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Abstract
The Platform-Aware Mission Planning (PAMP)1

problem, formalizes the relationship between an2

automated temporal planning problem and an ex-3

ecution platform modeled as a Timed Automaton.4

The PAMP problem consists in finding a valid plan5

that guarantees the plan executability and the satis-6

faction of a safety property on the platform, regard-7

less of non-determinism. In this paper, we signif-8

icantly generalize the PAMP problem along three9

directions. First, we consider platforms represented10

as infinite-state timed transition systems (TTSs),11

allowing a more natural and expressive modeling12

of realistic systems. Second, we introduce a new13

feature to model relations between the fluents of14

the planning problem and the platform variables.15

Finally, we generalize the semantics to cope with16

unbounded traces. We define a solution method17

for the resulting generalized PAMP, combining an18

automated temporal planner and an infinite-state19

model-checker. Our method is largely more effi-20

cient than the existing approach for bounded PAMP21

problems, despite being strictly more expressive.22

1 Introduction23

Automated planning is a central problem in AI and it has24

been studied since the beginning of the field [Ghallab et al.,25

2004]. Temporal planning studies the case where temporal26

constraints are present and actions have durations.27

In a recent paper, Panjkovic et al. introduced the Platform-28

Aware Mission Planning (PAMP) problem to faithfully char-29

acterize situations in which automated planning is used to30

generate plans that are executed on a platform where safety31

constraints must be satisfied [Panjkovic et al., 2025]. The32

PAMP problem is a generalization of temporal planning33

where a plan is considered valid only if all the possible execu-34

tions of the platform controlled by the plan satisfy the safety35

constraints. In Panjkovic et al., timed automata are used to36

model the platform and a method is proposed to solve PAMP37

only in a bounded setting, where traces are assumed to have38

a maximum length k|π| with |π| being the length of the plan.39

In this paper, we generalize the PAMP problem to infinite40

state systems to enable a more precise modeling of the plat-41

form constraints such as boundaries on the physical move- 42

ments or on resource management. First, we reformulate the 43

PAMP problem over Symbolic Infinite-State Timed Transi- 44

tions Systems [Cimatti et al., 2019]. In this way, we allow the 45

modeling of more complex platforms using arithmetic con- 46

straints and infinite-state variables. Second, we introduce a 47

mechanism to model and check relations between the vari- 48

ables of the planning problem and the platform, allowing for 49

controlling the alignment of the traces at planning and plat- 50

form levels. Third, we consider the PAMP problem in an 51

unbounded setting, where traces can have arbitrary length. 52

We look for plans that ensure the safety constraints on the 53

platform considering traces of any length; moreover, we dis- 54

cuss and uniformly support variations of the semantics for the 55

PAMP problem considering or disregarding behaviors after 56

the end of the plan execution. 57

All the aforementioned features are uniformly modeled in 58

our PAMP formalism and we propose a new method for tack- 59

ling this problem. The basic idea of the approach is to gen- 60

erate candidate plans in the form of Simple Temporal Net- 61

works (STN) [Dechter et al., 1991], allowing for some tem- 62

poral flexibility in the scheduling of plan commands, and use 63

infinite-state model-checking to refine these timings until ei- 64

ther we reject the plan as unsafe and learn a prefix of the plan 65

that must be avoided at planning time, or we find a subset of 66

timings allowed by the STN that guarantee the safety of the 67

platform, hence finding a PAMP solution. 68

We provide an extensive experimental evaluation of the ap- 69

proaches against the techniques proposed in [Panjkovic et al., 70

2025] and we show that our approach is superior in terms of 71

scalability and expressiveness even when an oracle is used to 72

provide perfect bounds for the bounded encodings. 73

2 Background 74

Temporal Planning We define the syntax of temporal plan- 75

ning by adapting the formalization used by Gigante et al. 76

[2022], which is similar to PDDL 2.1 level 3 [Fox and Long, 77

2003] and is also compatible with a fragment of the ANML 78

[Smith et al., 2008] language. 79

Definition 1 (Temporal Planning Problem). A temporal plan- 80

ning problem Π is a tuple ⟨P,A, I,G⟩, where P is a set of 81

propositions, A is a set of durative actions, I ⊆ P is the ini- 82

tial state and G ⊆ P is the goal condition. A snap (instanta- 83



neous) action is a tuple h = ⟨pre(h), eff+(h), eff−(h)⟩, where84

pre(h) ⊆ P is the set of preconditions and eff+(h), eff−(h) ⊆85

P are two disjoint sets of propositions, called the positive86

and negative effects of h, respectively. We write eff(h) for87

eff+(h) ∪ eff−(h). A durative action a ∈ A is a tuple88

⟨a⊢, a⊣, pre↔(a), [La, Ua]⟩, where a⊢ and a⊣ are the start89

and end snap actions, respectively, pre↔(a) ⊆ P is the over-90

all condition, and La ∈ Q>0 and Ua ∈ Q>0 ∪ {∞} are the91

