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The purpose of this research is to solve the problem of routing a shuttle to the students

of the University of management and technology, the torque of Ubon Ratchathani province.

Routing transfer students, The shuttle bus will travel out of a transfer student. The path was

assigned by all cars will begin the journey from the University of management and technology

torque and after transfer students already will travel back to me. Where this problem is the path of

the vehicle (vehicle routing problem: VRP) using methods developed methods of heuristic 2 method

for routing shuttle to students of the University of management and technology is the turn. Ubon

Ratchathani Province, both of which this method including heuristics sweep (Sweep Heuristics) and

how to evolve using variance analysis (Differential Evolution: DE) heuristic method sweep will

start a group ofcustomers based on the coordinates ofpoints to send. Then use the program to find

the best value (Lingo v.1 1) in each group will perform grouping changed gradually. Based around

the calculation. How to evolution using difference (Differential Evolution: DE) will create a vector

starting with random. The answer to modifu the values of coordinates (Mutation), the exchange of

coordinates (Recombination) and selection (Selection). According to the traditional process of how

evolution by using difference. But in this research the parameters automatically. The results showed

that the evolution method using difference. Can find a shorter distances from the original 2,881.50

kilometers, reduced, 2,143.75 kilometers representing percent have 25.60 percent. And how

evolution by using difference can also find a distance shorter than the heuristic method sweep



{

(Sweep Algorithm), from 2,325.95 kilometers. The rest 2,143.75 kilometers, a percentage 7.g3
percent when take I minutes equal.
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n ilafl I 6Y9t 5 rrd9t.t t9t9t {u

qryU (lndices)

i

j

ouai*...l
orqrutorrru=o{fr i loufr i=1,2,...,N

dr6'rro.rrfro.:fi .; Ioufi j =1,2,...,N

a

6'rr nJ : fi m : ruri I (parameter)

ci
6'ruil:lunr:rTrrfrutr

:vuyyr'r{:y}1'jrlrfiolfi ; I:Jffrrfiolfi ;

(Decision Variables)

V,=1,,r,...,r;

v7=1,,r,...,ry

vr.,

V,=1 t,r,...,, y,r=(1,2,...,/i/)

^

Xij t, drfinr:rn'uyn{0rnrfiol i 'lrJrru'0r.1

di
0, n5il0ucl

q dq s t 3
v{{nryU?fl qil:& d{n (Objective Function)

Nt/
Min=ZZCrX,

i=t j=l

dU nl : {o d I ri9 (Constraints)

Zx, =t

Zx, =t
j=l

ZZx, =lsl-rieS leS

xu e{o,tl

q lv v t li a { a, t Y 
'

f, .: ri {u in q rJ : v a.: ri vi' (2. r ) 6o do r n r : r r r#u il r { ?{fl n fi d'u fi an fi 16'n r n n r :q\_,q

(2.r)

(2.2)

(2.3)

(2.4)

(2.s)

:'llJ:uuvvll{nl:t6uml{1o{ilfn{rulJru 6yunt:{odrri'efi Q.2) LLay (2.:) n'otrsinvrruoolovdo,:



il:cno:Jd'rurdumrruhnd.rrdurroyrdrr',uuunrdrrdu arnr: (2.+) doarunr:fljord'unr:rfie
il t r dl o v t va q h j

lduvl1.t111l.tue1Ud.:UOU IrOvdUfl1: (Z.S) riJunr:riryuetgi'rrril:etiadulorruu'hur3

rTry u r rsp r{l u fl ry r r fi 1 df u nr r r ru fr o ru 1 u n r : fi n u r rlu n {r i r-u ri'u o d r,r
Y s d 4 9 9 a- !,nixt':tl Jqufinr:frnurriunirT,il'orursi'.rrrsifl n.fl.tglorrrl'iroyfinr:finurri'un{rrfiurnirflrur.rr

9'd I il q t4 r<ad o .1 a 90uutotrrlutruru ttsi'itti.:lilfrTBnt:lqfrarilr:rrldluni:rrri'flryu rldodr.:alq:nilrut
,r'uuornflryH'l TSP o-nrfluflryrrfiurnlunr:rrrirnou luo6qfirinio-urnrovirutd'

o d d ad ttq s d v A ad 
" 

jdjillnl:f,nu'lolttnr:ttnrJryrt TSP lnoil z ci'nunryn-o (l) TEnr:uirfrsrolfr6fiAr (Exact

llethod) [ras (2) iG6:3asr'n (Heuristic Method)

n r : rJ : v q n oiiG n r : rr ri'r1 cy ?n rr u u i; 6 fr q or u n n"': o d r r r.i u Balas and

christofides (1981) ld'rirrauo?Gnt:rui'flq1rr rsp fihia:rurqr: Iqul#e6 Resrricted Lagragean

relaxation firiuoqjii'urlqrrnr:uouttururrufisr-lnruarn:ordrflur.l^oultfiosdrrtiu-jr oyllrLr
*--.-..--.ia.j o A 9 oea4cr i n l a 0 u vl fl Yl q n 0'l n rI l n o u t5 ru ri'u u a v l dTG Polynomials Bounded u r ri r n r : a ir l n r t ru

hitvirfiutravrilrTrurlur{.rri'i'unrn:ordfifin"':qaufJuurnfinrr,finr',u*ooult rirl?tourufl
dt.: (Lower Bound) odr.:airraruoltasdrlJl:ofitroull,srruldrrni6nr:dfr.:nr: Fast Tour -
Building Heuristic Laporte and Nobert (1983) drtauorru?ylt{fl1:a#r.r]:J:[[n:iJdufiroo$
(Integer Programming) u-ni'fr'u#.:ao.:ldrJ:vgnoil#ffinr:rrnnfi{rrasrilfiuerrorJruel (Branch

and Bound) tniotrr{rTtyrr TSp nJ'tuuuru'rnfln'l{rrnurf;n uaclruid'ur0rl Noon (1988) rjrrcuo
Ad 9a j yq h r?rn1:ltnilfltllllulJ Lagrangian relaxation tn-.ottriilurt TSP ttuU'[rjAllrgr: (Asymmetric)

d ; . 

'o--'--e---- 

'"'- 

''"-r:'

rravfilnrqnrirtrnn's 44z lot r{afl1:ilnnorrJ:rng'jrrirsrolfilririJusirsroufr6dQsr (opti,,,ur

solution) riludu

n I : rJ : v q n eii6 n r : rr tirJiy fi r TSp rr u u 8 
,:3 

a n' n u n sl"'r o d r s r.J u n r : a f r r
rdrrnrqriloffi saving t0.t clarke and wright (ts64)6.:riJuiGfiriJufiflf,nlrnfiqni6nr:xd.:
q Ye elunr:rtri:Irgilt TSP Inuosritnl:r'r:cuvytr{fiil:vutiorfiqrr ?i Nearest Neighbor r0{
Rosenkrantz et al. (1977) rflrriGnr:riuuilnri.:fiudrfioqilnd'nluqori.:?urYrlnqnri'rulrnfiqn

ii Insertion Procedures ttJurvrnfinnt:rrm:nanriruirlillurrsiavrdumx 6.riirrvr:nfioqjd'ruri'u
ad 9/ v t

11n lnr alU?I9l?tlnu ttU Nearest Insertion, Cheapest Insertion, Arbitrary insertion, euick
Insertion, Greatest Angle Insertion rraviG Minimal Sparuring Tree 1J0.1 Christofides (tglO) tfJu
I
9lu



z.t.z ilayrnr :flo rfi'umr leitmYusruvl'1fi uy (Vehicte Routing probtem : VRp)

rU r r vRp #u rtl u rlry r r ri r u n fi .r t o ! fl I : 0-n n I : r11 u I n 6 a O^ n d ( Lo gistic) no o
al s a q 4 a j<j q zl 9 o s, < v o vljtuHlnl:9l9ldu t0[nonm1{toonYlgryldn [un]:[nn0u6'luigte lqurtmnt:?'t{lrflunt:.il'ndrn-u

*0 c,il'o r #u r r { n.r : r u ii { a r i u r-r u ;#;r ;;r ;r..,, r ,.nfi 
n q l q u y{^ o r : n, d r ** o u 1, N3 os.i

rToiitn-osir.:1 d'ru rdu nat, ,fruruoruurl4uu, :vuuyn{ r{Jupiu rlrgur vRp fin':rrrranei'r.1
v,

ornflryrr rsp ri'.rfi "Gunfiotrvtutifn.:rurro'jr urr.ruvturil (vehicle) nto aruril (Route)

- F. A I q - 3- - 
j 4 e 4 4 d I a Illnvu09lt:u9lu tunl:r9ruvr1.:Ytrl4u0unuty{u.l09ltfiu? n0 oetguun:so'ludufilnall (Depot)"

t. d r ai ii 9 v { r h ru d ^ or 'riruorrirJ:vnouAu'l firfiurrio.rnlurftyur VRe rvil:ynou'hJdru gudn:rorufrurYrnar.:ilfi.:
!orrdtsr4oat.''ttl't{ iitu?uqnritilrvrtri'u N :'ru rrnvilr?iusruri.rfriiruru K niu :suyyt'l{:y11'jr{lqfi$l"'l1,ol

Inurraollnunfinr:rilu?tu:suvyrt':rrrur8ryr'ri'rr (Euclidean distances) n'.lrrrrnnUurirtu

n'l:xuti{ttsinenf{trasttsinvrdumr.:dor'hirfiufin,irn-nro.: e* gnri'rr1n:ruriluarurfinrol

i: {t,2,.....N} lraefin?1il#o{nt:3urirlu:vnYl o,a'nunrvnr:rrri'rliyrrrSonr:oonrruuldo

rnisn{lrdumt{to.:}u?tustud{o0nr{Juriruru r tduvrr.:rfi0l#rdumr.:rudre rrur:oturir

fiudroon'lill#u3nr:1#d'uqnrYrotix::nrErJnuoio.:l#oiurlulunr:l#uinr:oirfiqn a-nuil&

ro{flilil1 vRP n-cnry{fi 2.2

Eivqv9os
Rryrlr 2.2 anu ilvilqH 1n'l: 0 gtreumNdruilutulrtttus

rlcy u r n r :'fr'nr tdu vr r.: d t r fu u r u il r il u v (vehicle Routing problem: VRp) {
6rrriunurr:nnoo Dantzig and Ramser (1959) n'o'jrflryrrnr:,il'ernr:riluInia6nd(rogistics) r{lu

o
o o

@
o

o
o

o o

r}yn rnr:n"'orfiulorfionvrrrra'onfi6fiapr1unr:uri6 rrurarunr:,il'eriirri'urravr#umr.rnr:xud{

9



l0

fru6'rhJf,.:qnri'rn6o{uiJnnhi'fiil:sfivrfinrururnfiqerrvrionouauorsion'rrrur{ornr:rorqnrir
. o qit I a 4 q I Y I

rtn r vi rh{q nrirrfinn at:rn-sil olt6'ronrqfi ilqn rfi6s ldfun:rruau1orflu otir{uinruouoo-,,

ilcynr vnp riuriluilqnrfinrldrjoulufiinrJ:vdriuuavflryur vnr rfluflcynrfifinrr:rau1o

1urfi.:mqufrfihj{rulunr:rrrirnou6.:r{ rh{firinif,uau1runvfi'qrurifinr:rrrirnour n'rurtnu
I u j 

-^- _ J , < 4 o4 u a i, a dr I q aotlnsgl0l nuu'lt:0udl :1u:YUst?o'lst.:ltstofiet0un=l[loo:Jurfrou frdlTjurrrdr"lu.rruT{utol

Larsen (2000) 1d'rrri.:ilrynr vRP oonrflu z n{rudturi'un^o (r) ilryrrrrul Deterministic dl
v io a, l^^"^.^-,--..:..-r-. v e) . q- --- A tt jyr:lur0unm0tliluyt{uruernourirLrirnr:d'nrduyr-1.: lrny (2) ilrUrirruu Dynamic 6,rdoryafi

o dr h r t s g) t u ,q , j o u 90lllju0v luYl:1uItuu0unoun]:0ntdumrr rrnovyruouriuooniltlu:yrixfrritnt:i'Fllduyn{
Sqd6lntlilryrr vnp fi:rngruu'r0lnilrynr rsp d'rfildnrirrd'nunryro{flryu'rlilurirdofi z.r.r
i--- + I c4 - --- -^-. 

o J q 1. .i s u a d vry{1at:}JelulJ0.:lJiUlrl TSP rnqflu'[urylryrf,?::ufr tqzo lnurinniilstfltdn jrrovun
tAA,e-.e

tf,:uSf,]dsldfi'?o'jr Karl lvlenger ornriufifinr:finurriolri'uur rrovflqlrrfihi'16';un?'luu^uil
61 6ulu{ruii'ul,0{ Dantzig et al. (1954) ldrauoiGlunr:?tlri-lsroulunr:6'n,duvrr.:d,,arilr:n

fi'nrnr:6'uflcyHr TSP d.:firu'o.:fi6'0.:,.iluflurer +s rfio{ld nrnriufifinr:finursioujorti'urr
d, o au

0un:sfi'{lu{'luTiluuo{ Applegate et al. (2009) dru'l:611{tldumt{firilrutvdru1unr:rn^uyrrlriru

I:Jf,.rrfrolsii.l1 85,900 rfro{ drrriuilrynr vRp 0efiurunrruyfil#lufl1:rn'uyr'r,iilrnn.jr l rYu

dlInofi':ilryrtitvqnttrlloontflurJ:vrn,;uor 6nnarurJ:ymmnrildnuilvraflruro.:d'rflcyni
S O auJflululruTfi'utol Toth and vigo (2002) ldrrrj.rrJ:vmmro{ilqH1 vRp li I ilrynr6'rufi'u

rranrrTwr:rlfi z.t

j--.4v9
n r: rsfr 2. 1 iJ fl H 1 n r : i'n rdu m x di r iu u r u n r r u v g rJ r rl ld r.: 1

grJuuurlqnr 4r
x0u0 ft?1uriltu

Capacitated VRP

VRP with Time Windows

VRP with Backhaul

VRP with Pickup and Delivery

VRPPD with Time Window

VRP with Multiple Depots

Periodic VRP

Split Delivery VRP

Stochastic VRP

CVRP

VRPTW

VRPB

VRPPD

VRPPDTW

MDVRP

PVRP

SDVRP

SVRP

vnp rruufi {o { r6'srrio.rn ?tu qxo,: : o1J: : U n

VRP rruufi n : oul?a tlu nr: ri{ fi urir

vRp r ru u fi n r: r u rit n d'l ru r f,i n d'l rsr'ru

vRP uuufi n r: iu -ric fr ud'r

vRp rru ufi n r: iu-ri.: fr uflruayfi n: ounnr

vRP r [u il fi H a r un d.: a^u ri'r

VRP I[UUfid?{I?o1

vRp r ru ufi n r: rrun Au riro o nci.rrfl u riru 1

vRP rrrufi ntrru'lilrniu ou
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i:
j
t-_,t-

v j s -l
iirnurolandryr i'tprufr i =1,2,...,Nq

ttA siiror'ltorqnrirfi 7 Ioufi 7 =1,2,...,N
iqyq r a c, j - s j

u]ul\-tfiusyt t.[ tunt:tud{flun'l?l k lnuvt k =1,2,..., K

-,4
9l ?t[:J : Yl Yl : 1Ufl 1 (Parameter)

Di n?1udo{nr:fiudrto.:qndrfi ; lnroriruunl fl D, =g
Ci :yu&yn.::cfi'jr.rqndrfi i hJf,.rqndrfi 7

Qo fl?ludrrJl:CI1unr:turi.rfiudrto.:nriluvxuci{fi ft

fr:u:J:lunr:d'rrfrult (Decision variables)

xu l, drfinr:rn^uyn{0rnQndr i l:Jqndrfi 7

o, n:fi6u1

(J, 6"lruJ:arildt1u(Auxiliaryvariabte)fifirirrurnn.jnr5orvirii'lo

(2.6)

Iq t d 4 q u d q o- i<
d'rrrsiodsrru sr-1fl o o:lu ru u n ?n0muu ylu tyrdrrYru lu n r:fiel u t{tum t{dtuqo

ilrynr vRp otjrsrulnulu |du Gold"n et al. (1977) Christofides et al. (1979), Bodin et al. (1983)

Chistofides (1985) Laporte et al. (2000) Toth and Vigo (2002) rrOe Kyrojoki et al. (2007) ntn

n r : fi nu t I t u i fi'ufi ri r u u'r fl u'i r d'nu ar v t o r il ru r r vRp rrde ! el? u rr u u d r n o { m r { n fi a fl r fl a f
Io Yu 4

tJl9l:il1U tO9t{U

d'ryfi (lnaices)

fl s rid'u ior q rJ : e d.: r{ (obj ective Function)

,ryNK
Min=ttlc xk/_/ /_/ L/ - ii" ii

,=l j=l k=l

Arunr:dodrfin (Constraints)

NK

II XI =T
,=l t=l

V.r=(2,...,,v1 (2.7)



t2

NK

ZZxi=r
j=t k=l

i,[I *i),,r

,VN

Zxi,-Zxr, =o
i=l J=l

Zxf, <t
i-1

Zxi,<r
i=2

K

U,-U,+N\x[<itr-l
k=l

x,f e {o,t}

v,=(r, .r)

V 
o =1r,r,...,r 1, o =(t,2,..,N )

V
" k=(t,2,...,K )

Vo=1,,r....*1

V*=(,,r,...,*)

V
i,1=Q,...,N) and i*j

Y,, j =(r,r,...,* ),k =(t,2,...,K )

(2.8)

(2.e)

(2. l0)

(2.1r)

(2.12)

(2.13)

(2.14)

. 91 v I I v i q yo o c
fl r n I : [u 1fi u 1urrdet { ?et q il : v a.: n u a n (2.6) rn olf rnet : s usvt r {lu nr : r6umr I

;i i n ,

drfiqn atnr:ttoultfi (z.z) trne (2.8) rflunr:riruunrtr?gndiudarqnaurr:rri:inr:uinr:ld'
I d -^-.^-_---4-_-- a I ,t t I a m ji]fltI]ilUeXUd.:rvtU{nuavfiu{nu?lioHulrduyrr,:ryirliu arunr:rTou"lrfr (z.q) [td9t{fi?lu

-,^--4^^^---,e- r di q rq t 9 A y e ogl0tu0{10.tgl1ttl'lu.lvllsoilnu0g [uttstnytdumr.:rtr-oorunrruvrr]trurd.:qerlnl rlau00n0'tnqfi
9t

riu arunr:rtou1tfi (2.10) ttfln{do,irri'nvrr.rdrunrrrulto{ututnfiu, drn',r*ouu'lrfi (z.r r)
- A "m.r , -.1ttav (2.t2) Uudunrtudrlrr:0lunr:fiurunrnustdl6'rvirfrriruun arunr:r$ou'hfi (z.r:) rflu

