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Introduction

Classical planning with temporally extended goals starting from Bacchus and
Kabanza (1998)

I capture a richer class of finite plans

Recently, Fully Observable Non-Deterministic planning for ltl/ltlf with Camacho
et. al (2017/18), De Giacomo et. al (2018)

MSc Thesis: ltl and Past ltl on Finite Traces for Planning and Declarative Process
Mining
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What’s new in this work?

ltlf2dfa: a tool for translating temporal formulas to automata

Extended goals represented also with Past ltl (pltl)
I possible computational advantage wrt ltlf (single vs double exponential time

translation to automata (Chandra, Kozen, and Stockmeyer 1981))

Example

PLTL Goal: ϕ = vehicleAt(l22) ∧3− (vehicleAt(l31))

New automata compilation technique in pddl
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pltl and ltlf

Linear Temporal Logic on finite traces: ltlf

next: ◦happy- until: reply U acknowledge-

eventually: 3rich- always: 2safe-

Past Linear Temporal Logic: pltl

yesterday: 	happy- since: reply S acknowledge-

once: 3−rich- hystorically: �safe-

Reasoning in ltlf/pltl

transform a formula ϕ into a DFA Aϕ

for every trace π, an ltlf/pltl formula ϕ is such that:

π |= ϕ ⇐⇒ π ∈ L(Aϕ)

Currently, we don’t allow mixing ltlf and pltl (left for future work)
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ltlf2dfa: from ltlf and pltl formulas to dfa

Translation procedure:

1 starting from an ltlf/pltl formula ϕ, we translate it to fol on finite sequences
(De Giacomo and Vardi 2013; Zhu et al. 2018)

2 apply mona able to transform Monadic Second Order Logic (and hence fol as well)
on finite strings to minimum dfa automata

Example: ϕ = 3G
1 fol translation: fol(ϕ, x) = ∃y.x ≤ y ≤ last ∧G(y), where [x/0]

2 mona program: m2l-str; var2 G; ex1 y:0<=y & y<=max($) & y in G
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ltlf2dfa implementation

Python package supporting:

parsing of ltlf/pltl formulas

translation to fol, dfa

option for declare assumption (De Giacomo et al. 2014)

available as a service online at http://ltlf2dfa.diag.uniroma1.it

Examples:

ϕ1 = 2(a⇒ ◦b) ϕ2 = 3−g

10
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FOND Planning for Extended Temporal Goals

A fully observable non-deterministic (FOND) domain with initial state is a tuple
D = 〈2F , A, s0, %, α〉 where:

I F is a set of fluents (atomic propositions);
I A is a set of actions (atomic symbols);
I 2F is the set of states;
I s0 is the initial state (initial assignment to fluents);
I α(s) ⊆ A represents action preconditions;
I (s, a, s′) ∈ % with a ∈ α(s) represents action effects (including frame)

Goals, planning and plans

Goal: an ltlf or a pltl formula ϕ

Planning: a game between the Agent and the Environment

Plan: strategy to win the game
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Our approach:

Idea: reduce the problem to classical FOND planning

1 Transform the ltlf/pltl goal ϕ into the corresponding minimum dfa Aϕ through
ltlf2dfa

2 Construct a PDDL domain and problem that include Aϕ

3 Solve the new planning problem with any off-the-shelf planner

4 Extract the policy from the solution
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How to encode Aϕ in PDDL?

In the Domain:

Action “trans”: representing the transition function of Aϕ, parametric on objects of
interest

Predicate “turnDomain”: to alternate between domain actions and “trans”

In the Problem:

New initial state including the initial state of the automaton

New goal state with the final state(s) of the automaton evaluated on objects of
interest
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Implementation and Results

Example: the Triangle Tireworld domain

Objective: Drive from one location to another. A tire may be going flat. If there is a
spare tire in the location of the car, then the car can use it to fix the flat tire.
Goal: ϕ = vehicleAt(l22) ∧3− (vehicleAt(l31))
Plan (Strong): any path from state 0 to state 5 achieves to the goal

0 1 4 5

2 3change-
tire

moveCar0(l11,l21) moveCar0(l21,l31) moveCar0(l31,l22)

moveCar1
(l11,l21)

moveCar1
(l21,l31)

change-
tire

l11

l12 l21

l13 l22 l31
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Conclusions

Results:

Provided the ltlf2dfa tool which implements the translation procedure from
ltlf/pltl to dfa

Proposed and implemented our approach in compiling ltlf/pltl goals along with
the original planning domain, specified in pddl

Started investigating planning for pltl goals
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Future work

Investigate the potential computational advantage of pltl goals

Study to what extent temporally extended goals can be crafted (or reformulated) to
exploit pltl and gain computational efficiency

Investigate the ltlpf logic (i.e. ltlf and pltl merged) for dealing directly with
mixed formulas

Employ different planners benchmarking major encoding techniques
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Appendix

