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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
Algorithm

G (R s 000 b oolas o Jgere jgboas dodio —)
dmuidlwsmub.uds“m‘ LgbjA&LfO‘ _ . . .
T e 5 bbb Sz GRP s sl céan L
b goizme Shlae slalb o copn Gl cqa
arwy @ s VLSI Fjn 0 e gpd wlie

Wt 1) Slsz (a0 e |, (2b
)5 gy S j90 0 )8

s oo i Ples 55> HLS  Blocs
Sloddy (gudige S Jilawe 552 S Dgdon ol Goda gileag Ko sl

©o99> B HLS Jiluw J> IS 2> 5o [3] ol oo
Sl 5,50,90 0dudg,d S g Bg %0 ales L oAd
O ygods i b slas s olal il b g [4]
sl lSel, bucls Olnbe sl oo Gl Daday 5 ol
sl sl 50 o (pas (S5 s olul b Pl
> slabl, sbballs P 50> sl
drng iy slagaly (58L 5 (b lad s
iloas ools
gl F e Jlail g gangley J>lpe 5] 59
ey ol o S el plejee Do VU
50 Ngd oo dge,d ((ILP) s s o (53,40l p
&y90 ILP Sl 5l eolazwl b olgs (g 5lwaigy 5.0 [6-8]
@ Ode 00 Oy el omb Db S oy e
Jee,0 Sy oolal b Bl lp 1y of 51 oolazu Gely
sl 4 a5l eolawl [8, 10] (o [9] wiS ooy e

! Integer Linear Programming

CJa..u o VLSI &l o 6>|,|a 3O ke J=lye 5l 6%
aS ol ok u>_>|).b 5138 HLS sl (HLS) YL
3 oty Cogi b g (6,8, o Sl ol e
5 C (omgasly by il Vb zhw by S
e B1S e SIS Gles SO L 9 MATLAB
[1] ROURGI Golisle dazin S (DFG) ool
S e 6,18 Gogs jo aS assl b g sl aaskise
Gilwooly by, Sole o8 g 0om ler wlal
2 slp el )8 oy b g (o))l Caogin
aS o)la S99 ‘_g)L'bL.u dastiwe R ‘G)t‘é) M}‘
28 Sl ez ol b plp g QLS bl den (29,5
Q—“.‘ ,aLaS S99 Q—.’.‘ Ls el 03¢ ).'a.: KVY 6)@) Mj.‘
2y Sl Slsy sl Shy lsle slbaasxin
$9y 2 odbJldl mhaw ((Srae Glg Bl Il
Gloal [2] wsb 5 b g 0, Slee Sy b g eadl s
Sl Jasd 5l Wigd angy Wb HLS > 5 a5 Lol
Oy g eas sl mhw b asle ead S

fFA 2l ¥ o,k Ve JLlu


http://dx.doi.org/10.52547/jsdp.18.3.3
https://jsdp.rcisp.ac.ir/article-1-983-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-18 ]

[ DOI: 10.52547/jsdp.18.3.3 ]

