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Abstract

Flaky tests hinder the development process by exhibiting uncer-
tain behavior in regression testing. A flaky test may pass in some
runs and fail in others while running on the same code version.
The non-deterministic outcome frequently misleads the develop-
ers into debugging non-existent faults in the code. To effectively
debug the flaky tests, developers need to reproduce them. The in-
dustry de facto to reproduce flaky tests is to rerun them multiple
times. However, rerunning a flaky test numerous times is time and
resource-consuming.

This work presents a technique for rapidly and reliably reproduc-
ing timing-dependent GUI flaky tests, acknowledged as the most
common type of flaky tests in Android apps. Our insight is that
flakiness in such tests often stems from event racing on GUI data.
Given stack traces of a failure, our technique employs dynamic
analysis to infer event races likely leading to the failure and repro-
duces it by selectively delaying only relevant events involved in
these races. Thus, our technique can efficiently reproduce a failure
within minimal test runs. The experiments conducted on 80 timing-
dependent flaky tests collected from 22 widely-used Android apps
show our technique is efficient in flaky test failure reproduction.
Out of the 80 flaky tests, our technique could successfully reproduce
73 within 1.71 test runs on average. Notably, it exhibited extremely
high reliability by consistently reproducing the failure for 20 runs.
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1 Introduction

Testing is an indispensable part of software development; tests are
run to find faults in the code being changed or developed. Unfor-
tunately, software development suffers from flaky tests. A flaky
test impedes the software development process by passing in some
runs and failing in others while running on the same codebase ver-
sion [19]. In other words, a test failure may not indicate a fault in the
code. A test failing due to flakiness can mislead developers to debug
non-existent bugs in the code, slowing down the development cycle.
Besides, flaky tests are often hard to reproduce [5, 24]. This problem
has been identified as a significant obstacle in software develop-
ment at large companies such as Facebook [11], Google [22, 32],
and Microsoft [14, 15].

Reproducing flaky test failures is often challenging yet necessary.
The error messages and stack traces of a flaky test failure indicate
only the symptom, such as a timeout error or assertion failure,
without obvious hints pointing to the underlying root cause. To
debug such flakiness, a developer needs to repeatedly reproduce a
failing execution so that she/he can enable extensive logging and
observe runtime states accordingly. In fact, recent work [10] shows
that 77% of developers often run flaky tests multiple times when
debugging a flaky-test failure to log different parts of code and
analyze its runtime behavior. Unfortunately, such reproduction is
non-trivial since most flaky tests fail rarely or only in a specific
execution environment, particularly for concurrency-related flaky
tests. Addressing this challenge, Leesatapornwongsa et al., in Mi-
crosoft [18], develop an approach to reproduce concurrency-related
flaky test failures in .NET projects automatically. Lam et al. [17]
explore the effectiveness of rerun in reproducing flaky test failures
in Java projects.
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While some approaches [8, 28] detect flaky tests in Android,
unfortunately, none guide reproducing them. Reproducing flaky de-
terministically helps developers understand and debug them better.
This paper introduces an approach to automatically reproducing
flaky test failures in Android apps. Unlike traditional programs,
Android adopts the event-driven model in which the execution
flow is determined by events such as user interactions (e.g., button
clicking) and sensor signals. On the Android platform, tests are
executed to simulate events to exercise the app under test. However,
they are often flaky due to timing-related issues, i.e., an event is
executed at an incorrect timing due to asynchronous waits that
might take too long or an event occurring earlier than expected.
This type of flaky tests are called timing-dependent flaky tests and
have been identified as the most prominent flaky tests in Android
apps according to recent studies [25, 30]. Therefore, we focus on
timing-dependent flaky tests failure reproduction. Given such a
flaky test and its failure symptom (i.e., error messages and crash
stack traces), our approach deterministically reproduces a failed
execution that generates the same symptom.

We aim to develop a practical approach to reproduce flaky test
failures efficiently. Our approach must explore event execution
orders intelligently; the number of possible event execution orders
grows exponentially with the number of events generated in a
test run. Existing event race detection tools, such as CAFA [12],
DroidRacer [21], and ERVA [13], narrow down the exploration
space by tracking fine-grain happens-before relations, which require
instrumenting all the read and write operations. Unfortunately, it
is hard to scale them to large apps. Recent flaky test detection tools
such as Shaker [28] explore possible event orders by adding noise
in the execution environment. Unfortunately, these approaches
tend to explore a large number of event execution orders per test.
To ensure efficiency, we need to find a solution that can manifest
failures by exploring minimal event orders.

Our insight is that flakiness in GUI flaky tests often stems from
event racing on GUI data. We can infer event races likely leading to
the given failure during a test run and reproduces it by selectively
delaying only relevant events involved in these races. Therefore,
we can efficiently reproduce a failure within minimal test runs. To
achieve this, we employ dynamic analysis to identify event racing
on GUI data and deem event races that occur prior to the given
failure as “root cause” event races. Then, we can reproduce the
failure by delaying only events involved in these event races.

To identify event races prior to the given failure, we generate
a flame chart [2] that records call stacks throughout a test run,
enabling it to identify a potential point where the given failure may
occur based on its crash stack traces and the corresponding events
leading up to that point. To identify event racing on GUI data, we
extract a list of methods accessing GUI widgets such as TextView
from the Android documentation and monitor these methods at
runtime. To delay an event in a test run, we leverage a key observa-
tion related to the Android event-driven concurrency architecture.
In this architectural model, threads in the Android framework com-
municate with each other by posting events through a designated
method called enqueueMessage (). By dynamically hooking this
method at runtime, we gain the ability to record events generated
during a test run and selectively delay the execution of specific
events. This allows us to dynamically explore and manipulate event
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orders without requiring any code instrumentation or modifications
in the app under test and the Android framework.

