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What are we going to cover?

We’re going to talk about:

The lattice package functions
and capabilities.

Choroplethrmaps (what they are
and how to construct them.)
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Background

A description

“A powerful and elegant high-level data visualization
system inspired by Trellis graphics, with an emphasis on
multivariate data. Lattice is sufficient for typical graphics
needs, and is also flexible enough to handle most
nonstandard requirements.”

D. Sarkar [2]
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Background

An explanation

“Trellis displays are plots which contain one or more
panels, arranged in a regular grid-like structure (a trellis).
Each panel graphs a subset of the data. All panels in a
Trellis display contain the same type of graph but these
graphs are general enough to encompass a wide variety of
2-D and 3-D displays: histogram, scatter plot, dot plot,
contour plot, wireframe, 3-D point cloud and more.”

Becker, et al. [1]
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Examples

A lattice iris example

library(lattice)

xyplot(Sepal.Length

~Sepal.Width | Species,

data = iris)
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Examples

Same image.
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Examples

Traditional pairs plot of air quality

Air quality data is part of the
datasets package.
pairs(airquality, panel =

panel.smooth, main =

‘‘airquality data’’)
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Examples

Same image.
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Examples

A lattice histogram of air quality

histogram(~Temp |

factor(Month),

data = airquality,

xlab = ‘‘Temperature‘‘,

ylab = ‘‘Percent of

total‘‘)
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Examples

Same image.
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Examples

A few words about R’s formula

Symbol Example Meaning
+ +X include this variable
- -X delete this variable
: X:Z include the interaction between

these variables
* X*Y include these variables and the in-

teractions between them
| X|Z conditioning: include x given z
ˆ (X + Z + W )ˆ3 include these variables and all in-

teractions up to three way
I I(X*Z) as is: include a new variable con-

sisting of these variables multi-
plied

1 X - 1 intercept: delete the intercept
(regress through the origin)
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Examples

Stacked bar plots from text

(Load attached file
“latticeStackedBars.R” into
editor)

(Attached file.)
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Examples

Same image.

(Attached file.)
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Examples

Functions in package “lattice”

1 To list the functions in any package:

1 l s ( ” package : packageName” )

2 To see which packages are loaded:

1 s e a r c h ( )

3 To list the functions in “lattice”

1 l s ( ” package : l a t t i c e ” )

There are 149 functions in the lattice package.
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The latticeExtra package

Looking at the data

The text devotes a fair number of pages to analyzing and plotting
cancer related data from the latticeExtra package. The purpose
is to demonstrate plotting and analytical techniques.

There is a problem with the data.
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The latticeExtra package

Not all US states and territories are represented.

Data is in the data frame: USCancerRates

USCancerRates column names are:
rate.male, LCL95.male, UCL95.male, rate.female,
LCL95.female, UCL95.female, state, county

Use
unique(sort(unlist(as.character(USCancerRates$state))))

to find the unique state names

Hawaii and the District of Columbia are not in the data frame.
We’ll explore cancer rates with better data.
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The latticeExtra package

Which data and where to get it?

Various sources of data:

1 Cancer rates for men and women (use 65 and under):
https://statecancerprofiles.cancer.gov/

2 Insurance rates:
https://www2.census.gov/programs-surveys/sahie/

datasets/time-series/estimates-acs/sahie-2013-

csv.zip

3 Connect state and county names to Federal Information
Processing Standards (FIPS)
https://www2.census.gov/geo/docs/reference/codes/

files/national_county.txt

4 Get state and county shapefiles based FIPS
http://www2.census.gov/geo/docs/maps-data/data/

gazetteer/Gaz_counties_national.zip

https://statecancerprofiles.cancer.gov/
https://www2.census.gov/programs-surveys/sahie/datasets/time-series/estimates-acs/sahie-2013-csv.zip
https://www2.census.gov/programs-surveys/sahie/datasets/time-series/estimates-acs/sahie-2013-csv.zip
https://www2.census.gov/programs-surveys/sahie/datasets/time-series/estimates-acs/sahie-2013-csv.zip
https://www2.census.gov/geo/docs/reference/codes/files/national_county.txt
https://www2.census.gov/geo/docs/reference/codes/files/national_county.txt
http://www2.census.gov/geo/docs/maps-data/data/gazetteer/Gaz_counties_national.zip
http://www2.census.gov/geo/docs/maps-data/data/gazetteer/Gaz_counties_national.zip
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The latticeExtra package

What do we do after we know where the data is?

