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Zusammenfassung

Im ersten Teil dieser Arbeit wird die frequenzabh�angige dielektrische Funktion der

Ag(100)- und Ag(110)-Ober�achen f�ur Energien zwischen 0 eV und 8 eV berechnet.

Die Berechnung erfolgt in einem Schichtmodell in RPA; die Bandstruktur der s-, p-

und d-Elektronen wird mit einem einfachen Tight-Binding-Modell erzeugt. An den

Ober�achen treten unterhalb der Interband-Kante neue Beitr�age zur dielektrischen

Funktion auf. Diese Beitr�age besitzen die Form der Intraband-�Uberg�ange des Volu-

mens und resultieren aus �Uberg�angen zwischen Volumenzust�anden; diese �Uberg�ange

sind im Volumen verboten. An der Ag(110)-Ober�ache liefert ein �Ubergang zwischen

zwei Ober�achenzust�anden einen zus�atzlichen Beitrag.

Im zweiten Teil dieser Arbeit werden die Ober�achenzust�ande der Ag(100)-

Ober�ache untersucht. Die Rechnungen erfolgen mit einer selbstkonsistenten Pseu-

dopotentialmethode. Nach der Berechnung der strukturellen und energetischen Ei-

genschaften einer ges�attigten �Uberstruktur aus Chlor wird der Einu� dieser �Uber-

struktur auf die Ober�achenzust�ande behandelt. Zus�atzlich wird in den Rechnungen

ein homogenes elektrisches Feld ber�ucksichtigt; mit Hilfe des elektrischen Feldes l�asst

sich eine Metall-Elektrolyt-Grenz�ache simulieren. Die erwartete Unterdr�uckung der

Ober�achenzust�ande bei ges�attigter Adsorption wird nicht bei allen Ober�achen-

zust�anden der Ag(100)-Ober�ache beobachtet: ein Ober�achenzustand spaltet drei-

fach auf. Der E�ekt der Elektrostriktion an Metallober�achen wird diskutiert.



Abstract

Microscopic calculations of the optical properties of the metal surfaces

Ag(100) and Ag(110) as well as of the system Cl/Ag(100)

In the �rst part of this work the dielectric response of the Ag(100) and Ag(110)

surfaces is calculated as a function of frequency in the range of 0 eV to 8 eV. The

calculations are based on a layer model in RPA; the bandstructure of the s-, p- and

d-electrons is generated by a simple tight-binding model. New contributions to the

dielectric function near the surface appear below the interband threshold . These

contributions have the shape of the intraband transitions of the bulk and result

from transitions between bulk states; these transitions are forbidden in the bulk.

An additional contribution in the case of the Ag(110) surface has its origin in a

transition between surface states.

In the second part of this work the surface states of the Ag(100) are investiga-

ted. All calculations are done with a self-consistent pseudopotential method. First,

the structural and energetic properties of a saturated overlayer of chlorine are cal-

culated. Then the inuence of this overlayer on the surface states is investigated.

Additionally, a homogeneous electric �eld is taken into account in the calculations;

a metal-electrolyte boundary can be simulated by the electric �eld. The expected

quenching of the surface states by the saturated adsorption layer is not observed

for all surface states; one surface state splits up into three states. The e�ect of

electrostriction on metal surfaces is discussed.
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with a double grating monochromator. The RAS system was
mounted in front of a strain-free quartz window17 at the
UHV chamber. The RAS signal consists of the real and the
imaginary part of the reflectance anisotropy:

Dr

r
52

r [11̄0]2r [001]

r [11̄0]1r [001]
. ~1!

Real and imaginary parts of the RAS data were checked
afterwards for consistency by using the Kramers-Kronig
relations.18

The RAS spectra were further analyzed in terms of the
surface dielectric anisotropy. For this purpose a three-phase
model was considered. It assumes a homogeneous bulk with
an isotropic dielectric function eb , an optically anisotropic
surface layer ~thickness d!l! with De5e [11̄0]2e [001] , and
the surrounding vacuum. Within this model the surface di-
electric anisotropy is related to the measured reflection
anisotropy19 by

Ded5

l

4pi
~eb21 !

Dr

r
. ~2!

The bulk dielectric function which is needed for this analysis
was obtained from data taken ex situ with a standard rotating
analyzer ellipsometer.18

Angle-resolved photoemission data were collected using a
commercial VG BLADES electron analyzer with an angular
resolution of 4°. All experiments were performed at a fixed
energy of hn532 eV which gives a high cross section for
the surface state at Ȳ .20 The angle of incidence of the pho-
tons with respect to the surface normal was fixed to 45°. The
sample was orientated with the @001# azimuth parallel to the
polarization of the incident light.

RAS spectra ~real part! of the clean Ag~110!-(131) and
the oxygen induced (431) reconstructed surface are shown
in Fig. 1. The dominant feature in both spectra is a peak with
a derivativelike line shape around 3.9 eV. Similar results
have been already obtained in previous measurements.14,15

These structures have been described by Tarriba and
Mochan21 using a phenomenological surface local field

model. A more microscopic explanation could probably in-
volve near surface bulk transitions since the derivativelike
peak structure around 3.9 eV in our spectra is close to the
onset of the bulk d band transitions at 4 eV.

The positive value of the anisotropy in the energy range
between 2.5 and 3.8 eV occurring on the oxygen-covered
surface @Ag~110!-(431)-O# probably has its origin in the
excitation of surface plasmons. The formation of Ag-O
chains22 with an increased surface roughness was deemed
responsible for the excitation of surface plasmons by light
due to a relaxation of k conservation. This is consistent with
the results of Rocca et al.,23 who indeed found an anisotropy
of the surface-plasmon dispersion on Ag~110! surfaces even
for small wave vectors parallel to the surface.

The new feature besides these well known structures is a
much smaller peak occurring at an energy of 1.7 eV. It is
assigned to a transition between an occupied surface state 0.1
eV below ~see Fig. 3! and an unoccupied surface state 1.6 eV
above the Fermi level,24 both located at the Ȳ point of the
surface Brillouin zone. As expected, this transition is absent
on the oxygen-covered surface. The anisotropy in the optical
reflection spectra of the clean Ag~110! and Cu~110! surfaces

FIG. 2. Real and imaginary part of the surface dielectric anisot-
ropy ~SDA! of the clean surface. The SDA was calculated using
RAS data measured at T5300 K.

FIG. 3. Photoemission spectra for the clean and oxygen-induced
(331) surface taken at Q516.5° off-normal emission. The spec-

trum for the clean surface shows the surface state at Ȳ .

