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1 Ïîñòàíîâêà çàäà÷è

Äëÿ âûïîëíåíèÿ ëàáîðàòîðíîé ðàáîòû íåîáõîäèìî áûëî ñäåëàòü ñëåäóþùåå. Ñî-
çäàòü ïðîåêò â stack. Ôóíêöèè çàïèñàòü â áèáëèîòåêó Lib.hs è îãðàíè÷èòü äîñòóï
ê âñïîìîãàòåëüíûì ôóíêöèÿì. Òåñòû çàïèñàòü â Spec.hs.

Ôóíêöèÿ 1: Íàïèøèòå ôóíêöèþ ïðîâåðêè ðàâåíñòâà ïî ìîäóëþ isCongruent
:: Int -> Int -> Int -> Bool, êîòîðàÿ ïðîâåðÿåò, ðàâíû ëè äâà ÷èñëà ïî ìîäóëþ
òðåòüåãî ÷èñëà. Èñïîëüçóÿ QuickCheck, ïðîâåðüòå ñëåäóþùèå ñâîéñòâà:

1. Åñëè äâà ÷èñëà ðàâíû ïî ìîäóëþ, òî èõ ðàçíîñòü äåëèòñÿ íà ìîäóëü:
isCongruent a b m == (modulus (a - b) m == 0).

2. Ðàâåíñòâî ïî ìîäóëþ ÿâëÿåòñÿ ñèììåòðè÷íûì: isCongruent a b m == isCongruent
b a m.

3. Åñëè îäíî ÷èñëî ðàâíî äðóãîìó, òî îíè ðàâíû ïî ëþáîìó ìîäóëþ: åñëè a ==
b, òî isCongruent a b m == True.

Ôóíêöèÿ 2: Íàïèøèòå ôóíêöèþ filterByPredicate :: (a -> Bool) -> [a]
-> [a], êîòîðàÿ ôèëüòðóåò ýëåìåíòû ñïèñêà ïî çàäàííîìó ïðåäèêàòó. Èñïîëüçóÿ
QuickCheck, ïðîâåðüòå ñëåäóþùèå ñâîéñòâà:

1. Âñå ýëåìåíòû ðåçóëüòàòà óäîâëåòâîðÿþò ïðåäèêàòó: äëÿ êàæäîãî ýëåìåíòà x
èç ðåçóëüòàòà äîëæíî âûïîëíÿòüñÿ óñëîâèå: predicate x == True.

2. Äëèíà ðåçóëüòàòà íå ïðåâûøàåò äëèíó èñõîäíîãî ñïèñêà: length (filterByPredicate
predicate xs) <= length xs.

3. Åñëè ïðåäèêàò âñåãäà âîçâðàùàåò True, òî ðåçóëüòàò ñîâïàäàåò ñ èñõîä-
íûì ñïèñêîì: åñëè predicate x == True äëÿ âñåõ x, òî filterByPredicate
predicate xs == xs.
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2 Îñîáåííîñòè ðåàëèçàöèè

2.1 Ôóíêöèÿ isCongruent

Êîä ôóíêöèè äëÿ ïðîâåðêè ÷èñëîâîé êîíãðóýíòíîñòè ïðåäñòàâëåí â ëèñòèíãå 1.
Ôóíêöèÿ isCongruent ïðèíèìàåò òðè ÷èñëà: a, b è d. Îíà âîçâðàùàåò True, åñëè
îñòàòêè îò äåëåíèÿ a è b íà d ðàâíû, è False â ïðîòèâíîì ñëó÷àå.

Ëèñòèíã 1. Ôóíêöèÿ äëÿ ïðîâåðêè ÷èñëîâîé êîíãðóýíòíîñòè.

1 isCongruent :: Int => Int => Int => Bool
2 isCongruent a b d = a `mod` d == b `mod` d

2.2 Ôóíêöèÿ �lterByPredicate

Êîä ôóíêöèè äëÿ ôèëüòðàöèè ýëåìåíòîâ ñïèñêà íà îñíîâå ïðåäèêàòà ïðåäñòàâ-
ëåí â ëèñòèíãå 2. Ôóíêöèÿ filterByPredicate ïðèíèìàåò ïðåäèêàò (predicate) è
ñïèñîê ([a]). Îíà âîçâðàùàåò íîâûé ñïèñîê, ñîäåðæàùèé òîëüêî òå ýëåìåíòû èñõîä-
íîãî ñïèñêà, äëÿ êîòîðûõ ïðåäèêàò âîçâðàùàåò True.

Ëèñòèíã 2. Ôóíêöèÿ äëÿ ôèëüòðàöèè ñïèñêà ïî ïðåäèêàòó.

