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Basic idea

® specify a property with variables

® |et the framework instantiate

e
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Example

// * is associative
Prop.forAll { (x: Int, y: Int, z: Int) =>
(X*y)*zzzx*(y*z)

}
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Example

// * is associative
Prop.forAll { (x: Int, y: Int, z: Int) =>
(X*y)*zzzx*(y*z)

}
// + 0K, passed 100 tests.
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Example

// * is associative
Prop.forAll { (x: Float, y: Float, z: Float) =>
(X*y)*zzzx*(y*z)

}
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Example

// * is associative
Prop.forAll { (x: Float, y: Float, z: Float) =>
(X*y)*zzzx*(y*z)

}

// ! Falsified after 2 passed tests.
// > ARG_0: 1.2072811E-5

// > ARG_1: 1.026218E-4

// > ARG_2: -5.731085E-20
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Common features

* automatic and custom generators
e filtering of inputs

® shrinking of counterexamples

® classification of inputs

® input and property labelling




Framework ecosystem

* Haskell ® Rust ® Clojure
> QuickCheck » QuickCheck » simple-check
> SmallCheck > proptest > test.check
> Hedgehog * Erlang

® Scala » QuickCheck ® your favourite
» ScalaCheck > trlq |qngque
> scalaprops e Python

e Java > pytest-
> Vavr quickcheck

» Hypothesis
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How do we come up with values?

RNG seed

{ value: R
Genggi}—ggggggg»rProp

i
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Generating functions

def getItemByName(string: String): Future[Int] = 7?7

® assume: this function makes an expensive database access
® bad for testing!

® can we generate a random implementation?
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How can we generate functions?

Precompute a table: impractical @
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How can we generate functions?

Precompute a table: impractical @

Make up values on the spot: side-effecting @
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How can we generate functions?

Precompute a table: impractical @
Make up values on the spot: side-effecting @

Constant functions: not good enough @
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Cogen

e function outputs must only depend on its inputs

* when generating a function, inputs are not known yet!
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Cogen

e function outputs must only depend on its inputs
* when generating a function, inputs are not known yet!

® hack: use inputs to perturb random generator
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Cogen

e function outputs must only depend on its inputs
* when generating a function, inputs are not known yet!

® hack: use inputs to perturb random generator

seed value: R
RNG Gen[R] Prop
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Cogen

e function outputs must only depend on its inputs

* when generating a function, inputs are not known yet!

® hack: use inputs to perturb random generator

value: R
RNG Gen[R]

seed

perturbed seed
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Cogen

e function outputs must only depend on its inputs
* when generating a function, inputs are not known yet!

® hack: use inputs to perturb random generator

trait Cogen[T] {
def perturb(seed: Seed, t: T): Seed
}
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Randomly generate all the
things?

Pros Cons
© likely to find input you didn't @ not reproducible
think about @ often high discard ratio
© can easily cover wide variety © existential properties are
of input difficult
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Enumerating things

trait Enumerable[T] {
def enumerate(size: Int): Stream[T]

}
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SmallCheck

Haskell implementation
® supports quantifiers: 4, 91, ¥
® supports implication

® supports quantifiers nested in implications
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What if my properties are
polymorphic?

Prop.forAll { xs: List[A] =>
XS.reverse.reverse == Xxs

}
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What if my properties are
polymorphic?

Prop.forAll { xs: List[A] => ®* how should we instantiate A?

Xs.reverse.reverse == XS

}
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What if my properties are

1c?

polymorphic:

Prop.forAll { xs: List[A] => ® how should we instantiate A?
XS.reverse.reverse == xs ® should we come up with fresh

} types?
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Existential types to the rescue!

trait Type {
type T
val name: String
val gen: Gen[T]
}
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Existential types to the rescue!

trait Type {
type T
val name: String
val gen: Gen[T]
}

We know nothing about T!
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Existential types to the rescue!

trait Type {
type T
val name: String
val gen: Gen[T]
}
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We know nothing about T!

... but we can generate values of it






Polymorphic
testing

e perfect for testing
data pipelines

® also useful for compilers
e check out Erik's talk!
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http://plastic-idolatry.com/erik/oslo2019.pdf
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Outlook

There is still innovation in this space!
* law management & checking
® integrated shrinking
* agutomatic classification of counter-examples
® agutomatic generation of properties
® proofs instead of tests
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Chef: https://unsplash.com/photos/EHK-EH1SRzQ

Sushi: https://pixabay.com/photos/sushi-set-nigiri-maki-fish-raw-716456/

Scuba diver: https://pixabay.com/photos/scuba-diver-diver-diving-underwater-569333/
Abacus: https://pixabay.com/photos/abacus-calculus-classroom-count-1866497/
Sakura: https://pixabay.com/photos/sakura-cherry-blossum-tokyo-flower-1339106/
Pipes: https://pixabay.com/illustrations/refinery-refining-pipes-valves-2059775/
Mt Fuji: https://pixabay.com/photos/japan-mt-fuji-sayama-lake-reservoir-1706942/
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