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Intro. K-Nearest Neighbors Näıve Bayes Hands-on Q & A Conclusion References Files Misc.

What are we going to cover?

We’re going to talk about:

K-nearest neighbors (knn) as a
clustering technique.

Näıve Bayes classifier as a simple
way to cluster data.
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Explanation and demonstration

How does classification work?

Simply:

1 A known collection data points have some collection of
attributes, including a label

2 The distance between data points can be computed (different
distance computations will result in different neighbor sets)[2]

3 A new data point is added to the system

4 The labels of k nearest neighbors are used to assign a label to
the new point

(Same approach can be used for regression. Instead of assigning a
label, a weight can be assigned.)
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Explanation and demonstration

Our friend iris data.

The attached file
chapter-10-classification-revised.R

expands on the code in the text.

A manual k − nn
implementation is compared
to a built-in one.

Different k values result in
different classifications.
main(3)

Differences between the
classification and truth are
highlighted.

Attached file.
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Explanation and demonstration

Same image.

Attached file.
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Explanation and demonstration

How well does k-nn do?

We can vary both training
percentage and k to test the k-nn
algorithm and evaluate the
results.
The red dot represents:

30% training

5 k-nn processing

10 misclassificaitons

Attached file.
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Explanation and demonstration

Same image.

Attached file.
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Explanation and demonstration

Looking at ozone data.

Help file claims that data comes
from [1]. Not able to see data.

k was varied from 1 to 30

Accuracy was computed as
percentage of assigned
classifications that matched
original data

The highest accuracy was
selected to determine the
best k

Attached file
(chapter-10-ozone-revised.R)
replicates and expands on text
approach.

Attached file.
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Explanation and demonstration

Same image.

Attached file.
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Background

What is näıve Bayes?[3] (1 of 2)

“Bayes theorem named after Rev. Thomas Bayes. It
works on conditional probability. Conditional probability
is the probability that something will happen, given that
something else has already occurred. Using the
conditional probability, we can calculate the probability of
an event using its prior knowledge.”

R. Saxena [3]
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Background

What is näıve Bayes? (2 of 2)

Baye’s theorem is:

P(H | E ) = P(E |H)∗P(H)
P(E)

Where:

P(H) is the probability of hypothesis H being true. This is
known as the prior probability.

P(E ) is the probability of the evidence (regardless of the
hypothesis).

P(E | H) is the probability of the evidence given that
hypothesis is true.

P(H | E ) is the probability of the hypothesis given that the
evidence is true.
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Background

Ultimately näıve Bayes predicts membership of a class.

“Näıve Bayes is a kind of classifier which uses the
Bayes Theorem. It predicts membership probabilities for
each class such as the probability that given record or
data point belongs to a particular class. The class with
the highest probability is considered as the most likely
class.”

R. Saxena [3]

The implication is that you have to compute the class membership
probability for all classes to identify the most likely membership.
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Examples

Load the chapter-10-bayes.R file.

Things to notice:

Apriori probabilities: are the probabilities that DiseaseZ
column 10, for rows 1 through 10 are NO or YES

Conditional probabilities: is a confusion matrix for the
named column and DiseaseZ column 10. The table’s diagonal
is TN and TP.

Long hand probabilities for person #11 (pg. 184 from the text):

P(DiseaseZ == YES) = 0.00908
P(DiseaseZ == NO) = 0.00175

Person #11 is 0.00908
0.00175 ≈ 5 time more likely to have DiseaseZ than

to not have it.
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Examples

Looking at the datasets Titanic results.

Half of the data was used for training, half for testing.

The Bayes model created from the training data was used to
predict survival of the testing data

The results aren’t encouraging.

The Titanic predictions are 76% accurate.
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Examples

How well does näıve Bayes do?

Wrap the text’s code in a loop,
varying the training percentage
from low to high.

Percentage < 17 is under
fitting.

Percentage > 80 is over
fitting.

Percentage between 25ish to
80ish is OK.

Percentage between 18 and
19 is best.

Hard to know best without
checking all.

Attached file.
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Examples

Same image.

Attached file.
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Some simple exercises to get familiar with Näıve Bayes

The HouseVotes84 is an R dataset[4] tabulating how members of
the US House of Representatives voted on a series of issues. The
dataset is in the mlbench library.

Create a näıve Bayes model that will predict party
membership based on education spending given that they
voted for a synthetic fuels cutback.

Quantify how accurate your model is.
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Q & A time.

