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?¤åF/e-H4FÖ«Ó81A=�25?¤-0Ó84"L71¤Ó<D<Õ7P�/�D>GY×>2�LF1¤Ó<P�/�ØAØ.=>2v×�GE/e=�Ó81A/�Ø�/�47Ø¤-_?A-Hï�/�?¤åE254"?AåF/e-H4<Ö«Ó�1¤=>25ð
?¤-0Ó84ÿ?AåF/ÄLF1¤Ó<P�/�ØAØ&å72�ØÅ1A/�2�D¯õ Ò 4¿/ � P�/�L<?A-HÓ�4¿Ø¤åFÓ8ÕF9:D -04ÿ?AåF-0Ø�P�28Ø¤/"1¤/kØ]?A1¤-:P�?�?¤åF/Äî�1A-_?A/
28P�?A-HÓ�47ØUÓ5?AåF/�1Aî�-:Ø�/~25909HÓ@î�/�D½GY×>?¤åF/&Ø�?¤1A-:P�?�LEÓ�9H-:P�×�õ7;i?A281�?A-H476�Ö«1AÓ8= ?¤åF/kØ�/aÓ�G7Ø�/�1¤ï@25?¤-0Ó847Ø�í
�t/�1�?A-H47Ó&/�?U259ÀõV@9��C
Dg259090Ó@îûL71¤Ó<P�/kD<ÕF1A/�Ø.?¤ÓÅGg/�6�1A284i?¤/�D�/ � P�/�LF?¤-0Ó847Ø.?¤Ó&?AåF/JØ�?¤1A-:P�?tLgÓ890-:P�×8õ
þUåF/&LF1AÓ8LgÓ�ØA259¨-:ØeD</�ï�/�90Ó8Lg/�DÄ-H4º?¤åF/OP�Ó84i?A/ � ?�Ó5Ö�Ó�GK?]/�P�?�ð·Ó81A-H/�4�?A/�D'Ø¤×YØ�?¤/�=>Ø�íEî�åF/�1A/a?¤å7/
=OÓ<D<Õ790281¤-H?]×ÅLF1AÓ@ïY-0DF/�DOGY×�=�/�?AåFÓ<DFØ)2�Ø¤Ø¤Ó<P�-:2@?A/�D�î�-_?Aå"Ó8GK?]/kP�?3Ø.25909HÓ@î�Ø.Õ7Ø�/�1AØ�?¤Óa-:D</�4i?¤-HÖ«×
Ø�Lg/�P�-_êEP�LF-H/kP�/kØ.Ó5Ö.ÝÀÛ�äYã�Ý·Þ à P�ÓYDF/�Ö«Ó81tî�åF-0P3å>/ � P�/�LF?¤-0Ó847Ø.P�254>Gg/J289H90Ó@ît/kD¯í82847DO?¤åF/�1¤/�Ö«Ó81A/
LF1¤Ó@ïY-:D</�mE/ � -HG7-H90-_?]×�-H4%?¤åF/>28LFLF90-0P�2@?¤-0Ó84�Ó5Ö)?AåF/>P�Ó�4�?A1¤Ó�9oõ{ö � P�/�L<?A-HÓ�47ØJP�254 GE/OLgÓ�Ø¤-_?A-Hï�/
Ó81&4F/�6�25?¤-0ï8/8õ Ò LgÓ�Ø¤-_?A-Hï�/>/ � P�/�L<?¤-0Ó84 Ó@ï�/�1A1¤-:D</�Øa2º1¤/kØ]?A1¤-:P�?A-HÓ�4 -0=�LEÓiØ�/kD GY×�?AåF/½Ø�?¤1A-0P�?
