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-- Return a list of normalized tokens 

tokenizeAndNormalize :: String -> [String] 

tokenizeAndNormalize query = map sanitizeWord (words query) 

 where sanitizeWord word = map toLower (filter isLetter word) 

readDocument :: String -> String -> Document 

readDocument title' text' = Document title' 

                                     text' 

                                     tfMap 

                                     (Map.keysSet tfMap) 

                                     (sum (Map.elems tfMap)) 

 where tfMap = buildTFMap text' 

 

buildTFMap :: String -> Map.Map String Int 

buildTFMap docText = 

 Map.fromListWith (+) [ (word, 1) | word <- tokenizeAndNormalize docText ] 



-- Get the document count (DF) for each word 

getAllDF :: [Document] -> Map.Map String Int 

getAllDF docs = Map.fromListWith 

 (+) 

 [ tup | doc <- docs, tup <- zip (Set.toList (termSet doc)) [1 :: Int, 1 ..] ] 

topKDocuments 

 :: Int -> [(Double, Document)] -> Heap.MinPrioHeap Double Document 

topKDocuments _ [] = Heap.fromList [] :: Heap.MinPrioHeap Double Document 

topKDocuments topK (sd : sds) = maybePop 

 (Heap.insert sd (topKDocuments topK sds)) where 

 maybePop 

   :: Heap.MinPrioHeap Double Document -> Heap.MinPrioHeap Double Document 

 maybePop minHeap | Heap.size minHeap > topK = Heap.drop 1 minHeap 

                  | otherwise                = minHeap 





 let (avgDocLen, dfMap) = runEval $ do 

       avgDocLen' <- 

         rpar $ (sum [ docLen doc | doc <- documents ]) `div` corpusSize 

       dfMap' <- rpar $ getAllDF documents 

       _      <- rseq avgDocLen' 

       _      <- rseq dfMap' 

       return (avgDocLen', dfMap') 

chunks

getDocWithScore

scoreAllDocs 

 :: Int 

 -> String 

 -> [Document] 

 -> Map.Map String Int 

 -> Int 

 -> Int 

 -> Double 

 -> Double 

 -> [(Double, Document)] 

scoreAllDocs chunks query docs dfMap corpusSize avgDocLen k b = 

 map 

     (\doc -> Data.Tuple.swap 

       (getDocWithScore (tokenizeAndNormalize query) 

                        doc 

                        dfMap 

                        corpusSize 



                        avgDocLen 

                        k 

                        b 

       ) 

     ) 

     docs 

   `using` parListChunk chunks rseq 





SPARKS: 30 (28 converted, 0 overflowed, 0 dud, 0 GC’d, 2 fizzled) 









http://archives.textfiles.com/stories.zip
https://github.com/dorianbrown/rank_bm25
https://www.macs.hw.ac.uk/~rs46/posts/2016-05-29-skeletons-parallel-pragmas.html
http://www.cs.columbia.edu/~sedwards/classes/2020/4995-fall/reports/TFIDF.pdf


{-# LANGUAGE DeriveGeneric #-} 

module OkapiBM25_utils where 

import           Control.Parallel.Strategies 

import           Data.Char 

import qualified Data.Heap                     as Heap 

import qualified Data.Map.Strict               as Map 

import           Data.Maybe 

import qualified Data.Set                      as Set 

import           Data.Tuple 

import           GHC.Generics                   ( Generic ) 

 

 

-- termFrequency: frequency of a word in this document 

-- termSet: all the words in this Document (i.e. all keys of the termFrequency map) 

data Document = Document 

 { title         :: String 

 , text          :: String 

 , termFrequency :: Map.Map String Int 

 , termSet       :: Set.Set String 

 , docLen        :: Int 

 } 

 deriving Generic 

 

scoreAllDocs 

 :: Int 

 -> String 

 -> [Document] 

 -> Map.Map String Int 

 -> Int 

 -> Int 

 -> Double 

 -> Double 



 -> [(Double, Document)] 

scoreAllDocs chunks query docs dfMap corpusSize avgDocLen k b = 

 map 

     (\doc -> Data.Tuple.swap 

       (getDocWithScore (tokenizeAndNormalize query) 

                        doc 

                        dfMap 

                        corpusSize 

                        avgDocLen 

                        k 

                        b 

       ) 

     ) 

     docs 

   `using` parListChunk chunks rseq 

 

getDocWithScore 

 :: [String] 

 -> Document 

 -> Map.Map String Int 

 -> Int 

 -> Int 

 -> Double 

 -> Double 

 -> (Document, Double) 

getDocWithScore query doc dfMap corpusSize avgDocLen k b = 

 (doc, sum [ individualScore q | q <- query ]) where 

 individualScore :: String -> Double 

 individualScore queryWord = 

   calcIDF queryWord 

     * fromIntegral (calcTF queryWord) 

     * (k + 1.0) 

     / ( fromIntegral (calcTF queryWord) 

