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                   Figure 1.  A point z in S(q,p) and S(r,q)
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(0,r−2)

(−1,r−3)

(1,r−1)(−2,−r)

(2,r)

(1,3−r)

(0,2−r)

(−1,1−r)

           Figure 2. Some sets K(q,p) for the Ford disc packing
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  Figure 3. Sections of flowboxes with z fixed, projected to hyperbolic space
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Figure 4. Markov boxes within a flowbox
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Figure 5. Interval maps for the modular group and Ford disc packing

...1/(4−z),
1/(3−z),

−1/2 0 1/20

...−1/(z+4),
−1/(z+3),

1/(2−z), 1/(3−z), ...

−1/(z+2), −1/(z+3), ...

< I >5� ¤ @[< I >T:X:�8 S � � 4N�tÑ!8 E�J 4 E :"8Ç� S5M�Q�G;G�S 2 K[K @B�T>?2 J > I&Q�� £ª© ­�
|È�±x«n²B³�´�� ¤ 8 S 8 S @B6n8A:R@ E �
S 8 E �y@�� ¤ @�8 K 4 J @ I]M » ú9²7Î-¢&«%¼�1!2=Î-¢-û�8 S » «n² Ù ¼
4 E : » «9² Ù ´�8 S 4 Q�E 8 I&E�I]M ��8 G @ S » /�²�/®ü�Î-¢&«-¼x²0/21®«9²
4 E : » / ÷ Î-¢N«9²�/�¼�²4/21¨½RÉ ·�S £"4]�B� S �T>�4 ERS 8;�T8;6N@ G 2 I&E � ¶ � ¤ @ ST¤ 8 M � ST� 4N�y@ �� ¢N£,8 E � ¤ 8 S �y4 S @ ¤ 4 S
I&E @ S 2 K 1 I&G 4 E :�4Æ�T>�4 ERS 8;�T8 I&E�M�I >P@y4N� ¤ / � ÷ « I >0/ 1¨½RÉ Û+¤ @ KLI : Q�G 4]> J > INQ�� £ � ©ç­|¯P°l±�«9²B³�´
¤ 4 S 8 E :�@dÄ��F� I 8 E £¦4 E :�8;� S�ST¤ 8 M � ST� 4N�y@ �� ¢N£ � �74 E 1
@5:�@ S �y>?8A1
@y:=1!2��F� I�S 2 K 1 I&G;Sy¶ >?@ � >?@ S @ E ��@y:
8 E <08 J&Q >?@ ��1�2�� ¤ @��T8 G @ S � ± ä ´ M�I > ä � ��±�úR² Ù ´dÉ ê 4N� ¤ Å 4N>?Ñ I 6¿��>T4 E�S 8Ç��8 I&E ± ä ]�² ä ´ M�I > ä �
��±�úR² Ù ´�:R@B��@B> K 8 E @ S 4 E 4N>?> I � 8 E � ¤ 8 S � J&Q >?@ ¶ >T@ � >T@ S @ E �T8 E�J � ¤ @v� I&E �T>�4N�^��8 INEHK 4 ��� 8 E�J�I 1R��4N8 E @B:
1�2 M�I&GAG;I ��8 E�J � ¤ @�8 E � GAQ�S 8 I&E � ± ä ´D9 � ± ä ]�´^² ä ] � ��± Ù ²�/=´d²7��8;� ¤ � ¤ @ K 4 ��� 8 E�J ÷ Î-¢�±�0 ÷ /=´ ��£ �
� ¤ 4]�0��4NÑN@ S ± Ù ²�/=´h� I ±�úR² Ù ´dÉ D � S?¤�I&Q�G :`1
@ E�I ��@y:v� ¤ 4%�0� ¤ @�8 K 4 J @ S�INM � ¤ @ S @ K 4 ��S � G;G � ¤ @�8 E ��@B>?6]4 GAS
��8;� ¤�I&Q � I 6&@y> G 4 �R� 8 E�JR¶ 4 S >T@ � Q 8;>T@B:�1!2H� ¤ @ S @y� I&E : S ��4]��@ K @ E �58 E Ô I > § Î$ú § � §ÚDFE � ¤ @ G 4 E�JNQ 4 J @ INM
» <�«%¼ ¶ <µ8 J&Q >?@ �=>T@ � >T@ S @ E � S 4 � �NÞ "�Ý "i% � %$)�à$+ Ý � â(ã*)Fà^Þ "I��� + �$�*%^§[D�M ��@�8;:�@ E ��8 M 2�� ¤ @L�F� I¸�
I 8 E � S

n$n



G 4]1�@ G @y:|ú�8 E <µ8 J&Q >T@ �Ú4 E :�4 G;STI 8A:�@ E �T8 M 2 ÷ Î-¢&«���8;� ¤ Î-¢N«9²7��@ I 1R��4N8 E 4�� I&E ��>T4N�B�T8 E�J � I >?>T@ S?��INE :�@ E �y@
I&E � ¤ @v�B8A>?� G @�� ¤ 4]��8 S � ¤ @Æ8 E 6&@B> S @ INM � ¤ @v>?@y: Q �y@y:H� I >?>T@ ST�
I&E :�@ E �y@ �L¢N£ � É

�� n
N#-���
���J�'V��� !���¦ !#7�]��
&�'	�	�� �s���(#$ Q���-�
.�/0�
· � E 8Ç��@ G 2 J @ E @y>�4%��@y:¿:R8 S �B>T@^��@ STQ 1 J > INQ�� £ I]M 8 STINK @^��>T8;@ S|INM   × J 8;6&@ S 4 � Q�I �T8A@ E � I >T1�8 M�I&G :

  × ¢N£H��8Ç� ¤ � E 8;�T@ G 2 K 4 E 2�@ E : S » < � ¼ §n·¨� 4]>�4N1 I&G 8;���RÄ9@y: ��I 8 E � `[:�@^��@y> K 8 E @ S 45� E 8;�T@�4]>T@74 E @B8 J&¤ ¥
1 I > ¤�InI : � ± `
´?¢N£ � INM 4 E @ E : ¶ � ¤ @B>T@ � ± `�´�8 S 4 STQ�+ �y8;@ E � G 2 STK 4 GAGÚ¤�I > I 1'4 G;G 1'4 S @y: 4%�.` §ë·
� INK[�
I&E @ E ��8 E ��@B>?6]4 G � INM �
 ¸× ÷ È�±�£0´|��8Ç� ¤ @ E : �
I 8 E � S /�²�0,4 E : S �t4]1�8 G 8 Ë @B>`£��":�@^��@B> K 8 E @ S 4
¤ 4 GÇM���G 4 E @ � S?Q � ¤ � ¤ 4%� � � © /10�4 E : � ¢N£ � 8 S 4 E 8 E � E 8Ç��@`4N>T@y4 E @y8 J&¤ 1 I > ¤�InI : I]M 4 E @ E : §v·ÚGAG
@ E : S 4N>?8 S @|8 EHI&E @ INM � ¤ @ S @��F� I ��472 Sy¶ 4 E :�� ¤ @|>T@ ST� @y�B�T8;6N@ E @y8 J&¤ 1 I > ¤�InI : S�K 4$2=1
@`�y4 GAG @y:  $#&%'�*%
4 E :
� #nã'ãhà$� %^§

DFE�I >T:�@B>�� I � I&E ��> I&G � ¤ @�@ E : S�I]M  =¡9¢N£ M�I >�4 E 2�u,1®«9²n��@v4 S?STQ�K @Æ£,8 S�J @ I&K @B��>?8A�y4 GAG 2�� E 8Ç��@ §
Û+¤ 8 S � I&E :R8;��8 I&E �y4 E 1�@�:R@B� E @B:*8 E ��@B> KLS�INM�M�Q�E :�4 K @ E �t4 G : I&K 4]8 E�SB¶ 4 S 8 E »ºÌ 4]¼Æ± M�I >�u � ½�8;�
K @74 E�S � ¤ 4]��3�8A>?8A� ¤�G @B��: INK 4N8 E�S 4N>?@�� E 8;�T@^¥ S 8A:�@B:�´ ¶�I >�1�2 � > I&� @y>?�T8A@ S�I]M � ¤ @ G 8 K 8;� ��I 8 E � Sy¶ 4 S 1
@ G;I � §
Û+¤ @ S @�:�@B� E 8;�T8 I&E�S 4N>T@�@ � Q 8;6]4 G @ E �51�2 »ÍÌ 4]¼ ¶iÛ+¤�K=§ Î$« § ½ § � § � @B� å ±�£�´ 9  =¡H1
@�� ¤ @�� I&E 6N@^Ä ¤!Q�GAG
INM � ¤ @ G 8 K 8;� S @B� §�Û+¤ @�� âxà$� %$à^ãQ"�à^Þdãhà$�9I >  tÝ%ã#"Nà �  tÝ%Þ�à 	*±�£0´P© å ±�£0´?¢N£"8 S 4�:R@ M�I > K 4]�T8 I&E >?@B�T>�4N�^�
INM  H¡9¢N£"1�2 »ÍÌ 4]¼�ô7Î-«9ÉÇÎ�± 	*±�£�´�8 S � ¤ @|� I&K[�RG @ K @ E � INM � ¤ @v8 E �T@y>T8 I > INM � ¤ @ M�Q�E�E @ GAS � ¤ @ E u¸© «&´ §	*±�£�´ ¤ 4 S � E 8;��@ G 2 K 4 E 2�@ E : S 4 E :=@74N� ¤ � I >?>T@ ST�
I&E : S � I 4 � 4N>�4]1 I&G 8A���9ÄR@B: �
I 8 E � ` ¶ :R@B��@B> K 8 E @B:
Q�� � I � ¤ @Æ4N�^��8 INE�INM £�É'< I >+4 STQ + �B8A@ E � G 2 STK 4 GAG
¤�I > I 1'4 G;Gl� ± `
´�1'4 S @y:=4]�?`�²�± � ± `
´lP å ±�£�´T´?¢N£ ��8 S
4 E @B8 J&¤ 1 I > ¤�InI : INM � ¤ @5@ E : §PÛ+¤ 8 S :R@ S �B>T8 � ��8 I&E�INM @ E : S�¤�ING : S�M�I >+4�� I > S 8 INERM >T@B@5£¦1�2 »ÍÌ 4]¼ ¶RÛ+¤�KH§
Î-« § � § � § ón8 E �B@+£=8 S � E 8;��@ G 2 J @ E @y>T4]��@B:¸± »ºÌ 4]¼ ¶ Ô I > § � INM ô��9É �9É ´ ¶ ��@+�74 E � E :L4�� I > S 8 I&ERM >T@B@ S?Q 1 J > I&Q��
INM � E 8Ç��@58 E :�@^Ä�1�2Hó9@ G 1
@y> J�¹ÐS � @ K[K 4=± »ÍÌ 4]¼ ¶�Û+¤�K=§ Î-« § ½ § 	�´�4 E :=:�@B>T8;6N@5� ¤ @ J @ E @y>T4 G �74 S @ §

�¨¤ @ E 	*±�£0´�8 SÚE�I&E � I&K[� 4N�B� ¶ ��@�� ¤�I9INS @ S?Q � ¤ 4 ¤�I > I 1'4 GAG � ± `
´ M�I >Ú@74N� ¤ @ E : STI � ¤ 4]��� ¤ @ S @
E @B8 J&¤ 1 I > ¤�InI : S 4N>T@ E�I&E�I 6N@y> G 4 ��� 8 E�J 8 E 	*±�£�´H± S @B@ »ÍÌ 4]¼5ô-Î$«9É �9² � @ K[K 4 � M�I >L4 K[I >T@ J @ E @B>�4 G
� INE�S �T> Q �^��8 INE ´ § ó9@B�?��8 ERJ � ± Z ± `
´?´"© Z ± � ± `
´?´^² Z � £�² J 8Ç6&@ S 4 E 8 E 6]4N>?8 4 E � ¤�I > I 1'4 G;G�� 4N�tÑ!8 E�J
� ±6�&´d²L���B
�±�£�´^² INM  H¡ ¶ ��8Ç� ¤ 
[±�£�´�� ¤ @ S @B� INM0� 4N>T4N1 ING 8A���RÄ9@y: ��I 8 E � S ±�� §ÍM�§ » ó�«-¼(´ §�Û+¤ 8 S+� 4N�tÑ!8 E�J
8 S �B> Q �B8 4 G�M�I > I&Q > S 2 K 1 I&G 8A��:R2 E 4 K 8;� Sy§

� 8;� ¤ � ¤ 8 S�� 4N�tÑ!8 ERJ 4 S+K[I �T8;6]4]�T8 I&E�¶ ��@ � >T@ S @ E � STINK @5>T4]� ¤ @B>���@B� ¤�E 8;�74 G :�@^� E 8Ç��8 INE�Sy§ � @^��£¦1
@
4 E�I&E @ G @ K @ E �t4N>l2�:�8 S �y>?@B�T@ J > I&QR�XI]M 8 STI&K @B�T>T8;@ S�I]M  =¡�É · ��I 8 E � 0V�*È�±�£�´�8 S  tÝ%ã'âE M��� 8 M�M�I >54 E 2
�F� I���I 8 E � S ù|²`ùL]A�  H¡�²�� ¤ @B>T@�8 S 4 �
I&S 8;��8Ç6&@L� I&ERS �t4 E � �H© �R±�ù`²�ùL]�´ S?I � ¤ 4%��8 E � E 8;�T@ G 2 K 4 E 2
�
I 8 E � S�Z ±�ùL]Ç´^² Z ��£�² G 8A@�8 E � ¤ @ �7¥ E @B8 J&¤ 1 I > ¤RI9I : INM � ¤ @Ú>T4$2 ÷ :ù=0RÉ �ÚI �T@�� ¤ 4]��8;��8 S @ E�INQ�J&¤ � I � ¤ @B�tÑ
� ¤ 8 S � I&E :�8Ç��8 INE¸M�I > INE @ � 4N8;>�±�ù|²�ù ] ´^É DFE � ¤ @ G 8Ç��@B>�4]� Q >T@ ¶hSTQ � ¤ 4 G 8 K 8;� �
I 8 E �58 S 4 G;STI �74 GAG @B: Þ ��ßNâ����
I > � �'Ý%â(ã*)5Ý � �$�&�
ÞtÝ��&â�+ ��)�âxÝ%ã ��·ð��I 8 E � �B�ªÈ�±�£�´Æ8 S  $#1%'�'àTß 8 M � ¤ @ S ��4N1�8 G 8 Ë @y>Æ£ ��4N�^� Sv� > I&� @y> G 2
:�8 S � INE �T8 E!Q�I&QRSTG 2 I&E ÈÚ±�£�´ ÷ j �1k=��8Ç� ¤ � INK[� 4]�B� � Q�I �T8A@ E � � �-ÉP< I >�4 E @ � Q 8;6]4 G @ E ��:�@^� E 8;�T8 I&E 8 E
��@B> KLS�INM 4  $#&%'�'àTß=ãhà^âÇá � �^Ý%Þ � Ý$Ýyß|S @y@ »ÍÌ 4]¼ ¶ @ ST� @y�y8A4 GAG 2 Û+¤�KH§ Î-« § � § Î § Ô I&E 8A�74 G 4 E :�� Q�ST� @y: G 8 K 8;�
�
I 8 E � S�¤ 476&@ I&�R��I&S 8;�T@�1
@ ¤ 476n8 I > ¶ 8 E � ¤ 4%��@74]� ¤=I >T1�8Ç� INM £X4N�B� Q�K�QRG 4]�T@ S >T4 � 8;: G 2[4]��4`� I&E 8A�74 G�G 8 K 8;�
�
I 8 E �Æ4 E : S?GAI � G 2¸4]�Æ4�� Q�ST� @y: G 8 K 8Ç� �
I 8 E � § £ 8 S5ánàtÝI+�à$)�ÞdâE M������� �Pã'â�)Fà 8 M @B6&@B>?2 G 8 K 8;� �
I 8 E � INM £
8 S � I&E 8;�74 GiI >�� Q�ST� @y: §�· J @ I&K @B�T>T8;�74 G;G 2�� E 8Ç��@ J > I&Q�� ��8;� ¤ È�±�£�´P© �� H¡�8 S Ø QRS �Ú4L:R8 S �B>T@^��@ J > INQ��
£ INM�¤ 2 � @y>?1 ING 8A�[8 S?I&K @^��>?8A@ SÆM�I >v� ¤ 8A� ¤   ¡ ¢]£ ¤ 4 S � E 8Ç��@[6 I&GAQRK @�± »ÍÌ 4]¼ ¶�Û+¤�K=§ Î-« § � § «&´ §�ê 6N@y>l2
� 4N>T4N1 I&G 8;�Ú�RÄ9@y: ��I 8 E � M�I >�4 J @ INK @^��>T8;�74 G;G 2�� E 8Ç��@ J > I&Q�� 8 S � Q�ST� @y:�± »ÍÌ 4]¼ Û+¤�KH§ Î$« § � § ½�´ §

ó Q����
I&S @�£®8 S|ERI&E @ G @ K @ E �t4]>?2"4 E : J @ I&K @B��>?8A�y4 GAG 2�� E 8Ç��@ § � @^��7X±�£�´ 9 ¯� H¡,� INE�S 8 S � I]M 4 GAG
� ¤ @v��4 E�J @ E �Ú6&@B�B� I > S � I�G 8 E @ S /10[��8Ç� ¤ /�4 E :V0 G 8 K 8;� ��I 8 E � S�INM £�É � @B��� ¤ @ Þ�à� $#9ÞdÞ�à^ã*)	���NÞ )�INM � ¤ @
J @ I :�@ S 8;��Ò I � I 6&@y>�  ¡ ¢]£H1
@�� ¤ @�� G;I&S @B:[8 E 6]4N>?8 4 E � S @B��7X±�£0´?¢N£�É Û+¤ @�>T@B� Q >?>T@ E � � 4N>l�P8 S+â %$ÝI� ��)FàTß 8 E
� ¤ @`:R2 E 4 K 8A�y4 G�S @ E�S @`� ¤ 4]�Ú8;�Ú8 S � ¤ @ K 4-ÄR8 K 4 G 8 E 6]4N>T8A4 E � S @B��8 EHSTI&K @ IN� @ E�STQ 1 S @B� 	 9 ¯� H¡9¢]£ §
DFE :�@B@y: INE @Æ�74 E �t4NÑ]@(	 � I 1
@v4 E 2�1 I&QRE :�@y: E @y8 J&¤ 1 I > ¤�InI : INM � ¤ @v>T@B� Q >?>T@ E � � 4N>l� ¶'S 8 E �y@ /10 G 8A@ S

n B



8 E 4�1 I&Q�E :�@B: E @y8 JN¤ 1 I > ¤�I9I : INMµå ±�£0´ INE�G 2[� ¤ @ E /�4 E : 0�4]>T@ G 8 K 8Ç� �
I 8 E � Sy§
À�2 I&Q >�:R@ S �B>T8 � ��8 I&EÆINM � ¤ @P@ E : S0INM 	*±�£�´d² 7X±�£�´T¢]£�8 S � I&K[� 4N�B��8 M 4 E : I&ERG 2�8 M 	*±�£�´�8 S � INK[� 4]�B� ¶

8 E � ¤ 8A� ¤ �y4 S @ INE @ S 4$2 S £�8 S  tÝ%ã#"Nà �( tÝ  tÝI+=���! $) � óR472�£,4N�^� S�M >?@y@ G 2 I&E ¯�  ¡ ²R4 S �y4 E 1�@�4N>T>T4 E�J @B:
1�2 � 4 S?S 8 E�J � I 4�� I > S 8 INERM >T@B@ STQ 1 J > I&QR�[INM � E 8Ç��@+8 E :�@^Ä ¶�S?I ¯� H¡n¢]£H8 S 4 K 4 E 8 M�I&G : §�·ÚS � ¤ @ J @ I :�@ S 8;�
Ò I � I 6N@y>�� ¤ 8 SsK 4 E 8 M�ING :`8 S�·�E�INSTI 6�4 E :L4 S 7,±�£�´T¢N£=8 S 45� I&K[� 4N�B��8 STI&G 4]��@B:�8 E 6]4N>T8A4 E � S @B� ¶ À I ��@ E�¹ºS
� ¤ @ I >l2 I]M�Å 4N>?Ñ I 6 � 4N>?�T8;�T8 I&E�S ± » À�Ó]¼ I > » <s½]¼ ¶ ôtÓ!´�:�@B� E @ S 4 S 2 K 1 I&G 8;��:92 E 4 K 8;� S�I&E 7,±�£�´T¢N£�É Û+¤!Q�S
� ¤ @v� I&E 6&@dÄ¸� I � I&KL� 4N�B���y4 S @Æ8 S ��@ GAGiQ�E :R@y> S � InI : ¶ 4]� G @y4 S � Q�� � I 4�� E 8Ç��@5� I 6N@y> §

ó I 4 STSTQRK @�4 GASTI � ¤ 4]��£ª8 S|E�I �`� I&E 6&@^Ä�� I � I&KL� 4N�^� §�Û+¤ @ E 
�±�£0´58 SvE�I&E @ KL� �F2¦4 E : ¶ 4 S � ¤ @
4N�^��8 INE�INM £ I&E ÈÚ±�£�´�8 S5K 8 E 8 K 4 G�¶ È�±�£0´�8 S � ¤ @�� GAI&S?Q >T@ INM 
[±�£�´^É � @B��
 © 
[±�£�´d² STI Èç©ëÈ�±�£�´^²
7 © 7X±�£�´d²�4 E : 
`¢]£"8 S � E 8;��@ §s� @5��8 GAGhS?I9INEHE @B@y:�� ¤ @ M�I&G;GAI ��8 ERJ�G @ K[K 4 §

S  9�"�"� �J��V��'VXW�a�Yto,o�b��Nw;ghf(_%o�Y5m;o� H¡=mA\��n�
YB{�eBrX_�o�b-o
z�c?m��$m(_%f�Y�f�Y���Y�o�z�b-q�£P²h£ _!j-z�\5q(c^YyY�f�r
b-o 
 C*±�È ÷ 
`´dÉ

Û+¤ @ � > InINM :�@ � @ E : S�I&E 4 E @B6n8;:�@ E � � > I&� @y>l�F2 INM 4 � > I&� @y> G 2�:R8 S � I&E ��8 EnQRI&Q�SPJ > INQ�� 
 INM 8 STI&K @^¥
��>?8A@ S0INM 4 GAI �74 GAG 2�� I&KL� 4N�^� K @B�T>T8;� S?� 4N�B@ � >i� ¤ @��RÄ9@y: S @B� S <µ8�Äi± æ ´s© j ûV� � > æ ±(û�´�©®û,k!² æ � 
L²
M�I > K 4 GAI �74 G;G 2�� E 8Ç��@ M 4 K 8 G 2Ú8 E � §�DFE|� 4]>?��8;� Q�G 4N> ¶ � ¤ @ S @^� S æ ±�<µ8�Äi±ga�´T´�© <08ÇÄ�± æ a æ'îiï ´^² æ � 
|¢ å ±Ea�´^²
M�I > K 4 G;I �y4 GAG 2Ú� E 8;�T@ M 4 K 8 G 2 ¶ � ¤ @y>?@ å ±Ea�´�8 S � ¤ @��y@ E ��>�4 G 8 Ë @y> INM a`8 E 
�É � @�4 ����G 2�� ¤ 8 S � I � ¤ @�4N�^��8 INE
INM £ I&E ¯� H¡�É-ó QR����INS @�4 ERI&E ��>T8Ç6n8 4 G @ G @ K @ E �?aY��£[�RÄ9@ S 4 � 4N8;>P± `�²�0�´D�B
VC�È+²	0;R© `iÉ Û+¤ @�<µ8ÇÄ�±ga
´
� INE�S 8 S � S�INM �F� I Ò I � G 8 E @ S�j è�ét±�� e9´=>�K=� í k!²�� ¤ @B>T@be�8 S �t4 ERJ @ E ��� I ÷:`J0�É DFE :�@y@B:�� ¤ @ S @`Ò I � G 8 E @ S
4N>?@��RÄ9@B:�1�@B�74 QRS @ a � >T@ S @y>l6&@ SA� ± `
´�4 E : E�I`I � ¤ @B>�6N@y�B� I > S 4N>T@+�RÄ9@y:�1
@y�y4 Q�S @2<�±�<µ8ÇÄ�±Ea�´?´ 9® H¡�8 S
�RÄ9@y:¸1!2;a�4 E : S?I�¤ 4 S :�8 K @ E�S 8 I&E 4]� KLI&S � INE @ §�·ÚS � ¤ @ S �t4]1�8 G 8 Ë @B> INM @y4N� ¤ Ò I � G 8 E @Æ8 S � ¤ @v� E 8;�T@
J > I&Q�� £ � P�£ 
N²h��@ S @y@�� ¤ 4]��� ¤ @ M 4 K 8 G 2 INM Ò I � G 8 E @ S � ± Z ´Ú© Z îiï ± j è�ét±6e9´�>JK8� í k]´d² Z � £�²�8 S
GAI �74 GAG 2�� E 8;��@ §

