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Applicability of Coral Reef Optimization

to Unequal area facility layout problem
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School of Air Transport, Transportation and Logistics, Korea Aerospace University

Unequal area facility layout problem is an optimization problem that we place given departments on
given floor space to minimize total material handling movement or maximize its efficiency. We
study to find its applicability of Coral Reef Optimization to unequal area facility layout problem.
Coral reef optimization is relatively new and there are not many researches applying this method to
layout design. Specifically, a slicing tree structure is used to place rectangular shape blocks which
represent functional departments in manufacturing system and the coral reef optimization is
improving its fitness which is represented by total material movement based on the given
configuration. The instances from previous literature are used to experiment and the results were
compared to optimal solutions. To see the applicability, we only take small problems less than 20
blocks and result shows that the coral reef optimization properly work with unequal area facility

layout problem.
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Al A8 2] = A (FLP: Facility Layout Problem)v A|¢F 215 W3l HA 1 &3
o] 438t HEFE AAEE wiAet= EAlolth Tompkins et al.(2010)2 F2 WA=

= 20% ~ 50%7bA &4 ¢ ATl ok o] e o] F 2 FLPE AZEYolM =F ¥ =0°17] Al AL
#Haflofd ¢ F 83 A o] th(Kouvelis et al., 1992). FLP2] A &&= o 2717} Q) , 1 FollA S
7t OE EAE BEdeS WA AA wlx] EA(UA-FLP : Unequal Area Facility Layout Problem)©] T}
(Drira et al., 2007; Hosseini-Nasab et al., 2018; Anjos and Vieira, 2017). o]= Y¥FA <1 Wi X2 A FA) ol
wol 585 el AA HAAET FAEHA AHEE & e A4 ¥ olth. UA-FLP & Armour
and Buffa(1963)ll ol A& &M= A=, AA AALE F3te Folx ALY 2] AAHE viA] st
= A, ojnf HxE= AA EFolEAHY & HAsT Fo AdxdoZE AA, ANEE T F&

E
o}r o

= o mlm
= g fo

(Z& Aol 8HA Fon 8, Foizl FIF el BE AlAHo] x| Fojokgrt. YukA o F UA-FLP
o] ZE= WAI7}F o] Fol A F ARl M & = FolEn 8o FHA3 o]t (Gonsalves and Resende,
2015)

Hol &7l ¥ A=l Komarudin and Wong(2010)> 28 &2 A
HE 47033 Meller et al.(1998)2 Branch and Bound ¥38]&
< 53 ved agzE FAE A3 0 Montreuil(1991) 3 Konak et al.(2006) & &3 A4 A<

UA-FLPl #8313, Meller et al.(1998)2 Montreuil2] W+ & —’Fxé 0]'04 ity 2 R FAE A
Sherali et al.(2003)3} Castillo et al.(2005) E&ZFA WA FF2QA EF2 WA 3 HIFs=

Tl LR/RE AT F A= WHe AGAS

Saraswat et al.(2015)¢} Purnomo and Wiwoho(2016)= H3X & 243t7] 913l Sherali et al.(2003)¢] ®
H& AH8-3 ) Chae and Regan(2016) Hdl 137] 5o tist HHuXE =T oL 7I2AH 27}
EF A AT 282 2 AES SAl . dibE e 28 W2 we & Ak
oA A EZA WHEG ol Foh oAl FelxzE 9l wE FeEl2E HIZWH] o] AIE siAsk:
A AHLEE olfTh Tam(1992)2 HAe| sZ2H™e 7] 3] LOGIC olgtx E#E Simulated
Annealing A< &7tk 11 $9l] Scholz et al.(2009) ¥ Kulturel-Konak(2012)<> Tabu Search& A<}t
Aot o ATFAES 3 €8 F(GA : Genetic Algorithm)< et} o] W22 Tate and
Smith(1995)= A& 7Fe& aivr 7] 98] sjdy 45 25t GAE AdAH(H= = gho]l F2 3f
o] 7§ AFxAE 3R] E3r)). Azadivar and Wang(2000) & Slicing Tree Structure(STS)E AH&-3h
GAE %3 UA-FLPE 3|23 th. Wu and Appleton(2002) ¥ Gomez et al.(2003)> Al o] s x]d &3t W
57 € 183l FAE AT} Enea et al.(2005)= 53] 7= M Z H] & (Aspect ratio, «) Al F=7
< 3ty UA-FLPl GAE A&t 3 Aiello et al.(2006)= UA-FLPE ©F7] 913 GA<%} Electre
dE)lFe =S AHEdoH, Liu and Meller(2007)E = A AgY GAE 2 HHE 1l
. 2ol & Palomo-Romero et al.(2017)7} o} WBE Bl 7|23 GAE AHE3] T3S F4AA H
T2 s HEAT I foxE TRt vEFE 2gol] AHREHASHE, Jiv 73 #2438t (Komarudin and
Wong, 2010; Wong and Komarudin, 2010; Kulturl-Konak, 2011; Liu and Liu, 2019), I¥ ©< A A
(Ulutas and Kulturl-Konak, 2012), Biased random-key GA (Gonsalves and Resende, 2015) So] 1 A
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HAollA Jdgd daegF o2 UAFLPY & Uetd W 25 F 7IA 9 &3 5 shv2 yetdth I3
< STS9} Flexible Bay Structure(FBS)Th. <Figure 1> STSo| A& &F3Xte Ef&sHA Ues F o

