
����� ���	��
���������������������� ��!

"$#&%'%'#)(+*-,/.10�230�.54
67.589.5*;:<.1=�>@?BADCEC�F

G HJILK�MON�PQISR	TVUXWXN�ILKZYQ[]\_^`WXabKZIcaed7Mgf

hbikjmlonqp�rosutvtwloryxViwsunzsu{}|Lxcp9xVlo|o~`p;���cs��@p9�@iwtwikx��Sp�|V|VsDroivp9xVlo����iwxV��l�p�rc�q|V�D����sut`{&s��
l�p�rc��|Lxcp9xVl�~�p�n������3s��@p9��iwtwiwxViwlo|�{v�csu����s�jEiwn����Zlyx��}lolon�|Lxcp9xVlo|o~ZxV��l���ikxVly�c��i�p�tw�us9�
�cikxV������ivtwt+r�p�tvro��tvp9xVl����������3~Ds��gxV��l����cs���p9��iwtwikx�� xV��p9xgxV��l¡�¢su|Lxgtwik£mlotk�e�@p9xV��lon���lo�
p9x�|Lxcp9xVl��zp�{&xVly�7lo��ikxLxViwn���xV��l�¤��3|Lx�¥b|L�D����sutw|o¦¨§O�D��iwr�p�tvtk�u~�xV��iv|er�p�twro��t&p9xViwsunqiw|
�Zly�3{&s��c�¢lo��ivn�twsu�mp9�cikxV���¢iwr�|V�@p�rol�~<p�| xV��l7���cs��@p9��ivtwikxViwlo|Xsu{/{'sutwtws1��iwn��¨p�n©���uikjmlon
�@p9xV��r�p�n��ªp9��iw��tk�_���cs��«lª¬DxL�clo�¢lotk�;|c�¢p�twt¦

® ¯°Y7M²±7WXN�³°R	NZfµ´¶TVUXWXN�ILKZYQ[
·�po�°��l���iw|V�°xVs¸¤�n��°xV��l����cs��@p9��iwtvikx��¸xV�@p9xSp¹|LxL�civn��»º¼�¡p�|½lo��iwxLxVlo��¦¾§	��iv|
���cs��@p9��ivtwikx��b��ivtwtm��l}lo¿+��p�t+xVseÀ�Á}Â��)º�ÃVÄ��3~+s��`xV��lO���cs��@p9��iwtvikx�� su{�xV��l/|LxL�3iwn��	��loiwn��
lo��ikxLxVlo�¨{&s���l�p�rc�¨��su|V|cik��twl¡|Lxcp9xVl��@p9xV�;Ä�¦/·E���¢��iwn�� s1jmly��p�twt���su|V|cik��twl¡r3��suiwrolo|�su{
�@p9xV��iw|���ikÅ¢ro��tkxo~+�@��x}iwx�ivn©jmsutkjmlo|	p�{)p�ik�	p���su��n+x	su{B�clo����n���p�n+x}r�p�tvro��tvp9xViwsun�~�p�n��
p¨��s��clQlyÅ¢roiwlon+xe���En�p���ivre���3su���3p�����iwn��¨p�tv�us��cikxV����~�xV��lQÆ�s��V�¡p9�c�zÇ�tw�us��cikxV����~
lª¬Eiw|VxV|¡xVs�lª¬E��twsuikx¡xV��iv|o¦

ÈÊÉÌË Í_ÎOÏ»Ð�Ñ�ÒBÓBÔ©ÕÌÖmÎO×
Ø ly¤@n�lXÙ�Ú+�)¥��gÛ°Â��)º�Ü�ÃLº�Ý9ÃoÞkÞkÞßº@��ÃVÄ���Û����3~+s��}xV��l¡���3s��@p9��iwtwiwx���su{Zlo��iwxLxViwn�� |L�E�e��sutw|
º Ü xV���csu���u��º � iwnàxV�@p9x�s��c��ly��~�lon���iwn��áiwn�|Vxcp9xVl�Ä � ¦â§	��lon���ly¤�n�l�ãoäÌ�)º �`å¶æ �
xVsq��l�xV��l����cs���p9��iwtwikx��»su{elo��ikxLxViwn��q|L�D����sut	º å¶æ {v�csu�ç|Lxcp9xVl�è�~�p�n���é+Ú5ê ä	xVs
�Zl¨xV��l¨���cs��@p9��ivtwikx��ásu{��¢s�jEiwn���{&�csu�ë|Lxcp9xVlS�ìxVsz|Lxcp9xVl½è�¦ Ø ly¤�n�l�Ù�ä��)¥ åâæ �¢Û
ãoä��)º@� å°æ � À Ú Ù�Ú©�)¥í�íé©Ú5ê ä¦
î l��Zlo�uivn���ikxV��Ù���ï5��Û æ ~�����ly�cl7ï�iw|�xV��le|Lxcp9�VxVivn��_|Vxcp9xVl�~�p�n���Ù��)¥���Û«ð_{&s��

|Lxcp9xVlo|	¥�ñÛ�ïu¦	�§���iw|¡p�|V|V���¢lo|	pe£En�s1��n�|Lxcp9�Vx	|Lxcp9xVl�~�su{�rosu���3|Vl�ò�iw{�xV��l |Lxcp9�Vx	|Lxcp9xVl
iw|���n�£En�s1��n�~�xV��lQ���cs��@p9��iwtvikxViwlo|�su{/xV��l7�clo|L��loryxVikjml�|Lxcp9�cxe|Lxcp9xVlo|�|V��su��tw����lQ��|Vlo�
p�|Xp9�����3s����civp9xVl�¦ó��§	��lon�{'s���pQ|LxL�3iwn��7º�Û�º Ü ÃLº Ý ÃoÞkÞkÞkÃLº�ô�~��}ler�p�n½r�p�twro��t&p9xVl�Ù�Ú©�)õÊ�
{&s���l�p�r3�S|Vxcp9xVl�£�~�p�n���xV�D��|	r�p�twro��t&p9xVl xV��lb���cs���p9��iwtwikx���xV��p9x	º��¡p�|	lo��ikxLxVlo��¦

æ



ÈÊÉ)È �������/Õ��OÒàÖmÕ�×�Ï
hbikjmlon��²��su|V|Vik�@twl�|Vxcp9xVlo|o~gp�n��	�«�¢p�n©��|L�E���Zsutv| lo��ikxLxVlo��~<xV��l¢p�tw�us��3ikxV��� ��ivtwt
xcp9£ml�
Q��� Ý �}�/xViw�¢l�~�|Viwn�rolbxV��ly�3lb��iwtwt���l���jup�tw��lo|�xVs�|c���²{'s���l�p�rc�Ssu{�â|Lxcp��ulo|
p9x�l�p�rc��|Lxcp��ul�~@su{<����iwrc�¨xV��ly�3l�p9�cl��à�_p�n©��|V��r3��|Lxcp��ulo|o¦

� ��R¡^�� ³�R	NZf ´ TVU�W�N�IíK�YQ[
·�po�7��l	�¡p�n©xgxVs�r�p�twro��tvp9xVl�Â��Ä���Û���� º��3~+s��OxV��l¡���cs��@p9�@iwtwikx��exV��p9xOsu���O|Lxcp9xVlbp�{vxVly�
¥�|V�D����sutw|�iw|b���uikjmlon�xV��l�s���|Vly�Vjup9xViwsun�su{�º�¦���sun�|Viw��ly�	xV��le��ivp����3p����Zlotvs���~�{&s��
iwn�|Lxcp�n�rol�~E����iwrc�;|V��s1��|¡pe|Vly�3iwlo|/su{Ê|Lxcp9xVlo|o~�l�p�r3�¨��ikxV�¨p�n¨p�|c|Vs+roi&p9xVlo�¨���cs��@p9��ivtwikx��
su{��¢s�jmlo��lon+xS{&�csu� sun�lq|Lxcp9xVlzxVsàp�n�s�xV��ly�Sp�{&xVly�½xV��lzlo�¢iw|V|Viwsun su{7p¹|L�E���ZsutÌ¦
ÇX|V|c����lep�twt�|L�D����sutw|	p9�cl�lo¿D��p�twtw�;twiw£mlotk�_xVs��Zl lo�¢ikxLxVlo��¦�ÇX{&xVly��xV��l�¤��c|Lx	|L�E���Zsut
iw|�lo��iwxLxVlo��~�xV��l���su|Lx�twik£mlotk�¨|Lxcp9xVl���iwtwtZ��l�|Lxcp9xVl���¦���s���lyjmly��~Bp�{&xVly�XxV��l�|Vlorosun��
|L�D����sutBiw|	lo�¢ikxLxVlo��~�xV��le��su|LxXtvik£mlotk�_|Vxcp9xVl���iwtvtZ�Zl |Vxcp9xVl���~�|Viwn�rol |Vxcp9xVlo|�� p�n��
�°��iwtvt©��s�xV��p�tk�¡po�E|g��s1jml	xVs���p�{vxVly�/pb|V�D����sut�iw|`lo��ikxLxVlo��~Dp�n��Qikxgiw|���s��cl�twik£mlotk�
xV��p9x�loikxV��ly�X|Lxcp9xVl��Js����$��iwtwt���l��cl�p�rc��lo�B¦

