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Abstract

The study on Influence of environment factor on habitation of Razor Clam (Solen spp.) in the New Mudflat Area
of Laem Phak Bia at Phetchaburi Province during May 2012 to April 2013. Field collection of the hard clams were
carried out by line transect sampling method, using 10 line of a 100 meters transect (L1-L10). The result showed that
the Razor Clam occur in silt loam sediment in the depth of 15 to 30 centimeters which composed of 27% sandy 59%
siltand 14% clay. A total density of 14.19 individuals/sq.m. of Razor Clam were obtained in this study. Our survey
demonstrates that the highest numberof the Razor Clam was 31.61 individuals/sq.m. in June, 21.48 individuals/sg.m. in

the rainy season, 36.39 tonnes per year in the total weight and 511.94 million individuals per year in the total number.

Keywords: quantity, habitation, Razor Clam (Solen spp.)
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Figure 1 Localization of the new mudfiat area of Laem Phak Bia receiving effluent from phetchaburi municipal

wastewater treatment system, the LERD Project
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Figure 2 Sample point of Razor Clam (Solen spp.) at Laem Phak Bia

Figure 3 Sample of Razor Clam (Solen spp.) and Sediment at Laem Phak Bia
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Figure 4 Density rate of Razor Clam (Solen spp.)
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Figure 5 Weight of Razor Clam (Solen spp.)
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Figure 6 Weight total of Razor Clam (Solen spp.)
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Figure 7 Quantity total of Razor Clam (Solen spp.)
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Abstract

This work describes production of Bacillus sp. cell biomass at high concentration with defined medium, using dextrin
(glucose oligomer) from cassava starch hydrolysis, at high concentrations as the carbon source together with a special
batch cultivation technique which is simple and inexpensive. The study in flask using Batch Production Medium (BPM)
with dextrin as the carbon source showed an efficient biomass yield of 12.93 g/l. Furthermore, in 5-liter fermenter
cultivation, dextrin could be used at a very high concentration up to 100 g/l without growth inhibition (this cannot be
done, if using sugar as the carbon source) and enhanced cell biomass concentration to 31.98 g/l. Further scaled-up
studies of the cultivation in 30 and 300-liter fermenters were carefully performed in order to test the feasibility
for production at an industrial scale. They clearly generated excellent results because of good cell growths and
producing biomass yields at the very high concentrations of 43.45 and 47.03 g/l with the maximum cell productivities
(cell production rates) at 3.11 and 3.92 g/l/h, respectively. The results of this study importantly demonstrate highly
effective production which is able to be developed to industrial scales and substitute the usual fed-batch cultivation

technique which is a complicated method and high cost.

Keywords: High-Cell-Density Cultivation, HCDC, Dextrin, Batch Cultivation, Bacillus sp.
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Figure 1. Growth, dry cell weight, and reducing sugar
during cultivations of Bacillus sp. With different
carbon sources
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Figure 2. Growth, dry cell weight, and reducing sugar
during cultivation of Bacillus sp. with dextrin at
concentrations of 20, 40 and 100 g/l

a@l‘nmiaﬁamamaa (r) Wiy 0.52 nuea
am@m‘*ﬁﬂm LLﬂ“’ﬂ@]i’m’]{L?jWW]’]a (r) Winfu 0.68 N
maamma’mim AURIAY

Namiﬁnmms‘li{mn%ﬂ%uﬁmwLifwﬁ%ga
TN A TR AN ATRAN SIS IAILLLINE
Tudnainawia 5 8y

INHANTANBIT1IUY wRAIMALRUTALAUIN
Lﬂﬂﬁﬁﬂ%ul“ﬁtﬂmmdaﬂﬁuauﬁﬁﬂswaﬂ%nﬁwﬁﬁm lag
ﬂﬂ'nmﬂmmmanaiﬂamﬂmaaume Foruwaernns
Ansndan Lwamsmummmumumma RNERN D
LandnIudansLaSvad Bacillus sp. TAgMIWzIAE
Lsnaarﬁwmmsgm BPM HauLandvisufianaidudu 20,
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gz wunmsliandrsufiannududi 100 nfudodas
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Wi Bacillus sp. Sanuaansalumslsnsinanaiend
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g 20 nSudedns dslienanuduTuTINIaITas (x)
WinNU 4.13 NINADAAT aAIINNIIIYTNNIL () iNY
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; Kulpreecha et al., 2009 ; Zhu and Xu, 2010 ; Barros et
al., 2013 ; Raul et al., 2014 ; Malairuang et al., 20) LLas
dammisldiiana (r) i 6.26 niudadnydadalug
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Table 1. Calculated growth kinetic parameters of Bacillus sp. Cultivations in BPM medium with different carbon
sources
X M r r
Carbon sources 4 xis x s
(9/l) (h7) (9/9) (9/l/h) (9/l/h)

Commercial glucose 5.13 £ 0.50" 0.15 + 0.02° 0.45 + 0.05° 0.57 + 0.06° 0.94 + 0.05°
Glucose hydrolysate 470 +0.27° 0.05 +0.01° 0.29 + 0.05° 0.52 + 0.03° 0.68 + 0.02°
Dextrin 12.93 + 0.40° 0.18 £ 0.03° 0.57 + 0.04° 0.72 + 0.03° 0.99 + 0.00°

Statistic comparisons of those mean values within their own columns (among treatments of cultivation conditions) at p-values of <0.05 show
different characters, a, b, and ¢, which mean statically significant differences.

Table 2.

Calculated growth kinetic parameters of Bacillus sp. Cultivations in BPM medium with dextrin at

concentrations of 20, 40, and 100 g/l in 5-L fermenters, and 100 g/l of dextrin in 30-L and 300-L fermenters

Dextrin concentrations Fermenter X M Yxls r r
(g/) volumes (L) (g/) (h") (g/g9) (g/l/h) (g/l/h)
20 5 413+ 0.21° 0.04 £ 0.01° 0.25 + 0.01° 0.17 £ 0.01° 0.69 * 0.00°
40 5 23.10 £ 0.36° 0.16 £ 0.01° 0.58 + 0.01° 1.29 £ 0.02° 2.21  0.00°
100 5 31.98 + 0.34° 0.19 + 0.00° 0.45 % 0.01° 1.33  0.02° 2.96 + 0.04°
100 30 43.45 £ 0.07° 0.21 £ 0.00° 0.62 % 0.00° 3.11 £ 0.02° 3.63 % 0.03°
100 300 47.03 + 0.15° 0.25 £ 0.01° 0.63 £ 0.00° 3.92 £0.01° 6.26 + 0.03°

Statistic comparisons of those mean values within their own columns (among treatments of cultivation conditions) at p-values of <0.05 show
different characters, a, b, c, d, and e, which mean statically significant differences.

Note X : Cell biomass concentration (g/l)
u : Specific growth rate (h™)
Y)ds : Yield coefficient of cell biomass per unit of carbon source substrate (g/g)
r : Production rate of cell biomass or cell biomass productivity (g/I/h)
r : Rate of carbon source substrate utilization (g/I/h)

asanluanisiisadezninazdiannie
LONNUBRBaNN (Crebtree effect) (VITYNY WIRLIIDI AL
\sgiTs Senaas, 2557 ; aiaiin andoides, 2561)
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Figure 3. Growth, dry cell weight and reducing sugar during
Cultivation of Bacillus sp. in BPM medium with 100 g/l of
dextrin in 30-L fermenter
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Cell Level, FBC) (¥7qynyy 11aut3ad, 2561)
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Figure 4. Optical density, dry cell weight and reducing
sugar during cultivation of Bacillus sp. in BPM medium with
100 g/l of dextrin in 300-L fermenter
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UnAnga

duwdududgmsdglunsdandn anudsvesdudnalifrozinmaatydulaussnaniavasfizanss nagng
wikfioRrliausanumudasniizanuduvesanldde mﬂﬁmﬂﬁﬁﬂﬁﬁqmauﬁ'ﬁdam’%umnﬁtyl,?m‘[@
2o97iT (PGPR) msfnmassiissinuuaiide P. putida ATCC 17484 wmaauanuaansnaeasloaalswes
go3lunuiie IAA uaztonlned ACC deaminase (ACCD) luarmsiassideiflasazansInidsunas 156 200-1,000 Hadluans
uazfnEaNuEInInlumIdsSIM IS uAUEUlaueIduing (Oryza sativa L. cv. KDML105) wamaauqmauﬁ'@lu
miahemsloaalsved gasluudia IAA uaziawlasd AcCD luamsidsadefiimsaraslndouasslsdld sansanu
indelmdnuasalsdlafionudndu 5% (wiv) uas Wm'nmﬂmm P. putida ATCC 17484 sansnsaissamsiasidvle
2380t 1e Tapfinnunimn anugnddu swinaed e uas m'vmﬂLLmmmmwu%u@mmummvlﬂmuma
LLaml‘vﬁmu’nu,'umlmeswuquuqmauumﬂu PGPR fimansnguasumaaiuidulavasdudniluanzfudals

o o

adan:  wwaiiGeglaluuus widh loaaliwes sosluuiis 1AA tawlsl ACCD anmizanuidy

Abstract

Soil salinity is a serious problem in rice cultivation causing plants to stop growing and resulting in reducing crop yields.
One of the strategies to enable plants to tolerate saline soils is to use plant growth-promoting bacteria (PGPR). In
this study, Pseudomonas putida ATCC 17484 was used to test the ability to produce siderophore, indole-3-acetic acid
(IAA) and 1-aminocyclopropane-1-carboxylate deaminase (ACCD), in the broth media supplemented with 200-1,000
mM NaCl solution, and to evaluate the ability to promote the growth of rice plant (Oryza sativa L. cv. KDML105). The
results showed that the bacteria produced siderophore, IAA and ACCD in the presence of 200-1000 mM of NaCl
solution, under 5% (w/v) NaCl. It was found that P. putida ATCC 17484 could promote the growth of rice seedlings.
The root length, shoot length, shoot fresh weight and shoot dry weight were higher than those of rice seedlings grown
without bacteria. This study shows that this bacterium is a PGPR and can promote the growth of rice seedling in

saline soil conditions.

Keywords: Pseudomonas putida, Siderophores, Indole-3-acetic acid, ACC deaminase, Saline condition
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LN

Jymianuiiuuaddin Lﬁaamnﬂ‘%mmmﬁahﬁugaLtﬂu
wiailadanaeTuafiadydmiufe (Yan et al, 201)
wndaludurinliiiaanuaduesalu@n dawaIﬁﬂWi@@%wﬁﬂ
8138113V NNTRAR LLa:ﬁwﬁﬂgnluﬁuﬁamﬁw
gianazdanwmzuaszinin sanaldnisaiyidule
URENANAANTAAad (Paul & Lade, 2014 ; Patil, 2015)
uaﬂmﬂﬁmﬂﬁmimﬁﬁaﬂmaﬁﬁ’m’mﬂwmzamﬂu
SZUZNAIIWIUTIFINAA DN INLIATBNLAZAINGAN
auyIniuasAuaaad (Ritting et al, 2018) Miuddaym
ﬁulﬁuﬁumﬂ’ﬁ"‘s%miﬁuﬁﬁmmwa%wﬁmﬁﬁmmu@ia
mwm%slﬂﬁ“ﬁvlﬁ(Honma & Shimomura, 1978 ; Vaishnav
et al, 2016) \FWINLIIUILVAY (Grover et al., 2003)
WamnBufinudennuieiualufodwuuuity NG, G
azsdaowda (Arabidopsis) Laz11? s‘f}ﬁ%maﬁuﬁq
mmsu‘f‘:mﬂ%zﬂ:nmmmmzﬁﬁunuga Fovnsle
AunsdaaasumaasuidulevasfislasandauuaiiGe

0® oD

D

Ada

N53adaszludnuasusiiasaunie Plant Growth-
promoting Rhizobacteria (PGPR) %\‘Jﬁ!auﬂ%fjmju‘ﬁ
sunnysuduazadudulasausniislaodnesiaisn
LLa:‘*zhmﬁmmnﬁzy@mimaaﬁmhuna"lﬂmdmma:
N9aNNA808d (Kloepper & Schroth, 1978 ; Kloepper,
1993 ; Ahemad & Kibret, 2014 ; Goswami et al., 2016)I@m
mIaieaInIuguMIeTYaularasfs (plant growth
regulators) LT% Faslauis IAA (indole-3-acetic acid),
FuluaLIadn (gibberelling) wazlolalafin (cytokinins)
(Patten & Glick, 2002 ; Kang et al., 2014) PIURATEAL
efauluizlasnstesaasiewlosd 1-aminocyclo-
propane-1-carboxylate (ACC) deaminase (Han et al.,
2015 ; Wang et al., 2018) azauwasiWa (Srivastava &
Srivastava, 2020) T18QATURZAUENTOINITURZNITAY
1ulastaun191n1n (Richardson et al., 2009) 8314 wLae
TsWa3$ (siderophore) touBaauuawanludsuindoy
(Haas & Défago, 2005 ; Neal & Ton, 2013) R1U1INHES
U fFuendemsdwanmuueniasin NOUALLE,
ladwa, mRladn, wada wazloenlud (Bakker et al.,
2013 ; Kamou et al., 2015)

PGPR ﬁﬁmiﬁﬂmuﬁ's'jﬂmmsnns:éjunw
Windulavesizldunana Acetobacter, Azospirillum,
AZzotobacter, Bacillus, Burkholderia, Enterobacter,
Klebsiella, Pseudomonas \\8s Serratia (Glick, 1995;
Jones et al., 2007; Barea, 2015) LLamﬁammﬁuﬁ:ﬁI@ﬂ

\uAe Pseudomonas putida T3 Rhizobacterium

A

Axu1I0 b TU T o Tl naIN®a g NIINITINBA T

J Sci Technol MSU

(Hassan et al., 2011) #389winuafiias P. putida
8 Uﬁuﬁf TSAU1 aansaainszaslanie IAA LazadLasy
maasaduladzld (Hernandez-Montiel et al., 2017)
LEWLAEANUINEWITLUDS Egamberdieva et al (2009)
WU P. putida a39zaslaniie 1AA LAz NTDEILESY
matasdvladnafluannzanudld

[
o o

AIUK NWITBATINIIRaNATIIRAULLATLSY
PGPR fiflamandidlunaduuuafifosaaiuniniiy
AU lavINTLALTIBNTNUNUADRNIZANNLAN L6

DM INAaag

1. 6]"26Ej’]dL‘%aLLUﬂﬁL‘%ULLa&ﬂ’ﬁﬁﬂﬁL%aU%iﬂﬂ%
\auuafi3y P. putida ATCC 17484 (ATCC: The
American Type Culture Collection) Qﬂﬁﬂlﬁﬂ%qﬂ'§
Uua’m’mr‘ﬁ\‘lg@li Nutrient agar (NA) ﬂ&lﬁqm%gﬁ 29
asraaduminnm 24 521w

2. MmysassuMaasLaulavasie (Plant growth
promoting; PGP) nagaumsaeansioaalinasannds
N13289 Rungin et al (2012) ﬁWL%aLLUﬂﬁL%UﬁL%%IUUU%
91 1IUTIFAT NA (DUALEUHUERENA1T 0.5 Hafiaas)
"Lﬂmﬂummwwzl,%aﬁﬁmmm’ﬁagm Chrome azurol S
(CAS) (Schwyn & Neiland, 1987) uazidussazaelodoy
ARB IR 0, 200, 400, 600, 800 LAz 1,000 Aadluans (¥in
3 dn) ﬂuﬁqm%gﬁ 29 aseiwaldos tunan 1 §lak
douuaiisefiaiilaaatlsnesldazunngalalon
sou 9 lalafiuddn antunaseumssisesluuis
IAA lum‘m’ﬁmmgm Yeast extract-Dextrose (YD) ‘ﬁLa&l
ssazanslomidsuaaalsd 0, 200, 400, 600, 800 Uaz 1,000
fadluans au3Bn13wes Sadeghi et al (2012) Uaun
LS adENaaanIainINE) 250 saUdauf gaunndl
29 asmwadaalufidadunm 1 ek udninlin
wisaiafiumsazansdulglunaseunsatsaaslun
W IAA eaR1I8za Salkowski reagent A13ATNTRY
Ahmad et al (2008) MniwiamuaSyvende lasms
wiindnuds nageumsssawlasd AccD Tuems
#if Acc 1uwunaslulasiawiosundadior (Honma &
Shimomur, 1978) I@]mgml,%aLmﬂﬁﬁsuummmﬁagm
Minimal medium (Hopwoo, 1967) Minimal medium ﬁL?m
0.1% (NH“)ZSO4 Wae Minimal medium 'ﬁlL?m ACC 0.3
faaluand (¥ 3 9n) ﬁuﬁqmvxgﬁ 29 aseioaloa Lu
a2 flad Wedmaniaaiyldluenis Minimal
medium ALiu ACC ugasiniimissaulsd ACCD
35n1v289 El-Tarabil (2008) MNiuNagaUAINTINNS
g aawlod ACCD mudtnIwad Jaemsaeng et al (2018)
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o X Aa A a v (3
u’]L"HE]LL'Uﬂ‘VILiﬂ‘(lm‘ifyluﬂ']‘lﬂ'ﬁlmﬂ'lg@]i YD Y181LDaR

@1 0.9% Normal Saline uwazgaiaaatinngs 10 lulasiias
1Uiap9dalia1mis Minimal medium fL@N ACC 0.3
A _a & o ' A A = '

Fadluans i lUuvunaIaIwE1NaNs 250 JaUda
Wil g ivaauiim 72 F L9 3nBatin b iluira e
WatnuaazaesInlanazinulanaaanasadlng waads
L@UENI8ZaNY 2,4-Dinitro-phenylhydrazine LazialTumh

nsasanbnsd ACCD drualasadalasinlaiinas

fFNIgananias 540 Wl as

3. NARAUANNRINNIANWAN 0-7% (Wiv) el
msmwjaLLuﬂmm"LaJLamuummmmmm YD e
indeladouanelsd 1-7% (wiv) (Fh 3 $7) qumﬁgu
29 asmialdos w1 e

4. miAnwfanssunmsdassunaaiadule
9717 (Oryza sativa L. cv. KDML 105) ¥mssingaus
AILNAATN618 70% tanwaa Lwan 5 wifl waz 1%
lmdoylaenaalsd Wuan 5 il dsliazenadn
aSsdnindudnanige wasutwdaluiinawin
1 24 Falug ﬁﬁmﬁﬂmﬂqnﬁm%a (10° CFU/mI) 1w
1 4 $21a9 auAtues Rungin et al. (2012) 9N
lunezaudannmssaniuda ﬁ'féowﬁﬂﬁ"l&ivlﬁ%'m%mﬂwq@
AN TainwiaanZesluwanfidinszanmiauazifa
sazansladonasalsa 0, 75 Lz 150 Hadluans vinms
nanaITass 30 Wia (1 5 ) ﬁﬂ‘?ﬁqmmﬁﬁaﬂuﬁﬁ@
Hwnan 3 Juuazsn 4 Tuluditussanaizues Ramadoss
et al. (2013) wSufanssumssassunsasuiulaves
dunadnluanizlsatanasdaidandudnidanunds
13987y 1 Flonvuvinmidadasnnmsnaiialaaa
\He LLa’Jﬁ]\‘JEI’WEJ@]‘I/L"II’]’J‘HVL@]EHL“EaLLavaNvLﬂi‘]JL?IavLﬂﬂaﬂsLu
nyznshiiauuazduinde lmasuaaalsd 0, 75 uas 150
fiadlun{ lasudazgamanaassgnibanifivinmlinig
Taanzls3outazsatinduas 1 a5snasanasy 15
%aldij‘ﬁ wazifionsuszziian 30 Ju 393anNIIN
AN uazFarininan iwninu

Figure 1 Colony of P. putida ATCC 17484 on NA agar,
incubated at 29 °C for 24 h.
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5. mylanzidayananiaiia Jienzilasls
151NN Minitab 12835% 18 WaztUIoULALUAILRILVY
Lwiam;ﬂmaaﬂ@ ol Tukey Multiple Comparison Avzau

o

RURAYNIFDG P<0.05

Naﬂ'liﬂﬂaaﬂllaz%ﬂ']sniﬂa

1, ﬂﬂiﬁﬂlﬁL%aU%q%%WU’j’] sansnvnliiza
wuafiSe P. putida ATCC 17484 uaniulalafiifieuas
u’%qw’?’lﬁ (Figure 1)

2. mysassumMaasyaulauasis (PGP) wuin
uwuafli3u P. putida ATCC 17484 ai19laaalinesldgega
2.20 rudiwas luamnudagas CAS Alaiduansazany
Tmduuaalss widamsazaelndsunsslsdiinin
anumaInlumsasloaalswasazdas g anasde 1.33,
1.20, 0.77, 0.47 uaz 0.33 LIWAHNAT RI2FUANVTUTY
sIazansloduuaaalsa 200, 400, 600, 800 waz 1,000
Hadluans aw&e (Table 1, Figure 2) §aAA8 24N L%
29889 Deshwal et al. (2013) WUIWUANITY P. putida
sivasizaslimetldluemiudigas CAs Adunde
lndouaaalingsfia 2.25% wamsasagasluuiis 1AA
fwiuidouuafiefiaisasluuis 1AA ldasazans
anﬂﬁumﬂu%ﬁuamuwﬂLLa:mnvl,&iﬁmm'fﬂuaaﬂmﬁm
IAA msazansaz il asuavtediasminmaeuiasued
m‘mm‘jaﬁw‘lﬂﬁf@@i’mﬁ@ﬂﬂﬁuum lapwuinuuafiise
P. putida ATCC 17484 ahsaasluuiis 1AA ldgaga 17.18
lalasnsudaiadans Asduanududumsazanslndon
analsd 400 fadluand wazmuadwidulagiga 109.33
faanudedadans Arduanuduiuasazas i
aaalsd 800 fadlums iudailiomsazanslndouasalse
Lﬁ'ugﬁumﬁﬁnaaﬂwuﬁ% IAA uazmsiasaLiulaas
fines) aAad (Table 1, Figure 3) Figaandesiunwddy
7849 Deshwal et al. (2013) TgwILLATSe P. putida
ghvaaslunity 1AA Tduazaannasaidulaldluane
Adindelmasunaalsd 2.25 uaz 2.50% AUEGU 11w
\AEnAU P. putida 88WUS R4 QP APt e AR R PRSI
1AA 16 8.9 TulnsnSudaiadans AszauanuduaTazany
Imdsunaalsd 1.5% n3a 257 Aadluans (Egamberdieva
et al., 2015) NaMIFI9LEUloN ACCD WuILUAfSe
P. putida ATCC 17484 snansniasgiaulalaluamisuds
g3 Minimal medium fitéiy ACC sansawdon Acc Tay
Iioulmsd Accp TwiuuanTuiiowss Ketobutyrate $9tin
Wl iiednssiiausziasale (El-Tarabily, 2008) uazwy
fifianssumsaiaeulsd AceD ldgsfis 126.50 nmol
keto mg protein”h” Aszoziaan 72 Falus Tuwmed
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sezaan 24 uay 48 $alus sfrotewlesd Acep 'lé 9.40
WA 79.60 nmol O-keto mg protein”h™ @ WAL (Figure
4) FimoandasiuNuwITeuas Pastor et al. (2016) WU
11 P. putida PCI2 fimaasyladluamsfisl Acc s
Huundslulawfosunsadon Weaildeufiouiy
013 lifl ACC wuin P. putida PCI2 ldanansniain
WWulaled wazuiduvas Nadeem et al. (2010) Wuin
P. putida W2 &3natanlasi ACCD 'lef 364 pmol kg™ h
waza e luwiis IAA mansnsassumMasyeulaas
48R (Triticum aestivum L.) Aelaannizanuiau

N

a
Ibb
11
c 4
. Iii

0 200 400 600 800 1,000

Halozone diameter/colony
diameter (cm)

Concentration of NaCl (mM)

Figure 2 The effect of NaCl on siderophore production P.
putida ATCC 17484 Halo zone diameter/colony diameter.