FIG. 1. Real part of the RAS spectrum for the clean Ag~110!-
(131) and the oxygen-covered Ag~110!-(431) surface at T
5300 K.
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2. Schnitt 

 

 

SOM-C
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1. Schnitt 
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H&- /�d1- *�B�) ( 3J3.7.( + ,Je > 3.7./.H�* X�- ( * + ,.) - 8.7./.H&- /Y) 4f5�- ( - ) + ,J3.- (K8�- ( A�=> + ,.- > 8.H�- * + ,.) ( 4�' C
D > *U:�8.* + ,.) ( 4�X�;&2 7.4?- /S8�- g1/.3.- '�* ) + , > /�3.- (?7./�8�- 3.- + @&' - /h:�H1i # $�$�j F K81- ( A�=> + ,.-N9 B�) F
* + ,.- /U3.- /UK8�- ( A�=> + ,.- / > ' ;&4?- /�7./.3�3.- 4kG > @�7.7.4?H�- 8.) - ' C l 4k:8.* + ,.) ( 4 X�;�2 7.4?- /�@&;&4?4�'
- *?9 7�- ) /.- ( =Z 81- ( @&;&4?<�- /.* > ' ) ;&/S3.- *?01- 2 3.- *U) /S3.- (?m�=> ,.-N3.- (�K81- ( A�=> + ,.- / > ' ;�4?- [�3.) -
3.7.( + ,N- ) /JI�7./ > ,.4?- 3.- ( \ 2 - @&' ( ;�/.- /.2 > 3.7./.H&* 3.) + ,�' - > /N3.- /JK8�- ( A�=> + ,.- / > ' ;&4?- / > 7.* H&- F
H&2 ) + ,.- /YB�) ( 3�C�5P- )PH&- * => ' ' ) H&' - (UOP,.2 ;&( > 3.* ;&( <�' ) ;�/�- ( * ' ( - + @�'?* ) + ,�3 > *�:8.* + ,.) ( 4 X�;�2 7.4?- /
X�;&/Y3.- (9 BP- ) ' - /Y:P' ;�4?2 > H�- 8.) *) /J3 > *�G > @�7.7.4?H�- 8.) - ' C�l 4n5�- ( - ) + ,Y3.- (8�- * - ' 9 ' - /�:�3�F
* ;&( <�' ) ;�/.* <.2 => ' 9 -�@&;�4?4 '�- *�) 4kG�- ( H&2 - ) + , 9 7.(�7./�81- 3.- + @�' - /�K8�- ( A�=> + ,.-P9 7U* ' > ( @&- / =:�/.3.- F
( 7./.H&- /U3.- (�D) X�- ( H&- /.9P4?) '�GP;&( 9 - ) + ,.- /&B�- + ,.* - 2 C�D) -PH&( =;�R ' - /UD) X�- ( H&- /.9 - /�' ( - ' - / > /U3.- /
OP,.2 ;&( > ' ;&4?- / > 7�Q C�l /?3.- /?7./�81- * - ' 9 ' - /�o�2 => ' 9 - /U- ( Q ;&2 H&'�3.) -�:�8.* + ,.) ( 4U7./.H 3 > H&- H&- /J=> ,./�F
2 ) + ,N,.;&4?;�H&- /�B�) - > /N3.- (�7./�8�- 3.- + @&' - /�K81- ( A�=> + ,.-&C
D) -?p�- + ,./�7./.H�- /�BP- ( 3.- /S/�7./�4?) ' \ 2 - @&' ( ;�( - A1- `�) ;�/.4?- * * 7./.H�- /�X�;�/�01( > /.@&-&[�o�) > 9 F

9 > 7./.3Sc ;&2 8hq % r [�3.) -?3.- / \ ) /�A17.* *U3.- (�* <�- 9 ) g1* + ,.- /�:�3.* ;�( <�' ) ;&/�X�;�/�OP,.2 ;&( ) ;�/.- / > 7�Q
3.) -�K8�- ( A�=> + ,.- /.9 7.* ' => /.3.-N3.- (�:�H1i # $�$�j F K81- ( A�=> + ,.- /�* s�* ' - 4 > ' ) * + ,S7./�' - ( * 7.+ ,�' - /�[�X�- ( F
H&2 ) + ,.- /�C�D) -?:�3.* ;�( <�' ) ;&/YX�;�/SOP,.2 ;&( * ' - ) H 'U* ; BP;�,.2�4?) '�3.- ( > /.H&- 2 - H&' - /SE�< > /./�7./.H > 2 *
> 7.+ ,N4?) 'P9 7./.- ,.4?- /.3.- (�c ;&/.9 - /�' ( > ' ) ;�/?3.- (�OP,.2 ;�( ) ;&/.- /?) 4 \ 2 - @&' ( ;�2 s�' C.5P- )1H�- * => ' ' ) H ' - (
5P- 3.- + @�7./.HUB�) ( 3N) 4 \ `.<1- ( ) 4?- /�'�3.- (�K81- ( A�=> + ,.- /.9 7.* ' > /.3J:bX�;�2 2 * ' => /.3.) H�7./�' - ( 3.(&=7.+ @�' C
D) - *�- /&' * <.( ) + ,�'�3.- / \ ( B > ( ' 7./.H&- /�[ 3 > ) / Z�t G�F \ `�<�- ( ) 4?- /&' - / ) 4b:2 2 H&- 4?- ) /.- /- ) /.- Z /�F
' - ( 3.(&=7.+ @�7./.HU3.- (�K8�- ( A�=> + ,.- /.9 7.* ' => /.3.- 81- )1:3.* ;&( 8 > ' 81- 3.- + @�7./.HU8�- ;�8 > + ,�' - '�B�) ( 3�C�0�=7.(
3.- /JK81- ( A�=> + ,.- /.9 7.* ' > /.3N5h- ( H�) 8�'�* ) + , u - 3.;�+ ,N- ) / > /.3.- ( - *�GP- ( , > 2 ' - /�v.:�8.8�C.].C # w 9 - ) H&'
3.) -J- `.<1- ( ) 4?- /�' - 2 2 - /�D > ' - /�3.- ( \ 2 - @�' ( ;&( - A1- `.) ;&/.* 4?- * * 7./.H&- /b) 4 \ /.- ( H&) - 81- ( - ) + ,h3.- *
K81- ( A�=> + ,.- /.9 7.* ' > /.3.- *P5�C�5P- ).:�3.* ;�( <�' ) ;&/�X�;&/�OP,.2 ;&(�X�- ( * + ,�B�) /.3.- '�3.- (�l /&' - /.* ) ' => ' * x1y z {
3.- *?I�7.* ' > /.3.- *?5|7./.3S* ' > ' ' 3.- * * - /�- ( * + ,.- ) /.- /S9 BP- )�/.- 7.-J}�y z { ~ C�5�- ) 3.-J}�y z { ~�9 - ) H�- /
3.) - * - 2 81- E�< > /./�7./.H�* > 8.,V=> /.H&) H�@&- ) '�B�) - I�7.* ' > /.3N5h7./.3N2 ) - H&- /�/ > ,.- 9 7N* s.4?4?- ' ( ) * + ,N7.4
3.) - * - /SI�7.* ' > /.3�C \ `�' ( > <�;&2 ) - ( '�4 > /�3.) -?H�- 4?- * * - /.- /Sc 7.( X�- /S4?) '?_- ( > 3.- /�[�* ;Y- ( H�) 8�'
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b c d e[f g�c b d e/h i[j/h i[k�h c j/h i[l 8 K = : h c i/h�m�i/h n o�c h j/c pEh n h i/f7q�r�i[s #�t u h v�w�x�y�z o�n y/i/jNj/c h b h n
{ h r,k/|�d e,} y/i/o�h i�q�h n ~Ny�} h } h i�j/c hNm�����h n c ~[h i,} |,} r,n h i��Ej/|�b b���y/b } |,i/j { k9h c�xj/b r,n ��} c r�i
h c i/h n�e/|,� k�h iC�<r�i/r,� |�o,h;�7e/� r�n[|�iHh c i/h n { c i/j/y/i/o�~[c }�j/h ~�x�j/b r�n k/| }<k�h } h c � c o }�b h c i
�9�r�i/i,} hNy/i/j;j/|,e/h n|,y�z b �/|�� } h } wE��y/n��i,} h n b y/d e�y/i/o\j/h b� r,�/��h � � l 8 K = : ~�y/b b } hNh c i;n h � |,�
} c q[b } |�n � h b�h � h � } n c b d e/h b��9h � j�|�i�j/h n�� n h i/f b d e/c d e,}f g�c b d e/h i<m�� h � } n r�j/hy/i/j<m�� h � } n r,� ��}
|,i/o�h � h o }[g7h n j/h i���y/~�h c i/h n b h c } b[j/h iHk9h b h } f } h iC��y/b } |,i/j { �y/k�h n[j/c h<�9h n ~[c � |,i�} h<f y
e/h k�h iRy/i/j�y/~�|�i/j/h n h n b h c } bNj/h i�y/i�} h n b y/d e�} h i�r,��} c b d e/h i ���k�h n o�|,i/o;c i�j/|,b�i/|�e/h�� i��
z n |,n r,}7f y[b d e/c h k9h i���g7rNj/c h�x�k/b r�n ��} c r,i�j/h b7m�� h � } n r�� ��} b�q�h n i/|�d e/� �|,b b c o,}7g7h n j/h i � r,i/i�} h w
�c h v7h n ~Ny�} y/i/o<j/h n m�����h n c ~[h i,} |,} r,n h i\g�c n j;c ~��9r�� o,h i/j/h i;|�i/e/|,i/j;j/h n��h d e/i�y/i/o�h i
j/c b � y�} c h n } w
m�c i/h;��i�} h n j/n �y/d � y/i/o�j/h b<��y/b } |�i/j/h b\x�k�h c o,h b �| } } c o,} h n { h j/h d � y/i/oRg�c n jCc iHj/h i

