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The accelerating complexity of modern engineering and software development
demands novel frameworks that blend human-centric design cognition with adaptive
control architectures. This study proposes a comprehensive theoretical framework
termed Cyber-Cognitive Adaptive Design Systems (CCADS), which synthesizes
classical design theory, socio-cognitive design perspectives, and principles of self-
adaptive system architecture. Building on foundational work in design as a socio-
cultural cognitive system (Dong, 2004), co-evolutionary design processes (Dorst &
Cross, 2001), and systems thinking in engineering (Forrester, 1968; Dubberly &
Pangaro, 2019), CCADS embeds feedback-loop architectures derived from self-
adaptive software engineering (Kephart & Chess, 2003; Cheng et al, 2009) and
management cybernetics (Geyer, 1995; Elezi, 2015). Through conceptual modeling
and synthesis of literature across product development, design cognition, and
adaptive system control, the framework articulates design as an ongoing cybernetic
process that dynamically responds to environmental and contextual changes. We
identify four core components — cognitive negotiation, socio-technical feedback
loops, adaptive control layers, and emergent evaluation mechanisms — and propose
a set of design propositions elucidating how CCADS can improve resilience,
innovation, and decision efficacy in complex engineering systems. The paper
concludes by discussing implications for engineering design departments, product
development organizations, and future research directions to empirically validate and
refine the CCADS framework.
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INTRODUCTION

realities of modern systems.
Classic engineering and systems thinking traditions,

The nature of design and engineering has undergone
profound transformations in recent decades, driven
by increasing complexity, accelerating technological
change, and the integration of adaptive software
capabilities into physical product
development. Where once design was conceived as a

traditional

linear or sequential activity, contemporary demands
call for systems that can evolve, adapt, and co-evolve

with shifting requirements, user behaviors,
environmental contexts, and unforeseen
disturbances. Yet many established design
methodologies remain rooted in static or

deterministic paradigms, ill-suited for the fluid
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such as those laid out by Forrester (1968),
emphasise the of system
elements, flows of information, and feedback

interconnectedness

dynamics across organizational and technical
subsystems. However, these perspectives often treat
design processes as external to the system’s runtime
behavior, focusing on structure and planning rather
than continuous adaptation. In parallel, research in
design cognition has elaborated how design activity
is deeply rooted in human cognitive processes,
socio-cultural interactions, and creative negotiation.
For instance, Dong (2004) interprets design as a

socio-cultural cognitive system, where design
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activity is shaped by language, shared
understanding, and social context. Similarly, Dorst
and Cross (2001) argue for a co-evolution of
problem and solution spaces, where problem
framing and solution generation iteratively shape
each other in a dynamic creative process.

At the same time, within software engineering and
systems engineering, the rise of self-adaptive
systems — systems capable of autonomously
adjusting their behavior in response to internal and
external stimuli — has pushed the boundaries of
architectural thinking. Pioneered by visions of
autonomic computing (Kephart & Chess, 2003), and
elaborated in broad research roadmaps (Chengetal,,
2009), self-adaptive systems rely on explicit control
loops, monitoring mechanisms, and feedback-driven
adaptation
functional properties despite changing conditions.
These ideas have been further extended by modeling
practices that integrate control loops, adaptive
behavior, patterns for self-
organizing, emergent behavior (De Wolf & Holvoet,
2007; Vromant et al,, 2011).

Yet, despite parallel advances in design theory and
adaptive systems engineering, there remains a
striking lack of integrative frameworks that bring

to maintain functional and non-

and architectural

together socio-cognitive design, management
cybernetics, and self-adaptive system control. Many
product development methodologies (e.g,

concurrent engineering models such as the GRAI
integrated methodology — Doumeingts, Girard &
Eynard, 1996; Girard & Doumeingts, 2004a, 2004b)
remain rooted in planning and task organization
(Eppinger et al., 1994), offering little guidance for
adaptation once a system is deployed or once
requirements shift. Similarly, while design modeling
(Eder, 1998) and conceptual design for engineers
(French, 1999) provide structured approaches to
early design phases, they seldom incorporate
runtime feedback, learning, or adaptation.

