [W \bV\ ^eqYX\Z X^jcT eY
XVXbYT V\ fjc\[kcY TYa_YY ^g a_VWjcV_[\dl �YkcVXYfYW\[Z VcZ^ eVZYT ^W ^eqYX\ VXXYZZ kV\\Y_WZ _V\bY_ \bVW
VT^k\[Wa \bY X^WUYW\[^WVc ��	 ZXbYfYl

� mY gj_\bY_ [fk_^UY \bY kY_g^_fVWXY ^g \bY ]Vc`\b_^jabVkkc[XV\[^W ed k_YT[X\[Wa \bY gj\j_Y f^UYfYW\ ^g \bY
U[Y]Y_ VWT k_YgY\Xb[Wa ^eqYX\Z [W VTUVWXYl
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hW ^_TY_ \^ _YWTY_ VW [fVaY _Yk_YZYW\[Wa ]bV\ \bY U[Y]Y_ [Z
Zjkk^ZYT \^ ZYY Tj_[Wa V ]Vc`\b_^jabs \bY ^eqYX\Z \bV\ V_Y
U[Z[ecY \^ \bY U[Y]Y_ V\ YVXb g_VfY WYYT \^ eY TY\Y_f[WYTl
p^ f[W[f[�Y \bY WjfeY_ ^g ^eqYX\Z WYYTYT \^ eY bVWTcYTs[\ [Z k_^k^ZYT \bV\ \bY YWU[_^WfYW\ eY T[U[TYT [W\^ _Ya[^WZ
[W ���s ���l veqYX\Z \bV\ V_Y U[Z[ecY \^ YVXb ^g \bY _Ya[^WZV_Y k_YX^fkj\YTl pbY c[Z\ ^g k^\YW\[Vccd U[Z[ecY ^eqYX\Z [Z_YVT[cd VUV[cVecY Tj_[Wa _jWo\[fY ed TY\Y_f[W[Wa \bY _Ya[^W\bV\ \bY U[Y]Y_ [Z c^XV\YTl pbY c[f[\V\[^W ^g \b[Z fY\b^Tsb^]YUY_s [Z \bV\ \bY X^fkj\V\[^WVc X^Z\ ^g jkTV\[Wa \bY c[Z\ZTj_[Wa _jWo\[fY XVW eY b[ab [g \bY ^eqYX\Z [W \bY YWU[_^WofYW\ fVd g_YYcd f^UY V_^jWTlS T[rY_YW\ Vkk_^VXb [Z \^ X^WZ[TY_ \bY ���� �� }�|����|
�Svh� ^g \bY U[Y]Y_ ���s ��s ���l hg VW ^eqYX\ gVccZ [WZ[TY\bY Svh ^g \bY U[Y]Y_s \bY ^eqYX\ [Z X^WZ[TY_YT U[Z[ecY \^\bY U[Y]Y_l v\bY_][ZYs \bY ^eqYX\ [Z X^WZ[TY_YT \^^ gV_ \^eY U[Z[ecYl Sc\b^jab \bYZY fY\b^TZ XVW uj[X`cd Yc[f[WV\Y[WU[Z[ecY ^eqYX\Zs \bYd T^ W^\ X^WZ[TY_ \bY Z[�YZ ^g \bY ^eoqYX\Zl �YWXYs V f^jW\V[W c^XV\YT qjZ\ ^j\Z[TY \bY Svh ^g \bYU[Y]Y_ fVd Z\[cc eY U[Z[ecY \^ \bY U[Y]Y_s ej\ [Z X^WZ[TY_YT
VZ [WU[Z[ecYs ]b[cY V \[Wd ^eqYX\ ZjXb VZ V e^^` c^XV\YT qjZ\
[WZ[TY \bY Svh ^g \bY U[Y]Y_ [Z jWc[`Ycd \^ eY U[Z[ecY \^ \bYU[Y]Y_s ej\ [Z X^WZ[TY_YT g^_ U[Z[e[c[\dl pbY g^_fY_ Z[\jV\[^WfVd _YZjc\ [W V ZjTTYW VkkYV_VWXY ^g V cV_aY ^eqYX\s VWT \bY
cV\\Y_ Z[\jV\[^W fVd _YZjc\ [W V ]VZ\Y ^g k_^XYZZ[Wa \[fYl
p^ ^UY_X^fY \b[Z c[f[\V\[^Ws ]Y aYWY_Vc[�Y \bY Svh X^WoXYk\ \^ e^\b U[Y]Y_Z VWT ^eqYX\Zl mY XVcc \bYf \bY �}��������� VWT \bY ��� ��| �����l pbY TY�W[\[^W ^g \bY U[Y]Y_ ZX^kY[Z Z[f[cV_ \^ \bY TY�W[\[^W ^g \bY Svhl S U[Y]Y_ ZX^kY [WT[oXV\YZ \bY TYk\b ^g Z[ab\ ^g \bY U[Y]Y_s [lYls b^] gV_ \bY U[Y]Y_XVW ZYYl S U[Y]Y_ ][\b V a^^T YdYoZ[ab\ ^_ Yuj[kkYT ][\bV ZkYX[Vc TYU[XY fVd eY VecY \^ ZYY ^eqYX\Z \bV\ V_Y gj_\bY_

V]Vds VWT \bY_Yg^_Y fVd eY VZZ[aWYT ][\b V cV_aY_ ZX^kYl SZb^_\oZ[ab\YT U[Y]Y_ fVd ^Wcd eY VecY \^ ZYY WYV_ed ^eqYX\ZsVWT \bY_Yg^_Y fVd eY VZZ[aWYT ][\b V ZfVccY_ ZX^kYl pbYTY�W[\[^W ^g \bY ^eqYX\ ZX^kY [Z T[rY_YW\l SW ^eqYX\ ZX^kY[WT[XV\YZ b^] gV_ \bY ^eqYX\ XVW eY ZYYWl S cV_aY ^eqYX\ bVZV cV_aY_ ZX^kY VWT V ZfVcc ^eqYX\ bVZ V ZfVccY_ ZX^kYl SW^eqYX\ fVd eY U[Z[ecY \^ V kV_\[XjcV_ U[Y]Y_ ^Wcd ]bYW [\Z
ZX^kY ^UY_cVkZ ][\b \bY U[Y]Y_ ZX^kYl mbYW \bY \]^ ZX^kYZ^UY_cVks \bY T[Z\VWXY eY\]YYW \bY ^eqYX\ VWT \bY U[Y]Y_s VWT\bY VWacY ^g \bY ^eqYX\ g_^f \bY U[Y]Y_�Z U[Y][Wa T[_YX\[^W
V_Y jZYT \^ TY\Y_f[WY \bY ^k\[fVc _YZ^cj\[^W ^g \bY ^eqYX\l
veU[^jZcds V U[Y]Y_ fVd VcZ^ eY X^WZ[TY_YT VZ VW ^eqYX\VWT VZZ[aWYT ][\b VW ^eqYX\ ZX^kY [W VTT[\[^W \^ \bY U[Y]Y_
ZX^kYl pb[Z ^eqYX\ ZX^kY ^g \bY U[Y]Y_ ][cc TY�WY b^] gV_\bY U[Y]Y_ XVW eY ZYYW ed VW^\bY_ U[Y]Y_ ][\b[W \bY ZVfY
U[_\jVc YWU[_^WfYW\l pb[Z Vkk_^VXb [Z Z^fY]bV\ Z[f[cV_ \^\bY ^WY k_^k^ZYT ed ����lhW aYWY_Vcs \bY Z[�Y ^g VW _YWTY_YT ^eqYX\ g_^f V U[Y]ok^[W\ f[ab\ eY Z[aW[�XVW\cd T[rY_YW\ g_^f \bV\ g^_ VW^\bY_
U[Y]k^[W\ ZjXb VZ V c^Wa k[ccV_ ^eqYX\l �YWXYs \bY Z[�Y ^g \bYZX^kY g^_ VW ^eqYX\ V\ T[rY_YW\ U[Y]k^[W\ f[ab\ eY T[rY_YW\
VZ ]Yccl �^]YUY_s TY�W[Wa V ZX^kY V\ ZjXb V �WY a_VWjcV_o[\d ]^jcT _YZjc\ [W UY_d b[ab X^fkj\V\[^W ^UY_bYVT ]bYW
[TYW\[gd[Wa _YWTY_VecY ^eqYX\Zl mYs \bY_Yg^_Ys Z[fkc[gd \bYTY�W[\[^W ^g V ZX^kY �U[Y]Y_ ^_ ^eqYX\� \^ V X[_XjcV_ _Ya[^W
[W ^j_ [fkcYfYW\V\[^Wl �VXb ZX^kY [Z XYW\Y_YT V\ \bY XYW\Y_



^g a_VU[\d ^g \bY ^eqYX\ ^_ U[Y]Y_s VWT [Z XbV_VX\Y_[�YT ed V
_VT[jZl mY TYW^\Y \bY _VT[jZ ^g \bY ^eqYX\ ZX^kY g^_ ^eqYX\�s [lYls �� s VZ ��� ]b[cY \bY _VT[jZ ^g \bY U[Y]Y_ ZX^kY g^_
U[Y]Y_ � s [lYls �� s VZ ��� l
��� ��� ��O��Q� ��N���O��� �� Q� �M��RO �����
pbY ^k\[fVc _YZ^cj\[^W ^g VW ^eqYX\ f^TYc XVW eY TY�WYTVXX^_T[Wa \^ \bY �}�z�{ }y���|���� ^g \bY ^eqYX\ \^ V U[Y]Y_lhW ����s ]Y bVUY [TYW\[�YT ZYUY_Vc gVX\^_Z \bV\ fVd VrYX\\bY U[ZjVc [fk^_\VWXY ^g VW ^eqYX\l �Y_Ys ]Y ^Wcd X^WZ[TY_\]^ ^g \b^ZY gVX\^_Zs ]b[Xb V_Y _YcYUVW\ \^ \bY X^W\Yn\ bY_Yl
pbY �_Z\ ^WY [Z \bY T[Z\VWXY gVX\^_l hg VW ^eqYX\ [Z gV_ V]Vdg_^f \bY U[Y]Y_s \bY ^eqYX\ fVd eY X^WZ[TY_YT VZ U[ZjVccd
cYZZ [fk^_\VW\l
pbY ZYX^WT gVX\^_ [Z \bY c[WY ^g Z[ab\l i\jT[YZ bVUY Zb^]W\bV\ ]bYW VW ^eqYX\ [Z c^XV\YT ^j\Z[TY \bY c[WY ^g Z[ab\s \bY

