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bdcfehg�gji�k�l�mnl=eho!p�gjqfrfs�etl�l=i�culjo"ljvfiKw!oxvfpfg�y�oxzf{|ehpfg�}�pfet~!iJkjg�etl���etp/�Joxp���o!kjs�etl�����etl=v/l=v�i
kjiJ�|qfetkji�sFi�p|ljg8��oxk9l=vfi�cfi��xkji�iKoa���0o���ljoxk9o!���1vfeh�toxgjoxz�v|�!�

� ma�tl=etsFo!kji!����m!k�����m!pfc
�!�x�!�

� oxz���kjeh�!v|l �� �!�x�!� r����0�hm!gjetoxg8�0oxq�sFzfeto!l=etgJ�
b��t�\kjet�xv�l=g8kji�gji�k�~xi�c\�
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� ljo ��v mag�l=et��ma�Joxqfg�l=et��s�o�cfiJ�tgNmakji�m!p etsFz oxk�l�m!p�l��Jo!sFz oxpfi�p|l etpFb(q�l=oxsFmaljeh� � z iJi���v���i��Jox���
pfe l=eho!p�� b � ���&g���g�l=iJs�gJ���8vfiLsFo�cfi��0z m!kjm!sFi
l=i�kjg/ehp y(etcfcfi�p���makj{!o ~ �2o�cfi���� y0�����
r m!g�iJc&g�zCi�iJ��v�k�iJ�Jo!�xpfetljehoxpFm!k�i(pfo!kjsFm!�h� � iJg�l=ets maljiJc�qfgjetpf� �2m�� ehs qfs��?et{!iJ�tehvfo�o�c��1g�l=ehsFm��
l=etoxp �Y�!�"�#�@�"$S�N�Ji�k�l=m!ehp �Jo!pfcfetljehoxp�g vfox�hcU�?ehpf���hqfcfetpf��s�o cfi�����oxkjk�iJ��ljpfiJg�gJ��l=vfi�p �%�&� �Jm!p
r i�g�vfo ��pLljo2r i oxz�ljehsFm!�Y�Ky(o �Ni�~!iJkJ����vfiJp'iJg�l=ehsFmaljehpf� ljvfi"z m!kjm!sFi
l=i�kjg�o!� y0���'�Sr m!g�iJc
gjz iJi���v�k�iJ�Jo!�xpfe)(�iJk�gJ��ljvfi0l=k�qfi c mal=m"g�oxqfk��Ji ehg pfo!l�m!puy0��� mapfc�l=vfi�kji���o!kji o!ljvfiJk9ljk=m!etpfehpf�
oxr�*�i���ljet~xi(��qfpf��ljehoxp�gJ��ehp�z m!k�ljeh��qf��m!k1ljvfoxgji�l=v mnl9ehp�~!ox�t~!i(cfetgj��kjehs�ehpfmal=e ~xi8l=kjm!ehpfetpf�f�|m!k�i(oa�?ehp+�
l=i�kji�g�l �,�8v�iJgjiKcfehg��Jk�ehs�ehp maljet~!i0l=k=maehpfetpf� l=iJ��v�pfeh�|qfi�g0mal�l=iJs�z�l�l=oFoxz�ljehs�e)(Ji0m!p�etp���oxkjsFmaljehoxp
l=v�iJoxk�i�l=et� �Jk�etl=i�kjetoxp���vfeh��vuehg8k�iJ��mnl=iJc�ljo"ljvfi�zCi�k���oxk�s mapf�Ji o!��l=vfi�k�iJ�Jo!�xpfe)(�iJk��
- qfk ��o��Jq�g ehp"l=v�i/. k�g�l z m!k�lNo!�Cl=vfetg �Noxkj{"etg�ljo�cfi
~xi��hoxz&z�kjo��JiJc�qfkji�gN��oxk�l=vfi�iJg�l=ets maljehoxp

o!�Cl=vfi�0*maqfgjg�e�m!pFsFo�cfiJ� zfm!k=m!s�i�ljiJk�g m!p�c�ljvfi��tehpfiJm!k�l=kjm!pfg���o!kjs�g���qfgji�c ��oxk � z i m!{aiJkNb�c m!z��
l=e ~xi1��k=m!etpfehpf�2�Uqfpfcfi�k�ljvfi9�2m�� ehs qfs �2q�l=qfm!�3$�p���oxkjsFmaljehoxp4�1g�ljehsFmal=etoxp��Y���5$6�7�?�Jk�etljiJkjetoxp\�
�8vfi etp|ljiJ�xkjmal=etoxp&o!�	ljvfiJg�i*c�ehgj��kjetsFetp mal=e ~xi��hetpfi m!k l=kjm!pfg���o!kjs�g9ehp�l=o����!$Ni�g�ljehsFmal=etoxp&o!�	l=v�i
y0��� z m!k=masFi
l=iJk�g��ti m!cfg*l=o�c�ehgj��kjetsFetp mal=e ~xi"gjz i ma{!iJk"mac m!z�ljet~xi�l=kjm!ehpfetpf�8� � � b��/��zfkjo��Ji9�
cfqfk�iJg��8�:� zCi�kjetsFi�p|l=m!� k�iJg�qf�tljg gjvfo � l=v mnl����!$6�#;!� � b�� l=kjm!ehp�ehpf�2� m!p ��ehi��hc g�eh�xpfe<. � map|l
ehp��JkjiJm!gji�gKetpHkji��Jox�xp�etl=etoxpLm!�J��qfk=ma���H��oxsFzfm!kji�cLljouo!qfk�rCi�g�l*sFo�cfi��hg�ljk=m!etpfiJc qfg�ehpf����m�� e<�
s qfs=�?eh{aiJ�tehvfo�o c5�1g�ljehsFmal=etoxp8�Y�%�&�#�
�Cy(o �Ni�~xi�k�r|�2m!z�zf�t��ehp������!$6�#;!� � b��dljk=m!etpfehp��Fetp
b � �Bg���g�ljiJs�gJ��zCi�k���oxk�s mapf�Ji8etg�oxz�ljehs�e)(Ji�c���etljv"kjiJg�zCi���l l=o0ljvfi � iJp�l=i�pf�Ji>�1kjk�oxk1�(mnl=i8s�i�l?�
kjet�0l=v mnl�ehg8k=makjiJ� �&qfg�iJc2ehp/i�~am!�tq mal=etpf� l=v�iJgji*g���g�l=iJs�gJ�
�8vfi0g�iJ�Jo!pfc�z m!k�l o!�?ljvfehg�l=v�iJgjetg etp|~!iJg�l=eh�xmal=i�g vfo � b � � g�� g�l=i�sFg9�Jm!p&r i(ljk=m!etpfiJcFqfgjetpf�

m(l=m!gj{*gjz iJ��e@. �8i
~!ma�hq maljehoxp*�Jk�etljiJkjetoxp�g�qf��v�m!g�ljvfi9o ~xi�k=m!�t��kjetgj{��Y�uehpfets qfs � m �xi�g#��etgj{+��o ~xi�k
l=v�i l=k=maehpfetpf�&c mal=m����2ehpfets qfs � m �xi�gA��ehg�{B� � � �>�(l=kjm!ehpfetpf� etg �Joxs�zfq�l=mal=etoxp m!�t�t��i9� zCi�p+�
gje ~xi ��vfiJp"m!z�zf�hetiJc�l=o��hm!kj�!i�~!o �Jm!rfqf�hm!k��*��oxp�l=ehp|qfo!qfg�g�zCi�iJ��v kji��Jox�!pfetljehoxp\��b ��k=m!s�i��Noxkj{0��o!k
iDC���ehiJp�l8�2ehpfets qfs � m �!iJg9k�ehg�{ l=k=maehpfetpf��ehg cfi�~!iJ�ho!zCi�c&r m!g�iJc&oxp�l=i���vfpfeh�|qfi�g9qfg�iJc&etp�� � �
cfi��Jo�cfehpf����$�p'z m!k�ljeh��qf��m!k���mal�l=eh��i gji��xsFi�p�l�maljehoxpHl=i���vfpfet��q�iJg makji�qfgji�c'l=oucfi�kjet~!iFe l=i�k=maljet~xi
iJg�l=ets maljehoxpLzfk�o ��iJcfqfk�iJg ljv mal s�ehp�ehs�e)(Ji i�sFz�ehkjet� m!�1k�ehg�{Lrfm!gji�c oxp �xi�pfiJkjm!� �toxgjg*��qfpf��ljehoxp�g
gjq���v m!g*ljvfiE�?i
~xiJp�gjv�l=i�ehp cfehg�l�m!p��Ji!�5�:� zCi�kjetsFi�p|l=m!��kji�gjqf� l=g�etp oxp�iFg�s m!�t� m!pfc'l��No��hm!kj�xi
~xo�� marfqf��mak��2gjz iJiJ��vLkji��Jox�!pfetljehoxp�l=m!gj{|g��?gjvfo � ljv mal���mal�l=eh��i�g�iJ�xs�iJp�l�mnl=eho!p m!pfcHiJg�l=ets maljehoxp
l=i���vfpfet��q�iJg1r m!g�iJc o!p iJs�zfehk�eh�Jm!�xkjetgj{�s�ehpfetsFe@( maljehoxp0�Jm!p r i etp|ljiJ�xkjmal=i�cK��e l=v�c�ehgj��kjetsFetp mal=e ~xi

ete



l=kjm!ehp�ehpf� ljo"��etiJ�hc�etsFz�kjo ~xi�c2z iJk���oxkjsFm!pf��i!�

b�c�~�etgjoxk�� �0kJ��� et�h�te�m!s w�� � ��k�pfi!� �1kjoa��iJgjg�oxk
� iJ��oxpfc%��iJm!cfiJk���� �0kJ� 0 iJk�l � maq|�NiJp|r iJk��xvfgJ�U�1kjo!��i�gjgjo!k
�8vfiJg�ehg � oxs�sFe ljl=i�� �0kJ� � m!p�*�iJi
~�� v|qfpfcfm!pfzfqfk�� ��k�o!��iJg�gjoxk

�0kJ� b�pfc�kji mag(b(pfcfkji�oxq\� �1kjoa��iJgjg�oxk

etehe
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b9l0ljvfehg0z oxetp|lJ�
$8�Noxqf�hcH�teh{aiKl=o i � zfkji�gjg*s��u�xk=mnl=etljqfcfi*l=o/m!�t��ljvfi z iJoxzf�ti���vfo�g�qfzfz oxk�ljiJc
m!pfc2m!���Joxs�z m!pfetiJc/s�i cfqfkjetpf�"s��&g�l=qfc�ehiJg��
$N�Noxqf�tc'.fkjg�l��teh{!i0ljo l=v m!p�{&s���mac�~�ehgjo!k � eh�t� � ��kjp�i���o!k8vfehg8�xq�ehc m!p��Ji�m!pfcuiJp��Joxqfkjm!�xi9�

s�iJp�l � y(i�v mag�r iJi�p�m ��kjetiJpfc2m!pfcum"sFi�p�l=oxk��fzfkjo ~�ehc�ehpf�"cfetkjiJ�
l=etoxp���vfiJp2pfiJ��iJgjgjm!k��!� ��v�eh�hi
�xe ~ etpf��s�i ljvfi ��kji�iJcfo!s l=o0��o!�h�ho � sK��etp|ljiJk�iJg�ljgJ� $�m!sd��oxk�l=qfp mnl=i ljo v m ~xi8v m!c ljvfi8zfk�et~�eh�tiJ�xi
o!��� o!kj{|ehpf�"��etljv/vfehsu�
$um!s �!k=malji���qf��l=oBljvfi s�iJs r iJk�g�o!��s�� cfetgjg�iJk�l=mal=etoxp���oxsFs�etl�l=i�i!���1kjo!��i�gjg�oxkjg 0 iJk�l

� m!q��NiJp|rCi�kj�xv�gJ� � m!p�*�i�i�~ � v|qfpfc mapfzfqfkFm!pfc b�pfc�kji mag b�p�cfkji�oxq\�N��o!k�sFm!p�� qfg�i���qf����oxs �
s�iJp�l=gum!pfc gjq��x�xiJg�l=etoxpfgJ��$ m!s m!�tgjo �xkjmal=i
��qf��l=o_�1kjo!��i�gjg�oxk�� k�iJcfi�kjet��{ w!iJ�tehpfi�{_��oxk�l=v�i
oxzfz oxk�l=qfpfe l��&o!���Noxkj{|ehp�� mal8ljvfi � iJp�l=i�k���o!k ��mapf�xq m!�!iKmapfc � zCi�iJ��v��1k�o ��iJgjg�ehpf�
� � � � �#�
� $
�Noxqf�hc m!�hg�oK�teh{ai�ljoKljv m!pf{��1kjo!��i�gjg�oxkN� m!g�gjet�heho!g��0eh��m!�hm!{|ehg�oa� ��} � ��oxk�etp|ljkjo�cfqf��ehpf�*sFi�ehp�ljo
l=v�i�~!iJk��/ehp�l=i�kjiJg�l=etpf��m!kjiJm�o!��gjz iJi���v�k�iJ�Jo!�xpfetljehoxp�k�iJg�i m!k���v\�

�u� �Jox�t�hiJm!�xqfi�g�mal � � � ����b�v�s m!c �1s masFe � � l�m ~�kjo!g%�8g=ma{ama�hehc�ehgJ� � v m!pf{nm!k � qfsFm!kJ�
��iJi�k=m ��iJpf{nmal=m!k=mas m!p�eY��� o!pf�x��m!p����0iJpf�f��m!p�cFma�h� ljvfi8o!ljvfiJk�z iJoxzf�ti9��oxk�ljvfi8l=ehs�i �Ni�gjz iJp�l
l=o!�xi�ljvfiJk�� �8vfi���sFm!cfi9ljvfi(��iJp�l=i�k m�g�ljehs q���maljehpf� mapfc���q�pFzf�hm!�Ji8ljo*�Noxkj{ � �8v�iJehk�i�p�*�o ��m!rf�ti
�Jo!sFz map|��m!pfc�z mal=etiJpf��i�l=o �xoFljvfkjoxq��xvHgji
~xiJkjm!��~!iJkjg�ehoxp�g0o!�1l=v�ehg(ljvfiJg�ehg0etg(�!kji mnl=�t�2m!z�zfkji9�
�Jehmal=i�c\� $*m!s.ehpfcfi�r�l=i�c l=o�ljvfi�m!cfs�ehp�ehg�ljk=maljet~!iFg�l�m��Bo!� � � � � ��oxkKzfkjo ~�ehc�ehpf�Hm�g�sFo�o!ljv
kji�gjiJm!kj��v2iJp�~�ehkjo!pfsFi�p�l �

��ehpfm!�h� �x�,$"l=v m!p�{Bs��Bz m!kji�p�l=gJ� ��m!etlje0m!pfc �0etsFe l=k�ehoxg��0oxqfs�zfeto!l=etgJ� �8vfi�� ��m ~xiHs�i
�Jo!pfg�l=m!p�l�g�qfzfz oxk�l(m!pfcuiJp��Joxqfkjm!�xi�sFi�p|l�ljo�z�qfkjg�qfiKsK��cfkjiJm!s�gJ�1$9m!s cfiJi�zf�t���!k=malji���qf�U��o!k
l=v�iJehk8�to ~xi!�fljvfiJetk8z maljehiJp��Ji!� mapfculjvfiJetk�m!c�~�ehg�i!���8vfi�gjiKz m!�xi�g(makji cfi�cfeh�Jmal=i�culjo�ljvfiJsu�

et~
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6 � 6 �2o!ljet~amal=etoxp �K�*�*�K���*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� 6
6 � 6 � 6 �?et{!iJ�tehvfo�o�c ~�g��0etgj�Jk�ehs�ehp mnl=et~!i(rfm!gji�c2l=kjm!ehp�ehpf� �*�K�*���K�*�K�*�*� �

6 � � �1kjoxz oxgji�c �'oxk�{ �K���*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� 7
6 � � � 6 �?etpfi m!k9ljk=m!p�g���oxk�sFg8etpub � � �K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� 7
6 � � � � �0etgj��kjehs�ehpfmal=e ~xi>�	etpfi mak,��kjm!pfg���o!kjs�g �*�*�K�*�K�*�*�K�*���K�*�K�*�*� �
6 � � �87 9(o ~!iJ�	�Joxp�ljkjehr�q�l=etoxpfg8ehp � z i ma{!iJk�b�cfm!z�l=e ~xi4��k=m!etpfehpf�F���K�*�K�*�*� :
6 � � � � �uehpfets qfs � m �xiJg>��ehgj{&�0ehgj��kjetsFetp mal=e ~xi/��kjm!ehp�ehpf� �K�*���K�*�K�*�*� ;
6 � � �<: 9(o ~!iJ�	�Joxp�ljkjehr�q�l=etoxpfg �*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� =

6 �>7 - kj��m!p�e)( mnl=eho!p �*�K���*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� =
? @A- �!B��C�/B����ED���� @ �1�/��FG$H� ��2JILKM�*�*2ONQPR�*2S��� - �T� ��� - +CU

� � 6 �0iJ��o cfetpf� �Jk�etljiJkjetoxp �*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� 6 �
� � � �	m!pf�xq ma�xi*�2o�cfiJ�tehpf� �*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� 6W�
� �>7 b���oxqfg�ljeh�K�2o�cfiJ�tehpf� �*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� 6 7

� �>7�� 6 y����2g�ehp � z iJi���v���iJ�Jo!�xpfetljehoxp ���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� 6 7
� �>7�� � y�����z m!k=masFi
l=iJk�gH�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� 6 �
� �>7��87 � o!sFzfq l�maljehoxpfgN��etl=v2y0���2g��K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� 6 :
� �>7�� � - q�ljzfq�l�iJs�ehg�gjetoxp�cfiJp�gjetljehi�g �K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� 6 ;

� � � �0iJ��o cfetpf�"m!pfc2��i�k���oxk�s mapf�Ji ��~am!�hq mnl=eho!p �K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� 6 =
� � � � 6 �?i
~xiJp�gjv�l=i�ehp�cfetg�l=m!pf�Ji�mapfc � �#� ~�g ���1�6�*�K�*�*�K�*���K�*�K�*�*� 6/V

� �8: � qfs�s mak�� �K�*�*�K���*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� �!�
W X "1KM�*24�/$H�/��� -QY $H"���F
�5ZE$H� �5� -%[\X]Y�^_@ (������O�5�/N)F ?1+

7�� 6 �1g�l=ets mnl=eho!p&o!��y(ehc�cfiJp���m!k�{!o ~/sFo�cfi��hg4� y0���2g ���*�K�*�*�K�*���K�*�K�*�*� �!6
7�� � � ��~�e�m � maqfs � � i��h��vum!�t�xoxkje l=vfs �*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� �x�

7�� � � 6 ��k=maehpfetpf� �K���*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� �a�
7�� � � � � oxk��9makjc+� � m!��{��9makjc2m!�h�xo!kjetljvfs ���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� � :

~�e



7��>7 �1k=m!�
l=eh�Jm!�\etgjgjq�iJg�� - ~xi�k�l=kjm!ehp�ehpf� �*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� � =
7�� � � qfs�s mak�� �K�*�*�K���*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� �4V
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�����!$?sFo�cfi��hg�m!�Jk�oxgjg)7(e l=i�k=maljehoxpfg?��oxk?ljvfi 6 � s�oxg�l
cfoxs�ehp map|l9�Joxp���q�gjeho!puzfm!ehk�g8gjvfo ��p�etp'��m!r��hi V � � ���K�*�K�*�*�K�*���K�*�K�*�*� � 7

�



� � 	J� ��� � ��� �)� 	

= � 6 ��i�gjqf� l=g�oxp�l=v�i � � � � ljk=m!etpfehpf��gji�lJ� � � � �dl=iJg�l�gji�l��*�*�K�*���K�*�K�*�*� Vx�
= � � ��i�gjqf� l=g ��oxsFzfm!kjetpf�L���!$6� ~!iJkjg�qfg��!�"� l=k=maehpfetpf��i�~am!�tq maljiJc oxp � ��rCc 6

m!pfc � ��rCc � ljiJg�l�gji
l=gJ� � o!l=v g�� g�l=i�sFg �NiJk�iHehpfe l=ehm!�he@(JiJc r�� �%�dljk=m!etpfiJc
sFo�cfi��hgJ� �*�K�*�*�K���*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� VH6

= �>7 � o!kjc �1kjk�oxk ��mal=i'��� �(o!��g���g�l=iJs�g ��etljv�l=iJg�l gji
lK�%�&�&� m!c maz�l�maljehoxpU�C��oxk
~am!kjetoxqfg1kji��xkji�gjg�ehoxpF�J��magjgji�gJ�1b(�h� g���g�l=iJs�gN�NiJk�i(etpfetlje�m!�te)(�iJc r��F���!$�ljk=m!etpfiJc
sFo�cfi��hgJ� �*�K�*�*�K���*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� V��

= � � � o!kjc �1kjk�oxk1�(mnl=i4������oa�Cg���g�l=i�sFg1ljk=m!etpfiJc ��e l=v��%�
� � b�� �|���!$ � � b�� m!p�c
� � b�� iJg�l=ets maljehoxp�m!pfc�i
~am!�hq mnl=iJc�oxp � ��r c 6 m!pfc � ��rCc � ljiJg�l gji
l=gJ� �8v�i
�%�
� � b�� m!pfcF� � b�� � 6 sFo�cfi��hg1� i�kji(ehpfe l=e�ma�he)(�iJcKr|� ���5$�l=kjm!ehpfi�cFs�o�cfiJ�tgJ�
�8vfiu���!$ � � b��Omapfc � � b�� � � s�o c�iJ�hg*� i�kji/gji�iJcfi�c ��k�oxs s�o�cfiJ�tgK��oxqfp�c
ma� l=i�k :2�!� � � b�� e l=i�k=maljehoxpfg�� ��i�gjqf� l=g�ehp��J�hq�cfi qfpfg�qfzCi�k�~�ehg�iJc �!�"�&� ljiJg�l
gjz i m!{aiJk(m!c m!z l�maljehoxp\���*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� V!�

V � 6 � kjiJ�|qfi�p�l8�Joxp ��qfgjetoxp z maehkjg���oxqfp�c&r��F�hmaljljeh��i���q�ljljehpf��� $�pfcfet�JiJg zfkjo ~�ehcfi�c ��oxk
z m!etkjg8ehp&ljvfi�cfoxs�ehp map|l(���!$ ��oxp���qfgjm!rf�hi�z maehkjg����K�*�K�*�*�K�*���K�*�K�*�*� V �

V � � �0oxs�ehp m!p�l �1kjk�oxkK��m!etkjg�etp }�pf�Jo!pfg�ljk=m!etpfiJc ��iJ��ox�xpfe l=etoxp mn� l=iJk ��e ~xi ���!$
$Sl=i�k=maljehoxpfg��%�8vfi�kji/m!k�i&m2ljo!l�ma�No!��; 6 :2iJk�kjoxk�g�etcfiJp�l=e<. iJc mag�r iJ�ho!pf�xehp��2l=o
oxpfi�o!��l=vfi�gji�z m!etkjg8oxq l(oa��m l=oal�m!�\oa� 6 :4= 6 iJkjk�oxkjg����*�K�*�*�K�*���K�*�K�*�*� �x�

V �>7 �0iJ��o cfetpf��z iJk���oxkjsFm!pf��i ehp ���#� ��� ��qfg�ehpf�L���!$6� ~�gJ�'�1ehpf��v�iJc ��mal�l=et�Ji
���!$6�8�?�1�����!$6� s�o�cfiJ�tg0m!k�i ehpfe l=ehm!�he@(JiJc���e l=vL���!$6� sFo�cfi��hg�o!r�l�m!etpfiJc
ma� l=i�k�: etl=i�k=maljehoxp�gJ� ���*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� �H6

� � 6 ��kjm!ehp�ehpf� g�i�l=g2g�l=mal=etg�l=et�Jg�r i���oxk�i mapfc mn� l=iJk/�hmaljljeh�JiH��q�ljljehpf� ��oxk/cfe �Ui�kji�p|l
zfkjq�pfehpf��ljvfkji�gjvfo!�hcfg�� ��maljiJkjehm!�9��oxsFi�g ��kjoxs l=v�i	��

� 
���� ��������� m!p�c
l=vfi ������� ����� ���"
! #" � �*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� � =

� � � �2ehp�ehs qfs � m �xi�g ��ehgj{ ��i�gjqf� l=g1��oxk1l=vfo!gji��Joxp���q�gjeho!pFz maehkjg1��e l=v�sFoxk�i9l=v map
: � =4:���oxqfp�l=g�� � i��Joxs�z m!k�i8l=vfi��#��� � �(��� mapfc%$ - pfi �'oxk�g�l'&�l=kjm!ehp�ehpf�
zfkjo��Ji�cfqfk�iJg�oxp�l=vfi � � � �dl=i�g�l�gji
l ���K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� � =

� �>7 ���!$6� k�iJgjq��tl=g�oxp2�2b��?b � y � � ( �*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� �SV

� e



� � � �2ehp�ehs qfs � m �xiJg ��etgj{ ��etljvFl=v�kjiJg�vfox�tc�� 6 �x� gjiJi�cfiJc&��k�oxs ���!$6� ma� ljiJk ;
etljiJk=mnl=eho!pfg �K�*�*�K���*�K�*�K�*�*�K�*�K�*���K�*�*�K�*�K�*�*�K�*���K�*�K�*�*� 6 �!�

��ete
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b�q�ljoxsFmal=et� � z iJiJ��v ��i��Jox�!pfetljehoxp���b � �>� ehg l=v�i2maq�l=oxsFmaljeh� ljk=m!pfg��Jk�ehz�ljehoxp o!�(v|qfsFm!p
gjz iJi���v r�� s ma��vfehpfi�gJ���8vfiJg�i g���g�l=iJs�g*v m ~xi r iJi�p m!k�oxqfpfc ��oxk�sFm!p����xiJm!kjg���etljv'p|qfs�iJk6�
oxqfg"mazfzf�het� maljehoxp�g�gjq���vBm!g c�eh��l=mal=etoxp\��ljiJ�tiJzfvfo!pfi�cfehk�iJ�
l=oxk�� m!g�gjehg�l�m!p��Ji!���Jm!�h�Nkjoxq�ljehpf� mapfc
v|qfsFm!p+����oxs�zfq�l=i�k(etp�l=iJk�� m!�Jia���0qfkjetpf�"l=vfetg(z iJk�eho�c�m���m!k��xi�rCo�c��/o!�1{|pfo ���tiJcf�xi�m!pfc2i � zCi9�
kjetiJpf��i v m!g r iJi�p m!���|qfehk�iJcHl=v mnl�v m!g kji�gjqf� l=i�cLetpHgjet�xpfe@.f� m!p�l etsFzfk�o ~xiJs�iJp�l�etp�l=vfi"m!r�eh�he l��
m!pfcuz iJk���o!kjsFm!pf�Ji oa��b � ��g���g�ljiJs�g���o!k8zfkjo��Ji�gjgjetpf��gjz iJiJ��v�m!pfcup maljqfk=m!�U��m!pf�!q m!�xia�
�8vfiLzfkjox�!kjiJg�g�ma��vfehi
~xiJc cfqfkjetpf� l=vfiLz m!g�l/�xi makjg��Jm!p rCiLmal�l=kjetrfq�ljiJc s m!etpf�t� l=o_m!c+�

~am!pf��iJg etp g�l=mal=etg�l=et� m!��s�o c�iJ�hetpf�/l=iJ��v�pfeh�|qfi�g qfgji�c ��o!k m!��oxqfg�ljeh�a����m!p��xq m!�xi�s�o cfi��hetpf��mapfc
l=v�i�m!rfet�he l�� ��oxk��hiJm!kjpfetpf� ��kjoxs ��makj�xi/gjz iJi���v m!pfcBlji ��l&��oxkjz oxkjm�� �0qfi2ljo'l=v�ehg�zfkjox�!kjiJg�g
b � � g�� g�l=i�sFg�m!k�i0pfo � rCi��Joxs�ehp�� m�k�i m!�tetl���m!pfc�etpFljvfi0z m!g�l9��i�� �!i m!k�g l=vfi
�&v m ~!i0g�l=m!k�ljiJc
l=o�gjiJi��!kji mnl=iJk�qfg=m!r�eh�he l�� oxp m2��etcfi �Sgjzfk�i m!c g�� m!�ti!�1zfk�ehsFm!kjet�t�Hcfq�i l=o�ljvfi�m ~am!eh�hm!rfeh�tetl��2o!�
�Jo!p|ljehp|qfoxq�g ��g�zCi�iJ��v cfet��l=mal=etoxp g���g�ljiJs�gF��oxk l=v�i2z iJk�gjoxp ma����oxs�zfq�l=i�k!� � � �
� 9(i
~xiJk�l=vfi��hi�gjg
l=v�i�z iJk���oxkjsFm!pf��i�m!��vfehi
~xi�c ehg g�l=et�h��pfoal��Joxs�z m!kjm!rf�hi ljo�l=v malKm!��v�ehi�~!iJc'r|��v�q�s m!p�gJ���8vfi
�xo�ma�Uo!�?ljvfehg ljvfiJg�ehg8etg l=o cfi
~xi��hoxz/cfetgj�Jk�ehs�ehp mnl=et~!i�ljk=m!etpfehp���zfk�o ��iJcfqfk�iJg8l=o etsFz�kjo ~xi0z iJk���oxk �
sFm!pf�Ji oa��b � � g���g�ljiJs�gJ�
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	 � � � ���

�8vfi&s�o c�iJ� z m!k=masFi
l=iJk�g�etp y(etcfcfiJp ��m!kj{ao ~ �2o�cfi�� � y������Krfm!gji�c gjz iJiJ��v k�iJ�Jo!�xpfe<�
l=etoxp g���g�l=iJs�gNm!kji8pfo!kjsFm!�h� ��iJg�ljehsFmal=i�c"qfgjetpf�*��m�� ehs�qfs �?eh{aiJ�tehvfo�o c��Y�%�"��
 6 7��C7�� �1y0���2g
v m ~xi"r iJi�p'qfg�iJcLgjqf���Ji�gjg���q��h�t��ehp gjz iJi���v'k�iJ�Jo!�xpfetljehoxp���o!k0s map|�2�xiJm!kjg���etpLm&��m!k��xi�~am!kjeti�l��
o!��l�m!g�{�g�k=mapf�xehp��"��k�oxs k�iJ��ox�xpfe l=eho!puoa��m ��i�� v|qfp�cfkji�c2�Noxkjcfg���oxk�gjsFm!�t�U~xo�� m!r�qf��m!k��&l�magj{|g
l=o���m!k��xi�~!o �Jm!rfqf�hm!k��F�Jo!p|~!iJk�g=maljehoxp ma�Ugjz iJi���v/kjiJ��ox�xpfe l=etoxp\�1y�oW�Ni�~!iJk�� ehp sFm!p�� m!gjz iJ�
l=g9l=v�i
m!g�gjqfs�z�l=etoxpfg rCi�vfehp�cFl=v�i�y����;��k=masFi
� oxk�{�m!kji�zCo�oxk��:�8vfi(�hehs�etl=mal=etoxpfg�o!�\l=v�i0��m ��ets qfs
�?eh{aiJ�hetvfo�o c!�1g�l=ets mnl=eho!p8� �%�&�#�(zfkjo��Ji�cfqfk�iJg0qfg�iJc���etcfiJ� �2etp � y0������gjz iJiJ��v k�iJ�Jo!�xpfetljehoxp
g���g�l=iJs�g�m!k�i�� i��h��{|pfo ��p\� - p�i o!�1l=v�i sFo!g�l0��oxs�sFoxp��t�/�Je l=i�c�zfkjo!rf�hi�sFg(ehg(ljvfi�~�eho!��maljehoxp
o!��l=vfi�s�o c�iJ�\��oxkjk�iJ��ljpfiJg�g0m!g�gjqfs�z�ljehoxp�
 ; � � ��
 V!� � �

��m!kjm!s�i�l=i�kje@(JiJc'sFo�cfi��hg�oxr�l=m!ehpfi�c'~�e�m2�%�&��
 6 7�� 7��);S;�� �Jm!p r i i�sFzf�to �xiJc'oxz�ljehsFm!�h� �
��oxk�cfi
l=iJ�
l=etoxp�m!p�c��J�hm!gjg�e@. �Jmal=etoxpuehp/l=vfi*��m!k��xi�c mal=m��Jm!gjiKet��ljvfi*c mal�m�iJpf��oxqfp�l=i�kji�cHehg��xiJp��
iJkjmal=i�c r�� gjo!sFi&c�ehg�ljkjetrfq�l=etoxp'��k�oxs l=vfi&s�o�cfiJ��� m!s�eh�t�!�%$�p g�zCi�iJ��v\��~am!kjetoxqfg ��oxpfcfe l=eho!p m!�
ehp�cfiJz iJpfc�iJpf��i m!g�gjqfs�z�ljehoxpfg*m!k�i s macfi"gjo�l=v mnl�y����2g*� m!pLr i ehs�zf�hi�sFi�p|ljiJc iDC���ehiJp�lj�t�x�
rfq�l�ljvfiJg�i*g�qfkji��t���ti m!c&ljo ~ etox��mnl=eho!pfg o!��l=v�i*s�o�cfiJ�C�Joxk�kjiJ�
l=pfi�gjg�m!gjg�qfsFz l=eho!p\�#0�e ~xi�p/ljvfiJg�i
m!g�gjqfs�z�l=etoxpfg���etlKehgKqfpf�het{!i��t� l=v mnl�l=v�i&zfkjo��Ji�gjg�iJg l=vfmal m!�
l=q ma�h�t� �!iJpfi�k=malji&gjz iJi���v �Jm!p r i
�J�toxgji��t��sFo�cfiJ�tiJc r��"y����2g����8vfiJk�i���oxk�i��!�2iJg�l=ets maljehoxp�o!�\y����2g�� mapfpfo!l�r i8kji��hehi�c qfz oxp
l=o ��ehi��hc/s�o cfi��hg ljv mal(m!k�i oxz�l=ets qfs ��oxk8b � ���

�0qfkjetpf� �%� ljk=m!etpfehp��f�8l=vfi 0�m!qfgjg�e�m!p s�o c�iJ�0z mak=m!s�i�ljiJkjgum!k�i m!c�*�qfg�l=i�c ljo etpf�Jk�i m!g�i
l=v�i �het{!i��hehv�o o�c o!�9l=v�iF�Noxkjc g�l=kjetpf�xgK�Joxk�kjiJg�zCo!pfcfehp��2l=o2l=vfi�l=k=maehpfetpf�2q ljl=i�k=m!p��JiJg��1rfq�l�cfo
gjo2��etl=v�oxq�l*l�m!{|ehp���m!���Joxq�p|l o!�9l=v�i zfk�oxr m!rfet�he l���o!�8oal=vfi�k�z oxgjg�ehrf�ti��Noxkjc g�l=k�ehpf�!gJ�/b�g�m!p
m!� l=iJk�p maljet~xi(l=oF�%�'i�g�ljehsFmal=etoxp\�|l=vfi�kji�m!k�i sFo�cfe@.fiJc�iJg�l=ets maljehoxp zfkjo��Ji�cfqfkji�g8l=v mal�c�ehkji���lj�t�
mal�l=iJs�z�l�ljo o!z�l=etsFe@(Ji�maq�l=oxsFmaljeh��g�zCi�iJ��v kjiJ��ox�xpfe l=etoxp�� b � ��� z iJk���oxkjsFm!pf��iH�Jk�etl=i�kjehm�
 � �
: � �); 6 � V!� �Ng�qf��v m!g ljvfi g�iJp�l=i�pf�Ji&i�kjk�oxk�k=malji�� � �1���0ehp l=v�i�ljk=m!etpfehpf�/g�i�lK�hi macfehpf��ljo2l=v�i
��m�� ets qfs<�2q l=q m!� $�p ��oxkjsFmal=etoxp �Y���!$ ����kje l=iJk�ehoxp�
 � ��; 6 �Y�#�8vfehg��0etgj�Jk�ehs�ehp mnl=et~!i(ljk=m!etpfehpf�
gj��v�iJs�i8maljljiJs�z�l=g�l=o(ehpf��kji magjiNljvfi�� 
 � " � � � � ��� �xzfk�oxr m!r�eh�he l�� o!�fljvfi9k�i���iJk�iJpf��i l=kjm!pfg��Jkjetz�l=etoxp\�

}(p���o!k�l=q�p mal=i��t�"cfetgj��kjehs�ehpfmal=e ~xi9k�i ��i�g�ljehsFmal=etoxp o!�Uljvfi�0*m!q�gjgjehm!p s�o�cfiJ� z mak=m!s�i�ljiJkjg�qfp��
cfi�k*ljvfi&�2m�� ehs qfs��2q�l=qfm!�7$�p ��oxkjsFmal=etoxp �Y���!$ ����kje l=iJk�ehoxpLehg�s q���v s�oxkji"�Jo!sFzf�ti �Lmapfc
kji��|qfehk�iJg gjq�rfg�l=m!p�l=e�ma�h�t�2s�oxkji ��oxs�zfq�l�mnl=eho!p�l=v map�l=vfi ��oxkjk�iJgjz oxpfc�ehpf�2�%� � m!g�i�
 ; � � � 9(i
~2�
iJk�l=vfi��hi�gjgJ����mal�l=et�Ji r m!g�iJc ���!$ iJg�l=ets maljehoxp�ljiJ��vfp�eh�|qfiJgKv m ~xiFkjiJ��iJp�l=� �LrCi�iJp g�vfo ��p l=our i
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qfg�i���qf� ehp'ehs�zfkjo ~�ehpf��ljvfi k�iJ�Jo!�xpfetljehoxp z iJk���oxkjsFm!pf��iFetp ��makj�xi ~xo�� marfqf��mak�� �Jo!p|~!iJk�g=maljehoxp ma�
gjz iJi���v kji��Jox�xp�etl=etoxp � �!� �,� �>�*l�magj{|g 
 =S= � V!� � �!$Sljg�gjq��J�Ji�gjg v magKl=k�eh�x�!iJkji�c m!p'ehp�l=i�kji�g�l�ljo
m!zfz��t��ehpf� c�ehgj��kjetsFetp mal=e ~xi�ljk=m!etpfehp���l=o�m!�t�?m!gjz iJ�
l=g�o!��l=vfi�b � � g���g�ljiJsu�
�8vfi pfi9� l�g�iJ�
l=eho!p�zfkjo ~�ehcfi�g8m!p�o ~xi�k�~�ehi
� oa�	zfkji
~ etoxqfg8k�iJgjiJm!kj��v/etp l=vfi>. iJ�tc/m!pfc�gji�k�~!iJg

m!g map�ehp�l=k�o c�qf��ljehoxpul=o&g�oxsFi�o!�1l=vfi�ehgjg�qfiJg(l�m!��{|�hi�cHehp�ljvfehg�l=vfi�gjetgJ� ��etp m!�h� �/m!p�o!q�l=�tehpfi*o!�
l=v�i�ljvfiJg�ehg�ehg8z�kjiJg�iJp�l=i�c\�

�
	�� ����
�� 
��
	�� 
 
����

�8vfehg�ljvfiJg�ehg1��o��Jqfg�iJg�oxp l�� o*kji�gjiJm!kj��vFm!kjiJm!gJ�|p masFi��t�Kcfehg��JkjetsFetp maljet~xi�l=kjm!ehp�ehpf�0oa�\m!��oxqfg6�
l=et�Fs�o�cfiJ�tg*��oxk*gjz i ma{!iJk m!c m!z�l=mal=etoxp mapfc s�ehpfets qfs � m �!iJg k�ehgj{ i�g�l=ets mnl=eho!pLetp �hm!kj�xi"~xo��
� marfqf��mak��&��oxp�l=etp�q�oxqfg�gjz iJiJ��v2kji��Jox�xp�etl=etoxp\�
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� z iJiJ��vLkji��Jox�!pfetljehoxp2zCi�k���oxk�s m!p��Ji�c�iJ�xkjm!cfiJg g�eh�xp�e@. �Jm!p�l=�t�/��vfi�pHl=vfi�kji etg m s�ehgjsFmalj��v
r i�l��NiJiJp l=kjm!ehp�ehpf� mapfc l=i�g�l=etpf� �Jo!pfcfetljehoxp�gJ� $�p l�� z�eh� ma��g�l=mal=i9��o!� �Yl=vfi9� m!k�l&�hm!kj�xi2~xo�� m!rfq��
��mak��&��oxp�~xi�kjg=mnl=eho!p m!�	gjz iJi���v�kji��Jox�xp�etl=etoxp � �!� �,� ���8g���g�ljiJs�g�m g�ehpf�x�ti sFo�cfi��?ehg8cfi
~xiJ�toxz iJc
qfg�ehpf� cfmal�m ��kjoxs m �hm!kj�xi/p|qfs r iJk o!� gjz i ma{!iJk�g&l=o ��o ~xiJkFl=vfiu~!makje�mapf�Ji�m!�Jk�oxgjg&c�e�m!�tiJ��ljgJ�
gjz i ma{�etpf�&g�l�� �tiJg��?i�l=�a��y(o �Ni�~xi�k0l=vfi�kji makji g�zCiJm!{!i�kjg0��vfo/m!k�i z o oxk��t�/s�o c�iJ�hi�c�qfg�ehpf�Fl=vfetg
z m!kjm!cfet�xs2� � iJ�Jm!qfg�i etl�ehg�cfe<CF��qf�tl�ljo iJg�l=ets malji�gjiJzfm!k=malji�s�o c�iJ�hg8��oxk�l=v�iJgjiKgjz i m!{aiJk�gJ�\�tehp+�
i mak l=kjm!pfg���o!kjs�g&v m ~xiHr iJi�p q�gjiJc i9� ljiJpfg�et~!iJ�t� ehpBljvfiHiJg�l=ehsFmaljehoxp_o!�*y0������r m!g�iJc b � �
g���g�l=iJs�g 
 � :���7 � � � 7 � 6 �Y� i�etl=v�iJk9��oxk9��iJmal=qfk�i �Sgjz m!��iKo!k9��oxk8sFo�cfi��<��g�z m!��i�l=kjm!pfg���o!kjsFmal=etoxp\�
- pfi�m!zfzf�teh�Jmal=etoxp�o!� �tehpfiJm!k�ljk=m!pfg���oxkjs�g1ehpK��i maljqfkji8g�z m!�Ji�s�o c�iJ�hetpf��etg�l=v�i8cfiJ��oxkjk�iJ��mnl=eho!p

