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Integrated forward and reverse logistic model based

on multi-criteria decision making

Abstract

Adequate design of logistics network provides an appropriate platform for efficient and
effective supply chain management. Efficient logistics network lasds to a competitive
advantage of a company and help them to cope with the growing and stricter regulations in
the field of environmental protection and the uncertainties of the business. Logistics
network configurations (g. definition of location, faitities and technology facilities) is

one of the most important strategic issues in supply chain management and its impact on

the overall performance of the supply chain is extremely high.

The research subject presented in this papemtegratedmodelsof forward and reverse
logistics supplylntegrated models of logistics and reverse logistics supply, are also known
as closedoop supply chains, and they are defined as networks that include traditional
channels and traditional logistics activities dloavs along with the return channel. One of

the main reasons for the development of an integrated network of logistics and supply
reverse logistics are cost reduction produced in the entire supply chain, increase profits, and
achivement of specific goalegarding legal statutes and regulations that are businesses
facing and which are related to the heightened concern about environthenbasic
premise of this paper is that methods from the field of operations research based on
mathematical models of trensidered phenomena and processes, can be efficiently used
to make decisions in a logistics system that also includes the processes of supply and

reverse processes.

The aim of the research is to contribute to the development of an integrated model of
suppy logistics and reverse logistics. The problem to be solved is the determination of

integrated logistics network in order to unite the network of logistics and reverse logistics



supply, and thereby contribute by increasing the efficiency and effectiveh#éss entire
supply chain.

In this dissertationwe presented five models that describe the problegiection of
locations and routes in integrated logistics models of supply and reverse logistics. The
problems are solvedwith multi-criteria analysis and heuristic methods. One of the
presentednodels of theselectionof location is solved usinfuzzy AHP method. FouNP

hard problemsveresolved using heuristic methadsor mathematical models with one or
more objective functies were developed heuristics based on Variable neighborhood search

(VNS method For each of the four models that are solved ugiN§two algorithms

For local search Variable neighborhood descéfid) is usedor all models and the same

algorithm isused for all four models.

Problemswith a small number of nodesre solvedto the optimallityand the results
obtainedwith heuristics are compared with the optimal solwicDptimal solutiors are
presented to assess and verify solutions obtained by heuristics.

Results of the research show that the developed heuristics provide solutions close to
optimal, andthat the execution time using heuristissignificantly shorterThe expected
results shold be used by researchers in the field dealing with the principles of logistics and
logistics as a science, but alsppractitioners who make logistical decisions in production

companies.

Keywords logistics, supply, reverse logistics, integrated monlltiple criteria decision
making, problem location, routing problem, transportation management, supply chain

management
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v OB p&O [ Olsteg yj

‘P E s LY a ¢ AP

strRurtRrRmMuL]CL C2 C3 C4 C5 C6
C1l (1,1,1) (2,3,4) (1/2,1/3,1/4)] (2,3,4) (1,1,1) (2,3,4)
C2 (1/4,1/3,1/2)| (1,1,1) (1/2,1/3,1/4)| (5,6,7) (1/2,1/3,1/4)| (1,1,1)
C3 (4,3,2) (4,3,2) (1,1,1) (1/4,1/5,1/6)| (2,3,4) (1,1,1)
C4 (1/4,1/3,1/2)| (1/7,1/6,1/5)| (6,5,4) (1,1,1) (1/2,1/3,1/4)| (3,4,5)
C5 (1,1,1) (4,3,2) (1/4,1/3,1/2)| (4,3,2) (1,1,1) (1/4,1/5,1/6)
C6 (1/4,1/3,1/2)| (1,1,1) (1,1,1) (1/5,1/4,1/3)| (6,5,4) (1,1,1)

o[ vrt1ouvRrR]AIBL Al1B2 A1B3 A2B1 A2B2 A2B3
Al1B1 (1,1,1) (6,7,8) (1/2,1/3,1/4)| (1,2,3) (1/3,1/4,1/5)| (5,6,7)
Al1B2 (1/8,1/7,1/6)| (1,1,1) (2,3,4) (1,1,1) (7,8,9) (1/7,1/8,1/9)

c1 A1B3 (4,3,2) (1/4,1/3,1/2)| (1,1,1) (3,4,5) (1/4,1/5,1/6)| (1/6,1/7,1/8)
A2B1 (1/3,2/2,1) | (1,1,1) (1/5,1/4,1/3)| (1,1,1) (5,6,7) (1/2,1/3,1/4)
A2B2 (5,4,3) (1/9,1/8,1/7)| (6,5,4) (1/7,1/6,1/5)| (1,1,1) (7,8,9)
A2B3 (1/7,1/6,1/5)| (9,8,7) (8,7,6) (4,3,2) (1/9,1/8,1/7)| (1,1,1)
Al1B1 (1,1,1) (3,4,5) (1/2,1/3,1/4)| (1/6,1/7,1/8)| (7,8,9) (1/5,1/6,1/7)
Al1B2 (1/5,1/4,1/3)| (1,1,1) (5,6,7) (1/7,1/8,1/9)| (6,7,8) (1,1,1)

c2 A1B3 (4,3,2) (1/7,1/6,1/5)| (1,1,1) (1/9,1/9,1/9)| (1,2,3) (3,4,5)
A2B1 (8,7,6) (9,8,7) (9,9,9) (1,1,1) (1/9,1/8,1/7)| (1/2,1/3,1/4)
A2B2 (1/9,1/8,1/7)| (1/8,1/7,1/6)| (1/3,1/2,1/1)] (9,8,7) (1,1,1) (5,6,7)
A2B3 (7,6,5) (1,1,1) (1/5,1/4,1/3)| (4,3,2) (1/7,1/6,1/5)| (1,1,1)
Al1B1 (1,1,1) (4,5,6) (1/2,1/3,1/4)| (1/9,1/9,1/9)| (6,7,8) (5,6,7)
Al1B2 (1/6,1/5,1/4)| (1,1,1) (7,8,9) (2,3,4) (1,1,1) (1/7,1/8,1/9)

c3 A1B3 (4,3,2) (1/9,1/8,1/7)| (1,1,1) (9,9,9) (4,5,6) (1/9,1/9,1/9)
A2B1 (9,9,9) (1/4,1/3,1/2)| (1/9,1/9,1/9)| (1,1,1) (1/2,1/3,1/4)| (1,2,3)
A2B2 (1/8,1/7,1/6)| (1,1,1) (1/6,1/5,1/4)| (4,3,2) (1,1,1) (9,9,9)
A2B3 (1/7,1/6,1/5)| (9,8,7) (9,9,9) (1/3,1/2,1/1)| (1/9,1/9,1/9)| (1,1,1)
A1B1 (1,1,1) (1/7,1/8,1/9)| (1/9,1/9,1/9)| (7,8,9) (1/2,1/3,1/4)| (5,6,7)
A1B2 (9,8,7) (1,1,1) (7,8,9) (1/7,1/8,1/9)| (5,6,7) (1/4,1/5,1/6)

ca A1B3 (9,9,9) (1/9,1/8,1/7)| (1,1,1) (1/5,1/6,1/7)| (1/2,1/3,1/4)| (1/2,1/3,1/4)
A2B1 (1/9,1/8,1/7)] (9,8,7) (7,6,5) (1,1,1) (2,3,4) (1/2,1/3,1/4)
A2B2 (4,3,2) (1/7,1/6,1/5)| (4,3,2) (1/4,1/3,1/2)] (1,1,1) (3,4,5)
A2B3 (1/7,1/6,1/5)| (6,5,4) (4,3,2) (4,3,2) (1/5,1/4,1/3)] (1,1,1)
Al1B1 (1,1,1) (9,9,9) (2,3,4) (1/3,1/4,1/5)] (2,3,4) (1/7,1/8,1/9)
Al1B2 (1/9,1/9,1/9)| (1,1,1) (5,6,7) (2,3,4) (1/2,1/3,1/4)] (1,1,1)

cs | ALB3 (1/4,113,12)| @/7,116,1/5)] (1,1,1) (7,8,9) (1/2,1/3,1/4)| (4,5,6)
A2B1 (5,4,3) (1/4,1/3,1/2)| (1/9,1/8,1/7)| (1,1,1) (2,3,4) (1,2,3)
A2B2 (1/4,1/3,1/2)| (4,3,2) (4,3,2) (1/4,1/3,1/2)] (1,1,1) (1/1,1/2,1/3)
A2B3 (9,8,7) (1,1,1) @/6,1/5, 14| 1/3,12,1/1)] (3,2,1) (1,1,1)
Al1B1 (1,1,1) (1/9,1/9,1/9)| (1/4,1/5,1/6)| (2,3,4) (7,8,9) (4,5,6)
Al1B2 (9,9,9) (1,1,1) (1/4,1/5,1/6)| (4,5,6) (1/4,1/5,1/6)| (1/2,1/3,1/4)

