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Abstract: In this paper, a similarity relation between two predicates is defined first. To a given predicate, the set
of action for the predicate can be obtained by the similarity relation. Then, the domain knowledge is extracted from
the common fluent in preconditions and effects of all actions for each set of action, and the formalism for the
domain knowledge is given. Finally, the contradictions in the initial states and the goal states in a particular
planning problem with domain knowledge can be discovered. The strategy of extracting the domain knowledge is
integrated in the planner StepByStep, and the domain knowledge is the necessary theory when one predicate by
action is realized in the planner.
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>

. RAX/PS(NASA ) HSTS(

)  MACHINE( ) . , «
” (domain-independent planner) ” (domain-dependent planner).
, :TIM!Y, STAN
(state invariant), S
, (21 (state analysis).
(GraphPlan)"! i
, R PDDL(planning domain
definition language) Axiom [4] ; ,
TLPLANP TALplan®' , « »

FFU-B ALEAL ') SATPLANI'S)

STRIPS 1ol

,  Blockbox?*4 GraphPlan,AltAlt, GRT** >3] MIpSP6-2"] , STRIPS
1 , s 2~4
2 b b
3 >
4 b
1
, PDDL (28-301 pppL
(:Action  Act
:Parameters (P P;y... Py
:Precondition  (Pc; Pc, ... Pcy)
:Effect (and Pd, Pd, ... Pdy)
)
:Act ,Pci Pd, J=l.sj=1..t.
: , Pc,,Pc,,...,Pcs “o Act,
Pd,,Pd,,...,Pd; , “ ? «“
Act, Para(Act),PC(Act) E(Act) (parameter)
(precondition) (effect)
9 i
© PR http:/ www. jos. org. cn
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BlocksWorld
BlocksWorld"  ( A), (holding x).
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))
)
E(Unstack) (holding ?x), (holding x) 3 {X/x}
. : 2 .
Unstack, {X/?7X} (holding ?x) (holding x) , (holding ?x)
, ) {X/?7X}
@x?y) 3
BlocksWorld (Pickup ?2x)  (Unstuck ?x ?y) (holding x).
o ={X/7x},0,={x/?y}, (holding x)E(;Pickup),(holding x)eE(o>Unstack)”.
! oPutdown  o»Unstuck (holding Xx). (holding x)
, (holding x) ,
(arm-empty), (holdingx) , (arm-empty) . , (holding x)
(arm-empty)
4
2
21
2.1 Para (P Py ... Py, V(Para) Para ,  V(Para)
:Para=(7x A ?y),V(Para)={?x,?y},?x  ?y , A .
2.2. Para,=(P; P, ... Py) Para,=(Q; Q, ... Q, P Q,i=1.Kk,

n Q . P=Q;
2 Q , P , ;

* BlocksWorld s STRIPS
. 3 « 327,

© PEBREBALTU bt/ www. jos. org. cn



STRIPS 493
(3) Q=Q = P=P;,
Para, Para,, Para; <~ Para,.
22 @))] ,Para, (
); 2) ,Para, ; 3) ,Para, Para,
2.2 “< , Para;<~Para,, Para,<~Para;.
(M%) Y1) <~ (M 2Y2),(7%1 A 2X)<~(T% A 2%0),(72X1 A)<~(T% 7Y), (7% 2Y)<~(7X; A) ; A
“y7, > > XY MYs
22
> (Name; Py P, ... Py ,(not (Name, Q; Q, ... Q) >
s ,Name, Name,
Type(Pd),Name(Pd)  Para(Pd) Pd
Pd=(on ?x A), Type(Pd)="* ”,Name(Pd)="on”,Para(Pd)=(?x A).
2.3. Pdi Pd;, Type(Pd)=Type(Pd;),Name(Pd)=Name(Pd;), Para(Pd,)<~Para(Pd)),
Pd Pd;, Pdi<~Pd,.
24. Pd;  Pd;,Name(Pd;)=Name(Pd;),Para(Pd,)=Para(Pd}), ,
(1)  Type(Pd)=Type(Pd)) , Pd  Pd, , Pdi=Pd;;
(2)  Type(Pd)=Type(Pd)) Pd;  Pd , Pdi=(not Pd}).
2.3
(19,
25. H={V/U,V/U,,....Vi/Uy}, H
(1) YVi/UjeH, U=V,
(2) YVi/UieH, U Vi , U; ;
(3) VVi/U;,Vi/UjeH, Ui=U; = Vi=y,
H , o, U(o) o {Uy,Us,...,Ug}.
2.5 1) 2) o Ui(i=1..k) , Vi; 3)
c U, Vi V.
2.5 o= s .
2.6. Para=(P; P, ... Py, o={Vi/U;,V/U,,....Vo/Upn}, oPara o
Para , :
VP;eV(Para), :
() 3IV/Ujeo, P=U;, \% Para Pi;
2) VV/Ueg, Pi=U;, P;
2.7. Pd o, oPd o Pd
2.7 :oPd Pd , ,
oPd Pd
2.1 Pd o, Para(oPd)=cPara(Pd).
2.6 2.7 .
o= , 2.1 2.4 :Para(dPd)=Para(Pd),JPd=Pd.

