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F:åoä�çgâ�âXA Y�à�÷iê¸åtJ1F	HmâXA�è1F ê¸åtJ ì J�çgæ�A�è1A�åtY H�Y�ä H�=GB�åtF	H�B1A¥åtY*÷GHKY�ä%ægåtY¤è1A¥è�B�ç Y�æ4ãKV � Y/B1NTA¥è
ì H ì ç�J�í�ç ì J�å ì å�èéç H8F�ç BRN¤å£ä�ê¸åtJ�æ Jéç�H�BRA Y�à%HKY¤ä:í�åtJ1Q�AXY¤àíbA B1NINTA�àtN£ë�á�=PHUâXA B�ã+B�çgæ NoëYTA¥æ�Hmâ�ä�åoæ�=TF�ç�YZB H@BRA¥åKY¬V��qB"BRN�çEN�ç�HKJ3B�åmê§B1NTA¥èlF�ç B1N�å£ä�A¥è"H�è1A F ì â�ç.åtS�?�ç4æ B�ë�åtJ1A�ç�YZB�ç4äF:ç B HKF�å£ä¤çgâ��	íbNGA¥æ N\í�çINPHGúmç¼ä�ç4úmçgâ�å ì ç4äfHKY�ä#YPHKF�çgä£U����
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� N�ç�Y-í¬çMA YZBRJéåoäT=�æ4ç.åt=TJ:H ì�ì JéåtHmæ N�AXY�èéç4æ B1A¥åtY���NTA�àtN�â A¥àtNZBRA Y�à ACB�èCè1AXF�A¥âXHKJ1ACBRA�çgè»íbA B1Nç6ù>A¥è�BRAXY¤à	SEå£ä£ã�åmê)í�åtJ1QÒ÷yHKY�ä7A BéèEY¤å�úmçgâCBRA¥ç4è�V���ç�ä�çgè�æ�J1A SQç U�����	?÷PB1N�ç,ä¤å£æ =TF:ç YZB
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ì âX=�àKAXYfSPHmè�çgä F:åoä�çgâ�âXA Y�à$ê J1HKF:ç6í¬åKJ1QÒ÷_Syã¦í�åtJ3Q�A Y�à�åtY è1F	Hmâ¥â_ST=GB�ægåtF ì â�ç B�ç2ç�ùiëHKF ì â¥ç�ä�åoæ�=TF�ç�YZB H@BRA¥åKY ì J�å@?�çgæ BqA Y�èéç4æ B1A¥åtY��>Vl<£ç4æ BRA�åtY¼ó ì Jéç4èéç Y�BéèOBRN¤ç>ægåKY�ægç ì BR=PHUâä�çgè3A¥àtY-åmêPU���� F�åtJéç ì Jéç4æ�A¥è�çgâ�ã�÷�HKY�ä-ç4â HKSEåtJRH@B�çgèCåtY%U������ èMè3B1JRH�Béçgàmã<åmê�NPHKY�ä�â AXY�à
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� N�ç¬ê =TY�äTHKF:ç YZB Hmâoà�åZHmâoåmêTB1NTA¥è�í¬åKJ1Q A¥è)B�å æ4åtYZBRJ1A ST=GBéç_B�åWíOHKJéä¤è�STJ1A Y�àtA Y�àEB1N�ç ì JRHmæ�ëBRA¥æ4ç�åmêCê¸åKJ1F	Hmâ!èzã£è�B�ç F�ä�çgè�æ�J1A ì BRA�åtY�ægâ�å�èéç JbBéå�BRN�ç�äPHGã Béå:äPHGã2è�åmê B�íOHKJéç�ç�Y¤àtAXY�ç4ç�J~ëAXY�à ì J1Hmæ B1A¥ægç�V&�\ç�NPHGú�ç�A¥ä¤ç�YZBRA('�çgä B�í�å�Hmè ì ç4æ B�è Béå7B1NTA¥è ì J�åtS�â�ç�F%ø ä�ç4úmçgâ�å ì F�ç�YZBåmê ì åWí¬ç J�ê =�â F�åoä�çgâ�âXAXY¤à�âXHKY�àt=PHUà�çgè-HKY¤ä Béå£åmâ¥è*)&H�Y�ä ægåtY�è3A¥è�B�ç�Y¤æ4ã F	HKAXYZBéç�YPHKY¤ægçKV
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àtJéåt= ì íbNTA�æ N�HKA F:è�H�B FIHKQ�A Y�à h�
	 H ì J�çgæ�A�èéç�F�å£ä�ç4â¥â AXY�à¼âXHKY�àt=THmà�çyî�ô �Wñ V�� Jéç�ë
â H�BéçgäÂí�åtJ1Q åtY ` @��F? <J?��*76?A8 .1?I.�� CFY EV<Kæ�H�Y SQç%ê¸åt=TY�ä A Y î ó]ñ V � åoå�â¥è:ç�F ì â¥åWã�AXY�àúKH�J1A¥åK=�è-è3BRJ1H�B�ç4àtA¥ç4è:åUê�AXYZBéçgàtJ1H�BRA�åtY åmê�h5�
	 F:åoä�ç4â�ú�Hmâ A¥äPH@BRA¥åKYfHKJéç/W�ç ì BR=GY�çyîd�Uñ ÷
h�èéç�îqômôGñ ÷6��Jéà�å[h5�
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ê¸åtJ1F	HmâXA�èRH�B1A¥åtY§V ß ç�Y�æ4ç�BRN�ç6ã NPHGúmç è3B1J1A¥æ B�ç J�èéç FIHKYZB1A¥ægè4÷THKY¤ä-HKJéç HmâXF�å�è3B_AXYyú�HKJ3A HKS�â�ã
è1= ì�ì åtJ�B�çgä/Syã B�åoå�â¥è�ê¸åtJ�æ4åtJ1J�çgæ B1Y�çgè�è�HKY¤ä$æ4åtY�è1A�è3Béç�Y�æ6ã$æ N¤çgæ Q�AXY�àGV�� à�å£åoä�è1=TJzú�ç6ã
HKY�ä%ægåtF ì HKJ1H�BRA�ú�ç�è3B1=�ä¤ã�åmê9BRNGA¥èMSEå£ä¤ã¼åmê�J�çgè�ç�HKJ�æ N A¥è ì JéåWú�A¥ä�ç4ä/A Y\î�ôGï]ñ V

� N�ç Y�èéåmê B�íOHKJéç4èEHKJéç ä¤çgèéæ J1A SQç4ä7SyãICFY_.��9@VE>?1.AEG79YZCF`;<AE
	 ` ?1<6÷>BRN�ç Jéç�ægåK=�â¥ä SEç F	A�èzë
FIH�Béæ N�çgèEQ�Y�åWíbY HUè CFY_.��9@VE>?1.AEG79YZCF`,2&@ <A2=CFEW.��6?1< V g Hmæ4ç�QQî�ôWõUñ�B HUâXQièbHKSEåt=GB�èéåUê B�íqHKJ�ç
HKJéæ NTACB�ç4æ BR=GJRHmâ¬F�A¥è3FIH@B�æ N�ç4èbHKY�ä BRN¤ç�AXJbH�=GB�åtF	H�B1A¥æ�ä�ç Béçgæ B1A¥åtY§VOL¬åKY�è1A�è3B�ç Y�æ4ã¼æ N�çgæ Q�ë
AXY�à-AXYgF%=�âCBRA ì â¥ç�ú>A�ç4í ì åtAXYZB�èéåUê B�íqHKJ�çIH�Jéæ NTACB�çgæ BR=TJ�ç	A�è�ä�ç�HmâCB�íbA B1N#A Y`îqôGõ]ñ"HKY�äÂî��Uñ V
� Y7B1NTA¥èbH�àtJ1H ì NTA�æ�Hmâ¬F�åoä�çgâ�âXAXY¤àâ H�Y�àt=PHmàmç HKY�ä/H�è1AXF ì â�ç ægåtY¤è3BRJ1HKAXYZB�âXHKY�àt=PHUà�ç HKJ�ç
ì JéåWú�A¥ä�ç4ä7Hmâ¥åtY¤à,íbA B1N-Hæ N�ç4æ Q�A Y�à�Hmâ¥àmåtJ1ACBRNTF7V���Y2ç�HKJ�â�ã�BRJ�ç�H�B1F:ç Y�B�åmê�BRN�ç A¥ä�ç�H<åmêægåtY�è3A¥è�B�ç�Y¤æ4ã£AXY J�çgá�=TA Jéç�F�ç�YZB�è ì ç4æ�Ai'�æ�H�B1A¥åtY�è A¥è�ä�åtY¤ç�AXYZî�ô �]ñ V �5F�åtJéç+Jéçgæ4ç�YZB Jéç�ëâ H�Béçgä:í�åtJ3Q�àKA�ú�AXY�à H F:ç BRN�åoä�åmê!ægåtY¤è1A¥è�B�ç Y�æ4ã:æ N�çgæ QièMSEç B�í�çgç Y2ä�å£æ =TF�ç�YZB�è_A¥è�îqôGóUñ V
� Bq=�è�çgè=ù£â AXYTQ�A Bg÷�H,âXA�àtNZB�í¬ç A¥àtNZB_H ì�ì âXA¥æ�H�BRA�åtY-èéç J�ú�A¥æ4ç�BRNTH�B ì JéåWú�A¥ä�ç4èOJ1=¤â¥çESPHmèéç4ä¼âXA YTQà�ç�Y�ç JRH�B1A¥åtY7HKY¤ä$æ N�ç4æ Qiè�BRN¤ç�æ4åtY�è3A¥è3Béç�Y�æ6ã%åmê)äGA¥è3B1J1A ST=GB�ç4ä2í¬ç S;ægåKY�Béç�YZBîqôJ�]ñ V

