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Phase 1: Data Collection | T
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Gerrit server o Code review
a Select systems using 3 criteria: Mine code review dataset

1: Active MCR practices
2: Full review coverage
3: High refactoring-related reviews

data (775,657)
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Phase 2: Data Preparation
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Refactoring
review
dataset

(5,505)

Extract code review dataset Use keyword-based approach Analyze reviews manually Remove false positive cases

(775,657) / (5,547) / (42)
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Phase 3: Data Analysis

/ Quantitative Analysis (RQ1)
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Qualitative Analysis (RQ2)
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e Negligible for | § |< 0.147

e Small for 0.147 <| § |< 0.33

e Medium for 0.33 <| § |< 0.474
e Large for | § |> 0.474
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Table 3: Statistics of code review activity efforts.

Refactoring code review Non-refactoring code review | Statistical difference
Metrics Min Q1 Median Mean Q3 Max | Min Q1 Median Mean Q3 Max | p-value Cliff’s delta (5)

Number of reviewers 0 2 4 5.65 6 12 0 2 3 4.45 5 9 6.750458e-43  small (0.15)
Number of review comments 0 5 9 20.87 19 40 0 3 6 13.05 12 25 2.730193e-82  small (0.22)
Number of inline comments 0 0 0 6.61 5 12 0 0 0 3.26 1 2 2.066649¢-98  medium (0.33)
Number of revisions 1 1 3 4.79 6 13 1 1 2 3.19 3 6 1.252695e-126  small (0.3)
Number of changed files 0 1 3 5.98 6 13 0 1 1 3.69 3 6 6.006899¢-190 medium (0.33)
Review duration (seconds) 0 37  170.68 928.21  606.22 1458.68 | 0 12.85 75.98 738.93  351.03 852.99 | 2.572584e-66  small (0.23)
Length of discussion (characters) 0 168 451 3450.29 1563 3653 0 110 296 1962.39 1044 2436 6.966752e-42 small (0.15)
Length of description (characters) 62 171 264 327.61 388 711 56 124 218 276.97 354 699 4.071541e-41  small (0.13)
Code churn -1 40 114 367.63 309 711 0 3 11 201.58 53 128 0.000000e+00  large (0.64)
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Refactoring Review Taxonomy
Quality Refactoring Objective Testing Integration Management
= = = =3 = =
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Category Sub-category Example (Excerpts from a related refactoring review discussion)
“I do understand the desire to refactor some code to eliminate duplicate code. The purpose of the common class was to contain
Code el all of the duplicate code between the 2 drivers. This seems like a half baked approach to refactoring to accomplish that goal, when
the common class should have been used as a new base. Now with this patch there are 2 classes (base and common) that contain
common code.”
. . “I think there is still an inheritence problem with the Base2 class (see inline) and the way python handles multiple inheritence
Internal quality attribute : : g »
means we have to be careful when creating the UTFS8 versions of the unittest classes.
External quality attribute ~ “Looking through the series i found enough such code to see that it does not look easy readable.”
Quality Technical debt “I was trying to use exception.ARQInvalidState with assertRaises, but found we had some technical debts, so use Exception
instead to check the error message.”
. “I think the alternative should be what other refactor possibilities are. The proposed change indicates some of the methods that are
Design pattern

Coding convention

Lack of documentation

being planned to be implemented. As an alternative to evolve this library in future we need another design pattern.”

“We’ve seen how difficult it is to arrive at a single naming convention that works for all OpenStack projects, but as Rally
expands beyond benchmarking OpenStack alone, it is quite simply impossible to create a single name format that will work for
literally everything.”

“Is there a documentation somewhere explaining how to define "extra" dependencies? It would be nice to have a link somewhere.
IHMO dependencies are a very complex problem, and extra dependencies look even more complex to me.”
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: Phase 1: Data Collection i

Code review
Select systems using 3 criteria: Mine code review dataset

1: Active MCR practices data (775,657)
2: Full review coverage
3: High refactoring-related reviews

I Phase 2: Data Preparation

: N X =N
) * * * Refactoring | !
{ review :

dataset

Extract code review dataset = Use keyword-based approach Analyze reviews manually Remove false positive cases (5,505)
: (775,657) (5,547) (42)

Phase 3: Data Analysis
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H e) eview activity : i O g A . . 9 . . o
: : < Review activity ] Thematic analysis Refactoring challenges ' !
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Figure 1: Overview of our experiment design.
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Table 1: Related work in refactoring-related code review.

