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Abstract  This paper describes a CSP (Constraint Satisfaction Problems) conceptual model for
making time explicit under the temporal action graph, and proposes a new temporal constraint
reasoning techniques to handle durative action during the construction of a plan, for many real
planning problems often require the planning goals can be satisfied in shorter time, and the execu-
tion of planning solution must take the time into account in most real-world applications. Our
main contributions consist of: By the general CSP techniques, present some methods to manage
temporal information associated with facts and actions in a temporal plan for filtering the domains
and constraints, and for the constraints consistency checking; Present a genetic algorithm GP-td
to solve temporal planning problem under the framework of the planning graph. All the ideas in
this paper are fully implemented and integrated in our algorithm GP-td. Finally, the effectiveness
of the techniques is demonstrated on the domain called Satellite benchmarks of International Plan-
ning Competitions (IPC). The results show that these techniques can efficiently solve large tem-

poral planning problems and lead to a greater improvement in planning performance.
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APC-td (TA, Conslist)

1. while Conslist# & do
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5. Conslist<=Conslist UFilter_op (i.k,[C; + C;; + Ci
6 Conslist<—Conslist UFilter_op(j,k,[C;; + Ci; « Cy )
7. End

8. Filter-op(i,;.,0)

9. C<CNCy

10. if C=J then exit (inconsistent)
11. if C=C,; then return ()

12. C;<C
13.  return (C;;)
14. end

APC-td BE & — A~ b 3 A B 2k
T UE M A R 1 5 2% Conslis. Conslist #]tR AL Jy#& A~
Lyt CL 80U B 9 88 2 20 R 1 2E. Filter-
op i B AT i BB AR AE L 3 [0 i 29 ORI A B Con-
slist, PIERA TG B H Conslise WK 8] .

DL B e 1 6 i 25 2 1 B kAT I 25 AR JF A
B AT B — B R R AR R 0 5K

5 BTSN ERRERK

ANAESCRRL L ) T AR Ak E L A CSP HAR
X I 25 A5 B EAT i B R — B A 5 s 1A G
FR [ B A F L O A S 5 R B TSR i i A
FIAE B AL B ] DUA S5 4 w8 SR 80RO 5 A



1764 it (= . 2 i 2012 4F
K TAEMAT T . TE i 3 A 2k A L AL R AR B A5 o 32k B R A7 1
5.1 HIEMRIKkEEX Jo e I AL 325 5 L o AR A7 38 AR S SR AR B CGF

HITHT A 28 8 LR 18] L Sl AR T DL R 2 3 1 1 i
PR T AN ar e 7s AR v B A B i 2 B ) x2S
VEE b 2505 B — SOtk g 11, PR 1 88 ) & 9
A —Etk i LA B] % 5K A AR Y T AR I 2 B A
Pl 23 (] Sy 48 2% B 25 ik 51

JH 358 1 B8 1 SR i 1) L) 1 2 20 DR AR 4 LA 1Y
[\] R0 I8, o 4540 S i 2t ) S > 1 % g AR 2L O ik
THRH R 1) 3 07 BE oK ER . SR FE 1R T AH N 1 5t A% 1 AR
TR G AR T AL B R R,

K 20 T AR 1 Y 35 15 LA 7 GP-d.
Search_plan_by_GP-td (Il , max_gen, max_time)

Input: A planning problem ]| , the maximum number of
generation max_gen, the maximum number of
time steps

Output; A solution graph representing a plan solving

II or fail
1. for i<=1 to max_time do
2. A-graph<—create_graph_layer (ops, initial_facts)
3. TA<-Time_assign (A-graph)
4. APC-td (TA.TA..)
5. oldpops<—initialize pop based on the planning graph
6. for i<—1 to popsize do
7. Quality_of_solution(I,G,oldpop[i])
8. for j<—1 to max_gen do
9

for i<—1 to popsize do

newpops[ 7], newpops[ i+ 1]<—randomly select two

chroms from the oldpop

11. newpops[ i, newpops[ i+ 1]<crossover the selected
chroms

12. newpops| i ], newpops[ i+ 1]<-mutate the selected
chroms

13. newpops[ i ], newpops[ i+ 1]<localfix the selected
chroms

14. Quality_of_solution (I, G, newpop[i])

15. Quality_of_solution (I, G, newpop[i—+1])

16. if there no inconsistents exist in the candidate solution

17. return the best pop as the plan solving [l

18. i~i+2

19. return fail
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Background

Intelligent planning is one of the most active topics in
Artificial Intelligent research. In most real-world applica-
tions, many real planning problems often require the planning
goals can be satisfied in shorter time, and the execution of
planning solution must take the time into account. Rely on
temporal representations and temporal reasoning techniques,
temporal planning systems deal with actions durations and
other temporal constraints in intelligent planning. Constraint
satisfaction problems (CSPs) play an important role in vari-
ous fields of computer science and are ubiquitous in temporal
reasoning. In last two decades, researchers have proposed
various practical technologies for temporal planning. The
time-orient view for temporal planning opened a promising
avenue of development based on constraint satisfaction tech-
niques. Systems such as HSTS and IxTeT rely on CSPs for
handling resource and temporal constraints. It can be expec-
ted that this area of research will become essential in automa-
ted planning. The international planning conferences, AIPS
and then ICAPS, have been renamed to emphasize planning
and scheduling. However, more work is needed to dissemi-

the

resources, as well as tools for handling them efficiently.

nate to planning community benchmarks involving

Unlike all previous work, the purpose of this paper is to
give a genetic algorithm to solve temporal planning problem
under the framework. In this paper we employed the CSP
method to perform a CSP conceptual model for making time
explicit under the temporal action graph, and proposed a new

temporal constraint reasoning techniques to handle durative

action during the construction of a plan. By the general CSP
techniques we developed some approaches to manage tempo-
ral information associated with facts and actions in a temporal
plan, and extracted from a planning graph with consistency
temporal assignment for filtering the domains and constraints,
and for the constraints consistency checking. And we devoted
to genetic algorithm GP-td to solve temporal planning problem
under the framework of the planning graph. The effectiveness
of the techniques is demonstrated on the domain called Satellite
benchmarks of International Planning Competitions (IPC).
The experiments show it can solve efficiently a kind of simple
temporal planning problem and is more efficiency than other
classical planning approaches.

The research of this paper was partially supported by
the National = Natural of  China
(Nos. 60773201, 60970042) , the Natural Science Foundation
of Guangdong (No. 10451032001006140) , and the Technology
Project Foundation of Guangdong University (LYM10081).

Science  Foundation

The research team focuses on enabling automated planning to
be applicable for realistic problems, and we has gained a
fruitful achievement in some research topics. Such as genetic
algorithm for solving SAT problems based on learning clause
weights, GP: genetic planning algorithm based on planning
graph, strategy of extracting domain knowledge for STRIPS
world, and observation reduction for strong plans, and so
on. The work introduced in this paper belongs to an impor-
tant part of them, which aims at a new temporal constraint

reasoning technology to handle the temporal problems.



