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ABSTRACT

The rapid growth of data-intensive applications, such as artificial intelligence (Al), big data analytics, and cloud
computing, has highlighted the limitations of traditional electronic circuits, particularly in terms of data transfer rates,
processing power, and energy efficiency. This study explores the integration of photonic circuits with electronic systems as a
viable solution to these challenges. By leveraging the speed and efficiency of photons for data transmission, photonic circuits
promise substantial improvements over conventional electronic circuits. The research employs a mixed-method approach,
combining experimental analysis with a comprehensive literature review. Experimental results demonstrate that hybrid
photonic-electronic circuits can achieve up to ten times faster data processing speeds, a 30% reduction in power consumption,
increased bandwidth, and reduced latency compared to traditional electronic systems. These advancements address key issues
such as resistive losses and heat generation, offering enhanced performance for high-demand applications. However, challenges
related to signal conversion and thermal management persist. Future research is needed to refine photonic-electronic integration
and explore advanced technologies, including quantum photonics, to further enhance data processing capabilities. Overall, the
study highlights the significant potential of photonic circuits to revolutionize data systems, providing a path towards next-
generation computing technologies.

Keywords- Photonic circuits, electronic systems, data processing, power consumption, bandwidth, latency, hybrid systems,
quantum photonics.

l. INTRODUCTION transfer, offering significant advantages in terms of

speed, bandwidth, and energy efficiency.
Traditional electronic circuits have been the
backbone of computing and communication technologies

The rapid evolution of data-intensive
applications, such as artificial intelligence, big data

analytics, and cloud computing, has exposed the inherent
limitations of traditional electronic circuits. As the
demand for higher data transfer rates, processing power,
and energy efficiency increases, conventional electronic
systems, which rely on the movement of electrons
through conductive materials, are nearing their
performance limits. This situation has driven the
exploration of alternative technologies that can
overcome these barriers. One promising alternative is
photonic circuits, which utilize light (photons) instead of
electrons to transmit and process information. By
leveraging the properties of light, photonic circuits have
the potential to revolutionize data processing and

for decades. These circuits rely on the movement of
electrons through semiconductors, which has proven
highly effective for various applications. However, as
data volumes have surged and the need for real-time
processing has grown, the limitations of electron-based
systems have become increasingly apparent. Issues such
as resistive losses, signal degradation, and heat
generation are becoming more problematic as circuits
are scaled down to meet the demands of modern
applications (Miller, 2017). Photonics, which involves
the generation, manipulation, and detection of light,
offers a fundamentally different approach. Light can
travel at much higher speeds than electrons, and
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photonic systems can transmit data with minimal energy
loss and without generating significant heat. These
characteristics make photonics an attractive candidate
for next-generation data processing and communication
technologies (Soref, 2018). Moreover, photonic circuits
can be integrated with existing electronic systems,
creating hybrid platforms that combine the strengths of
both technologies (Thomson et al., 2016).

The limitations of traditional electronics have
become particularly evident in the context of modern
data-intensive applications. Al and machine learning
algorithms, for example, require vast amounts of data to
be processed in parallel, often in real-time. Similarly, big
data analytics involves the simultaneous processing of
enormous datasets to extract valuable insights. These
applications place enormous strain on traditional
electronic circuits, which struggle to keep pace with the
required data transfer rates and processing power.
Furthermore, the energy consumption associated with
these tasks is becoming unsustainable, both financially
and environmentally (Miller, 2017). Photonic circuits
offer a potential solution to these challenges. By using
photons instead of electrons, these circuits can achieve
much higher data transfer rates, enabling faster
processing of large datasets. Additionally, photonic
circuits are inherently more energy-efficient, as they do
not suffer from the resistive losses that plague electronic
systems. This energy efficiency is particularly important
in the context of data centers, where reducing power
consumption is a key priority (Reed et al., 2010).

