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What are we going to cover?

We’re going to talk about:

A few of the multitudes of R’s
built-in datasets.

An overview of tools and
techniques to look at the iris
dataset.
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R has over 120 built-in datasets

To see the currently installed ones:

1 data ( )

To see the data() function code:

1 data

To see over 2,000 available datasets:

1 data ( package = . packages ( a l l . a v a i l a b l e = TRUE) )

To get detailed information about the iris dataset:

1 ? i r i s
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Background

Some background

Edgar Anderson collected
data on 3 different iris
species on the Gaspé
Peninsula, Quebec,
Canada[1]

Ronald Fisher used
Anderson’s data to see if
linear regression could be
used to could be used to
“maximize the ratio of the
difference between the
specific means to the
standard deviations within
species.”[3]
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Background

Anderson classified 50 examples of 3 different species

Each specimen was:

Collected on the same day

Collected by the same
person

Measured using the same
instruments

I. virginica

I. setosa

I. versicolor
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Background

Data collected from each specimen:

Sepal length,

Sepal width,

Petal length, and

Petal width

Sepals enclose the flower bud.
They fold over and protect the
closed bud from weather or
injuries while developing. Petals
attract hummingbirds and insects
so that pollination may occur.
Petals also protect the stamen
and pistil, the parts of the plants
needed for reproduction.[6]

Image from [2].
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Background

What does his data look like?

To see a few rows:

1 head ( i r i s )

To see how many rows:

1 nrow ( i r i s )

To see simple summary information:

1 s t r ( i r i s )

which returns:

’data.frame’: 150 obs. of 5 variables:

$ Sepal.Length: num 5.1 4.9 4.7 4.6 5 5.4 4.6 5 4.4 4.9 ...

$ Sepal.Width : num 3.5 3 3.2 3.1 3.6 3.9 3.4 3.4 2.9 3.1 ...

$ Petal.Length: num 1.4 1.4 1.3 1.5 1.4 1.7 1.4 1.5 1.4 1.5 ...

$ Petal.Width : num 0.2 0.2 0.2 0.2 0.2 0.4 0.3 0.2 0.2 0.1 ...

$ Species : Factor w/ 3 levels "setosa","versicolor",..: 1 1 1 1 1 1 1 1 1 1 ...
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Iris dataset analysis

Other ways

Quick and dirty:
plot(iris)

Pairwise plotting of all numerical columns. Missing species (factor)
classification.
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Iris dataset analysis

Same image.

Pairwise plotting of all numerical columns. Missing species (factor)
classification.
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Iris dataset analysis

As a 3D-ish plot

Another view:
library(ggplot2)

qplot(Petal.Width,

Sepal.Width, data=iris,

colour=Species, size=I(4))

Ideas taken from [8].

Iris sepal and petal widths, showing species classification. Errors?
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Iris dataset analysis

Same image.

Ideas taken from [8].

Iris sepal and petal widths, showing species classification. Errors?
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Iris dataset analysis

As a decision tree

More informative:
library(tree)

tree1 <- tree(Species

~Sepal.Width +

Petal.Width, data = iris)

plot(tree1)

text(tree1)

An iris species classification
decision tree.
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Iris dataset analysis

Same image.

An iris species classification decision tree.
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Iris dataset analysis

Combining decision tree and 3D-ish plot

A slightly more complex example:
library(tree)

tree1 <- tree(Species ~Sepal.Width +

Petal.Width, data = iris)

plot(iris$Petal.Width, iris$Sepal.Width, pch=19,

col=as.numeric(iris$Species))

partition.tree(tree1, label="Species", add=TRUE)

legend(1.75,4.5, legend=unique(iris$Species),

col=unique( as.numeric(iris$Species)), pch=19)

(Lines broken for readability.)

Why are there misclassifications?
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Iris dataset analysis

Same image.

Why are there misclassifications?
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Iris dataset analysis

How far should we go?

A even more slightly complex
example:
library(ggplot2)

p <- ggplot(iris[,-5],

aes(x=iris[,5],

y=iris$Petal.Width)) +

geom violin(trim=FALSE)

p + geom boxplot(width=0.1)

+ stat summary(fun.y=mean,

geom="point", size=2,

color="red")

(Lines broken for readability.) Perhaps there are attributes that
aren’t being captured.
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Iris dataset analysis

Same image.