q1(x)
<latexit sha1_base64="VRai5pHbENs+podlTApGJBZihy4=">AAAB7XicbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZN7osuHFZwV6gHUomzbSxmWRMMmId+g5uXCji1tfwGVwIvo3pZaGtPwQ+/v8ccs4JE8GN9bxvtLS8srq2ntvIb25t7+wW9vbrRqWashpVQulmSAwTXLKa5VawZqIZiUPBGuHgYpw37pg2XMlrO0xYEJOe5BGnxDqrftvxS/cnnULRK3sT4UXwZ1Cs5B6+PgCg2il8truKpjGTlgpiTMv3EhtkRFtOBRvl26lhCaED0mMth5LEzATZZNoRPnZOF0dKuyctnri/OzISGzOMQ1cZE9s389nY/C9rpTY6DzIuk9QySacfRanAVuHx6rjLNaNWDB0QqrmbFdM+0YRad6C8O4I/v/Ii1E/LvuMrv1gpwVQ5OIQjKIEPZ1CBS6hCDSjcwCM8wwtS6Am9ordp6RKa9RzAH6H3H8TRkLs=</latexit><latexit sha1_base64="i71NdQl23wAQiKObFQbmUJw+1q4=">AAAB7XicbZDLSgMxFIbP1Ftbb1WXboJFqJsy40aXBTcuK9oLtEPJpJk2NpNMk4xYh76DGxeKuPVh3LkQfBvTy0Jbfwh8/P855JwTxJxp47rfTmZldW19I5vLb25t7+wW9vbrWiaK0BqRXKpmgDXlTNCaYYbTZqwojgJOG8HgYpI37qjSTIobM4qpH+GeYCEj2FirPux4pfuTTqHolt2p0DJ4cyhWsg9fH9fVXLVT+Gx3JUkiKgzhWOuW58bGT7EyjHA6zrcTTWNMBrhHWxYFjqj20+m0Y3RsnS4KpbJPGDR1f3ekONJ6FAW2MsKmrxeziflf1kpMeO6nTMSJoYLMPgoTjoxEk9VRlylKDB9ZwEQxOysifawwMfZAeXsEb3HlZaiflj3LV16xUoKZsnAIR1ACD86gApdQhRoQuIVHeIYXRzpPzqvzNivNOPOeA/gj5/0HubqRcg==</latexit><latexit sha1_base64="i71NdQl23wAQiKObFQbmUJw+1q4=">AAAB7XicbZDLSgMxFIbP1Ftbb1WXboJFqJsy40aXBTcuK9oLtEPJpJk2NpNMk4xYh76DGxeKuPVh3LkQfBvTy0Jbfwh8/P855JwTxJxp47rfTmZldW19I5vLb25t7+wW9vbrWiaK0BqRXKpmgDXlTNCaYYbTZqwojgJOG8HgYpI37qjSTIobM4qpH+GeYCEj2FirPux4pfuTTqHolt2p0DJ4cyhWsg9fH9fVXLVT+Gx3JUkiKgzhWOuW58bGT7EyjHA6zrcTTWNMBrhHWxYFjqj20+m0Y3RsnS4KpbJPGDR1f3ekONJ6FAW2MsKmrxeziflf1kpMeO6nTMSJoYLMPgoTjoxEk9VRlylKDB9ZwEQxOysifawwMfZAeXsEb3HlZaiflj3LV16xUoKZsnAIR1ACD86gApdQhRoQuIVHeIYXRzpPzqvzNivNOPOeA/gj5/0HubqRcg==</latexit><latexit sha1_base64="kQ1Gnqhpgqe8ZZmm0X4tajFaJ+g=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQYhN2bbQM2FhGMBdIljA7mU3GzGWdmRXDknewsVDE1vex822cJFto4g8DH/85hznnjxLOjPX9b6+wtr6xuVXcLu3s7u0flA+PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofD2rtx+pNkzJOztJaCjwULKYEWyd1XroB9Wn83654tf8udAqBDlUIFejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF2HEgtqwmy+7RSdOWeAYqXdkxbN3d8TGRbGTETkOgW2I7Ncm5n/1bqpja/CjMkktVSSxUdxypFVaHY6GjBNieUTB5ho5nZFZIQ1JtYFVHIhBMsnr0LrohY4vg0q9WoeRxFO4BSqEMAl1OEGGtAEAvfwDK/w5invxXv3PhatBS+fOYY/8j5/AJuCjmM=</latexit>

q1(x)
<latexit sha1_base64="VRai5pHbENs+podlTApGJBZihy4=">AAAB7XicbZDLSgMxFIZPvNZ6q7p0EyxC3ZQZN7osuHFZwV6gHUomzbSxmWRMMmId+g5uXCji1tfwGVwIvo3pZaGtPwQ+/v8ccs4JE8GN9bxvtLS8srq2ntvIb25t7+wW9vbrRqWashpVQulmSAwTXLKa5VawZqIZiUPBGuHgYpw37pg2XMlrO0xYEJOe5BGnxDqrftvxS/cnnULRK3sT4UXwZ1Cs5B6+PgCg2il8truKpjGTlgpiTMv3EhtkRFtOBRvl26lhCaED0mMth5LEzATZZNoRPnZOF0dKuyctnri/OzISGzOMQ1cZE9s389nY/C9rpTY6DzIuk9QySacfRanAVuHx6rjLNaNWDB0QqrmbFdM+0YRad6C8O4I/v/Ii1E/LvuMrv1gpwVQ5OIQjKIEPZ1CBS6hCDSjcwCM8wwtS6Am9ordp6RKa9RzAH6H3H8TRkLs=</latexit><latexit sha1_base64="i71NdQl23wAQiKObFQbmUJw+1q4=">AAAB7XicbZDLSgMxFIbP1Ftbb1WXboJFqJsy40aXBTcuK9oLtEPJpJk2NpNMk4xYh76DGxeKuPVh3LkQfBvTy0Jbfwh8/P855JwTxJxp47rfTmZldW19I5vLb25t7+wW9vbrWiaK0BqRXKpmgDXlTNCaYYbTZqwojgJOG8HgYpI37qjSTIobM4qpH+GeYCEj2FirPux4pfuTTqHolt2p0DJ4cyhWsg9fH9fVXLVT+Gx3JUkiKgzhWOuW58bGT7EyjHA6zrcTTWNMBrhHWxYFjqj20+m0Y3RsnS4KpbJPGDR1f3ekONJ6FAW2MsKmrxeziflf1kpMeO6nTMSJoYLMPgoTjoxEk9VRlylKDB9ZwEQxOysifawwMfZAeXsEb3HlZaiflj3LV16xUoKZsnAIR1ACD86gApdQhRoQuIVHeIYXRzpPzqvzNivNOPOeA/gj5/0HubqRcg==</latexit><latexit sha1_base64="i71NdQl23wAQiKObFQbmUJw+1q4=">AAAB7XicbZDLSgMxFIbP1Ftbb1WXboJFqJsy40aXBTcuK9oLtEPJpJk2NpNMk4xYh76DGxeKuPVh3LkQfBvTy0Jbfwh8/P855JwTxJxp47rfTmZldW19I5vLb25t7+wW9vbrWiaK0BqRXKpmgDXlTNCaYYbTZqwojgJOG8HgYpI37qjSTIobM4qpH+GeYCEj2FirPux4pfuTTqHolt2p0DJ4cyhWsg9fH9fVXLVT+Gx3JUkiKgzhWOuW58bGT7EyjHA6zrcTTWNMBrhHWxYFjqj20+m0Y3RsnS4KpbJPGDR1f3ekONJ6FAW2MsKmrxeziflf1kpMeO6nTMSJoYLMPgoTjoxEk9VRlylKDB9ZwEQxOysifawwMfZAeXsEb3HlZaiflj3LV16xUoKZsnAIR1ACD86gApdQhRoQuIVHeIYXRzpPzqvzNivNOPOeA/gj5/0HubqRcg==</latexit><latexit sha1_base64="kQ1Gnqhpgqe8ZZmm0X4tajFaJ+g=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQYhN2bbQM2FhGMBdIljA7mU3GzGWdmRXDknewsVDE1vex822cJFto4g8DH/85hznnjxLOjPX9b6+wtr6xuVXcLu3s7u0flA+PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofD2rtx+pNkzJOztJaCjwULKYEWyd1XroB9Wn83654tf8udAqBDlUIFejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZZ6qaEJJmM8pF2HEgtqwmy+7RSdOWeAYqXdkxbN3d8TGRbGTETkOgW2I7Ncm5n/1bqpja/CjMkktVSSxUdxypFVaHY6GjBNieUTB5ho5nZFZIQ1JtYFVHIhBMsnr0LrohY4vg0q9WoeRxFO4BSqEMAl1OEGGtAEAvfwDK/w5invxXv3PhatBS+fOYY/8j5/AJuCjmM=</latexit>

