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maintenance of health promoting hospitals in Ubon Ratchathani. Random data 15 sets are used for

evaluating a proposed algorithm which is in conditions of minimum cost. Was developed a

heuristic for the continuous routing, which allows continuous transportation without limitation of
truck operation hours and retuming locations. In this system, drivers are allowed to take routine

breaks at designated rest axeas without having to retum back to the hub and considered travel and

service time requirements as the capacity of the vehicle (VRP-CTST) which will be solve by three

methods which are I ) Formulate the mathematical model and solve it by Lingo V. I I . 2) Develop

a heuristic for continuous vehicle routing. and 3) Design the differential evolution algorithm

(DE).
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answer is how Clark-Wright Saving Heuristic. and 3) In the case sfudy, Improve Differential
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,

ln ut#fi n r : {rru ev n ru usi o v uri qfi u.: n fq6 u'r

nlild 2.2 Seven-bridge problem at Konigsberg

z.t.z rlqlrrnt:ffotdunt{uuu Node-covering
q.r v ,l_.--- - j ar Av- d d a t
U fl fi 1n 1 : 0 o tdu vl 1.1 t tU U Node-covering Yt tlJ u 1l I o n tta v tt n t : dnu t riu o tit I

C

rso

c;

rao

,,

n{r.rtrr.rfiqnfro flrynr Traveling Salesman problem (rsp) dlriJuilrynrfinrin{tulltu I nil

50 \



ll

osdorrduvrr{0rflrrl'osrirudu'[rJfrrru^or4nrru^orrrd:&ounfiururfirfiosr?rud'u drrrsincrfiorov
I h9o J o s d , lAa q a J ;

ni r u'[ 6rfr o r n f r rd u r I n u fi q er rJ : v a r rifi fi : c u v 11'r { : ? u l u n t : ro-u vt r.r du fi q or

z.z rlqmrntrtAunt{to{flfin{rutru (Traveling Salesman Problem: TSP)

iliyninr:r6umt{1to{ytlifl{'lu1,tu (Traveling Salesman Problems: rsr) tflugrltruu

ruirtos?Glunr:firrfiunr:urlilqnrnr:tuds fifi5nqrJ:varri6o do.:nt:rtrduvrr.rfirirh?

nr:r6urx'[rJfirqndr1nnu,fir'r,iudrurirldiirufiA..rdqr ]nufirtouh'jrdousr'uvtr.:hJ}in:u
4 d 9, q I a a I hrd 3 o

uflnto{r:ot4rrduyrl{?rfln (closed rour) rtsiostfiola'lilt:fltn^uyrr.:r^iru'ldrfiu{n:{tfiu?
Jt

rvitiu rfroufinrrufllur6urr{run:uTnrfiorrrdrh{r6umr.:ndr'hJf,rrru^orrirur{ud':rran.:1u
j

nlflYr 2.3

Coqav
R rlr Yt 2.3 o n u 0{ s il aJ r 1 n 1 : r9t u Yl'r { I 0 { 1I u fl .: 1 u lt 1 uo ---'

ilryur TSp drul:nuriroonrfl u 2 rJ:crnmdsd rrI fl rynrnr:r6um1{ro{T{fn{ru

lJ'lutlulJdurutn: (Symmetric TSP) ndt:n^o niruoc:vt smrr:vu'ir.:aoseirrrilil.rdlltt-n;,

firirrvirrTu (z) i]ruurnt:tst'uvn.ltorufnrrutrutrur'hiarururn: (Asymmetric TSp) ndrrnoo
re--!Jq,ud,r4rrelJoa_dqrdd

:suuvll{:Yfi?'l{do{el1tt14u{11{ tU-nauilnr lilrmrnu vNuilryrr TSp liluiliurril:vrnnrdufr-

alr;:ni (NP-complet") dsrfluflryrrfifinrrru,fi'rdouuasrrrirrirsroUi6fiqr'f i'riou{r.:orn

Ioufi'firu:urirsrotfirflul:Jldtvrfirur,3uuuu,6nlilruarfiuaflrrudru'ruqrrto.:aorufifirfirururn

-l^ ^a_-o_-._-._.- i: J a r qy jqyq o , ,'
il u ru o d t u : u ao r u fi tfr ru t- u il n v rf .: n a hin a r fr l,fr l u n r : ri r u r ar rfi ru nou sr r n hJ dr o f,n u u v t o t
ilrynr TSp dril1:CIrrasm'ldornn:rll c = (v, A),du y = {1, ..., Ni dorrysrro.:Iyun Inufi .4 n^o

o o

@
o

o
o

o

o

o
Travelng Salesman Problem (TSP)
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rryaro{rdurt^ol rrriasrdu16olrvrJ:vnou'hJd'1u C, , rfjuri'arfrnunirtyru:vosmrrdilrin.:ru

rrurfiumrmrnur'oc r t:Jfirur^or i d': (,,r) e vli +,r rr6lv s n'o durryniirfluhlld'#unu, n,

S c u Inofi s * O,S * yd.: lsl n'o dru'ruarurfinro{rcrn.srrurdraormxnfinarasrirran.r
.v

Vt rs d
[9roiu

ftvu (Indices)

f iird'urosrfio.rfi r lrrofi i = L,z, ..., N
ooAisj dtd'utoltu'olfi yInufi j =7,2,...,N

-,ir
9r?ttil : ytyt : 1lJfl 1 (Parameter)

cij :yusvrl{:sr4'ir.rrfiorfi t hJfr.:rfi0rfi.1

sTrrril:lunr:siprfrult (Decision variables)

xrj = t, dtfint:rfiumxorntfiol i hJrfiol T

di
0, fl:fltoul

4u u t J
T'l{n$u?fl qil: c d.:fl (Objective Function)

NN

Min= II cijxtj
i=r j=L

9lov
dil n1 :'[10 01fl fl (Constraints)

N

Zr,, - 'i=1

N

Zr', - 'j=l

Ilx'j<lsl -1
'€s 

j€s

Xile{0,t}

(2.1)

Y j=r,r,..,tu

Y i=(t,2,...,N)

Vs.y

v * o,2,...,u), i = (t,2,..,N)

(2.2)

(2.3)

,

a (2.+1

(2.5)
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q da @ | r; - 4 9t y ar i.Y i irny
v{{n5uxmqil:efl{nm (2.1) no er0{n1:?r'rrdumrn?{iler?i6iuliqq yr'lntrnnr::eru

:uuvyn{nr:rAum1{x0{1n{fn{'rurru dunr:{odrrinfi (z.z) rrnv (2.3) n^srrsiasrfio{0ado{
tgglyigrtAydstv

rJ:vnoudrurdumrsrdrrfrrrdurrocrdumnoonru..rrriu dunr: (2.+) fioarunr:flolri'unr:rnet
9t

r6'u?n{il'nruurud.:riou rrnedunr: (2.5) rflunr:rirruq6"lttil:6'ndulout'tu'luurE

il q u r rsn rfl u fl ry r.r r fi ldfr n'r r ru fi tr ru 1 u n r : dnu r du n iri fi'u rTu o dr s n 1'r { fl ?r {r

t d 4 y I av J ,o, yt < d ct 9, A q q : r

tnuunl:flnu1niln?1?0uu-r9l{rr9ril n.fl.1940 rrul'r0utJfl'l:f,nu'rnunil[nu?nuiliu1{1uu10ut.t

u r ? u r u usi m'i r frs'[ri fi ir' n r : 1 n u fi a r :r r : o idtu n r : r rdil ru n r l do d r.: aru r : alur u ui o s o r n

flqnr rsp {'nrflufltyurfiurntunr:rrrirsrou luodsrfirinifi'uraruviruldrirnr:finurd,:

iEnr:rrfiilryfir TSp lsrufi z #numv6o (t) i6nr:nrr{rsroufidfi{o (Exact Method) unv (z) iG

8':iast^n (Heuristic Method)

| /ad gq o<ai u r r

n1:U:eqnn?In1:ltniliU14'lttUU?tfimqn Una?oU'l.llSlJ Balas and Christofides

(1981) ld'rjrtauoiinr:rrdilryflr TSP fi'hiarururn: lqutdi6 Restricted LagrageanRelaxation

;3 r!r' 94 
' 

o - ddt ei u i a u t ur, J omluognuilQl{rn1:u0u14u1u{'rurJgr?0ila1n:0{ryrilur.iou [ryrosuu0uer rs'[6rur8{n1flou
{q{

iai o A 9 ogad
fi6fiqorornrirEroutildu ttCIulde; Polynomials Bounded rutrirnr:aflr.:n:rttrjrvirriuuas

ri r rdr ru r l u fl t r{fru a r n : 0.: dfi fi frr n nr rfl u r r n fi n r : 16 n n r l r$o u l t ri r l #r o u rt sr d r r (Lowers
r -J h9, ad 9

Bound) 0U1{dtJltdu0ttAUrIl}J1:61?1lljoU[runUU [9101n?5n]:fl5]{n1: Fast Tour - Building

Heuristic Laporte and Nobert (1983) drrauotru':mt{nt:dils]rJ:rrn:ru6ufiroof (Integer
)

Programming) rinifluri'.rao.:16rJ:vqnr{1#i6nr:ttflnfi{ttnurirfiuerl0urrfl (Branch and Bound)
Ay-l

rfiouriilryr.n TSP frrtruuturnnnr{rravrfin rras{ruifiuro{ Noon (1988) rirrauoiinr:

rrrlilcgntrrtlu Lagrangian relaxation rfiorrriiliyrr TSP rluuhjarururrt: (Asymmetricl rravfiqn
il4

Qnn1il1n0{ 442 \$ ruafll:mnno.:rJ:rng'jrr{rsroufi16'rflurirsroufi6fi4n (opti.al solution)
dty

rljU9rU

__--l /a4 9)e4 6 a a q r r 9, 9t 9
fl 1: U : U Ufl 9t?r n1: rlniln,il 1 TSp uuu u?: detfl ungt?0ut{ luu n1: d51{rduyt x6.lu

iG saving lto{ Clarke and wright (1s64) dlrfluiGfirflufif;nurnfiqni6nr:ild.:1unr:

rrriilryrr rsp Inutc?ilfl'l:l'tt:uuvmr.rfir..l:vrfrsrdqn i6 Nearesr Neighbor r0{ Rosenkr antz et

at. (te77) rfluiinr:fluHtqnci.:Aurirfioqi1nfr'rYu1nri.:fiudrlnqnviruilrnfiqn i6 rnsertion

Procedures rflurmnfinnr:rrm:nQnrlrr{rhJluusiavrdumr{ d.:i6rrvr:nfioqj6'':oiiurarnrnru

i66'ruri'u Fiu Nearest Insertion, Cheapest Insertion, Arbitrary insertion, euick Insertion, Greatest

Angle Insertion uavi6 Minimal Spanning Tree 1J0,1 christofides (1g76) rfludu
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nrnnl:yruyr?uilqlilrnr:rel^uyr-r.rro{r,{fin{rurlruaqrJ'li ilrynrnr:r6um1{to{

nfnrrurrurfluflqnrnrrr',0',,rr',vfiqer SorqrJ:sarrilunt:rrdilqr,rr n'onr:rtrirldiirulu
a Alt at s aj h | , a t4 rcr, a *" | 4 a

nr:rnumr{yruoumfla tnuu[{ou tlJ?'rero{rrfr'umr':hJ1#n:uflnlu'oi ]rrurrsiayrn^ondlil'r:i'rleruqq

I hro I o ,l A - a d !,q[a
mxriru'ldrfru{nf{rdu?ryirfu rilolrrlnqrutrurfrumr{0un:uUnrfro.:rrd?lrirn-umr.:nfirh]fr.r
a o 9, aa 9q io qr<- s d ,,, ad o !<i r 6d

rfrolr5ru6u unvTEnl:ufriltyr.rr fiu-uruldfi z d'nunrvfio (r) iinr:mrrirnoufidfiqnr tsu aE

Restricted Lagragean relaxation (z) i6Briafrn triu iG Saving, i6 Nearest Neighbor

ov.yov
2.3 ilrynrn'r:dorclulll{Gitl{Suuluumuu (Vehicle Routing Problem)

).
flr11mr vnp riurfluilqrrri'rund.rrornr:fi'nnr:drulaiast^nd (Loeistic) 6o flrgrr

o a o d a ioi o .l 9 v s ad q o

nr:9r916lu t0r00nT1{[o0nmflmqa tun'r:rnn0uu'ru?glq tquil'r?rn'r:?'r{ttr.ru09ralorttav

fi'nrdumr':nr:ruri.:fiudrhJfrrqndrh?firJ:sfimfinrnurnfiqnr lnufitr:nrr6.:rtou'lu,rio

{o,ilrfifleirst d:u rryu nar {ru':uuruvrfiuu :&u&vrx rfludu ilryur vRp fin':rruuanei1{01n
9t

ilrgr,rr rsp 6'sfi "rEunfioumuilfin{ruxru'jr flr?rucru6i{ (vehicle) ilio aruri{ (Route) unsfi
iyqaiaqddddag),

qnr?uo{ulunr:rduml{firrfiouriurfrurqnrdor n'o lngudn:v0rufiudrfl01{ (Depot)" dau
Ir j ji I e q t rty I a q, A I

o{nil:ynouou"l mrnu?{otfiuflqrr vRp teil:unou'hJdro fluun:eolufrurirnarsflfrr urir
o 9) d I v I do v t ;J
rlu?uann]rurm'lnu il:lu rtaufl'll,tuuturi.rfi{ruru K du :vueml{:8fi?1{09t119t.110{Jilu9t

{q

*doaa
co.: Ir unfi nr: ritu ?iu:yucyn {rruurBrfr rio (Euclidean distances) n 1: u: : qnAu dtlu nr:

Jrrq199JutradouYdta
rurirusiavnf.:uavusia&rdurl.reior'[rirn^u6rr{rri'oto.r gu qndr4n:rurfluatrSnro.:

i - {1,2,..., w} rravfin?lildo{nr:fiudr1u:vd'u o, d'nsarcnr:rrflilryrrrionl:0onrruurdo
tr9tdt,'

ttu{nOiltduvrl.llJo{il1}.tuutud{oonliluiiru?u K dlu ru^o}{arari{drrJr:0fluri.:fiufiroon

liltrflrinr:hflrirqnrirotjtq:rnr$rrrosdorlfrdurlulunr:tr?uinr:drfiqor dnsarsto.:ikyrr
-ivRP 9t{n]il?l 2.4



u'n40+ge

laryarr-

ivqvgtos
R]?Wr 2.4 AnUileU n ?1 1n1: onrdu1r 1{ d',r?l : UU]Uv,|]r4Us

flrgrrnr:ffntdumtrrn^u:o (vehicle Routing Problem) rfluilryrito.:nr:{'onr:rnio
o 9 o s o ia h ts I t q r I

141,[]U?Urilull'I,{rrasdlnU10{n1:rnU:OnUn?lilll.tu]vdU tuU{Qnnlfl1.: "l lurrnA&rduYtlil

ruaedonndo'rfiuinqrJ:vaqrim6orflrililrumr{q:fr0 d.:luvrr.:rJfrrin'nvdo.:rirfrsfisiJof,uoir.r 1

fi drfrryriont:fi'nt#uvrtsr6u:n (Hall and Partyka, r ggz) ldttri

(r) do,firrinlutduvrr.r (Route capacities) dravflou6.:tulauo{:nraiorioulttor
o -i i

r?n1 tun'r: fl u1: r'r1J: : 4nmnaH xluoq EUlet

(2) n: orx o{t?ar (Time windo*) rfl u nr: ritx u o si?rnn rror iufi ts n.: fi u drlu rrri

ovirudr Jnu{orirnundornrflukido{orirrrndr{u.rrn fio n6nr6os1il1d (Hard rime

window) travdoriruunfihjr{u'rrfl (Soft Time windo*) 6o drur:0,iourJ:uldrir.r usiorotv
I 1 r tq
9r0{rdunlu:u

flqnrnt:flQtdunt.:dtrfuurunrruv (Vehicle Rouring Problem: VRp) 0tn
. i d aa /o t 9 ; u

uYlrl?'llJlo,i Dantzig and Ramser (1959) 6.:frnr:6vrrr{luEiasvra?::u 1950 drunrqfiflryr,rrfi

'ldiunlruautorfluotjrorln,duuolnilsurr vnp rfurfluiliurrfirrrl6'rjoulufiisrrJ:sdriu
q dt :- 

o

uavurU?r1 vnr r:.tuilryr-rtfifin'rrruaulor8wqufihiiiulunr:fitvrrdrsrou6.:rirtr{firinif,o
6t c ad o | - ,4 J , o a q e 4du t0tlaev{etul?nn'l:t4tntn0ugro"l nurrr5oul :1u:&us[?arst'lrtsiodnoun.rilolriurfrou

rirfruflurudr lulruiffotol Larsen (2000) lduri.:ilcyrt vRp oonrflu z n{rud:uriun'o

(t) flqnrttlu Deterministic d.:vr:rtl{0ryafi'f,rrflud.rurusrriourirurirnr:flnrdumrs uau

(2) iliyutulu Dynamic d.:{0rynfi'ilrr{luos'[rivr:luuiluourv'him:ruuriuouriounr:fie
9r

tduml{ trsiosvtuouriuoonilrlu:sr,r'irsfivirnr:6'nrdumr,: Inuilryrr vRp fi:rngturJt0.rn

o

@
o

User
Rectangle

User
Rectangle

User
Rectangle
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flqrr rsp d.rfildncir':d'nusuvrorflryurl{1uri'r,flofi z.z d.r1nrirufi'utosilcyr', rsp ,fir'du
q r i s q a / - tA' I ao'[u'd:rma':::ufi I920 lnutinnifinaranirrnyfnrfl:ugflrderffifiodr Karl Menger ornfufril

4-ie
nr:frnutflut5ourur rtauflEUillfiqnrirhlld:-un?rufiuu lurruif,ut0{ Dantzig et al. (1954) ld

44q o q @ It j u v qt j < a Ay I
tdu0?r tun'l:u1n1n0u tunl:09ttduyt't.1cx{d]ru1:00qn1:nuililH1 TSP Gr{luttJ0.1yt$t0.1Hlu

tura 49 tn^os'[d trnrfufifinr:finureiorfiorrdooruroun:vf'.:1u{ru?6'utot Applegate et at.

(2009) d'uJr:or4lldumtrfirrurgdiltunr:rrr'umrsr.iru'[:Jfrqn^o': 85,900 rfiol riruflilqrr
vRp 0ufiulunrnuvdldlunr:rn^uvrrrrurnn'jr r ri'u d.:lorurTaflrgnrovnnrniloon,flurJrrrn

dotrl 6nn n r uil : & m mn ril d'nu ru u rqfl r s r o { d'?il q1n r ln utu q ruii'ut ol Toth and vigo (2002)

16'r tri r il : v rn m I o { fl iU il r vRp 1{ o il ry n r 6'r urTu r ran s dr r ", r',., d z. t

alqv,loqtrgt't:l{yr 2.1 IJtUH 1nr: 0arduyrl{fl t?t:uututu14 uu gUrruuat{dl

(l) Capacitated Vehicle Routing Problem (CVRP)

tfl u g r,l t ru u fl q r r fi ri r ff r 6.r rJi ru r cu a' u rir fi : n u : : U n d r il r : o u : : r1 n 1 d I n o fr

r$ou'ltlunr:uflilryr,rr 6o rJirurnru::yln:?ulurdumrrnr:ruri.:ovdos'hirfiunrrildrur:n
q j helunl:u::1nq{qem:nu::qndlut:0u::4n"t6

(2) Vehicle Routing Problem with Time Windows (VRPTW)
q dv q4 @ I
il ry u t vRPTw o v fr d'n u nr v il rg r.r r n r : iln r du yr r I ri r r :-u u r u n r r u v fi ri r fr .: n".r

-1--.---9/. e Y A I I s q a 9 o ct5?{t?01:urtufilmannl0lo{n'l: Inutrntfuduritovntfiufrtiludnuily.i?.lt?a1 (Time

windows) n,, n u riu a, fl r o v do.: 1 #uin r : n r u t u n a r iu fi u rh fi g n rir do.: n r :

grJuuurlqmr
4r
TOUO n?1illtxIlu

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

19 6 v i
vRP I ruuru1,0 0 lnnr: 0{fi ?lil wo{ : CIu : :1n

vRP rruufi n: our?nrlunr: rilfr udr
dtu@9-

vRP uuuun'l:lJu d{n0uu1u{nn{lnil
4@ra9

vRP rruuilnl::u-d{dunl
4sra9a

vR-P rruuunl: : u-61{ dun luac un: our?n't
a@ay

vRP ttuuu ?t n 1 una.: fl unl
dl

VRP IIlJUUY?{I?N1

d69tdl
vRP rruuunl:rlundunl00nfl{rilufl?lJdl

vRP rruufi n rrru'hirniu ou
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(3) Vehicle Routing Problem with Backhaul (VRPB)

ilqr r vRppB ril u grJ rru r il ry x r n r : flqr#u r rr iir r fr uru n r r.r u a fi q ndru r s

r € I t v t a I hys dq i o - 4 I o
:]UdlU1:Od{dufl'.rU'l{Ou1{nCIUq1fln:&0',lUdUn1t9r InUUnnUfUemdlniun0 lU9lO{YrlfIr:fl{r
A I ln tu ,t t O 9 | O I t i q a gl Aflunr tuu{Qnn'r9l'r{6"l turduYn.:nr:rud.: tl.r14uqnouYr0y:udunrm0&u::4nnauu1u{

.l' v
09rt:u9tu

(4) Vehicle Routing Problem with Pickup and Delivery (VRPPD)

qdlqvvqsi
lJ Eu fi r VRPPD nJ u il €u H 1 n 1 : 0 et rdu r 1 { d 1 14 : u u 1 u u r ?r u u yr : CI u : : T n d 1 u'r : 6t

o r a ,lt9 I s i ra !t ra
fuuarricdurir'[risraonrdum]{ }nufrrJ5rurnru::4n'hjrfiun?r}rdur1:ntunr:u::{nro,r:Er

,urrdra99irr,-ojsr
Ir0u0u9ro.i tuunl:d{nun1n1n8nn1:1014u{ tilu{on:luHu{ anuilulo{ VRPPD rlnnnl{01n

i- a L @ v q t/ I t

vRpB fidnuilcnr:u::TnAuf,rornqnrirnd'ururfrr1nn:suroAuril vRpB ov6o{ri.:d-udrl#
d 9 r 4 a I v ! -,_- 1 s r a y t ,, u t4
r:uu:ounou0{u::Tndufirnnu d?u VRPPD r&iln'r::u-d{dunlaaonmlr rra9t0{ tilunl:

a

r - lro t I I q
lJU Cl{dUn1 tU: U?t ?1,qQnfl 1A?UnU r0n

(5) Vehicle Routing Problem Pickup and Delivery with Time Windows

(VRPPDTW)

ilqu r vRppDTw o v fi frnu nrs x o'r il iu 14'r r14 fi o u rTr vRppD rrsi r y rniurtou'lt
Or@ar.i99sq69odtvt
tud?u1o{r?n15udunlilQnnler0{n1: lflu[?or:udun10un'r?ruqliludnuilus?{r?a1 (Time

w indows) n r : x u 6i.t Ail dr o v 6'0.: 1 #ui n r : n r u 1 u n o r fir fi u dr fi o n dr do { n r :{

(6) Vehicle Routing Problem with Multiple Depots (MDVRP)

ol 4v q v 9 o u ja
1J tu14 1 MDVRP 0 s il a nu il e il fl H r n 1 : 0 9r rdu yr 1 { ril ?1 : u ulu y{ 1 fi u y 1t u 1 9t

arsrd,'
n:v0tuAuririlatu"l 1rr Inuuriavlorovfi{.::nfirJ:adroqiluqer ru'ofi1nr:turilfiur{rrSulfou
dvqayAror
fl 0snn uil'l u{ !n n: y 0'r udun tm il: s 0'10 u

(7) Periodic Vehicle Routing Problem (PVRP)

6'nu arvilqn rfl o{ pvRp fr o nr : tu risfi u drfi ril6 uu r rndnu ilv nr:irn : rsf
r q v a9 - a da r ia r a v tn1:lUdit tu:ou?u tfidtril:0?tn:]u?i0{n1:tud{vttJ:ount:Iu6t{tn=u I iu rqiu n1:1u

ri.:hJfr.:1onilruilaruvr1.:dlnald virhfl:outo{nr:ruri{fifl?'uJrrnneir.rflugilrruunr:xuri.:fi
4 h tht4 ds A o

rLJU tU [A0{Ufl ?[nOn0lu']uuln

(8) Split Delivery Vehicle Routing problem (SDVRP)

ilqr r sDVRP tfl u dnu nrv i1 ryn r nr : fi'n rdu mr r rir u iu urun rr u yfi uoilt#
_-"----4 _._. _ r + r, r q, - j r qrr q 1 aj
Qnn'lfiu{l:1ud]il1:od.:dun101n:0xud{'[9rilnrunuril-ooFtnrlfiiruJunt:ru6i{ rciu n:fifr

fA a ct A9)
rJSu r nr du rir fr do r n r : rn'u n ?'t rJ dt rJ'r : o lu n r : u : : 4 n fr u ril t o { : 0 u : : T n I d'u

a

t
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(9) Stochastic Vehicle Routing Problem (SVRP)

- ilEul.r1 svRp rflugrJrtuui6nr:firiru'.rdrnerru'hjrnjuoutororrirJ:rnourirsl

lunr:ruciqd.rfioqi : ci'ruudnl fio (r) nrru'hiuriuouto.rqnrlr (2) :J?rurnrfiudrfidornr:

ruav (3) n:rru'liluiluou1unarfi 1dlu nr:ru ri'r
,i d dt J , ' 'rrelruo:suuuoln:J:snouer{rrer t oor.rdu'hJfifinrrrhirriluouilnrytrvnnf,nrflus{

j t d, ia h r r

Stochastic Vehicle Routing Problem (SVRP) $tdtrut:ottu.:n1il0inil:efl0ilYtiln?ru hJttuuou
vYo !
[9t9{U

( I ) Stochastic Customers tfi oqndrttriae: rufi n?trurirtsrfl ufi 0sil: rnAoonilro(i

:yH'ir{ O rit t
i ,- .2t. -_--s-.y-_--_-_2r_.r_ flU(2) Stochastic Demands tuoil: ulRrn ?1il9r 0{ n1 : rYu n lUo{ Qnnllrn au : lut

sTeurj:riru

(3) Stochastic Times tdo : s uc t:arlun r: }?tinr: mio: y uu t?a ttunl: rfi u mxtfl u

rurJ:eiru

Jnurrnfitnr:ttrjr:J:vrnmnliluu?t1r{1J0.: Gendreau et al. (1996) rcarur:nttill
q d - I , -!. ljiufilulJ]J Stochastic OOnrilU 6IilrrUUUOUA.:U

( 1 ) TSP with Stochastic Customer (TSPSC) rfi oqnfrrrtoi n u : I ufi n ? turir ov tfl ufi oy

' rgoonruroqi :rn'lrs o riu rd.rikyurdtvrflufif{'n1u6n6oflui{rloo probabilistic Travelingu:1n

Salesman Problem (PTSP)

(2) TSP with Stochastic Travel Time (TSPsr) rfiovr:ru'jrOnr{rfi:rotflflr{rreiq

:uuet?CIrfi1dlunr:tn'unxr5orir1diirufildlun1:r6ur1{rflu6'rurJ:{ru InufiinqrJ:vasrifrer
,l q 9d I dt j q 6 h te q a It a 9,rduvrrslffrn?tililr0eriluurnfiqnlunr:rfiumx hlf,.:lorfuu?nr:rorqndrh{n:untulu

io
:uuur?n1mn1fiun

(3) m-TSP with Stochastic Travet Time (m-TSpSf) fro TSPST fifiurunrrus
v

fr{ilun * du

(4) vRP with Stochastic Demand (vRPSD) rfjuilqnrnr:fi'nrduyrr.:rn'u:n rdon':rru

, do{nr:flo{Qndrrflud'ruil:ril

. (5) VRP with Stochastic Customer (vRPSC) fio rspsc fifiurunrnuyrilnrun
l@

m flU
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(6) VRP with Stochastic Customer and Demand (VRPSCO) rf,JugrJuuuxo.tilEUfirfi

. fin1:HfllJr.rdruriu:sndtilrymruru vRpsc ri'u vRpso dsflryurfiovrflufiff,nlu6nfioruir
A

o Probabilistic Vehicle Routing Problem (PVRP)

c e a Ul r dt4 r 9r jo dl ! , : v g r

d114:U:UUlJYl:&UU trufi.tYl tUyt:lU1oryAm01tUUYt{l,tUnn0Ut:Unl:0ftrcluyt't{ rtgt

9o
t o u n 0 e m u o u o o n u l lu : s ri r s fi 1 6'o o n : n'l rJ udr uda do { fi r n r : sTo fr u 1 o i'o rdu vr x l u : e ri t {q

io-r(lradtgqatr(
fr:onrd'rogilu:srjtrnl:[auvn{ 0erilun]:ruiiltyrrrruur?n1r;{ (Real-time) 6l:vuutvrflu

v - 4- aia r o , i^
t tuu?I a ?n (Dynamic) cr{iliufi luYril gilrru ua.:nn 1?u n0

(l) Dynamic Traveling Salesman Problem (DTSP) iltynrnrin.:tut'lUtn'uyt'l{[tUlJ
U-
lnulun

(2) Dynamic Traveling Repairman Problem (DTRP) tiluilryrrlunt:6'rrrdumt{to{

sixqioulun'r:r6umr{oonornr?fvr'lild'rrlruto.:andrrfioqiorurir:{rndo.rld1ylrtrd,il:er rujo{qt

fdydarnrrvgryAcrolJtd: 0 t [a ?n n e tn u m 1't 9t 0 tu crou u { u lu I o { Qnn 1 : 1 u 0 u

(3) Dynamic Vehicle Routing Problem (DVRP) ilryr tnr : frntdu mxrtlu'lnurfi n

(4) Dynamic Dial-A-Ride Systems (DARP) rfl ufl qn rn r: 6'nrdu mtslu n t : uint: iu
fi ud'r ornqnnd.: hJ cis fr.rfi r ruro6n yrrds

iir r iu n r : 6'pr rdu m t q6 u : CI r ru u il a ifl rin o v r fl u il ru tn fi rrrl 1 do i{ t u fi i fl il : v 6 r 5u
,u

triu.rrui{'uto{ Larsen (2000)'ldvirnr:finurrfierrri'rfliUHrn'r:finldumrrnr:rn^u:nfirflurr:-ru
o 149 | 4 o4 jd- 4 q adq yq 4nnisr '[6na'l?i]={n?tut4a1niln'ruro.rilqprrfifialnuilsrilurruuila;n TGlunr:ruiilrynr :?iln={

i6nr:utrnilQfi1 Static vehicle Routing"r.oblem ri'uilryrtfitflurtul Dynamic vehicle Routing

Problem lrodluAundnnr:tos Psaraftis n$oruunsirotirrtorilryflt reiu ilqrrlunr:6'nr
9 r r q a ae t4 try 9/ y A I o irdumxtorsitsdoru"[unr:teruvn{oonornuiu'vrhJf,.:riruto.rqnrirrfioqiorurhq.:rn5o.rtdlyhlr

-4-..---- i t -d 9 d a , h I I v 9) gt AvlslEfl tUocrOiltd:0tla?nt&tfiuvll{40 tUry0ilU.:U'lulr0{Qnn't:-tUou (Dynamic Traveling

Salesman Problem: DTSP) flqurlunt:{'nrdumtrro.:u?nt:iurrny{'nri.rr{'6rQ (courier Mail

Service) ilqnrnr: i'ntdumr.rlunt: uBnr:fufiuflrrrnlnnds 1ilri.:frrfiruru6nqrrdo
(Dynamic Dial-A-Ride Systems: DARP) fliyrrnr:,fi'nrduilrcrolrrrinfi (Taxi Cab S.*1.")

Goel and Gruhn '[dvirnr:finulfiu:ri'ui61unr:fi'nrduyrr.:rdu:crlufiisroi.:firflu

ItlJU?IaiFr Dynamic vehicle Routing Problem dlfinr:rfirunarrufridout#fi'ld'1iliuilrrdu fi
9o@9o@toirrlnerrun: ou: & uer':a rtu n r: {'prrir uruy{rfiu u fi1dtu nr: flerri,:fir a rorjruord rfi
I Q9r q a i r @ g o v 9 ta u ^n11f {luttns:uust?n1Iunt:tdumlsfrrrnnsirrrlu ,f,oorrindruil?rurn:nrrru1 {o,ilrrTnrio.:
t AA - u- jo y jc - j dtdu vt t t fr rfr u: rll n fn r t u fr yi r n rir fr l u n r : {u il u r u il r ?r u u ril u du In o lu r r u i fi'u 16'ldii n r :

I

I
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io i a o .i - ri
flo{ Larch Neighborhood Search 6rfint:sror du o{fr: ?otierfr uwr ofi 0 e: o{;u n'l: nJfiou ttrJol

fl 1ilr?n11o{{orya1u:vrLu

Yang et al. (2002)'ldrirnr:dnurfliUrrnr:6'erdumr.:ci'tm;u:ou::rlnlunr:t::4n

fiudrornfinur.rlrjf,.r6nfiud.:srrru{orunnr:dwo{nnrirfimuouriuoonurnrilr?ar Inuriru'rfi.t
I qer q e) ra , Jr, " 

i' |, Av v q v I

ri116iiroludruro{n1:ilfrrar.:ru rirldiirulunr:i.r:nrilrir unsr?nrfrdtdtlunr: d'qar rrov'16'

yirnr:irn:rsfujiuurfiouna#vrffildrrnnr:lduIuurulunt:fi'ernr:duqrnsit.:fi'u Ioufitnr:

draolrrul (Simulation) rrav:Jfur:JduudR'rfltt?qdoiltos:suu niu lu6'rurot:vust?al
t 9 l, " i'! tt t I @ ,- dr I

:&lt?1{n1:rtttJllJO{,lJO{On1d{crolO{nnfl'l fl?'.lul.tu'tttuulJo{lduYl1{n1:0frd{ tuuglu

Montemanni et al. (2005) ldtauoiGnt:lunt:trflilrymrnr:6'nrduvrr.:r6u:0u1lU
usaoi

vroinlnoorf,unf,nnt:fiu1'luut0'1fl Ant Colony System Petros Ioannou 'ldtauoiGtunr:

udilcyrrnr:6'nrdumr.rlun1:rudlu{nourvruruofluvirriodsfif,nunrsto.:6":iliynrtfluuur

nain dtrfuflrurrturprr6nlnutdiinr:fitfluqn,{rY}r:urj1{ Dynamic Programming riu

Genetic etgorittrm uavrirrir:ilryrrfifiturnnar{unsrrurnh,rqjlrqjovldnr:rtflflryurTnutd

Insertion Heuristic

Du er al. (2005) 'ldvirn r: vrna o rudilryn rrfluilqr rlun t: i'erei.: fiudr or n

{tJ:rnotnr:lrJfi.:qndr Business-to-customer (nzc) to.:q:fiottuu E-commerce (Electronic

commerce) drfid'nuiuvto.:fr:ilrgutrflu ovnp lprovrnaolld algorithm nnroodr{lunr:
9qsrl"dr1499i9

ttnilq.|Hl t9lU[tU{l,ufiOunl:Yl'l{1uo0ntUU 3 d?uno n1:d:1{lduYll{[U0{9lu (lnitial-routes

aorrnu,,on) nt:rJililq':ritgtol:vri'I.:tdum1{ (Inter-routes Improvemen| rravnt:ililrjq.r
o(|9/

n f n Ol n f U [U [6'U Yl 1 { (Intra-routes Improvement)

:
uon0tnilfrsfigrJtrurLfliyilrdul 6n niu lu.:ruif,uroi F. Li, F. Gloden, and E.

wasil (2007) rtritil:vrnmxo{nr:{'flr#uvrnr6u:0enil#nuilvnr:l6urt{0sdlut:nrniloonld

tflu z il:vrnvrluql 6o rduvrtstrr^u:nrtuufle (closed Trips nio vehicte Routing problem) 6o
lvgertl

:0rteiauri'u60.:oonttacnd'urur{lorJdou:nre^ru lutruyfirdumxr6u:crrruurilo (open vehicle

Routing Problem) n^o :oturil'lild'0.:flounfrrrurf,':onrJriou:nmd.:rrnrirfiurirl#flugnrir:ru
Y A v 9t a d du

qamru cr{nt:0etrduln{rdu:0rr:turilefrinqrJrroo,{,fiuaodur1unr:xuri.::?rJ r}r:1san:yuv
a , s <l _ r A yo r u o9tdunx6ouna'ulnutqiltu0tit{E{drfrnr:rurirrnrun'u0synlrirj:srfrn:yusyn.:Jnu:rln.:'16'

rd-oq,JjotrlAlrsutterrj,illn tryulau'lnu{'lu?0uuvluloiln0u:uilatulnllyrsrlrrsnu'til pI?oot.:tryu ntylfr 2.5 nt:6ii

fiurirlilfr.:qnoixl 1#:o z riuoonornonilriotr:o l uns 3 du (u) rdumxurluflq'ld:suvyrr.l

:?u 10.5 ri:u (b) tdumt.:trultilnfi:vusvn{:?il 5.2 rujororndtilt:nflqnfi1nqorfrroto.r

I

t
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Y ; ' h,dtdumtl (Rt 0onfi 3 rtav R2 ooqfi ol lqulildorrrr^umrsnd'ururf,.:lnriruriu (r nd'u I rray 6
- Aa r

nfru 3) fisfi:susmrrtna

(a)

nrild 2.5 (a) rdumxrruufln vnp (u) rdumrlrruutiln ovRp

i i-4r 4 q q 4e o- Ja o- v q o 9
d.s usi o h n t u o.t il t l tiu fr f n T i'u fr fr u m u r yr ii r rTq "[ u n r : r[el u 1 { 1 u m 1 { 61 il il iU fl 1

VRp otirlUlnil'lu t'fu Golden et al. (1977) Christofides et al. (1979) Bodin et al. (1983)

Chistofides (1985) Filipec et al. (1998) Laporte et al. (2000) Toth and Vigo (2002) ttaU Kytojoki

et al. (2007) ttnnt:finursruif,ufiriruuriludr f,nuilctorilrgrr vRp ii Golden et at. finur
. I o a I urrr- j

t td 9r.1 9r ? u I ru u 0 1 a o { yt 1 il n il n f, 1 dgl : rJ 1 9t : $ 1 u t ft 0 { u

d'rfi (maices)

, iirritto.rqndrfiilnufi i = 1,2,...,N

j drd'r.rro.:qndrfi i lrrufi j = t,z, ..., N

k ululnfiuudldlunr:turisfiud'rd k lnofi k = t,z, ...,K

-tA
9l?t[lJ : YlYl: lUfl 1 (Parameter)

Di n?t:Jdo,:n'l:frudrto.:qn6'rfi i lnurirnunt fl D, = g

cij :yucyn.::uil.jrsqn6'rfi i hJfr.rqndifi 7

Q* n?1ild'lrJ1:nlunr:turi.:frudrrosfllruexuri{fi k

6"lruJ:lunr:dnfruto (Decision variables)

bi

a

q2

2.5 r

\
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a

I

xij t, drfinr:rel-uyn{0rnqndr i hJgnrirT
ai

0, n:floufl

IJi = 6'rrnj:arildlu (Auxiliary variable) frfirirrurnn'iruiorvirriu o

q lu u t I
T{{nuu?nqil:ud{n (objective Function)

NNK

Min = II Zc,,r!,i-t j-L k=L

diln1: {o {lrio (Constraints)

NK

II xfi-r
i=7 k=!

lvK

II xfi=r
j=l k=L

NN

Lrr,-Zri, =,
[=1 j=t

i',(i'u) ='.

Y p=o,2,...,x)

Yp=e,2,...,r)

V t;=12,...,u1 and i+ j

Y i,i = 1r,2,...,n),k = (1,2,...,K)

(2.6)

o

vt=(2,...,N)

Y X = O,2,..,x),p = (1,2,..,N)

vr=o,2,...,x)

(2.8)

(z.t)

(2.e)

(2.10)

(2.12)

(2.13)

(2.14)

N

Zrl, = 'j=2

N

I'[='
i=2

K

ui-ui*rI xfj<N-L
k=1

Xfie{0,1,}t

(2.1 l)

aunr:ttltrurtltreflcinqrl:va.rrird'n (2.0) rniot#rn-o:yuvmr.:1unr:r6umrrdr

fi qrr onnr:rtou ltfi e.7) Lnv (z.g) rfl unr: rirr un trflq nri'lroiav lnarrur: nilnr: uinr: ld
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t4J-Alytlernjt]nil1iluv1,ud{lilu{fiuo&1lu{fiu?t:014u.1rfluvn{rvnuu dunl:r{-0u tnvt (2.9) lrdn{n?]u
' A o r iA q 16l t t, A y u o

910tuo{lJo{911ul,lu{vrtTounuog tulrgtoyrduytl.lr}jou1u},{'rfiuvrt'tu1u.:1q tn1 ttoe0on0lnqo
J I u i il au u '
riu aunr:r$oultfi (2.10) rrder.r{odrti'nvrr.rd'runarruqto{ururul.ruy dunr:r3oultfi (2.1l)

-dqoa'
trau (2.12) uuuun?trufllur:olunr:fiurunrrusldld'rvirfirirHuet dilnr:r3oultfi (2.13) rfllu

dilnt:flo.:riunr:tfirr{:1fr':f Inurirnunl#d"rurJ:arirarlufirirrurnn'irriorvirfiu 0 uay

o mio r rvirriu

0 1 n n'l: yl u yr'l u il rU fl 1 n 1 : 6'n rdu m r { ri r u iu u r u vr r fi u s d i il'j r fl q1 r r vRp o o n tfl u

z nrjrun'o (t) ilryuruuu Deterministic dsm:ru{oryofidrrflur'unrr;uuriurirnr:fi'orduyrrs

rrns (2) flcymttrlu Dynamic dl{orynfi6rrflutv'hjvr:ruuriuouovhjyr:rlrriluouriounl:ir'n
9 | s q r io u 9tdumrl ttsitvvtoouriuoonullu:srirsfimrnr:0Frlfluyn{ rrnuil:urRytro.:flilil1 vRp fi

s ilqmr

AaloovervyoV
2.4 ? fi n 1 : m 1 n 1 n ou d] 1r r u U ry n r n r : o 9t [6iu Tt t.: Gr I fi 5 u u't u?t "t lt u v

iG n t : u t r{ r n ou dr r ft fl cu r r n r : {'n r#u vr r r ri r r iu o r u n r r u. dr rj r : o uil { ld z iG
AAdod<-'"
fr oii n t: r tri rn ou fr d fi Qn (Exact method) r ra viG 8:iast'fl (Heuristic method)

a4 " iai
2.4.1 ?finllHlnlnOUnOil{O (Exact method)

A< o iai rncr" iai e

TB n r : u r n r n o u fr 6 fr q n o r o t d'ri r qr o r fi 6 fi q n r r n n r : tdefi fi 1 u n r : urlil rg n r

usildtrnrlunr:duurrflu:suut?nrutu ororfluiu rfluii'rJer?i niuoq]fi'ud'nunrvilrgnrfirirrur
.-rte

tui'lt rio:rnnf':luutsilrynrfifin?ru{{urn 6'udourrn iGfroroovhjarur:nrluilrrilaou
h9, 6d_ .4 ty s adug I
tfltoU ?D Exact method lJogn?UnU11A]niln1U?t 'lottn

2.4.1.1 nt: lil: ttn: ru rfi .: rdu (Linear Programming) tfl u nr : drrorilryn rfi
^3ard. 