ó Q����
I&S @ 0�8 S � I&E 8A�74 Gx§ � @^�Æùö© ùL]�© <�±�e9´�4 E : G @B� 	 9  H¡=1
@�� ¤ @�� GAI&S @y:,1'4 G;GµINM >T4N:�8 QRS
�9±�ù`²Tù5´��B@ E ��@B>T@B:"4]��ù`É Û+¤ @y>?@L8 S 4 S @ � Q @ E �y@ Z - INM :�8 S ��8 E �B��@ G @ K @ E � S5INM £ STQ � ¤ � ¤ 4]� M�I >�@y4N� ¤
/ � ¤ @�:�8 S �t4 E �B@ M > I&K Z -`±�ù�´�� I ÷:`*0"8 S 4]� KLI&S � �9±�ù|²�ù5´dÉPó I � ¤ @=� I&KL� 4N�^� S @B� < îiï ±�	,´ K @B@B� S
� ± Z -�´ M�I >�@y4N� ¤ /�²�� ¤ 8;� ¤ � I&E ��>T4N:�8;�B� S5G;I �y4 G � E 8;�T@ E @ STSB§`Û+¤!Q�S 0�8 S�ERI �5� INE 8A�y4 G 4 E : STI�¶ 4 S £ 8 S
J @ I&K @^��>?8A�74 GAG 2�� E 8;��@ ¶ 0 �V
LÉ Û+¤ @ G @ KLK 4 M�INGAGAI � SB§

Û+¤ @��y4 S @Lu © « INM � @ KLK 4,ÎNÎ § ÎL8 S 4�� G 4 STS 8A�74 G >T@ S?Q�G �`4N1 I&Q �Æ� ¤ @L�RÄ9@B: G 8 E @ INM 4�>T@^Ò'@y�^��8 I&E
8 E 4L� E 8;�T@ G 2 J @ E @B>�4]�T@y: J > I&Q��HINM 8 STI&K @B�T>T8A@ S�INM   × ² S @B@ » < � ¼ ¶
�h§ Î&Î7õ §�Û+¤ @B>T@`8 Sy¶ 8 E �B8A:�@ E �t4 G;G 2 ¶ 4 E
@^ÄR4 KL��G @�8 E ô$Î �`��8;� ¤ uH©ò½`� ¤ @y>T@v£X� I&E �t4]8 E�S >?@BÒ'@B�B��8 I&E�S 1 Q � S ��8 GAG 4N�B� S�M >T@B@ G 2 I&E 
 C¦±�È ÷ 
|´^É

·�S 4]1 I 6&@ ¶ £ª8 S 4 S 2 K[K @B�T>?2 J > INQ��"M�I >`4 ¤�I > I 1'4 G;G�� 4N�tÑ!8 E�J�� ±6�&´d²b� �O
�É ÅHI >?@ I 6&@B> ¶ � ¤ @
� Q�I �T8A@ E ��1�2H£ INM <P±67=´ ÷ DFE � 3 � ±��N´^²M� ��
�²�8 S � I&K[� 4N�B� §�D � M�I&GAG;I � S � ¤ 4]��� ¤ 8 S�¤�I > I 1'4 G;G�� 4N�tÑ!8 E�J
8 S -L¥F:�@ E�S @ M�I > STI&K @�- X úRÉi<08ÇÄ�4 ST¤ 4N: I � M 4 K 8 G 2H¯�±6�9²E`�´^²L±��n²E`
´ � �`² S?Q � ¤ 4 S � ¤ @ M 4 K 8 G 2 INM
>T8;: J @ ST¤ 4N: I � SB§ ô �|� I&ERS ��> Q �B� S ��>T4 E�S 6N@y> S 4 G;S�� ± `
´^²	`;�V
L²R4 E :�Ò I ��1 I Ä9@ S � ±6�9²g`
´^²Æ±6�9²g`
´ � � M�I >
� ¤ @ J @ I :�@ S 8A��Ò I � è'é I&E 7�É��5¢N£X8 S � E 8;��@ S 8 E �B@ 
`¢]£¦8 S � E 8;�T@Æ4 E :�@74N� ¤ � �9² ` �B
L²'8 S � INK[� 4]�B� §
Û+¤!Q�S � ¤ @y>?@�4N>?@ I&ERG 2�� E 8Ç��@ G 2 K 4 E 2�Ò I ��1 I Ä9@ S+Q�� � I � ¤ @Ú4N�B�T8 I&E[INM £�É Û+¤ @�8 E :�@^Ä S @B� S 
 ]
4 E : 
 �
INM ôdõ�4N>T@�� E 8;��@�4 E :�� ¤ @�>T@B: Q �B@y:�4]8 K @y:�� I >T>T@ ST�
I&E :�@ E �y@ �L¢N£ 8 S :�@^� E @y: I&E 4�� I&KL� 4N�^� ST� 4N�B@
��¢N£�É

Û+¤ @ E @^Än��� ¤ @ I >?@ K S?¤�I � S � ¤ 4]�+� ¤ @v>?@ S?Q�G � S�I]M0� >T@B6n8 I&Q�S�S @B�B��8 I&E�S 4 ���RG 2�� I � ±��N´^² �.�B
�É � @
6&@B>T8 M 2¸� ¤ 4]�Æ� I&E :�8;�T8 I&E�S ± · ´�4 E : ±�À+´ ¤�ING : M�I >�� ¤ @ ánàtÝI+�à$)�ÞdâE b+�àM�I%$#9Þ�ài $� �I%�%ÚINM ó Q�G;G 8Ç6N4 E�¶ � ¤ 8A� ¤
��4 S ��> S �Ú:�@^� E @y:¸4 E : S � Q :�8A@B: M�I >�uH© «�1!2 �04]�T�T@y> STI&E » �s¼ §
Û+¤ 8 S�K @y4 STQ >T@Æ� G 4 STS�J @ E @y>�4 G 8 Ë @ S � ¤ @
� @y1
@ S?J&Q @ K @74 S?Q >T@Ú� G 4 STSy¶ � I � ¤ 8A� ¤ 8;��>T@B: Q �B@ S � ¤ @ E  H¡9¢N£ ¤ 4 S � E 8;�T@Ú6 INGAQ�K @ §µ� @Ú��8 GAG :�@ S �y>?8A1
@
� ¤ @ J @ I&K @B��>?8A� K @74 S?Q >T@�� G 4 S?S 8 E �T@y> K[SÆINM �y@B>?�t4]8 EXS �t4 E :'4N>?: I 1nØ?@B�B� S 8 EXJNGAI 1'4 G 4 E 4 G 2 S 8 S Ñ E�I � E

n %



4 S � ÞM�! $)�âxÝ%ã\����ßnà^ã�%^â�)�âxà�% ± S @y@ » � ó!¼(´ §0Û+¤ @ S @�4]>T@�@ � Q 8;6]4 G @ E �`� I � ¤ @  tÝ%ã � Ý%Þ + ����ßnà^ã�%^â�)�âxà�%5Q�S @B:¿1!2
ó Q�G;G 8Ç6N4 E 1 Q �Ú4N>?@v:R@B� E @B:H��8Ç� ¤�I&Q ��4 Ì 8A@ K 4 E�E 8 4 E�K @^��>?8A� §

Ô I&E�S 8A:�@B>�4 E @dÄ � >T@ S?S 8 I&E � ±�û�´$ÿ W&û�ÿ � � ¤ @y>T@ � 8 S 4�� I&E �T8 E!Q�I&Q�S >T@74 G ¥�6]4 G;Q @y: M�Q�E �^��8 INE`I&E 4 E`I&� @ E
S @^�v8 E�í - ¶ ÿ W&û�ÿ'8 S � @y1
@ S?J&Q @ K @y4 STQ >T@ ¶ 4 E : �i� í É D�M ��@�� ¤ 4 E�J @�� I9I >T:�8 E 4]��@ S 1�2�4 å ï :�8 ��@ I ¥
KLI > ��¤ 8 STK û*© %�±���´d²h��@ M�I > K 4 GAG 2 I 1R��4N8 E � ±(û�´-ÿ W�û�ÿ � © æ ± �R´-ÿ W ��ÿ � � ¤ @y>?@ æ ± �R´�© � ± %�± �R´T´ �P±���´ �
4 E : ��± �R´�©ðÿ�:�@B�*-�%�±���´$ÿ ¶9STI �¦4 E : æ 4N>?@5� I&E �T8 E!Q�I&Q�SB§ �ÚI �ç�RÄ�4 å ï K 4 E 8 M�ING : � 4 E :=:�@^� E @v4
 tÝ%ã*)�â(ã*#�ÝI#&% � �lßnà^ã�%^â�)��ÚI&E � � I 1�@Æ4 M 4 K 8 G 2 INM�STQ � ¤ @^Ä � >?@ S?S 8 INE�Sy¶�I&E @58 E @74N� ¤ � InI >?:�8 E 4%��@�� ¤ 4N>?� ¶
� ¤ 4]���T>�4 E�SlM�I > K 4 S 8 E :R8A�74%��@y:H� ¤ @ E�I&E @`� ¤ 4 ERJ @ S � ¤ 4]>?� SB§�· � I&E ��8 EnQRI&Q�S ú-¥F:�@ E�S 8Ç�F2¸8 S 4�� I&E ��8 EnQ ¥
I&Q�S�M�Q�E �^��8 INE�I&E � � ¤ @y>T@y4 S 4v� I&E ��8 E!Q�I&Q�S Î^¥F:�@ E�S 8Ç�F2[8 S 4 K @y4 STQ >?@ I&E � J 8;6N@ E 1�2�4|� I&E ��8 E!Q�INQ�S
:�@ E�S 8Ç�F2 M�Q�E �B�T8 I&Eh§Pê 4]� ¤ � INE �T8 E!Q�I&QRS �B¥�:�@ E�S 8;�F2 I&E � 4N�B� S 4 S 4�� I&E ��8 E!Q�INQ�SÚG 8 E @y4N> M�Q�E �B��8 I&E 4 GhI&E
� ¤ @Ú<'>?@y� ¤ @^� S?� 4N�y@ INM � I&E ��8 E!Q�I&Q�S ±lÎ ÷ �-´F¥F:R@ E�S 8;��8;@ S ��8Ç� ¤ � I&KL� 4N�^� STQ����
I >l��1�2�� ¤ @�> Q�G @[Õ K`Q�G �T8 ��G 2
4 E : 8 E ��@ J >�4%��@ I 6&@y> � § Ö Û+¤ @ M�QRGAG : Q 4 G+ST� 4N�B@¸� I&E�S 8 S � S[INM �B¥F:�@ E�S 8Ç��8A@ S � ¤�I&S @=� I @ + �B8A@ E � S 4N>?@
�y@B>?��4N8 E J @ E @y>�4 G 8 Ë @y: M�Q�E �^��8 I&E�Sy¶�E 4 K @ G 2"� ¤�I&S @ �B¥F:�@ E�S 8Ç��8;@ S ��8;� ¤ G;I �y4 G @dÄ � >T@ S?S 8 I&E�SLINM � ¤ @ M�I > K
��ÿ W�û�ÿ � îiï � ¤ @B>T@ �¸8 S 4�À I >T@ G�K @74 S?Q >T@ §�� @���8 GAG 1
@�� INE �y@B> E @B:���8Ç� ¤ � ¤ @��y4 S @�� ¤ @ E 4 GAG � ¤ @ ��4N>?@
E�I&ERE @ J 4%��8;6N@vÀ I >T@ GiK @y4 STQ >T@ SB¶ 8 E � ¤ 8;� ¤ �y4 S @Æ��@5��8 GAGhS?� @y4NÑ INM 4 �'Ý %^â�)�â "Nà � �lßnà^ã�%^â�) ��I&E � §

� 8Ç6&@ E 4 Ì 8;@ K 4 E�E 8A4 E�K @B�T>T8A� æ I&E � ��8;� ¤ 8;� S�S?K[InI � ¤�K @74 S?Q >T@�ÿ W1e��%°l± æ ´-ÿ ¶ @74]� ¤¸�
I&S 8Ç��8;6N@ �y¥
:�@ E�S 8Ç�F2 ¤ 4 S � ¤ @ M�I > K �P± æ ´$ÿ W&e��]°l± æ ´$ÿ � îiï � ¤ @y>?@ �P± æ ´µ8 S 4 ��I&S 8;�T8;6&@�À I >T@ G
K @74 STQ >?@ INE � § Ê E @Ú�y4 E
@74 S 8 G 2v� ¤ @y�tÑ`� ¤ 4]� ��± �i× æ ´�© � � �P± æ ´ M�I >µ@y4N� ¤���I&S 8;�T8;6&@ S �y4 G @ M�QRE �B�T8 I&E � ¶ � ¤ @y>?@ �Æ© /X±lÎ ÷ �%´d²���©
Î ÷ �]¢ /�É Û+¤ 8 S 8 S � ¤ @`�T>�4 E�SlM�I > K 4]�T8 I&E=G 47� M�I >Ú4�� INERM�I > K 4 G :�@ E�S 8Ç�F2 INM :R8 K @ E�S 8 I&E � ¶ 4 S 8 E » ó
Îy¼ §
Û+¤ @ E 4]� Q >�4 G :�8 K @ E�S 8 I&E 1 I&Q�E :¸ú � � � / �T>�4 ERSTG 4%��@ S 8 E � I � ¤ @Æ� I&E :�8Ç��8 INE ú � � � ÎNÉ

� @B� �Æ1
@Ú� ¤ @ÚÏ�4 Q�S : I > �¸:�8 K @ E�S 8 I&E�INM È+²
/ ©òu ÷ Î&²94 E : ��©¾Î ÷ �]¢ /�É�ó Q�GAG 8;6]4 E � INE�S �T> Q �^� S
4 �
I&S 8Ç��8Ç6&@ �B¥�:�@ E�S 8;�F2 I&E �� H¡ » ó�Î ¶ ó�«%¼ §ò� @ K 4$2 S?Q�K[K 4N>?8 Ë @�� ¤ 8 S � I&E�S ��> Q �B��8 I&E 4 E : S @B6N@y>T4 G
INM ó QRGAG 8Ç6]4 E�¹ºS >?@ STQRG � S 4 S�M�I&G;GAI � Sy§®DFE � ¤ @�1'4 G;G�KLI :�@ G�INM   ¡ ²�� ¤ @¸4 S 2 KL� � I �T8A�H:�8 S ��>T8;1 Q �T8 I&E INM
4 E 2X£h¥ I >?1�8;�54 S 698;@B��@y: M > I&K � ¤ @ I >T8 J 8 E :R@B� E @ S 4��y@B>?��4N8 E À I >?@ G�� > I 1'4N1R8 G 8Ç�F2 K @74 STQ >?@ INE �� H¡
� ¤�I&S @ STQ��R��I >l�+8 S È §�Û+¤ @ ánàtÝI+�à$)�ÞdâE =+�àM�I%$#9Þ�à� $� �I%�% 8 S � ¤ @�� G 4 STS�INM � ¤ 8 S�K @74 S?Q >T@ § Ô I&Q���G @y:���8;� ¤
� ¤ @ ST��¤ @y>T8;�74 G�K @^��>T8;� INE �
 =¡�²�� ¤ 8 S`� > I 1'4N1R8 G 8Ç�F2 K @y4 STQ >T@�:�@^� E @ S 4 ��I&S 8;�T8;6&@ �y¥�:�@ ERS 8;�F2X� ¤ 4]��8 S
8 E 6]4N>?8 4 E �+1�2=£�É

� �� !���% n� �J�'V ��V�~+m��$Ytoª_�pRYBb-��Y$z�c?m�j^_%fAf�r���o�mxz�Y[p�c^b!Z7gò£ z�a�_RzÆmA\�o�bnz`jBb-o
�-YT�®jybnjyb$�`gi_�j-z���m�z�\
pRYBb-��Y$z�c?m�j���Y^_]\yZNc^Y�jtf _]\T\�\t_Rz�mA\?��Yt\ �����+_%o�{)���0��qxb-c�_]oNr�£�w�mAo
�^_]cTm _]o
zha�b-cdb9e&_]f;f�gi_!jlk!mAo9p � ±6�&´d² �.�

 © 
�±�£�´^É ��fA\db 
ëmA\�o�Z]fAf�}��µY-z�¯�±6�9²g`
´^²�±��n²E`
´2�&�`²µe�YÆ_[£�w�m;o��^_]c?m(_]o
z�\Ta'_!{�b]�¨q�_]�[m;f�rN� �L¢N£�m�z�\
c^YB{
ZnjBYy{[_]m;��YB{�jyb-c?c^Yt\xg�b$o�{�Yto
jyYy�
_]o�{ � ¢N£�z�a
Y�cdYy{
ZnjBYy{���_]c?knYy{Ljyb$cTc^Y�\�gsb-o�{�Y�o�jyY�b-q���c^bdgs} ���!}��&}
�µY-z è é e�Y`z�a
Y�cdYy{
Z!jyYy{�pRYybn{�Y�\Tm�j��
bN�®b-o(7=¢N£�É
�(_ � � ¢N£¦m;\�{�Yt��o
Yy{¸b$o�_[jyb$�`gi_�j-zs\�g�_!jyY�� ¢N£�_]o�{[mA\�b-c7e]m�z�w�Y � Z]m��^_]f�Y�o
z�z�b è é É
�Fe � �L¢N£�mA\Ú{�Y���o�YB{Hb-oH_LjBb-�`g�_!j-zµ\xgi_!jBY��+¢N£"_%o�{[mA\Úb-c7e]m�z�w�Y � Z]m��^_]f�Y�o
z�z�b è é ��a�Y�oQ
mC�±�È ÷ 
|´
mA\A
vw�q(cdYyYÚqxb-c�£�É	T�a�m;\�a�b-f�{�\5��a�Yto¦z�a�YÆj$ZN\�gX\7z�_Re]mAf;m��%Y�cT\�_%c^Y`z�b-c?\Tm�b-o�q(c^YBYy����a
Yto¸u=©ç«9²�b-c5��a�Y�o�£
ghcdYt\^Y�c7�$Yt\vb$cTm�Y�o
z�_Rz�m�b-o=_]o
{�uH©ò½9É
��j � �L¢N£¦a�_%\�_���oRm�z�Y�m;o
�B_%cTm(_%o�zPYtc?p9b9{!m�j ��b-cdYtfi��Y^_]\yZNc^Y ����m�z�a�\yZ7g�gsb-c7z ��¢N£�É

Û+¤ @ � > I9I]M�INM ± · ´ Q�S @ S 4 E @B> J&I :�8;�¦8 E 6]4N>?8 4 E � K @y4 STQ >T@ M�I > è é M�I&Q�E :ç1!2 ó Q�G;G 8Ç6N4 E�§ � @^�
��ÿ W�û�ÿ î�� � - 1�@=� ¤ @ GAI �74 G @dÄ � >T@ S?S 8 I&E M�I > ¤ 8 S[��INS 8;�T8;6N@ �B¥F:R@ E�S 8;�F2 8 E 4 EýQ��R� @B> ¤ 4 GÇM�ST� 4]�y@ KLI :�@ G
INM   ¡ É � @B� Z � £ý4 E :Xû ] © Z ±(û�´�� í - ² STI ÿ W&û ] ÿ�© �P±�û�´ Z � ÿ W&û�ÿ ²h� ¤ @y>?@���±�û�´Æ© ÿ�:R@B�J- Z ±(û�´-ÿ É
·�SLZ � ± ��ÿ W&û�ÿ î��

� - ´+© ��ÿ W&û ] ÿ î�� � - 1�2H8 E 6]4N>T8A4 E �B@ ¶*Z � ± ��´�© � î�� � - �µÉ ��I � M�I > � ] © Z ± �R´���@ ¤ 4$6N@
ÿ û*] ÷ �!]�ÿ ×�© ÿ û ÷ ��ÿ ×]± �P±(û�´ �P±���´?´ ï � - ¶ 4 S 8 S @y4 S 8 G 2X� ¤ @y�tÑ]@y:ý1�2"@^Ä � >T@ STS 8 E�J�Z 4 S 4�� I&KL��INS 8;�T8 I&E
INMÚS 8 K 8 G 4N>?8;�F2���>T4 E�SlM�I > K 4]��8 I&E�S 4 E : 8 E 6&@B> S 8 I&E 8 E � ¤ @ QRE 8;� S?��¤ @y>?@ § ó Q�G;G 8Ç6N4 E :�@B� E @ S � ¤ @=À I >T@ G

n �



K @74 S?Q >T@

±lÎNÎ&É ½&´ �L© ± ��C$�i´T¢
ÿ û ÷ ��ÿ × �

I&E � ¤ @ S?� 4N�B@ � INM0I >?:�@y>?@y: � 4N8A> S ±�û�² �R´ INM :�8 S ��8 E �B� �
I 8 E � S 8 E ��  ¡ É�À�2�� ¤ @ � >?@y�y@B:�8 ERJLM�I > K�Q�G 4 Sy¶
Z � ± ��´�© �9² Z �ò£�²µ4 E : �¦8 SvSTQR����I >?��@B: I&E >�Ésó98 E �B@ >ö8 S � ¤ @ I >?1�8;� ST� 4]�y@ INM è�é?² �":�@^� E @ S 4
K @74 S?Q >T@ I&E 7 8 E 6]4N>T8A4 E ��1�2�£¦4 E :�1�2=è'é §�Û+¤ 8 S :R@ S �B@ E : S � I 4 E 8 E 6N4]>T8 4 E � K @y4 STQ >?@ W /

�
M�I > è é É

ó Q�G;G 8Ç6N4 E�� > I 6N@ S � ¤ 4]�LW /
�
8 S � E 8Ç��@54 E :=@B> J&I :�8;��4 E : ¤ 4 S+STQ����
I >l��@ � Q 4 G � I 7=¢N£ STI ��8 S @B> J&I :�8A�

M�I >�� ¤ @Ú4]�B��8 I&ELINM £ » ó�«-¼ §�D�M  H¡9¢N£ ¤ 4 S � E 8;�T@�6 I&GAQRK @+� ¤ @ E È�©O�� H¡
²���© ÿ W&û�ÿ ² W /
�
8 S � 8 I&Q 6n8 G;G @

