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(at pkg1 NYC), (at pkg2 SYR),
(at pln NYC)
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(at pkg1 ITH), (at pkg2 ITH)

��:%)6"$.B/�
(Load-Airplane
:parameters (?obj ?airplane ?loc)
:precond (and (at ?obj ?loc)

(at (?airplane ?loc))...)
:effect (and (in ?obj ?airplane)

(not (at ?obj ?loc)))
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e f�ù�û�üOý þ�ÿ�����øúûO÷��
(pkg1 pln NYC)

g h ø i�ýUþ
ÿ�����øúûO÷��
(plane NYC SYR)

j f�ù�û�üOý þ�ÿ�����øúûO÷��
(pkg2 pln SYR)

k h ø i�ýUþ
ÿ�����øúûO÷��
(plane SYR ITH)

l ö�÷Iøúù�û�üOý þ�ÿ�����øúûO÷��
(pkg1 pln ITH)

l ö�÷Iøúù�û�üOý þ�ÿ�����øúûO÷��
(pkg2 pln ITH)
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QR"$:%.0/3"$:%]^d b1b�i6± d1b d cOijd�c Î1³ ³
'2.B:%x�&%)6] ± cOi¡³1Î ±õÆ d cOijd�c b1³ Æ
'2.B:%x�&%)6]^b cOi¡Î1Å b1Î Î cOi6±}d d1³ ±}³
'2.B:%x�&%)6]^d ÍOi¡Å1Å b�± ³ ±hijc�± b1Ä ±�±
#%.0x1. [ +;/3] ± bOi¡Î1Ä ±õÄ Ä cOijÄ�Å b�± Ä
#%.0x1. [ +;/3]^b ³Oi²±1± b�± Æ cOijÆ�Í b1³ Æ
#%.0x1. [ +;/3]^d ³Oi¡b1³ b1d Æ ±hi6±}d b1Ä Æ
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WX'*"$41] ± ±õb1Í�±õc b1d Î cOijc�Í b1³ Î
WX'*"$41]^b î î î cOijc�Î b1Æ Î
WX'*"$41]^d î î î cOi6±}Î b1b d

QR"$:%.0/3"$:%] ± Ä1d�ijÍ b1d Î cOijc�d b1d Í
QR"$:%.0/3"$:%]^b ±õ³�ij³ b1Í Í cOijc�b b1Í Î
QR"$:%.0/3"$:%]^d b1b�i6± d1b d cOijc�Î d1b Î
'2.B:%x�&%)6] ± cOi¡³1Î ±õÆ d cOijc�d ±õÆ d
'2.B:%x�&%)6]^b cOi¡Î1Å b1Î Î cOijc�b b1Î Î
'2.B:%x�&%)6]^d ÍOi¡Å1Å b�± ³ cOijc�³ b�± ³
#%.0x1. [ +;/3] ± bOi¡Î1Ä ±õÄ Ä cOijc�Í b�± Ä
#%.0x1. [ +;/3]^b ³Oi²±1± b�± Æ cOijc�Å b1³ Æ
#%.0x1. [ +;/3]^d ³Oi¡b1³ b1d Æ cOi6±}c b1Ä Æ
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"$/3WIgN"$/ZKZ.B=LK-&�QR<�=$)6"$Y1=$&�+;WX&(/3),#Zi�	�/�+;4�41"$)6"$.B/�)6.�)683&�Y1'2&(A?&%'2&(/3:%&~.BA�#%83.0'q)6&%'

Y1=$+-/3#�AU.B'VQR<O=$),"$]^+-WX&%/3)
Y�'2. [ =$&(Qu#Zg�+-/3.B)683&%'V41&%#("$'*+ [ =$&�Y�'2.BY1&('*)�>lAU.B'C#%<O:%8

Y1=$+-/3#~"$#7)683+;)�&%+-:%8�+;WX&%/G)�+-:%)6"LK-&(=L>�Y�+;'*)6"$:%"$Y�+;)6&%#`"$/�#%.B=LKZ"$/3Ws),83&~Y1'2. [ =$&%Q�i

�1=$+-/3#�n9"$)68u#%<O:%85+`Y�'2.BY1&('*)�>f<O#%<O+;=$=L>783+%K-&w+`#(83.B'*),&('z),.0),+-=B)6"$Qu&J#%Y�+;/u+-/34

+%K-.B"$4u),8G&V:(.B#%)�+-#%#%.0:%"$+-),&(4`n`"$),8l"$41=$"$/3W`+-WX&%/3)6#-i

	�/�.B'24�&%'w)6.@. [ )6+-"$/�+ [ &%)6),&('J<O/34�&%'*#%)6+;/G41"$/3W~.BAG83.rn�83&(<�'*"$#(),"$:f#(&%+-'2:%8

+-/34f:%.0/3#%)6'*+;"$/3)6] [ +-#%&(49Y1=$+-/3/3&%'*#�Y�&%'FAU.B'FQ .B/�QR<O=$),"$]^+-WX&%/3)I&(/ZK-"$'2.0/3QR&%/3)6#-g

n`&f+;4�41&(4�Qu.0'2&`+;WX&%/G),#`"$/3)6.�)683&f)6&%#%) [ &(4�Y1'2. [ =$&%Q "$/3#%)6+;/G:%&%#ZiN�y+ [ =$&`dOi¡b

#%8G.}n9#V),8G&E'*<�/M),"$QR&C.B/|QR<�=$)6"$]^+-W &(/3)GY�'2. [ =$&(QR#-i�	�)O+-=$#%.7#%83.}n`#E)683&V/3<�QR]

[ &('
.BA�AU&%+-),<O'2&T+-:%)6"$.B/3#T<O#%&(4 [ >�&(+;:(8|+-W &(/3)O"$/|),8G&EY1=$+-/�i���.B'2&TY�'2&%:%"$#(&%=L>�g

A?&(+;)6<O'2&�+;:(),"$.B/G#lçLdOgGbOg�Î1èzAU.B'CY1'2. [ =$&%Q #(.Bx1. [ +-/3] ±7QR&%+-/3#@)683+;)p),8G&5P1'*#()

#%.0x1. [ +;/�Y1&('FA?.0'FQR&%4�d�Y1<O#%83&(#-gN)683&�#%&(:%.B/G4lb�Y�<�#(83&%#ZgN+;/34�)683&s)683"$'24�Î



b�Ä

�y+ [ =$&RdOijb�f
.BQRY�+;'*"$#%.0/ [ &()�n`&%&(/��������N�I���I��gp_�D3��g�+;/34����!.0/{QR<O=$),"$]
+-W &(/3)�Y1'2. [ =$&%QR#-i

Y�'2. [ =$&(Q í�+;WX&(/3) �������N�I�����
),"$QR& í1+-:%)6"$.B/ í1AU&%+-),<O'2&E+-:%)6"$.B/

WX'*"$41] ± d ±}dOi¡b b�³ ç�±Bg�±Bg0b�è
WX'*"$41]^b d ±}dOi¡Æ d�± ç�±Bg�±Bg0b�è
WX'*"$41]^d d ±õÎ1Æ Î�d ç�±Bg�±Bgz±}è

QR"$:%.0/3"$:%] ± d Æ�ijb�Î b�Ä çLd�gBd�g0b�è
QR"$:%.0/3"$:%]^b d Æ�ijÎ�³ d�c çLd�gBd�g0d�è
QR"$:%.0/3"$:%]^d Î d�bOi¡Í d�Ä çLbOg0bOg;bOg0b1è
'2.B:%x�&%)6] ± b c�ijd�Æ b�c çLbOg;b1è
'2.B:%x�&%)6]^b b c�ijÄ�b b�Í çLdOg;d1è
'2.B:%x�&%)6]^d b b�ij³�d b�b çLdOg;d1è

#%.0x1. [ +;/3] ± d ±BijÎ�b ±}Æ çLd�gBb�g0Î�è
#%.0x1. [ +;/3]^b d ±BijÆ�Å ±}Ä çLd�gBb�g0b�è
#%.0x1. [ +;/3]^d d dOijb ±}Í çL³�g�±Bg0d�è
Y�'2. [ =$&(Q í�+;WX&(/3) _�D3�

),"$QR& í1+-:%)6"$.B/ í1AU&%+-),<O'2&E+-:%)6"$.B/
WX'*"$41] ± d Í�ijÅ�Í b�³ çLc�gBd�gz±}è
WX'*"$41]^b d d�ijÎ�± b�Å çLc�gBb�g0b�è
WX'*"$41]^d d Ä�i6±}³ d�³ çLc�g�±Bg0b�è

QR"$:%.0/3"$:%] ± d b�i6±}Î b�Æ çLb�gBb�g0Î�è
QR"$:%.0/3"$:%]^b d c�ijÅ�b d�d çLd�gBÎ�gz±}è
QR"$:%.0/3"$:%]^d Î ±BijÍ�Æ Î�c çLbOgz±hg;bOg0b1è
'2.B:%x�&%)6] ± b c�ijd�c b�³ çLÎOg;³1è
'2.B:%x�&%)6]^b b c�i6±}Í d�Í çLÅOg;Å1è
'2.B:%x�&%)6]^d b ±Bij³�d b�Í çLdOg;Ä1è

#%.0x1. [ +;/3] ± d d�ÅOi¡Î ±}Ä çL³�g�±Bg0d�è
#%.0x1. [ +;/3]^b d b�±hi¡Í ±}Í çLd�g�±Bg0³�è
#%.0x1. [ +;/3]^d d d�ÄOi¡Î b�c çLÄ�gBb�g0b�è



b�Å

�y+ [ =$&Vd�ijb�çL
.B/3)6"$/3<�&(41è�i

Y�'2. [ =$&(Q í�+;WX&(/3) �������N�I�����
),"$QR& í1+-:%)6"$.B/ í1AU&%+-),<O'2&E+-:%)6"$.B/

WX'*"$41] ± d ±}dOi¡b b�³ ç�±Bg�±Bg0b�è
WX'*"$41]^b d ±}dOi¡Æ d�± ç�±Bg�±Bg0b�è
WX'*"$41]^d d ±õÎ1Æ Î�d ç�±Bg�±Bgz±}è

QR"$:%.0/3"$:%] ± d Æ�ijb�Î b�Ä çLd�gBd�g0b�è
QR"$:%.0/3"$:%]^b d Æ�ijÎ�³ d�c çLd�gBd�g0d�è
QR"$:%.0/3"$:%]^d Î d�bOi¡Í d�Ä çLbOg0bOg;bOg0b1è
'2.B:%x�&%)6] ± b c�ijd�Æ b�c çLbOg;b1è
'2.B:%x�&%)6]^b b c�ijÄ�b b�Í çLdOg;d1è
'2.B:%x�&%)6]^d b b�ij³�d b�b çLdOg;d1è

