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¿¬±�³²Âe±�Ïª«Æ³²¥4ÃÆÅ1¥4ÃHÉ¯³ª«�§²·¥¬Ç�ÈeÉ¯©_§ª« Ëç ¥=Âe±�Ïª®Ò¯§�Å1ÃH®ÝÐÑÅ1±Ä·Ã�Ï Þ Poss � Poss(a, s)
ÙÒÉ¢ÐÑÅp§²ÃÄ¯©p¥

a
³ª«ÄÃRÂY©À«�«Ä·ÈeÉ¯³C³²¥ß«�·ÃÄ´ÕÅ1ÃÄ¯©p¥

s Ë�
x
³²Ã

y
¶pÅ1±ÄÓÅ1ÈeÉ¯³ª«¦®e³�Ã �_Â\³6»Ê¹�����	â¿

s
¶ÀÅ1±ÄÓÅ1ÈeÉ¯³ ®e³CÃ �ÊÂY³w¾�
�	����	�
ø»��f¿

a
¶ÀÅ1±ÄÓÅ1ÈeÉ¯³ ®e³CÃ �ÊÂY³��¸½�	�
â»�� Ë �

ÞÒË Poss(PoserSur(x, y), s) ⇔ (Libre(x, s) ∧ Libre(y, s) ∧ x 6= y).
P oss(PoserSurTable(x), s) ⇔ Libre(x, s) � .

ãÒË Ú ÌHÛ�Ü Ù ∀ x y z s (Sur(x, y, s) ∧ Sur(z, y, s)) ⇒ x = z �Ú Ì�Þ¸Ü Ù ∀ x y z s (Sur(x, y, s) ∧ Sur(x, z, s)) ⇒ y = z �Ú Ì�ã¸Ü Ù ∀ x s ¬Sur(x, x, s) ���Ú ÌLêÊÜ Ù ∀ x s Libre(x, s) ⇔ (∀y¬Sur(y, x, s)) �Ú Ì�ë¸Ü Ù ∀ x s SurTable(x, s) ⇔ (∀y¬Sur(x, y, s)) Ë� û������ �Öú�û"! Ô�ÅC®e³²±Ä¥e¯°²±�³�áø©p±ÄÁa´eÉ¯³�³²¥ÊÃÄ±ÆÅ$#¯¥¬³�ÉÓÅCáø©p±ÄÁa´eÉ¯³�«Ä´e·¶ÀÅ1¥4Ã�³À¿ÊÇ4´ÖÐ ·ÉÕ³ª«�ÃL®e©p¥¬§R·¥Ê´eÃÄ·É¯³¦®e³�±ÆÅ8å0©p´eÃ�³²±HÙ
∀ x s (SurTable(x, s) ∨ (∃ y Sur(x, y, s)))

Ú §cá�®e³²´Ò×_¯°²Á6³ Â �e±ÆÅp«�³ ®e³�É¢ÐäÏ²¥¬©p¥¬§ªÏÀ¿Õ³²¥ ÞÒË·Û�ÜcË
ù6ú�û4üªý�þ ÿ ��������� � % ©p±ÄÁ6³CØ¸Ï²¥¬Ï²±ÆÅ1É¯³a®e³�É¢ÐÑÅ8×_¯©pÁ6³ ®ÝÐä³cèÝ³²Ã�«�ÂY©À«Ä·ÃÄ¼áâ«�¿_Âe´e¯«�¥¬Ï²Ø4Å1ÃÄ¼áâ«�¿ÒÂY©p´e±�É¯³ª«RÃÄ±�©p¯« �¬´¬³²¥ÊÃ�«aÙ
Sur Sur(x, y, do(a, s)) ⇐ [a = PoserSur(x, y) ∧ Poss(a, s)] Ë

¬Sur(x, y, do(a, s)) ⇐ [((∃z 6= y a = PoserSur(x, z))∨ a = PoserSurTable(x))∧Poss(a, s)] &ÀË
SurTable SurTable(x, do(a, s)) ⇐ [a = PoserSurTable(x) ∧ Poss(a, s)] '¸Ë

