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Abstract: Planning is a class of complex problem. It is a way to improve the efficiency of planning algorithm in

extracting and using goal orderings. Because deciding goal orderings is also PSPACE-complete, it is necessary to

extract goal orderings efficiently when using goal orderings. The paper presents a method, called GOWN (goal

ordering with invariants) and uses state invariants to extract goal orderings. During the process of ordering,

abstraction and unification are utilized to control the increase of problem size that improves the efficiency of

ordering.

Key words: planning; state invariants; goal ordering; abstract; unification

GOWN(goal ordering with invariants)

: TP181 tA

PSPACE

» Supported by the National Natural Science Foundation of China under Grant N0s.60233010, 60496324 (

National Grand Fundamental Research 973 Program of China under Grant No.2002CB312004 (

Knowledge Innovation Program of the Chinese Academy of Sciences (

Received 2004-11-23; Accepted 2005-02-03

)

© HEE

); the
(973)); the

http:/ www. jos. org. cn



350 Journal of Software Vol.17, No.3, March 2006
(28], STRIPS 16l : ,
PSPACE .
(813 . {ontable(a),on(b,a),on(c,b),on(d,c)}
, ontable(a) on(b,a) ,on(b,a) on(c,b) ,on(c,b) on(d,c)
( ) GOWN(goal ordering with
invariants), ,
1 2
3 4
1
11 STRIPS
STRIPS , .
1(STRIPS ). ,STRIPS ,
2(STRIPS ). STRIPS (Para,Pre,Add,Del),
(Pre,Add,Del) 3 ,Para (Pre,Add,Del)
3(STRIPS ). ; .
S o, Pre(o)cs, o] , do(s,0)=suAdd(0)/Del(0), Del(0)cPre(0),
do(s,0) s o]
, ( )s
A( ). (0.1.6),
)0
2)1 ;
3)G
(0g,...,00(  n=0, ),01€0,
. Gcdo(s(oy,...00), . PO
12
(8l :
5(Reasonable Orderings,). (O,1,G) ., Vs(B,—A):—3IP°B:Acdo(s(B,—A),P°®), AB
< , A<B. Og={0eO|B¢Del(0)} ;P® Og
5 : , S(B,—|A), S yB 1A
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: A B, A<B. (8]
, PSPACE
2
2.1
[14-16]
6( ). (01,G), P . 1EP, do(l{oy,...,
On—l>)|=P-
, TIMI®) :
Vx:TO.—((clear (x) nontable(x)) Aholding(x)).
1.
1. (0,1,G),A,BeG,05={ 0|B¢Del(0)} ,P . Vo0eOg,
Og={0cO[BeDel(0)}, AcAdd(0), Pre(0)BE—P, A<B.
—(A<B).
5,3s(B,—A),3P=(0y, ...,0,),0,€ Og,Acdo(s(B,—A),P).
Vi<n-1,Ag¢do(s(B,—A)(0q,...,0)), AeAdd(o,), Pre(0,)cdo(s(B,—A),{01,...,0n_1)).
Bedo(s(B,—A)(0y,...,0n1)), 6  do(S(B,—A),(04,...,0n1)) E P. Pre(o),B E —P
O
1 , A,B, s(B,—A) , B, s, s
A B , A<B.
2.2
) 1 ,
, {ontable(a),on(b,a),on(c,b),on(d,c)}, on(b,a) on(c,b) ,
on(c,b)  on(d,c) : on(y,x) on(zy)
0 ) (AB . ;
; (AB)
8( ). (A1,Bp)  (Ax,By b S, (ApBY/s=(A2,By),  Adds=A,,
By/s=B,, (A1,B1) (A2,B2)
(ABy  (As,Bp (Az,B2) (A1,Bp) :
2. (0,1,G),AB,C,DeG,P , AB,CD P
(A'BY (AB) , (A'B)s=(CD). VoeOgAcAdd(o), Pre(o),BF—P, C<D.
(A',B")/s=(C,D), A'/s=C, B'/s=D.