H IAA (ug/ml) [ Dry cell weight (mg/ml)
150 a
100 b
b
50

Cc
C c 2
0 EF‘H _|I| .ﬂ 2 b— E

0 200 400 600 800 1,000

Concentration of NaCl (mM)

Figure 3 The effect of NaCl on IAA production
P. putida ATCC 17484.
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Figure 4 ACC deaminase production.

Table 1 Determination of plant growth promoters
production.
Plant growth promoting
NaCl
(mM) Siderophore I1AA Dry cell weight
(cm) (ug/ml) (mg/ml)

0 2.20+0.20a 1.07+0.02b 6.96+3.86¢
200 1.33+0.15b 3.77+0.01b 15.77+4.03c
400 1.20£0.10bc 17.18+0.12a 27.11+2.86¢
600 0.77+0.06¢ 5.82+0.01b 57.31+£15.94b
800 0.47+0.06cd 5.58+0.01b 109.33+34.17a

1,000 0.33+0.06d 4.75+0.01b 72.89+23.76b

Values are means + standard deviation, different letters indicate
significant difference between means at P<0.05

3. ANUAANTALUAINULAN 0-7% (wiv) WUn
wuafli3y P. putida ATCC 17484 sunIniaiylagiga
U IMIUTIgas YD Fdundelmiuunaalsd 5% (wiv)
GamoandasiuIuiisvey He et al. (2018) WU
P. putida Rs-198 nuLfxla 5% (wiv)

4. fanssumadaasumaasyiduladng (Oryza
sativa L. cv. KDML 105) wuNfiszauanuddunie
lm@suaaalsa 0, 75 uaz 150 Jadaluari uwuafise
P. putida ATCC 17484 §NaN10&ILFINANEIITIN AN
HIRIA ﬁfmﬁﬂammzﬁ’mﬁﬂLLﬁamadﬁwﬁuLﬁmgd%ﬂ@T
aninduinfililesude (TAAILAY) (Table 2) F9anw
8717371 11.59, 14.48 UAT 13.15 LTUALUAT AMVULIIRAY
36.26, 34.06 Uz 33.71 [WuALNAS (Figure 6) Wwmiinga
§éu 2.17, 1.63 waz 1.70 N3N (Figure 7) wmsinuis
816 0.35, 0.25 ez 0.28 NIN AUK1AU (Figure 8) &9
FOAARBINLINUITLVAS Yan et al. (2014) AnwuuafiIe
fiffanssunssussunaaiyidvlasesdunzifome
(Solanum lycopersicum L.) Tugnefiflanududunge
lnfonaaalsd 0, 90 waz 190 Jadluans wuindunzide
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wenlldSuigaunafiSe P. putida UW4 1sadinlagondy  AlildSude wennnfidawudn Aszduanuiduduinga
2 A al' W] ear 24’ ¢:|' s v v A a 6 Aa a & v v .:A' (2%
dunzdiamenlildsue wasilaszduanuuduinga  lodunaaabia 0, 75 waz 150 Jadluans dudinlasu
ldounas oI unludui i ldsuiTauasdunlesy  @auuafiiSy P. putida ATCC 17484 uazlilésuimafidns
Wa ANNEIEGH INnnaauasIRENLAIanad LA ATIanINEa (Figure 5) LaztinninaaTIn liuand9ny
v v o A a & A a & o A . A Y v o A a &

srauanNuNTwndalmasunaelsd 90 Nadluans dun (Figure 7) wasNszduanudutuindeloaounaslsed 0
Idsugefinnusnmddwingsiu 34.3 Safwas G817 uaz 75 Tadlum§ dudfldsuiseuuafiSousslalasy
nhdunlilasugesgliteddyneadd wasfisedy  Wellhwinudennliuwanedreiu lusmefiszauanudy

v o A a & A A & | o A a & A A & v o A v XA A
anuTuTwinfalofauaanlsd 190 Fadlua1s wuin  Twnfelodounaas 150 Tadluans dudinlesuiped
AMNENIENGU 22.7 FARNAT TINANNARILARIALAY ﬁ'mﬁfﬂLLﬁwmLﬁuﬁugaﬂdﬁuﬁnﬁvlaivlﬁ%fm%a (Figure 8)

Table 2  Effect of the application of P. putida ATCC 17484 on growth characteristics of rice plants grown in normal
and salt (75 and 150 mM NaCl) stress conditions.

Concentration of NaCl (mM)

Bacteria Promote plant growth
0 75 150
Control 80.67+8.63a 62.00+1.82a 43.33+11.30a
Germination (%)
P. putida 68.67+11.93a 54.000+10.11a 50.67+10.38a
Control 9.96+0.30b 7.33+0.29b 6.46+0.19b
Root length (cm)
P. putida 11.59+0.30a 14.48+0.75a 13.15£0.79a
Control 32.51+0.90b 26.96+0.47b 19.96+0.71b
Shoot length (cm)
P. putida 36.26+2.13a 34.06+2.04a 33.71+2.56a
Control 1.10+£0.29a 0.90+0.19a 0.67+0.10a
Root fresh weight (g)
P. putida 1.25+0.09a 0.82+0.22a 0.87+0.22a
Control 1.37+0.12b 0.75+0.15b 0.51+0.05b
Shoot fresh weight (g)
P. putida 2.17+0.08a 1.63+0.19a 1.70£0.09a
Control 0.10+0.03a 0.09+0.01a 0.06+0.01b
Root dry weight (g)
P. putida 0.11+0.01a 0.08+0.01a 0.10+0.01a
Control 0.23+0.01b 0.15+0.02b 0.13+0.02b
Shoot dry weight (g)
P. putida 0.35+0.01a 0.25+0.03a 0.28+0.02a

Values are means + standard deviation, different letters indicate significant difference between means at P<0.05

H Control [ P. putida ATCC 17484
H Control [ P. putida ATCC 17484

50
S 100 a E 40 bg 2 a
S s a a < 30 b
§e] a = 20 b
T 60 a g 2 pa 2 a
£ 8 10 bﬂ b|=|
E o Nl alla
o 20
0 0O 75 150 0 75 150
0 75 150 root shoot
Concentration of NaCl (mM) Concentration of NaCl (mM)
Figure 5 Effects of bacterial inoculation on germination Figure 6 Effect of bacterial inoculation on root
percentage of rice seedlings at 0, 75 and 150 mM NaCl and length (cm) of rice under different concentrations

concentration along with control (sterilized water). of NaCl
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Hl Control [" P. putida ATCC 17484

25 a
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>
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root fresh shoot fresh
Concentration of NaCl (mM)

Figure 7 Effect of bacterial inoculation on fresh weight

(g) of rice under different concentrations of NaCl.

H Control [ P. putida ATCC 17484
0.4 a
3 0.3 5 a g
< b
502 N b
S | 1)
I il

o

0 75 150 0 75 150

root dry shoot dry

Concentration of NaCl (mM)

Figure 8 Effect of bacterial inoculation on dry weight

(g) of rice under different concentrations of NaCl.

d7Ulnan1339y
nminasauguandddusiunnaiyiavlazes
NrvesLuafie P. putida ATCC 17484 WUINRINIENT
laaalinasle lasmafasladduseu 9 lalafiuwenis
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TapTavmaloudanld 4.70 wudiwas waaowlod ACC deaminase laa# 72 Talus lugnzdlifiansazansinda
Tmdsuaaslsd uazlignidwdouuaiiiss Bacillus cereus, Staphylococcus aureus Waz\Ta Penicillium sp. HAM3
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Abstract

Actinomycetes BBUU157 isolated from the vermicast of earthworms was identified to genus level using the 76S
rRNA gene. The results showed that the nucleotide sequence was very similar to that of the genus Streptomyces.
Growth of the organism under NaCl addition, production of plant growth-promoting agents, antibacterial and antifungal
activities were tested. It could grow with 7% (w/v) NaCl and grew well in 800 and 1,000 mM NaCl solutions with a
dry cell weight of 61.20 mg/ml and 65.70 mg/ml, respectively. There was no production of auxin hormones but it did
produce a maximum siderophore when grown without NaCl. The orange zone size measured was 4.70 cm. It produced
a maximum ACC deaminase at 72 hours in the absence of NaCl. It showed the actinomycetes’s antagonistic
activities against B. cereus, S. aureus and Penicillium sp. It was concluded that the actinomycetes isolate BBUU157

can promote plant growth under saline conditions and protect plants from phyto-pathogenic microorganisms.

Keywords: Actinomycetes, Plant growth promoting bacteria, Vermicast of earthworms, Saline conditions
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Wwudu 2 Tuans) Y5unes 0.3 Taddas Uunganail 30
9A DRSO LDUIA1 15 UNl waztdn NaOH aa
vingu 2 luand Usunas 2 faddas ihldiadinisganiu
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lalaflluranazeu
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JaszrnanIInaaadlaslinanisitasizy
ANOVA ez Tukey’s multiple Tuldsunsn Minitab 17 uaz
iauaifudnais £ d’nﬁmmummgm (Fuwarnldan
nased 3 ) fisduiuid P<0.05

NAN1TIVLLALINIHNANIIIVY
msdaduunnlagldansmensdmgining,
uandludpinarulngnaaguls 2 viia fa tsuly

ldfromisuazidnlumiloiiens wisananaalani:

wuloldRenmsednaden Wodlaiansyudrnly
nlofanunuiuswAaiulalad andwduloas

Lﬂ?iﬂugml,uuvlﬂlﬂuaﬂas‘ (Barka et al., 2016) lalafivas

wendludoandanuandroiueanly 1w F10 Fwdes

Fdu Fuas #0129 mAer BiTw Biena uazddn

(Fawnyal f3Iuad, 2548) uazaznAaTIATag Feoran

Fuas MnRes FFU FvU Firena Fi3u niode

%uagiﬁ’mﬁmammﬁﬁm 03 ALTIAEY Uazd 1IN

Suanfiass (Barka et al., 2016) NMIANBIRN LTS

MIFgIWINgwasuandluduinloloaa BBUU157 lag

dnwiduloldfinenms idulomilafinenms fades uay

§390707 LB ISP2, ISP3, ISP4 Uz ISP5 HALAAS

¢4 Table 1 LLazaﬂa§ﬁ§ﬂHm:Lﬂu§ﬂﬁa%§%G] Feaandn

L§1e11 (Rectifiexibiles) Aatasi3ay amasszunms 0.9-1

lulasiuas (Figure 1)

Table 1. Morphological characteristics of the isolate
BBUU157
ISP Aerial Substrate Spores Soluble
mycelium mycelium pigment

ISP2 white apricot grey grey
ISP3 grey thistle grey grey
ISP4 red-violet purple grey grey
ISP5 heliotrope purple - -

- indicates no production
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Figure 1. Scanning electron micrograph of BBUU157
cultured on ISP3 medium at 28 °C for 28 days

N1I9AIMBNLABAITILATIEEW 165 rRNA Lazd319
Lmugm’iﬁummsmﬁﬁuﬁ

91NN1587A DNA uaztini3uimbn 16
rRNA 283uaa@ walpdnlaloiaa BBUUT57 WU 160U
frnalelnddouwia 780 faaalelng uazidavngeu
fadlelndlSsufisunudrauiiaedlalndlugin
Taya EZbiocloud Wuin Hd1adnuadioafuiniy
wandluliuinluana Streptomyces (Figure 2) %dL‘ﬂ%ﬁQﬂ
Afimsunsnszanwegheniieang Iﬂﬂwumnﬁq@luau
nnusznn (Kampfer, 2012) uazanunsnwylaluyaldidau
(Parthasarathi et al., 2007 ; Pathma and Sakthivel, 2012
; Singh et al., 2015)

56 BBUU157 .
Streptomyces diastaticus subsp. ardesiacus NRRL B-1773
Streptomyces fragilis NRRL 2424T
Streptomyces chilikensis RC 1830" .
Streptomyoes coelicoflavus NBRC 15329 .
Streptomyces eurythermus ATCC 149T75
Streptomyces tritoleraris DAS 165
Streptomyces tendae ATCC 19812T
861 Streptormyces rubrogriseus LG 20318 T
Streptomyces flaveolus NBRC 3715 :
Streptomyces coeruleorubidus ISP 51 4T5
Kitasatospora sefae KIM-6054

51

—_—
0.0050

Figure 2. Neighbour-joining tree, based on 76S rRNA gene

sequencing, showing the position of BBUU157 and closely

related species of the genus Streptomyces. Kitasatospora
setae KM-6054" was used as the outgroup.
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WUIN mminLﬁ]’%zyvlﬁgaq@ﬁmiazmmﬂﬁaimﬁmJ
ARa l3@ANUTNTU 7% (wiv) (Figure 3) (Gopalakrishnan
et al., 2014) 3189w Streptomyces mm‘mw%mﬂﬁﬁl
anududwnfalodonaaalsd 12% (wiv)

Figure 3. Growth in NaCl (a) no sodium chloride and (b)

concentration of NaCl at 7% (w/v)
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LIRALAY 65.70 AadnSu/Aadaas (Figure 4) (Sadeghi
et al., 2012) Tewin Streptomyces lolwiaa C 1931y
WWulaladluasazanoinfelmdsuaas lsaanuidutu
300 Aaaluan uazazanasilannududuasazauinde
ldouanalsdgaiv 300 Hadluard
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Figure 4. Growth in NaCl 0-1,000 mM of BBUU157
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(Figure 5) uazaznaaaslmaslswasanas ennudu
ﬁumaamia:mUmﬁaimﬁﬂmaa%ﬁﬁuga%u (Figure
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Tuduwes AMUBIFUIN SIwrmudaien s
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1w

Plant growth promoting activity under saline conditions by ~ 35
actinomycetes isolated from vermicast of earthworm

Figure 5. Siderophore production of BBUU157 on CAS agar
(a) no NaCl and (b) concentration of NaCl 1,000 mM
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Figure 6. Siderophore production of BBUU157 in NaCl
0-1,000 mM
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Figure 7. acdS gene fragments has a length of 600

ACC deaminase activity
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Figure 8. ACC deaminase production of BBUU157
at 24, 48, 72 and 96 h
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Figure 9. ACC deaminase production at 72 h in NaCl
0-1,000 mM of BBUU157
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IINNIINAFLgNTF UL TouL AT n 8
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\Houuaiti3y B. cereus (1.03 + 0.12 uALNA3) wazd
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(Figure 10) Kruasuwan and Thamchaipenet (2016)
BWIN Streptomyces ﬁqw‘if@”’lm%mmﬂﬁﬁﬂ B. cereus
ATCC 1178, E. coli ATCC 8739 L8z S. aureus LBWLALINY
Shaik et al. (2017) 31891W3" Streptomyces flf]ﬂ%{ﬁ’m
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NCIM-2065

Figure 10. Antibacterial activity of BBUU157 (a) B. cereus
and (b) S. aureus
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Figure 11. Antifungal activity of BBUU157 (a) control and
(b) BBUU157+Penicillium sp.
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Abstract

Authentication is the first line of defense of any information technology system. One of the popular methods used
today is biometric, and iris authentication is gaining popularity. However, the threshold value that is deemed to be
secure and appropriate has not been thoroughly studied. The threshold is a value that defines the acceptable amount
of the correct bits of the image before securely passing the authentication process. Therefore, the main aim of this
research was to find a secure and suitable threshold value used in iris authentication system, where iris localization
was done by using Circle Hough Transform technique. Iris image databases v.4 from the CASIA were used in this
research. The way to find the appropriate threshold was to test for the right balance of the GAR, FMRMR and FMR
values when trying to verify the person’s identity. The results of the test revealed that the appropriate threshold had
the value of 72.9246 percent of all the available bits of the iris image. Both had GAR 77.50, FMRMR 22.50 and FMR

1.00 values. It can be concluded that the obtained threshold value was suitable and secure.

Keywords: Authentication, Iris, Attacks, Threshold Value, Circle Hough Transform
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ajwu@ns’fi{iagimiwgajmm ILRZA1V1 (Daugman, 2013)
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"L@‘Tgﬂsfnﬁl,@iu"ﬁ'ﬂmﬂ%u lasRa134191N edge points
laun (xj, yj),jzl, 2,....1, a Ssmunsadowiuauns
Ierersit
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Figure 2 Segmentation Process
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¢4 Figure 3
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Figure 4 Normalization
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Figure 5 Create Iris Data by Convolving
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ANTNITIBLaTEN92IN IEtindTuanlannuadoafe
maaé’nwmzmamymwﬁaﬁmaﬁwaa@;LLN@mwzﬁowa
daanuamaiadonlunistiuduiiaudiy Irs oldann
2IENRNATINUIW 200 A% (Arvacheh, 2006)

2. Data Set ﬁim%n’ﬁﬂﬂaau Threshold Value

Data Set ﬁiﬁumm@aau Threshold Value °7ll
ldiemziian §33ldvih Data Set #asnguangudaya
CASIA V.4 léiuri nga CASIA-Iris-Syn Ba1u Data Set 7
#19TUN N R INAREIVBI CASIA audanasudia
FUPLBIULUUAANTSI $112% 2,000 3 (Garg et al,
2012) Data Set ngu CASIA-Iris-Lamp s’ﬁdlﬂugﬂmdm
ﬁawmaﬁﬂﬂﬁu’ﬂaga TaumMItnsAWeEaRes S99z
gonalwnwlidanuaudafiiannanuliwineusnn
MaAUTaYa MN2ENFIAT 450 A% WiaduIn 900 JU
(Arvacheh, 2006) tanagoy Threshold Value Liioldiu
Data Set ﬂfejaJ?J;u

Iris

Template

Circle Hough Transform

Finding of suitable and secure threshold value for an iris authentication

3. N0UUKWIAA (Framework)
N3EUUWIAALEINWETEH dtanamwInTes
Nwide laednideldutimsvinanunang sanidu 2 dau
leun
3.1 #UUBINITATIINAUIUANAN 6
iA%A Circle Hough Transform &g Feature Extraction

“38 Encode data L& 139aya

3.2 FIUVBINTIATIZAM Threshold Value
#vaeads lagdnsmagoutiian Threshold Value 493
MIMARAT W WIS ILAEUTERIN Iris Template Uas
Iris Test §93i Threshold Value >=60, >=65, >=70, >=75
wae >=80 wadthKaxNUTEAndEEnTaw 3 a1 lduren
Genuine Acceptance Rate (GAR), fin False Non-Match
Rate (FMRMR) Uasf False Acceptation Rate (FMR)
Lﬁ‘aﬁmsw:ﬁm Threshold Value ﬁmm:amm:ﬂaa@ﬁﬂ
Tage Threshold Value azdaslsien GAR g9, FMRMR dn
8z FMR @‘iwﬁq@ feflen FMR wWnlng 0 598 39anunsn
aSuN8es Figure. 6

Iris Test

Circle Hough Transform

Compare of Binary

e

<

Result of Compare

v

Binary Template

A

Binary Test

Matching by Threshold Range
(Accept / Reject)

Analyze (TP, FP, FN)

Figure 6 Framework

7N Figure 6 LEAINTILATIZYAN Threshold
Value 31N9AGAYBILEHATIVEIA GAR LAz FMRMR 628
FUMAFUATIUULENUIAFBIIA (The Two-Point Equation)
lopd1 GAR usz FMRMR ushilienuddny Sedas
o R &2 o 4 A A o o ga o A
A farzauaNinanzrunIadunusiu aolddenly
MIMNuLazaNUaeany lagunua GAR=x_1, y_1
WazuNUFn FMRMR=x_2, y_2 &4 y fafinia y 28990

lag UWEWATI LAz x Aalna x madgﬂﬁﬁﬁﬁ@ y 9%
35itlauszfiudszansawausu laun @1 Genuine
Acceptance Rate (GAR) fNANA)NGa4189N13884TLIMN
Iris ﬁgnﬁm, @ False Non-Match Rate (FMRMR) @@
WRNAVAINILBNTLANN Iris ﬁgﬂﬁm I8z False Match
Rate (FMR) AMHAWANAU8INTULR5IN Iris Vl,&ignﬁaa
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3.3 maUSsuLiiay Iris Template wag Iris
Test 1N83LATIZH AN Threshold Value

TuaaumsIIHUTY Irs Template Waz Iris
Test LW RGRRE TR Threshold Value Ia Em’]i Compare
‘ﬂa AR ‘Vm‘um Lwammmmmsaﬂa“ﬂmaﬂu a9
danasdu (Algorithm)

Algorithm Compare
Begin
Read IrisTeampate
Read IrisTest
Rows=20, Columns=480
TotalBitlris=Row*Column
For i=1 to Row
For j=1 to Colum
IF IrisTeampate (i, j) ==lIrisTest (i, j) Then
Count=Count+1
End IF
End For
End For
Compare=Count*100/ TotalBitlris
End Compare

70 Algorithm Lﬂu%u@aumi Compare 32%I14
Iris Template W& Iris Test laguua Data ﬁag}ilugﬂuuu
fia (Bits) F9fvu1@ Rows=20, Columns=480 wazdumwa
yavue 9,600 da lapsouioufiasDauasfiazduns
Ramentasasfiasain

NaN13398

1. N3&319 Model Lﬁlaami’lzﬁﬁ’] Threshold
Value Ananzanuazlaonie

i""i_l‘i_lﬂ’]ii’*i]’]‘l‘i_limll@liﬂsﬁ lagldinafia Circle
Hough Transform Lwa’smi’] %W Threshold Value ‘Vl
Unansfiy 9 Data Set AilFlun133tasnzmn Threshold
Value 1u31a290191n CASIA V.4 lungu CASIA-Iris-
Twins 1A83LATIERHAMTLWSHULTIBY (Compare) 121319
ﬁaga&hum%@ﬁu (Iris Template) Lazdayasuamasay
(Iris Test) ua¥Wa Compare NN3LaTERUsZENTAIN
3 duldun Genuine Acceptance Rate (GAR), False
Non-Match Rate (FMRMR) i.as False Match Rate (FMR)
210 Threshold Value @3 Figure 7

J Sci Technol MSU

Comparision of Bits

[ True Positve (TP)
90 I False Positive (FP) | 7
I False Negative (FN)

Precent

>=60 >=65 >=70 >=75 >=80
Range of Comparision

Figure 7 Percent of Value Compare

mn“?i Figure 7 LL&@J Percent of Value Compare
alsnfindszansnwludu GAR, FMRMR uaz FMR
\a3LaTz9imn Threshold Value fmanzaunazlaaaiy
&39:¥asRansonen False Match Rate (FMR) tlud1usn
Faen FMR ﬁa@"i’]mﬂmwvl,séoﬁmmﬂaa@ﬁygm WAL
maﬂuudmaammgnﬁaaLLa:ﬂawuwﬁ”auiﬂﬁaﬁuﬁﬁ Genuine
Acceptance Rate (GAR) iudadginindn False Non-
Match Rate (FMRMR) %dmﬂ Fig. 9 Wu31 Threshold
Value ﬁmmmﬁ']mlﬂﬁagjizwmai’m Compare >=70
ez >=75 @9ild1 GAR ﬁgaﬂiﬂm FMRMR uaziian
FMR 1 lagt29 Compare >=70 ldfin GAR=54.9667,
FMRMR=45.2625, FMR=12.6747 L8174 Compare >=75

¢iein GAR=46.6403, FMRMR=53.5264, FMR=9.1360

\fievnuaasn1s Compare aMnMInaaadiiia
3103129710 Threshold Value 3n1ans i tia3tasnei
gﬂ@fﬂ"ﬂauﬁu Genuine Acceptance Rate (GAR) LLae False
Non-Match Rate (FMRMR) ¢ne/&UMILEUATILULNILIA
88930 (The Two-Point Equation) Wui1 Frefigansniin
a7 ldazayszning Compare >=70 uaz >=75 F3d04M
AN AN TR IRBITIGINEN?