One of the most significant advantages of
photonic circuits is their ability to transmit data at speeds
far exceeding those of electronic circuits. Photons travel
at the speed of light, which is several orders of
magnitude faster than the drift velocity of electrons in a
conductor. This allows photonic circuits to support data
transfer rates in the terabits per second (Thbps) range,
compared to the gigabits per second (Gbps) range typical
of electronic circuits. Furthermore, photonic systems can
utilize wavelength-division multiplexing (WDM), a
technique that allows multiple data channels to be
transmitted simultaneously on different wavelengths of
light. This significantly increases the bandwidth
available for data transmission, enabling more data to be
processed in parallel (Soref, 2018). Traditional
electronic circuits dissipate a significant amount of
energy as heat due to resistive losses. As circuits become
smaller and more densely packed, these losses increase,
leading to greater heat generation and the need for
complex cooling systems. In contrast, photonic circuits
do not suffer from resistive losses, and the energy
required to transmit photons is much lower than that
needed to move electrons. This makes photonic circuits
much more energy-efficient, reducing both operational
costs and the environmental impact of data processing
(Miller, 2017).

In electronic circuits, signal degradation is a
major issue, particularly over long distances. Electrons

experience scattering and other interactions that reduce
the signal's strength and clarity. Photonic circuits,
however, experience far less signal degradation, even
over long distances, as photons do not interact with each
other in the same way. This property makes photonics
particularly well-suited for long-haul data transmission,
such as in fiber-optic communication networks (Xu et
al., 2005).

The potential applications of photonic circuits
are vast, spanning several industries and technologies.
Some key areas where photonic circuits are expected to
have a significant impact include data centers,
telecommunications, artificial intelligence and machine
learning, and quantum computing. Modern data centers
are under immense pressure to increase their processing
power while reducing energy consumption. Photonic
circuits can address both of these challenges by enabling
faster data transfer between servers and reducing the
power required to move data. This could lead to more
efficient data centers with lower operating costs and a
smaller carbon footprint (Miller, 2017). The
telecommunications industry has already begun to adopt
photonic technologies, particularly in the form of fiber-
optic networks. Photonic circuits can further enhance
these networks by enabling higher data transfer rates and
reducing latency. This is particularly important as the
demand for high-speed internet and mobile
communication continues to grow (Soref, 2018). Al and
machine learning algorithms require the simultaneous
processing of large amounts of data, which places
significant demands on traditional electronic circuits.
Photonic circuits can provide the necessary speed and
bandwidth to handle these workloads, potentially leading
to faster and more efficient Al systems (Thomson et al.,
2016). Photonics is also a key technology in the
development of quantum computers, which promise to
revolutionize computing by solving problems that are
currently intractable for classical computers. Photonic
circuits can be used to create and manipulate quantum
states, which are essential for quantum computation
(Soref, 2018).

Despite the numerous advantages of photonic
circuits, several challenges must be addressed before
they can be widely adopted. One of the primary
challenges is the integration of photonic components
with existing electronic systems. While photonic circuits
offer superior performance in many areas, they are not
suitable for all tasks. As a result, hybrid systems that
combine photonics and electronics are likely to be the
most practical solution. However, integrating these two
technologies is not straightforward, as they operate on
fundamentally different principles (Thomson et al.,
2016). Another challenge is developing efficient
photonic devices that can be manufactured at scale.
While significant progress has been made in recent
years, many photonic components are still in the
experimental stage and have not yet been
commercialized. Additionally, the materials used in
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photonic circuits, such as silicon photonics, differ from
those used in traditional electronics, complicating the
manufacturing process (Reed et al., 2010). Thermal
management is also a concern. While photonic circuits
generate less heat than electronic circuits, integrating
both types of circuits in a single system can lead to
thermal management challenges. Effective cooling
solutions must be developed to ensure that hybrid
systems can operate reliably (Xu et al., 2005).

The future of photonic circuits is promising,
with numerous research efforts underway to overcome
the current challenges. Advances in materials science,
particularly in developing new photonic materials, are
expected to play a key role in the commercialization of
photonic circuits. Additionally, research into quantum
photonics could lead to breakthroughs that enable the
development of quantum computers, representing a
significant leap forward in computing technology (Soref,
2018). The ongoing miniaturization of photonic
components is also likely to lead to the development of
fully integrated photonic-electronic chips. These chips
would combine the speed and energy efficiency of
photonics with the versatility of electronics, creating
powerful new computing platforms that could transform
industries  ranging from telecommunications to
healthcare (Thomson et al., 2016).

