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ABSTRACT The selection of code reviewers for a pull request can impact the quality as well as the speed of
the review. In order to have the best experience both for the developer and the reviewers, there is a need for
automatic reviewer recommendation systems for pull requests. Although there has been previous research
in this area, it was mainly focused on smaller and medium repositories of up to around 200 developers,
while larger repositories were rarely targeted. In this paper we evaluate several existing approaches on a set
of 8 Microsoft repositories of different sizes, noticing that the average performance of the approaches seemed
to decrease with the number of reviewers the repository has. In order to focus the existing approaches only
on relevant reviewers, we propose a technique for improving their performance by scoping down the set of
candidate reviewers based on multiple filters. We defined several basic filters and determined that 5 out of
the 7 tested existing approaches experienced performance improvements of up to 16.24% better precision
and 19.66% better recall averaged over all datasets, with the per dataset improvements peaking at 36.63%
better precision and 28.63% better recall. Additionally, by combining different basic filters we were able
to achieve additional improvements for 6 out of the 7 existing approaches (with a minor improvement for
the remaining approach), which on average over all datasets had up to 17.60% better precision and 21.23%
better recall, while the per dataset improvements peaked at 43.28% better precision and 30.94% better recall.

INDEX TERMS Modern code review, pull request, reviewer recommendation.

I. INTRODUCTION

The number of software repositories has been growing over
the years, and so has the number of their contributors [1].
This is true both for open-source and closed-source software.
Developers are starting to feel overloaded [2], so in order to
help them to keep up with the growing load and be able to
focus on important tasks, there is a need to automate repetitive
work as much as possible.

An area that has received attention over the past years
is the reviewer recommendation problem for pull requests
in the pull-based development model. The pull-based model
functions by having the developers design and implement
their changes on their copy of the codebase (either a fork
of the repository or a developer branch), and once they wish
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for the change to be integrated they send a pull request (PR).
The maintainers of the codebase (reviewers) perform a code
review by assessing the quality of the code, looking for poten-
tial bugs and regressions, and raising any concerns by leaving
comments on the PR. The selection of reviewers assigned to
a PR can influence the time to completion of the PR [3], [4],
as well as the quality of the code review [5], [6], [7]. This
is even more important for large repositories with many
developers, as developers (and reviewers) tend to specialize
in smaller parts of the codebase [8]. While in smaller teams
it might be acceptable to always choose the best matches for
a given PR, bigger teams might prefer “local” experts (from
the same subteam as the PR developer), who are more familiar
with the changes made in the PR. Rather than assigning global
experts to be reviewers every time there are code changes in a
certain area (and thus overloading them with incoming PRs),
subteams can decide to favor local experts who, although
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FIGURE 1. A sequence diagram illustrating the full lifecycle of a PR. After
the PR is created, the developer interacts with the reviewers via
comments, the PR is improved based on the reviewers’ suggestions, and
ultimately it is completed and the changes are merged.

not as proficient as the global ones, can promptly review
minor changes, while the global experts are included only
in the cases of major/critical changes. Out of the several
reviewer recommendation approaches we investigated, the
majority of them were focused only on small to medium sized
repositories with 100-200 developers [3], [8], [9], [10], and
only some of them have been tested on larger repositories
with more than 200 developers [11], [12], [13].

We propose a technique for improving the performance
of PR reviewer recommendation systems by helping them
to focus. The technique takes the reviewer recommendations
from existing systems and filters out any reviewers which are
irrelevant based on certain locality criteriums (basic filter) or
a combination of criteriums (composite filter). Apart from
using criteriums based on the PR history of the repository,
we also utilize the organizational structure of teams which,
to our knowledge, hasn’t been used for the reviewer recom-
mendation problem up to this point, as most previous papers
were using open-source repositories which didn’t include
that information. In this paper we evaluated 6 basic filters
(of which 2 are from the organizational structure of the teams
- managers, and colleagues reporting to the same manager),
as well as all of their combinations as composite filters.

In this paper, we first present an overview of existing
approaches (Section II). We then evaluate their baseline
performance and propose our technique for improving it
(Section III). We define research questions and metrics
that will help us evaluate the benefits of our technique
(Section IV), and then proceed with the evaluation itself and
the interpretation of the results (Section V). Finally, we give a
brief conclusion of our work and provide some ideas for addi-
tional efforts that could be done in the future (Section VI).
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FIGURE 2. A simplified overview of the data content of a PR.

Il. RELATED WORK

This section first briefly goes over the relevant background
related to PRs by introducing the PR lifecycle and giving
an overview of the data contained within a PR. After-
wards, it summarizes 7 existing reviewer recommendation
approaches that are used throughout the rest of the paper.

A. BACKGROUND
The general flow of code review, which is common across
tools such as Gerrit and CodeFlow [14], as well as in systems
like GitHub and Azure DevOps, is illustrated in Figure 1.
First, the developer creates a development branch from
the current code in the main branch. He implements some
changes and commits them to the development branch. Once
he believes the changes contain the improvements he wants
to make and that they are of sufficient quality, he creates a PR
containing the changes, with a title and description explaining
what they represent. He can also manually add reviewers to
the PR (if he believes they might be interested in the PR and
would review it), and/or the reviewers could be automatically
added based on some simple pre-defined rules of that reposi-
tory (i.e., static file to reviewer mappings). The reviewers then
assess the quality of the code, leave comments suggesting
some additional improvements or requesting clarifications
from the PR’s developer. The developer then replies to the
comments and makes the required code improvements. Since
usually the PR cannot be completed until at least one reviewer
marks it as “approved”, the process of reviewers leaving
comments and the developer replying to them and making
additional changes continues until the reviewers are satisfied,
and the PR gets approved. Once that happens, the developer
can “complete” the PR, meaning that the proposed changes
are merged into the main branch, and the PR itself is closed.
When considering what data and metadata a PR con-
tains (Figure 2), apart from the already mentioned title
and description, it also contains timestamps of its creation
and completion, as well as information on which developer
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created it. Then, there is a list of files the PR changes, as well
as list of reviewers which should review the PR and ulti-
mately give their approval. Each reviewer can leave textual
comments on the PR, which also hold a timestamp of their
creation time, as well as an ID to the comment thread (so that
the developer and other reviewers can reply to it).

Since it was shown that the assignment of reviewers to a
PR can impact the review process, it is in everyone’s interest
to select relevant reviewers with enough expertise — for the
author of the PR it means that his change would be less
probable to contain bugs [5], [7] and possibly that the review
process would be faster [3], [4], while the reviewers would be
able to focus only on PRs that are relevant to their expertise
and would not be overwhelmed with unrelated PRs. That is
why dozens of papers have been investigating PRs, the ways
developers approach code reviews and how they interact with
each other during the review process, in order to (among
other things) determine what would be the best approach for
recommending reviewers.

