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Abstract 
 
Part1. Subjective and objective interpretations of probability are described. The organization of 
the text is given. 
 
Part2. Some propositional probability logics are introduced. Their languages, models, 
satisfiability relations, and (in)finitary axiomatic systems are given. In this paper the terms 
finitary and infinitary concern meta language only. Object languages are countable, formulas are 
finite, while only proofs are allowed to be infinite. Basically, the considered languages are 
obtained by adding unary probabilistic operators of the form P≥s with the intended meaning “the 
probability is greater than s”. A Kripke-like possible-world approach to interpret probability-
formulas such that they remain either true or false is proposed. Since the compactness theorem 
does not hold for some of the considered logics, infinitary axiomatic systems allows proving the 
corresponding extended completeness theorems. Decidability of the logics is proved using a 
reduction of the satisfiability problem to the linear programming problem. 
 
Part 3. In this part some first order probability logics are considered. In a paper of Abadi and 
Halpern is proved that there is no recursive axiomatization of these logics, so the presented 
approach involving infinitary inference rules is the only way to achieve any complete 
axiomatization. 
 
Part 4. New types of probability operators of the form QF, where F is a recursive rational subset 
of [0, 1] are introduced. A formula QFA is satisfied in a probability model if the measure of the 
set of worlds that satisfy A is in F. The new operators are suitable for describing events in 
discrete sample spaces. It is show that the new operators are not definable in languages of 
probability logics that have been used so far.  
 
Part 5. A propositional and a first-order logic for reasoning about discrete linear time and finitely 
additive probability are given. The languages of these logics allow formulas that say ‘sometime 
in the future, A holds with probability at least s’. Sound and complete infinitary axiomatizations 
for the logics are provided.  
 
Part 6. In this part a probabilistic extension of modal logic is investigated. It is showed that those 
logics are closely related, but that modal necessity (denoted by □) is a stronger notion than 
probability necessity (probability one, P≥1). An example of probability version of Barcan-formula 
which assures this conclusion is given.  
 
Part 7. Decidability of the considered logics is shown by reducing the corresponding 
satisfiability problem to the linear programming problem. Two automated theorem provers based 
on that idea are described.  
 
Appendix A. This appendix contains the main definitions and formulations of some statements 
