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What are we going to cover?

We’re going to talk about:

What are decision trees, and how
can they be used to classify data.

Construct decision trees for the
Titanic and income datasets.
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Contextualize

Putting things in perspective

“Decision trees . . . have a number of advantages over
the more classical approaches . . .

Trees are very easy to explain to people. In fact,
they are even easier to explain than linear regression.
Some people believe that decision trees more closely
mirror human decision-making than do the
regression and classification approaches . . .
Trees can be displayed graphically, and are easily
interpreted even by a non-expert . . .
Trees can easily handle qualitative predictors without
the need to create dummy variables.

Unfortunately trees generally do not have the same level
of predictive accuracy as some of the other regression
and classification approaches . . . ”

James, et al. [1]
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Contextualize

Simple information theory entropy[4]

These ideas are based on Shannon[2]:

# msgs Entropy Bits
1 − log2( 1

1 ) 0
2 − log2( 1

2 ) 1
10 − log2( 1

10 ) 3.3
10 (different
prob.)

−( 4
10 log2( 4

10 )) + 6
10 log2( 6

10 )) 0.962

The general information theory entropy equation is:

H = −K
∑n

i=1 pi logb pi
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Contextualize

Information gain

Information gain is the difference between entropy levels:

Ig = Hi − Hj



7/27

Intro. Background Hands-on Q & A Conclusion References Files Misc.

Contextualize

Decision tree induction algorithms

Different algorithms are appropriate for different data:

Name Criteria Useful with
ID3 Entropy, information gain partitioning

the training records into successively
purer subsets.

Classification

C4.5 Entropy and gain ratio Classification
C5.0 Commercial version of C4.5. Support

weighting and winnowing.
Classification

CART1 Gini index Numerical outcomes
Random forest Bagging and voting

1Classification and regression trees (CART)
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Titanic

Another way to look at Titanic survivors

In this case, we look at survival
as a function of age, and
passenger class.

Attached file.
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Titanic

Same image.

Attached file.
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Titanic

Still another way to look at the same data.

The shading matches the
decision tree. Red means the
person died, blue means lived.
Crew members are not addressed
in this plot. They can be.

Attached file.
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Titanic

Same image.

Attached file.
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Other data

Looking at 1994 Adult Income

The “Adult” database was extracted from the census bureau
database found at < http : //www .census.gov/ > in 1994 by
Ronny Kohavi and Barry Becker, Data Mining and Visualization,
Silicon Graphics. It was originally used to predict whether income
exceeds USD 50K/yr based on census data. There are 48,842
records.

age workclass fnlwgt

Min. :17.00 Private :33906 Min. : 12285

1st Qu.:28.00 Self-emp-not-inc: 3862 1st Qu.: 117550

Median :37.00 Local-gov : 3136 Median : 178144

Mean :38.64 State-gov : 1981 Mean : 189664

3rd Qu.:48.00 Self-emp-inc : 1695 3rd Qu.: 237642

Max. :90.00 (Other) : 1463 Max. :1490400

NA’s : 2799
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Other data

Complete decision tree based on all non-NA data

Based on the summary data,
approx 89% of the data records
are modeled correctly.

Attached file.
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Other data

Same image.

Attached file.
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Other data

A pruned decision tree based on all non-NA data

Accuracy is about 46% with a
much smaller and more easily
understood tree.

Attached file.
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Other data

Same image.

Attached file.
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Other data

How accurate are the different trees?

Lets look at all the models we’ve used:

C45 C45pr C5.0 CART RF

True + 9400.0000000 9352.0000000 9438.0000000 7543.0000000 1.129900e+04

True - 2737.0000000 2920.0000000 2949.0000000 3338.0000000 8.130000e+02

False + 1927.0000000 1975.0000000 1889.0000000 3784.0000000 2.800000e+01

False - 1017.0000000 834.0000000 805.0000000 416.0000000 2.941000e+03

Accuracy 0.8047875 0.8137391 0.8213646 0.7215039 8.031298e-01

Kappa 0.5170644 0.5478142 0.5643192 0.4270395 2.890857e-01

The higher the accuracy the better. A Kappa greater than 0.60 is desirable.
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Other data

One more time into the Titanic data.

