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Abstract 

The origin of causal order, and thus time's barbed arrow, is one of reality's most fundamental 
questions. We have an innate desire to make sense of our surroundings through cause and 
effect. When events are displayed out of causal order - such as a movie whose scenes are 
played in reverse order - we immediately struggle follow. Yet, the fundamental laws of 
physics at the quantum level are time-symmetric - invariant to reversing time and switching 
cause and effect. How then can our preference for particular causal orders emerge?  
 
In this presentation, I present one promising avenue towards answering this question, a 
combination of tools of complexity and quantum science. I begin by introducing causal 
asymmetry - a striking phenomena in computational mechanics where the memory resources 
require to model a observed process in forward versus reverse causal order fundamentally 
differ. Thus, statistical data itself can have a natural causal order - one which admits a 
simpler causal explanation. I will then extend the concept to the quantum regime, where 
models can explore many possible futures or pasts in quantum superposition. I show that in 
instances, quantum models forced to model a process in the less natural causal order can 
always use less memory resources that classical models operating in any causal order. 
Furthermore, there exist instances where the resource asymmetry between modelling a 
process in forward vs. reverse time complete vanishes when quantum models are allowed. I 
discuss how these results suggest the causal asymmetry can emerge as a consequence of 
attempting to enforced classical causal explanations in a fundamentally quantum world. 
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