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A lookahead strategy for heuristic search planning Vincent Vidal IRIT – Universit´e Paul Sabatier 118 route de Narbonne 31062 Toulouse Cedex 04, France email: [email protected] Technical report IRIT/2002-35-R Abstract The planning as heuristic search framework, initiated by the planners ASP from Bonet, Loerincs and Geffner, and HSP from Bonet and Geffner, lead to some of the most performant planners, as demonstrated in the two previous editions of the International Planning Competition. We focus in this paper on a technique introduced by Hoffmann and Nebel in the FF planning system for calculating the heuristic, based on the extraction of a solution from a planning graph computed for the relaxed problem obtained by ignoring deletes of actions. This heuristic is used in a forward-chaining search algorithm to evaluate each encountered state. As a side effect of the computation of this heuristic, more information is derived from the planning graph and its solution, namely the helpful actions which permit FF to concentrate its efforts on more promising ways, forgetting the other actions in a local search algorithm. We introduce a novel way for extracting information from the computation of the heuristic and for tackling with helpful actions, by considering the high quality of the plans computed by the heuristic function in numerous domains. For each evaluated state, we employ actions from these plans in order to find the beginning of a valid plan that can lead to a reachable state, that will often bring us closer to a solution state. The lookahead state thus calculated is then added to the list of nodes that can be chosen to be developed following the numerical value of the heuristic. We use this lookahead strategy in a complete best-first search algorithm, modified in order to take into account helpful actions by preferring nodes that can be developed with such actions over nodes that can be developed with actions that are not considered as helpful. We then provide an empirical evaluation which demonstrates that in numerous planning benchmark domains, the performance of heuristic search planning and the size of the problems that can be handled have been drastically improved, while in more “difficult” domains these strategies remain interesting even if they sometimes degrade plan quality.
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1 Introduction Planning as heuristic search has proven to be a successful framework for non-optimal planning, since the advent of planners capable to outperform in most of the classical benchmarks the previous state-of-the-art planners Graphplan [BF95, BF97], Satplan [KS96, KMS96] and their descendants Blackbox [KS99], IPP [KNHD97], LCGP [CRV01], STAN [LF99], SGP [WAS98], . . . Although most of these planners compute optimal parallel plans, which is not exactly the same purpose as non-optimal planning, they also offer no optimality guarantee concerning plan length in number of actions. This is one reason for which the interest of the planning community turned towards the planning as heuristic search framework and other techniques such as planning as model checking, more promising in terms of performance for non-optimal planning plus some other advantages such as easier extensions to resource planning and planning under uncertainty. The planning as heuristic search framework, initiated by the planners ASP [BLG97], HSP and HSPr [BG01], lead to some of the most performant planners, as demonstrated in the two previous editions of the International Planning Competition with planners such as HSP2 [BG01], FF [HN01] and AltAlt [NK00, NK02]. FF was in particular awarded for out standing performance at the 2 International Planning Competition1 and was generally the  top performer planner in the STRIPS track of the International Planning Competition2 . We focus in this paper on a technique introduced in the FF planning system for calculating the heuristic, based on the extraction of a solution from a planning graph computed for the relaxed problem obtained by ignoring deletes of actions. It can be performed in polynomial time and space, and the length in number of actions of the relaxed plan extracted from the planning graph represents the heuristic value of the evaluated state. This heuristic is used in a forward-chaining search algorithm to evaluate each encountered state. As a side effect of the computation of this heuristic, another information is derived from the planning graph and its solution, namely the helpful actions. They are the actions of the relaxed plan executable in the state for which the heuristic is computed, augmented in FF by all actions which are executable in that state and produce fluents that where found to be goals at the first level of the planning graph. These actions permit FF to concentrate its efforts on more promising ways than considering all actions, forgetting actions that are not helpful in a variation of the hill-climbing local search algorithm. When this last fails to find a solution, FF switches to a classical complete best-first search algorithm. The search is then started again from scratch, without the benefit obtained by using helpful actions and local search. We introduce a novel way for extracting informations from the computation of the heuristic and for tackling with helpful actions, by considering the high quality of the relaxed plans extracted by the heuristic function in numerous domains. Indeed, the beginning of these plans can often be extended to solution plans of the initial problem, and there are often a lot of other actions from these plans that can effectively be used in a solution plan. We define in this paper an algorithm for combining some actions from each relaxed plan, in order to find the beginning of valid plan that can lead to a reachable state. Thanks to the quality of the extracted relaxed plans, these states will frequently bring us closer to a solution state. The lookahead states thus calculated are then added to the list of nodes that can be chosen to be developed following the numerical value of the heuristic. The best strategy we (empirically) found is to use as much actions as possible from each relaxed plans and to perform the computation of lookahead states as often as possible. This lookahead strategy can be used in different search algorithms. We propose a modification of a classical best-first search algorithm in a way that preserves completeness. Indeed, it can simply consist in augmenting the list of nodes to be developed (the open list) with some new nodes computed by the lookahead algorithm. The branching factor is slightly 1 The