U[Y]Y_ [Z jWVecY \^ kY_XY[UY fjXb TY\V[c ^g \bY ^eqYX\ �� s���l �Ya_VTV\[^W ^g kY_[kbY_Vc U[ZjVc TY\V[c XVW [fk_^UY_YWTY_[Wa kY_g^_fVWXY VWT _YTjXY kY_XYk\jVc [fkVX\l pbY_YV_Y fVWd YdY \_VX`[Wa ZdZ\YfZ VUV[cVecY g^_ TY\YX\[Wa c[WY ^g
Z[ab\ ����l i[WXY f^Z\ ^g \bYZY ZdZ\YfZ V_Y Z\[cc \^^ YnkYWZ[UYg^_ \bY aYWY_Vc kjec[Xs Z^fY Vkkc[XV\[^WZ Z[fkcd VZZjfY \bV\\bY U[Y]Y_�Z c[WY ^g Z[ab\ [Z Vc]VdZ V\ \bY XYW\Y_ ^g \bY ZX_YYWlt[aj_Y � TYk[X\Z \bY U[ZjVc [fk^_\VWXY ^g VW ^eqYX\s �s\^ V U[Y]Y_s � l hW \bY �aj_Ys ���� [WT[XV\YZ \bY Xj__YW\T[Z\VWXY ^g \bY ^eqYX\ g_^f \bY U[Y]Y_s ]b[cY �������� [Z\bY T[Z\VWXY eY\]YYW \bY ^eqYX\ VWT \bY U[Y]Y_ ]bYW \bY[_
ZX^kYZ qjZ\ ^UY_cVkl �Y_YVg\Y_s ]Y ][cc X^WZ[TY_ [W \bY X^Wo\Yn\ ^g U[Y]Y_ � VWT \bY ZjeZX_[k\ � XVW eY T_^kkYT [g \bY
X^W\Yn\ [Z XcYV_l i[WXY V ZX^kY [Z TY�WYT VZ V X[_XjcV_ _Ya[^Ws������ [Z YujVc \^ \bY Zjf ^g \bY _VT[[ ^g \bY U[Y]Y_ ZX^kYVWT \bY ^eqYX\ ZX^kYl pbY VWajcV_ T[Z\VWXY ^g \bY ^eqYX\g_^f \bY U[Y]Y_�Z c[WY ^g Z[ab\s [lYls [\Z U[Y][Wa T[_YX\[^Ws ��� s[Z TYW^\YT VZ 	��� ^_ Z[fkcd 	� �
� � 	� � ��l pbY U[ZjVc[fk^_\VWXY ^g �s [lYls 
� \^ V U[Y]Y_ XVW eY TY�WYT ][\b \bYg^cc^][Wa g^_fjcV�
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]bY_Y �� [Z V X^WZ\VW\ g^_ VTqjZ\[Wa \bY TYX_YfYW\ _V\Y ^g
^eqYX\ � TjY \^ \bY [WX_YVZY [W 	� l hW ^j_ [fkcYfYW\V\[^Ws ]YT^ W^\ ]VW\ \bY c[WY ^g Z[ab\ gVX\^_ \^ T^f[WV\Y \bY T[Z\VWXYgVX\^_l �YWXYs ]Y jZY V ZfVcc UVcjY ^g �� l �^\[XY \bV\� � 
� � �l

Do

Do,max

Vv

viewer scope

θo

viewer V

object scope just 
       overlaps with
       viewer scope

object o
object scope

object scope

object o

t[aj_Y �� �[ZjVc [fk^_\VWXY ^g VW ^eqYX\ \^ V U[Y]Y_ [W V
U[_\jVc YWU[_^WfYW\l
pbY ^k\[fVc _YZ^cj\[^W ^g ^eqYX\ � [Z TY�WYT VZ 
� g_VXo\[^W ^g \bY WjfeY_ ^g k_^a_YZZ[UY _YX^_TZl �^\[XY \bV\ ]bYW\bY ^eqYX\ ZX^kY \^jXbYZ \bY kY_[fY\Y_ ^g \bY U[Y]Y_ ZX^kYs�� [Z YujVc \^ ������ VWT 
� eYX^fYZ �l pbY ^eqYX\ ][cceY _YWTY_YT jZ[Wa [\Z eVZY fYZb ^Wcdl SZ \bY ^eqYX\ f^UYZXc^ZY_ \^ \bY U[Y]Y_ ^_ \^ \bY U[Y]Y_�Z c[WY ^g Z[ab\s \bY _YZo^cj\[^W cYUYc ^g \bY ^eqYX\ [WX_YVZYZl
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�jc\[o_YZ^cj\[^W f^TYc[Wa Vcc^]Z \bY TV\VeVZY ZY_UY_ \^ \_VWZof[\ VW ^eqYX\ f^TYc V\ \bY ^k\[fVc _YZ^cj\[^W g^_ _YWTY_[Wal
pb[Z X^jcT ZVUY \bY ZXV_XY hW\Y_WY\ eVWT][T\b g_^f \_VWZof[\\[Wa TY\V[cZ ^g VW ^eqYX\ \^^ ZfVcc \^ eY U[Z[ecY \^ \bY
U[Y]Y_l p^ gj_\bY_ _YTjXY \bY TYkYWTYWXd ^W \bY hW\Y_WY\ \^_YTjXY \_VWZf[ZZ[^W TYcVds V XVXb[Wa VWT k_YgY\Xb[Wa fYXboVW[Zf [Z WYYTYT \^ _Y\V[W ^eqYX\Z ^g b[ab VwW[\d VWT k_YT[X\\b^ZY \bV\ ][cc f^Z\ c[`Ycd eY VXXYZZYT [W \bY WYV_ gj\j_Yl
�^\[XY \bV\ fYf^_d XVXb[Wa V\ V Xc[YW\ XVW eY \_VWZkV_YW\cdfVW[kjcV\YT ed \bY c^XVc ^kY_V\[Wa ZdZ\Yfs [W \bY g^_f ^g
U[_\jVc fYf^_d ����l pbY ^Wcd X^WXY_W ][\b jZ bY_Y [Z \bYj\[c[�V\[^W VWT fVWVaYfYW\ ^g \bY Z\^_VaYs [lYls c^XVc T[Z`l
��� ��� �QR�� �����
mbYW V U[Y]Y_s � s f^UYZ ][\b[W \bY U[_\jVc ]^_cTs [\Z Xc[YW\fVXb[WYs � s ][cc \_VWZf[\ \bY Xj__YW\ U[Y][Wa T[_YX\[^Ws ��� s
VWT \bY Xj__YW\ c^XV\[^Ws ���� s ^g � \^ \bY ZY_UY_l pb[Z fYZoZVaY X^jcT eY \_YV\YT VZ V ujY_d \^ \bY aY^fY\_d TV\VeVZY
ZY_UY_s _YujYZ\[Wa g^_ Vcc _YWTY_VecY ^eqYX\Zs [WXcjT[Wa \bY
k_YgY\XbYT ^WYZl
mb[cY \bY TV\VeVZY ZY_UY_ [Z k_^XYZZ[Wa \bY ujY_ds \bYXc[YW\ � ][cc X^WXj__YW\cd [TYW\[gd \bY XVXbYT ^eqYX\Z \bV\

V_Y _YWTY_VecY g_^f [\Z c^XVc Z\^_VaY XVXbYl �^\[XY \bV\ YVXbXVXbYT ^eqYX\s �s [Z VZZ^X[V\YT ][\b V _YZ^cj\[^Ws ��� s [WT[oXV\[Wa \bY Xj__YW\ b[abYZ\ k^ZZ[ecY _YZ^cj\[^W ^g \bY f^TYc
VUV[cVecY g^_ _YWTY_[Wal pb[Z _YZ^cj\[^W cYUYc TYkYWTZ ^W \bYWjfeY_ ^g k_^a_YZZ[UY _YX^_TZs ��� � ��� s XVXbYT [W � l �]^jcT \bYW Zjef[\ VW ��}�|��| {}�| \^ \bY ZY_UY_s X^W\V[W[Wa
V c[Z\ ^g ��s ���� kV[_Zl pb[Z c[Z\ [Wg^_fZ \bY TV\VeVZY ZY_UY_Ve^j\ \b^ZY _YWTY_VecY ^eqYX\Z \bV\ V_Y XVXbYT [W � �Z Z\^_oVaY VWT \bY[_ fVn[fjf _YWTY_VecY _YZ^cj\[^W cYUYcZl pb^ZY_YWTY_VecY ^eqYX\Z ]b^ZY ���  �� T^ W^\ WYYT \^ eY \_VWZof[\\YT \^ \bY Xc[YW\ VZ \bY Xc[YW\ [Z VecY \^ _YWTY_ V\ \bY
^k\[fVc _YZ^cj\[^Ws �� s g_^f c^XVccd XVXbYT TV\Vl vW \bY^\bY_ bVWTs \b^ZY _YWTY_VecY ^eqYX\Z W^\ XVXbYT [W � ^_\b^ZY ]b[Xb T^ W^\ bVUY ZjwX[YW\ _YX^_TZ g^_ \bY _Yuj[_YT
_YZ^cj\[^W ][cc bVUY \^ eY \_VWZf[\\YT \^ \bY Xc[YW\l S ���z{|{}�| ^g � [W \bY g^_f ^g ��s k_^a_YZZ[UY fYZb� ][cc eY \_VWZof[\\YT g_^f \bY ZY_UY_l pbY k_^a_YZZ[UY fYZb ^Wcd X^W\V[WZYW^jab k_^a_YZZ[UY _YX^_TZ \^ TY�WY \bY ^k\[fVc _YZ^cj\[^Ws
VWT [\ f[ab\ ^_ f[ab\ W^\ [WXcjTY \bY eVZY fYZbs TYkYWT[Wa
^W ]bY\bY_ \bY ^eqYX\ [Z kV_\[Vccd XVXbYT [W \bY Xc[YW\l	k^W _YXY[U[Wa \bY _YZjc\ c[Z\ g_^f \bY ZY_UY_s � f[ab\
XVXbY \bY ^eqYX\Z [W [\Z c^XVc Z\^_VaYl hg \bY Z\^_VaY [Z YnobVjZ\YTs V _YkcVXYfYW\ ZXbYfY ][cc eY [WU^`YT \^ [TYW\[gd\bY U[X\[f ^eqYX\Z \^ eY T[ZXV_TYT \^ VXX^ff^TV\Y \bY [WoX^f[Wa ^eqYX\Zl t^_ YVXb U[_\jVc ^eqYX\s �s VW ������ �����!� [WT[XV\[Wa \bY k_YT[X\[^W ^g [\Z gj\j_Y VXXYZZ k_^eVe[c[\d
[Z TY\Y_f[WYTl pbY b[abY_ [Z \bY VXXYZZ ZX^_Ys \bY b[abY_[Z \bY k_^eVe[c[\d \bV\ � ][cc eY VXXYZZYT VaV[W Z^^Wl hg VWY] ^eqYX\ bVZ VW VXXYZZ ZX^_Y b[abY_ \bVW \bY c^]YZ\ VXXYZZ
ZX^_Y ^g Z^fY Xj__YW\cd XVXbYT ^eqYX\Zs \bY Z\^_VaY ZkVXY ^g
Z^fY ^g \bY XVXbYT ^eqYX\Z ][cc eY _YXcV[fYT VWT Vcc^XV\YT\^ VXX^ff^TV\Y \bY WY] ^eqYX\l
��� ����QR����O ��R�Q��N�
mY Yfkc^d \bY "��| #�$z}��� "���y��| ����� _YkcVXYofYW\ \YXbW[ujY [W TY�W[Wa \bY VXXYZZ ZX^_Y g^_ YVXb ^eqYX\l
pbY ZXbYfY [Z eVZYT ^W \bY ^eZY_UV\[^W \bV\ \bY gj_\bY_ VW^eqYX\ [Z g_^f \bY U[Y]Y_s \bY c^]Y_ \bY _YZ^cj\[^W [\ XVW eY
_YWTY_YT VWT \bY c^WaY_ [\ ][cc \V`Y g^_ \bY U[Y]Y_ \^ f^UY\^ U[Y] \bY ^eqYX\ [W a_YV\Y_ TY\V[cl %^WZYujYW\cds [\Z k_^eoVe[c[\d ^g bVU[Wa [\ _YWTY_YT V\ V b[abY_ _YZ^cj\[^W VWT bYWXY