“Women and cats will do as they
please, and men and dogs should
relax and get used to the idea.”
Robert Heinlein
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What have we covered?

Explored k-nn using the iris and
ozone datasets
Identified strengths and limitations
of k-nn
Worked with näıve Bayes classifier
on artificial and Titanic datasets

Next: LPAR Chapter 11, classification trees
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Intro. K-Nearest Neighbors Näıve Bayes Hands-on Q & A Conclusion References Files Misc.

References (2 of 2)

[5] Wikipedia Staff, Confusion matrix,
https://en.wikipedia.org/wiki/Confusion_matrix,
2017.

https://en.wikipedia.org/wiki/Confusion_matrix


23/26
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Files of interest

1 Revised iris K-nn scripts

2 Revised ozone K-nn

scripts

3 Revised Bayes scripts

4 Party membership

5 R library script file


rm(list=ls())

library(reshape2)
library(class)
library(lattice)
library(akima)

source("library.R")

plotResults <- function(dataFrame, columnName, kNearest, model)
{
    classifiedSpecies <- as.character(dataFrame[[columnName]])

    misClassified <- which(dataFrame$Species != classifiedSpecies)

    dataFrame$TrueColor <- NULL
    dataFrame$ClassifiedColor <- NULL
    dataFrame$Scaled <- 1
    dataFrame$Scaled[misClassified] <- 5

    for (i in 1:nrow(dataFrame))
    {
        dataFrame$TrueColor[i] <-assignColor(as.character(dataFrame$Species[i]))
        dataFrame$ClassifiedColor[i] <-assignColor(as.character(classifiedSpecies[i]))
    }
    
    plot(model,
         col=dataFrame$ClassifiedColor,
         cex=dataFrame$Scaled,
         main=sprintf("Classification using %s based on %.0f nearest neighbors\n(%.0f misclassified %.0f%s).",
                      columnName, kNearest,
                      length(misClassified),
                      length(misClassified)/nrow(dataFrame) * 100, "%")
         )

    points(model,
         col=dataFrame$TrueColor,
         cex=1)
}

assignColor <- function(species)
{
    color <- NULL
    switch(species,
           "setosa" = {color <- "red"},
           "versicolor" = {color <- "blue"},
           "virginica" = {color <- "green"},
           {color <- "black"}
           )
    color
}

main <- function(kNearest=5, trainingPercentage=30, verbose=FALSE)
{
    seed <- 1
    oldPar <- par()
    distances <- dist(iris[1:4], upper = T, diag = T)

    distances.df  <- melt(as.matrix(distances))
    ## from p. 178

    N <- length(levels(as.factor(distances.df$Var2)))
    Nearest <- matrix(nrow= N, ncol = kNearest)
    level_count <- length(levels(as.factor(iris[[5]])))
    classif <- rep(0,N)
    for (i in 1:N)
    {
        temp <- subset(distances.df, Var2 == i)
        nearest <- 
            unlist(head(temp[order(temp$Var2,temp$value),],kNearest)[1])
        votes <- iris[0,kNearest]
        for (j in 1:length(nearest))
        {
            votes[j] <- iris[5][nearest[j],]
        }
        classif[i]<- which.max(table(votes))
    }

    iris$Species_class[classif == 1] <- "setosa"
    iris$Species_class[classif == 2] <- "versicolor"
    iris$Species_class[classif == 3] <- "virginica"

    dumpObject(table(iris$Species,iris$Species_class), verbose=verbose)

    dumpObject(rownames(iris)[iris$Species != iris$Species_class], verbose=verbose)

    ## Euclidean distance is used.
    iris$knn_class = knn(train=iris[1:4],
                         test=iris[1:4],
                         cl=iris[[5]],
                         k=kNearest)
    
    dumpObject(rownames(iris)[iris$Species != iris$knn_class], verbose=verbose)

    classifiedSpecies <- as.character(iris$Species_class)#knn_class)
    ## classifiedSpecies <- as.character(iris$knn_class)
    misClassified <- which(iris$Species != classifiedSpecies)

    iris$TrueColor <- NULL
    iris$ClassifiedColor <- NULL
    iris$Scaled <- 1
    iris$Scaled[misClassified] <- 5

    for (i in 1:nrow(iris))
    {
        iris$TrueColor[i] <-assignColor(as.character(iris$Species[i]))
        iris$ClassifiedColor[i] <-assignColor(as.character(classifiedSpecies[i]))
    }
    
