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The challenges of Big Data

Move
Merge
Manage
Munge
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The challenges of big data for R

All data must fit in memory
Produces multiple copies of read-only data
Slows down with data size
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Airline Delay
Will you still get there on time?
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FAA Dataset
2007, USA, 7.5M obs, 29 variables
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Import the data
dataDir <- "../data"
AirlineCsv <- file.path(dataDir, "2007.csv")
AirlineXdf <- file.path(dataDir, "2007.xdf")
system.time(rxImport(inData = AirlineCsv, outFile = AirlineXdf, overwrite = TRUE))

## Rows Read: 500000, Total Rows Processed: 500000, Total Chunk Time: 11.707 seconds
## Rows Read: 500000, Total Rows Processed: 1000000, Total Chunk Time: 11.950 seconds
## Rows Read: 500000, Total Rows Processed: 1500000, Total Chunk Time: 11.784 seconds
## Rows Read: 500000, Total Rows Processed: 2000000, Total Chunk Time: 11.879 seconds
## Rows Read: 500000, Total Rows Processed: 2500000, Total Chunk Time: 11.463 seconds
## Rows Read: 500000, Total Rows Processed: 3000000, Total Chunk Time: 12.257 seconds
## Rows Read: 500000, Total Rows Processed: 3500000, Total Chunk Time: 12.304 seconds
## Rows Read: 500000, Total Rows Processed: 4000000, Total Chunk Time: 12.289 seconds
...

## user system elapsed
## 96.23 83.79 183.08
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Inspect the data

rxOptions(reportProgress = 0)
rxGetInfo(data = AirlineXdf, getVarInfo = TRUE, varsToKeep = c("ArrDelay",

"DepDelay", "Distance"))

## File name: E:\data\2007.xdf
## Number of observations: 7453215
## Number of variables: 29
## Number of blocks: 15
## Compression type: zlib
## Variable information:
## Var 1: ArrDelay, Type: integer, Low/High: (-312, 2598)
## Var 2: DepDelay, Type: integer, Low/High: (-305, 2601)
## Var 3: Distance, Type: integer, Low/High: (11, 4962)
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Summarize Some Variables

rxSummary(~DepDelay + Distance, data = AirlineXdf)

## Call:
## rxSummary(formula = ~DepDelay + Distance, data = AirlineXdf)
##
## Summary Statistics Results for: ~DepDelay + Distance
## Data: AirlineXdf (RxXdfData Data Source)
## File name: E:\data\2007.xdf
## Number of valid observations: 7453215
##
## Name Mean StdDev Min Max ValidObs MissingObs
## DepDelay 11.39914 36.14189 -305 2601 7292467 160748
## Distance 719.80579 562.30512 11 4962 7453215 0
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Visually Inspect
rxHistogram(~DepDelay, data = AirlineXdf)
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Visual Inspect a Subset
rxHistogram(~DepDelay, data = AirlineXdf, xAxisMinMax = c(-50, 250),

numBreaks = 500, xNumTicks = 10)

DepDelay

C
ou

nt
s

200000
600000

1000000
1400000
1800000
2200000
2600000

0 50 100 150 200

12 / 35



;

Transforms: Create a Variable

newAirlineXdf = file.path(dataDir,"2007_airSpeed.xdf")
system.time(rxDataStep(inData=AirlineXdf, outFile=newAirlineXdf,

varsToKeep=c("AirTime", "Distance","DepDelay","ArrDelay"),
transforms = list(airSpeed = Distance / AirTime),
overwrite=TRUE))

## user system elapsed
## 5.33 0.32 6.14
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Summarize the XDF

rxGetInfo(data = newAirlineXdf, getVarInfo = TRUE)

## File name: E:\data\2007_airSpeed.xdf
## Number of observations: 7453215
## Number of variables: 5
## Number of blocks: 15
## Compression type: zlib
## Variable information:
## Var 1: AirTime, Type: integer, Low/High: (0, 1257)
## Var 2: Distance, Type: integer, Low/High: (11, 4962)
## Var 3: DepDelay, Type: integer, Low/High: (-305, 2601)
## Var 4: ArrDelay, Type: integer, Low/High: (-312, 2598)
## Var 5: airSpeed, Type: numeric, Low/High: (0.2053, 1074.0000)
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Summarize the New Variable

rxSummary(~airSpeed, data = newAirlineXdf)

