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- Hallo und Herzlich Willkommen 
- **ZwischenprÃ¤sentation** 
- Masterarbeit 
- **Statischer Program Slicer fÃ¼r R Code** 
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Usage of R �
Rank 7 Worldwide[5]

PYPL Index May 2023

“The R Journal”[8]
JIF: 1.673 JCR 2021

> 2 Million Users[4]
Oracle 2012

> 19000 Packages[7]
CRAN 2023

[7] https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/https://cran.r-project.org/
[4] https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]https://www.oracle.com/us/corporate/press/1515738 [archived]
[8] https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/https://journal.r-project.org/
[5] https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/https://pypl.github.io/
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- **Warum Ã¼berhaupt R** 
- Rang 7 in PYPL (PopularitY of Programming Language) mit 4.34%, *hinter PHP mit 5.5%; vor TypeScript mit 2.88%. Top: Python mit 27.27%* 
- Rang 16 in TIOBE mit 0.82% 
- Eigenes Journal mit JIF (Journal Impact Factor) von 1.673 (2021); 2020 noch 3.984 (weitere Konferenzen wie useR! auch 2023) 
- Viele Nutzer: Oracle 2012 sagt mehr als 2 Millionen (mehr als 2 Mio Downloads des base Paket im letzten Monat). 
- Viel mehr: Google spricht von "riesen Code-Base" (mehr als 500 aktive Nutzer UserR! 2012) 
- CRAN: "The Comprehensive R Archive Network" 
- **Grosse, aktive Community** 

https://cran.r-project.org/
https://web.archive.org/web/20120211034626/https://www.oracle.com/us/corporate/press/1515738
https://journal.r-project.org/
https://pypl.github.io/PYPL.html


Existing (Analysis) Support for R �
∠ RStudio IDE[6] posit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.co

○ Syntax-highlighting and auto-completion
○ Simple debugger
○ Refactorings (rename, extract functions and variables)

∠ R language server github.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupport
○ Syntax-highlighting and auto-completion
○ Reference tracing
○ Refactorings (rename)

∠ {lintr} github.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintr
○ Style & syntax errors
○ Potential semantic errors

∠ CodeDepends[1] github.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDepends
○ Dependency analysis
○ Creation of call-graphs

Often wrong (simple heuristics)

Often wrong
Based on XPath-expressions

XPath-expressions, packages

Only top scope
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- **RStudio:** von posit (hauptsÃ¤chlich in Java/C++) 
- **R Languageserver:** in R (mit Extensions fÃ¼r mehrere IDEs) 
- **Lintr:** Style & Syntax Checks (unused packages, ...) 
- **CodeDepends:** Dependency Analysis 
- Es gibt auch andere wie reformatter ("styler"), rclean, optimizer rco (hat constant folding aber sehr simpel)... 

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


Existing (Analysis) Support for R �
∠ RStudio IDE[6] posit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.coposit.co

○ Syntax-highlighting and auto-completion
○ Simple debugger
○ Refactorings (rename, extract functions and variables)

∠ R language server github.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupportgithub.com/REditorSupport
○ Syntax-highlighting and auto-completion
○ Reference tracing
○ Refactorings (rename)

∠ {lintr} github.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintrgithub.com/r-lib/lintr
○ Style & syntax errors
○ Potential semantic errors

∠ CodeDepends[1] github.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDependsgithub.com/duncantl/CodeDepends
○ Dependency analysis
○ Creation of call-graphs

Often wrong (simple heuristics)

Often wrong
Based on XPath-expressions

XPath-expressions, packages

Only top scope
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- **RStudio:** von posit (hauptsÃ¤chlich in Java/C++) 
- **R Languageserver:** in R (mit Extensions fÃ¼r mehrere IDEs) 
- **Lintr:** Style & Syntax Checks (unused packages, ...) 
- **CodeDepends:** Dependency Analysis 
- Es gibt auch andere wie reformatter ("styler"), rclean, optimizer rco (hat constant folding aber sehr simpel)... 

