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Point spread function 
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Convolution of sonar pulse and point spread 
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Peak signal strength 

maxplot.data

Y

transducer tilt in radians

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00

0.00 0.50 1.00 1.50

� �=�	��
� � � }�{cz��\{c©b�[x]��{cz{c|9xYw�v_zF�]�o�F�?tMw$��y�u��F©��]t&wt?�YuA{czF�]t'�$��x]¦��]{czov-w�uo�o©��]t_¨



a��

*�+EB @Ri�: J +�K�iM*�+-D ,RiM> :GK � Z ��� +��� -�� �
. > +3K�.0DA@/*��£.o5 +-B�:=K��A@R*M@�§+Ei�+-*�:$�-+E5 r[1 i�> +3K�.0DA@/*"jk*�+%)o4(+-D <N107�iM> +'�£:=D : ��4��

@/D 5$��@
�(:&��4�� �§+_@RK�4 *�@/r BG+"*�@/D ,0+EK-79@/D 5;i�> +�K�:G,0D @/B�5 +Ei�+-<NiM:G./D^iM> *�+-K�> .0BG5;*�+EB @Ri�: J +
iM. iM>(+ KiM*�+-D ,/i�> ./jliM> + .04(i�,0.0:=D ,hK�:=,0DA@/B ;�@RjÂiM+E*§,0@/:GD @��� BG: #A<_@�iM:G./D#=�� > *�.�� iM>(+
Z/2 @/K�K�4����(iM:=.0Df7�iM>(+P+-D J :G*�./D��£+ED[i<_@/D r9+9�§.o5 +-B=BG+-5 @/K@ K�+Ni£.RjlB=:GD +�K�+-,�£+EDFi�K
+g:=i�>²K��%+-<E:$#A+E5 *�+%3A+E<EiM@/D <-+h<E.�+ �§<-:G+ED[iMKPjk*�.�� +g> :=<?>²:GD <E:G5 +EDFi3K�.0DA@R*3K�:=,0DA@/B=K3@/*�+
*�+�3A+-<NiM+E5�K��%+-<-4(B @/*�B=1�.0*�5 :&�9*M@/<NiM+E55� . > +'*�+-<E. J +-*1�i�: �§+$.RjAiM> +$iM*M@RD K�5 4(<-+-* jk*�.�� iM>(+
iM*�@/D K��£:=K�K�:=.0D i�*M@/D K�:G+EDFi�:GK�:=D <-.0*��9./*M@Ri�+-5 4 K�:GD ,^i�> +9�§:GD :&��4�� *M@RD ,0+��A@R*M@�§+Ei�+-*��
. > :=K'iM:&�£+ @/BGK�.�,0: J +-Kg@8�§:GD :&��4�� 5 :=K�iM@/D <-+ <-.0D K�:GKiM+-D[i +g:biM>3iM>(+"@/K�K�4��'��iM:G./D�iM>A@�i
���	� � �� ��8^@:��: ��4�� *M@RD ,0+$@/<-<E.04 D[iMK~jk.0*�B=: �§:=iMK9.0D¿@�'�(BG:$# +-*f,[@R:GDf7�@/D 5"iM*�@/D K�5 4 <-+E*
K�+ED K�:biM: J :biY1��

. > +�K�: ��4 BG@RiM:=.0D � *�.o<-+E+-5 K�r[1;,0+-D(+-*M@�iM:GD(,3@ #AD(+-B=1 K��A@/<-+E5hj�@/D^./j�*�@_1�K BG+_@ J :GD(,
iM>(+£jk*�./DFi�./j!i�> +£i�*M@/D K�5 4 <E+-*-7�@RD 5 jk.0B=BG.�+g:GD(,Wi�> +-:=*��(*�.0,0*�+-K�K�:GD iM> +£+-D J :G*�./D��£+ED[i
4 D[iM:=B[iM> +N1�@R,[@/:GD�> :bi i�> +&jk*�.0D[i j�@/<E+&.Rj iM> +$iM*�@/D K�5(4 <-+E*�.0*�4 D[iM:GB[i�> +E1¿@/*�+&K�4 �§<-:G+ED[iMB=1
@Ri�iM+-DF4A@�iM+-5 � > :G,/4 *�+Wa � :=BGB=4 K�i�*M@Ri�+-K�iM> :=K�� > ./*�@ K�:GD(,0BG+§*M@/D(,0+ �§+_@/K�4 *�+%�£+ED[i_7�iM>(+
jk.0B=BG.�+g:GD ,KiM+��(K�.�<E<-4 *%� > :=*�K�i-7%i�> +¿j�@RD ./j�*M@_1oK�:=Kl,0+ED +-*�@RiM+E5 jk*�.���i�> +�iM*�@/D K�5 4 <-+E*
+g:=i�> @/D�K�:G,0D @/B�K�i�*�+ED ,/iM> 5 :=K�iM*�:Gr 4�iM:G./D iM>A@RiW:=KW@ jk4(D <Ei�:G.0DQ./j¿+��§:=i�i?@/D <E+ @/D ,0B=+�
. > +3:=D[iM+-*�K�+E<EiM:=.0D K�.Rj�iM> :=K�:GD(:=iM:G@/B�j�@/D ./jg*M@_1oK +g:=i�>�+'@/BGB=K�@/*�+�<E.��'�(4(iM+E55� . > +EK�+
:GD[i�+-*�K�+-<NiM:G./D K�@/*�+§@/5 5(+-5 i�.^@P> +-@� +g:biM>hiM>(+£<EBG.0K�+-K�i¿@Ri"i�> +�iM.��5����4 r(K�+�)F4 +ED[iMB=1/7
iM>(+�<-BG./K�+-Ki ;p@RD 5�> +-D(<-+g+_@/*�BG:=+-K�i =�:=DFi�+-*�K�+-<NiM:=.0D�:GK�+ �(@�£:=D +-5 ��U j%:=i�:GK +g:biM> :=D�iM>(+�*M@_1[V
K�� @/<-:=D ,�./j9@�<-.0*�D +-*E7F@�5 :&�9*M@R<EiM+E5*M@_1�:=K�,0+ED +-*�@RiM+E5§:=D�iM> +�5(:G*�+E<Ei�:G.0D�.Rj%i�> +�*�+E<-+E: J +E*
;�K�:GD <E+l:bi2� *�.�� @/,[@Ri�+-K$:GD£@/BGBA5 :=*�+E<EiM:=.0D K =�� � i�> +-* +g:GK�+R7�i�> +l5(:G*�+E<Ei�:G.0D§./j	i�> +L*�+%3 +-<Ei�+-5
*M@_1:=K&<E.��'�(4(iM+E55��UYD�r%./i�>�<_@RK�+-K$iM> +L<-4(*�*�+ED[i!:GD[i�+-*�K�+-<NiM:G./D�:GK�*�+�� BG@/<-+E5�:GDiM>(+l> +-@�
+g:=i�>�iM> +�D(+%+ *M@_1 � K�D + ��i�:=D[iM+-*�K�+E<EiM:=.0D +g:=i�>@!�£.o5 +-B-+!@RBGB¼7/@/D 5�iM>(+!K�:=,0DA@/B�K�iM*�+-D ,RiM>
:GKg@�i�iM+EDF4A@RiM+E5^@/��� *�.� *�:G@RiM+EB=1�� . > +¿D(+%+ <EBG.0K�+-Kil:=D[iM+-*�K�+E<EiM:=.0D :GK'i�> +-D;+��(@�§:GD +E5;@RK
iM>(+ � *�.�<E+-K�K¿*�+%�9+-@RiMK%� . >(:GK"iM+-*��£:=DA@Ri�+-K +g> +-D @RD :GD[i�+-*�K�+-<NiM:G./D +g:=i�> @WK��£@/BGB�B=:GD +