ce |ALB3 (6,5,4) (6,5,4) (1,1,1) (1/9,1/8,1/7)| (1/2,1/3,1/4)] (1,1,1)
A2B1 (1/4,1/3,1/2)| (1/6,1/5,1/4)| (9,8,7) (1,1,1) (2,3,4) (1/7,1/8,1/9)
A2B2 (1/9,1/8,1/7)| (6,5,4) (4,3,2) (1/4,1/3,1/2)] (1,1,1) (2,3,4)
A2B3 (1/6,1/5,1/4)[ (4,3,2) (1,1,1) (9,8,7) (1/4,1/3,1/2)] (1,1,1)

sOCts Mj dBsyj LOC?Eydilsd, dzd

Cedljtced 30O d dzi Y tsMmists'™ d ded”’

f s #) Oty HLAEBANSE dzd
iHOd Stkdlsjtd  kd
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sMlsOd Ctdlsjtd Edj. | j<Ldd®] &b j0d0kdiEas st o
sMis Odzj tafj dOALde’ i BPf défOrgdets * § o3 [(52),d IBB4 )L.OC? Eydisd
Mz jSMmijtelsd HBHj dddd L dOYO dd  j ©OLddSj dL dj
fj &Bsek LOfOLdld b EOstdyd (ot jSO 5 §OLs:
o dds € tedls jHelts HzddEOR@EEO § o HMisOo ? | eOE j5@dzE sted Is d
fedC oL ®@jlifglr dzj Mo OC e Ctedlsj o], eEPY @L JaVdglsS, ok
ot Hdzsinisd (estedOdzdL soPdzj ot Hdesfisd (N

1 ZOYO0* desfilsd Stdlsjted kO Mk fjHMmsOo? jdaj k& 1t
HO 'fldetsh Ctsod qLGEGBOHS j' g0 L dzOyO ded  d Stedlsj toq
(' 0 Mk foktjedd LO EMfsmisOs? O dojyi §coitsC
Ctedlsjted kds Sts°'d ‘j dzO°' L dzOyO ded ' d d d&O k<d

Sots' MiskzHaf  ded ‘Mjdzzdz®h j 6 dzd 2O (dztsC Oczdgtsds Istey dh
ddgemisdyd " 4 ftedHEZLgEQ a0 HPOXCOL adi®, O § s B dz
Ud® jddyk HO fj <EOMmdj B § © gk dadRo bHiEC 0 &bt
HEdPBEPC a©BUs Bd M) ©OBZPCE 20 btHMhisk.

'vCkfdj BEhIsjH]' Mk, bLOSCK' ] LdO yoO Od Stdlsj toc
COd JteOdz0 SOt Stedlsjted Edd MO ddmMSddk ftedsedls
qLEtOH® j' d 'kSCEkfdddz EhlsjHOBO' . [tezedL Stedlsj to
cOL dzsc O hIsts ©tcOdmf stelsded Istetsh Ctsod HtojHEL <O
'WEEEte j s EdzOIsdo ©' d 'L OGc0O' jTj' Mk twOdedtcOdd o,jt
sodn Ctdkjtd RO BEH] odhd E ojts®kO BdkINSE:
s Odzdzs s Istey dh sz fsyjld HO BKEO<KO' 2 ddscts
Ctedlsjted 30, LBOHdd©] ¢t Mg jtolddf J .

[ tcEed HJj B IsO8 Odgd yidaddjC, OLHzy WiOL W dSC so Odzy IsJ 3 d dzj
ot HdztMIsd L O Mo OCk OdzlsjtedzOlIsdolkz 85 Mo OCtsAE Ctcd
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v OB p.&2DOUsq ¥ d dii ,

(WjWOoLdWdSC o Pdzf as jou@EA] 5 ¢ o Ofdz]

o tod HdesiIgX[ ( No ) RHP1Y

CLO °d tjLbkdsols

St RU[{ RMUJ wi Ml Ni
C1 (0.19,05,6.19) | 2.31 0.73
C2 (0.02,0.01, 0.08)| 0.04 0.01
C3 (039.0.33,1.03)| 058 0.18
ca (0.02,0.02,0.19)] _0.08 0.02
5 (0.05,0.04,0.13)] _0.07 0.02
C6 (0.0, 0.03,0.26)] 0.1 0.03
A1BI | (0.33,0.48,0.63)| 0478 0.48
AlB2 | (0.02,0.03, 0.05)| 0.032 0.03
st {zs [l r [AB3 | (0.0L 001 000)] 0.008 0.01
R111 0T nr [A2BL | (0.01,0.02,0.04) 0.024 0.02
A2B2 | (0.22,0.23,0.23)] 0.225 0.22
A2B3 | (0.30,0.24,0.18)| 0.239 0.24
A1B1 | (0.01,0.01,0.01)| 0.009 0.01
A1B2 | (0.02,0.05,0.11)| 0.061 0.07
st 61l [ v ALB3 | (001,002 004)] 0019 0.02
vt fzs )R [A2B1 | (0.93 084 058) 0.781 0.84
A2B2 | (0.01,0.02, 0.06)] 0.028 0.03
A2B3 | (0.02,0.03,0.04)| 0.028 0.03
AIB1 | (0.46,0.65, 0.93)| 0.679 0.65
A1B2 | (0.02,0.05,0.10)| 0.058 0.06
bsuli( |AB3 | (0.12,016,017)] 0.5 0.14
vzurrt |A2B1_ | (0.0, 002, 004)| 0022 0.02
A2B2 | (0.05,0.06,0.08)| 0.064 0.06
A2B3 | (0.03,0.06,0.14)| 0.075 0.07
AlB1 | (0.01, 0.01,0.01) 0.012 0.01
A1B2 | (0.49,0.48,0.49)| 0.486 0.49

st rRur Rmu|AB3 | (0.01,000,001)] 0.001 0
1010+ no |ABI | (0.30,030,030) 0.301 0.3
A2B2 | (0.07,0.10,0.12)] 0.098 0.1
A2B3 | (0.12,0.09, 0.06)] 0.092 0.09
A1B1 | (0.17,0.36,0.58)| 0.369 033
A1B2 | (0.06,0.09,0.14)| 0.097 0.09
WEEE A1B3 | (0.05,0.10,0.24)| 0.133 0.12
tr4Vf 6 urI[A2BI | (0.03,0.14,046)| 0211 0.19
A2B2 | (0.10,0.07,0.06)] 0.077 0.07
A2B3 | (0.15,0.23,0.32)] 0.231 0.21
A1BL | (0.16,0.33,052)| 0.337 034
A1B2 | (0.11, 0.08,0.05)| 0.079 0.08
1 lHJ"[i(; N¢¢ g ALBS | (0.25,0.13,0.05)] 0146 0.15
L1k P ABL | (0.01,0.03, 0.05) 0.029 0.03
A2B2 | (0.13,0.23,029)] 0.2 0.22
A2B3 | (0.15,0.20,0.22)] 0.192 0.19

{ Odze Odb] 6kOLde 0, ¢ q J &
508 j dzd 5. 4.
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v OB pb&zO t @St j dz@s(dre ® ¢ | ~HPI1H

WEIGHT | A1B1 | A1B2 | A1B3 | A2B1 | A2B2 | A2B3
c1 0.73 0.48 0.03 0.01 0.02 0.22 0.24
c2 0.01 0.01 0.07 0.02 0.84 0.03 0.03
c3 0.18 0.65 0.06 0.14 0.02 0.06 0.07
c4 0.02 0.01 0.49 0.00 0.3 0.1 0.09
c5 0.02 0.33 0.09 0.12 0.19 0.07 0.21
C6 0.03 0.36 0.08 0.13 0.03 0.22 0.19
td14 ofuvrtrd 048 0.05 0.04 0.04 0.19 0.2

SOCt M) dtsyj o4 H) GusOBORG OO | Odlsj tedzOlsd
Odzls jtedzOlsdol fdzjuj 6213 d 6212, HES Odlsj todsC
fsyd? dad .

