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Benchmark Overview

TL;DR: Smart-home agents must operate continuously under evolving user preferences and device reliability, yet most evaluations remain episodic and reset-based.

DomusMind introduces a persistent benchmark with preference drift and tool drift to measure long-horizon success, safety, burden, and recovery.

Why Lifelong Smart-Home Evaluation?

• Real smart homes evolve over time in user preference and device reliability.
• Reset-based benchmarks fail to capture persistent post-drift misalignment. 
• Lifelong evaluation should measure both performance and burden during 

adaptation. 

DomusMind evaluates agents in a persistent smart-home loop. At each step, the agent decides whether to execute, confirm, delay, or abstain under changing user preferences and tool reliability.

Evaluation Results

Preference drift
• User autonomy tolerance and privacy 

preference may change over time.
• An action that was once helpful can 

later become intrusive.

Tool drift
• Device reliability, latency, and 

failure rate may change over time.
• Execution can fail even when the 

agent’s intent is aligned.

Two Drift Types

Decision Space

Baselines and Metrics

Conclusions

For more information: https://abby-xu.github.io/

• At each step, the environment provides an observation and at most one 
candidate service call.

• The agent selects one meta-action: EXECUTE, ASKCONFIRM, DELAY, or NOOP.
• ASKCONFIRM executes the call only after explicit approval.
• DELAY / NOOP skip execution and allow the situation to reappear later.

• EXECUTE – attempt the proposed service call 
• ASKCONFIRM – query the user, execute only if approved 
• DELAY – postpone the decision 
• NOOP – abstain from acting

Metrics
• Success: aligned execution or safe abstention. 
• Confirmation rate: user interruption frequency. 
• Safety violations: unsafe executions. 
• Recovery time: return to pre-drift performance.
• Aggregate cost: burden from confirmation and failures.

• ONLINE achieves the most robust overall adaptation under preference, tool, 
and mixed drift. 

• After drift, NoToM and STATIC remain misaligned until the later regime 
revisit. 

• ORACLE access to user preferences does not remove failures under tool drift. 
• Sweeping the confirmation threshold reveals a tunable success–annoyance 

frontier.

• DomusMind enables no-reset evaluation of lifelong smart-home agents 
under controlled drift. 

• Separating preference drift from tool drift reveals execution reliability as a 
distinct bottleneck.

• ONLINE ToM with uncertainty-gated confirmation offers the best 
robustness–burden trade-off.

Baselines
• NoToM: no user modeling. 
• STATIC: one-time personalization only. 
• ONLINE: continual belief update + confirmation when uncertain. 
• ORACLE: true persona access but still exposed to tool drift.
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