The problem, then, is twofold. First, design
methodologies often do not account for the socio-
cognitive complexity of real-world design activity,
which
sensitive
understanding. Second, even in domains where
adaptation is  recognized (e.g,
engineering), there is limited incorporation of

evolves through negotiation, context-

reinterpretation, and emergent

software

human cognitive and socio-cultural factors that
shape design decisions and system evolution. What
is lacking is a unified theoretical framework that
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conceptualizes design as a dynamic, adaptive
cybernetic process — one that integrates human
cognition, social context, and runtime adaptation
into a coherent whole.

This paper aims to address that gap. We propose the
Cyber-Cognitive Adaptive Design Systems (CCADS)
framework, which synthesizes perspectives from
design theory, management cybernetics, and self-
adaptive system engineering. CCADS redefines
design not as a one-time activity or phase, but as an
ongoing adaptive process
continuous feedback,
emergent control. By doing so, it offers a new lens for

characterized by
social negotiation, and
understanding how complex engineering systems —
especially those integrating software, hardware,
human interaction, and organizational processes —
can be designed and managed more resiliently and
effectively.

In what follows, we first outline the theoretical
foundations underpinning CCADS, reviewing
relevant literature from design cognition, design
methodology, systems thinking, and adaptive
systems engineering. Then we detail the
methodology by which CCADS was developed — a
conceptual synthesis combining cross-disciplinary
literature with design cybernetics principles. We
present the core components of the CCADS
framework and propose several propositions that
articulate how CCADS can influence design practice
and organizational performance. After a detailed
discussion of the implications, limitations, and
directions for future research, we conclude by
highlighting the potential of CCADS to transform
design and engineering in an increasingly adaptive
world.

METHODOLOGY

Because the objective of this research is theoretical
— namely, to build a synthetic conceptual
framework bridging disparate literatures — the
methodology is correspondingly qualitative and
integrative. We adopt a theory-building through
conceptual approach: systematically
identifying key themes, principles, and mechanisms
across design cognition,
management cybernetics, and self-adaptive systems;

synthesis
design methodology,

then unifying them into a coherent, internally
consistent model. This involves several interlocking
steps:

First, we conducted a targeted literature analysis of
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foundational and influential works in design theory
— including cognitive, socio-cultural, and co-
evolutionary perspectives (Dong, 2004; Dorst &
Cross, 2001; Dorst & Dijkhuis, 1995), classical
engineering design methodology (French, 1999;
Eder, 1998), and design modeling (Eder, 1998). We
also included empirical studies addressing dynamic
decision making within complex tasks with feedback
complexity (Diehl & Sterman, 1995), to ground our
understanding of how feedback
influences human decision and design behavior.
Second, we examined key contributions from
systems thinking and cybernetics, including early
conceptualizations of system dynamics (Forrester,
1968) and more recent discussions of design
cybernetics (Dubberly & Pangaro, 2019; Fischer &
Herr, 2019). We extended this to management
cybernetics as applied in engineering companies
(Geyer, 1995; Elezi, 2015), considering how
organizational structures and control systems
influence design and development processes.

complexity

Third, we reviewed literature on product
development methodologies and concurrent
engineering approaches, including the GRAI

Integrated Methodology (Doumeingts et al., 1996;
Girard & Doumeingts, 20044, 2004b; Girard, Eynard
& Doumeingts, 1999) and model-based task
organization (Eppinger et al.,, 1994). This allowed us
to examine how structured design and development
processes handle complexity, coordination, and
time-based task scheduling, even as they often
remain static once initiated.

Fourth, we explored the rapidly growing domain of
self-adaptive systems
drawing on influential works including the vision of
autonomic computing (Kephart & Chess, 2003),
research roadmaps for self-adaptive software
(Cheng et al.,, 2009), and subsequent architectural

in software engineering,

investigations of interacting control loops, feedback
loops, and emergent behavior (De Wolf & Holvoet,
2007; Vromant et al., 2011; Hebig, Giese & Becker,
2010; Muller, Pezzeé & Shaw, 2008; Puviani, Cabri &
2013).
architectural patterns, control strategies, and design

Zambonelli, These sources reveal the
challenges intrinsic to adaptive software systems.

Throughout this process, we adopted a conceptual
abstraction and integration strategy: extracting core
mechanisms (e.g., feedback loop control, adaptation,
co-evolution, cognitive negotiation) and then
mapping them into a higher-leve],
framework. We iteratively refined this framework

|58

unified

by critically evaluating internal coherence,
alignment with empirical observations from design
research, and applicability to real-world engineering
and software systems that combine human and
technical actors.

