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agents of al gorithms commun.iAd ggtoe i ahds mbhat i hat
category i(Rasthea@®dB@BBBCErol samd 2Bl BAr kgdatri ck
allo988)Congekaseda algorithms are inspired by the
which refers to how members of a grAogmprot hmsel o
that fall intbudéKES80Oatgganyg , AFbG Db eertg bAD® )5 )
and DBOiegi.2a0l08)EV ol thtaiserd al gori thms are more i
bi ol ogical evol urteiporno dsuuncebbyseans asnedITdnaitsiotra loghor i t hms
inspired by Darwin's theory of napercalsgehaatyi
over time and drBedatdiango meveodpebeemost i mportant
regard are Gene(tHocl |Aalnddey dilduwnS) oh @@ e VSdar adred)i 8shwe
200&220d Genetic(Ropgr amciORglri atssi@O0f5 wa trieme i r e d
algorithms have experiencedwlgercatt taxckasve i me ¢
be very usefuwlorin o@ltyvyim ¢ &haak mdldd) stans | i ne

wi th varjtohues piaesrsfuwwersmf these algorithms has gre
decadeseven the structure of some parts of t he
changed and has been puyshucihs Kéeshn amdeue eaacbat thds a't
al2020n t he pyrae nemmt pwhgarsdealt iopn i mi zati on al gorith
cal | e8 o ctcheer LeagubdaOeodi @Bhaampi omshi p, wAllgorba hm
introfhicedal gorithm attempts to form a football
teams each of whiarhd rae ptretselntesf awhiecsh gddfei nes a
scor e received by each team equateortdoi ntghet ov atl
optimization of the champion team

The remaining sections of t hea plampieef amreviasw fc
common terms used iIinfacelplbowesd | Ragules aseeomd vpar t
al gorithmed sstded ;b yt hset ,dlpgaes t e fpfairai ency of t he a
examined through some mat hematical and engineer

1.1 A review of terms related to sports Champions League

Sports League ipsr oavn doersg aan irzeagtuiloant etdo competi ti o

a certdiemgaupesrtare generally used to r(&haijito c
201A)l eague championship caheaadmrs dhnasy ucscmpgetien wsic
ot heversal times in which t hoer tbeaasne dwionh a hsec obreisnt
which a certain number ,bfspoibhhed rtaesweem awiatrhd etdh &
score is decl ar edAfatsern hegd/lte agatecoteald ayrapeisorhi s t ear
of his opponent to plan how they can i mprove t1
reinforce their stremige handloysitsheal smexti ngll auyd e ¢
opportunities andontghrwiatths tthoe tdhyen atmé a&am alf each
(Al ata3hke19ype of analysis i s c¢ommoenalkyn,eksnsceven a
opportandti@beahsexplicitly links internal f ac:
ando a¢xt er nal aspects sudht as ap®loycduandhte de em ugsat i
change their game system to devel opasahaems20hCdkt

Many shoacsceedr al gorithms have been (KashawmcedO09n
Hat amzadeh and KIRPRayyambasmidF ag&ikker2 0alidd Ebr ahi mi
BouchekaRaség@ekebdhers have used specific soccer
write opti mi zRaotri oenxiaan pd @2l sar t i f i ci al | eague



Soccer league optimizatidmased championship algorithm (SLOCA):

solutions) is fompnetde i wme evkhli Tchheg it geaammest scoons Jul e i s
each team competes with al.l not hehetmm@iamsi fgvi haa
i ntrodAmaetelher examplHatiamadhleEiG.t a)dy h bty rwedr ka t eam
created and its players are divi dend eiancthp ittvweo agr
position of each pthlhgepl aywert hwi tch owlhle i e £tal

—
>
@

from the curr eamgalrameit egsplaagersxchanged bet ween
with the .DMietn @mo il taiyeemt lpea ssterse rt hel @yadrls move t
they can receive the ball aiiteamto vteh et hanmee otwiame
strtehngof the players who partijwhipcah eidndinc atthees ptr
ability of the fixedhpbtapnéterabhbhogesfeaabtitme.
unt il the end of,atnlde tdheaswimrbjeintgetadtanoasi)lals t h e
champOmen of the main features of the proposed
pl ayletr scoul d weaken or strARtngt hen siatme a It [lecaves atctc
al gor i t hm deixfpfeerrieendDeitsrgl lus | @ st he steps are given