Compare of Bits
80 - - r
A —d— True Postive (TP)
70 F — = False Positive (FP) | |
i —-E»~ False Negative (FN)
~A__
&0 — E
" e
S
50 =
= i
= =
- =
E 40 » - 4
a0f -7
t 2
20 T &
b LT
e |
10 Eeiatoi. Ty
? S
0 } )
>=60 >=65 >=70 >=75 >=80

Range of Compare

Figure 8 Percent of Value Compare
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3710 Figure 8 LEAINIINLEWUBY Percent of
Value Compare Mutszifindsz&na1nd1 GAR, FM-
RMR 18 FMR Lﬁaeal,ﬂﬁ:ﬁm Threshold Value 370
n1INaady Compare >=60, >=65, >=65, >=70 Lz >=80
WUAN Threshold Value fmanzauuazanuiasasi ag
32%719 Compare >=70 W8y >=75 IWTENIFaITI T
GAR W8z FMR fitnaunzan lasfien GAR Serfiunnuas
FMR fiston uanssastrafaliaansainanlsle 3sdoed
MIIATIEHAN Threshold Value GR8&UNITLEWATILUL
HIU9aFad9a lasazldd9adaunn=70.0000,=54.9667
Lae=75.0000,=46.6403 PaIFUATI GAR WAz FMRMR
IWTIZT9ALEUDEI GAR Uuaz FMRMR danwidugiof
fanumanzauuazdanais Wiz @1 GAR ganden
FMRMR uazd1 FMR 1 laginandnanmstduna sy
H1143@88990 (The Two-Point Equation) ﬁ]:"[@?ﬁ;@]éfﬂﬁ
72.9246 w3 Threshold Value=72.9246 @4lddn FMR
Weunitdews: 10 W Adanumanzauuazaonis
LﬁaLﬂ%m_lL“?']wﬁ'umu%%’ﬁuﬁﬁwmwgﬂﬁaaLﬁ'm
%088z 50 Wit (Khan et al, 2013)

2. MInadau Model Threshold Value

nsnegay Threshold Value 1iasinanl4iu Data
Set 5uq IWTzIdaz Data Set a:ﬁqmauﬁﬁﬁ@mﬁu aFV
L‘fﬁiauvl‘*u"?‘imﬂm'ﬂ,ﬁm]”aya laeiin Data Set §DINGNAN
3udaya CASIA V.4 ldun ndu CASIA-Iris-Lamp waz
Ny CASIA-Iris-Syn INagay

Data Set nga CASIA-Iris-Syn Zailu Data Set
AWauIuN9N CASIA V.3 uaziiln Data Set Ag3199 a7
LR aUAI G‘f%avl,;ﬂ‘ﬁl,ﬁﬂmnm‘sl,ﬁm]’agamnmimslm‘w
mammgwﬁ AMUBANBIDNVDI CASIA 31U47% 10,000 U
1M LALUNUIINBNRIRIAT 1,000 AL

Comparision of bits (CASIA-Iris-Lamp)

True Positive (TP)
Falsa Positive (FP) | 7
I Faise Negative

Percent

™ FP FN
Compaer >= T2.9246

Figure 9 Compare by Threshold Value

Finding of suitable and secure threshold value for an iris authentication

91N Figure 9 UEAINANIINA&AU Model a3
Threshold Value 72.9246 lasigutiayalungu CASIA-
Iris-Syn Wu11 A1 GAR=67.00% #1 FMRMR=33.00%
ez FMR=0.00% &a1flugasfifnnumanzan uas
Uananugs

Data Set Nga CASIA-Iris-Lamp %al,ﬂugﬂma@n
'ﬁmmaﬁﬂnﬁuﬁagﬂmm{bﬁﬁaﬁaﬂﬁm Faazaonali
mwlifanueudaiiiaananuliuineuainnnsiiu
Toya MNDNEFIAT 450 A w891 900 31 W MaFeU
Model

Comparision of bits (CASIA-Iris-Syn)

[ True Posiive (TP}
80 - I Foisc Positive (FP) |
I F ose Megative (FN)

Percent

™ P FN
Compaer >= 72.9246

Figure 10 Compare by Threshold Value (2)

27N Figure 10 UEAINANITNAROL Model Va3
Threshold Value 72.9246 LEul@tdny Data Set naa
CASIA-Iris-Syn lagtin Data Set 31n CASIA V.4 lu
Ngu CASIA-Iris-Lamp %uﬂugﬂmqmﬁmmaﬁﬂﬂﬁu
dayalaunislfiofiandas wudn én GAR=77.00%, FM-
RMR=23.00% t8x FMR=4.00%

1iiasinien Data set N9@a3 laliA CASIA-Iris-Lamp
waz CASIA-Iris-Syn AfSaulalunaifiugUniwues Data
set N61197% W MAFaL Threshold Value 72.9246

31nN17UN Data Set 91N Database ﬂ@luéum
NnagaUAU Threshold Value 72.9246 wuin dhRansan s
WirasanNlaaany %a@mn@h False Match Rate (FMR)
AaddawaIauaInIUJLasann Iris ﬁgﬂﬁaa Tagtiosas
ﬂgwﬁlﬁmaauﬁm GAR=72.00% @1 FMRMR=28.00%
Wwazen FMR=2.00% &a1iludnfi Error wesannifaifiuy
NUIIWI8V8Y Khan, Mohd Tarig, Deepak Arora, and
Shashwat Shukla. l¢ie1 Error agjfl 9.24% uaz 23.00%
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dydua

FTUUNN5397307U0N (Iris Recognition System)
$ufludosien Threshold Value Alwanzaudstnminviug
Threshold Value snnifiwly a19az1fians Error fitiaann
MIUGLET Iris ﬁgn wazaNNUA Threshold Value 1oy
Awly axsonalsfifia Error MAANMsansUaN Iris 1
Aawana 1udTeasaula Threshold Value Awanzauuas
Usaads lapshuauaszuunsidrlulawwedng (Biometric
Recognition System) %aaulﬁﬂumumm Iris Recognition
System laglfinafia Circle Hough Transform Juisad
mmgﬂ@‘faagﬂums Detect %" (Iris) L‘ﬁ'aaﬁﬂﬁaga
snuanvasudazauiilignin wasiiunuidofaulaves
@1 Threshold Value o3 mesifitnanzauuazlaoais
I@smsmaauﬁamsﬁ’m Model W84 Threshold Value
91N Data Set 31WTaya CIASA V.4 ngal CASIA-Iris-Twins
WU Threshold Value ﬁ]:aglu"ﬁaﬁ:wjn Compare>=70
U8z >=75 %aazvl,éfmﬁg@é’@Lmu=70.0000,=54.9667 U
=75.0000,=46.6403 LfiafnL‘ﬁﬁgmaumwauﬁummuu
A¥@499 (The Two-Point Equation) az'ldyadinfl 72.9246
fid1 GAR ﬁgaﬂ'jwm FMRMR uaziidn FMR ¢

1011 Model Aldannnisiiaszd Geiidn
Threshold Value 72.9246 nagaunyu Data Set mjué‘u
ldurigiutiona CIASA V.4 nga CASIA-Iris-Lampe $1147%
450 A% WaNIIITUWUIN fiwaamiﬂau%‘umﬁgﬂﬁad
GAR AU 77.00%, FMRMR Ny 23.00% uasldan
FMR 11711 3.00% Lianaaufiu Data Set P8I UTBYA
CIASA V.4 nga CASIA-Iris-Sys 31%3% 1,000 At WU
fi1 GAR Y7L 67.00% Wazf1 FMRMR LYinnu 33.00%
ez FMR Wiy 0.00% aziin uazThreshold Value
72.9246 \ugfinunzaunazaoass sunsasilule
ﬁunﬁﬁuﬁué’muﬁﬁmmimwﬂaa@ﬁﬂga
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Abstract

Thai University Central Admission System, abbreviated to “TCAS,” is an educational reform policy under the Ministry
of Higher Education, Science, Research and Innovation (MHESI), together with the Council of University Presidents
of Thailand (CUPT) as the hub of operations. All universities have joined TCAS following five admissions application
rounds. This policy has been implemented since the academic year of 2018. Mahasarakham University has partici-
pated in TCAS in every academic year and all admissions application rounds. Every year numerous candidates failed
admissions into programs chosen for clearing house entering the TCAS system. There are problems that candidates
overlooked scores on the General Aptitude Test (GAT) and Professional and Academic Aptitude Test (PAT) as a key
component in a consideration of the program chosen. The candidate’s selection behavior toward a program is typically
based on his/her feelings, preferences, and peers, and parent’s determination. In this study, the Data Mining technique
was adopted, and Decision Tree was used to analyze the data. A result of the analysis was further used to develop

a decision support system (DSS) for the program to be chosen by the applicants to test the program selection and to

T i3 rimInaufiaiaaitiwignis nesuSmMImMIEnen an1AngnfuumanIany Snanunsite Jeniaunianseny 44150

! Computer Techinical Officer Professional Level, Division of Academic Affair, Mahasarakham University, Kantharawichai District, MahaSarakham
44150 Thailand.
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Appication of data mining techniques in analysis of information to

51

develop decision support systems in selecting programs under ...

analyze the opportunity to achieve before the actual selection of the respective program. The results found that the

Decision Tree at C4.5 represented an accuracy of 91.64 percent, and a total of 358 decision rules can be developed

across 84 programs, and decision rules can be developed as a decision support system for program selection to the

TCAS of Mahasarakham University.

Keywords: Decision tree, TCAS
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45.44 PpIREIBNNIAGLREN mﬂmﬁmﬁ:ﬁ“ﬁ’agami

FUATVDINBILINIINIANWITINLINNGANTIUNITLREN
miTwegaiaslasdulngfinadszaunmsallums
aifmfﬁaQﬁﬁmmu‘l,myjauﬁaﬂmmﬁ"mmumwwrja'u
LLazamWLLmé’amﬁuq 1w iATANIAeN FTATANY
Hunasesdasms @azun &9@3, 2544) lavldladilets
AW WASTINHZVDIALDY LTU NAASLUUNINATBLNNT
ﬁﬂmszé’wﬂﬁﬁuﬁugm (O-NET), NAAZULUUMINAFaL
anuniiamll (GAT), anwatanedmmsuasiTaw
(PAT) (RDNTUNAFIUNIINNTANBILAITIA 29601
WWITH, 2563: LIU1TE) uaznamInasay 9 Amadny
Fanzunmnaniiaonsfsznaunanlun R TonNade
\dan Sesonalimsadnsealdonszuy TCAS umangnae
umasaw Tayamsiusiasdszinnsdnm 2562 an
MNonuardnansdiiinnudaiionyaaadfnslu
9ANANINTZUY TCAS W Insnapaumansan szt
m3dnm 2562 B liknunsdaiiendaduiesas 55.00
maa;ﬁaﬁmﬁmm mﬂﬁmﬂwﬁaga;ﬂﬁmumﬁﬁmﬁaﬂ
SazuunlifsmuirwminsusudiunIdaian

ﬁa&umnﬁa;ﬂaﬁnﬁu AT ldTumafal
nslfinafieniiosdays (Data Mining) lun1sdiasei
mmummﬁamiﬁ@umizuuaﬁuaqumsé’@%ulmﬁan
g1 lesszuveligaiasldnaseunaianananino
Aaw alimUKanzuuwaInw i lomaunnniaias
Wesla uasdiemeilamafiozinumssaidenlusandn
AdasnsaiTas fewnnsdenaanImase

A a [

7 'aLﬂwmmiaumaﬁLﬁ@r"ﬁumnﬁagamﬁu
a a A L= a a
aumﬂ@Laaﬂqﬂﬂmmmﬂmlm:uu TCAS u%1INLNaL
URIFTAY T@m‘bﬁmaﬁﬂmﬁaﬁaga (Data Mining) W&z
ﬁnmami‘n@maamﬁ@umizuuaﬁum&un’mﬁ@ﬁﬂmﬁan

13T M3 UU TCAS URANIFIURIRITANN

AaAa A £
NHBHNLNYIYDI

[
v A va o

NuwITeidAdeldimguinisinnlesdays

u
v

lapATmsduundaya (Data Classification) dn3ewlsl
dadula (Decision Tree) lumsiianziidana ialild
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miaumﬁﬁa:ﬁwmﬁ@ums:uuaﬁumgumsé’@ﬁu‘l,aLﬁaﬂ
17371z uy TCAS azidangufinafiamilos
Toya el

1. Mmooy

wilastaya (Data mining) \Huduaaunisada
duisnstygnudssfng (Artificial intelligence) (S@34na"
LIIHA, 2556) 'ﬁﬁmﬁLﬂﬁ:ﬁua:aﬁ'@mmimﬂﬂﬁagaﬁ
Jawivliluwszuugudays M‘%ﬁgﬂuuu"ﬁa;&aﬁuﬂ NI
wiasdayasnanInduwuag LLa:miaumﬂﬁsﬁauag’
ELWITBQ‘JJEQ wanmsrniiestaya Ao MINATIER AR
ﬁuﬁuﬁ’maa“ﬁaya wud ik ﬂ%amgﬂuuuﬁﬁﬂﬁumﬂﬁaga
wazasaT IR naf ldangisnawnsdaaule
wazuADymidudns g nmaviuniiosdaysazanansoud b
ilzymvlﬁmaﬁzymwhﬁ?u%uag;ﬁ'umﬂﬁﬂ%%ﬂﬁ“?ﬁ,ﬁaﬂw
Wi

nslasziteyadiuinafiainiiostoyad
ﬂi:mumsmummgmﬁ 138N Cross-Industry Standard
Process for Data mining: CRISP-DM) (amﬂuﬁ"ﬂizqu
atmIuduiiszinalng (me.), 2561 ; aandunasau
MIMSENEUAITS 098 NsuWITL (ENAL.), 2563) LT
\{iot @.¢1. 1996 9MNU3EN Daimler Chysler U59n SPSS
WRZUIEN NCR Lﬁaﬁmu@mmpunmﬂumiﬁﬂmﬁaa
TayalldszanTnn fanuindedelunszuiunis
AATEATBYA NITUIUNTT CRISP-DM 7uaziduadd
Figure 1

Business Data
Understanding Understanding

Data
Preparation

il l

Figure 1 CRISP-DM

97N Figure 1 URAINITLIUNTIMNTILATIRTBYR
CRISP-DM ﬁ“ﬁu@l AUNINNU 6 %u@au (Hand & Kamber,
2001) léud 1) %umaumwvﬁﬂaﬁqiﬁa (Business
Understanding) [Huduaeumsvinanudils yrnie
Tomavasgsia lasvinmsdnwnilgmisieglugluund
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wianzaulumyliensdiniiosdoys, 2) Sumaudnmey
\inlavasdoya (Data understanding) Huduaeusasns
sammﬁayjaﬁlﬁmﬁaa Lﬁal"ﬁ’tumﬁmﬁ:ﬁmﬁadﬁayja
ﬁaga‘ﬁ'ﬁﬂm’iLﬂiﬂzﬁﬁaaﬁmwgﬂﬁm Wudede uas
flanumnnzavlunsienzdindasdoys, 3) Tuaan
MaLe3sadaya (Data preparation) Lﬂu%umaum%wﬁaga
mugmmuﬁ‘t’ﬁ’tumﬁmﬁzﬁ %umaumim%wﬁaga
Ramyaesest leun mifalRendaya Midantaddaya
mMsudasdaya G’féa"ﬁv'u@aunﬁm'%wﬁagaaﬂ%nmwa
aUANT, 4) TuAIUNNIEISILLIL (Modelling) [uduaan
mylenzidayadie3insdngg Fsmadenitmades
flanunanzanlunisiieszidoya Wolklamsaunea
AflUszEnsaw Fiamzidasinidszilinanugndas
20935m36ns 9 AlEaned elhiRaanuiideda,
5) TunounsUsziinNg (Evaluation) 1luduaenluny
ﬂszl,ﬁuwaﬁvlﬁmnn'lﬁme:ﬁmﬁadﬁagahgﬂLLUU@'N6]
waé’wﬁﬁvlﬁmqmwi'mqﬂimaﬁﬁétavl,fﬁavlaj e lwle
Naﬁwfﬁgﬂﬁaaﬁauﬁazﬁmaé’wfﬁvlﬁ'lﬂli 6) Tunamn
Mm% (Deployment) Tuduaounsinadwiile
uzgndlfnu msianeNaanEn ldontinanuans
uzdunumeany (Report) wiawawduszunifianiy
azandan1sliiuasgly

2. M3 UBNVaYA

n3duundays (Data Classification) (atiud
Tuzia, 2559) Lﬂu‘i%miﬁlﬁumiﬁumﬁagamsaumﬂ
mwu:s?‘*?iLﬁﬂ%‘umﬂiTaga’lm:uugmﬁagamm@lmy 3
unndoyainzuiunsanauuuinaeniuundays
Lﬁ‘aﬁwmwmwyjmaﬁaga (Categories/Class) L7
mylaneieyatnissugaiandhdnmdesziuyTyan
a3 flenaninnsdaidenlusarinfiadasviols
mallenzdtayaazinisaiiediduundaya 9nga
ﬁagaﬁﬂu’éum Faudazisanafalsznaulydoauas
LLaﬂ%ﬁa@Tﬁﬂauanﬁaqmé‘numwaa@aﬁm NITUIBNIT
F9MduwNTayannizundn Learning W3a Training 7
LﬁﬂmnmiﬁwLm%umau’i%miﬁ‘hLLuﬂ‘iTayamﬁ%ﬁumi
fudaya luq@‘ﬁagaﬁﬁﬁmiﬁm‘imwzﬂ‘s:ﬂauﬁamsm
V8IUBNITIA X = (X, X, X) ﬁuanqmé‘ﬂwmz@hm
maa"ﬁagawﬂﬂa%@ X HANNHUIANDIA X feiidayadn
%ﬁaLLaw%ﬁaﬁﬂauanﬁmmwyjmaaij’aga (Class lable
attribute) lasuan3dadnuianydoysvziudoyauwuy
lisiaufias (Discrete-valued) I@]ﬂqwﬁagaﬁlﬂmﬁ@ém%
masmduundayavzgnisaningadoyadniuaen
(Training data) ﬂ’]‘ifﬁ’]LL%ﬂiﬂHﬂﬁﬂHm:ﬁﬁﬁﬂ’j’] MISeuy
wuuiKaan (Supervised learning)
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3. nIasvanlaidnanla

msaeduliidiafula (Decision tree induction)
(@9iud Tusia, 2559) Wunszuawmssedulituiels
’Lumsé’@%ﬂammi@yjaﬁﬁ%mwgﬁaga aulddagulaas
daznavludne Tnuasnag S’fédgﬂlﬁ’luﬂ’mmmﬁdfﬁ"auvlm
viauardiadwile SEREGHE Tasfiudazistuaslnue
witig aznansdeinfdulyldnnimeseufivuans
T g uszazsznavludalnualy (Leaf node) $4
aziinananydoysiaiiuag Tnuanmsdagulatiuasiing
sfwilsitudmiumanasen f (x) mmaseuainms
sedayarinaznaseuaamaienidauiislnualuuaza:
ladaauanmsdunt MNeaduads Figure 2

Root node
X1<20
Decision node I
<« No Yes —_
-~
X2>20 ™
/
NO/ ] Yes
-~ -~
N
QO <&
A_ A
— -

Terminal node

Figure 2 Tree map built from learning platform

danaiflu c4.5 (7Aw1 ganzydid, 2553
Sulad) dusanasiufililumssodulddaauls asld
danasgwnulunisdaiuladonmauanldiiun
nialnualuduld la mmiﬁwmmmnmﬂﬁaﬂqmauﬁaﬁ
ﬁ@hmugoﬁ'q@mLﬂ%‘[%ummmsmﬁwmuﬁaaﬁmsm
@1 Entropy, @1 Information gain Waz@1 Split Information
Emmnandiaait

@1 Entropy Lﬂumsmmmmummao*’ﬁ’aga
(Entropy measure) MNUAZLDIAAIRNNTT 1

Entropy(S) = Z—B log, P (1)

i=1

lag

ed o o

S @8 wan3dadniundaen

Pl. Ao é’@mumm{im’mam%ﬂlumjw I Wiy
a‘hmuam%ﬂﬁmmmaamjuﬁmzha

¢ Information gain tHwMIRIAIEITRULNAN DY
i lulglunsmidianasgiudadin 1 (Gain ratio)

= s
JURLLDYAGIRNUNIT 2

S
Gain(S, A) = Entropy(S)— Y, Entropy(S,)  (2)

v=Values(A) | S

Tog
A fo wan3tng A
/Sv/ fa su1Tnvasneansiag A

IS] fo wrnsinBnnimuazasngudiadng

¢ Split Information tJwNIRIAIENTRULNAVD
msm_inl’agaslmi ORLLDLANIFNANT 3

Split Information (S, A) = —Zn: %" log, % (3)
i=1

lag

Si Ao IwIna aaa’hmuam%ﬂluﬂéu ]

fn Gain ratio N8l TlUATRANEUANNLOULD L
santAaa e luLdgsannslEaIA Neazdua
AIRNNNT 4