RBO k<d k odHEZ HO ftejHkLj<j St°j ‘j ©OL®BOLEO
Ists ¢, shMddd fcotcjddidedr sotcO<O O ftosdLotsHO E
B IssH Ct5s° d kL dd30 dioz] tseiucd o § dizgisdnuse § Mdats M is

t OLoats’ Ctdayd fs0OC if s oPigazp” @&spg difiisy J BHtey do Otsae
9 i BRBO 90)dd d bt dzf MOBs dzO dedoskz fHtejHEkL j<O
Csdzyj flsddBBO i smdzj HS dr EsHddZO ftedHO' g dngHie j o
sk wtesd Odzedd & nisoOuday iyt jjdzdl digfdzdjudzd tso tsd3 i3ts
cOLod jded d tjhjdd LO ftslstcjBj BHtcj' do O O dzts¢

Il EHE<] dMmlstcOy o O° § d tc OH Bsc z tcOL BZOIstcOIs d

odhjCtedisj ted & d3fipfdid CraEcigrddi HFCDMJASjOs BeHEDN j 0 Odzk Oy d * &
pOddH dsisd o] Hdsy j dsd &SHj &O.
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6 M[{U{RHURYSR ltRrRuevsUL) 11 E£O9NDRESOARMI R
tosrRt One 1 JI1R[ O

t OLo " ndtedmMlsdC O E tjh OOk tflsddkddL Oydsdzdn
f sfdzi HOkr GBSH 2O d EMdzse? jdz "0 tOLeot" jd3 § tsd3BC
Oz stedlsOBO d tcOlediBjjiPztcRIEOE@EOYO 2O Lk tojh
MlsOdzH OteH dzd = I8 jdag e3P, M CAd2d fdictse j &zd S s Btes” O Isj h ¢
Ctsd3B d dzOIststcdzi d cdzsBOdzdzgy S lsddBZBdL Oyd J. Y JiHJMmJ
Mk twjih Oo0Oded ftodd3j detsdz O6ddzlsj dzdej delsdegdnd6 d 64 W
CGH 2O Wttd3zdzd MOdzd Mk f tod B tzg P dedzd ~Z3O I o BO Kzg WO
fsCEhOdes " J] ‘drseat tjh 00O ] jceLOGCIdzddy d3j IstsH (
HOo Ots Y Jj?Jjdai tejLEdzisOL] LO ojddSd Btts fttsB d
ftesBdzj &3 dzsC Oyd - d ttkzksdtOt O, Cs''d Mk z¢?
4J HOMRH j @ls d 820 ZeotsHd md sjsted O Ctsdif dzj € fdets
Mdztsy j detsMisd, 0O M Ctsd3BddzOlsstedzd L OHOyYyd HJ dzj d
CdzOfmMkz Ijh et twihdoadn B dzj BO. #JHOMGHjMjIsdnR
Ozestedlsdzdd St°d Mk tojl GOdy diotdBddzj s F0s “ Hfts Ml O
vsOCts' j, btSCtd MjHOBHjMjlsdr ctHddzO ftetsh dztse 9 §
C stod fdzeBS00 (=25 Mdzd € ©) twjh OO & Mj flddB0ddzts.
EBtocL Odztse tOLoat" O jcELOCIsdzdr 3] Isetei@izd tc O fr) tzts odO dz
ftoesBdzj 3 CSt5s°'d dABRBO ' E Hts 50 CwtedMmMdzdC O tjh Oo O
fesydi@ fmd ©WOLoad O k¢l jC st MisQe taiidsitdadids EMmdztse d
Bsclkz HOLd tjhjcj. ltj MojcO, s Mk ~"jktedMmilsd
B3j sEHBASG Mots' j tetOdzd yJ detsimisd dzO tjh 09 OF j f totst
Mo 3OS O.

[Mdd E tjhodBikzS HEOdsOdds (e dj GO, §jEzedhl
6jh 00Ok fusBdjEO LO Ct'j fofks’'j jeLOCIlsdd
e " 0o OF j f towfEdzjHdg@BjedaL dfd CO©. v KRl telnp izt O Cjs° d
jGLOCkdd Odketstedlsdd §tdddsdd Odkdj Mndksyj dshlsd
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iz yo: jo O, SjktdmisdS) fMji Cttdflsji d LO IOy "
iz Y0 £ tetOddyj desc ©dzd &) o] H HleE@MB SO d dzse Y

18" O3 ribktedmisdsd Mmd, ftjkBO (sttujoddOy d Hts,
dzO y d dz:

m tedmMisg S PdgE 00 fsCEZh 0o 0O HO dzO' {f toc BjdEjAROO H(HB tG !
vO0Co0O0 HBfEMISdoa O tjhj* 0O ftoesBdz BO S8 O Mk HB9
sCodtelz t©OL Zd3dzse o toj d3j dzO, fted ydddz My dj 6O
sflsd 3O0dzdzO, ddlsd Mmj dBsyd BHjHdI. drtsea O BdzdMm

10 dzj€j rfibktedfisdSj M) &syj ftsdd<d s’ 0 €&C
b sHdsfk dz0 &flsdiOddgshdai @ jod B0 disck<j “j .
fklsjd LOS?kydlksd HO ‘j djS0O kOSCo0O &jssBHO BE? (
©OL &Sk ©H jeLOCIkddR &jkssHO, fjktedhlsdus) &J
W ddsedeO° O  BHBOYdoOS O tjihjBds @ WsEdiEE f
fsMskfSk ©jhOo0° O s dj &O.

skOmdudey RjkedMmlsdCj ©OLoad Odzj Mk k yd?k tjhC
i 9jLOd LO COwOSCIjwdmisdsj fRgdgsal e Ezdzjok®. d
sk ktedeO® 0 §sHOS@LOHS Izf&eOfE ydzd & 75 jdaed fls
C zOMdudzj Rjktedimisds,) dzO®j S Odzaj tjh Oo 0Ok dzj S~

d SCstedimisdd Mk §sLdols] shseddj HOkse §tt
BjkOn jtedmisdSj fj MOMks | ©SH ksfhlsglkdiL QLY
6jh 000 ) ©OLMGsothdd: fosed B8O sflkdddroyd" j.
6jh 00k sildddLOoydsdds fossdj GO L OMNdss Odzd
sflsdBdLOYyd ' j Ct5'd (SHEOLEEj 90 & fwddjdz dJ
fsfc00? 00 dzj S5¢ §ombbtdihdyiditgs B khi kO&ks

feddj dedlsd dz®@ MCsts fMej S d&OfMdudsj § s dj &
Csdse d zOsstedzj BYISddBIL Oyd  j o dgOB0e j dfdjCIsfO Ngj tdrtis d fr
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B s, Yyih <ij, Cstedfmisd sfhlsd fJtedhmiskzy tjih Os O
ftodw@disd Mmfj ydt dydesimisd 3O tcj Odztizp dzO thf@Sanzj fO € 5
] JdBf dzj Bj dEsdwOlsd. 1 BEjH HBBBIE MswOdO, djlsc
Bj'k S dkO M dO° L d&ZOYO dd‘j GHdsfj @O jWd
MlsteOljh Cdn dL B O] L0 wsHsdddj), &0 Sttdh<
f OOdkj kOO, CO d d&O shjl? Josmls f§odjdj otjH
qLOLJdo O k& L dOYyO dzaj ©OL &S] bk (GO oD {
(steyd e ddzOy JewEMis@Q0p) i BBRJGY diY safdlsd dzO:

1 ssdzmistclzCIsd o dzj 1T & Jj dejstddnfiste € j O d3ts “dHdzs HEtSf kfy
ftoesB dzj dfCc Ll s B3 BHEBO OO E<dn ddzsj dzd ¢ j dzls dac
BdzdmMets sflbkbdizdzz. 1 ted ks M &Bsekz Ctstedmisd

o Vtoddzydt ' §tetsy H tgleedy)is dS s Qdigjz. £ Mo OC
sH bktojdzlsdets dBscbkz<drn dLBBtKO BJKO dZO°
s Odzdzs 53 Ctedlsj ted 23z, d

o Vteddzydlyf 'cdzjHO O EdzOfte] H' Cs°"d E fme OF
Bsekz<ddd qLBBedBO ftoj fsLdO & tdzgj Ct5° d ¢
dzsh j 6 ‘geOtcjh jTO, 0 Mj LOs s9a0OCead dL B

1 [ ilbtsH] dzsCOdzdtse ftojlstcOy do O @ disg tz@Is dhg dete j o
Gjdgjtedh cjdgjtedhz ydlsOoe dzedL HEBSfEMIsdedn to
BBS?0 d BB?0O0. ltd btk Mi bk MmMeoBEdlls ditsd tc Oy«
cdhj*0 d B “t° BJqKO, o BO daj Csd3 dzts ¢ Odzdzts ¢
sotsd3 dzdL kz. 1 syjlsdes HBsfkMmisdets tjhjo j dzd L
GjdzgjtedmMOIsd Mz yoO " des dqadzd W sted3dtcOIlsd ¢ tod d3j dzts

T rosdzzlsd o dzj & dzjmle O js ° cdjladgitaca@\dg] d * Jj H dzts, dzj ¢ 5
Hesf EmMsdedms tji"hj* 0O ftesBdzj O, Cts° O yddzj L s
Mo OCO MdzjH] <O WO dzO s zdzOyd © BRZHJ

T [ilbtsH] HJjSCBdEOSImdwdedinlsdysSd dzOyddz tcOLBd " O° |
f sHY tc®B d&aB@F d ~ Hd s dzL d * ©. lo(d f sHYf tetsB dzj d3¢
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nd 2edmMisduyséd ddzd JjeL OFIsdets, tcjh O 0" Iz, i tod
B EmMsBdes® S stej &zOyd - d.

