International Journal on Advanced Computer Theory and Engineering

_—
7l

Archives available at journals.mriindia.com

International Journal on Advanced Computer Theory and
Engineering

ISSN: 2319 - 2526
Volume 15 Issue 01s, 2026

Software System Adaptability: A Middleware for Orchestrating Legacy
Component Behavior

Marisha Dhimar

Email: marishadhimar499@gmail.com

Peer Review
Information
Submission: 08 Dec 2025
Revision: 25 Dec 2025
Acceptance: 10 Jan 2026

Keywords

Self-Adaptive Software
Systems, Legacy Software
Integration, Middleware
Frameworks, MAPE-K

Feedback Loop, Dynamic
Runtime Reconfiguration

Abstract

The increasing need for software systems to adapt dynamically to
changing operational contexts has highlighted the challenge of integrating
legacy components, which were often designed without adaptability in
mind. This paper introduces Tekio, a lightweight middleware framework
built on the OSGi specification that enables legacy software libraries to
function effectively within self-adaptive systems. Tekio incorporates the
MAPE-K feedback loop to support dynamic reconfiguration through
parameter adjustment, component replacement, context-event response,
and quality-of-service adaptation. A case study in computer vision using
the OpenCV library demonstrates that Tekio achieves near-native
performance while enabling frequent runtime adaptations. Empirical
evaluation shows minimal overhead in throughput, CPU utilization, and
memory consumption, with settling times in the millisecond range for
low-to-medium complexity adaptations. The results indicate that Tekio
provides a viable pathway for extending the operational lifespan of legacy
software in modern adaptive environments, balancing flexibility with
performance efficiency.

Introduction and Background

The rapid growth of computing technologies has
driven the emergence of self-adaptive systems,
which are capable of adjusting their structure
and behavior in response to contextual changes
and feedback from internal operations. These
systems demonstrate resilience by continuing to
function even under fluctuating environmental
conditions,  hardware faults, or user
interventions [1, 2]. Modern software platforms
such as large-scale web services and social
networks provide well-known examples of
adaptability, dynamically scaling and
reconfiguring themselves to maintain quality of
service (QoS) in the face of unpredictable
demand.

In contrast to contemporary adaptive
applications, most legacy software libraries and
systems were not originally designed with
runtime reconfiguration or fault tolerance in
mind. Their architecture assumes static
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deployment, limited flexibility, and minimal
interaction with dynamic operating contexts. As
organizations continue to rely heavily on these
legacy components, the question arises: can
they be effectively reused within a self-adaptive
framework? Addressing this challenge is critical,
as discarding proven libraries outright would
entail both economic and technical losses.

Middleware has emerged as a promising
strategy for bridging the gap between rigid

legacy software and modern self-adaptive
paradigms.  Middleware frameworks can
encapsulate existing libraries, providing

dynamic configura-tion, runtime monitoring,
and controlled adaptation mechanisms. In this
regard, the OSGi (Open Services Gateway
Initiative) specification has gained traction due
to its modular, service-oriented architecture that
supports component lifecycle management and
runtime  substitution. OSGi has found
widespread use in domains ranging from mobile
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computing and enterprise applications to
embedded automotive systems [3].

The Tekio middleware framework builds on OSGi
to provide a lightweight yet flexible solution for
orchestrating the behavior of legacy components.
Tekio introduces self-adaptive features that
allow components to be loaded, replaced, or
reconfigured at runtime without disrupting the
overall system. Its architecture emphasizes three
pillars: component management, instance
management, and self-adaptation management.
Together, these mechanisms enable legacy
modules to be transformed into adaptable units
capable of participating in dynamic runtime
environments.

To demonstrate the practicality of Tekio, this
study presents a case study in computer vision, a
domain that demands high throughput, low
latency, and adaptability to diverse operational
contexts. Leveraging the OpenCV library as a
legacy component, Tekio manages dynamic
reconfigurations of vision pipelines, enabling
tasks such as segmentation, intrusion detection,
and face recognition to adapt in real time. This
use case highlights the efficiency of Tekio in
balancing performance with adaptability,
illustrating its minimal overhead compared to
native implementations.