��h d e/i�y/i/o,h i�k�h b } �|,} c o } w�� i�x�k/b d e/i/c } }���w # w u g�y/n j/h\k9h n h c } b�z �y/n[j/c h�� n c b } |�� � � v7| � y/y/~N�
�n h i/f � �|�d e/hNo,h f h c o } ��j/|�b bk�h c�o,h b �| } } c o,} h n { h j/h d � y/i/o<j/h nc i;j/h i;xj/b r,n ��} c r�i/b �/� �| } f h i
� r � |�� c b c h n } h���y/b } |,i/j { i/c d e�};y/i,} h n j/n �y/d � }�g�c n j���� i�j/h i�y/i�k9h b h } f } h i�x�j/b r�n ��} c r,i/b �
�/� �| } f h iR� c h o }[h n[~[c }Ny/i�q�h n �|�i/j/h n } h n[m�i/h n o,c h�q�r,n ��g �|�e/n h i/j�h nNc iRj/h i�k9h b h } f } h iHx�j��
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b r,n ��} c r�i/b �/� �| } f h i�|,i�h c i/h n { c i/j/y/i/o�~[c } j/h ~ �7e/� r,n k9h } h c � c o,}c b } y/i/j�|,y�z b �/|�� } h } wE�c h
k9h c j/h iRy/i�k�h b h } f } h i���y/b } �|�i/j/h	��
 ��� { # y/i/j���
 �<� { f h c o�h iRj/c h b h � k9h��9h � j/|�k/e �|,i/o�c o �
� h c } w�m�b�g�c n j�i�y/i �y/k�h n �/n �y�z } ��r�k[j/c h b h�k�h c j/h i���y/b } �|�i/j/h�j/h i��r��/�9h � � l 8 K = c ~ m�� h � } n r �
n h �9h ��c r�i/b h �/�9h n c ~[h i�}�q�h n y/n b |�d e/h i �9�r�i/i/h i�w
x�k/k�w���w u $ f h c o }Nj/h i�h ����h n c ~[h i,} h � � h iR��y/b |�~[~[h i/e/|�i/o\f g�c b d e/h iRj/h n��|,j/y/i/o;|�y�z

j/h n�m�� h � } n r�j/h7y/i/j[j/h n�|,i/o�h � h o } h i����/|,i/i�y/i/oz �y/n�i/c d e,} � b �9h f c �9b d e/h�x�j/b r�n ��} c r,iNy/i/j�z �y/n
b �9h f c �9b d e/h��7e/� r,n |�j/b r,n ��} c r�i�w { h c�� $ � % h vHc b }�c i�j/h n�� y/n q�h�z �y/n��7e/� r�n |,j/b r�n ��} c r,i h c i |�y/b �
o,h �/n �|,o,} h n�� i/c d � f y\h n � h i/i/h i�w�� �y/n�e �r,e/h n h����/|,i/i�y/i/o,h i<g�c n j\j/h n��|,j/y/i/o,� ���/|�i/i�y/i/o,�
��y/b |,~[~[h i/e/|,i/o�j/y/n d eNh c i/h7� h n |�j/h�k�h b d e/n c h k9h i�w,�c h bEj/h y�} h }�j/|,n |�y�z/e/c i�� j/|�b b�|�k h c i/h n
���/|,i/i�y/i/o<q�r�i�� $ � % vOj/c hNo�h b �|,} } c o } h { h j/h d � y/i/o\q�r�n � c h o,} wEm�b�c b }�j/| q�r�i�|�y/b f y/o�h e/h i��
j/|,b b[y/i�} h n e/|�� k�q�r,iR� # � u v � h c iH�7e/� r,nN|�y�zj/h n[m�� h � } n r�j/h�b ��h f c �9b d e�|�j/b r,n k/c h n } w�� ~
{ h n h c d e�f g�c b d e/h i;� # � u v y/i/j;� $ � % v � |�i/i � h c i/hNh c i/j/h y�} c o,hNx�y/b b |�o,h �y/k�h n j/h i��n |�j
j/h n { h j/h d � y/i/oRo,h ~[|,d e�}[g7h n j/h i�w7� c h<i�y/~[h n c b d e/h iH��h d e/i�y/i/o,h iHo,h � } h i�i�y/nNz �y/n[j/c h
o,h b �| } } c o,} h { h j/h d � y/i/o/��j/c h;|,� b�h c i/h;d�� u��7u�� � ��
 �<� ��k9h n b } n y � } y/n<|,i/o�h i/r�~[~[h i�g�c n j��
g�c hb c h|,y/d e<|,i<j/h n�� n c b } |�� � � v7| � y/y/~N� � n h i/f � �|,d e/h�h �/�9h n c ~[h i�} h � ��o�h z y/i/j/h i�g�c n j�w/�h n
o,h ~[h b b h i/h�l 8 K = c ~ { h n h c d e<f g�c b d e/h i<� $ � �Ny/i/j<� $ � % v�c i�xk/k�w/�/w # � � |�i/i<j/|,e/h n�i/c d e,}
~[c }j/h i;��h d e/i�y/i/o�h i;q�h n o�� c d e/h i\g�h n j/h i�wE�c h g7h c } h n h i { h } n |�d e,} y/i/o�h i � r,i/f h i�} n c h n h i
b c d e<j/|�e/h n�|,y�z�j/h i\f g�h c } h i\l 8 K = f g�c b d e/h i $ � $ v y/i/j�� $ � # vNw
m�c i/h��~[n h d e/i�y/i/o�j/h b[h � h � } n c b d e/h iR�9h � j/h bNc i�j/c h<|,i/o�h � h o } h	���/|�i/i�y/i/o/��g�c h�j/c h b