1 RA@HESISdO dzji taFjhl®HQ" &2 9 j < d Mmdzsy jdad " J it
fteddeydyfd &JlstsHO tcOLjoH[detgids(Go dedO j d3Qf*tejts Bz d3d
vsO0Coj] dBjlstsH] My yYydMmMbts dLretHj dL jceL OCIsdzd =
Eftesh <jdzgj dBsSHjdzj BOdzdms HJBJdL d° O.

1464 BH d2O" adhj fteddsj dz’? doOdedr ~jltedMisdyscdnr o3

1 o d d3kz dzd tc O dztsj dedIEnyldting arnilingi Md Bz dzd 6t © Isj e 3 H d dzO d
ftesyimj 07 4°O0

1 vOBlz fto] stgQEcFELO® Search{ dBdIsdtcO® dscdSlz ddzlsj dzc
"kEHMEBE ftojstcOYdoa O O MO OB j &

1 [ ilbsHO ¢ tetsd3j dz° d elzg\Bmialsel neightjatia@od earfhi Ists ¢ 5 d3
ftesyd MO foiBscO HsBBLOEtcE BCtsddd] E C° &
T 1ddzaj sMSd QddesGEmefitsalydrithis’ Md Bz dzd 6O ftetsyi My 1§ to

fd dzf Sud  § oteMmlO

led ©jhjo0O 'k dgjSts¢ flesBd GO HEGLOG? jdts * j, G
oL dzdudisdr ftedmisky ©. 1Jj0 ffitc dagieidtg, HYEBjldejdztsC Salgfiflsi
L Oldd3 Bifg? h Plsd dzsS Odzdzq o3 I ftdjlslstd @y & 8% j . j H Odz
CzomMdW dCOoydod (g ehpd i@y d Hte. 2006) :

T e#fjuyd Odzdzj TrHjdatedf fipsddtd@” 2 M L O §YtsMmjsdi otef
ftocsBdzj BO ftshlskzols<dlsoPted WM BHIWHH ydesilsd o d
My “ddBBO dBsceck tjh Oo0Olsd MOBs tdd ¢ tetse dzj d3d
WOoLd twOLeats" O RnjktedmisdyStse ftodmiskzf © ddzlsj daL
sdf O, IsOCts HO HOMOM NP ofeH@Rd {iftccipldgy jdgl® Ot dz
“dJHEBO M jyd OdzdzO R jEZtedMmMlsdSO SO0 0O tojh Oo
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T {fhis]

My dydw

mikwedmisdusd

C' d tsdzj
B Bsted " Iz,
cOdd " &5 W

~diedEdMbEdUutd ®&ibtHBREEd J BYhlsjc
feddj dedlsd dzO0 Bddzs Ct5° ) fosed & Csdeddzolss!

qudzsfls S jcesej MistwlkClsboeh.j
ftod &3y 20 d

PafiesTQ bt

0 ZdSC O ftedkOEEH? JotsMmls ©OL &zdudlsd

df) B@&mdQ W i sbBdHsq@e d Mdesmisd BSH ISBEO H

feddj k' Ok fjsitsHdd ©jhjco
b Is 6 tizj § € jskctg@plsgo @dz steBOYd j S5 j

OL O&O.

v OB pizO s ZOMIW S OYd O Rjktedmisdysdn

g4 Cttedh <

By BBsted " j |1 dL Cstedh <j® O dBj dsts
v OB Iz

ftcj stcOy d |

VNS | sCOdzdets o stcOy do O

stcOI¢ s
f Od3<,

l sadzj §f dzd Mdzz yO ' dzd

Odze sted s O3 f @helsSieedy
Randomized Adaptive Search Procedure
GRASPH

r e tste
f Od3<,

4 BzdzdtcOdzets € O° j ¢ §

sOCE' j, M

o ndledmMbdustd d&ibssH] MmJ

qdzd HJdzOBBdYSJ:

v OB pZO s ZOMIW S OYd O Rjktedmisdysdn

dlstsn OMmisdr j Isj ted3d dad
td BzdzdtcOd [ ¢ Odzdzts
CO? j° ftcjlstcOy do
[otsdzEyd " o OB k2

O stcd sdgd § toj stcOy d o
GRASP

glstsn OMisd y
dL OB tc ©dzO

BjlssHO 1

Bsck §Hj &

BjlssHO 2

Cj &ilkbtH] ftdhdCitd ftjkicOydoOs O it
d LO Sdf “j SOw©0Ckjtdhmisduds HO fj
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Bjhj§d@Cts fMj Swtjdj SH dhMsse §syjlsdse jhjco.
Mistss OMisd US dis, My S k®Or g t€j " 0o O & HJ s tedzd dzd
SHEZECO d fteddjdsd sodi &jssHO * jrds §syjld
CsdOydse tjh jc 0.

lteddzydt dzs€ Odzdetsc ff to jolOtdAf Y ¢ o QS fijletigBacts(c tstej h J ¢ O
sCdzddd Istej dgzlsdzse Misjdo s’ i BQEQL K SHY T E | BB? J
CJce0O ftj dzOL d. VeS8 My £k BECSdddd dj d@OdzoL
Plsote' j detse tejh j¢ O, ftoj stcOyJo O] Mj LOkMlsO8? O
COtOCIsjtedh j dBsek<dsMmls 6L Oc &zO9o *[dials@IrQoz tole Mz C O
Cts" §J Cttdmisy fHtddydti dsCoddtse ftojlstcOydo O° O,
sjrddCj ftojoOLddzOY ] O LOcdZzOs? do O O E dzs§ Odzdzd

10 jHddUS O CO®OCkjtdMmisdCO Modr RjbktdMmlsdysdn
fskOL ] H ° jjHdasEh jfdA, o@fhL Oldds, dz® shdselk Is
Cjdzjted"k dzso O tjhjs 0. Jlshbsst jihj* 0 k §sdj
©jhjc0 ‘)] HBow?des ojdzdC, j MsscO dd‘j &EscEk<
toj M j ¢ qui@Odazsds otej d3d delz. QAP RYtnd  Odztgg O @daff Y Isd dsk
Bhzsc s ©OL zdzdgd B B EBOHBO. s @OYH I dmf testjls HhdsdH J
Mftse s k o OC o dd3 telfipdeOfd3@®,° Of wfylosfH@C fifj bk Ho J

T JtekB O Htoj stcOGO. V) sots” WoLd ftojlstcOydoe OF
i Jj10O YdlsOs tse fosMisstc® ftojlstcOy do O O. A
f csdzOdzOY 4 ¢ J fsHf esMiststc O Cs' (d MOH Y d toj h
fslsj dzyd Odzdzd 6 dzsB Odzdzd i Isd dzlz d3d .