Perhaps there are attributes that aren’t being captured.
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What can we learn from it?

Different tools give different views

The default kmeans clustering is
applied with different k values.
(A dendrogram is a tree diagram
frequently used to illustrate the
arrangement of the clusters
produced by hierarchical
clustering[5].)
R script is attached[7]. Different clusterings yield

different dendograms.
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What can we learn from it?

Same image.

Different clusterings yield different dendograms.
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What can we learn from it?

Viewing the results of many clusters

“Principal component
analysis (PCA) refers to the
process by which principal
components are computed,
. . . PCA is an unsupervised
approach, since it involves
only a set of features . . . ,
and no associated response
Y.”

James, et al. [5]

The default kmeans clustering is
applied with different k values.
PCA is plotted for each solution.
R script is attached[4]. Some specimens move from one cluster to another.
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What can we learn from it?

Same image.

Some specimens move from one cluster to another.
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Some simple exercises to get familiar with data analysis

1 Build an iris classification
tree using only sepal data

2 Build an iris classification
tree using all data without
specifying each element

3 Build a 3D-ish decision tree

using only sepal data

4 Looking at the image on
page 17, what can be said
about using petal width as
a decision attribute?
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Q & A time.

Q: Why was Stonehenge
abandoned?
A: It wasn’t IBM compatible.
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What have we covered?

R has a multitude of built-in
datasets
About the iris dataset:

1 It isn’t too large (only 150 rows)
2 It lends it self reasonably to linear

regression[3]
3 There appear to be some

“errors” (as in misclassifications),
so it isn’t “pure” data

4 Decision trees aren’t too large,
nor too complex

5 It is an easy place to start

Different tools and techniques give
different insights into the dataset

Next: Look at R’s built-in Titanic dataset
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Files of interest

1 iris dendogram R script

2 iris clustergram R script

3 R library script file


rm(list=ls())
## http://rischanlab.github.io/Kmeans.html
## http://www.rdatamining.com/examples/kmeans-clustering

source("library.R")

main <- function()
{
    oldPar <- par()
    par(mfrow=c(1,9))
    par(ask=TRUE)
    set.seed(1)
    myIris <- iris

    verbose <- FALSE
    returnValue <- list()
    for (numberOfCenters in 3:6)
    {
        myIris$Species <- NULL
        kc <- kmeans(myIris,numberOfCenters,
                     algorithm = c("Hartigan-Wong"))
        dumpObject(kc, verbose=verbose)
        dumpObject(kc$centers, verbose=verbose)
        columns <- c("Sepal.Length", "Sepal.Width")
        columns <- c("Petal.Width", "Sepal.Width")
        dumpObject(head(myIris[columns]), verbose=verbose)
        plot(myIris[columns], col=kc$cluster)
        points(kc$centers[,columns],
               col=1:nrow(kc$centers),
               pch=23, cex=3)
        returnValue[numberOfCenters] <- sum(kc$withinss)
        set.seed(1)
        myIris <- iris
        idx <- sample(1:dim(myIris)[1], 40)
        irisSample <- myIris[idx,]
        irisSample$Species <- NULL

        distanceMatrix <- dist(irisSample)

        methods <- c("ward.D", "ward.D2",
                     "single", "complete", "average",
                     "mcquitty", "median", "centroid")

        for (method in methods)
        {
            hc <- hclust(distanceMatrix, method=method)
            plot(hc, hang=-1, labels=myIris$Species[idx],
                 xlab="Raw data",
                 main=method
                 )
            rect.hclust(hc, k = numberOfCenters)
            groups <- cutree(hc, k = numberOfCenters)
        }
    }
    par(oldPar)
    print("The program has ended.")
}


d <- main()


"Chuck Cartledge"


## https://www.r-bloggers.com/clustergram-visualization-and-diagnostics-for-cluster-analysis-r-code/

rm(list=ls())

library(colorspace)
library(plyr)


clustergram.kmeans <- function(Data, k, ...)
{
                                        # this is the type of function that the clustergram
                                        # 	function takes for the clustering.
                                        # 	using similar structure will allow implementation of different clustering algorithms
    
                                        #	It returns a list with two elements:
                                        #	cluster = a vector of length of n (the number of subjects/items)
                                        #				indicating to which cluster each item belongs.
                                        #	centers = a k dimensional vector.  Each element is 1 number that represent that cluster
                                        #				In our case, we are using the weighted mean of the cluster dimensions by 
                                        #				Using the first component (loading) of the PCA of the Data.
    
