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Abstract

We review pltlf and pldlf , the pure-past versions of the well-known logics on finite traces ltlf and ldlf , respectively. pltlf and pldlf are logics about the past, and so scan the trace
backwards from the end towards the beginning. Because of this, we can exploit a foundational result on reverse languages to get an exponential improvement, over ltlf/ldlf , for computing
the corresponding dfa. This exponential improvement is reflected in several forms of sequential decision making involving temporal specifications, such as planning and decision problems in
non-deterministic and non-Markovian domains. Interestingly, pltlf (resp., pldlf) has the same expressive power as ltlf (resp., ldlf), but transforming a pltlf (resp., pldlf) formula
into its equivalent ltlf (resp., ldlf) is quite expensive. Hence, to take advantage of the exponential improvement, properties of interest must be directly expressed in pltlf/pldlf .

LTLf and LDLf

ltlf is a variant of Linear-time Temporal
Logic (ltl) interpreted on finite, instead of
infinite, traces [1]. Given a set P of atomic
propositions, ltlf formulas ϕ are defined by:

ϕ ∶∶= a ∣ ¬ϕ ∣ ϕ ∧ ϕ ∣ ◯ϕ ∣ ϕU ϕ
where a ∈ P , ◯ is the next operator, and U is
the until operator. Derived future temporal
operators are: eventually ◇ϕ ≐ ⊺U ϕ;
always ◻ϕ ≐ ¬ ◇ ¬ϕ; and weak next●ϕ ≐ ¬◯¬ϕ.
ldlf is a proper extension of ltlf that
captures regular expressions on finite traces.

ϕ ∶∶= tt ∣ ¬ϕ ∣ ϕ ∧ ϕ ∣ ⟨%⟩ϕ
% ∶∶= φ ∣ ϕ? ∣ % + % ∣ %;% ∣ %∗

where tt denotes the ldlf true formula,
φ propositional formulas over P , % path
expressions, and ϕ? the test construct.
Derived operators are: [%]ϕ ≐ ¬⟨%⟩¬ϕ, ff ≐
¬tt, and end = [true]ff . Intuitively, ⟨%⟩ϕ
states that there exists an execution satisfying
the re % such that its last step satisfies ϕ;
whereas [ρ]ϕ states that, from the current
step, all executions satisfying the re % are
such that their last step satisfies ϕ.

PLTLf and PLDLf

pltlf is the pure-past version of ltlf .
pltlf formulas are satisfied if they hold in
the last instant of the trace. Given the set
P , pltlf formulas are defined as:

ϕ ∶∶= a ∣ ¬ϕ ∣ ϕ ∧ ϕ ∣ ⊖ϕ ∣ ϕS ϕ
where a ∈ P , ⊖ is the previous operator,
and S is the since operator. Derived past
temporal operators are: once xϕ ≐ ⊺S ϕ;
historically ⊟ϕ ≐ ¬x¬ϕ.
pldlf is a proper extension of pltlf , hence
the pure-past version of ldlf .

ϕ ∶∶= tt ∣ ¬ϕ ∣ ϕ ∧ ϕ ∣ ⟪%⟫ϕ
% ∶∶= φ ∣ ϕ? ∣ % + % ∣ %;% ∣ %∗

In pldlf , the ldlf diamond operator is
replaced by a backward diamond operator.
Intuitively, ⟪%⟫ϕ states that there exists a
point in the past, reachable (going backwards)
through the re % from the current instant,
where ϕ holds. Derived operators are: J%Kϕ ≐
¬⟪%⟫¬ϕ, ff ≐ ¬tt, and start = JtrueKff .
Intuitively, J%Kϕ states that, from the current
step, all executions satisfying the re % (going
backwards) are such that their last step in
the past satisfies ϕ.

Examples

“every time you took the bus, you bought a new ticket beforehand”

● pltlf : ⊟(takeB ⊃ ⊖(¬takeB S buyT ))
● ltlf : (buyT R takeB) ∧ ◻ (takeB ⊃ (buyT ∨ ◯(buyT R¬takeB)))

“every time, if the cargo-ship departed (cs), then beforehand there was
an alternation of grab and unload (unl) of containers”

● pldlf : Jtrue∗K(⟪cs⟫tt ⊃ ⟪(unl; grab)∗; (unl; grab)⟫start)
● ldlf : ⟨(¬cs + (grab ∧ ¬cs); (unl; (grab ∧ ¬cs))∗; (cs ∧ unl));¬cs∗⟩end

From ϕ to Automata

● For ltlf/ldlf formulas the translation is worst-case 2EXPTIME:

<latexit sha1_base64="I3JmcwMtYO2t9oDlQlNidq4wGn8=">AAACCnicbZDLSsNAFIYn9VbrLerSTbQVXNWkILos6MJFFxV6gzaEyXTSDp1MwsyJWELXbnwVNy4UcesTuPNtnLZBtPrDwM93zuHM+f2YMwW2/WnklpZXVtfy64WNza3tHXN3r6WiRBLaJBGPZMfHinImaBMYcNqJJcWhz2nbH11O6+1bKhWLRAPGMXVDPBAsYASDRp552AN6B4qktUZtUvKC0uk3uJoDzyzaZXsm669xMlNEmeqe+dHrRyQJqQDCsVJdx47BTbEERjidFHqJojEmIzygXW0FDqly09kpE+tYk74VRFI/AdaM/pxIcajUOPR1Z4hhqBZrU/hfrZtAcOGmTMQJUEHmi4KEWxBZ01ysPpOUAB9rg4lk+q8WGWKJCej0CjoEZ/Hkv6ZVKTtnZfumUqxWsjjy6AAdoRPkoHNURdeojpqIoHv0iJ7Ri/FgPBmvxtu8NWdkM/vol4z3LyXGmdY=</latexit>

LTLf/LDLf

<latexit sha1_base64="I3JmcwMtYO2t9oDlQlNidq4wGn8=">AAACCnicbZDLSsNAFIYn9VbrLerSTbQVXNWkILos6MJFFxV6gzaEyXTSDp1MwsyJWELXbnwVNy4UcesTuPNtnLZBtPrDwM93zuHM+f2YMwW2/WnklpZXVtfy64WNza3tHXN3r6WiRBLaJBGPZMfHinImaBMYcNqJJcWhz2nbH11O6+1bKhWLRAPGMXVDPBAsYASDRp552AN6B4qktUZtUvKC0uk3uJoDzyzaZXsm669xMlNEmeqe+dHrRyQJqQDCsVJdx47BTbEERjidFHqJojEmIzygXW0FDqly09kpE+tYk74VRFI/AdaM/pxIcajUOPR1Z4hhqBZrU/hfrZtAcOGmTMQJUEHmi4KEWxBZ01ysPpOUAB9rg4lk+q8WGWKJCej0CjoEZ/Hkv6ZVKTtnZfumUqxWsjjy6AAdoRPkoHNURdeojpqIoHv0iJ7Ri/FgPBmvxtu8NWdkM/vol4z3LyXGmdY=</latexit>

LTLf/LDLf
<latexit sha1_base64="00n+vpnT/5yAi8YlTv++wd6O9f4=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EixCvZTdouix4MWDhwq2FtqlZNNsG5pk1yRbKEt/hxcPinj1x3jz35ht96CtA4Fh5j3eZIKYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Up0Aa8qZpC3DDKedWFEsAk4fg/FN5j9OqNIskg9mGlNf4KFkISPYWMmv9gQ2I4J5ejc775crbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCaz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZc19/6i0qjndRThBE6hCh5cQQNuoQktIPAEz/AKb87EeXHenY/FaMHJd47hD5zPH0imkbs=</latexit>

(L)
<latexit sha1_base64="00n+vpnT/5yAi8YlTv++wd6O9f4=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EixCvZTdouix4MWDhwq2FtqlZNNsG5pk1yRbKEt/hxcPinj1x3jz35ht96CtA4Fh5j3eZIKYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Up0Aa8qZpC3DDKedWFEsAk4fg/FN5j9OqNIskg9mGlNf4KFkISPYWMmv9gQ2I4J5ejc775crbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCaz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZc19/6i0qjndRThBE6hCh5cQQNuoQktIPAEz/AKb87EeXHenY/FaMHJd47hD5zPH0imkbs=</latexit>

