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1 Ïîñòàíîâêà çàäà÷è

Â ðàìêàõ êóðñîâîé ðàáîòû íåîáõîäèìî ðåàëèçîâàòü äâà ñèíòàêñè÷åñêèõ àíàëè-
çàòîðà, ðåøàþùèõ ñëåäóþùèå çàäà÷è:

1. Ðàçðàáîòêà ñèíòàêñè÷åñêîãî àíàëèçàòîðà äëÿ îáðàáîòêè ñòðîê èç òåêñòîâîãî
ôàéëà. Òðåáóåòñÿ:

� ×èòàòü ñòðîêè, ñîäåðæàùèå çíà÷åíèÿ è áèíàðíûå îïåðàöèè, èç òåêñòî-
âîãî ôàéëà (.txt), íàçâàíèå êîòîðîãî ââîäèò ïîëüçîâàòåëü.

� Ðàçáèðàòü çíà÷åíèÿ, ïðåäñòàâëåííûå öåëûìè ÷èñëàìè â äåñÿòè÷íîé ñè-
ñòåìå ñ÷èñëåíèÿ.

� Îáðàáàòûâàòü áèíàðíûå îïåðàöèè: ñëîæåíèå, âû÷èòàíèå, óìíîæåíèå,
äåëåíèå.

� Âû÷èñëÿòü ðåçóëüòàò âûðàæåíèÿ è âûâîäèòü åãî íà ýêðàí.

2. Ðàçðàáîòêà ñèíòàêñè÷åñêîãî àíàëèçàòîðà òåêñòà è ãåíåðàòîðà ïðîäîëæåíèÿ
òåêñòà. Çàäà÷è:

(a) Ñ÷èòàòü òåêñò èç ôàéëà, íàçâàíèå êîòîðîãî ââîäèò ïîëüçîâàòåëü, è âû-
ïîëíèòü åãî ñèíòàêñè÷åñêèé àíàëèç:

� Ðàçáèòü òåêñò íà ïðåäëîæåíèÿ, èñïîëüçóÿ ñëåäóþùèå ïðàâèëà:
ñëîâà ñîñòîÿò òîëüêî èç áóêâ; ïðåäëîæåíèÿ ñîñòîÿò èç ñëîâ è ðàç-
äåëÿþòñÿ ñèìâîëàìè: . ! ? ; : ( ).

� Óäàëèòü èç òåêñòà âñå ñèìâîëû ïóíêòóàöèè è öèôðû.

(b) Ïîñòðîèòü ìîäåëü N-ãðàìì:

� Èñïîëüçîâàòü áèãðàììû è òðèãðàììû.

� Ñîñòàâèòü ñëîâàðü, ãäå êëþ÷àìè ÿâëÿþòñÿ îäíî ñëîâî èëè ïàðà
ñëîâ, à çíà÷åíèÿìè � ñïèñêè âñåõ óíèêàëüíûõ âîçìîæíûõ ïðî-
äîëæåíèé.

� Ñîõðàíèòü ñëîâàðü â òåêñòîâûé ôàéë (.txt).

(c) Ðåàëèçîâàòü ïîëüçîâàòåëüñêîå âçàèìîäåéñòâèå:

� Ïðè ââîäå îäíîãî èëè ïàðû ñëîâ âîçâðàùàòü ñëó÷àéíóþ ñòðîêó
äëèíîé îò 2 äî 15 ñëîâ, îñíîâàííóþ íà ñîçäàííîì ñëîâàðå.

� Åñëè ââåäåííîå ñëîâî îòñóòñòâóåò â êëþ÷àõ ñëîâàðÿ, âûâîäèòü
ñîîáùåíèå îá ýòîì.

(d) Îðãàíèçîâàòü äèàëîã ìåæäó äâóìÿ ìîäåëÿìè N-ãðàìì, ñîçäàííûìè íà
îñíîâå äâóõ ðàçëè÷íûõ òåêñòîâ:

� Ïîëüçîâàòåëü çàäàåò íà÷àëüíîå ñëîâî èëè ïàðó ñëîâ è êîëè÷åñòâî
ñîîáùåíèé (ãëóáèíó äèàëîãà).

� Îòâåò êàæäîé ìîäåëè îñíîâûâàåòñÿ íà ïîñëåäíåì ñëîâå (èëè
ïðåäïîñëåäíåì, åñëè ïîñëåäíåå îòñóòñòâóåò â ñëîâàðå) èç ïðåäû-
äóùåãî ñîîáùåíèÿ îïïîíåíòà.

Â êà÷åñòâå òåêñòîâ äëÿ ïîñòðîåíèÿ ìîäåëåé èñïîëüçîâàòü ïðîèçâåäåíèÿ Àíòî-
íà Ïàâëîâè÷à ×åõîâà.
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2 Îñîáåííîñòè ðåàëèçàöèè

Ñîãëàñíî çàäàíèþ äëÿ êàæäîé ÷àñòè ðàáîòû áûë ñîçäàí îòäåëüíûé ïðîåêò
stack. Òàêæå âñå ìîíàäè÷åñêèå âû÷èñëåíèÿ áûëè çàïèñàíû áåç èñïîëüçîâàíèÿ do-
íîòàöèè, à ëèøü ñ ïîìîùüþ îïåðàòîðîâ > >= è > >. Âñå ÷èñòûå ôóíêöèè áûëè çàïè-
ñàíû â áèáëèîòåêó Lib.hs, à äîñòóï ê âñïîìîãàòåëüíûì ôóíêöèÿì áûë îãðàíè÷åí.