q2(x)
<latexit sha1_base64="blb87Wt25ENMJw1/HHEOTwPjGHo=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8Ei1E2Z6UaXBTcuK9gLtEPJpJk2NpOMSUasQ9/BjQtF3PoaPoMLwbcxnXahrT8EPv7/HHLOCWLOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6GKat+6o0kyKazOOqR/hgWAhI9hYq3nbq5bvT3vFkltxM6Fl8OZQquUfvj4AoN4rfnb7kiQRFYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHYsCR1T7aTbtBJ1Yp49CqewTBmXu744UR1qPo8BWRtgM9WI2Nf/LOokJz/2UiTgxVJDZR2HCkZFoujrqM0WJ4WMLmChmZ0VkiBUmxh6oYI/gLa68DM1qxbN85ZVqZZgpD0dwDGXw4AxqcAl1aACBG3iEZ3hxpPPkvDpvs9KcM+85hD9y3n8AxliQvA==</latexit><latexit sha1_base64="rTe5qvAJ3mG80aHEcWJwBwGqcnI=">AAAB7XicbZDLSgMxFIbP1Ftbb1WXboJFqJsy040uC25cVrQXaIeSSTNtbCYZk4xYh76DGxeKuPVh3LkQfBvTy0Jbfwh8/P855JwTxJxp47rfTmZldW19I5vLb25t7+wW9vYbWiaK0DqRXKpWgDXlTNC6YYbTVqwojgJOm8HwfJI376jSTIprM4qpH+G+YCEj2FircdutlO5PuoWiW3anQsvgzaFYzT58fVzVcrVu4bPTkySJqDCEY63bnhsbP8XKMMLpON9JNI0xGeI+bVsUOKLaT6fTjtGxdXoolMo+YdDU/d2R4kjrURTYygibgV7MJuZ/WTsx4ZmfMhEnhgoy+yhMODISTVZHPaYoMXxkARPF7KyIDLDCxNgD5e0RvMWVl6FRKXuWL71itQQzZeEQjqAEHpxCFS6gBnUgcAOP8AwvjnSenFfnbVaaceY9B/BHzvsPu0GRcw==</latexit><latexit sha1_base64="rTe5qvAJ3mG80aHEcWJwBwGqcnI=">AAAB7XicbZDLSgMxFIbP1Ftbb1WXboJFqJsy040uC25cVrQXaIeSSTNtbCYZk4xYh76DGxeKuPVh3LkQfBvTy0Jbfwh8/P855JwTxJxp47rfTmZldW19I5vLb25t7+wW9vYbWiaK0DqRXKpWgDXlTNC6YYbTVqwojgJOm8HwfJI376jSTIprM4qpH+G+YCEj2FircdutlO5PuoWiW3anQsvgzaFYzT58fVzVcrVu4bPTkySJqDCEY63bnhsbP8XKMMLpON9JNI0xGeI+bVsUOKLaT6fTjtGxdXoolMo+YdDU/d2R4kjrURTYygibgV7MJuZ/WTsx4ZmfMhEnhgoy+yhMODISTVZHPaYoMXxkARPF7KyIDLDCxNgD5e0RvMWVl6FRKXuWL71itQQzZeEQjqAEHpxCFS6gBnUgcAOP8AwvjnSenFfnbVaaceY9B/BHzvsPu0GRcw==</latexit><latexit sha1_base64="kznUMZ6PZq9nY7rJ3+Mdet1CgVw=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQxCbMJuGi0DNpYRzAWSJcxOZpMxc1lnZsWw5B1sLBSx9X3sfBsnyRaa+MPAx3/OYc75o4QzY33/21tb39jc2i7sFHf39g8OS0fHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp7V249UG6bknZ0kNBR4KFnMCLbOaj30a5Wni36p7Ff9udAqBDmUIVejX/rqDRRJBZWWcGxMN/ATG2ZYW0Y4nRZ7qaEJJmM8pF2HEgtqwmy+7RSdO2eAYqXdkxbN3d8TGRbGTETkOgW2I7Ncm5n/1bqpja/CjMkktVSSxUdxypFVaHY6GjBNieUTB5ho5nZFZIQ1JtYFVHQhBMsnr0KrVg0c3wbleiWPowCncAYVCOAS6nADDWgCgXt4hld485T34r17H4vWNS+fOYE/8j5/AJ0JjmQ=</latexit>

