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> discussion time, waiting time, issues type, number of

repetition task, percentage of delayed issues that a
developer involved with, developer’s workload, issue
priority, number of comments, changing of priority, number
of fix version, number of affect version, number ofissue link,
number of blocked issues, number of blocking issues,
changing of description, reporter reputation
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TABLE I: Dataset description

: Delayed Non-delayed

Project issu)t;s issuesy Total
Apache 111 2.27%] 4,771 97.72% 4,882
Duraspace 314 9.75%] 2,908 90.25% 3,222
JBoss 2,242 | [15.08%] 12,627 84.92% 14,869
Moodle 214 2.24%] 9,325 97.75% 9,539
Spring 80 0.96% 8,238 99.03%] 8,318
Total 2,961 7.25%] 37,869 | [92.74%] | 40,830
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> Discussion time > Fix version%{

> Waiting time > Affect version

> Type > Issue link%k

> Reopendah3[E1%K > Block#

> Priority > DescroptionDZE &

> PriorityWZE R > IEEDFTH

> DAV > FHEAEDFHE=
reputation(D) = lopened(D) N fized(D)|

lopened(D)| + 1



TABLE II: Descriptive ¢;-penalized logistic regression model for risk probability, trained on all issues collected from the five

projects
Feature Apache | Duraspace | JBoss | Moodle | Spring All Feature Apache | Duraspace | JBoss | Moodle | Spring All

discussion 1.027 -1.368 | -3.153 | -21.353 | -0.371 | -7.274 priority:Blocker 0.465 0.657 | -0.322 -1.744 4301 | -0.827
waiting 0 0 0 | -15.307 0 | -4.495 priority:Critical -1.585 0 -0.45 -2.929 3.716 | -0.903
type:Bug 0 -3.254 | -0.959 -2.933 | -4.763 | -0.859 priority:Major 0.317 0 | -0453 -2.983 1571 | -0.921
type:Code Task N/A -0.052 N/A N/A N/A 0.216 priority:Minor 0 -0.663 | -0.438 -2.801 1.778 | -0.876
type:Documentation 0 0.359 1.617 N/A N/A 1.06 priority: Trivial -0.229 -1.548 -0.95 -2.639 0 | -0.783
type:Epic 0 1.026 0 0 0 [ 0925 no_comment 0 0.001 231 -1.43 | -2918 2.826
type:Improvement 0.044 -0.745 N/A -2.833 | -4.704 0.271 no_priority_change -0.001 2.874 | -0.234 1.684 1.325 1.166
type:New Feature 0.106 0.097 0 -3.011 -4.495 0.64 no_fixversion_change 3.042 0.152 2.081 -1.352 | -0.088 2.529
type:Story 0 -0.81 0 0 0 | -0.342 no_affectversion -0.001 0 | -0903 | -11.489 | -0.822 | -3.413
type:Sub-task -1.183 0.267 0.94 -2.796 0.001 0.867 no_issuelink 0.001 0 0 -1.717 0.883 1.268
type:Task -0.37 -0.477 0.724 -2.604 | -4.534 0.548 no_blocking 0 0 | -0.175 0.52 0 0.216
type:Technical task 0 0.35 0 0 0 0.567 no_blockedby 0 -0.236 0.747 2.341 0 1.785
repetition -0.391 4.01 3.11 -0.427 6.358 2.878 no_des_change 0.001 0.955 0 1.251 0 1.472
perofdelay 3.183 4202 [ 3.088 2.569 | 22.091 3.361 reporter_rep 1.355 -0.298 | -0.712 2.53 1.623 | -0.498
workload 0.179 -0.911 1.367 -1.104 0.241 1.621

dicussion=Discussion time, wating=Wating time, type=Issue’s type, repetition=Number of repetition tasks, perofdelay=Percentage of
delayed issues that a developer involved with, workload=Developer’s workload, priority=Issue’s priority, no comment=Number of
comments, no priority change=Changing of priority, no fixversion=Number of fix version, no affectversion=Number of affect version, no
issuelink=Number of issue link, no blocking=Number of issues that are blocked by this issue, no blockedby=Number of issues that block
this issue, no des change=Changing of description, reporter rep=Reporter reputation, N/A=This feature is not available.
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MMCE&EMMAE

% Macro-averaged Mean Cost-Error
R
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MMCE = 3an Z|REZ C|é [y = k]
k=1 1=1
% Macro-averaged Mean Absolute Error

MMAE =

— k|6 [yt = K]
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Fig. 1: Evaluation results
(Precision/Recall/F-measure/AUC, the higher the better. The MMAE/MMCE, the lower the better.)
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% Top 3 factor
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the percentage of delayed issues that a developer involved with
> discussion time
>

Reopend=in 4 [E1%1

the number of times that issue is reopend
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Macro-averaged Mean Absolute Error:

9" — k|6 [y* = k]

For example, an issue is predicted to be 10% in major
delayed, 60% in minor delayed, and 30% in non-delayed.
Thus, the predicted class of this issue i1s minor delayed (k
= 2). Assume that the actual class of the issue is non-delayed
(k = 1), then the distance between actual and predicted classes
of this issue is 1.

For example, an issue is predicted to be 50% in major
delayed, 30% in minor delayed, and 20% in non-delayed.
Assume that the issue actually caused a minor delay (i.e. the
true class is minor delayed) and the costs C; (no delay), Cs
(minor delay), and C3 (major delay) are respectively 0, 1,
and 2. The predicted risk exposure RE is 1.3 and the actual
risk exposure 1s 1 (see Section IV-B for how a risk exposure
1s calculated). Hence, the MMCE error between actual and

predicted risk exposure for this issue is 0.3. "