22Theroposed &8LgAA t hm

Similar to many ot h,e&rl OOV kug i wintalm ya apgpuoli &adthims |

An il lustrative description of the al.doArithm m;
detailed explanati &ih O@HA g crei tshhme pdsu rtiarkge nt hen ad phtei
and in accor dancemawi tbhe tghiev eanb basse-g éne gtuho & 8 b

2.1 Generate initial teams

To sol ve an opttihmei zvadtroiroandt Ilpegsoppd @bml em must be pr

|l ocated wi tshalnviangplrso brbuectilbiArse st ruct ur,andsthall e

problem variables representTot kol vembkaerstdafadmlray q

structure of each team (a .desagnppmumt zaei eapep!

the number of vareabhesedbmiing <ljgaNail f it ®d Nas an a
Teamk OQi "QQf &) & 8 (@)

Al sche fitness function of each team is define
Fitness Function 204 A A= "Qn &) & & @)

Al sas ahbogeoup of reserve players is produced
Reserved_Team =) &) & &) (3)

Because patti ofpaheng teams are elimi,hbaeed in

algorithm starts with twi ¢so tthteatnulmb ee | iorhi it aetaims
this,igtageti nues to work with the same number 0
2.2 Qualifying competitions

At t hias mnsattérgiexmeids wi th t he numbervof rows and
number of teams andeppaBeifwaleWtThel mMdi R) hceompet i
teams are first randomly placed iar hg@amdgst hoef f o
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Generating initial Teams, twice the
Nteam (The actual No. of teams)

1. Divide teams randomly into l
groups of four |
l Qualifying Competitions

2. Advance the best two teams of

each group to the next stage as in\
the scoreboard Season =t

1. Divide the teams into two groups
Season +1
[—
2. Change team tactics . . -
Starting Main Competitions

I

3. Start the games for each week j

y 4

e — 4
/ “._convergence ?

L /
y
) 4

End

!
\ J
A

Fig. 1 Flowchart of the soccer league optimizatimsed championship algorithm

two teams scored the highest wild.l advahkties t o t h
competition is defined by the following equatio
43A1 OA

TET T MAAAP E%E

43A1 OA3 AT o “)
where TeGoake the scoddAbfancheBdiadsrie tkams¢or e
seconddAMiam (

2.3 Main competitions

I n the maien wdthengeng teams in the previous stag
L which represent the right and |refstpeditd eesalconf t h
of thesevgryupwo teamsfaeéeetbed oahdomlajnd t he
advanced to the next stage rwohml teh e hewagdd ng t
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mat cihtesi s possible for playerBegdiodee aibnjlurteyd odt
pl ayers in each game could sli,gmdl wlbB® dihfamhgres!
wel | be made tiot itohne btyevdt mhree octiopaocshs possi.blne t o u:
t hSeL OGA g orstihtersre changes of composition and use
foll owing equations:

0 OMMMETM 5)

U mrp6 AO- A6AO- E1l (6)

0 0 4+ (7)

4AAT 0O r p r 20AAI (8)
where P refers to thenepdleanyoetress afo tthhee npdiany etresa na f
game applied upon by the .To®sifeipcrieesnetnst so fa fnaetw gf
which reserve and fre&ht @amey essysmtblod v eofb etehne ardedse
pl ayWhrestUé s a fatigue coefficient that iif the pl
he maithhild neallpue wi | | increase in theedexts gam
0 a random number i,whidl iradigeatods ztehe® nwmMmmere
eplaced in this secThios pmndc¢ddume tdhe@ntman wne st el

each theafftiemralwlsitalget he il agaulen cawlaenpg eoch a@redca mt h
ndsfter the end of the first seasoni fandhehe
onvergence <conditdlolnst lme et emams switlilsf ertder t he
ompetaintdi ami sostageewuhtik the convergence cond

2.4 Convergence criteria

For t hi seiptwrepo scef the following five differe
mpl etion of the .Aptmiami matm omumbroceodlfiderhti or

co

obtained optimum solution to the promls@Em does n
certain predefined | evellhAoteannawerrtameutacegxesltL
solutionbiTheraasehade fitness of all the fitness
the fittest