1. REVIEW OF LITERATURE

Over the past two decades, research on
photonic circuits has experienced significant growth,
driven by the need for faster, more efficient data
processing and communication technologies. Photonic
circuits, which utilize light (photons) instead of
electricity (electrons) for signal transmission and
processing, offer numerous advantages, such as
increased data transfer rates, higher bandwidth, and
lower energy consumption. This literature review traces
the evolution of photonic technology, highlights key
breakthroughs, and examines the current state of hybrid
photonic-electronic systems.

The foundational principles of photonics date
back to the early 20th century, with the discovery of
light's dual wave-particle nature. However, significant
advancements in photonic circuits began in the 1980s
and 1990s, driven by the development of optical fibers
and laser technology. Early research focused on
understanding the interaction between light and matter,
leading to the creation of waveguides—structures that
guide light within a material. Waveguides are
fundamental to photonic circuits as they enable the
controlled transmission of light through integrated
optical components (Saleh & Teich, 2019).

During this period, researchers explored various
materials for photonic applications, including silicon,
gallium arsenide, and indium phosphide. Silicon, in
particular, gained prominence due to its compatibility
with existing semiconductor manufacturing processes.

The development of silicon photonics marked a
significant breakthrough, enabling the integration of
photonic components with conventional electronic
circuits on the same chip. This breakthrough laid the
foundation for hybrid photonic-electronic systems,
which combine the speed of photonics with the
versatility of electronics (Soref, 2018).

In the early 2000s, the field of photonic circuits
advanced rapidly with the emergence of new materials
and fabrication techniques. The ability to create photonic
devices on a micrometer scale allowed for the
miniaturization of optical components, making it
possible to integrate them into electronic systems. This
period saw the development of key photonic devices,
such as modulators, detectors, and waveguides, which
are essential for the operation of photonic circuits (Reed
et al., 2010).

The integration of photonic components with
electronic circuits, known as optoelectronics, became a
major focus of research during this time. Optoelectronic
devices convert electrical signals into optical signals and
vice versa, enabling seamless communication between
electronic and photonic components. This integration is
crucial for the development of hybrid systems that
leverage the strengths of both technologies. For example,
in data centers, optoelectronic devices are used to
transmit data between servers using optical fibers,
significantly increasing data transfer speeds and
reducing energy consumption (Miller, 2017).

One of the most significant advancements in
photonic circuits has been the development of silicon
photonics. Silicon photonics leverages the mature silicon
manufacturing infrastructure to produce photonic
devices at scale, making them more cost-effective and
accessible. Silicon photonic circuits can integrate a wide
range of optical components, including modulators,
detectors, and wavelength-division multiplexers, on a
single chip. This integration has enabled the creation of
high-performance optoelectronic systems that are widely
used in telecommunications, data centers, and high-
performance computing (Thomson et al., 2016).

The literature also highlights the challenges
associated with integrating photonic and electronic
circuits. One of the primary challenges is signal
conversion, as converting between electrical and optical
signals introduces latency and energy loss. Additionally,
thermal management is a concern, as the integration of
photonic components with electronic circuits can lead to
heat generation that must be effectively dissipated to
maintain system performance (Xu et al., 2005).
Researchers are exploring advanced materials, such as
germanium and 111-V semiconductors, to address these
challenges and improve the performance of hybrid
systems.

In recent years, the focus has shifted towards
the development of fully integrated photonic-electronic
chips, which combine the benefits of both technologies
in a single platform. These chips promise to deliver
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unprecedented data processing speeds and energy
efficiency, paving the way for new applications in
artificial  intelligence, quantum computing, and
telecommunications. As the field continues to evolve,
ongoing research is expected to address the remaining
technical challenges and drive the widespread adoption
of photonic circuits (Soref, 2018).

In conclusion, the literature on photonic circuits
reflects significant progress in the field, from the early
exploration of light-matter interactions to the
development of advanced optoelectronic devices. The
integration of photonic components with electronic
circuits represents a critical milestone in the evolution of
data processing and communication technologies. While
challenges remain, particularly in signal conversion and
thermal management, ongoing research and development
efforts are likely to overcome these barriers. As a result,
hybrid photonic-electronic systems are poised to play a
pivotal role in the next generation of high-performance
computing and communication applications.

it. METHODOLOGY

This study employs a mixed-method approach,
integrating experimental analysis with a comprehensive
literature review to explore the integration of photonic
circuits within electronic systems. The aim is to optimize
data transfer rates and reduce power consumption, while
also addressing challenges such as thermal management
and signal conversion.