© PEEREBEAD
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2.1 Pd, Pd, Pd<~Pd,, o,  :Pdi=0Pd,,U(c)cV(Para(Pdy)).

“Pd,<~Pd,” :Type(Pd,)=Type(Pd,),Name(Pd,)=Name(Pd,),Para(Pd,)<~Para(Pd,).
:Para(Pd,)=(Py; Py, ... Py),Para(Pdy)=(P,; Py ... Py).

(1) H
‘H=0.
(P21 Py ... Py Pyi(i=1..K),
(1.1) Py
“Para(Pd,)<~Para(Pd,)” 2.2 :P1i=Pyi.
, Pi Pa
(1.2) Py
“Para(Pd,)<~Para(Pd,)” 2.2 Py ,
P1i=Pai, Pii Pai 5
P1i#Py, H<«—HU{Pi/Pyi}.
(1.1) (1.2) : Para(Pd,) (1.2) R
H, UMH)cV(Para(Pd,)).
2) y H o
(2.1) VP;i/PyieH
(1.2) Pi#Pai, Py P , Pai
(2.2) VP,i/P5;,Pyj/PeH
Poi=Py;, Pyi Pd, i j
“Para(Pd,)<~Para(Pd,)” 2.2 Pii=Py;.
(2.1) (2.2) 2.5 : H o, U(o)cV(Para(Pd,)).

(3) :Pd1=oPd2
:oPara(Pdy)=o(Py; Py ... Pa)=(Q1 Qz ... Q.
:Para(Pdl)ZGPara(sz), (P11 P12 Plk)z(Ql Q2 Qk)

: Para(Pd;) oPara(Pd,) , 1 Pi Q. PiiQ.
(3.1) Pyi=Q;
“Pri=Q” PPy
o :Pi/Pyieo.
, o (P21 Py ... Py ; Pai Pi, Q=P
“Pi=Q”
(3.2) Pyi=Q;
2.6 :Q Pyi o , Q/Pjeo.
o :Q=Py;.
“Pi=Q” .
3.1) (3.2) o PizQ , .
(PP Pu) (Qr Q... Q) , Para(Pd,)=cPara(Pd,).

2.1 :oPara(Pd,)=Para(oPd,).
,Para(Pd,)=Para(cPd,).
Type(Pd,)=Type( oPd,),Name(Pd,)=Name(oPd,) 2.4 :Pd,;=cPd,.
, Pdi<~Pd,, o, :Pdi=0Pd,,U(o)cV(Para(Pd,)). O

