C
x3l gl M

Development of Cuckoo Search Based Optimization
Approach for a Double Row Layout Problem

Yeongmin Yun', junjae Chae'’

'School of Air Transport, Transportation and Logistics, Korea Aerospace University

Effective layout design can improve productivity and manufacturing efficiency. Given a number of
departments with known lengths and the flow cost between any two departments, a double row
layout problem(DRLP) determines an arrangement of departments on either side of a central corridor
so that the total material moved flow is minimized when the material handling path is the straight
line along the corridor. DRLP arises in many other real-world applications including manufacturing
system. This paper presents a approach in cuckoo search algorithm(CS) for obtaining good solutions
for the DRLP. Random-key encoding scheme is applied to CS for representing a solution of DRLP
and enabling Lévy flights to perform on DRLP. To evaluate the approach, computational
experiments are conducted from benchmark problems. the obtained results show the better

performance of proposed approach then a previous study.

Keywards. Facility layout, Double row layout problem, Meta-heuristic, Cuckoo Search

A A= EFAE U ASAIEAA AAES] A AAE HHor wAste A HFHoE )
Al x5 HAAE TAEA, AL A7 AdFF HA g OPhEﬂ Al AlRte] 7lskg

2 0 2 F7}8k= NP-hard A4 ©]tH(Garey and Johnson, 1979). | AR 5
ofUzt =RAAY BAFIoly AzALe] A ZEe T
(Chae and Regan, 2020). @2 A7 SolA 7HAS] 7122 < FH
and Regan, 2016; Kang and Chae, 2017). =3, v X A A MNA &2 7]5—34 o2 FoR Ftel A A
2 A A A B x| Fofof gtrh(Ingole and Singh, 2017). BIX| A A A FHH el tigt 7| & thgFu] 7+ 7|
AE Y Ao 557, F EFEFS AT MAR EF olF A TS Hasee
BZo| Aggth 2 AFdAe AR Y AT Eoﬂfﬂ ‘i’—-_] bxo g 7HE% A" MAE
2 7Hgstlen, wixlol tid HAH 7E JA F ol% Age] gog 7FAsIY
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Ao A an1g2] 15~70%- MA L] WA F e ot ddso] glom, E&HQ WiAEA S AW izt
T GH &= 10~30%7kA =< 4 AtH(Braglia et al., 2003).

Aol kA WMEEI = ANFRA

717F A 8 oA o AFe FH F7] B FopA AL v o]H 3 EEol uhet kA A
Ao Aol g 7HA] AlFekl S o ol EmeAel flar Avly Aule] wA flo] Auly Alx=F3ke] Au)A|
S 5% 3 AFgAeA g2 AF oz wE Wyl 2753 th(Benjaafar and Sheikhzadeh,
2000). MAEATF fred oz WA sl A A= AFe TR gotAle AFe sl wet
A4S S7HZ 5

= A77F Ao kAN HZ wiAEA Y] 283U T8
on, o) A 5 7+ F2 HiAE Fow o' 3}

o]
FobA AL AL AFe] FF7F AL o] WE At E&

hin's

oy WA AA F8 F Q4 WX A (row layout problems)= /MAE EAo] HastA viX| 3= 73 o]
o a8 MAE F 22 B WA o g uXFEE o] g vl X2t $Th(Ahonen et al., 2014;
Amaral, 2012a, 2013a, 2020; S. Wang et al.,, 2015; Zuo et al.,, 2014, 2016). ©|g B} X|dA = 8 X3l oF &
MAIES] dol(length)et 2t MAE 1o S5 ZF(flow)o] FoAHE W, MAE I &F ols A &=
HAZIEF st MAEY old WMAE e A0t old MAEAAE tEH 02 AGVS 2&, /A
E Abolol A A S Wele EFATE EAEEE AlE A AL AR AAIE g s A F
2 A g¥h(Heragu and Kusiak, 1988; Tubaileh and Siam, 2017). °]w], <Figure 1>°lA] & 4 d%o] 7|
AE& AGVZE 2 S flal 220l ZAE 9S4 9FE == ofgFo wix =, vy Ao d=Y
A& zF Aduje] AGV B4 Wek & 3 A Ho g AAHIT. FU AGVY HAERE dukzo = 2 F
Ao E84E o7l A8 €3 FHE AAET. 28 old wiA A= FMS oA Ertk ofyel,
LCD A4F}}](Chung and Tanchoco, 2010), &3 2~u WA e Tkt A& Yo F3tel thgh vjx
(Ahonen et al., 2014), St=A| A=FAW A2HE)X](S.Wang et al., 2015; Zuo et al., 2014) & T3 A
AF BAANA o] HE&HI AT

o)} o] old WA AL AAl AR BANA Wol BEET Y= BAolw s RHA WA Feho)s]
HEd e WAfE ozl o] o8 AoE BEste] B AFelAE ol wAdA ts T
2 s

Automated guided vehicle system (AGVS)
AGV path

Pick-up / Drop-off Point

Work areas (or machines)

Figure 1. Double row layout problem

shA|RE o] WA HA WjRIAEA L] 7 FHROIEE NP-Hard 29323} &4 °|th(Amaral, 2012a,
2013b; Secchin and Amaral, 2019). Z127] W&o #jx|sjoF & AA 2 F7} oGS EAE 2719
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ALIAZEE 7185 22 S 715t (Chae and Regan, 2020; Secchin and Amaral, 2019). @atA 7| A 4
7F Bold s BueAy g 2o A3 7S Fa EAE s As|de AZEER] dA7F EAlg T ¥
7] Wl B2 AFENA Iutdo g frrt E EAES WE AL Yo sidstr] Hal s FeEls
g dueE wE FElayg W EC] JEE T HEEo St