## Call:
## rxSummary(formula = ~airSpeed, data = newAirlineXdf)
##
## Summary Statistics Results for: ~airSpeed
## Data: newAirlineXdf (RxXdfData Data Source)
## File name: E:\data\2007_airSpeed.xdf
## Number of valid observations: 7453215
##
## Name Mean StdDev Min Max ValidObs MissingObs
## airSpeed 6.559545 1.986091 0.2052506 1074 7275191 178024
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Visualize the New Variable
rxHistogram(~airSpeed, data = newAirlineXdf)
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Scale Airspeed to mph

rxDataStep(inData=newAirlineXdf, outFile=newAirlineXdf,
varsToKeep=c("airSpeed"),

transformVars=c("airSpeed"),
transforms=list(airSpeed=airSpeed * 60),
overwrite=TRUE)
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Visualize airSpeed
rxHistogram(~airSpeed, data = newAirlineXdf)
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Visualize airSpeed in Detail
rxHistogram(~airSpeed, data=newAirlineXdf,

rowSelection=(airSpeed>50) & (airSpeed<750),
scales=list(x=list(at=seq(100,700,by=100))),
xlab=list(label="Air Speed (mph)"),
ylab=list(label="Frequency"),
numBreaks=5000,xNumTicks=40)
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Correlations

rxCor(formula = ~DepDelay + ArrDelay + airSpeed, data = newAirlineXdf)

## DepDelay ArrDelay airSpeed
## DepDelay 1.00000000 0.93150405 0.01403577
## ArrDelay 0.93150405 1.00000000 -0.04502653
## airSpeed 0.01403577 -0.04502653 1.00000000
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Correlations (subset)

rxCor(formula = ~DepDelay + ArrDelay + airSpeed, data = newAirlineXdf,
rowSelection = (airSpeed > 50) & (airSpeed < 800))

## DepDelay ArrDelay airSpeed
## DepDelay 1.00000000 0.93192674 0.02083635
## ArrDelay 0.93192674 1.00000000 -0.06705657
## airSpeed 0.02083635 -0.06705657 1.00000000
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Linear Model

system.time(reg1 <- rxLinMod(formula = airSpeed ~ DepDelay, data = newAirlineXdf,
rowSelection = (airSpeed > 50) & (airSpeed < 800)))

## user system elapsed
## 1.13 0.16 1.42
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rxLinMod Object

class(reg1)

## [1] "rxLinMod"

names(reg1)

## [1] "coefficients" "residual.squares" "condition.number"
## [4] "rank" "aliased" "coef.std.error"
## [7] "coef.t.value" "coef.p.value" "total.squares"
## [10] "y.var" "sigma" "residual.variance"
## [13] "r.squared" "f.pvalue" "df"
## [16] "y.names" "deviance" "aic"
## [19] "params" "formula" "call"
## [22] "fstatistics" "adj.r.squared" "nValidObs"
## [25] "nMissingObs" "coefLabelStyle"
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Linear Model Summary

print(summary(reg1), header = FALSE)

## Coefficients:
## Estimate Std. Error t value Pr(>|t|)
## (Intercept) 390.4019846 0.0295551 13209.28 2.22e-16 ***
## DepDelay 0.0438940 0.0007822 56.12 2.22e-16 ***
## ---
## Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
##
## Residual standard error: 75.9 on 7250010 degrees of freedom
## Multiple R-squared: 0.0004342
## Adjusted R-squared: 0.000434
## F-statistic: 3149 on 1 and 7250010 DF, p-value: < 2.2e-16
## Condition number: 1
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Nonlinear relationship?

