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Abstract: Today, people are surrounded by smart and connected devices. Gartner Inc. estimated
that 8.4 billion devices were connected in the Internet-of-Things worldwide in 2017, reaching 20.4
billion by 2020. The growing number of mobile and embedded devices in combination with the
omnipresence of (wireless) network connections facilitates new applications, such as autonomous
driving, ambient assisted living / smart home, or Industry 4.0. However, it requires integration of all
available, highly specialised, and heterogeneous devices, ranging from embedded sensor nodes to
servers in the cloud. Further, the inclusion of data streams with sensor data and web data leads to an
increasing complexity in system development. Additionally, as these systems are mobile, changing
environmental conditions increase the complexity even further.

Organic Computing systems are able to deal with such systems and lower the complexity for their
development by introducing methods for integrating adaptiveness and intelligence to computing
systems. This workshops brings together PhD students from different research streams related to
Organic Computing with the objective to represent the wide Ąeld of research in the domain of adaptive
and intelligence systems.
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1 Introduction

The Organic Computing Doctoral Dissertation Colloquium (OC-DDC) series is part of
the Organic Computing initiative [MSSU11, MST17] which is steered by a Special Interest
Group of the German Society of Computer Science (Gesellschaft für Informatik e.V.). It
provides an environment for PhD students who have their research focus within the broader
Organic Computing (OC) community to discuss their PhD project and current trends in the
corresponding research areas, including, for instance, research in the context of Autonomic
Computing [KC03], Proactive Computing [Te00], Complex Adaptive Systems [KST11],
Self-Organisation [Ca03], Self-Aware Computing [Ko17], and related topics.

The main goal of the colloquium is to foster excellence in OC-related research by providing
feedback and advice that are particularly relevant to the studentsŠ studies and career
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development. Thereby, participants are involved in all stages of the colloquium organisation
and the review process to gain experience.

The OC-DDC 2019 takes place in Kassel, Germany in September 2019 as part of the annual
meeting of the German Society of Computer Science (Gesellschaft für Informatik, GI):
the Informatik 20193. It is organised by the Special Interest Group ŞOrganic ComputingŤ

within the GI in cooperation with the Software Engineering group at the University of
Würzburg and the Intelligent Embedded Systems group at University of Kassel. It continued
the series of successful OC-DDC events:

• The 2013 OC-DDC took place in Augsburg, Germany [To13].

• The 2014 OC-DDC took place in Kassel, Germany [TS14].

• The 2015 OC-DDC took place in Augsburg, Germany (together with the TSOS
Spring School) [TS15].

• The 2016 OC-DDC took place in Duisburg, Germany [TS16].

• The 2017 OC-DDC took place in Bochum, Germany [TS18].

• The 2018 OC-DDC took place in Würzburg, Germany [TS19].

The goal of this paper is to outline the scope of the OC-DDC including the focus of the OC
initiative and related concepts that Ąt into the frame of OC. Furthermore, we summarise the
contributions of this yearŠs papers accepted for the OC-DDC 2019 in Kassel and highlight
current developments in the OC community. The authors of the accepted papers prepared
an initial extended abstract of their PhD project, helped to perform a sophisticated review
process, and Ąnally came up with articles summarising their project and their current work in
the context of OC. Hence, the six accepted contributions and the keynote given by Christian
Krupitzer from the University of Würzburg reĆect the diversity of the aspects of OC.

The remainder of this article is organised as follows: Section 2 brieĆy introduces the
term ŞOrganic ComputingŤ and describes the scope of the initiative. Afterwards, Section 3
gives an overview of the contributions accepted for the OC-DDC 2019. Finally, Section 4
summarises the article and gives an outlook to future developments.

