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What are we going to cover?

We’re going to talk about:

Visually explore the iris dataset.

See how “messy” data can affect
the presentation.
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Background

What is a histogram?

“Consider a series
of rectangles on equal
base c and whose
heights are respectively
the successive terms of
the binomial
(p + q)n ∗ α

c , where
p + q = 1.”

K. Pearson [2]

Image from [2].
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Background

In layman’s terms:

1 Take the range of data and
divide into equal range bins

2 Count the number of pieces
of data (frequency) in each
range bin

3 Plot the count vs. the range
bin

Image from [2].
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Iris data

Looking at sepal widths

data(iris)

hist(iris$Sepal.Width)
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Iris data

Same image.
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Iris data

An annotated look at sepal widths

1 Compute the mean and
standard deviation

2 Add a “normal” (a.k.a.,
Gaussian) distribution curve

3 Add ±3σ vertical lines

Attached file.
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Iris data

Same image.

Attached file.
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Iris data

What is a “normal” distribution?

1 Ideas and base equations
attributed to Carl Friedrich
Gauss and Abraham de
Moivre[1] (de Moivre is
more general than Gauss’)

2 Based on the idea of a
central value µ and a
variation from that value σ2

3 Equation:

P(x) = 1
σ
√

2π
e−

(x−µ)2

2σ2

4 The probability of x is
dependent on µ and σ
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Iris data

Sigmas (σ) are important

Likelihood that a value exists based on a “normal” distribution is:
Range ±σ Expected population

within range
0.5 38.29
1.0 68.26

1.5 86.63
2.0 95.44

2.5 98.75
3.0 99.73

3.5 99.95
4.0 99.99

https://en.wikipedia.org/wiki/68%E2%80%9395%E2%80%9399.7_rule

https://en.wikipedia.org/wiki/68%E2%80%9395%E2%80%9399.7_rule
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Iris data

Choose any two values and see what they look like

Part of the data exploration
toolset

Used to visually identify, or
verify correlation between
attributes

1 l i b r a r y ( g g p l o t 2 )
2 q p l o t ( P e t a l . Width , S e p a l . Width ,

data=i r i s , c o l o u r=S p e c i e s ,
s i z e=I ( 4 ) )
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Iris data

Sometimes you don’t know which attribute to choose

2D plots are easy to
understand

3D plots are harder to
understand

> 3D requires special
training

How to choose which
attributes are interesting?

pairs(~Sepal.Length+Sepal.Width+Petal.Length+Petal.Width,

data=iris)
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Iris data

Sometimes there are new insights

library(ggplot2); qplot(Petal.Width,Petal.Length, data=iris,colour=Species, size=I(4))
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Iris data

Background

Some terminology

Quartiles of a ranked set of data values, divide
the data set into four equal groups, each group
comprising a quarter of the data

Q1: splits off the lowest 25% of data from the
highest 75%

Q2: cuts the dataset in half (median)

Q3: splits off the highest 25% of data from the
lowest 75%

IQR: Interquartile range = Q3 − Q1

Lower fence = Q1 − 1.5 ∗ IQR

Upper fence = Q3 + 1.5 ∗ IQR

Image from [4].
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Iris data

Box plot visual

Image from [4].
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Iris data

Looking at versicolor petal widths

par(mfrow=c(2,1))

data <- iris[which(iris$Species ==

"versicolor"),"Petal.Width"]

hist(data,xlim=range(data), col = "pink", freq =

TRUE)

lines(density(data))

rug(jitter(data))

boxplot(data, horizontal=TRUE,

outline=TRUE,ylim=range(data), frame=FALSE, col

= "green1")
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Iris data

Same image.
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Iris data

Looking at setosa petal widths

Change one line, and replot.
data <- iris[which(iris$Species ==

"setosa"),"Petal.Width"]

Now we see data points beyond
the upper fence. They are
generically known as “outliers.”
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Iris data

Same image.
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iris data

What are outliers?

A definition:

“Outliers are observations that do not follow the
pattern of the majority of the data. Outliers in a
multivariate point cloud can be hard to detect, especially
when the dimension p exceeds 2, because then we can
not longer rely on visual perception.”

Rousseeuw and Van Zomeren [3]

The difficulty is defining a pattern in the data, and then defining
what it means to not follow the pattern.
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iris data

Bringing things together.

Ideas that come together into simple visualizations:

1 Density plot (curved lines on the previous histograms)

2 Density plots that may not be “normal” or “Gaussian” in
shape

3 Box plots showing where the bulk of the data points are

4 Outliers are points that don’t fit a pattern

1 l i b r a r y ( g g p l o t 2 )
2 g g p l o t ( i r i s , a e s ( x=S p e c i e s , y=S e p a l . Width ) ) + geom v i o l i n ( t r i m=FALSE) + geom

b o x p l o t ( width =0.1)

Change the y value.
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iris data

Violin plot of iris Sepal Width
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iris data

Violin plot of iris Sepal Length
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iris data

Violin plot of iris Petal Width
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iris data

Violin plot of iris Petal Length
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Some simple exercises to get familiar with data
visualization

1 Does a histogram of iris
petal length support a
“normal” distribution
(qualitative vice
quantitative)

2 What does the scatterplot
on page 12 say about using
widths as a classification
criteria?

3 Which combination of
sepal and petal, lengths
and widths is best?

4 What is the purpose of the
rug function on page 17?

5 How do the other iris
species petal lengths
compare to Versicolor on
page 17?

6 Create a geom violin plot
of the built in mtcars
dataset that show the
relationship between
number of gears and mpg
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Q & A time.

