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Overview
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Outline

Focus today is on

• R and its role
• Extensions
• The XR package
• Case study
• Other approaches
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R and its role
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R as central point
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R as central point

From any one of
• csv

• txt

• xlsx

• xml, json, ...

• web scraping, ...

• hdf5, netcdf, ...

• sas, stata, spss, ...

• various SQL + NOSQL DBs

• various binary protocols

via into any one of
• txt

• html

• latex and pdf

• html and js

• word

• shiny

• most graphics formats

• other dashboards

• web frontends
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R per John Chambers (2016)
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R per John Chambers (2016)
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R per John Chambers (2016)

Three Principles (Section 1.1)

Object Everything that exists in R is an object.

Function Everything that happens in R is a function call.

Interface Interfaces to other software are part of R.
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R per John Chambers (2016)

That is new. Or is it?
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R per John Chambers (2016)

Source: John Chamber, personal communication
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Interface 1976

This became the system known as “Interface”, a precursor to S and R.
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Interlude

U Illinois Stat 480 Guest Lecture 14/68



Programming with Data from 1977 to 2016

Thanks to John Chambers for high-resolution cover images. The publication years are, respectively, 1977, 1988, 1992, 1998, 2008 and 2016.
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XR
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XR by John Chambers
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XR by John Chambers

Source: https://cloud.r-project.org/package=XR
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XR by John Chambers

XR: A framework for extending R

• Lower-level package
• Allows other (user-facing) packages to extend
• Examples of such application packages

• XRPython
• XRJulia

• No other languages bound by this framework AFAIK
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XR by John Chambers

XR: A framework for extending R

• We will do a brief overview here
• Section 4 with five chapters has all the details
• XRPython and XRJulia contain their chapter as vignette
• Rcpp also has a full chapter (but no XRcpp package)
• rJava and others are mentioned
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XR by John Chambers

XR: A framework for extending R
High-level view from 30,000 feet:

• XRPython uses embedding of an internal process
• XRJulia uses socket connection to external process
• (and Rcpp does what it does directly extending)

More discussion in Extending R.
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XRPython

Source: https://www.python.org/about/
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XRPython

R> library(XRPython)
R> ev <- RPython()
R> ev
Python evaluator; \
Id: ”Python Evaluator 2018-03-16 11:28:29.947906”; \
Evaluator number: 1
R>
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XRPython

ev$Eval(expr, ...) # expression returning value
ev$Command(expr, ...) # statements

## equivalently
pythonEval(expr, ...)
pythonCommand(expr, ...)
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XRPython

Simplest Example

R> library(XRPython)
R> ev <- RPython()
R> xx <- ev$Eval(”[1, %s, 5]”, pi)
R> ev$Command(”print %s”, xx)

[1, 3.14159265358979, 5]
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XRPython

Shakespeare: Text Analysis Example

R> remotes::install_github(”johnmchambers/shakespeare”)
R> library(shakespeare) # also needs 'nltk' + stopwords
R> hamlet <- parseXML(system.file(”plays”, ”hamlet.xml”,

package=”shakespeare”))
R> hamlet
R Object of class ”ElementTree_Python”, \
for Python proxy object
Server Class: ElementTree; size: NA
R>
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XRPython

Shakespeare: Text Analysis Example

R> hamlet$findtext(”TITLE”)
[1] ”The Tragedy of Hamlet, Prince of Denmark”
R> speeches <- getSpeeches(hamlet)
R> speeches
R Object of class ”SpeechList”, for Python proxy object
Server Class: list; size: 1138
Field ”tokens”:
[1] TRUE
Field ”tokenCase”:
[1] FALSE
R>
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XRPython

Shakespeare: Text Analysis Example

R> last <- speeches$pop()
R> pythonGet(last$getText())
[1] ”Let four captains”
[2] ”Bear Hamlet, like a soldier, to the stage;”
[3] ”For he was likely, had he been put on,”
[4] ”To have proved most royally: and, for his passage,”
[5] ”The soldiers' music and the rites of war”
[6] ”Speak loudly for him.”
[7] ”Take up the bodies: such a sight as this”
[8] ”Becomes the field, but here shows much amiss.”
[9] ”Go, bid the soldiers shoot.”
R>
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XRJulia

Source: https://julialang.org/

U Illinois Stat 480 Guest Lecture 29/68

https://julialang.org/


XRJulia

Installing Julia – using tarball into /opt/julia

edd@rob:~$ du -csh /opt/julia/
230M /opt/julia/
230M total
edd@rob:~$
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XRJulia