    model <- iris$Sepal.Length ~ iris$Sepal.Width

    set.seed(seed)
    numberMeasurements <- nrow(iris)
    trainingRows <- sample(1:numberMeasurements, numberMeasurements*trainingPercentage/100 )

    iris$knn_class <- iris$Species
    temp <- 
        knn(train=iris[trainingRows, 1:4],
            test=iris[-trainingRows, 1:4],
            cl=iris[trainingRows, 5],
            k=kNearest)

    dumpObject(temp, verbose=verbose)
    dumpObject(length(temp), verbose=verbose)
    dumpObject(trainingRows, verbose=verbose)
    j <- 1
    for (i in order(trainingRows))
    {
        iris$knn_class[i] <- temp[j]
        j <- j + 1
    }

    iris$SaveKnnClass <- iris$knn_class
    dumpObject(head(iris[trainingRows,]), verbose=verbose)

    dumpObject(table(iris$knn_class), verbose=verbose)

    for (s in c("Species_class", "knn_class"))
    {
        plotResults(iris, s, kNearest, model)
        par(ask=TRUE)
    }


    tps <- c()
    ks <- c()
    misses <- c()
    tpMin <- 10
    tpMax <- 90
    kMin <- 1
    kMax <- 25
    phi <- 30
    theta <- -30
    for(tp in seq(tpMin, tpMax, by=2))
    {
        for (k in seq(kMin, kMax, by=1))
        {
            set.seed(seed)
            trainingRows <- sample(1:numberMeasurements, numberMeasurements*tp/100 )

            iris$knn_class <- iris$Species
            temp <- 
                knn(train=iris[trainingRows, 1:4],
                    test=iris[-trainingRows, 1:4],
                    cl=iris[trainingRows, 5],
                    k=k)
            j <- 1
            for (i in order(trainingRows))
            {
                iris$knn_class[i] <- temp[j]
                j <- j + 1
            }
            tps <- c(tps, tp)
            ks <- c(ks, k)
            numberOfMiscalculations <- length(which(iris$Species != iris$knn_class))
            misses <- c(misses, numberOfMiscalculations)
        }
    }

    dumpObject(tps, verbose=verbose)
    dumpObject(ks, verbose=verbose)
    zz <- interp(x=tps, y=ks, z=misses)
    dumpObject(zz, verbose=verbose)
    jet.colors <- colorRampPalette( c("blue", "green") )
                                        # Generate the desired number of colors from this palette
    nbcol <- 100
    color <- jet.colors(nbcol)
                                        # Compute the z-value at the facet centres
    nrz <- nrow(zz$z)
    ncz <- ncol(zz$z)

    zfacet <- zz$z[-1, -1] + zz$z[-1, -ncz] + zz$z[-nrz, -1] + zz$z[-nrz, -ncz]
                                        # Recode facet z-values into color indices
    facetcol <- cut(zfacet, nbcol)
    
    res <- persp(x=zz$x, y=zz$y, z=zz$z, phi = phi, theta = theta,
          xlab=sprintf("%.0f Training percentage %.0f", tpMin, tpMax),
          ylab=sprintf("%.0f k nearest neighbor %.0f", kMax, kMin),
          zlab=sprintf("%.0f Misclassifications %.0f", max(zz$z), min(zz$z)),
          col=color[facetcol]
          )

    misClassified <- length(which(iris$Species != iris$SaveKnnClass))
    points(trans3d(trainingPercentage, kNearest, misClassified, pmat = res), col = "red", pch = 16)

    dumpObject(c(trainingPercentage, kNearest, misClassified))
    par(oldPar)

    print("The program has ended.")
}

main()



rm(list=ls())

library(mlbench)
library(class)

source("library.R")

main <- function(startMonth=4, endMonth=9, kNearest=3)
{
    data(Ozone)
    set.seed(123)
    
    Oz <- na.omit(Ozone)

    numberOfObservations <- nrow(Oz)
    Oz$SelectedMonths <- rep(0,length(Oz[,1]))
    Oz$SelectedMonths <- rep(0,length(Oz[,1]))
    Oz$SelectedMonths[as.numeric(Oz[[1]])>=startMonth &
                        as.numeric(Oz[[1]])<=endMonth] <- 1