q2(x)
<latexit sha1_base64="blb87Wt25ENMJw1/HHEOTwPjGHo=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8Ei1E2Z6UaXBTcuK9gLtEPJpJk2NpOMSUasQ9/BjQtF3PoaPoMLwbcxnXahrT8EPv7/HHLOCWLOtHHdbye3srq2vpHfLGxt7+zuFfcPmlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6GKat+6o0kyKazOOqR/hgWAhI9hYq3nbq5bvT3vFkltxM6Fl8OZQquUfvj4AoN4rfnb7kiQRFYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHYsCR1T7aTbtBJ1Yp49CqewTBmXu744UR1qPo8BWRtgM9WI2Nf/LOokJz/2UiTgxVJDZR2HCkZFoujrqM0WJ4WMLmChmZ0VkiBUmxh6oYI/gLa68DM1qxbN85ZVqZZgpD0dwDGXw4AxqcAl1aACBG3iEZ3hxpPPkvDpvs9KcM+85hD9y3n8AxliQvA==</latexit><latexit sha1_base64="rTe5qvAJ3mG80aHEcWJwBwGqcnI=">AAAB7XicbZDLSgMxFIbP1Ftbb1WXboJFqJsy040uC25cVrQXaIeSSTNtbCYZk4xYh76DGxeKuPVh3LkQfBvTy0Jbfwh8/P855JwTxJxp47rfTmZldW19I5vLb25t7+wW9vYbWiaK0DqRXKpWgDXlTNC6YYbTVqwojgJOm8HwfJI376jSTIprM4qpH+G+YCEj2FircdutlO5PuoWiW3anQsvgzaFYzT58fVzVcrVu4bPTkySJqDCEY63bnhsbP8XKMMLpON9JNI0xGeI+bVsUOKLaT6fTjtGxdXoolMo+YdDU/d2R4kjrURTYygibgV7MJuZ/WTsx4ZmfMhEnhgoy+yhMODISTVZHPaYoMXxkARPF7KyIDLDCxNgD5e0RvMWVl6FRKXuWL71itQQzZeEQjqAEHpxCFS6gBnUgcAOP8AwvjnSenFfnbVaaceY9B/BHzvsPu0GRcw==</latexit><latexit sha1_base64="rTe5qvAJ3mG80aHEcWJwBwGqcnI=">AAAB7XicbZDLSgMxFIbP1Ftbb1WXboJFqJsy040uC25cVrQXaIeSSTNtbCYZk4xYh76DGxeKuPVh3LkQfBvTy0Jbfwh8/P855JwTxJxp47rfTmZldW19I5vLb25t7+wW9vYbWiaK0DqRXKpWgDXlTNC6YYbTVqwojgJOm8HwfJI376jSTIprM4qpH+G+YCEj2FircdutlO5PuoWiW3anQsvgzaFYzT58fVzVcrVu4bPTkySJqDCEY63bnhsbP8XKMMLpON9JNI0xGeI+bVsUOKLaT6fTjtGxdXoolMo+YdDU/d2R4kjrURTYygibgV7MJuZ/WTsx4ZmfMhEnhgoy+yhMODISTVZHPaYoMXxkARPF7KyIDLDCxNgD5e0RvMWVl6FRKXuWL71itQQzZeEQjqAEHpxCFS6gBnUgcAOP8AwvjnSenFfnbVaaceY9B/BHzvsPu0GRcw==</latexit><latexit sha1_base64="kznUMZ6PZq9nY7rJ3+Mdet1CgVw=">AAAB7XicbZC7SgNBFIbPeo3xFrW0GQxCbMJuGi0DNpYRzAWSJcxOZpMxc1lnZsWw5B1sLBSx9X3sfBsnyRaa+MPAx3/OYc75o4QzY33/21tb39jc2i7sFHf39g8OS0fHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp7V249UG6bknZ0kNBR4KFnMCLbOaj30a5Wni36p7Ff9udAqBDmUIVejX/rqDRRJBZWWcGxMN/ATG2ZYW0Y4nRZ7qaEJJmM8pF2HEgtqwmy+7RSdO2eAYqXdkxbN3d8TGRbGTETkOgW2I7Ncm5n/1bqpja/CjMkktVSSxUdxypFVaHY6GjBNieUTB5ho5nZFZIQ1JtYFVHQhBMsnr0KrVg0c3wbleiWPowCncAYVCOAS6nADDWgCgXt4hld485T34r17H4vWNS+fOYE/8j5/AJ0JjmQ=</latexit>