¬SurTable(x, do(a, s)) ⇐ [(∃y a = PoserSur(x, y)) ∧ Poss(a, s)] (ÀË
Libre Libre(x, do(a, s))⇐ [Poss(a, s)∧∃yz(Sur(y, x, s)∧(a=PoserSur(y, z)∨a=PoserSurTable(y)))] )eË

¬Libre(x, do(a, s)) ⇐ [Poss(a, s) ∧ (∃ y a = PoserSur(y, x))] *pË
+-,/.�02143657148:921�;<143>=$?�. .$@4143BA�C D7571:02EF1G969214.�9B=$1H57?I361:0>36C$0B;KJL9-JNM ;<1OC$.PM$;K?�8QA�C$DR34S T�9602?IC$UV1O=W@�X6Y[Z7\[D�?I.]UI?IC ;KJND<9>1:^W84;<CW021/841:9692157?I3636D<M D<;<D_92@I`7D<;a36CWbc0-J�D_9H=RS JdX�?�C$921:0fe

∧¬Surtable(x, s)
ZgGh�8:D�14. 8:?�021I`7?�.i02143657148:921f;<143�=$?�. .$@41434`�A�C Da.aS 1:^WD<jI14.�9/5�J�3H;KJ�8:?I.�960-J�D<.�921L5$;<C 3Bkl?�06921

∀ x y s ¬(Sur(x, y, s) ∧ Sur(y, x, s))
Zm 1:96921O84?�.[960-JND<.[921�571:C$9n3614ELM ;<1:0B36?�C o�JND_9-J�M ;<1IZ$p>14E�JN0-A�C ?�. 3q92?�C$921:kr?ID<3HA[C$1I`Rsut-vNw7x�ylz{y{v�w}|:~ �f�<�c�2ylz{~$��z{y�v�w�ylw$ylz{y��I�K�/�2�G���$�6t:z��ct-�Gz{z��t-vNw z{�6�Nylw z��G`�;<143�J�^$D<?�EF143�=$1�5$02@G��8:?I.�=WD_92DK?�. 3�=RS J�8:92D<?�. 3�kr?I.�9�A�C 1�92?ICW921�36D_92C JN92D<?I.f;KJB021436571:8:921:0-JWZ��LS JNC$9602143�84?I.�960-J�D<.�92143a36?IC o J�D_9-J�M$;<143=$1O841�j�14.$021�?�.�9B@:92@�?IEFD<36143>= JN. 3B;{S @4. ?�. 84@I`�JN� .�=$1/. 1�5�JN3n9602?I5];<1�36CW028Go JN02jI1G0L�{57?�C UV1:�:��UV?IC$3n14.]84D_921:0>C$. 1a���GZ�d,/.FJNC$0-J�D_9�5 C�J�X�?IC$921G0

∧Sur(x, y, s)
E�J�D<3�8IS 143�9�k{J�8:C ;_9-JN92D_k�`�J�CF3614.$3�?��F8414;KJO. 1nEF?[=WD_��1n5�JN3�;�J/kr?�02ELC ;<1>=$1n36C 8:84143636D<?I.�=�S @G9-JN9=$@d=WC D_921O14.]A[C$143�92D<?I.���Z �[Z �$�����G`71:9>=$?�. 8�D<;R143�9>5$02@:kr@:0-J�M$;K1Q=W1�. 1O5 J�3B;{S J�X�?IC$921G0/D<84D{Z� h�;R143�9>5$02@Gkl@:0-JNM ;<1Q=$1�.$1O5�JN3HJdX�?�C$921:0
∧¬SurTable(x, s)

�{8Gk�Z$. ?�921Q�I�GZ� ;R143�9>5$02@:kr@:0-J�M$;K1Q=W1�. 1O5 J�3>JdX�?ICW921:0
∧SurTable(x, s)

�{8:k�Z .$?�921Q�I��
∃ y Sur(y, x, s)

@dA�C$DKU�J�CW9>Y
¬Libre(x, s)
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y
57?ICW0B@48:02D_021Q;�Jfkl?�02ELC ;<1O84?�EF5 ;< :921OD<84D{Z¡ h�;R143�9>5$02@Gkl@:0-JNM ;<1Q=$1�.$1O5�JN3HJdX�?�C$921:0