� NTA�è_SGJ1A¥ç6ê*è3=TJ�úmç4ãIHKAXF�çgä�H�B=àtA�ú>A Y�à8H�à�â AXF ì èéç.åUê§BRN¤ç Jéç4èéç�HKJéæ N�í�åtJ3Q�æ4åtY�æ4ç�J1YoëAXY�à�NTA�àtN�á�=THmâXACB�ã¼è�ãoè�B�ç�F�ä¤çgèéæ J1A ì BRA�åtY-Siã BRHKJéàmç BRA Y�à%BRN¤ç�ê¸åmâ¥â¥åWíbA Y�à�Hmè ì ç4æ B�è4ø
� � Y�æ�J�ç�Hmè3AXY�àKç�ù ì Jéçgè�è1A�ú>ACB�ã åmê�è�ãoè3Béç�F ä¤çgèéæ J1A ì BRA�åtY â HKY�àK=PHmà�ç	Siã¦è1= ì�ì åtJ�BRAXY¤àN�ç Béç�J�å�à�ç�Y¤ç�A B�ã-A Y-F:åoä�çgâ�âXA Y�àâXHKY�àt=PHUà�çgèbHKY¤ä-Béå£åmâ¥è�V
� L¬åtY�è3A¥è3Béç�Y�æ6ã�FIHKA YZB�ç�YTHKY�ægçMB1NTJéåt=¤àtN�ä�ç6ú�ç4â¥å ì F�ç�YZBOHKY�ä�=�èéç�åmê§F:åtJ�ç.ê¸åtJ1F	Hmâä�çgè�æ�J3A ì B1A¥åtY¼âXHKY�àt=THmà�çgè4÷ZBRN�ç Jéç�Syã�æ�Jéç�H�BRA Y�àè�ægå ì ç>åUê9HK=GB�åKFIH�B1A¥æ�ægåKY�è1A�è3B�ç Y�æ4ãFIH�AXYZB�ç YPHKY�æ4çKV
� f ì ç Y ç Y�ä�çgä ä�ç4úmçgâ�å ì F�ç�YZB�åmê F�ç B1N�å£ä¤è	åmê�èzãoè3B�ç F F:åoä�çgâ�âXA Y�à B1NTJéåt=¤àtN
B�åoå�â�AXYZB�ç4àtJRH�B1A¥åtY�ê JRHKF�ç4í�åtJ3Qoè�HKY�ä�äPH�BRH AXYZBéç�Jéæ NTHKY�à�ç¬ê¸åKJ1F	H�B�è SQç B�í¬ç4ç�Y-æ�Hmè�ç
B�åoå�â¥è V
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Hmèéè�å£æ A H�B1A¥åtY-SEç B�í�çgç�Y F:åoä�çgâ�âXA Y�àç4â¥ç�F�ç�YZB�HKY�ä7Jéç4â H�B1A¥åtY2ç4â¥ç F:ç Y�BEF�ç�HKY¤èbB1NPH�BbBRN¤ç
JéçgâXH�BRA�åtY�çgâ¥ç F:ç YZB�è_HKJéç�Hmâ¥âPSGAXYPHKJzã�Jéç4â H�B1A¥åtY�èMæ4åtYTY�ç4æ B1AXY�à B�í¬å%F�åoä�çgâ�âXAXY¤à�çgâ¥ç F:ç YZB�è*)
HKY�ä H+F�åoä�çgâ�âXAXY¤à�çgâ¥ç F:ç YZBOF	HGã	SEç�HUèéèéåoæ�AXH�B�ç4ä	B1NTJéåt=¤àtN HKYyã�Y�=TF%SEç�J¬åUê)JéçgâXH�BRA�åtY�è
íbA BRN-åKB1N�ç�JlF�å£ä¤çgâ¥â AXY�à�çgâ�ç�F�ç�YZB�è V#� ä�å£æ =TF�ç�YZB?æ�HKY�BRN�=�èlSEç�è1N�åWíbY�äGA HmàtJ1HKF�FIH�Bzë
A¥æ�HUâ¥â�ã Hmè�H>æ4å�â¥â�çgæ BRA¥åKY,åmêÒåKS�?�çgæ B�èvç�Hmæ N�Jéç ì Jéç4èéç�YZB1AXY�à&H ì HKJ3B1A¥æ�=¤â HKJ`â¥åmàtA¥æ�Hmâ�ê JRHmàKF:ç Y�Båmê_B1N�ç�ä�åoæ�=TF�ç�YZBg÷)HKY�ä£SQç4â¥åtY¤àtAXY�à�B�å�åtY�ç�åUê"B1N�ç<ê¸åt=TJ&H]ê¸åtJéç F:ç Y�B1A¥åtY¤çgä�B�ã ì ç4è�åmêF:åoä�çgâ�âXA Y�à çgâ�ç�F�ç�YZB�è V � N�ç4èéç>åKS�?�çgæ B�è_HKJéç�ægåKYTY�çgæ B�ç4äIBRNTJ�åt=�àtN-â AXYTQièg÷iç�Hmæ NISEçgâ�åtY�àUë
AXY�à�B�å-åtY¤ç�åmê B1N�ç�è1Aqù7HUê¸åtJ�ç�F�ç�YZBRA�åtY�çgä B�ã ì çgè�åmê JéçgâXH�BRA�åtY¼ç4â¥ç�F�ç�YZBéè�V �\ç�æ�Hmâ¥â§B1NTA¥èäTA HmàKJRHKF�FIH@BRA¥æ+Jéç ì Jéçgè�ç�YZB H@BRA¥åKYºåmêbH;ä�åoæ�=GF:ç Y�B+A Béè 	��)��� 4�$	 =���� � V b â¥ç�Hmèéç	Y�åKBéçBRNPH�B"J�çgâ H@BRA¥åKY�â AXYTQiè:SEç B�í�çgç Y F:åoä�çgâ�âXA Y�à çgâ�ç�F�ç�YZB�è4÷�H ì�ì ç�HKJ3AXY�à&AXY�BRN¤ç�â�å�àtA¥æ�Hmâ£ú�A�ç4íåmê�ä�åoæ�=TF�ç�YZBG÷�HKJéç	Y�åKB,ç6ù ì â A¥æ�ACB ì HKJ3BéèåmêOBRN�ç?� � �$��� ��� #6=���� � ÷ BRN¤ç:ú�A¥ç6í åmêqBRN¤ç
ä�å£æ =TF�ç�YZB�ægåtJ3Jéçgè ì åKY�äTAXY¤à�Béå�ACB�è.åtJ�äTAXYTHKJ�ã H ì�ì ç�HKJ1HKY�ægç�V

��ç�ä�ç4úmåKB�ç&BRN�ç&J�çgè3B�åmê9BRNGA¥è.èéç4æ B1A¥åtY-B�å-ä�ç4èéæ�J3AXSEç�U����
	cA Y�àtJéç�H�B�ç J�ä¤ç B H�A¥â V
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� ê JRHUàtF:ç YZBæ4åtYZB HKA YTAXY�à$ä�çgè�æ�J3A ì B1A¥åtY�åmêEH�E
	 46? A¥è�àtA�úmç�YcB1N�ç YPH�F:ç? "	�7#%#KV � N�ç
B�ç�J3F v �tsG~�~�! NTHmè+SEçgç YfSQåtJ3JéåWí�çgä\ê J�åtF�BRN�ç�fcf Béç�J1F�AXY¤å�â¥å�àUã�÷`è1A Y�ægç�BRN�ç:èéç�Y¤èéç
AXY íbNTA¥æ NZí¬ç/AXYZB�ç Y�ä�ACB�B�ågSQç7AXYZB�ç J ì J�ç Béçgä�A Y åK=TJ-ä�åtF	HKAXY A¥è�HKQ�A Y Béå#BRN¤ç
fOf=�èRHmàmçKV � åKJ�ç�ùGHKF ì â¥çm÷�H$ä�ç4èéæ J1A ì BRA¥åKY\åmêqB1N�ç�J1=�â�çgèåUê.ægåtY¤è3BRJ3=�æ B1A¥åtY�åmêbH7JéçgàK=�â HKJç6ù ì Jéç4èéè3A¥åtY�è?æ4åtJ1J�çgè ì åtY�ä¤è�B�å B1N�ç�æ4â Hmè�èvåmê�Jéç4àt=�âXHKJCç�ù ì Jéç4èéè1A�åtY�è V �Oä�çgè�æ�J3A ì B1A¥åtY<åUê�HàtJRH ì N	J�ç ì J�çgèéç YZB�è_B1N�ç�ægâXHmèéè?åmê¬Hmâ¥âGHKS�è3B1JRHmæ B�ë�è3BRJ3=�æ B1=TJéç4è�ê =�â('�â¥â AXY�àEBRNTA�è?ä�çgè�æ�J1A ì BRA�åtY¬V
M ç ì ç�Y�äTA Y�à¼åtY�B1N�çæ4åtYZB�ç�ù>Bg÷¬BRN�çèRHKF�çä�ç4èéæ J1A ì BRA¥åKY�FIHGã%åtJ�FIHGã7Y�åKB�á�=PHUâXA�êÑã7HUèH v �tsG~�~ V � N�ç4èéç-äTA#"!ç Jéç�Y¤ægçgè�íbA¥â�âCç6ú�ç Y�B1=PHmâ�â�ã	à�ç B�ægâ�ç�HKJ íbACBRN�BRN¤ç�ä¤çgèéæ J1A ì BRA�åtYKåmêBRN�ç&Jéç FIH�AXYTA Y�à<ê¸ç�H�B1=TJéç4è�åmê B1N�ç�â HKY¤àt=PHmà�ç�V
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� N�ç�B�ç�J3F 0&%(' ?1.AE A�è&Hmâ¥è�å SQåKJ1JéåWí�çgäKê JéåtF�BRN�ç�åKS�?�çgæ B�ë�åKJ1A¥ç YZB�çgä�ä�åtF	HKA Y¬V � ä�åoæ6ë
=TF:ç YZB<ê JRHmàKF:ç Y�Bä�çgè�æ�J3AXSTA Y�à HKYºç Y�B1A B�ã#AXYcB1N�ç F�å£ä¤çgâ¥â AXY�à2í�åtJéâ�ä�A¥è+HKY��)(<*+�
 ,�ZV
<£åtF�ç BRA F:ç4è_B1N�ç�J�ç�FIHGã	Y�åKBOSQç H v �tsG~�~ ê JRHUàtF:ç YZB�ægåKJ1Jéç4è ì åtY�äTA Y�à+Béå%BRN�ç*),+�- |Gv@n
ê JRHmàtF�ç�YZB ì J�çgèéç YZB+A Y£B1N�ç�ä�å£æ =TF�ç�YZB8H�B8Hmâ¥â V �>âCBRN�åt=¤àtN BRN�ç�Jéç4â H�B1A¥åtY A Y#H2ä�åoæ�=oëF:ç Y�BOSQç B�í¬ç4ç�Y7H v �tsG~�~ HKY�ä HKY.),+�- |Gvwn A¥è_B1N�ç>è1HKF�ç�Hmè_AXY H,ægåtF ì =GBéç�J ì Jéå�àtJ1HKF
��A V çKV x{��~wnGs��yvK| òIä�ç4èéæ J1AXSEçgäIAXY�BRN�çEY�ç6ù�B¬è1=TS�è�çgæ BRA¥åKYÒö#�%BRN�ç Jéç�HKJéçbB�í¬å+AXF ì åtJ�B HKYZBäTA�"Qç�J�ç�Y�æ4çgè�V � AXJ�è3Bg÷�=TY�â�çgè�è8BRN¤ç¼ä�åoæ�=TF�ç�YZB<æ4åtYZB HKA Y�è&BRN�ç:ä�çgè�æ�J1A ì BRA�åtY¦åmêMHKY¦ç6ù£ç�ëæ�=GBRHKS�â¥çbF�å£ä¤çgâ¤åUêyB1N�ç�è�ãoè3Béç�F òIç�VÐàTV)èéåt=TJ�ægç�ægåoä�çGö6÷ZBRN�ç Jéç�æ�H�YTY�åKB"SEçbHmèéè3=TF:ç4äIH�Yiã
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Equivalence

