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binomiallLikelihood :: [Int] -> Double -> Double

binomiallikelihood observations p = sum [log (choose n k) + fromIntegral k * log p + fromIntegral (n - k) * log (1 - p) | k <- observations]

where
choose :: Int -> Int -> Double
choose n k = factorial n / (factorial k * factorial (n - k))
n = fromIntegral $ length observations
factorial 0 =1
factorial m = fromIntegral m * factorial (m - 1)
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findMLE :: [Int] -> Double
findMLE xs = maximumBy (\pl p2 -> compare (likelihoodForP xs pl) (likelihoodForP xs p2)) [0.01, ©.02 .. 0.99]

Bk BCUN—T, RXEETRESEUHASITNRERER, FE5R20.25

main :: I0 ()

main = do
let observations = [1, @]
let likelihood = BinomialDistribution.findMLE observations
putStrLn $ "Likelihood: " ++ show likelihood
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ZIFMRNH TR BN TR ER R B R UM AR, CRRESHAT D, TS
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F—EHIRE, EEIEE z RNSEN n, p TS, W—HSBET n XIXIREE k IRRIIRIHRERS:
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Pix =1 = () -

HE— IR TTLERN AT B2 D, BUENERE 1, T2, - -+, 2, BT n )RR, SMERKRE
BIBEERA p1, D2, -+ -, Pr MBSO TRHIBREIERREE !

n! UAT ) X
P(Xl =z, Xo = T2, -+, Xj ::Ek) = $1!$2!---mk!p1 Do ...pkk
!
RIIRRE—T, ———— SMEARERENT 2 (7) e BSTATBIER, BFHEES MR
NP~
FROHFI S RAILBRE S M LB IURSIER, RERIISEN LB IS TER e p, p, . .., pi*

HEUXAFRFRIMBRARERETAS L, ETHNEHNKERZINER, HEVN—RNATERREINCXITE
WETR, MEPHARFNENRELREERE. REMRE CEFBH B KINRBBAMERA—F(I8YLIea
FRSLI— M TR AT A 2 R B TN R IR,

STHHRENG £ FERSHTERRT () E/9E TR Haskell RiSEE/ L FEBREMIRIV L2 FRAD
B9, MREERT T RNEERERET, FiCiEHkRN. KREGEEHERRNFEZEILt/E, UE
THRWSERAS, BT ESHENEHIRESABNETEY. RritRETRNER (THENFPE

=) . FLEGUE—HRENABREEERH THAMERE, ERUNTEEERNES—E8E, iz
[EERTREBINEAPDHEAISIF AR E R B ——XI MR,

1 R a g i 1D Y

G LTI STERUR MR EE, X MOERIR A BIAI—A SRR RO (R, it
B, EIRR) | B I EERE AL — M T SRR, AT R ET AN, FCTEE
HFRTF TS, REREE ARG SO ME, ChRES.

TR L AIRERY | A5 RIR ) 15 TR

data DocumentClass = Positive | Negative | Neutral deriving (Eq, Show)

type Document = (DocumentClass, [String])

HATTLUSEE— MR, @I —A)I5E0E (AI) KTEBEREAIRIMER, XBREAMISISESRSEREE

PRUASSZRSBIRT, E#EMfilteriH TR EEI BIntBIR0EE, BT,
calculateCategoryProbability :: [Document] -> DocumentClass -> Double
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calculateCategoryProbability documents category =
let totalDocs = length documents
categoryDocs = length (filter (\(docClass, _) -> docClass == category) documents)
in fromIntegral categoryDocs / fromIntegral totalDocs

AR IBE— R ELL T AR S BRIAER E S PRI,

calculateWordProbabilities :: [Document] -> DocumentClass -> [(String, Double)]
calculateWordProbabilities documents category =
let categoryDocs = filter (\(docClass, _) -> docClass == category) documents
categoryTokens = concatMap snd categoryDocs
wordCounts = fromListWith (+) [(word, 1) | word <- categoryTokens]
totalWords = length categoryTokens
in [(word, fromIntegral count / fromIntegral totalWords) | (word, count) <- tolList wordCounts]

S5PU1TRY categoryTokens B 1B snd BRENE N IAEPIRINERIFSIZER, FHF concatMap REUSEN T
HNENTE, BERER—NRI5IZE, A5 wordCounts 2 fromListWith (+) 4ERFHIXESIZE, SEIISELL
AR —MERREMTEONTNITASIRIEAFIFES, REBTEERRIRATHEUENERIS N RIREEIRIT
#.