1 Download the various data files (some will require bringing up
a browser, and selecting a data file manually).

2 Build a data frame based on FIPS ID
1 Combine cancer rates
2 Expand with insurance rates
3 Expand with positional (latitude and longitude) data

3 “Cleanse” the data (numerical data wrangling)

4 Analyze the data

All of these steps are in the attached file: ‘‘cancerData.R’’
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The latticeExtra package

Parallel plot of selected counties and gender based
cancer rates.

set.seed(987)

subSample <- data[sample(1:nrow(data),

size=15), c("StateFIP", "rate.male",

"rate.female")]

parallelplot(subSample, horizontal.axis=FALSE,

groups=data$StateFIP)

Important thing is that cancer
rates differ based on gender.
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The latticeExtra package

Same image.

Important thing is that cancer rates differ based on gender.
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The latticeExtra package

Male and female rates across all states and the DC.

parallelplot(~data[,c(‘‘rate.female’’,‘‘rate.male’’)]

| data$State,

horizontal.axis=FALSE, data=data,

varnames=c(‘‘f’’,‘‘m’’))

In general, female rate is higher
than male.
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The latticeExtra package

Same image.

In general, female rate is higher than male.
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The latticeExtra package

Fitted male and female rates across all states and the
DC.

xyplot(rate.male ~rate.female | State,

data=data,

main = ‘‘Death due to cancer’’,

xlab=‘‘Rates in males’’,

ylab=‘‘Rates in females’’,

panel=function(x,y,...){
panel.xyplot(x,y)

panel.abline(lm(y~x))

}
)

Limited data points for DC.
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The latticeExtra package

Same image.

Limited data points for DC.
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The latticeExtra package

Insurance based on latitude (north or south)

xyplot(data$NoInsur ~data$CentLat,

main = ‘‘State latitude and health insurance

coverage’’,

xlab = ‘‘Latitude’’,

ylab = ‘‘Percent of noninsured individuals’’)
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The latticeExtra package

Same image.
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The latticeExtra package

Cancer rate by gender and northern or southern

xyplot((rate.female + rate.male)/2 ~NoInsur |

ifelse(data$CentLat>median(data$CentLat),’’North’’,’’South’’),

data = data,

index.cond=list(c(2,1)),

panel = function(x, y, ...) {
panel.xyplot(x,y)

panel.abline(lm(y~x))

panel.loess(x,y, col = ‘‘Red’’)

} ,

xlab = ‘‘Percent of noninsured individuals’’,

ylab = ‘‘Mortality due to cancer’’, main =

‘‘Health insurance coverage and Mortality due to

cancer by latitude’’

)
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The latticeExtra package

Same image.
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The latticeExtra package

Map of county level cancer rate for males.

plotColumn(data,

‘‘rate.male’’)

(See attached file.)
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The latticeExtra package

Same image.

(See attached file.)
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The latticeExtra package

Map of county level insurance rates.

plotColumn(data,

‘‘NoInsur’’)

(See attached file.)
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The latticeExtra package

Same image.

(See attached file.)
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Some simple exercises to get familiar with data
visualization

1 Create a choroplethrmap
showing the cancer rate for
women

2 Create a plot of insurance

rate based on longitude

3 Most states have a positive
“Death due to cancer” of
women to men. Ideas why?
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Q & A time.

Q: How does a hacker fix a
function which doesn’t work for
all of the elements in its domain?
A: He changes the domain.
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What have we covered?

Reviewed some of the functions in
the lattice package
Reviewed some of the data in the
latticeExtra package
Created our own cancer rate data
frame
Analyzed the data using tools from
the lattice package
Analyzed the data using tools from
the choroplethr and
choroplethrmaps packages

Next: LPAR Chapter 4, cluster analysis
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Files of interest

