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An efficient CAD tool for High-Level Synthesis of VLSI
digital transformers
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University of Birjand, Birjand, Iran

Abstract

Digital transformers are considered as one of the digital circuits being widely used in signal and data
processing systems, audio and video processing, medical signal processing as well as telecommunication
systems. Transforms such as Discrete Cosine Transform (DCT), Discrete Wavelet Transform (DWT)
and Fast Fourier Transform (FFT) are among the ones being commonly used in this area. As an
illustration, the DCT is employed in compressing the images. Moreover, the FFT can be utilized in
separating the signal spectrum in signal processing systems as fast as possible. The DWT is used in
separating the signal spectrum in a variety of applications from signal processing to telecommunication
systems, as well.

In order to build a VLSI circuit, several steps have to be taken from chip design to final
construction. The first step in the synthesis of the integrated circuits is called high-level synthesis (HLS),
in which a structural characteristic is obtained from a behavioral or algorithmic description. The
resulting structural characteristic is equivalent to the one being considered in the behavioral description
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and it somehow represents the method for implementing the behavioral description as a result several
structural descriptions could be implementable for each behavioral description. Therefore, depending
on the intended use, the characteristic will be selected that outperforms the others. The main purpose of
the HLS is to optimize the power consumption, the chip occupied area and delayed and is fulfilled by
selecting the appropriate number of operating units and how they are implemented to the operators.
This is generally accomplished through a graph analysis called the data flow graph (DFG) which is a
graphical representation of the type and how the operators connect. In the DFG, each node is equivalent
to an operator while the edges represent the relationship between these operators.

Experience has proved that if the level of design optimization is high, in addition to higher
efficiency, the design time will be lower, which is why the researchers are far more interested in
optimization at higher levels of design than the lower levels. The complex, extensive, and discrete nature
of the HLS problems have been ranked them among the most complex problems in VLSI circuits
engineering. Bearing this mind, using meta-heuristic and Swarm intelligence methods to solve high-level
synthesis projects seems to be a favored option. In this paper, a heuristic method called Moth-Flame
Optimization (MFO) has been used to solve the HLS problem in the design of digital transformer to find
the optimal response. The MFO is a population-based heuristic algorithm that optimizes the problems
using the laws of nature. The leading notion behind the MFO algorithm inspired from the moths’
movements and their instinctive navigation during the night. In the MFO algorithm, the moths are like
chromosomes in the GA and like the particles in the PSO algorithm. In order to compare and prove the
efficiency of the proposed method, it was applied on the test data with the GA-based method separately
but with the same initial conditions. The comparative results along with the results of the GA-based
method demonstrated that the proposed method exhibits a higher ability to provide the appropriate
hardware structure and high-level synthesis of various types of transformers. Another outstanding
feature of the proposed method is its high speed of finding an optimal response with an average of more
than 20% greater than the GA based method.