Gain(S, A)

(4)
Split Information (S, A)

Gain Ratio (S, A)=

4. My Iadszd@nsan

miduundeyadioitdulddadula (edud
Tuzia, 2559) lavlddranugndesvesuuuiines
(Accuracy) @NANNLAUG1VDILLLINADY (Precision)
A1nNNIEANVaILLUdNaed (Recall) WAEANAIULAI B
PAILUUIIRDY (F-Measure) MI1aUIzENTAINDDINT
a‘hLLumTayamuLLmﬁ@mam’sﬁuﬁummumﬂiﬂﬂmﬁﬂ
§1319 Confusion Matrix (gWaiina falua, 2556) luns
fMuIANIBAZIBAGY Figure 3

Predicted
= Class Yes No
‘g Yes TP FN
<
No FP ™

Figure 3 Confusion Matrix
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TP @a aiﬁmwﬁagmmua"ﬁammiﬁmuﬂmju Yes
wazdaauiungy Yes

TN fa ﬁ‘hmuﬁagaLLum‘haaamiﬁﬁLLuﬂﬂQN No
LLa:ﬁﬂmmﬂumju No

FP éa ﬁhmwﬁagmmm‘haadmsa‘hLLuﬂmjw Yes
uwazdaauungy No

FN @8 aﬁwmwﬁ’agaLLuuaiwammi'eﬁﬂLmﬂmjaJ No
LAzANRNaY Yes

. o A oA 2

A1ANYNABd (Accuracy) Aa f1fiuani
mmgﬂﬁawaaﬁwﬁi’miﬁn&ﬁmmwﬁa TNuazda
AIRNNIT 5

TP+ TN
Accuracy = (5)
TP+FP+FN+TN

franuuangl (Precision) fia ARARIBVD
ﬁagaﬁlgﬂﬁaq LLazmamummﬁaamsﬁgﬂﬁuﬁuﬁt\mm
wioiludAuaasfonsaudussamnauazdanudy
lldassanuanudasmsunniesiiosla Nuazduaas
JUNT 6

P
Pr ecision = —— (6)
TP+ FP

A1ANTEAN (Recall) Ao AidadInsaItoys
ﬁm\‘imuﬂmaJﬁadmiﬁgnﬁuﬁuﬁuij’aga‘ﬁ'ﬁadmi
FaInua M%a@h“?‘iLLamﬁamwumauaqulumsﬁuﬁuﬁaga
mmumﬂﬁLﬁﬂaﬁadﬁ'u?}aﬁEﬂ%@?aamimﬂﬁq@ 8
ALBUAGIFNNTT 7

P
Re call = ——— (")
TP+ FN

' A A . a

ARV (F-Measure) Aa ALRALAIAINY
W UNINTINY wazaaNNTERNdwMITadaN
WU IAUTIN NURLBUAGIRNNNT 8

2 * Pr ecision * Re call
F — Measure = (4)
Pr ecision + Re call
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AN IANRWITBIVY
mu"‘a%'zjﬁ"l,ﬁﬁ']Lauamﬂfﬁagamﬁ'uaﬁm
ﬁmﬁanqﬂﬂmﬁwﬁﬂmlm:uu TCAS 4®1INeag
YPENIANN Un3fdns 2561-2563 lapnskiinaiia
wilasdaya (Data mining) deATMIIUUNTaYAUDY
duliidasula (Decision tree) [adumaNTEUINATT AN
ag’h‘*ﬁaya LLazﬁngﬂLLuuﬁVl@Tmﬁ@umLﬂm:uuaﬁumgu
msdeauladonaandmluszuy TCAS elseinZusw
Qﬁau‘[wﬁﬁnm Inisazuuzuwviagnasasaunm
ﬂ@aadifszuuaﬁumgumnﬁaﬂm“uﬁmnﬁlaiﬁﬂswu
Tamalumsrnwdndnenlusuimidesmsadag riow
M3adaslua1 31150939 Tuaaunsdinanuas
NTULWIAANNTITBUMNBaZIBHAAY Figure 4

Database TCAS

I |
| Data Mining Technigue | [nduction

| Decision tree (C 45) :
|
L |

& Cleansing Transfarmation

-

Data Preparation & Transfarmation

|
|
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|
|
|

Apply Model
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Graphical User Interface (GUI)

Figure 4 Conceptual framework

mﬁ%’mﬂﬁtﬁanﬁaya"?il,f‘ﬁ'mimﬁ'mﬁﬁmimw
NAMTHWMIAALRaNTN AN Iz UL TCAS N inenae
WmEsa Beleun TOYANAATUBUNINATALAINS
"flL’JVLﬂ (General Aptitude Test: GAT) LWASNIASLHLNT
‘ﬂ@maumwfmﬁmmmaﬁm%w (Professional and
Academic Aptitude Test: PAT) TUNZLDUANRAZ LI
A1 VINITNAROL GAT/PAT ﬁl‘ﬁLﬂuﬁagaﬂﬂamﬁim
az188@ G99l 1) GAT (@auft 1) Aanzunnanumansnly
mMIaw MIden NMIAanzA uazmsuilandilym,
2) GAT (@aufi 2) Asazunnanusunsalumsdosns
AUNIWDING M, 3) GAT (39) ADALUUUTINTG 2 AB%,
4) PAT1 fanzuwianuaianinmamans, 5) PAT2
fOAZULUUANNORANINGNANEAS, 6) PAT3 Aanzuui
ANNDRANIIAINTINANGAS, 7) PAT4 Aansuuuany
ARANNFINLIASNIINARAS, 8) PAT5 Aanzuuuanunia
MIITNAJ, 9) PAT6 Aanzuuuanuntanisdalnym
a3, 10) PAT7 faasluuanuniansnmsnensdssing
LAZALUKIIN (Sum Score) AaAlnIINANBIRLTZNaY
VBITNVIT MEAzIBAdIaEITaNA §9 Table 1
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Table 1 Data sample
GAT1 GAT2 GAT PAT1 PAT2 PAT3 PAT4 PAT5 PAT6 PAT7 Sum Score
66.58 62.71 68.17 53.69 69.35 57.39 0.00 71.73 66.58 62.71 68.17
59.78 62.07 53.14 63.12 65.20 0.00 0.00 68.52 59.78 62.07 53.14
48.22 50.35 4518 0.00 0.00 0.00 0.00 0.00 48.22 50.35 45.18
45.16 43.31 19.60 43.58 55.50 38.36 0.00 0.00 45.16 43.31 49.60
50.23 52.69 46.06 35.49 47.18 0.00 0.00 49.26 50.23 52.69 46.06
49.73 55.18 40.76 55.71 49.96 44.34 0.00 0.00 49.73 55.18 40.76
59.09 58.94 56.67 65.14 54.11 0.00 0.00 66.92 59.09 58.94 56.67

911 Table 1 meé’hamﬁauamﬂums
ianzidaya mﬂ"uawamaﬂ"l,mmmimmmami@y
mimwamwlmmﬁ LRUR mmsmmwaumwa
IMWiauiuﬂwsamemmuaaﬂammmmimwmaa
Taya Adulidadula (Decision tree) %aﬁagaﬂ*ﬁ‘lumi
"3Lﬂiﬂ:ﬁlﬂuﬁagaﬂﬂﬁﬂmmuﬁaLﬁaal,l,a:ﬁmiﬂi:ma
283978YA %\1;‘Tﬁf‘ﬁ'mﬁmﬁﬁmsaﬂmim:mwaa‘*ﬁ’a;&a
lasnsdaringudaya (Binning data) launsuListaoua
ﬂszLuuLﬁammLmn:amaaﬂ’lﬁl,ﬂﬂ:ﬁﬁaga nwidnit

I%ﬂi:mummﬂadqmﬁﬂwm:m aaﬁagauuudmﬁaﬂﬁ

ag’lugﬂ‘uu*’naaqmé’nwm:ﬁagaLLuulei@iaLﬁaqLﬁamﬂu
MINAVWAUAZANNTUTDUDBITDYN lasldnannsud
‘mwaua (Discretization) Iﬂﬂmmmmwawamunau
dait ﬂmm 1 NRUATU GAT (@oufi1), GAT (aauii 2),
GAT (324), PAT1, PAT2, PAT3, PAT4, PAT5, PAT6 Lz

PAT7 :naziblidazdTinnisutivszauazuumaantin
4 520U ldun 2L AzUUNIZWING 0.00-39.08 Unuen
1T (L), 320UNa9 AZLLbKIZAINN 39.09-51.48 unue il
(M), 320U AZWUUIENING 51.49-63.88 unueiilu (H),
E:ﬁugumﬂ AZUWLIZTHINY 63.89-100 unwailn (VH)
LLa:ﬂajuﬁ 2 AZULWIIN (Sum Score) ULITEAUAZL WD DN
1w 4 szavldun szaulamarnwdndnes ey azuus
JINTERINS 0.00-50.58 unuandu (Low), szdulamaeinn
AN DUNad AZLUWBIINTZAINN 50.59-65.10 LN
fllu (Moderate), z@ulamaniwdn@nms 110 Azuun
0TI 65.11-79.62 unuaiilu (High), szeulama
HWdNEN® 0INEa AzLUUTINTENIN 79.63-100 Wnw
Adu (Most) :nmsiaIsudays n1IaanInIzaeves
iayai@m%’@najmia;&a LR NRUBATZALTIAZUUBRINIT
URAITHAZLDHAAY Table 2

Table 2  Variable sample
GAT1 GAT2 GAT PAT1 PAT2 PAT3 PAT4 PAT5 PAT6 PAT7 Sum Score
VH H VH H VH H L VH VH H Most
H H H H VH L L VH H H High
M M M L L L L L M H Low
M M M M H L L L M M Low
M H M L M L L M M H Low
M H M H M M L L M H Moderate
H H H VH H L L VH H H High
VH VH VH H H M L L L L Moderate
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91N Table 2 dragudanafldlunsiiened
aNalagn1ssuuwntouanuuitanlidaguls 9uiay

a u

o]
i sTadssantawnan P nsdtsiadssansaaw
NNENANUYNADI (Accuracy) Mautisdayailu 2 niufe
Tayanamey (Data testing) uaziayni3uu3 (Data training)
1o Ummﬂa"ﬂ”ayaLmnmumm%uﬁ avinMITIAIIER
GE %OifﬁﬁﬂﬂﬂiLLﬂdia%mLLUU Cross validation L{un17
uwtistayssanidumsasaseuuuuled lasdenlduuy 10

&% (10 fold cross validation)

%umauﬁﬂmia%ﬁﬂvm@ﬁm%‘u{fagaﬁy‘mmlu
gadayauanitad NN MsRuRILans i lele
miuendeyasaniuyates g srumIiwImIANNY
2aIuAazlanItIg (GAT1, GAT2, GAT, PAT1, PAT2,
PAT3, PAT4, PAT5, PAT6 Waz PAT7) @9&4N13 1

ﬁumaumiﬁﬁmmmmumwj?mauwia:

An € o A An €& Aa '
wan3DIq laavinnIRaTanKwen3tId GAT1 Nilen 4 @1
fa L, M, Huaz VH U800 RaINNENUIALNUU8d
GAT1 LaAHNNNTANWIRA N UV BILENTTIRIUNIRNA

Tuaauniiainszduuunisinuundaya
(Classification model) wazn1siiuuusiaasuls

J Sci Technol MSU

TWsunsuil#lumuddeil de Tsunsy Weka
(Waikato Environment for Knowledge Analysis) (Zdravko
Markov, 2020: 13U lwdl) GfatﬂuiﬂmnsuﬁwL‘%fugﬂﬂs:mﬂ
Wildsunsn madianeddayalasnadaniinmaduun
(Classify) \danitdulidagula danadfin c4.5 (J48)
Tisunsn Weka 9zfimsdianzidayauszazuaanants
JiaziNeaiduads Figure 5

€ Weka Bplorer - o X

[ Preprocess | ciassity | Custer | Associate | Selectatrioutes | visualize |

Classifier
{ = \

Test options.

(O Use training set
O Suppliedtestset  Set

0.9234
0.0159

— 0.0916
® Cross-validation Folds | 10 13888 %
214443 2
)

() Percentage spiit

More options

(Nom) Sum Score E

Start Stop

% 66

=== Detailed Accuracy By Class ==

TP Rate
1.000
0.932
1.000
1.000
0.922

FP Rate Precision Recall
0,014 0.928 1.000
0.000  1.000 0.938
0.000  1.000 1.000
0.000  1.000 1.000
0.002  0.989 0.982

F-veasure  MCC
0.963 0.957
0.988 0.961
1.000 1.000
1.000 1.000
0.982 0.926

Resuit list (right-click for options)
Weighted Rvg.

=== Confusion Matrix ===

115 0 0| b=High v
<\ T
Status
o (1] e

Figure 5 Analysis result

uaz18uaay Figure 6

5
UL 1§ uslg L
GAT1 | GATZ | GAT | PAT1 | PATZ | PAT3 | PAT4 | PATS | PATé | PATT | Sum Score
WH H VH H VH H L VH VH H Most
H H H H VH L L VH H H High
+ M M M L L L L L M H Lew +
M H M L M L L M M H Low
M H M H M M L L M H Moderate
Training Data '
&
ﬂunwmnhuwémad\.l'lﬁm R S R S ":
i :
GAT1 GATZ GAT PAT1 PAT2 PAT3 PATA PATS PATE PATT Class 1 E
H
66,58 62.71 68,17 53.69 69.35 57.39 000 TLT3 656.58 62.7T1 E :
59.78 62.07 53.14 63,12 65,20 0.00 0.00 68.52 59.78 £2.07 ? E -
i :
ag.22 50.35 a5.18 0.00 0.00 0.00 0.00 0.00 a8.22 50.35 2 ] .
451 43, 4960 | 43, . ! 0 4516 | 4331 7 ] i
New data 516 331 358 | 5550 | 3836 | 000 00 5 3.3 i :
5023 | s269 | as06 | 3549 | 4738 | o000 | o000 | e%ze | 5023 | szee ? b
7

Classification Model

Graphical User Interface (GUI)

1D Score Predicted
1 Most Most
2 Most Most
3 Most Most

Prograrnming Prediction result

Figure 6 The Creation Classification model
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NaN1IANEIY myenzideysluudazazic ldwan1sienzian
nmianzideyadefiduldinmaliansd  A1AugNaad (Accuracy) AinANLAKEN (Precision)

v g o A i ' Wd Iy a

dauamullsunin Weka lasvinmsiwsilunsdazanan 9102103280 (Recall) LazA1AULAIL9 (F-Measure)

U
a v

ad v v A .. o 4 a wafe¥ ‘o a o
mesitdulidagula (Decision tree) LUyU C4.5 WA 51zmwl,aﬂﬂwamsumwmmayja’lmmawmmnmm

Table 3
Table 3  Result
Decision tree (C4.5)
No. Bachelor Program
Accuracy Precision Recall F-Measure Class
1 B.ATM. Applied Thai Traditional 87.31 0.880 0.873 0.871 High
2 B.Sc. Emergency Medicine Operation 88.10 0.885 0.881 0.877 High
3 Pharm.D. Pharmaceutical Care 74.78 0.740 0.748 0.740 High
4 B.N.S. Nursing Science 87.26 0.806 0.873 0.824 Moderate
5  B.P.H. Public Health 87.96 0.881 0.880 0.875 High
6 B.Sc. Nutritional Science Dietetics and Food Safety 90.04 0.898 0.900 0.896 Moderate
7 B.Sc. Environmental Health 90.45 0.907 0.905 0.897 Moderate
8 B.Sc. Occupational Health and Safety 91.49 0.915 0.915 0.908 Moderate
9 B.Sc. Chemistry 87.72 0.883 0.877 0.877 High
10  B.Sc. Biology 88.32 0.877 0.883 0.879 High
11 B.Sc. Physics 90.40 0.898 0.904 0.900 High
12 B.Sc. Applied Physics 82.46 0.824 0.825 0.820 High
13 B.Sc. Mathematics 86.51 0.872 0.865 0.863 High
14 B.Sc. Statistics 88.27 0.877 0.883 0.878 High
15  B.Sc. Microbiology 85.83 0.855 0.858 0.856 Moderate
16 B.Sc. Food technology and Nutrition 87.14 0.870 0.871 0.870 Moderate
17 B.Sc. Biotechnology 92.95 0.917 0.930 0.923 Moderate
18  B.Sc. Agriculture (Horticulture) 89.98 0.893 0.900 0.895 Moderate
19  B.Sc. Agriculture (Agronomy) 88.35 0.877 0.884 0.877 Moderate
20 B.Sc. Food Product Development 88.50 0.881 0.885 0.882 Moderate
21 B.Sc. Animal Science 90.52 0.904 0.905 0.904 High
22  B.Sc. Fisheries 90.73 0.909 0.907 0.901 Moderate
23  D.V.M. Veterinary Medicine 80.75 0.811 0.808 0.806 High
24  B.Sc. Environmental Technology 90.53 0.904 0.905 0.898 Moderate
25  B.Sc. Environmental and Natural Resources Management 92.19 0.915 0.922 0.918 Moderate
26 B.Sc. Environmental Education 91.05 0.922 0.911 0.911 Low
27  B.A. Information Science 100.0 1.000 1.000 1.000 Most
28  B.Sc. Information Technology 82.27 0.815 0.823 0.892 Moderate
29  B.Sc. Computer Science 89.79 0.893 0.898 0.895 Moderate
30 B.Sc. Creative Media 92.27 0.930 0.923 0.923 Moderate

31  B.Sc. Geo-Informatics 96.42 0.971 0.964 0.966 High
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Table 3  Result (cont.)

Decision tree (C4.5)

No. Bachelor Program

Accuracy Precision Recall F-Measure Class
32  B.Com. Arts Communication Arts 99.66 0.997 0.997 0.997 Most
33  B.Eng. Engineering 89.59 0.893 0.896 0.894 Moderate
34  B.Arch. Architecture 85.88 0.866 0.859 0.850 High
35  B.Arch. Urban Architecture 89.37 0.897 0.894 0.889 Moderate
36  B.Arch. Interior Architecture 83.74 0.841 0.837 0.827 Moderate
37  B.F.A. Creative Arts 82.40 0.803 0.824 0.810 High
38 B.L.A. Landscape Architecture 77.98 0.749 0.780 0.758 Moderate
39 B.Sc. Construction Management 99.01 0.981 0.990 0.985 Most
40  B.Acc. Accountancy 100.0 1.000 1.000 1.000 Most
41 B.B.A. Marketing 100.0 1.000 1.000 1.000 Most
42  B.B.A. Management 100.0 1.000 1.000 1.000 Most
43  B.B.A. Business Computer 100.0 1.000 1.000 1.000 Most
44  B.B.A. International Business (International Program) 100.0 1.000 1.000 1.000 Most
45  B.B.A. Financial Management 100.0 1.000 1.000 1.000 Most
46  B.B.A. Business Information Technology 100.0 1.000 1.000 1.000 Most
47  B.B.A. Human Resources Management 100.0 1.000 1.000 1.000 Most
48  B.Econ. Business Economics 100.0 1.000 1.000 1.000 Most
49  B.A. Tourism Management 100.0 1.000 1.000 1.000 Most
50 B.A. Hotel Management 100.0 1.000 1.000 1.000 Most
51  B.A. Tourism Management (English Program) 100.0 1.000 1.000 1.000 Most
52 B.A. Thai Language 100.0 1.000 1.000 1.000 Most
53  B.A. Language for Media Creation 99.68 0.997 0.997 0.997 Most
54  B.A. English 76.08 0.763 0.761 0.752 High
55  B.A. English for International Communication 76.58 0.760 0.766 0.758 High

(International Program)

56  B.A. Business English 72.34 0.751 0.723 0.711 High
57  B.A. Chinese 79.40 0.839 0.794 0.790 Moderate
58 B.A. Japanese 100.0 1.000 1.000 1.000 Most
59 B.A. French 87.77 0.894 0.878 0.880 Most
60 B.A. History 100.0 1.000 1.000 1.000 Most
61  B.A. Community and Social Development 100.0 1.000 1.000 1.000 Most
62 B.A. Development Geography for Resources Management 99.39 0.994 0.994 0.994 High
63 B.A. Korean 96.71 0.970 0.967 0.968 Most
64  B.A. ASEAN Languages and Cultures (Khmer Language) 97.82 0.980 0.978 0.979 High
65 B.A. ASEAN Languages and Cultures( Lao Language) 97.05 0.971 0.971 0.971 High

66 B.A. ASEAN Languages and Cultures (Vietnamese Language) 96.20 0.963 0.962 0.962 High
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Table 3  Result (cont.)
Decision tree (C4.5)

No. Bachelor Program

Accuracy Precision Recall F-Measure Class
67  B.Pol.Sci. Political and Government 100.0 1.000 1.000 1.000 Most
68  B.Pol.Sci. Public Administration 100.0 1.000 1.000 1.000 Most
69  B.Pol.Sci. international Relations 100.0 1.000 1.000 1.000 Most
70  B.Ed. General Science 89.29 0.894 0.893 0.893 High
71 B.Ed. Mathematics 86.39 0.860 0.864 0.861 High
72  B.Ed. Social Studies 83.65 0.841 0.837 0.822 Moderate
73 B.Ed. English 82.04 0.814 0.820 0.817 High
74  B.Ed. Thai Language 86.33 0.858 0.863 0.854 Moderate
75 B.Ed. Early Childhood Education 79.92 0.811 0.799 0.788 Moderate
76  B.Ed. Educational Technology and Computer Education 86.93 0.865 0.869 0.860 Moderate
77  B.Sc. Psychology 93.83 0.945 0.938 0.940 Most
78 B.Sc. Sport Science 100.0 1.000 1.000 1.000 Most
79 B.F.A. Visual Arts 91.26 0.912 0.913 0.911 High
80 B.F.A. Performing Arts 96.91 0.969 0.969 0.969 Most
81  B.F.A. Product Design and Development 90.24 0.908 0.902 0.902 High
82 B.M. Music 94.31 0.941 0.943 0.941 Moderate
83  B.A. Cultural Management 100.0 1.000 1.000 1.000 High
84 L.L.BLaws 100.0 1.000 1.000 1.000 Most

31 edtdulidadula (Decision tree) WUy C4.5
fansaaeauld uazdulidadula (Decision rule)
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Figure 7 Example Tree
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Abstract

The visual programming language is the command using symbols, links, text boxes, and property windows that is simple
because of less complexity, and it does not need to code the application. This article aims to present a comparison
of effectiveness for application development on Android, between visual programming language of game engine on

Unreal Engine and Java in Eclipse program.

