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This paper presents a heuristic for multi item vehicle routing problem. The problem is

a combinatorial optimization and NP-Hard problem. A Greedy Randomized Adaptive Search

Procedure (GRASP) is applied to solve for solutions with the objective of minimizing the total

distance traveled. The demand from each customer is uncertain and the vehicle capacity is limited

for delivery of goods. GRASP consists of two phases. The first phase is to construct an initial

feasible solution and the solution is improved in the second phase. Two policies for loading

products on the vehicle are proposed. For the first policy, the average demand for each customer is

used to determine the delivery quantity. For the second policy, the maximum and minimum

demands are considered in setting up the delivery quantity. The computational results show that

the average demand for each customer provides better solutions. The total distance can be

decreased from 95.57 kilometers to 82.58 kilometers per day. When considering a penalty cost due

to overloading and under-loading compared to the total demand of customers in the route, it is

found that the penalty cost is 0.02 Baht for the first policy. The fuel cost can be reduced from

9174.72 Baht per month to 7928.40 Baht per month which is reduction of 1246.32 Baht per month

or 13.60% of the total fuel cost
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.!1 41J1 ql:Q.I 0

utyl11m1'i1911ffU'YI1~ffll1'j'UV1U""111U::(Vehicle Routing Problem: VRP) \jflUltff'U6

l~tJ Dantzig , Fulkerson and Johnson (1954) 1~VuO'iJtyl11m'W{lflu'U'Um'jifllfflJ'YI1~m'j'UlJff~

l'Uil'il~,j'U1Pfl'ilijf11'H~11191tl~1~'i1~H~1fl'ilm'ilJ l{;liff9imytb~lt1'Ufl'ilm'ilJtl~Hl1i1~

~thtity 1'Ufl11l111Pfl'O~~~11t1'U'iI:;~tl~1~i'1Jfl1'~9Sl'U1~llJitJ~'lt.l1~tl1YilJt11'U1'001-' u';~'Ii'U1'Ut;~
11'ifl'il ldtl~'iI1f)f11'j~91fl1'j1{;liff~mf ~ijtJl::ff'YIifl1""ff1lJ1'jO{;l~~'U'YJ'U'Utl~m'jl111pfl'il

ilty111m'j~911ff'U'YIHth111mll'U""111'U::(Vehicle Routing Problem:VRP) iif)':hL1~I'U

ilty111ri1'Ul1rl~'Utl~t11'i\)91t11'j~llJl{;liff9imi' (Logistics) fltl ilty111m'j~~iilJ 1'il1~tlf)'YI1~1~tlf)~~
~q'~ l'Um'jlf1~tl'U~ltr)91Q wm vU'YI11'CfJ~(2548) 191tJm'j1111im'j11~u~ui~~h~11U{;l::lfflJ'YI1~

ml'Uuri ~ffuf{l 'tJu~~mi'll1 ~tl~11nflfl~ijtJ'i::ff'YIifl11'ClJ1f)~~91 l~tl 1,r~f)f{llft~f111lJ;;~""61 'iI

"1..1111f)11 a~ fil1~~161 U f)11~hl'iiU~1U ilty111f11'j i' 911fflJ 'YIl~th 11111tJ1U ....1l1ue (Vehicle

Routing Problem:VRP) \jf)li9SlU1lJl'i11f)iltyl11m'jl~lJ'YI1~'Utl~1'C11f)~lU'UltJ(Traveling Salesman

Problem: TSP) 191tJijYhn~U1flQtJ'j:;ff~flfiv 1'Cl1fHl'U'UltJ~V~m'j1111ffU'YI1~1~il9I(Closed tour)

fiv1M'ijl::fJ::'YI1~1lJm'H~U'YIH i~fJ'j1lJ~1~91 i~fJ1'CirmlU'UlfJ1~lJ'YI1~1t.lU~lij6~~1~'1 tb~l~lJ~lJ

... a .k "'" 1_ I'" 'I ' d,'" 1_ 1'" a ~ '" '_1 w ...'il1mlJtl~llJV~l1U~ 1~U'YI1~ ullJV~ isneun ~flV ul'iVU'l 'illJfll'U'YJmlJV~Utl1f){;l11utJ~llJtl~
" "ll1J~U i~tJ1ijV~1l1~lJ'YIHfhuull1'i1::hh~lJ'YIH~lU9h6f) ri1uiJty111m'ji'~1ffU'YIH"h111'U

mU1'Cll1U:: (Vehicle Routing Problem: VRP) 'iI::;jj~tl~1t1~~lUfl111J~ luml11'j'j'lfl (Vehicle

capacity) dh111J1mhtity'U v~ilty111m'j i' ~lfflJ 'rl1~fJ1'U""ll1'U:;fivfl11....fJltJllJVtlflU11'Ufl~lJ'Utl~

w ,,.a "" i 1"" ~~ d d ~" ~ .J "mu ....ll1U::'lf)f!lJ l11Jm'j 1~lJ'rlH ~tJ 'lffl'U'YJUfll'rl~~ 9f~lJ'~l'jlJflUua::; ffUq'91'YIt;J\wm::;'il1V

ff'Wfl1 (Depot) VlU....ll1'U::i~ 1t.lflllJlfflJ'rll~~'iI::ri ~ffUfll 191v-ri'il1'jtlnO~1~Vu ''Ul1ltl;j'tl~lt)~

oumn

,..,.
UfIfI 1



AI ~'1""" .... "",. ......1.2.2 lJ~::~flfl 'lf81'1ffflfl L~V11iGreedy Randomized Adaptive Search Procedures;

GRASP liio~~ld'mn~tJl'lJ""l11'U::

•11'IJ'lJ6'U

" .
mr1J1J1J~tl5~iiut\'lflfltll ~lljflff ~ffUlll'1111~'I1~6 ff.:jff'Wt\'1tl'.i'U91111~lU 1U~fl1l1'1'W'ffU'VI1~ i1ty111

~ ....1Jfl6'imn~fl'W1J1~1Uiifll'.i~~fl"''Ull1'61ffUlll''W 1'1~~lUVfl1t1U'.iV1J~2 lm::'VIH1'1~~lu6-3i,j
iiUHUms ~~",fU'VI1~~~~1~U1~'W111-31~'W'.it)'1uU~~,ju6~i,jt'H1J1::ffll vh '1,r'.i::U::'VIl-3'1'lJfll'.il~'W
'.i(l1l1fl;f'WL~fI'\J'Wrl~J1u~~Jl~1l't.IiJ-3~flti'lu~1;1:::'i1vrl~H~il-3~'lJ'tl'IJm'.i'\J'lJrl~tl~;f'U

~lflfll'~fffl1nUt1J'I110~Vff'U'1~~~::fffllJ11~f.lunt'UUty111~~fl~111~vf1~v'~fffllll

1ni11 ff91flff1'111'1J11nUty111fll'i ~~lff'U 'VI1~'Vi I'll 'I.J::1~viitl'I.Jvm::: ~ltJii'IJt\'11111~'~V1 ~flti'l11~lV

'1 " 0 41.4 J} , '1 ,,"" 1 ~'i1V 'If'U'Wltlfl1'.i1J';i'ilJfl~lfltlL....V~~91'lJ'tl'Ufl1'.i'U'UtHl11J'i:::V::'YIH~Vn1Jfl1"l~

" . ., 0 ~ 0 cal dq "'4 QI

'UUff~Ul~1l~lU1'I.J 1 tlU"":::'i\lfl'.i:::1J::1J'.i'i'tlfl'VI1J~"'lf6fl1nu

tl1111~V~fl1'iiYUt\'l'UV~~fllll"~~:::'i 1V i,jmluvlJ ~~~m'.i i,j i~til11'lJ ~~lUnml~U

'.ifl~;r~, ~U '.i\lU~1;1:::fiu~::VVfl1~'W'VIl~VVfl~lfltl5~iYulll' tJrl ~iYu111'1,rfi'U~fll{ lU~1;1:::'.i1[1 111;1::

. "
'UU-ff'Hl1flh'N1'W'tlJ~~flIl1yjii";~111J~ 30 l1t1 ....1J'j, 'YINh~~lUihflfll::1J::1J'i'ilJfHh1111J

.d~)1 ", ~ , .Q "VlU....l'l1U::1111tl1111fltl~fll'i'UfI~~fltll'l1~mJU'I1~ 6lU ....1'11'lJ::lltl1111~'11"ltl'U'lJlViff.:jff'Um66fl~ 1fl
..,.... JI ,.. oJ,JI .., t , " "".1! .J 4tl~ ~ff'lJmu'11~1V1t11Clf~ ~""~'lJ l'\JUflfI'lJ '11ffl11l'i(U~6fl1't1'lJ111~'\JfI~tl1U""1'11U::l1mlll::ffll"t1ll~

," I I

H"yj'~ ~lflfl1'i uni1ty'l11U flfI 'til 'l,r 'VI'n1J ~lU1Utl1'lJ ....n1u~yj~~' ~'\JUri~U~::tJl111tll ffull1n

'\JUff.:J'\JfI~tllU""l'11U::11~~::t1UThangiah (1995) '~tJntllt11ii~til'11U~Wl'lJ""l'11'U:: '111'ti'tJ~flfll'1'U

U~1;1~l~'W'Yl1~l~tJfll·H1'l.i.:Jti1'W~flfl'l~~'~1ii6~fl61Yilll;.:Ji'W1!m'ill (Genetic algorithm; GA). . "
Golden and Stewart (1985) ti1'11'lJ~~flti'li'Uu~~~1~U'VI1.:J~l{11ifll·m"t1mnim\'Vill~ ;J'U91fl'U

~fI 'hl Osman (1993) i~,jl1J,j~.:Jl~'U'VI1.:jlV1tJ'1~A. -exchanges 1~V1htff'lJflfffl~fl'i::1J1'lJfll'i~~lU
" . .
cJfltfffltll'Utll.:Jfll91fl'U,111~lml1'iu'l.i~~hu~flIl1,,~::lIu'I111~{lmffvifti'~'I1~v1iifl1'i~1J

, " "
~lflVif1~tJ '~ffmnUty'l11'\J6~fll'j~~'~'lJ'VIHtJl'U""111'U::'\JU ri~'\JV~Is 'H1U'Ih,,~~ 111

~ll~lU'VIV~ ~~~.:J6~'~'\J~ 229 '11~6 ~11J~tlV'Wff1tJthU1V91'i~m'.iff'lfH1;1~~111V1~'U1;1'.il'1f1i1Ul~v

i" ~ ..~ &1 .. '" .... ~5%-20% Golden et al. (2002) ; Barker (2002) ~1JnVl6()~fl'HU"fllJlflT)lJ~:~flfltH'tmm"t111

Untlty'l11 VRP ffllll'im'1~~"'n:ll..utluvrh~1Jlfl Clarke and Wright (1964) i1~l'iWlfll~~Vll~Ul1H

2



~ . . ~
1.4.3.3 cif'Un3 tI~lJ1A~ 1.50x 2.80 x 0.45 llJAl ( tlfl~1Jn't'ln ,110''1 23 0''1U~:'I11

'U1Pi0.6 ~Al ~1'U1U 50 111~)

" . "
1.4.3.1 cifunl tI;lJ1A~ 1.50x 2.00 x 0.45 1lJm ( tln~'11nl'ln 'I11O'~37 O'~)•

" . "
1.4.3.2 iun 2 tI;lJ1m 1.50x 2.30 x 0.45 llJA~ ( tln~1J~nln 'I11O'~40 0''1 )

"1.4.4.2 11"~fll'jt:ltl;lJ1A'l 1.20x 2.20 x 0.30 tlJ~1 (tln9l'11l1't'ln'l11'U1P10.6 ~A'j

" . ., , 0'" " "'" '1t1'" " ,~lUl'lo~ U01l'UUff~U1PllJ1l1nt!!utJmZ\lltJffUfl11 fJ~tlnfllUA~Z~lfJ
d' Q "do '4":1.4.2 tl'UfJm:1l1fJffUflllJ1l1UllJ ] Ul1~U~ZlJ'Jnflll'l~l1lJPI 30 l1tJ

1.4.3 fJ1'U'Y'I111Uzffll1i''11m,'Uuri~ij2 fl'U(fluliij~u,r 1flU u~zflulihiij~u,r 1 flU ).
SI 0 <l1l:I.4" , 0 QI

1.4.4 'Uoml1UPI'UO~fl11lJ,'U0~Hll'IlJi!1U'Jf(1l1U1U 1 flU)
" , : t:$ : t:$ .., ,~

1.4.4.1 ~U'Jffl11lJ~ff1lJ11~1J~~~U1U"~11~6P1un:U1U"~'11Pl11lJnU i'l

" .
~: 116'li mlu 0'1..1un: '~iH;O~lfiPl"huL1m ffl117lJOT:!~Pll~Ul'll~tJ1'U'Y'I111U::'UfH1"2 ~ ~lUlh9ilJ

" .
1.4.1 O1'j1~fJijiilmlffn1:l1il~m'j~PI'j :fJZl'IH me '~11ou' 'Ufll1lJ~tH01'j'U 6~t1nfl'lu~

o GI ~QI 0 .:::..AQ Q Q l' ~ .4 ~t'1'1111'11fJ1U'Y'I111UZ~p\lfJU1tt'1'U01YHn1t'1'~nGRASP PI[1utHtlJU 21:[1: ae 1::u:mo ruurm
"0 ~"" • ".,; ... 0 ";!:It '1t1, "1 .ff~Hfll~0'11l'jlJ~U'UO~lffUl'Il~fJ1U'Y'I111U:UA~:lffUl'IlJfl1Ao'11l'ILlJU1 PI UUA~:0111U'0'11

lP1fJilj,jPlu~~n'lJl~ou''U~fhl1uPl ~1~mi\on1i01,tI~:~n~1~ Nearest l~offfHl~Ul'll~l~lJ~U
" .

'l1m1u'~ 1~011U16~lul1'll~t1nfl'1 1 l1fJ (One move operator) 1~m1ff"'111tl~tJu~hul1'll~t1nfl'1

""'" .,j il...tI.1! tI'" tI 0' ".ct.l(Exchanges customer) U~:11i2-opt l'Y'lO1'11 1~lnUl'IHU~: 'j'11 l~flWm'Y'lfllAo'11 11P1'UU1l1n

" .
~lU1~tJuiiln11ffn1:l11in1'111fi1~0'11n~l-WfH'Y'Iodl117'11n1111n'i1t1J111n11~~l~Ul'lH

1.2.31P1th:ffl'lifl1l't'Uo~il;ff~n lP1mmtJ1JliifJtJfm~'~\llnm~~Pl1~Ul'Il~ lP1fJiii1

;ff9lnn'11ml~Pl1~lJl'Il~U'111Jl~lJ'UtHl"Hlunnllffmn

1.2.4 '~l~Ul'Il~tnlJl'tl11U: i11~~'ZtJ:l'Il~'UU ff~ffUfl'1~PI~H1l1m~lJ
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.4 QI "Procedures; GRASP lVi611Y1lff\J111.:JtlTUVil'H'lJ:;
~ i .CloCV 41 Q,fS! A"1.5.4 nruu 'U111H 'lJfl1n~tlU"::Vi9l1l'lJ 1'j::UUfl1'j~~Uff'lJ111~tll'lJVil'H'lJ::: lVi6"9111'UlJ'lJ

fl1'j'U\Hi.:J~lflfl1'j'U'lJri.:JiT'Ufll9iH<l"j 'tJ~~u7iflfl

-I "'i!ll'" '" '" i "'...1.5.3 ffllJ1':iOlJ'l::qfl1l 'tHJ1'lff9lfl Yltl1ti Greedy Randomized Adaptive Search

1.5.1 11'l luii~ ItJU'lJU 'UtHi:1ty '111u,,:; Vhfl111Jl'i111~'H"fll1q'l;j~~1~v1'i16~nui:1qJ't11flH
~Yllff''lJ111~tI1u Vi1\1'U::
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'1 d.c:.J ..:I ~tll Vl'llVlLnfl'lllJ\llnmWOlSLnflShortage

uee Overload

til1~,ilfJ;ilfifl~lJ\llnn'HunmfifliTlJ~ 1'li
1;;fJ.:jl'lf)Af)fl111J~f).:jmS'IJf).:j~n~1

thl~~lfJ;ilfiA~lJ\llnmtU;iiTlJ~llfilJtl111J

~f).:jmS'lJf).:j~n~l

,jtyi'nll~f)~l1';.:j~nli'l

1'HlJA'Ve.:j~n~lua::tjlJ6m::\lltJiTlJIi'1

QG 0 adq

"")1I0l'111fll"~lJVl"Vlq"

fl111J~f)~fmiTlJ~1;i':UUlIlJf)lJ

iltlJ111msi~1~lJVn:WTU'n111lJ::

iltlJ111nl'iifll~lJVlHl~lJl'Iirn~llJ'lJltJ

ilty111nl'i~AltflJVlHdll1f'UtJllJl'Ill1lJ::

'lJlJtY~;iijtjlJ6m::\llfJiTlJ~lmm Imi~
iltlJ111mS1111~lJVll~fJllJl'Ill1lJ::U'U'U

ml1J~e.:jms 'limllJelJ

13. Node

12 Restricted Candidate List: RCL

11. Overload Cost

lO. Shortage Cost

8. Heuristic Search Approaches

9. Penalty Cost

7. Stochastic Demands

6. Exact Method

5. Vehicle Routing Problem with

Stochastic Demands: VRPSD

;SDVRP

2. Vehicle Routing Problem; VRP

3. Traveling Salesman Problem: TSP

4. The Single-Depot Vehicle Routing Problem

I. Greedy Randomized Adaptive Search

Procedures: GRASP

fll1ll'tnntl
. .., .:
ftlft'n"

5

,
.cC 0 ~ Q,I' ~

fll11.:t" 1.1 fl1lJV11JfI'l1V11uvn:::

o <IICIl. .., J
1.6 ftl1.lfJ1l1ft'n"lU'nl::



. " " .
Til1cN~lV'\ltNnmVi"''i>lM ~lflfll'ill D,j~'11U'\I6~'VfU fl.:j1U lm:"'flTil icN~1V1l1flU111ul~6t'Vfn'lViiYlJ

'1 "0 , '''' act . , "heuristic 'H~"'fI1916lJfI1 'If\)lVl1'i>lfl11Farthest insertion heuristic fl6'U'Ul.:JlJlfl

t'lf'W~l <M1UlflJ'H~6 tm:::t1f1~v 1l'l1J'U1Q'" (2546) '~~9'lJU111lUlJlJ111~flW91fflff91f

(Mathematical model) dl'H11luli'ilflJ'Hlfll'i~~ff'.int:llJ'n'lfl 1~tJ1j1~Qll'i:::ff.:Jfl'd~6'H1Th'1.f~1[J
t. , ". r

'Ut).:Jfll'i'U'U ff .:Jn~ In ty'i>l'Ut).:J'inurs 'lfl'lflTi U '1urm 'UU ri.:J~VV~ lfl~U fh~1J1nv1~1 'iHlU

..Q _I"" Q ..,; , "" 0 '"'' "" _I "" .....,; .., .l91'111'i1J1W'Ut)-3fl1'itfllJtflV1 u 'i>l\1flfll'HUVl 1 'Ul191"':::t'i>lVU11l11lJlJ111~flW9lfflff~'j11'Vf9'lJU1'\1U
• t. II

tcN1Ufl1'i'Hl~"'llA~VnmlJl:::fflJli~'i>ldl'HflJ'it:lll'i'.ilJfll1~'HlJ~

flq14~l ~lfff U"':::flW::: (2546) '~fffl1411ii61~lJll'i:::ffl1im'Vffll'i'\luri.:Jtm:::m:::~1t1

iY'Ufll' tl~'Qflt1'l l~vntmulJ1litJ1JTh '1.f~lVu"':::~'i>l,h~ll9lnl~"'fll'itl'i:::'HV'i>l 'nlJ11ffl1l1'.it:l"''i>l

. . "
insertion 11":; Nearest insertion dl'H1lJilqJ'Hl11V.:Jfl1'il~U111.:J'UV.:J'n,rmlU'\Ilvliijl1.:Jfl1'i1lJlm:::

ri '1lJ611ff'U1{1~1j ffU fll'1fU 'i>l1~tl1 ~"'fll'il1'i>l"'t)'1 Uff~~ "~\11'U'hinfll'i 11uu Nearest insertion

, Q QI ~ a.r
'U'Uff-3mm~lJ 4 nu 1'I1"'t) 3 nu

~~p1116 m16lJh'U11 (2545) U1UlU61ii11ff~fl 3 1ifi6 savings algorithm, two-phase

algorithm 11"Z sweep algorithm '1Ufl1'i~9'lJU1'i:;lJlJ·jbVfl1'.i~~ffut~'U6.:JilflJ'Hlfl1'i'Hll~U111'lfll'.i
tI tI. •

l~U·:it:l mmfffl'WllJl1:Jl1'UUff.:J'tiff'i>l 11.:J3 1iirU\):; '~~mr'Vf£liU~fl~l'1tiU mcNff11l1'it:lUl~"'n'~• •
\)mrm fllU 1W'U6'1U~"':::nlJllm uiuli VlJt~6fl1'.i ~~ffU , \)tiivm~u 'YIl.:J~

tl11.n: ~llJtilJfl11lJ"'6.:J ms ffU fll t UU~ "':; 1U

'tfV1l'lft~6flffll1flJU,,::1l1wl1'1fl1n~1.:Jff (2546) UllffU6i11ff~fl 2 UlJlJflt) Farthest

m'ifffl'Wlt~rJ1tilJfl1'iuni'UilflJ'Hlfl1'i~~t~U111.:Jtl1U'Vfl'HU: (Vehicle routing problem)

ijfl1'.ifffl'Wl11",:1imJ1t)~v.l~mdt)-3t'tfU.:J1U1irJ'U6.:Ji'Yw ~UU11!rfl~t'U (2541) ~lU;lUt)fl1'jl~U111'l

''I _I'" d&" T d... ..Q,,~ T '" '"
'UU'tH'UUlJ &Ut'U~fl~.:Jll1'Vf<1tm:lI'ilJwcvm mWffmn '111'1&t)9191wnmv C]f.:JUflllflJ'Hl&~V~1'i

~~fl1~fl1'iU'fl'ifl~'1fla~~~ (Nearest insertion) ~1lJtilJ 2-opt 'nlJ-llffllJl'It:lll'i::'HV'i>lfl1'ii-N

l1r",wlm i~'j:U:;111.:J'.i11J~1~'i>l u"':; '1rl~~l '11U111'lllg00 6'U1mffllJl'i{l"'~~lU1U'it:ltJU,1

2.1 ,nU1QD~'~rJl,yM(Literature Reviews)

,...
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, '" ~ 1 1 0 d d ~ 01 J .t:t. ~4 "U seuurm m:: \lltll1~flW crJ'\IV\Il-\1't'4UltJ1Cl91tlfllU 'I(I~HCl9IflOlcrJl1C11V~U~'YIlJfl11lJ~6~fl1l

11~tiw'li'u~CI::~ij~~11C11~1~O'U m::tJ1Ufill'\l6\1ihlU~mlU\lli1u 2 'i::tI:: 1~Ul::V::mflffr1\1

QI " • tI ..s" 0 d'd 1 Irm 'il~HffU'VIl~'tIU1'1'\lUCl::tllUtlU9Il....6'1111ffU'YI1~une \llU 1UVlUtlU9I'VI111111::fflJU fill 'UUff~11"::
tI • .", •

m:: \Jl(JffUI{l' ul'U9IiilUfi' ,fulfil'i 1~{Jiil'tl1'11lJl(J11umn6C1~9l'u'VIun~1::tJ11lll'9ilfi ff~ u9iO'lfl\l• •
tI

916tJrru 6\1~6fl11lJ9l'6~flll'lJ6'1\lfl~1 1~1~{Jfil'j Vi'illlW 1;j'6~lfl91~ 1~'1 U6mllflUV\I\hlffU tl

1Ul Ufll11f1611Vi11~611~ 61 f,1..I fll 1fi11..110l 111Ltfu 'VIHUCI::~11..111..1tllU VU ~~ L'I1lJ1::fflJ ff1l1;tJ
". . "

~lh::fl611fll'j\h~11fi' ~li1umWfff)lll HClfi'~1i1ufi1l1't'46' \l

't'4\1fflillilU191911::tJCIU,,::flW:: (2547) Vi\l11W1Uty'l11fil'j'i'~liJU111~fll'i'tlUff'll1~tlWct1

" . , .
~9alUl1ifl11uti'Uty111n~U1J1J'Hlfh9l61Jfi~Hl~~ (Exact method) 1l,,::1i111t11916Un~""6fl11'th. .