9l q a q q / s " q y- | a d r r a t aflun]:u0{nunl:tflglcxuvt'l: [nuntfiufl]fer'?rr:J:aflaqufrrirlrnn'jrniorvirti'u 0 uau

aunr:riou'ltqnri'ru (2.14) rirnunhi'6":rnJ:d'nfiulofirirrvirri'r o nio uvirriu

fl ryr rn r : 6'n rdu Ylr.: dt r fu uiu n rr u v (Vehicle Routing problem: vnp) rfl u
q I t s a 4 / , J-iS.. q | 4r d 9, 9)1JiUl'l1n]un'l:lJufl{ttne tooaotnrigilttuuilu={frilnr:Hnurrurur,turun'jr +o TJ rrasfint:nunlt

otircrrv{iilnru Inofinr:,n"u,tor'lr,,rov{odrfi'nrir.:1 rirhflflryrr vnp Id'funrrilfiuurravfi

n1:ilellul0uufl'lllJ?lalnflaluillntuflru-[il6ru 6.ttt:ityilnr:frnurruroti1{ut?u'lufintilm ua

'irf,'rlilfiiGnr:tr,fiarrur:nudilqnr'ldodxaru1:niurudu.,o.,nu.:rilurn1un-r:illrirsrou



l3

lro{iltU1{r nrnoArroun'rilo1riufirini6'uldr{rnr:finurrnruviru niu lurruif,oror
sirlrJ:utYlfl Thangiah (1999) 1d'rirrauoir'ni:r.tdup.tGytu:yu'jrlnr:olejou (Simulated

Annealing: s,q.) if;nr:rfi{fiutR::u (Genetic Algorithm: GA) rlns nr:dunrdos#ru (tauu

Search:rsl rffoldlunr:rrflfliyr1 vRp fifiqn't',o{',uri roo-+17 :'ru dsriurilu.:ruii'ufiriJu
,tc-Jad6uttuulunl:{flul{unouiGtruur{drl,.rdru Beatrice et al. (2006)'ldrauolruii'urfiurrin

flryrr vRp trllfiroruinqrJ:va.rri (uutti-objective problem) lrrunr:rr,f,'lu?u:0fludiflou
i.et
frqetttnrr'rn:rrudu4u1unt:rn'uvrr.:ruriurio:soayrrrii'ufrqq lnuldit^ Ga rrnsryrflu^nn'r:
d o s sV in-oldrr-ruuuunrr:Jdr (pareto Ranking) rylarrur:n1drriilryrr6'.:nrirrlddou{xfirJ:vfivrfinrvl

ri r u I r u i 6'u 1 u :J : s tvr s'l drrri u^ iu er f alr 4 6 rr n y fl r risr^ fi u q rrr r rl (2ss r )
o Ada a arirtauoJGdr5aor-nrirnfuilryr.nnr:{'nt#uvrrculurnfiuu lrruil:vgnr{f,fa;ar;rafl Greedy

Randomized Adaptive Search Procedure (GRASP) rirrilnr:fiun'.lui',rurfi5nnrJ:va.:rirnool#

:suuyn{:?udlq, nrold'ncou'hn?rildo{nr:fiuflrro.rqndruriav:rolrj,,rjuuu Fr?rilnilo.lq - --'a - - -

do o.lf^-.--.-r-34ao-o io qY q I rq - iaoo I a 4u]ult]fi1lsut1lJ1utlnnY{U?l?n8?tdetnfriltrfruolfruaduioglu:vn'lfr6 fduufi Aiqr::arG
. I /qr6da a 6

lrav fl ol tj (2553) tJ: vgnri lf ii gr5ael=n Clarke-Wright Saving Heuristic rrou Nearest Neighborhood

Ileuristic ritrilnt:duurdtsrol nrutdrtou'ltnrrrud'0.:nr:fiud1xo{qnrirrrsinc:ru'lil
I

ttliuou rt?tu!to.:uruflliuvfi6ruru'frfin n:yu?unr:r{rlrurolSliafin rnj.rrflu z zxavdo

:vu3,tt:fl rflunr:afxrirsrou6rudu (Initial Solution phase) rdon'rr:urdufitolr{rsro:Lfirflu1:-|

1d,,ii1ildnrrd.:rilrtou'[t ]noif; chrke-wrightSavingHeuristiclr0u NearestNeighborhood

Heuristic ,,urrrordaorrflunr:rJfu:J;.:r{rflou Inul#Iil:un:ru Lingo version 1l r.toflt j
----.- i t< d,,-.,y-.^^-:^,r^.^-^"^^ 9r r a<a 6 a jo q9vlelflouru0nJ:uulYluununlsnntduvttrto.:{rJ:sn0unt:ilrL'jr Tid':iasr-nfrrirrauohiruo
v d ro - jo 6 u
d'nrioqilu:v6'ufi6uact#trailunr:il:sr:nnrafirfiilrudu lurrui6'aror'lyur lqurqnr uns

dula:;frt{uf ilntnvla (2553) rirrauoiG8riafin Nearest Neighborhood rrny Cluster first - route

second jrruril Sweep Approach lunr:rrdi1iUilr vRp rryl'jr fi:yovyrr.:lunr:rurirdn.jr
-ie-.. c o is 4a qe I

: e us yt I { yt lfl a 0 1 n tdu yt'l{ rfi u yt [:.: q t u n : nr dn u t 1to g

ri : u .: r u i 6'u fi 16 u'r {o { fi u n r : d r a o s yr q fi n : : ru I o { u n'l 6'u ri ootgo una

Gambardella (lgg7) ld'ririGnt:urnitrirnolfi6fiqn6':tr:vlJUotsrru^nilra:rrldlunr:

rtdilryrr rsp lsrutdnt:'frao.:d'runorufr-:rsrof rravlurruit'ofif.:!ilfirnr:rnnorlunr:rr
fli9l0UtlJ:UUtmUUnU'l50U"l tSU aI Simulated Annealing, Neural Nefwork, Self Organizing

Map, Genetics Algorithm, Evolutionary Programming ttavif;r.rdu:yH'it{eG se gnvii GA 0tn

n-l:vleloo{v{u'irlJn'fitao{flrilr:0dfirrdumrlrirsro:11#ruarflufirirvrolovi,:1un:tfiilruur rsp
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truuduu'trt:ttnvuhiduurn: Jnufina'lnlunr:rrrirnoufidrri'qn*o nr:ldnr:cvauroldoryo
lu g rJ rr u u t o I i o t: o ufl J: I ru u fi ru n 6 r n o s il rio u yr3.r'l{1u rdu vr r r tu t u v fi rfl^ u , ,l 

o p'j;;
,

Bullnheimer et al. (1999) drrauoiinr:rulflrynrnr:fiorrduyrrlrirr.rfuuru?n?tuy 6'rudunou
a<A
it-:vuuoruru-nrurunritnr:mnaouilqprrrrnvriliourfiuurilr"rnd'r,rf,to.r chirstofides, Mingozzi

and Toth rforrurr t+ ilryxrd'nr*rn*r*rr:J:ynou6'ru gurin:yorofiurirfirfio.:nri.:rrri,l

qnd'rfirnru:rorrnvryfinfloiil'niusrurirrflusu^nrrnvgilru.rr-rfirvirfi'u fl.:rid'uinqrl:vacrirfio

vitnr:rrdrurunr:1#rrrruvturir:rud.:nr:1#:yosvrr.rfi#ufiqnrrovnnrlunr:il:vurar^rnfi

rl4tJ]vdlJ vrl'irrirnoufi16'firirnrufinnnrn:yu'irl o.os,l, - 3.2x%cheng and Mao (2007) lri
rilnr:i6'uilruiltnt:rrt'uytt{to.:ilfn,",un'.tudfitoutllstto.tt?ot (Traveling salesinan problem

rvith tirne *,r,lo*., Tsprw) d.: r v rfi o : rio r ri'u n r : r r du u u l u n r : rG u m r { fi !i r fi a n n r o l d
!rrourlrflr?nrvr:vqror'l{ iGfirirrurldld'finr:rt'*rlaGn',rdulrtnrjrniol+i".-,r,,,llr* -,

Tspl'w p{anrrmnao.:nu'iriGfin^ndurrlrrjarrur:nrrfiilqfir Tsprw'ld6 qvr::cu q,ou;'
rrounr,uri (2550) rirrauoiG oao,,ur#usrounr:rJflilrlnarntrrirnoud:unr:ad'ur:Jduu

qq

ritrtuul (Swap) nr:dru (Move) 2-opt rrav 3-opt 6'nnoino:l lunr:rrriiler.rrao'.rufis{.:aud
aYn:vtttldurilttuufia'lutttituavnt:finrdumrcnr:turil (Multi Depor v"fri.f" Routing problem:

j
MDVRP) fi { il : v fr m fi n t n t o r ri r sr o u fi l 6'o qjlu rn nr.y{6 un s t#rr n r lu n r : rlu r r ri r fl o r o d r,r

a aq aa I a d 4 u Jatl'trJ'rvdu iu'rtuT{'uto.r ffiuuri e5qr::or6 rray:sfifiuri flnrnsla ess4) 16'rJ:vgna{ldiG

olrutu-nltilnttavnr:ilflrJqlqnrnrnrirnoudauiG C.o.rou.. Move rro& 2-opt rniorrfiilrgrr

rznp h?riu l ifvr n : fi fi n u'r,{ a n r : m n a ou u u'i r dn n oivr'ru fi ri la u o t #r.r n dn f,o d 1 u : y d'u fi 6{
s ioo
IoufiiGoriuru-ntrunililrJq.:qnrnrnrirsroudroi6nr: cror.over Move rtdr z-opt l#ruarqnu

,lito{:ruvYl'llcitfiqnrtavl#r'larlunr:il:yruaaodr{n4u'lsdrJ riorur a::rfiryif 1ryufrailvd{{
qdv

rrnuqqu dumirfaa y ess4)rjirauoiG aco diniunr:durrrirrur;iadortorflarrrnr:q'qu

flnn'l:rsnr:Hfiflrruunrrud'.r lerurirnr:mnaou6'uqnilqprrrura:gru0rn oR-Library r,ru.irrun

fi'lFl0uutlJo:tryunfl?lup.toilnrqvluorufu'[srtilorfruudunrnoufr6frqor rras'[d'rirflolfi6fiqo

{ru:u + Enflryn16 atflu zeyoto.:flryr..rri.:ru,



qn 40q\1

degnfaun'u

z. z ? f; n r : n r r{ r n o u ii r ri Yu r1ry m r n r : ffo r#u yr r.r ai r r yu s r un r m u v

adoa6z.z.| Td n r :mr ri r n ouuuua- aT on^ n (Heuristic optimization)

i6 S t i a st^ n tt ru t u no.: rfl u iG n r : n^ r' 6'u du u 
-, 

rnj o l #l u n r : r r riil ar u r l n fl ar r.n

Huo.:Iqutav{rv d.rhifirruuur^rudrrriuounruqT'r Inunr:afr.:EeEaFnrfurin6'uuu..r,iror-.ru

r{rlorravr.J:vaunr:niluni:uriltikynlrfur rflluotjr,r6 d'.rriui6Brian^nfi 1dlunr:*rlilryrr
nuiloro'hjarur:nrir'hJldtrtihrflryn16nilrynrrd.r16' rrns'hiaur:sriur.J:vfi'uld'drovld'
J^__-.:!+_+-.. o o__^-.-4._r.- ! , h9o q j d arllel0uvlel?1det1{:0ntnouvrrmrnuqnnf.: rrsiairur:n'[drirstoulunnrfr:rqrir r5ocrrur:o
..?g,i_....io v 9 14 I d dt q arrniltlm rfr ilnrrrudr6ou ou'hjaur r: nrfi uurilud'rrrurmxnfisrsranfld'

i6 8r?4fr n rrri.: o o n rfl u z il : s rn m n rru d'nu u v t o,: ir' n r : 1 u n r : air s d rn o u

tnttn u:vtnmm I no'lr O?tdeinttlue5xtiisror Tiil osriruafrlrirnol lnuriruornnr:nioo1
j 9rq y a a i onTuqnririutdumrtfios:touSorn-ulnuqfioylruo ouil:vnorfi'urijunirnoudaruuirrirEiu

iG Sauing, Matching Based, Nearest Insertion, Nearest Neighbor rfludu rrovil:etnmii , au
ada a a o/

TGBaEafinrtuuf,urtrirnoulndrfio{ (Neighbourhood Search Heuristic) d'eodr.rroliiSriaor^n
ll-e- - q 9q aq S a 6 / I advtuollf lu.ttuiiu lal=adnd rdu ifi saving iG uutching Based iG Nearest Insertion iG

Nearest Neighbor traciG Local Search rilu6'u d'.:rfuii6ria6n6.rqnfi'ruurh{finrruu^ortju
d<ra^jJdr

: r n 15 r r ro s ru rJ : v am in r w u r nuc f, u rE u n'i r rrun r 8r?asr'n (Meta-Heuristic)

u u n olnd rlum and Roli (2003) &.1'ld'rau o n r : rnj lru n r6tiafin li o il : s m yr

, ! , i a a o Jonlu tJ:vrnvrfr t rruntdriafrnfirfrrrornrr:rriunrrnloornr::uvrfi ldrrri iG:suuuq (Ant

System) i6vrr.rr{'uqfl5lu (Genetic Algorithm) iGrduurnLUnl:oudou (Simulated Anneating)
6dtlJ,

ttnsJt-nr:tnivn{u:J:vuln:ttuu Particle Swarm Optimization (pSO ) rflud'u il:vrnyrfi z gr

srrS:Sast^nfihild'rfiflornrr:sfluntat00rnD::rJsro'ldruiiGnr:ri'unrdo.rri'r1 (Tabu Search)
dryti
riludu rJ:srnmfi 3 tilotA?;flsr'nrruutdrj:vryrn:n'olurujr:ourornr:rlurrrirsrouov'ld'
-o- , d o q 9 4 I a
n rn o u ru r n n'j r r rj l n rsr ol hirfr o n rciu iG : v u r il n (Ant System) ii vr r lrt'u q n : : ru (Genetic

Algorithm) if;nt:nonttuu (Memetic Algorithm) rrayiGnr:rnrvn{ruil:yryrn:rruu particle

Swarm optimization (PSo) rflud'u rJ:vtnmfi + runrEriasr^nrruu'hjl#il:vrrn: 6o1urd.:
9 o - .. r,t I .^ 11--.----C o , I r ad d:0u10{nl:nufilrl'l9l0unv trtritstouoonrtrfru{fiu-.:ritetoilrvirriu rsiu Tirduurruunt:oll

ejou (Simulated Anneali"g) iGnr:rlurrdo':#rru (Tabu Search) rraueGnr:duurludufirirnou

drfl u lil 16'1u trr-, u au dr (Iterated Local Search) tfl u 6'u il : vmyr fi s nrm r6r?a6n rruu aru n r:
9l Ja o .^4----.- o 4 rj t etlJ114lJ'lurl{m n0 tuHu{:0u10{n1:nrurarorrfrnt:r:Jfiuurr:Jnlatnr:ruluu.tu ntolfi'16'

!-,-- 6r r 
^ d I adrirnollnrjl tn^nlou rvu TG Guided Local Search rfludu il:vmyrfi o rrunrar?asr^nrrul'hjfi

admin
Rectangle

admin
Rectangle
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nr:rilfruurrilnrarunr:rfliHilru rdu iG:vruun (Ant System) iGvrr.:r{'uqn::r (Genetic

Algorithm) iGrduurruunr:o:-roou (Simulated Annealing) rraviinI:aofluuu (Memetic

Algorithm) rfluoiu

Nagy and Salhi ( I 996) ri r ra u o ?f; n 1 : m r { 6 ?i fl st- n rni o r r fi il ry r i {o d r fi'n r o .r

tutnilryut IrrtliGa^':iasr'nfirirrurldrfluiGnr:rJ:sulolnr:uri,:qnrlroonrflun{u1 Gun.ir

"cluster-Based" lunr:i'na::qnrirhi'ri'uqutin:voroaudr,,uroirruurioornriuosrflunr:
L,,ad

d51{tdum1.:6ruTG Clarke and wright Saving Heuristic 6n f flriot't Tuzun and Burke (tggg)
h 9 o A4 aJ .- r I
ldilttauoTGvrrrgr6f r (Tabu Search) rrruaorrv,larfroldtunr:rrrlilqrrnr:ro4ondorufiri'.:rrav
y- 2! , io q d ao'otdumtlnr:turitrifiturert0.riliU14'r 200 qnrir lnonJEuurfiourirsroufi'16'rrnynarfildfi'u
Adaa q , _4^-.^=rly-l--_ r+d_- _ j vt9o io r ad?r a?:dmntluu Saving cr{p{avl-t9t:.J:tngatiE tabu Search froonrruul.lrl6rirqro:Lfign?'t ?r

Saving rrsi ldna rlu n'l : ri'tu ?iuutnn.j I

u n : o'u n fn g{ (2 s48) ld'aE :J'i r il iU n r fi rx ru r v ri r n iu n r : urld': ui6 8:i afi n
- 4q r | 9 uterJnnuilurixl rJ:vnoild'?u (r) flryrrnr:d'nfru1nfifiIn:.:afi.:hidilU:ni (ill = Structured

Problem) rzl flryrrfi{i6'uilorurilfir}{rfluflryrrfifiJn:.:afr{drJU:ntudld'nvrnumjou'lrto.r

ilrgrrur.:odr.ruiovirl#.irudu (l) ilrynrfifirhurj:nr:d'naulruasrtou'ltto.rflryrrfirflu

{ ru :ururn ua v (4) ilq n rfi hi6'0{ nr: ri lfiiolJdaiiqu (Good Feasible Solution)

6'r o d t I t o I iG 8':i a sr' n fi u' u ru 1 dl u .: r u i fro 6'r u I a 6 a 6 n d ni u iG 1 u n { u t o.r

Constructive niu i6avIruil (Greedy) rrnviGrJ: vylile-t (Saving) iirrrirnourruururuo{get
(Neighborhood Search) nfoiG Local Search

Clarke and wright (1964) ri r n r : fin rdu m t.: n r : 16 u : n fi fi r a r u x u I q Jn u 6i {
69J
dudtsonotngurinat.:n1:n:v0ruAurirrfiu.:uil.:16or Inul#iinr:vrr{6eia6nfrnrio,rdrd'u

torriril:vnfrn (Saving) trnvrfiolrdum'r{eir.:dl rdrd'ruri'u rirhivr:ttLdru:urourrrnd
Y qY ta a 9o t uslolnr:lfttov:J5urruaunr tutrstn;nu ornnr:druaurirnorfiio:covmr.:l#rirolunrrruriufi
-t--.---"r--..i ^--:ae-s-.o i r ^-q- -+ er d 4 a4u : Y 1{ uo q':Yl qn u 0 n 0 I nir s?5aa n fr n ri tu r lu odsr fr ni ru ru rfi nr : dnu ru ri$ r rri rsr o u Iq uld
iGEriasr-nrffotrfiltiliyrtrit.:1 niu iGr8'rr{'uqn::x iE creeay Randomized Adaptive Search

Procedure (GRASP) if; Simutated Annealing (Sa) rfludu

Christophides and Eilson ( 1 9 69) ta u o i6 rJ fl :J q.r rdu m I { R r u H d's o r n'[ d'