(L)

<latexit sha1_base64="fv6NYRvv6f9rKW9IG3DmQ8qmFy0=">AAAB83icbVDLSsNAFJ3UV42vqks3g0VwVZKC6EZsEcRlBfuAJpTJdNIOnUzCzI1YQn/DjQtF3br2P9yIf+P0sdDWAxcO59zLvfcEieAaHOfbyi0tr6yu5dftjc2t7Z3C7l5Dx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC4HPvNO6Y0j+UtDBPmR6QnecgpASN5HrB70DSrXlVHnULRKTkT4EXizkjx4sM+T16/7Fqn8Ol1Y5pGTAIVROu26yTgZ0QBp4KNbC/VLCF0QHqsbagkEdN+Nrl5hI+M0sVhrExJwBP190RGIq2HUWA6IwJ9Pe+Nxf+8dgrhmZ9xmaTAJJ0uClOBIcbjAHCXK0ZBDA0hVHFzK6Z9oggFE5NtQnDnX14kjXLJPSk5N06xUkZT5NEBOkTHyEWnqIKuUQ3VEUUJekBP6NlKrUfrxXqbtuas2cw++gPr/QdN4ZTK</latexit>

AFA
<latexit sha1_base64="fv6NYRvv6f9rKW9IG3DmQ8qmFy0=">AAAB83icbVDLSsNAFJ3UV42vqks3g0VwVZKC6EZsEcRlBfuAJpTJdNIOnUzCzI1YQn/DjQtF3br2P9yIf+P0sdDWAxcO59zLvfcEieAaHOfbyi0tr6yu5dftjc2t7Z3C7l5Dx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC4HPvNO6Y0j+UtDBPmR6QnecgpASN5HrB70DSrXlVHnULRKTkT4EXizkjx4sM+T16/7Fqn8Ol1Y5pGTAIVROu26yTgZ0QBp4KNbC/VLCF0QHqsbagkEdN+Nrl5hI+M0sVhrExJwBP190RGIq2HUWA6IwJ9Pe+Nxf+8dgrhmZ9xmaTAJJ0uClOBIcbjAHCXK0ZBDA0hVHFzK6Z9oggFE5NtQnDnX14kjXLJPSk5N06xUkZT5NEBOkTHyEWnqIKuUQ3VEUUJekBP6NlKrUfrxXqbtuas2cw++gPr/QdN4ZTK</latexit>

AFA
<latexit sha1_base64="oRiGgbsw2kQqwwKcTdujvatk9a4=">AAAB83icbVDLSsNAFJ3UV42vqks3g0VwVZKC6EasCOJKKtgHNKFMppN26GQSZm7EEvobblwo6ta1/+FG/Bunj4W2HrhwOOde7r0nSATX4DjfVm5hcWl5Jb9qr61vbG4VtnfqOk4VZTUai1g1A6KZ4JLVgINgzUQxEgWCNYL+xchv3DGleSxvYZAwPyJdyUNOCRjJ84Ddg6bZ9eX5sF0oOiVnDDxP3Ckpnn3Yp8nrl11tFz69TkzTiEmggmjdcp0E/Iwo4FSwoe2lmiWE9kmXtQyVJGLaz8Y3D/GBUTo4jJUpCXis/p7ISKT1IApMZ0Sgp2e9kfif10ohPPEzLpMUmKSTRWEqMMR4FADucMUoiIEhhCpubsW0RxShYGKyTQju7MvzpF4uuUcl58YpVspogjzaQ/voELnoGFXQFaqiGqIoQQ/oCT1bqfVovVhvk9acNZ3ZRX9gvf8AYbyU1w==</latexit>

NFA
<latexit sha1_base64="oRiGgbsw2kQqwwKcTdujvatk9a4=">AAAB83icbVDLSsNAFJ3UV42vqks3g0VwVZKC6EasCOJKKtgHNKFMppN26GQSZm7EEvobblwo6ta1/+FG/Bunj4W2HrhwOOde7r0nSATX4DjfVm5hcWl5Jb9qr61vbG4VtnfqOk4VZTUai1g1A6KZ4JLVgINgzUQxEgWCNYL+xchv3DGleSxvYZAwPyJdyUNOCRjJ84Ddg6bZ9eX5sF0oOiVnDDxP3Ckpnn3Yp8nrl11tFz69TkzTiEmggmjdcp0E/Iwo4FSwoe2lmiWE9kmXtQyVJGLaz8Y3D/GBUTo4jJUpCXis/p7ISKT1IApMZ0Sgp2e9kfif10ohPPEzLpMUmKSTRWEqMMR4FADucMUoiIEhhCpubsW0RxShYGKyTQju7MvzpF4uuUcl58YpVspogjzaQ/voELnoGFXQFaqiGqIoQQ/oCT1bqfVovVhvk9acNZ3ZRX9gvf8AYbyU1w==</latexit>

NFA

<latexit sha1_base64="bFC7bSMIrOfiPrMjDEVVPHKF0I0=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KklB9FhRxGMF+wFNKJvttl262YTdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Wj66nfeuTaiFg94DjhQUQHSvQFo2gl30f+hIZlN7dXk26p7FbcGcgy8XJShhz1bunL78UsjbhCJqkxHc9NMMioRsEknxT91PCEshEd8I6likbcBNns5gk5tUqP9GNtSyGZqb8nMhoZM45C2xlRHJpFbyr+53VS7F8GmVBJilyx+aJ+KgnGZBoA6QnNGcqxJZRpYW8lbEg1ZWhjKtoQvMWXl0mzWvHOK+59tVyr5nEU4BhO4Aw8uIAa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w8H/5Ge</latexit>

DFA
<latexit sha1_base64="bFC7bSMIrOfiPrMjDEVVPHKF0I0=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KklB9FhRxGMF+wFNKJvttl262YTdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Wj66nfeuTaiFg94DjhQUQHSvQFo2gl30f+hIZlN7dXk26p7FbcGcgy8XJShhz1bunL78UsjbhCJqkxHc9NMMioRsEknxT91PCEshEd8I6likbcBNns5gk5tUqP9GNtSyGZqb8nMhoZM45C2xlRHJpFbyr+53VS7F8GmVBJilyx+aJ+KgnGZBoA6QnNGcqxJZRpYW8lbEg1ZWhjKtoQvMWXl0mzWvHOK+59tVyr5nEU4BhO4Aw8uIAa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w8H/5Ge</latexit>

DFA
<latexit sha1_base64="00n+vpnT/5yAi8YlTv++wd6O9f4=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EixCvZTdouix4MWDhwq2FtqlZNNsG5pk1yRbKEt/hxcPinj1x3jz35ht96CtA4Fh5j3eZIKYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Up0Aa8qZpC3DDKedWFEsAk4fg/FN5j9OqNIskg9mGlNf4KFkISPYWMmv9gQ2I4J5ejc775crbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCaz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZc19/6i0qjndRThBE6hCh5cQQNuoQktIPAEz/AKb87EeXHenY/FaMHJd47hD5zPH0imkbs=</latexit>

(L)
<latexit sha1_base64="00n+vpnT/5yAi8YlTv++wd6O9f4=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EixCvZTdouix4MWDhwq2FtqlZNNsG5pk1yRbKEt/hxcPinj1x3jz35ht96CtA4Fh5j3eZIKYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Up0Aa8qZpC3DDKedWFEsAk4fg/FN5j9OqNIskg9mGlNf4KFkISPYWMmv9gQ2I4J5ejc775crbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCaz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZc19/6i0qjndRThBE6hCh5cQQNuoQktIPAEz/AKb87EeXHenY/FaMHJd47hD5zPH0imkbs=</latexit>

(L)
lin EXPEXP

Figure 1: Translation algorithm from ltlf/ldlf formulas to dfa

● For pltlf/pldlf formulas the translation is worst-case EXPTIME:

<latexit sha1_base64="esdKAj77F0nXKv+BK+e13F5K7pk=">AAACDHicbVDLSgMxFM3UV62vqks3wVZwVWcKosuCLlx0UaEvaIeSSTNtaCYzJHfEMvQD3Pgrblwo4tYPcOffmLYDauuBwOGcc7m5x4sE12DbX1ZmZXVtfSO7mdva3tndy+8fNHUYK8oaNBShantEM8ElawAHwdqRYiTwBGt5o6up37pjSvNQ1mEcMTcgA8l9TgkYqZcvdIHdg6ZJrVqvToo9v3j2o1zPFZOyS/YMeJk4KSmgFLVe/rPbD2kcMAlUEK07jh2BmxAFnAo2yXVjzSJCR2TAOoZKEjDtJrNjJvjEKH3sh8o8CXim/p5ISKD1OPBMMiAw1IveVPzP68TgX7oJl1EMTNL5Ij8WGEI8bQb3uWIUxNgQQhU3f8V0SBShYPrLmRKcxZOXSbNccs5L9m25UCmndWTRETpGp8hBF6iCblANNRBFD+gJvaBX69F6tt6s93k0Y6Uzh+gPrI9veniaig==</latexit>

PLTLf/PLDLf

<latexit sha1_base64="esdKAj77F0nXKv+BK+e13F5K7pk=">AAACDHicbVDLSgMxFM3UV62vqks3wVZwVWcKosuCLlx0UaEvaIeSSTNtaCYzJHfEMvQD3Pgrblwo4tYPcOffmLYDauuBwOGcc7m5x4sE12DbX1ZmZXVtfSO7mdva3tndy+8fNHUYK8oaNBShantEM8ElawAHwdqRYiTwBGt5o6up37pjSvNQ1mEcMTcgA8l9TgkYqZcvdIHdg6ZJrVqvToo9v3j2o1zPFZOyS/YMeJk4KSmgFLVe/rPbD2kcMAlUEK07jh2BmxAFnAo2yXVjzSJCR2TAOoZKEjDtJrNjJvjEKH3sh8o8CXim/p5ISKD1OPBMMiAw1IveVPzP68TgX7oJl1EMTNL5Ij8WGEI8bQb3uWIUxNgQQhU3f8V0SBShYPrLmRKcxZOXSbNccs5L9m25UCmndWTRETpGp8hBF6iCblANNRBFD+gJvaBX69F6tt6s93k0Y6Uzh+gPrI9veniaig==</latexit>

PLTLf/PLDLf
<latexit sha1_base64="00n+vpnT/5yAi8YlTv++wd6O9f4=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EixCvZTdouix4MWDhwq2FtqlZNNsG5pk1yRbKEt/hxcPinj1x3jz35ht96CtA4Fh5j3eZIKYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Up0Aa8qZpC3DDKedWFEsAk4fg/FN5j9OqNIskg9mGlNf4KFkISPYWMmv9gQ2I4J5ejc775crbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCaz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZc19/6i0qjndRThBE6hCh5cQQNuoQktIPAEz/AKb87EeXHenY/FaMHJd47hD5zPH0imkbs=</latexit>

(L)
<latexit sha1_base64="00n+vpnT/5yAi8YlTv++wd6O9f4=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EixCvZTdouix4MWDhwq2FtqlZNNsG5pk1yRbKEt/hxcPinj1x3jz35ht96CtA4Fh5j3eZIKYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Up0Aa8qZpC3DDKedWFEsAk4fg/FN5j9OqNIskg9mGlNf4KFkISPYWMmv9gQ2I4J5ejc775crbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCaz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZc19/6i0qjndRThBE6hCh5cQQNuoQktIPAEz/AKb87EeXHenY/FaMHJd47hD5zPH0imkbs=</latexit>

(L)

<latexit sha1_base64="I3JmcwMtYO2t9oDlQlNidq4wGn8=">AAACCnicbZDLSsNAFIYn9VbrLerSTbQVXNWkILos6MJFFxV6gzaEyXTSDp1MwsyJWELXbnwVNy4UcesTuPNtnLZBtPrDwM93zuHM+f2YMwW2/WnklpZXVtfy64WNza3tHXN3r6WiRBLaJBGPZMfHinImaBMYcNqJJcWhz2nbH11O6+1bKhWLRAPGMXVDPBAsYASDRp552AN6B4qktUZtUvKC0uk3uJoDzyzaZXsm669xMlNEmeqe+dHrRyQJqQDCsVJdx47BTbEERjidFHqJojEmIzygXW0FDqly09kpE+tYk74VRFI/AdaM/pxIcajUOPR1Z4hhqBZrU/hfrZtAcOGmTMQJUEHmi4KEWxBZ01ysPpOUAB9rg4lk+q8WGWKJCej0CjoEZ/Hkv6ZVKTtnZfumUqxWsjjy6AAdoRPkoHNURdeojpqIoHv0iJ7Ri/FgPBmvxtu8NWdkM/vol4z3LyXGmdY=</latexit>

LTLf/LDLf

<latexit sha1_base64="I3JmcwMtYO2t9oDlQlNidq4wGn8=">AAACCnicbZDLSsNAFIYn9VbrLerSTbQVXNWkILos6MJFFxV6gzaEyXTSDp1MwsyJWELXbnwVNy4UcesTuPNtnLZBtPrDwM93zuHM+f2YMwW2/WnklpZXVtfy64WNza3tHXN3r6WiRBLaJBGPZMfHinImaBMYcNqJJcWhz2nbH11O6+1bKhWLRAPGMXVDPBAsYASDRp552AN6B4qktUZtUvKC0uk3uJoDzyzaZXsm669xMlNEmeqe+dHrRyQJqQDCsVJdx47BTbEERjidFHqJojEmIzygXW0FDqly09kpE+tYk74VRFI/AdaM/pxIcajUOPR1Z4hhqBZrU/hfrZtAcOGmTMQJUEHmi4KEWxBZ01ysPpOUAB9rg4lk+q8WGWKJCej0CjoEZ/Hkv6ZVKTtnZfumUqxWsjjy6AAdoRPkoHNURdeojpqIoHv0iJ7Ri/FgPBmvxtu8NWdkM/vol4z3LyXGmdY=</latexit>

LTLf/LDLf
<latexit sha1_base64="dk8KfvgJuih3D5H42lX0WJ9acJg=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBHqpiRF0WXBjQsXFewD2lgm00k7dDIJM5NCCPFX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c7yIUals+9tYW9/Y3Nou7ZR39/YPDs2j444MY4FJG4csFD0PScIoJ21FFSO9SBAUeIx0velN7ndnREga8geVRMQN0JhTn2KktDQ0K7VBgNQEI5beZY+pILPsfGhW7bo9h7VKnIJUoUBraH4NRiGOA8IVZkjKvmNHyk2RUBQzkpUHsSQRwlM0Jn1NOQqIdNN5+Mw608rI8kOhH1fWXP29kaJAyiTw9GSeVC57ufif14+Vf+2mlEexIhwvDvkxs1Ro5U1YIyoIVizRBGFBdVYLT5BAWOm+yroEZ/nLq6TTqDuXdfv+otpsFHWU4AROoQYOXEETbqEFbcCQwDO8wpvxZLwY78bHYnTNKHYq8AfG5w/C+5TL</latexit>

(Lrev)
<latexit sha1_base64="dk8KfvgJuih3D5H42lX0WJ9acJg=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBHqpiRF0WXBjQsXFewD2lgm00k7dDIJM5NCCPFX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c7yIUals+9tYW9/Y3Nou7ZR39/YPDs2j444MY4FJG4csFD0PScIoJ21FFSO9SBAUeIx0velN7ndnREga8geVRMQN0JhTn2KktDQ0K7VBgNQEI5beZY+pILPsfGhW7bo9h7VKnIJUoUBraH4NRiGOA8IVZkjKvmNHyk2RUBQzkpUHsSQRwlM0Jn1NOQqIdNN5+Mw608rI8kOhH1fWXP29kaJAyiTw9GSeVC57ufif14+Vf+2mlEexIhwvDvkxs1Ro5U1YIyoIVizRBGFBdVYLT5BAWOm+yroEZ/nLq6TTqDuXdfv+otpsFHWU4AROoQYOXEETbqEFbcCQwDO8wpvxZLwY78bHYnTNKHYq8AfG5w/C+5TL</latexit>