1 Updated cancer related

data

2 Stacked bar plots

3 R library script file


rm(list=ls())

library(stringr)
library(plyr)
library(XML)
library(acs)

library(lattice)
library(choroplethr)
library(choroplethrMaps)

source("library.R")

plotColumn <- function(data, column)
{
    d <- data[,c("FIPS",column)]
    colnames(d) <- c("region", "value")

    print(county_choropleth(d,
                            legend=sprintf("%s", column)
                            )
          )
}


cleanseData <- function(passedData)
{
    data <- passedData[which(passedData$rate.male != "*"), ]
    data <- data[which(data$rate.male != "**"), ]
    data <- data[which(data$rate.female != "*"), ]
    data <- data[which(data$rate.female != "**"), ]

    data
}

plotFunctions <- function(data, verbose)
{
    dumpObject(head(data), verbose=verbose)
    subSample = data[sample(1:nrow(data), size=75), c("rate.male", "rate.female", "State")]
    assign("subSample", subSample, envir = as.environment(1))
    dumpObject(head(subSample), verbose=verbose)
    dumpObject(is.data.frame(subSample), verbose=verbose)
    plot(1:10)
    parallelplot(subSample, horizontal.axis=FALSE, groups=subsample$State)

    readline("Press RETURN for next plot.")

    parallelplot(~data[,c("rate.female","rate.male")]|data$State, horizontal.axis=FALSE, data=data, varnames=c("f","m"))

    readline("Press RETURN for next plot.")
    xyplot(rate.male ~ rate.female | State, data=data,
           main = "Death due to cancer", xlab="Rates in males", ylab="Rates in females",
           panel=function(x,y,...){
               panel.xyplot(x,y)
               panel.abline(lm(y~x))
           }
           )
}


mergeData <- function(maleData, femaleData, insuredData, fipsData, gazetteerData, verbose)
{
    colNames <- c( "FIPS", "rate.male", "LCL95.male", "UCL95.male", "rate.female", "LCL95.female", "UCL95.female", "NoInsur")

    ## sourceCols <- c(4, 5, 6, 2)
    sourceCols <- c(
        "Age.Adjusted.Death.Rate......deaths.per.100.000",
        "Lower.95..Confidence.Interval",
        "Upper.95..Confidence.Interval",
        "FIPS"
    )
    tempMale <- maleData[,sourceCols]
    tempFemale <- femaleData[,sourceCols]

    dumpObject(head(tempMale), verbose=verbose)
    dumpObject(head(tempFemale), verbose=verbose)

    ## tempInsured <- insuredData[ which(insuredData$geocat == 50 & insuredData$agecat == 0 & insuredData$racecat == 0 & insuredData$sexcat == 0 & insuredData$iprcat == 0) ,c("stcou", "pctui")]
    tempInsured <- insuredData[ which(insuredData$geocat == 50 & insuredData$agecat == 0 & insuredData$racecat == 0 & insuredData$sexcat == 0 & insuredData$iprcat == 0) ,c("FIPS", "PCTUI")]

    dumpObject(head(tempInsured), verbose=verbose)

    returnValue <- merge(tempMale, tempFemale, by=c("FIPS"))
    returnValue <- merge(returnValue, tempInsured, by=c("FIPS"))

    dumpObject(head(returnValue), verbose=verbose)
    colnames(returnValue) <- colNames

    returnValue <- merge(returnValue, fipsData, by=c("FIPS"))

    dumpObject(gazetteerData[which(gazetteerData$USPS == "LA"),], verbose=verbose)
    dumpObject(gazetteerData[1110:1120,], verbose=verbose)

    tempData <- gazetteerData[,c("GEOID", "CentLat", "CentLong")]
    print(head(tempData))
    ## colnames(tempData) <- c("FIPS", "CLat", "CLong")
    returnValue <- merge(returnValue, tempData, by.x="FIPS", by.y="GEOID")

    for (i in c("FIPS",
                "rate.male",
                "LCL95.male",
                "UCL95.male",
                "rate.female",
                "LCL95.female",
                "UCL95.female",
                "NoInsur",
                "StateFIP",
                "CountyFIP"))
    {
        print(sprintf("Converting column %s",i))
        returnValue[,i] <- as.numeric(returnValue[,i])
    }

    dumpObject(returnValue[which(returnValue$FIPS == 15001),], verbose=verbose)

    returnValue
}

getGazetteerData <- function(file, url="http://www2.census.gov/geo/docs/maps-data/data/gazetteer/Gaz_counties_national.zip", verbose)
{
    ## https://www.census.gov/geo/maps-data/data/gazetteer2010.html
    returnValue <- NULL
    if (file.exists(file) == FALSE)
    {
        attempt <- 1
        sleepyTime <- 5
        minSize <- 100

        while ((file.exists(file) == FALSE) || (file.size(file) < minSize))
        {
            ## downloadMethod <- ifelse(.Platform$OS.type == "unix", "libcurl", "auto")