LEÓ�9H-:P�×�í@LE/�1¤=�-H?�?¤-04F6&284�-04<Ö«Ó81A=>2@?A-HÓ�4!m7Ó@î î�åF-:P3å�î�Ó8ÕF9:D�Ó5?¤å7/�1Aî�-0Ø¤/UGE/UGF90Ó<P�*8/�D¨õ Ò 4F/�68ð
2@?¤-0ï8/Å/ � P�/�L<?¤-0Ó84#Ó@ï�/�1A1¤-:D</�Ø�2�Lg/�1A=�-0ØAØ¤-HÓ�4ºØ]?32@?¤/kD'GY×½?AåF/�Ø�?¤1A-0P�?�LgÓ890-0P�×½Ö«Ó�1¤GF-:DFD<-04F6½284
-H4<Ö«Ó�1¤=>25?¤-0Ó84"m7Ó@îûî�åF-:P3å>îtÓ�ÕF90D�Ó8?¤åF/�1¤î�-:Ø¤/�GE/e25909HÓ@î�/�D¯õ�þUîtÓo*Y-047DFØ.Ó8Ö¯/ � P�/�L<?¤-0Ó847Øt251A/Ø�ÕFL7LEÓ�1�?A/�D GY×º?¤å7/"=�ÓYDF/�9ñ�)Û¤Þ\Ú ñ è@ò�ÞÑ°Yß3Þ·Ú{Ýoë�Ü â ã½254ED ë â ôvÜ ü Þ�ò�ÞÑ°iß3Þ\ÚgÝÀë�Ü â ã8õ'��/�LF90×%/ � P�/�LFð
?¤-0Ó847Ø�28LFLF90×"?¤ÓO?AåF/a-H4FÖ«Ó81A=�25?¤-0Ó84Ä1¤/�?¤ÕF1A4F/kD½GY×½2�=�/�?AåFÓ<D¯õ05\4i?¤Õ7-_?A-Hï�/�90×8í<LgÓ�Ø¤-_?A-Hï�/a1¤/�LF9H×
/ � P�/�L<?¤-0Ó847Ø�25LFL79H× î�åF/�4 ?AåF/½-04<Ö«Ó�1¤=>2@?A-HÓ�4 1¤/�?¤ÕF1A4F/kD Gi× 2#=�/�?AåFÓ<D -:Ø&90/�ØAØÅØ¤/�47Ø¤-_?A-Hï�/
?¤å7284�?AåF/U-H4FÖ«Ó81A=�25?¤-0Ó84�?¤åF/�=�/�?¤åFÓ<DOå728Ø¾1A/�2�D¯õ>��/�LF9H×Å/ � P�/�L<?¤-0Ó847Ø�P�254Oî�28-Hï�/)?AåF/�Ø�?¤1A-0P�?
LEÓ�9H-:P�×'1A/�Ø�?¤1A-0P�?¤-0Ó847Ø�2847Dº289H90Ó@î -04<Ö«Ó�1¤=>2@?A-HÓ�4º1A/�?¤Õ71¤4F/kD'GY×Ä2½=O/�?¤åFÓ<D'?AÓ½Gg/�D<-:ØAP�90Ó�Ø¤/�D
?¤ÓºÕ7Ø¤/�13Øa4FÓ8?�25ÕF?¤åFÓ�1¤-0æ�/kD�?AÓº1A/�28D ?AåF/"Ó�GK?]/�P�?AØa?Aå72@?Å?¤åF/"=�/�?¤åFÓ<D å72�Øa1A/�28D¨õ75\4Yï8ÓN*8/
/ � P�/�L<?¤-0Ó847ØÄ25L7LF9H× D<Õ71¤-04F6¿2¿=O/�?¤åFÓ<D D ØÄ/ � /�P�Õ<?¤-0Ó84Mí)Ö«Ó�1½î�1A-_?A/�Ó8Lg/�132@?A-HÓ�47Ø>?Aå72@?Ä?¤å7/
=O/�?¤åFÓ<D%1¤/kÔiÕF/�Ø�?AØ�õ�5\4i?AÕF-_?A-Hï�/�90×8í{LgÓ�Ø¤-_?A-Hï�/�-04Yï8Ó
*�/&/ � P�/�L<?A-HÓ�47Ø~25LFLF90×Ä?¤ÓÄ=�/�?¤å7ÓYD7Øe?¤å725?