One approach: Discretize departure delay.

rxDataStep(inData = newAirlineXdf, outFile = newAirlineXdf,
varsToKeep="DepDelay", transformVars="DepDelay",
transforms = list(F_DepDelay=cut(DepDelay, breaks=seq(from=-10, to=100, by=10))),
append="cols", overwrite=TRUE)

25 / 35



;

Categorical Variables
print(rxSummary(~F_DepDelay, data = newAirlineXdf), header = FALSE)

##
## Category Counts for F_DepDelay
## Number of categories: 11
## Number of valid observations: 6819077
## Number of missing observations: 634138
##
## F_DepDelay Counts
## (-10,0] 3894806
## (0,10] 1316316
## (10,20] 554103
## (20,30] 321440
## (30,40] 211002
## (40,50] 150920
## (50,60] 114696
## (60,70] 87504
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linMod and Categorical variables

reg2 <- rxLinMod(formula = airSpeed ~ F_DepDelay, data = newAirlineXdf,
rowSelection = (airSpeed > 50) & (airSpeed < 800), dropFirst = TRUE)
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rxlinMod Summary
print(summary(reg2), header = FALSE)

## Coefficients: (1 not defined because of singularities)
## Estimate Std. Error t value Pr(>|t|)
## (Intercept) 387.89666 0.03821 10151.854 2.22e-16 ***
## F_DepDelay=(-10,0] Dropped Dropped Dropped Dropped
## F_DepDelay=(0,10] 10.97080 0.07603 144.291 2.22e-16 ***
## F_DepDelay=(10,20] 9.72038 0.10829 89.758 2.22e-16 ***
## F_DepDelay=(20,30] 8.74882 0.13843 63.199 2.22e-16 ***
## F_DepDelay=(30,40] 7.56250 0.16862 44.850 2.22e-16 ***
## F_DepDelay=(40,50] 6.25256 0.19792 31.591 2.22e-16 ***
## F_DepDelay=(50,60] 5.52251 0.22610 24.425 2.22e-16 ***
## F_DepDelay=(60,70] 4.47101 0.25797 17.332 2.22e-16 ***
## F_DepDelay=(70,80] 3.76816 0.29028 12.981 2.22e-16 ***
## F_DepDelay=(80,90] 3.32997 0.32385 10.283 2.22e-16 ***
## F_DepDelay=(90,100] 2.50516 0.36051 6.949 3.68e-12 ***
## ---
## Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
...
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RevoScaleR Intro: PEMA
Parallel External Memory Algorithms
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Distributed Environments

Local
Cluster

Microsoft HPC
Microsoft Azure Burst
LSF
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Distributed Environments

BIG
DATA

Data
Partition

Data
Partition

Data
Partition

...

Compute
Node

Compute
Node

Compute
Node

...
Master
Node
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RevoScaleR ComputeContext

One Line of Code for all supported architectures

Defines Hardware
Handles Distribution, Monitoring, and Failover via native job
scheduler
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Performance
GLM ‘Gamma’ Simulation Timings

Independent Variables: 2 factors (100 and 20 levels) and one continuous

Data Size (millions of rows)
Timings from a Windows 7, 64-bit quadcore laptop with 8 GB RAM 

Open Source 
Revolution R Enterprise
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scales linearly with data size
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Summary

RevoScaleR provides Fast and efficient ways to process Big Data:

Import
Explore
Manipulate
Visualize
Analyze
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Thank you
Revolution Analytics is the leading commercial
provider of software and support for the popular open
source R statistics language.

www.revolutionanalytics.com, 1.855.GET.REVO,
Twitter: @RevolutionR
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Big data analytics
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Documentation

http://packages.revolutionanalytics.com/doc/7.2.0/
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rxOptions()

## help(rxOptions)
names(rxOptions())

## [1] "cintSysDir" "includeDir"
## [3] "libDir" "linkDllName"
## [5] "unitTestDir" "unitTestDataDir"
## [7] "sampleDataDir" "demoScriptsDir"
## [9] "fileSystem" "hdfsPort"
## [11] "hdfsHost" "xdfCompressionLevel"
## [13] "computeContext" "blocksPerRead"
## [15] "reportProgress" "rowDisplayMax"
## [17] "memStatsReset" "memStatsDiff"
## [19] "numCoresToUse" "numDigits"
## [21] "showTransformFn" "defaultDecimalColType"
## [23] "defaultMissingColType" "dataPath"
## [25] "outDataPath" "transformPackages"
## [27] "useSparseCube" "dropMain"
...
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Sample Data

sampleDataDir <- rxOptions()[["sampleDataDir"]]
dir(sampleDataDir)

