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An efficient CAD tool for High-Level Synthesis of VLSI
digital transformers

Mohammad Reza Esmaeili, Seyed Hamid Zahiri* & Seyed Mohammad Razavi
Department of Electrical Engineering, Faculty of Electrical Engineering and Computer,
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
Algorithm
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Generate random initial population with respect to
node priorities and resource constraints.
For i=1 to population number
Calculate Schedule length
Calculate register number using Left Edge
algorithm
End
Calculate fitness using Eqg.6
For i=1 to Max_iteration
Update flame number using Eq.5
Generate and update the sorted matrix of
Moths and Flames.
Update Q using Eq.4
For j=1 to Moth number
Update the position of the Moth using Q
and Fig. 8 with respect to the corresponding
flame
Calculate Schedule length
Calculate register number using Left Edge
Algorithm
End
Calculate fitness using Eq.6
End

S ilwdads b - ¥

Meiy8 gy bl 5l Jels @b it ool o
S 50 MFO eadiangy oi)s8l pcie o3kt
5 i e el eud ooyl GA e i,
9o ol oadol gy 90 2l g o Sles alis
FFT MPEG DWT (3051 slaosls (g5, y piysS)
Slasie (V) Jsoo el oad Jlacl IDCT 4 DCT

s e o (las 1) gesl slmesls 5l oS o IS

1 Left Edge Algorithm




O OMYVE 5l Jhisl maw mals AY/A a4 Ve/f
ol 1, YAYYNE & FYVEIXY 5l olgs Lials o YYOV/F
.MQLSA

P9y &5 3gd e osalin 1S laJure ple sl
we o sl o093 5l gy 0 Slee MFO e
(1) Jsoz 53 oo 2 sl bl 2 9 bawsie
] 00 ob)s—‘

2 b jsbas a5 098 oo cnalin (V) Jguz )0
G VYA 4 VYT 5l awgie 50 DWT o
chw oo o plis 1) gae )0 VAT (gogue 4 asl
a4 YADYIYY 51 58 Jowe opl gilwooly ol Jlad!
Gl a3l L2alS YAY/EY 4 YAQFIY 5l olgs 5 YVAY
5 e VY 4 VVOY 5l 50 Lwgie MPEG s
ANV A/BF & BAVYAIF 5l ol o £Y-A & PYVO/FY
s, AN g VIFY N0 o g oS Cawl aidly, ralS
Sguty ho,0 (1) S oo o las |y o Sae )5 S

0,08l g e by Alamd golgiinn gy 0 Sdes
D25 o i Gaesl slrosls plas sl 1, GA

5 oled Sax (Brae Oy g ond JLdl gl polie
wl o) jlee Bzl 51 leosls e anslis
S0 Y ple Wa Jaaz cpl 50 .Cawl oaids oolaiul
G 03,5 pesd /P B /) SIWo g Wi g oot 41 S
spboles el SG pln o)lgen cups dw o Egere &S
w98 e oleriny hg) wadioe odalin oS
s s oad Jldl gl wiepe 43 3sge L MFO
3,13 GA v )05l Sloeyy (b9, a5 3, Ses
ghe g Sepe bbb culpl i b &S s lei o
slagal 0 (S0 B Sl W2 9 Wi o
Ck g oo SudlS bl sl ez ga odeliawoa
SR b Wo) (Jld] el o Gial33l 5 (W)
ey slp b 8l (Branyly g maw g bl
Wo 2alidl g Wi 2als L DWT Jows ,o ool
o col al ol V\YE 4 VY L b
SialS YYFYIY 4y BAOY/A 5l 5 asls 5l sas Jlsl
@ PYVEIYY 5l ol eiomad Canl 4251 Sgugs 5 azily
@l byell ol ool 00,5y mals VATV

