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What are we going to cover?

We’re going to talk about:

Different types of clustering
approaches,

How different measurement
techniques affect clustering, and

How clusters can interact.
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Basic ideas

Constructive (agglomerative) or deconstructive
(divisive) approach?

Basic approaches:[2]

Agglomerative each
observation starts in its own
cluster, and pairs of clusters
are merged as one moves up
the hierarchy

Divisive all observations
start in one cluster, and
splits are performed
recursively as one moves
down the hierarchy

Image from [1].
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Basic ideas

Same image.

Image from [1].
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Basic ideas

Agglomerative and divisive are SLOW

Big O complexity of both approaches:[2]

Agglomerative O(n2 log(n))

Divisive O(2n)

“Blind” clustering is too slow for large datasets. Special cases may
have complexity of O(n2).
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Basic ideas

Types of clusterings[3]:

Hierarchical versus partitional: clusters are nested or not

Exclusive vs. overlapping vs. fuzzy: clusters can overlap or
not, or membership is not a binary value

Complete versus partial: all members are assigned to a cluster
or not
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Basic ideas

Types of clusters[3]:

Well-separated: each member is closer to the centroid than
any other member not in the cluster

Prototype-based: members are “closer” to the cluster
prototype (or medoid) vice any other prototype

Graph based: members have a “connection” (edge or arc) to
other members in the cluster

Density-based: a cluster is an area of high density surrounded
by areas of low density

Shared-property: members share some common attribute
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Basic ideas

Data characteristics that will affect clustering[3]:

High dimensionality: in high dimensioned space, Euclidean
distance becomes less useful
Size: many clustering algorithms do not scale well
Sparseness: members with many attributes, may have zero
values that might be important
Noise and outliers: may cause members to be incorrectly
added to a cluster
Types of attributes and data set: categorical, quantitative,
binary, discrete, continuous
Scale: units of attribute measures may affect cluster
assignment
Mathematical properties of the data space: ideas of mean,
Euclidean distance, density may be applicable to the data
space and therefore will affect clustering
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Basic ideas

Considerations when choosing a clustering algorithm[3]:

Type of clustering

Type of cluster

Characteristics of a cluster

Characteristics of the
dataset and attributes

Noise and outliers

Number of data objects

Number of attributes

Cluster description

Algorithmic considerations

Each consideration will affect the outcome.
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Our clustering explorations

We will be exploring agglomerative hierarchical clusters using
hclust(). Because:

Our data support this approach,

It is easy to understand,

It is the text.
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Life expectancy in different forms

Life expectancy from text

1 Load the attached file
chapter-05-life-expectancy.R

into the editor

2 Execute the entire file
(highlight and press the
“run” button)

3 Execute: main(FALSE) in
the console Attached file.
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Life expectancy in different forms

Same image.

Attached file.
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Life expectancy in different forms

What is happening?

1 Rows (countries) that are
“close” to each other are
clustered (agglomerated)

2 How far the centroid is from
each row is the “height”
value (height can be
thought of as “distance”)

3 Clusters that are “close” to
each other are clustered
(hence hierarchy)

At any time, a horizontal line will
give clusters and membership.
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Swiss voting data

Exploring Swiss voting results

Analyzing a common datafile
with different clustering
approaches.

complete: produces
compact clusters

single: more inclusive
clusters

average: clusters between
compact and inclusive

Program in attached file
(chapter-05-swiss-voting.R).

Attached file.
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Swiss voting data

Same image.

Attached file.
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Swiss voting data

Swiss voting data in different forms

1 Load the attached file
chapter-05-swiss-voting.R

into the editor

2 Execute the entire file
(highlight and press the
“run” button)

3 Execute: main(FALSE) in
the console

Attached file.
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Swiss voting data

Same image.

Attached file.
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Swiss voting data

Interesting things about clusters

Some interesting things:

Data was “cut” based on
“complete” clustering and
k = 4

Colors match the cluster
each cannon is assigned to

There are two well separated
clusters

There are two over-lapping
clusters

Based on the clusterings, more
investigation into why there are
similarities and differences is
warranted.

Attached file.
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Swiss voting data

Same image.

Attached file.
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Binary data

Looking at British truck accident data

Some notes:

Data was collected in
Britain before and after new
safety regulations

Raw data is mostly
categorical (two values)

Categorical data converted
to binary

Distance is still valid
measurement

Attached file.
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Binary data

Same image.