[\Z UVcjY ^g eY[Wa XVXbYT [W \bY Z\^_VaY V_Y c^]Y_l i[f[cV_cds\bY cV_aY_ [Z \bY VWacY eY\]YYW VW ^eqYX\ VWT \bY U[Y]Y_�Z
c[WY ^g Z[ab\s \bY c^]Y_ [Z \bY _YZ^cj\[^W _Yuj[_YT VWT \bY
c^WaY_ [\ ][cc \V`Y g^_ V Xc[YW\ \^ _^\V\Y \^ U[Y] \bY ^eqYX\T[_YX\cd [W g_^W\l pbY k_^eVe[c[\d ^g eY[Wa _YWTY_YT V\ Vb[abY_ _YZ^cj\[^W VWT [\Z UVcjY ^g eY[Wa XVXbYT [W \bY Z\^_oVaY V_Y VcZ^ c^]Y_l x_Yc[f[WV_d YnkY_[fYW\Z bVUY Zb^]W \bV\ZjXb V _YkcVXYfYW\ ZXbYfY ^j\kY_g^_fZ \_VT[\[^WVc ��	 _YokcVXYfYW\ ZXbYfY � �l mY [WUYZ\[aV\Y \bY YrYX\[UYWYZZ ^g
��� [W f^_Y TY\V[c bY_Ys ][\b X^WZ[TY_V\[^W ^g \bY U[Y]Y_
VWT ^eqYX\ ZX^kY [Wg^_fV\[^Wl
pbY_Y XVW eY T[rY_YW\ g^_fjcV \^ XVcXjcV\Y \bY VXXYZZZX^_Ys !��� s g^_ VW ^eqYX\s �s ][\b _YZkYX\ \^ V U[Y]Y_s � li[WXY ]Y ]^jcT c[`Y ^j_ ZXbYfY \^ bVUY VZ gY] kV_VfY\Y_Z\^ eY VTqjZ\YT VZ k^ZZ[ecYs ]Y TY�WY \bY VXXYZZ ZX^_Y ed V

c[WYV_ gjWX\[^W ^g \bY T[Z\VWXY eY\]YYW � VWT � s�� s VWT \bY
VWajcV_ T[Z\VWXY eY\]YYW � VWT ��� s 	� l pbY VXXYZZ ZX^_Y [Z\bjZ TY�WYT jZ[Wa ^Wcd ^WY Z[WacY VTqjZ\VecY kV_VfY\Y_s �
�� � � � ���

!��� � � ��
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������ �� ��
����
 �	� �� �
mbYW \bY ^eqYX\ ][\b \bY c^]YZ\ VXXYZZ ZX^_Ys �s [Z ZYocYX\YT g^_ _YkcVXYfYW\s ]Y ][cc W^\ _Yf^UY \bY ]b^cY ^eqYX\g_^f \bY Z\^_VaY XVXbY [ffYT[V\Ycdl �V\bY_s [\Z Yn\_V _YZ^ocj\[^W TY\V[cs ��� s ][cc eY _YTjXYT \^ [\Z ^k\[fVc _YZ^cj\[^Ws�� s ed _Yf^U[Wa Vcc \bY Yn\_V k_^a_YZZ[UY _YX^_TZl pb[Z ][ccfV`Y _^^f g^_ \bY [WX^f[Wa ^eqYX\Zl hg \bY_Y [Z Z\[cc W^\YW^jab _^^f \^ VXX^ff^TV\Y \bY WY] ^eqYX\Zs \bY ^eqYX\

][\b \bY WYn\ c^]YZ\ VXXYZZ ZX^_Y ][cc eY ZYcYX\YT g^_ _YokcVXYfYW\l SaV[Ws Vcc [\Z Yn\_V k_^a_YZZ[UY _YX^_TZ ][cc eY_Yf^UYTl pb[Z k_^XYZZ ][cc eY [\Y_V\YT jW\[c YW^jab _^^f [ZVcc^XV\YT g^_ Vcc WY] ^eqYX\Zl
mbYW \bY_Y [Z Z\[cc W^\ YW^jab _^^f \^ VXX^ff^TV\Y\bY WY] ^eqYX\Z YUYW Vg\Y_ Vcc XVXbYT ^eqYX\Z bVUY eYYW _YoTjXYT \^ \bY[_ ^k\[fVc _YZ^cj\[^WZs Vcc k_^a_YZZ[UY _YX^_TZ ^g

^eqYX\Z ][\b \bY c^]YZ\ VXXYZZ ZX^_Y ][cc eY _Yf^UYT g_^f\bY Z\^_VaY XVXbYs cYVU[Wa ^Wcd \bY eVZY fYZb ^g \bY ^eoqYX\ V\ [\Z f[W[fjf _YZ^cj\[^Ws ��� l SaV[Ws \b[Z k_^XYZZ ][cceY [\Y_V\YT g^_ YUY_d Xj__YW\cd XVXbYT ^eqYX\ jW\[c \bY_Y [Z
YW^jab _^^f g^_ Vcc WY] ^eqYX\Zl t[WVccds \bY eVZY fYZb ^g\bY ^eqYX\ ][\b \bY c^]YZ\ VXXYZZ ZX^_Y ][cc eY _Yf^UYT [g\bY_Y [Z Z\[cc W^\ YW^jab _^^f Vg\Y_ _Yf^U[Wa Vcc k_^a_YZZ[UY
_YX^_TZ ^g Vcc XVXbYT ^eqYX\Zl pb[Z k_^XYZZ ][cc eY [\Y_V\YTjW\[c YW^jab _^^f [Z Vcc^XV\YT g^_ Vcc WY] ^eqYX\Zl
pb[Z fjc\[o_YZ^cj\[^W _YkcVXYfYW\ ZXbYfY \_[YZ \^ `YYk VX^V_ZY _YZ^cj\[^W ^g VW ^eqYX\ [W V Xc[YW\�Z Z\^_VaY VZ fjXb VZ

k^ZZ[ecYl pb[Z k_^U[TYZ V U[Y]Y_ ][\b V fjXb eY\\Y_ U[ZjVckY_XYk\[^W Z[WXY Vcc ^_ f^Z\ ^g \bY U[Z[ecY ^eqYX\Z X^jcT eY
ZYYW [WZ\VW\VWY^jZcds YUYW \b^jab \bYd fVd ^Wcd eY V\ V c^]
_YZ^cj\[^Wl
��
 �P���OR���� ��R�Q��N�
p^ YWVecY k_YgY\Xb[Was \bY ZY_UY_ fV[W\V[WZ V ZYkV_V\Y k_^o�cY g^_ YVXb U[Y]Y_ � s X^W\V[W[Wa \bY ZY\ ^g b[Z\^_[XVc y���~
y��| ���|���s � ���� ���� � � � � ������l �VXb UYX\^_ [Z XVcXjocV\YT g_^f \bY X^__YZk^WT[Wa U[Y]Y_�Z c^XV\[^W VWT ^_[YWo\V\[^Ws X^W\V[W[Wa V f^U[Wa T[_YX\[^W VWT V f^U[Wa T[Zo\VWXYl mbYW � f^UYZ \^ V WY] c^XV\[^Ws ���� s ][\b V WY]^_[YW\V\[^Ws \bY 	
� f^UYfYW\ UYX\^_s ��� s [Z XVcXjcV\YTl
pbY ZY_UY_ V\\Yfk\Z \^ k_YT[X\ \bY 	��
� f^UYfYW\ UYX\^_s�����s ^g � VWT \_VWZf[\Z ^eqYX\Z \bV\ ]^jcT eY _YWTY_VecY
[g � ]Y_Y V\ ������s [W VTT[\[^W \^ \bY _YWTY_VecY ^eqYX\Z
V\ ���� l pb[Z ]^jcT ZVUY gj\j_Y _YujYZ\Z \^ \bY ZY_UY_ [g\bY k_YgY\XbYT ^eqYX\Z V_Y [WTYYT _Yuj[_YT ed \bY Xc[YW\l mY