1t

rnnnuoilttait.:riluaun1:ttuudra0{du Ifluovfinr:air.:ulldrno.:1uri:u1,0{6yun1:

Sm q rl : v a.r rit ta s d u n r : {o d r fie rfi o ri r hJ l dl u n r : u fi tI q1 y r dr a r ru r : n l dn u r 6 o n o ru fi rrm o f
lunr:ttd'ltilrgrrld usilunr:ldnun:tfififlrgnrfi6'lr:J:rurnorn0yfir}{hjarrur:0Hrrirerou
A-outyy-^|- ---q, o t, ! o aevt6'tt{pt.:tiun1:l6nou14?tn0iei?uliuovr{r1#arrur:6r:o{fuilryrrfilnqjldrinvldnartunr:

r t ri tn o u ti r n'ir n r : l dn u lu il o q riu fi ry o fv,l ur fru r n ru r o fi t#l u n r : u rflil ry u r I rJ : un : il rfi {

tdufl:l hi'irovtflulil:un:ru Excel solver riohJ:un:il LrNGo turi:urol}J:un:ru
LINGO q n fi er riu ln uuiu'vr LINDo System r,l : ; rm nar ig 0 ril;n 1 l u n r : r ulfl ry r r rndo r r d r n o u

dlil'l:0t60udilnr:nfinstanfiro.:flcynruirhJldrauniorfruutug:Ju:Ludilnr:nfinflrflu,f
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rtthJfiLi'rrnrfluarunr:;:Jtrrrri"r'lrJovdorfinr:il:vnrsd'rrril:uoyilr:'ru'rsrofsir{r fi
jy, ldq
[nu?to.r 0'rnuutllUudunl:rlj14u'rurlaedilnr:r3ouh1u:rJrruutorl:]:rtn:r LINGo{

2.4.1.2 iGGrurn6n"f (Simplex method) rflui6dfirJ:yfivrfinrnlrnlunr:
9a4 o a Y A dl d a jr 9 o ! -ltnui!.lfi1n1fluflnl:ts{ldu GI{[uunrsu?un]:T'1.:flryfliuamil:snougl?unt:n:eyt'l"it'l nu

.i 
""rr r" i4.' st 'rfrohi"tdr{rnoufrrrfiqn lunr:1difi Simplex method do.rnJfiuuilryrrh{oqjtugilrruu

ilta:glu (Standard Form) nrit:n'o nr:lriln.:odrunr:h?rfluflunt: Jqunr:rfiilsi'trril:rruu

Slack, Surplus rio ertificia r{r'hJ rrasci?ufioqjvrr'rd'rutrrto.:dodrrinrrsiagoeirldo.:hjsr'n
traagoiurlyodrr'

CIu tilto.:[6'usl-el0u ds.:drnlufr.rhJqnrvT.rdo{dr{ n]:fir Simplex method fiuJrnrurufirsur

ri r sr o u fi rfl u hI Lilli 6 fi qn x o { il rU H r ri r r u pr n r : rfi s r du fi ri r r u q t #fiu ro.:

adA
2.4.1.3 iGnr: rrsrn n{[[nu fitfi u eru outtrt (Branch and Bound) 6oiG1u nr:

rrriilryxrrirmunnt:tfr{'il1u?ulfiu (lnteger Programming; Inuorfrunt:t[1-i{l.iiounnfi{fl1{rfion

to{ilqflloontfluunuqfiduhfl (Decision Tree) drnrvrfi z.o rrnsnt:fign riufloui;nr:ts
:ilqi4orrq'
r?ruriuornilqnrfifiturrrln{rrnvrni.:ilrynrriurfluilrynrtloul (Sub problem) rirsroufi'ld'orn

Sub Problem rfutvdo{hidnrrd.rri'ur.r^oult trnriun:vrirdrfi'uunilalrrdou"r tun:yd'{flu
9,t-.----t--.--jq-y-.- -- ,ar4-4-.- 4 ee- - o ur r 9@t i uv
UEU]4luouvl tHHnlqnuTnflqn cU.l?I Branch and Bound d]il1:oil'l t:Jttflilryuto-u1 -[O?In]U

gilullrdu Integer programming HSoflqrr Binary integer programming rfludu

ia
n lilfi 2.6 rrnu 4ru^n r: frn fr utorru u du l:i (Decision Tree)

2.4,t.4 i6 coturnn Generation rfl uin' nr : fi tdlu nr : ri': ur r no ra n ut o.: fl iur l
gilrrllritmuanl:tfi.:tdututnlHili (Large-Scale Linear programming) d.:fid'rrpj:1unr:

I
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s46toad^javgttvtl
919ldu t00]u?uuln ?In1:1o{rYrnunu0v[:]rsru0rnnt:aStlrryntolnQUgt?[ril:]tu$lulta&H1
r qr', r @ | J ! o rqgr j U9 u , j

Fl'I9{ataoUfllU tnnqufl?ttlj:uu 0lnuunlu?ilnl ['['0'lUYlofio{ [n (Reduced Costs) t0{gt?lril:yt

kl 1 6'o ql l u n { r rt n t o.: 6'r u il : du g i u tir fi 6'r u :J : 1 er fi a r ru r : n hip.r o r n o u fi 6 n'i r r 6 r 1 6'

rfirir1#iirofianarldrflunu riruirn:tiflqnrrirrirfiqnl dunirud':urJ:riurdrTrJturrynno{ndu

d'rurJ:dug1u unedlnr:rrrirprarouolrlinuf.,ounrrri'll*jfi6':urJ:lqfiarrur:n1#ruaraaufi
d r a tnrA
nn?tr9ru tnon

lurtuifiuto{ Li et at. (2006) ldrirrauol#rfiu'jriliut4t vRp rflui]annfi

do.rldiinr:rrfliliynrlurfrltolnt:{'oururnur,jfirrrurval (combinatorial optimization) unv
JI

i'nflcynrfioqjlurJ:vrnvr Non Polynomial-Hard (Np-hard) ncilrfio rrarfil#lunr:uriilqrrfi
^q-^-^-i-- -4 4 .- s r d o a4 i d 3 - J qy-d ;09r:1d'lutiluluttuut0fl turuursuCInuru'r9lJ0.:lJiu141ytlltuiu nluunr:lryitnr:riurr
o ioi v qt ll 4 r v I I dorad " 

j4j
fil9l0uTnmqnnuuqfiluuu0vrJfi?]uq{ulnryuci'ou nr:il:&qnfl [,['?rn1:fllnrnoufrdvtqn

r,rioldrvrnfifl Linear Programming oltn:vfirldurnniohjarrur:nn:vrir'ldrau uriodru:u6"t

rurJ:6'nfiulnrnjru,firu:ururnduodx:':nr$: ourr.:ni,:orohjalil'r:ol.r'r1,ounrd',qr,,auq{qn
VY v J oaio qrq lut ro r a 6 a j dr aajta n{uu?rYtuu}J tr lunr:rtdflilH'r VRP 0eoU tulilrruuflo{a?:dnn ry{rilu?Dytn4utyflil

Adaaaoo{
2.4.2 XnAXlflglfl (Heuristic method)

adaaa{a4ia<ol.f.o-j
?r a? : dn n ru u ? r n 1 : fl 1 r{ n ra o uyr 9t 1r o []I u { R I u 1 u r? n 1 d 1 n n fr .: ril u :E fr

o q q d a / adq a y 3 j oqrotfiil1udl.ld1?l:1JlJfllllltouY,l81:er ?ra?:dflnond5r{luilllflolflunt:iltflnrqnuxo{ueiae
t 9 ' ,o4 r I I s ada a a .a ddo v q I a u,ilryrrrvirriu d'rriuTGd:ian-nfiarur:o1.r'r,{nrnnofi6drnfuilrynrnfi.:6r'lilarrur:nrirhJl#

ilte{ntaourlo.:6nflrynrnd.r16' 1un:fiilryrr vRp fi'errfluilryrtnt:H'lritntrurvfiqrrrrul'hi
t j 4 9) o 6 Jhs rd

siotu^ol (Discrete optimization) 6larlr:naf r.:rruu'il1nonylt{nifinf,tdafld' rrrid'rugrJrrllfi
rq99@t
ti.rorndldouilln nr:dfl{a'?urJ:unsr$ou'lrtunr:sTna'u101#oqilugrJuuu{raoryrr.:

6 t o U9, 414 | GllrAd dniuslfll6Yel: (Mathematical Model) o'l0n:uytt"[6utn o.:"[uatil1:01dTG Exact method mio

Linear Programmingldtusruii'otol Bodin et al. (1983) nrirads nr:drrtunif;rfilB:5asr^n

drrirnr:utiflrynr vnrjrfioqj : iGdruri'u n^o

2.4.2.1 n1 : dfl{n] : t6u m x (Tour Construction Procedures) n t: aixrdum tl
r1:u

t) if; saving r0rr crarke and wright (1964) rflui6fiu'ururrosl#ri'u

rtnirnttrtumtl:JfrrToftu:rvrfluiGfiirurrnvronhil6''irrirsrorfild'rflurirn0ufi6fiqn iGnr:
^.'-g-.--_ -y- -_._ ..s^_ ^J_ _ 1 .l : c) Autilunr:ait{flntanufrau{unou Jnorirornnrnrf,nur:ilerury{or0fr{finetlrrfluhJhild rrac

cftlp{nrqautueirriuti'nlrfirirtr?fl.:rifi'uto,:rirn?'ruil:yilfinfirirryr*u:nndu riorfionum:n
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9) 9 q I a i< rs A y , h r.
qnf,rrdrrurlurdunrItdrufifro{ loufinrrru60nnr::?ueio.r'[rjrfiunrIildIu]:olunI:ur:4n
e 9 r ^ i .ir .1, rny y j i * o"lflunlto{:01jud{ nl:ttT:n0ctnnlut:oucl 0un:syr.1 [9r[6luvl']{ylr14lJ'tufluytqn lnutJflugtou

9t'lu

o qirg a I 4 9 4 ,l - J- n'lrun 111lduytl{l?tu{[duytl{uann]lilu{ I :'lu tyt'lulJ fi.:uu
h9o 9) I v o C, I

0u t9r 01u?ulfl uytl{tm1nu0'lu?uann tm{il u9ts
v t r a y A q g r6t y a s- 0uQlad{duntrfl 0:?u []r0g lurduytl{retu?nu 0]nnl::?rJ19t

ri.:frudrsir.:1 uirlilurdumr.:rdnumunr:fiq6ira^udrornnd'.:fiudr (Depot) hJ-nd'lfr.rr1n1
ragqqneiraudr 6'.:nrnfi z.z rirlrirfiqn?rilil:vrf,nlunr:rel^uyt'r{rovldrirn?r}ril:uilfrn

: (Do, + D,o + Doi + Djo) - (Doi+ D;o + D,,): Dio + Doj- Dij

.-o
F"*T"-D @

'o'' !) 
v

'o
D,,

oo.

j 
-- u ! e gtil I o ! e 9 r a I 9 g enrrryr 2.7 nl:0nd{dunt til-nauyln6"l lnd.:dunt lrnent::?illnasriunrrdrdrorlu

n v'l 6'4ru n r : 1 u n r : ri r u r ru r r ri r n r r ru rJ : v r fin d'.: d

Sii = Dio 7 Doi- Dij

si; : rirn:rlil:vrfrn:vn'jr.r{qnri.:fruril r uov 7

Dis : l&u&yrr.: ornqori.:fr urir i lilfr.rnd{fiuflr

D6; : re uuynmrnnd'rfr udr hJfr.: qn ri.: fi udr 7

D i i : ft ayy'u.: o r n 
E rr ri.: fr u frr i l:J 1 n cir fi u rir 7

r r n f u ri r u r ar r r ri r n': r ru il : s r frn t o r 4 n qi 
1 rr ri.r fi u ri'r fi rfl u hJ 1 d'

a t q o f, -- 6 I r a Iel?ou'l{tunl:nlu?il a1:l{vl 2.2 ttdn{tilslin:vuymx:vrlt.rqncfsfrurir l, 2 lrny 3 fi'1l
u _a I _ @ t4', a

na'.:auf,t o rn'lttn"[6trunTn:suvmxd'rnr:r sfr z.z rr#e hftirnr:riru:armrrirn:rruil:vrf,n

orndilfl'l: (2.ts) 6'{nr:rsfi z.:

(2.15)

4
ltJ0
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a

i-rnrir{fr z.z sTaodrlrilnin:suuyn{ (n}J.)

ir
er r : l{yr 2.3 n r n ? r u rJ : v n frsr lu r rsi o c ri o el 6il fr u dr

fla10us rirErrrurJ:vmfror

S,,

S,,

S,,

S,,

S,,

S,,

:Dro* Dr, - D,, : 18 + 66-20:64

:D,o*Do,-D,, :18+38-72:-16

: Dzo * Do, - Dr, :60 + 7R - 87:51

: Dzo + Do, - Dr., :60 + 38 - 3 :95

:Dro* Do, - Dr, :58+ 78 - 12:124

: Dro + Do, - Dr, = 58 + 66 - 76:48

aovll- o'n d rd'l ri I n ? I u il : u t1 f,n (Saving) 0'l n u'l n'Iil H r rlo o rTl sr r : x fi

2.4 lnon^or:il'lrit Saving fifirnio.:nrurorfluurnryirriu rrnriurfion{qnri,:fiudrfifirirnarru
_l_ q j i y t rl v y r r a guty
il : v m f,n ru r n fi q n tn'o : : u r{r { tdu vn { H frn fi r { l n ri r a u di ldq n : r u ulr r#u m r,: u d: t r{fi o r : iu r

{yrri.:fiudrtTnlrJfrfirirn?rruil:vnfrn:o.:a{ur ilrn!nri{Aud'iriufi.rhildgn:rlruhrduvn.rrir
ot9a9,

nr:ii'ru?Rlri1n?ru60{nr:6run1:?u1,0{qnci.:Auri''.t 11.t;',orrrudo.:nr:fiudr:rrufrriril1nn.jl

n?lilqxo{:6tu::vlnh?ndlrutvt'ot:nrr{qnri'rfiuflrfrehJfifirirn':ruJ:vilf,n;o{n{ru16n urio
, a V ln I a e 9 o I I a y t@fl?'1run0.:n1:dun1:?rJ [ulnun?1u110.::0u::Tn]fyl1n1::rru{1nri.:frudr rravrJ:-urJq.rrir

--..e ., ..s-. e .^.^-^-l-=-.y--l _j ev et van?lilfl0{n]:dun1:?rJ [9tu:?ufi?1usro.:nr:tolqnd.:du61fi'{?tunfr:?urrirn'urdumr{ fi1nu.:u

I
anfl1g

:vuvnr{ (fiIanrsr:)

0 I ,'
3

0 78 66 38

1 18 20 72

2 60 87 J

3 58 t2 76

r r 6 9 je u r

{ q er ci r fr u ri'r fi f,r hJ g n frn r{r r du vr x 1 #vr' o r : ru r { q n ri.: fi u rir n-n'hJ

a

a
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4tsnrl{ll 2.4 nr : fin dr6'urirn rrru rJ: v n frn

a19lu Barqu rirnarrurJ:vnffsr ol9tu Barou riraarrurJ:vnfro

1 S,, 124 4 S,, 5l

2 Sr, 95 5 S,, 48

3 S,, 64 6 S,, -16

d": o d r.r 1 u n'r : : ? u r du rr { dil il er^l #n ? r x d,o { n r : fr u rir r o.: o n

rilfiudr 1,2,3 rflu 15,20,15 rriro nr:rdr6'u [rnun?1ulro.::r] 50 rri:u rrnqr:r{d z.+ rionq {E

lariiartviartag-Jeqrr)t940d{dunlmunln?'llJ1J:&HUnulnmqnn0Q!9rd.rdufrl 3-l criu{ truQn:?ru[11dlfluyt]{ d{yllnt:
a 9 + 9) a i- - q r 

- 
j I r 9/ 6 91\11:tlllFl?'lUnO{n1:dUfil:2}JO{911:'l{yl 2.5 [USO{ Demand ry{il:1nCI?1n?lil910{n1:flUn'l

:?uro{qiqncisfiudr :-t hirfiun?rul1,o{:nr:r1.4n d.:riu6.rrirnt::?ildlorilfiudr r-r rdr{{q c q

Y I o tq I t I 9 v i o r

[6tuvn{ rra?m1n1:u:ulJE{n1n?]il910{n1::?ulj0{r6[uyn.:n{fl1:1.ryt 2.5 luT0{l.til]utilq
9r,uot!alr-ul4ru,9leqo6rt

0lnuuvllnltel: ?0douilu?1?9r d{dun r 2 u{ tilQn0altlrduyr 1{ a{uuyt ]n]:ilo150t1Q1fid{
q ,, ! e Y ^Aa r I q a r r a y -{ rfrudrtorlnrirfrudr z fifidtnrrruil:vmfrrr:orn{u160 {qnri.rfruri'r 2-3 ru^o,:0rn1nri.rfruflr r

rq/v94oayra9v9v
0(, tutduvll{rontta? 0.tT1n1:il01:gutn?-ttJFt0{fl1::?}J1,0{!9tfl{dun't 2 nltdumrwanq - -' - - '6'

rJ:rnq'jrn:rrudosnr::ar'hjrfiuntnrWo{:Eru::4n 6'.rrfudrdrnr::ru1nci.rfiufrr z rdrrY:L

9! v r r 4 I Vly s 9t 9t I - ,"rduvttlttdfl !1nn1:er:?06touvru'jrlnri.rfrudrrlnlorldqnfrrrtrirrduml{lud? d'.rriulvld
91 !494rqrfluml{n1:d{dun1n0 0-2-3 - l -0:uuemlt:?uril1nu 66+3 + 12+ lg: gg nil.

j-rar,
gnrt{Yt 2.5 n]::?}J09tdrldufilq

atqu na1flilq
1)

n?]il9r0{nl: miltutfi9tq

I S,, l5+15:30<50 Link and update (30)

2 S,, 20+30:50<50 Link and update (50)

2) nr:air,rrduvrrsr6u6''loifi Nearest Neighbor rfl ui6nr:dunrIn
rilauri'rdoqjlndfiuqnrisfiudrqoqnfrlu,J'rnfiqa lproflrJirurnrn?rudo{n1:fiurirhirfiunrrrrl

I a 9/ s,,-l?. Y a- Y. l a 9 a r 6 I dlJ0{:otufl{dufi'l CI'l1J:tJlt}lf,i?'lust0{n1:riuri'110.:lfi6i.:A'ufitrnun?'luqro{:oxuri{A'urir fr

- 3- q.Y I 
-a 

I v q I s q 9 a 40v [: u ts: 0lJ u d{ du n ln u 1?l u [n un r t ruln dor 0 ]I-.0 1 : ru t 0 tn : u uu yn.t14 io : e uu r? a t lu n t :
i q 9 v9 J o o. j

1J U 6Y{ dU n I l9t n 1 il t tfl n ?'l u [?t u 1 s du t u n ou n t : yt 1 { I u fr 9t',{ fr

t'
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- rir or n riru u n 1 n 6l du fl 6o n dc d^u drrfl u 1 n dr t 6r'[u n r : du m r

nrrnr:tudo .lnriudunrtsri.rfiudrfi odlndtndrt6rutnfi dnd'tnrilfi z.s

- rf, o n n n ci r fi u drii o gj ln d1 n dr.: 6 r u r n fi qn rfi o fr r n r : : tldr {
I

v v I ,- o, !. Y I 4 , a e tt-ts- i^-
rdumrrr n'n rrnriuilil}i1nrirfi udrriutilu lndx6Etin}Jdsnrnfr z.g

jv.iro9v96
Rliln2.8n1: n u ?r 1 lnn 0 g Inanu 1n o1.io.t

rdz.q nr:,n'onrdu n r{fi fr : s uvm r.rln dd qn

, ! € Y ie t r u ,, I i rE 9v rt a- nulr 1lnd{fl unlilu.t tuQRrnrxlrfluytl,t Ttog tnanuln01{ro{

II
II

\Ira
I
I

I

I

qn#rutou#umrrurnfiqn ud'rfitr:orrnrrudornr:fiudr:ruroqrdumr.rrirqnrirfiudrfiqn

I I trr".,]
r '-.-- ji i i I crrom.' 

'

.-..);]r"."..'t
_,,,1-.:a 

"----.-r I
i' f 

'rrr\\ -
rj "r
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a 9 I c , n ra q, ! q Y A 4...1-Y-.
tn-sn 6rnaru6o{nr:du6r:'lu-[utnun?1Uqxo.t:0lJ5:4n tfi:?UlOct.tdufllflQntAOfltrl1nU

rdumr{il f,n udtJiuqnri.:fi udrrfu,fl u 1ndr.r6r6'nhl

- ?r 1nR?rudornr: fi udr: urfi u naru tt o{: oll: : 4 n}flri rnr :fl n

rduyrrrmdnriufr.:orrfr z.to o',nrirrr',oaou'h6rfi1nri.rfiudrltfifr.1rignfiar{rrdurnr.r

ufohi drurnfi.rfi1nri{fiurhfi&hignfrnrrirrdumr.r ,lro'.rrrudlniufi,,, ,,u, r 6nnfrnun'jr
tAlvrr-.'

I n ri.r fr u drqnqn t v gni'n t{rtduvntn'cn rilfi z. t t

jqrd
nrniiz.t o nr: iln tdu vtrl t ol eti Nearest Neighbor

rl /rEil-ffi,
jaaegYd

nlilli2.l I ?rfl 1: ?ntdufl 'l{n ?u?t Nearest Neighbor

:) iinr:nrrn(Sweep Approach)tfluiinr:mt6turur#un1.ruae

drdrnr: ri.rfiuflrInunr:urjrtdumro,fl rdrfi ;ufi nrordrunr: tirxunfismrsdronr:ra ryudru

rduarury61ufinmrcilrur{uurfinruas::uil?urarfrudrrosqnrilueiar:rud'ruiinl:fl?rn

{-1\r+
I
I I

ir ,a a ,e 9A a ,itun:rr4'.:Hn:rutosiliurerfrudrlndfr.rnrrlgto{uruytrnuv6':ril6uuuruflr,ruvluri

a
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B

oo

-9dol
4) nl:0rufi u{ntufi il{ (one Move) rfl unr: druqndrud.r: ruolfl 0 1fl

I

i, gr o lA i--- e, ! 4qrl---a
tun:cyt{fiqurdufl:u:o1J9l1ur[1il?uQn?l1nrran{nlrRlYrYr 2.l2nn{ilnuu!.r tYtYlfiunnl:

ufiilrgu r rsp drm iuu'ruwr?r uuusincfiu

o
o

o
o

Oo
oO
oo

nmd z.tz i$nr:frntduunviirdufl t:xud{Audrdauii Sweep Approach

furrynrd.:hjfr,:6ndurrynfid{ Inuhifinr:firuuruad'lniodrunrutufrrLtryn6'?to.rd{rtdn{tu

n1y{fi 2.r3n1:dludo.rhidnudrfiurtouh lu.rruir'udqnfllorgnrfionunsdtu'hJuvr:n1u

rduvnr6ufi'hitrirduvn.rrfiudqndrr',orfrlu4nldruurj'rfiosrflutJldudrrTufinrir:uusntit
io J ryri a . , rl .iai I n ! y,

frrfrnTulirfrorfrondruflrj{fi6rufi6fiqe nrnriuvirirnl:6ruQfldrtundrtv'[riorur:nan

:vusmrllC

nrfld z.Is nr:diurJq.:qornrnrirnsud:o?inr:drund{drurilr

5) Cluster first-route second ii nr:dov ufiilqr rrdu n x In ur{ rn r:
-rt , y 3 t I a 9 9 a i ogrr r , IaftlnciugndriuriouudrSrcf rrrdunr.rrnu:n lnuhiiluqr1,0{n{lgnf,rr{.ruuolu
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J 4..^- .rt t e J -l q r, t ,, ,n:3u?un1:u:nGU{rilun:&u?un1:Io{n'r:d51{nquQnn1uu n1usrou1unI5fl51{nailqnn1og
v

2 dunoun'o

-"1= - ; - . y c lrdt ^ J y- lJU9tOUyt I nlrUfl0nnnn1 I qn tl.t[lJu seed point Hiolglst{9tu

Joom#ntnnrq{fildlunr:ra'on1nlnr{1il seed point riu l#drnr:ra'on0rnflfinrnar.riotirslflodrr
i-,m,i

?tu{o.:gto tlju

( r ; rfl u 1rr fi o qjln do rnn #': fi urilru rn fi qn (Nearest from depot)

(z) tfl u q n fi o {'ln n o r n n n'l fi u rir ru r n fi qn (rartrrest from depot)

(r ) ril u q e fi fi a-vr fr r,r'rou q s fi qor (u igtrest priority)
! ; - d ct A e , ,- rTunoufi 2 nl:ryr-xlaonfitou r uirdndu (Cluster) hin:unnr

. ,s vA .l v r r v J 6
n?1il11lo{:ou::1-4ncTuftl tnu0nnlm0nr?rutl1dnau0nflluu0uitnlt0'l:t}t'l0tnq q { { -'--'O--i---\i''' ir-''--

(t) nlllnfr'(Nearest Neighbor or Nearest Insertion)

(2) n?lilil:vHf,n (Saving)
y9

lu ri'l u t o.: du fl o u n r : fl fr r rdu m r r rrr^ u : o fiu 1 #ii n r : r rflfl rg n r
v ,l - a el j L| j4j j, ,, !nl:o'nrduml{tel-u:ntfru{ I tdilvn{ (TSP) rvr-oriuilrrduill{fififiqofir.iruqnqnritfi'{ilunlu

n{ruqnrir (cluster) ri, 1 u un orn l#r dn n r: urlil ryr ruri riG d.: nril ?ud? f,rfi i6 n r : du fi fi s1

rjrrurld'ldrrri Firt"r and Jaikumar Algorithm, The Sweep Algorithm, petal Algorithm, Taillard's

Algorithm rfludu
I

6) Route fi rst-cluster second iG n r: fi os r trdu m r lrEr'u : n ri o u ud.:6,r
.rrs-.Tdtrajjovvaj

ltu{nqilQnn 1 [n utu rt: n0 urilu n'r: 14 rlduyn{rnu: nytr}.tutc flruvrqn riru fu: oriurdu?fr

dlu1:oe.ituld4nqnluln:{dru d.rtvm'onrdum'r':d'{nri'lt'jr ciant tour rrsirdo{01n:CIrfiu{rYu

rdur'hiarilr:ot6umr{ld'n:uUnQqtu Giant Tour enu.il?{r?arfirirrusr1lld'6',:riu lu,irs'ou

fiaol6':#o.:tt1i{ Giant rou oonrflurdumrrni:uuri.:dou 1 drrrdnvrdumr.:tioooyld:n
i-

flu{nu

2.4.2.2 nr:rJfu:Jq.:nr:tfr'uyn.r (Tour Improvement procedures) rflunt:
riuurri'rffihjdrrudsriudo'ilrrYn lprori'rfr?ldudrvqnra^onotir.:o^a:v0'rnrcrnro{ri'rffirflul:J

ld iGnr:rtriiJEufllflo{ndrudund'eodr.rniu iG z-op, ,,u, 3-opt 1t0{ Lin (1965) riotu.rruif,g
xoq Lin and Kermighan (1973) fildrilauoifi t-opt (k > 3) fitiunoud'.:fi

r ) air.: fr'a friru du I n o ri r n'r : r0o o n o d r { 6d: y 0 r n rfi'r fd rfl u hJ ld'Isr u
t4 ro dt I dl s /iai
ItJ 0'lruu9t 0.1 [:Juyt ?: ytnm d9t

e

I

t

a
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z) rJiu:Jq.:ri'rflorunr:rnoontd 2-opt, 3-opt rio t<-opt n'onr:d'n
,r -- 4- t q v I h ro 4 - 9, I o I el s

I ,duvll{rsoulauoul [uvl?:0on lild]ulu 2,3 fi5o k rdumrlrrdrnruerurirrfltfiutu Inu
f4 < s r il I t ,l i,l q ,<, ia ra9lU:uu[YluLJnljn1till?lu'lul o{lfluvl1{tn]fl rnflu?1n tlfl1H]JrulJ o.iliiu yn{ 1ilililn1yt6nirh{

4916lr-j
v{ 0 I : 0r I rdu Yl 1 { tl.t }J I r1l u ufl 9t.: n { n 1 ?\ yt 2. 1 4

: I ri r.ir 1 u rio 2 o u n'i r ri r uI r u ru r u fi 'ld'hifi n r : nJ d u u urj n.r

Before

D-3-t-5-2-6-4-D

j tv r o , ad
nr?rn 2.14 n15il:1j1jq{filet0un:uar 2-opt

After

D-3-r-6-2-s-4-D

2.4.2.3 n r : 1#iG r ruu,{ du,.t dlu (Composite Procedures) rfl u n r : air.r rdu m r.r

.=^.s-.{-.-.-4^lt^--- A J v id r a e adrq I atSru6uilururdntdumxrfrl orn{unurulililrrduvrr.:fr6ndrrrr-rud:ui6rJfurJqsnr:r6uvrr.:'[rJ

nfloru1 fiu niu sruiflo Russell (1995) Baraglia et al. (2000) rflud'u fr,iuruu6'.rd
- I q /A s,, e duadd ad Jl) d:l.lYt?:r:lJau tau t,['?5 [n:rru.t

2) f ,ileG 2-opt, 3 -opnrio t<-opt rJ iu rJ q.: ri't ffi '[6'o rntu {o r

3) 1di6 2-opt,3-opntio r-opt rJfurlqsri'lfdldrrnlurio z

?6 6 ri a n^ n r fl u ii fi rft'ru u t du l t rni o r r,{ a rq n u d r il iu fl ry n r n r : 6'sr fi u l o 1 u u si

nvflryut if;6:iasl^nfifirJ:sfivrfinrulunr:rrruorenuro{ilrgrrurl.:oro'hiarrur:0r{lHaraau

tutlrynroiul ld niourin:vri'.rrirhJldlunr:nrnaranuuo{ilryrrrrr'rufififl.:rifuinqrJ:va{d

trovrsiouultto.:ilrgrinJdouurJarhJ rT.rrfunr:r{'nruriGEriafinhi'finrrru6nr{ururndu ua;
qric

arrut:ndntnJnlrfiotdlunr:urnntaauro.tiliurrlnl 16'odr.r:':nrf':rravfirJ:vavrfinru lu
v I o t4 I , o.i...^-.?i--- o e_.:_ 4 4 :ojq a4a a a?1?fl00et tu0vnal?0.1flust0u?f nt:rilnlax5dst-n fr.:rfluTifr{elurrurornTEdrTafrn
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0rnn'r:yruyr?unr:ldaGBa?asr'n druiGrir.:1 arrur:ofiovrrrihiltgrrfi'qrdumrs
r ad t I ag 4 g 4 t v 4nr:turil iGnr:rir.r1 drufrdo6uavdorfrelrsrnsirflu rraslnlrrurrrursarurYuiltyrrlurrrinv

I[UU

a.laaa
2.5 ?filtl9llA?:dnn (Meta-Heuristic method)

dr o<iu9 v v
rfl u TG fr 'lfl o r n n 1 : il eu u r r ra & n q r ril a { i6 6ai a6n 1 #fi n r r u dq r du'[ u n r : n r e{ n re a u

ro{iliUHrnr:d'nfiu1oln1 fifinrrrLdu#ourroyfi6'aurJ:d'nfrulodrurur-,n ldu,i',u:rerrBr

uavfrrJ:vfivrt'ntu firur]p.ratqnufildorohilqinrnrqaufil#drntrurvarufiasrnio'hicrur:cr
v t - io, I ' h d , ..,in or a. -l ^.:uil5sflu,{nrnauyrerlurnnftfivirnr:rJ:vru:orun1d usir.rarqauiild',ilrfiuuu;r,,orduH116'I

n1ulu:euut?n16'un4xrval 6.:rflufiu'uruodxn{r.:trrrlusruii'oqnuru{ tu{ruif,oto.r

Blum and Roli (2003) 16'aqililfinn''r,duuduno{urfl1A?;fl6n1i'jr (l) nrsrrEriasr'nfi:crfiuu

i6lunr:riuurrirnorfi6nrulurryflrorrirsroufirfluhJl6'(2) nrnrBrian^nfiqnil:scrr{rniomr
o iai a o iq 9d i<idrsroufi6fiqnuiorirnoufilndrfiurfi6fiqn nrCIlu:euer?alfirnruredu (3) i6nrnr6aiasr'n

,t4u q t h rq il t a<orofuIlttul dt t6ou unv'tridrrdou rdu TG n r : r r,{a rn a uuu u rqil r sfi (Local Search) i6 : slu
tJn (Ant System) i6nr:vrxr[uIn::u (Genetic Algorithm) ii6'unrdo.:fi'rru (Tabu Search) udv
add r

ittduuttuttnl:ou€jou (Simulated Annealing) rflud'u (+) rusrr8'liafinororfin01nfl1::?il

ilnrnrarueGrmnu'nrfiodurrrirnorfi6fiqnnruludufirirsroufirflu}J16'fsI rusrr8ria6nfi
9r

:vtfiutriunoufiuriuouusiarrut:nilfur:J6uulu:rony16unrfiorir'hJldluusinailnrrr
t1'

(6) rrunrEaicst'nurril:&rnmfinr:1dn'rrrudrfr?n:r?ilrnfru lunr:oerdrrirnorrrr'rurfr0l#nr:
9 0 rilii.
riu r r ri r sr ou hi'8rfr rdru

uunornd Blum and Roli (2003) fir'ld'rauont:urjrrrunr6:iafin1i o rj:ymvrd.rd
o o o io(t) trusrr6riast-nfitnrrotnu:{tiuolaltotnr::ruryrsr' ldrrri it.:cuuilq (Ant system) if;nr:vrrl

fiuqn::ru (Genetic Algorithm) if;nr:16outtuun'r:CIudou (Simulated Annealing; rrovifinr:

rnrvn{rur]:&u1n: (Particle Swarm optimizationi rfludu (z) rlnr8riast'nfikjldrfinotnrt:l

:iuntalootns::ilst6 ldurii6nr:dunr6'0.:#rru (Tabu Search) rfludu (r) nrsrr6tidst'nuuu

tdrl:ssrn:6olurdt:ouxo.:nr:?i/urrrirnouovldrirsroururnn'irnd,rrirnouh{r6on rEiu i6

:euuilft (Ant System) ?f;nr:mxrfluqn::u (Genetic Algorithm) i6nr:aonrruu (Memetic

Algorithm) ttnviinr:tntrn{ruil:vttn:ttuu PSO (Particle Swarm Optimization) rfludu

(4) tllnr6':iast^nttuu'h.ildil:srytn:6o1uruir:ouro.:nr:duil1ri'rerou0u'16'r{rsrouoonrur
oiorltadd

tfrt lrfrlntnoutYilliu triu TEnt:tduuuuunr:oudou (Simulated Annealing) iGnr:durr
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y9
sto'i?1ru (Tabu Searctr) rrovi6nr:duurludufirirsroufiriju'hJldrruurrd, (,,.ruted Local

Search) tfludu (5) runr8tidst'nrtuuflrunr:rflrrrurun.rfi fiolunroururru.nt:rirurarorofi
rj sl A q vo o 'n't:tilAuufllJnr:rillflutu rfroltirfrerirfloulrrjl rfiern'u rciu iG Guided Local Searcn rfludu

(6) rrunr6riafintrutl'hifinr:ujfiuuarunt:rflrrillu ruu iG:crurJet (Ant System) i6nr:vrr.r

fi'uqn::ru (Genetic Algorithm) iinr:rfiouuuunt:olJiiou (Simulated Annealing; rrnrifinr:

aonttuu (Memetic Algorithm) tflud'u frif,otorirrduo:luny16oni6rrunrEeiasr'nfi1d'funrrn
I

u^uiltu nr : r rfifl rg r r vnp d'l fi
aer j

2,6,1 ?5R'l:?l l9{AlqAulluulfl Tt tv ti (Local Sea rch)
dl ae-- i a a o i a o dl t 9t

til il ? r n 1 : fi uI 1 u I 0.1 nJ sr I u ? i dsr n ryr n n': r ru'il r ril u ri o u ri r n u 1 n fl I n n 1 :
hr 9 o iai q r J it hy dbr ,h e t

Local search'hiarlr:onuuln'rerouvrermdnlurreinyfrufrtiou'td r:rfi'hjarilr:CIdqil1d'jrfrufi
o i<i J ,o 3;" ia,

ri rqr o u fi 6 fi qn riu o qjlu fi u fi ri r sr o r fi rfl u'hJ'[ d ?6 rorut search fi n r : du y r ri l er o u fl n ] u dl

o I o ja j 
" 

C ; j o
n I n o u tt n s rj { fi I ti I fl o u fr 6 fi q n 1 u n' u m r q il r v fl n r H u et I n u ri a u 1 r ni o v 1 di6 n r :q a --a-- -

9t

Neighborhood search ?r n r udl n il rfi o1#yr u ri r sr ol fi 6 fi qn

z.o.z ?f;rdsuruuRt:oudou lsimulatea .lnneating;

lu n r : m r rua rq o ur o i il iu il'r n 1 : fin Au 1 o 6ru du n 9.r r r: n rn'0il : s u r fll n. d. l 9 80
e r ad Ja ol ad i, dr a a ianuiletnufl0{?5n]:u n0 ru1u9l0u?rn1:}J1p{alqaum{1u [[ay]Jil:udytrn'Iil cr.:dt]J1:nil"tr{a

raaufi 6'ldnrulurrardu:?nr*? uurfindugru1ro{e; sA 1dqnGvr-rur(n{ru:nlu

?1:6n:islnt:lno Metropolis et al. (1953) d.:rflunr:ldriunouifint:d'lao.:n-t:n?uflilnt:rdu

d":arrosieqlueir':nrrru$ou (Heat eath) drGonciufloud.jlnr:ouejou ;ororonlr?nr.,,q \ --'.i---qi.'

:0uiun:rm{n{19lilAoulil4? n00lnuuru0t?01r.r1u tilqiurQ]Jx0n,]dE0unoU6l aan{ lrnsfi'l
q-yy-.-4 -- g i <-.9__-s _9 qa g, _ ea y_ : A r@ v otH?dqlJn?1ilrrlj.:nJ0tuun?n{ [n:{fl5r.:qararulnr0{idqfrr0usr:acilov1=uogn'uo'm:tn1:fi1
avv J a
lil?dauuruua?asq

ady99
2.6.3 ?finrt6uill9i0{r{1il (Tabu Search)

dr 111^.i^'^- -y- -ul yy-. - _ a r ds. ct I ad
tUu ? r ?1 Ft 0 u rl t I 

-tq 
5 u n e I il u u tJ o ti r { u r n ry{ :'r & I I n : I a ix t o I riu n o u Ji n r :

-.i,1 -rg--Y-. v 6q o rr a4 4 r a a rfr"tudufouilrnfn uauolnilant:Tiodru'rur,1nflEildt ?fi rs frrJ:vfrvrfrnlflutnn.jl sn do
-.-----,--d -, a,! , - ooj^ a4 yq v tttflneil{frreiufn:srjx 2 TGfr fro Tt. rs uriflrynrnr:uoilfudrruurvqnrailrsfi InurlolrYu

I

hjl#finr:rn'qt'u (Pro-Active) rrsiit' sn rflunr:rtil'lrrilrynitfiorfir,durrdr (post-Active) riljr
Ylr! (Tabu uio Taboo) ililrufi{ nr:r?truiorlo.rri'uriuqr*aGnrr,{r'[rJfi,:ilnrqnudr.:rdu,:fihj
2,--- s a o.--q 4 A ^-^^ 4_qE_-_-.-- e- a 4 f, Ifl0{n'l: tgUttu?nndlnq n0 fl1:tflufl11ufln1n qi{lvn?'luyl:{i'lro{noilt4?rrtoiiltrfru?{0{

-^---i-.---!- 4,-r,^^^-^ -J-et q o a 6 jd
n0uvl?tsl0:0st:uuIn1n:0Un1:?urytmzu1uur Iunt:uu;tiIfi50Uonytflylt{Io{r{nranufrd

!
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n5o6fiqn1u:oln:sri',.i',ri'rlrJ,fl',.:mrir Glover (lese) rflufr?r?ruriusroui6nr: rs dlrflu

tm n u' n n t : :J : y ru r or ri r d r r fu n r : ri r u r il rfi r n fi n gr asr ffi 6
adv2.6.4'tfiil1:nl{flUqn:lU (Genetic Algorithm)

qnfi ndulnu Holland ( I 97s) d.: ld'furr: rriun r nloru r r r nvrqufi r o{ Darwin
i - au )
tfrurdunr:iiruurnr: if; ce fildfun':irufiurodr.:ilrnluueqerflryryril:rFuf {artin.iur

Intelligence) uov'ldqnil:vqneildti'rtlryrrrnrorrtur riusraunr:fir.:ruro{ cA riudruni:
I I o d < s o .'aftril:vryrn:to{tilerounioln:fulmrfrulr rrd':rirurnrrirfl{rifun?rur}iilredil (Fitness

Function) to.:il:uurn:rrsinvrir du,flurirruunl:0oer:ri'aln:l:rJryu rniodruaurrrirn':rr
q lq ll v I o a o q -- Jtfiu'luduglluYl{nsurijlfitJ'ru ila{0rnuu0vrnUutruuilqfln::uyt1,lliluqn::ulun::ils19tn.ru

ln:hImrfifirirn:rrutrurvdlJd{ rvtrnnrilfiuu{ouad.:riuunvfi'u rfioair.rln:fulmr1rrifiq{

qvtuqluJ
r{crurer'loqrirun:vlrunt:flf,udlur[uf (c.ossover) rrnsnr:nntufi'uf, (Mutation) In:]lImr

r o 9o i< , '
Qnilaru0sQnfl:?0dou'jr'[ririrnouff6n'jr]n:Irulryr6'rfiudfiqnluil:vvrn:nio'hi dr6n'jr

funvuvrufiIn:lrulryru6rfiutifioq ,iuruun',rdurrdrnrilrrvnnrirdrhJdluroun:vfi'rrurr

nr:fi1{ru

z.O.S ?f;nr:tnrrn{rurl:vT1R:lruu pSO (particle Swarm Optimization)q

dl aa j ja u a 4 <<o r q94a t v
tlju?I14U {vlilU ?fl n: : tJ 01nilqnn: : ux 0rr6t{il$'igt lsu n1: lf T'l gr i'1ru nu t oI

{sunrion{rurlnr Inudanoifiudgnr{eilurleu Kennedy and Eberhart (1995) drriuii pso
,tl

fu alrfrntrsiavfr:lunrjruqn6on'jr Particle lutnrvfin{rugnGun'jr Swarm arurfrnlun{tovfi
ate

Rt:n:s01un1:[nAoufioon'hl1un^ufirirs1 arrfrnrrsiay6':nJEulrcn'ousTlrryrulunr:duxr
o i oY
ritnourn-o'lfnuritstoufi6fiqn drunri.:tunr:rnfioufiro.rrreiau particle firrur]#lsr'.:enlu

nr:durtritsrorLrrfiot#uuritsroufi6fiqn (nest position) iiadqrri.,orn6'rro,uiurouros

--.--a-.i--rq- 
y4..- - i ^ u q r h9o t I o juyo I6IUlsnTog tn0tnU{nu ila{0lnilrYu]Ynylner? tunqru t9rnirn4u.:fi:u116': Arurrnfr"[6nrrrrill

4 o iai o qgdt o ' i<i , rmSoritstolfr6frqrrtvgnrirr,rusr}iriludrurri.:fi6fiqntosndr, (ctouut bes0 ri:udrurri.rfi6
A--^ -^^.-._a--i_y- -r4 yq !, . q e dr o , iai aTqat0{rYillYnmflufil trl tu:ouuu1 0vQnnlrun tfitilueitul4u{ytFtfrqnro{drJisn (particle

Best) ttauluufln?1illJ0{ Ganesh er al. (zoo7) ldaqrJnrvr:?ilnt:rluHrriro:Lro.:flryrr
-iTSP&VRP 9I{R1T1YI 2.I3
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jradgoq
Rryrm 2.15 dElj?rnl:nufilnln0u10{ilrufi1 TSp rroe vRp

A4I A
2.6.6 2trR"1:OlOtlUnililO (Ant Colony Optimization: ACO)

iG eCO fi frnu rusn dl ori':-l Particle Swarm Optimization r lqt nJ u ? ? st u I n I : I o {

uqot'n::ruvr1{d{nu (Social Behavior) uvrudrsrflumr.:drur[uqn::ru ACo qnfindulntr

Dorigo et al. (1996) dlrfiuuuurilqn'n::lrn1:fl10r?r1:To.trlnlunr:durrrduvrilfi#ufiqn

:sn'ir.:f.rflrur,rci{or1'n: lnul#ill:Iuil (pheromone) fiunrr.:'l{:srjr.:yrr.:rfio1frtunr:
Ay-'
froar:mtldoruriururrsir6ulu{.r lu:vu'irrnr:r6um'r{14rnr0oA{finr?r{uerrreiavsi:rv
o a q a ll A r r ar d et AAst'ndulttaontdumxt6utotJr.:{ru aruru6'jrfraolrdumrlfr16o.rld' 1u.ri:.:u:nilirrarros

flI:Iruuludo{tdumr{ovfirj?lrnrrvirriu rrsirrujonarriru'lilrduvrr{fi1ndn'irovfi:Jiurarro{r

flI:Iruufirurnn'i1 rfro.:trnl#t?nrrn'uyn.rr?oun'irrduvrr.:fi1nn Inor:::rryrsr'rorilnoyrou

rfi u n t :l n fi ufl I : l u u fi u : r u i o uiu du 6.: ri r 1 #ru n ria d u fi r sr' u en u fi d{ r r r fi o n ro' u l u r du vr x fi
qr)tlr-A
tnnn?1uur0{rrdfl {a{R111yt 2. I 6

,

l) uunic
h(lgrailrming

i ;;;ii"&1;:,": I
i-;;;;l
i Pr.Nramrri,,o I

1....._- : : I

i \hdlenlaticsl
I Progamxiing

Uch -
I lcurisiics

[:\ac I

Tccaniques

FYslcrcrEe Brscd
,Yproach

r.s/'& r?P
l::iiliti\ c,\DDrililr.il

Il:uristics 
||lZ 

=T-- 
\l 

tnrc:acu.e
Sr:tu)ullon

Crif*rcr CalEbililv
Corrt!ila!:rnr

Rourc-Frrst Clus?L.r-

Se(r!rd

Sarrngs ll lnrenn'n I I lmnrurcmmrt:.
Prxcdw ll nrae,iurc ll rr.,t.i-opti

Clu srcr- F irs t

Rutc-Sccrrnd
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j
ntilii 2.16 r::ilstfrnt:ter'umr.:to{ruq (Dorigo, Di Caro and Gambardella., 1997)

tt

du sr o u eco 6ru o r n n r : ri t r u n ri ril r : 1 il'rq o fei x t fi rfi o r do r I n u fi il n r rei n v
vvlvJ"rt
st'attmunna'ui mdttrnfuluuciavd:qrrarruoovrn'umx'l:JfrlqnriohJdrufl{r{#un?1ililtns

rflufildrirmilnli Dorigo et al. (1996) nlruilrrsrflrfi'orr3uuririurirto.:fl.rrifuuJrruruuns

iliurmto.ti{l:Ilu usiurior:nrnirutJ:JirurilflJ:lilurrrrirouunl:Jrioul rfiounlu{r
ovdatvrradrae
tfrumlrn:14n6':fiorfrnr:rJiurir (Update) rjirurorrorfll:Irrurirrirrir.:nnrfio'l:J tuoor:ar
I tt I v - t 9 q, e 4 i o a I i.l ;

,.r]u tiln:yu?unl:n{na'i?nuli1 tfi un4net?ra-onyrrvrnum1nIurdumrIfr dufr qn

ilcyn rnr: fin rdu mx drr il u ru n rm u v (vehicle Routing problem: vnr; rfl u ilqr r
gtsaalttrida
dtunt:turi{uaelairyer-nrigiluruufisfifinr:frnururul?urun'ir 40 iJ unyfinr:dun{rodr,:

t tyl i r a l u In u fi n r : ruau tto u'l t r rn v {o d r rin ri r s l ri r l #fl iy ?n vRp ldfu n l u u' u r ua v fi n r :
@ay

n"mutouiln?tilflatnrnturi1nfiun1rulildru fi.rurlovfinr:finururotil{0r?urufisrrufi uriyrir

fr.:hifiiEnr:lnfiatrut:nuflilryrr1dodr.:arur;:oiuuu,fiouo',norruurntun'r:14'rrilerouflo{
q d a yl__ -y. de aq Vl 9ro 4 I I q av tlJiUfi1 n1noetet0u0.:il0qtJuutinioo'tdfirnl:dnurilatuviru rdu lulrui6'uto.:sir{il:srma

Thangiah (1999) ldrirrauoiGnr:ruarupla1u:ufi'jt{nt:oudou (Simulated Annealing: SA),
++Aq99st,?tn1:ts{?luqn::U (Genetic Algorithm: GA) ltas nt:riuutdosfiril (Tabu Search: fS) rfiold
q rrq ---- ds- -y-&-..., -^^ A q dr o. i ar , qtunl:ttnufl?ll vRP muqnfllet,ttta 100 - 417 z1u ryluurilu.:ruT{ofrrilud'urruu'[unt:ylotul
,uqad

tiustouTGttutl,{dilHfllu Beatrice et al. (2006) 'klrauotruiil'urfiurriuilqnr vRp rrulfirnru
inqrJ:vatri (Multi-objective problem) Iqunr:rliruru:nturilrioufiqrrrroe,.ta:?ildu4ulu

a I 4- _--J..; 
" 

qyad _ a 4 o qnr:t9tumrlturf{?rio:uusvn{dufrqn InolfTE ce uaurflnu=nnr:riu.:drd'urruuyrrr:Id
. d q9 yql v t t.t,,r y a t a a(Pareto Ranking) qilerrlr:nlurnilryrrn'.:nrilr"[6riou{xilrJ:vfr m6'ntfl

ciau.:ruifruluil:vrma'lduri fiiurrf duqsr' unrdilffi fiuqrm':ri (2s51) rirrauoi6

SrSnsl'ndtiliuflqurnr:6'ntduvrt.:uruln?iuu lorurJ:vqnoitdi66:iasr^fl Greedy Randomized
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Adaptive Search Procedure (GRASP) drrfunr:rlunrrirqoufisnqrJ:vatrfnriol#:yuvyt't{:?}J

drqo nruldniou'ltn:rrudoqnt:fiudrto.rqnrirrrqios:ru'hjrrriuou n?ril!ro{urunruuvfi
o o q r 64.,ilrurudrffnrrudriGEria6nfirirrauut,e^o;*,f,oqj1u:vd'ufi6 n-;r;;";irrr*U',,uynily
(2553) r,l:vqndldiG6:iasr^n Clarke-Wright Saving Heuristic rr0y Nearest Neighborhood

Heuristic drrflnt:fiurrritstou nrutelrtou'lrnrrrupl'ornr:fiu6'rto.:qnrilrrriav:rohi
t 4o o q o a a a I dt 4[luu0u n?lu1lJo{uluttl14usilttu?u 0rnn n:uu?unr:yrrrrurol ri?tflan rrllrilu 2 :suvfro

4 -9--p- ^- -a lY i ^ 3 .1 o j
:gUu[[:n tUUnl:fl:1.:n'l9lOUt:unU (lnitial Solution Phase) tvfoyiot:rurvt'uyttolntnolfr

rfluhJLi'iihjdnttd.rriurtou'lt Inaifi clarke-wright Saving Heuristic rr6t& Nearest

Neighborhood Heuristic ,,urtrrrdeo':rflunr:ilfurJqrr{rnou lnuldlrJ:rrfl:u Lingo version
,i ra d q u I yt r ada o o jo

I L{an1:Yletrloutuotlj:uut1lurnunr:0ardumr{r0{{il:cn0lnr:uuir iEseSaet-.nfrdrrauo
qY v I rq - i< o, o '
hinadvrrioqi"[u:vrTlfr6unv'lfrrrnrIunl:il:vil?a,{afirilu'rvdl lu.rruifi'uro{lrur Jqilrnnr

o-nr-
ttas:cfifiuri ilsrrnsla (2553) rirtauoiisriafin Nearest Neighborhood rrny Cluster first -

route second i:ruriu sweep Approach lunr:trrlflryrr vRp nu'jr fi:sucyll{1unt:ruri.:6n'jr
io rl o is dd og,, r

:uue m 1{mlnn 0lntduytl{ltftull t: {{ tu n: ilfl nu 1 tryo g

aq rJ r rdr il ty r r n r : firr tdu m 1 { dr il ;u u 1 u rr r r{ u v fi n r : fi n u r riu o d r r r ru i r a 1 u ua u

g:Jtrutilrgnrfin:rrufrr:doulu:sriur6ufiarfn (Np-Hard) 6n#.:do{ru':urlorya0srurnt3u nr:
i-- r- -4-.---y- 2l i e g ; J d q q e 6 ovtostittu=unt:intdumnovE.tdu6ourn-.rutu:?uo-{ ilqnrnr:orrrdumrlnr:rrl-um1{lu;iluuu{

9tto{{otlo.tluturi{T{a;fl (Dynamic) fifinarlhirnjuoutos{orynrrav'[ridtrt:nfltetnt:0f
,t , j

n?tueio{flr:turfsfrrfisrdulrournrld iifigrJurLurdumxrrni6nr:tornr:flnrdum'r{rel'u:6r

ttlJUtiln (ovRP) Intr:oturi.:frn,lrrurflu6a:vtunr:rilduur#umr{'ldotirs:':n15'l uav'hido,r

1#:nnfrrllrfr.rlorJrioo:n frold''irrfluflryrr:vd'lurnrrnu6'udoil (Np-Haral 6'rrfu?ififiaru

ldlunr:uriilrynrlud'nr*rddu i6Sriasr^nr6oi6ursrr8:iasr'n rfiostrnldr?o11un'r:

riru:orrtritnoudrrrutvaruunvrirnoufi'ldoroovhir6ohilrir{rsror.rfi6fiao usirflurirnoufi6

r11U.ril0

,
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t

2.6 Yrqufinr:fi'odrffu{ru

ilqlrrdodrri'ndrutaar6o'irrfluflcynrfidrd'cg6nrJ:r,6urdqtosnr:flnrduyn.rrsr'u

:ntuo.:ttnovttlul6itlunr:luiisdudrttnnsn:runrsunt:ntrunr?ot rlaunt:1{[?ottunr:

turiltnurvtutrsiaviud.rn'orfludrsTu.:rufihidrriu durflurunrurornnrrrpl'ornr:rorandr{
4 9u a q r 9, i I q y t o 9 

!
r5o{fuuint:luusinriufrusrnsitrriu nrn(:J:vnornr:rirdodrfi'nrurirfirurtdtflunfr'nlu

q 9 6 q9@ 9e 6 t I 4 A q9s ,)u a ct 9n1:0nrduyt'l{r9tu:0 tflnuH:uu:nt: 0us?ud51.:fl?lilrlwo10lfnu{iuuSnr:lupirunrrn

rorltkilunr:uinr:'16'nt:uriflq;rrlerulil1#{odrfi'nfirfiqduoi.r6rhicrrur:ndrnarur1d16'
,dr-a-l ,;stotjrlfrrJ:vfrminrvr 6'rriu nt:ruiilrynrrduvrrrl#rn^nil:sfryrfinrvrdrrfludo.:tr{nrrrudrriqfiu

qovqtr9
fl 1: 0nA1nU{-lUtlA&fl ?ttil:nlUt?nlgtrU (Bodin and Levy, 1 994)

n r : ir'n d r 6'u { 1 u 6 o n r : f,n d : : : n :L : : 4 n fi 1 dr u ri.: fi u rfi 1 #d r ru^ u n r : t u ri r fi u dr
tl lu o v _y.q r io u q 9^ | a a j S e o utUu{TellJo':nlnuqnQnnl Iur?{l?nlyrttnn tf rnnil:vrimrnrnrurnfrqn lqunr:iletiird'usru

rrri{rflu 2 il:ymm n'o

(l) ttuu Stochastic Scheduling rflunr:{'ndr6'r.:rufi'lrjm:rtdrururrufrrrriluav
oir
0tu?u:CIYtltuu0u