,dur',u,duuri'u {i6'u16'tauonr:ilfurJq.:rduvrxdrunr:uonpJfiuurduvrr.rrniol#1d:uuuyr-r.:

lnrifitfio,riufinirrioun'itritter^tr lnofinr:r?ruduornnr:arrsr^ rdumr.:r?ld'u,iuurudrriou

rl fu rJq.: ou n : v fi'r ldrdu vr r.: fi 6 fi qer



t7

aq t, y q !y'a4a a a iy' ad I j
01fln1:Hnurttaup{n{"rulo'urir.:siu nr:lfiidaTadn d'ruiGoirll arrur:nfircrrri'h

q 4 -- e I u 9 r a4 t Y dY a I 4ucu14lfl1:toon0on:u0ludun'lltnsoettdumrlnl:tud{ iEnr:oirs1 daufrdo6rravdordtr
lqduqot

r rfl fl a 1 { n u r r n y il ft ? 1 tJ r11 u 1 y du n 1t rJ fl il r lu r rst n y r tu u
adaz.z.z ttltiofi nuuun',,oa'," (Sweep Approach)

iG s*".p Approach tfl u n t : r t d r u ?u rdu m r.: rra y ii r d'l n r : t u ri.: fi u dr I e u

-^-..-,._.11. dt i_.S_-^.:^^_^-._y- o 6 d y e ^q 6fll: ttU{tduvll{[UuY{uvl: UflnT0uFr?un1: nlruqytflml{]un'l:rryud?ulduaruryn-luyr-Am r.l
^^^-..4- - 4 d a ra a y y t ,, aa LYl?u tl.lul'l: oellutt uu 1yln ]tlae: ?uilf :r rordu ritfl o { Q nrilIreinv: tu6?uaG nr: n trfl ou n:yri.{

run: ?il110.:il:ru rnr fiudrlndfrsnrrrL!ro{u'luy{'rruydlr:Jfiuunrrusluritun:vri'.rulur#u
q

o;'
g .,"Q

.-Ooaro

s

n:u:0ualudrutufiudrfiuanrl{srrru;rJnrnfi 2.3 ud'lrrnrfu6.rldnrnfrnnr:ru1ilruilr TSp9q

rirr iu urun ril us rrei asriu

o(}
oA

OO

-- i - - ^o u y. o u r a 9 9 adRl?lll 2.3 ?r nt : rfirfluyll {rrae ii rnUn t: ril du rirdruTi Sweep Approach

2.3 nt:r1umtrirsrourYauiinr:nr:iiorurnr:Inul#Hasir.: (Differential Evotution: DE)

I
rlustou ttav r d'n n t:1u nr:d'u r rd tsro u d'rgiG n'l: n 1:i;fl u tn r: Jnuldr^rnsir.:

rirrauolnu Stom and Price (1997) d.rldoiuru'jr n:ouvrqufito.:iGnr:rflug:Jrrru{ro1rrnvfi

:euvt?a't lunt:riru':nrfir?oo hiduuJfio.:dufirfiu{orynlurn6ornoufi:rnof Bin et al. (2008)
VlI | | 6u
terdIil?r nr:iierulnr:uo{ nr qn:J:vgnrildodr.:uirrru''r,,urfinr:ucnrloru{,:luuaru
i j i- t tdu
fluyr nilnt:il:yqnfl t.f

qa.yi<
1 u TE n r : riu r r fr E n sr i r r n''n rJ : v ry r n : n r : i inr u r n r : 0 e r;il dil rJ : s ry r n : Fu 6'u t uq

1,u19 N flo{ t?ntflofu-st' o nr:ttriultilq;rrnr:iierurnr:6'nnoivr'ruov'lilrrilufiil^sr'clo{[?nrno{
_jlvltgo!;,oo.,"-"-."'".^"-n frlrirtold'rrrrJ:rtsinvsr'rlur4ufiu0.ril-60vQnuda{rflurntlu:suudlu?u0;{ d'nuarsfi

triu{'n t o l n : v u ?u nr : fr o nn ln ln ririr n ir n r: air.:nnrn o fir o r n r: mn a o{ n 1:eifl u r n r: 0y
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airst'lntnofnt:mnoo.tlnunr:r:J6uuuilorunsuos{rilfidnnr:drru'usru urnriunr,,nrn-',
o a i d , o a q a io 3 i t lo911[UU{1UtAil]v:lUqnflOvtt:'lr:un?t n1:9t1luun'l:natn0n yttnnlutilo[2nlflo5n1:yl9tCI0.1utJ

il:afivrtnrrturnn'j'rt?Rtsroifiaonn#o{flu n:eu?unr:rfleildnvonrirru^unr:6nn9.:run'irov

firniu.ffrudrl#finr:uqr ri dn,riirllurnr:roqil:vryrn:fiorindl,fiunr:Jnup.iruiGnr:
I

rirryrro.r: {rJ:vnorLnr:rd'nd.:finoo nr:narur[u{ riuorouilr{fi'uqn::urruun:oalorrof
q49

Itaenl:rintdon ri:u n:vu?unt:fir.:ruluni:iierurnr:rruunaldfin Jqu price et al. (2005)
149/ | r o q J io- - au a uryq itad?unr:[[u{ n ]nuuun0uyltitfiiltolnr:'jignu tnt:rluufl ntadn't5dlil

v

2.3.1 Initial populu,ion 6rrirrounr:dilta^ondrutuil:vryrn:fildunroldr.rolrrsr
-!- p- y s i J - o vrg/ 4 | dttlootnn otururfrsfrlarrur:nritrun'ld r5orir i.lP: Number of population rfllu sTrrrrJ:
eaqaiooro
sr'ndulo rfrorirltriru?o.tfi1n1n'lfioll Cost Value. Firness Value ltSo FunctionValue 1u

4@
fr?'tlJ?llJ1ulau?nu

,
2.3.2 Mutation rl'o dunount:nnr6'?rrrJ:sTqa^ulod''roflt6'u6'rqnr riun'jr weighting
Adr

Factor: F fl;o Gun'jr Mutation Factor: r 6nfiour1.:niu6'urffoqnil:va.:r{rolnr:rirrrrir naru

rfiu ri 1 #t{ri r sr o u 1 n ri fi uil a n un n si r r hJ r r n n { r { r u r u :J : v ry r n : t u do u: n
I

2.3.3 Recombination frodusrounr:p.rdxdrufiuf drorl6'aror{'uf,lnrirorrirsroufic-
drrrrjgvlq
nnirrrnvrujniloonulodr.:uarnrnru rfroduflraror{'urftrn6':rnJ:d'nfru1oh,rrir

v

2.3.4 Selection n^odunount:6'n16onil:vryrn:lu;'uriohl (a+t) Inori'nrfronrorusiq

oiorsrdd
taY{]& ritgrorJfrdn'ir tnunr:til:uutYtuu Function Value tt$o Cost Value to,t Trial Vector titt

Target Vector tun:fifirir Function Value u0{ Trial Vector 6n'lt f*g"t Vector tuqntrnufidhu

Trial Vector lu:'ugio'l:Jq

Jarmo et al. (2003) d t tau o'i t i6 n r : rfi l :J : v fi m l' n ru n r : i5ru u r n r : 6 n ru rn fi fi

qio.r'ixlunt:d'urtodr.:siorfro.r op rfisld'iunr:il:sduflrruril{rrirhJl#6'rlanuil.:nrrr
A j - o,f A f 6 a v olla!/o vo5{ rfruaffuiJatrinr:tfrrurj:vfrvrfinrfl rra&u{rdu0 tu tud'nr:uIn:qriruil:carilrfiuiluei DE

e t4 fhys 
" 

o d, a o e I
dr'tri'ldfrnr:frnurri'rn':1uu?rmto.:ln:rriru:J:sarflrfiuu niurirurin rJ:vlurri
1o{ DE d'lu1:ol'trrirrirsrordadqr'[d rniorfiuufi'un:rur$a1un1:?nriletou Ino16'I

o4tddadqadvlrnr:frnut ttj:-ultfrutlTG oe IY:LTG Gradient Based Methods nl'ir oe firrurJr?ufi6rrav
q, o i r aJfp{nlosritnoufrtililtsaru uiurGurfiu Lopez cruz et al. (2003) firirrauorj:yfrmfinrnrol or

oi<q f,
n : tfi fr fi fl q fi t n r : n ?u q il fr tfi il ru dx il n rue il uu r ln o ldor'u r u'jr fi i6 n r: u'r nil r utu n r :

Yqih,aa-c,
uriilryrtnr:n?uqufitflursal'hj'irrvJnusr:.:riolnudoru orf,u{oryaTri:srfu fiorofiIonrafi
- 2! i ;; ad A r a o jo r

0v[1Jlfi1T{uYl ?1tfilJ'lvdu ?Inl:tlIlJil:edmIRlilyluUtJlSU Evolutionary Algorithms (EA) Otn
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4 I O 9/ adnl:dnu 1Y{ u it pla 1o {n t:1d TG Evolutionary Algorithms (Eal ifr Differential Evolution

Algorithms (DEA) rrns iiG"netic atgorithm (GA) DE rsfin:rlJnnrriulurritolrJ:yfiyrfinril
.i 4 11-r-11--r-----34-- dt r a lq s < a dtilolmuu nu GA tlnyrnlvlfl 1{nlnar EA o'r orilulil:'lyit fl t: tilrfl oi]u op Inufr y{t:tr,=rn oi

noo turatolil:vvtn: n:od]or?o{ood,,ur,,rJ:eiurirdrrJ:vfivrfi drnr:ro'on uurerlro.l
ldoqqYqiat:J:vvrn: ilrvrurmrird'cg"lunr:ruiilqrrnr:nruqxfirflu'ruar nr:16onturnro.:il:vmn:fifi

- d 14 d s j hrlturqtdn tilSulrafrou Iontafrrs"[6rirto.rrirm0il Gtobal Solurion ovfiIonrafi#ounrru rrsidr

,",n,dunr',eil:vrtn:fitilruoouflr:rnjruIonrafi'16'Global solution d.rdrnJEuurfiur:vuvnar
!--_ - o< J<1 6 a joy dd ;,fitu?il oenonmumuil :e fl mIRrt^tytnntuteornflo DE uuto{

Dervis and Selcuk (2004) 1d'ollrtl'ir Differential Evolution Algorithms (DEA) rfju

nur':luif;flIi Evolutionary Algorithms (EA) du,flundo1uriusrouiGnr:iinrurnr:firflu

rvr n u^n tr ri lu n r : rfr ru il : v fi vr fi n rn n ? ril d'r u r : o lu n r : frpr n r : fi rfj u dnu u v t o r fl ru m'r Non-, .,
Differentiable, Non-Linear ttO& Multimodal Objective Functions tu^o{ttn oE do,:tdrrntlunr:
o j 4 _y1 _ q ,j --..r,.__ i q A I a - o ,t tvl'l.1lutu0ulJu1rl10{lJiUfi'lxu1n trryfrdl,fou tu-orf,unr:rn-l:j:vdmtnrn"lunt:fiuHtnl

to':fllrifuisrqrJ:va'rriu11fluru lunr:flnurrruu,firno{r0{ De rong fiv{:J'irnrrrurf rlunr:
q de o_ 9/ ja r q ad v - - J - oju::ouriulol or frfudtf,qfi 6n'jr 6'anoifirur[uqn::u (GA) n'lfudnnoivr-.ru os rirrsrflu

i6nr:fifiuu:Ir?r:lunr:ufiilrgrrunyri'rurfirurJ:yfimrnrnyrr.:druisrn::l d.rr4r1# Liu and

Lampinen (2005)'l dri r n r : :J fu rJ q.:iG op J n u n r : rJ iu ri r fl ry fi Fuzzy Adaptive

Differential Evolution Algorithm (FADE) d.:rirnr:rJftrit weighing factor (F) unu Crossover
I

rate (cR) i6 n r : fi n s rJ iu sTr u:J : n 
,lu 

q u n r : n n 1 ur[u {ua v n : o d ]o r? o fvr r : r fi rn o fn t : n ?u q il
clI a4

n r : ldfl : : n c iG n r : n : u q ufl 16 u r : r ru'rn o fil o { FADE er o u du o { ei o {o ry n il : v mn : I o { fr o
4 a tq !;, A t qy o Uya I , ,

t?ntflo51I1ttn=tsto5fl':nf,ufr.:druhi DE titntnou tnr:?uunt F rrav cn fiiliulnriarrur:nh{
o ia t 

-- 
r < - 'ntnoufr6n'jl DE ttuutn-t tdu16ortiu omran (2005) firirnr:rJilnJduurir p luan:nr:noro

vdqqdd
?ruqr0{ DE lunl:Teldounun:nrfrnur

Qin (200s) 1'fri6ii6un'j1 sADE r{rnr:rJir:Jq.:flofron:uqil F uns cn hi{rrfludor

rirnuolirir.:fiflr lu:crjxnr:iinrulnr:il1:'ru-rnoffiosrioulr.lird'lornuil:sernr:al
dYr6a

n1:Guuf rJ:vaminrv{nr:dr.:ruto.r Jetul#iGmr.:6':iafinfif;o'jr Safe Adaptive Differential

Evolution (SADE) fi : r u.: t u t6 u ? riu qn t o.rfl .r ri &u zsu tet : S 1 u lu n : fi t o.r cEC2005 ln u l d
rala

fr]il'r:llJr9t0:0:{

chakraborry (2006) ri r ta u o ii n r : ln rj lu n r : n a I ufiu f,fl o { DE I n u u r n r : 6 r a o I
r_-j@dq@oj

IilttllUlJo{ DE d0{ttuu tfl-oiladounl:nalufiuftol r ilo{'o nt:dtrfluofiorqnrran.:1fi'rt1u
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il o f,o a r u rt'u dfi u- u ru 1 u op I e e, t #H n fl .: ri'fu n r : r, fl u r,*' uq

a4 - ?)n4 ia j eqiG n r:rrfifl ry r rfr fr qru n iu nn rfi rrriil ryn r n.:rru6 1u n r:
Yq yq

rlnu6UH I rlnyru tFtlJ olnr: rrriilrun t

Kaeto and Ali (2006) ldoi'rrntqnilqlnlrfunr.,er so uqlunr:yrerdornr:nnrufiu#q u q - -' - "'- q

flo.: DE rtuutsl'uttovrrlulnrifir{'nrurduvruir i6lrriarrur:nt#rirsrorfi6fi.r zo rynilrurrrrnqU

fd d o ' ,I^^.^-^y^-l-._!_-._9t v t J oo c ,jo r anl:t1J:ulJlvluu lud?unour{tuuniourlxferrou'rrriuqrouTt.nr:1rrifi6n'ir oe uuurelri

Yane (2008) 1d?6 n r: fi Gon dr n r: du r rdu fi tn6'16 ol (NSDE) ovrau odu odriu

d'nuarvvirl:Jtolnnumdnr: Ns dodrio.:noqvrf, Ns lu oa rjrniuhlfinr:rilduuuilarcror

nu.,rdrruun'.trriur'.l,ravfl?rufia',nnu'lonuurJ:sryrn:nd'uo'.tntit,fl,l'rrrdufilndrfitx r"ro

nr:vleloo.:rtanlhi'r#u'j'l NSDE arut:nriuurrirnolludufirtrsrol firirfiln6'16ulriuriinolfi
+i-.. =^4^.g- J i e v q t,Lnflqfl u1flr-'l?'lo0tl0:YllJo=u 1 vltnut{ortluntrruratnfio'turo{fl.rri.i'uro,r NSDE utn:g'tu
;,u4
fr ttm n ri t.t ti'u rl u t u fr n n 2 r u duJ r : o r o{ NSDE ln o ri r l:J m q aor fir d r u ?u r o{ il aJ il ru r Fr : fl r u
I <oo,
ry{ilustT?{ 50-200

Dexuan zou et at. (201 l) 1 dfi r n r : fi'm u r i6 n 1 : DE ri r n :-:r n r : u d'il q ?r 1 n r :
lJ o u 14 u r u.r r u l n u l 6'ri r n r : :J fu il q.: z ei r u fi d r ri'q r o.: n r : r fi rsr o fl u riu r u u n u o oe fi o

weighting Factor (r) rravrirt0{ Crossover Rate (cn) lnol#iGdGon'jr Improve Diflerenrial

Evolution (lor) Jnol#dtxo{ F drilr:oil;urirlrirtnyriril0.r cR finr:r:Jfiuurirrfludnuarvrfju
,
@ S ll, @ ttiul Inu"[6'totri':odr.:torflrgntrutuj6ourfiurLrirnouririE nr ao.riGldurioop une JADE

r'rail:rng'jr Iop fifislurduhirirqror6n'irvi.:ao':ii hjdrrsrfllud'nuilanr:aordumuuns
r a 6 ;: J

tJ:y dyr t n rn fi rnilr-u lu : cuu

Iazebi et al. (2011) 16'fi rnt:nJ:'ou rfi uuiG nr::ufi'jrl oin r.ntial Evolution

Algorithm (DEA) fi'l Particle Swarm optimization (PSo) rndouflflryntnt:fi'ad:: nt:snrfluflt)-

n:voteltollv'lttrasr^n (DSTATCov) lurniorirun'r:fl:y01orfiofinr:n^or:nrrrJiuln:{dft{,.tn

Y{r'it DE rirurrtiflrynrnr:rJiuln:rair.:rniodruro.::s:Jlnr:frordrrriro lun:tfr6u 1 ldnr:
n:votusi'ltlo.:qrJn:ai recrslunl:n:s0rurnioriro:yulfifin:rudnr{u1unr:rilntrn:s0-tu

9
n: u rrdrru u ad'u ec (DFACTS) rrn y DSTATcou it' n r : fi ld'ar:r r : n n..'ru.,r d,n il te fl ilrra e

ty

frrt'ltlol DSTATCoM ttnv&.:nornr:gurfionr:fl:u0'rul,0{rniodrurrnvrr:rd'u rrndoruonr:

vleldoud'llrr:naqrJ16''jr iGnr:ld DSTATCoM unvnr:ililln:,rair,:tfroonn.:rruqryrfiu

1ro'l:suuttavrJfi]:Jql:ruast6unto.ru:.rd'uldrflufiriinolo 6nr{l oe firqnrir}Jvrnaoulu
4 4 | jo ,

n r : d n u r rn 5 o rj r u n r : n : v r r u fi fi :J : v a^ vr i n r u g.r 1 u n r : rlu n r ri r u 2 ru fl r : f,n a : :
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DSTATCoM lurn3odrunr:fl:v0runr:fioi:anrJfuln:{air.:filruarJ:rng'jri6 or 1#r^rar{lu
j' o i 4 u
?ru]Yt0 t0[iloliluunu PSo

Xianhui zeng etal. (20 I z) ld'rj I rnu oi6 puoor ni o iG n rr: I d'ifsl u In I: rru u
t4 ' I j q q s 9 ra qa i4"hjnorfrol"tunt:'f'enr:niurliuNrnr:,fr'ora::{rJflri6.rrufiGon'jrrTryrr operatorAltocarion