∧Libre(x, s)
�{8:k�Z$. ?N921Q�V�



ù6ú�û4üªý�þ ÿ �����������
ÛÀË �H±	�p§ª³ßÅ1´Ò×B§ª©p¥4ÃÄ±ÆÅ1·¥4Ã�³ª« Ú ÌLêÊÜ ³²Ã Ú Ì�ë¸Ü ¿�ÃÄ±ÆÅp®Ò´e·Ã�³ª«)±�³ª«ÄÂ\³ª§²ÃÄ·¶¸³²Á6³²¥ÊÃ6ÂÕÅ1±6É¯³ª«µ®e³²´Ò×B®e³²±Ä¥e¯°²±�³ª«µáâ©p±ÄÁj´eÉ¯³ª«®e©p¥e¥¬Ïª³ª«ß§²¼æ�®e³ª«�«Ä´¬« ³²¥ ÇÊ´¬³ª«ÄÃÄ¯©p¥ ÞÒËÑÞÒË·Û Ú ã¸Ü ¿R©p¥/ÂY³²´eÃ=«Ä´eÂeÂe±Ä·Á6³²±=É¯³ª« �¬´¬³²¥4Ã�« Libre

³²Ã
SurTable

¿L¥¬³
§ª©p¥¬«�³²±Ä¶ÀÅ1¥4Ã¦ÇÊ´¬³�É¯³��¬´¬³²¥4Ã

Sur Ë
� ©p¯§²R§ª©pÁµÁ6³²¥4Ã6©p¥�Â\³²´eÃµÅ1É¯©p±�«w±�ÏªÏª§²±Ä·±�³ É¯³ª«aáø©p±ÄÁ6³ª«wØ¸Ï²¥¬Ï²±ÆÅ1É¯³ª«µ®e³ª«¨®e³²´Ò×�Å8×Ò¯©pÁ6³ª«¨®ÝÐä³cèY³²Ã�«µ®Ò´ �¬´¬³²¥4Ã
Sur

Ù
Sur(x, y, do(a, s)) ⇐ [a = PoserSur(x, y) ∧ (Libre(x, s) ∧ Libre(y, s) ∧ x 6= y)]

¿¬«Æ©p·Ã
Sur(x, y, do(a, s)) ⇐ [a = PoserSur(x, y) ∧ ∀z¬Sur(z, x, s) ∧ ∀z¬Sur(z, y, s) ∧ x 6= y] Ë
¬Sur(x, y, do(a, s)) ⇐ [(∃z 6= y a = PoserSur(x, z) ∧ Poss(a, s)) ∨ (a = PoserSurTable(x) ∧
Poss(a, s))]

¿¬«�©p·Ã
¬Sur(x, y, do(a, s)) ⇐ [(∃z 6= y a = PoserSur(x, z) ∧ Libre(x, s) ∧ Libre(z, s) ∧ x 6= z) ∨ (a =
PoserSurTable(x) ∧ Libre(x, s))]

¿Õ«�©p·Ã
¬Sur(x, y, do(a, s)) ⇐ [(∃z 6= y a = PoserSur(x, z)∧∀x′¬Sur(x′, x, s)∧∀x′¬Sur(x′, z, s)∧x 6=
z) ∨ (a = PoserSurTable(x) ∧ ∀x′¬Sur(x′, x, s))] Ë

ÞÒË � ©p¯§²aÅ1É¯©p±�«=É¢ÐÑÅ8×Ò¯©pÁ6³!®e³!«Ä´¬§ª§ª³ª«Æ«Ä¯©p¥~®ÝÐäÏ²ÃÆÅ1Ã9®Ò´ �¬´¬³²¥ÊÃ
Sur