bounds on the action duration.92

A temporal (time-triggered) plan is a set of triples, each93

specifying a durative action, its absolute starting time and its94

duration.95

Definition 2 (Plan). Let Π = ⟨P,A, I,G⟩ be a temporal96

planning problem. A plan for Π is a set of tuples π =97

{⟨a1, t1, d1⟩, . . . , ⟨an, tn, dn⟩}, where, for each 1 ≤ i ≤ n,98

ai ∈ A is a durative action, ti ∈ Q≥0 is its start time, and99

di ∈ Q>0 is its duration.100

We use the term length of a time-triggered plan π (denoted101

with |π|) to denote the number of snap actions in π (i.e. twice102

the number of durative actions appearing in π).103

A time-triggered plan π is a solution plan for the problem104

Π if each durative action in the plan can be applied at the105

specified time with the given duration (the preconditions of106

its start and end snap actions are true at the start and at the107

end of the action respectively), and if by applying all the ef-108

fects a final state is reached after the end of the last action in109

which the goal condition is satisfied. The formal semantics110

is presented in [Gigante et al., 2022], which we omit here for111

the sake of brevity.112

We assume a semantics without self-overlapping of actions113

[Gigante et al., 2022], making the temporal planning problem114

decidable: it is not possible for two instances of the same115

ground action to overlap in time.116

Definition 3 (Action self-overlapping). A plan117

{⟨a1, t1, d1⟩, . . . , ⟨an, tn, dn⟩} is without self-overlapping118

if there exist no i, j ∈ {1, . . . , n} such that ai = aj and119

ti ≤ tj < ti + di.120

Symbolic Timed Transition Systems We recall the stan-121

dard definitions of symbolic Timed Transition Systems122

[Cimatti et al., 2019].123

Definition 4 (Symbolic Timed Transition System). A (sym-124

bolic) Timed Transition System (TTS) is a tuple T =125

⟨V,X ,Σ, I(V ), T (V,Σ, V ′), Z(V )⟩, where:126

• V is a set of state variables;127

• X ⊆ V is a set of clock variables;128

• Σ is a set of input variables;129

• I(V ) is the initial condition;130

• T (V,Σ, V ′) is the transition condition;131

• Z(V ) is the invariant condition.132

The state variables in V can be of type Boolean, real or133

clock. The initial and invariant conditions are expressions134

over the variables in V (invariant conditions must be convex135

on clocks). The transition condition is an expression over136

variables in V , Σ and V ′, where for each variable v ∈ V , V ′137

contains the next version v′, representing the value of v after138

the transition is taken.139

L1 L2 L3
100 100

Figure 1: Depiction of an instance of the running example problem.

Given a TTS T = ⟨V,X ,Σ, I, T, Z⟩, a state s : V → 140

{⊤,⊥}∪R of T is a total assignment to the state variables in 141

V . We use s |= ϕ to mean that the variable values specified 142

by s satisfy the condition ϕ. 143

Definition 5 (Semantics of TTSs). The semantics of a TTS 144

T is defined in terms of a transition system, where the states 145

correspond to the states of T and the transitions are defined 146

by the following rules: 147

• s d−→ s′, for d ∈ R≥0, if: 148

– s′(c) = s(c) + d, for all c ∈ X ; 149

– s′(v) = s(v), for all v ∈ V \ X ; 150

– s |= Z(V ) and s′ |= Z(V ); 151

• s a−→ s′, for a ∈ Σ, if: 152

– s, a, s′ |= T (V,Σ, V ′); 153

– s |= Z(V ) and s′ |= Z(V ). 154

Essentially, the state of a TTS evolves either through a 155

delay transition, where the values of all the clocks increase 156

by the same amount while all the other variables remain un- 157

changed, or through a discrete transition that changes the 158

values of the variables according to the transition relation 159

T (V,Σ, V ′). In every state, the invariant condition specified 160

by Z(V ) must hold. 161

Definition 6 (Timed trace). Let T be a TTS 162

⟨V,X ,Σ, I(V ), T (V,Σ, V ′), Z(V )⟩. A timed action is 163

a pair ⟨t, a⟩, where t ∈ R≥0 and a ∈ Σ. A timed 164

trace is a (possibly infinite) sequence of timed actions 165

ξ = ⟨⟨t1, a1⟩, ⟨t2, a2⟩, . . . , ⟨ti, ai⟩, . . .⟩, where ti ≤ ti+1 for 166

all i ≥ 1. 167

Definition 7 (Run of a TTS). The run of a TTS T = 168

⟨V,X ,Σ, I(V ), T (V,Σ, V ′), Z(V )⟩ with initial state s0 |= 169

I(V ) over a timed trace ξ = ⟨⟨t1, a1⟩, ⟨t2, a2⟩, . . .⟩ is the 170

sequence of transitions s0
d1−→ a1−→ s1

d2−→ a2−→ s2 . . ., where 171

s
d−→ a−→ s′′ indicates the subsequent transitions s d−→ s′ and 172

s′
a−→ s′′, d1 = t1 and di = ti − ti−1 for all i ≥ 2. 173

3 PAMP Formalization 174

In this section, we present the formalization of the Platform- 175

Aware Mission Planning (PAMP) problem, where we cou- 176

ple a high-level temporal planning problem with a low-level 177

model of the execution platform and the environment. The 178

definitions generalize the framework presented in [Panjkovic 179

et al., 2025] along three directions: first, we model the plat- 180

form using a Symbolic Infinite-State Timed Transition Sys- 181

tem instead of a Timed Automaton, which allows to use 182

infinite-state variables and more general constraints; second, 183

we extend the notion of safety by allowing planning variables 184

to be used in the property specification, which can be used to 185
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Figure 2: The TTS model of the running example.

