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The Computational View of Time

Time is a central feature of human experience. But what actually is it? In traditional scientific accounts it’s often represented as some kind of coordinate much like space (though a coordinate that for some reason is always systematically increasing for us). But while this may be a useful mathematical description, it’s not telling us anything about what time in a sense “intrinsically is”. 

We get closer as soon as we start thinking in computational terms. Because then it’s natural for us to think of successive states of the world as being computed one from the last by the progressive application of some computational rule. And this suggests that we can identify the progress of time with the “progressive doing of  computation by the universe”. 

But does this just mean that we are replacing a “time coordinate” with a “computational step count”? No. Because of the phenomenon of computational irreducibility. With the traditional mathematical idea of a time coordinate one typically imagines that this coordinate can be “set to any value”, and that then one can immediately calculate the state of the system at that time. But computational irreducibility implies that it’s not that easy. Because it says that there’s often essentially no better way to find what a system will do than by explicitly tracing through each step in its evolution.

In the pictures on the left there’s computational reducibility, and one can readily see what state will be after any number of steps t. But in the pictures on the right there’s (presumably) computational irreducibility, so that the only way to tell what will happen after t steps is effectively to run all those steps:
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And what this implies is that there’s a certain robustness to time when viewed in these computational terms. There’s no way to “jump ahead” in time; the only way to find out what will happen in the future is to go through the irreducible computational steps to get there. 

There are simple idealized systems (say with purely periodic behavior) where there’s computational reducibility, and where there isn’t any robust notion of the progress of time. But the point is that—as the Principle of Computational Equivalence implies—our universe is inevitably full of computational irreducibility which in effect defines a robust notion of the progress of time.
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