k9h c i/c d e�} � b ��h f c �9b d e/h n;x�j/b r�n ��} c r,iC~ �r�o,� c d eHg7|�n ��k�h n h c } h };c ~ �9|,� � h;j/h n<b ��h f c �9b d e/h i
x�j/b r�n ��} c r,i���n r�k/� h ~[h,w7�c h\c iHx�k/k�w���w u $ |�i/o,h o,h k9h i/h�E|�j/y/i/o�k�h f c h e�}<b c d eH|,y�z�j/c h
�h b |,~�} � |,j/y/i/o�j/h n�m�� h � } n r�j/h,��j/c h\b c d eC|,y/b<j/h i { c � j/� |�j/y/i/o,h i�f y/b |,~[~[h i/b h } f } ��j/c h
j/c h�i/c d e,} � b �9h f c �9b d e�|,j/b r�n k/c h n } h i;� r�i/h i;y/i/j;j/c h�b ��h f c �9b d e;|�j/b r,n k/c h n } h i;� r�i/h i;c i;j/h n
m�� h � } n r�j/h�c i/j/y/f c h n h i�w�
k�g7r�e/�9j/c h�b ��h f c �9b d e�|�j/b r,n k/c h n } h i�x�i/c r�i/h i�h c i/h { c i/j/y/i/o�~[c }
j/h n�
k�h n � �|�d e/h[h c i/o,h e/h i���o,h k9h i�b c hNc e/n h ���k�h n b d e�y/b b � |,j/y/i/o;i/c d e,} q�r�� � b } �|,i/j/c o<|,i�j/c h
m�� h � } n r�j/h�|�k�w�� c h�� n �r���h�j/h n E|�j/y/i/o��Ej/c h�j/|,bxi/c r,i;|,i;j/c h�m�� h � } n r�j/hN|,k/o�c k�} �9g�c n j
j/y/n d e�j/h i�b r�o,h i/i/|,i�} h i�m�� h � } n r,b r�n ��} c r,i/b q,|�� h i/f � �9| � } r�n�k�h b d e/n c h k9h i�w��|�bh � h � } n c b d e/h
�9h � j�c i<j/h i<��h d e/i�y/i/o�h i\k9h f c h e,}�b c d e<i�y/n�|,y�z�j/c h { c � j/� |�j/y/i/o�j/h n�i/c d e,} � b �9h f c �9b d e\|,j��
b r,n k/c h n } h iR� r,i/h i�w�� |;j/h nNm�� h � } n r�b r,n ��} c r�i/b q,|,� h i/f � �9| � } r,n z �y/n[�7e/� r,nN|,y�z ��c � k9h n�i/c d e,}
f y/n7v�h n z �y/o,y/i/oNb } h e,} � � |�i/i�j/|�b7h � h � } n c b d e/h�9h � j�i/c d e�}�c i�j/c h�|�i/o,h � h o,} h!���/|�i/i�y/i/oNy/~N�
o,h n h d e/i/h }�g7h n j/h i�w�m�c i/h<� |,n b } h � � y/i/o�j/h n[k�h n h d e/i/h } h i ��k9h n o,|�i/o,b h i/h n o�c h i �y/k�h n�j/h n
|,i/o�h � h o } h i"���/|,i/i�y/i/o[c b }�j/|�e/h n�i/c d e,}~ �r,o�� c d e�w
m�c i/h[b h e/n�o�n r,k�h[xk/b d e �| } f y/i/o\z �y/n�j/c h�m�� h � } n r,b r�n ��} c r,i/b q,|�� h i/f[� c h z h n }Nh c i/h i$#�h n }