model and check the alignment between the traces at the two186

levels; finally, we consider an unbounded version of the prob-187

lem, where we do not assume that the lengths of the platform188

traces are bounded w.r.t. the length of the plan to be executed.189

The framework models an autonomous system architecture190

with two layers of abstraction: a planning layer that describes191

the high-level actions and mission goals, which is represented192

as a temporal planning problem; a platform layer that de-193

scribes the low-level details and internal behaviors of the ex-194

ecution platform that is controlled by the planner, which is195

represented as a Timed Transition System (TTS). The inter-196

face between the two layers is modeled by considering the197

high-level events (start and end events of durative actions)198

as commands that are sent to the platform triggering discrete199

transitions: the execution of a time-triggered plan is defined200

by synchronizing the action start/end commands of the plan201

with transitions of the platform labeled with the correspond-202

ing events. Except for the assumption that the platform obeys203

to the commands that are scheduled by a plan, the platform204

is fully non-deterministic: in the time between two high-level205

commands, the platform can evolve by performing internal206

transitions and advancing time.207

Figures 1 and 2 show a small running example of the con-208

sidered framework. There are three locations named L1, L2209

and L3 on a line, a truck which is initially in L1, and two210

packages also in L1. The planning model consists of 4 ac-211

tions: DRIVELEFT and DRIVERIGHT, which can have a du-212

ration between 100 and 500, and move the truck along the213

line for the specified duration (it takes 100 units of time214

to reach an adjacent named location); LOAD and UNLOAD,215

which have a duration of 1, and respectively load and unload216

a package from the truck at the current location. The goal217

of the planning problem is to have both packages at location218

L3. Fig. 2 shows a simple execution platform, where the la-219

bels on the transitions correspond to the planning snap actions220

(e.g. the transition with label L⊢ is taken when the LOAD221

action is started, while the transition with label L⊣ is taken222

when LOAD is ended). This TTS models a low-level aspect223

that does not appear in the planning problem description: the224

distance that the truck traverses for a certain DRIVE duration225

also depends on the weight of the truck, which increases as226

packages are loaded. When the end event of a DRIVELEFT227

or DRIVERIGHT action is triggered (DL
⊣ or DR

⊣ ), the variable 228

corresponding to the position in the platform model (pos) is 229

updated by a term c/W , where c is a clock representing the 230

duration of the DRIVE action and W is the overall weight 231

of the truck and the packages that it is carrying (W is in- 232

cremented/decremented every time the end of a LOAD / UN- 233

LOAD action is triggered). Initially, the weight of the truck is 234

assumed to be 1. We specify a safety property that disallows 235

the unloading of a package at a location that is not within 236

distance 10 from L1, L2 or L3. Moreover, when unloading 237

packages, we want the value of the position variable both at 238

the planning layer and at the platform layer to be the same. 239

Now we formally define the overall framework and 240

the problem that we are considering. Let Π = 241

⟨P,A, I,G⟩ be a temporal planning problem, and let T = 242

⟨V,X ,Σ, I(V ), T (V,Σ, V ′), Z(V )⟩ be a TTS such that 243

τa⊢ , τa⊣ ∈ Σ, for all actions a ∈ A. Suppose that T has a 244

global clock γ ∈ X that is not reset in any transition and has 245

value 0 in the initial state. Let ρ = ⟨(t1, e1), . . . , (tn, en)⟩ be 246

a (possibly empty) ordered sequence of timed snap actions of 247

Π, where ti < ti+1 for all i ∈ {1, . . . , n− 1}. 248

We denote with ExecΠ(ρ, s), the state that is reached by ap- 249

plying in order all the effects of the snap actions in ρ, starting 250

from the planning state s ⊆ P of Π. For an empty sequence 251

of snap actions, we define ExecΠ(⟨⟩, s) = s. 252

We define the set of states that are reachable by executing ρ 253

on T from the initial state r0, denoted by ReachableT (r0, ρ), 254

as all the states that belong to a run of T where all and 255

only the snap actions in ρ are applied, by taking the cor- 256

responding transitions at the times specified in ρ: rs ∈ 257

ReachableT (r0, ρ) if and only if there exists a run r0
d1−→ σ1−→ 258

. . .
dk−→ σk−→ rk, with 0 ≤ s ≤ k, such that there exists an 259

injective function h : {0, 1, . . . , n} → {0, 1, . . . , k} with the 260

following properties 261

• h(0) = 0 (required to handle the case with ρ = ⟨⟩); 262

• for all i ∈ {1, . . . , n}, for all j ∈ {1, . . . , k}, if h(i) = j 263

then τei = σj and ti =
∑j

l=1 dl; 264

• for all j ∈ {1, . . . , k}, if j ̸∈ Im(h) then for all e ∈ 265

{a⊢, a⊣ : a ∈ A}, σj ̸= τe. 266

We define analogously the set of states that are reachable 267

after executing ρ on T from the initial state r0, denoted by 268