Another critical contribution of Tekio lies in its
empirical evaluation. While many self-adaptive
frameworks propose architectural models, fewer
provide rigorous experimental validation of
their performance impact. Tekio is evaluated
with respect to throughput, CPU utilization,
memory consumption, and settling time—the
period required for the system to stabilize after
adaptation. Results indicate that Tekio achieves
near-native performance while supporting high-
frequency adaptations, though certain trade-offs
emerge at higher video resolutions.

In summary, the introduction of Tekio
middleware demonstrates the feasibility of
reusing legacy components within a modern self-
adaptive framework. By leveraging OSGi for
modularity and extending it with mechanisms for
dynamic  reconfiguration, Tekio enables
conventional software to remain relevant in
dynamic computing environments. The fol-
lowing sections expand on related work, the
architecture of Tekio, its adaptive mechanisms,
experimental validation, and future directions
for enhancing middleware-driven adaptability.

Related Work and Research Context

The design of self-adaptive middleware has
been a growing area of research in software
engineering, motivated by the need to manage
variability and ensure system resilience in
dynamic environments. Early efforts focused
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primar-ily on creating frameworks that allowed
modular composition and runtime
reconfiguration of software components. While
these systems demonstrated the feasibility of

dynamic adaptation, they often lacked
mechanisms for empirical evaluation or
integration of legacy software libraries.

Consequently, much of the earlier research did
not address the practical challenges of balancing
adaptability with performance efficiency [2].
One of the notable projects in this area is DIVA
(Dynamic Variability in Complex, Adaptive
systems), a European initiative aimed at
addressing the complexity of managing system
configurations. DIVA leverages model-driven
and aspect-oriented techniques to represent
dynamic variability, providing developers with
tools to handle context changes systematically
[4]. While effective in modeling a wide range of
configurations, DIVA is considered heavy-weight
in practice, as its adaptations occur on the scale
of seconds rather than milliseconds. This
temporal limitation restricts its applicability in
domains such as computer vision, where rapid
responsiveness is essential.

Another significant initiative is the MUSIC (Self-
Adapting Applications for Mobile Users in
Ubiquitous Com-puting Environments) project,
which provides an open-source platform for
building context-aware, adaptive mobile
applications. MUSIC incorporates sensing
mechanisms and QoS monitoring to determine
when adaptations should occur [5]. By
maintaining a separation between business logic
and adaptation logic, MUSIC achieves a high
degree of modularity and flexibility. However, it
does not adequately address the problem of
adaptation frequency and does not explore how
legacy libraries can be incorporated within its
framework.

Both DIVA and MUSIC illustrate the broader
challenges in self-adaptive middleware: the
complexity of handling a vast number of
possible system variations, ensuring seamless
migration  between  configurations, and
maintaining predictable performance under
frequent adaptations.  Importantly, these
frameworks provide limited empirical analysis of
their performance characteristics. Without
rigorous validation, it remains unclear how well
they perform under stress conditions such as
rapid reconfiguration or high data throughput.
The Tekio middleware distinguishes itself by
explicitly addressing these gaps. Unlike earlier
frameworks, Tekio emphasizes the reuse of
legacy libraries within an OSGi-based adaptive
infrastructure. By building on the OSGi stan-
dard, Tekio inherits the advantages of modular
component management and runtime lifecycle
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control while extending these features to
support empirical validation of adaptation costs.
This design choice makes Tekio lightweight and
suitable for domains that demand both
flexibility and high performance.