    cl <- kmeans(Data, k,...)
    
    cluster <- cl$cluster
    centers <- cl$centers %*% princomp(Data)$loadings[,1]	# 1 number per center
                                        # here we are using the weighted mean for each
    
    return(list(
        cluster = cluster,
        centers = centers
    ))
}		

clustergram.plot.matlines <- function(X,Y, k.range, 
                                      x.range, y.range , COL, 
                                      add.center.points , centers.points)
{
    plot(0,0, col = "white",
         xlim = x.range, ylim = y.range,
         axes = F,
         xlab = "Number of clusters (k)",
         ylab = "PCA weighted Mean of the clusters",
         main = "Clustergram of the PCA-weighted Mean \nof the clusters k-mean clusters vs number of clusters (k)")
    axis(side =1, at = k.range)
    axis(side =2)
    abline(v = k.range, col = "grey")
    
    matlines(t(X), t(Y), pch = 19, col = COL, lty = 1, lwd = 1.5)
    
    if(add.center.points)
    {
        require(plyr)
        
        xx <- ldply(centers.points, rbind)
        points(xx$y~xx$x, pch = 19, col = "red", cex = 1.3)
        
                                        # add points	
                                        # temp <- l_ply(centers.points, function(xx) {
                                        # with(xx,points(y~x, pch = 19, col = "red", cex = 1.3))
                                        # points(xx$y~xx$x, pch = 19, col = "red", cex = 1.3)
                                        # return(1)
                                        # })
                                        # We assign the lapply to a variable (temp) only to suppress the lapply "NULL" output
    }	
}



clustergram <- function(Data, k.range = 2:10 , 
                        clustering.function = clustergram.kmeans,
                        clustergram.plot = clustergram.plot.matlines, 
                        line.width = .004, add.center.points = T)
{
                                        # Data - should be a scales matrix.  Where each column belongs to a different dimension of the observations
                                        # k.range - is a vector with the number of clusters to plot the clustergram for
                                        # clustering.function - this is not really used, but offers a bases to later extend the function to other algorithms 
                                        #			Although that would  more work on the code
                                        # line.width - is the amount to lift each line in the plot so they won't superimpose eachother
                                        # add.center.points - just assures that we want to plot points of the cluster means
    
    n <- dim(Data)[1]
    
    PCA.1 <- Data %*% princomp(Data)$loadings[,1]	# first principal component of our data
    
    if(require(colorspace)) {
        COL <- heat_hcl(n)[order(PCA.1)]	# line colors
    } else {
        COL <- rainbow(n)[order(PCA.1)]	# line colors
        warning('Please consider installing the package "colorspace" for prittier colors')
    }
    
    line.width <- rep(line.width, n)
    
    Y <- NULL	# Y matrix
    X <- NULL	# X matrix
    
    centers.points <- list()
    
    for(k in k.range)
    {
        k.clusters <- clustering.function(Data, k)
        
        clusters.vec <- k.clusters$cluster
                                        # the.centers <- apply(cl$centers,1, mean)
        the.centers <- k.clusters$centers 
        
        noise <- unlist(tapply(line.width, clusters.vec, cumsum))[order(seq_along(clusters.vec)[order(clusters.vec)])]	
                                        # noise <- noise - mean(range(noise))
        y <- the.centers[clusters.vec] + noise
        Y <- cbind(Y, y)
        x <- rep(k, length(y))
        X <- cbind(X, x)
        
        centers.points[[k]] <- data.frame(y = the.centers , x = rep(k , k))	
                                        #	points(the.centers ~ rep(k , k), pch = 19, col = "red", cex = 1.5)
    }
    
    
    x.range <- range(k.range)
    y.range <- range(PCA.1)
    
    clustergram.plot(X,Y, k.range, 
                     x.range, y.range , COL, 
                     add.center.points , centers.points)
    
}


main <- function()
{
    data(iris)
    set.seed(250)
    par(cex.lab = 1.5, cex.main = 1.2)
    Data <- scale(iris[,-5]) # notice I am scaling the vectors)
    clustergram(Data, k.range = 2:8, line.width = 0.004) # notice how I am using line.width.  Play with it on your problem, according to the scale of Y.

    print("The program has ended.")
    
}

d <- main()


"Chuck Cartledge"


.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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