ReachableAfterT (r0, ρ) (in the previous definition, we only 269

include in the set the final state rk of the run). 270

Next, we formalize the executability of a time-triggered 271

plan on a platform represented as a TTS. Intuitively, we say 272

that a time-triggered plan is executable on a TTS if all the 273

snap actions of the plan are applicable at the prescribed times, 274

assuming that the platform applied all the previous commands 275

of the plan. A snap action is applicable if a corresponding 276

transition can be taken at the time specified in the plan. 277

Formally, given a state r of T , a snap action a⊢/⊣ is appli- 278

cable in r if and only if there exists a transition r τ
a⊢/⊣
−−−−→ r′ 279

such that r, a, r′ |= T (V,Σ, V ′) and r′ |= Z(V ). 280

For a plan π = {⟨a1, t1, d1⟩, . . . , ⟨an, tn, dn⟩}, we in- 281

dicate with ρπ = ⟨(t′1, e1), . . . , (t′2n, e2n)⟩ the ordered se- 282

quence of timed snap actions of π, with t′i < t′i+1 for all 283

i ∈ {1, . . . , 2n − 1}. For simplicity, we will assume in this 284



paper that all the valid plans of the considered planning prob-285

lems do not contain simultaneous events, i.e. snap actions286

scheduled at the same time: since the semantics of TTS is287

super-dense (multiple discrete steps can be taken at the same288

time in a specific order), in order to properly define and check289

the executability of a plan with simultaneous events for all290

platform behaviors, all the possible orderings for the sets of291

simultaneous events would need to be considered. Given a se-292

quence of timed snap actions ρ = ⟨(t1, e1), . . . , (tn, en)⟩, we293

denote with ρi = ⟨(t1, e1), . . . , (ti, ei)⟩ the prefix obtained294

by considering the first i ≤ n timed snap actions. We denote295

with ρ0 = ⟨⟩ the empty sequence.296

Definition 8 (Time-triggered plan executability on TTS). Let297

Π be a temporal planning problem and let T be a TTS with298

initial state r0 |= I(V ). An ordered sequence of timed299

snap actions ρ = ⟨(t1, e1), . . . , (tn, en)⟩ is executable on300

T if and only if for all i ∈ {0, . . . , n − 1}, for all r ∈301

ReachableAfterT (r0, ρi), if r(γ) = ti+1 then ei+1 is appli-302

cable in r. A time-triggered plan π of Π is executable on T if303

its sequence of timed snap actions ρπ is executable on T .304

For example, the sequence ρ defined as305

⟨(0, L⊢), (0.5, D
R
⊢ ), (1, L⊣), (100.5, D

R
⊣ )⟩ is not executable,306

because location MOVING R is reachable with γ = 1 (this307

state belongs to ReachableAfterT (⟨L = OFF, pos = 0,W =308

1⟩, ρ2)) and the transition with label L⊣ is not applicable309

(there is no transition from location MOVING R with such a310

label).311

We formalize the notion of safety for a plan w.r.t. a TTS,312

given a formula φB representing a set of bad states B, by313

requiring that all the states that can be reached by executing314

ρπ = ⟨(t1, e1), . . . , (tn, en)⟩, within time tn, do not belong315

to B. Differently from the framework in [Panjkovic et al.,316

2025], we allow variables of the planning problem Π to ap-317

pear in φB , and their value is obtained by simulating the ap-318

plication of the snap actions in ρπ up to to point at which a319

certain state is reached.320

Definition 9 (Plan safety w.r.t. TTS). Let Π = ⟨P,A, I,G⟩321

be a temporal planning problem and let T be a TTS with ini-322

tial state r0. Let φB(P, V ) be a formula representing a set of323

bad statesB for Π and T . Let t0 = 0. An ordered sequence of324

timed snap actions ρ = ⟨(t1, e1), . . . , (tn, en)⟩ is B-safe w.r.t.325

Π and T if and only if for all states r ∈ ReachableT (r0, ρ),326

s, r ̸|= φB , where s = ExecΠ(ρi, I) with i ∈ {0, 1, . . . , n}327

being the maximum index such that ti ≤ r(γ).328

For instance, consider the sequence ρ =329

⟨(0, L⊢), (1, L⊣), (2, D
R
⊢ ), (202, D

R
⊣ ), (203, U⊢), (204, U⊣)⟩.330

This plan is unsafe, because it creates a mismatch between331

the position variable used in the planning model and the pos332

variable defined in the platform model: according to the333

planning model, the position is set to 200 after the end of the334

drive, while on the platform model the pos variable is set to335

200/2 = 100, since the truck is carrying a package.336

This definition of safety is slightly different from the one337

used in [Panjkovic et al., 2025]: in that case, the safety prop-338

erty had to hold only until the time of the last step of the plan,339

while in this definition the safety property must hold also be-340

yond the application of the last snap action, for any possible341

internal behavior of the platform that occurs afterwards. Both342
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Figure 3: The TTS representing the plan sequence
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Algorithm 1 Unbounded abstraction-refinement algorithm
1 procedure PLATFORMPLANNING(Π, T , φB)
2 bad prefixes = {} ▷ Collects the prefixes that need to be avoided
3 while True do
4 πSTN ← PLAN(Π, bad prefixes)
5 pass, bad prefix, π ← CHECK(T , πSTN, φB)
6 if pass then
7 return π
8 else
9 bad prefixes← bad prefixes ∪ {bad prefix}