## [1] "AirlineDemo1kNoMissing.csv" "AirlineDemoSmall.csv"
## [3] "AirlineDemoSmall.xdf" "AirlineDemoSmallUC.xdf"
## [5] "CensusWorkers.xdf" "claims.dat"
## [7] "claims.sas7bdat" "claims.sav"
## [9] "claims.sd7" "claims.sqlite"
## [11] "claims.sts" "claims.txt"
## [13] "claims.xdf" "claims_.txt"
## [15] "claims4blocks.xdf" "claimsExtra.txt"
## [17] "claimsQuote.txt" "claimsTab.txt"
## [19] "claimsTxt" "claimsXdf"
## [21] "CustomerSurvey.xdf" "DJIAdaily.xdf"
## [23] "fourthgraders.xdf" "Kyphosis.xdf"
## [25] "mortDefaultSmall.xdf" "mortDefaultSmall2000.csv"
## [27] "mortDefaultSmall2001.csv" "mortDefaultSmall2002.csv"
...
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Summarize the XDF

DJIAdata <- file.path(sampleDataDir, "DJIAdaily.xdf")
rxGetInfo(DJIAdata)

## File name: C:\Revolution\R-Enterprise-7.2\R-3.0.3\library\RevoScaleR\SampleData\DJIAdaily.xdf
## Number of observations: 20636
## Number of variables: 13
## Number of blocks: 4
## Compression type: zlib
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Summarize the variables

## rxGetInfo(DJIAdata, getVarInfo = TRUE)
rxGetVarInfo(DJIAdata)

## Var 1: Date, Type: character
## Var 2: Open, Type: numeric, Storage: float32, Low/High: (41.6300, 14165.0195)
## Var 3: High, Type: numeric, Storage: float32, Low/High: (42.6100, 14279.9600)
## Var 4: Low, Type: numeric, Storage: float32, Low/High: (40.5600, 13980.9004)
## Var 5: Close, Type: numeric, Storage: float32, Low/High: (41.2200, 14164.5303)
## Var 6: Volume, Type: numeric, Storage: float32, Low/High: (130000.0000, 11456230400.0000)
## Var 7: Adj.Close, Type: numeric, Storage: float32, Low/High: (41.2200, 14164.5303)
## Var 8: Year, Type: integer, Low/High: (1928, 2010)
## Var 9: Month, Type: integer, Low/High: (1, 12)
...
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GetVarInfo - Details

GetVarInfoObject <- rxGetVarInfo(DJIAdata)
class(GetVarInfoObject)

## [1] "rxGetVarInfo"

is.list(GetVarInfoObject)

## [1] TRUE

str(GetVarInfoObject)

## List of 13
## $ Date :List of 4
## ..$ varType: chr "character"
## ..$ storage: chr "string"
## ..$ low : logi NA
## ..$ high : logi NA
## ..- attr(*, "class")= chr "rxVarInfo"
## $ Open :List of 4
## ..$ varType: chr "numeric"
...
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VarInfo - Details

str(GetVarInfoObject[1])

## List of 1
## $ Date:List of 4
## ..$ varType: chr "character"
## ..$ storage: chr "string"
## ..$ low : logi NA
## ..$ high : logi NA
## ..- attr(*, "class")= chr "rxVarInfo"

class(GetVarInfoObject[[1]])

## [1] "rxVarInfo"
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VarInfo for Open

GetVarInfoObject[["Open"]]

## Type: numeric, Storage: float32, Low/High: (41.6300, 14165.0195)

class(GetVarInfoObject[["Open"]])

## [1] "rxVarInfo"

names(GetVarInfoObject[["Open"]])

## [1] "varType" "storage" "low" "high"

GetVarInfoObject[["Open"]][["storage"]]

## [1] "float32"
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VarInfo for DayOfWeek

names(GetVarInfoObject[["DayOfWeek"]])

## [1] "varType" "storage" "low" "high" "levels"

GetVarInfoObject[["DayOfWeek"]][["levels"]]

## [1] "Monday" "Tuesday" "Wednesday" "Thursday" "Friday"
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rxSummary

rxSummary(~Open, data = DJIAdata)