" .cs I CL.Cl 0 ~ 4d. 0 .c::uc::t
fl1'il11 Lower bound '\l6~91UllU'i111m"tI U1U1Tifll'il11f11~61J11~'t'46f11'iUl1ffUtl1Ti Very large-

'

'' ~~ oQ4 ..t '" .1 ~ 0' ~scale Neighborhood (VLSN) Search 111 ~UtllJtyl111Tifllll1't'4i1l1Ul'\lU111UUffllJ1'i(l111f1191611i'l
• tI tI

lrJufithrw'h)n~ 2 mWfl6 U1111Uty1111{lUDeterministic 11C1::11U11Stochastic U6ml1nu!f1~(J

UCI::fltU::V'l'~ihlffU6n i1~ff~fl GRASP lUfll'mti'Uty111~jjitflllW::l~V1t1U 't'4tJ'ht11Vl6U~'~

9l'U'YJU1~V11116d'U'i::~11~1

~htrlliltf lffl11!ff11\jlW UCI::flW::(2547) Ul1ffU61UU11Ul1HflW9IfflU9I{'U6'1Uty111

4 ~ ~ ~ ~ • 4 " ". QI Q.I.Q 9Jannealing; SA) 1't'4flCl~91UllUlUfl~'\IU\llflfln'\lUU'IUUfll\llfl\lflflnlVV6VlJ1V'IflCI'IffUfllUCl::fll'i

1~tJ;m:nifuI{1'UflH\lffuI{11~vVi\lrHU1flll~~1~U111'HnflflU\lfful{1A'~6'lh~tJffUl{l,",lfl~fll{l

H~"::'iltl ~\lN~91tlw'li''\l6\1~fll{lu~m:'ntl'bjntii6UflU V1U't'41'HU::iifl11lJ~~lfl911i'Hlt)1916tJ

I9lV61ffUl1Uflflll UtJtJl~6U,j'lU lfl~lflU-\I (Neighborhood) 'i1lJO'tJ1irm ~1C16'1UtJtJflll6110flU

ih91611(Simulated annealing; SA) 't'4tJ':ht)1916tJ~'1~djufil916U~~UllJ"Hl"9191"'JllU'i111'1~

'

''0 ~ ~ oQ""''''oQ~Sindhuchao S. (2003) 9l111fll'irrfllll1::UUfll'ilfltJ'i1tJ'i111UUfl11't11\1f1C1'1ffUtn
41 "4 Qld..c:a.Y 'j!QCl"Z Q,I • QI 4IC:\

lf1'i6'\11tllh ::fl6U911V 111fl91'llfltJffUfll 1 U'\H ~NCl91ffUfll91'lfl'i::\l91m::\J1U '111'1flUllC1::HCl91

ffU I{ 1~ hh l1~6U flU ffU I{ l\l:: \lfl 11tJl 111\llfl~H~ 911111~U'11'~1mi~l~tJ ffU I{Ui1Ufl" H
• tI •,~UlV1J1vO'11fful{lutJ11Ul11lWfll'i ff'lcjf6-thh::l1v91 (EOQ) flU'Ifful{lri1ufl"l'1\J::'tilfll'H~111~11

ffU III 191Vfll'iri 'Ifl~11H)11'i'illfl66fl , Ul~11'i11111lJ ifu 1l1911lJfl~lJ~H~911~tI~'i (ItJnllflu~,,::
flU \J::ii;j~~lO'91, Ufll'itJ'i'i'YJfl~llhflU UrI::'1iffl11l'i (I1~Ul1l'l~ \l::6 en , Ul~tJ ifu t1'1'1~lnU~lU1U

tI • tI

fl; \I\1~~~fit11'11U~'1' '~iifll'iiilllUl11iflllUn'Uty'l11U l~Vfll'iHff11HfflUflll~~ffU' \l'U~lU

iff~fI~flH~ 11C1::~lUflll'\1Uri'Il;j'1~1Vfiu 191QU1::ff~flfl611f1'i1::M9l'UllUl~ gtl~~l~~~ u,,::,~
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Q e ~ ,c( do QQ 0

ff'VItiflflt;l191'11::1lJtiQnun:'Yi'i l'V1Vftl'4ffff1'U t;lff11 (2549) lff'U6U'U1'VIHfll'.i'U 11::UU

fltllJ~11t;ltlfU1JU~'IJ'U1'U(Parallelcomputer) lJ1tJ'j::Qfl~1~1'Uflllti''U111til916UU1JtI'VI1\!1~61~1l
d , " 1".1 QI ~ QI ... 1.4fl11111'l1umsnum 11"l~'lJ1JflUlJflJ111fll'l"t;lt;l1'$1~m'lNn91U1JU916lU6~(Flowshop scheduling)

VfU11ff1lJ1'jCA''U111tll916U~~i ~fI1V'1Ul1n1V'U'.i1t;l1~1
SodsoonS. and SindhuchaoS. (2007) 11llff'U61ifll'j Max-Min ant system: MMAS

vnfl6unlluti~06flln'U 2 l::V::fl6 fl1'.iit;lffn\1flfl1Vf!tllJt1Um'jU~1~lffl.l111~fll'.i'U1Jri~lm::fl1'.i

tJi'1JtJ~~fjWfl1Vftil916U~1vml 1'* 2-opt onfl6unll ff111110111til91tl1Ji~6d1~ll1111::ffll

. .
I'd d-

un:: anti-intersectionalgorithm11t111ff111l'Hl111fl1'V11't1lJ1::ffll'VIq~
A 14 d , ".1 "1" QI ~ QI ~6'i'iOVHl ff].J'VIfjlJ91UC1::fllJflt')t;lumffQn (2547) jltlJl:Qfl91 'I1l1nflfll'HflV1fltllJqJ111

fll'j'i'~1d'1J'YI1~1~tJ'j0(Vehicle TOUtingproblem; VRP) 1';6'h(lijltltJuUtI'lJ6n::tlUm'j'IJ1Hi~
• r" ,

m::~:n(lff'U~l ljltV1~ii rns ff~\~ numr 1ihl111161ft6ti1'U1W111'j::(I::'VI1~'IJ'Uff~lhY1Jihljlt un:: 1~ii. . ~
rm ihl1'U~l~ 6tJ' 'IJUi'l::;i'6~1t1jlt~1~~ HC1fll'ji'~1d''U'VI1~1ijm l1(1t1t1u1iit;llffl.l 'VIHUUU~~l~l1

'YiU116~fimmWfffl1:nff1111'jOn~'j::(I::'VI1~1l.1fll'j'IJ'Uff~,~ 567 iilnllJt;l'j/fftJ~l," ltJ~[J'UltJUUU

fll'j''IJ'Uff~''lmOU'j'j'lfl 6 ~6 lrJ'U'lom::u::1l.1~1'U1'U 2 1~fJ1/fftJ~1,"

q'$'Yi~lfmQn19l1'U1 (2548) 1'*ii Greedy Randomized Adaptive Search Procedure;

GRASP 1\Jfll'lUfl'ilt)J111fll'jV6flUUUlfllV'hVl~tlfl11lJ6d16~ 1~(lu,j~1ifll'I6vmrJ'U 2 ff1\J~tl
~ . ~

,., 0 4" 0 .:Ietl Q,f 0 4"flllff'j Hfl1t;l tlmUtl~t;l\J une ms 111fl1t;l6U'VI~~HJ'Yi~\J"'lflfl1t;l6U1U6~t;l u Nnfll'j'VI~fftlU

;r,,rl,1l.1111iif'1~'U1i~1,rti1t;l6U 1~[Jm~(I~~un::'j1t;l1~1

q'Vf'llru tlt;lffUn un::fflJUA ffU1i1"l1U (2549) 'A'lh::tJflii'l11fh~6min'i'1Jilt)Jl11.~ ~
fll'S~t;lff'U'1~ua6flffm'U11~~tl'U6m::"ltJff'Ufl'1 ~ltJ1tJ ''Ufll'$it;l~~un::fll1 i't;lffn\1fl~l',r t1Ufj'UV

m::"lVff\Jfl'11~v'~11i11ivnfl6uiilll;,niullfl'l1lJ (Genetic algorithm; GA) 1ifll'j~~mil1

ff111llfl111ti1t;l6u'A'mh~1l1111::ffll

in:ffflt "111ntl6 Un::flW:: (2549) '~1l11ff'U61i i1~ff~mv1tlnt;l~'U'¥J\Jfh'IJ'Uff~

ff111i'UV1'UVf111'U::~iifl1111'~ 1t1t;l, 'Uilt)J111fllli'~1d''U mems 'IJ'Uff~1t;lviim mmm ~1t1t;l'II6~

6~ ij,U uu 6n n6v;''U ~t;lff111m '$lJs ~HJ'Uii'ms ufl'ilqJ111'1'U~1'U1~tJif 'l~1ii1~ ff~fl c;~6~m 6U

nm fl11lJ ''lJ6~'l ounenm 'l6fl6mtl1J11~fl Hnmr fffl1:JlVf1J11ff111l'HlL~lltJ'l:: ff'VIimnms 1oNln
U' 25% 1116nt;lfl1',t1'jOl~1l'~1fitlU 1.6 a1'U1J1'V1~61J

~ .
1~1J'VIH'lJlfd~,jtJ~tJ~'UJ11i Saving algorithm un::ltJ1::vdhYtN tJi'1JtJlU;'916t1~"JV1i 2-opt
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" a '" "'I ~ 1 ,,, ..6 ~ '" "" "'_1 '"'\IO'illfl"~ 1'Ufl111J~ 1'Ums tJ'l'll'Jfl1l1l::'l::V::111l1fil'j1'1 'U11flll::1ff'Ul1H 'If-31-3'il1flflll-3ffUfI1 IJfN

~flfl'1~m:: 'illtlf1d1ui'U~~till1 'U~ ~-3f1'llUTl11l.J~6~fI1'j '\I6-3tlflfl'1U~~::ll ml1l::11nUl11l1~~~

'A1'Ul1it-31d''Ufll-3fl11u~ilty111~1~tli~U1tff'U6811ff~fl11i11it)afl6~Vi1Jt;-3n'Ulm~1J (Genetic

algorithm; GA) l'flJ':i1ff1l.J1'j(lll~'j::V::'t11-3f11'j~~'~3.9%)Ull::'t'!~'j::fJ::111l1~-3'~4.4%

Laporte et al. (1992) '~lffUf)~1'U1i'U11UU1;~ffl1111fl'j'uil~111 VRP ~ih::t.I::n~n
~ v ~ r ~ 1 ~ T ~QI J Q.d "
I'llus rrn tl1l::'j::U::l1a1fill '\IUff-3ttJ'Ulluun 111lflffflfl 1"tJflW::~1 '1V~~ 'Ulff'U611 fI1'lUflilty111

VRPSSTT l'U 31U11UU fi6 ItJ'jum111it)u''\I.u'6~lfl~Uuuii16f11tl lUUUU61fftJ 3 A1fU(3-

•

" . .
Grasp ( Greedy Randomized Adaptive Search Procedures) l'UfIl'lU~il~111f11'lff-1Ul~1J 'tJ~~~f1fl'ln

iifl1111~6-1lfll'j'uml'U6'U ~-11nu11ifl1'jt~tJ1ti'UflUnU1~tJrl' U91-3l'U1itJrl'iiff'Ufl'1111lltJ'II'ii~~'l'il::

mlfl~1'l'illml'U1~tJ'\I6{1 iii''U~ Ul11ff1JlJ~~1~u~iltyl1lffufl'11-WV'l'll'iJ~1~V1

lU{llU1~tI'\I6{1911{ltJ'j::ll1fl Clarke and Wright (1964) ~'il1'lW1f11'l1~i11ff~flLl1JU

tJ,::116" (Saving) 1~t)uO'iltyl1lfll'~"ltfUl1Hdll1i'UtllUl'fll1'U::~iifl1l11~6-1fl1'l'\l6-1~flfl'111alt1
, .~ ~ Q,I~"'.cl .d""cv : 1"lllH fJl'Ul'fll1U::f11l1J,111llV'\IUlfl tr -1t'fUtl166fl'illflflll{lffUfI11ll1~1"V1 'lf~ lfll't9'JJlll'\1U916U11

• •• tI
.... " ...... ...," ~!1 ....... 01"

ffl1J1'l(l11l6flLff'Ufll{1'\16{1V1'U't'f111'U::111l11J1::ff1J11~"~1l11 "'illf1fll'lUlIlJty111'Ufl6 111 111111U. .
o d 1" , _.CIt. ~ l' ct • , QI'il1'U1'UV1'U't'f111'U::11'il:: 'II''\I'Uff'I uneu 'j1J1Wrru tlll1'\1'Uff{I'\16-3t11Ul'f1l1tJ::Ufln::fl U

Gillett and Miller (1974) '~lff'U61i sweep approach ~~ln'Ull1fli1f1i11ff~f1~ii

l.h::ii..,ifl1l'f~~ l~tliilm ~ff!Hl'UfI1'l111fhfl6tJ 2 ii1iiu flij ihiitJu'jfl'il::i~ l'U" '11'ilu
"Vl'Ul'f111'U::'il1flU'U'il::1Ifii1AtJfl1'lff-Il'\lij-llll1'U~9il-1"1UrivlU't'f1l1U::

"Thangiah et al. (1990) ;'lfllfui1ty111fl1l~~1d''U111~fl1'l1~'U'l(luutJiifl'j6Ul1m l~tlii

ilty'lHt1 ~~Wn'U'l~(2550) llm"ll6i1ty111flll~~thAtJ1UU"'Hfl1"'\I'Uff 'U,,~plflWcti'~lfl

h-ll-llTU'tJV-llUfl~11~QtJ':tl~fll~f)1111~l1n1m~t.I'\If)~fIl1'\lUri~"tJ~1'l1f11H-1ltJitJ~-Il~f1ti'lU91

't'!::11tJ1l'mJ~ tl~ U't'!::~l'U1U7nus 7..,f1~1.rt Ufll'j'\lU ff~u9ill:: 'ltltJ1l'6tJ~ ft'~ m tiit11l1l'fr6lJ1Ums•• "4

A'-3~tJfl'1'\1t)-3tlflfl'11ul'rhtiu trlUms ~~U~tJ"'l-311UUl'fn1~ 1ifl17111fh~ t)U'\If)-Ilil~111~fi6 rm

tJ'j::~f1~1i'~u1ljflltJ'lum1Jrl-3 (Dynamic programming) fHHllflflln'l~1lf)~tl1tJ'~'h ernrnn
" 'AI .,..,. 1" ~.l111ttltJ 111-1lfll'l'\IUtl -IlUll::1J7::tlflli fl1l'ffll'j 'II''lnus 'll'JflLl'fl11Jlf1'\1U

'lJ11JiJlluiJuull::l'f·nf.gtJ ~~~::litJ (2550) "lfl1'lffmn111u'U1111-3 1Ufl1'jtill1'U"
.J! 1 ,~ ", '1 -: ..6 1,,""dtU'UflH'\I6~tJ1'Ul'f111U:: 'UfI1nHU~UfI1'l'\l'Utl~Ut)tJ1'\11~ lH~1'U'U1mll cH '11'11Saving

1 "0 'AI "" "" 1 ' ~ .Ialgorithm 'Ufll'l'fI'Ul1lfll~t)U l'fU11IJ'l::tll1liflll'f UfIl'j'\l'Uff-3tl'f1J'\I'U15%

iJi''U~ 'Ul11tl1J~~ (2551) ll11ff'U6fll'lU~il\Yl1lfll';i ~"td'Ul1HtJl'Ul'fllf'U:: l~wl~
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. .,
'~,;'Util'H\J~ 11~::iffifll'i ff1.J1,jiitJ1Jih~lJ~flA'1'i:;l1'h~1n'1J'Yl1-32 1U'UU~::il~nlV i~i\J;tf)\J
fl1'Hl~18f)fl (Selection Procedure) '\Jfll'l'A''U'Hlt;'9101.J~~~il~

Bullnheimer et al. (1997) Ullff'Uf)6~flOiiii1J'l'::1.J1.J1J~(Ant system) l~Ol1til'UiJqf'Hl

ms i~UU'U'Yll-3fll'l''U'Uri.:j1~tJiit!'Uvm::'Il1tJii'Ufl'111";-31~V1 Ul'U....ll1U::mijO'UflU ~~~ ....i'ih~'Il1fl

14 ilt)Jl11 i~mmVl.Jl~fJl.Jnl.J1tinJ';li1~ff~fl 5 'tfij~ '~uti RR-PTS, GHL-TS, Osm-TS, Osm-SA

Laporte and Louveaux (1997) Ul1ffuo1nunilt)J'I11fll'l'irlliJ'Ul'IHV1'U'Yil'H'U::Ul.Jl.J'~

Uti1JO\J~1fJn Integer L-shaped method 1~O'l1"i~th~Ol.J~~~f{iil l~fJfYmmnflilty'Hl 4 'tfij~

'~uti ilqf'Hl~ 1 l1~l'~Uti'UOU, ~1'U1\Jtll'U""lM1J:: m flU ilqfMl~ 2~1'U1'U~flfll'~l1ti'UO'U

fJl'U'Yil'11'U::1 fl'U ilqf'l11~ 3 ~1'U1'U~flfllU~::fl111J~O.:jfll'Siiufl'1'~uti'Uo'U, tJl'U....l'H'U::m fl'U

U~::iJWl11~ 4 fl111J~f).:Jfll'iif'Uflliliuti'U{lU, fJ1U....1MU:: 1 flU
"

., .
msunm 1~V-nlfll'i~~U,j~-3i1tlJl11 VRP UlJl.J~.:J1~1J,..riimf)1.J11f11l~tJ1fi1Jfh,ji'l.Jfll'iU-3ff1Jfll

. .
c:lQ "4'"'YlLflrl'lllfl2 lff\J'Yll~'YlU;tfl~l~fl\J

Thangiah et al. (1996)i~thtff1J01tifll'ii1~ff~flUl.Jl.J 2-1-nfffflMll.JUni1tyMl VRP

111.J1.Jijfl1'l''Uuri.:Jii1JA'lmrl.J1JliJ.:Jfl~.:jlA1Ju~::iimf)l.Jl1~l (VRP with Backhauls and Time

Windows) 1~tIL'YhlUm1~1JtilMU~'Yll.:Jl~OflUftilt)JMll~1J~1J1~V'~M~flfl11 i1~ff~flUl.J uumn

'Uf).:JSolomaon U~:;l~ff~ 2 ~-3-nlfll'i,ji'l.J,j~.:j'Yll.:jl~f)fll~Vfll'l'ffl.Jl,j~V1J~tl1J~l.JA. unems
ff1JL'tJ~tJ\JUl.Jl.J2-Opt 1~f)hn~fh~f)l.J~~;f\J

Taillard et al. (1997) i~'hlff1J011Jfll'iffl.Jfl\JUl.Jl.Jl'Il1J fflMi'l.Jilt)JMl VRP UlJl.Jii

Index Recourse Model) l1~::'i1.hll.Jl.JtnfftJ2 ~'tfij (2-lndex Recourse Model) hW'~tl~flO~fi1JflTi•. . "
U;tfln~U~::~~Hi·nJul.Jl.J-n1hl1ufllmni1tlJl11-n.:J 3 l,jUl.Jl.J

Kontoravdis and Bard (1995) ,hlff'Uf)11J GRASP 1~ouftiliYMlfl1'ii~1tV\J't11.:jfl1'il~U

snuuuilns 01.Jn~1 1~vij1;tQ lh:: ff.:Jfll'~OM1~lU 1Umu ....ll1U::U~::'i ::v::rl1.:J'i11J~If{~ ~flfllU ~

~::'ilt1ijl~f)'U' 'U,U fll'ill.JU~::U .:J1Jf)l.JffUflltJ1U....l'HU:;ijfl111J1 ~ln~ ~~~i~ffl1Jl'Hl ,..rf'h;tOl.J

od'u'i::~lJ~~

Potvin and Rousseau (1995) 11tJf)')' "fl1'iff1Jltl~f.JlJU1J1Jm)'j'-f)f)'Vh1(Or-Opt

Exchange) ~.:Jd~U1l1flijflfl11ffl.Jl,j~V\J,j1J'U1Jl~I1J 2 'I1~O3 ,j1J l~vfl1<m'YlmM~f)~~.yf.:J',j~lfl

lrt''U'Yll.:J1A1JM10'Ulrt'1J'Yl1.:J~1J'l~1~f)fl-n~1'j\Ul1ifl1'i 2 Opt ti1Ufl1'iff1.J1,j~VUli1V.:J2 ,j~lV'Yll.:J

10



........, 4
~1'U1\lfJ'YI1'Ueu

tI .a ~ • AI a f "'1"d ~ "tltJ(lm::\llVffUflllJ1Ul't111tJ::U~a::fltJffl1J1Hll~tJ'YIHfntJgflfn l~ll't(l~ 1 flH fl11lJAf)~fl1'l
" " I I

n~'HlJ~ '~lfitJ fl11lJ~'1HNtJ1tJl't1l1tJ::: ~lmrtJnJl uin fitlmmti'Uinih~ ff~fl6tJ'1 Han l~f)di u

l:::~'U~llll'tfl i ~ij~l~lJlfl

Renaud and Boctor (2002) '~lff\Jflini11t1'~flU'U'Uil1li~llUfl'h Sweep-based

o .... 1'~'" ... .1! '" 41" ... "algorithm ffl111'UUfllJf\l111fl11mflfl'IJtJl~lm:::fl1n~mtJ'YI1~UllJl'f111\J::l1aflfl11'Y1"flf) ~::ffl1.:J

1~'U'YIH~tll'Ul't 111'U::~::'tJ1,r 111fl11 \llm!u Vilfl111~flflU1Ul't111ueuae ~~ltftJ'Yn~1,rl~f) i ,rln~
lh:iu"ll'~~"l~ ~~~lflfl11fil\J1wlmu'Ulfitl'Uti'UingtJ'l l't'U'hnifi,rfi19lfl1J~1l1~~l'tf) 1~'lu

JI

naltl'UffU

Bianchi et al.(2004) \hlt1'Uij11iL1J~li1~ff~fl dll1i'11i1f\1111fl11~~LJlJ'YIHtJ1Ul't111'U:::

U1J1Jfl11lJ~fl~flll 'liulltJ flU l~ui~ih~1J\1flfl'l iULtfU'YI1~L~fla~ 'j:V:'YI1~fl11'1l'Uri~~ltt~ in

FR like munn i,rfi19l6'U~~~"l~

Dondo et al. (2006)1~nfll1tJi'1JtJl~11ifll'jUoi1ty111 VRPTW 1~fJ1~1J~'U~lfl'YI1~1~flfl

'Ilf)-3fll·moi1iY111l~1J~1.J(Initial Solution) ua::'~{)'4m1Jl;r-3fltU9Ifflff9lf~iltJfl':h "MILP" 1um1

LLti'iJty1111~fl111tilA fl1J~ll11Jl:ff1J 1~(lii 1l11'ijms ff'Ul11~(llJl11J1JUl111ua:: ~~ih~1Jl11J1J u
JI JI •

L~'U'YIH1~U1(lfll1tJf1JtJl~ilfld'Uu-n\J!lU'lJf)~ l~L1Jul1al~fllilf)~ (Continuous Time-Domain)

ua:tJ~fl~ii'l1~lJ"'flllW::fl111J{)11111JltJ~luua::~~,h~11FhULfI]1i'l'll6~~1UtJ1''UU1~9l1~'l

Karahan et al. (2006) fYfllllLmU1JllifJ'Ui1ty111fl11'IJ'Uri~tJ'j::flij1J~1Uilty1112 tJ1::1flYl

flfl tJ1:1fl'YIU'lmilu ilf\l111fl11i~LtftJ'YI1~1~'U'lJij~'t'nrfl~l'U'IllfJi~vih1fltJ' 'IlL~ij~nal 'liull'Uij'U

(Stochastic timers) ua:~1'U1'Ugfl~1'l1ull'Um.l (Stochastic customers) tJ1::1fl'YI~t1'fl~L~'Ui1tyl11

fll1~~uJ'U'YI1~ffll1r1JfJ1Ul'tll1U:: 1~tJnl1flU ''IJ~1'U1lJ\1flfl'1'~LLll'U6u (Stochastic customers)

m'l:fl111J~ij~fl1'l'IJfl~\1flfl'1'1iL111'Uf)'U(Stochastic demand) i~fJ-n\11'lW10~1::~1J'lJij~iliY111\11fl

•

• Q.d Q tI qQQI' ,q,4 ~ w
ij6U (Simulated annealing; SA), 11i9l11Jlffl~" (Tabu search; TS) ua::11iijaflija'YI1Jl'ti"~l't\.,!',!fln1J

(Genetic algorithm; GA)

Braysy (2001) \hlffUijfl11~~tJlt1aflijiivilJl~.nitJllm'l1J (Genetic algorithm; GA)

dnf r 'U~~1~tJ 'YIl~ffll1 i' 'UfJltJl't111ueuu 'Unm eun ali ~tlfJltJ l't111tJ:: ~::~ij~ l~1JUa:: ml'UlJ1~

..
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•

1 • !..c6 A i~ ~ d4 QI ~

l:lJ:::'YIH1::M 11~~~U~"::'~1J1J CJI~ffl1Jl1C1tJ1i1.mJ~'illflml-W G=(V.A) 11J'Ufln-W'YI1JM1~flff'l'1f

.... cS '~Gd • .1. .d "" 1 """" 1'"'YIffl'l1~11Vfl11 L~11fl1'Y1~m"n (Directed graph) l1Ja V={I•....,n} flmCJI~'UtJ~ M'I..I~WltJllJtJ~ ~V'YI

"" "ci '" cS ," '''. f '_I JI ?i cv... ..A fla lCJI~lff1J1'JftJlJl'llltJfl11 allfl (Arc) u~n::al'lfl\l::1J~::fla1J 1J~1lJ Cii 11J'UfftynflllWU't'l'l..l
4 Q,of q 4ft i 4!l.:k Go' t ~ "

1:::6::'t'l1~VI't'f'lJml'1..1'U1V1~'I..I't'lH1l1fl11Ja~; 1.JllJa~ 1 CJI~(i.l)e A ~~lJlJ'uiJtyMlf11<H)~lff'l..l't'lH. .
.q QI , .<I!I 4: i cS ,

l~lJ'Ua~'t'f'Wfl.:allJ'UltJUtJ1JfflJlJl~lfll c,=C. 't'JO "1 (i.l)eA lm::uamM'Ua'illm~a'l..l 'U'YIfl"11

l' COl • f itl " GI .1" il .ok "" .., • f .., ... 1 ""1J1Ut1,)6~1JSZfltJ1J ~1V~1U1J':iafl SZU1't'lM'I..I~flV~1U1J':i~~ff\J \l (Decision variable) fla Xu

" ..,g '" f/ .d.4 cv 1 4.a '4V tI 0m X. =1 MlJ16C1~ MV11fl'UtH (i,l) 'YIl'JfV1Jfl'l..l \Jmwa'W'l llZ1't'llfl1Jtl'WtJ 111J1J\llna~'t'lH
" "

fltU~fflff~{ffllJllf.)~~~~ ill~~u

.
.q ., JI cv

.fI111'f1 2.1 f111\l~UffU'YI1~'Ua~'t'f1Jfl~llJ'U1V

.;

..
,;w

...,
OO!