Using a different dataset and
different tools.
If you were a female in 1st, 2nd,
or crew, then you probably
survived.

Attached file.
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Other data

Same image.

Attached file.
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Q & A time.

Q: What is the burning question
on the mind of every dyslexic
existentialist?
A: “Is there a dog?”
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What have we covered?

Discussed the strengths and
weaknesses of decision trees
Discussed different algorithms for
creating decision trees
Created decision trees for modeling
the Titanic survivors
Created decision tree for modeling
income based on census data

Next: LPAR Chapter 13, text analysis
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Files of interest

1 Revised classification

script
2 R library script file


rm(list=ls())

library(grid)
library(vcd)
library(gnm)
library(plotrix)
library(TeachingDemos)
library(lattice)
library(ggplot2)
library(rpart)
library(rpart.plot)
library(vcdExtra)

library(plotmo)
library(Matrix)

library(RWeka)
library(C50)
library(randomForest)
library(Formula)
library(partykit)
library(arules)
library(caret)

library(psych)

source("library.R")

generateData <- function(case, xs)
{
    ys <- NULL
    switch(case,
           "1"={
               ys <- xs
           },
           "2"={
               ys <- ifelse(xs<50, 0, 50)
           },
           "3"={
               ys <- jitter(xs, amount=3)
           },
           "4"={
               mid <- mean(xs)
               
               ys <- sqrt(mid^2 + (xs - mid)^2) - mid
           },
           "5"={
               ys <- xs * xs
           }
           
           )
    ys
}

exploreLinearData <- function()
{
    x <- seq(1:100)
    cases <- c(1)
    form <- respondents ~ x
    
    readline(prompt)
    for (case in cases)
    {
        respondents <- generateData(case, x)
        dat <- data.frame(x, respondents)
        model <- lm(form, data=dat)
        plot(x, respondents)
        abline(model)
        readline(prompt)

        rp0 <- rpart(form, data=dat)
        rpart.plot(rp0, type=0,
                   ## extra=2,
                   cex=1.5, box.palett=colors,
                   main=sprintf("Case #%.0f", case))

        readline(prompt)
        temp <- plotmo(rp0,
               ## nresponse=2,
               ## degree1=0,
               type2="image",
               col.image="red",
               main=sprintf("Case #%.0f", case)
               )
        usr <- par("usr")
        points(rescale(x, c(usr[1], usr[2])), rescale(respondents, c(usr[3], usr[4])),
               col="green", cex=1)
    }
}

createImage <- function(model, imageFile)
{
    tempFile <- tempfile()
    print(tempFile)
    write_to_dot(model, con=file(tempFile), "w")
    command <- sprintf("dot -Tpng %s -o %s",
                       tempFile, imageFile)
    dumpObject(command)
    system(command)
    unlink(tempFile)
}

main <- function()
{

    colors <- gray(seq(.6, 1,.05))
    prompt <- "Press RETURN for next plot."
    data(Titanicp)
    form <- survived ~ pclass + age

    rp0 <- rpart(form, data=Titanicp)
    rpart.plot(rp0, type=0, extra=2, cex=1.5, box.palett=colors,
               main="Modeled likelihood of survival based on class and age. (Titanicp)")
    readline(prompt)
    plotmo(rp0, nresponse="survived", degree1=0, type2="image",
           col.image=colors,
           col.response=ifelse(Titanicp$survived=="died", "red", "blue"),
           pch=ifelse(Titanicp$survived=="died", 15, 16),
           main="Modeled likelihood of survival based on class and age. (Titanicp)")