2.5 Parameters setting

There are two SpaOCAmgoer shmnt h&te need to be ac
answienrese coefficients are deter mi wed | bda gednesn
menti o@Geldwdlyl ThHeDed0pgar ameters incyugaemedheonr at lee
of teams |l eaving the quaaiifny iCrognprsdd)rrde p(nlets)e nd rsd
the percentage of teamswhtihcaht ipsr ogceene&dmatlaon ytnhgeq urad

that only teams that have won the qualifying ro
But i f this,iaamonuenatn si st hhaitghienr adai htimmert ooft htee aving
have | ost but scored omsdrneg poeiamiss wtihdn atlhseo aatdhv

compeltMCt irempresents the percentage of( Qoelawesl Ic o my
200®@i leits2a0lpoSr ment er os anFd.3Cuwrhooavs2 @th&) pseudocode
al gorithm
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Pseudo Code of Soccer League Optimization-based Championship Algoﬁthm

Input: Maximum number of seasons (Max_It), Rates of teams leaving the qualifying round, Number of

players, rate of Main Competitions

Output: Near-optimal solution for the objective function

// initialization

1. initial teams

Each team is a N-dimensional array of players for a N-dimensional problem;
2. Qualifying competitions

Grouping teams in groups of four teams at random and based on qualifying competitions rate, calculate

the fitness function and choose the winning teams for the main competition (using Eq. 4);
/[Loop until the terminal convergence conditions
3. For i=1: (Lt*number of teams);
// Main competitions
4.Divide the teams into two groups at random;
5. Change tactics and players. (using Eq8);
6. start the games for each week;
7. When all the teams have played together, introduce the top team based on the highest score;
8.End for;
// Updating
9.Updating the participating teams;
| 10.Returning the best team(solution);

Fig. 2 Pseudo code of soccer league optimizatiased championship algorithm

Table 1 Benchmark functions to evaluate the speed and accuracy of the SLOCA

Function Equation Range Characteristic
P
ED ¢ A gpg = @
F1: Ackley ouU W OoU MN
Apg AiGo cmo
F2: Rastrigir £ED @ pAITOL pn UU% Cq © MS
F3: Cigar £EO @ pmn O VP C N/A
' P ¢
F4: Csende ED @ ¢ OE P W P M
F5: Sphere £ o @ vdC @ us
P g
Table 2 Parameters values
Algorithm Parameter Value Parameter Value
GA crossover rate 0.6 Mutation rate 04
PSO Inertia weight 2 Best global experience 2
Best personal experience 2 w-damp 0.98
SLOCA MC 0.5 Lt 0.5




Soccer league optimizatidmased championship algorithm (SLOCA):

Table 3Comparing the results in different dimensions with some-lugwn optimization algorithms

Function F1 F2
Nplayers 10 20 50 10 20 50
Nteam 100 150 200 100 150 200
Best 482 E1T 340ET 292E1 481E1T 329ET1T 401ET I
GA Mean 497ET1T 105E1 462E1 573ET1T 494E1 112ET |
Median 122 ET1 205E1T 176E1 790E1T 175Ei1 b597ET |
Best 844E17 986 E1T 710E+00 203 ET 175E+01 1.56E+02
PSO Mean 44 3 E1 250E+00 101E+01 7.90E+00 b5.11E+01 3.28E+02
Median 26 8 ET 252E+00 1.02E+02 6.09E+00 5.80E+01 3.43E+02
Best 8.88E-16 8.88E-16 2.79E-15 0 0 0
SLOCA Mean  888E-16 4.79E-15 3.98E-15 0 0 0
Median 8.88E-16  4.44E-15 3.45E-15 0 0 0
The best result by SLOCA SLOCA SLOCA SLOCA SLOCA SLOCA
Function F3 F4
Nplayers 10 20 50 10 20 50
Nteam 100 150 200 100 150 200
Best 111E7 381Ei1 187E+01 893 ET 219ET 285ET
GA Mean 824 E17 139E+00 266E+01 103 ET 173 E1 701ET:
Median 617E1 134E+00 263E+01 279 E1 162Ei1 G652ET .
Best 907 ET 588E+00 376E+05 213 ET 304ET 273ET |
PSO Mean 166E+00 2.12E+02 165E+06 323 ET 205E1 107 ET |
Median 26.2E+00 1.01E+02 154E+06 94 5ET 472 ET71 800ET |
Best 113E191 122 ET 222ET 0 144 E1 323E24
SLOCA Mean 254E-189 459 E1T 369E1 0 36 8 ET 121E-19
Median 125E-189 989 E1T 779E1 0 2.89E-33  4.63E-22
The best result by SLOCA SLOCA SLOCA SLOCA SLOCA SLOCA
Function F5
Nplayers 10 20 50
Nteam 100 150 200
Best 130ET 11 586 ET 15 139E7T 15
GA Mean 615E1 04 682E1 04 646 ET 04
Median 7T90ET 06 177E105 223 ET1 05
Best 833ET 05 275E1 03 966 ET 01
PSO Mean 86 0ET 03 133E1 02 3.52E+00
Median 372E1 03 755E103 3.39E+00
Best 2.17E-208 5.59E-296 6.49E-280
SLOCA Mean 1.49E-200 7.25E-107 7.25E-127
Median 1.61E-205 3.06E-165 3.26E-155
The best result by SLOCA SLOCA SLOCA