""
...,

• ,..,
"",..,
:u:

'w .
• .~ '.;:

?i d "" " "''''' cv"llJ'UUtJtJla'W"'Hf11~(NP-hard) 111Jfl111JCJlW1ftJ'W

2.2.1 ifty't11fl11i'AlaunH'UtNnUtN1U'Ulf.1 (Traveling Salesmen Problem; TSP)

m~~~lff'W111~1~'Ul\la·rrnrfHl'W'UltJ (Traveling Salesmen Problem; TSP) t1~I'U

i1 4''' ... "" .ok.1! 1 ' ... "1"'" JI' 1 "tyMlm<HI~lff'Ul1Hl~'Ul"'wn''U~l"C1UVll~ 'Wf111ff~ffUm MOtJ~fltn~H"1 ~tJaaml1fltl'WtJ

m::1)llJiflJI{11~tJ1 hjih~'tJ~lti~'UtJ~l1nlun::fl111J1)l\la~SCl l~tJ,~·m",.nf'Ua·mf'W'YI1~~~~ i~1)::l~1J.'" . .,
u,,:ifu ~~n~lJ am: 'illtJifu 1{11m:~hlJ ~ fll{lU~ n:: 1 ltJ1f46~fl l'~1~tJ1 1I1~'U't'J'UI\la~ n n 1~'Um ~

,"" ""i ,J QI Q 1 Q "'"l:M11~11Ja~ 2 llJtJ~ lJ'UlJfltJ'YIffm~ um'n~'U'YI1~'il::1SlJfl11 TSPUtJtJff1JlJ1~S (Symmetric)11":

1I1i1il'Yhtiu\l::il6fll1 TSP UtJtJ'1iff1J1Jl~l (Asymmetric)~~iJOJMl TSP lrJ'Ui1OJM1~ij'UlJl~1MtY

12



o ""'"fflJl1fflJtlU~::l1l'\1tl'IJ1'\l~'lJtJ\)lfl11iFast tour-building heuristic

Vlgfll'l1tl'11flffDanusaputro et al. (1990) Vi'IJ1Vfl11uliiJiY~11~t.l1ifl1'iUl'l'Ifl1fl~tl~~mV"ltJ,j~

'.i::w:h~,r11~l::n'IJ~itJ tn'i 1\)1::~U~~1~\)'i61gnn 'Itlilflff l~tl' 1i"~l1~ln11~l~~ Balas and

Christofides (1981) ''''1l1tfflJtl11i~1~dl'Hi''IJ TSP ~'~ff11111~'jl~tI'~11i Restricted Langragean

relaxation ~~'Un'IJilqJ~ltn'i1JV'lJl1111V~llJ(Assignment problem) ii~1~il.u~V fl1'U~lrl'U11a'U''\I
.d .t!I QI' i" ~0 44d 0 Q".d 0 i 'JI 0'YI\)::tJ'Utltl1l'0:: ~111t)1~fll~V'IJ'YI~'YI~~'illflfll~V'lJlnJ~lJt)1~'YI1~ ffl11l'Hm~'.iV'IJms flltl1Wms

11V'lJl1111t.1~1'U''''U~::1~1i Polynomially bounded , lJfll'lfffHfl1l11 i~t'rhnlJu~::1l11'111l 1u

Vl~n;rtJtllmtl~qf~ij~1~WtrllJ'lJ1niifl1'Jl;1fl~llJl16tJ''\I lili,n~'\Jtl'IJ1'\1"til'1 (lower bound) mh'l

Vl,uli'tJ1~fJ'.h::tY~ti'~(2.1) flV~V~tn1~11~tJl'll'n~l1~~itJ ~tl~~'~ \)lfltn1
, .

~., t .ct I d 4!l
11111::V::l'l1~tn11~tJl'l1~'\IfNtftJmltJ'\I1Vff11fl11'\1V'IJ'\Ilt1l'l(2.2) U~::ff11tn1'\1V1J'\Ilt1l'l(2.3) flV

u~~:: 1~tJ~ \)::~V-nh::fltl'IJ~1tJ1~tJl'll~l' l~ d~1~\,Um::l~tll'l1~tltlfl6fl~ d~1~l,I ff11fln '\Itl'IJ.,jlV~

(2.4) Eliminates sub-tour U~::ff11fl11'\1V'IJ.,jlt1~(2.5) fitl~i1mh~~iYtl1\)
ihrfl1 ~tI~ ~ lV'Yi1\.I'~y'hfl1'.ifffllllii~1ifln u~ihy~ lfl11 ~~1~tJl'lH'\I V~

rn!fl,nlnmJ ,'tfUGen and Cheng (1997) l1~l1lnllifll~UYll'1UlJ1J TSP d~Jul1~l1l'\J6'1l'n!n'llU

'\I1V(Salesman) 1tJtn1~~1~lJ't1H~ilJ~tl~ l~tl1~lJl'll~hJV~~n~1~tijv~~h~1 ~llJ1tJ n tijtl~

Lawler et al. (1985) llltfflJ61i Tour-de-force 'tJfl1'iUliilW~l TSP 1l,1tn1~~~UFN1~\)1u

_.

(2.5)'v'i,je{2, ...,N}X~e{o,l}

iES jES

(2.4)'v'scv

(2.3)'v'ie{2,...,N}

(2.2)'v'ie{2,...,N}

mJtn1'\1v'IJ,hv (Subject to)

(2.1)MinZ= Lcyxlj
(iJ)EJ.
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,
.cI Q.I" ,mftn 2.2 fl1'j~"!ff'IJ'YI1~tll'IJ....l'H\J::'U'lJff~l11J1JSDVRP

,,,,,,
Customer'- - - - ~,,,,,

• ", 0 ~ "~1.:J'lYl1tJ1'1f'lJ11"1, ~1'IJ1'lJtJ1'lJ~1'Ht.I::1l11::'i::tJ::m~11Jt.lfI'IJ

dl'Hi'1JiJty'Hlfl11iYl'ff\Jl1HtJ1'IJ ....1'H\J::~ij'l\J6m::"lt1iY'lJA'1011H 1 Uli~ (The

Single-Depot Vehicle Routing Problem : SDVRP) "flfl.iH'Il1flUty'Hl TSP Oril1flV i7lJfl~V
• QI.d,ct ~", Q d 4!1 Q,I.t:!I "V1'IJ~l'Ht.I::'U'IJff~ (Vehicle) U'YI\J~t.lmllJ'U1VCJr~lJ'i'l11lJfI'IJ'lJm'jli'l'IJ111~111lflJV'lJ0'lJflV~i'l'l'IJV

m:\llVff'IJfllflaH (Depot) 6~fltl'j::fl61Jgt.l'l ~1~V1.u6~ti1Jtlty'Hl SDVRP t11::oV1J1t1~1tJtT\J6

m::\llf.1ff'IJfllfla1~ l111i~ lC)f~Qfl~1~1'IJ1'IJn 'ilV Ua::1C)f"~1'11'IJ:'U'lJff~~1'IJ1'IJm fl'IJ 'j::V::111~

'i::'I1'h~'i'lff6'1'i'lijfl1')fillJ1W'i::f.I::'YI1'1t1'j::lJ1W01m1J1J Euclidean distance O1'j1J11't'JOU'lJfll
tI

'U'lJff'lU~a::fli''Illa:1l~a::lff'IJl11~~V~ 11i,fi\J;;i'l~ltii'l Q 1Jfl~l't'JmllJ1~'lJff1Jl;;fl'UV~ i E {l,...n}
ua ::iifl11lJ~V~fll'jiY'lJfll 1'IJ'j::~1J qj rrn V6flU1J1J1~VU,j~fl~lJ'U6~~1'H 'IJ::'U'IJri ~vvm~'IJ

m nrilJ 'H7V1~lJfl'.hfl1·mu~fflf.1ff~l~VVvn 't1'U'lJff~ff'IJ~11,rti1Jaflt1'1~~Uffi'l~'UflTYf~ 2.2. ~

!1 41" 0 QIuqJ'Hlfl1'HIYllff'IJl1Hffl'H'n.JV1U'tHH'IJ: (Vehicle Routing Problem:VRP)
~ .f". ~ ~ ,.J '" p 1~ ~ 0' ". ~uty'Hl VRP 'lJfH)11J'lJlJty'Hlff1tJ'H'tH"tHfl1'j~Ylfl1'H'l1U mlff~Off (Logistics) fl6 uty'Hl0U

~YlUU1~1i1VOl1Hli1VO~~~f!YI1'IJm'j'H11ifl1'j11~U~'IJ iYl~1~1JU11::1tftJ111~fl1'j"tJri~UU~11t1a~

\10~1'H7V~1Jnflfl~ijtl'l::iYl1ifll'Ynno~tlYi l~V1,r\10A'11fi~fl11lJ~~'VWhi11J1JS01'l ClYlrll'~~lV
'ufl1Hhn1u~1'IJ OlJ11'1fUfHm:mu:: (2544) oril1".hfl1')'UUri~1~'lJV~t1t1,)::OV1J'H""0~"hrlty''IJ

011Ql1til11iff~mf~"uri ~~6~1.ul 1~o~1Jl11Jll1'UtNon'UtJ ff~.i V'i::1J1J1"iff~mf" V~fi~fl1,) 1'IJ

... Old" JI'I "''1'" ""'Uw::l~V10U O~V~l" 11"f111lJYW1VllJ'Utl~fj"IJUtr'l 1UOTlfflJ tl~fI tlfl11lJflV'I 011 'Utl'llJOfll~1tJ

,iu tiu ,ill 'HlJlmhfl ty'UV~i1ty'H101 ')i YllfftJ11HtJl'IJ ~l'HU::fl V 01') ....VltJllJVVOll 1J1Jfl~lJ'UV~

tJ1'IJ~l'HlJ:: m fllJ1,riim') l~tJm~ 1i'ltJ1~~lJ't'J'lJ~l~tli'l ~~ii~i'll~lJ~lJll,,::i'lJ tli'l~f1""~Ut.lA'1'H7V

tT'IJ6m::~ltJff'lJ~1 lJl'U~l'HtJ::~~1t1~llJltf'IJm~~~:: ff'Ifft.lfl1 li'luii~l,)W lil~liv\J 1'U'I11v.uv ~ltiYl

-.tZf Q.JI V 0 U I 44 J A 2 '
2.2.2 Ut:y"'1fl11~R'G'UnHr.rl't'11tJtllUft''''U~''UQ'~'''''UUtltl1:~U.l&rUt'lltl~Hlll't'l~

(The Single-Depot Vehicle Routing Problem:SDVRP)
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(2.9)VpE{I,.......•N},kE{I, ,K}

(2.8)'ViE{I N}
If "LLX;=l

(2.7)'VjE{I •........N}
II IrLLX;=l

(2.6)

N N K.

sanz= LLLCijX;
,"=() J"=() k=l

l~1

~ <I~ '" AI <Il1'1n')j'U1~QU1::ff'lfl (Objective function)

1~fJtillfu~~1mh9iflif'Ul"u'U'UilJ'U"i (Binary) fie

X; 1 O'ltJlh1'nllfU::: k ~hlri'lffhlr)11::lf'h:J llfu~ i iuii''11lfU~ i

o 1h1mw~u'l

", 0 Q,I P
D = 'lJV~ln~'fI''U'j::tJ:::n1'1lll'lt!~'lJtHl'Il'1tJ''U'n'l1'U:::

qj = fl1'lJ~6'1fl111'Umlff'lffutil1lfhl~ i

Cij = fhl~~ltJlufl1l1~hlm'll::lf'h'lllfU~ i 1m:: llfhl~ j

tij = nmlUfl1l1~hI't1Hdllfi'mnhl'nllfu::1::w:h'lllfU~ i hlv'lllfu~ j

tI

N = ~lU1h11lfU~n'llflJ~

tI

K = ~1'U1'UtJ1'Ul't1lf'U::";'1lfll~

tI. •

tht11lJihYlfl VRP il~lifl~fl''Ul~lJmflfitJ Dantzig and Rammer (1959) ii
11fl1 ~fJ~lhl1U 11i7~~li~hll~ 6 n'UlJ11~6fJ1 lUU lJlJ;J~lfl f1HflW ~f11ff~ f~ 6 'Ii] ty111ms i~
l~u'Yl1~d1lf11JfnUl't1lfU::\!mhlffU6"lflUfl1~fJmmfvi1h1I,fU Bodin et al. (1983) Chistofides

(1985) Ut1:: Filipec et al. (1998) ~'1tillfhl~~1uu19i~ffhll" X; lhlfl11u~i](\!lf11~fJijl'tl'niil~6f
tI

lhlU1J1J~1Cta'l~'1;j
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~Gldo GJ." cv" tI Co" ev'JI' rI
1Jn, 'VI'VIfil11 'U" ,'11Ul'U'W1'11'U::'VIflfl 'U11:::~V-3V~f1'01flff'Uen ~:~ l1.1ff'UfI1Ul1:fl~1Jl'Ulff~,.wm::: 'ill fJ. ~ ~~
.Q"Q '~4 '.!1 Go''' 0 QI d..d" Q" '.:::I
ff'Ufill" Ul'YI1'lJ'Ul1errn 1Jf}J'I1lfll1 ~~Aff'lJ'YIl~ffl'l1 ':i1JtJlU rn '11U:: 'VIlJi!I'U vm:: 'illtl ff'UfllU'I1-31"tI'l

(Single depot) 'I11mJ1t.1'W1'11'U:::'t'Jf1ti''U'il:::~V-3f)Vfl'il1flf!!'U6m::'illvff'U~1~11d-3u~Vl'ilf1fl1Jt,j'ltitj'U6
~"fi..JA ,,,q,~ QI" 0 QI .dod. tI ~p

m:::~l1fJff'UfI1 ,'U'VIf)'U~ ~m Vf11l1JqJ'I11f11'j 'il"lff'U 'Vll-3ffl'11'j1J(l1'U'Wl'11'lJ:::'VIUtj'lJfJfl'j:::fil1Vff'Uf'1l

'I1n1mn1~ (Multiple depots) 117ml~m:..t-3fl1'lf)f)m1lJlJl~'U'YIHihl1;1JtJ1'U'W111'U~~1.Jl~'VI)j

mu 'W1'11'U::111'1J~ms ~1'U1'U 1 fl'U '11~ arns nsnu111J1~t.I 'YlHd".t l1Jtll'U'W I'll t.I:::~1J~~ 'VIij

mu 'W1'11'U~~1'lJ1'U'I1"lV'l fl'lJ l1m~1,r1J ~ mr U~:fl11Uff1UU(l1 'lJfll11Jn't'J fl ff'U~l'UtH

JJ

rum 6'U'VI1'WfJ.:t(2548) flcilTll ilqJ'I11-n'U!1'U'Uf)-3flll~~1~'U'VIHdl'11t''l.l
4!1 0" , w .A,,,,,oQ tJdO

tJ1'U'Wl'l1'U: fI~ f11'jfll11'U"lff'U'Vll.:t'U~-3fJl'U'W1'11'U:U~~::fI'U 1'W~ 1Il'I11J'jfll'j11f1f1l'V1fll'l1'U" l"fJ..
lfftlfll 1.f~lfJ 1 'Ufll'j'U'U ff~t!f)tJ~,,!" vth.:t h~~lUilf.1l'l1lfll':i ~"1~'U 'Vll-3d1'11l1JV1'U'Wl'11'U:'Uv·m~

11:::1J~ ~ 'VI~dh'm4tu:::~U~f1~l.:tfi'U i 11 f11mh-31,ftJ ilf.1l'l11fil~ i'"uf'U'VI H d111l1JfJ1'U'W1'11'U:'U~-3

, . ,
1~h.l'VI1.:t~lVill~HYUf1U'U~1J,hfJVi (2.7) Ul1: (2.8) ti61.h:nu'h~f1~lU~~::nfJl1J1J~f11"Hl1fl

fJl'U'Wl'11'U::a;;fJ.:tfl'Ul~fJ1ffUfll~'Ufl1J'\hl.l~ (2.9) 1I~:n'U':hlrl~l.l1'U'Wl'11'U:l,j'lU1V.:t,~ff.:tffU~lUn'1.. .
VltJ'Wl'l1'U::~::~~mnf1~~ff-3ff'U~l,rU ffUfll~'U~1J~lfJn (2.10) Vlt.1'Wl'11U:'U'Uff.:tff'Ufl'l't'Jflfl'U

ffllJ1Hl1J':i'j't'Jflff'U~1 i~'h.hft'U,j'V~ln" ffUf11'j'UV1J'\hfJ~ (2.11) Uff~-3,j'V~lfi~~l'U':i!: fJ!:VnHJ -3tl~

'UV-3'V11-3fJl'U'Wl'11'U::~ffl1J1'j(l 1.fl 'Uf11'j1~'U'VIH1~f)'U'Uff~ff'U~l ffUf1n'U~1J~l1.1~ (2.12) Ul1:

..I ~ , , , Q,f '~"4 " 1" .d, !(2.13) 1J'j:fl'U11fJl'U'Wl'11'U:'U'Uff~U91{l::flt.lf:Jf1 'Jf '~1'WtJ-31ff'U'YI1~~lff'U'VIH'I1'U-3t'VI1'UUnums
, .

'U~1J'\hfJVi (2.14) Uff~-3fll'jl;fVU lfJ-3nt.l'j:'I1'h~~fl~l i Ul1::: j l~lJ1r1'Ui~fff).:tf){h.:tti~ l~l'Ufll'j

l~f)U lfJ.:tfi1Jhj'~t'1Jfll'jt~f)U ltJ-3

2.2.3 th::Ull1'U6~iftlnl1fl11Q~u1fynHdl111'lJr.n1.aTfl111.a::v

tq,(~x;)~Q 'v'kE{I........,K} (2.10)

/J /J

LLtilX;5D 'v'kE{I.........K} (2.11)
,~ r-<>
/JL '< 'v'kE{I,.......•K} (2.12)XOJ_1
J'=I

"L '< 'v'kE{I.........K} (2.13)X,o_1
1=1

X; E{O.l} \;fi,jE{ L,•..... .,N},k E{i........,K} (2.14)
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. ..,."" . """"""2.3.1 11ifl11'HltllV18tJn~nq~ (Exact method)

111fl'UTlfll'J111fil~{I'U~~~~~ (Exact method) 11'J'Ull1TliiTl1ti~lil 1,r'~th~{I'U~~

~q~U9l1il urns l11fil~fl'U~~~q"~~fll1'J :::ff'Uilty111 1d{I'11l1fl~{I~' ~fffltJfll'Vi' t.lfll'J11tl1l:::11 ~

~ 'IUil:::1~nill l'U m'J11tln:::11'Ul'l,I ~~ '1iffllll'JtluA'iJty'l11~~ijtl1111ffn'Ui1J~flt.l l'Un{ll~~ltifl

,
il

, ," 1" I...." 1 0'U ty111'U'Ulf1 'I1tyllfH ')H1{11Ul'ULL{I:::11'UltJtl11111l1'\10~tlt)1J'Vi11~O'jlllfl Ufl1'Jtlll..11W ms

uA'ilty,"1~1tJ1tifl11'\1{1.:Jfl11'111filll{l1J~~~ q'~ (Exact method) ll:::'tll1..fV1l1lfl111~1l~'U'1Jt)~n{ll~

l~' Urn'Jl11fil~ 61J~ ~ ~q"fll~ ll~ 'Ufl~l\1111fl trlm~flu 1'1J'\Ifl~iJtyl11ij ~lU1'Ulllfl~U l1l fliJtyl11ij

1 ..1 .......J'odI ~ • ... il l' ...~ .d", "'" .ok..,.'\IU1~ l1ty'\l'U 11iUM llltl11J1:::ffllfl'U tyl11'\1Ul~ l1tyl1'J61Jtyl111111tl1111CJf'UC]fflUlllf)CJf'ltl1tlUtl

Dfl'MWZ'lI8-1Jifty'Hl
...muesn

1. ~1'U1'UtJ1'U'Vi111'U:::(Feet)
- ~lU1U I flU. '"- 1l1U1Ul1f11tlflt.l
11 ... '"

2.11'j':::1fI11'\16~V1t.1'Vill1t.1:::(Vehicle type)
- 'j':::lfl'YU~tJ1flt.ll111~

- mmJ"l 111:::1flVl. ...
3. h'l1l6~'If.'1 (Depot) l1l6f1n'lffuti'1 (Warehouse)

- 1l1U1t.1 IVI
0 .d

- 1l1t.11Ul1f11tl"l VI

"1 · - fll111~6~fl1'j'nmJuflu (Deterministic)
4. Tl1111~6'1fl1'j' Ufl1'j''\I'Uff~ (Transport demand) ." d1 t ,- Tl1111llfl~fll'j'VI llUt.lU6t.1 (Stochastic)

q o. If!t.
- l1~lUl1'H (Node l1'j'fl Point)

S. 1l~fhn1~'\I6~Tll11J~t)~fll'l (Demand location) .d~ ....-111 'U111'i (Arc ""t) Route)
q

- ~~hUl11J~Uil:::l~UVll~ (Mix)

6. Tll111ffl1JTHlluflll'UnlJfl'\l{l~tJ1U'Vill1U::: . '"- tl11fl'U'I111~

(Vehicle capacity) - 'hhl'htiu

7. nm 1'Ufll'J'\I'Uff'lntJt)1l1..flllfl~~~ (Maximum I '"- 1111fl'U'I111~

route time) - '1illhti'U

8. ~t)~lti~~lt.1nill1'Ufll'j''\I'Uff~ (Time windows)
- U'U'U~1'Ul~tl1 (Single-sided)
- LL\J\Jff{l,:j~l'U(Double-sided)

.
fl111~n2.1 nfllJW:::'\Ifl~iJru111t.l1l1i''Ufll'j'~~1~'U\'ll~dll1i''Utll'U'Vi111'U:::

"

. ~
m'U'Vill1'U:;u~fI:::fi'Uihmmhn\.I111o 11inhft'U tn'U~'U ~'nr'Urntn"'~lU'UfliJtyl11m1~~U"'Ul1VJ

ffll1i''Utn'U'Vill1'U::flflmij'Unm:IW:9lH''l ~~Uff~~ l'UVll'n~~ 2.1
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•• JI •A a1" .!'~ a"" 0'" 0 d 1" ,1'I1111::ffllYl"l~ HllYi ~'l11f1fl1'jUfl1Jty111UTlOYIl 11Y1'j11J'l11\J1U£l1U'Yi111U::YI'l1::'ti'\lU ff.:jU'CI:

1J11l1Wff'IJfl'1~\I'lJri~\lO.:jU1U'Yi111U::U~1l::fl'IJ Holmes and Parker (1976) 't11fll'ji~Vl~(l1fi1J

~ ... " ~,
1Jty111f11'j~~lff'IJYll.:j£llUl'f111U::U1JlJlJ1¥1'ji1U ~.:jYlnlJTl11lJ~\lO~f1~lI\10~£ll'IJ'Yi111U::Ui:l::'m1lJ

I A."'" ".,; I ... ~.s" .,;0 1J/", "m 1Jsu 1WTl11lJ¥I0 .:jfll'j YIU'IJ\JO'IJ\Inems u 'jms \1flrl1 1'Yi01111nu YI1'1tl1'IJ'Yi111'IJ:YIYl1 11lI~tJlJ'IJ

~ d 1 QI ~QI Jc i" ... "i'"¥l1Y1"l~ ~£I'YiWJU1'l11m1\J1'l1tJ'\fO~Clark and Wright 1'n0 m11lJl~ffllfllJ'j:lJ1J1IU't'JU Ufli:l'lJ

Q.~A A ~

2.3.2 11iiJl11Jflfl (Heuristic method)

wm 6'IJYI{l'fQ~ (2548) mil1'), 1liib~ff91f1tiJu11ifl1'j11ii'iJty111~111ti1110lJ~;l

1.wtl.:ll'f011~0,j0'l1:1~£lmff1l0'l 'h "Good enough and fast enough solution" u9illtij~o~og~l.rt'IJ

mmft'iJty111\1'IJ1~ '11qj'l1:~o.:ji~ld'CI1U'CI:,.,,1·:mTl11lJ~1,j'Otlfl111J1fl Golden et al. (1977) '~U"'lJO

ilty111 fl1'ji~u ffU Yll.:j\lO~rnu 't'f111U::'l11flTl~ ~fiUfll it.l6.:j\1flfl111'CI1£1'~~ ~ijt.I'1lJ1WTl1111~~Hfl1'j

U1Ifl~1~tiU 1~0'l1:' ..rmOlJTlqlJ\1flfl'l't'Jfl~~ 1~£li..rijl:{l:Yl1.:j~1~"l~ l~(lij~O~lti~' UTl1111t'llO.:j

tl1'IJ'Yi111'IJ::~i.rt Uf11'j\lU ff .:jU'CI::'j::V::11'C11ff.:jff~ i 'IJf11'j \I'IJff .:j11rl~'j 01J\l0.:jl "''IJnl~fll'j ~~ri ~ 1~(I.. q

, ",
tl1'IJl'f111U:'fJflr1U'l1~~O~t1lJ~'lJHi:l::ff'IJ"l~iiTltl~ff'IJ~1 Clarke and Wright (1964) fi'l11'jtl.l1fl1'j~~

'J.! d.d" 91 f d ,
lff'IJYl1.:j(llU't'f111\J~nlJTl1111¥10.:jfll"i\lO.:l\1f1T1111111tlU11.:j £I1'IJ't'f111U::lJTl1111~11111t1'l1'IJ1f1ff.:j

~CJI Q,lAj/ 1.::1 d,'J/41 : iV .a ~ ~
ffU mOOfl 'l11flTlll.:jffUT11U11.:jlf1fJ1 'lf~ ~'Yiitl'IJ1\1'1.1~O'IJ 11ffllJ 11fUllOmn'IJYI 1'1\10.:1tll'IJl'f 111U:YI

, ," t

;;,h1J1i~"um"illA'i1ru111"'f111W:iiih"'CI1[1in l,rU lYITliJTlf11"iU~lf1n~U'CIt~lti~t\l~ (Branch andu

Bound), lYiTliJTlf11"ill~f1~~U'CItyj~(Branch and Bound) d'Ju~u

ijirf11~£I'I"'CI1tJ'thuth1li~~mil11J1'~111th~01J1,rU Fisher (1994), Blasum and

Hochstattler (2002) '~lh::~f1~i~inu~f1~~u'CI:yj~ (Branch and Cut) ff1'Hi'lJfl1"i~~t"'UYlH

V1U'Yi111U:U1J1JfflllJ1~"i (Symmetric) Tl1111~(l1U'Yi111U:ij~lU1U~lti~ Laporte and Nobert

o ""'d"~ .1 1""" ,(1981) U11ffU011iU01JqJ111 VRP \1'1.1111~tl11i Branch and Bound Algorithm ~OlJ1 Laporte et al

(1983) UmI'U011lUniJqJ111~1fJin Gomory cuts lJ1 ,~ui'1JU~.:IiJi'\j1111~lJl~hHl1f1t~lJ 1~(lfi1l1'HU1
~! tI c;" <d'" d GI 9J I ,

m"illfl\Pl~tTU(lm:1l1(1ffUfI1U1J1JlJ~U'fJUTI~YlU'CI:f11'j1l~tff'IJYI1.:jl'f111'IJ:\I'lJff.:l 1IOlJ1 Laporte et al.