and Chae, 2017; Komarudin and Wong, 2010; Scholz et al., 2009; Shayan and Chittilapilly, 2004), FBS®]|

A= Bayetil EElv AAMAE F3rolw AJH S vl X ok (Kulturl-Konak and Konak, 2011). Coral Reef

Optimizations Ar8-3F 3] A7 (Garcia-Hernandezatal, 2019)= FBS W24 & AH&-gl&=H o]+ STS < vl

e W v GFFo] oA oA do] Atk wEka o] ATl A= Kang and Chae(2017)9] 7§

d STSE 2§l UA-FLPE s 23t

o #tA 2o 2, Kang and Chae(2017)+ Geem et al(2001)©] AIFg+ Harmony Search W' =i
UA-FLPE 143t 258 12 44 S 98 Shayan and Chittilappilly(2004)2] STS %3 <

12}
)
NS

-: of

(Kang

Bay

A
\ 4

Flexible Bay Structure Slicing Tree Structure

Figure 1. Flexible Bay Structure and Slicing Tree Structure

213 <l 45 % A 3HCRO : Coral Reef Optimization) ¥ (Salcedo-Sanz
et al., 2014)«1 284 goz APt CROE Aa oA BAst= A2, 24, 54 182
32 mHste 13y . CRO= %13} ¢i18]E 7 Simulated Annealing(Salcedo-Sanz et al.,
2014a)s =3 A FARE ¢agFo 2 F4l(Salcedo-Sanz et al., 2014d)(SalcedoSanz et al., 2014b), ©I|
4 7] (Salcedo-Sanz et al., 2016)(Salcedo-Sanz et al., 2014c), T+Z3F 3} (Salcedo-Sanz et al, 2017)
(Camacho-Gomez et al., 2018) 32 382 5 (Bermejo et al., 2018) (Yan et al., 2019)9} 22 ThFgt #of
oA AHEE T

FH < CRO+= TF3H(Medeiros, Xavier and Canuto, 2015), 15417 *#(Yang and Zhang, 2016), AlAE
-4} (Duran-Rosal et al.,, 2018) == A €9 &4 5 71 & 97F S At o213 A Sl A
CRO= 5% AB%5<& HoEH(Salcedo-Sanz, 2017). -8 A7+ T3 FokollA 1 23 EO]_T’_ A=
CROE UA-FLPo| A &3tz gt} ol Ae AAY Hr7iRoge HAs)7 42 42 429 EAES
dHI PHENRE A8 4 A-E sfdst=A Fdste= Aol dAF Q] Fxolth FBSw= A% Ba
FE ol A A& 7] “ﬂv:oﬂ AAA HANE 7]l A Atk STSE AHESHA H™ T Al kS
AAGORE Q8 B & & dFAHS 2 Hol HF FF 7HA 89 ol HAME 2717HA ¥
B A5 7 8 7H A4ds] ‘7‘54_“3]'7101] - o2 3o Htt ol AFE ’%-‘Tﬂi‘ﬂ FBSE ©|
43 UA-FLP= CROZE A &% ZHo|] A THGarcia-Hernandezetal, 2019), STSol| & &% - o}&7tA|
7] WiEol o] duElES T -47—‘15]] o] Ao AHAE F o] dugFY A5E %E‘—-_} T UE Ao
o},