Instance

M1

a

b b

c

1 2 3

M3 A possible string that the recogniser would accept is:
aaabbcccc

M2 The input taken by the recognisor is 
represented by a regular expression

a*bbc*.

LEGEND

� A¥àt=GJéç �£ø��"â¥åmàtA¥æ�HmâQú�A¥ç6í ä�ç4èéæ�J3AXSTA Y�à�è�åtF�ç J�çgâXH�B�ç4ä ì åtJ3B1A¥åtY�è�åmê�H�B�ã ì A�æ�Hmâ»ä�åoæ�=oëF:ç Y�B�V

Y�åKBRA�åtY	åmê_H J1=TYZB1AXF�çKV � N�ç-ægåtYZB�ç YZB�è�åmê_H�ä¤å£æ =TF:ç YZB&Jéç ì Jéçgè�ç�YZB&BRN�ç-ä�ç4èéæ J1A ì BRA¥åKYåmê H<è�ãoè3Béç�F%÷PY�åKBqB1N�ç�è�ãoè3Béç�F ACB�èéç4â�ê Vl<oçgægåKY�ä�â�ãm÷TA�ê9H�Y )4+�- |Gvwn F:åoä�ç4â¥âXA Y�à�çgâ¥ç F:ç YZB
NPHmèMSEçgç�Y-F�å£ä¤çgâ¥â�çgäIHmèbHKY AXY¤è3B H�Y�ægç�åmê�è�åtF:ç>åKBRN�ç J v �tsT~�~ F�åoä�çgâ�âXAXY¤à,ç4â¥ç�F�ç�YZBg÷GA B
FIHGã�A Y�ægâ =�ä�çMA BéèMê =�â¥â�ä¤çgèéæ J1A ì BRA�åtY¬V���Y	A F ì âXA¥æ A B�Hmèéè3=TF ì BRA�åtY�B1NPH�BlACBMíbA¥â¥âGJéçgæ4åtY�æ A¥â¥çíbA BRN B1N�ç è ì ç4æ�Ai'�æ�H�B1A¥åtY¼åUê�BRNPH�B v��tsG~�~ æ4åtYZB HKA Y�çgä A YIBRN¤ç v �ZsG~�~ ç4â¥ç F:ç Y�B�ä�å£ç4è1Y�å�BN�å�â¥äIN�ç�J�çKV ß ç Y�ægçU÷TA BOA¥è¬è3=TS�?�ç4æ BMB�å,ú�ç�J3Ai'�æ�H�BRA�åtY�íbN�ç BRN�ç JMAXY�ä¤çgçgä B1N�ç ä�ç4èéæ J1A ì BRA¥åKYåmê�H�Y ),+�- |Tvwn ê =�â('�â¥è_BRN�ç�è ì çgæ Ai'�æ�H�BRA�åtY�åmê�ACB�è v �tsG~�~ V

� A�àt=TJ�ç5��è1N�åWí�èMH ì HKJ�BRA HUâEâ�å�àtA�æ�Hmâ¤ú�A�ç4í åmê)H&B�ã ì A¥æ�HmâÒä�å£æ =TF�ç�YZB�V � NTA�è ì åtJ3B1A¥åtYåmê�B1N�ç,ä¤å£æ =TF:ç YZB�A�è.ä�çgè�æ�J3AXSTA Y�àIH-â H�Y�àt=PHmàmç Jéçgæ4å�àtYTA�èéç J�íbNGA¥æ N�HUægægç ì B�è�H�JéçgàK=�â HKJç6ù ì Jéç4èéè3A¥åtY¬V��¬å�BRNIB1N�ç5'PYTACB�ç�è3B H@B�ç�H�=GB�åtF	H�BéåtY	òG��ô�ö6÷GHKY�ä ACB�è=çgá�=TA�úKHUâ¥ç�YZBOJéçgàK=�â HKJç6ù ì Jéç4èéè3A¥åtY�J�ç ì J�çgè�ç�YZB H�B1A¥åtY òH� ��ö ê¸åtJ3F�H7F�åoä�çgâ�âXAXY¤à2çgâ¥ç F:ç YZB,ç�Hmæ N¬V � ì åmèéè1A S�â¥çè3BRJ3AXY�à-BRNTH�B&BRN�ç�Jéç4ægå�àKYTA¥è�ç�J�í¬åK=�â¥ä#Hmægæ4ç ì B¼òH���yö>ê¸åtJ1F�è BRN�ç�BRNGAXJéägF�å£ä�ç4â¥â AXY�à:çgâ�ëç�F�ç�YZB�V� NTA�â¥ç&BRN�ç8B�í¬å2ç4â¥ç�F�ç�YZBéè ä�çgè�æ�J3AXSTA Y�àIBRN¤ç%AXY ì =GB>âXHKY�àt=THmà�ç%H�Jéç+F�åoä�çgâ�â¥çgäHmè�B�í¬å v �tsG~�~ ç4è¼ò¸è1N�åWíbYgHmè�åtJ�äTAXYPH�J�ã/Jéçgæ B HKY¤à�â¥ç4è@ö6÷yBRN�ç�ç�ùTH�F ì â�ç%AXY ì =GB�è�BRJ1A Y�à A¥èF:åoä�çgâ�â¥ç4äcHmè+HKY ),+�- |Tvwn òIè3N�åWíbY Hmè%H J�çgæ B HKY�àmâ¥ç-íbA BRNcJéåt=TY¤ä�çgä¦æ4åtJ1Y¤ç�Jéè�ö V � N�ç
B�í¬å v �tsG~�~ ç4è2ä�çgè�æ�J1A SQç/BRN�ç$èRHKF�ç;âXHKY�àt=PHUà�çm÷qN¤ç�Y�æ4ç£HKJéç/JéçgâXH�B�ç4ä Béå¦ç�Hmæ N å�BRN�ç J
BRNTJ�åt=�àtN	HKY | ��� x{zGs �t|���vK| V � N�ç),+�- |Gvwn ÷¤åtY�B1N�ç�å�BRN�ç J"NTHKY�ä*÷�A¥èlH�Y x���~wnTs���vK| åmêBRN�ç v �tsT~�~ çgè V � N�ç�Jéç4â H�B1A¥åtY�èEBRN�=�è�ç6ù ì â A¥æ�H�B�ç4ä N�ç�J�ç�A Y�äTA�æ�H�Béç+BRN�ç�A YZB�ç�Y¤ä�çgägJéç4â H]ëBRA¥åKY/SEç B�í�çgç Y�BRN�ç4èéç,ê J1HmàtF�ç�YZB�è�åmê�BRN�ç�ä�åoæ�=TF�ç�YZB�V^� N�ç B1N�ç�JEBRN�ç4èéç+J�çgâXH�BRA�åtY�èbHKJ�ç
Hmæ B1=PHmâ¥â�ã¼è1H�BRA�èZ'�ç4ä%ä¤çgæ�A�ä�çgèbBRN¤ç�æ4åtY�è3A¥è3Béç�Y�æ6ã�åmê9BRN�ç�ä�åoæ�=TF�ç�YZBgø_H�F	H�B1Béç�J�è3=TS�?�ç4æ B
B�å-ú�ç�J3Ai'�æ�H�BRA�åtYK��ç�A B1N�ç�JMF	HKY�=PHmâ!åtJEHK=GB�åKFIH�B1A¥æ�V
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� ê JRHmàKF:ç Y�B¬ä�çgè�æ�J3AXSTA Y�à �F?AY @ B^C %*` ? ì Jéå ì ç�J�BRA¥ç4è�åmê9HKYyã�ê JRHmàKF:ç Y�B���ç�ACBRN�ç JMH v �tsG~�~åtJ%HKY ),+ - |Gvwn �£A¥è8H #+.0�
 "�21> 4�5�@����lV �=ã � ú�ç J1A('�HKS�â�çF�`í¬ç¼ä¤å Y�åKB+F:ç�HKY#B1NPH�B+H
ú�ç�J3Ai'�æ�H�BRA�åtY	Hmâ¥à�åKJ1A B1NTF"åtJ:B�åoå�â�è1N�åK=�â¥ä�ç6ù>A¥è�BlB�å F:ç4æ NPHKYTA�æ�Hmâ�â�ã<æ N¤çgæ Q�BRN�ç�èRH@BRA¥èzê Hmæ6ë

�



M1

a

b b

c

1 2 3

M3

M4 There should not be an ’a’ after
a ’b’; and there should not be a
’b’ after a ’c’.