REMER(IHITNADENRE, CEREIZAIRMNREL, BK—MNIGEMNBIRAFRE BIirs A NG
MBI, BAIDTFNHSHENE. ERETXMREARZIFIFRESR, BAMESEENE N TREX
RN EAIRNEREIE, HA documentTokens 2AESRIRIRASIZFR, HIIFRESH, BIEHEXXEETZ
RRRIER, BYESEMREVER lookupWordProbability (BREN) HREFHETE, SRINHME ST ZEE!
HNRMHTR, RESXESEBINFAHRRBERAER — N T AFREIRT.

classifyDocument :: [Document] -> [String] -> [(DocumentClass, Double)]
classifyDocument documents document =
let categories = [Positive, Negative, Neutral]
documentTokens = nub document
in [ (category,
calculateCategoryProbability documents category *
product [lookupWordProbability word category | word <- documentTokens])

| category <- categories]

XESLEMENANMETERE, ATUNZA:

P(category) P(document|category)
P(document)

P(category|document) =

SREFAIEN lookupWordProbability Ei%f, B EARIEITERIEEAEPHRIORE, SEMENRE, #HXR
NENERAEREFEBERE, X—REAEETARBEIAIESIE,

where
lookupWordProbability word category =
case lookup word (calculateWordProbabilities documents category) of
Just prob -> prob
Nothing -> 1.0 / (fromIntegral (length (nub (map fst documents))) + 1.0)
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AT EIREXER BN ERRRIER, ArASER DS EREFFHBR AT MM AR, EAEIER
N 31, fERfhitEERm:

0+1
P(word|cat -
(WOI‘ |Ca egOTY) ‘Documentscategor}" +1

RENREHIITUSRHAMEA—T, XERE—HIOMAAD, FEERIERGEHRIB MERER AR I
RERIFRRMYE. EHRESHRIIREGEAMRE], FRELCF RIS X ORI,

main :: I0 ()
main = do
let trainingData = [(Positive, ["love", "happy", "joy"1),
(Negative, ["hate", "sad", "angry"l),
(Neutral, ["neutral”, "indifferent", "meh"])]
let testSentence = words "I feel sad and angry"
let classified = classifyDocument trainingData testSentence
let result = maximumBy (compare “on” snd) classified

putStrLn $ "The sentence belongs to class: " ++ show (fst result)

ZLib: SHIFMENMERS 2R

NI FA TR TEMSCI 7 — N EF 2R NN A D2, MIERKIIBLI— M ETaiEdRomis
Hifh MM ERESRIMRER T3, RIEZEEHTREERE, HIISHSMIRNITERE, SR
. BB HIYE 1 (mean) FltREE o (variance) BITTEH, ZEFRAIFREASIHEHE:

gaussianProbability :: Double -> (Double, Double) -> Double
gaussianProbability x (mean, variance) =
(1.0 / (sqrt (2.0 * pi * variance))) * exp (-((x - mean) ** (2.0 :: Double)) / (2.0 * variance))

IR, XER—TEIMERHE, BIXNAT:

(&) = —eap(- 1)

o\ 2T 202

)

B—AEREUSTS B AR, A EEETEEIINRTHHILE,

calculateClassStats :: [Double] -> (Double, Double)

12/15



calculateClassStats values =
let mean = sum values / fromIntegral (length values)
variance = sum [(x - mean) ** (2.0 :: Double) | x <- values] / fromIntegral (length values)

in (mean, variance)

4, RRFNIEN DRI —LEUREN, DHIREURRIS. K5I8 Class FIRm— 1 SEBIRI NAISELHAFERT
ClassStats, &, XERNHEFIEERERIISTNNESIFBHSHOM, IFE, BIAEERE?

type Document = [Double]
type Class = String
type ClassStats = [(Double, Double)]

EX—RE, RERUBEE—EXRF, HEEREAIHIMAEIEMER:

priorProbability :: [Class] -> Class -> Double
priorProbability categories category =
let totalDocs = length categories
categoryCount = length (filter (== category) categories)

in fromIntegral categoryCount / fromIntegral totalDocs

RERNBETIISEENRE, BT RIBLEN)IGEMEE—1EE, YIG— 1 SHFMERHHTRMEER, SENX
documents {EAIGEFBTIEERBINFABEIE (ELLOERIARESREIR) FIFIHE, HitEFHENSE
numFeatures, AEBEIXNEMHBHTERNTIFESR, BIERAZEIER calculateClassStats ERECRITEIZ
BIHEBREAI TS, BHMERIIENFIHFILE.

trainModel :: [(Class, [Document])] -> Class -> ClassStats
trainModel trainingData category =
let documents = concatMap snd $ filter (\(c, _) -> c == category) trainingData
numFeatures = length (head documents)

in [calculateClassStats [feature !! i | feature <- documents] | i <- [@..numFeatures - 1]]