¿R³²¥DáâÅ1¯« Å1¥4ÃßÉ¢Ð � �ÊÂY©pÃ
�¬°ª«�³!®e³éáâ³²±ÄÁ6³²ÃÄ´e±�³
§�Å1´¬«ÆÅ1É¯³6Ù
Sur(x, y, do(a, s)) ⇔ {[a = PoserSur(x, y) ∧ ∀z(¬Sur(z, x, s) ∧ ¬Sur(z, y, s)) ∧ x 6= y] ∨
[Sur(x, y, s) ∧ ¬∃z (a = PoserSur(x, z) ∧ ∀x′(¬Sur(x′, x, s) ∧ ¬Sur(x′, z, s) ∧ x 6= z)) ∧ ¬(a =
PoserSurTable(x) ∧ ∀x′¬Sur(x′, x, s))]} Ë

ù6ú�û4üªý�þ ÿ ����������
ÛÀË ÔÖ³ª«aáø©p±ÄÁa´eÉ¯³ª«¨®e³ª«aÇÊ´¬³ª«ÄÃÄ¯©p¥¬« ÞÒËÑÞÒË·Û Ú ÂY©p·¥4Ã�« Ú Þ¸Ü ³²Ã Ú ã¸ÜÄÜ ³²Ãa®Ò´ ÞÒËÑÞÒËÑÞ ®e©p·¶¸³²¥4ÃµÎ²ÃÄ±�³6áâ©p´e±Ä¥e¯³ª«wÂÕÅ1±aÉ¢Ð ´eÃÄ¼æÉ·¯«ÆÅ1Ã�³²´e± ËLÌ ³=«�©p¥ÊÃµÉ¯³ª«¨áâ©p±ÄÁj´eÉ¯³ª«6ÇÊ´e�®eÏª§²±Ä·¶¸³²¥4Ã�¿KÅp«Æ«�³��=¥ÕÅ1ÃÄ´e±�³²É·É¯³²Á6³²¥4Ã�¿LÉ¯³ª«¨±�°²ØÀÉ¯³ª«6®Ò´ ®e©pÁ)Å1·¥¬³=Âe±�Ïª§²¯«§ª©p¥¬«Ä¯®eÏ²±�ÏC¯§² Ë� û������ �Öú�û ! � ¥µ±�Ï�Å1É··Ã�Ï�®ÝÐÑÅ1·É·É¯³²´e±�«�¿¸³²¥6§ª³RÇÊ´e¬§ª©p¥¬§ª³²±Ä¥¬³RÉ¯³ ÞÒËÑÞÒËÑÞ Ú Þ¸Ü §ª³�¥¬³R«�©p¥ÊÃ�Á6Î²Á6³�ÂÕÅp«�É¯³ª«oáâ©p±ÄÁj´eÉ¯³ª«®e³²Á)Å1¥¬®eÏª³ª«�¯§²ÖÇÊ´eÖ®e©p·¶¸³²¥4ÃHÎ²ÃÄ±�³�áâ©p´e±Ä¥e¯³ª«�¿eÁ)Å1¯«�«�³²´eÉ¯³²Á6³²¥ÊÃ�Ã�©p´¬«RÉ¯³ª«Rô Å8×_¯©pÁ6³ª«�®ÝÐä³cèY³²Ã�«�·¥¬®Ò·¶Ê¯®Ò´¬³²É¯«0öµÙ

Sur(x, y, do(a, s)) ⇐ [a = PoserSur(x, y) ∧ Poss(a, s)] �
¬Sur(x, y, do(a, s)) ⇐ (∃z 6= y a = PoserSur(x, z) ∧ Poss(a, s))