            ## download.file(url, file, method=downloadMethod)
            download.file(url, file, method=getDownloadMethod(), quiet=TRUE)
            if (file.size(file) > minSize)
            {
                break
            }
            print(sprintf("Failed attempt #%.0f to download %s sleeping %.0f seconds",
                          attempt, url, sleepyTime))
            Sys.sleep(sleepyTime)

        }
        connection <- unz(file, "Gaz_counties_national.txt")
        returnValue <- data.frame(
            USPS=as.character(),
            GEOID=as.numeric(),
            ANSICODE=as.numeric(),
            NAME=as.character(),
            POP10=as.numeric(),
            HU10=as.numeric(),
            ALAND=as.numeric(),
            AWATER=as.numeric(),
            ALAND_SQMI=as.numeric(),
            AWATER_SQMI=as.numeric(),
            CentLat=as.numeric(),
            CentLong=as.numeric()
        )
        names <- colnames(returnValue)
        print(returnValue)
        connection <- unz(file, "Gaz_counties_national.txt")
        lines <- readLines(connection)

        for (i in 2:length(lines))
        {
            iconv(lines[i], "ISO_8859-2", "UTF-8")
            b <- strsplit(lines[i], split="\t")

            if (length(b[[1]]) == 12)
            {
                temp <- data.frame(b[[1]][1],
                                   as.numeric(b[[1]][2]),
                                   as.numeric(b[[1]][3]),
                                   b[[1]][4],
                                   as.numeric(b[[1]][5]),
                                   as.numeric(b[[1]][6]),
                                   as.numeric(b[[1]][7]),
                                   as.numeric(b[[1]][8]),
                                   as.numeric(b[[1]][9]),
                                   as.numeric(b[[1]][10]),
                                   as.numeric(b[[1]][11]),
                                   as.numeric(b[[1]][12])
                                   )
                returnValue <- rbind(returnValue, temp)
            }
            else
            {
                print(sprintf("Line %d is bad.",i))
                print(b)
                print(lines[i])
            }
        }
        colnames(returnValue) <- names
        dumpObject(head(returnValue), verbose=verbose)
        save(returnValue, file=file)
    }
    else
    {
        load(file)
    }

    returnValue
}

getFIPSdata <- function(file, url="https://www2.census.gov/geo/docs/reference/codes/files/national_county.txt", verbose)
{
    ## https://www.census.gov/geo/reference/codes/cou.html
    returnValue <- NULL
    if (file.exists(file) == FALSE)
    {
        returnValue <- read.csv(url(url), header=FALSE, skip=0, stringsAsFactors=FALSE)

        colnames(returnValue) <- c("State", "StateFIP", "CountyFIP", "CountyName", "ClassFP")

        returnValue$FIPS <- returnValue$StateFIP * 1000 + returnValue$CountyFIP

        i <- sapply(returnValue, is.factor)
        returnValue[i] <- lapply(returnValue[i], as.character)

        dumpObject(head(returnValue), verbose=verbose)
        save(returnValue, file=file)
    }
    else
    {
        load(file)
    }

    returnValue
}

getUninsuredDataOld <- function(file, url="https://www.census.gov/did/www/sahie/data/20082013/index.html", verbose,
                             csvURL="https://www.census.gov/did/www/sahie/data/files/sahie2013.csv")
{
    returnValue <- NULL
    if (file.exists(file) == FALSE)
    {
        returnValue <- read.csv(url(csvURL), header=TRUE, skip=3, stringsAsFactors=FALSE)
        returnValue$stcou <- as.integer(sub("=", "", returnValue$stcou))
        i <- sapply(returnValue, is.factor)
        returnValue[i] <- lapply(returnValue[i], as.character)

        dumpObject(head(returnValue), verbose=verbose)
        save(returnValue, file=file)
    }
    else
    {
        load(file)
    }

    returnValue
}

getUninsuredData <- function(file, url="https://www.census.gov/did/www/sahie/data/20082013/index.html", verbose,
                             csvURL="https://www.census.gov/did/www/sahie/data/files/sahie2013.csv", ...)
{
    returnValue <- NULL
    if ((file.exists(file) == FALSE) || (TRUE))
    {
        extras <- list(...)