OF1*: NPlayers=Number of Variableblteam = Number of DesignslSeason= Maximum Number of Iterations

3. SLOCA competence over some benchmark functions and engineering problem

I'n t hi,s hle@@Apdm mi zati on
mi ni.Ri naei

whi ch are

al gorithm i
a¢mef dnmatail o s |

uti on

saltleso
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knows sessing the specified | evel ofe adetue@atcgd o
To evaluate the performance of the proposed a
met aheur i sttihce anhagxoirmutnih msu mber of iterations 1is
in thi.gheeetibemchmar k f unicotni sonuss eadr eb yc | vaasrsii ocuasl rf
can be mgrKtaiveerhe da ntdo Bg¥Xarsehgpeo oand 26GdHa @ 2#dI12D0 1 7
Hayyol al am anTaKlag eIn( )dQBqgsi sts all the 6 benct
st uldye resulnemotbheai $Ile@CA al gorithm are compared
GAt he PSO algorithms

3.1 Benchmark functions_results and discussions

To explore the ability oft woheli pfepesedt $PpOEA
namely as unconstrained and. constrained functio

3llUnconstfumd¢ nieans

Fi rssotme nonlinear benchmark functions .were at
These functiToabsl earle wWiitsh etdhdainr cUh@ 8§ N.dtheryi striec s

signifietod&dnmddilo mposbSepamabl secmpall edprecti vely
Apart from SLIOCA atl geor i méitmaheuri stic technique

were used f.elowepmpanri $mn e x ec utth en gr eelaacthe dp r pagrr am

the algorithms wer.e set as I|listed in Table 2

The results reported in Table 3 wlNuvmbermtainec
variables were al so,2c0ataengdb sbozee dp odpi usltaitnicotnl ys iazse 1
to differ in order to studyont hoeef seusscthalihadadp o d i tt |
maxi mum number of iterations for all cases was

convergefe@tnrdliiceart es t he best answer of ,the fun
fiMe @a nfiMe d Dame c oanpadredi i+ oA Atl e—+he—o0anfd AAEAIT
| EAAIBEGRACGEDOT AAMOD at ed to each function in 30 ti

proceAMsursehown ,5§bhOCbhliebi3 s more accuratdoresults
al | f penscpteicoinasl | y when a greater number of wvari at

