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Abstract

A verbal exchange today wishes for quick operational progress. This can be
accomplished by replacing devices that are primarily concerned with commutation
and logic with photon-based systems instead of the usual data service, the electron.
The basic building blocks of superior frames are called gates. With the aid of these
gates, various logical and mathematical operations can be performed. All-optical
arithmetical and logical processes are eagerly expected in high-speed dialogue
frameworks. In this chapter, we've introduced parallel models for adding two binary
digits that are based on Sagnac gates with help from semiconductor optical
amplifiers (SOA) and terahertz optical asymmetric demultiplexers (TOAD). We
created a Full adder that works in parallel using only two TOADs as total switches.
Using artificial neural networks (ANN), we have created a model of this circuit that is
equivalent. Utilizing ANN, this circuit design has been validated. This optical circuit
is now capable of synthesizing light as an input and successfully structuring the
aspiration output in addition to speeding up calculation. This parallel circuit's
biggest advantage is that it doesn't need synchronization for distinct inputs. An ANN
model was used to analyze this circuit's performance in detail.

Keywords: artificial neural networks, optical logic, semiconductor optical amplifier,
Terahertz optical asymmetric demultiplexer.

I. Introduction

Modern high-speed all-optical presence-of-mind entryways are crucial
components in optical organizations because optical processing works the
fundamental sign-handling features, such as exchanging recovery and mindfulness
handling, on photonic exchanging hubs [XIX, VI, XI]. The entire method for
managing optical records has been rendered useless. The Sagnac Gate with Terehartz
Optical Asymmetric Demultiplexer (TOAD)/Semiconductor Optical Amplifier
(SOA) is one of the many optical switches that successfully combines low strength
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usage, excessive repetition cost, and quick exchanging time [I, XVI, XVII]. Through
certain query organizations, half-viper using the SOA-aided Sagnac interferometer
has been proposed and demonstrated [XX, XII, I, XXI1, XVI1I]. A modern approach
to using optical recurrence-encoded tasks that makes use of the Mach-Zehnder
interferometer was developed by Ghosh et al [XXI]. Recent developments in neural
networks have been quite exciting. stages of elective computing. Neural networks are
developing theories to remove barriers to increased computational efficiency. A
potential solution to the energy-cost problem that deep learning is trying to solve is
provided by optical neural networks [XXIV]. In order to understand an optical lattice
duplication unit that is completely inactive for neural network applications, straight
optics have been used in free-space optical circuits [XXV]. Machine learning (ML)
has advanced all researchers studying the interaction of light and matter, with the aid
of advances in materials science, physical science, and photonics. The first is the
development of intelligent photonic frameworks, and the second is the integration of
machine learning (ML) into physical and chemical sciences for comprehensive
information security and creative primary experiences [XII1]. X. Wu et al. present a
method for optical execution testing of quadrature stage shift-keying information
signals that makes use of fake brain networks built with boundaries taken from
unconventional charts. Additionally, authors show that nonconcurrent outlines built
from modified locations produce better results when compared to single-finished
identification in 100 Gb/s. The exploratory show attests to the suitability of the
suggested course of action [XXVI]. The authors demonstrate how a nuclear fume cell
can perform a close nonlinear actuation in two ways, enabling the execution of a fully
optical ANN for the recognition of manually written digits in images. Such a
company is capable of handling a lot of information simultaneously [I11]. Large-area
optical switches, which have the crucial benefits of low power consumption and short
idle time, are necessary for facilitating the ever-increasing exchange of information
with one another more and more frequently in intra- and inter-datacenter contexts.
Coordinated silicon photonics has recently demonstrated exceptional promise for
creating large-scale optical switch textures for usage in cutting-edge all-optical
networks due to the benefits of minimal imprint and quick response time [XXVII].
An optical beneficiary for binaries is suggested by the authors. The opto-electronic
components are used in this optical neural network. This network has a variety of
layers. Three layers are used in this. The transmission layer is the top layer, followed
by the optical neuron layer and the electronic neuron layer. The information optical
sign is copied and chosen for transmission into the opto-electronic network by the
transmission layer, which is based on the Mach-Zehnder interferometer (MZI). The
transmission layer and optical layer, both of which can be built on the silicon layer,
which was created especially for the planning of binarized loads into optical space
[28]. In this chapter, we were familiar with two-digit work growth in equal styles,
mostly focused on Sagnac entryways based on (TOAD). We have only planned to use
two TOADs-based switches for the parallel half-adder. We have designed an ANN-
based model of this circuit that is equivalent. Utilizing ANN, this circuit setup has
been verified. This optical circuit is now capable of successfully arranging light as an
input to shape the aim, in addition to increasing calculation speed. The biggest benefit
of this parallel circuit is that no synchronization for unique data sources is
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anticipated. This circuit's subtleties execution examination is finished by the ANN
model.