2 Organic Computing

The term ŞOrganic ComputingŤ (OC) has been coined in the German technical computer
science community in 2003 to describe a novel paradigm in systems engineering by
equipping technical systems with Şlife-likeŤ properties [Al03]. Technically, this means to
move traditional design-time decisions to runtime and into the responsibility of systems
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themselves. As a result, systems have a dramatically increased decision freedom that leads to
highly autonomous behaviour. The goal of this process is to allow for self-adaptation and self-
improvement [Kr16a] of system behaviour at runtime [To11]. Especially since conditions
that occur at runtime can only be anticipated to a certain degree, efficient mechanisms are
required that guide the systemŠs behaviour even in cases of missing knowledge or uncertain
environmental status. Consequently, Organic Computing summarises a variety of aspects
and techniques that are required to Ąnally develop such mechanisms [TMS14]. For instance,
a major challenge for Organic Computing and related research initiatives is the increasing
interconnectedness of autonomous systems [THS14]. As a result, we face open, distributed
systems consisting of autonomous elements belonging to different authorities [Ha15, Di16].
Autonomous entities as part of large-scale distributed system compositions require secure
interaction schemes [Ha13].

Typically, an OC system is deĄned as follows: An OC system is a computer system that
acts without or with only limited manual intervention. It thereby achieves and maintains a
certain performance or utility even in time-variate environments and disturbed situations. In
response to the dynamics, it adapts and improves its behaviour over time and interacts with
other systems to achieve an individual and/or system-wide goal [TSM17].

OC is not the only research initiative which addresses the threatening collapse of ICT
systems due to their inherent complexityŮand it has never been the claim of OC. In contrast,
OC is embedded in a broader research community sharing parts of the motivation or even
parts of the concepts. One example for the basic motivation is the ubiquitous and pervasive
computing initiativeŮwhich is a direct successor of the vision formulated by Marc Weiser
in [We91]Ůaddressing the abundance of intelligent devices and the penetration of almost
every aspect of our lives with information technology. In the following paragraphs, we
outline theŮat least from our point of viewŮmost prominent related research streams.

A) Proactive Computing (PAC): The term PAC reaches back to the year 2000, when
David Tennenhouse stated thatŮas he called itŮŚhuman-in-the-loop computingŠ has its
limits [Te00]. Consequently, the main driving force was the question of how to move from
human-centred to human-supervised computing, which implies to transfer responsibilities
to the systems themselves. In that sense, PAC can be seen as one of the major starting points
within the ongoing process to move traditional design-time decisions to runtime.

B) Autonomic Computing (AC): About 3 years after Tennenhouse article introducing PAC,
IBM came up with the vision of AC [KC03]. The initial motivation was that complexity in
the management of large data centres is constantly increasing and consequently computing
systems need an automated backbone structure similar to the autonomic nervous system of
humans or animals. The initial idea by the authors Kephart and Chess was to equip this
autonomic structure with capabilities to relieve the designer from specifying all possibly
occurring situations and conĄgurations already during the design process. In turn, the
system to be developed should become responsible for identifying appropriate reactions
on perceived changes in the environmental conditions. As a result, this also relieves the
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administrator from conĄguration and maintenance tasksŮespecially by Ąnding optimised
settings for all considered resources [LMD13]. Driven by a strong product perspective and
fuelled by economic needs of IBM, the initial vision of AC had a strong focus on developing
automated solutions for large-scale IT infrastructuresŮmainly with respect to conĄguration
and self-management decisions. After a full decade of research in the Ąeld, AC has become
one of the synonyms for autonomous and self-managed systems and is used synonymous
with the term OC.

C) Self-Adaptive and Self-Organising Systems (SASO): The term SASO comprises all
kinds of activities where technical systems autonomously vary their own behaviour (self-
adaptation) and their internal functional structure (self-organisation) [Kr15b]. Consequently,
it can be considered as an overarching umbrella for the previous terms. Furthermore, the
SASO community shifted its focus within the last decade towards emphasising the necessity
to integrate aspects of social communities into large-scale technical systems [Be17], e.g.,
by establishing enduring institutions [Di16, Pi14] and making use of social concepts such
as trust [Ka15].