K @74 S?Q >T@ I&E ¯� H¡9¢N£�²�4 E :�� ¤ @Æ@y> JNI :�8;�y8Ç�F2 INM W /
�
8 S 4�� G 4 S?S 8A�y4 G >?@ STQRG � INM Ï I&�RM�§

� @B�'= < 9 3 � ±6�&´d² � �

�²h1
@�4 S 8 E ô-Î�4 E : G @B� 	 < © ±6< îiï = < ´?¢N£�² S?I » e�¼ � 	 < 8 M�STINK @|:�8 S �
INM >�4]:�8 Q�S � X : �y@ E �T@y>T@B:�4]�=<�±�e9´ G 8A@ S 8 E�STINK @ � ±6�&´dÉ ·ÚS � ¤ @ STQR����I >?� INM W /

�
8 S 7=¢N£�²i4 E :¦4 S

	 < 8 S5I&� @ E 4 E : E�I&E @ K[� �F2 ¶ W /
�
± 	 < ´8X¾úRÉiÀ�2�@y> JNI :�8;�y8Ç�F2 ¶ � ¤ @ S @B� INM 4 GAG » e�¼ � 7=¢N£ STQ � ¤ � ¤ 4%�

STQR�^j KD> è é ± » e�¼ ´ � 	 < kÆ© ü Ù ¤ 4 S+M�Q�G;GhK @74 S?Q >T@ § ± · ´ M�I&G;GAI � S 8 KLK @y:�8A4]��@ G 2 §
Ô I > INGAG 4]>?2 · Î § �v8 KL��G 8A@ S � ¤ 4]��±�À�´ ¤�ING : SPM�I >P� ¤ @ J @ INK @^��>T8;� K @y4 STQ >?@Ú� G 4 S?S ±�1 Q � S @B@54 GAS?I »ÍÌ Q ¼ ¶

� @ KLK 4�Î-´ § 
 8 S�E!Q�GAG 1�2 » óR«%¼ § ±�4�´�4 E :�±�1�´ E�I � M�I&G;GAI � M > I&KöÛ+¤�K=§ õ § ½ ¶ � @ KLK 4�Î&Î § Î ¶ 4 E : ��> I&��§
· ½ § Î §

� @ E�I �ç� I&E�S �T> Q �^� �hÉ�<08ÇÄ�4`� QRST����I 8 E �D�|4 E : E�I ��@�� ¤ 4]��À�: 	*±��N´�8 S �!¥ E!Q�G;Gx§sD � M�INGAGAI � S � ¤ 4%�
��@ K 4$2�>T@ S ��>?8A�B� ��� I 	*±6�&´dÉ � @ � > I Ø?@y�B��� ¤ 8 SPK @y4 STQ >T@ M�I >?��4N>T:L� I 4 K @74 S?Q >T@ � � INE È ÷ j �1k�� ¤ 4%�
8 S � E 8;�T@ I&E � I&KL� 4N�B� S @B� Sy§ < I > � 9 È ÷ j �!k!² �P> I&��§ � § «�8 KL��G 8;@ S ���N± � ´�© " � �'± � P¦¯�±��n²E`
´?´^²
� ¤ @B>T@ `X6]4N>?8A@ S5I 6N@y>Æ� ¤ @�� Q�ST�¦��I 8 E � S ��8;� ¤ ±��n²E`
´8� �`É Û+¤!Q�S � 8 S5K @y4 STQ >T@^¥ � >T@ S @B>?6n8 E�J�M�I >5� ¤ @
K @74 S?Q >T@ � � © � � � I&E � © � È ÷ j �1k!Éió98 E �y@L£ � � >T@ S @y>l6&@ S 	*±��N´�4 E : S 8 E �y@ ��8 S £h¥�8 E 6]4N>T8A4 E � ¶
� �|8 S £ �t¥�8 E 6]4N>T8A4 E ��4 E : � � 8 S £h¥F8 E 6]4N>?8 4 E � § Ô I > §Æ· Î § ��8 K[��G 8A@ S � ¤ 4]��� ¤ @ E�I&E �T>T8;6n8A4 G �9ÄR@B: S @B� S5INM@ G @ K @ E � SµINM £ ��4N>?@ E!Q�G;Gx§�Û+¤nQRS � ¤ @B>T@�8 S 4�� E 8Ç��@�À I >T@ GRK @74 S?Q >T@ ��� INE � ��©¾±�È ÷ j �1k]´T¢]£ ��8 E : Q �B@y:
1�2 � �%É Û+¤ @ S @ K @74 STQ >?@ S ���+:�@^� E @Ú4Æ� E 8;��@�À I >T@ G'K @74 STQ >?@ � I&E ��¢N£�É ��8 S 8 E 6]4N>T8A4 E ��1�2(�L¢N£ S 8 E �B@
�¦8 S £h¥�8 E 6]4N>T8A4 E � § ó98 E �y@ �X8 S £h¥F@B> J&I :�8;� ¶ �X8 S @y> J&I :�8A� M�I >5� ¤ @[>T@B: Q �y@B:*4N8 K @y:X� I >T>T@ ST�
I&E :�@ E �y@ §
Û+¤ 8 S�� > I 6&@ S ±��$´+4 E :�� ¤ @Æ� ¤ @ I >T@ K 8 S+� > I 6N@y: §

Û0I 8 G;GAQ�S ��>�4%��@=±��7´ ¶�S 472Xu ©¬«=4 E :�£ª© ­|¯�È�±x«9²B³P´5��8Ç� ¤ � ¤ @[< I >T:X:�8 S � � 4N�tÑ!8 E�JR§ Ê E @[�y4 E
�t4]ÑN@ �"© ±�0 ÷ /9´ î ×!ÿ W10�ÿAÿ W!/�ÿ É D :�@ E ��8 M 2n8 E�J ��¢N£ ��8Ç� ¤Xí ¢!³�²04 E : Q�S 8 E�J � ¤ @[@ E : �
I 8 E � S 8 E <µ8 J&Q >T@
« ¶�I&E @�� E : S � © : ±�0�´-ÿ W!0
ÿ ²µ� ¤ @B>T@ : ±g0&´L© ±dÿ 0�ÿNü « ÷ � ´ îiï ü ±�½ ÷ � ÷ ÿ 0�ÿÍ´ îiï ²]ÿ 0�ÿ � Î-¢N«9É �"8 S
4�� E 8Ç��@�@B> J&I :�8A�`8 E 6]4N>T8A4 E � K @y4 STQ >T@ M�I >�� ¤ @���>T4 E�SlM�I > K 4]��8 I&E�ñ INM ±�ú § Î$´ §`D �Æ8 S � ¤ @[4 E 4 GAINJ&Q @ M�I >
G @y4 S �l¥F>?@ K 4N8 E :R@y>5� INE �T8 E!Q @B: M >�4N�^��8 I&E�SÆINM � ¤ @ � 4 Q�S?S`K @74 S?Q >T@¸±g0vü Î-´ îiï ÿ W10�ÿ I&E » úR²yÎy¼Ú±�� §ºM�§ » Å ¼ ¶
» ó9@B¼ ¶ » <s«%¼(´ §

·�S �5¢]£"8 S � E 8;��@ ¶�Û+¤�K=§ Î$ú § «�4 E : Û+¤�KH§ Î7ú § ½�8 K[��G 2
�|���%�
	�	��R�-� �J�'V � V"W�a�Y�o¾z�a�Y�\?a�_!{�b]�ðq�_]�[m;f�r¨b-qiT�aR�¸} � �&} �¦m;\Hjla�_]m;o'w���oRm�z�YB�`z�a�Y�o
ZN��e�Y�cHb-q
_]f;f�b]�PYB{�\dY � ZnYto
jyYt\d�µZ7g¿z�b�\Ta�m;q�z��hjBb-cTcdYt\xg�b-o
{!mAoRp�z�bv_Æp�m��$YtoX±g09²�/n´ � >ýmA\5eRbnZNo
{�Yy{
}�W�a
Yto�£X_!j-z�\
q(c^YBYtfør*b-o �H² è é a�_%\�_ � _]c?knbN��gi_]c7z�m�z�m�b-o*��m�z�a¦�Ro�m�zFYtf�r,��_]oNr � _%cTknbN�XeRb^��Y�\�_]o�{�z�a
Y�cdYy{
ZnjBYy{
� _]c?knbN�[jyb$cTc^Y�\�gsb-o�{�Y�o�jyY � ¢N£*b$o¦z�a�YÚ��o�mxz�Y�\^Y$z ��¢N£,mA\�b-c7e]m�z�w�Y � Z]m��^_]f�Y�o
z�z�b è é É

Û+¤ @ S @ Å 4N>TÑ I 6 � 4N>l��8Ç��8 INE�S�¤ 476N@�4 E�Q�E @dÄ � @y�^��@B: S?K[InI � ¤RE @ S?S5� > I&� @y>l�F2H� ¤ @ E £ 8 S � ¤ @ S 2 K ¥
K @B��>l2 J > INQ��¸INM 4 ¤�I > I 1'4 GAGi� 4N�tÑ!8 E�J�¶  H¡9¢N£ ¤ 4 S � E 8Ç��@Æ6 I&G;Q�K @ ¶ 4 E :=��@ Q�S @v� ¤ @ M 4 K 8 G 2 INM >?8A: J @
ST¤ 4N: I � Sy§5ê 4N� ¤ �T8 G @v8 S � ¤ @ E 1 I&Q�E :�@y:�1�2=� E 8;�T@ G 2 K 4 E 2=� INERM�I > K 4 G�ST�R¤ @y>?@ Sy¶iS?I 8;� S 1 I&Q�E :'4N>?2=8 S
� 8;@y�y@^��8 S @ STKLI9I � ¤�§�Û+¤ 8 S � I&E ��>T4 S � SsST¤ 4N> ��G 2|��8Ç� ¤ � ¤ @ S 8;� Q 4]��8 I&E|M�I > ¤ 2 � @B>T1 I&G 8;��4 Q � I&KLI > ��¤ 8 STKLS�INM
� ¤ @�½%¥x� I > Q�Sy¶!S 4$2 ¶ � ¤ @B>T@�À I ��@ E�ST¤�I ��@y:�� ¤ 4]��� ¤ @��F� I ¥F:�8 K @ E�S 8 I&E 4 G9M 4N�B� I >�8 E 4 Å 4N>?Ñ I 6 � 4N>l��8;�T8 I&E
�74 E�E�I ��� I&E �t4N8 E 4 STKLI9I � ¤ 4N>?� » À+«-¼ § À I ��@ E�¹ºS >?@ S?Q�G ����4 S @^Än�T@ E :�@B: � I,¤ 8 J&¤ @y>`:R8 K @ E�S 8 I&E�S 1!2

n �



Ô 47� G @^2 » Ô 4%¼�4 E : I&E @��F2 � 8;�74 G;G 2L@^Ä � @y�^� S 4 E 2 Å 4N>?Ñ I 6 M 4N�^� I > I]M :�8 K @ E�S 8 I&E �F� I[I > K[I >T@�� IL¤ 4$6N@
M >�4]�B�t4 G 1 INQ�E :'4N>l2,±�4 E @^Ä9�y@ � ��8 I&EHK`Q�S ��1
@ K 4]:�@58 E�S?Q � ¤ �y4 S @ S 4 S � ¤ @ � > I : Q �B� INM �F� I 4 Q � I&KLI >l¥
��¤ 8 STKLSÚI]M � ×7´^É DFE¸M 4]�B� ¶�M�I >�uX© ½�� ¤ @v�F� I ¥F:�8 K @ E�S 8 I&E 4 G�STG 8A�B@ S�S @y@ K � I�¤ 476N@ M >�4N�^�t4 G 1 I&Q�E :'4]>?2 ¶
4 S�K @ E ��8 I&E @y:=4]�+� ¤ @Æ@ E : INM � ¤ @ E @dÄ9� S @y�B�T8 I&Eh§

�� n
N#-���
������V � �� ¸�7	���
& �#$�-�'���y�����%�
� @�4 STS?Q�K @�8 E � ¤ 8 S�S @y�^��8 INE � ¤ 4]�+£�8 S 4 J @ I&K @B�T>T8;�74 G;G 2`� E 8;�T@ J > I&Q���¶ 
 © 
[±�£�´^² � ±6�&´d² �.�B


8 S 4 E 8 E 6]4N>?8 4 E � ¤�I > I 1'4 G;G�� 4N�tÑ!8 ERJ�¶ 4 E :¸¯�±6�9²g`
´^²`±��n²E`
´D�,�`²�8 S 4 E 8 E 6]4N>?8 4 E ��� ¤ 4N8 E ¥�� E 8;�T@ S?¤ 4N: I �
M 4 K 8 G 2 §�Û+¤ @ E¿Q�� � I � ¤ @�4N�^��8 INE¦INM £ � ¤ @y>?@�4N>?@ I&ERG 2X4=� E 8;�T@ E!Q�K 1
@y> INM+ST¤ 4N: I � S 4 E :"� ¤ 4N8 ERS
4 E : S?I ��@ K 4$2X��>?@74]��� ¤ @���8 G @ S!� ± ä ´`4 S Ñ ERI � Eh§�Û0I � E :¿� ¤ @ Å 4]>TÑ I 6¿1 I Ä9@ S �ö± ä ´^²µ8;� INE�G 2
>T@ K 4]8 E�S � I :�@ S �y>?8A1
@|� ¤ @ S?G 8;�y@ S ��± ä ´^² ä � ��± � ² �N´^²�4 S @^Ä ��G 8A�y8Ç� G 2�4 S��
I&STS 8A1 G @ §�� @v��8 GAG � E :¸� ¤ @
��± ä ´ ¹ÐS�M > I&K � ¤ @y8;>���>T4 E�SlM�I > K 4]��8 I&E�� > I&� @y>?�T8A@ S 4 S :�@ S �y>?8A1
@y:=8 E Ô I > § Î$ú § � §�Û+¤ 4]��8 Sy¶ � ¤ @ M�I > K�Q�G 4
��± ä ´Æ© 3 ��± ä ];´ 3 j �!k!²�� ¤ @B>T@ ä ����± � ²M�&´54 E : ± ä ]�² ä ´�8 S 4 Å 4]>TÑ I 6,��>T4 E�S 8;��8 I&E�¶ 8 S 4��RÄ9@y:
�
I 8 E ��@ � Q 4%��8 INE�M�I >�� ¤ @ M 4 K 8 G 2 I]MµS?G 8A�B@ S ��± ä ´�� ¤ 4]�+��@v��8 GAG�STI&G 6&@Æ1�2�8;��@B>�4]�T8 I&Eh§

� 8Ç6&@ E 4 M 4 K 8 G 2 INM0S @^� S2� ± ä ´D9®È 8 E :R@^Ä9@y:=1�2 ä ���¸²�:R@B� E @v8;� S=%$�øâE tà�)�Þ �Nã�% � Ý%Þ + � I 1�@Æ� ¤ @
M 4 K 8 G 2 I]MµS @B� S ± �2� ´B± ä ´ J 8;6N@ E 1�2�� ¤ @Æ> Q�G @

±lÎ$«9É;Î$´ ± �=� ´y± ä ´�© 3@� ± ä ] ´ 3Bj �!k!²ç� ¤ @y>T@[± ä ] ² ä ´ � � É

ÅHI >?@�@^Ä ��G 8A�y8Ç� G 2 ¶sä � ��± � ²M�&´d²\`i²M�9² � 8 S 4 E 4N8 K @y: S @ JNK @ E � ¶ 4 E : ä ]2� ��±��n²E`
´5��8;� ¤ � ± ä ´(9
� ± ä ];´dÉ'À�2 Ô I > § Î$ú § � ¶ � ¤ @ M 4 K 8 G 2 ��± ä ´�8 S 4��RÄ9@B: �
I 8 E � INM � ¤ 8 S ��>T4 E�SlM�I > K=§

Û0I 8 G;GAQ�S ��>T4]��@�� ¤ @ Q�S @ INM � ¤ @ STG 8;�y@5��>T4 E�SlM�I > K=¶ � I&ERS 8A:R@y>+� ¤ @|< I >T:=:�8 S � � 4N�tÑ!8 ERJ ��8;� ¤ ± � ² �&´P©
±�ú9² Ù ´�4 E : � ± ä ´�© » úR²7Î-¢&«-¼xÉ � @��RÄ�ûNXðÎ-¢&«�4 E : �¦þ¾ú=4 E : G @^� � ± Z ± ä ´T´�© Z ± » û�² �!¼(´ M�I >Æ4 GAG
S 2 KLK @^��>?8A@ S�Z INM � ¤ 8 S`� 4N�tÑ!8 E�J�§=Û+¤!Q�S�� ± ä ´Æ8 S 4¸� I&KL� 4N�^�`8 E ��@y>l6]4 Gx¶ :�8 S Ø I 8 E � M > I&K � ± ä ´d²µ4 E :
4 E @B8 J&¤ 1 I > ¤RI9I : INM�Ù É Û+¤ @ K[I&S � E 4]� Q >T4 G � ¤�I 8A�B@ M�I > � ± ä ´ K 8 J&¤ �`1
@[� ¤ @�8 E �T@y>l6N4 G » Î&² ÷ Îy¼ I&E
� ¤ 8;� ¤ � ¤ @ M 4N�B@ � 4N8A>?8 E�J Z cN±g0�´v© Î-¢�0�8 SÆE�INE @^Ä � 4 ERS 8;6N@ §�Û+¤ @ Å 4N>?Ñ I 6,��>�4 E�S 8Ç��8 INE�S ± ä ]�² ä ´���@y>?@
�74 G � QRG 4]�T@y:�4 M �T@y> Ô I > § Î7ú § � §�� ± ä ] ´�8 S / ü » � îiï ²Tû îiï ¼�²�/ � ÷ «9² I >4/öü »�÷ û îiï ² ÷ � îiï ¼�²�/21¨½RÉ
� @ S 4$2 » û�² �n¼�8 S �yâÇá 8 M û îiï ÷ � îiï XòÎ&²!8 E � ¤ 8A� ¤ �y4 S @�± �2� ´B± ä ´�© » ½ ÷ û îiï ²Tû îiï ÷ «%¼�É D�M ± �2� ´y± ä ´
8 S 4 GAS?I 1�8 J�¶ � ¤ 4]�58 S 8 M ûLü û îiï þ ½R²�� ¤ @ E ± � ¡ � ´y± ä ´+© » û ¡ ² � ¡ ¼08 S 4�1�8 J 8 E ��@B>?6]4 G�M�I >�4 G;G u 1 úRÉ
ÏÚ@B>T@�ûJc�© û�² ��c¸©��¿4 E : û ¡ � ï © ½ ÷ û îiï¡ ²(� ¡ � ï © û îiï¡ ÷ «9É Ê E @�� E : S û ¡ : ½ ÷ � ² S?I
� ¡ : � ÷ «L4 E :¦± � ¡ � ´y± ä ´�� I&E 6&@y> J @ S @^Ä �
I&E @ E �T8 4 G;G 2L� I » ½ ÷ � ² � ÷ «%¼�© ��± ä ´^É

� @5��8 GAGhQRS @Æ� ¤ @ M�I&G;GAI ��8 E�J`� > I&� @y>l��8;@ S+INM � ¤ @ S?G 8A�B@���>T4 E�S?M�I > K=§
±lÎ$« § «N´ D�M �=c�± ä ´�8 S @ K[� �F2 M�I >�@y4N� ¤�ä 4 E :A/ 1 ÎÆ� ¤ @ E ± � - �=c7´y± ä ´�� INE�S 8 S � SÚINM 4 GAG � QRST���
I 8 E � S
` M�I >�� ¤ 8;� ¤ � ¤ @y>T@|8 S 4 E 4 GAGAI ��@y: S @ � Q @ E �y@ ä �&²7ÉÇÉ;ÉÇ² ä c�© ä ��8Ç� ¤ ÷ / � � � úR² ä �G� ��± ` ï � ��²E` ��´M�I > � � � � úR²L`�©m`��&²��=©m`*c]²�4 E : � ©m` ï É0< I >v4 E 2 M 4 K 8 G 2 � ± ä ´54 E :$/ 1 Î ¶ ± � - � ´B± ä ´
8 S � ¤ @ Q�E 8 I&E INM ± � - �=cy´y± ä ´�4 E : � ¤ @ S @^� S(� ± ä î -�´ M�I >�� ¤ 8A� ¤ � ¤ @y>?@H8 S 4 E 4 G;GAI ��@B: S @ � Q @ E �y@
ä î -|²7ÉÇÉ;ÉÇ² ä c�© ä É
±lÎ$« § ½&´ � 8 S�K[INE�I � INE @ ¶ � ¤ 4]�+8 S 8 M0å ± ä ´ 9 � ± ä ´ M�I >�4 G;G�ä � ¤ @ E ± ��å ´y± ä ´ 9 ± �2� ´y± ä ´ M�I >+4 GAGhäL§
< I >�8 E�S �t4 E �y@ �=c&± ä ´ 9 ��± ä ´P© ± � ��´y± ä ´ STI=3 ± � - �=c7´y± ä ´ 9 ��± ä ´^É%ó I � ¤ @ E ± �2� ´y± ä ´ 9 � ± ä ´
M�I >�4 GAG�ä ²R@74]� ¤=S @ � Q @ E �y@�± � - � ´y± ä ´�8 S :R@y�y>?@74 S 8 E�JR§ � 8;ÑN@B��8 S @�� ¤ @ E=å ± ä ´D9 ± ��å ´y± ä ´ M�I >�4 GAG�ä ²
@74]� ¤HS @ � Q @ E �y@�± � - å ´y± ä ´�8 S 8 E �B>T@74 S 8 ERJ�§
±lÎ$« § Ó�´|± �=� ´y± ä ´�8 S � I&KL� 4N�^�Ú� ¤ @ E @y4N� ¤B� ± ä ];´+8 E ±lÎ-« § Î-´+8 S � INK[� 4]�B��4 E :¸� ¤ @ � ± ä ];´ ÷ j �1k�4N>?@
4 GAI �74 G;G 2,� E 8Ç��@ M 4 K 8 G 2X8 E È ÷ j �!k!É�< I >�� ¤ @ Q�E 8 I&E*INM � ¤ 8 S�M 4 K 8 G 2X8 S � ¤ @ E � G;I&S @B: 8 E È ÷ j �1k
4 E : ± �=� ´y± ä ´�8 S � GAI&S @y:X8 E � ¤ @�� I&KL� 4N�^� S @B�|È §��¨¤ @ E @74]� ¤"å ± ä ];´�9 � ± ä ];´�8 S 4 G;STI � INK[� 4]�B� ¶
± �Úå ´y± ä ´�8 S � I&KL� 4N�^� §

n %



±lÎ$« § �N´ �¨¤ @ E � ± ä ´�8 S :�8 S Ø I 8 E � M > INK � ± ä ´ M�I >�4 GAG�ä ²�� ¤ @ S 4 K @ ¤RI&G : S�M�I >Ú± �=� ´y± ä ´^É!< I > � ± ä ] ´ 9
È ÷ � ± ä ];´ 9¨È ÷ � ± ä ´ M�I >+@y4N� ¤¸ä ]�É ·ÚGASTI �.� ��± ä ´ STI �YR� � ± ä ´dÉ