'
~A. <10,'" ,,~.fa ~ , '" ... """(1986) ~'l1J"i:~f11111iBranch-Bound Uf11JqJ111'IJOO'If.:l1l01l1Laporte et al. (1988) ~l'fitlU111i

"
Graph Transformation lJ1uA'9f16fl hAfl1V11"'.:I 1~V~~UtJf1i1qJ111 VRP lHliJUiJi'\j111 TSP "":,~

in Branch and Bound iuonuii'UqJ111 Gbiani and Laporte (1999) \hlff'IJ011luA'ilqpl1U1J1J

Eulerian location problem tilJiJqJ111\10.:l Lavy and Bodin (1989) '~U11ffUO'11~lI1ifl1'j

UU.:joqlJff1fJff .:j'iJ10fll'i i ~\lU1~fl1'j1Jl'j'fJflffufl'1 (Maximum capacity) U'CI:1:tI:Yl1.:1fl11\1Uff~

(Route length) liJu~f)fh11U~ U'CI:U11ffU0111 Branch and Cut tilJilqJ111~ij\1flfl'1 hitnu 80 'j1fJ

th1l0lJ~i~liJUti1~OlJ~~~"l~
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0' 4 ~ "0 ~" ~A,l.de.:J~tI'.i~fltl1.12 n:v:: ~6 1::V::'YI 1 fl11ff51.:Jfl1;ttl1.115lJV1'lJ(Construction phase) CJ1-3'Vt'ill1Wl....'I..I'YI

'U6~tilV1t)'U~1i1lJ,tI'A'~'li;rVlll~-3ft1.1i~t)u''U (Feasible solution) un::'j::tJ::~ 2 m'j~U'HltilVl6'U

(Local search) iVltJtI'j ::Qfl~' ~1'~6t1i''Utll ~til;t 61.1ti l;te'U~~~ tff'li}e'll,rtu Nm;1'f.fi~~-nltJ

Resende and Ribeiro (2004) 0"'11')' GRASP 1~um::'U1Uflll'l11fh~61.1~111'~-n'IJtNti1~6'U~)j

fJDlfll'VtKontoravdis and Bard (1995) lmV'UlnVtJ11l GRASP ftl.J1i81ln~ftgu 3 11ifi61n

SOLO If'1tJSolomon (1987), 1i PR If'1tJPotvin and Rousseau (1991) um~1i TABU l~tJ

. ".'1 Q 040 )/.c:u:s. d
Feo and Resende (1995) fl111111m::1.11'1..1mn~'llJCJI'l'~6'111m;t61.1Vl1V11iGRASP 11

2.4 Greedy Randomized Adaptive Search Procedure: GRASP

" . .
u11::,,::liwti'Uil~t) 'tl1Iuwh,,:: '~til;tt)'U1t~'U'YI1~tll'U'Vtl'Hu::n~n~f'I Gillett and Miller (1974) ,~

tn''Ufl1n The 'Sweep Approach ~~,i1lJ'Ylflijfl811ff~fl~ih.h::ffYlim'Vt~~ lf1tJiiiflHn'fH 1Ufll'j

"lnti1;tt)'U 2 ih~'U fit) ~l~'Umfl"::~f'I 1'H'Uf'I'lJt)~tlfl~1111'ftm.nUl'tl'H'U::"lflt!tJ,,::111'~1~'Ufll'jri~

'lJ6.:Ji'H'Ufl9il.:J'1unm'U'Vtl'H'U::Bodin (1983) fl"'11t\.:I~11l'Ufln8'llff~fl1i1u 3 fl~1I fie

(1) 1nfl1'Hff1.:11ff'UYl1'1(Tour construction procedure) li1'Ufll'jn'fl~lff'tJ'YI1~

'~1J~'UhW'~l1J;tlm::tI::Yll'l ~'1t1'j::fl()'U'tI<A'1tJ1i Nearest neighbor ~6~ Bentley (1992), in

U1J1Jtll::l1Vfl'IJ6~ Clarke and Wright (1964),1n Insertion Procedures '116.:1Rosenkrantz, Sterns

and Lewis (1977) U11::n81lff~ft'IJ6~ Christofides (1976)

(2) 11ifll'jtli''Utl1~1~UYll~ (Tour improvement procedure) ti1u1n~'~1'V1flijfl

817 ff~ fl, 'Umr 'VIf1mNunl 'II,1I'U 'YIH 1~UJl'ttlltJlll~~::'I11'~'U'VIl~~~ fl'hl~ 11111nm 'j1~U'VI1':U~11~ 'U

cb~ijtl1J1~1i branch exchange 'IJ6~Lin (1965) ~'<A'lfflJ61ii1ln'~fl 2-opt un:: 3-opt 9i6lJl Lin

and Kernighan (1973) '~1n'U611i k-opt (k ~ 3 )

(3) nfllH~ff1Jfll'jfffHU11::tli'1.1tll~1ff'lJ'YI1~ (Composite procedure) l~lJ1i~
• ."" I

ll1J 11lftft 1'j, ~11iflll nf Ht fflJ 'YIHlIl1lll fff Hl fflJ'VI1~1~1I~'U1'H~ 111m!lJ "'WltJlll'l111ff'U'YI1~n~

, ... 1 1--1'" _1.1! .k 44.1 1" 0 ~ '" "' .. ~ d, 1fl111Vl1JVlV'tr1tilJ'j'UlJl ~1U'U'VIHCJI''1'lti'U1I::'trnnlfll'.ifll'U1Dlt'j111n:: Vl~nn1'f1illJU'YIU1'Vt6"

'1 .s " .J 4 Q,I QI, 1 Q.I CI , .. I Ill' 41" ....
'j::'H11.:1 tJVl'H'jt)~ flmnu11flllDl::n'1IlJ lVl'jnu U11:: lJfflJ lJl91'jflU lJfl1fl11lJlJ'i:: 'H(lflYi 'If!t)

S" =C10 +CO. -C..'~tl11nt)lii1lt~(l1tilJft1J~f)~ Clark and Wright 3'1'~tilVl()'U"lVln'l(1LtA'1~::
lj J IJ" ..

'Hlfh~t)1J 1mjvflfll ~ ~lfl1nfllHif'l,~tJ'm~~~flt"l (i, j) nihhtl'j::'HBVln"lflt)t)fl11A'Trhfll'j

nfi(l'UlntJ'Uft1Jti1Vlt)'Ul~1I~U~~~ffVl 'H1fl'~tilVl()1J~~~tJ~"::AVlt~UYl1~J'Ut)t)mlA'1fl~'U1Illil•, " .
1';tH~1I 'Hlfl '~til9l t)'UnuvM~~:: hjAf'I,ff''U'YI1~t!Ut)t)fl 11~"::'tI~f'llff'u'm~niithtl'i::'H B'f'I

)/ ,. "
'j().:j11~1I11f'1mh'HlJVl'11'~lu1ufli'~n'~ti1Vl()'UnuV~f'l9it)tilJ 'lilnlJfh L (A~fh L Vl111~t)·m1'j)
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" .cv q 4 '0
'\l'U91V'UYI4 fllJfllfl191VtJ

2.4.2 i'Uft8'Utll1u1'uUl-1tJwmTtft1918U(Improvement solution)
"oUU91V'Ufll'ltJi'l1tJ~ ~tlWm"til91VtJl1~Vflril1 '~'h1;Ju11ifll'.i111fil91V1JU1JtJ 1'1..1

11JV!~91(Neighborhood search) 11~v11ilnflmHff~'iI,r (Local search) ,r'U1V.:an111fll91V1JUll1J1'U

111V! ~911~1J~'U1l1ntil91V1J~1rJl.I'11'~l1~Vtil91V'U~ilioU91u~.:antJ1~V'U'"""'1' ~~'U91V'Ufll'im::n 1

" .., .cS 4 I 0

"lJ91V'WYI6 fI'Ufllfll9lV1J

2.4.1m'urfHthft8lJ1~JJft'U (Construction pbase)
t ". • " f •

, '1..1m::1J1'Ufll11~1U 'lf11~Vff!1.:jtil91vm~lJ~U 'iI::-W'ill'nul~'Uii" tHti 191V1Ji11ijU'tJ'~

~'lioU91uiJ~n1Jl~V'Ui" (Feasible solution) fll,)lilvm~l.IYlHun::6"L~YlL~l.IYlH'\lV.:a\1flfl'11rtV"tJ

ti 191V tJ~~l 'UU~n::mri.:a1'U1VtJm::"; 1ei1 :b~11::~1111W1Ufl~1l'f.:al1lJ~ 'il1f)'l1fl!;~11'Ii~~1~tlwj1
'l1ty;ntl~v~u'li.:a~m"l (Restricted candidate list; RCL)l91tl'~~.:an~'Ul;;.:an:: Iun (Greedy

" • JIQI "0 4'j/w.d.
function) '\l'U91V'Ufl11ffl1.:afll91V1Jl1lJ91'U~.:a'U

t .d... ""..,_.. '1 Q <4 'JI '4 <4'\llJ91VUYI1mVflUflfll~1t11tiflllqlJ ~V""l'lWl(l.:a91'U't'Jl.I~l~'lctr.:aV111l1lJ1t1f1.:a

')::f.j::Yll.:a'\lV~\1f)fl1U~n:: 11t1~~n.:ai'UUty;'l1t1~V\1flfl1
~'U91V'U~ 2 O'ltil91VtJU.:J'~fflJ\!,)W ffr l~uty;ntl~V~u'li~ 'l1lil91tl91'~~flfl'l~~milvf)

:

, " I " , tI •

til91V1J),,r,tJ;}oUl.I~Vl.In 3 iJ~::U'UU"'l 'tJnoUu9Ivun

" .
";'UYl6'Uii5 6"1~YI (Update) til~6'U un::l,r k =k+l ~1 k <M (~1'U1'U'H)'U'\l~Hlflll111

..& ~ 'JI 0 ~ , ..,_..

Potvin et a1. (1993) ctr~YI~~n)tJlJty111'illfl"VlJn"tH Solomon 'illlJllJ 6 lJty111"11111ti GRASP
, JI "

,,rfh~Vll~;}q~ oUlJ~VlJfll,)111th91vtJ"v~m:tJllJfl11 GRASP iiA~ij
t .d , 'JI .d 0 'JI 4 _I ".. 'JI
"lJ9IVlJYI 1 V1lJ"VlJnYllJl1'Ulctr~lJl:flvmn[l 'il1lJ'JlJ\1flfl1 fll1lJ~"V~VllJ"n1lJ::

" 11 'l::tJ::YI1.:jun::fll1lJ91V.:jfl11"V~\1fltml91n::llV
". I ,

oU'U91V'W;}2 t1l'H'W91',rk = 1 1~lJm::1JllJfl111.:j1lJ1Vll111th~V1J
"., ..
oU'W~v'Un3 t'(rHtil91Vll1~lJ~lJ~It1f)1::1JllJfl11~lJL~Vf)\1f)fllnvdh"'l1ty;'nv;rv

\1fl~l (Restricted candidate list; RCL) ~ff.:Jhjgfl~91fl~lJUn::]jti1n:tl::~Li~hJ hjYlllJl~6'U''\I
" , .
oU'W9IVlJ;}4 tJi'l1tJ1~~WfI1""V~til91V1J'il1f)til91V1Jl~lJ~U~ltJ1iil~ff~f) 1,s'Ums

mrll11J~tll.l~h11l1,j~(Exchanges), nflll~lt1~lUl1,j.:a (Move operator)
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..; v ........
lUUUU'UtHUtyHl'IU)'Ufll;)O

Kontoravdis and Bard (1995) Vehicle Routing Problem with Time Windows

Boudia et al. (2005) Combined optimization of production and distribution

Develop such Heuristic for combinatorial
Feo and Resende (1995)

optimization problem

Computing Approximate Solution of the Maximum
Resende (1998)

Covering Problem

Binato et at. (2002) Job shop scheduling

Cano et al. (2002) Clustering

Corbera'n et al. (2002) Mixed Chinese postman problem

Resende and Rieiro (2004) Parallel GRASP

Sindhuchao S. (2004) Inventory-routing problem

Pitakaso R. and Sindhuchao S. (2006) Capacitated P-median problem

.. ,
., 4 AI '0
'UU~f)Ul14 fl'Ufllfll~f)1J

ih:rfl1~fJl1"'lfJyjl'IJ~lh::fJfl"i~11Hh~'Cf~fl GRASP ,~tJufi'1'\1nty111~1'lC') ~'l\'ltJ'ff~t.l

'~~~m~H~ 2.2

JI I I' ,

;rU~f)Ul1 2 ti'U111th~f)1J11111lJl:::'CflJii"l~(s ') \)lmC]S~'Uf)~fh~f)1Jl~lJ~U
tI. • I

;r'U~f)U113 '~fh~f)1JiimlJl:::'CflJiiq~

JI _ ,II ,

OJ .. 11,110 ~" .. 1,",04' d"U~f)Ul1 1 01 ~fI1~f)'U~~ 1Jll1lJl:::'Cf1Jl1"l~'H111'UU~f)Ul12

: Ai. ~d' 0 M QI da I t
c]s1(Iterative improvement) 1'Vn),YW1U1lJ111fll~t:J1J11~fl1lf1l~t:J1JWn"'l1J~'1JUfl1Jt:J~ "U~f)Ufl1~

JI

tJi'1J'l1Hfh~t:J'U~1~1ii GRASP ~~;j•
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:, Q C"J/
3.1.3 'UU918Ufll111ft11:::11'IJ81J1l

, .,
oj)" .eI, 'JI "f Q.I ~ , <v

3.1.3.1 'lJl'Utl\!"tl1111~W~fll':i'YI ~'UU~~flmU91"::;':iltJUtJ'YIfl 'U911Hi.I 1l1fltJtJ111

~1111~ tJfl1111~ tl~fl1'J'Ufl,r~flfl' lL191":::'Jltl

0" 0 t ..J: 0 " t 4, 'JI <1
3.1.3.2 'lJl't1fllJ"9l1Ul1'IJ~ 'YI91~U":::~1'IJ1tJ" flfll'Y1~l111~'YI~ ~lflfl1'Hfl1J':i11JnlJ.. ..

JI"Q.I ,,,. QI QI.dl, ..
'Utl\!"lJl1~'j:::tJ:::'YI1~':i:::1111~~flmUI9I":::ntl ~lfltJ'UUtJ'YIfl"~ 'lJ19I1'j1~llJl9I':ifl1:::U:::'YI1-/,1

,., .,
QI .,ci tjI 0 , .oCSQI 0 " GI

3.1.2.2 UtJ'YIfl'UtllJ~'fllUl1tJ~'YI91~lm:::~ltJ1tJ~fltl1'Y1~l1lJ'fl

3.1.2.3 -utJ Viflttlll~L~tJ 'YIH'Utl~Ul'IJ'nl11tJ :::'U'IHY~ 1~tu~u'J 1Ul'1lJtfllJ".. ..
d (II!V d I QI'~ oCl ,,,. .ci tI
tfltJ1flUlfftJ 'VI1 ~'YIUl'Un 111tJ:::u,m:::fI'IJ 'Jfiums 1~'IJ'YIH'J::: 111H "fltllU91 ,,:::ntl'YI fl11U 11lJ (l~ ff'IJtJ.. . ..

d • QI .d
lflU'J1U11111:::111H1'IJ'YI 2- 31 lJfl11flll 2552

cv d QI 0 QI d4'd91
3.1.1.3 ~~I91'jtllJltlflUllU~:::1U~Ul11':i'Ufl1':i lflUU'IJ'YIfl'tltllJ~

~ ", .......... 0 ~ ~ .... ~ ...._1
3.1.1.4 HfltlU'jlJ~'Jf1tl'IJfl1~{J~1'IJ1'IJ 10 su CJt~m'IJ'lJflfffl'lll'j:::~U 1J1U.2

"lHL~tl'IJ1'YItll'IJ 1~O'Ul111':i1pn~i'fl 1'Y1tlt'tllJl1j U~:::'Wlrfl~l'IJ;rU'J(l'tltl~ t-an'IJ l~tltlnUltl;r'IJ,m'IJ
.Qd d jI 1 "" ~, v v , Q.I <C:lQ,l d ~ .d <Q "0
11ifll'JtflU':i1U'J1lJ'tItllJ~ ,um:::ltltl~ ~lfl'IJ'IJ 11~'Jf1tJ'lJfl1~W1flU'tItllJ" w Um'IJ'YI~H U"1'Y11fl1'J

.c:::I ~ ~ 'JI , cS " cI": I"1.h:::'11lJtlfltl Hl'W tl111'tlsunm tl~' urns inunU':i1lJ'tItllJ~ unelflU'tI tllJ "'lfntJ fl1n::: unu
.({tlUfl'Wltl~ijfl

o 0 .:!t Q,.I ~ d

'YI~N9l1'U~fm'IJU1{1 ijllm)91':i:::fll':i'W'Jf~~ ~~111~~tm'Jl'Jf1iltJ.,
3.1.1.2 ;u~~1'91Q1.h::;U.Ul'tltHfll':i1~mlfl~oO~fll'J h~~l'IJ 'W,rfHl'IJ;r'UHlU~:::

..'" ... ...3.1.1 'lJUft8Ufll1'U111"'iUIl~lft'nI)Jfll1

~"" 0 ~ "'"u1fifll~~1IUUm~1i)fJ

•""unn 3



ffltlFlf'llU':: ifl';l1tl1tl1J
nV~lUOll1iv

"

f1f1ff81.JilOJ11'A'''lUhhufl'IlJ
Dev-C++4

QI Q.Cf;A.......... •
Y4Ie1UlIti8'llffflflLY46111fllf!t'I'IJ

(Heuristic method)

_"

~
ifl~~ltlU'IJ'IJ'lf'1t'1~f11~flWflfl1fffl{

(Formulation of the mathematical model)

flmnltl111J'lJUty'Hl ·nu1iv~1~V'l~tl~

LU'I::t11l1UflO'J'tl'IJOll1iv

..
fll'Yf'YI3.1

, 1Jms J1~ UHUms ~11iAU~1U flll 1~ tJ1U rrn ulliJw11 lfll 1~~1i{u 'YIl~1AU 'U 8.:j..
, 'i : d : lJ 4 1"1" " .c:d ;tllU'Yfl11U::'\lU tH'\l6~ tH~lUU1U'U~1l1~l-Hn'.nlt:1~ 1'Yf6 11 fllffll'YIH'YIlJ1::V::'YIH11lJ1Iltlfl

m tJ'411~61J' \I~fl~lfl~~l1J f11111~'U8~tJ1U'Yfl11U:::1Jl ll'lfl 1ifll1~11ijU~ lU fll11~tJ' Ufl11

"ufl'iJiylt 1ms~~l ~UVIH1AU 'U8 ~tJ1U'Yfl11U:: fl'1111l onl11 U~;ru~flU1Ums~11iAU~l1J1~m'r~~~~

Q.ct 0 ~ ~ cv3.2 lfim1~lA'U'Ufl1119r1(Research methodology)

3.1.3.3 nn'1J~~~~lU11,j~'Ut:I~~fl~T'H1JUUFfU~~l~ (UH1J~\llflfll·Hl,.n~'Ut:I~

o ... ::.ltd , 4~" ...
1'YIfl1Jrenun t:I~'j::mr 'Yf'tfHC1)'" 1nuU" rrun1Jl'tf8lJ ~~u~,,::~~ CJS~l1J1J'U8'-1" 1~1JVll~ tJ11J'Yf1111J::

'U8~lH~lumWffmn
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<Q4~:d :~ : :0>1d = ~'W~ff'Um(1 ='U1U'\l~lfft6~,2=U1L1'\1~lJ~,3='Ul'\11~,4='W1(l~)

Ctj = til '~~1t1''Wfll7'~Ul1l~'i:;'H':h-11'H'Wfl i U~:; llf'U~ j

.,
N = ~lU1U l'HU~l1~'H1J~

i1t1!'H1~~1~tJff'U 1 'ilfffllJ 1flV fl1l1J~fl sru 1 '\Ia ~~fl/{lU~ ~~~ltJ '~U\l'WV'W
.J .. .,

(Stochastic demand) C)f-:jnl1Jll(l~~~~i1t1!l1l 1'WltJUlJlJfll'l"~lftV~'YIl-:jflWflfflff~fl~~~il.,
K = ~l'Wl'WrJl'W'Yfl'H'U::l1~11l1~

.
d "mV1'\1V~

<d 'A9IcS Q"d.,~
Uft::lJlf ft1rJ'ilV V1'U'n111'U::'U'Uff~ff'Uflll1'\1'Ulflfll'l"lJ'l"1't'Jflff'Wfll111'Vllfl'U (Identical vehicles) Uft::
4. 0 <Q. 'j/ Q,.,Q .Q

lJfl1"'jfl111'W~fll'l"lJ'j'j't'JflffUfll~~"'lfl (Limited capacity vehicles) ff'Ufll1J'HftlrJ'If'Wfl tll'W'Yfl'H'W::'U'W

ff -:jij ij nuft::fl ~lJ lJliJ-:jtjU 6fl~ ~ ~1tJffU /{ 11~11 ilt:y 'H1~"; rm 'j ffmll 1~ih 1ftl'U'W ri~ffU/{ 11.u'1111

11 0 ... d'd " ,J 1 11~ UlJlJ~lftfl~'YIHfltU~ff1fffll'Vlff'l"H'\J'U 'U~ '\I6~ Mixed integer linear

Progranuning tilJffm'W::'U6~i1tylflUlJlJ Stochastic model tJl::flfllJ~';Wfl1'l"\!'HUlfl1'jfi'ilm'j1lfl11

m::\)lt1ff'Wfl'l~l~ 'l1'Jf'W tT'W6m::\)lrJffufl'lihni~1~fJ1 (Single depot) ~flfl'lv~m::i~fl'j::\)ltJfl'W

lflv'\I'U ff~ff'Ufl'l 1 tJiJ~tii6~~h~'l t~6 i,rih::tI::'YI1~1111~1~~ ~lU 1'Wfl1ll1~ij~fl11ffufl'1'Ufl~~flfl'1

u~ ft:: llV hi 11\1'W 6'1..1fl1111~ fl~ flll ~u VI\)~~'\J6.:j~flfl' 1'il:f ,rtm.l1'Wl'4llf 'U::l~ 'W'YIH 1ilff.:jffU fl'liJ~.,
~flfl'lu~1nhw'W

ilt1!111fll'j i~t~'U 'Vl1-1nnli'm.ll'U'n 111'U::UlJ lJfl111l~v·ml'j 'bittU'Ufl'U (Vehicle

Routing Problem with Stochastic Demands; VRPSD) ffll1l'jtlflilJ1V1~~lflfl'Ht'~ G =(V,A,D)
..,j '" 1 '" '" "1 dl ... " A " .J111V V = {O,}, ... ,n} flfl lC)f~'\IV~ 'HU~'Hlm1l6~'U6~~flfll ~V'YI 'H'U~ 0 fl6 'lUtlfl':i::~lVff'Wfll C)f~

A= {(i,j): i,j EV,h~ j} l~tI~ A tlV lC)f~lff'Wl;Vlll::lf'h~liiij~ i 1tJJ~lii6~ j lf~6~1~rJfl'h

mlfl (Arc) 111~~m::v::l1Ht1~'UUlJlJfflllllf1'l" (Symmetric) rJ1Ul'4l'HU::U~ft::flUijfl1ll1~~ltifl Q

model)

~ 0 ~ Q4 0

Problem with Stochastic Demands; VRPSD) fll'l"fl'UlflfllflfllJ~1Vl1i GRASP m'H'U~ffmU::'\Jij~

i1ty'l-n~~::fffllJl (Problem statement) 1~QtJ1::ff-:jrl (The research objective) Uft::'\JijlJl'Uflflll1i'V

(The research scope)

3.2.2 9f1~~1,juumhiJ8~"HtlWftflltfPl'i (The formulation of mathematical

, ,
4 _. _'if _v.clet SI" cr."