T AdqdzO ftej sttOc0O. 1 0¢tdkz dZtydteO® 0O fsmMisstcO
sflsddizdz, otehd My Wddzp YO ptcOGgGOHOAMY Gtoj Ist
ZO dMmlstcOydo O j BEsddd k2 ¢ ' ts° B M BSEO
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ltosB zpsd3d M dksyi " Ooadlbd ftoddzditsd Mftesots' j ¢ O
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1,...nki=1,..,nlm=1,..,nm,p=1,..nPpS s j Mk HtsBd jdzaj dzO fmdzj Hj<d
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fO]’ijkImp =4, (“mkp +/ D Qy-r) ("mkp -
d, Y@, 1@, N ) )
- (g| Ocﬁ+a1 Oyd|| : +bm Odmnp +l‘ip kap +/ ip kap +gkp Q1+ y) kap + (14)
+hlp Q’Cdkp + ”%pO Cdkp + Di} Cdkp + Djzk C"dkp + D; @Cdkp + DI? Qy-r) C"dkp +
+ len 0 kap + lei @- v Ojkp + Dr:\i o ijp)

mj Hd2OYyddz0 (14) e H figECDS O dfdtafsWeGlO yHf titrgefE Ojo ds H
Codd  J fretsuj oysadagd H dMisted B ZIg,dig deds Y Pdzle@ts o efls Oo
d yjdzkOtt LO tH &ZOCOS | lsf OHO

L dZOMlsBe Sk * j VNSOB | Harcheidggiedisojh stc 3 tOdets I
sCtoky j & & ezl jzsz uc j g © O dp UL s " Mflse ®h d
SHOmYag(h)ts j M j£P0Cdz e fj, d&O MO dMHddetEsdstsH
Yyj dzstelz, ftoddi VRKR] OE seflsbdlsols, HaBlg,d 0 & ]
vlzBO Mo dn foljpd, ¥ & MIEE 0o M) d ndfah ddzH j C® ftesdL |
HsBd O Mmj MtlfOlip@by BH Jdz@esd®g® j¢ CO O 9 j<j s
fOljump/dp f t6j HNIsO0? O £ ftosWdls 5 “judddyd MeOlrt
dzj G Olsd o dzd 5 B nsdeds fi by § BRIz ©OL BAEKE OFftglz e O W Iz dz$ y o
yd? 0 dzj Hohisdldi[dise] zagmecdLotsnd ftsyjohd ¢
J dzj B34 dzlg@ ded Lfifp OC 50 tod b JHEBYR(z)NJ O kztedte@I 2. ) Ols
dLteOYUkEZzdz09 O o tcj H dzts ) IsfO3lg iR 1< § O Y tzdl ay@ jpz0m) ) dedtenj < d
dz0 y d dz:

fOajklp = a. a. a. Vip Qdkp - (1' y+ r) C.Mkp) +a a Vvip C"mkp (15)

i i

Itej Hdztodds i) dLtOUEZSo Oodd i jL & tjefj dfdtbpz g MC? Zyj dz
stej < W izdz¥3@y tgj Hyfils Moo tO] HikkbRfs Y tc j Is tc O3 UNSDC j

i othod Mo OCd W d LozwtiB(2)ddzjO HsMIsd e dedd ¢ tcOdzed v
1 toj stcOy OVMNEF GBRz R 0 O< j dad Mk MOBS tf teds d d e3®H bzd dzuj
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jiCBdsh C ] EO@dgsik] dz0 ftsdLotsHdy Yjdzlstej C°
ftojlshnsHdts’ | gy 2REHAgFE)ftej HMs0e? O & dL &3 ¢ j dzj
fteod d Istej<j WkdC Ydiflignp 3@ f ted BHEA@GEMB Lz ©OL C
d L BFUEL (2)df3Z)H3 (2).1 t6 § H dailiplg dfBjpet 6 HMisO0? O £ { tot5d3)
o t6J H dzesihb ez @f3(z) OC s ° jp dffidts dac=mikOls t @ do
ddzi § € MO YzesHger d s®OMJ Mistels oSy /idtuma 6 dfdpezis Mls d
dfljumz SH  d20° 9 j<j SO dO B8Ot . [dddidLOyd O Ists
LOM®) dzsd3 tojh jS O Hitse YNSPuz'h j ‘Ofddgas to i ts BREE B3j dzd d3 O dz@
UNS2*d dzd dMEC?kyde O jd&d& ftesdLoasHO dL &OdzyO® MmdzOs
dMmMS? zyjded dL d&zOdzyO a0 poHGjjeH@ERAnls GG ¢ g to Gdzcfag v d
HsMisdedzzls©. 1 Od3j d20 d dME? Eydea O° j My dLoteh O (
ze'v Mo OCt" dlsj te®EYR2)f3@)jH BEEdtcO L.

0 C IRz toj *Hf jONEtedte® d Odketted SNMBORS' gteO< O
Oy ztod tc O & Wik MRS X zedzp v MEzflsdsd, OdkéttkdlsO
fodzj i<y tjinhjcN, dOC kG KO iHmEkdd e HisMisd e dzlzls
St ) BOS fd &30 dzsimtiy HBtES d Ctdzizlsj ¢ Dk stedls OB f o o
Mz fj HiNstpdse stedls O3 M *LjO sHteshi@sed Rz Prizaig gt fds o t
ded * j ftetsdz®' jdets Bt? j tojh jc©j.

Algorithm1limj Etcd MMNGK @ sted3d tc O | toj HisMdzj HO ftetsdL 9 SH O
Input: & ¢ 2 ¢ fisigk g iz ® ® s Bhmax

z Ysyjlds EBEsdtgsnd Mz Mkl d O d ifde jdfa D@ Is j o
Initialization

h Y 1:

whileh O h ma x

s Y 1; found Y O0;

while ( s Oy) s(founck = 0) N csogmaxdsjh j NO E
z' Y neighbor in N It OL BcH/O9 OF j
for i =1:nk-np
kK,p=2z
Xipy F0Lijamp Y VNS2search(i,j, k,l,m,p); NtjlteOy do OF j dzztsC Oyd ¢

ezlsO L O MoPECd fwtsdL o SH
end
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f1(z') = sum(fOLjjmp);
sort fOllijk|mp [dkp;

zp' Wdm,jg Sed
f2(z)=0;e1=0;k, p=2zp'

el=el+1;k p=2zp

f1(z') = f1(Z') - fOL ijmp; _

f2(z) = f2(z') +Udp+ (1-U)-y-dyp;
end
for i = el+l:nk-np

Kk, p =zp;

calculate fO3ijip (X p)
end

f3(z') = sum(f03yy);

iff 3(z3) > U
for i = (e1+1):nk-np
K, p=2zp;

Xkp » TLijimp ¥ VNSZ search(ij,klmp); /A tjlstcOxy do OF j

dfljjkimp1 = f1(2") - f*l*(Z');
df3jkp1 = f3(2) - 13 (2);

dfLijimp2 = F1(Z') - fOLijimp;
df3jip2 = £3(2) - 103jjiip;

end
sort (df3jjip1 / df Lijkimp1, Af3jkip2 / dfLijkimp2)

ze' dzk pEtdd fyded y< dn
e2=0;
whief 3(z3 ) > U
e2=e2+1;
klp:ZGG'Z;

if df3p1/ dfLps
f1(z') = f1(2);
f3(z)) = f3(2);
Xkp = Xkp 5

end

if df3ijk|p2/ dfijklmp2 n

Csted Mded 4 d n

while f2(z) + Gdp+ (1-0)-y-dey < 2 Of0Ljkimp <= 0

225

NtesWdls L@z y g g Mo j
C tsdzd i thizp BH O
tstelsdteO j ftesWdlsO s
“dHdddyd /ftesdL 9 tsH O
d dzls GO Rmplf; f s L O SHO I

RMEC?Eydo OS] ftsdLoBHO
dGzj GOIsdodzd a3/ ftes¥ dlstsds

Oykzdze O° §

tc It jj + jlzts ) Is df
&Eyd/d uyd? o

&sCoyd 0 d
Sk j fsdLosHd) Yj dist]
jCdfsh Cf OOk sted BO & ©H dzs
fejlsitHdlz/djtOoyd" k
Niesdj z0 f ¥ dls0O

Ntesd] z0 otj HdzsMisd Iste] <j
yq?o

Nt dj dzO ftots¥W dlsO ¢ tsdzd €
ftetsdLotsHd/ dMEC? yj ded
Nt &zO0 otejHdsMisd Istej <]

yd? o0 0¢t Mk fwsdLeosHd dMm¢
MstelsdteO® §j fHtwsdLosHO MO {1
f3 /d f1

Yyd s 0t O JddijfrissdL o sHO E Mt
otej HdzsMmiIsd

le BOT § ¢ § sted <4

yq?o

N Odj dz® /ejh js O

f2( 2+ -0y LgkllMR S ° Eydo OF jJ ftetsdLotsH O
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f1(z) = f1(z)- f0Lijkimp; _ .
f2(z') =pHPUW)zLy)Ld+ ULd
f3(z") = 13(z)- f03lijk|p;
end
end
end
if f1(z") > f1(2) /Move or Not
z Y z':
f1(z) Y f1(z'),; f2(z) Y f2(z'); f3(z) Y f3(z
for k=1:nk and p = 1:np