true
<latexit sha1_base64="o5pg/fJUnHGJG1I9P85eP1UxmQ8=">AAAB63icbZA9SwNBEIbn4leMX1FLm8UgpAp3NtoZsLGMYj4gOcLeZi5Zsnt37O4J4chfsLFQxNbW2t9h579xc0mhiS8sPLzvDDszQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBY+wabgR2EkUUhkIbAfj61nefkCleRzdm0mCvqTDiIecUZNbKsV+ueLW3FxkFbwFVK4+Pu/AqtEvf/UGMUslRoYJqnXXcxPjZ1QZzgROS71UY0LZmA6xazGiErWf5bNOyZl1BiSMlX2RIbn7uyOjUuuJDGylpGakl7OZ+V/WTU146Wc8SlKDEZt/FKaCmJjMFicDrpAZMbFAmeJ2VsJGVFFm7HlK9gje8sqr0DqveZZvvUq9CnMV4QROoQoeXEAdbqABTWAwgkd4hhdHOk/Oq/M2Ly04i55j+CPn/Qfo+5A8</latexit><latexit sha1_base64="Tacj3CxT2w6J6n1XWyZTRJT2NEA=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgpAq7NtoZsLFMwFwgWcLs5GwyZGZ2mZkVwpLS1sZCEVtb6zyHnc/gSzjZpNDEHwY+/v8c5pwTxJxp47pfTm5tfWNzK79d2Nnd2z8oHh41dZQoCg0a8Ui1A6KBMwkNwwyHdqyAiIBDKxjdzPLWPSjNInlnxjH4ggwkCxklJrNUAr1iya24mfAqeAsoXX9M698Pp9Nar/jZ7Uc0ESAN5UTrjufGxk+JMoxymBS6iYaY0BEZQMeiJAK0n2azTvC5dfo4jJR90uDM/d2REqH1WAS2UhAz1MvZzPwv6yQmvPJTJuPEgKTzj8KEYxPh2eK4zxRQw8cWCFXMzorpkChCjT1PwR7BW155FZoXFc9y3StVy2iuPDpBZ6iMPHSJqugW1VADUTREj+gZvTjCeXJenbd5ac5Z9ByjP3LefwDy9pKB</latexit><latexit sha1_base64="Tacj3CxT2w6J6n1XWyZTRJT2NEA=">AAAB63icbZC7SgNBFIZn4y3GW9RSkMEgpAq7NtoZsLFMwFwgWcLs5GwyZGZ2mZkVwpLS1sZCEVtb6zyHnc/gSzjZpNDEHwY+/v8c5pwTxJxp47pfTm5tfWNzK79d2Nnd2z8oHh41dZQoCg0a8Ui1A6KBMwkNwwyHdqyAiIBDKxjdzPLWPSjNInlnxjH4ggwkCxklJrNUAr1iya24mfAqeAsoXX9M698Pp9Nar/jZ7Uc0ESAN5UTrjufGxk+JMoxymBS6iYaY0BEZQMeiJAK0n2azTvC5dfo4jJR90uDM/d2REqH1WAS2UhAz1MvZzPwv6yQmvPJTJuPEgKTzj8KEYxPh2eK4zxRQw8cWCFXMzorpkChCjT1PwR7BW155FZoXFc9y3StVy2iuPDpBZ6iMPHSJqugW1VADUTREj+gZvTjCeXJenbd5ac5Z9ByjP3LefwDy9pKB</latexit><latexit sha1_base64="TM94QveNzHD2KiFS4agfPtEm1Wc=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF6KnsetFjwYvHCvYD2qVk09k2NMkuSVYopX/BiwdFvPqHvPlvTLd70NYXAg/vzJCZN0oFN9b3v73S1vbO7l55v3JweHR8Uj0965gk0wzbLBGJ7kXUoOAK25Zbgb1UI5WRwG40vVvWu0+oDU/Uo52lGEo6VjzmjNrc0hkOqzW/4ecimxAUUINCrWH1azBKWCZRWSaoMf3AT204p9pyJnBRGWQGU8qmdIx9h4pKNOE833VBrpwzInGi3VOW5O7viTmVxsxk5DoltROzXlua/9X6mY1vwzlXaWZRsdVHcSaITcjycDLiGpkVMweUae52JWxCNWXWxVNxIQTrJ29C57oROH4Ias16EUcZLuAS6hDADTThHlrQBgYTeIZXePOk9+K9ex+r1pJXzJzDH3mfP0AtjkU=</latexit>