Because CCADS is a conceptual framework rather
than an empirical model, no new quantitative data
was collected; instead, the methodological rigor lies
in the systematic cross-disciplinary synthesis,
critical integration of prior theoretical constructs,
articulation of assumptions,
mechanisms, and propositions.

and transparent

RESULTS

The core outcome of this research is the CCADS
framework itself — a theoretical model describing
how design in complex engineering contexts can be
understood as an ongoing cyber-cognitive adaptive
process. The framework consists of four interrelated
components: (1) Cognitive Negotiation, (2) Socio-
Technical Feedback Loops, (3) Adaptive Control
Architecture, and (4) Emergent
Mechanisms. Together they form a dynamic system
capable of adapting design and system behavior in
response to shifting requirements, environmental
changes, and stakeholder interactions. We elaborate
below each component, and then introduce several
design propositions derived from the framework.
Cognitive Negotiation

At the heart of CCADS lies the recognition that
design is fundamentally a cognitive and socio-
cultural activity. Drawing from Dong's (2004)
conception of design as a socio-cultural cognitive
system, CCADS posits that design is not solely an
individual act of cognition, but a negotiated process
among multiple stakeholders — designers,
engineers, users, mediated by
language, shared artifacts, conceptual models, and
cultural assumptions. In design
methodologies, problem definition and solution

Evaluation

managers —
traditional

generation are often treated as separate phases; but
CCADS aligns with the co-evolutionary model
described by Dorst and Cross (2001), where
problem framing and solution exploration evolve
together. This is critical because emerging issues or
shifts in understanding during design frequently
prompt reframing of the problem itself.

In CCADS, cognitive negotiation is a continuous
process: as new information arrives (e.g., user
feedback, environmental constraints, regulatory
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changes), participants reinterpret and reframe both
the problem and potential solutions. This dynamic
reframing ensures that the design remains aligned
with evolving contexts rather than frozen at a fixed
specification early on. Importantly,
negotiation also mediates trade-offs, conflicting
objectives, and stakeholder values — factors that
static design models often neglect.

Socio-Technical Feedback Loops

While cognitive negotiation captures the human and
social dimension of design change, CCADS embeds
that negotiation within socio-technical feedback
loops that continuously monitor and react to system

cognitive

behavior. Drawing inspiration from systems
thinking (Forrester, 1968) and cybernetics
(Dubberly & Pangaro, 2019), CCADS treats the
designed system — whether physical product,

software application, or socio-technical process —
as part of a broader feedback-driven ecology.

These feedback loops operate at multiple levels:
einternal system feedback, where the system
monitors its own performance, usage patterns,
environmental conditions, and
consumption.

eUser feedback loops, capturing user behaviors,
preferences, experience reports, and contextual
usage conditions.

eOrganizational  feedback loops,
managers, cross-functional teams, supply chain
partners, and maintenance stakeholders who
respond to production, cost, quality, and compliance
metrics.

resource

involving

By explicitly modeling and integrating these
feedback mechanisms, CCADS ensures that design
remains responsive, not only during development,
but throughout deployment and lifecycle. This
reflects principles self-adaptive system
engineering, where monitoring, analysis, planning,

from

and execution (MAPE) cycles are common (Cheng et
al, 2009). However, unlike many purely software-
oriented adaptive systems, CCADS emphasizes the
socio-technical dimension: feedback is interpreted
through human cognition, negotiated across
stakeholders, and realized through both technical
adaptation and redesign or re-specification when
needed.

Adaptive Control Architecture

One of the key contributions of CCADS is its
articulation of a multi-layered control architecture

that governs adaptation across time scales. Inspired
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by management cybernetics (Geyer, 1995; Elezi,
2015) and self-adaptive system architectures
(Kephart & Chess, 2003; De Wolf & Holvoet, 2007;
Puviani, Cabri & Zambonelli, 2013), CCADS
distinguishes between three levels of control:
e(Operational immediate, low-latency
feedback-driven adjustments within the system
(e.g., a smart device adjusting resource usage, a
production line controller fine-tuning process
parameters).

eDesign-time control: higher-level planning and
redesign tasks triggered when feedback indicates
substantial divergence from desired performance,
significant new requirements, or emergent misuse
patterns. This control layer might involve design
teams re-engaging in problem-solution co-evolution,
revising specifications, or redesigning modules.
e(Organizational learning
processes capturing lessons learned, updating
norms, standards, organizational practices, and
long-term strategy. This layer ensures that future
designs and organizational practices evolve,
promoting systemic resilience and innovation.

control:

control: meta-level

This tiered architecture allows CCADS to handle
both short-term variability (via operational control)
and long-term change (via redesign and
organizational learning), thereby bridging the gap
between runtime adaptation and evolving socio-
technical contexts.