The experimental component begins with the
design and fabrication of a hybrid photonic-electronic
circuit. Silicon photonics is chosen as the primary
technology due to its compatibility with existing
semiconductor manufacturing processes (Lipson, 2006).
This choice is driven by silicon’s well-established
integration with electronic circuits and its effectiveness
in high-speed data transmission. The design process
involves creating schematics that integrate both photonic
components, such as waveguides and modulators, and
electronic components on a single chip (Hochberg &
Lipson, 2006).

Fabrication follows the design phase, utilizing
standard semiconductor techniques to build the hybrid
circuit. This process involves precise alignment and
integration of photonic and electronic elements onto a
silicon wafer. Advanced fabrication methods, such as
photolithography and etching, are employed to achieve
the desired component structures (Chen et al., 2016).

Testing focuses on evaluating the performance
of the hybrid circuit against several key performance
indicators (KPIs), including data transfer rates, power
consumption, bandwidth, and signal integrity. The
circuit is tested under various conditions, including
different temperatures and signal frequencies, to assess
its reliability and efficiency. Special attention is given to
thermal management, as photonic components can
generate significant heat. Various cooling techniques,

such as passive heat sinks and active thermal
management systems, are explored to mitigate thermal
issues and maintain circuit performance (Pennycook et
al., 2018).

The literature review provides context for the
experimental work. It covers the evolution of photonic
technology, including key breakthroughs and recent
advancements in hybrid photonic-electronic systems.
This review draws on research such as that by Lipson
(2006), who detailed the fundamentals of silicon
photonics, and Hochberg and Lipson (2006), who
discussed the integration of photonic components with
electronic circuits. The review also examines challenges
related to signal conversion and thermal management,
referencing works like Chen et al. (2016), who explored
advanced materials and techniques for improving circuit
performance.

By combining experimental data with insights
from the literature, the study aims to address the
integration challenges of photonic circuits in electronic
systems. This approach helps to identify areas for
improvement and  provides a  comprehensive
understanding of the potential benefits and limitations of
hybrid photonic-electronic circuits.

IV. RESULTS

The integration of photonic circuits into
electronic systems has led to significant improvements in
data processing speeds, power consumption, bandwidth,
and latency.

Enhanced Data Processing Speeds

Experimental Setup: The hybrid photonic-electronic
circuit was tested to measure its data processing speeds,
using identical tasks for both the photonic and traditional
electronic circuits. The speed of data processing was
assessed in gigabits per second (Gbps).

Table 1: Comparison of Data Processing Speeds

S Data Processing Speed
Circuit Type (Gbps)

Traditional 10

Electronic

Hybrid Photonic 100

The hybrid photonic circuit achieved data
processing speeds up to 100 Gbps, which is 10 times
faster than the 10 Gbps speed of the traditional electronic
circuit. This improvement is attributed to the high-speed
capabilities of photonic signals compared to electronic
currents (Pennycook et al., 2018).

Reduction in Power Consumption

Experimental Setup: Power consumption was measured
for both the hybrid photonic-electronic circuit and the
traditional electronic circuit. The data was recorded in
watts (W) under the same operational conditions.
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Table 2: Comparison of Power Consumption

Circuit Type Power Consumption (W)
Traditional

Electronic ?

Hybrid Photonic 50

The hybrid system showed a 30% reduction in
power consumption compared to the traditional
electronic circuit. The hybrid circuit consumed 50 watts,
whereas the traditional circuit required 72 watts. This
reduction is due to the efficient energy use of photonic
circuits, which reduce resistive losses associated with
electronic circuits (Chen et al., 2016).

Increased Bandwidth and Reduced Latency
Experimental  Setup: Bandwidth and latency
measurements were taken using network analyzers and
oscilloscopes. Bandwidth was measured in gigahertz
(GHz), and latency was measured in milliseconds (ms).

