1 sum & 0 Change Al Occurrences CtriE2 1 sum ¢ 0

Refactor. Ctrl=Shift+R

2 product ¢« 1 2 product « 1
Open Changes >
3 w7 3 we 7
cut CurlsX
4 N 10 Copy ctrive 4 N« 10
5 Paste Curisv 5
Spelling >
6 for (i in 1:(N- 6 for (i in 1:(N-1)) {
Run all tests in this file
7 sum € sum + Run this test 7 sum ¢ sum + i + w
8 product ¢ p1 DetatE 8 product & product * i
Command Palette... Chrl+Shiftsp ’
9 1} 9
* Clear Slice Presentation *
10 Open help for selection 1e
11 cat("Sum:", sui e for Cursor Fosiion 11 cat("Sum:" ., "\n")
12 cat("Product:", product, "\n") 12 ("Product:", product, "\n")
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The R Programming Language

* Ris mainly designed for statistical computing“]

° Heavily used in research (e.g., social science)”
* Ranks 6™ on PYpL"”’
* Over 20000 packages on CRAN'"

° Most users are from non-computer-science domains

* Several problems in practice” '
° Replication

° Program comprehension

® Missing tool support

* Demand for software engineering practices[S]

[5] Thimbleby, “Improving Science That Uses Code” (2023, Oxford University Press)

[4] Wonsil et al., “Reproducibility as a Service” (2023, Software: Practice and Experience)

[3] https://pypl.github.io/ [archived]

[2] Trisovic et al., “A Large-Scale Study on Research Code Quality and Execution” (2022, Nature Publishing Group)
[1] https://cran.r-project.org/
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https://web.archive.org/web/20240106152629/https://pypl.github.io/PYPL.html
https://cran.r-project.org/

R Scripts
We analyzed 4 083 R-files

=]

[« set the data directory and load workspace h
setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/")
load("Apple_Pure_phenology_R_workspace_image .RData")

“
# scirpt to recreate components included in of "Apple_Pure_phenology_R_workspace_image.RData"

M
« phenology data subset having at least 14 observations owerlaping wiht meteorology data set

aM — d %%
filter(Year %in% (meteoHe_obs$Year))
aM M %%
group_by(Variety) %>%
summarize(N = n()) %%
arrange(N) %%
filter(N >= 14) %% # 12 skirnes
select(-N) %%
left_join(dM)

FUNCTION definitinos
\__* Phenology model deifned as functino, see Kalvans et al, 2015, DDcos model for details )

#
#

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pire orchard, Latvia from 1959 to 2019" (2021, Zenodo)
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Fail to Replicate

x set the data directorv and load workspace
[ setwd("G:/Shared drives/Fenologija/Raksti/abeles/Zenodo/") ]

10ad("Apple_Pure_phenology_R_workspace_image .RData")

. Hardcodegi Pa{ths

# scirpt to recreate components include logy_R_workspace_image .RData"

{

[

# phenology data subset having at least 14 observations owerlaping wiht meteorology data set
i —

I~ « upperi - upper bound of model parameter range (Tb, DD)

+ if pari == NA a random set is generated
L (ony(ic nalparidd) {
(Cpari = runii(2) * (upperi - loweri) + loweri )

+ ... .. (Pseudo-)Randomness without Seed _

if (any(ddiYear %in% meteodiYear)) {
print(Sys.time())

]
B print("DDsinOpt")

p a + GenSA:: GenSA(par = pari,

B fn = DDsin_stat,
—] lover = loweri,

upper = upperi,

c("RMSE"),
uns = sadalijums,

[2] Trisovic et al.,, “A Large-Scale Study on Research Code Quality and Execution” (2022, Nature Publishing Group)

74 % even fail to complete! '

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pire orchard, Latvia from 1959 to 2019" (2021, Zenodo)
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Do Too Much

* Several analyses in one script

Model * Hard to comprehend
Model ° Hard to extract/re-use parts
Figure
Figure
} Figure

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pire orchard, Latvia from 1959 to 2019" (2021, Zenodo)
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Are Hard to Analyze

new.env=eval (parse(text = paste("env_",6period,"_wc",sep=""))))