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


The Goal �
 sum <- 0
 prod <- 1
 n <- 10


 for (i in 1:(n-1)) {
 sum <- sum + i
 prod <- prod * i
 }


 cat("Sum:", sum, "\n")
 cat("Product:", prod, "\n")

sum <- 0
prod <- 1
n <- 10

for (i in 1:(n-1)) {
sum <- sum + i
prod <- prod * i

}

cat("Sum:", sum, "\n")
cat("Product:", prod, "\n")

slice(10, sum)
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- Wir haben R Code 
- Was er genau macht nicht wichtig 
- **Wichtige Variablen** sum & prod 
- Wollen wissen warum **sum** in **Zeile 10** den Wert hat, den es hat 
- **Prod unwichtig** 



Requirements �
1. Control-flow information (AST)

partially

○ R provides a parse function to parse R code
○ But the produced AST is inconsistent

2. Data-flow information

nothing

3. Type information

nothing

4. Slicing algorithm

algorithm

 sum <- 0
 prod <- 1
 n <- 10


 for (i in 1:(n-1)) {
 sum <- sum + i
 prod <- prod * i
 }


 cat("Sum:", sum, "\n")
 cat("Product:", prod, "\n")

sum <- 0
prod <- 1
n <- 10

for (i in 1:(n-1)) {
sum <- sum + i
prod <- prod * i

}

cat("Sum:", sum, "\n")
cat("Product:", prod, "\n")

slice(10, sum)

exprlist

expr

expr

SYMBOL
x

LEFT_ASSIGN
<-/<<-

expr

expr

NUM_CONST
4

^
^/**

expr

NUM_CONST
3

parse(text="x <<- 4**3")
parse(text="x <- 4^3")
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- **CFlow**/AST 
- **Datenfluss**: Variablen 
- **Typ**-Informationen um besonders zu behandeln 
- **Slicing**-Algorithmus 
- 
- AST Inkonsistent 
- Datenfluss: hart, assign & evalq (function-reassignments, ...) 
- Typ-Informationen: Schwierig/Runtime 
- Slicing-Algorithmus: Mark **Weiser** [1984 | proposed: 1979] fehlt nur Adaption auf konkreten DF-Graph/R [existiert aber noch nicht] 
- [**Dynamic**: Bogdan Korel & Janusz Laski, erstmal ausfÃ¼hren | Paketversionen | tracen] 
- Other Slicers like JavaSlicer, Slicer4J, Slicer Generators wie Espresso (Java), AdaSlicer, | Formals: Chisel... 
- DFlow Data Flow C/C++ 



Requirements �
1. Control-flow information (AST) partially

2. Data-flow information

nothing

○ There is CodeDepends[1] which does not differentiate bodies
○ Otherwise: No existing data-flow analysis.

3. Type information

nothing

4. Slicing algorithm

algorithm

 sum <- 0
 prod <- 1
 n <- 10


 for (i in 1:(n-1)) {
 sum <- sum + i
 prod <- prod * i
 }


 cat("Sum:", sum, "\n")
 cat("Product:", prod, "\n")

sum <- 0
prod <- 1
n <- 10

for (i in 1:(n-1)) {
sum <- sum + i
prod <- prod * i

}

cat("Sum:", sum, "\n")
cat("Product:", prod, "\n")

slice(10, sum)

[1] Lang et al., CodeDepends (2018)

evalq(a <- 1, envir=x)
assign("a", 1)
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- **CFlow**/AST 
- **Datenfluss**: Variablen 
- **Typ**-Informationen um besonders zu behandeln 
- **Slicing**-Algorithmus 
- 
- AST Inkonsistent 
- Datenfluss: hart, assign & evalq (function-reassignments, ...) 
- Typ-Informationen: Schwierig/Runtime 
- Slicing-Algorithmus: Mark **Weiser** [1984 | proposed: 1979] fehlt nur Adaption auf konkreten DF-Graph/R [existiert aber noch nicht] 
- [**Dynamic**: Bogdan Korel & Janusz Laski, erstmal ausfÃ¼hren | Paketversionen | tracen] 
- Other Slicers like JavaSlicer, Slicer4J, Slicer Generators wie Espresso (Java), AdaSlicer, | Formals: Chisel... 
- DFlow Data Flow C/C++ 