LEGEND

Instance

Scope

aaabbcccc
A possible string that the recogniser would accept is:

� A�àt=TJ�çO�¤ø � â¥å�àtA�æ�HmâÒú�A¥ç6í è1N¤å�íbA Y�à	H-è ì ç4æ�A('�æ�H�B1A¥åtY2ê¸åtJbH-ægâXHmèéèbH�Y�ä H�Y%åKS�?�çgæ B�V

BRA¥åKY�åUê§BRNTH�B ì Jéå ì ç�J�B�ãtV � B"F�ç�HKY�è:B1NPH�BlBRN�ç ì J�å ì ç J3B�ã-è�B H�Béçgä�AXY	H ~{oT|Gv>x���xZvKstn�x ) �è1N�åt=¤â¥ä£SQç�H�Y#HUèéèéç J3B1A¥åtY�íbNTA�æ N#A�è ì J�çgèéç YZB8A Y�BRN�ç�J�ç4ê¸ç�J3Jéç4äKê J1HmàtF�ç�YZBG÷!ç�A B1N�ç�J�ç�ùië
ì âXA�æ�A Béâ�ã�åtJMA Y/H�Y/A F ì â A¥ç4ä FIH�YTY�ç�J V

� A�àt=TJ�ç �Oè1N¤å�í�è£H ì HKJ3B1A Hmâ�â¥å�àKA¥æ�HUâ�ú�A�ç4í åmê�BRN�çºè1HKF�ç¦ä�åoæ�=TF�ç�YZBG÷�íbA B1N H
~woT|Gv�x���xZvKsKn�x ) � òH�$ï¤÷�è1N�åWíbY7AXY SEå�â¥ä J�çgæ B HKY�àmâ¥ç íbA B1N Jéåt=GY�ä�çgä%ægåKJ1Y�ç Jéè@ö¬ê¸åtJa��ô
HKY�äQ�
��åmê�'�àt=TJéç �>V���è A B�æ�HKY SEçè�çgç�Y!÷�B1N�çæ4åtYZB�ç�YZB>åmê�BRN¤ç ~{oT|Gv>x���xZvKstn�x ) � A¥è
H%ê Hmæ BG÷Cê¸åKJ1F%=�âXH%åKJ+Hmè�èéç J3BRA�åtY�H�SQåt=>B8B1N�ç	J�çgâXH�B�ç4ä v �tsT~�~ åtJO)4+�- |Gvwn V � å�â¥â�åWíbAXY�à
åtS�èéç J�ú�H�B1A¥åtY�èEHKJ�ç&AXY ì âXHmægç H�BMB1NTA¥èMF�åtF�ç�YZBGø

� � N�çKægåtY¤è1A¥è�B�ç Y�æ4ã åmê&B1N�çKä�å£æ =TF�ç�YZB-A¥è2ä�ç ì ç Y�ä�ç Y�B$åtY íbN�ç BRN�ç J-B1N�ç�ê Hmæ BægåtYZBRHKAXY�ç4ä8A Y BRN�ç ~{oT|Tv�x���xZvtsKn�x ) � HUæ BR=THmâ¥â�ã�N�å�â�ä�è*ê¸åtJ¬B1N�çlJéçgâXH�B�ç4ä�çgâ¥ç F:ç YZB�è�V
� � Y�),+�- |Gvwn HKY¤ä/H ~{oT|Gv�x���xZvKsKnyx ) � ä�å�Y�åKB�äGA�"Qç�J¬ê J�åtF ç�Hmæ N%åKBRN�ç JqSyã BRN¤ç
è�ã�YZB Hmæ BRA�æåtJ�èéç FIHKYZB1A¥æ�è3BRJ3=�æ B1=TJéç,åmê�B1N�ç�A J�æ4åtYZB�ç Y�Béè�V � B A�èEB1N�ç+J�å�â¥ç�åmê BRNPH@B
çgâ�ç�F�ç�YZB AXY/BRN�ç<ä¤å£æ =TF:ç YZB íbNTA¥æ N	ä¤çgæ�A�ä�çgè A�ê:A B A¥è H v��tsG~�~ ÷)HKY ),+�- |Gvwn åtJ
H ~{oT|Tv�x���xZvtsKn�x ) � V ��Y ),+ - |Gvwn A�è HKY Hmä�ä�ç4ä AXY¤ê¸åKJ1F	H�BRA�åtY HKSQåK=GB�è�åtF�ç
�¢B1NTAXY¤à �MAXY BRN¤çgF�åoä�çgâ�âXAXY¤à\í¬åKJéâ¥ä§V � Béè7J�ç�F�åWúKHUâ íbA¥â¥â�æ�HK=¤èéçcJ�çgäT=¤æ BRA�åtY åmê
BRN�ç�B�åKBRHmâ�AXY¤ê¸åtJ3FIH@BRA¥åKY	H�SQåt=>B_B1NPH�B � BRNGAXY�à �CV��$åKJéç>ê¸åtJ3FIHUâ¥â�ãm÷�ç�HUæ N v��tsG~�~ åtJ
),+ - |Gvwn J�çgè�BRJ1A�æ Béè�BRN�ç�èéç BvåmêTB1NTAXY¤à�è�A Y8BRN¤çOF�å£ä�ç4â¥â AXY�à�í�åtJéâ�ä+BRNTH�B)è1H�BRA�è�êÑã&BRN¤ç
ì Jéå ì ç J3BRA�çgè&F�ç�YZBRA�åtY�çgä£A Y£B1N�ç�F7V=f�YgB1N�ç-åKBRN¤ç�J NPHKY¤ä*÷9H ~{oT|Gv>x���xZvKstn�x ) �A¥è H�Y#HUèéèéç J3B1A¥åtY	åmêOH ì J�å ì ç J3B�ã;åmêlBRNPH�B � BRNGAXY�à �EíbNTA¥æ N£NPHUè SQç4ç�YKä�çgè�æ�J3AXSEçgäAXY BRN�ç�F�åoä�çgâ�âXAXY¤à	çgâ¥ç F:ç YZB�è	ò v �ZsG~�~ çgè2åtJ2),+�- |Gvwn è@ö�ä�ç4èéæ J1AXSGAXY�à�ACB�V � NTA�è
ì Jéå ì ç J3B�ãºè3N�åt=�â�ä SEç �Ðúmç�J3Ai'�HKS¤â¥çF��÷"A V çKV¦ç�ù ì âXA¥æ A Béâ�ã�åtJ�AXF ì â A¥æ�ACB�â�ã	ægåtYZBRHKAXY�ç4äAXY BRN�çgJéç4â H�Béçgä çgâ�ç�F�ç�YZB�è�ä�ç4èéæ�J3AXSTA Y�à BRNPH�B � BRNTA Y�à �CV �$åKJéç	ê¸åtJ1F	Hmâ�â�ã�÷bBRN¤ç
~{oP|Gv�x���x�vKsKn�x ) � è3N�åt=�â�ägY¤åKB&Jéç4è3BRJ3A¥æ B BRN�ç�è�ç B�åmê�âXA�æ�A B�AXYZBéç�J ì Jéç BRH�BRA�åtY�è H�Yiãê =TJ3B1N�ç�JqB1NPHKY¼íbNPH@BMNPHmèMSEçgç Y2ä�åtY�ç A YIBRN�ç F�åoä�çgâ�âXAXY¤à�ç4â¥ç F:ç Y�Béè ~�v ) oT| ä-Siã
A B�V
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M1

a

b b

c

1 2 3

LEGEND

Scope

M4 There should not be an ’a’ after
a ’b’; and there should not be a
’b’ after a ’c’.

to state 2 after reading the first ’b’.
Hence no ’a’ is accepted after the first ’b’.