1 �lterByPredicate :: (a => Bool) => [a] => [a]
2 �lterByPredicate _ [] = []
3 �lterByPredicate predicate (x:xs)
4 | predicate x = x : �lteredTail
5 | otherwise = �lteredTail
6 where
7 �lteredTail = �lterByPredicate predicate xs

2.3 Òåñòû äëÿ ôóíêöèè isCongruent

Äëÿ òåñòèðîâàíèÿ ôóíêöèè isCongruent èñïîëüçîâàëèñü ñâîéñòâà, ïðîâåðÿåìûå
ñ èñïîëüçîâàíèåì áèáëèîòåêè QuickCheck. Íèæå ïðèâåäåíû îïèñàíèÿ òåñòîâ, ïðåä-
ñòàâëåííûõ â ëèñòèíãå 3.

� propCongruentDifference: Ïðîâåðÿåò, ÷òî äâà ÷èñëà êîíãðóýíòíû ïî ìîäóëþ
m, åñëè è òîëüêî åñëè ðàçíîñòü ýòèõ ÷èñåë äåëèòñÿ íà m áåç îñòàòêà.

� propCongruentSymmetric: Ïðîâåðÿåò ñèììåòðè÷íîñòü êîíãðóýíòíîñòè, òî åñòü,
åñëè a êîíãðóýíòíî b, òî b êîíãðóýíòíî a.

� propCongruentEqualNumbers: Ïðîâåðÿåò, ÷òî ëþáîå ÷èñëî a âñåãäà êîíãðóýíò-
íî ñàìîìó ñåáå ïî ëþáîìó íåíóëåâîìó ìîäóëþ.

Ëèñòèíã 3. Òåñòû äëÿ ôóíêöèè isCongruent ñ èñïîëüçîâàíèåì QuickCheck.

1 propCongruentDi�erence :: Int => Int => Int => Property
2 propCongruentDi�erence a b m =
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3 m /= 0 ==> isCongruent a b m == ((a = b) `mod` m == 0)
4
5 propCongruentSymmetric :: Int => Int => Int => Property
6 propCongruentSymmetric a b m =
7 m /= 0 ==> isCongruent a b m == isCongruent b a m
8
9 propCongruentEqualNumbers :: Int => Int => Property
10 propCongruentEqualNumbers a m =
11 m /= 0 ==> isCongruent a a m == True

2.4 Òåñòû äëÿ ôóíêöèè �lterByPredicate

Äëÿ òåñòèðîâàíèÿ ôóíêöèè filterByPredicate èñïîëüçîâàëèñü ñâîéñòâà, ïðî-
âåðÿåìûå ñ èñïîëüçîâàíèåì áèáëèîòåêè QuickCheck. Îïèñàíèå òåñòîâ ïðèâåäåíî â
ëèñòèíãå 4.

� propFilterByPredicateSatisfiesPredicate: Ïðîâåðÿåò, ÷òî âñå ýëåìåíòû ðå-
çóëüòèðóþùåãî ñïèñêà óäîâëåòâîðÿþò ïåðåäàííîìó ïðåäèêàòó.

� propFilterByPredicateLength: Ïðîâåðÿåò, ÷òî äëèíà ðåçóëüòèðóþùåãî ñïèñ-
êà íå ïðåâûøàåò äëèíó èñõîäíîãî ñïèñêà.

� propFilterByPredicateAlwaysTrue: Ïðîâåðÿåò, ÷òî åñëè ïðåäèêàò âñåãäà âîç-
âðàùàåò True, ðåçóëüòèðóþùèé ñïèñîê ñîâïàäàåò ñ èñõîäíûì.

Ëèñòèíã 4. Òåñòû äëÿ ôóíêöèè filterByPredicate ñ èñïîëüçîâàíèåì QuickCheck.

1 propFilterByPredicateSatis�esPredicate :: Fun Int Bool => [Int] => Bool
2 propFilterByPredicateSatis�esPredicate (Fun _ predicate) xs =
3 all predicate (�lterByPredicate predicate xs)
4
5 propFilterByPredicateLength :: Fun Int Bool => [Int] => Bool
6 propFilterByPredicateLength (Fun _ predicate) xs =
7 length (�lterByPredicate predicate xs) <= length xs
8
9 propFilterByPredicateAlwaysTrue :: [Int] => Bool
10 propFilterByPredicateAlwaysTrue xs =
11 �lterByPredicate (\_ => True) xs == xs

Â ëèñòèíãå 5 ïðåäñòàâëåíà ðåàëèçàöèÿ ôóíêöèè filterByPredicate, êîòîðàÿ íå
ïðîéä¼ò íè îäèí èç ïåðå÷èñëåííûõ òåñòîâ. À â ëèñòèíãå 6 ïðåäñòàâëåíà ðåàëèçàöèÿ,
êîòîðàÿ íå ïðîéä¼ò äâà èç òð¼õ òåñòîâ, ïåðâûé è òðåòèé.

Ëèñòèíã 5. Ïðèìåð ðåàëèçàöèè ôóíêöèè �lterByPredicate, êîòîðàÿ íå ïðîéä¼ò íè
îäèí òåñò.