k_^k^ZY \b_YY T[rY_YW\ ZXbYfYZ \^ k_YT[X\ \bY WYn\ c^XV\[^W
^g \bY U[Y]Y_� 
���s ������s VWT ����������� �������� 
������ ������� ��� !�l pbY ZYfVW\[XZ ^g \bYZY \b_YY ZXbYfYZV_Y TYk[X\YT [W t[aj_Y �lhW \bY 
��� ZXbYfYs \bY WYn\ f^UYfYW\ UYX\^_ V\ ������
[Z k_YT[X\YT VZ \bY VUY_VaY ^g \bY k_YU[^jZ 	 f^UYfYW\ UYXo\^_Zl pbY [W\j[\[UY fYVW[Wa ^g \bY 
��� ZXbYfY [Z TYk[X\YT[W t[aj_Y �"s k_YT[X\[Wa \bY �
� f^UYfYW\ UYX\^_ ed VUoY_Va[Wa \bY k_YU[^jZ \b_YY f^UYfYW\ UYX\^_Zl hW \bY �aoj_Ys ]Y ^Wcd [ccjZ\_V\Y \bY T[_YX\[^W ^g \bY k_YT[X\YT f^UYofYW\ UYX\^_l �Y\ jZ TYW^\Y \bY f^UYfYW\ UYX\^_ [W \bY	
� Z\Yk ed ��� VWT \bY k_YT[X\YT f^UYfYW\ UYX\^_ g^_\bY WYn\ Z\Yk ed �����l pbY k_YT[X\YT UYX\^_ ][cc \bYW eY
����� � �� #�$%� ��$ � &���' (�)� *�)� l h\ [Z W^\ T[wXjc\ \^ZYY \bV\ \bY [W\Y_fYT[V\Y UYX\^_Zs VWT bYWXY U[Y]Y_ c^XVo\[^WZs V_Y W^\ _Yuj[_YT [W k_YT[X\[Wa \bY WY] UYX\^_+ ^Wcd V,_jWW[Wa Zjf- ZjwXYZlhW \bY ������ ZXbYfYs YVXb U[Y]Y_ [Z VZZ^X[V\YT ][\b V
][WT^] ^g Z[�Y . s b^cT[Wa \bY k_YU[^jZ . f^UYfYW\ UYXo\^_Zl pbY WYn\ f^UYfYW\ UYX\^_ [Z k_YT[X\YT VZ \bY VUY_VaY^g \bY . f^Z\ _YXYW\ UYX\^_Zl pb[Z [TYV [Z [WT[XV\YT [W t[aoj_Y �/s [WT[XV\[Wa V ][WT^] ^g Z[�Y . � �l hW aYWY_Vcs ][\bV ][WT^] ^g Z[�Y . s \bY WY] k_YT[X\YT f^UYfYW\ UYX\^_
����� � &���' (�)� *�)� ]bYW 	 � . l mbYW 	 0 . s \bYk_YT[X\YT UYX\^_ [Z ����� � ��� � �1 � ��� 
 ����1 �l hW \b[ZXVZYs Z^fY ^g \bY [W\Y_fYT[V\Y f^UYfYW\ UYX\^_Zs VWT bYWXY
Z^fY ^g \bY U[Y]Y_ c^XV\[^WZs Zb^jcT eY fV[W\V[WYTlS k_^ecYf g^_ \bY ][WT^] ZXbYfY [Z \bY Vf^jW\ ^g Z\^_oVaY WYYTYT [W fV[W\V[W[Wa \bY UYX\^_Z ^_ U[Y]Y_ c^XV\[^WZ
][\b[W \bY ][WT^]Zl p^ VU^[T \bY WYYT ^g V f^U[Wa ][WT^]sVWT \^ VTVk\ uj[X`cd \^ XbVWaYZ [W U[Y]Y_ f^U[Wa kV\\Y_WZs
^j_ \b[_T ZXbYfY VZZ[aWZ ]Y[ab\ \^ YVXb k_YU[^jZ f^UYfYW\
UYX\^_ Z^ \bV\ _YXYW\ UYX\^_Z bVUY b[abY_ ]Y[ab\Z VWT \bY
]Y[ab\Z \V[c ^r VZ \bY UYX\^_Z eYX^fY VaYTl S kV_VfYo\Y_ [W \bY ZXbYfY [Z \bY Ynk^WYW\[Vccd TYX_YVZ[Wa ]Y[ab\s2l pbY f^Z\ _YXYW\ UYX\^_ ][cc _YXY[UY V ]Y[ab\ ^g �+ \bYk_YU[^jZ UYX\^_ ][cc _YXY[UY V ]Y[ab\ ^g 2+ \bY WYn\ k_YU[o^jZ ^WY ][cc _YXY[UY V ]Y[ab\ ^g 2� s VWT Z^ ^Wl S b[ab 2][cc a[UY Z[f[cV_ ]Y[ab\Z \^ Vcc \bY f^UYfYW\Z VWT k_YT[X\gj\j_Y f^UYfYW\Z VZ V gjWX\[^W ^g fVWd f^UYfYW\Zs [WoXcjT[Wa \bY VaYT ^WYZl pb[Z [TYV [Z [WT[XV\YT [W t[aj_Y ��s[WT[XV\[Wa \bY k_YT[X\YT f^U[Wa T[_YX\[^W ][\b V b[ab 2l �dX^W\_VZ\s t[aj_Y �3 [WT[XV\YZ \bY k_YT[X\YT f^U[Wa T[_YXo\[^W ][\b V c^] 2 [W ]b[Xb VaYT f^UYfYW\Z ][cc gVcc ^r \bY
ZXYWY uj[X`cd VWT \bY k_YT[X\[^W [Z e[VZYT \^]V_TZ X^W\_[ejo\[^WZ g_^f _YXYW\ f^UYfYW\Zl pbY WY] k_YT[X\YT UYX\^_ [Z
����� � �4) #�$%� 2��$ ��$ s ]bY_Y !� �#�$%� 2��$ � ��5)��5 lSZ 	 6 7s !� 6 ���5 + \bY_Yg^_Ys ����� XVW eY Vkk_^n[ofV\YT ed �� 
 2�#�$%� 2��$ ��$ l hWX_YfYW\Vccds ����� XVWeY Vkk_^n[fV\YT ed 2 ��� � ��
2� ��� l�� ! bVZ eYYW Zb^]W \^ eY uj[\Y YrYX\[UY [W k_YT[X\[Wa
VXXYZZ k_^eVe[c[\[YZ ^g TV\V [\YfZ [W TV\VeVZY Vkkc[XV\[^WZ ed
VTVk\[Wa _V\bY_ uj[X`cd \^ XbVWaYZ ^g VXXYZZ kV\\Y_WZ ����s�^]YUY_s [\ f[ab\ W^\ kY_g^_f VZ ZV\[ZgVX\^_d [W \b[Z WY]
X^W\Yn\ ^g k_YT[X\[Wa \bY WYn\ U[Y]Y_ c^XV\[^Wl pb[Z [Z eYoXVjZY \bY VXXYZZ k_^eVe[c[\d \^ V TV\V [\Yf [Z e^jWTYT eYo\]YYW � VWT �l pbY _V\Y ^g XbVWaYs [lYls \bY �_Z\ TY_[UV\[UY^g \bY VXXYZZ g_YujYWXd gjWX\[^Ws fjZ\ Y[\bY_ ^ZX[ccV\Y eYo\]YYW k^Z[\[UY VWT WYaV\[UYs ^_ [\ ][cc a_VTjVccd gVcc \^ �Y_^
�\bY [TYVc XVZY�l �� ! [Z \_d[Wa \^ [WX^_k^_V\Y \bY YrYX\^g \bY XbVWaY [W\^ \bY WY] YZ\[fV\Y VWT \bY YZ\[fV\[^W Y_o_^_ ]^jcT W^_fVccd W^\ T[UY_aYl hW \b[Z WY] X^W\Yn\s ]YV_Y jZ[Wa �� ! \^ k_YT[X\ V UYX\^_s ]b^ZY T[_YX\[^W [Z VW
VWacY ][\b VW jWe^jWTYT ZX^kYs [lYls \bY VWacY XVW [WX_YVZY[WTY�W[\Ycds g^_ YnVfkcYs \b_^jab X^W\[Wj^jZ _^\V\[^W [W V
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t[aj_Y �� x_YT[X\[Wa WYn\ f^U[Wa T[_YX\[^W� �"� 
���s �/� ������s ��� �� ! ][\b b[ab 2s VWT �3� �� ! ][\b c^] 2l
X[_XcYl pbjZs \bY �_Z\ TY_[UV\[UY fVd WYUY_ gVcc \^ �Y_^ ^_X_^ZZ �Y_^ VWT �� ! fVd W^\ eY VecY \^ X^kY ][\b \bY,W^WoZ\V\[^WV_d- XbVWaYZl mY WYYT \^ Ynkc[X[\cd X^__YX\ \bYk_YT[X\[^W ][\b VTqjZ\fYW\ g_^f _YZ[TjVcZ ^_ Y__^_ k_YT[Xo\[^WZl�Y\ jZ TYW^\Y \bY ���}�z�{ [W YVXb k_YT[X\[^W ^g \bY f^UYofYW\ UYX\^_ ed ��� � ��� 
 ��� l SZ V _YZjc\s \bY VTqjZ\YTk_YT[X\[^W g^_ \bY UYX\^_ Zb^jcT eY ���
 ��� l p^ XV\Y_ g^_ \bYk_^ecYf ^g W^WoZ\V\[^WV_d XbVWaYZ [W T[_YX\[^Ws ]Y _YZ\_[X\^j_ V\\YW\[^W ^g \bY _YZ[TjVc \^ \bY VWacY eY\]YYW ��� VWT���l mY ][cc TYW^\Y \bV\ VWacY VZ �� � "��� ����
"��� ����s]bY_Y "��� ��� [Z \bY V_ajfYW\ ^g \bY UYX\^_ �� [W V X^fokcYn kcVWY Z^ \bV\ ��� XVW eY k_YT[X\YT ed _^\V\[Wa ���\b_^jab VW VWacY ^g 
�� l pb[Z X^__YZk^WTZ \^ V fjc\[kc[XVo\[^W ed ����) [W \bY X^fkcYn kcVWYl i[WXY ]Y T^ W^\ _YVccd`W^] ���� ]bYW ]Y k_YT[X\ �����s ]Y fjZ\ \_d \^ k_YT[X\
���� VZ ]Yccl pbY_Y XVW eY T[rY_YW\ ]VdZ ^g k_YT[X\[Wa
���� g_^f \bY k_YU[^jZ UVcjYZ ^g �$ s ZjXb VZ 
���s ������
VWT �� !l SaV[Ws ]Y k_^k^ZY \^ jZY �� ! \^ X^fkj\Y\bY k_YT[X\[^W ^g �$ V\ YVXb Z\Yk VZ ]Y X^fkj\Y ��$ l pbjZs
����� � 2 ��� � ��
2��� s VWT ����� � �������� (�)�� �^\[XY\bV\ ]Y ^Wcd WYYT \^ fV[W\V[W V Z[WacY _jWW[Wa UVcjY g^_\b[Z VWacY V_ajfYW\l hW WYn\ ZYX\[^Ws ]Y ][cc [ccjZ\_V\Y \bY[fk_^UYfYW\ [W k_YgY\Xb[Wa kY_g^_fVWXY e_^jab\ Ve^j\ ed\b[Z _YZ[TjVc VTqjZ\fYW\l
� ��N��ON Q�� ��NR�NN���N
i[WXY ]Y bVUY T^WY Z^fY k_Yc[f[WV_d Z\jT[YZ ^W X^fkV_o[Wa ^j_ ��� _YkcVXYfYW\ ZXbYfY ][\b \_VT[\[^WVc ��	
ZXbYfY � �s ^j_ YnkY_[fYW\Z k_YZYW\YT bY_Y \_d \^ ujVW\[gd\bY kY_g^_fVWXY ^g \bY ��� XVXb[Wa ZXbYfY VWT \bV\ ^g
UV_[^jZ k_YgY\Xb[Wa ZXbYfYZ jWTY_ T[rY_YW\ Z[\jV\[^WZl pbYkV_VfY\Y_Z jZYT [W ^j_ Z[fjcV\[^W f^TYc V_Y c[Z\YT [W pVoecY �l
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pVecY �� xV_VfY\Y_Z c[Z\[Wa g^_ Z[fjcV\YT YnkY_[fYW\Zl
hW ^j_ Z[fjcV\[^W f^TYcs \bY_Y V_Y 	 U[_\jVc ^eqYX\Zs Vcc

