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Abstract—To compare different analyses for the end-to-end
latency of cause-effect chains, empirical evaluation using a large
number of (often synthetically generated) test cases plays an
important role. However, conducting such an evaluation is often
difficult and time-consuming, especially if implementations are
not publicly available, or if they use different code structures or
programming languages. In this work-in-progress, we develop an
evaluation framework that collects benchmarks for the generation
of cause-effect chains and approaches to analyze their end-to-end
latency. The toolbox is implemented in Python 3 and prioritizes
ease of use and extensibility. There is an ongoing effort to further
enrich the framework and keep it up to date.

I. INTRODUCTION

Nowadays, many embedded cyber-physical systems consist
of software pipelines that span sensing, processing, and
actuation. Such pipelines are usually described as sequences
of tasks, also known as cause-effect chains, and their timing
behavior is specified as end-to-end latency. Over the years,
multiple metrics to describe the end-to-end latency have been
developed, with the most prominent ones being the Maximum
Reaction Time (MRT), which is the longest time interval from
an external cause until the earliest time where this external
cause is fully processed, and Maximum Data Age (MDA),
which is the longest time interval starting from sampling a
value and ending at an effect that is caused by an actuation
that processes the sampled data. A multitude of analytical
approaches under different communication and scheduling
policies for the end-to-end latency have been developed, and
we refer to the tutorial [20] for a comprehensive overview.

To compare the performance of different analyses, syn-
thetic evaluation is often used. That means, test cases are
automatically generated based on some benchmark and the
result of multiple analysis methods on the generated test
cases is compared. However, the comparison is often difficult
to perform: not all implementations are publicly available,
different programming languages are utilized to implement the
analysis, and the code structure from different implementations
is usually incompatible.

In this paper, we present an evaluation framework for the
end-to-end latency of cause-effect chains, consisting of:

• Task set and cause-effect chain generator.
• Collection of analytical results.
• Plotting component to visualize the produced results.

The framework is implemented in Python 3 and inspired by
the evaluation framework for self-suspending task sets [15, 44].
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Fig. 1. Evaluation framework GUI.

It prioritizes ease of use, and supports both a Graphical
User Interface (GUI) and a Command-Line Interface (CLI).
Currently, the framework supports cause-effect chain generation
based on an automotive benchmark [30] and a uniform
benchmark [16] (based on the UUnifast [6] algorithm). The
framework contains analyses from 12 papers (cf. Table I),
and plots absolute values and relative latency reduction. The
framework is published on GitHub1 and there is an ongoing
effort to keep the framework up to date.

II. FRAMEWORK DESCRIPTION

Fig. 1 presents the GUI of our framework, which consists
of four components 1 – 4 :

1 General settings: Specification of the load/store behavior
of the test case generator.

2 Task set and cause-effect chain configuration: Adjustment
of the benchmarks used for the test case generator.

1https://github.com/E2E-Evaluation-org/E2EEvaluation

https://github.com/E2E-Evaluation-org/E2EEvaluation


3 Analysis configuration: Choosing analytical approaches
to be evaluated.

4 Output configuration: Choosing the output to be generated.

The GUI can either run the evaluation specified in 1 – 4 , or
generate a CLI command that can be used to run the evaluation
process without a GUI (e.g., to automate evaluation pipelines).
In the following, we detail each of the four components.

General settings: In part 1 , the user selects whether test
cases should be generated or loaded from a file. The framework
also supports storing the generated chains as pickle, YAML
and JSON files for further processing. The ‘Threads’ parameter
can be increased to parallelize the test case generation and the
analysis on multiple cores.

Task set and cause-effect chain configuration: The
synthesized test cases (task sets and cause-effect chains)
can be configured in part 2 . Task sets can be generated
using an automotive benchmark [30] or a uniform benchmark
(described in [16]), by specifying target utilization and task
set count. To evaluate analyses [18] that allow a mixture of
periodic and sporadic tasks, as well as a mixture of tasks
using implicit communication and communication under the
Logical Execution Time (LET) [26] paradigm, the ratio of
tasks following the respective release and communication
policy can be set. Analyses that are only applicable to one
release or communication policy automatically interpret the
task specification accordingly.

Analysis configuration: In part 3 , on the left-hand side, the
end-to-end latency analysis approaches for the evaluation are
selected. Additionally, on the right-hand side, a normalization
method for the generation of relative plots can be chosen (see
the paragraph on ‘Output Configuration’ for further details).
Available analyses are summarized in Table I. In the overview,
we distinguish different release policies (i.e., periodic and
sporadic) and communication policies (i.e., implicit com-
munication and LET). The framework covers analyses for
Maximum Reaction Time (MRT), Maximum Data Age (MDA),
and Maximum Reduced Data Age (MRDA), following the
terminology in the tutorial on end-to-end latency [20]. Plotting
symbols use the first author’s initial and publication year, with
additional characters added to avoid duplicates.

Output configuration: The output plots, generated in
PDF (using matplotlib) and LaTeX (using tikz and pgfplots
packages) formats, are specified in part 4 . Exemplary plots
for a comparison of some analyses for the MRT with the
automotive benchmark are shown in Fig. 2. Besides the plotting
of absolute values latencyabsolute returned by the analysis
under consideration, relative latency reduction

latencyreduction =
latencybase − latencyabsolute

latencybase

(1)

can be plotted, using another method to calculate latencybase

for normalization (D07 in Fig. 2). The boxplots show median
(red), quartiles (blue), and the range of minimum/maximum
values (black) among all cause-effect chains. Additionally,
analysis results can be chosen to be stored as CSV.

D07 K18 D19 G23(L)

0

100

200

300

400

Absolute Comparison

K18 D19 G23(L)
0

0.2

0.4

0.6

0.8

1

Relative Comparison (normalized to D07)

Fig. 2. Absolute and relative comparisons (showing absolute values and
latency reduction from (1), respectively) of analytical end-to-end latency
bounds generated by the framework.

III. EXTENDING THE FRAMEWORK

The evaluation framework is designed to be easily extensible,
and this section details the steps necessary to integrate a novel
analysis into the framework.

Step 1: Providing the analysis. First, a new file for the
analysis method has to be created in the folder e2eAnalyses,
which collects all analytical results. The analysis can be split
into multiple functions within the file. Some useful methods
(such as an event simulator) are placed in the utilities
folder. There should be one method that is directly called by
the framework for the analysis, taking one cause-effect chain as
an input argument (as specified in cechains/chain.py).
In case the analysis is able to analyze interconnected cause-
effect chains [16], the method should take a variable number
of local cause-effect chains as its input. The method called by
the framework must return a single value, which is interpreted
as the result of the analysis approach by the framework.

Step 2: Integrating the analysis into the framework.
To integrate the analysis into the main file (to be accessible
via the GUI and CLI), the framework provides an object,
called AnalysisMethod, that needs to be added to the
analysis dictionary analysesDict in the framework.py
file. The dictionary key that is used to add the analysis
to analysesDict is used internally by the framework
and when calling it from the CLI. The AnalysisMethod
specifies the analysis function and the names that are used
in the GUI and in the output plots. Furthermore, a list of
feature values describing the analysis method needs to be
specified to categorize the analysis in the GUI. Currently, the
framework uses features like periodic or implicit to
categorize the analyses with respect to the assumed release and
communication policies. After integration, the analysis appears
in component 3 of the GUI, sorted into the correct tab.

Step 3: Documentation. Since the framework strives for
ease of use and clarity, new analyses should be properly
documented. That includes proper code documentation as well
as proper documentation in README.md. To that end, the
analysis-related publication should be listed in the overview
table, supported by a categorization of the analysis, as well as
links to the publication and (potential) template repositories.



TABLE I
OVERVIEW OF INTEGRATED END-TO-END ANALYSES.

Year Paper Release Communication Metric Symbol
2007 Davare et al. [8] Periodic, Sporadic∗ Implicit MRT D07
2016/17 Becker et al. [2, 3] Periodic Implicit MRDA B17
2017 Hamann et al. [22] Periodic, Sporadic LET MDA/MRT H17
2018 Kloda et al. [27] Periodic Implicit MDA/MRT K18
2019 Dürr et al. [9] Periodic, Sporadic Implicit MRDA, MDA/MRT D19
2021/23 Günzel et al. [14, 16] Periodic Implicit, LET MRDA, MDA/MRT G23 (L/I)
2022 Bi et al. [5] Periodic Implicit MRDA B22
2022 Gohari et al. [12] Periodic Implicit MRDA G22
2023 Günzel et al. [17] Periodic LET MDA/MRT G23 (EQ)
2023 Günzel et al. [18] Periodic, Sporadic Implicit, LET MRT G23 (MIX)

∗Although proposed for periodic tasks, the results are also applicable to sporadic tasks.

IV. FUTURE WORK

While this work introduces a framework infrastructure for the
evaluation of end-to-end latency of cause-effect chains with an
initial set of benchmarks and analyses, enriching the framework
further is part of future work. Specifically, there are multiple
analyses [13, 19, 21, 28, 29, 31–35, 37, 39–43, 45, 46] that we
plan to integrate. The framework provides the infrastructure to
achieve that, and the procedure for integrating novel analyses
is detailed in Section III.

Besides the collection of analytical approaches, the frame-
work collects two benchmarks for test case generation, and
the integration of further generators (such as [7]) is part
of future work. While most of the analyses to be added
should directly be compatible with the cause-effect chains
currently generated by the framework, some analyses allow
additional properties like event-triggered activation [41–43] or
probabilistic behavior [13, 19, 31, 40], and require an extension
of the current cause-effect chain generation procedure to be
properly integrated. In addition to synthetic test case generation,
we also strive to collect case studies and real-world application
examples [1, 4, 10, 11, 23–25, 36, 38] into the framework.

V. CONCLUSION

This work-in-progress develops an evaluation framework for
the end-to-end latency of cause-effect chains. The framework
currently supports cause-effect chain generation based on two
benchmarks, and includes analyses from 12 papers. In future
work, we plan to enrich the framework with further benchmarks
and analyses. Since analyses for the end-to-end latency of cause-
effect chains are actively being developed, keeping the toolbox
up to date will be a continuous effort.

We envision the further development of this framework to
be a community-driven effort. With its focus on simplicity and
extensibility, the framework is designed to ease the integration
of new benchmarks and analyses. We invite researchers
interested in integrating their own benchmark or analysis, using
the framework for an evaluation, or otherwise contributing to
its development to reach out to us.
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