Q: What’s Dr. Presume’s full
name?
A: Dr. Livingston I. Presume.
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What have we covered?

Basic ways to visualize data
1 Histograms
2 Scatter plots
3 Box plots

Outliers and how they can affect
data
Looked at iris data using basic
plotting functions and a little of
the ggplot library

Next: LPAR Chapter 3, data visualization with Lattice
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Files of interest

1 Create annotated iris

histogram

2 Calculus to derive equation
for “normal”

distribution

3 YouTube video about
deriving the “normal”
distribution: https:

//www.youtube.com/

watch?v=ebewBjZmZTw

4 R library script file


rm(list=ls())

main <- function()
{
    data(iris)

    d <- iris$Sepal.Length ## look "blocky"
    d <- iris$Petal.Length ## definitely not "normal" distribution
    d <- iris$Petal.Width  ## definitely not "normal" distribution
    d <- iris$Sepal.Width  ## looks good
    
    myMean <- sprintf("%.2f", mean(d))
    mySd <- sprintf("%.2f", sd(d))
    a <- hist(d,
              xlab="Centimeters",
              main=bquote("Histogram of data ("*mu == .(myMean)*" "*sigma*" = "*.(mySd)*")")
              )

    myMean <- as.numeric(myMean)
    mySd <- as.numeric(mySd)
    
    myXs <- seq(min(d), max(d), length.out= 100)
    normal <- dnorm(x=myXs,
                    mean=myMean,
                    sd=mySd
                    )
    multiplier <- a$counts / a$density

    lines(myXs,
         normal * multiplier[1],
         col="blue",
         lwd = 2)

    sd_x <- seq(myMean - 3 * mySd, myMean + 3 * mySd, by = mySd)
    sd_y <- dnorm(x = sd_x, mean = myMean, sd = mySd) * multiplier[1]

    segments(x0 = sd_x, y0= 0, x1 = sd_x, y1 = sd_y, col = "firebrick4", lwd = 2)

    print("The program has ended.")
    
}

main()


"Chuck Cartledge"




The Normal Distribution:  A derivation from basic principles


Dan Teague
The North Carolina School of Science and Mathematics


Introduction


Students in elementary calculus, statistics, and finite mathematics classes often
learn about the normal curve and how to determine probabilities of events using a table for
the standard normal probability density function.  The calculus students can work directly


with the normal probability density function p x e
x


b g=
− −FHG IKJ1


2


1
2


2


σ π


µ
σ  and use numerical


integration techniques to compute probabilities without resorting to the tables.  In this
article, we will give a derivation of the normal probability density function suitable for
students in calculus.  The broad applicability of the normal distribution can be seen from
the very mild assumptions made in the derivation.


Basic Assumptions


Consider throwing a dart at the origin of the Cartesian plane.  You are aiming at
the origin, but random errors in your throw will produce varying results.  We assume that:


• the errors do not depend on the orientation of the coordinate system.
• errors in perpendicular directions are independent.  This means that being too high


doesn't alter the probability of being off to the right.
• large errors are less likely than small errors.


In Figure 1, below, we can argue that, according to these assumptions, your throw is more
likely to land in region A than either B or C, since region A is closer to the origin.
Similarly, region B is more likely that region C.   Further, you are more likely to land in
region F than either D or E, since F has the larger area and the distances from the origin
are approximately the same.


Figure 1







2


Determining the Shape of the Distribution


Consider the probability of the dart falling in the vertical strip from x to x x+ ∆ .
Let this probability be denoted p x x( )∆ .  Similarly, let the probability of the dart landing in
the horizontal strip from y to y y+ ∆ be p y y( )∆ . We are interested in the characteristics of
the function p.  From our assumptions, we know that function p is not constant.  In fact,
the function p is the normal probability density function.


Figure 2


From the independence assumption, the probability of falling in the shaded region
is p x x p y y( ) ( )∆ ∆⋅ .  Since we assumed that the orientation doesn't matter, that any region
r units from the origin with area ∆ ∆x y⋅  has the same probability, we can say that


p x x p y y g r x y( ) ( ) ( )∆ ∆ ∆ ∆⋅ = .
This means that


g r p x p y( ) ( ) ( )= .


Differentiating both sides of this equation with respect to θ , we have


0 = +p x
dp y


d
p y


dp x
d


( )
( )


( )
( )


θ θ
,


since g is independent of orientation, and therefore, θ .