       + k 

       * (1.0 - b + b * fromIntegral corpusSize / fromIntegral avgDocLen) 

       ) 

 calcTF :: String -> Int 

 calcTF queryWord = fromMaybe 0 (Map.lookup queryWord (termFrequency doc)) 

 calcIDF :: String -> Double 

 calcIDF queryWord 

   | Map.member queryWord dfMap = ln (fromIntegral corpusSize + 1) 



   - ln (fromIntegral (fromMaybe 0 (Map.lookup queryWord dfMap)) + 0.5) 

   | otherwise = ln (fromIntegral corpusSize * 2) 

   where ln = logBase (exp 1) 

 

readDocument :: String -> String -> Document 

readDocument title' text' = Document title' 

                                    text' 

                                    tfMap 

                                    (Map.keysSet tfMap) 

                                    (sum (Map.elems tfMap)) 

 where tfMap = buildTFMap text' 

 

-- Get the document count (DF) for each word 

getAllDF :: [Document] -> Map.Map String Int 

getAllDF docs = Map.fromListWith 

 (+) 

 [ tup | doc <- docs, tup <- zip (Set.toList (termSet doc)) [1 :: Int, 1 ..] ] 

 

topKDocuments 

 :: Int -> [(Double, Document)] -> Heap.MinPrioHeap Double Document 

topKDocuments _ [] = Heap.fromList [] :: Heap.MinPrioHeap Double Document 

topKDocuments topK (sd : sds) = maybePop 

 (Heap.insert sd (topKDocuments topK sds)) where 

 maybePop 

   :: Heap.MinPrioHeap Double Document -> Heap.MinPrioHeap Double Document 

 maybePop minHeap | Heap.size minHeap > topK = Heap.drop 1 minHeap 

                  | otherwise                = minHeap 

 

buildTFMap :: String -> Map.Map String Int 

buildTFMap textString = 

 Map.fromListWith (+) [ (word, 1) | word <- tokenizeAndNormalize textString ] 

 

-- Return a list of normalized tokens 

tokenizeAndNormalize :: String -> [String] 

tokenizeAndNormalize query = map sanitizeWord (words query) 

 where sanitizeWord word = map toLower (filter isLetter word) 



import           Control.Monad.Reader 

import           Control.Parallel.Strategies 

import           Data.Char 

import qualified Data.Heap                     as Heap 

import           Data.Time 

import           OkapiBM25_utils 

import           Prelude 

import           System.Environment             ( getArgs 

                                               , getProgName 

                                               ) 

import           System.Exit                    ( die ) 

 

main :: IO () 

main = do 

 (file, query, topK, chunks) <- getArgs >>= checkArgs 

 output                      <- runOkapiBM25 file 

                                             (filterLetters query) 

                                             (read topK :: Int) 

                                             (read chunks :: Int) 

 mapM_ print output 

where 

 checkArgs [file, query, topK, chunks] = return (file, query, topK, chunks) 

 checkArgs _                           = do 

   progName <- getProgName 

   die 

     $  "Usage: ./" 

     ++ progName 

     ++ " <filename> <query> <K (no. of top documents)> <no. of chunks>" 

 filterLetters = filter (\c -> isLetter c || isSpace c || c == '\'') 

 

 

runOkapiBM25 :: String -> String -> Int -> Int -> IO [(String, Double)] 

runOkapiBM25 file query topK chunks = do 

 documents' <- getAllDocuments file chunks 

 documents  <- sequence documents' 



 let corpusSize = length documents -- N 

 let (avgDocLen, dfMap) = runEval $ do 

       avgDocLen' <- 

         rpar $ (sum [ docLen doc | doc <- documents ]) `div` corpusSize 

       dfMap' <- rpar $ getAllDF documents 

       _      <- rseq avgDocLen' 

       _      <- rseq dfMap' 

       return (avgDocLen', dfMap') 

 

 let (k, b) = (1.2, 0.75) 

 startTime <- documents `seq` getCurrentTime 

 let scoredDocs = 

       scoreAllDocs chunks query documents dfMap corpusSize avgDocLen k b 

 let result = parseOutput (Heap.toAscList (topKDocuments topK scoredDocs)) 

 endTime <- result `seq` getCurrentTime 

 print $ diffUTCTime endTime startTime 

 return result 

 

getAllDocuments :: String -> Int -> IO [IO Document] 

getAllDocuments file chunks = do 

 fileText <- readFile file -- titles.txt 

 let documents = 

       [ fmap (\(text', title'') -> readDocument title'' text') 

              (readFile path >>= return . \fileTxt -> (fileTxt, title')) 

       | line <- lines fileText 

       , let (path, title') = splitAtFirst ',' line 

       ] 

       `using` parListChunk chunks rseq 

 return documents 

 where splitAtFirst x = fmap (drop 1) . break (x ==) 

 

parseOutput :: [(Double, Document)] -> [(String, Double)] 

parseOutput inputs = reverse [ (title doc, score) | (score, doc) <- inputs ] 