251A/>?¤1AÕ7Ø�?¤/�D¿4FÓ5?�?¤Ó 9H/k2>* çC?AåF1AÓ8ÕF6�åÿî�1¤-H?¤/¸Ó8Lg/�132@?A-HÓ�47Ø&Ó�1�=�/�?AåFÓ<D -04iï�Ó<P�2@?A-HÓ�47Ø3é~?¤å7/
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Ó84%?¤åF/>4FÓ8?¤-0Ó84 Ó5Öe÷�Þ�ã3ã á ìiÞOh ñ Ý·Þ�Û>ê713Ø�?&-H4i?¤1AÓ<D<Õ7P�/�D%Gi×¥r�2>?]ÓYDF-02Ä2547D��~Ó�6�254�@ C(p�D�Ö«Ó�1
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68Õ7281A284�?A/�/�?¤å725?&4FÓ'ÕF47ØA2@Ö«/�m7Ó@î ?A2>*�/�Ø~LF9:28P�/8õ¨þ�Ó#P3åF/�P�*#î�åF/�?¤åF/�1Å2Äî�1¤-H?¤/�Ó�1&P�1A/�2@?A/
Ó8Lg/�132@?¤-0Ó84�Ø�åFÓ�ÕF9:D&Gg/�G79HÓ<P�*8/kD¯ík?¤åF/�=�/�ØAØ¤2868/)ê79_?A/�1¾-04�@9��C
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?¤Ó"25909¯Õ7Ø¤/�13ØUî�åFÓ�å72vï8/e1A/�28D¸LF1A-HïY-09H/�68/kØtÓ�4©�Yõ

i P Ñ=xYÐ{Ì0y¯ËFÑ]Í)Ê v¾ÌK��v�Ð¯Ðzy7x�x¿Ð{Í)ÊtË<ÌFÍ��H{aÍ���Ñ¤Ð¯ÑÀy7x

5\4 ;</�P�?A-HÓ�4Çh ît/#-04i?¤1AÓYDFÕ7P�/kD¿?AåF/#G72�Ø�-:P#P�Ó�47P�/�L<?AØ�Ó8Öe?AåF/ºD<-:Ø¤P�1¤/�?¤-0Ó847281¤× LgÓ890-:P�×¿GY×
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ö.ï8/�4�/k251A9H×#25L7LF1¤Ói28P3åF/kØ�?AÓ#25Õ<?AåFÓ81A-Hæk2@?A-HÓ�4�Ø�Lg/�P�-_êgP�2@?A-HÓ�47Ø~25909HÓ@î�/�D ßAÜ âgà ëCÝoë�Ü â ã�?¤Ó'Gg/
28ØAØ�Ó<P�-:2@?A/�DÅî�-_?Aå�28Õ<?¤å7Ó81A-Hæk2@?¤-0Ó84EØM?AÓ~1¤/kØ]?A1¤-:P�?�?¤åF/�-H1)ïv289H-:D<-H?]×8õ�KtÓ�47D<-H?¤-0Ó847Ø�P�254O=�2
*8/�?¤å7/
25Õ<?AåFÓ81A-Hæk2@?A-HÓ�4ºï@2590-0D<-H?]×ºD</�LE/�47D</�4i?aÓ84�?¤åF/>ØA2@?A-0Ø�Ö�28P�?¤-0Ó84ºÓ8ÖtØ�Ó�=�/OØ¤×<Ø]?A/�=»LF1A/�D<-:P�25?¤/kØ