2.1 ×àñòü 1: Ñèíòàêñè÷åñêèé àíàëèç àðèôìåòè÷å-

ñêèõ âûðàæåíèé

2.1.1 Òèï Parser

Òèï Parser îáåñïå÷èâàåò ðàçáîð âõîäíîé ñòðîêè ïî çàäàííûì ïðàâèëàì. Îí
ïðèíèìàåò íà âõîä ñïèñîê òîêåíîâ (íàïðèìåð, ñèìâîëîâ) è ïûòàåòñÿ ðàçîáðàòü èõ
â ñîîòâåòñòâèè ñ îïèñàííûìè ïðàâèëàìè, âîçâðàùàÿ ëèáî ðåçóëüòàò ñ îñòàâøåéñÿ
÷àñòüþ ñòðîêè, ëèáî Nothing, åñëè ðàçáîð íå óäàëñÿ.

Êîä òèïà Parser ïðåäñòàâëåí â ëèñòèíãå 1.

� Âõîä: ñïèñîê òîêåíîâ.

� Âûõîä: ðåçóëüòàò ðàçáîðà â âèäå Maybe ([tok], a).

Äëÿ òèïà Parser îïðåäåëåíû ïðåäñòàâèòåëè êëàññîâ òèïîâ äëÿ Functor,
Applicative è Alternative. Ïðåäñòàâèòåëü Functor ïîçâîëÿåò ïðèìåíÿòü ôóíêöèþ
ê ðåçóëüòàòó ðàçáîðà ïàðñåðà. Ïðåäñòàâèòåëè Applicative è Alternative ïîçâîëÿþò
ïîñëåäîâàòåëüíî êîìáèíèðîâàòü ðàçíûå ïàðñåðû è ôóíêöèè è ñîñòàâëÿòü ñëîæíûå
ïàðñåðû èç ïðîñòûõ.

Ëèñòèíã 1. Îïðåäåëåíèå òèïà Parser è åãî ïðåäñòàâèòåëåé äëÿ êëàññîâ òèïîâ
Functor, Applicative è Alternative.

1 newtype Parser tok a =
2 Parser { runParser :: [tok] => Maybe ([tok], a)}
3
4 instance Functor (Parser tok) where
5 fmap g (Parser p) = Parser $ \xs =>
6 case p xs of
7 Nothing => Nothing
8 Just (cs, c) => Just (cs, g c)
9
10 instance Applicative (Parser tok) where
11 pure x = Parser $ \toks => Just (toks, x)
12 Parser u <*> Parser v = Parser $ \xs =>
13 case u xs of
14 Nothing => Nothing
15 Just (xs', g) =>
16 case v xs' of
17 Nothing => Nothing
18 Just (xs'', x) => Just (xs'', g x)
19
20 instance Alternative (Parser tok) where
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21 empty = Parser $ \_ => Nothing
22 Parser u <|> Parser v = Parser $ \xs =>
23 case u xs of
24 Nothing => v xs
25 z => z

2.1.2 Ðàáîòà ñ àðèôìåòè÷åñêèìè îïåðàöèÿìè

Â ëèñòèíãå 2 ïðåäñòàâëåí êîä îïðåäåëåíèÿ êëàññà Operation, à òàêæå íåñêîëü-
êèõ âñïîìîãàòåëüíûõ ôóíêöèé äëÿ ðàáîòû ñ íèì. Òèï èñïîëüçóåòñÿ äëÿ õðàíåíèÿ
îäíîé èç ÷åòûð¼õ àðèôìåòè÷åñêèõ îïåðàöèé: ñëîæåíèå, âû÷èòàíèå, óìíîæåíèå è äå-
ëåíèå. Ôóíêöèÿ operationToString ïðèíèìàåò çíà÷åíèå òèïà Operation è âîçâðà-
ùàåò åãî ñòðîêîâîå ïðåäñòàâëåíèå. Ôóíêöèÿ operationToOperator òàêæå ïðèíèìàåò
çíà÷åíèå òèïà Operation, à âîçâðàùàåò ôóíêöèþ, ñîîòâåòñòâóþùóþ àðèôìåòè÷å-
ñêîé îïåðàöèè.

Ëèñòèíã 2. Îïðåäåëåíèå òèïà Operation è ôóíêöèé äëÿ ðàáîòû ñ íèì.

1 data Operation = Add | Sub | Mul | Div deriving Show
2
3 operationToString :: Operation => String
4 operationToString op = case op of
5 Add => "+"
6 Sub => "="
7 Mul => "*"
8 Div => "/"
9
10 operationToOperator :: Operation => (Int => Int => Int)
11 operationToOperator op = case op of
12 Add => (+)
13 Sub => (=)
14 Mul => (*)
15 Div => div

2.1.3 Áàçîâûå ïàðñåðû

Â ýòîì ðàçäåëå ðàññìàòðèâàþòñÿ îñíîâíûå ïàðñåðû, èñïîëüçóåìûå äëÿ ðàçáîðà
àðèôìåòè÷åñêèõ âûðàæåíèé. Ýòè ïàðñåðû ÿâëÿþòñÿ ñòðîèòåëüíûìè áëîêàìè äëÿ
áîëåå ñëîæíûõ âûðàæåíèé. Èõ êîä ïðåäñòàâëåí â ëèñòèíãå 3.