#%.0x1. [ +;/3] ± d ±BijÎ�b ±}Æ çLd�gBb�g0Î�è
#%.0x1. [ +;/3]^b d ±BijÆ�Å ±}Ä çLd�gBb�g0b�è
#%.0x1. [ +;/3]^d d dOijb ±}Í çL³�g�±Bg0d�è
Y�'2. [ =$&(Q í�+;WX&(/3) ���

),"$QR& í1+-:%)6"$.B/ í1AU&%+-),<O'2&E+-:%)6"$.B/
WX'*"$41] ± d c�i6±}Ä b�Ä çLÎ�gBc�g0c�è
WX'*"$41]^b d c�i6±�± b�Æ çLd�g�±Bg0c�è
WX'*"$41]^d d ±BijÎ�Î Î�Å çLd�gBb�g0c�è

QR"$:%.0/3"$:%] ± d c�ijc�³ b�d çLÍ�gBc�g0c�è
QR"$:%.0/3"$:%]^b d c�ijc�Î b�Í çLÎ�gBc�g0c�è
QR"$:%.0/3"$:%]^d Î c�ijc�Í d�b çLÎOg0cOg;cOg0c1è
'2.B:%x�&%)6] ± b c�ijc�Î b�c çLÎOg;c1è
'2.B:%x�&%)6]^b b c�ijc�b b�Í çLÍOg;c1è
'2.B:%x�&%)6]^d b c�ijc�Í b�b çLÄOg;c1è

#%.0x1. [ +;/3] ± d Å�ijÄ�Í ±}Æ çL³�g�±Bg0d�è
#%.0x1. [ +;/3]^b d Å�ijÄ�Í ±}Æ çL³�g�±Bgjd�è
#%.0x1. [ +;/3]^d d Æ�ijÆ�Æ ±}Å çLÄ�g�±Bgz±}è



b�Æ

Y1<O#%8G&%#-iJ�O83&�'2&(+;#(.B/�A?.B'V),'*+-:%x1"$/GW5)683&�/3<OQ [ &%'T.0AyA?&(+;)6<�'2&s+-:%)6"$.B/3#�Y�&%'m]

A?.0'FQR&%4 [ >5&%+-:%8l+;WX&(/3)�"$#V)683+-)1n`&C:%+-/M<O#%&C"$)O)6.7+-Y1Y�'2.}v�"$QR+-),&(=L>sQR&%+-#%<O'2&

)683&T'2&%=$+-)6"LK-&�+-:%)6"LK-"$)?>s=$&�K-&%=Z.BA1&%+-:%8�+-W &(/3)3"$/|)683&TY�=$+;/�iN	 /�.0),83&('3n`.B'24�#-gFn`&

:%+-/�<�#(&9),83&(#%&`/3<OQ [ &('q#C)6.�"$4�&%/3)6"$Aj>u83.}n +-:%)6"LK-&(=L>�+;/�+-WX&%/3)zY�+;'*)6"$:%"$Y1+-)6&%#

"$/�),8G&`#%.B=$<O),"$.0/MY1=$+-/�i1�{8G"$W 8G&%'�/3<OQ [ &('�.BA�A?&(+;)6<O'2&C+-:%)6"$.B/3#9&�v�&%:(<�)6&%4 [ >

+-/u+-WX&%/3)G<�#(<�+-=$=L>�"$/34�"$:%+-),&(#w),83+-)3)683&�+-W &(/3)383+-#�+f83"$WX83&('�+-:%)6"LK-"$)?>~=$&2KZ&%=-"$/

)683&VY�=$+;/l),8G+;/l41.�+;WX&%/G),#C&2v�&(:%<O),"$/GWCAU&2n`&%'�AU&%+-),<O'2&E+-:%)6"$.B/3#Zi

��83&~P�'*#%)�. [ #(&%',K-+-),"$.0/�A?'2.BQ£�y+ [ =$&7d�ijb�"$#7)683+;)t�������N�I�N�1� '*<�/3#~QR.B'2&

S-<�"$:(=L>R.B/�Qu.0#%)�.BAG)683&7QR<O=$),"$]^+-WX&%/3)�Y1'2. [ =$&%QR#f)683+;/�.0/�),8G&7#%"$/GW =$&(]^+;WX&(/3)

Y1'2. [ =$&%QR#Zi�	�/lY�+;'*)6"$:%<O=$+;'2gB+-=$=1)683&9QR<�=$)6"$]^+-W &(/3)OW '*"$4RY1'2. [ =$&%QR#C+;'2&C#%.0=LK-&%4�g

n`83"$=$&�.B/3=L>�.B/3&�.0AE)683&�#%"$/GW =$&(]^+;WX&(/3)`WX'q"$4 Y1'2. [ =$&%QR#�:%+-/ [ &�#(.B=LK-&(4 [ >

���2���N�I������it��/�),83&`.0),83&('t83+-/34�g-_�D3��+;/G4��N�l'*<�/�#%=$"$WX83)6=L>uQR.B'2&9#(=$.}n9=L>

.B/�QR.B#%)�QR<O=$),"$]^+-WX&%/3)wY�'2. [ =$&(Qu#R"$/o:%.BQRY�+;'*"$#%.0/!)6.�)683&("$'7'*<�/o)6"$Qu&(#R.B/

#%"$/GW =$&(]^+;WX&(/3)pY�'2. [ =$&(QR#-i7�O8G"$#�Y�83&%/3.0Qu&(/3.B/�"$#RQR.B#%)w. [ K-"$.B<O#u.B/!Y�'2. [ ]

=$&%QR#C"$/l)683&CWX'q"$4u+-/34�#(.Bx1. [ +-/M41.0Qu+-"$/3#Zi

�|&5+-=$#%.�. [ #%&(',K-&%4�)683+-)w�������N�I���I��),&(/341#@)6.�P1/G4�Y1=$+-/3#Cn`83&%'2&5&%+-:%8

+-W &(/3)�Y1+-'*),"$:("$Y1+-),&(#�"$/�)683&R#%.B=$<O)6"$.B/�n`"$)68{+�#("$QR"$=$+;'f+-:%)6"LK-"$)?>�=$&�K-&%=�i@��83"$#

"$#s/3.B)�+�#(<�'*Y1'*"$#("$/3W�'2&%#(<�=$)
#%"$/G:%&@���2�����1�����¢n9"$=$=�),',>l)6.�P�/34�Y1=$+-/3#Vn9"$)68

#%8G.B'*),&('�),"$QR&9#%Y�+;/3#9+-/34R+;=$=$.rn�QR+-/Z>�+-WX&%/3)6#9),.�Y1+-'*),"$:("$Y1+-),&C+;)z)683&9#%+-QR&

)6"$Qu&ZiB�O83&('2&%A?.0'2&-g%&%+-:%8R+;WX&(/3)�41&%QR.B/G#%)6'q+-)6&%#J#%"$QR"$=$+;'�+;:(),"LKZ"$)�>7"$/R)683&wY1=$+-/3#

A?.0<�/34 [ >5���2�����I�N����i�_�D3�@+-/34@���uA?.B<O/34@#(.B=$<O),"$.B/G#�n9"$)68R+~WX'2&%+-)6&%'�KZ+;'*"$]

+-/3:%&s"$/�),83&s+-:%)6"LK-"$)?>M=$&2KZ&%=yð�.B/�#%.BQR&sY1'2. [ =$&%QR#~#%.BQR&s.BA�),8G&�+-WX&%/3)6#s'2&%]

QR+;"$/G&%4�"$41=$&�.B'fn9"$)68å'2&%=$+-),"LKZ&%=L>!=$.}n Y1+-'q)6"$:%"$Y�+;)6"$.B/·+;:(),"LKZ"$)�>{)683'2.B<OWX83.B<O)

)683&lY�=$+;/�i!�
+-#%&(4!.B/·),83&�+ [ .}KZ&M. [ #%&%',KZ+;)6"$.B/3#Zg�)683&�41"$A�AU&%'2&%/G:%&%#M#%83.}n`/

[ >�)683&@:%.0/3#%)6'*+;"$/3)6] [ +-#%&(4�Y1=$+-/3/3&%'*#�+-/34�83&(<�'*"$#(),"$:�#(&%+-'2:%8�Y1=$+-/3/3&('q# [ &%]



d�c

)?n9&(&%/�#%"$/3WX=$&(]^+;WX&%/G)�+;/34�QR<O=$),"$]^+-WX&%/3)tY1'2. [ =$&%QR#s'q+-"$#%&�#(.BQR&�"$/3)6&%'2&%#(),"$/GW

S-<�&(#%)6"$.B/3#-i1��"$'*#%)2g +;'2&�)683&%'2&�n`+m>I#w)6.�-�)Xò²ðkóVY�=$+;/G/3&%'*#-g(&(#%Y1&(:%"$+-=$=L>~83&(<�'*"$#%)6"$:

#%&(+;'2:(8lY�=$+;/G/3&%'*#-g;)6.sP1/34�Y�=$+;/3#9)683+-)yQR&%&%)zY�+;'*)6"$:%"$Y�+;)6"$.B/M'2&(S;<O"$'2&%QR&(/3),#$ñ
D3&(:%.B/34�gh83.rn�n9"$=$=I)683&CY1=$+-/3/3&('q#VY1&('FA?.0'FQ�"$/�.B'241&('�)6.�P1/34u),8G&%#%&CY1=$+-/3#$ñ

	�)�"$#w/3.B)�:%=$&(+;'z8G.}n .B/3&w:%+-/5QR.B4�"$Aj>7)683&wY1=$+-/3/3&%'*#J),.CP1/G4~Y�=$+;/3#JA?.0'�n98G"$:%8

&%+-:%8�+;WX&(/3)�QR&(&%)6#7)683&~Y�+;'*)6"$:%"$Y�+;)6"$.B/�'2&%S-<O"$'2&%QR&%/3)6#-i��O83&('2&%AU.B'2&-gI"$/3#%)6&%+-4

.BA�Qu.041"$Aj>I"$/3W�Y1=$+-/3/3&('q#�)683&(Qu#(&%=LKZ&%#-gZn9&�QR.B41"$A¡>�)683&@Y�'2. [ =$&(Q "$/3#(),+-/3:(&%#

#%.5),83+-)�+;/Z>�Y1=$+-/3#~A?.B'w)683&fY1'2. [ =$&%QR#f&(/3#%<O'2&fQR"$/3"$QR<OQ Y1+-'*),"$:("$Y1+-),"$.0/�.0A

&%+-:%8l+;WX&(/3)*i

�|&MQR.B4�"$Aj>�),8G&MA?&(+;)6<O'2&|+;:(),"$.0/�"$/ ),8G&|41.BQR+-"$/�41&(P1/3"$)6"$.B/�#%.�),83+-)E"$)

n`"$=$=�:(.B/3#%<OQR&9.B/3&`'2&%#(.B<O'2:%&C<�/3"$)�n983&(/�"$)y"$#`+;Y�Y1=$"$&(4Oi���83&%/�g [ >u'2&(#%)6'q"$:(),]