Xp Y 2

end

zp Y zp'y; ze Y ze

h Y 1; s Y1: found Y 1;
else

s VY s + 1: MdzjHj<j tihjisj dL dhmste f
end
end
if found =0
h Y h + 1; N tesd) ZzO fikzfjHilse O
end

end
return f1, f2, 3, %,

l cofifzfj Qs sEylkz * j] tjh jC O HisBd j 20O L OB descd3 f L
E btej dzgzlsdzs zOz g m0p Be@j b j M tdzO tfitdydd GEgd L Oc
ftoesdLotSHO HBHJ? jdedr Htc] ' jdesd3 HdMlstedB zlsd o datsc
Yyjdelstc L O BHEZOEOS | tlsifsBaxp.dL 08 POdze B E's Mkzgj M i
ftoj HiMBA@ O Slso tste (A M) 2y Jsdeld Qaz® dats dzO B 52 jd5 teg h j
ey N jZLBed Sttedndde)d Hs)@SERFIHL gsH @) HMisOo ? j dz

f) dzd &

assigned |

7 kipd [kip2 |k2p1 [k2p2 [k3pt |k3p2 ‘-‘ﬂg& k2p2 |k2p1 [k1p2 [kip1 | k3p2

g6 lwddjt ko] MisOF KWERFGMIOBN] HMise O

[MsOkO MkfMjHmlse O Mkn, yimeg tzj dgd dz0 B &) tzs s j dalz Is dzts
Ljh jFZd® fteots oijMists k dedL k2. unexsPdzdz®©nk)| €O
lt6j Hdestis] HlsOo BB BEHOYCtH C ©LwRhe dzgy O tofg H dats iy |
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BOC fd B3O dzdzj (fBljgnp/thyas ird B 5te 5 7] didzts G iz fighil v fj 1S 0O
othd Mmji & Mo DEn=xhiY. szt 4 dyisoas @@ jOlsj ¢ © Htse d " | da
ftoj BjhlePptzj d3j dzOSO Istej delz ls dzezOdz® BeBHRE @ B j tzg £ B. .
nNnftejHMls0e? O f(syj dOs H (@ENE)idEEE] ¢ Ok sH ©8 1 t§ Haf
ftej Bj "0 sz B PPN Bdic@ & Nia ik fiyjfysiPe oo
SBEZR 0o OO tjh j® 0 HRngdj dicmjprsjdids GzQ dg 5° j ¢ 5
2O fRradgiMmMisO I jizgtB. HsBd j dz20 f &pjdsz) &OEZQIsO s e
dzd 1zgfj BdwO & Gl &) isf)igEzimsgddEEs6 z 7 Ow Olsjof O
HisBd * j dz0 { terjacky ) dgjOd3jj B0 b Gelz Is dets  dzO “ Bz jig " £y ®j ¢ O
HtsBd J dzO | tej dsimalei®® dgidsld fla@dsdzp frizj dedditd0 " &z dL Mz
Nl e d3j e Mistek$ ls e s tefifz MG B thds HE@O) SO Hwp jQizls tc O
ftesdL(EPEY Q] ftojHMIsO63) d dzO Mmddyd

zp:  |k2p1 |k1p2 [kip1 [k3p1 |k2p2 |K3p2 hmax=2 |n=2
z: _ |k1p1 |k1p2 |k2p1 |k2p2 [k3p1 |k3p2 #k2p1ﬂ k1p2 |k1p1 |k2p2 [k3p1 [k3p2
z  |kipt|k1p2 [k2p1 |k2p2 |k3p1 |k3p2 |q2k'1;p'ﬁ_1" k3p1 |k1p2 [k2p1 |k2p2 |k3p2

b Zd6D 1 dkjtt SMisOddn Lt cEEAFHHO 1z HMise O

VCEY Odz BEets® iz J+maxly Qoo @ ‘Mz i j H BB)o mdax(sfedsf ¢ O
mMemi HMisO0®3 ( Mdzd € O

672 1 ojlstcOy do OF | dzsitOREds CAfMER dis Iz Is O

L dzOMIs 0o ¢ Iz VNSRO didets{t€ ddls @dfz  MUNSZO dze ts 16 W1y M3 4ot§ J

ftcj HMIsOo? jdes RPESG MY CHPHgO dJdzvj M iftesdL ot
HdMistcd B zIsd o flzd ~H j i jsddls QD f O nyg A3 IO®HOOL JO ®H dZOG OF §
(Re=[ijIm)HtsH j? j dzd » pfide tSocfts toodftdfiHdia] K Isegu Mg dats g4 " J ¢ §
BdJw®O MmMj MzkyO dzdd3s dL B Stetsds. 1 O VNDEI§| Osdimtiato . ff toJ IS to
¥ OLEOL d3tcH, O o ®F R M Bdte® MmdzzyO "  Mitsu kdnj H WEdfFEH Mise
Wstedsdte©® MmJ 2 ¢ sdddd stz dtho @O hsYFd c@y q ]
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Ml fj N )o@ | @5 iz s te BEsh di j 5 H(® & dijter nl + nm)/ ((nc+1)h)

Bjh j¥O Jtes’ om0 dsSOYd O C6° jncMEd)®O&OL j b
" J0Lmp0 V>0l jamp), 6 4 1§ O EEdO d OdkesEdlsOd My o
fMizfj iNhlsov0 Mz eslsdtsdy, Odcstedls Oy @S wzOBES filpd dg@sdad
Blos® tognbydidO j HBMisdedzls. ¢St $massOs s drOdiais], B t
OkestedlsOd 1§ o] dzOY ¢ dz¢ shpkffip O sipjs L Oo eh O8O COHO
iz fj iNBGsmaxms d ded j fetsdO' jdts BS? j tejh jc j.

b dze steRBVAMR- j EtedMIsdC O LO ftojlsteOelk dZsCOyYyd O d kIO
Input: & ¢ 2 ¢ stz S s 'O B L. Mimaxnls O9 O
XY f 5Yd sdzts () Op ePdes Mz YO ded &3 dL B St d

h Y 1;
WhilehAO hmax
s Yfdund Y O;

while (s (ni€nj+nl+nmy((nc+1)h)) ~ (found = 0) RLBEE BJNYjST O dL
X~ Neéighbor in l\'l(xkp) randomly selected f OL d3gtcH/O9 OF |
X'  YNDIlocal search () [ [ sCOdzdets ftoj IstcOY do OF j/
if fOlkpgxkp") > fOLijkimp (Xkp) /Move or Not/
XkPY, KX ~ ~
h Y 1; s Y 1; found Y 1;
else
s=s+1; lddzj H] <] tej g dL d
mMkmi HiMlse O
end
end
if found =0
h Y h + 1; /1 tetsdzj 20 Mizmj Himlse O/
end

end
return Xip, f0Lijkimp

6.7.2.1f OL d3tcH O OF j

sstedh <YNBCE j biedfisdC O SCtwdmisd yjlsdedit opdiekzs skt
COL Be@OowWEMjHiso O M) WsttdkdwR) ) tdaPds sdn@idisls tziz Shisjk
MeMjHMsOs O etk Zizd@DO@Y jIsd SttedfddyuSd vyj dals¢
f tots d (ksStpr4) Y tej H M@ o ?j &® Mdzd yd
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[

i8 | 17 [mo =g i3 | 17 | mo
i8 | 17 [mom=lizol 7| 17 [ mo
i8 | 17 | mo =12 ja [ 19 | ms
i8 | 17 |mo =t i15| j3 [112| ma

~

ZZNZZ

IS

5|8 |8 |B

g 640 wd Bj & MistlC sk P skl fgzic PO @HBGH § @]
LRP_MOD_13

ltcos MzMpsBBED®ISO Mo O toj hde® Ols t€ jsdztOls dztiz  ds®i dBsEPZj
qBO & Isted LO jHdduSj d ' jHdzE NbcOr o @@ 3oy
©jhjf0 €' 0, bk GHdshHk d&O It delsds &GO Bs?j
COL&dydlsj kOYS NGrmikt]Rjomemis@efsh j¢0 Cc° 0, b
@O B&? ) ©jhjej, dq&O'E “jHdk LO jHdduelk d Istqd
SBkZNo0OO MoO ©jNjSO S0, bk BHEsME d&O Itj
COL&dydlsj OUSj. ti"jS0 MO ndfistedelisde dzd s V.
YyJdzZlsted 30 L O BHMO Joa O j St dBBO dzgj By HO
ftod st@id of BsCtsteOYd ¢ O-dejOfz@apd g sl bk ~ jHdets Ml

6.7.2.2 5C Odzdzts 1 toj 5 \ENDYIgg dsBH jO

L dOMisBOe ¢k  j VNDQHY Is Grg db dz i 8/0BED j Iz to ooh§ lssdfeSd ) Is o
Yilbbdted MbstkzSlkzte] MkzMmjHMlsOs O. smaxks iddfijsiid Isfotizts o j
d ftoj oL d KM edEdts K dilfj Hidsod' j dz dzso d
sflsddizds. v Mikzftslsdsd, Ode RtEd O0dg iy jic O, ts@ < G S O
0 dzG sted lsOd3 §j0 i®ApctalzjO oHOSN"IY I M jzr flgedts dzj By j HO
detso d dzts$ Odzdzd S Isd B3z .