o!� l=vfi ��iJmal=q�kji ~xi���ljoxkJ�	l���zfeh�Jm!�h� �2ljiJkjs�iJc'��m ��ets qfs �	et{!i��hehv�o o�c��?ehp�i m!k ��k=m!p�g���oxk�s maljehoxp
�Y�!�"���/��
 7 � � � ;�� �:$Sl�ehg��NiJ�t�f{|pfo ��p"ljv mal�i9��z��heh��etl�sFo�cfi��hehp���o!� �Jo!kjkji���maljehoxp�g�r i�l��NiJiJp�gjz iJ�9�
l=kjm!�?z m!kjm!s�i�l=i�kjg�ehp/g�zCi�iJ��v�k�iJ�Jo!�xpfetljehoxp/k�iJgjq��tl=g�ehp/etpf�Jk�i m!g�iJc�����m!g�gje<. � maljehoxpum!���Jqfkjm!���umapfc
ehs�zfk�oW~!iJc/cfi�gj�Jk�ehz�ljet~!i*z o � i�kJ� y(o �Ni�~!iJkJ� �Jo!sFzfq l�maljehoxp ma�Y�|g�ljoxk=m!�!i�m!pfcukjoxrfq�g�l�iJg�l=ets maljehoxp
�Jo!pfgjetcfiJkjmal=etoxpfg0sFm!{!iKl=vfi q�gji o!� qfpf��oxpfg�l=k=maehpfi�c\�\��qf�h���Jo ~am!k�e�m!pf��i sFmal=k�eh�Ji�g�etp y0��� oxr+�
gji�k�~amaljehoxp cfetg�ljkjehr�q�l=etoxpfg�etsFzfkjm!��ljeh�Jm!�Y� �8vfi(��m ��ets qfs �	et{!i��hehv�o o�c �?ehpfiJm!k ��k=m!p�g���oxk�s maljehoxp
�Y�!�"���/� 
 7 � � � ; ����k=masFi
� oxk�{um!zfzf�tehiJg�m �tehpfiJm!k8l=kjm!pfg���o!kjsOl=o�l=vfi�m!�Jo!qfg�ljeh�K��iJmal=q�kjiJg(ehp�m!p



�

mal�l=iJs�z�l8ljo��Jm!z�ljqfkji l=v�i*��oxkjk�iJ�hmal=etoxp�rCi
l�� i�iJp�ljvfi ��i maljqfkji ~!iJ��ljoxk��Joxs�z oxpfiJp�ljgJ�
b gjiJ��oxpfc m!zfzf�teh� mnl=eho!p cfoxpfi�ehp ljvfi�sFo�cfiJ��gjz m!��i(etg�l=vfi���oxpfg�ljk=m!etpfiJcFm!c maz�l�maljehoxp oa�Ul=v�i

m!��oxqfg�ljeh�9s�o�cfiJ�tg�l=o0ljvfi8gjz i m!{aiJk���ljvfi8��v m!pfp�iJ�Y��o!k�l=vfi9l=m!gj{ ��m!pfc ljvfehg�ehg�l=i�kjs�iJc���m ��ets qfs
�?eh{aiJ�hetvfo�o c'�?ehp�i m!k/��iJ�xk�iJgjg�ehoxpB�Y�%�&�&�>� 
 � ;�� � = � 6 : �Y� $�p2�xiJp�iJk=ma�Y� m!c m!z l�maljehoxp�l=i���vfpfet��q�iJg
m!k�iKmazfzf�hetiJc/l=o"� i��h�\ljk=m!etpfiJcugjz i m!{aiJk(ehpfcfi�zCi�pfcfi�p|l�sFo�cfi��\gji
l=g(ljoFi�p m!rf�ti l=vfi�s<ljoFr i�l�l=i�k
s�o cfi��!l=v�iN��v mak=m!�
l=iJk�ehg�l=eh��g	o!�fz mak�l=et�Jqf�hm!k\g�zCiJm!{!i�kjgJ�:�8v�q�gJ�xe l?� oxq��hc*rCi m!c�~am!p�l=m!�xiJo!qfg	qfgjetpf�
m�g�s m!�t� m!sFo!qfp�l o!��m*l=iJg�l8gjz i ma{!iJk�� g8cfmal�mKljo m!c maz�l ljvfi�g�zCiJm!{!i�k8ehpfcfi�zCi�pfcfi�p|l4� � $ �Ns�o�cfiJ�
l=o ljvfiKg�zCiJm!{!i�kJ� � z i m!{aiJk�b�c m!z l�maljehoxp/v m!g�r iJi�p2g�vfo ��p�l=o"r i*i �Ui���ljet~xi*ehp/etsFzfk�o ~ etpf� l=v�i
z iJk���o!kjsFm!pf�Ji oa��g�zCiJm!{!i�k(etpfcfiJz iJp�cfiJp�l � � $ � �!� �,� � g�� g�l=i�sFg�r��um!c m!z l=ehp�� l=vfi�g���g�l=iJsOljo
l=v�i�ljiJg�l(g�i�lJ�

b�c maz�l�maljehoxp �Jm!p m!�hg�oHrCium!z�zf�hetiJc ljo ljvfi�gjz i ma{!iJk�gFetp l=vfi�ljk=m!etpfehpf��gji�lJ� ljoHzfkjo�cfqf��i
sFmal=��vfi�cH�Joxp�cfetljehoxpfg���etljv�l=v�iKl=i�g�l g�i�l�mapfc�l=v�ehg�etg(ljiJkjs�iJcH��m�� ehs q�s �?et{!iJ�tehvfo�o�cB� �%�"�
� z i m!{aiJk�b�c maz�l=e ~xi���k=m!etpfehpf� � � b��/� 
 6 �Y� �8v�iu�!o�m!�9o!� � b��6ehg l=oHk�iJcfq��Jiuehp�l=i�k ��g�zCiJm!{!i�k
~am!kjehm!rfet�hetl�����etljvfehpul=vfi*l=kjm!ehpfetpf�"gji
l � � b�� ehg(m!p�e l=iJkjmal=e ~xi�zfk�o ��iJcfqfk�i�l=vfmal��!iJpfi�k=maljiJg0oxp�i
oxk�sFo!kji�l=k=mapfg���oxk�sFg�l=oFkji�zfkji�gjiJp�l iJm!��v�ljk=m!etpfehpf�"g�zCiJm!{!i�k m!pfc ;noxk�ma�Joxqfg�l=et��iJp�~�ehk�oxpfs�iJp�l �
�8vfi�p m�� ��� � � ��� � � # � � � �Cehg l=kjm!ehpfi�c �xe ~xi�p'l=v�iJgji gjz i m!{aiJk�c�iJz iJpfcfi�p�l l=k=mapfg���oxk�sFg�� � b��
ehg9m"z o � i�k���qf�\ljiJ��vfp�eh�|qfi ��oxk9rfq�eh�hc�ehpf� g�zCi�iJ��v2kjiJ��ox�xpfe l=etoxp&g���g�l=iJs�g�oxp/pfoxp+�Svfoxs�ox�xi�pfiJoxq�g
c mal=m��
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$Sl/ehg/m!�tgjo z oxgjg�ehrf�ti�l=o ��oxk�s qf�hmal=iH�0etgj��kjehs�ehpfmal=e ~xiuiJg�ljehsFmal=etoxp zfk�o ��iJcfq�kjiJg���oxk&ljvfiJg�i
m!zfz��heh�Jmal=etoxpfg oa�0�hetpfi mak l=k=mapfg���oxk�sFg�� � v�iJpBi�g�ljehsFmal=i�c_etp ljvfehg"sFm!pfpfi�k"ljvfi�� makji/� m!�t�hi�c
�0ehg��Jk�ehs�ehp maljet~!i �?ehpfiJm!k4��kjm!pfg���oxkjs�g�� � �+�/� 
 =S: � � - pfiFm!zfz�kjo�m!��v l=o/l=v�iFqfg�iFoa�8� �+�8g�etg
��m�� ets qfs �2q�ljq m!� $�p���oxk�s mnl=eho!p �?etpfi m!k���iJ�xk�iJg�gjeho!p � ���!$6�&��� ��vfeh��v �9mag ehp�ljkjo�cfqf�Ji�c
r�� }�iJr iJ��m!pfc �'o o�cf��mapfc 
 =S: ��= ;��Y�9��v�o gjvfo �NiJc l=v mnl&etlF� map rCi2qfgji�c ��o!k gjq�zCi�k�~�ehg�iJc
gjz i ma{!iJk0m!c m!z�l=mal=etoxp\�>0 qfp m �9makjc m!pfm&m!pfc � � k�pfi 
 7E: ��ehp�ljkjo�cfqf�Ji�c2ljvfi � oxpfc�etl=etoxp m!���2m��3�
ehs�qfs �?eh{aiJ�hetvfo�o c �?ehpfiJm!k ��i��xkji�gjgjetoxp � � �%�&�"�>��m!�h�xo!kjetljvfs�m!p�c gjv�oW�NiJc ljv mal � �%�&�&�
� map2r i�qfgji�cu��oxk8q�pfgjqfz iJk�~�ehgji�c�gjz i ma{!iJk(m!c maz�l�maljehoxpU�

��m�� ehs�qfs �teh{!i��hetvfo o�cB�tehpfiJm!kFljk=m!p�g���oxk�sFg�v m ~!i'ma�hgjo r iJi�p etpf�Jo!kjz oxk=maljiJc ��e l=v ���!$
l=kjm!ehp�ehpf�f� �2�J�0oxpfoxqf�!v i
lFm!�Y��
>: � �8�Jo!s rfehp�iJc � b��6��e l=v ���5$�r�� iJg�l=ets maljehpf��gjz i m!{aiJk



:

cfi�zCi�pfcfiJp�lK�hetpfi m!k�l=kjm!pfg���o!kjs�g qfpfcfi�k��!�Bm!pfc g�qfrfgji��|qfiJp�l=� �Lqfgji�c ���5$(��oxk�ljvfi"iJg�l=ehsFm��
l=etoxp o!��l=v�iug�zCiJm!{!i�k"ehpfcfi�zCi�pfcfi�p|lFy���� 0�m!qfg�gjehm!p z m!kjm!sFi
l=i�kjgJ� � ehs�eh�hm!kj� �x�:��*�o!� *�i 
 : � �
�Jo!s rfehp�iJc �!�"��� ��etljv_ljvfi����!$ iJg�l=ehsFmaljehoxp o!�0y0��� 0�m!qfg�gjehm!pBz mak=m!s�i�ljiJkjg�� �8vfi�gji
l=kjm!pfg���oxkjs�gN�NiJk�i���o!qfpfc�qfg�ehpf�"�!�Li�g�l=ets mnl=eho!pFl=i���vfpfet��q�iJg�m!pfc&�NiJk�i0l=vfi�pE.�� iJc�l=vfk�oxqf�xv��
oxq�l8ljvfi gjq�rfgji���q�iJp�l etljiJkjmal=etoxpfg oa�1���5$ s�o cfi��Ui�g�l=ets mnl=eho!p\� �8vfi�gji*m!kji�v���rfkjetc2�%�";x���!$
s�o cfi��hetpf� m!zfz�kjo�m!��v�iJgJ�

�0ehg��JkjetsFetp maljet~xi*�Jk�etljiJkjehm v m ~xi�m!�tgjo�r iJi�pL��oxs rfetpfiJc���e l=v �?ehpfiJm!k0�0etgj��kjehs�ehpfm!p�l�b(p m!�<�
��gjetg � �	��b � 
 ; V �Y�/$�p �	��b 
 7 V �L74;�� � 7���m"l=kjm!pfg���o!kjs<ehg(iJg�ljehsFmal=i�c�r���mF�J�hm!gjg(gji�z m!k=marfeh�tetl��
�Jk�etljiJkjetoxpKm!pfc�etg�q�gjiJcKl=o�g�iJ�tiJ��l�m(��oxsFzfm!��l�gjqfr�gji�l�o!�fl=v�iNoxk�eh�xetp m!�!��iJmal=q�kji g�i�l���vfeh��v k�iJg�qf�tljg
ehp2ehs�zfkjo ~!iJc�z�kjo��JiJg�gjetpf� l=etsFi*m!p�c���ehiJ�tcfg�sFetpfehsFm!�Uc�iJ�Jk�i m!g�i ehpul=vfiKo ~xiJkjm!�h�	z iJk���oxkjsFm!pf��i
o!��l=v�i�g���g�ljiJsu� �?ehpfiJm!k"���!$*b�pfm!�t��gjetg'� ���2b�� 
 ; V �Y��oxp ljvfi�o!ljvfiJk v mapfc\��kji�zf��m!��iJg l=v�i
�J�hm!gjgKgji�z m!k=marfeh�tetl��H��kjetljiJk�ehoxpLo!� �	��b ��e l=v m����!$��Jk�etljiJkjetoxp\��b(g�oxrfg�iJk�~xiJc r�� � ��vf���q�l=i�k

 ; V � � m!�tljvfoxqf�!v&��oxk8gjetpf�x�hi c�iJpfg�etl=etiJg�m kji���maljet~!i ehs�zfkjo ~xi�sFi�p�l�ehp&�NoxkjcuiJk�kjoxk�k=mnl=i �Jo!qf�hc/r i
oxrfg�iJk�~xiJcL��oxk4���2b ehpH��oxsFzfm!kjetgjoxp�ljo!�	��b��Uljvfi"zfkjo!sFetpfiJpf��i o!� ���ub c�ehs�ehpfetgjvfi�g(��etljv
ehp��JkjiJm!gjetpf�"z m!kjm!sFi
l=i�k8p�q�s rCi�kjg��

}(p�l=et�fkji��Ji�p|lj�t� ljvfi8s�oxg�l���etcfiJ� ��q�gjiJc�iJg�l=ets maljehoxpKl=iJ��v�pfeh�|qfi8��oxk����!$6�'l=kjm!ehp�ehpf�0�Jm!s�i
��kjo!s ljvfi �:� ljiJpfc�iJc � m!qfs � �'iJ�t��v b��t�xoxkje l=vfs � � � � � r�� 0 oxz m!�hm!{|kjehg�vfp m!pBi�l/m!� 
 7 6 �Y�
9(o!kjsFm!pfcfetp 
 ; � ��i9� ljiJpfc�iJc l=vfi � � � m!�t�xoxkje l=vfs6l=o/y0���2g0��etljvH�Joxp�l=etp|qfoxqfg40�m!qfg�gjehm!p
cfi�pfgje l=ehi�g�r|�&qfgjetpf��m�g�iJ�|qfiJp��Ji�oa��cfetgj��kji�lji*m!zfzfk�o � ets maljehoxp�gJ�
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y(i�kji�� i/zfk�oxz oxgji&ljk=m!etpfehpf��zfkjo��Ji�cfqfkji�g l=v mal"�Jm!p rCi�q�gjiJc r o!l=v ��oxk"���!$6�EiJg�l=ehsFm��
l=etoxp&mapfc ��oxk gjz i m!{aiJk�m!cfm!z�l=e ~xi�l=k=maehpfetpf�f�:$�p gjz i m!{aiJk8m!cfm!z�l=e ~xi�ljk=m!etpfehp���ljvfi0��oxp�~xiJp�ljehoxp ma�
y0��� z m!kjm!sFi
l=i�k*��kjm!sFi
� o!kj{�
2etgKi9��l=iJp�cfiJc ljo�m!���Joxs�o cfmal=i�gjz i m!{aiJk g�zCi��Je<. �Fljk=m!pfg���oxk �
sFmal=etoxpfg�ehp�oxkjc�iJk�l=o�z�kjo�cfqf�Ji�sFmal=��vfi�c&�Jo!pfcfetljehoxp�g���e l=v"l=vfi�l=i�g�l9g�i�lJ���8vfi��Fm!k�i(r magjiJc oxp
l=v�i � oxp�cfetljehoxp ma�	��m�� ehs�qfs �?eh{aiJ�hetvfo�o c � � �%�"���Jk�etljiJkjetoxpum!pfcuiJg�l=ehsFmalji*r o!ljvuljvfi�y����
��m!q�gjgjehm!p�zfm!k=m!s�i�ljiJk�g(qfg�iJc�etpH���5$6� � � � � ��m!pfc2ljvfi��tehpfiJm!k9l=kjm!pfg���oxkjs�g(q�gjiJc�ehpugjz i m!{aiJk
m!c maz�l=e ~xi l=kjm!ehpfetpf� ��: �<= �
� �8v|qfg*�Ni�oxr�l�maehp���qf�t�t��c�ehgj��kjetsFetp mal=e ~xiKzfkjo��Ji�cfqfkji�g*��o!k gjz i m!{aiJk
m!c maz�l=e ~xi�ljk=m!etpfehpf��l=i�kjs�iJc � � � b��/� 
>= 7 � � �8vfi�gji"zfk�o ��iJcfqfk�iJg�m!k�i cfi�kjet~!iJc r��HsFm�� ehs�e)(Jetpf�
0 qfp m �9makjc m!pfm � g � oxpfcfe l=eho!p m!� ��m�� ets qfs �?eh{!i��hetvfo o�c � � �%�"�Kmaq+� eh�hehm!k�����qfpf��ljehoxp � iJ�|q m �



;

l=etoxp � � 
 7 � � �Ul=vfmal�cfo i�g	pfo!l�kji���q�ehkji�l=v�i �|q map|lje)(Jmal=etoxp�o!��ljvfi��Joxp�l=etp|qfoxqfg:0*maqfgjg�e�m!p*cfiJp�gjetljehi�g
m!pfcu� map2r i�m!zfzf�tehi�c/ljo�m!kjrfe l=kjm!k�� �Joxp�l=etp|qfoxqfg�iJs�ehg�gjetoxp�cfiJp�gjetl��uy����2g��
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�8vfi�ljk=m!etpfehpf��m!pfc&c�iJ�Jo�cfetpf� zfk�o ��iJcfqfk�iJg9oa�	sFoxg�l ��qfkjk�iJp�l�g�l=mal=i9��o!� �Yl=vfi9� m!k�l b(q�l=o!s maljeh�
� z iJi���v ��i��Jox�xp�etl=etoxp � b � ���8g���g�l=iJs�g m!k�iKo!z�l=etsFe@(JiJc/��etljv2k�iJg�zCi���l0ljoFl=v�iKg�iJp�l=i�pf�Ji i�kjkjo!k
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z iJk���o!kjsFm!pf�Jia� y(o �Ni�~!iJk0l=v�iJgji"ma�h�xoxk�etljvfsFg�k�iJ�|qfehk�i m!pHi9� zf�het�Jetl(�hetg�ljehpf��o!�1l=v�i v�� z o!ljvfiJg�iJg
l=o r i9��oxpfgjetcfiJk�iJc�m!pfc etp �Jo!sFzf�ti �Kzfk�oxrf�hi�sFg�gjqf��v"�hetg�ljg�l=i�pfc l=o0r i8zfk�oxvfehr�etl=e ~xi��t����makj�xia� ��o



�

o ~xi�kj�Jo!sFi�ljvfehg(cfe@C���qf�tl��!�Us�o cfi��hetpf� l=iJ��v�pfeh�|qfi�g oxkjet�xehp ma�h�t� cfi�~!iJ�toxzCi�c�l=o&etsFz�kjo ~xiKgji makj��v
iDC���ehiJp����/ehp2�2etpfehs�qfs � m �!iJg>��etgj{&c�iJ�Jo�cfetpf� 
 �4V ��7 � ��m!kji q�gjiJc2cfqfk�ehpf� l=kjm!ehp�ehpf�f�
$�p � v m!z�ljiJk)=N� i�zfk�iJg�iJp�l�i9� zCi�kjehs�iJp�l=m!�!k�iJgjq��tl=g?o!p*g�zCi�iJ��vKs maljiJk�e�m!�W��kjoxs l=v�i ��
 � 
���� �

��������� � ��� 
! #" r��Lm!z�zf�t��ehp���cfehg��JkjetsFetp maljet~xiKl=k=maehpfetpf�&��oxk gjz i ma{!iJk�m!c m!z l�maljehoxp\� b(g*m!p
m!� l=iJk�p maljet~xi0ljoF�%� iJg�l=ets maljehoxp�oa��ljvfi��hehp�i m!k9ljk=m!pfg���oxkjs�g9�NiKqfg�i l=vfi � �%� ��kjm!sFi
� o!kj{&etp
oxk�cfiJk1l=o*oxr�l=m!ehp ��qf�t�t��cfehg��JkjetsFetp maljet~xi zfkjo��Ji�cfqfkji�gJ���8vfi�kji�gjqf� l=g gjvfo � ljv mal��Ni(�Jm!p&m!��v�ehi�~!i
ehs�zfk�oW~!iJc/kji��Jox�!pfetljehoxp/m!���Jqfkjm!����ljvfkjo!qf�xvucfehg��JkjetsFetp maljet~xi�l=kjm!ehpfetpf�f�
$�p � v maz�l=i�kjg V m!p�c � � i*cfi�~!iJ�toxz�i�g�l=ets mnl=eho!p�zfkjo��Ji�cfqfkji�g�r magjiJc2oxpusFetpfehs q�s � m �!iJg

��ehgj{ ��kjetljiJk�e�m�� �8vfiHi � z iJkjetsFi�p�l=g�m!k�i���oxpfcfqf�
l=i�c o!p gjz iJiJ��v sFmal=i�kjehm!�8��kjoxs oxpfi�gjsFm!�h�
��� � 
 � ��� ��� � � " �9m!p�cul��NoF�hm!kj�!i0~xo�� m!rfq���m!k�� � ��

� 
���� ������������� � ��� ��� �9l�m!g�{|gJ��� kjoxs
l=v�iJgji�kji�gjqf� l=g �Ni m!k��xqfi ljv mal*etl etg�rCi�pfiD. ��e�m!��ljo/cfi�~!iJ�ho!z'cfetgj��kjehs�ehpfmal=e ~xi�ljk=m!etpfehpf� zfkjo��Ji9�
cfqfk�iJg�l=v mnl�m!kji�s�oxkji0���hoxg�iJ� ��kji���maljiJc�l=o l=v�i*k�iJ��ox�xpfe l=eho!p�zCi�k���oxk�s m!p��Ji �Jk�etljiJkjehm��

��ehpfm!�h� � � v maz�l=i�k 6 � zfk�o ~ etcfiJg m!p�o ~xi�k�~�ehi
� o!�Uljvfehg�ljvfiJg�ehg�ehc�iJp�l=e � � etpf��gjz iJ��e@. ��kji�gjiJm!kj��v
�Jo!p|ljkjetrfq�l=etoxpfg�m!p�c2zfk�iJg�iJp�l=g�gjoxs�i�gjqf�!�xiJg�l=eho!pfg8��oxk9��q�l=q�kji � o!kj{&etp/ljvfehg�makji m �
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� � ��� ��� 	 �

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

	 � � � � � � � � ���

- z�l=ets m!�Ugjz iJiJ��vHk�iJ��ox�xpfe l=eho!puz iJk���oxkjsFm!pf��i�cfiJz iJpfc�g0oxp2mFp|qfs r iJk�o!��� ma��l=o!kjg�gjqf��vHmag
l=v�i�gjz iJiJ��v ��i maljqfkji�g"qfgji�c\� ljvfi�g�ljkjqf�
l=qfk�i2oa��ljvfi/m!��oxqfg�ljeh��s�o c�iJ�hg���l=vfi�l���z i�o!��o!q�l=zfq l
cfetg�l=k�ehrfq l=eho!pfg ���Joxp�l=etp|qfoxqfg�oxk8cfetgj��kji�lji �@��l=vfi��hm!pf�xq ma�xi�s�o c�iJ�?m!p�cus�oxg�l8ehs�zCo!k�l�map|lj�t�"l=v�i
l=kjm!ehp�ehpf�8mapfc�cfiJ��o cfetpf��m!�t�xoxkje l=vfs�g qfgji�c\� � qfk�l=vfi�kjs�oxkji�ljvfi1�Joxp�g�l=k�qf��ljehoxp�o!�|ljvfi�g�l=o���v m!g�l=et�
s�o cfi��hg>� ma�Joxqfg�l=et��oxk ��m!p��xq m!�xi�s�o c�iJ�hg ��qfgji�c�ehp b � � g���g�ljiJs�gJ�fetgNc�iJz iJpfcfi�p�l�qfzCo!p e ��l=v�i
m ~am!eh�hm!rfeh�tetl��Ko!�	��makj�xi��Joxk�zCo!k=mKoa�?l=k=mapfgj��kjehr iJc gjz iJiJ��v/sFmal=i�kjehm!� m!pfc&ete ��l=i9��l8gjz iJ��e@. ��ljo�l=v�i
��mapf�xq m!�!i m!pfc/l=vfi*m!z�zf�het� maljehoxp �NiKm!kji etp|ljiJk�iJg�ljiJc2ehp\�

� i�r iJ�xetp ��etl=v�m rfk�ehi��Cehp�ljkjo�cfqf��ljehoxp ljo l=vfi�sFm *�oxk1�Jo!sFz oxpfi�p|ljg1o!�Cb�q�ljoxs mnl=eh� � zCi�iJ��v
��iJ�Jo!�xpfetljehoxpHg���g�l=i�sFg���r�� cfi�gj��kjehr�ehpf��l=v�i�c�iJ�Jo�cfetpf�2��kje l=iJk�ehoxpU�Ul=vfi���mapf�xq m!�!i sFo�cfi��Y�\l=v�i
qfg�i*oa��y����2g�ehp/m!��oxqfg�l=eh� s�o�cfiJ�tehpf� mapfc�l=vfi r magjeh� z iJk���oxkjsFm!pf��i �Jk�etl=i�kjehm qfgji�c\�#��iJm!cfiJk�g
��vfoFm!kji � m!s�eh�te�m!k1��e l=v�l=vfi�gji�l=i�kjs�g8s m ��g�{�etzuljvfehg8��vfm!z�l=i�kJ�

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

� z iJiJ��vLehg(l=vfi s�oxg�l0p mal=q�k=m!��s�i mapfg0o!� v|qfsFm!p �Joxs�s qfpfet� maljehoxp�m!pfc�ljvfiJk�i���oxk�i s qf��v
i �Coxk�l8v m!g9r iJi�p/gjz iJp�l�ehp ljvfi�m!q�ljoxsFmal=et��ljk=m!pfg��Jk�ehz�ljehoxpFr|� s ma��vfehpfi�gJ���8vfi b � � z�kjoxrf�tiJs
� map rCi�cfi�gj�Jk�ehr iJc qfg�ehpf�ul=vfiFgjoxq�kj�Ji9����v mapfpfiJ� ��k=m!s�i��Noxk�{'magKg�vfo ��p ehp ��eh�f� � � 6 
 7 � �Y�5$�p
gjz iJi���v2k�iJ��ox�xpfe l=eho!p � i*m!g�gjqfs�i0l=vfmal9l=v�i gjz iJiJ��vugjet�xp m!�Cehg8m k�i m!�te)(Jmal=etoxp o!��g�oxsFi�sFi�gjg=ma�xi
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iJp��Jo�cfiJc_m!g"mHgji���q�iJpf��i�� o!��oxpfi�oxk s�oxkjiF� oxk�cfgJ�8$�p_�xi�pfiJkjm!�Y��map_maq�l=oxsFmaljeh� g�zCi�iJ��v
kji��Jox�!pfetljehoxp ��b � �>��g���g�l=iJs z�kjo�cfqf�Ji�g�m�l=k=mapfgj��kjehz l=eho!p �� ��� ����	��
�
�

� ������ ��kjoxs�mHgji9�
�|qfiJp��Ji*o!�1m!��oxqfg�l=eh�0��iJmal=q�kji ~xi���l=o!kjg � ��k=m!s�iJg ��� ����� ����
�
�
�� ��� � �

b � � etg�m ~xi�k��ucfe@C���qf�tl�l�magj{/s maehpf� �&cfqfi�l=o�l=vfi���ox�t�ho ��ehpf� l��No&k�i m!g�oxpfgJ� ��ehkjg�l=� �x�fl=v�i
sFm!zfzfetpf����kjoxs �Noxkjc�gKl=o2gjz iJi���v ehg*pfo!l*oxpfi9�Sljo ��oxp�iFg�ehpf��iFcfe �Ui�kji�p|l*�NoxkjcfgK� m!p'�xet~!iFk�ehg�i
l=o�g�ehs�eh�hm!k�gjz iJiJ��vLgjo!qfpfcfg�� � iJ��oxpfcf� �x�\ljvfiJk�i"m!kji �hm!kj�!iK~am!kjehmal=etoxpfg(ehp�l=v�i kjiJm!�hetgjiJcHg�zCi�iJ��v
� m ~!i���oxk�s$cfqfi�l=o"gjz i ma{!iJk�~am!kjehm!rfet�hetl��"o!k8gjz i m!{|ehp��Fg�l�� �ti!�

Producer

Speaker’s Speech

Speech Recognizer

Acoustic

Processor

Linguistic

Decoder
W ŴA

Speaker

Mind

Acoustic Channel

Speech

��eh�!qfkji � � 6 �1�8vfi*�0i��Jo�cfehpf�F�2o�cfi��

�8vfi zfk�oxr m!rfet�he l���o!��sFm!{|ehpf�Fm!pHiJk�kjoxk(ehg�l=vfiKsFoxg�l0etsFz oxk�l=m!p�l�� m!��ljoxk�etp���vfo�oxgjetpf� l=v�i
oxz�ljehsFm!�Uc�iJ�Jo�cfi�kJ�1�8vfehg�zfk�oxr m!r�eh�he l���ehg8�xe ~xiJpur�� �

��� � 6���� �"! � �#�%$'&(� �*)��+�%$ � � �	, � � � 6 �

)��+� $ � � �Fetg&m!p etpfcfeh�Jmal=o!k � c�iJ�tl=m2� ��qfpf��ljehoxp r i�l��NiJi�p m g�iJp�l=i�pf�JiLv���zCo!ljvfiJg�ehg-� $ �
� � $ � ��
�
�

�.� $/ � m!pfc ljvfi�kji
��iJkji�pf�Ji/l=kjm!pfg��Jkjetz�l=etoxp0�E�B�8vfi/�xo�ma� o!��l=vfi/b � � g���g�l=iJs mag
gjv�oW��p etp ��eh� � � 6 ��ehg�l=o2zfkjo�cfqf��i&m/l=k=mapfgj��kjehz l=eho!p o!�9ljvfi g�zCiJm!{!i�k � g q�l�l=iJkjm!pf��iF��etljv l=v�i
�hiJm!g�l zfkjo!r m!rfet�hetl�� o!��iJk�kjoxk��9l=v|qfg&l=v�i�sFm�� ehs qfs m ��z oxg�ljiJkjetoxkje �Y�2b��#�"��kjetljiJk�ehoxp_ehg q�gjiJcU�
0 et~xi�p map q�l�l=iJkjm!pf��i1�����2b����xiJp�iJk=mnl=iJg�mug�iJp�l=i�pf�Ji v|��z o!l=v�iJgjetgKljv mal*ehg�s�oxg�l*�het{!i��t��ljo
v m ~xi*zfk�o cfq��JiJc/l=v�i*o!rfgji�k�~xi�c�gjet�xp m!�\m!�J��oxkjcfetpf� l=o � 
 7�� ;S: ��7 � � �

�� � m!k��xs m �� ! � �#�%$'&(� �	, � � � � �
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� oxs�zfq�l�mnl=eho!p�o!��ljvfi � 
 � " � � � � ��� � zfkjoxrfm!rfeh�tetl�� � �#� $ & � �Nzfk�o ��iJi�cfg(r��/map�m!z�zf�het� maljehoxp
o!� � m �xi�g � kjq��hi!����vfeh��v/k�i���kje l=i�g�ljvfehg zfkjoxrfm!rfeh�tetl���ehp&ljiJk�sFg9oa��ljvfi �Joxp�cfetljehoxp ma�Czfk�oxr m!r�eh�he l��
� �+�-&(� $ �@�Cljv mal�l=vfi o!rfgji�k�~amal=etoxp�g�iJ�|qfi�pf�Ji �,�9m!g(zfkjo�cfqf��iJc���k�oxs$l=vfiKg���s r ox��g�iJ�|qfi�pf�Ji
� $ m!pfcuehg8cfi
l=i�kjs�ehpfi�c2r��&ljvfi*m!�Joxq�g�l=et��sFo�cfiJ� � �'i l=vfi�p�v m ~xi

� �#�%$'&(� � � � �'�-&(� $ � � �#� $ �� �+� � , � � �87 �

�8vfi�l=i�kjs � �#� $ �?ehg\ljvfi zfkjetoxk?zfkjo!r m!rfet�hetl��(l=v mnl�ljvfi1l=kjm!pfgj��kjetz�l=etoxpK��oxpfg�ehg�ljg�oa� ljvfiNg�iJ�|qfi�pf�Ji
o!��g�� s�rCox�tg � $� ���8vfehg0z�kjoxr marfeh�tetl��/ehg(qfgjqfm!�h� �2z�kjo ~�ehcfi�cHr|��m ��mapf�xq m!�!i�s�o cfi��Y� � ehpf��i�l=v�i
gjet�xp m!��kji�zfkji�gji�p|l=mal=etoxpHkji�s maehpfg��Joxp�g�l�map|l���oxk0m!�t�?��k=m!s�iJg��Cl=v�i�l=i�kjs � �'� �9ehg(�Joxpfg�l�m!p�l0��o!k
m �xet~!iJpuoxrfg�iJk�~amaljehoxp/g�iJ�|qfiJp��Ji mapfc2e l�� m!p/r i�eh�xpfo!kjiJcU�

� 	�� � � � ��� � ��	 � 
 � 	�� � � �

� z iJiJ��v etg pfoal&mLg�l=o���v m!g�l=et��zfk�o ��iJgjgF��vfiJk�i�gjoxq�pfcfg�m!k�i2�!iJpfi�k=maljiJc ehp_m!p makjrfe l=k=mak��
gji��|qfiJpf��i �9e l�etg�kjmal=vfi�k m�g�l=k�qf��ljqfkji�c �!iJpfi�k=maljehoxp z�kjo��JiJg�gJ�Hb(p q�ljljiJkjm!pf�Ji�etgKs�oxk�i �het{!i��t�
l=o �Joxp�l�maehp�~am!�tehc/� oxk�cfg0l=vfm!p�pfoxp�gjiJp�gji!�?q�gjehp��&g�ljkjqf�
l=qfk�iJg gjq���v'mag(~xi�kjr\�Ugjqfr�*�i���lJ�?oxr�*�iJ�
l
m!pfc z�kjiJz oxg�etl=etoxp m!��zfv�k=m!g�iJgJ� b��t��ljvfehgFg�ljkjqf�
l=qfkjm!�0ehp ��oxkjsFmal=etoxp � m!p r i�i � zf�toxetljiJcB��v�iJp
z iJk���o!kjs�ehpf� k�iJ�Jo!�xpfetljehoxp/mapfc/� m!purCi�qfg�i���qf�	etp�ehs�zfkjo ~�ehpf� k�iJ��ox�xpfe l=eho!p/m!�J��qfk=m!�
�x�

� qfkjk�iJp�l2g�l�mnl=iHo!�*l=vfi mak�l/kji��Jox�!pfetljehoxp g�� g�l=i�sFg���oxk�s m g�ljo ��v mag�l=et�HsFo�cfi��0o!��� o!kjc
o��J�Jq�kjkji�pf�JiL� ma�h�hi�c l=vfi �hm!pf�xq ma�xiHsFo�cfi��Y� �8v�i'zfq�kjz oxgji o!�*l=vfi �hm!pf�xq ma�xi�s�o cfi��0ehg&ljo
iJg�l=ets malji0l=vfi��teh{!i��hetvfo o�c � �#� $ �9o!��m �Noxkjcugji��|qfiJpf��i � $ � �

! /� � m!pfc/ehg8�xe ~xi�p2r��

� �#� $ � � � � � $ � �.� $� � ,�,�, �.� $/ � � /�
�
	 � � � � $� & � $ � � ,�, , �.� $��� � � , � � � � �

� ehp��Ji�e l&ehg qfp���i magjehr��hi2ljo � m!�t�Jqf�hmal=i/l=v�iHzfkjoxrfm!rfeh�tetl�� o!��o!rfgji�k�~�ehpf� ljvfi�i�p|ljehk�i�� o!kjc
gji��|qfiJpf��i!� �
���xkjm!s�g m!k�i(q�gjiJc&ljo�i�g�l=ets mnl=i�l=vfi(�heh{aiJ�tehvfo�o c�g1o!�?gjsFm!�t�hiJk��Noxk�c�g�l=k�ehpf�!g ��e l=vfetp
l=v�i*g�iJ�|qfi�pf�Jia� �8v|qfg�iJ�|q maljehoxp � � � � � rCi��Joxs�iJg��

� �+� $ � � � � � $ � �.� $� � , ,�, �.� $/ ��
 /�
��	 � � � � $� & � $��� � � � $��� � � ,�, , �.� $��������� ��� � � � � �<: �

ma� ljiJk�m!zfz��t��ehpf� ljvfiK��m!kj{ao ~/ehpfcfi�zCi�pfcfi�pf�JiKm!gjg�qfs�z�l=etoxp\�
� qfkjk�iJp�l=� ��z oxzfq���m!k8��oxk�sFg�o!� �
���xkjm!s�g�m!k�i*ljvfi qfp�eh�xkjm!s2�f��v�eh��v���oxpfgjetcfiJk�g0ehp�cfet~�ehc�q m!�
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�Noxkjc ��kji���q�iJpf��ehiJg��Nljvfi�rfeh�!k=m!su����vfeh��v s�o c�iJ�hgK� oxk�c ljoH� oxk�c l=k=mapfgje l=eho!p zfkjoxrfm!rfeh�tetljehiJg��
m!pfcFl=vfi�l=k�eh�xkjm!sEs�o cfi��Y����vfet��v&�Joxs�zfq�ljiJg l=vfi(�heh{aiJ�tehvfo�o c oa�	m!p��"� oxk�c\��rfm!gji�c&oxpFljvfi(l��No
�Noxkjcfg ehs�s�iJcfehmal=i��t��r i���oxk�i�e l ��b��tljvfoxqf�!v"ljvfi�iJg�l=ehsFmaljehoxp o!� l=v�i��hm!pf�xqfm!�xi9s�o c�iJ�hg1e l=g�iJ�t� etg
pfo!l���oxpfgjetcfiJk�iJcuehp�l=v�ehg8l=vfi�gjetgJ� ��mapf�xq m!�!i sFo�cfiJ�tg8pfiJi�c2ljo�r i�qfgji�c�cfq�kjehp���c�ehgj��kjetsFetp mal=e ~xi
l=kjm!ehp�ehpf� o!��l=v�iKma�Joxqfg�l=et� sFo�cfiJ�tgJ�

� 		� � � 
 � � ��� � � 
 � 	 � � � �

�8vfi m!��oxqfg�l=eh��s�o cfi�� zfkjo ~�ehc�iJg ljvfi(��oxpfpfi���ljehoxp&r i�l��NiJi�p&l=vfi�m!�Jo!qfg�ljeh�Jg m!pfc�l=vfi(�hi � et� m!�
l=kjm!pfg��Jkjetz�l=etoxp oa�	gjz iJiJ��vU�#�8v�i0�|q m!�he l��"o!�?l=v�i m!�Jo!qfg�ljeh��s�o�cfiJ� qfg�iJc�ehp gjz iJiJ��v/k�iJ�Jo!�xpfetljehoxp
v m!g�mug�eh�xp�e@. �Jm!p�l�etsFz ma��l*ehpLcfi�ljiJk�sFetpfehpf��ljvfi g�� g�l=i�s � g z iJk���o!kjsFm!pf�Jia� � qfk�ljvfiJk�sFoxk�i�m!p
ehpfm!cfiJ�|q mnl=i�m!��oxqfg�ljeh�9s�o�cfiJ����eh�h���hetsFe l?l=vfi8z o!ljiJp�l=ehm!����maehpfg���k�oxs o!l=vfi�k�{|pfo ���hi�cf�xi8gjo!qfkj��iJg
gjq���v m!g"l=vfiu��m!p��xq m!�xi/s�o c�iJ�Y� $�p_ljvfiuehcfiJm!��� m!g�i!� ljvfi�ma�Joxqfg�l=et�2s�o c�iJ�8oxr�l=m!ehp�iJc_ma� l=i�k
l=kjm!ehp�ehpf� g�vfoxqf�tc/��etiJ�hc�ljvfi��ho � i�g�l�z oxgjg�ehrf�ti kjiJ��ox�xpfe l=etoxp�iJk�kjoxk8kjmal=ia�
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y(etcfcfiJp���m!k�{!o ~usFo�cfiJ�tg � y����2g �9��oxk�s<m!p2etp�l=iJ�!k=m!�?z mak�l�o!����qfkjk�iJp�l(g�l�mnl=i �So!� �Sljvfi ��m!k�l
m!q�ljoxsFmal=et�0gjz iJi���v�kji��Jox�!pfetljehoxp�g�� g�l=i�sFg�� �8vfi
�/zfkjo ~�ehcfi*m kjo!rfqfg�l(m!p�c2g�ehs�zf�hi���kjm!s�i��Noxkj{
��oxk*gjz iJi���v s�o�cfiJ�tehpf�f�&y0���2g m!kji�qfgji�c l=o2cfiJg��JkjetrCi zfehi��Ji���etgjiFg�l�mnl=eho!p m!k�� g�eh�xpfm!�hg���b��<�
l=v�oxqf�xv etl"�Jm!p_r ium!kj�!qfiJc l=v mnlFg�zCi�iJ��v_gjeh�!p m!�hg"makji/pfo!lFm!�
l=q m!�t�t�'zfehi��Ji
��ehgjiug�l=mal=etoxp m!k��x�
y0���2g v m ~!i0s map|�"oal=vfi�kNcfi�gjetk=m!rf�ti(�|q ma�hetljehi�g�ljv malNs ma{!i�l=vfi�s z oxzfq���m!k�ehp�b � � g���g�l=i�sFg��
� i�� m!qfg�i(ljvfiJetkNr iJv m ~�eho!k �Jm!p&r i(c�iJgj��kjetrCi�cF��etljv g�ehs�zf�hi9��oxk�s qf�hm!gJ�|y����2g9zfk�o ~ etcfi(m*g�ox�hetc
l=v�iJoxk�i�l=et� m!����oxqfp�c mal=etoxp ��k�oxs m2zfkjoxrfm!rfeh�tehg�l=eh�"g�l�m!pfc�zCoxetp�l m!pfc ljvfi ��qf�t�Nz o � i�k o!��sFmal=v+�
iJsFmaljeh�Jg�m!p�cBg�l=mal=etg�ljeh� ma�9l=vfi�oxk�� �Jm!pBr i2r�kjoxqf�!v|lFehp�ljo'zf�hm � oxp_ljvfi2g�zCi�iJ��v k�iJ�Jo!�xpfetljehoxp
zfk�oxrf�hi�s2�

� qfk�ljvfiJk�sFoxk�i&y����2g"m!k�i&i �CiJ�
l=et~!i&��oxk�b � �6r iJ�Jm!qfg�i&l=vfi&z�kjo��JiJc�qfkji�g qfgji�c etp'ljvfiJetk
�%�LiJg�ljehsFmal=etoxp\��gjqf��v2m!g9ljvfi � m!qfs � �'iJ�t��v/m!�h�!oxkje l=vfsu�|m!kji i C��Jehi�p�l�mapfc�g�ljk=m!et�xv�lj��oxk��9m!k�c
l=o*ehs�zf�tiJs�iJp�l �"�8vfi�kji �SiJg�l=ehsFmaljiJc�z m!k=masFi
l=iJk�g m!kji8��oxqfp�cFg�o m!g1l=o*�xq mak=m!p�l=i�i�mapFetsFzfk�o ~xi �
s�iJp�l�ehp&l=v�i�ljk=m!etpfehp�� c mal�m �teh{!i��hetvfo o�c\�
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b�pFy0���Ov mag�l��No l���zCi�gNo!� z mak=m!s�i�ljiJkjg��xl=vfi8ljk=m!pfg�etljehoxp z�kjoxr marfeh�tetl=etiJg�m!pfc l=v�i�o!q�l=zfq l
cfetg�l=k�ehrfq l=eho!pfgJ� �8v�i*ljk=m!pfg�etljehoxp�zfk�oxr m!r�eh�he l=etiJg �Jm!z�ljqfkji l=v�i*ljehs�i �S~am!k���ehpf� pfmal=qfk�i�o!��g�zCi�iJ��v
m!pfc�l=vfi(oxq�ljzfq�l9c�ehg�ljkjetrfq�l=etoxpfg�s�o cfi��fl=vfi�m!�Jo!qfg�ljeh��gjeh�!p m!�Y� $�p�y0��� r m!g�iJc&g�zCi�iJ��v�kji��Jox���
pfe l=eho!p\�\etl�etg�m!gjg�qfs�iJc'ljv mal ljvfiFg�iJ�|qfi�pf�Ji1�Oo!� o!rfgji�k�~xi�c gjz iJi���v ~xi���ljoxkjg*�Joxk�kji�gjz oxpfcfetpf�
l=o*i ma��v&q�ljljiJkjm!pf�Ji(ehg��xi�pfiJkjmal=i�c r��Fm���makj{!o ~�s�o cfi�� m!g gjvfo ��p&etp ��et� � � � rCo!kjkjo �NiJc���kjoxs
l=v�iKy/��� sFm!p|q m!� 
 V ; �Y��b ��makj{!o ~/s�o c�iJ�\etg�m .fpfetlji*g�l�malji�s m!��v�ehpfi0��vfet��v2��vfm!pf�xi�g(g�l�malji
oxpf��i�i
~xiJk��/l=ehs�i�qfpfe l�mapfc�iJm!��v�l=etsFi��2l=v mnl�m�g�l=mal=i��&ehg�iJp�ljiJkji�c\�\m�gjz iJi���v�~xiJ�
l=oxk����*etg
�xi�pfiJkjmal=i�c ��kjoxs l=vfi(zfkjoxrfm!rfeh�tetl��KcfiJp�gjetl����	� �+�
� �
� � q�k�l=v�iJkjs�oxk�i!��l=vfi�l=kjm!pfgje l=etoxp ��kjoxs,g�l�malji
� l=o"g�l=mal=i���ehg�m!�hg�o zfkjo!r m!rfet�hehg�l=et�0m!pfcuehg8�!oW~!iJk�pfiJc2r|� l=vfi�cfetgj�Jk�i�ljiKzfk�oxr m!r�eh�he l���
 � �n�
�8v|qfg�m!p&y���� ehg �Jo!sFzf�ti�ljiJ�t� gjz iJ�Je<. iJc�r��FetljgNg�l�malji(l=kjm!pfg�etl=etoxp�zfkjoxrfm!rfeh�tetljehiJg�mapfc l=v�i

oxq�ljzfq�l�zfk�oxr m!rfet�he l�� cfetg�ljkjehr�q�l=etoxp&��oxk8i ma��v2g�l�malji!� ��eh� � � � gjvfo ��g(m!p2i9��m!sFz��hi o!��l=vfetg�zfkjo �
�Ji�gjg1��vfi�kji8l=vfi sFo�cfiJ� sFo ~!iJg1l=vfk�oxqf�xv ljvfi8g�l=mal=i8g�iJ�|qfi�pf�Ji�� � 6 � � � � � 7 � � � � � : � ;8ehp o!kjcfi�k
l=o��xiJpfi�k=malji�l=v�i0gji���q�iJpf��i � � ljo ���J� 9(o!ljeh�Ji�l=v mnl � ljvfi�i�p�l=k��&m!pfc&i9� etl9g�l�maljiJg8o!�Ul=vfi y����
m!k�i pfoxp+�SiJs�etljljehpf��� �8vfi�s�o c�iJ�Uc�o i�g�p�o!l8zfk�o cfq��Ji*m!p��&oxq l=zfq�l���vfet�hi(ehp�l=vfi�gji�g�l=mal=i�gJ� rfq l
l=v�i��Hmakji �Jo!p|~!iJpfetiJp�l���vfiJp ��oxpf� mnl=iJpfmal=etpf��gji
~xiJkjm!�1s�o cfi��hg�l=ox�xi
l=vfi�k0l=o�k�iJzfk�iJgji�p�l*�Noxk�cfg
o!��m!kjr�etl=kjm!k�� �hi�pf�!l=vU�
$�p2b � � m gji�z m!k=mnl=i*y0��� ehg9ljk=m!etpfiJc���oxk8iJm!��vu��q�pfc m!s�iJp�l�ma�\kji��Jox�xp�etl=etoxp�qfpfe l ����v�eh��v

sFm � rCi�iJetljvfiJk9��v�ox�hi0�Noxkjc�g8oxk8gjqfr��S�Noxkjc/qfpfe l=g8g�qf��v�mag8zfvfoxpfi�sFi�g�oxk l=k�ehzfv�oxpfiJg�� � vfox�ti
�Noxkjc s�o c�iJ�hgFm!k�i2�NiJ�h��gjq�etl=i�cB��oxkFgjsFm!�h�8~xo�� marfqf��mak�� l�m!g�{|g � �xi�pfiJkjm!�h� � �hi�gjg ljv mal�m ��i��
v|qfpfcfk�iJcB�Noxk�cfg �@� y(o �Ni�~xi�kF��oxk"�hm!kj�xi&~!o �Jm!rfqf�hm!k�� l=m!gj{|g��9gjqfr��S�Noxkjc_qfpfetljg�m!kji2mLr i�l�l=i�k
��vfoxet�Ji�r iJ� maqfgji�o!�Cc mal=m�g�z m!k�gjetl��!� � qfr��S�Noxkjc�qfpfe l=g�m!k�i8qfgji�c�ljo�� ma�Jeh�tetl=mal=i�l=vfi���oxpfg�ljkjqf�
l=etoxp
o!�1��oxs�zCoxg�etlji sFo�cfiJ�tg�m!pfc2ljvfiJk�i���oxk�iKljvfi�ma�Joxqfg�l=et�Ks�o c�iJ�hg��Jm!p�r i�vfetiJkjm!kj��vfet� m!�t�t� cfiJ��oxs �
z oxgji�c ehp�ljouc�e �CiJkji�p�l��ti�~xi��hg��Fb(g�m/kji�gjqf� l*��v�ox�hi"gji�p�l=iJp��JiJg�� m!pLgjv makji"� oxk�c s�o c�iJ�hg�mapfc
�NoxkjcusFo�cfi��hg8� mapug�v m!k�iKg�qfr+�S�Noxk�c2s�o c�iJ�hg8g�qf��v�mag9l=kjetzfvfoxp�iJgJ�
$�p ��eh� � � � �?l=vfi�m!k�kjo ��g�kjiJz�kjiJg�iJp�l ma�h�ho �NiJcHl=kjm!pfg�etl=etoxpfg r i�l��NiJi�p g�l=mal=i�gJ��b9l�map|� c�ehg �

�Jk�i�lji�l=etsFiKehpfcfi9�C�Cl=v�i sFo�cfi���o��J��qfzfehi�g oxpfi�m!pfcHoxpf� �uoxpfi g�l�malji m!pfcHzfk�o c�qf�Ji�g oxpf�t�uoxp�i
oxq�ljzfq�lJ�1b9l8i m!��v�ljehs�i(etpf�Jk�iJs�iJp�l ��ljvfi0s�o c�iJ� � m!p&��ox�t�ho � oxp�i0o!�	l=vfi0m!�h�toW�NiJcFl=k=mapfgje l=eho!pfgJ�
m!���Joxk�cfehpf�"l=o m�ljk=m!pfg�etljehoxp/zfk�oxr m!rfet�he l��x� �8v�iKl=o!zCox�tox�!��etg��hi�� l�ljo kjet�xv�l(m!pfc2ljvfiKljiJs�zCo!k=m!�
��v m!kjm!��ljiJk�ehg�ljeh��g�oa�(g�zCi�iJ��v makji�� maz�l=qfk�iJc r�� l=vfi�ljk=m!pfg�etljehoxpfg�rCi
l�� i�iJpBljvfi�g�l=mal=i�gFo!��l=v�i



6 :

y0���'�

� ������� � � � ���>� 	:� � � ���	� � � � � � � �

�8vfi *�oxetp�lKz�kjoxr marfeh�tetl���ljv mal �;etgK�!iJpfi�k=maljiJc r�� l=vfiFsFo�cfi���� sFo ~�ehp��uljvfkjoxq��xv l=v�i
g�l=mal=iFgji���q�iJpf��i � etgK�Jm!�h��qf��mnl=iJcLgjetsFz��t� m!g*l=vfiFzfkjo�cfqf�
l o!� l=vfi�l=k=mapfgje l=eho!p'zfk�oxr m!r�eh�he l=etiJg
m!pfc/l=v�i*o!q�l=zfq l�zfkjoxrfm!rfeh�tetljehiJg�� � o"��oxk9ljvfi�g�l�mnl=i�gji���q�iJpf��i � etp���eh� � � � �

� �+� � � &�� � � 
 � � � � �'� � � 
 � � � � �'� � � 
 ��� � � �+� � �
,�,�, � � �8; �

y(o �Ni�~xi�kJ��etp*z�k=m!�
l=eh��i!�aoxpf�t��l=vfi�oxrfg�iJk�~!mnl=eho!pKg�iJ�|qfiJp��Ji � ehg	{|pfo ��p mapfcKljvfi�qfpfcfi�kj�t��etpf�
g�l=mal=i(gji���q�iJpf��i � etg vfetcfcfi�p\�1y(i�pf�Ji0ljvfi(ljiJk�s � ����� � � � � �����	� � � � � � � � v�iJp�iJg�l=ets maljehpf�
m!��oxqfg�ljeh��s�o�cfiJ�tgJ�8� i�l���zfet� m!�t�t� qfg�i � � � � � � � � ��� � ���Joxp�gjehg�l=etpf� o!� l=kjm!pfg��JkjetrCi�c kjiJ��oxkjc�iJc
gjz iJi���v
��
� � � � � �8v|qfgJ�8�NiH� m!pBoxrfgji�k�~!i�
� m!pfc ���8rfq�l&p�o!l ljvfi��Jo!kjkji�gjz oxpfcfetpf� g�l�malji
gji��|qfiJpf��i �9�

a12 a23 a34 a 45 a56

a22 a33 a44 a55

1 2 3 4 5 6

a24 a35

o1 o2 o3 o4 o5 o6

b2 o1( ) b5 o 6( )b2 o 2( ) b3 o 3( ) b4 o 4( ) b4 o 5( )

Markov 
Model 

M

Observation
Sequence

��eh�!qfkji � � � ���8v�i ��makj{!o ~!0 iJpfi�k=maljehoxp2�2o�cfi��

0�e ~xi�p ljv mal � ehg�qfpf{|pfo ��p\�?l=vfi k�iJ�|qfetkjiJc �teh{!i��hetvfo o�cuehg0��oxsFz�q�l=i�cLr���gjqfs�sFetpf�&o ~xi�k
m!�t�Uz oxgjg�ehrf�ti g�l�mnl=i�gji���q�iJpf��iJg � ��
3� 6 � � 
3� � � � 
3��72� � ,�,�, � 
3�����@��l=v mnl�ehg

� �'�-&�� � � �
�

� �+� � � &�� � � �
�

 
 ��� � 
 � ��� ��

� 	 � � 
 � � � �'��� � 
 
 � � � 
 � ��� ��� � � �<= �
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��vfi�kji 
�� � � ehg���oxpfg�ljk=m!etpfiJc/l=o"r i l=vfi�s�o cfi��\iJp�ljk��/g�l=mal=iKm!pfc 
3��� � 6 � etg8�Joxpfg�l=kjm!ehpfi�culjo
r i�ljvfi�sFo�cfi��\i � etl�g�l�malji!�
$S� �Ni�m!gjg�qfsFi ljv mal l=v�i"ljo!l�ma��p|qfs r iJk�o!�Ng�l�mnl=iJg�etg��'�?l=vfi�p'e l � map'r i"gjiJi�pLljv mal�l=v�i