I1. Architecture of Switch

A TOAD-based switch's [XIV, V, VII, VIII, IX, X] basic design is shown in
Figure 1. In this picture, an irregular component is organized in an uneven circle. The
optical enhancer made of semiconductors is employed. In this chapter, we tried to use
the results from both the transmitting and reflecting modes:

Control
coupler
Control pulse

Optical
ci1‘01ﬂatojf

Coupler

Incoming signal Upper channel

Filter

Filter f—————>
Lower channel

Fig. 1. Basic structure of TOAD.

The power of transmitting (POW\yp) and reflecting (POW ow) port might be expressed
as [XIV, V, VII, VIII, 1X, X]

POWy, (8) = 522 {GAIN,,,(£) + GAIN,,,,(t) — 2,/GAIN,.,(¢) - GAIN, . (¢)-
cos[ﬂﬁj} o

POW,,,, (£) = 2 (GAIN,,,(£) + GAIN, () + 2,/GAIN,,,(2) - GAIN, (D)
cos[ﬁlﬁ]} )

Here gain in a clockwise direction is  GAIN_,. and gain in counter clockwise
direction is GAIN__..[ Phase difference between these two gains is = —fp/2
loge (GAIN_,.(t)/GAIN__, (. The line-width improvement factor is f.

In the absence of a control (CP), the incoming signal enters the circular system via the
optical circulator. The loop receives this signal after it has been divided into two parts.
While one half rotates anticlockwise, the other rotates in the reverse direction.
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Unsaturated gain is the same for both signals. The two signals acquire the same gain
when they recombine at the input, i.e. at that time, the phase difference between these
is almost equivalent to zero, i.e. When this happens, the gain in the upper port is
almost equal to zero, i.e. Thus, where is the modest signal gain, the gain in the lower
port is. The source of the information appears to be mirrored. When using a CP, after it
enters the system and modifies the SOA's attributes. The appeal of SOA is fading
quickly. Both signals exhibit varying degrees of unsaturated gain. The two signals
obtain a different gain when they recombine at the input, i.e. The phase difference
between them at that moment is approximately equal to 1, or. When this happens, the
upper port gain is almost equal to but still not zero. The power in the lower port,
however, is essentially zero, so. As a result, the information is currently only visible in
the upper port. The power at the upper port can be calculated using equation (1).
Similarly, equation (2) can be used to determine the power at the lower port. It is
possible to use a band pass filter at the output ports. This filter allows the incoming
signal to pass through while blocking the control signal. Figure 2 displays an
equivalent drawing of a TOAD.

Incoming
signal T Upper channel
> 0 >
A
----- *
D ——
Lower channel

Control pulse
Fig. 2. The drawing of TOAD.

I11.  Optical Logic-Based Parallel Full Adder

Three numbers namely A, B, and C all are binary one-bit numbers, are added
using a circuit based on parallel full adder logic and it will give the result of, a sum (s)
and a carry (Cout) of two one-bit binary numbers. The principle of operation of optical
logic-based full-adder parallel is illustrated in Fig. 3. Five switches based on TOAD,
namely T1 to T5 are used to logically design the adder circuit.
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Fig. 3. Diagram of parallel Full adder, where A and B: Inputs, BC: Beam combiner, /:
Beam splitter, and Sum and Cout: Final outputs.

The wavelength of the input signal can be appropriately adjusted by the wavelength
converter, allowing the same input to be used in this circuit as both a control and an
incoming signal. The output is acquired based on the input variables state (A, B, and
C) and the corresponding outcome is get from BC2 for Carry Out and BC3 for
Summation. The inputs are no longer required for synchronization in this parallel
adder circuit.