A
3
X
9
Y
2
3
X
1
;‘»i"
)
3
3
3
)
":
3
2
)
)
?
S

&

3 lagng, ol 5l ol slaw e bbby, Cawd
S5 Blow Jo 5 3wl siadge slasts,
winysS) aslen Slapi,sSI [3, 23, 28] wijS o
SRR iz o 5 ol it gleaz 5 S
s, oBatans [31] Lo [4, 29-33] whous il
il s 5 35 538 a2igy gz WSGA o
(g ol Ho alosls &l eoly e aw jo 0ald
4 pldl WSGA oap)sSIl 5l eolizal b Suiays
olespe Ojzods Slles slavsly parass 5 anole;
6,53 digas [32] 45 iles S DFG (5,1, jitw (sl
lad oz lp WEA ol & S )05 )
5 o3kl 3,50 DFG (sniles ansl b o b
SlSS sy Sy ) i 4] 5 ol 4
Ovgy -ales S eolaiwl NSGA-IT oL 4 adosss
oarass g saole) b Ghegh oal 5o sl
3 e pll plejen jeba 1) Slles slaaxl
 oslisd b o (sl 4415 g, 5 o, K, [33]
35 5l 5 gl jlaaiege sl NSGACIL 2,55
osmSs 3 Gbay ol 45 el o &l HLS lacs
oolitul 3G 5 mhw Bas mly deubre Cq> s
4,1 1o 5 D13 09,5 (ilwdingy p ol 5l cnl 0uls
Bl s, d34] o el oad eolizul [34-36
Sz Als og9am0 wlie 55 L 5 PSO o258l
[35] o sl cas oolawl sonnle; loy Lrals
ol 5o oS Wlesls &1,I PSO (liey (o, (B0
Dot i Soedld s o Sl 5 sungle;
J> Cwzr (Banas [4] 50 opdiee Sige pleje
51, WPSO ol 45 PSO aly 5 1, g, HLS alls
Ghl, ohs, [B7] yo oI5 Lieeh ez .losls
a5 (g lwaige piu,s8l 5l solaul b oyl yo a8 wilesls
L [38] ;o .diledges HLS luwe J> 4 pladl ? S S
b gy Ol 5 S VT Sitae o258l I eslatl
N bos o w8l 5l eolital b 55 [39] 5
Frm dlle 3 (b olad gomias 4 by
S5 5l Gy ol po el sal aB oy YUzl
5 ooliiul Masgias oz 5 DLl oS oSl
dip Ol g ey Bl ) 000 allas ol

8 Critical path scheduling

9 Bacterial foraging optimization algorithm
10 Memetic Algorithm

1 Firefly Algorithm

12 Tabu Search

A 2l Vo kel 1Fer Lo

ks 5l eolatul b ([10] ;o sl 48,5 )18 axgi o )50
aor Ol Bl Sl eadganple; DFG S ol
Olpear Glles lagl Bol; cnl o cenl ond
Oled 5 anya @l g wload a8 )5 Jlas )3 eeaS 53k
3 s ol Sl )b clond (558 (Sranply
Wkl oo 1y (55 sl izl Ol 5 009 G sy
ol &5 VG slal by (ABly Plue 8y90 50 (ogata
ey Rl ol Sogots g 0og pS i Sl 4o
&S o
o HLS il J> ol s )86l S
Jivo o )l dlse Jo glp o5 cel &0
Sgdige Jo s 5 0as oalitul (58 ke a0k
sl Sloz gty Coomay (Do S Jlosl b s
il 55 Sezge S0l, bl olpl [11] wiS o &S >
a4 Sadd G,k ol gl sdelcwsd glaclex S cul
colie b Sl gla by, o oolitul 5,50 Lo
J= & 'PPL g, 5l eolawl L [12] o vwse wlas
5 ookl .l ond axsloy YU mhaw e alle
Syge [13-15] ;o 55 Toadigiluancd Souly o ,65!
sleolainl b 8oy [16] )0 ool a5 )18 azys
el g et gangle) 4 pladl SA on Sl
U a5 gy wiled)ST plejpa ©)g0d lals
2B (5 Sl o a3l )| [17, 18] 4o a5 SALSA
Sz oS died oadigilueand Syl eyl Al
o Wlaid 515 solatal 590 YU pxlans i Jlaas >
Sz oadgiludnd oSS al p (o, 5l 58 [19]
ol a3 )5 o Jlail 5 angley Jolre plejen 12!
I35 0,00 TMPC 3, 51 5,5 et [20] 55 oan]
oo Jiee Gzl wgzge S0l Fosle
Sy hais by e laghs) cal o wceVl o pie
CeS S reddy Wy (nl g Sebiee sapley See
o dgd gainnley S Jee plod U auS oo o dslol
Slles slaazly (arass wb pled ganple; 4l
F99) 4z o saiple; wile alaph o8l 0 oo 1,2
[21] 2(ALAP) 5,5 4> o somsbe; 21] T(ASAP)
Calap 595 songle; 42217 s pistie samle;
ol 3 271 A Slme e sauile) g [23-26] Youds

1 parallel programming language
2 Simulated Annealing

3 Model Predictive Control

4 As Soon As Possible

5 As Late As Possible

6 Path-based scheduling

" Force-directed scheduling


http://dx.doi.org/10.52547/jsdp.18.3.3
https://jsdp.rcisp.ac.ir/article-1-983-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-18 ]