r{r

&O
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2.1. UA-FLP

UA-FLPE 913 TR S T8 4 Ao A& Z2AHT 5 Aot UAFLPE ol HAZ4E F3td
ZAAE B AEE WX ske £AIE, ojuf ZF A HAA| gotokstm ZF A|H Y] FAHRE o &
3l T ERClIEAYUE HAslele As HFRE ot ojuf 4 A9 AV|E 474 bdEve= As AR
TAE sAsrI A 2 Al Hol9k TFE A 28] (Aspect ratio, )9 HUFE 283 Al Aol Eorte 1
o 718, AlZ& Foljxith. ZF Aldrtt 11 gho] gEd, 11 olf= AlAdrtt HF o] A ' T 27| wEo|th
ol Ao HAgrE 2 AHRE F ERClIEALY Hastoln AR ¥ i E e 2ok
oluf AlHe] FEj= 7IE, AR Aol7F I AalX]l Bl &(Aspect ratio)Fol A FAY F J3 o2 = H

Parameters and variables

n Al
L® FAX TR 25, yF Aol
l; EZi%aF: 2 yF Aol
b7, ub; E5ioaF Z& yF Aol kg, Fetat
fij E5i%j Aol B
& B20hj Aol 0% Ty 7Y
i i TR S22y
z LEZSVFES A& US4
#ii 0, LRkl o] 7 -
y LEZFiZFES jo obdel A= 45
i 0, LRkl o] 7 5
Minimize > E f i (dj; +d;) 6))
i jli=j)
Subject to a, = If X1, Vi @)
& =|e;—c|, vij Vs 3)
b <1} <ub,Vi,s 4)
Y
D) =1, Vi, j>i ()
s lf s lj s s .. . 6
c;+§£03—§+L‘(1—z;j) Vi,j#1 Vs ®)
2 - [ 2 9
25€40,1) Vi, j#i,s @®
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2#5R A EA ) ZAGSE (1) AY A% Bol & BRo|EA(ERED * A7)
she}. olw] (2)~(8)°) » ‘lh 1% wEaobshin, 55 9] ol REENEE ol 2t % o)
2 Uehin, 2 527 A 3)3 2ol HZAL el ()= 7 BEL Zolo| A 5
T ofuoln, (5)~ ()% AQWA S @ Aekzoln,

N e
> [0 B

22 THE A7)

2.2.1 Layout representation

TAE Fd3H7] 8l STSE AH&-3tth(Komarudin and Wong, 2010). STSE Fo %l &3+ 3,
dEHA Ud U I3t E5S A st ol o)y A& 34 3
gt} ZH2F Cut point, Cut code, Department sequence®|th. n7ll 9] £5-& vl X|3l= UA-FLP&

% (n2)7he] WEgko] Bea.

Department sequencew E&5E529] ¥ A& %3l £59 < n/l¢ HEE £ HET} Cut pointe
ol £AE wWet E5& AEdE KolH. EF AfolAtelE A2= ZABE F (n-1)7h¢] WE 7} Zasit
g E Eol Fo] T Fol Atk A RA Fol& wro g A=W 27| "t ThA] T3 FolE AEFTH
FiFo] gotAa 1 BEE FolE Fol EF5S ¥ Aolth watA nile FolE eV fAMAE (n-1)
H FolE %E]' F&TH Cut codets oj¥ WA o g A5 AJAE £t 7|Eod e A== Rl +33

o

E
A
ot
I
ol
flo
Y
N
N
X
A
o

Nl

a 4
HEHU

T= 9 ‘%}—1‘% Al ]-U]-(Kang and Chae, 2017) 4747 BAE AFESHE olfre 27FAIE = Slo A
o] "ojx7] “HE—O]E} <Figure 2>& 7} 3 S AAIE 3 A3 Aotk

Cut pointi= Cuto] FAE A& 9v|3tal Cut code= 0, 1, 2, 3 TAHE 79, 3, 9453, 9537
< Zotedl 3 A A2s AAE VLR 959 E5S ot H ]'3]'3’— #HZe] £52 9o w
A%t} <Figure 2>5 HH &5 13 2, 3, 4, 5 Atolol] Cuto] AFo= WAst=d 10 A= W42 5
BOyolth. 18AM 18 9= HHX]o}_TV_ 2,3, 4,58 3t HHXUM I Ad 52 WAl FF= E
floenz £5 19 A< 7P A g8 I F2 &5 29 3, 4, 5 Al 3 (1) Cuto] TAS=
o F2os A5 AF dd] dEE v A4sid %E}. ORb el A S5 £59 HA7F 1AM A
A A= #ZFo| £59 AU Y. AR F& &5 d& 2o A wi&Esd
<Figure 2> %2 3d}tte] w7} U2t} Cut code 2, 3& 0, 19] wehzidde] 7ol ol Mix g B=
< ol Z wjAEtaL 7Edd dEE MARD Ae A== AFS Ve r HEFH 59 AAE A
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Sequence 1 2 3 4 5
A A A A
Cut Point 1 2 3 4
—