## Call:
## rxSummary(formula = ~Open, data = DJIAdata)
##
## Summary Statistics Results for: ~Open
## Data: DJIAdata (RxXdfData Data Source)
## File name:
## C:/Revolution/R-Enterprise-7.2/R-3.0.3/library/RevoScaleR/SampleData/DJIAdaily.xdf
## Number of valid observations: 20636
##
## Name Mean StdDev Min Max ValidObs MissingObs
## Open 2516 3650 41.63 14165 20636 0
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rxQuantile

rxQuantile(varName = "Open", data = DJIAdata)

## 0% 25% 50% 75% 100%
## 41 241 837 2694 14165

## help(rxQuantile)
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rxSummary: More Variables

dji.rxs <- rxSummary(~Open + High + Low + Close, data = DJIAdata)

## Name Mean StdDev Min Max ValidObs MissingObs
## Open 2516 3650 41.63 14165 20636 0
## High 2544 3692 42.61 14280 20636 0
## Low 2489 3607 40.56 13981 20636 0
## Close 2517 3650 41.22 14165 20636 0

## rxSummary(~., DJIAdata)
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rxSummary help

## help(rxSummary)
args(rxSummary)

## function (formula, data, byGroupOutFile = NULL, summaryStats = c("Mean",
## "StdDev", "Min", "Max", "ValidObs", "MissingObs"), byTerm = TRUE,
## pweights = NULL, fweights = NULL, rowSelection = NULL, transforms = NULL,
## transformObjects = NULL, transformFunc = NULL, transformVars = NULL,
## transformPackages = NULL, transformEnvir = NULL, overwrite = FALSE,
## useSparseCube = rxGetOption("useSparseCube"), removeZeroCounts = useSparseCube,
## blocksPerRead = rxGetOption("blocksPerRead"), rowsPerBlock = 100000,
## reportProgress = rxGetOption("reportProgress"), verbose = 0,
## computeContext = rxGetOption("computeContext"), ...)
## NULL
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rxSummary: Weighted Averages

print(rxSummary(~Open + High + Low + Close, data = DJIAdata, fweights = "Volume"),
header = FALSE)

## Name Mean StdDev Min Max SumOfWeights MissingWeights
## Open 9682 2714 41.63 14165 8612070155344 0
## High 9800 2734 42.61 14280 8612070155344 0
## Low 9559 2691 40.56 13981 8612070155344 0
## Close 9682 2712 41.22 14165 8612070155344 0
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rxCrossTabs

print(rxCrossTabs(~DayOfWeek, data = DJIAdata), header = FALSE)

## DayOfWeek (counts):
##
## Monday 3989
## Tuesday 4182
## Wednesday 4205
## Thursday 4139
## Friday 4121
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rxCrossTabs: Weighted

print(rxCrossTabs(~DayOfWeek, data = DJIAdata, fweights = "Volume"),
header = FALSE)

## DayOfWeek,fweight=Volume (counts):
##
## Monday 1512617311744
## Tuesday 1774277389504
## Wednesday 1821943518576
## Thursday 1802207933264
## Friday 1701024002256
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Visualization

rxHistogram(~Open, data = DJIAdata, xNumTicks = 10, )
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Visualization: Factors

rxHistogram(~DayOfWeek, data = DJIAdata)
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Visualization: Facets

rxHistogram(~Open | DayOfWeek, data = DJIAdata, xNumTicks = 10)

Open

C
ou

nt
s

100
300
500
700

2000 6000 10000

Monday Tuesday

2000 6000 10000

Wednesday

Thursday

2000 6000 10000

100
300
500
700

Friday

20 / 30



;

Visualization: weights

rxHistogram(~Open, data = DJIAdata, fweights = "Volume", xNumTicks = 10)

Open

C
ou

nt
s

50000000000

100000000000

150000000000

200000000000

250000000000

300000000000

350000000000

2000 4000 6000 8000 10000 12000

21 / 30



;

Scatter plot

rxLinePlot(Open ~ DaysSince1928, data = DJIAdata)
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Scatter plot: log(y)

rxLinePlot(log(Open) ~ DaysSince1928 | DayOfWeek, data = DJIAdata)
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Census data

censusWorkers <- file.path(sampleDataDir, "CensusWorkers.xdf")
rxGetInfo(censusWorkers, getVarInfo = TRUE)