� satisfy � ïàðñèò ñèìâîë, óäîâëåòâîðÿþùèé ïðåäèêàòó, è âîçâðàùàåò åãî.

� char � ïàðñèò îäèí çàäàííûé ñèìâîë è âîçâðàùàåò åãî.

� digit � ïàðñèò îäíó öèôðó è âîçâðàùàåò â âèäå ñèìâîëà.

� skipSpaces� ïàðñèò âñå ïðîáåëû ïîêà íå âñòðåòèòü ñèìâîë, êîòîðûé ïðîáåëîì
íå ÿâëÿåòñÿ.

� number � ïàðñèò öåëîå ÷èñëî (ïîñëåäîâàòåëüíîñòü öèôð) è âîçâðàùàåò â âè-
äå Int.
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� operation � ïàðñèò àðèôìåòè÷åñêóþ îïåðàöèþ (+, -, *, /) è âîçâðàùàåò êàê
çíà÷åíèå òèïà Operation.

Ëèñòèíã 3. Áàçîâûå ïàðñåðû

1 satisfy :: (tok => Bool) => Parser tok tok
2 satisfy pr = Parser $ \case
3 (c:cs) | pr c => Just (cs, c)
4 _ => Nothing
5
6 char :: Char => Parser Char Char
7 char c = satisfy (== c)
8
9 digit :: Parser Char Char
10 digit = satisfy isDigit
11
12 skipSpaces :: Parser Char String
13 skipSpaces = many (char ' ')
14
15 number :: Parser Char Int
16 number = skipSpaces *> (strToInt <$> some digit)
17 where
18 strToInt = foldl (\acc x => acc * 10 + digitToInt x) 0
19
20 operation :: Parser Char Operation
21 operation = skipSpaces *> (
22 char '+' *> pure Add <|>
23 char '=' *> pure Sub <|>
24 char '*' *> pure Mul <|>
25 char '/' *> pure Div
26 )

2.1.4 Ïàðñåð expression

Ïàðñåð expression, êîä êîòîðîãî ïðåäñòàâëåí â ëèñòèíãå 4, ïàðñèò âûðàæåíèå
âèäà <÷èñëî> <îïåðàöèÿ> <÷èñëî>. Â ñëó÷àå óñïåõà âîçâðàùàåò êîðòåæ âèäà: (Int
� ëåâûé îïåðàíä, Operation � îïåðàöèÿ, Int � ïðàâûé îïåðàíä). ßâëÿåòñÿ êîì-
áèíàöåé ïàðñåðîâ number è operation. Íå ÷óâñòâèòåëåí ê ïðîáåëàì äî âûðàæåíèÿ
è âíóòðè íåãî, ìåæäó îïåðàíäàìè è îïåðàòîðîì. Ïîãëîùàåò òàêæå ïðîáåëû ïîñëå
âûðàæåíèÿ ñ ïîìîùüþ ïàðñåðà skipSpaces.

Ëèñòèíã 4. Êîä ôóíêöèè expression

1 expression :: Parser Char (Int, Operation, Int)
2 expression = (,,) <$> number <*> operation <*> number <* skipSpaces

2.1.5 Ôóíêöèÿ processExpression

Êîä ôóíêöèè processExpression ïðåäñòàâëåí â ëèñòèíãå 5. Ôóíêöèÿ ïðèíèìà-
åò ñòðîêó, ïàðñèò å¼ êàê âûðàæåíèå, âû÷èñëÿåò ðåçóëüòàò è âîçâðàùàåò ñòðîêó ñ
îòâåòîì. Ïðè îøèáêå ïàðñèíãà ãåíåðèðóåò îøèáêó.
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Âõîä: String � ñòðîêà ñ âûðàæåíèåì. Âûõîä: String � ðåçóëüòàò âû÷èñëåíèÿ
â ôîðìàòå a op b = result.

Âñïîìîãàòåëüíàÿ ôóíêöèÿ calculateExpression èñïîëüçóåòñÿ äëÿ âû÷èñëåíèÿ
ðåçóëüòàòà. Íà âõîä îíà ïîëó÷àåò îïåðàíäû è îïåðàöèþ, à âîçâðàùàåò âû÷èñëåííîå
çíà÷åíèå. Å¼ êîä òàêæå ïðåäñòàâëåí â ëèñòèíãå 5.

Ëèñòèíã 5. Êîä ôóíêöèè processExpression

1 processExpression :: String => String
2 processExpression s = case runParser expression s of
3 Nothing => error $ "Íå óäàëîñü ïðî÷èòàòü âûðàæåíèå: \"" ++ s ++ "\""
4 Just (cs, (a, op, b)) => case cs of
5 [] => show a ++ " " ++ operationToString op ++ " " ++
6 show b ++ " = " ++ show (calculateExpression (a, op, b)) ++ "\n"
7 _ => error $ "Íå óäàëîñü ïðî÷èòàòü âûðàæåíèå: \"" ++ s ++ "\""
8
9
10 calculateExpression :: (Int, Operation, Int) => Int
11 calculateExpression (a, op, b) = (operationToOperator op) a b

2.1.6 Ôóíêöèÿ main

Êîä ôóíêöèè main ïðåäñòàâëåí â ëèñòèíãå 6. Ôóíêöèÿ main ñ÷èòûâàåò èìÿ ôàé-
ëà ó ïîëüçîâàòåëÿ, ÷èòàåò ôàéë, ïîñòðî÷íî îáðàáàòûâàåò êàæäîå âûðàæåíèå ñ ïî-
ìîùüþ processExpression è âûâîäèò ðåçóëüòàò.