q�r,i $ � % h %$& ' u ( w�� c h���h b } � |�j/y/i/o���j/c h�|,y�zEj/h i�b �9h f c �9b d e�|,j/b r�n k/c h n } h i[x�i/c r�i/h i[f y/n �y/d � �
k/� h c k�} �Ek9h } n �|,o,} j/|�i/i$) %�* ���,d ~�+ k9h c�o�h b �|,} } c o } h n { h j/h d � y/i/o�w�� r,n n c o�c h n } ~[|,i;j/c h��| �
j/y/i/o c i[x�k/k�w���w u $ y/~ j/c h b h i�#�h n } ��j/|,i/iNz |�� � h iNj/c h�� y/n q�h iNz �y/n�b �9h f c �9b d e/h�y/i/j�i/c d e,} �
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b �9h f c �9b d e/h;x�j/b r�n ��} c r,i�k�h c!���/|�i/i�y/i/o�h i��7k�h c�j/h i/h iHo,h b �| } } c o,} h { h j/h d � y/i/oRh n g�|,n } h }
g�c n j��7i/|,e/h f yC|,y�z h c i/|,i/j/h n w7� |�k9h c j/h\� y/n q�h iCc i�j/c h b h ~ { h n h c d eHj/c h b h � k�h���} h c o,y/i/o
|,y�z g�h c b h i�� � |�i/i;j/|�n |,y/bo�h b d e/� r�b b h i�g7h n j/h i���j/|,b b���y/b } |�i/j { y/i/j���y/b } |�i/j$��
 �<� { �
j/c h<c i�j/h i���h d e/i�y/i/o�h iHj/c h b h � k�h<m�i/h n o,c h\y/i/j���} |,n � � v7h n b d e/c h k/y/i/o�f h c o,h i���c i�m�� h � �
} n r,n h �9h �/c r,i/b ~[h b b y/i/o,h i�c i�h } g7|Nk9h c9j/h n b h � k9h i�m�i/h n o�c h�h n b d e/h c i/h i�y/i/j�j/c h b h � k�h!���/|,i��
i�y/i/o�b |,k/e �|�i/o,c o � h c }�k�h b c } f h i�w�m�b�c b }�j/|�e/h n�~ �r�o,� c d e��,j/|,b b�h b�b c d eNk9h c�j/h ~�h �/�9h n c ~[h i�} h � �
k9h r,k/|�d e,} h } h i���y/b } |�i/j\f g�c b d e/h i $ v y/i/j�� $ � # v�y/~�j/h i;��y/b } |�i/j���
 ��� { e/|�i/j/h � } w
�c h b h n���y/b } |�i/j�c b }Ni/c d e,}N|,i�h c i/h n { c i/j/y/i/o\~[c } j/h ~ �7e/� r�n k9h } h c � c o,} w�xy�z o,n y/i/j�j/h n
k9h n h d e/i/h } h i;m�i/h n o�c h i<c b }�h b�b h e/n�y/i�g7|�e/n b d e/h c i/� c d e��9j/|�b b�c ~Om�����h n c ~[h i,}�j/c h k/c i/j/h i��
j/h i;k/f g wE|,i�} c k/c i/j/h i/j/h i���y/b } �|,i/j/h���
 ��� { # k/f g w���
 ��� { u k�h r�k/|,d e�} h } g7h n j/h i�w��h n
o,h ~[h b b h i/h l 8 K = g �|,n h j/|,i/i�h c i�h ����h n c ~[h i,} h � � h n { h � h o�z �y/n7h c i/h i"
k9h n � �|,d e/h i/f y/b } |�i/j��
j/h n�} n r } f e/r�e/h n�x�j/b r�n k/| } k�h j/h d � y/i/o�i/c d e�}�y/i,} h n j/n �y/d � }g�c n j�w
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� ~Dh n b } h i ��h c ��j/c h b h n�x�n k�h c }[g�y/n j/h;h c i/h;�<h } e/r�j/h\h i,} g�c d � h � } ��j/c h<j/c h { h n h d e/i�y/i/o
j/c h � h � } n c b d e/h n\�9y/i � } c r�i/h iCq�r�i �\h } |�� � r,k�h n � �|�d e/h i�|�y�z[j/h n { |,b c b\h c i/h b;b h ~[c h ~[�/c n c �
b d e/h i���c o,e�} � { c i/j/c i/o � �<r�j/h � � b<h n ~ �r,o�� c d e,} w� |,k�h cNh n g�c h b�b c d e h c i c i j/h n��c } h n |,} y/n
k9h n h c } b ~[h e/n z |�d e\q�h n g�h i/j/h } h b v7h n z |�e/n h i�f y/n h �/| � } h i { h n h d e/i�y/i/o\j/h n �c ��r,� ~[|,} n c ���
h � h ~[h i�} h\|,� bNc i � r�n n h � }�y/i/jRg�y/n j/h\j/y/n d e�h c iRi/h y/h b[v�h n z |,e/n h i�h n b h } f } �7j/|�b[|,y�z o�h �
h c o�i/h }N~[r�j/c �9f c h n } h i�| } r�~[|,n h i�#�h � � h i�z y/i � } c r�i/h i�k/|�b c h n } w"!|,d e�h c i/h ~�h n z r,� o�n h c d e/h i
��h b }\j/h b[q�h n g7h i/j/h } h i#��c o,e�} � { c i/j/c i/o � �<r�j/h � � b � r�i/i,} h iCj/c h\j/c h � h � } n c b d e/h iC�9y/i � } c r,�
i/h i�j/h nNxo�� # $,$ � � y/i/j�j/h nNxo�� #�# $ � � 
k�h n � �|�d e/h i�k9h n h d e/i/h }[g�h n j/h i�w7x�i�j/h i�
k�h n �
� �|,d e/h i�} n h } h i ���k�h n o �|,i/o�h�f g�c b d e/h iRv7r,� y/~[h i/f y/b } �|�i/j/h i�|,y�z ��j/c h�c ~ � n c b } |�� � c i/i/h n h i
i/c d e,} ~ �r,o�� c d e<b c i/j�w���c h�� c h z h n i { h c } n �|�o,h f y\j/h i\� c h � h � } n c f c } �| } b z y/i � } c r,i/h i��/j/c h�y/i,} h n �
e/|,� k�j/h b�� i�} h n k/|�i/j�� { h o�c i/i/b�j/h b�v�r�� y/~[h i/b�� c h o�h i�y/i/jNj/y/n d e�h c i/h7�n y/j/h � �9y/i � } c r,i�~[c }
h i/h n o,c h |,k/e �|�i/o,c o�h i���} n h y�z n h $�y/h i/f h i;k9h b d e/n c h k�h i\g7h n j/h i �9�r�i/i/h i�w�� c h b h n�m�pEh � }�g�y/n �
j/h�h n z r,� o�n h c d e�~[c }7h c i/h n7|,i/|�� ��} c b d e/h i { h } n |,d e�} y/i/oNj/h n�
k�h n � �|�d e/h�q�h n o�� c d e/h i�w/xi�j/h n
x�o � #,# $�� � 
k9h n � �|,d e/h<f h c o�h i�j/c h<i/c h j/h n h i/h n o,h } c b d e/h i { h c } n �|�o,h<j/h nNv7r,� y/~[h i/f y/b } �|�i/j/h
h c i/h x�i/c b r,} n r,�/c h,w/m�c i�g�h c } h n h n { h c } n |,oNf y/n�xi/c b r } n r��/c h � r,~[~�}�q�r,i\h c i/h ~ ���k�h n o�|,i/o
f g�c b d e/h i�f g7h c�
k9h n � �|,d e/h i/f y/b } �|�i/j/h i���j/h n c ~�m��/�9h n c ~[h i�}Nk9h b } �| } c o,} g�c n j�w�m�c i/h { h �
n h d e/i�y/i/o�j/h n7��h �9h ��c r�i � r,i/i�} h�i/c d e�}7b c i/i�q�r,� �9j/y/n d e/o�h z �y/e/n }7g�h n j/h i���j/|�j/c h��c q�h n o,h i/f
j/h n�n y/j/h � { h c } n �|�o,h,�9j/c h h c i/h�d e/|,n | � } h n c b } c b d e/h�m�c o,h i/b d e/| z }q�r,i��<h } |,� � h i\j/|,n b } h � � h i��
h c i/h � n |�~[h n b � � n r,i/c o,� ��n |�i/b z r,n ~[|,} c r,i[h n b d e,g�h n h i�w
�<c } h c i/h ~�h c i�z |,d e/h i\v7h n z |�e/n h i;o�h � |�i/o�j/c h { h n h d e/i�y/i/o<j/h nj/c h � h � } n c b d e/h i;�9y/i � �

} c r,i/h iCq�r�i��<h } |,� � r�k9h n � �|,d e/h i�wm�b;h n o,|�k9h i b c d e c i,} h n h b b |�i,} hRm�pEh � } h � j/c h�k�h cNj/h i
k/c b e/h n c o�h i { h } n |�d e,} y/i/o�h i�j/h nr,��} c b d e/h i;m�c o�h i/b d e/|,z } h i;q�r,i��<h } |,� � r�k9h n � �|,d e/h i;i/c d e,}
k9h n �y/d � b c d e�} c o }g�y/n j/h i�w�� �y/n�h c i/h%$�y/|,i�} c } | } c q�h�x�i/|�� ��b h�j/c h b h n�m�pEh � } h�~ �y/b b h i'& h j/r�d e
o,h i/|,y/h n h<��h d e/i�y/i/o,h iRj/y/n d e/o�h z �y/e/n }[g7h n j/h i�w�# �y/i/b d e/h i/b g�h n }�g �|,n h<j/c h { h n h d e/i�y/i/o

# $ '



# $��

h c i/h n r�n } b |,k/e �|�i/o,c o�h i�� c h � h � } n c f c } �| } b z y/i � } c r,i;|�y�z�j/h n { |,b c b h c i/h n�b h � k/b } � r�i/b c b } h i�} h i
{ |�i/j/b } n y � } y/n ~[h } e/r�j/h w
� ~ f g7h c } h i ��h c �j/c h b h n<xn k9h c }<h n z r,� o,} h iCj/c h;~[c � n r,b � r��/c b d e/h iC��h d e/i�y/i/o�h i�~[c }