3111Compari son on the convergence histories

For the case wher ga Ntuenabne ri so fe qcuoanlv etrog eln@® st uo
this .$e8(adnillustrates the convergence histor:
function,PWBL nagn dGA hSLOLCeAbposdtdhmbvi ous high spe
sudden convkbegghodaltoopti mum solution is appart
ompared to the .&tvh artnhtelvygS LaQpQA oaalcghoersi t hm manag e
| obal mini mum ,wheeerp LBei behati dwo required at
naltyecesonwnaringati ng a convergence experience foc
umber of anFail8y(sae)s pmreeesdeendt s t he convergence his
riterion at a maxi mum of 500 ihergltobabk tonwaeét
As showdthe Bage behavior is apparent when runn
Anot her study was carried out here for only t
kept as 50 and only allowed to experi.&Asce opti
shown .8 nakd gt he resul ts of , tvhhei CSN Galr ggo rrietctom dpdar fi
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107 3
[ SLOCA |3
z PSO §
]00%* = = 'GA %
10’2; ]
10'€7
E 10’8; ;
|()’”‘; *;
10"22 :
11)"4; é
10715§ | | | | | | | | 1 ;
0 50 100 150 200 250 300 350 400 450 50C
Number of iterations
(a) Terminated after 500 iterations
mzi ‘ ! ‘ ! SLOCA |
E PSO’ %
o[ - - GA ]
10 % %
1<>’3;— =
:% 10'*%
107! ; é
m"é— é
”)rnf | | | | | | | | ?
0 50 100 150 200 250 300 350 400 450
Number of iterations
(b) Terminated after 30 iterations without improvement
Fig. 3 Convergence histories for F1 (n = 10)
a convergence tomahg gl mbal fmehemumnd more acc
al gorithms withFar thlee 1Bbsi tsenoavtrd, bime FSILEOCA even
explored a faster convergencea tol @are agdwadmd e noepnt
ot heor nmew aheur i .sTthivass afl goras hemgen a certain i mpo:
al | approachassignicfoincentnesuperiority of the SI
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SLOCA
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10

Best fitness

10"

10710
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(a) *Terminated after 500 iterations

SLOCA
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1
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Best fitness
=

v ool oo ol oo cod v ol o v o o] ool o o Vo o T T

| | | | | | |
50 100 150 200 250 300 350
Number of iterations

s
>
S
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(b) Terminated after 3@erations without improvement

Fig. 4 Convergence of F2 (n = 10)
*OF-2: By reason of the sedugarithmic scale of the figureshowing zero in the figure was incompreheresibl
Therefore, the convergence curve for SLOCA did not continue after reachingrthpoint.

was ewvident
Al sion Tahl

syfbhbolic study on the standard devi
functions F1

and F5 wawshidaer rtieend voaurti aud iersg wRl @C
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105

SLOCA |
PSO
[ = = ‘GA

1050

z
IOVIOO
I()—ISU
lO-zooi | 1 ]
50 100 150 200 250 300 350 400 450 500
Number of iterations
Fig. 5 Convergence of F3 (n = 10)
10°
SLOCA
liSO
10750 - GA —
10-100 I -
g l()rli() ; ;
% r i
]07200; ;
1072507 —
”)7‘500; ;
= | | | | | | | | |
0 50 100 150 200 250 300 350 400 450 500
Number of iterations
Fig. 6 Convergence of F4 (n = 10)
Nt eam was set to 200 for a maxi mum of 10 iter af

for a tot.dAls eho®@ ,comdgabbkd @wWith thokbke SEOGA an
algorithm displ ayedstsibgniiftiyc aanntdl yf ihringnheess i n f
sol uti on
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]050

SLOCA |+
PSO
- = GA

10°

10750

10'100

Best fitness

107150

10-200

107250 | | 1 | | | | | |
50 100 150 200 250 300 350 400 450 500

Number of iterations

Fig. 7 Convergence of F5 (n = 10)

SLOCA

Best fitness

100 —

0 5 10
Number of iterations

Fig. 8 Convergence of F1 (Number of Analysis = 1000)

3.1.2 Constrained functions

One of the most <chal |l eonpgtiinnygi zbaet@ colmm a rsk rkieeuame i d
function as.(®af@dnk)d has Efgsen attempted by some
menti oned etto(NEG2eubai &r.i(Zzth@aynd Gupad8 2Kér e

the aim is to further encounter theTBUBKYCA al go
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107

10' £

10° E

107" E

Best fitness

107 £

| |
0 5 10 15
Number of iterations

Fig. 9 Convergence of F5 (Number of Analysis = 1000)

Table 5 \aluesfor standard deviations on the two funcsoF1 and F5

Function F1 F5
Algorithm GA PSO SLOCA GA PSO SLOCA
Best 1.15E8 8.56E-05 8.88E-16 3.63E16 7.41E09 2.14E-208
Mean 3.65E02 4.43E-03 5.96E-15 2.77E05 2.15E05 7.65E-137
Median 3.77E03 2.66E03 3.55E-15 1.96E-07 4.65E-06 3.99E-155
STD 8.63E02 5.89E03 7.63E-14 1.33E04 2.96E05 2.89E-135

