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Abstract

This paper proposes a new approximate full adder (FA) based on the
majority logic (ML) concept. The fundamental structure of the ML concept
is a 3-input majority voter and is widely utilized in digital arithmetic cells.
The ML-based proposed FA works at low power, small delay, and low power-
delay-product (PDP). The carbon nanotube field-effect transistor (CNTFET)
technology lowers the FA power, while the gate diffusion input (GDI)
technique is used as the main technique. The swing issue of the GDI
technique is resolved by the dynamic threshold (DT) technique. Compared
with its exact circuit, the proposed FA saves 2 majority gates, 3 inverters, and
a 4.02 ns delay. In the proposed FA, the PDP is improved by 53.73%. The
product of the PDP and the normalized mean error distance (NMED) is called
PDPE, and in the presented FA, it is reduced by 9.50%. Moreover, the
proposed FA is embedded into a multiplier-less discrete cosine transform
(DCT) design, which is an appropriate circuit for very large-scale integration
(VLSI) systems. The 8-input DCT architecture consumed 2.2321 mW of
power for each DCT operation. Also, the circuit has better performance in
terms of PDP-area-product (PDAP). The results of DCT implementations
confirm the efficiency of the FA.

Keywords: Approximate Full Adder, Majority Logic, Discrete Cosine
Transform (DCT), Multiplier-Less DCT.

Highlights
A new approximate full adder (FA) based on the majority logic (ML) concept is proposed.

By reducing number of majority gates and removing inverter, power and delay of the purposed circuit is reduced.
The carbon nanotube field-effect transistor (CNTFET) technology and gate diffusion input (GDI) technique are used

to implement the proposed circuit.

To compensate the outputs voltages the dynamic threshold (DT) technique is used.
The proposed FA is embedded into a discrete cosine transform (DCT) structure.

Citation: E. Esmaeili, F. Pesaran, and N. Shiri, “A Multiplier-Less Discrete Cosine Transform Architecture Using a
Majority Logic-Based Approximate Full Adder,” Journal of Southern Communication Engineering, vol. 13, no. 51, pp.
1-12, 2024, doi: 10.30495/jce.2023.1988087.1206, [in Persian].
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Table 1. The truth table of the proposed AFA
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Table 2. The considered parameters for CNTFET technology
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Table 3. Performance comparison of different approximate FAs

Frequency=500 MHz, Temperature=27 °C, Vpp=0/9 V. CNTFET 32 nm Technology.
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Table 4. Simulation results against Vpp variation

Temperature=27 °C, Load Capacitance =1 fF, Frequency=500 MHz.
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Abstract

The lower power consumption, larger communication bandwidth, and
reduced latency are advantages of optical networks over electrical
communications. However, there are challenges in these networks, such as
routing and connectivity issues, which result in increased network size and
wastage. As networks become more complex and larger, building on-chip
networks brings problems like communication costs between components
and the likelihood of unpredictable failures in communication circuits.
Therefore, providing an error-tolerant routing algorithm plays a crucial role
in the development of on-chip network architecture. In this article, an
adaptive fault-tolerant routing algorithm will be presented, whose main
objective is to create the ability to handle a reasonable number of faults
without disrupting the healthy nodes in the network. The simulation results
of message delay in the proposed method show a gradient norm equal to
1.1691E-5 and pu=1E-8 for epoch=280, demonstrating its capability to reduce
delay in the network. A very slight change in message delay in evaluating the
proposed method also indicates the acceptability of the proposed method.
Moreover, the presence of a gradient of 1.527E-3 and u=1E-7 for epoch=350
in the energy consumption value indicates a reduction in energy
consumption compared to conventional methods in existing references,
although the proposed system may incur additional overhead compared to
some previous methods.

Keywords: Network on-Chip, Adaptive Routing Algorithm, Fault-Tolerant
Algorithm, Congestion-Aware Dynamic Routing.

Highlights

e Introducing an adaptive fault-tolerant routing algorithm in interconnection networks with torus topology.
e  Enabling the network to handle a significant number of faults without disrupting the healthy nodes.

Interact with a reasonable number of faults without the need to discard healthy nodes.
Reduction in message delay, energy consumption, and network cost compared to conventional methods.
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Figure 1: Routing performance using the Triangle Algorithm [20].
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Figure 2: Routing performance using the Direction-Based Algorithm [20].
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Table 1: Pseudocode for the proposed adaptive algorithm.