"$/3W@)683&s+%K-+-"$=$+ [ =$&~'2&(#%.B<O'2:%&�<�/G"$),#s+-/�+-WX&%/3)�83+-#s"$/�.0'241&%'E),.u&2v�&(:%<O),&�"$)6#

A?&(+;)6<O'2&f+;:(),"$.0/3#-ghn9&~:%+-/�"$/34�"$'2&%:%)6=L>�Y1<O#%8�)683&7Y�=$+;/G/3&%'*#7)6.@P�/34MY�=$+;/3#~"$/

n`83"$:%8�&(+;:(8o+-WX&%/3)VQR&%&%)6#|)683&|Y�+;'*)6"$:%"$Y1+-)6"$.B/{'2&(S;<O"$'2&%QR&(/3),#Zgz.B's+-)E=$&(+;#()

Y1+-'*),"$:("$Y1+-),&(#�"$/�),8G&@Y1=$+-/�+;)J+M:(&%'*)6+;"$/�=$&�K-&%=�iT��83"$#@Y1+-'*),"$:("$Y1+-),"$.0/�:(+;/ [ &

+-:%83"$&�K-&%4 [ &%:%+-<O#%& [ >�=$"$QR"$),"$/3Wl),8G&�'2&%#%.0<�'2:(&u+-/�+-W &(/3)�83+-#|A?.0'7"$)6#|A?&(+;]

)6<�'2&�+-:%)6"$.B/3#Zg�Y1'2. [ =$&%QR#s:%+-/�.B/3=L> [ &�#%.B=LKZ&%4 [ >�QR<�=$)6"$Y1=$&�+-WX&%/3)6#s'*+;)683&%'

)683+;/ [ >u+@#("$/3WX=$&C+-WX&%/3)2iO��/�),8G&`.B),8G&%'t8G+;/34�g-+;#`#(83.}n`/l"$/�)683&`Y1'2&�K-"$.B<O#

#%&(:%)6"$.B/�g�.0<�'`)6&%#() [ &%4�Y1'2. [ =$&%QR#5:(+;/ [ &R#(.B=LK-&(4 [ >�+�#%"$/3WX=$&R+-W &(/3)w"$A
/3.

'2&%#(),'*"$:(),"$.B/G#T+;'2&C"$QRY1.B#(&%4�i

��83&EWX&%/G&%'*+;=Z.B<O)6=$"$/3&�.BA1+�QR.B41"$P�&%4@AU&%+-),<O'2&�+-:%)6"$.B/�"$#E#(83.}n`/�"$/��N"$WX<O'2&

dOi¡bOi!��n9.�Y1'2&(41"$:%+-)6&%#�+;'2&�+-414�&%4�),.�)683&�.B'*"$WX"$/3+;=p41.BQR+-"$/3#-i·��'2&%41"$:(+;)6&



d�±

(:action Feature-Action
:parameters (?agent ?r ...)
:precondition (and (resource ?r)

(ar ?agent ?r) ...)
:effect (and (not (ar ?agent ?r)) ...)

)

; problem instance
(:init (resource r1)

(resource r2)
...
(resource rm)
(ar agent1 r1) (ar agent1 r2)
(ar agent2 r1) ... (ar agent2 rm)
...

��"$WX<�'2&`d�ijb�O��&(/3&%'*+-=�.0<�)6=$"$/3&`.BA3+�QR.B41"$P�&%4�A?&(+;)6<O'2&`+;:(),"$.B/�+-/34|Y�'2. [ =$&(Q
"$/3#(),+-/3:%&Zi

(resource ?r)
"$#l<O#%&(4{)6.�'2&(Y1'2&%#(&%/3)V'2&%#(.B<�'2:(&|<O/3"$),#Zg�+;/G4{Y�'2&%41"$:(+;)6&

(ar ?agent ?r)
#%Y�&%:%"$P�&%#fn983"$:(8¢'2&%#(.B<O'2:%&

?r
:%+-/ [ &R<O#%&(4 [ >�+;WX&%/G)

?agent
i���83&%'2&(A?.B'2&ZgZ),. [ &�Y1&%'kA?.B'kQR&%4Og�&%+-:%8�AU&%+-),<O'2&f+-:%)6"$.B/Rn`"$=$=�/3&%&(4|+;)

=$&%+-#%)�.0/3&�+mKZ+;"$=$+ [ =$&�'2&%#(.B<O'2:%&�<�/3"$)2gN+-/34�"$)On9"$=$=O:%.0/3#%<OQR&~.B/G&�<�/3"$)�+-A?)6&%'

)683&s&2v�&(:%<O),"$.B/�i��|&�)683&(/�=$"$QR"$)
),8G&�/G<�Q [ &('�.BA�'2&%#(.B<�'2:(&7<O/3"$)6#�+%K-+-"$=$+ [ =$&

A?.0'y&%+-:%8u"$/341"LKZ"$41<O+;=h+-WX&%/3)�"$/u)683&wY1'2. [ =$&%Q�iX��83&w+mKZ+;"$=$+ [ =$&J'2&%#(.B<O'2:%&t<O/3"$)6#

A?.0'E&%+-:%8�+-W &(/3)�+-'2&�+-414�&%4�"$/3)6.R),83&s"$/3"$)6"$+-=G#%)6+-),&ZiC�N.0'T&2v�+-QRY1=$&ZgN"$Az),83&('2&

+-'2&M)?n9.�#%.Bx�. [ +-/3#|"$/·+�Y�'2. [ =$&(Q +-/34{#%.Bx�. [ +-/
s1

+-/34
s2

"$#M+-=$=$.}n9&(4

)?n9.�Y1<O#%8{+;:(),"$.B/G#-gOY1'2&(41"$:(+;)6&%#
(resource r1)

g
(resource r2)

g
(ar

s1 r1)
g
(ar s1 r2)

g
(ar s2 r1)

g
(ar s2 r2)

+;'2&�+-414�&%4�"$/3)6.�)683&

Y1'2. [ =$&%QRê #E"$/3"$)6"$+;=1#%)6+;)6&-i

�y+ [ =$&�dOi¡d�#%83.rn9#s)683&�'*<�/�)6"$Qu&�AU.B'E+-=$=OY1=$+-/3/3&%'*#s.B/�)683&�QR<�=$)6"$]^+;WX&(/3)

Y1'2. [ =$&%QR#|n9"$)68�'2&%#(),'*"$:(),"$.B/G#�.B/ÃAU&%+-),<O'2&�+-:%)6"$.B/3#Zi��O83&�/3<OQ [ &%'R.BAC'2&%]



d�b

�y+ [ =$&RdOijd�f
.BQRY�+;'*"$#%.0/ [ &()�n`&%&(/��������N�I���I��gp_�D3��g�+;/34����!.0/{QR<O=$),"$]
+-W &(/3)�Y1'2. [ =$&%QR#�n`"$)68M'2&%#(),'*"$:(),"$.B/G#T.B/�A?&%+-)6<�'2&V+;:(),"$.B/G#-i

Y1'2. [ =$&%Q í1'2&(#%)6'q"$:(),&(4 ���2���N�I�����
A?&(+;)6<�'2&V+;:(),"$.0/ )6"$QR& í�+;:(),"$.B/ í�A?&(+;)6<�'2&V+;:(),"$.0/

W '*"$4�] ± çLbOg0bOg;b�è d1d�i6± b1³ çLbOgy±hgz±õè
W '*"$4�]^b çLbOg0bOg;b�è ±õc�Æ1³ d1Î çLbOg;bOg0b1è
W '*"$4�]^d ç�±hgz±hgy±}è d1Í�ijÎ Î1b ç�±hgy±hgz±õè

Qu"$:(.B/3"$:(] ± çLdOg0dOg;d�è d�±BijÎ b1Î çLdOg;bOg0b1è
Qu"$:(.B/3"$:(]^b çLdOg0dOg;d�è b�±BijÆ d1c çLdOg;bOg0d1è
Qu"$:(.B/3"$:(]^d çLb�g;bOg0bOg;b1è Í�Æ d1Æ çLbOg;b�g�±Bg0b�è
'2.B:(x1&(),] ± çLbOg0b1è cOi¡Î1Î b1c çLb�gBb�è
'2.B:(x1&(),]^b çLdOg0d1è ±hi¡b�± b1Í çLd�gBd�è
'2.B:(x1&(),]^d çLdOg0d1è ÎOi¡c1b b1b çLd�gBd�è
#%.Bx�. [ +-/3] ± çLÎOg0ÎOg;Î�è ÎOi¡b1³ ±õÆ çLdOg;bOg0Î1è
#%.Bx�. [ +-/3]^b çLdOg0dOg;d�è ÅOi¡b1b b1c çLdOg;dOg0d1è
#%.Bx�. [ +-/3]^d çL³Og0³Og;³�è d1³�ijb ±õÍ çL³Ogy±hg0d1è
Y1'2. [ =$&%Q í1'2&(#%)6'q"$:(),&(4 _�DG�

A?&(+;)6<�'2&V+;:(),"$.0/ )6"$QR& í�+;:(),"$.B/ í�A?&(+;)6<�'2&V+;:(),"$.0/
W '*"$4�] ± çLbOg0bOg;b�è ±õÆ�ijÍ b1³ ç�±hg;bOgz±õè
W '*"$4�]^b çLbOg0bOg;b�è ±õÎ�ijÎ d1d çLbOg;bOg0b1è
W '*"$4�]^d ç�±hgz±hgy±}è ±õÅ�ijÍ d1Æ ç�±hgy±hgz±õè

Qu"$:(.B/3"$:(] ± çLdOg0dOg;d�è ÎOi¡Í b1Æ çLbOg;dOg0d1è
Qu"$:(.B/3"$:(]^b çLdOg0dOg;d�è ±hi¡Æ1Å d1d çLdOg;dOg0d1è
Qu"$:(.B/3"$:(]^d çLb�g;bOg0bOg;b1è bOi¡³1Æ Î1c çLbOg;b�g�±Bg0b�è
'2.B:(x1&(),] ± çLbOg0b1è d1Î�Î b1Í çLb�gBb�è
'2.B:(x1&(),]^b çLdOg0d1è b1Å�c b1Å çLd�gBd�è
'2.B:(x1&(),]^d çLdOg0d1è î î î
#%.Bx�. [ +-/3] ± çLÎOg0ÎOg;Î�è î î î
#%.Bx�. [ +-/3]^b çLdOg0dOg;d�è Æ1Ä�³ ±õÍ çLbOg;bOg0d1è
#%.Bx�. [ +-/3]^d çL³Og0³Og;³�è î î î



d�d

�y+ [ =$&Vd�ijd�çL
.B/3)6"$/3<�&(41è�i

Y1'2. [ =$&%Q í1'2&(#%)6'q"$:(),&(4 ���2���N�I�����
A?&(+;)6<�'2&V+;:(),"$.0/ )6"$QR& í�+;:(),"$.B/ í�A?&(+;)6<�'2&V+;:(),"$.0/

