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Landmark-based Meta Best-First Search Algorithm: First Parallelization Attempt and Evaluation Simon Vernhes, Guillaume Infantes and Vincent Vidal Onera Toulouse, France [email protected]



Abstract In this paper, we revisit the idea of splitting a planning problem into subproblems hopefully easier to solve with the help of landmark analysis. While this technique initially proposed in the first approaches related to landmarks has been outperformed by landmark-based heuristics, we believe that it is still a promising research direction. To this end, we propose a new method for problem splitting based on landmarks which has two advantages over the original technique: it is complete (if a solution exists, the algorithm finds it), and it uses the precedence relation over the landmarks in a more flexible way. We lay in this paper the foundations of a meta best-first search algorithm, which explores the landmark orderings to create subproblems and can use any embedded planner to solve subproblems. Furthermore, we propose and evaluate a parallel version of this algorithm. It opens up avenues for future research: among them are new heuristics for guiding the meta search towards the most promising orderings, different policies for generating subproblems, influence of the embedded subplanner and other parallelization strategies of the meta search.



1



Introduction



Automated Planning in Artificial Intelligence (Ghallab, Nau, and Traverso 2004) is a general problem solving framework which aims at finding solutions to combinatorial problems formulated with concepts such as actions, states of the world, and goals. Landmark-based analysis is actually among the most popular tools to build efficient planning systems, either optimal or suboptimal. Landmarks are facts that must be true at some point during the execution of any solution plan, and some of them can be found, as well as an ordering, in polynomial time (Hoffmann, Porteous, and Sebastia 2004; Keyder, Richter, and Helmert 2010). Landmarks have been used in two main ways. The most successful one is the design of heuristic functions to guide search algorithms, such as the landmark-counting heuristic used in the LAMA suboptimal planner (Richter, Helmert, and Westphal 2008) or the LM-Cut heuristic for optimal costbased planning (Helmert and Domshlak 2009). An anterior method proposed in (Hoffmann, Porteous, and Sebastia c 2013, Association for the Advancement of Artificial Copyright Intelligence (www.aaai.org). All rights reserved.



2004) is to divide a planning problem into successive subproblems whose goals are disjunctions of landmarks to be achieved in turn by any embedded planner. This method is not as efficient as using landmark-based heuristics: among the most prominent problems are its incompleteness and its lack of flexibility with respect to an initial ordering of the landmarks. STeLLa (Sebastia, Onaindia, and Marzal 2006) is another problem-splitting method which creates a set of subproblems using conjunctions of landmarks. We aim in this paper to revisit these last methods, with the objective of devising a complete algorithm for subproblem splitting based on landmarks. Roughly speaking, our method consists in performing a best-first search algorithm in the space of landmark orderings, in which node expansion implies the search of a subproblem by an embedded planner, these orderings being explored in parallel. This search algorithm is performed at a meta level, the low level being the search made by the embedded planner that can itself use a best-first search algorithm. After giving some background about classical planning and landmark computation, we define the basic components later used to describe the landmark-based meta best-first search algorithm (LMBFS), along with several heuristics to guide the meta search. We then propose a parallel version of this algorithm and experimentally evaluate both sequential and parallel versions. We finally conclude and present some perspectives for future works.



2 2.1



Background on Classical Planning



STRIPS Model of Planning



The basic STRIPS (Fikes and Nilsson 1972) model of planning can be defined as follows. A state of the world is represented by a set of ground atoms. A ground action a built from a set of atoms A is a tuple hpre(a),add(a),del(a)i where pre(a) ⊆ A, add(a) ⊆ A and del(a) ⊆ A represent the preconditions, add and delete effects of a, respectively. A planning problem is defined as a tuple Π = hA, O, I, Gi, where A is a finite set of atoms, O is a finite set of ground actions built from A, I ⊆ A represents the initial state, and G ⊆ A represents the goal of the problem. The application of an action a to a state s is possible if and only if pre(a) ⊆ s and the resulting state is s0 = (s \ del(a)) ∪ add(a). A solution plan is a se-



quence of actions ha1 , . . . , an i such that for s0 = I and for all i ∈ {1, . . . , n}, the intermediate states si = (si−1 \ del(ai )) ∪ add(ai ) are such that pre(ai ) ⊆ si−1 and G ⊆ sn . S(Π) denotes the set of all solution plans of Π. We also denote ◦ the concatenation of two plans, i.e. ha1 , . . . , ai i ◦ haj , . . . , ak i = ha1 , . . . , ai , aj , . . . , ak i.



2.2



Landmarks



Classical landmark definitions state that landmarks are facts that must be true at some point during the execution of any solution plan (Hoffmann, Porteous, and Sebastia 2004; Keyder, Richter, and Helmert 2010). We use the following definition of landmarks: Definition 1 (Causal landmark). (Zhu and Givan 2003) Given a planning problem Π = hA, O, I, Gi, an atom l is a causal landmark for Π if either l ∈ G or ∀ρ ∈ S(Π), ∃a ∈ ρ : l ∈ pre(a). An intuitive precedence relation among landmarks and a graph based on this relation can be defined as follows: Definition 2 (Precedence relation 
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