¿e³²Ã
¬Sur(x, y, do(a, s)) ⇐ (a = PoserSurTable(x) ∧ Libre(x, s)) ËÔÖ³ß«�Ò«ÄÃ�°²Á6³=®e©p·Ã)« Åª¶¸©p·±)§ª©pÁaÈe·¥¬³²±TÉ¯³ª«6®e³²´Ò×B®e³²±Ä¥e¯°²±�³ª«)áø©p±ÄÁa´eÉ¯³9Å �¬¥ ®e³=ÃÄ±�©p´e¶¸³²±6ÉÓÅ áø©p±ÄÁ6³ Ø¸Ï²¥¬Ï²±ÆÅ1É¯³
áø©p´e±Ä¥e¯³¦³²¥ ÞÒËÑÞÒËÑÞ Ú Þ¸Ü � §cá � ±�©pÉ¯©pØaÂÕÅ1±L³c×e³²ÁµÂeÉ¯³�©��)§ª³²ÉÓÅ «Æ³5áâÅ1·ÃK« �_«ÄÃ�Ï²Á)Å1ÃÄ¯ÇÊ´¬³²Á6³²¥4Ã�³²ÃK®e³�á¢Å��ª©p¥6¥ÕÅ1ÃÄ´e±�³²É·É¯³ ��Ë
� §²¢¿�·É5¥ÖÐ �EÅ9ÇÊ´ÖÐ ´e¥!ô Å8×Ò¯©pÁ6³�®ÝÐä³cèY³²Ã¨·¥¬®Ò·¶_¯®Ò´¬³²É¼ö)Â\©À«�·ÃÄ¼á0¿�Ç4´e�§ª©p¥¬®Ò´e·Ãµ®e©p¥¬§T®Ò·±�³ª§²Ã�³²Á6³²¥ÊÃ)àßÉÓÅßáø©p±ÄÁ6³
Ø¸Ï²¥¬Ï²±ÆÅ1É¯³À¿Õ³²Ã�®e³²´Ò×�ô Å8×Ò¯©pÁ6³ª«�®ÝÐä³cèY³²Ã�«�·¥¬®Ò·¶Ê¯®Ò´¬³²É¯«Äö�¥¬Ï²Ø4Å1ÃÄ¼áâ« Ë
ÔÖ³ª«Háâ©p±ÄÁj´eÉ¯³ª« ®Ò´ ÞÒËÑÞÒËÑã ®e©p·¶¸³²¥4ÃjÂ\©p´e¶¸©p·± Î²ÃÄ±�³¨§�Å1É¯§²´eÉ¯Ïª³ª«CÂÕÅ1±CÉ¯³¨«�Ò«ÄÃ�°²Á6³ ÙY³²¥éÂÕÅ1±ÄÃÄ¯§²´eÉ·¯³²±jÉ¯³aÂY©p·¥4Ã Ú Þ¸ÜÃÄ±ÆÅ1¥¬«0áâ©p±ÄÁ6³ É¯³ª«�®e©p¥e¥¬Ïª³ª«¦¥ÕÅ1ÃÄ´e±�³²É·É¯³ª«H³²¥ß´e¥¬³Cáâ©p±ÄÁj´eÉ¯³jÉ¯©pØÀ¯Ç4´¬³jÂeÉ·´¬«�§ª©pÁµÂeÉ¯³c×e³jÇÊ´eÖ·¥4Ã�°²ØÀ±�³aÉÓÅ¨¥¬©pÃÄ¯©p¥�®e³
ô�Â\³²±�«�¯«ÄÃÆÅ1¥¬§ª³cö ©p´�ô�®ÝÐ ·¥¬³²±ÄÃÄ¯³cö Ú ØÀ±	�p§ª³jàwÉÓÅaô¢áâ³²±ÄÁ6³²ÃÄ´e±�³ §�Å1´¬«ÆÅ1É¯³cö ÜcË

ÞÒË ÔÖ³ª« �¬´¬³²¥ÊÃ�«�ô�·¥Ê´eÃÄ·É¯³ª«0öCÂ\³²´e¶¸³²¥ÊÃ�«�³²±Ä¶_·±¦à¨®eÏª§²±Ä·±�³C´e¥¬³ «Ä·ÃÄ´ÕÅ1ÃÄ¯©p¥9ÂÕÅ1±ÄÃÄ¯§²´eÉ·¯°²±�³À¿Õ«Ä´e±ÄÃ�©p´eÃ�ÇÊ´ÕÅ1¥¬®ß©p¥ß§ª©p¥¬«Ä¼æ®e°²±�³�´e¥6ÈeÉ¯©_§RÂe±�Ïª§²¯«¦Ù
Libre(x, s)

