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Motivation

Airport domain [THNO4] Elevators domain [KS00] Ilo“
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Motivation

Airport domain [THNO4] Elevators domain [KS00] Ilo“

Many similar plans visiting the same states multiple times!
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Top-K Solution Concepts

Graph Theory

k shortest path problem [BKH57] Top-k planning [RSU14]
Find the shortest k paths Find the cheapest k plans
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Top-K Solution Concepts

Graph Theory

k shortest path problem [BKH57] Top-k planning [RSU14]

Find the shortest k paths Find the cheapest k plans

k shortest simple path problem [Yen71] LLoopless top-k planning

Find the shortest k simple paths Find the cheapest k loopless plans

Julian von Tschammer, Robert Mattmiiller, David Speck — Loopless Top-K Planning 3/14




Loopless Plans

Plans

Sequence of applicable operators & = (09, . ..,0,—1)

Generates a sequence of states states(7) = (so,...,Sn)
Initial state 5o and goal state s,
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Loopless Plans

Plans

Sequence of applicable operators & = (09, . ..,0,—1)

Generates a sequence of states states(7) = (so,...,Sn)
Initial state 5o and goal state s,

~» A plan 7 is called loopless if all states of states(7) are distinct.

Airport domain: No planes driving in circles Ilo“
Elevator domain: No passengers entering/exiting the elevator multiple times
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Problem Definition

Top-k Planning
Given: a planning task IT and a natural number k € N

Wanted: a subset of all plans P C P where

there exists no plan &’ € Py with 7/ & P that is cheaper than some plan 7 € P, and
|P| = k if |Pg| > k, and |P| = |Pr| otherwise.
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Problem Definition

Loopless Top-k Planning
Given: a planning task IT and a natural number k € N

Wanted: a subset of all loopless plans P C P/ where

there exists no plan ' e Plff with ' &€ P that is cheaper than some plan & € P, and
|P| =kif |P[[| >k, and |P| = ||| otherwise.
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Loopless Top-K Planning

Example

o1 (1)
00 (0) .@

Operators O = {0¢,01,02} with cost(o;) =i
Infinitely many optimal plans with a cost of 1
Two loopless plans P = {(01),{(02)}
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Generate-and-Test Approach

Idea

Using a top-k planner with an anytime behavior

Request a sufficiently large number of plans (k = o)
Enumerate all plans with increasing costs

Add loopless plans to the solution set
Discard plans with loops
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Generate-and-Test Approach

Pros & Cons

v Straightforward approach
4 Any top-k planner with an anytime behavior can be used
v’ Sound approach
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X Performance strongly depends on the number of discarded plans
X Not complete when there are zero cost loops
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Symbolic Search Approach

Idea

Use symbolic search (sym-k algorithm)
Modify the plan reconstruction phase

Keep track of visited states

Ignore already visited states
{S,,S3,s1} {SI7S3}

{sl7s47s2} {S[,S4}
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Symbolic Search Approach

Pros & Cons

v/ Sound and complete approach
v/ Generates only relevant plans
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Symbolic Search Approach

Pros & Cons

v/ Sound and complete approach

v/ Generates only relevant plans

X More complex

X Unnecessary overhead when few or no loopy plans exist
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Empirical Evaluation
Setup

Implemented both approaches in sym-k

SYM-K-GNT and SYM-K-LL
Forward, backward and bidirectional search

k-Coverage with values between 1 < k < 10000
#Tasks solved when k loopless plans are requested

2262 Planning Tasks from 74 domains (optimal track of IPCs)
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Empirical Evaluation

K-Coverage
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Diverse Planning Zoo

Objective: interesting and useful plans
Useful set of plans [KSU20]

Equivalence relation over plans
One representative of each equivalence class
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Diverse Planning Zoo

Objective: interesting and useful plans
Useful set of plans [KSU20]

Equivalence relation over plans
One representative of each equivalence class

Loopless Top-K Planning

Generation of loopless plans with increasing costs
Each loopless plan forms a representative
Further diversification according to a diversity metric
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Conclusion

Introduced Loopless Top-K Planning

All visited states of a plan must be distinct
Two different approaches

Generate-and-test approach
Symbolic search approach
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Conclusion

Introduced Loopless Top-K Planning

All visited states of a plan must be distinct

Two different approaches
Generate-and-test approach
Symbolic search approach

Practice: Possible to determine a set of k best loopless plans

Symbolic search approach performs best overall
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