Ëèñòèíã 6. Êîä ôóíêöèè main

1 main :: IO ()
2 main =
3 putStrLn "Ââåäèòå èìÿ ôàéëà:" >>
4 getLine >>= \�leName =>
5 readFile �leName >>= \content =>
6 let expressions = lines content in
7 putStrLn $ concatMap processExpression expressions
8

2.2 ×àñòü 2: Ñèíòàêñè÷åñêèé àíàëèç òåêñòà è ãåíå-

ðàöèÿ ôðàç

2.2.1 Ôóíêöèÿ splitText

Íà ïåðâîì ýòàïå íåîáõîäèìî ðàçäåëèòü òåêñò íà ïðåäëîæåíèÿ è ñëîâà. Ïðåäëî-
æåíèÿ îïðåäåëÿþòñÿ ñ ïîìîùüþ ðàçäåëèòåëåé .!?;:(). Â ñëîâàõ óäàëÿþòñÿ íåáóê-
âåííûå ñèìâîëû è öèôðû. Êîä ôóíêöèè splitText, îòâåòñòâåííîé çà ðàçáèåíèå òåê-
ñòà è î÷èñòêó ñëîâ, ïðåäñòàâëåí â ëèñòèíãå 7. Ôóíêöèÿ ïðèíèìàåò íà âõîä ñòðîêó �
èñõîäíûé òåêñò, à âîçâðàùàåò ñïèñîê ïðåäëîæåíèé, ãäå êàæäîå ïðåäëîæåíèå ïðåä-
ñòàâëåíî â âèäå ñïèñêà ñëîâ.

Ëèñòèíã 7. Ôóíêöèÿ splitText äëÿ ðàçáîðà òåêñòà íà ïðåäëîæåíèÿ è ñëîâà
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1 splitText :: String => [[String]]
2 splitText text = �lter (not . null) $ map (processSentence . words) (splitSentences text)
3 where
4 splitSentences :: String => [String]
5 splitSentences [] = []
6 splitSentences s =
7 let (sentence, rest) = break isSeparator s
8 rest' = dropWhile isSeparator rest
9 in if null sentence
10 then splitSentences rest'
11 else sentence : splitSentences rest'
12
13 isSeparator :: Char => Bool
14 isSeparator c = c `elem` ".!?;:()"
15
16 processSentence :: [String] => [String]
17 processSentence = �lter (not . null) . map cleanWord
18
19 cleanWord :: String => String
20 cleanWord = map toLower . �lter isLetter

2.2.2 Ôóíêöèÿ buildDictionary

Íà îñíîâå ïîëó÷åííûõ ïðåäëîæåíèé ñòðîèòñÿ ñëîâàðü, ãäå êëþ÷àìè ÿâëÿþòñÿ
ëèáî îòäåëüíûå ñëîâà, ëèáî ïàðû ñëîâ, à çíà÷åíèÿìè � ñïèñêè âîçìîæíûõ ïðî-
äîëæåíèé (ñëåäóþùåå ñëîâî èëè ïàðà ñëîâ äëÿ òðèãðàìì). Äëÿ ýòîãî èñïîëüçóþò-
ñÿ áèãðàììû è òðèãðàììû. Êîä ôóíêöèè buildDictionary, ôîðìèðóþùåé ñëîâàðü
ïðåäñòàâëåí â ëèñòèíãå 8.

Ëèñòèíã 8. Ôóíêöèÿ buildDictionary äëÿ ôîðìèðîâàíèÿ ñëîâàðÿ N-ãðàìì

1 buildDictionary :: [[String]] => Map String [String]
2 buildDictionary sentences =
3 let bigrams = [ (w1, w2) | s <= sentences, (w1:w2:_) <= tails s ]
4 trigrams = [ (w1, w2, w3) | s <= sentences, (w1:w2:w3:_) <= tails s ]
5 singleKeys = foldr (\(w1, w2) acc => Map.insertWith (++) w1 [w2] acc) Map.empty bigrams
6 singleKeys' = foldr (\(w1, w2, w3) acc => Map.insertWith (++) w1 [w2 ++ " " ++ w3] acc)

singleKeys trigrams
7 doubleKeys = foldr (\(w1, w2, w3) acc => Map.insertWith (++) (w1 ++ " " ++ w2) [w3] acc)

Map.empty trigrams
8 combined = Map.unionWith (++) singleKeys' doubleKeys
9 in Map.map nub combined

2.2.3 Ôóíêöèÿ saveDictionary

Ôóíêöèÿ saveDictionary, êîä êîòîðîé ïðåäñòàâëåí â ëèñòèíãå 9, ñîõðàíÿåò ñëî-
âàðü ñ N-ãðàììàìè â òåêñòîâûé ôàéë. Îíà ïðèíèìàåò íà âõîä ïóòü äî ôàéëà è ñàì
ñëîâàðü, ÿâíî íè÷åãî íå âîçâðàùàåò, íî ïåðåçàïèñûâàåò ñîäåðæèìîå ôàéëà. Äëÿ ïî-
ëó÷åíèÿ òåêñòîâîãî ïðåäñòàâëåíèÿ ñïèñêîâ âìåñòî ñòàíäàðòíîé ôóíêöèè show, èñ-
ïîëüçóåòñÿ ushow èç áèáëèîòåêè unescaping-print [1]. ushow îòîáðàæàåò êèðèëëèöó
íàïðÿìóþ, áåç ýêðàíèðîâàíèÿ, â îòëè÷èè îò ñòàíäàðòíîé ôóíêöèè show.
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Ëèñòèíã 9. Ôóíêöèÿ saveDictionary äëÿ ñîõðàíåíèÿ ñëîâàðÿ N-ãðàìì â ôàéë.