© PEBREBALTU bt/ www. jos. org. cn
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2.1
3
BlocksWorld Unstack s 1 A.
Unstack : (?2x ?y) , :VPde
PC(Unstack)UE(Unstack), V(Para(Pd))c{?x ?y}.
(1)
, . (Unstack A B) (Unstack B C)
Unstack
(2 ( )
Pd"™, Act,PdieE(Act), Pd<~Pd;.
2.1 o, :Pd=0oPd;,U(o)cV(Para(Pd)).
5 ) O Pd, , o
Act Act s
3.1 Para, Para,, ={V1/U,V/U,,.. Vi/Uy}, U(oz)cV(Para,)cV(Para),
(o3} O Pal’al
(1) oo
(2) VPjeV(Para)-V(Paray), PijeU(a), oi«{P//P}uo;
R , P/ /P Para, P; ,
:Para;=(?7x; 7%;),Paray=(7x%,),={?X1/?%},U(0)={7%.}.
rosPara;=(7x; 7). 1 o Para, s R o
Para,.
U(O'z)gV(Paraz)gV(Paral) 3.1 Os 0'1:{?)(3/?)(1,?)(1/?)(2} .
ZU]Paralz(?Xg ?X1)~
3.1. Para, Para, o, U(o)cV(Para,)cV(Para)), o o, Parg

, oPara=0,Para,.

3.1
:{ le s sz El

:01={ P! /P, ,P./P,,...P. /P, }Uoy, P, eV(Para,)-V(Para,),i=1..s.
P

. tNV(Paray)=J.

© PEEREBEAD
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QieV(Para,).
Qig{P,,P,,...P }, :Q {P /P ,P,/P, ,...P /P_}
2.6 o Paray=({ P, /P, , P, /P, ..., P/ P_}Uoy)Para,=c,Para,.
s o, o, Para; , o Para,=0,Para,. O
3.1 Para,
Pd, Act,Pd eE(Act), Pd<~Pd.
2.1 : 0, :
Pd=0,Pd;, U(a,)cV(Para(Pd)) 3.1

:V(Para(Pd;))cV(Para(Act)).
,U(o»)cV(Para(Pd))cV(Para(Act)).

Pd; > [¢5} > 5
(25 Para(Act)
U(oy)cV(Para(Pd,))cV(Para(Act)), 3.1 (o3 Para(Act) oy.
Act 1

Action: Act  // Simple definition of action

Parameters: (P; P, ... Py)

Extending E E
substitution i 4l !
i\ PC: (Pc, Pc; ... Pcy) !

[e5)
Pd <~ Pd, Effect: (and Pd, Pd, ... Pd; ... Pdy)

Fig.1 The meaning of Lemma 3.1 for action

1 3.1
3.1 2.1 (3.1) 2.4 : oyPara(Pd,)=0,Para(Pd)=Para( o, Pd,)=Para(Pd).
: Pd; O > (e5] >
Pd; .
3.2. Act o,0Act o Act
(1) Para(oAct)=cPara(Act);
(2) VPcePC(Act), :oPcePC(oAct);
(3) VPdeE(Act), :oPdeE(oAct).
,  BlocksWorld Pd=(clear ?x), (Unstack ?x ?y)
Pdi=(clear ?y), (clear ?x)<~(clear ?y), X %y s
o={IX/?y}.
:Pd=(clear ?x)=0o»(clear ?y), U(o)={?y}cV(Para(Pd)).
3.1 S o) ?x?y a={ X1/ XXy} .
, 3.2

oi(Unstack ?x ?y): (Unstack ?x; ?X)
o PC: (clear ?x;)(on ?x; ?x)(arm-empty)
oEffect: (holding ?x;)(clear ?x)(not (on ?x; ?x))(not (clear ?x,))(not (arm-empty))
, (Unstack ?x; 7x) s (clear ?x).