Cut Code 0 1 2 3

1

2 5 4
-
3

Figure 2. Slicing Tree Structure

2.2.2 Coral Reef Optimization

2oz #HAH3 ¢E]F(CRO)S Salcedo-Sanz(2014a)oll 23l At ATt s xo] Tkl AJE|A o A
dojvt= A S =WSh= Bio-inspired algorithme]|th. o] ¢18]EF2 N x M 9] Alo]=2E 713 ALY
AZH Y=, reef) oA P A Th(<Figure 3>2 A2t} 5Y). CRO= Population-based algorithmo] i 71
daglFel WP = FIEo] <Figure 3> AAfolnt. hx9 o] ThFgt BAolA oy 4Hart Agbvdes A
Bl

sk ol AA g1 A shshil Azbel AEE s G ol ANE 2 AREe 45 i, )B Vet
Th(<=N, j<=M) Ztzte] e shuel o, shbe] WX E@oh Aw FERE Pty v, e

Figure 3. Grid(4X4)
1) 2718
CRO <ag]F9 A2 Gzl e 27] 459 5 ZAste Aolr. dxollA Hode A& 3
AHEE AR HES <
Coral s = N x M x p, 7} Zk= Sf7F AR R
28 & F=n. <Figure 4>9] A% p=0.6< 7F A& w 16702 A2 T 10717F 27181 ¢ = A A=
L ZF x| e A =Y FAeE A B S
W7hA BbES T AA 12 A AFE AeAd A Ses



Figure 4. Initialization(p,=0.6)

2) 2%}y

M WAL F4 ANEANA S OA R, 9P gAoE tEths B4 4408 YA A of
B4 Fo @A Fxol Y ABERRY AR AN ABE STk £ 44T T4 Y4 Aol
o= e EAshet, AR el BE 457} Qhrel S0 4 YA 1 F AR i
o riHsto R HEWAE Bal dxolA b ok 45E AARE 44 GaeEH mssA A7
A ge HEE goln A4 HEE B9 O FL A AHSE Pl

3) ¥ 4 A2l (Broadcast spawning)

o] AL F QAR o] FoAtt AA, Sxoll SAsIE T A2 F do= Aol FoAd s 2
Ao 1 BE&S WS FE AR O &2 (FASkE A5y & x WS F)oh o714 AdE
HA e AES(EACE A2 F X (1-F)S WSl Wi F484 0 ALgEH. 24, A9d 4EF
Y= FAA S et A4y AL xRS S8 AWE WEH e o714 Partially
Matched Crossover(PMX)(Goldberg and robert, 1985), One point crossover(Holland, 1992)& el A A
w3k A 7FR] WE R3] o)) z2hz AFEdith =, A 7R ME - &) O8] 2HzE Crossoverdt A 2 & M 71A]
HE o] FAH T o] MZ2E wiAS WHEA Io AT AAEE WRE 840l B w7t
A 2 BHST} <Figure 5> A2 F 4t 7} PMX CrossoverE A& 2ZHHE A4S F o= 23
st= AR LS Uepdnh
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Figure 5. Broadcast spawning

4) W F7434 2] (Brooding)

- FAAA A A ARG FE S (EAEEE AT ox (1-F)= NE A5 dis) Sdwel 3

At} EAHo] HA L Cut Point, Cut Code, Depart Sequence®l TH3ll Swap, Inversions A}-&-3

o Aol Bua UH Gz 2dstr] 913 E81E gt <Figure 6>2 95§42 o st

B A5 7t Swap EQHOIE doA AMER AT E THEO o BA Y ATt A sk ol A B
= BEF

@

Figure 6. Brooding

Qa1

) 2t (Larvae setting)