    Oz$classif <- knn(Oz[2:13],Oz[2:13],Oz$SelectedMonths, kNearest)
    dumpObject(table(Oz$classif,Oz$SelectedMonths))

    temp <- as.matrix(table(Oz$classif,Oz$SelectedMonths))
    percentMiscalculated <- (1 - sum(diag(temp))/sum(temp))*100
    dumpObject(percentMiscalculated)

    Oz$classif2 <- knn.cv(Oz[2:13],Oz$SelectedMonths, kNearest)

    dumpObject(table(Oz$classif2,Oz[[14]]))
    temp <- as.matrix(table(Oz$classif2,Oz$SelectedMonths))
    percentMiscalculated <- (1 - sum(diag(temp))/sum(temp))*100
    dumpObject(percentMiscalculated, comment="knn.cv() misclassified")

                                        # How to select k, from p. 181
    set.seed(123)
    kLimit <- 30
    Accur <- rep(0,kLimit)
    for (i in 1:kLimit) {
        classification <- knn.cv(Oz[2:13],Oz$SelectedMonths, k=i)
        Accur[i] <- sum(classification == Oz$SelectedMonths)/numberOfObservations
    }

    bestK <- which.max(Accur)
    plot(Accur, type="b",
         main=sprintf("Ozone data for months %.0f to %.0f inclusive, best k=%.0f",
                      startMonth, endMonth, bestK))

    print("The program has ended.")
}

main()



rm(list=ls())

library(e1071)

source("library.R")

partitionAndPredict <- function(data, percentage)
{
    numberOfRows <- nrow(data)
    indices <- sample(1:numberOfRows, numberOfRows*percentage/100)

    data$Filter <- "TRAIN"
    data$Filter[indices] <- "TEST"

    TRAIN <- subset (data, Filter == "TRAIN")
    TEST <- subset (data, Filter == "TEST")
    
    Classify <- naiveBayes(TRAIN[1:3],TRAIN[[4]])

    TEST$Classified <- predict(Classify,TEST[1:3])
    res <- table(TEST$Survived,TEST$Classified)
    accuracy <- (res[1,1] + res[2,2])/sum(res)

    accuracy
}

main <- function(verbose=TRUE)
{
    seed <- 1
    DiseaseZ <- read.table(file.path("..", "Data", "DiseaseZ.txt"), header = T, sep="\t")
    Sick <- subset(DiseaseZ, DiseaseZ=="YES")
    NotSick <- subset(DiseaseZ, DiseaseZ=="NO")
    dumpObject(head(Sick), verbose=verbose)
    dumpObject(head(NotSick), verbose=verbose)

    prob.Sick <- colSums(Sick[,1:6]== "YES")/dim(Sick)[1]
    prob.NotSick  <- colSums(NotSick[,1:6]== "NO")/dim(NotSick)[1]

    dumpObject(prob.Sick)
    dumpObject(prob.NotSick)
    
    Classify <- naiveBayes(x = DiseaseZ[1:10,1:6], 
                          y = DiseaseZ[1:10,7])         
    dumpObject(Classify, verbose=verbose)

    dumpObject(predict(Classify, DiseaseZ[11,1:6]))

                                        # Working with Naïe Bayes in R, from p. 186
    Titanic.df_weighted <- data.frame(Titanic)
    ## From p. 188
### creating empty data frame to be populated
    Titanic.df <- Titanic.df_weighted[0,1:4]

### populating the data frame
    k<-0
    for (i in 1:nrow(Titanic.df_weighted)){
        if (Titanic.df_weighted[i,5]>0) {
            n <- Titanic.df_weighted[i,5]
            for (j in 1:n) {
                k <- k + 1
                Titanic.df [k,] <-  
                    unlist(Titanic.df_weighted[i,1:4])
            }
        }
    }

    dumpObject(table(Titanic.df) == Titanic, verbose=verbose)

    set.seed(seed)
    Titanic.df$Filter<- sample(c("TRAIN","TEST"), 
                              nrow(Titanic.df), replace = T)
    TRAIN <- subset (Titanic.df, Filter == "TRAIN")
    TEST <- subset (Titanic.df, Filter == "TEST")

    dumpObject(head(TRAIN), verbose=verbose)
    Classify <- naiveBayes(TRAIN[1:3],TRAIN[[4]])
    dumpObject(Classify, verbose=verbose)