.4

.3

.3

1.0

1.0

1.0

1.0

1.0

A

B

C

D

E

F

start
state
§Ês_p9����tk� �}p��mlo|"!��c��twl�~E��l�r�p�twro��tvp9xVl
Â��)º�ÃVÄ���Û����gÛ°Â��)º�Ü�ÃoÞkÞkÞkÃLº��LÃVÄ���Û�����Â¢�)º��$#ÊÜ�ÃoÞkÞßº&%'� ºBÜ�ÃoÞkÞkÞkÃLº@�LÃVÄ��BÛ����3¦
§	��l ����tkxVik�@twiwr�p�n��;r�p�n���l r�p�twro��t&p9xVlo���+�;xV��l�Æ�s��V��p9�3��ÇXtv�us��cikxV����¦
Â��)º�ÃVÄ � Û����gÛ Ù�Ú+�)¥���Â��)º �$#ÊÜ ÃoÞkÞkÞßº % ÃVÄ � Û����
§	��l ����tkxVik�@twiwly�}��iwtwt���l r�p�twro��tvp9xVlo�½��|Viwn���xV��l���p�rc£+�¡p9�c��ÇXtw�us��3ikxV����¦

(�ÉÌË Í_ÎOÏ»Ð�Ñ�ÒBÓBÔ©ÕÌÖmÕ�ÎO×
) lyx+*cÚ+�)¥���Û À ä é©Ú5ê ävã�ä��)º �$#ÊÜ �,*.-5�)¥ å¶æ �3~�p�n���twlyx *3ÚD�/�}��Û é©Ú�{'s��;p�tvt��@¦�§	��lon
*cÚD�)¥ å°æ �}��iwtwtZ�uikjml ��|Vl xV��l ��lo|cik�clo�¨�clo|V��tkx	p9�Zs1jml�¦

(�É)È �������/Õ��OÒàÖmÕ�×�Ï
) ik£ml�xV��l7Æ�s��V�¡p9�c�zÇ�tw�us��ciwxV����~ZxV��l0��p�rV£D��p9�c�qÇXtw�us��3ikxV����s���ly�3p9xVlo| iwn���sutk�Dn�s9�
��ivp�t�xViw��l�~E|L��loroik¤�r�p�twtw��iwn 
���� Ý �}�OxViw�¢l�����lon;�uiwjmlon1�«|Lxcp��ulo|�p�n�� �¹|L�E�e��sutw|�¦

2



� � NZW�P7R	PQIcT3IíK��çW�� ��MOI3a7U�� IíK�YQIca R	�eM�K�W��
� KZR}K�M��

î l��_po����iw|c��xVs;r�p�twro��tvp9xVlexV��l����3s��@p9��iwtwiwx��¨su{��Zloivn��Q��ikxV��iwn½p�|clyx�su{`|Lxcp9xVlo| p9x
xV��l	¥ÌxV�;|L�E�e��sut�����lon�º�iw|/lo��ikxLxVlo�¢�<{'s��}ivn�|Lxcp�n�rol�~Diw{��}l�p9�cl�p9xLxVlo����xViwn��exVse¤�n��
����lyxV��ly�Ê�}l/{'p�twt©��ikxV��ivn�p �}��h¸iw|Vtvp�n���¦�§	��lon��}l/r�p�twro��tvp9xVl À Ú� ������Â��Ä��ÊÛ���� ºZ�3~
����ly�cl¡l�p�r3�;�7iw|gp�|Lxcp9xVl	iwn7xV��l¡|clyx/p�n��  �����`iw|`xV��l����3s��@p9��iwtwiwx��esu{@��loiwn��biwnQ|Lxcp9xVl
�@¦