Requirements �
1. Control-flow information (AST) partially

2. Data-flow information nothing

3. Type information

nothing

○ types, modes, and storage.modes primarily at runtime
○ No existing static type inference

4. Slicing algorithm

algorithm

 sum <- 0
 prod <- 1
 n <- 10


 for (i in 1:(n-1)) {
 sum <- sum + i
 prod <- prod * i
 }


 cat("Sum:", sum, "\n")
 cat("Product:", prod, "\n")

sum <- 0
prod <- 1
n <- 10

for (i in 1:(n-1)) {
sum <- sum + i
prod <- prod * i

}

cat("Sum:", sum, "\n")
cat("Product:", prod, "\n")

slice(10, sum)
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- **CFlow**/AST 
- **Datenfluss**: Variablen 
- **Typ**-Informationen um besonders zu behandeln 
- **Slicing**-Algorithmus 
- 
- AST Inkonsistent 
- Datenfluss: hart, assign & evalq (function-reassignments, ...) 
- Typ-Informationen: Schwierig/Runtime 
- Slicing-Algorithmus: Mark **Weiser** [1984 | proposed: 1979] fehlt nur Adaption auf konkreten DF-Graph/R [existiert aber noch nicht] 
- [**Dynamic**: Bogdan Korel & Janusz Laski, erstmal ausfÃ¼hren | Paketversionen | tracen] 
- Other Slicers like JavaSlicer, Slicer4J, Slicer Generators wie Espresso (Java), AdaSlicer, | Formals: Chisel... 
- DFlow Data Flow C/C++ 



Requirements �
1. Control-flow information (AST) partially

2. Data-flow information nothing

3. Type information nothing

4. Slicing algorithm

algorithm

○ Basic slicing algorithm by Weiser[3]
○ Slicing with data-flow is relatively simple

 sum <- 0
 prod <- 1
 n <- 10


 for (i in 1:(n-1)) {
 sum <- sum + i
 prod <- prod * i
 }


 cat("Sum:", sum, "\n")
 cat("Product:", prod, "\n")

sum <- 0
prod <- 1
n <- 10

for (i in 1:(n-1)) {
sum <- sum + i
prod <- prod * i

}

cat("Sum:", sum, "\n")
cat("Product:", prod, "\n")

slice(10, sum)

[3] Weiser, “Program Slicing” (1984)

Interim — Static Slicing ◊ Motivation ∠ Goal ∠ RQs ∠ Current State ∠ Outlook ◊ 5.4 / 16

Florian Sihler
**3 Minutes**


- **CFlow**/AST 
- **Datenfluss**: Variablen 
- **Typ**-Informationen um besonders zu behandeln 
- **Slicing**-Algorithmus 
- 
- AST Inkonsistent 
- Datenfluss: hart, assign & evalq (function-reassignments, ...) 
- Typ-Informationen: Schwierig/Runtime 
- Slicing-Algorithmus: Mark **Weiser** [1984 | proposed: 1979] fehlt nur Adaption auf konkreten DF-Graph/R [existiert aber noch nicht] 
- [**Dynamic**: Bogdan Korel & Janusz Laski, erstmal ausfÃ¼hren | Paketversionen | tracen] 
- Other Slicers like JavaSlicer, Slicer4J, Slicer Generators wie Espresso (Java), AdaSlicer, | Formals: Chisel... 
- DFlow Data Flow C/C++ 