2 Aol E ofd v 2A o th3k &
QFEl Cuckoo Search(CS) €1 El&<S 283}
Wate] S0l HTHX. S. Yang and Deb, 2009). 22 0] w7 FE& & M| TA o &
F3A 7= gtolgts 9IS S8l Mast=d
A Axle] FAE WA & XoR olFs Mz TAE weEw. 2138/ HE Ao &2 #HA
AEEo] Eojx 7] o F M &3 M2 BFS B3 e dol HEAE FES UH A
&S =YY CS duYgFLE A5¢ BE A=A v HAs EAEe A&HANeH vE HA
3t dugFEH Bl AlolE Cs dag]Fo] w¢ 83 olgts A BoF AT (Civicioglu and Besdok,
2013; Gandomi et al., 2012, 2013; Srivastava et al.,, 2012, Walton et al.,, 2011; X. S. Yang and Deb, 2010,
2014). stA¥F CS Lag]lEL & FMsts 49 =, 7Hedll(feasible solutions)®] o] AL A%
HA s}t EAlol g5 1¢tdE wE Felxy T s, MiAdA e 22 27 HAH3 EAs s @
o] o]t Fgtol &3t AY o] ahH (discrete)Ql o4t H A3} FAlo)7] wWiFol CS darelEd 22 HE F
g 2Ble 23 HAHE Aol A&stA HY w4 H3do] Frlete A7 B I HH(Kang et al., 2018).
ol & EAE sl CS daElFS MALAE 23T = HAS A A& A= AFTA B
A ekt
CS 2e vEt FeaEe MANAG g 2 HAs BA A g3y ANAE v Felage F
& AL ° AdetA =2¢ HAASHEA A A& 7= Aol F 838t (Ouaarab et al, 2015b).
£3], CS &aglFL Levy flightzhs A9 3 2dS 53 MZ2 3l FAs=0, Levy flights 23
do2 B4 Aol 45 %S =257 BB Levy flightd HO2 ol mMAUA A2 S
“ Wrgol Hasit. mEkA B AFelA s old wixAAYE BASAL Levy
flight & ko] 28 WH O = Random-key W21& A8t
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R RN BREIA S old wAAA Sy s, 1

Ui 4o B vlgo] HAHHEE st 2L o|d MAYHE 2] S5 B ATelA A8
i B Aol A Ak WP e Agol tie AP ARE Rolm, o]H A

T Adste] MRE B3 BAY WES FUT wAY 6oL B =R @ AW I FF

AT A S A AL
2. 712 B4 4+

< At FAE AEEH AS7HA B A7 IAFHAL, v EA S A s}
7] 913 R YR E 7 gdstA A EH stom oo tis) vt e B AT SellA A Ho
#™(Drira et al.,, 2007; Heragu and Kusiak, 1988; Levary and Kalchik, 1985; Meller and Gau, 1996;
Singh and Sharma, 2006). 18] 1 T+Fg WHESL2 A EFEA R (Branch and bound method)¥} 22
A 7]W (Exact methods)® Fe|2~¥ HIHolu wlE Fel=gd 22 A 7Y (Approximated
approaches)©. 2 ®-F= & QTH(Drira et al, 2007). AT HiX| A= A 2oA A3t A Zo,
NP-hard A2} EA419] #F27F AT HF @S 327] 7] Wl A 7oz o] 7he3t 2
< TR EAlEo] el g 7|HS H 83 AFE0] JPH|A o (Chae and Regan, 2020), Hl
AdA 9} #EE R ATFES A 7IHE A& St (Chae and Regan, 2020; Garcia-Hernandez
et al., 2019; Kang and Chae, 2017; Kim and Chae, 2019; Scalia et al., 2019).
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=L, MAEAE e BdR Jlee® 72 F det AAEC] sAEe FEHY H@(Layout
configuration)oll WA= ThFst FPE0] EAST). Drira et al,(2007)0] W2, v XA = )
of we} dE uiA|(single-row), T+E HlX ](multl-row), F2Z HjX|(loop), LEZE (open field), T
(multi—floor)i EFET 2 AdFdA gF = olE vl X ¥ H (double-row)= A AH R/l &3HA
B B0 ghEdnt AE iR ske dE wiA] FEe 2, T HEY dHoE wijAst R B0 3
Zof| Rk 7H7‘ﬂ§ A8k @A BxRo] & wiAZThs oA old HiAEAE dE wj A A 2
G449 A4 ¥ & 4 Atk (Chae and Regan, 2020).

aorr o
3

old WA A (DRLP)= A &llA B’ A3 o] Aal 7 &AM Bol &&H A= EAAT o
ARE A7 ol APk A wiA A A o 2, o€ WA EA = vwE HIHY ﬂ?ﬂ X3 =
71 Ao, A8 wjx]dA o Hlsl Aol thek BAlo] AHE o] U tH(Guan et al, 2020). 1F 7] wfEoll
old MAEA #HH AT=cl WA= A= 7IHA TA IHeR FESHA ¥ 4 Aol Wl ==
o A3 A E AT

Chung and Tanchoco(2010)-> Heragu and Kusiak(1991)7} A Al3}3. Amaral(2006)2] 1ol A 7|4 A 21
SRLPe &t MIP 2] 23S 3¢ A4 2522 DRLPO thdk MIP 58] B3-S AASAL, AAE F
gl 23S T3l Ael® DRLPE £7] sl 5709 Frelxy dadss 1estal 283831t Zhang and
Murray(2012)2 Chung and Tanchoco(2010)2] MIP 2] 20| XA o4 Aol thg A dz3o] §lo
Ha oA FHAo] gl WX FE I S &HE Aol At AASHEA Chung and Tanchoco(2010)9]
MIP 22| $g] 2-& FA3}th Murray et al.(2013)& ©] &3l Wakol| wie} F Adul 219 o] 5357}
A2 O Au ke b g AR Ahe) 35S 1 ESE Zhang and Murray(2012)7F 43¢ 8 &
< &4 AT Z28l3 Chung and Tanchoco(2010)7F AlAgF Fe] 28 dae]Fol hehsk 3 g
A (local search)= F7}st] /i E Fel2y B ES AAISEAH. Zhang and Cheng(2014)> DRLPE =
& HAH3 A AFAGHLPL)EAZE T8 = HAsE 2AE 271993 37 9 FrelzE W ER
AFAGHS A Z2IH 02 CPLEXE AHE3IATH Anjos et al.(2016)2 EE An|Eo disl AH S
v 7k A7t 5 22 DRLPE £7] 93l Zhang and Cheng(2014)* 3 DRLPE 29AIZ F&3 &
79 *H(Integer linear programming)¥ semidefinite programming(SDP)< At-&3t+= WHES A A
t}. Amaral(2013b), Secchin and Amaral(2019), Amaral(2019), 18] 3. Chae and Regan(2020) 7l 3+<]
T8, 44 YA B3 A A] AAAAE HEE T A= o] o]xWMsE Fal DRLP =A4E A
2 MIPE EY3ta o|F &Aoo & ‘?—__]'7‘4/\] 2 =EEolth. meba HZe MIP 22 (Chae and Regan,
2020)2 Amaral(2013b)¢] RHHET &3] &4 S8 DRLP &A1& = Urh