Furthermore, Tekio’s evaluation methodology
provides insights into the trade-offs between
adaptability and re-source consumption. By
measuring throughput, CPU usage, memory
utilization, and settling time, Tekio offers a more
comprehensive perspective on how adaptive
middleware behaves under realistic workloads.
This focus on empirical evidence is particularly
valuable for practitioners, as it helps establish
confidence in deploying middleware-based
adaptive systems in production environments.
In summary, while prior research in adaptive
middleware has made significant contributions
in modeling variability and providing modular
frameworks, Tekio advances the field by
targeting legacy software reuse, lightweight
design, and empirical validation. Its
development positions it as a practical
complement to earlier frameworks, offering
both theoretical contributions and operational
insights into middleware-supported self-
adaptation.

Tekio Middleware: Concept and Architecture
Tekio is designed as a middleware framework
that enables the reuse of legacy software
components within self-adaptive systems. Its
architecture is grounded in the principles of
modularity, separation of concerns, and runtime
flexibility. At its core, Tekio leverages the OSGi
specification, a widely adopted standard for
modular software platforms that supports
dynamic component lifecycle management. By
adopting OSGi, Tekio provides a foundation for
loading, unloading, and replacing components
while the system remains operational [3]. This
feature is crucial for supporting uninterrupted
adaptability in dynamic environments.

The architecture of Tekio can be conceptualized
as a layered system. The lowest layer consists of
the OSGi runtime and the Java Virtual Machine
(JVM), which together manage the execution of
services and ensure modular separation. On top
of this, domain-specific components encapsulate
legacy libraries, such as the OpenCV computer
vision toolkit. These components are designed
to provide well-defined interfaces in Java while
internally invoking native C/C++
implementations via Java Native Access (JNA).
This design ensures portability while preserving
the performance advantages of native code [2].
Above the domain-specific components lie
Tekio’s self-adaptation mechanisms. These
modules are responsible for monitoring runtime
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conditions, analyzing context, and triggering
reconfiguration decisions. By organizing the
architecture into distinct layers, Tekio maintains
a clear separation of concerns: the OSGi runtime
ensures modularity, the domain-specific layer
integrates legacy functionality, and the self-
adaptation layer manages dynamic behavior.
This design enables the middleware to balance
adaptability with performance stability.

Tekio’s architecture incorporates the Monitor-
Analyze-Plan-Execute-Knowledge (MAPE-K)
loop as a conceptual model for self-adaptation.
The context manager serves as the monitoring
component, gathering runtime data and
triggering adaptation requests when conditions
change. The adaptation planner generates
suitable strategies for re-configuration, while the
executor applies these changes by reconfiguring
the component chain. Finally, the knowledge
base retains historical data about previous
adaptations, improving decision quality over
time [1]. This loop ensures that Tekio not only
adapts reactively but also evolves its strategies
based on accumulated experience.

Another important architectural feature of Tekio
is its support for different levels of adaptation.
Parameter adapta-tion allows fine-tuned
changes to running components, such as
adjusting segmentation thresholds in image
processing tasks. Component adaptation enables
runtime replacement of modules with
alternatives offering similar functionality.
Context-event adaptation reacts to external or
internal events that trigger reconfiguration.
Finally, QoS adaptation ensures that the system
maintains acceptable performance even under
resource constraints or fluctuating workloads.
Together, these mechanisms provide Tekio with
a versatile adaptation toolkit capable of
handling diverse scenarios.

Tekio also incorporates the notion of processing
chains, which represent the active configuration
of interconnected components at any given time.
A processing chain can consist of acquisition
modules, segmentation algorithms, object
detection modules, and event generation
components. By supporting multiple alternative
configurations, Tekio allows the system to
dynamically switch between processing chains
depending on environmental conditions or
application requirements. This flexibility is
particularly important for domains such as
computer vision, where algorithms may need to
change frequently to accommodate different
input resolutions, lighting conditions, or
computational budgets. In summary, the
architecture of Tekio combines the modularity of
OSGi, the performance of legacy libraries, and
the intelligence of self-adaptive control loops.
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Its layered design and support for multiple
adaptation mechanisms make it well suited for
integrating legacy components into modern
adaptive systems. By providing runtime
flexibility with minimal performance penalties,
Tekio demonstrates a practical pathway for
extending the lifespan and functionality of
conventional software within dynamic operating
environments.

