Tulajdonsagalapu tesztelés



QuickCheck

A QuickCheck Haskell programok automatikus, tulajdonsag-
alapu tesztelésére hasznalhato.

» Programspecifikacio: program altal teljesitendd
tulajdonsagok

» Nagy szamu, a tulajdonsagok alapjan generalt tesztesetek
» A specifikacio Haskellben adhaté meg, kombinatorokkal

» Tovabbi kombinatorok: tulajdonsagok definialasa,
eredmények elemzése, tesztadatok eldallitasa

» Megvaldsitas: beagyazott szakteriletspecifikus nyelv
(embedded domain-specific language), amely viszont
tetszbleges nyelven irt program teszteléséhez
hasznalhaté!

"The coolest example of type classes that | know" — Simon
Peyton Jones ("Adventure with Types in Haskell",

https://www.youtube.com/watch?v=6COvD8oynmI)
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https://www.youtube.com/watch?v=6COvD8oynmI

A QuickCheck (Test.QuickCheck) hasznalata

flickSort :: Ord o = [a] — [&]

flickSort [] =]

flickSort (x : y : xs) = (y : X : XS)

flickSort xs = sort xs

-- prop_idempotent :: [Int] — Bool

prop_idempotent xs = flickSort (flickSort xs) = flickSort xs

Tesztelés:

-— qguickCheck :: Testable prop => prop -> IO ()
GHCi> quickCheck prop_idempotent

+++ OK, passed 100 tests.

Tovabbi tulajdonsagok:

prop_ordered xs = ordered (flickSort xs)
where ordered xs = and (zipWith (<) xs (tail xs))

prop_sortModel xs = (sort xs) = (flickSort xs)

prop_append xs ys = not (null xs) D not (null ys) D
head (flickSort (xs ++ ys)) = (minimum xs) ‘min‘ (minimum ys)

Bévebben: http://hackage.haskell.org/package/QuickCheck
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http://hackage.haskell.org/package/QuickCheck

Tesztelés tetszdleges adattipussal

data Ternary = Yes| No | Unknown
deriving (Show, Eq)

instance Arbitrary Ternary where
-- arbitrary = elements [Yes, No, Unknown]
arbitrary = do
n < choose (0, 2) :: Gen Int
return $ case n of
0 — Yes
1 — No
_ — Unknown
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Tesztelés tetszbleges adattipussal (folytatas)

data Tree « = Node o (Tree o) (Tree «) | Leaf
deriving (Show, EQ)

instance Arbitrary o = Arbitrary (Tree o) where
arbitrary = sized tree where
free0 = return Leaf
freen = do
elem < arbitrary
It <« tree(n‘div'2)
rt <« tree(n‘div'2)
return (Node elem It rt)
shrink Leaf = []
shrink (Node x I r) =
[Leaf] +
[, r] +
[Node x" I'r" | (X', (I', r")) < shrink (x, (I, r))]
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Nem Ures listak generaltatasa (példa)

newtype NonEmptyList « = NEL [«]
deriving (Eq, Ord, Show)

instance Arbitrary o« = Arbitrary (NonEmptyList o) where
arbitrary = do
XS < arbitrary ‘suchThat' (not o null)

return (NEL xs)
Kiprébalas:
GHCi> sample (arbitrary :: Gen (NonEmptyList Int))

Alternativ megoldas:

instance Arbitrary oo = Arbitrary (NonEmptyList o) where
arbitrary = sized list where
listn = do
xs < forM [0..n] (A _. arbitrary)
return (NEL xs)
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Implementacio: A Gen monad

-- StdGen, Random, randomR, split: System.Random
newtype Gena = G (StdGen — Int — «)

runGen :: Gena — StdGen — Int — «
runGen(Gf)rn = frn

instance Functor Gen where
fmapfx = G$Xrn.f(runGenxrn)

instance Applicative Gen where
purex =GS$XN__.x

f <«>x =G$Arn.(runGenfrn)(runGenxrn)

instance Monad Gen where
x>=f=GS$Arn.
let (ri, ) =splitrin
let x’ = f(runGen x r; n) in
runGenx' rn n
choose :: Randoma = (o, o) — Gena
chooserng = G$ X\ r_. fst (randomR rng r)
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Implementacio: A Gen monad (folytatas)

oneof :: [Gena] — Gena

oneof [| = error” Empty list"

oneof gs =do
i + choose (0, (lengthgs) — 1)
gs!i

elements :: [a] — Gena

elements xs = oneof (map return xs)

sized :: (Int — Gena) — Gena
sizedf = G$SArn.rrunGen(fn)rn

sample’ :: Gena — 10 [a]
sample’ m = do
rndy < newStdGen
let rnds rnd = rnd; : rnds rnd> where (rndy, rnd,) = split rnd
return[runGenmr n| (r, n) < (rnds rndy)‘zip' [0,2 ... 20]]
sample :: (Show o) = Genoa — 10()
sample g = do
samples «+ sample’ g
forM_ samples print
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Implementacid: Az Arbitrary osztaly