Problems (oAP) rffonr:f,na::{tudrxutydilri'unt:a?uqun?tudilqoro{fltun'lril:snou
d 4 -Y q d& 9t u I I A h n I u arnofrnt:aiilr{sfi'fi'uriJ'r?ru'ru?rnru?-aqil:vfl.:firraeNl-ou'h rrav"[rjalilt:0rr't"'nAuloldtu
v I t4 nyo!, 4 ogad?nQil:vfl{flletu? tFt utusrouflo try ?r DES Modellunr:iiraolanrunr:iri11''?1il[rCIutd

puonr l u n r : r r ri'rlq H r oAp I fl u n r : il fu rJ g .r {rJ 6 uG { r u fi d o { r r u u no o n q d l u ? u r.16 o ru' lL

iitu'lu Hanriroaoraqilld''jriinr: puDDE arrur:crrrrirsrou'ldodirfirJ:v?vrinrurrqi
, t4 d q X y v o 9t66 H d q <ou]{ l:nmlu?5n1:ut14u'lsnunl:09rfl::aniilu?ur{ilqunsru urnr:JEuurfrulriuTBnt: DE

uru16rrrd'l i6nr: puDDE ovfirj:s?vrGnrnfi6n'ir1un:finr:urr-nail:yfl.:rififinr:

,.r d u H d'l u 1J o { fl 'l u { I u fl 1 : rJ : v n o I 1 u :lo u r 16 o 
,] riu

/a 6 a 
'o

n u n n r 6U 0 d o : fr5 rda ua v : vfi vriu f, fl sr r n v l a (20 1 3) lririrra u o iG n r : iinr u r n r :
S q I I o v g, { ulnolfr.rnsirr ritrfltrniliUfirnr:ter6yxnadrunr:il:snourruurdun:.r:J:srnvrd r lnofi
u I lq o d Alt i o E d v
?nq:J:crY.:n Iunr:rrdru?udo'ru{ruyri0uyrqn rrasrirnr:ril}uurfrurHariufl'lu.:1unt:

:J:vnoufltq:liutorl:.rrrun:fifinur fi.riGnr:i{erurnr:Inuldfiaeir{rsriirrirfilunr:dir{

nnrno$Gruoiur1runr:{ruotn,fruruoEurav:Jirilgrrirsrolrl:oiGnr:rJfuril6uurirlufirin

iinr:trnnril6uun^rYn ttnsflr:n-nrfion ornnnRr:mqao{rJ:sundtdan:ludun0un'r:

ilfuuJ6ourirlufirinr{.: r dsr: xu'iriinr:iimrurnr:lnuldr.ruri'.too'.tr'.tr*n,flruruanrfiriu
hY tter0lndru{run'r:il:enoudrrlorfur0{I:{{run:fifinurld uavldr:orrj:u:.j?nr^rn lelodr.:

d
:?9lr:?

nrqn-at.ri R'r:sr?r rrav:sfivfiuf, ilsrrns]a (2013) 'lslrjrrauonr:ruirTryrrnr:,fr'er

dilqadr0nr:il:snoulnoiBnr:6v{rv,loir:urfiua6)rqdu rfiorn^uil:vSminrnaronr:

il : v n o l t tu u rdu n : r 1 n u fi r-n q rJ : r a r ritfr o n r,f, r u r u an r fi .: r u rlo u fr qer (m) d,: ii n r : DE 0 s

-9---- .-rt- /A t, S r o a t o tv r 6 * ,rirnr:45r.:t?nrflo;Gxeiu)eronr:(lifru?u05{ 0lntIu0ytitnr:rJiu:Jgrrirsrollnunt:il'lrfid1

(Mutation), nr:{trualtlniuf {crorrover) travdtnt:n-nra'0fl (Selectionl dlld'rj:cqn${l,friG
AdA

Mutation: TGn-o "DE/rand", "DE/Best/I" [[ay "DE/Rand-to-Best/t" url#drtn-uiG Crorrou.,

z Ti n-o Binomial Crossover ttoY Exponential Crossover 2 Position tu n t: 0-n du q n dtun t:
tv,jia

:J:vnorrruurdusr:ril:urnmfr r frfrrru 7-r l r {1u ,fru':u o+ rTqur irflnr:mnauonyjlnl,

ritiG "DE/Best/t" rurldi'lilfiuaG Exponential crossover tririrnotfi6fiqerlunarfi::ntirfiqn
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dtutu se ilqur d.rn^o'ld'irriluit'nr:rJfril:srirsroufifiil:vfiyrfinrnrurniGuuo, rruoo

ril:'urrfiuuriunr:1'fli6 "DE/Rand" iru;, 
";t;,;;-:;..rr^esvl,, 

j-:urir Binomial

Crossover "DE/Rand-to-Best/1" druriu Binomial Crossover "DE/Rand" d'lruril Exponential

Crossover t[ou "DE/Rand-to-Best/1" ;?utiu Exponential Crossover fiarrur:ntr{rirnoufi6fiOo
q j di
lurrarfr:rnrSrfrqndru 1u 2i .34 .31, 45 rray s+ ilryrrnrlLdrrYu

a^-^.^a-a-.^-ry---s-.a4^- A yet a d vtyt0'lnnt:l'tuvl?u {1u'l0uvlrnu?t0.:nu?r DE rflolrfiiliufilyt1{4fl?n::il iurfru"[641
44 o 6Ur ^ iiinr:rinrmouton DE fltur:CIl#drto.:rirsrordrrrrvcrrrasfr:yusr?arlunr:r.rrrirnoufi
-{^-^'-=<--- . -.4-. 4J o Jq,- 9 q I 

^ a@r e e
t:?n?lirR'l:fitritaoudul unsfr{rJnounr:fitnrsroufr'[udrldou n'.:riu"lu.:ruTf,utunf.:fi

{,i{'u6.rrfionttn&d'lrd'nn'i:firtirErouuo{a; DE uril:urlnpildlunr:firrilaouror.:ruifi'u
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UYIYI 3

A.{ o A AV?fint50Iuunt:?0u

q i - r 4-ii--- ! e o a a- o<J olu u vt yt 3 0v n n I ? 0 { ?ti n't : rra v I u a o u 1u n r : ri rulu { 1u Tf u r[o c-i fr d 1u r

rJ : v g n oi1 di u n 1 : r r fi fl q n r n r : fin rdu m r r d r r iu o'r u vn 1.r u u 1, o r n : tfi fi n u r

s. t dusrou'lunt:dtrfi unr:ifi'g

g q ^- 
j j efrnurilqJfi luny{tu?numrnu2{0n

afi.:6'tutLll,6 ra o .tyt t n fi naran f

:?u: ?u {0ry arnAol#lunr:vrrr aolornn:fi finur

<9s
?f n1:fl114:lJttnuqil1

r. ii8:iaO'nuuun?to (Sweep Heuristics)

z. iinr:nr:iiorurnr:Inol#nacir{ (Differential Evotution: DE)

t9
4l _ o v q o a aq

Rr?Iyt 3.1 alouljunoun]:9tlruu{]ui1u
a

,



-.d ^ - l)av uty_o_.. !' o a av o u y{ u01fln1y{vt 3.1 rd?0u tglnlHuorunount:fi1[uunl:T'0-'utirr.rfurrrirkyurnr:f,or

r#uynr rir?rfuurufl 't?r uyuo{n: fi finu I

t.z fi nurrlqnr rray{rueffudrdsa{o.r

a
finu r; rJtrll rlryr rrrnvmu il'lu rru T't'ufirfior,?0.,#.r1u:J:vrmsrrnvsirril:yryrg

j..,g.,^--.,**^-"^- v ,t o u ^.^^ - i i.i s orTlil:unl:ttnilE!.l14lnl:0atduvl'l{ ritufuutuyr?tuu st'luruorrfr[ntl?{olrrnvrftnr:n-l?tun
,uatdodtJ

UiUl1lYl0vmlnl:flnu1 (Problem statement) iotq:J:ra.rri (The research objective) rlaetoulrgl
to.l{lueo-U (The research scope) q"'.:uvrfi Z

r; oYr.rfrruuudlao{Yll{nfifl fl 1trrti 1rn" formulation of mathematicat model)

gilrtuuritno.:yl'l{flfinflrasr$fi a$r.:durflugrJurur1ryurnr:n"'rrfrulorirrfr16on

:suvmt{fi6fiqer1unr:turir?urirl:Jo''r6nrir uriohflfir..l:c?nr^nrvrrurnfiaolprofin.r:flr6.1
, " 

---'ii' r ----"-

rtoultrirsl rEiu{odrn-ns?rutrnt druruurnrrus:vuuyrxriJuslu frnuu;nr:fi'nrduyrr.:tu
, !.- rd

n r : x u ri{ fi ,u''n o qjlu ; ilr ru rL rlcy n r r o.r VRp (Vehicle Routing problem)

3.4 :?u:?il{oryarfrolfflunttytetdou0Inn:fifi nuI

d
01nn1:frnurruuiimura-on1rd'nn1:rrasrnflIuIa66arfr$ur:.rN'l-nqun:turrfi trn

dd.'9
nr:rfiu:?u:?il1i0{ny{u'irnr:,u"'nr#uvrr.r:nfu-ri.rrinfinurfiri'.:rrun t3 rduyrr.: fiiiru.:u
-Y-4- '- -- 4 t 41. tr a @unflflu'l11.lYNn 452 nu0lndnutgiltluun:frfrnur 6lyrr{r111?mutaunl:lrnurilnIulnfi

6art'iu ld"fi'n:nfl-ri.ril"ru':unfi.:oonhJ furinfinurElrun'ri'nfirirru pr'[{srrrn:rrun rrrL
y____. ua. 4., s , -a._--l-{ - A uaq0{n1:10{unflnu]ry{0]u?u0ntu-arundnurilvtllrun 5l !n ninrnr{u?n n. frsuhfinur:tr.l

:ru#uoqjlndrri'u travfi:nfu-rivfruruunruniuoqjlurdumr{rAu?riud.:{50-odr1d'rirnr:rfiu
Y q t - 

j a hoh
: ?u : ?x lio ll n'l u : s rjx rh fi t -: o v{ q flA n r uu 25 54 r uyn { "ldlu sr r : x fi :. t
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flrrr{d r.t rduvrrrrdru r: rduvrr.rfildlunr:rfiumx

3.4.1 nl:?ll5vuumrl:sH'jrsqnfl-ri.rrrrinc:'tu (Distance Matrix) riuvr'nlertol
uaroroot*tt9
undnutttsins:tuttdrnrrunritttril.rn.:I:J:rrniu Google Earth d'tnrufi :.2 yrforum''lafr.:
9re4t@
fl 0u a:uuvyn{:ufi ?'1{unfl nul[rnau: 1u 9t{fl ]ay{u?fl n.

CIt9tu
2)ldulll.l

:vuvYllil

(fiIamrsr:)

druau

flnuor:1nuy
I r-2-3-4-6-l 169.8 14

2 t-1-8-9-t0-t2-r 273.6 50

3 l-13-14-r5-1 226 45

4 l- l I - I 6- I 7 -18-19-20-r 307.2 41

5 t-5-21-22-23-l 218.5 42

6 1-24-25-26-27 -1 190.3 36

7 i-2E-29-30-31-1 286.6 24

8 1-32-33-34-35-l 209.7 30

9 t-36-37-l 239.2 24

l0 1-38-39-40- I r44.3 28

ll 1-4t-42-43-44-l 242.2 45

t2 l-45-46-47-48-1 208.2 22

l3 t-49-50-51-52-r 13s.9 l5

:?lJ 2,881.5 452



26

iorutv+ Inmfi 3.2 nluilu{rto{1n:r-d{unflflu1Yl{fl ua

:.+.2 itrpiuyrlrur{leilurdunr:finnr:unurnRJulo66arfifufrntduvnrnl:xu6i,i

deuil:;aunr:afu ornutor Inufinh?fi :noonlrjir-ci'rrinflnurerrurdu mrrfi rirm untnnrslu
e I a lAa as .v - i / a I a
Surari-orfrnufrqfr:cuvyn.i:?rJ 2881.s fiIarun:6u d.rriuqnlrari-orfr'nutrrfruvrr{lilndil

uaoai-s
4n?u nu:uunf,flulmlnlnuqn?u

AvrqroAEtnttl,rfi 3.2 n?ou].{:&uun1{1n:u-d{unflnu1 tultnneln

1 2 3 4 5 52

ov<
o1u?t{uRfRHl

(au)

I 0 133 135 tr7 90.5 54.8 0

2 133 0 8.9 33.3 36.4 106 8

3 l3s 8.9 0 26.6 46 t22 8

4 TI7 33.3 26.6 0 27.6 104 7

5 90.5 36.4 46 27.6 0 8l l8

52 54.8 106 122 104 8l 88.3 0 3
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t.s if; nr: cirmYuuflrJanr r

AdAAq
3.5.1 ?Ea?iflginttuUn?tfi (Sweep Heuristics)

6<A6oo'
rSdrSasrnrruun?ro frdusrou z il:snr:ldrrri (r) nr:f,on{ruqnrir d.r

arur:0li'l'ld'Iounr:tn^onrfio.r1qrfio.:rur.rriorirrrrrirlprrirrrHrirHutrsrfluorrrirudu ornriur{rq

d r d rd as < tiq yd v qr) rq r d u s a on?leltu0{s|1.11 vl0g tuilnoYtogvtlnatntxnulf ruroglunqrurdorn'u-[noarurfrn'turraaundil

- 9t 4o - a------i- y--y I q r !l ra v t -0vfr|0.:tJ0lu?uunflnulYl0sst0{:udl [utrnnvln'lrurnunrirud]iltroton:nflrf lrrsravriu

(z) {'nr#umr.:nt:turi.:luusinvnq'rudroJil:un:rurirr5ogrJfit#niili6ti(o (optimization
t9

sofrrvare) lufifil'fl Lingo v. r t rnaorulilryHrnr:i'qr#uvrr.rfi6fiqolurrsinynriru
9y

,iusrounr:nrre,fuarur:orran.:'ld'd'.:nrflfi :.: d.royrirnr:,ir,r{uornfifi'pr
Ate'

n t : n r r o fi rl u qu tio l st o t n #u fi r n t : n r r n rfi o q fi o gi lu lr^fi'n ln 6'rE u l l u fi am x m r u rfi ru u r fr n la

tfrolusiasrfio':rioqnuriurlrrirorfi6rururinfinurfid'orl:Jir-ri.:hirvirrYu rarvfivirnr:
Y ^ d o u  . j ,t ,- y 4 r 9t ,nltqov6olvtor:atr6=tt'lu?utlndnurfrov'[rJfldrunr:nrrnrfloloirll rdrlr::uoqjtun{ru
Id q v o q <. 9, u ro j A 9t9toanuuuituruunHnutos6ol"[rjtnuntrilocJo{:0 ru-o14unnr:nrrqrfiolr{rrur:ruoqilun{ru

9lu Y 4 q u rd rq ya.d ; 4 .i y
u u 1 t td r til o.: n'n "til fr o qj l n dfsfr n r : n r t sr fr aor o v ril u q n ril du l o { fl r : n ? 1 et 1 u n { ru 6'n l rJ

oo
qO
oe

.i-.vt___-_dAr)tqada
R t?{ 11 3.3 9t ? 0 u 1 { n 1 : ft ? l gt vt liru n u r t n q u gu u o l nr lu vr-gvr N vt': u ri u u t lTn t

oo

,0

o

OO
o

s

i
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Pseudo Code

A9
Itunu

0flnnlJ

.--.--q- -. A il o- - qt4 '4 io do ^ -lt?n 1 tufl 15[5 lJfl U nt5 n ]U?ilU{ [lJO{t?AlytrilHUA 1 Ulytfilluun]: 9t {u

( r ) qrL tf, o n ru^ o r 1 n rfi o r r fi .r fi o v ldril u yr rfu oiu I o { n I : n ? r rl

(2) {ru rfi o nvr-f, m r q 1 u n r : fi u u lu : o u #u.'l (n ru nt o sr r ru r{ru u r fi n r )

(3 ) n ? r er ruo o.r ei r l l bfl o qj l u n { l t o.r g n ri'r l n u q n d'r r1 n : r u n y eio { 1 d'il n r :

v iai(+) urrduyrxfi6fiqerluurinvn{rurhuJil:un:l lingo v.1 I

(5) :?u:yuyyn.llo{n1:r6umxfurilu-nfinu-t
{z
fluqon1:?ust

<raaAr)
3.5. I. I ?5n'l:qilrrionttio,:rtueiu

ffi n r : { u ra' o n rfi o.r fi r s r{J u I n G r du 1 u n r :,il'rr n ri ru fn fi n u r d o n.,,
oArs(
rirnunqn15ildu tquhiun',en0",u-onr:flnn'r:*.,*rirr.aa,*i*Jil;;;^,,on..,,

99oJ<a^)
efxtdueruryn-fiu Jetunx 180 o{flrlnurirnr:rryum':ur{ruurfrnrfia1u6"l :oulnurf,onrfio.rfi

oqilndfiqnrirnr:n?tFriuu-nfinur'hJrtoolru16run?rulron:n0un:u:ouHryu?u ryriorirnr:
-v^_,:-.-y 4. j v ,l jnv <0nnqxilndnultl{=o'D-'ettdumr.: uav:uuvvrlrfrki'ornTGfl1t Sweep d.rnrnfi :.: rrov{oryao'l

j-, i
9t1:1{yr 3.3 rrovgl'l:1{11 3.4

3 .s . I .z al"': o d r I iG n r : dl tfi o n rfi o.r G u du In u iB n r : uu u n : r st

iur
ell: l.tii 3.3 st"? o ti'I.: Distance Matrix : u us yt ] { In ulffi n r : r r:LU n? tn lu n l : r-n rdum x

0 I n gt 1 : I { d 3. 3 o s u d a.: : e 0 v yt'1.: d { {5 o'u n v 1 #ril u ri.: o tj x 1 u n I :,fr'el

tduvrtt InuldiGnr:ttuun?rnlunt:i'rudumx InurirrunrlnGldufiru'or r rilulngutinar,:
s--.-- -.2t-.-.. oX r -a--p, 6r a d alflun1.:tdudulJeluu letonrlryru 45 o.:flr rfrorirnr:uryu?uIuyl=f,vn{yt?ur{uurfrnr oy'ld'

qo i\i I .,
3 4 5

oud
olu?uunflnut (fiu)

I 0 8 l7 25 2t 0

2 l8 0 2t t6 18 l3

J t6 18 0 t9 20 5

4 27 10 20 0 7 10

5 l8 14 9 16 0 8
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o{fl't

d'eodxnr: nlor lor un x ryr +s orarlufi am x mrur{ruu rfrni

d - e I v 9 jrnc7
el"l:'l{?l= s.a r,t*'roeirsnt:0"nrdunr.:fr'[do rniinl:[[uun?tnInonxrlru 45 olflrluyr'flylt{yllu

datluulwnl

.21- S i a 4 i tq cJa o d r h I h rrdumrllqufrrfronrfro.rfroqjlniifiqn drnr:nrrnrfiorsiol:Jouhirfiun,lrruQro{:6rrfldorpi^runrrru
q

q t o r : n dr n r : rfl q r#u r r r 1r rj o u n : r r u r r-u o', * d :.q

Rl?tYt 3.4

vlflunt{ 1 ) 3 4 5 I

:yuuYt'1.: (fiInrue:) 0 8 2l l9 7 18

ouA
o]u?uunflnu'l (nu) 0 13 5 10 8 0

:euyyn{:1il (fiIanrn:) 0+8+21+tg+7+tg:73

j - -.--.y ,l luy a4 s iI 1 n n 1 : 1 { yt 3.4 rr dn { n 1 : 09t r1i' u yl 1{ yt I 60 1 n TE n r : n ? 1 I I a u fr

rirrunrhflrfio.: l r{Julergudnar.: rvlrir.#uvrr{ l -2 -3-4-s- t rv'ld:yuuyr.r{:?ufi00+8+

zt+19+7+18:z:n^Inrrun:rravdtu?uu-nf,nurfioqjlu:nt3+5+10+8::o'lrjrfruntrru

I I o { : o r7o rir n u n'hi rfi u s o n u r tdr rir n r : rfl n rdu vr r.r lu ri