h c i/h n ��b h y/j/r,��r } h i,} c |�� ~[h } e/r�j/h,w���y/h n b }�g�y/n j/h i�j/c h[b } n y � } y/n h � � h i�y/i/j�h i/h n o�h } c b d e/h i
m�c o,h i/b d e/| z } h i�|,y/b o�h g �|�e/� } h n;�7e/� r,n �y/k�h n b } n y � } y/n h i�|�y�zNj/h n\x�o � # $�$�� � 
k9h n � �|,d e/h�k�h �
n h d e/i/h }�y/i/j;b r g�h c }�~ �r,o�� c d e\~[c }j/h ~�m��/�9h n c ~[h i�}q�h n o�� c d e/h i�wE� c h�h ����h n c ~[h i,} h � ��o�h �
z y/i/j/h i/h	� �| } } c o�y/i/o<j/h n�
k9h n � �|,d e/h�k9h c�h c i/h n { h j/h d � y/i/o\q�r,i $ � % �\r,i/r�� |,o�h i � r�i/i,} h
c i<j/h i\��h d e/i�y/i/o,h i\k�h b } �|,} c o }�g7h n j/h i�w�xi/e/|,i/j\j/h n�n h � |,��c h n } h i<x7} r�~[�9r�b c } c r,i/h i[g�y/n �
j/h7j/h ~[r,i/b } n c h n } �,j/|,b b�i�y/n�j/|�b�d�� u��7u�� � ��
 �<� �\r�j/h � ��j/h n�o,h b �| } } c o,} h i ���k�h n b } n y � } y/n�~[c }
Em�m��� xi/|,� �/b h i �y/k�h n h c i/b } c ~[~ } � g �|,e/n h i/jNj/|�b�d�� u��7u�� � �"��<� �\r�j/h � ��h c i/j/h y�} c o|�y/b o,h �
b d e/� r,b b h i<g�h n j/h i � |�i/i�w9�|�~[c }7g�c n j<j/c h �i,} h n b d e/h c j/y/i/o�j/h n�d�� u��7u�� � ��k9h n b } n y � } y/n h i
c i�Em�m��� xi/|,� �/b h i�b h e/nq�h n h c i�z |,d e�} wE� c h��i,} h n b y/d e�y/i/o�h i�j/h n�
k9h n � �|,d e/h i/f y/b } �|�i/j/h
f h c o } h i�� j/|,b b�|,y�z/h c i/h n�x�o � # $�$�� � 
k9h n � �|,d e/h�h c i/h�d�� u��7u�� � ��
 �<� ��k9h n b } n y � } y/n�|�y/b��7e/� r�n
i/c d e,}�|,� � h	
k9h n � �|,d e/h i/f y/b } �|�i/j/h\y/i�} h n j/n �y/d � } ��� h n[k9h b h } f } h"
k�h n � �|�d e/h i/f y/b } |,i/j�j/h b
�� � ��y/i � } h b�o,h e,} � h c i/h { c i/j/y/i/o[~[c }�j/h ~Ox�j/b r�n k/| }�h c i<y/i/j<k�h b c } f }�j/c h b h � k9h m�i/h n o�c h
g�c h�|,y�z/j/h nEy/i�k9h j/h d � } h i�
k�h n � �|�d e/h w # �|,e/n h i/j h c i�
k�h n � �|�d e/h i/f y/b } |,i/jN|,~ �� � ��y/i � } h
y/i,} h n j/n �y/d � }Ng�c n j���b �/|,� } h }�j/h n�|�i/j/h n h�j/n h c z |�d e�|,y�z ��m�n�h �/c b } c h n }Nc i�j/h i�y/i�k9h b h } f } h i
x�j/b r�n ��} c r,i/b �/� �|,} f h iN~[c }�y/i,q�h n �|,i/j/h n } h n�m�i/h n o,c h��,c i�j/h iNk�h b h } f } h iNxj/b r,n ��} c r�i/b �/� �| } f h i
c b }h n|,i;h c i/h n { c i/j/y/i/o[~[c }j/h ~�x�j/b r�n k/| } k9h } h c � c o,}�y/i/j;b �/|,� } h }j/|,e/h nc i\h c i/h i\y/i��
k9h b h } f } h i\|,i�} c k/c i/j/h i/j/h i�y/i/j<h c i/h i<k9h b h } f } h i<k/c i/j/h i/j/h i\��y/b } |�i/j�|�y�z w/m�c i/hh c i�z |�d e/h
��c o,e�} � { c i/j/c i/o � { h } n |,d e�} y/i/o;k�h � h o } h,��j/|,b b[j/c h b h n[m�pEh � }�|,y�z j/c h"����~[~[h } n c h�f y/n �y/d � �
f y�z �y/e/n h i<c b }�y/i/j<j/|�~[c }�|�y�zEq�h n o,� h c d e�k/|�n h�
k9h n � �|,d e/h i �y/k�h n } n |�o,h i�g�h n j/h i � |�i/i�w9m�c i
v�h n o,� h c d e�j/h n	
k9h n � �|,d e/h i/f y/b } �|�i/j/h;j/h n�� n c b } |,� � � v�| � y/y/~N� �n h i/f � �|�d e/h<~[c }���e/r,} r�h �
~[c b b c r,i/b h ����h n c ~[h i,} h i�g7|�n�h n z r,� o�n h c d e�w
� iRj/h i��i,} h n b y/d e�y/i/o�h iHj/h n�
k9h n � �|,d e/h iRc ~ h � h � } n c b d e/h iR�9h � j���j/|,bNj/c h��r��/�9h � �

� |,o�h�|�i�h c i/h nm�� h � } n r�j/h � m�� h � } n r�� ��} � �n h i/f � �|�d e/hNb c ~�y/� c h n } ��f h c o,} h i�|,� � h�
k�h n � �|�d e/h i��
f y/b } �|�i/j/h[~[c } y/i/j�r,e/i/h[xj/b r,n k/|,}�j/c h[h n g�|,n } h } h ��} |,n � � v7h n b d e/c h k/y/i/o�w��c hN��h d e/i�y/i��
o,h i<z �y/n�i/c d e�} � b ��h f c �9b d e/h�xj/b r,n ��} c r�i<k�h b |��,h i\h c i/h o�y�} h ���k�h n h c i/b } c ~[~�y/i/o[~[c }�m�� h � �
} n r,n h �9h �/c r,i/b h ����h n c ~[h i,} h i�wE� �y/nj/h i;�9|�� ��j/h n b �9h f c �9b d e/h i�xj/b r,n ��} c r�i\q�r,i��7e/� r,nk�h �
b d e/n �|,i � } h iRb c hNb c d e�|,y�z�j/h i { h n h c d e�j/h n o�h b �|,} } c o } h i { h j/h d � y/i/o�w�x�y�z o�n y/i/j�j/h b z h e��
� h i/j/h i\m�� h � } n r�b r,n ��} c r�i/b q,|,� h i/f � �9| � } r,n b�g7|�n�h c i<v�h n o,� h c d e\~[c }�m�� h � } n r�n h �9h ��c r�i/b b �9h � �
} n h iRb d e�g�c h n c o/w�� iRh c i/h nNxk/b d e �| } f y/i/o;g�y/n j/h & h j/r�d eRj/h ~[r,i/b } n c h n } ��j/|,b b[h b[b c d eRk9h c
h c i/h ~�o�h ~[h b b h i/h i�l 8 K = y/~�h c i/h i$
k9h n � �|,d e/h i/f y/b } |�i/j�j/h n y/i�k�h j/h d � } h i 
k9h n � �|,d e/h
e/|,i/j/h � } w�� |,~[c }�g�y/n j/h�h c i[h ����h n c ~[h i,} h � � h n { h g7h c b�o�h z y/i/j/h i���j/h n�k�h � h o } ��j/|�b b�j/c h���i��
} h n j/n �y/d � y/i/o�k9h cEx�j/b r�n k/| } k�h j/h d � y/i/o�� � $�y/h i/d e/c i/o�� � � h c i\i/r } g7h i/j/c o,h b�� n c } h n c y/~ z �y/n
h c i/h i"
k�h n � �|�d e/h i/f y/b } |,i/j;c b } w
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{ h c�j/h n { h e/|,i/j/� y/i/o�j/h n!
k�h n � �|�d e/hNc i\j/h n �9) K ' � � h r�~[h } n c hg�y/n j/hNh c i/h�� h e/i�y/i/o
j/h b �/) K ' : c ~�h � h � } n c b d e/h iR�9h � j�k�h r�k/|,d e�} h } w�m�b � r�i/i,} h<o,h f h c o }�g�h n j/h i���j/|�b b�h b�b c d e
k9h c�j/c h b h ~�m�p�h � }�y/~�m�� h � } n r,b } n c � } c r,iRe/|,i/j/h � } w���r g�h c }�k9h � |,i/i�} ��c b }Nj/c h bNj/|�bNh n b } h
�<|�� ��j/|�b b�z �y/nNh c i/h\�<h } |,� � r�k9h n � �|,d e/h<j/h n[m�p�h � }�j/h n[m�� h � } n r,b } n c � } c r,iR~[c � n r�b � r,�/c b d e
k9h n h d e/i/h }�g�y/n j/h,w
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{ h c9m�� h � } n r,n h �9h �/c r,i/b h ����h n c ~[h i,} h i[e/|�i/j/h � }7h b�b c d e�y/~���h �9h �/c r,i/b ~[h b b y/i/o,h i�|,i[h c i/h n
m�� h � } n r�j/h �,j/c h7c i�h c i/h�m�� h � } n r�� ��} �  �r�b y/i/o�h c i,} |�y/d e,} w��|�b ���/b } h ~�m�� h � } n r�j/h � m�� h � } n r,� ��}
k/c � j/h }�f y/b |,~[~[h i<~[c }�h c i/h n���h z h n h i/f h � h � } n r�j/h�h c i/h h � h � } n r�d e/h ~[c b d e/hN��h � � h,w ���k�h n�h c i
���/|,i/i�y/i/o,b o�h n �|,} � |,i/i f g�c b d e/h i j/h i�m�� h � } n r�j/h i�h c i/h����/|,i/i�y/i/oH|�i/o,h � h o,}\g7h n j/h i�w
x�y�z o�n y/i/jRj/h n { h g�h o�� c d e � h c }�j/h nNxi/c r,i/h iRy/i/j�� | } c r�i/h i�g�c n jRj/|,b[h � h � } n c b d e/h<�9h � j
c ~�m�� h � } n r�� ��} h i;|�y/b o,h � �r,b d e�} �Ej/h no�h b |�~ } h����/|�i/i�y/i/o�b |,k�z |�� ��h n z r�� o } c i;y/i/~[c } } h � k/|�n h n
! �|�e/h j/h n�m�� h � } n r�j/h i/r�k9h n � �|,d e/h�c i<j/h n�b r,o�h i/|�i/i,} h i\�r��/�9h � � |,o�h�& � �/� '�� ( w
� i�j/h n�� r,�/��h � � |�o,h7g�h n j/h i�f g7h c9xn } h i[q�r�i[xj/b r,n ��} c r�i[y/i�} h n b d e/c h j/h i�� { h b d e/n �|�i � }