This study is experimental research that was practiced and developed an application on android with visual
programming of game engine on Unreal Engine and Java in Eclipse program by five programmers. Sample t-tests,

mean and standard deviation were conducted to compare the results.
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The findings revealed that visual programming language of game engine on Unreal Engine is more effective

than Java on Eclipse program for mobile applications development on Android as follows: time for application develop-

ment training (1,891+ 87.83 minute), time for application development (147.40+3.91 minute), pause for additional study

during application development (3.80+1.30 times), time for additional studies during developing application (5.50+0.50
minute), and size of programming files (1.81+0.05 Mb) T-values are 2,036.15 (p<0.01), 5.77 (p<0.01), 43.31 (p<0.01),

13.39 (p<0.01), and 2.56 (p<0.01) respectively.

Keywords: Mobile Application, Visual Programming Language, Game Engine
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Figure 1 Mobile applications usage trend (Source: https://www.blognone.com/node/101277)
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Abstract

The objectives of this study were to evaluate the effect of motorcycle proportion, heavy vehicle proportion, and
directional split of traffic volume on the capacity of DRR two-lane rural highways and to develop a mathematic model
to estimate maximum capacity by using the traffic model. The results showed that DRR No.KorGor.2009, which
was the model road used in this study, had the highest capacity (both directions) equaled 3,648 pc/h, and it can be
seen that it was higher than the maximum capacity according to the method specified by HCM2010 which equals
3,200 pc/h. Moreover, a linear multiple regression model was developed to estimate the capacity, on the highway as
Capacity=3400.825-57.063M-13.525H where the proportion of motorcycles (M) was the most influential factor affecting
the capacity, followed by proportion of heavy vehicles (H), while the directional split was not statistically significant or

independent from the capacity of the DRR two-lane rural highway.
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Table 1  Calibration results of base model
Traffic volume Travelling speed
Model Calibrations (veh/h) (km/h)
Dir. 1 Dir. 2 Dir. 1 Dir. 2
Observe 334 222 74.6 76.2
Model 338 233 69.2 68.2

%Diff. 1.20% 4.95% -7.15% -10.41%

GEH 0.22 0.73 - -

Table 2 Validation results of base model

Traffic volume
(veh/h)

Travelling speed

Model Validations (km/h)

Dir. 1 Dir. 2 Dir. 1 Dir. 2

Observe 249 305 76.6 69.1
Model 257 301 711 67.2
%Diff. 3.21% -1.31% -7.18% -2.72%
GEH 0.50 0.23 - -
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Abstract

The aim of this research was to study the properties of concrete made using the gravel from the Mekong River as
a coarse aggregate. The results indicated that gravel properties ; Flakiness Index, Elongation Index and abrasion
resistance of concrete were within the standards for general concrete and abrasion resistant concrete. The results of
the compressive strength test of concrete showed that the use of gravel as a coarse aggregate instead of limestone
causes the compressive strength of concrete to be reduced by 7% and 4 % for concrete used in general structure and
prestressed concrete respectively. The results of shear strength tests showed that concrete using gravel as a coarse
aggregate instead of limestone reduces shear resistance by 27% and 30% for concrete used in general structure
and prestressed concrete, respectively. Shear resistance from aggregates interlocking of concrete using gravel was
lower than limestone used as a coarse aggregate because of a smoother surface. However, concrete using gravel
as coarse aggregate has a shear strength approximately 3 times greater than concrete required in the design of

non-prestressed concrete building elements.

Keywords: Concrete, Gravel from Mekong River, Coarse aggregate, Shear strength
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Figure 1 Direct shear test
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Table 1  Testing result of flakiness index for gravel and
limestone
Type of Mass of aggregate (g) Flakiness
coarse Retained Passing Total index
aggregate A B A+B %
Gravel 19375 5079 22715 22.35%
Limestone 8269 484 8753 5.53%
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ﬂauﬂ%@ﬁmm:ﬂauﬂ’%mﬁwﬁaga (U7 BAT9NT T BETEN,
2553)

Table 2  Testing result of elongation index for gravel
and limestone
Type of Mass of aggregate (g) Elongation
coarse Retained  Passing Total index
aggregate c b c+D %
Gravel 7509 16941 22709 33.07%
Limestone 1792 22002 22215 8.07%
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Table 3  Testing result of abrasion test by Los Angeles

machine for gravel and limestone

Type of coarse aggregate % Loss (Average)

Gravel 26.1

Limestone 24.5

nuamsnagaulu Table 3 WU nsrauiing
AiauazyaInsEnnIauiauas 26.1 uasiiuyuildiasas
Pa9mTENNIouTara: 24.5 GanTiawitniintasazuas
msfnnIeuganiAnyuiasaz 1.6 fﬁomummgm ASTM
C33 (ASTM C 33, 2003) ua aan. 566 (§aa., 2562) 32U
1591 AudilelusnunaunIafAdosFULSILFIAMUINN 1T
aun swwdn Warkumimasevlasiaiassasuasads
i axdoadamdnnsenlyliiifintens: 40 vasiwin
AN F9ALRNZFNALM TN NINRNIN AT AT IRTUNY
numsTas wazlifinsosas 50 dwsunuaenniaim
é’a&ummma@ﬂ"[ﬁ’h rmﬂLszﬁﬁLLazﬁuguﬁlﬂumu‘i%’ ]
fiflenudunmunsannsaus dluinmuaiinasgiu

mnwamsmaauqmauﬁ’amaammawmuﬁ
inlgluwnuwidosansnaglan nsaudinivinan el
NWITBAANUANNZFUBIFUTNEUANIRI AL
wazANWAIUNBINIENNIautaunitiuyuetiesaz
16.82, 25.00 LAY 1.6 ANEIGU

HANIIANHINIRIAIWNIBLIIDAUTEA DYDY
AINNIA

NANITANBIAIAIG I UNIBUIIoalTeRv 09
é‘]’aaﬂ'ﬂaﬂaun%gﬂmoﬂizuaﬂ Aldnyrauaitilususs
Anyuidusiwnanrasnianuney dididadszde
2NLUL 240 waz 320 Alaniudaa1nauas Nnns
NAROUMBHNTANE 6 118819 uaadly Table 4



Vol 40. No 1, January-February 2021

Table4 Testing result of compression test for
cylindrical concrete specimens
i Average Compressive
Type of Design )
compressive strength/
coarse strength A
) strength Design
aggregate (kg/cm®) )
(kg/cm®) strength
GV-24 240.0 252.7 1.05
GV-32 320.0 3423 1.07
LM-24 240.0 2723 1.13
LM-32 320.0 356.7 1.11
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Effect of gravel from the Mekong River as coarse aggregate to

concrete properties
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Table 5  Testing result of direct shear test
Average
Shear
Average Average shear
Type of i strength
compressive shear strength
coarse from ACI
strength strength | Shear
aggregate ) 318
(kgf/lcm®) (kgf) strength
(kgf)
from ACI 318
GV-24 250.0 7,047.5 2,514.0 2.8
GV-32 328.0 8,468.7 2,879.6 2.9
LM-24 268.0 9,619.1 2,602.9 3.7
LM-32 340.0 11,973.4 2,031.8 5.9

(b) LM Sample failure

Figure 2 Failure on shear plane
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Abstract

The Satin Bowerbird Optimization (SBO) is a recently developed meta-heuristic optimization algorithm. The main
problem faced by the SBO is that it has been empirically demonstrated to become easily trapped into local optimal
solutions, creating low precision and slow convergence speeds. Therefore, in an effort to enhance global convergence
speeds, and to obtain better performance, this paper introduces Chaos Theory into the SBO optimization process.
Various chaotic maps were considered in the proposed Chaotic-SBO (CSBO) method in order to replace the main
parameter’s greatest step size (QL), which assists in controlling both exploration and exploitation. We tested CSBO
algorithms through experiments with the numerical function optimization. The numerical results indicate that the CSBO

algorithm outperformed 11 other optimization algorithms.

Keywords: Satin Bowerbird Optimization, Meta-heuristic algorithm, chaos theory, chaotic map.
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Introduction

The goal of the optimization problem is to search for
a maximum or minimum of an objective function value
in widely varied local optima, under highly complex
constraints, and in a reasonable amount of time
(Yang et al, 2014). Consequently, chaotic sequences
generated by means of chaotic maps have been used in
the development of global optimization techniques. The
first introduction of chaos into the optimization challenge
was the Chaos Optimization Algorithm (COA) in 1963,
by E.N. Lorenz (Lorenz, 1963). The COA represents
the bounded, unstable, dynamic behavior that exhibits
sensitive dependence on its initial conditions (Yuan et
al., 2014) named chaos optimization algorithm (COA.
Uniquely characteristic of chaotic behavior, the COA
carries out global exploration searches at higher speeds
than stochastic ergodic searches, which are dependent
on probabilities (Yuan et al., 2015) all individuals in the
PCOA search independently without utilizing the fitness
and diversity information of the population. In view of the
limitation of PCOA, a novel PCOA with migration and
merging operation (denoted as MMO-PCOA.

Chaos is a characteristic of several nonlinear
systems as motion distributes within a specific range,
as it possesses degrees of uncertainty, ergodicity,
and stochasticity. Many researchers therefore use the
characteristics of chaotic ergodicity to solve for the
global optimal solution of complex nonlinear multi-peak
problems, by weakening the randomness or constant
parameters of the metaheuristic optimization algorithm
(Huang et al., 2015) which is widely used to solve many
optimization problems. However, it has been empirically
demonstrated to easily get trapped into local optimal
solutions and cause low precision. Therefore, in this work,
we propose five modified Chaos-enhanced Cuckoo search
(CCS. As a result, most current work is devoted to the
improvement of global optimization algorithms to tackle
the abovementioned shortcomings. Further interest has
been developed in the field of hybrid algorithms, especially
in typical and emerging heuristic optimization algorithms;
such as the migration and merging operation (Yuan et al.,
2015) all individuals in the PCOA search independently
without utilizing the fitness and diversity information of

the population. In view of the limitation of PCOA, a novel
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PCOA with migration and merging operation (denoted
as MMO-PCOA, cuckoo search optimization algorithm
(Huang et al., 2015)which is widely used to solve many
optimization problems. However, it has been empirically
demonstrated to easily get trapped into local optimal
solutions and cause low precision. Therefore, in this work,
we propose five modified Chaos-enhanced Cuckoo search
(CCS, firefly algorithm (Gandomi et al., 2013), gravitational
search algorithm (Mirjalili and Gandomi, 2017), whale
optimization algorithm (Kaur & Arora, 2018), crow search
algorithm (Problems et al., 2018), league championship
algorithm (Wangchamhan et al., 2017)but the produced
solution does not produce optimum clusters. This
paper proposes three algorithms (i, salp swarm algorithm
(Sayed et al., 2018), and the krill herd algorithm (Wang et
al., 2014)Gandomi and Alavi proposed a meta-heuristic
optimization algorithm, called Krill Herd (KH; all of which
were hybridized with the COA. Various simulation results
and applications in each of these references have proven
the solution diversity and global optimization capacity of

each chaos-based optimization algorithm.

The standard Satin Bowerbird Optimizer (SBO)
was first proposed by S. H. Samareh Moosavi and V.
Khatibi Bardsiri (Moosavi and Bardsiri, 2017)development
effort estimation has become a challenging issue which
must be seriously considered at the early stages of project.
Insufficient information and uncertain requirements are
the main reasons behind unreliable estimations in this
area. Although numerous effort estimation models have
been proposed during the last decade, accuracy level is
not satisfying enough. This paper presents a new model
based on a combination of adaptive neuro-fuzzy inference
system (ANFIS in 2017, to optimize adaptive neuro-fuzzy
inference system (ANFIS) for the purpose of effort
estimation of software development. Its algorithm was
bio-inspired by Satin Bowerbirds living in the rainforests
and mesic habitats of Australia. Through the breeding
principle of male-attracting-female, the male bowerbird
attracts the female with the construction of a specialized
bower. This technique, which is population-based on a
stochastic optimization algorithm (Chintam and Daniel,
2018); is very robust, straightforward, and efficient.
Details of the original SBO and the literature related to its

applications are presented in Sections 4 and 5.
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The principle concern we faced in our research
was the way to introduce the Chaotic Satin Bowerbird
Optimizer (CSBO) based methods in which different
chaotic systems are used to replace the critical parameters
of the SBO. Through this method, we intended to enhance
the global searching ability of the SBO and increase its
ability to stick on a local solution. The simulation results
demonstrated the improved performance of the CSBO
with the application of the deterministic chaotic signals,

as opposed to the constant parameters of the SBO.

The remainder of this paper is organized in six
sections. Section 2 briefly describes the SBO algorithm
; Section 3 describes the chaotic maps for the SBO ;
the proposed CSBO approach is detailed in Section 4
; and comparisons of the CSBO with other optimization
algorithms are found in Section 5. Our conclusions and

future scope of our research are presented in Section 6.

The original SBO algorithm

The SBO algorithm starts by creating a
population of random uniform distribution, through the
consideration of both the lower and upper limit parameters.
After that, each position is defined as a dimensional
vector of the parameters, which must be optimized. The
probability of such defines the attractiveness of the bower.
A female satin bower bird selects a bower (nest) based
on its probability and is able to calculate the probability of

each population member through Egs. (1) and (2), below.

fit,
Prob, = % , (1)
n=1 ﬁt”

1
fit, maf(x,.) >0 |

)
L+ ()], f (x,) <0

where NB is the population size of the bower,
is the fitness value of the i solution, and f(xi) is the
fitness value of i bower. To find the position of the
best bower, the SBO algorithm utilizes the concept of
elitism, which allows the best solution to be preserved
at each stage of the optimization process. The SBO
algorithm replicates the concept of birds building their

nests using their natural instincts. In the mating season,
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the male satin bower bird uses his natural instincts to
build and decorate his bower, in an attempt to attract
female birds. We may infer that the male birds rely upon
their experience to influence their creative decisions in
building their bower ; therefore, more experienced birds
will build more attractive bowers (improving their fitness)
than less experienced birds. In this work, the best built
bower (best position) is intended as an elite iteration.
Since the elite position has the highest fitness, it should
be able to influence the other positions. The changes
of each new bower, representing a new position
determined by the position of the best fit bower (position),

are calculated according to Eq.(3).

xlz;cew — xi(;cld +//{k (xjk +xeli[€,k j_xi(;{ld , (3)
2

where xl. is the 1" solution vector (bower), xj is
determined as the target solution among all solutions in
the current iteration,j is calculated by the roulette wheel
procedure, and xik is the k" member of this dimensions.
X indicates the elite position (the best fitness value in

elite
the current iteration).

(04

1 =
g 1+pj

(4)

In Eq. (4), }\‘k represents the attraction power of
the goal bower, shown at intervals of 7\.,{6 (0, ]), where
Ol is the greatest step size (constant) ; and pj is the
probability obtained through Eq.(1) employing the goal
bower at intervals of ij(O, ]).

In the mutation process, which occurs at the
completion of each iteration of the SBO, random changes
are applied with a certain probability. Random changes
are then applied to xik : again, with a certain probability.
The normal distribution (N) within the mutation process
is employed through the average of xlpkldand the

variance of G°, as seen in Egs. (5)-(7).
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X~ N(xy,6%), (5)
N(x",6%)=x;" +(c"N(0,1)), (6)
o= Z*(Va'rmax_ Varmin ’ (7)

where O is a proportion of space width, and
VEII‘min and V.’:II'max are the lower and upper bounds
assigned to the variables, respectively. The value
of the parameter is the Z percent of the difference
between the lower and upper limit, which is variable.
In the last of stage of each iteration, the newly formed
population and the initial population are evaluated,
and all populations are combined and sorted by their
fitness values. A new population is then created according
to the previously defined number, while the others are

rejected.

Chaotic maps for the SBO

Chaos, as a kind of dynamic behavior within
a nonlinear chaotic time series, has raised enormous
interest in fields such as scientific applications and
engineering systems; which have included numerical
simulation, chaos control, synchronization, pattern
recognition, optimization theory, as well as additional
nonlinear sciences. In random-based optimization
algorithms, methods employing chaotic variables
rather than random variables are referred to as chaotic
optimization algorithms (COA) (Gandomi et al., 2013).
Due to the non-repetitiveness of chaotic behavior, the
algorithm is capable of carrying out overall searches
at higher speeds than stochastic searches, which are
dependent upon their probabilities (Hatamlou et al., 2011).
One-dimensional, non-invertible maps are the simplest
systems capable of generating the desired chaotic motion
(Xu et al., 2013).

The proposed CSBO approach

This section presents a novel Chaotic Satin
Bowerbird Optimization algorithm called the CSBO, which
replaces the main parameter and embeds chaos into the
existing SBO. While SBOs possess good convergence
rates, they still lack the ability to sufficiently find the global
optima, which in turn affects the convergence rate of the
algorithm. In order to reduce this effect and to improve

its efficiency, the concept of chaos was introduced into
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the SBO algorithm.

Chaotic maps are imbedded into the SBO to
improve the algorithm’s solution quality. One of the main
parameters of the SBO is the greatest step size (QL), which
remains a constant parameter. Here, this value (Ql) is
replaced with chaotic maps in an attempt to improve the
performance of the SBO. Upon implementation, chaotic
maps are normalized between 0 and 1. Furthermore,
the parameter of O, determined through Eq. (4), is
modified by the chaotic maps through the following

equation, Eq. (8).

t+1

mod(z, NB—1) =0,
A = I+p,;
- (®)

otherwise
I+ p,

Where C™*! represents the different chaotic
variables, t is the current iteration (=1, 2, 3,...m),
M represents the maximum iteration number, and NB is
the number of bowers. Eq. (8) produces a design point,
from Eq. (3), which uses the different chaotic variables
derived from the chaotic maps, with different initial

values.

The pseudo-code of the CSBO algorithm is
presented in Algorithm 1. In the first step, the bower
population within the search space is initialized randomly.
After which, the parameters of the CSBO algorithm
involved in controlling the exploration and exploitation
mechanisms, specifically the NB, P, Z, G, and QL ; are
initialized similarly to the SBO. In the second step, the
fitness function values of all bowers are initialized in the
search space and evaluated using the various standard
benchmark functions. The lower fitness value is assumed
to be elite (the best fitness function value). The chaotic
number of the chaotic map is initialized to adjust parameter
Ol of the SBO. In the third step, the CSBO algorithm
runs sequentially, in which all bowers will update their
positions, resulting in the first position as the optimal
solution. The value of parameter (L is also updated along
with the course of each iteration through Eq. (8), where
mod(t, NB-1)=0 ; t ; is the current iteration, and NB
is the population size (Algorithm 1, line 19). In the final
step, at the end of the last iteration, the best search agent
will be considered as the most optimal solution by the
CSBO algorithm.
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Algorithm 1 The CSBO algorithm.
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1: Initialize the population size of bowers (IVB), greatest step size (OL), mutation probability (P), percentage of the difference between the upper

and lower limits (Z), proportion of space width (O) and NFEs=0
2: Generate the population Xi:(i:I, 2, 3,..., N) of N bowers
3: For i=1to N Do

4: Evaluate the fitness value of all bowers f{X,)

5: The best bower (Xbm) and assume it as elite

6: NFEs=NFEs + NFEs that is consumed by bower

7: End for

/I The stage of CSBO

8: Initial iterations t=1

9: Generate the chaotic sequences ¢', € (0,1), the description in Section 3 <o

10: While (NFEs = max_NFEs) Do

11: For k=1 to N Do

12: Calculate the probability (P) of bowers using Egs. (1) and (2)
13: End for

14: liGenerate a new bower (X/*/)

15: For i=/ to N Do

16: For k=1 to D (all element (D) of bower) Do

17: Select one bower (X '), where (X/) is random using roulette wheel selection

18: //Calculate step size (1)

19: If mod(t, N-1)=0 Then <@

20: Calculate step size (A, ) using Eq. (8) <@

21: Else

22: Calculate step size (kk) using Eq. (4)

23: End if

24: Update the position of bower (XI.’”) using Eq. (3)

25: [IMutation

26: If rand < P Then

27: Update the position of bower (XI.’”) using Eq. (6)

28: End if

29: End for

30: Evaluate the fitness value of bowerﬂX{.’*’), NFEs=NFEs + 1
31: End for

32: Sorted bower (X, ) and f(X,) by the fitness values

33: Update elite (X, ) if a bower becomes fitter than the elite
34 t=t+ 1

35: End while

36: Output the global best fitness value of bower (X, )

Note: The differences between the SBO and CSBO are indicated with lines marked with the symbol <] ©.

Experiment results and discussion

In this paper, our experiments were coded in
MATLAB R2016a, 64 bit, and run on a desktop computer
with an Intel® Core™ i7-6770HQ processor, 8.00GB
of RAM, 500GB of HD, and a Microsoft Windows 10
Professional 64 bit Operating System. Moreover, the
average objective function values (“Avg.Obj”) and
standard deviation of the fitness function values (“Std.
Dev”) of all runs were recorded. The “Avg.Obj” and “Std.
Dev” were the two performance metrics used to assess

the performance of the algorithms.

In this paper, the experiment sets on optimization
benchmark problems were implemented to verify the
performance of the proposed meta-heuristic
CSBO method. Moreover, the CEC2014 (Liang
et al., 2014)

performance evaluation and statistical comparison of the

test suite was selected for the

CSBO in the experiments evaluating the performance
of the proposed CSBO algorithm in comparison to other
meta-heuristic algorithms. Note that all experiments were

performed on the same PC, with the same specifications.
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1. the performance assessment of CSBO with
different chaotic maps

Within the experiment results, the CSBOs
utilized the Chebyshev, Circle, Gauss/Mouse, lterative,
Logistic, Piecewise, Sine, Singer, Sinusoidal, and Tent
maps (Gandomi et al., 2013). The CSBOs were capable
of significantly improving the solution quality through the
use of chaotic maps. Adjustments of the main parameter
Ol were implemented with the various chaotic maps, as
seen in Section 4. Itis clear that the number of problems in
which better average objective fitness values were obtained
by the basic SBO combined with the Tent map, CSBO
(Tent map), proving to be superior to all other algorithms.

Further detailed testing is reported in Section 5.2.