1 �lterByPredicate :: (a => Bool) => [a] => [a]
2 �lterByPredicate _ [] = []
3 �lterByPredicate predicate (x:xs)
4 | not $ predicate x = x : x : �lteredTail
5 | otherwise = x : x : �lteredTail
6 where
7 �lteredTail = �lterByPredicate predicate xs
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Ëèñòèíã 6. Ïðèìåð ðåàëèçàöèè ôóíêöèè �lterByPredicate, êîòîðàÿ íå ïðîéä¼ò
ïåðâûé è òðåòèé òåñòû.

1 �lterByPredicate :: (a => Bool) => [a] => [a]
2 �lterByPredicate _ [] = []
3 �lterByPredicate predicate (x:xs)
4 | not $ predicate x = x : �lteredTail
5 | otherwise = �lteredTail
6 where
7 �lteredTail = �lterByPredicate predicate xs

2.5 Çàïóñê òåñòîâ

Äëÿ âûïîëíåíèÿ âñåõ òåñòîâ â ïðîåêòå ñîçäàí ôàéë Spec.hs, â êîòîðîì îïðåäå-
ëåíà ôóíêöèÿ main. Îíà ïîñëåäîâàòåëüíî çàïóñêàåò âñå òåñòû, èñïîëüçóÿ áèáëèîòåêó
QuickCheck. Êîä ôóíêöèè main ïðèâåä¼í â ëèñòèíãå 7.

Ôóíêöèÿ quickCheck èñïîëüçóåòñÿ äëÿ àâòîìàòè÷åñêîãî òåñòèðîâàíèÿ ñâîéñòâ.
Îíà ãåíåðèðóåò ñëó÷àéíûå âõîäíûå äàííûå, ïðîâåðÿåò âûïîëíåíèå ñâîéñòâà íà êàæ-
äîì èç íèõ è ñîîáùàåò î ðåçóëüòàòàõ. Â ñëó÷àå ïðîâàëà òåñòà quickCheck ïðåäîñòàâ-
ëÿåò ïðèìåð äàííûõ, íà êîòîðûõ ñâîéñòâî íå âûïîëíÿåòñÿ.

Äëÿ ñáîðêè ïðîåêòà è âûïîëíåíèÿ âñåõ òåñòîâ äîñòàòî÷íî âûïîëíèòü êîìàíäó
stack test.

Ëèñòèíã 7. Ôóíêöèÿ main äëÿ çàïóñêà òåñòîâ.

1 main :: IO ()
2 main = do
3 quickCheck propCongruentDi�erence
4 quickCheck propCongruentSymmetric
5 quickCheck propCongruentEqualNumbers
6
7 quickCheck propFilterByPredicateSatis�esPredicate
8 quickCheck propFilterByPredicateLength
9 quickCheck propFilterByPredicateAlwaysTrue

6



3 Ðåçóëüòàòû ðàáîòû ïðîãðàììû

Ðèñ. 1. Ðåçóëüòàòû ðàáîòû ïðîãðàììû.

Ñàìà ïðîãðàììà ëèøü âûâîäèò ïðèìåðû ðàáîòû ôóíêöèé isCongruent è
filterByPredicate. Ðåçóëüòàòû å¼ çàïóñêà ïðåäñòàâëåíû íà Ðèñ. 1.

Ðèñ. 2. Ðåçóëüòàòû çàïóñêà òåñòîâ.

Ðåçóëüòàòû çàïóñêà òåñòîâ ñ ïîìîùüþ êîìàíäû stack test ïðåäñòàâëåíû íà
Ðèñ. 2.
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Çàêëþ÷åíèå

Â äàííîé ðàáîòå áûë ñîçäàí ïðîåêò ñ èñïîëüçîâàíèåì stack, âêëþ÷àþùèé ðàç-
ðàáîòêó è òåñòèðîâàíèå äâóõ ôóíêöèé: ïðîâåðêè ðàâåíñòâà ïî ìîäóëþ è ôèëüòðàöèè
ñïèñêà ïî ïðåäèêàòó. Äëÿ êàæäîé ôóíêöèè áûëè íàïèñàíû òðè òåñòà. Òåñòû çàïóñ-
êàþòñÿ íà ñãåíåðèðîâàííûõ äàííûõ ñ ïîìîùüþ QuickCheck. Îíè ïîäòâåðæäàþò êîð-
ðåêòíîñòü ðåàëèçàöèè ýòèõ ôóíêöèé. Â õîäå âûïîëíåíèÿ ëàáîðàòîðíîé ðàáîòû áûëè
ïîëó÷åíû áàçîâûå çíàíèÿ îá àâòîìàòè÷åñêîì òåñòèðîâàíèè ïðîãðàìì, íàïèñàííûõ
íà ÿçûêå Haskell.
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Ñïèñîê ëèòåðàòóðûÑïèñîê ëèòåðàòóðû

[1] Hackage � QuickCheck: Automatic testing of Haskell programs, URL: https://
hackage.haskell.org/package/QuickCheck, Äàòà îáðàùåíèÿ: 19.11.2024
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