3.2.1 ftfl'U1IlJUU1JlJt.y'Hl 'JIU"11Hnn9f.1"Ulfn"8~UiJ::fl1'H'Uflfl181Jfl1n\lf:J. . .,
fffllJ 11 tJ uuu iIt1!If 1 nu 111'W16 fl ff1 1 aru 1 i'rJ fi1flU1.u'ij \111-11'W,h:: 1'VI ffU ft::

~ HtJn:!'VIff fllJiltylf 1fll'l"lfltff'W'YIHrJl'Wl'4llf'W::UlJlJfl1111~6-1fll1 hiU'll'W 6'W (Vehicle Routing
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(3.9)

(3.8)

(3.7)

(3.6)

(3.5)

(3.4)

(3.3)

(3.2)

(3.1)

25

for
kLq~-Ddj <0
k=1

k=2,d=3,4

k=l,d=3

k =1
2 nLLq~ s120

d=1 j=1

ad (tq~)SA;
)=1

ad (tq~)SA:
)=1

Vk E {O,l,...N}.k E {l,...k}x~ E {O,l}

VpE{l ........•N}.kE{I •.......,K}

Vi E {L..,N }

Vj E {l....,N }

eu rnr 'U61J'\;'eI (Constrains)
N KL LX: S 2

vhni'U1~Qlh~ff~fl (Objective function)

" ... 91 91Ddj = fl11lJ~fl-3fl1'jff'Um'UtH\1flfll. . ..... tI.cS~ .d~Q " esdq "QA tfj = ~1U 1't'llfliil~1f)mflt't'lff'Ufl1'U1iilu~~mflt't'lff'Ufl11f1'U

1flVfhlf 'Ufl9i1U'lh 9iflff'U1lIUlJ'lJ1'lJ'U11 (Binary) fi6
X; = 1 t1'1r.t1'U~llf'U~ k 'U'Uri-3ii'Ulll1~lf11-31lf'Uiil i ~hJv~1lf'Uiil j

= 0 t1'lr.tl'U~llf'U:: k hj1~ri\lff'Uti'11::'Vdl\1 ilf'Ufl i 'tlV-31lf'Ufl j

'1'" d.c::=. Cl~ c::\.q 'jIo d = f11 ~~lr.t't'lIf)fl'llf1ff'U1'n'Jl''Ufld 1fl'Uf111lJ~{I\1fl11
" t • Ik 4.ct QI d 4191 ... 91

A d = ~'U't'l ~\I'liil'U{I~10f1'U't'l k't'l 'JI''lJ'lTVJflff'Uf11d

~ 44 .q ~ 1" ,ad = ~'U't'l't'lff1lJ1101Jl1't']f1ff'U'i'11 d fl 1 If'U1r.t

k tI"" "" 91 ..1'191 91 1 01..1qtfj = 1lJ1fltff'Uf11 d l1ff\l lf~f)f11 i iiWl0f1'U't'l k

Sk = llj'Uff1Jl~~'U{I\I\1f)A'l~lmi'U~ k 'tlln~thff'UA'l

STd = ¥h1,*~1r.t~lii~Hnflfl11'Ul~ff'U~1~ijfl d



= 0.025 x 0.0055

" II, JI

tl~nfl1'iff'Wl'lJ~n~1l111u'-nlJ~t)U1U~~tJ~ I m::fftl1J'I1'll'O25 flfl. =0.025 9lU

0.055 ii~';i/fllJ.

0.0055 ii~';i/f1lJ.I~U

2

" " '''''' ~ I I" "". ~". "".r~f1Tll\ltlfl'j1Jl'Jfl'jlt1Uil1 U~fftlfl11lJ'V'I't)~flTl11lJ~fl.:J0l'j(Shortage cost) \l::lJfll ~'I1\l1t1lf1~'Iltl\l1fl
• .k " " "

fhh~(mU1U~W~1tl~lU1UO~li'll1~ C)f~h~~ll.1mWflmn1iNnfh'n1~ffU( al;julll0~ O~il:; 5
: d : d : 4 1 I .cSd~"urn • U1U'll~U~un:U1U"Hl1iln~ m:fftlUil: 15 inn • Ul~lJ l1ilil:: 5 inn )ff1'UmWVlff'Ufl1

~ v ~ a,'I'" ~J4 I:IV I ~ dcaJ
'fl'Ufl11lJ~tl~fl1'J'Iltl~'J0fll (Overload cost) ~::lJflll')f~lmfl~'IlUfitl fI1'UlllUff1'Ul'V'lllVl'fI~'Il'U~10
: w ~Q,I ,p 0 4 " Q.I.c: QI d , ~ ,.c!!I , .s
'Wll1'Wfl1J'J'j'rlfi~1'i1t1t'lmm1fffllJl'1ltllJ"1'W'VI umrnau 2553 ltll1'l1 C)f~tll1:;'VI11'jnfl11'V11l'jtl. . . "
At '" ~'lh:;lVl ffl 'VItl mi111ui1..rtlfll'J1Jllf l'j~UfJUL-n~lWlJ,h::iYYlifi1,"fll'J'IIUd~11 mr l-nlJll1l1t1fl

" "" '.rU'j'jl'Jfl'il1flll",njflu'j'jl'JfltJo~~:;vh 111ff'Un.l~n~ull1utfilJ'Il'W 0.05-0.06 ii~'J/fllJ. 1'IJl'Jfl'l 1091U
" " "~:;t1'Wfl1'j~~~l i~~lV~Ul'J'lJfI1'j'll'IJff~1'IJff1uij'Un~1H~l'IJmWflmnffllJl'jtll1l '~~~ij

, , " ",
(3.8) lflnltJll'J:nU11t11UVill1l.1:fiuli 2 ~tl~ hjtJ'.i'il'JflffUfll')fi1~li3Un:;')1i1~li 4 ·lfiuflunfl11lJ

, (3.9)fflJ'lh~iY'Yl1i'lln~iY'UfllhJmt1hfi~fll'j'lll~iYUfl1\l:1ifh.JflfJfl·:h 0 fflJfl1'j'llfl1J'\htl~( 3.10 )

fflJ iln:ffVln'lltl~ ffU fll' U flHihfi~ ffU flllfttl fl11lJ~ tl~ n U 'Iln~ ~ flfll ~:1i ~ UJ1fl fl1l 0

.1 ~ 1I, ".0$ "" .r, 0.4 I ~ "" ".1 I "" 11 1,,'"(3.1l)1J'J:;OU u nu Sub-tour lf1~'IlU UfI1~tl1JllltlfJ1'U'V'I1l1U::U~il:flU'~Uftl{1l1Jff~ff'U'I'J1110tJ

l.d 42:1 tlQ,J QI .. I tI Q.I A &l9I,~jJl 1 QfflJfl1'i'llnmnUVl(3.1) fltll1{1fl'.lfU1~Q1J'i~ff{lfl1H'lmVitl111f111'.1f~ltlUfl1'il~U'VIl{lUil~

fhl~~ltl~lfi~~untJffufl1'1l1~111tllfiu~1~tl~ fflJfl1'i'lltlmhtl~ (3.2) Uil~ (3.3) fltlll'Jznu'h

ilflfl1Ufiil~'JltJi'UU10l·HJ1flfJll.1Vill1UZhhfiU 2 flU fflJOl'i'lltlU,jltJ~ (3.4) ll'Jznu'h,rltl.. " ."Q.I t~g1 jI '~"GI I d.(J1U'V'I1l1U~1'1l1lJl{N'~ ff{lffUfllUil1tJ1UVil'l1U: ~~tltlfl ~lfl'~ ff~ffUmu U fflJfl1'J'IltltJ'Il1t1V1(3.5)

l~nltJll'j:nu 11t11UVill1U:;~tl~~~ff ~ffU fl1UfI 'JUl'Jfl'iltJ ffllOl'i 'IltlU,j1tl~ (3.6) ll'J:nu 11

tI1U'V'Ill1t1~fltl~1~tl~ hjU'j'jl'JfliYUfll'.1fii~~ 1Uil:;21fitlfl11lJ~titlI20m::ffnU fflJfl1'J'IltlU,h(J~
, I JI.

(3.7)'lh:;nU11tllUVi111 u:fluli 1~z~n~ hjtJ'i'i l'JflffUfl1'.1fi1~n31ftuflunfl11lJ~ fflJOl'i 'IlntJ,jl(J

(3.11)

(3.10)
kIq~ -Deg >0

k~1
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(3.11)

. ~ .
~ cI 0 1"0.., "0 "'UAl'JU1D't1 2 fIl'HUill\llflflll 'H'Ul'H'lJfl'U6~fl'llU~6~fIl'lfllqflU~::fl11U~6.:!fIl·Hl.:!"lfl

'll6.:!tlfl~lU~~::11fJ lflmh,j'mJ~~1~'UlJl~1'lJ1tJ 1 l~ij'U lJ1filtJ1tu111~1'U'l'Uii'Uft'1~'Unl'JflU'U
d ~" dUl'U'Wll1U::C]f'lffl1JTHl111tfl\llf1ffUflll'Y13.11

'UIDuu,~ 1

JI JI , I tI •

'l1tn,hl1Ut~'m'Wii.:iii91'l~:: 32 Ul'YIf'llHi~lV~hlJ.yjL'~U~lflflllUnl'Jm';'U\h~utl.:! 20
ClI II!! Q.I c1,,,, ~ I Jd. ,,,
~91'l flij 0.00011 x 32/10= 0.000352lJ1't1/tH /flU.C]f~fll'l')f~ltJ'YI'lff6,:!U'llJUUN~91ij~'Ul'JUU~:flT'j

.ofllfflJ'YIHmruu ff.:!1~6-ll6'ln'U fll'llnilluty111~ .:!m;1'l ~1.oV~.:!till1'Uill'lJlvulv'l umsus 'll'Jfl

""".I 'l' "".!U'lJtn'll 'lJUUmu 'Vil'rt'lJ:: 2 u WlJ1fJill.:!u
..,j ~.., "" ~ '1 • ,,"""" & 0 1 '1 ... ".11'Vi tllHHflUmnn illuty 'H1 UfIl'l 'U'lJU~~p ~W~ .:!fIl 'HUill'lJ au 1fJ 'UfIl1U 11l'JflUlJm 'U'lJ.,

U'lJ61'lJ'Wl'H'lJ:2 'U16u16~.:!il

= 0.005 x 0.0055

= 0.0000275 ii91'l/nu./~'U

~ JI • JI,

fl91'llfll'liYunJ~ij~,hiJ'Ul~lJ~()'I.h~U1 111~min 5 nn, = 0.005 ~'U

= 0.020 x 0.0055

= o.ooOll~91'l/nU.I~'U

~ ~ . ~
fl91'llfll'lff'UnJ~tH,hl1ul~u~mhu~.:m~ijill 1 tl.:iIf'wn 20 nn, = 0.02 ~U

= 0.025 x 0.0055

= 0.OOO1375~91'l/flU.I~lJ

~ ~ . ~
fl91'llf1l·.i'N'UltJ~ij·nhJ'UtvhJ~mhu~~lHWfl 1 fl1:Umnn1n 25 flfl. = 0.02 ~lJ

= 0.0001375 iiFl'l/fllJ.I~tJ
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jlQQI 0 QA'::" A Q,. ,~ ..:!I iJlA .c:t; ~

UlUVil'l1U: ~1~UU1'ffU611i8'11ff~fl l~UU'U~llJU2 l:U:fl6 l:U:Ulfl 'lf811tY~flU'U'UGrasp. . ~
d~6 ff!1~'~U111~'~lJ~U ~lmrU'oN81~ff~fl 2-opt t1i''Ut1l~'~U111~U~:t1i''Ut11~fJWmVifi1~6'U

i>l'1V1tffl1'j~lUvl1Ulltl~~flti'11 11U(One move operator) 'm:lllfl1'jtYn'U't1guuvl1Ul1tl~tlflti'1
'I !J! 0 ..:.. 1 " & ... ~ ~.,(Exchanges customer) lUfl1Hl1J111fl1~tJlJl1lJfJWIl11'il..Imlunilqpll9f~1J'lJlJ~tJlJml'l~V ~.;J

Uff~.:j'UmVi~ 3.2

~ .
~1U1~VU Vi1011ffflll 1fl111111tf011n~'~U~1'imhll i'urrn Ufl'i1ty111011~~'~U 111~

..~.ct 4:lr!4 ••

(Genetic algonthm; GA) 11il:'U'UlJ~ (Ant system) 11 Greedy Randomized Adaptive Search

Procedure; GRASP 1tiu'U1J1h:116~ (Saving algorithm) ,rJu~U

• Q.Q, ~o' a..ct.QI 4O~.Q QI

6~11~lU11 ''If1..1 11i\llil6~U'U'Uflll6'U66U (Simulated annealing; SA) 116ftfl6~111J''If~ViU1!fl'j1lJ

~ .
';1..1 ~ 61Jms 11fl'i1ty111i>l'1ulll 81~tY;tfl ,rJU1tffll'l ufl'i1t)Ill1fhh'..r, i>l'fi1~6'Ueanu 1

3.3 fllll¥ftI'nlfifl11111ftlf18U~iil~tI~,"8 (Heuristic search approaches)

(1- J1)

~ .0.,,, "1 ...
= Ul111Jflfl11lJ~6~mnl'HI~'U6~~flfll ~Vl10::; J1 ::; 1

~ .
= "h11lrflfl11lJ~6~m~~i1~~'lJ6~Uflti'1

J1
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v .,; 'fa • "1 cvas fj} j},.f!l 4CV ".1! ~ v
~flfll'i1tJ'YI 1 innu 1.5 l'YI11'U1 lJUty'lf~flfllUt'l1~lll,(\6flll1 1 'i1U 1l'HI1liill'll'1nlJVl1.:JnJlJ\1flfll

nfJ~ 2 ii1f)VH~'tJ1lUfl'iu.,j'6nl11U~ 1Ul~6U''11 1116~~mill~flfl'11llJfI'iU'Vlfl'iltJ Cit.:J-W1lTHU1
I ,., II ,

.... l<J ... 0 OJ .... !lI" ..." "', . .1 "" i,.........IOJ • I1.:JfllJ1'11f11111~tJ1Unl11U::'YI'il1fl~ LnUff'iH1UU'YIH1'illfllJ 1l1flUlJ lJll1U'YI 2 'lf11ilJ'.iUlJ~.:J

fJWmV'lfll91uuf1"JtJ11ifl1'.i~ltJ~hU11tl.:J\1flfl'l 1 'IltJ (One move operator) lm::1l5fl1'IutrUlugvu

~lHl1tl.:J~flfl'l (Exchanges customer) Ut'l:::1li 2-opt t1i'UtJl~1~U'YI1.:Jl",:::tJi'utJl~fJeUllnfllf1t)U
III III III

ff1lJ 'iltJt'l::1~tJ" 'tilJ fIf)lJ f11 'I~iilfl~ll\1 flfl'li11'flUtl1UV'll11lJ:: mine f)iUlf.1&nlJ 'tiu 91f)lJ1f1'~.:Jil

..
3.3.1 .uU\116Ufll'i,hnu"o·U;'ttflOiiilJl

• III
a 0 cv QI IV ~ 0

.fll1'tl1 3.2 tniilU'UlJ9I fllJfl1'inmU l11fflTI111f11f1flU

T

T

~'U9l~Um~,ji'1J'l.ll ~tll91~1J

(Improvement solution)

"0 ~ JJn"n:jfll91~1Jl'nJ91U

(Initial solution)
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v d .d "i«vd 'jIt QI jI.d..:s , ,., 'J'-=:t, ,
~flfl1'Jlf.J'VI1 1l1fll1~~1'\l1 'lJll\y'lf'Jflfl1nlJflU\1flm'VIlJ'j::;f.J::;'I11~'illfl"flfll'J1Vmfl &lJ1fl'U1.5 1'VIl

,,, .,,,... ,~ v v ...
'\ltJ~'j::;f.J::;'VI1~'J::;lf11~~flfllS1V11SflflUQflflll1tJ~&fl'(l~flflTilVUSrunrm q~

" . .
,j'U~V'Ul13 ~lJttteflQfllll'illflUty;'Jflfi'llJl 1 slt11Tlei~1(11ff'U'YI1-:JtrlU~flIl1'jlV

•• ". f

112'IJtJ~tff'Ul1Hl1 1 1~V;;1l1SW1"11lJ''\lV~Stl~1lJ~1tJ U~::;fl~ll hhh,j'U~e'IJli 2 \l'lJfl'J::;'ti'-:J
!II ".

£Jl'U....l'11U::;KI ',jffllJ1H)111~fllll'~afl 'illfll1'Ufl511'tlyh~llJ;rU~V'lJ11 1 ffl'11111tJl'lJ....l'11'U::

w • WI_I 0 " ., " " ,1' "flu~e '1J m::'YI1'il'U'Jflfllll fl'JltJ\lfl'il~1'\l11ff'lJ111~\l'lJfl'JllllmlV\l:: 'i1tff'Ul11~

". I •

'liUPlV'lJl11 ffllflU~flllll1V~ ',jtlfli'~fl~lJt~f)fl~flt1'l 1'.i1vnih::;tI::;'VI1~'fl'"
• • q ..

... 4",,, "' ... "~,, "'''~, "' ...DepotlJlfl'YI~~ 1....fH)f11'\llUty'Jf~flml1J'UQflfll'J1f.JU1fl'ilfll'IJl&'Ufl'llJf.Jl'U....TI1'U::;fl'Ul1K}

• ". , II • ,
, ~ 04,",0 oQ" oQ .oIIi!l4!:$ 0 ..e:t
14m::;'lJ1'1..1fl111n'lJ Clfl1'VHH,.n~fll~V'lJl':nJ~'lJ 'il::....'ill'Hl.Il....'U'VI'\lV~fl1~V'lJ'VI

lrlU1tI'~~v'bJ;r~ull-3nulit:l'lJ' '\l~fhlfU~ rns tttVfl1ff'U'VI1·m'(l::;ij....l~l1tff14'VIH'\lV~~flfi'ltrttJ....'lJ

o .detl' ~ 0 : 4 oQ ,,~ "'" ...Q.4"lf1Vlll1~ tH1~~::fl111~1'U'JV'lJm::;'VI19l'19H'il::;....'ill'Hl.Il~flfl1'il~t'\l1 'Ulfi'Ul1l-3'illflUflJ'lf'nV'lfe• u

l' 1 _I cl.i " i "" ~" ~iY.- ~ 0 , "~flfll f1fJfl111J1::~fl~ 'If nearest urns ff'Jl~t'il'lJ'VI1~t1lJflU'illfl'lJ'lJ '1111ifl1';iCJ1VfllUl1U~~flm

1 ';ilV (One move operator) 1ifl1'Jfftl'Uttl~£J'U9huml~'Jfllll (Exchanges customer) U~::; 2-opt
"tJrUtJl~tff'U'VI1~~V'tJ 'illlJl'Jftei1J1t1'~",~;j. . .

....1 .. _. !'II tI ~~ 4 ~" <Q" ..:::II3.3.2.1 Inil n I1J1::qflfll'V 111Nearest l ....V ffSHlff14'VIH1SlJfI'UffllJl'JtlelilllV

" .
;r14~tJ'Ul14 lr5i fl1';j~lt1~lulftl~'ijfllll 1 'J1V (One move operator) 11lfl1'Jfftl'U

ltlgrJ'U9hlmtl~~fllll (Exchanges customer) u~~1i2-opt l~61Hutll~TJWfl1""rll~tJll

3.3.2 fl1·n.fi'HfhVl6m~1JA\!(Initial solution)

. . .
" do do" ~ Q,I d V, Q,I' " dd r " , , ... •~fl"ln{Jl1 1 lJlfll1~~l'\ll t'lJUty'Jf~flfll'nlJflU~fl"ll1lJl~tJ:;lfl~'illfl~flm';jlmllfl uinu 1.5 '111

'\ltN1::tI:;'VI1~1:;lf-:i1~~fllllnm11flnll~flIl1~t:I~'fll1~flll"JltJU1fl1l1fl~q~
JI • • I
QI .d '..til " Qld ~ I£!lCJ~"!if 11 ea'\lU~tJ'Ul13 ~lJmtJfl~fl"l'illflUty'lf~flfl1lJl 1 'Jlt11....tJ'il~1'Ul1'il'lJ'VIl~l1J'U~flfll'nfJ'VI
r ". "

2'\lV.:Jlff'U'VIHli 1 1~tJ;;'illHl.Ilfl11lJlI'\lV~1tll11l ~ 1£J1H'l::;fl~ll1th'il'u'U~e'U li 2 'il'Ufl'J::'ti'~•
!II ".

{ll'U....llf'U::; K I',jffllJ1'Jtli'U~fllll '~6fl 1l1fl1!um;u hNh~llJ'liU~V'Ul1 1 ffTI1i'llf.ll'U....llf'lJ::;

~'L.I~tJ'U~1 ffllfi'U~fl~l~V~ ',j\lfl~~mllJ~~tJfl~flfh 111t1~ih:;rJ~111.:Jlmi' Depot
lJlfl~~~ LfltJ~~L.u'lUty;~fl~l ~~'U~fllllllrJUlfl~~l.u'll'UmilJVlU""llfU::;tiu~ K.

~'U~e'lJ~ 2 ;;'ill'jWl~fllll~tr~',j\lfl~~l.u'mf'Ul1H l~tlti~L~tJfl~fllll~tJ~lfl""
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~ ~ .
,jl.!91t)l.!'\Jt)·ni~2 '...,ff91111.fl1....Yi 3.3

3.3.2.2 nola ~ 2 fl11t.l1tJ1Jl~flWtnl1ftlf'8tJ

~i')V~::lhfln 111::~fl~ rm 1111J111~tJwfll'nfi1~t)1JI ~Vflll 1~1'YlflUfI 311ff~ fl

fll'H~\nn (Search algorithm)1'Ult1111J1J~1~'l'~11flillfll';jff51J~hUlnl~ (One move operator)

i1ifl1'jff51J~lUl1'lh illfll'i~lt1~lUl1ll~~fl~l (Exchanges customer) '~t)lilfl1'iff51J,t1~tI1.J~flIi'1

~lfl~l11l1,j~~ i ti1J~lUl1,j~~fl~l~ j h.!'l::l1'h~tY1J'C]f~U€l::~1'U1l.!tY1J'C]f~~'~Wll~fh~t)1J~

,~'Uit1'~ (Feasible of solutions) lm::ill 2-opt ,~t)'thfl1'it1i'1Jt11~flwm""fh~t)1J ffl111'i{lt)i1J1V
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32

Phase 2 Local Search

IntlflfJnli'l 1 l1tJ'II6'1gnthrf'll1Ufl~u'l11.j~nifll~11~'Wrm~ii
1::V::Vll'11nKhHl'U1Jln~"l~~~HHl'U-UOJ;~nli'lnv~1uK'u~~n
~nIi'1~6din~~nIi'TntJ~1~IlUih~'IJU~~8'1hitfi'U 1.5 lth'Utl'l

l::v::liml1n~n;l'lnv~ ll~li1U''U-UflJ;~n;l''rnv~1



~.c:I "0 ,3.3.3.1 l1ifll'UtltJA1U,..'H (One move operator)
w 0 ... ~ "Y QI ~ ,_ I
ill1~1''U'Um'JOne move operator (1,0) l1lJltlfH fl1'!itllt1~fl1'l11 '!i1tJ\)lflffmt)f91l1'U~1J

V-1~ULC)f~11'd~l~a~'liijfl1s ~llJ1L'U'Uff"''UflllJl'U~ULt)fill~116~y\.:jUff~H1'Ufn~~ 3.4 ~\.l~6'Ufl1'j

", . .
QI 4 Q,I " 444
'U\J~6lJ'YI4 6~'~'YILffU'YI1.:j'YIy\'YI~~
", ~ • " 4d ~ 0

oUlJillVUfi5 ~'!i1\)ff6'U'hij~fl1'I1;;J-1'~~llJfft\u~hUl1'11~1116'li tnlJflL'JlI'YIl
"JI I" JI

~~u~'lilJ~tl'Ufi 1-56t1f1i'~\)lJfl11\)::fl'i1J0'1'~ij~~'U~~mn;, Local search
" "

ffll1i'1J11ifl1'JVi'uv~~flwm~fll~Vul'Uufia::11iU'Uffl111'JtlVii1J1lJ'~~~U• •

" I" f tI

solutions) ";.:j"'lJ~fi '~\)lfl'li'U~V'U'll6.:j11i GRASP Lffvn1m'Jvi'uvl ~fJWfll~ 'Ii'U~V\.lfll'J
"

tll1J1j~~fJwfIl~th~ tlUff1lJ1'!itltli'U1t1'~y\.:jU
'" . . ~
QI 4 '4 Y ~ ...:3."4oQ "0'
'll'U~tlU'YI1 ~lJmVfl~flfll 1 '!iltl\)1t1Lff\J'YI1~L'!ilJ~lJl~6~\)1'!iW1m'!itl1tJ~lUl1\.l~

t1'U~flfil'!illJ~U1'U'~lJ'YI1~~\.l'l
: d ,,"'.., ~ 1 '''''ll'Uill6lJ'YI2 ~'!i1\)""6Ufl11lJ~V.:jfl1'!iL~lJ'nlJfl'Ufl11lJ~6~fl1'J'"'lJ1fllJfl11lJ''llV~

tJllJ~111lJ::1116'~0'1LfilJ~11fn\)1'IW1~llJaflfil'J1lJ~tlhIU~O'l'liLfi'U~n1 '\.l~\.l~6U~ 3•
JI • • • I , ,

'lilJ~6lJfi 3 ~llJff~m'hUl1ti~gt1A1Yin\)1'!iW1nugflAl'!iltltj\JYi6d'lJLff\.l'YI1~OlJfi

o , " d'YI111'!i::V::'YIH'!i111a~M1I1fl'YI~~

, ,., II • •

L~tlU' 'llU~11~oUu~tlum'!im::'thcil (Iterative improvement) 'fftl~tJlt11lJ"nfll~tlufi~t1"hfll~tlU

w n~nil\),uu~ijtl~

.., , y ~ .,:. ~ ~ ~ • 1 -.I d "...'" •'I1~H~lt1 i'Un\J'YI1~1'llJ~\J'il1fl1~aW:iflfll'Ul\Tm::lJ')\Jfl1'l \J1nft''YI2 ~p~tI~::m

m'Jl1'!i::~t1~m'!i1111Jl1l~fJWfll~fllill6U 1~lJm'!i1~L'YIfI~fIi11 ff~flfl1'!i~\J '111(Search algorithm)

1'UlVUUU~1-1'lL';\.l11ifl1'!i~H\mhmnl~ (One move operator) 1~m'!iff~u~hLLll'll~ 11im'J~1t1

~lUl1t1'H'Iflfi1 (Exchanges customer) L~6.yj1m'Ifft\1JL1j~tI\Jaflfi1'i11fl~lU..,t1~~i t1'U~lLL'I1t1~~ .
~flfil~ j l\J'!i::wh.:j~ULC)f~ ua::~1\.l1\.l~'ULt)f~~LrJ'U'J[~fl1~6'U~LrJ\.lhl'~ (Feasible of

or

3.3.3 .g'Uftf)llm1,j'tJ'lJl~t:lQlfl1't'tAlfl8\J (Improvement solution)