Requirements �
1. Control-flow information (AST) partially

2. Data-flow information nothing

3. Type information nothing

4. Slicing algorithm algorithm

 sum <- 0
 prod <- 1
 n <- 10


 for (i in 1:(n-1)) {
 sum <- sum + i
 prod <- prod * i
 }


 cat("Sum:", sum, "\n")
 cat("Product:", prod, "\n")

sum <- 0
prod <- 1
n <- 10

for (i in 1:(n-1)) {
sum <- sum + i
prod <- prod * i

}

cat("Sum:", sum, "\n")
cat("Product:", prod, "\n")

slice(10, sum)
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- **CFlow**/AST 
- **Datenfluss**: Variablen 
- **Typ**-Informationen um besonders zu behandeln 
- **Slicing**-Algorithmus 
- 
- AST Inkonsistent 
- Datenfluss: hart, assign & evalq (function-reassignments, ...) 
- Typ-Informationen: Schwierig/Runtime 
- Slicing-Algorithmus: Mark **Weiser** [1984 | proposed: 1979] fehlt nur Adaption auf konkreten DF-Graph/R [existiert aber noch nicht] 
- [**Dynamic**: Bogdan Korel & Janusz Laski, erstmal ausfÃ¼hren | Paketversionen | tracen] 
- Other Slicers like JavaSlicer, Slicer4J, Slicer Generators wie Espresso (Java), AdaSlicer, | Formals: Chisel... 
- DFlow Data Flow C/C++ 



Research Questions �
RQ1: How to normalize the AST and extract data-flow from R code?

RQ2: What are common features in R programs?

RQ3: How to deal with these common features?

RQ4: How well performs static slicing?
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- **Roughly 10 minute mark** 
- RQ1: Normalize & Data-Flow (Basis) 
- RQ2: Features die hÃ¤ufig benutzt werden (**Sonar-Lint** - **Halte-Problem*) Priorisierung in MA & Generell 
- RQ3: Wie geht man damit um 
- RQ4: Evaluation 
- **ZeitgrÃ¼nde/Zwischenvortrag:** Fokus auf RQ1 und RQ2 



The Program �
.r

Input File

[R]

Parsing Normalization Data-Flow Slicing

.r

Output

flowR

[R] https://www.r-project.org/logo/
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- Rein &gt; Parsing &gt; Normalization &gt; Data-Flow &gt; Slicing &gt; Raus 
- flowR flow-R (useR, purrr [Funktional], lintr,unhbox voidb@x protect penalty @M  protect global let T1	extellipsis .kern �ontdimen 3�ont .kern �ontdimen 3�ont .kern �ontdimen 3�ont T1	extellipsis ) 

https://www.r-project.org/logo/


RQ1: Normalization �
exprlist

expr

IF
if

(
(

expr

NUM_CONST
TRUE

)
)

expr

SYMBOL
x

ELSE
else

expr

SYMBOL
y

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

exprlist

if-then-else
if (...) ... else ...

boolean
TRUE (true)

symbol
x

symbol
y

whe
n then

else

normalized

∠ Normalizing constants, namespacing, operators, . . .
∠ We use the “R language definition”“R language definition”“R language definition”“R language definition”“R language definition”“R language definition”“R language definition”“R language definition”“R language definition”“R language definition”“R language definition”“R language definition”“R language definition”“R language definition”“R language definition”“R language definition”“R language definition”[2] as a basis

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

Parsing Normalization Data-Flow Slicing
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- IF links: R AST - rechts normalisiert 
- Muss Kinder nicht mehr betrachten 
- R Language Definition: 60 Seiten [Standard lange nicht vollstÃ¤ndig] 
- Inkonsistenzen bei for-Schleifen, keine Details zu Zuweisungen 