< I >v± � ² �N´ � �`² ä ����± � ² �&´d²�4 E :��AXªú���@ G @B�����B± ä ´�© j / ��È@>1W"�N±g/'² � ± ä ´?´
1�� k!É
� �� !���% n� � ��V ��V 
hb-c�_]oNr�£�w�mAo
�^_]c?m(_]o
z�q�_]�LmAfør�b-q0jBb-�|gi_!j-z�\^Y$z�\ � ± ä ´ 9¨È ÷ � ± ä ´^² ä � �¸²�z�a
Y
\^Y � ZnYto�jBY�± � - � ´y± ä ´d² / 1 úR²ijyb-o�\?mA\yz�\|b-q�jyb-�|gi_!j$z�\^Y$z�\���a
b-\^Y���_RZN\d{�b-c �¿{!m;\7z�_%o�jyY�z�b ��± ä ´�m;\
Á�± � - ´dÉ 
hb-c���\yZ	��jtm�Y�o
z�f�r�\?��_]f;f���± � - � � ´y± ä ´^²�/21¨úR²!m;\�_�{�Yyj�c^Y^_%\TmAo9p�\^Y � Z!Yto�jBY5b-q0jyb$�`gi_�j-z�\^Y-z�\
��a�b-\dY�m;o
z�Ytc?\^YBj-z�m�b-o�mA\4��± ä ´^É

� @5�'> S � S @ G @B�B�
� S?Q�+ �y8;@ E � G 2 STK 4 GAG � ¤ 4]�
±lÎ$« § �N´
��± ä ´ 3;� ± ä ´ 9 � � ± ä ´�4 E :
±lÎ$« § õ&´DW���±�û�² 0�´�þ@W"�&±(û�²�0�´�� ¤ @ E 0��X¯�±6�9²g`
´�4 E :;W"�N±�û�²�0�´�þ��BÉ
Û+¤ 8 S 8 S @y4 S 8 G 2[: I&E @ M�I >�4`�RÄ9@y: ä¾I >+4`�9ÄR@B:�±6�9²g`
´^É ·�S ��¢N£¦4 E :��5¢N£¦4N>T@Ú� E 8;�T@ ¶ ��@5�74 E � ¤RI9I&S @
I&E @��+� ¤ 4%�+� I >?Ñ S�M�I >�4 GAGiä 4 E :=4 GAG ±6�9²g`
´^É � @ E @^Än� ST¤RI �
±lÎ$« § 	&´5± � ���l´B± ä ´ 9 ���B± ä ´^² M�I > ä � ��± � ² �N´^É
À�2®±�Î-« § �&´ ¶ �N��� � ± ä ´^É�óR472 ä ] � ��±��n²E`
´d² � ± ä ´(9 � ± ä ] ´^²P4 E :N/���� � ± ä ] ´ ÷ j �!k!É Ô ¤RI9I&S @
0 � � ± ä ] ´ S?I � ¤ 4]�bW"�&±�/'²�0�´�©4W"�&±�/'² � ± ä ] ´?´^Éµó98 E �B@(W	�'±�/'²�0�´�1 W	��±g/'² � ± ä ] ´T´�1��y²+±�Î-« § õ�´ J 8Ç6&@ S
W"�N±g/'²�0�´.1��yÉ Û+¤!Q�S W"�&±�/'² � ± ä ´T´
1 W"�N±g/'² � ± ä ];´T´
1�� STI /i� ���^± ä ´d²'4 S :�@ S 8A>?@y: §

±lÎ-« § ½�´�8 K[��G 8A@ S � ¤ 4]�Æ� ¤ @ S @ � Q @ E �y@,± � - ���l´B± ä ´Æ8 S :�@y�B>T@74 S 8 ERJ�¶ � ¤ @ S @ � Q @ E �y@X± � - �2c$´y± ä ´�8 S
8 E �y>T@y4 S 8 E�J�¶ 4 E :X± � - �=c7´y± ä ´ 9 ± � - � � ´B± ä ´ M�I >�/21¨úRÉ Û+¤ @ M�I&GAG;I ��8 E�JvG @ K[K 4 S?¤�I � S � ¤ 4]��� ¤ @ S @
S @^� S 4N>?@�� G;I&S @ § < I >D�b��
 4 E : 0 �B�� H¡
²A0;R© �n² G @^�AW 
 � ��1
@�� ¤ @ K @B�T>T8;� I&E �� H¡ ÷ j 0!k J 8;6&@ E 1!2
4 E�Q���� @y> ¤ 4 GÇM�ST� 4]�y@ KLI :�@ G ��8;� ¤ 0�© Ù 4 E : � ±�0R² �N´�© � ¡ É
S  9�"�"� ����V�����V 
hb-c ä � ��± � ² �N´^² 0 � � ± ä ´d²�_]o
{ / 1 ú9²5± � - �=c7´y± ä ´[m;\ � - ¢
��w�{�Y�o�\^YHm;o
± � - � � ´B± ä ´�mAoXz�a�YÚ��Y-z�cTm�jAW 
 � �%É

Ô ¤�InI&S @H4 E Q���� @y> ¤ 4 GÇM�ST� 4N�B@ K[I :�@ G ��8Ç� ¤ �"© Ù ² � ±6�&´[© � ¡ ²P4 E :@0 © úX4 E : G @B�����
± � - � � ´B± ä ´ ÷ ± � - �=c7´y± ä ´dÉ�À�2¿±�Î-« § «&´ ¶ � ¤ @B>T@�8 S 4 E 4 GAG;I ��@B: S @ � Q @ E �B@ ä �D� ��± ` � � ï ²g` ��´^² ÷ / �

� � ú9²���8;� ¤ `*c © �n²�` ï © � ² ä c © ä ²�4 E :�� � ���^± ä î -5´dÉ�ó9@^�T��8 E�J ` © ` î -`²���@ ¤ 4$6N@úv© 0�� � ± ä c7´D9 � ± ä î -�´+4 E : STI

±lÎ$«9É;ÎNÎ-´ � � W��'±��'² � ± ä î -Ú´?´ � W	��±��'²tú�´µ©�a�± � ± `
´T´$ÿ���ÿÍ¢�±tÿ `sÿ;ÿ�� ÷ `µÿÍ´^É

À�2 ÅHI&ERI � I&E 8A�y8Ç�F2 ¶ � ±g09²E`
´�� I&E �t4N8 E�S � ¤ @ /�ÿ G;I&J ��ÿ ¥ E @y8 JN¤ 1 I > ¤�I9I : INM�� ±�0R² �N´Ú4 E : STI(� ± `
´+8 S :R8 S ¥
Ø I 8 E � M > INK � ¤ @ ¤�I > I 1'4 GAG�I]M :�8 4 K @^��@y> � î - 1'4 S @B:*4]�`úRÉ ·�S 8 E ��> IN��§ « § Ó ¶ a�± � ± `
´T´ � î - � ÿ `sÿ × É
Ô I&K 1R8 E 8 E�J � ¤ 8 S ��8Ç� ¤ ±lÎ-« § Î&Î-´ J 8Ç6&@ S W 
 � �N±��'²E`
´P© ÿ�� ÷ `µÿÍ¢�±tÿ `sÿ;ÿ���ÿÍ´ � a�± � ± `
´T´?¢�±��]ÿ `sÿ × ´ � � - ¢	�BÉ ·ÚS
`;�*± � - �=c7´y± ä ´�1�2X±lÎ$« § «N´ ¶ � ¤ @ G @ KLK 4 M�I&GAG;I � SB§µ� @ ERI � ST¤�I �
±lÎ$« § Î$«&´5± � ���l´B± ä ´�8 S � I&K[� 4N�B� §
À�2ª±lÎ-« § Ó!´ ¶ 8;� S?Q�+ �y@ S � I�ST¤�I �ð� ¤ 4%��@74N� ¤ � INK[� 4]�B� S @B� - 9 È ÷ j �1k K @y@^� S �
�^± ä ];´ M�I > INE�G 2
� E 8Ç��@ G 2 K 4 E 2 ä ] É Û+¤ @ S @^� S�ä ] G 8;@�8 E�I&ERG 2`� E 8;�T@ G 2 K 4 E 2 I >T1R8;� S�I]M £ �+4 E : S?I ��@ K 472�>?@ S ��>T8;�B� I&Q >
4]�?��@ E �T8 I&E � I�S @B� Ssä ]�© Z�ä ]c � ¤ @B>T@ Z �,£ ��4 E : ä ]c � ��±6�9²g`*cB´^É Ô ¤�I9INS @�4 E`Q���� @y> ¤ 4 GÇM���G 4 E @ KLI :�@ G
��8;� ¤ �5© Ù É D�M�Ù 8 S�E�I �08 E'� ± ä ]c ´h� ¤ @ E!� ± ä ´ 9 � ± ä ];´h8 KL��G 8;@ S � ¤ 4]� Z îiï ± � ± ä ´T´ 9 � ± ä ]c ´^²y� ¤ 8A� ¤
�74 E¦I&ERG 2 ¤RI&G : M�I >5� E 8Ç��@ G 2 K 4 E 2 Z�§�·�S?STQ�K @ ¶ � ¤ @ E�¶ � ¤ 4%� Ù � � ± ä ]c ´dÉ Û+¤ @ EUZ îiï -¸² Z � £ 
 ²� INE 6N@y> J @ S � I�Ù S?I W	���]± Z îiï -H² Ù ´�þ���@dÄR�B@ � � M�I >�� E 8;�T@ G 2 K 4 E 2 Z É Û+¤!Q�SÚM�I >G`H© Z `*cÆ��@ ¤ 4$6N@
W	�'±�-¸² Ù ´�þ��5@dÄR�B@ � � M�I >Ú� E 8Ç��@ G 2 K 4 E 2 Z Éió I - K @B@B� S ���B± ä ]Ç´ M�I > I&E�G 2=� E 8;�T@ G 2 K 4 E 2 Z�¶ 4 E :
±lÎ$« § Î$«&´ M�I&GAG;I � Sy§

n �



À�2 ±lÎ-« § Î-«&´ ¶ ±lÎ-« § 	�´ ¶ 4 E : ±lÎ$« § Ó�´ ¶ @74N� ¤¨S @B�X± � - � � ´B± ä ´^² / 1 úR²�8 S � INK[� 4]�B� § D � M�I&GAG;I � S
M > INK ±�Î-« § Î-«&´ ¶ ±lÎ-« § �&´ ¶ 4 E : ±lÎ-« § Ó!´�� ¤ 4%��@74]� ¤ ± � - � ´y± ä ´�8 S � I&KL� 4N�^� § À�2ç±lÎ-« § ½�´L4 E : ±�Î-« § �&´ ¶
± � - �=c7´y± ä ´ 9¬± � - � ´y± ä ´ 9¬± � - �
�l´y± ä ´ ¶ 4 E :X� ¤ @�� I >T>T@ ST�
I&E :�8 E�J 8 E � GAQ�S 8 I&ERS�¤�I&G :,��8Ç� ¤ ��± ä ´
©ö± � - ��´y± ä ´h8 EÆ��G 4N�y@ I]M ± � - � ´B± ä ´^É$À�2 � @ KLK 4�Î-« § Î$ú ¶ � ¤ @PÏ�4 Q�S : I > ��:�8 S �t4 E �y@ M > INK ± � - � ´B± ä ´
� I ��± ä ´�8 S 4%� K[I&S ��� - ¢	� M�I >+� ¤ @ K @^��>?8A� W 
 � �%É Û+¤nQRSÚM�I >�4 E 2 Ì 8A@ K 4 E�E 8 4 E :�8 S ��4 E �y@ M�Q�E �B��8 I&E=I&E
�� H¡
²�� ¤ @vÏÚ4 Q�S : I > ��:R8 S ��4 E �B@v8 S Á�± � - ´^É Û+¤ 8 S � E 8 ST¤ @ S � ¤ @ � > InINM0INM � ¤ @5� ¤ @ I >?@ K=§

Ô I&E�S 8A:�@B> ¶�M�I >s8 E�S ��4 E �y@ ¶ � ¤ @�< I >?:L:R8 S � � 4N�tÑ!8 E�J�§0Û+¤ @�8 E ��@B>?6]4 G;S » û -|² � -�¼'� I&E 6&@B> J @Ú4]��� ¤ @+>�4]�T@
Á�± � × - ´^² S 8 E �y@ � × 8 S � ¤ @Ú:�@y>?8;6]4]�T8;6&@ INM ½ ÷ û îiï 4]��8;� S �9ÄR@B: ��I 8 E �Pû=© � îiï É ·�S �+©¾Î-¢%Ó X � × ²�� ¤ 8 S
8 S � I&E�S 8 S �T@ E ����8;� ¤�Û+¤�K=§ Î-« § � §

± � - �=cy´y± ä ´�8 S 4[� I&Q�E �t4]1 G @Æ� G;I&S @B: S?Q 1 S @^� INM ��± ä ´�� ¤ 4%��4 ��� > I Ä98 K 4]�T@ S ��± ä ´���@ GAGiM�I > G 4N> J @
/�É Ê � ¤ @y>�4 ��� > I ÄR8 K 4%��8 INE�S ± � - � ´y± ä ´ ¶�¤�I ��@B6N@y> ¶ �y4 E 1
@|@dÄ ��G 8;�y8;� G 2�:R>�47� E 8 EHK 4 E 2��y4 S @ Sy§ ó94$2
uX© ½�4 E :�  $ ¢]£*8 SÚERI&E � INK[� 4]�B����8Ç� ¤ � E 8;�T@v6 I&GAQRK @ ¶
M�I >Ú8 E�S �t4 E �y@ § Ê E @`�y4 E�INM �T@ E � ¤RI9I&S @`� ¤ @
� ± ä ´ S?I � ¤ 4]��@y4N� ¤ ± � - � ´B± ä ´�8 S 1 I&Q�E :�@y:=1�2�� E 8Ç��@ G 2 K 4 E 2��B8A>T� Q�G 4]>+4N>T� Sy¶ � ¤ @ E!Q�K 1
@y> INM 4N>T� S
J > I � S >T4 � 8A: G 2���8Ç� ¤ /�²�4 E :�� ¤ @ STG 8;�y@ ��± ä ´�4 ��� @74N> S � I[¤ 4$6N@ M >T4N�B��4 G 1 I&Q�E :�4N>?2 ¶ � §ÍM�§ ±lÎ$õ § Ó!´ §

�� n
N#-���
��� ��V��h�
�" �
 ���'����� �s����#7 ��	���*��� 
 ��������	��� 9�
� @ E @y@B:H4|�y>T8Ç��@B>T8 INE[M�I >�4 ST¤ 4]: I � M 4 K 8 G 2�� I 1�@�� ¤ 4N8 E ¥x� E 8Ç��@ § � @^� 
 1�@�� ¤ @�8 STI&K @B�T>?2 J > INQ��

INM   ¡ 4 E : G @^� � ¡ 1
@L� ¤ @ S?� 4N�B@ INM 4 GAG � I&ERM�I > K 4 G 1'4 GAG;S � 9f��  ¡ ² STI � ¡ 8 S 4 ¤�I&KLI&J @ E @ I&QRS
u
¥ K 4 E 8 M�I&G : M�I > 
LÉ DFE � ¤ @ ¤ 2 � @y>?1 I&G;I 8A: K[I :�@ GRINM  H¡�² � ¡|8 Ss� 4N>�4 K @B�T>T8 Ë @y:�1�2�� ¤ @ ¤ 2 � @y>?1 INGAI 8;: INM
Q�E 8Ç� ST� 4]�y@ G 8AÑ]@Æ6N@y�^� I > Sy¶ � ¤ @y>?@v� ¤ @�6&@B�B� I >2e[:�@B�T@y> K 8 E @ S � ¤ @v1�4 GAGl� © j ù �� H¡ >Çþýù|² e X 1¨ú k!É
Û+¤ @v4N�^��8 INE=I]M 
 INE � ¡ 8 S+ERI � � > I&� @y> G 2�:�8 S � I&E ��8 E!Q�I&Q�SB¶'S 8 E �y@5� ¤ @ S �t4N1�8 G 8 Ë @y>�  8 E 
 INM 4 �
I 8 E �
� � � ¡ 8 S�E�I&E � I&KL� 4N�B� ¶�STI � ¤ @ I >?1�8;� j Z ± � ´ > Z ��£?kb9 � ¡ INM 45:�8 S �B>T@B�T@ J > I&QR� £U9 
 K 472 I >
K 4$2 E�I �Ú1�@v:�8 S �y>?@B��@ §�� @ S 4$2 � 8 S 4L£�¥ ������� � ¤ @ E � ¤ 8 S�I >?1�8;��8 S :�8 S �B>T@B�T@ I > ¶ @ � Q 8Ç6N4 G @ E � G 2 ¶ � ¤ @ E
 �£X8 S � G;I&S @B:H8 E 
LÉ
� �� !���% n� � ��Vg�'V �sY$z+£ eRY`_H{!mA\djtc^Y$z�Yvp�cdbnZ7g b-qPmA\db-��Y$z�c?m�Yt\vb-q� =¡¸\yZnjla z�a�_Rz+ H¡9¢]£ a�_]\5�Ro�m�zFY
�-b$f�ZN��YLeRZRz�mA\Úo�b-o�jBb-�`g�_!j-z?} �sY$z � ±6�&´d² �(� 
ë© 
[±�£�´^²se�Y|_[£�w�mAo
�^_]cTm _]o
z�a
b-c^b9eN_]fAf�gi_!jlk!mAo9p¸b-q
 H¡�_]o�{�¯�±6�9²E`�´^²Æ±6�9²E`�´ � �`²�_`£ ÷ m;o��^_]c?m(_]o
z�\Ta�_!{RbN� q�_]�LmAfør[qxb-c�z�a�mA\�g�_!jlk!mAoRp�} �FqsYd_!jla�\Ta�_�{�b]� m;\
_]o�b^gsYto=\7Z'e%\^Y-z�b-qµ_��Ro�m�zFY�mAo
z�Y�cT\^YBj-z�m�b-o�b-q0£�wTe&_]f;fA\�z�a�Yto"z�a�m;\+\Ta�_�{�b]� q�_]�LmAfør�m;\�jla�_]mAo�w���o�mxz�Y$}

ó Q����
I&S @ ¶'M�I >+@^ÄR4 KL��G @ ¶ � ¤ 4]��¯�±��n²E`
´�8 S 4 �
I&G 2 ¤ @B:�> INE 8 E �� H¡ ÷ j `^k!²�4 S�¤�ING : S � ¤ @ E ¯�±��n²E`
´
8 S 4H>?8A: J @ S?¤ 4N: I � §�Û+¤ @ E ¯�±6�9²E`�´58 S 4�� E 8Ç��@L8 E ��@B> S @B�B�T8 I&E�I]M+¤ 4 GÇM�ST� 4N�B@ SB¶µI&E @ M�I >v@74N� ¤�S?K[InI � ¤
� INK[�
I&E @ E � INM �
¯�±��n²E`
´^²R4 E : S?I ¯�±��n²E`
´ 3 j `^kÆ8 S 4|� E 8;�T@�8 E ��@B> S @y�B�T8 I&E�INM 1'4 G;GASy§ Ô G @y4N> G 2�¯�±6�9²E`�´P8 S
I&� @ E 8 E � ¤ @ G 4]�T�T@y> S @B� §�Û+¤ @|>?8A: J @ S?¤ 4N: I � S �74 S @ INMµÛ+¤RK Î$½ § ÎÆ��4 S ��>?@74]�T@y:=8 E » <s½]¼ ¶�Û+¤�K=§ Î$« §

� @ E�I ��@|�F� I ��4$2 S � I�ST¤�I � � ¤ 4]�54 J 8;6N@ E 1'4 GAG	� 8 S 4�£h¥�1'4 GAG�§ � @B� ��� 1
@`� ¤ @�>T@^Ò'@y�^��8 I&E�INM
  ¡ � ¤ 4]���RÄ9@ S � � 4 E : G @B�+­ � 9¨  ¡ 1
@�� ¤ @ ¤ 2 � @y> �RG 4 E @��9ÄR@B:�1!2 ��� É D�M���� � I&KLK @ E�STQ >�4]�T@ S £
±�� ¤ 4]��8 Sy¶ 8 M £YP ��� £ � îiï� ¤ 4 S � E 8;�T@|8 E :�@dÄ�8 E £�´�� ¤ @ EB� 8 S 4�£�¥�1'4 G;Gx¶ 1�2 � @ K[K 4[½ INM » <µ½]¼ § Ê E
� ¤ @ I � ¤ @B> ¤ 4 E : ¶ 8 M ­ � ¢�±�£iPH �´ ¤ 4 S � E 8;�T@Æ6 I&GAQRK @�� ¤ @ E;� 8 S 4�£�¥�1'4 G;Gx¶ 1!2 Û+¤RKH§ Î § Î$½ INM »ºÌ 4 J ¼ §

Û0I[� > I 6N@`� ¤ @v� ¤ @ I >T@ KH¶ � ¤�InI&S @|� E 8Ç��@ S @B� S�INM £�¥�1'4 G;GAS�� ±6�9²g`
´^²�±��n²E`
´L� �`² S?I � ¤ 4%�5¯�±��n²E`
´�8 S
I&� @ E 8 E P jI� > � � � ±��n²E`
´�k!É Ê E @ K 472=4 S?STQ�K @|� ¤ 4]�=� � K @B@B� S ¯�±��n²E`
´ M�I >�@74N� ¤V� � � ±��n²E`
´^²
� ¤ 4]� � ±��n²E`
´i8 S 8 E 6]4N>T8A4 E ��1!2v� ¤ @�� E 8;��@ J > I&Q�� £ � � � ��� ²]4 E :|� ¤ 4]��� ¤ @�:�8 S Ø I 8 E � Q�E 8 I&E�� © j ±6�9²g`i² � ´ �
� C � > � � � ±6�9²E`�´ k�8 S £h¥F8 E 6N4]>T8 4 E � § ó98 E �B@ ��¢N£¿8 S � E 8;�T@ ¶�� ¢N£¿8 S 4 G;STI � E 8;�T@ §�Û+¤nQRS � ¤ @ Q�E 8 INE
� © 3�� ±��n²E`
´^²`±��n²E`
´ ���`²'8 S 4�:�8 S �B>T@B�T@ S @B�Ú8 E � ¡�É

< I >�@74N� ¤ � ¤ 4N8 E ¯�± `�- � ï ²g`�-v²7É;ÉÇÉÇ²E` Â ´^² G @B� � ± `�- � ï ²E`�-|²7ÉÇÉ;ÉÇ²E` Â ´ 9 � ¡ � I&ERS 8 S � INM � ¤�I&S @ �ëSTQ � ¤
� ¤ 4]�V� � K @y@^� S ¯�± `�- � ï ²E`�-v²7ÉÇÉÇÉ;²E` Â ´�4 E : � � � ± `

� � ï ²E` � ´ M�I > STI&K @¦°�²�Ã � ° � /�É Û+¤ @ E
¯�± `�- � ï ²g`�-v²7É;ÉÇÉÇ²E` Â ´�8 S+I&� @ E 8 E P jI� > � � � ± `�- � ï ²g`�-`²yÉ;ÉÇÉ;²g` Â ´ k!É

B "