W '*"$4�] ± çLbOg0bOg;b�è d1d�i6± b1³ çLbOgy±hgz±õè
W '*"$4�]^b çLbOg0bOg;b�è ±õc�Æ1³ d1Î çLbOg;bOg0b1è
W '*"$4�]^d ç�±hgz±hgy±}è d1Í�ijÎ Î1b ç�±hgy±hgz±õè

Qu"$:(.B/3"$:(] ± çLdOg0dOg;d�è d�±BijÎ b1Î çLdOg;bOg0b1è
Qu"$:(.B/3"$:(]^b çLdOg0dOg;d�è b�±BijÆ d1c çLdOg;bOg0d1è
Qu"$:(.B/3"$:(]^d çLb�g;bOg0bOg;b1è Í�Æ d1Æ çLbOg;b�g�±Bg0b�è
'2.B:(x1&(),] ± çLbOg0b1è cOi¡Î1Î b1c çLb�gBb�è
'2.B:(x1&(),]^b çLdOg0d1è ±hi¡b�± b1Í çLd�gBd�è
'2.B:(x1&(),]^d çLdOg0d1è ÎOi¡c1b b1b çLd�gBd�è
#%.Bx�. [ +-/3] ± çLÎOg0ÎOg;Î�è ÎOi¡b1³ ±õÆ çLdOg;bOg0Î1è
#%.Bx�. [ +-/3]^b çLdOg0dOg;d�è ÅOi¡b1b b1c çLdOg;dOg0d1è
#%.Bx�. [ +-/3]^d çL³Og0³Og;³�è d1³�ijb ±õÍ çL³Ogy±hg0d1è
Y1'2. [ =$&%Q í1'2&(#%)6'q"$:(),&(4 ���

A?&(+;)6<�'2&V+;:(),"$.0/ )6"$QR& í�+;:(),"$.B/ í�A?&(+;)6<�'2&V+;:(),"$.0/
W '*"$4�] ± çLbOg0bOg;b�è cOi¡³1Í b1Å çLbOg;bOg0c1è
W '*"$4�]^b çLbOg0bOg;b�è cOi¡Ä1Ä d1Í çLdOgy±hg0c1è
W '*"$4�]^d ç�±hgz±hgy±}è b1b�ijÎ d1Æ ç�±hg;cOgz±õè

Qu"$:(.B/3"$:(] ± çLdOg0dOg;d�è cOi²±õc b1³ çLdOg;dOg0c1è
Qu"$:(.B/3"$:(]^b çLdOg0dOg;d�è cOi¡c1Ä b1Å çLdOg;bOg0c1è
Qu"$:(.B/3"$:(]^d çLb�g;bOg0bOg;b1è cOi¡c1Æ d1b çLbOg;c�gBc�g0c�è
'2.B:(x1&(),] ± çLbOg0b1è î î î
'2.B:(x1&(),]^b çLdOg0d1è î î î
'2.B:(x1&(),]^d çLdOg0d1è î î î
#%.Bx�. [ +-/3] ± çLÎOg0ÎOg;Î�è î î î
#%.Bx�. [ +-/3]^b çLdOg0dOg;d�è î î î
#%.Bx�. [ +-/3]^d çL³Og0³Og;³�è î î î
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+-),&(#�'2&%#%<O=$)6#�:%.BQRY1+-'*+ [ =$&l)6.�)683.B#%&�"$/o�y+ [ =$&�dOi¡bOi��O83&�"$/G:%'2&%+-#%&(4�'q<O/

)6"$Qu&5"$#5Y1'2. [ + [ =L>�4�<�&5),.|)683&@&�v�)6'q+l.}K-&(' 83&(+;4�"$/G:%<O'q'2&(4Rn`"$),8�)683&@+-:%)6"$.B/

QR.B41"$P�:%+-),"$.0/�i�_�&(<�'*"$#%)6"$:�#%&%+-'2:%8�Y1=$+-/3/3&('q#�_�D3��+-/34��N��+;=$#(.�P�/34�Y1=$+-/3#

K-&(',>5&%A�P1:("$&%/3)6=L>5.B/l:%&%'*)6+;"$/lY1'2. [ =$&%QR#-gBY1+-'*),"$:(<�=$+-'*=L>�Y�'2. [ =$&(QR#E"$/�),83&9WX'*"$4

+-/34{QR"$:(.B/3"$:M4�.BQR+;"$/G#-i{	�/·.B)683&('En`.B'24�#-g
)683&%#(&l'2&(#%<O=$),#l41.�#%83.}n )683+-)

.B<O'w+;Y�Y1'2.B+-:%83�^Y1<O#%8G&%#E�
83&(<�'*"$#(),"$:fY�=$+;/G/3&%'*#f)6.@P1/G4MY1=$+-/3#f"$/�n983"$:(8�)683&

Y1+-'*),"$:("$Y1+-),"$.0/�'2&%S-<�"$'2&(Qu&(/3)6#�+;'2&�QR&%)tn9"$)683.B<O)V)683&�/3&%&(4{)6.�QR.B4�"$Aj>!)683&

Y1=$+-/3/3&('*#-gIn98G"$=$&�#(),"$=$=yQR+-"$/3)6+;"$/3"$/GW�)683&%"$'9&(A�P1:%"$&(/3:2>�g�+-)�=$&%+-#%)J.B/!:(&%'*),+-"$/

41.0Qu+-"$/3#Zi

�
&2KZ&%'*),8G&%=$&%#(#-g3+;#f�z+ [ =$&5dOijd�"$=$=$<�#(),'*+-),&(#-gG83&%<O'*"$#%)6"$:�#%&%+-'2:%8�Y�=$+;/G/3&%'*#@+-'2&

/3.B)�+-#~&(A�P1:%"$&(/3)�+;#s���2�����I������.B/�QR<�=$)6"$]^+;WX&(/3)�Y�'2. [ =$&(Qu#7"$/�'2.B:(x1&%)�+-/34

#%.0x1. [ +;/�41.0Qu+-"$/3#ZiE�O83"$#@'2&(41<O:%)6"$.B/�QR+m> [ &@4�<�&�),.�)683&�Qu.0'2&@"$/3)6'q"$:(+;)6&

:%.0Q [ "$/3+-),.B'*"$+-=Z/3+;)6<O'2&V.BAN)683&%#(&V4�.BQR+;"$/3#Zi

�z.�'2&%+-:%8�)683"$# :(.B/3:(=$<�#("$.B/�gCn`& P�'*#%)M&�v�Y1&('*"$Qu&(/3)6&%4Ân`"$),8�Y�'2. [ =$&(Q

'2.B:(x1&%)6]^b [ >uKZ+;',>I"$/3Wu),8G&5/3<OQ [ &%'C.BA�+mKZ+;"$=$+ [ =$&@'2&(#%.B<O'2:%&�<O/3"$)6#5.B/!&%+-:%8

'2.B:(x1&%)2i���"$W <O'2&wdOi¡d�#%83.}n`#w),8G&�'2&%#%<O=$)2i1��.B'�),8G&�#%+-Qu&wY�'2. [ =$&(Q�g "$/R#(Y1"$)6&J.0A

)683&~4�"$A�A?&('2&%/3)
/3<OQ [ &%'w.BA�æ�"$W 8G),#�+mKZ+;"$=$+ [ =$&ZgI)683&s'*<�/�),"$QR&�A?.B'C���2�����I�N���

'2&%QR+-"$/3&%4�)683&�#%+-QR&@41&(#%Y�"$),&s)683&@)6"$W 8G),&(/3"$/3W@.BA�'2&%#%.0<�'2:(&%#-iC	�/�:(.B/3)6'q+-#%)2g
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��"$WX<�'2&@d�ijd��
.BQRY1+-'*"$#%.B/3#�AU.B'9Y1'2. [ =$&%Q '2.B:%x�&%)6]^b�<�#("$/3Wu41"$A�A?&('2&%/3)t/3<�QR]
[ &('*#V.BA�æ�"$W 8G),#Zi

n`&t#%&(&t)683&�'*<O/@),"$QR&pW .�<OY7#("$WX/3"$P1:(+;/3)6=L>�çL/G.B),&p),8G&t=$.BWJ#%:(+;=$&(èhA?.B'�83&(<�'*"$#%)6"$:

#%&(+;'2:(8�Y�=$+;/G/3&%'*#�n983&(/RA?&2n`&%'�'2&%#%.0<�'2:(&%#J+;'2&w+%K-+-"$=$+ [ =$&-i����Gg%&(#%Y�&%:%"$+-=$=L>�g("$#

<O/3+ [ =$&f)6.5#%.0=LK-&fY�'2. [ =$&(Q '2.B:(x1&(),]^bsn`"$)683"$/�),8G&7+-=$=$.}n9&(4M)6"$QR&fA?'*+-Qu&Tn9"$)68

d¢æ�"$W 8G),#|+%K-+-"$=$+ [ =$&�A?.0' [ .B),8�'2.0:%x1&(),#Zi�	�/�AU+;:()*g�.B/�'2.B:(x1&()EY1=$+-/3/3"$/GWM"$/3]

#%)6+-/3:%&(#tn`"$)68�'2&(#%)6'*"$:%)6"$.B/3#9.B/�A?&(+;)6<�'2&9+-:%)6"$.B/3#Zg����2�����I�N����:%+-/�/3.}n P�/34

Y1=$+-/3#wQR.B'2&wS;<O"$:%x�=L>~)683+;/u.B)683&%'�83&%<O'*"$#%)6"$:pY�=$+;/G/3&%'*#-iB�|&w/3&2vN)3:%.B/G41<O:%)6&%4

+�QR.B'2&R:%.0QuY�=$&%)6&R#%&%)E.BA�&2v�Y�&%'*"$QR&%/3)6#u.B/�),83&R'2.B:(x1&()�41.BQR+-"$/�gz+-/34�)683&

'2&%#(<�=$)6#E+-'2&C#%83.}n`/M"$/5�y+ [ =$&Ed�ijÎOi

	�)
"$#7+-Y1Y�+;'2&(/3)�)683+-)�)683&7����Y1=$+-/3/3&('w&%"$)683&%'J#%.B=LKZ&%#~),83&~Y1'2. [ =$&%QR#f"$/�+

K-&(',>�#(83.B'*)�)6"$QR&7.B'J:%+-/3/3.0)�#(.B=LK-&f)683&(Q +-)�+-=$=�i���/�)683&~.B),8G&%'w83+-/34OgI_�D3�

#%&(&%QR#�QR.B'2&�'2. [ <O#%)1.0/�),83&(#%&�Y�'2. [ =$&(QR#-i���.B'2&%.rK-&%'2gqn`&t+-=$#%.�. [ #%&(',K-&�)683+-)