(Lrev)

<latexit sha1_base64="fv6NYRvv6f9rKW9IG3DmQ8qmFy0=">AAAB83icbVDLSsNAFJ3UV42vqks3g0VwVZKC6EZsEcRlBfuAJpTJdNIOnUzCzI1YQn/DjQtF3br2P9yIf+P0sdDWAxcO59zLvfcEieAaHOfbyi0tr6yu5dftjc2t7Z3C7l5Dx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC4HPvNO6Y0j+UtDBPmR6QnecgpASN5HrB70DSrXlVHnULRKTkT4EXizkjx4sM+T16/7Fqn8Ol1Y5pGTAIVROu26yTgZ0QBp4KNbC/VLCF0QHqsbagkEdN+Nrl5hI+M0sVhrExJwBP190RGIq2HUWA6IwJ9Pe+Nxf+8dgrhmZ9xmaTAJJ0uClOBIcbjAHCXK0ZBDA0hVHFzK6Z9oggFE5NtQnDnX14kjXLJPSk5N06xUkZT5NEBOkTHyEWnqIKuUQ3VEUUJekBP6NlKrUfrxXqbtuas2cw++gPr/QdN4ZTK</latexit>

AFA
<latexit sha1_base64="fv6NYRvv6f9rKW9IG3DmQ8qmFy0=">AAAB83icbVDLSsNAFJ3UV42vqks3g0VwVZKC6EZsEcRlBfuAJpTJdNIOnUzCzI1YQn/DjQtF3br2P9yIf+P0sdDWAxcO59zLvfcEieAaHOfbyi0tr6yu5dftjc2t7Z3C7l5Dx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC4HPvNO6Y0j+UtDBPmR6QnecgpASN5HrB70DSrXlVHnULRKTkT4EXizkjx4sM+T16/7Fqn8Ol1Y5pGTAIVROu26yTgZ0QBp4KNbC/VLCF0QHqsbagkEdN+Nrl5hI+M0sVhrExJwBP190RGIq2HUWA6IwJ9Pe+Nxf+8dgrhmZ9xmaTAJJ0uClOBIcbjAHCXK0ZBDA0hVHFzK6Z9oggFE5NtQnDnX14kjXLJPSk5N06xUkZT5NEBOkTHyEWnqIKuUQ3VEUUJekBP6NlKrUfrxXqbtuas2cw++gPr/QdN4ZTK</latexit>

AFA
<latexit sha1_base64="Pmio371Snm52eadg/vQgKTHUFsY=">AAAB/HicbVDLSsNAFJ3UV62v2C7dDBahbkpSEF0W3LhwUcE+oIllMp20QyeTMDMphBB/wU9w40IRt36An+DOD3HvpO1CWw8MHM65l3vmeBGjUlnWl1FYW9/Y3Cpul3Z29/YPzMNyR4axwKSNQxaKnockYZSTtqKKkV4kCAo8Rrre5DL3u1MiJA35rUoi4gZoxKlPMVJaGpiVmhMgNcaIpdfZXSrINDsdmFWrbs0AV4m9INVm2al9fzw4rYH56QxDHAeEK8yQlH3bipSbIqEoZiQrObEkEcITNCJ9TTkKiHTTWfgMnmhlCP1Q6McVnKm/N1IUSJkEnp7Mk8plLxf/8/qx8i/clPIoVoTj+SE/ZlCFMG8CDqkgWLFEE4QF1VkhHiOBsNJ9lXQJ9vKXV0mnUbfP6taNbqMB5iiCI3AMasAG56AJrkALtAEGCXgEz+DFuDeejFfjbT5aMBY7FfAHxvsPamiYPw==</latexit>

(Lrev)
<latexit sha1_base64="Pmio371Snm52eadg/vQgKTHUFsY=">AAAB/HicbVDLSsNAFJ3UV62v2C7dDBahbkpSEF0W3LhwUcE+oIllMp20QyeTMDMphBB/wU9w40IRt36An+DOD3HvpO1CWw8MHM65l3vmeBGjUlnWl1FYW9/Y3Cpul3Z29/YPzMNyR4axwKSNQxaKnockYZSTtqKKkV4kCAo8Rrre5DL3u1MiJA35rUoi4gZoxKlPMVJaGpiVmhMgNcaIpdfZXSrINDsdmFWrbs0AV4m9INVm2al9fzw4rYH56QxDHAeEK8yQlH3bipSbIqEoZiQrObEkEcITNCJ9TTkKiHTTWfgMnmhlCP1Q6McVnKm/N1IUSJkEnp7Mk8plLxf/8/qx8i/clPIoVoTj+SE/ZlCFMG8CDqkgWLFEE4QF1VkhHiOBsNJ9lXQJ9vKXV0mnUbfP6taNbqMB5iiCI3AMasAG56AJrkALtAEGCXgEz+DFuDeejFfjbT5aMBY7FfAHxvsPamiYPw==</latexit>

(Lrev)

<latexit sha1_base64="bFC7bSMIrOfiPrMjDEVVPHKF0I0=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KklB9FhRxGMF+wFNKJvttl262YTdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Wj66nfeuTaiFg94DjhQUQHSvQFo2gl30f+hIZlN7dXk26p7FbcGcgy8XJShhz1bunL78UsjbhCJqkxHc9NMMioRsEknxT91PCEshEd8I6likbcBNns5gk5tUqP9GNtSyGZqb8nMhoZM45C2xlRHJpFbyr+53VS7F8GmVBJilyx+aJ+KgnGZBoA6QnNGcqxJZRpYW8lbEg1ZWhjKtoQvMWXl0mzWvHOK+59tVyr5nEU4BhO4Aw8uIAa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w8H/5Ge</latexit>

DFA
<latexit sha1_base64="bFC7bSMIrOfiPrMjDEVVPHKF0I0=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KklB9FhRxGMF+wFNKJvttl262YTdiVhC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Wj66nfeuTaiFg94DjhQUQHSvQFo2gl30f+hIZlN7dXk26p7FbcGcgy8XJShhz1bunL78UsjbhCJqkxHc9NMMioRsEknxT91PCEshEd8I6likbcBNns5gk5tUqP9GNtSyGZqb8nMhoZM45C2xlRHJpFbyr+53VS7F8GmVBJilyx+aJ+KgnGZBoA6QnNGcqxJZRpYW8lbEg1ZWhjKtoQvMWXl0mzWvHOK+59tVyr5nEU4BhO4Aw8uIAa3EEdGsAggWd4hTcndV6cd+dj3rri5DNH8AfO5w8H/5Ge</latexit>

DFA
<latexit sha1_base64="00n+vpnT/5yAi8YlTv++wd6O9f4=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EixCvZTdouix4MWDhwq2FtqlZNNsG5pk1yRbKEt/hxcPinj1x3jz35ht96CtA4Fh5j3eZIKYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Up0Aa8qZpC3DDKedWFEsAk4fg/FN5j9OqNIskg9mGlNf4KFkISPYWMmv9gQ2I4J5ejc775crbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCaz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZc19/6i0qjndRThBE6hCh5cQQNuoQktIPAEz/AKb87EeXHenY/FaMHJd47hD5zPH0imkbs=</latexit>

(L)
<latexit sha1_base64="00n+vpnT/5yAi8YlTv++wd6O9f4=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EixCvZTdouix4MWDhwq2FtqlZNNsG5pk1yRbKEt/hxcPinj1x3jz35ht96CtA4Fh5j3eZIKYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Up0Aa8qZpC3DDKedWFEsAk4fg/FN5j9OqNIskg9mGlNf4KFkISPYWMmv9gQ2I4J5ejc775crbs2dA60SLycVyNHsl796g4gkgkpDONa667mx8VOsDCOczkq9RNMYkzEe0q6lEguq/XQeeobOrDJAYaTskwbN1d8bKRZaT0VgJ7OMetnLxP+8bmLCaz9lMk4MlWRxKEw4MhHKGkADpigxfGoJJorZrIiMsMLE2J5KtgRv+curpF2veZc19/6i0qjndRThBE6hCh5cQQNuoQktIPAEz/AKb87EeXHenY/FaMHJd47hD5zPH0imkbs=</latexit>

(L)
lin EXPlin

Figure 2: Translation algorithm from pltlf/pldlf formulas to dfa

This is due to a fundamental property of alternating finite-state automata (afa) [2], for
which one can obtain directly the dfa of the reverse language, namely moving from a past
view of the trace to a future one.