Algorithm 3: VND &3 Is & kzts € O dzdzts  f t6 j Is SRR p IOE ¢ fls @S b
Input: 4 S £ Mlstelz € Is LN O O L. Ihmals 0o O

xo' Vo sUj s dd CQmjieiiess K ¢t QOBNSI

h ¥ 1:
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whileh O h ma x

XYV sol ut'xgn i n N

s Y1; found Y O0;

while (s Op) *s(iound = 0) Ntese j 6O tNYh jC O dL
if fOLijkimp (Xip) > FOLijkimp(Xip") /Move or Not/

ka" Ykp;X
h Y1: s Y 1; found Y O;
else
s Y s + 1; mdzj Hj<j tj"ji®jd dL dMmlist
mMkmj Hise ©
end
end
if found =0
h Y h + 1; N tetsdzj dz0 @EkMmjHMmlse
end
end
return X"

leddijte MsekSbkze® MEMjHmMs0e O S j Mk Cstwdh <

L O fCjodaf] fi)dydiwglsdOte d U s &BlpH) § © G J L segdsOn dnabed’yiddz
6.5.

1| js | 1s 5| js|15|m2 N,

R m2 i

R*:| ia |8 15 mZHM j20| I5 [ m2 N,
R

B

'S

**:]ia | j8 |8 msz j10 17| m2 N;

54

:lia[j8 |15 mzl-'l ia |j10( 17 |'ma N,

v dzd 650 1 ted i3it Mistskz® Siz® j i Bgzaikdoe QfEH § dzi
LRP_MOD_13

l ot MizhjseBE s OB ffoQ@k Cisi @sMEz dz20 It dzzls dzd dzts § «
O & fMmoj GMsOdj LO jHdduSj kOyS] sHJE fd
SBZR o OBPr fo® St O b BHsME &0 ktoj dizlsdd d&ss oo
LO jHdduSj kOS] ©fdd Hdmswdeklsde ddr yjdso
HdMmistedBlsdodsj vVyYjdestej StsH Ss°'dn “j SOfOydljl
flzfj HNtso ST o OUSJO" e O k sHoksShHE &0 Ikt dkzlsdd d&s¢
floj MOk LO jHdduyS) kOYS) BMdd HjfsO LO tC
Hifsj] LO ©OLotMisOeOf | CsH Cs°'di jJ COfOydls,
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yijlotchsts MehpembOMQ" N9O® & tHdshkz d&o Istj dilsd
sflsddkd, J&O' 'k Mmoj 6MisOd] LO° jHdduSj Oyc,j
©jhj°0 C5°0 GBERoOO 'k yjdbtej LO BH®ZOEOS j
foj CsOYj dz, dgjs.tdkOL | k& MmkmjHmike

6.73 | j L k das @ Is d§&RPj MDD _1

[SHjdk St d ‘j fjHdsyjd £ totsd MY lHfdadd |
i h jr@® dBOdd Bt duotts@iskdpdisty < GLPRNE @§ stc B d

dL o teh etz Oyd © ftoj HEkBY | s s dzgtsfitp 2O d Ctstcd Ml
CLORO' 0 J GfEGHHIOEO ®. d BEtwOddyuOs Ot 0 L Ofdd e
fsHjdzj Mdztsy jdedr fHtetsBdzj BO dzgO BOC j HJjdztseaj. 1t
9 toj H dztsunIsidH diffifsndz dz’ EotE(Gided, WOSO “ B oy dsd3 dGOC f
otcj HdesMIsd tihj® 0O E ' jHJdzdp sHjsdsite Odztiegi 2 | € OB @
HO  J dO Bts? j otjHdtsisd WEdSyd jJ yd? 0. [ jlsHC
smdzse dzO ¢ 15 tc @ Sd&bdanad) ia<CsdEOO dgd Wodzabdagd d( f sy C do OF §

(i dzdfathoming.

¢ dzé ste d SMNER jL e d ) ISt Hzd tc GIATLAB “ j L dulol) M e ©° © Mz

dLoteh j dzO0O dzGAMB TrigleGofptPtedessor 2.10 GHz.Ote Od3OIsted d L O &O
LO ojddti ftessdj i3i ME64AYf ey @M P agididsd fldetdstas Gatsjoddd
stcOdzMmf Stels © flizte joHj difg NP dzed L s O Yk dzOlsy ¢ OB sy d
yJdzj ftepdL otsHO

v OB pAZOOCOdR] stcd L O BOdzy du @ jEIPRIMEOs] Mis § tetsB dz
y=0.4 g= uniform (110.000;140.000)  g,=uniform(200;2.800) / j,=uniform(3;5)

r=0.1 a= uniform (40.000;70.000) /,=30% gp=uniform(2;4)
0,=18.000 b= uniform (25.000;40.000) f i,=uniform(50%;70%) /m,=uniform(3;5)
N,'= uniform (350.000;3.000.00C a=70% my=uniform(2;4)
N>= uniform (270.000;2.000.00C vi=uniform (0,6;1)
N.>= uniform (80.000;1.000.000 wi,=uniform(0,5;1)
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10 e HiNls Ol 'J ] fdL di3d ' £ S sYINBOJHadEMisHfELE © © d
fsted " 4 d d fijHMisOe? jds L O d&Oodijseing] Iy tets
CstedmdduS dr yj dsOwLO. 1 jL kdis @B6H I fij zd fUthgizomn s 0o ? j
fejHMs00? 0 fesyj Ol GHMiSEfOS O ©jhjs O HtsBd"  j
s lsd 5O dzdzd o5 a&dj hj j ) dg.OYE@Ol MOk L O &Odj e dyj

U OB pEZOY s BORZAEZO jiMjc 0O " j IjMmls §edBidsiHigO O
LRP_MOD 1

P MC. D.C. CC. D.D. DIS.D. G G f1 2 f3 CPU (s)
17,712 130,000 65,923,387 17,712 106,108  1.000
8,856 130,000 62,410,409 8,856 119,884  1.000

0 130,000 56,326,571 0 130,000  0.000
17,712 140,000 65,923,387 17,712 106,108  0.000
8,856 140,000 62,410,409 8,856 119,884  0.000

0 140,000 57,478,129 0 133,280  0.000

3,283,200 625,000 112,330,948 88,560 546,620  1.000
1,641,600 625,000 100,233,999 44,280 617,290  1.000

0 625,000 41,753,085 0 625,000  1.000

3,283,200 670,000 112,330,948 88,560 546,620  1.000
1,641,600 670,000 100,233,999 44,280 617,290  1.000

0 670,000 71,985,096 0 655,000  1.000

6,566,400 1,250,000 323,388,725 177,120 1,046,320 3.000
3,283,200 1,250,000 308,892,735 88,560 1,180,750 2.000

0 1,250,000 251,208,128 0 1,250,000 3.000

6,566,400 1,300,000 323,388,725 177,120 1,046,320 2.000
3,283,200 1,300,000 308,892,735 88,560 1,180,750 2.000

0 1,300,000 275,964,327 0 1,300,000 2.000

17,510,400 3,250,000 699,358,406 472,320 2,875,150 10.000
8,755,200 3,250,000 687,066,652 236,160 3,245,190 10.000

0 3,250,000 341,349,491 0 3,250,000 11.000

17,510,400 3,500,000 699,358,406 472,320 2,875,150 10.000
8,755,200 3,500,000 687,066,652 236,160 3,245,190 10.000

