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Testovani dle konkrétnich hodnot

testujeme jednotlivé soulasti samostatné (unit testing)
porovnavame vysledky na modelovych datech

modelova data i vysledky na nich si musime vytvorit ru¢né

+ testuji presné ty pripady, které chceme

+ jednoduché na ptipravu

+ stadi zakladni znalost jazyka

— Casové narocCné na pripravu

— pokryvaji jen ty moznosti, na které si vzpomeneme

— testuji jenom konkrétni pripady, ne vSseobecné chovani
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Testovani dle konkrétnich hodnot

Naptiklad balik HUnit:
import Test.HUnit

runTests :: I0 Counts
runTestTT $ TestList [testSetl, testSet2]

runTests

testSetl :: Test
testSetl TestLabel "Factorials" $
TestList [ fact 4 ~7= 24, fact 0 ~7= 1 ]

testSet2 :: Test
testSet2 = TestLabel "Numerical functions" $
TestList [ even 4 ~7 "4 even?", odd 4 ~7 "4 odd?" ]
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Testovani dle specifikace

Chtéli bychom testovat specifikaci, ne konkrétni pfipady!
Chtéli bychom, aby se testy generovaly automaticky!
Chtéli bychom pékné (pokud mozno minimalni) protip¥iklady!

= Dodejme specifikaci pomoci invariant.

Délejme testy na platnost invariantl v konkrétnich ptipadech.
= Ptipady generujme ndhodné.

Nejsou nékteré hodnoty zajimavéjsi pro testy nez jiné?

Jak vybirat ndhodné v nekonecnych doménach?

= Po nalezeni protiptikladu se ho pokusme zmensit.
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Hledani invarianta

Za invariant povazujeme néjakou vlastnost (property), ktera je
univerzalné platna. V Haskellu ji mizeme zapsat treba jako

predikat.

Co je invariantem v nasledujicich situacich?
max :: Int -> Int -> Int
take :: Int -> [a] -> [a]
drop :: Int -> [a] -> [al

insertSort :: Ord a => [a] -> [a]
insert :: Ord a => a -> [a] -> [a]

filter :: (a -> Bool) -> [a] -> [a]
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QuickCheck

The programmer provides a specification of the program, in the
form of properties which functions should satisfy, and QuickCheck
then tests that the properties hold in a large number of randomly
generated cases.

balik QuickCheck
(https://hackage.haskell.org/package/QuickCheck)

moduly Test.QuickCheck. *
typicky staéi importovat Test.QuickCheck
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https://hackage.haskell.org/package/QuickCheck

QuickCheck - uzite¢né funkce

Funkce pro samotné testovani:
quickCheck :: Testable prop => prop -> I0 ()
verboseCheck :: Testable prop => prop -> I0 (O

quickCheckWith :: Testable prop =>
Args -> prop -> I0 O
stdArgs :: Args
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Priklad

prop_basicl :: Int -> [a] -> Bool
prop_basicl n xs = length (take n xs) == n

prop_basic2 :: Int -> [a] -> Bool
prop_basic2 n xs = length (take n xs) <= n

prop_basic3 :: NonNegative Int -> [a] -> Bool
prop_basic3 (NonNegative n) xs =
length (take n xs) <= n
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Generatory nahodnych prvki

Gen a predstavuje generator ndhodnych hodnot typu a

generator je vlastné funkce nahodného generatoru

(v konkrétnim stavu) a parametru velikosti, kterd vraci prvek
pozadovaného typu

existuje standardni instance Monad Gen

sample :: Show a => Gen a -> I0 ()
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Typova trida Arbitrary

class Arbitrary a where
arbitrary :: Gen a
shrink :: a -> [a]

typy, pro které je mozno vygenerovat ,,ndhodny prvek”

arbitrary je ndhodny generdtor pro dany typ

shrink se pouZziva pfi zmensovani protipfikladi

vysledny seznam nesmi obsahovat zadany prvek

-- default shrink implementation
shrink _ = []
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Priklad

data Pack = EmptyPack -- empty pack
| Tomatoes Double -- tomato weight in kg
| Cucumbers Int -— number of cucumbers

deriving (Eq, Show)
packGenl :: Gen Pack
packGenl = oneof [ pure EmptyPack
, fmap Tomatoes arbitrary
, fmap Cucumbers arbitrary ]
instance Arbitrary Pack where
arbitrary = packGenl
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Priklad

checkout :: [Pack] -> Double
checkout = sum . map price
where price EmptyPack = 0
price (Tomatoes weight) = weight * 33.50

price (Cucumbers count)
fromIntegral count * 19.90

prop_packl :: [Pack] -> Bool
prop_packl pack = checkout pack >= 0
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Priklad

prop_pack2 :: [Pack] -> Property
prop_pack2 pack =
all nonNegative pack ==> checkout pack >= 0
where nonNegative (Tomatoes w) = w >= 0
nonNegative (Cucumbers n) = n >= 0
nonNegative _ = True

packGen2 :: Gen Pack
packGen2 = oneof
[ pure EmptyPack
, fmap Tomatoes (arbitrary ~suchThat™ (>=0))
, fmap Cucumbers (arbitrary ~suchThat™ (>=0)) ]
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Priklad
data BinTree = Empty | Node Int BinTree BinTree
deriving (Eq, Ord, Show)

instance Arbitrary BinTree where
arbitrary = treeGenl
shrink = treeShrink

treeGenl :: Gen BinTree

treeGenl = oneof [ pure Empty,
1iftM3 Node arbitrary treeGenl treeGenl ]

treeShrink :: BinTree -> [BinTree]

treeShrink Empty = []

treeShrink (Node v 1 r) = [1, r]
++ [ Node v' 1 r | v' <- shrink v ]
++ [ Node v 1' r | 1' <- shrink 1 ]
++ [ Node v 1 r' | r' <- shrink r ]
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Priklad