Once XRJulia is installed, on first use it downloads more into ~:

> library(XRJulia)
> ev <- RJulia()
Trying to add Julia package JSON; expect some messages and some delay
INFO: Initializing package repository /home/edd/.julia/v0.6
INFO: Cloning METADATA from https://github.com/JuliaLang/METADATA.jl
INFO: Cloning cache of Compat from https://github.com/JuliaLang/Compat.jl.git
INFO: Cloning cache of JSON from https://github.com/JuliaIO/JSON.jl.git
INFO: Cloning cache of Nullables from https://github.com/JuliaArchive/Nullables.jl.git
INFO: Installing Compat v0.60.0
INFO: Installing JSON v0.17.1
INFO: Installing Nullables v0.0.4
INFO: Package database updated

>

Here METADATA is 220 mb…
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XRJulia

> library(XRJulia)
> set.seed(123)
> x <- matrix(rnorm(1000), 20, 5)
> xm <- juliaSend(x)
>
> xjm <- juliaGet(xm)
>
> all.equal(x, xjm)
[1] TRUE
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XRJulia

> svdJ <- JuliaFunction(”svdfact”)
> sxm <- svdJ(xm)
> sxm
Julia proxy object
Server Class: Base.LinAlg.SVD{Float64,Float64,Array{Float64,2}}; size: NA
>
> sj <- juliaGet(sxm)
> sj@fields$S
[1] 4.75995 4.69669 4.32063 3.74208 2.43318
>
> sr <- svd(x) ## cf inst/tests/testSVD.R
> all.equal(sr$d, ep$Eval(”%s.S”,sj,.get=TRUE))
> all.equal(sr$u, ep$Eval(”%s.U”,sj,.get=TRUE))
> all.equal(t(sr$v), ep$Eval(”%s.Vt”,sj,.get=TRUE))
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Alternatives
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Generic Python wrapping

Source: https://rstudio.github.io/reticulate/
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Generic Python wrapping

reticulate

• Written to support tensorflow and keras
• Already used by several packages including

• greta: think stan or bugs, but on tensorflow
• spacyr: accesses the spaCy NLP engine
• h2o4gpu: access to h2o.ai GPU-based ML solvers

• Also used by XRPython
• Uses Rcpp
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Generic Python wrapping

The RcppCNPy package lets us load and save NumPy files (by
wrapping the C library cnpy).

library(RcppCNPy)
mat <- npyLoad(”fmat.npy”)
vec <- npyLoad(”fvec.npy”)

mat2 <- npyLoad(”fmat.npy.gz”)
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Generic Python wrapping

But reticulate lets us load and save NumPy files directly!

library(reticulate)
np <- import(”numpy”)
mat <- np$load(”fmat.npy”))
vec <- np$load(”fvec.npy”))

## compressed data: import gzip
gz <- import(”gzip”)
## use it to create handle to uncompressed file
mat2 <- np$load(gz$GzipFile(”fmat.npy.gz”,”r”))
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Generic Julia wrapping

Source: https://non-contradiction.github.io/JuliaCall/
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Generic Julia wrapping

Similar initial setup issues as XRJulia

library(JuliaCall)
jl <- julia_setup()

## Julia version 0.6.2 at location /opt/julia/bin will be used.
## Julia initiation...
## Finish Julia initiation.
## Loading setup script for JuliaCall...
## Finish loading setup script for JuliaCall.

(but it did blow up for me with RMarkdown)
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Generic Julia wrapping

Different ways for using Julia to calculate sqrt(2)

julia_command(”a = sqrt(2);”); julia_eval(”a”)
# [1] 1.414214
julia_eval(”sqrt(2)”)
# [1] 1.414214
julia_call(”sqrt”, 2)
# [1] 1.414214
julia_eval(”sqrt”)(2)
#> [1] 1.414214
julia_assign(”x”, sqrt(2)); julia_eval(”x”)
#> [1] 1.414214
julia_assign(”rsqrt”, sqrt); julia_call(”rsqrt”, 2)
#> [1] 1.414214
2 %>J% sqrt
#> [1] 1.414214
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Case Study
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A Time-Tested Problem: Math

Consider a function defined as

f(n) such that

 n when n < 2
f(n − 1) + f(n − 2) when n ≥ 2
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A Time-Tested Problem: R

R implementation and use:

fr <- function(n) {
if (n < 2) return(n)
return(fr(n-1) + fr(n-2))

}

## Using it on first 11 arguments
sapply(0:10, fr)

## [1] 0 1 1 2 3 5 8 13 21 34 55
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A Time-Tested Problem: R

Timing:

library(rbenchmark)
benchmark(fr(10), fr(15), fr(20))[,1:4]