IV. Optical Neural Network

Optical neuron networks (ONN) emerge as circumstances demand. It is a
promising approach to replace fake brain structure because it has the properties of high
transmission capacity, high connectivity, and interior equal handling, which can speed
up the midway activity of programming and electronic equipment, even up to "light
speed.” Lattice expansion is possible in a photonic structure at the speed of light,
which can effectively resolve the thick grid expansion in the artificial brain
organization and save energy and time consumption. Nonlinear optical components
may also be used to recognize the nonlinearity in ANN. The entire construction can do
the optical sign computation without requiring any extra energy input once the optical
brain network's setup is complete. ANN defeats the constraints of conventional
methods nowadays. An ANN is set up without the use of a specific condition structure,
but good knowledge and yield data are essential. After being regularly trained, an
ANN estimate may adapt to new data. When configured correctly, an ANN can
examine the information yield's data to learn any straight or nonlinear link. The input
level is the first level of this neural network, the output level is the last, and the
intermediate level is the hidden level, as shown in Figure 4. One TOAD is used to
represent this Figure. In this scheme, the input layer is made up of seven neurons in
particular.  According to the framework’s contributions, the loop eccentricity is
represented by the contributions of the incoming pulse (Pin(t)), the width of the

incoming pulse (z,), recovery of gain time of the SOA (z,), loop energy (Pcp(t)),
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control pulse energy (E,, ), and control pulse width (o ). Two neurons, specifically

the upper channel (PUpper) and lower channel (PLower), make up the outcome layer.
The test dataset, the training dataset, and the validation dataset are the three segments
of our dataset. Multiple datasets are utilized for a variety of aims. Using the training
dataset, we were able to manipulate how the neurons were organized.

The organization modifies its weight capacity to reduce inaccuracy. The validation
dataset determines whether network hypotheses perform better than that, and we have
completed our preparation. With the aid of The organization's performance is assessed
both before and after testing using the testing dataset. In this approach, 85% of the
total data collection is used for the preparation cycle, 10% is used for testing, and the
remaining dataset is used to evaluate network execution.

We used 18 neurons from the buried layer for this technique. The common squared
divergence between results and targets is known as the mean square error (MSE).
Small gestures are preferable. This value, you may be certain, is zero. The range of
MSE for producing, approving, and testing datasets with numerous epochs is shown in
Figure 5. The figure demonstrates that for period 22, 0.099065 is the optimum
approval execution. When attention error amounts approach epoch 22 and keeps
rising, we must stop.

Input layer Hidden layers Output layer
Fig. 4. An artificial neural network with a single TOAD has an input level with seven
neurons and an output level with two neurons as its structural components.
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Fig. 5. Change of MSE concerning the number of epochs for the validation, training,
and testing data sets.

The correlation between results and goals determines the significance of a direct
relapse. Close relationships always have a value of 1 and 0. Figure 6 displays the
informative collection's relapse. (Building, endorsing, verifying, and generally). As
can be observed from the photos, the relapse factor is closer to 1, emphasizing the
close relationship between the informative index this neuron network displays and the
input informational gathering.
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Fig. 6. Modeled data, training datasets, validation datasets, testing datasets, and the
input dataset itself were used to fit regression to the input dataset.
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By using a direct or nonlinear relapse approach, ANN may determine the relationship
between information sources and outcome focuses. For determining the relationship
between information sources and results in this situation, the straight relapse approach
is used. The seven inputs that this ANN configuration recognizes are the incoming

pulse (Pin(t)x1), the width of the incoming pulse ((z,)x2), the recovery time of gain
of the SOA (7,)x3), T, the loop eccentricity (x4), the control pulse (Pcp(t)x5), the

energy of the control pulse( ECp ) (x6), and the width of the control pulse(o ) (x7).

The outputs are the upper channel (PUpper)[y1] and lower channel (PLower)[y2] (y1
and y2, respectively). The outcome depends on the work we apply to this model. Most
of the time, this ability is referred to as actuation work. We have made an effort to
address the direct relapse problem with an essential direct condition as our enactment
work. As far as a direct capacity, straight relapse is characterized as

YiA=hy + PioXe + PioXe + PaXa + PiaXs + PisXs + PieXet PX7 ®)
y2/\=b2 + p“lxl + p“ZXZ + p“3X3 + p“4X4 + p“SXS + p“6X6+ p“7X7 (4)

where y1™ and y," are the forecast for the result variable y1 and y, and Xi,Xa,... X7 are
the sources of info, p1,pz,... ,p7 are the loads and b; and b is a predisposition term.
With the help of this direct initiation activity, we were able to achieve a 99.74%
accuracy rate for this ANN plan. The relationship between unique information,
anticipated information, and relapse coefficient is shown in Fig. 6. Figures 5 and 6
reveal that the relapse factor is closer to 1, demonstrating the powerful link between
the input informational index and the demonstrated informational index in this neural
organization.