3.5. 1.3 ei-r o d r I i6 n r : { ru rfi o n rfi o.r G r d'u I n u 1#l il : rr n : u Lingo v. I I

rn-rornrir?inrrrrurn?rer 
q
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i-rnr:l{fr s.s r,l"'rodx Distance Matrix:vuvmr{Iou1d}J:rrn:ru Lingo v.lt lunr:'fr'orduvrx

0 r n gr I 5 t.: d :.S rij u n r: ri r Jil : rrn : ru Lingo v. I 1 u til : y ru ?a r.rn rirn iu
- e& i y r < y s1r'l:YUsvl'l.lvltiuvldfi fln.:ntnrituTint:rruun?tFtutlrd? lnorsJrJ:rrfllrJ Lingo v.l I ovrfion

.2.,-^^.d=-^.^.^.^^^^r-. -,- , c) A y a u ,l - tt alflu11'l{vlu:su&Yl1'l tuttnnvtduiouvtgnnou uny0vdo.rretumr{hj'frd'urduyrrlfiqnro^onftJ
Y vl 9 t I v d ^trn? 0u16:sucvll{usiostdumrqrft:rnnualrer{ rrnydtut:rtrirurnrrrrduvrxtrin"'.rnr:1.:fi 3.6

iil.'nr:r{fr 3.6 rdumr{fi1drrn}J:rrfltu Lingo v.1l

v
tdun't.: I ) 4 5 3 I

:yuuyll{ 1fiIarrun:) 0 8 t6 7 9 l6

iiruruu-nfinur (nu) 0 l3 10 8 5 0

:yu&yt1{:?rJ (fi Janrsr : ) 0+8+16+'7+9+16:56

0 I n a 1 : I { d 3.6 lr fl o { fl I :,il'q rdu m r.: fi 1 d'r r n n r : 1dI il : rrn : ru ringo

v.ttlrrurirrunl#u.l'or zr{lulogudnnr.: ovtrirdumr{ l -2-4-5 -3- r oy'[d':ygvyp,r:?rufig

0+8+ t6+7 +9+ 16:so fiInnra: unviiru'lufnfinurfioqiuu:n 13+ l0+5+8:36
!l ra 9,t o h ra u g v 9, 9 dtutnun?llJ?1,0.::CI tiorituun'lrurfru so nu nt:oinrdumt{?td'{nt:?lnrflu?l'1.:n?u?rnt:rruu

n':inrvdrb{:vuvmr{nfln{01nrrlu 6r{r^Auld'rirnr:o;u1ua;B.:iasr-nuuun?rflluuilfi 4

s.s. z iG n r : nr :iiorurnr :Isr sl#r.rosi 1 { (Differentiar Evorution : DE)

i6 n r : n r : ii'sl u r n r : J rr u 1 dr.r n si r.r o v fi riu n o u fi ri r ri'cy o qj + ffi ni fi

3.5 .2. 1 Initial populution fi o riu n o u n r : { u rd o n o't u r u rJ : s rr n : srur rlu n r o 1 d
I o v o A A o Ut9 4 |l.loutlJsl u0{lnn iltururu=.:Blatrut:orirrun"lpi rSorir Np: Number of population rflusl"'tr,J:

Eet i\i 1
.,

3 4 5
ov4
oru2ilunfrnHt (nu)

I 0 (') t7 25 2t 0

2 l8 0 2t @ 18 l3

3 @ 18 0 19 20 5

4 27 l0 20 0 (, l0

5 l8 t4 (, 16 0 8

rin fr u io rdo rirrurriru ?ilfi iri rrirsr ou
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3 . 5 .2.2 Mutation fi o rfj u n r : rJ iu r:J fi u u ri r l u yr- ri'n rnj o hfl rfi n ri r sr o u d uil a n

rrnnsir'r'h-Jornrirsrour?ilducJorr'rflrsrofrSruriu 6un'jr weighting Factor: r rdoqnrJ:valri'tol

nr:iliunJ6uurirlufi6'o

3.5.2.3 Recombinatio, fr o rfl u n ", r,du r r ", u u n r n r n r ul r?fil ri r sr o u d.r ov 16'
dq ' o ia r a il J : oqe/hrld]ufluq tilil1Jo.:ntn0umnn?t?tt0rrun?'l00nur cJuFtouuosytrlf 't6fl1 Trial vecror

3.s.2.4 Selection n^ o rfl u n r : rfr o n ro r rr si ra y{ r s ri r sr o u ii a d a r I q u ldiG
rd d r J o ai 

'rilSuurfruufil Function value 110.1 Trial vector ti'u Ta.get vector fr.rlun:fififit Function value

1o'1 Trial vector 6n'jr farget vector ovqnrrmufid?U Trial vector tu;usiohl

lnurd'nnr:rirurnrrrrduvrr.rdruiGnr:nr:iiruurnr:Inul,flrunsirr fri6'u16'r4rnr:

ofirrul{luunfi 5



at
uYrll 4

q.ia a a
254?:dnnuuun?r9r

lu u m fi + o s n ri t r fi ': ii 8 r? a sr' fl ttr u n ? r er (Sweep Heuristics) I or u 1 dlil : rrn : l
odtq@9tqqyvdlt:0IlJ Lingo V.l l tunt:0n[6'uyn{tlud{ ri]Htuuluy{r?iuelunr:onrdumt{:0iu-d{

rin fi n u r r o { u ?n i yr u r fru n r : {'rr n r r r r n s rm n J u J a66 a rvr' fu o'.r n {rr o u n : r s r r fi

a. r rJ:vqnoilffi a? ofi nuuun?tet (Srveep Heuristics)

o-i
.: r ui{ail tfl u iliym t uII vnr uri {ii'u ldvi r n r : uun il ry r r vRp o o n rfl u ilcyu r rse

,r4oaru-la
ttd10-.{m'ln'l:n?totfro{Erln1 ra.:0lnuuo.:ldl:J:rrn:ildr130;il tingo v. t t lunr:6'nrduyrr.r

d.riG8r?asr'nuuun?1er firiuorouoqjz r.J:cnr: '16'uri 
{

4. 1 . 1 n r : {'nr n { ru q ndr h?tfl u il iU fi r TSp In u n r : rdo n rfi o r t n ru'o u,r uis fl io $i r uil il r
qo'tr4Aylo'
lndrtturi.rru-rtfluqnt5ru6u ttnfuvirn?reruJ'o{eix1 lun^fi'nfioqjfilndrdu.rri'uhi'rLrogjlun{ru

16u:riu lnuartfinluueia rn {urvdo.rfi'firuru rindnurfiovdo.:fu ri.:luurinv lerhirfiuq

n?'ltJ dlr 1: 0uo{: n ir risueinvfiu

q J .z ilatdg fl t.: n I : r u ri.:t o.: il q n r rSp 1u rrsin v n { ru 6'ro Iil : rrn : ru drri r g il d 1#

' ioi
nlilqT qn (Optimization Software)

lu.:ruit-udldhJ:rrn::rrirr$ogrJ Lingo v.lt rniorulilryurnr:fi'nrduilr{ ri'rufu

u r u il r r u e I n ufi isr o rJ : v ar r{lu n r : u r rdu vr n d l #: v u s yr r.r fi 6 fi apr lu usi a v n ri ruq '-'--q.. - ----..-.-..-i--,,
,iu s, o u n r : n x ra fu d r tlr i 0 rrdn { ld rTr n rn fi +. t d.: r v d r n r : riru du o r n fi fiq n r :

itlo4
nrrnfiryruquriolsr 01nrlufirnr:n?rnrfro{fiogilun'rintn#16u.:1ufismr{yr?ur{ilurfinr ru*ol

ttsinstfio.:uSoqnrroiavqnrfutvfidrururinfinurfido.:I:Jfu-ei.rhirvirri'u r*rdri',n'r:n?'ra
- y a 4 o v 4. f, U rq y 4 | t, ro I dn&no{il11:tlt'lu{01u'luunf,nulYl0s til:unlunr:n?tfinio{nx1 rdrrur:?il0glunqurdu'lrlu
vq o u 4. 9, h ra j A 9) ro , Iuu0'lu?uunflnul0ea0{ [ulnun?]u0lJo{:n [u0fiqnnt:nrreru=otr{rut:?uoglun{rufu1

ud'rrfio.:ti'orhJfioqilnd'isfrnr:nrrqfiqn0urfluQerriruduro.:nr:n'nnlunriufinhJga-aq



J-1

aelvQdd
4.2 1fr fi111'to dOU nilililfi 1 fl :orfl fl U 1

4.2.1 nr:ffor#unr{dld'orniGBa?ofi nuuu naro

n r : fi'n rdu m r.r I n uiG n r : rru u n ? "r er r?l du I fl u n r : ri ru rfi o n rfi o r li o ; rfl u
.lvoc/tuaso

tet:rau tunr:0qnauunflnur toun'r:flr?runonr?rudulnul#rurrimuid'onr:{nnr:rrnyqqq

rvrnluln66arfifurfjuonqurlnnr{Iqufiii'u16'firn'r:yrerdouurlunr: nrrprirorar'h4uflrur:nqqgq

o h y ioi s hc, il oJ * d
?rrfilerou t9r:vusvn{Yrqmqn tqu tnnl{rfludlJrya1u lnuuryu 45,90, 135 rrny 180 0{fl'l

srrrudrd'u dtnr:r1u'lu1ufrsyri.rrryum?usnur{lurfinrnnludl :ou Ierorfionrfioldodlndqqr{

i io q v a vr lal d j o c,
mqamynn'r:n?r9t:1JuflflnlJ't tur:oufl 0urflun?tu11on:00ufi:u:0ufiqu?u[110yt-ln]:0et

t @ a - i u 9r jrny a4 j
nqilunflnul9r.1R1flilu?n 1. r?I009trduYt1{ltnu:uuuYtl.:Yl [9r01n?tn]:ltuun?"t91 n]ugl'l:-t{11

4.1LLAZ4.2

i v I ivrrt 64 q r a a d anr:r{fr 4.1 nr:0nrduylt{fr'[d0rniinr:rr:Llnrrnlurylrix 1 lun-nmrw':urfiuurfinr

atflu x$J (o{fl]) :vuyYn{ (fiIa$.rsr:)

I 45 2,850.85

2 90 3,050.45

J 135 2,877.25

4 r80 3,096.15

i u I juY adnr:l{fr 4.2 nr:o'ntduyrr.rfr'[dornTinr:rrllnrrnluryruoix l tuvr-am]{enur{xutfinl

ol9lu ryil (0.rfl1) :vuvllt{ (fiIorrusr:)

I 45 2,871.35

2 90 2,917.65

3 135 2,980.55

4 r80 3,032.15

io<
0 1 n n 1 : 1 {vl 4. I tta& 4.2 ttdfi.l ? I n'l : ttU U n ?rq 1u r] U rra v fi Am tt m ru t{ u

A a ^_ d- -.--e_-,.1 y tl A a . jq y ; ; 4ulwnl ttnsmflml{el'lutltJulwnlrYrorgrrduvrl{ cr.:ryilrraeyiflytl{yrh{:yUvvn.lstlfrqn no
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vt^flvrtrvr:ur{rLurfinrIoutdryru 4s o{f,r rf,if,udrra^onl#qrL +s o.:nr lnul#fifisvrrw':urfi:L
6 q/q 6d j 9q dd

u 1 wn ]il 1 tu tu ? I n 1 : uu u n ? 1 9t rfl o t rR lJ iu l.t 1 1 o { n : [rI fl n u 1

4.2.1.r nr: flnnq'ruqndrl#rfl uilqllr TSp

I n u n r : dru rfi o n rn*o r fi o v rfl u o q r?il du lu n r : fi'n n ri ru rin fi n u r d u n'.r,qqt

o a , S q I a q u s s dd a/ dt Jnrruot!nriu6'u lnulfiuilrTmorf,unr: onnr: rrnvrmflJulaE6arfr'iutilu oqaudnnx Inunr:i,_qi-__. -..,),
aYxrduaruryot^fiu Inutfronr#uarrusr'nrrfirJru 45 ornrlororirnr:ilryum?ur{ruurfrnrHnrudlq ' ''-,i-- -

S. 4 a i rq ttA o u s 4 ln rj d:0U [nulnontuo.:Yl0u tnAmdnvllnl:n?'rniUundnut-trJrioul 0u16:Jn?]u0uo.::00u
-.-. -i . e q r @ a_ A - sl AV9 a4ntU:oUfiUU?u ITIOYI'ln1:0anAUUflf,nU1tilonntduTln tta&:vUuynlm-[notn'ltn]:[tUUca

-;r)vjjn?1ft 9t{R]y{yt 4.1 ttau,i,0u0Ft.:91't:'l.1yl 4.3 ttnyfll:1{yt 4.4

iqr
ell:f ifr a.l d'rocir.r Distance Matrix :uuymr{lunr:drurfronrfio.:6ruduInuiGnr:rruun:rpt

q

riru u n 1 nrirudu fi qnfi r rfl u 1 rr gudna r.: Io on rrrdu auryfidu lor u

n1.:liultJ 45 o.:f,l tfior4rnr:tl{u?ulum^flyn{yr?ur{ilurfrnr ov'ldrduvri.:Jnofirn^onrfio.rfiod

lndfiqn rirnr:nrtnrfio.:siohJou'hirfiunrrilWo.::nrfiora^un?'rrrQflo{:0{rnr:rflnrduvrr.:
qr-i
tuI0un:u:oua{R'tllYt 4. I

qo i\i I ) 3 4 5 siruau#nfinut (nu)

I 0 8 t7 25 2t 0

2 18 0 2t l6 l8 13

3 l6 l8 0 t9 20 5

4 27 t0 20 0 7 10

5 l8 l4 9 l6 0 8

Rtl'tYt 4.1
.9_ _ .r S 3l a o q a d 6
9t ? 0 u I { n 1 : fl ? 1 9t t n u n I { rdu d}J u st vl'l 

ry u 45 0 { f, I lu vl f, yt 1.: yt ? u t{ u u 1 fr n 
-t
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nr:t{d a.a frrodrrnr: i'srrduvrxfildorniinr:rruufl?'rrrryrjo{'ernriruJnunrsuru 4s o{fllqq

qada
tu yr f,Yt 1.1 yl ?u tuu u 

-l wn't

vlctuln{ I 2 3 4 5 1

:vuyYn{ (fiJnnrn:) 0 8 2t t9 7 l8
ou4
0'ru?uunflnHr (nu) 0 13 5 l0 8 0

:yu&yn{:?u (n^]arrum:) 0+8+21+19+7+18:73

o', n r r, ", 
u d 4.4 ud a { n r : fi'n rdu m r.r fi ld'o r n n r : n r r e rfi o o-'er n q'ru 1or u

3-9-... q ,4 dr-.^^- 4-^ vty y tr 9) dmnlilueltl'lruo{ I riluqnfluunntr ov-[6rdufl'r{ I -2-3-4-5- t oy'[6:vuvyn.r:?ufig0+ 8

+21+ lg+7 + 18:73 n-Iarusr: rrnv{ruru#nfinurfioqjuu:o 13 + 5 + l0+ 8:36 hjrfiu

n ? lil 0 1 o.: : n {o ri r r u n hi rfi u 50 n u rrdrvi r n r : rfl o rdu m r {lx ri r fi.: t r n ri i n r : n r rn rdu m r l
rrdt 6r1d}J:rrn:il6i1r;rg:J r-ingo v. r r ruril'rrr#umr.:unng{rniorr:yuyyr'.t0fi#u;,iq,

4.2.r.2 i'e rdu m I { n r : I u ri.: t o.: fl iu ?r r TSp 1 u rrsi n c n ci ru dr o lrj : rrn : l
od,'
drtSogrJ Lingo v.t t tn^otulilqnrnt:i'nrdumrr rirufuuru?{rr4uu lnofiinqrJ:ya.rr{lunr:nr
.2-.--- --=iq-y- iai q r t v i
rfl u 1'l 1 { yl t 14 : y uu yt 1 { yl n T qn [u r rn a v n q u n w r : i I yr 4.5 LLdy 4.6

iqt
en:1rrii +.s 6'aotirr :v uem 1,: In utdlrj: un: u rirrf r ;rJ Lingo v. I 1

0rnnt:l{d +.s rflunr:rirJ:J:rrn:ru Lingo v. t I rJtil:vr?narndrmiu
e-J.. i - v r ad y sfi1:uuevll{nriuvtqn rd'lornp.ituTGnr:rrurn?tautrrdl IquoyIil:rrfliil Lingo v.lt ovrfron

tdu?1'l{vllJ:uuvvll{ tuttnnstdutioofrqn rtacrc6o':nt:rrl-uyn{teao{ turylrduvrisriu ovld'

:vt,vvt'1.:Itflnvtfluy[{9t.t?{nouriltg.l ttnyd'lut:0drurnrrrtduyrr.:"ldn'snr:rlfi +.0

qfl i\j I ) 3 4 5
ov4
0'ru?uilnflnut (fiu)

I 0
')

t7 25 2t 0

2 l8 0 21 (,r) l8 l3

J (ro) l8 0 l9 20 5

4 27 l0 20 0 (, 10

5 l8 t4 (, l6 0 8
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sr-r:r{d l.o rdumxfi'klornnr:1#}J:un:rurirrBrgrl Lingo v.l I

,)
1flu11-t{ I ", 4 5 3 I

:yuByn.t (frJnrtsr:) 0 8 16 7 9 t6

ir"ru:uuhfinur (nu) 0 13 10 8 5 0

:yuyylt.t: ?rJ (fi Iarun: ) 0+8+16+7+g+16:56

jvei
o r nn r: rrfr 4.6 rrfl n { n 1 : oierrdu m x fi ldrr n n r : ldlil :rrn : l r.ingo

v.tt lqurirruqtfi'rfi0.: zriJuqngurinnrs nslrirdumr{ l -2-4-5 -3- r ov'ld':vuvyrr:rrudo

0+ 8 + 16+7 + 9+ 16:so fiJnrun: rrnviiru:urinfinurfioqiuu:n l3 + 10+ 5 + 8::o hirfiu
I o lrl ta !, - o <a a a 9e

n ? lil 1 1 0 { : u 1 0 n ]fl u Ft [u tnu 50 nu 0 rn u u dr u l : o rirTi d'r5 ad n uu u n'l r n ru rr rrir]la;r rr o l
<4 h9v j

n:ruflnljl t9t9t{91'l:1{yt 4.7 $av 4.9

i - v-.----=Aqy q s oetl:].tyt 4.7 n'l: ohrdum l{fr ld'nlnTB nr:uurj n21n ln ud]ryil 45 o.:ar lufi nm N
dayl?urfluulwnl

alflu t)
[fluYt't{

:vuvnt{

(fiIarrusr:)

iiruru
9,rc

flloufl]: (fiu)

1 t-37-34-35-33-32-r 338. I 43

2 l-38-39-19-40- I 6- I 309.3 48

J 1 - I 7 - | 8 -20 -23 -22-2 1 - 1 3 16.1 45

4 | -47 -45 -46-26- 5 I -27 - 52- 49 - | 207.6 49

5 r-24-48-5-2s-9-50-l 263.8s 50

6 l-10-8-1 l-6-l 176.8 49

1 t-7-4-12-3-2-l 338.3 43

8 l-14-13-15-l 226 45

9 t-42-44-l 188.9 30

t0 | -4r -43 -3 I -30 -28-29 -3 6 - 1 485.9 50

:?T 2,850.95 452

!