3+ DRLP| thsl Fej2E WHEE 483
DRLPE 7HAIS9 A&l 3=
A1 €] qu]ﬂo] AAE 7;%% ':HQ] He7E A5A
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7N EAEC] el ¥ FL ghe 7‘;&0%1:}.

v 2] AAEA £33 FolA DRLP9F 3= o] DRLPSF ARG #4171 e 8% &3 FA|(corridor
allocation problem; CAP)%} 83 & #jx| &7 (parallel row ordering problem; PROP)©|t}. CAP(Ahonen
et al, 2014; Amaral, 2012b)¢} PROP(Amaral, 2013a; X. Yang et al, 2020)= DRLP®} o] o] (double
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row)= me} MAES wiAsHARE 2 de] 74 &l AXsts A ANAZE vg SFdETE HollA
DRLPS} tt2tta & 4= dth. 18]3L CAPS PROPE F Q13 7HA) Alolo &3to] fitha 7HA 3}, A
Z]o] PROP+= 7} 7lA| 5] &4 € v|g] &35+ ﬂi RLPO Hl&] o A=A FAHT & 5
t} o] T §¥FL T2 AFAZ ALHE AEol dw, WY 59 Z7he) Ui wl x| LA

LA ABIA AT A5
gol sty daelZol =
MEAe W AU Ao WAT, C8 YEF BB Aol U QWA

and Deb(2014)7} ©+]th.

Cs &aglE & st Mo A5 HA EA 0 23 19" dugse
BAlSlE WO R Levy flight g Ay 92 23S A}ﬂﬁ}ﬂ & CS ErgFES =27
of 283717} ol HuhaL kol A Astadnt. A< ghel FH =5 Levy flight #t= A5 gtolu ©]
A FHAEES 002 o] Fofx Wjde] Fei2 mdH = o]4k3 OH(dlscrete solution)oll & &3}7] 98 =
dZFo] WMyl Q3. Burnwal and Deb(2013)2 FMSe| A & A 3k(scheduling optimization)E 913l
CS ¢ugF 7] AW S AASA = Levy flight gl <t 3l &2 WH O =2 Levy flight #t&
LAYANA L el M 77k A FaL Y A @e AR ol Foil WidE £dd ol HalEo
24 slol WMEFo]l dojuAl et dF dTolA BF= flow shop scheduling Aol A= 2] (job)©ll
3 SAHEE T2 sl do] al(solution)”t E+=Hl Levy flight kel o3l Ao siFE= B #= ¢
Y2 vty FOo 2R WMol dojdtt Li and Yin(2013)9}t Ouaarab et al.(2015a)2 oA ™ flow
show scheduling &A1l CS ¥18]&<S 483t =0 Li and Yin(2013)2> Levy flight & AH&3h= W o
2 2 d7olA A&7 Random-key WS A&ttt stAT £ Aol #8&3 Random-key 1 7}
= OE2A, 10] @7t el dis) A< —rX] 23 AH83F T Ouaarab et al.(2015a) Lévy flight #t
of W} 73+ ARt sid 3ol whek T &4 7]H(local search)S 283t & &A1Y
t}. Ain and Bey(2012)2 317} 03} 12] o]xl %k&i o]Zojx wjdE THH v dE Al (knapsack problem)
& Z7] 98l 71€9 CS €agES HHAIA binary cuckoo search(BCS)¥ L E]lE <o 1tste] A 8314
t}. QOuaarab et al.(2014a, 2014b)2 2]# 4| (traveling salesman problem; TSP)E 3Z23}7] 93] CS
duglEs FEstAth 2183 Quaarab et al.(2015b)& Bean(1994)©] A& 4713 Random-key -
TSPoll &3t 278kt Random-key 42 Levy flight #t= #&37] s &A th& AT SolA]
AREFE A Levy flight gts TAAIZI L YA BHA] 2-optet 22 T4e Fall A &al< daglol =t
2 =% HH3 A9 sl A& 7Hestth o7 o] wEol olF AFEcAE CSE = HAS &
Al 28 o] Random-key W o] = 285 o] F T} Kang et al.(2018)2 & A7ollA 7= w2 A
o] Random-key }'HS A83 CS ¢ g FS AHESIAT ald O’]?O}]/\“]E Drira et al.(2007)7} Hl %] 3 €}
o W&t £/ 7% § st FZ(loop) BHE MAE wiAsts £AE BFAoH ofd HiAEA=
MA L] Aol7b Al A e A 2l A} Aol7F AA JA i wiAE bl et 5 o2 uh
= Al disi o3t

