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Overview

Does the Powerset monad distribute over the Delay monad?

We will:
® Try the obvious parallel computation
e See that it fails - Rasmus Magelberg and Andrea Vezzosi
® Discover why it fails not because of idempotence!

L PrOVe that it is impOSSib|e ...because of idempotence.

Conclusion
o]
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For recursion / computation steps

Coinductive version:

<D7 "D, /J'D>

D(X) = X + D(X)
np(x) = now x = inlx
step x = inrx

up(d) = ‘adding steps'

1 (step now(step step now x)) = step step step now x
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Monad Composition - Distributive Laws

To make a monad DP, need
distributive law A : PD — DP.

Set of computations:
{?,52,2,7}
Computation of a set, via parallel computation:
{2,5,3,8,6}

Total time: max of computation times
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Parallel Computation

More precise:

Anow x, now y} = now{x, y}
A{step d, now y} = step(A\{d, now y})
Mstep d,stepd’} = step(\{d, d'})

so:
{step step now x, now y, step now z} — step step now{x, y, z}

Not a distributive law!
Why? NOT idempotence!
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Parallel Computation

So what went wrong?
Nothing specific to Powerset!
Only ingredient: “structure with two elements”.

Theorem

Parallel computation is never a distributive law for MD — DM if M is
presented by a theory with a binary term.
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No Hope in General?

Theorem

There is no causal distributive law MD — DM, if M is presented by a
theory with an idempotent and commutative term.

MD* - D*M = MD —- DM
MD — DM = MD" — D*M

Example in the paper.
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Conclusion

We saw:
® Parallel computation fails to give a distributive law.
® Distributive law PD — DP impossible.
® |dempotence destroys causality.
More in the paper!
¢ Sequential computation:

® Fails because of idempotence.
® Works for balanced equations.

e Dist laws for Exceptions, Reader, State, Selection.

A bit of hope:
Parallel computation does give a distributive law up to weak bisimilarity.
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