Message M is currently in its source at (Xs, Ys) and the
destination is (Xd, Yd).
if (Xs, Ys) = (Xd, Yd) then
give the message to the local node and return;
else if (Ys>Yd or Ys=Yd) then XY routing
go in X-dimension while Xs = Xd;
if (Ys!=Yd) then
go in Y-dimension while Ys 1= Yd and return
else
return;
end if;
else adaptive routing
go West or East or South while (Xs, Ys) = (Xd,Yd) and
return;
end if;
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Table 1: Coordinates of various combinations for evaluating the proposed method.
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Figure 4: Message latency values in the evaluation of the proposed method.
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Figure 5: Variation of message latency in the evaluation of the proposed method using different techniques.
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Figure 6: Changes in the consumed energy in the evaluation of the proposed method using different techniques.
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Figure 7: Amount of consumed energy in the evaluation of the proposed method
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Abstract

By performing cooperative spectrum sensing in a cognitive radio network,
although the network throughput increases with the increase in the number
of secondary users, but at the same time, it also causes an increase in energy
consumption. This makes it necessary to provide a system that is able to
create a tradeoff between throughput and energy consumption. In contrast
to the conventional method of spectrum sensing based on one detection
threshold, spectrum sensing with double thresholds avoids reporting
unreliable data to the fusion center, thus potentially leading to greater
energy saving. In this paper, a double threshold spectrum sensing cognitive
radio network with a non-ideal reporting channel is optimized. The values of
the threshold and the sensing time are jointly optimized to maximize the
throughput of the network, provided that the network energy consumption
and the amount of interference with the primary users are limited. The
optimization problem is formulated and a numerical method is presented to
solve it. The simulation results show a flexible system that can
simultaneously provide higher throughput and lower energy consumption
than the conventional sensing method. These results, while confirming the
higher tolerance against the error of the reporting channel, show a
significant energy saving of up to 70% by guaranteeing the throughput
efficiency greater than 1.

Keywords: Cognitive Radio, Cooperative Spectrum Sensing,
Consumption, Energy Detection, Throughput.

Energy

Highlights

e Optimization of cooperative spectrum sensing in cognitive radio network with limited energy and non-ideal

reporting channel.

e Converting the multi-parameter optimization problem to a single-parameter problem using an analytical method.
e Transforming the nonlinear constraint of the problem into a simple linear search using a numerical method.
e Improving network performance in terms of throughput and energy consumption.
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Abstract

In the present study, a low-power power function generator circuit is
proposed for fuzzy applications. The proposed power function generator
circuit consists of squaring, square root, and analog multiplier circuits. All
the circuits are designed in the subthreshold region to achieve minimum
power consumption. The proposed power generator module is based on a
fuzzifier circuit, and the analog multiplier circuits are used to adjust the
slopes of the fuzzy functions. Besides performing the mentioned
adjustments, the proposed circuit can adjust the rising and falling slopes
quite separately. Analog multipliers are used in the power generator part to
generate desired powers continuously with minimum number of control
inputs. The proposed structure is presented in 0.35 pum technology, and the
simulation results show that at a supply voltage of 1.3V, the values of power
consumption and error are respectively equal to 0.0036 pw and 0.8%,
indicating the improvement of the proposed structure in terms of error and
power consumption compared to the best relevant structures in the

literature.

Keywords: Fuzzy controller - Integrated circuits - Power function generating
circuit - Subthreshold.

Highlights

e The operation range of proposed circuit is in subthreshold region, which can be very efficient in improving power

consumption.

e  Besides performing basic adjustments, the proposed circuit can adjust the rising and falling slopes.
e  This circuit can be used as a function generator, including triangular, trapezoidal, S-shaped, and Z-shaped

functions.

e The proposed circuit provides the controllability of all parameters including the maximum fuzzifier current and

the lateral shift of the function.
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Figure 5. Input of rectifier circuit
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Figure 6. Rectifier circuit with cascode current mirrors
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Figure 7. Rectifier circuit with simple current mirrors for low power supplies
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Figure 9. Enabling the rectifier circuit to generate different functions
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Figure 10. Rectifier output for generating trapezoidal functions (as 4 is drawn, the triangular output becomes trapezoidal)
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Figure 11. Rectifier circuit output for generating S-shaped functions
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Figure 13. Enabling the proposed circuit for full programmability
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Figure 18. Process of realizing the multiplier circuit to generate a coefficient for slope adjustment or power approximation coefficients
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Figure 19. Parabolic function generator circuit (squaring)
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Figure 22. Changes in the input and output of the squaring circuit to realize the square root circuit
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Figure 23. Simulated square root circuit
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Figure 26. Slope adjustment of fuzzifier circuit using squaring and square root circuits

S Sy aid il U jlognSsy J3I ol 0al Ll g WSS sl a8)bgd ol ol Jlae &Sy 50
odalice YV S (o a5 jsb los .l dllin cpl 50 00l = rkae sldony] 51 (SO laie 4y 4 clls eales 1) Jlae O ,b
sl 00 dlul 5l g5 cdie 00y, o=l wad o u.l}._e BB o b ol oyl S o0