Emergent Evaluation Mechanisms

A critical aspect of CCADS is its recognition that
evaluation cannot be limited to pre-defined criteria
established at design time. Given the dynamic and
evolving nature of complex systems, evaluation
metrics themselves may need to evolve. CCADS
therefore endorses emergent
mechanisms: continuous assessment of system
performance, usability, stakeholder satisfaction,
environmental impact, and alignment with changing
goals or values.

Such emergent evaluation draws from principles of
design as an ongoing reflective practice, where
feedback leads not just to adjustment, but to

evaluation

rethinking of what counts as success. In practice,
emergent evaluation might reveal that a system
optimized for cost and throughput in production is
causing unforeseen ecological impacts, user
dissatisfaction, or social inequities — prompting
redesign or policy changes.

Design Propositions of CCADS
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Based on the framework outlined above, we
propose the following design propositions:
eProposition 1: Systems developed under the
CCADS framework will exhibit greater resilience to
environmental and contextual changes than systems
designed with static methods, owing to the
integration of continuous feedback loops and
adaptive control layers.

eProposition 2: The co-evolutionary cognitive
negotiation process will lead to more innovative and
contextually appropriate solutions, as designers and
stakeholders iteratively reframe problems in light of
emergent feedback and experience.

eProposition 3: Socio-technical feedback integration
will reduce the risk of design failures due to
misaligned stakeholder values or shifting user
behaviors, because ongoing user and organizational
feedback ensures alignment across actors.
eProposition 4: Over time, the organizational
learning control layer will lead to improved design
standards, better-informed decision-making, and

cumulative knowledge accumulation, thereby
enhancing organizational capability for future
projects.

eProposition 5: Emergent evaluation mechanisms
will surface latent trade-offs (e.g., environmental
impact, social equity, long-term cost) that static
design evaluation would miss, leading to more
sustainable and ethically responsible design
outcomes.

These propositions, though theoretical, offer clear
testable hypotheses for empirical research or
longitudinal case studies in organizations adopting
CCADS approaches.

DISCUSSION

The CCADS framework reframes design as a living,
adaptive, stark
departure from traditional views that treat design as

socio-technical process — a
a discrete phase or a linear pipeline. In doing so, it
captures the complexity of modern engineering
systems, which increasingly blend hardware,
software, human users, organizational processes,
and environmental factors.

One of the most significant implications of CCADS is

for product development organizations and
engineering departments. Traditional
methodologies such as the GRAI integrated

methodology (Doumeingts et al., 1996; Girard &
Doumeingts, 2004a, 2004b) or model-based task
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organization (Eppinger et al, 1994) emphasize
structure, scheduling, and role distribution. While
effective for managing complexity and coordination,
they often lack mechanisms for adaptation once real-
world feedback arises. Under CCADS, these
methodologies can be extended or re-engineered to
incorporate feedback loops, runtime monitoring,
and adaptive redesign, transforming rigid product
development pipelines into flexible,
development ecosystems.

Furthermore, CCADS underscores the
cognitive dimension of design decisions. Traditional
engineering design textbooks (French, 1999; Eder,
1998) often present design as a rational, expert-
driven process. CCADS challenges this by
foregrounding negotiation, stakeholder values, and
emergent understanding. This has profound
implications for design management: organizations
may need to cultivate environments that support
open communication, reflexive evaluation, and
shared learning — not just during
development, but throughout the system’s lifecycle.
Importantly, CCADS also bridges a conceptual gap
between engineering and
software-centric adaptive systems. Self-adaptive
software research (Kephart & Chess, 2003; Cheng et
al, 2009; De Wolf & Holvoet, 2007) has largely
focused on the internal architecture of software —
monitoring, planning, execution, control — often
abstracted
organizational embedding. CCADS brings these two
domains together, arguing for a unified perspective
in which even physical products and socio-technical
systems can and should incorporate adaptive
control architectures, feedback monitoring, and
runtime evolution. This perspective is especially
relevant in domains such as cyber-physical systems,
smart manufacturing, IoT-enabled devices, and
large-scale socio-technical infrastructure.