vehicleAt(x)
<latexit sha1_base64="JjAETUlrSv69Z1LrEyz4QQa3cuQ=">AAAB83icbZDLSgMxFIbPeK31VnXpJliEuikzbnRZceOygr1AW0omPdOGZjJDkinWoa/hxoUibn0Hn8GF4NuYabvQ1gOBj/8/Jzn5/VhwbVz321lZXVvf2Mxt5bd3dvf2CweHdR0limGNRSJSTZ9qFFxizXAjsBkrpKEvsOEPrzO/MUKleSTvzDjGTkj7kgecUWOl9ggHnAm8MqX7s26h6JbdaZFl8OZQrOQevj4AoNotfLZ7EUtClIYJqnXLc2PTSaky2Z2TfDvRGFM2pH1sWZQ0RN1JpztPyKlVeiSIlD3SkKn6eyKlodbj0LedITUDvehl4n9eKzHBZSflMk4MSjZ7KEgEMRHJAiA9rpAZMbZAmeJ2V8IGVFFmbEx5G4K3+OVlqJ+XPcu3XrFSglnl4BhOoAQeXEAFbqAKNWAQwyM8w4uTOE/Oq/M2a11x5jNH8Kec9x+gZJOL</latexit><latexit sha1_base64="3OXBO7iGBlCbHokfNmvo3Bs5Q1Q=">AAAB83icbZC7TsMwFIYdrm25FRhZIiqkslQJC4xFLIxF0IvURpXjnrRWHSeyTypK1NdgYQAhVp6EjQGJt8FpO0DLkSx9+v9z7OPfjwXX6Djf1srq2vrGZi5f2Nre2d0r7h80dJQoBnUWiUi1fKpBcAl15CigFSugoS+g6Q+vMr85AqV5JO9wHIMX0r7kAWcUjdQZwYAzAZdYvj/tFktOxZmWvQzuHErV3MPXx20tX+sWPzu9iCUhSGSCat12nRi9lCrM7pwUOomGmLIh7UPboKQhaC+d7jyxT4zSs4NImSPRnqq/J1Iaaj0OfdMZUhzoRS8T//PaCQYXXsplnCBINnsoSISNkZ0FYPe4AoZibIAyxc2uNhtQRRmamAomBHfxy8vQOKu4hm/cUrVMZpUjR+SYlIlLzkmVXJMaqRNGYvJInsmLlVhP1qv1NmtdseYzh+RPWe8/lU2UQg==</latexit><latexit sha1_base64="3OXBO7iGBlCbHokfNmvo3Bs5Q1Q=">AAAB83icbZC7TsMwFIYdrm25FRhZIiqkslQJC4xFLIxF0IvURpXjnrRWHSeyTypK1NdgYQAhVp6EjQGJt8FpO0DLkSx9+v9z7OPfjwXX6Djf1srq2vrGZi5f2Nre2d0r7h80dJQoBnUWiUi1fKpBcAl15CigFSugoS+g6Q+vMr85AqV5JO9wHIMX0r7kAWcUjdQZwYAzAZdYvj/tFktOxZmWvQzuHErV3MPXx20tX+sWPzu9iCUhSGSCat12nRi9lCrM7pwUOomGmLIh7UPboKQhaC+d7jyxT4zSs4NImSPRnqq/J1Iaaj0OfdMZUhzoRS8T//PaCQYXXsplnCBINnsoSISNkZ0FYPe4AoZibIAyxc2uNhtQRRmamAomBHfxy8vQOKu4hm/cUrVMZpUjR+SYlIlLzkmVXJMaqRNGYvJInsmLlVhP1qv1NmtdseYzh+RPWe8/lU2UQg==</latexit><latexit sha1_base64="hcF7TJAI6fSrK4GkA+0s8tfCTj8=">AAAB83icbZDLTgIxFIbP4A3xhrp000hMcENm3OgS48YlJnJJYEI65QANnc6k7RDJhNdw40Jj3Poy7nwbOzALBU/S5Mv/n9Oe/kEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiWLYZJGIVCegGgWX2DTcCOzECmkYCGwHk7vMb09RaR7JRzOL0Q/pSPIhZ9RYqTfFMWcCb0316bJfrrg1d1FkHbwcKpBXo1/+6g0iloQoDRNU667nxsZPqTLZnfNSL9EYUzahI+xalDRE7aeLnefkwioDMoyUPdKQhfp7IqWh1rMwsJ0hNWO96mXif143McMbP+UyTgxKtnxomAhiIpIFQAZcITNiZoEyxe2uhI2poszYmEo2BG/1y+vQuqp5lh+8Sr2ax1GEMziHKnhwDXW4hwY0gUEMz/AKb07ivDjvzseyteDkM6fwp5zPH3cVkTM=</latexit>

vehicleAt(x)
<latexit sha1_base64="JjAETUlrSv69Z1LrEyz4QQa3cuQ=">AAAB83icbZDLSgMxFIbPeK31VnXpJliEuikzbnRZceOygr1AW0omPdOGZjJDkinWoa/hxoUibn0Hn8GF4NuYabvQ1gOBj/8/Jzn5/VhwbVz321lZXVvf2Mxt5bd3dvf2CweHdR0limGNRSJSTZ9qFFxizXAjsBkrpKEvsOEPrzO/MUKleSTvzDjGTkj7kgecUWOl9ggHnAm8MqX7s26h6JbdaZFl8OZQrOQevj4AoNotfLZ7EUtClIYJqnXLc2PTSaky2Z2TfDvRGFM2pH1sWZQ0RN1JpztPyKlVeiSIlD3SkKn6eyKlodbj0LedITUDvehl4n9eKzHBZSflMk4MSjZ7KEgEMRHJAiA9rpAZMbZAmeJ2V8IGVFFmbEx5G4K3+OVlqJ+XPcu3XrFSglnl4BhOoAQeXEAFbqAKNWAQwyM8w4uTOE/Oq/M2a11x5jNH8Kec9x+gZJOL</latexit><latexit sha1_base64="3OXBO7iGBlCbHokfNmvo3Bs5Q1Q=">AAAB83icbZC7TsMwFIYdrm25FRhZIiqkslQJC4xFLIxF0IvURpXjnrRWHSeyTypK1NdgYQAhVp6EjQGJt8FpO0DLkSx9+v9z7OPfjwXX6Djf1srq2vrGZi5f2Nre2d0r7h80dJQoBnUWiUi1fKpBcAl15CigFSugoS+g6Q+vMr85AqV5JO9wHIMX0r7kAWcUjdQZwYAzAZdYvj/tFktOxZmWvQzuHErV3MPXx20tX+sWPzu9iCUhSGSCat12nRi9lCrM7pwUOomGmLIh7UPboKQhaC+d7jyxT4zSs4NImSPRnqq/J1Iaaj0OfdMZUhzoRS8T//PaCQYXXsplnCBINnsoSISNkZ0FYPe4AoZibIAyxc2uNhtQRRmamAomBHfxy8vQOKu4hm/cUrVMZpUjR+SYlIlLzkmVXJMaqRNGYvJInsmLlVhP1qv1NmtdseYzh+RPWe8/lU2UQg==</latexit><latexit sha1_base64="3OXBO7iGBlCbHokfNmvo3Bs5Q1Q=">AAAB83icbZC7TsMwFIYdrm25FRhZIiqkslQJC4xFLIxF0IvURpXjnrRWHSeyTypK1NdgYQAhVp6EjQGJt8FpO0DLkSx9+v9z7OPfjwXX6Djf1srq2vrGZi5f2Nre2d0r7h80dJQoBnUWiUi1fKpBcAl15CigFSugoS+g6Q+vMr85AqV5JO9wHIMX0r7kAWcUjdQZwYAzAZdYvj/tFktOxZmWvQzuHErV3MPXx20tX+sWPzu9iCUhSGSCat12nRi9lCrM7pwUOomGmLIh7UPboKQhaC+d7jyxT4zSs4NImSPRnqq/J1Iaaj0OfdMZUhzoRS8T//PaCQYXXsplnCBINnsoSISNkZ0FYPe4AoZibIAyxc2uNhtQRRmamAomBHfxy8vQOKu4hm/cUrVMZpUjR+SYlIlLzkmVXJMaqRNGYvJInsmLlVhP1qv1NmtdseYzh+RPWe8/lU2UQg==</latexit><latexit sha1_base64="hcF7TJAI6fSrK4GkA+0s8tfCTj8=">AAAB83icbZDLTgIxFIbP4A3xhrp000hMcENm3OgS48YlJnJJYEI65QANnc6k7RDJhNdw40Jj3Poy7nwbOzALBU/S5Mv/n9Oe/kEsuDau++0UNja3tneKu6W9/YPDo/LxSUtHiWLYZJGIVCegGgWX2DTcCOzECmkYCGwHk7vMb09RaR7JRzOL0Q/pSPIhZ9RYqTfFMWcCb0316bJfrrg1d1FkHbwcKpBXo1/+6g0iloQoDRNU667nxsZPqTLZnfNSL9EYUzahI+xalDRE7aeLnefkwioDMoyUPdKQhfp7IqWh1rMwsJ0hNWO96mXif143McMbP+UyTgxKtnxomAhiIpIFQAZcITNiZoEyxe2uhI2poszYmEo2BG/1y+vQuqp5lh+8Sr2ax1GEMziHKnhwDXW4hwY0gUEMz/AKb07ivDjvzseyteDkM6fwp5zPH3cVkTM=</latexit>