acd

K�+E,��§+-D[i§*�+��(*�+-K�+-D[iM:=D , iM> +W*�+E<-+E: J +E*£:=K�+-D <E.04 D[iM+E*�+E5 @/K�iM>(+ +-@/*�B=:G+EK�i�:=DFi�+-*�K�+-<NiM:=.0D
:GDhi�> +£>(+_@�5�£U j'i�> +�@R*�*�: J :GD ,PK�:G,0DA@RB�>A@/K�@ K�4 �§<-:=+-D[iMBb1 K��£@/BGB�@RD ,0BG+�.Rj!:GD(<-:G5(+-D <E+
;�K�.�iM> @Ri i�> +�jk4 *iM> +E*�@Ri�iM+-DF4A@�iM:G./D ./j�i�> +�K�:=,0DA@/B~5 .o+-K D ./i�*�+-D 5(+-*�:bi :=D 5 +Ei�+-<NiM:Gr(BG+�=
iM>(+-D3>A@RB=j	i�> + <E4���4 BG@RiM: J +g5 :=K�i?@RD <-+l:GK�*�+NiM4 *�D +-5W@/K�iM>(+ *M@RD ,0+ �£+-@/K�4 *�+��§+-D[i ��U jfD .
*�+E<-+%�(iM:=.0D£.o<-<E4 *�K +g:biM> :=Di�> +6��@
�(:&��4�� 5 :GKi?@/D(<-+/7[i�> +-DiM> +6�£@:��: ��4 � 5 :=K�iM@/D <-+g:=K
*�+NiM4 *�D +-5@RK iM>(+'*M@RD ,0+ J @/B=4 +��UYD�<E.��'�(4(iM:=D ,li�> +'*�+-<-+E: J +-*�B=:GD +�BG+ED ,/i�>�@/D 5�5(:GK�iM@/D <E+
jk*�.� �£.o5 +EB�<-.0*�D +-*�K�@�i +g>(:G<?> iM. ,0+-D +E*M@Ri�+§@ 5 :��	*�@/<Ei�+-5 *M@_107 @/B=BG.�+!@RD <-+�:=K ��@/5(+
jk.0*�iM>(+lK��A@/<-:=D ,�./j	i�> +6�£.o5 +-BA*�@_1�KE7�K�.¿i�>A@Ri�jk+_@Ri�4 *�+EK'@R*�+gD ./i2�§:GK�K�+-5�@/K$@�*�+-K�4(B=i$./j
r%+-:GD(,3r9+Ni4+'+E+-D �§.�5 +EB *�@_1�K%�!( > :=,0>^B=+ J +-B�5(+-K�<E*�:&�(iM:=.0D ./j�i�> +�@/B=,0.0*�:biM>�� :GK ,/: J +ED
:GDPi�> +�@���%+-D 5 : � �

� ��� � ����#9
�������� �'������� �"�Y�A� �'�"� � � ������� �'��
�������
��!�

UYD .0*�5(+-*�iM. J @/B=:G5A@Ri�+£i�> +1�£.o5 +-B'@/,[@/:=D K�i�*�+_@RB!K�.0D @/*�5A@RiM@(7�K�.0DA@R*§*�+-K��9.0D(K�+-K§.0r�V
i?@R:GD +E5'+g:=i�>§i�> + K�: ��4(B @Ri�:G.0D�>A@ J + r%+-+-D�<-.����A@/*�+-5'+g:biM>£*�+_@RB%K�.0DA@/*2�§+_@/K�4 *�+%�£+EDFi�K
.0r(iM@/:GD(+-5 +g:biM> i4+&. 5 :��	+E*�+EDFi�K�.0DA@R*¿K�<_@/D D(+-*�KE7$@/D 5 @/B=K�. +g:=iM> �£+-@/K�4(*�+��§+-D[i�K�*�+�V
�%.0*�i�+-5 :GD3iM>(+�B=:=i�+-*M@�iM4 *�+�

> :G,/4 *�+&dlK�> .�+gK�iM> +$*�+EK�4 BbiMK ./jA*�4(D D :GD(,liM>(+&K�: ��4 BG@RiM:=.0D".0D�@ �£.o5 +EBo.Rj iM> +&*�.o.��
4 K�+-5 r[1 ��4 <¿@/D 5 ��:G+E,0+-Bfi�. J @/B=:G5A@Ri�+�iM> +E:G*6� *�+-5 :=<EiM:=.0D K � � � � . > +�5A@�i?@:GD ��4 <�@RD 5
��:=+-,0+EBl:=D <-B=4 5 +-K§*M@RD ,0+*�§+_@RK�4 *�+��§+-D[iMKP@RK3@ jk4 D(<EiM:=.0D .Rj�iM*�@/D K�5(4 <-+E*P.0*�:=+-D[i?@Ri�:G.0D
jk.0*§@ K���@RBGB!K�@�'�(BG+W*�.o.�� � ��4 <;@/D 5"��:G+E,0+-Bg@/<E<-4 *�@RiM+EB=1 @/<E<-.04(DFi£jk.0*§@,�%.0*iM:G./D
./j!i�> :GK¿5A@RiM@(7�r 4�i�iM>(+-:G* �§.�5 +EB�5 .�+EK�D .Ri�@/<E<-.04 D[i�jk./*�i�> .0K�+£*�+-@/5 :GD(,0K�+g> :=<?> @/*�+
5 4 + iM. :GD[i�+-*M@R<EiM:=.0D KW./j¿iM> + K�:=,0DA@/B!+g:biM> ��4 BbiM: �(BG+ K�4 *�j�@/<E+-K%� . > + +����9+E*�:&�£+EDFi�K
*�+%�9./*�iM+E5h> +-*�+-:=Dh:GD <EBG4 5 +�iM> +�K�:GD(,0BG+�VYr%.04 D <E+�*�+�3A+-<Ni?@/D(<-+ �£+-@/K�4(*�+��§+-D[i�K�.0r(iM@/:GD +E5
r[1 ��4 <"@/D(5 �o:G+-,/+-B ; +g> :G<?> @/*�+�<-.0D(K�:GKiM+EDFi +g:biM>PiM>(+�@/<Ei�4A@/BfK�.0DA@/*�5 @Ri?@ =�7(r 4�iL@/BGK�.
*�+%� *�.o5 4 <E+�iM>(+8��4 BbiM: �(BG+NV *�+�3A+-<NiM:G./D;*�+_@/5 :=D ,0KLjk*�.���iM>(+�@/<Ei�4A@/B�K�.0D @/*�5A@RiM@�:GD �"4(<
@/D 5 ��:=+-,0+EB �



a �

� �=�	��
� � ��� v_©����ov-x]��{cz§{cz��g�F�gv_zF���0��t?Áct?©��À����v-xv/¨
� ��� � � �����9�9#��
�	 �4#�� 0	��� � �
���	  ��# ��% ��#��	�
���	��� ����� � � %�� � �@�9#	%L��� �����/%���" '  �	����� A��	  %
��� � � � �9"F7 � ��� � ���	� �	  ��# ��% ��#��	�
���	��� ����� � �4#�. �M" ���9%$' ���$" �$#���% �������	�
������� �9% �
� '�# ��� �@�9# ��� �4#�.	��G7



ac`

. > + 4(K�+ .Rj�K�.0D @/*&5 @Ri?@"jk.0*�*�.0r%./iM:=<g+���� BG./*M@Ri�:G.0D:GK�jk4 *iM> +E*&<E.��'�(BG:G<-@RiM+E5£r[1iM>(+
J @/*�:G@/r B=+�*�+�3A+-<Ni?@/D(<-+-K£./j J @/*�:=.04 K�.0r-0�+E<Ei�K§:=D iM> +W+ED J :=*�.0D��§+-D[i�� 2�:&�9+-*�+-D[i ��@�iM+NV
*�:G@/BGK�@Ri�i�+-DF4A@Ri�+�K�.0DA@R*�K�:G,0D @/BGK�:=Dh5 :&�9+-*�+-D[i +!@_1oK�� . > +K�: ��4 BG@RiM:=.0D *�+��%.0*�i�+-5 > +-*�+
jk.0*&K�.0DA@R*!*M@/D(,0+!�§+_@/K�4 *�+%�£+EDFi!*�+_@R5 :GBb1�@RBGBG.�+gK$jk.0*'K�4 *�j�@/<E+-K +g:biM> J @/*�:G.04 K&:GK�./iM*�.�� :G<
K�./DA@/*�*�+�3A+-<Ni?@/D(<-+ � *�.�9+E*�iM:=+-K%� �&1*�£.o5 +EBGBG:=D ,£i�> :GK�@/K��%+-<Ni"./j$*�+_@RB�K�4 *j�@/<-+EK":GD @/5�V
5 :biM:G./DWi�. ��4(B=iM:�VYr%.04 D <E+�+%�9+-<NiMK-79:=iL:GK �%.0K�K�:Gr B=+�i�.£*�+�� B=:G<_@�iM+ ��4 <?>^.Rj�iM> +�<-.�'� B=+��
DA@Ri�4 *�+�./j$K�.0DA@R*�K�+ED K�:=D ,��¿8;.0*�+�5 +EiM@/:GB=+-5 + ���9+E*�: �§+-D[i�K!+g:=iM> @/Dh.0*�:=+-D[i?@Rr BG+¿K�.0DA@R*
5 + J :=<-+g>A@ J +L@/B=K�.�r%+-+ED'�%+-*jk.0*��§+-55��8^@/D[1�./j�i�> +6�9+E<-4 B=: @/*�:=iM:=+-K�./j%iM> +�5A@�i?@�5 +��§.0D�V
K�i�*M@Ri�+-5 :GDPiM>(+�K�: ��4(B @Ri�:G.0D3K�> .�+ 4��1+g:=i�>WK�4 *�� *�:=K�:GD(,§<E.0D K�:GK�i�+-D <N1��

( *�:=,0:G53*�.�.�;7ojk*�.�� +g:=iM>(:GD�+g> :=<?>1+&+"<-.04(BG51��@R6/+ �§.0*�+�<E.0D[iM*�.0BGB=+-59�§+_@/K�4 *�+�V
�§+-D[iMKE75+!@/K�<E.0D KiM*�4(<EiM+E55� . > +�<E.0D[iM*�.0BGB=+-5 *�.�.�� +'@/K�<-.0D(K�iM*�4 <Ei�+-5 jk*�.�� K�>(+-B J :=D ,
�£@RiM+E*�: @RBF@/D 5�<E.0D K�:GK�i�+-5�.Rj�@/D�+ED <-B=.0K�+E5�*�+E<Ei?@RD ,04 BG@/*~*�+-,/:G.0D�X[Z/`��� � � �FZ/��� � > :G,RV
4 *�+ � K�>(.
+gK�i�> +!*�+-K��%.0D K�+'jk.0*�iM> +!K�.0DA@/* 4 D :bi�5 :=K�� BG@/<-+E5  0X � ��� jk*�.� i�> +'i�.���+-5(,0+
./j�i�> +�*�.o.�� @/D 53X������ jk*�.�� iM> +l*�:=,0>[i!+-5(,0+��AL./iM+ # *�K�i'iM>A@Ri!@�DF4���r%+-*!.Rj~K�.0DA@R*
*�+EK��%.0D K�+-K&@���%+_@/*�:=D@�<-:G*�<-B=+�@/*�./4 D 5�iM> +�K�.0DA@/*�4(D :=i�� . > :=K�<-:G*�<-B=+!:GK�@�*�+-K�4 B=i�./j%iM>(+
�§:GD :&��4�� iM: �§+!iM> @Ri�iM> +LK�.0D @/*�4 D :=i$<-@/D§iM@/6/+giM.�BG:=K�i�+-D�jk.0*$@�*�+%3A+E<Ei�+-53K�.04 D 55� > .0*
*�+EK��%.0D K�+-K�.0D iM> :=Kl<E:G*�<EBG+R7%i�> +�K�.0DA@/* � 4 B=K�+�*�+��%+_@Ri�+-5 Bb1 *�+%3 +-<Ei�K�.� ./j�KiM*�4(<EiM4(*�+�:=D
iM>(+ +-D J :G*�.0D��§+-D[i�@RD 53:GK #ADA@RBGB=1K�+-D K�+-5Wr[1iM> +LiM*M@RD K�5 4(<-+-* 0�4 K�ig@RK$i�> + iM*�@/D K�5 4 <-+E*
K�+g:biM<?> +EKLi�.�*�+E<-+-: J :GD , �§.�5 +/� Al.RiM+�iM> @Ri�iM> +�j�@/* +!@/B=Bf:GK'.0r(i?@R:GD +E5;@RKg@ +!@ J 1WBG:=D +�
. > :=K�:GK�@/D @R*�iM:bj�@/<Ei�./jgiM> +P<E.0:GD(<-:G5(+-D[i�DA@Ri�4 *�+P.RjLi�> +3i4+&. <E.0*�D(+-*�K§@/D(5 (�K�.0DA@R*
K�:&��4 BG@RiM:=.0D£.Rj�i�> :GK ;�K�>(.
+gDW:=D > :G,04(*�+�`�=$iM> +lj�@/* +'@/BGB � ( K�./DA@/*!K�: ��4 BG@RiM:=.0D�.Rj�iM> :=K
;�K�> .�+gD :GD > :=,04 *�+W` =�:GBGB=4 K�i�*M@Ri�+-K�> .�+�i�> +W<-.0*�D +-*§*�+�3A+-<NiM:=.0D K*; +g> :=<?> @���%+_@R*£@RK
+'@/BGB=K!i?@/D ,/+-D[iM:G@/B9i�.§i�> +�<-.0*�D +-* =�@/D 5WiM> +"K�i�*M@/:=,0>[i +!@RBGBf:=DFi�+-*�@/<Ei�i�.jk./*���@8+g:=,0,0BG+
.0D iM> +�j�@/* +'@/B=B �!UYD^i�> +�K�: ��4 B @Ri�+-5 *�.o.���K�./DA@/*L*�+-K��9./D K�+EK�@/*�+¿5 *M@ +gDh@RK J +-<Ei�.0*�KE7
.0*�:G,0:=DA@RiM:=D ,3jk*�.� iM> +£K�.0DA@R*¿4 D(:=i�@/D 5 i�+-*��£:=DA@RiM:=D , @Ri�iM> +§iM: �§+-./4(i�5 :GKi?@/D <E+§jk./*
iM>(+l4 D(:=i_7[./*&@�i'@�5 :=K�iM@/D <-+L*�+%� *�+EK�+EDFi�:GD ,�iM> +L5 :=K�i?@RD <-+g*�+%�9./*�iM+E5�r[1�iM>(+LK�.0DA@/*�4 D(:=i �
Al.RiM+'i�>A@Ri�i�> +!*�:=,0>[i�>A@RD 5�K�:=5 +-K�./jAi�> +'i4+&. #A,04 *�+-K�5 .�5(:&�9+-*�� . > +�K�:&��4 BG@RiM+E5�*�.o.��



acX

� �=� �E
$� � �   �Mx]�ov_©%�]{cz�v-w�wt?�YuA{czF�]t?��|G{_w$x]¦ot��]��y�uo©bt$w{/{cy�¨
� ��� �$#���� � ��#��-% � � �9" %$' ������%�%���0	� % ���4#	% �	��� ���9# # ��������� �+� ��#��	�
���	��� ����� ���@.	�@�9# �-� �	�
A �9'  � ��� ��# � ��� ������7 � �$0	��� �	 % ���4#	% �	��� �90	���  � � ��� ��� ��#��	�
���	��� ����� � �@.	����� ��� ���������	�
���
���  � ��� 7



Z��

*�+NiM4 *�D K�:=D #AD :biM+�*�+-K��%.0D K�+-K +g>(:GBG+�i�> +£*�+_@/B�K�.0DA@/*�4 D :bi�*�+Ei�4 *�D(+-5 � J +-*1 <EBG.0K�+  *�+�V
K��%.0D K�+-K%� . >(+�K�.0DA@R*'K�:&��4 BG@RiM:=.0D£4(K�+-5W> +E*�+
��a ��� +g> :=BG+l@/<-<E4 *M@Ri�+-Bb1 �§.�5(+-BG:=D , ��@/D[1
./j�iM>(+�+%�9+-<Ei�K�jk./4 D 5h:GDhK�.0DA@/* �§+_@RK�4 *�+��§+-D[iMKE7�5(.�+EK�D ./i�@/<E<-4 *�@RiM+EB=1<�§.o5 +-B�@/BGB�./j
iM>(+�<E.���� BG+ �(:biM:=+-K!./j�iM*�4 +"K�.0D @/*6�£+-@/K�4 *�+��§+-D[iMK%�

� � ��� ��� �	� ������% � ����%�� �9#	% ��% �	��� #E� � ��� �����J%��4" �J% ���	�� �9% �-��� �����	 % �9#��	� ���	�
��7

� �=� �E
� � � �[��yl�o©bv-x]t?���]{czov-w&wt?�YuA{czF�]t?��|G{_w�x]¦Ftg���y�uo©�t&w{/{cy
� �=%��
�4# ��� " ���9%$' ���$" �$#���% �	��� %�� �9AP# � �  ��# ��%G7 � �9# �������(' � #���#�. ����� � % � �F0	��� � =�9#�.
 ��# ��%G7

. > +'K�.0DA@/* 4 D :bi +'@/K�iM> +ED8�£. J +-5�<EBG.0K�+$i�.li�> +'r%./i�i�.�� +E5 ,0+'.Rj(iM>(+'K�:&�'�(BG+�*�.o.��
;pd�� � ��� jk*�.�� iM> +giM.��£+-5 ,/+ @/D(5^a�� ��'� jk*�.�� i�> +l*�:G,0>[i$+-5(,0+�=�7(@/D(5�*�+%�9+-@RiM+E5�iM>(+
K�./DA@/*�K�<-@/D K%� . > +P*�+EK�4 BbiM:GD(,hK�<_@RD :=K�K�> .�+gD :GD > :=,04 *�+�X � ��D <E+W@/,[@/:=Df7�<-.0*�D +-*�K
,0+ED +-*�@RiM+E5 :GD[iM+E*�+-KiM:=D ,^+��	+E<EiMK@RD 5 iM>(+£j�@/* +!@RBGB&@���%+_@/*�K�+'@ J +E1�hUYD @/5 5 :biM:=.0D i�.
iM>(+-K�+gi4+&.�+%�9+-<NiMKE7(K�4(*�� *�:GK�:=D ,"*�+EK��%.0D K�+EK +&+-*�+l.0r�i?@/:=D +-5jk*�.�� iM> +g<-B=.0K�+E* +!@/B=B � . > +



Z�a

K�./DA@/*g4 D :bi +'@/KLD .�+�j�@/*g+ED .04 ,0>;@ +!@_1Wjk*�.��iM>(+¿4�� �9+E*6+'@/B=BfiM.§.0r(i?@R:GD @§DF4���r9+E*
./j�*�+-K��9.0D(K�+-K�@/BG.0D(,Wi�>A@Ri +!@RBGB¼7~r 4�i�@Pj�@/BGK�+£B=.
+&+-* +'@/BGB�>A@/K¿@/B=K�.;@���%+_@/*�+-55� . > :=K
j�@/B=K�+'B=.�+'+E*�+!@RBGBo:GK�*�+��%.0*�i�+-5@/K�iM> +�K�.0DA@/* K�:G,/DA@/Bor9.04(D <-+EK�.��i�> +!<-B=.0K�+E*�B=.
+&+-* +!@/B=B¼7
�A@/Ki�iM> +'K�.0DA@R*�4 D :=i-70.�£iM> +'j�@R*�+!@RBGB¼7�A@/K�i�iM> +�*�+_@/*�.Rj%i�> +�K�./DA@/*�4 D(:=i_7/.��i�> +�D +_@R*
+'@/BGBp7A@/D 5 iM> +ED;rA@R<?6Wi�.§i�> +�iM*�@/D K�5(4 <-+E*�� . > :=Kg:GKL@i�+-*�*�:Gr(BG+�K�:biM4A@�iM:G./DWjk./*l@*�./r9./i
4 K�:GD , i�> +3K�./DA@/*�K�+-D K�.0*�� el@�iM> +E*¿iM> @/D ��K�+E+-:=D ,� iM>(+3<-B=.0K�+ +'@/B=B¼7�i�> +3*�./r9./i�K�+E+-K
:=i�K�+EB=j�*�.04(,0> B=1£:GD3i�> +�<-+ED[iM*�+"./j @�<-./*�*�:=5 .0*'i4+g:=<-+�i�> +�iM*�4 +!+g:G5(i�>5��O .0*�K�+�KiM:=BGB¼7FiM>(+
*�./r9./i&K�+E+-K�:biMK�+EB=j�r%+-:=D ,�K�BG:=,0>[iMB=1�<-BG./K�+-*$iM.�i�> + *�+_@/B#+'@/BGB�iM>A@RD3:=i&:GK�iM.�i�> + �(>A@/D[iM.��
+'@/BGB � ( *�./r9./i +g> :G<?>9+'@/K�5 +-K�:G,0D(+-5PiM.�i�*M@/D K�B @Ri�+ 5 .�+gDWiM> + <-+-D[i�*�+"./j~iM> +�> @/BGB�+!@_1
4 K�:GD ,K�./DA@/*g5A@RiM@ +&.04 B=5;<E.0*�*�+-<Nil:biMK�+-B=j�5 :=*�+E<EiMBb13:=DFi�.�iM> +"<-B=.0K�+E* +!@RBGB �

> .0*�@<� *�@/<Ei�:G<_@RB&<E.��'� @/*�:=K�.0Df7 iM> :=K8� *�./r BG+%��@Ri�:G<§+%�9+-<Ni +!@/K§@/B=K�. :=D J +-KiM:=,[@RiM+E5
+g:=i�>P@�efOQU ;�eL+-@/B%O .0*�BG5�UYD[i�+-*�j�@R<-+�= � a\Z¿eg.0r%./i&+�)F4 : � �9+E5�+g:=iM>�@�K�./DA@/*'*�:GD , ��UYD
iM>(:GK�<_@RK�+/7 +&+§jk.04(D 5 i�>A@Ri"iM>(+§r(4 BG6;./j'i�> +*�.0r%./i":GK�K�4 �§<-:=+-D[i¿i�.Wr BG.o<?6^iM>(+§+E<?> .
jk*�.� iM> +gD +-@/* +!@RBGBA@/D(5§i�> +g<?> :G*��£K�: ��� B=1�*�+%3 +-<Ei�K&r%+Ei4+&+-+ED�iM>(+Lr%.o5(1�./j%iM> +L*�./r9./i
@/D 5"iM>(+&K�+-D K�.0*�4 D[i�:GB0iM>(+&K�:G,0DA@RB0<_@/D¿r9+�5 +NiM+E<EiM+E5�@Ri~iM>(+ �§:GD :&��4�� K�+ED K�.0* 5 :GKi?@/D(<-+�
UYD @/5 5 :biM:=.0Df7FiM> +"r%.�5(1£./j�iM> +�*�.0r%./i �£@c1£r B=.�<?6§iM> +�*�+EiM4(*�D :=D ,K�.0DA@R* � 4 BGK�+� ; ��4(*
K�:&��4 BG@RiM.0* � a ���'5 .�+EK�D ./i8�£.o5 +-B$iM> :=K �A@R*�iM:=<-4 BG@/*�@R*�iM:bj�@/<Ei�@/K�:bi�K�:&��4 BG@RiM+EK�@ *�./r9./i
+g:=i�> @K���@RBGBG+E*
��r%.�5�1  =��

T'.0*�D(+-*�K � *�. J :=5 +��£@/D[1 :=D[iM+-*�+-KiM:GD(,h+%�9+-<Ei�K�jk.0*�iM>(+3:GD[iM+E*M@/<NiM:=.0D ./jgiM>(+PK�.0DA@R*
K�:=,0DA@/B�@RD 5 i�> +i4+'. +!@/B=B�K�4 *j�@/<-+EK �£@/6F:GD ,W4�� iM>(+£<E.0*�D +E*���( DF4���r%+-*�./j'+%�9+-<Ei�K
@/*�+2�%.0K�K�:Gr(BG+/7R@/D 5"i4+&. ./joiM> +EK�+'@/*�+�K�>(.
+gD¿:GD > :G,/4 *�+EK�a!�l@RD 5£acZ�� UYD"iM>(+-K�+&5 :GK�� B @_1oK-7
iM>(+§*�.0r%./i":GK�K�> .�+gD @/K�@WK��£@/BGB <-:G*�<-B=+/7~@/D 5 iM>(+��%.0K�:=iM:=.0Dh./j'K�.0DA@R*�*�+-K��9./D K�+EK�@/*�+
:GD(5 :G<-@RiM+E5hrF1 K��£@/BGB K�)F4A@/*�+-K�� �&./iM> ./j$iM> +EK�+ #A,04(*�+-K"K�> .�+ K�./DA@/*�*�+EK��%.0D K�+-K"jk*�.��
iM>(+�efOQU �§.0r :=BG+ � B @�i�jk.0*���i?@/6R+-D + J +-*�1  35 +-,/*�+-+EK��"UYDhr%./iM> <-@/K�+EK-7~@3<E.0*�D +E* +'@/K
<-./D K�i�*�4 <NiM+-5Wjk*�.��*�+-<EiM@/D ,04(B @/*&.0r K�iM@/<-B=+-K � BG@/<-+E5P:GD�i�> +�BG.�+&+-*!B=+EjÂi'>A@/D 5W<-./*�D +E*!./j
iM>(+£5 :=K�� BG@_1�� . > +§i4+&.^./r K�iM@/<-B=+-K �£+E+Ei�<-.0*��£:=D , @ <E.0*�D(+-*�� ��: ��4 B @Ri�:G.0D(K�./j'i�> +-K�+
i4+&.�<-@/K�+EK$@/*�+!K�> .�+gD£:=D > :=,04 *�+EK!a0ag@/D(5Pa! � AL./iM+&iM>A@Ri�:=D�iM>(+ #A*�Ki�<_@/K�+/70iM>(+�K�.0DA@R*



Z0Z

�����	��
� � � �0{czov-w�w�t?�YuA{czF�]t?��|G{_w�x]¦Ftg�]�by�uo©�t&w{/{cy zFt�v-w$x]¦ot!° {_xYx]{cy ��v_©b©



Z� 

5A@RiM@P@���%+_@/*�K�iM.PK�>(.
+ i4+'.WK�+��A@/*�@RiM+ +'@/BGB=K +g> :=<?> 5(. D(./i �§+-+Ei-7~@/D 5 :GD j�@R<Ei�iM>(+
BG.�+&+-*"./j$iM> +�i4+&.$+'@/BGB=K�:GK"@/<NiM4A@RBGB=1;K�+E+-D r%+->(:GD 5hiM>(+i�*�4 +��%.0K�:biM:G./Dh./j&i�> +<-B=.0K�+E*
;�4 ���9+E* =2+'@/B=B � . > :=K!:GK&<-B=+_@/*�B=1§K�+E+-DW:GD�i�> +�K�: ��4 BG@RiM+E5 �§+_@/K�4 *�+%�£+ED[iMK�� . > +�K�+-<E.0D 5
<_@RK�+ K�> .�+gK�i�> +W<-B @RK�K�:=<_@/B�<E.0*�D(+-*§*�+%3 +-<Ei�:G.0D +%�9+-<Ni�:=D +g> :=<?> i�> +;<E.0*�D(+-*§:=iMK�+-Bbj :=K
BG./K�i�@RD 5h:GKl*�+��(B @/<E+-5hr[1 @ +'@/B=B�iM@/D ,0+EDFi�: @/B~iM.£iM> +�<E.0*�D(+-*-7f@/D 5 i4+&. >(.0BG+EK�@���%+_@R*
K�4(*�*�./4 D 5 :=D ,¿i�> :GK ��<E.0*�D +E*2+'@/B=B �� UYD�r%./iM>£./j	i�> +-K�+ <_@RK�+-KE7�i�> + B=.�<-@/B +'@/BGB�K�i�*�4 <NiM4 *�+
@���%+_@R*�K~iM. > @ J +'.��%+-D(:GD ,0K +g> :=<?>�5 .lD ./i +���:GKi�@Ri�@/B=B � . > +EK�+!+��	+E<EiMK *�+%��@/:=D�@RB �§.0K�i
<-.�'� B=+Ei�+-B=1�4 D <?>A@RD ,0+-5�@/K�iM> +L*�./r9./i�i�*M@/D(K�B @�iM+-K�i�.
+'@/*�5 K$i�> +g<-.0*�D +-*%����D <-+L@/,[@R:GDf7
iM>(+¿K�.0DA@/*L+-*�*�.0*�K @/*�+"D ./il4 D <-./*�*�+EB @Ri�+-5f7�r 4�i *�@RiM> +E*g:GD 5 :=<_@Ri�+�@§> :=,0> Bb13K�i�*�4 <NiM4 *�+-5
@/D 5 D .0DoVYBG:=D +_@R*'r%+->A@ J :G.0*%�

� ��� 
�A� ��� �A
��!�

. > + �§.�5 +EBGB=:GD ,£./j'K�.0DA@/* �§+_@RK�4 *�+��§+-D[i¿@/K�K�i�*M@/:=,0>[i"BG:GD(+�5 :GKi?@/D(<-+ �§+_@/K�4 *�+%�£+EDFi�K
+g:=i�>;K�: ��� BG+�)�@/4(K�K�:G@/DWD .0:=K�+":GKg+���<E+-K�K�: J +-B=1 K�: ��� BG:=K�iM:=<li�.£<-@�(iM4(*�+ �£./K�iL*�+-@/B?� > +�V
D .��§+-D @Pi�>A@Ri�.o<-<-4(* +g:biM>hiM>(+-K�+£K�+ED K�.0*�K��§U j!K�.0DA@/*"K�+ED K�./*¿K�: ��4 BG@RiM:=.0D K @/*�+�iM. r%+
4 K�+-5f7�@/D 5hi�> +-*�+@/*�+ �£@/D[1<�%./iM+ED[iM: @RB�@/5 J @/D[iM@/,0+-K�i�.P4 K�:=D ,PiM> +%�;79iM> +ED i�> +K�:&�V
4 BG@RiM:=.0D K ��4 Ki�@/,/*�+-+ +g:=i�> D .Ri�.0D(B=1hiM>(+ � >[1oK�:=<-K�.Rj!iM> +£K�+ED K�.0*¿r9+E:GD ,;4 K�+E5f7�r 4�i
:GD[i�+-*M@R<EiM:=.0D K�r%+Ei4+&+-+ED i�> +�K�./4 D 5 <?> :G*�� @/D 5hK�i�*�4 <NiM4 *�+:GD^i�> +�+-D J :G*�.0D��§+-D[i ��4 Ki
r%+�<E.0*�*�+-<NiMB=1��£.o5 +-B=BG+E55�

> @/:GB=4 *�+ i�. �£.o5 +-B	+-:=i�> +-*�./*�r9./i�>W./j i�> +-K�+¿+��	+E<Ei�K +g:=BGB	*�+-K�4 B=ig:=D K�.0DA@/*�K�: ��4(B @�V
iM:=.0D K +g> :=<?>�@R*�+6��4 <?>§<-B=+_@/D +E*�iM>A@/DiM>(+L5 @Ri?@�iM> @Ri�<_@/D§r%+L*�+-<E. J +-*�+-55��( B=,0.0*�:=iM> �£K
+g> :=<?> @/*�+¿rA@RK�+-5^.0D^K�: ��4 BG@RiM+E5;5 @Ri?@ +g> :G<?>;B @/<?6FKLiM> :=KL*�+�)F4 :=*�+-5^*�+_@RBG:GK�� �£@c1�j�@/:GB
+g> +ED,�(*�+-K�+-D[iM+E5,+g:biM>h*�+_@/B 5A@Ri?@����l.0B=+-K!�£@_1^@/���9+-@/*�:=D <-.0*�D +-*�K�; +g> +EDhiM> +N1h@/*�+
D ./i�*�+_@/B=B=1 i�> +-*�+�=�70@/D 5 +'@/BGB=K�:GD">A@/B=B&+'@c1oK �£@c1�r9+�jk4 *�i�> +-*�@ +'@c1"i�>A@/D"iM> +N1"K�+-+%�$� UYD
@/5 5(:=iM:=.0Df70K�: ��4(B @Ri�:G.0D K +���:GKi�;kjk.0*�+ �(@�'�(BG+/7 ��a ��� =N7�+g>(:G<?>£@/*�+g<_@/�A@/r B=+�./j	K�: ��4(B @Ri�:GD ,
�£@/D[1P./j�iM> +"+%�9+-<NiMKgjk.04 D 5W:=D K�.0DA@/*6�§+_@/K�4 *�+%�£+ED[iMK��



Z �

� �=�	��
� � � �   �Mx]�ov_©�wt?�]u {czo�]t?��|G{_w&v_z{_°o©����R�Ft!�?{_wzotMw�¨
� ��� �	�=%�� �4# ��� " ���9%$' ���$" �$#���% �����(' � #	%C� ���9" �-��� % �9#��	� % �$#	% � � % �	��� %�� �9AP# � � ������� �
�4#�.	���%G7 � ��������%�� �9#	% ��% � ���9" ����� ��� �$# ��� �	��� �-��� �	�"M� %�� �� ��# ���	� ���'�%�������%O�����������	��#�.9%
� '�%�� ����=�9A �4#�� ��� ����� ��-� � ��� ����� � �	�$� � :?% ��� � �  =�9A ��#�. �&.4' ���+<47 � ��� ����%�� ��� �����
����%�� �9#	% ��%�:����$�90	� �4#�� �+� �-��� � �3.9� � ��� �-��� � �	�$� � < �	��� � ���9" � ������� �	� � ������% ��# �����
�$# 0 � � �9# " �$#�� �4#�� �	��� ��# ���' � ��� �9#��� � � � ���9" ��������$# ��%�%G7

� �=� �E
$����� � �[��yl�o©bv-x]t?��wt?�YuA{czF�t?��|={_w&v_z§{_°o©����/�Ft!�?{_wzFtMw
� �=%��
�4# ��� " ���9%$' ���$" �$#���% �	��� %�� �9AP# � �  ��# ��%G7 � �9# �������(' � #���#�. ����� � % � �F0	��� � =�9#�.
 ��# ��%G7



Z��

�����	��
��� � �   �Mx]�ov_©%�{czov-w�wt?�YuA{czF�t?��|={_w&v�w��Ác¦Rx · v_zFÁc©�t��?{_wzFtMw
� ��� ���	�$� � �=% ��#��	�
���	����� � � � ��� ������G7 � ��� �	�=%�� �4# ���M" ���9%$' ���$" �$#���% �����?' � #	% � � �9"
����� % �9#��	� % �$#	% � � % �	��� %�� �9AP# � � �������
�4#�.	���%G7 � ��� ����%�� �9#	% ��% � � �9" ����� ��� � # ��� �	���
����� �	�"M� %�� �� ��# ���	� ���'�%������ %,��� �������	��#�.9% � '�%�� ����=�9A �4#�� �+� ����� ��-� � ��� ����� ���	�$� �
:?% ��� � �  =�9A ��#�.�&.4' ���+<47 � ��� ����%��F��� ����� ����%�� �9#	% ��%H:����$�90	� �4#�� ��� ����� ���3.9� � ���
����� � �	�$� � < �	��� � � �9" � �������N�	� � ������% ��# ����� �$# 0 � � �9# " �$#�� �4#�� �	��� ��# ���' � ���J�9#��� � � �
���9" ��������$# ��%�%G7

� �=�	��
� � � �   �Mx]�ov_©	v_zo�§�0��y �F©bv-x]t?��wt?�YuA{czF�t?��|={_w&v�w��Ác¦Rx · v_zFÁc©�tg�?{_wzotMw
� �=%��
�4# ��� " ���9%$' ���$" �$#���% �	��� %�� �9AP# � �  ��# ��%G7 � �9# �������(' � #���#�. ����� � % � �F0	��� � =�9#�.
 ��# ��%G7



Z/d

. > +!�§.�5(+-B�5 +-K�<-*�:Gr%+-5P> +E*�+�@/B=BG.�+gK�jk.0*&i�> + *�+_@/B=:GKiM:G<gK�: ��4 BG@RiM:=.0D./j�K�.0DA@/*&*M@/D ,/+
K�+ED K�:=D , :=D¿*�+_@/BF+ED J :=*�.0D��§+-D[i�K�� (lK K�> .�+gDf70:=i�:=K <E.0D K�:=K�i�+-D[i�+g:biM>�*�+_@RBo5 @Ri?@g<-.0B=BG+E<EiM+E5
jk*�.� K�4 <?> 5(+ J :G<E+-K�� . > +9�£@
0�.0*�*�+��£@/:GD(:GD ,;BG: �§:=iM@RiM:=.0D ./j�iM>(:GK8�§.�5(+-B':=K�iM> @Ri�:=i
4 K�+-KL.0D B=1P@ �(B @/DA@R* �£.o5 +-B	./j i�> + +'.0*�BG55��(lKLK�4 <?>f7%:=i!j�@R:GBGK&iM.§<_@�(i�4 *�+"r%.04 D <E+-KL./j
iM>(+�K�.0DA@R*�K�:G,/DA@/B i�>A@Ri �§:G,/>Fi�<-.��§+�jk*�.� :=DFi�+-*�@/<Ei�:G.0D K�+g:=iM> .0r 0�+-<Ei�K".04(iMK�:G5 +¿iM> :=K
� BG@/D +� I ���%+-*�:&�£+ED[i?@Ri�:G.0D +g:=i�> iM>(+^K�./DA@/*§5 + J :G<E+ @/D(5 iM>(+^K�:&��4 BG@RiM:=.0D K�4 ,0,/+-K�i�K
iM> @Ri�:GD ��@/D[1£+-D J :G*�.0D��§+-D[iMK�K�4 �§<-:G+ED[iL@/<-<E4 *M@/<N19�£@c1§r%+�.0r(iM@/:GD +E53r[1�� *�.:0�+-<NiM:=D ,
@/B=B	.0r-0�+E<Ei�KlD +-@/*�iM> +"> ./*�: �E.0D[i?@/B � B @/D(+�K�<_@RD D +-5;r[1PiM> +"5 + J :=<-+".0D[iM.iM>(:GK � BG@/D +�

. > +�@ J @/:GBG@/r :=BG:=iY1�./j~*�+_@/B=:GKiM:G<R7[+%�9+-<NiM: J +�@/D(53+ �§<-:=+-D[i�K�: ��4 BG@RiM:=.0D �%+-*��§:=i�K&*�@� :=5
@/D 5 *�+��%+_@RiM@/r B=+£iM*�: @/B=K¿.Rjg+����9+E*�:&�£+EDFiM@/B$K�<-+EDA@/*�: @ � I ���9+E*�:&�£+EDFiM@/B�+'.0*�6 :=K�+-K�K�+ED�V
iM:G@/B�i�.Wi�> ++-DF4��§+-*�@RiM:=.0D ./j!*�+_@/B=:GK�i�:G<8�(*�.0r B=+��§K�:GD K�+ED K�:=D ,�� ��D i�> +§./iM> +E*">A@/D 5f7
iM>(+�@/r(:GBG:biY1�i�.£+ � @/�£:=D +"*M@� :=5 B=1��A@/*�i�:G<E4 B @/*�K�:=i�4A@RiM:=.0D KE7�@/D 5*�§.0*�+�:&�'�%.0*i?@/D[iMBb1£i�.
*�+%�9+-@RiL+��(@/<NiMB=1 @K�+E*�:=+-KL./j ;kK�:&��4 B @�iM+-5�= �£+-@/K�4 *�+��§+-D[iMKL:GKg<E*�:=i�:G<-@/B	iM.�i�> +¿*�:G,0./*�.04 K
K�<E:G+EDFi�:$#A<P5(+ J +EBG.�� �£+EDFi§./jLK�+-D K�:GD , K�i�*M@Ri�+-,0:=+-K%� UYD @/5 5 :biM:=.0Df7�iM>(:GK�@/B=BG.�+gK�@ BG@/*�,0+
K�4(:=iM+¿./j�i�+-K�i�<_@/K�+-K i�.3r9+¿+��(@�§:GD +E5^*�@� :G5(B=1��gU i :GK + ���9+E<EiM+E5 iM>A@�i iM>(:GK�+g:=BGBfj�@/<E:GB=:bV
i?@�iM+�iM> +"5 + J +EBG.����§+-D[il@/D 5 + J @/B=4A@Ri�:G.0D3.Rj�*�.0r 4 KilK�+-D K�:GD ,'�£+NiM> .o5 .0B=.0,0:=+-K��

8;+Ei�> .o5 K&jk.0*�+ �£<E:G+EDFi�B=1:=D(jk+-*�*�:GD(,"i�> +L*�+%3 +-<Ei�:GD ,�VYK�4(*�j�@/<E+l,0+E.��§+EiM*1�jk*�.� K�.0DA@R*
*M@RD ,0+ �§+_@RK�4 *�+��§+-D[iMK@/*�+�<E4 *�*�+-D[iMBb1 4 D 5(+-*�:=D J +-KiM:G,0@RiM:=.0D5�^U i�:GK¿> .��%+-5 iM> @Ri�iM>(+
5 +E+��%+-*L4 D 5 +E*�K�iM@/D 5 :=D ,./j�iM> +EK�+ �£+-@/K�4 *�+��§+-D[iMKL@/<%)F4 :G*�+-5WiM> *�.04 ,0> +%�9.0*�i�K!iM.§K�:&�V
4 BG@RiM+LiM> +%� +g:GB=B%@/BGB=.
+ <-.0D J +E*�K�:G.0DW./j�@/K��9+E<Ei�K�./j~iM> +�*�@/D ,0:=D ,�5 @Ri?@�i�>A@Ri!> @ J +�BG.0D(,
r%+-+-D <-./D K�:=5 +-*�+-5 ��+-*�*�.0*�K :GD[iM.�4(K�+Ejk4(Bfjk+_@Ri�4 *�+EKgi�>A@Rig<-@/D;r%+ �A@/*ig./j�iM> +�:=DFi�+-*�� *�+�V
i?@�iM:G./D9� *�.o<-+EK�K��



Z �

� � �����"�"
 � � � � 
�������������3�����A��#9
 ����
��� ���P����� � �!�"�$#

�A
�� �"����A
����

� �=� �E
� � � �   ���zFÁc©�t&w�v_zFÁctgy�t�v_�]�[wt?y"t?zRx?¨ � t?|bx?ª�x]¦Ft!w�{R{cy �&��x]¦�w{_°A{_x?¨�¥$��Ác¦Rx?ª
�]{cy"t!w�v?�0��Áct?zFtMw�v-x]t?��°/��v����zFÁc©�t&w�v_zFÁct�y"t�v_��[wt?y"t?zRx?¨���¦Ft!z/�Fyl° tMw���v-w�t!wt?©bv ·
x]���\t���v_©�© wt���t?�Mxv_zF�?t?�?¨

. > +"jk.0BGB=.�+g:GD ,¿,0: J +-KL@§>(:G,0>PB=+ J +EB~5 +-K�<-*�:&�(iM:=.0DW./j�iM> +�@/B=,0.0*�:biM>��

	�
����� ;��5��� ��� =�� � ������	�������� �"!#�$	�
������ 	����"%�	���� � &�' 
)("*+��
�	,�#�-
�(.%�	��+�#���/�
0 	�*.�21�*�(/�3�4��*+� ;5� ��� = * 0 �"!��6("*.��
"	7(���4("*	 0 
�8/����� � �.	���8.�4��*.� �
���9�.�4�
�:��+;��,!��-
1<* 0 ���/���"	#(���8.�9��*.�4($��* & �2�+�/1�� '
0 *	=�-
�8.!>
�����:��2? 0 	�*3� �� ? "
�#* �A@ ? " ���B(.����14(2* 0 (��.;�� C
� ������	������#� � �"!�� 0 �.	�(.�C���/����	�(���8.�4�"*.�7D=* 0 
,	�
 ' :��-
�E4�3���GFIHKJ '�L

��6
����:"�2?>M4�.�"!6
N�4* � ��:OM�
�:-:)(������#���/�PJQ�"!�� � ���/	��-�6* 0

��-����-%�
��9��*.�C* 0 �"!��6(/�.���#
�: 
�(R
 0 %-�48+�4��*.�C* 0 < ?  S� < J
�"!��$�#*+��
�: � �"(.��
��48��,�/	�
�E���:-:�� � 0 	�*3�=�"!��$�/	�
�4( � %48���	PJT
� � 
����:"�
* 0 ���48/� � ��48��=
��,�"!��7��������	#(���8.�4��*.�VU

 �-� D$��*N�"!#�O!��/
1WFX*	 � �"	�� � &�'2� �"(.��
��48��,�/	�
�E���:-:�� �
0 	�*.�=��	�
�4( � %48���	 L

M"!9�":��,�"!��R!��-
1C�"(Y��*.��Z-��/1/� '
� 0 �"!��>���/���"	#(���8.�9��*.�7D)
��,�"!#�$��*.17* 0 �"!��R!��-
�1C�-(R
��=




Z/`

� �"(+��
�48�� � ���H��� ����� �)��� �	� 0 	�*3�=�"!��$�/	�
��4( � %48���	
	����-%�	��PF �H�"� ���
� �)���'����L

� 0 �"!��>���/���"	#(���8.�9��*.� �"(YM4�3�"!=�"!#�N�4* � ��:)(������#���/�
	��1�	���(�����4�����=�-!��R��	�
�4( � %48���	
8"*3��1-%/���,�"!�� 0 %�	-�"!���	>
��/����-%�
��4��*.�C* 0 �"!��
���48-*3�������B(��.����
�: 
�(R
 0 %-�48.�4�"*.�B* 0 �-!�� 
�����:��
* 0 ���48/� � ��48��
� 0 �"!��,	��+�#
#���9�����B(��.����
�:=(.��	�����"�-!C�-(R
 & *+E��
� ������8.�4��*+�6�"!�	���(.!�*-: �
	����-%�	��PF ��*+��
�: � �"(.��
�98��,�/	�
�E���:-:�� �����L

����#��	�
���� �-!��$	�� 0 :���8+��� � 	�
 ' � :��/
�E4�����)�-!��6�3�/����	#(���8.�4��*+� J
& 
�(�� � *.�2�-!�� 
�����:��=* 0 ���48/� � ��48��>* 0 �"!��>���48-*3�������)	�
 '

� � 	�� � %48��7�3��($
+�/1�:��3�"% � �=
�(R
 0 %-�48.�9��*.�C* 0 �"!��
83!�
"	�
�8.���"	��"(.�4�-8-(6* 0 �"!��6(���������/�

� 0 �"!��>���/���"	#(���8.�9��*.� �"(YM4�3�"!����7
=(/�3����:�� 	�
 ' Z�(31�
�8������
* 0 �"!��2�� � * 0 �"!��O�4* � ��:=(��"���#��/�C����E#*-:+E�� �
����#��	�
����=
 � � 0-0 	�
�8.��� � Z�	�
 ' ���/����	�(���8.�4�"*.�>M4�3�-!2�"!#�
	���8����3E���	>
�:/("*�J M4�3�"!7
1/1�	�*.1�	4�
����7(/�+����
�:=(.�/	�����"�"!7
� �

���#:��6* 0 �3�48/� � ���48��


 �-� �"!��68":-*�(���(.�C���/����	#(���8+�4��*.� & ���-M��-��� � 
� � 

�4* � ��:=(������#���/�)�#*N�-!��O!#�-
1

�� � M"!9�":��



Z/X

� � � ��� �Q������!��������� �

> 4 D 5 :=D , jk.0*;iM> :=K*+'./*�6 +'@/K � *�. J :=5 +-5 r[1�iM> + Al@RiM:=.0DA@/B¿eL+EK�+-@/*�<?> T'.04 D(<-:GB¿./j
T!@/DA@R5A@£@RD 5WrF1Pi�> + (�e � 7�*�.
0�+-<Ei6+g> :=<?>;*�+-<E+-: J +-KL:=i�K!jk4 D 5 :=D ,�jk*�.�� 7$e I T (�e A
( K�K�.o<-:G@RiM+EK�UYD <�b7(iM>(+�2�+��A@R*�i �§+-D[i�.Rj~UYD 5 4 KiM*�1/7 ��<-:=+-D <E+"@/D 5 . +-<?> D(.0BG.0,R107(i�> + A @�V
iM:=.0DA@/Bgeg+-K�+_@/*�<?> T'.04 D <E:GBL./j�T!@/D @/5A@(7'i�> + ��D[i?@R*�:G. . +E<?> D .0B=.0,/1 > 4 D 5f7 ��D[iM@/*�:=.
�L1o5 *�. 7�(!iM.��§:G< I D +-*�,/1 ./jlT!@RDA@/5A@���: �§:=i�+-5f7�@/D 5 i�> + )". J +-*�D �£+EDFi.Rj ��D[iM@/*�:=.
:GD[i�+-*V � *�. J :GD(<-: @RB	<-./BGB @Rr9.0*�@RiM:=.0D �(*�.0,0*�@�



 ��

� 
�����
��'�!#9� � ���

� a � T � �':Gr%+-*E7 � � I B=BG:=Df7 I � ��> +-D(6%7�@/D 5 C � �oiM+%�'�%+-<?6#� . >(+'�%.0B @R*�.0:=5h4 B=i�*M@/K�.0D :G<
*M@/D(,0:GD ,�K1oK�iM+%�$�	UYD � ������� ��� 8 �9# 0	�$#�� �@�9#���� ����� �4' �	�@� �$#�.	��# ����� ��#�. % � ���
����� 7Al+�+
	$.0*�6%7�a_X0`�� �

� Z � C � �'.0*�+-D KiM+E:GD;@/D 5�	 � ��.0*�+ED5�%�l:=K�iM./,0*M@�(> :G<�:=D�V4�§./i�:G.0D��£@���(:GD ,�jk.0* �§.0r :=BG+
*�.0r%./i�./r K�iM@/<-B=+@ J .0:G5 @/D <-+/� � ����� � � �4#	%�� ��� �@�9#	%L�9# �O�	�$� � �
��% �4#��� ' �+�9" ���

� �@�9# 7 � ; � = � �  ��!� �� /X(7	acX/X(a��

�  � C �9T'*�.�+gBG+N1�� A @ J :G,0@RiM:=.0D jk./*l@RD^:GD[i�+-BGB=:G,0+ED[i6�£.0r(:GBG+�*�.0r%./i � � ��� �
� �9' � #��	 ���
�O�	�$� � �
��% �4#���� ' �+�9" �	� �@�9# 7�a ;a
= �  (a ��� a07 8^@/*�<?> acX0`����

� � � 8 �R2�*�4��§> +-B=BG+E*��o8;.0r(:GBG+$*�./r9./i BG.o<_@RBG: �-@RiM:=.0D�4 K�:GD , K�.0DA@R*�� � ����� � � �4#	%�� ��� �@�9#	%
�9# 
 �	� ����� #�� #��	�� %��=% �4#���� � ��� ��# � � #�����  �3. �$# ��� 7(X�;¼Z=��  [Z��!�  � [Z�7	a_X0` � �

� � � e � ��4 <l@/D 538 �FO � �o:G+-,/+-B � 7�>F1oK�:G<_@RBGB=1r @/K�+E5�K�:&��4 BG@RiM:=.0D �£.o5 +EB�jk./*&@R<-.04 KiM:=<
K�+ED K�.0*W*�.0r9.RiPDA@ J :G,[@Ri�:G.0D � � ��� � � � �4#	%�� ��� �@�9#	% �9# 
 �	� �����$#�� #��	�� %��=% �4#��
� � ��� ��# � �$#�����  �3. �$# ����� 7 X�;�d =�� � d0d�� � d0`(7%acX0` � �

� d � � � �~@/D(,0+/7 � � �"./*�rA@(7(@/D 51( �oO ./D ,���T'> @/*M@/<NiM+E*�: �E:GD ,@RD 59�£.o5 +EBGBG:=D ,¿@�K�.0DA@R*
*�:=D ,�� UYD 
 ��� �G7 � 
 � ���2�	��� ����O�	�$� � �
��% ��� 72� @/,0+-K�Z/X(a �  ���� 7 7�> :GBG@/5 +EB � > :G@(7
acX0`0X��

� � � C ��C � ��+-.0D @/*�5 @/D 5 ��� > ��2�4 *�*M@/D[i�V¼OQ>[1oi�+� 8;.0r(:GBG+�*�.0r%./iBG.o<_@RBG: �-@RiM:=.0D rF1
iM*�@/<?6F:GD , ,0+E.��£+NiM*�:G<hr%+_@/<E.0D K�� � ����� � � �4#	%�� ��� �@�9#	%2�9# �O�	�$� � �
��% �4#���� ' �
���9" �	� �@�9# 7 � ;  =��  � d!�  0`[Z�7%acX0X�a��

� ` � e �	8^@/B=:G6 @/D 5 I � . �57 ./BG6/.�+gK�6o: ��eL.0r%./i BG.o<_@Ri�:G.0D;5 +-D K�:=i�:G+-K%��UYD 
 ��� �G7 � 
 � �
�2�	��� �� � �	�$� � �
��%�� 7��A@/,0+EK�ZR`����(Z/X��(7 �'./K�iM./Df7facX0X�� �



 (a

� X � 7 �	8;< ��+E*�*�.�+ � ��: ��4(B @Ri�:G.0DP./j�K�.0DA@/*]VY+E<?> .0BG.o<_@�iM:G./D5��UYD � � � 
 �9%�� � � � � %�� ���
�9# ���9" ��%�� �
� � �	�$� �-% 7�� @/,0+-K�a\Z � �%a! 0d(7�Al+�+'<-@/K�i�BG+NV 4��%.0D�V . 1oD +/7~acX/`0X �

� a!� � 7 � 8;< ��+-*�*�.�+ @RD 5 C � � @RBGB @/�$�?(lD :=D[iM*�.o5 4 <NiM:=.0D£i�.�iM> + � >[1oK�:=<-Kg./j�+-<?>(.0BG.o<_@�V
iM:=.0D5�(UYD � � � � � #��	� �@�9#��	����9# � �����$# ��� �9# � �	�$� � �
��% 7�A@/,0+EK�acX0`��(Z �0X(7[8 +-BGr%.04 *�D +/7
acX0X����

� a0a � ����8;./*M@ J +E<� ��+ED K�./* jk4 K�:G.0D :GD <-+E*�iM@/:GD[iY1 ,0*�:G5 Khjk.0* �§.0r :=BG+ *�.0r9.RiMK�� UYD
( �fT!@/KM@/B=K-7f+E5 :=i�.0*-7 � �$#	% � � � �$0 �
����% �4#�� � � %����$"/% � � � �O�	�$� � �
��%�� � � ��� � � �
� ��� �
��%�� � � 37 1��45 7�� @/,0+-KlZ��  ��(Z � d�� ��� *�:GD ,/+-*V���+-*�B @/, 7 �'+-*�BG:=Df7	acX/`0X �

� a\Z � 7 .0BG@/*�./:G5�T'.0*��%.0*M@�iM:G./D5� � ��� #�� � � ���� �������4'����C%������O%�������� �9#	�� � � �9% �9#��
� � �4#�.��
��#�. � � %����$"F7 � � �
�  � ���9% �9#��
� � �4#�.	��#�. � � %����$" ��� % ��� %�� �4# ' �	 �

� a! � 	 �§eg./iM>�V . @RrA@/6 @/D 5 . �§O +E1-�§.04(i�>5� I D J :=*�.0D��§+-D[i �£.o5 +EBWjk./* �§.0r :=BG+
*�.0r%./i�:G<-K�:GD(5 .�./*¿DA@ J :G,0@RiM:=.0D5� . +E<?> D :G<-@/B!eg+��%.0*iT � I V . e!V �  �V]X���7 . > +PmLD :bV
J +E*�K�:biY1P./j�8;:G<?>(:G,[@/D	7facX0X����

� a � � 28�[OQ:GBG6R+-KE7 ) �o2�4 5 +-6�7 8 � C/+ED 6F:GDf7�@/D 5 I �(8;:=BG:G./K�� (�*M@_1jk.0BGB=.�+g:GD , �§.�5 +EBA./j
K�.0D @/*"*M@/D ,/+§K�+-D K�:GD , ��UYD 
 � � �G7 �H�	��� ����O�	�$� �-% � 7 �A@/,0+EK��  0d�� � �[Z�7 �'.0KiM.0Df7
acX0X����


