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Abstract: This paper anatomizes all actions in planning domain, proposes a descriptive method for the relations
between preconditions and effects of action, and defines some basic relations between preconditions and effects of
action, such as direct concomitant relation, conditional concomitant relation, and direct obstructive relation. These
basic relations express the domain knowledge hiding in the definition of actions. For these basic relations, this paper
defines some compound operations, and obtains indirect obstructive relations and absolute obstructive relations. The
indirect obstructive relation shows the transitivity of preconditions of action, and the absolute obstructive relation
expresses the impact on other predications when one predication is realized by action. Finally, this paper gives some
applications of these relations in the planning system. These relations are the essential theory basis for sorting
predications in target state, judging the target state, and optimizing the strategy of action selection for one
predication.
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, 3
, 4
) 5
PDDL (23261 pDDL
, IPC(international planning competition) .PDDL

(:Action  Act

:Parameters (P Py...PY

:Precondition (Pc; Pc, ... Pcy)

:Effect (and Pd, Pd, ... Pdy)
)
:Act ;Pci - Pd; J=l.sj=1.1.

: , o, Pc,q,
Pc,o,...,Pcso , Act, Pd, o,Pd,o,...,Pdio
: BlocksWorld Unstack *

(:Action  Unstack

:Parameters (?7x?y)

:Precondition  ((clear ?X) (on ?X ?y) (arm-empty))

:Effect (and (not (clear ?X)) (not (on ?X ?y)) (not (arm-empty)) (holding ?X) (clear ?y))

)

. ; , :(Unstack A,B)
(Unstack B C) Unstack 5 :AB C
11 Pd S Ney ,
(1) Pdo Pd o ;
2) So S o , :So={PdolPdeS}.
:Pd=(on ?x ?y),c={A/?x,B/?y}, ,Pdo=(on A B).
1) PC(Act) E(Act) Act (precondition) (effect)
Unstack s
PC(Unstack)={(clear ?x),(on ?x ?y),(arm-empty)}
+ BlocksWorld B. BlocksWorld s

STRIPS BlocksWorld

>
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E(Unstack)={(not (clear ?X)),(not (on ?X ?y)),(not (arm-empty)),(holding ?X),(clear ?y)}

2) , Ti i , ,To
C  BlocksWorld s To :
To={(clear C),(on C A),(on-table A),(clear B),(on-table B),(arm-empty)}
3) T Act , , o, :PC(Act)ocT,,
E(Act)o T , Tisr.
Ti+1=(Ti—{Pdyoi(not Pdy) e E(Act)})u{Pd,oPd,c E(Act)}
: c - "To o={C/?X,A?Y}), (Unstack C A)
T . , T,

T,=(To—{(clear C),(on C A),(arm-empty)})U{(holding C),(clear A)}
={(on-table A),(clear B),(on-table B),(holding C),(clear A)}

1.2 T, Pd , PdeT, , Pd
3 ”’ (l’lOt Pd) 13 7’; ) , Pd 13 7’, (nOt Pd) 3 ”.
.3, T, Pd s o,
PdoeT, , Pd <« 7, (not Pd) “ 7; , , Pd <« 7, (not
Pd) 3 2
1.2 1.3 , “« ,
s Pd < / 29 [ Pd [3 / 299
pC’ vpdl e pc’ Pdl 13 ”’ pc 3 ’!; R pC 13 kRl
2
21
, WACK LAct(Pd) Pd
,CPC(Pd) Pd (common precondition), CE(Pd) Pd

(common effect),
Act(Pd)={Actj|Pde E(Act;),Act;c ACT}, CPC(Pd)= Ny, cace(pay PC(ACE), CE(Pd)= Act, < Act(Pd) E(Act)

,Pde CE(Pd).

Pd CE(Pd)
2.1 pc>
Pd;pc—Pd, :VActie ACT, Pd,eE(Act)=Pd,cE(Act), Pd, , Pd,
, Pd, Pd, R ,pc .
2.2. ,Pd ,VPd;e CE(Pd)-{Pd}, Pd ,
Pd, , Pd Pd , Pd, Pd ,

Pd{(not pd)}—)Pdi .

© PEBREBALTU bt/ www. jos. org. cn
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:BlocksWorld , (holding x)™ (Pickup x) (Unstack x ).
CE((holding X))={(not (clear X)),(not (arm-empty)),(holding X)}

2.2 :
(holding X) ot (holding x);—>(n0t (clear X)), (holding X) ot (holding x); (10t (arm-empty))
: (not (holding X)) , (holding
X) 2 2 . 2
22
2.3.  VActeAct(Pd) |[PC(Act)-CPC(Pd)=1, ,  PcePC(Act)-CPC(Pd),Act;c Act(Pd),
Pc AC'[J' Pd "
2.3 “|PC(Act;)-CPC(Pd)|=1" L Act(Pd) ,
(1)  3ActeAct(Pd), |PC(Act)-CPC(Pd)|=0, , Pd , Actj
Pd. , Pd, .
BlocksWorld s (arm-empty) (Stack xy) (Putdown X),
{(holding X),(clear y)} {(holding X)}. s (Stack X y) (arm-empty)
(Putdown Xx)
(2)  3JActjeAct(Pd) |PC(Act)-CPC(Pd)>1, , . ,

, CPC(PU=0 |, .
2.4, Pc Act; Pd . VPd eE(Act;)-CE(Pd), Pd; Act,

Pd s Pd{(not Pd),PC}_>Pdi-
BlocksWorld s (holding X) (Unstack x y) (Pickup Xx).

(1) (Unstack x y)
PC:  (clear X) (arm-empty) (on X Yy)

(2) (Pickup x)
PC:  (clear X) (arm-empty) (on-table X)

2.3 s (on Xy) (on-table x) (Unstack xy) (Pickup X) (holding x)
, : (onXxYy) , (Unstack X y); (on-table X) , (Pickup X). ,
2.4

(holding X) ¢(not (holding x)).(on xyp;—>(clear y)
(holding X) {not (holding x)),(on x )3 —> (N0t (0N X Y))
(holding X) (ot (holding x)).(on-table )3 —>(nOt (on-table X))

. (holding X) oy « ”
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STRIPS , S S
2.2 2.4
BlocksWorld D E
23
25. Ri=Pd; (ot payy; = P2 €S0, Re=Pth (i pa,; = Pds€S,  RiPR=Pd (1 pg ), = P
2.5 , Pdi=Pd; ,Ri°Ry=Pd; ,,pq4,),— Pdi; Pd; , Pd,
. s “Pd,;=Pd;”
2.1 Ri=Pd; (o1 pa ;= P €S0, Re=P s (g, = Pds€S,Pd1#Pds,  RicR:€ S,
Act(Pd)=1{ Act , Act;, ..., Act_},Act(Pdy)={ Act; , Act; ,..., Act; }.
Act(Pd;) Act;, .
R :PdyeE( Act; ).
Act(Pd,) , At eAct(Pdy).
:Act(Pd;)cAct(Pd,).
R, , Act; eAct(Pdy)—=Pd;eE( Act; ).
.V Act, eAct(Pd)), Act, eAct(Pd,),Pd;eE( Act; ), :Pdye O act, e Act(Pl) E( Act;, )=CE(Pd,).
“Pd;=Pd;” ,Pd;eCE(Pd))-{Pd;,}.
2.2 PO jpoipa = P,  RicReS,.
BlocksWorld R
Ri:(0n X ¥) {(not (on xyy;—>(not (holding X)), Ry:(not (holding X)) ((nolding )} —>(arm-empty)
D :Ri°Ro=(0n X ¥) {(not (on x y);—>(arm-empty) € S,.
2.1 , ,
S
24
Pd; {(not Pdy)} Pdi
M PG < v, : Pd. .
2) Pd « ” , Pd;, ;
Pd . , Pdi  Pd; «“ ”
5P (ot payy = POy Pd; Pd;
Pd  Pd,

,Pd, {(not Pd )} de

« 2

pc—™>

P ot pa, = P
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F:A—-B RPd; 0 pa ;= PO, ,
Q)
F , A , B ; R , Pd <« ~»
, , Pd « ~ Pd <« 7,
(2)
F , A , B ; R
Pd , Pd, Pdi  Pd « ”
(3)
F , A , B : R
Pd, Pd , Pdi  Pd 5 Pd, ,
Pd,, Pd, « 7 R
C))
F , A , B ;
R , Pdp™ < ~, Pd “«o”
(%)
:A—>B,B—C, s A—C .
:Pd, {(not P, )} Pd,,Pd, {(not Pdy)} > Pd;, 2.1 :Pd, {(not Pdy)} Pd;
3
31
2.1 CPC(Pd) ! Pd
Pd,CPC(Pd) “ »  CPC(Pd) “ o
Pd; CPC(Pd) “o Pd
> ) , CPC(Pd) Pd
2.1 2.2 , Pd CPC(Pd)
3.1 pe—\ >t
(not Pd;)pc—\—>Pd, Pd, , Pd, ©o (not Pd;)
Pd, , ,pc
3.2. ,Pd ,VPce CPC(Pd)—{(not Pd)}, Pd
, Pc ©o Pc Pd , (not Pc) Pd
, :(not PC) ((not pay; —\—>Pd.
BlocksWorld s (not (arm-empty)) (Unstack x y) (Pickup X).

© PEEREBEAD
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2.2
CPC((not (arm-empty)))={(clear X),(arm-empty)}
3.2 s (not (clear X)) ((arm-cmpty); —\—>(not (arm-empty)).
S STRIPS .BlocksWorld
F.
32
3.1 s
Pd,Pd, e CPC(Pd)—{(not Pd)},Pd,c CPC(Pd;)—{(not Pd;)}.
Pd , Pd, « 7, Pd;; Pd;, , Pd,
“o, (not Pd,) Pd, . , Pd; 5% % (not Pd,) Pd,
Pd .
3.3 pe—\—>:
(not Pd;)pc—\\—>Pd, : Pd, , Pd, “o o (not Pd))
Pd, , ,pc .
34. Obs:
(1) (not Pd;) (ot pay—\—>Pd, (motPd) « ” (not Pd,) Pd R

R=(n0t Pdl){(not pd)}—\\—>Pd, ObS(R):l,
2) Ri:(not Pdy) o Pd)} —\—>Pd;,R,:(not Pd,)p.—\\->Pd, (not Pdy)) pc “ 7 | (not Pd,)
Pd , R=R®R,=(not Pd,) ., P, )jUPC —\\—>Pd, Obs(R)=1+0bs(R,).
S | 34

Fig.1 Two ways of generating indirect obstructive relations in definition 3.4

1 3.4
3.4(1) - » o« ” . 1.
\ S ‘5_\\_>’!
(not Pd;)pc—\\—>Pd (not Pd,) Pd
Ri:(not Pd;) p, —\\—>Pd,Ry:(not Pdy) 5, —\\—>Pd, Pd
Obs(R,)<Obs(R,), (not Pd)) Pd (not Pd,)
, Obs(R)=1, (not Pd,) Pd
33

3.4 ,

Ry:(not Pd,_) 0 pa (not Pdj, ),(not Pd )} -\—>Pd, eS§US,.

g1 )
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Pdis “ (not Pdis ) Pdi“ . Pdis “« o
(not Pd; ) Pd;, . , (not Pd;_),...,(not Pd; ),(not Pd, ),(not Pd, )
T y F)di0 5 Pdis . Pdis R
Pd, : R
Pd, K -m n

Ry:(not Pd,_) (0 Pdig_ om0t PGy, )(not Pely )} -\—>Pd, .

k tPj aorpa, p =\~ > PO Py o, gy =\ > P P g,y =\ > P
m : Pd, — Pd, , Pd — Pd, ..., Pd; —Pd, .

s {(not Pdj )} 127 s {(not Pdig)} 2 s {(not Paj, )} m
n d;, {(not Pdj ) pd, } —.Pd,.Pd, {(not Pdj ), pd, } L Fd, {(not Pd, ), pd, } —Pd, .

(1) 3(not Pd; ) Pa,, )} -\=>Pd,_e€S,, (not Pd; )e{(not Pd_ ),....(not Pd, ),(not Pd; ),(not Pd, )}
:(not Pd; )=(not Pd, ),t=s-1..0.

(1.1) Pd, <& 1§
R, s (not Pdi[ ) “or, , R, . ,
R,
(1.2) Pd, « 7
Pd, ,Pd_,Pd; ....,Pd; ,Pd
“or , . , Pd;_
Pd .
, BlocksWorld R R;:(not (holding 2))(not (arm-empty)),(on x yy3—\\—>(n0t (0n X Y)).
(holding 2) , R;:(not (arm-empty))mot (holding x;—\—>(holding X).
R, (holdingx) R, (holding 2) , R; Xz
s R; R{ :(not (arm-empty))(not (holding 2);—\—>(holding 2).
. (arm-empty) “ 7
R, (not (arm-empty)) T ; R,
. (arm-empty) “ 7
R : (arm-empty). ,
(arm-empty),(holding z),(arm-empty).
(holding 2) (not (on X Y))
(2) 3 Pd, (ot Pa,_ )} ™ Pd, €S, (not Pd, )e{(not Pd,_ ),....(not Pd, ),(not Pd, ),(not Pd; )}
P (ot P, )} Pd, : (not Pd_) “ 7, , Pd,
. , R, {(not Pd;_),....,(not Pd; ),(not Pd; ),(not Pd)} (not
Pd,) “ 7, Pd, R, . ,
R, .
(3) AP (o Pai,).pd;) Pd, €S, Pd,@mot Pd, )e{(not Pd_ ),....(not Pd; ),(not Pd; ),(not Pd, )}
“Pdi (ot Pai,).pd;} Pd, ” : (not Pd,_) Pd * 7, Pd_
Pd,, . , R, {(not Pd;_),....,(not Pd; ),(not Pd;),(not Pd, )} ,

© PEBREBALTU bt/ www. jos. org. cn
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(not Pd, ) “ . , R,
3 , Pd, . 3
* Pd, R ;
y Pd;, R, ;
y Pd, R ,
R, ; ) Pd;,
Pd. ,

BlocksWorld , S , 34(2)
S( G).
34
(not Pd;)not pay;—\—>Pd
(@9 Pd = ~» , Pd, S
(2) Pd 13 kRl , : Pd Pdl “ 57; s
Pd. Pd, <« ~ Pd, Pd
(not Pdp) {(not Pdyy_).....(not Pd; ),(not Pdy)} —\—>Pdy,m=1
(1) Pd, “ 7, Pd, . , ;
2) Pd, <« » , 3.4(2) : Pd, Pdg 7, Pd,
(13 2 s Pdl sz (13 ”. , Pdm,l [13 2 X Pdm,l
Pdn * " . Pdi.Pd,...Pdy 7 Pd, P
. (IlOt Pdm) (IlOt Pdrml) Pdo . Pdl,sz,. . -,Pdwl
“or, R (not Pdy) Pd,
R1=(1’10t Pdm) {(not Pdp_1),...,(not Pd;),(not Pdg )} _\\_>Pd0 € SIUS%nEl .
Pd,i,...,Pd,,Pd;,Pd, “or Pd,
Pd, <« . N R m : Pd,.
Pd,, Pdm-1, Pdms,...,Pdy,Pd;
Pd,
(1) Pdy ) ;
(2) m ( )-

© PEBREBALTU bt/ www. jos. org. cn
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35
3.2 3.4 . ¢ 3%

R=R\®...®R,®R,=(not Pdm)pc—\\->PdyeS,,Ry,...,Ro,Ri €S,m>1, ,R

M Ry Rii=l.m-1,
R =(10t Pdi1) |(y0rpeyyy —\—>P0hs R=(00t PAh) (100 pg, 1y —\—>Pl_1.

(2) pc={(not Pdp,),...,(not Pdy),(not Pdp)}, V(not Pd;),(not Pdj)epc,izj, Pdi=Pd;.

B)R R Ry,Rs,...,Rn ,
(4) Rsu®...®R,®R;; € SUS,,0<s<m-1, 1 <k<m-s.
33 X & ,
R :
(1) R R Pd; (not Pdy) )
2) Pdy,Pd;,...,Pdy “©o o (not Pdy) Pd, , m
3) Pdy,Pd;,...,Pdn 1 “or Pd,, Pdy,Pdn 1,...,Pd;
“o Pd,Pdi 1. ..,Pd; , ;
4) m Rm....RuR k ,
, Pd; Pd,_;,Pdi_,,...,Pd, , I<ism.
3.2 3.3 ,
3.5. RAR®...OR,®R, €S US),m>1,R,eSUS,
1R R ;
(2) (Ry®...0R,) (Ri®R) ’
R R , R®RA(Rn®...®R)®(R®R,).
3.5 2) , ‘R, Ry ” “Ri®...0R,) (R®R)
(Ri®...®R,) m-1 , R, . ,
3.5 : Rp,...,R,R€S,ReESUS, R (R.i®...9R®R) J=1..m,
R, R, .
3.1 R,ReESVS, R R , RO®ReES,.
Ry, 3.4 RAR:®...OR®R, ‘RnRn1,-..,R €S,m>1.
Ry m
) m=1 .
,RES. R, R, R 3.4 ‘R®R,eS,.
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2) m=n-1>1 , . m=n
3.5(1) 3.4 ‘RI®R,eS,CSUS,.
@) Ri®R1®...0R,eSUS,.
“R, R, . 352)  {(Re®Ry ®...0R) (RER)
(Ri®R1®...0Ry),(RI®R ) e SUS, (Ri®Rn1®...®R)®(R®R) e S,.
3.5 RORA(R®...OR)®(R®R), R®RES,. O
3.1 > >
, S
4
3.2 ,
4.1
4.1. p=\=>1
Pd,p=\\=>Pd, Pd, Pd, , Pd,
Pd, , ,pc .
4.2. Ri=Pd; (0 pgy; —>(n0t Pdy) € §,Ry=(not Pd,)pc—\\->Pd; € S US,, Pd,
Pd, , RI®R=Pd; (¢ pa ) pa, jupe ="\ => P03, ObS(R ®Ry)=1+0bs(Ry).
4.2, Pd, « 7, Pd,, Pd,,
Pd,, . , Pd, “« ” R R
Ry=(not Pd,),c—\\—>Pd;e§US,, R,
Ri=Pd; |0 pd,); —>(not Pd))eS,.
R, : Pd, , (not Pd,) .
: Pd, (not Pd,) , m :Pd; ,Pd; ,...,Pd; ,n
:Pd, ,Pd, ,..., Pd, ,m>0,n>0.
Ri:Pd; (o by, —> (00t Pdy),Ry:(not Pdy)pe—\—>Pd;.
m PAi orpay; = Py 5P orpay; = PA, 5 PAL aocpayy —> Pd; -
n P ot Pa).Pdig | —>Pd,,Pd; o PPl | —Pdy,..,Pd; 0 PP Pd\,n .
(1) (not Pd))epc
Pd, , Pd, R, . R R
(2)3Pd; e{Pd; ,Pd, ,...,Pd; }npc
(2.1) Pd; =(not Pds)
Pd, , Pd; “o , Pd, Pd; , Pd;
. ) Pd, , R, . , R, R,
(2.2) (not Pd; )epc
Pd;, , Pd, Pd;, R, . , R,
Ry 5

(3) 3 Pd, epc,

2
4

: Pdy, =(not Pd;) (not Pd, )epc
Rl R

© PEBREBALTU bt/ www. jos. org. cn
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4.2 IRI@RZZPdl {(not Pdy),Pd, }UPc =\\=>Pd3,ObS( R1®R2): 1 +ObS(R2)

R, R, Pd, Pd;
R2 ) 7Rl RZ
b Sj .
S={RORIR eS,Re5VS, R R }
BlocksWorld ) S H.
4.2
3 @ bl S
‘®’ ‘@
4.1. Rli(not Pdl) {(not Pdy)} —\—>Pd2€SI,R2:Pd2 {(not Pdy)} —)Pd3€%, R] R2

RI®Ry=(not Pdy) (o pa,); —\—>P0:€S;.
: Pd, CPC(Pds)
(1) Pd; ¢ CPC(Pd;)
, (not Pd)) Pd; . R R
(2) Pd,; eCPC(Pds)
3.2 (00t Pdy) (o payy; —\—>Pds€S;.
, R R » RIOR=(not Pd)) |,pg,) —\—>Pds€S;.
4.1 (not Pd)) Pd, s Pd;
Pd)) Pd; , (not Pdy) Pdy)) —\—>Pd,

4.1 1), BlocksWorld
BlocksWorld ) R, R,
Ri:(not (holding X)) ot (on x yy;—\—>(0n X ¥),Ro:(0n X ¥) (not (on x yyy;—>(clear X).
(not (holding X));(ciear x;—\—>(clear X) 3
(holding x) “« .
: 2 , (clear A)
Fig.2 A state of BlocksWorld (holding A) (clear A)
2

C

A

(not

(clear X)

(holding A),

43 R=Rr®... OR®R €S),Rn...,R,R €S, 1,RES), R Rp(Ri®...®R) (RER)

, R R , RIORA(Ry®...OR)®(R,©OR,).
4.2. R,eSUS,ReS, R, R, , R®OReSUS,.
: R,

M ReS
43 4.1 ‘RIOR,eScSUS,.
@) RieS
R=Ri®...0R®R,, ‘R .,R,R €S,m>1.
R eS,ReS 4.1 ‘RI®ORES,.
@) ‘Ri®...®R,eSUS,.
R\®...0R,eSUS,,RI®OR,eS 3.1 (Ri®...0R)®(R®OR,) eSS US,.
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4.3 ‘RIORA(R®...OR)®(R,®R), R,®R,eSUS,.
Ru Rv N RU®RV681USZ
3 S SUSUS, ;

R1°R2,R4®R3 5 4.2 R3®R4

Ri°R,
Theorem 2. l/\ Nma 4.2
> R SUS: Set of ]

S): Set of direct R, ROR; 4 ‘ f
L obstructive relations

concomitant relations
R;®Ry

v Definition 4.2

2.1 4.2

[ S;: Set of absolute

obstructive relations

Fig.3 Results of combining direct concomitant relations with other relations of effect of actions

3
4.4. R e SUSUS,R=R;(®R;y 1 € $3,R0€ 5, Ry1 €S US,,
(D R Rup(RI®Ry) Ry , R R ,
R ®OR=(Ri®Ry)®ORy;;
2 Ry RLRy (Ri®R) > R R >

R2®R1:R20@(R21 ® R])

Ri=R1®R;1,R:=Ry0®R;1,R|,R €S53, R 0, R00€ S, R 1,R1 €S VS, Ry Rao0,(Rii®Ry)  Ry1,Ryg

4.5.
(Ri1®Ry)®R,) , R R ) RIOR=R1¢®((Ri1®Ry)®Ry)).
41 ReSUSUSReS, R R . ROReSUS,
4.2. R eSUSUS,ReS, R R , ROReS.
4.3. R,ReS, R R , ROReS.
41~ 43 A. i
4

ROR,

Theo% /\Theorem 43
S): Set of direct concomitant relations R ROR; R S;: Set of absolute
SUS: Set of obstructive relations obstructive relations
R] @Rz
Theorem 4.1

Fig.4 Results of combining absolute obstructive relations with other relations of effect of actions

4

O 3.1 4.1~ 4.3 , SUSUSUS, JOK

4.3

RII(HOt Pd]) P, —\\—>Pd2681USZ, RzZPd3 Pc, :\\:>Pd4633,

(1) Rl : pc; “«7 5 Pd25 de

© e
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(2) R pc, “ 7, Pd,,
Pd;, Pd; Pd,
5
Z(OIl X y){(not (onxy))}—>(not (Clear y)) . 5
(on AB) (not (clear B)), ‘
51
N R Ltpc~>” “pcﬁ,”“pc—\—>”"‘pc—\\—>,’ chC:\\=>’3
5.1 :Pdpe~>Pd, e §US (LUSUSUS;, o , :Pd, 6pc~>Pd, o ,
b R b
R
BlocksWorld s R=(0n X ¥){mot (on x yy;—>(not (clear Yy)), (on A B)
(not (clear B))
o={A/X,Bly}.
5.1 R =(on A B) (ot (on AB);—>(n0t (clear B))
R (onAB) , (not (clear B)) R (clear B)
5.2
5.2. R=RI®OR=Pd; ¢ pq, Pd, JUPC =//=>Pd¢eS;, Ri=Pd; (,ipqy —>m0t Pd)eS,R=(not Pdy)
pe—/[—>Pde S US,, Pd; {(notPd, )} —>(not Pd)eS,  Pd; Pd;).Pd;} —(motPd)e §;, R
Pdi Pdk, R:Pd| {(not Pd; ))de JuPC ://:>Pdk€ S_;
5% ‘RERI®ORy,R=PA; (g, > (n0t Pd)) €S, Ry=(not Pd))pc—//—>Pdke S, Rs=Pd;
{(not Pdj )} —(@motPd)eS  R=Pd; Pd;).Pd;} —(not Pd)e .
: Pd.
R Pd Pdy Pd.
s Pdy , Pdj( R, ). Pd
Pdi( Rs ). , Pd; .
, Pdy Pd;. Pdy s

Pd;
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53. Pd,,=//=>Pd,
Pd,<Pd,.
BlocksWorld
H s
5.3 :(on AB)<(on B C),
51 Pd; Pd,
5.2 5.3
BlocksWorld s H
C),(on AB) (on-table A)
53
53 .,
5.2.
5.1
BlocksWorld

(define (problem impossible)
(:domain  blocksworld)
(:objects abc)

1343

. sz Pdl s

s (onAB) (onBC).

(On z X) {(not (on zX)),(clear X),(not (holding x)),(not (on X y))}://:>(0n X y)

(onAB) (onBC) , (on B C).

Pdi<de , de<Pdi y Pd, de

s

5.1 :(holding A) (holding B),(on AB) (on A

Pd,,Pd,,...,Pdq,

(benchmark problem), 5

(:init  (on-table @) (on b @) (on ¢ b) (clear €) (arm-empty)) n
(:goal (and (on ¢ b) (on b a) (on a c))) Init
) Fig.5 The state of Impossible problem
5.3 :(on ¢ b)<(on b a)<(on a c)<(on c b). 5 Impossible
BlocksWorld s 6

[al[o][c] 4]
Init
Fig.6 The state of Blocks-4-0 problem
6 Blocks-4-0

Q
o) o
k)
=N

54

(define (problem Blocks-4-0)
(:domain  blocksworld)
(:objects abcd)
(:init (clear a) (on-table @) (clear b) (on-table b) (clear €)
(on-table c) (clear d) (on-table d) (arm-empty))
(:goal (and (on d ¢) (on ¢ b) (on b a)))
)
5.3 :(on d c)<(on ¢ b)<(on b a).
:(on b a),(on ¢ b),(on d c). s

( 2.3),
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R Pd R Pd
54. Pd] sz, Pd] {(not Pd})} —)(HOt sz) € S),sz {(not Pdy)} —>(n0t Pdl) € S),
Pd, Pd,
5.4 s , >
(not Pd;) (not Pd,) , 5.4 : ,
5.3 Pd1 sz,(not Pdl) (IlOt sz) . N
Pd, Pd, “or
53 A.
BlocksWorld , 5.4 (holding X) (arm-empty) ,
5.5. Pd; Pd, , Pd;ePC(Act;),Pd,e PC(Act)), Act;  Act
5.5 >
BlocksWorld R (clear X) :(Stack x y),(Putdown x) (Unstack y X).

(1) (Stack xy)
PC: (holding X) (clear y)

Effect: (not (holding X)) (clear X) (arm-empty) (not (clear y)) (on X y)

(2) (Putdown X)
PC:  (holding X)

Effect: (not (holding X)) (clear X) (arm-empty) (on-table X)

(3) (Unstack y X)
PC: (clear y) (on y X) (arm-empty)

Effect: (not (clear y)) (not (on y X)) (not (arm-empty)) (clear X) (holding Y)

(holding X) (arm-empty)

13 )

> H s

(Unstack y x)

3 s (Stack xy) (Putdown X) (clear X),
6
STRIPS , ,
- , STRIPS
, ( ),
PDDL STRIPS , Linux
IPC STRIPS

——StepByStep”
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4.1. RIE%USIUSZ,Rzeg, R] R2 . R1®R2€SZUS;.
Ry=Ry0®Rs1,R0€ S, Re1 €5 US,.
44(1) ZR]@RZZ(R1®R20)®R21.

DReS

R1,R0eS 2.1 ‘RIOR=R°Ry€ .

RIORyeS,ReSUS, 4.2 ((RIORy)OR, 1 =(Ri°Ry)®R,1 €SS US;.
LRI®OR,eSUS;.

2) Rie§US

R eSUS,RpeS 4.2 ‘RI®ORy,eSUS,.

RI®Ry,Ry1 €SUS, 3.1 (RI®Ry)OR,=(R®ORy)OR,y1 €SSSUS;.
,RI®OR,eSUS;.
4.2. R eSUSUS.ReS, R R , RORES,.

R=Ry @Ry 1,Ro0€ S, R € US,.
4.4(2) R OR=RyD(R ORYy).
HReS
R,;eSUS,R €S 4.2 ‘R ®ReSUS,.
RyoeS,Ri @R eSUS 4.2 Ryy®(R OR)ES;.
LROR €S
2) RieSUS,
Ry, R eSUS 3.1 Ry OR=R,|®R, €S,.
RyeS),Ri®R €S 4.2 ‘Ry@(Ry©R))eS;.
LROR€S;.
4.3. R,RecS, R R , RORES,.
Ri=R0®R;,R=Ry@R1,R10,R20€ S, R 1,R21 €S US,.
4.5 ‘RIOR=R(®((R1 ®Ry)®Ry).

R 1€SUS,RpeS 4.2 ‘R ORyeSUS,.

R11®Ry,R1 €S US 3.1 (RIIORy)®OR, €S,.

Ri0€S,(RI1®OR,)®R, €S 4.2 Ri®((RI1®ORy)®Ry ) €S;s.
LRIORES,.

5.3. Pd, Pd,,(not Pd;) (not Pd,) ,
Pd, Pd, ©o,
, To(init), Ty, T,..., Te(goal).
Tu Twr Pd, Pd, ,u=0,...,G-1.

(1) Pd],szETu
Pdy g Ty
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“(not Pd;) (not Pd,) ” 5.4 i(not Pdy) (pg, >PtheS,.
5 Pd] 5 Pd2 Tu H
Pd,eT,, «“ ”
(2) Pd2Ty,Pdy 2T,
ZPdl ETU+1.
“Pdl Pd2 ” 5.4 ZPdl {(not Pd})} —)(IlOt sz)GS)
, Pd, Pd, Ty , Tt
szeTuy 13 2
3) Pd, Pd, Ty
ZPdl ETU,széTu.
3.1) , (not Pd))e Ty
“(not Pd;) (not Pd,) ” 5.4 i(not Pdy) (pg, >PtheS,.
, Pd, , Pd, ,  PdigTy,PdeTy.
3.2) , Pd,e Ty
“Pd, Pd, ? 5.4 Py (1 pay), > (n0t Pd)) €S,
) Pd, Pd, ,  PdigTy,PdeTy.
1) @ , Pd,  Pd, ,
(3) . Pd] Pd2 Pdl Pd2
BlockswWorld
(define (domain BlocksWorld)
(:requirements  :strips)
(:predicates (clear ?X) (on-table ?X) (arm-empty) (holding ?X) (on ?X ?y))
(caction  Pickup
parameters  (?X)
:precondition (and (clear ?X) (on-table ?X) (arm-empty))
:effect (and (not (clear ?X)) (not (on-table ?X)) (not (arm-empty)) (holding ?x)))
(caction  Putdown
:parameters  (?X)
:precondition (holding ?X)
:effect (and (not (holding ?X)) (clear ?X) (on-table ?X) (arm-empty)))
(:action Unstack
:parameters  (?X ?y)
:precondition (and (clear ?X) (on ?X ?y) (arm-empty))
-effect (and (not (clear ?X)) (not (on ?X ?y)) (not (arm-empty)) (holding ?X) (clear ?y)))

(:action Stack
:parameters  (?7X ?y)

:precondition (and (clear ?y) (holding ?X))
:effect (and (not (clear ?y)) (not (holding ?X)) (clear ?X) (on ?X ?y) (arm-empty)))

)

BlocksWorld Sussman

(define (problem Sussman-Anomaly)
(:domain  Blocksworld)
(:objects ABC)

(:init  (clear C) (on C A) (on-table A) (clear B) (on-table B) (arm-empty))

(:goal (and (on A B) (on B C)))
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D. BlocksWorld S
22 5 Pdl—)sz
1. (on XYy)—(not (holding X)) 2.
3. (on XxYy)—>(clear x) 4.
5. (not (on X y))—>(not (clear X)) 6.
7. (not (on X y))—(holding X) 8

9. (on-table X)—(not (holding X))

11. (on-table X)—(arm-empty) 12.
13. (not (on-table X))—>(not (arm-empty)) 14.
15. (arm-empty)—>(not (holding X)) 16.
17. (not (arm-empty))—(not (clear X)) 18
19. (holding X)—(not (clear X)) 20
21. (not (holding Xx))—(clear X) 22.

E. Blocksworld S

(IlOt (arm'empt}’)) {(arm-empty),(on X y)} _)(CIear y)

(holding X) ot (holding x)).(on x y);—>(nOt (0N X Y))
(holding X) ((not (holding x).(on xy); —>(clear y)

S kW=

F. BlocksWorld S,
11 , , (not Pd))-\—>Pd,

1. (not (holding X))-\—>(on X Y) 2.

3. (not (clear X))—\—>(not (on X Y)) 4.

5. (not (holding X))—\—>(on-table X)

6. (not (clear X))-\—>(not (on-table X)) 7.

8. (not (holding X))—\—>(arm-empty) 9.

10. (not (clear X))—\—>(holding X) 11.

G. BlocksWorld S,

A e il e

H. BlocksWorld S;

e el e

—_ o
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Pdl ((not Pd, )} —)sz

(on X y)—>(not (clear y))

(on X y)—>(arm-empty)

(not (on X y))—(not (arm-empty))
(not (on X y))—>(clear y)

(on-table X)—(clear X)

(not (on-table X))—(not (clear X))
(not (on-table X))—(holding X)
(arm-empty)—>(clear X)

. (not (arm-empty))—>(holding X)
. (holding X)—>(not (arm-empty))

(not (holding X))—(arm-empty)

(IlOt (arm'empty)){(arm-empty),(on X y)}_)(not (On X y))

(IlOt (arm'empty)){(arm-empty),(on-table X)}—>(1’10t (on-table X))

(h01d1ng X){(nol (holding X)),(on-table X)}_>(n0t (On'table X))

(not Pd]) {(not Pdy)} —\—>Pd2.

(not (clear y))—\—>(on X y)
(not (arm-empty))—\—>(not (on X y))

(not (arm-empty))—\—>(not (on-table X))
(not (clear X))—\—>(not (arm-empty))
(not (arm-empty))—\—>(holding X)

(not (clear X)) ot (holding x)),(not (on x )3~ \\—>(0N X Y)

(not (clear X)) ¢(not (holding x)),(not (on-table x))}—\\—>(0n-table X)

(not (arm-empty)) (not (holding x)),(not (on x y)); —\\—>(0N X Y)

(not (arm-empty)) (not (holding x)).(not (on-table )y} —\\—>(0n-table X)

(IlOt (hOldlIlg Z))((nol (arm-empty)),(on ><y)}_\\_>(not (On X y))

(IlOt (hOldlIlg y))\'(nol (arm-empty)),(on-table X)}_\\_>(n0t (On'table X))

(IlOt (hOldlIlg y))\'(nol (arm-empty)),(not (holding X))}_\\_>(h01ding X)

(IlOt (hOldlIlg Z)){(nol (arm-empty)),(not (holding X)),(not (on X y))}—\\—>(01’1 X Y)

(nOt (h()ldlng y))((not (arm-empty)),(not (holding X)),(not (on-table X))}_\\_>(0n'table X)

(OIl X Z)((nol (on x 2)),(holding x),(not (on X y))}=\\=>(0n X y)

(011 z Y) {(not (on zYy)),(clear y),(not (on x y))}=\\=>(0n X y)

(01’1 z X){(not (on zX)),(clear X),(on X y)}:\\:>(n0t (01’1 X y))

(0N X'Y) ((not (on x y)).(holding ) (ot (on-table ;="\ =>(0on-table X)
(0n'Y X) fnot (on y x)),(clear x),(on-table x)} = \=>(not (on-table X))

(01 Y X) ¢(not (on y x))(clear x)(not (holding x));="\=>(holding X)

(OII z X){(not (on z x)),(clear X),(not (holding X)),(not (on X y))}:\\:>(0n X y)
(On y X)((nol (on y x)),(clear X),(not (holding Xx)),(not (on-table x))}=\\=>(0n'table X)
(nOt (OIl y Z)){(on Yy 2),(clear y),(not (on X y))}=\\:>(0n X y)

(nOt (OIl z u)){(on Z u),(arm-empty),(on xy)}:\\:>(n0t (OIl X y))

(IlOt (On y Z)){(on y 2),(arm-empty),(on-table ><)}=\\=>(not (On'table X))
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
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(IlOt (On y Z)){(on Yy z),(arm-empty),(not (holding X))}z\\:>(h01ding X)

(not (on Z U))(on z uy,(arm-cmpty), (not (holding x)),(not (on x y))}=\=>(0N X Y)

(IlOt (OIl y Z)){(on y 2),(arm-empty),(not (holding X)),(not (on-table X))}:\\:>(0n'table X)
(holding ¥) ¢(not (nolding y)),(clear y).(not (on x yy; = V=>(0n X Y)

(holding 2) (ot (holding 2)),(arm-empty),(on x y)3 =\ =>(n0t (on X y))

(hOIdlng y){(nat (holding y)),(arm-empty),(on-table X)}:\\:>(n0t (On_table X))

(holding ¥) ¢(not (holding y)),(arm-cmpty).(not (holding x; = \\=>(holding X)

(hOldll’lg Z){(not (holding 2)),(arm-empty),(not (holding X)),(not (on X y))}=\\=>(01’1 X Y)
(hOldll’lg y){(not (holding y)),(arm-empty),(not (holding X)),(not (on-table X))}:\\:>(0n'tab1e X)
(on-table X) (ot (on-table x)),(holding ) (not (on x y))}=\\=>(0N X Y)

(HOt (On'table y)) {(on-table y),(clear y),(not (on X y))}:\\=>(0n X Y)

(HOt (On'table Z)){(on-lable 2),(arm-empty),(on X y)}:\\=>(not (011 X y))

(HOt (On'table y)){(on-lable y),(arm-empty),(on-table x)}:\\:>(not (On'table X))

(not (on-table y)){(on-table y),(arm-empty),(not (holding x))):\\:>(h01ding X)

(IlOt (On'table Z)) {(on-table z),(arm-empty),(not (holding X)),(not (on x y))):\\:>(0n X y)
(IlOt (On'table y)){(on-table y),(arm-empty),(not (holding X)),(not (on-table x)))=\\=>(0n'table X)
(arm_empty){(not (arm-empty)),(holding X),(not (on x y))}:\\:>(0n X y)

(arm'empty){(not (arm-empty)),(holding X),(not (on-table X))}:\\:>(0n'tab1e X)

(I’IOt (am'empty))((arm-empty),(clear y).(not (on Xy))):\\:>(0n X y)

1965 ), -, ,

> >

(1945 ), , , ,

5

(1965 ), ,

>
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