        dumpObject(extras, comment="Extra arguments passed to getUninsuredData()", verbose=verbose)

        tempDir <- tempdir()

        tempFile <- tempfile(pattern="mAsTeR", tmpdir=tempDir, fileext=".zip")

        print(sprintf("Downloading %s to %s to extract %s", extras$zipURL, tempFile, extras$zipFile))

        download.file (extras$zipURL, tempFile)

        unzip(tempFile, files=extras$zipFile, exdir=tempDir)

        returnValue <- read.csv(file.path(tempDir, extras$zipFile), header=TRUE, skip=79, stringsAsFactors=FALSE)

        ## returnValue$stcou <- as.integer(sub("=", "", returnValue$stcou))

        i <- sapply(returnValue, is.factor)

        returnValue[i] <- lapply(returnValue[i], as.character)

        returnValue$FIPS <- returnValue$statefips * 1000 + returnValue$countyfips
        
        dumpObject(head(returnValue), verbose=verbose)
        save(returnValue, file=file)
    }
    else
    {
        load(file)
    }

    returnValue
}

getData <- function(file, url, verbose, skip=8)
{
    returnValue <- NULL
    if (file.exists(file) == FALSE)
    {
        returnValue <- read.csv(url(url), header=TRUE, skip=skip, stringsAsFactors=FALSE)

        if (nchar(returnValue) > 0)
        {
            i <- sapply(returnValue, is.factor)
            returnValue[i] <- lapply(returnValue[i], as.character)
            save(returnValue, file=file)
        }
    }
    else
    {
        load(file)
    }

    returnValue
}

main <- function()
{
    Sys.setlocale('LC_ALL','C')

    baseURL <- "https://statecancerprofiles.cancer.gov/"

    allUSFemaleRates <- "https://statecancerprofiles.cancer.gov/map/map.withimage.php?99&001&001&00&2&02&0&2&5&0#results"

    ## allUSFemaleRatesCSV <- "https://statecancerprofiles.cancer.gov/cgi-bin/deathrates/data.pl/death.csv?99&001&00&2&001&0&1&1&6"
    ## https://statecancerprofiles.cancer.gov/deathrates/index.php?stateFIPS=99&cancer=001&race=00&sex=2&age=001&year=0&type=death&sortVariableName=rate&sortOrder=desc&output=1
    allUSFemaleRatesCSV <- "https://statecancerprofiles.cancer.gov/deathrates/index.php?stateFIPS=99&cancer=001&race=00&sex=2&age=001&year=0&type=death&sortVariableName=rate&sortOrder=desc&output=1"

    allUSMaleRates <- "https://statecancerprofiles.cancer.gov/map/map.withimage.php?99&001&001&00&1&02&0&2&5&0#results"

    ## allUSMaleRatesCSV <- "https://statecancerprofiles.cancer.gov/cgi-bin/deathrates/data.pl/death.csv?99&001&00&1&001&0&1&1&6"
    ## https://statecancerprofiles.cancer.gov/deathrates/index.php?stateFIPS=99&cancer=001&race=00&sex=1&age=001&year=0&type=death&sortVariableName=rate&sortOrder=desc&output=1
    allUSMaleRatesCSV <- "https://statecancerprofiles.cancer.gov/deathrates/index.php?stateFIPS=99&cancer=001&race=00&sex=1&age=001&year=0&type=death&sortVariableName=rate&sortOrder=desc&output=1"

    insuranceURL <- "https://www.census.gov/did/www/sahie/data/20082013/index.html"
    fipsURL <- "https://www2.census.gov/geo/docs/reference/codes/files/national_county.txt"
    gazetteerURL <- "http://www2.census.gov/geo/docs/maps-data/data/gazetteer/Gaz_counties_national.zip"


    dataDir <- "InsuranceData"
    dataDir <- tempdir()
    if (dir.exists(dataDir) == FALSE)
    {
        print(sprintf("Creating data directory: %s", dataDir))
        dir.create(dataDir, showWarnings = TRUE, recursive = TRUE, mode = "0777")
    }