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


RQ1: Data-Flow �
x <- 21
y <- 2
z <- x * y

exprlist

assignment
<-

symbol
x

number
21

assignment
<-

symbol
y

number
2

assignment
<-

symbol
z

binary-op
*

symbol
x

symbol
y

1

tar
get

source

2

tar
get

source

3

targ
et source

lhs
rhs

Parsing Normalization Data-Flow Slicing
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- Erst Code 
- Normalisierter AST 
- Vereinfachung fÃ¼r Ãœbersicht 
- Zuerst Environments **Top**, **Empty**, **Mit Parent** | **Current** 
- Wird nach unten durchgereicht (lexical) 
- Fold nach oben [Hylomorphism] 
- SSA: Static single-assignment form 



RQ1: Data-Flow �
x <- 21
y <- 2
z <- x * y

exprlist

<-

x 21

<-

y 2

<-

z *

x y

1

tar
get

source

2

tar
ge
t source

3

tar
get

source

lhs
rhs

Environments

Environments

Environments

x0
Graph Environments

Environments

xx0
Graph

Environments

Environments

y0
Graph Environments

y0
Graph Environments

y

Environments

Environments

z0
Graph

Environments

Environments
x1

Graph Environments
y1

Graph

Environments y1

x1

Graph

Environments

z
y1

x1
z0

Graph

Environments

x, y, z
y1

x1
z0

x0

y0
Graph

Parsing Normalization Data-Flow Slicing
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- Erst Code 
- Normalisierter AST 
- Vereinfachung fÃ¼r Ãœbersicht 
- Zuerst Environments **Top**, **Empty**, **Mit Parent** | **Current** 
- Wird nach unten durchgereicht (lexical) 
- Fold nach oben [Hylomorphism] 
- SSA: Static single-assignment form 



RQ2: Features �
∠ There are many ways to modify data in R, like:

○ a <- 1, a <<- 1, a = 1, 1 <- a, 1 <<- a
○ assign("a", 1), b <- "a"; assign(b, 1)
○ setGeneric("props", function(object) object)

∠ Environments can be changed manually

∠ Functions can be modified at will (and at any time)

∠ There are different class systems, variable length arguments, and more. . .

Parsing Normalization Data-Flow Slicing
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- Daten-Modification 
- Environment changes 
- FunktionsverÃ¤nderung (body, environment, formals) 
- Different class systems (**S3** Classes [class Attribute], **S4** [Methoden und Generics], **R6** Reference Classes [Baut auf S4 auf, Methoden gehÃ¶ren zu Objekten, Objekte sind verÃ¤nderbar], **RC/R5** ist alt/ersetzt) 
- Package Versionen sind unbekannt/nicht angegeben 



RQ2: Features, II �
∠ Assumption: “UserRs write different code from package authors.”

UseRs Package Authors

published scripts in social science top 500 CRAN packages
4230 files 25691 files
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- UseRs (R-Benutzer) vs. Package Authors 
- Was in Paketen genutzt wird kann man auch erstmal nur fest unterstÃ¼tzen 
- [CRAN: "The Comprehensive R Archive Network"] 



RQ2: Features, III �
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- Links user, rechts package code 
- Loakle empfohlene Zuweisung 
- X-Achse prozentual, wie viele der Dateien das verwenden 
- Y-Achse: Anzahl/DateilÃ¤nge verhÃ¤lts. Absolute Zahlen sinnd Ã¤hnlich. Unterster Balken fÃ¼r Folien besonders: Gar nicht benutzt. 
- **Bild 1**: Kein unterschied, nur stark untrschiedliche ausreisser 
- **Bild 2:** nutzen beide fast gar nicht, user code: eine Dateim package code etwas mehr aber selten 
- **Bild 3:** viel mehr bei Usersn 



RQ2: Features, IV �
∠ Most used packages allow to prioritize special support

∠ setGeneric, assign,. . . used very often in package code
○ Namespaces are very rarely manipulated, we do not plan supporting that.