## File name: C:\Revolution\R-Enterprise-7.2\R-3.0.3\library\RevoScaleR\SampleData\CensusWorkers.xdf
## Number of observations: 351121
## Number of variables: 6
## Number of blocks: 6
## Compression type: zlib
## Variable information:
## Var 1: age, Age
## Type: integer, Low/High: (20, 65)
## Var 2: incwage, Wage and salary income
## Type: integer, Low/High: (0, 354000)
## Var 3: perwt, Type: integer, Low/High: (2, 168)
## Var 4: sex, Sex
## 2 factor levels: Male Female
## Var 5: wkswork1, Weeks worked last year
## Type: integer, Low/High: (21, 52)
## Var 6: state
## 3 factor levels: Connecticut Indiana Washington
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Census data: perwt

rxGetInfo(censusWorkers, numRows = 3)

## File name: C:\Revolution\R-Enterprise-7.2\R-3.0.3\library\RevoScaleR\SampleData\CensusWorkers.xdf
## Number of observations: 351121
## Number of variables: 6
## Number of blocks: 6
## Compression type: zlib
## Data (3 rows starting with row 1):
## age incwage perwt sex wkswork1 state
## 1 23 22000 39 Female 45 Indiana
## 2 25 18000 27 Female 52 Indiana
## 3 43 12000 24 Female 52 Indiana
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CrossTabs: sum with weights

censusCTabs <- rxCrossTabs(wkswork1 ~ F(age):sex, data = censusWorkers,
fweights = "perwt")

## wkswork1 (sums):
## sex
## F_age Male Female
## 20 3149071 2902334
## 21 3221508 2989308
## 22 3500479 3014440
## 23 3724265 3221561
## 24 3868281 3315162
## 25 3874528 3328932
## 26 3913464 3141570
## 27 4214677 3433142
## 28 4630205 3715891
## 29 4991119 4069394
## 30 5102476 4033802
...
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CrossTabs: mean with weights

censusCTabs <- rxCrossTabs(wkswork1 ~ F(age):sex, data = censusWorkers,
fweights = "perwt", means = TRUE)

## wkswork1 (means):
## sex
## F_age Male Female
## 20 44.30 43.89
## 21 45.28 44.45
## 22 46.07 45.10
## 23 46.75 45.69
## 24 47.51 46.74
## 25 48.26 47.15
## 26 48.18 47.50
## 27 48.60 47.57
## 28 48.90 47.99
## 29 49.25 48.09
## 30 49.42 47.90
...
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rxCube

cube <- rxCube(wkswork1 ~ F(age):sex, data = censusWorkers, fweights = "perwt",
means = TRUE)

## F_age sex wkswork1 Counts
## 1 20 Male 44.30 71089
## 2 21 Male 45.28 71150
## 3 22 Male 46.07 75979
## 4 23 Male 46.75 79663
## 5 24 Male 47.51 81412
## 6 25 Male 48.26 80288
## 7 26 Male 48.18 81227
## 8 27 Male 48.60 86728
## 9 28 Male 48.90 94681
## 10 29 Male 49.25 101341
## 11 30 Male 49.42 103242
## 12 31 Male 49.54 100234
## 13 32 Male 49.41 96325
...
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rxCube to data.frame

class(cube)

## [1] "rxCube" "list"

cubeDF <- as.data.frame(cube)
head(cubeDF)

## F_age sex wkswork1 Counts
## 1 20 Male 44.30 71089
## 2 21 Male 45.28 71150
## 3 22 Male 46.07 75979
## 4 23 Male 46.75 79663
## 5 24 Male 47.51 81412
## 6 25 Male 48.26 80288
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Thank you
Revolution Analytics is the leading commercial provider of
software and support for the popular open source R statistics
language.

www.revolutionanalytics.com, 1.855.GET.REVO, Twitter: @RevolutionR
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Clusters in Mortgage Default Data
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ROC Curve for 'default'

AUC =  0.96
False Positive Rate (1 − Specificity)
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