TS ol ol A2 s e Gxo] S o Aokd =, Al
x2] oo Aol Bzt vheF I Az Wl A

OE Aart EARTE, 1 Ase 54 (=7l
T @ ERNIFEAYE M A) 7129 A5 E "o
e A5 2 ¥le BA4& wE AT (UNtE o2 33| (Salcedo-Sanz et al., 2013)). &
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WA Bolthd ol Fol = HakelA @ A4 4EE AARG <Figure 7>& 1 HHL 1Yo B
224 A5E 7120 U 45E Yol T AelE AAPer Bk AsE W ALS Fo} Ay
o Wb AEE MRS 2 2ehw AAYY

If child loses 3
fimes, it disappear 55
Figure 7. Larvae setting
6) 734 2] (Budding)

o] RE AAHE B YA dxE BE 459 A2 Ats, Aol AHErE Ao e FET o714
HS A%F 55T 0L AR By 98 45 AMEAS fh RE 250 %S Prlse 2
A5y gholl wet &8 At A vE(F)NE VM A% A5 E BAGY. O Fo A4AAREE A
2 dxo EojeA Bt AT HolHe oA HAE AU Atz eE AEE AR FEFE
9 W BAE 5= 7P A4 iR T2 Fgo] Bk <Figure 855 M £ 452 37
SbsA AErF AR BAF 0] hE] AYSE YL nejETh

Figure 8. Budding
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7) ¥ 3}(Depredation)

o 7] 7k A] %_’ﬂ%"] THEA gxol A= M UE FASS @e A
E(P)= Fxo A AARAG(P,E 012 1A) ojuf AAL A3 E
A= 4 %ﬂ@’év‘ ot wep &5 W FH M U S 7 AR eAdE Agdan. A
AE 43S = AT Fpol 8 ABARAAE A5 = EAte A5 X F). <Figure
> AT BT AAEE EEe RoEn AAHL F o W0 tda Ao A2 A A
£ fsl 290 FEsd ggdAdS A8l dF2 s VIR AEE vs AUE JPH7AT 4 SEl
= AAY W= At <Figure 10> & AF7hA2 W8S A3 Coral reef optimization

SN ‘”[O

net 29 4SS
o] FEatEo|th CRO® Psuedo-codew Algorithml1} T}

depredation

Figure 9. Depredation

Generate init reef
randomly

Eroadcasting
Spawning

h 4

Budding Larvae setting Brooding

Larvae setting Depredation

Mo

Arrive number d
iterations or Mot
improved

Figure 10. Flowchart of CRO
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Algorithm 1 Psuedo-code of CRO
procedure CRO(WN, M, iter,,, s pos Fy Fiys Fyy Py)
Initialize set corals on coral reef with random position that equals to p, X< N> M.

Evaluate initial population and select the one with the best fitness value.
while iter < iter,,, or not_update < 1000 do
generate new corals fraction #; by broadcast spawning
generate new corals fraction 1-#, by brooding
larvae setting
generate best corals fraction F, by asexual reproduction
depredation of F, worst reef corals with probability P2,
for each coral i do
if OFV, > OFV,,,, then
not_update
else
not_update
end for
end while
return best feasible solution
end procedure

not_update + 1

n
o

23. 4843

o] Ao A= UA-FLPE STS WA o= |4 7]|&9 AFE7 CROS AFE Hlwgt. I=& JAVA
2 ZAAAEANSH, Intel Core i5 CPU(1.6 Ghz)¢t 8GBS] RAM, 183l Window 10 7oA A3t T
Z 10709 HolHAS ol &g o o] g HE = <Table 1> o A= o] STt o] 1071¢] dlo]|E Al
UA-FLP EAE s 2317] 8] Be d7AEe] AdS 3ded o] FAHoA F2 AHgH0] & HolH=z
Hlw 7hsd ARE AFsHr] o] ol &3t

ZY7y ol &, BE 47, 33 YHl, I3 o], 7tEA R ¥& ¢ (Aspect ratio, ) °1H dR [, 4 &
o]

GAZE AA wA Y LAY A BT

= I 2 49 EFolEAYE HL2 s AE A o sFolEAdE
SF B0 AAAYUR AE e LT St oA 9A v A skl wet I gke] A 2