[ DOI: 10.52547/jsdp.18.3.3 ]

ol pleaz i (2lb o aa doge g0
@9 48 hhis iS5 WS (o patiie d>
Sl lelas adl s whaw 59, 2 2 gib 50 6570 4
Silwosly wod oo 485 Sl 50 6l g iz
Sle VLSE (bl al> e 03] Coleys g 050
L sy gl @3, 2 Of ilweoly 5 Sl0,50 e
ol 3] o] 35250 slagsglid 5 Slgal 5l eolizal
SainySI Slgol 3 Wy e sid Ay axksd al> e
IS 0,8 515 eolitl 0550 () 05 a5 ol
oo bt |, VST Jloe oy 5 caliseo Jlpe (1)
oy Syl b bz Sl (bl e oS
(Sig Sl askd G o YUzl glagl; jo (5L,

o )50 O SR 59,y ond aiSb

&), pedan b Y gl

f

Y o 2o 1

Sl g (g lane o

b
1

(ke s

Ry s

y
Olede b (Ned glaw

VLSI g b &S g3twosly Jol po 1 (V- JSCi)
(Figure-1): Implementation steps of a VLSI design

4[ Oledez 5 d (S P e }

I

L

oliy Y s 2 1y o gl e 51
B ol gsbe o 1) ol ple s e
ol el aldly S i sl aleje Guinss e
daie S 4 ol sl Gogi b ()8, oyl SO
HLS L Wb mhaes 3t comery0 RTL aiile (s lisbe
il oo

S Fihw 9 425 gslaw 45 09d oe onaliv
A1 b 55 e 5 HLS 51 5l 45 s 35 5
slad sozins ST a5 cuwl 00,5 ol @i ez
St Sl 003l 398 plwl YL sl o 2Lk
sile ol gk 55 5 0l 85 8l o s
142] 2 pds (o0 &30 S5l 5 Sl pslan

5 sdgys JL3, saiiS asie ()8, hroy

ool Sl gokaw )3 99290 SlSi 5l €)1 b 2>

g Ngd dige Wb 4 gousxie Slate Blaal 04>
g i 50 00y 4 alily J>lie 05z (rizeen
L, g (olSS slaty; 9 b )sl 5l oslinl Y
NICH e R LR FC S
Ol 5h b 095 iyl g Sy e el asles
A Gy S slap oS cnl wlales
By ol 51 gl 09,8 as aijls 1) Hlls cpl ome
Ao ol o w2l o walize Sloal cg>
hs) JEzs sladae Vb phe e Cex
Ll oo @511 I MFO (6, IS00l1,8 o 5651 o e
&S Cwl Oyge p dlie ol gun S
ool gndyi VLSI llse oW o s ¥ iy
0,05 slae  goloiin (g, ¥ LS 5o el esds
el b F i 4o 5 @) MFO (g Sl 5
3 Glslie isu cpl o sl sals 00,5l (gilwand
o S5 piesd) e gy L eoleri b,
odls plaisl (gySazis 4 0 s ol g plxdl

R PR W

VLSI ljlow oYU maw 30w =Y
3 olei g 0gd (gilwosly VLSI jlae G aS pl cp>

O3S g bl alie >l 0,8 oolaisl ]
S8 oy 5 VLSI sl Jos (Hlhb yo al>
2 Sl 60 6,18, Grosi al lae (e y6Sl g
Sl a5 VHDL L s MATLAB C o giasli s 5
wle - Glabre gloaxly  GlaShy 5 Ll
055 S5 pl el oy LmodiiS s dmoaiiS e
A Al e s e plas 1) s jee Oljgiws gl
&S Cewl Gl hogi SO 4 ol allyi oS b
Sk slaaxly a1, 05 0 Lo )90 sloSlee
ool [40, 411 035 o el S aslg g 0lo e
el o TRTL 1y (g lomo b (6,5l duasiin 5 oy
b ol shisyse RTL )b oojslocsay 5w
sloces mhe o b e glagh, bt
b ceslite e Sl al> o cpl )3 39800 oS Silate
ibie glaceS s o0 cisogs RTL gl o aze]
VLSl >lhb )0 am al> e aigd oo 00l )18 ~ )b o
a> o (nl 50 05d 0 0asal (5)lae b g il mlas
WJE Jole o ead b lae o 09d 0 i
Silwosly 6 gld 4z b g laygimlS g4 4z by

