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Linear growth of quantum circuit complexity 
Title

Quantifying quantum states' complexity is a key problem in various subfields of science, ranging from quantum computing 

- where it is closely related to notions of computational complexity - to black-hole physics. In this talk, we discuss notions of 

circuit complexity from different perspectives. We start from classifying quantum states according to the preparation 

complexity. The main result presented in the talk is a proof of a prominent conjecture by Brown and Susskind about how 

random quantum circuits' complexity increases with the depth of the circuit. For this, we discuss random circuits composed 

of Haar-random two-qubit quantum gates. Implementing the unitary exactly requires a circuit of some minimal number of

gates - the unitary's exact circuit complexity. We prove that this complexity grows linearly in the number of random gates, 

with unit probability, until saturating after exponentially many random gates. Our proof is surprisingly short, given the 

established difficulty of lower-bounding the exact circuit complexity. Our strategy combines differential topology and

elementary algebraic geometry with an inductive construction of Clifford circuits. We hint at approximate notions of complexity, 

and have a brief look at the role entanglement plays here. We procrastinate briefly when stating that surprisingly, random 

Clifford circuits can be uplifted to approximate unitary designs by a number of T-gates that is independent of the system size. 

In the last part of the talk, we discuss notions of quantum thermodynamics from the perspective of complexity, elaborate on 

notions of Landauer erasure and have a look at what could be called a resource theory of quantum uncomplexity.
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