2. Comparison of the CSBO with other
optimization algorithms

To prove the superiority of the proposed CSBO,
we conducted comparisons of benchmark problems with
11 well-known algorithms; Crow Search Algorithm (CSA)
(Askarzadeh, 2016)we evaluate a novel self-adaptive
and auto-constructive metaheuristic called Drone Squad-
ron Optimization (DSO, Firefly Algorithm (FA) (Yang,
2010), Krill Herd algorithm (KH) (Hossein, 2012), Multi-
Verse Optimization (MVO) (Mirjalili et al., 2016), Whale
Optimization Algorithm (WOA) (Mirjalili and Lewis, 2016),
Satin Bowerbird Optimizer (SBO), Chaotic Crow Search
Algorithm (CCSA), Firefly Algorithm with Chaos (CFA),
Chaotic Krill Herd algorithm (CKH), Chaotic Multi-Verse
Optimization (CMVO), and Chaotic Whale Optimization
Algorithm (CWOA). Thus, in this paper, SBO was
considered to be the basic method. The parameter
settings for each algorithm in all experiments are

shown in sub Section 5.2.1.
2.1 Parameter settings for experiments

We conducted a wide range of tests on the
proposed algorithm, benchmarking the performance of the
CSBO. Comparisons were made of 11 existing algorithms
on 30 benchmark functions, in CEC2014. With a fixed
population size of 100 at each run, the benchmark function
test problems were executed with 30-D and 50-D, where
D is the dimension of the function for all experiments. The
experiments were run more than 100 times, in which the

maximum number of functions evaluated (NFEs) were
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set at 3.0E+5 and 5.0E+5, respectively. The other main

parameters are presented in Table 1.

Table 1 Parameters settings.

# Chaotic map  Parameters

CSA - The awareness probability of crow

CCSA Circle map AP=0.1, and the flight length of crow =2

A The light absorption coefficient=1/L, and
the attractiveness coefficient=1

. . The light absorption
Sinusoidal . . .
coefficient=Sinusoidal map, and the

CFA map, Gauss/ . .
attractiveness coefficient=Gauss/mouse

mouse map
map

KH - The foraging speed Vf=0.02, the maxi-
mum diffusion speed D™=0.005,

CKH Sine map the maximum induced speed N"*=0.01

MVO - The wormhole existence probability
WEPmaX=1, WEPmm=O.2, raryr, and r,

CMVO  Circle map are random numbers in [0, 1], and p=6

WOA - A and C are coefficient vectors, a is
linearly decreased from 2 to 0, /is a

CWOA Tent map random number in [-1, 1], and p is a
random number in [0, 1]

SBO - The percentage of the difference
between the upper and lower limits ()
was considered to be 0.02, the mutation

CSBO  Tent map probability () was 0.05, and the greatest
step size () was 0.94

2.2 Numerical results and graphical
analysis

In this Section, we present the numerical
results, and graphical analysis and evaluation of the CSBO
and other optimization algorithms based on the benchmark
functions. We further classified the qualitative analyses
into four function problems: the Unimodal function, the
Simple multimodal function, the Hybrid function, and the
Composition function. Tables 2-7 show the statistical
analysis of the comparative simulation results between
the CSBO and the other algorithms. The four function

problems outlined are described as follows:

(a) Unimodal function (f1 -f3 ): Table 2 presents
the statistical analysis of the simulation
results and performs a comparison
between the CSBO and the other
optimization algorithms. The CSBO

algorithm outperformed the comparative
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(b)

(€)

algorithms in our statistical tests.
Within the 30-dimensional problems,
the CSBO generated better simulation
results in the functions f1 and f2 In
cases of the 50-D problems, the
CSBO proved superior to all other
algorithms in the f1. However, for
functions  and f, the CSBO ranked 3"
out of 12 algorithms. Summarizing the
overall rank of the 30-D set, the CSBO
algorithm ranked first (5.0).

Simple multimodal function (f4_f16): In
the results for the 30-D problems,
shown in Table 3, the CSBO algorithm
ranked first (f4, f10'f15) in eight out of 13
benchmark functions. Similar results
were achieved in the f1 . functions for FA,
and f14 functions for SBO with the CFA
algorithms. In the 50-D problem cases,
shown in Table 4, the CSBO algorithm
was significantly better than or at least
similar in ): fw-fM, and 1‘16 functions in
seven out of 13 benchmark functions.
The overall rankings (summarized)
for the 30-D set found that the CSBO
algorithm ranked first (26.0).

Hybrid function (fw-fzz): Table 5, in the
case of the 30-D problems, the superior-
ity of the CSBO was lost ; and proved
inferior to CKH in fm, CMVO and MVO
on fzo, and FA and CFA in fzz. The
CSBO algorithm did, however, rank
first in three out of the six benchmark
functions ; fw, f19, and f21. Within the
50-D set, the CSBO was bettered only
by the CFA on f22. In all other areas,
the CSBO performed significantly bet-
ter than the comparative algorithms,
ranking first in five out of six benchmark
functions (fﬂ—f21 benchmark functions).
An overall rank summary for the 30-D
problems found that the CSBO algo-
rithm ranked first at 8.0.
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(d) Composition function (f23-f30): Table 6,
within the 30-D problem set, the CSBO
ranked less than the CKH and KH on
f -f. and the CFA, CMVO, MVO, FA,
CWOA, and WOA algorithms on fzs.
However, the CSBO algorithm ranked
first in f26, f27, f29, and f30 (four out of
eight benchmark functions). Within the
50-D problem set, Table 7, the CSBO’s
performance was inferior to the CKH in
f23 ; the CWOA, WOA, and CKH on f24 ;
the CKH, CFA, KH, FA, CMVO, CWOA,
and WOA in f25 ; the CWOA and WOA
on f26 ; and to the CFA, CMVO, MVO,
FA, CWOA, and WOAin f . The CSBO
ranked first in three out of eight cases ;
the f27, fzg, and f30 benchmark functions).
The overall rank summary for the 30-D
problems ranked the CSBO algorithm
ranks first (23.0), followed by the CFA
algorithm (second, at 24.5), and the
CKH algorithm (third, at 32.0). Within
the 50-D problem set, the CSBO
algorithm ranks first (27.5).

The graphical analyses, Figures 1 and 2,
display the line graphs of the convergences of all the 12
optimization algorithms, and the 8 functions (fM’ A
mmm) within the 30-D and 50-D problem set. The CSBO
demonstrated better performance in escaping from the
local optimum, as well as better search accuracy than
the 11 other methods. Moreover, the other algorithms
did not find their global optimal value in all of the runs.
The values shown in these figures represent the average
function optimum achieved from each benchmark function,
Tables 2-7.

In summary, the proposed CSBO algorithm
achieves better search performance, stable search ability,
and a stronger ability to escape from local optimum solu-
tions than all comparative algorithms, presented in Figures
1 and 2 and Tables 2-7. The CSBO method proved to
be very efficient for numerical optimization problems.
Moreover, the analyses of the non-parametric Wilcoxon’s
rank sum test, Section 5.2.3 and Section 5.2.4 ; and the
Friedman rank test proved the performance of the CSBO

algorithm to be superior to all other algorithms tested.



Vol 40. No 1, January-February 2021

2.3 The non-parametric Wilcoxon’s rank sum

test

In order to evaluate the performance of
proposed CSBO algorithm, we employed the Wilcoxon’s
rank sum test (Frank Wilcoxon, 1945) to determine the
statistical difference of the results achieved by each
algorithm. The test was conducted for the results obtained

by all algorithms, shown in Tables 2-7, N/A indicates “not

Chaotic satin bowerbird optimization for improving the efficiency of

numerical function optimization

From these tables, it is clear that the number of problems
in which better average objective fitness values were
obtained by the CSBO algorithm proved it to be superior
to all other algorithms. However, the CSBO results are

believed to be biased.

2.4 Analysis based on the Friedman rank

test

The Friedman rank analyses, present each

97

applicable”, denoting the best objective function value in - 444rithm was ranked according to their performance using

this current function. In the comparison of the CSBO and an average Friedman rank competition ranking scheme.

other optimization algorithms, it is generally considered In competition ranking, algorithms are put in the same

that a p-Value of less than 0.05 indicates that the result rank if their performances are the same.

achieved by the algorithm is statistically significant, and . .
Therefore, Figure 3 provides the ranks

not obtained by chance. The best results are highlighted L .
of 12 optimization algorithms and the overall rank for

in bold face, and the p-Values (greater than 0.05) are .
30 benchmark functions (Tables 2-7) based on the

underlined. ) .
cases of 30-D (Figure 3a) and 50-D (Figure 3b) mean

The comparison summaries of the proposed o rformances. Using the overall ranks, we can note that

CSBO and other optimization algorithms in the underlined the CSBO performs much better than the other algorithms.

30-D and 50-D test problems are presented in Tables 2-7.

Table 2  Unimodal function: comparison of the CSBO with other optimization algorithms for 30-D and 50-D problems.
The best Avg.Obj results among the 12 algorithms are shown in bold.
Method CSA FA KH MVO WOA SBO CCSA CFA CKH CMVO CWOA CSBO
30-D
Avg.Obj 1.6009E+09  2.3063E+07 2.8339E+08 5.0511E+06 3.2328E+07 2.9545E+06 9.5290E+08 4.6221E+06 1.8912E+07 3.4549E+06 2.7226E+07  3.7548E+05
Std. dev. 2.3173E+08  7.5188E+06 9.1114E+07 2.0339E+05 1.4290E+07 8.6304E+05 1.9327E+08 2.4755E+06 5.5471E+06  1.4844E+06 1.1623E+07  2.0571E+05
f
' p-Value 1.7565E-06 ~ 7.5569E-10  7.5569E-10  6.6298E-10  7.5569E-10  7.4197E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 7.0 10.0 5.0 9.0 20 11.0 4.0 6.0 3.0 8.0 1.0
Avg.Obj 9.9432E+10  1.1342E+08 1.5577E+10 2.8988E+04 3.0724E+06 5.3763E+05 7.2603E+10 5.5067E+06 2.8004E+04  1.7040E+04 3.0050E+06  1.1190E+04
Std. dev.  7.3771E+09  1.2290E+08  5.6399E+09  1.2094E+04 2.2802E+06 7.8532E+04 1.0275E+10 7.7335E+05 1.7478E+04 1.0766E+04 6.8454E+06 5.4370E+03
f
: p-Value 1.3371E-09  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 9.0 10.0 4.0 7.0 5.0 11.0 8.0 3.0 20 6.0 1.0
Avg.Obj 1.1438E+05 2.4932E+04 8.2161E+04 1.1184E+03 3.7410E+04 1.1468E+04 8.9263E+04 3.4921E+03 6.0446E+04 4.2596E+02 3.4955E+04  3.0903E+03
Std. dev. 1.8373E+04  4.1979E+03  2.4564E+04 3.0058E+02 2.4787E+04 6.2529E+03  2.9399E-11 1.7148E+03  1.3237E+04  4.0623E+01 2.2968E+04  2.9297E+03
f
’ p-Value 1.6710E-06  7.5569E-10 1.3025E-09  7.5569E-10  7.5569E-10  7.4669E-10  1.5375E-12  7.5569E-10  7.5569E-10 N/A 7.5569E-10 7.5569E-10
Rank 12.0 6.0 10.0 20 8.0 5.0 11.0 4.0 9.0 1.0 7.0 3.0
Overall Rank 36.0 220 30.0 11.0 24.0 12.0 33.0 16.0 18.0 6.0 21.0 5.0
50-D
Avg.Obj 7.8524E+09  3.7362E+07  6.2050E+08 7.5993E+06  3.4749E+07 4.4682E+06 3.1273E+09 9.2384E+06  1.2528E+07  7.0843E+06 3.1180E+07  1.3418E+06
Std. dev. 1.8074E+09  1.1120E+07 3.4120E+08 1.7292E+06 1.2664E+07 1.0064E+06 4.0481E+08 3.0593E+06 4.5995E+06 1.9426E+06 1.1635E+07  3.2025E+05
f
' p-Value 2.6254E-09  7.5569E-10  7.5569E-10  7.5228E-10  7.5569E-10  7.4652E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A