"wm 6U'YIl~~~(2548)milT), .uUill6UfI1'!ivi'ul1~-1fJWfl1~fllill61J'"~tlt1ci11'~

'hlrJU1i,"l,h~vUUUUlULUVl ~~ (Neighborhood search) 111v1ilnflvnltYl~'11 (Local search)

,rU!6-1 11i111fllillVUUU1JLUl1JVl~~H~lJA\.l~nt1fllill6u~lrJU 1111~111vfllillvu~ '~.u~U~-1nu
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f)111"1.11:: uni fl1l'431 ~ff~f)~1~V'il::ibf) IIItilV1Jlli tJ1J~'Ul'J'Ufl1'i 'U'Uri~~l nA \)1f)
" II

1::tJ::'YI1~11lJ~llJ'U lt11Jltln~ 2 'Ult11Jltl ~~il
ulU'lnu~ 1 lmtl1JLntl1Jl~tJ::nl~l1lJ'illfll1ii1~ff~f)tl1Jr~'Unl,:jL~'UHl1J\)~,r'U'Ua~

". "" .IH~lUU1~lJ U1U~~mU'YIa~ ~l1mr'Ufil'U1WLmV1JLliV1Jrh1~~ltJli'~
, , . "

'UTU'U1Un2 U1H~"l'4nl::aJ~nl~111J~T'l"iii~'illf)flll'Y1Affa1J~11Jl::fi1JU1'HUf)fnl1J

~tHm'il'Jm::fi1J1J1fil'lJ1W111fh i'YI'l:l (Penalty cost) U~1&mtJ1Jllitl1J1::tJ:;nHfl11'\l'Ud~,.m~

i :.A: ~ i jlqQl d fJ} d t 0 G.I : 0 d

H~lU'Ul"lJ U1U'\l~~l'Ul1tH "V~1'ilmf)1J'Uf.)lJ~t:lf)m~'ill'U1'U2 1'U \)lfl'U'Ufll'U1WlmU1J1'YIV1J

rl1'~~lV~'~

,
fIl'rtti 3.5 ~1~lLU'Uf)1l Exchanges customer (1,1)

,
3.3.3.2 lifl110'a'Un.Jauu~hU't'itl.:J9nt\'1 (Exchanges customer)

fll'iffi1'1.H1.1gv'U~hml1j~~f)fl'l(Exchanges customer) ~livFillnJ~llhYl1Jf)n

fl''U'Hldl1111Jmlffi1'1JnJgV'U~lu ..nj~~f)fl'1 1 ntJ 'i~'H'h~ff1JLC)1~lAtJ~1~~1~hLij'Uf)11l'rhtl1J

(1,1) 111nfJ0-1fl1HY~1JLtlgfJ'U~lU'H,j-1~f)fl'l1 'rltJ~\lm~allf)'U6~hml'U'VIl~,,'Ud,nllf)ffmC}$~

& \)~I"''' '" & i-I"''' '" & w d'H'U~tutl~6f)ff1JLC}$~'H'U~lJtI~af)ff1JLC}f~l1'U~Uff"~A~fIlVfYl3.7

,
A=l QI 0 4I::l

nmn 3.4 ~1~1&'U'Ufl1'iOne move operator (1,0)

,,; .... ~----
,,,,
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"1::uulI~u~nl'.i Windows XP u":uomnml\,,iiflll1;;.:j1U l111umll~hl~\)11l Dev-C++ 4

l,1tH\)lmrJUfl1lJ1flOll-W119'1Vf~1;;lYlfllU1,,'61uitnlJw: Visualize ii1fl~O~l1V1l1:flOUflll';;~lU

111 l' "" 111 "..I "...... .. ".... " 4 ~ 1-1 ..I""1'flll1nlJltJ llflOll mt"01Y1ffll\jlW lUVl11m:1'l1'Yl1l'ftJ1m'tl6n:uuuvtJ \)~11JUusunsunu
.d 0 , 91 " ~ 1-1 0.... .. 91, 1fl11lll'l1ll1:ffllYl\l:U1ll1 'lfff11.:j11JUlJ1Umllff1111U1'lf~11-1U1:U1J'\JUff~

'

" _I tI .4 LIS 0 Q,f 0 Q Q .. 4.ct .cS cv': _I cfd,,,o Q QQI'lf~1Jf)'HUlfl10~ll6ffl'11'jUm'19'1111J'U~lU1\)tJCJf~lJ'jlt1"::16V~~~'U~1JmwYI 'lf9'l11UU~11J1\)V

.1 91 '" "" " '" ,,_.I " "lJ'1~nOU~1tJ flOlll'f119'101311~U11 (Computer hardware) lm:flOlll'f11~OlCJf0119'1U11(Computer
"software) l~vii'ntJ"::lflv~i'1-391ij'lIil fl6ll-W119'lof~hU~11(Personal computer; PC) 11\11tJ

l.h:ll1"H"fl"1.:j Pentium(R] 4 CPU 3.06 GHz '.n11tJfl11ll~1 256 MB ",,: ..hnuuu Iihunsu

" .
'l1n'liU9'lOUUHUm1~11ilufl11mli~tJfinril1ll1,j'H~U f1~viJ.:j'~Yi1mn1.:juHum1

" .
Uty'l11m'j~~ltVUYl1-3VlUl'f1'11U~mWffmn lH-31'U1.h~llU'lU~-3~lUYltNihh~iiYlitl1't'l1Y4V-3l'fO

"~1 f1~V~.:j\)~fflllu~:~~'ti111.hrllJml1~V91o'1I
JI • JI "

\)1fl'liu VIijUnflri11l1 ~'I1ll~il~1~tJ\)~1;;1rI1-1n re uuasu 11l1P!!1U ff1'11i'Ufl 11
". "~11ilufll1i~tJlu fll1ufl'Uty'l11fl11 ~~ltV'UYlHtJ1Ul'f1'11U~fl1wffmn 1'jH1U,11~ll 1l1u~~

mU't1o~91o'11

. . "
tl10m ~'thVl1llm:u1u fl1'jfi~~moufll'j~ln1un1l1~vli~'I1ll~ 11~:H~fl1~1rOv 1u

flll'fl1lJlrJU ~U1-ri·n'l61~ MlJ1Vf111lJl1lJ~.:Jtl1V16U~1Ii~lnn111hinml ~~I'lIU l~U lJ1 hJutfl 'U

..

" d4.a p ~" 'J}fl11ll~ij.:jm~ (Shortage cost) 11~~mWYlffu"ll1fl'Ufl11ll~O~fl1~'Uo~~nfl1(Overload cost)
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", II ".,11~.:JllJi.il~lJ i.i1U~.:j (lllJ't1tl~ ~~tldm'\l;l 229 'I1~;l 6 ~11JClfltl'Uff1U ihlfltlm::fl11

"
Vf'lfr-lCl ~~'I11~~1H1n'lf1i1U ijtllJ6m::~nuiilJ/11flClH'hIJ1lJ 1 ml.:j Ufl/1l'n.:j'l1lJfl 30 llV

" "'Hlfll::1J::1J'i'il]flff1'1111J'\I'Uff ~i.ilUCl::i.i1U~.:J~llJ1lJ 2 flU fl11lJ, 1'Ufll11Jn't'Jfl'\l6-3'jf'lU~Cl::fllJ'~
1l1l0'U fl11lJ~tl-3fl1'iff'Ufl' l'tlf).:jUflfl' 1U~Cl:: 11Uhlml'U 6lJ fl11~fllt~lJ't1Hfl1'i '\IUff.:ji] '1,'UU '\16-3

h'Nl'UflltUffmn 1(lti'U~ 1 1::fJ::l1Hfl11~~ 47.31 nlClLlJ911 'i(ltiu~ 2 1::V::'t11.:jfl11~-3 48.26

fl1ClllJ~'j 'jlUCl::lt)fJ~~.:jUff~-3 'lJ~111~~ 4.1

(Shortage cost) UCl::flltU~i1'U/i'1Ln'Ufl11lJ~tl.:jfl11'\ltl.:jUflfl'1 (Overload cost) h'Wfll::1J1lJfl11

fiH1'U'\Itl.:ji1~ft~n ~,j11ff'U tliffilfl11L;jfJlJtiU~'-3¥1'1fJ Itlrunru Dev-C++ 4 U(l::l1~ff61J1J'U

fl6lJfi11~tl{ffTIJ~1 (Personal computer; PC) l1li1Utl1::lJ1(lr-l(lflCll.:j Pentium [R]4 CPU 3.06

GHz 'I1lhfJfl11lJ~1 256 MB ,h~l'U1J'U hhUflllJ1::1J'utlfillilf111 Windows XP

"1'U1Jl1U Fj1iu'l::i.i mY'Utlr-lClf111l1~Hltl~'11fl11i31~ff~ fl 1'Uf111U~;]ty'l11f111 i~l-N'U l11.:J
d~ 1 : ~ : d ~ ! , ~d q..o d

U1UYill1U:: mWflmn '1~~1'U'U1~lJ U1U'\l~n1'U116~ C)f~'\IU~tJ'U~l~"l '\ItJ~11if11'1~~'11fJn::L6fJ~
. "

''U1Jl1;l 3 UCl::~1iu'¥1'i.i1'1iU~tl'UflllU01'\1;]qj'l11¥1'1U11i Greedy Randomized Adaptive Search
, f CV _I Q Q ~ ~ q _t:! ..ct. " • .dProcedures; GRASP 'Uff1lJ'tI6~fll11~lJ1::ffl11ifllYi811ff~fl '1::1lJ1Uml1V1J~'UfJlJfll1'\l'Uff~C)f~

" .V. '111Wl'llfll:: fJ::l1Hfll1'\1'U ri~'11fl11i ~1~ ff~ flf)1J 1:: V::111.:Jms 'tI'Uff~i1'1~'U'U'\Itl~ 11 ~~1'Ui.il~lJ
: d 1"" «!I "'" ". .... .l d ....... "'" "'U1U'lH Cl1'Ul1tl-3 ~U'n '111WlfHfll 'tf'11fJl11fl~'\I 'U'11flfllW fl111fl~ ff'Ufll lJYitl~ tlfl11lJ~tl-3fl11

,....unn 4



~ lv, _Of.... ~ ""'4
4.2.1 fl1''l'A'1::'Hfl'U'lUtl1''''UD'..:J1JGiltJWU8..:J&'..:J~1'Ufl'Wftfl'Yl

''Ufl1~til'U1W111~'U'tl'Ufll'j'IJ1Hi'ni'1~lJ'lJ6~ h~,n'UJ'1~lJJ1U~~il1'UVl6~ 'iJ::

,.h::fl6tJIl1vVli'fU.l1m''U011'IJ'Uff~'H~fl 2 theum '11m)
" 'I "4.2.1.1 ~'UlJ'U'iJ1fl011&'!rl{1m:::1J:::1J1nlfl

JI ", 0 w 4. ~
1) rn'U1lJ'Ul'1fm"'il~

2) fi1CJfmJ1hl~Uil::lii61Jfffl1'"

3) fi1mihm:ah::tl'Uftv

4.2.1.2 ~'Ul'J'U'iJ1fl..,'11m1'U'lh::~11{1U~il::;ti'U
" "fi l' ~~ 1V'Vi~fftHff'l'UU flA6 6fl1J 11rJ'Ufi 1i~~lV~ 611l-i 1V 1:::(I::;VI1'1

ffl1JTHUL,j~66fl1~lJ 2 fl~1Jfl6 ~'Ul'JlJfH~ (Fixed costs) L~lJ~lJ'tl'U~hhtlg(llJutlil~~11J,_j~lJ1tU
, ,, .... 1'" 4 Co.l " ,.... 1" 4 • 1'" :,1' ·rns 'If~1'U 'iJ:::1JfI1'If'iJ1tJ'YI1flA'lJlJU1J'iJ:::uums 'If'HHYI61Jl'Il'Jfl fI1 'If'iJlt1tll:::lflVllJ ~Ufl

1~'Ul~6lJ..,'I1fl~llJ<iJ1Jl{l fi1fl1ii1m::tll:::tllJilv lrJ'U~lJ ff1'U~lJVI'UU,_jlFllJ(Variable costs) 1~'U•
~lJl'JlJ~ltlgVlJUtlil~ 1tl~11Jfl11'IJlJff~ 'iJ:::ijfi11~~lV~1nA'iJ1flfl111~l {Iune uil 1Fl'U~nlJ,_j~1J1Wms

...
1::U= 1::rJ::nH'V8~i.TlrJ 'Ulfl" ... d1+d2• .. 011'A"nl~ Y1H(ftU.) d4 10iH n d3

1 1 0-1-2-3-4- 5-6-7-
24.56 120 298-9-10-17-18-0

2 1 0-11-12-13-14-15- 47.3116-19-20-21-22- 22.75 101 3623-24-25-26-27-
28-29-30-0

3 2 0-}-2-3-4- 5-6-7- 24.46 1008-9-10-11-17-0
4 2 0-12-13-14-15-16- 48.2618-19-20-21-22- 23.8 9023-24-25-26-27-

28-29-30-0

';I1lJ 95.57 121 65 190 95.57
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34,753.92 inn 100

..i 4' l-N I ..i Q .1 I i 4ftfll1Hfl4.2 nrm:amJ~fll 'illt1't1m~'U'U~10m'j'U'UtY~'Uo~H~l'Umw mn

0 ~
91"1"U~U 11' ,o .., '~V ,OUI1J 11tmUtll Y;)1t1 ... ' 81'."fI
(1Jlf11'~8U)

1 ~'U't'J'Ufl~~(Fixed cost)

- 'YiUOHU'lilJHl1'U":: 200 inn ~1'U1'U2fl'U 12,000 um 34.53
tW 1'::'''41 0

9,000 111'V1 25.90- 'Yi'Uml'Uff~tY'Ufl11'U"::150 lJl'V1'ill'U1'W2flU

- filtl1iJth::~li.11(l 2 fl'U.,,,:: 1,050 1Jl'V1=2,100 175 lJl'V1 0.50

111'V1/il (~lJl : thUml'U'U'Uri~~~'H1~~1J"'jl'ni1ih

- fil1.h::n'Ufltl 'iO 2 fl'U'1,,:: 967 lJl'VI= 1,934 1.J1't11 161.16 lJl'VI 0.46

il .
(l1111: ~lUn-ntJ~'lHY-3~-3'H1~f.l1J"'jl'1fti1ih

J/ 1.1 Go'2 ~tJ't'JtJu lH'U (Variable costs)
tI tI tI

- fiTlh~'U';fO''Yiii~n~'j'': 32 inn t1~'jla'Ut1.1i)O~
, '4 tI, .q.c:. GI

- 'jom::u:: 1111~U'll'12 011.1"~'j 1~1'U":: 47.31 011. 3,784.80 inn 10.89
d" I Q

.
Q Go'

- 'iom::lJ::lJ~U'}f 10 011J"~'j 1n'U,,:: 28.26011. 4,632.96 inn 13.33

- filtt$OlJill1~t"':'~OlJfftl1'Yi 10% 'UO~11fl11(l 5,000 inn 14.39

V '_Of 'V 'l 44
4.2.2 flu1Jum''' ....cr~'U;)'l1J''''8~''·Hl\ln'Q&ftflMl

fl~OnlJ Iurnsvud~'Uo~h ~~1'UJ1~lJ Jl11~~"1'U't10~ ijth1~~l[J~lfl~~'U,f~
'1'" ~ I,"" _I 001 ~l .oClQlJ." 'l'"fll 'JHl1tJfl~'t1tr"::fl1'}f~ltJUlJ'jN'UC)f~ 'U~1'U1"tI'U~~''U'Uml''~fl1 '}f'illt1'ill0ml"~1::tI::'t11~11lJ

~1~~Url'Ut~1'H111tJ'H~0''Uml,,~fil '-N~1t1~tfi~~'U'ill0ml'U'Uri~ 11lm::lfltl~fil' -N~lt1'UO~IH~lU
mwt1mnutY~~h.!~111~~ 4.2

II tI II ", •

l~'U'HI til '~~ltJ'lh::atl't1u' ~l1nfil,h~'U1Y61'Yiii~11,,::,h~'U'Hrioi)'U th~olJill1 ~11"::1ff01Jfftll'Yi

,rI'U~'U
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o ! 4 0 444 4 d
fllHlflff6'U~11J1'U 50 'SfI'UflH'YI1 ( ~'1J1'U'S6'U'YI~11~flfl6seun 25)

I
,

.., .oC ...
irlDiI.:J 10fl,"" fl11'~U"H fllU'il 1:::D::"1~

d1+d2 d3 d4

1 1 0-2-3~-5-6-8-9-10-7-30-1-O 119 25 18.06

2 1 0-29-27-28-24-22-23-26-25-21-

20-19-18-17-16-15-14-13-12- 102 40 23.25

11-0

3 2 0-3~-11-7-5-9-10-8-6-30-1-O 94 18.08

4 2 0-2 -28-24-22-23-26-25-21-20-

19-18-17-16-15-14-13-12-27- 96 23.20

29-0

ntl 221 65 190 82.59

. .
~ QI do 0

9lnH" 4.3 fll'i11f1n6'U'S::flU'YI1 ~11J11J50 ssu

. .
'i '" 0 "1" 'JI I w i4.3.1 ""Dun,,, 1 fll'l1\J~nllflfl111JmNflll Plm\ll1[J'U6.:Jt1flml1~m:;'S1[JPI~unPl~ 1J

~nl~~ fl. 1 lP1m~1J.u'6lJl1fl111J~6.:Jfll'S'U6.:Jt1f1ti'lU~l1::'S1[J~l'UTU1 l~6'l.l u111'h1Jl'111thl\lg[J~

1"hJ~Tt.l1\Jl~1J (Integer) ~1i[Jfhl1\JPlfll'SnPl~Pll1fliifl1J~'~~lfl~lmg[Jflfl ~1~Pll1fliifl1J1::'Wh~
~ " ... I ~ J' 1: 0 0 I0.1-0.4 ~::U~t'I~l1t'1::m~~'YIfl1Jtl1J'S:1111~0.5-0.9 ~:;uPl'U\J ~lfl\J1J'Ul1Jlfl1'11'UPlfl111J~HlU91l1::

'" ..; J' ..i ,,,dI 1'JI I ..; ...~, I ~ ~... ...
m,I'YI~::'U'S'S't'Jf1'U1J1J\Jfll1J\1111'U:n~6111Jm 'tf~ltJ'YI~lflfl1'i'U'S'S'lfln'Ut1l lin ~t1fltllU1111flPlmW

"''',1 I" .s"'~""" ... .1t'I''UfI11J\16916f11':U916~fll1(Shortage cost) ,.nm"'U"l11fl'Ufl11:U91fl~fl11(Overload cost) tflPl\f1J. "
~t:)[J.yj~PIfl1'S'YIPln{l1Jil~1itl'~til11'UPI~1\J11J'SfI'Ufl1'Stil'U1W66fl1i1'U 4 'S::~'U fl6 50 seu

100 16U 150 'S6U Ul1::200 'S6U

~ "'" !"f 'i" I ..;"'".I I ~ I," I I .1", 'i'If.:Jfl~UU\J24.22% 'UtHm 'tf~l[Jl11flPl'U\J~lf1fll'S'U\J"H'If.:Jm 'tf~1[Jn1'U\J1JfmLPI[J~H1Jl~lm:[J:. "
l1Hfll'S'U\Jff~nll.:J 111f1nl1J1'Sfll1P1'S:m:111~fll'S'U'Uri~"H~::lh',f~1' ~~1[Jri1\Jill1~l1.:J
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o ; oel ci 4.J AI .:l
ml'YI~ffV1J"'llJ1lJ 50 lV1Jm~'YI 2 (lV1J'YI~'YI"l~flV lV1J'YI 12)

, q,I ..t ...
1::0::n1-3U10U.... 10ft'lln mnaum .... ft1UJil

d1+d2 d3 d4

1 1 0-30-7-5-9-10-8-6~-3-2-1~ 119 25 18.07

2 1 0-29-27-28-24-22-23-26-25-21-

20-19-18-17-16-15-14-13-12- 102 40 23.25

11-0

3 2 O-3~-11-7-5-9-10-8-6-30-1~ 94 18.08

4 2 0-2-28-27-12-13-14-15-16-17-

18-19-20-21-25-26-23-22-24- 96 23.20

29-0

1111 221 65 190 82.60
o ; ci 44.J 4 d

ml't1~ffij1J"'llJ1lJ 50 1ij1JflH't1 3 (1ij1J't1~'t1"l~flij 1ij1J't1 2).,
v '" ...

UltlU.... 10ft'lln fl11'ft'llnl~ ftll"'il 1::0::nH

d1+d2 d3 d4

1 1 0-307-10-9-8-6-5~-3-2-1-0 119 25 18.06

2 1 0-29-28-24-26-23-22-27-25-21-

20-19-18-17-16-15-14-13-12- 102 40 23.25

11-0

3 2 0-3-4-11-7-10-9-8-6-5-30-1~ 94 18.07

4 2 0-2-28-27-12-13-14-15-16-17-

18-19-20-21-25-26-23-22-24- 96 23.20

29-0

1111 221 65 190 82.58

, .
ftl1Hn 4.3 f1ll'YI~1fV1Jl::~1Jfi 1 ~llJ1lJ 50 lV1J (~V)
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o :: d ~...~.a .d
fl11Y1iilff61Hl1U1U50 16VflHYI 4 (1VVYliilYlQiilfl6 16VYI 5).,

'" .0:( A
1:tI::nHi:llt1D'-.1 10RUn tl11IRUnH Rl111'l

d)+d2 d3 d4

1 1 0-3~-7-5-8-9-1O-6-30-1~ 119 25 18.06

2 1 0-29-28-24-26-23-27-25-21-22-

20-19-18-17-16-15-14-13-12- 102 40 23.35

11~

3 2 0-30-5~-8-9-1O-7-11~-1~ 92 18.07

4 2 0-3-12-13-14-15-16-17-18-19-

20-21-25-27-22-23-26-24-28- 98 23.30

29-2~

nlJ 221 65 190 82.78
o ~ d .c:S4.d A!II ~

fll'lYliilffO'lHl1l!ltJ 50 'H)1JflHYI 5 (lVVYliilYlq~fl6 161JYI47)
, ,., ... ...

Cf1t1iJ.... 10Run tl111ilUnl-.1 Rl111'l 1::tI::nH

d)+d2 d3 d4

1 1 0-2-3~-6-8-1O-9-5-7-30-1~ 119 25 18.07

2 1 0-29-28-27-23-22-24-26-25-21- 102 40 23.30

20-19-18-17-16-15-14-13-12-

11~

3 2 0-30-6-8-1O-9-5-7-11~-1-0 92 18.08

4 2 0-3-12-13-14-15-16-17-18-19-

20-21-25-26-24-22-23-27-28- 98 23.35

29-2~

221 65 190 82.80

. .
11111-.1n4.3 fl11Y1iilfft)V1:;~Vn 1 ~lU1l! 50 16V (~6)
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o ! d .dad 4 d
fl11l'l"ff6tJ~lU11J 100 'j't111f1H'tl1 ('j'6tJl'l"l'ltl~f16 rnun 85). ...., IV .r:t

iJlt1tN 10ftUn m11~unH ftlU.l~ 1:::tI:::f1H

«-« d3 d4

1 1 0-30-7-5-9-10-8-6~-3-2-1-0 119 25 18.07

2 1 0-29-28-24-26-23-22-27-25-21-

20-19-18-17-16-15-14-13-12- 102 40 23.25

11-0

3 2 0-5-6-8-9-10-7-11~-3-1~ 92 18.37

4 2 0-30-28-27-12-13-14-15-16-17-

18-19-20-21-25-26-23-22-24- 98 23.05

29~

221 65 190 82.74
o : d 4.:id.4 .d

fl1n1"ffvtJ~11J11J 100 'HI1Jfl1.:J'tl2('Jt1t1'tl"l'ltl~f1t1 smm 90)., 'V .r:t ~
iJlt1iJ.:J 10ftUfI m11~UflH ftlUI~ 1:::tI:::nH

d1+d2 d3 d4

1 1 0-30-7-5-9-10-8-6-5~-3-2-1~ 119 25 18.06

2 1 0-29-28-24-26-23-22-27-25-21-

20-19-18-17-16-15-14-13-12- 102 40 23.25

11-0

3 2 0~-11-7-0-9-8-6-5-30-1~ 92 18.07

4 2 0-3-12-13-14-15-16-17-18-19-

20-21-25-27-22-23-26-24-28- 98 23.30

29-2~

'J11J 221 65 190 82.68

. .
.. w,:s, 0

ftl1Hfl4.4 fl1n1~fft1tJ'j:::~'lJl'l 2 ~lU11J 100 1611
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t;J ! .J' cl.ct.ci.a .J
fll'l'YIilff6t1""U1U 100 'iOtlTlH'YI3 (10tlVlil'YIqilTlV16t1'V197).