AF7HA A E & ATl id 7€ EdEe T ¢
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& HA 3 ZAANA L Feol AFH HT =% HA3 A L UARE of
A7HA & AFolA TR o]d MiAAA A CS g ES A &5t IPA A= AT wEkA 2 A
T A= o]d vl XA A (DRLP)o gt sl 2 WHEC 2 wEer Fel28 PR CS dugFS F 839
o, ofe] GTSolA 450l AZH Randomkey WHUOZ Lovy flight 32 2885tk
3. old "X 2A &A A 2| (Problem description)

o ZollA= old wiAI LA EAI(DRLP) thal M| Awstar o]d wix| A o] 2 4 B S AA
stal AHs) Boh & dFdAEs A= & dole JHAlE<E ol €(Double row)E Hi A3t &A1& ©HFL
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Atk old HiAIAEALY ZIEAR] FHe HF Fe ] AT EFAHFAIHMixed Integer
Programming; MIP)E2 & ] 4& AT 5 A H(Chung and Tanchoco, 2010). 123l &k Zof|A A
gAY old x| Aol ta o AFEdA A WA NS GFAIIL BEEAHE =07 Hal
MIP Edo| AFdzdS F7iste 59 WIS FAH(Amaral, 2013b, 2019; Chae and Regan, 2020;
Secchin and Amaral, 2019; Zhang and Murray, 2012). 3tX|RF & AF A= ol & &l 7|24 7

4 mae a7%T

o]d WA MAE <Figure 2>o14 Bol Ax AXY AM ol FY BEs} Aty Agetn 3 BE
o Uule 2AlA welaA eth 74 AAES £Y B2 %5 ol WA 7 AAESe] ¥
t HAZg o g, A dolsk AA k] Aol B BEEE)0] Foldth AU
AAL Eolot A 42Y AP FF BE FF F2 Agolgm HgBTh of WA A BHe
ERUGo] AasEE A Fohhe AOE, ojue] BRUIGES 2 A bl Y2 A Aol A
ot BB g9 FFoz AFHAL o] FREe Tt A A AGV] 2454

A
2 Axsisr] 93l AGADE A BEo vuy

i dy;

T3, <Figure 2>4 & F e AAY o= MA 9 T3 AM HEE v, = MA o] 2

Nl MAE2 4ol

B AT ALE

g old HiA A Aol FoA = 5 g gebv| B (Parameters) 9t R A 9] vl x| o whel WEkE gl W
(Variables)= Z}Z} <Table 1>, <Table 2>°ll 29F5te] A |5t

Table 1. Parameters of the double row layout problems

n The number of departments
ij Amount of flow between department i and j
l; Length of department
L Sum of total departments’ length(L= [+, +l;+... +1,)

Table 2. Variables of the double row layout problems

Z; Abscissa of the center or P/D point of department
d;; Distance between department ¢ and j
Horizontal and vertical relative location with a

combination of variables

(1, if department ¢ is to the left of department j and

0, otherwise)
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Al A 2A Aol <Figure 2> A28 2E /HAIS dsiA 2T F 7HA Aol A2 g&
23%ke] oA ZtZ(clearance)’t EAZT ol#d Af, o]d WMiAAMAE A FoIAE FAHEH=
<Table 1>°l4] A3 stetr| el & &34 MA i<t A jAol ol B Q3 o] A 212 (clearance)©] F7}1E]
8 (Heragu and Kusiak, 1988)A A ZAA= H4& o]4 142 F2 {4 B (maintenance)E 9 3l
ARG 7] w &l JRAle] MR A 7E obd, JHAl weElt GepAIH ol ol o)F A A Aol
of Z3Hste] H7d 4 UK (Chung and Tanchoco, 2010). WetA & Aol A= 7 gk o] & x4
A 2o s Awstr] fsl olA4A0] gle F&e Edol s dHsta e R o] 439 A

Minimize E Cijdij (1)
(177)L<7

Subject to dy =z, —x; Viji<j) 2
dy =z =z Vi ji <j) 3)

G+ L) o

;+1,) o
x; + <z +L(1— Q ), Vi,j(i <7j) )
o, €{0,1}, Vi,j(i =) ©)
L, P L, . .

< < == < <

9 = xZ = 2 9 =1=n ( )

23k (The objective function)= 7+ /A 7te] &8 A A Alol

Zl
= %.ﬁ_u]s}_& jq)\@r;}.l: 74 o= (1) Alo g

¥, %ﬂ of Qo™ o Abo] AR = Aok & HEF EH—ZrE Z:Zﬂol‘:]' Xﬂé&Z‘_Zﬂ 5= 7HAl 3te) HA
W2 2702 ofHl MAEE AZ JAHAA &A tow= 2ot Az (6)2 ol g wix A A
AN AHF HA o A o FHAQL fXel tiFk ol AWMFE YT 2otk wpAI Y A2 (7)
< W] A9 oig 2ot

2 AFoA ARRRE BHEAAE flolA 28T AFEAES CS dagdFAGHAA &8t ot
2A CS dagFeolA e AFdxAES BF sk 71 dll(feasible solution)¥r B4 3HA Hol & &
A= AAS HS BEH0E e Y

4. Cuckoo Search 7]¥Fe] o] "X AHA WHE

oA old MAEAE 2ty 97 W

2l Cuckoo Search &1 8]|=<& F
20 y
T

HEC el A AAS g & dFolA= HE Fe
o) g wj x| A ] A ZF QL FZH(clearance) A& &l A3
FA QD AR AAM S A F =35t7] #I3l flowgto]l EASHA &= 7Hdel Dummy 7HA)
7vetitt. stAIYE wiEF FrEl2Ee T3 AHER ol A B Ak ofd iAo thE HUHE
ME o]d X B S <= (Permutation) 22 ©]4F2 <l 3fj(Discrete solution)2] Fej2 T A= 3}
HA et AAES oA o]Od(double row)Z A st=A o wet A&sts wE Fa=g o
2pA 7] W 2ol A&7t Cs daglEe AWstr|ol oA WA o WA FEHE WEL Frel=E el
AEF old HAFHE 01‘% Al TR =AETLTH)S old Ao 2 ZF AAES olEZE Wl
ol wjx] el thelf Aty 1 e, & Aol ARESke HlER FEl2E MRS Cuckoo

R

"