< I >�±��n²E`
´ � �`² G @B� � ±��n²E`
´ � © 3�� ±��n²E`i²7ÉÇÉ;É ´^É Û+¤ @ E � ±6�9²g`
´ 9 � ±6�9²g`
´ � 9 � 4 E : STI � ±��n²E`
´ �
8 S :�8 S �y>T@^��@58 E � ¡�É � @ E�I � ST¤�I � � ±��n²E`
´ �Ú8 S � E 8Ç��@�1�2 S?¤�I ��8 E�J � ¤ 4]�+8Ç� G 8;@ S 8 E 4�� INK[� 4]�B� S?Q 1 S @B�
INM � ¡
É Û+¤ 8 S ��8 G;G�Q�S @L� ¤ @L� Q >l6]4]� Q >?@[@ S �T8 K 4]��@H±x« § ½�´ § < I >Æ@74N� ¤ � I&KL� 4N�^� S @B� 	 9f�� H¡ ÷ j `^k
4 E :�@y4N� ¤ � X úR²9� ¤ @ S @^� INM 4 G;Gl�öS?Q � ¤ � ¤ 4]�D� �ëK @y@^� S 	 4 E :  �±�� � ²E`
´ � � 8 S � I&KL� 4N�B��8 E � ¡�É
Û+¤!Q�S � ±��n²E`
´ � 8 S � E 8;��@58 M  �±�� � ²E`
´�8 S 1 I&Q�E :R@y: M�I > � � � ±��n²E`
´ � É

� @ K 472 STQ��R��I&S @�Ã � ú � /�² � � � ± ` ï ²E`dc7´d²P4 E : � � K @B@B� S ¯�± `�- � ï ²E`�-|²7ÉÇÉ;ÉÇ²E` Â ´^É � @^� �Ú©  �±g� � ²E` �x´d²�ú � � � /�É�±x« § ½�´ J 8;6N@ S  � � ï � K 4%Ä�±� ��²  � ´d²i� ¤ @y>?@�ú � �|þ / 4 E :  � ©
« �98 ¢�± � îiï � × ÷ � ï � ×$´^É Û+¤ 8 S 8 K[�RG 8A@ S  �- � K 4-Äi±  dc]²  � ´dÉ ·�S � ¢N£*8 S � E 8;��@ ¶  dc�8 S 1 I&QRE :�@y: §`Û+¤ 8 S
J 8Ç6&@ S 4 Q�E 8 M�I > K 1 INQ�E : � M�I >  �-|²�4 S :�@ S 8A>?@y: §

ó98 E �y@ � ±��n²E`
´ ��8 S � E 8Ç��@ ¶ 8;� ¤ 4 S[I&E�G 2*� E 8;��@ G 2 K 4 E 2 STQ 1 S @B� Sy§ < I >L@74N� ¤ªS?Q 1 S @B�=¯ � ¤ @ S @^�
P jI� > � �®¯ k ¤ 4 S`I&ERG 2�� E 8;��@ G 2 K 4 E 2,� I&KL�
I&E @ E � Sy¶µS?I � ¤ @y>?@�4N>?@ I&ERG 2�� E 8Ç��@ G 2 K 4 E 2,� ¤ 4N8 ERS
¯�±��n²E`i²7ÉÇÉÇÉ ´d²'4 E :�� ¤ @Æ� ¤ @ I >T@ K 8 S+� > I 6N@y: §

�ÚI �T@Ú� ¤ 4]��� ¤ @ � >T@B�y@y:R8 E�J�� > InINM � I >TÑ S�Q���Q�E ��8 G � ¤ @ G 4 S � S �T@ � � ¤ @ E £�8 S�J @ I&K @B�T>T8;�74 G;G 2`� E 8;�T@
1 Q � E�I ��� I&E 6&@dÄ�� I � I&KL� 4N�^� ¶ 
 ©O
[±�£�´^²R4 E :�@74]� ¤ ¯�±6�9²E`�´P8 S�I&� @ E 8 E � ¤ @�8 E ��@B> S @B�B�T8 I&E�INM È¿��8;� ¤
� E 8Ç��@ G 2 K 4 E 2[£h¥F1�4 GAG;Sy§µÛ+¤ @=Õl� E 8Ç��@ G 2 K 4 E 2[� INK[�
I&E @ E � S Ö�4 STS @B>?�T8 I&E�M 4N8 GAS 8 E[J @ E @B>�4 G�¶ 1 Q �+8;� K 472
¤�I&G :H8 M Èª8 S�STQ + �B8A@ E � G 2=� INE�E @y�^��@B: § < I > S?Q � ¤ 4 E @dÄR4 K[�RG @ ¶ ��8Ç� ¤ u�© ½L4 E :�Èª4 � > I&� @B> S?Q 1 S @B�
INM ��  $ ² S @y@�ô-Î��RÉ

� @��y4 E Q�S @ Û+¤�K=§ Î$½ § Î�� I � I&E�S ��> Q �B�L8 E 6]4N>T8A4 E ��� ¤ 4]8 E ¥x� E 8;�T@ ST¤ 4N: I � M 4 K 8 G 8A@ SvM�I >`�y@y>l�t4N8 E
:�8 S �y>?@B�T@ J > I&Q��RSy§ � @^�v­ � 1
@�4 ¤ 2 � @y>?1 ING 8A� ��I&G 2 ¤ @y:�> I&E,INM � E 8Ç��@�6 INGAQ�K @`��8;� ¤,I&E @�8A:R@74 G 6&@y>l��@dÄ
4 E : I&E @`� I&KL� 4N�B� M 4N�B@ å Éhó Q����
I&S @`� ¤ @y>?@`8 S 4 E 8 STINK @^��>?2�� INM�I >?:�@y>��F� I ��8Ç� ¤ �l±�­ �B´ P�­ �Ú© å
STQ � ¤ � ¤ 4]�5� ¤ @ J > I&QR� £ J @ E @y>T4]��@B:¦1�2 ��4 E :�� ¤ @�>T@^Ò'@y�^��8 INE�S 8 E � ¤ @ E�I&E � I&KL� 4N�B� M 4]�y@ S5I]M ­ �v8 S
:�8 S �y>?@B�T@�4 E :�­ ��8 S 4 M�Q�E :'4 K @ E ��4 G : I&K 4N8 E�M�I >�£�É Ô ¤�InI&S @�4 E�Q���� @y> ¤ 4 G;M�S?� 4N�B@ KLI :R@ G�STI � ¤ 4]� Ù
8 S � ¤ @�8A:�@y4 G 6&@B>?��@dÄ INM ­ � É Û+¤ @ E ­ö©�< 
 ±�­ � ´+© < 
 ± å ´�8 S 4�� INK[� 4]�B� êPQ � G 8;:�@74 E���ING 2 ¤ @y:R> I&E�¶£ 
 8 S 4[:�8 S �B>T@B�T@ J > I&Q��HINMPê�Q � G 8A:�@y4 E¸KLI �T8 I&E�S�J @ E @y>T4]��@B:�1�2=>T@BÒ�@y�B�T8 I&ERS 8 E � ¤ @ M 4N�B@ S�I]M ­+²�4 E :
­ 8 S 4 M�Q�E :'4 K @ E ��4 G : INK 4N8 E¸M�I >5£ 
 É ·ÚGAS?I  =¡9¢N£ ¤ 4 S � E 8Ç��@�6 INGAQ�K @�4 E :U
[±�£�´Ú8 S � ¤ @ I >?1�8;� INMÙ É � @ K 472 S?Q����
I&S @�� ¤ 4]��úv©��?± Ù ´^É � @^� � 1
@�� ¤ @ ¤ 2 � @y> ��G 4 E @ E�I > K 4 G � I ú Ù S �t4]1�8 G 8 Ë @B:�1�2 �FÉ

Ô ¤�InI&S @+4 ¤�I > I 1'4 GAG!� 1'4 S @y:�4%� Ù :�8 S Ø I 8 E � M > INK¾å 4 E :�:R@B� E @�4 E 8 E 6]4N>T8A4 E � ¤RI > I 1�4 GAG!� 4N�tÑ!8 E�J
1�2 � ± `
´�© Z ± � ´ M�I >G`¸© Z ± Ù ´=�

[±�£�´d² Z �¿£�É � @^� � 1
@`� ¤ @�£h¥ I >T1�8Ç� INM ±�úR² Ù ´dÉ�< I >�±��n²E`
´=�
� ��@H:�@B� E @H� ¤ @¸­�¥ % � ��ßnÝIH ¯�±��n²E`
´�© 3_Z ±�­`´d²s� ¤ @y>?@ Z 6]4N>?8A@ S�I 6&@B>[� ¤ @H@ G @ K @ E � S[I]M £ò��8;� ¤
Z ±�úR² Ù ´�© ±6�9²E`�´^É Û+¤ 8 S�M 4 K 8 G 2 I 1�@^2 S ±�½ § Î-´�4 E :*±�½ § ½&´ § ��8 S @^Ä � 4 E :R8 E�J�I&E ­ ±�8 E � ¤ @ K @B�T>T8;��W	�&´
8 M 4 E : I&E�G 2[8 M ­ G 8A@ S 8 E � ¤ @ I&� @ E :�8 S ���B@ E ��@B>T@y:¸4]��ú�1 I&Q�E :�@B:�1!2(� � É DFE � ¤ 8 S �74 S @L±�½ § «!C]´ ¤�I&G : S
4 E :���@ ¤ 476N@Æ4�£�¥�8 E 6]4N>T8A4 E � ST¤ 4N: I � M 4 K 8 G 2 §�D�Mµå 9 � ² M�I >�8 ERS �t4 E �y@�8 M ��8 S 4`>T@^Ò'@y�^��8 INE�¶ � ¤ @ E ��8 S
@^Ä � 4 E :�8 ERJ[I&E ­ö4 E :H@y4N� ¤ ­5¥ ST¤ 4N: I �ç8 S 4�>T8;: J @ S?¤ 4N: I � §
�|���%�
	�	��R�-� � ��V ��V¦W�a
Yto �Æm;\�Y?�&g�_]o�{!m;oRp b-o ­�²�z�a�Y�­vw�\?a�_!{�b]��\�qxb$cT� _¿jla�_%mAo'w���o�m�zFY�\?a�_!{�b]�
q�_]�LmAførn}

<µ8A> S � ¶ 4 G;G ­5¥ ST¤ 4]: I � S 4N>T@`£h¥F@ � Q 8Ç6]4 G @ E � § ¯�±�úR² Ù ´+8 S 4[� INK[� 4]�B� ê�Q � G 8;:�@74 EH��ING 2 ¤ @y:R> I&E 4 E :
@74]� ¤HINM 8;� S�M 4N�y@ S 8 S �RÄ9@y:H1!2�4L>?@BÒ'@B�B��8 I&E 8 E £ 
 É Û+¤ @Æ� I > I&GAG 4N>?2 E�I � M�I&G;GAI � S�M > I&K Û+¤�K Î7½ § Î §

�ÚI �T@�� ¤ 4]� »ÍÌ 4%¼Úô��nÉ ½ J 8;6&@ S�S 8 K[�RG 8A�B@ S ­ �Y9  H¡�²`u � 	R²�� I � ¤ 8A� ¤ � ¤ 8 S � I > INGAG 4]>?2X4 ���RG 8A@ Sy¶
��8;� ¤ �s4�>?@BÒ'@B�B�T8 I&E�§�� @���8 G;G @^ÄR4 K 8 E @ STI&K @ INM � ¤ @ S @ S 8 KL��G @dÄ�>?@BÒ'@B�B��8 I&E�J > INQ���S 8 E ô-Î���4 E :�ô$Î��9É
· STQ >l6&@^2 INMµ¤ 2 � @y>T1 I&G 8A�5>T@^Ò'@y�^��8 I&EHJ > I&Q��RS �y4 E 1�@ M�I&Q�E :=8 E » � ón¼ §

Ô I&E�S 8A:�@B>�4���>?8 4 E�JNG @5­ � 8 E � ¤ @ Q���� @y> ¤ 4 GÇM���G 4 E @���8;� ¤ 6N@y>?�T8A�B@ S5Ù ²Tù �¦  × ²�4 E : ÷ Î-¢]ù`É � @^�
Èý4 E : � 1�@Æ� ¤ @Æ>?@BÒ'@B�B��8 I&E�S 8 E � ¤ @Æ6N@y>l��8A�y4 GiS 8;:�@ S�INM ­ ��4 E : G @B� �?±�0�´�© ÷ Î-¢h0RÉ
£,©�þýÈ�² � ² � X
8 S :�8 S �y>?@B�T@|��8;� ¤HM�Q�E :'4 K @ E �t4 G : INK 4N8 E ­ ��8 M 4 E : I&ERG 2�8 M � ¤ @`4 E�J&G @ STQ�K INM ­ ��8 S <�¢&Ã M�I > S?I&K @

B �



8 E �T@ J @B>ÆÃ,1¾«9É�< I >�4��9ÄR@B:¦Ã=� ¤ @B>T@�8 S 4�� Q >?6&@ I]MP��I&S?S 8;1 G @|ù ¹ºSy¶ 4 E :�� ¤ @ E Ã=© ½�� ¤ @ S @�4N>?@`� ¤ @
J > I&Q���S :�@^� E @B:"8 E ± � § 	�´ §�å 9 � � ¤ @ E ÿ ù[ÿ�©¬ÎH±�8 E � ¤ 8 S �74 S @L£ 8 S 4 E 8 E :�@dÄ��F� IHS?Q 1 J > I&Q��,INM
� ¤ @��T>T8A4 E�J&G @ J > INQ�� ±x«9²d«NÃ�² Ù ´ INM ô-Î �&´ S?I ��8 S @dÄ � 4 E :�8 E�J=I&E ­ M�I >�ÿ ùLÿ E @74]>�Î §�Û+¤nQRSvM�I >5@y4N� ¤
Ã)1 «9² Ô I > § Î$½ § « J 8Ç6&@ S 4�� I&E �T8 E!Q�I&Q�S�M 4 K 8 G 2 INM � E 8;�T@�4N>?@74 � Q�I �T8A@ E � Sy¶ @y4N� ¤�INM � ¤ 8A� ¤ 4]: K 8Ç� S 4
� ¤ 4N8 E ¥�� E 8;�T@ ST¤ 4N: I � M 4 K 8 G 2 §

�� n
N#-���
��� � V � ������� � /����$#-��#$���
����������u � ��V

�ÚI � �9Ä�û¦��8Ç� ¤ ú¸þ û þ ÎL4 E :X� I&E�S 8A:�@B>�� ¤ @L< I >T:�:R8 S � � 4]�tÑn8 E�J ��8;� ¤ � ¤ @ ST¤ 4N: I � M 4 K 8 G 2
¯�± Z ±�ú&´^² Z ± Ù ´?´P© Z ± » û ÷ ÎN²Tû'¼(´d² Z ��£�©ò­|¯P°l±�«9²B³�´dÉ ·�E 4]8 K @y: S @ � Q @ E �y@D`dcN²E` ï ²7ÉÇÉ;É���8Ç� ¤ `dc�© Ù
� I >T>T@ ST�
I&E : S � I 4�� I&E �T8 E!Q @y: M >T4N�B�T8 I&E @dÄ � 4 E�S 8 I&E ±�« § �&´���8;� ¤ >T@ K 4N8 E :�@B>�8 E ��@B>?6]4 G » û ÷ Î&²Tû'¼�É D�M û
8 S >�4]�T8 I&E 4 G 4 E : � © » û ÷ Î&²Tû'¼�� ¤ @ E � � � I&KLK @ E�STQ >T4]��@ S £�² S?I�Û+¤�K Î$½ § Î�4 ����G 8;@ SB§�D�M û ¤ 4 S
:�@ J >T@B@�«�4 E :Hû ] 8 S 8;� S 4 G;J @y1R>�4N8;�v� I&E Ø Q�J 4]��@ ¶ � ¤ @ E » û ] ²Tû'¼04 E : » û�²Tû ] ¼µ4]>T@|£�¥�1'4 G;GAS 4 E :=� ¤ @v8 E �T@ J @B>
��>T4 E�S?G 4]�T@ S�INM � ¤ @ S @`8 E ��@B>?6]4 GAS 4N>?@�4 G;STI £h¥F1'4 G;GASB§�D�M ÿ û*] ÷ û�ÿdX Îv��@ S @y@v� ¤ 4%� » û ÷ Î&²Tû'¼�8 S 4L� E 8;�T@
8 E �T@y> S @y�^��8 INELI]M £h¥�1'4 GAG;S 4 E : Û+¤RK Î$½ § Î�4 J 4N8 E 4 ���RG 8A@ Sy§µê 6N@ E � ¤ @ E ÿ û ÷ û*]?ÿ!þòÎ&² ¤�I ��@B6N@y> ¶9I&E @+�y4 E
Q�S @Ú� ¤ @ � > I9I]M�INMhÛ+¤�K Î$½ § Î�� I`ST¤RI �ª� ¤ 4]� I&E�G 2L4Æ� E 8;�T@ E!Q�K 1
@y> INMh��I 8 E � S �74 E[I �B� Q >�8 E � ¤ @�� ¤ 4N8 E
1 I&Q�E :'4]>T8A@ S�M�I >�4��RÄ9@y: � 4N8A>v±6�9²g`
´^É Û+¤ 8 S�ST¤�I � S � ¤ 4%�+� ¤ 8 S+ST¤ 4N: I � M 4 K 8 G 2L8 S+S ��8 GAG � ¤ 4]8 E ¥x� E 8;�T@ §

ó I @74N� ¤ û INM :R@ J >?@y@|4]� KLI&S �Ú«���8Ç� ¤ ú[þýû�þ Î J 8;6N@ S 4 Å 4N>TÑ I 6 � 4]>?��8Ç��8 I&E�M�I >+� ¤ @ J @ I :�@ S 8;�
Ò I � I 6&@B>`  × ¢N£ §[Û 4NÑ!8 E�J û¿© Î-¢N« J 8Ç6&@ S � ¤ @L>T8A: J @ ST¤ 4N: I � M 4 K 8 G 2¸4 E :X� ¤ @ Å 4N>?Ñ I 6 � 4N>l��8;�T8 I&E
1'4 S @y: I&E�G @74 S �?¥�>T@ K 4N8 E :�@B>�� I&E ��8 E!Q @B: M >�4N�^��8 I&E�S � ¤ 4]����@�:�8 S � Q�S?S @y:�8 E @74N> G 8;@y> S @B�B��8 I&E�S�I]M � ¤ 8 S�� 4%¥
� @y> § Ê E @�@dÄ � @B�B� S � ¤ 4]�µ4 S ûL4 ��� > I 4N� ¤ @ S Î�� ¤ @ S @ Å 4N>?Ñ I 6 � 4N>l��8;�T8 I&ERS � I&E 6&@B> J @ ¶ 8 EvSTI&K @ J @ I&K @B�T>T8A�
S @ E�S @ ¶ � I � ¤ @ � 4]>?��8Ç��8 I&E 1�4 S @B: I&E�S 8 K[�RG @�� I&E �T8 E!Q @y: M >T4N�B�T8 I&ERS » <�«%¼ §HD�M�S?I�¶ � ¤ 8 S 8 E ��@B> �
I&G 4]�T@ S 4
M 4 K 8 G 2 I]M >?@y: Q �^��8 I&E � ¤ @ I >T8A@ S 1�@^�F��@B@ E � ¤ @5� ¤ @ I >T8;@ S�INM Ï Q >l��8;� Ë 4 E : INM � 4 Q�S?Sy§

Ê E @��y4 E`J @ E @y>T4 G 8 Ë @P� ¤ @�� ¤ 4N8 E ¥�� E 8;��@ S?¤ 4N: I � M 4 K 8 G 8;@ ShM�I >�û�>T4]��8 I&E 4 G � I�I � ¤ @y> � 4N�tÑ!8 ERJ&SµINM  �×%²
4 S 8 E � ¤ @ E @^Än��� ¤ @ I >?@ K=§ � @B� � ±6�&´d² �b�B
�²R1
@Æ4 ¤�I > I 1'4 G;G�� 4N�tÑ!8 E�J�INM   × ²�¯�±6�9²g`
´^²Æ±6�9²g`
´ � �`²R4
S ��4 E :'4]>T: S?¤ 4N: I � M 4 K 8 G 2 ¶ 4 E :¸£¿4 S 2 KLK @^��>l2 J > I&QR��§ < I >Ú@y4N� ¤ ±��n²E`
´A�&� ��@ ¤ 476&@�4 E 8 E �T@y>?6]4 G
� ±��n²E`
´ STQ � ¤ � ¤ 4]��¯�±6�9²E`�´�©òÈ(P � ±6�9²g`
´^É D�M ��@�� ¤�I9INS @Ú� ¤ 8 S 8 E ��@B>?6]4 G 4 S�S?K 4 GAG 4 S��
I&S?S 8A1 G @�� ¤ @ E 8;� S
@ E : ��I 8 E � S 1�@ GAI&E�J � I È®4 E : K 4$2=1
@`�y4 GAG @y:�� ¤ @|@ E : �
I 8 E � S�INM ¯�±6�9²E`�´^É Û+¤ @ S @ K 8 E 8 K 4 G 8 E ��@B>?6]4 GAS
4N>?@ � @B> K�Q ��@y:¿1�2�£ò4 E : STI 4N>T@[� ¤ @�@ E : �
I 8 E � S�INM � ¤ @ ST¤ 4N: I � SB§ � @ KLK 4 � § � ST¤�I � S � ¤ 4]��� ¤ @
� ¤ 4N8 E�S�M�I >�4 S �t4 E :'4N>?: M 4 K 8 G 2L4N>?@�8 E �T@y>?6]4 G;S 8 E È 4 E : STI � ¤ @B2 ¤ 4$6N@5��@ GAG ¥�:�@B� E @y:�@ E : �
I 8 E � SB¶ � InI�§
� @|�y4 GAG 4�� I&KL�
I&E @ E ��8 E �T@y>?6]4 G�INM �� �× ÷ Èý4 á&�$� 4 E :H8;� S @ E : �
I 8 E � S�á&�$�(�'Ý%â(ã*)�%^§ � @B� 
 1�@Æ� ¤ @
S @^� INM 4 GAG�J 4 �=�
I 8 E � Sy§

� �� !���% n� � � Vg�'V �hZ7g�gsb-\^Y`£ mA\v_�pRYyb$��Y$z�cTm�j^_]f;f�r¸��o�mxz�Y5p&c^bnZ7gýb-qPmA\db-��Y-z�c?m�Y�\|b-q� �×�z�a'_Rz�mA\5o�b!z
jyb$o��$YT� jybnjyb-�|gi_!j$z�� � ±6�&´d²Q� � 
 © 
[±�£�´^²�mA\H_]oçmAo
�^_]cTm _]o
z�a�b-c^bne&_]fAf�g�_!jlk!mAoRpçb$q�  × ²�_%o�{
¯�±��n²E`
´d²`±6�9²g`
´D�)�`²'mA\Ú_]o=mAo
�^_]c?m(_]o
zs\7zx_]o�{9_%c^{�\Ta�_!{RbN� q�_]�[m;f�r!} �Fq�z�a
Y|Y�o�{%gsb-mAo
z�\�b-q�z�a�YÚ\?a�_!{�b]��\
_]cdY�_%fAf�m;oN
 3 
 z�a�Ytoòz�a�m;\�q�_]�LmAf�r�mA\�jla'_]mAo'w���o�mxz�Y-} � b-c^YBb&�$YtcL\7Znjlaý_,\?a�_!{�b]�öq�_%�[m;f�r j^_]oçeRY
jyb$o�\7z�c7Znj$z�Yy{,e^r�g�Y�c7zTZ]c$e]m;oRpHz�a�YÚcTm�{�pRY�\?a�_!{�b]� q�_%�[m;f�rn}