B. EXISTING APPROACHES

In this paper we evaluated the performance of 7 existing
approaches (TABLE 1), out of which only 3 approaches
([11], [12], and [13]) were tested on larger repositories with
more than 200 develops ([3] and [10] were tested on up to
202 reviewers, which we didn’t consider significantly more
than 200). Of those 3, only 2 ([11] and [12]) were tested on
extremely large repositors with 1000 or more developers.

Yu et al. [9] proposed a reviewer recommendation method
which combines two scoring functions. The first represents
each PR as a term vector, where the terms are extracted from
the title, description and list of reviewers who commented
on the PR, and the weight of each term is calculated via TF-
IDF (term frequency-inverse document frequency). Then, for
a given PR, using cosine similarity the top k& most similar
PRs are selected from the training corpus. The score of
each reviewer is the sum of the cosine similarity of each
PR and the number of comments the reviewer left on that
PR. The second scoring function calculates the sum of all
the comments reviewer R left on developer D’s PRs, where
each comment has an additional time decaying factor (so that
newer comments score higher than older ones) and a locality
decaying factor (so that n comments on 1 PR will score
less than 1 comment on n PRs). After those two scores are
calculated for each candidate reviewer, they are normalized
and added together, and the candidate reviewers are selected
in decreasing order of the final score.

Thongtanunam et al. [3] proposed an approach that takes
each previous PRs and calculates the similarity score to the
new (incoming) PR, based on 4 different file path similarities.
The reviewers are scored by summing up the similarity scores
for each PR assigned to them, and then ranked. The same
process is repeated for each of the 4 file path similarity tech-
niques, resulting in 4 lists of ranked reviewers. Then, using
the Borda count [15], the ranks are combined, creating the
final reviewer ranking which is used to recommend reviewers.
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TABLE 1. Overview of existing approaches, with statistics regarding the
datasets they used - the number of repositories and the distribution of
repositories by the number of developers that worked on them.
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Hannebauer et al. [12] proposed an approach which precal-
culates a metric that denotes the expertise level of a reviewer
for a given file up to a certain point in time, and then calculates
the final score for each candidate reviewer using the precal-
culated metric in combination to the file path similarity of the
files in the target PR and every other file previously reviewed
by the candidate reviewer.

Fejzer et al. [10] proposed an approach that recommends
relevant reviewers based on a function of the file paths they
had previously reviewed. For each PR, a multiset is con-
structed using the path segments from the individual file paths
of the changed files. A given reviewer is described by the
union of the PR multisets which were assigned to him. For a
new PR, its path segment multiset is extracted and compared
to the multisets of all the reviewers using the Tversky index.
The authors considered a couple of modifications by adding
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FIGURE 3. Diagram showing the overview of the proposed technique. The existing approach determines how relevant each reviewer
(represented here by a reviewer ID) is for a given PR, assigns them appropriate scores, and outputs a list of reviewers ordered by their scores.
Then, the filter removes any reviewers from the list that do not match it’s filtering criterium, producing the final recommendation of reviewers.

different extinguishing factors (by date or PR id) but con-
cluded that the best performance is achieved without them.

Jiang et al. [11] investigated several approaches for rec-
ommending reviewers, but the one that showed the best
performance was reviewer activeness. For each candidate
reviewer and for a given target PR, the activeness metric is
calculated by looking at the PRs that the candidate left a com-
ment on and which were no later than y days before the target
PR (best performance was achieved for + o) and summing
up the values of a time-decaying function which gives higher
scores to more recent PRs. Then, the candidate reviewers are
sorted based on the activeness metric and recommended in
that order.

Asthana et al. [8] proposed a scoring function that com-
bines four time-decaying metrics. For a given PR and a
candidate reviewer, the sum of products of the number of
times the candidate reviewer has changed that file and an
inverse time difference between the latest change and the
given PR is calculated. The same is repeated for the case when
the candidate reviewer reviewed the file (approved the PR or
left a comment on the PR), as well as for the last-level direc-
tories for both cases (when the candidate reviewer changed
or reviewed the last-level directory). Finally, the four metrics
are added together using different user-defined weights, with
the default value of the weights being 1.0.

Ye [13] used a different approach, extracting 14 metrics
depicting the interactions between each reviewer and the PR
author. The metrics ranged from simple counts of PRs where
there were interactions (where the reviewer accepted the PR
or left comments), to file path similarities between the files
changed in the PR and the change history of each developer,
etc. Some of the metrics also have time filtering - i.e., one
metric is the number of PRs each developer reviewed, and
another one is the number of PRs each developer reviewed
in the last 30 days. After scaling each of the metrics,
a learning-to-rank [16] approach was taken in order to
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train an SVM model to predict the rank of each candidate
reviewer [17], and then select the top ranked candidates as
the recommended ones.

1Ill. PROPOSED TECHNIQUE

In order to improve the performance of an existing approach
for larger repositories, we propose a technique for reduc-
ing the reviewer candidate set from every reviewer in the
repository to only those reviewers who share some form of
locality with either the author of the PR, or the changed
files, as both were shown to be important factors for review-
ers [3], [18], [19]. What we propose is relatively simple and
is illustrated in FIGURE 3. First, an existing approach is
used as-is, and for a given PR it outputs an ordered list of
all the reviewers it considers relevant, from most to least
relevant. Then, using a filter we filter out reviewers based on a
locality criterium while preserving the ordering, so that only
reviewers that have a shared locality with the PR remain in
the ordered list. Finally, the top N (N denoting the number
of reviewers the system is asked to recommend) reviewers
are taken from that ordered list and presented as the final
recommendation.

In this paper, we consider two types of filters — basic filters,
which use a single criterium for filtering, and composite
filters, which use multiple criteriums and represent unions of
different basic filters. We propose the following basic filters:

o File Reviewers (FR) — this filter looks at the developers
who previously reviewed the files changed in the PR,
and scopes down the candidates only to those reviewer
candidates. It uses the filepath and reviewer fields
from Figure 2.

o File Authors (FA) — this filter looks at the developers
who previously modified the files changed in the PR,
and scopes down the candidates only to those reviewer
candidates. It uses the filepath and developer fields
from Figure 2.
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TABLE 2. Overview of the repository datasets which were used in the
evaluation.

dataset num of | num of |dev coverage num of rev num of
PRs devs (%) revs coverage (%) files
A 15816 950 0.23. 1532 1.13| 327640
B 7663 399 0.52 585 1.45 40298
C 1930 168 0.83 264 1.94 57813
D 5011 238 0.79_ 385 2.01 22775
E 2465 326 0.51 679 294 7289
F 2000 418 0.31 682 0.49 16012
G 2251 102 1.40. 174 11.69 8275
H 1318 124 1.30 157 3.55 1984

o Previous Reviewers (PR) — this filter scopes down the
reviewer candidates only to the previous reviewers of the
PR developer’s code reviews. It uses the developer and
reviewer fields from Figure 2.

o Previous Voters (PV) — this filter scopes down the
reviewer candidates only to the previous reviewers who
approved at least one of the developer’s PRs. It uses the
developer, reviewer and approved fields from Figure 2,
and is always a subset of the Previous Reviewers filter.

o Colleagues (CO) — this filter scopes down the reviewer
candidates only to the developer’s colleagues which
report to the same manager. It utilizes the organiza-
tional structure (org chart) of the teams working on the
repository.

o Manager (MN) — this filter scopes down the reviewer
candidates only to the developer’s manager. It utilizes
the organizational structure (org chart) of the teams
working on the repository.