© PEBREBALTU bt/ www. jos. org. cn
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31 Pd Act, 3IPd;eE(Act), Pd<~Pd;, o, :PdeE(oAct).
“Pd<~Pd;” 2.1 o, :Pd=0,Pd;,U(o3)cV(Para(Pd)).
2.4 2.1
Para(Pd)=Para(o,Pd))=0,Para(Pd;) 3.2)
:V(Para(Pdy))cV(Para(Act)).
U(o»)cV(Para(Pd)))cV(Para(Act)) 3.1 (o3 Para(Act)
oi.
2.1 3.1
Para( o Pd;)=0Para(Pd))=o,Para(Pd;) 3.3)
(3.2) (3.3)
Para(Pd)=Para(o,Pd)) 3.4)
Pd<~Pdi 2.3 2.7 :Type(Pd)=Type( o1 Pd;),Name(Pd)=Name( o; Pd)).
3.4 2.4 :Pd=0oyPd;.
“Pd;eE(Act)” 2.2 :01Pd e E(a1Act).
,PdeE(c;Act), o o, PdeE(cAct). O
Pd, 3.1 Act Pd.
(1) PdieE(Act), :Pd<~Pd, o, PdeE(cAct), , oAct
PC(cAct) , oAct Pd;
2) , Act Pd.
Pd Act
Pd;eE(Act).
2.3 “Pd<~Pd;” “Para(Pd)<~Para(Pd;)”
2.2 “Para(Pd)<~Para(Pd;)” O(|Para(Pd)|)"™"".
, , Pd E(Act) , A
O(|E(Act)|x|Para(Pd)|).
, ( )
4
2, ;
3, , )
( )
4.1
, n Acty,Act,,...,Act,_.
Pd, Pd
wex |Para(Pd)| Pd

© PEEREBEAD
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Pd.

j ),i=1..Kk,

Pc,
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4.1. Pd, Act(Pd) Pd
Act(Pd)={Act; | Act;e {Acty,Acty,...,Act,}, FPdieE(Act), :Pd<~Pd;}.
BlocksWorld (holding ?x)  (not (holding ?x)), 4.1 o
Act((holding ?x))={Pickup,Unstack}, Act((not (holding ?x)))={Putdown,Sack}.
4.1. Pd, Pd<~Pd,, Act(Pd))
Act(Pd,) Act;.
4.1 :3Pdje E(Acty), Pd,<~Pd;.
3.1 Ct, Pd, eE(atActy).
“Pd<~Pd,” 3.1 Os, PdeE(osaiActy).
) Os0tACt; Pd.
4.1 4.1 : , Pd Act(Pd;)
BlocksWorld , (clear A).
Act((clear ?x))={Putdown,Unstack,Sack}.
“(clear A)<~(clear ?x)” 4.1 (clear A) 3 (Putdown A),(Unstack ?x;, A)
(Stack A ?y)).
4.2. Act(Pd)={ Act; , Act; ,..., Act;, }.k G >0, T s :PdeE(UL Act
1 PdieNi-1 kE(o, Act, )—-{Pd}, , Pd ,Pdi
, Pd; Pd , Pdnot paey—>Pdi, , (notPd) <«
@) PceNi- PCo, Act, )—{(not Pd)}, Pd,
Pc Pd , (not Pg)™™™™* o« 2 Pd )
(not PC)not pay—\—>Pd,
J(notPd) <« ”»
4.2
(1) Pdnot pey—>Pdi
. (notPd) « ~
Pd <« 7, Pd, Pd; ,
(notkPd) “ ” |, Pdnot pay—Pd;
. (notPd) « ~
Pdg “@ ™ Pd( Pd =« ) , Pd,
(2) (not PC) ot poy—\—>Pd
o (notPd) <« 7
Pd <« 7, Pd <« 7, Pd
. (notPd) « ~
Pd « » Pd |, Pc, , (not Pc)
Pd
sxnr BlocksWorld B.

AR Pc=(not (Name; P; P, ... Py)) ,(not Pc)=(Name; P; P, ... Py).

© PEEREBEAD
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Pd(not Pd)— Pd, Pd— Pd, (nOt PC)(not Pd)_\_> Pd (nOt PC)—\—> Pd
“(not Pc)\—>Pd” Pd
), (notPc) =~ Pc = 7.

b

s (notPc)y « 7~ (

s

, BlocksWorld 2

Act((on ?x ?y))={Sack}, Act((holding ?x))={Pickup,Unstack}.
42 :

(1) Act((on ?x ?y))

>

4.1 3.1 : o, (on ?x ?y)e E(oSack).
4.2 4 2 :
(on ?2x ?y)—(not (clear ?y)) (on ?2x ?y)—(not (holding ?x))
(on ?x ?y)—(arm-empty) (on ?x ?y)—(clear ?x)
(not (clear ?y))-\—>(on ?x ?y) (not (holding ?x))—\—>(on ?x ?y)
(2) Act((holding ?x))
4.1 3.1 : 2 o o, :
(holding ?x) € E( o7 Pickup),(holding ?x) € E( o»Unstack).