ç\ã�èvã�Ý·Þ�÷�ò à Þ·Ú7Þ âgà Þ â ÝJP�Ó84ED<-_?A-HÓ�47Ø3é�90-9*�/a?¤åF/Å?¤-0=�/�Ó�1�90ÓYP�2@?A-HÓ�4#Ó5Ö.28P�P�/�ØAØ�õ�rFÓ�1�-047Ø�?A254EP�/8í
2½P�Ó�47D<-H?¤-0Ó84�P�254ºGg/�2�Ø¤Ø¤Ó<P�-:2@?A/�D'î�-H?¤åº?AåF/ÅGE2540*ið\P�90/�1+*YØCDE28Õ<?¤å7Ó81A-Hæk2@?¤-0Ó84'?AÓ¸2�P�P�/kØ¤ØJ28P�ð
P�Ó8Õ74�?3Ø�íE1¤/kØ]?A1¤-:P�?A-H476>-_?3ØJ28LFLF90-0P�2@?¤-0Ó84'Ó�4F9H×¸Ö«1AÓ8= =�2�P3åF-04F/�Ø�î�-_?AåF-H4º?¤åF/�G72540*ÄGFÕF-09:D<-H476
2547D -04%î�Ó81+*Y-H4F6ÄåFÓ�ÕF1AØ�õ�KtÓ84ED<-_?A-HÓ�47ØaP�284 259:Ø�Ó'P�Ó�47Ø]?A1A28-H4i?&28P�P�/kØ¤Ø~D</�LE/�47D<-04F6#Ó84 ?¤å7/
P�Ó84i?A/�4i?.Ó5Ö¯Ó8G0?]/�P�?3Ø�Ó84�î�åF-:P3åO?¤åF/J25Õ<?AåFÓ81A-Hæk2@?A-HÓ�4�-:Ø)D</�ê74F/kD#ç¤ß3Ü â Ý·Þ â ÝÀò à Þ\ÚFÞ âgà Þ â Ý�P�Ó84Fð
D<-_?A-HÓ�47Ø3é�õ7KtÓ84i?¤/�4i?�ð\D</�Lg/�47DF/�4i?�P�Ó84ED<-_?A-HÓ�47Ø�P�254¸GE/eÕ7Ø¤/�D¸Ø�-0=�LF9H×¸28Øtî�2v×O?¤Ó�D</�?¤/�1A=�-H47/
î�åF/�?AåF/�1~Ó81J4FÓ5?a254%28P�P�/�ØAØ�?AÓ"?AåF/�Ó8GK?]/kP�?eØ¤åFÓ�ÕF90DºGE/�6813254i?A/�D'Ó81~28ØJîU2v×½?AÓ¸1A/�Ø�?¤1A-0P�?
?¤åF/�LEÓ�1�?A-HÓ�4#Ó5Ö�?¤å7/&Ó8GK?]/kP�?J?¤å725?eP�284#GE/O28P�P�/�ØAØ¤/�D ç«/�õ 6EõHí{2"Ø¤ÕFG7Ø¤/�?�Ó8Ö�?¤åF/Å?¤ÕFLF90/�ØJ-04º2
1¤/�9025?¤-0Ó84Eé�õvþUå7-0Ø¾9:2@?¤?¤/�1�Ó�L<?¤-0Ó84�-0Ø¾ÕEØ�/�Ö«ÕF9<î�åF/�4�?¤å7/U28Õ<?¤å7Ó81A-Hæk2@?¤-0Ó84�Ó8GK?]/kP�?�å72�Ø�2eP�Ói2513Ø�/�1
6813254YÕF9:251A-_?]×O?¤åE254¸?¤åF/aÓ�4F/aØ�ÕFL7LEÓ�1�?A/�D¸Gi×"?¤åF/&DF25?A2O=�Ó<D</�9}@ h�B>DÀõ�P�?AåF/�1�LgÓ�ØAØ�-0GF90/aP�Ó84Fð
D<-_?A-HÓ�47Ø�?¤å725?�P�254 GE/Ä/�4<Ö«Ó�1AP�/�DÿP�254 =�2
*8/Ä254¿2�P�P�/kØ¤ØOD</kP�-:Ø�-0Ó84¿DF/�Lg/�47D Ó84û28P�P�/�ØAØ�/kØ