_YZ[T[Wa ][\b[W \bY ZYX^WTV_d Z\^_VaY V\ \bY TV\VeVZY ZY_UY_lhW \bY YnkY_[fYW\Z k_YZYW\YT eYc^]s ]Y g^XjZ ^W VW YWU[o_^WfYW\ ][\b ^WY TV\VeVZY ZY_UY_ VWT V Z[WacY Xc[YW\l pbYYrYX\ ^g \bY WjfeY_ ^g Xc[YW\Z ^W \bY kY_g^_fVWXY ^g XVXb[Wa
VWT k_YgY\Xb[Wa ZXbYfYZ ][cc eY _Yk^_\YT [W \bY gj\j_Yl pbYXc[YW\ VWT TV\VeVZY ZY_UY_ X^ffjW[XV\Y U[V V WY\]^_` ][\b

V eVWT][T\b ^g ��ekZs f^TYc[Wa \bY hW\Y_WY\ YWU[_^WfYW\l
pbY T[Z` eVWT][T\b [Z �nYT V\ ���ekZl pbY X^fkj\V\[^WX^Z\ g^_ TY\Y_f[W[Wa ZX^kY [W\Y_ZYX\[^Ws ^k\[fVc _YZ^cj\[^Ws
VWT VXXYZZ ZX^_Y V_Y [aW^_YT g^_ Z[fkc[X[\dl pbY U[_\jVc ]^_cT[Z _YajcV_cd ZjeT[U[TYT [W\^ ����3���� ZujV_Y jW[\Zl pbY 	U[_\jVc ^eqYX\Z V_Y T[Z\_[ej\YT jW[g^_fcd Vf^Wa \bY ZujV_Y
jW[\Zl �VXb jW[\ \bY_Yg^_Y X^W\V[WZ VW VUY_VaY ^g �

45��6 ^eoqYX\Zl pbY U[Y]Y_ [Z VZZjfYT \^ _YZ[TY V\ \bY XYW\Y_ ^g \bYU[Y]Y_ ZX^kYl pbY U[Y][Wa VWacY ]b[Xb TY�WYZ \bY U[Y][Wa_Ya[^W ^g \bY U[Y]Y_ ZX^kY [Z ZY\ \^ eY ��� TYa_YYZs [lYls �78 l�VXb U[_\jVc ^eqYX\ [W \bY TV\VeVZY ZY_UY_ [Z f^TYcYTed V k_^a_YZZ[UY fYZbs X^W\V[W[Wa V eVZY fYZb VWT V c[Z\ ^g
k_^a_YZZ[UY _YX^_TZl pbY WjfeY_ ^g k_^a_YZZ[UY _YX^_TZ VZZ^oX[V\YT ][\b YVXb ^eqYX\ f^TYc g^cc^]Z V W^_fVc T[Z\_[ej\[^W
][\b V fYVW ^g ��s��� _YX^_TZ VWT V Z\VWTV_T TYU[V\[^W ^g�s��� _YX^_TZl �VXb k_^a_YZZ[UY _YX^_T bVZ V Z[�Y ^g �� ed\YZ]b[cY YVXb eVZY fYZb [Z VZZjfYT \^ bVUY V Z[�Y YujVc \^�9�l pbY VX\jVc Z[�YZ ^g \bY ^eqYX\ f^TYcZ _VWaY eY\]YYW���9� VWT �s���9�s ][\b V fYVW ^g �s���9�l
vWcd Z\^_VaY XVXbY V\ \bY Xc[YW\ [Z f^TYcYT [W ^j_ Z[fjcVo\[^Wl pbY Z[�Y ^g \bY Z\^_VaY XVXbY [Z YujVc \^ :; ^g \bV\ ^g\bY TV\VeVZYl mY YnkY_[fYW\YT ][\b T[rY_YW\ k_YgY\Xb[WaZXbYfYZs <'$() s [WXcjT[Wa 
���s ������s VWT �� !l t^_\bY �� ! ZXbYfYs ]Y YnkY_[fYW\ e^\b ][\b VWT ][\b^j\

_YZ[TjVc VTqjZ\fYW\ YWVecYTl t^_ W^\V\[^WVc X^WUYW[YWXYs ]Y_YgY_ \^ \bY �� ! ZXbYfY ][\b _YZ[TjVc VTqjZ\fYW\ YWVecYTed �� !�=s VWT \bY �� ! ZXbYfY ][\b _YZ[TjVc VTqjZ\ofYW\ T[ZVecYT ed �� !�>=l mY gj_\bY_ TYW^\Y V ][WT^]ZXbYfY ][\b ][WT^] Z[�Ys . s VZ ���o. l
mY Z[fjcV\Y \b_YY f^U[Wa kV\\Y_WZs ? s YnkY_[YWXYT edV U[Y]Y_l pbY f^U[Wa kV\\Y_WZ V_Y TYk[X\YT [W t[aj_Y �l�VXb kV\\Y_W X^W\V[WZ V ZYujYWXY ^g f^UYfYW\ Z\YkZl pbY�_Z\ kV\\Y_W f^TYcZ V X^WZ\VW\ X[_XjcV_ \_VWZcV\[^W kV\\Y_W

�@A�l pbY U[Y]Y_ f^UYZ X[_XjcV_cd ][\b V T[VfY\Y_ ^g  ��ZujV_Y jW[\Zs Z\V_\[Wa V\ X^^_T[WV\Y ����s ����� VWT YWTo[Wa V\ \bY ZVfY c^XV\[^Wl �VXb f^UYfYW\ Z\Yk [WXcjTYZ V\_VWZcV\[^W ^g ��� ZujV_Y jW[\Z Vc^Wa \bY U[Y][Wa T[_YX\[^Wsg^cc^]YT ed _^\V\[Wa \bY U[Y][Wa T[_YX\[^W ][\b VW VWacY ^g
7�B s [lYls �� TYa_YYZl S\ YUY_d k^Z[\[^Ws \bY U[Y]Y_ VcZ^ _^o\V\YZ ][\b VW VWacY ^g C7D s [lYls C�� TYa_YYZl pb[Z f^TYcZV Z[\jV\[^W ]bY_Y \bY U[Y]Y_ Ynkc^_YZ \bY U[_\jVc ^eqYX\Z
V_^jWT b[f
bY_ g^_ YUY_d f^UYfYW\l pbY ZYX^WT kV\\Y_Wf^TYcZ \bY ZVfY kV\\Y_W VZ \bY X[_XjcV_ kV\\Y_W YnXYk\ \bV\\bY f^U[Wa T[_YX\[^W XbVWaYZ ][\b VW VWacY ^g 78E s [lYls �� TYoa_YYZs Vg\Y_ YUY_d � f^UYfYW\ Z\YkZl mY XVcc \b[Z \bY XbVWao[Wa X[_XjcV_ kV\\Y_W �@@A�l t[WVccds \bY cVZ\ kV\\Y_W f^TYcZV _VWT^f f^UYfYW\ kV\\Y_W �_VWT^f ]Vc` ^_ =��l �VXbf^UYfYW\ Z\Yk [Z Y[\bY_ V \_VWZcV\[^W ^g V_e[\_V_d cYWa\b ^_
V _^\V\[^W ^g V_e[\_V_d VWacYl
mY XbV_VX\Y_[�Y \bY kY_g^_fVWXY ^g \bY XVXb[Wa VWT _YokcVXYfYW\ ZXbYfYZ ][\b \]^ ZY\Z ^g fY\_[XZl pbY �_Z\ ZY\fYVZj_YZ \bY VeZ^cj\Y kY_g^_fVWXY VWT [Z XbV_VX\Y_[�YT ed