We implemented our approach into a fully automated tool called
FlakeEcho and conducted evaluations on 80 timing-dependent flaky
tests in 22 widely used and large open-source apps from GitHub.
The experiment results show the effectiveness of FlakeEcho in repro-
ducing timing-dependent flaky tests in Android apps, successfully
reproducing 73 out of the 80 flaky tests. Notably, all the 73 flaky
tests can be successfully reproduced by delaying a single event. On
average, it takes 1.71 test runs to reproduce a failure. Additionally,
for each failure, FlakeEcho generates a delay configuration that
allows the failure to be reproduced deterministically. Under this
delay configuration, the failure manifests in 16.25 out of 20 runs. In
summary, our work makes the following contributions:

e Practical Technique. We present an event delay-based tech-
nique for reproducing timing-dependent flaky test failures in
Android apps. Our approach can efficiently reproduce flaky
tests within a few test runs. The key novelty of our tool,
FlakeEcho, lies in inferring the "root cause" event race of a
given failure and reproducing it by selectively delaying only
relevant events, consequently avoiding exhaustedly explor-
ing all possible event execution orders. More importantly, for
each failure, our approach generates a delay configuration
that allows the failure to be reproduced reliably.
Extensive Evaluation. We evaluated FlakeEcho on 80
timing-dependent flaky tests from 22 popular open-source
Android apps. We measured the efficiency of the delay config-
urations generated by FlakeEcho in reliably reproducing the
given failures over 20 test runs. To support further research
on flaky test reproduction, we have made FlakeEcho and the
dataset publicly available at: https://github.com/FlakeEcho/
FlakeEcho.

2 Background and Scope

This section provides a brief overview of the event-driven program-
ming model in Android. Next, we explain the timing-dependent
flaky tests that are the main focus of our work and present an
example case.

Event-driven Concurrency Model. In Android’s concurrency
model, every app process has a main thread (called Ulthread) and
several background threads. To achieve rapid Ul responsiveness,
only the UI thread can access GUI objects. To update the GUI, back-
ground threads send events to the Ul thread, and the Ul thread dis-
patches these events to the appropriate UI widgets. Long-running
tasks, such as network access, usually run in background threads.
When these tasks are completed, the background threads post
events together with the data to the UI thread. This concurrency
model involves three main components:

e Event. Events can be generated by external entities or in-
ternally by threads or events executed within the applica-
tion. They originate from various sources, including input
devices like screen and GPS sensors, the Android frame-
work (e.g., low battery notifications), third-party libraries
(e.g., Google services), and app components (e.g., threads
exchanging data).
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injectKeyEvent(keyEvent);
i44;

¥
public boolean injectKeyEvent(KeyEvent keyEvent) throws ... {

SignalingTask task = new SignalingTask(new Callable<Boolean>() { @ Callable
public Boolean call() throws Exception {
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ExecutorService keyEventExecutor = Executors.
newSingleThreadExecutor(new ThreadFactoryBuilder() ...);
keyEventExecutor.submit(task);
} oo @ Return (when task done)

— Method call ——» A chain of calls

(c)

Figure 1: A timing-dependent flaky test in Android app An-
tennapod.

e Event Queue. Once an event is generated, it is placed in an
event queue. Events in the queue are processed in the order
they were queued, ensuring sequential handling.

e Looper Thread. A looper thread is associated with each
event queue. Its role is to continuously check its correspond-
ing event queue and process events one by one. This ensures
that all events executed in a looper thread are atomic with
respect to each other. In Android, the Ul thread functions as
the looper thread.

Timing-dependent Flaky Tests. This paper refers to tests
that yield varying outcomes based on specific execution orders as
timing-dependent flaky tests. These tests pass or fail depending on
the timing or sequencing of events during execution. Two common
patterns in timing-dependent flaky tests are (1) async waits. In this
scenario, a test starts an asynchronous operation and instead of
using proper synchronization to ensure its completion, it waits for
a specific period and assumes that the asynchronous operation has
been completed within that period. The test fails when the opera-
tion does not complete within the fixed wait period.; (2) data race.
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Another common pattern is data race caused by multiple threads
accessing the same object instance without proper synchronization.
A data race can non-deterministically lead to test failure. They have
been identified as the most prominent flaky tests in Android apps
according to recent studies [25, 30].

Example. Figure 1 shows a timing-dependent flaky test in An-
droid app Antennapod, a popular open-source podcast player (5.4k
stars on Github). The test is shown in Figure 1 (c) and designed
to validate the feed-adding functionality on the screen in Figure 1
(a). It first localizes the textbox widget on the screen and inputs
a predefined URL in the textbox, and then clicks the “CONFIRM”
button to add the feed to the app. Afterward, it checks if the feed is
successfully subscribed.

This test is processed as follows. As shown in Figure 1 (b), it
first is loaded into a dedicated testing thread that interacts with
the app under test through events. When the first statement is
executed, it generates an event @. Receiving event @, the UI thread
processes the event and starts to type the given URL into the textbox.
Considering typing URL involves operating the keyboard, the UI
thread offloads the task to a background thread (@). As shown in
the method injectKeyEvent(), each key operation is performed
by the background thread. Once the key operation is completed, the
background thread sends an event (®) to the Ul thread for updating
the corresponding letter into the textbox. This process is repeated
until all the letters in the URL are typed into the textbox. Once
the URL typing is done, the testing thread executes the second
statement, sending event @ to the Ul thread. Then the UI thread
adds the URL to the specified location.

The outcome of the test depends on the execution timing of event
@, i.e., “CONFIRM” button clicking. It passes if event @ is executed
after the URL being completely filled into the textbox. Otherwise,
it fails. Let us assume event 3 is the last event that is generated by
the background thread in the URL typing task. As shown in Figure 1
(b), if the event @ occurs after @), the test passes. Otherwise, the
test fails. In fact, this order cannot be guaranteed due to the lack of
a reliable synchronization mechanism between the testing thread
and the background thread. Thus, the test manifests flaky behavior,
passing for some runs and failing for others.

3 Overview of Our Approach

This work proposes an approach to reproduce timing-dependent
flaky test failures within minimal runs. The key observation is that
such failures often arise from event races on GUI data. The test
passes for certain event execution orders but fails for specific ones.
To manifest such failures effectively, we apply the following two
heuristics in our approach:

o Event races are more likely to lead to a given failure if they
race on GUI data [25].

e Event races that occur before the failure point are more likely
to lead to a given failure.

Based on these two heuristics, our approach identifies GUI data-
related event races that occur in the test run and infers event races
that are more likely to trigger the failure. It then prioritizes the
exploration of event orders caused by these races.