related to probability, Loeb’measure, infinitary logics, and computation complexity. 
 
Appendix B. This appendix describes some other approaches in the field: work of Keisler 
concerning the probabilistic quantifiers, and some other papers about probabilistic operators 
written by Nilsson, Fagin, Halpern etc. 
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n"KMV�YULONMTOV^[�n{>�KrL�vWXLr�W�L � L?>Ie�KMV_gØåaV�vNGF�>m[\Lâ�W�NQH'Hbô ¶�¶ ¡ ¶^� õBKMV_`^AlV_PGKMV�TOL c KM>nvNML?KQD^YuEGDyAaD²±\PQLOY�g_É¤>m[�D{LOYUPQHULOWXL?>BYUL�NGPQL�vWâÉF�D�T?>�gBLOF�D�[�DXKQ>�[_V_PQY�>BNQY�LOAjV_FINQL?>BARV�AlVI��ãk>BNMARV_PGKMV�Y�D�NQHRe�[�D�S¥V�ARL�TOL EGD"[�DXKM>�[_V_PQY�>BNQYULOslS¥H�Y�FBWXL EQV'NQV'ÐUFINQL?KMV�Y�LOAF�>BYUV\vWXYULOAªe�>BARD^Y�>BA ­R� × [uV_F�>BAªNG[�DXPQH�L�Y�PQHUL�WXL?>BYULONGPQL}vW~F�>�gzA&>Ie�D^TOV c KMLOe�KMH6v`XD^Y�VqEGD c >lE8D^eUY�VpS�HUY�FBWXL EQVhLO`>�t
D�S�V�ARLOTOL E8D�¡nPQV_F�>ReUV c KQ[uVZS�HUY�FBWXL EQV,>Ie�g�>�[_V_KMV&HUY\H�PGKMV�vNQY_E8>uEX¡\Vqe�KrH�gBVZN c >BT EGY�>uE�[�DXKQ>m[uV_PQYU>k�WXL¤�3¦ÁNQF\TOV�e�HbNQVNQsn[uV_PQV�YuEGD^A±eUVJLOYnPQHUWXL?>BYUNQPQL�vW~F\L
A&>Ie�D^TOL c KML?F_V_`^HuEQHhY�V_KMV�NGPQV�YuEGD&`^YUV�YuEQVI¡ c KMLOT�L?F�>BA c D^YuEQV�YuEQV c >JA&>Ie�D^TOHh>�[�De�[�DlS�HUY�FBWXL E8D©NGD c KML?t�TOL}v`^V�[uVmEQH6�pñ�VhNMLOY�PQV_FINQY�>BA YUL?