����� �}| ��|}� VWT �������� |}y�l %VXbY b[\ _V\[^ fYVoZj_YZ \bY kY_XYW\VaY ^g ed\YZ ^g \bY U[Z[ecY ^eqYX\Zs [lYls \b^ZY][\b[W \bY U[Y][Wa _Ya[^Ws \bV\ X^jcT eY _Y\_[YUYT g_^f \bY
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pVecY �� xV_VfY\Y_ UVcjYZ g^_ \bY YnkY_[fYW\Zl

t[aj_Y �� �^U[Wa kV\\Y_WZ� �"� @As �/� @@As VWT ��� =�l
c^XVc Z\^_VaY XVXbY ^g \bY Xc[YW\l �YZk^WZY \[fY fYVZj_YZ\bY VUY_VaY \[fY �[W ZYX^WTZ� \bV\ \bY U[Y]Y_ WYYTZ \^ ]V[\g_^f \bY f^fYW\ \bY U[Y]Y_ fV`YZ V f^UY \^ \bY f^fYW\
]bYW \bY _YX^_TZ g^_ \bY ^k\[fVc _YZ^cj\[^WZ ^g Vcc U[Z[ecY
^eqYX\Z V_Y ^e\V[WYT V\ \bY Xc[YW\l
pbY ZYX^WT ZY\ ^g fY\_[XZ [Z X^WXY_WYT ][\b \bY [fVaYujVc[\d kY_XY[UYT ed V U[Y]Y_ VWT [Z XbV_VX\Y_[�YT ed �}�z�{������|}�� VWT {�|���" |}y�l �[ZjVc kY_XYk\[^W fYVZj_YZ \bYTYa_YY �[W kY_XYW\VaY� ^g [fVaY ujVc[\d YnkY_[YWXYT ed \bY

U[Y]Y_l h\ [Z T[wXjc\ \^ f^TYc U[ZjVc kY_XYk\[^W VZ [\ _Yuj[_YZjZY_ U[ZjVc YnkY_[YWXYZ ][\b[W V U[_\jVc ZdZ\Yfl %j__YW\cdsg^_ YVXb U[Z[ecY ^eqYX\s �s XVXbYT [W \bY c^XVc Z\^_VaYs [\Z U[o
ZjVc kY_XYk\[^W [Z f^TYcYT VZ V Xje[X gjWX\[^W� �
�#��#$�

#
� �8 s

]bY_Y %� [Z \bY YnkYX\YT Z[�Y ^g ^eqYX\ � V\ [\Z ^k\[fVc _YZo^cj\[^W VWT %�� [Z \bY Z[�Y ^g \bY ^eqYX\ Xj__YW\cd XVXbYTl
pb[Z TY�W[\[^W VZZjfYZ V ���; U[ZjVc kY_XYk\[^W ]bYW \bYXVXbYT f^TYc X^jcT k_^U[TY \bY ^k\[fVc _YZ^cj\[^Wl mY jZYV c^aV_[\bf[Xoc[`Y gjWX\[^W \^ f^TYc U[ZjVc kY_XYk\[^W eYoXVjZY ]bYW V U[Y]Y_ fV`YZ V f^UY [W \bY U[_\jVc ]^_cTsbY
ZbY ]^jcT YnkY_[YWXY V b[ab U[ZjVc kY_XYk\[^W [g Vcc U[Zo[ecY ^eqYX\Z X^jcT eY ZYYW [WZ\VW\VWY^jZcds YUYW V\ V X^V_ZY
_YZ^cj\[^Wl �d X^W\_VZ\s \bY U[Y]Y_ ]^jcT YnkY_[YWXY V c^]kY_XYk\[^W [g bY
ZbY WYYTZ \^ ]V[\ g^_ V c^Wa \[fY eYg^_Y Vcc
U[Z[ecY ^eqYX\Z X^jcT eY ^eZY_UYTl mY V_Y X^WTjX\[Wa YnkY_o[fYW\Z \^ X^ccYX\ jZY_ YnkY_[YWXYZ U[V V k_^\^\dkY ]b[Xb ][cc
Vcc^] jZ \^ _Y�WY ^j_ U[ZjVc kY_XYk\[^W TY�W[\[^Wl Sc^Wa \bYZVfY _V\[^WVcYs cV\YWXd \[fY fYVZj_YZ \bY VUY_VaY \[fY �[W
ZYX^WTZ� _Yuj[_YT \^ _Y\_[YUY \bY eVZY fYZbYZ ^g Vcc U[Z[ecY
^eqYX\Zs [lYls g_^f \bY \[fY \bY U[Y]Y_ fV`YZ V f^UY \^ \bYf^fYW\ ]bYW \bY_Y [Z V X^V_ZY [fVaY ^g Vcc U[Z[ecY ^eqYX\Zlt^_ YVXb YnkY_[fYW\ X^WTjX\YTs \bY VUY_VaY ^g YVXb fY\o_[X [Z TY\Y_f[WYT g_^f Vcc f^UYfYW\ Z\YkZl pbY Z\VWTV_TTYU[V\[^WZ V_Y g^jWT \^ eY ZfVccl

�jY \^ ZkVXY c[f[\V\[^Ws ]Y ][cc ^Wcd eY k_YZYW\[Wa \b_YYYnkY_[fYW\Z \^ ujVW\[gd \bY kY_g^_fVWXY ^g ��� VWT \bY
k_YgY\Xb[Wa \YXbW[ujYZl pbY kV_VfY\Y_Z ZY\\[WaZ V_Y ZjfofV_[�YT [W pVecY �l
��� &'��P����O (�
hW \bY �_Z\ YnkY_[fYW\s ]Y ]^jcT c[`Y \^ Z\jTd \bY kY_g^_ofVWXY ^g \bY XVXb[Wa fYXbVW[Zfs][\b VWT ][\b^j\ k_YgY\Xbo[Was ^W \bY UV_[^jZ f^U[Wa kV\\Y_WZl hW \b[Z YnkY_[fYW\s 	 [Z

�nYT V\ ���� ^eqYX\Zs _YZjc\[Wa [W V TV\VeVZY Z[�Y ^g Vkk_^no[fV\Ycd ���l pbY Z[�Y ^g \bY Z\^_VaY XVXbYs : s [Z �nYT V\�; ^g 	s cYVT[Wa \^ V XVXbY Z[�Y ^g ����l mY YnkY_[fYW\YT][\b Vcc \b_YY f^U[Wa kV\\Y_WZ� @As @@As =�l mY _YkYV\^j_ YnkY_[fYW\Z ][\b UV_[^jZ k_YgY\Xb[Wa ZXbYfYZ�  ���s������s �� !�>=s VWT �� !�=s \^ eY X^fkV_YT ][\b\bY eVZY XVZY ^g W^ k_YgY\Xb[Was >� A��)��*�l pbY fYVZj_YofYW\Z ^g \bY g^j_ fY\_[XZ V_Y TYk[X\YT [W t[aj_Y  s ]b[Xb [Z
^_aVW[�YT VZ VW V__Vd ^g a_VkbZl pbY �_Z\ _^] �t[aj_YZ  "VWT  /� TYk[X\Z \bY b[\ _V\[^Z VWT _YZk^WZY \[fYZ ]b[cY \bY
ZYX^WT _^] �t[aj_YZ  � VWT  3� TYk[X\Z \bY U[ZjVc kY_XYk\[^W
VWT cV\YWXd fYVZj_YfYW\Zl
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:; ::; <=
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t[aj_Y  � xY_g^_fVWXY ^g �nkY_[fYW\ ¤�l
t_^f t[aj_Y  s ]Y ^eZY_UY \bV\ YUYW ][\b^j\ k_YgY\Xb[Was\bY XVXb[Wa fYXbVW[Zf kY_g^_fZ _YVZ^WVecd ]Yccl h\ VXb[YUYZV b[\ _V\[^ _VWa[Wa g_^f  �; \^ 
�; �t[aj_Y  "�l m[\bk_YgY\Xb[Was \bY b[\ _V\[^Z X^jcT eY [fk_^UYT ed jk \^ �;l

pb[Z _YZjc\Z [W V TYX_YVZY [W _YZk^WZY \[fY ]bYW k_YgY\Xb[Wa[Z YWVecYT �t[aj_Y  /�l mY ^eZY_UY \bV\  ��� [Z W^\ UY_dYrYX\[UY [W k_YT[X\[Wa gj\j_Y f^UYfYW\Zs kY_g^_f[Wa Z[f[cV_\^ \bY eVZY XVZYs [lYls >� A��)��*�l �^\b������ VWT �� !kY_g^_f YujVccd ]Ycc [W [fk_^U[Wa \bY b[\ _V\[^ ^g \bY XVXb[WafYXbVW[Zfl
m[\b V ][WT^]oeVZYT k_YgY\Xb[Wa ZXbYfYs V ZfVcc ][WoT^] Z[�Y ][cc _YZjc\ [W eY\\Y_ kY_g^_fVWXY jWTY_ \bY @A VWT

@@Af^U[Wa kV\\Y_WZl pb[Z [Z fV[Wcd eYXVjZY jWTY_ \bY @AVWT @@A f^U[Wa kV\\Y_WZs \bY f^U[Wa T[_YX\[^W [Z Vc]VdZ
XbVWa[Was UY_d ^g\YW ][\b V X^WZ\VW\ VWacYl m[\b V cV_aY][WT^] Z[�Ys VaYT f^U[Wa UYX\^_Z ][cc eY X^W\_[ej\[Wa \^ \bY
k_YT[X\[^W ^g \bY WYn\ f^U[Wa UYX\^_+ \b[Z [W\_^TjXYZ Z^fY
W^[ZY [W \bY k_YT[X\[^Wl pbY kY_g^_fVWXY [Z \bjZ W^\ VZ a^^TVZ \bV\ ][\b V ZfVcc ][WT^] Z[�Yl �d X^W\_VZ\s jWTY_ \bY
=� f^U[Wa kV\\Y_Ws YVXb f^UYfYW\ Z\Yk ][cc eYV_ V b[abTYa_YY ^g _VWT^fWYZZl S ZfVcc ][WT^] T^YZ W^\ WYXYZZV_o[cd XVk\j_Y YW^jab `W^]cYTaY \^ k_YT[X\ \bY WYn\ f^UYfYW\
UYX\^_l pbY_Yg^_Ys \bY kY_g^_fVWXY g_^f V ZfVcc ][WT^]