» String-based code evaluation

bins « up_bins # (e.g., 6)

up_bins = new_bins
body(pull.cat)[[2]] <« substitute(bins « up_bins)

» Self-modifying code

[8] Robertson, Social hierarchy reveals thermoregulatory trade- offs in response to repeated stressors (2020, Zenodo) [L. 68ff]
[7] Ma et al., Predicting range shifts of pikas (Mammalia, Ochotonidae) in China under scenarios incorporating land-use change, climate change, and dispersal limitations (2021, Zenodo) [L. 135f]
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R Misses Sophisticated Analysis Tools

° RStudio IDE  posit.co
* Syntax-highlighting and auto-completion
° <— Often wrong (simple heuristics)

° R language server sithub.com/ReditorSupport
° Syntax-highlighting and auto-completion

° <— Often wrong (XPath-Expressions)
© {lintr} github.com/r-lib/lintr * {CodeDepends} sithub.com/duncantl/CodeDepends
° Style & syntax errors o <— Only top scope
o ¢ Creation of call-graphs
¢

XPath-Expressions, packages
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https://posit.co/products/open-source/rstudio/
https://github.com/REditorSupport/languageserver/
https://github.com/r-lib/lintr
https://github.com/duncantl/CodeDepends

R Scripts....

1. fail to replicate
2. do too much
3. are hard to analyze

4. are not well supported by tools

Better Software, Better Research

F. Sihler (Ulm University) flowR — Problems




The Goal of flowR 2

> * Interested in a single figure

* = 70 % reduction

[6] Drudze et al., Apple phenology data set and R script, related to publication "Full flowering phenology of apple tree (Malus domestica) in Pire orchard, Latvia from 1959 to 2019" (2021, Zenodo)
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Performance Measurements * We generated every possible variable of interest
* Dataflow results can be cached
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The Architecture (4

Q

RS g o -

- I - ) ! -) -
===/ ) D) & )

Parse Normalize Dataflow Slice Reconstruct

[9] Sihler, “Constructing a static program slicer for R programs” (2023, Ulm University)
[10] Weiser, “Program Slicing” (1984, IEEE Transactions on Software Engineering)




Visual Studio Code Integration

Rudimentary VSCode integration at:
) sithub.com/eagleoutice/vscode-R

10

11

12

sum < © Change All Occurrences
Refactor
product & 1
Open Changes
w7
cut
N« 10 copy
paste
Speling

for (i in 1:(N-
Run alltests In this fle

sum € sum + Ry s rest

product - pi oAt

. Command Paetie..
. Clear Sice Presentation
Openhelp for seection
Sice for Cursor Position
catCsun:”, but

cat("Product:", product, "\n")

iz
CtrlsShiftsR

Gtk
ctrisc
criy

CtrisshifisP

sum < ©
product « 1
w7

N & 18

for (i in 1:(N-1)) {
sum ¢ sum + i +w

product ¢ product * i

cat("Sum

cat("Product:", product, "\n")



https://github.com/eagleoutice/vscode-R

USing ﬂOWR Code-Inspect/flowr

eagleoutice/vscode-R
eagleoutice/flowr

B€OD

@eagleoutice/flowr

== .

£ Server </> Library >— REPL
. N . . const s = new SteppingSlicer({ :[;a.rie Xl xay
type": "request-file-analysis", shell, tokenMap, 'S_XPT 1s
L okents 1abe request: | - oxpr
"flletOk?rj : "123 ’ . requestFromInput("x«1; xxy"), ] LpSYMBOL e (1:1)
content": X e1; o xxy criterion: [’1@x’], { J H

) b

{ 00”5‘2 fi’ce L LRemainingSteps () dataflows "x « 1; x * y"
"type": "request-slice", awa s-a emainingsteps https://mermaid.live/edit#base64:eyJj
vign g,
"filetoken": "123",
"criterion": ["1@x"]

