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Abstract: This study investigates the integration of high performance communication protocols with
adaptive signal processing engines in multi-core systems, aiming to enhance scalability, throughput,
and inter-core communication efficiency. The challenges inherent in traditional multi core architec-
tures, such as communication overhead, latency, and scalability limitations, are addressed through the
incorporation of Network-on-Chip (NoC) architectures and adaptive signal processing techniques. By
using a multi-core digital signal processing (DSP) platform, the study evaluates the performance im-
provements achieved by this integration under varying workloads and core configurations. The exper-
imental results show a 35% improvement in throughput and a 25% reduction in communication la-
tency, highlighting the effectiveness of adaptive communication protocols in managing data traffic
between cores and reducing bottlenecks. The integration of NoC architecture facilitates parallel data
transfers, while adaptive signal processing engines ensure that data flows more efficiently across the
cores, enhancing system responsiveness, especially under high data rate conditions. Furthermore, the
study explores the scalability of the proposed system, demonstrating its ability to maintain high perfor-
mance as core counts increase. The findings emphasize the potential of combining advanced commu-
nication protocols with adaptive signal processing for optimizing multi-core system performance. Prac-
tical implications of this research include the design of scalable, flexible, and efficient multi core archi-
tectures suitable for complex, data-intensive applications. Future research should focus on further re-
fining communication protocols and exploring additional integration strategies to enhance the adapta-

bility and scalability of multi-core systems in next-generation computing environments.

Keywords: Multi-core systems; Communication protocols; Signal processing; Data throughput; Net-
work-on-Chip.

1. Introduction

Scalable multi core architectures have become integral to modern computing, providing
substantial performance improvements for computationally intensive tasks through parallel
execution across multiple processing cores. However, these architectures face significant chal-
lenges, primarily stemming from communication overhead and inefficient data exchange be-
tween processing cores, which can limit achievable scalability and performance gains [1]. As
the number of cores increases, synchronization costs, memory access contention, and inter-
core communication delays become more pronounced, reducing overall system efficiency [2].
Effective communication between cores is therefore critical to fully exploiting the potential
of multi-core systems, yet existing communication mechanisms often introduce latency and
processing delays that hinder efficient large-scale computation, particularly in data-intensive
and parallel workloads [3].
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Communication overhead is a major barrier to the scalability of multi-core systems. It
refers to the time and resources needed to synchronize and exchange data between multiple
cores, leading to delays. In systems like Parallel Discrete Event Simulation (PDES), commu-
nication overhead between remote machines significantly limits scalability, despite low latency
between cores within the same machine [2]. Similatly, the Message Passing Interface (MPI)
faces challenges related to fluctuating process counts and varying message sizes, which can
degrade execution times and limit scalability, as noted by [3]. This communication overhead
becomes more problematic as the number of cores increases, complicating the ability to scale
efficiently.

Efficient data exchange is essential for the performance of multi-core systems. However,
the design of scalable interconnection networks capable of handling high-demand communi-
cation between multiple cores remains complex. For example, a layer-2 switch supporting up
to 20 nodes showed that communication latency between cluster nodes is a crucial limiting
factor [1]. Additionally, the presence of background load and an increasing number of threads
exacerbates communication latency, further impacting the performance of multi-threaded ap-
plications. These inefficiencies hinder the ability of multi-core systems to effectively manage
large datasets and multiple concurrent processes.

To address these challenges, several solutions have been proposed. One such solution is
implementing a distributed memory organization with a Network-on-Chip (NoC) communi-
cation backbone, which can more efficiently manage data structures and reduce communica-
tion overhead [4]. Optimizing communication algorithms, such as MPI collective operations,
is another approach that can reduce communication costs and improve the scalability of
multi-core systems [3]. Advanced scheduling mechanisms that account for non-uniform
memory accesses and bandwidth saturation can help alleviate communication bottlenecks.
Additionally, hardware modules such as the message passing unit (MPU) can facilitate syn-
chronization and reduce overall communication overhead [2]. These proposed solutions aim
to enhance the efficiency and scalability of multi-core systems, ensuring better resource utili-
zation and overall system performance.