2  IPC home page can be found at http://www.cs.toronto.edu/aips2000/.  IPC home page can be found at http://www.dur.ac.uk/d.p.long/competition.html.
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increased, but the performances are generally better and completeness is not affected. In addition to this lookahead strategy, we propose a new way of using helpful actions that also preserves completeness. In FF, actions that are not considered as helpful are lost: this makes the algorithm incomplete. For avoiding that, we modify several aspects of the search algorithm. Once a state is evaluated, two new nodes are added to the open list: one node that contains the helpful actions, which are the actions belonging to the relaxed plan computed for and executable in , and one node that contains all actions applicable in and that do not belong to the relaxed plan (we call them rescue actions). A flag is added to each node, indicating whether the actions attached to it are helpful or rescue actions. We then add a criterium to the node selection mechanism, that always gives preference in developing a node containing helpful actions over a node containing rescue actions, whatever the heuristic estimates of these nodes are. As no action is lost and no node is pruned from the search space as in FF, completeness is preserved. Our empirical evaluation of the use of this lookahead strategy in a complete best-first search algorithm that takes benefit of helpful actions demonstrates that in numerous planning benchmark domains, the improvement of the performance in terms of running time and size of problems that can be handled have been drastically improved. Taking into account helpful actions makes a best-first search algorithm always more performant, while the lookahead strategy makes it able to solve very large problems in several domains. One drawback of our lookahead strategy is sometimes a degradation of plan quality, which we found to be critical for a few problems. But the trade-off between speed and quality, even in some “difficult” domains where solutions for some problems are substantially longer when using the lookahead strategy, seems to always tend in favor of it. After giving classical definitions and notations in Section 2, we explain the main ideas of the paper and give theoretical issues in Section 3. We then give all details about the algorithms implemented in our planning system in Section 4, and illustrate them with an example from the well-known Logistics domain in Section 5. We finally present an experimental evaluation of our work in Section 6 before some related works in Section 7 and our conclusions in Section 8.



2 Definitions Operators are STRIPS-like operators, without negation in their preconditions. We use a first order logic language  , constructed from the vocabularies  ,  ,  that respectively denote finite disjoint sets of symbols of variables, constants and predicates. Definition 1 (operator) An operator, denoted by , is a triple   where  ,  and  denote finite sets of atomic formulas of the language  .    , !"#$  and %&(')  respectively denote the sets  ,  and  of the operator . Definition 2 (state, fluent) A state is a finite set of ground atomic formulas (i.e. without any variable symbol). A ground atomic formula is also called a fluent. Definition 3 (action) An action denoted by  is a ground instance *,+-  **.*# of an operator which is obtained by applying a substitution * defined with the language  such that  * , * and .* are ground.  ./0 , !"#$/0 , %1(')/2 respectively denote the sets  * , * , .* and represent the preconditions, adds and deletes of the action  . Definition 4 (planning problem) A planning problem is a triple 34+5 6!798:; where ! denotes a finite set of actions (which are all the possible ground instantiations of a given set of operators defined on  ), 8 denotes a finite set of fluents that represent the initial state, and : denotes a finite set of fluents that represent the goals. 3



Definition 5 (relaxed planning problem) Let 3 +4 6!798:; be a planning problem. The   relaxed planning problem 3 + 6! 8 :7 of 3 is such that
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Definition 6 (plan) A plan is a sequence of actions 6 (    . Let 3 a planning problem. The set of all plans constructed with actions of  '6#63  .



+ 6!798:; be ! is denoted by



Definition 7 (First, Rest, Length, concatenation of plans) We define the classical functions   and  on non-empty plans as    6     9 +  and   6      $9 + 6!    , and  #"!%$ on all plans as  #"!%$  6#    9 +& (with  #"!%$  9 +(' ). Let )7+ 6(    and * + ,+-    .+0/; be two plans. The concatenation of 1 and * (denoted by 12 * ) is defined by 12"* + 6      .+(   .+0/7 . Definition 8 (application of a plan) Let be a state and  be a plan. The impossible state, which represents a failure in the application of a plan, is denoted by 3 . The application of  on (denoted by 54  ) is recursively defined by: 54
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if  +  or +63 then else /* with  + 6      */ if  ./  87 then 9 ;: %1(')/ 9= 
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