Study Year Research Type Research Method Purpose Evaluation Technique
Ge et al. [34, 35] 2014,2017 Tool-based code review Case & formative study Detect refactoring from non-refactoring changes 2 OSS & 35 developers
Alves et al. [13, 14] 2014,2018 Tool-based code review User study Inspect manual refactoring edits 3 OSS & 15 developers
Morales et al. [51] 2015 Empirical study Case study Understand the impact of code review on quality 3 OSS

Coelho et al. [24] 2019 Literature review Systematic mapping study Present refactoring solutions to MCR N/A

Pascarella et al. [59] 2019 Empirical study Case study Study the effect of code review on code smells 7 OSS

Paixao et al. [56] 2020 Empirical study Mining-based Study refactoring in MCR 6 OSS

Pantiuchina et al. [57] 2020 Empirical study Mining-based Study refactoring in pull requests 150 OSS

Uchoa et al. [89] 2020 Empirical study Mining-based Study MCR & design degradation 7 0SS

Uchoa et al. [88] 2021 Empirical study Mining-based Predict design impactful changes in MCR 7 OSS

AlOmar et al. [3] 2021 Empirical & industrial case study Case study & survey Understand refactoring challenges in MCR 24 developers

Brito & Valente [20] 2021 Tool-based code review User study Detect refactoring during code review 8 developers
Kurbatova et al. [44] 2021 Tool-based code review Mining-based Enhance IDE representation of changes 4 0SS

Coelho et al. [25] 2021 Empirical study Mining-based Study refactoring-inducing pull requests 350 OSS

This work 2022 Empirical & case study Mining-based Understand refactoring practices in MCR 2,225 0SS
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Table 4: A taxonomy of the refactoring review criteria in Modern Code Review.

Category

Sub-category

Example (Excerpts from a related refactoring review discussion)

Quality

Code smell

Internal quality attribute
External quality attribute
Technical debt

Design pattern

Coding convention

Lack of documentation

“I do understand the desire to refactor some code to eliminate duplicate code. The purpose of the common class was to contain
all of the duplicate code between the 2 drivers. This seems like a half baked approach to ref ing to iplish that goal, when
the common class should have been used as a new base. Now with this patch there are 2 classes (base and common) that contain
common code.”

“I think there is still an inheritence problem with the Base2 class (see inline) and the way python handles multiple inheritence
means we have to be careful when creating the UTF8 versions of the unittest classes.”

“Looking through the series i found enough such code to see that it does not look easy readable.”

“I 'was trying to use exception.ARQInvalid: with , but found we had some technical debts, so use Exception
instead to check the error message.”

“I think the alternative should be what other refactor possibilities are. The proposed change indicates some of the methods that are
being planned to be implemented. As an alternative to evolve this library in future we need another design pattern.”

“We've seen how difficult it is to arrive at a single naming convention that works for all OpenStack projects, but as Rally
expands beyond benchmarking OpenStack alone, it is quite simply impossible to create a single name format that will work for
literally everything.”

“Is there a d i h laining how to define “extra” dependencies? It would be nice to have a link somewhere.

IHMO dependencies are a very complex problem, and extra depends look even more complex to me.”

Refactoring

Refactoring correctness

Behavior preservation

Refactoring co-occurrences
with changes

Domain constraint

“I think, this piece is incorrectly refactored. You should create neutron.conf.agent.linux with IP_LIB for linux and corresponding
change for neutron.conf.agent.windows with IP_LIB for windows. Then you could import it, similar to this, how it was done
previously.”

“Refactoring involves "behavior-preserving transformations’, but this change does change behavior. Describing it as refactoring
is misleading and suggests the change is less risky than it really is”

“I would have separate this change from your refactor. The value returned by this function is transferred to the compute
manager and to the virt drivers. Some of them could have considered True/False/None to handle different behavior and even if that
is not the case, to have this isolated can help reviewer to ensure all is OK.”

“Looking through the series i found enough such code to see that it does not look easy readable. It operates with StoragePolicy’s
properties which are initialized there and here we can guess only what they mean (e.g. external_boot). StoragePolicy knows all
about disks, what kinds of disks exists, what disks are used by instance, etc. It would be consistent to move such operations
into that class as well. Or at least to add an iterator over disks there and to use it”

Objective

Unclear goal

Unknown benefit
Potential side effect

Change scope

Feature support

Bug fixing

“with regards to the refactor. The plan was to make a progressive refactor that would keep the old API around while the new one is
adopted. The motivations behind this refactor are related to the lack of any kind of architecture and design in the current code.
The current code, as it is, is not easily consumable by other services, which is the whole point of this library.”

“I would like understand what is the added value or improvement with these changes to I3-agent scheduler.”

“It seems promising, but the change in pattern, if not thoroughly thought out, may lead to other unforeseen side effects.”
“Well I think IloISCSIDeploy name wins over IloPXEDeploy. This is no longer tied to a particular boot interface and can work
with other boot interfaces (like virtual media when other driver is refactored). But I missed what Ruby pointed out, it’s doing
pxe.<something> for now. Needs to be refactored but may be better in another patch. We have enough content in this patch alone
‘which refactors the generic upstream driver. So I think it’s better to refactor in next patch.”

“Isn’t this a whole new feature, and not just a refactor? IMHO this should be its own spec.[...] Yes, this is new feature and cannot
be implemented by only this refactoring. This feature depends on the refactoring. I agree with you to create a spec”

“I don’t think some of this patch is needed since we merged Gage’s fix. On the other hand, this change seems to be doing quite a bit
of refactoring. Is there a reason to continue pursuing that refactor, or was it mainly to fix the bug?”

Testing

Lack of coverage

Absence of result

Poor test quality

“Is there enough coverage on this to ensure that all changes are tested?”

“I should read more closely... this was intended according to the commit message: "for patches that get ’rechecked’ a lot, you'll see
the whole history of test results on current patch"”

“What do you think of continuing to clean up the test infrastructure as you've started here and create good examples of what to do?
We could document how to write good tests so that authors and reviewers could ensure the quality of new additions, and require
rewriting of existing tests only as needed rather than pting the I effort of fixing the entire unit test tree.”

Integration

Configuration issue

Merge conflict

API management

Build failure

“IMO also some detailed iguration example and ill; ion is needed in etc/desig onf - My concern is that, not specifically
against patch but for whole project, we add all these new functionalities but people don’t know how to use/configurate it. An
example is option ‘options’ in many config sections. It varies a lot from different types of backend/pool_target, but we didn’t
document them well. People(at least me) need to read the source code to figure out how to configure that correctly. Maybe we
should come up with a patch fix this in short future.”

“This seems like it’s mostly just going to cause merge conflicts with a lot of outstanding code.”

“This seems to be a breaking change in the interface, meaning this new cli wouldn’t work with the old api and vice versa. I
think it would be appropriate if this new code (in the API) produced dag_execution_date on the action dictionary returned, so as to
be backwards compatible with old clients, and this new client should probably sniff this for the new way, and revert to the old way
if needed”

de " . )

“Build failed (check pipeline). For infc ion on how to p; d, see http
testing.”

P g/inf P

Management

No review activity

Forgotten review

Change dependency

Review guideline violation

“This patch has been idle for a long time, so I am abandoning it to keep the review clean sane. If you're interested in still working
on this patch, then please unabandon it and upload a new patchset.”

“I see that this change has not been updated since April 23rd. I also see that there have been no responses from you to the questions
Mark asked inline on the most recent patchset. Do you intend to continue working on this change?”

“This is a significant enough change that I think it warrants discussion with the drivers team and a spec.”

“This is much more readable than before, but I would like to see a satisfactory answer to the question of why this is necessary,
before this is merged. As far as I am aware, there is no from Op k on following this do you have a
spec for this work?”
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