100n-

80n-

~~
< 60n-
A {

out

40n-

20n-

300n 2000

46, S s i sl s 538 ke gy el YV S
Figure 27. Capability of the fuzzifier circuit to adjust slope at one edge
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Figure 28. Proposed fuzzifier circuit
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Figure 29. An example of the outputs generated by the proposed fuzzifier
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Figure 30. Proposed block diagram using simulated squaring and square root circuits
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Abstract

This paper presents a new watermarking method to improve the robustness
and transparency of extracted and host images. The embedding process is
based on decomposing of pyramidal directional filter bank and triangular
matrix, while the watermark extraction process is based on Mamdani fuzzy
logic. In this design, in order to obtain efficient robustness and transparency,
the Harris hawks optimization algorithm is used to find the best value of
embedding factor. For this purpose, in the embedding algorithm, pyramid
directional filter bank decomposition is utilized and accordingly the
approximation sub-bands are divided into 8*8 non-overlapping blocks.
Moreover, by decomposing the triangular matrix, which embeds the
watermark bits in the matrix element, the use of Mamdani implication and
the product inference engine have led to an efficient watermark extraction.
The simulation results show that the quality of the watermarked image is
equal to 60.6dB. Furthermore, applying the proposed algorithm is strong

against attacks.

Keywords: Watermarking, Pyramidal Directional Filter Bank Decomposition,
Fuzzy inference, HHO.

Highlights

e  Application of fuzzy logic in watermark image extraction.

e  Application of the Harris Hawks optimization in the embedding algorithm.

e  Applying a new algorithm for embedding a watermark image in the host image.
e Achieving strong robustness of the proposed algorithm to attacks.

e Achieving a watermarked image quality of 60dB.
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1 Simple Image Region Detector

2 Two-Dimensional Discrete Curvelet Transform
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5 Zenzo

6 Wavelet Packet Transform

7 Discrete Curvelet Transform

8 Redundant Discrete Wavelet Transform

% Fractional fourier Transform

10 singular Value Decomposition

11 peak Signal to Noise Ratio
12 Structural Similarity

13 Normalized Correlation
14 Bit Error Rate
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1. M =imread(watermark)
[ M; ]=arold(M,Kg, K, Kg)

2eAR,AG,AB

3. C=imread (Host Image)
[ C; 1=imsplit(C)

zeR,G,B
5. [PD,]= pdfbdec( C, )
2eR,G,B zeR,G,B
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Algorithm 1. Preprocessing pseudocode
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Figure 1. Block diagram of preprocessing
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! Arnold transform
2 Pyramidal Directional Filter Bank Decomposition
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1. PDZIAP=Z%324BIk88Z’i
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2. | Qzi, Sz,i |=schur| BIk88
2eR,G,B zeR,G,B 2eR,G,B
i=1t01024 i=1t01024 i=1t01024
snewz j[1,8]+alfa ,if Mzj =1
72eR,G,B zeR,G,B
3 SNews : [1 8] i=1t01024 i=1t01024
* Z,l d = -
zeR,G,B SneWZ,l[llg]_aIfa !If MZ,' :0
i=1t01024 7€R,G,B 7eR,G,B
i=1t01024 i=1t01024

4. BIk88news j = Qz i .snewy j. Q-Zri

7eR,G,B zeR,G,B zeR,G,

B
i=1t01024 i=1tol024 i=ltol024 Z<R.G.B

i=1t01024

5. PDnew, . :2%2%4 Blk88new;

2eRG,B 2¢R,G,B

6. W :pdfbrec(PDneWszP,...J

z
zeR,G,B 2eR,G,B

7. Watermarked = cat3(Wat,,Wat;,Wat;)
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Algorithm 2. The watermark embedding algorithm
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Figure 2. The block diagram of watermark embedding algorithm
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Figure 3. (a) input membership function (b) output membership function

W = imread (Watermarked Image)
[ W, J=imsplit(W)

zeR,G,B
[ PD, 1= pdfbdec( W, )

zeR,G,B zeR,G,B

PD, ,» =zilg§4wslk882,i

zeR,G,B 7eR,G,B
[QWg,i,SWy ] = schur(BIk88; j)
zeR,G,B zeR,G,B zeR,G,B
i=1t01024 i=1t01024 i=1t01024

Watermarkf‘irn =SWzj— Szji

zeR,G,B 72eR,G,B

zeR,G,B € z¢
i=1t01024 i=1to1024  i=1to1024

Watermarkgz, j =inv_ Arnold (VVatermarkf‘ir m

2R,G,B

=1to1024 2eR.GB

i=1t01024

Low: u,, (x) = zmf (x,—2alfa/10,—alfa/10)