Transformations

Here, we summarize all the transformations and the relationship between ltlf/ldlf and
pltlf/pldlf that we reviewed in the paper.

<latexit sha1_base64="OfOAZh29iiHhb50X/EH3hFXxD1w=">AAAB+XicbVBNT8JAEN3iF+JX1aOXjWDiibREo0cSLx44YAJIAk2zXbawYbttdqdE0vBPvHjQGK/+E2/+GxfoQcGXTPLy3kxm5gWJ4Boc59sqbGxube8Ud0t7+weHR/bxSUfHqaKsTWMRq25ANBNcsjZwEKybKEaiQLDHYHw39x8nTGkeyxZME+ZFZCh5yCkBI/m23Qf2BJpmjVZjVvHDim+XnaqzAF4nbk7KKEfTt7/6g5imEZNABdG65zoJeBlRwKlgs1I/1SwhdEyGrGeoJBHTXra4fIYvjDLAYaxMScAL9fdERiKtp1FgOiMCI73qzcX/vF4K4a2XcZmkwCRdLgpTgSHG8xjwgCtGQUwNIVRxcyumI6IIBRNWyYTgrr68Tjq1qntddR5q5fpVHkcRnaFzdIlcdIPq6B41URtRNEHP6BW9WZn1Yr1bH8vWgpXPnKI/sD5/APNykyc=</latexit>

LTLf

<latexit sha1_base64="OfOAZh29iiHhb50X/EH3hFXxD1w=">AAAB+XicbVBNT8JAEN3iF+JX1aOXjWDiibREo0cSLx44YAJIAk2zXbawYbttdqdE0vBPvHjQGK/+E2/+GxfoQcGXTPLy3kxm5gWJ4Boc59sqbGxube8Ud0t7+weHR/bxSUfHqaKsTWMRq25ANBNcsjZwEKybKEaiQLDHYHw39x8nTGkeyxZME+ZFZCh5yCkBI/m23Qf2BJpmjVZjVvHDim+XnaqzAF4nbk7KKEfTt7/6g5imEZNABdG65zoJeBlRwKlgs1I/1SwhdEyGrGeoJBHTXra4fIYvjDLAYaxMScAL9fdERiKtp1FgOiMCI73qzcX/vF4K4a2XcZmkwCRdLgpTgSHG8xjwgCtGQUwNIVRxcyumI6IIBRNWyYTgrr68Tjq1qntddR5q5fpVHkcRnaFzdIlcdIPq6B41URtRNEHP6BW9WZn1Yr1bH8vWgpXPnKI/sD5/APNykyc=</latexit>

LTLf

<latexit sha1_base64="mkcmTuC6GWfo72FnzVQZ8mEx+Os=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSRF0WPBi4ceKvQL2lA22027dLMJuxO1xP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzz48F1+A439ba+sbm1nZuJ7+7t39waBeOWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98c3Mb98zpXkkGzCJmReSoeQBpwSM1LcLPWCPoGlarzVq01I/KPXtolN25sCrxM1IEWWo9+2v3iCiScgkUEG07rpODF5KFHAq2DTfSzSLCR2TIesaKknItJfOT5/iM6MMcBApUxLwXP09kZJQ60nom86QwEgvezPxP6+bQHDtpVzGCTBJF4uCRGCI8CwHPOCKURATQwhV3NyK6YgoQsGklTchuMsvr5JWpexelp27SrF6kcWRQyfoFJ0jF12hKrpFddREFD2gZ/SK3qwn68V6tz4WrWtWNnOM/sD6/AGX1JOB</latexit>

PLTLf

<latexit sha1_base64="mkcmTuC6GWfo72FnzVQZ8mEx+Os=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSRF0WPBi4ceKvQL2lA22027dLMJuxO1xP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzz48F1+A439ba+sbm1nZuJ7+7t39waBeOWjpKFGVNGolIdXyimeCSNYGDYJ1YMRL6grX98c3Mb98zpXkkGzCJmReSoeQBpwSM1LcLPWCPoGlarzVq01I/KPXtolN25sCrxM1IEWWo9+2v3iCiScgkUEG07rpODF5KFHAq2DTfSzSLCR2TIesaKknItJfOT5/iM6MMcBApUxLwXP09kZJQ60nom86QwEgvezPxP6+bQHDtpVzGCTBJF4uCRGCI8CwHPOCKURATQwhV3NyK6YgoQsGklTchuMsvr5JWpexelp27SrF6kcWRQyfoFJ0jF12hKrpFddREFD2gZ/SK3qwn68V6tz4WrWtWNnOM/sD6/AGX1JOB</latexit>

PLTLf

<latexit sha1_base64="0BrX9uZwVMrnDX0MJcbVVhIEahE=">AAAB+XicbVBNT8JAEN3iF+JX1aOXjWDiibREo0cSPXjggIkgCTTNdtnChu222Z0SScM/8eJBY7z6T7z5b1ygBwVfMsnLezOZmRckgmtwnG+rsLa+sblV3C7t7O7tH9iHR20dp4qyFo1FrDoB0UxwyVrAQbBOohiJAsEeg9HNzH8cM6V5LB9gkjAvIgPJQ04JGMm37R6wJ9A0a9w2phU/rPh22ak6c+BV4uakjHI0ffur149pGjEJVBCtu66TgJcRBZwKNi31Us0SQkdkwLqGShIx7WXzy6f4zCh9HMbKlAQ8V39PZCTSehIFpjMiMNTL3kz8z+umEF57GZdJCkzSxaIwFRhiPIsB97liFMTEEEIVN7diOiSKUDBhlUwI7vLLq6Rdq7qXVee+Vq5f5HEU0Qk6RefIRVeoju5QE7UQRWP0jF7Rm5VZL9a79bFoLVj5zDH6A+vzB9rSkxc=</latexit>

LDLf

<latexit sha1_base64="0BrX9uZwVMrnDX0MJcbVVhIEahE=">AAAB+XicbVBNT8JAEN3iF+JX1aOXjWDiibREo0cSPXjggIkgCTTNdtnChu222Z0SScM/8eJBY7z6T7z5b1ygBwVfMsnLezOZmRckgmtwnG+rsLa+sblV3C7t7O7tH9iHR20dp4qyFo1FrDoB0UxwyVrAQbBOohiJAsEeg9HNzH8cM6V5LB9gkjAvIgPJQ04JGMm37R6wJ9A0a9w2phU/rPh22ak6c+BV4uakjHI0ffur149pGjEJVBCtu66TgJcRBZwKNi31Us0SQkdkwLqGShIx7WXzy6f4zCh9HMbKlAQ8V39PZCTSehIFpjMiMNTL3kz8z+umEF57GZdJCkzSxaIwFRhiPIsB97liFMTEEEIVN7diOiSKUDBhlUwI7vLLq6Rdq7qXVee+Vq5f5HEU0Qk6RefIRVeoju5QE7UQRWP0jF7Rm5VZL9a79bFoLVj5zDH6A+vzB9rSkxc=</latexit>