R A
o o

3¢ oo off

o [T
4y
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Search(CS)¢ g Foll sl Amsta, =3 HH3} FAQA ol wix Al CS(9] Lévy flight)E 283171
Ak o R B AFoA AHET Random—key wF2lof A AmFch 2Ela upAeto 2 o] d uj Ao
A WAl ZEe] W1 & XEb(clearance)ol] T &A1 ¢F A o] & dAst7] Hsl A 83 Dummy 7HA O el 2
A=

41 o]g "z ¥4 (Layout representation)

2 AFoA = MAE U olE vix FHE 7EH o2 AES UEdt= =4(sequence)o] g
ARE @2 ¢ (permutation) 7= (w[1], 7[2], . . ., «[i], . . ., 7[])E YEPATE AT oH FAZ
ASs 745t oJEA MAES S E(upper row)d ot d(lower row)E T8k Aol e W
< B AFdAE F 7HAE AMESEATH A HAl= upper rowe] NAE 2ol 3 9 lower rowe] Zo]
< S + Yol F HAE MAY dolE astA g RAS HA MgE aE st A
M2l HrO 2 upper rows} lower rows TFE3h= WHo|th

1) MA o] dolE azfall o] (double row)Zt Aol W@~F 95+ WH: LBM

2 Aol JHASO el S D3 ok EF o= = Hjx DA o ik A HA Yoz Sl I o}
g doll MAEHE NAEY ZolE st @ o] Ao] MyHXAE R “ﬁ(Length Balance based
Method; LBM)& AR-&3l3ith. 33 W ol tdk pseudo-codew <Algorithm 1>¢] A A}t

Algorithm 1. Length Balance based Method(LBM)

Input: A permutation 7 (sequence of departments)
Output: A upper row sequence 7;; A lower row sequence 7;;
L,<0;, <0, mp =9, n;= &,
for ¢ < from 1 to n do
if (L, <L;) then
Lu(_Lu + lﬂ[i]; Ty < Ty U 7T[i];
else if (L, < L,) then
L]%LZ + lﬂ.m,' T < T U 7T[i],'
else
r < generate a uniform random number in (0, 1);
if (r < 0.5) then
L, <L, + 1. mp—myUrl[i;

else
Ly—L + 1, np—n,Ur[i];
end if
end if
end for
upper row?] EE A g Aol & L, lower row?] EE Ao tig do] & L,E YEIIL

upper row?] Aol gk vl d(sequence)@ lower rowe] =4 tg WiES 247 7,9 1, 2 FFFTH
LBME gl L, L,& 022 AAHSIL 1,9 7,8 Hode mdz dAHsI 27|gsd. 1 g2 7t
WA 7} upper row HE+= lower rowol] S@E = viX WA o 2ok wkef L BY [0l H AW EE
MALl Aol gt =& 7o (A WAL Dol I & L, HallFAL 7o s WA #[i] & F7HRH.
W= ek LR L7 Y 29 [ E Lol A8lFa rol x[i]lE FUelET. 1ea wef L, 3 Lol
2gom 9o w2 F OP/PE A st o] gL o EE JWAT7E upper £ lower rowl
dod w7bA] wrEET 2 EUd BE AT e o] &= o] upper rowlA] lower row?!
A AR T 99 7G| Fﬂra}/ﬂ 37]4’ of L, L°] BF 00|22 L3 L,o] 7] WZ] 7o A W
A &Ae AFE = MA #[1]= upper == lowers HH3IA v XAt

[1

r%

O

il
o
gel
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2) MAS Mg @ WA NTE LHE cut pointsE ARt W CSM

MAE tall upper rows} lower rows o= G2 HiX| Ao tjgt F HA YHOZ BE MA9 &
Ao tig vl E o didlicut pointE A3k W (Cut point selecting method; CSM)< AH-8-3t At CSM
S i el A MARE A4S cut pointdll SFEHE A7 AAES SAUR upper rowol HjX|
ot 2813 WA cut point+1HAFE vpA 2 A 71A o] WA ES A HE lower rowol B x| 3ot
2 AFoA A= cut pointE A A 7 ¥hE cut pointE AASAT Tef A T E4S A Foll=
NA G2 wrol] tigh Fholl WFE Y-S H 835 cut points A A Th <Figure 3> Zo], 7|7} 117) 2
2 3 119 Bk 55014 ¥EE R3S cut pointE 622 AAsA o]FA =W 1~6" /WA 7} upper row
o ixE Y 7HREE 11H7FA Y A7} lower rowol 8l X = A ),

| y | L2 | cupein=: | ! L] =
P
Lz [falls] 7
Sequence of departments =[1, 4. 3, 3,2] Upper row sequence of departments=[1,4, 3]
Length of departments = [10, 3.4, 3, 2] Lower row sequence of departments =[3, 2]

Figure 3. Cut point selecting method

42 Cuckoo Search ¥¢1d =

Cuckoo Search(CS) &1 8]F2 WIS HEES Fo|7] A PFHH I3
of oJaf :etE o)zl A2 7]Holth(X. S. Yang and Deb, 2009). &5 w27 F&
Ao 24 Edh(brood parasitism)o]2til Bl P E ot o] ALY N F &
of Zp e & ol T A7 ALY dE Fol LollA A7V FItHEE dthe
Aol A BA HH, w7 S Ailo] &g B2 XY A7F Al &S BE dES 2o T AEE
& ¥4 oF g&th(Payne and Sorensen, 2005). ©|2]d CS de|F FAo] A o|HA HA Y& A
%l Lévy flightsE ME& slE Bt ASFOoZA AHFAog wir|5e AL PsidS st

ZE2~ 82 Paul Lévyo] o] &S @ Lévy flightst W3} (step length)o] SEL =39 &% ng
F&o] F72 heavy-tailed FEREZE W= WY Y29 T FHFoItH(Brown et al, 2007). Lévy flights
= Bd Eato] F3digs 540] o] CS dagFol & ¥e © Ao w e dlFH At
X E 25 WY 93 (Gaussian random walk)Eth E3H o]th(X. S. Yang and Deb, 2014). X3, o
AToAA F=E0l ol FHeAY Aol AhdtS BAEY] A3 FF o] Lévy flightsoh dwt
Hog g+ EAo] /At a 4 A tH(Ouaarab et al, 2015b). Lévy flights 28 -& dukz oz WH3}aF
o

oL

A7 FAA e b "WskEe] M A Uetde §AF o] Jdt(Brown et al, 2007;
Shlesinger et al., 1995).