¥¬³�«�³�±�Ïcáâ°²±�³�³c×ÒÂeÉ··§²·Ã�³²Á6³²¥ÊÃRÇ4´ÖÐÑà�´e¥¬³�«�³²´eÉ¬ÈeÉ¯©_§À¿¸§ª³²É·´eÕ±�³²Âe±�Ïª«�³²¥ÊÃ�Ï�ÂÕÅ1±
ÉÓÅ=¶ÀÅ1±ÄÓÅ1ÈeÉ¯³)®ÝÐä©pÈÒåÄ³²Ã

x
¿�ÃÆÅ1¥¬®Ò¯«aÇÊ´¬³µÉÓÅ=áø©p±ÄÁa´eÉ¯³TÏªÇÊ´e·¶pÅ1É¯³²¥ÊÃ�³

∀y¬Sur(y, x, s)
«�³µ±�Ïcáâ°²±�³)³c×ÒÂeÉ·¯§²·Ã�³²Á6³²¥4Ã

à=Ã�©p´¬«aÉ¯³ª« ÈeÉ¯©_§ª« Ë � ÉK³²¥ ³ª«ÄÃa®e³)Á6Î²Á6³6ÂY©p´e± SurTable(x, s) ËÍÌ ³ª«w®e³²´Ò× ô Å1Èe±�Ï²¶ÊÓÅ1ÃÄ¯©p¥¬«Äö)©p¥4Ã¨®e©p¥¬§6´e¥·¥4Ã�Ï²±�Î²Ã¦Âe±ÆÅ1ÃÄ¯Ç4´¬³ §ª³²±ÄÃÆÅ1·¥ Ë
ãÒË ÔÖ³ Âe±�©pÈeÉ¯°²Á6³w®e³ ÉÓÅ)Ç4´ÕÅ1É·��Õ§�Å1ÃÄ¯©p¥ ®e³ª«¦Åp§²ÃÄ¯©p¥¬«H³ª«ÄÃ¦¯§²�§ª©p¥¬«Ä¯®eÏ²±�Ïa§ª©pÁµÁ6³j±�Ïª«�©pÉ·´�ÂÕÅ1±�É¯³ª«¦®e©p¥e¥¬Ïª³ª«¦³²É·É¯³ª«0æÁ6Î²Á6³ª« ÙÊÉ¯³ª«R®e©p¥e¥¬Ïª³ª«�«�³¦ÃÄ±ÆÅp®Ò´e¯«�³²¥4Ã�ÂÕÅ1±R®e³ª«RÏªÇÊ´e·¶pÅ1É¯³²¥¬§ª³ª«�Â\©p´e±�É¯³HÂe±�Ïª®Ò¯§�Å1Ã

Poss
¿Ê§ª³�ÇÊ´eY«�·ØÀ¥e��Õ³CÇ4´¬³

É¢Ðä©p¥9§ª©p¥e¥ÕÅ$#¯Ã�³c×¬Åp§²Ã�³²Á6³²¥4Ã¦Ã�©p´eÃ�³ª«�É¯³ª«�§ª©p¥¬®Ò·ÃÄ¯©p¥¬«HÇ4´eÝ±�³²¥¬®e³²¥ÊÃ�´e¥¬³jÅp§²ÃÄ¯©p¥9Â\©À«�«�·ÈeÉ¯³ Ë