LDLf

<latexit sha1_base64="Gu/c33yr9cHazSSypX+dJoV3yC4=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSRF0WNBDx56qGA/oA1ls920SzebsDtRS+xP8eJBEa/+Em/+G7dtDtr6YODx3gwz8/xYcA2O822trK6tb2zmtvLbO7t7+3bhoKmjRFHWoJGIVNsnmgkuWQM4CNaOFSOhL1jLH11N/dY9U5pH8g7GMfNCMpA84JSAkXp2oQvsETRN67Xr2qTUC0o9u+iUnRnwMnEzUkQZ6j37q9uPaBIyCVQQrTuuE4OXEgWcCjbJdxPNYkJHZMA6hkoSMu2ls9Mn+MQofRxEypQEPFN/T6Qk1Hoc+qYzJDDUi95U/M/rJBBceimXcQJM0vmiIBEYIjzNAfe5YhTE2BBCFTe3YjokilAwaeVNCO7iy8ukWSm752XntlKsnmVx5NAROkanyEUXqIpuUB01EEUP6Bm9ojfryXqx3q2PeeuKlc0coj+wPn8AfzSTcQ==</latexit>

PLDLf

<latexit sha1_base64="Gu/c33yr9cHazSSypX+dJoV3yC4=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSRF0WNBDx56qGA/oA1ls920SzebsDtRS+xP8eJBEa/+Em/+G7dtDtr6YODx3gwz8/xYcA2O822trK6tb2zmtvLbO7t7+3bhoKmjRFHWoJGIVNsnmgkuWQM4CNaOFSOhL1jLH11N/dY9U5pH8g7GMfNCMpA84JSAkXp2oQvsETRN67Xr2qTUC0o9u+iUnRnwMnEzUkQZ6j37q9uPaBIyCVQQrTuuE4OXEgWcCjbJdxPNYkJHZMA6hkoSMu2ls9Mn+MQofRxEypQEPFN/T6Qk1Hoc+qYzJDDUi95U/M/rJBBceimXcQJM0vmiIBEYIjzNAfe5YhTE2BBCFTe3YjokilAwaeVNCO7iy8ukWSm752XntlKsnmVx5NAROkanyEUXqIpuUB01EEUP6Bm9ojfryXqx3q2PeeuKlc0coj+wPn8AfzSTcQ==</latexit>

PLDLf

<latexit sha1_base64="/F9V4kefvKhvhVWKIkhs8sy4isw=">AAAB83icbVDJSgNBEO1xjXGLevTSGARPYUYUvRkQxINgBLNAZgg9nZqkSc9Cd40YhvyGoB4U8eoH+Bve/Bs7y0ETHxQ83quiqp6fSKHRtr+tufmFxaXl3Ep+dW19Y7OwtV3Tcao4VHksY9XwmQYpIqiiQAmNRAELfQl1v3c+9Ot3oLSIo1vsJ+CFrBOJQHCGRnJdhHvUPLu4vhq0CkW7ZI9AZ4kzIcWzz8chniqtwpfbjnkaQoRcMq2bjp2glzGFgksY5N1UQ8J4j3WgaWjEQtBeNrp5QPeN0qZBrExFSEfq74mMhVr3Q990hgy7etobiv95zRSDUy8TUZIiRHy8KEglxZgOA6BtoYCj7BvCuBLmVsq7TDGOJqa8CcGZfnmW1A5LznHJvrGL5SMyRo7skj1yQBxyQsrkklRIlXCSkAfyQl6t1Hq23qz3ceucNZnZIX9gffwAS0+WQw==</latexit>

FOL
<latexit sha1_base64="/F9V4kefvKhvhVWKIkhs8sy4isw=">AAAB83icbVDJSgNBEO1xjXGLevTSGARPYUYUvRkQxINgBLNAZgg9nZqkSc9Cd40YhvyGoB4U8eoH+Bve/Bs7y0ETHxQ83quiqp6fSKHRtr+tufmFxaXl3Ep+dW19Y7OwtV3Tcao4VHksY9XwmQYpIqiiQAmNRAELfQl1v3c+9Ot3oLSIo1vsJ+CFrBOJQHCGRnJdhHvUPLu4vhq0CkW7ZI9AZ4kzIcWzz8chniqtwpfbjnkaQoRcMq2bjp2glzGFgksY5N1UQ8J4j3WgaWjEQtBeNrp5QPeN0qZBrExFSEfq74mMhVr3Q990hgy7etobiv95zRSDUy8TUZIiRHy8KEglxZgOA6BtoYCj7BvCuBLmVsq7TDGOJqa8CcGZfnmW1A5LznHJvrGL5SMyRo7skj1yQBxyQsrkklRIlXCSkAfyQl6t1Hq23qz3ceucNZnZIX9gffwAS0+WQw==</latexit>

FOL
<latexit sha1_base64="ySmH396Sa0ljlglvyNG8IMCK+oI=">AAAB83icbVDJSgNBEO1xjXGLevTSGARPYUYUvRlRxGMEs0BmCD2dmqRJz0J3jRiG/IagHhTx6gf4G978GzvLQRMfFDzeq6Kqnp9IodG2v625+YXFpeXcSn51bX1js7C1XdNxqjhUeSxj1fCZBikiqKJACY1EAQt9CXW/dzH063egtIijW+wn4IWsE4lAcIZGcl2Ee9Q8u7w6H7QKRbtkj0BniTMhxbPPxyGeKq3Cl9uOeRpChFwyrZuOnaCXMYWCSxjk3VRDwniPdaBpaMRC0F42unlA943SpkGsTEVIR+rviYyFWvdD33SGDLt62huK/3nNFINTLxNRkiJEfLwoSCXFmA4DoG2hgKPsG8K4EuZWyrtMMY4mprwJwZl+eZbUDkvOccm+sYvlIzJGjuySPXJAHHJCyuSaVEiVcJKQB/JCXq3UerberPdx65w1mdkhf2B9/AAp1JYt</latexit>

DFA
<latexit sha1_base64="ySmH396Sa0ljlglvyNG8IMCK+oI=">AAAB83icbVDJSgNBEO1xjXGLevTSGARPYUYUvRlRxGMEs0BmCD2dmqRJz0J3jRiG/IagHhTx6gf4G978GzvLQRMfFDzeq6Kqnp9IodG2v625+YXFpeXcSn51bX1js7C1XdNxqjhUeSxj1fCZBikiqKJACY1EAQt9CXW/dzH063egtIijW+wn4IWsE4lAcIZGcl2Ee9Q8u7w6H7QKRbtkj0BniTMhxbPPxyGeKq3Cl9uOeRpChFwyrZuOnaCXMYWCSxjk3VRDwniPdaBpaMRC0F42unlA943SpkGsTEVIR+rviYyFWvdD33SGDLt62huK/3nNFINTLxNRkiJEfLwoSCXFmA4DoG2hgKPsG8K4EuZWyrtMMY4mprwJwZl+eZbUDkvOccm+sYvlIzJGjuySPXJAHHJCyuSaVEiVcJKQB/JCXq3UerberPdx65w1mdkhf2B9/AAp1JYt</latexit>

DFA
<latexit sha1_base64="IH1pEyJZg4L2qMSOhjSl74yd6U0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI8BL17EiOYB2SXMTmaTIbMPZnrFsOQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/EQKjbb9bRVWVtfWN4qbpa3tnd298v5BS8epYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/dDX1249caRFHDzhOuBfSQSQCwSgayXWRP6Fm2c397aRXrthVewayTJycVCBHo1f+cvsxS0MeIZNU665jJ+hlVKFgkk9Kbqp5QtmIDnjX0IiGXHvZ7OYJOTFKnwSxMhUhmam/JzIaaj0OfdMZUhzqRW8q/ud1UwwuvUxESYo8YvNFQSoJxmQaAOkLxRnKsSGUKWFuJWxIFWVoYiqZEJzFl5dJ66zqnFftu1qlXsvjKMIRHMMpOHABdbiGBjSBQQLP8ApvVmq9WO/Wx7y1YOUzh/AH1ucPQAyRxg==</latexit>

MSO
<latexit sha1_base64="IH1pEyJZg4L2qMSOhjSl74yd6U0=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI8BL17EiOYB2SXMTmaTIbMPZnrFsOQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/EQKjbb9bRVWVtfWN4qbpa3tnd298v5BS8epYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/dDX1249caRFHDzhOuBfSQSQCwSgayXWRP6Fm2c397aRXrthVewayTJycVCBHo1f+cvsxS0MeIZNU665jJ+hlVKFgkk9Kbqp5QtmIDnjX0IiGXHvZ7OYJOTFKnwSxMhUhmam/JzIaaj0OfdMZUhzqRW8q/ud1UwwuvUxESYo8YvNFQSoJxmQaAOkLxRnKsSGUKWFuJWxIFWVoYiqZEJzFl5dJ66zqnFftu1qlXsvjKMIRHMMpOHABdbiGBjSBQQLP8ApvVmq9WO/Wx7y1YOUzh/AH1ucPQAyRxg==</latexit>
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Implications

The exponential gain in transforming
pltlf/pldlf formulas into dfas, with
respect to ltlf/ldlf , is reflected in an
exponential gain in solving several forms
of sequential decision making problems
involving temporal specifications.