    TEST$Classified <- predict(Classify,TEST[1:3])
    res <- table(TEST$Survived,TEST$Classified)
    dumpObject(res, verbose=verbose)

    accuracy <- (res[1,1] + res[2,2])/sum(res)

    dumpObject(accuracy, verbose=verbose)

    percents <- seq(5, 95, by=1)
    results <- c()
    for (percent in percents)
    {
        set.seed(seed)
        results <- c(results, partitionAndPredict(Titanic.df, percent) * 100)
    }

    plot(percents, results, typ="b",
         xlab="Training percentage",
         ylab="Prediction accuracy percentage",
         main="Titanic survival based on naive Bayes prediction")
    print("The program has ended.")
}

main()



rm(list=ls())

library(e1071)
library(mlbench)

source("library.R")

splitData <- function(percentage)
{
    data("HouseVotes84")

    d <- HouseVotes84

    numberOfRows <- nrow(d)
    indices <- sample(1:numberOfRows, numberOfRows*percentage/100)

    d$Filter <- "TRAIN"
    d$Filter[indices] <- "TEST"

    TRAIN <- subset (d, Filter == "TRAIN")
    TEST <- subset (d, Filter == "TEST")

    returnValue <- list(train=TRAIN,
                        test=TEST)

    returnValue
}

main <- function()
{
    testPercentage <- 30

    explantoryColumns <- c(13, 12)

    responseColumn <- 1
    
    d <- splitData(testPercentage)

    classify <- naiveBayes(d$train[,explantoryColumns], d$train[[responseColumn]])
    d$test$classified <- predict(classify, d$test[,explantoryColumns])
    
    res <- table(d$test$classified, d$test$Class)

    dumpObject(res)

    accuracy <- (res[1,1] + res[2,2])/sum(res)

    dumpObject(accuracy, comment="Model accuracy")
}


main()



.ls.objects <- function (pos = 1, pattern, order.by,
                         decreasing=FALSE, head=FALSE, n=5) {
    ## https://stackoverflow.com/questions/1358003/tricks-to-manage-the-available-memory-in-an-r-session
    napply <- function(names, fn) sapply(names, function(x)
        fn(get(x, pos = pos)))
    names <- ls(pos = pos, pattern = pattern)
    obj.class <- napply(names, function(x) as.character(class(x))[1])
    obj.mode <- napply(names, mode)
    obj.type <- ifelse(is.na(obj.class), obj.mode, obj.class)
    obj.size <- napply(names, object.size)
    obj.dim <- t(napply(names, function(x)
        as.numeric(dim(x))[1:2]))
    vec <- is.na(obj.dim)[, 1] & (obj.type != "function")
    obj.dim[vec, 1] <- napply(names, length)[vec]
    out <- data.frame(obj.type, obj.size, obj.dim)
    names(out) <- c("Type", "Size", "Rows", "Columns")
    if (!missing(order.by))
        out <- out[order(out[[order.by]], decreasing=decreasing), ]
    if (head)
        out <- head(out, n)
    out
}
                                        # shorthand
lsos <- function(..., n=10) {
    .ls.objects(..., order.by="Size", decreasing=TRUE, head=TRUE, n=n)
}

dumpObject <- function(object, comment=" ", verbose=TRUE)
{
    if(verbose == TRUE)
    {
        print(sprintf("%s  -- Dumping the object: %s (of type: %s, class: %s)",
                      comment,
                      deparse(substitute(object)),
                      typeof(object),
                      class(object)
                      )
              )

        print(object)
    }
}

normalizeText <- function(corpus, stopWords=stopwords("english"))
{
    corpus <- tm_map(corpus, content_transformer(tolower))
    corpus <- tm_map(corpus, removePunctuation)
    corpus <- tm_map(corpus, content_transformer(removeNumbers))
    corpus <- tm_map(corpus, removeWords, stopWords)
    corpus <- tm_map(corpus, stripWhitespace)
    corpus <- tm_map(corpus, stemDocument)
    corpus
}

getCorpus <- function(sourceId=1, useSaved=TRUE, saveFile=NULL)
{
    corpus <- NULL
    switch(as.character(sourceId),
           "1"={
               getNew <- TRUE
               if(useSaved == TRUE)
               {
                   if (file.exists(saveFile) == TRUE)
                   {
                       getNew <- FALSE
                       load(saveFile)
                   }
               }
               if(getNew == TRUE)
               {
                   oldWd <- getwd()
                   tempDir <- tempdir()
                   ## tempFile <- sprintf("%s/reviews.tar.gz", tempDir)
                   tempFile <- file.path(tempDir, "reviews.tar.gz")
                   URL <- "http://www.cs.cornell.edu/people/pabo/movie-review-data/review_polarity.tar.gz"
                   download.file(URL,destfile = tempFile)
                   setwd(tempDir)

                   if (substring(tempFile, 2, 2) == ":")
                   {
                       print(sprintf("Stripping Windows device info from: %s ", tempFile))
                       tempFile <- substring(tempFile, 3)
                   }

                   print(sprintf("Getting ready to untar %s", tempFile))
                   
                   untar(tempFile)

                   temp <- "txt_sentoken"

                   if (file.exists(temp) == FALSE)
                   {
                       dir.create(temp)
                   }

                   setwd(temp)

