
Preserving Reactiveness: Understanding and Improving the
Debugging Practice of Blocking-call Bugs

Arooba Shahoor
arooba@knu.ac.kr

Kyungpook National University
Daegu, Republic of Korea

Jooyong Yi
jooyong@unist.ac.kr

UNIST
Ulsan, Republic of Korea

Dongsun Kim∗

darkrsw@korea.ac.kr
Korea University

Seoul, Republic of Korea

ABSTRACT
Reactive programming reacts to data items as they occur, rather
than waiting for them to complete. This programming paradigm
is widely used in asynchronous and event-driven scenarios, such
as web applications, microservices, real-time data processing, IoT,
interactive UIs, and big data. When done right, it can offer greater
responsiveness without extra resource usage. However, this also re-
quires a thorough understanding of asynchronous and non-blocking
coding, posing a learning curve for developers new to this style of
programming. In this work, we analyze issues reported in reactive
applications and explore their corresponding fixes. Our investiga-
tion results reveal that (1) developers often do not fix or ignore
reactiveness bugs as compared to other bug types, and (2) this ten-
dency is most pronounced for blocking-call bugs – bugs that block
the execution of the program to wait for the operations (typically
I/O operations) to finish, wasting CPU and memory resources. To
improve the debugging practice of such blocking bugs, we develop
a pattern-based proactive program repair technique and obtain 30
patches, which we submit to the developers. In addition, we hy-
pothesize that the low patch acceptance rate for reactiveness bugs
is due to the difficulty of assessing the patches. This is in contrast
to functionality bugs, where the correctness of the patches can
be assessed by running test cases. To assess our hypothesis, we
split our patches into two groups: one with performance improve-
ment evidence and the other without. It turns out that the patches
are more likely to be accepted when submitted with performance
improvement evidence.
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1 INTRODUCTION
Reactive programming has been gaining traction in recent years.
Many software vendors, including Netflix and Uber, have adopted
reactive programming for their applications, which require high
responsiveness and scalability. The data-oriented concept of re-
active programming deviates from the classical control-oriented
programming paradigm and hence poses different challenges not
observed in traditional programs.

In this work, we study the common errors and their fixes ob-
served in reactive programs. In particular, we focus on blocking-call
bugs, a type of error that is very frequently encountered in this
programming paradigm [14]. Typically, reactive programs process
streams of data using chains of functions. If a function in the chain
is blocked, for example, to wait for a network response, the entire
chain is blocked. While reactive libraries such as Reactor [24] and
RxJava [25] make it easy to construct a chain of functions, they
alone do not prevent functions from being blocked. In this paper,
we develop a technique to automatically fix blocking-call bugs.

To the best of our knowledge, this is the first study that inves-
tigates the blocking-call bugs and their fixes in reactive programs
and proposes a repair technique for them. Our study consists of the
following three stages.

• Stage 1: We first examine the bug types observed in 29 open-
source reactive projects built with reactive libraries such as Re-
actor [24] and RxJava [25]. We count the number of reactive-
ness bugs fixed and unfixed by developers against those of non-
reactiveness bugs. It turns out that reactiveness bugs are less
likely to be fixed, and among them, blocking-call bugs are the
most common type.

• Stage 2:We develop an automated program repair (APR) tech-
nique to fix blocking-call bugs. The pattern-based program re-
pair [66] has shown to be effective for fixing specific types of
bugs [77, 84]. We apply this technique to blocking call bugs. We
extract five fix patterns from GitHub and StackOverflow . All the
curated patterns are non-intrusive, meaning they do not change
the functionality of the program. We applied our technique to
30 blocking-call bugs for which we could identify the presence
of the bug. Our technique successfully fixed all 30 bugs without
causing regression.
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� Stage 3:Developers often ignore bug reports even when the bug
is reproducible [12] or decline to accept a patch [6]. A previous
study [64] noted that pull requests associated with performance
enhancements are often given less precedence than those ad-
dressing functionality issues. We hypothesize that developers
would be more likely to accept the patch if it is accompanied by
evidence demonstrating the bug has been �xed. For blocking-
call bugs, performance analysis results before and after �xing
the bug could serve as compelling evidence. Figure 1 shows an
example of performance analysis. To validate this hypothesis,
we conduct a comparative study. We create pull requests (PRs)
with the patches for 30 blocking-call bugs. Half of these PRs are
supplemented with evidence of the bug �x, while the other half
are without it. The result of this study reveals that PRs with the
evidence are more acceptable.

In summary, this paper contributes the following:

� Investigation results of the �x ratio between reactiveness
bugs and other types of bugs.

� Pattern-based repair approach to generating patches for
blocking-call bugs.

� Comparative study results of the �x ratio between patches
submitted together with and without the evidence of �xing.

(a) Reported blocking-call issue with stack traces of the symptom in the

apache/james project. The corresponding patch has been attached to

this pull request.

(b) Performance measurement
results before applying the
patch.

(c) Performance measurement
results after applying the
patch.

(d) Developers of the project reviewed the patch and performance anal-
ysis results. This pull request has been merged after the review with
multiple positive comments.

Figure 1: Pull request reporting and �xing a blocking call bug
in the apache/james [20] project. A patch is proactively sub-
mitted and performance improvement evidence have been
submitted together. This pull request has been merged.

2 BACKGROUND
2.1 Reactive Programs
The Reactive programming paradigm is widely applied in web
development, cloud computing, the Internet of Things (IoT), and

real-time data processing, among other areas. Such applications
employ reactive libraries (such as Reactor [24], RxJava [25], and
Vert.x [13]) to handle a large number of concurrent requests and
process real-time data streams from multiple sources (as in mi-
croservices or IoT apps) asynchronously, keeping the application
responsive and resource-e�cient.

When used correctly, reactive programming can help applica-
tions handle increasingly more requests with fewer number of
threads. Based on the publish-subscribe protocol, reactive APIs
react to data items (events) as they occur leveraging the underlying
event loop model [22]. The event loop handles multiple operations
on a single thread, using callbacks from any operation that might
take a long time to complete. However, this approach of program-
ming comes with its own set of challenges, the biggest of which is
the paradigm shift from the imperative programming model.

Reactive programming deals with asynchronous data streams,
event-driven programming, and complex data �ow patterns. This
requires, from developers, a thorough understanding of the pub-
sub design pattern and appropriate usage of reactive operators to
ensure the application remains reactive end to end, and the main
execution thread never blocks; being fully reactive is key. To this
end, this paper focuses on the bugs found in reactive programs that
hamper their reactivity, and the corresponding �xes.

1 public ReactorRabbitMQChannelPool(Mono<Connection> connectionMono,
Configuration configuration) {

2 ...
3 newPool = PoolBuilder.from(connectionMono.flatMap( this ::openChannel))
4 .sizeBetween(1, configuration.maxChannel)
5 .destroyHandler(
6 channel -> Mono.fromRunnable(
7 Throwing.runnable(() -> {
8 if (channel.isOpen()) channel.close();
9 }))

10 + .then().subscribeOn(Schedulers.boundedElastic())
11 ).buildPool();
12 }

Figure 2: Example of a reactive Java program [16].

Figure 2 shows an example of a reactive program, where a pop-
ular reactive library, Reactor, is used. The usage of the other re-
active libraries is similar. This example is excerpted from a real-
world software project, James1. Lines 3�11 build a pool of channels.
Speci�cally, the from method call at Line 3 speci�es that each
channel should be created by invoking theopenChannel method.
Then, sizeBetween at Line 4 speci�es the number of channels to
be created. At Line 5, thedestroyHandler method call assigns the
callback method to be invoked when the channel is destroyed. Let
us disregard Line 10 for the moment. Finally,buildPool at Line 11
constructs the pool of channels as speci�ed.

2.2 Blocking-call Bugs
While reactive libraries make it easy to write a reactive program in
a declarative style, care must be taken to actually gain the e�ciency
of reactive programming. The code in Figure 2, without Line 10,
does not run e�ciently. When a pool of channels is destroyed, the
function de�ned in Line 7�9 is called for each channel. The prob-
lem is that, without Line 10, each channel is handled sequentially,

1Java Apache Mail Enterprise Server. https://github.com/apache/james-project


	Abstract
	1 Introduction
	2 Background
	2.1 Reactive Programs
	2.2 Blocking-call Bugs
	2.3 Proactive Program Repair

	3 Study Design
	3.1 Overview
	3.2 Stage 1: Measuring the Fix Ratio
	3.3 Stage 2: Patch Generation
	3.4 Stage 3: Reporting the Patches

	4 Results
	4.1 Fix Ratio
	4.2 Patch Generation
	4.3 Acceptance Ratio of the Patches
	4.4 Reviewing the Declined Patches

	5 Discussions
	5.1 Applicability to Other Programming Languages
	5.2 Implications for Researchers and Practitioners
	5.3 Threats to Validity

	6 Related Work
	7 Conclusions
	8 Data Availability
	References