Once computation is in state 2, it

only in state 1. The computation goes
can’t return to state 1. An ’a’ is accepted

Argument

M5

� A�àt=TJéç�ï¤ø � â¥å�àtA�æ�HmâEú�A¥ç4í è1N�åWíbA Y�àIH�è ì ç4æ�Ai'�æ�H�B1A¥åtY7HKY�ä/HKY7HKJ�àt=TF�ç�YZB.ê¸åtJMA B�V

�
�����g� � ����89���
���

� YIBRN�ç�â H�Y�àt=PHmàmç�åUê�FIH@BRN�ç FIH�B1A¥æ�Hmâ�â¥åmàtA¥æU÷�H ì J�å£åmê§F:ç�HKY�è_H,è�çgá�=�ç�Y¤ægç�åmê7� 03Y 2&79`(C9?æ�Hmâ�â¥çgä8BRN�ç�4;Y_?A2&@ <1<6÷Uê¸åmâ¥â¥åWí�çgä�Syã�H�Y�åKBRN¤ç�J)ê¸åtJ3F%=�âXH�íbNTA�æ N�A�è B1N�ç .1038 .A` 7 <A@H038PV�<>A F-ë
A¥â H�J�è�BRJ1=¤æ BR=GJéçgè&H�Jéçú�A¥è3AXS�â�ç8A Y B�ç4æ NTYTA�æ�HmâCä�å£æ =TF�ç�YZB íbN�ç Jéç�HKJ�àt=TF�ç�YZB�è HKJéç<àKA�ú�ç Y
ê¸åtJ�H ä�ç4è1A�àtY<ä�ç4æ�A¥è3A¥åtY+SPHmèéç4ä-åtY�Hmâ Jéç�HUä¤ã Q�Y¤å�íbY�ê Hmæ B�è V � N�çgè�çbHKJéàK=TF:ç YZB�èvä�å�ê¸åtJ1F
HKY AXF ì åKJ3B H�Y�B ì HKJ�B�åmê_HKYyã Béçgæ NTYGA¥æ�HUâ)ä�åoæ�=TF�ç�YZB�V+<�=�æ NcH�ê JRHmàtF�ç�YZB�á�=PHUâXAi'�çgè BéåSQç,æ�Hmâ�â¥çgä/HKY6�5� ��8����
���ZV � Y�è ì AXJ3A BEA BEA¥è�è1A F	A�â HKJ_B�å H ì Jéç F	A�èéè ì HKJ3B�åmêlH�ê¸åtJ1F	Hmâä�çgäT=¤æ BRA�ú�ç ì Jéåoåmê V � N�ç�Jéå�â�ç�åUê¬BRN�ç�ægåtY¤ægâX=¤è1A¥åKYIA¥è ì âXHWãmçgä Syã	H ~{oT|Gv�x���xZvKsKnyx ) � A YBRN�ç�ä�åoæ�=TF�ç�YZB�V

� A�àt=TJ�ç)ï�è1N�åWí�è9H.èéç4æ BRA�åtY�åmê�BRN�çMâ�å�àtA�æ�Hmâ�ú�A¥ç4í�åmê>H�ä�åoæ�=TF�ç�YZB»íbACBRN H ~{oP|Gv�x���x�vKsKn�x ) �
òH�$ï�åmêe'�àt=TJ�ç���ö%HKY�ä A B�è stu�� ��� |���n òH� �o÷�è3N�åWíbY�AXY H£SEå�â¥äfJ�çgæ BRHKY�à�â�çWö V � N�ç
sZu�� ��� |K��n HmàZHKA YÂâ¥åoåtQiè-ú�ç�JzãÂè3AXF�A¥âXHKJ%B�ågBRN�ç ~woT|Gv�x���xZvKsKn�x ) � ÷>íbACBRN�ACB�è�âXA�è3B:åmê
ê Hmæ Béèg÷Òê¸åtJ1F%=¤â Hmç�åtJ�Hmèéè�ç�J�BRA¥åKY�è�V �O=GBEBRN¤ç ì =TJ ì åmèéçåUê:A BéèESEç�A Y�à	B1N�ç�J�ç+A Y7B1N�çä�åoæ6ë=TF:ç YZBIA�è%B�ågJéç�A Y¤ê¸åtJ�ægç BRN�ç ~{oT|Gv>x���xZvKstn�x ) � ÷�H�Y�ä Y¤åKB�B�ågAXY�ä�ç ì ç Y�ä�ç Y�Béâ�ã è�B H�Béç
ì Jéå ì ç�J�BRA�çgè åmêlB1N�ç<çgâ�ç�F�ç�YZB�V � N¤ç sZu�� ��� |K��n B1JRHKY¤è1A B1A�úmçgâ�ã ~�v ) oP| è�B1N�ç�F:åoä�ç4â¥âXA Y�àçgâ¥ç F:ç YZBEB1NPH�BbA�è ~�v ) oT| ä Syã-A Béè ~woT|Gv�x���xZvKsKn�x ) � )§N¤ç�Y�æ4ç8J�ç4ê¸ç�J�èMB�å�YPHKF�çgèbAXY-ACB�V
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� N�ç�YIB1N�ç�ægåtYZB�ç YZB�è�åmêyB�í¬å8F:åoä�ç4â¥âXA Y�à�çgâ�ç�F�ç�YZB�è"F�ç�HKY�BRN�ç�èRH�F:çbBRNTA Y�à�÷ZBRN¤ç4ã�HKJ�ç
JéçgâXH�B�ç4ä7Béå-ç�Hmæ N%åKBRN¤ç�JMBRNTJ�åt=�àtN7HKY �
;<8���=5�$	�
�� 4�IJ�çgâ H@BRA¥åKY¬V
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���
���

� N�ç�Y�åtY�ç ê J1HmàtF�ç�YZB�ç�ù ì â HKA Y�èqA Y H<àtJéç�H�B�ç J�ä�ç B HKA�â ÷oèéåtF�ç B1NTAXY�à%B1NPH�BbH�Y�åKBRN¤ç�JqNPHUèHmâXJ�ç�Hmä¤ã¼ä�çgè�æ�J1A SQç4ä*÷TBRN¤ç�ê¸åKJ1F�ç�JMA¥èbH ���"1>���
���
����åmê9BRN�ç�â H@B1B�ç J�V
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M7

� A¥àt=GJéç �oøI��Y ç6ùGHKF ì â¥ç$åmê&JéçA'PY�ç F:ç Y�Bgø � N�ç;èéåt=TJ�ægç	æ4å£ä�ç;åmê H�ê =TY�æ BRA�åtY A¥èIH
Jéç"'TY�ç�F�ç�YZB�åmê�ACB�è ì è�ç�=�ä¤å�ægåoä�ç�V

� u>| ��x��T| � |���n JéçgâXH�BRA�åtY-A¥èbJéç F	A YTA¥è�ægç Y�B�åmê�BRN�ç&BRJ1HmäTA B1A¥åtYTHmâ �603Y @��30386EHCF`,EGYZC9.1?��
C %*@V` @VE 	Qî�ôJ�Uñ�AXY�J�çgá�=TA Jéç�F�ç�YZB2ç Y�àtA Y�çgç J1AXY¤à�=�èRHUà�çKV � NGA¥èIA�è�ç6ú>A�ä�ç�YZB A Y � A�àt=TJ�ç �£÷
íbNTA¥æ N è1N¤å�í�è%B�í�å�),+ - |Gvwn è�V f�Y�çIA¥è8B1N�ç ì è�ç�=�ä�åoægåoä�ç2åmêEH;úmç�J�è1A¥åKYºåmê�H;ä�ç ì BRN
'PJéè�B�è�ç�HKJ�æ N HUâ¥à�åtJ3A B1NTF òH�;ó�AXY�'�àt=TJéçc�mö V � N�ç�åKB1N�ç�JMA�èqBRN�ç�è�åt=TJéæ4ç�ægåoä�ç íbJ1ACB1B�ç Y
AXY£L ì JéåmàtJRHKF�F�AXY�à-â H�Y�àt=PHmàmç2òH�
�IAXY
'�àK=TJéç ��ö V��è�åt=TJéæ4ç�ægåoä�çê J1HmàtF�ç�YZB�A F-ë
ì â¥ç F:ç Y�B1AXY�à%HKY-Hmâ¥àmåtJ1ACBRNTF�íbJ3A B1Béç�Y-AXY ì èéç =�ä�å-ægåoä�ç A¥èqH uG| ��x��T| � |���n åmê9A Bg÷¤è3AXY�æ4çA B�ægåtYZBRHKAXY�è�âXHKY�àt=PHUà�ç�è ì çgæ�A('�æ AXF ì â¥ç F:ç Y�BRH�BRA�åtY¼ä�ç B HKA�â¥è�íbNTA�æ N�HKJ�ç+H�S�èéç Y�B�AXY-BRN¤ç
ì èéç =�ä�å	ægåoä�ç�V-W�åKBéç�B1NPH�B �;ó$æ4åt=�â¥ä#Jéç4è1A¥ä¤ç	A Y#BRN¤ç�` 0�� ` ? �F?A`�:9?1<A@(XF8 :90J.A792K?A86E^÷
íbNTA¥â�ç � ��A¥è�H ì HKJ�B>åUê�BRN�ç,èéåt=GJéægçægåoä�ç+A F ì â�ç�F�ç�YZB H@BRA¥åKY¬V�	»ç B =�è F�ç�YZB1A¥åtY7N�ç�J�çBRNPH�B�BRN�ç,â¥å�àKA¥æ�HUâ!ú�A¥ç4í åUê�BRN�ç B�ç4æ NTYTA¥æ�Hmâ�ä�å£æ =TF�ç�YZB H�B1A¥åtY%åmêlH�ægåtF ì â�ç B�ç�èéåUê B�íqHKJ�ç
ì Jéå@?�ç4æ B.è ì HKY�èqHmæ�J�å�èéèOHmâ¥â�AXY¤äTA�ú�A¥äG=PHmâTB�ç4æ NTYTA�æ�HmâEä�åoæ�=TF�ç�YZB�è4÷GA Y�ægâ =�äTAXY¤à B1N�ç>è�åt=TJéæ4çægåoä�çKV
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� N�çbJéçgâXH�BRA�åtYè3NPHKJ�çgä�Syã�H v �ZsG~�~ åKJt),+ - |Gvwn ê JRHUàtF:ç YZBvíbA B1N�H ~woT|Gv�x���xZvKsKn�x ) � A¥è
BRN�ç #% 4�).0�+J�çgâXH�BRA�åtY¬V � <J.10146?MJéç4â H�B1A¥åtY+SQç B�í¬ç4ç�Y	B�í�å F:åoä�çgâ�âXA Y�à�ç4â¥ç F:ç Y�BéèlAXF ì âXA�çgèBRNPH�B�åtY¤ç�è ì ç4æ�A('�çgèEH�ú�ç�J3Ai'�H�S�â¥ç ì J�å ì ç�J3B�ã¼åmê�H�Y�åKBRN¤ç�J�V
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���

� N�çbJéçgâXH�BRA�åtY%SEç B�í�çgç Y HKY stu�� ��� |���n F:åoä�ç4â¥âXA Y�à�çgâ¥ç F:ç YZBMíbA BRN�H ~{oT|Gv>x���xZvKstn�x ) �F:åoä�çgâ�âXA Y�àç4â¥ç�F�ç�YZB�íbNTA�æ N/A�èMA B�è �ÐægåKY�ægâ =�è1A�åtY*÷(�TA¥èEHmàZH�AXY YPHKF�çgä �7����8����
���ZV

�
������� � �9#/�%�$�9 4�
� N�ç�F:ç�HKYTAXY¤à¼åmêlBRNTA�è�Jéç4â H�B1A¥åtY/A¥è H�Q�A Y�B�å B1NPH�B&AXY/BRN�ç�åtS�?�çgæ B�åKJ1A¥ç YZB�çgäKä�åKFIHKA Y¬V
� N�ç&JéçgâXH�BRA�åtY SEç B�í�çgç Y HKY�),+�- |Tvwn F�åoä�çgâ�âXAXY¤à,ç4â¥ç�F�ç�YZBEHKY¤ä7ACB�è v �tsG~�~ F:åoä�ç4â¥âXA Y�à
çgâ¥ç F:ç YZB�A�è.æ�Hmâ�â¥ç4ä ����#/�@�$�� 4��V

�
������� � � .0���������� 4�
f Y¤ç�AXF ì åtJ�B HKYZB�F:å�BRA�úmç+SEç�NTA Y�ä�äTJ1HGíbAXY�à B1N�ç�HKSEåWú�ç '�úmç�Q�A Y�ä�è�åmêlJ�çgâXH�BRA�åtY�èESQç�ëB�í¬ç4ç�YOú�HKJ1A�åt=�è�F�å£ä¤çgâ¥â AXY�à;çgâ¥ç F:ç YZB�è�A¥è�B�å�ç6ù ì â A¥æ�H@B�ç BRN�ç-BRJ1Hmægç�HKSTA�âXA B�ã\âXA YTQiè�SQç�ëB�í¬ç4ç�Y/B1N�ç�F7V � N�ç�åtS�?�ç4æ B1A�ú�ç�åmêCægåKF	A Y�à%= ì íbA B1N-H�BRH]ù£åtY�åtF,ã¼åmêCäTA�"Qç�J�ç�YZBbQ�AXY�ä¤èåmê:Jéç4â H�B1A¥åtY¤èEA�èMB�å�æ NTHKJRHmæ B�ç J1A¥è�ç8B1N�çgè�ç+Jéç4â H�B1A¥åtY¤èMAXY�H�F�åtJéçO'PY�ç�ë�àtJ1HKAXY�ç4ä/F	HKYTY¤ç�J�V
ß åWí¬ç6ú�ç Jg÷�=TY¤ê¸åKJ3BR=GYPH�B�ç4â�ãm÷Qæ4åtF ì â¥ç6ù7J�çgâXH�BRA�åtY�èEHmæ B1=PHmâ�â�ã2ç�ùGA�è3B SQç B�í¬ç4ç�Y£F:åoä�ç4â¥âXA Y�àê JRHmàtF�ç�YZBéè�V�� HKYyã�åmê�BRN�ç F æ�HKYTY�åKBOSQç N�åtY�ç4è3B�â�ã F�å£ä¤çgâ¥â�çgä	Hmè ì ç�JOB1N�ç HKSEåWú�ç'�úmçJéçgâXH�BRA�åtY�ç4â¥ç�F�ç�YZBéè�V ß åWí�ç4ú�ç Jg÷)BRN�ç,ê Hmæ B�B1NPH�B�B1N�ç�J�ç�ç6ù>A¥è�B�è�è�åtF:ç+JéçgâXH�BRA�åtY;æ�HKYTY�å�B
SQç ä¤ç�YTA�çgä¬V � Y2è3=�æ N2æ�HUèéçgè4÷>U�����	gHUâ¥â¥åWí�èlBRN�ç>ä�çgè3A¥àtY�ç J_Béå%F:åoä�ç4â�B1N�çgè�ç>íbA B1NIBRN¤ç
��� .0�
�9���
�9 4�-J�çgâ H@BRA¥åKY¬V

#%$ # � .�)�*+8, � 7')�+��
� N�ç�ê¸å�â�â¥åWíbAXY�à�æ4åtY�è3B1JRHKA YZB�èä¤ç"'PY�ç�BRN�ç	J1=�â�çgè,åmê.èéç FIH�Y�B1A¥æ-í¬ç4â¥âqë�ê¸åtJ3F:ç4äTY�çgè�è,åUêbH
U����
	�ä�åoæ�=GF:ç Y�B�V � N�ç�A J/HUægægåKF ì H�Yiã�A Y�à FIH�B1N�ç�F	H�B1A¥æ�HUâ�J�ç ì J�çgèéç YZB H�B1A¥åtY�è/Hmè~ëè1=TF�ç BRN�ç�ê¸å�â�â¥åWíbAXY�àægåtYZB�ç�ù�BGø

� �	� v �ZsG~�~ ÷�)4+�- |Gvwn ÷ ~{oT|Gv>x���xZvKstn�x ) � ÷
stu � ��� |��>n�

� ��� | � � x{zGsb�Z|���vK| ÷ ~�v ) oP| ÷ u>| ��x{�T| � |��>n ÷ stu�� ��� |���n ÷ x���~wnTs���vK| ÷
>|KoT|���>|K��vK|�

����� íbN�ç�J�ç
� ø�� ÷ � ø�� íbN¤ç�Jéç������ � �
� ø�� � �
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Message: A class initalised with
string s will print s whenever its
method ’print ()’ is invoked.

Hello is a program that prints
"Hello, World!" on the console.

Instantiate an object of class Message
with parameter "Hello, World!".

Invoke method ’print ()’ of that object.

Hello prints
"Hello, World!" on the console.

If a Message object M is instantiated
with string s, then if method print () of
the same object is invoked, then the
mesaage printed is s.

Message M is instantiated with 
"Hello, World!"

M.print () is subsequently called.

program
specification

program
argument

main
pseudocode

main
source code

Description
Message class

Message class
source code

Top
Level

LEGEND

argument
refinement
dependence

scope

not verified

verified

Logical View

� A¥àK=TJéç�ó¤ø � N¤ç,æ4åtF ì â¥ç Béç�ä�åoæ�=TF�ç�YZB H@BRA¥åKY2åmê B1N�ç���� �
	�	���&�� �)� 	����D� ì Jéå@?�ç4æ B�V

F:ç�HKY�è&BRNPH�B � A�è&JéçgâXH�B�ç4ä#Béå	�%Syã � íbN�ç�J�ç � HKY�ä � HKJéç�F�å£ä�ç4â¥â AXY�à2ç4â¥ç�F�ç�YZBéè
HKY�ä � A¥èbH�J�çgâ H@BRA¥åKY¬V
ôtV � í¬å	F:åoä�ç4â¥âXA Y�àç4â¥ç F:ç Y�Béè�æ�HKY7NPHGú�ç�åtY�â�ã2åtY�ç�â AXYTQ	SQç B�í¬ç4ç�Y7BRN�ç F/V
�>Va� Y x��y~wnGs���vt| J�çgâ H@BRA¥åKY2æ�HKY%ç6ù>A¥è�B>åKY�â�ãISQç B�í¬ç4ç�Y H v �ZsG~�~ HKY�ä/HKY ),+ - |Gvwn V

� N�ç v��tsG~�~ A¥èqB1N�ç�èéåt=TJ�ægç HKY�ä-BRN¤çO),+�- |Gv@n A�èqBRN�ç�ä�ç4è3B1AXYPH�B1A¥åtY§V

ò � ø x��y~wnGs���vt| ö�
 ò � ø v �tsG~�~ ö�¦ò � ø ),+�- |Gv@n ö
�GVa� ~�v ) oT| J�çgâXH�BRA�åtY¦æ�H�Y NTHWúmç�åtY�â�ãcH ~{oT|Tv�x���xZvtsKn�x ) � HUè%A Béè<ä�çgè�BRA YPH�BRA�åtY¬V

� N�ç�èéåt=TJ�ægç�ç�Y¤ä F	HWãINPHGú�ç�ç�ACBRN�ç JbH v �tsG~�~ åtJEHKY�)4+�- |Gvwn V