Rank 12.0 9.0 10.0 4.0 8.0 20 11.0 5.0 6.0 3.0 7.0 1.0
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Table 2  Unimodal function: comparison of the CSBO with other optimization algorithms for 30-D and 50-D problems.
The best Avg.Obj results among the 12 algorithms are shown in bold. (cont.)
Method CSA FA KH MvVO WOA SBO CCSA CFA CKH CcMvo CWOA CSBO
30-D
Avg.Obj 1.9461E+11  3.0454E+09 6.3940E+10 6.8463E+04 2.0063E+07  7.8346E+06 1.7358E+11 4.8625E+06 1.9698E+05 3.1696E+04  1.5655E+07  1.9206E+05
Std. dev. 1.1995E+09  1.2349E+09  1.3058E+10  1.5202E+04  1.4047E+07 7.0536E+05 1.5131E+10 4.7566E+05 1.0358E+05 1.0989E+04  1.1330E+07  2.7752E+04
f
2
p-Value 1.4321E-10  7.5569E-10  7.5569E-10  9.2946E-03  7.5569E-10  7.5569E-10  8.5342E-10  7.5569E-10  7.5569E-10 N/A 7.5569E-10 5.9268E-06
Rank 12.0 9.0 10.0 20 8.0 6.0 11.0 5.0 4.0 1.0 7.0 3.0
Avg.Obj 3.8902E+05 5.7112E+04  1.5358E+05 4.4193E+02 3.9203E+04 7.7316E+03 2.3116E+05 1.4767E+04 9.6525E+04 4.2409E+02 3.4741E+04  1.2720E+03
Std. dev.  1.6679E+05 6.0507E+03  2.4928E+04  3.7252E+01 8.4108E+03 3.5901E+03 3.0561E+04 4.8265E+03  1.7437E+04  3.0203E+01 7.8181E+03  6.1448E+02
f
,
p-Value 4.4668E-11 7.5569E-10  7.5569E-10  2.9456E-04  7.5569E-10  7.3711E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A 7.5569E-10 7.5569E-10
Rank 12.0 8.0 10.0 20 7.0 4.0 11.0 5.0 9.0 1.0 6.0 3.0
Overall rank 36.0 26.0 30.0 8.0 23.0 12.0 33.0 15.0 19.0 5.0 20.0 7.0
Table 3  Simple Multimodal functions: comparison of the CSBO with other optimization algorithms for 30-D problems.
The best Avg.Obj results among the 12 algorithms are shown in bold.
Method CSA FA KH MVO WOA SBO CCSA CFA CKH CcMvo CWOA CSBO
30-D
Avg.Obj 2.3316E+04 5.9775E+02 1.6912E+03 5.0136E+02 5.8132E+02 5.3658E+02  1.2597E+04 5.1262E+02 5.0141E+02 4.9630E+02 5.7865E+02 4.5293E+02
Std.
2.5274E+03  3.8802E+01 7.3894E+02 2.5362E+01 5.8743E+01 2.4539E+01 2.3726E+03 2.2069E+01  3.1247E+01 3.3965E+01  4.6182E+01 3.5539E+01
f dev.
.
p-Value 1.1101E-09  7.5569E-10  7.5569E-10  7.5399E-10  7.5569E-10  7.4230E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 9.0 10.0 3.0 8.0 6.0 11.0 5.0 4.0 20 7.0 1.0
Avg.Obj  5.2098E+02 5.2094E+02 5.2001E+02 5.2007E+02 5.2032E+02 5.2085E+02 5.2095E+02 5.2094E+02 5.2001E+02 5.2005E+02 5.2020E+02  5.2004E+02
Std.
6.3737E-02  4.8568E-02  2.9419E-03  5.3683E-02 1.5986E-01 7.4616E-02  5.6665E-02  4.8739E-02  5.1790E-03  4.0495E-02 1.8728E-01 1.7613E-02
dev.
f
p-Value 7.0957E-07  7.6048E-03 N/A 7.5569E-10  7.5569E-10  5.8601E-09 1.2009E-03  2.8109E-03 N/A 7.5569E-10  7.5569E-10  5.5448E-03
Rank 12.0 9.5 1.5 5.0 7.0 8.0 11.0 9.5 1.5 4.0 6.0 3.0
Avg.Obj  6.4571E+02 6.1140E+02 6.3583E+02 6.1048E+02 6.3574E+02 6.2847E+02 6.4075E+02 6.0684E+02 6.2093E+02 6.1011E+02 6.3521E+02  6.1978E+02
Std.
1.4259E+00  1.9603E+00 2.2431E+00 2.0173E+00 2.7854E+00  1.2209E+00 1.1875E+00 2.3952E+00 3.1404E+00 2.9034E+00 3.3222E+00  1.0952E+00
dev.
i
p-Value 1.1812E-09  7.5569E-10  7.5569E-10  7.5228E-10  7.5569E-10  7.0596E-10  7.5569E-10 N/A 7.5569E-10  7.5569E-10  7.5569E-10  7.0516E-10
Rank 12.0 4.0 10.0 3.0 9.0 7.0 11.0 1.0 6.0 20 8.0 5.0
Avg.Obj 1.5135E+03  7.0294E+02  8.7406E+02  7.0009E+02  7.0101E+02 7.0093E+02  1.3546E+03  7.0105E+02  7.0002E+02 7.0008E+02  7.0090E+02  7.0007E+02
Std.
5.0219E+01  1.6586E+00 6.6743E+01  3.3399E-02  6.8074E-02  3.5790E-02  6.6157E+01  6.5845E-03  8.9813E-03 1.0499E-02 1.1995E-01 2.0174E-02
dev.
f
p-Value 3.2718E-01 7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A 7.5569E-10  7.5569E-10  3.3041E-01
Rank 12.0 9.0 10.0 4.0 7.0 6.0 11.0 8.0 1.0 3.0 5.0 2.0
Avg.Obj 1.1741E+03  8.5792E+02 9.5934E+02 8.8281E+02 9.8531E+02 9.4291E+02 1.1696E+03 8.4189E+02 9.1184E+02 8.8182E+02 9.8134E+02  8.8059E+02
Std.
8.8788E+00  8.4674E+00  2.2284E+01 2.0580E+01  3.9847E+01 2.6164E+01  1.5480E+01 1.0384E+01 2.3041E+01 2.0337E+01 3.7717E+01  5.0253E+00
dev.
;
p-Value 6.0845E-08  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  8.8418E-03 N/A 7.5569E-10  7.5569E-10  7.5569E-10  2.1636E-03
Rank 12.0 20 8.0 5.0 10.0 7.0 11.0 1.0 6.0 4.0 9.0 3.0
Avg.Obj 1.3572E+03  9.6453E+02 1.0919E+03  1.0226E+03  1.1364E+03 1.0877E+03  1.3393E+03 9.5379E+02 1.0218E+03 1.0206E+03  1.1238E+03  1.0177E+03
Std.
9.3912E+00  1.3016E+01  2.3571E+01 3.4674E+00 6.0934E+01 2.8292E+01 2.2771E+01 1.6183E+01 2.0375E+01 2.9034E+01 5.6711E+01 3.1464E-03
dev.
s
p-Value 2.2503E-07  7.5569E-02  7.5569E-10  5.1059E-10  7.5569E-10  7.5569E-10  8.3138E-02 N/A 7.5569E-10  7.5569E-10  7.5569E-10  2.1636E-03
Rank 12.0 20 8.0 6.0 10.0 7.0 11.0 1.0 5.0 4.0 9.0 3.0
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Table 3  Simple Multimodal functions: comparison of the CSBO with other optimization algorithms for 30-D problems.
The best Avg.Obj results among the 12 algorithms are shown in bold. (cont.)
Method CSA FA KH Mvo WOA SBO CCSA CFA CKH CMVO CWOA CSBO
30-D
Avg.Obj  8.6963E+03  3.2277E+03  4.7968E+03 3.9748E+03 5.0048E+03 3.8015E+03 8.1082E+03  3.1170E+03 4.4174E+03 3.9213E+03 4.9901E+03  3.0895E+03
Std.
3.5537E+02 5.2523E+02 6.5854E+02 6.9957E+02 6.3017E+02 4.9797E+02 3.4483E+02 5.0187E+02 7.8190E+02 7.3778E+02 6.1531E+02  2.4836E+02
dev.
fm
p-Value 2.1093E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  3.7850E-09  7.5552E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 3.0 8.0 6.0 10.0 4.0 11.0 20 7.0 5.0 9.0 1.0
Avg.Obj  9.4018E+03  4.0725E+03  5.4627E+03 4.3587E+03 5.9709E+03 5.0707E+03 8.5721E+03 4.0597E+03 5.0243E+03  4293.74917 5.8132E+03  3.9633E+03
Std.
3.4139E+02 4.0912E+02 6.7747E+02 6.5400E+02 9.5793E+02 5.8713E+02 2.5112E+02 4.8890E+02 5.3995E+02 6.7703E+02  7.3240E+02  1.0387E+02
dev.
fﬁ
p-Value 4.2323E-10  7.5569E-10  7.5569E-10  7.5484E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 3.0 8.0 5.0 10.0 7.0 11.0 20 6.0 4.0 9.0 1.0
Avg.Obj  1.2034E+03  1.2025E+03  1.2007E+03  1.2003E+03  1.2016E+03  1.2002E+03  1.2027E+03  1.2003E+03  1.2003E+03  1.2003E+03  1.2016E+03  1.2001E+03
Std.
4.1543E-01 2.5325E-01 2.7726E-01 2.1034E-01 4.1465E-01 2.1980E-02  3.0415E-01 3.7214E-02 1.6224E-01 1.3379E-01 4.5029E-01 5.8079E-02
dev.
f
p-Value 5.0452E-09  7.5569E-10  7.5569E-10  7.5484E-10  7.5569E-10  7.5484E-05  2.1002E-09  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 10.0 7.0 4.5 8.5 2.0 11.0 4.5 4.5 4.5 8.5 1.0
Avg.Obj  1.3100E+03  1.3003E+03  1.3036E+03  1.3004E+03  1.3005E+03  1.3005E+03  1.3071E+03  1.3003E+03  1.3004E+03  1.3004E+03  1.3005E+03  1.3003E+03
Std.
9.2056E-01 4.7152E-02  7.8677E-01 1.0193E-01 1.1919E-01 1.0454E-01 4.8467E-01 3.8477E-02  7.9592E-02  9.8132E-02 1.3845E-01 5.2780E-02
dev.
f
p-Value 7.7397E-08 N/A 7.5569E-10  7.5569E-10  7.5569E-10  7.4702E-10  7.5569E-10 N/A 7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 2.0 10.0 5.0 8.0 8.0 11.0 2.0 5.0 5.0 8.0 2.0
Avg.Obj  1.6730E+03  1.4003E+03  1.4698E+03  1.4005E+03  1.4003E+03  1.4002E+03  1.6288E+03 1.4002E+03 1.4003E+03  1.4004E+03  1.4003E+03  1.4002E+03
Std.
1.1890E+01  4.1027E-02  1.8664E+01 3.0269E-01 5.9385E-02  4.8548E-02  2.5400E+01  2.7460E-02  7.7811E-02  2.9025E-01 1.0815E-01 2.5058E-02
dev.
fu
p-Value 5.2113E-09  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A 9.0681E-10 N/A 7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 55 10.0 9.0 55 2.0 11.0 2.0 55 8.0 55 2.0
Avg.Obj  1.2050E+06  1.5146E+03  1.5398E+03  1.5105E+03  1.5753E+03  1.5312E+03 2.7359E+05 1.5136E+03  1.5199E+03 1.5101E+03  1.5747E+03  1.5096E+03
Std.
5.0473E+05  1.4775E+00 7.9678E+00  1.3555E+00 2.7361E+01 5.8988E+00 8.5609E+03 2.5566E+00 5.0161E+00 1.1168E+00 2.6867E+01  8.8795E-01
dev.
f15
p-Value 1.3129E-11 7.5569E-10  7.5569E-10  7.3878E-10  7.5569E-10  6.8129E-10  2.8249E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 5.0 8.0 3.0 10.0 7.0 11.0 4.0 6.0 20 9.0 1.0
Avg.Obj  1.6125E+03 1.6115E+03 1.6128E+03 1.6117E+03 1.6127E+03 1.6122E+03 1.6121E+03 1.6114E+03 1.6125E+03 1.6116E+03 1.6125E+03 1.6113E+03
Std.
3.3965E-01 4.2268E-01 3.9383E-01 3.4767E-01 4.3054E-01 5.8897E-01 3.0829E-01 4.5936E-13  4.2138E-01 7.1779E-01 5.4337E-01 7.0681E-01
dev.
f
p-Value 5.7407E-09  7.5569E-10  4.3371E-10  7.5399E-10 1.8355E-04 1.2094E-09  8.0311E-10 1.6375E-12 1.9919E-06  8.0311E-10  3.3508E-06 N/A
Rank 9.0 3.0 12.0 5.0 11.0 7.0 6.0 20 9.0 4.0 9.0 1.0
Overall rank 153.0 67.0 110.5 63.5 114.0 78.0 138.0 44.0 66.5 515 102.0 26.0
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Table 4  Simple Multimodal functions: comparison of the CSBO with other optimization algorithms for 50-D problems.
The best Avg.Obj results among the 12 algorithms are shown in bold.
Method CSA FA KH MVO WOA SBO CCSA CFA CKH CcCMvo CWOA CSBO
50-D
Avg.Obj 5.8462E+04  1.0308E+03  1.0766E+04 5.3067E+02 6.5999E+02 5.9715E+02 4.7366E+04 5.0637E+02 5.4695E+02 5.0755E+02 6.4454E+02 4.9020E+02
Std.
2.1042E+03  1.3299E+02  3.3915E+03  5.1473E+00 6.5643E+01 4.4552E+01 6.7688E+03  1.7025E+01  4.4424E+01 2.8943E+01 6.3439E+01 4.4169E+01
f dev.
.
p-Value 4.2507E-11 7.5569E-10 7.5569E-10 2.1636E-10 7.5569E-10 7.4584E-10 2.5085E-09  7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 N/A
Rank 12.0 9.0 10.0 4.0 8.0 6.0 11.0 20 5.0 3.0 7.0 1.0
Avg.Obj 52117E+02 52113E+02 5.2002E+02 5.2014E+02 5.2046E+02 5.2105E+02 5.2115E+02 5.2106E+02 5.2000E+02 5.2013E+02 5.2032E+02  5.2011E+02
Std.
3.5276E-02 3.8638E-02 3.3088E-03 7.8409E-02 1.5677E-01 3.1402E-02 3.7536E-02 4.1462E-02 9.7675E-04 5.1228E-02 2.1935E-01 2.2968E-13
dev.
f
p-Value 3.3136E-11 7.5569E-10 5.5569E-03  4.3816E-05 7.5569E-10 7.4753E-10 2.5085E-09  7.5569E-10 N/A 7.5569E-10 7.5569E-10 1.5375E-05
Rank 12.0 10.0 2.0 5.0 7.0 8.0 11.0 9.0 1.0 4.0 6.0 3.0
Avg.Obj  6.7940E+02 6.2784E+02 6.6640E+02 6.3434E+02 6.6549E+02 6.5601E+02 6.7380E+02 6.2730E+02 6.4440E+02 6.2511E+02 6.6442E+02 6.2974E+02
Std.
1.9365E+00  2.8436E+00  3.0942E+00 2.0238E+00 3.7860E+00 2.8107E+00  1.4055E+00 2.6007E+00 4.3959E+00 4.6030E+00 5.3037E+00  4.5936E-13
dev.
f
p-Value 1.8756E-11 7.5569E-05 7.5569E-10 6.2597E-10 7.5569E-10 7.5399E-10 7.5569E-10  2.9456E-05 7.5569E-10 N/A 7.5569E-10 1.5375E-05
Rank 12.0 3.0 10.0 5.0 9.0 7.0 11.0 2.0 6.0 1.0 8.0 4.0
Avg.Obj  2.4704E+03 7.3667E+02 1.3383E+03 7.0019E+02 7.0121E+02 7.0112E+02 2.3664E+03 7.0104E+02 7.0006E+02 7.0011E+02 7.0118E+02  7.0043E+02
Std.
3.4407E+01  9.9674E+00  1.4886E+02  4.2986E-02 1.1989E-01 9.7072E-03  1.1796E+02  6.0621E-03 3.0629E-02  2.3081E-02 1.1286E-01 4.1054E-02
dev.
5
p-Value 4.0100E-05 7.5569E-10 7.5569E-10 8.6929E-03 7.5569E-10 7.5569E-10 3.0382E-07  7.5569E-10 N/A 6.9295E-03 7.5569E-10 8.2207E-03
Rank 12.0 9.0 10.0 3.0 8.0 6.0 11.0 5.0 1.0 2.0 7.0 4.0
Avg.Obj 1.5370E+03  9.5000E+02  1.1606E+03  9.6275E+02  1.1407E+03  1.0999E+03  1.4716E+03 8.9409E+02 1.0454E+03 9.5937E+02 1.1289E+03  1.0343E+03
Std.
2.4535E+01  1.8385E+01  3.7446E+01 3.4164E+01 6.4791E+01 3.4908E+01 1.0134E+01 1.8626E+01 2.9780E+01 3.9404E+01 5.9020E+01  6.0118E+00
dev.
A
p-Value 4.0937E-11 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 N/A 7.5569E-10 7.5569E-10 7.5569E-10  6.4424E-10
Rank 12.0 2.0 10.0 4.0 9.0 7.0 11.0 1.0 6.0 3.0 8.0 5.0
Avg.Obj 1.7897E+03  1.0550E+03  1.3628E+03  1.2090E+03  1.3343E+03  1.3185E+03  1.7787E+03  1.0514E+03 1.1664E+03  1.0970E+03  1.3103E+03  1.1893E+03
Std.
6.5833E+00  2.0946E+01  3.9892E+01 2.0932E+01 7.6689E+01 3.5148E+01 4.6222E+01 2.3337E+01 4.0233E+01 3.9711E+01 6.6587E+01  3.4428E+00
dev.
A
p-Value 7.5569E-10 7.5569E-10 7.5569E-10 3.4580E-10 7.5569E-10 7.5262E-10 1.2363E-01 N/A 7.5569E-10 7.5569E-10 7.5569E-10  6.2597E-10
Rank 12.0 20 10.0 6.0 9.0 8.0 11.0 1.0 4.0 3.0 7.0 5.0
Avg.Obj 1.5544E+04  6.3038E+03 8.9981E+03  7.0248E+03 8.5387E+03 6.2091E+03  1.4567E+04 6.2982E+03 8.0166E+03 6.6706E+03  8.4090E+03  5.2472E+03
Std.
4.5485E+02  7.6119E+02  1.0347E+03 9.9581E+02 1.1006E+03  7.3454E+02 3.3691E+02 6.8874E+02 1.1391E+03 9.1759E+02 1.2410E+03  5.0984E+02
dev.
T
p-Value 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10  7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 N/A
Rank 12.0 4.0 10.0 6.0 9.0 20 11.0 3.0 7.0 5.0 8.0 1.0
Avg.Obj 1.6090E+04  6.8120E+03  9.4698E+03  7.0628E+03  1.0052E+04 8.2681E+03  1.4992E+04 6.1131E+03 7.8356E+03 6.8517E+03 9.5257E+03  6.0896E+03
Std.
4.1120E+02  7.7287E+02 1.1157E+03  7.8431E+02 1.2692E+03 7.8569E+02 2.8252E+02 8.1745E+02 1.0576E+03 8.4969E+02 1.3690E+03  9.4643E+01
dev.
fH
p-Value 7.6159E-11 7.5569E-10 7.5569E-10 7.5228E-10 7.5569E-10 7.5569E-10 7.5569E-10  7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 N/A
Rank 12.0 3.0 8.0 5.0 10.0 7.0 11.0 20 6.0 4.0 9.0 1.0
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Table 4  Simple Multimodal functions: comparison of the CSBO with other optimization algorithms for 50-D problems.
The best Avg.Obj results among the 12 algorithms are shown in bold. (cont.)
Method CSA FA KH Mvo WOA SBO CCSA CFA CKH CMVO CWOA CSBO
50-D
Avg.Obj 1.2043E+03  1.2033E+03  1.2009E+03  1.2004E+03  1.2024E+03  1.2005E+03  1.2036E+03  1.2001E+03  1.2004E+03  1.2004E+03  1.2023E+03  1.2001E+03
Std.
4.2839E-01 2.9498E-01 3.6092E-01 2.2307E-01 6.0490E-01 5.2558E-02 3.4745E-01 1.9480E-02 2.4395E-01 1.8684E-01 5.8115E-01 4.2965E-02
dev.
f12
p-Value 1.6524E-11 7.5569E-10 7.5569E-10 7.5484E-10 7.5569E-10 7.5569E-10 7.5569E-10 N/A 7.5569E-10 7.5569E-10 7.5569E-10 N/A
Rank 12.0 10.0 7.0 4.0 9.0 6.0 11.0 1.5 4.0 4.0 8.0 1.5
Avg.Obj 1.3097E+03  1.3005E+03  1.3053E+03  1.3006E+03  1.3006E+03  1.3006E+03  1.3091E+03  1.3005E+03  1.3005E+03  1.3006E+03  1.3005E+03  1.3004E+03
Std.
1.2459E-01 3.4525E-02 5.7142E-01 1.0510E-01 1.0673E-01 6.1996E-02 4.1906E-01 4.4276E-02 7.5928E-02 1.2628E-01 1.1331E-01 5.3808E-02
dev.
T
p-Value 1.4701E-11 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5399E-10 1.2265E-09 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 N/A
Rank 12.0 35 10.0 75 75 75 11.0 35 35 75 35 1.0
Avg.Obj 1.8370E+03  1.4004E+03  1.5483E+03  1.4006E+03  1.4004E+03  1.4003E+03 1.7646E+03  1.4003E+03  1.4003E+03 1.4006E+03  1.4003E+03  1.4002E+03
Std.
3.7086E+01 2.0015E-01 2.9510E+01 3.8182E-01 8.8102E-02 3.2112E-02  1.6158E+01 2.0301E-02 3.5752E-02 3.9897E-01 4.3883E-02 2.5043E-02
dev.
f
p-Value 5.2761E-11 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5467E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 N/A
Rank 12.0 6.5 10.0 8.5 6.5 3.5 11.0 3.5 35 8.5 3.5 1.0
Avg.Obj 1.6512E+07  1.5926E+03  4.2001E+03  1.5244E+03 1.7616E+03  1.5462E+03  1.1949E+07 1.5221E+03  1.5576E+03 1.5163E+03 1.7588E+03  1.5203E+03
Std.
1.9193E+06  2.7541E+01  1.0692E+04  3.9252E+00 7.2849E+01 6.2357E+00 4.0923E+06 2.6775E+00 1.2470E+01  3.9272E+00 6.8699E+01  1.0743E+00
dev.
T
p-Value 3.6528E-11 7.5569E-10 7.5569E-10 5.4142E-10 7.5569E-10 7.4770E-10 2.0979E-11 6.2946E-05 7.5569E-10 N/A 7.5569E-10 2.1636E-02
Rank 12.0 7.0 10.0 4.0 9.0 5.0 11.0 3.0 6.0 1.0 8.0 20
Avg.Obj 1.6223E+03  1.6209E+03  1.6220E+03 1.6210E+03  1.6224E+03 1.6216E+03 1.6218E+03 1.6200E+03  1.6220E+03 1.6210E+03 1.6222E+03  1.6199E+03
Std.
3.3958E-01 7.0150E-01 4.1961E-01 6.4453E-01 5.1830E-01 7.1383E-01 3.3830E-01 2.9187E-01 3.1933E-01 6.2692E-01 4.5614E-01 5.8796E-01
dev.
f
p-Value 1.1776E-09  9.0681E-03 2.2571E-09 1.1536E-09 2.9108E-06 1.5164E-08  7.8262E-08 5.5293E-03  9.3460E-10 1.5591E-09 5.1977E-09 N/A
Rank 11.0 3.0 8.5 45 12.0 6.0 7.0 20 8.5 45 10.0 1.0
Overall rank 155.0 72.0 115.5 66.5 113.0 79.0 139.0 38.5 61.5 50.5 93.0 30.5
Table 5  Hybrid functions: comparison of the CSBO with other optimization algorithms for 30-D and 50-D problems.
The best Avg.Obj results among the 12 algorithms are shown in bold.
Method CSA FA KH Mvo WOA SBO CCSA CFA CKH CMVO CWOA CSBO
30-D
Avg.Obj 2.3799E+08  3.8818E+05 1.0118E+07 2.5099E+05 3.5065E+06 8.2220E+05 3.6996E+07 3.4212E+05 1.7306E+06 2.2422E+05 2.6037E+06 9.8969E+04
Std.
9.4108E+07  2.6890E+05 6.7400E+06 1.4745E+05 2.3569E+06 2.7776E+05 1.0321E+07 2.0950E+05 1.2565E+06 1.4323E+05 1.4260E+06  7.3983E+04
dev.
f
p-Value 3.2868E-09  7.5569E-10 7.5569E-10 7.5228E-10 7.5569E-10 7.4669E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10  7.5569E-10 N/A
Rank 12.0 5.0 10.0 3.0 9.0 6.0 11.0 4.0 7.0 20 8.0 1.0
Avg.Obj 7.7705E+09  7.9165E+04  2.2474E+07  1.7227E+04 1.2282E+04 4.7063E+03  1.7846E+09 6.5200E+04  3.0415E+03 1.4159E+04 1.0142E+04  3.9436E+03
Std.
2.4021E+09  2.3140E+04  9.4741E+07  9.7142E+03 32335.5 3.3311E+03  5.6451E+08 1.5120E+04 1.5712E+03 1.0984E+04  1.8094E+04  2.6935E+03
dev.
fo
p-Value 5.8098E-11 7.5569E-10 7.5569E-10 7.5399E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 N/A 7.5569E-10  7.5569E-10 2.1579E-03
Rank 12.0 9.0 10.0 7.0 5.0 3.0 11.0 8.0 1.0 6.0 4.0 2.0
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Table 5  Hybrid functions: comparison of the CSBO with other optimization algorithms for 30-D and 50-D problems.

The best Avg.Obj results among the 12 algorithms are shown in bold. (cont.)

Method CSA FA KH [\"e} WOA SBO CCSA CFA CKH Cmvo CWOA CsBO

30-D

Avg.Obj  2.7328E+03  1.9162E+03  1.9275E+03  1.9144E+03  1.9442E+03 1.9658E+03 2.2677E+03 1.9159E+03 1.9158E+03  1.9127E+03  1.9431E+03  1.9114E+03

Std.
1.0448E+02  7.8577E+00 2.5256E+01  1.3954E+01 37.8 1.6300E+01  5.2296E+01  8.6308E+00 8.5975E+00  1.0784E+01  3.2127E+01  1.8808E+00
dev.
19
p-Value 9.6052E-11 7.5569E-10  7.5569E-10  7.5484E-10  7.5569E-10  6.8144E-10  7.5569E-10  7.5552E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 6.0 7.0 3.0 9.0 10.0 11.0 5.0 4.0 2.0 8.0 1.0

Avg.Obj  2.6840E+06 1.0761E+04  6.3547E+04 2.3987E+03 2.5788E+04  1.6249E+04 1.7309E+05 3.4584E+03 2.4095E+04 2.3780E+03 2.0685E+04  3.0813E+03

Std.
1.9727E+06  3.3144E+03  4.4469E+04 1.5127E+04  7.8963E+03  9.0965E+04  1.0807E+03  1.0348E+04  1.1426E+02 1.2932E+04  4.3954E+02
f dev. 1.1336E+02
20
p-Value 3.6484E-06  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5160E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A 7.56569E-10  7.2220E-08
Rank 12.0 5.0 10.0 20 9.0 6.0 11.0 4.0 8.0 1.0 7.0 3.0

Avg.Obj  8.8824E+07 9.2658E+04 5.4296E+06 7.6027E+04 1.1376E+06 5.4364E+05 1.1684E+07 8.9538E+04 4.8133E+05 7.3129E+04 9.5673E+05 7.2886E+04

Std.
5.0304E+07  8.1384E+04  4.4055E+06 3.3994E+04 9.5708E+05 2.6735E+05 4.7384E+06 5.1668E+04 4.0490E+05 3.4622E+04 6.7945E+05 4.5934E+04
dev.
A
p-Value 5.7773E-11 7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5024E-10  7.5569E-10  7.5245E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 5.0 10.0 3.0 9.0 7.0 11.0 4.0 6.0 2.0 8.0 1.0
Avg.Obj 1.4461E+04 2.4501E+03  3.1466E+03 2.5714E+03 3.0278E+03 3.4264E+03 3.9432E+03 2.4466E+03 2.8155E+03 2.5355E+03 3.0025E+03  2.4858E+03
Std.
1.7645E+04  6.7729E+01  2.3560E+02  1.5870E+02 2.0829E+02 2.0830E+02 2.1747E+02 7.7481E+01 2.0854E+02 1.5982E+02 2.1972E+02  1.9248E+01
dev.
b
p-Value 3.2813E-11 7.5569E-10  7.5569E-10  7.5484E-10  7.5569E-10  7.3811E-10  7.5569E-10 N/A 7.5569E-10  7.5569E-10  7.5569E-10  2.1636E-10
Rank 12.0 20 9.0 5.0 8.0 10.0 11.0 1.0 6.0 4.0 7.0 3.0
Avg.Obj  9.7588E+08 8.6491E+05 4.9362E+07 6.7084E+05 1.8098E+07  1.2048E+06 2.3809E+08 8.4569E+05 2.3871E+06 5.8095E+05 1.4128E+07  1.3032E+05
Std.
3.0751E+08  4.3737E+05 3.5157E+07 2.4522E+05 1.0542E+07 3.3170E+05 6.1997E+07 5.0180E+05 1.2062E+06 2.3867E+05 8.5281E+06 4.7015E+04
dev.
T
p-Value 7.5569E-10  7.5569E-10  7.5569E-10  7.5228E-10  7.5569E-10  7.5399E-10  7.5569E-10  7.5569E-10  7.5569E-10  2.3585E-06  7.5569E-10 N/A
Rank 12.0 5.0 10.0 3.0 9.0 6.0 11.0 4.0 7.0 20 8.0 1.0
Avg.Obj 2.6544E+10 8.4821E+04 1.3580E+09 5.9004E+03  1.0708E+04 5.7690E+03  1.0299E+10 7.4520E+04 3.5677E+03 5.2529E+03 5.3358E+03  3.2621E+03
Std.
4.1259E+09  1.3916E+04  1.4553E+09 2.1625E+03 8.0898E+03  1.2376E+03 1.6891E+09  1.0210E+04  1.2783E+03 2.1504E+03 2.0796E+03  1.4043E+03
dev.
flﬂ
p-Value 7.5569E-10  7.5569E-10  7.5569E-10  7.5228E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  4.8591E-06  2.5693E-08  7.5569E-10 N/A
Rank 12.0 9.0 10.0 6.0 7.0 5.0 11.0 8.0 20 3.0 4.0 1.0
Avg.Obj  6.7867E+03 1.9555E+03 1.9828E+03 1.9242E+03 1.9863E+03 1.9681E+03 3.2330E+03  1.9528E+03 1.9479E+03 1.9230E+03 1.9822E+03  1.9232E+03
Std.
1.3737E+03  2.7468E+01  1.2040E+02 2.7284E+00 3.0161E+01 3.1111E+01 2.0942E+02 2.6465E+01 2.9197E+01 9.7989E+00 3.0167E+01  8.5602E+00
dev.
T
p-Value 7.5569E-10  7.5569E-10  7.5569E-10  7.4382E-10  7.5569E-10  7.5416E-10  7.5569E-10  7.5211E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 6.0 9.0 3.0 10.0 7.0 11.0 5.0 4.0 20 8.0 1.0
Avg.Obj 1.4865E+06  1.1760E+04  1.1124E+05 2.7026E+03 9.5643E+04 9.8378E+03 3.9347E+05 4.1285E+03 2.8924E+04 2.6891E+03 8.2767E+04  2.6531E+03
Std.
7.1230E+02  2.8654E+03  6.5140E+04 1.1786E+02 9.0336E+04  4.7445E+03  1.5942E+05 8.8219E+02 9.5299E+03  1.3966E+02 6.1238E+04  5.0937E+02
dev.
20
p-Value 7.5569E-10  7.5569E-10  7.5569E-10  7.5552E-10  7.5569E-10  7.5228E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 6.0 10.0 3.0 9.0 5.0 11.0 4.0 7.0 2.0 8.0 1.0
Avg.Obj  3.5227E+08 4.9253E+05 1.1504E+07 4.4711E+05 5.1710E+06 8.3068E+05 5.5107E+07 4.2194E+05 2.6425E+06 4.0437E+05 4.5187E+06 9.5857E+04
Std.
1.4564E+08 3.1941E+05 59151E+06 1.5025E+05 3.1599E+06 3.2473E+05 1.3778E+07 2.0779E+05 1.1071E+06 1.6968E+05 3.3718E+06 4.1897E+04
dev.
A
p-Value 7.5569E-10  7.5569E-10  7.5569E-10  7.5279E-10  7.5569E-10  7.5484E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A