## test replications elapsed relative
## 1 fr(10) 100 0.014 1.000
## 2 fr(15) 100 0.149 10.643
## 3 fr(20) 100 1.562 111.571
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A Time-Tested Problem: Python

def F(n):
if n < 2: return n
return F(n-1) + F(n-2)

saved as fib.py
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A Time-Tested Problem: Python

We can use reticulate:

## Python
library(reticulate)
py_run_file(”examples/fib.py”)
pr <- py_eval(”F(10)”) # example call
fp <- function(n) py_eval(sprintf(”F(%d)”, n))

# Using it on first 11 arguments
sapply(0:10, fp)

## [1] 0 1 1 2 3 5 8 13 21 34 55
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A Time-Tested Problem: Julia

In Julia, a one-liner will do

f(n) = n < 2 ? n : f(n-1) + f(n-2)
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A Time-Tested Problem: Julia

We can use JuliaCall

library(JuliaCall)
fj <- julia_eval(”f(n) = n < 2 ? n : f(n-1) + f(n-2)”)
jr <- fj(10)

# Using it on first 11 arguments
sapply(0:10, fj)

## [1] 0 1 1 2 3 5 8 13 21 34 55
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A Time-Tested Problem: C++

int g(int n) {
if (n < 2) return(n);
return(g(n-1) + g(n-2));

}
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A Time-Tested Problem: C++

Deployed e.g. as

Rcpp::cppFunction(”int fcpp(int n) {
if (n < 2) return(n);
return(fcpp(n-1) + fcpp(n-2)); }”)

sapply(0:10, fcpp)

## [1] 0 1 1 2 3 5 8 13 21 34 55
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A Time-Tested Problem: C++

Timing:

library(rbenchmark)
benchmark(fr(20), fp(20), fcpp(20),

order=”relative”)[,1:4]

## test replications elapsed relative
## 3 fcpp(20) 100 0.006 1.000
## 2 fp(20) 100 0.232 38.667
## 1 fr(20) 100 1.557 259.500

A nice gain of a few orders of magnitude.

U Illinois Stat 480 Guest Lecture 52/68



A Time-Test Example: Four-ways

library(rbenchmark)

N <- 20
benchmark(fr(N), fp(N), fj(N), fcpp(N))[,1:4]
## test replications elapsed relative
## 4 fcpp(N) 100 0.002 1.0
## 3 fj(N) 100 0.004 2.0
## 2 fp(N) 100 0.135 67.5
## 1 fr(N) 100 0.493 246.5
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A Time-Test Example: Four-ways

N <- 30
benchmark(fr(N), fp(N), fj(N), fcpp(N))[,1:4]
## test replications elapsed relative
## 4 fcpp(N) 100 0.207 1.000
## 3 fj(N) 100 0.365 1.763
## 2 fp(N) 100 17.110 82.657
## 1 fr(N) 100 61.662 297.884
## R>
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Others
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Java

rJava

• oldest interface package
• fairly widely used
• mentioned in Extending R
• also:

• jdx for data exchange
• js223 for Groovy, JavaScript, JRuby, Jython, Kotlin, …

• rscala for di-rectional Scala interface
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V8

Interface to Javascript

• V8 is a C++-based interface to Javascript
• large set of JS-based packages for browser-based work
• mentioned in Extending R
• Uses Rcpp
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Rserve

Over 15 years old !

• still not widely known, yet used
• ‘headless’ R listening over tcp/ip
• by R Core member Simon Urbanek
• different client implementations
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RestRServe

Source: http://restrserve.org/
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Some other things
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Python the other way

RPy2

• Python package to call R from Python
• mature, well-tested
• but different direction
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gRPC

Source: https://grpc.io
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gRPC

Different Approach

• define an interface (as Protocol Buffer)
• have code generated for both server and client side
• across OSs: Linux, Windows, Android, iOS, …
• across languages: C++, Python, Go, Javascript, Ruby, C#, PHP, …
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Arrow

Source: https://arrow.apache.org/
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XTensor

Source: http://quantstack.net/xtensor
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Summary
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Interfaces

Interfaces from R

• are a natural part of the language!
• give us access to best of breed tools in other languages
• require some thought and care for design
• which Extending R discusses well
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Thank you!

slides http://dirk.eddelbuettel.com/presentations/

web http://dirk.eddelbuettel.com/

mail dirk@eddelbuettel.com

github @eddelbuettel

twitter @eddelbuettel
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