����),&(/341#�)6. [ &s<O/ [ +-=$+-/3:%&(4|"$/�"$)6#�æ1"$WX83)
<�#(+;WX&Zg1+-#�#%83.}n`/�AU.B'T'2.B:(x1&%)6] ±



d�Í

�y+ [ =$&RdOijÎ�f
.BQRY�+;'*"$#%.0/ [ &()�n`&%&(/��������N�I���I��gp_�D3��g�+;/34����!.0/{QR<O=$),"$]
+-W &(/3)�'2.B:%x�&%)OY1'2. [ =$&%QR#�n`"$)68M'2&%#(),'*"$:(),"$.B/G#E.B/lA?&%+-)6<�'2&C+;:(),"$.0/3#-i

Y1'2. [ =$&%Q í1'2ijA²ij+�i �������N�I����� _�D3�
),"$QR& =$&%/�i í1A6i¡+�i ),"$QR& =$&%/�i í1A6i¡+�i

'2.B:(x1&%)6] ± çLdOg0d1è c�ijÎ1Å b�c çLb�gBb�è b�ijc1d b�b çLdOg0d1è
çLdOg0b1è c�ijÎ1³ b�c çLb�gBb�è b�Í1Í b�± çLdOg0b1è
çLbOg0b1è c�ijÎ1Î b�c çLb�gBb�è d�Î1Î b�Í çLbOg0b1è

'2.B:(x1&%)6]^b çLÎOg0d1è ±Bijb1Í b�Í çLd�gBd�è b�b1b�± d�d çLÎOg0d1è
çLdOg0Î1è ±Bijb1Æ b�Í çLd�gBd�è ±}c1Î1³ b�Ä çLdOg0Î1è
çLdOg0d1è ±Bijb�± b�Í çLd�gBd�è b�Å1c b�Å çLdOg0d1è

'2.B:(x1&%)6]^d çL³Og0³1è Î�ijÍ�± b�b çLd�gBd�è b�ijÅ1Å b�Í çL³Og0³1è
çL³Og0Î1è Î�ijd1Î b�b çLd�gBd�è ±1±�±õÅ�Æ b�Ä çL³Og0Î1è
çL³Og0d1è Î�i6±õÄ b�b çLd�gBd�è î î î
çLÎOg0Î1è Î�ijb1³ b�b çLd�gBd�è î î î
çLÎOg0d1è d�ijÅ1Ä b�b çLd�gBd�è î î î
çLdOg0d1è Î�ijc1b b�b çLd�gBd�è î î î

'2.B:(x1&%)6]^Î çLÎOg0³1è ±BijÅ1Î b�Í çLd�gBd�è ±}dOijb b�Æ çLÎOg0³1è
çLdOg0Î1è ±BijÍ1Í b�Í çLd�gBd�è Î�ÄOijb b�Ä çLdOg0Î1è
çLdOg0d1è ±BijÍ�± b�Í çLd�gBd�è Î�³Oi6± b�Å çLdOg0d1è

Y1'2. [ =$&%Q í1'2ijA²ij+�i �������N�I����� ���
),"$QR& =$&%/�i í1A6i¡+�i ),"$QR& =$&%/�i í1A6i¡+�i

'2.B:(x1&%)6] ± çLdOg0d1è c�ijÎ1Å b�c çLb�gBb�è c�i6±õÄ b�Î çLdOgz±õè
çLdOg0b1è c�ijÎ1³ b�c çLb�gBb�è c�i6±õb b�Î çLdOgz±õè
çLbOg0b1è c�ijÎ1Î b�c çLb�gBb�è î î î

'2.B:(x1&%)6]^b çLÎOg0d1è ±Bijb1Í b�Í çLd�gBd�è c�i6±õÅ b�Í çLÎOg0b1è
çLdOg0Î1è ±Bijb1Æ b�Í çLd�gBd�è c�ij³1³ b�Æ çLdOg0Î1è

'2.B:(x1&%)6]^b çLdOg0d1è ±Bijb�± b�Í çLd�gBd�è î î î
'2.B:(x1&%)6]^d çL³Og0³1è Î�ijÍ�± b�b çLd�gBd�è c�ijÍ�± b�Å çL³Og0³1è

çL³Og0Î1è Î�ijd1Î b�b çLd�gBd�è î î î
çL³Og0d1è Î�i6±õÄ b�b çLd�gBd�è î î î
çLÎOg0Î1è Î�ijb1³ b�b çLd�gBd�è î î î
çLÎOg0d1è d�ijÅ1Ä b�b çLd�gBd�è î î î
çLdOg0d1è Î�ijc1b b�b çLd�gBd�è î î î

'2.B:(x1&%)6]^Î çLÎOg0³1è ±BijÅ1Î b�Í çLd�gBd�è c�ijc1³ b�³ çLÎOgz±õè
çLdOg0Î1è ±BijÍ1Í b�Í çLd�gBd�è c�ijc1Î b�³ çLÎOgz±õè
çLdOg0d1è ±BijÍ�± b�Í çLd�gBd�è î î î
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)683"$#�Y1=$+-/3/3"$/3W�WX'q+-Y18�i`
.B/3#("$41&%'V),8G&�A?.B=$=$.}n`"$/3W�:%.B/3)6'2.B=�'q<O=$&lçL:(+;)6&%WX.B',>l	�è

"$/�),83&C=$.BWX"$#%)6"$:%#V41.BQR+-"$/�

ÝJ3¾�¸�¦���.f/3.B)O<O/3=$.B+-4@+;/M. [ �q&(:%)OA?'2.BQ�+-/|+;"$'*Y�=$+;/3&E<�/3=$&(#%#V),83&V. [ �q&(:%)�"$#
+;)�"$)6#9W .0+;=I4�&%#(),"$/3+-)6"$.B/�i

�z.�"$=$=$<O#%)6'*+;)6&M)683"$#�'*<�=$&ZgOn`&l:(.B/3#%"$4�&%'s)683&lY�'2. [ =$&(Q ãÂ"$/ ��"$WX<�'2&�bOi²±

n`83&%'2&fY�+;:(x1+-WX&
pkg1

"$#7"$/3"$)6"$+;=$=L>�=$.B:(+;)6&%4|"$/
NYC

+;/34M"$),#~41&%#(),"$/G+;)6"$.B/�=$.B]

:%+-)6"$.B/�"$#M"$/
ITH

iy��/3:%&
pkg1

"$#l=$.B+-41&%4{"$/3)6.�+;/ +-"$'*Y1=$+-/3&
plane

g�"$)C"$#
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�z+ [ =$&CÎOi²±�0��:%)6"$.B/3#C+;/G4�AU+;:(),#CY1'*<O/3&%4 [ >5��<�=$&M±T"$/M�1'2. [ =$&%Q ã�i

�1'*<O/3&%47�
:(),"$.0/3# �1'*<�/G41&%4���+;:(),#
ö�÷Iøúù�ûOü�ý þ
ÿ��
�Oøúû�÷��

(pkg1 plane NYC) (at pkg1 SYR)ö�÷Iøúù�ûOü�ý þ
ÿ��
�Oøúû�÷��
(pkg2 plane NYC) (at pkg2 NYC)ö�÷Iøúù�ûOü�ý þ
ÿ��
�Oøúû�÷��
(pkg1 plane SYR)ö�÷Iøúù�ûOü�ý þ
ÿ��
�Oøúû�÷��
(pkg2 plane SYR)

/3.B)�/3&(:%&(#%#%+-',>s)6.7<O/3=$.B+-4
pkg1

+-)O),83&C+-"$'qY�.B'*),#V"$/|:%"$)6"$&%#V.B)683&%'�)683+-/
ITH

i

	�/�.B)683&%'fn9.B'24�#-gJ+-:%)6"$.B/�ö�÷Iøúù�ûOü�ý þ
ÿ��
�Oøúû�÷��
(pkg1 plane SYR)

:(+;/ [ &

'2&%QR.}KZ&%4�A?'2.BQ ),83&�Y�=$+;/G/3"$/3W�WX'*+;Y�8{+-)T+-=$=�=$&�K-&%=$#Zi@�
AU),&('fY1'*<O/3"$/3W|)683&%#(&

/3.B4�&%#Zg-.B/3&`:%+-/�+-=$#%.sY1'*<O/3&`),8G&`A?+-:%)y/3.041&%#
(at pkg1 SYR)

g-#%"$/G:%&`)683"$#

:%+-/3/3.0) [ &l+-:%83"$&�K-&(4 [ >!+-/Z>!.B)683&%'s+-:%)6"$.B/ &�v�:%&(Y1)CA?.B'�)683&M.0/3&@n`&a�q<�#()
Y1'*<O/3&%4�i5�y+ [ =$&uÎ�i6±5#(83.}n`#u)683&�+-:%)6"$.B/3#R+-/34�A?+-:%)6#R),83+-)T+-'2&RY1'*<�/G&%4 [ >

��<O=$&M±�"$/l),8G&CY�=$+;/G/3"$/3W9WX'q+-Y18�i

��8G&%/�:(.B/3#%)6'*<�:(),"$/GW�)683&�Y�=$+;/G/3"$/3W�WX'q+-Y18�gw),8G&�Y�=$+;/3/G&%'R:%+-/ [ &�"$/3]

#%)6'*<�:(),&(4�)6.MY�'q<O/3&�+;:(),"$.B/!/3.B41&(#�"$/{),8G&�Y�=$+;/¢WX'*+-Y18!+-#u"$QuY�=$"$&%4 [ >�)683&

:%+-)6&%WX.B',>l	�'*<O=$&%#Zi9	�/�.0<�'V"$QuY�=$&%QR&%/G),+-),"$.0/�g���<O=$&�±7"$#�:%+-Y1)6<�'2&(4 [ >�+-<�WX]

QR&%/3)6"$/3W�)683&�.B'*"$W "$/G+;=`�������£çL�5:(��&%'FQR.B)6)2g�±}Æ1Æ1Å�è`Y1=$+-/3/3"$/3W�=$+-/3WX<O+;WX&

<O#%&%4u"$/����2�����I�N���¢+-#9#%83.}n`/M"$/l��"$W <O'2&CÎOi6±Bi

��83&E<O#%&('m]^41&(P1/3&(4�Y1'2&%4�"$:%+-),& �
in-wrong-city

��"$#E<O#%&(45)6.f41&(),&('FQR"$/3&

n`83&%)683&%'M+ =$.B:%+-)6"$.B/�"$#�),83&�WX.B+-=C=$.B:%+-),"$.0/ AU.B'M+-/�. [ �q&(:%)2i 	 )�"$#�n9.0'q)68

/3.B)6"$/3W@)683+-)�),8G&EKZ+;=$<O&sA?.B'EY1'2&%4�"$:%+-),&/�
in-wrong-city

��:%+-/ [ &s41&(:%"$41&(4

Y1<O'2&%=L> [ +-#%&(4�.B/{),8G&5"$/3AU.B'FQR+-),"$.B/�"$/{),8G&5WX.B+-=z#%)6+;)6&-i`�O83&�"$/3#%)6+-/3),"$+-)6&%4

ö�÷Iøúù�ûOü�ý þ
ÿ��
�Oøúû�÷���+;:(),"$.0/3#zn`"$=$=B/3.B) [ &J+-4141&(47)6.E)683&JY1=$+-/3/3"$/3WwWX'*+;Y�89n98G&%/

)683&`Y1'2&(41"$:%+-)6&
(in-wrong-city ?obj ?loc)

g%n983"$:(8l"$#7),83&a�
exclude

�
:%.0/341"$)6"$.B/�"$/�)683&

Unload-Airplane
'*<O=$&-gT"$#�)6'*<�&Zi���83&��

in-wrong-
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(:action Unload-Airplane
:parameters (?obj ?airplane ?loc)
:precondition (and (obj ?obj)

(airplane ?airplane)
(location ?loc)
(in ?obj ?airplane)
(at ?airplane ?loc))

:effect (and (not (in ?obj ?airplane))
(at ?obj ?loc)))

(:defpredicate in-wrong-city
:parameters (?obj ?loc)

(exists (?goal-loc) (goal (at ?obj ?goal-loc))
(exists (?city) (in-city ?loc ?city)

(not (in-city ?goal-loc ?city)))))

(:action Unload-Airplane
:exclude (in-wrong-city ?obj ?loc))

��"$WX<�'2&VÎOi²±����<�=$&M±fçL:(+;)6&%WX.B',>5	�èI"$/�+s=$.BWX"$#%)6"$:%#C41.BQR+-"$/�i

city
�tY�'2&%4�"$:%+-),&�"$#�Y1<O'2&%=L>l+-/�+;<1v�"$=$"$+-',>MY1'2&%4�"$:%+-),&ZgN+;/G4�"$)�"$#s/3.B)�"$/3:(.B'm]

Y1.0'q+-)6&%45"$/G),.�),8G&VP�/3+;=1Y1=$+-/3/3"$/3W9WX'*+;Y�8�i

�
&%AU.B'2&7+-/�"$/G#%)6+;/3)6"$+-),&(4�+;:(),"$.B/�"$#~+-414�&%4M"$/G),.@)683&�Y1=$+-/3/3"$/3W�WX'*+;Y�8�gI"$)

n`"$=$= [ &@:%83&(:%x�&%4�+-W +-"$/3#()�+;=$=�&2vN:%=$<O41&�:%.0/341"$)6"$.B/3#sA?.0'E)683+;)t+;:(),"$.B/W�G"$A�+;/Z>
.BA�),8G&%Q 83.B=$4�#-gO)683&�+-:%)6"$.B/�n`"$=$= [ &�Y�'q<O/3&(4�+-/34�)683&u&%A�A?&(:%)6#5"$/3)6'2.B4�<�:(&%4

[ >�)683+;)�+;:(),"$.0/�+-)�)683&f/G&2v�)�Y1'2.BY�.B#%"$)6"$.B/3+-=1/3.041&f=$&�K-&%=NQR+m> [ &7Y1'*<�/G&%4�+-#

n`&%=$=�i

�y+ [ =$&EÎ�ijbu#%83.rn9#C),8G&EY1=$+-/3/3"$/GWCWX'*+-Y18M#("$¤k& [ &(A?.B'2&V+;/34u+-A?)6&%'�Y1'*<O/3"$/3WIi

�|&l#(&%&�),8G+;)2g�"$/·),83&�=$.BWX"$#(),"$:(#M41.0Qu+-"$/�g�n`83&(/ +-Y1Y1=L>I"$/3W�)683&�:%+-),&(W .0'�>¢	

:%.0/3),'2.0=0'*<�=$&(#�A?'2.BQÃ�����N�����zgI),8G&�/3<�Q [ &%'y.BA�/G.B41&(#�"$#�'2&%41<O:%&(4 [ >
M�Î1c�NMi
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�y+ [ =$&VÎ�ijb�0��83&9&%A�AU&%:%)O.BA�WX'*+;Y�8MY1'*<O/3"$/3W@çL:%+-)6&%WX.B',>@	3'*<�=$&(#%è�i

Y1'2. [ =$&%Q =$&%/GW )68 í1.0'q"$WX"$/3+-=�/3.B4�&%# í�/3.B41&(#�n`"$)68MY1'*<O/3"$/3W
=$.BWX"$#%)6"$:%#%]^+ ±�± Î1b�Î1Í b1Å�b1³
=$.BWX"$#(),"$:(#%] [ ±}d ³�±}Ä1Ä d1Î�d1Ä
=$.BWX"$#(),"$:(#%]^: ±}d Í1d�b�± d1Å�±õ³
=$.BWX"$#(),"$:(#%]^4 ±}Î Æ1Å�Î1b ³�±}d1³

��83"$#E+-Y1Y�'2.B+;:(8�:%+-/ [ &C&%+-#%"$=L>@+-Y1Y�=$"$&%4@)6.7)683&E4�&%#(:%&%/G41+-/3),#�.0A��w�h��!>#z]
! �2���o+-/34��������N�I������i�_�.}n9&�K-&('*gGY1'*<O/3"$/3WR.BA�)683&uY1=$+-/3/3"$/3WuWX'*+;Y�8¢41.B&(#
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J {�|�{�z »8¡O�w¹�~�¡O�  �Ä(O À�Àï½¿�wÂ »/¡O�w¼�¹�~��1½¿�w¹�¼

��.B'�#%.BQR&{41.BQR+-"$/3]^#%Y�&%:%"$P�:�x1/3.rn9=$&(41WX&¢)683+;)u:%+-/3/3.0) [ &o:%+-Y1)6<O'2&%4�KZ"$+

Y1'*<O/3"$/3WT.0A-)683&�Y�=$+;/3/G"$/3W�WX'q+-Y18�gFn9&w:%+-/R.BA?)6&%/u+-414s+;4�41"$)6"$.B/3+-=0:(=$+;<O#%&(#p)6.

)683&@Y1'2.0Y1.B#("$),"$.B/G+;=OY1=$+-/�A?.B'kQR<�=$+-),"$.0/�+-#5<O#%&(4�"$/o�������N�I�N�1��),.|:(+;Y�),<O'2&

)683&9:%.B/3)6'2.B=I"$/GA?.B'kQu+-)6"$.B/�i�
.B/3#("$41&('�),83&9AU.B=$=$.}n`"$/3W`:%.B/G),'2.B=1'q<O=$&@çL:%+-),&(WX.B',>

	�	�è4

ÝJ3¾�¸ ´ ��.5/3.0)�Qu.rK-&s+;/�+-"$'qY�=$+;/G&~"$A�)683&%'2&�"$#s+;/�. [ �q&(:%)�"$/�),8G&�+-"$'*Y1=$+-/3&

),8G+;)�/3&(&%41#C)6. [ &9<O/3=$.B+-41&(45+-)z),83+-)�=$.B:%+-)6"$.B/�i

��"$'*#%)2g�/3.B)6&|),8G+;)V),83"$#l'*<�=$&|:(+;/G/3.B) [ &M:%+-Y1)6<O'2&%4�<�#("$/3W�W '*+-Y18�Y�'q<O/3]

"$/3WIit�N.0'J&�v�+-QuY�=$&-ghn9&~:%.B/G#%"$41&('w'2&%QR.}K-"$/GW~)683&7+-:%)6"$.B/�/G.B41& h ø i�ýUþ
ÿ�����øúûO÷��

(plane apt1 apt2)
"$/ =$+%>I&%'²�|ç¡ï,�$ó���gV),"$QR& ��è�i ��8G&%)683&%'�)683"$#�:%+-/ [ &

41.0/3&pn9.B<O=$4u41&%Y�&%/34u.B/�)683&9),'*<O),8@K-+-=$<�&9.BA�)683&9Y1'2&%4�"$:%+-),&(#V)683+-)�"$/341"$:(+;)6&
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(:wffctrl r2
:scope

(forall (?pln) (airplane ?pln)
(forall (?loc) (airport ?loc)

(forall (?obj) (obj ?obj)
(not (in-wrong-city ?obj ?loc)))))

:precondition
(and (at ?pln ?loc)

(in ?obj ?pln))
:effect

(next (at ?pln ?loc)))

��"$W <O'2&EÎ�ijb����<O=$&Vb�çL:(+;)6&%WX.B',>@	�	 è1"$/l+s=$.BWX"$#%)6"$:%#C41.0Qu+-"$/�i

n`83+;)�"$#7"$/�)683&
plane

+-)�)6"$QR& �*g [ <�)2g�.BAG:%.B<O'*#%&-gI),8G.B#%&f)6'*<�)68uK-+-=$<O&%#f+-'2&

/3.B)Jx1/G.}n9/�"$/!+;4BK-+-/3:%&@+-/34�+-'2&5+-:%)6<O+;=$=L>�41"$A�AU&%'2&%/G)�A?.B'94�"$A�A?&%'2&(/3)�Y�=$+;/3#Zi

�O8G&%'2&%AU.B'2&�)683&E/3.041&E:(+;/G/3.B) [ &E'2&(Qu.rK-&%4�AU'2.BQ�),8G&EY1=$+-/3/3"$/GWVWX'*+;Y�8�n9"$)683]

.B<O)9),83&l'*"$#%xo.BAp=$.0#%"$/3W�:%&('*),+-"$/ Y1=$+-/3#Zi���8G+;)C"$#l/G&%&%4�&%4{"$#l+-414�"$),"$.B/�.0A

:%=$+-<O#%&%#7"$/3),.�),8G&7Y1=$+-/3/3"$/GW~AU.B'FQR<O=$+�)683+-)�"$/�&(A�A?&(:%)�:%+-Y1)6<�'2&f)683&~'q<O=$& [ <O)

+-=$#%.E4�&%Y�&%/34�.B/u),83&w)6'*<�)68`KZ+;=$<O&%#J.BAZ),8G&pY�'2.BY1.B#("$),"$.0/3#t)683+-)N"$/G41"$:%+-)6&yn`83+-)

"$#9"$/M+-/l+-"$'*Y1=$+-/3&-i

��.BWX"$:(+;=$=L>�gh��<�=$&9bu:%+-/ [ &C"$=$=$<O#%)6'*+;)6&%4�+;#CA?.0=$=$.}n9#�

>�ß
9�?
airplane

?�9�A�ãP>aß³HQ?
airport

?
HIA�ã�>aß�á&?
(not

(in-wrong-city(
áGH

)))
ã

?
at
?�9 HIASR

in
?�ám9�A³A�� E

at
?�9RH¬A

��"$WX<�'2&wÎ�ijbs#%83.rn9#w83.}n )6.9),'*+-/3#%=$+-)6&p)683&�+ [ .}KZ&J'*<O=$&w"$/u.0<�'y"$QRY�=$&%QR&%/3]

)6+;)6"$.B/�i��O83&
:scope

P�&%=$4�4�&%P1/G&%#�)683&@41.0Qu+-"$/ln98G&%'2&@)683&@'*<O=$&�+;Y�Y1=$"$&%#Zg

n`83"$=$&
:precondition

+-/34
:effect

P�&%=$41#l'2&%Y�'2&%#%&(/3)�)683&M+-/3)6&%:%&(41&(/3)

+-/34�:%.0/3#%&(S;<O&%/3)�AU.B'�),83&!"$QuY�=$"$:%+-),"$.0/ &�v�Y1'2&(#%#%"$.0/ )683+-)9n`"$=$= [ &¢+-4141&(4
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(:wffctrl r1p
:scope

(forall (?pln) (airplane ?pln)
(forall (?obj) (obj ?obj)

(forall (?loc) (airport ?loc)
(in-wrong-city ?obj ?loc))))

:precondition
(and (at ?pln ?loc)

(in ?obj ?pln))
:effect

(next (in ?obj ?pln)))

��"$WX<�'2&VÎOi¡d����<�=$&M±T"$/MY1'2.0Y1.B#("$),"$.B/G+;=�:(.B/3)6'2.B=�A?.B'kQ�i

)6.�)683&�Y1'2.BY�.B#%"$)6"$.B/3+-=
A?.B'kQR<�=$+�i���#�QR&(/3),"$.0/3&%4o&%+-'*=$"$&%'2g�Y1'2&(41"$:(+;)6&��
in-

wrong-city
�J"$#@.B/3=L>�<O#%&%4 [ >�),8G&@#2>I#%)6&%Q +-/34Rn`"$=$=z/3.B) [ &5+-414�&%4�"$/3)6.