Multi-core processors have become a cornerstone of modern computing due to their
ability to support instruction-level parallelism (ILP) and thread-level parallelism (TLP), sig-
nificantly boosting computational performance [1]. These processors integrate multiple cores
on a single die, enabling concurrent execution of processes and threads. However, the full
potential of multi-core systems can only be realized with efficient communication protocols
that facilitate seamless data exchange between cores. Improving these protocols is crucial to
overcoming performance bottlenecks and ensuring that multi-core systems operate at their
maximum capacity [5], [6].

One of the primary challenges in multi-core systems is inter-core communication over-
head, where cache coherence mechanisms introduce significant latency due to cache line
transfers between cores. These transfers are often demand-based, meaning cores must request
data from other caches or memory, leading to cache misses and increased coherence traffic
[5]. This overhead reduces efficiency, especially when handling large data sets or when cores
operate at high frequencies. Scalability is another issue, as traditional bus-based interconnec-
tion frameworks become bottlenecks when more cores are added, limiting the ability of sys-
tems to scale effectively [1]. To address scalability, Network-on-Chip (NoC) architectures
provide a more efficient interconnection mechanism, supporting higher traffic volumes and
reducing latency [6]. Additionally, improving energy efficiency through optimized communi-
cation protocols is essential, as it reduces the energy costs associated with inter-core data
transfers while maintaining high performance [5].

Several proposed solutions aim to improve communication efficiency in multi-core sys-
tems. Techniques like software-controlled data forwarding (e.g., prepushing) can send data to a
destination's cache before it is needed, reducing cache misses and coherence traffic [5]. Shared
memory implementations that use shared data structures for communication between threads
can enhance performance by minimizing remote memory access [6]. Moreover, NoC archi-
tectures offer scalable solutions by handling increased traffic and reducing communication
latency [1]. Adaptive congestion control techniques are also vital for optimizing inter-proces-
sor communication (IPC) efficiency, adjusting to network congestion and improving overall
performance [6]. The goal of this study is to evaluate these communication protocols, inte-
grate adaptive signal processing engines, and optimize multi-core system performance by re-
ducing communication costs and improving resource utilization.
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2. Literature Review

Review of Multi core architectures: Communication Challenges and Solutions

As multi core architectures continue to evolve, they encounter several communication
challenges that impact both their performance and scalability. One of the primary issues in
multi-core systems is interconnect and memory bottlenecks. In traditional systems using a
single globally shared memory, high access times and increased power consumption create
significant bottlenecks, limiting system performance as the number of cores increases. The
reliance on a single shared memory structure becomes inefficient as more cores demand sim-
ultaneous access to the same data, leading to delays and reduced throughput [1]. Furthermore,
scalability becomes more pronounced as the number of cores grows. Communication over-
head increases with the addition of more cores, which complicates the ability to maintain
consistent performance improvements. This issue is particularly evident in systems where
efficient communication between cores is essential for achieving optimal parallel execution
[6]. As more cores are added, the latency in communication rises, making it more challenging
to achieve high scalability in multi-core systems [5].

Another critical challenge is cache coherency. Ensuring data consistency across the
caches of multiple cores is a complex task that adds significant overhead. Each core typically
maintains its own local cache, and the challenge of ensuring that these caches remain con-
sistent when data is updated in one cache but not in others can cause synchronization delays
[6]. This problem grows more severe as the number of cores increases, which in turn creates
additional synchronization costs and slows down processing speeds [1]. Additionally, pro-
gramming complexity presents another obstacle. Managing data structures and parallelizing
applications for heterogeneous multi-core platforms, where cores may have different pro-
cessing capabilities, requires advanced algorithms and complex programming techniques.
This complexity makes it difficult to optimize performance across all cores, as developers
must account for varying core characteristics and memory access patterns [5].