    maleFile <- file.path(dataDir, "male.dat")
    femaleFile <- file.path(dataDir, "female.dat")
    insuranceFile <- file.path(dataDir, "insurance.dat")
    FIPSfile <- file.path(dataDir, "national_county.txt")
    gazetteerFile <- file.path(dataDir, "gazetteerFile.dat")


    verbose <- TRUE

    maleData <- getData(maleFile, allUSMaleRatesCSV, verbose=verbose)
    dumpObject(head(maleData), verbose=verbose)
    femaleData <- getData(femaleFile, allUSFemaleRatesCSV, verbose=verbose)
    insuranceData <- getUninsuredData(insuranceFile, insuranceURL, verbose=verbose,
                                      zipURL="https://www2.census.gov/programs-surveys/sahie/datasets/time-series/estimates-acs/sahie-2013-csv.zip",
                                      zipFile="sahie_2013.csv"
                                      )
    fipsData <- getFIPSdata(FIPSfile, fipsURL, verbose=verbose)
    gazetteerData <- getGazetteerData(gazetteerFile, gazetteerURL, verbose=verbose)

    data <- mergeData(maleData, femaleData, insuranceData, fipsData, gazetteerData, verbose)

    data <- cleanseData(data)

    data
}

data <- main()

set.seed(987)
verbose <- FALSE
dumpObject(head(data), verbose=verbose)
subSample <- data[sample(1:nrow(data), size=15), c("StateFIP", "rate.male", "rate.female")]
dumpObject(head(subSample), verbose=verbose)
dumpObject(is.data.frame(subSample), verbose=verbose)
print(sort(subSample$StateFIP))
parallelplot(subSample, horizontal.axis=FALSE, groups=data$StateFIP)

parallelplot(~data[,c("rate.female","rate.male")]|data$State, horizontal.axis=FALSE, data=data, varnames=c("f","m"))

xyplot(rate.male ~ rate.female | State, data=data,
       main = "Death due to cancer", xlab="Rates in males", ylab="Rates in females",
       panel=function(x,y,...){
           panel.xyplot(x,y)
           panel.abline(lm(y~x))
       }
       )

xyplot(data$NoInsur ~ data$CentLat,
       main = "State latitude and health insurance coverage",
       xlab = "Latitude",
       ylab = "Percent of noninsured individuals")

xyplot((rate.female + rate.male)/2 ~ NoInsur |
           ifelse(data$CentLat>median(data$CentLat),"North","South"),
       data = data,
       index.cond=list(c(2,1)),
       panel = function(x, y, ...) {
           panel.xyplot(x,y)
           panel.abline(lm(y~x))
           panel.loess(x,y, col = "Red")
       } ,
       xlab = "Percent of noninsured individuals",
       ylab = "Mortality due to cancer",
       main = "Health insurance coverage and Mortality due to cancer by latitude"
       )

plotColumn(data, "rate.male")

plotColumn(data, "NoInsur")

print("The program has ended.")
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rm(list=ls())

library(lattice)

salesdata = as.data.frame (matrix(rep(0, 200), nrow = 50, ncol = 4))
names(salesdata) = c("Year", "Branch", "Dept", "Sales")
salesdata$Year = c(rep(2004,25),rep(2014,25)) 
salesdata$Branch = rep(c("Branch 1", "Branch 2", 
   "Branch 3", "Branch 4", "Branch 5"), 5)
salesdata$Dept = c(rep("Movies",5),rep("TVSeries",5),
   rep("Documentary",5),rep("Music", 5), rep("Instructional", 5))
salesdata$Sales = c(50.795, 25.469, 30.241, 100.658, 36.412, 45.632, 
   30.541, 31.421, 70.212, 25.412, 5.124, 3.124, 4.065, 10.258, 0.82, 
   10.658, 5.474, 6.541, 10.698, 76.584, 1.021, 0.504, 0.76, 0.15, 0.3, 
   203.18, 101.876, 120.964, 402.632, 145.648, 182.528, 122.164, 125.684, 
   280.848, 101.648, 20.496, 12.496, 16.26, 41.032, 3.28, 42.632, 21.896, 
   26.164, 42.792, 306.336, 4.084, 2.016, 3.04, 0, 0)

barchart(Dept ~ Sales | Branch, groups = Year, data = salesdata, 
   auto.key = list(space = 'right'), stack = TRUE)

print("The program has ended.")
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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
}
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