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Improving Scenario-Based Testing Closed-Loop and Reactive Traffic Simulation 1. Input Description
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. | | | Closed-loop Simulation the ego’'s lane. There is a lead vehicle that is initially driving

Solution: To automatically convert written scenario State at {initial_speed_mps}. When the lead vehicle is
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EXIStlng Approaches LLM to convert it into a set of constraints which are then fed to an SMT solver. 2. Intermediate Representatlon

Data-driven: Lack fine-grained granularity of control over - - Actor O AOV{t0) == ego_initial_speed_mps
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distribution scenarios that do not follow observed data. A1x(t1) - AOx(t1) == distance_ahead_of_ego_m

X Poor controllability and O.0.D. generalization . . . . Aotort Alx(t) == tum

o T | Scenario Orchestration for Autonomous Driving E,S Alv(t2) ==
Optimization-based: Intuitive interface but laborious to N [0, go, t1, dec, 12 ap(t1) == Al(t1) )
program by hand at large scales. X Not scalable 1. Model the state of an actor as a set of piecewise polynomials over time in 1D,
recalling the kinematic equations of motion: 3. Output Simulation
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formalization from natural language into code. xt o xo T vot T 7aot vt = vo T aOt at - ao

v Supports flexible specifications (e.g. time-to-collision) 2. Symbolically expand expressions for actor state by applying rewrite rules to terms.

‘/ Avoids time-consuming manual conversion 3. Encode the constraints into an SMT solver, e.g. Z3.

4. Solve for the constraints by invoking the solver.
5. Decode the solution assignments back into actor states by substituting values.
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