�Jo!sFzfq l�maljehoxp ma� �Joxs�zf�hi9� etl��"o!�\ljvfi m!r o ~xi(� m!�t�Jqf�hmal=etoxpFetg � ����� � � r m!g�iJc�oxp�l=vfi(� m!��l l=v mnl
l=v�iJkji*m!k�i�� � zCo!gjgjetrf�hi�g�l�mnl=i�gji���q�iJpf��iJg(��e l=v � � l=i�kjs�g8ehp�i ma��v2zfk�o c�qf��lJ�#��o�m!s�iJ�hetoxk=mnl=i
l=v�i0�Joxs�zfq�l=mal=etoxp m!� �Jo!sFzf�ti � etl��!� k�iJ��qfkjg�et~xi0ljiJ��vfp�eh�|qfiJg�i9��etg�l9ljv mal�makji0s�oxkji(iDC��JetiJp�l8l=vfm!p
cfetkjiJ�
l�� m!�t�Jqf�hmal=etoxp\� � i ��eh�t�\cfetgj�Jq�gjg�l=vfi�sOrfkjeti��f�&ehp&l=v�i*p�i ��l���vfm!z�l=i�kJ�

b�g*m!p m!� l=i�kjp maljet~!i�l=o�i���qfmal=etoxp � � �8= �
�Cl=vfi �teh{!i��hetvfo o�cu� m!p r i"m!zfzfk�o � ets maljiJcHr���o!pf�t�
�Jo!pfgjetcfiJk�ehpf� l=v�i*s�oxg�l��heh{aiJ� � g�l�malji*g�iJ�|qfi�pf�Ji ��� � � � ��	 � 
 � � � � � ����� # � � � � 
 ;4;��Y�fljv mal�etg

� �+� &�� � � s m��
�
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 � ��� ��
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 � � � 
 � � � ����� , � � � V �

�8vfetg1�heh{aiJ�tehvfo�o cKehg���oxs�zfq�l=i�cFq�gjehp�� iJgjg�iJp�l=ehm!�h� ��ljvfi8g=m!s�i�m!�t�xoxkje l=vfs m!g�ljvfi9��oxk��9m!k�c"zfkjoxr��
m!rfet�he l���� m!�t�Jqf�hmal=etoxpui � �Ji�z�l0l=vfmal�ljvfi gjq�sFsFmal=etoxpuehg�kjiJz���m!��iJcHr���m�s m ��ets qfs$oxz iJkjmal=etoxp\�
$�p2ljvfi*y0������k=m!s�i��Noxkj{Fl=vfiKm!�Jo!qfg�ljeh��oxrfg�iJk�~amaljehoxp�g �
�Km!kji*m!g�gjqfs�iJcul=o�rCi�etpfcfiJz iJp��

cfi�p|l0o!��i m!��vHoal=vfi�k(l=v�iJkji
��oxkji�gjz iJiJ��v c���p masFet�Jg��Jm!pfpfoal0r i�s�o cfi��hi�c�cfetkjiJ�
l=� �x�0y�o � i
~xiJk��
etl�etg�{�p�oW��pFl=v mal�ljvfehg ehg1pfoal9m ~am!�hetcFmagjgjq�sFz�ljehoxp ��oxk�g�zCi�iJ��v�gjet�xp m!�tgJ�x��vfet��v&m!k�i�r|��p mnl=qfk�i
vfet�xvf�t��l=iJs�z oxk=m!�t�t���Joxk�kjiJ�hmal=i�c\����map|� m!zfz�kjo�m!��v�iJg vfm ~!i0r iJiJp zfkjoxz oxg�iJc ljo�o ~xi�kj�Jo!sFi�l=vfetg
�hetsFe l�maljehoxpLo!�0y0���2g�� �8vfiusFo!g�l"gjq��J�Ji�gjg���qf��i9�fmasFzf�ti/o!��ljvfiJg�i�m!z�zfkjo�ma��vfiJgFehg l=v�i2qfg�i
o!��c���p m!s�eh��z m!kjm!s�i�l=i�kjg8��vfi�kji�l=vfi ��g�l�maljeh� & ��iJmal=qfk�iJg(m!kji*m!q��xsFi�p�l=iJc/��etljvuljvfi . kjg�l0mapfc
l=v�i gji��Joxp�c cfe �CiJk�iJp�l=ehm!�hg�� � � qfg�ehpf� 6W� s�iJ� � . � l=iJk�r m!pf{|g���zf�tqfg�l=vfiFiJpfi�kj�!�LiJg�l=ets malji mapfc
l=v�iJehk#. kjg�l�m!pfc�g�iJ�Jo!pfc/oxkjcfi�k9�Jo�iDC���ehiJp�ljg9� i�iJp�c�qfz&��etljv/m 7 � cfetsFi�pfgjetoxp m!� ��i maljqfkji(~xiJ�9�
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HGr
²a¨0e Ã � ´&¯u}*%³+.-Q3<14�,b,�41;�d)2H ¼ e Ã0²¥´��M1�rNHI3<1`H¥�G1;3j)232/C+.',+K',�h+K-mHI�0-<1;3j�I14�p+K'J)<f,1`¯u}+%�ei¯�1
8?1;3:rNHG3< @1;��)2f01-, -2/C',+K)(«h�Af,1;�A§/.­HGrM3<1;-:�;HI3:+.',�o)<f,1w8,+.'0�Af,1;�µBc/q)<)2+K�;14- 5w+K)<fµ)<f,1Lnln|{S¤~�o JHv�,1;BK-$'
8?1;3:rNHG3< J/G',�;1657/G-h+K�,1;'=)<+.�a/CB )2H|b,',�;HG',-:)<32/G+K',1;��3<1;-:�;HI3:+.',�0e>�gf,+K-��G1;3<+E¶F1;-�)2f,/C)©)<f,1@-<1a/C3<�Af
-<8,/G�;1@3<1�¶F',1; @1;'=)h+.'=)23:Hi�,b0�;1;-�',Hp',1�5¸1;3<3:HI3<-4e>z
+K',�Af,+.'0�|�,Hv1;-�3<14�,b,�41@)<f,1JB./C)<)<+.�416-<1a/C3<�Af
-<8,/G�;1�-<b,�0-:)A/C'­)<+c/GBKBK«G¡,f,H�571��I143;eD�gf,10� /C)<)<+.�41o¯®HI3:��}
3:3<HI31%L/C)21�HGr»)2f,1�HI3:+.�I+K'F/GB?Bc/C):)2+.�41;-g+K-
²Ie � ÅI´y¡05wf,+K�Af|+K',�;3:1a/G-:1;-w)2H@¾0eE²I²¥´ /Cr])2143L80+.',�Af,+K',�,e
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£U-w @1;'=)2+KHI',1;�p�?14rNHI3:1�n)D"% )23</G+.'0+.',��+K-g�;HI @8,b0)2/C)2+KHI'F/GBKBK«@1�±i8?1;',-:+K�G1h/G'0�|B./C)<)<+.�;1U-<1;�q¤
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)2H@�,143<+K�G1h1��J�4+.14'­)U+K)<1;32/q)2+K�G1�1;-:)<+. J/C)2+KHI'd8,3:Hi�41;�,b,3:1;-4e��L1;3:1�5m1h-:1;�I @1;'=)U)<f,1�Bc/C):)2+.�41o57HG3<�
-:)<3<+K',�I-
�=«@/GB.+K�I',+K',�U1;/G�Af>8F/q)2fµ+.'6)2f01LB./C)<)<+.�417)2H�)2f01Unp£oz®-:1;'=)214',�;1`f­«v8?HG)2f01;-<+K-;¡i/GBK)<f,HIb,�Gf
+.'|)232/C+.',+K',�,¡M)<f,1�-:1;�I @1;'=)A/q)2+.HG'¬+.-`rNHGb,',�k3<14Bc/C)<+K�I1�)2Hy)<f,16�;HI3:3<14�4)o)<32/G',-:�;3:+.80)<+.HI' � ��� ¡ÄÃGÃ��Se
�gf,+K-�-:1;�I @1;'=)2/C)2+KHI'�803<Hv�;1;�0b,3<1@+.-�8?1;3jrNHI3< @1;���a/G3:14rNb,BKBK«�-<H|/G-�)<H93<14)2/G+.'k)2f01@-j)23:b,�4)<b,3<1@HGr
)2f01hHI3:+.�I+K'F/GBÄB./C)<)<+.�;1�+K'�3:1;�I+KHI',-LHGr
B.H�5 �4HI'0¶F�01;',�41��½ÃGÃ	��e�
LH>3:1;HI3:�,1;3:+.',�JHGr
B.+K',§­-grN3<HI  )2f01
HI3:+.�I+K'F/GB Bc/C):)2+K�;1L+.-g/GBKB.H�5m1;�Äe��gf01�8,3<Hv�;14-<-w-:)2/G3:)<-D�=«y+.�01;'=)2+Er]«i+K',�h)<f,1�n|£oz*8F/C)<fd+.'d/h¶F3:-:)j¤
8F/G-:-D£ � %³B./C)<)<+.�41�Pª¿ +.�,e ¼ eK²I¡���
AV0_�e�z»1;3<+KHi�v¤A²U3:+.-:§=¤ �F/G-:1;�yB./C)<)<+.�;1w�4b0)<)<+.',�©+.-Qb,-<14�y)2H�3:1;�,b,�41
)2f01gBc/C):)2+.�41m)<H�/o-<1$#­b,14',�;1LHGr?-<14�I @1;'=)x-<1�)2-;e
{('µ-:HI J173<1;�G+.HI',- HI',BK«�)2f01Ln|£oz�8F/C)2fµ3:1; J/G+.',-
P�¿�+.�,e ¼ eK²G¡��lZªY=Y0T��<_�e
�gf,1U80+.',�Af,14�yBc/q)<)2+K�;1w�a/C'>�?1`rNb,3j)2f,143m8,3:b,',14�y-<H�)2fF/C)m1a/C�AfyB.H�5 �4HI'0¶F�,14',�;1U3<1;�G+.HI'@�;HI'v¤

)A/C+.',-»/g�;143:)A/C+.'�'vb0 ��M143�HCr0�4HI J8?14)<+.',�wf=«v8MHC)2f,14-<+.-4e��gf­b,- 571QrNb,3:)<f,1;3 -<+K J80B.+Kr]«L)2f01Q803<HI�,BK1; 
�=«¬3<14-:)<3<+.��)2+K',�d)2f,1µ-<14�I @1;'=)�-<14)<-�)<H9�;HI'=)A/C+.'kHI',BE«�)(5mH|�4HI J8?14)<+.',�y5mHI3:��-:1$#­b,1;'0�;1;-4e>¯�1
',HG)<1©)<fF/C)o1�±i�;1;8i)�rNHI3U8,3:b,',+K',�,¡?',Hy8F/C)<fl+.'p)2f,1hHI3<+K�I+.'F/CBtBc/C):)2+.�41�+.-U1�±i�;B.b0�,1;�lrN3:HI O8,+.',�Afv¤
+.'0� P�¿ +K�,e ¼ eK²G¡���
q\ª\�
���_�e*�i1;�I @1;'=)L-<1�)2-w)2fF/q)`Hv�;�4b,3gB.14-<-g)2f,/G'p)<1;'9)2+K J14-w/G3<1��,+K-<�;/G3<�,14�Äe
¯®1J)2f,14'Á8M143:rNHI3:  )2f,1J-2/G @1>8,3:Hi�41;-:-�HI'®)<f,1J)<32/G+K',+.',�p-<1�)�)2H|HI�0)2/G+.'®/��;HIBKB.14�4)2+KHI'kHGr

-<14�I @1;'=)o-:14)2-U3<1;803<1;-:1;'=)A/q)2+K�G1�HGr
3:1;�4HI�I',+E)2+.HG'|143<3<HG3<-wrNHIb,',�l+K'p)<f,1©)<32/G+K',+.'0�J�F/q)A/0eD¯�1hb,-:1
)2f01;-<1g)(5mH©�4HIB.BK1;��)2+.HG',- )2H�+K�,1;'=)<+Kr]«h)<f,1`�G¨U)214-:)Q-<14�I @1;'=)Q-<14)<-
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rN3<1 #­b,1;'=)2BE«p+.'9)232/C+.',+K',�,eQ{('�)2f,+K-g5D/a«9571©+.�,14'=)2+Kr]«p/6¶F'F/CB»�4HIB.BK1;��)2+.HG'pHCr
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)2+./GB.BE«�+.�,14'­)<+K¶F14�µ+.'�)2f01w)<1;-j)m-:14)x)2H�)<f,1g¶F'F/GB �C¨�)<fF/C)Q/GBK-<H�Hv�;�;b03�rN3<1$#­b,14'=)2BK«µ+K'�)2f,1g)<32/G+K',+.',�
-<1�)�P�¿�+.�,e ¼ eE²I¡���
q\�\�
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¿ +K�Ib,3<1 ¼ eE² '&�»/q)<)2+K�;10�i14�I J14'=)A/C)<+.HI'9rNHI3L}
-:)2+K >/q)2+.HG'|/C',���i1;/G3<�Af e�� 
AV '7¿�+.3<-j):¤ 8F/G-<-wB./C)<)<+.�;1
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-<1�)2-L-<14B.1;��)214�prNHI3wz
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Ã z ��� �I�I¨ Ã z �o� ²�¨I�I� �
� ¼ � � �=�G¨ � ¼ ��� ²�¨=ÅC¨I�
¾ n � 
 � ¼ Ã ¾ n ��
 � �IÅIÅ
� ����� Ã � ¾ � ����� ¼ ¨G¨=�
²�¨ D ��¦ ¾GÃIÃ ²�¨ D ��¦ �IÅGÅCÃ
Å � ��¢�� ¾I¨I¨ Å � ��¢ � � � ¼ �
� D �>� ¾0² � � D ��� �G¾ � ¼
¤ £���º � ¾ ¼ ¤ ����{ Ã=¨i²aÃ
¤ � �o{ � ¾I� ¤ � ��º ¾I� � ¼
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HIb0)wHCr
/�)2HG)2/GBÄHGrm²¥�IÅv²�143<3:HI3<-4e
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