(2) tluu Deterministic Scheduling rflunt:6'rrdr6'u.:rufivr:tr{'lu?u{ruf,prrilunv
oir
01u?u:0yruuuou

iGnr:frniirrTttrulunt:rel'u:otluu Deterministic Scheduling rni.:rflu z i6nr:fi0
Procedure base on local search ttnu Priority dispatching rules

(l) Procedure base on local search n:uu?unt:ri'ur.rtritgrouttuu local search 0tfru

==^^-^r-.-i.. d- - ia , i< ,s e aiint:fit'irtfrofl1,{ornaufr6n'jrrunrnnufrfroqj)nunr:duilr1il Neighborhooa nSon{lflarnau

firflluhJ16'rfrohi'16'r{rnoufilndr6u.rrirfi6fiqn i6nr:r,rrrirnourruu local search fifiuru1# lu
nt:,fi'fl a t: 1{t':ntt6u: nil:cnoud'?u Tabu Search rtnu Genetic Algorithm

(2) Priority dispatching *r", iGdldnn'nnr:o'niir6'unrrrudrdryto.:.:rufidolrJflrin'
| @ i ut r"o 4 ad jo d vn0ufln{a1utdOu-t1frn1fiun tiluTinr:frvr'oi:nrrdldflHorvlJo{{tu :vuar:nrtunt:

oaotadflllUunl: tt0UnlfiUfl[']41n1{ t ?I Priority Dispatching Rules (Barker, Sharon, and Sen, 1974)
ty

U:UNOUA?U

(2.1) First Come, First Served (FCFS) tflu nr:{'ndrdu.:rulnutrflrir.:rufir{rlr

rioutfludun'ttt:nuavfir .:tufitdtrurfirn'.:rfludu6'usiol:J d{firnil'or:ilr0rnrnilcfnr:ipr
t 6 a a 9, ad _ _ - dt o<JV1 t r d u rg,l a o rtJ:vdnfrnrnnr:flnattd? TG pcrs ov rfluTGfr'hirioo6fn rrsiflril0r:0n turr{lro{nau,rflu

---^.--9--^- l ll-_,_-.{_-_, vt,)v t:^y:^'^-. A-:t_.e-rl , q e -der::lJtta?{luvltlln0unn?:0e tfi:un1: ilqlnnou .il{otdufrrriufntolnr:d'nsruettuTid.t

!

a
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^-f--4-,-- iqY o o q, j ; y 'nnr:frotrufrl$tenryrrrurn0s drlf{ruou"l frnrrururdoqnouurulquri'rl:Jrrd':iGnt:6'qitu

rruu FCFS r?ru tvriu{rudrunr:t#linr:
(2.2) Earliest Due Date (EDD) rflunr:fi'niirsTunrrrudrri'rylunr:rirsruJnut#

^p..--.-.sis!----.--l--.--..d-i-.-,, v 4 r o i<o , r dr o ovl'1.:luvltJfl1?lufid{U oUt: ?mqnnoutto? 0{noUyll{luytrintHuFtd{uoUu tunirrljuiitsr'u
tl

d'n hJ lq ufi'r hJ ud: poo rfl u i6 d { s niu n q n r : 6i r dr o r n ri r fl u e n r : rir ru o u uu fi .: u#'jr i6 do v q
. 4 oaio or lo-o-dilrrq dilr{nttoutflu?nmuuu tsuquanulnuvTrhJfiri.:usiiGnr:6'lnrirtoro rirtr?fi,f,ru:u

srufirdrrurlu:euuil'rnn'jrif;nr:6u1 (fiilrufi{ r,rrin.:ruovfirru{roEjnaoer?nr) rrnvrirh?rfinr
qr4raiavososl
dudrnltrfro:eil'jl{r{a-flq{[u-o{0rnlunr:f'narrr'rnr:yrr {'run'lilrd'nflo{ EDD rluhiLi'fi

n1:iltt01t?arfitdlunr:{trtuutvt-ot:nrrd,lrldro iGdu^urutdturrirurrudrunr:turirfiurir

(2.3) Shortest Processing Time (SPT) rflu nr:{'qdt d'un:trurir6'rUro{n'l:lil

.:ruInul#rir lrufil#nar#ufiqe,niouu#r6.rriourir.:rufildr?nrlJ'rnrfludlr-ufinhl rvrfiu16'q

r --- dt oaj , q _- ,) .d r o q q, r

?'1 SPT tUu?rvlu{ [un'l:nfl[?41[t6?tditt,0{{'rurrsrnv{tuuauilulurrurir]fltuoirlloonrrn

:BUUnr:r{6,rtrtirl',5rdqododto.:nr:fi'q{tuuru spr fio nnrlnurndorossrulu:suurs
; ; o q 9a a , a o r

drfiqnvirh{rfinfruf,rnstmfiolu:vtt'jtsnt: rufisr (work-In-process) #oorravarrur:nd:vrf,n

drfilrnlrfi'mfil urirlotfrutor spr n^o qrufildnnrlunr:r.rfisrurul ringnr.rfr'n'hJoqjlu
@ q I c O94a * '
o'un'urdrufirlriilrnornr::onoulnurav{'rvodr{4.:1un:tfi firfiqfilrulrrir{rrurum:nodrailo"l
..--..Fr-.-_-.Sqy.--_.el- -_^-'^ i---__q-g ^_. cl u o q A y d hro v[[aYlUu{luvllYl?a'luoUfl?1 ry{fl1n ts SPT [un]:0Fro-rfiU{'tuytrlJ'lutrrm:nnoy"l6fUnr:{Fl
y v qyo I o 6tv-^-.-:iq-9.-- q a ^ -i j i u,.i0uFlu [1{Yl1flouvtl tfi{luvt tryl?nr [un'r:runnuru1 rnan]::on0uytu'tuutnu{1,u'lilr5otr1

(2.4) Longest Processing Time (LPT) rfl u n r : {'q d trTl n:rru rirfirglu nr : ri rs ru

Jnoh{rir.rrufitdr:arrurnfiqnrfludurTurr:n udrdrriourir.rrufildnnrrioun'irrfJu6'u6'un'nrur

lprofr'thJud? LPT finovrfluiGfiri.rrunrfiusiorJ:vfivrfinrnInu:rrrto{nr:,{Aflilrnn'irrfio

nJEuurfiulriui66ur t?I:runl:fin{lurruu lpr rinrirl#r:nrfit#lun'r:,{fifl{ruri.,rurr',u

trnsf,.rrirtr{rj:vfivrfintunr:td{tuvrinurn:drunr:r.rfisrdr6ndruusirio6r0{nr: fq{ruuuu

LPT il:vnt:mud.rfi6ooril1:ndfr{tiqltavrird'.r1olunr:vir.rruhi'ruivrrinsru'ldruiouo',n ,fiu
joY r ln | , d a '{luu1nl r t'i,t?atutur.iru'[:Jud.fio*rfiu,,oisruiro1 fildnnrhjuruvirt#rird.:lotunr:

oodyll{lu9txu

(2.5) Weighted shortest processing time rule (wSPT) riJuiEfil#n'lr:lrirri'ryri'u
---Sqt--.q o -e- --- Y A ' ! u e) 4 o{luYllft?n1lunt:dttuu{rurioufrdfluuud?{d'r?rtlnrrd:rBuldr6'un:rrudrfr'ryornrurn'l:Jriou
A qgt .7 a 3 a i

ly{0 n4 {1u71{ililqld: 0flur: ?Ytd9t

I

t

I
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D

t

z.z ?i6v,lrv{ot:tf; sa 6I'l gi'u (Differentiat Evotution : DE)

,t

dunourtavrd'nnr:1unr:dunrrirsroud'eui6 Differentiat Evotution (oe) firauo

Iou Storn and Price (tggl) d.:ldofiuru'jr n:oumqufito.riGnr:rflugrJrruudrulunr
4 q o i y ,n ' 

j 14 J ; a y q A o dtl:&u&l?41 tunl:filu?rumuou ttJdurilo0{}luvrlnut0ryn tulnt0inorurlrrnoi Bin et al.

(2008) ldaq rJ'jr n r: eifl u rn 1: t o { DE 
Q 

nil : u q n sildo d r.: uvr i H o r uua v fi n r : uao r l n u{.:1u
j j io t lqe

ilaluiluYt milnl:il:e gnn t.il
q-.ie-- y f,4 u I i ' r A e, 6r

luTE n t : 6u fi r fr E n n I u r d'n r-,l : y ryr n : n r : Tim u r n I : 0 u r;u du il : y ryr n : rErupiu lu
daa yut c,t ao - ol n I ioo I

1U',l9r N 10.: t?ntno:iln D n1:rrn trilruHlnl:??flu1nr:0nn0:ytu0s trJrrytuytusrlJo{t?nraoi

-trretrsq3;a4dtqoaqf,D cu{nllo{9t?ttlj:llflasn? luiluYrl0{rJfl0eQnlrda{lilurn1[u:euudtu?u0t{ nnuuvyt
I v 4 h q r o v I I ae

t9l1lu9ru0{n5&u?ufl]: fl0 fln tn t}.rud]1{5unr:d51.:r?nla0:10{nt:mnno{nt:??9ru'tfl'l: 0s
9l'o-'

d51{[?ntno:nt:mnao{Inonr:nJ6ouuilarrrncilordrrurd'nnr:drru-u.rru 0rnfumnlrmunt:
o A j d r o a s a jo 3 j t lo9r'lruu{'lulQl,l1g:luunnnTr:1t5un?1 n1:9r'rruun'l:nfl[a0n iltnoluru0t?nrno:n'l:ilfla0{ur,q

rAArlAgv.:oadl
tJ:udvtrRl?Iiltnn?'rr'lnrno:yrdonn60rnu n:eu?unr:lilarg0uqnnrruunr:dnnf{0una'lnc

=.-^...!tt^.i-q-yl' ---- J: 3e/ t d o a s , ad
utfltllcvluLJU{ t?{un1:iltJfi vl{un1:??gilulnl:10nil:y51n:n0y0nfi][uun1: [our^nuirnt:
. J ^ q o a J aa - e ! qfit"firtol r rT:rirtriunt: fr1frfro nr:nnru?Yuri rTunouvrlwYuqn::urruun:odlor?of uas

nt:drrrdon 6'au n:eu?unlsrixtulunr:iSnrurnr:uuunaldAn Iqu price et al. (2005)'[pi
9./I r o s u d o q as a lr.l 9s d

d! u n 1: uu { a 10 u fl u 0l 0uyt cIl nQJ t 0 { n 1 : ?? gil u 1 n I : r [u u fi CI't ddn 
-tif{{ ilquyy

2.7.1 Initiat poputation 6odu sr ou n r : {ru ra^0n,il I u ?u il : s sr n: d'.r du n r u1d
I o o o i i o u9 4 |

10ut19l do'ilrrlsr itu':uuu.tfrlatlt:nrit?tun"[ei niorir NP: Number of population rflu rir
t-ecAooro

rtrJ:d'nfrulo rfroritrutrilu?Rllllrilitrt0u Cosr Value, Fitness Value rio FunctionValue tu
d9

fi?tlJ?nJlulnu?nu
I

2.7.2Mutation fio dunounr:qsusr'rrril:frnfru1odrufloflud'rqnr Gon'jr weighting
adr

Factor: F il?o Gun'ir Mutation Factor: r 6n6ondrr.riufi'urfioloil:yalritolnr:r^irrrrir nnroq

rf,ur{ l#Li'rirsroulrrjfirr:Jnnusrnsir.r'hJrrnn{rudruauil:vyrn:tu{ou:n firiusroudou d.rd

2.7 .2.1 firnt:ritrufl Target vector (x,o) Inufi i -- 1,2,3,. . . , Np

. farget Vector

2.7.2.2 rfrurdondru?il 2 vector ( X,r.o, X,r.c) 0tnil:ystn:si{d'ud1il,it;u

2.7 .2.3 fi rnr: ri turfll?t I Mutant Vector (V,.o*, ) ttnn ?tri dufi'u f,

Vlc*,= Xrt.c* F(X,2.c- X,3.c) (2.16)
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4
luo

a

t

V'.o*,

Xrt.c

Xrz,o, Xr3.o

F

: Mutant Vector

: Target Vector

: Random Vector

: Weighting Factor

x NP Paranreler vecbrs from generation G
d Nerrly generated garanEter vecto{ t

,r0kz.G -)93.G)

ltXr1.G 'F0Gz.G - Xr3.G)

M!NIIJUM

(2.17)

(2.18)

U1*, : Trial Vector

Vi,.o*, : Mutant Vector

{',o*, : Target Vector

randb() : nl:6iu 6ruruoi.rfirir o fi.r r
9t

n:{vt j

___-+ xo

iilnlilfi 2.17 nt:duilt Mutanr Vector llo{fl.:f{6'u Z 6'arnj: (Storn and price, 1997)

2.7.3 crossover tlio Recombination n'o#uorount:ildudrori'u{ d.:nvldarur{'uf
qrof,<rrrraiilvd
l1'lurlo{filfl0uvtetn?lttaultufliroonuroril{iln1nfiotu rlr-orfluiltdtufiur[ornn'arr:J:frnfrulr

lnri1 lnufint:dy1{ Trial vector (U'o*,) n'luasr{luaunr:d (z) rfiotdlunr:rilSourfiuurray

fior:arrlunl:r.l6Ixfllufi'u{rI.:arunr: (3) sT':otjxnti Crossover duJtiflrrdot{16'ri.:nril fi ZX

U;i.c*r: (U,,.o*,, Ur,.o',, ... , Uo,.o*,)

\,.o' if (randb (i) S cnl or j : mb(i)

4,,**, if (randb (i) > Cn) orj f rnb(i)

4
lu0

t
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CR

mbr(i)

j

: Crossover Constant {ruruo?.rfirir o 6s t

a : Index o1nnt:drtlfion dtu:urdtJ 1,2, ... ,D uas

:1,2, ... ,D

xl'6 V=xr1 .G + F(xrz,G - xr3,G)

i=
U

Parameter vec,to r c ontaining
the parameter xj, j=0,1, ... , O-'l

lllusiration ot lhe crossorer process for D=7.n=2 and L=3

0

1

2

3
4

5
6

l=O
I
2

3
4

5
6

4l
nlilYl 2.18 n1: Crossover l0tt Target Vector ttnU Mutant Vector frilfit O:Z

(Storn and Price, 1997)

2.7.4 n1fiJ:vqnein:yu?unt: Recombination rfioruiflryr.rrlu,:ru?i'o1u#usroud

vrx{?ffuldrtnrurJil:un:ru Differential Evolution (or) uir{n:yu?unt: Recombination rdorr

rit taut vector lrrunr:rj:-ltil6oun:vu?unr: Recombination du,flrriuaount:r.rdrJarurt'uf,
q

*^.^-.\y-l-^.^---,e---dq--!, o Ja r I r r j - d0u0u t9lYl{dlUiluq tfiillJo{nla0Uvlfin'11[tauttUfl?rooniltotit{ratnfiatUrfroiltfltU}Yu{0tn

rT':tril:6'nfru1olnr.i1lrrufl:uu?untt Recombination 0sfiiGnr:r-l:vgndn:vtrunr:d'toriu

3 2I n0 l) Vector transition process 2) Vector exchange process 3) Vector insertion process

2.7.4.1 iG Vector transition process

n : y U ?u n I : Vector trans ition process o v rfl u n r : {ru fr:ta t aru 
ry 

gt-tgu tJ i
I o v Jo r lo r o 6ttdrfirsr'rrntfrr4rnr:{ru'l:Juvruludrurri.:fid0.:nr:6'{d'rodr{nrilfi 2.19 ldfi1nr:drud':ran

q

dilryet'trt: rir Inorirfirjruovoqj:vn'it.: o-t ornriurirrirfirfru'ldlruvrurirunri.:fi 1,2 ua& 3

a
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Accompany vector

I 2 3 4 5 6 7 8

0.45 0.15 0.65 0.05 0.73 0.02 0.68 0.44

ivt
R'lTltl 2.19 A?OUl{I0i1 Vector transition process

2.7.4.2 ?G Vector exchange process

n : & U ?u n 1 : Vector exchange process 0 g tfl u n 1 : d d'u oi f r nni lt O,:

t?ntnof rdo:un:urit rTrfr:odt.rnr?rfi 2.20 kirirnr:an'lrir o.os fioqidrurrj.:ii z hJlid
drurarisfi o udrrirrirdluflil{fi o rur1{drurri.:fi z

Original vector

I 2 3 4 5 6 7 8

0.92 0.08 0.6s 0.05 0.99 0.02 0.68 0.44

Accompany vector

I 2 3 4 5 6 7 8

0.92 0.08 0.65 0.05 0.99 0.02 0.68 0.44

i@t
Rl?Itl 2.20 q1011ill0.l Vector exchange process

2.7.4.3 i6 Vector insertion process

n:vU?unt: Vector insertion process tvtfl unt:tnaioudtodttrrril

rffoilrnrum:n'liriourrhludruuri.:fiflosnr: d'.:6":odr.:n .ntfr z.2r ovrflunr:drurirorn
'9rd-oriori dttrrri.:fr 6 il1rtfl:neiruilil.:fi r drrrrrirfi 3,4,5 rfiruovgntfrunJduudruurirrflu 4,5,6 uyru

Original vector

I 2 3 4 5 6 7 8

0.92 0.08 0.6s 0.05 0.99 0.02 0.68 0.44
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I

Accompany vector

I 2 3 4 5 6 7 8

0.92 0.08 0.02 0.65 0.05 0.99 0.68 0.44

iqrRlllll 2.21 flXOUI{1JO.I Vector insertion process

I

2.7.5 selection n'odunounr:d'nta*onil:vrrn:lu{uoiohJ (c+r) Jnuriorrfronror
roiarsrdd

tteilaillenlgroufrdn'it Inunt:rilEuutfiuu Function value ttio Cost Value r0{ Triat Vector

ti'u Target Vector lun:tifirir Function Value 1J0{ Trial Vector 6n'jr targ"t Vector osQnlrmufi

)
!. popu,aron fr
J rcx C:rr-*icr

01n1uYl
d

lCI{4

Originalvector

I 2 3 4 5 6 7 8

0.92 0.08 0.6s 0.05 0.99 0.02 0.68 0.44

d'ru triat vector tuluriolrJ

2.7.6 Evrtuation & Re-Generation drru-unr:drorn{o z.l.z dt do z.z.+ Jeru

fiJduu Target Vector 0u6{ i = NP

2.7.7 Reach Convergence Tolerance tit Target vector fildtrnrio z.l.q u$rt&'l,,,oers
riu sr ou fis fi rJ n 0 u n : u et tu n ? I il 60 { n I : I n ul rdrr.r lu n rn fi z.zz

i?piesenilliof, of
oilmPle, yg:toi

iU Add . third rendomly choscn
vactor

5) Do crossover with target yector
to qct lrial voctol

ficlvcctcr

j,
nrfl fr 2.22 ffi vuxu n r: fi rd rn ?rlJ n4 u r& dlJ lor uiG Differential Evolution

(Stom and Price, 1997)

I I choolc trget vcctor
r 2, r'andom cholco ot ryi'o
I popuFtior! rncrnb.rs
I

1,,,,,,*,,r

I 
pop*30on
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as j j s u I I r ad i r

sruT{ufrtilu?ri'u DE 'lritrri larmo et al. (2003) rjrrauo'jr ifinr:rfrrLrj:sayrrnrvl
aq d ia r r q 9t t r j I rny- r o dfl1:??flU'ln1:OnUlflymSO{?'l{ tUntsFlU?1'tOUl.l9tOtUO{ DE lyt{ tq:Un1:il:edUn?]}J611t:0

rirhJtdflrlanrtri.rn'lltr0i{ rfiurfiuilo14rnr:rfljuil:sfiyrfint^r rrnefr{rduol#lddrriu

Jn:{druil:eflrmrfiuru rrei DE e':lill,fi';unr:finurri":6rluuiuyrto.rIn:rdroil:ccryr
I

< r o v I s d t o d<.i nc/ 4 a q d o
rlluu lsuil]ilun il:v [usut0{ DE d'r}J'r:01{]n'lfi'tFtoumglytdo t9t lilorytuunun?]u[s?]unt:q

o .l h9o 4 ld d a4 u ad r d
14]fll910u tou t9rvl]fl1:flnul [lJ:uutyluu?r DE flu?t Gradient Based Methods 11u?1 DE tJ

sy i< qt, o i r < - '
rru'r lrirufr drla&hiilatolrirnoufr tfl u'rsdu niutdurfi'u Lopez Cruz et al. (2003) fi rirrau o

raaai<-i
rJ : v fr vr fi n rvw o.r DE n : ti fi fi fl q n 1 n 1 : n ? u q il fi rr ru rv aru r n r u gil r ru u In u Td'o GrL r u'i r fi i6 n r :

q ,o4 i h rr s d s ll v 9ulnu"rutunl:rrfluil.lil1n1:n?unumrilrJ"tvdrjhi'iroslnuar{il;o tftuoou o'lfluIo}Jo"ki:vd'uu q ' - - - .!-'
d ds j ,, I j i ad A r a 6 io r

n010u t0n'ld?lsu['t'l14]lluYr vllfiu1udu']Int:t?IUu:ud1'lInlilytuutrryu Evolutionary

Algorithms (Ea; 01nnt:finutfludt ruato.:nt:ld iGevotutionary Algorithms (EA) e;

Differential Evolution Algorithms (DEA) ttov i6Genetic algorithm (GA) DE tvfin':tllnntriu
orraai<qariraddlradd
tur[{10{1J:vdmrnlilruorlruunu GA lraeiln1yrsIr.r0'ln?r EA 0'ltrIurfl:lu?'l y{t:'turfloi]u

sdaJa
DE tquur{'l:turero:rio flu'rerxo{il:&Trn: n:odlor?oinud uar,,rJ:eiurirdtrj:vfivrG-dtnr:

ta^ofl tutnto{il:sr1n: fi:Lmurvrdrri'qlunr:rrriilryrrnr:n'luqilfirfiuluflu nt:rn'ronrurer
r ia d ra d 

" 
, urrlro{il:srln:fiiltutnrdn tilSurLrafroulontafros"[drirrosr{1oou Global Sotution osfi]onra

firlounril rrsidrrtnrujilturail:vvtn:firrfiounr:rfi-ilIonrdfild'Global solution drdr
A d o - oJ iar a a Aagt da i

rlj:uurYruu:uuur?a1n'ru?il 0nnoaytuyttLtJ:cdytf nrnyrrtntur?a1nflo DE uuro{

Dervis and Selcuk (2004)'16'or^uru'jr Differential Evolution Algorithms (Oge) rflu
i"ad

ru=':lurin1t Evolutionary Algorithms (EA) dsrflurd.:luriusrouiGnr:iiruurnr:firflu

rmnu'nlxrjlunr:tnjruil:vfivrfinrn fl?rudrur:nlunr:{'nnr:firflud'nuruulJo.:iliyr,n Non-

Differentiable, Non-Linear llfiu Multimodal Objective Functions ttio.:otn Op do.:ldtrnl1un1:

vitltuuraofiturerlJo.:ilEU111ru'rn1fiqjfid'u,f,ou rfiorflunr:rfirurJ:rfimfinrnlunr:6'urrrir
q dv v t J 91 q 4 o d r d o1o{Y'l{nsu?nq:J:ud{nt:Jtrruru lunr:dnutr[1JUirCI0{1,o{ De Jong ilut_t'jtn?lil[;?"lunt:

od
u::turi'uro.: op firiodrfi'ryfi 6n'jr dnnoivilfi'uqn::lJ (cA) 6'lriudanoidru oe rjrosrflu
:€---SS..-.-S,.9. q 9c4 , A I a a ,, a j o q 9?rn1:Yturlu? turJ tunl:rrfllJiul4lrrnvu?ur?rilil:vdm[ntfl?n{6tu-fl?n::ru fr.:vrrhi Liu and

Lampinen (2005) ldrirnr:rJfurJq.riG oe Inunt:rjflrirflryfi Fuzzy Adaptive Differential

Evolution Algorithm (FADE) dqrirnr:rJfurit w.ighing factor (F) r[08 Crossover rate (CR)
j

Ad d tu o t v I s / a 4 ay?[n1:u0su5ust?[[il:fl?uqilnl:na1uflulirrau n:odlor':oiur:rt-.rnoinr:n?uEU n1:lf
fl::nee6nl:n?urluflryfi nt:tfirnofror paor aouduo.teio{orynrJ:vryrn:ro{fio r?nra0f
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A /q f L A r o d ^ t^a,A .Xvrt:rfrrnoiil.:rifrufiuirol# oE rrrirsror'ld,Trrsrri', F rrae cn firJfulrrlarrur:nt#rirsroufi
4l-td
6nrr or ttuutn-u triur6u':riu omran (2005) firirnr:rJ:-unl6uurir r luqn:nr:naruri'u{to.r
oE lunr:yrnaouiiln:fi finur

Qin (2005) ldit.dr6ondl sADE viinr:rJiu:Jqsi1oi'unruqlJ F rras cn hi,ilrrfludo.r

rirnun'l{rixfldt lu:vrir.:nr:iislurnr:v,r1:'rn'rsroffiovrioutrJfu6'rrowrruil:vornr:nI
dYtaA

nt:n-ouf :J:vdminrnnt:rixruto.: Jnuldffivrr.:8?iasr'nfi6o'jr Safe Adaptive Differential

Evolution (SADE) fi:turturfiurfi'uqntosfl.rridu zs il1et:$tu tun:titol cEC2005 Inul#
faia

fil?\'r:1urgt0:0: {

chakraborty (2006) ri rtau oi6 n r: ln rjlu nr: nar ur[u f,ro.rDE Jn or rnr: { ra oI

gilrrrrto.: DE do{uuu ,dunraurnr:norufi'uf,tor r iloi'u nr:ilrrauodorqn,,orrt#rfiu
-f--o. .q - -ooi+{- . -r - ql v ajo q s q9 04 t,L j?]uudlnilil1{dtlelYl9lxun?1 3 tl00u atunuqfruurulu pp leulfflnfl.:ri{'unr:msraol rrTo

r a a 6d ye4 jd A 994 iq 9q?1]x'l$l:fl15U:udmrRlvttru 'itnr:rrnilryrrfrnqEuRl?'t narfrrrflilryrr nrru6"lunr:rrriflqrr

lro sl,u'ra t o.: nr : t rdfl qr r

Kaelo and Ali (2006) ldd'rrntqnilqn rvi.: n ru n so qn lu nt: ma ryou nr: narur{u {
x o{t DE t ru u t6u rtav urL uln ri fi r{nr u r du n uj r ii ln ri ar ru r : n }iri r n o u d 6 fi u zo Ea il iUfi t 0 t n

I IFt d o r __i g & t yt q ad o ,jo r
fl 'l:rLJ: uulvtuu tu fl ?il n 0uilil lu u nou{'l{Tetr0 u ir{u n ou Jfr nr : lr rifr 6 n.ir oe r

d'nuarvri'r'1ilto.:naqmf,nr: Ns do6tornaqmdNs lu oe rjsniuhJfinr:nl6uuurJa{ro{
,,
@9

lutn{uflount:riut4lttoun?1ura1nilaruro{il:vryrn:ud'.:ornfildriun',du;i1n,i'rdu{,{a
o9d r u 9 t

n1:vlelCIo.tttanq'lfitfru'ir NSDE drur:nriur.irrirsrollun^ufirirsrou firirfi1nd'r60.:ri'lrirsroufi
es_._ r @ e-4- +- j A y v d tLamqfl il1nn?10ano:vtueru 1 ry{rnu?do.:riufl?trJraln}rnlulo{fl.:rifruro,r NSDE utst:$tu
i,qd
vtttnnsir.:du 1ulu{nn?tud1u't:olro{ NSDE Inurirlilvrnoolrildruruto.:flq;rturet:$-lu
cr{ililgts?{ 50-200

Shaheen et al. (2009) 16'virnr:drrauoiGnt:lnrjuur$ou'lttori6nr:ro{ DE lilio
--- e , i I r 6 d v14lsl1lrflU.:vtrfiuleflilrrasnr:d'lrirr0{y{1:1frrg|0frold'rnr:LqUnr:'lra (upFC) rirrflnr:
i,aa

rfrilrJ:cfrmiRtr{lJo{n?truilaorrri'unruldn:fifirdu16ornrqqnrq'u Iouriu0rnnr:ern:rv#rio.:
a o v y-.__ - j ._a,_.-- , 3 i o 9 a oqntauttnunl:04 0urtu n:& u?u nr: vror ornnrrnq nrn-.urfroriruu otrdu q nrn^u1u:vuu]n u

oic'e
n-or:urtionx0.:n'l:iun1:slfiaflrfiufirdunrrirriufrld siorurrjrnfrnnr:r0.r oa rurrJ:vqnoi
.-+i^---r, , I I a /a[]1014191lttl'lu{ttnenl:91.:rirur:rntstoi leunt:'itao.:tiu:yur.lrird',: IEEE l4-bus [[0u IEEE

h ou lu aru n ou r fi r{u ri ou dx fpr ro u'i r riu n o u Tfr n r : 1 r il fi 6 n'i r oE u:r 116r

Yang (2008u) t#i6 n r: fi ri u n'ir n',r ri'u, rdu fi ln drfi o I (NSDE) r; reu odu oqid'l



30-bus vru'irif;nt:firirrurtr#flryrrInold DE drlrl:01#rirrirsroud,ru-,rou rirrnnj.:firyrfiero

. nt:funr:cJfinntfiu tro;nr:'lroro.rlvhtrdraqld'rfiodrnrynaouodr.:firiurir6'ry

Dexuan zou et al. (201rl ldlirnr:ri'nruriGnr: oe drr.rilnr:rrfiilarurn1:uoul.tutu

.rrulertr'ldrirnr::JilrJq.r z rirufidrrYrytornr:rn'rnofluriuer0ul,o{ oa o^u"w.ighting Factor

(p) rravritto{ Crossover Rate (CR) lerui,fliGfi6on'jr I-prove Differential Evolution (IDE) Inu
o l, Ilf ri r t o.: r arru r: n il fu ri r'[d'ua v ri r r o { cR fi n r: uj 6 uu ri rrfl u 6'n u su r,fl u riu 1 ]n o ldro r

6'rsdxtosilrgr,rrrurnlEourfiuurirsrouri'uiG pe ao{iG'ldrrriooe rrnu JADE r^rarJ:rng.jr

Ioe fir{olurr'rl#ti',rurdn'jrdraoriG hi'jroyrflu#nuarsnr:andu4uunvil:sfivrinrnfi
:,Jnu.rtulu:vrl

Jazebiet al. (2011) ldrirnr:rrJiuurfiouifinr::vu'jrl Differential Evolution

Algorithm (DEA) ril particle Swarm optimization (PSO) rniottriilryrlnt:flad:: nt:Tfitrunl:

n:s0tuto{lr'lrtrrafisr (DSTATcou) lurnforirunr:n:u0turruiofinr:frrr:nrrrJilln:{dflt{r{n

l'jr oe ri':uutiilrgurnr:ilirln:rafr.:rn6orirutor:;uunr:frnirilrjru lun:fidu 1 ldnr:

. n:vorufrrto.rqrJn:ai recrstunr:n:vrrurniorjru:cuufifinrrruu*nr{u1unr:ri.:n'l:n:u01u
9l

. Fl:etrdullucYdu ac (DFACTS) uas DSTATcou iGnr:fi16'arrur:nrrrurnfirrilteduunu
,y' fidltol DSTATCoM rravfrrnnnr:qq1rfionr:n:slruflo{rn$orjrurrovu:rdu orn{oruanr:

yterdou6rlur:naqrlld'jr i6nr:1# ,rror.o, unvnr:ilfrf oruoi'ru,+ir.*r**,U,
to{:euultav:JirlrJql:ruas16unro{u:{6'u'ldrflufirirnoln 6nd.: oE fi.rqnrirl:Jvrnaoulu

44,ial 6aqyovn1:f,nultn:011unl:n:sorUvrnil:vdmrnrilg{lunr:riurr nru:unr:{'nd:: DSTATCoM

turnforirunl:n:s0run'r:finr:nrrrJfuin:rafr.:d.:nnil:rngdri6 op h{r.rnrflufirirrnrolorfio

rfiuuriu pso

Xianhui zeng et at. (2012) ldrirrauoiG puonr nio i6nrr:k{iislurnr:uuu
'lrisioruio.: lunr:6'nnr:firilryrrnr:i'na::{rJfrrTor'.:rufi6un.hilryni operator Allocation

Problems (oAp) tfionr:6'narr.t',,d,nurvarri'unr:n?xqilfl?rrJduqaro{drunr:il:snou

rfiofinr:a$rtfl.rri#uuJlHUruflaruinqrJ:va.:rirrorrtou'lr rrnv'hiarur:nsTnauhld'lu

inqrJ:va.:rir6orld fi#unoun'otd iG oes Moder lunr:,flrnoraorunr:airi'rhJuoyld

PUDDE l u n r : udi1 q il r oAP l er u n r : il :-u rJ q.: {rJ n^ 
rior's r u fi a o r uu r fr o a er d r u r u r $ o ryr^u

'fituru t{an1:mnno.raqrJ16''jriGnr: puoor crrur:nrrrirnouldodrrfirJ:sfivrfrnruusi
^-l--tl-{----.:g--.i v v o y tas^ 14 d q ad0u1{ [:nn1il1rn1:ut?lutvnlnr:0no::nqirururyilflun.:ru rrnrilSolrfruurTuTBnt: DE
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6rraddl 6ajdrqdqtdjd
rru u ro rJ lra ? ? 5 n ] : PUDDE 0s u U r u dm trn ]y'l 1l 9t n ? I tu n : rU n 1 : il 1?fl CI il : u d{ n fi u n 1 :q

,{6ru r.rd1ul,or d]u{ lunr: il : y nouluilatrn t16 Urriu

i t /.as 'nr:r{ii 2.6 nr:il:eqn${ld Differential evolution (op) rfroruiilq1rimr.:ifl?n::ru

rIrymr UR?OU ?5nr:

Optimal

Problem

Emanuel Melachrinoudis ( I 995) DE

B.V.Babu (1997) DE

Rainer stom ( 1997) DE

Abbass (2002) Proposed a novel self:adaptive DE scheme

Jarmo et al. (2003) DE and Gradient Based Methods

LopezCruz et al. (2003) Evolutionary Algorithms (EA), Differential Evolution

Algorithms (DEA) and Genetic algorithm (GA)

Dervis and Selcuk (2004) Diflerential Evolution Algorithms (DEA)

B.V.Babu (2005) MODE

Bergey and Ragsdale (2005) MDE

Das (2005) Proposed two modification of the classic

Liu and Lampinen (2005) F uzzy Adaptive D ifferentia I Evo lution Al gorithm

(FADE)

Omran (2005) Where the value of F is changed during the search. In

DE

Qin (2005) Provided the first effort to adopt two different

mutation schemes in a single DE variant, called SaDE.

Chakraborty (2006) Proposed a new DE mutation scheme combining local

mutation operation and global mutation operation in

order to improve a specific DE scheme.

Kaelo and Ali (2006) Modification on the classical DE in generating mutant

vectors.

Rakesh Angira (2006) MINLP, MDE IIA3 M-SIMPSA

B.V.Babu (2007) DE

I



5l

ell:l{d 2.6 nt::J:uqne{ld Differential evolution (oE) rfiorulflryrrvrr.:ifl?n:::J (eio)

or,-,gd y q e4__ A c)"a a d hrl0]fln1:TUYr?U .:1U?0UylrflU?1J0{nU?r DE r?\0rrRilaJHlyt't{?f,?n::il 0erl.tu-[6?1a

iinr:urrirnouto{ DE f,ru1:ol#rirro.:rirgloudrrrurvdurrnvfi:yuer?arlunl:rrrirsrorfi
-{^- l-ee-------o- 4 ol o ih,- gt - I a ao 't e
t5:nirTEnr:il'lritetououl ttn&fr{unounr:H1nlnoufr'htdndou sr',rfulu.:ruTil'ulunisfi

{if,trdsra^onunsdrfidnnr:firrireloulJo.:eG DE ilril:urlnritdtunr:Hrri'rer0uro.r.:ruaf,u

rlqnr un?ou 1fn15

Optimal

Problem

Bilal Alatas (2008) IVIODENAR

WeiyiQian (2008) ADEA

Yang (2008a) NSDE

Yang (2008b) By forming a new DE scheme, called selFadaptive DE

with neighborhood search, SaNSDE.

Shaheen et al. (2009) DE

L.H.Wu (2010) MINLP, MDE IIA3 M-SIMPSA

E.Zio (2011) MODE

Hongiie Fu (201l) MODE

Husam I. Shaheen (201 l) SADE

Dexuan zou et al. (201 I ) ODE and JADE

Jazebi et al. (201 l) Differential Evolution Algorithm (DEA) and Particle

Swarm Optimization (PSO)

Xianhui Zeng et al. (2012) PUDDE
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air.: uuu4rno svrrl nfi n nrnn i
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vltslUlt'Jf6nntOU !t Clark & Wright's Saving

Algorithm, i6 Nearest Neighbor Heuristics [[0Y

'1fi Cluster First Route Second

fnrururnrEr?nfin

lau'l{ oifferential Evolution
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3.1 ntflfru:?ui?il{oilo

ffi ffo 1 drfi r : ru : u do ru u o', n d, fi i, o fi {o u^ o r : ru r 1 u : r o o v 16 0 q ei o 1 il d ao -, 
u fi ,{u

toll:lvtuturaci.rrairuqtnruoirun:vusnr.:lunr:tfrumrr 6ruruqrJn:nlmrrnr:rnrrtlnar

lunr:qioru:irq.:q:Jn:aim1{nr:rnrvrrid.:fi,flruauI:.:vrururaristairuqtnrndrun:to uilr
ioo

tfroovdtrurritiluadoruvto.rflqrrlunr:i6'ulnorirnuflrfJusTrrr:rumrrnfiqrnranilugrlto.r
.s^---.-^---a^.2- 4E o d . io , j
nruunnr:td.:tdufrtilu{ruaut6ru (lnteger linear programming) fifi1orrj.:nrururfiof,nrdumrl

nr:re^uvt1{ nruloisorqrJ:va.rrirfiol#frrirlddrulunr:rrr^uyrrsfidrfiqnr dr,fiurrr:erudoryn
,t94 

' 
hrq d

luo{9tu t9r9t(lu

-dt4dr493.1.1 gurlil:varu{rufirfiu.: r rrvi': fi:n{lunr:rfruvrrs'}rJrirnr:qiorudr;rdruru
e

t fiu ua v fi : e u e m t {'lil - n du t o s l : r n u r u r o rir r ai u ar n r n pi r u a r rsi a v r tri s ryi r tiu

r.t.z rfrrurlrfi6'o.:t6uvrrr'lrJrirnr:.riorurirE.:fnurqrJn:nimrrnr:uumrlnr:r

I:rvrur:"rrari.:rd3ilqxnlnsirrn lu,rrdrfifruninqua:rrrrfi druan.:luflr:r,:d r.r

isnr:tsfr l.t I:.:nurutnri.rrairuqtnrvroirua tu6'lvrinqua:1ur1u'(rirrin.:ruatniin{qt

fisrinqun:rrtrfi, zsss)

atoull Slao
I : {r?tu tu I a fl { rd: il GrtR lfl si t u aq

o4t4
(1) Otmotilolquo:rrrni

I :n.an.rJr1l

2 :n.an.trrulnqj

J :1I.dgr.1.tU0{trn

4 :n.an.6'tln3t

5 :il.rYfl.fi?9tug

(zs) rirrnochl:s

314 :u.asr.Jnna'ix

315 :n.an.luuqr

316 :n.an.rirdlr

I

!
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:.t.r ,oiuufiomrsnt:rrvrvrduforuqrJn:nifi16ur{o.r fivirnr:.riorudrqldrrrun'ld
aui

l7 su9t n{a1:1{yt 3.2

<l r A a I , t tAA y
9r r: r {Yt 3.2 il : e m m lJ o { rn ro { rio m I { n I : I r?{ yt 8u 5 o ru o il n : ni yr rn o I { o II

o't9ru :tunl:

I rniosflurn^oel

2 rnio.r In ru'lyl cio.: a'i x
3

.i tr ' io
ln:o.:u{l!il1rso t:fi

4
iar

rn:0{wl1-ruuu

5
io-A;

rn: o.iguelYrunn: :il (rnriouYt)

6
io

rn5o.r gfr n ri'u n n : : u ( gu-n ;

7 rnio.:in nrrru 6'u In u^sr (ou rf; o n)

8
Aqua

rn5o{ ifl n rrru d'u I o fr sr (el'6fl o n )

9
A't;qd

lfl:onT{u'11f unrnn

l0
4eosrqltfr:o{lltulfiunH tfifltqU

ll {fl.1

t2
9d d q <
ntuutnlJ?nryu

l3
tY4914

tn:0.19llJcll'ltY0

t4
Avvo

tfi:o{?9t:uouu'tnla

r5
4ln

rfi:o{gt:?t tlrJu

t6
A q 4 qo d d

ln:0{}l{[du{14? I0Yt]:n [un::n

17
A tv

tn:0{lJ:u01n]fl

3.1.4 r?a11unr:d1E.:;nurgrJn:nimr{nr:rr?{vrdtul:rvrorurari.:rairuqrnrfl
o r t J 

" r r do r- J I t a q o ;nlualtnastt?l{ ctr{ [uttnasttl4{ttiru:uqiln:oimr{n1:rryryturrnnsirlriu Er'lrrasn"[unr:r.:yr 3.:

I

I
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.lroutdtqsr
9l-l:'l{?l 3.3 [?nlcroilu'li{:nu10iln:iuyt]{nt:rlvtllu [u [:luururod{ldtrudljnrugrruaq q -_'',i--

ltOnCttl'l.l

t

I

tn:0ll.to

"T Uflrl"l

err2

natn nflnl n0 ucr.r'h.i

sirua

ln1nqj

Iuu

uln

lud

vtotul

sirua

Iuusu

urBr

fr'rqu

rnSo.riluIafrn 95r I I I I ) I I I

rnio.rlnu}{ 2t2 2 I I 3 t 2 I 2

AA,4
tR:0{u.t91r1r.[o 595 I 2 I I I I I I

raio.rXnn'urJu I 200 I I I I

rRt0tuun

munnS:r

di
tRa0uYt

r 800 I I I I

Ufin 2700 I

ln50{?R

R?lUNU

Ian'n

analog 235 2 2 3 I 2 2 I

digilal 133 I 4 I I I I 2

A{,lfr:0txt

1l.lilun

lnn 190 I I I I I I I I

Ft lfiiu r00 I 2 2 2 2 3 2 2

uflr 105 I 3 2 3 3 2 2 I

9d C e d

3ltil1nu?Rcru 156 I I I I I 2 I I

A t 'dtn;0.:nuBJlrYo t20 I

I
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j 
-, t o a t 4 d6 aellll{fr 3.3 t?ntciorurirqlinurqrJn:nivrr.rnr:lrumdluI:{ilututad.:rd;uqflntnsitla

rusinvrr?i.r (eio)

3. 1 . 5 {o ry n na r n r :.lio il rnio.: ru'o uu m ri d{ r'r n rlu n r : qio ru ri r r.r lu r rsi n v J: r yr u l u r a
f66dqr,rsA l.i4d6l.1td:ilqtnl?\n1uailt?nl Iunt:ry0uiltq{uansirlriutrJo.rrtnil:urnmro{rfl50{iJorril?tu

t4-'.f q o i 4 d t v i o ,auatxlmlnu ttovitutulJo{tnio{ilorry{vrurlflnsir.:n'u frlranrlunr:ilfl'rin-lru n'nrirnarrfio
! q - I dd c 4^- --- A y , r td t A j ,

cl?uel? s t:Joitfrusi tr.t-otrnn?rilru-oudr s nJoirfruri rrnvrfiofirdnr6u.:hi16's njoitfiuri d'.:
j

a]:l{yr 3.4

tR:0ttu0 I
uRlt "l

fl.t2

natn QflN: no ua.r'lri

sirra

lru1nqj

Iuu

utrt

lnri

ltotul

siruo

Iuu

flxu:ot

rY:qu

c - -:
lR5 0{?n:3nuu1n10 77 I I I 3 I I

Ar-
rR:otn;?0 lt lJu 85 I I I I

rniorflrrfiorn-r1tnr:n 324 I 2 I I I I I

lR:o{n:?t1{ R0 lrn 460

A,
lRto{ttua300t01 180

dt
lRto'1iluil!oflfl?u 750

tR: o'tlJ: xo'1nlfi 568 I 4 2 5 J 4 6

rJ:ominhl 6l

rl:ovrinh?nr.r1 209

nlnil0'l 6l
eo.ilil5fiiltl ln:OilFax. l8l5

xuo{{r,12 r 230

nr:;rru (iurfi) 3883 9894 833 l t2432 4654 59t4 53 r5 9602

nr:crru (urfi) 65 165 207 99 89 160
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.{
9ntt{?l 3.4 na tqioild r:".: fnu r grJ n: nim x nr : rnry r d

3. 1.6 nl : r 1 : e 0& vr 1 { : v rirr drfn r r u dl r 1: ilqt 6',.: n 5o gu n : rryr rfi unv

l: sx uru r aci.rraiu qtn rnd rt a usi a u uil { (Distance Matrix) Inold{oryafi r{.r 1do.,n rru u
al,r'

dr:dutvlflQru-arasrfvrinuln:qtnlil sirntnfi:.2 udadrrurfirnr:mr:sorr,'.;orfurr,flrI,:nr:r,:
j
yt 3.5

AlQU :1I.Ogt.
Rltv{tu

d(uln)

v
n:0n$oua

(utn)

t?il

(utn)

A
t?atmo

(urfi)

:?TJ

(utYt)

t?o
d

1tflou
lv

9toilun{tu

2nu

I unulr{{ 2 65 20 85 l3 97 49

2 nal{ 165 20 185 28 213 r06

3 nf,n: 139 20 159 24 183 9l

4 no 207 20 227 34 26t l3l

313

rra.:'h.i

o lnrfl]lla tH

or
t?ril 78 20 98 15 tt2 56

314 Iuuut 99 20 ll9 l8 136 68

315

O lu
tl,nJY'lruU1

drr:aIuu

duu:01q 89 20 109 t6 t25 62

316 r?9tug 160 20 180 27 207 104
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- \ o+1auudeol3oqh

) s I I c o . @-- e 4

n ffi fi r.z d': o ti r q n r : fi 1 : u ue nt.: : c fi 'i1{ dllTn s r u ar r r : ar qt i'.: n in qu a : ltf 1 fi

rrnsl: {ilutilrnri{taiuqtnmdlun (n:svt:'lsalr1:fl qx, 2556)

ja
nltlitil 3.5 n1:1{:eugYl'l{n'l:tnuml{

ttt.ofl.
rusvill{ (fiIaruo:)

I ) 3 4 313 314 315 316

I 0 53.7 70.5 s8.1 116 109 ll3 111

2 53.7 0 32.4 tt7 r46 139 69.7 14l

3 70.5 32.4 0 137 189 182 48.1 184

4 58. l tt7 137 0 76.1 69.1 179 7t.t

313 ll6 r46 189 76.1 0 7 180 5

3t4 109 139 182 69.1 7 0 173 2

315 ll3 69.7 48.1 179 r80 173 0 175

316 lll l4l 184 7 t.l 5 2 t75 0

I

I

a

' , r:uu.,,.uin,ii,..irrrilhr.n,rr n'4,{a:3:ilr! Ao-ilf,r I i,er.,!