[�>BHÂ[�DXKQ>�[_V_PQY�>BNQY�LOAiS¥HUYUFBWXL EGV�AlV�>\eUg�>�[_V_KMVmEGH«e�[�DJTOLONQPGD[�DXKQ>�[_V_PQY�>BNQY�LOs�> c DXKMV_PG>�KMV Y { L Y { `^V��m\ ­dF�>uE8DRNQDRLOY�PGDXK c KQDXPQL?KMVmEQHhFuV_> Ø NQV�H�YnH�PGKrV�vNMYuE8>BA�[�DXKM>�[_V_PQY�>k�W~>BA[�D5�W~>BA¿e�>�E8D^eUY�V_F�>BA³NMV[� Ø ¡¢>\eUYU>BNQY�> Ø NMV©N c >BT EGY�>BAC[�DXKQ>�[_V_PQY�>��W~>BA AlV�YuE8>BA�e�>,E8D^e�YUV_F�>BA�NQV[� Ø �%¦®KMV�eUHE8D,e�V_PQV&F�>�KQDXF\PQYUVlL c >�P c HUY�V&V_F\NQLO>BARV_PQL?`^V�WXL EQVI¡�Vq> c LONMV�YUL6NQHpL
>Ie�g�>�[_V_KMVmEQH{�WXLkV�TOg�DXt�V_KMNGFIL6A&>Ie�D^TOL}�¦¿ô Ä ��õ}Õ�T�V�Y�B�KML�NQs�L{ãkDXPGDXK;A�V�eUeUVTÕ"VH±ÂNQH c KML?F_V_`^V�TOL�F�>�KQDXF\PQV�Y6¡�V�TOLËY�D c >�P c H�Y�e�D^eUHUFnPQL?[IYUL�NQL�NGPGD^A¿`^VLONGF_V_`^Y�>J[�DXKQ>�[_V_PQY�>BNQYU>pKQDX`X>BY�>m[uV�YuEGDRLOYUN c L?KMLONMV�Y�>lñ�LOTONQNG>BY�É¤>�[ILOA³KMV�e�>BAªô�å�C�¡oå��uõ¤�+B�KMLONQs�É¤>�[�L!A�V�eUeUVTÕ"VH±�É¤DX[c KMLONQPQH c EGD)`^V�NQY�>m[uV�YbYUV'NGFIH c H+>Ie Ä�� c KMV�[\L�TOV%L?`X[�>Be Ì]D^YuEQV'YUV�e&HUNQTO>�[IYULOA�[�DXKQ>�[_V_PQY�>��WXV�ARVI¡�>Ie&F�>uEQLOs�E8D�EGD^eUY�> ÿ
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¦ eUD^eUH�FBWXL EQL�NQD�e�>�t�L EQVmEGHÊLOYnPGDXKQ[_V�TOL�F�>uEGL�NQH6¡�FuV_F�>/NQD�H c >BNQPQH c FIHwY�V c KQD^eUHuEGD�¡�NQ[�D�t�TOL}v`^L%LOYnPGDXKQ[_V�TOHwF�>uEGLc KQD^eUNQPQV^[IT EGV�Y�VmE8t
>BT EQH�A&>�gBH{�WXH�>IW~D^YnHÂLOYnPGDXKQ[uV�T�V�H�F�>BA&DlNGDbYUV�TOV_`^L
[�DXKQ>m[uV_PQY�>��WXV�`^V_FIT EQH
vW~FuVI�©ãk>nvNGPG>�NGD&`^VuÉF\T EGH6vWXL?[_V�YuEGD)A&>Iv`XDa`^V�HUNGPQV�[\LOPQLUH&t�LOTO>�F�>BAjPGKQD^YnHUPGF\H6¡nARV�YuEQV c KQD^WXL?`^Y�>BNQP