� � R	NZR	[ M�KZMON�����K�Ic[ R}KZIVW�a
·Es_{)p9��~@�}l���pojmlQp�|V|c����lo��£En�s1��twlo���ul�su{�xV��l��@p9�3p���lyxVly�c|biwn+jmsutkjmlo��|Vs¢{)p9�X�}xV��l
���cs��@p9��ivtwikx���su{Ê��s�jEiwn��7{&�csu� sun�l |Lxcp9xVlbxVs�p�n�s�xV��ly��~�s��	su{�lo��iwxLxViwn��7p��@p9�VxViwro��t&p9�
|L�D����sut~©{'s��Oiwn�|Vxcp�n�rol�¦ î l	|V��p�twt�n�s��àrosun�|ciw��ly�gxV��l����cs���twlo�$su{Zlo|LxViw�_p9xViwn��bxV��lo|Vl
j�p�tw��lo|	�uikjEiwn��7xL�3p�iwn�iwn��7��p9xcpD~�p�|c|V����iwn��7pQ¤�¬Elo�Sp9�crc��iwxVloryxV���cl��i¦ l�¦k~@xV��lb��su|V|Vik�@twl
xL�3p�n�|VikxVivsun�|¡su{�|Lxcp9xVlep9�cl £En�s1��n@�3¦
·�po����l�p9�3l��uikjmlon�õqxL�3p�iwn�iwn��Q|Vlo¿+��lon�rolo|	º Ü ÃLº Ý ÃoÞkÞkÞßº ô ~@l�p�r3�Ssu{`|Vsu�¢l�twlon���xV��¦

� {��}lb��p�jml�Ä�ÜoÃoÞkÞkÞ Ä ô |Lxcp9xVlbxL�3p�n�|cikxViwsun¨|Vlo¿D��lon�rolo|¡ros��V�clo|V�Zsun���iwn��exVs7xV��lbsu��xL����xV|o~
xV��l���s1jmlo��lon©x�iw|¡|LxL�3p�iv�u�©xV{'s��V�¡p9�c�¨�O��l |Viw�Q�@tk�¢r�p�twro��t&p9xVl xV��l nD���e��ly�	su{ÊxViw��lo|
�}l���p�jml���s�jmlo� {&�csu�µsun�l�|Lxcp9xVl�xVs¹p�n�s�xV��ly��~�|csìé+Ú5ê ä7Û]Â��rosu��n+x�su{���� è
xL�3p�n�|VikxVivsun�|3���D�rosu��n+x�su{ÊxL�3p�n�|VikxVivsun�|¡{v�3su���;xVs�xcp�t&�3¦

� s��3�¢p�twtk�u~���s1�}lyjmly��~���l7��sun�!ßxb��pojml�xV��l�|Lxcp9xVl7xL�3p�n�|VikxViwsunS|Vlo¿+��lon�rolo|o~�|Vs;�}l
��|Vl�p�tw�us��cikxV����|�xVs�lo|LxViw�¢p9xVl¨xV��lo� �@p�|clo�¹sunìxL�3p�iwn�iwn��½��p9xcpD¦��bn�l;��lyxV��sD�¹su{
��suiwn��;|Vs¨iw|X��ikxVly�c��i<xL�3p�iwn�iwn��E~@iwn�����ivrc�S�}l7lo|LxViw�_p9xVl�Ä��9~ZxV��l7��su|Vxbtvik£mlotk���@p9xV�
{&s��Xp�|Vlo¿+��lon�rol�~��@p�|Vlo�½sun�xV��lbxL�3p�ivn�iwn��7��p9xcpD¦

� ¯°Y7M ��R	dQ[�� � MOTc^�Y ´¶TcU�WXN�ILKZYQ[

§	��l	��p����7� î lotwr3�¼Ç�tw�us��ciwxV���µ|Vsutkjmlo|½p¸|L��loroivp�tbr�p�|Vlqsu{�xV��l����3s���twlo� |Vsutkjmlo�
�+�"!$# p�tw�us��3ikxV����|o¦ � x¨p9xLxVlo����xV|¨xVsìr�p�twro��tvp9xVl�Â��Ä��_Ûç�@ÃVÄ�� å æ Ûçè,� º�Ã&%©�3~
����ly�cl'%_�cly���clo|Vlon+xV|blo|LxViw�¢p9xVlo|e{&s��bxV��l��@p9�3p��¢lyxVly�c|o¦�§	��l7p�tw�us��ciwxV����r�p�twro��tvp9xVlo|
( �)º�ÃVÄ � Û ���_Û �ÌÙ�Ú+�)¥í�íé©Ú5ê ä&ã�äÌ�)º �$#ÊÜ �,*3äÌ�)¥ å$æ �L���9Â��)º��L�3¦à§	��l¨lª¬E��loryxVlo�¸rosu��n+x¢su{
�"� èXxL�3p�n�|cikxViwsun�|Q��su��tw�¸�Zl À*)&+ � æ �9Â��)º�,9�L�QxViw��lo|¢xV��l�nD����ly�3p9xVs��;su{XxV��l (
j�p�tw��l r�p�twro��tvp9xVlo�½p9��s1jmle|V���¢��lo��s�jmly� p�twtZ¥V~�{'s��Xp�twtZxL�ªp�iwn�iwn��7|Vlo¿D��lon�rolo|�º , ¦

-