<latexit sha1_base64="e5qaYBxJPYl8qLGV8nyRWG+/TKM=">AAAB9HicbVDLSgNBEJyNrxhfUY+CDAbBg4RdQfRmQBFPmoB5QLKE2ckkGTI7u870BsOSo9/gxYMiXgVvfoc3v0E/wsnjoIkFDUVVN91dXii4Btv+tBIzs3PzC8nF1NLyyupaen2jpINIUVakgQhUxSOaCS5ZETgIVgkVI74nWNnrnA78cpcpzQN5Db2QuT5pSd7klICR3BqwW9A0Pr+6POvX0xk7aw+Bp4kzJpmTt6+77ffCd76e/qg1Ahr5TAIVROuqY4fgxkQBp4L1U7VIs5DQDmmxqqGS+Ey78fDoPt41SgM3A2VKAh6qvydi4mvd8z3T6RNo60lvIP7nVSNoHrsxl2EETNLRomYkMAR4kABucMUoiJ4hhCpubsW0TRShYHJKmRCcyZenSekg6xxm7YKdye2jEZJoC+2gPeSgI5RDFyiPioiiG3SPHtGT1bUerGfrZdSasMYzm+gPrNcftueWbw==</latexit>

FOND
<latexit sha1_base64="e5qaYBxJPYl8qLGV8nyRWG+/TKM=">AAAB9HicbVDLSgNBEJyNrxhfUY+CDAbBg4RdQfRmQBFPmoB5QLKE2ckkGTI7u870BsOSo9/gxYMiXgVvfoc3v0E/wsnjoIkFDUVVN91dXii4Btv+tBIzs3PzC8nF1NLyyupaen2jpINIUVakgQhUxSOaCS5ZETgIVgkVI74nWNnrnA78cpcpzQN5Db2QuT5pSd7klICR3BqwW9A0Pr+6POvX0xk7aw+Bp4kzJpmTt6+77ffCd76e/qg1Ahr5TAIVROuqY4fgxkQBp4L1U7VIs5DQDmmxqqGS+Ey78fDoPt41SgM3A2VKAh6qvydi4mvd8z3T6RNo60lvIP7nVSNoHrsxl2EETNLRomYkMAR4kABucMUoiJ4hhCpubsW0TRShYHJKmRCcyZenSekg6xxm7YKdye2jEZJoC+2gPeSgI5RDFyiPioiiG3SPHtGT1bUerGfrZdSasMYzm+gPrNcftueWbw==</latexit>

FOND

<latexit sha1_base64="OvDIDxDeRLy9u1IUvWFWMcM/z68=">AAAB83icbVDLSgNBEJz1GeMr6lGQwSB4kLAriN6MKOIxAfOA7BJmJ7PJkNnZZaZXDEuO/oIXD4p49eDN7/DmN+hHOHkcNLGgoajqprvLjwXXYNuf1szs3PzCYmYpu7yyurae29is6ihRlFVoJCJV94lmgktWAQ6C1WPFSOgLVvO75wO/dsOU5pG8hl7MvJC0JQ84JWAk1wV2C5qmF5dn/WYubxfsIfA0ccYkf/r2dbfzXv4uNXMfbiuiScgkUEG0bjh2DF5KFHAqWD/rJprFhHZJmzUMlSRk2kuHN/fxnlFaOIiUKQl4qP6eSEmodS/0TWdIoKMnvYH4n9dIIDjxUi7jBJiko0VBIjBEeBAAbnHFKIieIYQqbm7FtEMUoWBiypoQnMmXp0n1sOAcFeyynS8eoBEyaBvton3koGNURFeohCqIohjdo0f0ZCXWg/VsvYxaZ6zxzBb6A+v1BwG/lgk=</latexit>

DFA
<latexit sha1_base64="OvDIDxDeRLy9u1IUvWFWMcM/z68=">AAAB83icbVDLSgNBEJz1GeMr6lGQwSB4kLAriN6MKOIxAfOA7BJmJ7PJkNnZZaZXDEuO/oIXD4p49eDN7/DmN+hHOHkcNLGgoajqprvLjwXXYNuf1szs3PzCYmYpu7yyurae29is6ihRlFVoJCJV94lmgktWAQ6C1WPFSOgLVvO75wO/dsOU5pG8hl7MvJC0JQ84JWAk1wV2C5qmF5dn/WYubxfsIfA0ccYkf/r2dbfzXv4uNXMfbiuiScgkUEG0bjh2DF5KFHAqWD/rJprFhHZJmzUMlSRk2kuHN/fxnlFaOIiUKQl4qP6eSEmodS/0TWdIoKMnvYH4n9dIIDjxUi7jBJiko0VBIjBEeBAAbnHFKIieIYQqbm7FtEMUoWBiypoQnMmXp0n1sOAcFeyynS8eoBEyaBvton3koGNURFeohCqIohjdo0f0ZCXWg/VsvYxaZ6zxzBb6A+v1BwG/lgk=</latexit>

DFA

<latexit sha1_base64="CmLmO+m5mrL+PtByAG+O5LQvo58=">AAAB7nicbVDLSgNBEOyNrxijRj0KMhgET2E3EPQY8OIxAfOAZAmzk9lkyOzsMDMbCEuOfoAXD4p49RPyHd78Bn/CyeOgiQUNRVU33V2B5Ewb1/1yMlvbO7t72f3cQf7w6LhwctrUcaIIbZCYx6odYE05E7RhmOG0LRXFUcBpKxjdzf3WmCrNYvFgJpL6ER4IFjKCjZVa3TFWcsh6haJbchdAm8RbkWI1P6t/P17Mar3CZ7cfkySiwhCOte54rjR+ipVhhNNprptoKjEZ4QHtWCpwRLWfLs6doiur9FEYK1vCoIX6eyLFkdaTKLCdETZDve7Nxf+8TmLCWz9lQiaGCrJcFCYcmRjNf0d9pigxfGIJJorZWxEZYoWJsQnlbAje+subpFkueZWSW7dplGGJLJzDJVyDBzdQhXuoQQMIjOAJXuDVkc6z8+a8L1szzmrmDP7A+fgBTxuTMQ==</latexit>'<latexit sha1_base64="CmLmO+m5mrL+PtByAG+O5LQvo58=">AAAB7nicbVDLSgNBEOyNrxijRj0KMhgET2E3EPQY8OIxAfOAZAmzk9lkyOzsMDMbCEuOfoAXD4p49RPyHd78Bn/CyeOgiQUNRVU33V2B5Ewb1/1yMlvbO7t72f3cQf7w6LhwctrUcaIIbZCYx6odYE05E7RhmOG0LRXFUcBpKxjdzf3WmCrNYvFgJpL6ER4IFjKCjZVa3TFWcsh6haJbchdAm8RbkWI1P6t/P17Mar3CZ7cfkySiwhCOte54rjR+ipVhhNNprptoKjEZ4QHtWCpwRLWfLs6doiur9FEYK1vCoIX6eyLFkdaTKLCdETZDve7Nxf+8TmLCWz9lQiaGCrJcFCYcmRjNf0d9pigxfGIJJorZWxEZYoWJsQnlbAje+subpFkueZWSW7dplGGJLJzDJVyDBzdQhXuoQQMIjOAJXuDVkc6z8+a8L1szzmrmDP7A+fgBTxuTMQ==</latexit>'