eU>�t�L EGD^Y�>�g%>\e�g�>m[�>�KMV�AR>Iv`XD�t�L?PQL�W~D^YUV`^V�ARV�YuEQH�NQT?>Iv`XD^Y�>BNGP,L?`XKrV\vWXH�YUV^[_V�YuEQVI�qã�KQD^eUT?>�v`XD^YUL
NQL�NGPGD^A0E8DqF�>�KQDXF\PQV�Y6¡�V c >�P c H�Y�>BNGP�E8D&e�>�F_V_`^V�YUV�`^V�Y�DXF�DH
v`XDZFITOV�NGD c KQ>�t�TOD^ARVI¡�KQD^WXL�A&>l`^Vb>\eUKQD^e Ì�L?[_V�YuEGD,[�DXKQ>�[_V_PQY�>��W~DlV_PG>BARNQF�D+S¥>�KMA+HUT?D�Y�Vl>BNQYU>�[IH=F�>BYUVIvWXY�>�gpNQF\H c VS�>�KrAZHUT�VZ>�t5TOL?F_V&�l� � * ² �#\�ô ¶ þ ¶ õ�L6�l� � ��\�ô £ þ ¸ õ¤�
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ô ¶ õ]¼i½�¾�¿ÁÀ}¡ � ¾�Â ÃWÀÅÄ6¡iA�¾�ÆÈÇÊÉ²Â Ä6¡cËÍÌÍÎFÉ²Ç�Ï>Ðq�?¡�§�É�Ñ²ÀÅ¿�¾�½�ÀÅÆÅÀÈÃ�±o¾�ÄÁ¿>É�Ò�Ç�ÂWÉ�ÎWÎWÀÈÓ�ÄwÉ�ÎWÎPÔ'Ì�ÂJÐÁÂ ÎFÃ8ÉÕÌ�Â ¿ÁÉ²ÂmÆÈÌ�ÖÍÀÅÑ²ÎPÌ�ÔÇÁÂ Ì�½�¾�½�ÀÅÆÅÀÅÃ�±�¡6ãyÂWÌ�Ñ�É²É�¿ÁÀÅÄÁÖÍÎ×Ì�Ô Ä Ò�ÃWÏØ=}Ù�ÙhÙ × ±�Ú;ÇÊÌÍÎWÀÅÛÁÚ.ÌÍÄ)Ô`ÌÍÛ�ÄÁ¿Á¾�ÃWÀÈÌÍÄÁÎ×ÀÈÔ<Ñ�ÌÍÚ;Ç�ÛwÃFÉ²Â4Î Ñ²ÀÈÉ�ÄÁÑ�É�¡ ¶ �~CrÜ¶ Í Ä ¡ ¶ ��C��\� ¶ Ü Ä j\¡ ¶ ���-���
ô � õ]¼i½�¾�¿ÁÀ}¡ � ¾�Â ÃWÀÅÄ6¡iA�¾�ÆÈÇÊÉ²Â Ä6¡cËÍÌÍÎFÉ²Ç�Ï>Ðq�?¡�§�É�Ñ²ÀÅ¿�¾�½�ÀÅÆÅÀÈÃ�±o¾�ÄÁ¿>É�Ò�Ç�ÂWÉ�ÎWÎWÀÈÓ�ÄwÉ�ÎWÎPÔ'Ì�ÂJÐÁÂ ÎFÃ8ÉÕÌ�Â ¿ÁÉ²ÂmÆÈÌ�ÖÍÀÅÑ²ÎPÌ�ÔÇÁÂ Ì�½�¾�½�ÀÅÆÅÀÅÃ�±�¡�=¦ÄÁÔ`Ì�Â ÚÝ¾�ÃWÀÈÌÍÄO¾�ÄÁ¿mÑ�ÌÍÚ;ÇuÛwÃW¾�ÃWÀÈÌÍÄ6¡ ¶�¶^� ¡ ¶ Ü Ä j\¡ ¶ ���-���
ô Ä õ]¼�Æ ÞW¾�ÄÊßÑ²Àr�Ñ_¡ × ÆÈÌ�½ÊÌ�¿Á¾�Ä6¡\¦cÓ�Ì�¿mÛOÂWÉ�¾�ÆàÄ|ÛOÀÊÔ�ÛÁÄwáÍÑ²ÀÈÌÍÄ�¾�ÆÅÄ|Û�¾�ÄÁ¾�ÆàÀÈâ�Û6¡�ã�Â ¾�¿ Ì�É²Ó�ÀÅÄÁÎWá-¾+á�Ä-ÞFÀÅÖÍ¾I¡ÁnhÉ²Ì�Ö�Â3¾�¿6¡ ¶ �Båx���
ô �_õ]n#¾�Ñ²Ñ Ï�ÛÁÎX¡uBÁ¾�ÏÁÀÈÉ�Ú�¡U¬hä"¡�¼�ÆÈÌ�ÖÍÀÅÑ�Ô'Ì�Â�ÂWÉ²ÇÁÂWÉ�ÎWÉ�Ä~ÃWÀÅÄÁÖ9¾�Ä�¿rÂ É�¾�ÎFÌÍÄÁÀÅÄwÖ9åcÀÅÃWÏPÎWÃW¾�ÃWÀÅÎFÃWÀÅÑ²¾�ÆÊá�ÄwÌHåiÆÈÉ�¿wÖ�É�¡uæ<ÌÍÚqÉÇ�ÛÁÃW¾�ÃWÀÈÌÍÄÁ¾�Æ�ÀÅÄ|ÃFÉ�ÆÅÆÅÀÈÖ�É�Ä�Ñ�É�¡wÓ�ÌÍÆvçuj\¡ � ÒÍ�]Ü ��ÄI¶ ¡ ¶ ���_Ò�ç