ò � ø ~�v ) oT| ö�
 ò � ø � � � v �ZsG~�~ ÷�),+�- |Gv@n 
 ö���ò � ø ~{oT|Gv>x���xZvKstn�x ) � ö
ïTV�� � � x{zGsb�Z|���vK| Jéç4â H�B1A¥åtY F	HWãZç�ùGA�è3B SEç B�í�çgç Y HKYyã B�ã ì ç�åmê F�å£ä¤çgâ¥â AXY�àKç4â¥ç6ëF:ç YZB�è�V ß åWí¬ç6ú�ç�J4÷ B1N�ç£B�ã ì ç\åUê+BRN¤çcF�å£ä�ç4â¥â AXY�à¦ç4â¥ç F:ç Y�Béè H@B/SEåKB1N ç�Y¤ä�è
è1N�åK=�â¥ä7SQç�B1N�ç�èRHKF�ç�ê¸åtJbH�àtA�úmç�Y7AXY�è�B HKY¤ægç�åmê | ��� x{zGs �t|���vK| V

ò � ø | � � x{zGsb�Z|���vK| ö�
 ò � ø � ö�\ò � ø � ö��£ò � � �ºö
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�>V �G| ��x��T| � |���n JéçgâXH�BRA�åtY&FIHGã�ç�ù>A¥è3B9SEç B�í�çgç Y�HKYyã B�ã ì ç=åmêTF�å£ä¤çgâ¥â AXY�à¬çgâ¥ç F:ç YZB�è�Vß åWí�ç4ú�ç Jg÷:BRN¤ç	B�ã ì ç�åmêqBRN¤çIF�å£ä�ç4â¥â AXY�à2ç4â¥ç�F�ç�YZBéè%H�B8SQå�BRN¦ç Y�ä�èè3N�åt=�â�ä�SEçBRN�ç�è1HKF:ç�ê¸åtJbH�àtA�ú�ç Y/A Y�è3BRHKY�ægç�åmê u>| ��x��T| � |K��n V

ò � ø u>| ��x��T| � |���n ö�
 ò � ø � ö��ò � ø � ö��£ò � � � ö
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� A¥àt=GJéç ��ò Hyö?è1N�åWí�èbH8B�ã ì A�æ�HmâQæ�Hmè�ç íbN�ç�J�ç BRN�ç =�èéç J�í¬åt=¤â¥ä¼è�çgâ¥ç4æ BbH�Y AXF ì âXA�æ�A BMúmç�J~ëAi'�æ�H�BRA�åtYÂâ�ç4ú�ç4â V � N�ç�Y B1N�ç;è�åt=TJ�ægç�æ4å£ä�ç$åmê BRN¤ç F	HKAXY�HKY�äOæ4â Hmè�è �$ç4èéèRHUà�ç HKJ�ç
ægåtF ì A¥â�çgä*÷yHmâ�â ì å�è�è1AXS¤â¥çæ4åtY�äTACBRA�åtY�è�åmê?ægåtY¤è1A¥è�B�ç Y�æ4ã$íbA¥â¥â9SEç8B H�Qmç�YKæ�HKJéç,åmêlSyã BRN¤çægåtF ì A¥â�ç�J V � N�ç�ä�ç4è1A�àtY�ç�J_FIHGã:è3B1A¥â¥â ì J�ç4ê¸ç JOB�å%F�åoä�çgâ�BRN�ç F HUè_B�í�å�è�ç ì H�JRH�Béç�F:åoä£ëçgâ¥â AXY�à�ç4â¥ç�F�ç�YZBéèg÷�HKY�äIHmä�ä H�ä�ç ì ç Y�ä�ç�Y¤ægç â AXYTQ8SQç B�í¬ç4ç�Y BRN¤ç�F5B�å,çgâ A¥æ�ACB�BRN¤ç�â�å�àtA¥æ�HmâJéçgâXH�BRA�åtY¬V ß åWí�ç4úmç�Jg÷"N�ç:â¥ç�HGúmçgè+B1N�ç ?�åtS�åmê�ægåtY¤è1A¥è�B�ç Y�æ4ã�æ N�çgæ Q\åtYcBRN¤ç�ægåKF ì A�â¥ç J�VU���� íbA¥â�â=æ Jéå�è�è%ò���ö BRN¤ç¼âXA YTQ A�ê�ç A BRN¤ç�J%A�è+F�å£äTA('�çgä§V �O=GB�ACB,íbA�â¥â"SQçI=TY�ægåKY�äTA�ë
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� � ��� ST=GB1BéåtYÂåKY BRN¤ç
� �
	�5�@���� 
 �9�2�@�)�,äGA Hmâ�å�àTV