Mid : g, (x) = trapmf (x,—2alfa/10,—alfa/10,alfa/10, 2alfa/10)
High: z,,(x) = smf (x,alfa/10, 2alfa/10)

Black : w4, (X) =trimf (y,-2.2,-1,0.2)

White : g4, (x) =trimf (y,-0.2,1,2.2)

X; =U,crq,s (Watermarkz )

2cR,G,B
j=1t01024

if (x;isA )then(y;isB,)

if (x;isA;)then(yisB,)

£ (%;1sA, )then(ifP, yermar (1) = Puatermanc (-1)thenyjisB,elsey isB,)
Mg, (¥;) = maxiy SUP,, [y (X)) g, (X, Y;)]

RN AT IRY

if (y] = 0.5)then(y,; =1)else(y,; =—1)
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Algorithm 3. The watermark extraction pseudocode
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Figure 4. The block diagram of watermark extraction
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1 Structural Similarity

2 Bit Error Rate

3 Average Filtering

4 Fitness equation

5 Peak Signal to Noise Ratio
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.. 22 MG MG ) BER - D2 MG DML )|
DI I 2xM xN
i=1 j=1 !
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Inputs: The population size 5 and maximum number of iterations T=10
Outputs: The location of rabbit and its fitness value
Initialize the random population Xi(i=1, 2, ... ,5)
while (t<T) do
fitness=fobj(HostIm,Markim,X(i));
Set Xrabbit as the location of rabbit (best location)
for (each hawk (Xi)) do
Update the initial energy EO and jump strength J > E0=2rand()-1, J=2(1-rand())
Update the E using Eq. (3) ref[2]
if (E| >= 1) then > Exploration phase
Update the location vector using Eq. (1) ref[2]
if (E| < 1) then I> Exploitation phase
if (r >=0.5and |E| >= 0.5 ) then > Soft besiege
Update the location vector using Eq. (4) ref[2]
else if (r>= 0.5 and |E| < 0.5 ) then > Hard besiege
Update the location vector using Eq. (6) ref[2]
else if (r <0.5 and |[E| >= 0.5 ) then [> Soft besiege with progressive rapid dives
Update the location vector using Eq. (10) ref[2]
else if (r <0.5 and |E| < 0.5) then [> Hard besiege with progressive rapid dives
Update the location vector using Eq. (11) ref[2]
Return Xrabbit
function [fithess]=fobj(Hostim,Markim,ALFA)
[SSIM,PSNR,Watim]= f_watermarked (Hostimage,Markim,ALFA);
[BER_Rt,BER_Attack]= different_Attack (Watim,Markim,ALFA);
fitness=(BER_Rt +6*(1-SSIM));
end
(ol 0l 351 Ol i Sl Jloell [Y] apo 5l 03,050 (a) HHO oS s :F o3 o531
Algorithm 4. HHO pseudocode (with small changes to the pseudocode in reference [2])
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Figure 5. Image quality of watermarked image based on varying embedding factor (a) Variation of PSNR according to embedding factor (b)
Variation of SSIM according to embedding factor.
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Table 1. SSIM and PSNR for various images
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Abstract

Due to technological advances, today it is possible to upgrade large-scale
energy storage plants. The modern architecture and technology of these
power plants facilitate the possibility of optimal use of renewable energy
sources and, as a result, significantly reduce energy costs and increase
energy efficiency. Also, by using artificial intelligence and optimization
algorithms, the performance and operation of energy storage plants can be
improved. In this article, the management of large energy storage power
plants is discussed. This article presents innovative measures in the
management of these power plants, which include limitations on the
number of times of charging and discharging. In addition, the cuckoo search
algorithm is used as a powerful and efficient method in solving the proposed
model. This algorithm can find global optimal solutions and can be effective
in improving the efficiency and increasing the profitability of large energy
storage power plants. The simulation results show that the use of this
approach in the management of large-scale energy storage plants brings
significant economic effects. These impacts include reducing energy costs,
increasing productivity, greater independence from fossil fuel sources,
maintaining the stability of the power grid, and improving the performance

of the power transmission system.

Keywords: Large-scale energy storage power plants, distribution substation,
evolutionary algorithm, optimization.

Highlights

e Use of energy storage power plants as an innovative solution in optimizing energy management and smart grids.
e  Utilizing the cuckoo search algorithm as a robust method to enhance the efficiency of energy storage power plants.
e Providing an economic optimization approach for optimal planning of large-scale storage system planning.
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2 Distributed generation (DG)
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Figure 1. Cuckoo algorithm process
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Table 1: Energy storage plant parameters
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