ôÙÍmõ]n<É�ÄIÉ�¼iÂ À}¡ � Ì�Â ¿wÉ�Ñ Ï�¾�À}¡�ã�Ä�ÛwÉ�ÆÅÀ}¡�¼iÚ�ÀÅÂ^¡ � ¾�ÄÁÄÁ¾I¡�èéÌÍÏ�¾�Â^¡\äcÏwÉiÃFÉ�Ú�ÇéÌ�Â3¾�ÆuÆÈÌ�ÖÍÀàÑcÌ�Ô�½�Â ¾�ÄÁÑ Ï�ÀÅÄwÖQÃWÀàÚ;É�¡w¼iÑ�ÃW¾ÀÅÄÁÔ`Ì�Â ÚÝ¾�ÃWÀÅÑ²¾I¡ÁÄwÌwç � ÒI¡ � Ò�å+Ü ��� j\¡ ¶ ��C Ä ç
ô�jmõQÓ�¾�Ämn<É�Ä~ÃWÏÁÉ�Ú�¡éËÁçÁBhçu¼Qç�^�ç?¡Uä�ÏwÉ4ÆÈÌ�ÖÍÀÅÑ×Ì�Ô�ÃWÀÅÚ�É�¡U§]çuê�É�ÀÅ¿wÉ�Æ6ãhÛw½�ÆÅÀàÎWÏÁÀÅÄwÖ9æ<ÌÍÚ;Ç�ç?¡ ¶ ��C Ä ç
ô�å�õ]n#ÏÁ¾�ÎFá�¾�Â ¾)êc¾�Ì�¡h^;ç�ã!ç × ç?¡yn#ÏÁ¾�ÎFá�¾�Â ¾)êc¾�Ì�¡ � ç?¡�ëcÏwÉ²Ì�ÂW±dÌ�ÔcÑ3ÏÁ¾�ÂWÖ�É�Î ÿ ¼ìÎFÃWÛ�¿w±ØÌ�ÔaÐ�Ä�ÀÈÃFÉ�ÆÈ±Ø¾�¿Á¿ÁÀÈÃWÀÅÓ�ÉÚ;É�¾�Î ÛwÂWÉ�ÎX¡�¼�Ñ²¾�¿wÉ�Ú�ÀàÑ'ãyÂWÉ�ÎWÎ^¡ ¶ ��C Ä ç
ô�Cmõ]n#ÆÅ¾�Ñ á|½�ÛÁÂ Ä6¡Iã!¾�ÃFÂ3ÀÅÑWá¢¡Á¿wÉ�êcÀ ÞFá�É�¡ � ¾�¾�ÂWÃFÉ�Ä�¡U��É�ÄwÉ�Ú�¾I¡�Ð×Ó�É�¡uæ<ÌÍÚ;Ç�ÛÁÃW¾�½�ÀÅÆÅÀÈÃ�±;¾�ÄÁ¿�Ñ�ÌÍÚ;Ç�ÆÈÉ�ÒwÀÈÃ�±rÀÅÄrÚ�Ì�¿Á¾�ÆÆÈÌ�ÖÍÀàÑ_¡wÇéÌ�ÖÍÆà¾�Ó�Æ Þ}ÉQj;á�Ä-ÞWÀÈÖ�É � Ì�¿�¾�Æ�ÆÈÌ�ÖÍÀÅÑ_¡ÁÛOÇ�Â ÀÈÇÁÂWÉ�ÚÝÀvç
ô��mõ]n<Ì�ÌÍÆÈÉ�¡�ã�É²Ì�ÂWÖ�É�¡y¼�Ä�ÀÅÄ|Ó�É�ÎFÃWÀÈÖÍ¾�ÃWÀÈÌÍÄ8Ì�Ô�ÃWÏwÉPÆÅ¾�åcÎQÌ�Ô�ÃWÏwÌÍÛwÖÍÏ|ÃX¡�ÌÍÄdåcÏÁÀàÑ Ï�¾�Â ÉÝÔ'ÌÍÛÁÄÁ¿wÉ�¿dÚÝ¾�ÃWÏwÉ�Ú�¾�ÃWÀÅÑ²¾�ÆÃWÏwÉ²Ì�Â3ÀÈÉ�Î�Ì�Ô�ÆÈÌ�ÖÍÀÅÑ�¾�ÄÁ¿mÇÁÂWÌ�½�¾�½�ÀàÆÅÀÈÃ�±7í��[¾�åiÎ�Ì�Ô�ÃWÏwÌÍÛwÖÍÏ|Ã3î3ï��d¾�á�ÃFÌÍÄð¾�ÄÁ¿ � ¾�½ÊÉ²Â ÆÈÉ²±�ï��[ÌÍÄÁ¿wÌÍÄ�ï ¶ C�Í-�wç
ô ¶ Òuõ+n<Ì�ÌÍÆÈÌÍÎ²ïéã+ç × çÈï�Ë�É�ñÊÂWÉ²±�ï�êQçéæ�çÈïuæ<ÌÍÚ;ÇuÛwÃW¾�½�ÀÅÆÅÀÅÃ�±Ý¾�ÄÁ¿ðÆÈÌ�ÖÍÀÅÑ�ïéæ#¾�Ú]½ÁÂ Àà¿wÖ�É�òiÄÁÀÅÓ�É²Â ÎWÀÈÃ�±©ã�ÂWÉ�ÎWÎ²ï�ó��Båx�wç