Keywords: High-Level Synthesis, Datapath, Digital Transformers, Meta-heuristic Algorithm, MFO
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figure (2)
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algorithm
End
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Generate and update the sorted matrix of
Moths and Flames.
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Algorithm
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W,=0.6 | ave 10.4 5881.6 6274.32 10.2 5852.8 6274.32
W;=0.1 | std 0.5 0.005 0 0.4 0.004 0
W,=05 | ave 11.3 3747.2 3789.8 11.2 3552 3551.74
Wo=0.2 | st 0.8 0.113 0.13 0.6 0.085 0.098
W,=0.4 | ave 12.2 3564.8 3501.3 11.8 3491.2 3450.87
W;=0.3 | st 0.9 0.082 0.094 0.6 0.085 0.095
W,=0.3 | ave 12.7 3392 3288.45 12.4 3340.8 3263.24
W;=04 | std 0.9 0.005 0.017 0.8 0.013 0.018
owr | Wi=02 | ave 12.7 3300.8 3137.16 12.5 3272 3137.16
W;=05 | st 0.5 0.009 0 15 0.01 0
W=0.1 | ave 12.8 3257.6 3137.16 12.6 32432 3137.16
W=0.6 | std 1 0.01 0 0.9 0.009 0
W,=0.6 | ave 6.7 9161.6 9223.84 6.6 9169.6 9249.06
Wo=0.1 | std 0.7 0.05 0.052 0.6 0.05 0.052
W=05 | ave 7.1 8942 4 8910.12 7 8804.8 8884.91
W;=0.2 | st 1.1 0.053 0.069 0.6 0.063 0.068
W=0.4 | ave 8.9 6979.2 6602.12 8.7 6635.2 6425.61
MPEG | W2=0.3 | std 0.3 0.008 0.008 0.4 0.008 0.009
W=0.3 | ave 13.8 4968 4355.68 13.5 4713.6 4280.03
Wo=0.4 | st 34 0.091 0.126 3.3 0.104 0.132
W,=0.2 | ave 16.1 4203.2 3439.75 15.9 4072 3389.32
W;=05 | st 0.9 0.016 0.013 0.7 0.011 0
Wi=0.1 | ave 16.5 3998.4 3338.88 16.3 3852.8 3288.45
W;=0.6 | std 1.2 0.023 0.021 15 0.01 0.017
W;=0.6 | ave 7.3 7136 6778.64 7.1 7136 6778.64
W;=0.1 | std 0.5 0 0 0.3 0 0
W.=05 | ave 9.7 5976 5448.12 9.5 5976 5448.12
W,=0.2 | std 2.9 0.118 0.152 3 0.117 0.151
W,=0.4 | ave 12.2 4955.2 4193.26 12 4720 4041.96
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é‘ W,=0.3 | std 2.2 0.093 0.121 2.2 0.096 0.123
= FFT [ 'W;=03 | ave 13.3 4436.8 3540.61 13 4328 3515.4
3\\ W=04 | std 05 0.029 0.026 0 0.03 0.025
) Wi=0.2 | ave 13.5 4400 3515.4 13.3 4297.6 3464.96
‘-:l\ W;=0.5 | st 0.5 0.027 0.016 0.4 0.024 0.015
= W;=0.1 | ave 13.7 4348.8 3490.18 13.4 4144 3389.32
'7_ Wo=0.6 | std 05 0.026 0.016 0.5 0 0
X W;=0.6 | ave 9.7 7796.8 6728.2 9.5 7782.4 6728.2
9 Wo=0.1 | std 0.8 0.005 0.007 0.8 0.005 0.006
i W=0.5 | ave 10.7 6968 5837.5 10.7 6945.6 5812.27
: W;=0.2 | st 2.3 0.089 0.12 2.3 0.089 0.123
_i' W;=0.4 | ave 12.4 6368 5134.41 12.3 6353.6 5109.19
b DCT | W2=0.3 | std 2.6 0.1 0.15 2.7 0.1 0.15
5 W=0.3 | ave 145 5382.4 3879.54 14.3 5332.8 3854.33
9 W>=0.4 | std 2.1 0.06 0.092 2.1 0.058 0.092
3- Wi=0.2 | ave 15.3 5062.4 3616.26 15 5028.8 3591.04
) W;=0.5 | std 0.9 0.009 0.022 0.6 0.01 0.023
% W;=0.1 | ave 16 4961.6 3515.4 15.8 4940.8 3540.61
a2 Wo=06 | std 08 0.007 0.016 0.7 0.009 0.16
Eg W,=0.6 | ave 7.4 8398.4 7506.93 7.3 8137.6 7243.65
2 W2=01 | std 05 0.05 0.067 04 0.037 0.049
3 W,=05 | ave 7.9 8193.6 7193.22 7.7 7881.6 6904.72
2 W2=02 | std 03 0.038 0.05 05 0.009 0.008
| IDcT | Wi=0.4 | ave 10.9 6707.2 5361.35 10.5 6612.8 5336.14
2 W2=0.3 | std 3.1 0.104 0.149 2.6 0.099 0.141
@ W,=0.3 | ave 12.8 5644.8 4156.92 12.6 5556.8 4106.49
S Wz=04 | std 1.8 0.058 0.088 1.6 0.06 0.087
W,=0.2 | ave 13.6 5270.4 3717.12 13.2 5190.4 3691.91
W;=05 | st 1.3 0.012 0.025 0.6 0.01 0.018
W,=0.1 | ave 14.7 5150.4 3565.83 14.2 4910.4 3490.18
W;=06 | std 1.1 0.011 0.029 1 0.004 0.016
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(Table-3): The average results of the two methods based on the GA and the MFO in the synthesis of the benchmarks
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