Z[�Y [Z W^\ VZ a^^T VZ \bV\ g_^f V cV_aY ][WT^] Z[�Y jWTY_
=�l�� ! Ynb[e[\Z V Z[f[cV_ eYbVU[^_ VZ ][WT^]oeVZYT ZXbYfYVWT �� !�= kY_g^_fZ eY\\Y_ jWTY_ \bY @A VWT @@A f^Uo[Wa kV\\Y_WZl pb[Z [Z fV[Wcd eYXVjZY \bY VWacYZ ^g TYU[V\[^WjWTY_ \bYZY \]^ f^U[Wa kV\\Y_WZ Ynb[e[\ V ]YccoTY�WYT kV\o\Y_W �uj[\Y X^WZ\VW\� VWT [Z \bjZ k_YT[X\VecYl 	WTY_ V =�f^U[Wa kV\\Y_Ws \bY VWacY TYU[V\[^W T^YZ W^\ Ynb[e[\ V XcYVW
kV\\Y_W VWT \bY _YZ[TjVc X^__YX\[^W T^YZ W^\ ZYYf \^ d[YcT
VWd [fk_^UYfYW\l
��� &'��P����O (�
hW \bY ZYX^WT YnkY_[fYW\s ]Y ]^jcT c[`Y \^ Z\jTd \bY YrYX\ ^g
XVXbY Z[�Y ^W \bY kY_g^_fVWXY ^g \bY XVXb[Wa VWT k_YgY\Xb[WafYXbVW[ZfZl hW \b[Z YnkY_[fYW\s 	 [Z VaV[W �nYT V\ ����^eqYX\Zl pbY f^U[Wa kV\\Y_W [Z �nYT V\ @Al pbY Z[�Y ^g\bY Z\^_VaY XVXbYs : s _VWaYZ g_^f �l�; \^ �; ^g 	s cYVT[Wa\^ V XVXbY Z[�Y ^g ���� \^ ����l SaV[Ws \bY YnkY_[fYW\ZV_Y _YkYV\YT ][\b T[rY_YW\ k_YgY\Xb[Wa ZXbYfYZl t[aj_Y 

TYk[X\Z \bY _YZjc\Z ]b[Xb V_Y V__VWaYT [W \bY ZVfY ]Vd VZt[aj_Y  l
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t[aj_Y 
� xY_g^_fVWXY ^g �nkY_[fYW\ ¤�l
t_^f t[aj_Y 
"s ]Y ^eZY_UY V a_VTjVc [WX_YVZY [W b[\

_V\[^Z ]bYW \bY XVXbY Z[�Y [WX_YVZYZl pb[Z VcZ^ VXX^jW\Z \^V TYX_YVZY [W _YZk^WZY \[fYZ ]bYW \bY XVXbY Z[�Y [WX_YVZYZ
VZ Zb^]W [W t[aj_Y 
/l h\ [Z Z[fkcd eYXVjZY V cV_aY_ XVXbYZ[�Y [Z VecY \^ b^cT f^_Y ^eqYX\ f^TYcZ+ \bjZs \bY XbVWXY ^gb[\\[Wa VW ^eqYX\ f^TYc [W \bY c^XVc XVXbY eYX^fYZ b[abY_lh\ [Z VcZ^ k_^f[Z[Wa \bV\ YUYW ][\b^j\ k_YgY\Xb[Was ]Y V_Y
VecY \^ VXb[YUY V b[\ _V\[^ ^g  �;s ][\b V XVXbY Z[�Y VZ ZfVcc
VZ �l�; ^g \bY TV\VeVZYlt[aj_YZ 
w VWT 
3 TYk[X\ \bY U[ZjVc kY_XYk\[^W VWT cVo\YWXd \[fY YnkY_[YWXYT ed \bY U[Y]Y_l pbYd Ynb[e[\ Z[f[cV_eYbVU[^_ VZ b[\ _V\[^ VWT _YZk^WZY \[fY _YZkYX\[UYcdl �^\[XY\bV\ \bY cV\YWXd \[fY [Z Vc]VdZ jWTY_ V ZYX^WTl pb[Z X^jcTk_^U[TY VW Vcf^Z\ X^W\[Wj^jZ ZY_U[XY \^ \bY U[Y]Y_l
��
 &'��P����O (

hW \b[Z cVZ\ YnkY_[fYW\s ]Y ]^jcT c[`Y \^ Z\jTd \bY YrYX\
^g TV\VeVZY Z[�Y ^W \bY kY_g^_fVWXY ^g \bY XVXb[Wa VWT
k_YgY\Xb[Wa fYXbVW[ZfZl hW \b[Z YnkY_[fYW\s 	 _VWaYZ g_^f����s ����s �����s VWT ����� ^eqYX\Zl pb[Z f^TYcZ YWU[_^WofYW\Z ][\b ZfVccs fYT[jfs VWT cV_aY TV\VeVZYZ _YZkYX\[UYcdl
pbY Z[�Y ^g \bY Z\^_VaY XVXbYs : s [Z �nYT V\ �; ^g 	l pbYf^U[Wa kV\\Y_W [Z �nYT V\ @Al pbY YnkY_[fYW\Z V_Y _YkYV\YT][\b T[rY_YW\ k_YgY\Xb[Wa ZXbYfYZl t[aj_Y � TYk[X\Z \bY _YoZjc\Z ]b[Xb VaV[Ws V_Y V__VWaYT [W VW [TYW\[XVc fVWWY_ VZt[aj_Y  l
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��
��
��
��
��
Ì�
Ì�
Ì�

���� ���� ����� �����
�������������������

ÍÎÏ
ÐÑÒ
ÓÔÕ
ÖÔ
×ØÎ
ÙÚ
ÛÜ
Ý

xÞzßy}́¶Æà·|̧ �́

�
�á�
�á�
�á̄
�á�
�á�
�á�
�á�

���� ���� ����� �����
�������������������

âãä
åæ
çè
éê
ëå
ìí
ìå
çîï

t[aj_Y �� xY_g^_fVWXY ^g �nkY_[fYW\ ¤�l

t_^f t[aj_Y �s ]Y ^eZY_UY \bV\ \bY b[\ _V\[^Z VWT U[ZjVc
kY_XYk\[^W T_^k Zc[ab\cd VZ \bY TV\VeVZY Z[�Y [WX_YVZYZ �t[aoj_YZ �" VWT �w�l SZ \bY TV\VeVZY Z[�Y [WX_YVZYZs \bY YnkYX\YTWjfeY_ ^g ^eqYX\ f^TYcZ \bV\ V_Y _Yuj[_YT g^_ YVXb f^UYofYW\ VcZ^ [WX_YVZYZ VXX^_T[Wacdl pb[Z [Z eYXVjZY \bY WjfeY_^g U[_\jVc ^eqYX\Z c^XV\YT ][\b[W V jW[\ [WX_YVZYZ ][\b \bYTV\VeVZY Z[�Yl pbY_Yg^_Ys V\ VWd c^XV\[^Ws \bY c[`Yc[b^^T\bV\ \bY U[Y]Y_ ZX^kY ][cc ^UY_cVk ][\b VW ^eqYX\ ZX^kY eYoX^fYZ b[abY_l pb[Z ][cc TYX_YVZY \bY XbVWXY ^g b[\\[Wa VW^eqYX\ f^TYc [W \bY c^XVc XVXbYl i[WXY \bY Z[�Y ^g \bY XVXbY[Z �nYT V\ �; ^g \bY TV\VeVZY Z[�Ys \bY TYX_YVZY [W b[\ _V\[^Z
[Z _V\bY_ Zc[ab\l pbY [WX_YVZY [W _YZk^WZY \[fYZ VWT cV\YWXd\[fYZ �t[aj_YZ �w VWT �3� [Z TjY \^ \bY TYX_YVZY [W b[\ _V\[^Z
VWT X^jcT eY YnkcV[WYT Z[f[cV_cdl
ð ���R��N���N
hW \b[Z kVkY_s ]Y bVUY TYZX_[eYT V U[_\jVc ]Vc`\b_^jab Vkokc[XV\[^W VZ VW YnVfkcY ^g WYn\oaYWY_V\[^W fjc\[ofYT[V Vkokc[XV\[^WZl mY TYZX_[eY \YXbW[XVc XbVccYWaYZ \bV\ WYYTYT \^eY VTT_YZZYT [W ^_TY_ \^ [fk_^UY \bY kY_g^_fVWXY ^g ZjXb
`[WT ^g Vkkc[XV\[^WZl SZ ^WY Vc\Y_WV\[UY \^ [fk_^UY \bY kY_og^_fVWXYs ]Y k_^k^ZY V XVXb[Wa fYXbVW[Zf \bV\ Yfkc^dZ
c^XVc Z\^_VaY ^g V Xc[YW\ fVXb[WY \^ b^cT _Yf^\Y ^eqYX\Z _YoZ[T[Wa V\ \bY TV\VeVZY ZY_UY_l pbY XVXb[Wa fYXbVW[Zf [Zgj_\bY_ X^fkcYfYW\YT ed V k_YgY\Xb[Wa fYXbVW[Zf \^ k_YoT[X\ gj\j_Y VXXYZZ ^eqYX\Zl pbY k_YT[X\[^W [Z eVZYT ^W \bYZYfVW\[XZ ^g U[_\jVc ]Vc`\b_^jab Vkkc[XV\[^Wl pbY UV_[^jZk_YgY\Xb[Wa fY\b^TZ V_Y [WUYZ\[aV\YT g^_ kY_g^_fVWXY VWT
Zb^]W \^ eY YrYX\[UYl
mY V_Y Xj__YW\cd X^WTjX\[Wa f^_Y YnkY_[fYW\Z \^ Z\jTd\bY kY_g^_fVWXY ^g \bY XVXb[Wa VWT k_YgY\Xb[Wa fYXbVW[Zf

jWTY_ T[rY_YW\ Z[\jV\[^WZl hW kV_\[XjcV_s ]Y V_Y Z\jTd[Wa \bYYrYX\ ^g fjc\[kcY Xc[YW\Z ^W \bY kY_g^_fVWXY ^g \bY XVXb[WafYXbVW[Zfl mY V_Y VcZ^ TYUYc^k[Wa V k_^\^\dkY ^W \bY mYeYWU[_^WfYW\ \^ UVc[TV\Y \bY VX\jVc kY_g^_fVWXY ][\b ^j_
Z[fjcV\YT _YZjc\Zl
LR	��
��������ON

mY ]^jcT c[`Y \^ \bVW` \bY VW^Wdf^jZ _YU[Y]Y_Z g^_ \bY[_[WUVcjVecY VWT X^WZ\_jX\[UY X^ffYW\Z \bV\ bYck \^ [fk_^UY\b[Z kVkY_l pb[Z _YZYV_Xb [Z Zjkk^_\YT [W kV_\ ed \bY �^Wa9^Wa �YZYV_Xb �_VW\ %^jWX[c jWTY_ %��� a_VW\ WjfeY_
x^cd	 ����
� �s ZjXXYYTYT ed x^cd	 a_VW\ WjfeY_ ���
���sVWT ed \bY �^Wa9^Wa x^cd\YXbW[X 	W[UY_Z[\d %YW\_Vc �_VW\WjfeY_Z ���
��  VWT ���
���l