� Å1±R§ª©p¥ÊÃÄ±�³À¿ÊÉ¯³¦Âe±�©pÈeÉ¯°²Á6³�®Ò´�§�Åp®Ò±�³ Ú ©p´ ®e³�É¢Ð ·¥¬³²±ÄÃÄ¯³¨Ù4«Æ³²´eÉ¯³ª«LÉ¯³ª«5§��¬©À«Æ³ª«5®e©p¥ÊÃ�É¯³ª«L®e©p¥e¥¬Ïª³ª«5Á6³²¥4ÃÄ¯©p¥e¥¬³²¥ÊÃ®Ò·±�³ª§²Ã�³²Á6³²¥4Ã)©p´ ¥¬©p¥BÇ4´ÖÐä³²É·É¯³ª«wÂY³²´e¶¸³²¥4Ã6Î²ÃÄ±�³TÁ6©Ê®Ò��ÕÏª³ª«µ«Æ©p¥4Ãµ³cèY³ª§²ÃÄ·¶¸³²Á6³²¥ÊÃµÁ6©Ê®Ò��fÅ1ÈeÉ¯³ª« Ü ³ª«�ÃaÃÄ±ÆÅp®Ò´e·ÃÂÕÅ1±�É¯³j« �_«ÄÃ�°²Á6³ Ë ÔKÐ ´eÃÄ·É·¯«ÆÅ1Ã�³²´e±�áâ©p´e±Ä¥e·Ã�§ª©pÁµÁ6³a®e©p¥e¥¬Ïª³ª«�É¯³ª«HÅ8×_¯©pÁ6³ª«¦®ÝÐä³cèY³²Ã�« Ú Â\©À«Ä·ÃÄ¼áâ«�³²Ã�¥¬Ï²Ø4Å1ÃÄ¼áâ« Ü ®e³§��ÕÅpÇÊ´¬³ �¬´¬³²¥ÊÃ�¿f³²Ã¦É¯³j«�Ò«ÄÃ�°²Á6³À¿¬³²¥�´eÃÄ·É·¯«ÆÅ1¥4ÃH´e¥¬³jáø©p±ÄÁ)Å1É·¯«ÆÅ1ÃÄ¯©p¥ ®e³ É¢Ð � �ÊÂY©pÃ
�¬°ª«�³a®e³Cáâ³²±ÄÁ6³²ÃÄ´e±�³a§�Å1´¬«ÆÅ1É¯³À¿
ÃÄ±ÆÅp®Ò´e·Ã¦§ª³²ÉÓÅ¨³²¥ß´e¥¬³Cáø©p±ÄÁa´eÉ¯³CÂeÉ·´¬«�§ª©pÁµÂeÉ¯³c×e³À¿¬É¢ÐÑÅ8×Ò¯©pÁ6³ ®e³C«Ä´¬§ª§ª³ª«�«Ä¯©p¥�®ÝÐäÏ²ÃÆÅ1Ã Ë

ù6ú�û4üªý�þ ÿ ����������� � ÂeÂY³²É¯©p¥¬« F0

ÉÓÅaáø©p±ÄÁa´eÉ¯³ ¶¸©p´eÉ·´¬³C¯§²LÙ
Sur(x, y, S0) ⇔ [(x = A ∧ y = B) ∨ (x = B ∧ y = C) ∨ (x = D ∧ y = E)].

� û������ �Öú�û ! �H±	�p§ª³aàwÉÓÅwáø©p±ÄÁ)Å1É·¯« Å1ÃÄ¯©p¥9®e³ Ú Ì�ë¸Ü áâ©p´e±Ä¥e¯³ ³²¥ ÞÒËÑÞÒË·Û Ú ã¸Ü ¿ F0

·ÁµÂeÉ·¯ÇÊ´¬³
SurTable(x, S0) ⇔ (x = C ∨ x = E).

ù6ú�û4üªý�þ ÿ ����������� � ©p·Ã F (s)
ÉÓÅaáâ©p±ÄÁj´eÉ¯³a®eÏª§²±Ä·¶pÅ1¥ÊÃ�ÉÓÅ¨«Ä·ÃÄ´ÕÅ1ÃÄ¯©p¥=ô �¬¥ÕÅ1É¯³cö�¶¸©p´eÉ·´¬³)Ù

Sur(x, y, s) ⇔ [(x = A ∧ y = B) ∨ (x = B ∧ y = C) ∨ (x = C ∧ y = D) ∨ (x = D ∧ y = E)].

Ô�àµ³²¥¬§ª©p±�³À¿eØÀ±	�p§ª³jàµÉÓÅaáø©p±ÄÁ)Å1É·¯«ÆÅ1ÃÄ¯©p¥�®e³ Ú Ì�ë¸Ü áâ©p´e±Ä¥e¯³ ³²¥ ÞÒËÑÞÒË·Û Ú ã¸Ü ¿ F (s)
·ÁµÂeÉ·¯Ç4´¬³

SurTable(x, s) ⇔ (x = E).

