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Introduction


In this project, I extend the domain definition language of Graphplan, a graph algorithmic planner introduced by Blum and Furst* . Graphplan is a very fast planner compared to traditional planners. However, it only supports a minimal language for defining domains and problems. An operator is defined by a list of parameters, a list of predicates as preconditions and a list of add and delete effects. Boolean operations such as negations or disjunctions are not allowed. The system I have developed on top of Graphplan supports quantifiers, disjunctions, conditional effects and negations in preconditions and effects of operators as well as in initial conditions and goals, as long as supporting them does not violate the STRIPS assumptions (a disjunctive effect does not make sense in classical planning systems).


Approach


My initial attempt was to extend the 'Planning Graph' concept so as to support the new language. In theory this would give me a lot of flexibility and control over efficiency issues. However, even the seemingly simple 'negations' turned out to be hard to incorporate into the planning graph. Moreover, a working theory would still leave me with the task of modifying the highly optimized Graphplan code. If this approach worked, there was still a high probability that a working implementation would be an awkward and inelegant planner.


Instead, I defined a new domain definition language and developed a preprocessor that translates domains from this language into Graphplan's language. Although this approach seemed inefficient and redundant in terms of representation, I believe it is as efficient in planning as the planner I would develop if I had chosen to follow the first approach. This is because preprocessed domains generate planning graphs that closely resemble the extended planning graphs I had in mind. For example, an extended planning graph could support disjunctions in preconditions by creating multiple ‘disjunct’ nodes and connecting them to the effects on one side and to the actions on the other side. With preprocessing, such an operator splits into multiple operators (one for each disjunct), but the resulting graphs are very much similar.


The preprocessor is structured as five layers. Each layer processes some specific constructs and generates output that is input to the next layer. The top layer accepts the domain definition from the user while the bottom layer creates the domain in Graphplan's language. Below is a diagram summarizing the overall structure.
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The Layers


Quantifiers


Syntax


(forall|exists (variable-name type [(filtering-predicate)]) expr)


In this layer, universal quantifiers are expanded into conjunctions and existential quantifiers into disjunctions. Because dynamic creation of objects is not allowed and all the objects are explicitly declared for each problem, the expansion is straightforward. The preprocessor creates a list of expressions by instantiating variable-name in expr with all the objects of type type and then depending on the quantifier either combines them with a conjunction or a disjunction. With the object declaration,


(A BLOCK)�(B BLOCK)�(C BLOCK)


the preprocessor would expand


(forall (<x> BLOCK) (clear <x>))


into


(and (clear A) (clear B) (clear C))


The optional predicate allows some simple filtering operations to be handled in the preprocessing stage. However, this is not a ‘clean’ approach because the filtering predicate is tested against the initial conditions only. Still, in some domains where there are static facts, it is possible to gain significant efficiency with this feature. With the following facts in the initial conditions,


(COLOR A RED)�(COLOR B BLUE)�(COLOR C RED)


the quantified expression


(forall (<x> BLOCK (COLOR <x> RED)) (clear <x>))


would expand into


(and (clear A) (clear C))


In cases where the simple filtering approach does not work (for example if the blocks can be painted by some operator), the expression


(forall (<x> BLOCK) (if (color <x> RED) (clear <x>)))


in preconditions and the expression


(forall (<x> BLOCK) (when (color <x> RED) (clear <x>)))


in effects will achieve the ‘intended’ goal.


The existential quantifier works in exactly the same way except that the expansion is a disjunction rather than a conjunction. When simple filtering is not applicable


(exists (<x> BLOCK) (and (color <x> RED) (clear <x>)))


can be used.