IV. VALIDATION SETUP

In order to assess the proposed technique, in this section we
first define four research questions which will guide us in
the evaluation. Then, we define the metrics which we use to
measure the performance, as well as give an overview of the
datasets that we use in this paper. Finally, we go over the setup
of the experiments we conducted.

A. RESEARCH QUESTIONS
In order to evaluate our proposed technique, we defined the
following research questions:

RQ1: Does scoping down the set of candidate reviewers
using a basic filter improve the performance of existing
reviewer recommendation approaches?

RQ?2: Does using a union of different basic filters (a com-
posite filter) improve the performance of existing reviewer
recommendation approaches?

RQ3: What basic filters are the most important for each
existing approach?

RQ4: What basic filters are the most important for each
dataset?

B. METRICS
When measuring the performance of the approaches, we used
the following metrics:
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o Precision@k represents the number of correctly rec-
ommended reviewers in the top k& recommendations,
divided by k.

e Recall@k represents the number of correctly rec-
ommended reviewers in the top k recommendations,
divided by the actual number of reviewers.

For each of the defined filters, we used the following null
hypotheses to evaluate the improvements for each of the
metrics:

e Hp 1 : There is no statistically significant difference
between the Precision @k of the baseline approach with
and without a filter.

e Hy » : There is no statistically significant difference
between the Recall@k of the baseline approach with
and without a filter.

C. DATASETS
Using CloudMine [20] we gathered the PR history from
8 internal Microsoft repositories for the calendar year 2021,
whose details can be seen in Table 2. They are repositories
of different sizes, from relatively small ones with around
100-200 active developers, over some larger ones with hun-
dreds of developers, up to the biggest one with around
1000 developers and around 1500 reviewers. They are also
different in regard to the number of files they contain, ranging
from a few thousand files, up to more than 300 000 files.
What’s interesting to note is that the developer coverage
metric [8] (the percentage of files a single developer modified
on average compared to all modified files in the dataset)
seems to inversely correlate with the size of the repository
in terms of number of reviewers. This seems to match the
findings that Asthana et al. had, where they noticed that larger
repositories tended to have more specialized developers.

D. EXPERIMENTS

In order to evaluate them, we implemented each of the
existing approaches based on the descriptions from their
respective papers. For each experiment we ran, we split each
dataset into two equal parts, where only the first one is used
for training the approaches and filters, while the second one is
used for validation. After training the existing approaches as
well as the filters on the training dataset, for each PR we used
the existing approaches to generate a sorted list of reviewers
from most to least relevant to the PR. Then, different filters
generate sets of reviewers that matched their filtering criteria
for the given PR, and remove any reviewers that are not
present in their generated sets from the sorted reviewer list,
and output those modified reviewer lists.

Finally, the precision and recall metrics are calculated
by comparing the first k reviewers from the modified
reviewer lists and checking if they were actually present
on the given PR. In order to measure the improvements
of the proposed filters, their metrics are compared to the
metrics obtained from the original (unmodified) reviewer
output by the existing approaches. To validate that the
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TABLE 3. Overview of all the experimental results for RQ1 ((a) precision and (b) recall) and only the best performing filter techniques by existing

approach for RQ2 ((c) precision and (d) recall).

(a) RQ1 - precision

(b) RQ1 - recall

Technique Yu2014 | Th2015 | Ha2016 | Fe2017 | Ji2017 | As2019 | Ye2019 Technique Yu2014 | Th2015 | Ha2016 | Fe2017 | 1i2017 | As2019 | Ye2019
Manager -7.81 -21.26] -18.44] 7.49] -5.44 -46.54 -27.60 Manager -10.55 -21.48| -19.86 5.68 -8.29 -55.44 -33.17
Colleagues -3.58 -12.02] -9.24 12.79 3.02 -34.56 -17.27 Colleagues -6.91] -12.80] -11.18 12.09 -0.31 -44.43 -23.21
PreviousVoters 5.83] -3.48 -1.08 16.24 11.12 -24.01 -8.33 PreviousVoters 3.24 -0.43 0.91 19.66| 11.35| -30.00 -10.43
PreviousReviewers 4.42] 1.17 2.89 10.29 7.31 -12.19 -1.10| PreviousReviewers 4.77] 5.86 6.81 15.75 11.12 -14.90 -0.13]
FileAuthors. 0.60] -9.56 -7.22 11.07 493 -31.19 -14.98 FileAuthors -1.90] —S.Id -7.23 12.44 3.75 738.8ﬂ 718.89<|
FileReviewers 7.45] 134 1.96 11.03 11.12 -12.34, -2.74 FileReviewers 4.52| 3.11' 3.34] 14.11 9.84] -18.70' -4.87'
(c) RQ2 — best precision (d) RQ2 — best recall
Techniques Results Techniques Results
Approach - Approach
FR | FA| PR | PV| CO | MA |Datasets w/ imp Prec Imp |Rec Imp FR | FA| PR| PV | CO | MA |Datasets w/ imp PrecImp |Rec Imp

vu2014 | 1] o o/ 1| 1 1|aB¢D,EG 9.49 7.32 yu2014 | 1| of o 1| 1| 1|ABCDEG 9.49 7.32

Th2015 i 1] o 1] 1| 1[A8(D,EFG 5.34 8.87 Th2015 0 1] 1 b| 1 1]A,B,C, D, EF G 4.84 9.21

Ha2016 0 1 1| b 1 1|A,B,C,D,E, F 6.34 9.98 Haz016 0 1 1/ b 1 1|A,B,C,D,E, F 6.34 9.98

Fe2017 0 0 0 1] © 1|A,B,C,D,EF, G H 17.60 21.17 Fe2017 of of o 1] 1 1|A,B,C, D, E,F,GH 17.10 21.23

Ji2017 0o 1 o 1 1/ 1ABCD,EFG 15.39 16.57 1i2017 o 1| 0 1] 1 1|A,B,C,D,E,F, G 15.39 16.57

As2019 1 1 1| b 1 1 -2.57 -3.83 As2019 1 1] 1| b 1 1 -2.57 -3.83

Ye2019 0 1| 1| b| 1/ 1]|ABCD,EF 3.05 4.48 Ye2019 0 1 1b 1 1]A,B,C, D, EF 3.05 4.48

performance improvements are statistically significant, B. RQ2

we used a one-sided Student’s t-test and rejected the appro-
priate null hypothesis if the p-value p < 0.05 and t-value
b < lerit-

V. RESULTS

This section contains the results that were obtained from the
conducted experiments per each research question, a short
discussion regarding the overall results and conclusions, and
an overview of threats to their validity.