"", IV ..,.

l:::rJ:::tlHillrJi,U lOftUti m11~UtlH ftlU.~

d,+d2 d3 d4

1 1 0-2-3-4-5-6-8-9-10-7-30-1-0 119 25 18.06

2 1 0-29-28-24-26-23-22-27 -25-21- 102 40 23.25

20-19-18-17-16-15-14-13-12-

ll-O

3 2 0-3-4-11-7-10-9-8-6-5-30-1~ 94 18.07

4 2 0-2-28-24-22-23-26-25-21-20-

19-18-17-16-15-14-16-12-27- 96 23.20

29~

'i111 221 65 190 82.58
o ~ d .dad.ol!l d

m1'V1i1ffOtl~'U1U 100 'lOtlTlH'YI4 (10tl'YIil'Yl''lilflO10tl'YI40)., ..... ... ...
iIlrJiI.:J "lOftUti m"lI~UtlH fnn..~ l:::rJ:::tlH

d,+d2 d3 d4

1 1 0-2-3-4-6-8-10-9-5-7-30-1 -o 119 25 18.07

2 1 0-29-24-28-27-25-26-23-22-20-

21-19-18-17-16-15-14-13-12- 102 40 23.25

1l~

3 2 0-30-5-6-8-9-10-7-11-4-1~ 92 18.07

4 2 0-3-12-13-14-15-16-17-18-19-

21-20-22-23-26-25-27-28-24- 98 23.30

29-2-0

'n1l 221 65 190 82.69

. .
"11H," 4.4 fll'l'VIilffOtl'i:::~tlfi 2 ~'U1U 100 seu (9iO)
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o :.d. 0 4.et~ 4 cl
fl1"l't1AtY6'U~1"lJl"lJ100 "l6'UflH't1 5( ~1"lJl"lJ16'U't1A't1q'Afl6 1611't1 60)

,, cv ... 4

illtliH 1tlftUtl fl11'''UtlH ftll1J~ 1::rJ:tlH

d1+d2 d3 d4

1 1 0-2-3-4-5-6-8-9-10-7-3~1~ 119 25 18.06

2 1 0-29-27-28-24-22-23-26-25-21-

20-19-18-17-16-15-14-13-12- 102 40 23.25

11~

3 2 0-4-11-7-10-9-8-6-5-30-1~ 92 18.07

4 2 0-3-12-13-14-15-16-17-18-19-

20-21-25-27-22-23-26-24-28- 98 23.30

29-2~

111J 221 65 190 82.68

. .
CII QI do'

fll"n~n 4.4 fl1~'t1~HH)'U~::A'U't12 ~l"lJl"lJ 100 ~6'U (~6)
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o ; .J ";4.J <4 4
fl1'j'YI~tY6'Um'lJ1\J 150 'jfi'UfI'H'YI 1 ('l6'UfI~Vlq't;!f16 suun 12)., OJ .... ...

"l~rJ~flHiflfJif.:.t 10tlUfI fl111~UflH tlllUil

d)+d2 d3 d4

1 1 0·2·3~·6·8-10-9·5·7·30·1-O 119 25 18.07

2 1 0-29-24-28-27-25-26-23-22-20-

21-19-18-17-16-15-14-13-12- 102 40 23.25

11-0

3 2 0~-11-7-10-9-8-6-5-30-1-O 92 18.07

4 2 0-3-12-13-14-15-16-17-18-19-

20-21-25-27 -22-23-26-24-28- 98 23.30

29-2-0

'j111 221 65 190 82.69
o ,! ~ ~Q~.&!I .d.

m'l'YIt;!tYfi'U~1\J1'U 150 16'UflH'YI 2 ('jfi'U'YIt;!VI~t;!f1616'U'YI2)., OJ ... ...
iflfJif.:.t 10tlUfI fl111~'UflH tllU'~ 1=fJ::t1H

d,+d2 d3 d4

1 1 0-2-3-4-5-6-8-9-10-7-30-1-0 119 25 18.06

2 1 0-29-27-28-24-22-23-26-25-21- 102 40 23.25

20-19-18-17-16-15-14-13-12-

11-0

3 2 0-3-4-11-7-10-9-8-6-5-30-1-0 94 18.07

4 2 0-2-28-27-12-13-14-15-16-17-

18-19-20-21-25-26-23-22-24- 96 23.20

29-0

l111 221 65 190 82.58

. .
.::II QI d 0

fll1HfI 4.5 fl1'j'YI~tYfi'U'j~~'U'YI 3 ~1\J1'lJ 150 sou
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o :, d d.:tci 4 .cl
m'i'YI~fftl'lJ~1'U1'U 150 'itl'lJflH'YI 3 ('itl'lJ'YI~'YIiltlfltl reun 65)
,, v .... ....

inm:r.:J 10tl'UfI tl111A'U'flH tl'1nJ~ 1::u::m.:J

d,+d2 d3 d4

1 1 0-30-7-1~9-8-6-5~-3-2-1~ 119 25 18.06

2 1 o -29-27-28-24-22-23-26-25-21-

20-19-18-17-16-15-14-13-12- 102 40 23.25

11~

3 2 0~-11-7-10-9-8-6-5-30-3-1~ 94 18.17

4 2 0-2-28-24-22-23-26-25-21-20-

19-18-17-16-15-14-13-12-27- 96 23.20

29~

'i1lJ 221 65 190 82.68
o :, d dctd 4 d

fl17'Y1~t"(Vml11J11J 150 7VUflHYI 4 ('HIU'YI~Ylty~fm 7VUYI 47)
,, <OJ ... ...

1.TlmH 10tlUfI tl111A'U'flH tl'1UI~ 1::U::flH

d,+d2 d3 d4

1 1 0-30-7-5-9-10-6-8~-3-2-1~ 119 25 18.13

2 1 0-29-24-28-27-25-26-23-22-20-

21-19-18-17-16-15-14-13-12- 102 40 23.25

11~

3 2 0-30-5-6-8-9-10-7-11~-1~ 92 18.07

4 2 0-3-12-13-14-15-16-17-18-19-

21-20-22-23-26-25-27-28-24- 98 23.3

29-2~

'l'1lJ 221 65 190 82.75

, .
ftl1Hti 4.5 m'i'YI~fftl'lJ'i~i'i'UYi 3 ~l\nU 150 mu (9itl)
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o ~.J 0 .et4 oJ.!I cl
fl11Y1~ffOtJ~1\.J1U150 'HmflH'YI 5(~1\.J1\.J10tJYI~'YIq~fl6'HltJ'YI124)., .., ... ...

1I1rJjJ~ 'UJft'UTI fl111il'UTlH fllnJ~ 1::rJ:Tll-1

dl+d2 d3 d4

1 1 0-2-3~-6-8-10-9-5-7-30-1~ 119 25 18.07

2 1 0-29-28-24-26-23-22-27-25-21-

20-19-18-17-16-15-14-13-12- 102 40 23.25

n-o
3 2 0-3~-11-8-6-10-9-5-7-3O-1~ 94 18.21

4 2 0-2-28-27-12-13-14-15-16-17-

18-19-20-21-25-26-23-22-24- 96 23.20

29-0

~11J 221 65 190 82.73

. .
~ .., dot

fll1HTl4.S fl1n1~~6tJ1::iinJ'n 3 ~lU1\.J 150 'HJlJ(;to)
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" .: ,J .d.~d ~ .J
flllY1flff01J~1'1.11'1.1200 10UflHYI 1 (10UYlYllHlYlflO 'jO'UYI165)., IV q ...

fllU'~ 1:tI:nHillt1i1-.1 'HlflUll fl111f1UllH

d.sd, d3 d4

1 1 0-2-3~~-8-10-9-5-7-30-1~ 119 25 18.07

2 1 0-29-24-2-28-27-25-26-23-22-

20-21-19-18-17-16-15-14-13- 102 40 23.25

12-11~

3 2 0-3~-11-7-10-9-8-6-5-30-1-0 94 18.07

4 2 0-2-28-27-12-13-14-15-16-17-

18-19-20-21-25-26-22-24-29-0 96 23.20

11lJ 221 65 190 82.59
o ~ .ci ~Q4" .c:S

flllY1flffO'U~1'1.11'1.1200 lOUflHYI 2 (10'UYlflYltyflflO lO'UYI 47)., OJ q ...
illt1i1-.1 1fJflUYI fl11lAUllH flllS1~ 1:tI:llH

d1+d2 d3 d4
1 1 0-2-3~-5-6-8-9-10-7-30-1~ 119 25 18.06

2 1 0-29-28-24-26-23-22-27-25-21-

20-19-18-17-16-15-14-13-12- 102 40 23.25

1l~

3 2 0-1-30-6-8-10-9-5-7-11-4-3-0 94 18.08

4 2 0-2-28-24-22-23-26-25-21-20-

19-18-17-16-15-14-13-12-27- 96 23.20

29-{)

11lJ 221 65 190 82.59

. .
~ (V40

fll1H114.6 fll'iYlflffOU1:~l1JYI 4 ~1'1.11'1.1200 lOU
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o :, 4 dq,d ~ d
m'S1'l~n'tlU'OllJ1lJ200 'StlUtlH'YI3 ('itlU'YIiill'lq~fltl'StltJ'YI124)
,, ..... ... 1::fJ::lIHtnmr~ 1fltl'U'fl f1111f1'U'flH tl'JU''l

d+d, d3 d4

1 1 0-30-7-10-9-8-6-5~-3-2-1~ 119 25 18.06

2 1 0-29-28-24-26-23-22-27-25-21- 2

20-19-18-17-16-15-14-13-12- 102 40 3.25

ll~

3 2 0-3-4-11-7-5-9-8-6-5-30-1~ 94 18.07

4 2 0-2-28-24-22-23-26-25-21-20-

19-18-17-16-15-13-12-27-29~ 96 23.20

nlJ 221 65 190 82.58
o : .::: d44 4 d

m'i'YI~'f'I'tlU'OllJ1lJ200 'itlum.:J'YI4 ('itlU'YI~l'lq~flt:lltlUl'l140)
, ,

... .. ...
i.Jl0i.1'~ 1flfl'U'fl f1111f1'U'flH tl1U''l 1::0::lIH

d,+d2 d3 d4

1 1 0-2-3~-9-1~845-5-7-3~1~ 119 25 18.07

2 1 0-29-27-28-24-22-23-26-25-21-

20-19-18-17-16-15-14-13-12- 102 40 23.25

ll-O

3 2 0-3-4-11-7-10-9-8-6-5-1-0 92 18.07

4 2 0-30-28-24-22-23-26-25-21-20-

19-18-17-16-15-14-13-12-27- 98 23.55

29-2~

nlJ 221 65 190 82.94

, ,
fl11Hn 4.6 m'Sl'liiln'tJu'S::t;I\J;l4~llJ1lJ 200 reu (9itl)

49



. ~
-=I QI QI 0

~lfwn'Jl~'Yl 4.3- 4.6 Ufffl~FH1'YI?lt1'611'Y1~4 'J::?l11~llJ1lJ 50 HI11 100 'J611150 'J611

200 <,j611'Vt1111<,j::U::'YI1~~'~mflf1l'J'YI?lff611~ltl?lfl6 82.58 fllilllJ~'J

o ~.d 0 ~.d.d <4 .d
f1l':i'YIflt1'fllHl1lJ1lJ 200 ':i611flH'YI 5( ~llJ1lJ':i611Y1f1'Y1tlflfl6 161m 187)

, ..... ... '"il1tIi:r~ 'Utft'UfI n11lil'UflH ft11SJ1 1::U::flH

d1+d2 d3 d4

1 1 0-2-3~-5-6-8-9-10-7-30-1~ 119 25 18.06

2 1 0-29-28-27-23-22-24-26-25-21-

20-19-18-17-16-15-14-13-12- 102 40 23.30

ll~

3 2 0-3-4-11-7-5-9-10-8-6-30-1~ 94 18.08

4 2 0-2-28-24-22-23-26-25-21-20-

19-18-17-16-15-14-13-12-27- 96 23.20

29~

<,j1lJ 221 65 190 82.64

. .
d. Q.I do 0 ,

fll1Htl4.6 fl11'Ylflt1'611'J:fl11'Y14nU1lJ 200 1611 (~6)
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fJtufll'VfR19'161.J(Improvement solution phase) 11..1'l:::fJ:::~ff6~fI~f111't19'1fff)1.Jl'flJ'h11ii11ff~fll11'

flmil'fnf)dlu1~~1.J~~ ff1lJl1(1~~1~v:::m~'\Iuri~nlJ\)lm~lJ 95.57 fll~llJilI1~f)1U ~9'I~~m~f)

82.58 fll~llJ9'l1~61U m1't1~ff6lJiJ11ff~fl9'l1lJ1J lVlJ1V~ I ~1~fJVi'il11W1tl11lJ'il~'';111flm1~9'I.. .
I' • •" ".".'" "',1' 0 ~ _I':! d.., """ d "Iffl..l 't1H'¥I9'I't1~~'¥I ~ 111flf111tl 11..11WYl1lJlJ ,V1.J1fJlJ11lJ1fJlJlVWlJf1lJtl11lJ~'t1 9'1111f1f111lf11.J'\It:I\!"

h1ljVf1tlf'l~llJ11..1 2 11..1fif)1u~ 7 - 8 iU11tllJ 2553 ~~'Ha~111m~1JC~/f)lJ~l'flJ'h~11..11Utl11lJ..
" '" 'jI l' • .. .cI ~ _I':! d ,:.... l.. ,YIt:I~m1 ffUtl1'IJ6~ ~ fltl1lJ1flfl1119'1lJYl1lJ9'l111'1't14.6 '~WllJ1fJlJ1't1fJlJtl1U1lJU1'l1f)'l'f~'1'11f)'1ff1tlff ~

,y. l' 0 , 1 d '" 4, ,'" d ... J d '"U~~:::tnl..l'¥l1~U(;11mU1W'Hlm '¥I'll (Penalty cost) C)f'l'Vf1l11W1mm 'lI1l1tl'rUf19'1'11U1l1f1mWfll1lfl9'l

!II !II

2 reu ~~nr1..l11..lfl11'Hlfh9'lf)lJ~~ff1lJ11(1fh'HU9'l111'ih(l 4 flU'~ 11..1m1'H1fl1Y1t:1lJi1\)~fh'HU9'l111'ii

~''W')'W CH)iJ'lIfl~fl1'!ial~atl~' '~\1-3-cr~ 4 sau ~')nJ~'tlfl1'!iiJ'!i'!i"lt1'l1fl~'!iflH~a~Fl'Uij~l\1 ~-cr~'lIfl~

tl11lJ~'UfN1(lU~~~fil..l tl11lJ~f)~f1l'lffl..l~1'IJf)~~f1~lu~~:::nvhjU'l..iuf)U m:::lJll..1fll1'tiH1U'lJ6'1.
4 .Q.r:::.. f ~ 4 ~"o ~"eJ1'H1'9'If1UlJ'IllJl..I2 1~V~tlf) 1~V~U1fl mUfll1t1''lHtl19'1f)lJI1lJilIU (Initial solution phase)

~~Vi'ill1tuT~'U~'lJtHRl1161.J~1i1'U 'tl'~~'~'li9'lU~~ft1.Jl~6'U''\I (Feasible solution) U~:::tli'1.Jtl7 ~•

. " .
\)1f1Y11'.il~n4.7 Uff'HfI~fI11~~I~1..I't1HihHi'lJfJ11..1l'f1'HU:::'\luri,nh~lJ'\lf)~ h~~ll..1

~ v • d do "d" GI • !
ns tUY'ff1'l119'l1V1niJ11ff~f1Y11lJl..IlfJlJlfJn 1 C)f~lJ\)ll..l 11..1~f1tl111\):::9'If)~'il9'lff ~11~'HlJ9'I30 l1fJ..

"1(lm:::lJ:::lJn'tJmh'Hi'lJ'lJuri~,h~11..l1U 2 flU U~~~fiUffllJl1(lri~ff1J~1'~2 reu ~~fflJlJ~'~'h

'" d ~,,~ d ., w • , l' 0 ~ " d w ',Q ", ~ '''' ...1tlL9'l1J'¥I1~'H1..I~1t:11.JL'HlU1..I1(l'H1..I~tll..l9'I1f)fJ1~1'll1..lmf11'Hl..I9'IL'H1(1'H1..I~tlUff~t1'1..Itl19'1'lJlf11..111..1~:::