)683&tY�=$+;/3/G"$/3WpAU.B'FQR<O=$+�i1	�/5AU+;:()*g2n9&p:%+-/@+-=$#%.T)6'*+;/3#(=$+;)6&���<�=$&@±�"$/3)6.TY1'2.0Y1.B]

#%"$)6"$.B/3+-=IAU.B'FQ�+-#V#(83.}n`/M"$/l�N"$WX<O'2&VÎ�ijd�i

	�)y"$#pn`.B'*),8l/3.B)6"$/3Wf)683+;)z)683&9Y1'2&(41"$:(+;)6& �
in-wrong-city

�z<O#%&(4�"$/�)683&

'*<�=$&(#f#%8G.}n9/�"$/���"$WX<�'2&(#`ÎOi¡b|+;/G4|ÎOi¡d|"$#f/3.B)�+;4�41&(4|),.�)683&fY�=$+;/G/3"$/3W7AU.B'm]

QR<�=$+�iV	�)�#%"$QRY1=L>�A?<O/3:%)6"$.B/3#s+-#�+|P1=$)6&%'~çL"$/G41"$:%+-)6&%4 [ >�),83&	�
:scope

�px1&2>I]
n`.B'241è;A?.B'�+;4�41"$/3WE),83&�:(=$+;<O#%&(#�41&(P1/3&(4 [ >

:precondition
+-/34

:effect

Y1+-'*)*i���83"$#M=$"$QR"$)6&%4!AU<�/G:%)6"$.B/ &%/G#%<O'2&%#|)683+-)tn`&�41.�/3.0)C=$.0#%&M+-/Z>!"$/3AU.B'm]

QR+;)6"$.B/ [ &%:(+;<O#%&G�
in-wrong-city

�`"$#�#%)6+;)6"$:�çL"$/341&(Y1&%/G41&%/G)V.BA�:(<�'*'2&(/3)

#%)6+-),&(èz+;/34�:%.0QuY�=$&%)6&%=L>�41&(P1/3&(4 [ >�)683&uWX.B+;=z#(),+-)6&-i���.B'`&2v�+-QRY1=$&ZgG"$A�)683&

WX.B+-=�41&(#%)6"$/3+-),"$.B/!.BA�Y1+-:%x�+;WX&
pkg1

"$#�"$/{:("$)�>
ITH

g3"$)TAU.B=$=$.}n`#�)683+-) [ .B)68

(in-wrong-city pkg1 NYC)
+-/34

(in-wrong-city pkg1 SYR)
+-'2&

)6'q<O&-g "$/G41&%Y�&%/34�&%/3)�.BA�)683&�:(<�'*'2&%/G)N#(),+-)6&-iN	�/�)683&�/3&�v�)3#(&%:%)6"$.B/�g�n`&�n9"$=$=-#%&(&

)683+;)�:%+-),&(WX.B',>�	�	�	�'*<O=$&%#T"$/ZKZ.B=LK-&E41&%P�/3&%4�Y�'2&%4�"$:%+-),&(#�),83+-)34�.f/3.B)�83+mKZ&T)683"$#

Y1'2.0Y1&%'*)?>�i
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�y+ [ =$&�ÎOi¡d�I�.0QuY�+;'*"$#(.B/ [ &%)?n`&%&%/sWX'*+;Y�8�Y1'*<O/3"$/3WJ+;/347Y1'2.BY�.B#%"$)6"$.B/3+-=(:(.B/3]
)6'2.B=I.BA�:%+-)6&%WX.B',>@	3:%.B/G),'2.B=�'*<O=$&%#Zi

[ &%AU.B'2&C#%"$QRY1=$"$P�:%+-),"$.B/ +;AU),&('�#%"$QRY1=$"$P�:%+-),"$.B/
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g
airplane

gr+-/34
airport

'2&%#(Y1&(:%)6"LK-&%=L>�i

��:%:(.B'241"$/3W{),.�)683&¢8G&%<O'q"$#(),"$:�AU.B'�WX&%/3&('q+-)6"$/3W¢)6'q+-"$/3"$/3Wo&2vN+;QRY1=$&(#�A?.B'

ìXí�î1í�ïñð�ò²óñôXóXðõí�'*<�=$&(#-g ö�÷Iøúù�ûOü�ý þ
ÿ��
�Oøúû�÷���ç
pkg1 plane apt-A

è0+-)�),"$QR&wbs"$#J+
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�z+ [ =$&V³Oi¡d�;�!#("$QuY�=$&V=$.0W "$#(),"$:(#EY�'2. [ =$&(Q�+-/34u"$),#9#(.B=$<�)6"$.B/�i

	�/3"$),"$+-=4 ç
at pkg1 apt-A

è�g�ç
at pkg2 apt-B

è�g

ç
at plane apt-A

è�g�ç
at trk-C apt-C

è�g

ç
in-city apt-A A

è�gNç
in-city po-A A

è�g�iUi?i

��.B+-=4 ç
at pkg1 po-C

è�g�ç
at pkg2 po-C

è

�1=$+-/� ± f�ù�ûOü�ý þ
ÿ��
�Oøúû�÷���ç
pkg1 plane apt-A

è

b h ø i�ý þ�ÿ�����øúûO÷���ç
plane apt-A apt-B

è

d f�ù�ûOü�ý þ
ÿ��
�Oøúû�÷���ç
pkg2 plane apt-B

è

Î h ø i�ý þ�ÿ�����øúûO÷���ç
pln apt-B apt-C

è

³ ö�÷Iøúù�ûOü�ý þ
ÿ��
�Oøúû�÷���ç
pkg1 plane apt-C

è

³ ö�÷Iøúù�ûOü�ý þ
ÿ��
�Oøúû�÷���ç
pkg2 plane apt-C

è

Í f�ù�ûOü�ý§ã¨�
ç�ë2ì~ç
trk-C pkg1 apt-C

è

Í f�ù�ûOü�ý§ã¨�
ç�ë2ì~ç
trk-C pkg2 apt-C

è

Ä ä �?ÿ åy��ý�ã¨�
ç�ë1ì7ç
trk-C apt-C po-C

è

Å ö�÷Iøúù�ûOü�ý§ã¨�
ç�ë2ì~ç
trk-C pkg1 po-C

è

Å ö�÷Iøúù�ûOü�ý§ã¨�
ç�ë2ì~ç
trk-C pkg2 po-C

è
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ÿ��
�OøúûO÷��yiP�

),"$QR& á���� Cb��;�9qHICbÒ"= HIá�à à H
� b

pkg1 plane apt-A A po-C� d
pkg1 plane apt-B B po-C� Î
pkg1 plane apt-B B po-C� Î
pkg2 plane apt-B B po-Cî ³
pkg1 plane apt-C C po-Cî ³
pkg2 plane apt-C C po-C

Y1.0#%"$)6"LK-&f&�v�+;QRY�=$& [ &%:(+;<O#%&7+;=$=�.BA�"$),#~Y1'2&%:(.B/34�"$),"$.B/G#C8G.B=$4|+-)�)6"$QR&fbOg�ó����1��g
ç
in pkg1 plane

è�+-/34åç
at plane apt-A
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)683&5Y�=$+;/�i5��/!)683&�.B),8G&%'983+-/34OgOö�÷Iøúù�ûOü�ý þ
ÿ��
�Oøúû�÷�� ç
pkg1 plane apt-C

è
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+-=$#7ç
in-city

HIá�à8à^è-+-/34MçÌç�ù�û�øhç
at
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)683&2>@"$/3)6'2.B41<O:%&V)�n`.f/3&�n�K-+-'q"$+ [ =$&(#�ày+;/34LH3ç n`83.B#(&E)?>IY1&%#V+;'2&��
city

�z+-/34
�
location
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in-city
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Å�Ä

(:wffctrl unload-airplane
:scope
(forall (?obj) (obj ?obj)

(forall (?airplane) (airplane ?airplane)
(forall (?loc) (location ?loc)
(exists (?bbva) (in-city ?loc ?bbva)

(exists (?bbvb) (goal (at ?obj ?bbvb))
(in-city ?bbvb ?bbva))))))

:precondition
(and (at ?airplane ?loc)

(in ?obj ?airplane))
:effect
(next (at ?obj ?loc))

)

��"$WX<�'2&@³�ijÎ�T��&(+;'k/3&%4�ìXí�î1í�ï ð`ò²ó ôhóXðkíp'*<O=$&@A?.0'C)683&�+;:(),"$.B/¢ö�÷1øúù�û�üOýUþ
ÿ�����øúûO÷��
.B<O),Y�<�)�"$/l&2v�)6&%/34�&%4��1�����Gi

©lö�÷Iøúù�ûOü�ý þ
ÿ��
�Oøúû�÷���ç�á�����C6��;�9�H
CbÒ�=�HIá�à²è ð
ç
in-city

HIá�àêà²è×R�çÌç�ù�û�ø-ç
at
á�����H è$è�RG©zç

in-city
H à²è

��83&R+ [ .}K-&u'*<�=$&u:%+-/ [ &�'2&(+;4�+-#®�^��.l/3.B)�<O/3=$.B+-4�+�Y�+;:(x1+-W &Lá7A?'2.BQ

+-/{+-"$'*Y1=$+-/3&�9�+;)E+;/o+;"$'*Y�.B'*)wC5"$A(C5"$#R/3.B)T"$/o)683&R#%+-Qu&R:("$)�>�+-#�á*ê #�W .0+;=

=$.B:(+;)6"$.B/�i��
��83&�=$&%+-'F/G&%4·ìXí�î1í�ïñðuò²óñôXóXðõíw'*<�=$&�AU.B'u+;:(),"$.B/�ö�÷Iøúù�ûOüOýUþ
ÿ��
�OøúûO÷��Â"$#�),8G&%/