Attached file.
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Binary data

Loading the truck accident software

1 Load the attached file
chapter-05-trucks.R into
the editor

2 Execute the entire file
(highlight and press the
“run” button)

3 Execute: main(FALSE) in
the console



24/30

Intro. Definitions Numerical data Hands-on Q & A Conclusion References Files

Binary data

More detailed investigation

Index period collision parked
65 0 1 0
43 1 0 0
96 1 1 0
97 1 1 1

100 0 0 1
84 0 1 1

Only 6 of possible 8
combinations.
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Binary data

A final look

1 Load the attached file
chapter-05-trucks-help.R

into the editor

2 Execute the entire file

From *help[R](Trucks)*
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Some simple exercises to get familiar with data
clustering

1 What are the “height”
values for the life
expectancy plots (requires
looking at code)?

2 Change the life expectancy
plots to display raw values.

3 Change the Swiss voting
example to use Manhattan
distance. Which distance
measurement is
better/best? Why?
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Q & A time.

Q: How did you get into artificial
intelligence?
A: Seemed logical – I didn’t have
any real intelligence.
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What have we covered?

Looked at different types of
clustering approaches
Looked at different types of
clusters and data characteristics
Looked at clustering considerations
Looked at how distance
computations can affect clustering
Looked at how clusters can
interrelate
looked at continuous and binary
data clustering

Next: LPAR Chapter 9, linear regression
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[1] Erin Shellman, BI Tech CP303 - Data Mining, http:
//erinshellman.github.io/data-mining-starter-kit/,
2017.

[2] Wikipedia Staff, Hierarchical clustering, https:
//en.wikipedia.org/wiki/Hierarchical_clustering,
2017.

[3] Pang-Ning Tan, Michael Steinbach, and Vipin Kumar,
Introduction to Data Mining, Pearson Education India, 2006.

http://erinshellman.github.io/data-mining-starter-kit/
http://erinshellman.github.io/data-mining-starter-kit/
https://en.wikipedia.org/wiki/Hierarchical_clustering
https://en.wikipedia.org/wiki/Hierarchical_clustering


30/30

Intro. Definitions Numerical data Hands-on Q & A Conclusion References Files

Files of interest

1 Revised life-expectancy
clustering (chapter-05-life-

expectancy.R)

2 Revised Swiss voting

clustering

3 Revised truck accidents

4 Truck accidents (a final

look)

5 R library script file


rm(list=ls())

library(NbClust)
library(cluster.datasets)

initData <- function()
{
    data(life.expectancy.1971)
    returnValue <- life.expectancy.1971[-c(23, 24, 27),]
    returnValue$f50 <- unlist(lapply(returnValue$f50, as.numeric))

    returnValue = cbind(returnValue, returnValue$m0/returnValue$f0, returnValue$m25/returnValue$f25, returnValue$m50/returnValue$f50, returnValue$m75/returnValue$f75)

    temp <- returnValue$country
    returnValue = as.matrix(data.frame( scale(returnValue[-(c(1,2))]) ))
    rownames(returnValue) <- temp
    returnValue
}


main <- function(fromBook=TRUE)
{
    life.scaled <- initData()
    if (fromBook == TRUE)
    {
        par(mfrow=c(1,2))
        a=hclust(dist(life.scaled, method="euclidean"))
        plot(a, hang=-1, xlab="Country name(category)", main = "Euclidean")
        ## p. 83
        a = hclust(dist(life.scaled, method="manhattan"))
        plot(a, hang=-1, xlab="Country name(category)", main = "Manhattan")
    }
    else
    {
        methods <- c("euclidean", "maximum", "manhattan", "minkowski")#, "canberra", "binary"
        par(mfrow=(c(1,length(methods))))
        for (m in methods)
        {
            a = hclust(dist(life.scaled, method=m))
            plot(a, hang=-1, xlab="Country name(category)", main =paste0(toupper(substr(as.character(m), 1, 1)),substr(m, 2, nchar(m))))
        }
    }
    print("The program has ended.")
}

main()



rm(list=ls())

library(NbClust)
library(cluster.datasets)

initData <- function()
{
    zippedFile <- file.path("..", "Data", "9781782169352_code.zip")
    con <- unz(zippedFile, filename="Learning Predictive Analytics with R_Code/Data/Data Ch5/swiss_votes.dat")
    returnValue <- read.table(con, sep = "\t",  header = T)