Problem Formulation. To formulate our problem, we leverage
the event-driven concurrency model established by Hu et al. [13]



ISSTA °24, September 16-20, 2024, Vienna, Austria

Thread t u= UlThread
|  BackgroundThread
|  TestingThread
Thread operation y = fork(ty,t2)
| join(t1,t2)
Memory location  p €  Pointers
Memory access a = ar(p)
Access type T = read
| write
Event e = begin;opy;...opn; end
Event type v = ExternalEvent
|  RunnableObject
|  Message
Event posting B = post(e, t1,t2,A)
Operation op = «a
| B
Iy
Trace T = 0p1;...;0pPn

Figure 2: Event-Driven Concurrency Model

(Figure 2). In this model, threads ¢ can generally be categorized as
either the Ul thread, a testing thread, or a background thread. The
Thread operation y can either fork a new thread from an existing one
or join a thread into another. Event e can be an external event that
may originate from user interactions (input event) or the Android
system (system event). Besides, it can also be a message or runnable
object that is usually sent from a background or testing thread
to the UI thread for communication. For example, when a task is
done, the background thread sends a runnable object to return the
results to the Ul thread. Memory access a;(p) can read or write
memory location p. The event posting operation generates and
dispatches an event with a Delta-second latency from one thread
to another. Generally, a background or testing thread posts events
to the Ul thread to update results, and A is set to 0 by default. Trace
7 contains a sequence of operations above.

Happens-before Relation. We define a happens-before relation,
similar to the traditional concurrency model, as the minimum par-
tial order (i.e., reflexive, anti-symmetric, transitive relation) over
events of a trace such that e; < ey if :

e Program Order Rule:
end(e1) < begin(ez) A e1 € post(t) A ez € post(t)
o Thread Rule:
end(e1) < begin(ez) A e1 € post(t;) A eg € post(tz) A
fork(ty, t2)
Two unordered events e; and e; are denoted as e; || ej, if they are
not related by the happens-before relation.

Definition 3.1 (Event Races). An event e; races with another event
e; if there exists a shared variable p such that a;(p) € e;, @j(p) € e;
and e; || e;, and at least one of &;(p) and a;(p) is a write.

Timing Flaky Test Failure Reproduction. Timing-dependent flaky
test reproduction can be addressed as an event order exploration
problem. Given a test T and its failure F, the objective is to find an
event sequencef € Q(Z,<), where? is the event execution order
when the failure F occurs; Z indicates the set of events generated
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during the execution of test T. The space of possible event execution
orders Q(Z, <) becomes extremely huge as the number of generated
events increases. Blindly exploring such a space is challenging and
impractical.

Our Idea. We tackle the challenge by leveraging the key insight
that timing-dependent flaky tests often result from event racing on
GUI data during test execution. Our approach involves analyzing
GUI-related event races in the test run and inferring event races that
may occur before the given failure. We only explore event orders
caused by these races, enabling a more efficient manifestation of
timing-dependent flaky test failures.

4 Detailed Approach

The workflow of FlakeEcho is depicted in Figure 3. FlakeEcho takes
the app under test and the test case as input to perform a dynamic
analysis. During the analysis, FlakeEcho monitors and records
events during execution and GUI access operations. Besides, it
captures the execution traces of a test run. Afterward, the collected
runtime data and crash stacks are analyzed to identify event races
that could have caused the failure. Subsequently, FlakeEcho runs
the test by enforcing an order among the events involved in the race
to manifest the failure. To establish an order between two events,
FlakeEcho delays one event to allow the other to execute first. If
the test run successfully reproduces the observed flaky behavior,
FlakeEcho provides the delay configuration as output.

4.1 Event Tracing and GUI Access Analysis

Event Identification. To analyze the event races during a test ex-
ecution, FlakeEcho first records the generated events. As explained
in the background, Android follows an event-driven concurrency
model, where the events that occur during execution are added to
the event queue and processed in sequential order. Consequently,
we record events by hooking the API that places the events into
the queue. Specifically, the event queue object provides a method
enqueueMessage () for posting an event. When an event occurs,
the method will be invoked to place it into the queue. To prevent
any modifications to the Android system and the app under test,
FlakeEcho dynamically hooks this method to record the events.

Unfortunately, the events captured at runtime do not have unique
identifiers. In fact, the captured events are objects that contain dy-
namically generated data. These objects serve as containers for
information that needs to be passed to the event handlers, and
they are often recycled in the execution process. After an event is
processed, it is returned to a pool for reuse later, avoiding unneces-
sary object creation !. Identifying an event with the content in the
event object is challenging. On the other hand, FlakeEcho requires
identifying events generated in the test execution, analyzing races
among them, and delaying the execution of an event in the test
run. Thus, we need to develop an approach to generate an event
identifier that can be used across test runs.

To tackle this challenge, we leverage the method employed by
FlakeRepro [18] to compute a unique ID for each event (event ID)
that can be consistently used during test runs. The event ID is
derived by combining the consistent ID of the thread that posts
the event with the execution context within that thread. Specifically,

Thttps://developer.android.com/reference/android/os/Message
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Figure 3: The workflow of our approach FlakeEcho

android.preference.EditTextPreference: void setText()
android.preference.EditTextPreference: java.lang.String getText()
android.app.ProgressDialog: void setMax()

android.app.ProgressDialog: int getMax()

android.preference.SwitchPreference: void setSwitchTextOff()
android.preference.SwitchPreference: java.lang.CharSequence getSwitchTextOff()

Figure 4: A list of methods that access GUI data in Android

the event ID comprises (1) the consistent ID of the thread posting
the event, (2) the call stack of the thread at the time of posting the
event, and (3) the number of times the thread posts an event with the
same call stack. The consistent thread ID needs to remain the same
across runs. However, the thread ID assigned by the underlying
runtime may vary, as the same logical thread may have different
IDs across different runs. To overcome this issue, we leverage the
observation that threads created in the Android system are often
given a thread name that remains consistent across runs. Therefore,
FlakeEcho utilizes the thread name as the consistent thread ID. By
obtaining this data at runtime, FlakeEcho can compute the event
ID and record events that occur during the test run.

GUI Access Analysis. To effectively analyze event races, it is
essential to track both writing and reading operations during event
processing. Ideally, all data access operations should be recorded,
as event races can arise when two distinct events concurrently
read or write to shared variables in memory. However, in the scope
of this work, we do not need to record all data access operations:
Our main focus is to identify event races that have the potential
to cause timing-dependent flaky test failures, instead of detecting
general concurrency bugs in the app. With GUI testing as the main
focus, it is common for test failures to happen because of differ-
ences between expected results and the data retrieved from the GUL
Therefore, we consider only event races on GUI data in this work.