37

i d i s qrad ,, tirt t 9t t
uJorfl : 0dun: yu?un1: tgtu l,r?r n1: n?lntta ?0e tgtnqux 0{Q nfl 'lrla

a c lr u t v ld}J : un : ru rirr* o ; rJ fi 1 #l u n r : r r ri r fi fi fi a or ru r flsr r#u yr r r l u r r u i fru l r u 9o do r l d

hJ:rrn:l LingoV.lr r',1d1rn',:finrduyrx lrolu,,riuueur'.loorrl:vgngildrr:Judrao.:mrl
^ddnrn-.nAranilo{ilil,fllnt:tgt'uytt.:tolnrTnltultlu (travelling rot"r*un problem: fSp) rur1#

o u gq 
'.

drrfunr:rrriilryrr louttuudtao{Trnnfinflranfdrnfuilqpn TSp Applegate David L, and

et al. (2009) ds16'neirrl{rrd'':lurvrfi z unvrlouanr:{'nno'utolrjnfinuifi'16'rrnnr:n?rel
{q

oi
[[d9t.: tu gt'l:'t{yt 4.8

iuilen:r{fr 1.8 nr:fi'nrduvrr.:Jeruldlil:rrn:ltirriogil I-ingo v.t r

atflu 1)
tflu111{ :vuvlllll

(fiIanrsr:)

iiruau

{Iouor:1nuy
I r-32-33-37 -34-35- I 252.1 43

2 l-39-38-t9-16-40-l 235 48

3 t-23-22-21- 17- I 8-20- I 262.6 45

4 | -52-27 -49 -46 -47 - 45 -26- 5 t - | 196.9 49

5 r-s-25-24-48-9-50-l 190.45 50

6 l-8-10-1 l-6-l 176.7 49

7 l-7-3-2-4-12-l 218.6 43

8 l-13-14-15-l 226 45

9 1-42-44-l 188.9 30

l0 | -41 -3 6 -28-29-3 0-3 I -43 - I 378.7 50

: ?IJ 2,325.95 452

0'rnar: r{ d 4.8 uder{,{a n rrH'r : v uuvr xfi 6 fi qn 6'roiGBr?a6nrr:ru

nlrrr JrruldJrJ:trn:ldrr*og:J Lingo v. t t ld:yuvyr 1i 2,32s.ss n^lnrilsr:d{ld:vosvrr.:r?oo

n'it:vuvvtt.:r6ru d.::vueflr{t6ufi:vuyyn,:2,881.50 n^Jarrusr:drrfluir'nr:fi'orrduvrr,r6'.ru

rJ:vaunr:ni:su&mr{ann.rn'irtdru 55s.55 fiIorrusr: aqilld''jriinr:rrrirnoud.:ui;nr:nrrel
arrr:nrirl#:vovmrrnnn':n'irtsr^nvirlfi':savyrr.:anarornrdru rg.zs riloftfiuei
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4.2.2 nr:fi'or#untsro,rrlqrrnr:fi'nr#unrscirfiiuuluyr.rfiuy (vehicte Routing

Probtem: vnp) IoshJ:un:rueirr5ogil t ingo v.tt

f i fi'u ld'ri ril ry u r n: tfi ff n u r ru rr ulil ry n rln u }J : r rn : ru rirr$ r g rJ Lingo v. r r Iq u

lilld'unnilqflr vRp oonrfluilryflr TSp riou rniodrrurriliuurfiurri'u'irnr:firirilqprr vnro

rrrrriJnuldJ:J:rrn:r.lrirr$ogrJ Lingo v.t t riuarlr:nl#rirqroufi6ld'n5ohi uasldnar

il:yr ra ruariluodr.r 1: d'rsrr:r.rfi +.q

,rrlud a.s nr:i'qrdumrrriiriuilqrr vnp lnuldlil:un:rudrrf ogrJ r-ingo v. r r rfiuu
uad
nu?In1:tluun?'l9t

\
objective

I 5 10 24 48 72 srYeep

Best Obj. 2,395.5 2,385.5 2,385.5 2,385.5 2,385.5 2,385.5 2,324

Obj. Bound 1,677 1,679.9 1,679.9 1,679.9 1,679.9 I,679.9 2,324

rlulurltE : Best obj. 6o rirrirsrorfidfiquiin, *,rulrfu
obj. Bound fio rirrourrnrixrotdrnol

0 1 n 4 1 : 1 { r rdet {,{ a n 1 : frn tdu vr m drr fil il ar n r vnp Jn o ld]rj : r rn : l dr ri o : rl

Lingo v.r t rJ:rnq'jr r.rnfi'ldornnr:fi'nr#uvrr.:luilrynrn',ro'u,dur',rdrrfruru?nr4uy0u
r,l-!hy-o- iai qy A.a4_-- e9o Urd d r - Itu t9lrl'lel0uvl9llldnttnv ['[trnturuurn d{atnr:uuun?'ln0uhiritsrol'[ddrrnsrirnl n'rriu
/av 4 4 a4 

q

{Ti'tl6.rrfionifint:urun?rellnyrerdouilryrrn:tifinur rrasrir'hJril:'urrfitrrri'ui6nr:nr:
as S o I I
??etu tnl: tnu tryfl osl'l{



,rd s

iG nr : nr :? ifl u r n r :Io sl#r.ra six (Differentriat Evotution : DE)

q i r 4 ad a@ s q 9/luumfr s ovnrittn=liGnr:nr:Timurnt: louldnrnsirl (Differentrial Evolution :

oe) leroldiil:rrn:ru Bloodshed Dev. c++ tunr:firrrdumr.:turi.: rirufuurunriluslunr:6'et

r#ulttl:nfu-a.rrinffnur tostLrrimord'onr:6'onr:rrasrmnIuJn66arfiiu fi'.:rinqra:r$rrfi

rraviliyrrnr:6'nrdulr'r,r1Iuci,: drilfuurulrr.ru& drn:-uilruurura:rru rrnriulryri'
http ://neo. lcc. uma. es/vrp,'

s.t rJ:vqnrflf?Gnr:nr:?isuurnt:Ioul#ruasir{ (Differentrial Evotution : DE)

9r)
r r u i fi'u 1 u n fr fi fr i i'u rfr o n i6 n r : n r : i iqr u r n r : J n u ldfi a ei r r ru i :J : s u n s{l dl u n r :

,)a4 S a- A A I q j i d r a< aqruiilryrrioru0innt:?nJvnulruid'ufrrfru:dolluumfr 2 fr.:ovrfiu'lr?!R'r:nt:?'lflurnr:Inu

l#nrarix rfluiGnr:fifiIn:.rafi.:hidrdou uasdlrr'r:rrrrrirsroufi6lurearfirrruiyaru fii{'o

'[6'rir]:J:rrntu Bloodshed Dev-c++ Y. 4.g.g.zrurl#1unr:il:yruaannto.:rirnol d.rfri6'u16'rirI
,t

nr:oonuuuriunounr:il:vqna{t#iGnr:nr:iiorurnr:lnruldplnsir.: lid'rnrufi s. r

x'eol
5. 1. 1 dun ount: of r.r ri rsrouriurlu ltnitialization)

-9) o j , s r /A I d
n1: d:'l { n 1n 0U t: U AU tn Un 1: qIt?ntnO : t:run U (Target Vector) rrnvr?nrn o i

e- Z- - ^l t A v I q a. .{ o d aA e,tTru6uurvr'.:rua 52 t?nrfloi n1il1flfi:00oprfu-ri.rrinfrnur rr4oilrtrrflunnrnoirSru6ulunr:
v o r raeflflutntn0tl trsrry':du'ld'und'rodr.:Inul#fionfu-rirrinfinurduur,fio.: s ror loruld'aflr.:q E' - q- _ -

rirsroutirudulorol6'rirnunl#firrnrnofrirudu 5 r?nrflof 6'.:nrnfi s.z rurrflunnrnofrirudutu
solo-rCdtooJ,Jtdr

nl:?IFilU1n1n0U 0]flUuUln?lauqucr{tilut'lu?us:{a{ttgt 0-l li{ 5 t?ntfloi iltl:u.:n10lnrln
r,tr g9r'ooAyiaJi-j
tu rlu 0 u I tn ?m I n 1 : n I u ? m n t0 t4 I tcu m r.: yt tt : v uv du yt dfi n w r : x yt s. g

a
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n:dfrnlr rl::rrnr = r

rrn:Jryrrn:rririil o-:s 1rlldrir F=F*, cR=cR-

rrnrlr;r rn:ui rtilr 26-75 l#liril r-r,N, cR-LrR,,,.

n rndr;t rn ldrriu zo- r; }iliri I !'-t1*, ftR=(1n1,,

?tnr:tltllfit r l,a, fl I (:R

luqridowrJitrir r ua:rir CR 
'lau

,- .,- J
ilgr tulJn lar,1t51l lfn{u

rir E;* 6ru:o1dom Fi..{.05

dr r- rirurorldlln F-"+o,oj

ir cn;.* firu:ruldorfl cn,!(-o.os

ir cx* rirurru}hrfl cr,il{+0.05

t)a, J-S
n lnt?fl tNUr'uJat !?irn6 Funcrion rqx{autJ lun4u

ilrslrn:la hldiuir F-* ta; CR*,. t?rrirfiuir r uay

rir cttomrllrir

rJr:qndlf m"at scarcl fioiinr: onc Movc uac 2opr

fllnouufnt

uJiuulrJalu!oLi

r9

nlilii s.1 dunoutolif;nr:nr:iierurnr:Inul#flaeir{ ro{n1:Hrrirsroulurrui{'u

i

a

t

Mu l0llfl1!

nruzBrqJrx{n

flr:!2Ufl lt Mutalion
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gn:t{11 5.1
vr

9r ?0u] { n nu ily 10{9t't : 1{ m ?tn1 duq

I j I 2 3 4 5

I 0.52 0.60 0.24 0.47 0.19

2 0.29 0.31 0.63 0.30 0.1 I

3 0.55 0.90 0.08 0.99 0.60

4 0.02 0.01 0.41 0.67 0.07

5 0.15 0.04 0.76 0.27 0.33

I j I ) 3 4 5 n

I 0 I 3 4 2 0

2 I 0 2 2 J 8

J 3 2 0 I 3 8

4 1 5 4 0 3 15

5 5 4 6 J 0 6

j
nrrr{fr s.z sr'rodxrrda.: : u usyl rl rrns,iru rurinfinu r (n : {ru rurinfinur)

ivtou<Otl,o@4
9n:1.r1r 5.3 a?0u1{ud9l { 0 ]u ?uunf,nul lurrnnerdu yr t{ (n : 0'tu?uunf,nu])

9au l,,1t - r I o /i i v I

fl ?0 u [9 unn?0u 1{ tfi uu lr?nrfl 0: yt I 1 1fl 9r 1: 1{ yl 5. l lJ 1ud9t{ 91']0u'I.1fl 'l:{
oadassqrrlorjUy-rq4Yll{ru10{?rfl1:fl'r:?'lBrurnl: [au tTr4n9ll{ 0lnuuululrtllul9trrflavlnm t?:u-d{unf,nu1

I

lddrd'.:fi 0.52,0.60, o.24,o.4llLae 0.19 srrrudrd'u rrf,rrjrrurfrnrdumr.:Iqursorrird'rrar{uorn

I j 1
,,

3 4 5

I 0 8 8 l5 6

2 8 0 8 15 6

3 8 8 0 15 6

4 15 8 8 0 6

5 6 8 8 l5 0

3

i
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rirrurnlr]rinirrioo Iqu:susmrr rrnviirururinfinurlurrsiavrdumx arrur:nn'lrlo",nr',r",udq

5.2 une s.l srr:Lrirri'rt ri"lsrr:xfi s.+

iUeod,9tt:t{fr s.+ riumounr:fl5r{rfrflorLr}rupiu (tnitialization) ro.rrlcynrni:,i'nrdumr.r
oq

d-I1.1:uu'luY{1?1uy

1)
lduYn.t 1 2 3 4 5

:vuyll-!{ 1fiIo$rn:1 0 I J 4 2

ovd
olu?uunflnut (nu) 0 8 8 l5 6

Target Vector

z.i 1,([?nln0:r:ilflu)
0.s2 0.60 0.24 0.47 0. l9

{o@utsolrvt/AYA
01nuuulu109rrfl uYr 1{ t9ruu'rx0{on?rn1 qxI0{t?fl rno:r:u9ru n1: 1{Yr 5.4

rurGurornrirrurnhJrrrlou lnudo.:hjrisrsiortou'hnrrruqro'rrinfinurlqo:ofr-riru-nfinur
u a h94 , !' - A

dtut:00unflnut t9rlltu{ 50 ftutyt'tuu 9l{st1:1{yt 5.5

iq9)osgn:t{Yt 5.5 nlS0nrduYt'l{ d11{:uulu?Itfiuu

,)
tfluYt't{ 2 1 4 3 5

:vuvlt'l{ (fiIanrsr:) I 0 4 J 2

ovA
otu?uunflnut (nu) 8 0 15 8 6

Target vector

e.l y
(t?nlno:r:ilflu)

0.60 0.52 0.47 0.24 0.19

j--v'r'9vsavl
0 ]nfl 1:'l { vr 5.5 udq { n 1: 0 9r rfl u 11 r { d 11.r : u u ]u il 1 fi u s tfi ul\ 0 1 : Bl 19r'lla u du

/A y i<, i v I .< i ; i ; i
lJ0{t?fi[9r0:t:lJ9ru11lJn'lI1nTd910n00n{n0u fi009rYt 2 0fiYt I 09tyr 4 nnm 3 rtnungm 5qqeqqeq

srtrurir+i'uusitfio':orn1ofi r firioiirri'nlnuh?rfJuqnrirudu uauqaqn#rurdrJo 6.:nylr1rduvrr.r
t9

vd@d
n{a111.lyt 5.4 9t{u
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A-, q s! c q o v a9r1:I{1r 5.6 lrfl Ann]: 00[fluyt-t.r drm5uUruu111uy lrny iilu ?uuhdnu 1

,,
lcruml{ I 2 4 3 5 I

:yuuYn{l 1fiIo$ror:1 0 I 4 4 3 5

ov4
oru?uunflnul (nu) 0 8 l5 8 6 0

ryuy11.l{: ?11 (fiIonrn:) o+ I + 4 + 4+3 + 5 : tz fiIartn:

j v 9 s o o9 A a, A o
0 1 nfl 1: "l.t Yl 5.6 tlfl n { n 1 : 0 9r rfl u vIr { [ n u n t r u or lfi l n vt I lil u q q r: il siu lla v 0 Ft

-^^y_- a \r) r). t^y 4qniltu ry{0e [qlfluvt]{ l -2-4 - 3 -5 - l0e-l9t:uu&111{:?un-o 0r 1+ 4+ 4+3+ 5: t7
6\ o o 4. i , - j ra , o I o j ,n tnruet: rrnu0'tu?uunflflu'l?i0uuu:0 8 + t5 + 8 + 6:37 nu tsl"trjrnu{orjryunfrir:n

Inoat: t ri'uatr:n1u-nfinurldrfius s0 nunrndudr{orynflr:r{d s.o rurrirriunounr:

rJ funJ6 uuri r1ufi d'o (uutation) d'.:d

L
s. r.z rTun ou nr :rjiunjdsur{ r1ufi ffo (Mutation)

dr
rilunr:rJfut:Jduurirluu^n-n rnoolt{rfinn"rnoufitr:Janrrqneirs'hJornriisror

Gruoi'utolr':nrnofGtd'u Gon'jr weighting Factor: r rfio1nr.l:valrirolnr:rJirLnJ6ourirlu
ir,

fi rirr Inufi {lror ou do u1 ri.rfi

5.1.2.1 rirrupr Target vector (X,.o )Inofi i: 1,2,...,Np

5.1.2.2 {lrf,ofl vector (r 
4,o.r 4,o.r 4,o) 

0rnr?nrqro$r3rudu (Target

vector) I n u rlo.r hi.f r riu n n rn o f ii ru riu fi g n ra^ o n hJ u d':

5.1.2.3 ti t n t : n' t u ? 0.t t{ I Mutant vector (V,.o*r) o t n fl ? I :J dru viu dt o I
v ad I

oano:vril (n. rc. Qim lraufifl{v,2009) n-1fi

Yi.G+t--Xr ,6*'(xri,c-xr1,c) (s.t1

Inu r : rir weighting Factor riJuil'ru':ur3.:fifirirnlfi:uil?'l{ o dl z uny
| 

-q 
o- ! q 9d tq @ O9t9 u s vrir p"[ulruTo"ufiqnoonuuu tflrunl:lJ:1ler? tner?ufii?ro{ teruonluuG ]nufinr:rjirrir r 1#

dl ^v4!drjaAqa[lJU 3 :UnUno fl{, nn]{ tlns${t fi50 uu, flnt{ rtnuo-N BlUnr:tililan:u9t"ufroy 0.05

Vi,G : fit Mutant vector

X i,G : rit Target vector rrfl':rirurOnrtrit Mutant vector

a
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a

s . t .2. t i6 n r : n r : ifnr u r n r : Iq u1 dH a si r.r fi idlu n r : :J ir ri r r
ii n r : iil #tir r fu rJ f:.r ri r r rfi o rJ ir pir ro.: I u n r : r r ri r fi 6 fi a n I u

:vur'rsn:vurunr:rrritsroufin-puurdu Ioooyrirnr:rnlln{ruil:syrn:oonrfJu : nQ'uei'run-u
4 r i o.
oo n{Unnxfisfiiiru:uurnfiqnfio so% ro.:il:vr.,nr#orrrnvl#rir Fno,. lunr:Glei,uiGnr:
nt:ifruurnr:lnuldr.rorir.r {ir'ulriri.:nirnar.:Ioruh?rir r : 0.60 Inu ce.p.rr. ld'nrirrli.jirir
F : 0'6 r{lurirGruriufi6fiovrirrurrtrirdrrrurvaru'ki' n"'r#u{5,il'o6r16onl#rir Fno,o: o.o ri,,u
riru:uil:vrrn:firufio6 n so%ovqnurlsrflu z n{16o n{ruuu unvn{rurir.: n{ruuuovldrir
- & v9) r

n,, fr':ur'[rio]nrit Fnu.,o lrnsl:o o.os rrnvrir r;,0 l#aroonrfiu o.os rrnvffin-u11unra"'rod*nr:

utrir t.iul vector Joraririluerrirnar.rh?rf]u Fno,o: 0.60 n-rsrr:mfi s.z
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j
0lrlFl'l:l{fr 5.7 ltdn{n1:?ttri-t Mutant vector loruni:{rurdonrit Target vector

rit9
tJr 3 rir 0tnnt:t{fi s.o lnottvturirarlualnr:fi t rrsirir Target vector fira^onrurr1o.:hj'8rrT:t

^+-- +--ul-t..y- n . o r vty o - J^
I arget vector monlaon tilttn? til0u]il]ftlu?6ufitnt Mutant vector 

-t6runnr:riru']Blfl'{ilfl..o

0.60+9.6516.52-0.47)tvirfi'u o.o: rfludu ornriurirdounlunr:r.:fi s.7 rurrirriusrounr:I

ri as 4 "y u dttnntUouullflfl (Recombination/Crossover) oud.trJunount:n'qldon (Selection)

L ,i au
5.1.3 flugtouttantrjCIUUyino (Recombination)

4 .i qv- o j u9 - dq , o j
til u n I : r11 u n ? tu fl n'r n il n r u 1 f n u n ra ou B{ 0 e 

"[6ar 
un u { lu rj r o I ri r sr o I fr

d r 4 r , J : o o9tnr,srnitrSortdn'jtoonrut tiusroufrovrirhildrir Trial vector (ur,c) d'larunr:fi 5.2 qet (A. K.