� @ K @ E �T8 I&E � ¤ 4]� M�I >�u�©ë« ¶ £ 8 S�J @ INK @^��>T8;�74 G;G 2�� E 8;��@�8 M 4 E : I&E�G 2�8 M £ 8 S :�8 S �y>T@^��@���8;� ¤ 4
� E 8Ç��@ S @^� INM�J @ E @y>�4%� I > S ± »ºÌ 4]¼ ¶0Û+¤�K=§ Î$« § ½ § 	�´ §[� @L��8 GAGsQRS @ STI&K @[� G 4 S?S 8;�74 G >?@ STQRG � S � INE �y@B> E 8 E�J
STQ � ¤=J > I&Q��RSy¶ : Q @�� I��5I @y1
@54 E : � 8A@ G;S @ E�§ <µ8A> S � ¶ 4 E 2 J 4 � 8 S�S ��4N1�8 G 8 Ë @y:�1�2�4 ¤ 2 � @y>?1 I&G 8A�Ú@ G @ K @ E �
INM £*± » < � ¼ ¶n��§ Î&Î�	�´ §sÛ+¤ 8 S 8 KL��G 8;@ S � ¤ 4]�+4 J 4 ���
I 8 E ���74 E�E�I �+1
@�4v� Q�S?����I 8 E �5± »ºÌ 4]¼ ¶9Û+¤�K=§ � § � § Ó!´ §
ó9@B� I&E : ¶ 8 M 4�� Q�S?����I 8 E ��8 S �RÄ9@y:�1�2=4 ¤ 2 � @y>?1 I&G 8A�Æ>T@^Ò'@y�^��8 I&E 8 E £"� ¤ @ E � ¤ @ I � ¤ @y>��RÄ9@y: �
I 8 E ��8 E
�� �×Æ8 S @y8Ç� ¤ @B>�4�� Q�S?���
I 8 E � I > G 8A@ S 8 E 4 J 4 � ± » < � ¼ ¶'��§ Î&Î$õ&´ §�Û+¤ 8 S 8 K[�RG 8A@ S � ¤ 4%��£¿4]�B� S�M >T@B@ G 2 I&E

 C*±�È ÷ 
|´^²�4 S�E�I �T@y:H4 M ��@B> � @ KLK 4�Î&Î § Î §

B �



< I >�� ¤ @ S @y� INE :�4 S?S @B>?��8 I&E�INM � ¤ @5� ¤ @ I >?@ K=¶ ��@ K�Q�S � � @B>?� Q >T1�� ¤ @ � ±��n²E`
´ ¹ÐS � I 8 E �T@y>?6]4 G;S ��8;� ¤
@ E : ��I 8 E � S 8 E 
 3 
 8 E 4v£h¥�8 E 6]4N>T8A4 E � M 4 S?¤ 8 I&Eh§ óR472 � 8 S 4 E @ E : �
I 8 E � INM � ¤ @�>?8A: J @ ST¤ 4N: I �¨¯�±6�9²g`
´^É
D�M � G 8;@ S 8 E�E�I ¯�±���]�²E`
´d²A�I]?R©O�9²9� ¤ @ E � � 
 4 E :���@ G @^� �$± `i² � ´�© � É Ê � ¤ @y>l��8 S @ � 8 S 4 E @ E : ��I 8 E �
INM�STI&K @ � ±���]�²E`
´^² ��]2R© �nÉ D�M�S?I&K @ ERI&E ��>T8Ç6n8 4 G : � £�� S �t4N1�8 G 8 Ë @ S � � ¤ @ E : ±��N´5©f��]�4 E : : 8 S � ¤ @
¤ 2 � @B>T1 I&G 8;�`>T@^Ò'@y�^��8 I&E 8 E � ¤ @ G 8 E @ ` � É ·�S � �¿È+²�� ¤ @ � >?@y�y@B:�8 ERJ�� 4N>�4 J >�4 �R¤ 8 KL��G 8;@ S � ¤ 4]� � � 
LÉ
DFE � ¤ 8 S �74 S @���@H4 GAS?I�G @^� �$± `�² � ´[© � É DFE � ¤ @�>T@ K 4N8 E 8 E�J �74 S @ ¶ � ¤ @ E � 8 S 4 E @ E : �
I 8 E � I]M �F� I
ST¤ 4N: I � S 4 E :¿� ¤ @ S ��4N1�8 G 8 Ë @y> INM � 8 E £ �,8 S ��>T8Ç6n8 4 G�¶ ��@ K 472 � @y>?� Q >T1 � � I �$± `�² � ´Y� 
 4 E : G @B�
�$± Z ± `
´^² Z ± � ´T´�© Z ±��7± `i² � ´?´^² M�I >Æ4 GAG Z � £�É � @ Q�S @�� ¤ @ S @ � @B>?� Q >T1
@y:X@ E : �
I 8 E � S �$± `�² � ´�� I :�@B� E @
4 E 8 E 6]4N>?8 4 E � M 4 K 8 G 2 I]M 8 E �T@y>l6N4 GAS � ] ±��n²E`
´�� ¤ 4]��4 ��� > I Ä98 K 4]��@�� ¤ @ � ±6�9²g`
´^É

< I >�4 S?Q�+ �y8;@ E � G 2 S?K 4 G;GÚ� @y>l� Q >?1'4]�T8 I&E�¶ � ¤ @,¯_]�±6�9²E`�´H© È P � ]�±��n²E`
´d²,±��n²E`
´B� �`² M�I > K 4
ST¤ 4N: I � M 4 K 8 G 2�� ¤ 4]� S 4]�T8 S �'@ S � I&E :�8Ç��8 INE�S ± � § Î$´�4 E : ± � § «&´ INM 4 S �t4 E :'4N>?: M 4 K 8 G 2 §5Û+¤ 8 S >?@ G 8A@ S�I&E
� ¤ @ M 4N�B��� ¤ 4%�4�5¢N£�8 S � E 8Ç��@ §�Û0I 4N>?>�4 ERJ @Ú� ¤ 4]�Æ± � § ½�´ ¤�ING : S 4 S ��@ GAG�¶9I&E @ ST¤�INQ�G :�� ¤RI9I&S @�� ¤ @ �$± `i² � ´
STI � ¤ 4]�P� ¤ @ E ± � ²E`
´ � �®4 E : � ¢�,¯�±6�9²E`�´0� ¤ @ E � ¢�,¯_]�±6�9²E`�´^É Û+¤ 8 S 8 SP��INSTS 8;1 G @ S 8 E �B@+� ¤ @ �n¹ÐSPM�I > K 4
:�8 S �y>?@B�T@ S @^��8 E �� �× ÷ j `^k!É Û+¤ @ E 8 M ¯?]�±6�9²g`
´ 3 ¯_]�± � ² �N´�©çÈ*��@�� E : ���,¯_]�±��n²E`
´�4 E :b` �X¯?]�± � ² �N´
STI �b�,¯�±��n²E`
´P4 E :�`;�,¯�± � ² �N´^É Û+¤!Q�S � ¤ @Ú�T>T8 ��G @`± � ² �n²E`
´�8 S�STQ � ¤ � ¤ 4]� `*� K @B@B� S � ± `i²M�&´dP � ± � ² �N´^É
ó98 E �y@�� ¤ @y>?@54N>?@ I&E�G 2�� E 8;�T@ G 2 K 4 E 2���>?8 ��G @ S�S 4]�T8 S?M 2n8 E�J � ¤ 8 S � I&E :�8Ç��8 I&E�Q�� � I � ¤ @54N�^��8 INE�INM £�²�4 E :
S 8 E �y@�¯�±��n²E`
´?P¦¯�± � ² �&´58 S @ KL� �F2 M�I > STQ � ¤ 4���>T8 ��G @ ¶ ��@��y4 E � ¤�InI&S @ I&Q > � @B>?� Q >T1'4]�T8 I&EXSTI¸STK 4 GAG
� ¤ 4]�Ú¯_]�±��n²E`
´�8 S :R8 S Ø I 8 E � M > I&K ¯_]�± � ² �N´ M�I >�4 GAG�STQ � ¤ ��>?8 ��G @ S 4 E :H4 S?STQ >?@Æ� ¤ 4]�`± � § ½�´ ¤RI&G : SB§

< I >�� ¤ @��'> S ��4 STS @y>l��8 INE INM � ¤ @�� ¤ @ I >T@ K=¶ ��@ G @B��� 1
@�� ¤ @ S @B� INM 4 GAG ��>?8 ��G @ S ±��n²E`i² � ´ STQ � ¤
� ¤ 4]��±6�9²E`�´=� � 4 E : � 8 S 4 E @ E : �
I 8 E � INMPSTI&K @`� ¤ 4N8 E ¯�±��n²E`i²yÉ;ÉÇÉ ´dÉ � @�� G 4N8 K � ¤ 4%����¢N£¿8 S � E 8Ç��@ §
� >�4 E ��8 E�J � ¤ 8 S � G 4N8 KH¶ ��@�� E : M�I >�@y4N� ¤ ±��n²E`
´ � � � ¤ 4]�`� ¤ @B>T@�4N>?@ I&E�G 2¦� E 8;��@ G 2 K 4 E 2 � ��8;� ¤
±��n²E`i² � ´ ����² S 8 E �B@`£ � � � � � 8 S � E 8Ç��@ § ó I � ¤ @Æ@ E : ��I 8 E � S�INM � ¤ @Æ� ¤ 4N8 E�S ¯�±6�9²E`�²7É;ÉÇÉ ´ M�I > K 4�� E 8Ç��@ S @^�
4 E : STI � ¤ @y>?@`4N>?@ I&E�G 2�� E 8Ç��@ G 2 K 4 E 2 S?Q � ¤ � ¤ 4]8 E�SB¶ 4 S :�@ S 8A>T@B: §

Û0Iv� > I 6N@Ú� ¤ @Ú� G 4N8 KH¶NE�I ��@+� ¤ 4]�P� ¤ @ E ±��n²E`i² � ´ ��� ��@ K 4$2�� ¤�I9INS @Ú4v� ¤ 4]8 E ¯�± ` � � ï ²E` ��²7É;ÉÇÉÇ²E`*cy´��8;� ¤ @ E : �
I 8 E � � 4 E :ý± ` � � ï ²g` ��´Æ© ±��n²E`
´Æ4 E :¦��8Ç� ¤ � 1ðú¸4 S|S?K 4 G;G 4 Sv��I&S?S 8;1 G @ §��¨¤ @ E �8XëúR²
� ¤ 8 S 8 K[�RG 8A@ S � ¤ 4]� � 8 S 4 E @ E : ��I 8 E � INM ¯�± ` ï ²E`dc$´L1 Q � E�I � INM ¯�± ` � � ï ²E` ��²7ÉÇÉÇÉ;²E` ï ´dÉ�À�2 Û+¤ @ I >T@ K
Î ¶ ��@H�74 E @^Än��@ E : `*c]²�` ï ²7ÉÇÉ;É�� I 4 S @ � Q @ E �y@,4]8 K @y: 4]� � É � @ G @B��� 9 � C�� 1
@=� ¤ @ S @B� INM
4 G;G � Q 8 E � Q���G @ S ±6�I]�²g`d]�² �n²E`i² � ´ STQ � ¤ � ¤ 4]� � 8 S � ¤ @�@ E : ��I 8 E � INM 4¦� ¤ 4N8 E ¯�± ` � � ï ²E` ��²7É;ÉÇÉÇ²E`*cy´���8;� ¤± ` � � ï ²E` �x´X© ±��n²E`
´�4 E :ö± ` ï ²E`dc7´X© ±���]�²E`d]Ç´d² � 8 S 4 E @ E : ��I 8 E � INM ¯�± ` ï ²g`*c$´d²+1 Q � � 8 S=ERI �H4 E@ E : ��I 8 E � INM ¯�± ` � � ï ²E` ��²yÉ;ÉÇÉ;²g` ï ´�� ¤ @ E �GXªúRÉ Û+¤!Q�S � ¤ @ � > I Ø?@y�^��8 INE�M > I&K � � I �ð8 S+I&E � I�§�·ÚS � ¤ 8 S
� > I Ø?@y�^��8 INE 8 S @ � Q 8;6]4N>?8 4 E � ¶ 8Ç� STQ + �B@ S � I�ST¤�I � � ¤ 4%����¢N£*8 S � E 8;�T@ § ón8 E �B@#�5¢N£¿8 S � E 8Ç��@`4 E :�� ¤ @
� > I Ø?@y�^��8 INE,M > I&K �ö� I � 8 S 4 G;STI @ � Q 8;6]4N>T8A4 E � ¶ 8Ç� STQ�+ �B@ S � I�ST¤�I �¾� ¤ 4]�5� ¤ @ G 4]�?��@B> � > I Ø?@y�B�T8 I&E 8 S
� E 8Ç��@d¥�� I ¥ I&E @ §

ó I �RÄX±6�I]�²g`d];´�4 E :��RÄ I&E @ INM � ¤ @��F� I @ E : ��I 8 E � S � INM ¯�±6�I] ²E`d];´^É �¨¤ @ E � �V
L²R� ¤ @y>?@v4N>T@ INE�G 2
� E 8Ç��@ G 2 K 4 E 2"4N8 K @B: S @ � Q @ E �B@ S `��&² � � �R²���8;� ¤¿G 8 K 8;� S ± � ²E` ] ´`4 E :���8;� ¤ 8 ERM ± �i´�© úRÉ0< I > ¶ 4 S
8 E � ¤ @ � > InINM�INM Ô I&E 6N@y> J @ E �B@ ¶ ��@[>?@ M @B>Æ� I 4 E¦QR��� @B> ¤ 4 G;M���G 4 E @ KLI :�@ G ��8Ç� ¤ � © Ù É Û+¤ @ E � ¤ @
:�8A4 K @^��@B> S a�± � ± ` �x´T´�8 E �y>?@74 S @|1�2�4 M 4N�B� I > INM 4]� G @y4 S �ÆÎ-¢ ��4]��@74N� ¤=S �T@ � 1 Q � S ��4$2�1 I&Q�E :�@y: §�Û+¤ 8 S
1 I&Q�E : S � ¤ @ G @ E�J � ¤�I]M � ¤ @54]8 K @y: S @ � Q @ E �y@ §�·ÚS�STQ �B�y@ STS 8Ç6&@ ¤�I > I 1'4 G;GAS 4N>?@�4]� K[I&S ��«��ë4 � 4N>?� ¶ � ¤ @
E!Q�K 1
@y> INM 4N8 K @y: S @ � Q @ E �y@ S 8 S � E 8;��@ §�Û+¤!Q�S � ¤ @y>?@|4]>T@ I&E�G 2�� E 8;��@ G 2 K 4 E 2 �
I&S?S 8A1 G @L±��n²E`
´dÉ

D�M � ¢�f
 � ¤ @ E � � 
 4 E : ��@ K 472 STQ����
I&S @��YX úRÉ Û+¤ @ J 4 � ��8Ç� ¤ @ E : �
I 8 E � � 8 S � ¤ @ E
4 STQ 1R8 E ��@B>?6]4 G5INM � ± ` � � ï ²g` ��²7ÉÇÉ;ÉÇ²E` ï ´^² S 8 E �B@�� ¤ @ G 4]�T�T@y>�� INE ��4N8 ERS � 1 Q �H: I @ S=ERI � ¤ 476&@ � 4 S 4 E@ E : ��I 8 E � § À Q ��8 E � ¤ @ K @B��>?8A� W � � ��@�Ñ ERI �ë� ¤ 4]�`� ¤ @�:R8 4 K @B�T@y> INM � ± ` � � ï ²g` ��²7ÉÇÉ;ÉÇ²E` ï ´v:�@B�y>?@74 S @ SG 8;ÑN@ � � � ×]É Û+¤ 8 S 1 INQ�E : S � M > I&K 4]1 I 6&@`4 E : S?I�I&E �B@�4 J 4N8 E � ¤ @B>T@`4N>T@ I&E�G 2�� E 8;�T@ G 2 K 4 E 2 ��INSTS 8;1 G @
±��n²E`
´dÉ Û+¤!Q�S � ¤ @ � > I Ø?@y�^��8 INE�M > I&K � � I � 8 S � E 8Ç��@^¥x� I ¥ I&E @54 E :=� ¤ @5� ¤ @ I >T@ K M�I&G;GAI � Sy§

B n



Û+¤ @y>?@+8 S 4�:R2 E 4 K 8A�y4 G ��472`� I � I&ERS ��> Q �B��� ¤ @�@ E : �
I 8 E � SµINM � ¤ @�� ¤ 4N8 ERS 8 E�Û+¤RK Î7Ó § Î § Ô I&E�S 8A:�@B>
� ¤ @�>T@B: Q �y@B:=4N8 K @y:[� I >?>T@ S?��INE :�@ E �y@ �L¢N£ I&E ��¢]£,:R@B� E @B:�8 E ôdõ�4 E :�4 ���RG 2[8;��>T@ � @74%��@y: G 2L� I � ¤ @
� G 4 STS @ S » � ¼A� � ��²�� ¤ @B>T@ � 8 S 4 E @ E : �
I 8 E � INM ¯�±6�9²E`�´^² Q�S 8 E�J 4 GAG � ¤ @ � @y>l��8 E @ E �|1�>�4 E � ¤ @ S|INM � ¤ @
� I >T>T@ ST�
I&E :�@ E �y@ §��¨¤ @ E � 8 S 4 J 4 �=�
I 8 E � ¶'INE @ I&E�G 2 I 1R�t4]8 E�S � G 4 STS @ S » æ ¼i� ¤ @B>T@ æ 8 S 4 J 4 �=��I 8 E � §
·�S �L¢N£¸8 S @dÄ � 4 E :�8 E�J�¶ � ¤ @�� I >T>T@ ST�
I&E :�8 E�JvJ 4 ��S�¤ 476&@�4]� G @74 S ��4|�y@B>?��4N8 ELS 8 Ë @ §�Û+¤ @ S @Ú� G 4 STS @ S � ¤!Q�S
M�I > K 4[� E 8Ç��@ S @B��8 E �+¢N£�É D�M � 8 S 4�� Q�S?����I 8 E ��� ¤ @ E�¶hS 8 E �B@|� ¤ @y>T@�4N>T@ I&E�G 2=� E 8;�T@ G 2 K 4 E 2=4N8 K @B:
S @ � Q @ E �B@ S ��8;� ¤�G 8 K 8;� S ± � ²E`
´d² I&E @Æ4 J 4N8 E�I 1R�t4]8 E�S�INE�G 2�4`� E 8Ç��@ S @B� INM � G 4 STS @ Sy§ ó I � ¤ @ E ��@Æ4 �R��G 2
�L¢N£�>?@ � @74]�T@y: G 2=� I 4 G;G�INM � ¤ @`@ E : ��I 8 E ��� G 4 S?S @ S » � ¼���@ J @B� I&E�G 2=4L� E 8Ç��@ S @^�58 E ��¢N£¿4 G � I&J @^� ¤ @B> §
À Q �|� ¤ 8 S|S @B�`� I&E �t4]8 E�S » 0]¼�� ¤ @ E @B6N@y>�0 �®È ÷ j `lk�8 S 4 E @ E : �
I 8 E � INM 4H� ¤ 4N8 E ¯�±6�9²g`i²7ÉÇÉ;É ´^É Û+¤ 8 S
K @B� ¤RI :���8 G;G 1
@ Q�S @B:¸8 E � ¤ @ E @^Än� S @B�B��8 I&E � I �74 G � Q�G 4]��@�� ¤ 4N8 ERS 4 E :=�T8 G @ Sy§

Û+¤�K=§ Î7Ó § Î G @74N: S � I[Å 4N>TÑ I 6 � 4N>?�T8;�T8 I&E�SB§
�|���%�
	�	��R�-��� � V ��V��hZ7g�gsb-\^YÆ£*m;\5_���o�m�zFYtfør¸p9Yto�Y�ct_RzFYy{�{!m;\^jtcdY-zFY�p�cdbnZ7g b-q�m;\^b-��Y-z�cTm�Yt\5b-q� �×Lz�a�_9z
mA\5o
bnz�jyb$o��$YT�¿jBb9jBb-�`g�_!j-z�_]o
{¸f�Y-z�Èò© È�±�£�´5_]o�{ 7 © 7X±�£�´dÉ T�a�YtcdY|mA\v_�£�w�mAo
�^_]c?m(_]o
z � _]cTk!b&�
gi_]cyz�mxz�m�b$o"qxb-c�è'é�>_7 : 7 mAo�{�Y?��Yy{ýe^r � \7Znjla®z�a'_RzvY^_�jlaòz�mAf�YL_]o�{X\?fAm�jyY�m;\�_]o¿m;o�zFYtcy�B_%f�m;o*È�É
W�a�Y�oH£¦_!j$z�\+q(c^YBYtfør¸b-o �H²Rqxb$c�mAo�\yz�_]o
jyYÆ��a�Y�o¸£,mA\�b-cTm�Yto
z�_9z�m�b$o�ghc^Y�\^Y�c7�$mAoRp9��z�a�m;\�p�mx�-Yt\�_ � _]cTk!b&�
gi_]cyz�mxz�m�b$o�qxb-c è é mAo�{RYT��Yy{,eBr"z�a�Y���o�m�zFY�\dY-z ��¢]£PÉ_T�a
Y�cdYy{
ZnjBYy{ � _]cTk!b&��jBb-cTcdYt\�gsb-o�{RYto�jBY�b-o¦z�a�m;\
\^Y$z�mA\Æz�a
YtoXb$c$e]mxzxw�Y � ZNm��^_]f�Yto
z�zFb è é É

Û+¤ @��'> S ��4 STS @y>?�T8 I&EXM�I&GAG;I � SÆM > I&K Û+¤�K=§ ÎyÓ § Î ¶ Ô I > § 	 § � ¶ 4 E : � @ K[K 4 � § � §�D�M £ � >?@ S @y>?6N@ S
I >?8A@ E ��4]��8 I&E � ¤ @ E @74]� ¤ � Q�S?�"S �t4N1�8 G 8 Ë @y>Æ£ �L4N�^� SÆM >T@B@ G 2 I&E È ÷ j �1k�4 E : STI £ý4N�B� SvM >?@y@ G 2 I&E �¸É
Û+¤ @Æ� E 4 G 4 STS @y>?�T8 I&E�M�I&G;GAI � S�M > INK Ô I > § ÎNÎ § Ó §

Ô I&E�S 8A:�@B>|� ¤ @ ST¤ 4N: I � M 4 K 8 G 2 INM+Û+¤�K=§ Î7Ó § Î[� ¤ @ E £ý: I @ S`ERI ��4N�^� M >?@y@ G 2 I&E �HÉ Ê E @��y4 E
@74 S 8 G 2=� I&E�S ��> Q �B�v4 K 4N>TÑ]@y: S?¤ 4N: I � M 4 K 8 G 2X± S @B@ ·���� @ E :R8ÇÄ�½�´ I&E � ¤ 8;� ¤ £ 4]�B� SÚM >T@y@ G 2 §5D�M�S?I&K @
>T@^Ò'@y�^��8 I&E�: �¦£"�RÄ9@ S ±6�9²g`
´L� � � ¤ @ E¸I&E @ STQ 1
:�8;6n8;:�@ S ¯�±6�9²g`
´�8 E � I �F� I[K 4N>?ÑN@B: ST¤ 4]: I � Sy¶ @y4N� ¤
4 E 8 E �T@y>?6]4 G 8 E È ��8Ç� ¤ ��4 S 4 E @ E : �
I 8 E � § Ê � ¤ @y>l��8 S @ INE @��t4NÑ]@ S ¯�±��n²E`
´�4 S 4 K 4N>?ÑN@y: S?¤ 4N: I � §�D �
8 S @74 S 2L� I`S @y@�� ¤ 4]��� ¤ 8 S�K 4N>TÑ]@y: S?¤ 4N: I � M 4 K 8 G 2�8 S � ¤ 4N8 E ¥�� E 8;�T@ § À Q �+£,4N�B� S�M >?@y@ G 2 I&E � ¤ @ M 4 K 8 G 2
INM�Å 4N>?Ñ I 6,1 I Ä9@ SB¶0S?IHINE @ I 1R�t4]8 E�S 4 Å 4N>?Ñ I 6 � 4N>l��8Ç��8 INE¸M�I > è é É Û+¤!Q�S|K 4N>?ÑN@B: S?¤ 4N: I � S|J 8;6N@�4 E
@^Än�T@ E�S 8 I&E=INM Ô I > § Î7Ó § «`� I � ¤ @v�y4 S @Æ� ¤ @ E £": I @ S�ERI � � >T@ S @B>?6&@ I >T8;@ E �t4%��8 INE�§