To effectively identify GUI data access operations in Android
apps, we begin with a review of the Android documentation. Since
user interfaces are constructed using View and ViewGroup objects
in Android, we focus on examining methods provided by these
classes and their subclasses, such as TextView and LinearLayout.
Figure 4 shows a list of methods that access GUI data in Android.
This analysis allows us to compile a comprehensive list of GUI
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reading and writing operations. To record GUI accesses triggered by
an event, we leverage the event dispatching mechanism in Android
that events are dispatched via method dispatchMessage(). The
task can be completed in two steps:

e Given an event e, FlakeEcho identifies when the event e
starts to be processed and when the processing is completed
by hooking method dispatchMessage() at runtime;

o During processing event e, FlakeEcho tracks GUI operations
by hooking the compiled GUI access methods, recording
which property values of widgets on the screen are read or
written.

Specifically, for event e, FlakeEcho records its ID and a set of vari-
ables in the GUI widgets that are read or modified, which are de-
noted by (ID,{az(p1),....ar(pn)}), where 7 indicates the access
type (i.e., read or write) and p indicates accessed variables.

Profiling. To generate a flame chart for a test run, FlakeEcho
leverages an open-source tool Android Method Profiler that can
record call stacks over a test run and analyze traces. It is similar to
the official Android Profiler but operates quickly.

4.2 Failure-inducing Event Race Inference

Given the execution trace and events collected in the previous
step, along with the information about the given failure, we can
infer event races that may lead to the failure. The key idea is to
identify the point in the execution trace at which the given failure
may occur and then analyze the races among events that occur
before the point. These event races are considered failure-inducing
races. Before diving into details, we first introduce two crucial data
structures used in the approach:

o Flame Chart. A flame chart is a visualization that showcases
stack samples chronologically during an app’s runtime. Each
rectangle in the chart corresponds to a stack frame, repre-
senting a specific method or function executed during the
profiling. Figure 5 (a) shows an example of flame chart.
Crash Stack. The call stack at the time of a failure is referred
as the crash stack shown in Figure 5 (b). It provides a snap-
shot of the functions or methods that were being executed
in the app when the failure occurred.

Algorithm 1 outlines the process of inferring failure-inducing
event races. It takes as input (1) the event sequence and execution
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Figure 5: An example of flame chart and crashing stack trace

Algorithm 1: Failure-inducing Event Race Inferring

Input: f):Event sequence

Input: : Execution Trace

Input: s: Crash stack of the given failure
Input: k: Number of suspicious event races

1 Procedure Infer‘(?, 7,8, k)
-

2 S « generateFlameChart(r);

3 D « extractThreadDependence (?);

N
4 i « identifyFailurePoint(S,s);

- . . - =
E;, < getEventSequenceBeforeFailurePoint(S, E,i);
- —

R « computeEventRaces(Ep, D);

— -

Ry « fetchKNearestRaces(R,k);

N
return Ry

trace collected from the dynamic analysis; (2) the crash stack of
the given failure; (3) the parameter k specifying the number of
suspicious event races that need to be considered in the event
order exploration; it can be configured according to scenarios or
requirements. As shown in Line 2, FlakeEcho first takes execution
trace 7 to generate a flame chart by invoking the tool Android
Method Profiler. The flame chart is a sequence of call stacks over

=
time, which is denoted with S. At Line 3, it analyzes the flame

-
chart S to extract the threads involved in the test and compute
relations among them, i.e., fork and join relations (denoted by D).

Possible Failure Point Identification. Line 4 analyzes a point

in the flame chart S at which the given failure likely occurs.
The study [23] shows stack-matching effectively identifies a re-
occurring failure, and the prefix-matching algorithm is more precise.
Moreover, the stack traces of different test runs may exhibit slight
variations. Thus, we use the prefix matching algorithm to compute
the similarity between the crash stack s of the failure and each call

stack in . The point with the highest similarity is deemed as the
possible failure point. Specifically, the similarity between two call
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stacks s and sy is computed with the following formula:
argmaxi{s} : s| = si}/max(jsi},Is2]

That is, the similarity score of two call stacks is determined by the
size of the longest common prefix normalized to the length of the
longer of the two call stacks.

Suspicious Event Races Computation. FlakeEcho identifies
event races as suspicious if they involve racing on GUI data and
occur prior to the Failure Point. Line 5 to Line 7 of Algorithm 1
explains this workflow. Line 5 performs an analysis to extract the
sub-event sequence I:Tb) that occurs prior to the possible failure point
identified in the previous step. To achieve this, the algorithm first

- -
maps the events in E onto the flame chart S. The mapping process
-
is as follows: for each event e; in E, the algorithm compares its
-
call stack with each call stack in S . If exactly matched, e; is located

at the corresponding point on the flame chart S'. Note that there
is always an exact match between each event’s call stack and the
flame chart because the recording of each event’s call stack and the
flame chart creation happens within the same test execution. After

all the events are located on _S) the algorithm identifies the failure

=
point i on S. As recall, a flame chart is a visual representation
of call stacks arranged chronologically, therefore, we can identify

N

events that occur prior to the failure point on S. Specifically, the
—

algorithm takes the events preceding i on S as the sub sequence

—
of events Ej, that occur prior to the failure point.
Line 6 performs a computation to identify GUI-related event

=
races in Ej, using the definition of event races described in Section 3.

N
For e; and e j in Ep, there exists a GUI-related event race between
them if e; and e; access the same variable value on GUI, and at least
one of them is a write operation. In such a way, we can compute

N
all the event races in Ej, and identify the K nearest event races that
occur prior to the failure point as suspicious event races (shown in
Line 7).

4.3 Reproducing Failures via Event Delays

Next, FlakeEcho analyzes each of the k suspicious event races identi-
fied in the previous step. For each race, FlakeEcho runs the test with
an enforced order between the two racing events and verifies if the
given failure is reproduced. Let e; and e; be the suspicious events
that race on GUI data, and e; occurred before e; in the recorded
traces. FlakeEcho introduces a delay A before executing e; in the
test run to enforce e; to occur before e;. During the execution,
FlakeEcho monitors the occurrence of a failure.

To confirm whether the given failure is successfully reproduced,
FlakeEcho checks if the failure in the execution is identical to the
given failure. Specifically, FlakeEcho automatically compares the
crash stack resulting from the execution with that of the given fail-
ure. If the crash stack of the reproduced failure matches that of the
given failure, FlakeEcho confirms the given failure is successfully
reproduced and outputs the delay configuration, i.e., the event to
delay and the corresponding delay time.

Notably, in the current configuration, FlakeEcho flips the exe-
cution order of only one event race in each test run. This decision
is grounded in the study’s findings [19], which suggests that most
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concurrency-related flaky tests typically involve only two threads.
Therefore, for simplicity, FlakeEcho enforces order for only one
event race in each test run. While enabling FlakeEcho to delay mul-
tiple event races simultaneously could theoretically increase the
efficiency of reproducing flaky tests, it also raises the risk of provok-
ing new failures owing to the compounded effect of inserted delays.
However, if needed, FlakeEcho can still be configured to enforce
the order for multiple event races in a test run to accommodate
more complex scenarios.

5 Implementation

FlakeEcho is implemented as a fully automated flaky test reproduc-
ing framework. It extends two off-the-shelf tools: EdXposed[1] and
YAMP[4] (Yet Another Methods Profiler for Android). EdXposed
is a derivative of the original Xposed[3] framework, and it is used
to hook the method of Android apps and to inject delays dynami-
cally. YAMP generates a frame chart of a running test case and can
monitor real-time stack traces of all threads.

6 Experiment Setup

In our experimental evaluation, we seek to answer the following
research questions:

RQ1: How effective is FlakeEcho in reproducing timing-dependent
flaky tests in Android apps?

RQ2:
RQ3:

How reliably can FlakeEcho reproduce a flaky test failure?
How does the performance of FlakeEcho change with varia-
tions in the event delay time?

RQ4: How much overhead is introduced by the dynamic analysis
in FlakeEcho?

To evaluate FlakeEcho, we reproduced 80 timing-dependent flaky
tests from 22 real-world Android apps. Table 1 shows the detailed
information of these apps. The Version column specifies the version
number utilized in our study, while #.OC measures the app’s com-
plexity, representing the lines of code written in Java and Kotlin.
Additionally, the #Stars column indicates the app’s popularity, quan-
tified by the number of stars received on GitHub. Moreover, these
applications span multiple categories, including Tools, Music &
Audio, Communication, Maps & Navigation, Finance, and others,
underscoring the dataset’s complexity and diversity. Further test
details are available in the supplementary materials.

Test Collection. To achieve diversity, we collected flaky tests from:

o Research projects. We reviewed recent research papers address-
ing flaky tests in Android applications, i.e., FlakeScanner [8],
Shaker [28], and empirical studies [25, 30]. Then we manually
examined flaky tests in their experiments and identified tests that
are related to “asynchronous waiting” and “concurrency” issues
as likely timing-dependent flaky tests. Through this process, we
ended up with 47 timing-dependent flaky tests from 14 apps.

Github Repos. We searched commits and bug reports on GitHub
with almost 500 queries that were generated by combining three
types of keywords (1) GUI-related: gui, ui test,view, textview,
button, widget, layout, drawable, theme; (2) flaky-test-related:
flaky, flaky test, flak, intermittent, failing test, fix
test; (3) timing-dependency-related: concurrent, concurrency,
async wait, asynchronous, synchronization, child thread,
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Table 1: Details of 22 popular open-source Android apps used
in our study.

App Name Version #LOC  #Stars Category

Aegis 2.03 43.5k 6.7k Tools
AmazeFileManager  3.4.3 92.2k 48k  Tools
AntennaPod 1.8.1 102.6k 5.4k  Music & Audio
connectbot 0.4.13 1222k 22k  Communication
Equate 2.0 16.0k 64 Tools

Espresso 1.0.0 17.3k 1.1k Maps & Navigation
Feeder 1.8.9 91.6k 756 Reader
FireFoxLite 2.1.19 1598.4k 280 Communication
FlexBox 2.0.1 29.2k 18.1k  Libraries & Demo
GooglelO 7.0.15 747k 21.8k  Books & Reference
Gnucash 2.4.0 90.1k 1.2k Finance
Kaspresso 1.1.0 66.3k 1.7k Productivity

Kiss 3.11.9  27.2k 2.7k Personalisation
MicroPinner 2.2.0 65.0k 41 Tools

Mozilla Focus 102.0 1453k 2.1k Browser
MyExpenses 3.0.7.1  1835.6k 630 Finance
Omni-Notes 6.1.0 101.8k 2.6k  Note

open_flood 1.3.5 3.7k 132 Game
opt-authenticator 0.1.1 17.8k 153 Tools
Shoppinglist 221 65.2k 63 Shopping
Suntimeswidget 0.12.10 218.8k 290 Tools
YoutubeExtractor 2.0.0 2.7k 874 Video Players

multithread, timeout. In total, we obtained 3481 related com-
mits and 274 related bug reports. After manual examination, we
deemed that 152 commits and 59 bug reports were related to
timing-dependent flaky tests, and then we successfully repro-
duced 33 flaky test failures out of them. Finally, we obtained 33
timing-dependent flaky tests in 8 Android apps.

Flaky Test Reproduction. To reproduce the collected flaky tests,
we executed them 100 times via their test command and observed if
the results contained passing and failing runs. If the results contain
both passing and failing runs, we compared the stack trace of the
failing runs with the developer’s documentation. If they match, we
consider the flaky test reproduced. Utilizing this method, we suc-
cessfully reproduced 9 out of the 80 flaky tests. If a flaky test is not
reproduced, we perform manual debugging using the developer’s
documentation to reproduce them. If the failed run shows the same
behavior as in the developer’s documentation, we mark the test as
reproduced. With this approach, we reproduced the remaining 71
flaky tests.

Specifically, we conducted four studies to answer our research
questions: (1) effectiveness study; (2) reliability study; (3) parameter
sensitivity study; and (4) overhead study.

Effectiveness Study. This study aims to evaluate the effective-
ness of FlakeEcho in reproducing timing-dependent flaky tests.
To achieve this, we run FlakeEcho on the 80 tests to observe the
number of tests FlakeEcho reproduces. In particular, we compare
the stack traces of failure reproduced by FlakeEcho with the stack
traces of original (initially reported) failure. If these are matched,
we deem the flaky test reproduction by FlakeEcho successful.

BASELINE EXPERIMENT. Additionally, we conducted a Baseline
experiment to gauge how the two heuristics mentioned in Section 3
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influence the efficiency of reproducing flaky tests. The baseline
method reproduces a failure by exhaustively inducing a delay to
any of the events that occur in the execution, delaying only one
event for each run.

Moreover, we compare FlakeEcho and the state-of-the-art tech-
niques on the 80 tests in terms of the number of reproduced flaky
tests and the average time taken to reproduce failures. Unfortu-
nately, to the best of our knowledge, there are no tools for flaky
test reproduction in Android. Thus, we choose the state-of-the-art
tools that detect flaky tests in Android, since they are closer to
FlakeEcho’s aim.

e Flakescanner [8], a recent work that manifests concurrency
flaky test behaviors in Android apps by exploring event
execution orders that may occur during test execution.

o Shaker [28], a recent technique that detects flaky tests in
Android apps by introducing noise and load to the execution
environment to affect event and thread execution order.

Notably, the comparison between FlakeEcho and the flaky test de-
tection tools is not end-to-end. FlakeScanner and Shaker detect a
flaky test by running a test to witness its flaky test failure. However,
to the best of our knowledge, they are the best reference points,
considering there are no other flaky failure reproduction tools for
Android apps. Thus, we include them in our experiments. We use
the same protocol as used in FlakeEcho to determine if a failure is
successfully reproduced, i.e., if the error type and stack traces of a
reported failure match with those of the given failure. In our exper-
iment, FlakeEcho is configured with specific parameters: k is set to
4, and the delay time for an event is set to 500ms. For Flakescanner
and Shaker, we followed the instructions provided in their official
GitHub account. Besides, we used the default parameters given in
their instructions.

Reliability Study. This study evaluates whether the delay config-
uration generated by FlakeEcho can reliably reproduce flaky tests.
For each flaky test, FlakeEcho runs the test with a delay configura-
tion to reproduce the flaky test failure. We run each flaky test 20
times under the provided configuration and check the number of
times the flaky test failure is reproduced.

Parameter Sensitivity Study. This study evaluates the sensitivity
of FlakeEcho concerning the parameter value updates. FlakeEcho
can be configured with different delay values at runtime. A distinct
delay value may result in a different event execution order, leading
to varying effectiveness and reliability of flaky test reproduction.
For this study, we use four parameters: 300ms, 500ms, and 700ms.
For each parameter, we run each of the 80 tests to check the number
of successfully reproduced failures. We run the test for each gener-
ated delay configuration 20 times to check how often the failure is
reproduced successfully.

Overhead Study. This study investigates the overhead introduced
by the dynamic analysis in FlakeEcho. As is, FlakeEcho uses dy-
namic tracking events and GUI access operations, which can lead
to some overhead. We measure this overhead based on the test run
time. Specifically, we run FlakeEcho on 80 tests to perform dynamic
analysis to collect the execution time of each test run and compute
the slow-down ratio by comparing the execution time of a test run
without dynamic analysis.
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Execution Environment. Our experiments run on a 64-bit Mac-
book Pro physical machine(macOS Catalina 10.15.2) with a 2.60GHz
6-Core Intel Core i7 CPU and 16GB RAM and use an Android em-
ulator to run all test cases. The emulator is configured with 2GB
RAM and the Android R operating system(SDK 11.0, API level 30).
In the experiments, given a failure, only the corresponding test was
executed. This setting was adopted for all the tools.

7 Experimental Results
7.1 RQ1: Effectiveness Study

In this section, we discuss FlakeEcho ’s efficacy in reproducing
flaky tests and compare it with FlakeScanner and Shaker. Table 2
shows the evaluation results of this study, where column “4Event”
indicates the number of events generated in the test run, column
“Succ” represents whether the tool successfully reproduces a flaky
test failure, column “Ngyc.” denotes the number of runs out of 20
runs in which a failure is successfully reproduced with the delay
configuration output by FlakeEcho, column “4Run” indicates the
number of test runs performed by FlakeEcho to successfully repro-
duce a failure with k set to four, column “Time(s)” indicates the total
execution time taken by FlakeEcho to reproduce a failure, column
“Baseline” indicates the number of test runs performed by Baseline
to successfully reproduce a failure, column “FS” indicates whether
FlakeScanner successfully reproduces a failure, and column “SH”
indicates whether Shaker successfully reproduces a failure.

Result. As shown in Table 2, FlakeEcho successfully reproduces
73 out of 80 timing-dependent flaky test failures in 22 widely used
Android apps. Compared with FlakeScanner and Shaker, it achieves
the best performance in terms of the number of reproduced failures,
followed by FlakeScanner (40) and Shaker (27). More importantly,
the results emphasize the efficiency of FlakeEcho in failure repro-
duction. The average time taken to reproduce a failure stands at
38.53 seconds, and as shown by “#Run”, a successful reproduction
only runs the test around 1.71 times for event order exploration.
This efficiency is notable, considering FlakeEcho’s ability to identify
the faulty event order within an average of 164 events during a test
run, manifesting the order in the subsequent test runs. This is be-
cause FlakeEcho employs two heuristics to optimize the event order
exploration in the failure reproduction. As described in Section 4.2,
FlakeEcho only considers possible event orders that originate from
GUI-related event races in the test run. To further narrow down
the exploration space, FlakeEcho identifies the k (k is set to four in
the experiment) event races nearest to the failing point of the given
failure and prioritizes exploring orders caused by these event races.

The "Baseline” column indicates the results of the baseline ex-
periment. Specifically, the average number of runs required to re-
produce a flaky test using the baseline experiments reached 51.65,
marking a 30.16 times increase compared to FlakeEcho. This sub-
stantial difference highlights the effectiveness of the two heuristics
utilized by FlakeEcho.

Next, we conducted an experiment to observe the entropy of
runtime difference to reproduce a failure one to ten times by each
tool. Since FlakeEcho can reproduce a failure deterministically, the
idea is to observe the efficiency gain of FlakeEcho with an increas-
ing number of failure reproductions compared to other techniques.
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Table 2: Results of FlakeEcho, Baseline, FlakeScanner(FS),
and Shaker(SH).
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#Run

SH
Succ

Baseline

#Event FRun

Succ

&

Time(s)
22.83
18.77
19.81
196.99
7.57
21.22
15.32

103
121
179
145
103
183
33

108
143
109
145
127
151
103
140
223
224

<<

<< < << <
<<

R S T T P P T P L S L L S L S e ]
I N

28.14
88.28
12.47
11.99
13.48
9.41
16.32
31.57
3.58
23.03
122.11
135.37
13.07
43.71
0.85
0.55
76.02
10.69
12.51
35.33

222
LR R =<

<<

<

<<

12.17
234.46
91.84
7.35
3.44

25.42
4.25
3.12
3.61
4.96
3.25

79.83
19.21
12.23

34.48

< <

79.93
41.56
35.79
276.07

€22 <222l << <Ll

<2< < <<

73 38.53 27

Delay

1512

ISSTA °24, September 16-20, 2024, Vienna, Austria

As is, all the tools could not reproduce all of the 80 failures. Be-
sides, each tool also reproduces some flaky tests that others cannot
reproduce. Thus, to keep the comparison fair, we compare Fla-
keEcho with each tool on the intersection of flaky tests that both
tools could reproduce. Besides, to maximize the comparison, we
compared FlakeEcho with FlakeScanner, Shaker, and 100Rerun one
by one. Specifically, there were 38 test cases that both FlakeEcho
and FlakeScanner could reproduce, 27 test cases that FlakeEcho
and Shaker could reproduce collectively, and 9 test cases that both
FlakeEcho and 100Rerun were able to reproduce. The runtime of
each tool is measured from its initialization until all failures are
successfully reproduced. The time taken in multiple iterations is
compounded by the time taken in each iteration. Figure 6 presents
the result of this experiment, and the artifacts [7] contain detailed
statistics of this study. The x-axis represents the number of times a
failure is reproduced, and the y-axis represents the average time to
reproduce all failures by a tool.

To reproduce all failures once, FlakeScanner takes an average
time of 4.07 times more than FlakeEcho, Shaker takes an average
time of 18.52 times more than FlakeEcho, and 100Rerun takes an
average time of 3.61 times more than FlakeEcho. It indicates that
although FlakeEcho incurs the overhead of dynamic analysis, it
is still the fastest on average due to its fewer number of test runs
compared to the other three tools (FlakeScanner needs 7.32 runs,
Shaker needs 9.58 runs, and 100Rerun needs 14.67 runs to reproduce
a failure once on average). Notably, in some cases in our dataset,
others outperform FlakeEcho in reproducing the first failure. For
example, for cases 41, 44, and 67, FlakeScanner is faster than FlakeE-
cho and for cases 49, 53, and 74, 100Rerun is faster than FlakeEcho.
For reproducing a failure twice, FlakeEcho is slower in only one
case: Test 53 reproduction by 100Rerun. Starting from reproduc-
ing a failure thrice, FlakeEcho outperforms all. As the number of
reproductions increases, the runtime advantage of FlakeEcho be-
comes more pronounced. It indicates that FlakeEcho achieves more
success in reproducing a failure and does it more efficiently than
current techniques.

We investigated the seven cases in which FlakeEcho failed to
reproduce the failure. Test 24 is a test from the FireFoxLite project
and involves requesting data from the Interest. The test fails when
the request is not replied to in a given time, which is longer than the
500 ms FlakeEcho configured in the experiment. Thus, FlakeEcho
failed to reproduce the failure. Test 30 is a test from the Kaspresso
project, and its failure is not GUI data related. FlakeEcho focuses on
exploring possible event orders caused by GUI data-related races
and fails to reproduce this failure. Tests 32 and 33 come from the
Kiss project, test 52 from the Omni-Notes project, test 55 from the
Suntimeswidget project, and test 77 from the Connectbot project
use a testing framework, Espresso, in which a synchronization
mechanism exists for syncing the testing thread and app under
test. They only fail in a corner case in which the synchronization
mechanism does not cover, and the time interval for triggering
these failures is extremely small. FlakeEcho failed to reproduce
them. We will address those cases in further work.

In addition, it is worth noting that the discrepancy observed
in FlakeScanner and Shaker’s performance within our study com-
pared to their reported results might stem from variations in the
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Figure 6: Average time of reproducing failures for 1-10 times
by using FlakeEcho, FlakeScanner, Shaker and 100Rerun.

execution environment, encompassing differing machine configu-
rations and the context in which the tool was applied. Additionally,
the utilization of default settings may not universally guarantee
optimal performance across diverse testing environments.

7.2 RQ2: Reliability Study

This study investigates how reliable is a delay configuration output
by FlakeEcho in reproducing a flaky test failure. For each of the
73 successfully reproduced flaky tests, we run the test 20 times
with the delay configuration output by FlakeEcho, measuring what
percentage of runs can reproduce the same failure as a metric of the
reliability of each flaky-test failure. This measure helps estimate
how useful FlakeEcho can be for a developer aiming to repeatedly
reproduce a flaky test for debugging purposes such as logging
particular program states. As shown in column "Ngyc." in Table 2,
on average, the failure can be successfully reproduced for 16.25 out
of 20 runs under the delay configuration output by FlakeEcho. For
53 out of the 73 reproduced flaky tests, 20 out of 20 runs can be
successfully reproduced. The FlakeEcho could not reproduce the
remaining cases (3.75 cases out of 20) because it did not capture
the specific event that needed to be delayed; the call stack differed
when the event was posted in these test runs.

In contrast, FlakeScanner schedules events to reproduce flaky
tests. FlakeScanner can, in theory, provide the order of events to
reproduce flaky tests repeatedly. However, in practice, it did not
implement such functionality. Shaker can identify the optimal noise
configuration for flaky test failure, i.e., using this noise configu-
ration, a test is more likely to fail. However, it cannot use this
configuration to reproduce a flaky test failure for every run reliably.
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Figure 7: The number of reproduced flaky tests out of 20 runs
for parameter 300ms, 500ms, and 700ms delays respectively.

7.3 RQ3: Sensitivity Study

This study investigates the sensitivity of FlakeEcho to delay values.
In our experiments, we chose 300ms, 500ms, and 700ms as delay
values to analyze their impact on the effectiveness and the relia-
bility of FlakeEcho. For parameter 300ms, FlakeEcho successfully
reproduced 69 out of the 80 flaky tests. For parameter 500ms, Fla-
keEcho successfully reproduced 73 out of the 80 flaky tests. For
parameter 700ms, FlakeEcho successfully reproduced 65 out of the
80 flaky tests.

Regarding reliability, we run each of the reproduced flaky tests
20 times with the generated delay configuration for the three pa-
rameters and validate how many times a failure is successfully
reproduced. The results are shown in Figure 7. FlakeEcho success-
fully reproduces the flaky test failure 20 out of 20 runs for 41, 53, and
47 flaky tests for parameter 300ms, 500ms, and 700ms, respectively.
That is, when configured with 500ms, FlakeEcho reproduces flaky
tests more reliably. According to our analysis of specific cases of
experimental results, the decreased reliability associated with the
300ms delay configuration is due to an insignificant delay between
the two events, i.e., more delay is needed to emit the desired flak-
iness. This extended gap impedes the 300ms delay configuration
from effectively altering the order of events involved in the event
race, leading to a diminished success rate compared to the 500ms
delay configuration. On the other hand, the decreased reliability
of the 700ms delay configuration arises from sporadic anomalies
triggered by excessively prolonged delays (e.g., Test 12, Test 45,
and Test 65). These irregularities, including sporadic application
crashes, often stem from issues like prolonged UI thread waiting
times, unresponsive applications, or dropped frames.

7.4 RQ4: Overhead Study

This study investigates the overhead introduced by dynamic analy-
sis used in FlakeEcho. FlakeEcho uses dynamic analysis to record
events, GUI access operations, and execute traces, which can intro-
duce overhead in a test run. To measure the introduced overhead,
we run each of the 80 tests 20 times with FlakeEcho, collect the time
taken by dynamic analysis for each test, and compare it with that of
a test run without any analysis. According to our experimental data,
the test execution time with dynamic analysis is 1.53 times higher
than the execution time without dynamic analysis on average. In
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the worst case, i.e., test 26, dynamic analysis introduces three times
overhead. We argue that this overhead is acceptable as flaky test
reproduction (e.g., by rerunning them 100 times) is time-consuming
and may take several hours if successful.

7.5 Threats to Validity and Limitations

This section discusses the potential threats to the internal and
external validity of our experiments.

External Validity. Threats to external validity concern with gen-
eralizability of our evaluation results, i.e., our results may not be
applicable outside of our chosen dataset. To mitigate this threat, we
selected apps from the benchmarks of the related research. Besides,
these tests come from 22 well-known and large apps on GitHub.

Internal Validity. Threats to internal validity concern our exper-
imental methodology and whether it affects the outcome of our
evaluation. To mitigate this, we selected flaky tests with developer
documentation. Next, we validated the stack trace against the devel-
opers’ documentation to validate whether a run reproduces a flaky
test failure. This process is potentially error-prone due to human
error. To minimize this threat, at least two researchers performed
independent manual inspections and compared the results to check
for discrepancies.

8 Related Work

Flaky Test Root Cause Identification. Understanding the root
cause of a flaky test is an essential step toward fixing it. Ziftci
and Cavalcanti [31] proposed a technique to identify the potential
location of the root cause of a flaky test. Their technique relies on
the execution traces of all passing and failing test runs. In particular,
they expose the root cause by exploring the first point of divergence
in the control flow of the failing run from any of the passing runs.
Similarly, Lam et al. [14] proposed a technique to identify the root
cause of flaky tests by analyzing the differences between passing
and failing runs under some instrumentation. iDFlakies by Lam
et al. [16] proposed an instrumentation-free approach to identify
the root cause of order-dependent flaky tests. Terragni et al. [29]
proposed a container-based infrastructure for identifying the root
cause of flaky tests. In their approach, a flaky test is executed under
various execution clusters, where each cluster explores a specific
non-deterministic execution environment by fuzzing the execution
environment. In contrast, our approach is instrumentation free and
employs two effective heuristics to explore the space of event exe-
cution. Besides, our approach employs a simple delay injection and
does not incur the overhead of rerunning a test multiple times.

Flaky Test Detection. Recent years have seen multiple ap-
proaches [5, 6, 8, 9, 16, 26, 27] to detect various types of flaky
tests. Alshammari et al. [5] performed a large-scale study on flaky
tests from 24 project suites to extract flaky tests’ behavioral fea-
tures. They developed FlakeFlagger leveraging the result of this
study to identify flaky tests without rerunning them. Qin et al. [24]
proposed a static approach to identify a flaky test based on the data
dependency relations. Similar to FlakeFlagger, their approach also
does not require rerunning the tests. Dong et al. [8] proposed an
approach to detect concurrency-related flaky tests in Android via
event order exploration. Bell et al. [6] employed differential analysis
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based on code coverage to discover unstable tests. Shi et al. [26]
proposed running a test numerous times (RERUN) on each mutant
to achieve consistent coverage results. This allowed them to reduce
the impact of flaky tests on the mutation testing process. Dutta et
al. [9] proposed a method for detecting random number-related
flaky tests, i.e., tests that fail due to variations in the sequence of
random numbers generated between runs. Shi et al. [27] presented
a strategy for fixing order-dependent flaky tests by utilizing passing
test results as a resource. In contrast, our method reliably repro-
duces timing-dependent flaky tests. Besides, our technique also
helps the developers in debugging the reason for flakiness.

Large Scale Studies of Flaky Tests. Multiple studies [5, 10, 15,
20, 30] have explored the features and categories of Flaky tests.
Many of these studies showed concurrency as one of the most
prevalent causes of flaky tests. Luo et al. [20] conducted an empirical
investigation of flaky tests within 51 projects. They determined
concurrency to be one of the most prevalent causes of flaky testing
and that the bulk of these incidents originated due to the lack of
reliance on external resources. Throve et al. [30] did an empirical
investigation of flaky tests in Android Applications. According to
their research, more than one-third of flaky tests were caused by
concurrency-related issues. Alshammari et al. [5] performed a large-
scale study on flaky tests from 24 project suites to extract flaky
tests’ behavioral features. In this work, we developed a dataset of
80 timing-dependent flaky tests from 22 large and popular apps
from GitHub.

9 Conclusion

Flaky tests pose a significant concern for all software developers
since they impede regression testing and waste developer efforts.
Earlier research has shown timing-dependent flaky tests as the
most prominent type of flakiness. In this work, we present Fla-
keEcho to reliably reproduce timing-dependent flaky tests to ease
the developers’ debugging efforts. A timing-dependent flaky test
often results from event races originating from concurrent access to
GUI data. FlakeEcho employs two heuristics to prioritize exploring
event orders that likely emit the event races to GUI data access.
In particular, FlakeEcho prioritizes exploring the space of event
orders by prioritizing the orders of events— (1) before the failure
and (2) concurrently accessing GUI data. We evaluated FlakeEcho
on a thoroughly collected 80 timing-dependent flaky tests obtained
from 22 widely used apps. FlakeEcho successfully reproduced 73
out of 80 timing-dependent flaky tests, while the state-of-the-art
techniques FlakeScanner and Shaker only reproduced 40 and 27 of
them. With FlakeEcho ’s efficacy in reproducing timing-dependent
flaky tests, it is an ideal candidate to be utilized by developers to
debug flaky tests. We make FlakeEcho and dataset publicly available
to facilitate future research in this direction.

10 Data Availability

To facilitate future research on the analysis of timing-dependent
flaky tests, we make FlakeEcho and our dataset available at [7].
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