Qim rrauniu v,2oO9) [rCIy0e'lddruvrjuf,lurjd'.rfl]:t.:fi 5.8 CI'! 5.I0

V,i ,o ir{rand(i) sco
ui,G:

X,/,o otherwise
(s.2)

stFlU rJi,c : Trial vector

v1 ^ = Mutantvector,.U

x! ^ :Tarsetvector
,,U

rand(i): nr:{rud'trotdruruo?.:fifirir:vrirr o fil I ng{d j

cR :crossover nat" firirrflulnx'ilu?u0i.::vrit,: o dl t rlnyfil
I

cn lultui6'ufignoonurrh{finr:rJird":1d'6'ru6'lorlnudsrlufsr' Inufinr:rJfurir cn rflu
- q d ; 4 , J< A - o
3 :y9tufio d{, nnl.: rra&gi] l.tt0 uu, nal{ rrnuall BlUnr:rnilnn:ud'ufrau 0.05

s.l.3.t if; nr:nr:iSeirurnr:Isruidiladl.t fildtunr:rjfurir cn
9l

iG n r : fi 1 dri r u fu rJ fu ri r cR ur^ o il fr ri': ro.: lu n i : r r ri r fi 6 fi an 1 u
-a-.-q I o ) - Y r r dr r

fi qolu : vn'ixn: vurunr:r rnrnoufr r{nru rffu lquov?irnr: rnj,rndrurJ: vryrn:oonrfju 3 noil
Y 9 a , A ao ;1 a | 2 " 

^-,- 
q

droti'un-o n{runar.:firfrdiueururnfiqnfio 50% Io{il:syrn:fr'{flunosldrir C&,0,0 1unr:

rirudui6nr:nr:e;erurnr:leruldr^rooir.: ni6'uld'si.:rirnnr.:Iqul#dr cR:0.e0In0 camperle
Il 9 | h9r a"trinriir'ti'irnr:lfionrir cR a?:r6on:urir{rir cR:0.30 rrnv cR:0.90 d.:rflurirriruri'uti6

9I v v { lau 4 4 O9,r
rqiufi'u rTlriu{i6'tr6'rra-onlfrrir cR:0.90 rirudruru:.J:surn:fir?rfro6n soz nyqnuil{rflu 2

n{rn'o n{ruuu rravndurirr n{ruruovldrir cn,, d.rnrldorn c\0.,0 u?nd?u 0.05 rrnril
cq,u 1#auoond'?u 0.05 ttas{a6'uldunei'rotjxnr:rrrir Trial vector rilnr:xfi s.g
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01no1:1{d 5.8 ufler{r{nto.:nt: Recombination lqurilEulrfiutri'lrir cR d'larunr:
A-Attre)t
fi s.z 6.rtirri1 Target vector random rioun'irfiforvirri'urir cn 1#r6onrirrol Mutant vector [[ei
9 t 6 da
tirrir Target vector random rurnn'jrrir cR l#ra'onri1 Target vector triu 1nfi t firir target vector

- r - j 9 | r _ 4 -_qr4 | r u t9,
random tmlnU 0.47 ry.:uoUn?ln] CR n0 0.95 lf toonn'.l10.: Mutant vector tyrtn'u 0.63 ltsiritto
i <, t o A
fi : firir Target vector random rvir6'u t.oz dlrutnn'jrnir cn n^o 0.95 1#rn'onritro{ Targer vector

rvi r ri'r o.z+ rfl u 6'u o r n riu ri r ri r Triat vector d LA'hl t'r, rdu m r.: d'.: en :'r.r fi s.q

d s.q,,o, o n r : i'n rdu yr r r tirr iu ur u y,t'r}.r u u ln ufi o r : ar r ri r t.iut vector

fi fi ri r ru r n fi ao o n o'q r#u u r.r ri o u 1d'6'r n r : r.: d s. I 0qQ

t
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A-/oss
0'r n fl r : r{fr 5. 1 0 rrdn { n t : 0 Ft ldu yn {'d t 1.r : u u t uvn fi u v lq ufi n t : iu t ri t Trial

s 4 -i5_,_- i u I ' s o q,e) A dr o yvector tnutaon!nmilfltil1nvrfleron0ao.:rdum1{nou tnonruunlflnvr I rilulorr5ru6urraunet

-.^-Y- 4, \ttl! | utee -:qqfl'ru frrrv'[6rdum]{xo{ri'r Fuulroi cn,,ldrdurr{d'{fi r -4-s-3-2_ t ov'16':yuvyrr.r
4a

:'rrun-o 0+4+ 3+6+2+ t: to fiIarrun: uoudru?utinfinurfioqiuu:n l5 +6 + 8 + 8:37
_-._4_q-!.i_._!_p_....__+_,. s. . . v q 4 Uyd I . ,)flu ry.: liltnu1ofl]l{u9lYl?1:n lflurl]: I nu fl]il:0qunrinur-tnrflu.t 50 nu0tnfuiltxouo

sn : 1.: d 5. I 0 rJ I ?i I si o riu, o u n r : ri'n rd' 0 fl ( Se I ection)

Lud
5.1.4 1,UgtOUnt:fIOtA0fl (selection)

& 4 r o ioi s o 9ra< rd d rtI u n 1 : tCI 0 n [o'l ltel [e ?I r v n r q o u vr er vr q er I or o 1 {iG rtJT u u rfr u u ri I Function

valuefl0.1 Trialvector6't.l Targetvectord.rlrrn:fififit Functionvaluelto.l Trialvector6n'jt

Target vector 0vQnttmufi6'':o t.iul vector tu{urio'l:J (e. r. eim rro&nnl e,2oog)rT.:arunr:fi

s. I d.r o y Id'd u d'er hJ tu n r : r r ri'r er o u fi 6 fi aor d'r sn : r { fi s. I r fi s s. r +q a'

Xi,G*t =

j-qaor
911:1{n 5.11 n1:nora0nfi]9t0u:y?t?1{ Target vector

t ;,6,; if f(U i,c+i < -f (X i,C)

(,,,5 Otherwise
(s.3 )

9n:'t.rYt 5.12 nr:d'arfronrirsrol:uil'jt{ Trial vector xo{rir F,,u [[ay CRru

It
tfluYt'l.l I 2 4 3 5 1

tyuvYtlit (fiIariln:) 0 I 4 4 3 5

o vd
o]u?uuoflnul (nil) 0 8 15 8 6 0

Target vector

, ri g,
(r?nrno:[:il91u)

0.52 0.60 0.47 0.24 0.19 0.52

:yuynl{t?lt (fiIanrsr:) o+ I + 4 +4 +3 + 5 = tz fiIagrn:

I
rfluYn.r I 4 5 3 2 I

luuvlllil (6Inrusr:) 0 4 J 6 2 I

o va
oru?uunflnu1(nu) 0 l5 6 8 8 0

Trial vector 0.63 0.67 0.24 0.24 0.03 0.63

syuvYtl{:?il (fiIorusr:) 0 +4 + 3 + 6 + 2 + I :tO fiIarun:
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j
0'1nfl1:1{vl 5.1I [taun'l:1{fi 5.12 rirrurr:JEuurfiulrir Function value flo{

Trial vector fi'u Target vector il:rnq'jrrir Target vector fi:yovmrl::rurutnn'jtrit Trial vector
Ivi'aArc)Ad{rsuro

d'lriu6.rro-onFit Trial vector u'lrla?lflolUu:uti'n,lrJlunt:?t1fitaoufi6fianri

d-v.ogl1:l{Yl 5.13 n1:nfltA0nn1fl0u:y1,t?1{ Target vector

,,
rcTuYn.l I 2 4 3 5 I

:vuuYtl{ (fiIorrusr:) 0 I 4 4 3 -5

drururTn6inur (nu) 0 8 r5 8 6 0

Target vector

. cA v
(r?nrn0fl5u9tu)

0.52 0.60 0.47 0.24 0.l9 0.52

rvsvYt l.ffi ?rJ (fiIa rru sr:) 0+ I + 4 + 4 +3 + 5 = tz fiIarust:

i-v^or
9r 1 :'r.rYr 5. 1 4 n'l : fi 9t rao n n I n 0 u : s 1.r ?'1.: Trial vector lJo{fil Fnnl! uag CRno.,o

,t
rfluYtl{ I 5 2 J 4 I

syuyYt'l.t (fiIarilsr:) 0 2 4 2 I I

o va
01u?uunflnu1(nil) 0 6 8 8 l5 0

Trial vector 0.22 0.67 0.60 0.49 0.47 0.22

: vuyYtlrt:?l! (fiIarun:) O + 2 + 4 + 2 +l+ I : l0 n'Iatuct:

01nfl1:1{d 5.13 ttaenl:1{fi 5.t+ rirrurrrJEuurfiuurit Function value 1.10.1

Trialvectorti'tt TargetvectorrJ:rng'jrrir Targetvectorfi:yuvmrl:?tJU'lnn'jtfi'l Trialvector
I

- & q/,a 4 y A 4 r s ul ron'.rriuhi6.:16onnir Tnal vector utrrn?r?roriludutiprlrJlunt:rrrirflolfi6fianq{

a

I
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j--uaor
gll:].tYt 5. I 5 n]: ft gttaonfi]a 0u : yfi '11{ Target vector

sn:r.rd 5.16 nt:ri'rtraoonritsrou:efi'jt{ Trial vector ro{rit F,;,0 rrou CR,;.,.

9
tfluYtl.t 1 5 4 3 2 I

rvuyYll.l (fiIarilsr:) 0 2 J 4 2 I

o uA
0]u?uunflnu1(nu) 0 6 l5 8 8 0

Trial vector 0.75 0.51 0.47 0.29 0.06 0.75

tvsvYtl{l:?lt (fiIarilsr:) O + 2 + 3 + 4 +2 + | -- l2fiIarusr:

nlnnl:1{d 5.15 ttaenl:1.:fi 5.16 rirrurr:Jiulrfiourir Function value lt0.1

Trialvectorriu Targetvector:J:rng'jrrir Targetvectorfi:vuvmr{:?ri:Jtnn'itrit Trialvector

d.r riu 1 ffi .u6o n ri r Triar vector ru r u dr rntro rfl u { u fin hJ l u n 1 : ?n ri r sr o u d d d qel
v

6":riurirnollu{utYnhJovrirrirto{ Trial vector ro{rir Fnn,,r rtn& cRnn,,{ ur

fi'erurrfl uiusio hJ Inurir F : 0.60 unsrir cR : 0.90 u rrfl urirnnxlur'udq lil
s.l.5 sirrfiunr:rilrf"to",o$rr"urrd s.t.s 6.r s.t.l InunJ6ouril Target vector rudr

i: NP

7'
tflu1l1.t I 2 4 J 5 I

:yuyYtl.l (fiIorrusr:) 0 I 4 4 J 5

o ud
o'tu?uunflnH1 (nu) 0 8 l5 8 6 0

Target vector

, eA y
(r?ntn0:r:il91u)

0.52 0.60 0.47 0.24 0.19 0.52

:yuyYtl{:?il (fiIarrusr:) o+I+4+4+3+5=tzfiIngn:
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s.z iGnr:rYumrrirsr ouddd qmorr',rd (Locar search)

i+--- !)- ..- o. idi i dr 6d " A rn y?In1:nufi1n'l9t0uyt9tytqnlqillyyt (LocalSearch) tilu?Inl5run?ufil9toulilo"l9i
-9-.-.---- o iai-.-, ty o irar, j o o h9o j
mlnl:?llnlflouv]elvld9roufr:U 180:ou ufl6rnrnouyt tfi4n:0uyryrrnr:nrurru"l6rirsroufr

tvirfi'u fl?i'oovvirnt::un?urirsrs:L Jnu:J:yqneild Local Search druiGnr: one Move rro&
I

z-opt drrirnolfildtrniGnr:dunrrirnoufi6fiqolqflryd (Local Search) 6n'jrln: jrulul6'.r
9 d 9t A9 s s
6u "hiuvru 

fr d'ruIn : Iru lryrLlu ri

s.2.1 ifi nr : one Move iG nr: fi 1d1ui6 nr : fi r(su u rtu r ru ii'ulu o 9u dLi', uiiG n i :
Aylo4tuuud

tnn-ouf,runi.:16u? (one Move) rflunr:flruqnrirornr#umr{1n 1 liloqjfidrrrrrjlriouqnrir4n
---.S-.fq. ?l d y et j , y a 3 rrya, .i:tofroqilutdumrlrdurriuttovrdumr{6u1 rrsinr:6ruoyrnnfru1d'fisiorru^odru?uQndt'lu

I

tduvrr.rlnrjriursdo':hirn^ufl?tuW0.::n i6nr: one Move d"uJr:orrdellld6'.rnrufi s.z

iadnrflii s.z TGnr: swAp rfio,r z rras rfro{ 9

adad

5.2.2 1G 2-opt tu:ruavt6un 2-opt orvirni:ad'uril6uu (Swap) qnfirriunrulu

tduvrrsr6u:drfluhJ!i'Inutvdrnr:afrur:Jduuqnrirz:ru?rio zdruoroosrEun6notir,rndr

'ir 2-Exchang", d.:d16'lqndrnrulur#uvrxrucirovqnnJfiouuila{ d'ruanr,:lugrJfid'.:nryrfi

5.3

vr-rnrt S.lllP

r*ta+1!n'rr sxap rir.r z ua: r!l* I
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s3-t-t24-r€

iadnrflfr s.r TGnr: swAp rfio.: t rrns rfro,:6

o-3-t-&2.5-{-0

s.2.3 n r : : u n ? u ri r n o u 60 n r : fru n rri r sr o u fi d fi an tu rt, fi tr ri,fl ,u n r : : u n ? ue

ritstolrn^ru rnjolfld'dufilurilunr:rrrirnorrun'iroyld'rirsroufi6fian 6ruonnr::un?uqq
Io 6l r d, --.-. 9_ . d o i4_j -.- !--p !, 6r r o ioinln0u tuttflactuelolJ0vaO{lnuritsrouvtervrqer tirvtrntur=urtoulurrsins:ourirnoufi6fiqn

vr<4 . t ln I a ^rjdtrr (rir:vosmrl'lrional) 1u tao:or tvrirnr::un?udrnorlnu6ildruru Vectord
9 v r r h/o r _ d1 A y 9 j_-d ut!ero{fl]:dau ryu (il t9teillrHu{ 2 rilulnrtufiunlnryryr s.4 frns'[nt - 6''---
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tl

lrt

ttn v {l I nr?ru du z r rn u du Qn qprflru ld' o fi os ld' Targer vector ln rj6'.: dqqaEa''-

iadnrilfr s.+ TGnr::unxudrflou

53 P{aR1:11fl40{orni;nl:nt:eiflurnr:Isrsl#trarirl lnifferentiat Evotution: DE)
v t d.3
nuu6ljiltn:6uflnu1

nr:y{-eilurunvrJ:vqndldit^nr:nr:iiflurnr:Inu1#r.rnsirr rurrrrlflryrrnr:{'a
9l o - A o .'tdumrl drufltlruu'rflue rfroilrdrqoufirrillydu lnufirflrrurolunr:frrrrdumrr rirrir

q 9d -rl- l-..- A t /qrt^a asutu?rrt{uslt{n:vuvvt'l.r:?u1ioufrdn fr.:r{arrnnr:il:vunoilfaEnr:nr:iiruurnr:lnu1d

nodx dlut: 0rrdex'[st6'.rnr:x fr s.n

I 2 ^tJr
I
I
I
t

4 5
Ir6
I
I
I
I

7 8 9 10

0,1 0.2
I

0.8 
i
I

I
I

0.9 0.5 i o.o
I
I
I

0.7 0.9 0.1 0.2

I 6 1 4 5 2 3 8 9 10

0.1 0.6 0.7 0.9 0.5 0.2 0.8 0.9 0.1 0.2
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j 
- | dqu^d as s q9 r

srlrr{ryr 5.1 7 rua 0'lnnl:il: yqnn [,r?In1: n1: ??fluln1: tau l,[,r{am1.1

(Differential Evolution: DE)

atou 1)
tfluYtl{

:vuvtlt{

(fiIarrusr:)

drueu

{Iouar:1nu;
1 l -32-33-34-35- I 209.7 30

2 | -37 -36-28-29-30-3 l - 1 334.4 48

3 | -5 | -25 -24-46-45 -47 -21 - | 253.3 50

4 1-5-2-t5-4-l 151.3 49

5 I -39-3 8- I 9-40- I 157.9 37

6 | -23 -22- I 6- r7 - t8-20 - l 245.9 47

7 t-12-6-49-27 -52-l 104.8 49

8 l -26-48-8- 10- I I -9-s0- 1 t91.45 50

9 t-44-4t-42-43-l 241.9 45

l0 I -3- l4-1 3-7- I 253.1 47

:?U 2,143.75 452

j
0 r n n r : r { fi s. I 7 d ril r : 0 aq rJ r.r n o r n n r : rJ : v q n dldiG n r : n r : iSer u r nr : ln u td

r.r n si r l n rL,i r fi : s u v yt 1 { : ? rJ ryi I ri'u 2,1 43.7 5 n^] n ru sr :

s.4 ntril:vqnofl'f;iGnr:nt:iiorutnr:Isrul#ruarix loin r.ntial Evotution: DE) rnaouffrlqmr

n t : ffa r#u yr x air m YrL s r u ?r r lru s ii r n Yu rJam r il r er r 6 r u

q 6q 6t J !yo- 4 o rr6d aqlu.rruT{'ulunfrfi(ifi'orfionl,frirnr:nr:Sisnurnr: Inol#runsir.r rrrJ:vqnoildlu
9q4 @ 9', o v 