                   SourcePos <- DirSource(file.path(".", "pos"), pattern="cv")
                   SourceNeg <- DirSource(file.path(".", "neg"), pattern="cv")
                   pos <- Corpus(SourcePos)
                   neg <- Corpus(SourceNeg)
                   dumpObject(pos, comment="Positive reviews")
                   dumpObject(neg, comment="Negative reviews")

                   corpus <- c(pos, neg)
                   setwd(oldWd)

                   if (is.null(saveFile) == FALSE)
                   {
                       save(corpus, file=saveFile)
                   }
               }
           },
           "2" = {
               getNew <- TRUE
               if(useSaved == TRUE)
               {
                   if (file.exists(saveFile) == TRUE)
                   {
                       getNew <- FALSE
                       load(saveFile)
                   }
               }
               if(getNew == TRUE)
               {
                   fileName <- "../Data/TextMiningO.pdf"
                   corpus <- Corpus(URISource(fileName),
                                    readerControl = list(reader=readPDF))

                   if (is.null(saveFile) == FALSE)
                   {
                       save(corpus, file=saveFile)
                   }
               }
           },
           "3" = {
               getNew <- TRUE
               if(useSaved == TRUE)
               {
                   if (file.exists(saveFile) == TRUE)
                   {
                       getNew <- FALSE
                       load(saveFile)
                   }
               }
               if(getNew == TRUE)
               {
                   fileName <- file.path("..", "Data", "romeoAndJuliet.base64")
                   tempFile <- saveFile
                   if (is.null(tempFile) == TRUE)
                   {
                       tempFile <- tempfile()
                   }
                   write(base64(
                       paste(
                           readLines(fileName),
                           collapse=""),
                       encode=FALSE),
                       file=tempFile)

                   print(tempFile)
                   corpus <- Corpus(DirSource(dirname(tempFile)))

                   unlink(tempFile)
                   
                   if (is.null(saveFile) == FALSE)
                   {
                       save(corpus, file=saveFile)
                   }
               }
           },
           "4"={
               file <- file.path("..", "Data", "corpus.dat" )
               load(file)
           },
           "5"={
               getNew <- TRUE
               if(useSaved == TRUE)
               {
                   if (file.exists(saveFile) == TRUE)
                   {
                       getNew <- FALSE
                       load(saveFile)
                   }
               }
               if(getNew == TRUE)
               {
                   file <- file.path("..", "Data", "TextMiningO.pdf" )
                   Rpdf <- readPDF(control = list(text = "-layout"))
                   corpus <- VCorpus(URISource(file), 
                                     readerControl = list(reader = Rpdf))    
                   if (is.null(saveFile) == FALSE)
                   {
                       save(corpus, file=saveFile)
                   }
               }
           }
           )
    corpus
}

loadFFdata <- function(dataID, useSaved=TRUE, saveDir=NULL, ...)
{
    loaderFunc <- function(localSaveDir, func, localUseSaved, localHeaderFile, localOptionals)
    {
        getNew <- TRUE
        if(localUseSaved == TRUE)
        {
            if (file.exists(localHeaderFile) == TRUE)
            {
                getNew <- FALSE
                load.ffdf(localHeaderFile)
            }
        }
        if(getNew == TRUE)
        {