1 saveDictionary :: FilePath => Map String [String] => IO ()
2 saveDictionary �lePath dict = withFile �lePath WriteMode $ \h =>
3 mapM_ (\(k,v) => hPutStrLn h $ ushow k ++ ": " ++ ushow v) (Map.toList dict)

2.2.4 Ôóíêöèÿ generatePhrase

Ïðîãðàììà ñëó÷àéíûì îáðàçîì ôîðìèðóåò ôðàçó äëèíîé îò 2 äî 15 ñëîâ, èñ-
ïîëüçóÿ ñëîâàðü. Íà êàæäîì øàãå âûáèðàåòñÿ ñëó÷àéíîå ïðîäîëæåíèå, ïîêà íå áóäóò
èñ÷åðïàíû âîçìîæíûå âàðèàíòû èëè íå äîñòèãíóòà çàäàííàÿ äëèíà. Êîä ôóíêöèè
äëÿ ãåíåðàöèè ôðàçû ïðèâåä¼í â ëèñòèíãå 10.

Ëèñòèíã 10. Ôóíêöèÿ generatePhrase äëÿ ãåíåðàöèè ôðàçû

1 generatePhrase :: Map String [String] => String => StdGen => [String]
2 generatePhrase dict start initGenState =
3 let (len, initGenState') = randomR (2,15 :: Int) initGenState
4 in reverse $ gp start [] len initGenState'
5 where
6 gp :: String => [String] => Int => StdGen => [String]
7 gp key acc n genState
8 | n <= 0 = acc
9 | otherwise =
10 case Map.lookup key dict of
11 Nothing => acc
12 Just [] => acc
13 Just vals =>
14 let (i, newGenState) = randomR (0, length vals = 1) genState
15 next = vals !! i
16 in gp next (next:acc) (n = length (words next)) newGenState

2.2.5 Ôóíêöèÿ processInput

Ôóíêöèÿ processInput, êîä êîòîðîé ïðåäñòàâëåí â ëèñòèíãå 11, ïðîâåðÿåò, ñó-
ùåñòâóåò ëè ââåä¼ííîå ïîëüçîâàòåëåì ñëîâî (èëè ïàðà ñëîâ) â ñëîâàðå, è ãåíåðèðóåò
ôðàçó, èñïîëüçóÿ ôóíêöèþ generatePhrase. Ôóíêöèÿ ïðèíèìàåò íà âõîä ñëîâàðü è
ñòðîêó ñ ïîëüçîâàòåëüñêèì ââîäîì. ßâíî íè÷åãî íå âîçâðàùàåò, íî âûâîäèò ðåçóëü-
òàòû â êîíñîëü.

Ëèñòèíã 11. Ôóíêöèÿ processInput äëÿ îáðàáîòêè ïîëüçîâàòåëüñêîãî ââîäà

1 processInput :: Map String [String] => String => IO ()
2 processInput dict input =
3 if Map.member input dict then
4 newStdGen >>= \gen =>
5 putStrLn $ unwords $ generatePhrase dict input gen
6 else
7 putStrLn "Íåò â ñëîâàðå"
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2.2.6 Ôóíêöèÿ twoModelsDialog

Ôóíêöèÿ twoModelsDialog, êîä êîòîðîé ïðåäñòàâëåí â ëèñòèíãå 12, ñèìóëèðó-
åò äèàëîã ìåæäó äâóìÿ ìîäåëÿìè N-ãðàìì. Íà÷àëüíîå ñëîâî èëè ïàðó ñëîâ çàäà¼ò
ïîëüçîâàòåëü, çàòåì ìîäåëè ïî î÷åðåäè ãåíåðèðóþò îòâåòû, îñíîâûâàÿñü íà ñëîâàõ,
èç êîòîðûõ ñîñòîèò ïîñëåäíåå ñîîáùåíèå èõ ñîáåñåäíèêà. Ôóíêöèÿ twoModelsDialog
ïðèíèìàåò íà âõîä äâà ñëîâàðÿ N-ãðàìì, ñòðîêó ñ ïîëüçîâàòåëüñêèì ââîäîì, â êîòî-
ðîì ñîäåðæèòñÿ ñòàðòîâàÿ N-ãðàììà, è ÷èñëî � íàèáîëüøåå êîëè÷åñòâî ñîîáùåíèé
îò êàæäîé ìîäåëè.