1 Moth-Flame Optimization
2 Register Transfer Level

fFA 2l ¥ o,k Ve JLlu


http://dx.doi.org/10.52547/jsdp.18.3.3
https://jsdp.rcisp.ac.ir/article-1-983-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-18 ]

[ DOI: 10.52547/jsdp.18.3.3 ]

VLS| sla)law JUazxsS sladue Vb glow jiias sl 3oTHl 6ol ash)l

W mhaw o (ginped oo bl

P g 00ldpae Fin 3w 90 4 (g |, (HLS)
3ot R 0313 pme i 13,5 e 00 (] 7S
5 Slas dgupp el >0 ol j0 Sgups a5 Sl HLS
Jolis 095 argiy 1 00ld e Jii 358 o0 allels S
Toarass < ganple; il SoaSy 4 atly al>yo 4

ol |y al e aw cnl 5l IS les () JSa 5 L

'
a
SIS

HLS (sl ,5 p 5 (Y- Jsi)
(Figure-3): HLS subtasks

5 o Shee 5l lacgame (ganole; isangle;
WS Sloy lapls 5l slasgarme a | 5 L8, o
5 b Sy plas o o a5 (claigfay S o il
Oler b dgdoe Sole; wad atiie glopads 3>
Ol 30 &5 W80 eeni | Gloj o6 cganploj < osl
Jlodige So (N UK vgdee 12l oS S
(V) U 5o ooy &l DFG (gl 1) gabgansl;
@ axgi b ogd oo alaxde a5 jobo sl a0 s Gioles
Sy 8 Jkz ,o Shais g0 DFG wadalxl gangle;
0 0,8 st Gloy pl5 0 F g ¥ .V ) 0,5 05 ol ]
9 pg Sloy sopls 0V 57 05 5 g Sl plS 0
Of 5 &5 Gloj slaels gsome 4 Wigdio 121 050z
2 isS (oo saple) Job s oo 12l s 90 L3,
Mz 05z el ¥l ganpley Jsb eadol, Jls
09 12l 02 oSN B ol 35 9 )90 Siloj oS

251, 5Bl alis Sl apats : yamass
oy ;0 edd (asuie e Sles aliwgas aslg e
Olyieds oS (oo (s (g ALBIS STl 4 (8
ao (Y) JSs DFG ly oSon amass Sy ke
QG axgi b aS il Wiy oo 0diiS 0o K g 0diiS pax
ol Sy B el ol () UK ous gasyle; DFG

O

1 Scheduling
2 Allocation
3 Binding

A 2l Vo kel 1Fer Lo

C cmmgaaliy by anle Y s by SO co oS
ol SIS o6 & ST Jges 3 L 5 MATLAB
sl 5 lee DFG S el s &ly) (DFG) ools
O SlaSKinly ples 5 ()L, arogi S )0 357 9e
(V) IS amo e inles (SBIS &ygon | o]
Lo, 5 DFG 2 ;5 .00 oo Lis |, DFG G 5l slaiges
Sl ot SKiely 042 e oy 5 S e Sl
axlg zy ceadol JSo 0 Jle jebay o b 5 s
3929 OA.L.LS;.J)..é @L..Lo.c J.‘>|3 99 9 OJ.L.IS&Q.? Ls'L».LQ.C
Y9V o5 Gl Jols mls els b ol jo o)ls
Ol ) edlae cnlaitus 5l 3550 0 05 Iyl sl
ol @l 1 55 o <85 b s on 8 o8
UGG ln)’Y o)f u—" 6‘)-'." 6‘)'.’ O 5\“ dlbo)f (_g|):.>‘

(V) K& DFG (g5lwosly cyz ool IS6l, SO
sloasly L DFG 5 o o SanSy oo bl
Sae gy (S oty Jlse sl el Tie Sllas
Gzl cum 0uiiS G o g sue g0 g XVELY D axlg
g Doty 3529 (nl b el 5L 8590 e o5l
Cel « Sass, [bLs ¢ Boly cpl a5 05 g0 cdmlice
WDod oo ably g9, p ol JLll maw jo sl il
ol leld oS slaws b ole DFG (gl VU
YL ool pimes ol Sl Coday il
Dgio0 5o (Spanply GlBl cow Glles slasxlg
leazls slass el 5 o Slae 05 > S0 50l
g ool Jull mhaw jralS cely 095 aygia a5 ( Slles
eaxly (5 IS ST Lil 4 wsdi oo (B panylyh (aieS

s 25 A5 93 4 Olgies ) Vb mhaw s
:.5)5

alasl> 9 ‘5>L..Lo$ 6L¢:..\>‘9 LJ.AL....' as :ob‘o).:.w.n.
D9 50
Sl by S Salen a5 ;S aslg®