Rank 12.0 5.0 10.0 4.0 9.0 6.0 11.0 3.0 7.0 2.0 8.0 1.0
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Table 5  Hybrid functions: comparison of the CSBO with other optimization algorithms for 30-D and 50-D problems.
The best Avg.Obj results among the 12 algorithms are shown in bold. (cont.)
Method CSA FA KH MvOo WOA SBO CCSA CFA CKH CMVO CWOA CSBO
30-D
Avg.Obj  4.9372E+05 2.8717E+03 4.2585E+03  3.1872E+03 4.2343E+03 4.2081E+03 8.2666E+03 2.8188E+03 3.6787E+03 3.1199E+03 4.0302E+03  3.0674E+03
Std.
4.8462E+05  3.1929E+02 5.3113E+02 2.5854E+02 4.9537E+02 3.2813E+02 1.6985E+03 1.8963E+02 3.9958E+02 3.1231E+02 4.1731E+02 2.5273E+02
dev.
f22
p-Value 7.5569E-10  4.2946E-03  7.5569E-10  7.3878E-10  7.5569E-10  7.5399E-10  7.5569E-10 N/A 7.5569E-10  7.5569E-10  7.5569E-10 1.56375E-03
Rank 12.0 20 10.0 5.0 9.0 8.0 11.0 1.0 6.0 4.0 7.0 3.0
Overall rank 720 33.0 59.0 240 53.0 37.0 66.0 25.0 33.0 15.0 43.0 8.0
Table 6 Composition functions: comparison of the CSBO with other optimization algorithms for 30-D problems. The
best Avg.Obj results among the 12 algorithms are shown in bold.
Method CSA FA KH MVO WOA SBO CCSA CFA CKH CMVO CWOA CSBO
30-D
Avg.Obj  3.1380E+03  2.6222E+03 2.6151E+03 2.6158E+03 2.6354E+03 2.6153E+03 3.1264E+03 2.6153E+03 2.6114E+03 2.6157E+03 2.6337E+03 2.6152E+03
Std.
1.1085E+02  2.1393E+00  8.2920E+01  4.6064E-01 1.1729E+01 1.7565E-03  1.1083E+02  1.2428E-02  2.2992E+01  4.7429E-01  9.9095E+00  4.4453E-04
dev.
2
p-Value 2.1108E-11 7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10 1.6227E-03  7.5569E-10 N/A 7.5569E-10  7.5569E-10  7.5569E-10
Rank 12.0 8.0 2.0 7.0 10.0 4.5 11.0 4.5 1.0 6.0 9.0 3.0
Avg.Obj  2.7877E+03  2.6256E+03 2.6105E+03 2.6315E+03 2.6073E+03 2.6509E+03 2.7872E+03 2.6248E+03 2.6018E+03 2.6310E+03 2.6067E+03  2.6051E+03
Std.
1.6495E+01 1.2132E+00  1.0718E+01  7.8199E+00 4.5192E+00 1.7631E+01 1.9351E+01 1.1295E+00  3.2940E+00 6.5551E+00 5.1267E+00 2.9285E+00
f dev.
24
p-Value 8.0265E-11 7.5569E-10  7.5569E-10  7.5484E-10  7.5569E-10  7.4113E-10  9.5875E-02  7.5569E-10 N/A 7.5569E-10  7.5569E-10  3.7099E-02
Rank 12.0 7.0 5.0 9.0 4.0 10.0 11.0 6.0 1.0 8.0 3.0 20
Avg.Obj  2.7698E+03  2.7049E+03 2.7058E+03  2.7054E+03 2.7242E+03 2.7361E+03 2.7666E+03 2.7048E+03  2.7027E+03 2.7062E+03 2.7216E+03 2.7161E+03
Std.
1.1994E+01  2.4505E+00 2.5171E+00 1.4246E+00 1.4781E+01 4.8677E+00 1.1983E+01  1.0253E+00 3.7170E+00 1.9780E+00 1.5410E+01  2.3908E+00
dev.
e
p-Value 5.0194E-11 7.5569E-10  7.5569E-10  7.5569E-10  7.3544E-10  7.2929E-10  2.8083E-11 7.2345E-08 N/A 7.5569E-10  6.8144E-10  7.3377E-10
Rank 12.0 3.0 5.0 4.0 9.0 10.0 11.0 2.0 1.0 6.0 8.0 7.0
Avg.Obj  2.7181E+03  2.7084E+03 2.7185E+03  2.7224E+03 2.7005E+03 2.7801E+03 2.7171E+03 2.7084E+03 2.7067E+03 2.7104E+03  2.7004E+03  2.7003E+03
Std.
5.9360E+00  2.7304E+01 3.3277E+01  4.1849E+01 1.2530E-01 4.0301E+01  4.9389E+00  2.7310E+01 1.3534E+01 3.0311E+01 1.2952E-01 3.0943E-02
dev.
fQB
p-Value 2.4540E-10 1.8586E-05  2.9010E-07 1.6881E-09  7.5569E-10 1.8607E-08  4.5325E-05 1.8586E-05 1.4172E-08  2.1913E-06  7.5569E-10 N/A
Rank 9.0 6.0 10.0 11.0 3.0 12.0 8.0 5.0 4.0 7.0 20 1.0
Avg.Obj  3.7302E+03  3.1164E+03 3.2908E+03 3.2601E+03 3.6694E+03 3.8203E+03 3.7152E+03 3.1039E+03 3.1997E+03  3.2406E+03  3.6455E+03  3.1015E+03
Std.
9.3888E+01  1.0523E+01  2.9260E+02  1.0986E+02 3.8912E+02 2.2162E+02 1.0250E+02  1.2863E+00 2.0826E+02  1.2823E+02 4.2561E+02  5.2268E-01
dev.
b
p-Value 2.9643E-09  7.5569E-10 1.8648E-09  7.4719E-10 1.5171E-09  9.8073E-09 1.2659E-08  9.2946E-05  7.5569E-10  7.5569E-10  9.5875E-08 N/A
Rank 11.0 3.0 7.0 6.0 9.0 12.0 10.0 20 4.0 5.0 8.0 1.0
Avg.Obj  7.6623E+03 4.2411E+03  7.0162E+03  3.7952E+03 4.9296E+03 7.5656E+03 7.4073E+03 3.6514E+03 5.9942E+03 3.7309E+03 4.9060E+03  5.7270E+03
Std.
8.2683E+02  3.5222E+02 5.4659E+02 2.0932E+02 6.0352E+02 6.8329E+02  9.2015E+02  4.2063E+01 8.1094E+02  1.7864E+02 4.9021E+02  1.9547E+02
dev.
A
p-Value 1.9425E-09  7.5569E-10  9.1375E-08  7.5569E-10  7.5569E-10  4.5438E-11 3.7190E-11 N/A 1.0872E-09  7.5569E-10  7.5569E-10  6.2597E-10
Rank 12.0 4.0 9.0 3.0 6.0 11.0 10.0 1.0 8.0 2.0 5.0 7.0
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Table 6  Composition functions: comparison of the CSBO with other optimization algorithms for 30-D problems. The
best Avg.Obj results among the 12 algorithms are shown in bold. (cont.)
Method CSA FA KH Mvo WOA SBO CCSA CFA CKH CMVO CWOA CSBO
30-D
Avg.Obj 1.8760E+07  1.6077E+04  7.5539E+06  7.4381E+05 4.4412E+06 2.6289E+06  1.8620E+07 6.2988E+03  1.5826E+06 2.0352E+05 4.2436E+06  4.2314E+03
Std.
1.3167E+07  3.4732E+03  1.2094E+07 2.4760E+06 4.9197E+06 4.5078E+06 1.6577E+07 7.1446E+02 5.4582E+06 1.3232E+06 4.8302E+06 2.3206E+02
dev.
29
p-Value 7.2792E-09  7.5569E-10 1.3831E-09 7.5399E-10 7.4990E-10 7.4029E-10 6.9928E-08 7.5569E-10 7.5569E-10 7.5569E-10  7.5279E-10 N/A
Rank 12.0 3.0 10.0 5.0 9.0 7.0 11.0 20 6.0 4.0 8.0 1.0
Avg.Obj 1.6790E+06  2.0114E+04 4.5515E+05 9.8550E+03 9.1064E+04 6.2358E+03 1.4505E+06 5.6485E+03 6.0181E+04 9.6229E+03 9.0257E+04  5.3403E+03
Std.
3.8527E+05 6.6873E+03  2.6586E+05 3.7609E+03  7.3361E+04 6.1930E+02 4.5848E+05 8.7147E+02 2.9296E+04 2.3675E+03 6.1458E+04  5.4975E+02
dev.
o
p-Value 1.1101E-09  7.5569E-10 1.2659E-08 7.5569E-10 7.5569E-10 7.0806E-10 3.3668E-09 7.5569E-10 7.5569E-10 7.5569E-10  7.5569E-10 N/A
Rank 12.0 6.0 10.0 5.0 9.0 3.0 11.0 20 7.0 4.0 8.0 1.0
Overall rank 92.0 40.0 58.0 50.0 59.0 69.5 83.0 245 32.0 42.0 51.0 23.0
Table 7  Composition functions: comparison of the CSBO with other optimization algorithms for 50-D problems. The
best Avg.Obj results among the 12 algorithms are shown in bold.
Method CSA FA KH MVO WOA SBO CCSA CFA CKH CMVO CWOA CSBO
50-D
Avg.Obj 4.1389E+03  2.7075E+03  2.7520E+03 2.6504E+03 2.6854E+03 2.6441E+03 4.0451E+03 2.6441E+03 2.5827E+03 2.6485E+03 2.6839E+03  2.6440E+03
Std.
1.7899E+02  1.5485E+01 9.8725E+01  3.0814E+00  2.9707E+01 7.3895E-03  2.4907E+02 1.0667E-02  7.4011E+01 1.8486E+00  1.0428E+01 5.8747E-04
dev.
23
p-Value 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 7.5569E-10 N/A 7.5569E-10 7.5569E-10  7.5569E-01
Rank 12.0 9.0 10.0 6.0 8.0 35 11.0 3.5 1.0 5.0 7.0 2.0
Avg.Obj 3.0495E+03  2.6725E+03 2.6421E+03 2.6799E+03 2.6003E+03 2.7028E+03 3.0440E+03 2.6721E+03 2.6070E+03 2.6791E+03 2.6003E+03  2.6367E+03
Std.
4.0193E+01  2.6671E+00 2.4170E+01 3.3146E+00  5.4160E-01  2.6180E+01 3.4171E+01 5.1024E+00 1.4281E+01 3.6231E+00 5.5893E-01  2.1385E+01
dev.
A
p-Value 7.5569E-10 7.5569E-10 7.5569E-10 7.5228E-10 N/A 7.5484E-10 7.5569E-10 7.5569E-10 1.8153E-03  7.5569E-10 N/A 2.1636E-03
Rank 12.0 7.0 5.0 9.0 1.5 10.0 11.0 6.0 3.0 8.0 1.5 4.0
Avg.Obj  2.8819E+03 2.7119E+03  2.7104E+03 2.7314E+03 2.7168E+03 2.7634E+03 2.8797E+03 2.7065E+03 2.7003E+03 2.7149E+03 2.7159E+03  2.7314E+03
Std.
2.3802E+01  2.3259E+00 4.0475E+00 3.1715E+00 3.2142E+01 8.7552E+00 2.9474E+01 6.5297E+00 2.2481E+00 3.7768E+00 2.8957E+01 1.5111E-01
dev.
25
p-Value 6.0844E-11 7.5569E-10 7.5569E-10 3.8094E-12 7.5036E-11 7.5313E-10 4.7989E-07 7.5569E-10 N/A 7.5569E-10 9.1357E-11 2.1636E-10
Rank 12.0 4.0 3.0 8.5 7.0 10.0 11.0 20 1.0 5.0 6.0 8.5
Avg.Obj  2.7311E+03  2.7943E+03 2.7975E+03 2.7887E+03  2.7005E+03 2.7982E+03 2.7270E+03 2.7846E+03 2.7967E+03 2.7711E+03 2.7005E+03 2.7078E+03
Std.
1.4777E+01  2.3406E+01  1.8168E+01  8.4199E+01 1.0711E-01 1.4108E+01  1.0922E+01  3.6026E+01  1.7814E+01  9.1783E+01 9.1350E-02  2.1179E+01
dev.
o
p-Value 7.5569E-10 1.0872E-09  9.0681E-10 7.5569E-10 N/A 7.9968E-10 1.6772E-03 6.3812E-09 9.0681E-10 5.0608E-04 N/A 1.0177E-01
Rank 5.0 9.0 11.0 8.0 1.5 12.0 4.0 7.0 10.0 6.0 1.5 3.0
Avg.Obj  5.2136E+03  3.7932E+03  5.1924E+03 3.6682E+03 4.8355E+03 4.7212E+03 5.1939E+03  3.6832E+03 4.3665E+03 3.6561E+03 4.8055E+03  3.4928E+03
Std.
5.7171E+01  1.2750E+02  3.1406E+02 1.0880E+02  1.0442E+02 2.1927E+02 8.6634E+01 1.9267E+02 1.5245E+02 1.1728E+02 1.3498E+02  4.8228E+02
dev.
A
p-Value 4.0620E-11 7.5569E-10  9.9615E-11 7.5228E-10 7.5569E-10 7.5399E-10  2.5435E-11 7.4382E-10 7.5569E-10  6.5295E-05 7.5569E-10 N/A
Rank 12.0 5.0 10.0 3.0 9.0 7.0 11.0 4.0 6.0 2.0 8.0 1.0
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Table 7  Composition functions: comparison of the CSBO with other optimization algorithms for 50-D problems. The
best Avg.Obj results among the 12 algorithms are shown in bold. (cont.)
Method CSA FA KH Mvo WOA SBO CCSA CFA CKH CMVO CWOA CSBO
50-D
Avg.Obj 1.4253E+04  7.1208E+03  1.1834E+04 4.5947E+03 7.8565E+03  1.2274E+04 1.4175E+04 4.0265E+03 9.3555E+03 4.5181E+03 7.6341E+03  8.6528E+03
Std.
8.3188E+02 6.6624E+02  1.4449E+03 4.1304E+02 1.5909E+03 1.2712E+03 9.6319E+02  8.0207E+01 1.0213E+03  4.9555E+02  1.6450E+03  7.7053E+02
dev.
f28
p-Value 7.5569E-10  7.5569E-10  8.5342E-10  7.3878E-10  7.5569E-10 1.8648E-09  2.6731E-11 N/A 7.5569E-10  7.5569E-10  7.5569E-10 1.56375E-09
Rank 12.0 4.0 9.0 3.0 6.0 10.0 11.0 1.0 8.0 20 5.0 7.0
Avg.Obj  7.9630E+07 2.8216E+04 3.4356E+08 2.7550E+06 2.9042E+07 3.7709E+06 6.0688E+07  1.0337E+04 3.1187E+07 9.3730E+05 24111E+07  8.7044E+03
Std.
5.1018E+07  4.4022E+03  2.8723E+08 1.0794E+07 2.3261E+07  1.2994E+07 3.8746E+07 1.1031E+03 1.4731E+08 6.1786E+06 2.0896E+07  1.0284E+03
dev.
fo
p-Value 4.9524E-11 7.5569E-10  2.7420E-11 7.5569E-10  5.6855E-09  7.5535E-10  6.2591E-09  7.5569E-10  3.7260E-07  7.5569E-10  7.5552E-10 N/A
Rank 11.0 3.0 12.0 5.0 8.0 6.0 10.0 20 9.0 4.0 7.0 1.0
Avg.Obj 1.3594E+07  1.5207E+05 2.4083E+06 3.5503E+04  1.0525E+05 1.7875E+04  1.2856E+07  1.4289E+05 1.0046E+05 3.2395E+04 9.0749E+04  1.3086E+04
Std.
3.0940E+06  5.8782E+04  1.5522E+06 1.1145E+04 6.1549E+04 2.4934E+03 3.5440E+06 5.0709E+04 4.7341E+04 8.5506E+03 4.9049E+04  2.5788E+02
dev.
f
p-Value 6.1064E-09  7.5569E-10  7.5569E-10  7.5569E-10  7.5569E-10  7.5399E-10 1.1471E-10  7.5535E-10  7.5569E-10  7.5569E-10  7.5569E-10 N/A
Rank 12.0 9.0 10.0 4.0 7.0 2.0 11.0 8.0 6.0 3.0 5.0 1.0
Overall rank 88.0 50.0 70.0 46.5 48.0 60.5 80.0 335 44.0 35.0 41.0 27.5
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Conclusions and future scope

We present a novel, improved meta-heuristic
SBO using a wide variety of chaotic maps (CSBO), in
which to tune the main parameter, the greatest step size
() of the standard SBO ; in order to solve complex
optimization problems. The numerical results of the
experiment show that this novel Tent map chaotic
algorithm can greatly enhance the performance of the
basic SBO. Moreover, the tuned SBO significantly
enhanced the reliability of the global optimality and the
quality of the solutions (at CEC2014) of the newly formed
algorithm, due to the application of deterministic chaotic
signals in place of constant values. In order to evaluate
the algorithm with its original (SBO) and improved (CSBO)
variants, other mathematical benchmark examples were
employed. The statistical results and success rates of the
CSBO suggest that the tuned algorithms clearly improve
the reliability of the global optimality, and further enhance

the quality of the results.

The CSBO proved to be simple and easy to
implement within all of our applied (and similar type)
applications. In future works, we intend to investigate
the further capabilities of the CSBO algorithm in
solving real-world engineering problems, as well as

discrete optimization problems.
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Abstract

The basic chemistry laboratories at the Department of Industrial Chemistry, Faculty of Applied Science, King Mongkut’s
University of Technology, North Bangkok (KMUTNB) generates a considerable amount of hazardous chemical wastes.
Before the operation, 31 items showed high risks that are prone to accidents. The bottles containing hazardous waste
that were placed within the toilet vicinity were considered at risk of level 4 rating. Thus, immediate actions to remove
hazardous waste must be performed. Whilst, lack of data system, default separation of hazardous waste, inappropriate
use of containers, damaged labels and defective containers, a limited number of secondary containers, and hazardous
wastes near a heat source scored a risk of level 3 rating. With these corrective actions and risk assessment must be

employed in order to minimize the risk of accidents that can occur inside a basic chemistry laboratory.

Keywords: Risk Assessment, Hazardous Waste, Chemistry Laboratory
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Risk assessment of hazardous waste in a basic chemistry laboratory:

The case study of a chemical storage building, Faculty of Applied ...
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Figure 1 Area of the second floor (a) Under table
experimental and (b) Under fume hood
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Figure 2 Area of the third floor (a) Under fume hood (b)
Under table of oven and water bath and (c) In-front of
gentlemen toilet
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Figure 3 Area of the fourth floor (a) Within lady toilet and
(b) In-front of toilet
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Radioactivity in improved beryl by electron irradiation
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Abstract

This study focused on the investigation the basic physical data of beryl, consisting of reflective index, specific gravity
and chemical composition. Additionally, also study focused on the induced radioactivity after enrichment by electrons
beam of 60,000 kGy irradiating seven beryl samples. All samples show the refractive indices and the specific
gravity values between 1.571-1.589, and 2.72-2.91, respectively. The result of WDXRF showed that the most common
compositions in beryl were AI203, SiOZ, CsZO, RbZO, Fe203, Cl, NaZO, CaO and ZnO. The chemical element analysis
by using gamma-ray measurement found that the samples beryl consisted of radioactive nuclei, eg. Cs-132, Cs-134,
Mn-54, Rb-84 and Na-22. The results of radioactive decay rate in 140 days were 1.03, 1.79, 1.91, 1.70, 1.50, 1.12
and 1.69 nCi/g on 7 beryl samples, respectively. The total radiation activity decreases 99.85% that met the standard

value for export of gems. So, all beryl samples were in suitable safety level for jewelry collectors.

Keywords: beryl, radioactivity, electron irradiation
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Table1 The refractive index of beryl samples

reflective index mean
1 1.579-1.589 1.584
2 1.578-1.583 1.580
3 1.577-1.581 1.579
4 1.571-1.584 1.577
5 1.573-1.584 1.578
6 1.582-1.587 1.584
7 1.578-1.589 1.583
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Table 2  The specific gravity of beryl samples

Beryl weight weight specific
Samples in air in water gravity

1 0.079 0.052 2.91

2 0.088 0.057 2.83

3 0.03 0.019 2.72

4 0.088 0.057 2.84

5 0.088 0.057 2.83

6 0.047 0.03 2.76

7 0.049 0.031 2.72
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A o Aa & & 2 . o & A [ .
WianaumsanaTIFalanasautiwlia (goshenite) %8331N 1iu&ENnas (Golden) @3 Figure 1

Figure 1 (a) beryl before irradiation (b) beryl after irradiation
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WaaatssiaudaiUninsalnduvuianisnszany

Table 3 ~WDXRF analysis of beryl samples in comparison with reference 1 and 2. Data are given in wt% and nd

means not detection.

beryl samples Ref. 1 Ref. 2

(Yellow Beryl) (Clear beryl)

1 2 3 4 5 6 7

AI203 17.35 16.97 17.33 17.28 19.33 15.79 15.53 20.89 18.91
BeO nd nd nd nd nd nd nd 12.49 12.83
SiO2 66.69 67.08 56.52 56.33 44.44 62.09 54.88 63.66 64.76
CsZO 12.78 14.26 23.38 2424 nd 19.1 26.91 - -
PZO5 1.27 0.97 nd nd nd 1.2 0.98 - -
KZO 0.09 0.07 0.17 nd 3.16 0.06 0.06 0.05 0.23
CaO 0.31 0.26 nd nd 15.88 0.34 0.28 - -
FeZO3 0.18 0.17 0.22 nd 0.42 0.21 0.26 0.83 -
RbZO 0.17 0.16 0.25 0.22 nd 0.21 0.24 - -
NaZO 0.75 nd 1.29 1.47 8.35 0.59 nd 0.24 1.23
ZnO 0.03 0.02 nd 0.06 nd 0.04 0.04 - -
MnO nd 0.03 nd nd nd nd nd 0.01 -
MgO nd nd nd nd nd nd nd 0.01 -

CuO nd nd nd nd 0.03 0.02 0.02 - -
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Table 3

means not detection. (Continuous)

J Sci Technol MSU

WDXRF analysis of beryl samples in comparison with reference 1 and 2. Data are given in wt% and nd

beryl samples

Ref. 1 Ref. 2
1 2 3 4 5 6 7 (Yellow Beryl) (Clear beryl)
Gao, nd 0.01 nd nd nd 0.01 0.01 - -
La203 nd nd 0.42 nd nd nd nd - 0.14

SO3 0.13 nd nd nd 1.21 0.2 0.12 - -
Cl 0.24 nd nd nd 6.76 0.14 0.08 - -
NiO nd nd nd 0.03 nd 0.01 nd - -
SrO nd nd nd nd 0.14 nd nd - -
BrOZ nd nd nd nd 0.08 nd nd - -

Total 99.99 100.00 99.58 99.63 99.80 100.01 99.41 98.18 98.10
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Be Al(SI0, ) smm@] ALO, uaz SiO, Awuluwiusans 7
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Table 4

Radioactivity in improved beryl by electron irradiation

The radioactive decay rate after 140 days of electron irradiating.

125

beryl samples

1 2 3 4 5 6 7

Isotope T1/2 (d) En (keV) Activity (nCi/g.)
Cs-132 6.48 667.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cs-134  751.90 795.85 0.83 1.50 1.61 1.38 1.07 0.87 1.34
Mn-54 312.12 834.84 - - 0.00 0.00 - - 0.06
Rb-84 32.82 881.60 0.00 0.12 0.00 0.00 0.00 0.00 0.00
Na-22 949.00 1274.53 0.20 0.18 0.29 0.32 0.42 0.25 0.29

1.03 1.79 1.91 1.70 1.50 1.12 1.69
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