However, the transition to CCADS-based design is
not without challenges. First, organizational inertia
and rigid process cultures may resist the fluidity and
uncertainty inherent in adaptive design. Traditional
fixed
deadlines, budgets — may conflict with iterative,
emergent redesign cycles. Second, implementing
robust socio-technical feedback loops requires
resources:

resilient

socio-

initial

hardware-centric

from human social context or

project management metrics — scope,

infrastructure, data
collection, stakeholder
engagement practices — all of which entail costs,
skills, and organizational commitment. Third,

monitoring

analysis mechanisms,
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emergent evaluation may surface uncomfortable
trade-offs — environmental, social, ethical — that
organizations might prefer to ignore, especially
when short-term profit motives dominate.

From a theoretical research perspective, CCADS
remains untested in empirical
propositions offered are hypotheses in need of
validation via case studies, longitudinal field
research, or controlled experiments. Application of
CCADS to real-world organizations will likely reveal
additional complexities not captured in the abstract
model — for instance, conflicting stakeholder
priorities, power dynamics, regulatory constraints,
or unpredictable emergent behaviors.

Nevertheless, the potential benefits of CCADS are
substantial. By embedding adaptability, social
negotiation, and continuous learning into the very
structure of design and development, organizations
can become more responsive to change, more
innovative, more resilient — and ultimately better
equipped to navigate the uncertainties of modern
complex environments.

contexts. The

CONCLUSION

This paper has introduced the Cyber-Cognitive
Adaptive Design Systems (CCADS) framework — a
theoretical integration of design cognition, socio-
technical feedback loops, management cybernetics,
and self-adaptive system architecture. CCADS
conceptualizes design as a dynamic, ongoing,
adaptive process rather than a static artifact or one-
time activity. Through its four core components —
Cognitive Negotiation, Socio-Technical Feedback
Loops, Adaptive Control Architecture, and Emergent
Evaluation Mechanisms — CCADS offers a holistic
lens for understanding and guiding the design,
development, and evolution of complex engineering
systems.

We proposed five design propositions that outline
the potential advantages of CCADS: enhanced
resilience, more  contextually  appropriate
innovation, improved stakeholder alignment,
continuous organizational learning, and ethically
informed evaluation. These propositions offer a
foundation for future empirical research.
Implementing CCADS in practice would likely
require shifts in organizational culture, project
management approaches, and resource allocation —
but the potential payoff is significant: systems that
are more adaptable, sustainable, user-centered, and
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capable of evolving over time. We urge future work
to explore CCADS in empirical settings, extend its
architecture to domain-specific contexts (e.g., cyber-
physical systems, IoT, smart infrastructure), and
refine the framework in light of practical challenges.
As the boundaries between design, engineering,
software, and human systems continue to dissolve,
frameworks like CCADS may prove essential for
navigating the complexities of the 21st-century
technological landscape.

REFERENCES

1. Diehl E, Sterman JD (1995) Effects of
feedback complexity on dynamic decision
making. Organ Behav Hum Decis Process
62(2):198-215

2. Dong A (2004) Design as a socio-cultural
cognitive system. In: Marjanovi¢ D (ed)
Proceedings of DESIGN 2004, the 8th
International Design Conference, Dubrovnik,
Croatia, May 18-21, Design Society, pp 1467-
1474

3. DongA (2005) The latent semantic approach
to studying design team communication. Des
Stud 26(5):445-461

4. Dorst K, Cross N (2001) Creativity in the
design process: co-evolution of problem-
solution. Des Stud 22(5):425-437

5. Dorst K, Dijkhuis ] (1995) Comparing
paradigms for describing design activity. Des
Stud 16(2):261-274

6. Doumeingts G, Girard P, Eynard B (1996)
GIM: GRAI integrated methodology for
product development. In: Huang GQ (ed)
Design for X: concurrent engineering
imperatives. Springer, B. V., Dordrecht, pp
153-172

7. Dubberly H, Pangaro P (2019) Cybernetics
and design: conversations for action. In:
Fischer T, Herr C (eds) Des Cybern. Springer,
Cham, pp 85-99

8. Eder WE (1998) Design modeling-a design
science approach (and why does industry
not use it?). ] Eng Des 9(4):355-371

9. Elezi F (2015) Supporting the design of
management control systems in engineering
companies from management cybernetics
perspective. PhD dissertation, Technical
University of Munich

