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Monad Laws

return v >>= �x. k x = k v

m >>= �x. return x = m

m >>= (�x. k x >>= (�y. h y)) = (m >>= (�x. k x)) >>= (�y. h y)
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Monads

(1) return v >>= �x. k x = k v

(2) m >>= �x. return x = m

(3) m >>= (�x. k x >>= (�y. h y)) = (m >>= (�x. k x)) >>= (�y. h y)

• Eugenio Moggi, Computational Lambda Calculus and Monads, Logic in

Computer Science, 1989.

• Philip Wadler, Comprehending Monads, International Conference on

Functional Programming, 1990.

• Philip Wadler, The Essence of Functional Programming, Principles of

Programming Languages, 1992.



Arrows

(1) arr id >>> f = f

(2) f >>> arr id = f

(3) (f >>> g) >>> h = f >>> (g >>> h)

(4) arr (g · f) = arr f >>> arr g

(5) first (arr f) = arr (f ⇥ id)

(6) first (f >>> g) = first f >>> first g

(7) first f >>> arr (id⇥ g) = arr (id⇥ g) >>> first f

(8) first f >>> arr fst = arr fst >>> f

(9) first (first f) >>> arr assoc = arr assoc >>> first f

• John Hughes, Generalising Monads to Arrows, Science of Computer

Programming, 2000.



Idioms (Applicative Functors)

(1) u = pure id⌦ u

(2) pure f ⌦ pure p = pure (f p)

(3) u⌦ (v ⌦ w) = pure (·)⌦ u⌦ v ⌦ w

(4) u⌦ pure x = pure (�f. f x)⌦ u

• Conor McBride and Ross Patterson, Applicative Programming with Effects,
Journal of Functional Programming, 2008.