-At

ruqffirffi*n.ful6Nrffii
ffieF,Edffiqut1Gd
3mk.dru

hua r'
frft I

l-r.;- t
.i,\mr

d-- |

*',\mr
mv--t (

a'r
'. 1HH-rrrm-ss--.-----\'.',:i 

",rr::l': lELla - -''- ''--.' - lralj 'rl .la 
&.- ^.@__/1.;. I

nia.,
ffir r, .- . 

ur,
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:. t.z {oryadrudu4utunr: rer-uytrl

d-d4drqAero
tu0{ 0 lnn: ilflnu ltljuUiU}llttuu Minimize Cost [fl ofl rdu4ulunt: rnum'l{

-4i^e-.--r- -- -.2t--.-?-.--^ ^i^, 4- :r , , r o , , j- j dvl9llmqnil:vnoU9l?UsluUuulUutUo[?1CI{ nu4unrtoilIlE{ n1r[:{{'lu[[nsritfrfinrilonnt:
vrtaiq,o_y-.- 1 !roq44a9yA,ilnfl]{nutUo tu:Jnl:nnUUlvlfluUGUoUUrE{ [un:nrdnu]0uilr{tflfrvrworu:jrql 3 nu lfiuyt't{l

l,l t9 q do'trJd':un'utravfr61u?u:06 I riu lqorflrflr?rfiovrirnr:a#udunJfiuutiu{r:nluusinyfu
j Y c) A A- o r 6 a h r r - dhdafrst{tflfrfrnufrriu:novfirnt:dorurhl{xio'hjqiorurjr:rfi1d 6.ryirnr:6qr?orrndutunr:

ilfrrio.:rurfiu{ 2 nulfluhirili'rrrilfifit roulfir,ru',,ofiutunr:rJg'rifi{ru lunr:rn^uyn{
t 9 , J - i- r a< d ,:J:vnoudrurirrirriufrdsr:r 4 urvrsionJarrusr: rirdr:':inuril:vnou6'rurirar:rrioaou:rnlq

rao,i"7^
570 urvteiofisr: firnt:rilfiuunfrns 6 a'n: 4n1 10,000 fiIarurr:n^qrflu o.g+z lrytsiofilanrn:

tta&ri1u1{rouuo{:tnr 3,700 ulvreiordu fiorgnr:1d':ru 40,000 fiJonrsr:siordudu4u:'ll

0.37 ulyreiofilanrn:frnrflu t.48 utyteiofilarrusr:(++(0.342+1.48) 5.822)rirrr:.:sru
tYtYrutjjtv,jrj:cnoud:urir{r.: 377 ulyteioiu rirrfiurfiu{ 240 utytdo{u (Qtt + 240)x3 : 1,851) rray fl'lyt

rYn soo uryrsioiu 6'rnr:r.:d r.o

sn:r{d r.o duvrutunt:r6umt.:q

il:vmn 1)
9tu?lu

rirrirrTu(fi Iariln : ) + rird ra.:inu r: n
9 5.822

riru:cliu 1,851

t du a
n'lYl1^{n/flu 500

r.z fi nu rgrJuuuflqilr uavnun?u.nu?fludrduado.r

fl nu r g rJuu il q n r m u m ?u ro n d r :.r r u i 6'u fi ,fi u r {0.: vir l u rJ : v rm nun v si x il : y ryr o
y yqt q ,l a t jj
nunt:tttiiltttfllnl:i'ntdurl{nt:tn-umrr (vehicle Routing problem) nrrutu'orrfirfioe{0.:lu,,

doo
ilmfr 2 ltaufi]nl:fi1?tugdntuuxo{fliufirfirvflnur (problem statement) isrq:J:va,:ri(rne

research objective) t [a e t o u tlJ gl t o.:.: t uii'u (The research scope)

!



l.l oirsttuuiiroocnrsnfisrstosr{ (The formutation of mathematicat modet)

d'r rt u u m r s n fi fl nr a fl f il : y n o u'[ r] 6'a u fl .r ri#u rrl r n ru r u r r n c rt o u'h ei r { 1 rra s
tn 14 a - aAay - | , ^ i j y y J o - o ,

n:ounqu til0{uululjo{frsuvrt,[, er?rril:q1{1flurflgluyrlnu?ljo{fl5oilyt{n]oturolurrsray

t.rjou'lt tfiol#t{r1od.:d'nuorvto{:uuun'r:i'ordumrsnr:}{uinr:torrffrrrirfilunr:rn-uyrrs

hJrirnr:qiorf rrsrnio.:fiouvrvrd drnsr{rh{arilr:odr6'?,,rrfilddhjrJ:suns{ldlunr:rfruuI - c _- '''

Iil : rrn: run olnlnofrnjor rr{ rsr ou'l6'si o hJ

UAAA
3.4 Rlt?totula?:flnn

n:uu?un'r:tunt:fi'sluriGnr:rirurarnr: rrfiilournr: r'nrdumrsnr:rn'uvrrrlnufi
q I I A q YnYy q | ,i i s ,aq ad - !
?flqu:ufl{nrY{o t14 t9r9rulxu tunr:xud{9t1mqn Inury?0uldu0?tn1:1t9]tula?:flnnn{u

4
R',l?I1r 3.3 g il ur u n : v :r ? u n r : 1 u n I : r{sl u r fu i a o' n t u .r r u i {'u

yruvr?u?:: B{n::ruunydnur{rui6'ufi rFurrlorn aon ru:ar:au{oryaf irrfl u

a u Jo v gq v I
flnu luasilrirutn'il1jUyr1.:nilfl fl tdst:dt?t:ur[nUufl tnt: n1: d Ftrduylt{n1:

d o e ad 9q s I
flnu ltrnEyIpllul0 an0:yrudtfi :uttfl lJrUfi tnt: n1: 0fl tduyt t.: n1:[Fluyt 1{

oaaai
rn fl ou o a no : yrrJ11 o o nuuu'lifiufl ur roir
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l n u l u n r : r[sl u r B ri a n^ n fri i'u o v l dn d'n n ] : r o { n r : i inl u r n i : I n ui6 n r : ri r u ? r}r

a

(3.1)

U1,.c*,: (U,,.o*,, Ur,.*,' ..' , Ur,.o*,)

\,.o*, if (randb 0) < cn) orj : rnbr(i)

{,,*, if (randb(i) > CR) or j f mbr(i)

(3.2)

(3.3)

(3.+1

g.4.c nr:fiordon
I

tu n : v I ,lu 
n 1 T du n ou n 1 : ri'n rd o n :J : v rr n : 1 u q u si o hJ (c+ r ) Jn u 1 u,: r u i6'a

dq-q.^+^-^-!-.-- e,i-e-. q a r o t t zi a tdu tTlvI014'leluUumalTqa [un'l:tfiuvll{,tiouutq{qiln:nirlaernTo{u-orrnyrri"tun:vU?unt:

selection t5r0etilEuurfiuudu4u{ioiriiqnlun:&u'runr:nr:aYr.:rirsrourirudu (Number of

Population :NP) ttavn:vu?unt: Recombination rfioldrirnouvilao.:n:yu?ufl'l:u#ar:ttvdr

Differential evolution (DE) urrtdtnouxo':iliUnrJ0ufiduflourrnvn:vurunr:6'.rsiolrjd

r.o. t n',rdrusiullo.rrj:yr r n:

n r : rj ru rfi o n,i r u r u rJ : c r'.r n r r{u d, o r u t d'r o r rt q do d r rTn { r u : u r dr d.:

atrur:nrirrilnld rfodr NP: Number of population rflu frrrril:slora-uh rnioriurr{ru?fl}nril

ritctou Cost Value

3.4.2 lru?unr:natsfiu#q

tr .?^.i^^_:g-.-.-_--ehy u t de j ot: U n u il n 1: ? ? al u'l n 1 : vl t 9r n a r u fl u q I r o y : ?U : ?rJ r? n rn o i rfl I ?i il I Uln-.o r{ dst
d q 4 a tglr?nrno;nl:nnrufiilt lurrnrnofuJrnurorrsinvd'rfio xt,g. lu{u g, r?nrrnofnl:nnrurt'uf

6o vr, 9,16'9nafrrdun rx diln'r : rT{si o hJ d

Vi.o*, : x,r.c+ F(x,4c- x,r.a)

firlodrrnn'jr x,,, x,, rtny x,3 16'qnrj,ra^onnrnr?nlflof,osil:sryrn, du

ltnndl{olnt?ntnoftfltrUlu (Target Vector) xr,e xitur rflu:vrYlilr{'ofinunru:vdln.lrru
ttyauritilaaq

ttflnfl1.:10.:t?ntno::ufi?tit x,2' x,3 tta?tT{il lilytt?ntn0:n-ugtu6.:frfr'o x,,
I

s.l.s ffunouyn{fuqn::ilrruun:ooloraoi
AC,

ttJ-o liln: 3u ?u n'l : Mutation 0 u 1{ u n 1 nfi 11.1 0 {Mutant vector ua v 4 nd I n ou
v-t

Np riusrousiohJtvrfluduflounr:,{ryilarur[u{durs16'd.:arufi'u{lnrlto.:rirrurddn.i',,,u,
rr,.{v

rtdniloonurotit.ifiatnrntuut-orrarur{u{orn6'rrril:6'na^u1o1rr.i11nun:uu?unt: Trial

Vector (U,.o*,) fl 1ildiln1: drurixd



6t

nt:ril:'uurfiuu tlnflolo.rritsroufiarrur:orir1#alnr:isrorJ:y asridrudrfiaqrsfirnt:rnooneq
tt.ry

ln: fuJryruriurflurirnourffoosonrir'hJnrrirsroulu:usiolildrrfiunr:"f 'r0'rnn:yu?un'r:
{q

Mutation, Recombination ttou Selection tun:UUn Np Jqufi6:oeirrnt:rTora^onil:crytn:n^riol#
dto

rljUfrlaoil

oln d r.t ; :J ur r n : y u ?u n r: lu n r : rt'nr u r Briafi n l n utdn r : n r r{ l n o u ra ?{ r s uu u

n:UU?Un1: Differential evolution (DE)

t

Evaluate each target vector objective value

Determine the global best vector

Perform mutation and crossover to obtain trial vector

Evaluate objective value oftrial vector

Selection between target vector and its trial vector

Update the global best vector

Iteration = Max

I
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3.5 nl:d?il

--g^^-- -"- i- o € aq Jlilo n : e rl a lu n : v u ?u n t : fr 0'a n : 0 u n r : d'l tfi u n r : i f o r4's r ru q tro y r{a n t : i6'u lu
nlil:?urflufiilrfi{ilo10 ilrutun?1il:?rufi{rireroufrldornnr:rir?Gnr:firfi'nrurduxl 1il

rrfrilqrrnr:frnrdumtrnr:tdumr.: n:fifinurnr:rrr'umr{olrJ,riorurirq.:rnio,:fiorrilvrrilu
S I a o q @ q d 4 | A a 4 9 9-q a[:.:Y{ulu]nd{tdtilqxnl}10ilua tuoluingun:tyr1u llrJ:ydmrnrflrfru{tntorrd'l{iduo-.:ov

aq rJua v i'n ri r grJ uiru n r : if,uci o 1il

r.o rvroqrJ

- -- ^1.- ^ o a og, j t 9 9 grav q h9o
0 ln t u sl o u ttHu n'l : fi'l tu u { t u n t : ? 0 u m n a t ? il t r t l n u ry i,ilo rl.r 

-[ 
6 fi r n r : r t,t r tp{ u n t :

tdqrJn:ni rniotfiorituiunr:drru'unr:iflu d.rfi:roas16und'rd qiln:niiil,frlunr:
o A as I I a d I I ^ )fittuilnl:?tutj:cnou6:u norunrtslojurjert?5 (Computer hardware) rtnynoln-ltnof

rl / c ^ 
I

sor4 rirmf (Computer software) I n ufi : t u a s 16 oo d'.:si o lil fi n o run'e rn o friru frr (personal

computer; pC) nilro:J:eil?nHortlJU Inter (R) Core (TM) i3-3240 CpU 3.40GHz rrj':unrrru6r

+ cg drltuuuhJ:ttn:ru:vlrLilfr'rifinr: windows 7 Ultimate rroeuonolnriufinr:l#tru

}J : un : ru dr r$ o g:J Lingo v. l r,do { n', n,fl u I :J : un : ru fi rfl u fi u o ru iu 1 u n r : ifro rfi u ? ri'u n r : fi r
fovdtt

nlfllnounutuuoul{il1n

,

I



j
UYIYI 4

n: ilfl n u 1t tay r tuu 0 1 ao { ytl {n iln fl tfl 9t :

,qdr4d4sraoo
tuuYtu tcfl a1?fl { n: ildnur l: {ilutu rn d{td:ruqtR t}t snu n ritunsru arr tt ilqx

q v 4 I o a lo v dd t q
0.:14?fiQUA:1Y!1U rtavnl:d:1{rlljUrtn0{yt1':niuglfl]dgt:6Y-t1{:un:ilflnu1 :iltruuilaJil1q - q---- o

10.:n1:touvrr.:'hJrirnr:doru:irqrrnf orru'orrnmdhJlriflcyurnr:f,nr#urr{u1ufltl,tueuuu

rJnsr' (vRp) rfio':ornldrirr?arlunr:r6umr.:uayr?arlunl:?i,.r'.trri.,rrrrflufierirrunn?rilT
----e-,-- -r.e!,-4,e q 4 I o Y I 9 on1:Yt1{1U ry?0U0{m1n1:nOn:UU?Un'l:n1:flnU1tnUm1n1::?U:?U.U0ilAm{ilUOtt6?fI'tl.tufi

c a -l- -e -lt- -9 o a I o o d4 o1,outl9llu{lu?0u t1nuuil1'[o{4d51{r[LJUd]no.?vn.:niuafltdnirirxiun:rldnurytrnr:
v

madorttuudraolmrlnfisrsrasrfJrrulfrJrJ:rrfllu Lingo rrnriurir'lrJriliuurfiuufiui6

o^v'hv,l o {rfi u a 6 I l q fru rd o n r n': r ru q n 6'o r t o s r ru u { r n o r n fi fl fl r dn f

4.rd<Slaoouvv
4.1 flnUrrjqmlnlotflRUll:{flululaortoiruqtnr?{ri1ila dtun{rucrrr:orqrd'lnTo

el
ouatlTfi'tu

ri t fn I r u ar r r : u q fl fi'{ r ;n q il a : r yr r fi d.r fi r vr u r vr 1 u r rir fi 1 u n r : rir ra?u

arilarluh?:J:cflsufifl?rruuforuuasnqfin::lqtnrnfiqndor Inronauqrurirri'uanrurinr:

--_^--_.q^y!_.-e-.---i11^___-..uy-, i I v 9 a aqrrq , .lqlnlY{ t?f0lltuu.lluflUqiunlfl tnil1el:$1u tl,roilo{nurrayqiln:0{rimrlf rIurJ:uslyu fi{{u
q d v q9)a a s y A J jy v rhnr:fierurdnrfrourfu}ifilrn:gruTunr:fnurrrd? d.:ufr.:fidorfi'flurn:u{hJd'ru6o

-4- .4 d 1 tA A g a o dt y q yd r o vrn5o{ilovtt{nt:u}Ivuitrnuqiln:nifirfiu?tos o-.:orriludo.rhiflnr:qioru:JrqlfnurqrJn:af
d1 4- u rq9t49 4 e9o 06l a9 im1{n1:ttll11ulJ:u0lrYo1u0uluUInttfi{ lfi'[Fru'rer:Stu :?uo{n]:lfnrrruyrirlunt:16.nufr

. -2t-- i-, q a4 u 6 /s tlt, r r o ct16 Lqnoto': tl4or?ulunt:et:?01il0d'orravTtn:rvriI:n"[dodr.:rnjur]r rrne'tfirnen:rrufiu1rrrav
-t . y trtv a I ct 9 AsrJnonriuuri{fuu?nr::::rti'rr{trrirfi{rJg^rin'{ru 6{ovrflunr:rt'$urd0rfiourfiuune

l:sflururn ri.:rairuqtn'rfleiluarruun: u?{ n:l#arrur:n ri.:siorrav rdoruJorrirao'ruu;nr:

------..-+^,---,-!l lt t^-|-.J^-y- - v q d 4 o dt I q etlgtnlflmq{n?l tfl 9l{uufl1un{'lud]rt:ruqT,il{Hanqila:tsrtil o.-.:rrrilupiosl}ifrnr:ry0il

rlrq.rfnurqiln:aimt.:nt:ttilvrtiil:e{rd0rfiou'rfurrny:}r.da.dru':u:ro trvi.r d'{nrilfi 4)1#
'ld'rrn:nru
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ll€[aa.'r*i*nmaa

*o

r<s) >)
or\y

n.a..n.a.tufr. 
a G@

r'r.a.Mrdu

s.a.ft!ilUou

fA*.*--:_!
lFffi----------.a
Elmmaa+m,lr
flxmmrap&rrtqll
Eta.a./msrrvoql|
trl ltqrlur*lur.Vlts"uohr+I
E*c'meg,l
El'*um.&ntftc.,I
Eltsff.r]llb@mdo,I
E$nmrala, I
trlO.d+r' +a.Ar^-*-*.p,ll
E6rrrtam,lF
Ery*rm
ffi
ffi

fffi.lf"&1

jotdeqraoqeqd

nrilti4.19i1ul,ru.:do'tuou'luurrCIu t:lnulu1ad{ld:uqxR'lll9l'lrn tutlnt{u?nquo:1Tr1u

(:euu dr: durnf,Qfi rndnfmirturn: qtnlr{, 25 56)

1unr:16urrshJrirnr:qiorur!t:..un6orfiounvrtIluiloXriu irrfiunr:Inun1:d1du

rdumr{duurodrrriu lnudrrunl#riurfiumr{rrndrfn.nudlrl:ilqtf,.ruinquaitr!lfi1il
o i o j d o q r a . g e, do- -rirnr:qouil1l{md0luouluuuas [5{ilu]u1ad{rd:ilq,rjn-rYr 2 u1.1{ rta?nauu'lYld]un{1u

fllnt:olqrf,{n{nqun:rrrrfi Inul#r?ar1ilnT:r6unr{uosfi1n1:qiouf tE.r:?ru 480 utfi6'{
j

n1:l{Yr 4.1

nlrl{d l.r6'rotixdrdrLrduvrxrrndrfnnuf,M:alqrfr.rrinqla:rmrfil:Jrnrfisurfu

uac l: qilurura ri': raiuqt n lr

alou
Ita

rflilnl,{R1rtnuil1{ :vsrill{ (nu.)

I 0-l-2-0 163.8

2 0-3-4{ 37.4

3 0-5-6{ 127

4 0-7-8{ 219.3

5 0-9-10-0 t37
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slaotir.riirrTurduyrxorndrfnrruartr:aratf,iuiprora:rryrrfi'hJanrfiourriu

rrav J:qilururari':rairuqtnrn {rio)

c

a10u
l/a

tcru?ll{R'Hloulll{ :yuvYn{ (nil.)

185 0-309-3 l 0-0 120

186 0-3 I l-3 12-0 97

187 0-3 l3-3 l4-0 35

r88 0-315-316-0 160

o',nr',t'''ud +.t tffrurirfidorrpr'uvrrslrjrirnr:'riorurJrq.rfnurqrJn:nivrxnr:rrumd

inqnnrndrruri,nu, t ga rduyr x drfi : vosvrr.rr.uduru, 22,945.20

fi Iarrusr: uavfi durlu:?lJ 475, l 50.10 :rrmliJ

0Inn1:raumt{ tUmtnt:cuoililI:{: nu'lqiln:ilmI{nt:rrnm0nrru [:snuruta

cisrairuqtnrnoirr a1u il o 1riun u'jr

( t ),irururdunrrlunr: rsr'u m xfi rarurduyr x
(21 d'u 4u1u nr : rn^u m rs qs

(r ) vi r n r :.rio u il r e r tnio.: fi o un vr d'hj udr ras o sr r ru ri r n u n t o q J fl : { n'r :
(+) lu nr: r6ur''uduu,u-,nx'hJ-nfrur1niu

(s) firio'firfirr6'runaruuukirni.rn:-efn arrur:n1#uinr:drrior$:n'jrritruold
I
u1{

.a4 9t I Yava O s a e v g A a h rotInucUfi11'l{9tu fl?0u0{14rrru?vrr.r [ufl1:a0du IodnrdumrItnornuyrrI"[rjfirnr:U{

qi o :r :i r t.: fn u r e il n : niyr r r n r : un m drfi o a n ri r ldii r u 1 u n r : d r ru^ u,r r uqq

A.i d ,,
4.2 ?fi nt:tfiu:?u:?iltoilo{

t-e o d 9 a
{Tf,urfirnr:rfi u{oryoantfi outfiurrnv l: ruurlrarirrBru qtnrnoiruao rndrfin.:ru

d'rrr:ilqri'rnSoqua:rrrrfi o',nriurrr:?u:vuuyn.:turroinvla0rn:uuudl:duryrfl
-deqru-atanfmfnurn:qtnrvr tJ zsso firnr:::l:rrur:arlunr:.rioru:hq.:rjrqrfnurqrJn:nf

laua
m'l{n1:ttYtvlunrruantfroutfurtasl:lrtorrrari.:riruqtnrvrdrlnturrsinsrnil:ru:rrunr:1#

9rl
o v a a o - I I I o , J- d, 9)u'r:Jursorr'ta{ lunl:rnurt{ ntr[:{ nrworudrql rravrirfr{n rilunu
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9t t i o qrq v 9 a n I odoryaeix1fidrrurl{lunr:o'errdumr{nt:rer-uyn.l"[rJr{rnr:dorudr;.:fnurgiln:ni
tq

/a' vtt{nt:uilrdntuI:{ilulurari.rraiuqrnr?reilunrujroonrfluri:uf 1d6.rsiol:Jd

4.2.1 do ry a r o s a o r fi o u r rYu ua vI : I yr u r u r a ci,r 6 ru qt n r u ri r u a

fi.rrran{lumr:rs fr q.z

idett:t{ii 4.2 fl 0lfi ou tfauav l: rn utrrn eirraiil drR ril$i ru a lu i's n ipr oln : rsr rfiqq

(ri r rin I r u ar r r : ru qr {'l r ior q u n : r vr I fi , 2 5 5 5 )qq

410iln Sra
t:{1tu'lu I ad{[cI:ilcrl,R't?t9t1uo

6

4el
(l ) o'rmoruo{Eila:tTfi lu

I :u.an.:Jnn

2 :r^r.an.rrrulrqj

3 :1I.dgr.14UO{rrn

4 :rr.an.drruyrfi

(zs) drrnoeirl:.r

3t4 :u.asr.lnna'ix

315 :n.an.Iuuq.:

316
ol)

:lLflfl.n'1n12

t.z.z ilouad'ru:vsvnrss
dt ^ ?9 i c rrn y t

til u n r : : tn : t v ti {o 
ry 

o tfr o hi "[ d: v us vn { : u il'j I { dr fn.: r u e r r r : ar qt f,.: r inr
e

d s ' a o S gt AJ Ue)qua: lsr lu ttav t:{?IUlutafl {rrY:uErnriletlu n leufi r{0rynfr or'.r'tdo tR:euudl:durylfl
a t - j dr --iq-y4- a o j 9 o

8ufllflel;vl:TIUln: qTnlfl B{tilu :uuem i{fr 'ldrfl u:voyyr r,ro5t sT.:nrnfi +.2 rrdrurrurr r
9t
vvd

:&uuyr1{yt{14u9t 9t{9t'l:]{yl 4.3
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;srreosuAstilfi l.z d"rotixnr: fi 't:vu&vt1{:u?rdl{tdlriRc]uartr:olqr,fr{il;aquailsn1fi

rlns It{ilururadrtailqxrtly{ti1ila(n:vm:ara1t1:olqt, 2556)

ja
nltl{n 43:uuuYl'l{n1:tnuml{

l.z.r dog adrurao t dourir 1.r inu r qrl rn oin rm 1 t ffii ttti

rfl u nr:irn: rcfrear1unr: rlt1.rfnu rqrJn:oivr1{nr:uilildlu1:tnururn

ri,rra?uqtnrnsfiruauciasuri.r drluuciasu?i.rfidruruqrln:oivn.qn1:uilmdunncit.triu Inun^n

rirraarrfioriauda snJofrdud,^'uo,oor,urdsudr snJofrfiudunsrfiofiudnrfiurlrild
r 4 4 Je o '

sujoirfiurifi.rucrn{lun1: r{fi 4.4 - 4.5

t1r.09t.
xvuvnl{ (nil.)

I 2 3 4 314 315 316 317

I 0 53.7 70.5 58.1 116 109 113 111

2 s3.7 0 32.4 tt7 146 139 69.7 141

3 70.5 32.4 0 137 189 r82 48.1 r84

4 58.1 tt7 137 0 76.1 69.1 t79 7t.t

3t4 ll6 146 189 76.1 0 7 180 5

315 109 139 r82 69.1 7 0 173 2

316 ll3 69.7 48.1 t79 180 173 0 175

3t7 lll t4t 184 7t.r 5 2 175 0
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itoerdddaen:t{ti 4.4 r?a'lciouflE{;nutEiln:nimxnr:rrnvrri"lul:.:r^rurutn6i{rd;rqrnrileitun
q

tt
ttnaut[14{

rfl:o{xo I
ilnll,1

iln2

RAt{ nfln5 fi0 uo.r\d

cirua

tilnd

Iuu

ulrt

lrri
t'tolul

sirua

Iuu

flrurol

fl?qil

i J,*-
tRto.llJu lailn 951 I I I I 2 I I I

rnio.rlnu}{ 2t2 2 I I 3 I 2 I 2

adra
tR:orlu.lu'lrso 595 I 2 I I I I I I

rnio.rXnfiu{u l 200 I I I I

tfl:o{0uo

runnttlJ

AJ
rRaoun

r 800 I I I I

gfin 27C0 I

AU
rflr0.l?R

fl?lURU

Inn'n

analog 235 2 2 3 I 2 2 I

digital 133 I 4 I I I I Z

AJ
lR50.tY{

utiluft

rflfl 190 I I I I I I I I

flnqi 100 I 2 2 2 2 3 2 2

uflr 105 I 3 2 3 3 2 ) I

9d d U a
Sruutnu?n.ru 156 I I I I I 2 I I

A e,i
tR 5 0.:nulll1t.r0 120 I

t
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a

a

irodsll:'t{ii 4.4 r?alciolrirqsf,nurqrJn:trivrrsnr:rruvrdlulr{1\u'lu'larinrd?uqrntyrrirua

rrsiavrr?il (eio)

.arovtld
9rrtl{1t 4.5 t?a1cr0ilI1E{: nHlqiln: rlm t{n]:ul tytu

a

to:0{x0 I
ilRildI

ilq2

nat{ RflN: n0 rra.r'1ri

sit uo

IH

lnry'

Iuu

u trt

1nil

?{91t1{l

sirua

Iuu

.rilu:Br

fi?ou

ri@-t
into{10: unuulflla 72 I I I 3 I I

rndo.rn:rrltriu 85 I I I I

rn?orfl.rrfio':frhnr:n 324 I 2 I I I I I

lR:o{nr1wt Ro !rn 460

lnrotTtuas00{u1 180

d,
rfi:orluu?tlJ0nn2u 750

rn:as.rrl:-uotn-rg 568 I 4 2 5 3 4 6

il:oyrinl{ 6I

il:ovrin}7mrq 209

fltnilu1 6t
+u/zi
lYl5flY{Yl tfl:oilFax. l8l5

l.llJofi{(U1') t230

nlrr.l1u (eu1fi) 3883 9894 833 r 12437 4654 59t4 5315 9602

nr:clru (urfi) 65 165 207 99 89 160

atou :YI.CI9I.
R1:u.t',lu

(u1fi)

1)n:ontoila

(urYr)

:?IJ

(ulYr)

t?a
4

tlf"to

(urfi)

:?t

(u1fi)

l?alloau

uunqlu 2 nu

I unx"rH.l2 65 20 85 l3 97 49

2 n41.1 165 20 t85 28 213 106

3 nfln: 139 20 159 24 183 9l

4 n0 207 20 227 34 26t l3r

3r6 t-:qu 160 20 180 27 207 104
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a.z.n rioryarYru6'ur1u1u nr :r6un x
^A_d4dtqAluoatu o { 0 I n n : u fl n U 1 tlJ u lJ fU l,t'l t [U U Minimize Cost lil 0 r'l 6 u q u 1 u n t : tfi u yt I {

^ij^^i---r_-.^^-.1t-_.1^.--^.^i^^-_..4_.^...-, , , o , , .i- ei a
ma lm g9u : & n0uft ?ugtu4uu 1u ul5oliln { stu mun lryouu rEtl n ] il:.r.1 tu rlnvri tfr {nriloiln1 :
qet4ih'o' ,y-.-- 4 .. l,eqd4aygtA,llnn'l{fiulu0lUUn'l:nnuulvlf,uucrouillI{ lun:sndnu'l0urur{tilfrfrrotilrql 3 nu raum'l{

14 ly e, do -.--y^ y S , y-5- -9___- _-y_ 9! 1j v v 6t r - ltun?unuttacU0lu?u:0e I nu tnulilfiUlvr0yynnr:flnudtlrilauunurlu:nlulrsiayiu fr.l

r{rrr?rfinufidu:ntsr4rnr:doil:irq.rniohidorudrqrfild 6.:rirnr:n'nnarrqdulunr:

rJfl'rior'.:rurfiu{ 2 nulnuhirir16'rrrirfifi{r:orurfionorrqdulunr:rJ6rifr{ru lunr:r6umrr
-l--.-- --y-- -r--l --- j- | as r o s I y t , j
U: s n 0 U 9l lun 1u ]u u Yl 0 9l :'l 4 U lvl n 0n I a lil er : n lU r E { t nU r il : v n ol 6 ruri t Cr : r n oa-.u : rn i

,Y

570 utreioAn: firnr:ril6uunf.:av o aor: r1n1 r0,000 filarun:frqrflu o.r+z lrvrriofiIarun:

trnsrirur{:nuud:rnr 3,700 urvreiordu fiorgnr:1#.rru 40,000 filarrun:sior#u6'ur1u:'ru

0.37 uryreio6larilfl:Fnrflu r.qS lrvrsiofilarilfl: (4+(0.342+t.48) 5.822)rirrr:{sru
tYtYre'::roil:rnoldeurirdr.: 377 ulvreioiu rirrfiurdu{ 240 urilcioiu ((377 + z4o)x3 = 1,851)uav rirfi

r[n soo u ryr ei oiu d{ ail nr : fi +. t r ra v aq :J du 4 u 1u n r : ro'u yr r r'ldrTs fl 'r : r { fi 4.6

MinZ: [(C,+ C*) x DJ + [(C,x r)]+ [(Cnx (r-l)]

I

c, : rirdrriu

c. : rirrirqrinyr:n

c, : rirtt:1.:rugio{u
t i- t u

Cr, : fl1YlY,lflflOaU

D = 5&UUYI'lil

oir : 0'l1J?lJtYlU?

9da
9ru4u tufll:r9tu1l'l{

(4.1)

ltJo

d
9t1:t{n 4.6

il:vrnvr ,)
9tuYtu

rirrirriu (n^Iaru a :) + rirrj rl.: :hu r : n 5.822

fi-lrrr{/?u 1,851
I dq d

n1ililn/nu 500t
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l.s fi'attuunrlnfinsrrniritnYurlq;mrnr:flordunxnr:r6unr.ruuusiorfiorlouriuaor
6' tdunrcttavtaarrixruutrflunatruq,"ro*-aon,inuous Travel and Service Time Capacity:

VRP.CTSC)

d'lttuumrsnfisrniasrj rJ:vnou'[rJd'rufl.rrifurflirrururrncrtoulreir{6"[ray

n:ounqu'hJfisu'outo.t;ryfidl'f, d":urJ:rir.:1aruun^grufirfiu:{0.:ilioldorirof;urolugsinr

ttoult rnjo}?rrh1o6.:frnusuvtornr:frnrdumr{nr:rq^uvrx drrsvirh?arrur:orirsT:rruufiId
I

fi hJ rJ : v q n oil dlu n r : rfi u u I il : un : ru n o ru u^': rsr o fld o r r ri r sr o rL 1 dsi o 1 il
ud

4.3.1 gtuu

uArirrl (Indices)

o q r,oy 6 i s it Ol9lUIO{fl t$U:nl:yl r IOUYI i = 1.,2,...,N{
. o a 9)q9 a i s i/ ainililo{4 tryu:n]:yl i tetuyt j = 1,2, ... , N

k urumnuvfildlunr:1#rinr:fi rlerufi k = 1,2,...,K
e,ir
n ? lN: nn ? 1 U ft 1 (Parameter)

cii :susmrllunt:rn^ufl1qrtfl Node i'l:J Noael

si r:nrtunr:qiorurhq.:fi Node i
jq ,qttj rrnrfil#lunt:ro'uylt.:01fl Node i 'hJ Noaei

Rk drururduyrrsnr:r6umrsdorilrquniosil^ouilmd

Tk mnrq'rqntunr:fixru
,,cr rirrirriu

c, rirf rq.:inur:n

cr ritrr:1.:rusioiu
, i- r uch n]mflnn0?u

sr'aurj :lu n r : fi'sr 3u1o (Decision Variables)

y f t, drfinr:rdumr{ttnrilAos tlilrffo.:7 d.:uuruvrt4uu kAijk = -lL o, n:tfi6u1

-- f 1t- 4' - v ,t .i a IYir = _..l l, 0]iln1:TtnnNu:lyttilol7 druutuvnliuy k
I
L^d4

u, n:iloul
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(4.2)

V 1=p,...,n) ana u1

V e12,...,n's ana e1

v k= o,.,.,a,p = (1,...,N )

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

Vr=(r,...,r)

v tl=Q,...,N) and t+l

Y yp,...,n1,t=1r,,..,N),k=(r,...,K) 
on4 1*,

V1= 12,...,,v1,r=1r,..,,v),rr=(1,...,r) and i+ J

V7=12,...,,v;,r=1r,...,N),k=(1,...,K) 
or4 1*1

Y t.1 = 1t,...,n1,*= 1t,...,x1

Y q = g,...,n1,*= 1r,...,x1

(4.3)

(4.4)

(4.5)

(4.6)

(4.7)

(4.8)

(4.e)

(4.10)

(4.11)

(4.12\

(4.13)

Y11e[0,1]

Xqket0,l\

dil fl r : (4.2) objective Function rfl u fl .: ri#u in q rJ : v a.: rirfl u al nr : fi rio r nr: u r

ur = d'rtnj:ariuarlu (Auxiliary variable) fifirirrurnn.ir niorvirfiu o

fl .r ri$'u inqrJ:y a.: ri (objective Function)

NIVKNN

Min =f(I I Zc,ix,iu) x (c1 + c^)) +ttf n-y x c1l * t{f 4*) x c,,I
i=r i=t,j+i k=r t<=r i=z

et n r : rlo,i I rin (Constraints)

NK

II x11P= 1
i=1 k=1
NK

II xttx= 1

l=t k=t
iv iv

Z*,rr -lxo,-: o
l=1 l=r

/Y

)xr* = 'l=2
/v

Ix"*'r
t=2

K

ut-ur*rI xtysN-r
k=l

iYil/V

II xttr,(tttr sr) < Zrr,r+ 1)r&
i=t l=2 l=2

NN

(I I Xuk(tr, + s,))/rk < Rk
t=r l=2

XqxS(t-Yp)

nra:aurirl#rirufifioufiqn (4.3) rrnu (4.4) rflunr:rirrunl#qndlroiavqnarrui:oilnr:uinr:
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t4r, r 4 i - 4 i 9 | I"[6otnuruueturt{tfru{nuosfifr{n'uuSorurrdumt{ryitfiu 
(4.5) rrdq{nlrusioruoo.rlurrsiay

J^..---!-€ 4^ ^.9-.- -!q-.. --'_ 1rl A y u q e

airttmulvlt$oilnuoqlutreiosldumr{ rfrouru?y'r?tusr{1il1fl{qn"[a1 unyoon0tnqnfu (4.6)

ttos (4.7) nr:6ufrun:tild'tu1:CItunr:fiururunusldldrvirfiriinue (4.8) nt:flolrTunr:rfin
,i'uri':f (+.g) {orirrunnnrg.rqolunr:rfrumr{ (4.10) rtou'ltlunr:fi'nrirrn'u (4.1l) nr:
-y-9---t-2, 4 q rr--4^-:^4- - 4 3 vt I d s r4 I dri':riuirfirfrnt:{ndrrfrurilorr=urvilnr:rpt-umx'hJrffo.rfi'ohJ (4.12) rrne (4.13) ruruo{nl:

I

rir yr u n 1#6"1uil : sTafr u 1 ofi ri lvi r rTr o rio r rvi rriu

?1n{01nfl t9t9l?[rljUyl't{n0.l9tfl't6Y9t:u6? d{vttilnqn0nl:?^iatu'ttstrrrlUuuqn6o.t

rfohi lprulu.:ru?frufifinr:n-qorf noo nr:vrndounr:flouryuo.t (Sensitivity Test) Inorunnr:
,t9

,ruuurt'onrrrfrrruu.:luJrJ:un:rurirr$ogrJ Lingo v.r r d.:r.rnfi16'riu }J:un:ruarrui:rriu

runoonur'ldlnuhififltyut{oltnu jorlerl rao ,rrur,60rd{rrunuanrlunr:xfi +.2 lnur.rafi
vty I J , q a tA- ,Y e
"[ do r n n t : vt n n o { fl{ r il n u u il u ? l er l r ru u yn { n il fl fl r d a : m y't fl u r t=u riu a r ru r : o ri r hJ l ds r u ld

4.4 llodou nl :etOU iluo{ (Sensitivity Test) oYauuu nfi srar asr {

ri tnr: rn a or Jn ufi ri rn u ntri'rrsias vr rrftu aru n r: rrl rr ru r urrsiny6'rfirirrirnrin
t u d l^ du

rmlnu Ha nr:ilndou udn{:'ruov16on 16'd'rsrr: xfi +.2
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j
9n:1{fr 4.7 ,{CInt:ytrtdountsstoudu0{ (Sensitivity Test) 6'rrrur_rnfisrgrosrf

diln1: A<dtil{llft?:oyrlju n1:mRCrou alonl:mo6rou uvroqrl

(4.2)
vJel

,{oaflD10{tlJ114U1U

rurj:r:J6uu'h.Jnrru

:uueml{

vvri
6YAilflil11lAUU

gr'ltll-tu{flo{ :TI.
q9

flgr. lil:eueml{
jE 9h q
m lno- lna nu

dd0.ou.

il4
flUflI:IU'IfiU'ItJU
r q9r j j

frl tTt'tumaqo{ruo

:yusyt'l{lndrrau
ad

q{rulu0:uuu

il'1{'lna

,t
0fl9to{

(4.2)
vl ,l

9{AAflDX0{tU',l1{U1U

ru:J:njduu'[rJflril rir
,
ovll

u'tuultaunlGU0u

u1:{

ty
ld I o vruauufiluluu

llo

ttncnlryouu't:{
o

lout
- nluluut[a&n'1
ro:,J

ryouu'lE{rfliluu
I qyr : Jfil tT0lu[?IUIJU

v
lo@t

- n'lullJurlnufll
lO

ryouutE{nno{
r q9l

ftl tl0lunna{

I
0nfl0':

(4.2)
q49l

HAAy{IXO{nJ1?tUlU

u:J:r:Jduu'hJflril
t i-

n'lmiln

r:Jduurirfirt'n
ita
9!1tta&d{n?1rfiu

' i- J
- ntilunflt ttnyd{{
hr,i
turilouurliln{
i-i

tuo{0tn ililfi1yto

l, rd
mna0{ tilunl:y{n
9A
fl1.:nu

dqillilld

(4.e)

(4.l0)

- 11 < +zo rirldiiro
9t9qa4

Yt.114un0etilulJu

- rs > +zo rirldiiro
,9vAyt.1fiu00unn1u

nJduurir ru rflu
, Alt r

ntmu0un?1

rraeillnn'it 420

-Tk<420
I oe, I

Fn tuoluyt{fiu9t
trt

rY{iltu

-Tk> 420

I q9r J
n1 tsoluYt{14tJnn9t
g
UU

I
0nnO'1

t

a
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4.s nerdouuuudrao{nr{nfi nfl rdsr{IeruftJ:un:rucirr5o grJ Lingo v. I I

Advyaqroi44
?5 fl15mn rYoxlJ EUr 1n1: tqtdu m r I nr: rnru m r {lunt: "riorurl rEqrnio lfrornrmuts}i r

nr::J:sru:anar.irunotTr''lrflof rrjruil:crJ?ar{onnt{ Inter (R) core (TM) i3-3240 cpu 3.40

GHz rrj:un:rrdr + ce Jounr:mnaou6'rrruunfinsrasrffild'aflur'u,i'rriuryo :n.an. rfior

to rtril loruvirnt:vroaourililryrttutnrfin rrneru'rqflar.: Iqu?irnr:mneouilrurruutn 5

tro qn{orya1rtavilryrtturn I0 (5 qerr?oryn) rfiorirnr:vrqnosil:srJrarunlnuryor,lvirnf
,o.{toeafl'lr:0Ailrrnuil'lntnou0tnd'lrluvrxnfiflaranffirt'ruurdudeu Lingo v. t t r^rl.jr

4.4.1 nr:nfl douuuudraosnrsnfi nsranin:drlcymrruror s rfios

lo uldr.ranr: ri ru rilIoc hJ:rrn:ru Lingo v. l t njiourfi uufi'rruonr:rilu ?iu

4.4.t.t ytfi fl ourruu {in o.:nrsnfi srarasr fn: fi iliyu rru rn s rfi o{ Enfi r

Iil : un : run'r,l rv,l o fr: u rfi u a 6 h q fiu (DE) n r : tfr uu )il : r rn : I Lingo

9r.:R111yt4.3

tcrtx/r. .tal r9.st
! dc (cIrY, CITY) : X, Dt
ctfl/a..6/r1J,o;
smlt . .51,
rErlru/l. .61 .Z.a.D,qsaclr,qr) rD,gc lcltr, walg!, . Y.-
KlrglG.ffir.C;
scc(cln,cm,ErG):Xt

rMS
mT3

o 53.? 70.5 5A.l 9.3 S!.5
53.7 0 3a. a la? i?.5 t1270.5 32.a O lt7 6a.3 a?9sa.l 117 tra o ?a.3 sa.a
9.3 

'7.5 
6a.3 7t.! o 6G,6

5a.5 tlz t29 5a,a 56,6 0

I
Q - o t9 106 91 131 aS,Z - rzot
eq,
c2-a.c22t
cs4t3a,
Ca-5Oo,

EDUTA

[ - CSIZE (en) ,-
UIF(tSG(EElt,r,X, IftmaJ,D(r,J)rx(r.J.x)r-(cr€"))+(O3WtHc{J.x)::(J,x)rqr,}+{esw(rErrutx,:R(x)},ca)..
eEm (gTY(J) tJr6tr ! asw(re (r,x) | rtNEaJ:x (I, J,x) )-r);eroR (crc(r) trr6tr. tswtnc(J,x, I rtrrJ:x ir, r.xi i_.1,.€u lug1p,ay: (eswacru tr!:xtr,p,x) )-OswicirirJi :x(p, J.x) ) )-or,.em (Er@ tx, :osw(crn (J) tJr6tr rx tr. J.x) ) <_i ),erm twirqr (xl r as(E (qil (r) l:aqat : x r r, r, ri i <-r i ;oFoR(qc (t,J) tJtElltNDtr*Eta:E tr, -u (Jl *xi,iswiwarru (x) | rrmaJ:x (t, J.x) r<{-r);
erq (wltr tx, :esG (qclr, J) | r+NrtJ:x (r, J, f,) 3 (o(r, J).re(r, ) )<- (esw tsrry (J) ,Jaqrr: x(Jrx), rt ).r (x) ),CrcRlwrcrr(xr:((aswrqc(r,J)trrmaJirirr.i,itiiirrr,J)+O(r))))/r(xrr)<- (r(x))1,3rcR tse (I, J, r) I Jterlt :x ar, J,x)<- (t-y (J,x, ) ),

nrnfi 4.3 diln1:;nqrJ:va.:riunvarunr:{odrri'qIil:rrn:il Lingo lunr:mnaouilrynr

ruln 5 rfio.: qnfi r

t
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4.4.1.7 vl rl 6Yo u rtu u'fl t n o.: m t s n fi qr gr asr fn : fi fl ey n r t u r o s rfi o s qofi z
i " d *lrfrorirni:rfiuuI:J:rrn:rnru?illruudraorm r{nfiqrsrasrffifiaunr: inqrJ:sarrirrnvdiln'1:
il o u d q el 44 d do s St j , jj
'lJ01i'lnn [unt:fl?uniln]:nnrdumr{n:tldnurraioilrirnr:iuhJ:rrn:ilr1Tortrilfrdrfiqnlu

i l,loddq.6:

ioo
I

I Ott di{
I

i rdcl*ry

j ltcaG

251

0

220

236

0

t5s5
0

8:6i.2t 6c&ItayUcd[]

s26?.22 ,' ?0

:-...-
11616 

: lEtacon *rp,h*o1 .

:ii "*::
Updr.n"*[- '''' ; .. .. I Ct* I

j
nrilfr 4.13 flant:flndouflq?nrura s rfior Tnfi 7 lnutdJil:rtfltu Lingo rrnvl:J:un:ru

fi v,l rv,l o fr: u rfi ua 6 I:n fu

0lnfl 1: ytodo u rv'ld'rirsr ol fi 6 fi qrr rol JrJ :rrn : ru Lingo u6u DE ld'

rirl#siru:?tJ 8,267.zzurvr d.:d{aoslil:un:lrirurorld'rirl#iirurvirfiu lil:un:l ringo ld
nntlunt:ritu?tu 0.s3 urfi uaslrj:rrn:ru DE l#narriruanrld s.zq ?urfi finr:rn'uyn.l

: rdumr.:

n r: xii q.zo t&unt{ n r 5 rrl'lJ yr'r{ I o { n 1 : ?r e do u il iu }n I u r n 5 lfi o { qn fi z

v
tfluYtl{ R-l:tou?11{ :vuyYtl{

I l-2-3-l 246

2 t-4-6-r t93.4

3 l-5-l 26.8

,.to : ?rJ 5 u uu yr N(fi Ia ru sr : ) 466.2

nr:ro-uyrr':uavn1:ytetdouhJ:rrn:run'r{rllo{r:urfioa 6Ito6'u rT.:nrufi +.tzI

tJllCO 1L0 loirstAs{ff$ Uago I rjtrr rp6 ? 2GE6{

i Sdvq S'dB Vrid.s

ILp Toa*

6lob.l Opt

8267 .22

? 22015e-016

2635t5|.
i t'aatdsd,a$*6

: Solrr Ifpa B{od-8

i 0hi8n d

5llF

Adir

Xorflr
Irldi(

Cil{iit -
IotC

try
'll6m -- - .

Idd
tlo,Srr

Pkst! 0267.22 g&'ot? 826?.22

Pr.sr: 826?.22 c&sr: 825?.22

P&Er: 826?,22. 3btt2 826?.22

?b*: 8?5?.2i1 G&rt: 8il6?.22
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nlrl{fi 4.21 nr:rirurnrdrlddru nr:vrerdouilcyr.rrturn s rfior gnfi z

il:smn 1)
9tullu

I

:ssrsil't.r/druau

rdualiiruaunoufirYn

:?IJ

(utYt)

ri r ri rriu (n'In rru sr : )+ri r ri rE.: inu r : n 5.822 466.2 2,714.22

filrr:{/?u 1,851 3 5,553
r dq a

nrmfln/nu 500

ri rtdri r u1u n r : rsr-u yr r { : :ru ri'.r r ru rr 8,267.22

4.4.1.8 madouttuu'irao.: m r.: ntfr narasrfn: fi i1ryrrtu rn s rfi o{ Enfi s
i " d a,tn-ofirnr:rfiuuJil:rrn:trnrllg:Jrruudraormrrnfisrsranffifialnr:5nqil:va.:r{gavdrnr:

do'ilrrin lunr:naunrunt:f,nrdumt.:n:tfifinurrairfir[rnr:iuIil:un:rurfior.rrrirfidrfiqe,lu

nt:ro..umr.:traunl:yrndouJ:J:rrn:ruer'y,lrdo{r:urfiun 6ho#u rr'.rnrnfi q.t:
g

6v{ n'l o fr: u r6ua 6 hq 6'u

t1nnl:vredou ov'ldrirsr or fi 6fi qntorl:J:un: r Lingo rrne DE ld
rirldtiru::ru s)77.67 r'', dori.,oorlil:un:rur{rurnrldrirldiirurvirrTu I:J:un:ru ringo ld

. i:rJ:tr:\!!indg*;U:er\0rj(opllpt\D!{itt8r{f.til0i-CRFfinfi sc,, .. r

Ilcts 9276.8 G&3t: ,t?.6?

?&st8 912.6? cbsr: ,l?.6?

l&st: 92%.?5 GLst3 9t?,5?

I8csr: 9!7?.6? GE st! 
'1?.6?