Âíóòðè twoModelsDialog èñïîëüçóþòñÿ äâå âñïîìîãàòåëüíûå ôóíêöèè:

� findKeyForResponse � èùåò â îòâåòå ñîáåñåäíèêà ñëîâî, íà êîòîðîå ìîäåëü
ñïîñîáíà äàòü îòâåò. Ïðèíèìàåò íà âõîä ñëîâàðü N-ãðàìì è ñïèñîê ñòðîê �
ïðåäëîæåíèå ñ îòâåòîì ñîáåñåäíèêà. Âîçâðàùàåò ñòðîêó ñ ïîäõîäÿùèì ñëîâîì,
åñëè åãî óäàëîñü íàéòè. Ïîèñê ñëîâ èä¼ò ñ êîíöà ïðåäëîæåíèÿ ñîáåñåäíèêà.

� dialogStep � ãåíåðèðóåò îòâåò ñ ïîìîùüþ ôóíêöèè generatePhrase íà îñíîâå
ñëîâà èç ïðåäëîæåíèÿ ñîáåñåäíèêà, íàéäåííîãî ñ ïîìîùüþ findKeyForResponse.
Ïðèíèìàåò íà âõîä ñëîâàðü N-ãðàìì è ñïèñîê N-ãðàìì � ïðåäëîæåíèå ñîáå-
ñåäíèêà. Åñëè óäàëîñü ñãåíåðèðîâàòü îòâåò, òî âîçâðàùàåò åãî â âèäå ñïèñêà
N-ãðàìì.

Ëèñòèíã 12. Ôóíêöèÿ twoModelsDialog äëÿ îðãàíèçàöèè äèàëîãà ìåæäó äâóìÿ
ìîäåëÿìè

1 twoModelsDialog :: Map String [String] => Map String [String] => String => Int => IO ()
2 twoModelsDialog dict1 dict2 start m =
3 newStdGen >>= \gen =>
4 let �rst = generatePhrase dict1 start gen
5 in putStrLn ("Ìîäåëü 1: (" ++ start ++ ") " ++ unwords �rst) >>
6 loop dict1 dict2 �rst m
7 where
8 loop :: Map String [String] => Map String [String] => [String] => Int => IO ()
9 loop _ _ _ 0 = return ()
10 loop d1 d2 prev i =
11 putStr "Ìîäåëü 2: " >>
12 dialogStep d2 prev >>= \resp =>
13 if null resp then return () else
14 putStr "Ìîäåëü 1: " >>
15 dialogStep d1 resp >>= \resp2 =>
16 if null resp2 then return () else
17 loop d1 d2 resp2 (i=1)
18
19 �ndKeyForResponse :: Map String [String] => [String] => Maybe String
20 �ndKeyForResponse dict ws =
21 case dropWhile (\w => Map.notMember w dict) (reverse ws) of
22 [] => Nothing
23 (x:_) => Just x
24
25 dialogStep :: Map String [String] => [String] => IO [String]
26 dialogStep dict prevPhrase =
27 case �ndKeyForResponse dict (words $ unwords prevPhrase) of
28 Nothing => putStrLn "Íåò â ñëîâàðå" >> return []
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29 Just key =>
30 newStdGen >>= \gen =>
31 let p = generatePhrase dict key gen
32 in putStrLn ("(" ++ key ++ ") " ++ unwords p) >> return p

2.2.7 Ôóíêöèÿ Main

Êîä ôóíêöèè main ïðåäñòàâëåí â ëèñòèíãå 13. Ôóíêöèÿ main îáðàáàòûâàåò ïîëü-
çîâàòåëüñêèé ââîä è ñ ïîìîùüþ ôóíêöèé splitText è buildDictionary ñòðîèò äâå
ìîäåëè N-ãðàìì íà ôàéëàõ óêàçàííûõ ïîëüçîâàòåëåì. Ïðåäëàãàåò ïîëüçîâàòåëþ ââå-
ñòè ñëîâî èëè ïàðó ñëîâ, íà êîòîðûå ïîòîì ãåíåðèðóåòñÿ îòâåò ñ ïîìîùüþ ôóíêöèè
processInput. Òàêæå çàïóñêàåò äèàëîã ìåæäó ñîçäàííûìè ìîäåëÿìè N-ãðàìì ñ ïî-
ìîùüþ ôóíêöèè twoModelsDialog. Ñëîâàðè ñ N-ãðàììàìè ìîäåëåé ñîõðàíÿþòñÿ â
ôàéëû dict.txt è dict2.txt ñ ïîìîùüþ ôóíêöèè saveDictionary.

Ëèñòèíã 13. Êîä ôóíêöèè main

1 main :: IO ()
2 main =
3 putStrLn "Ââåäèòå èìÿ ôàéëà:" >>
4 getLine >>= \�leName =>
5 readFile �leName >>= \content =>
6 let sentences = splitText content in
7 let dict = buildDictionary sentences in
8 saveDictionary "dict.txt" dict >>
9 putStrLn "Ââåäèòå ñëîâî èëè ïàðó ñëîâ äëÿ ãåíåðàöèè ôðàçû:" >>
10 getLine >>= \input =>
11 processInput dict input >>
12
13 putStrLn "Ââåäèòå èìÿ âòîðîãî ôàéëà:" >>
14 getLine >>= \�leName2 =>
15 readFile �leName2 >>= \content2 =>
16 let dict2 = buildDictionary (splitText content2) in
17 saveDictionary "dict2.txt" dict2 >>
18 putStrLn "Ââåäèòå íà÷àëüíîå ñëîâî èëè ïàðó ñëîâ äëÿ ñòàðòà äèàëîãà:" >>
19 getLine >>= \input2 =>
20 putStrLn "Ââåäèòå êîëè÷åñòâî ñîîáùåíèé îò êàæäîé ìîäåëè:" >>
21 getLine >>= \ms =>
22 let m = read ms :: Int in
23 twoModelsDialog dict dict2 input2 m
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3 Ðåçóëüòàòû ðàáîòû ïðîãðàììû