Existing Solutions for Communication Overhead

To address the challenges of communication overhead in multi-core systems, several
solutions have been proposed. One widely adopted approach is Network-on-Chip (NoC)
architectures, which offer a dedicated communication backbone for the cores. NoCs improve
scalability and performance by efficiently managing data structures and supporting parallel
application mapping, thereby reducing bottlenecks found in traditional interconnection meth-
ods |7]. This allows data to flow freely between cores without the delays associated with older
communication architectures. Furthermore, hierarchical methods have been introduced to
reduce communication overhead and power dissipation. By replacing the quadratic complex-
ity inherent in conventional communication models with linear solutions, hierarchical meth-
ods improve data transfer efficiency and reduce the overall power consumption of the system

8].

Another promising solution is the use of distributed memory organizations, which re-
place shared memory systems with dedicated memory modules for different cores. This ap-
proach helps alleviate memory bottlenecks and improves performance by allowing cores to
access their own local memory, reducing the need for communication with remote memory
modules [5]. Additionally, emerging interconnect paradigms, such as three-dimensional (3-D)
integration, nanophotonic communication, and wireless interconnects, are being explored to
meet the demands for energy-efficient and High performance interconnects in multi-core
systems. These technologies promise to enable faster and more efficient data transfers while
significantly reducing energy consumption [9]. Lastly, heuristic-based approaches that use de-
tailed data communication profiling have been proposed to design efficient interconnects.
These methods reduce overhead and improve system speed-up by tailoring the communica-
tion architecture to the specific requirements of the application, ensuring that the intercon-
nects are optimized for the workload being processed [10].

Previous Works on Integrating Adaptive Signal Processing Engines with Communi-
cation Protocols

Research into integrating adaptive signal processing engines with communication proto-
cols in multi-core systems has been extensive, focusing on enhancing performance, scalability,
and efficiency. Adaptive signal processing techniques have played a crucial role in high data
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rate digital communication systems, especially in wireless communication. These techniques
allow systems to adjust to dynamic channel conditions, ensuring that the system operates
optimally under varying network conditions [11]. Furthermore, multi core architectures have
become critical in telecommunications, where multi-core DSP platforms, coupled with adap-
tive scheduling methods, improve runtime adaptivity and scheduling efficiency, thereby in-
creasing overall performance [12].

In terms of communication protocols, multi-core systems benefit from Network-on-
Chip (NoC) architectures, which provide an efficient interconnection framework. NoCs ad-
dress critical scalability, bandwidth, and latency issues in multi-core systems [12]. Techniques
like Intelligent Adaptive Arbitration and Star-Wheels NoC have been shown to improve com-
munication efficiency by reducing congestion and optimizing traffic flow between cores.
Moreover, integrating Logical Execution Time (LET) and Time-Division Multiple Access
(TDMA) models has improved real-time communication in multi-core systems, significantly
reducing latency and enhancing system responsiveness [11]. These advancements have made
it possible for multi-core systems to handle increasingly complex applications in both com-
munication and computation.

Identified Gaps in Current Research

While significant strides have been made in integrating adaptive signal processing with
communication protocols in multi-core systems, several gaps remain. Scalability continues to
be a major challenge as the number of cores in a system increases. The overhead associated
with adaptive scheduling methods, although optimized for smaller core counts, still presents
challenges in larger systems, where core counts grow significantly [4], [5]. The communication
bottleneck remains a key issue in multi-core systems, and although NoC architectures have
been effective, they may not fully address the dynamic and heterogeneous nature of modern
multi-core systems. More flexible and adaptive communication protocols are needed to effi-
ciently handle the varying demands of different applications and workloads in large-scale sys-
tems [1], [6]-

Moreovert, the seamless integration of adaptive signal processing engines with commu-
nication protocols remains an underexplored area. Many current approaches still treat these
components separately, leading to suboptimal performance. The lack of integration often re-
sults in communication inefficiencies and higher system complexity [11]. Additionally, the
optimization of inter-core communication and synchronization remains a challenge, as many
proposed techniques, such as the ADaptive Communication Mechanism (ADCM), require
further refinement to handle diverse workloads and configurations effectively [1], [3].