ôôó�óâõ+n<Ì�Â ÀvßÑ²À�õÑ�ï�n<Â ¾�Ä�ÀÅÎWÆÅ¾HÓuïw¼�ÄwÌ�ÃFÉ�ÌÍÄPÇÁÂ Ì�½�¾�½�ÀÅÆÅÀàÎFÃWÀÅÑ�Ó�¾�ÆÅÀÅ¿ÁÀÅÃ�±�Ú;É�¾�ÎWÛÁÂWÉ�ÀÅÄÝÇ�ÂWÌ�ÇÊÌÍÎWÀÈÃWÀÈÌÍÄÁ¾�ÆuÑ²¾�ÆÅÑ²ÛÁÆÅÀÕï�ËÍÌÍÛwÂ ÄÁ¾�ÆuÌ�ÔÃWÏwÉQ=Fã%ãh�yïwÓ�ÌÍÆvç Ä ï�ÄwÌwç�Í�ï¢å�ö�ó�Ü�å�ö-�wï�ó�����Í�ç
ôôó�ömõ+n<Ì�Â ÀvßÑ²À�õÑ�ï�n<Â ¾�Ä�ÀÅÎWÆÅ¾HÓuï�êc¾~ßÎFá�ÌxÓ�À�õÑ�ï � ÀÈÌ�¿wÂ ¾�Öwïw¼$Ç�ÂWÌ�½�¾�½�ÀÅÆàÀÅÎFÃWÀÅÑ#Ó�¾�ÆÅÀÅ¿ÁÀÅÃ�±;Ú;É�¾�ÎWÛwÂ É×ÀàÄrÀÅÄ|ÃWÛÁÀÈÃWÀÅÌÍÄÁÀÅÎFÃWÀÅÑ#Ç�ÂWÌ�ÇÊÌ_ÉÎWÀÅÃWÀÈÌÍÄÁ¾�Æ�ÆÈÌ�ÖÍÀÅÑ�ï � ¾�ÃWÏwÉ�Ú�¾�ÃWÀàÑ²¾Ýn#¾�ÆÈá�¾�ÄÁÀÅÑ²¾�ï�Ä�ç÷Î�çwÓ�ÌÍÆvç[óXÒ�ïÁÔ�¾�ÎWÑ�çÁ�wï Ä j�Í9Ü Ä å�ö�ï�ó�����j�ç
ôôó Ä õ+n#ÛwÂWÖ�É�Î Î²ï�ËÍÌÍÏÁÄRã!çÈï���Ì�ÖÍÀÅÑi¾�ÄÁ¿;ÃWÀÅÚ;É�ï�ë�ÏwÉ!ÞFÌÍÛwÂ Ä�¾�ÆwÌ�Ô�ÎF±�ÚQ½ÊÌÍÆÅÀÅÑ�ÆÅÌ�ÖÍÀÅÑ�ï~Ó�ÌÍÆvç~���wï�ÄÁÌwçÍ�wïIÍ�j�j�ÜqÍ�C�ö�ï�ó��Bå���ç
ôôó��_õ+n#ÛwÂWÖ�É�Î Î²ï!ËÍÌÍÏÁÄ�ã!çÈï�n#¾�ÎWÀÅÑ;ÃFÉ�Ä�ÎFÉ�ÆÈÌ�ÖÍÀÅÑ�ï�ÇÊÌ�ÖÍÆÅ¾HÓ�Æ Þ}É Ä Û)á�Ä-ÞWÀÈâ�À�A�¾�ÄÁ¿w½ÊÌ|Ì�ákÌ�ÔhÇuÏÁÀÅÆÈÌÍÎFÌ�ÇuÏÁÀÅÑ²¾�Æ!ÆÈÌ�ÖÍÀÅÑ�ï�Ó�ÌÍÆ=W=�ïwÉ�¿ÁÀÈÃFÌ�Â3À[ã×¾�½Á½�¾H±�ïuø+çÈïéã×ÛwÉ�Ä|ÃWÏÁÄwÉ²ÂHïÁBhçÈïéC��]Ü7ó Ä�Ä ïuø+ç�êcÉ�ÀÅ¿wÉ�Æ6ãhÛw½�ÆÅÀÅÎ ÏÁÀÅÄwÖ+æ#ÌÍÚ;Ç�çÈï[ó���C-�wç
ôôó^Ímõ;æ#¾�Â3ÄÁ¾�Ç�ïÁêcÛ�¿wÌÍÆÈÔ¦ï��[Ì�ÖÍÀÅÑ²¾�Æ�Ô'ÌÍÛÁÄÁ¿Á¾�ÃWÀÅÌÍÄÁÎ#Ì�Ô�ÇÁÂWÌ�½�¾�½�ÀàÆÅÀÈÃ�±�ï�ë�ÏwÉ4ò�ÄÁÀÈÓ�É²Â3ÎWÀÈÃ�±PÌ�Ôyæ#ÏÁÀÅÑ²¾�Ö�Ìlã�ÂWÉ�ÎWÎ²ï�ó���Í_Ò�ç
ôôó�jmõ;æ#¾�Â3ÄÁ¾�Ç�ï�êiÛÁ¿wÌÍÆÈÔ¦ï���Ì�ÖÍÀÅÑ²¾�Æ�Ñ�ÌÍÄ|ÃWÀÅÄ�ÛÁÛÁÚùÌ�ÔiÀÅÄ�¿ÁÛÁÑ�ÃWÀÈÓ�É�Ú;É²ÃWÏwÌ�¿ÁÎ²ï�ëcÏwÉPò�ÄÁÀÈÓ�É²Â3ÎWÀÈÃ�±�Ì�Ô×æ#ÏÁÀàÑ²¾�Ö�Ì�ã�ÂWÉ�ÎWÎ²ïó���Í�ö�ç
