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Just-in-Time defect prediction
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TABLE 1
Summary of Change Measures

Dim. | Name Definition Rationale Related Work
NS Number of modi- | Changes modifying many subsystems are more | The defect probability of a change
fied subsystems likely to be defect-prone. increases with the number of mod-
ified subsystems [41].
ND Number of modi- | Changes that modify many directories are more | The higher the number of modified
g fied directories likely to be defect-prone. directories, the higher the chance
‘D that a change will induce a de-
2 fect [41].
A NF Number of modi- | Changes touching many files are more Iikely to be | The number of classes in a module
fied files defect-prone. is a good feature of post-release de-
fects of a module [47]
Entropy | Distribution  of | Changes with high entropy are more likely to | Scattered changes are more likely to
modified code | be defect-prone, because a developer will have | introduce defects [10], [19].
across each file to recall and track large numbers of scattered
changes across each file.
LA Lines of code | The more lines of code added, the more likely a Relative code churn measures are 2ood
added defect is introduced. g 800
S LD Lines of code | The more lines of code deleted, the higher the indicators of defect modules [43], [46].
@ deleted chance of a defect.
LT Lines of code in | The larger a file, the more likely a change might | Larger modules contribute more de-
a file before the | introduce a defect. fects [27].
change
2 FIX Whether or not | Fixing a defect means that an error was made inan | Changes that fix defects are more
g the change is a de- | earlier implementation, therefore it may indicate | likely to introduce defects than
5 fect fix an area where errors are more likely. changes that implement new func-
A tionality [16][52].
NDEV The number of | The larger the NDEV, the more likely a defect is | Files previously touched by more
developers  that | introduced, because files revised by many devel- | developers contain more defects
changed the | opers often contain different design thoughts and | [32].
> modified files coding styles.
8 AGE The average time | The lower the AGE (i.e., the more recent the last | More recent changes contribute
2 interval between | change), the more likely a defect will be intro- | more defects than older
T the last and the | duced. changes [15].
current change
NUC The number of | The Jarger the NUC, the more Tikely a defect is | The larger the spread of modified
unique changes to | introduced, because a developer will have to recall | files, the higher the complexity [10],
the modified files | and track many previous changes. [19].
EXP Developer experi- | More experienced developers are less likely to P . e
° ence introduce a defect. rogrammer experience significantly
5 REXP Recent developer | A developer that has often modified the files in decreases the defect probability [41]
5 experience recent months is less likely to introduce a defect,
£ because she will be more familiar with the recent
H developments in the system.
SEXP Developer experi- | Developers that are familiar with the subsystems

ence on a subsys-
tem

modified by a change are less likely to introduce
a defect.
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TABLE 2
Statistics of the Studied Projects

Period The total number | Average LOC # of modified files  # of changes | # dev. per file
of changes File Change per change per day | Max Avg
Bugzilla 08/1998 - 12/2006 | 4,620 (36%) | 389.8 37.5 23 1.5 37 8.4
Columba 11/2002 - 07/2006 | 4,455 (31%) | 125.0 149.4 6.2 3.3 10 1.6
Eclipse JDT 05/2001 - 12/2007 | 35,386 (14%) | 260.1 714 43 14.7 19 4.0
Eclipse Platform | 05/2001 - 12/2007 | 64,250 (14%) | 231.6 72.2 43 26.7 28 2.8
Mozilla 01/2000 - 12/2006 | 98,275 (5%) | 360.2 106.5 5.3 389 | 155 6.4
PostgreSQL 07/1996 - 05/2010 | 20,431 (25%) | 563.0 101.3 4.5 4.0 20 4.0

~ OSS-Median [ - 27909 (20%) | 310.1 867 . 44 94| 24 40
C-1 10/2000 - 12/2009 | 4,096 - 16.4 2.0 12 - -
C-2 10/2000 - 12/2009 | 9,277 - 19.2 24 2.8 - -
C3 07/2002 - 12/2009 | 3,586 - 16.6 2.0 1.3 - -
C-4 12/2003 - 12/2009 | 5,182 - 12.9 1.8 24 - -
C-5 10/1982 - 12/1995 | 10,961 303.0 39.0 48 23 -

~ COM-Median [~~~ - 5182 [ - 16 20 23 - -

TThe percentage in brackets shows the percentage of defect-inducing changes to all changes.
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TABLE 4
Summary of Prediction Performance (RQ1)

Acc.  Prec. Recall F1 AUC % improved
threshold: 0.5 Prec. AUC
BUZ | 67% 54% 69%  60% 74% 48.9%  48.0%
COL | 70% 51% 67%  58%  75% 64.3%  51.0%
JDT | 69% 26% 65%  37% 74% 87.6%  47.0%
PLA | 67% 27% 70%  38%  75% 89.3%  50.3%
MOZ | 77% 13%  63%  22%  77% 168.4%  54.9%