}

docker run -it —-rm eagleoutice/flowr



https://github.com/Code-Inspect/flowr
https://github.com/eagleoutice/vscode-R
https://hub.docker.com/r/eagleoutice/flowr
https://www.npmjs.com/package/@eagleoutice/flowr
https://mermaid.live/edit#base64:eyJjb2RlIjoiZmxvd2NoYXJ0IFREXG4gICAgMFtcImB4ICgwLCAqbG9jYWwqKVxuICAgICAgKjEuMS0xLjEqYFwiXVxuICAgIDMoW1wiYHggKDMpXG4gICAgICAqMS45LTEuOSpgXCJdKVxuICAgIDQoW1wiYHkgKDQpXG4gICAgICAqMS4xMy0xLjEzKmBcIl0pXG4gICAgMyAtLT58XCJyZWFkcyAoYWx3YXlzKVwifCAwIiwibWVybWFpZCI6e30sInVwZGF0ZUVkaXRvciI6ZmFsc2UsImF1dG9TeW5jIjp0cnVlLCJ1cGRhdGVEaWFncmFtIjpmYWxzZX0=

Appendix
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. . & & \’b‘\'\A N
& &
The R Code Static Analysis Landscape ¢« o
P & &L O S <
. N Q@
goal method impl. lang. K @SS &
[11] {CodeDepends} static analysis  AST visitor R ® O O O O [ J
[12] {codetools} static analysis  AST visitor R ® O O 0O OO [ ]
[13] {checkglobals}  missing libs. AST visitor R, C ® O O 0O o
[15] {CodeAnalysis}  static analysis  AST visitor R ® OO @®@0OO0OO0OO0OO0 [ ] o [0}
[17] {pkgstats} package insight ctags & gtags R, C++ o (o)) (e}
[18] {globals} distributed env. AST visitor R [ O 0O O0OO0Oo (o] [}
[20] {1intr} linting XPath, visitor R ® O (o] [e] (@] [ ]
[21] {SimilaR} plagiarism PDG, visitor R, C++ (o] (o] (0] [ ]
[22] {rco} optimization AST visitor R [ ] ® O [ J
[23] {cyclocomp} static analysis  AST visitor R (o] [ ]
[24] {flow} visualize, debug AST visitor R, C o [ ] (o] O O [0}
[25] {PaRe} code review Regex R o o o
[28] {1anguageserver} editor support ~ XPath, visitor R, C ® O O O [ ]
[29] RStudio editor support  AST visitor Java, C++, TS, ... ® O O O [ ]
[4] Raas reproducibility ~ AST visitor Python, R ® O OO0 O0OOo [ J
[3216NU R execute R bytecode C, Fortran, R ® O ® OO0 @O0 (o] [ J
[341R execute R SSA, bytecode C++,R,C, ... ® 0606 O 0O (o] @ OC e
[35] renjin execute R SSA, CFG R, Java, G, ... ®@ OO0 e O O ce [ J



https://cran.r-project.org/package=CodeDepends
https://cran.r-project.org/package=codetools
https://cran.r-project.org/package=checkglobals
https://github.com/nick-ulle/rstatic
https://github.com/duncantl/CodeAnalysis
https://github.com/duncantl/RTypeInference
https://cran.r-project.org/package=pkgstats
https://ctags.io
https://www.gnu.org/software/global/
https://cran.r-project.org/package=globals
https://cran.r-project.org/package=rclean
https://cran.r-project.org/package=lintr
https://cran.r-project.org/package=SimilaR
https://cran.r-project.org/package=rco
https://cran.r-project.org/package=cyclocomp
https://cran.r-project.org/package=flow
https://cran.r-project.org/package=PaRe
https://github.com/dkary/dfgraph
https://github.com/IBM/rflowgraph
https://cran.r-project.org/package=languageserver
https://posit.co/
https://github.com/UWQuickstep/rosa/tree/master
https://www.sci.unich.it/~amato/random/
https://github.com/jwons/raas
https://cran.r-project.org/
https://github.com/oracle/fastr
https://github.com/reactorlabs/rir
https://www.renjin.org
https://github.com/radfordneal/pqR
https://github.com/microsoft/microsoft-r-open
https://github.com/johngarvin/rcc

Parse & Normalize

— . \ § .
- a@% ) Noo )
o / YA )

|

parse(text="if(TRUE) x else y")

exprlist

expr

/ \\ normalized
expr expr ELSE expr
if ( ‘ ) ‘ else ‘
NUM_CONST SYMBOL SYMBOL
TRUE x y