--slEUDra. ffi3 I ll-Caur: I
l, Z 

lLG.rF: I
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t?otlunl:dtu?tu l.4l urfi uavl:J:rrn:il DE tdnorriru:nr'ld s.+z iurfi finr:ra'uyr-r{

z rduyrx rrasfinr:rYndr.rdu r 6u

n r : r rfi q.zz t&unl{ n'r : rer'u yr r { iJ o.: n r : yr n do u il ry r r r u rn 5 rruoo.: qn fr s

v
tfrult1{ n1:tgtu1n{ :yurYni

I t-2-6-3-r 313

2 1-5-4-l 223.7

e{a : ?u: v uvn x(fi lnrusr: ) 536.7

---- d o I orylnr:rsti 4.23 sn:r{nr:nrursurirl6iiru nr:mnaorilalilrlJurer 5 rnoo.r qnfi s

rJ:ymn v
eru{u

:yuvnt{/olu?u
d o 4 .au

tltu?/o1u?ununiln

:?il

(u1n)

rirrirriutfi Jarrusr :)+rirrirq.:inur: n 5.822 536.7 3,124.66

fl'lrt:{/?u 1,851 3 5.553
r ds d

ntmilninu 500 I 500
I q9r q a J

fi 1 lsolu tunl:r9tuytll:'lruyNfi ru9t 9,177.67

4.4.1.9 mnrYouttuu'fltao':mtInfingrasrfn:fiilqrrrurn s rfior qnfi e uroo

vi r nr:rfiuu Jil: rtn: rusrrru grJrrurL 6rno syr1.: nnr'ngrasrffifi e ru n r: inq:J: y a.rrigou dilnr:
9 a u v 9 d4 .d do o S I i , j j
fl 0 t r n n tu n l : R ?un ru n r: {n tdu m r t n : fr Hnu rrai r fi rj r n r : :-u l:J : rrn : rurfr or rri r fi ri r fi qn 1u

n r : rn-u m 1 r r r a y n r : m n do :L hJ : un : ru 614 rr,l o fr: u rfi u o 6 i r o S'u d'.: n r fl fi +. t s{
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I

j
nlilii 4.15 t{ant:vtndoxilrufllruret s rfiol gefi e lpruldJ:J:rrfltil Lingo rravJil:un:u

6v,lrllofr: urf, ua 6 leq#u

0lnflt:yrerdouos'ld'rirsroufi6fi qototl:J:un:ru Lingo lr0r DE ld
rirl#iiro:aru s,7zs.73r',, d.,d.:oo.:Iil:un:uriru:ruldrirt#drurvirriu lil:un:u Lingo 1d

rlarlunt:ritu?ar 1.05 urfr rravJrJ:rrn:ru DE ldnarrirueru'ld q.rq iurfi finr:rdumr,r

z rdumx

j9a
nr:rrfr +zq tduvnqnr:rn-umrw 0{n1: yrn doufl ry r rru rer 5 rn'or qtii e

a)
tfluYn{ nl:touYn{ :yuent{

I t-4-6-l 93

2 l-5-2-3-r 254.6

,{n : ?u :u uuilr.:(fi Jn run: ) 347.6

$lco-11f5orr*5trrlM*ir.u,r";1r r",t g zO+SA 
_.., 

I
Sofd9uu v&lIB

, ileddge ILP ldd ?5t
: tldhr 0

, 9ro Globll 09t lnEs!! 220

oh?*c 5?2S. ?3 Cqdift
td.aa{r O Itrl 236

lioilr,!: 0Itrdin t6l2a
...ilffi--

t{,Sdsol/r$ds ldd 1555

sasalyp B+nd-g [sl*x l}

B?cglr 5Z?S.73 .6a*otintU$d(l

Oi8ild 5??5.73 ?8

sup( t?86 Eb.dnulilft,n$]
ad' u , oo.ot.os

ud*crricJ{i*- ', i oq" 
I

' a Lra'rltt Nc,tr tirn Jtrktrpilipl, 9E,i*tt t.Fod$._C8ftmr.erc

Phsr: 5ZS.?! G&st; 5t?S.73

P&!r: 5t25.73 G&sr3 525.73

lScst! 5725.2 G&:t: S?25.7J

llrst! 5?25.4 CB.Et: 525.?t

Plcrt: 525.?3 G&rr: S?2S.73
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a

a

nr:r{d 4.25 nl:rirurrurirldiiru nr:vrerdouilryrrturn s rfior qorfi s

rJ:ymyr v
9lunuq

:vgynr{/druau
j o 4 i-rYru?/o'tulunuwrn

l?il

(u1It)

rili rriu tfi Ja rrun : )+rirrj rt I :hu r : rr 5.822 347.6 2,023.'13

riru:rtiu 1,851 2 3,702

rirfirt'nufiu 500
t qyr q 6 J

fi1 tY0lu tunl:r9tu11'll: eruyt.:rrun 5,725.73

4.4.1.10 mndouttuu'f, iao.:m rInfi srgran{n: tfi fl qn rturn 5 rru'oI qnfi t o
i . d t,

rfrofirnt:rfiuu Iil:ttn:ilenugilrruu draornrrnnr'nerasrffifiarunr:inqrJ:sa.:rfrrnvflunrt

riodrri'pr tunr:nrlqrunr:f,nrduvrrrn:fifinurraiofivirnr:fuJil:rrn:rurfr'orrrirfidrfianlu
a

n r : rrr-.u yr r r r ro s n l : yr n d o u J il : r r n : ru n'r4 rv,l o fr: u rfi u a 6 h a fu d'r n r r r fi +. t o{

d"ntnfr l.to ,{nn1:mndouilryrtturq s rfior qofi ro lnut#irJ:uflril Lingo uaylil:gn:ru
al t d i da L
9t1{r?10:r:urryua o t.:qfu

olnnl:madou rs ldri rqroufi 6fi qntor JrJ: un: u Lingo uou DE ld
rirldiiru::il 8,738.s5 rl, doriooorlil:un:rur{ru:nr,ldrirldiirorvirriu lil:un:u Lingo 1#

I

$dr.eiar? ,',:,.i o" 
I

r ( ill(,rrW !r.r, Ji.r ;e;ihpiliplC! ifu f,ot f ,:lrDt--CFJlmr *re

G&et: 8638J[.

Gt.st: 8638.55

G8crr:8538.55

{iBcst3 8538.55

G&sr: 853{.55

ffi
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rxn11un1:dtu?6ll 0.54 urfi rrnulil:rrnrru op ldnnrriru'lnr'16'g.oq iurfi finr:rdumx z
" r6Yuytl{ uayunl:flnnl{nu I fiu

' 
st'tr",od *zo t&un't:Rr:rn^uvrr'rto{rnl:llndolilrgnrrurn s rfiol qnfi ro

vrflult1{ ntfl9ruYt"r{ :yugYt't.:

I t-4-2-6-l 2t2.6

2 I -5-3- I 231.5

,.ra: ?il : yuynrc(fi Jnrrn : ) 444.1

i o r o9r u a 'nr:r{ii 4.27 fl1zri.t1u:arrirlfriru nt:fleryouflryrrturn s rfio{ qnfi to

rJ:ymvr
v
nuqu

:yuvnt{/iilu?u
ct o 4 dv

tltu?/otu?ufiumiln

t?lt

(u11r)

rirri rfu (n-Iorrun : )+rirdrr I inu r: n 5.822 444.1 2,585.55

n1tt:{/?u 1,851 3 5,553
r 4v d

fi1mfln/nu 500 I 500

ri rldii r u1u n r : rsr^u yr r r : ?u frs il rJ er 8,738.55

lu nr : ld}J : un: il lingo rdori ru':ari6 nr: Iil: un : rurfi .:rdu (Linear

programming) tunr:udflqrrrurn s rfior ,f,ruru ro qrrdorya aqrll6'd'.:nr:r.:fi +.zg ua&

crrut:nmrrirn:rilunnsir{ rlndrnl i 4.14

LINGO-DF%GAP X 100
LINGO

(4.14)

t

t
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---- 
j rj eerr:I{fr 4.28 r{anl: ytet oo{rilAuu grr{ory nrilfl ryr rt u rn 5 riloo{

4.4.2 fl1:lnadouttu u ii I ao { yt 1 { n fi n fl r asr {n : drJqil I r u I o t O rruAo.r

I n u ldr.r a n r : ri r u r u r o s Iil : rrn : :.r Lingo rrJE u u rvr' ur ri'u H n n r : d 1 u ? ar

lr]:rrn:l6v,lu'lofr:urfiun 6]:qfu (oE) nr:rfiuuI:J:un:r Lingo d'rnrn fi q:t

n:cu

LINGO DE

ohGapObjective

Value (Baht)

raar'lunr:Yu

ftJ:un:u Gurfil

Objective

Value (Baht)

raarlunr:Yu

hJ:un:ru (iurfil

I 7,547.6 74 7,547.6 t2 0

2 7,646.5 203 7,646.5 8 0

3 6,264.8 50 6,264.8 9 0

4 5,438.7 38 5,438.7 8 0

5 8,947.12 62 8,947.12 8 0

6 5,643.05 94 5,643.05 8 0

7 8,267.22 53 8,261.22 8 0

8 9,177.67 l0l 9,177.67 8 0

9 5,725.73 65 5,725.73 9 0

l0 8,738.55 54 8,738.55 8 0a
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tNIr9tiS

o t!?
t,, o

,n.7 t!4
ta.t 11,

t. I ttz
9.? 6r.t
ta, ta,

loa ll?
a I a5,t

70.1 tt,l
tr.a I p

otn
tt, o

aat 'rtt
l?t ta.a

2ta lat
r tt tt.a
rlt .2 a

to2 1t t

,.! ,a,1 a,
o t ttz ar.'
da, t2t aaa

,l I aau 
'a.a

o aa a 2t.9

aa.6 0 aa_z

2t_, {.3 0

lt, u tta
,?.4 9z', 4a.r

tzJ roo rot
tt6 ttt 29.5

a{ 9 lot 29. r

71.a M aa,
tll ta, to!
,t.a 4?"6 ,t t
,?.4 tzt ,l 6

92.1 loa tr.,
a1.a rot 2t.,
f6, r !o 22t

o ,o aoa

to o lll
,oa rtt o

2t,
lit
r9',

t9a

ta,
t r0

a?!

q-0a9 rog 9r
T - azo,
c1-a,
ce-t.a2z:
c! - 165r,
C {-SOO,

?NIrDlt4

4A 56 56 lsf,--

N ! gslzt(cITYti
lINr(89UX(*xCCtl.J.E trrNErJ:D(I,J)'x(r.J,x)t,1...r+C2))+(ecUf,(Exc(J,X,:r(J,N).car,+(€gUtrtvturglE(R,:R(X)).ca);
gfCD(CITY(J, lO16Trl:O5U!(EXC (r, xt I tfrErJ.x(r.J, s) ) ttl..
et,)R(ctTY(I) | tro-#r:Bsun(xxc (J, K) | trNE#J:Xtr,J, X) ) tr) ,
OrOR(Xrc (P,X) r (irsuI(CITY{r) rX( t.P, K) , -Fsv!(CtTy (J) :x(p, J, R} ) ) -O} j
Ol.]F (vEiICLE (X) : e!uB (CrTY (J) | JtOtrt ! X ( 1, J,,ii I <- r),
OroR (vEBICLE (X) ;83U8 (CITY ( t, l rlAUU!rxtt. t, &] ) <- t) j

i - q t d 9 o v sr q qRlrrn 4.17 diln1:?nqil:vn{riunudilnl:{oirn'q l:J:rrn:ru Lingo "[unr:mndouilrul4t

xuln l0 rfro.:

iodal
tn-ori r nr: rfi uu lil: rtn: ilfl'r lr gilrruu d r n o{ yn{ nfin srasr ffi fialnr:

q t t ,t o u q . v ,l 44. d d o?n nil : v d{ n rra v ryu n l : t o d r rln lu nr : n :u E il n1 : 0'n rdu m l { n : fi dn u lrd; 0 fi d1 n1: : U
t-r-..--- -i , i,i,i q a v .ilrl:ttn:rutfroHtntfrei1frqer1unt:rrruvn{ o'{Rr}r fi q.n rraunr:ytq6tollil:rrn:urr^r'lry,lofr:u
.iosL-i

rryun o [?QTun{n11tyt 4. l g

!f t?y,/ r . - | \,,t.:, \t;
i r'i/: (.ti:1 Y, /: It: 1 i :f , F J

cuTl/t..tr/:a.tt,
suRk/!..ro1,
vEtsrclE/r..L/,r,A.b,
CXc (clTt. qtTY) rD,
EXC ICTTY,VEBICLI} :Y,
RXX(VtXICL!.!UlXl.C:
xrcc tcITr, cITY,vEHrqLg) : xr

t3t 55
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L.INGO 11-O Solver St-tut [r\r-t]r tiago 10 ]H_a{ 21-5-5-7_31

ILP
Feasi!=Ie

L224L .4
o

812?83A4

B-ancl-.B
i.2241 .4
,.o379. S

2899A2
49963

V eriat>les
Total:

Nontinesr
lnt€9e.s:

l: onstrsint s
T ot€l:

Nonlineor:

Nonzeros
Total:

Nonlinear:

-, =
1451

o
L340.

L 371
o

r-f-21o i
o:

Solwer Status
Modcl Elass:

St-tc:
Qbiective:

lnfeasibility:
Iter-t,ons

Extainded Solwcr St-tus
Sotva Tygrc

B(,ct Obi:
Ot{ E}ound:

StGps:
Activ6:

updote lhtervat f;--

I

Gancr€tor Memory Used U(J i{oo
Elepsed Fluntime (l-rtr;mrr:ss! 

:

68: O6:48 
,

Etose I

j
n1flfr 4.18 Hanl:ytndouilru?tlrurn l0 rfio{ Jprold}J:trfliu Lingo

n]ilfi 4.19 ,{ant:Ytetdouilrurltura l0 rfioq lorol#}J:rrn:run'yltllo{r:urfiua 6J-:n#u

s 1 n n 1 : T el do u o u ld'ri r n o u t o.: I il : r rfl l il Lingo I pr o fi ri r ldii N 12,24t.4 1ym
q9 4 0l{r':nrlunl:rilu?ru 68.06 #':Iru.r uri'hiarrur:0fi.rr{raouti6dqer16'eirulil:*n:il DE

drur:ndru:orrirlfiiiru'ld r+,:ss urvr tdr:nrlunr:dru.rnr rr iurfi firdumxnr:r6um^
+ rdumr.:

a

t
.e:\* C:lDocumenls aad

46131
14915r"loute: 4

P8cst: 14394.? GDect: t43A?-6

PBest!'156-6?-6 eBrst: 1t38?-5

PBo$C: 15A6?-6 cB.ata t!f:IO7-6

Shou Data *xHffiE
N-Camps: 6
H-Gamps: 6
H-Camps: 1
N-Campa: B
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en:r{d 4.29 rdumr{nr:r6urr{xo{nr:madorilaru rrurq t o rfi or

i o I o9rsrl:r{fr 4.30 n1: ritu':nrrirl6ri ro nt:mq douilaJ?t 11,u'let t o rfr ot

rl:vmyr
v
9rullu

c

:uuynl{/o"tu?u
.i o 4 du

lYtu?/o1u?unuililn

:?l.l

(u1n)

ri rrj rriu tfi Jnnrsr : Frirdtq{;nu r: n 5.822 759.7 4,632.6

riru:':tiu 1,851 5 9,255
I <o A

ntmvln/flu 500 I s00

rirl#iirulunr:rdumrr: rruri'.:n run 14,388

lunr:l#Iil:un:r Lingo rnioriru'ruiinr:}J:un:urfisrdil (Linear

Programming; trnvlil:ufl5u Dev C++ (versio n 4.9.9.2) rfiorfirnr:r{tu?illrunt8:ia6n lnold
adartdjos.icgqarar
?5n1:n?Iry'|0:r:ureiua ei trg.nu lunr:rrriiJrufilflulft l0 ril-o{ flu.j1 Irl:rrn:ru Lingo
q r o iai hy<'[rjarur:nrtrirnoufi6fiqnld 6rrirnr:rrrir objective value ]oruvirnr:iuhJ:rrn:ild?ur?ai

z+ frful riru}J:trn:u Dev c*n InuldiGnr:n^ylrllofr:urfiun o'1rq6'u arrur:orulilEurrld
ddrei
0rrnu:?Ftr:?n?1 9t{9t1:'t{yt 4.3 I

,)
r6un1{ nt:tou1l't.t tyuvYtl{

I r-7-4-6-l 173.8

2 t-2-3-l 156.6

3 1-8-10-9-l 387.3

4 l-l l-5-l 78

,{a: ?u :y u&yrx(fi Ianrn : ) 795.7

t

t
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jr-igsqa e)nr:r{ii 4.3r,{anr:mnoo{rilAuuqndoryori'utlqr,rrtu rn t 0 rfi o.r 5 qnlioryn

4.4.3 flIiliranr:nndouuuuii'roo{nr{nrierfllderdn:dr1q;nrruuro s uCIvl0 ru^o{

nrnn'r:vrfrdou[[uxdroo{mr{nfinarasrfn:fiflarurturn 5 ru^o.: rlnc

to tfioq drol:J:trn:il Lingo rniorirurnriGnr:J:J:rrn:1rfi.:rdu (r,n.u, Programming) uae

Iil:trn:ru Dev C++ (version 4.g.g.z) rfiorirnr:riru?iutilnr8aiafin InuldiGnr:n-r,lrylofr:u
iosJorrq44rq^!
rfiua 6l':qfu lunr:ufrilryfllfluler s uJ'o{ rrnu l0 ur-or nu'jr ilqrrturn s rfioc fi.: Lingo

ruae DE l#rirr{rsrourvirriu Jnu Lineo t#nnrlunr:iuurudr tot iurfi lutnrrfi ne ldnar
u*rd
fulil:un:rutfi ur tz iurfi riauilflr?nruln to tfior lil:rrn:ru r-ingo'hlarul:CIllrrirnoufid

iiqnld dsfitnt:ilrrir objective value Inufitnr:fu}J:un:ud1ana1 24 #rhl rieu

l:J : un : ru Dev c++ In utffi i n r : 6v,hv,l o fl: u rfi ua 6hofu ai ru r : n uriil ar r r ld6 ua s : r n r$ rn'ii

{i6'u6.:rirnr:ri'murrrunr6':iasr^n d:o?6nr:n^r'lrr,loir:urfiua 6Iag{'u rfioutlilryrrn:fif,nur

siohJ

4l
n:cu

LINGO DE

'/"GapObjective

Value (Baht)

rearlunr:Yu

ftJ:un:ru t?urfil

Objective

Value (Baht)

raar'lunr:Yu

IrJ:un:ru t?urfi)

I 12,173.3 864,000 12,095 3.95 0.64

2 10,896.4 864,000 10,896 s.02 0.00

3 11,163.6 864,000 I 1,250 4.01 0.77

4 9,608.5 864,000 9,459 4.25 r.56

5 11,910.7 864,000 I 1,915 4.16 0.04
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luumfi tvnrir16.rn: fi f,nu r l: wururarir ra?uqtnrnr{run drfn{ru arr1:alqrl
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ii 9 A o ct 9 Eyd r o q I d lt o a eytrflu?iio.t t{,[1rt]ugtoir tfiunl:crouulq.q:nu1qiln:ilYr1{n1:lrnfluil:u0ldCIluouluuuav

:n.an.{ruru :to urir d{nrnfi s.r l#ldurn:lru

[!0.tu.! a, drtu oulel* t] w* fl wfu@

lEa.rraO-J*z {g
ld

lffi-------*---:l
ls.rd ---iq

B

E

E

E

jY"

,rn.a,reri
r's.aftfrdu

s.a.fioetrou

Elmanmooor+h,lf
Elmmaffiparao,I
Eln.a..rrorom,ll
Elrsruiaud/rrnmohru,ll
(Jrrour6,I
Elrtsru*hrr*r.,!l
Elrrru,m**rmdu,I
llltt*ru.,oa, t
CIBdE.-r6M"-*-+,!
E*rtrnnr,lF
Dqrrera

(;o,JglclEi:+1
*,rir,", \r-\'viYt \ rh.e.tuffit

iltr'HP',lg , \---rffi75,8, e---*r*,"o_i- :l*,lll*"-- s.ntu*rslsr,

daorduantilii s.t iituflil.:anrfiourfuuarl:{ilururariuairuqrnl?reitualurrnfirrinouartrnlfi

(n:vm: xd1[1:ilqr, 2556)
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lunr:r6uvrr.r'hJrirnr:,iordr:.rrndosu^orrflvrdtufltorTu rirru-unr:Iorunr:drd'u

,durludururotix{ru Jnorirr.runl#r?rurn'nrr.:orndrfinr',ro'.ru'.rr*OrU,rUrUrur'',rn'rfihJ
,"o r o d a q s 9 v j"

mln'l:cuouUll{vldtllu0u'lUUtlCIc t:{?1u1u]nd{td:uqtfllvt 2 [rl-t{ 116:noururyrdrilnlru

dt D'l : Eu qx i's r in qu n : 1 sD rfi I n oldn o r tu n r : r6u r r r rra v ri r n r :,rio ru f r q.: :'1ru + go u r fi
-in{a]:l{yt 5.l

nt r Nd s. r 6'eo d ts ii rrTu rdu vr x 0 r n d r fn n r u dr r r : il qr 6'.: n irr q u n : i ryr r fi 'hJ an r fi ou r fiu
Sta

rtae t:{y{u1ulad{td:uq1n11{

Lap Sequent Distance (km)

I 0-l-2-0 163.8

2 0-3-4-0 37.4

J 0-5-6-0 127

4 0-7-8-0 219.3

5 0-9-10-0 137

185 0-309-3 I 0-0 120

186 0-3ll-312-0 97

187 0-3 l 3-3 l4-0 35

188 0-315-316-0 160

0 1 n n t : r'i d s. t tfltr r?r fi do.: rd u m t.:'hJ ri r n r : qi o ru f r q r :-n u r q rl n : aivr r.: n r : urr il d

nrruJ:lnorurnrisrairuqrnl?lfiruorionu, 188 rduyrr.: drfi:yovyrrurruri,,ru, 22,945.20
3i- ag S o ' Jn tatrufl: ttavtJdu4u:?u 475,150.30 urvt lnuriruanlrrnnirrirriu rir,riorurlrq.r 5.Bz2,u1tl

riru:.: 1,851 ulyt rrasrirfir{'n 500 utyt

0 1 n n 1 : tel^lJ Yt l.r hJ ri r n r : qi o ru rl t q.: fn u r q :J n : nivr r.: n t : lr?\ m dn'l il l : .: fl u t u t a

ri.rrairuqtn rnd rrLaluil o qriunu.jr

( t ) 6ru:urdumr,:lunr:rn^umr{fi ilaturdumx

(2) du r?ulu nr: rn'umx ql
(3 ) ri r n r : qio ru d r q qn60.: fi oun vr ti'hjud:ra$ o n r ru ri r r u n r o r In : { n r :
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(a) lu nr: r6umr.:dorto-uvrr.:'hJ-ndu4 niu

(s) fido6rrindrurraruruhirnirninrin arrur:n1#r?nr:drniorf ':n'jrrirrun'ld
9

u1.q

o r n il rX u r fi r,r u dr.r du {i 6'u d ui r n r : u tlfl rg n r n r : {'o r #u yr r r n r : t n^ u yn s dr u ii
aaair!
Etiasr-n fi1il:snolhJd':u it' ct*t -wright Saving Heuristic iG Nearest Neighbor Heuristics

A4Vl
rrav iG Cluster First Route Second rTstranttunrvrfi s.z

o "rr',d s.z ii n r : uriil ryn r n r : f,nr rdu n r r n r : rduyr r r

5.2 Xn Clark-Wright Saving Heuristic

nt:dttu'unr:riru:nrritt0{ Saving ,utu" dsrflurirfiri.:d6,:nr::J:srf,nminorn:
-o ;! a d a e

( tuvturrrun{:suuvrlrlunr:t6u:n) ornfuo'.rrirnr:6'nGo.:rdumr.:{iriluhJLi'Iqunrrru
1t-- q r cl - -A.q' . y vt ra ia ra0{n1: tuufl aurduyt'l{T[aon9t0{ lutnun?'lu d]u1: 0Ios:nu: :4nvtIoti

Ad
5.2.1 TE Clark-Wright Saving Heuristic rtuud'{rAil

addrad.ajjo-E Saving tiluTE Constructive tuornu-':figndtrauolqu Clarke rrne Wright

1ufl n.e.tq64 eG Saving rfluiGfifiurldfiuodr.:unirnrolunr.:rJg^ri6 rn:ryrfluifiii.iru}i
rirsrorldn:l'[rJfl:.:rirur?'iri6dovhjrJ:vri'u6.rnr:'ldrirqroufi6fiqnHnrru rirn:-rilryurn1:

9q
nt:trnilaJil'ln'l:

q9'o
0atrYuml{n1: t9tuvtl {

ii ct*t-wrigtt
Saving Heuristic

iG ct*t-wrigtt
Saving Heuristic

a

I
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u A " Jo h ro ru ad q dr ^4id r a a ^a tr i
fladu loyttJlul9t lu tl,ltuun?I Saving u{n{lilu?Imilu:cdYlIRl?,{?I14u{ ctr.lt:ld]u"l:u

riruaorrrdrsrou'ldlnu:J:'rfltrnn1:ldrndornorun^arsro{riorfiurrrriorfrurnioroorufirrnoilu
r d d e A ol - i

n t: il : eu?a r{a rilu{rafl u0ucu'lulJu 9r oufr.lu
I o .l v s o qY I i

Step t afrrrirsrourTudu (Initial solution) lnunr: rlrrunhirduvn{?ru-{
9 a o ' - I u 9o 9 t v o

rdumr.:fr:n.dfl.rfru{61u?u t rpisrvirriu n'.:riur:rov'ld,ilru'lurdumr{ryirriu,ilruru :fl.da.
I

ri'rnrun

step 2 riturnrdtnrrrurj:snf,sr (Savings) drrfiuurrmudro s,, :ufl'jr{ :yr.del.rJ

J,a - i
2 nu uuno:fl.dgr. i [[ae:il.dgr. j ot{flunl:yr 5.1

S,,:Co, *C;o-C,i (5.1)

J^uosrr@t
step 3 rTu sr o u fi o n r : frn ii r rTu ri r n ? 1 il il : u 14 f,n (Savings) t r n ri r s,, fi I r nqn

h ro r , i
tilu{n1s,j uoumqn

i v tc
ntfl ii 53 nl: f,n cisfr u rir'hJ-nd'u rrul Clark-wright Saving Heuristic

5.2.2 1G Clark-Wright Saving Heuristic uturJYurJl.r

Step t aflr.:r{rnolrirudu (Initiat solution) lnunr:rirruel#rdumxnd.r
,l d d e_ - t , J , I u9o er t v otduYl'l{u:}I.da.tilu.:01u?u I ttfi{lvtluu n.:uur:rov-t6drururduml{rvi'lri'udru:u:yt.dn.
,

fr'rrupr

step 2 drurarrirnrtru:J :vr f,n (Savings) d.:rfi ouumu dro s,, : u rjt{ :y{.det.
J,A

z nu fufio :yr.det. i uae:il.dst.l rilaunr:fi s.t

step 3 tiusroudonr: 6'ndrril ri tn ?rlr il : u fi f,n (savings) r rnri r s,, d u rnqrr

'o
, D,;

6
Do

@v

a

t

h re t et i
luu{n] srj uoumqgt

Dr
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!, , rn ra qY rq 9l

step c dusrousio'[rJfionr::?u :Y'r.det. i rrov:11.del. .; tr?oqilutdumrs

16u'rriu lsrurir:vuyyn.ri,'r'[il, nnrfil{1unr:dorurirq.rrndosfiottumd trav:sttuytl{ttnd'u ill
:?rufiu dor'hirfiu 480 urfi ilrrurriru':surirldiiro Inorirnr:ujiuurfiuurirldiirulunr:t6umrs

- i .l y a h I rl q r t4 d o , i-ru- 2)--4-..-4-.-re---.-< 2,-
nf,ururfiqnriudurrasrfiuvrr.r'hJrduvrxlmri nJEuutfiuufiurirfir,r'nrirln-u tnotrJEulrfruuttda

vru'ir rirldiirulunr:rn'umr{nf,uilrfiqnriruduunurer-uvn{'[rJrduvrrslrlri utnn'irrirfir{nflrs

6uosfirnr:uoufindr.:n'u (n:tfirt'n Djo* Do,,o,lnr, rirfirt'n) trsidrfiritioun'irniorvirfiurirfi
e 9 4 a - i .i Y , dvt ru t i- - j s d
r{nrirsnuosrnuyrl{nnrillvrqerr:uelu tn:fi'lilfi'n Djo+ Do,,urlnr . rirfifin) d'lnrnfi s.+ Ierufi

inqrJ:va.rrirfiorrflflryrrnr:6'qrdumr{nr:r6umrs'lrJ.riorurJrqrrniosfiouvrvrdrosl:':il0tuta
raoossa

6l{rd:ilq1R1?I9r 1U O tU 0trfl ?nqun:110 1U

ivt.nlilii 5.4 nl:ilnri.rdudrhJ-nfruuuu Clark-Wright Saving Heuristic rruurJiurJq.r

oAo,

5.2.3 9iltilURl:fi'ril?itln'lt0it Saving value

I o A I -s o ory J
Step t aftsritsrottSrudu(Initial solution) Jount:rirrunhflrduvn{fi il.r

9 d a ' - I ,a9o 9 | v o

lduyn{u:fl.cfn.rr{u.:'firu?u I uriilvirrlu n{uu[:r0e tn0ru?urdumr{ryirriudru':u:u.an.
t

riltmro

Step 2 titurnrritn:rril:vrf,n (Savings) dlrfiourrvrudru s,, :eil'i1{ :tr.del.

z nu fiufio :lr.dst. i rra&:yr.dsl.1d'.rarunr:fi s.t

D*
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iur
er"r:r{ii s.z sr":odrrnr: riru ?Eurirn?rilil : vfi f,or (Savings)

4
mo{

4lilo{ C,, ci, C,i s,i

Saving 20 l1t t21.00 t29 8.2 247.8

Saving lll 20 129.00 127 8.2 247.8

Saving 20 148 127.00 t23 3.9 246.1

Saving 148 20 123.00 t27 3.9 246.1

Saving 111 148 129.00 r23 6.8 245.2

Saving 148 lll 123.00 129 6.8 245.2

Saving 7t lll 120.00 r29 4.2 244.8

i

Inufi c ,, rflurirldiilu , r?ar rio:vovmx:efl'il{:il.6rer. i rra&:?r.an. j lu
erl:t{fi 5.2 ( r:rld:vuvvrl{rryrurirldijru) , D rrmudqfrnunfuor Depot rdu c D il4rJtufi{

: v u s yn { lu n r :'rio u rS r q s rndo q fi o r ur vr d: v n'j r.: gu dd o ru :! r q.: (Depot) r rn c 5 il. d et. i

step 3 rirsrou6onr:{'ordrdurirn?luil:u14f,sr(Savings) 0tnrit s,, filrnqn'lil
srctA-i
u{nl s,,uouYrd9t 9{911:1{11 5.3tJ c

sn:l.rd s.s d:otir{nr:riu{rirn?rilil:y?rfrn (Savings) 0lnrirurnqnhJf,{rirfioufiqn

4
ttJo{

4tilo{ Co, cio C,, S,,

Saving 20 lu t26 129 8.2 246.8

Saving lll 20 129 126 8.2 246.8

Saving l1l 148 129 123 6.8 245.2

Saving 148 lll t23 r29 6.8 245.2

Saving 20 148 126 123 3.9 245.1

Saving 148 20 123 126 3.9 245.1

Saving 7t l1l 120 t29 4.2 244.8

Saving lll 7t t29 t20 4.2 244.8

Saving 8 148 200 123 84.6 238.4

Saving 148 8 123 200 84.6 238.4

t
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etl;t{d s.s d'rodtsnr:r:'orrirnrruil:vHflfl (Savings) 0rnrirurnqnTrjfisrirrioufiqn trio)

4
tlJo{

A
tilorl Co, c,o c,, S,,

Saving 8 20 200 r26 88.5 237.5

Saving 8 lll 200 t29 91.5 237.5

Saving 20 8 126 200 88.5 237.5

Saving 1ll 8 129 200 9l.5 237.5

Saving 20 7l t26 t20 t2.4 233.6

Saving 7l 20 120 126 12.4 233.6

Saving lll 200 t29 ll3 9.6 232.4

Saving 200 llt ll3 129 9.6 232.4

,t

step 4 dunousio'[rl6onr::ur :il.da. i rray :y{.da. i 1#oqilurdumr{rdu?rTil

lntlilr:suvyrt{1rlil, morfit#lunr:.doridrE.rrnio'rfiorrnmd rrnv:vuemr{rindu ur:?il6'u

doslrirfru 4zo ulfi rirrurrirurarrirldriru lnurirnr:ujiourfiuurirldiirulunr:rdumxnii'urr
3^^.:-.-?-.--^-..n-.^---q^|.-y^.^---q---! rd d o t Ao y 4fi1nr?uduuaut6umr{hJrduvrr.rln*j (+ u1yr x :suu?rr{) r:J:uuryruununryrnnnrsnu

500 utvt trrntilSuurfiuuude nuir rirldiirutunr:rerumt{nd'uilrfiqnriru6'uunyr6urli'lil
9arttduvrtt"[rri il1nn'ir 500 urlr ie?i1nr:uour[ndxnou usidrfirirrioon'irriorvirrirrirro.r

500 utvt 0vtn-url{nfrurfi1nt?udu i6nr:dru':rurranItusrr:rIfi s.+ ldrduvrrslunr:
.- , ! q i a )l qt '

rur-uvrtqioru:jrq.:rnio.:frouv{vtuyt'.:l.nJrr 98 rduvtx :?il:euem'1,:fild tz,:sz.+o n^Iariln: Iprufi
2l-p q i d i o7 <^ drloritruprluttoln'truti?fr 60 nu./su. riufifio 60 urfi dtur:CIra^uilr{16'oo fiJnrrusr: lunr:
.e-.^-_--__ 4 i u r- o 4 A - o 6trluvll{ i1fltuo.1flu=.1'ttju16ntt=0.1fifr{ tsn-qr'la rlu n r: ret-uyt'l{rraur?a 11unr:ndorudr:l

rnio.:fiorrnvrd (Service rime) lurrsiaurfio{:?rurdr6'ruri'u lurrsinviuranrfilddorhjrfiu

480 ulfi (vcap) tuioqotnr':arfixruro.rvrrln.:rusio t iurvirfii z ryr. ]euranrrflnnaxiuryrt'n

n a r tet fi ld o u d I il 1 : 0 ri 1 u ? al r? n I 
u[d'ri.: 

sr r : r,r fi s. o

a
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nlrl{d s.n d'eodt.:nr:druratr'lotnt:rn^uyrrsrrocnotlunr:.il0ruf rq.16'o.:hirn^u qzo utfi

fi q ri r ldd r u 1 u n r : ut^u vr t.: n fiu l r fi 1 n r?ru du ua v r6u m r q rdu m r.: fin l:J

orn 314 nfiu r fi:susmrq t to fiJnnrn: rrny orfl r l:J zr fi:yuvmx

tzo fiIarusr:

rirl#riru : osr: rrirrirfiu x (:yuvyrrrrrna''r * trhJ)
:4x(l16+129'1

: 944 il1l/'
ior , ,i-
fr .: fr ri t ru tn n'i r ri r fr rT n 500 u l yr 6.rvi r n r : r{'n dr s du un s o v ri rrn'u m x sio hJlu

iuq.:du lnuluiufisTna^ulor[n tsfiirrr'umrqrravrirnr:.rioru:hqrrnf orn'ortnmdsio,1rJrrsido.rli

rfi u +zo u r fi lu usi a v iu arru r : n ri r u :nurn r'16'rI.: r.., r., o d s. o

,)rflunt{ ova
a r ou n r fl 91 uYt 1{1, o{u"tult I fi uy t?att2il

I

Node I 20 lll 314 I

264.70

:yuyll'l{ 127.00 8.2 13.5 ll6

ST 58.34 s6.98 I 1.5

Vcap 420 234.66 169.47 144.47 28.47

2

Node 1 7t 148 1

254.t0
:yucyn.l 120.00 I l.l t23

ST 46.82 76.98

Vcap 420 253. I 8 165.09 42.09

a
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nr:t{d s.s 6'aodr.:nr:rirutott?ornr:rel'uyrxrraynartunr:.iorudrqlfifinr:rt'nrirsfiu

a

in]:r{n 5.6
vt9a
si'eotirrrduvrrsnr:rrr-umr.rluusiasiu ldtduvrr.rd.rilun 34 rduyrx nioldr.:ar
q-to
lu nr: rrr-uyt t.:qioilri t :.t gs iu

v
tf,u

mt{

A
a ]fl u n1: rouYn.t 1, 0.tutuyt-1fl uc

[?41

:?il

I

Node I 20 llt 3t4 148 7t ?1n t57

427.70

:gu3Yt1.1 127.00 8.2 t3.5 9.2 I l.l I 1.4

ST 58.34 56.98 r 1.50 76.98 46.82 39.92

Vcap 420.00 234.66 169.4',',| 144.47 58.29 0.37 420.00 368.68

I

Node l0 260 286 97 Y{n 200 r84 130

:UUU?11N 2.4 4.9 6.8 6.8 18.8 t2.5 17.6

ST 56.32 I17.65 58.40 56.03 52.24 r08 58.99

Vcap 309.95 187.40 t22.20 59.37 348.96 228.46 l5 I .88

I

Node t49 35 11n 45 t7 172 r56 234

:&u&yn.1 3.8 13.5 13.5 r 0.7 5.3 6.7 5.5

ST s9.70 67.23 89.34 85.90 67.23 7 t.65 51.41

Vcap 88.37 7.64 420.00 317. r 6 220.57 148.04 69.70 t2.79

I

Node iln l9 96 186 r55 I

:uug111'1 7.3 0.9 I r.4 8.4 90.5

ST 63.56 53.13 81.34 92.72

Vcap 420.00 349.14 295.n 202.37 r 0l .25 10.75

v
lfluYt't{ CIlOU :vuvYt'l.t (fiIanrsr:)

1

| -20- | 1 I -3 I 4- I 48-7 I -fin - I 5 7 - I 0-260 -286-gZ-rYn -ZOO- t S+-

1 30- I 49-3 5- frn-qS - n - t t 2- 1 5 6-ij. 4-frn- I 9-96- I 86- I 5 5 - I
427.70

2
| -7 5-3 t3-249-3 t6-27 3 -245-fin-52- I 0 I - I 93-265-fi',n -25s_g3-

t28 - I 87 -240-r[n - r oz -zo r - t 32-2 | 7 -2n - I 09-fin -54 - 60 -242- |
486.60

J
| -3 t 5-317 -224-t27 -n O-r{n- r ft- tgs-23-238-38-fin-6 l -63-

223 -227 -g 5 -r{n - a t - r zo- 7 3 -23 I -7 7 -yln- I 6 8 -6 8 - I 04 - I 3 - I 3 3 _ I
465.60

a
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o-yqa
5.3 oltuuRl:ilt9tu4ulunt5rounl{

,r'uuo''nnrtfifinurrfluilarurrruu Minimize cost r?,,rjol.r'r6'uvrulunr:rrr-umrlfidrq

5-.--l---^^-.y^-.1----^ -l-r^--{^ --." -1t^.--- -,- ,- o | , J - ui a v e)' vlqnil:unoun?u0luTuil1ilutuot?I6i{6uTunrcroux-rE.rrirrr:{l{'lurlnerirfrfinriloilnt:{nril{
{- -i_ut t+ - A t, o o d4 4 o
n-.u til o'[1 il n 1 : n d'u il tfr gu 8'ri o u il r E.r 1 u n : fr fr n u 1 n s fr il fn { tu.ri o il f ] I { 3 n u rfi u vn.:'[ rJq

! v do u o a q j
a?unurtovu!'ru?u:0 I fiu lunt:r9luyn.1 rNatnr:yr

MinZ: [(Cr+ C,) x D) + [(C,x r)]+ [(Cnx (r-1)]

.i , !-llJO C, = fl1lJ1lJU

-roqc. : fl11J1E{:nU1:i)
llv

Cr : fl'lttllil'lUglO?U

- 
r i- t o

cn : ftlYtilnno?u

D : lUUUllll

r : frueurfiur

s I 4 o a -r- ! - ;y r as I olaufl o{n [un]:n1u?iunn0]nnlil'tuuvt0fl :'r 4 r'lytFi 0n lnrrun: nrf rq,:fnu r

u:unou9t?ufi'ld]:ilaoau:ln1 570 ulvtel0nn: rirnr:rildounflau 6 n-.fl: qnl 10,000

fiJarrun:finrflu o.:+z urvrsio6Jnruer: uaurirur{:0uue{:rn1 3,700 urvrsiordu fiergnr:ld
.11u 40,000 fiIarrun:siordu6'u4u:?u 0.37 urvrriofilarun:n'nrflu 1.48 uryreiofiInrrun:

(4+(0.342+1.48): s.822) ,i',,,ru.t',rrJ:vnoud':urirdr.: :zz urvrdoiu ,i',,dudou 240 ulyreio{u

(s.z;

((3tt + 240)x3 : 1,85t)rtac drfifin s00 utytsio{u uraoa;rJrirldiiroudrry'16'{oruasrrilsn:r.re - - o-"'j
n 5.7

nur{ii s.z rirl#druluusiasrurnrriq

il:vtnm 1)
9luYtu

rirri rrTu tfi Inru n : )+riril1E{fnu r : CI 5.822

nlrr:{/?u l,g5l
I du .4ntililn/nu 500
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rfiorrrirldiituluusincuurnrqj'ldu6'rfiovrir'lilrirurnrrrrirldiiru:'rrJviuruntu

n1:tsl'uvll{ Inurduvrrlfirirrurl#1unt:riruriu'ld'riniG clark-wright Saving Heuristic

:suvmrc'rolrirq.rrnioln'ottnnrll:.:vrurrrnri.:td?ilqrnrndrlolurtn o-lrin quo:rrrrfi
:n.en.6ru':u 316 uri.: ldrdurlorioru, s: rduvrrr:?u:vuuvn,:fi'ld t:,s+: frIorrusr:ld

trntlunr:tduvrr{qioufrq.: 95 {u ri'ndxn^u l2 nou riru:arrirldiiru'ldnruerr:rrfi s.s

or'trrod s.s rirtdiirulunt:rdumr.r.rioruf rq.rI:wurrrnri.:rd;uqrlnrnpirualurtmf,irin

qun:rrrrfi :u.an.{ruru :to rryil iG ctart<-wright Saving Heuristic

il:yrnyr 9)
9ruYtu

:yrJvYn.l/iituau
4 o 4 <v

rYru?/01u?unumiln
r?il (ulYt)

rirrirriutfi Iarun: ;+rirrhqrfnu r: n 5.822 13,543 78847.346

riru:rliu 1,85 I gs (sl rduilrr) I 75845

rirfirfi'nrfiu 500 t2 6000

rirldiirulun',rGrrr rrffi* 260,692.35

5.4 ?tr Nearest Neighbor Heuristics

AA
5.4.1 Ti Nearest Neighbor Heuristics uuufittfir.r

ri r n r : du r r 1 e ri.: fi u rir fi o qi 1 n d'ri'u q n ri.: fi u rir I n q nr fl r u ru r n fi q n In u fi
tA , a r,t ra l a 9 , ta. 9 a 9u:uliln21ilel0.:n1:dunl lutnun?tultor:nrurfqaurir drrJ5urnrn:rldolnr:aurirrosqrr
la9ara9,da.:a'udrtnun?'lu!lJo{:nturi.:durir ilrvri:rld:nrurilfiurirriulrrj Inun-lruln#oro

fior:arrorn:eusvn.:1.rio:suvr':arlunr:tud.:fiurirldsrrrurrsin.:rrurrr,rou ,iru,uun..,,
I

o eiq d
vtl{1uuo{u

step r tiruttnritrunlntild'uriond'.rfiudrrflulndr.r6.:1unr:duur
eltJyleyArqey.A

rdu m I { n 1 : x u d{ 0 I n u u n u r r 1 n al riu n r fr o gln ii q n 6 r.: o=.: ru r n fr qn

step 2 rdo n yr ril fr u rir ii o qj l n dq n dt.: o^.r ru r n fi qn rfi o r{ r n r : : rrL ulr {rdu m x
- I rq o', ,tri.:fiurirdurflu1ndr.:o^.rti'n1ilflan o'lnuuu:u tilnfq

step 3 du m r q n ri': fr u dr d a.: hI q n flpr r{r rdu m r r fi o qi 1 n diTr 1 n dr.r d.: q n r{r u
c) A 9-a y ...a ,, 9,1 . q r o y j 4 ,tlJ0{tduvll{il1nmdn ttA?il01:iulnetrustolnt:durit::rutolrduyrr.:riuqrrAlfrurirfiqnro-on tir
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, a U h ra q9) I 6 9 A a g v 9n?]uel0{n1:dufi'l:?u lulnun?tuolJoi:iru:rvlnlf:rlqorrildurirfrqnra-onrdrri'rlrduyrrs
@ 9 tq r - y J dt q, a cr n'n rrdail il qn ei.r fr u6rriu rfl u 1o dr.: os rYn hJ

il 1 n n ?'l u g{o I n t : fr u rir : ? }J l n' u n ?'r u I I o { : CI u : : q n 1 #r4 r n r : fl n r du yr r.r r fr'ne e 
.:^s^s^^-3^:^.?^q^^i-v-r-r^-r-)-t aq,J sd ,a s)riu trnfiusrs?tdou'itfr{fiqnritfrurirlqfiu.: tilnnn0ruuduyr'r{}1:o lil cr{?r]nu{ru!nd{dunl

io h r v gt I ' 
I

frul"trlgno'ntrittdunrl fitnt::u'fir Step 1,2 rrnu : 6nnf,:oun'jrqnrilfrudtqnqn0eQn6'nr{1
I

rduYtl{
ad

5.4.2 7i Nearest Neighbor Heuristics uuurliurJq.r

Step I r?l o tnritu u n qnrirud'u fi ddo. lfl u qer dr.r6r lu nr : 6'ur rr#umxnr:
I

rsl'u yn { o r n riu du n r : n. fl fl .fi o qil n # aa o. u r nfi qa

step 2 rfion :n.an. urisluil iioqilnfi:n.asr.dr,r6.: urnfiqn rniorirnr::ru
9 t- r! - I tv d9 !

r{r {rdu vr r s r frn o r n riu rJ fiL lfi : ?r. 6ra. riu rfl u 1 n dr r 6.1 6'n hJ

step 3 rlu rr : lt.aor. fi fr.: hi g n frqr{rr#um r.: fi o qjln dtiu : n.da. qnfrroto.:
el ; , -,a jqy e u iorduml{rtnfrdn trdrfr'tr:il'lr2ntfr16:rrurolraufl1{nu r?fi'lyl ldlunr:qiorudr:lro.: :rr.crer.
, " ''' - -'i---

fiqnrn'on ditant:aruhirfiu +so urfi 1#:ru :yr.der. fiqnra'onuhfi'urduyrrrudn rrdrrJ:-r :n.
9.y

asr. riurflulndr'ro^ld'n'hJ ornriurit:susyrl{xr"lil, narfil#1unr:.rioildr:.rrnio.:fiorrilfld
q

v u 9 tl ta
rtav:uuvYl'l{fl1ndu ut:?ildu 6o.rhirnu 4zo ulfi drrurriruaarrirldiiru Joturirnr:ril3uurfiuu
| 6li,rr q 

^ ---^_---- -j A 9 a fi t 9,n1l'f 0lulufl1:tn-uvt1{nn'urutfrqrrrTrduunsrn-uvrr,:'[:Jrduvrr.:1rri (4 utyt x tuueiltrl)
.ld a a t Av g a --- 14 4 9 r r qrrr q a vtU:uutiluunufl'lmilnn1{nu 500 lJtvt HtnlilSuulvruulrd? rryl'ir nrlfriru"lunr:rpt-urt{ndUUl
ilea
fiqnr?rudutravto'uvttr'h-Jrduvrr.:lnri rurnn'ir 500 u'ryr oer{rn1:uoufi'nr{xn^u rrsitirfirirrioo

fAlora
n ?'r ?i : o ryr r fl 1J fi'r I o { 5 00 u r yr 0 y rn^u m 1 { n f,u ru r fi o or 6 ru d'u

S.l.f rilfiunt::i Nearest Neighbor ft.urirti.s

step I ril o tn ri tr u n 1 er riru du fi aao. rfl u q n dr.: o^.: tu n r : rlu r rrdu m rrnr:
9.e-.-.. a 5) 

-_-i --rq_y-... -_^_-<_..- d .i ,q yA 4 4 dtelulll{ tlnuunuill 51\.da.m0gln6 fldo. r'rnytqn rys:fl.cat.frog1ni{frqnn-o rn-ol 14l fi

:eueflt{ s.z fiJanrn: rravfinorlunt:eioildt:{ l7l urfiq

d o ,si^^tq_l_-.. ^.-- g_,1. j j o e IStep 2 taon :fl.del. lrru froglnd :n.an. 5xo=l urnfrqn rfrofirnr::r:Lr,ilr{
gv"9

tdumxra'n ornriu:Jiuld:vr.asr. riurfluqordrs6.rti'nlrJ du rn.ar. fioqflndrfio.: 14l fiqer

6o rfiol t+z fi:rovvtl{ 9.9 filnrun: uavfinnrtunr:'iorudr;{ 76 urfi d.::rruraard1{ruud?",
qlrl ra dA o I q td rq ,td q A d du{ lillnu 480 u'lYl 0{1i1n1:H1 :YI.da. trr{1fiu1rog1ni{rno.r 147 fun-o lfio{ 153 fi:vuvvrx

s.t fiIarusr: rtavfir:artunr:niol:irq{ 75 urfi dq:rrunarvir.:rurrdrf,.:'hirfi'u +so urfi 6,:rr
itogehr

:?r.dn.m0g tnnon til

a
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step 3 duur :n.aor. fif,.rTrlqn6'nrr?rrduvrr.: fioql1n#fiu :il.ryq. qorfirerro.r

' ldurnr.tilrnfiqn rtdrfitr:arrnorfil#:?urosrdumrqri'u ranrfitdlunr:,rioru:irq{ro{ :r{.ryn.

a

j a , hr6 dad
fiqnta'on titnar:'lllilrfiu +so urfi hi':ru :yr.der. fiQnrn'onuhfiurduyrrrua'n rrdrrjiu :vr.

or. ,fu,flulndrrorfinhJ ornrfurir:royyrr.rrr'lil, ,ro',dtdtunr:.rioudrq{rndo{fiouilmd

ttnv:euvYllltrndu rur:urTu d'0.:'[rirn'u +zo urfi drrurrirurnrrirl#tiro ]orur{rnr:ril:'urrfiuu
t q9,/t q a - A .l rr a h Inrlf orulunr:tdumrtnd'ururfrqnr?usiurravrduvrrl'[rJrduvrr,:lnri (4 u'lyt x tuueilt{)
.ld d q t Av g a F 4 y t r qrr q atu:uutnuununtmr{nnt{n-u 500 urm rrnrilSuurfruurrdr nu'ir rirlfiiru"lunr:ro-umr.:no'lrur
i:r-
fi l nritdu un s t6u vr r.: lil rdu vr x lr il ru r n n d r s 00 x r yr r v ri r n r : u o u r{'n rlx fi u usi dr fi d r #o u

r4tvra-;tr9
n?r?t : ormlnilntroll 500 tJIyt tyrnumrqnaurutvt In riru6u

n' n ri r 1 dri r u 1 u n r : r 6 u m r s n d'u ru r fi t n riru du r r a v ur^ u m x r du m r.: ti'n hJ

0ln 153 ndu t fi:susmrs rg.q filarrun: rrau rrn r hl zro fi:sucylrs

z.z filarufl:

rirldriro : 6'q:rdrdlfu, (:vuvyrrrtrnd'u + trhj)
:4x(19.9+7.7)

: ll0 UlYl
J-a_t_ 9 t , J- a o a - j j ocr{unluoun?] fl]my,ln 500 u'rvr r.:vrrnr:rouyn{nnuiltfr ear. rfror'ru

acrrcr-rl.jlfruYtl{ [14lJ tu?uE{flU n{ln1:1{yt 5.10
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j-- s ,stl:'r{ii s.g sr':odrrnr:n]u?arr?nrnr:rer..uyn{rrnsr?arlunr:srioudrqrfifinr:fi'nrixfiu