10. Eppinger SD, Whitney DE, Smith RP, Gebala


https://scientiamreearch.org/index.php/ijcsis

COLOMBO SCIENTIFIC PUBLISHING

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

DA (1994) A model-based method for
organizing tasks in product development.
Res Eng Des 6(1):1-13

Finke RA, Ward TB, Smith SM (1992)
Creative cognition: theory, research, and
applications. The MIT Press, Cambridge

T, Herr CM (2019) Design
cybernetics: navigating the new. Springer,
Cham

Forrester ] (1968) Principles of systems.
Wright-Allen Press, Cambridge

French M] (1999) Conceptual design for
engineers, 3rd edn. Springer, London
Galbraith JR (1974) Organization design: an
information processing view.
4(3):28-36

Garcia R (2005) Uses of agent-based
modeling in innovation/new product
development research. | Prod Innov Manag
22(5):380-398

Geyer F (1995) The challenge of
sociocybernetics. Kybernetes 24(4):6-32
Girard P, Doumeingts G (2004a) GRAI-
engineering: a method to model, design and
run engineering design departments. Int ]
Comput Integr Manuf 17(8):716-732

Girard P, Doumeingts G (2004b) Modelling
the engineering design system to improve
performance. Comput Ind Eng 46(1):43-67
Girard P, Eynard B, Doumeingts G (1999)
Proposal to control the systems design
process: application to manufactured
products. In: Batoz |, Chedmail P, Cognet G,
Fortin C (eds) Integrated design and
manufacturing in mechanical engineering
'98. Springer, Dordrecht, pp 537-544
Bielecki A, Wojcik M (2021) Hybrid Al
system based on ART neural network and
with
application to intelligent monitoring of the

Fischer

Interfaces

Mixture of Gaussians modules
wind turbine. ScienceDirect

Vuppala NSM, Malviya S (2024) MLOps-
Driven Software Engineering: Designing
Feedback-Loop Architectures for Intelligent
Applications. Journal of Information Systems
Engineering and Management, 9(4s), Article
2826

Cherladine K (2024) Al-Powered Networked
Management: The Future of MVNOs and
MVNAs. International Journal of Computer
Trends and Technology

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Aucott ] (2024) Integrating Al into Network
Management: Opportunities and Challenges.
Haptic Networks

Aouedi O et al. (2022) Intelligent Traffic
Management in Next-Generation Networks.
MDPI

Kephart JO, Chess DM (2003) The vision of

autonomic computing. IEEE Computer
36(1):41-50
Hebig R, Giese H, Becker B (2010) Making

control loops explicit when architecting self-
adaptive systems. Proceedings of the 2nd
International Workshop on Self-Organizing
Architectures, ACM, pp 21-28

Miiller H, Pezzé M, Shaw M (2008) Visibility
of control in adaptive systems. Proceedings
of the 2nd International Workshop on Ultra-
large-scale Software-intensive Systems,
ACM, pp 23-26

Puviani M, Cabri G, Zambonelli F (2013) A
taxonomy of architectural patterns for self-
adaptive systems. Proceedings of the 6th
International C* Conference on Computer
Science & Software Engineering (C3S2E’13),
ACM, pp 77-85

Vuppala NSM, Malviya S (2024) MLOps-
Driven Software Engineering: Designing
Feedback-Loop Architectures for Intelligent
Applications. Journal of Information Systems
Engineering and Management 9(4s): Article
2826.

Vromant P, Weyns D, Malek S, Andersson ]
(2011) On interacting control loops in self-
adaptive systems. Proceedings of the 6th
International SEAMS Symposium, ACM, pp
202-207

De Wolf T, Holvoet T (2007) Using UML 2
activity diagrams to design information
flows and feedback-loops in self-organising
emergent systems. In: De Wolf T, Saffre F,
Anthony R (eds) Engineering Emergence in
Decentralised Systems,
Proceedings of 2nd International Workshop,
pp 52-61

Cheng B, de Lemos R, Giese H, Inverardi P,
Magee | et al. (2009) Software engineering
for self-adaptive

Autonomic

systems: A research
roadmap. Software Engineering for Self-
Adaptive Systems, LNCS 5525, Springer-

Verlag, pp 1-26


https://scientiamreearch.org/index.php/ijcsis