D) Multi-Agent Systems (MAS): The basic idea of an MAS is to describe several interacting,
autonomous entities as a uniĄed system. The term ŠagentŠ is used to highlight that a software
unit is acting autonomously by processing tasks on behalf of a user or administrator. However,
this may also refer to robots, humans, or teams containing a mixture of both [Wo09]. MAS
and the contained individual agents are used to model or solve problems that cannot be
handled in a standard monolithic way due to parallelism and/or high-complexity reasons.
In this sense, the concept is close to the ideas of OC and AC. However, the scope differs
since MAS usually constitute some kind of heuristic approach for a hardly solvable or very
complex problem [Je00], and they are mainly used for modelling purposes. In real-world
applications, where SASO technology is required, the contained concepts (e.g. logic-based
approaches) are sometimes less applicable in comparison to AC/OC approaches.

E) Complex Adaptive Systems (CAS): The term CAS is used to describe a collection
of heterogeneous entities that have autonomous goals and behaviours but cooperate with
each other. Furthermore, these contained entities are meant to adapt their behaviour in a
collective manner in order to accomplish their own tasks or a common task and reach their
individual goals or a common goal in an efficient and effective way [KLT03]. This is very
close to the description of MAS, but CAS may be considered as the next development step
and consequently as logical continuation from context-awareness and self-adaptation of a
single application or system to a uniĄed complex acting as a uniĄed whole [No06].

F) Distributed Systems (DS): The basic idea of OC and the overarching SASO community
is to develop individual entities that act with a local scope and collaborate to achieve
system-wide goals. By construction, this incorporates a distributed nature of the overall
system structureŮand consequently deĄnes a DS. A DS is considered to be an overall system
composition that contains individual components that are located on different networked
computers. These individual components communicate and coordinate their actions through
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message passing [TVS07] in order to achieve a common or system-wide goal. Typically,
three signiĄcant characteristics of DS are deĄned: the concurrency of components, the lack
of a global clock, and possible independent failures of components [CDK05].

G) Collaborative Interactive Learning Systems (CIL): The CIL initiative is embedded
in the broader SASO community and aims at creating the foundation for new kinds of
autonomous systems that act in dynamic, unconstrained real-world environments [Si18].
Such a CIL system is intended to be effective, understandable, and pleasant in its interaction
and collaboration with humans. Consequently, the CIL initiative considers not just machine-
machine collaboration but also the questions how the learning process of digital systems
can be enhanced through seamless interaction with humans and the other way round: how
autonomous inter-active systems can enhance human collaborative learning [Ha19].

H) Interwoven Systems (IWS): Recently, the OC community deĄned a speciĄc subclass of
ICT that is characterised by demanding challenges for system development such as openness,
heterogeneity, mutual inĆuences, or real-time constraints: IWS [TMS14, Ha15]. In order
to be able to master IWS, self-improving system integration has been identiĄed as a key
enabler [To16, Be18]. Consequently, it addresses a part of the scope of the overall SASO
initiative and makes use of some fundamental OC concepts.

I) Self-Aware Computing Systems (SeAC): The understanding of SeAC systems was
fostered by the 2015 Dagstuhl Seminar 15041 on model-driven algorithms and architectures

for self-aware computing systems. As proposed by the seminar and documented in a recent
Springer book on the topic [Ko17], SeAC systems have two main properties. In accordance
with high-level goals, they (i) learn models, capturing knowledge about themselves and their
environment (such as their structure, design, state, possible actions, and runtime behaviour)
on an ongoing basis; and (ii) reason using the models (to predict, analyse, consider, or plan),
which enables them to act based on their knowledge.