    Titanic.Weights <- as.data.frame(Titanic)
    Titanic.df <- Titanic.Weights[rep(1:nrow(Titanic.Weights), Titanic.Weights$Freq),]
    Titanic.df <- Titanic.df[,1:4]
    dumpObject(table(Titanic.df$Survived))
    EntropAll <- -(1490/2201) * log2(1490/2201) -(711/2201) * log2(711/2201) #= 0.9076514
    dumpObject(table(Titanic.df$Sex,Titanic.df$Survived))
    EntropM <- -(1364/1731) * log2(1364/1731) -(367/1731) * log2(367/1731) # = 0.745319
    EntropF <- -(126/470) * log2(126/470) -(344/470) * log2(344/470)  # = 0.8387034
    EntropSex <- ( (1731/ 2201) * EntropM ) + ((470/ 2201) * EntropF ) # = 0.7652602
    InformationGain <- EntropAll - EntropSex  # = 0.1423912
    dumpObject(InformationGain)


    data(AdultUCI)
    dumpObject(summary(AdultUCI))

    ADULT = na.omit(AdultUCI)[,-c(3,5)]

    set.seed(123)
    TrainCases <- createDataPartition(ADULT$income, p = .5, list=F)

    TrainTemp <- ADULT[TrainCases,]
    AdultTrainSmallIncome <- TrainTemp[TrainTemp$income == "small",]
    AdultTrainLargeIncome <- TrainTemp[TrainTemp$income == "large",]
    Oversample <- sample(nrow(AdultTrainLargeIncome), nrow(AdultTrainSmallIncome), replace = TRUE)
    AdultTrain <- rbind(AdultTrainSmallIncome, AdultTrainLargeIncome[Oversample,])
    AdultTest <- ADULT[-TrainCases,]
                                        # The unpruned tree, from p. 204
    C45tree <- J48(income ~ . , data= AdultTrain, control= Weka_control(U=TRUE))

    dumpObject(C45tree)
    dumpObject(summary(C45tree))
    ## createImage(C45tree, "/home/chuck/Teaching/DataAnalysis/2017/Images/c45tree.png")


    Predictions <- data.frame(matrix(nrow = nrow(AdultTest), ncol=0))
    Predictions$C45 <- predict(C45tree, AdultTest)

                                        # The pruned tree, from p. 205
    C45pruned <- J48(income ~ . , data= AdultTrain, control= Weka_control(U=FALSE))

    dumpObject(summary(C45pruned))
    Predictions$C45pr <- predict(C45pruned, AdultTest)
    C50tree <- C5.0(y = AdultTrain$income, x = AdultTrain[,-13], Trials = 10)
    dumpObject(summary(C50tree))

    TabC5.0<- as.table(matrix(c(10061,1980,714,10613), byrow=T, nrow = 2))

    dumpObject(cohen.kappa(TabC5.0))


    Predictions$C5.0 <- predict(C50tree, AdultTest)

                                        # CART, from p. 207
    CARTtree <- rpart(income ~. , data= AdultTrain)
    dumpObject(summary(CARTtree))

    readline(prompt)
    rpart.plot(CARTtree, extra = 1, box.palett=colors)

    ProbsCART <- predict(CARTtree, AdultTrain)
    PredictCART <- rep(0, nrow(ProbsCART))
    PredictCART[ProbsCART[,1] <=.5] = "small"
    PredictCART[ProbsCART[,1] >.5] = "large"
    TabCART <- table(AdultTrain$income, PredictCART)
    dumpObject(TabCART)
    dumpObject(cohen.kappa(TabCART))

                                        # Pruning, from p. 208
    CARTtreePruned <- prune(CARTtree, cp=0.03)
    
    readline(prompt)
    rpart.plot(CARTtreePruned, extra = 1, box.palett=colors)
    ProbsCARTtest <- predict(CARTtreePruned, AdultTest)
    Predictions$CART[ProbsCARTtest[,1] <=.5] = "small"
    Predictions$CART[ProbsCARTtest[,1] >.5] = "large"