V0eOp:CeAdd(0), Op={0€0O|D¢Del(0)} .30’ Og:Ac Add(0’),Pre(0")/s'=Pre(0),Add(0")/s'=Add(0),
A'/s=C,B'/s=D.
VoeOg:AcAdd(0),Pre(0),BE —P, AB P
VX.(Pre(0'),B") E —P, X Pre(0) B
Pre(0')/s,B'ls E—P, Pre(0),D E —P.
c<.D. O
2 ,
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, , 3.
3. (0,I,G),AB,C,DeG,P , AB,C,D P
{C',D"y (C,D) , (C',D'Is=(A,B). JoeOg:AcAdd(o), Pre(o),B |= P, JoeOp:Ce
Add(0), Pre(0),DEP.
: 2 . O
3 , , 1
1 )
o , ) ,
4. (O,1,G),A(C1),B(C2)e G,(A(X1),B(X2)) (A(C1),B(C2)) . ,C1,C2
X1,X2 ,0 P .VoeO,A  Add(o) ,
o] o, A(C1)eAdd(0'):
1) B Del(0) ,VZ.(Pre(0') A=V X(X=C2)),B(C2) |= —P, Z Pre(o) —VX(X=C2)
Xie X,Cie C2,%#C;, i ;
2) B Del(0') , VZ.Pre(0'),B(C2) F —P.
A(C1)<,B(C2).
: o A(C1). ,
1),2) o' o, B(C2)zDel(0). |
4, , ( ),
23
, GOWN
Procedure GOWN
:Goals ,GoalNum
:Goal Order
1)  for(i=0;i<GoalNum-1;i++)
2) for(j=1;j<Goal Num;j++)
3) Order Two(Goalg[i],Goal§[j],Goal Order);
4) if (Goalg[i],Goal[j]) (Goald[j],Goal[i])
5) Order Two(Goalg[j],Goal[i],Goal Order);
6) return Goal Order.
GOWN , , Goald[i]<,Goallj]
Goalg[j]< Goall[i] . (Goald[i],Goal[j]) , (Goald[i],Goal[j]) (Goald[j],Goal[i]) ,

(Goald]j],Goal[i]), 4),5) . 3) 5 Order Two(A,B,Goal Order) ,
Procedure OrderTwo(A,B,Goal Order)

A B
:Goal Order
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1) if GoalOrder (C,D) (A,B) , C<D
2) A<,B  GoalOrder ;
3) elseif (AB) Goal Order (C,D) , —(C<D)
4) —(A<,B) GoalOrder ;
5) else Order(A,B,P,Goal Order);
OrderTwo(A,B,Goal Order)
, 1),2) 3).4) 2 3 ,
, Order (A,B,P,Goal Order), 4 ,
3
(8] : 2 1 ,
[9,10] , , 2 k HO(heuristic
ordering)
, GOWN TIMES! . AlPSIH
Benchmarks STRIPS 64M ,CPU  600MHZ.
Hanoi 3
Tablel Hanoi
1 Hanoi
Objects Goals  Orderings Time (millisec.) HO Time (millisec.) GOWN
10 10 9 50 10
20 20 19 250 30
30 30 29 781 60
40 40 39 1862 130
50 50 49 11787 230
60 60 59 62 670 370
Table2 Blocksworld
2
Objects Goals Orderings Time (millisec.) HO Time (millisec.) GOWN
20 21 20 50 20
40 41 40 180 30
60 61 60 420 60
80 81 80 711 90
100 101 100 1071 160
Hanoi . HO ,
, Add , )
o, A(X)eAdd(0), o] X , )
1 )
), HO GOWN
, , 3( L , )
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(:action move:
parameters (?ob ?from ?to)
:precondition (and (on ?ob ?from) (clear ?0b) (clear ?t0))

:effect(and (on ?0b ?to) (clear ?from) (not (on ?ob ?from)) (not (clear ?to))))

(:action movefromtab
:parameters (?0b ?to)
:precondition (and (on-table ?ob) (clear ?ob) (clear %0) )

:effect(and (on ?ob ?to) (not (clear ?to)) (not (on-table ?0b))))

(:action movetotab

:parameters (?0b ?from)
:precondition (and (on ?ob ?from) (clear ?0b))
:effect(and (on-table ?ob)(clear ?from)(not(on ?ob ?from)))))

Journal of Software

Fig.1 Operators of the new blocksworld

1

Table3 New blocksworld

Vol.17, No.3, March 2006

3
Objects Goals Orderings Time (millisec.) HO Time (millisec.) GOWN

20 21 20 420 20
40 41 40 26 257 30
60 61 60 266 493 60
80 81 80 90
100 101 100 160

ALPINE (2] Prodigy (12 AB

B A, A B )
,on(b,c) on(c,d)
[8] 1 =T 1
(PlanGraph)!*® .
[14-16] PlanGraph , PlanGraph (
)
( ),
Benchmark ;2 Benchmark
' [8] ,
(8] :
GOWN , GOWN
STRIPS
[13] (8] ,

[8]
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