<latexit sha1_base64="e8RqYtgu8+rYhRY/+5Cmd7Mx+wA=">AAAB83icbVC7SgNBFJ2NrxhfUUtBBoNgIWFXEO0MaGEjJGAekF3C7GQ2GTI7u8zcFcOS0l+wsVDE1sLO77DzG/QjnDwKTTxw4XDOvdx7jx8LrsG2P63M3PzC4lJ2Obeyura+kd/cqukoUZRVaSQi1fCJZoJLVgUOgjVixUjoC1b3e+dDv37DlOaRvIZ+zLyQdCQPOCVgJNcFdguaplcX5UErX7CL9gh4ljgTUjh7+7rbfa98l1v5D7cd0SRkEqggWjcdOwYvJQo4FWyQcxPNYkJ7pMOahkoSMu2lo5sHeN8obRxEypQEPFJ/T6Qk1Lof+qYzJNDV095Q/M9rJhCceimXcQJM0vGiIBEYIjwMALe5YhRE3xBCFTe3YtolilAwMeVMCM70y7OkdlR0jot2xS6UDtEYWbSD9tABctAJKqFLVEZVRFGM7tEjerIS68F6tl7GrRlrMrON/sB6/QEjPZYf</latexit>

MDP
<latexit sha1_base64="e8RqYtgu8+rYhRY/+5Cmd7Mx+wA=">AAAB83icbVC7SgNBFJ2NrxhfUUtBBoNgIWFXEO0MaGEjJGAekF3C7GQ2GTI7u8zcFcOS0l+wsVDE1sLO77DzG/QjnDwKTTxw4XDOvdx7jx8LrsG2P63M3PzC4lJ2Obeyura+kd/cqukoUZRVaSQi1fCJZoJLVgUOgjVixUjoC1b3e+dDv37DlOaRvIZ+zLyQdCQPOCVgJNcFdguaplcX5UErX7CL9gh4ljgTUjh7+7rbfa98l1v5D7cd0SRkEqggWjcdOwYvJQo4FWyQcxPNYkJ7pMOahkoSMu2lo5sHeN8obRxEypQEPFJ/T6Qk1Lof+qYzJNDV095Q/M9rJhCceimXcQJM0vGiIBEYIjwMALe5YhRE3xBCFTe3YtolilAwMeVMCM70y7OkdlR0jot2xS6UDtEYWbSD9tABctAJKqFLVEZVRFGM7tEjerIS68F6tl7GrRlrMrON/sB6/QEjPZYf</latexit>

MDP

<latexit sha1_base64="QpVvC58Oe2kq2NjRXTEf9B7EiFY=">AAAB8nicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFUQ7AzYWFomYC2yWMDuZTYbM7iwzZ8WwpPQRbCwUsbWx8znsfAZ9CCeXQhN/GPj4/3OYc44fC67Btj+tzNz8wuJSdjm3srq2vpHf3KppmSjKqlQKqRo+0UzwiFWBg2CNWDES+oLV/d75MK/fMKW5jK6hHzMvJJ2IB5wSMJbbBHYLmqZXl4NWvmAX7ZHwLDgTKJy9fd3tvle+y638R7MtaRKyCKggWruOHYOXEgWcCjbINRPNYkJ7pMNcgxEJmfbS0cgDvG+cNg6kMi8CPHJ/d6Qk1Lof+qYyJNDV09nQ/C9zEwhOvZRHcQIsouOPgkRgkHi4P25zxSiIvgFCFTezYtolilAwV8qZIzjTK89C7ajoHBftil0oHaKxsmgH7aED5KATVEIXqIyqiCKJ7tEjerLAerCerZdxacaa9GyjP7JefwCUaZXS</latexit>

RL
<latexit sha1_base64="QpVvC58Oe2kq2NjRXTEf9B7EiFY=">AAAB8nicbZC7SgNBFIZn4y3GW9RSkMEgWEjYFUQ7AzYWFomYC2yWMDuZTYbM7iwzZ8WwpPQRbCwUsbWx8znsfAZ9CCeXQhN/GPj4/3OYc44fC67Btj+tzNz8wuJSdjm3srq2vpHf3KppmSjKqlQKqRo+0UzwiFWBg2CNWDES+oLV/d75MK/fMKW5jK6hHzMvJJ2IB5wSMJbbBHYLmqZXl4NWvmAX7ZHwLDgTKJy9fd3tvle+y638R7MtaRKyCKggWruOHYOXEgWcCjbINRPNYkJ7pMNcgxEJmfbS0cgDvG+cNg6kMi8CPHJ/d6Qk1Lof+qYyJNDV09nQ/C9zEwhOvZRHcQIsouOPgkRgkHi4P25zxSiIvgFCFTezYtolilAwV8qZIzjTK89C7ajoHBftil0oHaKxsmgH7aED5KATVEIXqIyqiCKJ7tEjerLAerCerZdxacaa9GyjP7JefwCUaZXS</latexit>

RL

<latexit sha1_base64="m0u+SoJmCUy5SY+bgH50OCqXgWI=">AAAB83icbVC7SgNBFJ2NrxhfUUtBBoNgIWFXEO0M2tgICZgHZJcwO5lNhszOLjN3xbCk9BdsLBSxtbDzO+z8Bv0IJ49CEw9cOJxzL/fe48eCa7DtTyszN7+wuJRdzq2srq1v5De3ajpKFGVVGolINXyimeCSVYGDYI1YMRL6gtX93sXQr98wpXkkr6EfMy8kHckDTgkYyXWB3YKm6Xn5atDKF+yiPQKeJc6EFM7evu523yvf5Vb+w21HNAmZBCqI1k3HjsFLiQJOBRvk3ESzmNAe6bCmoZKETHvp6OYB3jdKGweRMiUBj9TfEykJte6HvukMCXT1tDcU//OaCQSnXsplnACTdLwoSASGCA8DwG2uGAXRN4RQxc2tmHaJIhRMTDkTgjP98iypHRWd46JdsQulQzRGFu2gPXSAHHSCSugSlVEVURSje/SInqzEerCerZdxa8aazGyjP7BefwAgKZYd</latexit>

BPM
<latexit sha1_base64="m0u+SoJmCUy5SY+bgH50OCqXgWI=">AAAB83icbVC7SgNBFJ2NrxhfUUtBBoNgIWFXEO0M2tgICZgHZJcwO5lNhszOLjN3xbCk9BdsLBSxtbDzO+z8Bv0IJ49CEw9cOJxzL/fe48eCa7DtTyszN7+wuJRdzq2srq1v5De3ajpKFGVVGolINXyimeCSVYGDYI1YMRL6gtX93sXQr98wpXkkr6EfMy8kHckDTgkYyXWB3YKm6Xn5atDKF+yiPQKeJc6EFM7evu523yvf5Vb+w21HNAmZBCqI1k3HjsFLiQJOBRvk3ESzmNAe6bCmoZKETHvp6OYB3jdKGweRMiUBj9TfEykJte6HvukMCXT1tDcU//OaCQSnXsplnACTdLwoSASGCA8DwG2uGAXRN4RQxc2tmHaJIhRMTDkTgjP98iypHRWd46JdsQulQzRGFu2gPXSAHHSCSugSlVEVURSje/SInqzEerCerZdxa8aazGyjP7BefwAgKZYd</latexit>

BPM

Synthesis

Takeaways

1 If you can naturally express the specifica-
tion in pltlf/pldlf , then do it to get the
computational advantage

2 Converting ltlf/ldlf to pltlf/pldlf
to get the exponential advantage is not
computationally sensible

3 Complexities are just worst-case, in most
AI applications the size of the resulting dfa
is actually manageable
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