            ## command <- sprintf("mkdir -p %s", saveDir)
            if (file.exists(localHeaderFile) == FALSE)
            {
                ## command <- sprintf("mkdir -p %s", localHeaderFile)
                ## system(command)
                dir.create(localHeaderFile, showWarnings = TRUE, recursive = TRUE, mode = "0777")
            }

            options(fftempdir = saveDir)

            unzip(zipfile=localOptionals$zipFile, files=localOptionals$dataFile, exdir=saveDir)
            ## ffdfSourceFile <- sprintf("%s/%s", saveDir, localOptionals$dataFile)
            ffdfSourceFile <- file.path(saveDir, localOptionals$dataFile)

            print(sprintf("Saving data to %s",ffdfSourceFile ))

            if (is.null(localOptionals$FUN) == TRUE)
            {
                data.ff <- func(file=ffdfSourceFile,
                                sep=localOptionals$sep,
                                VERBOSE=FALSE,
                                header=TRUE,
                                next.rows=100000,
                                colClasses=NA)
            }
            else
            {
                data.ff <- func(file=ffdfSourceFile,
                                ## sep=localOptionals$sep,
                                ## VERBOSE=FALSE,
                                ## header=TRUE,
                                ## next.rows=100000,
                                ## colClasses=NA,
                                FUN=localOptionals$FUNCName)
                }
            save.ffdf(data.ff, dir=localHeaderFile)
            print("Finished saving data.")
        }
        data.ff
    }

    data.ff <- NULL
    optionals <- list(...)
    optionals$sep <- ','
    ## headerFile <- sprintf("%s/my-header-file-id=%04.0f", saveDir, dataID)
    dumpObject(saveDir)
    headerFile <- file.path(saveDir, sprintf("my-header-file-id=%04.0f", dataID))
    ## headerFile <- file.path(saveDir, "my-header-file-id")
    switch(as.character(dataID),
           "1"={
               data.ff <- loaderFunc(saveDir, read.table.ffdf, useSaved, headerFile, optionals)
           },
           "2"={
               data.ff <- loaderFunc(saveDir, read.csv.ffdf, useSaved, headerFile, optionals)
           },
           "3"={
               tempDir <- tempdir()

               ## optionals$zipFile <- sprintf("%s/%s", tempDir, optionals$zipFile)
               optionals$zipFile <- file.path(tempDir, optionals$zipFile)

               dumpObject(headerFile)

               if (file.exists(headerFile) == FALSE)
               {
                   print(sprintf("Downloading: %s to %s", optionals$downloadURL, optionals$zipFile))
                   download.file(optionals$downloadURL, optionals$zipFile)
               }

               optionals$FUNCName <- "read.delim"
               data.ff <- loaderFunc(localSaveDir=saveDir, func=read.table.ffdf, localUseSaved=useSaved, localHeaderFile=headerFile, localOptionals=optionals)

               if (file.exists(optionals$zipFile) == TRUE)
               {
                   unlink(optionals$zipFile)
               }
           }
           )

    data.ff
}

createTextFile <- function(fileName,
                           url="https://www.gutenberg.org/files/76/76-0.txt",
                           overwrite=FALSE)
{
    doWork <- FALSE
    if (file.exists(fileName) == FALSE)
    {
        doWork <- TRUE
    }
    else
    {
        if ((file.exists(fileName) == TRUE) && {overwrite == TRUE})
        {
            doWork <- TRUE
        }
    }

    if (doWork == TRUE)
    {
        download.file(url, destfile=fileName, method=getDownloadMethod(), quiet=TRUE)
    }
}

setHadoopVariables <- function()
{
    hadoopBinary <- Sys.getenv("HADOOP_CMD")
    stream <- Sys.getenv("HADOOP_STREAMING")
    hadoopPrefix <- Sys.getenv("HADOOP_PREFIX")
    hadoopConfDir <- Sys.getenv("HADOOP_CONF_DIR")
    hadoopHome <- Sys.getenv("HADOOP_HOME")
    yarnConfDir <- Sys.getenv("YARN_CONF_DIR")

    if(.Platform$OS.type == "unix")
    {
        hadoopBinary <- "/usr/local/hadoop/bin/hadoop"
        ## stream <- "/usr/local/hadoop/share/hadoop/tools/lib/hadoop-streaming-2.8.0.jar"
        stream <- system("ls /usr/local/hadoop/share/hadoop/tools/lib/hadoop-streaming-*.jar", intern=TRUE)
    }
    else
    {
        hadoopPrefix <- file.path("c:", "hadoop")
        hadoopBinary <- file.path(hadoopPrefix, "bin", "hadoop")
        hadoopHome <- hadoopPrefix
        hadoopConfDir <- file.path(hadoopPrefix, "etc", "hadoop")
        yarnConfDir <- hadoopConfDir

        stream <- file.path("c:", "hdc", "hadoop-dist", "target", "hadoop-2.8.1", "share", "hadoop", "tools", "lib", "hadoop-streaming-2.8.1.jar")
    }

