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Empirical Study on Defects in R Programming Language and Core Packages

WANG Zi-yuan, BU De-xin, LI Ling-ling and ZHANG Xia

School of Computer Science,Nanjing University of Posts and Telecommunications, Nanjing 210023, China

Abstract The R programming language that provides a variety of statistical calculation functions is considered to be one of the
programming languages most suitable for artificial intelligence. The correctness of the language implementation is a prerequisite
for the correctness of the programs developed with such a language. However, there are inevitably many defects in the R pro-
gramming language. This paper conducts an empirical study on defects in the R programming language and its core packages. By
analyzing 7020 issues,we find that:1) Among all the 35 versions involved in these defects.there are the most defects in R 3. 1. 2,
R 3.0.2 and R 3. 5. 0,and these defects are primarily distributed in a few components such as Documentation, Graphics, Lan-
guage. 2) The components with higher overall defect priority include Startup,Installation and Analyses,and the components with
higher overall defect severity include I/O, Installation and Accuracy. There is a significant intermediate correlation between the
priority and severity of the defects. 3) About 78% of defects could be repaired within one year. 4) Semantic faults are the most
frequent root cause of defects.in which the “missing feature” and “processing” are more than others. These findings reveal some
laws of defects in the R programming language and its core packages. It can assist developers of the R programming language in
improving their development quality,assist maintainers of the R programming language in detecting and repairing defects more ef-
fectively,and suggest users of the R programming language evade potential risks.

Keywords R programming language. Empirical study.Software defect,Distribution of defects,Defect repair,Root cause
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Table 1  Distribution of duplicate issues
% Duplicate 0 1 2 3 5
¥ Issues 6954 43 6 2 1
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Table 2 Distribution of reopened issues

# Reopen 0 1 2 3
# Issues 6871 78 1 1
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Table 3 Issues reported during each time

After filter

Number/Proportion
611/9.45%
1702/23.33%
1277/19.76 %
1812/28.04%
1061/16.42%

. Before filter
Time .
Number/ Proportion

624/8.97%
1794/25.80%
1381/19.86%
1944/27.96 %

1197/17.21%

1998-08 —2000-12
2001-01—2005-12
2006-01—2010-12
2011-01—2015-12
2016-01—2021-04

3 ERFEESHIER
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Table 4 Number of defects in each major version

Major Version Number/Proportion

R2.y.z 2710/52.38%
R3.y.z 2271/43.89%
Rid.y.z 193/3.73%
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F 7 CABK H G 0 Bl b 45 1 41 5y A

Table 7 Distribution of fixed defects in each component

Component Number/Proportion

Table 5 Number of defects in each minor version and normal version
(top 10)

Minor Number/ Normal Number/
Version Proportion Version Proportion
R 3.0.x 406/16.38% R3.1.2 156/8.77%
R3.1.x 357/14.41% R 3.0.2 153/8.60%
R 2.15.x 328/13.24% R 3.5.0 145/8.15%
R3.2.x 319/12.87% R 3.0.1 125/7.03%
R 4.0.x 193/7.79% R3.0.0 113/6.35%
R 3.5.x 173/6.98% R3.1.0 105/5.90%
R3.3.x 171/6.90% R3.1.1 77/4.33%
R 2.12.x 94/3.79% R3.2.0 75/4.22%
R 2.13.x 93/3.75% R3.2.1 73/4.10%
R 3.6.x 86/3.47% R3.2.3 72/4.05%

Documentation
Misc
Graphics
Language
Add-ons
Analyses
Models
1/0
Accuracy
Installation
Sdmethods

Startup

595/13.86%
525/12.23%
398/9.76%
276/6.43%
237/5.52%
223/5.19%
183/4.62%
174/4.05%
171/3.98%
162/3.77%
30/0.70%
27/0.63%
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Table 6 Distribution of defects in each component

Component Number/Proportion

Misc 1136/16.34%
Documentation 717/10.31%
Graphics 544/7.82%
Language 411/5.91%
Add-ons 351/5.05%
Accuracy 346/4.98%
Analyses 338/4.85%
Installation 337/4.85%
1/0 308/4.43%
Models 260/3.74%
Sdmethods 54/0.78%
Startup 51/0.73%

T G I S B A HE 44 FERT Y 3 AL
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Table 8 Distribution of priorities of defects