Conditional Effects


Syntax


(when pre-expr ant-expr)


Conditional effects are translated into simpler expressions by moving the precedents into the preconditions. By definition, the antecedent of a conditional effect is asserted only when the precedent holds before the operator is applied. An equivalent way to represent such an operator is to use two operators; one with the precedent in the preconditions and the antecedent in the effects and another with the negated precedent in the preconditions and the antecedent removed from the effects.
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Before expanding the operators, the effect expressions are put into disjunctive normal form. This assures that conditional effects will appear as top-level conjuncts (because disjunctions are not allowed in effects). The technique can be applied recursively to the resulting operators until all the conditional effects are taken care of. Unfortunately the number of operators created from a single operator in this fashion is 2n, where n is the number of conditional effects. Although n is generally a small number, it can get large when conditional effects are combined with universal quantifiers as in:


(forall (<x> BLOCK) (when (color <x> RED) (paint <x> BLUE)))


The first preprocessing layer would generate as many conditional effects as there are BLOCKs, and removing them would cause 2# of BLOCKs operators to be generated. After the expansion, all the precondition and effect expressions and the goal expression are transformed into disjunctive normal form.


Disjunctive Goals


If the preprocessor detects a disjunction in the goal expression, it creates an additional operator such that its precondition is the goal expression and its effect is the special predicate (goal�achieved). Then it sets the new goal to be (goal�achieved).


Disjunctions


Syntax


(or expr-1 expr-2 ...)


A disjunction in the preconditions of an operator causes that operator to be split into multiple operators such that each new operator has just one of the disjuncts in its preconditions and the same effects as the original operator:
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Negations


Syntax


(not expr)


The idea behind translating negations into Graphplan is simple. For each predicate p that appears as negated in some precondition or in the goal, a conjugate predicate not-p is created. Then the initial conditions and effects of operators are expanded to assert not-p when p is not asserted (and to delete not-p when p is asserted, in the case of effects).
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An Example from UCPOP


Domain Definitions


I have tested the preprocessor by converting a number of UCPOP domains into the extended Graphplan language. Although the conversions were done manually, the process can be automated easily, if not trivially. As can be observed from the example (the only interesting operator of the briefcase domain) below, the extended Graphplan language parallels UCPOP very closely. One significant difference is that UCPOP does not have type information but uses predicates to achieve the same effect. Another difference to note is the (:neq ...) predicate used in UCPOP. Graphplan assumes this predicate implicitly by making sure that variables with different names are not assigned to the same objects.
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Problem Definition


The problem definitions are also very similar. Again, the main difference is that UCPOP uses predicates to define types for objects whereas Graphplan uses a separate mechanism for type information.
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Preprocessed Domain and Problem


The preprocessing for this simple problem takes less than a second to execute. Below is the preprocessed problem and domain definitions. The preprocessor detects that the predicate (in ...) is used in a negated form and so inserts the new (not in ...) predicates into the initial conditions.
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�
The ‘move’ operator expands into eight new ‘move’ operators, because the universal quantifier generates three conditional effects from the three OBJs. The other operators don’t need much preprocessing.
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�
Solutions


Both Graphplan and UCPOP arrive at the same solution, although UCPOP uses some 85 seconds of CPU time compared to Graphplan’s just 1 second.
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Conclusions


This project demonstrates that the relation between the power of expression of a planner’s domain definition language and its planning power is not as direct as it seems. An apparently simple planner can outperform a sophisticated planner with the help of a simple preprocessor. Of course, the preprocessing approach has its limitations, most notably the ‘static’ objects restriction it places on the domains. On the other hand, ‘dynamic’ objects are not that common in planning problems and UCPOP has also a very hard time handling problems with dynamic domains.


Future Work


The layered structure of the preprocessor allowed me to develop it incrementally. However, I believe it can be implemented much more efficiently doing only one or two passes over the domain instead of the current four.


Although I have tested the preprocessor with a number of domains and sub-domains from UCPOP, my goal was to check the correctness of the preprocessor rather than to compare its performance with UCPOP. Such an extensive comparison would be useful to test the usefulness of the preprocessing approach.


The preprocessor is not ‘robust’ in that given some syntactically correct but planning-wise meaningless (e.g. disjunctive initial state), it will generate some output without complaining. In such cases, Graphplan might complain, but it is also rather fragile in terms of error checking.


The exponential blow-up problem in quantified conditional effects is annoying, but I have not been able to come up with a clever solution yet.


* Avrim L. Blum and Merrick L. Furst. Fast planning through planning graph analysis. In Proceedings of the First International Conference (AIPS92), pages 20-27, College Park, MD, 1992.
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