CS &argl&olA FAFe] L(host egg)S 3+ 7H 9 3H(solutlon) YER 2 W 7] o] (cuckoo egg)-
AMEzL & Yrdth CS g Fo HxE= A WolA b F& dli(host egg)2t AT AMFL B F&
7Fs /o] A= Bll(cuckoo egg)E RFEE Zlojth CS Yt FolA wH7]e] FFajedol] s =gk 3714
732 o534 Z2H(X. S. Yang and Deb, 2009, 2013, 2014). (1) Z2te] WF7]5 g ®oll 7 &
(solution)= i MHHA A&HE FAo &d& ¥tk 2) 7HE & F29 & 7 M 2 4=

U[o

O Aol A8, 3) €< ¥< 5[: A TA F= 1A Atk W)Y e FAY F Aol
A P,e0,1]9 &EE LAY, 78 A9, TA FA e w7 & HYAY TAE HEL A=
& ZoA A SAE At o3 AEE VMo R 3 7]EAQ CS dadFY #AH S <Algorithm

2>0) A A A 5T
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Algorithm 2. Pseudo Code of the Cuckoo Search via Lévy flights

Objective function f(z), == (z, _ x,)%
Generate initial population of n host nests z; (i = 1,...,n);
While (t < the maximum number of iterations) or (stop criterion) do
Get a cuckoo (say, z;) randomly by Lévy flights;
Evaluate quality/fitness of new solution z; or F(z;);
Randomly select a nest within the population (say, z;) and evaluate its fitness
F(Jjj),'
if (F(z;) > Flz;)) then
replace z; by the new solution w;;
end if
A fraction (p,) of worse nests are abandoned and replaced by a new ones;
Keep the best solutions (or nests with quality solutions);
Rank the solutions and find the current best
end while

<Algorithm 2>& ®®, 27|38} QANA EA4FS f(2)E Bt 44 ZAFo] it & g
(i=1,....,n)E WF3A AWAH3td 3] I (population)S FAAS H, I T 7FE F2 3ll(current best
solution)& 2t7] 93l ztzte] afol gt =23+ Zh(objective function value; OFV)<= A4RgIth 1831
CS & EL 2 ®)FH 2o, Lévy flightsS T3l M2 3 2" V2 WP 3ATHX. S. Yang and Deb, 2014).

gD = cht) + aLévy(s,\) (8)

2
where

AT(M)sin(mA/2) 1

T gltA?

Lévy(s,\) = 0 <X <2 )}

7)ol A 2= t WA iterationol A 2] 0|tk TE I o > 0L CS YT F HEety Y HH3 B
Aol zAr)er BAS SV MEEE A E(step size)E 2 FE Q40l0|th Lévy(s,\)E ol A A3k
Lévy flights #E 32 TAHE oz H9F 53 =Fdd. 9744 re #vhed<(Gamma
function)& WEFH L, Lévy(s,)) o AAEA MEE= A S (step length)E UYEIW = s& Lévy #2510}
EE FOE Lévy REEHR = a9 #olm 21002 Fal ghol AArdET

AV

sy
a

i

=
=

o

2110yl A2l w2t v d(n)z; | |tol 00la, 2FHATE 44 0,9 0,9 AMEEEZTH EEHE
A

AY #5017, 0,7 0,& A1)E F4 A

O, =

r(1+\)sin(zr/2) Y2 -
{F[(1+,\)/2]/\2<A—1>/2} , o,=1

olZA Lévy flightsE& T3l M2 3 2,5 AT &, o] ol i A+ F(OFV) Flz,)E T3t
1 B, ;8 OFVE Hlwskr] sl A9 8 ' (population)oll A AR SHA she] &li(z)E A=do.
N2 o o= Wk BHGSE gt Fla,)ol 2,9 2R g Flo) B9 299 ¢,5 ¢, 2 v/ "ok 1
Bg WAZ, pelalel MewdE o To e Man B0s APA e BANIAYG Levy
flights7h 2/ Hle 492 BEFo2M A2 2ol A SA7 AolAch ofr|oA P, & %/ A4
A2 WA 2= 34 (diversification)?] Hlgo] Z71et W R P, S WA AAsE 1 7o) v 8
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ol t}, o] #Ao] Byl YH FA iterationZhA] F9| 3] oA b 2L HE 2] Y8l OFV
o SAYRE HEAZY. AF7HA AW FHEL jteration®] H U] At =2 wj7tx] wHEF T}

AFolA= CSo MAE ¢agFS 7IREe R 8313 THOuaarab et al., 2014b). 714 7=
E£E3) W H7)(smart cuckoo)THE MEE FE L WIS F71EA o] AERE FF 9 mEr)E
&S BrIE AEF A & AdYoldeA &l fal &s IR AT TAE LS 8
A3} Fo] gAste] do] Wy A7] Mol B F& A &S B s TAE vHFAY & o=
ozt A dAe HE2RE P (0,192 vl&o] w ]%% Lévy flightsE &3 MEZ& o =
2 FA T olH g AT E FUIFo =N CS7F M EHE HL DAY iterationol A 2] s S9] FH
gAs o Fstd ¢ 9en, <Algorithm 3>& &3 /|d= CS«] I8 & AAsEAT

Algorithm 3. Pseudo Code of the Improved Cuckoo Search Algorithm

Objective function f(z), z = (xl,A‘A,fU,,I)T;

Generate initial population of n host nests z;(i = 1, ..., n);
While (t < the maximum number of iterations) or (stop criterion) do
Start searching with a fraction (p.) of smart cuckoos
Get a cuckoo (say, z;) randomly by Lévy flights;
Evaluate quality/fitness of new solution z; or F(z;);
Randomly select a nest within the population (say, r;) and evaluate its fitness F(a:j) ;
if (F(z;) > F(z;)) then
replace z; by the new solution z;;
end if
A fraction (p,) of worse nests are abandoned and replaced by a new ones;
Keep the best solutions (or nests with quality solutions);
Rank the solutions and find the current best
end while