∠ Data types are mostly accessed by name which allows for pointer analysis

∠ .C and .Fortran are used seldomly
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- Most used packages sind unterschiedlich in Paketen (Users: ggplot, R: stats/utils/withr) 
- Pakete werden sehr hÃ¤ufig mit `::` | `:::` implizit geladen, aber auch Roxygen-Kommentare hÃ¤ufig (@import, @importFrom) 
- setGeneric/assign **reflective functions** quas nur in Paket-Code da aber oft. 
- Namespaces zum GlÃ¼ck nur selten (andere Paket Ã¤ndern **LaTeX** macht das gerne, **hyperref**) 
- Datentypen meist durch konstante (Objekte, Spaltennamen, ...) 
- .C/.Fortran selten =&gt; pessimistisch abstahieren und sagen "kann alles abhÃ¤nigg sein" 
- .Primitive nur in ein paar Paketen da aber viel, ... 



The Plan �
Writing

Research
Static

Feature
Pointer

Evaluation
Finalize

M1 M2 M3 M4 M5 M6

24.
May
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- Doch wo stehe ich jetzt gerade? 
- Das war der Plan 
- RealitÃ¤t: Normalisierung und Datenflussanalyse komemn dazu 
- Aktive Phasen: **Normalize/DF** und **Pointer** 
- Pointer ist trennen von Array-Komponenten/Data-Frames/in R6 Reference classes schauen etc. 



The Reality �
Writing

Research
Normalize
Data-Flow

Static
Feature
Pointer

Evaluation
Finalize

M1 M2 M3 M4 M5 M6

24.
May
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- Doch wo stehe ich jetzt gerade? 
- Das war der Plan 
- RealitÃ¤t: Normalisierung und Datenflussanalyse komemn dazu 
- Aktive Phasen: **Normalize/DF** und **Pointer** 
- Pointer ist trennen von Array-Komponenten/Data-Frames/in R6 Reference classes schauen etc. 



Overview �
 sum <- 0
 prod <- 1
 n <- 10


 for (i in 1:(n-1)) {
 sum <- sum + i
 prod <- prod * i
 }


 cat("Sum:", sum, "\n")
 cat("Product:", prod, "\n")

sum <- 0
prod <- 1
n <- 10

for (i in 1:(n-1)) {
sum <- sum + i
prod <- prod * i

}

cat("Sum:", sum, "\n")
cat("Product:", prod, "\n")

slice(10, sum)

Goal

Parsing Normalization Data-Flow Slicing

Program

exprlist

<-

x 21

<-

y 2

<-

z *

x y

1

tar
get

source

2

tar
ge
t source

3

tar
get

source

lhs
rhs

Environments

Environments

Environments

x0
Graph Environments

Environments

xx0
Graph

Environments

Environments

y0
Graph Environments

y0
Graph Environments

y

Environments

Environments

z0
Graph

Environments

Environments
x1

Graph Environments
y1

Graph

Environments y1

x1

Graph

Environments

z
y1

x1
z0

Graph

Environments

x, y, z
y1

x1
z0

x0

y0
Graph

Data-Flow
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Features
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- Das Ziel und was wir dafÃ¼r brauchen (AST, DF, Types, Slicing Algorihtmus) 
- flowR + Phasen 
- Besonders: Datenfluss 
- Features und was wir daraus lernen kÃ¶nnen 
- **Ãœberleitung Bibliographie und Fragen** 
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Overview of Backup-Material �
Quote

Statistics

Languageserver

More Dataflow

R Fun
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I have been worried for some time that R isn’t going to
provide the base thatwe’re going to need for statistical
computation in the future.

Ross Ihaka
Co-Creator of R
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- Arbeitet seit 2010 an einem nicht angekÃ¼ndigten aber immer wieder erwÃ¤hnten Nachfolger 



Used Packages �
In UseR scripts:
1. ggplot2ggplot2ggplot2ggplot2ggplot2ggplot2ggplot2ggplot2ggplot2ggplot2ggplot2ggplot2ggplot2ggplot2ggplot2ggplot2ggplot2 plotting
2. dplyrdplyrdplyrdplyrdplyrdplyrdplyrdplyrdplyrdplyrdplyrdplyrdplyrdplyrdplyrdplyrdplyr data manipulation
3. tidyversetidyversetidyversetidyversetidyversetidyversetidyversetidyversetidyversetidyversetidyversetidyversetidyversetidyversetidyversetidyversetidyverse packages for data science
4. lme4lme4lme4lme4lme4lme4lme4lme4lme4lme4lme4lme4lme4lme4lme4lme4lme4 mixed-effect models
5. plyrplyrplyrplyrplyrplyrplyrplyrplyrplyrplyrplyrplyrplyrplyrplyrplyr more data manipulation

In package code:
1. statsstatsstatsstatsstatsstatsstatsstatsstatsstatsstatsstatsstatsstatsstatsstatsstats statisticsal functions
2. utilsutilsutilsutilsutilsutilsutilsutilsutilsutilsutilsutilsutilsutilsutilsutilsutils basic programming functions
3. rlangrlangrlangrlangrlangrlangrlangrlangrlangrlangrlangrlangrlangrlangrlangrlangrlang working with types
4. withrwithrwithrwithrwithrwithrwithrwithrwithrwithrwithrwithrwithrwithrwithrwithrwithr temproarily modify global state
5. testthattestthattestthattestthattestthattestthattestthattestthattestthattestthattestthattestthattestthattestthattestthattestthattestthat testing framework
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- lme4 macht linear und generalized mit dem S4 Klassensystem 

https://cran.r-project.org/web/packages/ggplot2/index.html
https://dplyr.tidyverse.org/
https://cran.r-project.org/web/packages/tidyverse/
https://cran.r-project.org/web/packages/lme4/index.html
https://cran.r-project.org/web/packages/plyr/index.html
https://www.rdocumentation.org/packages/stats/versions/3.6.2
https://cran.r-project.org/web/packages/R.utils/index.html
https://cran.r-project.org/web/packages/rlang/index.html
https://cran.r-project.org/web/packages/withr/index.html
https://cran.r-project.org/web/packages/testthat/index.html


Definition-Retrieval �
paste(

"(*|descendant-or-self::exprlist/*)[self::FUNCTION or self::OP-LAMBDA]/following-sibling
::SYMBOL_FORMALS[text() = ’{token_quote}’ and @line1 <= {row}]",

"(*|descendant-or-self::exprlist/*)[LEFT_ASSIGN[preceding-sibling::expr[count(*)=1]/
SYMBOL[text() = ’{token_quote}’ and @line1 <= {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 @line1 <= {row}] and preceding-sibling::expr[
@start > {start} or @end < {end}]]]",

"(*|descendant-or-self::exprlist/*)[EQ_ASSIGN[preceding-sibling::expr[count(*)=1]/SYMBOL[
text() = ’{token_quote}’ and @line1 <= {row}] and following-sibling::expr[@start > {
start} or @end < {end}]]]",

"forcond/SYMBOL[text() = ’{token_quote}’ and @line1 <= {row}]",
sep = "|")
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Example Dataflow �
a0 <- 3
a1 <- x0 * m0

if(m1 > 3) {
a2 <- 5

}

b0 <- a3 + c0

∠

a0

a1

same (def-def)

x0 m0
def-by

def-by

m1 same
(read-

read)

a2

same (def-def)

b0 a3 c0
def-by

def-by

read (may)
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Modifying Environments and Functions �
x <- new.env()
evalq(a <- 1, envir=x)
evalq(a, envir=x)

f <- function(x) { y <- x * 3; y }
body(f)[[3]] <- quote(x)
f(2) # 2
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Modifying Assignments �
f <- function(x) { body(f)[[2]] <<- 3 }
f(2) # <invisible>
f(2) # 3

f <- function(x) a + b
f(2) # Error in f(2) : object ’a’ not found
formals(f) <- alist(a=,b=40)
f(2) # 42
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Florian Sihler
Ulm May 27, 2023
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