3. Proposed Method

This study evaluates the integration of communication protocols with adaptive signal
processing engines in multi-core systems using both synthetic and real DSP workloads. The
system employs a multi-core DSP platform with Network-on-Chip (NoC) interconnection to
address scalability and latency issues. The performance is assessed through key metrics in-
cluding scalability, throughput, and inter-core communication latency. The methodology in-
volves testing a baseline system without integration, followed by the integration of commu-
nication protocols with adaptive signal processing engines, and comparing the system’s pet-
formance under various configurations. The goal is to determine how this integration en-
hances system efficiency, reduces communication delays, and improves overall processing

speed.



Computer Architecture and Signal Processing 2026 (March), vol. 01, no. 01, Lukman Medriavin Silalahi, et al. 23 of 9

Research and

Method

Experimental Setup Workloads Evaluation Metrics Methodology

Describe the multi-core
architectureand the
experimental conditions used to
evaluate the integration of
communication protocols with
adaptive signal processing
engines.

Explain the synthetic and real Specify the metrics used to Outline the approach for testing

DSP (Digital Signal Processing) measure scalability, throughput,
workloads used to assess the and inter-core communication
system'’s performance. latency.

the integration and its impact on
system performance.

Figure 1. Flowchart structure.

Experimental Setup

In this study, a multi-core architecture was employed to evaluate the integration of com-
munication protocols with adaptive signal processing engines. The multi-core system utilized
a digital signal processing (DSP) platform with multiple cores working in parallel, each per-
forming tasks independently. The system's architecture incorporated a Network-on-Chip
(NoC) interconnection, which has been shown to efficiently address scalability and latency
issues in multi-core systems. This setup was designed to simulate real-world conditions, where
NoC enhances communication efficiency and allows for optimized traffic management be-
tween cores.

Workloads

Both synthetic and real DSP workloads were used to assess the performance of the in-
tegrated system. Synthetic workloads were developed to simulate a variety of computational
tasks and test the system under different processing demands. These workloads were designed
to stress-test the system's communication protocols and adaptive signal processing engines
under controlled conditions. Real DSP workloads, representing tasks typically encountered in
telecommunications and multimedia applications such as image and audio signal processing,
were also employed. These workloads allowed for a more realistic assessment of the system’s
ability to handle complex, large-scale data processing.

Evaluation Metrics

The system's petformance was measured using several key metrics:

a) Scalability: The ability of the system to maintain performance as the number of cores
increases. This was evaluated by compating the system's performance at various core
counts.

b) Throughput: The data processing rate and the efficiency of communication between
cores. This metric assessed how well the system could handle increased data tratfic re-
sulting from the integration of communication protocols and adaptive signal processing
engines.

¢) Inter-Core Communication Latency: The time it took for data to travel between cores.
This metric was crucial for assessing how effectively the integrated system reduced com-
munication delays and improved efficiency in data transfer.

Methodology

The methodology involved several stages of testing. Initially, a baseline configuration
was established using traditional communication methods without adaptive signal processing.
This provided a reference point for system performance in terms of scalability, throughput,
and latency. Next, the communication protocols were integrated with adaptive signal pro-
cessing engines, designed to optimize performance under dynamic conditions such as fluctu-
ating data rates. The system was then tested under various configurations, including different
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core counts and workload complexities. The performance of the integrated system was com-
pared to the baseline, focusing on improvements in scalability, inter-core communication ef-
ficiency, and overall processing speed. This approach allowed for a comprehensive evaluation
of how the integration of communication protocols with adaptive signal processing engines
impacted system performance.

4. Results and Discussion

The integration of adaptive signal processing engines with High performance commu-
nication protocols in multi-core systems significantly enhanced performance across key met-
rics. Scalability improved as the system maintained stable performance even with an increased
core count, thanks to the efficient management of communication traffic by the Network-
on-Chip (NoC) architecture. Throughput increased by 35%, and inter-core communication
latency was reduced by 25%, primarily due to the adaptive scheduling techniques and distrib-
uted memory architecture. These improvements alleviated bottlenecks, optimized resource
allocation, and ensured smoother data transfer, ultimately enhancing the efficiency and scala-
bility of the system. The integration of adaptive signal processing with NoC and other com-
munication protocols proved to be a highly effective solution for overcoming traditional lim-
itations in multi-core systems.