,,tflunt{ ova
o I o u n t t[o ull I {1, o {u I u1'{ I fi uv l?at:?il

I

Node I 144 t47 153 I

40,60:eueml{ 5.7 9.9 5.1 19.9

ST 171 76 75

Vcap 420 243.30 157.40 77.30 54.40

2

Node I 236 263 292 293 I

74.60:eueT't{ 7.70 8 8.3 15.7 34.9

ST 113 79 64 57.00

Vcap 420 299.30 212.30 140.00 67.30 32.40

3

Node I 27 2t4 312 I

34.00

:&uyyl'1.1 7.90 7.6 7.5 1l

ST 67 164 104

Vcap 420 345. r0 173.50 62.00 51.00

4

Node 1 90 228 307 I

52.60:guuvt'1.: 9.20 tt.7 9.6 22.1

ST 181 106 68

Vcap 420 229.80 tt2.t0 34.50 12.40

.' i - -^ q r ,l a q r @ q9, y I 9 a a
911:1{fr s.to st'aotit{tdurr{nr:rn-uvrl{lulrflnu?u talduyn{yt.:fiilq 8l rdumrl riot#r':ar

lunr : rn^uyrmrioruf rq r es iu

t

a

a

7t
tfluYtl{ a10u :vuvll'l$ (6larrusr:)

I t-t44-147-153-l 40.60

2 l-236-263-292-293-r 74.60

3 t-27-214-312-l 34.00

4 t-90-228-307-l 52.60

a

a
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flr:l{ti s.t t ritl{iirulunr:tn-umrruorurjrqrl:quorlrari.rrairuqrnrr^rdrualurrsrf,.:rin
dotad

qUA:14[lU :y{.rYfl.0tU?U 316 [r?t{ ?! Nearest Neighbor Heuristic

il:vmn 9)
srulXu(rJtYt) 9{AOln NNH Eirl#rirs(urYr)

rirrirriu tfi Jarrun : )+rirrir I { fnu r: n s.822 13,653.00 79487.766

nttt:rl/?u I,851 95 (81 rduyrx) 175845

rirfifi'ntn^u 500 t4 7000

rirl#iirulunr :rGunrs : ru #uru" 262,332.77

5.5 ?fi Cluster First Route Second

adr.did,r
Ttnr:trl.rfrufioonrtlun{u (Cluster First - Route Secona) rrdrfirnr:flnrdumxtrr^u

:nInuldi6 Clark-Wright Saving Heuristic rravit. Nearest Neighbor Heuristic Inofrriusrou6'rd
t r 19 | 9

step I uil.: n{ru ff u fi lu n r: r6u il r.: snil lryu fi rir t o s an r u fi I n u nr sr du fi ar r r : ar qt
1,,

fi r firfiufi o drmo il:cnord'lu dttnoru^or rnjorlu rirrarrufir nouunrrer{ rrrrirrdolflnrrns
i; '. e

nlaqil ltetr{'ufidtrr:arqtfi z fifiufi o drrno il:snoldtu drrnon:vnr:frrr.ra sErfiorlurj

qn{rarlu tttJsrg urnrauavJuiltvr: rxndufidlrr:arqtfi : fiduii z drrno il:vnoud.ru
o4oa@aatd/ d6<9tormo':riu"ir:ru fr:;af{flr?n: aiur: a'jr.:T:c?.:ri urrAu rirJ:.rrrayJtrr6uru rtsrfiufi

t9

drrl:flIqxfi + fifiufi o dtrno il:cnoud?u drrnorqryonru vj.:n5qnl uroura?u qnr.min
99o4or

uluu unyullu

i

a

a

I

a



t12

tsr
ilma
lffi E3
$$,r 66
rGnrths rez.roo
Uffim.g.711
nx- a7 ur{
fr66L

a nnrd s.snr:uli{mndufiarrr:ilqr 4 nrn il{ud:curar 2556

(drrin{ruaM: alqll f,{r inqun: rvfi rfi , 2s56)

step 2 ra'onn{urduvrrsfido{nr:laun1:d1fi uaqariuduuavasrrufilunr:
ot, a
tl.tlJ:fl't:

ie a i ;l d ie e@ rq a
Step 3fr0lUYl [Ufll:taUm1.{llJO{ilUYllJU61 n?:U:&UvYll{lTl tnanU og [UlJ:tlnt

d o A A9 9 O r t o Ott
rn u2flu 1,r r0 dlu 1: o t,rrilu Yr 1{ tlJ fl 1: 1u fl .l : ?u nu t0

aal
S.S.l1GCluster First - Route Seconalngliii Ctarx-Wright Savlng Heuristic

' r 3 i" a i dJ is i e
step r uriln rjufi ufi lunr: 16u fl r{nrillcrufi frworcorufr Inutnfl fr u fr

rJt9r!-!laadalft:ilqxfi r fiufi o drmsfi:il.4et.87 udr rtnn'ufiatm:nrqtfi z fiufi o rirrnofr:il.dn.
,i;al;oa'ii-j

7s u?i.t u,ntriufidlrl:olErfi r f,ufi z drrnoft :il.flel77 u?i.t uastxafiufidtnr:flqtfi 4
,t

AA.dl
r,luYl 5 01rRo u rtl.dn. 74 t[?l{l

a

6ifr6
fu. sa
uJnru e*
u*rmilru e7.G2
t-!*r1ft 87,672
il.o. 7a ai.
s, 5 LrAr

14 \",uxr^ 1 ,/,,-t\t

!ns
*rl,f, 7

,ldn s7
qlEtm
{tslatrB is,gr z

rJHm, 4€4.9ro
il,t. 77 ura.r

i- 5 6a{ -54**
{1m6
*mi6
r{r}ru *s
xlrslrtiulu.:E
ilHiff{8.7sr
fr-m. 7a [t4{
il. 5 B!a{
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t

ird-r!!
fl l:r{fi 5.12 nduaorfi ourfuttos J:qnorurncisriruqtn ryrdrl o mndufi arrr:iuqrfi I

( rir rin.: r u at r I : ru q I fi'.: r 5n q I a : r rr I fi , 2 5 5 5 )

ird-r'
el'l:'tnfi 5.13 ndudorfiourriuuavJ:qnurlrari':6ruqrnrrrsiun rtsrfrufiarrt:iuqxfi 2

1 dr rin.r r u ai r r : ar qr {'.r r 5or q u a : r rr I fi , 2 5 5 5 )

atouYt SraI:{fl utuIad{tfl :tJff6t Rlil9itua
e

.441
(1) o.rlto{quo:rurru

I :n.an.:-l4u

2 :n.an.trruluqi

J :?I.d91.fiU0{[[n

4
99

:?\.dgt.o'tu1^l:-l

(6) o.ntagil

85 :T{.dst.utn'lu

86
9oro:vI.dn.uluntil u llJtryt.: 9t lIau lft 1u

87 :n.asr.riru{r

O]NUfl Srq
l:{vrutu I o fl {tfl :u qrR "llrt 

9i lu o

(1) o.nrynt:firrua

I
9d

:1r.dgt.utun:ylgtuu

2
9aod

:11.6Y9t.U1Ut?U.: 9t'tUAn: gtOUu

3
9oa6

:T,l.rYn.utun'1du{ gtlunlnuu

4 ril.da.flturnuil $ituolnuu

I

(o) o.IyrG'lvr:

76 :u.an.druilrnr?lurirs riruarHrirsrrJ

77 : y{. dgl.fltu il u o.:v,hudu d rl nrr rir.: ul

78 :?r.flgt.utu [flnryu fl tuadttn
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itd/rel'l:]{fr 5.14 ndldnrfiourfiorrnvl:lvlorurari.:riruqrnrndrun rrnu{ufiarrr:suqxfi 3

(rirrin.r r u ar r 1 : sl qr 6'{ r in g u a : r vr I fi , 25 5 5 )

irdelel1tl{fi 5.I5 nGiudotfioutriurrasJ:rvrurIrnri.:r?tqtnrnrirto rrsrdufiarrr:ilqrfi 4

(drfnlrualnl:alqrf,{rinr gua:rvrrfi , 2555)

al0un Sla
r : {fl u 1u I a fl { rfl I il qtR t?I gt luo

(1) o.?riudr:ru

I :YLdgt.U??ft

2 :7{.del.:luflfrir:rry

J :?r.rYn.ur Iruu#ou drua Juu Jnuu

4
9A

: lr.dsr.u tu fl rlJ 0{no "t{

(D o.Ir.rr6sru

75 : n. an.rhu r u o.r ft orloo si r u o#ro}.i

76
9a4osd

511.fln.U',lUt?UUn fl tuo tu{t0uu

77 :?r.rYfl. ilrnar

aloulr Ita
t: {fl u tu 1 a fl { tcr: rJ G[rn'tn ri r u oq

(l) o.rauqoil

1

I

:?r.dgt.u1fl?{

2
9a

:}Lflgt.U'lUU',tr0:il
o

3 :n.an.r1'.:rfi,:

4
9vaota

:vr.rYfl .u1uLJ?[0: iu etlun4{[yl{

1z; o.rirrju

72
94d

:lI.dgl.ululJrUAn

73 :n.asr.rhu Infl duota dru n Inncvoret

74
9s4ln/

:T{.flA.U]U?{[d0 tilUAU

a



ll5

step 2 tfi onn{rurdu vrrsfi dor nr: Jo unr: rirnun qnrirudu rraydo'rufi lu nr:
}?linr: Inuldrdnnr:rdorriuriuiG ctart<-wright Saving Heuristic uuurJfurJql fio air.:
"Aenrnolt5ru6u (Initial solution) rirurrurirn:turJ:vrf,n (Savings) fi'ndrd'urirnrrrurJ:suf,n

(Savings) ttnrit s,, drurnqnhJti.rrir s,, rloodqn

Step 3 :?ru :fl.der. i rrau:il.del.; h?oqjlurduyri.:rdu:riu lqodr:euyylt{fll

lrJ, r:nrfil#lunr:'tioridrq.rtniorfiotrnvrd rra&:vuyyrlrrrnd'r rur:rruriu d'o.rhjrfru +zo utfi
riturrituaarrirt#riru Inufirnt:nJEurLrfiourirldiirulunr:ra^uyn{nfrrrrfionriruduuay

q

to'umrl'liltduvrr':lrri (4 ulyr x r&u&ynr) rrJEuurfiuuriurirfirYndr.rdu 500 ulyr fi.rn
l4a9

r:JEuurfrulud'l rru'jr rirl#iirulunr:rdumrrnf,rrurfilnrirudurrnsr6uvrr.rlrJrdumxlrr,i

rurnn'ir 500 ulvt tvrirnr:uouri'nrirrn'u rrsidrfirirrioun'irriorvirriurirros 500 u'ryr 0u
.=^.^--^^r,--- -.i .l .2r^.4 _. s et , 3 j
trlunl{nnurutvtlntiruotu ry{arur:nd'nrdumxrrsiavmsrfrufrrytrl:0{qx rT.:srr:r{fi 5.16 rrau

^'^q_rl^'^-.__--i- j i - j
n1 tTtlu:2uyt{ 4 r1gtilulidlI'lriudt prwr:rlfr s.tz

i_-- v t .{ a q i; jnr:r{n s.I6 st?ouxrri'umrInr:rnumrIIumnfrufr arr r:ar atfr
I

27 rduytl{

vte e JI [Atduyt'l{yt.:},tlJo

EIgnr]{Yt 5.17 rirlddrolunr:rn'uvrr.r,iorurJrq':1:.:nururnri{rairuqtnrndrralurrnfl{Hier

quo:trrrfi :n.an.6ru':u 316 rnit i6 Cluster First - Route Second

lnoldi6 Clark-Wright Saving Heuristic

v
tcrilfl1{ a1flu :yusll'tir (fiIarrusr:)

I l-t5-79-75-l 34.00

2 l-35-71-32-s2-r 52.60

J l-40-38-l l-2-l 40.8

4 t-3-s5-72-r 70.7

il:vrnvr 1)

eruTlt(utll) 9.100]fl Sav. nirl#iiru(uryr)

rirrirriutfi Iarun: )+ri rf rq linu r: o 5.822 14,042.00 8t,752.524

ft'ltr:{i?u 1,851 95 (s: rduvrr.r) 17,5845
I dq .4

n11Mn/flU 500 t2 6,000

rirl#iirulunr : 16unx : ru#onu" 263,597.52

a

a
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Ad
5.5.2 eG Cluster First - Route Second logl,i?f; Nearest Neighbor Heuristic

sl t Y

Step r rrril n{rudu fi 1u nr: r6umr{a1tulcrufi sTrtoraorufi Inottsrfi ufi
fl]51:6uqtfr t u-ufr o drtno fi :vr.an, 87 ul-i{ rrqrfiufiarrtsiuqrfi z fiufi o drrno fi :r,r.asr.

78 tnil rtsrffufiartt:fl{qxfi 3 u^ufi z drmo fi :vr.an 77 rr?i{ rraerflrrdufiryrrr:ildfld 4
9tAaio4

lruyt 6 01tn0 lJ :?\.dgt. 74 ufi{
4 t e 4y s o tr y 'Step 2 tdonn{rurdur r{fr do.:nr: Inunr: rirfi unqnt;uduuaeflntufi lunr:

tri'uinr: Jorutdud'nnr:rGoefiuri'uiG Nearest Neighbor Heuristic urrrJfurJqs

Step 3 duur :n.ar. fifr.,l*iqnfi'nrdrrduvrr.r doqjlndfi'r :?r.der. qndruto.:
.2-.^-- -- - -i -.- 1t..:---^.^.^---<q-ry ,a e jq yo , otfluYl]{ulnmqn tta?n01:fi{'lt'lolYlt'i':?tJx0{rdut41{nil t?o1ytlslun'l:.ioilut!{to.t :?I.dgt.t-q

e^- 4__tr -.- v ,t ' I A - Y

frgntdonfr.:dlrur:ut'ertdurrrusiasruflfrufidrDt:ilqx d'rnr:r.:fi 5.17 rrayri'Il#dru:.1rfr'.r
JI

.4avd
4 119l?ruyrdl5't:0rdlJ Ft,:9t'l:1g1l 5.I gq_

-^-- s--^ v t e a 
" 

j j i utee I9tlt].lyt 5.18 el'10ul{rduvn.:fl1:retuml{ [ur1etl,{uytd]r1:ilqxfr t ldrdumrrfi',.rrrun

2z rdumx

i - -- t e9t q 6 r o s r aflr:1{n 5.19 nl16nrtllunt:tn-umr{qioudtq.:l:lrrurlrari.:rairuqtnrrrdrualurtnfi'lrirr
4orad

OUO:-lYttU :t|flgt.0'1U?U 316 [fi4{ ?f Cluster First _ Route Second
S orad
[9tU t$lI Nearesr Neighbor Heuristic

,)
lfluYn.t alau :vuvn1{ (fiIorusr:)

I l-3-18-75-l 30

2 1-52-73-30-44-1 42.60

J l-41-38-14-19-l 51.8

4 I -87-35-64- I 66.7

il:vrnvr d'uXulurny ,{aorn NNH rirl#Eirs(urvr)

ri rri rriu (n^I n rrusr : )+ri ril I t s inu r: 0 5.822 l4,l19.00 82,200.92

frltr:.:/?u 1,85 I 96 (so r#umr.:) t77,696.00
t i- a

nrmfln/nu 500 l0 5,000.00

rirl#drulun r : rA un r{ : ?ru #.rmrua 264,896.92

t

a

a

t

I
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5.6 fi?ilrJant:Rlrmoroosri ruaor

0 1 n n 1 : T n a o.r J n u n r : 1 d8'l? am^ n t u n r : r r rlil cy vr r l r u ry o ru :i r q l r nd o.: *r^ o,rvr vr ril u
o'sninqua:rvtrfilugrJttuurit.:1 mrs{ifluovaqrJnrnnr:vrprno.:fi16'rirtdtirulunr:rsl'uyt.l{

r o ei a Lu,,
'riorrdtq.rrniolfiorrvrvrd atrur:naqrJ16''jrnr:mono{ 6'rsrr:1fi s.zo unypJEourfiur:J:vrdu
tei

ar{1 n{nlilyt 5.6 - 5.9

,',rlud s.zo rirt#ii ru0rnn r: il a aos ld8ria6n g:J uu u rixl

I
oa{
olu?utytu? (:ou)

-o 
i

[:::l 0'lU?UtytU? (:0U)

100

80

60

40

20

0

*P"'& -$+ "r""- *}$
O"t*' a".s

a J

?fi
Saving NNH

Cluster-

Saving

Cluster-

NNH
DE

oi
0ru?ur?ru? (:ou) 83 8l 83 86 40

iiruruiufixru 95 95 95 96 83

vyA
ilRn1{nil l2 t4 t2 l0 43

:vusnl{:?u (nil.) 13,543.00 13,653.00 t4,042.00 l4,l19.00 8094.70

rirl#iirtnau(urn) 260,692.35 262,332.77 263,597.52 264,996.92

et rd -4- - o i q .- a , a<a a a r rR1?ryt 5.6 n1:rUiuurytuu dru':urfru:lunr:rduyrr.:druTGg.:?an-ng:Jrnrurir,:1
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150

100

50

0

lj:J 0lu?u?uY[{tu

-v94NI ?rnnr{nu

svuvYn{5?il (nil.)

[ :vuvvnl:?u (n]J.)

S$ """& S+

J"."-
f

---.-d-^ rd d a a
n nrri s. g n r : nJE ou rfr rlu : s os yr r I : rru 6riaor^n g il r ru u oi r.: 1

a

a

a

a

qi ru a u iu ri x r u r ro v iu fr r,Tn dr.r 6u

-s$ "r"'* 5;+ f
O"*' 

"r""
dB-4-.-.9so_o_-yA-grdaaarr

R]fl n 5.7 n l : tlJ : uu tvt ull t r u':u iu ri x t u r ra s o r u r u fu fr r[n dx fi u Briasr^n g rJuu u oi r.: 1

15,000

10,000

5,000

0

, ,, ...,.,,,,,,.----., ,..--l
I

I
I
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tol,, I
nltTOtUs?rJ(U1n)

280,000

260,000

240,000

220,000

200,000

s,.'& 
*r"':....*

.l _ _ t4 d I qgt a 6
n r il li 5.9 n r : r:JS u r_r rfr o I ri r 1 d ii r u : r ru 6 ri a n^ n g il r ru u ri r.: 1

g rirldiiru:rru(lrm)

I

01nn'r:maaorlnunr:ld8riasr^nlunr:rrfiilqrruu.ioruilrq.:rnf oru^orrnvrrilu
a v do ! r

o'.: r fn q u n : r rt r fi 1 u g :J ul u ri r.r l rfi o r rir iG n r : 6vl rv,l o fr: u rfi u o o' fu q fu n u.j r iG n r :
n^r'lr}lo{r:urfiua oI:q*, a.,r',rnrrriilrynrldduas:arrr$rn-jr {ifi'u6.rrirnr:r1orur
rilflrErider^n d'ruir'nr:rr'r,lrylofr:urfiun o^hqfru rfioudiliynrn:fifinurriohJ



d
UYIYI 6

n r tr r ffr1cy rn r n : tfi fi n u rlsr sl,f;? G 6 v,l r r,l o {r : u r fi u a 6Ia q fi'u

1 u l n d{a i'u o v ri t r a u o rfi u r 6'r n r : m q n o {r u o,: i G a^ yh ytr o f r : u t fi u a 6 I.: a #u
(Differential Evolution: og)leroldJil:ttn:ru visual studio C++ lunr:il:strarua nuun.,,

[riilqrrnr:fi'ntduvrtllu.:ruqiorurirq.:rniorfiorrnvrtilu6'ru{erqun:rurrfi Jnuovrirnr:
vqaqd4!,vlelflounuilrurroillun:ntfrnur{unouro.:n:su:unr:ririi op rurrJ:vgndt#lu.rruflifl,

ldrirnr:nr:nuuuulu DE ttuunatafrnrrov Improve Differential Evolution (IDE) rru:JiurJq.:,
n: uu ?u fl 1: ludu Erou Recombination lor ofi r ni : rJ fu rir weighting Factor (F) rrav rirrol
crossover Rate (cn) dqrruurirnurrrirnru6'rrravrrruilfrdsrlurjn' ,rarturiunou
Recombination fiiilunr:rJiltrJduu 4 ffi Inoi6d t rflun:vurufllr vector transition process
oai- 4 

^dj dl1[n2 tilun:uu?uflliVectorexchangeprocessTGfr I tilun:yurufl'n vectorinsertionprocess
^^jdteeltaeTifr 4 tilun'l:ildrup'laturiuri'larruiE ornriul#n:yu?unt: Local Search Inul#i6nr:dru

jorI
ttfr':drttrri{ one Move ttn& ifint: 2-opt rJfurJq,rr{rnourt'{do,:rluulrasfirnr:mnao.:

n:sr?un]: Recombination vis a i6 rfiolrnJsourfiuurirnoufidfiqa Inu{ii'016'1d1J:*n:,
Visual srudio C++ ill.d?utu nr : il : s ll ? n r{n r I ri I st o u

q ao 
9

lusruT{'ufr{i{'g16'rirnr:rJfuuJduugrJrrulnr:rsr'u1rr.:nos:n rflunr:rdu:0fifi
nr:?{odrseiotfio.:lnua'lut:o1'rCIfl?t'nrdon:r: ounr:virrru 16'nrruEnrir.: 1 firirnunl#
kidrrfluovdo.:ndurul(nf,.r1oriuduraruo rrnvldr?nr1un'r:r6umr.:unynr:,riorurirqr:rrrflu
9o4rnrq-.9--jdrgraua 

ot0nlrunn?]u110.:ulu?I114uu Sl'hisr:.:lui1ryrrrurn:grufifiog rulouolnrrunnt:?,1gnfi'n
949/urutsortytqrnl{fiu el?ufl'l:?eltrn:vUvtltstlo.:n":rnt(il lquiltrar{rurirqnr{ru rurnlri'lrnlrflrird'er!.1

^--_4r9t4rqr,fl1niln1u0un?]ilsotvilriu:vuvilrstorrat{rufirirruqli osdrnr:uoufi'nrir.:fiu rrsidrfirir
il r n n'i I : u u e ri r.: t o.r ra r {ru fi ri r u u n'l { o y rn^u m r s n d'u ru r fi q er r?ru d,u

q au 
I

I u s r u T flu fi fri f,u rn* o n 1 d?i dv,hyl o frr u,d o a 6 h q fu (DE) :r r :J : v g n dl dt u n r :
trdilrynrlusruif,u Iouvirnr:rJilrJq.:rir weighting Factor (r) rrnvrirtoir crossover Rate (cR)
.g-.-i--,-- i tv rj e * uatlJum{n1fl.:vt ttns:JfuttJdtlu0'nlufsr- rrnvilftrJq.rlun:vu?un1: Recombination Jerunr:

il:rgnrin:vu?un1: Recombination rrilroonrflu + grJrruu 0tn :vfir,[uf flnrnvla (2ss4) fio

l) iG vector transition process z) it^ vector exchange process 3)iG vector insertion process tt6u

a

a
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9,

4) nduli'.l : i6 frii'uoonttuunr:firnr:moasuri'u + :ilrru:r rdorirrurnJEuurfiuurirsroufi6
r99

fiqn rravlurTusroufifinr:ldiGnr:druuutrrsirrrrrir (one Move) rrny i6 z-opt rfiorJfurJq.:

rirqoul#fiil:vfivrfintrr6iiur'u 6'rln:lruiryr1rri6n'irln:JruImrfiuuur1#raoonln:IruJ*r

lurirflurJ:srytn:r?ruduluqu6'erhJ tn^orirrirfi'ldnrn6fiqnrurrflurirsrouro.rn:tfifinur d'rnrrnr
j
Yr 6.1

F and CR Auto F and CR Auto

ornd o.r giluuunrrnruuuri.: + grJuur

,t tt

ludusroufivrx{i{'uldrVnrurhJ:rrfliu Differential Evotution (op) Jnul#
hj:ttn:ru visual studio c++ lunt:fisru',,dun'.trr,rirsrotfi:anri.:rrnvniutir n1:Toao{'s
rflu'hJnrUn:vu?unl: oe 4nrl:vnr: r?ruriulqunr:{l Np rur,ilruau 20 rrav?i.rnr:rirrunrir

I

F uav cn d'sfi

(t) rir F :0.5 ttau cR :0.85 rflurirnr:rfirnofornrruifioto.: De-xuan Zouetat.
(2011) d,:rirnr:rJfu:Jq.:rir Weighting Factor (F) travrirt0.t Crossover Rate (cn) Inul#if;
Improve Differential Evolution (IDE)

(z) rir F :2.34rta& cR :o.z rilurirnr:rru^rnofnrnrrui{'utor:sfifi'u i (zssq)

In tlmn ao u rirn r : ru'rn ofrl: ui6 R..ponse Surface Method daru fiuifi n r t Steepest Descent

(:) rir F = 0.1 trav cR: 0.9 ttasrsovnr.:tolrardru : o.zs rfluur:rfirsroffildorn

IDE Adjust
Recombination

Fix. F and CR

fll:mnao{ lnufitnt:cYr'rrir F , cR ttas:vuvr.ir':rorracldil rntrurfirrfiorrrirtor F, cR rrnu

I

a

a
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:uusill{ro{raudu firrrurraru6'u.:rui6'o Ioufirnr:meraolri'uilcytllru'tn s rfio,r to rfios

rrovilrgrroi.rlun:tfifinur Jnuld:ourirueru 100:ou rirnr:fu}J:rrn:il r n9{lu,,riav{to,r

rir p, cR rtov:suc?ir.rtortntrjru rrdrrirrirsrorhJrJ:yruranro6'auJrJ:rrn:il Minituu fl.rr{6'u

Design of Experiment rird's Factorial rrd,ltfionrirsroufiGfiqorlunr:iud.rrrun rurrflup.rarirnou

(nrnnu'rn r)
,rav o '
4 ? n u 0 3 m I n r : m n o o I ri'r + g il u u u tno o d r ru r ril:' o u rfi u u ri r sr o I fi 6 fi q n u o v 1 u

I o'o .rgrad 9) A o r .,. 
e

tlustouililnt:lfTint:6rurfi.:dtrtrril (one Move) rrav iG 2-opt rnooili:tilq.:rirnoul#fi
r-ao.ljrJ:vdvrr'nrn68lt-u drln:lruJryrlrri6n'irIn:JuJryruduuurLh{rfionIn:fuJmrlnrirflu
r d , o r u h r+ I

il:vvrn:rirduluiutTnlrJ lnurirrun:orr{rurru 1,000 :ou uavrirnr:mnuuo s oio

o.t iinr:mrrirnoulourJ:vqnn1.i?G6r,lrv{ofr:urf;ua 6lagffu on) rdoufrrJrynrlu.rru?flu

o aq 
I I

lu.r ruiir'otu n f.r fi {i {'ur6o n tdi6 n^yl rv,l o fr: u rB u a 6 Ia g,fi'u (DE) ru rrj : s q n $f1#1u

nr:ttdfltynrlu.:ruii'u d.:osr#u'irifi iGpr^v,lnlo{r:urfiua 6hafu (oe) rflui6nr:darrur:n
qr)e ia a o j
h{ritstoufr6travtrar tunt:}.r'rrIlfloufrrfliltyryluavrfluiifirinaf,r,i',fi.:t#n.:rlauh dt
9aehYlttho'
{if,uldoonttuudufl ount: il:vqnoil56'.ruao.rlun rnfi o.r Inulun:vurunr:drifi
Differential evolution oe util:vgndldriu.:ruifi'u rflii'uli'rirJ:J:un:ru visual Basic c+-r utl#
lunt:il:vru?nr{aflo{dtnoutfrot#lunr:ril5uu,.rnn1:firriraoil riunr:6rao.rflryrrn'rnr,u

100 ttaY 200 trau0lfldoryaoi.rlun:tfidnurlooldnoufiarsrof nriaurJ:uil?61,{a rnter (R) Core

(TM) i3-3240 CPU 3.40 GHzrilronarrudt 4 cB

6.1.1 nt:6it{drnourdud'u (Numuer of poputation (Np))

n r : a f i.: d t sr o u tiru du t o.r i6 os 1 u.: r u i i'u drfl u n r : a f i.: r{ r fl o u 1 fi ri I n u 1 d
ri rfi ldo rn n t : afi s r{ r n o l r?ru du ler u ldln : Jru lml3l d'u Np rvi r riu 20 uda ov ra^o n In : Irr Imr
iltrfiul tln:hlmrt'rn{1u?u zo In:IruImr d.r16'rirun'r:fior:ilrrrnfl.:rifiuinnrj:va.:ri

r tda'i r rfl u J n : fu Imr fi 6 d qn ru r rfl u I n : I ru ltrliru 6'u 1 u n r : fi'nr u r r{ r n o u l u oe dr ri r ri.: r 1 r,
dl

ovgnGanar Trial vector rrnv6':tntrjrrrsiavdrrrrrillu r.iut vector ovqnGun.jr Target vector

Isruriruunril NP 1,o{ or frdrururvirrir zo miurdurriunr:airrrirsrorrirur{u rruron:rrudr

rlnritto.: Nr rsrirdud'ru Triar vector Enrdurriuarilr:0rrderirrT.:odr,:d'nuilsflo{en:r{
rirrn r cf ru (0.0- 1.0) Triat vector'k16'.: sr r : r.: fi o. t

;

I
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ell:l{d o.t In:Irulcxu Trial vecror lunr:urrirqrorriruriuto{ Np#l- Np#20 316 lfio{

I

ri r n r : {ru Np fl 0 { oe ru r 16'r rd'r fi r4 r n r : G o r d r u :u o r n ru r n'hJ r r rlo ornio fi r n r : f,n

rdumrrnr:rn'uyrr.:nrnrfi o.:nd.:lil{6nrruoo.rnuirriserr:rrfi o.z

t

a

NP

/ Trial

Vector

Target Vector

) 3 4 5 6 3t2 313 3t4 315 316

I 0.89 0.96 0.45 0.13 0.90 0.43 0.90 0.56 0.30 0.43

2 0.90 0.69 0.21 0.95 0.38 0.56 0.38 0.74 0.80 0.56

3 0.38 0. t4 0.44 0.52 0.37 0.99 0.37 0.26 0.30 0.46

4 0.37 0.80 0.09 0.50 0.46 0.85 0.46 0.21 0.43 0.96

5 0.46 0.58 0.93 0.55 0.39 0.30 0.39 0.21 0.56 0.80

6 0.39 0.6r 0.53 0.56 0.56 0.80 0.56 0.13 0.46 0.58

7 0.56 0.96 0.90 0.r3 0.74 0.30 0.74 0.95 0.99 0.61

8 0.74 0.79 0.38 0.95 0. l3 0.45 0.1 l 0.52 0.85 0.96

9 0.26 0.37 0.37 0.52 0.95 0.52 0.02 0.50 0.30 0.79

l0 0.28 0.10 0.46 0.50 0.52 0.s0 0.86 0.55 0.80 0.37

il 0.64 0.43 0.39 0.55 0.s0 0.s5 0.47 0.56 0.30 0.10

t2 0.74 0.3 r 0.56 0.56 0.55 0.56 0.09 0.21 0.45 0.43

l3 0.35 0.93 0.74 0.44 0.56 0.30 0.61 0.30 0.37 0.56

t4 0.64 0.61 0.80 0.80 0.1 I 0.80 0.56 0.80 0.46 0.74

l5 0.43 0.82 0.58 0.58 0.02 0.30 0.74 0.30 0.39 0.26

l6 0.56 0.64 0.61 0.6r 0.86 0.1 I 0.26 0.l0 0.56 0.46

17 0.80 0.59 0.96 0.96 0,47 0.02 0.96 0.1 I 0.74 0.l l

18 0.18 0.71 0.79 0.79 0.09 0.86 0.1 I 0.02 0.r0 0.02

l9 0.54 0.44 0.37 0.37 0.61 0.47 0.02 0.37 0.30 0.86

20 0.39 0.69 0. l0 0.10 0.21 0.09 0.86 0.37 0.80 0.37
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ell:l{d o.z ln:Jrulexil Trial vector 6ru6'uro.r Np#l-Np#20 ffiofinr:6'srr#umrsnr:rq'uy'r{

NP 1 roxt NP_t o-rnrJrn'hJr?og
4

tNo.l
t

ro1,gil
4

ItJO{
I

rcrl,grl

2 0.32 78 1.00

3 0.58 48 0.99

4 0.36 84 0.99

5 0.36 228 0.99

6 0.81 264 0.97

7 0.45 242 0.96

8 0.79 208 0.93

313 0.87 58 0.15

314 0.67 116 0.1 I

315 0.52 t27 0.09

316 0.99 299 0.0r

i be etilo1rirduvII{nI:Irt^uvtrrto.:rrsiavrfiorud'l rirrurfirnr:r{rurnrrjiurruflr:
rittu-un'l: Inofi:vusvtr.:tr'l:J trarfil#tunr:doruf rqrrndorru'ornrmd rras:vusmr,:rrnfiu
:ri:rrurTud'0.:'lrirfiu +so urfi (Jflufir.]arfi'nnnr.:iu oo urfi ovfi'nr:arlerfildl d,,:*enrlu

j
9r1:]{yl 6.3

a
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---- 
i q r o I den:]{yt 6.3 9t?0u1{nt:n1u?rufl lrdumt.:lu Np#l

,,lounl{ ovQ
a 1 0u nt : to uil 1 {1, o {u 1 u?t 1 ltuy t?CI1:?rJ

I

Node I 78 48 84 228 I

97.4

lsuuYn{ 38.6 4.9 22.4 31.5 19.4

ST 60 57 62 106

Vcap 420 321.4 259.5 17 5.1 37.6 18.2

,

Node I 264 242 I

224.9

:uuvYtl.t 84.8 35. l 105

ST 58 ll3

Vcap 420 277.2 129.1 24.t

98

Node I 116 127 299 I

186.9

:cuunl{ 91.8 10. I 6.7 78.3

ST 53 79 78

Vcap 420 275.2 1 86.1 101.4 23.t
99o4

:uugytl{:?}Jlt.1du 15,361

.-.i^-q--- o r - \9q et a A , Itu o m 1 n 1 t n 1 u ? ot n 1 NP#l -20 0 s'l a ri I er o u t d u m 1 { n I : [ft-u yt t.t riru du f s r ru n

e8 tdumtl rirr{rnolfildl:Jr{ru':nrrirl#iiruJnu{oryalunr:dru':ar6'.:ep:r.:fi o.a finornrirg
9t
o o du 

-r-it_ r o I 9, r r j , oullJuvl0el:l 4 ulYlel0n lnlilfl: nliltE.:fnuril:vnourirurirar:rdonu:rnr 570 ut1noafl:
tY

rirnr:rrjduun:-{a& o fisr: iln1 10,000 fiIarrun:6n tflu o.t+z urvrsiofiJariler: lroerir,r{
:0uu ei : ln r 3,700 u rlreiordu fi or gnr: ldnu 40,000 fr lamrl : siordud'ur1u :?il 0.37 ulyreio
ASAdI
n-lnrun:frnrilu t.cg urvrsiofiIaruet: (4+(0.342+1.48) : 5.822)rirrr:s.:ruil:ynou6,.lorirflr.r

99

377 UlYlsioiu rirrfiutdal 240 ulreioiu ((377 + 240)x3 : 1,851)uav rirfir[n s00 urmsioiu

,{anr:dru?rurirl#iirulunr:6'nr#uilr{n.r:rn^uyrr,r'l:J:n.asr.,fiiuau:to rnir lunr:aflr.:
!-A9vifi'tgtout:ltgtu 9t{9t1:1{yt 6.5
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i

en:r{d o.r rirlddrulurrsiasurrqHr.;

il:vrnyr v
9tu7tuq

nirrirrju(n^lnnrsr: )+rirf rt lfnur: o 5.822

n'1tt:{/?u 1,85 I

rirfifi'nln^u 500

-- . i -- - r o9tell:1{fr o.s sTrotittnr:nlu?turirlfriiro :n.an.druru 3t6 rnilnr:afi,rrirsrourirud'u

il:vmrn 1)
9tullu

:ysynt(r/ii'lu?u
; . a A-

[1tu?/otu?unufl?rn
r?il (u17t)

rili rfiu (fi lnriln : )+ritdtE { ;nu 1: o 5.822 15,361 89,431.74

rirrr:rliu 1,851 98 l8l,398.00

rirfirflntn^u 500

t49r q a T
n1 tuolu tunl:rgtuyt'l{: ?uyt{rru9t 270,829.74

6.1.2 nfilJ?UR]: Mutation

nd{trnfildfitnr:ait.: triut vector udrrirrirtoil Target vector firnr:
riru:orrr Mutant vector (v,,o*,) fiavrir Inruldqnaf.,.,drr..,uornr:d'.rsiohjd

V,,c,*r: X,r,c* F(X,2,c- X,3.c) (6.1)

4
ru0

X,r.c : Target Vector

V,,o, : Mutant Vector

Xrz,G,Xrl,c : Random Vector

F = Weighting Factor

i-t
rfiodrrnn'ir Xr, X,z, x,, ldqn rj* rdo n o rnr:nrn ofro{il : s u1 n : d.:un nsir.la

Jil
$lnt?ntfloitfllilulu (Target vector) xt,g ettur rflu:vli'lilrfiufin.:lqru:vrTunliltrflneit{
fl o { r? n rfl o f: s il'i1 { X,z, X,r r rd:uriru hJ fi 

' 
n ur o fdu n r u d.: fi fi o x,,
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dil n l : o. t rfl u au nr : fi ov ri r'hJ 1#1u n r : n a r u?t'u f,r o.r vecror fi '16'r r n n r :
firrunntnoltSru6u frlrru-orirnorr?rduriu'[driruriusroufirrdrovr,irhir:rlddrro.r vector

lnrirfiodu dsdoliltrqn6un'ir Mutant vector Inud N,rutunt Vector rfuor,fi'oornnr:rilrir
1ro{ Vector 4r, X,z, x,, fioqjlurrsinsrrorrruruourdurii'u leufid'nuiuvnr:{ru1ur,riur,,orrfu

ovrrsrnsittriu'hJ rirrtril'rnshidrri'uri'lrirurri.rfir4rflli Mutation rrayr{luAa:ysiorTu rdsorn
J d ,q -:uunourrytunl [udunt: 5. I 6.:il

vr.c*, : 0.36+ 0.1*(0.55- 0.92) : 0.33

In u o s 6'o{fi rn r: ri 1u ?iurrJ fi uu ri rr o { Target vector t#rfl u rirvrutant vector

4 n ri r r r naru n r : fi s. r d.r o v ldri r sr o u ln ri d'r uarr s 1 u fl i : r r fi o.o

-- ---A - - - t o rnr:r{il 6.6 9t?otjl{nl:dlu?t}rl4rrirto.: Mutant vector rrsiasfir 01nqn:1o{ Np#l

4,," Xrz,c Xrr,c Mutant VectorV,,.*,

I 0.36 0.s5 0.82 0.33

, 0.58 0.25 0.57 0.55

3 0.02 0.01 0.69 -0.05

4 0. t9 0.27 0.23 0.1 I

5 0.44 0.68 0.55 0.45

6.1.3 R:vU?l{Dtt Recombination
io

ttJo li 1 n : v u ?u fl 1 : Mutation 0 u ?1 u n 1 nfi l1J 0 {Mutant vector t [a u u nri 1 9t 0 u99t

Np dusrousio'hJovrfludunoun'r:,.rdrJdruy{'u{du0vldvisaru}t'uflurito.rrirnorfi6n.iruav

trtin'jtoonlrotirqrainfln'lutfiofiraror(u{orn6'rrnJ:o'na^u1otrri1 Ieun:vurufltr rrial
vector (U,.o*, ) rfi oru r ldlu n r : 6'q d'u t o 0 r n dil n r : d (6.2)r rn e (6. 3 )

v.i,,o*, if (randb (i) S cn) or j : mbr(i) 6.2)

\,,o*, if (randb() > CR or j lmb(i) (6.3)

JPruutndtnr:rrJEultfioudtuos Triar vector ri'lnir cn (crossover Rate) Iou
nr:r:J5uurfiuu1n{ilrt?lrl.:fioqj1u rarget vector ro.lrrsiaurirflo,: Np lnufirirrorTrial vector

a

t
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dtriluflt:rl6'rtntrjr.r o - tlnonrnr:J:'uurfie,urrdr rru'ir rirro.rtriul vector firirrioun.jrnio
rvirfiurirtol cR tsrirl#nr:ta'onlurirrrilri{du1 rflurirto.: Mutant vector srrrurSouhlu

i ar ,
dilnl:fi(6.2) rTtnfidtlrn'jtrirto.r cn hfllddr Target vector rirrfirualnr:fi (o.r) ornnlrt{d
o.z ovfirnr:{ru6"lrat o - t ud:rirnr:rilSorrfiuurirLnir cR: 0.90 tirnirrjrurioun.ir o.go rriat

vector tvrurtrnrir Mutant Vector usidrri:rnt{rufirirurnn'jr cn : 0.90 rir r.iut vector turJ.)

otnrir Target Vector srrrurtou'hludunt:

js,
nr:rsii o.z nrotir':n:&u?un1: Recombination rfioriqrn*onarurt'u{lnritolrirnoufi cn:o.g

j
rfror:r'ld Trial vector n:u4n{ru:urrflr ovrirnr:Gu{dr triat vector 01fl

lrnhJnrriou tsldrduvrt{nr:tn'uvrltrrnrfioruuo.rhJ{6nrfioourorrri,rlnrissrr:r.:d o.g

l,
nr:t{fi o.g ]n:lil]cuu Trial vecror to{ NP#I-Np+zo rnaofinr:fierrdumr.:nl:rpr^uyrt.r

NP 1loil Np_t 6ulrurn'hjr?oa
4

mo.l t
rorqN 4

llloil I
loflqil

2 0.33 143 1.08

J 0.55 46 0.99

4 0.75 120 0.88

5 0. l9 184 0.85

6 0.04 241 0.81

314 -0.01 213 -0.03

315 l.l5 2t2 -0.05

316 0.20 227 -0.09

I ) 3 4 5 315 316

Target Vector 0.79 0.84 0.50 0.40 0.04 l.l5 0.39

Mutant Vector 0.33 0.55 0.77 0.1 I 0.45 -0.05 0.30

CR = 0.9 0.90 0.90 0.90 0.90 0.90 0.90 0.90

rand(0-l) 0.4r 0.58 0.92 0.78 0.98 0.22 0.99

Trial Vector 0.33 0.55 0.50 0.1 I 0.04 -0.05 0.39
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A l4r, rl I 4 9 o o oru0 l9trduvt'l{n1:[9luyt1{lJO{rreto&lilol116r drrurrirnr:rirurrurjiru]iunl:
pirrfiunr: Inufi:suvvrt.:iJr'lil narfildlunr:"riorurirq.:rnio.:fiorryrrd rras:cosmrwrnf,u

rur:rruri'ud'ol'lilrfiu +so utfi (Inufinorri'nnar.:iu oo urfi tsfi'nr.:nrtprfi!il1d.:rflifi'01ilrfir

nr:rJfutrJ6oug:Jrtulnr:16umxtor:o rflunr:rpr^u:ofifinr:i.rodrssiorfiorlnuarur:014ger

ri'ntfion:u:ounr:virsrulderrruqnroix 1 firirrurrl# '[ri,firrfluosdo{nd'uurfi'nfi.rqnrild'u

raUo rracldtanrlunr:rn^uvtt.:ttavnr:.riolrirq.:rurrfludoririluqn?tuq1,o.:utuy{1t4ur d.rlri

n:'r1uilryrrrurn:nrufifioqi rfli{'u6rrir?ruflnr:nqnr{'nrir.:nou 6':unr:inorn:suvilrrtor
6'rroteiru Inurirratrfrurirqndru rrnrriurar{rurirti'nTrJ urnfirirr?oun.irriorvirriu:sgvilr.:

t io Iy o q 9 a il -'toltatquvtntuun'li tvrirnr:uoufindrrn'u nr lnqrrfrrofi:Jfrrin'.:ru rrridrfirirrurnn.jr
| | io---, l4y a ^_!f---_-d__ - 9 q o- Jo ,:uusfi1{1o.:rntqumnlrun'li ovtrtuvtt.:nd'lrutfr1oril6u lunr:Tr'uurirrun:uus14t.txo{

tntqu l?Yl 0.75 trnsnlfluetlfiarrut:or{nrir.rfru"[d'q{qe'lrirfru + n-u rfio.:r1nrot?lutyt
f A ua u v t I d a J 'ilfl iln sru s iulti'iln rfi (r qn rar5 -o rvr sr rj) d'lrran Ilu n r : rs fi o.s

-^-- i -^ u t o I osn:t{n 6.9 sl?out{nt:ritu?iu14rrduyrxlu Np+t

I

Node I 143 46 r20 194 241

I14.5

:yuult't{ 52.8 20.8 33.3 7.6 7.2

ST 63 67 108 50 42

Vcap 420 304.2 216.4 75.1 17.5 370.8

I

Node 149 184 l0 157 68 t4

85.9

:vuyYn{ 28.7 13.8 25.6 2.4 t5.4 I 1.8

ST 60 108 56 40 69 66

Vcap 282.1 160.3 78.7 36.3 335.6 257.8

I

Node 41 ll9 I

68.5

:vuyYt'r{ 10.5 6.9 51.1

ST t24 56

Vcap 123.3 60.4 9.3

a

I
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j
nr:1{11 6.9 d'rodr.:nr:rirururrrdumrc 1u Np# I (eio)

,)

Node I 7 307 33 209 136

56. I

:vuyYt't{ 9.7 13.2 4.3 28.9 4.6

ST 82 68 65 54 54

Vcap 420 328.3 247.1 177.8 94.9 36.3

,,

Node 2t6 90 I

49.3

:vusYtl{ 2.2 37.9 9.2

ST 143.9 l8t

Vcap 273.9 55 45.8

40

Node I 173 160 294 285

74.8

:vuyn'ht 45.3 5.4 8.3 15.8 8

ST 63 78 109 53 69

Vcap 420 311.7 228.3 lll 42.2 343

40

Node 86 2t3 212 277 I

6l.l
:UUVYII{ 2.5 4.4 13.7 7.9 32.6

ST 74 67 77 4t

Vcap 266.5 195. I 104.4 s5.5 22.9
99UA

:uuyYn{:?xlYt{flu 8094.7

0'lnnl:1{ o.: vru'itrdumr{fi t nr rfio.:fi 194 nr:drrfiu{rulndrfirufltrufi
o lI 94ntuun'[i f,lfirnt:sl:':0rIoun1:t6um1{dr0efi'ndxn^u r.riond'ururfiqnrrirudu lnorirrirrar{:l

nr rfioqfi 194 illauriutnlriil ar rfio.rfi 214 r{rnfirilloun'jrrforvirrYu 0.75 1ufilnr:uoufin
9 4, tg) a t
6xn-u trsidrfiritrurnn'it o.zs ovr6umr.:ndururfiqnr?rudu Jnufirnr:rt'nrflr.:fiu & ru^oqfi 194

ttaUtr'ro{ tsz dtu':u z fiu ri:u nr rfio{fi t tg riurfio.: fi t zvavit:rorrat{lfirir1rnn.jr o.zs

6.r n d'u hJ d yr riu d'u uda f,n rdu vr r.: ln ri

206



l3l

dsn:t{ii o.ro d"lotir.:nr:rirurrurirtdiiru :u.an.dru.ru :to rrilq

il:vmvr ,)
9tuYlu

:yuvmts/druau

rdurldruaurroufifin
:?il (ulYt)

ri rri r fiu (n^ In rrusr : )+rir { r r I inu r : a s_822 8094.7 47,127.34

nru:{/?u 1,851 83 (40 rduyn.:) 153,633.00
I dq 4

n1milfl/nu 500 43 21,500.00

ri',1d;'.,uffi 222,260.34

6.1.4 RiyU?Unt, Setection

1 u n : s u 
,, u n', r riu r u u n', : ryn r no o n il : v v r n : l u q' u ri o'hJ (c+ r ) J o er l u { r u i f,u

dldrn'onr6'urluiird'.r{iqntunt:rer^uvrr.r,riorurirqrqrJn:niuavrndorru^oguvrti lun:yil?unr:
Selection r:rovrilStlurfiour{u4uii,irfiqn,lun:yu?unt:nr:aixrirnorLr?rud'u (Number of
Population: Np) trasn:uil?unt: Recombination rruio'ldritrurduouon:yu?un1:udl:rryr{r

nr:rrJ:'uurfiuu01nr{ato.ttitfloufiarrur:nrirhflarunr:inq:J:ya.rridrudrfiqoro;drnr:rdon

In:JilIryruriurflurirsroutnioovqnrirhJnrrirfloutuluriulrlirru^unr:dr0rnfl5eu?unr:

Mutation, Recombination [[0u Selection 0un:uUn Np ]nofisTaodtlnt:r|rrto^on:J:vryin:rfiold
dt

tuuf'ltgtou

srr:r.rfi o.t t si'rodx nr: 6'n rnoonrJ: v rrn: lu fl ryn r Minimizello{ Np# r -20

a

NP# Target Vector Trial Vector Selection

1 270,929 222,260

2 230,160 225,050 225,050

3 224,350 231,050 224,350

18 242,340 251,340 242,340

t9 249,450 254,990 249,450

20 253,230 233,640 233,640

222,26A
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01nn I : 1 { d o. r t riu 4 u lu n'r : rer-u vr r s lu rrsi n v Np 0 u fl 1 ru I : n n t'ldo r n Target

Vector ltou Trial vector tdot:rvr:r:-tri-,rt'.rao.rn:su?unt:rrdrfifirnr:rrJ:'ourfiuur{urqufifirir
v i J a " a ot )- .uouviqn 0lnuufrfitnl:rfion (Selection) 6'uqufifirirr?oufiqnlurrsiov Np#l-20 r6on

l n : J ru l ry ru rfu rfl u ri r s, o u tfi o o v q n ri r l rJ l #r r r{ r n o u l u { u ri o hJ J q 0 $i r r u^ u n', r d'.l 0., n

fl:uU?unl: Mutation, Recombination [[0u Selection 0un:Ut"tn Nprrasrfiurirfirioufiqnlull
d. 4 e j4j q drillJ Global optimal rSon rn ouyrdfr qn lu n r: r.:fr ofi 1 222,260 \1n