X%, BAIMATLVBITRA) ISt E—BEiEEZza bR U HEMEE TR AR RERIFTEZAl. H, i)
SO ESIGHR, YRR priorProbability (map fst classStats) category iXE&, BRINELUEBETZBEREBIM
SRR, ARES L, BiY map REHISGEUEENNBTHITIEN, BIFIERFE— TEitEEES N ST
RSO PRSI, EMAANIRIER 2 map fst classStats I2EFTEXRINGIR, AEEFIRPEINEUE
BRI RZRBINFITHSE FSEMRERETR, SRNMEMERHEMRRENTRN, BXR N RIERME
BAENRRHEE,

BRXELHIENTFENRIINERHTERE, Ri)EaEEmENGAEFACRTERETRIRBIFHREL.

predictCategory :: [Double] -> [(Class, ClassStats)] -> Class
predictCategory document classStats =
let posteriorProbs = map (\(category, stats) ->
(category, priorProbability (map fst classStats) category *
product (zipWith (\feature stat ->
gaussianProbability feature stat) document stats)))
classStats
(maxCategory, _) = maximumBy (\(_, pl) (_, p2) -> compare pl p2) posteriorProbs

in maxCategory
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XEOTLMRREIS, ZRE(ESHIMENHETPRERI—TTE S IS taeiin SRR ERE, EXER]
RERNAZ TR HHAR, EX(NBETESHESIRNENS M EEER—TtalinmiTE, RS M
fEZ EIRSZRTHE T, ITEEAEHEREREMES MEE HTREERFRRIN, —OiEHENE SSHISITRE
RIBEUASMEE L— SIS HRILE, XESCERAFATENRIE, MNLUESLERLR1T,
¥, REEIITUSRHAMR—T, STlEENRINMAMEER, hMEEEIFIHFE, ARSI, 4%
XY predictCategory #7#IET, HAENHSEEHRN—Toei2 MR, SRERAER— T IFSERIH RIS
1R, X IGERNFIHES ARTRILEREE (NRFKRERMNETLUESBRLIRED) |, RIE, TR
1BRIRNEEERRE Classt,

main :: I0 ()
main = do
let trainingData = [("Class1", [[1.2], [1.4], [1.5], [1.3]1]),
("Class2", [[2.0], [2.1], [2.2], [2.3]]),
("Class3", [[3.0], [3.1], [3.2], [3.3]1])]

let classStats = map (\(category, _) -> (category, trainModel trainingData category)) trainingData
let testDocument = [1.34]

let predictedCategory = predictCategory testDocument classStats

putStrLn $ "Predicted Category: " ++ predictedCategory

TEHUAABE—Zoailint, BHERE Class 3, BIMIRIEEIENL (2.2, 4.2], WMEHEREE Class 2,
XEMFEERN, RIEECSERRNAHT.

main :: I0 ()
main = do
let trainingData = [("Class1", [[1.2, 2.3], [1.4, 2.9], [1.5, 2.7], [1.3, 2.6]]),
("Class2", [[2.0, 3.1], [2.1, 3.5], [2.2, 3.3], [2.3, 3.4]]),
("Class3", [[3.0, 4.1], [3.1, 4.5], [3.2, 4.3], [3.3, 4.4]1])]

let classStats = map (\(category, _) -> (category, trainModel trainingData category)) trainingData
let testDocument = [3.2, 4.2]

let predictedCategory = predictCategory testDocument classStats

putStrLn $ "Predicted Category: " ++ predictedCategory

SR

EXSHRXET, HIRRFESNRAHIARNHESIT FEMAS, BEREEPARRMRLEE (7 ) &
B, FTLAEERET LI ENHERFARS, EEiMEX M FHARK, SHIEESHSERREIRERKA
AVE (REXXERNRE, TEHRSSHRIEDJLFHEENARE) . IRBEERSER BRI IEERIEE
IE, FAMEREMFITICERZRTLARY,

BHOMBIEEEFA T EVRINED TRS, TERRMESE—RI INEMARREMIERT, IUIREREHM
NREBREEINERS, UZEFASEEEXENREMRE T, IR ARASEERRNIBE, JLUEREK
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BXRSBESXEH S ERE, MUAXERBRMISRTFHE BT 7.

Introduction to Machine Learning: https://books.google.com/books/about/
Introduction_to_Machine_Learning.html?id=SY789Y7Fc14C

Bayesian Data Analysis: https://books.google.com/books/about/
Bayesian_Data_Analysis_Second_Edition.htmI?id=TNYhnkXQSjAC

FHMIGithub=EDT: https://github.com/MAKIROR

e SERIRHML: https://github.com/MAKIROR/RHML

Makiror Ouyang gzanan@gmail.com 01:45 29/10/2023
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