Table 6 Results diumpy function

Function Bumpy

Nplayers 10 20 50

Nteam 100 150 200
Best 071466 073698 -0.75263
GA Mean 071532 -0.72698 -0.74466
Median -06 9352 -071202 -0.72048
Best 075463 -0.78165 -0.78839
PSO Mean -0.75386 -0.7 723 -0.76532
Median -071325 -0.77232 -0.75396
Best -0.79213 -0.8024 -0.82762
Mean -0.79198 -0.8008 -0.82762
SLOCA Median -0.79165 -0.7963 -0.82762
The best result by SLOCA SLOCA SLOCA SLOCA

empl oyi ng 20 iatnear)tyhseed3@A@th de da hle SLOCA al georithms
each fordi3Q itnichd9a nudn dselr .V1RO0e i phlF amet er st matlt acter
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SLOCA |4
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= = GA
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(a) Terminated after 500 iterations

SLOCA |-
PSO
- - GA

Best fitness

____________________________

| | | J

0 50 100 150 200 250 300 350 400 450

Number of iterations

(b) Terminated after 30 iterationsithout improvement
Fig. 10 Convergence of Kean Bumpy functjon

O unconstrained probl &@dme aptbemumupesual [Tabhee 2
here it shows a consi st e phcoywedfle et 5ed OLokl awtdiyd rds cil
erform the best resultswinhhtehes| oWwesatccstanog:
chi.eved

Fi.g0O(a) illustrates the convergence histories
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all owed for upnt.&#0pbOPobbhergeéenoa@ascriterion on th
a rnobhesing SLOCA to complete the owittimi a atmboa
accurate solution and obviously faster

8
b Q¢ QAR Q héio ¢ HEiw T Qo (9)

[ 6 OBHEDG ™UL  © TNQ® O X®E TR pT (10)

4 Engineering design problems_results and discuss
I'n thi,g heecStLIOCA al gori thm i s appltihids ttoi naen ottd
evaluate its performance.BEnngimeredliinngg peamdil rearesr iri
design of steel bending frames are kmaowmepsobl
incl 8dl agni a &MRZHGNehd2al 20nNd Kha(Radl 7)

41Frame optimization probl ems

I'n most studi,gagdhreomgoat eels ftroameésnd the opti mal

wei.ghht s design is expressed as the following eq
Qo [ 00 (11)
where f (X) is the objective functioniandhrepr e
desity of ,Ahies mocbectcinbrsaslhearedamehts and L is t
el ementepresents the desired el ement number anc
el emdrctcor di ngL RtFO2A,EP uctures should follow sot
These constraints may include the foll owing:
Stress |imits for eachl2)) ement may be given by
0 — p T Q phBR (12)
And maxi mum | ater al di splacement | imit states
o Y
NY — Y 13
oY =5 s (13)
Restrictions on the drifts of floors relative
Q . Lo
p ¢ Y g T Q plts ke 14

whetianiare the current and al Ireswpkeldt iissterlegogsusaels tfo
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40.86 KN/m
11.12KN;VV'VVVYV YYYvYYYYY i
40.86 KN/m 40.86 KN/m
22.24 KN il Y Y YYVYYY VIV Y Y Y VY VY YV E
o0
S
40.86 KN/m 40.86 KN/m :"@
2224KN—pelL ¥ ¥ Y Y Y Y Y VIV Y Y Y Y VYV YY b
|
A A A
[
2@ 10.97 m
Fig. 11 Twobay, threestory planar frame
the maximum amounaki ©9f equalfttal tOwednaxi mum | at ¢
Sstructure experiendesds sateqaadh tde sihgn hien tgehrtv aolf 1
is equal to the .Wirsfeqbalt wee n'tfh éoedre i qtod sslotf h e hteo
number of filsoocergsuadnd oRthe all.Alwgibl si gdriiffite sh etto
current frame member and n i sActchoer dti mtga It on ut nmbee
regul,aheopsrmissible drift between floors is 1uU
to the following eqguation:
. 0 0 0 "o"G 15
R ttp ™ (15)
. 0 TR 0 "0"6 16
U P T Wt T L T (16)
wheP@ s equal to thePireqequald ®&06r thgdtlihdoeannodtaels a x i
to the coeffi c9 efnotr otfedrse doimg tadhncacets(ald e) equ al to t
required flexural strengspe.cdvpjavmdiiez rXx arhde Yh odni me
fl exural strength,rigne ctthieveX yadn{dmeYn sdii tr g8cH w.fo)nasme s
pi s equal to the coeffici@nt 90f) nr ¢ dutsh ep@ampaeiod  f |
formula for eff ec,whvehl éerslgileatnwdke eah¥% t efr mda meuwr at e

pPO™O 1T 00 xB

17
o 0 8 p (17)