WX&%/3&('*+;)6&%4s"$/�)683&�&2v�)6&%/G41&%4s�������~:(.B/3)6'2.B=0AU.B=$=$.}n`"$/3WE)683&�:%.0/ZK-&('q#("$.B/uY1'2.B]

:%&(41<O'2&s41&%#(:%'*" [ &(4�"$/�DG&%:%)6"$.B/�³Oi²±hijÍ�i(dz+;'*"$+ [ =$&²á����;gOCb��;�9qHICbÒ"=}gG+;/34ÌH
á�àJ+-'2&
:%=$+-#%#("$P1&(4l+-#s4h>I/3+-Qu"$:EK-+-'*"$+ [ =$&%#�+;/G4 àp+-/34�H�+-'2&s#%)6+;)6"$:EK-+-'q"$+ [ =$&(#-iT�N"$WX]

<O'2&C³�ijÎR#%8G.}n9#9)683&`=$&%+-'F/G&%4u:%.B/3)6'2.B=�.B<�)6Y1<O)z"$/�),83&`&�v�)6&%/34�&%4u�1�����5:(.B/3]

)6'2.B=IA?.0'FQ�i



Å�Å

�y+ [ =$&V³Oij³����&%+-'F/G"$/3W9),"$QR&�çL"$/l#(&%:%.0/341#(è�+;/34u/3<OQ [ &%'�.0A�'*<O=$&%#C+;:(S;<O"$'2&%4�i

4�.BQR+;"$/ íu),'*+-"$/3"$/3W`Y1'2. [ =$&%QR# =$&%+-'F/G"$/3W`),"$QR& íu'*<�=$&(#V=$&(+;'k/3&%4
=$.0W "$#(),"$:(# ±õc Î1c�ijÆ�Ä�çLb�bOij³�è ±}b�ç�±�±õè
[ '*"$&%A?:(+;#(& d ±BijÄ1Æ�çLcOi²±1±}è Î�çLÎ�è
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(define (domain logistics-strips)
(:requirements :strips)
(:predicates (obj ?obj)

(truck ?truck)
(location ?loc)
(airplane ?airplane)
(city ?city)
(airport ?airport)
(at ?obj ?loc)
(in ?obj ?obj)
(in-city ?obj ?city))

(:action Load-Truck
:parameters (?obj ?truck ?loc)
:precondition (and (obj ?obj)

(truck ?truck)
(location ?loc)
(at ?truck ?loc)
(at ?obj ?loc))

:effect (and (not (at ?obj ?loc))
(in ?obj ?truck)))
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(:action Load-Airplane
:parameters (?obj ?airplane ?loc)
:precondition (and (obj ?obj)

(airplane ?airplane)
(location ?loc)
(at ?obj ?loc)
(at ?airplane ?loc))

:effect (and (not (at ?obj ?loc))
(in ?obj ?airplane)))

(:action Unload-Truck
:parameters (?obj ?truck ?loc)
:precondition (and (obj ?obj)

(truck ?truck)
(location ?loc)
(at ?truck ?loc)
(in ?obj ?truck))

:effect (and (not (in ?obj ?truck))
(at ?obj ?loc)))

(:action Unload-Airplane
:parameters (?obj ?airplane ?loc)
:precondition (and (obj ?obj)

(airplane ?airplane)
(location ?loc)
(in ?obj ?airplane)
(at ?airplane ?loc))

:effect (and (not (in ?obj ?airplane))
(at ?obj ?loc)))
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(:action Drive-Truck
:parameters (?truck ?loc-from ?loc-to ?city)
:precondition (and (truck ?truck)

(location ?loc-from)
(location ?loc-to) (city ?city)
(at ?truck ?loc-from)
(in-city ?loc-from ?city)
(in-city ?loc-to ?city))

:effect (and (not (at ?truck ?loc-from))
(at ?truck ?loc-to)))

(:action Fly-Airplane
:parameters (?airplane ?loc-from ?loc-to)
:precondition (and (airplane ?airplane)

(airport ?loc-from)
(airport ?loc-to)
(at ?airplane ?loc-from))

:effect (and (not (at ?airplane ?loc-from))
(at ?airplane ?loc-to)))

)



(define (control logcontrol)
(:domain logistics)

(:defpredicate in-wrong-city
:parameters (?obj ?loc)
:body (exists (?goal-loc) (goal (at ?obj ?goal-loc))

(exists (?city) (in-city ?loc ?city)
(not (in-city ?goal-loc ?city)))))

(:action Load-Truck
:exclude (goal (at ?obj ?loc)))

(:action Load-Truck
:exclude (and (in-wrong-city ?obj ?loc)

(airport ?loc)))

(:action Unload-Truck
:exclude (and (in-wrong-city ?obj ?loc)

(not (airport ?loc))))

±�±õÅ



±1±}Æ

(:action Unload-Truck
:exclude (and (not (in-wrong-city ?obj ?loc))

(not (goal (at ?obj ?loc)))))

(:action Load-Airplane
:exclude (not (in-wrong-city ?obj ?loc)))

(:action Unload-Airplane
:exclude (in-wrong-city ?obj ?loc))

(:wffctrl w1
:scope (forall (?trk) (truck ?trk)

(forall (?obj) (obj ?obj)
(forall (?loc) (location ?loc)
(and (in-wrong-city ?obj ?loc)

(not (airport ?loc))))))
:precondition (and (at ?trk ?loc)

(at ?obj ?loc))
:effect (next (at ?trk ?loc)))

(:wffctrl w2
:scope (forall (?trk) (truck ?trk)

(forall (?obj) (obj ?obj)
(forall (?loc) (airport ?loc)
(in-wrong-city ?obj ?loc))))

:precondition (and (at ?trk ?loc)
(in ?obj ?trk))

:effect (next (at ?trk ?loc)))
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(:wffctrl w3
:scope (forall (?trk) (truck ?trk)

(forall (?obj) (obj ?obj)
(forall (?loc) (location ?loc)
(goal (?obj ?loc)))))

:precondition (and (at ?trk ?loc)
(in ?obj ?trk))

:effect (next (at ?trk ?loc)))

(:wffctrl w4
:scope (forall (?pln) (airplane ?pln)

(forall (?obj) (obj ?obj)
(forall (?loc) (airport ?loc)
(not (in-wrong-city ?obj ?loc)))))

:precondition (and (at ?pln ?loc)
(in ?obj ?pln))

:effect (next (at ?pln ?loc)))
)



(define (control learned-control)
(:domain logistics-strips)

(:action load-truck
:exclude
(goal (at ?obj ?loc))

)

(:action load-truck
:exclude
(exists (?bbva) (in-city ?loc ?bbva)

(exists (?bbvb) (goal (at ?obj ?bbvb))
(exists (?bbvc) (in-city ?bbvb ?bbvc)

(and (airport ?loc)
(not (= ?bbvc ?bbva))))))

)

(:action unload-truck
:exclude
(and (not (goal (at ?obj ?loc)))

(not (airport ?loc)))
)
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(:action unload-truck
:exclude
(exists (?bbva) (in-city ?loc ?bbva)

(exists (?bbvb) (goal (at ?obj ?bbvb))
(and (not (goal (at ?obj ?loc)))

(in-city ?bbvb ?bbva))))
)

(:action load-airplane
:exclude
(exists (?bbva) (in-city ?loc ?bbva)

(exists (?bbvb) (goal (at ?obj ?bbvb))
(exists (?bbvc) (in-city ?bbvb ?bbvc)

(= ?bbvc ?bbva))))
)

(:action unload-airplane
:exclude
(exists (?bbva) (in-city ?loc ?bbva)

(exists (?bbvb) (goal (at ?obj ?bbvb))
(exists (?bbvc) (in-city ?bbvb ?bbvc)

(not (= ?bbvc ?bbva)))))
)

(:wffctrl unload-truck
:scope
(forall (?obj) (obj ?obj)

(forall (?truck) (truck ?truck)
(forall (?loc) (location ?loc)

(goal (at ?obj ?loc)))))
:precondition
(and (in ?obj ?truck)

(at ?truck ?loc))
:effect
(next (at ?obj ?loc))

)
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(:wffctrl unload-truck
:scope
(forall (?obj) (obj ?obj)

(forall (?truck) (truck ?truck)
(forall (?loc) (location ?loc)

(exists (?bbva) (in-city ?loc ?bbva)
(exists (?bbvb) (goal (at ?obj ?bbvb))

(and (airport ?loc)
(not (in-city ?bbvb ?bbva))))))))

:precondition
(and (in ?obj ?truck)

(at ?truck ?loc))
:effect
(next (at ?obj ?loc))

)

(:wffctrl unload-airplane
:scope
(forall (?obj) (obj ?obj)

(forall (?airplane) (airplane ?airplane)
(forall (?loc) (location ?loc)

(exists (?bbva) (in-city ?loc ?bbva)
(exists (?bbvb) (goal (at ?obj ?bbvb))

(in-city ?bbvb ?bbva))))))
:precondition
(and (at ?airplane ?loc)

(in ?obj ?airplane))
:effect
(next (at ?obj ?loc))

)
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(:wffctrl drive-truck
:scope
(forall (?truck) (truck ?truck)

(forall (?loc-from) (location ?loc-from)
(forall (?loc-to) (location ?loc-to)

(forall (?bbva) (obj ?bbva)
(and (airport ?loc-from)

(goal (at ?bbva ?loc-from)))))))
:precondition
(and (in ?bbva ?truck)

(at ?truck ?loc-from))
:effect
(next (at ?truck ?loc-from))

)

(:wffctrl drive-truck
:scope
(forall (?truck) (truck ?truck)

(forall (?loc-from) (location ?loc-from)
(forall (?loc-to) (location ?loc-to)

(forall (?bbva) (obj ?bbva)
(and (airport ?loc-to)

(goal (at ?bbva ?loc-from)))))))
:precondition
(and (in ?bbva ?truck)

(at ?truck ?loc))
:effect
(next (at ?obj ?loc))

)
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(:wffctrl drive-truck
:scope
(forall (?truck) (truck ?truck)

(forall (?loc-from) (location ?loc-from)
(forall (?loc-to) (location ?loc-to)

(forall (?bbva) (obj ?bbva)
(and (airport ?loc-to)

(goal (at ?bbva ?loc-from)))))))
:precondition
(and (in ?bbva ?truck)

(at ?truck ?loc-from))
:effect
(next (at ?truck ?loc-from))

)

(:wffctrl fly-airplane
:scope
(forall (?airplane) (airplane ?airplane)

(forall (?loc-from) (airport ?loc-from)
(forall (?loc-to) (airport ?loc-to)

(forall (?bbva) (obj ?bbva)
(goal (at ?bbva ?loc-from))))))

:precondition
(and (in ?bbva ?airplane)

(at ?airplane ?loc-from))
:effect
(next (at ?airplane ?loc-from))
)

)
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