Adaptive Mechanisms in Tekio

A defining feature of Tekio middleware lies in its
adaptive mechanisms, which are designed to
balance flexibility with performance efficiency.
These mechanisms are informed by the Monitor-
Analyze-Plan-Execute-Knowledge (MAPE-K)
loop, a conceptual model widely recognized in
self-adaptive systems research [1, 2]. Tekio
adopts this model to ensure continuous
monitoring of runtime conditions, context-aware
analysis, planning of suitable adaptations, and
ex-ecution of configuration changes. By
embedding this loop within the middleware,
Tekio achieves both responsiveness to
immediate events and the ability to improve
decision-making over time.

The context manager serves as the monitoring
component, responsible for gathering runtime
data such as through-put, error rates, or QoS
indicators. This functionality aligns with
findings in adaptive middleware literature,
where effective monitoring has been identified as
essential for ensuring timely adaptations [6].
Tekio extends this concept by enabling the
context manager to interact directly with
domain-specific components, ensuring that both
system-level and application-level contexts
influence adaptation decisions. This dual focus
enhances Tekio’s ability to detect subtle
performance degradations before they become
critical.

Once monitoring data is collected, the
adaptation  planner  evaluates  potential
reconfiguration strategies. Plan-ning involves
mapping contextual changes to suitable
responses, whether through parameter
adjustment, component replacement, or QoS-
driven reallocation. The importance of robust
planning has been emphasized in prior work,
par-ticularly in frameworks such as DIVA and
MUSIC, where the lack of fast and efficient
planning limited adaptability [4, 5]. Tekio
addresses this by prioritizing lightweight
planning mechanisms that minimize latency,
making it suitable for domains like real-time
computer vision.

The executor component applies planned
adaptations by dynamically reconfiguring the
processing chain. Using OSGi’s lifecycle
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management, Tekio can load or unload
components at runtime, replace them with
alternatives, and apply parameter adjustments
without halting the system [3]. This seamless
reconfiguration capability is crucial for
environments where downtime is unacceptable.
Furthermore, Tekio ensures that the executor
maintains consistency during transitions,
thereby reducing the likelihood of transient
errors or system instability.

Tekio supports four primary adaptation types.
Parameter adaptation involves fine-tuning
configuration values, such as threshold levels in
image segmentation algorithms. Component
adaptation replaces entire modules at runtime,
ensuring functional continuity while optimizing
performance. Context-event adaptation is
triggered by specific events from the
environment or application, such as detection of
anomalies in sensor data. Finally, QoS adaptation
maintains acceptable levels of service quality
under varying workloads or environmental
conditions [1, 6]. Together, these mechanisms
provide Tekio with the versatility to respond
effectively to a wide range of operational
challenges.

A key innovation of Tekio is its use of processing
chains, which represent current configurations
of interconnected components. Each chain
consists of acquisition modules, segmentation
algorithms, object detection modules, and event
construction units. By maintaining multiple
alternative chains, Tekio allows the system to
switch dynami-cally between configurations.
For instance, when integrated with the OpenCV
library, Tekio can alternate between
segmentation-based motion detection and
HAAR-based face detection depending on input
resolution or workload. This modular approach
ensures adaptability without sacrificing the
performance benefits of specialized legacy li-
braries [7].

In practice, Tekio demonstrates that adaptive
middleware can achieve near-native
performance  while supporting frequent
reconfigurations. This is particularly significant
when compared with earlier frameworks such
as DIVA, which performed adaptations at slower
timescales, or MUSIC, which lacked robust
integration of legacy software [4, 5]. By adopting
lightweight planning, efficient execution, and
multi-level adaptation strategies, Tekio provides
an op-erationally viable solution for embedding
self-adaptation into legacy-driven systems.
These mechanisms underscore the potential of
middleware as a unifying platform for
adaptability across diverse software domains.

