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Abstract
Practices within requirements engineering are essential for the success of software
projects. In particular, document analysis enables the elicitation of requirements
without engaging directly with the stakeholders. This thesis presents a method
of scraping documents from English open-source software repositories hosted on
GitHub and extracting requirements from these documents. This is done in order to
supply GitHub Copilot with more context when prompting it to repay self-admitted
technical debt expressed through TODO comments. Three different prompt tem-
plates were created to evaluate this approach. The first template had no require-
ments in the prompt, the second template had some relevant requirements, and
the third one had all the relevant requirements. After prompting Copilot, prompts
from the first template were shown to the best at repaying debt – amounting to a
repayment rate of 72%. However, they also accounted for the most repayments that
did not conform to all the requirements. While prompts from the third template
showed the best results in regard to this, they displayed a lower debt repayment rate
of 64%. Finally, it is noted that self-admitted debt is not truly repaid unless done
in a way that conforms to the relevant requirements. As such, there is a need for
future research to expand upon this particular problem through the development of
a robust framework.

Keywords: Software Development, Artificial Intelligence, Self-Admitted Technical
Debt, Requirements Engineering, GitHub Copilot, Prompt Engineering, Require-
ments Elicitation, GitHub, Open-Source Software, Natural Language Processing
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1
Introduction

1.1 Problem Description
Software development driven by artificial intelligence (AI) is on the rise. A survey
conducted by Stack Overflow [1] found that 76% of the respondents were positive
about using AI in their workflows. For this purpose, software developers have various
tools at their disposal. Davila et al. [2] found that industry practitioners primarily
made use of ChatGPT [3] and GitHub Copilot [4] for AI-assisted development. In
particular, these two tools use large language models (LLMs) to fulfill their tasks.

With the use cases of AI-driven coding assistants in mind, it is crucial to consider
their potential issues when used in practice. Take code comments that are annotated
with the tag “TODO”. According to Potdar and Shihab [5], these TODO comments
contain indications of self-admitted technical debt (SATD). OBrien et al. [6] sampled
such comments from open source software (OSS) repositories hosted on GitHub [7],
and used them in prompts to Copilot to repay the corresponding instances of SATD.
Findings from their experiments showed interesting results. For example, Copilot
successfully repaid SATD, expressed in roughly 10% more TODO comments if the
word ’TODO’ was removed from the comment before inserting it in the prompt.
However, while they could repay roughly 32% of all SATD instances using simpler
techniques, they did not consider whether the generated code conformed to the
intended functionality. These aspects are especially problematic when a survey,
conducted by Sergeyuk et al. [8], found 49% of its respondents willing to delegate
refactoring tasks (which are meant to get rid of technical debt) to AI coding tools.

Hofmann and Lehner [9] found that the proper execution of requirements engineering
(RE) processes is a common factor in the success of software projects. With that in
mind, this thesis aims to repay instances of SATD, found in TODO comments from a
dataset published by OBrien et al. [10], through the inclusion of requirements in the
prompt to GitHub Copilot. The goal of eliciting and including relevant requirements
in prompts to Copilot, is that the generated code ends up functioning closer to the
needs of different project stakeholders.

Overall, the findings of this thesis are thought to be useful to OSS developers who use
AI-driven coding assistants (e.g., GitHub Copilot) when contributing to repositories
on GitHub. For example, such developers can use the scripts in Section A.1 (guided
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1. Introduction

by Chapter 4) to see how much the inclusion of relevant requirements can help
Copilot with the accurately repaying SATD expressed through a TODO comment.

1.2 Research Questions
The four research questions (RQs) are as follows:

• RQ 1: To what extent can three groups of requirement documents, related to
TODO comments, be automatically elicited from their GitHub repositories?

This RQ aims to assemble three groups of requirement documents from all
GitHub repositories, in which the TODO comments are found. A group rep-
resents either a pull request, an issue, or a commit on the repository pertaining
to a TODO comment. Due to the limited scope of the thesis, no more than
three groups were gathered. Requirement documents, which are stored within
the groups, denote user comments that are found to indicate the presence of
one or more requirements. These documents should be in some way related
to a TODO comment. If at least three groups of requirement documents can-
not be found for a certain TODO comment, then the TODO comment is not
considered for answering the remaining RQs.

• RQ 2: To what extent does Copilot repay SATD reported by TODO comments,
by generating code that conforms to requirements in all groups of requirement
documents?

The aim of this RQ is to evaluate Copilot’s ability to repay instances of SATD,
expressed in the TODO comments, in accordance with all the requirements.
No requirements are specified in the prompts here, instead, Copilot will have
to figure out these requirements by itself when tasked with the repayment of
SATD.

• RQ 3: How effective is Copilot’s repayment of SATD, while conforming to
requirements in all groups of requirement documents, if only the first group
was included in the prompt?

This RQ is similar to RQ 2. However, it will include one group of requirement
documents in the prompt to Copilot. Since all groups are sorted according to
some of their attributes (e.g., their relevance to a certain TODO comment),
only the very first group of requirement documents will be used for this RQ.
The aim here is to see whether Copilot can figure out requirements from the
other two groups by itself and repay SATD according to requirements in all
three groups. It could also be the case that the other groups contain useless
requirements, therefore, there is no need for Copilot to even consider these in
the first place.

• RQ 4: How effective is Copilot’s repayment of SATD, while conforming to
requirements in all groups of requirement documents, if all these groups were

2



1. Introduction

included in the prompt?

In contrast to RQ 3, prompts generated for this RQ will contain requirement
documents from all the three groups elicited in RQ 1. The point of answering
this RQ is to see whether Copilot needs access to all groups of requirement
documents, in order to repay SATD in a way that aligns more closely with the
needs of project stakeholders.

3



1. Introduction
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2
Background

2.1 Requirements Engineering (RE)
Ensuring cohesiveness in the planning, development, and maintenance of software
projects can be problematic. By combining various practices in the field of RE,
organizations may overcome this problem [9].

Software requirements are specifications for how a client expects a piece of software
to be designed and behave. Exactly which aspect(s) of the application’s functionality
these requirements aim to specify depends on the type of requirement in question.
There are two common types of requirements: functional and non-functional.

Lauesen [11, p. 14–15], functional requirements (FR) go into detail about input/out-
put transformations performed by an application. They can be specified in various
ways: context diagrams (the interfaces that parts of the application should support),
task descriptions (which actions are performed by the user versus the application,
to complete a particular task), etc. In contrast to FRs, Lauesen [11, p. 15] ar-
gues that non-functional requirements (NFR) instead focus on describing quality
attributes that the application shall fulfill. Just like FRs, they can be specified in
many ways. Examples are: quality grids (assigning different priorities to different
qualities), quality factors (conforming to qualities described in predefined lists), etc.

2.1.1 Elicitation
Software requirements must be gathered, and requirements elicitation is used for
this. Requirements may be elicited through several practices. Examples are: stake-
holder interviews, document analysis, and so on [11, p. 338]. Davey and Parker show
that the elicitation process can be challenging regardless of the underlying practice
used [12].

There are many reasons why the elicitation process might not go as initially planned.
For example, an employee in the client organization may be inclined to sabotage
the process due to their motives. This is why the requirements engineer has to
be skilled in navigating such scenarios. Ebert and Wieringa [13, p. 5–6] suggests
that requirement engineers should combine multiple elicitation practices to overcome
their respective weaknesses when used by themselves. Therefore, combining two
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2. Background

elicitation practices is particularly useful for this thesis: document analysis and
stakeholder analysis.

Document analysis is helpful because it enables the elicitation of requirements with-
out direct interaction with stakeholders. Instead, the practice involves technical
documents that are manually or automatically crawled for requirements. Gobov
and Huchenko [14] found this practice relatively common. 87% of respondents in
their study used document analysis to elicit requirements from organizational docu-
ments. However, document analysis does not come without its problems. Identifying
the exact type of requirements (i.e., FR or NFR) found in relevant sources during
document analysis can be rather cumbersome if there are many documents to con-
sider. Thankfully, there are various techniques that one may leverage to overcome
such difficulties.

Lim et al. [15] mention some standard techniques discovered in literature. Rule-
based classification can be particularly useful, as it can automatically elicit require-
ments from text documents. Johann et al. [16] found this could be done using
natural language processing (NLP). In doing so for 10 different software projects,
their technique demonstrated an accuracy of 87% for the correct and automatic
elicitation of requirements.

Finally, according to Lauesen [11, Sec. 8.2], stakeholder analysis can help highlight
the concerns of people who are invested in the software project. This analysis
includes identifying their utmost needs, the risks they see with the project, etc.
Pacheco and Tovar [17] argue that answering these questions only aims to cover
one of the three aspects in the analysis process. The remaining two aspects look at
stakeholder interactions (e.g., problem alignment) and the stakeholders themselves
(e.g., their power).

2.2 Technical Debt (TD)

While it is certainly possible, not every software developer writes flawless code. It
is common to expedite the software development process at the cost of sacrificing
certain qualities of the source code. Doing so causes an instance of a phenomenon
called technical debt (TD) [18]. De Almeida et al. [19] found that the primary
reasons for settling with TD included businesses valuing the creation of new features
over the quality of source code and enforcing strict deadlines for the application’s
delivery. Indeed, Rios et al. [20] conducted interviews with members of software
development teams and found that issues during the project planning proved to be a
prevalent cause for instances of TD. The interviews also showed that team members
lacking adequate knowledge (e.g., technical expertise) played a role in causing TD.

TD can be divided into numerous categories. Alves et al. [21] lists and describes
many of these, along with the indicators that can help identify them. For example,
design debt refers to code that violates the concepts taught in object-oriented pro-
gramming (OOP). An example is the god class, which Vaucher et al. [22] identify
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2. Background

as a class that centralizes too much of the logic within the application. Multiple
categories of TD may share one or more indicators. In the case of code debt, which
refers to the decreased ability to comprehend a particular piece of code, god classes
are also deemed to be an indicator.

In the long run, Ramač et al. [23] discovered that the presence of TD made it even
harder to keep up with project deadlines. Its presence also resulted in incomprehen-
sible code, which undoubtedly harms the application’s maintainability. To overcome
the implications of TD, one has to know how to identify, manage, and eventually
repay the debt. Identifying TD is at least as crucial as its repayment, considering
that project managers may not see the immediate need to repay TD. For the same
reason, managing TD is also an integral step in paving the road for its repayment.

2.2.1 Identification and Management

The identification of TD can happen either manually or automatically. As for the
manual identification of TD, Tan et al. [24] annotated sentences inside issue trackers
that they deemed to indicate some form of TD. The problem with that particular
method is that this process may be infeasible for larger software projects. Biazotto et
al. [25] found that the automatic identification of TD is possible through specialized
tools. These tools commonly use code metrics, such as the lines of code in a function,
to identify TD in source code repositories.

Once that TD has been identified, it should be appropriately managed if there is
no intention of its immediate repayment. Management of TD primarily involves
keeping track of it, e.g., position in the source code. However, as shown by Alves et
al. [26], certain techniques can help an optimal estimation of when its repayment
should be done (e.g., during periods with relatively low workloads).

2.2.2 Repayment

The manual repayment of TD involves a developer fixing the issue related to the
TD. Depending on the type of TD at hand, a relevant repayment practice is chosen.
Standard practices to repay debt involve refactoring the code and the application’s
design and revising parts of the documentation (e.g., code comments).

Repayment of TD is avoided mostly for non-technical reasons. One prevalent cause
is a lack of long-term interest in certain qualities, e.g., maintainability of code [27].
Since manually repaying TD may prove to be cumbersome, having it repaid auto-
matically might be the preferred option. Exactly how the automatic repayment is
done depends on the TD at hand. In the case of code debt, Johnson et al. [28] men-
tion some automated static analysis tools (ASAT) that can automatically refactor
pieces of code to get rid of the debt. Szőke et al. [29] created and tested such a
tool in practice. They found that their ASAT solved instances of code debt in the
thousands.

7



2. Background

2.2.3 Self-Admitted Technical Debt (SATD)
While all sorts of TD may manifest as an unintentional degradation of software
quality, there are instances where TD is purposefully caused and subsequently ac-
knowledged by a developer. Potdar and Shihab [5] define this type of TD as self-
admitted technical debt (SATD). They found that code comments served as sources
from which instances of SATD could be extracted. Furthermore, their investiga-
tion of the presence of SATD and its lifecycle in a few popular software repositories
yielded some interesting results. Among other things, the repayment of SATD in
those repositories varied from 26.3% to 63.5%. This shows that the prioritization of
resolving SATD can differ significantly between different software repositories.

There does not seem to be a significant variation in the types of TD that instances
of SATD commonly concern themselves with. Maldonado and Shihab [30] analyzed
code comments in software repositories and found five main types of TD in the
comments that express SATD. The most common type of TD was found to be
design debt. As mentioned in Section 2.2, design debt may manifest through one
or more god classes. Other types of debts, such as documentation debt, were not
found anywhere as prevalent in the studied repositories.

The detection of SATD in software repositories is possible through various tech-
niques. Sutoyo and Capiluppi [31] have conducted a thorough literature review to
identify some of these and measured their accuracy through experiments. One of
those techniques included NLP (by looking for e.g., annotation tags, textual pat-
terns). NLP was found to lack when identifying a wide variety of SATD types.
However, annotation tags (i.e., locating code comments containing tags such as
“TODO”) demonstrated a promisingly low number of false positives for detecting
SATD in the aforementioned experiments.

As for the repayment of SATD, a few notable factors seem to affect it. Li et al. [32]
found that the source from which the SATD is found seemingly influences the speed
at which it is resolved. In one of the two software repositories they analyzed in the
paper, they found that instances of SATD found in issue trackers were resolved 157
days faster on average compared to the ones found in code comments. Additionally,
the authors found that developers who cause instances of SATD are also the ones
who resolve it in the end.

2.3 Open-Source Software (OSS)
According to the HPE Glossary [33], software projects belong to one of the two
categories: closed-source software and open-source software (OSS). Owners of closed-
source software projects are typically found to impose heavy restrictions upon the
rights of their end users, while authors of OSS generally aim to do the opposite.
Some characteristic traits of OSS repositories include accepting contributions to the
code (e.g., through pull requests [34]) and a public issue tracker.

Capturing the motivations of OSS developers is essential for the purpose of under-
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2. Background

standing the dynamics behind their interactions within OSS communities. A survey
conducted by Hars and Ou [35] had participants from OSS communities explain their
reasons for engaging in OSS. About 71% of the respondents participated in open-
source software development (OSSD) as a way to improve upon their programming
knowledge. The survey also hinted towards a correlation between the respondents’
occupation and the type of motivations that they had. Student contributors seemed
to be driven more by internal incentives than the salaried contributors. That is,
students engage in OSS simply because they feel that it is satisfying.

However, despite the motivations that serve to drive OSS contributors, some projects
in OSSD end up failing for one or more reasons. Coelho and Valente [36] identified
some of those reasons through a survey with maintainers of various OSS repositories
that were seemingly abandoned. Many of the reasons were related to certain qualities
of the project, such as its maintainability. In particular, one respondent pointed out
how certain architectural debt in the project caused them to stop maintaining it.
Finally, as for how to pave the road for success, the authors found that the presence
of a guideline document for contributions seemed to affect the likelihood of an OSS
project succeeding.

2.3.1 GitHub
One of the biggest platforms for hosting OSS projects is GitHub [7]. As reported by
the company in 2022 [37], it had around 94 million registered contributors and hosted
about 413 million contributions in total. To host the repositories on the platform,
it uses the Git version control system [38]. Version control systems help track
changes to the source code through commits. Commits are data objects that contain
metadata surrounding specific changes that were made [39], and each commit is
uniquely identified by its SHA-1 reference [40]. Some of the metadata that commits
contain includes the name of the author who made the changes, the date these
changes were made, and so on.

Of course, GitHub is more than just a frontend for Git. The platform supports
functionality that goes well beyond Git’s capabilities. Two significant examples
of such extensions include the issue tracker and pull requests. The issue tracker
is used for making other contributors aware of the issues in a project by keeping
information related to a particular issue all in one place [41]. Despite its name,
issues can be used for things beyond bug reports. For example, a contributor may
post an issue to keep track of an idea they had in mind for the project. As for pull
requests, these are used for proposing changes to the software repository in question
[34]. The point of posting pull requests is, more or less, the same as posting issues.
That is, both of these functions foster community engagement. In fact, the GitHub
API [42] considers pull requests to be a subclass of issues. In the case of a pull
request making changes to some code, other contributors may chime in with their
opinions regarding those changes through a pull request review. Also, comments
from contributors can be found in more places than just inside of issues and pull
requests. Commits serve as yet another source since contributors on GitHub are
given the option of commenting on them [43].

9



2. Background

2.3.1.1 Data Mining

Mining information from comments found on GitHub repositories can be handy for
conducting OSSD research. In particular, Kalliamvakou et al. [44] found that the
trend of mining GitHub for information is becoming more common in the research
community. Thus, there is a need to explain the pitfalls of using this technique
as the basis for a study. The authors revealed some of these pitfalls by analyzing
data from surveys, interviews, and a dataset of GitHub repositories. Firstly, they
found that repositories that serve as forks do not represent entire software projects
alone. Instead, the main repository and its fork(s) represent the software project
in its entirety. Having this in mind while mining GitHub repositories for data will
give a better picture of the software project and its related community activities.
Secondly, they found that most repositories are not used for collaboration with other
contributors on GitHub. In fact, about two-thirds of the repositories in the dataset
were only committed to by one contributor and, therefore, seemingly only intended
for personal use.

Another problematic aspect with mining information from GitHub is the author of
a particular comment, and whether they are human (as one would otherwise believe
them to be). This is a real problem because, as Wessel et al. [45] showed through
their manual analysis of activities in OSS repositories, the use of software tools
(known as “bots”) for the automation of certain actions in OSSD is becoming more
prevalent. Among other activities, they found these bots to be used for reviewing
pull requests. Dependabot [46] is an example of an account on GitHub that is
(explicitly) marked as a bot. This bot is, among other things, used to cover updates
of repository dependencies by automatically posting pull requests for these. When
it came to inactive repositories with Dependabot updates enabled, that particular
feature can manifest itself through a great deal of spam. This was the case until
GitHub presented a change [47], which made it so that Dependabot is disabled
based on some inactivity criteria. However, as the change from GitHub was applied
proactively after 2023-01-12, it does not affect the state of pull requests submitted
by the bot in the past.

However, Golzadeh et al. [48] found that the GitHub API does not always manage
to explicitly distinguish bots as truly being bots; particularly in cases which these
are operating through a “machine user account” [49]. The authors suggest using
specialized classification tools to account for this issue. Recently, Chidambaram et
al. [50] created and evaluated one such tool on a dataset of bots and humans on
GitHub. The tool performed quite well compared to similar tools made in the past,
using far fewer requests while doing so; demonstrating a remarkably efficient use
of the constrained GitHub API rate limit [51]. However, its execution is depen-
dent on certain events that are performed by the accounts that are being analyzed.
According to GitHub [52], events that were performed more than 90 days in the
past cannot be retrieved through their API. This means that the tool is useless for
detecting bots with no recent events logged and those that operate sporadically.
Furthermore, while it demonstrated outstanding performance, it was still not found
to be perfectly accurate. This is detrimental for OSSD research, as one false positive
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2. Background

could potentially result in the exclusion of many human-written documents.

Finally, it is important to note that the GitHub Terms of Service [53, Sec. D.6] states
that all content on a certain GitHub repository is subsequently licensed under the
repository license once posted on one of its pages. If a repository lacks an attached
license, then no rights are given for the work (e.g., modifying it) except for simply
viewing it [54]. With that in mind, there is a risk of using pieces of code and
documents from these repositories in an unauthorized manner. A particular post by
a user on GitHub [55] mentioned that the GitHub API endpoint for retrieving the
repository license [56] fails to properly do so in the case of dual-licensing. Therefore,
solely relying on the GitHub API for this is out of the question. Licensee [57] seemed
like a promising tool to use for this purpose. However, according to the developers
themselves [58], the tool cannot accurately find licenses specified in READMEs.
Therefore, checking the license(s) that a particular repository falls under involves
work that has to be undertaken manually.