4.3 Random-key encoding scheme

Cs darelFol A& HA 3 EA g3 atH A7) wZol Lévy flights®] A& 3 FARLAE =
& HA3 £A49] slol A8 7 AEF LT HWH (modification) ZHg o] Fasith. TA & Aol A

= AT B2 d7EclA HE FE2HE =% HAE ZA AES W 43 s &4 gl A& 7t
ottt ®ol AMEEA 9+ Random-key HES AE3 T Random-keyW ™2 &A1 33t
(continuous space)= ©|4F#H Q1 X3 7Hsd & IH(combinatorial space) o= B} FH ARSSHE 7] W 0]

T} (Bean, 1994).

g

2 AT 4= Random-keys T3l =7
o)

= 23 4 N2E E At AAHAdE HE3HTh
Random-keyZ ©|d x| dA 9] & Fd3t= W

Al
e}
W& <Figure 4>9f #Zo] AWd 4 Qlth

rr

Index of RK sequence 1 2 3 4 5
Random key sequence | 04 [08[03[01]05]

[01]03]04]05]08]

}

Solution sequence | 4 | . | 1 | 5 | 2 |

Figure 3. Random-key encoding scheme
oF o]d WA A A wjR|ok & A 7} 570EE, 1™ 59 2ol [0, 1]AFel o] el e 2
Y3 EZ(uniform)E WA 5HE BEAA wjdo] AAIT. o714 Random-key HiE
(sequence)®] =4 (index)& ©lF WA AA A FolA= AES] HERZ U431 th, Random-key

i 2

&
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WS 4lojA MAIESY &A% A Hed 9714 Random-key W8-S 4]+ ®W'H-2 Random-key &
9] Random-key#< 22 AE AHA7& Aolth. 284 =¥ 7H 22 0.19] index?! 47} 71 <
o2 23 74 2 089 index?l 27} 71 HE 7HHA A A =47} [1,2,34599 Aol [4,3,152]
2 v A Ao

44 Dummy 7|4 A&

Cs dagF< T3l A A= A MAES AA] MAE ZHe @ &lld RN F&3] QA
of ool wjx|FojoF st=A= CS dagF< Tl e o vk WA st= MAEe] Ao Dol
Foll webA SeA AT ol metA AR S g 27t 5 AAE 2

FolEs A7t /b BE o Ao o]l tigk AR dlAI7F uk= DRLPE] o8] Wi &4 FolA ‘H7 2
Al Feolth. ‘H7 & Hungerlidnder and Anjos(2012)] AFolA A5 AtA A Fejolr ZA9 742
<Figure 4> A B A} o], MAL 7} 7700]a, Zvzke] A2l doj= 10, 3, 4, 3, 2, 2, 2°|t}. dF
A el 2 AP <Figure 5>9F Zo] YEtY=t, (@)= 33 ¥A @3 A e el A
A Fejolm, (b)= JHAIZTY] &3 HolFdle el HF wiA FEjolth 2 e 25 A=

3:] L=
<) ] T
Al A S, MA =A= S Eol [3257], B €] [641]2 FLAIR FIHS EA FokS ATl
A

l
r:j_‘
Lo
ot
)
L
%0,
rr
ol
_{

2
O}N' m.IU
40 o ol mfn

H
R

NI

as )
= FA3T F(OFV)o] 16601 s YAS e FH3TF gho] 1592 FHe A &3S i ¢
As o FH3FF Fho] O RolA e AL IS F ok kA CS e EE a3l g NAIEY A
Al KXol thalA B3t wiz] HXE 2= ol Hastt B AFAE E5F #(flow)o] fie
7132 Dummy /WAE AAstA WA ko] 33 HolF=ATh
| [ | | | | | | EEN N S
10 3 4 3 2 2 2
Figure 4. ‘H7’ Instance
| e | | L5 M7 ]
| | | N |
OFV = 166.0 OFV = 159.0
(a) Optimal layout without clearance (b) Optimal layout with clearance

Figure 5. Optimal layout of ‘H7" Instance

Dummy A A& %718 W 27148 AAa ok FT}. A, Dummy AAL] 55 @ A2 24T A<
A A4} 7 F WA Dummy A2 dolE Woz HAY AUAZ AA okt Dummy 7l
Al Aolg BA ARSI N5E Bol YolE5E o £ MAE B FEo| HolAUTh A% /)49
201 g AR Y5 vR ok AA 7} Z7e EAS BREs} wold EAE sdssr 48

= Aztol MagsA 0w 21T, R, QA £5 B olgow wo Ads U, BHas)
2% ¥ Dummy AAESZ Akl BRI A olA BFad Aaert BAGA Ao A
Dummy 7A7e] ZolE VT HAE AAE A A7 A5 94 UF BAE A% oA Ada
A AR FE Aol Fasid B ATAE B ABRE AH Dummy A dolE 052 2At
3 s As)oke DRLP #8e) /A ol wat melsha A4

5. 44 A3}

B R A= 4lA AE & Ao WHESY dee Brsty] 9l A7 Aol gt
B ojd AFEd v drh. & Aol 23 CsEaelse 3 YHELS JAVA =



&
o] HFHAA JAHAG A o]d wixAEA EA dolH = & &8 FAER o) AFEodA A
o] WYPHAA MA F7F 5AWFE 1670744 187]2] EAES AHE3F th(Amaral, 2006, 2013a; Fischer
et al., 2019; Heragu and Kusiak, 1991; Hungerlander and Anjos, 2012; Secchin and Amaral, 2019).

s B3 FAHAT 2 F-E Microsoft Windows 10 % A A, Intel Core i9 CPU (3.3 GHz), 32GB RAM

51 w7/l M s AA (Parameters setting)