In conclusion, the term Organic Computing comprises efforts to develop intelligent systems,
i.e., to investigate techniques and concepts that allow for a runtime self-adaptation and
self-organisation of typically distributed subsystems. Therefore, approaches from different
domains are needed: distributed systems (e.g., self-organised communication, election
and consensus algorithms), multi-agent systems (e.g., self-organised system organisation,
negotiation), machine learning, and systems engineering.

3 The OC-DDC 2019

In the following, we will see that most of the Ąelds mentioned above are covered by the
contributions of this yearŠs OC-DDC. We brieĆy summarise the six accepted contributions.

Wenzel Pilar von Pilchau from the Organic Computing group at the University of Augsburg
presents a concept in the area of deep reinforcement learning based on interpolation for
getting information of data points in an area where only neighbouring samples are known.
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A Ąrst approach of averaging rewards in a setting with unstable transition function and very
low exploration is implemented and shows promising results.

Eric Hutter from the Embedded System group at the University of Frankfurt addresses the
complexity of automotive embedded systems with bio-inspired techniques by proposing
an organic concept based on artiĄcial DNA and an artiĄcial hormone system that can be
used to realise highly reliable, robust, and Ćexible automotive systems. The mechanisms are
applied to a statically conĄgured Classic AUTOSAR environment.

The ability to withstand disturbances while remaining functioning in a desired way is
regarded as a crucial element in the Ąeld of OC. However, current approaches to self-healing
and robustness fail in considering hardware-related breakdowns. Markus Görlich-Bucher
from the Organic Computing group at the University of Augsburg presents a problem
statement and various requirements an OC system must fulĄl in order to increase its
robustness against hardware-related disturbances.

Thomas Becker from the Computer Architecture group at the Karlsruhe Institute of
Technology describes a mechanism based on rule-based machine learning which combines
self-optimisation techniques with task-based runtime systems for reducing system complexity,
efficiently using resources as well as the ability to dynamically adapt to new situations
using symptom-based fault detection. This enables the consideration of dependability as an
optimisation goal.

Simon Reichhuber from the Intelligent Systems group at the University of Passau presents a
concept to combine the Ąelds of Multi-Agent Learning, OC and Online Learning. The focus
of the work is on the real-time evaluation of knowledge sources. The practicability of the
approach is shown in two use cases: collaborative crawling and machine park collaboration.

Additive manufacturing machines following the Fused Deposition Modelling (FDM) process
can rapidly produce wide varieties of parts. A 3D computer model is divided into instructions
the FDM machine uses to produce the part layer by layer. Michael Heider from the Organic
Computing group at the University of Augsburg uses early automated detection of parts
not inside tolerances using machine learning techniques such as XCS to adaptively change
instructions during printing that return the part into tolerances.

Furthermore, in his keynote entitled ŞNext Generation MAPE Control - Current Research
Trends in Adaptive SystemsŤ Christian Krupitzer from the Software Engineering group
at the University of Würzburg presents different current research trends that affects the
MAPE functionality for reasoning on adaptation, such as black-box monitoring, predictive
analysis [Zü19], self-learning model-free optimisation for adaptation reasoning [Fr19] as
well as interference management for decentralised autonomous systems [LKT19, Ma13]
and their application in use cases such as platooning [Kr18b, Kr19] or wearable-based fall
detection [Kr18a]. He links these topics to his work on software engineering for reusability
in adaptive systems [Kr15a, Kr16b, Kr17a, Kr17b].
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4 Conclusion

This paper discussed the Organic Computing Doctoral Dissertation Colloquium (OC-DDC)
series and gave an overview on current activities in 2019. Based on an initial overview
of the history of the OC-DDC, we brieĆy summarised the term Organic Computing (OC)
and deĄned it. Afterwards, we mentioned related Ąelds that are also addressed under the
umbrella of OC.

The major part of this paper focused on the contributions accepted for this yearŠs OC-DDC
held in Kassel. These contributions were outlined and the keynote was summarised. We
thank all authors for their contributions and we are looking forward to seeing again very
interesting OC research at the next OC-DDC.
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