¬vehicleAt(x)
<latexit sha1_base64="DnwdZMAkmqJbMx4/ywY8QD2DA2A=">AAAB+nicbZDLTgIxFIbP4A3xNujSTSMxwQ2ZcaNLjBuXmMglAUI65QANnc6k7aCIPIobFxrj1gfwGVyY+DaWy0LBkzT58v/ntKd/EAuujed9O6mV1bX1jfRmZmt7Z3fPze5XdJQohmUWiUjVAqpRcIllw43AWqyQhoHAatC/nPjVASrNI3ljhjE2Q9qVvMMZNVZqudmGxC4ZYI8zgRcmf3fScnNewZsWWQZ/Drli+v7rAwBKLfez0Y5YEqI0TFCt674Xm+aIKjO5c5xpJBpjyvq0i3WLkoaom6Pp6mNybJU26UTKHmnIVP09MaKh1sMwsJ0hNT296E3E/7x6YjrnzRGXcWJQstlDnUQQE5FJDqTNFTIjhhYoU9zuSliPKsqMTStjQ/AXv7wMldOCb/nazxXzMKs0HMIR5MGHMyjCFZSgDAxu4RGe4cV5cJ6cV+dt1ppy5jMH8Kec9x+B1JWk</latexit><latexit sha1_base64="02T0s00ZbuFJzgFRsE9Y8ETfs68=">AAAB+nicbZDLTgIxFIY7eAO8Dbp000hMcENm3OgS48YlRrkkQEinnIGGTmfSdlAceRQ3LjTGrW/hzoWJb2MHWCh4kiZf/v+c9vT3Is6UdpxvK7Oyura+kc3lN7e2d3btwl5dhbGkUKMhD2XTIwo4E1DTTHNoRhJI4HFoeMOL1G+MQCoWihs9jqATkL5gPqNEG6lrF9oC+ngEA0Y5nOvS3XHXLjplZ1p4Gdw5FCvZ+6+P62qu2rU/272QxgEITTlRquU6ke4kROr0zkm+HSuICB2SPrQMChKA6iTT1Sf4yCg97IfSHKHxVP09kZBAqXHgmc6A6IFa9FLxP68Va/+skzARxRoEnT3kxxzrEKc54B6TQDUfGyBUMrMrpgMiCdUmrbwJwV388jLUT8qu4Su3WCmhWWXRATpEJeSiU1RBl6iKaoiiW/SIntGL9WA9Wa/W26w1Y81n9tGfst5/AHa9lls=</latexit><latexit sha1_base64="02T0s00ZbuFJzgFRsE9Y8ETfs68=">AAAB+nicbZDLTgIxFIY7eAO8Dbp000hMcENm3OgS48YlRrkkQEinnIGGTmfSdlAceRQ3LjTGrW/hzoWJb2MHWCh4kiZf/v+c9vT3Is6UdpxvK7Oyura+kc3lN7e2d3btwl5dhbGkUKMhD2XTIwo4E1DTTHNoRhJI4HFoeMOL1G+MQCoWihs9jqATkL5gPqNEG6lrF9oC+ngEA0Y5nOvS3XHXLjplZ1p4Gdw5FCvZ+6+P62qu2rU/272QxgEITTlRquU6ke4kROr0zkm+HSuICB2SPrQMChKA6iTT1Sf4yCg97IfSHKHxVP09kZBAqXHgmc6A6IFa9FLxP68Va/+skzARxRoEnT3kxxzrEKc54B6TQDUfGyBUMrMrpgMiCdUmrbwJwV388jLUT8qu4Su3WCmhWWXRATpEJeSiU1RBl6iKaoiiW/SIntGL9WA9Wa/W26w1Y81n9tGfst5/AHa9lls=</latexit><latexit sha1_base64="+IxRvinIVnFOCdqY7ydAwo8SVjQ=">AAAB+nicbZDLTgIxFIbPeEW8Dbp000hMcENm3OgS48YlJnJJgJBOOQMNnc6k7aAEeRQ3LjTGrU/izrexAywUPEmTL/9/Tnv6B4ng2njet7O2vrG5tZ3bye/u7R8cuoWjuo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AiGN5nfGKHSPJb3ZpxgJ6J9yUPOqLFS1y20JfbJCAecCbw2pcfzrlv0yt6syCr4CyjCoqpd96vdi1kaoTRMUK1bvpeYzoQqk905zbdTjQllQ9rHlkVJI9SdyWz1KTmzSo+EsbJHGjJTf09MaKT1OApsZ0TNQC97mfif10pNeNWZcJmkBiWbPxSmgpiYZDmQHlfIjBhboExxuythA6ooMzatvA3BX/7yKtQvyr7lO79YKS3iyMEJnEIJfLiECtxCFWrA4AGe4RXenCfnxXl3Puata85i5hj+lPP5A1iFk0w=</latexit>

