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Fast Downward Planning System

• Goal: develop an algorithm that efficiently solves general 
propositional planning tasks by exploiting the hierarchical 
structure inherent in causal graphs

• Obstacles:
• Encoding PDDL representations to FDR
• Cycles (Some causal graphs are not hierarchical in nature)
• Finding a solution is difficult (still PSPACE-complete)



Three stages



Translation

• Turns PDDL input into multi-valued planning task
• As previously discussed, four stages:

• Normalization
• Invariant synthesis
• Grounding
• Translation to multi-valued planning task



Knowledge Compilation

• Generates four data structures:
• Domain transition graphs: encode how state variables can change their

values
• Causal graphs: shows hierarchical dependencies between state variables
• Successor generator: determines the set of applicable operators for a

given state
• Axiom evaluator: computes values of derived variables



Robot Domain Graph



Relaxing/Eliminating cycles



Search

• Uses three different search functions:
• Best-first search using causal graph heuristic
• Multi-heuristic best-first search (combines causal graph and FF 

heuristics)
• Focused iterative-broadening search: estimates “usefulness” of operators 



The Causal Graph Heuristic

• Centerpiece of Fast Downward’s heuristic search
• Estimates cost of reaching goal by solving a sample of 

subproblems within small “windows” of the causal graph
• Computing costs for a variable-value pairing is similar to Dijkstra’s 

algorithm within the causal graph
• Caching this data improves performance

• Definitions:
• Derived predicates: occur in the head of an axiom
• Fluent predicates: occur in the initial state or in the effects of operators
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