                                        # Random forests in R from p. 210
    RF <- randomForest(y = AdultTrain$income, x = AdultTrain[,-13])
    dumpObject(RF)
    Predictions$RF <- predict(RF, AdultTest)

                                        # Examining the predictions on the testing set, from p. 211
    values <- data.frame(matrix(ncol = ncol(Predictions), nrow = 6))
    rownames(values) <- c("True +", "True -", "False +", "False -", "Accuracy", "Kappa")
    names(values) <- names(Predictions)
    for (i in 1:ncol(Predictions)) {
        tab <- table(AdultTest$income,Predictions[,i])
        values[1,i] <- tab[1,1]
        values[2,i] <- tab[2,2]
        values[3,i] <- tab[1,2]
        values[4,i] <- tab[2,1]
        values[5,i] <- sum(diag(tab))/sum(tab)
        values[6,i] <- cohen.kappa(tab)[1] 
    }
    
    round(values,2)

    dumpObject(values)
                                        # Conditional inference trees in R, from p. 212
    set.seed(999)
    TitanicRandom <- Titanic.df[sample(nrow(Titanic.df)),]
    TitanicTrain <- TitanicRandom[1:1100,]
    TitanicTest <- TitanicRandom[1101:2201,]
    CItree <- ctree(Survived ~ Class + Sex + Age, data=TitanicTrain)
    readline(prompt)
    plot(CItree)
    CIpredictTrain <- predict(CItree, TitanicTrain)
    CIpredictTest <- predict(CItree, TitanicTest)
    TabCI_Train <- table(TitanicTrain$Survived,CIpredictTrain)
    TabCI_Test <- table(TitanicTest$Survived,CIpredictTest) 
    dumpObject(TabCI_Train)
    dumpObject(TabCI_Test)
    
    print("The program has ended.")
}


main()



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

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

        print(object)
    }
}

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

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

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

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

                   temp <- "txt_sentoken"

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

                   setwd(temp)

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

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

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

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

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

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

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

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

            options(fftempdir = saveDir)

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

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

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

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

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

               dumpObject(headerFile)

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

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

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

    data.ff
}

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

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

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

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

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

    Sys.setenv(HADOOP_HOME=hadoopHome)

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

setHadoopVariablesOld <- function()
{

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

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

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

    dumpObject(head(airportLocations))

    dumpObject(head(airports))

    returnValue <- list()

    noLocationCounter <- 0

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

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

    returnValue
}

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

    tempDirectory <- tempdir()

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

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

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

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

    returnValue
}

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

    downloadMethod
}


''Chuck Cartledge''
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Information Theory Entropy (1 of 2) [2]

Shannon built the case that symbols in communication did not occur in random order, but that there was a
transition probability to symbol si+1 from symbol si .
He based his idea on this figure:

Image from [2].

Where H() had to equal 1. Meaning that: H = −K
∑n

i=1 pi logb pi
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Information Theory Entropy (2 of 2) [2]

The selection of b results in H having different units:

b Units
2 bit
e nat

10 Hart

The change from base a to base b merely requires multiplication
by logb a.
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Gini Index

“. . . the Gini index, is a referred to as a measure of
node purity – a small value indicates that a node
contains predominantly observations from a single class”

James, et al. [1]

G = 1 −
∑n

i=1 p
2
i
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Cohen’s Kappa[3]

Kappa measures the percentage of data values in the main diagonal of a confusion matrix and adjusts these values
for the amount of agreement that could be expected due to chance alone. By way of example:
Two raters are asked to classify objects into categories 1 and 2, and result in a confusion matrix.

Rater #2

Rater #1
1 2 Total

1 p11 p12 p1
2 p21 p22 p2

Total p1 p2 1

po = p11 + p22

pe = p1p1 + p2p2

k =
po − pe

1 − pe

Kappa is always less than or equal to 1. A value of 1 implies perfect agreement and values less than 1 imply less
than perfect agreement. Negative values indicate serious differences between the raters.
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