Med | 66% 35% 61%  44% 69% > 20.0 37.4%
All-Avg | 68% 34% 64%  43% 73% > 20.0 45.6%
All-Med | 67% 35% 65%  44% 74% > 20.0 47.0%
“> 20.0” means that the improvement is greater than 20.0%.
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Fig. 2. Example of an effort-based cumulative lift chart for Bugzilla.
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* Accuracy, Py, & JB_\\ TABLE 5
%& 7& %fﬁ L/ 7"\- Summary of Prediction Performance (RQ2)

N LR EALR
}l/ d) 7Ij—7b j( g L ) Acc. Popt Acc. Popt
Bugzilla | 11% 45% 38% 72%
Columba | 2% 19% 39% 57%
JDT | 1% 27% 20% 48%
Platform | 4% 34% 30% 55%
Mozilla | 6% 38% 15% 45%
PostgreSQL | 3% 27% 26% 51%
T Avg | 5%  32%  28%  55%
Median | 4% 31% 28% 53%
C-1 1| 9% 36% 29% 60%
C-2 | 5% 32% 47% 72%
C-3 | 6% 27% 50% 75%
C4 | 8% 33% 38% 66%
C-5 | 14% 34% 51% 71%
I A \7g_ 8%  32%  43% 69%
Median | 8% 33% 47% 71%
All-Avg | 6% 32% 35% 61%
All-Median | 6% 33% 38% 60%

{Acc., Popt} for the random predictor is {20, 50}
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TABLE 6
The Impact of Change Factors on Defect-Inducing Changes in the Six Open Source Projects and Five Industry Projects
Metrics All 0SS COM
name + = 4+ — BUZ COL JDT PLA MOZ POS | + - C1 C2 C3 C4 G5
NS 4 0 3 0] 209 1.62 1.36 1 0 2.62
INE 11 0l 6 0] 295 300 262 307 429 561 5 O0f 1.62 133 426 210 1.87
Entropy 1 5 0 4 0.44 0.60 0.49 0.62 1 1 0.26 2.28
"LA/LT |10 0|6 0| 562 413 872 274 285 20437 4 0| 123 124 135 136
LD/LT 1 0 1 0 1.25 0 0
LT/NF 9 0 5 0 154 1.19 1.38 1.15 1.24 -4 0ff 1.37 136 134 1.67
" [FIX -+ 0 -+ 0 | 454 220  3.37 2.07 o o - - - -7
"NDEV___ [ 3 2 o0 o2 081 07413 ~0f ~~ " 1237 233 173~
[AGE 2 6 0 6| 072 0.84 0.88 0.90 0.85 0.76 2 0f 113 111
NUC/NF 3 0 3 0 4.50 3.20 7.40 0 0
TEXPT || 3 3|2 3|08 079 133 114 092 B U | - T
SEXP 3 3 1 3 124  0.72 094 0.94 2 0 1.15 1.11
FDORIFRQAUIDETINDDF v XLk, TODXRIFRQ2DETILDFEBEZRL TS
TABLE 7
The Regression Coefficients of Change Factors in the Effort-Aware Models
Metrics All 0SS COM
name + - + — BUZ COL JDT PLA MOZ POS |+ - C-1 C-2 C-3 C-4 C-5
NS 0 0 0 0 0 0
F 6 4 6 0] 003 0.07 004  0.05 0.05 0041 0 4| -007 -0.06 -0.07 -0.06
|[1;Intropy 0 61| 0 6|-010 -033 -017 -024 -021 -0.12ff 0 O
_LA/LT — — — - — — — — — - - - -1 - -"-~"———-"~"Z_"-~"~—“"~"—-—-"=-=—/_--
LD/LT - - - - - - - - - - - - - - - - -
LT/NF 3 4|3 3|-001 003 -000 001 001 -001| 0 1 -0.01
" [FIX 4 0 4 0| 0.07 0.04  0.06 0.01 |0 o]~~~ "~~~ """~ """ "7 °7°
" NDEV 2770 "6[-004 -015 -006 -006 -004 -009| 2 1] ~ 0.07~ 7006 007
AGE 1 6 0 6-002 -004 -003 -003 -002 -002|1 0 0.00
NUC/NF 0 5 0 5 -0.53 -026 -032 -022 -017 | O 0
TEXPT T [ 3T 2 [ 20 1T T -003 003 001 T T 1]~ ~"005" 7~ -0.0T
SEXP 1 4 1 3 0.04 -0.02 -0.01 -0.01 0 1 | -0.02
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