Û+¤ @ Å 4N>?Ñ I 6 � 4N>?�T8;��8 I&E¸I]M Ô I > § Î7Ó § «�:�@ � @ E : S 4 E 4 G 2!��8A�y4 GAG 2 I&E�� 4]>�4 K @B�T@y> SB§ ó Q����
I&S @L£���8 S
4 M 4 K 8 G 2 INM�J @ INK @^��>T8;�74 G;G 2�� E 8;��@ J > I&QR��S ��8;� ¤ £,c�©ç£¦4 E :�� ¤ @B>T@Æ4N>?@�8 S?I&KLI > ��¤ 8 STKLS�� � >!£ : £ �
STQ � ¤ � ¤ 4]� � c�© �EW'²�@74N� ¤ � 4]� ¤�� � ± Z ´`8 S >T@y4 G 4 E 4 G 2!��8;� ¶ 4 E : � � ± Z ´�8 S�� 4N>T4N1 I&G 8;��8 M 4 E : I&ERG 2�8 M
Z 8 S5� 4N>�4]1 I&G 8A� § < I >5@74N� ¤¦E�I&E ��>?8;6n8 4 G	Z � £�²h� ¤ @��RÄ9@y: �
I 8 E � SÆINM�� � ± Z ´Ú6]4N>l2,4 E 4 G 2!��8A�y4 GAG 2=8 E�� É
À Q ��@y4N� ¤ @ E : ��I 8 E � � I]M @y4N� ¤*ST¤ 4]: I � 8 E¿Û+¤RKH§ Î7Ó § Î�8 S �9ÄR@B:*1!2¿4 E�I&E ��>?8;6n8 4 G�Z � £�ÉPó I 1!2
4 E 4 G 2!��8;�L� I&E ��8 EnQ 4]��8 I&E¦INE @ K 472,:�@B� E @�4 M 4 K 8 G 2 INM 8 E �T@y>l6N4 GAS � � ±��n²E`
´���8Ç� ¤ � c&±6�9²E`�´v© � ] ±��n²E`
´
STQ � ¤ � ¤ 4]��� ¤ @�@ E : ��I 8 E � � � � I >T>T@ ST�
I&E :�8 E�J � I � 8 S �RÄ9@y:,1�2 � � ± Z ´dÉ Û+¤ @ G 8 K 8;� S�S @B� S È�±�£ � ´�6]4N>?2
� INE �T8 E!Q�I&QRSTG 2 ¶ 8 E :�@y@B:"� ¤ @y>T@[8 S 4¸� INE �T8 E!Q�I&QRS|M 4 K 8 G 2 INM+¤RI&K @ I&KLI > ��¤ 8 STKLS a � >�È�±�£�´ : È�±�£ � ´
��8;� ¤ adc&±�0�´�© 0 STQ � ¤ � ¤ 4]� � �'± Z ´ a��'±g0�´�© a��'± Z ±g0�´?´^É Û+¤ 8 S 8 S�ST¤�I � E=Q�S 8 E�J � ¤ @ � ¥ G @ K[K 4 I]M0Å 4 E @ ¶
óR4N: ¶ 4 E :�ó Q�GAG 8;6]4 E�¶!S @y@ » ÅHÛ ¼ � @ KLK 4 � § Ó�½ §sD � M�I&GAG;I � S � ¤ 4]��� ¤ @ S @B� S ¯	�'±��n²E`
´�© � �'±��n²E`
´*P�È�±�£
�&´
M�I > K 4 S �t4 E :'4N>?:"£ � ¥�8 E 6]4N>T8A4 E �5� ¤ 4N8 E ¥�� E 8;��@ S?¤ 4N: I � M 4 K 8 G 2 M�I > STK 4 G;G�� É Û+¤ @[@ E : �
I 8 E � SvI]M � ¤ @
� I >T>T@ ST�
I&E :�8 E�J ��8 G @ S0� � ± ä ´µ6]4N>?2�4 E 4 G 2n�T8A�y4 GAG 2 §i�¨¤ @ E � ¤ @�@ E : �
I 8 E � S�INM � ¤ @ S?G 8A�B@ S ��± ä ´�4N>?@+�RÄ9@y:
1�2 ¤ 2 � @y>T1 I&G 8A��@ G @ K @ E � SµINM £�²]4 SsS @y@ KLS 4 G ��472 S � I 1�@�� ¤ @��74 S @ ¶ � ¤ @�@ E : ��I 8 E � SsI]M � ¤ @ STG 8;�y@ S ����± ä ´
4 G;STI 6]4N>l2"4 E 4 G 2!�T8A�74 GAG 2�4 E : STI � ¤ @ Å 4]>TÑ I 6"1 I Ä9@ S �
��± ä ´|4N>?@�:�@B� E @y:*1�2"8 E ��@y> S @B�B��8 E�J 7X±�£
�&´
��8;� ¤ 4 E 4 G 2!�T8A�74 GAG 2�6]4N>l298 E�J >T@ J 8 I&ERS 8 E ¯P  × É ·ÚS ÿ � ÿ J > I � Sy¶�¤�I ��@^6&@y> ¶ � ¤ @L� I&E�S �t4 E � ��© �]± � ´ INM
±�½ § «&´ K 472�4 �R� > I 4]� ¤ Î|4 E :�� ¤ @ Å 4N>TÑ I 6�1 I Ä9@ S�K 472�:R@ J @ E @y>T4]��@v8 E � ¤ @v:R8A>T@B�B�T8 I&E�INM � ¤ @5Ò I � §

B B



�� n
N#-���
��� ��V � �]���'���
	� ���%�
.�/µ�
� @���8 GAG|E�I � @^ÄR4 K 8 E @ S @^6&@y>T4 G @^ÄR4 KL��G @ Sy¶ @y4N� ¤ >T@ G 4]��@B: � I � ¤ @*< I >T: :�8 S � � 4N�tÑ!8 ERJ 4 E :

­�
|°l±x«n²B³�´dÉ � @���8 GAG �T>T@74%�=�T>T8A4 E�J&G @¸>T@^Ò'@y�^��8 I&EòJ > I&Q��RS 4 E :®� ¤ @ J > I&QR��S ± � § 	�´[��8;� ¤ ��>T8A4 E�J&QRG 4N>
M�Q�E :�4 K @ E �t4 G : I&K 4N8 E 8 E � ¤ 8 S�S @y�^��8 I&E 4 E :[��>?@74]� ¤ 8 JN¤ @y>�:�8 K @ ERS 8 INE 4 G @dÄ�4 K[��G @ S 8 E � ¤ @ E @^Än��� ¤ >T@B@
S @B�B�T8 I&E�SB§

�¨¤ @ E £�8 S�J @ INK @^��>T8;�74 G;G 2L� E 8Ç��@|4 E :V
[±�£�´+� I&ERS 8 S � SÚINM 4 S 8 ERJ&G @v£h¥ I >?1�8;� ¶ ��@v��8 G;G�S 472�� ¤ 4%��£
8 S � ¤ 4N8 E ¥x� E 8Ç��@58 M 4 E 8 E 6]4N>T8A4 E � ¤�I > I 1'4 G;G�� 4N�tÑ!8 E�J ��8Ç� ¤ 
 © 
[±�£�´�8 S � ¤ 4N8 E ¥�� E 8;�T@ § �ÚI �T@5� ¤ 4]�+�F� I
8 E 6]4N>?8 4 E � ¤RI > I 1�4 GAG!� 4N�tÑ!8 E�J&S :�@^��@y> K 8 E @�� ¤ @ S 4 K @�>?8A: J @ S 4 E : ST¤ 4N: I � S 8 E � ¤ 8 S �74 S @ ¶�S?I � ¤ @+� ¤RI 8A�B@
INM�� 4N�tÑ!8 E�J 8 S�QRE 8 KL��I >?�t4 E � § < I >�8 E�S ��4 E �B@ ¶ Ô I > § Î$½ § « ST¤�I � S � ¤ 4]��4�>T@^Ò'@y�^��8 I&E�J > I&QR� 1'4 S @B: I&E 4
�
I&G 2 ¤ @B:�> I&E�INM � E 8Ç��@�6 INGAQ�K @���8;� ¤=INE @Æ8A:�@y4 G 6&@B>?�T@^Ä=8 S � ¤ 4N8 E ¥x� E 8Ç��@ §

Ô I&E�S 8A:�@B>04��T>T8 4 E�J&G @08 E  �×0��8Ç� ¤ÆI&E @�8;:�@74 G 6&@B>?��@dÄ|4 E :5�F� I � E 8;��@s6N@y>l��8A�B@ S�STQ � ¤ � ¤ 4]��>T@^Ò'@y�^��8 INE�S
8 E 8Ç� S�S 8A:R@ S+J @ E @y>T4]��@Æ4`�T8 G 8 E�J`I]M � ¤ @ ¤ 2 � @B>T1 I&G 8;� ��G 4 E @ § Ô ¤RI9I&S @Æ4 E�Q���� @y> ¤ 4 G;M���G 4 E @ K[I :�@ G ��8;� ¤
� ¤ @�8A:�@y4 G 6N@y>l��@^Ä*4]� Ù STI � ¤ 4]��� ¤ @�>T@^Ò'@y�^��8 I&E 8 E � ¤ @ I&���
I&S 8;��@ S 8A:R@ S @ E : S[Ù � I úRÉ Û+¤ @ E � ¤ @
� ¤ >T@y@ S 8;:�@ SÆINM � ¤ @L�T>T8 4 E�J&G @ G 8;@ I&E¦G 8 E @ S � ±�0�´5©f/�² � ±g0�´5© �-²�4 E :®ÿ 0�ÿ�© �`� ¤ 4]�Æ��@�:�@ E�I ��@L1!2
È���²ÆÈ � ²�4 E :¦È��ª>T@ ST� @y�^��8;6N@ G 2 ±�4 S 8 E » <s«%¼(´ §ÐÛ+¤ @�� ¤ >?@y@ S 8;:�@�>T@^Ò'@y�^��8 I&E�S 4N�^� I&E �� �×�1�2 ��±�K?´�©
«�/ ÷ Kd² � ±6K?´P© «�� ÷ Kd²N4 E : å ±6K?´P© �^×B¢IKdÉ Û+¤ @ E � ¤ @y>T@�4N>T@�8 E ��@ J @y> S `�4 E :b� STI � ¤ 4]�sÈ �HK @B@B� S È � 8 E
4 E 4 E�JNG @ INM <�¢ `[>T4N:�8A4 E�S 4 E :[È ��K @y@B� S È � 8 E 4 E 4 E�J&G @ INM <�¢h��>T4N:�8 4 E�Sy§0Û+¤ @ E `�1®«n² �#1®«9²�4 E :
± `�² �&´ R© ±x«9²d«N´ S 8 E �y@�� ¤ @[4 E�J&G @ STQ�K INM 4 ¤ 2 � @y>T1 I&G 8A����>?8 4 E�JNG @�8 S 4%� KLI&S ��<sÉ Ô INE 6N@y> S @ G 2 ¶ � ¤ @ S @
� INE :�8;�T8 I&ERS 4N>T@ S?Q�+ �y8;@ E � M�I >�� ¤ @�@dÄ98 S �T@ E �B@ I]M 4 ¤ 2 � @B>T1 I&G 8;��>T@^Ò'@y�^��8 INE J > I&Q�� ± `i² �n² Ù ´v� ¤�I&S @
M�Q�E :�4 K @ E �t4 G : I&K 4N8 E 8 S 4=�T>T8 4 E�J&G @|��8;� ¤ 4 E�JNG @ S úR² <�¢$`�²04 E :U<�¢h� ¶�S @B@ »ÍÌ 4]¼ ¶ <µ8 J�§ � § ½ § Î § �ÚI �T@
� ¤ 4]��±�«9²t½R² Ù ´�8 S Ø Q�S �|� ¤ @ J > INQ�� ­�
|°l±�«9²B³�´ INM 4 GAG�S 2 KLK @B��>?8A@ S|INM � ¤ @[< I >T:¦:�8 S � � 4]�tÑn8 E�J�§�� @
��8 G;G 4 S?STQ�K @ ��1 `"4 S ��@ GAG�¶iSTI �QX «nÉ Û+¤ @ J > I&QR�XI]M ��>T4 E�S?G 4]�T8 I&E�S � ¤ 4]�Æ�RÄ Ù 8 S5J @ E @B>�4]�T@y:¦1!2
� � 4 E : I&E @ K 4$2�� ¤�I9INS @v� InI >T:�8 E 4]�T@ S+STI � ¤ 4%�*� � ±6K?´�© K ÷ Î&É � 8;� ¤ � ¤ 8 S � ¤�I 8A�y@[±(� ¤ 8A� ¤ :�8 ��@y> S
M > INK � ¤ 4]� Q�S @y:,8 E » <�«-¼(´���@�� E :U/�© ÷ ��� INS ±6<�¢ `
´ � ú9² �Æ© /vü Î$¢&«[© ��� I&S ±6<�¢h�N´ X úR²�4 E :
��© ±x«*� I&S ±6<�¢$`�´iü « � I&S ±�<�¢h�N´T´ îiï XýúRÉ � @B�`± `i²M�9² Ù ´ � 9 ± `i² �n² Ù ´�1
@Æ� ¤ @Æ8 E :R@^Ä��F� I[S?Q 1 J > I&Q��
INM�I >T8;@ E �t4]�T8 I&E ¥ � >?@ S @B>?6n8 ERJ 8 STI&K @B�T>T8A@ Sy¶ � ¤ 8;� ¤ 8 S � ¤ @ M >T@B@ � > I : Q �B� INM 4��B2n� G 8A� J > I&Q��"I]M�I >?:�@y>A`
J @ E @y>T4]��@B:H1�2�û�© å � 4 E :¸4��B2n� G 8A� J > I&Q��=INM0I >T:R@y>A� J @ E @y>T4]��@B:H1�2#��© å8� É

Ô G @y4N> G 2[± `i² �n² Ù ´ � 8 S 4 E 8 E�S ��4 E �B@ INM'I&Q >5Õl�T@ S �s�74 S @ § Ö Û+¤ @ �
I >?�T8 I&E|INM � ¤ @ M 4 E�ä ± Ù ´i1�@^�F��@B@ E
� ¤ @�6&@y>l��8;�74 G�G 8 E @ S È�� 4 E :*È � 8 S 1 I&QRE :�@y:*1�2¿4 S?K[InI � ¤ � Q >l6&@�� ¤ 4]� � > I Ø?@y�^� S � I � ¤ @�8 E �T@y>?6]4 G
ì © » /'² ��¼ INM�G @ ERJ � ¤ Î-¢&«nÉ Û 4]ÑN@ ì 3 � ì 4 S � ¤ @ M�QRE :'4 K @ E �t4 G : I&K 4N8 E�M�I >�� ¤ @=4N�B�T8 I&E*INM ³¾1!2
��>T4 E�S?G 4]�T8 I&E�SB§�Û+¤ @�@y: J @^¥ � 4N8A>?8 E�JNS`G @y4N: Q�S � I 4 � 8A@B�y@B��8 S @ S?K[InI � ¤ @^Ä � 4 E :R8 E�J,K 4 �¿ñ INM�í ¢�³
J 8Ç6&@ E 1!2 ñ ±�K'ü�³�´�© û îiï ±�K?´'ü*³ M�I > KD� ì 4 E : ñ ±�K�ü�³�´P© û0±6K?´�ü�³ M�I > K � � ì É D�M `QXý«v� ¤ @ E
¯�±�úR² Ù ´s© » /�² �t¼�²�� ¤ @B>T@74 S ¯�±�ú9² Ù ´�© »ø÷ Î$¢&«9²7Î-¢N«%¼
© » � ÷ Î&² �t¼h� ¤ @ E `�©ò«9É

À�2 Ô I > § Î7½ § « ¶ ± `i² �n² Ù ´�8 S � ¤ 4N8 E ¥�� E 8Ç��@ §�Û+¤ @|� ¤ 4]8 E�S 4 E : Å 4N>?Ñ I 6�1 I Ä9@ S �74 E 1
@Æ� I&KL��G @^��@ G 2
:�@ S �y>?8A1
@y: M�I > `®© «9²s� ¤ 4]�L8 S�M�I >�� ¤ @=>?8 J&¤ ���T>T8 4 E�J&G @�>T@BÒ�@y�B�T8 I&E J > I&Q�� £¾© ±�«9² �n² Ù ´^².� 1 ½RÉ
·�S 4N1 I 6&@ ¶ ¯�±�úR² Ù ´,© »ø÷ Î-¢N«9²7Î-¢&«-¼x²���±6K?´X© ÷ Kd² � ±6K?´¦© Î ÷ Kd² å ±6K?´X© Î-¢�±�ÓP� I&S × ±�<�¢h�N´ K?´^²
û0±6K?´P© å ��±�K?´^²��h±6K?´s© å�� ±�K?´^²$4 E :Æû �h±6K?´P©�K ÷ Î&É Û+¤ @ E � å © å �*4 E : ��×�© � ×�© å ×�©�� � © Î&É
� @B� � © � ±6�&´�1
@[±�� ÷ «N´T¢&« I >A� ÷ «�4 S ��8 S @B6N@ E¸I > I :�: §
� �� !���% n� � ��V��'V&� _6�iT�a�Y�z�mAf�Yt\ � ± ä ´^² ä � ��±�úR² Ù ´^²hjyb$o�\Tm;\7z�b-q�« � mAo
zFYtc7�^_]f;\|��mxz�a¦Y�o�{%gsb-mAo
z�\
0 �&²�ÿ ��ÿ � � ²0��a�YtcdYb0 î �`© ÷ 0 �[_]o�{Hú[© 0 c�þ 0 ï þ É;ÉÇÉ�þ 0 � © Î-¢N«9É�T�a
Y80 �!²�úHþ ��þ � ²i_]cdY
\�gsYyj�mA��YB{¸e^r,z�a�Y�c7Z]f�Yt\ ��±�0 �$´P©O0 � � ï ² � 1¨úR²nqxb-c�Y$�-Y�o �`_]o�{=eBr�z�a
Y�c7ZNf�Yt\ ��±�0 �$´P©O0 � � × ²�ú � � �

� ÷ «9²
_]o
{��!û �h±g0 � îiï ´P©O0 ï qxb-c�bn{�{ �9É�Fe �VT�a�YtcdY�_]c^Y�jBb-o�\yz�_]o
z�\ � _]o�{ � �&² �¿© Î&²7ÉÇÉ;ÉÇ² � ²0\^b¦z�a�_Rz�ú¿þ ÷ � þ � ï þ � × þ É;ÉÇÉ+þ � �_]o�{ 	�
&±�úR² Ù ´�© » � �&² � ¼Pqxb$c 0 � îiï þ 0,þ 0 �&É � m;\�z�a�Y�ZNo�m � Z!Y`o
Y�pn_Rz�m��$Y��9��YB{�gsb-mAo
zÚb-q å b-c`b-q

B %



� � � îiï ��� × � _]\A��mA\�Y$�-Yto,b-c�bn{�{
} � � © � ± � ´+_]o�{�z�a
Yvb!z�a�Y�c � �|_]c^YÆ{�Y$z�Y�cT�LmAo�YB{�e^r"z�a�Y�qxb-cT��ZNf(_]\
��± � �7´�© � � � ï ² ��þ � ² �!û ��± � � ´P© � ï

qxb-c�Y$�-Yto;�L_]o�{

��± � �7´�© � � � × ² ��þ � ÷ Î&² �!û ��± � �7´�© � � � × î � ²���1 � ÷ Î

qxb-c�bn{�{ �!1 �9É
��j � �sY$z � ��© » 0 � îiï ²�0 �y¼x² � �,© » � �&² � ¼x²�_]o�{ 	 ��© � � C;� ��qxb-c �*© Î&²7ÉÇÉÇÉ;² � ÉLT�a�Y�o z�a�Y[\^Y-z�\
	*± ä ´^² ä � ��±�úR² Ù ´^²�jBb-o�\Tm;\7z�b-q�z�a�Y 	 �,_]o
{ ��± 	 �-´=© ÷ 	 ��qxb-c �¨© Î&²yÉ;ÉÇÉ;² � É T�a�YtcdY=mA\�_
c^YB{
ZnjBYy{ � _]c?knbN�¸gi_%c7z�mxz�m�b-o qxb$c�z�a
Y�pRYybn{�Y�\Tm�j���b]�¬bN�$Ytc� �×B¢N£ ��m�z�a � � _]c?knbN�ýeRbd��Yt\���a�b-\dY
z�c�_]o�\y�-Ytc?\t_]f;\�_%c^Y�gi_]c�_]��Y-z�c?m��-Yy{�e^r 	 ï ²7É;ÉÇÉÇ² 	 � É

Û0I�M�INGAGAI �ª� ¤ @ � > InINM 8Ç�+8 S�¤ @ GA�9M�Q�G � I :�>�47�®� ¤ @5:�8 S � KLI :�@ G�INM � ¤ @ ¤ 2 � @B>T1 I&G 8;� ��G 4 E @Ú��8Ç� ¤ � ¤ @
I >?8 J 8 E 4]��� ¤ @`�9ÄR@B: ��I 8 E � INM �\>�� ¤ 8 S�K 4NÑN@ S�K 4 E 2=@ � Q 4 G 8Ç��8A@ S 4 E :�8 E @ � Q 4 G 8Ç��8A@ S�I 1�698 I&Q�SB¶ 4 E :���@
��8 G;G ��4NÑN@�� ¤ @ K M�I > J >T4 E ��@y:*8 E � ¤ 4]� M�I&G;GAI � Sy§ < I >`�F� I �F2 � 8;�74 G �74 S @ SB¶ @74]� ¤ ��8Ç� ¤ � © ½ ¶PS @B@
<µ8 J&Q >T@ �=±(� ¤ @Æ>T@ J&Q�G 4N> �
I&G 2 J&I&ERS 8 E � ¤ 8 S � J&Q >?@v4N>T@�Ø Q�S ��� ¤ @y>?@ M�I >+>T@ M @y>T@ E �y@7´ §