E(o;Pickup)nE(o,Unstack)—{(holding ?x)}={(not (clear ?x)),(not (arm-empty))},
PC( o Pickup)nPC(o,Unstack)={(clear ?x),(arm-empty)}.
3.2 2 2 :
(holding ?x)—(not (clear ?x)) (holding ?x)—(not (arm-empty))
(not (clear ?x))-\—>(holding ?x) (not (arm-empty))—\—>(holding ?x)

s s

( ).BlocksWorld C4
4.2

4.1

b}

,(on ?x ?y)—(not (clear ?y)) , (on AB) (not (clear B)),

s

4.3. Pd, Pd, R Pd, Pd,, « . Pd=Pd,,
de:sz, 5

(1)  R-Pd,—>Pd,, “Pd,—Pd;”
2)  R-Pd~/—>Pd, “Pd~/~>Pd}”

R

BlocksWorld , (on AB) (not (clear B))

4.1 , Act((on ?x ?y)) R:(on ?x ?y)—(not (clear ?y)).
R, :?7x=A,?y=B,

s

© PEBREBALTU bt/ www. jos. org. cn
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43 : “(on A B)—(not (clear B))”
“(not (clear B))-\—>(on A B)”
4.4, Pd,  Pd,
(1) Pdi—(not Pd),Pd—(not Pd,), Pd,  Pd; ;
(2)  Pdi—(not Pdy),(not Pd;)—Pd;,Pd,—(not Pd;),(not Pd))—Pd;, Pdi  Pd
, Pd  Pd ,
(1) Pd  Pd Pd,  Pd ,
Q) Pd,  Pd, Pd  Pd,
4.4 : Pd  Pd , Pd Pd : Y
4.2. Pd,  Pd; , Pd,  Pdj,
Pd,  Pd S(Init),S,,S,...,S(Goal).
« Pd,  Pd; 2 4.4 3 4 :

Pdi—(not Pd;), (not Pd;)—Pd;, Pd—(not Pd;), (not Pd;)—Pd..
(1) PdieS),Pdie§
: S, PdieS,PdeS,PdigS,y;  PdjgS,,0<u<t.

S St s Act,, PdigS..

“Pdi € SJ” “(nOt Pdi)—)de” : Act, Pd, , SJ de,
S
de €S, Pd] S 5 “ ”

(2) Pdi & S),de 3 S)
: S, Pdiésd,de ¢S,PdeS; de €S1,0<5u<t.
S St Act,, PdieS;.

“PdigS,” “Pd—(not Pd)”  : Act, Pd | S Pd;,
S
Pd ¢S, Pd s . $ p
(1) @ Pd  Pd,
Pd  Pd, Pd  Pd, \
, Pd  Pd, . O
: : Pd  Pd, 2 42

Init state Pd;,Pd, @
Goal state O
(a)

(b)
Fig.2 Two cases of complementary predications Pd; and Pd; in initial state
2 Pd  Pd,
1) Pd,  Pdq, 2(a)

b} s

© PEBREBALTU bt/ www. jos. org. cn
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@) Pd;  Pd, 2(b) ,
. 4.2 .
4.3. Pdi de N Pdi de s
, S(nit),S,,S,,...,S(Goal),Pd € §,Pd;e S.
Sbslasb'nas SJ’ deeSJ’PdiES-”l’deeS-Hl'
(1) $.5.S,...8
:Pd; € S, Pdje Sk=0..t, Pd Pd
, 3(3) R s § Pd, Pd] ”
@) S :PdigS, PdegS,PdeS,,PdeS,,
ZPdi & SJ, Act,, £ SJ SJ+17 3(b)

Init state Pdi,Pdj ) ......