    Sys.setenv(HADOOP_HOME=hadoopHome)

    Sys.setenv(HADOOP_CMD=hadoopBinary)
    Sys.setenv(HADOOP_CONF_DIR=hadoopConfDir)
    Sys.setenv(HADOOP_PREFIX=hadoopPrefix)
    Sys.setenv(HADOOP_STREAMING=stream)
    Sys.setenv(YARN_CONF_DIR=yarnConfDir)
}

setHadoopVariablesOld <- function()
{

    hadoopBinary <- "/usr/local/hadoop/bin/hadoop"
    Sys.setenv(HADOOP_CMD=hadoopBinary)

    stream <- "/usr/local/hadoop/share/hadoop/tools/lib/hadoop-streaming-2.8.0.jar"
    Sys.setenv(HADOOP_STREAMING=stream)
}

airportLocations <- function(locationFile, airports)
{
    airportLocations <- read.csv(locationFile, header=FALSE)
    colnames(airportLocations) <- c("Row", "Name", "City", "Country", "ID3", "ID4",
                                    "Latitude", "Longitude", "Elevation", "Unknown1",
                                    "Unknown2", "Unknown3", "Unknown4", "Unknown5")

    dumpObject(head(airportLocations))

    dumpObject(head(airports))

    returnValue <- list()

    noLocationCounter <- 0

    for(airport in airports)
    {
        temp <- airportLocations[which(airportLocations$ID3 == airport),]
        if(nrow(temp) > 0)
        {
            returnValue[[airport]] <- c(temp$Latitude, temp$Longitude)
        }
        else
        {
            print(sprintf("No location data for airport ID %s", airport))
            noLocationCounter <- noLocationCounter + 1
        }
    }

    returnValue[["AirportCount"]] <- length(airports)
    returnValue[["NoLocations"]] <-  noLocationCounter

    returnValue
}

setAirportValues <- function()
{
        ## https://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/subject_areas/airline_information/index.html
    ## https://www.transtats.bts.gov/DL_SelectFields.asp?Table_ID=258&DB_Short_Name=Air%20Carriers

    tempDirectory <- tempdir()

##    flightDataZipFileName <- "../Data/347085990_T_T100D_MARKET_US_CARRIER_ONLY.zip"
    flightDataZipFileName <- file.path("..", "Data", "347085990_T_T100D_MARKET_US_CARRIER_ONLY.zip")
    flightDataFileName <- "347085990_T_T100D_MARKET_US_CARRIER_ONLY.csv"

    ## outputDirectory <- sprintf("%s/output", tempDirectory)
    outputDirectory <- file.path(tempDirectory, "output" )

##    airportLocationFile <- sprintf("%s/airportLocations.txt", tempDirectory)
    airportLocationFile <- file.path(tempDirectory, "airportLocations.txt")
    airportLocationURL <- "https://raw.githubusercontent.com/jpatokal/openflights/master/data/airports.dat"

    returnValue <- list("flightZipFile" = flightDataZipFileName,
                        "flightDataFile" = flightDataFileName,
                        "outputDir" = outputDirectory,
                        "airportFile" = airportLocationFile,
                        "airportURL" = airportLocationURL,
                        "tempDirectory" = tempDirectory
    )

    returnValue
}

getDownloadMethod <- function()
{
    downloadMethod <- ifelse(.Platform$OS.type == "unix", "libcurl", "auto")

    downloadMethod
}


''Chuck Cartledge''
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Confusion matrix (1 of 2)[5]

Some definitions:

TP True Positive – hit

TN True Negative – correct rejection

FP False Positive – false alarm (Type I error)

FN False Negative – miss (Type II error)

TPR (sensitivity, recall, hit rate, or true positive rate) =
TP

TP + FN

TNR (specificity or true negative rate) =
TN

TN + FP

PPV (precision or positive predictive value) =
TP

TP + FP

NPV (negative predictive value) =
TN

TN + FN
FNR (miss rate or false negative rate) = 1− TPR
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Confusion matrix (2 of 2)[5]

FPR (fall-out or false positive rate) = 1− TNR

FDR (false discovery rate) = 1− PPV

FOR (false omission rate) = 1− NPV

ACC (accuracy) =
TP + TN

TP + TN + FP + FN

F1 (F1 score) =
2TP

2TP + FP + FN
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Plots

Confusion matrix

Image from [5].
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