¬vehicleAt(x)
<latexit sha1_base64="DnwdZMAkmqJbMx4/ywY8QD2DA2A=">AAAB+nicbZDLTgIxFIbP4A3xNujSTSMxwQ2ZcaNLjBuXmMglAUI65QANnc6k7aCIPIobFxrj1gfwGVyY+DaWy0LBkzT58v/ntKd/EAuujed9O6mV1bX1jfRmZmt7Z3fPze5XdJQohmUWiUjVAqpRcIllw43AWqyQhoHAatC/nPjVASrNI3ljhjE2Q9qVvMMZNVZqudmGxC4ZYI8zgRcmf3fScnNewZsWWQZ/Drli+v7rAwBKLfez0Y5YEqI0TFCt674Xm+aIKjO5c5xpJBpjyvq0i3WLkoaom6Pp6mNybJU26UTKHmnIVP09MaKh1sMwsJ0hNT296E3E/7x6YjrnzRGXcWJQstlDnUQQE5FJDqTNFTIjhhYoU9zuSliPKsqMTStjQ/AXv7wMldOCb/nazxXzMKs0HMIR5MGHMyjCFZSgDAxu4RGe4cV5cJ6cV+dt1ppy5jMH8Kec9x+B1JWk</latexit><latexit sha1_base64="02T0s00ZbuFJzgFRsE9Y8ETfs68=">AAAB+nicbZDLTgIxFIY7eAO8Dbp000hMcENm3OgS48YlRrkkQEinnIGGTmfSdlAceRQ3LjTGrW/hzoWJb2MHWCh4kiZf/v+c9vT3Is6UdpxvK7Oyura+kc3lN7e2d3btwl5dhbGkUKMhD2XTIwo4E1DTTHNoRhJI4HFoeMOL1G+MQCoWihs9jqATkL5gPqNEG6lrF9oC+ngEA0Y5nOvS3XHXLjplZ1p4Gdw5FCvZ+6+P62qu2rU/272QxgEITTlRquU6ke4kROr0zkm+HSuICB2SPrQMChKA6iTT1Sf4yCg97IfSHKHxVP09kZBAqXHgmc6A6IFa9FLxP68Va/+skzARxRoEnT3kxxzrEKc54B6TQDUfGyBUMrMrpgMiCdUmrbwJwV388jLUT8qu4Su3WCmhWWXRATpEJeSiU1RBl6iKaoiiW/SIntGL9WA9Wa/W26w1Y81n9tGfst5/AHa9lls=</latexit><latexit sha1_base64="02T0s00ZbuFJzgFRsE9Y8ETfs68=">AAAB+nicbZDLTgIxFIY7eAO8Dbp000hMcENm3OgS48YlRrkkQEinnIGGTmfSdlAceRQ3LjTGrW/hzoWJb2MHWCh4kiZf/v+c9vT3Is6UdpxvK7Oyura+kc3lN7e2d3btwl5dhbGkUKMhD2XTIwo4E1DTTHNoRhJI4HFoeMOL1G+MQCoWihs9jqATkL5gPqNEG6lrF9oC+ngEA0Y5nOvS3XHXLjplZ1p4Gdw5FCvZ+6+P62qu2rU/272QxgEITTlRquU6ke4kROr0zkm+HSuICB2SPrQMChKA6iTT1Sf4yCg97IfSHKHxVP09kZBAqXHgmc6A6IFa9FLxP68Va/+skzARxRoEnT3kxxzrEKc54B6TQDUfGyBUMrMrpgMiCdUmrbwJwV388jLUT8qu4Su3WCmhWWXRATpEJeSiU1RBl6iKaoiiW/SIntGL9WA9Wa/W26w1Y81n9tGfst5/AHa9lls=</latexit><latexit sha1_base64="+IxRvinIVnFOCdqY7ydAwo8SVjQ=">AAAB+nicbZDLTgIxFIbPeEW8Dbp000hMcENm3OgS48YlJnJJgJBOOQMNnc6k7aAEeRQ3LjTGrU/izrexAywUPEmTL/9/Tnv6B4ng2njet7O2vrG5tZ3bye/u7R8cuoWjuo5TxbDGYhGrZkA1Ci6xZrgR2EwU0igQ2AiGN5nfGKHSPJb3ZpxgJ6J9yUPOqLFS1y20JfbJCAecCbw2pcfzrlv0yt6syCr4CyjCoqpd96vdi1kaoTRMUK1bvpeYzoQqk905zbdTjQllQ9rHlkVJI9SdyWz1KTmzSo+EsbJHGjJTf09MaKT1OApsZ0TNQC97mfif10pNeNWZcJmkBiWbPxSmgpiYZDmQHlfIjBhboExxuythA6ooMzatvA3BX/7yKtQvyr7lO79YKS3iyMEJnEIJfLiECtxCFWrA4AGe4RXenCfnxXl3Puata85i5hj+lPP5A1iFk0w=</latexit>

ϕ = 3(vehicleAt(l13))

(:action trans

:parameters (?x - location)

:precondition (not (turnDomain))

:effect (and

(when (and (q1 ?x) (not (vehicle-at ?x))) (and (q1 ?x) (not (q2 ?x))

(turnDomain))

(when (or (and (q1 ?x) (vehicle-at ?x)) (q2 ?x)) (and (q2 ?x) (not (q1

?x)) (turnDomain))))

Initial state: and (... (q1 l13) (turnDomain))

Goal state: (and (q2 l13) (turnDomain))
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