Goal state

U’th state S,

(u+1)’th state

(®)
Fig.3 Two cases of mutually exclusive predications Pd; and Pd; in goal state
3 Pd Pd,
«“ Pdi  Pd ” 4.4 :Pdi—(not Pd;),Pd—(not Pd;).
“(Pd,Pd}cS.” ¢ Adt, Pd S e S
“Pdi—(not Pd;)” Pd; Si
“PljeS,”
1 2 $.5.5,....§ ,
, Pd;,  Pd, \ O
BlocksWorld 1
(arm-empty)—(not (holding ?x)) (not (arm-empty))—(holding ?x)
(holding ?x)—(not (arm-empty)) (not (holding ?x))—(arm-empty)
4.4 : (arm-empty) (holding A) A
4.2 : (arm-empty) (holding A) , ,
43 : (arm-empty) (holding A) ,
4.2 s 4.3

s

© PEBREBALTU bt/ www. jos. org. cn
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PDDL STRIPS
Linux s IPC STRIPS

(benchmark domain) ,

——StepByStep” R

s . StepByStep
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A BlocksWorld

(define (domain BlocksWorld)

(:requirements  :strips)

(:predicates (clear ?x)(on-table ?x)(arm-empty)(holding ?x)(on ?x ?y))
(:action 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 (?%)

:precondition  (holding ?x)

-effect (and (not (holding ?x))(clear ?x)(on-table ?x)(arm-empty)))
(:action Unstack

:parameters (7x?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)))
(caction  Stack

:parameters (7% 7y)

:precondition  (and (clear ?y)(holding ?x))

-effect (and (not (clear ?y))(not (holding ?x))(clear ?x)(on ?x ?y)(arm-empty)))

)

B BlocksWorld

BlocksWorld, 4.1 10 :
Act((on ?x ?y))={Sack} Act((not (on ?x ?y)))={Unstack}
Act((ontable ?x))={Putdown} Act((not (ontable ?x)))={Pickup}
Act((clear ?x))={Putdown, Unstack, Stack} Act((not (clear ?x)))={Pickup, Unstack, Stack}
Act((arm-empty))={Pickup, Stack} Act((not (arm-empty)))={Pickup, Unstack}
Act((holding ?x))={Pickup, Unstack} Act((not (holding ?x)))={Putdown, Stack}

C BlocksWorld

4.1 4.2 22 11

E) i
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(22 )
(on ?x ?y)—(not (clear ?y))
(on ?x ?y)—(arm-empty)
(not (on ?x ?y))—(not (arm-empty))
(not (on ?x ?y))—(clear ?y)
(ontable ?x)—(not (holding ?x))
(ontable ?x)—(clear ?x)
(not (ontable ?x))—(not (arm-empty))
(arm-empty)—(not (holding ?x))
(not (arm-empty))—(not (clear ?x))
(holding ?x)—(not (arm-empty))
(not (holding ?x))—(arm-empty)

(11 )
(not (clear ?y))-\—>(on ?x ?y)
(not (arm-empty))—\—>(not (on ?x ?y))
(not (holding ?x))-\—>(ontable ?x)
(not (arm-empty))—\—>(not (ontable ?x))
(not (holding ?x))—\—>(arm-empty)
(not (arm-empty))—\—>(holding ?x)

(1965 ),
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(on ?x ?y)—(not (holding ?x))
(on ?x ?y)—(clear ?x)

(not (on ?x ?y))—(not (clear ?x))
(not (on ?x ?y))—(holding ?x)
(ontable ?x)—(arm-empty)

(not (ontable ?x))—(holding ?x)
(not (ontable ?x))—(not (clear ?x))
(arm-empty)—(clear ?x)

(not (arm-empty))— (holding ?x)
(holding ?x)—(not (clear ?x))
(not (holding ?x))—(clear ?x)

(not (holding ?x))—\—>(on ?x ?y)
(not (clear ?x))—\—>(not (on ?x ?y))

(not (clear ?x))-\—>(not (ontable ?x))

(not (clear ?x))—\—>(not (arm-empty))
(not (clear ?x))—\—>(holding ?x)

(1965 ),
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