5l Gl s e S o058l e g,

09"’)“— Godls 3w OMFO gGA p JSduo (P9 99 duylio (Y- Jguz)
(Table-2): Comparison of two methods based on GA and MFO for the synthesis of the benchmarks
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W,=0.6 | ave 10.4 5881.6 6274.32 10.2 5852.8 6274.32
W;=0.1 | st 0.5 0.005 0 0.4 0.004 0
W;=05 | ave 11.3 3747.2 3789.8 11.2 3552 3551.74
W;=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
Wo=0.3 | std 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 [ st 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=0.5 | std 0.5 0.009 0 15 0.01 0
W:=0.1 | ave 12.8 3257.6 3137.16 12.6 32432 3137.16
Wo=0.6 | st 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
W>=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
Wo=0.2 | std 1.1 0.053 0.069 0.6 0.063 0.068
Wi=04 | 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 47136 4280.03
W=0.4 | std 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=0.5 | std 0.9 0.016 0.013 0.7 0.011 0
W;=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 | stqd 0.5 0 0 0.3 0 0
W;=0.5 | ave 9.7 5976 5448.12 9.5 5976 5448.12
W;=0.2 | st 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
2 W2=04 | std 05 0.029 0.026 0 0.03 0.025
9 W;=0.2 | ave 135 4400 3515.4 13.3 4297.6 3464.96
k)\ W;=05 | std 0.5 0.027 0.016 0.4 0.024 0.015
= W=0.1 | ave 13.7 4348.8 3490.18 134 4144 3389.32
3_ W=06 | std 0.5 0.026 0.016 05 0 0
X Wy=0.6 | ave 9.7 7796.8 6728.2 9.5 7782.4 6728.2
2 W;=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
y W;=0.2 | st 2.3 0.089 0.12 2.3 0.089 0.123
_a) 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;=04 | std 2.1 0.06 0.092 2.1 0.058 0.092
j- W;=0.2 | ave 15.3 5062.4 3616.26 15 5028.8 3591.04
2 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
a W2=06 | std 0.8 0.007 0.016 0.7 0.009 0.16
Sg W,=0.6 | ave 7.4 8398.4 7506.93 7.3 8137.6 7243.65
3 W;=0.1 | st 0.5 0.05 0.067 0.4 0.037 0.049
3 W;=05 | ave 7.9 8193.6 7193.22 7.7 7881.6 6904.72
=3 W2=0.2 | std 03 0.038 0.05 05 0.009 0.008
3 IDCT | Wi=0.4 | ave 10.9 6707.2 5361.35 10.5 6612.8 5336.14
2 W:=0.3 [ std 31 0.104 0.149 2.6 0.099 0.141
Z 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.=02 | ave 13.6 5270.4 3717.12 13.2 5190.4 3691.91
Wo=0.5 [ stqd 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;=0.6 | 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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DWT 12.02 3857.33 3854.7 11.78 3792 3802.41
MPEG 11.52 6375.47 5978.4 11.33 6208 5919.56
FFT 11.62 5208.8 4494.37 11.38 5100.27 4439.73
DCT 13.1 6089.87 4785.22 12.93 6064 4772.6
IDCT 11.22 6560.8 5250.23 10.92 6381.6 5128.85
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(Figure-9): Improvement of the proposed method
compared to the GA-based method
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(table-5): The average runtime of the MFO-based algorithm
and the GA-based algorithm
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DWT 2.7 21
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DCT 9 7.2
IDCT 8.3 6.5
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(Figure-11): Percentage of improvement in the
algorithm runtime

5 c0s05] glesls (glzl 5o s auslie Cox
2oy > p sl szl S 35 (V) USO8
aS digS led Cawl oals ool lis esls pl sl
MPEG & aice) oyl j0 Sgugo oy ol (aseioo
! ce s (g0, YYIYY iolidl as syl plais]
Obas Sy i esdl i stee (he) e | i ye8d]
YYIAY g0 LFFT i lizl 50 ol 5l G woos o0
S adle e oy I8 ce s GlEl 0 gas
P9y bl S j3 do s Sy (YL Sgne bawgie
Ooedie GA 12580l Glie (g i oolgiiny
el Sloz a4 iy 53 b9, Gl YL Sy

S S A -0
coole Jdoay HLS Jlos > i aiiS oS jsblon
9 g 6[&5 ongw 9 oo)l.mf 41.o.>)\ [AQT
o Jilas 532 @l J> 0 Ll slocuglsl ss2s
laclyr S92y Gizen Wg)o0 sledds wiige )
1y S 0 Wpbioo ke ks ouly S 4 45 (g00ee
Sgby, 5l eolitul sezy ul b S (e Soduz
Bl iz Jo 0 ]y 055 0 Slee W3 a5 g IS
sl 8L 50 dgup el cunl Ko wilosls L
ol s oy, lie Gl e oed A
@ ol Jel 5l e &5 as al) MFO (g il s

A 2l Vol Vfee Lo

& osel ol gy 9,Sles b3 Cax
odsliwsds ol g ood Jloel 5490 slrosls (g9, p
sl 0 5,155 (F) Jsa o
cll g el ol mls sadoly Jsam o
St s Wa=e /Y 5 Wo=e /N Wi=+/8) 56 o e
o Wa=e ¥ 5 Wome /8 Wi=e/)) oas JUisl glas
30 d9z g0 slrosls Billae sl ouls ools lis Jawe
2 b tojlabil polie b ol awslie 5 Jsaz ol
Ot 8 o a8 05 ssmliis i e A Ll 0]
oy A0 5l i Glebl 0o s LFFT Jows jo 550
B9y 5 ol W by Gm Syl See IS
5 hde cpl el oad Jols Sy o o8l s
s i 4 IDCT 4 DCT MPEG DWT (slo Jors
R Aty S50 0 el Qo y0 YO 4 YO £ AL
s FFT MPEG sl Jowe ;o 5 ool Jbil mlaw
S a0 51 e lewedbl sy L IDCT
CA nios b9y 5 3ldn P9 Om )l
Slomebsl 3o L DCT g DWT o .l ool cawsay
2,5 oanlice 1) dgutn cpl Gloioe doys VO 51 iy
b oxSle Hobas onslcamsa mls 4 azg b Zoles)s
@iy gy ey AD G i pliebl s ys

Sl S
& 09031 3 Jol> S :(F-Jgu)
(Table-4): Results of the t-test
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Delay -1.58
DWT
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Area -14.46
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