����P��R�N
��� �� ������� ��+�
���� �
" �� �
"���	
� �	������ ����	�
�

�
� ����� 2��
����� 	��
��� .
���	
��

�� 
��� �
�������������� ��� ���������
��� ��!��#�����
� ���	�
���  � ���
�������� �� !�������� �� ��	
	
�
� "� ������
� �
"

�� �����
�   � +	��"�+�"� +��� �
���������
�� 
# �����$� �
!�#�
	���� ���%�
��� �� !����
� �� ���&�
� �� '��
��� %� 2�
����� �� 2������ �
"

�� (,�
�   � �)2�. 	��
��� +	��" ��� �
��
���� )
*�
������+� 
# 
��� ,������ -�����. ������ 
��������
���/.��
����� ����� %���%��� �����
�%� 2� !���0� 2� 0��
&��
� 2� ���
0� �
" .� � �&�
�� ��
�

!�� �
�  ��"�	1� �
 !���

������� ��2� ��� �
��
����� )
*�
������+� 
# ��� ��$ /
�$23 
��������
��� �
�#������

� $���+����� 
# 3���� ����� ��
��		� �����

��� !� !�����	
 �
" (� "����
"� �)	. � � 2��
��4��� 	��
���
�����
0 �0�
��� )
 *�
������+� 
# 
��� ,������ -�����. ��5
���� 
��������
��� /.��
����� ����� ��%�%��� �����

�	� �� 6� �� ! �
� �� ��� �
" "� 	� ��	
�� !�� � 2�
�����


�	� 2	���� ��
������� �����
 �
" .�����
�	
� )
 *�
������+�

# ��� 
��� 
��������
��� �
�#������ 
� 3��� ��+�������+�
����� �%�	�� 0������0 �����

�
� �� ! ��� �� ���� "�	� ��	
�� �
" �� ��� 2��
�����	��
�	

!�� � 2�
�����

 �
 ����
�� 	��
��� ������0� )
 *�
����5
��+� 
# ��� 
��� ��7����� �� 3�+���� 8�������� �
�#�������
����� 		�
�� ����� �����

��� 0� !�	,� � 2	�� 0��/���� )���� '�
���
�	
 .
���	
��

�)
 ��$ �
������ �������� 9/
��-�*:;<=>� ����� �����
�����

��� 2� ��"����� �
" 2� ?0"�� ������@��
�	
 	� (����
� ��
�
"���" �0 %	�0�	
�� ����	/���
�	
�� �
������� A ���������BC!�#��
����%� �����

���� �� ��+�

 �
" �� 2����� � �
�"0 	�   ��� ��
��
��

��� +	�&�
�
�	
������� ��� �
��
���� �	� (����
�(���

�"
��
����� �0�
���� )
 *�
������+� 
# 
��������
��� �
�#��5
���� 
� ,��. 8��+� 3��������� ����� ��
����� �����

���� +� .1������� �
"  � "���"��� %��
������ 	� ��
����� ��1��
2�
�����

� ��$ D��������
�� 
� 3������� /.������
����� �	������ �������� ���%�

���� �� 0���0�2� ?0"�� ��%��

� �
" ��2��&�0� �%��. � "����
��� ���� ��
� �
���
���� �	� ����� ���   ��������
��	
��
	����� ������
�	
� �
������� A ��������� BE!�#�	��	��
�����

���� 2� 0��
&��
� 2� !���0� �
" 2� ���
0� '�	��� 2��	�0
2�
�����

 �
 !���

������� ��2� ��� �
��
����� )
 *�
5
������+� 
# ��� 
��������
��� �
�#������ 
� ,��. 8��+�3��������� ����� ��	�	��� �����

��%�  � 0�
& 	����� !� ��F��
� �
" ��  ������ 2�
�����

 	�
����� ��	�

� 	� ��
� �
 )

����
��� ����"�
�+��&
 	�� ��)
 ��$ /
��-�*: /.��
���� 
� 
��������7� G3 �����5
���� ����� ������ �����

����  � 0�
& 	����� ��  ������ !� ��F��
� �
" �� H 	�������"��  � 4! ���&���0 �0�
�� �	� )

����
��� 	��������
�	
 	�
����� ��� �
��
���� 2	"���� *�������I D���
�����
�� ���
,������ ��7��
������� �!�#� ��
���0 ���	�

��	� !� '���
 ��� �
" �� ��
�	�"� 2���)	.� � ���
����
�"
	��
��� �����
0 �0�
�� )
�	��	��
�
� ���
���  ��"�
�� )
*�
������+� 
# ��� 
��������
��� �
�#������ 
� 3����������
�
������+ /.����� ����� �
��%� �����

��
� "� "	���� %�	�������� 2�� ��� )
 ��$ �
������ ��������
9/
��-�*:;JK>� ����� ������� ���	�

���� "� "	����  � ���	���  � ��� ���� �� 2��	
��"� �
"
+� �
��
���� 2�� (�
�����
�	
� )
 ��$ �
������ �����5
��� 9/
��-�*:;JG>� �	���� LE� ����� ����	� �����

���� 	� M)N����� ��+�"� ���� �
" 2� '���
� ����� ��� 2��
��
���	��
�	
 2	"���
� �	� !	����/ 	��
��� .
���	
��

�� )
*�
������+� 
# ��$ /.��
���� 
� ,������ -�����. /
#�O���
��� D����
�
+.� ����� ������ ���0 ���	�

���� �� ���	�� ! ��
�� 
� .0� 
���&�
� �
 �"��
��" �

������
"����
� )
 ,������ ��7��
������ ��� ��7����� 
����#���3���+�P QR S��T��� ��� DR U������ 9���R>� ����� ��������(/�	�" 4
������
0 %����� �����

���� ��+�"� ���� 2� '���
� ��  	� �
" �� +	
�� ����� ���
!	

�
�	�� 2��
�����	��
�	
 2�
 	" �	� 2	"��� 	� �����

���0  	�	�	�0� *�������I D���
�����
�� ��� ,������ ��5
7��
������� 
!�#������� 0������0 �����

���� ��+�"� ���� ��  	� �
" 2� '���
� �
 �"��
��� 2��
��
���	��
�	
 2	"���
�  �� 
�F�� ����" 	
 	��,�
� �
" �
��
��
�	
 %�����
���� )
 *�
������+� 
# 
��� ,������ -�����.������ 
��������
��� /.��
����� ����� ����
�2��� ���
�

���� 2� 2���"	
��� 2� ?0"�� �� %��

� %� ��� ��� �
"
�� ?��,�
�� �%��. � � ��
,	�& �	�
,��� ��� �
��
��� 0	�
����� ����� 	��
��� .
���	
��

�� *�������I D���
�����
��
��� ,������ ��7��
������� �!%#��	����
� ���%�

��%� 2� 2���"	
��� 2� ?0"�� �� %��

� %� ���
���
� �
"
%� ��� ��� ./��	�
�
� �����
0 ,�
 2��
����
 '�	���� �
��
,	�& ��� �
��
��� �	� ����������� 	��
��� .
���	
��

��)
 *�
������+� 
# 
��� ,������ -�����. ������ 
��������
���/.��
����� ����� ����� 2��� �����

���� �� 2�

	
�� � 	��
��� 2������ �
���������
�� 
# �����$� %�!�#�	��	�� ���
�
��	� !�2�
�2�! �
� �
" ���	���	�	��	��   � )������

�
�	


�
" %���	���
�� .�����
�	
 	� 
 � ��2� V���0 (�
�������)

����
�
� V���0 �����
 !�� �
� �
" 2�
� �
�� )
 *�
����5
��+� 
# ��� 
��������
��� �
�#������ 
� �W������+ 3�������D����
�
+.� ����� ������	� ���%�

��
�  � ( � ���� "� 6����	
	� �
" "�  ������ '���������
�"
�"��
��� ��
"���
� �	� )

����
�
� ,�
 	��
��� ������ )
*�
������+� 
# 
��� ,������ -�����. ������ 
��������
���/.��
����� ����� �������� ���0 ���	�

���� )� %�
"����  � !���
� .� ���� ��   ����

� �
" ��   ���
��

� � 0��/���� ��� �
��
��� �	� 	��
��� "���
� �
 ��
�
,	�&�" !	����	��
��� 	��
��� .
���	
��

�� ���
+����5
��� ;JX� BY!�#��

����� ���
�

���� �� �� ����
��� �
" 2� '�����
�� ����
"������
 '�	���

�0  ��
������	
 �	� ���
����
�" 	��
��� .
���	
��

�� )

���
+������� ;JK� ����� %���%��� ���	�

���� +� �� �	�"��� �� ?����� �
" +� �	��
��
� ������
�	

	�  ���
��� 2�� ��� )
 ��$ �
������ �������� 9/
�5�-�*:;J=>� �	���� LY� ����� 	��
�� ���0 �����

���� �� �� �
" "� 	� ��	
�� �"��
��� !�� �
� �
" ������ �
�
�
 2	���� ��
������� *���
��� D����
�
+���� �!�#���	��
�����
����� ���
�

���� �� �������� �
� �
" %� '����
� 2�������+ /.���� �
�������
�""��	
�+����0� ���"�
�� 2����� ���

�� �
 �"�
�	
� �����

���� �� �������� �
�� "� 0� H	�
 � �
" �� ��"��� �
� 3�������/.���� �
������� 2�'��,�"���� ���	�
��%� '� ��
� � �� ������+� %
�� �
" "� ��� ����&��
� � �	�
�

,���  		�&�
 �	� ��
,	�&�����" 	��
��� +	��"�� *�������ID���
�����
�� ��� ,������ ��7��
������� �!�#�����%� ���%�
���� '�  ��&� ���
���
� %	�0�	
�� ��������� )
 ��$ �
�������������� 9/
��-�*:;J=>� �	���� LY� ����� ���	%� �����
��	� ��+�
�	
� ��+��&��� �
" �� "	"���� .1��
���
��� 	� ����


��� ����� 	� ��
��� �����"�
�	
 �
 
 � %���� ��0 	� "��"�
2	�

�" ������0�� )
 ��$ �:
 ;JK� ����� ��
����� �����
���	�


