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Abstract: The joint 1st Workshop on Evaluations and Measurements in Self-Aware Computing
Systems (EMSAC 2019) and Workshop on Self-Aware Computing (SeAC) was held as part of the
FAS* conference alliance in conjunction with the 16th IEEE International Conference on Autonomic
Computing (ICAC) and the 13th IEEE International Conference on Self-Adaptive and Self-Organizing
Systems (SASO) in Umeå, Sweden on 20 June 2019. The goal of this one-day workshop was to
bring together researchers and practitioners from academic environments and from the industry
to share their solutions, ideas, visions, and doubts in self-aware computing systems in general and
in the evaluation and measurements of such systems in particular. The workshop aimed to enable
discussions, partnerships, and collaborations among the participants. This special issue follows the
theme of the workshop. It contains extended versions of workshop presentations as well as additional
contributions.

Keywords: self-aware computing systems; quality evaluation; measurements; quality assurance;
autonomous; self-adaptive; self-managing systems.

1. Introduction

The joint workshops Evaluations and Measurements in Self-Aware Computing Systems
(EMSAC http://emsac2019.informatik.uni-wuerzburg.de/) and the Workshop on Self-Aware
Computing (SeAC http://seac2019.informatik.uni-wuerzburg.de/) were held as part of the FAS*
conference alliance in conjunction with the 16th IEEE International Conference on Autonomic
Computing (ICAC) and the 13th IEEE International Conference on Self-Adaptive and Self-Organizing
Systems (SASO) in Umeå, Sweden at June 20, 2019. This was the first edition of the EMSAC workshop
and the third of the SeAC workshop.

In the past decade, many different research communities have explored the aspects of self-
awareness in computing systems, each from their own perspective. Relevant work can be
found in different areas including autonomic computing [1], self-adaptive and self-organizing
software and systems [2,3], machine learning, artificial intelligence and multi-agent systems [4],
organic computing [5,6], context- [7] and situation-aware systems [8], reflective computing [9],
model-predictive control, as well as in the models@run-time community [10].

Self-aware computing systems are understood as having two main properties [11]. They
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• learn models, capturing knowledge about themselves and their environment (such as their
structure, design, state, possible actions, and run-time behavior) on an ongoing basis;

• reason using the models (to predict, analyze, consider, or plan), which enables them to act based
on their knowledge and reasoning (for example, to explore, explain, report, suggest, self-adapt, or
impact their environment)

and do so in accordance with high-level goals, which can change. For this year’s edition, we had a
special theme on IoT topics.

The SeAC workshop on self-aware computing provides a forum to foster interaction and
collaborations between the respective research communities, raising the awareness about related
research efforts and synergies that can be exploited to advance the state of the art. The workshop
was initiated by the 2015 Dagstuhl Seminar 15041 on model-driven algorithms and architectures for
self-aware computing systems, which brought together 45 international experts.

The EMSAC workshop aims to address the issues and challenges concerning the evaluation
of the quality (of the design and execution) of autonomous, self-aware and self-managing systems,
as well as measurements concerning or related to the self-* or autonomous features of a system.
A particular interest concerns the approaches which manage the trade-offs among various different
quality attributes and focus on the autonomy of the system. Existing quality assurance and evaluation
solutions should be adapted and improved to meet the evolving and dynamic requirements of
self-aware and self-managing systems. Novel design and evaluation solutions are needed to face
the complexity of autonomy and self-management, as well as to evaluate and measure the self-*
mechanisms and the advantages they bring, also with respect to the effort spent for their development.

The EMSAC workshop interests concern solutions proposed in various application domains
which include cloud computing, smart systems, IoT, cyber-physical systems, systems-of-systems,
robotics, autonomous driving, and social networks. EMSAC aims to discuss the principles of quality
assurance and evaluation/measurement for autonomous and self-managing systems and mechanisms,
the current trends, the future issues and challenges to be addressed at design and run-time. The
EMSAC workshop invites researchers and practitioners from industry and academic environments to
share their solutions, ideas, visions, and doubts in the quality assurance and evaluation in autonomic
computing. During the EMSAC workshop, we enabled discussions and collaborations among the
software engineers interested in these themes.

2. Structure of the Workshop

The workshop program included four sessions. The first session was dedicated to the invited
talk, the following two sessions to the presentation of the peer-reviewed accepted long and short
papers of the EMSAC and the SeAC workshops, respectively. In the last session, the presentations of
EMSAC and SeAC were complemented by three presentations of the 1st IEEE International Workshop
on Self-Protecting Systems (SPS). SPS (https://sites.google.com/view/sps19/home) is a forum for
researchers working at the intersection of autonomic computing and cyber-security. The papers
covered different aspects of self-protection: assuring security compliance in self-adaptive systems,
autonomous defense in Industrial Internet of Things, and performance evaluation of deep-learning
for intrusion response. The detailed program of the event is available online on the workshop Web
page (http://emsac2019.informatik.uni-wuerzburg.de/program/). The following sections of this
report briefly present the contribution of the invited talk and the presented papers of the EMSAC and
the SeAC workshops.

2.1. Session 1—Invited Keynote

The workshop started with a keynote given by Prof Betty H.C. Cheng from the Michigan State
University on A Requirements-Driven and Context-Aware Approach to Assurance of Autonomous Systems.
The keynote presented current developments towards a requirements-driven and context-aware
autonomous system and overviewed a framework that supports run-time monitoring and adaptation
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of tests for evaluating whether an autonomous system satisfies, or is even capable of satisfying, its
requirements given its current execution context. Furthermore, Prof Betty H.C. Cheng described
specific techniques that instantiate this framework, which apply a multidisciplinary approach to
support requirements-based adaptive testing of an autonomous system at run-time. The inspiring
keynote raised fruitful discussion on the current state of the art in testing and assurance under
uncertainty in autonomous systems.

2.2. Session 2—EMSAC

The session of EMSAC presentation was started by the PhD student Sona Ghahremani from the
Hasso Plattner Institute at the University of Potsdam in Germany. She presented a joint work with
Holger Giese entitled Performance Evaluation for Self-Healing Systems: Current Practice & Open Issues.
In their work [12], the authors provide a systematic literature review of approaches concerning the
evaluation of self-healing systems. One of the main findings, which also raised discussions, was the
miss of using real systems and demonstrators for evaluating the degree of self-healing in systems
rather than simulation.

The second EMSAC workshop presentation was given by the PhD student André Bauer from
the University of Würzburg, Germany, entitled Systematic Search for Optimal Resource Configurations of
Distributed Applications. It was authored by André Bauer, Simon Eismann, Johannes Grohmann, Nikolas
Herbst, and Samuel Kounev. The authors proposed and implemented a solution based on an adapted
hill-climbing algorithm for finding all optimal configurations in a feasible time in micro-architecture
approaches [13].

The third EMSAC presentation by Prof Sven Tomforde from the University of Kiel, Germany
raised discussions on the trade-off between stability and benefits of adaptation decisions for adaptive
systems. In his presentation entitled From “normal” to “abnormal” self-adaptation: A concept for determining
expected adaptation efforts, Sven proposed a framework for the measurement of self-adaptivity and
self-organization in complex systems based on the idea of identifying what is a normal and what is an
abnormal adaptation [14].

2.3. Session 3—SeAC

Thereafter, the three presentations of the SeAC 2019 workshop followed. The first presentation
hold by the PhD student Vladimir Podolskiy from the Technical University of Munich, Germany
focused on Metrics for Self-Adaptive Queuing in Middleware for Internet of Things co-authored with
Peeranut Chindanonda and Michael Gerndt. The paper presented several metrics for automating
the scaling of message queuing subsystems and evaluated them on CPU-intensive and blocking
I/O-intensive tasks [15].

The second SeAC presentation was held by the PhD student Johannes Grohman from the
University of Würzburg, Germany about Utilizing Clustering to Optimize Resource Demand Estimation
Approaches. In his joint work with Simon Eismann, André Bauer, Marwin Züfle, Nikolas Herbst,
and Samuel Kounev, Johannes proposes an approach for resource demand estimation which uses
automated clustering for grouping training sets into groups of similar optimization behavior to tailor
optimization towards certain groups of resource traces in a self-aware manner [16].

The presentation session of the SeAC workshop was closed by Prof Cristina Abad from the
Escuela Superior Politécnica del Litoral, Ecuador. The presentation entitled Optimizing Cloud Caches For
Free: A Case for Autonomic Systems with a Serverless Computing Approach, authored by Xavier Andrade,
Jorge Cedeno, Edwin F. Boza, Harold Aragón, Cristina L. Abad, and Jorge Murillo, discusses that
serverless computing platforms can be leveraged to solve complex optimization problems that arise
during self-tuning loops, and thus can be used to optimize resources in cloud caches, for free [17].
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3. Contributions to this Special Issue

Kaiser et al. propose in their paper Towards Self-Aware Multirotor Formations [18] a framework
to combine self-aware computing with multirotor formations for ordering drone traffic based on the
principle of platooning. Platooning arranges vehicles in a string behind the lead vehicle. A modification
for the LRA-M self-awareness loop is proposed. The implemented framework is able to offer two
flight modes that enable waypoint following and the self-awareness module to find a path through
scenarios, where obstacles are present on the way, onto a goal position. The evaluation shows that the
proposed framework can use self-awareness to learn about its environment, avoid obstacles, and can
successfully move a platoon of drones through multiple scenarios.

The paper A Taxonomy of Techniques for SLO Failure Prediction in Software Systems [19] by
Grohmann et al. describe a taxonomy for the prediction of Service Level Objective (SLO) failures. The
taxonomy classifies related work along the dimensions of the prediction target (e.g., anomaly detection,
performance prediction, or failure prediction), the time horizon (e.g., detection or prediction, online or
offline application), and the applied modeling type (e.g., time series forecasting, machine learning, or
queuing theory). The classification is derived based on a systematic mapping of relevant papers.

The paper Self-Adaptive Data Processing to Improve SLOs for Dynamic IoT Workloads [20] by
Chindanonda, Podolskiy, and Gerndt addresses the challenge of adapting the capacity of the data
processing part of IoT pipeline in response to dynamic workloads for centralized IoT scenarios where
the quality of user experience matters, e.g., interactivity and media streaming as well as the predictive
maintenance for multiple moving vehicles, centralized analytics for wearable devices and smartphones.
In their paper, the authors propose augmentations to the computation schemes of data processing
component’s desired replicas count from the previous work; these augmentations aim to repurpose
original sets of metrics to tackle the task of SLO violations minimization for dynamic workloads
instead of minimizing the cost of deployment in terms of instance seconds.

Boza et al. show in their contribution On Implementing Autonomic Systems with a Serverless
Computing Approach: The Case of Self-Partitioning Cloud Caches [21] that serverless computing cloud
services can be leveraged to solve the complex optimization problems that arise during self-tuning
loops and can be used to optimize cloud caches for free. To illustrate that our approach is feasible
and useful, we implement a modified version of Redis that optimizes memory management in the
multi-instance Redis scenario. A cost analysis shows that the serverless computing approach can lead
to significant cost savings.

In their paper Evaluation of Self-Healing Systems: An Analysis of the State of the Art and Required
Improvements [22], the authors Ghahremani and Giese study the state of the art for evaluating the
performance of self-healing systems by means of a systematic literature review. They provide a
classification of different input types for such systems and analyze the limitations of each input type.
A main finding is that the employed inputs are often not sophisticated regarding the considered
characteristics for failure occurrences. To further study the impact of the identified limitations, the
authors present experiments demonstrating that wrong assumptions regarding the characteristics of
the failure occurrences can result in large performance prediction errors, disadvantageous design-time
decisions concerning the selection of alternative self-healing approaches, and disadvantageous
deployment-time decisions concerning parameter tuning.

Tomforde and Goller argue in their paper To Adapt or Not to Adapt: A Quantification Technique for
Measuring an Expected Degree of Self-Adaptation [23] that too much adaptation is in conflict with goals
such as stability and user acceptance. Consequently, a kind of situation-dependent degree of adaptation
is desired, which defines the amount and severity of tolerated adaptations in certain situations. As a
first step into this direction, their paper presents a quantification approach for measuring the current
adaptation behavior based on generative, probabilistic models. The authors analyze the behavior of
their approach in three application scenarios: urban traffic control, the swidden farming model, and
data communication protocols. Furthermore, the authors define a research roadmap with challenges
for an overall measurement framework.
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4. Conclusions

The participants of the successful first edition of the EMSAC workshop joint with the SeAC
workshop series were highly satisfied with the high quality of the keynote and the presentations and
benefited from interesting discussion on future directions in the field. The next edition of the SeAC
workshop will be a part of the new International Conference on Autonomic Computing and Self-Organizing
Systems (ACSOS) which results from the merge of the IEEE International Conference on Autonomic
Computing (ICAC) and the IEEE International Conference on Self-Adaptive and Self-Organizing
Systems (SASO) taken place at Washington, DC, from August 17 until August 21, 2020.

Acknowledgments: We would like to thank Ingrid Nunes and Robert Birke, the workshop co-chairs of
ICAC/SASO 2019, for their collaboration in the organization of the EMSAC and SeAC 2019 workshops. We thank
the authors of the submitted papers, as well as the program committee members for their contributions. A special
thank goes to Betty H.C. Cheng for her interesting and inspiring keynote. We further thank André Bauer for
his effort in publicity management of the workshops. Furthermore, we thank all presenters for their valuable
contribution and the audience for interesting discussions. Additionally, we thank all authors for contributing to
this special issue Lastly, we thank Florian Erhard for preparing this report as well as Blink Yu as the assigned
editor of the special issue for his cooperation and support.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

The following abbreviations are used in this manuscript:

ACSOS International Conference on Autonomic Computing and Self-Organizing Systems
EMSAC Workshop on Evaluations and Measurements in Self-Aware Computing Systems
ICAC IEEE International Conference on Autonomic Computing
SASO IEEE International Conference on Self-Adaptive and Self-Organizing Systems
SeAC Workshop on Self-Aware Computing
SLO Service Level Objective
SPS IEEE International Workshop on Self-Protecting Systems
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