6.2 ruaRlllloao{otna;nr:fivfuvloi,ru,dou 6Iagflu ffufi'aodrsrJrymrrurordn rurolrqj

orad- a a ,

nr:lfTGEriast-n Differential Evolution (DE) rur:..l:vgneilduirtililryurrnoourrii

rl4lJlufluto.:rirnol Jnuld'fior:nrrtiu oi"rodr.rilqrrrutn s rfiol l0 Eer lroe l0 ril'o{ s qr du

na ornnr:il: ; qndl# DE drrJ r: orran {'ldd.:er r: rsfi 6 )2 - 6.13

4trjynr:xii 6.12 Hant:mnaolrilduusndounri'uilrunr s rfrosq $ - o- - -

n:0t

LINGO DE

oh GapObjective

Value (Baht)

raaflunr:Yu

ftJ:un:ru tiurfil

Objective

Value (Baht)

nar'lunr:Yu

ftJ:un:l t?urfil
I 7,547.6 74 7,547.6 t2 0

2 7,646.5 203 7,646.5 8 0

3 6,264.9 50 6,264.8 9 0

4 5,438.7 38 5,438.7 8 0

5 8,947.12 62 8,947.12 8 0

6 5,643.05 94 5,643.05 8 0

7 8,267.22 53 8,267.22 8 0

8 9,177.67 l0l 9,177.67 8 0

9 5,725.73 65 5,725.73 9 0

10 8,739.55 54 8,738.55 8 0

t
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.irje
er"r:r{ii 6.13 r{nntrytqno{ruauuufl roilariuilrunr t o rfi olq{

6.3 ?{a n t : ri r u a arlor slfrIrj : un : ru 6 v,l rv'l o f r: urd u o 6Ia g,fi u rnao urir}yn rlu s r u?d g

6.3.1 Differential Evolution (DE) ttuunaro&n losrirnuorrirfll:tfirnof F uau
j

CR fl{T'I
v9

1u du n o ufi vr r.: {i{u 16'r{'er u r Iil : rrn : u Differential Evolution (nE) In old

visual studio c++ tunr:fietur tdonr:rrrirsroud:rnrfruasniudl nr:maaonovrflu'lrjflru

n:vu?ufll: oe 4nil:vnr: 6ru6'ulnunr:{u Np rldru?u 20 ril dstuikyrr,,u, vRp ,du
oaly,,lrirrunur:tfrrnoittd'tovr{r{n:ru?unr: Mutation rnoortrir Mutanr vector rrnvr{rd

fl:vu?unt: Recombination tfiortdr Trial vector trtiuruudld'riri6nr:d,unuouoi,,,nriu

(one Move) rtav ii z-opt tfrorJfurJq.:ritnort#firj:sfivrfinrndu',rdu rrnln:hIryrulnri
6n'irIn:JruIryuduurr1#rirnr:rdonln:IrulryulrrirflurJ:vyrn:riruduludurinlil friflodr

, ", , '
firnr:rnoosJnuririluer:orlunr:mnao{ 1,000:ou rrasfirnlrrruor'f", s ofu ,n'urrdrnou

dadqrdt+tunr:nndurlunr:drru^usruqiorudrq':q:Jn:nirrnrndorru'ounyrdrir rto* charr
ooi

nr:yt1{]u tunlllyt 6.2

n:Eu

LINGO DE

Yo GapObjective

Value (Baht)

raaflunr:Yu

}J:un:ru t?urfit

Objective

Value (Baht)

raarlunr:Yu

IrJ:uniu tiurfil
I 12,173.3 864,000 12,095 3.95 0.64

2 10,896.4 864,000 10,896 5.02 0.00

J 11,163.6 864,000 11,250 4.01 0.77

4 9,608.5 864,000 9,459 4.25 1.56

5 11,910.7 864,000 I 1,915 4.t6 0.04
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t

I

nrild 6.2 Flow chart drruu op lqurir F = 0.5 cR = 0.85, F :2.43cR: 0.7 rlny

F : 0.1 cR: 0.9 rruxnnldfrn

oylsltr<
Yltntrdst,r tRt tu lsx 6?u?rnt:fitnt'(u

t'.ul
nlnunfll:n{n] F= 0.5 CR=0.85, F =Z.43CR =0.7 ua; F=0.1 CR =0.9

te r o , Ad
UtUilq'lRln0Ufl ?U?I One move

ItA& two-opt

rirln:IlImlrri6n'ir In:lulryrsiururu hiuvrufidroln:IllqllnrirflurJ:;mn:riuelu

rorlarhlryrqutinhl ,f,ruruil:siln: =:Jrymn: + I

:slnrrdtu'lor I =

9t
rrr(nr&u?untt

rrirrjn:t urunu Selecrion
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gnt't{yt 6.14 9{ant:T9too{nolddn F:0.5 cR
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-- 0.85, F :2.43 CR : 0.7 rrny F : 0.1 cR :0.9

druaunr:

nflao.t

rirl#riru (:ouriru?CIr r,ooo :ou)

F:0.5 CR:0.85 F = 2.43 CR = 0.7 F:0.1 CR:0.9

I 233,399 233,273 222,260

2 229,197 233,736 225,992

J 231,037 235,653 228,573

4 232,825 223,274

5 229,959 226,677
.t

tqou 230,414 233,142

01nn1:l{d 6. I 5 v{u'itnr: mnno{: ouriruror 1,000 :ou Ieul#Iil:un:u DE
I

ulud'lrfiruttd:rJfirrJElrirsrorLdaoiG on. Move uflu ii z-opt lunr:urlflryrrn:fif,nurnr:
I o t d ..^4--^{- t A o.__ 9 a - ;J i r oGUOulJlE.:qUn:iltloetnt0.:u=otlflytutn-orirnr:rrd'u4unr:rn-uvrrsfidrfiqn ilu.jr n1:ritilun
| 4 I a, ^"r,rirnr:rntnoi r : o.s cR : 0.85 firirldtirodrqn n^o 228,48t rJryr rirlruflriryrr:rfirsro i p : z.ql

cR : 0.7 fidrt#rirur{lqn 60 23o,z2t u'rvr, rirl.rundrilr:ril'rflof e = o.l cR : o.g firirldijru
drqn 6o 222,zloutm uasfirirl#rirusirfiEnrfleu z2s,33srrvr firirnr:rfirsrof r :o.l
CR:0.9

6.3.2 Differential Evolution ttuunora&n loslilYuur:rfirsroi F uos cn f,nluffi
o./9
lu du n ou fi vr r.: nifru kirt'nr u r hJ : r rn : l Differential Evolution (or) In o o v ri r

f q 6 I In'l:ilfuil1:'lu-tnoi F ttavrir cR 1#rli:LnJfiuuo'srlurjsr'InuJil:rrn:rurvfrnr:rirnir Np
ya

rurdrururi.:?ruer 20 Tnuuri.:n{uil:vrn: Np l-10 rflun{rufindrrion{ruil:yyrn:nar.:
NP II-Is tflun{ilfiao.rtion{lrJ:eurn:uu rras Np ro-zo rflun{1fiarlr,rion{uil:vrrn:

1 9 o i , @ il a^ 6, - - .l Y

rir.: dr'$ru:ufi{run:.:ri'udorirnunlofi}?r{rnr:rJirrirsrrurtoulrtiu Inurtoultlunr:rJir
r A d 49 v v

n ]y{ 1: llJr9l 0: 0eil9t ?unu erru : vnu

(I) nqrurJ:sstn:nnl{rvirri'u t-to h{l,fldr F:Fn6,1, cR:cR no,o

1z; n{rurJ:vsrn:uurvirril r r-rs l#l,ilrir F:F,y, cR=cR,,
(3) n{rurJ:vrn:rixryirriu ro-zo }{ldrir F:F;,.,, cR:cR 6,0

vr o {'et n {rut o.: rJ: v ryrn : ld' fi uir {n : s u ?u fl 'r: Mutation rfi o r rrir Mutant
Jyrt.vyttnlIut{t(n:su?unl: Recombination rvtoortrit Trial Vector ludusroufirvfinr:ldif;nr:dr,

a

a

228,481

230,221

225,335

a

t
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trorttu-lrirrtrri{ (one Move) rrny et. 2-opt rndoilfuilE.:rirorouhi'firJ:yfivrrnrn6u'ldu nrn
In:IruIryrulniifidt fitness tunction ii6iiqnoqilun{rurJ:vvrn:te l#r4rnr:rJ:-urir cn uav F

flo{il:srrn:r,run{rlriu Inunt:rJfurir r rrau cR rirnunt#rnaunq'ldfiny o.os uqitir

In:IuJmrfidfiqnhlnnfinejurJ:vrrn:na'r{ rir r uav cn oy'hinJ6ouurJa.rlu:ou#u fiif,u
rvfirnr:mnaoslnufirnr:rryfldrriudufi r :0.5 cR :0.85, F :2.43cR :0.7 ufls F :0.1

cR : o.q trdrh?Iil:trn:urirnr:rJfldr6'srIurTfi {ifruosfirnr:ilerao.:lourirruq:orlunr:
,9

YloCIo.1 1,000:oll ttavfirnr:mnao.:'fr 5 nfr rn^ourrirsrolfil#du4ulunr:dorurirq.:rnio.:fi0

rrvrvrririrfiqn tv'ldr^ranr:mnaord'.:srr:xfi 6.15 Flow chart fltuu?unr:nt:firlrulunrnd o.:

I

a
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a

r{rnuair.rin:]llrl iriinr:rirnr: qr

F=0.rcR=0.9

urnil:yrrn:narurirr{'u r-ro hil{iir r=n 
" 

cR=cR -
rrnil:yun:uurilrriu rr.rs hil{rir r=p., cn=cn.

rrnil:Emn:iinrilrri'u ro+o }ildrir n=n- cn<n.,

ientnfr 6.3 Flow chart duqrou oE Inunr:rl:vqnoirir nr:rlr'rnof F rrns cn dniurin^

rJiurJllrimoudrtrii orr row

,)t
11,11f, 0l!U?llfl 1l Mutarion

rJiurlq,rr{rnoudruii onr rou,

9l
tUfl ntUUlUnl: Selection

drln:lllurlnrif, n'ir In:hlnriuuul l#unufi driorf rf rrf ninr*"*lU,
rrorlnrllluiudntj drururJ:ctln: = il:rirn: + I

a
ttuunnlfldn

t:rnu

. ,lyy
nlilunnlIt$nRll:lnun10fil F = 0.5 CR = 0.85, F = 2.43 CR = 0.7 [4,

I

- 

I _______ -



138

-^-- d --- a t
n r r r qfl 6. 1 5,{a n r : m n a o { l^n : r }J-[fl o f F r ro y cn :J iu rr] fi u u dn I u nG r ru u n a r rTAn

druau

nl:

llooo{

:oudruagu l,ooo:ou

F:0.5 CR:0.85 F = 2.43 CR = 0.7 F:0.1 CR = 0.9

F CR rirl#drs F CR rifl#drs F CR Eifl#iiru

I 0.5 0.85 226,225 4.8 0.9 236,193 0.5 0.9 224,372

2 0.5 0.9 229,t63 4.9 0.85 231,534 0.5 0.9 230,265

3 0.5 0.9 229,163 3.73 0.9 237,565 0.5 0.9 227,164

4 0.5 0.8s 229,503 4.08 0.9 232,106 0.5 0.9 223,524

5 0.5 0.9 23 1,853 4.9 0.9 235,655 0.5 0.9 226,736
d

lflou 229,191.40 234,608.60 226,412.20

0lnnl:l{fi 6.15 nl:vterno{:ourilu?flI 1,000 :ou Jnutdlil:un:ru DE rruu

rJfunJduudsrlurin-rfiorfruurrirnt:rn'rnofdrrrurvarfiqnr udrrJflrJq.rrirqroudauii one

Move rta& ii z-opt lunr:rrriflqntn:tfidnurnr:,iorririuqrJnruil,avrndosil^orp^rmdtfiorir

nr:rrdu4unr:rdumrrfiri',dqr nu'ir nr:rir?ruqririlr:rfirsrof F : 0.s cR : 0.85 riu6'u fi
| 6t9r J aritlftituritqa fro 226,225 urvr rrasfirir F : 0.5 cr: 0.85 riruunrirvn:rn^rnof F : 2.43 cR :

o.z rindu firirldriru drqn fio z3t,s34urm unvfidlF :4.9 cr : 0.85 riruunriryrr:rfirsrof
:-..y-.<.rq9r J 4 4r dF :0.1 cR :0.9 rtxduilnrlforudrqer n-o 223,524 urmrrasfrrir F :0.5 cr = 0.9 rrayn

I q9r ; i
nt t50-lumlqnlQnu 226,412.20 \1Yl

6.3.3 Improve Differentiar Evorution (IDE) Iosnr:il:vqnr{n:vraunr:

Recombination loudnrunriryrr:rfirsroi r,ru, cn ood

t u n : v u r u n I T Recombinution dr rfl u rim u u n',, 
^ 

a ru a r u r{u {du r s 1 6'#.: a r o
u dq r o 

-ii_-r- _ r j 
- s I v I u a olIuq tfiilx0{nlfl0lJvlfinarttavttdniloonil'lotit{HntnflalUtn'orrarurflufornd'rrpJ:6'rrfru1o

tnrif Inulun:v:l?un]: Recombination tnJUnfitafin ovdtnr:aitl trial vector rfio.r
drorddrI t?ntfl0: tta?yl1nl:t:Jiuutfruunlt0.l Trial Vector ri:Lrir Cn (Crossover Rate) Iouurn

n]iuurfiultrda uu'it rircJos Trial vector fidtioon'irriorilrfiudluo{ cR rvdrl#nr:rn^on
qotldtrtusitttrillful ttrurittoil Mutant vector rrnfirirrurnn'jrrirto.: cn }i'l.ffrir Target vector ril
tn^u titunt:rJ:vqnd Differential Evolution (Dr) Iflunr:rjfur:Jfiuunrsu?uflt: Recombination

oytvfitnt:efl{ Trial vector tn'ru6n t nnrnofiflu 2 r?nrfl0f ud:rir Trial vector rrir riu Trial

I
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4-.zl .l J o rd 4 ovector frafr{rv{-ufru utfirnr:uJSourfruurTurir cn rrdarirnr:ra^onr?nrnoid6fiaqriou udrds
"tt1J]qn:vil?ufl'l: Selection rnionJEuurfiouduqufidrfiqnornn:su?unr:nrroi.1ori.,ru,
Ay
tiudu ttoyn:su?uFnt Recombination gio'l:J

drruerririlr:rfrrfloflunr:vreroo{ F :0.5 cR:0.85, F = 2.43 cR:0.7 rrav

F = 0. 1 cR : 0.9 rfrorirrunrililt:rfitfl ofrrdr6.:uir{n:yu?un'r: Recombination Jqudrnr:

il:vgndn:;u?un1: Recombination 4 grJttlr fio rl ii Vector transition process z) ii vector

exchange process l) iG vector insertion process [[ns 4) nauvi.r : i6
y.v 

" J
{i {'tr o v ri r n I : m q n o { vT{ + g rJ r r u u rff o d i ru r r:Ji u r rfi u r ri r n o :L fi 6 vr' qn r r n v

,9

tu du n ou frfi n r : ldii n r: drun d.r d lur ri { (one Move) unc iG z-opt rfi orJ i:L rJq.: ri rn ou hflfi
raaoAJtJ:vdrtntr^r60lt-u drln:IuJryrulnri6n'irJn:IrrIryr6'uurut#rfronIn:lruJmr1rrirflu
r A I d r o h ra I

il:sryrn:tiruduluqu6'nl:J Jnorirrun:ouriru?ar 1,000 :ou rravr4rnr:mnao{ 5 nis r.rnnr:
^-^^_-_e- j -_- imono{n{n]:l{yl 6.16 ttneRl}Iyt 6.4 Flow Chart n:yU?Unr:fircru
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i_
ov, il:hl:.rrirnarrd -
rxurilrn: Np = 20 F- rJilrll'rriuold'luii one move

4) xnxri{ 3 i6

n1ild 6.4 Frow.t urt liusrou top lpronr:rJ:vqndrir Recombination #r 4 rruu

jrnr:aitln:fu ltrl druiinr:r,irnr: rjl
nlflInnl:nlfl'l F = 0.5 CR = 0.85. F = 2.43 CR = 0.7 uas

l1,lfln:311Un1: Mutation

rdrgn:;urunr:Recombination i

irnr:maoou q ii
I ) Vector transition process

2) Vector exchange pmcess

3) Vector insertion process

r{tgn:turunr: selecrion

I,Irulnilfi n'ir In:l!icuduuuu 1#rrnuiirula: l,lquhdriluil:vun:riudu
to'rln:IuluriutiatJ iru:urJ:;nn: = il:rurnr + I

ttAg two-opt

rJiurlllrirnoliruii one move

llAi two-opt

t:Inu

F=0.t CR=0.9

__r__.
I

Iiilunl
\r
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01nfl 'l:1.: 6. I6 ?irnttvtqno{:ouriru?ru 1,000 :ou ]oul#Iil:rrn:l toE Jqu
tJnt:il:vgnrin:eu?unl: Recombination d:u?6 vecror transition process if; v""to, exchange

process iG v".to, insertion process unu rualJd{ : ?6 rrfr'':rirnr:rJfurlq.:rirsrol6'roifi orr"

Move rrdu iG z-opt }?rrr:rfirfloj p:0.5 cR = 0.85, F :2.43 cR:0.7 rrae F:0.1 cR:0.9
tv ,i I

traeiltut:Jnuun:vu?ufltt Recombination ri'.: + g:Juuu rravrlfilrJqlriretor6'ruTG one Move

uau a; 2-opt lunr:rrrtilqr,rrn:tfifinurnr:dorurirq.:grJn:af,,nun6o.rfiorrwvrrirfiofirnr:ur
e a i; iauuunl:[9tuyt1{yl9t]ylqa y{u?t

(l) nr:ritrueritrrt:rru^rno{F : 0.5 cR : 0.85 vrrL'ir iG vector transition
d I 619r' ,'

process frrirldiirurqdu zzg,gol lJtil e; vector exchange process firirldiirurn d, zzl,gza r-rn
iG vector insertion process firirldtirurq do zzg,slgurm rrnyr.rduri., , ?G frrirl,flijruraau

230,7 45 u tm t tn ea; vector exchange process rfl ui6 fi fi ri r ldii r u rq 6 u(i r fi ao

(2) nr:rirfluelrirttr:rru^rmof F = 2.43cR : 0.7 *r;l a; vector transition
< | qrt j ad . d r qrr iprocess unlls01ulnau234J99 ulm ar Vector exchange process frrirldijrurqfiu z36,o9t lryt

if; vector insertion process firirldiirurqdo zzl,ozqurm lrasrldud, , i6 firirl.fliirurnAu

233,4g 4 u 1T tta ueG Vector insertion process ril u if; fi fi ri r t#ii r urq 6 u(i I fi aet

(3) nr:ritiluerdrflt:rtJ'rflof F = 0.1 cR : 0.9 *r'j', aG vector transition
d I qg,rr -'process frrirldiirutndu zzs,lgl urvr i6 vector exchange process firirtdiiiurn du zza)zt ,-ln

iG vector insertion process firirldiirurnda zzq,zlourm rrny,ldrd, , i6 firirl.f,tirurafiu

226,689 u rm un c if; vector inserrion process rfl u i6 fi fi ri r 1 #ii r urn fi uri r fi aer
9,,o

(4) olnfr{ r rirnt:tfrrnof vrujr rirlddrurirfiqo 6o rirvrr:rfirsro{r: o.r,

cR = 0.9 iG vector insertion process d.:firir1#iiru rodo zz+,200 urTr

6.3.4 Improve Differentiar Evorution (IDE) Isrsnr:il:vqnrin:vuaunr:

Recombination InsilYurrrr:rftrsro{ F uov CR ilsrluffi

nr::-l:vgnr{ Differential Evolution (DE) Iq ufi rn r : il furry r : rfi rsr ofn]: 1J : v gnn Differential Evolution (on) lq ud rn r : :J fun r : r ru^rn of p rrns ni.r

cn l#rJiurilfiuudsrJuriql^ JnuId:ttn:lJ0efirnr:{runir Np urdru:uriuru, zo Ino*ri,:nrin
il:vryrn: Np r-r0 rflun{rufinua.rnion{ruil:vryrn:nar.: Np r r-rs rflun{rufiaorrion{p
il:rsrn:ru rrau Np t6-zo rflunq'rfiarrurfon{ruil:vryrn:rir.r flrdrurufidrusr:rrj'u
{o rirr u n ln fi hflr4 r n r : rJ iu ri rsr r ru rto, h, tiu

(l) nq',rJ:vsrn:nar{rdrri, t-to l#l,flnir F=Fnu,,1, cR=cR 
nu.,o

(2) nq'rurJ:vrrn : uurvir ri'u t r - r str{lddr p=F,,, cR:cR,,
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t

6) n{rurJ:vyrn:rii.:ryirriu ro-zo hi'lddr F:F6,0, CR:GR 6,0

n o ir'n n{l r o q il : s ryr n: 1 d fi rdr {n : v u ?u n r : Mutation,*ou m rfi on rri r
Jrtr,Mutant01flliut{t{n:rl?unt: Recombinationrfiortrit Trial vector Iount:rJfurr1figu

n:vu?unr: Recombination d.:rfluliuflounr:flfluarurt'u{duoslddqarufi'u{lrrltoqrirsrol
idrrr,
frfrnitttavtrtin'jroonrurotir.:rarnrorurfioflrdrort'u{orn6'rrnJ:6'fldulotrri1 Jqgfirnr:rver
'.lvinrr:uefuvt F:0.5 cR:0.85, F:2.43 CR:0.7 rrny F:0.1 cR: o.q rrdal#}J:rrn:ufirnr:

rJilrirdsrlurifi rnioritnundtut:tu^rsroirrdediulr{n:vuruflrl Recombination lnodrnr:
il:vqnrin:vu?un1: Recombination4:ilttur n^o t) it. vector transition process 2) ii vector

exchange process 3)ii vector insertion process [[ne 4) fldu?i.t : i6{i{'unvrirnt:mnaolti.:
+ gilull rfrorirrurtrj5ulrfiuurirsroufi6fiqn ,,or1u,iuroudfinr:ldiGnr:drumutr.:rir*rrjr
(one Move) rtnc ii z-opt tfrorJirlrJq.rrirnoul#firJ:va'm;'nrn60.:du drJn:Irulry1lnrj6n,jr

Jn:IruIryr6'uuuuh?r6onIn:1rrlryrulrrirflurJrrnlnldrduluqud'erTrJ Inurirnur:0u
dru'lar 1,000:ou uacfirnr:mnao{ 5 ofo 

^unlrrnao{FT{nr:r,:fi 
o.tz rra&nrild 6.5 rrdn{

Flow Chart n:UU?Unl:yirsrU

;
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i 6ti'u l

l'
i
I

drnr:air,rln: fu 1vl iruiinr: rirnr:ql

dmunnr:snrirriuduCrurir F = 0.5 cR = 0.85, F = 2.4i cR = 0.7 uas

F=0.1CR=0.9

rdt{n:;urunr: Recombination

fllnllilnflou 4 ?f

I ) Vector transition pmcess

2) Vector exclunge process

3) Vector insertion process

.t-
4) il6xYl.: 3,t6

jv
nrilfi 6.5 Flow charr dunou IDE lnunr:il:vgnoirir Recombination yi'r + iG rrny

nr:rru'rnof r fiu cn dmlurifi

{

I=i+l

h?rj:;nn: Np= r

ilrnil:crrn:nar.rrilrri'r r-ro }il{rir r=r.., cn=cn -.

rrnil:snn:rurrird'u r r -r s l#ldrir r=r,, cR=cR _

ymil:;mn:rir.rrrirrir 
r o-zo }ildrir r=n, cn<n .,

rJiur.lq,rr{rnordruii one more

ilAy Mo-opt

drln:lllryl1uri6n'ir la:llislduurr }irurufidruln:hlvrlrrirfluilrccrn:rird'u

torln:IllwiudntJ ,irururJ:cnn: 
= il:yxln: + I

t0Inl:ntu?01 I =

I ilUn

t{ton:yurunr: selection
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01nfl1:1.1 6.16 - 0.19 f rnr:mqnor:oufiru?flr 1,000 :ou lquldlrj:rrn:ru
oE Inuni:rJ:agndn:vu?un'l: Recombination dauit. vector transition process ii vector

, ?+-- J ooexchange process TG vector insertion process rrnvHfllJri'{ : TG rr#trirnr:rJiurJq.rrirnou6':uiG

oneMoveuaui; z-opth?rwndrvrr:rru'rnof r:o.s cR:0.85, F:2.43 cR:0.7 rray F:0.1
cR:0.9 rirudurtdarjil6'srJurirf rrnvrJfunjfiuun:eu?unr: Recombinution ri.: + :ilrrur rrns

rJilrJq.:rirnoud:ui6 one Move ttau a; z-opt lunr:rrdfliyurn:tfifinurnr:qiuurj.,quqrlnroi
..^- -4- 4 a4^-q--- e a j; j ,rlnulfi: 0{uotrilyturlloytlnlr?tlstu4unl:rglumt{fr ntfr qn nlit

(l) nr:ritrundtnt:rn^rsro{ p : 0.5 cR : 0.85 6ru6'u nl.ir i6 vector ransition
d r qr, '

process frrirlfdrurnduz3t,ofi ulm ttaufirir F :0.5 cr : 0.9i6 vector exchange pro""*fi
I q9r i

ritlfriirutqfi a228,548 tlrvr ttasfiril F = 0.5 cr : 0.85 if; v."to. insertion process firirldiirurafiu
I

230,988 ulm ttnvfiri't F :0.s cr : 0.85 uavpidr?i.r : iG fidrlddrurqfiu 22g2s3 u'tyt rrosfirit

F :0.5 cr: 0.9trouii vector exchange process rfluiGfifirir1#rirurn6odrfiagr

(z) nr:ritrundtvtt:tu^rno{ F = 2.43 cR : o.z 6rud'u ,,r.i', a; Vector ransition

process Un1tT0luteau234,247 UlmltnvufilF:3.83 Cr:0.9TGVector exchange processfr
r qryr j

ntlfdrurqfru 235,650 urn trnsfirit F :3.13 cr : 0.9 i6 vector insertion process firirldiirornda
9

234,841ulm ltaufiril F :4.8 cr : 0.9 rrov,{auf{: i6 fidrldiirurqfiu 235,1l0 uryr travfirir

F = 4.5 Cr: 0.9 uav i6 vector transition process rfluiif,ifirirldriruradudrfiqn

(3) nr:ritrunrirnr:ifilflof F = 0.1 cR : o.g 6udu nu'ir ?6 vector transition
d r Gl9, .'

process ilrirl{iirotqdu zzg,g3s urm rraufirit F :0.5 cr : 0.9 i6 vector exchange p.o".r, fi
t qi,r i d r adnllft'lutflda228,084 ulil ttnvfrril F = 0.5 Cr : 0.9 iG ve.to. insertion process fi6rldiirurqfiu

I
226,908 utvr rravfiril F :0.5 cr : 0.9 rrau,{flrurtt: : i6 firirldiirorqdu 22g,4g4 ulm unuil'dl

F : 0.5 cr: 0.9ttCIui6 v..to, insertion process riluiBfifirirldiirurndelrirfiqn
t

(+) trnd'{ : rirut:tfirnof nu'ir rirlddrudrfiqe, fio iG verto. insertion
4 a, qv,

process S.:ilrirlfdr a z2g,B35 urr rrncfirit F : 0.5 cr : 0.9

6.4 fl?ilruan1:Rr:nnoosriruaorlnalfr}J:un:ru6rlrylo jr:urdua 6laqfu

01nnl:mnao.:Iqunr::J:sunoil#iG Differentiat Evolution (DE) lunr:ruflilryrr.:ru
.-l-- .o i a lq c v 

q

ryo u il 1 
E 

{ tnio l fr o ttn m ulu il.: n irr g u n : rvr r fi l u g il uu u oi r s l n x {i 6'o o v a : il n n n r : m or a o.: fi
ldrirlddrulunt:rn'uvtt'r'riolrjtq.:rndorfiounmd e rrur:naqrJld.jrnr:anao{Inul#nr:

tlal-oil:uqnfln:uu?unl: Recombination ttau nt:rnrsroj p fiu cn rjfurrj6ouriro'srlurjsr^ldr.rad
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i , , do,,
0lnn1ilfr 6.6 flu'ir rirldtirurafiufirirfiqnlunrirfl^uyn{'hJdorudrq.rqrJn:nirrny

-^+^-e dA ^ i r 6 I 9t 6<tn:o{uoltv,lnaqo 224,200 ulvl vtnrut:ttlrnoi F: 0.1 CR : O.s d'?uTG Vector insertion process
r , qr, j; j

rtsiornrirl{rirufrdrfiqn nu'ir firirvrr:rfirsrof F:0.1 cR:0.9 uuuiln6'fi6rldiirositdnodfiq9

222,260 urvr {ifru6':tfrong:Jrruunt:m0no{ Improve Differential Evolution (top) Jnunr:
tl

il:vqndn:vil?un1: Recombination d:oii vector insertion process firirnr:rru'raof F:0.1 CR

: 0.e ultfluritnoutu.:ruif,uruiorornrfluiGni:fi1#rirnouro6odA',iiqo lnurfionrirldiirsfi
j-d-.- 4 - d et a o ! dalmqn no 222,448 u'l1l utduvtt{lunt:tfl-uvn'r1i'{ililfl 39 rdumt{ svusyl'r.t 8,0+t frJarrun:

iurirsru t: iu ri'ndr.rdu qq du6.:er:xd o.zo

-__- 
j 

--^ a jdj9n:l{n 6.20 911: 1{n]:r9Uyn.:trae:uuyml{fr dfr an

v
[fll{1lt{ nt:tgtuntrt

lyuyYt'l{

(fiIanrsr:)

vy4ilnflt{nu
4

(nu)

al 4v
ItIO{Yt?tn

I | -282- I 7 8-209 -2 t 6 - I 3 6 -204 - 6 -29 8 -22- | 145.2 I 136

2
l - 1 23 - I 30- 1 49 -3 5 -246-268-9 4-303 -47 -

29t-195-304-l
282.2 2 35,303

3
t-146-t9t-243-l I I - I 84- I 7- I s7-238-38-

232-t83-142-l
391.4 2 lll,238

4 l-295-168-97-10-68-13 133-l8s-92-l 214.7 I l0

5 r-24-105-283-296-80- I 8 - t t2-34- | 185 I 80

6 l -250-59- I 5 5 -234-45- I 56- I 53 - I 223.7 I 155

7 I -293-98-102-132-r 191.2

8 l - r 08- I 07-s 0-294-3t-190-1 147.4 I 249

9 | -249 -27 3 -21 0-300-264- I 3 5 - I 270.2 I 210

l0 | - I 25 - 1 I 6 -200-8-227 - 49 -21 9 - | 398 I 8

l1 r-266-258-301-l 171.7

t2
| -239 - 193-3 t3-7 5 -3 I 6-245 -52- lot _ t4t -

276-278-310-40-l
213.7 2 316, l4l



r5l

---- -d - ^- a iaign:l{n 6.20 9t1: 1{ nt: rgtu yt-t{lrny:e usmt{fr 6fr qer tsio)

1/tcunt{ nt:r9tulll{
:vt v?tlil

(fiIanrsr:)

vn4
?{nnt.:nu

4
(nu)

4 .tv
tilo{Yt7tR

l3
| -206-99 - t7 9 - t9 -9 6- 6t -23 -23 t -88-33 -

90-l
279.4 2 179,231

t4
l-t64-213 -86-28s -192-290-309-28 I -32_

22s-l
185.3 I 192

l5
| -23 5 -233 - 5 I - I 66-57 - | 59 - I 38- t98-244-

39-208- I 87- t28-s3-r2t-l 1 0- I 82- I
341.2 3

57,244,

128

l6 r-218-95- t7 0-220- 103-7 9 - t 6-307 -7 - | r9t.7 I 103

l7 I-9-85 -t 67 -26- I 8 I -302- I 69- I 152 I 26

l8 t-212-288-43-289-l 141.7

l9 t-203-2-202-l 143.8

20 t-t t9-4r-37 -134-l r24.4

2t
l - I 5 8-3-275-269- I 80-60 -109-242-223-

8t-297-77-254-r
304.8 3

275, l0g,

8l

22 I - l 99- 1 86- I 94-s6-197 -82- | 223 I 194

23 t -3 6-20s - t9 6-27 2-20 I -222-284- 5 _ | 184.7 I 196

24 t -27 4-292-229 -263 -28- r89 -23 6_27 _ | 72.7 I 263

25 | -217 -54-2t t-63 - I 5 - 67 -7 2- | 251.1 I 63

26 r-7 6- t7 6-29 -137 - 122-62-2s -2s 6_2s2_ | 136.6 I 137

27
| -89 -230-7 I - t7 2- 5 5 -241 - t2o- I 3 I _ 4 6_

69-143-58-l
288.4 2 172, 13l

28 t-44-267 -152-160-l l1r 1

29 I - I 50- I 06-3 I r - 145 -306-t 44_ | 109.6 I 145

30
l-259- | t3-t t7 -66-27 I -308_2gg - r27 _

104- I 5 4- t29 -26 I - I 63 -21 5 _228_3 t2_ |
315.4 3

271,104,

t63
3l | -247 -84- I 6 I -27 7 - t I - | 74.1 1 161

a

a
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j
en:r{fr 6.20 en :'l{ n t: ro-u ytl{uoy : susyt t{fi 6fi qn toioy

vtduYI{ nt:tou11t{
5yuy10-t{

lfiIanrn:y

vt)d
7tflfn{nu

4(nu)
4 elv

ttJortll?IR

32
| -t 47 -305 -260- I 5 I - I 39-25 I -48-78-30-

221-214-l
230.3 2 260,79

33 t-64-17 t-255-265-93-87 -207 -17 4-l 23t I 93

34 1-173-226-188- I 77- I 114.2

35 I - I 40 - I 6 5 -237 - 124- | I 4 -27 9 - 1 216.8 I 237

36 | -9 t -280-240-287 -262-17 5 -27 0-2s7 - | 206 I 287

37
r-100-7 4-286- 148-20-3 I 4-3 t7 -3 | 5-224-

tt8-73-21-r2-6s-l
244.9 2 148,73

38 t-tt5-248-126-l 172.6

39 r - I 62-253 - | 4-4 -7 0-83 -42- | 159.8 I 4

- nr:rsfi 6.21 nr:r{nr:rirurarrirldiiro:n.cn.,f,ru.:u:to rni.r

rJ:srnn vnuqu
:vrrvilrs/iiruau

rds,atiiruaun^ufir{n
:?il (utYt)

rirrirriu(fi Jnrrun : )+rirf rqsinur: n 5.822 8,041 46,914.702

fllu:.:/?u 1,851 83 (39 rdumr.:) 153,633
I d9 4n1ililn/nu 500 44 22,000

ri r ldii r otu n', r,r^u r, u, *fr * 222,449
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n r : u flrIry m r n r : ffo ai r 6'u n r : r 6 u n r q n : fi fi n u rlo ul d?E d il rrl o {r : u r d u a 6Ia q *u

q^.-.^-d-ry=t."j-adartd;.
tu u Yl u fl ? 0 0 0 u u rtau o tn o l n u n r : m 0 n o { lJ o rl T r n v,l rv,l o j t: u rfr u n 6 I aqfu

(Differential Evolution: oe) Jnot#Jil:ttn:t visual studio C++ tunr::.J:sruaar,la ro{n1:
,rq v o u 6 O I -.^9^_-.-+_.+- dq v v d <unuiU?r1n1:0na1flun1:trtuvtt':lultu.fottiltqlrniolru-orrnvrriluo'sninqun:rrrrfi lnunv

9@qacrd4!,m1n]:YlFldounu:JsUHl0irlun:rufrnur tunouro,:n:eu?unr:rjrif; op lrrJ:vgndldlu
vaq d9 d.:1U?0Uiln{U

z.t ?f;nr:6'niit6'unr:r6untdsrurj:vunsrt,i?t.6r'lrylo{r:urdsa 6Iagfiu (Differentiar

Evotution : on) rfi ou#rJryr rlu.r r ui 6'u

01nn1:i'ett#umr.:nr:t6umt.:tunr:"riorrliq.:rndoru^orruvrd urr.,l:yrdufliuur
iuvor^
tiu'ln'unr:flniir6'u{ruttovtdutrsnr:rn^uyn.rlunr:rrr^uyrr.:hJlr?'uinr:nruI:{ilutilta

ri'rrailqtnrndrua&qhjfi;rJuurnr:irn:rvffirniuou Jnonr:raoonrdumr.:rrasiirdu.:rulu

nr:1#linr:ldiinr:riruaotd:ufrodrtflugrJuuuuaviinr:fiduoglri'rrt'nusuasn?ril.irurru

rosnfinnu

ttnnt:fiorduml{n'l:rer'uyrr': 6'.rfinrirrlilurvrfi o nr:xfi o.zo nu.ir firduvrr.rlu
^^-.i- -,- I etnt:tnumtlvt.:?liln 39 tduvttl :vu&vn.: s,o+t fiInrusr: iurirsru sr iu r[nrir.:6u ++ 6u {?0"'o

6'rrirro'nnr:to.:i6iGn'r^lrllofi:ut6oa 6hqfu (Differential Evolution: DE) utlitnt:f,oriird,u
n r : r6u il r q I n u fi in q rJ : s a.r rirfi o 1 #,fl r u r u drj q r rf,t u n r : tn' u vr r *io o fi arr

7.1.1 nr:1#:#annrnod

n r : efi I d r qr o u tiru d'u t o.r iE oe 1 u.r r u i fi'udrfl u n r : afi.: ri r sr o r In ri In a ld
rirfildornnt:ait.:ritstouritdulnul#Jn:hIryrurirud'u Np rvirrir ro ud',:oyrdonJn:IruI*r
rurtfias tIn:JruImrorndrueu to Jn:IrIvru d.:ld'rirunr:w'or:arrornfl.:rifu{norJ:va.:ri
*d''l'irrfluIn:fuJmrfidiiqn urtfluln:hJmrt?rusiulunr:firuurrirsroulu oE dojrdqrr,r,
ovgn6on'jr Trial vector travd'rratriruttsiosdrrnnirlu rriut vecror ovqnGun.jr Target vector
Inorirrunril NP 1o{ or fi drururvirrir to niurdorriunr: aflrrrirsr ourirudu r rurun:ru.ir
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Unn11o.1 NP 0vt:il91u6?u Trial vector qq[6u?ri'ud'lu-t:olrda.:6'aodxdnuiuuro{lnt:..t{

d'trot ejru (0.0- I .0) Trial vector'ld6'.: sr r : r.r fi z. r

gl'tr',ud z.t In:fuIeru Trial vector lunr:nrrirnourirud'urro{ Np#l- Np#I0 39 rdumr.r

Target \/ector

I ) 3 4 5 35 36 37 38 39

I 0.30 0.21 0.4s 0.13 0.90 0.89 0.90 0.56 0.30 0.43

2 0.80 0.21 0.21 0.95 0,38 0.90 0.38 0.74 0.80 0.56

J 0.30 0. l3 0.44 0.52 0.37 0.38 0.37 0.26 0.58 0.46

4 0.45 0.43 0.90 0.56 0.46 0.37 0.46 0.21 0.61 0.80

5 0.52 0.56 0.38 0.74 0.39 0.30 0.39 0.21 0.96 0.30

6 0.39 0.99 0.37 0.26 0.56 0.46 0.2t 0.46 0.79 0.43

7 0.56 0.85 0.46 0.2t 0.74 0.30 0.74 0.95 0.37 0.56

8 0.90 0.13 0.74 0.90 0.r3 0.45 0.1 I 0.52 0.8s 0.46

9 0.38 0.95 0. r3 0.38 0.95 0.79 0.38 0.95 0.30 0.80

l0 0.37 0.52 0.95 0.37 0.52 0.37 0.37 0.52 0.80 0.30

7.1.2 n:vu?uRt:non:fr'otantno{

ri r n r : {rr Np I o { oe r., r Id'r rd': fi r4 r n r : G o r'fi r u ru o r n rr r n'hJr r rlourfi ori i
qoqa-rvuj

nl:0na10un1:taum'l{nou-?ra{ nwt:r.:fr z.z
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sll:l{d z.z Jn: Jru Jcuil Trial veoor r?rud'u t or Np# l -Np#20 rfi ofi nr: {'pr d r d'u nr : r6u m r.:

.-4-,4y-o - a ,t o olil0lnritetunl:retuvtl.:rrd? d1utlitn1:fitu?rudruruiulunr:rirru^unr: Inufi

t

ufinlruarrur:nrJq'rifi'sruld s iulri'rJqr?i ngniurarfiraviuorvr-srri d'.rrraq{1unr:1{fi 7.3

iet
n r: r{ii z.r sT:o dr.: n r : ri'r u ? ru 14 r rdu vr r r tu Np+ t lu rn'o u fi u r n ru - n : na r n u

Np_t rdru NP_t orRilrn'hjriog
1)

tduYt'lit
I

rarqil ,,
t6rumlit

I
raxqil

I 0.32 2t 1.00

2 0.58 ll 0.99

) 0.36 30 0.99

38 0.52 I 0.08

39 0.99 35 0.03

a

a
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a

t

..i--t---. o , ,49o o u a .l y ! -liloYllni:rilu?r]rrit NP#l-10 tv"[drirnoudrd'urer-umr{r:rJetuyt.n4}Jer 23 arjorr{

----q--srqdgr]:t{yt 7.4 9l?0u'l{n1:nofl :l.tflr?nlnoi

7.1.3 n:cu?unl: Recombination (nr:rJYuuJdsuranrsroC)
j

trro }i] n : v u ?u n 1 : Mutation 0 u 1-r rJ q 
T n fi 1 lJ o{ Murant vector tln u u n d.l gtou

99'q

Np riunousiohJovrfluduflount:,.rduarur{'u{ uriorraror{uforn6':urJ:d'qfiu10lilil1 lrro
n:vu?unr: Trial vector (u,,*,) rnaorurl#lunr:d'na'uloornflrJnr:d (7.2) uav (7.3)

T

\,,o*, if (randb () < Cn) or j : rnbr(i)

4,.o*' if (randb(i) > CR or j lmb(i)

(7.2)

(7.3)

ln tlu tnfi tn r : r:Ji ol tfi ou ri r r o r Trial vectord'uri i cn (crossover Rate) Irru
nr:nJ:'uurfiuu4ndtrrriltfioqjlu rarget vector to.rrrsiasrirrlo{ Np Inufirirro.rTrial vector

I ) 3 4 5 6 7 8 9 l0 11 t2 l3 t4 l5 l6 t7

I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

r0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

t2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1

I

I

1

I

I
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dtilunr:ild'rrotrjru o - t JnurrnrilEurrfiorrrdr r^ru'ir rirro.: Trial vecto. finirrioun.jrrio
rvirriurirtol cR ovrirl#nr:to'onludrrrrri.rriul rflurirro{ Mutant vector srrrurtou'[tlu

i-
arun'l:fr (7.2) rlnfiritutn'j'lrill,o.: cR t#l#ri1 Target vector rirr6ualnr:fi (7.3) 0rnn1:1,:d

z.z tvrirnr:ciloTrrat o - t udrrirnr:ril:'ourfiouri'urir cR: 0.90 tirrir{rurioun.ir o.go rriut

vector tvulolnril Mutant vector rtridrrTlateirufirirurnn'jr cn : 0.90 rir trial vector turJl

otnri r Target Vector sr rruniou'[tlu fl x nt :

isrell:l{ii z.s d'eodr':n:su?unt: Recombination ryr^06'nrnoonarur{'u{1urjro.:rirnolfi CR=0.9

j- u9- - o g o d rtuol:l tfl Trial Vector n:u{nitu?uttd? tufilfll:lSunrit Trial Vector itfl
l r n'hJ n rrloo n v ldii rd'rt nt: r6u yl r i rio u -fl d.: Eil n r : r I fi z. g

I
en:r{fi z.o In:JruIsr Trial vector ro{ Np#l-Np+to rfiofinr:drdlnr:r6umr.:

NP l IOIJ Np_t Gsrrutn'hj#ou

atflu t
1CI1,fllJq atfllJ t

14ruflil

I 0.33 l5 r.08

2 0.55 7 0.99

3 0.75 21 0.88

3'l -0.01 t2 -0.03

38 r.15 I -0.05

39 0.20 35 -0.09

I ,,
3 4 5 315 316

Target Vector l. r5 0.04 0.39 0.79 0.40 0.84 0.04

Mutant Vector -0.05 0.45 0.30 0.33 0.1 I 0.55 0.45

CR = 0.9 0.90 0.90 0.90 0.90 0.90 0.90 0.90

rand (0-1) 0.22 0.98 0.99 0.41 0.78 0.58 0.98

Trial Vector -0.05 0.04 0.39 0.33 0.1 I 0.55 0.04

a
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.A--,,ry-.. - a , e etuo ter d r e u n r s ro u vn i r o { r rsi a u rdu il'r.: r rd? ri r ru r ri r n r : ri r u r nr d r u r u iu lu

^

i

I

c

o a s i q o a q .a? I t v I v a dnlsellruun'l: taumnu n{luei Tuu n t: 5 iu/dilfl rri r gniurar jrraviu orfr nu

---- -i -- - r o 9 69n:l{n 7.7 9l?ou]ilfl]:filu?r}lfi lldum]{1u Np#l

---^ d - - 
t v o @ 6 - v o u vty|0 1 n n 1 : 1 { Yl 7. 7 il u i 1 n 1 : o'n d t pr'u n 1 : rdu m 1 { d I u I : 0 {'n d r rirl'ld vr.: r ru n

zo rdumx iurir.rruri.:du sl iu

frrJor#
?u

ouYt: o{n1: v{fi nqfiduo Iflnt ll^t1fll: I 01Yt9tu

I

?u?l I 2
I

tduvrl.r

2
?uYr 3 4 5 6 7 8 9
I

tfluyt'tit l5 l5 l5 l5 7

J
?u11 l0 ll t2 l3 l4 li--__ Ilh--.-

I
trYuYtl.t 2t 2t 2l 2t ll

4
?uvl t7 l8 l9 20 2l >----.--N
I

tfluYtlrt I I t4 l4

t9
?uvt 20 2t 22 23 24 >----t-l)F-\
I

rfluvrl{ l3 l3 l3 35 35

20
?uyt 27 28 29 30 3l I 2
9

rduyn.r 32 32 32
I

?1{ ?1rl
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I

9t]ll.tyt 7.8 9t?ou].ln]:009t: l.t dl?ntmoi

7.1.4 n:UU?Unl: Selection

lu n : y ur u n r : riu n ou n r : rin rfi o n rJ : s ur n : lu d u si o l:J (c+ r ) Io u 1 u.: r u i flu
dsg.-+--"- a. r -l-+-. q 6 r o r J A a /6u trytfl00lu?udlJn1?rvlqnlunl:tnumt{.ioud1E.:qiln:duaurn:0{rJorprytu tun:vulunr:
Selection t:ttstrlsulrfiuldturudrJnrr[fidrfiqn1un:ru?unr:nr:air{rirnotrirudu
(Number of Population: NP) ttnenicrxufltt Recombination rfio,Id'rirqorriuouunrru?unt:

9orda-
ttdrt:rovfirnt:t:l3outfiuu0'rn,{nuos,{rflorficrrur:orirtrflarunr:;flqil:va.:rid'rudrfiqnrv

fitnt:rfronJn: Iulryurfurflurirsruuduorqnrir,IrJnrrirmoulu{urio'l:Jdrru^unr:drorn

n:vu?unl: Mutation, Recombination ttO& Selection oun:uTn Np Joufifi'eotitlnt:riqtfion

I a 3 4 5 6 7 8 9 10 11 t2 l3 t4 t5 t6 t7

I 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

,,
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0

l0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

t2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

il: yryrn :rdotdrfl uri rn o r

I

1

1

1
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4l
9rlt't{Yt 7.9

vtqA
sr"l o ti r s n r : rTn ra-o n :J : s yr n : tu il o m r Minimizer o.t Np# I - I 0

NP# Target Vector Trial Vector Selection

I 23 20 20

2 22 17 t7

3 18 t9 l8

8 l9 l8 18

9 20 20 20

l0 20 2t 20

t l nn l : 1.: d z. g d r u'tu #:J n r #1 u n r : rn^u yr r.: lu r rsi a s Np 0 u 6r'l u r : n r r'ldo r n

Target Vector tloB Trial vector tuiot:tyr:rr.rrirvf{ao,:n:eu?unt:udrfirirnr:nJEutrfiuu
,flrurud:Jerr#fifirirriotrfiqn rrnrfufir4rnr:rdon (Selection) ,firu:udrjntififirirrioufiqnlu

rtsias Np*t-to0 rdonln:IruImrrfurflurirnoluriorvqnrirhJtdrrrirsroulu{uriol:J I'o
9oao

nltuunl:6t101nn:gu?ufl15 Mutation, Recombination tt03 Selection 01JFt5u{n Np ttnytfiu

rirfirioudqprlul{rflu Global optimal riorirsrorfidfiqrrlunr:rsfiodr p &r|aty{

7.2 ,{anr:riruanrloalfirJ:un:ruo^yfidoir:urdaa 6lagfu rnaoufrr}ynrlu.rru?i'u

1 u.: r u i i'u df,i o'o 16o n l dii n' yl rv,l o fr: u rfi u n 6 h g fr'u (DE) ru lJ : y g n r{ldl u n r :
rrriilrynrlu'rruifiu Inurirnr:ilfurJq.:rir weighting Factor (p) gasrirt0{ crossover Rate (cR).,
rfl u r[r ri r n r fi rno o d r ru r nJi t,r u rfi u u ri r n o u fi 6 fi qn

lutiuruudrrl{i6'u1drt'nrurJil:uniu Differential Evolution (or) Isrul#
lil:rrn:ru visuat srudio C++ lunr:fi'mru, ,dur.lrn.,rirsroud::prrf .lunvniutlt nt:ytrloo{0y
rflu'hJsrriln:su?unr: DE qnil:vnr: r?rudulnunr:{r Nr ul,ilu?u ro rir *avdrnr:
ritrunrirp trnvcR Intlldrir F =0.lrrnycR:o.q,uou,iluunnr:rfirnofrtdrovrr?r{

n:gu?unl5 Mutation rfforrdr Mutant vector trnvt{r{n:vu?unt: Recombination tfiorrrir
,9