Table 3: Comparison of Bandwidth and Latency

L Bandwidth Latency
Circuit Type (GH2) (ms)
Tradltlor_wal 57 267
Electronic
Hybrid Photonic | 80 2

The hybrid photonic circuit exhibited an
increase in bandwidth to 80 GHz, compared to 57 GHz
for the traditional electronic circuit. Additionally, the
latency of the hybrid system was reduced to 2
milliseconds, from 2.67 milliseconds in the electronic
circuit. These enhancements are due to the faster
transmission speeds and reduced need for electronic
signal processing (Hochberg & Lipson, 2006).

System Suitability for High-Performance Applications
Experimental Setup: The hybrid circuit was tested
under high-performance computing and communication
tasks, including large-scale data processing and high-
speed communication protocols.

“The hybrid system demonstrated stable
operation and high efficiency even under maximum load
conditions. Its reduced latency and increased bandwidth
make it suitable for demanding applications such as
artificial intelligence and real-time data analytics. The
performance improvements validate the potential of
photonic-electronic integration for future data systems
(Lipson, 2006).

The experimental results confirm that
integrating photonic circuits into electronic systems can
significantly enhance data processing capabilities. The
hybrid system showed up to a tenfold increase in
processing speeds, a 30% reduction in power
consumption, increased bandwidth, and reduced latency.
These findings validate the benefits of photonic-
electronic integration for advanced data systems.

V. DISCUSSION

The integration of photonic circuits into
electronic systems has demonstrated several substantial
advantages, particularly in enhancing data processing
speeds, reducing power consumption, and improving
bandwidth and latency. This discussion delves into these
findings, exploring their implications and the potential
challenges associated with hybrid photonic-electronic
systems.

Enhanced Data Processing Speeds

The experimental results revealed that photonic
circuits can achieve data processing speeds up to 10
times faster than traditional electronic circuits. This
significant improvement in speed is attributed to the
fundamental differences between photons and electrons
in terms of signal transmission. Photons, traveling at the
speed of light, enable faster data transfer compared to
electrons, which face resistive losses and slower
propagation speeds in conductive materials (Pennycook
et al., 2018). This speed advantage is crucial for
applications requiring rapid data processing and high-
performance computing, such as artificial intelligence
and real-time analytics.

The results underscore the potential of photonic
circuits to address the growing demand for faster data
processing in modern computing environments. By
integrating photonic components into electronic systems,
it is possible to overcome the speed limitations of
traditional electronics, making photonics a viable
solution for next-generation data systems (Chen et al.,
2016).

Reduction in Power Consumption

A notable outcome of the study is the 30%
reduction in power consumption achieved by the hybrid
photonic-electronic circuit. This reduction is significant
given the increasing energy demands of data centers and
high-performance computing systems. The lower power
consumption is primarily due to the reduced resistive
losses in photonic circuits compared to electronic
circuits (Chen et al., 2016). This efficiency not only
leads to cost savings but also aligns with the growing
emphasis on sustainability and energy efficiency in
technology development.

The reduction in power usage also has
implications for the thermal management of data centers.
Traditional electronic circuits generate substantial heat,
requiring complex cooling systems. By integrating
photonic circuits, which generate less heat, the overall
thermal load can be reduced, simplifying cooling
requirements and further contributing to energy savings
(Hochberg & Lipson, 2006).

Increased Bandwidth and Reduced Latency

The hybrid system demonstrated an increase in
bandwidth to 80 GHz and a reduction in latency to 2
milliseconds. These improvements are crucial for
applications that require high-speed data transmission
and minimal delays. The increased bandwidth allows for
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the simultaneous handling of more data channels,
enhancing the overall capacity of the system (Lipson,
2006). Meanwhile, reduced latency improves the
responsiveness of applications, which is particularly
beneficial for real-time data processing and
communication tasks.

The improved performance in both bandwidth
and latency highlights the effectiveness of photonic
circuits in addressing the limitations of electronic
circuits. This enhancement is expected to enable more
efficient data transfer in high-performance computing
and communication networks, supporting the increasing
demands for faster and more reliable data systems.
Integration Challenges

While the results are promising, several
challenges must be addressed for the widespread
adoption of hybrid photonic-electronic systems. One
significant challenge is the integration of photonic
components with existing electronic circuitry. This
involves overcoming issues related to signal conversion
between electronic and photonic domains, as well as
managing thermal effects due to the different thermal
characteristics of photonic and electronic components
(Pennycook et al., 2018).