",

n r : trriil e il I n r : i'o rdu m r q di r fr ur u n r r u y ri r r fl il tym'l u'l et : g I u r r nril lryri

r,ttp'zneo.tl".uma.es/vrp/ rnionh'uurfiuufi'ut{anr:mqdou d':fi{ouurir rlufi 2gilEuflr drfii6'u{ug

'[6rirnt:vroraou rraensT.:nr:rrfi s. ta IErurirrunrir r : 0.60, cR : 0.90 ]orudi6'u16'u0nfliuillqs

ulet:$luoonrflu z qfl noo t) ilrgnrrurn:grurirrfrinrJ:sfivrinrudrriuilq;nr vnp d.:fi

zzilay'rlduil.:flryutoontflu 3 ilrJ?o fio rurnrf;n liliynrfifiturnqnrir tz-zgl rurnnar.:
,94 ia 9 .. --. q r.q id 9 u A(ilryurfifituroqndt 44-ss) uavrurorlrry tflqnrfifirurnqnrir 60-80) 6'.rsrr:r.:fi 5.18 uay
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z) ilcyrrrurm:grudrr,rfrr:Jiuutfiuunr:rrdilrynrtordnno?yr'rurY:LiG pso, ACo rrav ne drfi
z flqur 6.rflr:r{d s.rg

isn:rrfr 5.l8 r.ranr:iorj:yfrmfinrnrirriufla,Hr vRp

Size

Problem

Name

Problem
No of

Customer

Capacity

of

Vehicle

Optimal

Value of

Problem

DE Best Single Solution

Objective

Value

Time

(sec)

o//o

GAP

Small A-n32-k5 32 r00 t84 i84 1.18 0.00

Small A-n34-k5 34 r00 778 778 5.05 0.00

Small A-n37-k6 37 100 949 949 29.18 0.00

Small A-n38-k5 38 100 730 730 17.9t 0.00

Small A-n39-k5 39 100 822 822 14.41 0.00

Medium A-n44-k7 44 100 937 937 54.8 r 0.00

Medium A-n45-k6 45 100 944 944 376.67 0.00

Medium A-n45-k7 45 100 tt46 1146 72.95 0.00

Medium A-n46-k7 46 100 914 914 100.80 0.00

Medium A-n48-k7 48 100 1073 1073 81.77 0.00

Medium A-n53-k7 53 r00 l0 l0 l0l0 559.72 0.00

Medium A-n54-k7 54 100 1167 lt67 118.22 0.00

Medium A-n55-k9 55 100 1073 1073 207,93 0.00

Large A-n60-k9 60 100 1354 l 358 707.33 0.294

Large A-n6l-k9 6l 100 1035 1035 491.65 0.00

Large A-n62-k8 62 100 t290 1293 895.82 0.232

Large A-n63-k9 63 100 l6l6 1629 710.04 0.798

Large A-n63-k l0 63 100 1315 l3 l9 787.92 0.303

Large A-n64-k9 64 100 1402 l4l3 780.65 0.778

Large A-n65-k9 65 100 n77 tt77 790.97 0.000

Large A-n69-k9 69 r00 I 159 I 163 1068.91 0.343

Large A-n80-kl0 80 100 1764 I 785 t582.22 t.176

"h Total Gap Average 0.944
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0 I n gr 1 :'l { d s. I 8 fl u'i 1 il : v fi vr fi n t rnr d r r fu rlq; r r vRp r o r rlry n r ru', r, g 
..r 

u #.
zz ilqu'rfirirrJ:vfivrGntr, n':rrusirstorrirnourirrqfiofiri'.l,r'.rU, o.q++ uJofrfiuri 6.rhirfiu
nirfiuoruilkln^o s nJofrduof q"'r#uiinr:ti45;rlol'ni*urduf rfirJ:v?vrr'nrnrfiurvrosionr:

9q 44
Irnuqfi110 in:iuf,nu't

,', r'r od s. t g nG u u rfi o u n r : r uilJiy r r r o.: o-n n oB n'l ri'u ii pso ACo r rn y DE

Name

['roblern

No. of

Customer

Capacity

of

Vehicle

Best

Known

Solution

PSO ACO DE
DE

vs

PSO

DE

vs

ACO

Objective

Value

Objective

Value

Objective

Value

Vrpnc I
5r r60 524.61 524.61 524.61 524.61 Draw Draw

\u rpnc2 '76 140 83s.26 845.24 836.53 835.11 Win Win

Vrpnc3 I0l 200 826.14 832.91 82't.393 827.39 Win Draw

Vrpnc4 t5l 200 t028.42 1049.24 r 055.73 1052.4 Lose Win

Vrpnc5
200 200 t291.45 t36t.24 t359.82 1354.7 Win Win

Vrpncl I t2t 200 t042.lt 1057.01 l042.tr 1117.7 Lose Lose

Vrpnc l2 l0r 200 8 r 8.56 827.21 8l 9.56 8r 8.56 Win Draw

YU1Utl{91 : Lose 6O trr(

Draw R^o tflLlo

Win n'o ruy

0 i n a l : r { d s. t s rT u r'r i6 n r : n t : iieru r n r : Jfl utdru o si r q l u n r : rrrirJru n rh?ri r

rirnouoqjlu:vri'u6 rfionGulrfio:Lnirrirsroufi6fiqnto.rrftyur vnr o^u 1 rfio.:oinoyrfiu,jr
.r i4 d:JryurfrfrtuIetfin ltavIu]flnnr{dlrJr:CIrrn'rnoufirHrrvflu"leY ts rlryrrorn#.rnruor

zz ilayn riruiurlcyrrfifiturnluqjovfiuJoir6urinrrlsir{1ro{rf'raouurnn,jrfluti usififi
t dd I r

t:Joirfiusin'ltttsit':to.:rfrnouq':qnrfiur r.rzo nJo$r6usi6nvre,:r:Jofrfiudnrrrsir.:nuuri..,ru,

ro6ulunt:trrirlryrrrlnrliuilr Unn:fifirilfiur o.q++ rilo$rdusf d.rhlrnurirfiuorfuld



0 1 nfl r : r { fi s. t q il u'i rif; n r : n r : iifl u r n r : Ipr uldr.r o si r q lu n r : rrdfl ru r rt o r

christofieds ,Mingozziand roth tshflrirsrouoqilu:v6'ufi6n'jri6 pso vi.rnruq + qnilrynr rfio
fd d q ad A 9o ja

ttJ5uurfruuri'uTE aco tv}irirsrorfrfin'ir l lnilqlrrrrayrvirtiu : qnilq;rr d'.rsrr:lfi s.zo

ienrrrsfr s.20 runflrsujiourfiuuri'r z ilruur:vrii,:if; op 6'u pso rrnyiG DE fiu ACo

.tu
DE INUUNU PSO

eiv
DE IMUUNU ACO

uuy (win) + ilryrr : ilqnr

tilruo (Drarv) t flqrr : flrynr
1)

l[1,{ (Lose) z ilryri tflrynr



j
ullYt 6

I av 9)
cr?u9{ a nt : ? outray r olctu0 tIuy

I

i u u vr fi fli {'u d r tau o pr n n r : r n do u r 0 r il cy n r n r : o'o rdu m r.: d rr iu o r u n r il u s 1r o.:{
d4 J oon:rIfrnur r'.:iGnr:fl?1fl (srveep Approach) rrnvi6nr:fl1:?imrurnr:lqoldr.rnsirr

(Differential Evolution: oel6'.:ldnrir?ur Iqufirnr:rilSuurfiuuriretou0rnif;nr:nrtqr rraynr:
I dq3/6d s o9:J:vqnsilfrTinr:nr:Jiprurnr: Isrul6nrnsir.r InofiuJrililrulunr:6'nrdumrr rirriu

o'.tun',nurlnufi:vuvvlr.r:urloofiqer rrovdrrunn'1:ytetdoururrilSulrfiuu trnynt:drilalrr
uil

nr:o'nrdumrr rirnfuurufl'n{ue Aln;rtrrun'rura:g'ruu'rlrerflouInurJ:vqndldiir;;;;,

iSnrurni:Intlldnasirr rdorirr^rnrurrrjsourfiorfiurirsrurd,nu',rarufianrrnrirlryd
q

http ://neo. lcc. uma.es/vrp/

e.t aqrJruonr:iffu

d as 5.a-- l-- -4-9- 1i q q I0lnmquauau{1u?num[nu?'t,0{ u'tJ0dIilma:{nu?1 ijryrtnr:{ordumrlnr:rud.t

riiriuutuntruvrirrfluilryrrfifinrrl{.rurndudouflryrrrd.: uasfi'srrfluflqnrrdufiarfnr

(NP-Hard) nri116o r:4rfil#lunr:udflrgurfi6'sr:rri':urnaudr,,ruun}Jruuriunfi:luurerlro.:
-o,r^.^-^a-e- 4 , J.-- qvso 9 o- - j4.l e, or I a t q etu [U fi lYl tlI u I u el.rl u u n'l : l'f ? r n 1 : n u fi r n 1n o u fr 6 fr qn rlu il ry r rriu o v il n ?1 u q.: u 1 ndu do u

t lqyaa " ioinl:il:eqn$il{TGnr:rrrirsroufi6fi{n (Exact Method) niol#rvtnu'Ft Linear programming 010

^--.r-ri",^^."3^ul-:-.-- - o r,r, .e--o e I s 6 q a " J tn:eml tnulnr:0 [ud]u1:on:svtr-16tnu tilodtu'lusr'rrril:sr'na'ulnrfrru'ilruruutniluoul{
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i-4al,*9l.l:l{fr c,.1 ,tuavlauozunnr:d'flrduvrrslflunr{dtuil 45 o{fl] lufiaynlmrur{ruurfinr

I

En:l{d r.2 :ruav[6unruan]:,u"'ardumxleunr{druil 90 o{flr luvr^flrrwlur{lurfinr

atou 9'
ttruYn{l

:vuv1l1.:

(fiIanrsr:)

druau

floruar:

(flu)

I t-37 -34-35-33-32-l 338. I 43

L l -3 8-39- I 9-40- I 6- 1 309.3 48

3 | - t7 - | 8-20 -23 -22-2t - 1 316.1 45

4 | -47 - 4s - 46 -26 - 5 t -27 - 52- 49 - | 207.6 49

5 1-24-48-5-25-9-50- I 263.85 50

6 l-10-8-l l-6-l 176.8 49

7 r-7-4-r2-3-2-r 338.3 43

8 l-14-13-15-l 226 45

9 l-42-44-1 r 88.9 30

t0 | - 4 t -43 -3 1 -30 -28 -29 -3 6 - | 485.9 50

:?U 2,950.95 452

CI.l9lu
,)tflunl{

:vuyllt.:

(fiIarrusr:)

iiruru

frlosor:g

(nu)

I | -3 I -30-28-29 -3 6-37 - | 335.1 48

2 I -34-3s-33-32-38-39- I 432.7 43

3 r-39-19-40-l 6-17-1 271.7 40
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ntrr{d rl.2 :tuasr6uor'Jon'l:f,qrdumrlnunxrirryru 90 o.:f,'t luyr'f,yrrlyr':ur{ruurfinr (sio)

,,rlod t.l :tuavt6unruonr:o-ertduvrrlounr.:rirryru r35 0{flltufrnyrxynurfiruurr?nr

otou v
[fruYn{

lvuvmln

(fiIorrun:)

siruau

frlouar:

(nu)

4
L - I 8-20-23 -22 -2 | -47 - 1 336.2 48

5 | - 4 5 - 46-26- 5 I -27 - 52- 49 -24 - | 268.4 49

6 l -5-25-9-50- I 185.15 50

7 r-8-l l-6-7-1 301. I 49

8 t-4-12-3-2-14-1 302.1 47

9 1- 13- t 5-44- I 230.2 36

10 t-42-41-43-48-l 390.4 42

: ?lJ 3,050.45 452

atflu v
tflumr.:

lvuvYll{t

(fiIanrsr:)

iiruau

#lnuar:g

(fiu)

I t-42-44-43-3t-l 372.7 44

2 | -30 -28-29 -3 6 -37 -3 4 - 1 335 45

3 l -35-33-32-38-39- I 344.9 48

4 l-19-40-16-17-18-l 255.5 45

5 | -20-23 -22-21 -47 -45 -46- | 260.6 46

6 | -26 - 5 | -27 - 52 -49 -24 - 48 -25 - | 245.4 50

7 1-5-9-50-10-l l-1 204.05 45

8 1-8-6-7 -4-l 299.8 50

I
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-- 4 d. - v I s o 61 6 d agl"l:l{Yl 1,.4 :lunvtoufiP'lanl:09rtdurr{ lnunNfitr1ru 180 o{fl1 luvr=Amrqvrruriuurfrnr

alnu v
tfrullt.t

:vuvYn{t

(fiIonrsr:)

siruau

frIorsor:

(au)

9 l-r2-3-2-14-r 220.1 40

10 I-t3-t5-41-I 339.2 39

: ?TJ 2,877.25 452

atou v
tcrunt{

:vuvYll{t

(fiIanrsr:)

riruau

frIosor:g

(nu)

1 t-27 -52-49-24-48-5-l 189.7 46

2 l -25-9-50- I 0-8- I 242.55 44

3 1-lt-6-7-4-l 275.4 44

A+ l-12-3-2-14-l 220.1 40

5 1-13-42-l 266.8 40

6 | - | 5-44-4t -43 -3 I -30- 1 547.5 46

7 | -28-29 -3 6-37 -3 4-3 s - | 320.3 50

8
1 -3 3-32-3 8-39- I 9- I 400. r 49

9 1-40-r6-17 -18-20- I 203.6 38

l0 t-23-22-21-47 -45-l 253.4 4l

11 1-46-26-sr-1 186.7 l4

:?TJ 3,096.15 452
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9n:.1{11 1,.6 : r o a v 16 o n ru a n r :'o"'rr rdu vr r r Jn o n x rir ry u 90 o.: fl r lu vr'fl yr r.: n r ru rfi r u r fi n r

arou 1)
ItrUYn.l

:ytjyYn.t

(6Ianrn:)

siruau

frTqurr:

(flu)

I t-36-29-28-30-3 I -43- I 34t.2 42

2 t-4t-44-42-1 254.t 38

J l-15-13-14-l 226 45

4 l-2-3-t2-4-7-l 3 38.3 43

5 1-6-l t-8-10-l 176.8 49

6 l -50-9-25-s-48-24-1 263.8s 50

7 | -49 - 52-27 - 5 1 -26-46-45 -47 - | 207.6 49

8 1 -21 -22-23 -20- I 8- I 7- I 316.1 45

9 l-16-40-19-39-38-l 309.3 48

10 l-32-33-35-34-37 -r 338. l 43

5 ?tJ 2,871.35 452

atou v
louYn{

:yuvYn{

(fiIanrsr:)

iirueu

frlosar:g

(nu)

I 1-43-41-44-42-1 400.4 45

2 l-15-13-14-l 226 45

3 t-2-3-12-4-7-l 338.3 43

4 l-6-1 l-8-10-l 176.8 49

5
1 -50-9-25-5-48-24-l 263.85 50
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: r u a u 16 u n r.r n n r : o-q rdu m r r Iq u n r r dr rJ u 90 o.: ar tu fi gvr x n r u rfi ru u r fi n r (ri o )

: r u n r 16 u q fl n n r :,fi'n rdu yr r r I n u n r r liru u I 3 5 o.: ar 1 u fr sm r r sr r ru r{ ru u r fi n r

t

a\

.i
9r1:'t.:11 1J.7

atou vldulllil
:vuvYrl{

(fiIarrusr:)

drueu

floruar:

(nu)

6 | -49 -52-27 - 5 1 -26-46-45 - 47 - | 207.6 49

7 t-2t-22-23-20- l8- 17- I 316.1 45

8 1 - I 6-40- I 9-39-3 8- 1 309.3 48

9 l-32-33-35-34-3'7 -l 338. r 43

t0
1 -3 6-29 -28-30-3 I -43 - I 34t.2 35

t ltJ 2,917.65 452

olnu ,)tdunl{
:vuyYn{

(fiIanrsr:)

iiruau

#loruor:
U

(nu)

I l-16-15-14-l 355.7 45

2 l-2-3-t2-4-7-l 338.3 43

3 l-6-l t-8-10-l t76.8 49

4 I -50-9-25-5-48-24-l 263.85 50

5 | -49 -s2-27 - 5 I -26-46- 4 5 -47 - 1 207.6 49

6 t-2t-22-23-20- I 8- I 7- I 316.r 45

7 r-16-40-19-39-38-l 309.3 48

8 I -32-33-35-3 4-37-l 338.1 43

9 | -36-29 -28-30-3 I -43-4 I - I 485.9 50

10 1-44-42-l 188.9 30

:1tJ 2,980.55 4s2
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z^

o19llJ v
lduYn{

:yuylll.t

(fiIanrsr:)

iiruau

rXlouor:{

(nu)

I t-2s-5-48-24-49-52-r 254.1 49

2 | -2'7 - 5 I -26- 46 -45 -47 -2 I - | 246.t 48

t-22-23-20-t 8- I 7- I 6-1 298.5 47

4 l -40- l9-39-3 8-32-t 325.2 45

5 l -33- 1 5-34-3 7 -36-1 s57 46

6 l -29 -28-30-3 1 -43-41 -44 - | 489.3 44

1 t-42-15-l 221.7 4t

8 t-13-14-2-3-l 248.8 45

9 1-t2-4-7 -6-l 2t3.1 48

l0 r-l l-8-10-50-9-l 178.35 39

: ?IJ 3,032.15 452

a
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eIr:r.:ii n.1 :-ruosrAuq,{nnr:d'qrdumr,rlrroiGnr:nr:ifmrurnr:Inoldruosir.:nf.:fi r

fJquldrir F : 0.55 cR : 0.20 rrnyifruru:ou : r,000)

,'tr',.rd n.z :runvr6uqr{anr:o''erduvrr.rlnue;nr:nr:ii'slurnr:lnot#nradxnY.:fi z

flnul#rir F : 2.55 cR : 0.10 rraso"ru.:u:0u : r,000)

cll9lu v
louilr.1

:yuvTlt{

(fiIanrsr:)

iiruru

flouor:
(nu)

1 l-16-17 -t8-23-22-l 243.9 45

2 l-37-36-28-29-30-3 I - I 334.4 48

3 l-12-6-49-27 -52- l 104.8 49

4 t-35-34-33-32-l 209.7 30

5 I -4- I 5-2-5- I 151.3 49

6 I -3- I 4- I 3-7-50- I 253.2 50

7 | -20 -2 I - 47 - 4 5 - 46-24- 48-26- | 261.5 50

8 l-51-25-8-10-l l-9-l 190.8 49

9 t-43-42-41-44-1 241.9 45

l0 l -39-38- l 9-40- I 157.9 37

:?TJ 2,149.4 452

atou v
lfluYr1.t

:UUgYII{

16lonrn:y

druau

frlorsor:{

(flu)

1 t-32-33-34-35-l 209.7 30
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