class Arbitrary o where
arbitrary :: Gen«
arbitrary = error"” No default generator"

shrink :: a — [o]
shrink _ = |]

instance Arbitrary () where
arbitrary = return ()

instance Arbitrary Bool where
arbitrary = choose (False, True)

shrink True = [False]
shrink False =]
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Implementacid: Az Arbitrary osztély (egészek)

instance Arbitrary Integer where
arbitrary = sized $ A n.do
let " = tointeger n
choose (—n', n')

shrink x = nub([—x|x < 0, —x > x] -+ others)

where
others = takeWhile (<< x) approx
approx = (0:[x — i|i « tail (iterate (‘quot' 2) x)])

a << b=-case(a>0,b > 0)of
(True, True) —a < b
(False, False) —a > b
(True, False) —a+ b < 0
(False, True) —a+ b > 0
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Implementacid: Az Arbitrary osztaly (parok és listak)

instance (Arbitrary «, Arbitrary 3) = Arbitrary («, 3) where
arbitrary = do
X < arbitrary
y <« arbitrary
return (x,y)

shrink (x,y) = [(X',y)| X" « shrink x ]
[ (x,y) |y « shrink y]
instance Arbitrary o = Arbitrary [a] where
arbitrary = sized $ A\ n.do

k « choose (0, n)
forM [1..k] (X _. arbitrary)

shrink || =]

shrink (x : xs) = [xs]
+H[x : xs'| xs' < shrink xs]
H [ X' : xs| x' < shrink x|
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FUggvények generalasa
A Gen bdvitése:

promote :: Monad 1 = p(Gena) — Gen(u«)
promotem = G$Arn.do

g+« m

return (runGen g r n)

variant :: Integer — Gena — Gena
variant ko g = G (A rn.runGeng (var kg r) n) where
varkr|k = k' =1
| otherwise = var k' r’
where
(n,r) = splitr
r' | evenk =n
| otherwise = r>
K' = k‘div'2
Az Arbitrary bbvitése:

class CoArbitrary « where
coarbitrary :: o« — Gen~vy — Gen~y

(><) : (Genaw — Gena) — (Gena — Gena) — (Gena — Gena)
(><)fggen = do

n < arbitrary

(9 o variant n o f)gen
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FUggvények generalasa (folytatas)

instance (CoArbitrary o, Arbitrary B) = Arbitrary (o« — ) where
arbitrary = promote (*coarbitrary* arbitrary)

instance CoArbitrary Bool where
coarbitrary False = variant 0
coarbitrary True = variant (—1)

instance CoArbitrary Integer where
coarbitrary = variant

instance (CoArbitrary o, CoArbitrary 3) = CoArbitrary («, 3) where
coarbitrary (x,y) = coarbitrary x >< coarbitrary y

instance CoArbitrary a = CoArbitrary [«] where
coarbitrary ] = variant 0
coarbitrary (x : xs) = variant (—1) o coarbitrary (x, XS)
Példaul:
GHCi> fs <- sample’ (arbitrary :: Gen (Integer -> Integer))

GHCi> map (\f -> f 0) fs
(o,0,-4,-1,7,10,10,5,6,-6,-1]
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Implementacio: A Property tipus

type Result = Maybe Bool -- Nothing: discarded
type LGen = WriterT String Gen
type Property = LGen Result

runProperty :: Property — Gen (Result, String)
runProperty = runWriterT

class Testable = where
property :: w — Property

instance Testable () where
property _ = return Nothing

instance Testable Bool where
property b = return (Just b)

instance Testable Result where
property = return
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Implementacio: A Property tipus (folytatas)

instance (Testable ) = Testable (LGen ) where
property p = do
X« p
property x
instance (Arbitrary o, Show «, Testable ) = Testable (o« — =) where
property f = do
X <« lift arbitrary
tell (show x)
property (f x)
infixr0 D
(D) :: (Testablew) = Bool — m — Property
False D _ = property ()
True D p = property p
toGen :: (Testablew) = m — Gen (Result, String)
toGen = runProperty o property
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Implementacio: A meghajtd (driver)

check :: (Testabler) = © — 10 ()
check p = do
rnd < newStdGen
let (maxRun, maxDiscarded) = (100, 100)
(n, d) « test (maxRun, maxDiscarded, 0, rnd) (runGen (toGen p))
let (run, discarded) = (100 — n, 100 — d)
putStrLn (show run +" tests run, " ++ show discarded H" discarded.”)

test :: (Int, Int, Int, StdGen)
— (StdGen — Int — (Result, String)) — 10 (Int, Int)
test (0, d, _, _)_ = return (0, d)
test(n, 0, _, _) _ = return (n, 0)
test (n, d, s, seed) f =do
let (rndy, rnd,) = split seed
let (p, t) =frnd; s
case p of
Nothing —test(n,d — 1, s + 1, rndb) f
Just True — test(n — 1, d, s + 1, rnab) f

Just False — do
putStrLn (" Failed : " +t)

return (n, d)
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