Sl 00l B ] u;LQQLo.H O

DFG &S I (gldiges «(Y— JSi)
(Figure-2): A sample of a DFG


http://dx.doi.org/10.52547/jsdp.18.3.3
https://jsdp.rcisp.ac.ir/article-1-983-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-18 ]

[ DOI: 10.52547/jsdp.18.3.3 ]

Sz Shlae ool 5 laiges
30 005S Ohged a5 aiies Jlisws b o
Ngd g0 03y 4 > slo S o 9 VLSI &l jlue
S>ge o JOCT) atwns  wgunS  hos
Jos 5 TFFT) mp 45559 hows S(OWT) aees
5l obaises A(IDCT)  usSae dlwnd wginnS
2 e & e Jlims 9 atenS O
oolaiwl giayg g polal (S S3lo, sloo )8
.); oalazwl ).'5[.@ Ogafl 9 G)Luoo).ms ‘U’““)b)" le).:
b gilulazr ;0 &S @ 498 has b [43-49]
bals 5 JL&w by oyl o bl
Jos e olgce ol dewsas g o)l Slgl,é eolanl
46, ] ols pll YL Gl ety gie o b ]y a3 4y 598
Gl 0,035 5 IMaS 5l 50 A Soge o [47
9 oLl Gleo )5 5o 5L 0,00 Slgol csle jo oS
JSs [43, 48] 5,5 eolaul 1 5 Gl e g Sl
58 sadoslatul EAS sols b ,> BILS 5l diges 9o (£)
J49] 2o o las |y allas oy

SOl 09y ol -Y
9 oo).'J....f G,Las HLS )0 g 6LA§ ASV.:‘ J.:Jét\.g
Sy, 5l eolatwl a5 ) so i sl wlS
LiSol, (smoz(igp 5 6,08 laph sl st
s 38 w8 3 Loy gl alie ol 4o ansly
Sz by iyl plseas GA g, ,LS 0 MFO
Glaolie Colgsyo g cadoolaiwl oold e (g5lwdig
wdS Syge L5 Bl 5l em 68l 90 o Shee
Slp S8l @b g bl o lealed jksle
wslsy Jlazms oo YL mhe s dlis I

Sl 00

MFO (5951 - Y-
Rt 6,808 slapt oSl 51 (So MFO - o 56501

).o.b p.u)ﬁﬂ| u." w‘ W <\S|)‘ [50] )b 45 w‘ W
Sl 5l 6l S L (IS sla g, ple wiilen
PE Blaw J 30 ane glogsl 8L <oz

2 Discrete Cosine Transform

3 Discrete Wavelet Transform

4 Fast Fourier Transform

5 Inverse Discrete Cosine Transform

a5 sl il 'S s Sobls o 551 Sy
Lol il Sloj slapls jo a5 aas oo ojl>l oyl &
Al L5 conle 59, 5 il Sl gy g
I sadganpley DEG o Jle glyp acil atsls
P Sloj P8 4 F oS g pge (Sloj o5 4 ¥ 05 (B)
Coje dgd oo odslie a5 jeblen Cuwl ool Jaie
slaws aS el b jo pgw gloy a5 40 F 0,5 6l 2]
ol mals sae g0 a4 aw 3l olg oo |y osiS e
ol Gy B w580l gl anl B 50 aSenl g

$lp ks 9550 mslie Slaws L8 al> e o : Ll
al> o o b el asin s, ge L8, (g3le ool
S 4y 0, paS o 55 e aitie 338 e Ll
3590 5 Jls jebay 0gd osls plaiz! Slles axly
‘) Y o)f 9 J}‘ OAJ.ZSéo.? L ‘) \ o)f L)‘?"(SA s(&) JSM
Sl olaiB pgs saisS xax 4

2Ly alblar Ojpoh wilge Sl o
Jlite (Saly Jods 0925 (nl b st 12 (o055
6l e o Gl GRSy 4 dls e d e auad
@l axys 9 o)l ol ple 2l 2 oSl
B e 5o Ol Geigmen Conl SIS L

355 1 5 plojen 500
Inl 2 m3 In4 Ins mé In7 In8

N

5

RGOk
/]

o

6

4

(V) S o0l (goouylo ) DFG 1 gladgos :(F— J)
(Figure-4): An example of a scheduled DFG for
figure (2)

Inl In n3 In4 In5 In6 In7 In8

S5 1/]/,
BB

6 4

D

(V) S ooy (gaouylo ) DFG ).ig.o &ldig0d 1(O- )
(Figure-5): Another example of a scheduled DFG for
figure (2)

1 Mobility

fFA 2l ¥ o,k Ve JLlu


http://dx.doi.org/10.52547/jsdp.18.3.3
https://jsdp.rcisp.ac.ir/article-1-983-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-18 ]

[ DOI: 10.52547/jsdp.18.3.3 ]

VLS| sla)law JUazxsS sladue Vb glow jiias sl 3oTHl 6ol ash)l

&

d g Cenlagal lon b baaily slassn T jo as
9 e dley a Sy lede el alee sl
D9 g0 0S (V) alal) &j504 OM 6l 4y cns yibo
oM,

oM,
OM =|, )

oM

el 1 595515 OMi g baaily y slasws 0 o)1 o oS

gl oo i (V) abaly & jg0a

f1]. . fld
M= :
fnl fnd
v
OF, AR
OF,
OF =|.
OF

(F) alayly Gub algy o was Cosdan dslol jo

S(M;.F;) = D; x e’ x cos(2mt) + f; )

Dol i wlyy was cusdes S(MiFy) o yo oS
O akols ouiiS Lo Dy g [V gV ] o3l o Bolas goue
©) akasly & yg0 a5 ol alads Gl J U aly ool

D; = |f; — M| ()

ol alyy My 5ol s Solo fi o jo a5

Lo gas iy 5 —F-Y
G Sz g e el ga g bl ma brl o
CanBye op i aled o5 Syl ol b caiies Al
aiwd glaols aaily g aiws aasd ) B baaly
P g7z slaS o abgy dbE 4 i) Cox &S
alads Sy Bl ailg s 0 S e oS > baaled G bl
gl 1) ol 5l g Cundse S a5 oy oo ,S 28 >
Sz w0l cnl 5o oS e (Rl aled Cosdee b
Sy Sobl dge 9 (e ange bW 518
L blie alad b L 1) 095 Condgo alyy p0 o5yl

6‘,» A..S‘_;ojﬁ)d.v WY u.u).n 6[.&4.1.&.» w..').‘Lo)o \)5.‘>

A 2l Vo kel 1Fer Lo

5 boalyy 5 418,55 MFO pi oIl oyl ol co
oo y58 Gasb 5l 5 50 o] (S5 (e olSiss
Oz baly .l Hepuine ablaie ol s 4 a5 ol
Ol (SWIL 5 (oran slaygh blie ;o 1) (o e
S g0 IS > g8 aie Ceow 4y g 00l (LS 395 ]
m, ... my

M=| : .

QD)
My - My

lop;jg05,5 asile Gy oo 1y Wadilyn (bg, cnl 5o
L5 )0 [51] PSO iz 580 5o &l b S5y oty ysSl 5o
s Lad (o adly p Cundge los 35 b pite (235

Gy (V) dhal) Oysoa Gl 1) baailyy Cuadse

WS (o g i 0010 (41 yo GBI 5 -l (- i)
(DWT) i S g0 Jo s 0010 b 4> BI,8 - (DCT)

(Figure-6): a-Discrete cosine transform data flow
graph (DCT) b- Discrete wavelet transform data
flow graph (DWT)


http://dx.doi.org/10.52547/jsdp.18.3.3
https://jsdp.rcisp.ac.ir/article-1-983-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-18 ]