-- Create inorder list of wvalues.

treeToList :: BinTree -> [Int]

-- Calculate sum of all nodes in tree.

treeSum :: BinTree -> Int
prop_treel :: BinTree -> Bool
prop_treel t = treeSum t == sum (treeTolList t)
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Priklad

prop_tree2 :: BinTree -> Property
prop_tree2 t = classify (treeSize t == 0) "trivial" §
— prop_treel t

prop_tree3 :: BinTree -> Property
prop_tree3 t = classify (treeSize t == 1) "easy" $
— prop_tree2 t

prop_treed4 :: BinTree -> Property
prop_tree4 t = collect (treeSize t) $ prop_tree3 t
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Priklad

-— Calculate size of tree.
treeSize :: BinTree -> Int

treeGen3d :: Gen BinTree
treeGen3 = sized treeGen where
treeGen 0 = pure Empty
treeGen n = frequency
[ (1, pure Empty)
, (4, 1iftM3 Node arbitrary subtree subtree) ]
where subtree = treeGen (n “div™ 2)
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QuickCheck — uzite¢né funkce

(==>) :: Testable prop =>
Bool -> prop -> Property
(===) :: (Eq a, Show a) => a -> a -> Property
forAll :: (Show a, Testable prop) =>
Gen a -> (a -> prop) -> Property
classify :: Testable prop =>
Bool -> String -> prop ->
— Property

collect :: (Show a, Testable prop) =>
a -> prop —> Property
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Generatory nahodnych prvki - uzite¢né funkce

Tvorba novych generator(:
choose :: Random a => (a, a) -> Gen a

elements :: [a] -> Gen a

Vybrané funkce pracujici s generatory:
listOf :: Gen a -> Gen [a]
vectorOf :: Int -> Gen a -> Gen [a]
oneof :: [Gen a] -> Gen a
frequency :: [(Int, Gen a)] -> Gen a
sized :: (Int -> Gen a) -> Gen a

suchThat :: Gen a -> (a -> Bool) -> Gen a
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Hromadné testovani

Moznost nechat QuickCheck najit vSechny testy:

return []

runTests :: IO Bool
runTests = $quickCheckAll

prvni Fadek zapina rozsiteni TemplateHaskell (musi byt pred
hlavickou modulu)

$quickCheckAll je funkce, kterd za kompilace vlozi kéd pro
spusténi vSech testli pojmenovanych prop_x*

return [] zplsobi, Ze $quickCheckAll mize najit testy
(které jsou pred timto Fadkem)
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Testovani funkci

class CoArbitrary a where
coarbitrary :: a -> Gen b -> Gen b

typy, které mizou byt argumenty ,ndhodnych funkci*

—-— Property to test <f 'foldr' and 'foldl' calculates
— the same things.
prop_fold :: Fun (Int, Int) Int -> Int -> [Int]

-> Property
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Testovani funkci

prop_fold :: Fun (Int, Int) Int -> Int -> [Int]
-> Property
prop_fold f z xs = foldr (applyFun2 f) z xs
=== foldl (applyFun2 f) z xs

> quickCheck prop_fold
*x* Failed! Falsifiable (after 3 tests and 16 shrinks):
{(0,2)->0, _->1}
2
0]
0 /=1
Fun a b je generovatelna funkce z a do b
je mozné ji zobrazit (po pfipadech/vzorech), provadét shrink

vice viz Test.QuickCheck.Function
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Rekapitulace — QuickCheck

Testujeme program vici specifikaci, ne konkrétnim pripadim.
Testy mizou najit i pripady, které by nas nenapadly.
Konkrétni pfipady pro testy jsou generovany automaticky.
Donuti nas dikladnéji se zamyslet nad specifikaci.

++++

Vsechno stoji a pada na dobré volbé invarianti.

— Potfebujeme vhodny generdtor ndhodnych prvkd.

— Presna specifikace je Casto pFilis slozita.

— Jestlize nespecifikujeme invarianty presné a implementujeme
Spatny generator, mizeme dostat falesny pocit bezpedil

— Nemusi vzdy nalézt neobvyklé chyby, chyby na okrajovych

pripadech — mize davat rizné odpovédi!
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Rekapitulace — QuickCheck

QuickCheck je silny nastroj, musime vsak:
rozumét, co déla,

a predevsSim rozumét, co nedél3!
. a pak mizeme vybudovat tfeba hsExprTest

obdoba QuickCheck existuje i v mnoha jinych
(i imperativnich) programovacich jazycich
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https://github.com/vlstill/hsExprTest