0 3,500,000 613,084,812 0 3,500,000 10.000

| eOddiyk0 Ikted otjHdtsMisd E L Oosdmdzsmd HO dzd
dMmf stezyj dzs BD%H, f OO % wH Bl RO @dzff y®Otcj Hdzsmisd k& L
sH ddoes0O ftddkjdd JCtdztsh dn ORGQYdad  ©d®  dyolsgjt
COL&ZdSO dLB]' ' £ sfldB3Oddse ttjhj* 0 d tjhj® 0O HE
H830, Odzd Mk wjhj 0O HBBd Jj dzO L OF jLixEsiiss] ¢CGe O <
oV dusd ze@d 3@ 1si mls ftesedzd &3 ud J thka zHdddsdilsdg d
LO o0 kjMmls ftwdijte Mz fttdSOLO0dd & uvOBj dd
dmf stezyjdedn HotsdLoBHO dzO0 Mo OCE thkilsd (Btes' jo
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Mdzd8; 8. stddudds fsdLotsHO fftgdSQrstdsid O W us®
9jzdCdn H®jdL d O ME68ftcdSOLOdd b lsOBjdzd 6. 7

v OB PEONST jbtedflsd T @dus® ©ls | ipl® 5O dzd-BRABEMAED [ &5 Yo 516t

S, S,

P M.C. D.C. C.C. D.D. DIS.D. U U f1 f2 f3 CPU (s) Gap
17,712 130,000 65,854,328 17,712 106,728 0039 0.10

8,856 130,000 62,059,716 8,856 120,564 0.010 0.56

0 130,000 54,716,099 0 127,840  0.012 2.86

2 3 s s 2 L 17,712 140,000 65,854,328 17,712 106,728 0.010 0.10
8,856 140,000 62,059,716 8,856 120,564 0.011 0.56
0 140,000 56,784,390 0 134,100 0.010 1.21
3,283,200 625,000 110,093,399 3,283,200 544,560 0.034 1.99
1,641,600 625,000 97,375,097 1,641,600 615,840 0.031 2.85
0 625,000 34,113,195 0 625,000 0.099 18.30
3 3 4 10 4 2 3,283,200 670,000 110,093,399 3,283,200 544,560 0.031 1.99
1,641,600 670,000 97,375,097 1,641,600 615,840 0.033 2.85
0 670,000 70,389,638 0 662,520 0.036 2.22
6,566,400 1,250,000 318,890,040 6,566,400 1,049,445 0.225 1.39
3,283,200 1,250,000 300,715,100 3,283,200 1,179,540 0.203 2.65
0 1,250,000 239,506,981 0 1,250,000 0.215 4.66
3 4 6 20 5 3 6,566,400 1,300,000 318,890,040 6,566,400 1,049,445 0.202 1.39
3,283,200 1,300,000 300,715,100 3,283,200 1,179,540 0.212 2.65
0 1,300,000 264,118,637 0 1,300,000 0.300 4.29
17,510,400 3,250,000 645,718,363 17,510,400 2,883,310 3.059 7.67
8,755,200 3,250,000 633,781,259 8,755,200 3,250,000 2.340 7.76
0 3,250,000 317,573,523 0 3,250,000 1.738 6.97
4 6 1 40 8 4 17,510,400 3,500,000 645,718,363 17,510,400 2,883,310 2.952 7.67
8,755,200 3,500,000 634,627,958 8,755,200 3,253,380 2.280 7.63
0 3,500,000 547,581,017 0 3,500,000 3.143 10.68
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OB PAEOINST j tedMisdS O L O 80400 Bustsd fdad Eiede® Oy j dzls Ot
d3ts H [jRéEz MOD_1

dimensions f2 limits 3 limits fl f2 f3 CPU

TEST

P MC. DC. C.C. D.D. DISD.| xi1¢° x10° x10°  x10° x10° (s)
1 0,88 6,00 096 064 579 1.77
2 0,44 6,00 094 044 6,00 2091
3 0 6,00 024 0 6,00 18.33

5 7 20 80 15 7
4 0,88 6,40 096 064 579 1.72
5 0,44 6,40 0,96 044 6,12 1.80
6 0 6,40 074 0 6,40 7.01
7 2,06 1350 | 3,75 2,06 12,47 43.05
8 1,03 1350 | 3,53 1,03 13,50 43.44
9 0 1350 | 1,44 0 13,50 46.98

7 8 23 100 17 8
10 2,06 1450 | 3,75 2,06 12,47 42.93
11 1,03 1450 | 3,59 1,03 13,99 5517
12 0 1450 | 3,08 0 1450 43.46
13 4,72 31,00 | 10,58 4,72 27,77 173.09
14 2,36 31,00 | 10,34 2,36 30,95 189.16
15 0 31,00 | 553 0 31,00 176.82

8 10 26 200 20 9
16 4,72 33,00 | 10,58 4,72 27,77 171.68
17 2,36 33,00 | 10,28 2,36 31,20 116.78
18 0 33,00 | 900 0 33,00 280.11
19 7,08 46,00 | 15,46 7,08 41,52 220.09
20 3,54 46,00 | 14,69 3,54 46,00 202.96
21 0 46,00 | 8,16 0 46,00 289.55

8 10 26 300 21 9
22 7,08 4950 | 15,46 7,08 41,52 220.12
23 3,54 4950 | 14,82 3,54 46,75 167.30
24 0 4950 | 12,30 0 49,50 419.65
25 9,44 60,00 | 18,04 9,44 55,06 293.54
26 4,72 60,00 | 16,54 4,72 60,00 368.52
27 0 60,00 | 529 0 60,00 362.19

8 11 30 400 22 10
28 9,44 64,00 | 18,04 9,44 55 293.25
29 4,72 64,00 | 16,84 4,72 61,95 190.81
30 0 64,00 [ 1159 0 64,00 608.76
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OB PEZONSS j btodMisdC O L O o(Q0< f e dzd s & 6§ HAEISO © O)

LRP_MOD 1
dimensions f2 limits {3 limits fl f2 f3 CPU

TEST

P M.C. DC. C.C. DD. DIS.D.| xi¢f x10°  x10° x10® x10° (s)
31 11,80 78,00 |23,44 11,80 69,45 267.47
32 5,90 78,00 | 20,10 5,90 77,99 290.29
33 0 78,00 | 299 0 78,00 549.80

8 11 31 500 24 10
34 11,80 83,00 |23,44 11,80 69,45 265.47
35 5,90 83,00 | 20,10 5,90 78,10 235.48
36 0 83,00 |1o,37 0 8300 1,195.53

1 Otejlss Ctodoj LO ftsWdls d¢ Hadd Bdzdf@Histetts? IS O d
Cstedh <j ) dgj jStsdzsh Cdrn i3OI te@lf Odz® dHeEg B dg® dzts ¢ «
610. ) tcod ctwOWdS fJtdSoOLkz j 10tjlts Ctdddotn O tyj
LOHBoS? | O hdafp O j ‘stgterf[ruydjdioj dzj j S sdztsh Cdn  d3C
d IsjrdZ2dfEdnfZzO0 1 totsW dls digdjo & SLoQ OIS (BE6F BfdEl€t©] B O
s OHO, L Ols =zl IdkzCpjH O OZ@y £ Issdz Mz yoO & dzOdkzOL
HisdetfrigisW dIs (ftetsdL o sSHifftc SVQ IsdzifziN@Is poEdodyf tetsdL o SH (
dej GOsdodedd3s ftetsi dlssd3 M¢ ° W tpisdadidiyls d >igO daig@S fiffcHizR® da
otej HAzsMIs. [ OC M d 30 dzdRg8x14. th & tellf o L dEtimds o 52 j S O  f S|
Csted MAHARIOOeod HO fOHO, ftsWdl <j i, kOSC' j, f

[tekcd cwO¥de fedCoshjidqsOhfsficbdBlilL OH dsi
dj j Ssdzsh S &Olsj tdd OO jd dsjj Bflasdios® dzPo 5 L OH 5
Csted MECPREsY ds Mj MBOTE'j] COHO (soj<0o0‘ I
) j SEdsh Cdr KOl j B6d, ORMDSH § jj5 it dfsEe§ .0 dzs  dzO
LoV dyd ftdsOL Otaff 8@ @ COBO d6 . @) MF &g d dgbe
yd? 0 CodfcsdsdtcO’ k&
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U 68 Btodh <€ | dzj j Cdsh Cdn  dgO s teafs M@ 1 kojsm df
&t H |jREz MOD_1
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