V. Results and analysis

The characteristics utilized in this paper were developed based on the writing
requirements for numerous research publications [XVI, XVII, XIII]. Several
parameters' values, such as: As e is the pickup recuperation time of SOA, the
unsaturated enhancer pickup (Gss) of SOA is 20 dB and 100 ps. The Ecp as
exchanging beat vitality of 100 fJ and Esat as immersion vitality of the SOA of 1000
fJ are the other characteristics. The few remaining parameters are Tc, which is the bit
period, and Tasym, which is the circle's unpredictableness, both measured in pulses
per second (ps). The operational requirement was taken into consideration when
choosing these criteria. Figures 7 and 8 illustrate the adder, respectively showing the
adder circuit's corresponding input and output waveforms.
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Figure 7: Input waveforms of the Input A and Input B and input C.
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Fig. 7. Output waveforms of the Carry (Cout) and Sum (S).

We witness the proper worth of the SOA short sign increasing when the exchanging
power is decreasing, allowing us to focus on the circuit's capacity. As a result, Figure 9
shows how dependent the turning power is on the little sign increase. From this figure,
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it can be seen that the power tends to decrease noticeably as the small sign addition
increases, reaching at least 100 fJ at 20 dB.

Switching energy (fJ). .

=

o
T
.
1

o

1 1

1 1 1 1 1
Small signal gain (dB)
Fig. 8. Switching energy variation with respect to small signal gain.

ER is the extinction ratio. To evaluate our plan, considering the ER as [VII], PO1min
stands for the lower power of the 1-state in equation (5). In a similar vein, POOmax is
the 0-state's maximum power. ER should preferably be higher than 8.50 dB for better
output. Based on the extinction ratio, the 1-state and 0-state can be distinguished from
one another rather easily. This design's functionality is reliant on SOA recovery and
CP energy.

Figure 10 illustrates how the ER is impacted by the CP's growth, recovery, and
energy. It is demonstrated that ER increases with rising CP energy and that it starts to
fall off at a particular point (100 fJ and 100 ps). Figure 10 shows that ER is similarly
decreased by high expansion recovery durations and CP energy. A dynamic SOA
response was obtained to protect against this. Beat demands give it a better chance to
regain its fundamental increment over lengthy expansion recovery durations, which
lowers ER. When the inundation power is constant, as the gain recovery time goes up,
so does the submersion energy. The justification is that less energy is expected to
flood the SOA as a result.
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One major limitation that has an impact on the circuit display is the optical bit rate
component. Gain recovery time and information estimation's effects on the ER are
depicted in Figure 11. It claims that lower bit estimation and a longer recovery time
lead to a lower ER. This occurs because of a bad method; overall, the SOA needs
more to reclaim its advantage and provide the necessary fragment modification. Once
a recovery time cost of gain calculation has been made, the ER exhibits consistency.
It will require less energy and a smaller bit estimation to attain a given ER.
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Fig. 10. Shows several ER types with pulse width and recovery duration at the
outcomes.
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The results are superimposed to create an eye chart when information sources are
used more than once, such as when the inputs span from zero to one or one to one,
etc. [XV]. Because the locator and optical strands give connection links, like clamour
source, that are less illuminating than the deteriorating effects, which are frequently
seen in the highlight point, Figure 12 is not a normal eye-outline. A pseudo-eye-chart
is what this diagram is called [XXII].

] I I I I T ] I T
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307

20
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Time (ps)

Fig. 11. Pseudo-eye chart.

The most extreme abilities and the base and at 0-state and 1-state, independently, are
described as the general eye-opening (O). Huge eyeballs on an eye graph suggest an
unambiguous transmission with a low piece rate [IV]. We determine that PED (O) =
87.5 percent. This value shows that the circuit's result terminals have responded
reasonably.

V1. Conclusion

Only two TOAD-based switches are used in the optical parallel Full-adder
that we designed. The circuit has been theoretically designed and numerically tested.
The simulation of the circuit uses both the reflected and transmitted ports. The
outputs of this circuit produce the desired outcome. We have designed an ANN-based
model of this circuit that is equivalent. Utilizing ANN, this circuit setup has been
verified. This optical circuit is effective at arranging light as an input to shape the
aim, so it no longer just increases calculation speed. The biggest improvement of this
equal circuit is that no synchronization is required for unusual information sources.
The ANN model has finished investigating this circuit's subtleties of execution. These
circuits can act as the basic building blocks for trickier circuit designs.
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