10 procedure CHECK(T , πSTN, φB)
11 e1, . . . , en ← PATH(πSTN)

12 ψπ (⃗t)← ⊤
13 for i = 1 to n do
14 ψπ (⃗t)← ψπ (⃗t) ∧ [πSTN]i
15 if ψπ (⃗t) is “unsatisfiable” then
16 return false, (e1, . . . , ei), ∅
17 while True do
18 A, φB′ ← BUILDAUTOMATON(T , ψπ (⃗t))
19 outcome, ρ← INVARCHECK(A, φB ∨ φB′ )
20 if outcome is “safe” then
21 if i == n then
22 return true, (), GETPLAN(ψπ (⃗t), (e1, . . . , en))
23 else
24 break ▷ The timings in ψπ (⃗t) are all valid
25 else
26

(
r0

w1−−→ λ1−−→ . . .
wk−−→ λk−−→ rk

)
← ρ

27 ϕ(⃗t, c⃗)← TRACEVALIDT ,k (⃗t, c⃗, σ⃗)
[
σ⃗/λ⃗

]
28 ψπ (⃗t)← ψπ (⃗t) ∧ ¬∃c⃗.ϕ(⃗t, c⃗)
29 if ψπ (⃗t) is “unsatisfiable” then
30 return false, (e1, . . . , ei), ∅