Advanced materials and design techniques are
required to address these challenges. For instance, the
development of efficient electro-optic converters can
facilitate seamless signal transitions between photonic
and electronic components. Additionally, innovations in
thermal management solutions can help mitigate the heat
dissipation issues that arise from integrating diverse
technologies (Hochberg & Lipson, 2006).

Future Directions

Future research should focus on further
optimizing  photonic-electronic  integration  and
developing fully integrated photonic-electronic chips.
Advances in material science, such as the development
of new semiconductor materials with improved photonic
properties, could enhance the performance and
feasibility of these systems. Moreover, exploring
quantum photonics may offer even greater data
processing capabilities and further reduce latency,
opening new avenues for high-performance computing
and communication (Lipson, 2006).

VI. CONCLUSION

This study demonstrates the significant
potential of integrating photonic circuits into electronic
systems to enhance data processing and transfer. The
experimental results confirm that photonic circuits can
achieve up to ten times faster data processing speeds
compared to traditional electronic circuits. This
improvement is largely due to the inherent speed of
photons over electrons, which facilitates rapid data
transfer essential for modern computing needs.

Moreover, the hybrid photonic-electronic
system presented in this study achieved a notable 30%

reduction in power consumption. This reduction is
crucial in addressing the growing energy demands of
data centers and high-performance computing
environments. By minimizing resistive losses and
reducing heat generation, the integration of photonic
circuits not only enhances energy efficiency but also
simplifies thermal management, further supporting
sustainability in technology.

The increased bandwidth and reduced latency
observed in the hybrid system underline its suitability for
high-performance applications. These improvements are
vital for real-time data processing and communication,
allowing for more efficient handling of data traffic and
faster system responses.

Despite these advancements, challenges such as
signal conversion and thermal management remain.
Addressing these issues through advanced materials and
design innovations will be essential for the broader
adoption of photonic-electronic systems. Future research
should focus on refining these integrations and exploring
new technologies, such as quantum photonics, to further
enhance data processing capabilities.

In conclusion, the integration of photonic
circuits offers a promising path forward for overcoming
the limitations of traditional electronics, paving the way
for next-generation data systems characterized by
superior speed, efficiency, and performance.

REFERENCES

[1] Chen, J.,, Zhang, Q., & Wang, Q. (2016). Silicon
photonics: An overview and recent advances. IEEE
Journal of Selected Topics in Quantum Electronics,
22(6), 850-863.

[2] Hochberg, M., & Lipson, A. (2006). Silicon
photonics. IEEE Journal of Selected Topics in Quantum
Electronics, 12(6), 1466-1475.

[3] Lipson, A. (2006). Silicon photonics: The
challenges and the promises. In Proceedings of the IEEE
Conference on Photonics for Switching, 16(4), 583-593.
[4] Miller, D. A. B. (2017). Attojoule optoelectronics
for  low-energy  information  processing  and
communications. Journal of Lightwave Technology,
35(3), 346-396.

[5] Pennycook, S. J., Levy, J. L., & Yang, T. (2018).
Thermal management in photonic circuits. Advanced
Optical Materials, 6(11), 1800602.

[6] Reed, G. T., Mashanovich, G., Gardes, F. Y., &
Thomson, D. J. (2010). Silicon optical modulators.
Nature Photonics, 4(8), 518-526.

[7] Saleh, B. E. A, & Teich, M. C. (2019).
Fundamentals of photonics. John Wiley & Sons.

[8] Soref, R. (2018). The past, present, and future of
silicon photonics. IEEE Journal of Selected Topics in
Quantum Electronics, 12(6), 1678-1687.

[91 Thomson, D., Zilkie, A., Bowers, J. E,
Komljenovic, T., Reed, G. T., Vivien, L., & Marris-

@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Journal for Research in Applied Sciences ISSN: 2583-4053

and Biotechnology Volume-1 Issue-2 || June 2022 || PP. 83-89
www.jrash.com https://doi.org/10.55544/jrasb.1.2.9
Morini, D. (2016). Roadmap on silicon photonics. [10] Xu, Q., Schmidt, B., Pradhan, S., & Lipson, M.
Journal of Optics, 18(7), 073003. (2005). Micrometer-scale  silicon  electro-optic

modulator. Nature, 435(7040), 325-327.

m @ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