CS &g Fo] i 8l fde]l =7](Population Size; n), 3 FlA & W=

o Al smart cuckoo H&-& 3= Hl&(p,), Lévy flight?] step size #k(a)7F AThH B AFA= CS &
g F AHZ A S A 837] 98 Cso 7 miviv Sl e 4 A4S
ZEol sl 43S AP A ZAE el 7 A gro] UE

=
06, a = 0322 AAFEAT} G uHE 2oz AFo] PHE EA

e

m A ko)

i)
3

I
—_
S
=
2

I
(e
o
o
S

I

52. o|d AFES MIP 233 AFZAH vl

HE g ATt iy = 7 2ol ol d wiAAA e g A7 Ige] HAY MIPREE 9]
AHE vttt B AFo| A& (Secchin and Amaral, 2019)9 4] A¢tE MIP 28-S M1o.2 E7]3F%
S, (Chae and Regan, 2020)°l 4] A|<tE MIP 23 -& M2E 7] th 28]l & AFolA AAsh= W
HES Improved CSE ®7|3t3th o] ATE] MIP 2& 3 o] o] Pd FAE thd A+
A= <Table 3>9F o] Yepytth o] o tish 715 A9std, N2 /A9 45 Yel Y Optimal
g Ao HA e oot Best= 7HE 2 22 A grolw M1 M2 MIPe] tidk Zo] gte

2

8 x>

R, 127) o]ste] A S thalAe MIP 23] AQA7te] & A7 WPERT o wE AAg
B AT 137) o)iFe] BEA Sl Ui E EA9 A7 AZDFEE MIP 289 &8 A3to] A7
. T3 16702 EAlC il old AFES MIP RE8E HFH S A FEg B AFA

< 2E A tE] o]l MIPE 2 HZ ke w9 wEA ZHpa w3 A EHHo|a gl

f

)

ol

Fakgth ol o] AN HAE HA YA 2 A7)e] BANAE A T
stA gk,

i oX 2 o o mx
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Table 3. Result comparison

Instance Ml MZ CS (in this study).
Name N Optimal "(l"lme Time Best STD Avg Time
sec) (sec) (sec)

HAS 5 525 0.05 0.02 525 00 1.291
HA6 6 1905 0.06 0.05 | 1905 0.0 1.324
HA7 7 159.0 0.1 0.08 | 1590 0.0 3.76
HAS 8 1895 0.39 0.19 | 1895 0.0 3.769
HA9 9 4865 1.02 075 | 486.5 0.0 2.957
HAI0 10 821.0 8.4 236 | 8210 00 10.655
HAIl 11 7735 1539 208 | 7735 00 12.354
HAI2 12 10210  76.39 2859 |1021.0 0.0 15.411
HAI3 13 15205 32797  100.80 |15205 0.0 17.824
HAI4 14 18335 335894 88223 |18335 0.0 19.751
HAIS 15 26245 321406 191853 |26245 0.0 23.932
SAlda 14 29040 3025469  1207.88 |29040 0.0 20.102
SAl4b 14 27360 5469.83  1532.05 |2736.0 0.0 21.023
Aml4 | 14 27385 49864 153327 |27385 0.0 21893
HKI5 15 165700 1229741 214873 |16570.0 0.0 25297
Aml5 15 31950 1122134  5002.63 |31950 0.0 27.465
Aml6a 16 7365.5% (2§_6()“9?,2;:**(1§§6“9‘22;‘:** 73655 0.0 30.127
Aml6b 16 5870.5* (1%%22;:** (ggg%ﬁ* 58705 0.0 30.372

* best solution found before the process stops
** The search process stops due to time limit (24 hrs) and the optimality gap is shown in parenthesis
*** Optimality gap

6. A&

AFAFE s A7 JAAHJY XA Bddd A= HZ X EAY B&3F Fasd
A Al oS 2 ?l' AT Fokoltt. & ATl wix2A o e = HA A T A=A
Al BBRE ofy g}, theFe AAl A5 A 7HE ®el &8H e o9 s A2 A(Double row layout
problem)ol] W3] T+-F31aL, HZ 27 AAIL A= AzAIEoY EFAE A F52 WA E2AE 1L
Hall =7 2 FAFE sl HJFednh 22 old viAAAE sAsty] 9% WRHECE WE F
2] 2~ F 3ltQl Cuckoo Search ¢ieg]&S AHE3IA AL, oG viA A A0 CS ¢aglES 2 -835H7]
13l Levy flight #koll Random-key W2-& AH&3te] & &4 F31& o]4bd o & vt 18] al o g )
A WA 02 upper row e} lower row?] do] W ~E gr3+= W (Length balance based method)¥ cut
pointE AAstE W (Cut point selecting method)s AH&ste AE&3 CS LuglFY 3 Ho
(population)& 270 2 7FA 3kt &, wi x| o] W1 F3tol] Wk &AlE fdstr] stal ERHIES U £Y

J= WAE 27 98 Dummy AASE F7lste] CS dagE< &3tk

N

Eru[

ol ATFEodA AFEEAE o8] 7FA old wiA A EAE UE] A4¥S AP AHE =EIAT
A A, ojn Fg 7 (Exact method)S &3l HA Fho] =& A9 Z7|7F 22 A=Y 45, w
2 Az Yol HA e FolWlth a8 A VIS Bl Fold & gle AR A dEiAe B
ATe] W EC o wWE A WA A3 ghe Fohydth

2 dATeE EF 2 & AAGET ol AAA &8 HTF W2 old x| AdA tig lHEs AlA
Stozx A wjx e} BHH gt HokolA #H v E&& FAAZ = & o2 ) =3 vl
A & F3 ZAE T WHES &3l WE A Qo] T2 WiAE FE F AS Aol
Aot AT B AT old v A= v X E = Fxtel] tiE] Ags FA ol AAAHRL wjixAA
ol= 27 A v & & ok 2% 7] wjEol A Fkel tig Al gko] FrhE o]d wix] A o
g ATE FAEHTA HAA e Ad8FHow HEE 7 Us FoE qdydn
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