Results

The integration of High performance communication protocols with adaptive signal
processing engines in a multi-core system led to significant improvements across key perfor-
mance metrics. Scalability was notably enhanced, as the system maintained stable perfor-
mance despite an increase in core count. When the number of cores grew from 2 to 8, the
system was able to process larger datasets without experiencing the typical performance deg-
radation that occurs in traditional systems. This improvement was attributed to the Network-
on-Chip (NoC) architecture, which efficiently managed the communication traffic between
cores, reducing the overhead typically associated with traditional bus-based systems. Further-
more, throughput improved by 35%, demonstrating the system's enhanced ability to process
data efficiently under varying workloads. The increase in throughput was a direct result of the
integration of adaptive communication protocols, which optimized resource allocation and
minimized delays during data processing,.

Table 1. compares the baseline system with the enhanced system in terms of scalability,
throughput, and inter-core communication latency.
Baseline Sys- Enhanced System (Adaptive In- Improve-

Metric tem tegration) ment
Scalability (Core Count 2-8) Zgiocy Bffi- 95% Efficiency +5%
Throughput (Data Rate) 500 Mbps 675 Mbps +35%
Inter-Core Communication 1.2 ms 0.9 ms 25%

Latency

The table summatizes the key findings, showing the increase in throughput and decrease
in latency after integrating adaptive signal processing and communication protocols. The
scalability improvement also reflects the system’s ability to maintain efficiency even as the
core count increases.

Additionally, inter-core communication latency was reduced by an average of 25%. This
reduction in latency was critical for maintaining system efficiency, especially under high com-
putational demands. The use of adaptive signal processing engines contributed to this im-
provement by ensuring more efficient data exchange between cores. As a result, the system
experienced faster synchronization and communication, allowing for smoother execution of
multi-threaded applications. Overall, these improvements indicate the potential of integrating
adaptive signal processing with High performance communication protocols in enhancing
multi-core system performance.
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Discussion

The integration of adaptive signal processing engines with communication protocols
significantly reduced bottlenecks in data transfer, one of the most common issues in multi-
core systems. In traditional systems, the reliance on shared memory often leads to delays as
multiple cores attempt to access the same memory resources. By incorporating distributed
memory architectures, the system alleviated these bottlenecks, enabling cores to access their
dedicated memory directly, thus reducing the need for remote memory access and improving
data transfer speeds. The adaptive scheduling techniques also played a vital role in optimizing
the allocation of resources, ensuring that data was processed and transferred with minimal
delays, even under high traffic conditions. These advancements helped to streamline the com-
munication process between cores and allowed the system to scale effectively with the in-
creasing number of cores.

The NoC architecture was integral to the system’s improved scalability and throughput.
Traditional communication frameworks, such as bus-based systems, often struggle to keep
up with the demands of large-scale multi-core systems due to their inability to handle high
traffic volumes efficiently. NoC, on the other hand, offers a dedicated communication back-
bone that allows for parallel data transfers and reduces congestion. This capability was essen-
tial for ensuring that the system could maintain high throughput and low latency even as the
number of cores increased. By supporting a higher number of concurrent data transfers, the
NoC architecture helped mitigate performance degradation, providing a robust solution for
large-scale multi-core systems.

Another significant finding was the reduction in inter-core communication latency,
which is a critical factor in multi-core system performance. The adaptive signal processing
engines facilitated more efficient data exchange between cores, reducing the time required for
cores to synchronize and communicate. This improvement is particularly important in real-
time applications where delays can negatively impact the overall system performance. The
integration of adaptive congestion control techniques further contributed to this reduction
by dynamically adjusting the system’s communication pathways in response to varying net-
work conditions. These findings underscore the importance of integrating advanced commu-
nication protocols with adaptive signal processing engines to address the challenges of multi-
core systems and improve their efficiency in handling complex, data-intensive tasks.

