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Abstract 
 
We study the fundamental tradeoff between control and communication costs in linear stochastic 
control. The controller aims to minimize a quadratic cost function in the state variables and control 
signal, known as the linear quadratic regulator (LQR), while having access to only r bits of information 
per sample about the system state. Joint optimization of encoder and controller is generally intractable. 
We derive tight information-theoretic bounds to the rate-cost tradeoff in several realistic scenarios, 
and analyze suboptimal quantization schemes that perform close to these new information-theoretic 
bounds. Scenarios of interest include fixed- and variable- length quantized control, control over 
packet-drop and Gaussian channels, rate-limited control with side information, and continuous-time 
biomolecular control. Directed mutual information plays a key role in these problems; we clarify its 
operational meaning and develop new techniques to compute, optimize and bound it. 
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