Trial vecto. 1udufloufild'ririinr:drurd{drurilr (one Move) uas ifi z-opt rndoiliuilq.r

rirsrouh?fi:J:cfimr'nrn60.,r,4u rrnln:fulmrlnri6n.irJn:Iulryuduuuutrflri.rnr:rn',on

In:IilImrlnrirflurJ:svtn:riruri'uluqud'n1il {i{'oo',rrirnr:moraorlquril4uer:oulunr:



l6l

mano.: 1,000:ou ttaulitntrmnao.:,i'r l0 ng{ urjorrrirsroriiadqrdtdtunr:i'qiirdurduyrr.r

n r : ur' u m r r'[ rJ d o ru :i r q,: q il n : nir r a y r n i o { fi o r r?y yr ri

inr:r{ti z.tO Honl5mnno.:uuu:Jnst' F : 0.1 cR : 0.9

olu?unlSnoaoit
Eiruru#rjor# (:ouriru?o{ l,ooo :ou)

F = 0.1 CR:0.9 Run Time (ss)

1 l8 tt.2

2 2t 10.1

J r9 10.8

4 l9 t2.4

5 t7 10.4

6 l8 12.0

7 l8 11.4

8 19 12.4

9 20 tt.2

l0 20 13. I

z.r aq rJn o n l : nl : no a o.r ri r u a arlo slshJ : un : ruG v,l rv,l o f r: urd ua 6Ia g fiu

tlnnl:mnnolJnunt::J:vqna{ldiG Differential Evotution (Dp) lunr:trflilqnrnr:
iniirri'unt:tfiumtllunr:Tiorrrltq.:rndo{iloouilvrtilufl.:ilirrqua:rrrrfi lnoljld'ririuuqn
rJ:sdrflrurldlunr:vrnaoliru':u :s rdumr{ arrur:naqilLi'd'.:d rduvrr.rtunr:r6umr,r

I

rTrxrrr lg tdurtl :uu&ytl{ g,o+t fiJarusr: iuilxru s: iu rtnrfirn'u qq du 6'priirr'unr:
o urvJ

tnuvttl16rl'{14uel tz iirril r5o tdrenrlunr:rsr'uyrrshJdoililrq.rrniolfioummri,f,ruau

n dila$ rYtuanllunr:tfi z,r r

I

I

;
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d u o v 6 h rr zi a d9rr:r{yt 7.1 I n'l: 0aarnunr:rnuyt1{ "lilryoxrnioIU-ortnmu

f,rJorrri
?u

0uYE o{n1: ?II T{qficruo fln: clalril]: I olYtFtu

I

?uvt I 2

rdumrs

2
?uYt J 4 5 6 7 8 9

I
rdumln 2t 2t 2t 21 ll

J
?uYt l0 lt t2 l3 t4 ii--.- I;----

r#umr.r 30 30 30 30
t

?t.t

4
?uYt l7 18 l9 20 2t >.--t---l>----t-

rdumrr 38 5 5 t0 l0

5

-A
?uYr 24 25 26 11 28 ,r-\F{

rdumrr t7 t7 25 25 18

6
?uvt 3l I 2 3 4 5 6
,

tfluYtl.l I I 35 35 34

7
?ur0 7 8 9 l0 ll >---- l>----_

rduilr.: t4 t4 t3 l3 l3

8
?uYt l4 t5 t6 17 l8 rg--.---.-..-l)d-.-.-.t-

9)

rfluYr-r{ 27 27 27 6 6

9
?uYr 2t 11 23 24 25 >----.-lx-t--

tdumr.r J 3 J 22 22

l0
?uyt 28 29 30 I 2 J 4
I

rfluYli{ JJ 33 32 32 32

1l
?uYt 5 6 7 8 9 iN-.- lli--t.-

rduvrr.: 3l 3l 37 37 37

t2

-J?uyt t2 l3 14 l5 l6 i)-.--- l-m--.--
r#umrr 29 29 26 26 19

I

a

I

a
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.i
9r1t1{n 7.lt

q o s a h I' ei a d t
n 1 : 0 a a t fl u n 1 : rgt u yl I i lil ry 0 ] rn5o l ilo r nr yr u (ei o )

frrjor#
?u

ouYm oitRl: vtfi ilqflcruo qn: 4lalldlt I o'tYtgtu

t3
?uvr l9 20 2l 22 23 >.---\ >---\

rdutrl 8 8 4 4 28

t4
?uYt 26 27 28 29 30 3>---.- lj

I
rduyt'lil 39 39 9 9 ?1.:

l5
?uyl 2 3 4 5 6 7 8

r#uvrr'r t2 t2 t2 24 24

l6
?uyr 9 l0 ll t2 l3 >.--- li\

rduyrrl 2 2 2 l6 l6

t7
?uyr t6 t7 l8 t9 20 )t-------.l>-------
I

lfluYt't{ 23 23 36 36 20

nlnr{nn1: vlrrnor{iilurir ruorJttili'uurfiul fi'uiGn r: rirru^u nr:1uflo1riu dslu
iltlriurTrin'itutn'uyttrlrJrirnr:qiorurlrq.:rnio.:l^orrnmrliuav z gri.: d.rldr.:arlunr:
9. A .- v I lqt - j
nlluunl: 4g dual?t/il nlnr:rqfr z.tz

sn:l{d 7.I 2 etl:l{riliourfi runnnr:rulilqnr

0]nn1:1{fi 7.12 1'{u'j1 iGnr:drrfiunr:tuilolriufinrin.rrur6uvrr.:hJr4rnr:qioru
o zi d Ja

:jt1':tnio':frottrlmdiuae 2 tt?i{ l#narlunr:rirru'unr: +a ri'r]nr#tij udornnl:yraao.:Inu
nr::J:vgnoil#if; oin"..ntial Evolution (DE) lunr:rrriflryrtnr:{,a(it6,unr:re-uytxlunr:
.-l--.-9- i a /o v u
'doUrltq.:rn5orfrorrnmdlu6'.rnirrqun:r$rrfi flodr6'unr:rEr'uvrr{'ld#{fiua l7 iirsTr riol#
rr a r lu n r : rrr'u vr r r'hj'doil il r q.rrnio,: fl o r ryr m d,fi ru :u n &tJa.fti

4 rToqrYu DE ohGap

ti'rjqr?f 48 17 64.58
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I qv g)

il?U9{Ant:?0u uavtorcruouuy

1u.:iui{'unriudldf;nurg:Jrrruflryrrnr:rirrunrdumrqrn-u:nuuilsiorfio.:lunr:

rn'u'1il'liordtq.:fnurrniorn'orunrmrl fiinqrJ:ra.:ri fio rirl#iiru: rru1unr:rn^uyr{uau

:Jg^:in-lru.:rurioofiqn dlflrynrfinarui'udoulu:runs16untornr:fixru1ufiinoi.: unsrflu
gr-ltruuilrynrnr:rrrirtrrurvarufi qntor In:rd ru fifin'lrru.i'udourornr: r{ru,rnrlu:vdu

I

NP-Hard Inoluru'o.:du'16'rirnr:rir:romqufrrrav.:ruio'ufirfiurr?0.:rYuilryrrnr:fi'nrdumr{rsr'u
j4tq

:ntfrodnur;rJtruu d'nuruvunsuu':vrr.:rrd'lrflryrrnr:fi'nrdumrsr6u:rrlunryr:aru ilrymrnr:
fisrrdumr.:tn'u:n'ldfln:tru aulof;nuruundouoon'hJotir.: uornra.runruu.irlrurnfl.ruro{

: v u Lr'1 ]u ri oh?rfi n g rJ rtu ufi un nci t r fiu t o r il ryr r n r : f,n r#u m r r rn'il : o In gfl cy r.r r n r : f,n

rdult':tn'u:ofild;rorrruaultrurnfiqnn'o Traveling Salesman problem rro& vehicle Routing

Problem rirrfuiinr:rtr{'ltflryrr torilqrrnr:{'qr#umrqn-u:nriuarrur:ourjroonrflu
- v a oe p joj ad o aa a 6d3 ttu?vllil?lan n0 'lrnr:rrrlrnoufrdfrqn TGnt:rrrirflourrilus?:dan rray?dnr:rrrirsrou

AAA
tt:.JUrU9t'.lg?:dnn

rir?r fr{ruif,udnc fi r n r:irn: rvr{un;finu r;rJuruilqm rnruld':vrrfirflu
..^.-.--r^.-d- A c) -1i_< -y e o , 

t
Ituunotuo{ ry{'lJoualilnu:{ollunr:rtritnorovrrflnsirlrrng:Jrruu:rn:$tu nrir:n'o ovilr
taatlunl:rn^rr,u,*r,rartunr:dorurirquniosfiorntvrdrurri',rrr,fluor1ilqrryru rravdorfir

o6qo-doe,
n1:slndul0lutaatnis tn-odruuntdumxnr:r6uvrr.:l#aoerndo.rri'lrtou'lrn.:rn!10.::0fi1#

tun r:rn'uvrr.r In arru rmr.:rrdilry n r ldo0nuulJfl:su.:u nr: drqu t oqgriorln,,ur,rr,
8:iasl'nfidrtauo 6o n:su?un1:frrrrdumn Jnolun:vu'lunr:,il'nrduvrr.:riunvrirrorndnnr:

tJ
rJ:vqnoin:vu?unl: Recombination d':uif; vector transition process iG vector exchange

process i6 vector insertion process rtnvr^raruvi.r : iG rurrJ:vgnoilddr11ri'urfiol#arrur:o

nouauosriunt:tilduurt:Ja.rto.:flrynrfi::nrir unsfllur:nh{qnrnrnrolrirnoufid ri.rrfu
rflifi'odlIi':J:vqnoildiGrrunrBr?asr'ndfifio6on'i'r .,Differential 

Evorution (DE),, rfiourfilarrr
9q

ddd10{nrfllf,nulu
o- o'y

'r r ui i'Ufr tdfi nr: :J : v gnoi1d6'ruu u n fi n ar an f (math moder) rfi o grifl ryr rn r: f,or

tdurrlnr:rn^umtttunr:'rioldr;.:fnurrnSosfiouvrvrri Inulun:tfifinu..,dld'l#dorynrrn
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tturi.rdo:14:Jgru41ru' 6o ornrirrin{rud'rrr:nrqtfi'.:ninqua:rrrrfi trnvanrfiourforrnvg{t

I:lnurlrori.:railqtnrnrirua luurmdufifi'.rr.rinqrn:rrrrfi rravld{oryaorn*nri.r{orya
ojrsrddl

4eluqu0u1 lJ:vnou lnunt:ttiSuutfruupronr:mnao{:st4'jrsrruudroortlryrrrravflryuroi.r

ttnn:fifinu]firt'*rlrJulunr:uriflrymrud:il:sr.:ar.rad:ul:J:un:rurirrf tgil Lingo v. r r ri'u
644AAo6d
?08?5,dsln rll a-int: Differential Evolution (oE) rrnsiifltt Improve Differential evolution

(mr) Inaldlil:rrn:t visual Basic c++ luni:il:vulnHa

luuvrdffi toovdrtauonanr:mnao{ ornnr:irn: rv#1u nr:rrtifl ryrrnr: fi'9rduyrr.:

^^^.i^.^^^-q^.^--at- " 
i 4 t J o< Jnl:touvll{lunr:qioutitE{tn5o{u-ounvrtl ri'.: I iG 6.rovrj:snoild?u l) nt:rtdrnoulau

ryo}lviu':fdrritgrJ Lingo version l l riunr:draosflqrrrurflrf;n 5, to riu if;nr: Differential

evolution (DE) fiunr:{raosflrgnrturnrf;n 5, l0 2) iGnr:Eriasr^n rray :) i6nr: Differential

evolution (oE) riU iinr: Improve Differentialevolution (IDE) rYudoryooi.:1un:tfrflnurlrrufir

nr: nJEurrfi uufiu r{rsrouudrvru.ir

s.t r#;uurfiuuflaRl:nooo{

0 1 n n 1 r il n a o.: o v ri r n r : r r n n r : ril5 uu rfi uu ru n n r : vr n a o,r 6'.r d
8.1.r ryor,lriuaicirrSo;rlLingo version tr ffunr:iiroorflrymrru-rnrdn s, t0 fi'u

if;nr: Differentiar evorution @n) ffunr:iirao.rrllqrnrrurnrdn s, t0

o r n n r:'il r a o I il ry r t t u r n rf; n s,f, tu': u r o 1o {o 
ry a rruio },t^ 0 1 : nr 1 tu dr u rTu 4 u

lunr:f,ntdumt{nt:tst'uytrrlunr:,iorurirq':rnio.:n'orryrmtl6'uilrgrrfi 16'd.,uuufifiorrfiuld.jr

vi'r ro qr{urya tvh{rirdurlufirvirfi'u ri.:nr:rJ:slrnHnlnul#ryor,lviu.:frirrf rgrJ Lirgo version

tt ttnsi6ntl Differential evolution (Dp) Jnuilruilrrrurqrf,n s Enfi r - qnfi ro firirldtirud'.rfi
7,547.6, 7,646.5, 6,264.9, 5,439.7, g,947.12,5,643.05, g,267.22,g,177.67,5,725.73 

LLAV

8,738.55 urm srrudrd'l

ilryr tt u t n t o d ru ru s qn r?o 
ry 

a rdo n^ o r : ar r 1 u 6'r u riu 4 u 1 u n r : fln rdu m r.r

nr:r6umrllunr:qiourirqrrnio.rfiounvrdri'rlryrrdld'truuungufiovt11u.;flry?rl,urer
Ahr

l0 ril-o': hiarut:ortrirsroufi6fiqn16'6rfirnr:rrrir objective value rrmu Jnufirnr:fu
Jil:un:ldrrit;rJ Lingo version tt drunar z+ .fi'rfu.: virl#fir:Jofrdunrrruusrnsir.:riurT,:d

0.64, 0.00, 0.77, 1.56 ltau 0.04 ntruiitd':t

a

a
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,ao9
d r n- o r : on "[ u d'r u r r n r fi'u n r :,fi r a o .: fl ry n r t u r q r fi n o y r fi u 1 d'.j r ifi n r :

Differential evolution 1#raarriouqn rfiorfiourYuiinr:rfluurrirsro116'roryov,lvfrpfrirr$o:rJ

Lingo Version l1

otnruodrnolfi 'ldornnr:il:vruranari'uilryn rrurnrf; nru rer s, t o vroovcqil
vl y_t.c ad -?t o I tt to d tln?ln1n0u0lfl?[n1:fiul'l1filflou6?uryodlirr?idrriogrJ Lingo version I I oyldylnrluni:
riru'luurdtnouiltnrravrirsroufil6'1ur1nn:finr:,ilrao.:qnrirnor1rsl#rirr{rnorrflil 

Local

optimization riruifinr: Differential evolution (on) fi1#rirrirsroufi6n,jri6nr:riurrdrnou
9 tl 46 d
6'ruryo?'lfirr:ddrr5oqrJ Lingo version I I

^-^a4-qa8.1.2 ?fiRrrdeiastn

t u n r : :J : v ru I a ru n riu il q1 r t o is o r n n : tfi fi n u r n r : r r ri'i1 ry r r n r : n r : fln r du m r r
- o '.-- o j a 

' 
I A a,n1:reluvll{ lun'l:ryo:.titq.:tniollt-orrnyro frrfluilrynrrural?4i1j IquldiGnr:Saiasr'n

l9adrj:vnoudru -i Clark-wright Saving Heuristic i6 N.u."rt Neighbor Heuristics gnvif; Cluster

First Route Second ilrfitnr:r:Jiuurfiuuriterorlnorru'iri6nr: clark-wright Saving Heuristic

tlnHa Rl:vln n o{fl u'jl i6 curt-might Saving Heuristic fi ,il ru rurfi u,;lu nr :
tfl'uY|l.l83:0u druauiuvit.:ru 95 iu ,ilru':uiuri'nrir.rdu udu:yu&yn{:?rJ 13,543 n'Jarrun:

d t q9,r o e_._ I o zi a li
rrn e u R 1 t10 1 u tu n 1 : rFlu yt 

1 { cro u $ r : I rn5o I il=o r rn vr u d r qn 260,692.3 5 r1n
g.t.S 3f;nrl Differenti"l .rotrtion (nr) flu?f;n1:Improve Differentiat evolution

(rDE)

1 u n r : rJ : v ru r n H a riu il ry r r tir o r n n : fi fi n u r n r : urifl q r r n r : n r : i'rr r du m r.r

n1:rn'umr{lunr:qioru:irqrrnio.:ru'orrvrmtl firfluflryrrturnlrqj d,:oyrirnr:rrrurd.,lun.,,
il:vu':nnalunl:Hlrilstoud t,ooo :ou Iouldit.nr: oifr"rential evolution (Dr) ri'ui6nr:
Improve Differential evolution (Ior) firj:vqnr{n:vuruott Recombination drui; vector

transition process if; vector exchange process i6 v..to. insertion process ttayfldilyi.: : i6 rY.:;
9t1r1{yt 8.1
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gn:t{Yt 8.1 aqilrunnr:mnao.rdruiG DE rroy IDE

?ff
Differential Evolution (DE) Improve Differential Evolution

q/

?Il:ltJtgto: tflau ^/y{1:t}t[910: tqau ?ff

F tras

CR N.:fi

F:0.5 CR = 0.85 230,414 F: 0.5 CR :0.85 227926 Vector exchange process

F :2.43 CR = 0.7 233,142 F = 2.43 CR : 0.7 233,034 Vector insertion process

F:0.1cR:0.9 225,33s F : 0.1 cR :0.9 224,2N Vector insertion process

rji:r n

uas cR

09r tulJgr

F: 0.5 Cr: 0.85 229,t8t F = 0.5 Cr = 0.85 228,s48 Vector exchange process

F: 4.9 Cr: 0.85 234,608 F:4.5 Cr = 0.9 234,248 Vector transition process

F: 0.5 Cr:0.9 226,4t2 F: 0.5 Cr = 0.9 226,908 Vector insertion process

otnnt:t{d 8. I dlur:0fl:rl 1d'6'sd

8. 1.3. I ii oiff"rentiu e*tution (DE) uuun a raa^n In oritfi uadtrrlr rfi rsrof

F ttau cR n.:fi ul'ir nt:rirHuerrirln:ru^rnof F :0.5 cR : o.ss firirldcirurqduriran noa

230,414 ulvl lilfiuelritnt:tru'tstof r : 2.43 cR : o.z firiildiirorndurirq a do ztl,tq2 utyl
ritrunritr^rt:rn'rnof F : 0.1 cR : 0.9 firirl#iirurqdurirqn do zzs,l3suryr rrnefirirldiirudr
^{-.- j --- - i, a r?lqntBnu 225,335 Utyt ytfityn:rnrnoi F = 0.1 CR:0.9

8.1.3.2 iG Diff"."ntial Evolution (DE) rruunardfin Jprurjfunr:rfirmof r
ttae cR dsrIurTG nl'ir nt:ritiluori11,{r:rfrrglof F = 0.5 cR = o.ss riildu firirldiiiurqfiu
J--,-4- , drnrqn n0 229,181 ulm lravrufil F :0.5 cr : 0.85 rirrunrirnr:ru^rnof F :2.43 CR :0.7
riu6'u firirl#iirurnfiudrqn n^o 234,608 urm uasfidr F :4.9 cr: 0.85 rirrundrur:rn'rnof

-.!

F:0.1 cR:0.9 rirudu firirldiirorqdorirqnr 6o zze ,qtzurm rrayfirir F :0.s cr:0.9 uayfi
| 6t9r i J

fi 1 [T01ugt 16ynra a u 226,412.20 \1yl

8. 1.3.3 iG I-pror" Differential Evolution (Iop) Jn un r : rJ: v gnoin:s u ?u n t:
Recombination lprurirnunrirnt:tn'lflof F unv cR nrfi u'jr nr:riruun6rnr:rr'rnof F : 0.5

cR : 0'85 aG vector exchange process rfluifiiifirirl#iireladurirfiqo lqufirirtdiirelqfiu
227,926 ulm n1:filfiundtnr:tru'tnof F = 2.43, cR: 0.7 ei vector insertion process tfluiifi
firirldiirurnfioti.riiqr, Inufidrt#iirurndu 233,034urm nr:rirl4uerririlr:rfirnof F:0.1 cR:
0'9 ffi vector insertion process rfluiififirirldiirorq6ueirfiqo lnufidrl#iirurqd a 224,200 u1n

8. 1.3.4 if; I.prore Differential f rotrtion (tof ) Jn an r : rJ : v gn oin: r il ?u n.l:
Recombination InorJ:-:lttt:tlt'tmof F rrnu cR dnlurjsi nu.ir nr:ritflunritut:rfirsrof F : 0.5
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cR = 0.85 6rud'u i6 v."to, exchange process riluiGfifirirlddrurqdueirfiqn )erufirirldiirurqdu

228,548 urvr uavfiril F = 0.5 cr : 0.85 nr:rirruorirnr:ru^rnof F : 2.43 cR : 0.7 6rudu ii
vector transition process rfluiififrrirtdiirurqdudrfiqn )orofrrirl#drornd a 234,248 urm rrovfi

rir r : 4.5 cr : o.g nt:rirrunrirnt:rfitsrof F : 0.1 a* : 0., rirudu iG v""to. insertion process

tfluiGdfirirl#iirurndudrfiqn lnufirirlddroradu z26,eoluryr uosfirir F : 0.s cr: 0.e

8.1.3.5 iGnr: Improve Differential evolution (IOr) drui6 Vector insertion
ir A I a

process frrirnr:rru-tstof r: 0.1 cR = o.s rflui6nr:fil#rirnourqdufidrfiqn o'rra^onrirldrirufi
d^-i-.- 4 ^^^ ..- a y o 6 J ,nlmqn ?'to222,448 ulm utdumt{lunt:rn-uyn{1i'.:fitJn 39 rdumt{ :cuvytl{ g,o+t fiIarrun:
qova94A
?uYr"r{lu 83 ?u ilnn].:flu 44 n=u

8. 1.3.6 nr: {'ndr6'utdumrlnt: t6u m x6'ruiG ?G oiner"ntial Evolution 01fl
v

ri'lrun lg rdumrl dtur:of,ndtrirnr:r6uvrr.:Id rz drd'unSoldrrnrlunr:r6uvrr{'lil.rioil

dtq.:rn6o.:tt^ottvtmd rz frrJnrr{ uavrdorir'hJriliurrfiurririGlufloqriuvw,jrdru.r:CIan
,fi ru':udilprr#tunr:rfiufl 1{a{ 64.58 %

a.z oqilaranr:ii'u

I

P{4fl1:mnAO{flU?'l

8.2.1 rfrorirnr:r{ru':nrdrohJ:rrn:rurirr$ogrJ t-ingo v. u 01nflorirnoufi'ldnrn
taqdnt:il:vruraHnfiuilqrtturntfinturn 5, t0 vroovalrJ'16''jrrirnoltrniGnr:dunrrirnordao

ryov'lvitr':frirr5ogrJ ,-ingo ,"rrion I l0sldnarlunr:riruauurrirnouurnrravrirsroufildlu
do

n:tfrnt:{tao.:Trtriletoututnflryrr s ovhi'rirr{rnourflu Local oprimization fliyrrrurn to
'hiatut:nnrrirno:1fi6fiqrr16'd.:ilrnr:rrrir objective value Jnor{rnr:iu ftJ:rrn:ldrriogrJ
Lingo version I I 6'rot:at 2+ frful ri:uiGnu Differential evolution (DE) dlfi6t6rsrolfi
6 n'iri6 nr : flu r rri rn or6':uryo,lviurfdrr$ t gil Lingo version I I

, a4 -_.!-3,.a o<Jq g, o d j d ad8.2.2 : t n r : d': ian n r-S fr lf ri t ri tn o u 6 fr qn fr o TG clark-wright Saving Heuristic

s.z.: iinri Improve Differential evolution (ror) hfldrrirsroufi6n.jrif;nt:du1
idsad

run v rfr o rfr ur ri'rTG n r : Differential evolution (DE) fi fr{ 1 #d r ri r n o r fi 6 n.i r

8.2.4 drururi'rjnrrilunr:rtr.:ru ldranrrfiu.: n dilq-lf rfo as iulunr:
il0lJer{1u
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osrf u'ld'irruatordrnor;it#ri',iiaiiqnoqiludrun',rrudrfi r,ooo :or Inoiinr:
Improve Differential evolution (IDE) fiil:vqnrin:&u?un-t: Recombination d'auiG Vector

cl9r 9l d
insertion process o g lfri tarun t: rflrr u tu6n'j t Di fferential evolution (DE) foons o.so

th9r, ad ialilld'it iGnr: Improve Differential evolution (ror) fi{ifi'uldrirnr:fimrulilurJl
..Yyl . @ 9! a q r o - d a d4 t 6 a t e
tlniliU?11n1:opttdumtlnt:tptuvrt.tlunr:,riorJdtElinurrnSolflorrnyrtr frrJ:yfrvrfinrufi6ri'.r1u
A"
r5o r t ol 11 u n til x o { ri 1 er ou r ra & : y us r? n llu n I : ri ru :ar

g.l {orcruottus

rru ?T r { n r : ri'ru u rr rn v fi r n r : fi n u r n r : r rfifl ry r r n r : fln rdu m r.: n r : [n^u m r { lu n 1 :
-l^-.^9---.-4---a- tq t 9 o 4 - !ryouu1: {rn: 0.tlJ0rt?rylu tu0utnfl fl 2: 0vrylriuri'lnt: dnH tFt'{il

I

8.3.1 lu.:ruii'ufifirirrin.:ruattr:nrqtflwriorrflulnl#uinr:rfiu.rr*i.r16or usilu
d d - e9 a r d 6u1':n:ilol0ovInr:n:votuqn'[riuinr:?ra'rurnil fr.:nr:rduyn{dtu'l:nvir'16'rrnonn:u0.lu

---q-y. i y a r

n r : tH u : n 1 : t?r ol.t 1tdlJ yt 1.: n 1 : rn u m 1 { 0 1 n ?1 a 1 ucl r n4 {
9l

8.3.2' n ru'rifi 1 dl u n t : rJ : v rfi u q il n r il I o r ri r n o I 1 u.r r u i 6'u uil ddu 1 u fr ri r u e ar
99r o o A a r o e r ---..-y--_-- _ , !- J 9,l a! l n n lu l lJ u tsotv'l a { fl ]U'l : { : n U 1 n 1 [t: llfl u fl .nu tla v fi t fr rin Bl dr l o.: ru r 0 1 n 6i]u n{ t u

dlt1:alqxfi.:rinqua:rrtrfi rJ:stdufirjrauln hil6'rirrirdnH:oflo{nr:1d:olunr:re^uyn.:
^4^q^^--- d--.:---.i-g----- r4 --^-r--q---e/ i 4 r o ,:cr{ tuoulnnolt0en.:lueilufrdru':ruritdnm:o rirdrq.:fnurfiasrduorrauurjurltn.jrfiurl#lu

o- ir, y
.1tu?ouu t9l

8.3.3 lusrui6'odfi giluu ufi rio,fl rri'ndru n: our?a rulru Trirni,: n fn (Soft Time

window constraint) tniol#aonndo.:ri'unrrrurfluoisrurndun::finr:m0doufi{flrur,rrlu

;rltrutfir?odrrindrun:our?arlunr:6'nrisrniinin (Hard rime window constraint)
j

a.:.+ tn-ilrJ:sfrvrBnrvrlunr:1#6r?dsr^n Diff".ential Evolution lunt:rufhilrynr
rfioh{nrad'nf,tosdrfloufit3u Inunr::Jir:Jqrturiuruuruunr:airrrirnour?1riu Mutation

tt0u Recombination h{finr:nJ:'uutfiournrul ,,rr,fi0,il':urn*ru:-.|:vfimfi'nrurosrirsroulifil

Differential Evolution

8.3'5 fr n u r 8 r?ast'n fi n r u dl iG tfr o ri u r r uil t il q n r n r : fin rdu m i.: n r : ra^u yp { rfl u
dnuuvnr:fldur"tfl1uef;nr:nionjiuurfiuuriljofirEaiasl^nfi6 fi:J:sfimfinrnrrrrvry:Lnr:
udilryur

8.3.6 .rrui6'ofiovhjrfinrJ:vlottirrn ril:u.:ru unv{firfiu:rio.: hirirhJl#ri'u
n r : udh iky il 1 0 ;{ 6'.r riu ffi 

,fi'u6.: ldra u o uu r l #{fi rfi o r {o r iu 1 ifi o r : on
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2nil

l6l :fl . dm.#ruCIrulou rirr:ariord 240.03 20 260.03 39.01 299.04 150

162 :u.an.#ruur,: rjl ldr?o u t35.27 20 1s5.27 23.29 178.56 89

163 :u.an.rluordnn:rInr.r{u 17 t.95 20 I9r.95 28.79 220.74 ll0

164

94
:r,r. an.riruor,:ro5o riruou x dnn: v

Iuvrir
67.68 20 87.68 r 3.15 100.84 50

165
Yq

:T{.fr gt.uluu't{ tl,tflJ n til aut,t lfi fliUO 144.98 20 t64.98 24.75 t89.73 95

t66 --..-...er h o - !:n.flsr.1Jlu5?il t?tu ntuaHuoitiuill 60.07 20 80.07 12.01 92.08 46

167 :u.en.rhu:yra 130.22 20 150.22 22.53 172.75 86

168 :yi. en.r?ruarnnaru d ruonrnfl ?ru 143.77 20 163.77 24.57 188.33 94

169 :n.an.#ru{snrr q.r druarj.r1rru t06.52 20 126.52 18.98 t45.49 73

t70 :n.asr.rhu{.:cir{ riruniluaqras 1un; 62.92 20 82.92 t2.44 95.35 48

t7t :r^r. am.rliudqdo'h,rqn ri 78.73 20 98.73 14.8 | 113.54 57

172 :r,{. osr.fl run5 q or d rt arir srnu 96.92 20 116.92 17.54 134.45 67

t73
. I 4u o 9

t1{.fl01.lJ'tlJfl:U',t n ru ad5 1.10 0 88.75 20 r 08.75 16.3 I 125.06 63

174
, au

511.dgt.U]llfl: ln 173.97 20 t93.97 29.t0 223.06 l2
175 :n. en.#ruaun : inri d ru ny uo r ay'iu 137.02 20 157.02 23.55 180.57 90

176 :u.an.rhua:rnonrnu drln In na.ix 73.72 20 93.72 14.06 t07.77 54

t77 :n.aer.riruaflrrrio drrn aflr,:ri o 83.87 20 103.87 15.58 I19.4s 60

178 :u.an.rhuaflr,:rio rirrn lyrudor 57.38 20 77.38 I1.61 88.99 44

179 :y.an.#ruairfis drunyuoqfior 1t7.07 20 137.07 20.56 157.63 79

180 :u.arr.rlruafis:.iar druafi uorev Iu 71 .55 20 9r.55 13.73 105.28 53

t8l :n.an. :hu aflrqrfir ri iu a Int'ln : I16.82 20 r 36.82 20.52 157.34 79

t82 :u.an.rlueruilro r{runoildso ra 163.30 20 183.30 27.50 210.80 105

183 :n.an.#rua'ixsrn 97.98 20 I 17.98 t7.70 135.68 68
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load
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2nu

r84 :il.dn.#rudo{nou silinaoiaou r67.83 20 187.83 28.18 2 r6.01 r08

185
9d

:vt. flgt.lJlUd9110 r84.53 20 204.53 30.68 235.21 ll8

186
9a:il.fln.u]u41:n tzt.47 20 t41.47 21.22 t62.69 8l

187
9e

rfl .rYn.u1uql?glu1 nlljArn tt llJ u7.82 20 137.82 20.67 158.49 79

188 rn.an.riru durjo o s{ ru adon o.r I 0l .23 20 t21.23 18.19 139.42 70

189

.9:}r.flgt.ulul,tu0 tnuril a n1u aHu0{ nu

t?{a
r 0l .20 20 121.20 18.r8 r39.38 70

190 :m.an.riruuuo.rl,ou 207.32 20 227.32 34. l0 26t.4t l3t

l9t :n.an.rJrur.ruo{rru eirunlnnrior 59.97 20 79.97 12.00 91.96 46

t92 :u.an.#rumuouju duaur'ionrvr 9l .80 20 I I 1.80 16.77 128.57 64

r93 :r.an.rhutuo{nn-nruou 98.02 20 I 18.02 17.70 135.72 68

194

,9:il.dn.uruHu0{unn1 e{lu0fi uo{un

111 67.57 20 87.57 13.14 100.70 50

r95 :n.an.rhuruoruf r sirr anuoqun 142.42 20 t62.42 24.36 186.78 93

196
-r)eao:fl .fln.ulullu0{u?01: nlu nulY 0u l2 l .30 20 141.30 21.20 162.50 8l

t97 :r.an.flrufiuoqilo t49.75 20 169.7 5 25.46 t95.21 98

198 :u.an.rhuruorfi o eiruaru orfi o 7 4.53 20 94.53 14.18 108.71 54

199 : v.an.rhuuuo.rfi orlotr eirrra#ro }.i r60.17 20 1 80.1 7 27.03 207.19 104

200 :vr.an.#ruriuo.ryhu6u rirunrrrixiu 70.85 20 90.85 13.63 104.48 52

20t :u.an.firuruo{fir drua Iuuna rs 58.07 20 78.07 I l.7l 89.78 45

202 :u.an.rhuyuoror': i{run Ifl u{ru t44.43 20 t64.43 24.67 189.r0 95

203
96:il.dn.r tlJl-tu o{6yuu n tu nil? i tt 190.r3 20 210.r3 31.52 241.65 l2l

204 :u.en.rhumuo.:il6'n r 88.70 20 208.70 3 r.31 240.01 120

20s :n.an.flruu u o rdl riru anuo.: dru I 61 .05 20 181.05 27.t6 208.21 104
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tqau

2RU

206 :n.an.druuuol ax airunuilon ars r25.r5 20 r45.15 2t.77 166.92 83

207

.9tavtlldgr.utul4u0 inuitou eitu aurn: s

tl.u.1
72.73 20 92.73 r 3.91 t06.64 53

208 :n.ror.rltumuotrsir 76.83 20 96.83 14.53 I I 1.36 56

209 : u.an.rlrur u oqn^o.r dru au u o gfl o r 74.33 20 94.33 14. l5 r 08.48 54

2t0 :n.an.flrunuo{rfi n rirua#rud r 71.73 20 9t.73 13.76 105.49 53

211 :n.an.rhumuoltio riruonouau 90.63 20 r r0.63 r 6.60 t27.23 64

212
.rt

:?Lfl n.u'lu14uo.ltil n1 9l tlj allu0{r,T a1 I t3.63 20 r 33.63 20.05 153.68 77

213 :n.an.rhuruourrir drunuuornr rir 96.12 20 tt6.t2 17.42 t 33.53 67

214 :n.an.#ruuu olun sirunrt :yuu 264.93 20 284.93 42.74 327.67 t64

2t5 :n.an.firuuuoqtd 135.18 20 155.18 23.28 t78.46 89

216 :yr.an.rlrunuo{ud{ d rr oqrtr t$ 79.73 20 99.73 t4.96 114.69 57

217 :u.an.fliuruoqrar rirua Ifl u.:'uJ 67.85 20 87.8s r3.18 r 0r.03 5t

2r8
:rr.an.#runuourarlrqi ii rr nuuo.:

ua.:lrqj
63.47 20 83.47 12.52 95.99 48

219 :il.an.fituHuo{Iu 72.93 20 92.93 13.94 r 06.87 53

220 :u. an.:Jruu u o r Ind ri nr a Inr'si t4'7.13 20 167.r3 25.07 192.20 96

221 :n.an.riruyuorlya 75.27 20 95.27 14.29 109.56 55

222 :n.cn.rhuuuoqls druailuo.:'la 49.58 20 69.58 t0.44 80.02 40

223 :n.asr.flruruo{1a rirualuilnnx t95.47 20 215.47 32.32 247.79 124

224 :u.an.rlururuuri.r 52.28 20 72.28 10.84 83.r3 42

)?( ,9:il.fln.utut{?nou si ru alitnou 67.52 20 87.52 r3.r3 100.64 50

226 : n.asr.rliuriavjr ei rundovro r 65.85 20 85.85 r 2.88 98.73 49

227 :u. en.rluriadsyr 1u siru a d rrnjouufl.r 5 r.30 20 7l.30 10.70 82.00 4l
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9sa

:?{.dn.il]u14?t.t0 164.68 20 184.68 27.70 212.39 r06

229 :r,r.an.rhu#:u ry o{ $i ru n#?ur& u.rI -{ 229.00 20 249.00 37.35 286.35 143

230
:r,r. an.rIru?roihuyislu r d rra#rufl ra

r{orur
56.27 20 76.27 I1.44 87.7t 44

231 :n.an.riru#runun#ou 6t.63 20 8r.63 12.25 93.88 47

232 :n.an.flru#euunr d ruon ouin 122.82 20 t42.82 21.42 t64.24 82

233 :r,r. an.rhurnuu s{ tuarnurr 63.52 20 83.52 12.53 96.04 48

234 :n.an.r1-rur6ua drrn16on 69.40 20 89.40 r3.4r 102.81 5r

235 :fl .afl .rhurqrfl n druarrytfl er t26.57 20 t46.57 21.99 r 68.55 84

236 :vr.asr.riurfi udr d rr ad rrl lrryr 176.27 20 t96.27 29.44 225.7t il3

237 :n.an.firurfi n#oo rirrlonat 9l.48 20 I I I.48 16.72 128.2r 64

238 :x. an.rliuriufi n rfi rra Jrr16 ou 59.35 20 79.35 I 1.90 91.25 46

239 :n.asr.r1rulirJ{ r{ru an: srduu 107.23 20 127.23 19.09 146.32 IJ

240 :n.en.rhurarrdr 64.47 20 84.47 t2.67 97.14 49

24t :n.an.rlrurrflonuei drrarrtLfl ou 53.33 20 73.33 I1.00 84.33 42

242
9r

:n.an.riruuri.:nE Insr: ri ru n luu ri o t77.18 20 1 97.1 8 29.s8 226.76 lt3

243
, r<

:il.ryfl.LJtuttni [au 53.98 20 73.98 u.r0 85.08 43

244 :u.asr.druudrfir eirua"iuuar r r 60.03 20 80.03 12.01 92.04 46

245 :n.asr.#ruu#qior r{runrnnsfi a?u 67.63 20 87.63 13. l5 r00.78 50

246 :n.csr.rhuuflrrufio 98.88 20 I 18.88 17.83 136.72 68

247 :u.en.#ruulru druarirnou 199.12 20 219.t2 32.87 251.98 126

248 :r,r. an.rlruurrld Eirr nfl nurtu 84.37 20 104.37 15.66 t20.02 60

249 :n.an.rhuu{riou c{ run lnur.l:; duf 92.02 20 112.02 16.80 128.82 64

250 :il.4n.#ruuor riuaun.: 79.82 20 99.82 14.97 ll4.79 57
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251 :n.an.firurtaltl'to 83.37 20 103.37 15.5 I I r8.87 59

252 :r,r.asr.rirulonriol drualnnriol 121.92 20 t4t.92 21.29 163.20 82

253 :fl .dg|.flril lnn#ou rirl n ln noru 67.68 20 87.68 13. l5 100.84 50

254 :n.an.#rulnndrU:oi 182.73 20 202.73 30.41 233.t4 tt7

255 :n. an.rhulnndEotel ri rua Innayorn 60.58 20 80.58 12.09 92.67 46

256 :n.an.rhulnnrr:;: al rirlafl r ydfi { 80.80 20 100.80 15.t2 115.92 58

257 :n.an.rhu Innrfi uil rirua luuarur:trI 123.62 20 143.62 21.54 I 65. l6 83

258 :n.asr.firu Iuunou druaqnil: yyro 7 t.55 20 9l.55 13.73 105.28 53

259

:n.an.:huluunrmn{ druaiuu

n]fin{ 65.30 20 85.30 1 2.80 98. l0 49

260 :n. asr.riru luu qr r{ru a Iuu q.: t84.62 20 204.62 30.69 235.3t l l8

26t :n.an.r?ru luur'ri? druarqu 56.60 20 76.60 I t.49 88.09 44

262 :u. an.rliu irrudo rirua luuda 130.35 20 150.35 22.55 172.90 86

263 :n.an.#ru Juu#oo d rl nrjw.i:ro r 16.s8 20 136.58 20.49 157.07 79

264 :rr.an.rhuluurrn r{iuaria{ril 81.15 20 l0l.l5 15.17 lr6.32 58

265 :il.4n.#ruluuor,r 65.40 20 85.40 I 2.81 98.21 49

266 :vr.an.rlu Iuuurur.r riuaruolri-16 73.02 20 93.02 13.95 t06.97 53

267 rn.asr.#ru Juui.: cirun Juufr 75.42 20 95.42 t4.3t 109.73 55

268 :u.asr.rhuluufl?'r,l r r 8.97 20 138.97 20.85 t 59.81 80

269 :yr.an.rhuluuadx drualuuda 14t.32 20 161.32 24.20 185.5 r 93

270 :r,r.en.#ru'iuua'irr rirr.t aldnudn 5 1.45 20 7 1.45 10.72 82.t7 41

27t :rT .asr.flru luudr:rq drunoounu 86.73 20 106.73 16.01 t22.74 6l

272 :u, on.rhuluuqr druodor?ou 70.57 20 90.57 13.59 104.15 52

273 :yr.an.r?ru Iuuqr rirun InlrJ: l6uf 50.07 20 70.07 10.5 I 80.58 40
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274
Ys:m.flsr.utu tuurnuil 0n1,n}l tRl9l 86. r0 20 r 06.1 0 1s.92 122.02 6r

275
9<

:11. flgr.u]u tuurrau nlunnuu t83.92 20 203.92 30.59 234.50 tt7

276
,ioY:il.fln.utu tuurto.: qluau luqu r 90.07 20 210.07 31.51 241.58 t2t

277 :n.an.riruIuu1rqj rirlariord 73.65 20 93.65 14.05 107.70 54

278 :rT .an.flruluuh.rqj dr:.raurrnuu 78.03 20 98.03 t4.7 t 112.74 56

279 :n. an.rhu lyriln qj ii ru a lvrfi1n qj 199.75 20 2t9.75 32.96 252.71 126

280 :u.an.:hulmueau eiruanufi I 14.50 20 134.50 20.1 8 154.68 77

28t :n.an.rlrulnuvros iirua#ru'ho 52.10 20 72.10 10.82 82.92 4l

282 :n.aqr.flruInurfior 189.82 20 209.82 31.47 24t.29 t21

283
9s46

:)1.fl 9r.U1U ttlurlJ0 t gt luan: g n t: 76.43 20 96.43 14.47 I r0.90 55

284 :yr.an.rhuInurfi os rii!n luunrrdu 8r.98 20 l0l .98 15.30 n7.28 59

285 :r,r.an.fruIy{uufl q e{iua l?{uur{.1 99.70 20 r19.70 t7.96 137.66 69

286
.9rtsod

Tlt.flFr.U'tll ldnTu Ft tu R dt:n 8 r.57 20 r 01 .57 15.24 I r6.80 58

287 :vr. an.#ru lanua.: ri rua'icnue,r 129.02 20 149.02 22.35 171.37 86

288 : n.asr.rhu ln u ri rr arlru Im o 49.02 20 69.02 r0.35 79.37 40

289 :n.an.rhu }.i siruann rsliln; 63.15 20 83.15 12.47 95.62 48

290 :n. asr.r}u }.i1r qj riru a ld1rqj ll7.l8 20 137.18 20.58 157.76 79

291 :x.en.rlru llr rivjr drra 1r rirjr l3 L85 20 l5 l .85 22.78 174.63 87

292 :n.en.: ruq$d,r:iry 9l.98 20 I I 1.98 16.80 128.78 64

293
:?r.f,n.fl;ilnna (rJrurfl ou) rirua'[rru
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78.65 20 98.65 14.80 1t3.45 57

294 :?r.dn.f,5qx 170.37 20 t90.37 28.56 218.92 109

295 :vr.asr.rirl:.r 91.03 20 l 1 1.03 16.66 127.69 64

296 :il.fln.flu0{f].1 76.92 20 96.92 t4.54 I I1.45 56
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297 :m.an.rruor{u t72.07 20 192.07 28.81 220.88 ll0

298 :il.dn.fiuo {ao.:r?os 78.82 20 98.82 14.82 I r3.64 57

299 :il.an.vuosacIu 1t5.92 20 135.92 20.39 rs6.30 78

300 :n.an.r?':odr 193.43 20 213.43 32.02 245.45 123

30r 511.dgt.01{f,at 2t t.o7 20 231.07 34.66 265.73 r33
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2 r 5.60 20 235.60 35.34 270.94 135

303 :n.an.rflr l9l.80 20 2l1.80 3t.77 243.57 122

304 :vr.afl.rr6ildoIfln 110.42 20 130.42 r9.56 t49.98 75

305
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:?1.dn.ttn{tf}.t t02.47 20 122.47 18.37 140.84 70

306 :x.an.uflr 212.60 20 232.60 34.89 267.49 t34
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3r0 :il.an.Iuuot 98.57 20 r 18.57 17.79 r 36.35 68

3ll :r,r.an.lfi ilfi'firur ri tr a luuaul: ai 88.58 20 108.58 16.29 t24.87 62

3t2 r?I.f,n.fi?nu{ 160.03 20 180.03 27.01 207.04 104

313 ao rurinr: arn r: ilqxTil ru#ru d'u n r 55.83 20 75.83 I 1.38 87.21 44

3t4 ao ruu? n i : arn r: ol El TlJ 
yu rlu n r u r 0.00 20 20.00 3.00 23.00 l2

3ls aorurinr:arrr: ilqnTUrurhu:Jrnn r 39.93 20 59.93 8.99 68.92 34

3r6 ao ruuinr: ernlr il qrqil uu riruurJn {u 39.20 20 59.20 8.88 68.08 34

3t7
ao ruuin r: arD r: olqxTU yurlru In,iu

1'1U
0.00 20 20.00 3.00 23.00 t2
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I
nl:YlOflOUft't Factor

General Linear Model: ANS versus F, Np, SPACE, CR

Factor Type

F fixed

Levels

20

NP fixed 2

SPACE fixed 3

CR fixed 9

Analysis of Variance for ANS, using Adjusted SS for Tests

Values

0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.g, 0.g, 1.0, 1.1,1.2,

1.5, 1.6, 1.7, l.g, 1.9,2.0

10,50

0.25,0.50,0.75

0.l, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.g, 0.9

:

t
Source DF

Ft9

NPI

SPACE 2

CR8
F*NP 19

F*SPACE 38

F*CR 152

NP*SPACE 2

NP*CR 8

SPACE*CR 16

F*NP*SPACE 38

F*NP*CR 152

F*SPACE*CR 304

NP*SPACE*CR 16

Source DF

Seq SS

28272938410

6468s3978t

56945094060

65548449

146477469

726738t043

t864570772

13938323

l49l I 1993

196t7306t

5471t6322

1813356591

39 I 553348s

205688689

Seq SS

Adj ss

28272938410

6468539781

s6945094060

6s548449

146477469

726738t043

1864570772

r3938323

t49ttt993

196173061

547t16322

1813356591

3915533485

205688689

Adj ss

Adj MS

1488049390

6468539781

28472547030

8 I 935s6

7709340

191246870

12266913

6969161

l 8638999

12260816

14397798

1t929978

12880044

1285s543

Adj MS

1.3,1.4,

1t2.64 0.000

489.64 0.000

215s.26 0.000

0.62 0.761

0.58 0.920

t4.48 0.000

0.93 0.715

0.53 0.590

l.4l 0.187

0.93 0.536

1.09 0.325

0.90 0.78s

0.97 0.602

0.97 0.484
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F*NP*SPACE*CR 304

Error 1080

5010250683 s0102s0683 16481088

14267606000 t4267606000 132t0746

1.27t49E+tl

1.25 0.007

t

Total 2159

s : 3634.66 R-Sq: 88.78% R-Sq(adj) :77.s7%

0 1 n r{a n1 : Yt n dou T{ u.i1

l. rir F, Np, spACE firir p < 0.05 ,{ndonr:mnno.: 6.:rfionrirfitr{r.rarirdqn
j uv'cr{ tnnt F:0.01, Np: l0 ll0s SPACE:0.75

' 
- -. - 2. rir cn firir p > 0.05 d'rhifinrasionr:mnao{ {iflura^onldrir cR: 0.9

l4ain Effects Pld fior AIUS
ffi tr4ears

tr
t!o

=
s\khl\\\ls\p$)*fr! ts\s$

,.t s9s $t +*f*o?odJogo?
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lJ:v2nn]:flnUl

rJ:ctAnr:ifit!

rJ:vi6nr:fixru

| 6 9Av
l_J:U?9tr.l20u

I

u1{dl?nuflr::ar qrin6

?r.fl. 2539 - 2543

AU
Jarn: :ruaran:ualqnn (?fl.u.)

arr rivrig?n: :lJqafl rH nt:
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