semantics may be useful in different scenarios, and in Sec- 343

tion 6 we carry an evaluation considering both cases. 344

Definition 10 (PAMP). A Platform-Aware Mission Planning 345

(PAMP) problem is a tuple Υ = ⟨Π, T , φB(P, V )⟩, where 346

Π is a temporal planning problem, T is a TTS with set of 347

variables V , and φB(P, V ) is a formula representing a set of 348

bad states B for T . A solution for Υ is a plan π such that: 349

(i) π is a valid solution plan for Π; (ii) π is executable on T ; 350

(iii) π is B-safe w.r.t. T . 351

For example, the sequence ρ = ⟨(0, L⊢), (1, L⊣), (2, DR
⊢ ), 352

(402, DR
⊣ ), (403, U⊢), (404, U⊣), (405, DL

⊢ ), (605, DL
⊣ ), 353

(606, L⊢), (607, L⊣), (608, DR
⊢ ), (1008, DR

⊣ ), (1009, U⊢), 354

(1010, U⊣)⟩ is a valid solution for the example: it brings both 355

packages to location L3 and it is executable and safe because 356

it carries only one package at a time. 357

4 Solving Unbounded PAMP 358

In this section, we present an approach for solving our gener- 359

alized version of the PAMP problem. The algorithm shares 360

many similarities with the abstraction-refinement approach 361



presented in [Panjkovic et al., 2025]. A temporal planner362

is used to solve the planning problem (without considering363

the platform model) and generate candidate solution plans;364

these plans are then checked for safety and executability on365

the platform model. At each failed validation check, the plan-366

ner is informed about a class of plans that needs to be ex-367

cluded, by analyzing the sequence of discrete choices that368

determined the validation failure. In [Panjkovic et al., 2025],369

the validation was performed by producing an encoding of370

the platform and the candidate plan, which was then checked371

with an SMT solver. Producing such an encoding was feasi-372

ble, thanks to the strong assumption on the boundedness of373

the platform traces, which allowed a BMC-style encoding of374

the traces by unrolling the formula representing the transition375

relation. Since in our formulation of the PAMP problem we376

do not make such an assumption, in order to perform the val-377

idation check we rely on infinite-state model checking: the378

main idea, is that we represent the produced candidate plans379

using a TTS, which we then compose with the TTS represent-380

ing the platform, and then apply a model checking technique381

on the resulting model to determine whether the safety and382

executability properties are satisfied.383

For temporal planning, we use the TAMER planner [Valen-384

tini et al., 2020], a sound and complete approach for tempo-385

ral planning that returns plans in the form of Simple Tem-386

poral Networks (STN) [Dechter et al., 1991]: a solution387

πSTN is characterized by a fixed ordering of snap actions388

e1, . . . , en ← PATH(πSTN), where each snap action ei is as-389

sociated to a time variable ti, and a set of constraints between390

these time variables which enforce the ordering of the actions391

and their duration constraints. For model checking, we use392

NUXMV [Cimatti et al., 2019], a symbolic model checker that393

is able to prove temporal properties of TTSs.394

The overall PAMP procedure is detailed in Algorithm 1.395

First, the planning problem Π is solved, obtaining a set of396

solution plans πSTN, characterized by a fixed ordering of397

snap actions e1, . . . , en → PATH(πSTN) and a set of con-398

straints between the time variables t1, . . . , tn associated to399

them. Then, the solution πSTN is passed to the CHECK pro-400

cedure, together with a formula encoding the desired safety401

property φB . The CHECK procedure maintains a ψπ (⃗t) for-402

mula, where t⃗ = (t1, . . . , tn), representing the current re-403

gion of feasible values for the time variables of the snap ac-404

tions, that is initialized with⊤. It iterates over all the prefixes405

i ∈ {1, . . . , n}, and it first conjuncts the subset of constraints406

of πSTN considering only t1, . . . , ti ([πSTN]i is the conjunc-407

tion of all the constraints containing ti and one of the previ-408

ous time variables t1, . . . , ti−1). It is then checked whether409

the addition of these constraints keeps the formula ψπ (⃗t) fea-410

sible, otherwise the planner is informed that the sequence of411

snap actions e1, . . . , ei is infeasible.412

Then, the algorithm performs a series of loops, refining the413

formula ψπ (⃗t) until it either becomes empty, or all the pos-414

sible timings defined by the constraints satisfy the safety and415

executability properties of the platform: the intuition is that416

a new TTS is constructed by composing the platform model417

and the plan π (with the set of constraints ψπ (⃗t)), a model418

checking technique is applied to determine whether there is419

an assignment to t⃗ such that there exists a trace that violates 420

a property, and if such a trace exists, then the formula ψπ (⃗t) 421

is refined in such a way that counterexample traces with the 422

same sequence of discrete transitions are no longer possible; 423

then, the procedure is repeated with the new set of constraints 424

to find new counterexample traces (which will take differ- 425

ent discrete transitions from the previous ones), until either 426

the property is satisified (meaning that for any choice in the 427

resulting ψπ (⃗t) the properties hold), or ψπ (⃗t) becomes ⊥, 428

meaning that the plan sequence e1, . . . , ei is invalidated. 429

For every planning action a ∈ A, we use the Boolean 430

variable τa⊢ (respectively τa⊣ ) to denote whether a transi- 431

tion with label τa⊢ (respectively τa⊣ ) is taken by T . First, 432

starting from the platform T , the plan ρ = (e1, . . . , en) with 433

associated symbolic times t1, . . . , tn and the current formula 434

constraining these times ψπ (⃗t), we construct a TTS modeling 435

the execution of ρ on T . 436

An example of such a TTS is shown in Fig. 3. It essentially 437

consists of a sequence of locations, one for every snap action 438

in the plan, and the switch between consecutive locations can 439

only occur when the value of the global clock becomes equal 440

to the timing of the next snap action to apply. If it is not 441

possible to apply a snap action e (represented by the T e
applicable 442

formula, described afterwards), then the ExecFailure location 443

is reached, which represents the failure of the executability 444

for the given plan. 445

Let Vρ = {L, γ, f1, . . . , fm, t1, . . . , tn, τe1 , . . . , τen} be a 446

set of variables, where L is the plan location variable with 447

values in {l1, . . . , ln, lend, lExecFailure}, γ is the global clock, 448

f1, . . . , fm are Boolean fluent variables one for each propo- 449

sition in P denoting whether it is true or false, and t1, . . . , tn 450

and τe1 , . . . , τen are as defined above. Let Xρ = {γ}, and let 451

Σρ = {σ}, where σ is the plan event input variable with val- 452

ues in {ϵ1, . . . , ϵn, ϵinternal, ϵfail}. The variables are initialized 453

according to the initial state of Π and the constraint ψπ (⃗t): 454

Iρ(Vρ) := (L = l1 ∧ γ = 0 ∧ ψπ (⃗t) ∧
m∧
i=1

fi = IΠ(fi))

An invariant condition states that the plan location variable 455

can keep a certain value only until the time of the next 456

plan snap action to be applied, and that the time variables 457

t1, . . . , tn keep their initial values: 458

Zρ(Vρ) :=

n∧
i=1

(L = li → γ ≤ ti)

We define a transition relation Tρ
(
Vρ,Σρ, V

′
ρ

)
with the fol- 459

lowing constraints: 460

• the time variables always keep their initial value 461

n∧
i=1

(ti = t′i)

• when changing the plan location from one value to the 462

next, the global clock must have the value of the timing of 463

the next plan snap action to be applied, the corresponding 464

transition must be taken by T , and the variables f1, . . . , fm 465

are changed according to the snap action effects 466



n∧
i=1

(σ = ϵi → (L = li ∧ L′ = li+1 ∧ γ = ti ∧ τei∧∧
j∈{1,...,m}:
fj∈eff+(ei)

f ′j = ⊤ ∧
∧

j∈{1,...,m}:
fj∈eff−(ei)

f ′j = ⊥))

• when the platform T performs an internal transition, the467

plan location variable remains unchanged468

σ = ϵinternal → L = L′

• when the platform T performs a transition that is associ-469

ated to a plan snap action, the plan event variable must470

have the value of the corresponding event471 ∧
a∈A

(τa⊢/⊣ →
∨

i∈{1,...,n}:
ei≡a⊢/⊣

σ = ϵi)

• when the value of a fluent variable changes, the plan event472

variable must be associated to a snap action that affects473

such fluent474

m∧
i=1

fi ̸= f ′i →
∨

j∈{1,...,n}:
fi∈eff(ej)

(σ = ϵj)

We define with Tfail the transition condition that sets the475

plan location variable to lExecFailure, which occurs when a cer-476

tain snap action must be applied (the global clock reaches the477

timing of the application), but the transition to the next plan478

location value cannot be taken (expressed using the negation479

of the existentially quantified transition relation):480

σ =ϵfail →
n∨

j=1

(L = lj ∧ L′ = lExecFailure ∧ γ = tj∧

¬(∃v⃗′.TT (VT ,ΣT , V
′
T ) ∧ Tρ(Vρ,Σρ, V

′
ρ))[σ/ϵj ])

Finally, we can define the TTS A =481

⟨VA,XA,ΣA, IA(VA), TA(VA,ΣA, V
′
A), ZA(VA)⟩, where482

VA = VT ∪ Vρ, XA = XT ∪ Xρ, ΣA = ΣT ∪ Σρ,483

IA = IT ∧ Iρ, TA = TT ∧ Tρ ∧ Tfail and ZA = ZT ∧ Zρ.484

The invariant condition is φB′ := (L = lExecFailure).485

Once the TTSA is built, we perform invariant checking on486

the property φB ∨φB′ , i.e. we check whether the platform T487

controlled by the plan can violate either the safety or the exe-488

cutability property. If the property is satisfied, then we either489

move to the next plan prefix, or if we already reached the end490

we can extract a specific time-triggered plan by solving the491

set of constraints ψπ (⃗t) (since the invariant check passed, all492

the timing in ψπ (⃗t) are valid).493

Otherwise, the model checker returns a trace ρ =494 (
r0

w1−−→ λ1−→ . . .
wk−−→ λk−→ rk

)
that violates the safety or ex-495

ecutability property. Now, we want to remove a region of496

values from ψπ (⃗t), for which a trace with the same dis-497

crete transitions of ρ is still a valid counterexample for498

the invariant properties. Let TRACEVALIDT ,k (⃗t, c⃗, σ⃗) be499

the formula representing the unrolling of the transition re- 500

lation of A for k steps (where k is the length of trace ρ), 501

where c⃗ is the set of clocks of A, and σ⃗ is the set of all 502

the other variables of A. Consider the formula ϕ(⃗t, c⃗) = 503

TRACEVALIDT ,k (⃗t, c⃗, σ⃗)
[
σ⃗/λ⃗

]
, where we fix the values of 504

the discrete variables according to the trace ρ. Now, by ex- 505

istentially quantifying over the clocks c⃗ and negating the re- 506

sulting formula, we obtain a formula encoding the times t⃗ for 507

which a trace with discrete choices λ⃗ is no longer feasible 508

(for any delay of the clock variables c⃗). Therefore, we up- 509

date ψπ (⃗t) by setting it to ψπ (⃗t)∧¬∃c⃗.ϕ(⃗t, c⃗). In the end, we 510

check whether ψπ (⃗t) has become unsatisfiable, in which case 511

we return a bad prefix to the planner. Otherwise, we repeat 512

the validation process with the new ψπ (⃗t), and we are guar- 513

anteed that an eventual new counterexample trace will make 514

different discrete choices. 515

5 Related Work 516

This paper generalizes the PAMP problem, originally defined 517

in [Panjkovic et al., 2025]. PAMP provides system-level 518

guarantees on the execution behaviors of generated plans. 519

Our generalization is far from trivial as it allows for infinite- 520

state transition systems in the platform modeling, it relaxes 521

the boundedness assumption on the platform traces and pro- 522

vides a mean to express relations among the planning and 523

platform variables. Moreover, we also uniformly consider 524

variations of the PAMP semantics depending on the behav- 525

ior of the platform after the end of the plan. 526

The PAMP problem shares strong connections with con- 527

formant planning [Ghallab et al., 2004], where actions can 528

have non-deterministic effects and no runtime observation is 529

granted. To the best of our knowledge, no conformant plan- 530

ner tackles the temporal case, and our approach differs in that 531

we consider the platform modeled as a timed transition sys- 532

tem, hence allowing for (possibly unbounded) behaviors dur- 533

ing and among planning actions; moreover, we provide guar- 534

antees on the execution safety on the platform. 535

A closely related work is [Viehmann et al., 2021], which 536

models the platform layer as a timed automaton and assumes 537

an abstract sequential plan is provided. The authors use Met- 538

ric Temporal Logic (MTL) to express constraints between the 539

planning and platform layers. However, their work focuses 540

on verifying whether a single platform execution satisfies a 541

given plan (an ∃∃ problem). Our approach, by contrast, in- 542

cludes a formal framework for plan generation and addresses 543

a universally-quantified validation of platform behavior (∃∀). 544

Moreover, our interface between abstraction layers differs: 545

we use Infinite Timed Transition Systems labels to represent 546

“commands” sent by the plan, whereas Viehmann et al. em- 547

ploy MTL constraints to restrict possible traces. 548

Finally, Bozzano et al. (2021) present an autonomy frame- 549

work leveraging symbolic, model-based reasoning to inte- 550

grate plan generation, execution, monitoring and FDIR. Their 551

approach models the controlled system as a finite-state non- 552

deterministic planning problem enhanced with resource esti- 553

mation functions. Our work employs a infinite-state model 554

for the system and features a richer platform representation. 555



Unsound Unsound Bounded Sem.
Domain PCMT BMC PCMT REF PCMT BMC PCMT REF UAR-PAMP

(bound=2) (bound=2) with Oracle with Oracle (Ours)

Driverlog1 0 0 0 0 7
Driverlog2 0 0 0 0 9
Factory1 4 9 0 0 8
Factory2 10 10 0 0 3
Fix1 5 8 1 1 11
Fix2 5 8 0 1 16
Rover 35 44 0 1 40

Total 59 79 1 3 94
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Bounded Sem. Unbounded Sem.
UAR-PAMP UAR-PAMP

Driverlog1 7 8
Driverlog2 9 10
Factory1 8 8
Factory2 3 2
Fix1 11 11
Fix2 16 16
Rover 40 42

BatteryVars 14 14
Driverlog1Vars 5 5
Driverlog2Vars 6 6

Total 119 122

(c)

Figure 4: Experimental results. Coverage table (a) and cactus plot (b) for the bounded safety semantics and coverage table for UAR-PAMP
on domains without and with variable relations (c).