2.3.2 Requirements in Open-Source Software
There are some deviations in how OSS developers practice RE, at the very least,
from how industry practitioners do it. Kuriakose and Parsons [59] showed that the
majority of RE practices in OSSD were found to be performed informally. Fur-
thermore, Scacchi [60] argued that the specification of requirements in OSSD was
largely decentralized; they were seldom found through a single artifact. Instead,
requirements for OSS projects could be found in artifacts all over the Internet (and
even outside of it).

As mentioned in Section 2.1.1, rule-based document analysis is useful for automati-
cally eliciting requirements. Research shows that there are ways of performing this
task with OSS projects. Vlas and Robinson [61] developed and demonstrated the
use of a framework, named RCNL, intended for this particular purpose. The authors
specify rules at each framework’s five levels to locate and classify requirements in
documents. Levels 0 to 1 are said to be common to all NLP frameworks, as rules
at these levels aim to identify tokens (e.g., words, delimiters) and parts of speech
(e.g., adjectives, verbs) respectively. As for the other levels, containing rules unique
to the RCNL framework, the authors found that qualifier-rules at level 2 were the
ones that actually ended up identifying the requirements.

2.3.3 Technical Debt in Open-Source Software
As with any other software repository, TD is also present inside OSS repositories.
Potdar and Shihab [5] analyzed code comments inside several popular OSS reposi-
tories to identify the presence of SATD. They used a manual approach to identify
instances of SATD, and later presented a list of textual patterns [62] that they found
the SATD to follow. It was noted that up to a third of the source files within all
the repositories indicated one or more instances of SATD. Contrary to how dead-
lines incurred TD in software development companies (as previously discussed in
Section 2.2), SATD in OSSD was not found to be caused by pressure to push for
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release.

Regarding the repayment of TD in OSSD, Amanatidis et al. [63] discovered some
interesting patterns. Firstly, repository contributors were almost 4 times more likely
to prioritize the repayment of TD for certain quality factors than others (e.g., testa-
bility over maintainability). Secondly, users who had not previously contributed to
the project were 3 times more willing to get rid of some TD than the actual con-
tributors. The reluctance of these contributors, when it came to accepting requests
for the repayment of some TD they may have introduced, was said to potentially be
related to community-specific beliefs and practices. On the other hand, Tan et al.
[64] also found that OSS contributors who caused a certain instance of TD ended
up being the ones to identify and fix it themselves. This shows that the nature of
TD repayment is rather complex when it comes to OSSD.

2.4 AI Coding Assistants

Large language models (LLMs) consist of neural networks that contain relationships
between different textual entities (e.g., sentences) [65]. Every LLM has its specific
area of application that it excels in, and this area depends on how the model is
trained. If a particular model was mostly trained for producing software code, it
can function as an AI-driven coding assistant for use in software development. For
example, if it is given an input from a developer stating “Complete the function
body”, then the output will contain code for the function body as generated by the
model.

Numerous coding assistants, powered by LLMs, are available for use on the Internet.
Two common assistants are ChatGPT [3] and GitHub Copilot [4]. Both of these
assistants can be used to generate software code. However, as mentioned before, each
one of these tools has its peculiarities and situations in which it shines. For example,
their primary way of access differs from each other. When it comes to GitHub
Copilot, it is mainly intended for use in an integrated development environment
(IDE) [66] such as Visual Studio Code [67]. This is in contrast to ChatGPT, which
is primarily accessed through its standalone web-based interface [3].

2.4.1 Typical Usage
Although these AI-driven coding assistants are advertised by their creators as mul-
tifaceted, it does not necessarily entail that users would consider these assistants for
all sorts of purposes. Sergeyuk et al. [8] discovered that software developers would
implement new features themselves, rather than instruct an AI tool to do so, as
they found such a task to be enjoyable in some regard. The study also found that
software developers would rather use these assistants to overcome tedious tasks like
writing tests or code documentation. This shows that, while some tasks may be
delegated to an assistant, software developers still prefer to perform certain types
of tasks by themselves.
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Davila et al. [2] conducted a survey to discover how industry practitioners perceive
AI-driven coding assistants. Firstly, the responses showed that many practitioners
found these assistants particularly useful for avoiding the use of search engines while
coding. For example, a software developer may search the web for the usage of a
specific API. Most importantly, the survey showed that respondents’ biggest issues
while using these assistants were largely attributed to the LLM’s inability to appro-
priately recognize the context and disregard conformance to software requirements.

Evidently, the use of coding assistants comes with its own pitfalls, which affect
their viability in practice. However, such issues can be mitigated through prompt
engineering. Marvin et al. [68] describe prompt engineering as a practice that
involves the use of certain techniques for improving prompts sent to an LLM. The
hope is that using these techniques will result in outputs that are more appropriate
and of a higher quality than the baseline outputs.
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Related Work

3.1 Automatic Repayment of Technical Debt
OBrien et al. [6] manipulated prompts to Copilot that instructed it to solve instances
of SATD expressed in the form of TODO comments. Through some very basic edits
of the comments, they were able to make Copilot more effective in solving SATD.
This thesis aims to use the same TODO comments from their dataset [10], repaid
or otherwise, to achieve the same end goal but with code that closely aligns with
the intended functionality.

Furthermore, Copilot has undergone significant changes since the aforementioned
authors conducted their experiment. In particular, GitHub [69] recently announced
that it swapped out its default model “Codex” with the new “GPT-4o” model for
code generation tasks in GitHub Copilot. As such, the prompt engineering tech-
niques proposed by the authors, that aimed to increase the number of successful
SATD repayments, may very well be obsolete by now.

More studies have been conducted on automatic repayment of SATD by using other
LLMs than the ones offered by GitHub Copilot. Sheikhaei et al. [70] fine-tuned
smaller models and used prompt engineering with LLMs for automatically repaying
instances of SATD. The results of their experiments, used to evaluate their accuracy,
showed that the fine-tuned models struggled to keep up with the LLMs that used
prompt templates. Towards the end, they suggest that the future work in this area
should involve fine-tuning even larger models for the same purpose [70, Ch. 8]. In
contrast, this thesis aims to create and test yet another prompt-based approach for
the repayment of SATD using an LLM.

As for solving specific types of TD, Nunes et al. [71] evaluated the capability of
multiple LLMs when instructed to eliminate maintainability debt inside OSS code-
bases. To find instances of maintainability debt, they used SonarQube [72] to check
for spots in the codebase where the tool deemed there to be a maintainability-related
issue. Roughly 69% of the graders, who were students enrolled in a Computer Sci-
ence program, agreed that the generated code was more readable. This thesis is
different because it does not restrict itself to solving certain types of TD using an
LLM. Instead, it considers all sorts of TD in the same way that they are reported
by OSS contributors in TODO comments.
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3.2 Requirements in Open-Source Software
Xiao et al. [73] interviewed participants of a certain OSS project and collected
data related to it (e.g., issues, pull requests) to create a framework for RE in OSS.
Among other things, their framework showcased how requirements flow between
three different practices in RE: elicitation, specification, and validation. The issue
with their approach is that they have based this framework on data gathered from a
single OSS project, which might have its peculiarities that are not found elsewhere
in OSSD. Therefore, as stated by the authors themselves [73, Sec. 5.3], certain
parts of the framework might not be generalizable to other OSS projects. This
thesis considers a larger number of OSS projects, without direct interaction with
contributors, for performing practices within RE.

On the topic of using NLP for finding and classifying requirements in OSSD, Vlas
and Robinson [74] used two variations of their RCNL framework for this purpose.
The dataset they used to evaluate these variants against consisted of documents
mined from OSS projects hosted on SourceForge [75]. They found the results of
their experiments to be satisfactory, however they noted that future work should
focus on processing structured data using this framework [74, p. 35]. This paper
shares the same end goal as this thesis: the automatic elicitation of requirements in
OSSD using NLP. However, it will be accomplished differently. The difference with
this thesis is that it will propose its own textual patterns for eliciting requirements,
and test these patterns on the type of documents commonly found inside GitHub
repositories (e.g., issues, pull requests).
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Methods

The methodology for answering the RQs in Section 1.2 consists of three different
steps outlined in this chapter. Figure 4.1 shows an overview of these steps. Firstly,
Section 4.1 shows how the original dataset of TODO comments, which was published
by OBrien et al. [10], is to be preprocessed. In particular, this step involves filtering
the list of TODO comments based on their repositories (described in Section 4.1.1),
and then downloading textual documents from their repositories (described in Sec-
tion 4.1.2). After doing so, requirements are elicited from these documents by using
NLP, as described in Section 4.2. The results from the execution of this particular
step is used for answering RQ 1. Finally, prompts are generated in accordance to
the process described in Section 4.3. The purpose of generating these prompts is to
answer the remaining RQs: RQ 2, RQ 3 and RQ 4.

Figure 4.1: Methodology used for answering the research questions in this thesis

4.1 Data Preprocessing
The dataset used in the experiments is based on a list of 229 GitHub repositories,
each containing at least one of the total 380 TODO comments. It was preprocessed
by filtering the TODO comments (described in Section 4.1.1), and downloading
relevant pieces of data from their repositories (described in Section 4.1.2). The entire
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process used practices that were either mentioned or hinted at back in Chapter 2.
The scripts, used to preprocess the aforementioned dataset, were developed from
scratch in Python using relevant libraries and application programming interfaces
(APIs) found online.

4.1.1 Filtering
First, repositories seemingly intended for non-English speaking contributors were
removed from the dataset. This was done by checking the language used in the
README file, found inside the repository’s root directory. Essentially, the file outlines
important aspects surrounding the repository in question [76]. The idea was that this
README indicates what (natural) language is primarily used in communications
on the repository. If this file is not written in English, or if the repository does not
even have this file, then the repository is excluded from further consideration in the
thesis. Indeed, this approach was previously used in a paper by Wang et al. [77] in
their analysis of GitHub repositories. Also, excluding repositories that did not have
a single human-written document stored in an issue or a pull request made sense,
especially when considering that these serve as the foundation for the elicitation
process. The exclusion of such repositories early in the process ensures a minimized
waste of computational resources.

It is worth mentioning that leveraging the README as an indicator of the language
used in repository documents proved misleading in some cases. In particular, Padd
lePaddle/Paddle [78] stood out as being problematic later on when downloading
documents from the preliminary list of repositories in Section 4.1.2. Examples of
problematic patterns noted in documents mined from this repository include issues
having their title and/or body written in English, and most of the comments are
written in Chinese. Therefore, the exclusion of this repository was hardcoded into
the filtering script.

To accomplish the tasks described above, IDs of repaid and non-repaid TODO com-
ments were first extracted from the CopilotTODO.zip archive; from data_scripts
/no_fixes.csv and data_scripts/yes_fixes.csv respectively. Then, the entries
in data_scripts/2-samples.txt were used to get the repository links to filter
these accordingly. The resulting dataset of this operation reduced the amount of
corresponding comments from 380 to 351; a reduction of roughly 8%.

Many repositories simply did not meet the aforementioned requirements. In some
cases, they had been completely removed from GitHub. Some repositories were also
renamed and/or moved to another owner, and in cases like these, the script made
sure to store the new link to the repository in question.

Furthermore, some TODO comments could no longer be found in their original
location and were subsequently excluded from the dataset. This reduced the number
of comments from 351 to 340 (roughly −3%). There are many reasons for this
reduction. Perhaps the related SATD instance was already repaid since OBrien et
al. [6] conducted their experiments. Also, there is a chance that the source file was
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removed entirely from the repository since then.

Additionally, if the repository in question was a fork of another repository, then the
link to this parent repository was stored for later use. As mentioned in Section 2.3.1,
considering the parent repository and its forks when mining GitHub repositories for
information is especially useful for getting a better picture of a particular software
project. However, as none of the repositories in the dataset actually had a parent
repository connected to them, it is reasonable to state that none of the TODO
comments originated from a forked repository. Consequently, a column that stored
the parent repository for a fork was not included in the output as it was empty for
all rows.

While the replication package by OBrien et al. [10] was licensed permissively1 with
CC BY 4.0 [79], there was no apparent indication of how pieces of code in the
repositories within this package were licensed. Section 4.1.2 involved making edits
to content mined from these repositories, so the topic of repository licensing had
to be addressed at this stage. The chosen approach was to manually inspect these
repositories one by one and exclude any repository which were non-permissively
licensed. This step reduced the number of TODO comments from 340 to 301; a
reduction of about 11%.

An excerpt from the dataset, produced in this stage by the filter.py script (found
in Section A.1), is shown in Table 4.1.

ID Repository Filename Content
3 CartoDB/crankshaft . . . /glm/base.py TODO: untested for. . .
6 aghie/tree2labels baseline_utils.py TODO: Workaround. . .
7 mkordi/pygwr . . . /stats/runs.py TODO: check should. . .
8 RemiAllio/Mito. . . . . . /QualityIO.py TODO - Is an empty. . .
... ... ... ...
999 gdraheim/docker. . . testsuite.py TODO# too long?
1001 ganeti/ganeti . . . /network.py TODO: reserve/release. . .
1006 megvii-model/MOTR models/motr.py TODO: Make this. . .
1013 . . . /cuckoo-modified . . . /PDFFilters.py TODO: TIFF and. . .

Table 4.1: Excerpt from the dataset stored in filtered.csv (301 rows)

Figure 4.2 shows an overview of the filtering process described in this section.

1Licenses were deemed to be permissive if they allowed the distribution, modification and private
use of the licensed content.
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Figure 4.2: Overview of how the TODO comments were filtered

4.1.2 Downloading
Repositories found in filtered.csv were finally downloaded using the download
_repos.py script (found in Section A.1). The responsibility of this script was to
facilitate the collection of simple metadata surrounding the repository (e.g., license
file, current HEAD commit hash), a copy of its codebase, all commits made, and,
most importantly, documents found in the repository and any of its forks. The
last part involved probing various locations for documents seemingly composed by
human contributors. These locations included the repository issue tracker and pull
request reviews. Also, commits and any of their comments were collected from the
parent repository.

Firstly, the author’s object type in the API [80] was used to identify if a certain
document originated from a bot account and, with that in mind, should be excluded
from consideration. However, commits were exempt from this rule (but not their
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comments). If all other types of documents breaking these rules were kept at the
end of this process, then this would potentially complicate the elicitation process
and cause a lot of irrelevant information to be considered.

Furthermore, certain comments found in the issues had code blocks within them.
These code blocks can contain a large block of text within the comment, such as
program logs (or simply software code), to assist in debugging a particular issue.
Concerning this, trying to extract requirements from these code blocks (through the
use of NLP tools) is essentially a lost cause.

Considering the above, the script excluded documents containing only one or more
code blocks. An additional version was stored for documents that contained both
code blocks and text, in which any code blocks were removed. Code blocks were
detected in the comment using a regular expression. This regular expression covered
the removal of both indented and fenced code blocks, as described in the GitHub
Flavored Markdown Specification [81, Sec. 4.4–4.5]. Figure 4.3 shows a side-by-side
example of the original version and the one without any code blocks (referred to as
the no_code version).

1 These numbers both need units - if
it's using LAMMPs' `real` units
system (I think that's the
default?), it should read

2 ```python
3 return {'potential_energy':

pe * u.kcalpermol,
4 'forces': forceArray

* u.kcalpermol/u.angstrom}
5 ```

(a) Original version [82]

1 These numbers both need units - if
it's using LAMMPs' `real` units
system (I think that's the
default?), it should read

2

(b) no_code version

Figure 4.3: Two previews of a comment, with and without any code blocks
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Figure 4.4: Document counts for 191 of the preprocessed repositories

The criteria for the inclusion and exclusion of different documents were as follows2:

1. If a bot created an issue, and this issue had no human comments, then the issue
in its entirety (issue body and comments) was excluded. If it was created by a
bot and had human comments, then the issue was fully included. Additionally,
issues written by humans without any comments were included, as the issue
body can still be useful for eliciting requirements. With that in mind, for all
issues included, the issue body itself was considered a comment.

2. If a commit was created by any contributor, regardless if it was by a human
or a bot, then it was included3. Including all sorts of commits is essential
for establishing the contribution history. Comments made on these commits
served as documents, and they were only included in the dataset if a human
contributor wrote them.

After assembling the dataset per the aforementioned criteria, repositories without
any documents whatsoever were removed using the finalize.py script (found in
Section A.1). This reduced the number of repositories from a total of 199 to 191,
and the number of TODO comments from 301 to 286. Figure 4.4 shows the ranges
of document counts for all repositories. Most repositories contained 10 to 1000
documents, whereas some had over 10000 documents.

4.2 Eliciting Requirements
While it was certainly possible to manually go through every document mined in
Section 4.1.2, in a pursuit to find formal/informal requirements specified within
these, it would not have been optimal. Firstly, some of the mined documents found

2Same criteria for pull requests, as for issues.
3Commit messages only served as titles for comments sourced from those commits.
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in various locations (such as the repository issue tracker) might not even intend
to specify requirements, or hint towards the presence of these, in the first place.
Secondly, this process introduces a problem: What kind of factors “qualify” pieces
of text within a document to denote a requirement? It could be the context in which
the document is found (e.g., a merged pull request) or the type of words used in the
document itself (e.g., modal verbs).

There are a lot of things that can be used as a qualifying factor for the identification
of requirements. As there were many documents that could all contain qualified
requirements, evidently, executing this process manually would have been a waste
of efforts and/or a source of misconceptions caused by the human factor. This aspect
would not only be detrimental to this thesis, but also to real-world projects in OSSD.
With all of this in mind, it made sense to create a semi-automated way of eliciting
requirements found inside of repository documents.

Requirement documents were identified using Stanza, a toolkit published by Qi et
al. [83] that can be used for running NLP on text documents. The process used in
this thesis was similar to those employed by Vlas and Robinson [74, Tab. 1] in their
framework for finding requirements. The first part of identifying requirements in
documents involved “tokenization”, which is meant to separate pieces of text (e.g.,
words, question marks) in the full text to produce a set of “tokens” [84]. This paved
the road for the second step, which was about looping through these tokens and
seeing which indicated the presence of a requirement within the document through
two heuristics:

1. The first condition checked if the token was a modal verb (e.g., “should”).
Possible modal verbs are defined per The Penn Treebank, published by Marcus
et al. [85]. In essence, such words aim to describe things such as a necessity
[86].

2. The second condition uses a list of more qualifying verbs that were not included
in the Penn Treebank (e.g., “want”), which also could indicate the presence of
a requirement.

Only documents that fulfill either one of the two conditions above were included in
the script’s output. The relation between multiple documents found in the same
source was not taken into account for their mutual inclusion. For example, a com-
ment on a particular issue might fulfill one of the conditions and end up included
in the list of identified requirements. However, the issue body itself is not included
unless it also manages to fulfill either condition.

The presence of a requirement within a document was not enough to justify its
inclusion in the resulting output by the script. The document also had to be, in
some way, relevant to the TODO comment in question. This was done by calculating
the relevance value, which is set to be equal for all requirement documents within
a single document group (e.g., a specific pull request and its comments). Relevance
was evaluated as high (relevance=1.0) if one of the commits associated with
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the requirements document had introduced the TODO comment, and medium (re
levance=0.5) if they affected the file in which the TODO comment was found.
Additionally, relevance was low (relevance=0) if neither of these conditions was
fulfilled. If the relevance was evaluated as low, the document was excluded.

Calculating the relevance value was straightforward for commits. On the other hand,
pull requests can have multiple commits associated with them, but issues cannot be
directly connected to commits. This was solved for pull requests by looping through
its commits and using the highest relevance value found in a particular commit. As
for issues, these could reference relevant PRs and/or commits in its body or any
of the comments. Therefore, any issues with a body and/or comments doing so
inherited the maximum relevance value from all the referenced documents.

For each commit, the creation date of the commit was stored together with its
relevance value. As pull requests and issues obtained their relevance values from
these commits, the date of their oldest (referenced) commit was also stored in the
resulting requirement document. This is because users on GitHub have reported that
the platform fails to properly handle commits containing file renames [87]. Instead
of marking these files as being renamed, it marked files as being added/deleted. If
the script did not store the dates of relevant commits and preferred documents that
referenced older commits, then there was a chance that one would get further away
from the “true source” of the TODO comment. This had to be done in preparation
for when these documents were selected in Section 4.3. Otherwise, there would
have been a risk of selecting documents that renamed a particular TODO file over
documents that had actually introduced the TODO comment in the first place.

Finally, it made sense to consider the importance of the requirements document, as
not all authors of a certain document share the same degree of “power” (e.g., push
access). This served as a way of conducting stakeholder analysis. The importance
was calculated for every document, according to the enum value of their author_a
ssociation field [88]:

1. Documents, written by owners, had the highest importance value (importan
ce=1).

2. Those by collaborators (users with read/write access to the repository) had a
medium-high value (importance=0.67).

3. Contributors, which are users who had previously had a commit merged into
the repository, had a medium-low value (importance=0.33).

4. Any other authors, such as those who never contributed to the repository
before, had the lowest importance value (importance=0).

Figure 4.5 shows a simplified overview of the elicitation process employed in the
elicit_reqs.py script (found in Section A.1).
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Figure 4.5: Overview of the automated requirements elicitation process

4.3 Generating Prompts
It was impossible to include all the requirement document groups in the prompts to
Copilot when answering RQ 3 and RQ 4, as some TODO comments had a bunch
of requirements associated with them. In particular, RQ 3 only used one group to
resolve the SATD associated with a particular TODO comment. And, as for RQ 4,
this used three groups to see if there are any differences compared to simply using
one group. Therefore, both of these questions required a way to select the most
optimal subset of document groups by using the variables at hand. This was made
possible using the select_reqs.py script (found in Section A.1).

Groups of requirement documents were sorted according to their relevance in de-
scending order. This ensured that the selection process prioritizes documents that
are relevant over those that are not. Then, the groups were finally sorted after the
date on which their referenced commits were created, but now in ascending order.
Groups were also sorted according to the cumulative importance of all documents
within them (in descending order). Then, random values sort the groups, so there
was no risk of only getting requirements sourced from the same location (e.g., com-
mits) at the top of the list.

Finally, prompts were generated for the TODO comments pertaining to the elicited
requirements. This was done by creating prompt templates for answering RQ 2, RQ
3, and RQ 4. These are shown in Figure 4.6. All prompt templates had four fields
in total. The last two fields of the prompt template, “Resolved” and “Comments”,
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were the most important ones when answering the RQs:

1. The “Resolved” field describes whether the SATD has been repaid in a way
that conforms to the requirements in the first three groups. The resolution
may be partial, i.e., the output from Copilot solved the SATD instance but
not in a way that conforms to the requirements. Regardless of whether Copi-
lot managed to output code that conformed to the requirements, the prompt
was deemed not to have solved the issue at hand if the SATD was not actu-
ally repaid. In reality, some successful resolutions may not have truly been
successful. In particular, none of the generated code was executed. Even if
there was a nearby code comment specifying that the approach used in the
generated code might not actually work, the resolution might still be marked
as successful.

2. The “Comments” field was used to add thoughts on why the resolution was
either a success, a partial success, or a failure. This made it possible to conduct
a qualitative analysis alongside the quantitative one. For example, it was
possible to reason about potential shortcomings of the elicitation process and
how it may have caused Copilot to output code that did not solve some SATD.

These templates were partially filled out using the gen_prompts.py script (found
in Section A.1), and manually sent as prompts to the GitHub Copilot extension in
Visual Studio Code [89] (as done in the experiments by OBrien et al. [6]). After
doing so, with Copilot set to run in “Edit”-mode with the GPT-4o model, the
remaining fields of the prompt template were filled out.
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1 -----Input-----
2 There is a TODO comment stating '<todo_content>' in the current script

'<script_name>'.
3 Provide code which solves the issue that is described by this TODO

comment.
4 -----Output-----
5

6 -----Resolved (Yes/Partially/No)-----
7

8 -----Comments-----

(a) First prompt template

1 -----Input-----
2 There is a TODO comment stating '<todo_content>' in the current script

'<script_name>'.
3

4 Below is one group of requirement documents related to this comment:
5 <first_req_group>
6

7 Provide code which solves the issue that is described by this TODO
comment. Use the specified group of requirement documents as a
source of context.

8 -----Output-----
9

10 -----Resolved (Yes/Partially/No)-----
11

12 -----Comments-----

(b) Second prompt template

1 -----Input-----
2 There is a TODO comment stating '<todo_content>' in the current script

'<script_name>'.
3

4 Below is three groups of requirement documents related to this comment:
5 This is the first group:
6 <first_req_group>
7 This is the second group:
8 <second_req_group>
9 This is the third group:

10 <third_req_group>
11

12 Provide code which solves the issue that is described by this TODO
comment. Use the specified groups of requirement documents as a
source of context.

13 -----Output-----
14

15 -----Resolved (Yes/Partially/No)-----
16

17 -----Comments-----

(c) Third prompt template

Figure 4.6: The three prompt templates used to generate prompts
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5
Results

5.1 Automatic Elicitation of Requirements

After eliciting groups of requirement documents for every TODO comment, those
without at least three groups were excluded from the dataset. In total, 190 TODO
comments were excluded, which meant that 96 TODO comments remained. The
number of unique repositories, in which these TODO comments could be found, was
reduced from 191 to 71 (a reduction of 63%).

The number of document groups that were found to be in some way relevant to each
TODO comment is shown in Figure 5.1. Overall, it was surprising that some of these
TODO comments had over 100 relevant groups. It was also essential to consider
the actual number of requirement documents stored in all three groups that were
selected for every TODO comment. Figure 5.2 shows that no TODO comment had
over 100 documents. In fact, the vast majority of these TODO comments actually
had between 3 and 25 relevant requirement documents.
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Figure 5.1: Groups of requirement documents for the 96 TODO comments
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Figure 5.2: Number of requirement documents for every TODO comment

Interestingly enough, Figure 5.3 shows that most groups of requirement documents
were sourced from pull requests.
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Figure 5.3: Counts for the types of the chosen groups of requirement documents
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Figure 5.4 shows three groups of requirement documents stored for the TODO com-
ment with ID 610.

1 Title: 'Exp Factory WIP :construction: establishing filter pipeline'.
Group type: 'Commit'. Relevance: 'Most relevant'.

2 Requirements:
3 Type: 'Comment'. Importance: 'Important'. Content:
4 never mind, I saw that the type changed recently. I'll fix it in

`exp_factory`

(a) First requirement group

1 Title: 'Feature/ipp channelizer'. Group type: 'Pull request'. Relevance:
'Most relevant'.

2 Requirements:
3 Type: 'Body'. Importance: 'Somewhat important'. Content:
4 Should work on Windows and Linux for now. @dieris please check with real

data.
5

6 Type: 'Comment'. Importance: 'Important'. Content:
7 As far as I can see, this is working fine with real data. A comparison

of readout fidelities is still pending

(b) Second requirement group

1 Title: 'Holding on writer file in cals'. Group type: 'Issue'. Relevance:
'Most relevant'.

2 Requirements:
3 Type: 'Comment'. Importance: 'Somewhat important'. Content:
4 Seems to be caused by h5py/h5py#775. Will be fixed when h5py 2.7.0 is

released.
5

6 Type: 'Comment'. Importance: 'Important'. Content:
7 Replacing data writers with data buffers as @grahamrow suggested may be

enough for now. I'd prefer not to save calibration data anyway

(c) Third requirement group

Figure 5.4: Examples of three requirement groups for a randomly-selected TODO
comment
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5.2 Repayment of SATD with Copilot
After prompting Copilot by using three different prompt templates for each of the
TODO comments, statistics pertaining to the resolutions of these comments were
collected with the prompt_stats.py script (found in Section A.1). Figure 5.5 shows
the output of this script.

Outputs from the first prompt template, which did not use any requirements, had
the most successful resolutions. However, it also had the most significant number
of partial successes, meaning it was the least effective template for solving SATD
in a way that conforms to the selected requirements. In contrast, the third prompt
template had the fewest partial resolutions. While it had almost the same number
of successful resolutions as the first prompt template, the third template recorded
more failed resolutions.
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Figure 5.5: Resolutions for each of the three different prompt templates

5.2.1 Prompts and Comments
This section presents examples for prompts generated from each of the three prompt
templates, along with comments that were recorded for many of the resolutions. For
all 264 prompts, there was a total of 141 comments. Presenting the most notable
comments was vital for the qualitative analysis performed later in Chapter 6. In
cases where there was nothing significant to comment on for a particular prompt,
the comment field was left empty. Figure 5.6 shows three Copilot outputs for all the
three prompts for the TODO comment with ID 722.
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1 I will modify the code to append an empty texture for the
slot when a texture is missing in the `nodeNames`
dictionary.

2 ````
3 <bunch of code>
4 ````
5

6 Made changes.
7

8 The TODO comment has been addressed by appending an empty
texture for any missing slot in the `nodeNames`
dictionary. If you need further assistance or additional
modifications, let me know!

(a) Output for prompt from the first template

1 ````
2 <bunch of code>
3 ````
4

5 Made changes.
6

7 The TODO comment has been addressed by appending an empty
texture for missing PBR node slots to ensure
compatibility. Let me know if further adjustments are
needed!

(b) Output for prompt from the second template

1 I will modify the code to append an empty texture for the
slot when a texture is missing, ensuring compatibility
with PBR nodes and addressing the issue described in the
TODO comment.

2 ````
3 <bunch of code>
4 ````
5

6 Made changes.
7

8 The code has been updated to append an empty texture for
missing slots, ensuring compatibility with PBR nodes as
described in the TODO comment. Let me know if further
adjustments are needed!

(c) Output for prompt from the third template

Figure 5.6: Outputs by Copilot for all the three prompts, taken from a randomly-
selected TODO comment

5.2.1.1 No Groups

This template, which did not have any groups of requirement documents included
in its prompts, accounted for a total of 24 failed resolutions across all the TODO
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comments. While it had the fewest failed resolutions of the three templates, it was
relevant to consider the potential reasons for these failures. Some failed resolutions
were seemingly prevalent in instances where the script, in which the TODO comment
was located, had many (usually between 1000 and 4000) lines of code. In cases like
these, Copilot was often found to start working in completely unrelated code blocks.

Moreover, if the TODO comment was ambiguous, Copilot would make heaps of
changes that ended up breaking the script’s functionality. If it did not do that, it
would output code that was not placed in the correct location. Multi-line TODO
comments, which were not captured correctly in the original dataset, happened to
be the cause in one instance where Copilot broke the functionality.

As for the 8 partial resolutions, some of these were found to be caused by generated
code that did not conform to certain NFRs. In one instance, Copilot failed to gen-
erate usage examples in the code comments of a specific function, per a requirement
specified in the third group. In another instance, the first group of requirements had
specified a need to make code maintainable and readable. The original version of
the script, in which a specific TODO comment was located, already failed to fulfill
these two aspects. However, after Copilot’s edits, the script became much worse
regarding its maintainability and readability.

Furthermore, Copilot had failed to format some code per the PEP 8 style guide [90]
in another instance. This was specified in the first group of requirement documents.
The remaining five partial resolutions were caused by generated code that did not
conform to certain FRs, such as retaining important arguments to avoid breaking
the original functionality.

Some successful resolutions had comments that are also worth mentioning. In con-
trast to what was mentioned before, Copilot actually had no difficulties tackling
larger scripts. Inserting the generated code in the correct position was seemingly
not an issue at all. Furthermore, Copilot produced code that conformed to require-
ments (both FRs and NFRs) that it had no access to in the first place.

However, there were uncertainties about whether the resolution was truly successful.
In one instance, the generated code was written in a specific way that the repository
contributors had suspected would not work. In another instance, after manually
reviewing the elicited requirements for another TODO comment, the requirements
were largely irrelevant to the TODO comment in question.

5.2.1.2 First Group

The second prompt template included a single group of requirement documents in-
side its prompts. This template resulted in 35 failed resolutions in total, the highest
failure count recorded across all the templates. Most of these failed resolutions were
seemingly caused by Copilot’s inability to focus on solving the SATD instance while
following the requirements. Copilot was also noted to be much more “confused”
when given prompts generated using this template.
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For example, it would start working on completely irrelevant pieces of code. Some-
times, Copilot managed to generate the correct code that would solve the SATD
but ended up inserting it in the wrong part of the script. Moreover, some of these
failures were caused by the fact that requirements in the first group were largely
irrelevant to the TODO comment at hand.

Furthermore, this template had three partial resolutions, less than half the number
recorded for the first prompt template. The first instance was caused by Copilot’s
inability to generate examples in the documentation for a function, as specified in
an NFR in the third group of requirement documents. The partial resolution in the
last instance was caused by the fact that the generated code actively worked against
the requirements specified in the first group.

As for the second instance, this was seemingly also caused by the lack of access to
certain requirements in one of the groups. However, it was noted that Copilot could
have captured this requirement indirectly by inspecting the script. In particular, a
requirement in the second group had specified that errors should be logged appro-
priately (which is an FR) – Copilot did not see a need to do so in the generated
code, even though this was done elsewhere in the script.

Many of the comments on the successful resolutions mention Copilot’s ability to
generate code that follows NFRs specified in the first group of requirements, such
as readability and maintainability. It also seems to focus on these NFRs, even if
the prompt does not contain any requirements that tell it to. This was presumably
caused by including the word “requirement” in the prompts. Moreover, Copilot
sometimes refused to modify the code if it was phrased as a question and decided
to make a small comment as to why it did not commit any edits. This was found
to be positive, as not all instances of SATD always denote a functional problem.

Certain successful resolutions in this template suffered from issues similar to those
in the first template. Firstly, the generated code in one instance had set the default
value of a parameter to a value that a code comment said it could not assume. In the
comment for that instance, it was speculated that these code comments could have
served as an additional source of requirements. Secondly, requirements in the first
group were occasionally found to be irrelevant to the TODO comment at hand. This
made it hard to determine whether the resolution was successful or only partially
successful.

5.2.1.3 All Groups

The final prompt template accounted for 31 failed resolutions in total, placing it
closer to the second template and further away from the first. Some of these failures
were caused by Copilot inserting the code, which would otherwise solve the SATD
instance, in the wrong area of the script. That particular problem was even more
pronounced if the script was large. This seemed to align with failures in the other
templates.

Additionally, irrelevant requirements seemed to have caused many of these failed
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resolutions. In one particular instance, documents from a GitHub bot were incor-
rectly identified as containing one or more requirements. In other instances, the
great number of irrelevant requirements in all three groups impeded Copilot’s abil-
ity to properly repay the SATD, especially so if the script was also large. In another
instance, in which the TODO comment contained instructions on how to solve the
SATD, Copilot generated code that does the opposite of what the TODO comment
suggested. This was thought to be caused by confusing requirements in the prompt.

The 2 partial resolutions were both caused by Copilot working against the require-
ments included in the prompt. The cause behind this behavior was not identified.
However, the positive thing was that this template ended up having the fewest
partial resolutions compared to the other templates.

Certain successful resolutions demonstrated Copilot’s ability to identify NFRs. In
cases where the requirements specifically wanted code to be properly formatted
according to some styling guide (e.g., per the PEP 8 style guide [90]), Copilot did
so. Also, simply including the word “requirement” would have Copilot ensure that
the generated code was nicely formatted, like the second template.

However, in a few instances, Copilot’s edits were not proportional. Sometimes, it
added or changed a tremendous amount of code to the script, whereas prompts from
the other templates produced code that did not have this issue. In one particular
instance, some code was deleted from the script without any justification in the
prompt response.

In one specific instance, Copilot solved the SATD but did so in a way that went
against what a nearby comment suggested. This caused some uncertainty about the
code and whether it actually worked as expected, which is a problem that had been
observed in the other prompt templates.

5.2.2 Exclusions
A total of 8 TODO comments were excluded, as they were deemed infeasible for use.
Each of these exclusions was commented on, and these comments aimed to describe
the justification for excluding them from the experiments in the first place. Those
reasons are:

1. Four TODO comments did not even indicate the presence of SATD. For ex-
ample, one of these four comments just stated how a specific block of code
works.

2. Three TODO comments could not be processed because the amount of code
in the script made Copilot go haywire. Even when using prompts from the
first template, which did not have any requirements included in the prompt,
Copilot would still go into a loop where it repeatedly modified the (wrong)
script.

3. The last TODO comment stated “TODO:”, whereas there were many such
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TODO comments in the script, with no indication of which ones to process.
Furthermore, it was unclear which of these TODO comments actually indi-
cated the presence of SATD.
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Discussion

6.1 RQ 1: To what extent can three groups of re-
quirement documents, related to TODO com-
ments, be automatically elicited from their
GitHub repositories?

After the elicitation process, only 71 of the 191 repositories were kept. A reduction
of 63% seems to align with the findings of studies conducted in this particular area:

1. Firstly, a part of the reduction can likely be attributed to the fact that
most GitHub repositories are used for hosting personal projects, as shown
by Kalliamvakou et al. [44]. The (informal) specification of requirements may
not be so prevalent in such repositories, especially if they do not have clear
contribution guidelines that help enable collaboration. In particular, contri-
bution guidelines are an aspect that Coelho and Valente [36] found to be very
important for an OSS project to succeed.

2. Secondly, another part of the reduction can likely be explained with the find-
ings by Scacchi [60] concerning requirements in OSSD and how they are de-
centralized. This appears to be the case here, as certain repositories had doc-
uments containing a few words and a link to a forum post. Just a few words
were enough for certain repository documents to indicate the presence of a
requirement. Therefore, completely refusing to pull information from external
sources might lead to less context to include in the requirement documents
referencing these sources.

As pointed out in Section 5.1, most groups of requirement documents were sourced
from pull requests. This makes sense for two reasons. Firstly, issues are only relevant
if they directly reference a relevant pull request and/or commit. Indirect references,
specified in natural language, were not captured. Secondly, engaging with contribu-
tors in commits seems more complicated than trying to do the same in pull requests.
This difference appears to be a product of how GitHub has built pull requests to
foster collaboration in numerous ways (e.g., through pull request reviews).
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To this day, there has not been a similar study that automatically elicits require-
ments from OSS repositories hosted on GitHub. For example, Vlas and Robinson
[74] had done so only using repositories on SourceForge. As there are a wide variety
of differences between different OSSD platforms, it is a positive thing that this thesis
highlights a way of eliciting requirements by using the different variables specific to
GitHub’s platform. The approach here could help shape future work that intends
to use requirements in OSSD to fulfill similar (or different) purposes.

6.2 RQ 2: To what extent does Copilot repay
SATD reported by TODO comments, by gen-
erating code that conforms to requirements in
all groups of requirement documents?

Prompts generated from the first prompt template accounted for the most partial
resolutions. Certain partial resolutions seem to stem from Copilot incurring or
worsening different types of debt (e.g., documentation debt). This suggests that
Copilot is incapable of gathering and using relevant requirements by itself while
repaying SATD without these requirements being explicitly specified in the prompt.

The problem described above seems to align with the survey conducted by Davila
et al. [2], in which the respondents felt that Copilot failed to recognize requirements
from the context. On the other hand, many successful resolutions seem to indicate
that Copilot has some ability to infer relevant requirements to use when generating
some code. This shows that this particular issue is not black-and-white.

When focusing solely on the repayment of SATD, with no consideration to whether
the generated code conforms to the requirements, 64 of 88 instances managed to
be repaid by Copilot (roughly 73%). This is a massive leap from the results of the
experiments OBrien et al. [6], in which they only managed to solve SATD expressed
in roughly 32% of the TODO comments. However, only a fraction of the TODO
comments had been processed in this thesis. Therefore, it is hard to say whether
these findings are representative for the repayment of SATD expressed in all the 380
TODO comments published by the authors [10].

6.3 RQ 3: How effective is Copilot’s repayment of
SATD, while conforming to requirements in
all groups of requirement documents, if only
the first group was included in the prompt?

The second prompt template accounted for the most significant number of failed
resolutions. This was seemingly caused by Copilot’s inability to focus on solving the
SATD, and the requirements included in the prompt. However, it is strange that
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the third prompt template did not display a similar problem, especially since it uses
even more requirements in its prompts. For an unknown reason, the issue of Copilot
inserting code in the wrong areas of the code also appears to be more pronounced.

Moreover, prompts generated with this template had the second-least number of
partial resolutions. Most partial resolutions had code that failed to conform to
one or more FRs. The fact that many of the successful resolutions were related to
Copilot generating code that conforms to NFRs suggests that Copilot is much more
capable of following NFRs than FRs.

A possible reason for Copilot’s ability to follow NFRs seemed to be the inclusion of
the word “requirement” in the prompt. This pattern was also seen with prompts
generated from the third template. Despite any of the differences between the
Copilot model used by OBrien et al. [6], and the one used in this thesis, the process
of making simpler changes to the prompt to Copilot for a better result still seems
to be relevant.

6.4 RQ 4: How effective is Copilot’s repayment
of SATD, while conforming to requirements
in all groups of requirement documents, if all
these groups were included in the prompt?

Many of the failed resolutions, from prompts generated using the third prompt
template, were seemingly caused by the number of irrelevant requirements in all
three groups of requirement documents. The comments on these failures suggest that
there are multiple reasons as to why these requirements could have been irrelevant:

1. Firstly, an attempt was made to filter away automated comments by using
the GitHub API for checking whether a particular user is a bot. However,
Golzadeh et al. [48] showed that this method fails to recognize bots operating
through a “machine user account” [49]. After a manual inspection of the
requirement documents and seeing the way that many documents from bots
managed to pass through the filter, this still seems to be the case.

2. Secondly, certain groups of requirement documents were found to be outright
confusing. This is probably caused by the fact that documents that were not
found to contain any requirements did not end up being inserted into a group
with the documents that did contain requirements. Meaning, any confusion is
likely a result of removing parts of the context within these groups.

The number of partial resolutions was not much different from the previous template.
Prompts from the second template had 3 partial resolutions, whereas prompts from
this template accounted for 2 partial resolutions. However, the former had fewer
successful resolutions. Therefore, this template seems to produce prompts that
yield more repayments of SATD. This could be due to an additional amount of
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context added in the prompt by documents from the other two groups of requirement
documents, which ends up helping Copilot in repaying SATD. Either way, including
all three groups of requirement documents in the prompt to Copilot seems to have
helped it the most in generating code that conforms to those requirements.

In certain successful resolutions, a peculiar issue caused Copilot to make a tremen-
dous number of edits. This problem was not seen in the prompts from the second
prompt template. It could be that including three groups of requirement documents
in the prompt is too much. Also, the number of requirement documents in the
individual groups might play a factor in inducing this issue.

As for its ability to repay SATD, with no regard to the requirements, prompts from
this template managed to do so for 57 of the 88 TODO comments (roughly 64%).
This fraction is slightly higher than for the prompts in the second template, which
repaid SATD in 53 comments (roughly 60%). In both cases, the fraction of SATD
solved is lower than that obtained with prompts from the first template. However,
prompts from the second and third templates have fewer partial resolutions. This
suggests that Copilot either tries to repay SATD in accordance with the specified
requirements or refuses to repay SATD full stop.

6.5 Threats to Validity
This thesis has certain threats to validity that are worth mentioning. These may
explain why prompts from a particular template had more successful resolutions
than those from another template. Not all the threats may be directly actionable;
instead, they help denote the need for thoughtful consideration surrounding one or
more aspects of the methodology used to perform the experiments.

6.5.1 Construct Validity
The premise of SATD, as defined by Potdar and Shihab [5], is that a software
developer admits that there is some technical debt inside the code for a certain script.
This thesis gives an example of one way to detect SATD, that is, through TODO
comments. However, it could be the case that the developer does not actually believe
that this TODO comment denotes some technical debt. At the time of writing this
thesis, there is a lack of research focusing on the validation of SATD. This would have
to be done, in order to properly assess the contributions of experiments conducted
on instances of SATD.

6.5.2 Internal Validity
Firstly, the elicited requirements had not been validated. This could have been
done through stakeholder interviews, i.e., asking the authors of all documents if
the requirements within truly reflect their expectations of how the software should
function. As this task would require a significant amount of time to complete, or be
outright impossible (e.g., stakeholders are not willing to participate in interviews),
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requirements validation was not considered for this thesis. The result is that the
elicited requirements might not reflect the intended functionality (or only a part of
it), which is precisely what RQ 1 aimed to capture in the first place.

As mentioned in Section 4.2, modal verbs from the Penn Treebank [85], and a list of
additional qualifying verbs, were used for detecting the presence of requirements in
documents. It is possible that using some of these qualifiers resulted in documents
wrongly being marked as a requirement document. Perhaps certain verbs that could
have served as qualifiers were overlooked, and this caused some requirement docu-
ments to not be marked as such.

Some successful resolutions were noted to have code comments nearby hinting that
the way in which Copilot repaid the SATD would not end up working. As require-
ments were not also sourced from code comments when answering RQ 1, it did not
make sense to label those instances as being partially resolved. Considering the res-
olutions to be complete failures was out of the question too, because only the output
from Copilot (and where it was inserted) were used for evaluating the repayment of
SATD. The result of not eliciting requirements from code comments is that all the
intended functionality may not have been captured to the greatest extent possible.

Furthermore, the process of filtering documents is far from perfect. In particular,
certain documents stemming from issue bodies did not actually contain any require-
ments, and were seemingly only recognized as such because of words used in the
issue template chosen by the author [91]. As shown through the surveys conducted
by Li et al. [92], contributors often perceive the task of filling out issue templates as
a chore. This could serve as a reasonable explanation as to why certain requirement
documents contained issue templates with only some (or none) of the fields filled out
by the author. Therefore, when mining different types of documents from GitHub,
there is an apparent need to develop and use a more sophisticated filtering method;
covering more than just the removal of code blocks from documents. There is also a
possibility that removing code blocks from documents may have resulted in certain
requirements being incomplete.

As discussed in Section 6.4, the detection (and subsequent removal) of documents
authored by GitHub bots was deemed to be inaccurate. The tooling for doing
so, available when writing the methodology in Chapter 4, did not show promising
results when testing it against certain comments known to be made by “machine user
accounts” [49]. Therefore, the human/bot classification for authors of comments was
ultimately up to the GitHub API. It is possible that this issue could have been solved
by creating a specialized tool that acted on the comments made by a particular user.
For example, if a user is found to make hundreds of similar comments in a repository,
then this could indicate that the user is, in fact, a bot.

Moreover, it could be the case that the algorithms used for calculating the impor-
tance and relevance of requirement documents were flawed. This is not something
that was found to be apparent while prompting. However, it is possible that a
more sophisticated calculation of those variables would have yielded more appropri-
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ate groups of requirement documents to use. This could particularly be the case
when considering that those algorithms had not been tested outside the experiments
conducted within this thesis.

The repayment of SATD and/or conformity to requirements may have been assessed
in a biased manner. Considering that SATD was repaid in 73% of the TODO
comments, whereas OBrien et al. [6] only repaid SATD in 32% of the comments
they processed, this could be the case. However, considering that only 88 of the
total 380 TODO comments were processed in the experiments, this might not be
a fair comparison. Also, such a significant difference is most likely to be caused
by improvements between the two different models used. In particular, the authors
stated that they used Copilot with the OpenAI Codex model, based on GPT-3 [93].
The newer GPT-4o model [94], which was used in this thesis, dubbed “Codex V2”,
suggests that significant improvements have been made to improve its capabilities.
Even if these factors were accounted for through the use of Cohen’s kappa and
multiple assessors, LLMs are inconsistent by their very own nature. As such, an
unbiased evaluation might not mean much if the code generated by Copilot differs
greatly in-between different sessions.

Finally, it is possible that the prompt templates would have yielded different results
if they made use of different numbers of groups. In particular, the first prompt
template (used for RQ 2) served as the control group, whereas the second prompt
template (used for RQ 3) and third prompt template (used for RQ 4) served as
treatment groups. The control group contained no groups of requirement documents,
however, the treatment groups contained one and three groups respectively. Perhaps
the most optimal treatment, yielding the greatest number of successful resolutions,
could have been achieved through a prompt template that contained two groups
of requirement documents (or maybe even four of them). The formatting that the
templates followed could have also played a role in affecting the resulting resolutions.

6.5.3 External Validity
Firstly, certain requirement documents were incomplete beyond any doubt. This
was indirectly caused by choosing not to consider external sources for the elicitation
of requirements. As such, this particular restriction makes the findings of this the-
sis not only inapplicable for repositories with a plethora of documents that contain
references to external sources, but also for entire repositories that are directly de-
pendent on external sources (e.g., external issue tracker). In fact, Kalliamvakou et
al. [95] and Käfer et al. [96] discovered that communication about the development
of software projects hosted on GitHub, for the most part, actually happens outside
of GitHub itself.

There are ways that could potentially help alleviate issues stemming from the consid-
eration of external sources within documents. In the case of sources with restricted
read access, which could possibly be detected through the response by checking if
the status code was “401 Unauthorized” [97], one may decide to completely exclude
the document in question from the group. As for external sources that return a “404
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Not Found” response, which indicates that the requested page no longer exists [98],
one can use a web archival tool such as the Wayback Machine [99]. In doing so, it
becomes possible to avoid the exclusion of GitHub repositories that have their issue
tracker disabled in the repository settings [100]. For example, it would be possible
to consider repositories that simply serve as mirrors.

Furthermore, TODO comments located inside repositories that were not primarily
meant for English contributors had been excluded from the experiments. This was
done because the scripts for requirements elicitation were only written and tested
for English documents. As such, the findings from this thesis may not be applicable
for repositories that are mostly meant for non-English contributors. It would be
interesting to see if similar experiments can be conducted for repositories in lan-
guages other than English. Certain repositories can also present themselves to be
multilingual. As pointed out in Section 4.1.1, such a repository had to be excluded
because most of the documents were in Chinese – with a small fraction of them
being in English. Perhaps there is a way of using Stanza [83], which is the tool used
for executing NLP in this thesis, in a way that supports multilingual repositories.
According to the developers of Stanza [101], the tool has support for 80 languages.
Moreover, the tool can be used to identify the language used in a document [102].
In doing so, one can switch the Stanza pipeline used depending on the language that
was identified.

It is important to note that only a smaller subset of the TODO comments in the
original dataset, published by OBrien et al. [10], had been processed in the exper-
iments. Many of the original TODO comments were removed from the dataset for
various reasons, two of which are mentioned in this section. Mitigating the prob-
lems related to these would presumably result in even more TODO comments being
processed. In doing so, the results might become statistically significant for Python
repositories (hosted on GitHub) that contain TODO comments.

6.6 Future Work
The intention was for the elicitation of requirements to be supported by a framework
created in this thesis. In doing so, it would probably have been easier to understand
the elicitation process and employ this in future research. However, due to time
constraints, it was not possible to properly construct and present such a framework.
As such, there is clearly a need to do so in future research. This framework could
make use of the RCNL framework, presented by Vlas and Robinson [61], as an
inspiration (similar to how the elicit_reqs.py script did, which can be found in
Section A.1). Also, requirements could potentially be sourced from more locations.
Function documentation can serve as another source of requirements. In particular,
these can be processed by walking through the abstract syntax trees (ASTs) of
Python scripts [103] found inside the codebase.
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Conclusion

Overall, this thesis serves two purposes. Firstly, it presents a way to scrape groups of
requirement documents from software repositories hosted on GitHub. In this partic-
ular thesis, this is done to elicit and use requirements related to a particular TODO
comment. Secondly, this thesis showcases the need to specify relevant requirements
when having Copilot solve SATD, which is expressed through a TODO comment.
Without doing so, there is a risk of Copilot generating code that does not conform
to the requirements. For any software project, taking this risk could result in its
failure further down the road.

Due to certain external factors, such as contributors abandoning repositories, the
requirements had to be elicited without any contact with the repository stakehold-
ers. Also, as a great number of documents within these repositories could denote
the presence of requirements, it was necessary to automate the elicitation of require-
ments. At the time of writing, seemingly no research papers present the code for
such a script. Therefore, one was created for this purpose by using inspiration from
similar research. Despite some of its flaws, such as falsely marking certain docu-
ments to contain requirements, it serves to pave the road for similar endeavors that
call for the need of OSS requirements.

After prompting Copilot to repay instances of SATD, with and without including
groups of relevant requirement documents, the results showed a couple of things.
Its ability to repay SATD has seemingly improved over the past few years. In some
instances, Copilot was even able to repay SATD in accordance with all the relevant
requirements, without these being specified in the prompt. On the other hand,
passing prompts to Copilot with all the requirements specified within, made it even
better at generating code that resolved instances of SATD and conformed to the
requirements. The drawback of this approach was that it caused Copilot to repay
fewer instances of SATD overall.

SATD cannot truly be repaid without doing so in a way that conforms to all the
relevant requirements. Therefore, future research should focus on developing and
employing a robust framework for the automatic elicitation of requirements. Hope-
fully, the method showcased in this thesis paves the road for doing so.
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A
Appendix

A.1 Source Code

1 # Torch with CUDA 12.6
2 --extra-index-url https://download.pytorch.org/whl/cu126
3

4 requests==2.32.3
5 stanza==1.10.1
6 torch==2.6.0
7 transformers==4.49.0
8 pandas==2.2.3
9 PyGithub==2.6.1

10 python-dotenv==1.0.1
11 ordered-set==4.1.0
12 humanize==4.12.2
13 ruff==0.11.2
14 requests-cache==1.2.1
15 zstandard==0.23.0
16 pymongo==4.11.3
17 diskcache==5.6.3
18 numpy==2.2.4
19 matplotlib==3.10.1

1 import os
2 import logging
3 import json
4 from io import BytesIO
5 from zipfile import ZipFile
6 from ordered_set import OrderedSet
7 import requests
8 import pandas as pd
9 from github import Github

I


# Torch with CUDA 12.6
--extra-index-url https://download.pytorch.org/whl/cu126

requests==2.32.3
stanza==1.10.1
torch==2.6.0
transformers==4.49.0
pandas==2.2.3
PyGithub==2.6.1
python-dotenv==1.0.1
ordered-set==4.1.0
humanize==4.12.2
ruff==0.11.2
requests-cache==1.2.1
zstandard==0.23.0
pymongo==4.11.3
diskcache==5.6.3
numpy==2.2.4
matplotlib==3.10.1



import os
import logging
import json
from io import BytesIO
from zipfile import ZipFile
from ordered_set import OrderedSet
import requests
import pandas as pd
from github import Github
from github import Auth
from github.Repository import Repository
from github.ContentFile import ContentFile
from github.GithubException import UnknownObjectException
from dotenv import load_dotenv
from stanza.pipeline.core import Pipeline
from stanza.pipeline.core import DownloadMethod

logger = logging.getLogger(__name__)


def main():
    zip_name = "./CopilotTODO.zip"

    logging.basicConfig(
        filename="filter.log",
        level=logging.INFO,
        filemode="w",
        format="%(asctime)s [%(levelname)s] %(name)s"
        + " %(filename)s:%(funcName)s %(message)s",
        force=True,
    )

    original_no_fixes = read_ids_from_csv(zip_name, "no_fixes.csv")
    original_yes_fixes = read_ids_from_csv(zip_name, "yes_fixes.csv")
    original = original_no_fixes.union(original_yes_fixes)
    logger.info("Original IDs: %i rows", len(original))

    english_only, repo_links = filter_english_repos(original, zip_name)
    logger.info("Only English IDs: %i rows", len(english_only))

    no_expired = filter_expired(english_only, zip_name, repo_links)
    logger.info("Not expired TODO comments:\n%s", no_expired)

    process_licenses(no_expired)


def process_licenses(df: pd.DataFrame):
    csv_name = "repo_licenses.csv"

    if os.path.exists(csv_name):
        licenses_df = pd.read_csv(csv_name)

        only_permissive = licenses_df[licenses_df["Permissive"].eq("Yes")][
            "Repository"
        ].to_list()
        to_keep = df[df["Repository"].isin(only_permissive)]
        to_keep.to_csv("filtered.csv", index=False)

        original_count = len(df.index)
        kept_count = len(to_keep.index)

        logger.info(
            "Total %i of %i TODO comments have been removed "
            + "due to being in a repository without a permissive license. "
            + "Remaining %i comments were stored in filtered.csv.",
            original_count - kept_count,
            original_count,
            kept_count,
        )
    else:
        unique_repos = OrderedSet(df["Repository"])
        with open(csv_name, "w") as f:
            f.write("Repository,Permissive,Explanation\n")
            for unique_repo in unique_repos:
                f.write(unique_repo + ",?,?\n")

        logger.info(
            "Created repo_licenses.csv. "
            + "This file should be filled in to create filtered.csv."
        )


def read_ids_from_csv(archive_name: str, csv_name: str):
    csv_name = f"CopilotTODO/data_scripts/{csv_name}"

    if not os.path.isfile(archive_name):
        raise FileNotFoundError(archive_name)

    df = None

    with ZipFile(archive_name) as z:
        if csv_name not in z.NameToInfo:
            raise LookupError(archive_name, csv_name)

        with BytesIO(z.read(csv_name)) as content:
            df = pd.read_csv(content)

    return OrderedSet(df["Unnamed: 0"].array.tolist())


def filter_english_repos(cids: OrderedSet, archive_name: str):
    csv_name = "CopilotTODO/data_scripts/2-sample.txt"

    repo_cids = {}
    with ZipFile(archive_name) as z:
        if csv_name not in z.NameToInfo:
            raise LookupError(archive_name, csv_name)

        content = z.read(csv_name).decode("utf-8").splitlines()

        counter = 0
        for row in content:
            counter += 1
            if counter not in cids:
                continue

            row_split = row.split(",")
            repo = row_split[0].removeprefix("https://github.com/")

            repos = repo_cids.keys()
            if repo not in repos:
                repo_cids[repo] = set()

            repo_cids[repo].add(counter)

    to_drop = set()
    repo_links = {}

    load_dotenv()
    if "GITHUB_API_TOKEN" not in os.environ:
        raise ValueError(".env missing GITHUB_API_TOKEN")
    auth = Auth.Token(os.getenv("GITHUB_API_TOKEN"))
    with Github(auth=auth, per_page=100) as g:
        nlp = Pipeline(
            lang="multilingual",
            processors="langid",
            download_method=DownloadMethod.REUSE_RESOURCES,
        )

        repos = repo_cids.keys()
        repo: str
        for repo in repos:
            gh_repo = None
            readme = None
            try:
                gh_repo = g.get_repo(repo)
                readme = gh_repo.get_readme()

                if isinstance(readme, ContentFile):
                    readme = readme.decoded_content.decode("utf-8")
            except UnknownObjectException:
                pass

            processed = None
            if isinstance(readme, str):
                processed = nlp(readme)

                if processed.lang != "en":
                    logger.warning(
                        "The language of the README in repository `%s` "
                        + "was `%s` instead of `en`",
                        repo,
                        processed.lang,
                    )
            else:
                logger.warning("Could not find README for repository `%s`", repo)

            # Most of the NLDs in this repository is in Chinese.
            if repo == "PaddlePaddle/Paddle":
                processed = None

            if processed is None or processed.lang != "en":
                for cid in repo_cids[repo]:
                    to_drop.add(cid)
            elif isinstance(gh_repo, Repository):
                current_url = gh_repo.html_url.removeprefix("https://github.com/")
                if repo != current_url:
                    logger.warning(
                        "Detected repository move from path `%s` to `%s`",
                        repo,
                        current_url,
                    )

                parent_repo = ""
                if gh_repo.fork:
                    parent_repo = gh_repo.parent.html_url.removeprefix(
                        "https://github.com/"
                    )
                    logger.warning(
                        "Repository `%s` was detected as a fork of repository `%s`",
                        current_url,
                        parent_repo,
                    )

                repo_links[repo] = [current_url, parent_repo]
            else:
                raise AssertionError(repo)

    cids = cids.difference(to_drop)

    return cids, repo_links


def filter_expired(cids: OrderedSet, archive_name: str, repo_links: map):
    file_name = "CopilotTODO/data_scripts/2-sample.txt"

    cids_repofile = {}
    original_todos = {}
    with ZipFile(archive_name) as z:
        if file_name not in z.NameToInfo:
            raise LookupError(archive_name, file_name)

        content = z.read(file_name).decode("utf-8").splitlines()

        counter = 0
        for row in content:
            counter += 1
            if counter not in cids:
                continue

            row_split = row.split(",", maxsplit=2)
            repo = row_split[0].removeprefix("https://github.com/")
            file = row_split[1]
            todo = str(json.loads(f'"{row_split[2]}"'))

            cids_repofile[counter] = [repo, file]
            original_todos[counter] = todo

    to_drop = set()

    load_dotenv()
    if "GITHUB_API_TOKEN" not in os.environ:
        raise ValueError(".env missing GITHUB_API_TOKEN")
    auth = Auth.Token(os.getenv("GITHUB_API_TOKEN"))
    with Github(auth=auth, per_page=100) as g:
        for cid, repofile in cids_repofile.items():
            repo = repo_links[repofile[0]][0]
            file = repofile[1]
            original_todo = original_todos[cid]

            contents = None
            try:
                gh_repo = g.get_repo(repo)
                contents = gh_repo.get_contents(path=file)

                if isinstance(contents, ContentFile):
                    link = contents.html_url
                    if contents.encoding == "none":
                        # weird edge case, gotta download directly.
                        logger.warning(
                            "Edge case encountered when downloading `%s` through API",
                            link,
                        )
                        r = requests.get(link, timeout=30)
                        if r.ok:
                            contents = r.text
                        else:
                            raise AssertionError(repo, file, r)
                    else:
                        contents = contents.decoded_content.decode("utf-8")
            except UnknownObjectException:
                pass

            contains_todo = False
            if isinstance(contents, str):
                contains_todo = original_todo.lower() in contents.lower()

            if not contains_todo:
                if isinstance(link, str):
                    logger.warning(
                        "File `%s` no longer contains: `%s`", link, original_todo
                    )
                to_drop.add(cid)

    cids = cids.difference(to_drop)

    df = pd.DataFrame(columns=("ID", "Repository", "Filename", "Content"))
    for i, cid in enumerate(cids):
        cid_repofile = cids_repofile[cid]
        repo_link = repo_links[cid_repofile[0]]
        repository = repo_link[0]

        # Should be empty for all repos
        parent = repo_link[1]
        if parent:
            raise AssertionError(repository, parent)

        filename = cid_repofile[1]
        content = original_todos[cid]
        df.loc[i] = [cid, repository, filename, content]

    return df


if __name__ == "__main__":
    main()
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10 from github import Auth
11 from github.Repository import Repository
12 from github.ContentFile import ContentFile
13 from github.GithubException import UnknownObjectException
14 from dotenv import load_dotenv
15 from stanza.pipeline.core import Pipeline
16 from stanza.pipeline.core import DownloadMethod
17

18 logger = logging.getLogger(__name__)
19

20

21 def main():
22 zip_name = "./CopilotTODO.zip"
23

24 logging.basicConfig(
25 filename="filter.log",
26 level=logging.INFO,
27 filemode="w",
28 format="%(asctime)s [%(levelname)s] %(name)s"
29 + " %(filename)s:%(funcName)s %(message)s",
30 force=True,
31 )
32

33 original_no_fixes = read_ids_from_csv(zip_name, "no_fixes.csv")
34 original_yes_fixes = read_ids_from_csv(zip_name, "yes_fixes.csv")
35 original = original_no_fixes.union(original_yes_fixes)
36 logger.info("Original IDs: %i rows", len(original))
37

38 english_only, repo_links = filter_english_repos(original, zip_name)
39 logger.info("Only English IDs: %i rows", len(english_only))
40

41 no_expired = filter_expired(english_only, zip_name, repo_links)
42 logger.info("Not expired TODO comments:\n%s", no_expired)
43

44 process_licenses(no_expired)
45

46

47 def process_licenses(df: pd.DataFrame):
48 csv_name = "repo_licenses.csv"
49

50 if os.path.exists(csv_name):
51 licenses_df = pd.read_csv(csv_name)
52

53 only_permissive = licenses_df[licenses_df["Permissive"].eq("Yes")
][

54 "Repository"
55 ].to_list()
56 to_keep = df[df["Repository"].isin(only_permissive)]
57 to_keep.to_csv("filtered.csv", index=False)
58

59 original_count = len(df.index)
60 kept_count = len(to_keep.index)
61

62 logger.info(
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63 "Total %i of %i TODO comments have been removed "
64 + "due to being in a repository without a permissive license.

"
65 + "Remaining %i comments were stored in filtered.csv.",
66 original_count - kept_count,
67 original_count,
68 kept_count,
69 )
70 else:
71 unique_repos = OrderedSet(df["Repository"])
72 with open(csv_name, "w") as f:
73 f.write("Repository,Permissive,Explanation\n")
74 for unique_repo in unique_repos:
75 f.write(unique_repo + ",?,?\n")
76

77 logger.info(
78 "Created repo_licenses.csv. "
79 + "This file should be filled in to create filtered.csv."
80 )
81

82

83 def read_ids_from_csv(archive_name: str, csv_name: str):
84 csv_name = f"CopilotTODO/data_scripts/{csv_name}"
85

86 if not os.path.isfile(archive_name):
87 raise FileNotFoundError(archive_name)
88

89 df = None
90

91 with ZipFile(archive_name) as z:
92 if csv_name not in z.NameToInfo:
93 raise LookupError(archive_name, csv_name)
94

95 with BytesIO(z.read(csv_name)) as content:
96 df = pd.read_csv(content)
97

98 return OrderedSet(df["Unnamed: 0"].array.tolist())
99

100

101 def filter_english_repos(cids: OrderedSet, archive_name: str):
102 csv_name = "CopilotTODO/data_scripts/2-sample.txt"
103

104 repo_cids = {}
105 with ZipFile(archive_name) as z:
106 if csv_name not in z.NameToInfo:
107 raise LookupError(archive_name, csv_name)
108

109 content = z.read(csv_name).decode("utf-8").splitlines()
110

111 counter = 0
112 for row in content:
113 counter += 1
114 if counter not in cids:
115 continue
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116

117 row_split = row.split(",")
118 repo = row_split[0].removeprefix("https://github.com/")
119

120 repos = repo_cids.keys()
121 if repo not in repos:
122 repo_cids[repo] = set()
123

124 repo_cids[repo].add(counter)
125

126 to_drop = set()
127 repo_links = {}
128

129 load_dotenv()
130 if "GITHUB_API_TOKEN" not in os.environ:
131 raise ValueError(".env missing GITHUB_API_TOKEN")
132 auth = Auth.Token(os.getenv("GITHUB_API_TOKEN"))
133 with Github(auth=auth, per_page=100) as g:
134 nlp = Pipeline(
135 lang="multilingual",
136 processors="langid",
137 download_method=DownloadMethod.REUSE_RESOURCES,
138 )
139

140 repos = repo_cids.keys()
141 repo: str
142 for repo in repos:
143 gh_repo = None
144 readme = None
145 try:
146 gh_repo = g.get_repo(repo)
147 readme = gh_repo.get_readme()
148

149 if isinstance(readme, ContentFile):
150 readme = readme.decoded_content.decode("utf-8")
151 except UnknownObjectException:
152 pass
153

154 processed = None
155 if isinstance(readme, str):
156 processed = nlp(readme)
157

158 if processed.lang != "en":
159 logger.warning(
160 "The language of the README in repository `%s` "
161 + "was `%s` instead of `en`",
162 repo,
163 processed.lang,
164 )
165 else:
166 logger.warning("Could not find README for repository `%s`"

, repo)
167

168 # Most of the NLDs in this repository is in Chinese.
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169 if repo == "PaddlePaddle/Paddle":
170 processed = None
171

172 if processed is None or processed.lang != "en":
173 for cid in repo_cids[repo]:
174 to_drop.add(cid)
175 elif isinstance(gh_repo, Repository):
176 current_url = gh_repo.html_url.removeprefix("https://

github.com/")
177 if repo != current_url:
178 logger.warning(
179 "Detected repository move from path `%s` to `%s`",
180 repo,
181 current_url,
182 )
183

184 parent_repo = ""
185 if gh_repo.fork:
186 parent_repo = gh_repo.parent.html_url.removeprefix(
187 "https://github.com/"
188 )
189 logger.warning(
190 "Repository `%s` was detected as a fork of

repository `%s`",
191 current_url,
192 parent_repo,
193 )
194

195 repo_links[repo] = [current_url, parent_repo]
196 else:
197 raise AssertionError(repo)
198

199 cids = cids.difference(to_drop)
200

201 return cids, repo_links
202

203

204 def filter_expired(cids: OrderedSet, archive_name: str, repo_links: map):
205 file_name = "CopilotTODO/data_scripts/2-sample.txt"
206

207 cids_repofile = {}
208 original_todos = {}
209 with ZipFile(archive_name) as z:
210 if file_name not in z.NameToInfo:
211 raise LookupError(archive_name, file_name)
212

213 content = z.read(file_name).decode("utf-8").splitlines()
214

215 counter = 0
216 for row in content:
217 counter += 1
218 if counter not in cids:
219 continue
220
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221 row_split = row.split(",", maxsplit=2)
222 repo = row_split[0].removeprefix("https://github.com/")
223 file = row_split[1]
224 todo = str(json.loads(f'"{row_split[2]}"'))
225

226 cids_repofile[counter] = [repo, file]
227 original_todos[counter] = todo
228

229 to_drop = set()
230

231 load_dotenv()
232 if "GITHUB_API_TOKEN" not in os.environ:
233 raise ValueError(".env missing GITHUB_API_TOKEN")
234 auth = Auth.Token(os.getenv("GITHUB_API_TOKEN"))
235 with Github(auth=auth, per_page=100) as g:
236 for cid, repofile in cids_repofile.items():
237 repo = repo_links[repofile[0]][0]
238 file = repofile[1]
239 original_todo = original_todos[cid]
240

241 contents = None
242 try:
243 gh_repo = g.get_repo(repo)
244 contents = gh_repo.get_contents(path=file)
245

246 if isinstance(contents, ContentFile):
247 link = contents.html_url
248 if contents.encoding == "none":
249 # weird edge case, gotta download directly.
250 logger.warning(
251 "Edge case encountered when downloading `%s`

through API",
252 link,
253 )
254 r = requests.get(link, timeout=30)
255 if r.ok:
256 contents = r.text
257 else:
258 raise AssertionError(repo, file, r)
259 else:
260 contents = contents.decoded_content.decode("utf-8"

)
261 except UnknownObjectException:
262 pass
263

264 contains_todo = False
265 if isinstance(contents, str):
266 contains_todo = original_todo.lower() in contents.lower()
267

268 if not contains_todo:
269 if isinstance(link, str):
270 logger.warning(
271 "File `%s` no longer contains: `%s`", link,

original_todo
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272 )
273 to_drop.add(cid)
274

275 cids = cids.difference(to_drop)
276

277 df = pd.DataFrame(columns=("ID", "Repository", "Filename", "Content"))
278 for i, cid in enumerate(cids):
279 cid_repofile = cids_repofile[cid]
280 repo_link = repo_links[cid_repofile[0]]
281 repository = repo_link[0]
282

283 # Should be empty for all repos
284 parent = repo_link[1]
285 if parent:
286 raise AssertionError(repository, parent)
287

288 filename = cid_repofile[1]
289 content = original_todos[cid]
290 df.loc[i] = [cid, repository, filename, content]
291

292 return df
293

294

295 if __name__ == "__main__":
296 main()

1 File has been truncated. Click on the title box to access the attachment.

1 from collections import OrderedDict
2 from json import loads
3 import logging
4 import os
5 import shutil
6 from ordered_set import OrderedSet
7 import zstandard
8 import pandas as pd
9

10 logger = logging.getLogger(__name__)
11

12

13 def main():
14 csv_name = "./filtered.csv"
15 output_dir = os.path.abspath("./repos/")
16

17 logging.basicConfig(
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from datetime import datetime
from json import dumps
import logging
import os
import re
import shutil
from threading import Timer
from zipfile import ZipFile
import zstandard
from ordered_set import OrderedSet
import pandas as pd
import requests
from github import Github, UnknownObjectException
from github.ContentFile import ContentFile
from github.Issue import Issue
from github.PullRequest import PullRequest
from github.Repository import Repository
from dotenv import load_dotenv
from requests_cache import (
    SQLiteCache,
    SerializerPipeline,
    Stage,
    bson_serializer,
    DO_NOT_CACHE,
    install_cache,
)
from stanza.pipeline.core import Pipeline
from stanza.pipeline.core import DownloadMethod
from stanza.models.common.doc import Document
from diskcache import Cache
from github import Auth


logger = logging.getLogger(__name__)
stop = False


def main():
    csv_name = "./filtered.csv"
    output_dir = os.path.abspath("./repos/")

    logging.basicConfig(
        filename="download_repos.log",
        level=logging.INFO,
        filemode="a",
        format="%(asctime)s [%(levelname)s] %(name)s"
        + " %(filename)s:%(funcName)s %(message)s",
        force=True,
    )

    setup_http_cache()
    setup_pipeline()

    filtered = pd.read_csv(csv_name)

    try:
        download_repos(output_dir, filtered)
    except Exception as e:
        logger.exception(
            "Exception occurred during repo download process. Exiting.",
            exc_info=e,
        )

        # Make sure to stop the ratelimit timer thread
        global stop
        stop = True

        raise e


def setup_http_cache():
    compressor = zstandard.ZstdCompressor(threads=-1)
    decompressor = zstandard.ZstdDecompressor()

    compressed_bson_serializer = SerializerPipeline(
        [
            bson_serializer,
            Stage(dumps=compressor.compress, loads=decompressor.decompress),
        ],
        is_binary=True,
    )

    cache_dir = os.path.abspath("./cache/http/")
    if not os.path.isdir(cache_dir):
        os.makedirs(cache_dir)

    backend = SQLiteCache(
        db_path=os.path.join(cache_dir, "cache.db"),
        serializer=compressed_bson_serializer,
    )

    install_cache(
        backend=backend,
        cache_control=True,
        urls_expire_after={
            "*.github.com": 360,
            "*": DO_NOT_CACHE,
        },
    )


def setup_func_cache():
    cache_dir = os.path.abspath("./cache/func/")
    if not os.path.isdir(cache_dir):
        os.makedirs(cache_dir)

    global func_cache
    func_cache = Cache(directory=cache_dir)


if __name__ == "__main__":
    # Early init for memoize decorator
    setup_func_cache()


def setup_pipeline():
    global nlp
    nlp = Pipeline(
        lang="multilingual",
        processors="langid",
        download_method=DownloadMethod.REUSE_RESOURCES,
        verbose=False,
    )


def remove_code_ghmd(ghmd: str):
    if not ghmd:
        return ""

    code_block_regex = r"((```)|(<pre>)).*?((```)|(</pre>))"
    return re.sub(code_block_regex, "", ghmd, flags=re.DOTALL)


def rate_limit_status(g: Github):
    if stop:
        return

    timestamp = g.rate_limiting_resettime
    date = datetime.fromtimestamp(timestamp).strftime("%Y-%m-%d %H:%M:%S")
    print(f"Current rate limit: {g.rate_limiting}. " + f"Reset time: {date}.")
    Timer(30, rate_limit_status, [g]).start()


def download_repos(output_dir: str, df: pd.DataFrame):
    os.makedirs(output_dir, exist_ok=True)

    load_dotenv()
    if "GITHUB_API_TOKEN" not in os.environ:
        raise ValueError(".env missing GITHUB_API_TOKEN")
    auth = Auth.Token(os.getenv("GITHUB_API_TOKEN"))
    with Github(auth=auth, per_page=100) as gh:
        rate_limit_status(gh)
        repos_strs = OrderedSet(df["Repository"].to_list())
        for repo_str in repos_strs:
            repo_path = os.path.join(output_dir, repo_str)
            preprocessed_path = os.path.join(repo_path, "PREPROCESSED")
            if os.path.isdir(repo_path):
                if os.path.exists(preprocessed_path):
                    logger.info(
                        "Skipping repository %s"
                        + " as it has already been preprocessed.",
                        repo_str,
                    )
                    continue

                logger.warning(
                    "Removing folder for repository %s"
                    + " as it has not been preprocessed completely.",
                    repo_str,
                )
                shutil.rmtree(repo_path)
            os.makedirs(repo_path, exist_ok=False)

            gh_repo = gh.get_repo(repo_str)
            branch = gh_repo.get_branch(gh_repo.default_branch)
            head = branch.commit
            sha = head.sha
            readme = gh_repo.get_readme(ref=sha)

            double_check_filter(df, readme, repo_str, gh, gh_repo, sha)

            # Store repository metadata.
            download_link = gh_repo.get_archive_link("zipball", sha)
            metadata = {
                "repository": gh_repo.raw_data,
                "download_link": download_link,
                "branch": branch.raw_data,
                "head": head.raw_data,
            }

            metadata_json = dumps(metadata, indent=4)
            metadata_path = os.path.join(repo_path, "metadata.json.zst")
            with zstandard.open(metadata_path, "w", encoding="utf-8") as f:
                f.write(metadata_json)

            # Then, get the ZIP-file
            # ZIP for random access of files in the codebase (in contrast to TAR)
            r = requests.get(download_link, stream=True, timeout=30)
            assert r.ok
            zip_path = os.path.join(repo_path, "code.zip")
            with open(zip_path, "wb") as f:
                for chunk in r.iter_content(1000 * 1000):
                    f.write(chunk)

            logger.info(
                "Created ZIP file for repository %s" + " with commit hash %s.",
                repo_str,
                sha,
            )

            extracted_todos = 0
            repo_todos = df.loc[df["Repository"] == repo_str]
            todo_files_dir = os.path.join(repo_path, "todo_files")
            with ZipFile(zip_path, "r") as z:
                zip_root = z.filelist[0].filename
                for _, row in repo_todos.iterrows():
                    todo_file = row["Filename"]
                    todo_id = str(row["ID"])
                    todo_basename = os.path.basename(todo_file)

                    todo_output_dir = os.path.join(todo_files_dir, todo_id)
                    todo_output_file = os.path.join(todo_output_dir, todo_basename)
                    os.makedirs(todo_output_dir)

                    zip_path = os.path.join(zip_root, todo_file)
                    with z.open(zip_path, "r") as in_file:
                        with open(todo_output_file, "wb") as out_file:
                            shutil.copyfileobj(in_file, out_file)
                            extracted_todos += 1

            logger.info(
                "Extracted %i TODO files from the zip for repository %s",
                extracted_todos,
                repo_str,
            )

            # Finally, get all issue and review comments from this repo and its forks
            issue_comments, total_ic = get_all_issues_comments(gh_repo)

            issues_json = dumps(issue_comments, indent=4)
            issues_path = os.path.join(repo_path, "issues.json.zst")
            with zstandard.open(issues_path, "w", encoding="utf-8") as f:
                f.write(issues_json)

            logger.info(
                "Saved a total of %i issues and comments for repository %s"
                + " (and any of its forks).",
                total_ic,
                repo_str,
            )

            # Save all parent commits. They can contain comments, too.
            parent_commits, total_cc = get_commits_comments(gh_repo, sha)

            commits_json = dumps(parent_commits, indent=4)
            commits_path = os.path.join(repo_path, "commits.json.zst")
            with zstandard.open(commits_path, "w", encoding="utf-8") as f:
                f.write(commits_json)

            logger.info(
                "Saved %i commits and comments for parent repository %s.",
                total_cc,
                repo_str,
            )

            # Finish
            with open(preprocessed_path, "x", encoding="utf-8") as f:
                f.write(repo_str)


def double_check_filter(
    df: pd.DataFrame,
    readme: ContentFile,
    repo_str: str,
    gh: Github,
    gh_repo: Repository,
    sha: str,
):
    readme_text = readme.decoded_content.decode("utf-8")
    lang = get_languages({readme.etag}, [readme_text])[0]
    assert lang == "en"

    todos = df.loc[df["Repository"] == repo_str]
    for index, row in todos.iterrows():
        file_name = row["Filename"]
        todo = row["Content"]
        contents = None
        try:
            contents = gh_repo.get_contents(path=file_name, ref=sha)
            link = contents.html_url
            if contents.encoding == "none":
                r = requests.get(link, timeout=30)
                assert r.ok
                contents = r.text
            else:
                contents = contents.decoded_content.decode("utf-8")
        except UnknownObjectException:
            pass

        contains_todo = False
        if isinstance(contents, str):
            contains_todo = todo.lower() in contents.lower()

        assert contains_todo


def get_commits_comments(gh_repo: Repository, sha: str):
    commits = gh_repo.get_commits(sha=sha)

    all_commits = []
    total_cc = 0
    for commit in commits:
        commit_comments = []
        for comment in commit.get_comments():
            if comment.user.type == "Bot":
                continue

            no_code = remove_code_ghmd(comment.body)
            if no_code:
                commit_comments.append(
                    {
                        "no_code": no_code,
                        "raw": comment.raw_data,
                    }
                )

        body = remove_code_ghmd(commit.commit.message)
        if body:
            total_cc += 1 + len(commit_comments)
        else:
            total_cc += len(commit_comments)

        all_commits.append(
            {"no_code": body, "commit": commit.raw_data, "comments": commit_comments}
        )

    return all_commits, total_cc


def get_all_issues_comments(gh_repo: Repository):
    all_repos = [gh_repo]
    if gh_repo.forks_count > 0:
        pages = gh_repo.get_forks()
        page_count = pages.totalCount
        for index in range(page_count):
            page_forks = pages.get_page(index)
            for fork_repo in page_forks:
                all_repos.append(fork_repo)

    all_comments = {}
    total_ic = 0
    for current_repo in all_repos:
        current_name = current_repo.html_url.removeprefix("https://github.com/")

        issues_comments, new_ic = get_issues_comments(current_repo)

        if new_ic == 0:
            continue

        total_ic += new_ic
        all_comments[current_name] = issues_comments

    return all_comments, total_ic


def get_issues_comments(repo: Repository):
    issues_comments = []
    total_comments = 0

    # Note: PRs are also issues (but not necessarily vice-versa)
    issues = repo.get_issues(state="all")

    # Ugly check for whether the repository actually has any issues.
    # Alternative is an exception raised when trying to iterate below (??),
    # which is not ideal at all.
    try:
        _ = issues.totalCount
    except UnknownObjectException:
        return [], 0

    for issue in issues:
        current_comments = []

        if issue.comments > 0:
            current_comments += get_issue_comments(issue)

        pr = None
        pr_commits = []
        if issue.pull_request:
            pr = issue.as_pull_request()
            # PR review comments are a separate (but related) category
            current_comments += get_reviews(pr)
            current_comments += get_review_comments(pr)

            for commit in pr.get_commits():
                pr_commits.append(commit.raw_data)

        if issue.user.type == "Bot" and len(current_comments) == 0:
            continue

        issue_comments = {}

        body_no_code = remove_code_ghmd(issue.body)
        issue_comments["no_code"] = body_no_code

        if pr:
            issue_comments["pull_request"] = pr.raw_data
            issue_comments["related_commits"] = pr_commits
        else:
            issue_comments["issue"] = issue.raw_data

        issue_comments["comments"] = current_comments

        issues_comments.append(issue_comments)
        if body_no_code:
            total_comments += 1 + len(current_comments)
        else:
            total_comments += len(current_comments)

    return issues_comments, total_comments


def get_issue_comments(issue: Issue):
    current_comments = []
    issue_comments = issue.get_comments()
    for issue_comment in issue_comments:
        # Potential (Dependa)bot spam?
        if issue_comment.user.type == "Bot":
            continue

        # Comments with just code are useless for NLP
        no_code = remove_code_ghmd(issue_comment.body)
        if no_code:
            current_comments.append(
                {
                    "no_code": no_code,
                    "raw": issue_comment.raw_data,
                }
            )
    return current_comments


def get_reviews(pr: PullRequest):
    current_comments = []
    reviews = pr.get_reviews()
    for review in reviews:
        # API specifically requires this field, but sometimes its null?
        if not review.user:
            continue

        if review.user.type == "Bot":
            continue

        no_code = remove_code_ghmd(review.body)
        if no_code:
            current_comments.append(
                {
                    "no_code": no_code,
                    "raw": review.raw_data,
                }
            )
    return current_comments


def get_review_comments(pr: PullRequest):
    current_comments = []
    rev_comments = pr.get_review_comments()
    for rev_comment in rev_comments:
        # Can be None for some reason
        if not rev_comment.user:
            continue

        if rev_comment.user.type == "Bot":
            continue

        no_code = remove_code_ghmd(rev_comment.body)
        if no_code:
            current_comments.append(
                {
                    "no_code": no_code,
                    "raw": rev_comment.raw_data,
                }
            )
    return current_comments


@func_cache.memoize(ignore={"docs_strs", 1})
def get_languages(tags: set[str], docs_strs: list[str]):
    docs = [Document([], text=docs_str) for docs_str in docs_strs]
    langs = [doc.lang for doc in nlp(docs)]

    return langs


if __name__ == "__main__":
    main()



from collections import OrderedDict
from json import loads
import logging
import os
import shutil
from ordered_set import OrderedSet
import zstandard
import pandas as pd

logger = logging.getLogger(__name__)


def main():
    csv_name = "./filtered.csv"
    output_dir = os.path.abspath("./repos/")

    logging.basicConfig(
        filename="finalize.log",
        level=logging.INFO,
        filemode="w",
        format="%(asctime)s [%(levelname)s] %(name)s"
        + " %(filename)s:%(funcName)s %(message)s",
        force=True,
    )

    filtered = pd.read_csv(csv_name)
    repo_strs = OrderedSet(sorted(filtered["Repository"].to_list()))

    repo_stats: OrderedDict = {
        repo: {
            "preprocessed": False,
            "issues": 0,
            "prs": 0,
            "commits": 0,
            "commits_pr": 0,
            "documents": 0,
            "documents_issues": 0,
            "documents_prs": 0,
            "documents_commits": 0,
            "documents_parent": 0,
            "documents_fork": 0,
        }
        for repo in repo_strs
    }

    for parent_repo in repo_stats.keys():
        value = repo_stats[parent_repo]
        repo_path = os.path.join(output_dir, parent_repo)

        preprocessed_path = os.path.join(repo_path, "PREPROCESSED")
        excluded_path = os.path.join(repo_path, "EXCLUDED")

        if not os.path.exists(preprocessed_path):
            continue
        elif os.path.exists(excluded_path):
            continue
        else:
            value["preprocessed"] = True

        repo_stats[parent_repo] = get_stats(parent_repo, output_dir, value)

    original_comment_sample, no_code_sample, sampled_repo = get_comment_samples(
        output_dir, repo_stats
    )

    to_save = [
        repo
        for repo, value in repo_stats.items()
        if (value["preprocessed"] and value["documents"] > 0)
    ]
    finalized = filtered[filtered["Repository"].isin(to_save)].sort_values("ID")
    finalized.to_csv("finalized.csv", index=False)
    logger.info(
        "Resulting dataset of %i TODO documents, found in %i repositories, "
        + "was stored in finalized.csv.",
        len(finalized.index),
        len(to_save),
    )

    no_documents = [
        repo_str
        for repo_str in repo_strs
        if (repo_str not in to_save and repo_stats[repo_str]["preprocessed"])
    ]
    for repo_str in no_documents:
        value = repo_stats[repo_str]
        repo_path = os.path.join(output_dir, repo_str)

        excluded_path = os.path.join(repo_path, "EXCLUDED")
        if not os.path.exists(excluded_path):
            repo_files = [
                os.path.join(repo_path, repo_file)
                for repo_file in [
                    "commits.json.zst",
                    "issues.json.zst",
                    "metadata.json.zst",
                    "code.zip",
                    "requirements.json.zip",
                ]
            ]

            for repo_file in repo_files:
                if os.path.isfile(repo_file):
                    os.remove(repo_file)

            todo_files_dir = os.path.join(repo_path, "todo_files")
            if os.path.isdir(todo_files_dir):
                shutil.rmtree(todo_files_dir)

            with open(excluded_path, "x", encoding="utf-8") as f:
                f.write(repo_str)

    logger.info(
        "Excluded %i preprocessed repositories in total because they had no documents. "
        + "Additionally, their downloaded files were removed to preserve disk space.",
        len(no_documents),
    )

    not_preprocessed = [
        repo_str for repo_str in repo_strs if not repo_stats[repo_str]["preprocessed"]
    ]
    logger.info(
        "%i repositories are still pending preprocessing.",
        len(not_preprocessed),
    )

    one, two, three, four, five = 0, 0, 0, 0, 0
    for repo in to_save:
        comment_count = repo_stats[repo]["documents"]
        num = int(comment_count)
        if num > 0 and num <= 10:
            one += 1
        elif num > 10 and num <= 100:
            two += 1
        elif num > 100 and num <= 1000:
            three += 1
        elif num > 1000 and num <= 10000:
            four += 1
        elif num > 10000:
            five += 1
    logger.info(
        "Counts for graph: "
        + "(1--10, %i) (10--100, %i) (100--1000, %i) (1000--10000, %i) (>10000, %i)",
        one,
        two,
        three,
        four,
        five,
    )

    assert original_comment_sample
    with open("sample-original_comment.txt", "w", newline="") as f:
        f.write(original_comment_sample)

    assert no_code_sample
    with open("sample-no_code.txt", "w", newline="") as f:
        # lstinputlisting ignores last line if ends with DOS newline
        if no_code_sample.endswith("\r\n"):
            no_code_sample += "\r\n"
        f.write(no_code_sample)

    logger.info("Sampled comment from repository %s.", sampled_repo)

    stats_csv = "./finalized_stats.csv"
    with open(stats_csv, "w") as f:
        f.write(
            "Repository,Is Preprocessed,Issues,PRs,Commits,PR Commits,All Documents,"
            + "Issue Documents,PR Documents,Commit Documents,Parent Documents,"
            + "Fork Documents\n"
        )
        for repo, value in repo_stats.items():
            str_values = [str(value_value) for value_value in value.values()]
            f.write(f"{repo},{','.join(str_values)}\n")


def get_stats(parent_repo: str, output_dir: str, value: dict[str,]):
    repo_path = os.path.join(output_dir, parent_repo)

    all_issues_documents: dict[str, list] = {}
    issues_path = os.path.join(repo_path, "issues.json.zst")
    with zstandard.open(issues_path, "rb", encoding="utf-8") as f:
        all_issues_documents = loads(f.readall())

    for repo_str, issues_documents in all_issues_documents.items():
        current_issue_documents, current_pr_documents = 0, 0
        for issue_documents in issues_documents:
            documents_count = len(issue_documents["comments"])

            # Count body as a comment (because it is also an NLD)
            if issue_documents["no_code"]:
                documents_count += 1

            if "pull_request" in issue_documents:
                current_pr_documents += documents_count
                value["prs"] += 1
            elif "issue" in issue_documents:
                current_issue_documents += documents_count
                value["issues"] += 1

        value["documents_issues"] += current_issue_documents
        value["documents_prs"] += current_pr_documents

        total_documents = current_issue_documents + current_pr_documents

        if parent_repo == repo_str:
            value["documents_parent"] += total_documents
        else:
            value["documents_fork"] += total_documents

    parent_commits = []
    commits_path = os.path.join(repo_path, "commits.json.zst")
    with zstandard.open(commits_path, "rb", encoding="utf-8") as f:
        parent_commits = loads(f.readall())

    for commit_documents in parent_commits:
        documents_len = len(commit_documents["comments"])

        value["documents_commits"] += documents_len
        value["documents_parent"] += documents_len
        value["commits"] += 1

    value["documents"] = (
        value["documents_issues"] + value["documents_prs"] + value["documents_commits"]
    )
    return value


def get_comment_samples(output_dir: str, repo_stats: dict[str, dict[str,]]):
    for parent_repo, values in repo_stats.items():
        if not values["preprocessed"] or values["documents"] == 0:
            continue

        repo_path = os.path.join(output_dir, parent_repo)
        all_issues_documents: dict[str, list] = {}
        issues_path = os.path.join(repo_path, "issues.json.zst")
        with zstandard.open(issues_path, "rb", encoding="utf-8") as f:
            all_issues_documents = loads(f.readall())

        for repo_str, issues_documents in all_issues_documents.items():
            for issue_documents in issues_documents:
                for comment in issue_documents["comments"]:
                    raw_body = str(comment["raw"]["body"])
                    lines = raw_body.count("\r\n") + raw_body.count("\n\n")
                    if lines < 5:
                        no_code = str(comment["no_code"])
                        if raw_body != no_code:
                            return raw_body, no_code, repo_str

    return "", "", ""


if __name__ == "__main__":
    main()
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18 filename="finalize.log",
19 level=logging.INFO,
20 filemode="w",
21 format="%(asctime)s [%(levelname)s] %(name)s"
22 + " %(filename)s:%(funcName)s %(message)s",
23 force=True,
24 )
25

26 filtered = pd.read_csv(csv_name)
27 repo_strs = OrderedSet(sorted(filtered["Repository"].to_list()))
28

29 repo_stats: OrderedDict = {
30 repo: {
31 "preprocessed": False,
32 "issues": 0,
33 "prs": 0,
34 "commits": 0,
35 "commits_pr": 0,
36 "documents": 0,
37 "documents_issues": 0,
38 "documents_prs": 0,
39 "documents_commits": 0,
40 "documents_parent": 0,
41 "documents_fork": 0,
42 }
43 for repo in repo_strs
44 }
45

46 for parent_repo in repo_stats.keys():
47 value = repo_stats[parent_repo]
48 repo_path = os.path.join(output_dir, parent_repo)
49

50 preprocessed_path = os.path.join(repo_path, "PREPROCESSED")
51 excluded_path = os.path.join(repo_path, "EXCLUDED")
52

53 if not os.path.exists(preprocessed_path):
54 continue
55 elif os.path.exists(excluded_path):
56 continue
57 else:
58 value["preprocessed"] = True
59

60 repo_stats[parent_repo] = get_stats(parent_repo, output_dir, value
)

61

62 original_comment_sample, no_code_sample, sampled_repo =
get_comment_samples(

63 output_dir, repo_stats
64 )
65

66 to_save = [
67 repo
68 for repo, value in repo_stats.items()
69 if (value["preprocessed"] and value["documents"] > 0)
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70 ]
71 finalized = filtered[filtered["Repository"].isin(to_save)].sort_values

("ID")
72 finalized.to_csv("finalized.csv", index=False)
73 logger.info(
74 "Resulting dataset of %i TODO documents, found in %i repositories,

"
75 + "was stored in finalized.csv.",
76 len(finalized.index),
77 len(to_save),
78 )
79

80 no_documents = [
81 repo_str
82 for repo_str in repo_strs
83 if (repo_str not in to_save and repo_stats[repo_str]["preprocessed

"])
84 ]
85 for repo_str in no_documents:
86 value = repo_stats[repo_str]
87 repo_path = os.path.join(output_dir, repo_str)
88

89 excluded_path = os.path.join(repo_path, "EXCLUDED")
90 if not os.path.exists(excluded_path):
91 repo_files = [
92 os.path.join(repo_path, repo_file)
93 for repo_file in [
94 "commits.json.zst",
95 "issues.json.zst",
96 "metadata.json.zst",
97 "code.zip",
98 "requirements.json.zip",
99 ]

100 ]
101

102 for repo_file in repo_files:
103 if os.path.isfile(repo_file):
104 os.remove(repo_file)
105

106 todo_files_dir = os.path.join(repo_path, "todo_files")
107 if os.path.isdir(todo_files_dir):
108 shutil.rmtree(todo_files_dir)
109

110 with open(excluded_path, "x", encoding="utf-8") as f:
111 f.write(repo_str)
112

113 logger.info(
114 "Excluded %i preprocessed repositories in total because they had

no documents. "
115 + "Additionally, their downloaded files were removed to preserve

disk space.",
116 len(no_documents),
117 )
118
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119 not_preprocessed = [
120 repo_str for repo_str in repo_strs if not repo_stats[repo_str]["

preprocessed"]
121 ]
122 logger.info(
123 "%i repositories are still pending preprocessing.",
124 len(not_preprocessed),
125 )
126

127 one, two, three, four, five = 0, 0, 0, 0, 0
128 for repo in to_save:
129 comment_count = repo_stats[repo]["documents"]
130 num = int(comment_count)
131 if num > 0 and num <= 10:
132 one += 1
133 elif num > 10 and num <= 100:
134 two += 1
135 elif num > 100 and num <= 1000:
136 three += 1
137 elif num > 1000 and num <= 10000:
138 four += 1
139 elif num > 10000:
140 five += 1
141 logger.info(
142 "Counts for graph: "
143 + "(1--10, %i) (10--100, %i) (100--1000, %i) (1000--10000, %i)

(>10000, %i)",
144 one,
145 two,
146 three,
147 four,
148 five,
149 )
150

151 assert original_comment_sample
152 with open("sample-original_comment.txt", "w", newline="") as f:
153 f.write(original_comment_sample)
154

155 assert no_code_sample
156 with open("sample-no_code.txt", "w", newline="") as f:
157 # lstinputlisting ignores last line if ends with DOS newline
158 if no_code_sample.endswith("\r\n"):
159 no_code_sample += "\r\n"
160 f.write(no_code_sample)
161

162 logger.info("Sampled comment from repository %s.", sampled_repo)
163

164 stats_csv = "./finalized_stats.csv"
165 with open(stats_csv, "w") as f:
166 f.write(
167 "Repository,Is Preprocessed,Issues,PRs,Commits,PR Commits,All

Documents,"
168 + "Issue Documents,PR Documents,Commit Documents,Parent

Documents,"
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169 + "Fork Documents\n"
170 )
171 for repo, value in repo_stats.items():
172 str_values = [str(value_value) for value_value in value.values

()]
173 f.write(f"{repo},{','.join(str_values)}\n")
174

175

176 def get_stats(parent_repo: str, output_dir: str, value: dict[str,]):
177 repo_path = os.path.join(output_dir, parent_repo)
178

179 all_issues_documents: dict[str, list] = {}
180 issues_path = os.path.join(repo_path, "issues.json.zst")
181 with zstandard.open(issues_path, "rb", encoding="utf-8") as f:
182 all_issues_documents = loads(f.readall())
183

184 for repo_str, issues_documents in all_issues_documents.items():
185 current_issue_documents, current_pr_documents = 0, 0
186 for issue_documents in issues_documents:
187 documents_count = len(issue_documents["comments"])
188

189 # Count body as a comment (because it is also an NLD)
190 if issue_documents["no_code"]:
191 documents_count += 1
192

193 if "pull_request" in issue_documents:
194 current_pr_documents += documents_count
195 value["prs"] += 1
196 elif "issue" in issue_documents:
197 current_issue_documents += documents_count
198 value["issues"] += 1
199

200 value["documents_issues"] += current_issue_documents
201 value["documents_prs"] += current_pr_documents
202

203 total_documents = current_issue_documents + current_pr_documents
204

205 if parent_repo == repo_str:
206 value["documents_parent"] += total_documents
207 else:
208 value["documents_fork"] += total_documents
209

210 parent_commits = []
211 commits_path = os.path.join(repo_path, "commits.json.zst")
212 with zstandard.open(commits_path, "rb", encoding="utf-8") as f:
213 parent_commits = loads(f.readall())
214

215 for commit_documents in parent_commits:
216 documents_len = len(commit_documents["comments"])
217

218 value["documents_commits"] += documents_len
219 value["documents_parent"] += documents_len
220 value["commits"] += 1
221
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222 value["documents"] = (
223 value["documents_issues"] + value["documents_prs"] + value["

documents_commits"]
224 )
225 return value
226

227

228 def get_comment_samples(output_dir: str, repo_stats: dict[str, dict[str
,]]):

229 for parent_repo, values in repo_stats.items():
230 if not values["preprocessed"] or values["documents"] == 0:
231 continue
232

233 repo_path = os.path.join(output_dir, parent_repo)
234 all_issues_documents: dict[str, list] = {}
235 issues_path = os.path.join(repo_path, "issues.json.zst")
236 with zstandard.open(issues_path, "rb", encoding="utf-8") as f:
237 all_issues_documents = loads(f.readall())
238

239 for repo_str, issues_documents in all_issues_documents.items():
240 for issue_documents in issues_documents:
241 for comment in issue_documents["comments"]:
242 raw_body = str(comment["raw"]["body"])
243 lines = raw_body.count("\r\n") + raw_body.count("\n\n"

)
244 if lines < 5:
245 no_code = str(comment["no_code"])
246 if raw_body != no_code:
247 return raw_body, no_code, repo_str
248

249 return "", "", ""
250

251

252 if __name__ == "__main__":
253 main()

1 File has been truncated. Click on the title box to access the attachment.

1 File has been truncated. Click on the title box to access the attachment.

XII


from json import dumps, loads
import logging
import os
from zipfile import ZipFile
from diskcache import Cache
import zstandard
import pandas as pd
from stanza.pipeline.core import Pipeline
from stanza.pipeline.core import DownloadMethod
from stanza.models.common.doc import Document
from datetime import datetime

logger = logging.getLogger(__name__)


def main():
    csv_name = "./finalized.csv"
    output_dir = os.path.abspath("./repos/")

    logging.basicConfig(
        filename="elicit_reqs.log",
        level=logging.INFO,
        filemode="a",
        format="%(asctime)s [%(levelname)s] %(name)s"
        + " %(filename)s:%(funcName)s %(message)s",
        force=True,
    )

    setup_pipeline()

    finalized = pd.read_csv(csv_name)
    elicited_reqs, processed_todos = elicit_reqs(output_dir, finalized)
    logger.info(
        "Elicited a total of %i requirement documents for %i TODO comments.",
        elicited_reqs,
        processed_todos,
    )


def setup_func_cache():
    cache_dir = os.path.abspath("./cache/func/")
    if not os.path.isdir(cache_dir):
        os.makedirs(cache_dir)

    global func_cache
    func_cache = Cache(directory=cache_dir)


def setup_pipeline():
    global nlp
    nlp = Pipeline(
        lang="en",
        processors="tokenize,pos,mwt,lemma",
        download_method=DownloadMethod.REUSE_RESOURCES,
        verbose=False,
    )


if __name__ == "__main__":
    setup_func_cache()


def elicit_reqs(output_dir: str, df: pd.DataFrame):
    elicited_reqs = 0
    processed_todos = 0

    for _, row in df.iterrows():
        todo_id = int(row["ID"])
        todo_file = str(row["Filename"]).lower()
        todo_text = str(row["Content"]).lower()
        parent_repo = row["Repository"]

        repo_path = os.path.join(output_dir, parent_repo)
        elicited_path = os.path.join(repo_path, "ELICITED")
        if os.path.exists(elicited_path):
            is_elicited = False

            with open(elicited_path, "r", encoding="utf-8") as f:
                for line in f.readlines():
                    if line == f"{todo_id}\n":
                        is_elicited = True
                        break

            if is_elicited:
                logger.info(
                    "Skipping elicitation of requirements for TODO comment %i "
                    + "in repository %s as it has already been done.",
                    todo_id,
                    parent_repo,
                )
                continue

        logger.info(
            "Eliciting requirements for TODO ID %i in repository %s.",
            todo_id,
            parent_repo,
        )

        todo_reqs = []

        all_issues_comments: dict[str, list] = {}
        issues_path = os.path.join(repo_path, "issues.json.zst")
        with zstandard.open(issues_path, "rb", encoding="utf-8") as f:
            all_issues_comments = loads(f.readall())

        commits = []
        commits_path = os.path.join(repo_path, "commits.json.zst")
        with zstandard.open(commits_path, "rb", encoding="utf-8") as f:
            commits = loads(f.readall())

        commit_reqs = []
        for commit in commits:
            analyzed = analyze_commit(commit, todo_file, todo_text)
            if not analyzed:
                continue

            texts_count = len(analyzed["texts"])
            if texts_count > 0:
                todo_reqs.append(analyzed)
                commit_reqs.append(analyzed)
                elicited_reqs += texts_count

        for _, issues_comments in all_issues_comments.items():
            pr_reqs = []
            for issue_comments in issues_comments:
                if "pull_request" in issue_comments:
                    analyzed = analyze_pr(issue_comments, todo_file, todo_text)
                    if not analyzed:
                        continue

                    texts_count = len(analyzed["texts"])
                    if texts_count > 0:
                        pr_reqs.append(analyzed)
                        elicited_reqs += texts_count

            issues_reqs = []
            for issue_comments in issues_comments:
                if "issue" in issue_comments:
                    analyzed = analyze_issue(issue_comments, pr_reqs, commit_reqs)
                    if not analyzed:
                        continue

                    texts_count = len(analyzed["texts"])
                    if texts_count > 0:
                        issues_reqs.append(analyzed)
                        elicited_reqs += texts_count

            for any_issue_req in pr_reqs + issues_reqs:
                todo_reqs.append(any_issue_req)

        reqs_json = dumps(todo_reqs, indent=4)
        reqs_path = os.path.join(repo_path, "requirements.json.zip")

        reqs_zip = ZipFile(reqs_path, "a")
        with reqs_zip.open(f"TODO_{todo_id}.json.zst", "w") as top:
            with zstandard.open(top, "w", encoding="utf-8") as bot:
                bot.write(reqs_json)
        reqs_zip.close()

        with open(elicited_path, "a", encoding="utf-8") as f:
            f.write(f"{todo_id}\n")

        logger.info(
            "Successfully processed %i requirements documents for TODO ID %i.",
            len(todo_reqs),
            todo_id,
        )
        processed_todos += 1

    return elicited_reqs, processed_todos


def analyze_commit(outer_commit, todo_file, todo_text):
    commit = outer_commit["commit"]
    title = outer_commit["no_code"]
    files = commit["files"]

    commit_reqs = {
        "title": title,
        "importance": 0,
        "type": "Commit",
        "texts": [],
        "relevance": {
            "value": calc_commit_relevance(files, todo_file, todo_text),
            "date": iso8601_to_unix(commit["commit"]["author"]["date"]),
        },
        "commit_hash": commit["sha"],
    }

    if commit_reqs["relevance"]["value"] == 0.0:
        return None

    comments = outer_commit["comments"]
    comments_has_reqs = docs_contains_reqs(
        {comment["raw"]["node_id"] for comment in comments},
        [comment["no_code"] for comment in comments],
    )

    for index, has_req in enumerate(comments_has_reqs):
        comment = comments[index]
        comment_text = comment["no_code"]
        if has_req:
            commit_reqs["texts"].append(
                {
                    "importance": calc_importance(comment["raw"]),
                    "text": comment_text,
                    "type": "Comment",
                }
            )

    commit_reqs["importance"] = sum(
        [text["importance"] for text in commit_reqs["texts"]]
    )

    return commit_reqs


def calc_commit_relevance(files, todo_file: str, todo_text: str):
    for file in files:
        # Moving/renaming files around is unimportant
        if file["status"] == "renamed":
            continue

        # There doesn't need to be a patch (e.g., new empty file).
        if "patch" in file:
            patch = str(file["patch"])
            if todo_text in patch.lower():
                return 1.0

        file_name = str(file["filename"])
        if file_name.lower() == todo_file:
            return 0.5

    return 0.0


def analyze_issue(issue_comments, pr_reqs, commit_reqs):
    issue = issue_comments["issue"]

    issue_reqs = {
        "title": issue["title"],
        "importance": 0,
        "type": "Issue",
        "texts": [],
        "relevance": {"value": 0.0, "date": 0.0},
        "issue_number": issue["number"],
    }

    body = issue_comments["no_code"]
    body_has_reqs = doc_contains_reqs(issue["node_id"], body)
    if body_has_reqs:
        issue_reqs["texts"].append(
            {
                "importance": calc_importance(issue),
                "text": body,
                "type": "Body",
            }
        )

    comments = issue_comments["comments"]
    comments_has_reqs = docs_contains_reqs(
        {comment["raw"]["node_id"] for comment in comments},
        [comment["no_code"] for comment in comments],
    )

    for index, has_req in enumerate(comments_has_reqs):
        comment = comments[index]
        comment_text = comment["no_code"]
        if has_req:
            issue_reqs["texts"].append(
                {
                    "importance": calc_importance(comment["raw"]),
                    "text": comment_text,
                    "type": "Comment",
                }
            )

    issue_reqs["relevance"] = calc_issue_relevance(
        issue_reqs["texts"], pr_reqs, commit_reqs
    )

    if issue_reqs["relevance"]["value"] == 0.0:
        return None

    issue_reqs["importance"] = sum([text["importance"] for text in issue_reqs["texts"]])

    return issue_reqs


def calc_issue_relevance(reqs, pr_reqs, commit_reqs):
    relevance = 0.0
    date = 0.0

    for req in reqs:
        no_code = req["text"]

        for pr_req in pr_reqs:
            pr_num = pr_req["pr_number"]
            rel_val = pr_req["relevance"]["value"]
            rel_date = pr_req["relevance"]["date"]

            if f"#{pr_num}" in no_code or f"/pull/{pr_num}" in no_code:
                if (rel_val > relevance) or (rel_val == relevance and rel_date < date):
                    relevance = rel_val
                    date = rel_date

        for commit_req in commit_reqs:
            commit_hash = commit_req["commit_hash"]
            rel_val = commit_req["relevance"]["value"]
            rel_date = commit_req["relevance"]["date"]

            if commit_hash in no_code:
                if (rel_val > relevance) or (rel_val == relevance and rel_date < date):
                    relevance = rel_val
                    date = rel_date

    return {"value": relevance, "date": date}


def analyze_pr(issue_comments, todo_file, todo_text):
    pr = issue_comments["pull_request"]
    commits = issue_comments["related_commits"]

    pr_reqs = {
        "title": pr["title"],
        "importance": 0,
        "type": "Pull request",
        "texts": [],
        "relevance": calc_pr_relevance(commits, todo_file, todo_text),
        "pr_number": pr["number"],
    }

    if pr_reqs["relevance"]["value"] == 0.0:
        return None

    body = issue_comments["no_code"]
    body_has_reqs = doc_contains_reqs(pr["node_id"], body)
    if body_has_reqs:
        pr_reqs["texts"].append(
            {"importance": calc_importance(pr), "text": body, "type": "Body"}
        )

    # Comments include PR reviews
    comments = issue_comments["comments"]
    comments_has_reqs = docs_contains_reqs(
        {comment["raw"]["node_id"] for comment in comments},
        [comment["no_code"] for comment in comments],
    )

    for index, has_req in enumerate(comments_has_reqs):
        comment = comments[index]
        comment_text = comment["no_code"]
        if has_req:
            pr_reqs["texts"].append(
                {
                    "importance": calc_importance(comment["raw"]),
                    "text": comment_text,
                    "type": "Comment",
                }
            )

    pr_reqs["importance"] = sum([text["importance"] for text in pr_reqs["texts"]])

    return pr_reqs


def calc_pr_relevance(commits, todo_file: str, todo_text: str):
    relevance = 0.0
    date = 0.0

    for commit in commits:
        commit_files = commit["files"]
        commit_date = iso8601_to_unix(commit["commit"]["author"]["date"])
        commit_rel = calc_commit_relevance(commit_files, todo_file, todo_text)

        if (commit_rel > relevance) or (commit_rel == relevance and commit_date < date):
            relevance = commit_rel
            date = commit_date

    return {"value": relevance, "date": date}


def calc_importance(gh_obj):
    association = ""

    if "author_association" in gh_obj:
        association = gh_obj["author_association"]

    match association:
        case "OWNER":
            return 1
        case "COLLABORATOR":
            return 2 / 3
        case "CONTRIBUTOR":
            return 1 / 3
        case _:
            return 0


def iso8601_to_unix(date):
    return datetime.fromisoformat(date).timestamp()


def doc_contains_reqs(tag: str, doc_str: str):
    return docs_contains_reqs({tag}, [doc_str])[0]


@func_cache.memoize(ignore={"doc_strs", 1})
def docs_contains_reqs(tags: set[str], doc_strs: list[str]):
    assert len(tags) == len(doc_strs)
    docs = process_docs(doc_strs)
    docs_qualified = []

    extra_qualifiers = [
        "want",
        "wish",
        "think",
        "believe",
        "presume",
        "assume",
        "understand",
    ]

    for doc in docs:
        doc_qualified = False

        for _, sentence in enumerate(doc.sentences):
            sent_qualified = False

            for word in sentence.words:
                if word.xpos == "MD" or word.lemma in extra_qualifiers:
                    sent_qualified = True
                    break

            if sent_qualified:
                doc_qualified = True
                break

        docs_qualified.append(doc_qualified)

    return docs_qualified


def process_docs(doc_strs: list[str]):
    docs = [Document([], text=doc_str) for doc_str in doc_strs]
    nlp(docs)
    return docs


if __name__ == "__main__":
    main()



from json import dumps, loads
import logging
import os
import random
from zipfile import ZipFile

import numpy as np
import pandas as pd
import zstandard


logger = logging.getLogger(__name__)


def main():
    csv_name = "./finalized.csv"
    output_dir = os.path.abspath("./repos/")

    logging.basicConfig(
        filename="select_reqs.log",
        level=logging.INFO,
        filemode="w",
        format="%(asctime)s [%(levelname)s] %(name)s"
        + " %(filename)s:%(funcName)s %(message)s",
        force=True,
    )

    random.seed("DATX05")

    finalized = pd.read_csv(csv_name)
    included_todos = select_reqs(output_dir, finalized)

    included_len = len(included_todos.index)
    excluded_len = len(finalized.index) - included_len
    logger.info(
        "Selected of 3 requirement document groups for each one of %i TODO comments. "
        + "Excluded %i comments that had less than 3 groups in total.",
        included_len,
        excluded_len,
    )

    included_todos.to_csv("with_reqs.csv", index=False)
    logger.info("Exported final list of TODOs to with_reqs.csv")

    print_counts(included_todos)


def print_counts(included_todos: pd.DataFrame):
    all_req_groups = included_todos["All Requirement Document Groups"].to_list()
    chosen_req_docs = included_todos["Chosen Requirement Documents"].to_list()

    from_commits = sum(included_todos["Chosen Document Groups From Issues"].to_list())
    from_issues = sum(included_todos["Chosen Document Groups From Commits"].to_list())
    from_prs = sum(
        included_todos["Chosen Document Groups From Pull Requests"].to_list()
    )

    one, two, three, four = 0, 0, 0, 0
    for count in all_req_groups:
        num = int(count)
        assert num >= 3
        if num >= 3 and num <= 10:
            one += 1
        elif num > 10 and num <= 50:
            two += 1
        elif num > 50 and num <= 100:
            three += 1
        elif num > 100:
            four += 1
    logger.info(
        "Counts for `all req groups` graph: "
        + "(3--10, %i) (10--50, %i) (50--75, %i) (>100, %i)",
        one,
        two,
        three,
        four,
    )

    one, two, three, four, five = 0, 0, 0, 0, 0
    for count in chosen_req_docs:
        num = int(count)
        assert num >= 3
        if num >= 3 and num <= 25:
            one += 1
        elif num > 25 and num <= 50:
            two += 1
        elif num > 50 and num <= 75:
            three += 1
        elif num > 75 and num <= 100:
            four += 1
        elif num > 100:
            five += 1
    logger.info(
        "Counts for `chosen req docs` graph: "
        + "(3--25, %i) (25--50, %i) (50--75, %i) (75--100, %i) (>100, %i)",
        one,
        two,
        three,
        four,
        five,
    )

    logger.info(
        "Counts for `chosen req group types` graph: "
        + "(commits, %i) (issues, %i) (pull reqs., %i)",
        from_commits,
        from_issues,
        from_prs,
    )


def select_reqs(output_dir: str, df: pd.DataFrame):
    extra_info = pd.DataFrame(
        data=0,
        index=np.arange(len(df.index)),
        columns=[
            "All Requirement Document Groups",
            "All Requirement Documents",
            "All Documents From Commits",
            "All Documents From Issues",
            "All Documents From Pull Requests",
            "Chosen Requirement Documents",
            "Chosen Document Groups From Commits",
            "Chosen Document Groups From Issues",
            "Chosen Document Groups From Pull Requests",
        ],
    )
    included_todos = df.join(extra_info)
    dropped = 0

    for index, row in df.iterrows():
        todo_id = str(row["ID"])
        repo_str = row["Repository"]

        repo_path = os.path.join(output_dir, repo_str)
        elicited_path = os.path.join(repo_path, "ELICITED")
        assert os.path.exists(elicited_path)

        is_elicited = False
        with open(elicited_path, "r", encoding="utf-8") as f:
            for line in f.readlines():
                if line == f"{todo_id}\n":
                    is_elicited = True
                    break
        assert is_elicited

        reqs_path = os.path.join(repo_path, "requirements.json.zip")
        req_groups = []

        reqs_zip = ZipFile(reqs_path, "r")
        with reqs_zip.open(f"TODO_{todo_id}.json.zst", "r") as top:
            with zstandard.open(top, "r", encoding="utf-8") as bot:
                req_groups = loads(bot.read())
        reqs_zip.close()

        if len(req_groups) < 3:
            included_todos = included_todos.drop(index)
            logger.warning(
                "Skipping TODO ID %s in repository %s as it has less than 3 groups "
                + "of requirement documents associated with it.",
                todo_id,
                repo_str,
            )
            dropped += 1
            continue

        todo_index = included_todos.index[index - dropped]

        for req_group in req_groups:
            included_todos.loc[todo_index, "All Requirement Document Groups"] += 1
            texts_len = len(req_group["texts"])

            match req_group["type"]:
                case "Pull request":
                    included_todos.loc[
                        todo_index, "All Documents From Pull Requests"
                    ] += texts_len
                case "Issue":
                    included_todos.loc[todo_index, "All Documents From Issues"] += (
                        texts_len
                    )
                case "Commit":
                    included_todos.loc[todo_index, "All Documents From Commits"] += (
                        texts_len
                    )

            included_todos.loc[todo_index, "All Requirement Documents"] += texts_len

        # Sort the date in its negated form so we get it in ascending order
        # Sort by random value last (e.g., so we don't get same type of reqs at the top)
        req_groups = sorted(
            req_groups,
            key=lambda k: (
                k["relevance"]["value"],
                -k["relevance"]["date"],
                k["importance"],
                random.random(),
            ),
            reverse=True,
        )
        selected_reqs = req_groups[:3]

        for selected_req in selected_reqs:
            texts_len = len(selected_req["texts"])

            match selected_req["type"]:
                case "Pull request":
                    included_todos.loc[
                        todo_index, "Chosen Document Groups From Pull Requests"
                    ] += 1
                case "Issue":
                    included_todos.loc[
                        todo_index, "Chosen Document Groups From Issues"
                    ] += 1
                case "Commit":
                    included_todos.loc[
                        todo_index, "Chosen Document Groups From Commits"
                    ] += 1

            included_todos.loc[todo_index, "Chosen Requirement Documents"] += texts_len

        todo_files_dir = os.path.join(repo_path, "todo_files")
        todo_output_dir = os.path.join(todo_files_dir, todo_id)
        req_output_file = os.path.join(todo_output_dir, "requirements.json")
        with open(req_output_file, "w", encoding="utf-8") as out_file:
            out_file.write(dumps(selected_reqs, indent=4))

    return included_todos


if __name__ == "__main__":
    main()




A. Appendix

1 from json import loads
2 import logging
3 import os
4 from pathlib import Path
5 import pandas as pd
6

7

8 logger = logging.getLogger(__name__)
9

10

11 def main():
12 csv_name = "./with_reqs.csv"
13 output_dir = os.path.abspath("./repos/")
14

15 logging.basicConfig(
16 filename="gen_prompts.log",
17 level=logging.INFO,
18 filemode="w",
19 format="%(asctime)s [%(levelname)s] %(name)s"
20 + " %(filename)s:%(funcName)s %(message)s",
21 force=True,
22 )
23

24 with_reqs = pd.read_csv(csv_name)
25 gen_prompts(output_dir, with_reqs)
26 logger.info("Done writing prompts for %i TODO comments", len(with_reqs

.index))
27

28

29 def gen_prompts(output_dir: str, df: pd.DataFrame):
30 no_req_grps = (
31 "There is a TODO comment stating '{0}' in the current script

'{1}'.\n"
32 + "Provide code which solves the issue that is described by this

TODO comment."
33 )
34 one_req_grp = (
35 "There is a TODO comment stating '{0}' in the current script

'{1}'.\n"
36 + "\n"
37 + "Below is one group of requirement documents related to this

comment:\n"
38 + "{2}\n"
39 + "\n"
40 + "Provide code which solves the issue that is described by this

TODO comment. "
41 + "Use the specified group of requirement documents as a source of

context."
42 )
43 three_req_grps = (
44 "There is a TODO comment stating '{0}' in the current script

'{1}'.\n"

XIII


from json import loads
import logging
import os
from pathlib import Path
import pandas as pd


logger = logging.getLogger(__name__)


def main():
    csv_name = "./with_reqs.csv"
    output_dir = os.path.abspath("./repos/")

    logging.basicConfig(
        filename="gen_prompts.log",
        level=logging.INFO,
        filemode="w",
        format="%(asctime)s [%(levelname)s] %(name)s"
        + " %(filename)s:%(funcName)s %(message)s",
        force=True,
    )

    with_reqs = pd.read_csv(csv_name)
    gen_prompts(output_dir, with_reqs)
    logger.info("Done writing prompts for %i TODO comments", len(with_reqs.index))


def gen_prompts(output_dir: str, df: pd.DataFrame):
    no_req_grps = (
        "There is a TODO comment stating '{0}' in the current script '{1}'.\n"
        + "Provide code which solves the issue that is described by this TODO comment."
    )
    one_req_grp = (
        "There is a TODO comment stating '{0}' in the current script '{1}'.\n"
        + "\n"
        + "Below is one group of requirement documents related to this comment:\n"
        + "{2}\n"
        + "\n"
        + "Provide code which solves the issue that is described by this TODO comment. "
        + "Use the specified group of requirement documents as a source of context."
    )
    three_req_grps = (
        "There is a TODO comment stating '{0}' in the current script '{1}'.\n"
        + "\n"
        + "Below is three groups of requirement documents related to this comment:\n"
        + "This is the first group:\n{2}\n"
        + "This is the second group:\n{3}\n"
        + "This is the third group:\n{4}\n"
        + "\n"
        + "Provide code which solves the issue that is described by this TODO comment. "
        + "Use the specified groups of requirement documents as a source of context."
    )

    for _, row in df.iterrows():
        todo_id = str(row["ID"])
        todo_content = row["Content"]
        todo_filename = row["Filename"]
        todo_basename = os.path.basename(todo_filename)
        todo_stemname = Path(todo_basename).stem
        repo_str = row["Repository"]

        req_grps = []

        repo_path = os.path.join(output_dir, repo_str)
        todo_files_dir = os.path.join(repo_path, "todo_files")
        todo_output_dir = os.path.join(todo_files_dir, todo_id)
        req_output_file = os.path.join(todo_output_dir, "requirements.json")
        with open(req_output_file, "r", encoding="utf-8") as in_file:
            req_grps = loads(in_file.read())

        todo_prompts = [
            no_req_grps.format(todo_content, todo_basename),
            one_req_grp.format(
                todo_content,
                todo_basename,
                format_req_grp(req_grps[0]),
            ),
            three_req_grps.format(
                todo_content,
                todo_basename,
                format_req_grp(req_grps[0]),
                format_req_grp(req_grps[1]),
                format_req_grp(req_grps[2]),
            ),
        ]

        script_content = ""
        todo_input_file = os.path.join(todo_output_dir, todo_basename)
        with open(todo_input_file, "r", encoding="utf-8", newline="") as in_file:
            script_content = in_file.read()

        for index, todo_prompt in enumerate(todo_prompts):
            prompt_file = os.path.join(
                todo_output_dir, f"{todo_stemname}_rq{index + 2}.txt"
            )
            with open(prompt_file, "w", encoding="utf-8", newline="") as out_file:
                out_file.write(
                    f"-----Input-----\n\n{todo_prompt}"
                    + "\n\n-----Output-----\n\n\n\n"
                    + "-----Resolved (Yes/Partially/No)-----\n\n\n\n"
                    + "-----Comments-----\n\n"
                )

            todo_output_file = os.path.join(
                todo_output_dir, f"{todo_stemname}_rq{index + 2}.py"
            )
            with open(todo_output_file, "w", encoding="utf-8", newline="") as out_file:
                out_file.write(script_content)


def format_req_grp(grp):
    req_grp_inner = (
        "Title: '{0}'. Group type: '{1}'. Relevance: '{2}'.\nRequirements:\n{3}\n"
    )
    req_inner = "Type: '{0}'. Importance: '{1}'. Content:\n{2}\n"

    return req_grp_inner.format(
        grp["title"],
        grp["type"],
        human_relevance(grp["relevance"]["value"]),
        "\n".join(
            [
                req_inner.format(
                    text["type"],
                    human_importance(text["importance"]),
                    text["text"],
                )
                for text in grp["texts"]
            ]
        ),
    )


def human_importance(importance: float):
    if importance == 1:
        return "Most important"
    elif importance == 2 / 3:
        return "Important"
    elif importance == 1 / 3:
        return "Somewhat important"
    elif importance == 0:
        return "Least important"

    assert False


def human_relevance(relevance: float):
    if relevance == 1.0:
        return "Most relevant"
    elif relevance == 0.5:
        return "Somewhat relevant"

    assert False


if __name__ == "__main__":
    main()
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45 + "\n"
46 + "Below is three groups of requirement documents related to this

comment:\n"
47 + "This is the first group:\n{2}\n"
48 + "This is the second group:\n{3}\n"
49 + "This is the third group:\n{4}\n"
50 + "\n"
51 + "Provide code which solves the issue that is described by this

TODO comment. "
52 + "Use the specified groups of requirement documents as a source

of context."
53 )
54

55 for _, row in df.iterrows():
56 todo_id = str(row["ID"])
57 todo_content = row["Content"]
58 todo_filename = row["Filename"]
59 todo_basename = os.path.basename(todo_filename)
60 todo_stemname = Path(todo_basename).stem
61 repo_str = row["Repository"]
62

63 req_grps = []
64

65 repo_path = os.path.join(output_dir, repo_str)
66 todo_files_dir = os.path.join(repo_path, "todo_files")
67 todo_output_dir = os.path.join(todo_files_dir, todo_id)
68 req_output_file = os.path.join(todo_output_dir, "requirements.json

")
69 with open(req_output_file, "r", encoding="utf-8") as in_file:
70 req_grps = loads(in_file.read())
71

72 todo_prompts = [
73 no_req_grps.format(todo_content, todo_basename),
74 one_req_grp.format(
75 todo_content,
76 todo_basename,
77 format_req_grp(req_grps[0]),
78 ),
79 three_req_grps.format(
80 todo_content,
81 todo_basename,
82 format_req_grp(req_grps[0]),
83 format_req_grp(req_grps[1]),
84 format_req_grp(req_grps[2]),
85 ),
86 ]
87

88 script_content = ""
89 todo_input_file = os.path.join(todo_output_dir, todo_basename)
90 with open(todo_input_file, "r", encoding="utf-8", newline="") as

in_file:
91 script_content = in_file.read()
92

93 for index, todo_prompt in enumerate(todo_prompts):
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94 prompt_file = os.path.join(
95 todo_output_dir, f"{todo_stemname}_rq{index + 2}.txt"
96 )
97 with open(prompt_file, "w", encoding="utf-8", newline="") as

out_file:
98 out_file.write(
99 f"-----Input-----\n\n{todo_prompt}"

100 + "\n\n-----Output-----\n\n\n\n"
101 + "-----Resolved (Yes/Partially/No)-----\n\n\n\n"
102 + "-----Comments-----\n\n"
103 )
104

105 todo_output_file = os.path.join(
106 todo_output_dir, f"{todo_stemname}_rq{index + 2}.py"
107 )
108 with open(todo_output_file, "w", encoding="utf-8", newline="")

as out_file:
109 out_file.write(script_content)
110

111

112 def format_req_grp(grp):
113 req_grp_inner = (
114 "Title: '{0}'. Group type: '{1}'. Relevance: '{2}'.\nRequirements

:\n{3}\n"
115 )
116 req_inner = "Type: '{0}'. Importance: '{1}'. Content:\n{2}\n"
117

118 return req_grp_inner.format(
119 grp["title"],
120 grp["type"],
121 human_relevance(grp["relevance"]["value"]),
122 "\n".join(
123 [
124 req_inner.format(
125 text["type"],
126 human_importance(text["importance"]),
127 text["text"],
128 )
129 for text in grp["texts"]
130 ]
131 ),
132 )
133

134

135 def human_importance(importance: float):
136 if importance == 1:
137 return "Most important"
138 elif importance == 2 / 3:
139 return "Important"
140 elif importance == 1 / 3:
141 return "Somewhat important"
142 elif importance == 0:
143 return "Least important"
144
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145 assert False
146

147

148 def human_relevance(relevance: float):
149 if relevance == 1.0:
150 return "Most relevant"
151 elif relevance == 0.5:
152 return "Somewhat relevant"
153

154 assert False
155

156

157 if __name__ == "__main__":
158 main()

1 import logging
2 import os
3 from pathlib import Path
4 import numpy as np
5 import pandas as pd
6

7

8 logger = logging.getLogger(__name__)
9

10

11 def main():
12 csv_name = "./with_reqs.csv"
13 output_dir = os.path.abspath("./repos/")
14

15 logging.basicConfig(
16 filename="prompt_stats.log",
17 level=logging.INFO,
18 filemode="w",
19 format="%(asctime)s [%(levelname)s] %(name)s"
20 + " %(filename)s:%(funcName)s %(message)s",
21 force=True,
22 )
23

24 with_reqs = pd.read_csv(csv_name)
25

26 todos_prompted = get_prompted(output_dir, with_reqs)
27 todos_prompted.to_csv("todos_prompted.csv", index=False)
28

29 print_stats(todos_prompted)
30

31

32 def get_prompted(output_dir: str, df: pd.DataFrame):
33 extra_info = pd.DataFrame(
34 data="",
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import logging
import os
from pathlib import Path
import numpy as np
import pandas as pd


logger = logging.getLogger(__name__)


def main():
    csv_name = "./with_reqs.csv"
    output_dir = os.path.abspath("./repos/")

    logging.basicConfig(
        filename="prompt_stats.log",
        level=logging.INFO,
        filemode="w",
        format="%(asctime)s [%(levelname)s] %(name)s"
        + " %(filename)s:%(funcName)s %(message)s",
        force=True,
    )

    with_reqs = pd.read_csv(csv_name)

    todos_prompted = get_prompted(output_dir, with_reqs)
    todos_prompted.to_csv("todos_prompted.csv", index=False)

    print_stats(todos_prompted)


def get_prompted(output_dir: str, df: pd.DataFrame):
    extra_info = pd.DataFrame(
        data="",
        index=np.arange(len(df.index)),
        columns=[
            "Has Exception",
            "Exception Comments",
            "RQ 2 Resolution",
            "RQ 2 Comments",
            "RQ 3 Resolution",
            "RQ 3 Comments",
            "RQ 4 Resolution",
            "RQ 4 Comments",
        ],
    )
    todos_prompted = df.join(extra_info)

    for index, row in df.iterrows():
        todo_id = str(row["ID"])
        todo_filename = row["Filename"]
        todo_basename = os.path.basename(todo_filename)
        todo_stemname = Path(todo_basename).stem
        repo_str = row["Repository"]

        repo_path = os.path.join(output_dir, repo_str)
        todo_files_dir = os.path.join(repo_path, "todo_files")
        todo_output_dir = os.path.join(todo_files_dir, todo_id)

        todo_index = todos_prompted.index[index]
        for rqi in range(2, 5):
            prompt_file = os.path.join(todo_output_dir, f"{todo_stemname}_rq{rqi}.txt")

            output, resolved, comments = "", "", ""

            with open(prompt_file, "r", encoding="utf-8") as out_file:
                next_output, next_resolved, next_comments = False, False, False
                for line in out_file:
                    line = line.replace("\n", "")
                    line = line.replace("\r", "")
                    if not line:
                        continue

                    if next_comments:
                        comments += line
                    elif line == "-----Resolved (Yes/Partially/No)-----":
                        next_resolved = True
                    elif line == "-----Comments-----":
                        next_comments = True
                    elif line == "-----Output-----":
                        next_output = True
                    elif next_resolved:
                        resolved += line
                    elif next_output:
                        output += line

                assert next_output and next_resolved and next_comments
                assert output
                assert resolved

                if output == "N/A":
                    assert comments
                    todos_prompted.loc[todo_index, "Has Exception"] = "Yes"
                    todos_prompted.loc[todo_index, "Exception Comments"] = comments
                    break

            if resolved not in ["Yes", "Partially", "No"]:
                raise ValueError(resolved)

            todos_prompted.loc[todo_index, f"RQ {rqi} Resolution"] = resolved
            todos_prompted.loc[todo_index, f"RQ {rqi} Comments"] = comments

    return todos_prompted


def print_stats(df: pd.DataFrame):
    rq2_success = len(df[df["RQ 2 Resolution"] == "Yes"].index)
    rq2_partial = len(df[df["RQ 2 Resolution"] == "Partially"].index)
    rq2_fail = len(df[df["RQ 2 Resolution"] == "No"].index)
    logger.info(
        "Counts for `rq2 resolution` graph: " + "(Yes, %i) (Partially, %i) (No, %i)",
        rq2_success,
        rq2_partial,
        rq2_fail,
    )

    rq3_success = len(df[df["RQ 3 Resolution"] == "Yes"].index)
    rq3_partial = len(df[df["RQ 3 Resolution"] == "Partially"].index)
    rq3_fail = len(df[df["RQ 3 Resolution"] == "No"].index)
    logger.info(
        "Counts for `rq3 resolution` graph: " + "(Yes, %i) (Partially, %i) (No, %i)",
        rq3_success,
        rq3_partial,
        rq3_fail,
    )

    rq4_success = len(df[df["RQ 4 Resolution"] == "Yes"].index)
    rq4_partial = len(df[df["RQ 4 Resolution"] == "Partially"].index)
    rq4_fail = len(df[df["RQ 4 Resolution"] == "No"].index)
    logger.info(
        "Counts for `rq4 resolution` graph: " + "(Yes, %i) (Partially, %i) (No, %i)",
        rq4_success,
        rq4_partial,
        rq4_fail,
    )

    rq2_with_comments = df[~df["RQ 2 Comments"].eq("")]
    rq2_combined: list[str] = (
        "- Type: RQ 2. Resolution: "
        + rq2_with_comments["RQ 2 Resolution"]
        + ". Comments:\n"
        + rq2_with_comments["RQ 2 Comments"]
        + "\n"
    ).to_list()

    rq3_with_comments = df[~df["RQ 3 Comments"].eq("")]
    rq3_combined: list[str] = (
        "- Type: RQ 3. Resolution: "
        + rq3_with_comments["RQ 3 Resolution"]
        + ". Comments:\n"
        + rq3_with_comments["RQ 3 Comments"]
        + "\n"
    ).to_list()

    rq4_with_comments = df[~df["RQ 4 Comments"].eq("")]
    rq4_combined: list[str] = (
        "- Type: RQ 4. Resolution: "
        + rq4_with_comments["RQ 4 Resolution"]
        + ". Comments:\n"
        + rq4_with_comments["RQ 4 Comments"]
        + "\n"
    ).to_list()

    rqs_combined = sorted(rq2_combined + rq3_combined + rq4_combined)
    logger.info(
        "All %i comments:\n------------\n\n%s\n------------",
        len(rqs_combined),
        "\n".join(rqs_combined),
    )

    exceptions = len(df[df["Has Exception"] == "Yes"].index)
    logger.info("Total of %i TODOs were not prompted due to exceptions.", exceptions)
    exception_comments = set(df["Exception Comments"].to_list())
    logger.info(
        "All exception comments:\n------------\n%s\n\n------------",
        "\n- ".join(exception_comments),
    )


if __name__ == "__main__":
    main()
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35 index=np.arange(len(df.index)),
36 columns=[
37 "Has Exception",
38 "Exception Comments",
39 "RQ 2 Resolution",
40 "RQ 2 Comments",
41 "RQ 3 Resolution",
42 "RQ 3 Comments",
43 "RQ 4 Resolution",
44 "RQ 4 Comments",
45 ],
46 )
47 todos_prompted = df.join(extra_info)
48

49 for index, row in df.iterrows():
50 todo_id = str(row["ID"])
51 todo_filename = row["Filename"]
52 todo_basename = os.path.basename(todo_filename)
53 todo_stemname = Path(todo_basename).stem
54 repo_str = row["Repository"]
55

56 repo_path = os.path.join(output_dir, repo_str)
57 todo_files_dir = os.path.join(repo_path, "todo_files")
58 todo_output_dir = os.path.join(todo_files_dir, todo_id)
59

60 todo_index = todos_prompted.index[index]
61 for rqi in range(2, 5):
62 prompt_file = os.path.join(todo_output_dir, f"{todo_stemname}

_rq{rqi}.txt")
63

64 output, resolved, comments = "", "", ""
65

66 with open(prompt_file, "r", encoding="utf-8") as out_file:
67 next_output, next_resolved, next_comments = False, False,

False
68 for line in out_file:
69 line = line.replace("\n", "")
70 line = line.replace("\r", "")
71 if not line:
72 continue
73

74 if next_comments:
75 comments += line
76 elif line == "-----Resolved (Yes/Partially/No)-----":
77 next_resolved = True
78 elif line == "-----Comments-----":
79 next_comments = True
80 elif line == "-----Output-----":
81 next_output = True
82 elif next_resolved:
83 resolved += line
84 elif next_output:
85 output += line
86
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87 assert next_output and next_resolved and next_comments
88 assert output
89 assert resolved
90

91 if output == "N/A":
92 assert comments
93 todos_prompted.loc[todo_index, "Has Exception"] = "Yes

"
94 todos_prompted.loc[todo_index, "Exception Comments"] =

comments
95 break
96

97 if resolved not in ["Yes", "Partially", "No"]:
98 raise ValueError(resolved)
99

100 todos_prompted.loc[todo_index, f"RQ {rqi} Resolution"] =
resolved

101 todos_prompted.loc[todo_index, f"RQ {rqi} Comments"] =
comments

102

103 return todos_prompted
104

105

106 def print_stats(df: pd.DataFrame):
107 rq2_success = len(df[df["RQ 2 Resolution"] == "Yes"].index)
108 rq2_partial = len(df[df["RQ 2 Resolution"] == "Partially"].index)
109 rq2_fail = len(df[df["RQ 2 Resolution"] == "No"].index)
110 logger.info(
111 "Counts for `rq2 resolution` graph: " + "(Yes, %i) (Partially, %i)

(No, %i)",
112 rq2_success,
113 rq2_partial,
114 rq2_fail,
115 )
116

117 rq3_success = len(df[df["RQ 3 Resolution"] == "Yes"].index)
118 rq3_partial = len(df[df["RQ 3 Resolution"] == "Partially"].index)
119 rq3_fail = len(df[df["RQ 3 Resolution"] == "No"].index)
120 logger.info(
121 "Counts for `rq3 resolution` graph: " + "(Yes, %i) (Partially, %i)

(No, %i)",
122 rq3_success,
123 rq3_partial,
124 rq3_fail,
125 )
126

127 rq4_success = len(df[df["RQ 4 Resolution"] == "Yes"].index)
128 rq4_partial = len(df[df["RQ 4 Resolution"] == "Partially"].index)
129 rq4_fail = len(df[df["RQ 4 Resolution"] == "No"].index)
130 logger.info(
131 "Counts for `rq4 resolution` graph: " + "(Yes, %i) (Partially, %i)

(No, %i)",
132 rq4_success,
133 rq4_partial,
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134 rq4_fail,
135 )
136

137 rq2_with_comments = df[~df["RQ 2 Comments"].eq("")]
138 rq2_combined: list[str] = (
139 "- Type: RQ 2. Resolution: "
140 + rq2_with_comments["RQ 2 Resolution"]
141 + ". Comments:\n"
142 + rq2_with_comments["RQ 2 Comments"]
143 + "\n"
144 ).to_list()
145

146 rq3_with_comments = df[~df["RQ 3 Comments"].eq("")]
147 rq3_combined: list[str] = (
148 "- Type: RQ 3. Resolution: "
149 + rq3_with_comments["RQ 3 Resolution"]
150 + ". Comments:\n"
151 + rq3_with_comments["RQ 3 Comments"]
152 + "\n"
153 ).to_list()
154

155 rq4_with_comments = df[~df["RQ 4 Comments"].eq("")]
156 rq4_combined: list[str] = (
157 "- Type: RQ 4. Resolution: "
158 + rq4_with_comments["RQ 4 Resolution"]
159 + ". Comments:\n"
160 + rq4_with_comments["RQ 4 Comments"]
161 + "\n"
162 ).to_list()
163

164 rqs_combined = sorted(rq2_combined + rq3_combined + rq4_combined)
165 logger.info(
166 "All %i comments:\n------------\n\n%s\n------------",
167 len(rqs_combined),
168 "\n".join(rqs_combined),
169 )
170

171 exceptions = len(df[df["Has Exception"] == "Yes"].index)
172 logger.info("Total of %i TODOs were not prompted due to exceptions.",

exceptions)
173 exception_comments = set(df["Exception Comments"].to_list())
174 logger.info(
175 "All exception comments:\n------------\n%s\n\n------------",
176 "\n- ".join(exception_comments),
177 )
178

179

180 if __name__ == "__main__":
181 main()
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A.2 Data
Dataset published on figshare [104].
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