b c d eNj/c h #�h d e/b h � g�c n � y/i/o j/h n�� r,i/h iN~[c }�j/h n�m�� h � } n r�j/h i/r�k9h n � �|,d e/h�|,y�z�h � h � } n r,b } |,} c b d e/h
� n �| z } h,�/b r[b �/n c d e�}�~[|�i[q�r�i<i/c d e�} � b ��h f c �9b d e/h n�xj/b r,n ��} c r�i�w/� c h b7} n c p�}7z �y/n�j/c h ~[h c b } h i
� | } c r�i/h i�f y��/j/c hh c i/hb h e/n7z h b }�o,h k/y/i/j/h i/h����/j/n | } e �y/� � h�k�h b c } f h i�w/� c h b h�� �y/� � h�q�h n e/c i��
j/h n }�j/h i�j/c n h � } h i�� r,i�} | � }�j/h n�� r�i/h i�~[c }�j/h n�
k�h n � �|�d e/h w9�\|,i/d e/hxi/c r,i/h i[g�c h�f,w { w
�7� %�k9h b c } f h i�h c i/hNb d e,g�|,d eRo,h k/y/i/j/h i/h�����j/n |,} e �y/� � h �Ej/c hNc i�j/h n � r,�/��h � � |�o,h�} h c � g�h c b h
|,k/o�h b } r��,h i�g7h n j/h i � |�i/i�w�m�c iRj/c n h � } h nN� r�i,} | � }[~[c }Nj/h n�
k9h n � �|,d e/h�z �y/e/n }[f yRh c i/h n
d e/h ~[c b d e/h i { c i/j/y/i/oNf g�c b d e/h i\� r�i<y/i/j<m�� h � } n r�j/h i/r�k9h n � �|,d e/h,w9� i<j/c h b h ~ �9|�� ��b �/n c d e,}
~[|,i�q�r�i<b ��h f c �9b d e/h nx�j/b r�n ��} c r,i�w
� i�h c i/h ~�h c i�z |,d e/h i��\r�j/h � �7z �y/nNj/h iR�9|�� �7i/c d e,} � b �9h f c �9b d e/h n[xj/b r,n ��} c r�i�g�c n jRj/c h

�r��/�9h � � |,o�hN|,� b ��� | } } h i � r,i/j/h i/b | } r�n�|,i/o�h b h e/h i����c h 
k9h n � �|,d e/h�j/h n�m�� h � } n r�j/h[b } h � � }
j/c h[h c i/h ��� | } } h�j/|,n ��j/c h[f g7h c } h ��� |,} } hNg�c n j�|�y/b�h c i/h n #�|�i/j�q�r�i�e���j/n |,} c b c h n } h i�� r �
i/h i�c ~ m�� h � } n r,� ��} h iRo�h k/c � j/h } w��|�b�v�r�n f h c d e/h i�j/h n��|,j/y/i/o�y/i/jRj/c h<� r,i/f h i�} n | } c r�i
j/h n�� r,i/h i\e �|,i/o,}�q�r,i\j/h n�|,i/o�h � h o } h i����/|,i/i�y/i/o[|�k��9j/c h k/c b�f y # v�r�� }�k9h } n |,o�h i � |�i/i��
k9h q�r,n[j/c h\��h n b h } f y/i/o�j/h b[m�� h � } n r�j/h i/~[| } h n c |,� b�h c i,} n c } } w��h nNxk/b } |,i/j�j/h n[� r,i/j/h i��
b | } r�n �/� | } } h i�b r,� ��c i�j/c h b h ~�h c i�z |,d e/h i��<r�j/h � ��j/h ~���|,j/c y/b h c i/h b e���j/n |,} c b c h n } h i�� r,i/b
h i�} b �/n h d e/h i���j/h n�y/i/o,h z �|,e/n����x k�h } n �|�o } w #�h o,h i�j/h b�o,h n c i/o,h i$��� |,} } h i/|�k/b } |,i/j/h b } n h �
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} h iRc iRj/c h b h ~D�<r�j/h � � ��j/|�bNh c i/h<� c i/h |�n h���r } h i,} c |�� �|,i/j/h n y/i/o;|�i/i/c ~[~ } ���9h � j/h nNk/c bNf y
~[h e/n h n h i # $�� v �,~ |�i<j/h n�m�� h � } n r�j/h i/r,k�h n � �|�d e/h |�y�z w

k9h n � �|,d e/h i/f y/b } �|�i/j/h�b c i/jHb } |�n � |,iHj/h n<�\h } |�� � r,k�h n � �|�d e/h\� r � |,� c b c h n }[y/i/jCk9h �9i��

j/h i�b c d e�b r,~[c }�c ~ { h n h c d e�j/h b���r,} h i�} c |,� |�k�z |,� � bj/h n��r��/�9h � � |,o�h w���c h[h n z |�e/n h i�j/|�e/h n
i�y/n h c i/h i ��h c ��j/h b ��r,} h i�} c |,� b �/n y/i/o�bj/h n �r��/�9h � � |,o�h �9g �|,e/n h i/j;� n c b } |�� � f y/b } �|�i/j/h ��j/c h
b c d e �y/k�h n�j/h i�o�h b |�~ } h i�� n c b } |�� ��h n b } h d � h i�y/i/j�j/h n h i�E|�j/y/i/o,b j/c d e�} h�|,i�j/h n�
k�h n �
� �|,d e/hb r�~[c }7f y�q�h n i/|�d e/� �|,b b c o�h i�c b } �/j/h i[q�r�� � h i ��r,} h i�} c |,� b �/n y/i/o�g7|�e/n i/h e/~[h i�w/�|�j/c h
m�i/h n o�c h i�j/h n7� n c b } |,� � �Ey/i/j	
k9h n � �|,d e/h i/f y/b } �|�i/j/h�q�r,i�j/h i�� r � |�� h i[h � h � } n c b d e/h i���r } h i��
} c |,� h i�|�k/e �|,i/o�h i���z �y/e/n }�h c i/h �xi/j/h n y/i/o�h i�j/h n�m�� h � } n r�j/h i/b �/|�i/i�y/i/o�f y[h c i/h n �xi/j/h n y/i/o
j/h b�h i/h n o�h } c b d e/h i<xk/b } |,i/j/h b�f g�c b d e/h i<� n c b } |�� � ��y/i/j"
k9h n � �|,d e/h i/f y/b } �|�i/j/h i�w��9r,� o�� c d e
�|,i/j/h n }<b c d e�j/c h\m�i/h n o,c h;h c i/h b[r���} c b d e/h i ��k9h n o,|�i/o,b[q�r�iHh c i/h ~Dk�h b h } f } h iH� n c b } |�� � �
f y/b } |�i/j�c i�h c i/h i�y/i�k�h b h } f } h i 
k9h n � �|,d e/h i/f y/b } |�i/j�w��c h b hNm�i/h n o,c h �|,i/j/h n y/i/o � |,i/i�c i
m�� h � } n r,n h �9h �/c r,i/b h ����h n c ~[h i,} h i\o,h ~[h b b h i<g7h n j/h i�w
� r,� kNy/i/jN�9n |�i � h7i�y�} f } h i[j/c h b h iNm�pEh � } ��y/~ � �y/d � b d e/� �y/b b h�|,y�z�j/|�b�h � h � } n c b d e/h��9h � j

c i�j/h n�� r,�/��h � � |�o,h�f yNf c h e/h i & � �/��'������ ( w���c h7f h c o } h i��,j/|,b b�j/|�b�r�k9h iNo,h b d e/c � j/h n } h��\r�j/h � �
j/h n��r��/�9h � � |,o�hj/c h ��} �|�n � h j/h b�h � h � } n c b d e/h i\�9h � j/h b�z �y/n�i/c d e,} � b �9h f c �9b d e;|,j/b r�n k/c h n h i/j/h
� | } c r�i/h i;n c d e,} c o<k9h b d e/n h c k�} wE� �y/nxi/c r,i/h i���j/c hN|,� bi/c d e�} � b ��h f c �9b d e;|�j/b r,n k/c h n h i/j�|,i��
o,h b h e/h i<g7h n j/h i�� � |,i/i\j/|,b�h � h � } n c b d e/h �9h � j%& h j/r�d e<y/~Ok/c b�f y<f g7h c�� n �r���h i/r�n j/i�y/i/o�h i
o,n �r��,h nEb h c i�w �c h bE� �|,b b }�b c d e c ~�r,k�h i�h n g �|�e/i,} h iN�\r�j/h � ��j/h n��r��/�9h � � |,o�h�i�y/n�j/|�j/y/n d e�h n �
� � �|�n h i���j/|,b b7b h � k/b }�i/c d e,} � b �9h f c �9b d e�|�j/b r,n k/c h n h i/j/h�xi/c r,i/h i[c e/n h ���/j/n | } e �y/� � h�} h c � g�h c b h
|,k/b } r��,h i\y/i/j\b r[h c i/h i { n y/d e,} h c ��h c i/h b �x�i/o�b } n �,~[b�|,i\j/c h�
k�h n � �|�d e/h�e/h n |�i � r,~[~[h i��
r,e/i/h h c i/h d e/h ~[c b d e/h { c i/j/y/i/o���h c i/f y/o�h e/h i�w
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�c h\� r�i/h i/o�c } } h n h i/h n o�c h<c i � { w #�� � |,i/i�i�y/~[h n c b d eHi/c d e�}�|,y/b o�h g�h n } h }�g�h n j/h i��7j/|�b c h
j/c q�h n o�h i�}�c b } w7� �y/n[j/c h { h n h d e/i�y/i/oRj/h n<�h b |,~�} h i/h n o,c h<g�c n j�b c h<j/|�e/h n�c iRh c i/h iHj/c �
q�h n o�h i�} h i�xi,} h c ��y/i/j�c i\h c i/h i;i�y/~[h n c b d e�� h c d e�}k�h n h d e/h i�k/|,n h i � r�i,q�h n o,h i,} h i�xi,} h c �
f h n � h o,} w�� h n<j/c q�h n o�h i�} h�x�i�} h c � h n o�c k�}<f y/b |,~[~[h iH~[c }<j/h ~ j/c q�h n o�h i�} h i�x�i�} h c � j/h n
m�i/h n o�c h j/h b�m�� h � } n r,i/h i/o,|�b h b�h c i/h i\h i/j/� c d e/h i { h c } n |�o�w
�c h � j/h h�f y/n��h n � h o�y/i/oNj/h n�� r�i/h i/o�c } } h n h i/h n o�c h k9h n y/e,}i�y/i\|,y�z�j/h n { h r�k/|,d e�} y/i/o��

j/|,b b �9y/i � } c r,i/h i��Ej/c hNc ~ 
n } b n |�y/~��9|�d e�b c i/j;y/i/j�i�y/n � |,i/o�b |,~�|�k � � c i/o�h i��Ec ~��9r,y��
n c h n n |�y/~ � y/n f n h c d e,g�h c } c o[b c i/j � w9�c h b�i�y�} f }~[|,i<i�y/i\|�y/b �9y/~Oj/c h� r,i/h i/o,c } } h n h i/h n o,c h
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�c h�9y/i � } c r,i<h n z � � � � r,i�q�h n o�c h n }�b d e/i/h � �Eo,h o,h i # z �y/n�������k/f g w9h n z d�� � � � r�i,q�h n o,c h n }
b d e/i/h � ��o,h o,h i !�y/� ��z �y/nNo,n r��,h[��w�� c h ��y/~[~[h i�c i ��h c � ' b c i/jRb r�~[c }�b d e/i/h � � � r,i�q�h n �
o,c h n h i/j/h��n �r��,h i���j/c h;j/c n h � }\|,y�zNh c i/h ~ �7r,~[�/y�} h n<k9h n h d e/i/h }<g�h n j/h i �9�r�i/i/h i�w��c h
� r,i�q�h n o�h i/f o,h b d e,g�c i/j/c o � h c }<� �|,b b }[b c d e �y/k9h nNj/h i ��|�n |,~[h } h n *�k9h b } c ~[~[h i�w��h n ��h c �, c b }Ng�h c } h n e/c iRj/c q�h n o�h i�} ��j/h n��n h i/f g�h n }�c ~ f g�h c } h i ��h n ~ � |,i/i�b r z r�n }[k9h n h d e/i/h }
g7h n j/h i��
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