[ DOI: 10.52547/jsdp.18.3.3 ]

uﬁ..b 54.“3,» )o d.'a.a.) U”‘ )‘ L)"ﬁ 6@0; ‘nLo_v

g Gl e 098 o0 ol Box Cuadee (0 S
slal 51 aS &g (pay 09d oo oolaiul blis aled
Ly ore,5 5 00,5 &8 2y £9,0 Jais ;50 aladh Cuadse
ol S Wl 0gzg dilgy Bax Zosdge jo S
GRSu 5 Wz Cadge gl Cax oS 0 (2
abhy G ol Gl e (Sldes laasly slows
ol 5l am lee S e cnl o (Bolas JalS ek
2 Nghioe s K0Sy b aled g allyy o abis
5 Sl Solr Sy ol el 5l slaises (A) S5
oals Hlas (V) JSo yo oulol, DFG (gl o0,8 alnts

w00

Wy {1253647:12)

sz {3241567:3/1)

aily y Caxdao (Slw)yigrd 5l (Jlo :(A-JS2)
(Figure-8): An example of updating the position of
the moths

Qgy o C‘)’.‘I“" ool oSl S eiZiad
S8 52 50 5 bealed olaws ol Sguge w0 (512
g se e, (V) iy 35k )

Flame

N-1
Number — Round [N =1 X(MaXi )J (V)

Cunoz Glod b baled slass azo N o1 o as
S b )| SO i Max; ¢ ol b 1S5 Tl

Slbl o dilyy den om0l el jo cudy pa
uwd?o&u‘;bmww

S5 5 Y-
S5 5 a5l gho e slagilly bl St
&b ) ool o Slee awlio g ool by, g0 o
oals oolaiwl (A) ahl, &jgods eolpiing S5l

w‘
Fitness =W, x L +W, x A +W, x i
Livex Avtax Prac M)

g el oy e b laaily e le y0 aily e Jle
oy mple o aled o b oalyy (n s
bl i 5 oo S (o0 joya 1) 093 SuaBge baaled
Skl 5 oad i 2Lk oglad o i
e cpl 5o bige d9nte pys8) (6l (S

el (V) IS5 & g0y alals b g alyy o Condoe

Sezge slacuglyl cule, L lao 8 (sl o )5 oniiS s A5y

| 1253647 |1 2|
&L’.ﬁdl.\;‘im.\'_zfmét.i.audéq
aleds g dilg yy Caxdgo Gy pai (V- J5C0)

(Figure-7): Definition of the position of the moths
and the flames

5 Ui 90 4 allyy e Caxdge iy cpl o
SOk o Coom g S i 39b o8 el 4>l
o3 g Sl DFG o oS sl puil 6> 5 w55
3 Slbes slaasly slaws S olis sl Caw g pgo
&> o 0 oS oled 655 )18 i cwl g5 0
Sy 05l 12l 5055 0,5 plaS a5 was o lis pods
Ol shaw o ¥V Sdee o ) S Joe lal YL o Jlis
Sl b ey menay 2y (nl 5 L2l pxiy S ee
a5 0g az gl Wb AT pl A e o pll o S den
Cale, oo S el yzl Caslsl oyl laaled 5 baaily y ales ,o
O 0,8 (V) JS& y0 el DFG jo Jlw glp t0gd
s 9005 HI3 Y 91 oS szl 5l b i
Vi) gleSdes lazss @ sk ol gl sl
Wlgs oo 5 009s Al Vg ) 05 4 ¥ 05 g e
Cosdye Sloyipa 0pS L Lol 1w b i
aled CoxBge g dllyy CuxBge | colaiul b laaily
sl 53 caBaiS by, ab o dllgy o b bl
Sydss drnloe dilgn Wux Coxdge g 4B D)0
lacudsl (Ao yo ladlyy Coxdee (Gluyjgn [31]
sl o] Jlael 5 o 45 el 0 iy (SlaisSa,
losts Cule,) oo S (gl slacaslyl

b blite aled 5 aly, cslacaslsl sise o
gdse 48)S S5 )0 (7) alay il abis S oo

Q=T —Round [(T -1)-1 XGA_ZD *)

ax.

o5 Jae S olaws T a5 3,50 abais Q o] o 45
b, S5 ais Maxi g o> J> IS5 1 DFG

fFA 2l ¥ o,k Ve JLlu


http://dx.doi.org/10.52547/jsdp.18.3.3
https://jsdp.rcisp.ac.ir/article-1-983-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-18 ]

[ DOI: 10.52547/jsdp.18.3.3 ]

VLS| sla)law JUazxsS sladue Vb glow jiias sl 3oTHl 6ol ash)l

CJa...u ‘|)_?| QLA)’ OP P e Q\))s]woc\g J.al.w alol>
Loy b bl ol Byansly g ond Jlsl
3 00 Sy lapls b sanpley Jsb les e pu
Gkl easJiil mhaw .cwsl DFG S sl>l sl y
5 S Jes ;0 35750 b gl Slaw acwlxe
Ol Egeme 3 (Brasily g odol Cawody bls

[52] sl g j0 o 5 Jos

o503l wesls Slasivw :(\-Jgaz)
(Table-1): Specification of the benchmarks

Slawy

e o 5
DWT sl i JLu-vw Sl b bjlo 17

w9 R B> pgal (Do« Sb>

MPEG P9 3leod 8 5 B3l 28
FFT b ild g JuSom B30 36
DCT 2525 §5lwod,28 5 JuSe 35105 42
IDCT 2525 §5lwod,28 5 JuSew 5105 42

O

MATLAB ilay 5 lio locs;loooly
CON7 5 53l olasin by soiwpw 5 (R2015h)
0ss Ll 5 glooolyy p, alisls cylISS A 5 6700HQ
Bgad Vo b ply adel Comon dlass g, 90 2 0 .
sl Sl Ok e 0 IS sl (riares
«Si5s pi o8l 5o el ool aid I s 0 Ve e b oly
Y plp G SMles oy s /Al dblE oyl
Oeilee 5 00l Lzl )L Ve oo oS0l jo sl ouls jglate
2 osle el e Gl Sl ol @ ol
el 0als S il )by
gl wep) Saa @l dw 9> 4 g L
e gled (Brae Oly 5 a8l5 59, » oad Jld]
P lr eolidn Ghy) dliwgr 0dd 00 (e gip
Selgz g ol walyS (Gaa dw (lejad Ojgoh b A
L1 sl (el g 2l (6 pa (iomins Jlae Cadlys
ol b Ws=0.3) ol & bgey by (58,5 158 b
A Camd oy ol 550 Bue pl Coenl &5 S
BRN SSUIVIC AL PRV UE I g - O S KV Ry e
Josl gl coy) 500 Ban g0 L sl o g0
4 oy Caedl bxnl o casl onls ools isles (ouds
Iy Jl8, eed a5 Conl gando g 0uls o0ls (lgy B ras
bl 99 4 bgpe culps (RAlaSS Sl b Gl o
Sl 5 oo by (1) Jsoor o5 S5 505 5%
Ol 1y ogasl slaosls 4 osisal (Bg; 99 led slene
Sop dedots a5 conl Coenl Sl 4SS () S8 oo e

A 2l Vo kel 1Fer Lo

Jsb Lt ( Sx5l &b les Fitness ol o a5
dsb 055 e «(2bs)l 9y9e diged sanle;
Eyozme At ol Jlo Camaz 50 0szge saiple;
Avax dools 9 )5 Joe )3 S9zge baygi 3l
Sranplg Pl Comaz )0 35790 s (052555
Lol 35290 Cumez 55 (g5 (i Puax 5 lo)S Jes
SIS GB3) 5 (BO5s Stz il o 5 Wa 5 Wo «Wy
Sonl ez iy dw (pl s bl 55 2
gl oloy byl 51 S plaS g jluaigy Zaglsl
b wisd oo bl claigfay woel Bl g oas sl
)5 Joe olowi 048 o plp olgen oy Egors
30 Slles laasly slowi jisy 5l puiinss Ojg04
(MFO )3) ladilyy 5 laalads L 5 (GA ,3) po)909,5
'LEA g, abwgas 5 leold slows 5 ol Cawsa
sl By e caslice Cya [25] 09l o Al
el ol dalol )5 oaioly g, a4l (golpin

Generate random initial population with respect to
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algorithm
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Moths and Flames.
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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

fFA 2l ¥ o,k Ve JLlu

e & -
)
e


http://dx.doi.org/10.52547/jsdp.18.3.3
https://jsdp.rcisp.ac.ir/article-1-983-fa.html

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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