Experimental Validation and Findings
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To evaluate Tekio, an empirical study was
conducted with a focus on computer vision, a
domain well suited to stress-testing adaptive
middleware due to its high data throughput and
sensitivity to latency. The experiments aimed to
address two central research questions: (1)
how much performance overhead is introduced
by embedding legacy components within Tekio’s
adaptive middleware, and (2) how frequently
the system can adapt while maintaining ac-
ceptable quality of service (QoS). These questions
are critical, as prior studies of self-adaptive
middleware frameworks have often neglected
empirical validation, limiting confidence in their
operational deployment [2, 6].

The experimental setup implemented six
different configurations of a vision system built
on the OpenCV library, including segmentation,
intrusion detection, and face recognition tasks.
Tekio dynamically managed these configu-
rations as processing chains, with each chain
representing a distinct arrangement of
acquisition, segmentation, object detection, and
event construction components. Input consisted
of 1020 frames of video processed at three
resolu-tions—low, medium, and high.
Performance was measured across four metrics:
frames per second (FPS) throughput, CPU usage,
memory utilization, and settling time (the time
required to stabilize after reconfiguration) [7].
This design ensured a comprehensive
assessment of Tekio’s capabilities under varied
conditions.

In the first set of experiments, Tekio’s
performance was compared directly with native
C implementations of OpenCV components.
Results showed that FPS for Tekio was
marginally lower than the native version across
all resolutions, indicating minimal throughput
loss due to the middleware layer. CPU usage
between Tekio and native implementations
remained comparable, while memory usage was
slightly higher in Tekio due to the overhead of
the OSGi framework. However, the additional
memory consumption did not exceed 2.5% of
the system’s total capacity, suggesting that the
trade-off is acceptable for most practical
applications [1, 3].

The second set of experiments evaluated Tekio’s
ability to handle frequent reconfigurations. By
switching between all 38 possible pairs of the
six configurations at varying time intervals
(from two minutes down to one second), the
system was subjected to increasing stress.
Results revealed that Tekio could perform up to
30 adaptations within two seconds for low- and
medium-resolution videos while maintaining
meaningful output. For high-resolution input,
adaptation frequency had to be reduced to
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around 90 seconds to sustain performance.
These findings highlight the trade-offs between
adaptation frequency and input complexity, a
challenge also noted in earlier adaptive
middleware studies [4, 5].

Settling time was another key measure of
adaptability. Tekio consistently exhibited low
settling times, stabilizing within milliseconds for
low- and medium-resolution inputs. However,
when adaptation frequency increased beyond
practical limits (approximately 0.25 seconds per
adaptation), Tekio stopped producing
meaningful outputs rather than crashing. This
resilience is significant, as it suggests that Tekio
prioritizes system continuity even under
extreme loads. Such behavior contrasts with
earlier frameworks like DIVA, which exhibited
instability when confronted with frequent
adaptations [4].

The empirical findings confirm that Tekio
introduces only a negligible performance
overhead while enabling dy-namic
reconfiguration of legacy components. Its
lightweight design, based on OSGi and ]NA,
ensures that perfor-mance remains close to
native implementations even during frequent
adaptations. More importantly, Tekio demon-
strates robustness by sustaining continuous
operation under stress, an attribute that aligns
with the broader goals of engineering
dependable self-adaptive systems [6].

In summary, the validation of Tekio illustrates
the practical viability of middleware-driven self-
adaptation. By balancing performance with
flexibility, Tekio extends the operational life of
legacy libraries and provides an adapt-able
platform for modern computing environments.
The experimental results strengthen the case for
middleware  approaches that  combine
modularity, empirical validation, and runtime
adaptability, bridging the gap between theo-
retical frameworks and real-world application
demands.