ôôó�å�õ;æ<É�Ä�¿wÂWÌHåiÎFá-¾rËwçÈï�n<Â ¾�Ú;É²Â � çÈïu=¦Ä�ÎWÀÅ¿wÉ�¾�ÄmÉ�Ò�ÇÊÉ²ÂWÃcÎF±�ÎFÃFÉ�Ú ÿ ¾�Â ¾�ÃWÀÅÌÍÄÁ¾�Æ�ÂWÉ�Ñ�ÌÍÄÁÎWÃFÂ ÛÁÑ�ÃWÀÈÌÍÄðÌ�Ô!ÃWÏÁÉ � ÐQæ<=8ñÑ�ÌÍÄÁÎ ÛÁÆÈÃW¾�ÃWÀÈÌÍÄmÎW±�ÎFÃFÉ�ÚmïÁÇÊÌ�ÖÍÆÅ¾�Ó�Æ ÞFÉ�ó^Í;ÛOá�Ä-ÞFÀÅâ�Àé¼iÂWÃWÀ?ÐuÑ²ÀÅ¾�Æ�ÀÅÄ|ÃFÉ�ÆÅÆÅÀÈÖ�É�ÄÁÑ�É�ïwÃFÌ�ÌÍÆÅÎ²ïwÃFÉ�Ñ3ÏÁÄÁÀÅú�ÛwÉ�Î�¾�Ä�¿m¾�ÇÁÇ�ÆÅÀàÑ²¾uÉÃWÀÈÌÍÄ�Î²ïwÉ�¿ÁÀÈÃFÌ�Â À[" Ø × ÏwÉ�¾;ë�ç�À�ÙhÀÅÎFÉ�ÄÁÎWÃW¾�¿wÃ � çÈïuAi¾�ÇÊÉ²Âc¾�ÄÁ¿ðê�ÌHåQï[ó���C-�wç
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û9ü�ý}ü þ ÿuþ
ôôó�Cmõ;æ#Ï�¾�ÄwÖwïéæ�çéæ×çÈïu^�É�ÀÅÎ ÆÈÉ²Â�ï�Ë�É²Â ÌÍÚ;ÉQA]çÈï � Ì�¿wÉ�Æ[ÃWÏwÉ²Ì�ÂW±�ï × ÃWÛÁ¿ÁÀÈÉ�ÎcÀÅÄmÆÈÌ�ÖÍÀÅÑQ¾�ÄÁ¿OÃWÏwÉ]Ô`ÌÍÛÁÄ�¿Á¾�ÃWÀÈÌÍÄOÌ�Ô�Ú�¾�ÃWÏIÉÉ�Ú�¾�ÃWÀàÑ²Î²ïÁÓ�ÌÍÆvç¢å Ä ï5ñcÌ�ÂWÃWÏ�É�AcÌÍÆÅÆà¾�ÄÁ¿�ï�ó��Bå�å|ç
ôôó��mõ;æ<Â ÌÍÎWÎ²ïéæ�çÁn�çÈïéBwÂWÌÍÚìå<Ì�Â ÆÅ¿�Î�ÃFÌÝÇÁÂ Ì�½�¾�½�ÀÅÆÅÀÅÃWÀÈÉ�Î ÿ ¾;ÇÁÂWÌ�½�¾�½uÀÅÆÅÀÅÎFÃWÀàÑiÎFÉ�ÚÝ¾�Ä~ÃWÀÅÑ²ÎcÔ`Ì�ÂiÚ;Ì�¿�¾�Æ�ÆÈÌ�ÖÍÀÅÑ²Î²ïéË�ÌÍÛwÂ Ä�¾�ÆÌ�Ô�ã�Ï�ÀÅÆÈÌÍÎFÌ�Ç�Ï�ÀÅÑ²¾�Æu�[Ì�ÖÍÀÅÑ�ïuö�ï[ó�j��9Ükó���ö�ï�ó���� Ä ç
ô�ö_Òuõ;æ#ÛÁÃWÆÅ¾�ÄÁ¿�ï"ñiÀÈÖ�É�Æ�ËwçÈï�æ<ÌÍÚ;Ç�ÛÁÃW¾�½�ÀÅÆÅÀÈÃ�± ÿ ¾�Ä�ÀÅÄ|ÃFÂWÌ�¿�ÛÁÑ�ÃWÀÈÌÍÄ ÃFÌ�Â É�Ñ²ÛwÂ ÎWÀÈÓ�ÉOÔ�ÛÁÄÁÑ�ÃWÀÅÌÍÄ�ÃWÏwÉ²Ì�ÂW±�ïcæ#¾�Ú]½ÁÂ ÀÅ¿ÁÖ�ÉÛÁÄ�ÀÈÓ�É²Â ÎWÀÈÃ�±ÝÇÁÂ É�ÎWÎ²ï�ó���C�j�ç
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ô�ö�Ímõ Éø�Ì�Â ¿ Ì�É²Ó�À3õÑ�ï�êc¾�¿wÌÍÎW¾HÓuï�¼�ÄÁ¾�ÆÅÀÅÃWÀÅÑ�Ñ�ÌÍÚ;Ç�ÆÈÉ²ÃFÉ�ÄwÉ�Î Î�ÃWÏwÉ²Ì�ÂWÉ�Ú Ô`Ì�ÂrÎWÀÅÄwÖÍÛÁÆà¾�Â+½uÀÈÇÁÂWÌ�½�¾�½uÀÅÆÅÀÈÃ�±dÚ;Ì�¿ÁÉ�ÆÅÎ²ï � ¾�ÃWÏ�ç�[Ì�ÖÍÀÅÑ��×ÛÁ¾�Ã²çÈï Ä ��ïuö�ö�C+Ü�ö Ä Ò�ï�ó���� Ä ç
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þ ÿéþ �
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