6 Experimental Evaluation556

We developed the presented technique in a solver written in557

Python based on pyVMT, a python framework for handling558

VMT (Verification Modulo Theory) problems [Cimatti et al.,559

2022]. We used the nuXmv IC3IA [Cimatti et al., 2014]560

solver as a backend for model-checking and TAMER as plan-561

ner. The solver accepts temporal planning problems written562

in PDDL2.1 or ANML, and platform models written in timed563

SMV [Cimatti et al., 2019]. It is possible to specify which564

notion of safety to use: safety up to the end of the plan, as565

defined in [Panjkovic et al., 2025], which we will refer to566

as bounded safety; safety also beyond the end of the plan,567

for any state that can be reached by performing only internal568

transitions in the platform after applying all the commands569

from the plan, which we will call unbounded safety.570

We experimentally evaluated the new approach on the571

benchmark set used in [Panjkovic et al., 2025] and three572

novel sets of benchmarks, DRIVERLOG, FIX and BATTERY.573

DRIVERLOG is similar to the running example used in this574

paper, and it is scaled by increasing the number of locations575

and the number of packages to be delivered. FIX describes576

a scenario in which a certain amount of objects needs to577

be fixed, but at the platform layer a single fix action may578

not be sufficient to repair an object. There is however a579

bound, over which it is guaranteed that the fix succeeds, but580

this information is not present in the planning model. We581

scale the instances by increasing the number of objects and582

the number of necessary fix actions to repair an object. Fi-583

nally, in BATTERY, an energy storage device needs to be584

fully recharged, but the amount of charge after every recharge585

action can have some uncertainty according to the platform586

model. The safety property specifies that the absolute differ-587

ence between the planning charge variable and the platform588

charge variable must not be larger than a threshold, and the589

only way to guarantee this property, is to apply a certain num-590

ber of times the charge action.591

All the experiments were performed on a cluster of identi-592

cal machines with AMD EPYC 7413 24-Core Processor and593

running Ubuntu 20.04.6. We used a timeout of 14400 seconds594

and a memory limit of 20GB. Fig. 4a is the coverage table595

comparing our approach (adopting the bounded safety seman-596

tics) UAR-PAMP with the bounded approaches of [Panjkovic597

et al., 2025] (which we denote with PCMT BMC and PCMT598

REF). For each domain, we manually found the bound on the 599

number of platform internal transitions between two consec- 600

utive commands from the planner, and used such bound as an 601

“Oracle” for the approaches of [Panjkovic et al., 2025]. In 602

this way, the bounded approaches of [Panjkovic et al., 2025] 603

are guaranteed to find PAMP plans that are valid also for the 604

unbounded case, but we remark that this is not a fair compar- 605

ison, as the “oracle” bound is not easily computable in gen- 606

eral. We also ran those approaches using the smallest bound 607

2. Clearly, by choosing bound 2, the resulting approaches are 608

unsound in general, as given a plan there may exist a platform 609

trace invalidating that plan of length greater than twice the 610

length of the plan. This actually happens in many of our do- 611

main instances: the unsound approaches find plans, which are 612

not valid according for the unbounded semantics nor for the 613

approaches using oracle bounds. The results clearly show that 614

UAR-PAMP solves significantly more problems than PCMT 615

BMC and PCMT REF, even when adopting 2 as the bound 616

(which is the absolute best case for the bounded approaches). 617

The dominance of UAR-PAMP is also evident in the cactus 618

plot in Fig. 4b, which demonstrates the runtime performance. 619

Finally, Fig. 4c compares our approach in both the bounded 620

and unbounded safety semantics for all the domains, includ- 621

ing the ones with variable relations. The results show that the 622

number of solved instances is very similar, higlighting that 623

the choice of the semantics for the safety specification does 624

not significantly affect the performance of the approach. 625

7 Conclusions 626

In this paper we presented a generalization for the Platform- 627

Aware Mission Planning (PAMP) problem: we defined the 628

problem over Timed Transition Systems (TTS) instead of 629

Timed Automata, we allowed custom relation between plan- 630

ning fluents and platform variables, and we consider un- 631

bounded traces instead of bounded ones. Our solution method 632

combined a state-of-the-art temporal planner with an infinite- 633

state model-checker, and we showed that it is consistently 634

more efficient than the existing approach for bounded PAMP 635

problems, despite being strictly more expressive. 636

In future work, we plan to investigate the use of parametric 637

synthesis techniques as an alternative solution method and to 638

consider other representation models for the platform, such 639

as contracts. 640
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