Priority Number/Proportion
P1 30/00.43%
P2 19/00.27%
P3 48/00. 69 %
P4 10/00.14%
P5 6 847/98.46%

hFegh Ps BB FEd A 6847 A, L] &5 3k 98. 46 %,
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[F) 006 56 2% Bk B 1Y & = A LG 6, OF 228 T Sun 45 4E 0 07
O X AR R R BB R S R AT TR . AR R
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B p WBRFELEAAE ¢ RS M, (D @ SUEE A4
1 ) B oy 22 [R]HE A S50 B3 0 S 20 A )

>, w(cy s p) =wlcy s p)
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Table 9 Number and proportion of defects with different priorities in each component
Component P1 P2 P3 P4 P5

Documentation 2/0.28% 4/0.55% 8/1.11% 2/0.28% 705/97.78%
Graphics 1/0.18% 1/0.18% 7/1.27T% 0 541/98.36%
Language 3/0.72% 0 4/0.96% 0 411/98.30%
Add-ons 0 2/0.57% 0 0 348/99.43%
Accuracy 2/0.57% 2/0.57% 4/1.14% 2/0.57% 341/97.15%
Installation 5/1.46% 1/0.29% 2/0.58% 2/0.58% 333/97.08%
Analyses 4/1.18% 1/0.29% 4/1.18% 0 331/97.35%
1/0 3/0.96% 2/0.64% 4/1.28% 1/0.32% 302/96.79%
Models 3/1.15% 0 2/0.77% 1/0.38% 255/97.70%
S4methods 0 0 1/1.82% 0 54/98.18%
Startup 1/1.96% 0 2/3.92% 0 48/94.12%
Translations 0 0 0 0 25/100.00%

4.2 REAKHTEM

B 5 1) T [ A T Tmportance” bR 2 R AR L 30 A 7
NG, Hor, Blocker 197" 5 P BE Bz i o 7 7E 3 28 BB 1R
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4 ; Major BtFE 25 3B RE™ HAZ L, ™ H AR AR — 2L i 2
B 171 25843 531 FH Normal Fll Minor 275, FH & 5L i ) 180 — fii
>4 Trivial, i Enhancement fi% ™ 8 &2 & f K02,
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Table 10 Distribution of severities of defects

Severity Number/Proportion
Blocker 56/0.81%
Critical 137/1.97%
Major 311/4.47%
Normal 4663/67.05%
Minor 633/9.10%
Trivial 225/3.24%
Enhancement 929/13.36%
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B E AT THER . A A c MR E M se (1,
2,3.4.5,6,7) Cs (9 BUME /N 3 K 48 50 %% 1 Blocker, Criti-
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)N E IR E R s (9 BRBE AR AL Ry R, AT
FHF 2@ AR P o B0 oo 2 8] B 1 Gk 3 7™
B (9 T

>, Sler )= f ey s

@leryerss) =4, Flers)<flervs)  (2)

oCciscrsst1) s flerss)=Ff(css8)

A5 4L R R (7] 7 2R G 0 A5 R L AN SR 11 BT
AR 28 (2) T8 45 2 P 0 8 AR Bl B 7™ B PR IR T, BT DL R IR
AR T B 7 R e LR S 1/0, HRJ2 Installation, Ac-
curacy HEBH =, TATEZ S, H P Installation 4 1 1 £ &
B PR e Gt B e 0 X BT A A P R B A RIE S
B I & FI4E4 N R R,
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Table 11  Number and proportion of defects with different severities in each component
Component Blocker Critical Major Normal Minor Trivial Enhancement
Documentation 0 2//0.28% 6/0.84% 458/63.88% 76/10.60% 91/12.69% 84/11.72%
Graphics 4/0.74% 6/1.10% 22/4.04%  395/72.61% 54/9.23% 15/2.76 % 48/8.82%
Language 4/0.97% 2/0.49% 30/7.30%  253/61.56% 53/12.90% 11/2.68% 58/14.11%
Add—ons 3/0.95% 8/2.54% 25/7.94%  251/79.68% 25/7.94% 7/2.22% 32/10.16%
Accuracy 9/2.60% 32/9.25%  30/8.67%  184/53.18% 37/10.69% 5/1.45% 49/14.16 %
Installation 14/4.15%  12/3.56%  22/6.53%  179/53.12% 32/9.50% 10/2.97% 68/20.18%
Analyses 4/1.18% 14/4.14%  22/6.51%  235/69.53% 26/7.69% 3/0.89% 34/10.06 %
/0 2/8.12% 12/3.90%  26/8.44%  172/55.84% 43/13.96 % 8/2.60% 45/14.61%
Models 4/1.54% 6/2.31% 16/6.15%  186/71.54% 16/6.15% 3/1.15% 29/11.15%
Sd4methods 0 3/5.56% 2/3.70% 35/64.81% 7/12.96% 1/1.85% 6/11.11%
Startup 0 3/5.88%  7/13.73%  25/49.02% 6/11.76% 2/3.92% 6/11.76%
Translations 0 0 0 13/52.00% 6/24.00% 2/8.00% 4/16.00%