I n the ab,@GyenGrqafagr ono t he coefficient of stif

column at. both ends
According to the findings of the abdvaesststudi
convergence to the global optimum solution was
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Table 7 Optimum results of the tvimmy, threestory planar frame

Algorithm
Element Group no  Element Type
GA ACO SLOCA
1 Beams W24X62 W24X62 W24X62
2 Columns W10X60 W10X60 W10X60
Optimum weightQ() 83.7759 83.7759 83.7759
No. of required analyses 1800 3000 800

150 T

———SLOCA

140 [~ -

130 [~ -

Best fitness

110 — —

100 — -

90 — -

%0 \ | \ \ \ \ | \ \
0 2 4 6 8 10 12 14 16 18 20

Number of iterations

Fig. 12 Convergence history diagram of the thay, threestory planar frame

411 Tive,y hrseteory planar fr ame

A t-wpanhrsdeory engineering frame .Phebbkémucsumé s
shown .14lrhkei gesign constraints for theRFrDobl em
regul,menbonened intildéaepmodiud us HDdéc el asticity i
Ksi) and they=yi2I8¥MPat (86s Ksbs) Fand t e =de/mBsilt y
Kdgn*(.284 3. bhheé ncoefficient of unrestiréalimeedgricewmpt h

of columns is selected from a catalogue 1|i st 0
regul,andorn®or the beams W sections &istuoéd 2@i7t
sectionbdas been attempted by soneMamheadedtarnalher s
2018nd PezeZ2b&O0)

Accordingthe pPpablceddure reached the converging
analyzes (16 replicationswhwilteh téhre IiGAI tainadl ApCOp ur
or g22r5 ti m@% anmnhed3 more analyses to globalize tF

Fi.y2 represents the convergence history diagr:
structure using the prpprofsedmaEiLdde Aofal gloirch hmo i r
l'isted .in Table 7
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(1 Vertical Loads on each beam = 20 KN/m
S INC >
(1)
| o

. o
4m |30 (3]

SOKNTT]
' @

a5 ar~J# )

S
T (4] 50 KNS
oo

~ Y [4]

om 14 A_ b
M"{ Z X (5]
6m ; 5]
o Sm

Fig. 13 Two Story, Two bay irregular steel space fram

Table 8 Optimum results of TwStory, Two bay irregular steel space frame

Algorithm
Element Group no
ACO HS SLOCA
1 W18X40 W18X40 W18X35
2 W14X22 W12X19 W16X26
3 W18X35 W16X40 W14X22
4 W18X46 W18X40 W16X40
5 W12X30 W16X26 W16X26
Weight(KN) 4868 46.63 4554
412Twet oMfwo bay irregular steel space fr ame
The -sdtwodrwiway i rregul ar steel space frame has 2
beam ancdoltuhrne ed e sTihgen dgirnoeunpssi ons and member grou
shown .13Thkei grame is subjected t oaxwisnditn oadld ng

e 20k N/ m,whriavhi tiys laopapdTiheed dtra fal Ir aie aamd i mi t s a
r inter story drift 4 cm for tophetmaxi ndumf't
flection of beam3mfenbhgdo]jida ROdONi cted to 1
As shown ,i heTpbbpo8ed algorithm performed sl i
design for the frame structure withWhenhheheaxi
maxi mum number of anal yse,sasalslhowddtihneor Fee xyecaese do rulp
a minor reduction with SLOCA re&8dhiKMg atfher gl5dH
anal,wbeseas the other algorithms rtesawectgiede lay t &
slightly heavier

t h
fo
de
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Fig. 14 Convergence history diagram of TaBtory, Two bay irregular steel space frame
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Fig. 15 Onebay tenstory planar frame

4130nd ay -stteonr y og triammem desi gn
Fi.g5 shows a schematic representation of the s
onegpanstterny frame with the predefThied fbroamaairy
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Table 9 Optimum results ofonebay tenstory planar frame