A. RQI

The results summarized by each approach for the RQ1 vali-
dation are listed in Table 3, while a more detailed overview
of results is shown in Table 5. As we can see in Table 3,
some basic filters like Manager do not result in statis-
tically significant improvements in the majority of cases.
Although [8] and [13] did not experience any improvements
and instead only experienced a decrease in performance,
other approaches experienced some benefits.

When looking at the precision improvements, FileReview-
ers achieved the best average improvements for 3 out of the
7 existing approaches, while PreviousVoters and PreviousRe-
viewers showed the best improvements on one approach each.
On the other hand, the greatest recall improvements were
achieved by PreviousReviewers on 3 out of 7 approaches,
and PreviousVoters on 2 out of 7 approaches. Overall, the
best improvements over all datasets that we measured were a
16.24% improvement in precision and 19.66% improvements
in recall for [10] with PreviousVoters.

One thing worth noting is that, as suspected, some filters
might be too restrictive — for example, Managers will only
allow 1 reviewer candidate to pass, so since the performance
we measured is for the top 1-10 suggestions, the overall
performance of Managers will not be very good.
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For RQ2 we checked all different unions of the filters, and
the complete results we obtained are provided in Table 6,
while a summarized version showing only the best results per
approach is shown in Table 3. Again, [8] did not experience
any improvements, however, we can see that for all other
existing approaches the union of filters resulted in additional
improvements, even in the case of [13] which initially didn’t
benefit from basic filters in RQ1. Overall the best improve-
ments were achieved again for [10], with 17.60% better
precision for the union of PreviousVoters and Manager filters,
and 21.23% better recall for the union of PreviousVoters,
Colleagues and Manager filters.

Looking at each existing approach, the best performance
of the unions of filters outperforms the basic filters, even
in the case of [8], were the regression was much smaller
than previously recorded. This means that our assumption
that certain filters did contain relevant reviewers but were
too restrictive by themselves was valid, and that additional
performance benefits can be achieved by combining different
basic filters.

It’s interesting to note that there are some ties for the best
performing composite filers for some approaches. This hap-
pens in cases when the PreviousReviewers filter is included
in the composite filter. Since PreviousVoters is always a sub-
set of PreviousReviewers, if the PreviousReviewers filter is
already a part of the composite filter, then the PreviousVoters
filter will not contribute anything to the composite filter, and
as such will not affect the performance.

C. RQ3

In order to determine the influence a basic filter has on the
total improvements of a composite filter, we first look at
a composite filter that contains the given basic filter and
at least one other basic filter. Then, we find the composite
filter which consists of the same set of basic filters minus
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FIGURE 5. Radar charts showing the normalized impact each basic filter has when combining with other filters, per each dataset.

the given one. By subtracting the performance metrics of
these two composite filters, we can measure how big are
the contributions of the given filter. Repeating this procedure
for each composite filter that contains the given filter and
averaging the differences in performance, we can calculate
its average contributions. This process is repeated for every
basic filter, and the average contributions are normalized per
approach.

When looking at FIGURE 4, we can see that each
approach to some extent benefits from Previous Voters,
with [3] and [10] having this filter as the dominant one. This is
somewhat expected, as [3] and [10] do not consider reviewer
activeness (the reviewer approving the PR or commenting on
it), while all other approaches except [12] consider it, and
the approaches that had the most benefits from a basic filter
which filters out passive reviewers (reviewers which are only
assigned to a PR but did not perform any action) are the
approaches that do not consider reviewer activeness. The only
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anomaly is [12], which doesn’t consider reviewer activeness,
but also doesn’t have a dominant Previous Voters filter.

Since [13] scores the reviewers by combining multiple
functions, it can happen that a reviewer has a non-zero score
even though he and the developer had no previous interac-
tions. We can see that filtering out such cases has a positive
effect on [13] (Previous Reviewers) and that a similar cutoff
criterium for File Reviewers is also welcomed.

The Manager filter does help a bit in all the cases, but
it’s far from bringing major improvements in any of them.
Although the Colleagues filter bears no significance in many
of the approaches, it is relatively important for [3] and
somewhat for [10], suggesting that maybe they were rec-
ommending global experts instead of local ones. While File
Reviewers and Previous Reviewers were relatively important
for every other approach, they didn’t help [10], in a similar
way [3] seems to be an exception for File Authors, but we are
unsure why this occurred.
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FIGURE 6. Precision-recall performance of all existing approaches averaged per dataset (A-H) for the top 10 recommendations.

TABLE 4. Maximum precision (a) and recall (b) improvements that any filter achieved per each combination of dataset and existing approach.

a) max precision b) max recall
Yu2014 | Th2015 | Ha2016 | Fe2017 | Ji2017 | As2019 | Ye2019 Yu2014 | Th2015 | Ha2016 | Fe2017 | 1i2017 | As2019 [ ve2019
A 7.73 5.53 798| 1827 17.74] -031 6.54 A 719 1145 1254|2171 2133 0.51] 8.51
B 825| 1331 1592 18.03] 1657  -0.99 9.06, B 10.03)  19.26]  23.25]  26.63 2633 243  10.63
C 9.06 892 1089 13.62] 16.10]  -3.56 3.08 C 1415 1911  21.48(  30.94 3011  -7.57 5.10
D 12.71 3.87 587 13.82] 1510  -1.34 1.05 D 17.48 7.25 8.66| 2413 2347 262 1.50
E 20.79]  16.04] 2637 24.13] 2859 -390  13.00 E 858 1250 1695 1546] 1563  -3.56]  10.33
F 0.48 9.12 8.77, 8.19 7.35| 211 6.83 F 075 2719 2519 27.21] 2171  -5.16] 13.56
G 23.35 6.45 3.72| 4248 43.28] -2.55 0.01] G 7.52 8.20 50| 1974 1570]  -1.23 1.00
H 233 450 410 1870 -171] 544 -3.74 H 009 529 -443| 2530 -118] -6.92] -4.28
D. RQ4 common. We can see that Previous Reviewers plays a major

For RQ4, a similar aggregation of average contributions was
done but per dataset (FIGURE 5). First off, we can see that
Previous Voters contributes to each dataset, and additionally
it seems to be more important for the larger datasets (A, B,
C, D, E) than the smaller ones. Interestingly, some datasets
(B, F, and to some extent A, E) seem to operate in teams
that are based on hierarchy (with coworkers reporting to the
same manager — Colleagues), while others still cooperate
with coworkers under the same manager, but they also have
strong collaborations with other developers as well. More-
over, we can see that some datasets (A, B, C, E, F, and
somewhat H) have clear benefits from the Manager filter,
while others don’t (D, G). We believe that the teams from
the first group might have a rule of thumb to include the
developer’s manager on PRs, while in other cases this isn’t as

71020

role in all datasets except B. We are unsure why dataset B is
an exception, but in general Previous Reviewers is expected
to be impactful, as collaborations that existed in the past are
more likely to continue in the future.

Some of the datasets (D, E, G, H) have a prominent File
Reviewer, which might indicate that they have clearly defined
code components and file ownerships. This would mean that,
while anyone can change a given file, there is a designed
part of the team or person that must review and signoff
the changes to that file. On the other hand, some datasets
(A, B, E) have strong File Authors, which could indicate that
there is a strong task/feature componentization, where work is
organized so that a part of the team works on a given feature
and changes files across multiple modules. Due to that, the
developers that work on the same feature are reviewers of
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FIGURE 7. Violin plots for the precision and recall improvement obtained
in RQ2, with highlighted extrema and median values.

each other’s PRs, but there isn’t necessarily strict code/file
ownership enforcement.

E. DISCUSSION

While measuring the existing approaches for a baseline,
we noticed that their performance tended to decrease with
the increase of the repository sizes (Figure 6). This seems to
support our theory that larger repositories need help to focus,
as they tend to operate in clusters where groups of developers
work relatively independently from each other, while still
having some level of interaction between them. That is also
consistent with what Asthana et al. [8] observed, where for
larger repositories the majority of reviewers tend to be experts
only for smaller subsets of the repository, with occasional
senior reviewers whose expertise applies to a larger portion
of the codebase.

When looking at the improvements we obtained, overall 5
out of the 7 existing approaches on average experienced
improvements from just the basic filters (RQ1). By combin-
ing different basic filters into composite filters, apart from
achieving higher performance improvements than by using
just basic filters, the number of approaches that on average
experienced benefits increased to 6 out of 7 (RQ2). However,
the results from RQ2 show only the average improvements
per composite filter and approach pairs over all datasets,
which might not be ideal. As can be seen in the results of
RQ3 and RQ4, both the existing approaches and the datasets
are differently affected by the filters, and have different char-
acteristics. Because of that, we think that apart from looking
at the performance across the datasets, it would make sense
to also include the best results (of any composite filter) per
dataset per approach (TABLE 4).

Apart from the dataset with the smallest number of review-
ers (H), the other datasets experienced improvements for
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all the approaches except [8]. However, even in the case
of [8], we showed that it is possible to improve the per-
formance in some cases (recall on dataset A). Additionally,
with per dataset/repository tuning of the filters, we were
able to achieve additional improvements compared to RQ2,
which peaked at 43.28% better precision and 30.94% better
recall. When looking at the violin plots of all the improve-
ments achieved in RQ2 by all the different composite filters
(Figure 7), we can see that that, although there are cases
that had a very negative impact on the metrics, the median is
positive. By testing out different filters, the one that achieves
the best improvements for the given approach-repository pair
can be found.

Training a given filter can be done with just one pass over
the training data (O(n), where n is the size of the training
set) which would generate the set of reviewers that match the
filters criterium. In order to test out every composite filter, one
would need to train all the basic filters (O(kn), where k is the
number of basic filters) and then compute all their different
unions in order to generate every composite filter (0(2%y),
resulting in O (kn + 2K ) complexity of the training process.
However, in order to test the impact of each composite filter
on a baseline approach, every time an existing approach gives
a recommendation on the validation set (O(m), where m is
the size of the validation set) it would need to be passed
through all the filters, resulting in O(2Xm) complexity for the
validation.

Although it’s far from being an ideal solution with guar-
anteed performance improvements, our technique did result
in some improvements for all of the existing approaches we
tested, and we believe that with a broader set of basic filters
(i.e., utilizing PR titles and descriptions, content of com-
ments, etc.), obtaining improvements would just be a matter
of fine-tuning our technique for a given approach-repository
pair by finding the right composite filter.

F. THREATS TO VALIDITY

One of the things that could have impacted the results of
Managers and Colleagues is the fact that the snapshot of the
management hierarchy was made in June 2022, as no histor-
ical data was available. Due to this, some results returned by
the filters might have been inherently bad - i.e., if a developer
changed teams between Jan and June 2022, then during the
validation he would have been assigned to the new team
instead of the old one, as the PR datasets were collected
for 2021.

Additionally, although the authors tried to focus only
on individual identities for the reviewer recommendation
problem and tried to remove any accounts associated with
automation or any distribution lists, there is no guarantee
that the datasets have been completely cleaned. If a team
had implemented a custom automation account that would
always be added to their pull requests and it slipped into the
datasets, then an account like that would have been a safe bet
by any reviewer recommendation approach and could have
influenced their performance metrics.
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TABLE 5. The extended results of the RQ1 experiment, showing the obtained improvements for each basic filter, dataset and existing approach, as well as
if the appropriate null-hypothesis (H, ; for precision and Hy , for recall) was accepted (shown as grayed out, meaning that there were no statistically
significant improvements for those cases), or rejected (clear cells).

71022

Technique| Dataset Yu2014 Th2015 Ha2016 Fe2017 32017 As2019 Ye2019
- Ho1 | 504 | Ho1 [-121196] Ho1 [-8.66997| Ho_1 [s.128985| Ho_1 [3.671787| Ho_1 [-30.0735 [Ho_1 -16.9369
HO2 | 650 | Ho2 |-103298| Ho 2 |-8.68388] Ho 2 [6.213485] Ho 2 [1.935727| Ho 2 [-33.2529 |Ho 2 -19.9512
= HO1 | 539 | HO1 | -6.7076 | Ho 1 |-3.56403] Ho 1 |6.373724| Ho 1 |-0.30032| Ho 1 [-38.7743|Ho 1 -14.8561]
HO 2 [-8.29337| Ho 2 [-11.8138| Ho 2 [-7.55859| Ho 2 [ 6.19002| Ho 2 | -15447 | Ho 2 |-s5.4561]Ho 2 -23.9796}
o HO 1 [-1.21687| Ho 1 [-6.19724| Ho 1 [-3.25762| Ho 1 [7.608895| Ho 1 [2.644827] Ho 1 |-36.5071]Ho 1 -16.0029
HO 2 |-7.75304| Ho 2 [-17.2547| Ho 2 [-13.9224] Ho 2 [10.62109] Ho 2 [-2.25769]| Ho 2 [-69.1443|Ho 2 -38.4947)
o Ho 1 [-5.08698| Ho1 [-186307| Ho 1 [-154865] Ho 1 [3.957915] Ho 1 [-2.2399a| Ho 1 [-45.2572|H0 1 -28.7773)
Mianager Ho2 | -12262| HO2 | 29.809 | Ho 2 |-26.8159] Ho 2 [4.056152] Ho 2 [-7.42849| Ho 2 [-67.4359 |Ho 2 -46.5103)
. HO 1 |-7.119a1] Ho1 |-25.9253] Ho1 | -11.984 | Ho 1 [1032414] Ho 1 [-539872| Ho 1 [-74.3577|Ho 1 -30.1248|
HO 2 |-5.84899| Ho 2 HO 2 [-7.02199| Ho 2 [3.678442] Ho 2 |-4.45734| Ho 2 |-49.5871|Ho 2 -16.7371]
” HO 1 [-1.04284| HO 1 HO 1 [ 005898 | Ho 1 [1.550758| Ho 1 [0.752742] Ho 1 [-22.0739|Ho 1 -5.53086,
HO 2 |-3.90802| Ho 2 Ho 2 [-8.91876| HO 2 [0.595567| HO 2 |-2.63671| HO 2 [-60.1981|Ho 2 -29.2111]
& HO 1 | -19.982 | HO 1 HO 1 [-60.6903| Ho 1 [13.7327| Ho 1 [-12.8945| Ho 1 [-74.3082|Ho 1 -65.28]
HO 2 |-15.8246| HO 2 HO 2 [-29.8007| Ho 2 [4.405453] Ho 2 | -15.227 | Ho 2 | -42132 |Ho 2 -34.7733)
. HO 1 |-17.6145| HO 1 HO 1 [-43.9304| Ho 1 [8.245207| Ho 1 [-29.7271| Ho 1 [-50.9853 |Ho 1 -43.3257]
Ho 2 [-23.9718] Ho 2 H0 2 [-56.1793| Ho 2 [9.658501] Ho 2 [-34.7285] Ho 2 |-66.3074|Ho 2 -55.7103)
- HO1 [-2.28469| HO_1 Ho1 [-3.69698| Ho_1 [ 104113 | Ho1 [8.25573| Ho1 [-20.5281[Ho 1 -9.35476}
HO 2 |-3.75861| HO 2 Ho 2 [ -16538 | HO 2 [ 11.6564 | Ho 2 |8.873079] Ho 2 |-22.6009 |Ho 2 -10.5507]
B HO_1 |0.323793 HO_1 HO_1 |7.713089 HO_1 |[11.33396 HO_1 10.57157 HO_1 | -23.3609 | HO_1 -2.13434
HO 2 [-2.14379| Ho 2 H0 2 [8.033109] Ho 2 [17.50258] Ho 2 [ 13.0808| Ho 2 | -37.8 |Ho 2 -7.41545)
e HO 1 [-0.28821] HO 1 HO 1 | -07659 | Ho 1 [7.039806] Ho 1 [4.691299] Ho 1 [-32.2438|H0 1 -12.8482)
HO 2 |-5.99012| Ho 2 HO 2 [-104875| Ho 2 [12.02365] HO 2 [0.982997| Ho 2 |-64.2695|Ho 2 -34.1762)
o HO 1 [4.563348| Ho 1 HO 1 [-3.05716| Ho 1 [9.752426| Ho 1 [9.847786| Ho 1 [-29.5273|Ho 1 -15.9056)
o HO 2 [2.323833| HO 2 Ho 2 [-7.78742| Ho 2 [17.87751| Wo 2 | 117133 | Ho 2 |-45.4592|Ho 2 -26.6137]
. HO 1 [0.233535| HO 1 HO 1 [1.683893| Ho 1 [18.29618| HO 1 [8.067261| Ho 1 |-58.2772|H0 1 -15.596
HO 2 |-3.06683 | HO 2 HO 2 [-048533| Ho 2 [9.457216] HO 2 [1.979876] Ho 2 |-41.9361|Ho 2 -9.54813
. HO 1 [-1.07284| HO 1 HO 1 [2.712417| HO 1 [3.196829| Ho 1 [3.265032| Ho 1 [-16.1621|H0 1 -1.74248]
HO_2 | -3.85802 HO_2 HO 2 | -1.47785 HO_2 | 6.893996 HO_2 |3.801548 HO_2 | -46.8705 | HO_2 -18.0367]
5 HO 1 | -8.6601 | HO 1 HO 1 |-36.6688| HO 1 [34.05813| Ho 1 [11.3732| Ho 1 [-47.1428|Ho 1 -38.665
HO 2 | -9.2977| Ho2 H0 2 [-18.9998| Ho 2 [134894| Ho 2 [-4.80769] Ho 2 |-30.2094|Ho 2 -22.9951]
- HO 1 [-21.4683| HO 1 HO 1 [-41.8689| Ho 1 [s.196678] Ho 1 [-31.9028| Ho 1 [-49.2504|Ho 1 -41.9203
HO 2 |-29.4983| HO 2 HO 2 [-56.5556| Ho 2 [7.80393] Ho 2 [-38.1259| Ho 2 [-66.7985|Ho 2 -56.3162
R HO_1 [5.152865| HO_1 HO_1 [3.920999| Ho_1 [16.63063] Ho_1 [14.32537] Ho1 [-10.6308|Ho1 | 0.758023)
Ho 2 [3.979282| Ho 2 Ho 2 [8.028794| Ho 2 [20.20848] Ho 2 [17.23986] Ho 2 |-10.8265|H0 2 1.19816]
” HO 1 [6.742907| Ho 1 HO 1 [12.11547| Ho 1 [17.75781] Ho 1 [13.80636] HO 1 |-13.8561|H0 1 | 4.482751]
Ho 2 [7.326855| Ho 2 HO 2 [17.23876| Ho 2 [26.18252| Ho 2 [21.31599] Ho 2 [-22.5503|Ho 2 3.794474
2 HO 1 [6.277979| Ho 1 HO 1 [6.785204| HO 1 [12.06246] Ho 1 [13.02845] HO 1 | -17.586 |HO 1 -3.43929
Ho 2 [7.273501| Ho 2 HO 2 [12.36362| HO 2 [28.63499| Ho 2 [23.52309] Ho 2 [-34.2771|Ho 2 -9.15313
= HO 1 [11.09344| HO 1 HO 1 [3.388225| Ho 1 [13.81518| Ho 1 [13.08778] Ho 1 [-14.2139|H0 1 -4.54439)
Previous Ho 2 [14.38193| Ho 2 HO 2 [4.121675| Ho 2 [23.71394| Ho 2 [19.55654] HO 2 |-23.3227|H0 2 -9.0586,
Voters e HO 1 [12.17484| HO 1 HO 1 [10.41595| HO 1 [22.00041| HO 1 [ 16.9914 | Ho 1 [-47.6715|Ho 1 -5.95444]
HO 2 [2.276207| Ho 2 HO 2 [4.771375| Ho 2 [11.81569| Ho 2 | 7.35173 | HO 2 |-36.1789 |Ho 2 -4.43767]
£ HO_1 | -0.69208 HO_1 HO_1 |1.692155 HO_1 |1.516925 HO_1 |[3.024333 HO_1 | -20.6358 | HO_1 -4.2771
HO 2 [-2.57874| Ho 2 Ho 2 [1.342786| Ho 2 [6.052135] Ho 2 | 6.95769 | HO 2 | -50.135 [Ho 2 -19.3516)
s HO 1 [11.38544] HO 1 HO 1 [-21.2553| Ho 1 [29.75491| Ho 1 [26.93727] Ho 1 [-33.6142|Ho 1 -26.3765)
HO 2 [4.001855] HO 2 HO 2 [-5.4424| Ho 2 [1819095] Ho 2 [9.535841] Ho 2 |-16.3645|H0 2 -10.0165
u HO 1 |-5.47778] Ho 1 Ho 1 [-25.7042| Ho 1 [16.36244] Ho 1 [-12.2563] Ho 1 [-33.8724|H0 1 -27.2512)
HO 2 [-10.7232] Ho 2 Ho 2 [-35.1081| Ho 2 [22.50113] Ho 2 [-14.6885] Ho 2 [-26.3527|Ho 2 -36.4255)
N HO_1 |6.642454| HO_1 [1.462435| HO_1 [2.702929| Ho_1 [11.99872] HO_1 1099935 HO_1 |-4.98783|Ho 1 | 2.806506]
HO 2 [6.216004| Ho 2 [4.690161| Ho 2 [4.838104| Ho 2 [1559444] Ho 2 [13.76049] HO 2 |-4.97938|Ho 2 | 4.687447]
5 HO 1 [6.117625| Ho 1 | 377934 | Ho 1 [5.165336] Ho 1 [9.276382| Ho 1 [7.049959] Ho 1 |-8.36303|H0 1 | 2.192613
Ho 2 [7.977291| Ho 2 [6.914368| Ho 2 [9.384031| Ho 2 [ 151942 | Ho 2 | 127497 | Ho 2 |-13.0017|Ho 2 3.881255
- HO 1 [4.452957| HO 1 [6.602295| Ho 1 [8.789662| HO 1 [7.558286] Ho 1 [9.231734] HO 1 | -10.575 |Ho 1 | 0.789217]
HO 2 [9.295977| Ho 2 [ 15.5283 | Ho 2 [18.31232] Ho 2 [21.56282] Ho 2 [23.12181] Ho 2 |-20.3691|HO 2 | 0.580007]
. HO 1 [6.261124| Ho 1 [1.887708| Ho 1 [3.317807| Ho 1 [6.098761| Ho 1 |s.735882] HO 1 |-8.25669 |HO 1 -1.09484
Previous HO 2 [ 12.0337 | Ho 2 [4.507276| Ho 2 [5.965537| Ho 2 [11.58572| Ho 2 |12.85877] Ho 2 |-13.0409 |Ho 2 -2.508)
E HO_1 |8.799418 HO_1 |7.011232 HO_1 |17.01542 HO_1 |16.30888 HO_1 11.71122 HO 1 |-24.5433 | HO_1 5.676772
HO 2 [4.598509| Ho 2 [6.681619| Ho 2 [12.01826] Ho 2 [1317412] Ho 2 [9.323441] Ho 2 |-17.3696|H0 2 | 5.425406]
. HO 1 [0.129083] Ho 1 [5.423714] Ho 1 [s.051802] Ho 1 [6.982476] Ho 1 [4.039024| Ho 1 [ -11.217 |Ho 1 1.68858]
HO2 | 012 | Ho2 [1937721] Ho 2 [17.19688] Ho 2 [24.40004] Ho 2 [ 16.1019| Ho 2 [-24.8327|H0 2 | 1.870275)
s HO 1 [5.080937| HO 1 [-545701| Ho1 [-7.99824| Ho 1 [1347614] Ho 1 [16.72218] HO 1 |-13.9804|Ho 1 -9.76019)
HO 2 | 294926 | Ho 2 [2.502144| HO 2 [-0.64564| Ho 2 [9.311876] Ho 2 [8.267511] HO 2 |-5.66873|HO 2 -2.24552)
u HO 1 |-2.11165| Ho1 |-11.3606] HO 1 | -10.946 | Ho 1 [10.59136] Ho 1 [-7.02828| Ho 1 [ -15.622 |Ho 1 -11.0873)
HO 2 |-4.77558| Ho 2 [-13.3566] Ho 2 |[-12.5876] Ho 2 [15.20369] Ho 2 [-7.26176] Ho 2 [ -19.977 |Ho 2 -12.6933
A Ho_1 [1.999413| Ho_1 [-4.42078| Ho1 [-2.20887| Ho_1 [4.368679] Ho_1 |6.010401] Ho_1 |-16.4602|Ho 1 -3.96484
Ho 2 [ 126625 | HO 2 [-1.63222| Ho 2 [-0.72206| Ho 2 [6.511313] Ho 2 [7.672646] HO 2 |-19.5975|Ho 2 -5.86233
R HO 1 [3.722298| Ho 1 [5.010642| Ho 1 [7.068731] Ho 1 [9.671556] Ho 1 |10.13624] HO 1 |-16.6441|HO 1 -1.40894
Ho 2 [3.599121| Ho 2 HO 2 | 895571 | HO 2 [14.89856] HO 2 | 14.281 | HO 2 |-27.9641|H0 2 -4.41909)
e HO 1 [3.408344| HO 1 HO 1 [2.393034| Ho 1 [9.323193| Ho 1 [8.501077] Ho 1 [-27.2956 |Ho 1 -9.54596
HO_2 |1.358937 HO_2 HO 2 |-1.12976 HO_2 |18.74539 HO_2 |11.09054 HO_2 | -52.1818 | HO 2 -24.7037
B HO 1 [7.561091| Ho 1 HO 1 [-1.04056| Ho 1 [7.739763] Ho 1 [1071047] Ho 1 [-24.1236|H0 1
File HO 2 [5.835263| HO 2 H0 2 [-562578| Ho 2 [13.66739] Ho 2 [12.29336] Ho 2 |-40.7295|Ho 2
Authors & HO 1 [5.015876] HO 1 HO 1 [3.533629| Ho 1 [16.09848] HO 1 [8.068535] HO 1 |-56.6579 |HO 1
Ho 2 [-0.83043| Ho 2 Ho 2 [0521243| Ho 2 [s.248486] Ho 2 [2.816105] HO 2 |-41.3371|Ho0 2
. HO 1 | -0.4606 | HO 1 HO 1 [1.266948| HO 1 [2.327409| Ho 1 [2.440179] Ho 1 [-18.3053 |Ho 1
HO 2 | -2.0524 | Ho 2 HO 2 [0.617262| Ho 2 [8.482877] Ho 2 | 5587 | HO 2 |-46.0929 |Ho 2
s HO 1 [-6.71006| HO 1 HO 1 [-40.0339| Ho 1 [25.54758| HO 1 [8.121437] Ho 1 [-53.5011|Ho 1
HO 2 |-8.38238| HO 2 HO 2 [-20.2742| Ho 2 [1210692] WO 2 |-5.17392| Ho 2 |-32.3219|Ho0 2
HO 1 [-9.70508| HO 1 HO 1 |-28.7014| Ho 1 [13.48374| HO 1 |-14.5661| HO 1 |-36.5406 |HO 1
H HO 2 |-15.9715| HoO 2 Ho 2 [-40.1631| Ho 2 [16.88728] Ho 2 [-18.5791| Ho 2 [-50.3479 |Ho 2
o Ho_1 [3.08834 | Ho_1 [1.43981| Ho1 [1.583316| HO_1 [3.957447| Ho_1 [3.742424] Ho_1 |-4.95386|Ho 1 | 0.687865)
HO 2 [3.455396| HO 2 [2.410518| Ho 2 [2.135754| HO 2 | 6.36627 | HO 2 |s5.456127] HO 2 |-8.10964|HO 2 | 0.884755)
s Ho 1 [4.033442| Ho 1 [2.926607| Ho 1 [4.256413] Ho 1 [6.803662| HO 1 [6.103637] HO 1 |-101535|HO 1 | 0.372054]
HO 2 [5.048899| Ho 2 [4.721608| Ho 2 [6.768908] Ho 2 [1141399] Ho 2 [1053403] Ho 2 |-17.5964|Ho 2 -0.46065)
c HO 1 [6.600049| Ho 1 [4.738926] Ho 1 [6.357061] Ho 1 [1033321] Ho 1 [11.31501] Ho 1 | -15.85 [Ho 1 -3.54905)
Ho 2 [8.382808| Ho 2 [9.571788| Ho 2 [11.06351| Ho 2 [23.71211] Ho 2 [19.88215] Ho 2 |-29.4114|H0 2 -9.4553
B HO 1 [9.587226| Ho 1 [1.363081| Ho 1 [1.999751| Ho 1 [7.882607| Ho 1 [9.856269] HO 1 |-8.90303|HO 1 -2.60436|
File HO 2 [13.69795| Ho 2 [2.459764| Ho 2 [3.094913] Ho 2 [15.08914] Ho 2 [15.68303] Ho 2 |-17.0364|Ho 2 -6.12655|
Reviewers| HO 1 [19.65771| Ho 1 [11.54141| Ho 1 [15.59308| Ho 1 [14.26302] Ho 1 [25.02299] HO 1 |-14.4649|H0 1 | 6.958955)
HO 2 [7.574547| Ho 2 [s.908212| Ho 2 [11.41161| Ho 2 [11.20519] Ho 2 [1341521] Ho 2 |-12.6396|HO 2 | 5.588128]
" HO 1 [-011764| HO 1 | 2.44731| Ho 1 [2.009286] Ho 1 |3.448948] Ho 1 [3.189671| HO 1 [-13.9073 |Ho 1 -2.14385|
HO 2 [-0.99357| Ho 2 |7.332091] Ho 2 [5.320349] Ho 2 |10.99849] Ho 2 | 9.88931 | Ho 2 [ -35.582 |Ho 2 -11.1737]
. Ho 1 [18.22132| Ho 1 [-3.03828| HO 1 [-6.02744| Ho1 [29.11542| Ho 1 [36.63146] HO 1 |-15.9186|HO 1 -10.7879
HO 2 |4.817544 HO_2 |4.009643 HO 2 |0.625782 HO_2 |17.18418 HO_2 |12.52665 HO_2 | -8.00656 | HO 2 -3.55959
i HO 1 [-145764] Ho1 |-106861] HO 1 [-101197] Ho 1 [12.45018] Ho 1 [-6.91106] Ho 1 [-15.2073|Ho 1 -10.8195|
HO 2 [-5.85587| HO 2 |-14.5556] Ho 2 [-13.7039] Ho 2 [16.95026] Ho 2 [-8.69788]| Ho 2 [-21.2492]Ho0 2 -14.65|
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The existing approaches were implemented by hand based
on the descriptions from their respective papers and should
match the original implementation to the best of our knowl-
edge, but there could be implementation errors or slight
differences from the original implementation made by the
authors. Additionally, only a subset of existing approaches
was implemented, so in order to do a more thorough evalua-
tion of our proposed technique ideally it should be validated
on more existing approaches. The same can be said for the
dataset corpus — a more comprehensive set of repositories
could be used, both internal and public Microsoft reposito-
ries, and ultimately OSS repositories and ones from different
companies.

VI. CONCLUSION AND FUTURE WORK

In this paper, we went over several existing reviewer rec-
ommendation approaches and determined that on average
they have a tendency to have reduced performance for larger
repositories. We then introduced a technique which uses a fil-
ter for helping pull request reviewer recommendation systems
focus on relevant reviewers.

We then tested several filters and were able to achieve
performance improvement for the majority of the existing
approaches that we evaluated. Additionally, by combining the
filters, we managed to achieve even greater improvements
which, peaked at 17.60% better precision and 21.23% better
recall over all datasets, while the improvements per dataset
went as high as 43.28% for precision and 30.94% for recall.
Although the performance benefits are not consistent across
repositories and approaches, every approach experienced at
least some level of improvements, with the majority of them
experiencing stable improvements across all but the dataset
with the smallest repository. Because of that, we believe that
the proposed technique represents a valid approach when
trying to improve the performance of existing reviewer rec-
ommendation approaches, especially for larger repositories
with many reviewer candidates.

Our experiments showed that, although there are some
filters that can be expected to benefit almost any case, there
was a difference in the benefits each filter had for different
datasets and approaches. We believe that the size of the
repository and the organization of the development team does
influence the magnitude of improvements, and we plan to
investigate this further. We also plan to continue evaluating
our techniques on more existing approaches and with a larger
dataset corpus.

APPENDIX A
RQ1 - EXTENDED RESULTS
See Table 5.

APPENDIX B
RQ2 - EXTENDED RESULTS
See Table 6.
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