4.3 BREHEEMSAERZZERHXR
AT — A SR ™ o A B B ) G e g . o T BIESE

P 2 ) B 5 2 BRATT BT X 25 A e R ge vt T AN ) ™ 2 7R Bk
Wes 114 Bk S AR A e SRk B P BT o ) ER A9, a3 12 g

R 12 B BRI ™ R R TR A e B I P Y L

Table 12 Number and proportion of defect with different severities for each priority

Blocker Critical Major Normal Minor Trivial Enhancement
P1 8/26.67% 5/16.67% 5/16.67% 1/3.33% 8/26.67% 1/3.33% 2/6.67%
P2 0 2/10.53% 5/26.32% 5/26.32% 1/5.26% 0 6/31.58%
P3 3/6.25% 0 12/25% 21/43.75% 7/14.58% 0 5/10.42%
P4 0 1/10% 1/10% 5/50% 3/30% 0 0
P5 45/0.66% 129/1.88% 288/4.21%  4631/67.63%  614/8.97% 224/3.27% 916/13.38%
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SHREE A RRAE O . 3k — 2 R 5 Y 5 B A Sl Ak B )
AEEZEYER,
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Table 13 Correlation between priority and severity

Correlation P-value
0. 065 6.158>x10 ¢
0. 640 0

Pearson

Spearman
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Table 14 Distribution of duration of defects

Duration/days Number(/days) /Proportion

[0,1] 3791/54.52%
(1.,7] 677/9.73%
(7,30] 474/6.82%
(30,180] 378/5.44%
(180,360] 123/1.77%
(360,90) 1476/21.23%
# 15 BEBENRKRNEITHEE
Table 15 Statistics about duration of defects
A7 )
Mean Median SD Max Min
524.5 1 1156.5 7360 0

WA A TE B BAS 58 42 48 52 £33 W DE B 18 2 T AE i Bk
7o S BB B A B I R A ARG AN, 18 B RE I B K Y
bugd12 FEHI WA B R W 58 A48 2, R R A B OC T JF Bl AR i
A “Unconfirmed” i A B B B .

Gt aE R R B EE E e K S B R R SR R = A A 15
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Table 16 Correlation between repair duration and priority
Correlation P-value
Pearson 0.276 0.653
Spearman 0 1
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Table 17 Correlation between repair duration and severity
Correlation P-value
Pearson 0.588 0.165
Spearman 0.536 0.215
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Table 18 Description of roots causes of defects
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Table 19 Distribution of root causes of defects
] B R BCRR MY R S Bk
Bk E R 2016-01—2021-04 1998-08—2000-12 2001-01—2005-12 2006-01—2010-12 2011-01—2015-12
T B/ W KE/ HE/ WA B/ B/
B KX H B KX EfE KX BfE X BfF X
5% 30/60.00% 27/54.00% 26/52.00% 15/30.00% 37/74.00%
= [46.98%/73.02%] [40.39%.67.61%] [38.43%.65.57%] [17.47% .42.53%] [62.16%.75.87%]
18] o 28 32 5/10.00% 1/2.00% 2/4.00% 2/4.00% 7/14.00%
SRR [2.03%,17.97% ] [0,5.82%] [0,9.32%] [0.9.36%] [4.61%.,23.39%]
1/2.00% 1/2.00% 1/2.00%
AL T AR 0 0 '
FEARER [0,5.72%] [0.5.82%] [0,5.79%]
B A 7/14.00% 7/14.00% 13/26.00% 3/6.00% 10/20.00%
e [4.78%,23.22%] [4.52%,23.48%] [14.09%,37.91%] [0,12.49%] [9.17%.30.83%]
1/2.00% 2/4.00%
3 s S N / 0 0 0
A KA 4R [0.5.72%] [0,9.30%]
6/12.00% 3/6.00% 4/8.00% 1/2.00% 3/6.00%

B 2 R R

[3.36%.,20.64%]

[0,12.49%]

[0.63%,15.37%]

[0.5.83%]

[0,12.43%]
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