5. Comparison

The results of this study demonstrate significant improvements in multi-core system
performance when compared to conventional bus-based and static communication ap-
proaches. Traditional bus-based systems are often plagued by scalability issues, as the com-
munication overhead increases significantly with the number of cores. In such systems, a
single bus handles all the data transfer between cores, leading to congestion and bottlenecks
as more cores are added. This results in a noticeable performance degradation, especially in
large-scale systems. The adaptive communication protocols integrated with the Network-on-
Chip (NoC) architecture, however, alleviate these issues by offering a dedicated communica-
tion backbone that supports concurrent data transfers between cores, effectively reducing
congestion and enabling better scalability. In contrast to bus-based systems, the NoC-based
architecture allowed for improved performance, even as core counts increased, with minimal
degradation in throughput and latency.

One of the key advantages of the adaptive communication protocol integration is its
ability to dynamically optimize data exchange and reduce inter-core communication latency.
Traditional static communication methods typically follow fixed paths for data transfer, which
often lead to inefficiencies in handling varying traffic loads. The adaptive system, on the other
hand, adjusts to network congestion and adapts its communication paths accordingly. This
flexibility significantly reduces the communication delay and enhances the system’s overall
efficiency, especially when handling large data sets or high traffic volumes. Additionally, the
adaptive signal processing engines further optimize data flow, ensuring that cores communi-
cate more efficiently, even under challenging conditions. However, one limitation of this
adaptive approach is the increased complexity in its implementation and the potential over-
head introduced by the adaptive mechanisms themselves, which, although minimal, could
affect performance in smaller systems or under light workloads.
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The proposed solution outperforms conventional techniques in several key areas, par-
ticularly in scalability, throughput, and latency reduction. In traditional bus-based systems, the
communication efficiency drops significantly as the system scales, and maintaining perfor-
mance becomes increasingly difficult. The integration of adaptive communication protocols
with NoC, however, enables multi-core systems to handle higher core counts without com-
promising on performance. This was evident in the experimental results, where the NoC-
based system demonstrated a 35% increase in throughput and a 25% reduction in inter-core
communication latency compared to traditional methods. Moreover, the use of adaptive con-
gestion control further helped mitigate the effects of network congestion, ensuring smoother
data transfers even as system demands increased. In comparison, static communication meth-
ods struggle to handle varying network conditions, resulting in slower performance and higher
latency. Overall, the proposed solution addresses many of the challenges inherent in tradi-
tional multi-core systems, such as bottlenecks, latency, and scalability issues, offering a more
flexible and efficient alternative for complex, data-intensive applications.

6. Conclusions

This study demonstrates the significant benefits of integrating High performance com-
munication protocols with adaptive signal processing engines in multi-core systems. The key
findings indicate that this integration leads to substantial improvements in scalability,
throughput, and inter-core communication latency. The Network-on-Chip (NoC) architec-
ture, combined with adaptive signal processing, successfully addressed common challenges
faced by traditional bus-based systems, including scalability bottlenecks and high communi-
cation overhead. The system demonstrated a 35% increase in throughput and a 25% reduc-
tion in communication latency, proving that the integration of adaptive communication pro-
tocols optimizes multi-core system performance under varying workloads and core configu-
rations.

The practical implications of this study are significant for the design of scalable multi
core architectures. The integration of adaptive communication protocols with NoC enables
multi-core systems to scale more effectively without compromising performance, even as core
counts increase. This approach also enhances system flexibility, allowing for efficient data
processing across a range of applications, from telecommunications to real-time multimedia
processing. By reducing communication overhead and improving inter-core data exchange,
the proposed solution offers a more robust and efficient architecture for handling large-scale
computations and complex, data-intensive tasks.

Future research should focus on optimizing the integration of communication protocols
and adaptive signal processing engines to further improve multi-core system performance.
Areas of potential exploration include the development of more flexible communication pro-
tocols that can dynamically adjust to the evolving demands of multi-core systems. Addition-
ally, further advancements in adaptive congestion control mechanisms and the integration of
heterogeneous cores could provide even greater efficiency and scalability. As multi-core sys-
tems continue to grow in complexity, these optimizations will be crucial for meeting the per-
formance and efficiency requirements of next-generation computing applications.
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