ç ¥¬³ «�©pÉ·´eÃÄ¯©p¥ §ª©p¥¬«Ä¯«�Ã�³ à Å8åÄ©p´eÃ�³²±
F0

Å1´Ò×Eáâ©p±ÄÁj´eÉ¯³ª«µ®e©p¥e¥¬Ïª³ª«)³²¥ ÞÒËÑÞÒË·Û ³²Ã ÞÒËÑÞÒËÑÞ ¿�³²Ã6à Å1ÂeÂ\³²É¯³²±¨É¢ÐÑÅp§²ÃÄ¯©p¥§ª©pÁµÂeÉ¯³c×e³ «Ä´e·¶ÀÅ1¥4Ã�³)Ù

[(πx) [ ( (πy) PoserSur(x, y) ) | PoserSurTable(x) ] ]∗ ; F ?

F
®eÏª«Ä·ØÀ¥¬³�¯§²�É¯³6ô�Â¬«�³²´¬®e© �¬´¬³²¥4Ã0ö=§ª©p¥¬«ÄÃÄ·ÃÄ´¬Ï ®e³)ÉÓÅ9áâ©p±ÄÁj´eÉ¯³

F (s)
®¬Å1¥¬«¨ÉÓÅpÇÊ´¬³²É·É¯³�©p¥BÅ�«Ä´eÂeÂe±Ä·Á6Ï Ã�©p´eÃ�³

±�ÏcáâÏ²±�³²¥¬§ª³jà
s
¿e§ª©pÁµÁ6³ ·¥¬®Ò¯ÇÊ´¬Ï ®¬Å1¥¬«RÉ¯³C§ª©p´e±�«¦àwÂe±�©pÂY©À«�®e³ª«�ô�Â¬«�³²´¬®e© �¬´¬³²¥4Ã�«Äö Ë

� û������ �Öú�û !�� ¯³²¥w«��e±�¿�´e¥¬³5Ïª§²±Ä·ÃÄ´e±�³�Å1´¬«Æ«ÄÊ§ª©p¥¬§²¯«�³�³ª«ÄÃÍ«Ä´e±ÄÃ�©p´eÃÍ·¥4Ã�Ï²±�³ª«�«ÆÅ1¥ÊÃ�³R«Ä4É¯³5«�Ò«ÄÃ�°²Á6³K« Å1·ÃÍ©pÂeÃÄ·Áµ¯«�³²±
ÉÓÅT±�³ª§	�¬³²±�§��¬³6®e³aÉ¢ÐÑÅp§²ÃÄ¯©p¥

[(πx)((πy)PoserSur(x, y)|PoserSurTable(x))]∗
Å �¬¥�®e³¨«ÆÅ1ÃÄ¯«0á¢Å1·±�³wÉ¯³jÃ�³ª«�Ã �¬¥ÕÅ1ÉÚ

F ? ÜcË ç ¥¨®e³ª«o©pÈÒå0³ª§²ÃÄ¼áâ«o®e³KÉ¢ÐäÏªÇÊ´e·Â\³�ÇÊ´eÒÅ¦§ª©p¥ �²´ � ¤HÔ�¤��@³ª«ÄÃo®e³KÂY³²±ÄÁ6³²ÃÄÃÄ±�³�à�´e¥a´eÃÄ·É·¯«ÆÅ1Ã�³²´e±�®e³5Âe±�©pØÀ±ÆÅ1ÁµÁ6³²±´e¥�±�©pÈ\©pÃ�Â\©p´e±H³cèY³ª§²ÃÄ´¬³²±�®e³ª«¦Åp§²ÃÄ¯©p¥¬«H§ª©pÁµÂeÉ¯³c×Ò³ª«H³²¥9´eÃÄ·É·¯« Å1¥4ÃH¥ÕÅ1ÃÄ´e±�³²É·É¯³²Á6³²¥4ÃC®e³ª«�§ª©pÁµÁ)Å1¥¬®e³ª«CÅ1´¬«�«Ä�áâÅp§²·É¯³ª«
à¨³c×ÒÂe±Ä·Á6³²±�ÇÊ´¬³ §ª³²É·É¯³cæ¢ÉÓà Ë