[¢]
oldl HAFrE F EFCIFAYUR st I go] WeFE U F2 w2t Jrre

0
=
o
I
=2
o =
2 g,
i
1o
BN

o] Aol Fe FFES WXk wekA AHG wiyfHFE A okt
AToeE FAZEZH RY irace I7IAE ol &3ste 1 %S AAAY. 8 A9 /T E F 47H
(00, Fyy Fy Fy)o1T 1 3k 242} (0.75, 053, 0.69, 0.54) o] ™ <Table 2> ol 425191tk Grid Size: 7
7 3ol AA AP 4X4, 7X7, 10X10)7F 1 #elth Gride] Sizes vH A¥3 ol f= CROE
Population-based algorithm©] 7] ®j<&oll Pope] =7l IIJrE}/ﬂ O Aol &S v 7] otk Ay
< 7 FAo disl 5088 PR 1o APAT F 50000H 2] iterations 13 3kE 1000 ©]% Best
Solution®] W3}7} glom ST Gride Abel & wE A3 A= <Table 3>, <Table 4>, <Table 5>
of dej=el 3l
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Table 1. Problem specification

Problem name | # of Fac. W * H Aspect ratio Reference

fO7 7 8.54 % 13.00 Qg =D (Meller et al., 1998)

fO8 8 11.31 X13.00 | Qpax =5 (Meller et al., 1998)

fO9 9 12.00<13.00 | Qpax =5 (Meller et al., 1998)

o7 7 8.54 %< 13.00 Oy =4 (Meller et al., 1998)

08 8 11.31 X 13.00 | o =4 (Meller et al., 1998)

09 9 12.00 X 13.00 | Qpuy =4 (Meller et al., 1998)
vC10s 10 25.00 X51.00 | lpin =95 (Van Camp et al., 1991)
vCl0a 10 25.00 X51.00 | pax =5 (Van Camp et al., 1991)
Nugl2 12 3.00 %< 4.00 Qpax =D (Nugent et al., 1968)
AB20 20 3.00 % 2.00 Omax =4 (Armour and Buffa, 1963)

Table 2. Parameter of CRO from R irace

Parameters Range Best Value De finition
Po (0.1, 0.9] 0.75 Initial ratio of coral reef
F, (0.1, 0.9] 0.53 Fraction of broadcast spawning
F, (0.1, 0.9] 0.69 Fraction of asexual-reproduction
£y (0.1, 0.9] 0.54 Fraction of depredation

Table 3. Result of Gird(4X4)

Problem name Best OFV Mean OFV Avg Process time(sec)
fO7 17.75 17.81 0.4
fO8 22.39 23.56 0.6
fO9 23.46 24.75 0.9
o7 131.69 132.89 0.2
08 243.14 247.20 0.2
09 239.06 247.13 0.2

vCl10s 21684.5 22968.23 0.3
vCl0a 19468.48 20446.90 0.3
Nugl2 257.5 261.54 04
AB20 5333.21 6082.73 1.3

* Bold numbers are same as best known OFV
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Table 4. Result of Grid(7X7)

Problem name Best OFV Mean OFV Avg Process time(sec)
fO7 17.75 17.81 0.6
fO8 22.39 23.33 0.4
fO9 23.46 24.65 0.3
o7 131.69 132.89 0.2
08 243.14 247.48 0.2
09 239.06 244.93 0.3

vC10s 20915.71 22816.91 0.3
vCl0a 18522.79 20410.44 0.3
Nug12 257.5 262.86 0.3
AB20 5533.8 6021.19 1.3

* Bold numbers are same as best known OFV

Table 5. Result of Grid(10X10)

Problem name Best OFV Mean OFV Avg Process time(sec)
fO7 17.75 17.83 0.7
fO8 22.39 23.53 0.3
fO9 23.46 24.60 0.3
o7 131.69 132.90 0.4
08 243.14 247.09 0.3
09 239.06 246.76 0.3

vC10s 22126.68 22906.28 0.3
vCl0a 18522.79 20488.19 0.3
Nug12 257.5 264.21 0.4
AB20 5505.25 6010.15 14

* Bold numbers are same as best known OFV
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231 24 42 . £59 Ho] % = AA I3 Hol