3.1 ×àñòü 1: Ñèíòàêñè÷åñêèé àíàëèç àðèôìåòè÷å-

ñêèõ âûðàæåíèé

Ðåçóëüòàòû ðàáîòû ïðîãðàììû ïðåäñòàâëåíû íà Ðèñ. 1. Ïðîãðàììà ïðåäëàãàåò
ïîëüçîâàòåëþ ââåñòè íàçâàíèå ôàéëà, à çàòåì âûâîäèò â êîíñîëü ðåçóëüòàòû ðàçáîðà.

Åñëè êàêóþ-òî ñòðîêó ðàçîáðàòü íåâîçìîæíî, òî ïðîãðàììà âûâåäåò îøèáêó,
ïîñëåäóþùèå ñòðîêè àíàëèçèðîâàòüñÿ íå áóäóò. Ïðèìåð òàêîãî ñöåíàðèÿ ïîêàçàí íà
Ðèñ. 2. Ïðîãðàììà òàêæå âûâîäèò â êîíñîëü ñòðîêó, êîòîðóþ íå óäàëîñü ðàçîáðàòü.

Ðèñ. 1. Ðåçóëüòàò óñïåøíîãî ðàçáîðà àðèôìåòè÷åñêèõ âûðàæåíèé.

Ðèñ. 2. Ðåçóëüòàò íåóäà÷íîãî ðàçáîðà àðèôìåòè÷åñêèõ âûðàæåíèé.

Ïðèìåð ñîäåðæèìîãî ôàéëà expressions.txt ïðåäñòàâëåí íèæå:

100 * 100
40 + 30
50 / 2
5 / 2
62 - 32
78 - 500

3.2 ×àñòü 2: Ñèíòàêñè÷åñêèé àíàëèç òåêñòà è ãåíå-

ðàöèÿ ôðàç

Ðåçóëüòàòû ðàáîòû ïðîãðàììû ïðåäñòàâëåíû íà Ðèñ. 3. Ïðîãðàììà ïðåäëàãàåò
ïîëüçîâàòåëþ ââåñòè èìÿ ôàéëà ñ òåêñòîì, à ïîòîì ñëîâî èëè ïàðó ñëîâ, íà îñíîâå
êîòîðîé ãåíåðèðóåòñÿ è âûâîäèòñÿ îòâåò. Çàòåì ïîëüçîâàòåëþ ïðåäëàãàåòñÿ ââåñòè
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èìÿ åù¼ îäíîãî ôàéëà ñ òåêñòîì, çàäàòü íà÷àëüíîå ñëîâî è ðàçìåð äèàëîãà. Ïîñëå
÷åãî âûâîäèòñÿ äèàëîã ìåæäó ïîëó÷åííûìè ìîäåëÿìè, â ñêîáêàõ óêàçàíî ñëîâî, ñ
êîòîðîãî ìîäåëü íà÷àëà ãåíåðàöèþ ïðåäëîæåíèÿ.

Ðèñ. 3. Ðåçóëüòàòû ðàáîòû ïðîãðàììû äëÿ ñèíòàêñè÷åñêîãî àíàëèçà òåêñòà è
ãåíåðàöèè ôðàç.

Åñëè çàäàííîãî ñëîâà íåò â ñëîâàðå, òî ïðîãðàììà âûâîäèò ñîîáùåíèå îá ýòîì.
Ïî ýòîé æå ïðè÷èíå äèàëîã ìåæäó ìîäåëÿìè ìîæåò ïðåðâàòüñÿ ïðåæäåâðåìåííî, î
÷¼ì òàêæå áóäåò ñîîáùåíî ïîëüçîâàòåëþ. Ïðèìåð òàêîãî ñöåíàðèÿ ïîêàçàí íà Ðèñ. 4.

Ðèñ. 4. Ïðèìåð ñèòóàöèè, â êîòîðîé ìîäåëü íå ìîæåò ñãåíåðèðîâàòü ïðîäîëæåíèå
òåêñòà.

Ôàéëû text1.txt è text2.txt ñîäåðæàò ïðîèçâåäåíèÿ Àíòîíà Ïàâëîâè÷à ×å-
õîâà � ¾×åëîâåê â ôóòëÿðå¿ è ¾Êàøòàíêà¿. Â ïåðâîì òåêñòå ñîäåðæèòñÿ 4146 ñëîâ,
à âî âòîðîì � 5963. Ïåðâûé àáçàö òåêñòà èç ôàéëà text1.txt ïðåäñòàâëåí íèæå:
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Íà ñàìîì êðàþ ñåëà Ìèðîíîñèöêîãî, â ñàðàå ñòàðîñòû Ïðîêîôèÿ ðàñïîëîæèëèñü
íà íî÷ëåã çàïîçäàâøèå îõîòíèêè. Èõ áûëî òîëüêî äâîå: âåòåðèíàðíûé âðà÷
Èâàí Èâàíû÷ è ó÷èòåëü ãèìíàçèè Áóðêèí. Ó Èâàíà Èâàíû÷à áûëà äîâîëüíî
ñòðàííàÿ, äâîéíàÿ ôàìèëèÿ - ×èìøà-Ãèìàëàéñêèé, êîòîðàÿ ñîâñåì íå øëà åìó,
è åãî âî âñåé ãóáåðíèè çâàëè ïðîñòî ïî èìåíè è îò÷åñòâó; îí æèë îêîëî
ãîðîäà íà êîíñêîì çàâîäå è ïðèåõàë òåïåðü íà îõîòó, ÷òîáû ïîäûøàòü ÷èñòûì
âîçäóõîì. Ó÷èòåëü æå ãèìíàçèè Áóðêèí êàæäîå ëåòî ãîñòèë ó ãðàôîâ Ï. è â
ýòîé ìåñòíîñòè äàâíî óæå áûë ñâîèì ÷åëîâåêîì.

Ïðîãðàììà ñîõðàíÿåò ñëîâàðè N-ãðàìì â ôàéëû dict1.txt è dict2.txt. Â ðå-
çóëüòàòå çàïóñêà ïðîãðàììû íà òåêñòàõ, îïèñàííûõ âûøå, ôàéë dict1.txt ñîäåðæèò
4511 ñòðîê, à ôàéë dict2.txt � 6250. Êàæäàÿ ñòðîêà ôàéëà ïðåäñòàâëÿåò ñîáîé êëþ÷
è çíà÷åíèå èç ñëîâàðÿ. Êëþ÷ ýòî îäíà èç N-ãðàìì, à çíà÷åíèå ýòî ñïèñîê N-ãðàìì,
êîòîðûå ÿâëÿþòñÿ âîçìîæíûìè ïðîäîëæåíèÿìè òåêñòà. Ïåðâûå äåñÿòü ñòðîê ñîäåð-
æèìîãî ôàéëà dict1.txt ïðåäñòàâëåíû íèæå:

"à â": ["ïîñëåäíèå"]
"à âàðåíüêà": ["ïîåò"]
"à âîçëå": ["áðîäèò"]
"à âîò": ["ïîä÷èíèëèñü"]
"à âû": ["îñòàâàéòåñü"]
"à ãëàâíîå": ["ýòî"]
"à äåðæàë": ["ïîâàðà"]
"à äîìà": ["êàê"]
"à íà": ["ïåäàãîãè÷åñêèõ","õóòîðå"]
"à îí": ["çåëåíûé","òîëüêî"]
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Çàêëþ÷åíèå

Â ðàìêàõ êóðñîâîé ðàáîòû áûëè ðàçðàáîòàíû è ðåàëèçîâàíû äâà stack ïðîåêòà
íà ÿçûêå Haskell, ñîîòâåòñòâóþùèõ ïîñòàâëåííûì çàäà÷àì.

Ïåðâûé ïðîåêò ïðåäñòàâëÿåò ñîáîé ñèíòàêñè÷åñêèé àíàëèçàòîð äëÿ îáðàáîòêè
ñòðîê, ñîäåðæàùèõ öåëûå ÷èñëà è áèíàðíûå îïåðàöèè. Ðåàëèçàöèÿ âêëþ÷àëà ÷òåíèå
äàííûõ èç ôàéëà, ñèíòàêñè÷åñêèé ðàçáîð âûðàæåíèé è âû÷èñëåíèå èõ ðåçóëüòàòîâ.
Êîä ïðîåêòà ñîñòîèò èç 115 ñòðîê.

Âòîðîé ïðîåêò � ñèíòàêñè÷åñêèé àíàëèçàòîð òåêñòà è ãåíåðàòîð ïðîäîëæåíèÿ
òåêñòà, îñíîâàííûé íà ìîäåëè N-ãðàìì. Ïðîåêò, ñîäåðæàùèé 139 ñòðîê êîäà, âêëþ-
÷àåò ôóíêöèîíàë ïî ñèíòàêñè÷åñêîìó ðàçáîðó òåêñòà, óäàëåíèþ ïóíêòóàöèè è öèôð,
ïîñòðîåíèþ ñëîâàðÿ áèãðàìì è òðèãðàìì, ãåíåðàöèè òåêñòà, à òàêæå âåäåíèþ äèàëî-
ãà ìåæäó ìîäåëÿìè, ñîçäàííûìè íà îñíîâå äâóõ ðàçíûõ òåêñòîâ. Äëÿ äåìîíñòðàöèè
ðàáîòû ïðîãðàììû áûëè âçÿòû äâà ïðîèçâåäåíèÿ À. Ï. ×åõîâà: ¾×åëîâåê â ôóòëÿðå¿
(4146 ñëîâ) è ¾Êàøòàíêà¿ (5963 ñëîâà).

Â õîäå ðàáîòû áûëè âûïîëíåíû âñå ïîñòàâëåííûå çàäà÷è, à ïîëó÷åííûå çíàíèÿ
ìîãóò áûòü èñïîëüçîâàíû â äðóãèõ ïðîåêòàõ íà ÿçûêå Haskell.
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Ñïèñîê ëèòåðàòóðûÑïèñîê ëèòåðàòóðû

[1] Hackage � unescaping-print: Tiny package providing unescaping versions of show and
print, URL: https://hackage.haskell.org/package/unescaping-print, Äàòà îá-
ðàùåíèÿ: 09.12.2024.
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