
Observation & action encodings for RL-based qubit routing
A controlled ablation study in qgym

1.Problem
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5.Soft Prior

6.Takeaway & Limitations

NISQ chips: a 2-qubit gate needs adjacent qubits 
not adjacent? insert SWAPs — adds depth + noise
RL = adaptive alternative to fixed heuristics (SABRE,
t|ket⟩) [1, 5]

→ qgym leaves what the agent sees & does to the user

two ablations: vary ONE encoding, hold all else fixed
qgym · PPO / MaskablePPO [2, 3]
2 simulated IBM devices: Casablanca 7q, Guadalupe 16q
baseline SABRE · metrics: solve rate + SWAP overhead

SQ1 (see): how far ahead must the agent see?
SQ2 (act): how coarse should the actions be?
→ which encoding drives routing?

one gate already suffices; narrow reaches route most
efficiently
global view fails at 16 qubits — limit is the policy, not the info

macro [4] = one action per shortest-path SWAP chain
pruning to low k loses completeness; macro's lead grows
with scale

same distance heuristic, injected two ways
hard mask forbids every other SWAP → completeness
drops
soft prior only biases the logits, forbids nothing → keeps
completeness, cuts SWAPs

action encoding ≫ observation reach
spend effort on the action space, not a wider view
ranking holds on unseen circuits → transferable skill
limits: 3 seeds @16q · identity mapping · flat MLP · single
topology

→ the action encoding is the lever
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