Element Algorithm
Element Typ

Group no GSUPSO CPA ACO BB-BC SLOCA
1 Beam W40X167 W40X149 W30X108 W33X118 W33X118
2 Beam W30X90 W30X108 W30X90 W30X90 W30X90
3 Beam W24X76 W30X90 W27X84 W30X99 W24X76
4 Beam W10X68 W21X55 W21X44 W18X60 W14X30
5 Column W12X210 W12X279 W14X233 W14X283 W14X233
6 Column W12X136 W12X252 W14X176 W12X252 W14X176
7 Column W12X132 W14X211 W14X145 W14X211 W14X145
8 Column W12X96 W14X176 W14X99 W12X190 W14X90
9 Column W12X58 W14X145 W12X65 W14X145 W12X65
Best weight (kN) 29366 2845 2788 28D3 2799

500

450 —

Best fitness
IS
3
3
T
|

w

b3

3
T
|

300 — —

| | | | | | |
0 50 100 150 200 250 300 350 400
Number of iterations

Fig. 16 Convergence history diagram of Obay tenstory planar frame

of the standard design probl ems( Ptelzeets h2kdE0 been
Mahalelta2a0llKBaveh.20I120h thi sbepamdlemi li zed W sect
restriction accor,diutget oolAUL®ECs ragel ht mbhed t o ¢
The frame is also delsRRKgDede guwlcaotrida msg amnd Atl hSeC
constrained smaller than thke hmodwltusfoft hel d4 toio
200GPa and dthreesysi €l sMAdge =c 2mMBer gence history
arrangement of the beams antl5Saod6ruensnpse cAs eviedlys o
evident ,ilme ThEbbpo®ed SLOCA algorithm explored a
finding the optimal solution in relatively | owe
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Table 10 Comparison oif nSpiOCAd winethhodHher socc

Functior Sphere Rastrigi Ackl ey
Al gorith
LCA 10 2-E4 0 25 8-E3
SGO 115-E2 70231 00008
FOA 22 1-E4 08891 12 6-E3
FGA 21 3-E8 51254 00013
MV P A 11 0-E8 0 71 5-E1
SLOCA 659-E79 0 26 6-E 1

For t h,24 Of0or aacmmea | yzes have eepusati bor eghal akt g
repet.Asi esmo Wi ftime Fprgoposed al gorithm obtained |
(10600) of the analysis than other comparabl e al ¢

5 Rel ated wor ks

his section dieffferreenncceess teondt heedvant ages of SL
spired methods suchSG> ilnGA obdyu ckeads hbayn P(u2rOnOo9n)o
A presented by Fad&lOar pangoi&bdadty.midldfbdeat &Y e h
MVPA prEBecwrnhekdarbnp (t2M0ils/ ),¢ @ mpcaornij suonicltaitoans wi t
,130) runs ar e ex eOOWt efdu nweittiho nf iexvead U@ i ons at €
prehensi ve performance of al gorithms wi t hi
mi zati.dhe pbebBltemsal ues f or every .plrhoebl em a
ntages of SLOCA compared to oth&LO@At hseds 1
to solve problems i n alslem#hcrreeet et yapneds coofn tvia
as only two ,machudimregdi pariaamet epppul ati on
S GCIFBAdMand w@Ach mainly e . BOneo o4f ftixee dmapic
r
[
;

oQ

® o =

hav
SLOCAodcso mpsar eldatt oi tother mmeh h e as
obl ems thanApplfyiemgna fBagobgueéehin:
omly wusing the reserve players
asmmses change uni qu@&hytshaet stehaer csht a
y observed .and the feasible spa
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6.Concl usi ons

This paper pr-keenistiacnewt met aat iSomrc ceelrg dreiatghune
Championshi p(SICOGhhdat oridem to investigate on the
speed of tihtes agerofrdrtrhamce has beknferami ored and
engineering .Commar iSsLoOiOWe M s ekrmeo wne lal gor i t hms s
th&@8LOChhas a very promising performance in findi
accuracy and .Besiidre ®andvdeistgieonnoét ol eaadi ng and mai n
pl ay8t®@Ases adj acent responses (reserve player
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sol uThiomn feature all ows each r es pAtnstehd os ame et ial
this strategy allows the proposed,aaldgdrhiitshmrti m
the opti mal sol 8L DGcA oosbetra itnoe dt hbey ftihnea | and the
creating assuring and reliable solutions
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