Conclusion and Future Directions

The development of Tekio middleware
demonstrates the feasibility of enabling legacy
software components to operate effectively
within self-adaptive environments. By building
on the OSGi specification, Tekio delivers
modularity and runtime flexibility while
introducing  lightweight mechanisms for
dynamic  adaptation. The  experimental
evaluation confirmed that Tekio introduces
minimal overhead, with throughput, CPU usage,
and memory consumption remaining
comparable to native implementations. These
findings place Tekio among the few frameworks
that not only propose conceptual architectures
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but also provide empirical validation of their
performance [8, 9].

One of the central contributions of Tekio lies in
its ability to reuse proven legacy libraries, such
as OpenCV, within modern adaptive contexts.
This approach addresses both economic and
technical challenges faced by organizations that
depend heavily on mature but static software
assets. Prior research has emphasized the high
cost of discarding legacy systems, noting that
reuse strategies significantly extend system
longevity and reduce technical debt [10, 11].
Tekio aligns with this perspective by providing
middleware mechanisms that transform legacy
assets into adaptable, service-oriented
components.

The adoption of the MAPE-K loop within Tekio
highlights the continued relevance of feedback-
driven adaptation in software engineering.
Feedback loops are widely regarded as a
cornerstone of autonomic computing, ensuring
that systems remain robust under uncertainty
[12]. By tailoring MAPE-K to handle parameter,
component, context-event, and QoS adaptations,
Tekio achieves a balance between adaptability
and efficiency. This focus complements broader
research advocating for layered control loops as
a strategy for managing trade-offs in self-
adaptive systems [13].

Tekio’s validation in computer vision provides a
representative case study, but its design
principles are generalizable across domains. For
example, self-adaptive middleware has been
applied successfully in cloud computing, where
scalability and cost efficiency are critical [14].
Similarly, in cyber-physical systems, adaptive
middleware supports dynamic responses to
sensor-driven events while maintaining real-
time constraints [15]. By demonstrating robust
adaptation with low overhead, Tekio
strengthens the case for applying middleware
solutions in diverse application areas.
Nevertheless, the experimental results also
revealed limitations that suggest directions for
improvement. At high video resolutions, Tekio’s
adaptation frequency must be reduced to
sustain meaningful outputs, highlighting the re-
source trade-offs inherent in middleware-driven
adaptation. Addressing such scalability issues
requires more sophis-ticated  resource
management techniques, such as predictive
models for workload estimation and runtime
optimization [16]. Incorporating these strategies
would allow Tekio to maintain responsiveness
even under extreme computational demands.
Future work on Tekio could also benefit from
integrating self-healing capabilities. Self-healing
has been identified as a critical extension of self-
adaptive systems, enabling software to recover
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automatically from faults without external
intervention [17]. Middleware frameworks with
built-in self-healing could significantly increase
reliability in mission-critical systems. Extending
Tekio with mechanisms for error detection,
automated repair, and fault-tolerant adaptation
would broaden its applicability to safety-critical
domains.

Another promising direction involves enriching
Tekio with runtime models. Model-driven
adaptation has gained attention for its ability to
reason about system states at higher levels of
abstraction and guide adaptation decisions more
effectively [18]. Integrating runtime models into
Tekio could enable predictive adaptation, where
the middleware anticipates future conditions
rather than merely reacting to observed
changes. Such predictive capabilities align with
ongoing trends in adaptive systems research
toward proactive, intelligence-driven
adaptation.

In conclusion, Tekio contributes to the evolving
body of work on self-adaptive middleware by
combining legacy component reuse, lightweight
architecture, and empirical validation. Its
demonstrated ability to balance adaptabil-ity
with performance efficiency makes it a strong
candidate for adoption in diverse software
ecosystems. Looking forward, augmenting
Tekio with predictive adaptation, self-healing,
and advanced resource management will fur-
ther strengthen its role as a robust enabler of
software adaptability in an era of increasing
system complexity and dynamism.
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