Using x r= cos θb g and y r= sin θb g, we can rewrite the derivatives above as


0 = ′ + ′ −p x p y r p y p x r( ) ( ) cos ( ) ( ) sinθ θb gc h b gc h.
Rewriting again, we have 0 = ′ − ′p x p y x p y p x y( ) ( ) ( ) ( ) .  This differential equation can
be solved by separating variables,


′ = ′p x
x p x


p y
y p y


( )
( )


( )
( )


.
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This differential equation is true for any x and y, and x and y are independent. That can
only happen if  the ratio defined by the differential equation is a constant, that is, if


′ = ′ =p x
x p x


p y
y p y


C
( )
( )


( )
( )


.


Solving ′ =p x
x p x


C
( )
( )


, we find that ′ =p x
p x


Cx
( )
( )


 and ln ( )p x
Cx


cb g= +
2


2
 and finally,


p x Ae
C


x
( ) = 2


2


.


Since we assumed that large errors are less likely than small errors, we know that C must
be negative.  We can rewrite our probability function as


p x Ae
k


x
( ) =


−
2


2


,
with k positive.


This argument has given us the basic form of the normal distribution.  This is the


classic bell curve with maximum value at x = 0 and points of inflection at x
k


= ± 1
.  We


now need to determine the appropriate values of A and k.


Determining the Coefficient A


For p to be a probability distribution, the total area under the curve must be 1.  We
need to adjust A to insure that the area requirement is satisfied.  The integral to be
evaluated is


Ae dx
k x−


− ∞


∞z 2


2 .


If Ae dx
k x−


− ∞


∞z =
2


2 1, then e dx
A


k x−


− ∞


∞z =
2


2 1
.  Due to the symmetry of the function, this area


is


twice that of e dx
k x−∞z 2


2


0
, so 


e dx
A


k x−∞z =
2


2
0


1
2


.


Then,


 e dx e dy
A


k x k y−∞ −∞z zF
HG


I
KJ⋅
F
HG


I
KJ=


2 2


2


0


2


0
2


1
4


,
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since x and y are just dummy variables.   Recall that x and y are also independent, so we
can rewrite this product as a double integral


e dy dx
A


k x y− +∞∞ zz =2


00
2


2 2 1
4


e j
.


(Rewriting the product of the two integrals as the double integral of the product of the
integrands is a step that needs more justification than we give here, although the result is
easily believed.  It is straightforward to show that


f x dx g y dy f x g y dy dx
M M MM


( ) ( ) ( ) ( )
0 0 00z z zzF


HG
I
KJ
F
HG


I
KJ=


for finite limits of integration, but the infinite limits create a significant challenge that will
not be taken up.)


The double integral can be evaluated using polar coordinates.


e dx dy e r dr d
k x y k r− +∞∞ −∞zz zz=2


00


2


00


22 2 2e j π


θ
/


.


To evaluate the polar form requires a u-substitution in an improper integral.  Performing
the integration with respect to r, we have


e r dr d
k


e du d
d
k k


k r u−∞ − ∞zz z z z= − L
NM


O
QP = =2


00


2


0


2


0 0


22 1
2


π π π


θ θ θ π/ / /


.


Now we know that 
1


4 22A k
= π


, and so A
k=


2π
.  The probability distribution is


p x
k


e
k x


( ) =
−


2
2


2


π
.


Determining the Value of k


A question often asked about probability distributions is "what are the mean and
variance of the distribution?"  Perhaps the value of k has something to do with the answer


to these questions.  The mean, µ , is defined to be the value of the integral x p x dx( )
− ∞


∞z .


The variance, σ2 , is the value of the integral x p x dx−
− ∞


∞z µb g2 ( ) .  Since the function


x p x( ) is an odd function, we know the mean is zero.  The value of the variance needs
further computation.
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To evaluate x p x dx2 2( )
− ∞


∞z = σ , we proceed as before, integrating on only the


positive x-axis and doubling the value.  Substituting what we know of p x( ), we have


2
2


2


0


2 2
2k


x e dx
k x


π
σ


∞ −z = .


The integral on the left is evaluated by parts with u x=  and dv xe
k x


=
−


2
2


 to generate the
expression


2
2 0


2


0


2
2


2 1k
M


k x
M k xx


k
e


k
e dx


π
lim


→ ∞


− −− +
L
N
MM


O
Q
PP


∞z .


Simplifying, we know that lim
M


k x
M


x
k


e
→ ∞


−− =2


0


2 0 and we know that 1 1 2
2


2
2


0k
e dx


k k


k x−
∞z = π


from our work before.  So 2
2


2


0


2
2


2
2


1 2
2


1k
x e dx


k
k k k


k x


π π
π∞ −z = ⋅ ⋅ =  so that k = 1


2σ
.


The Normal Probability Density Function


Now we have the normal probability distribution derived from our 3 basic
assumptions:


p x e
x


b g=
− FHG IKJ1


2


1
2


2


σ π
σ .


The general equation for the normal distribution with mean µ  and standard deviation σ  is
created by a simple horizontal shift of this basic distribution,


p x e
x


b g=
− −FHG IKJ1


2


1
2


2


σ π


µ
σ .
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.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''

https://www.youtube.com/watch?v=ebewBjZmZTw
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