07, 08, 09, fO9, vC10a, vC10s, Nugl2, AB20> 5529 F4Ho
B} 2, 3o A Wl ho] Qe Eo|th f07-8 & oFzke]
FES = A= obyal 2 Fol vHIsk] wjZol x| HrHFE AH8S

vC10 wAl= =9 @2} vCl0a ¢ vCl0s & vd T vCl0av aspect ratio Z71o] EA|3tH Wit =
vC10sE Bt &5l dial HAaZol(l,,) &1l SAZT. AB20&E A= Armour and Buffa(1963)7} AH-&
gk B A flow matrixE 23 Joh UM A BE FAE A flow matrixs AHE-gHT

daelFe] A8 Aty fs HA @S] vluE 7R o® ok ok HH k] EEA A e
735 ol AR ATE 3 Aieke] vuE i 84S Hrreth vad2 379 AF e R vd
th(eta U, viEkREl 2y, stolB e ) 8 W] A Castillo et al.(2005)7F 22313l Wl EFFE] 2=
g9l 7% Goncalves and Resende(2015) ¢} Komarudin and Wong(2010), Kulturel-Konak and
Konak(2011b), Scholz et al.(2009)7} AF-&= it} vpx|Bto 2 slo]He]|= ¥ & Chang and Ku(2013)°] A}
25 3ot A3 <Table 6> A& = o3t

HE 1078 "IREY] &8585 wiA|sl= £A1E low size problemola} gttt CRO= tH& & agE34 npztrt
A2 low size problem & FZ|glo] st Ty HE A1 B9 HH g =LA AT (09)
3071 ©]3}2] mideum size problemo| A= vC10s¢} AB20IA &= £ #hs &34 X3tk 184 A+
AA 7P 2 dHA @3 Zel7t 10% wlRkelal Ik AFERT F2 #Q A= A7) W&ol Rt
AT & = (T Grid size Zpolo] WE A3 AHE <Table 2>, <Table 3>, <Table 4>° A& =t
I AFRE AHREYE Aolzyl F4E Fd EHFS o]l Fopxlg. YA o2 Population-based
algorithm Pop2] =717} AAFE g Mdd si7F 71d = s el AFA o £& 2745 B
o AAZ AB202 AFARE AHEE Gride A7)7F F4F Hd OFVEe] ol & Alojze] &
ALTFE Htgho] Aolv= AR Hol %5 AFoA Large size problems T&E Al Gride| A7 E 7]
Aok Aolnt. =3 ¢ A7 VM & AL I AR A Ao rE Aottt AP Aol A
AB20 #AI¢] 79 Kang and Chae(2017)v 4451%7F ZAZom e dngEFsS AHES A7
Salcedo-Sanz et al.(2019)= 2027} AHTH(EA = SL3ARE 2242 o&. ol A+ FBS, 8 o
T STSE AH&3}). 29 HEall <Table 2>, <Table 3>, <Table 4> R ¢ WHO == P 13%7F 29
th. sl o] Aol Aztel vlElats Fel g W A4 9 AR onyt o). large size problem] 7
G 1 ANZo]l HE @5E Aot 2R EAlA FL& Fhol UheA Xte olfs WMEA FHsA T
A 5 A7 FHe AT 3 gFEe sele Aol ¥dol 2 Aotk 4 EA1Y HH wjA
S+ <Figure 11> ~ <Figure 15> °| YE}ITH
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Table 6. Summary of the result with our approach

. Kulturel- .
Castillo  Scholz et Komarudi Konak Goncalve Chang Kang This
and s and and approach
Research et al., al., Wong and Resnede and Ku, Chae
2005 2009 2010 Konak, 2015 2013 2017 2001
2010
QCP
Ant Probabili Biased model Improved
Metho Tabe-Se  Colony stic based- P
MILP . random- Harmony CRO
dology arch Optimiza Tabu Improved
. key GA Search
tion Search Harmony
Search
Problem Best OFV
name
fO7 17.75 17.75 17.75
fO8 22.31 22.39 22.39
fO9 23.46 23.46 23.46
o7 131.58 132.00 131.68 131.56 131.69 131.69
08 242.93 243.16 243.12 242.92 243.18 243.13 243.13
09 236.14 239.07 236.14 236.57 236.14 236.14 239.06
21,297.
vC10s 93 19,994.10 19,967.60 22,899.65 19,951.17 20,770.89 19,973.66  20915.71
vCl0a 20,142.13 19,465.77 18,522.79  18522.79
Nug12 275.50 275.50 275.50
AB20 5225.96 4972.56 5336.36 5021.17 5151.86 4959.11 5333.21

* Bold numbers are same as best known OFV
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Figure 11. Layout Configuration generated by CRO
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Figure 12. Layout Configuration generated by CRO
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Figure 13. Layout Configuration generated by CRO
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Figure 14. Layout Configuration generated by CRO
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