* Normalizing constants, namespacing, operators, ...

nl30]

* We use the “R language definition” " as a basis

[39] R Core Team, R Language Definition (2023)

F. Sihler (Ulm University)
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Normalize Dataflot

RExpressionList

RIfThenElse

i£( else

:

RLogical RSymbol RSymbol
x y

TRUE


https://cran.r-project.org/doc/manuals/r-release/R-lang.pdf

\ \\\ ) \ \\\\\ \\
) T ) )OO ) )
/ / / )/ /
Dataflow / ) /) D =7 /
Parse Normalize Dataflow Slice Reconstruct
Xpg € 21
Yo < 2
Zg < X4 X Y4
exprlist
1 3
|2
assignment assignment assignment
s g P PR
symbol number symbol number symbol binary-op
X 21 y 2 z *
symbol symbol
X y

flowR — Appendix
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\ \\ O \ A\ \
Dataflow ) )2 )22 ) )
/ / / O // /
Parse Normalize Dataflow Slice Reconstruct
Xy €« 21
Yo < 2
Zyg €« X4 X Y4y Graph
Environment
.Y1 --YQ
X0 X0,YP yo, m
exprlist Graph
Graph Environment 1 3 Environment
v S Y X %y v
2oz
. - l=s
S So, & S, & o,
Y1
Xo 21 X+ x Yo 2 X+ X0,y Py, 2 * X+ X0,y Py R
)
N s
Xo Yo X X, 2o
Xq V1

X4 Y1

X X0, Y P Y.

X X5,V P Y,




Resulting Dataflow

>a@(—3

a; €« Xp *x My

if(m, > 3) {

az(—5

by « as + ¢y

\ \\ A \\ © \ \ \
9] O \ \
) )& )P )0 )
/ // s/ / O //
Parse Normalize Dataflow Slice Reconstruct
Qg
a; = X Mg
my
read (may)

read (may)

def-by
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Slicing, 1 )

~
~
~
«
~
~
~
~—
~
~
~
~

Parse Normalize Dataflow Slice Reconstruct

def-by
a, &« Xy *x mg [a1m
o2

az(—5

} n read (may)
SR i
(2]

read (may)

def-by




VA N AN AN\
Slicing, I > >/> Ih)) )22 />> ::—_>

Parse Normalize Dataflow Slice Reconstruct

if(m> 3) { aeb}
b«a+c

a < x xm

~ (itn> 5 (asy
ap 3 @ X km m> 3 @ a+ c
(») (=) - () )
@ 5
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There Is More...

f, « function(a,, by = 3) { fy

ay
}
£.(39)

+b1

defined-by-on-call

reads

defined-by

reads

- a4
reads

Dy

defines-on-call

unnamed-arg

returns
calls

argument




Definition-Retrieval

paste(

"(x|descendant-or-self :: exprlist/x)[self :: FUNCTION or self:: OP-LAMBDA]/
following-sibling:: SYMBOL_FORMALS[text() = ’{token_quote}’ and @linel <= {
row}]",

"(*|descendant-or-self ::exprlist/*)[LEFT_ASSIGN[preceding-sibling :: expr [count
(x)=1]/SYMBOL [text() = ’{token_quote}’ and @linel <= {row}] and following-
sibling :: expr[@start > {start} or @end < {end}]]]",

"(*|descendant-or-self ::exprlist/*)[RIGHT_ASSIGN[following-sibling :: expr [count
(*)=1]/SYMBOL [text() = ’{token_quote}’ and @linel <= {row}] and preceding-
sibling:: expr[@start > {start} or @end < {end}]]]",

"(*x|descendant-or-self :: exprlist/*)[EQ_ASSIGN[preceding-sibling :: expr [count (*)=

1]/SYMBOL [text() = ’{token_quote}’ and @linel <= {row}] and following-
sibling:: expr[@start > {start} or @end < {end}]]]",
"forcond/SYMBOL [text() = ’{token_quote}’ and @linel <= {row}]",
sep = nlu)

F. Sihler (Ulm University)
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