��������� � �$����8��7�)� � �$#+�
� � � �'�213 4�5�������

� N�ç-=�èéç J<í¬åt=¤â¥äºæ N�åoå�èéç Béå	æ�HKJ3J�ã\åt=GB�âXHKY�àt=PHUà�ç SPHmè�çgäºú�ç J1A('�æ�H�B1A¥åtY¦íbN¤ç�Y � ø
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BRN�ç8=�èéç J A¥èEY�åKB Hmè�è1=TF�AXY�àIHKYyã%ægåtY�è3A¥è�B�ç�Y¤æ4ã$æ N�çgæ Q-B�å	NPH ì�ì ç�Y�åK=GB�è3A¥ä�ç&BRN�ç8F:åoä£ëçgâ¥â AXY�à ì =TJ�ú�A¥ç6í&V ß ç�Y�æ4çm÷OB1N�ç�ú�ç�J3Ai'�æ�H�BRA�åtY æ�HKYGY�åKB�SQç%â¥ç6ê B�AXF ì âXA�æ�ACB�V �%åtJéç4å�úmç�J4÷
BRN�ç JéçKç6ù>A¥è�B�è-HKY H ì�ì Jéå ì J1AXH�B�ç;úmç�J3Ai'�æ�H�BRA�åtY B�åoå�âEAXY�U����I�Ðè Béå£å�â ì åoå�âEB�åºæ N�ç4æ Q
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BRNTA�è<ægåtY¤è1A¥è�B�ç Y�æ4ãKV � A�àt=TJéç ��ò S�ö,è1N�åWí�è�HKYºç�ùTH�F ì â�çKV ß ç JéçU÷�� ! A¥è �ÐàtJ1H ì N ì â�åKB�ëBRAXY¤à Y�åKBRH�BRA�åtY ��÷)è1HWã������ � ÷�HKY�ä � ��A¥è8H�� B HKS�â�ç:äGJRHGíbAXY�à Y�åKB H@BRA¥åKY ��÷CèRHGã ����� � ��V
� ÷�AXY#B1NTA¥è�æ�HUèéçm÷�A¥è | ��� x{zGs �t|���vK| V � Y#BRNTA�è,ç�ùTH�F ì â�ç:æ�HmèéçU÷�A B,èéå NPH ì�ì ç�Y�è BRNPH@B
� ø	����� � � ����� � � � | ��� x{zTsb�t|���vt| �� +J)�) �t|�sK� A¥è�HGú�HKA�â HKS�â�çlAXY8U�����Ðè�Béå£åmâ ì å£åmâ V
� N�ç�J�ç4ê¸åtJ�çm÷TBRN¤ç =¤èéç�J.æ N¤å£å�è�çgè �Ðâ HKY�àK=PHmà�ç�STHmèéç4ä ��ú�ç J1Ai'�æ�H�B1A¥åtY2â�ç4ú�ç4â!íbNTA�â¥ç æ Jéç�H@BRAXY¤à
BRN�ç�àtA�ú�ç�Y%âXA YTQ�V
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� BRNGAXJéä�æ�HUèéç H�J1A¥è�çgè�íbN�ç�Y�Y¤å;è1=¤æ N¦ú�ç�J3Ai'�æ�H�BRA�åtY#Béå£åmâ:A¥è8HWú�HKA�â HKS¤â¥çKV � Bæ4åt=�â�äcSEç
?3=�è3B AXY¤æ�A¥ä¤ç�YZB Hmâ9BRNPH@B =�èéç J&NPHmè Y�åKB&SEçgç YcH�S�â¥ç+Béå2ä�ç4úmçgâ�å ì åKJ Hmægá�=TA Jéç�HKYgH ì¤ì JéåUë
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SQç�B�í¬å�ä¤çgèéæ J1A ì BRA�åtY�è�åmêqBRN¤ç:è1HKF:ç�BRNGAXY�à�÷)BRN¤ç�Jéç:æ�HKYGY�åKB8SQçIH$à�ç Y�ç�J3A¥æ�B�åoå�â�BRNPH@BíbA¥â¥â)SEç�HKS�â�ç8Béå¼ä�çgæ A¥ä�ç BRN�ç AXJ�çgá�=TA�ú�Hmâ�ç�Y�æ4çKV��Y�åKB1N�ç�J ì å�è�è1AXS¤â¥ç+J�ç�Hmè�åtY	åmê:B1N�ç+=TYoëHWú�HKA�â HKSGA¥âXACB�ã�åmêCè1=�æ N/H%B�åoå�â§A�èqBRNPH@BEHKY�çgäTACB�åtJqF	HGã SEç =�èéç4ä7Béå�F:åoä�çgâQèéåtF�ç B1NTAXY¤à
BRNPH�B&A�è�Y�åKB B1N�ç-ä�ç4ê H�=�â B A YZB�ç�J ì Jéç B H�B1A¥åtY	åUêOH F�å£ä¤çgâ�A Y�BRN�ç�=�è�çgä�â HKY¤àt=PHmà�ç�V � åtJAXY�è�B HKY�æ4çm÷PH,àtJRH ì N¼äTJRHGíbA Y�à<çgäGA B�åKJ_F	HGã	SEç�=�è�çgä Béå<è1N�åWí H 'PYGA B�ç�è3BRH�B�ç H�=GB�åtF	H]ëB�åtY¬V �¿ægåtF�F	H�è�ç ì H�JRH�Béçgä¦â A¥è3B�åmêqYPHKF�çgè�ægåt=�â�äcSEç	=¤èéçgä#B�å;è3N�åWí BRN�ç�BRJ1Hmægç:åmêH�æ4åtF ì =GB H�B1A¥åtY2íbACBRN-BRN�ç8HKSEå�úmç � < �+V � à�ç�Y¤ç�JRHUâ`úmç�J3Ai'�æ�H�BRA�åtY7Béå£åmâ*æ�HKYGY�åKB�ç6ù>A¥è�B
AXY\è3=�æ NfY�åtYoë�ä�ç6ê HK=�â B F�å£ä¤çgâ¥â AXY�àGVK�¿ä�çgè3AXJRH�S�â¥ç�BRNTA Y�à/Béå NPHGúmç AXY�è1=�æ N H%æ�Hmè�ç A¥è
H%íOHWãgB�å%è ì çgæ A�êÑã£BRN¤ç�ú�Hmâ A¥äTACB�ã�ægåKY�äTA B1A¥åtY�åmêqB1NTA¥è ì H�J3BRA�æ�=�âXHKJ�âXA YTQ�AXY�èéåKF:ç-íqHGãKV
� NTA¥è%A�è<ç6ùGHmæ B�â�ã#B1N�ç¼ê Hmæ�A�âXACB�ã ì JéåWú�A¥ä�ç4äfAXYcB1N�ç6�Ðæ�Hmè�çIB�å	æ�Hmèéç �)ú�ç J1Ai'�æ�H�B1A¥åtY¦â�ç4úmçgâ V
� N�ç�Y�ç6ú�ç J BRN�ç�=¤èéç�J:æ N�åoå�èéç4èIBRNTA�è:úmç�J1A('�æ�H@BRA¥åKY*÷qN�ç/NPHmè	Béå ì J�å�ú�A�ä�ç;ç�ù>Béç�J3YPHmâ¥â�ã�÷BRN�ç$ægåtY�äGA BRA�åtYZåmê>ú�Hmâ A¥äTACB�ãºåmê B1N�ç;â AXYTQ�V � A¥àt=TJ�ç ��òIæGö�A�â¥âX=¤è3BRJ1H�B�ç4è-åtY�ç7F:åtJ�ç$ç�ùië
HKF ì â¥çKV ß ç�J�ç�� ! A�è H¦ægç J3BRHKAXY �ÐàtJ1H ì N äTJ1HWíbA Y�àfY�åKBRH�BRA�åtY ��÷.èRHGã�
 ��� ���yV � �-A¥èH/F	H�BRJ3A�ù�íbJ3A B1AXY�à-Y�åKBRH�BRA�åtY*÷`èRHGã� �Z����� ��V � YgBRNTA�è�ç6ùGHKF ì â¥çU÷9B1N�ç ì âX=�àtA Y�úmç�J3Ai'�ç J
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ì åoå�â)åUê�U����#V,h�èéç J�æ N�å£åmèéçgè �Ðæ�HUèéç%B�å2æ�Hmèéç �!ú�ç J1A('�æ�H�B1A¥åtY	â�ç4úmçgâ�H�Y�ä ì JéåWú�A¥ä�ç4è�NTA�èå�íbYºæ�Hmèéç	B�å�æ�Hmèéç�úmç�J3Ai'�ç J ��� ò ������������� ò � ö � � ����������� ò � ö � � ö V ß ç�J�çm÷�B1N�ç	B�ã ì ç2åmê
������������� ò � öMHKY¤ä � ����������� ò � öMHKJéç Y�å�F�åtJéç&HUèéè1=GF:ç4ä7Béå�SQç4â¥åtY�à�Béå�HKYyã2â HKY¤àt=PHmà�çAXY � V � N�ç�ä�ç BRHKA¥â�çgä�AXF ì â¥ç F:ç YZB H�B1A¥åtY<åUê¬BRNTA�èMê¸ç�H�B1=TJéç�A¥èlSQç6ã�åtY¤äIBRN�ç�èéæ4å ì ç>åmê¬B1NTA¥è
ì H ì ç�J�V
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f Y¤â�ã�íbN�ç�Y7Y�åtY�ç�åUê9B1N�ç&HKSEåWú�ç�BRNGJéçgç�å ì BRA�åtY�èMHKJ�ç ç�YTHKS�â¥ç4ä2ê¸åtJOBRN¤ç�æ�=TJ3Jéç�YZB�æ�HmèéçU÷U�����íbA¥â¥âKHmè1Q�ê¸åtJ�N�ç4â ì ê JéåtF BRN�ç:=¤èéç�J V � NTA�è�F:ç�HKY�è¬B1NPH�B)AXY�B1NPH�B`æ�Hmèéç:BRN¤ç"=¤èéç�J)NPHUèB�å¼ç4è3B H�S�âXA�è1N/B1N�çæ4åtY�è3A¥è3Béç�Y�æ6ã B1NTJéåt=¤àtN�F	HKY�=PHmâ)AXY�è ì ç4æ B1A¥åtY¬V � N�ç8=�èéç J ç6ù ì J�çgèéè�çgèNTA¥è�A Y�Béç�YZBRA�åtY�B�å	ä¤å�è�å£Siã\èéç4â¥çgæ BRA Y�à��¥F	HKY�=PHmâG��úmç�J1A('�æ�H@BRA¥åKYºâ¥ç4úmçgâ V � A�àt=TJéç ��òIä�ö
è1N�åWí�è8HKYKç6ùGHKF ì â¥ç�V � YgAXF	Hmà�ç,åmêqH F	HKY	æ�H�Y#SEç�äTJRHGíbYgAXYgHKY£AXF	Hmà�çäTJRHGíbAXY¤à
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Y�åKB H@BRA¥åKY*÷¬è1HWã �  � 
 ��V�� Y�å�BRN�ç J:ê JRHUàtF:ç YZB	F	HGã ægåtYZBRHKAXY HgBéç6ù�BR=PHUâ�ä�ç4èéæ J1A ì BRA¥åKYåmê_B1NTA¥è F	HKY£AXY � ��� � V � B&A�è =TY�â AXQmç4â�ã7BRNPH@B�è1=�æ NcH2úmç�J3Ai'�æ�H�BRA�åtY B�åoå�â � ø � ��� � �
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 � � | ��� xwzGsb�t|��yvK| �� +s)�) �t|�s�� í�åt=�â¥ägSEçIHGú�HKA¥âXHKS�â�çKV�� HKY�=PHmâMúmç�J1A('�æ�H@BRA¥åKY
í¬åt=¤â¥ä7SQç&Y�ç4ægçgè�èRHKJzã7AXY BRNGA¥è�æ�Hmè�çKV

	»ç B�=¤è:æ4â HKJ3A�êÑãgBRNPH�B�H@B�HKYyã ì åKAXYZBG÷lBRN�ç BéåKB HmâOY�=GF%SQç J�åmê�ú�ç�J3Ai'�æ�H�BRA�åtYfB�åoå�â¥èJéçgá�=TA Jéç4äèéåEBRNPH@B�HUâ¥â�ä�ç6ê HK=�âCB A YZB�ç�J ì Jéç B�ç4ä+F�å£ä�ç4â¥è`æ�H�Y8SEç=úmç�J3Ai'�ç4ä%H�B)BRN¤ç/� â HKY¤àt=PHmà�çSPHmèéç4ä �]â¥ç4úmçgâ�A¥è���ò � ö � ����ò � ö V:<£åEFIH�Yiã�úmç�J3Ai'�æ�H�BRA�åtY B�åoå�â¥è9HKJ�ç"Y¤åKB ì å�è�è1A S�â¥ç:B�åESEç
ì âX=�àmà�çgä�A Y�Béå�BRN�ç�ê J1HKF�ç4í�åtJ1Q�V � A Jéè�BG÷KB1NTA¥è�Y�=TF+SQç J:AXY�æ Jéç�HUèéçgèlHUè�BRN�ç.è�á�=THKJéç�åmê�BRN¤çY�=GF%SQç J�åmê?ê¸åtJ1F	HmâXA�è1F�è ì âX=�à�àmçgä AXYZBéåIU����#V)<oçgægåKY�ä*÷»ê¸åtJ æ4ç�J3BRHKAXYKæ4åtF%STA YPH�BRA�åtY�èåmêMF�å£ä�ç4â¥â AXY�à�â H�Y�àt=PHmàmçgèg÷�è1=¤æ N�B�åoå�â¥è FIHGã£Y�å�BE?3=�è�B+SEç ì å�èéè3AXS�â�ç�Béå SEç�æ Jéç�H@B�çgä§VL¬åtY�èéç4á�=�ç�YZB�â�ã�÷ ì J1Hmæ B1A¥æ�HUâ¥â�ãm÷vê¸åtJ�FIH�Yiã¦âXAXYGQoè-æ Jéç�H@B�çgä AXY H�ä¤å£æ =TF:ç YZB H�B1A¥åtY*÷lBRN¤çú�ç�J3Ai'�æ�H�BRA�åtYºâ¥ç6ú�ç4â�íbA¥â¥â"SEç6�¥F	HKY�=PHmâ Vi�gW�ç6ú�ç J3BRN¤çgâ¥ç4èéè4÷_BRN¤ç7SEç�YGAi'TB�åUêEB1JRHmæ4ç�HKSGA¥âXACB�ã
íbA¥â¥âyè�BRA�â¥âZSEç"B1N�ç�J�çKV���Y�ä�Hmè�U���� èéç�HmèéåtY¤è�AXY&BRN�ç_NPHKY�ä¤èCåmêTA B�è)=�è�ç�J4÷KBRN�ç_Jéç ì ç J3B�åKAXJéçåmêCúmç�J3Ai'�æ�H�BRA�åtY B�åoå�â¥è.æ�HKY/SEç�ç6ù ì çgæ B�çgä/B�å-àtJéåWí å�úmç�JMBRA F:ç�V
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