Û0I � E :�� ¤ @��T8 G @ S � ± ä ´^²]4 ����G 2|û�� I � ¤ @�Ñ E�I � E @ E : ��I 8 E � S ��Î-¢&«�4 E : QRS @�8 E �T@ J @B>µ��>T4 E�S?G 4]�T8 I&E�S
� I 1�>T8 E�J � ¤ @�>T@ S?Q�G �T8 E�J[��I 8 E � S 1�4N�tÑ¸8 E � I »ø÷ Î-¢N«9²7Î-¢&«-¼xÉ Û+¤ 8 S�� > I : Q �B@ S 4 E @^� @ E : �
I 8 E ��� ¤ 8A� ¤ 8 S
ú M�I > � © ½ I >�� ¤ @ E�I&E�Ë @y> I"��I 8 E ��� îiï ±lÎ-¢&«N´�© ÎÆüçû0±lÎ-¢N«&´ M�I > ��X ½ §®DFE � ¤ @ G 4]�?��@B>[�y4 S @ ¶
4 ���RG 2�û 4 J 4]8 E 4 E : Q�S @�4 E�I � ¤ @B>|��>T4 E�S?G 4]�T8 I&E � I � E :¿4 ERI � ¤ @B>`@ E : �
I 8 E � ¶ @B��� §HD�M ��8 S @^6&@ E*I&E @
I 1R��4N8 ERS�STQ �B�y@ STS 8Ç6&@ G 2 Î-¢N« X � îiï ±lÎ-¢&«N´UX � î ×%±lÎ$¢&«&´UX ÉÇÉ;É8X � î � ±�Î-¢&«&´H© ú9²�� ¤ 8A� ¤ 4]>T@�� ¤ @
@ E : ��I 8 E � S 0 � ² 0 � îiï ² 0 � î × ²7ÉÇÉÇÉ;² 0 cNÉ D�M �5© « /¨ü�½!1 �Æ8 SPI :�: ¶n¤RI ��@B6N@y> ¶ � ¤ @ S @ � Q @ E �B@ � î Â ±�Î-¢&«&´
8 S��
I&S 8Ç��8Ç6&@,4 E :ò:�@y�B>T@y4 S 8 E�J M�I >Hú � Ã � / 1 Q �H8 S�E @ J 4]��8Ç6&@ M�I >HÃ © / ü Î&É DFE¨M 4N�B�=� ¤ @
�
I 8 E ��K�© Î5ü � î - îiï ±�Î-¢&«&´ G 8;@ S 1
@B�F��@y@ E � îiï ±lÎ-¢&«N´�4 E : Î-¢&«nÉ ·�����G 2 � îiï � I K�>T@ � @y4]��@B: G 2¿� I
J @^��4�:�@y�B>T@74 S 8 ERJ�S @ � Q @ E �y@���8;� ¤ � î � � îiï ��� ×N±6K?´�© ú9É Û+¤ 8 S�J 8;6N@ S � ¤ @�@ E : ��I 8 E � S 0 ����8;� ¤ 0 � ©
Î-¢&«n²20 � îiï © Kd²L0 � î × ©�� îiï ±�Î-¢&«&´d²A0 � î $ ©�� îiï ±�K?´^²�4 E : S?I[I&Eh§

1

8

β

0z

1
z

2
z

3z

α3

α
2

α1

β −

C

A

B

C

A

B

 Figure 6. Tiles and slices for the Hecke triangle groups with q=8 and q=5 

z

z

z

z

β α

α

β 

α

1

2

3

0

2

3

−

8

ê Ä�4 K 8 E 8 E�J @74N� ¤,S �T@ ��¶ ��@ S @B@�� ¤ 4]��@74N� ¤ 8 E ��@B>?6]4 G »�÷ Î-¢&«9² 0 Â ¼�²vÃ 1¾úR²�8 S 4�� ¤ 4]8 E�§ <µ8A> S � I � ¶
»ø÷ Î-¢N«9² � î Â ±lÎ-¢&«N´�¼�© ¯�±�úR² Ù ² � îiï ± Ù ´^²7ÉÇÉÇÉ;² � î Â ± Ù ´?´�8 M ú � Ã � ±�� ÷ «&´?¢&«9²�4 E :"� îiï ± Ù ´�© ÎNÉ�< I >
�Æ© «7/®ü,½Æ��@ J @B� »ø÷ Î-¢N«9²MKF¼�©ç¯�±�úR² Ù ²7Î�ü � îiï ± Ù ´d²7É;ÉÇÉÇ² �-´s� ¤ @y>T@ ��© Îiü � î - îiï ± Ù ´^É D � M�I&GAG;I � S

B �



M�I >�ú � Ã � /¬� ¤ 4%� »ø÷ Î-¢N«9² � î Â ±6K?´F¼�© ¯�±�úR² Ù ²�� î Â ±�«&´^²yÉ;ÉÇÉ;²�� î Â ± �-´T´^É ·�S û0±�ú�´P© Ù 8Ç� M�INGAGAI � S � ¤ 4%�
@B6N@y>l2�� ¤ 4N8 E ¯�±�úR² Ù ²E`�²7É;ÉÇÉ ´P8 S @y8Ç� ¤ @B> »ø÷ Î-¢N«9²�07Â$¼x²�ú � Ã � � ²R8 M `;Xªú I > » 07Ân²7Î-¢&«%¼�² ÷ � � Ã � úR²
8 M `=þªúRÉ ·��R��G 2n8 ERJ 8 E � G;Q�S 8 I&E
	 @dÄR� GAQ�S 8 I&E � I � ¤ @ S @Ú� ¤ 4N8 E�Sy¶ ��@ S @B@Ú� ¤ 4]��� ¤ @���8 G @ S 4N>?@�4 S�S �t4]�T@y:�4 E :
±�4&´�8 S+� > I 6N@ E�§

� @`1�@ J 8 E � ¤ @ � > I9INMPI]M ±�1�´ § < I > ��© Î&²7ÉÇÉÇÉ;² � 4 E :�0 � îiï þ 0Hþ 0 �&² � @ KLK 4 � § � S?¤�I � S � ¤ 4%�
� ¤ @ S?G 8;�y@
	�
&±�úR² Ù ´Ú8 S 4 E 8 E �T@y>?6]4 G » � �&² � �y¼�É�ó98 E �B@ Ù 8 S 4 E 8 E ��@B>T8 I > ��I 8 E � INM � ¤ 8 S5STG 8;�y@���@ ¤ 4$6N@
� ��þ � �NÉ Û+¤�K=§ � § õ ST¤�I � S � ¤ 4]�Æ� ¤ @ S @ � Q @ E �y@ S � �L4 E : � ��4]>T@�8 E �B>T@y4 S 8 E�J�§ � @ KLK 4 	 § Ó ST¤�I � S
� ¤ 4]�s� ¤ @ S @ � Q @ E �B@ INM
S @B� S » � �&² � �B¼�8 SsS �T>T8;�B� G 2v:�@y�B>T@74 S 8 ERJvS?I � ¤ @ S @ � Q @ E �y@ � ��8 SµS ��>T8;�B� G 2|8 E �B>T@74 S 8 ERJ
4 E : � �5© � 8 S 8 E :R@ � @ E :�@ E � INM �&É �ÚS 8 E�J�S 2 KLK @^��>?2���8Ç� ¤ >T@ ST� @y�B��� I � ¤ @ I >T8 J 8 E�¶�Û+¤RKH§ � § õ J 8Ç6&@ S
ú�þ ÷ � ï � � ï ÉÛ+¤ @�>?@ S � INM ±�1�´ QRS @ S � ¤ 4]� 	*± Ù ´58 S ��8 G @B:¦8 E «���472 Sy¶ 1 I � ¤ 1�2,� ¤ @ S @^� S 	*± /�² Ù ´v© / ü	*±�ú9² Ù ´i4 E :`1�2Æ� ¤ @ S @B� S 	*± Ù ²�/=´�© /,ü 	*± Ù ²tú&´^²%4 S 8 E �P> I&��§ � § «Ú4 E :`<µ8 JNQ >T@�« ¶ � ¤ @y>?@���@ Q�S @
� ¤ 4]�5� ¤ @�� Q�ST�X�
I 8 E � S 4]:%ØT4N�y@ E �v� I=Ù 4]>T@ÚØ Q�S �v� ¤ @�8 E �T@ J @B> S /�É�ó98 E �y@
	*± Ù ²tú�´�©öû0± 	*±�úR² Ù ´T´^²
� ¤ 8 S`M�I >?�y@ S >?@ G 4]��8 I&E�S 1
@B�F��@y@ E � ¤ @�@ E : ��I 8 E � S � 4 E : � �&É DFE :�@B��4N8 G�¶ ��@ G @B�
	��®� I&E�S 8 S � INM � ¤ @
� E 8Ç��@ ��I 8 E � S ±g0R²�/n´D� 	*± Ù ´���8Ç� ¤ / X�0RÉ Û+¤ @ E 	 � 8 S 1 I&Q�E :�@y:�1
@ G;I �¨1!2�� ¤ @ J >T4 ��¤�I]M � ¤ @ S �T@ �
M�Q�E �^��8 I&E �P±6K?´0��8Ç� ¤ 6]4 GAQ @ S / ü � � I&E / ü � �Ú4 E : / ÷ � I&E / ÷ � � ¶�M�I > ��©¾ÎN²7É;ÉÇÉÇ² � 4 E :�8 E �T@ J @B>
/�É Û+¤ @ STQ 1 S @B� 	 ��INM 	*±�ú9² Ù ´���8Ç� ¤ 0 Xýú���>T4 E�SlM�I > KLS 1�2`ûL8 E � I 	 � 4 E :�� ¤ @�8 E ��@ J @y>0��>�4 E�STG 4]��@ S
/ëü û0± 	 � ´+�T8 G @ 	�� §ÚD � M�I&GAG;I � S � ¤ 4]��� ¤ @ ��I >l��8 I&EHI]M û0±�	 � ´���8;� ¤ û0±lÎ$¢&«&´ ÷ Î`þ 0�þ¨û0±lÎ-¢&«N´�8 S
1 I&Q�E :�@B:H1
@ G;I � 1�2�� ¤ @ J >�4 ��¤=INM �P±6K?´dÉ

<µ8ÇÄ�4 E¿I :�: �;1 �9É Û+¤ @ E û0±g0 c7´�© Ù ²�û0±g0 ï ´L©¬û �nû �h±g0 � îiï ´�© 0 � îiï
÷ «9²µ4 E :¿û0±g0 �%´�©

û �h±g0 � î × ´�©O0 � î × ÷ Î M�I >�« � � � � É ·ÚS » 0 � î × ÷ «9²�0 � îiï ÷ «%¼�© » û0±g0 ¡ ´ ÷ Î&²Tû0±�0 ï ´�¼�9ýû0± » 0 c]²�0 ï ¼ ´^²I&E @�� E : S � � îiï
÷ «Æ©®û0± � ï ´d² ¤ @ E �y@ � ï © �nû �h± � � îiï ´^É ·ÚS

» 0 � îiï
÷ «9²�0 c ÷ Îy¼�©®û0± » 0 ï ² 0 × ¼ ´^² I&E @� E : S � � ÷ «v© ÷ � ÷ Î�©¨û0± � × ´^É Û+¤!Q�S � × ©��nû �h± � � ´�4 E : � © � ± � � ´^Én<µ8 E 4 GAG 2 » 0 � îiï ÷ ÎN²�0 � ÷Îy¼�©ªû0± » 0 � � ï ²�0 � � × ¼ ´^² � 1 Î&² S?I � � ÷ ÎÚ©®û0± � � � × ´�4 E : � � � × © ��± � �7´^É Û+¤ 8 S�� > I 6N@ S � ¤ @ M�I > K`Q�G 4 SM�I >�� ¤ @ � �Æ8 E ±�1'´ §PÛ+¤ @ � > InINM�M�I > I � ¤ @y>A��8 S+S 8 K 8 G 4N> ¶ 1 Q � S 8 KL��G @B> ¶ 4 E :���@Æ��8 G;GhI&K 8;�+8Ç� §

Û+¤ @v8 E ��@ J @y>��T>�4 E�S?G 4]�T@ S+INM � ¤ @Æ>?@ J 8 I&E û0±�	 � ´�� I 6N@y>�� ¤ @Æ>?@ J 8 I&E 	��PÉ�ó98 E �y@
û0± 	�
�±�úR² Ù ´?´�© 	�� � 
 � ± Ù ²tú�´�© » û0± � ï ´d²Tû0± � ´�¼�²�ú�þ�0Lþ50 ï ²

��@ ¤ 4$6N@Xû0± � ´X© Î`ü û0± � ï ´dÉ Û+¤nQRS � ï © �!û0± � ´^É �ÚI � M�I >(� I :�:ª��@ ¤ 4$6N@ � © � ± � � ´,©
� � � � î $ ��� ×]± � ï ´H© � � � � îiï ��� ×dû0± � ´[4 E : � � � � îiï ��� ×tû © � î � � îiï ��� × � û © � � � îiï ��� × � S 8 E �y@ � �ò©
� � îiï ² � � © Î&²h4 E : � � ûX© �`ÉiÀ Q � � � � îiï ��� × � » úR² Ù ¼µ© � � � îiï ��� × » Ù ²tú]¼�9 » ú9² Ù ´^É ·�S � � � îiï ��� × �
>T@^6&@B> S @ S�I >T8;@ E �t4]�T8 I&Eh¶ 8Ç� M�INGAGAI � S � ¤ 4%�+8;� ¤ 4 S 4 ��I&S 8;�T8;6&@ S 8 E Ñ[4 E :�4 E @ J 4]�T8;6N@ STI&Q >T�y@�4 E : E�I�I � ¤ @B>
�RÄ9@y: ��I 8 E � Sy§ Ê E � ¤ @ I � ¤ @B> ¤ 4 E : ¶ 8 M ��8 S @^6&@ E � ¤ @ E �nû0± � ´�© � ï ©��nû �h± � � ´�© �!û � � ± � ´^² S?I �
8 S �RÄ9@y:�1�2 � � © å É Û+¤ @`�RÄ9@B: ��I 8 E � S�I]M�å 4N>?@ � �%É Û+¤!Q�S � ¤ @`�RÄ9@y: �
I 8 E �Ú� ¤ 4N>T4N�B�T@y>T8 Ë 4]�T8 I&EHINM
� 8 S+� > I 6N@ E 8 E 1 I � ¤ �74 S @ Sy§

Û0I�ST¤�I � � ¤ 4%� ÷ � R© � ï ²
>T@y�y4 GAG � ¤ 4]� � ¤ 4 S�E�I �RÄ9@y: �
I 8 E � I&E ��  × É �¨¤ @ E ��8 S @B6N@ E�¶ � ï ©�!û0± � ´ R©ëû0± � ´Æ© ��± � ´^É �¨¤ @ E ��8 SÆI :�: ¶ � � � � îiï ��� ×N± � ï ´v© ���
� � � ï ��� ×tû0± � ´Æ©ëû � � � îiï ��� × ��± � ´5©

û0± � ´ R©
�!û0± � ´�© � ï É ·�S � �
� � îiï ��� ×Ú�RÄ9@ S ��± � ´�1 Q � E�I � � ï ²R��@5� E : ��± � ´ R© � ï É Û+¤!Q�S ÷ � R© � ï ²� ¤ 8;� ¤ � E 8 ST¤ @ S � ¤ @ � > I9INM�INM ±�1'´ §

� @ E�I � S?¤�I � ±��$´ § þ � XÚ© £ � c � 
 � 4 E :�� ¤ 8 S|J > INQ���INM�I >?:�@y>�«H4N�B� S`M >T@B@ G 2 I&E ��±�ú9² Ù ´^É
D � M�I&G;GAI � S � ¤ 4]��£ò4N�B� S`M >T@B@ G 2 I&E � 4 E : STI Ô I > § Î&Î § Ó J 8;6N@ S 4 Å 4]>TÑ I 6 � 4N>?�T8;��8 I&E 8 E :�@dÄR@B:*1!2
��¢N£"© ��±�úR² Ù ´?¢Lþ � X¾É Û+¤ @`Ò I ��1 I Ä9@ S�M�I >�� ¤ 8 SÚ� 4N>?�T8;��8 I&E 4N>T@Æ� ¤ @`8 K 4 J @ S 8 E ¯� �×B¢N£ INM � ¤ @
Ò I ��1 I Ä9@ S �ö± ä �%´ M�I > ��© Î&²7ÉÇÉ;ÉÇ² � � ¤ @B>T@ 	*± ä �-´�© 	 �&É Û+¤ 8 SP� > I 6N@ S ±��$´s4 E : ¤ @ E �B@�� ¤ @+� ¤ @ I >T@ KH§

B �



Û+¤�K=§ Î � § Î=8 KL��G 8;@ S � ¤ 4]�L@y4N� ¤ @ E : �
I 8 E � INM @y4N� ¤ S?G 8;�y@�8 S � ¤ @ QRE�S ��4N1 G @��RÄ9@B: �
I 8 E � INM 4 E
@ G @ K @ E � INM � ¤ @���>?8 4 E�JNG @ J > I&QR��§ ó98 E �B@�@74N� ¤ � ��8 S 8 E � ¤ @ I >T1�8Ç� INM � ²�8Ç��8 S @ E�INQ�J&¤ � I �T>T@74%�
� § < I >;� I :�: ¶ � 8 S � ¤ @ Q�E�S �t4N1 G @"�RÄ9@B: ��I 8 E � INM � � � � ï ��� × �|É�< I > � @^6&@ Eh¶ � © � ± � � ´¿©
� � � îiï ± � ï ´5© � � � û �h± � � ´5© � � � û � � ± � ´^É�À Q � � � � û � � © � î � � û å ©�� î � îiï û¿© � ��� ×^û
4 E :"� ��� ×dû » úR² Ù ¼
©
� �
� × » Ù ²�ú]¼,9 ±�ú9² Ù ´^É�ó I � 8 S � ¤ @ Q�E�S ��4N1 G @Æ�9ÄR@B: �
I 8 E � I]M � ��� ×^û ¶ 4 S :R@ S 8;>T@B: §

< I >µ@y4N� ¤�¤ 2 � @y>?1 ING 8A����>?8 4 E�JNG @�>T@BÒ�@y�B�T8 I&E�J > I&Q�� ± `i² �n² Ù ´^² » <�«%¼ J 8;6N@ S 4 Å 4N>TÑ I 6 � 4N>l��8;�T8 I&E ��8;� ¤
`*� ÷ ` ÷ � Å 4N>TÑ I 6�1 I Ä9@ S � ¤ 4]�Æ8 S�E�I �v4 K[I&ERJ � ¤�INS @ � > I : Q �y@y:,1�2�� ¤ @ K @B� ¤RI : S5I]M � ¤ 8 S�� 4 � @y> §
< I >�`�©ç«|4 E :i�Æ©ç½R² M�I >�8 E�S �t4 E �y@ ¶ 1 I � ¤[¤ 476&@54 S 8 ERJ&G @ Å 4N>?Ñ I 6�1 I ÄL1 Q � I&E @�8 S 1�4 S @B: I&E�S 8 KL��G @
� INE �T8 E!Q @B: M >T4N�B�T8 I&E�S 4 E :=� ¤ @ I � ¤ @y> I&E�G @y4 S �l¥F>T@ K 4]8 E :�@B>�� INE �T8 E!Q @B: M >T4N�B�T8 I&E�SB§

�ÚI �¨� INE�S 8;:�@y>�� ¤ @ J > INQ�� £ INM ± � § 	�´P:R@ � @ E :�8 E�J`INE 4 � 4N>�4 K @B�T@y> �H��8Ç� ¤ ú�þ � � ½RÉ9ó Q��R��I&S @
��© ½9É Û+¤ @ E £"8 S 8 S?I&KLI > ��¤ 8A��� I � ¤ @|Ñ]@y> E @ G�INM � ¤ @ ¤�I&KLI&K[I > ��¤ 8 STK aQ>h±�«9²��R² Ù ´ : j ��Îhk`��8;� ¤
a�± ��´`© Î�© a�± � ´^².a�± å ´|© ÷ Î&É0ÏÚ@B>T@ � © ± � ÷ «&´?¢&«¸© « STI � ¤ @ J @ I :R@ S 8;�LÒ I � I 6&@B>� �×B¢N£
4N: K 8;� S 4 Å 4N>TÑ I 6 � 4N>?�T8;�T8 I&E ��8Ç� ¤ Ó Å 4N>?Ñ I 6�1 I Ä9@ SB§

Ê E � ¤ @ I � ¤ @y> ¤ 4 E : ¶�S?Q����
I&S @H«*þ � þ¬½RÉ � @�>T@ M @y>�� I <08 J&Q >?@ � ¶ � ¤ 8A� ¤*Q�S @ S � ¤ @ QR��� @B>
¤ 4 GÇM���G 4 E @+� InI >T:R8 E 4]�T@ SPINM ô��RÉ ·�S £ 
 8 SPJ @ E @y>T4]��@B:�1�2�� ¤ @Ú>?@BÒ'@B�B��8 I&E�S È�±6K?´P© ÷ ½ ÷ K�© � �'±�K?´�4 E :� ±6K?´�© � ÷ KÚ© �?± � �&± �?±�K?´T´T´d²h��@ K 472H8A:�@ E �T8 M 2 ��¢N£¿© í ¢N£ 
 ��8Ç� ¤ � ¤ @�8 E ��@B>?6]4 G »�÷ ½�¢&«9² ��¢&«%¼0©
¯�± ÷ Î&² Ù ´ 3 ¯�±�úR² Ù ´^É Û+¤ @L@^Ä � 4 E :�8 E�JHK 4 �"ñ¬M > I&K � ¤ @L>T@B: Q �y@B:*4N8 K @y:,� I >T>?@ ST�
I&E :R@ E �B@ �L¢N£
¤ 4 S �F� I�STKLInI � ¤ 1R>�4 E � ¤ @ Sy¶iE 4 K @ G 2 �?±�K?´Ú© ÷ ��¢IK I&E ¯�±�úR² Ù ´�© »ø÷ ��¢N«9²���¢&«-¼µ4 E :���±�K?´Ú© ÷ « ÷
Î-¢�±�K�üòÎ-´+© � ��± � �&±6K?´T´ I&E ¯�± ÷ Î&² Ù ´�© »ø÷ ½�¢N«9² ÷ ��¢&«%¼�É D � M�I&GAG;I � S � ¤ 4]� M�I >��y@B>?��4N8 E 6N4 GAQ @ S�INM � ¶
£ª8 S � ¤ 4N8 E ¥�� E 8;��@ § ón8 E �B@ �?± ��¢&«&´|© È�± ÷ Î-´d² �?± ÷ Î-´`© � ±�ú�´^²
�?±�ú&´�© Ù ²04 E :��h± ÷ ½�¢&«&´|© ú9²���@
E @B@y: I&E�G 2�@dÄ�4 K 8 E @�� ¤ @ I >T1�8Ç� S�I]M ÷ ��¢N« Q�E :�@B> ñ É ·ÚS �?± ÷ ��¢&«&´P© � ± � ÷ «&´^²|ÿ � ÷ «
ÿ!þ �i¢&«9²�4 E :
�?± � ÷ «&´�© È���± ÷ ��¢N«&´^²�£�8 S � ¤ 4N8 E ¥x� E 8Ç��@Æ8 M 4 E : I&E�G 2�8 M � ¤ @ I >T1R8;� INM �h± ÷ ��¢&«N´ QRE :�@y> ñ 8 S � E 8Ç��@ §
DFE,J @ INK @^��>T8;�`��@B> KLS � ¤ 8 S5K @y4 E�S � ¤ 4]�5� ¤ @ J @ I :�@ S 8A� I&E  �×B¢N£ � I >?>T@ S?��INE :�8 ERJ � I � ¤ @�: I � E ��4N>T:
>�472=� ¤ > I&Q�J&¤ � ] @y8Ç� ¤ @B>�:�8;6N@y> J @ S � I=Ù I >�8 S 4 S 2 KL� � I ��8;�|� I 4�� GAINS @y: J @ I :�@ S 8A� §5Û+¤ 8 S 4 �R� @y4N> S � I
¤�I&G : M�I >�4�� I&Q�E ��4N1 G @Æ:�@ E�S @ S @^� INM � ¹ÐSB§

−3/2

L

−µ/2

R

w
’

w’

x

−1

ξx(    )

µ

..

ξ

.
ξ

’

   Figure 7. Shadows and tiles for 2<    <3
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Figure 8. Tiles for the Appolonian gasket limit set
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