    returnValue
}


main <- function(fromBook=TRUE)
{
    swiss_votes <- initData()
    dist_matrix = dist(swiss_votes[2:11], method="euclidean")
    
    if (fromBook == TRUE)
    {
        clust_compl  = hclust(dist_matrix)
        clust_single  = hclust(dist_matrix, method = "single")
        clust_ave  = hclust(dist_matrix, method = "average")
        par(mfrow = c(3,1))
        plot(clust_compl, labels=swiss_votes$Canton, hang = -1, 
             main = "Complete linkage", xlab = "Canton", 
             ylab = "Distance")
        plot(clust_single, labels=swiss_votes$Canton, hang = -1, 
             main = "Single linkage", xlab = "Canton", 
             ylab = "Distance")
        plot(clust_ave, labels=swiss_votes$Canton, hang = -1, 
             main = "Average linkage", xlab = "Canton", 
             ylab = "Distance")

        clusters=cutree(clust_compl, k = 4)
        cbind(clusters,swiss_votes[1])
        par(mfrow = c(1,1)) #resetting to 1 plot 
        plot(swiss_votes$Protection,swiss_votes$Taxes2, 
             pch=15, col=gray.colors(4)[clusters], 
             xlab="Protection and support services for peace", 
             ylab = "Tax on non-renewable energy")

        round(aggregate(swiss_votes[2:11], list(clusters), mean),1)
        
    }
    else
    {
        oldPar <- par()
        methods <- c("ward.D", "ward.D2", "single", "complete", "average", "mcquitty", "median", "centroid")

        par(mfrow=(c(1,length(methods))))
        for (m in methods)
        {
            a = hclust(dist_matrix, method = m)
            plot(a, hang=-1,
                 labels=swiss_votes$Canton,
                 main =paste0(toupper(substr(as.character(m), 1, 1)),substr(m, 2, nchar(m))),
                 xlab = "Canton", 
                 ylab = "Distance")
        }

        par(ask=TRUE)
        
        clusters=cutree(hclust(dist_matrix, method = "complete"), k = 4)
        cbind(clusters,swiss_votes[1])
        par(mfrow = c(1,1)) #resetting to 1 plot 
        plot(swiss_votes$Protection,swiss_votes$Taxes2, 
             pch=15, col=rainbow(4)[clusters], 
             xlab="Protection and support services for peace", 
             ylab = "Tax on non-renewable energy")

        par(oldPar)
    }
    print("The program has ended.")    
}

main()



rm(list=ls())

library(grid)
library(vcd)

source("library.R")

initData <- function()
{
    data(Trucks)

    Trucks.wd<- Trucks[rep(1:nrow(Trucks),Trucks$Freq),]

    returnValue = Trucks.wd[, -(c(1,5))]
    
    returnValue
}

main <- function(fromBook=TRUE)
{
    verbose <- TRUE
    set.seed(456)

    Trucks.rm <- initData()

    if (fromBook == TRUE)
    {
        sampleSize <- 100
    }
    else
    {
        sampleSize <- 500        
    }
    
    Trucks.sample = Trucks.rm[sample(nrow(Trucks.rm), size=sampleSize, replace=TRUE), ]

    Trucks.onoff = data.frame(matrix(nrow = nrow(Trucks.sample),
                                     ncol = ncol (Trucks.sample)))

    for (i in 1:nrow(Trucks.sample)) {
        for (j in 1:ncol(Trucks.sample)) {
            Trucks.onoff[i,j] <- ifelse(Trucks.sample[i,j] == Trucks.sample[1,j], 1, 0)
        }
    }
    names(Trucks.onoff)=names(Trucks.sample)

    b = hclust(dist(Trucks.onoff, method= "binary"))
    plot(b)

    if (fromBook == TRUE)
    {
        dumpObject(Trucks.onoff[c(96,92,76,52,5,23),], comment="Members from the text", verbose=verbose)
        for (s in c(65, 43, 96, 97, 100, 84))
        {
            dumpObject(Trucks.onoff[c(s),], comment=sprintf("Singleton #%.0f",s), verbose=verbose)
        }
    }
    print("The program has ended.")    
}

main()



rm(list=ls())

library(MASS)
library(grid)
library(vcd)

data("Trucks")
tab <- xtabs(Freq ~ period + collision + light + parked, data = Trucks)
loglm(~ (collision + period) * parked * light, data = tab)
doubledecker(collision ~ parked + light + period, data = tab)
cotabplot(tab, panel = cotab_coindep)
    print("The program has ended.")



.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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