LF1¤/�ïY-HÓ�Õ7Ø�90×>/ � /kP�Õ<?A/�D çÀù<ë:ã3Ý\Ü@Û�è à Þ\ÚFÞ âgà Þ â ÝUP�Ó847DF-_?A-HÓ�47ØAé�õÒ 4FÓ8?¤åF/�1¾Ö«/�2@?AÕF1A/�ÕEØ�Õ7289H90×ÅØ¤ÕFLFLgÓ81¤?¤/kDÅ/�ï8/�4OGY×&/�281¤90×Å28LFLF1AÓ�28P3å7/�Ø�-0Ø�?AåF/�P�Ó�47P�/�L<?�Ó5Ö
äYã�Þ�Û)ì8Û¤Ü@äkÚgã~ç�/8õ 67õ0í5ö.=�LF90Ó@×8/�/kØ�í@,)1¤Ó�681325=�=�/�13Ø�í@KtÓ847Ø¤ÕF9H?A254i?3ØAé�õ
�e1¤Ó�ÕFL7Ø¾P�284�Gg/�4F/�Ø�?¤/kD
2547DÄ4F/�/�DÄ4FÓ5?�Gg/&D<-:Ø�?]Ó�-H4i?kõ^r�-H6�ÕF1¤/"�-i�-H909HÕEØ]?A1A25?¤/�Ø�284¸/ � 25=�LF90/aÓ5Ö¾Õ7Ø�/�1�ð·681AÓ8Õ7L½åF-0/�13251¤ð
P3åi×�õ7;YÕFLFLgÓ81¤?�Ó5Ö�681AÓ8ÕFLEØt6�1¤/k2@?A9H×"Ø¤-H=�LF90-Hê7/�Ø�=>2847256�/�=�/�4i?UÓ5Ö�28Õ<?¤å7Ó81A-Hæk2@?¤-0Ó84EØ�í<Ø¤-H47P�/a2
Ø�-04F6890/�25ÕF?¤åFÓ�1¤-0æ�25?¤-0Ó84�6813254i?¤/kD&?AÓÅ2~681AÓ8Õ7LOP�254>Gg/�/�4�?]Ó@×�/�DOGY×�289H9E-_?3Ø�=�/�=ÅGg/�13Ø�õN�M25?¤/�1
/M3{Ó81¤?AØ�=�Ó@ï�/�D¸?¤Ó>?AåF/ÅØ¤ÕFLFLgÓ81¤?�Ó5Ö�6�1¤Ó�ÕFL7Ø�Ó�4º25909¯?¤åF/�/�90/�=�/�4i?3Ø�Ó5Ö¾?AåF/Å25ÕF?¤åFÓ�1¤-0æ�25?¤-0Ó84
?¤1A-HLF90/&ç«-Àõ /8õ0í�Ø¤ÕFGK?]/�P�?�í5Ó�GK?]/�P�?�í82847D�28P�?¤-0Ó84Eé�í5î�åF/�1A/8ív?]×YLF-:P�289H90×8í8681AÓ8ÕFL7Ø�281¤/�28G7Ø]?A1A2�P�?A-HÓ�47Ø
åF-H/�1A281AP3å7-0P�25909H×OÓ81A6�284F-Hæ�/�D¯õ�rFÓ�1U-H47Ø�?A2847P�/�íY-H4'254¸Ó8Lg/�132@?¤-04F6OØ�×<Ø�?¤/�= ?AåF/~åF-0/�132513P3åi×�P�284
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derivability of A if R is an ASLONGAS rule

derivability of A if R is an UPON rule

derivability of A if R is a WHENEVER rule

instants denoted by P

validity of formula
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