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Introduction
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 Much of RL work has been focused on sequences of events with
discrete time steps and ignores the irregular time intervals
between consecutive events.

 In many real-world applications measurements of states are
commonly acquired at irregular time intervals.

– Health care system
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Introduction
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 Same values but different time intervals

 if not considering the time intervals as in the conventional Time-Unaware RL
framework, the two cases would have the same state sequences.
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Time-Aware RL framework
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 Human agent is a domain expert in the environment, not RL expert

 Domain expert set some hyperparameters 𝑏, 𝜏 for each episode
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Time-aware State Approximation: TState
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Ƹ𝑠𝑖 = [𝑠𝑖 , 𝛥𝑡𝑖]

 𝛥𝑡𝑖 reflects the fact that in many real-world situations, domain experts can
determine when the next observation would happen.
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Time-aware Discounting: TDiscount
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𝛤 𝛥𝑡𝑖 = 𝑏𝛥𝑡𝑖/𝜏

 an action time window τ for when the reward would happen

 τ is an action time window to complete a task

 Intuitively, τ means how far future the agent should consider for a current 
decision making in terms of time

 a belief b for how likely it would happen

 b is a belief of reward in τ

 Ideally, different physicians use different τs and bs for different patients.

 a doctor might have a 10% belief of future events a patient given states is going 
into septic shock in 48 hours (τ = 48, b = 0.1)
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Time-aware Discounting: TDiscount
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𝛤 𝛥𝑡𝑖 = 𝑏𝛥𝑡𝑖/𝜏

𝜏 = 𝛥𝑡1 + 𝛥𝑡2 +⋯+ 𝛥𝑡𝑤
𝑏 = 𝛤 𝜏 = 𝛤 𝛥𝑡1 𝛤 𝛥𝑡2 …𝛤 𝛥𝑡𝑤

𝛤 𝜏 = 48, 𝑏 = 0.1, 𝛥𝑡 = 0.1𝛥𝑡/48 = 0.953𝛥𝑡

𝛤 𝜏 = 48, 𝑏 = 0.5, 𝛥𝑡 = 0.5𝛥𝑡/48 = 0.9856𝛥𝑡

𝛤 𝜏 = 72, 𝑏 = 0.1, 𝛥𝑡 = 0.1𝛥𝑡/72 = 0.9658𝛥𝑡
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Time-aware Q-Networks
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Experiments
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Experiments
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 CartPole, MountainCar, 6 Atari Games with randomly segmented time intervals

 DQN: discrete time: 𝑠 constant discount: 𝛾

 TState: continuous time-interval: Ƹ𝑠 constant discount: 𝛾

 TDiscount: discrete-time: 𝑠 the temporal discount function: 𝛤 𝛥𝑡

 TQN: continuous time-interval: Ƹ𝑠 the temporal discount function: 𝛤 𝛥𝑡

 DQN

 Double DQN

 Dueling DQN

 Double Deuling DQN
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 Dense Network

 LSTM



Dense vs LSTM
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Ablation Study
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Basic vs Dueling vs Double vs DD
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Atari Games
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Nuclear Reactor Control
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Septic Shock
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Thank you
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