, v ~
1:::rJ:::nHalrJer~ 10ft" fl111ftUnH ft111Jil

.:t d, d3n d4

+

d2

1 1 0-30-7-10-9-8-6-5-4-3-2-1-0 119 25 18.06

2 1 0-29-28-24-26-23-22-27-25-21-20-

19-18-17-16-15-14-13-12-11~ 102 40 23.25

3 2 0-3~-11-7-5-9-8-6-5-30-1~ 94 18.07

4 2 0-2-28-24-22-23-26-25-21-20-19-18-

17-16-15-13-12-27-29-0 96 23.20

221 65 190 82.58

. .
.c&. QI " }I .q,.,::t~.q .q 1 ".fl11Hn 4.7 fI~fI1·H)~lffl..l't11~fJTI.n'fl'HU~~rlfJ11Hn·H1'Ylf19'11lJl..Ieinrm 1
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~J" ,4,Q d11 doQJ 'GI-=* QIlflA'UU4 lffU'YI1.:.lU~::1lJtJl'4~1'ItultNfl1 'YI'lJ(Penalty cost) 'YIlflA'UUl'4U111U'YI7 1iU11fllJ 2553
... "'...,,.....'i'" "I 0 I ,,.. I I :....1 ...

~~~l'41i11 "lJfIl 'YI'lJlfl"'U'U~lU1'U 0.02 U1'Y1tYllJ1Hl~"fIl 'tr~lV~lflfl1UllJU1'trtlll'f~n1fl

280.60Ul'YI~tJ1U 1l1~tJ241.40 Ul'Y1~tJ1'U~\lt'I"n\l~TU1U 39.18 Ull'll110fi"liJu 14 % 'UtHfh

~lfl~ln~~ 4.8 Uff~Ni~1111ci~ ~lflfl11 ~"lff\J'YI1~V1Ul'41l1U::~1V1ii11ff~flmh

\]1 ithmvutiu;;tJlJ~ 'l1li'UtJ~1H~lUfl'H1ifffl1:n ~1~V'~fi1l1U"'A'YIffijVlJ'UtJ~fil '~~lV~l'U1U

2 ~1U1111.:j'Ums ff1 tllJfl~t'lfll'I'YIA neu l~tJ' 11'~lV~tJfll'j,jU iifl;;tJ\!~ ~~fll'j'YI"fftJUl'4U':h

ffllJ1Hlt'lA'I::V::'YI1.:jl1lJ~lflL~lJ 95.57 nl~1lJ~1~tJ1U ~"~.:jm~tJ 82.58nl~llJm~tJ1Uijff1vri.:j

l'\I~7 ill'll"lI 2553

..r6J,!Ofl'l111,
i1U'luii

fillnll ,illf.lo
l~O:: til lIf1fl';l~

me . (inn) "121 (Ul")
Jl1~ U1Jill d)+d2 d3 d4n~ (mn)(nu.) S.t

Iftll 111U Iftll 111U IftlJ 111U "1~ liiu O.V.

I 18.06 57.80 119 117 25 25 - 2 - 0.0088 57.8088
2 23.25 74.40 102 100 40 40 - - - 74.4088
3 18.07 57.82 94 92 - 2 - 0.0070 57.8207
4 23.20 74.24 96 96 - - - - 74.24

1111 82.58 264.24 221 217 65 65 190 188 4 0.0158 264.2783

l'mi 8ill'llftU 2553

.. .I
fillnll ,il1i'10"8JJOfl'lllJ, 91U1U11

'::0:: ,
fl1

ft'10 • dl+d2 d3 d4
1191fl';'~ (lJln) nlJ (m11)

m~ U1JiUn~ (inn) S.t(fllJ.) ..
IftlJ 111U IftlJ 111U IftlJ 111U "1~ IflU O.V.

I 18.06 57.80 119 116 25 24 - 5 - 0.0014 57.8014
2 23.25 14.40 102 100 40 39 - 3 - O.OOJO 14.4010
3 18.07 57.82 94 93 - 1 - 0.0003 51.82035

5
4 23.20 74.24 96 95 - ) - 0.0003 74.24035

nll 82.58 264.24 221 216 65 63 190 188 10 - 0.0055 264.2631

..i ... I til .. .1! 1 ... ., d ~ , I

fll1HYI 4.8 lmV1J1'rWUfl1''tr~lV'i1lJ~lfl~t'lfll'nl''Ln\J111~~llJ'U V1.JlV'YI1 flUflll1flU'UtJ\!t'I l1lJ

nufl' 1"j-rH)~tJfl11lJ~tJ.:jflll (Shortage cost) Ut'l::fl'.UU~ nufl'11nUfl11lJ~tJ~fl1'j"tJ~~flfl' 1

(Overload cost) fil '~~ltJ11lJ~1n""'U~nlJU ltJU1Vii\~~l1H~ 4.6
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..., ...
f!'I\9l1'il'1'Y14.7

"'i::~tJ rj1~tJnl'H\JYI~1\J1\Jtl~'1'\Jtl'lf1l'i'f1Y1fftltJVVmrJ'U 4 'i~~tJCI: fitl 50 reu 100 ssu 150 snu
" "une 200 seu mt::fill1'UYlU~CI::'j::~tJ~::l1Y1ffVtJ~1\J1\J 5 tlr'l ~1111l111Ufl HClf11'il1Y1ffVtJUffYl'l

0.20.84

0.60.42

0.8

.. .
". cv ..

1::RU'Ul""'fl'WI
(.u)

3 0.40.6

(l-.u)

0.2

g), ,. 0" ..:S d 0 4 .cd
~'1"lfl'UV{j~fltllU~"::'il(l ,~(I'Ul'UV~"'f11fltJ'i1tJnlJ11l~1'U1'U 1 lY1tl\J ~l11~l'iH'f1 fl.I 111

til'U1W111~1'U1\Ja'Ufi'1'\JV'l~flfi'lU~"::lltJ~tJ'l'l'rJfltJ'UtJ1\J'Vil'H'U:: Al11fflJf1l'l~ 3.11 ~lfltJn~ 3

"" "rns 'f1~tYtltJii fJ~fJ'~nll1'U ~'11THUf)f111lJ~ asms~'I ''If! 'UV'Itlflfi' 1 (,u) UCl~,1111Uf1fr)l11~tl'l ms

~l"lYl'Utl'ltlflfi'l (1-.u) tltlf11rJ'U4 'l::~tJ lltJ"::lfltJYlf11'l~'1UffYl'l' 'U~1'l1{j~ 4.6

, " .
'i .cOl 0 1"0 Q,I "0 "4.3.2 lUtJ1.JUJll 2 f11'H'U~~lflf11'i 'H'Ull1'Ufl'UV'ltl111JYlV'lf11'iYl1"lYlU":tl11lJ~V{jf11'l

Jl,j'U14vL'Vi~{j ~hU1'U~ 8 i'U11tllJ 2553 ft""..,,r~'~ijfhhnnfi~~'U~ltn'U 0.01 inn msnsn
" " ..6"fl"h'.f~ltJ~lflril,1l,j'Ul;JV1'Vi~{j~lfl 280.60 tJTn~V1'U l'Ht\V 241.40 tJln~V1'U C)t~"~M~TW1'U

39.19 tJl'f1~a1'U'H~vfi~LrJ'U 14 % 'Ua,uhJl,j'Ul~Vl'rf~'1
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e ~ d
~1'W1'W50 seu flH111..

v 0 v
'~fJ~l1H(fUJ) fl1UJ1J1::~1J'Ul11'Ufl

d1+d2 d3 d4
(.u) =0.2 82.47 176 53 167

(.u) = 0.4 82.89 208 64 184

(.u) = 0.6 107.72 236 82 212

(.u) = 0.8 117.64 271 103 236
o : oJ
1l1U1U 50 'HIU tlHl1 2

(.u) = 0.2 82.60 176 53 167

(.u) = 0.4 82.87 208 64 184

(.u) = 0.6 107.49 236 82 212

(.u) = 0.8 117.54 271 103 236
o ; 4
1l1U1U 50 'H)1J flHYI 3

(.u) = 0.2 82.25 176 53 167

(.u) = 0.4 82.80 208 64 184

(.u) = 0.6 107.82 236 82 212

(.u) = 0.8 117.51 271 103 236
o ~ d

1l1U1U 50 16tJ tlHYI 4

(,u) = 0.2 82.54 176 53 167

(,u) = 0.4 82.58 208 64 184

(.u) = 0.6 107.41 236 82 212

(,u) = 0.8 117.39 271 103 236
o ~ d
1l1U1U 50 'HIU jolHYI 5

(.u) = 0.2 82.29 176 53 167

(,u) =0.4 82.75 208 64 184

(.u) = 0.6 107.26 236 82 212

(.u) = 0.8 117.46 271 103 236

54



236103271117.58(Ii) = 0.8

21282236107.84(Ii) = 0.6

1846420882.59(Ii) =0.4

1675317682.29(Ii) =0.2

o ! .d
nIJ1U 100 161.1flH'YI 5

236103271117.39(Ii) = 0.8

21282236107.68(Ii) = 0.6

1846420882.74(Ii) = 0.4

1675317682.54(Ii) = 0.2

o z .d
\)l'U1'U 100 16'U flH'YI4

236103271117.54(Ii) = 0.8

21282236107.62(Ii) = 0.6

1846420882.82(Ii) = 0.4

1675317682.25(Ii) = 0.2

o : .d
\)l'U1'U 100 'H)1J flH'YI 3

236103271117.49(Ii) =0.8

21282236107.65(Ii) =0.6

18420882.58(Ii) = 0.4

1675317682.53(Ii) = 0.2

o ! d
\)lU1U 100 'H)'UflH'YI 2

236103271117.84(Ii) = 0.8

21282236107.84(Ii) = 0.6

1846420882.64(Ii) = 0.4

1675382.78(Ii) = 0.2

64

d3

ft1111,
..

.... 0 ....

'~ft1J1l1't11.1fl

176

d4

o z .r:l~mnu100 H)'U flH'YI 1
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o ; d
"llJ1lJ 150 mu fI'a~'Y11..

.., 0 ....

.,::U::t1H(tl1J)1::~u'Unt'Utl ftll1J,

dl+d2 d3 d4
(.u) =0.2 82.52 176 53 167

(.u) = 0.4 82.73 208 64 184

(.u) = 0.6 107.24 236 82 212

(.u) = 0.8 117.68 271 103 236
a !4
~lU1U 150 'Hl1J fI'j.:j'YI2

(.u) = 0.2 82.30 176 53 167

(.u) = 0.4 82.69 208 64 184

(.u) =0.6 107.52 236 82 212

(.u) = 0.8 117.49 271 103 236
o : .d
~lU1'W150 HIlJ fI'j.:j'YI3

(.u) =0.2 82.41 176 53 167

(.u) =0.4 82.48 208 64 184

(.u) = 0.6 107.29 236 82 212

(.u) = 0.8 117.82 271 103 236
o ~ d
"lU1lJ 150 sen flH'YI4

(.u) = 0.2 82.54 176 53 167

(.u) = 0.4 82.73 208 64 184

(.u) =0.6 107.58 236 82 212

(.u) = 0.8 117.56 271 103 236
o ~ .-=1
"llJ1U 150 16lJ flH'YI 5

(.u) =0.2 82.31 176 53 167

(.u) = 0.4 82.75 208 64 184

(.u) =0.6 107.69 236 82 212

(.u) = 0.8 117.62 271 103 236

. " ...::t .., 0 ~ 4' 4 0

fll"l~t1 4.12 fI""fl1'fYl~Uf)lJ~l1J'j::~nJUll1lJnfl1Hl~Uf)lJ'j::fllJ'YI3 ~lU1U 150 ssu
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236103271117.54(,u) = 0.8

21282236108.10(,u) = 0.6

1846420882.65(,u) = 0.4

1675317682.51(,u) =02

o ~ 4
il1U1lJ 200 1611 flH'rI 5

236103271117.52(,u) = 0.8

21282236107.67(,u) = 0.6

1846420882.59(,u) = 0.4

1675317682.26(.u) =0.2

.
o '" ...il1U1U 200 1611 flHl1 4

236103271117.42(,u) =0.8

21282236107.79(,u) =0.6

1846420882.87(,u) = 0.4

1675317682.37(,u) = 0.2

o ! d
il1U1U 200 1611 flHl1 3

236103271117.38(.u) =0.8

21282236107.27(,u) = 0.6

1846420882.59(,u) = 0.4

1675317682.38(,u) = 0.2

o ~ ~
il1U1lJ 200 1611 flH'rI 2

236103271117.52(,u) = 0.8

21282236107.65(,u) = 0.6

1846420882.80(,u) = 0.4

1675317682.22(,u) = 0.2

d4d3

"
'" 0 '"1:;iltJ'UUI'Ufl

o ! d
il1U1U 200 1611m~l1 1
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.4 410 QI OI~O

ftl1H'YI 4.13 FH'fllll1~fI'611f11lJl:;~l1JlnMlJn ml'Y1~fI'6111:;~11114 illU1U 200 1611



flll"1 l::u::m~
<OJ

Inu l°tlU ... 1:::U:::, "" f111IRUtlH
tlH(fl".)iH tI d1

+d2
d3 d4

1 1 0-30-5-9-10-6-8~-3-1~
17.85 80 16

2 1 0-2-29-28-27-12-\3-14-15- 41.11
16-17-18-19-20-21-25-26-
23-22-27-7-11-0 23.26 96 37

3 2 0-30-5-9-10-6-8~-3-1-O
17.85 67

4 2 0-2-29-28-27-12-13-14-15- 41.11
16-17-18-19-20-21-25-26-
23-22-27-7-11-0

23.26 100

l11J 82.22 176 53 167 82.22
•

. ..
4d .Qa 0 4 0

\llfl~l'jH't1 4.11-4.13 ~~fl1'j't1~ff611't11J'j::tJ::'t11-1~1~~fl6fl1'j11~ff61Hn'Ul'U200
" . , .

'j611 't1~ff611f1i'~n 1 iA''j::tJ::'t11.:J~hn~~fl6 82.22 nl~11J911
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:.

\)lf1911'.il~~4.15 LltY~~N"f1l'.ii~lff\J'\'ll~V1'U""ll1\J::'IJ\Jff~Jl~1J J1U~~ 'lJtl~l'.i~~1'lJ

fl'.iWfffl'ill~1tJ11i~1ltY~f19nlJ'U iUtJ1U~ 2 ~~ij~1'U1hl"f1~1~\l::~tl~i~ri~..r~111J~ 30 '.ilV..
m::'U1\JfI1':i'11~1'U'lJtl~~11tY~fIlnj~1;j'U 2 '.i::U::fltl '.i::tJ::U'.ifll;j'UfI11tYfHtil~tl'U1~1J~\J (Initial

solution phase) ~~~\)l'.iWl-i\J~'lJtl~til~tltJ~l;j\Jhl'~~hj'li~u~~ntJl~tl\J''IJ (Feasible solution)

f1l'.iYl~HYtltJ~1l tY~f1~llJ\JiU'U1tJ~ 2 f1i U\)::,hN" tl...,.,r'.i::V::YlH'.i1lJ~1~~~'A'\)lflfl1'iYl~neu
"~llJ'.i::AtJ11111irmnllJ~tl~fIl'.i't'JfI'.i::AtJlJltil\.nW111fh lY111 (Penalty cost) U~11mtJtJ'.i::V::

YlHfIl'.i'IJ'lHi~'lJtl~h~.n\JJ1~lJ J1U~~"lhl'\'ltl~ 1~tJ~1im~tJ~tllJ"6mlf~~1\J1hl 2 1'1.1 ~llJ
~ 0 _I':!"" ,,, • .J'I"i'" .dI' 1-'1' .J ... J' ...tnflN'lJ1f1 'IJ.l ~1f1'lJ'UfI1'lJ1W11J'.i{JtJ1YIU'UfIl'J\)lUYIL~ ~t1""~l'jWl(l~fIl 'IJ~ltJYllf1~'IJ'lJ~lflfl'.iW

fIl'.ilfi~iY'lJ~l hj""tl~tlfl11lJ~tl~fI1'.i (Shortage cost) U"::fl'jW~ii\J~11fi'Ufl111J~tl~fIl'j'IJtl~gfl~1

(Overload cost) A~UtY~~''U~l'.il~~ 4.15

635382.22 241.18 176 216

959874.4323.26

503.10786

15937857.1217.85

7111

89.4315

6100%62.03 393723.26

4
132.1275

44116 24168047.6017.85

3
92.4390

S.t. O.y.

,1,uu lI~flfh~

~~ ~+~ ~ ~
I~U 1lfU lfiu 'lfU Iftll 111U 'Illt'l Inu

(nu.)

2
189.12660

(1Jll'l)

Ih 1l'l1l
• .I
"U1until

3

176 188

ffll'J

!

w..l w
1un 8 1iU11f1U2553

(m\1)

"" d' ". '" " l.oJ '" d" ,.f1111~n4.15 nn{JtJ1YIutJfI1''J\)l{Jl1lJ\)lmn'f1l'HI~lfflfm~~llJhl VtJ1VYI2 f1tJf1l'HfltJ'lJtl~" l1lJ

rU~ 7 iUllflJllS53

'1~1~n ,i1'f~h..
,h1\111l::O:: til ~8\!"fl1'lJ1

t'lll'J ~ lI~flfh~ an"
l'lH ,huu (Ull'l)

ti~ (Ull'l) d1+d2 d) d4 (unl)
(fl1l.)

1lfU l~lJ 'lfU 1~1I 'lfU ...
I~U 1Ilt'l IflU s.t. Ov.

1 17.85 47.60 80 117 16 25 - - 46 - 690 - 737.60
2 23.26 62.03 96 100 37 40 - - 7 - 105 - 167.03
3 17.85 57.12 - - - - 78 92 14 - 70 - 127.12
4 23.26 74.43 - - - - 98 % 2 - JO - 84.43

-
1111 82.22 241.18 176 217 3 65 176 188 69 875 1,116.18
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'" '"'1hnU1Un:: 2 sou ~~t!U'Ufll'nl1tilf1Vtl~~ffllJ11tlt1111'UfI 111'ij104 fl'U'~ 'Ufl11'lllti1~VU\j

\1::flll1'UfI',fij~1'U1U1VU'UV-3tn1ff~ff'Uft'1,~~~~~ 4 'iVU fl11lJ~l'Utn1Un\'lfl'Uv~')tlU~n::fluij

fl1~ ~~~1I1lJfl1fl11lJ~~ I1~~l'Uflll1U fI fl11lJ~V~fl1')ff'Uft'l'UV-3\loft'lu~n::11tJhim,iUV'U Hnflll

nsneu ....u·;hfll1~~1t1~lnfl~UP11lJU lVtl1t1~ 1 (Un'YJflff'Ufl'1111lJfl11lJ~V~fl111\1gfJ'U0~~tlft'1)

nfln~undjfl11 'Ylll~UVVlJlmm::ll1lJ1::fflJ lurnnh 1111~11i't1l1J'U'YlHfl11l~'U1tl~V'11

,'" .
tlHU fftl1l1 1fltJtl1::U 1'UmH1H1lJ'UV-3 i1~ ff~OYiU11au vihhml L:UV'Uti1ff ~~1vl1l1Ufl1lJ

Dev-C++ 4 Un::'YlflffVtltI'UflVlJ-n';1l1lV{ff1'U~1(Personalcomputer; PC) l1lhv111::lJ1nHntlnl-3

Pentium [R] 4 CPU 3.06 GHz 11\'btlfl11lJ~1 256 MB un::iil-31UU'U i11')umlJ'j::t1t1lln,j~fl1,)

Windows XP 1~wii1fll,)'YlflffVtlilty111 ~-31H-31'UmWffo1l1ij~oft'nf~l1lJfI 30 l1(11tlm::t1::

o w ,:.4 : d 0 QI' QI '<IIC:lI. "'" AIV1llltlffl111V'UlJff-3'UlfllJ- 'U1U'U-3\lllJ1'U 2 nu UlIn::fl'Uff1lJ1Hlff.:JfflJfl1 fll1fllV'l seu \l.:J

fflJlJ~1~'h 1tl1~'Ul1Hl1d~lVtI 1,flil'U1fll1d~flU ~1V~1~1,r'Uti'1t1111'UfI'11'ltll1d~flUff~ffufl'l'~

....1 .0'::' ~ 4Ot. Co vaGI'" 0 _~ ct. c:t.mmaaeu lJ ')::ff'Yl1im ....81'i ff~ fl ~1 \lrJ fIm 01'HlJ 'isum uu Hn'i::v::m ~mn fI'U'Yl1-3

'UV.:Jl-N'Ul11-3tn1'U'Uff~~ '~\lltl81~ ff~tltiU 1::tI::l11.:Jtl111~'U'YlH'UV.:J1~'U'Yl1.:Jtl11'U'Uff~'UV~I1-3-31'U

'" . ,
1~vn'fii~\l10 8,418'U1l1~m~VU n~n~m~v 7,235.36 U1l1~V1AVUU~ijfl1 i'YlllYitJ~lJ1m,ru1uYi

7 1i.fl.54 ijfl1 i'Ylllff-3{)-31'Un::843 U1'Yl115V1Av'Un::25,290 U1'Yl;-3lil'Uth'~~ltJ~~HlJ10f1'hv ~

, 1'" d • -: QI) dd 'jJ QI d 4C:\ "cd oCtfl1 'if\lltJ'Ylnfln-3ff1'U'U111UO(,u = 0.4 OlJ1::tJ::m-3n~n~'UVVlJ1flun::V-3lJff'Ufl1'Y1'''1~un::lJ

, i~' , 'i"'.d '( ) ()" i " ~ '" '" '"fl1 'II\l1t111lJlJ1flfl11fl1 'if\llt1l1n~n~ mu ,u = 0.6 un:: ,u = 0.8 1I0~ 'iflfU....uen1 fl'Uun::lJ
Q... .1! ,... .... AI... 1 .d.4 ,~ .... .1! .... ''I_Il::V::'YlHL....lJVO I1n'U'Yl1-3Pj1\ltl\l-3LnVO'Ustnun 1 L....V 'ift'Utnl\l~LUUl11.:JLflUltlllVru

un::11i'tJ1jl~fJmfl1'nti';Hl1J (Improvement solution phase) 'un:V::~tHH ~liv'~t1111U~
~~l1f'(iirJlJ'UV~fh'~~1t1~lU1U2 ~hmnj~l~Vl,f~lrJ~vtn'i,juiio~v~n Hntnll1f1ffVUynrh on

i'~l~Ul11~~1Vn81lff~O ijfh'~~lVnlJ~l"l~~~ '~'llOtn1ti1U1W 50 Hl'U 100 10tJ 150 sau
'"un::200 reu ti1u1m'i::~un:: 5 fli'~ 'i::~Ufl11lJ~V~tn'i'U0·:r~oft'1 (,u) = 0.2 lutnnlflffOtJ

~ tI I II

'i::~u~ 200 'imJfli'~n 1 flOi~'i::tJ::'YlH'i1lJl'ti1ti'U 82.22 ninllJlI'i ff1lJ1')nnflfh 'f~lv~nmhiJu
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" "~1'U1'U39.20 1J11'19lfl1'Ut\'l'Hlflfl~l1r1'Ul~fl'U\l::iifil1 ;1~ltJ~lflfil1l1,j'Ul~fll'nil\l\)lm~1J 8,4181.111'1

~{)l~fl'U I'Hnn 7235.36 1.1l1'1~fll~fl'U~~~.:t 1,182.64 1.1111~m~fl'Ufl~lrI'U 14 % ri1'U1'U~

. "
(Insertion heuristic) U!1'Uff'U1'11'Ul1JvrU\llflU'U1;1i11ff~fl 2-opt tJl1.1tJl~lff'U1'11\1U~::tli'1.1tJl~

flWfl1Vttil91fl1J1I1V1ifl11~ltJ~11I'HU\l~flti'11 11V (One move operator) u~::nfl1'lU~1.1ltJ~tJ'U

~lUltU\I~flti'l (Exchanges customer) hll::V::~fffl~ N~fl1'i1i[llm11f1111~flfl'U lV1.11V~lL~fll;1

l'Ufll'itll1.1tJlUff'U111\11ltli 1'Vin::iifi1';1~lV~~~\I lJlfl~tl~ 1';'U~1J1~1.1.u'fllJ~'1ltli'1'U1'U~ 7 U~::
, ."

8 iU11f11J 2553 Vt1.1111'Ufi 7 i'U11f11J 2553 N~nVti'li'lIiifil111'l1lfi~;j'U~lU1'U 0.02 1J11'1
y " ..A

ffl1Jl'i(l~~fil '1;1~ltJ~lmi11l1,j'Ul~fllVt~h~lfl 280.60 1.11'n91fl1'U1lt~fl241.401.1l1'1~fl1'UC]f\l~~~\1

"Ul1J1Hlt1111'U~1l1'ii1o 4 fl'U'1I l'Ufl11'Hltil91fl1Ji1\)::nllt'U~ 1l1'ii~1'U1'U'jfl1J'Ufl\lflllri\lff'U~1,It
~\lt!~ 4 1fl1J fl111J~l'Um11Jnl'.!fl'\Jfl~HlLL91~::fi'Uiifh-q\ltl~~1'U1'U fl111Jvrfl\lfll1iY'Uti'l'\Jfl\l~flti'l

u9Ia:;ntlhim.hHJU til11uiI'H)lJm'111fhYl6'U~1(J!)1iGRASPm::'U1'Uflll'th~lU'\l6~511U9In

,~ ... ~ ~o ~" ..A ... .ldU1J.:JllJ'U2 1::tJ::flfll::tJ::Ulfl LlJ'Ufl11UlHfI191fl1J1'l1J9I'U(Initial solution phase) CJf\l't'HI11W1'Vi'U1'1

"fl.,:jfll91fl1.1~1;j'U1tJ'lI~ 'lioU~U~\lfl1JL1fl'U'" (Feasible solution) l~tJ'1 ;1ihl ff~flfl1'l U1'11fl

·HU1i tJu,j 1Jii-rhrn 1fffl'lllU~::'ti9inn1h:: q fl9l'l;1n Greedy Randomized Adaptive

o "'''~ '" " • '1" ... litSearch Procedures; GRASP ff1lt71JUfllJty'111m7'IJ~lff'U111~tl1'U'Vi1lt'U::\ftHHfnV 911~~'U~\ffll11J

"vrij~fl11\fU-3~fl~ 1U~~::'l1f) 'hlu U'UU'U'\J'U1~fl1'j1J'l'l'tlmhfl~ '1l.H1\J1itJi1~'mj'\J flnfffl'lllU~::

"i9JJ 'U1oU\J91fl\J11hn~ flfllJ141191ul ffl'Hl1Jfl1 111ti'l1ty111i>1~mhl '1l1'ihh:: ffl1ifn'Vi\ffl~ill ff~ned
'\Jtt1Wct1~;l11~::'1;11::tJ::11~11.h::1Jl~N~~1l11J1::fflJ~~nJlV1J1nV1JN~~'~\llflfl11i~Id'\J111~ 1~(I
ni11 u~ flfl1Jm'ji~lff\Jl11~ll1J1JL~lJ\ffl~ 11~~l'UmW ffm~1 1~Vm::1Jl\Jfl11li 1~1'U'\Jfl~i11u~ n

~1l1tU'Ufliililfl171~tJ'Uti 1~ .:JllltJhhI1fl1lJ Dev-C++ 4 11~::l1~Ufl1J1J'UflfllJ-n';II91fllril'U~l

(Personal computer; PC) ltU1U1.h::lJl~N~fl~1-3 Pentium [R]4 CPU 3.06 GHz l1U1Vfll11J~1

256 MB 11~::lil.:Jl'U1J'U11.hum1J1::1J1JtJg,j~fl1'l Windows XP 1~tJlilfl111'1~Ufl1J\Jty'tnfl1J

h'Hl'UmWfffl'lll~~ii~fl~Tt'f.:J'111J~ 30 11V 10m::1J::1J'l'l1'1mhl1i'1J\f'Uri.:JJ1~1'Ul'U 2 fl'U IL~~::~ .
w • ... ",~ 4 ...,~ • ... ..A 1" ~ ..A '"fI'UU11JUOff.:Jff'UfIl ¥ll1~lV"l 1fl1J \l~ff1J1J9I sn HlI~'U111\1l1'U.,:j1fl1Jltl1J'U'Hllt'U\lfI'U

~1fl6HI';'U t\'lnll1'U~ 1l1'Hlltrl.:Jfl'Uri.:Jff'U~1'lIhhfi'U1'U~:: 4 1fl1J i>1\1,f'U'1'Ufl17111til91fl1J~\I

•
'UYln 5

t'l'ltJNtma~.u0It'1'U8I1U~



'tl~ffVUl1~lV\J 1V111V 1~V111m'jltlgV'UtJ~lJ1Wff1J~l1M'ti11~n~lu~~::;nv

5.2.1.4 ,"~l'iWlffl'l.:jltl'U11U~1~V~'YI1-3flW~f11ff~{UUlJl1~lV1~Q'lh::;ff~fl (Multi

objective functions) l~V 1M'ffl1Jl'Hl1 ~fl1'j::tJ::flHU~::;fl11lJ~tl-3flllff\J~1'UV-3\1n~1~iitl11lJ'li

uU 'Utl'U1ums ~~lff'U'tll~fll'j'U'Uff.:j'~tlcil-3iitl'j::; ff'tli.fll'W

ffll1 111~1'U1~tJ~tl1'j ~:111fl1'jfffl1l1U~::~9alUl ffll1 1lJ ufiilty111fl1'j ~~UVUflH, ,"4," """ 1tJ1Ufi111U:;'IIUn'.:j rnu 9l1'ltJU 'IIfl11lJ91tHml'11tJ.:j~nfl1U91a::;nv uuuum, UtJU1fl91fl1H1::;

"*'U''U111m'jffmn1'Ui1.u'6~H'1 A-3U
5.2.1.1 fl1'jfffl1l1il-3m'j~~~'U'tl'Ul~V1nlJm'j'UUff.:ji-3'j::uu l~\lff~mY ,~tl lM'ffllJ1Hl

~~~'UlJ'U'~lJlfl~~~

5.2.1.2 1~i1~ ff~ nn ~1-3'l ~'lh:: fffli tl1'Wffl'l1lUfll'j ~~IffUfl 1-3fJ1'U'W111\J::;'U\Jff-3

11f'U11i Ant system, Genetic algorithm: GA lfl'U~\J

5.2.1.3 fl1'j 1~Lflfli! flfll'j~1~tl-3UUlJilW111 (Simulation) 1umt ufiilw111 :J-3~::iifll'ju u

" "fi~Hfl'U'~V1.J~:iifh1~~ltJ~lflfil,hiJ'Ul;tfll'W~~~lfllA1J 8,418 lJlfl~61~61.J ~~Mntn6 7,235.36

111fl~fll~V1.J~~~.:j 1,182.64lJl'YI~V'~mJ fi~lflu 14 %

.1 ~ ,_, <4 tQlc:i 0 'GlY
'')fV'YHH~lfl280.60 lJl'YI~VTUm~v 241.40 tnnamu CJ1~~~~'Hn1.J11.J39.20 lJlfl~611.J Cl1111fl
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..::. tI ~ ~ .,
~W::1ff1m'ilJfflff9l'i : ~Kl~~fl·HUlJl111'V1tJ1~V.

i'tJV1 '4i'mJl'U, (2541), fll'H~'U'VI1.:!'II'Uri~'ll'U1J1'l.J1'll91fll~1'Y1l'f"l1~::tl~1JWcn~ mWfffll:J1:

M'l~ lv ~ ~'V4'V4~ltJ.1'Y1fnU'V4'U.fi11~tytyliff1m'ilJm'i~Am'ifJ91ffl,.,m'i1J1J'H1,jwcn91:

ffm,j'Ul'VI~l'U1~6l'4'i::\lfJ1Jlflil'1'n'l::'l.Jml11Uv.

ems tl'U'VI1ViQ~.(2548). mm~i:1tlJ111m'l~91iY'Uh l'UfJ9Iffl....m'ilJm'i'll'Uri~11~::~V~ff~m1.

. "
'nirfl~1'U'U1tJliihi~m'ji'1Ju~::ri~1Jt)1Jff'Ufl'1. m~1'lf11ff1m'i1JfJ9Iffl'Y1m'i

" . . .
.... "" A I J!.... _ I '" A I"" A I"" '" ".. • .... " 11'n'U'fIl'n1::ujJfltJVtJl1JVff11Jnflu'i1J11J~tJ\.lu'i1J1Wm'i9lAVVtJl'Ul191~::lAV'UL~.

1'V1Vlih"'I.J.fit1~f!Jf!Jl1f'1'lfl'i'jlJf'lltY91'jlJ'YI1,jtucn91: lJ'YI11'f1(.m;V'IIvuufl1J.

'lftJi''lf LHfJflfflUty u~::tl1tln l'lfl1ii9l1.:Jtf. (2546). i1~ff~mhl1i''Ui:1w111L~V,m1'jl~'U'fIl~'UV~

CIt. Ct..c:a. .c:a. QI tI QI Q,I

fl1J~'lf'Ufl q'VI1i11'V1'Uf]'tl9JJ,ff~1I1 fllJ'l'fffl91 ll~::~mflf]lIW A1.:!'nff9l'i1.(2544). m'l'~Am'i
"4:\4:11 0' C\Q tI c:, d ~ o'Ct.f/
L~~ff9lflff. fl1~l'VIl'flJ111'Um: UlJmV-8~fJ'UL9IV'H'U'lf'UU'U~lfJ'Ul91V'ill'f'iff, fJ~fl.

\I~P1'V1~fl-dVlJ1\1'1111.(2545). mni9JJ'Un::'U'U,f1tJm'i~Ai1'U 1\I'UtHiltlJ111m'i1111~'U'VI1~m'i

l~'U'ifl mWfffl1l11J~li'VI'Uuri~1iffA.1'f1tJTU'nu.fi11~tyty1iff1m'i1Jff1ff9l'i1J111,jwcn91:

lJ1111'V1tJ16tJ1J11A~.

1'1ft}!1'lf1'U1tymifJ l1~::f1fli'tJ tllJlJ'UlfJ~. (2546). m'i~Aff'i'i'ifl'U'i'il'Jfl'U'Uri~amnh"i''Ul'll91

d
t.Jlfl9124 - 26 ~~lfllJ, 2550.

flf]lIt}l ~li'ff, tl$::i'VI~ 11'U'fw11~i\nr 1L~::1'ni9JJ,.rLff'ill!ff1J\!'iW. (2546). fl1'itli''Ul1l~

11'i::i1'V1ifl1'nm'i'U'Uri.m~::m::~ltJi1'Ufl'1\m.:!1ffll1n~fJ9Iff111m'i1J'U'U1Afl~HU~::

'U\.I 1AVVlJ1'Um~91::1'Uvvm~tJ~l11'UV(mWfffl1l11 'i~~l'U'U'U1Jil~u~::l1JlflV~).

http://www1.port.co.thiknowledgellogistics/logistics2.htmL 12 mflt}l~lJ, 2550

nty'1Hll ~A9Il'lfl~. (2550). "'Atniifl hhumlJii.uh"i'1Jil~'H1m'l'~Al~'U'VIHm'l''U'l.ni~~';l'M'

n~ 11~gtJV~' 'U~::1J1J,rVtJ~ ~A Lrlvn~Tr4~fJ1Jl'Um'l'ri ~ffU~l'UV~t1flfl'l'linhnu",

m~11~::'1f1Ji'1f1m~"htJ.:!1'U1ff1m~1JfJ91ff111m$.h~U$lJ Royal Phuket City ~.:!111i'l

if ""l8flt\'1181~tH

64



'" w d
~.;t111~lJlfl9124 - 26 ~~lT1lJ, 2550.

~'Yil';jW "l~ffUi U"::fflJli'A ffU111'ifl1t1.(2549). "flll'lh::fJfl~11ifll1111filf1f)'lJ l~fJ11i
• tI

O"flfl1ii1Jl~.;t'tiulm11J dl11i''lJilty111fl111il6flffmuii,r.;t'!l'u6fl1::~lfJff'Wlll'Ufllfl

l1'jfl~fl1'j\luri~u"::"fliffAmf", fllnh::'tJlJ1'tflflll'liltJ.;tlU1ff1fl'jllJQ91ffll1fl11.

1'HU'ilJ6Ulf1fllTltl'WA1UURl1fll.;tlfl'Yi'117 - 19 i'W11T1lJ,2549.

~~ Q.I d Q ~

UVl111U1111flfffl~~1f1'Yi"31 ff~111T11J- 1 numsu, 2549.
~ "

tl'Yi11W "lflffUi U"::T1W::. (2550). "11itllW1Ufl1J1Jfl1L,,::;r'WfitlUfl1nJi'1J1Jl~fJWfl1'Yifil"tl'lJ
• tI

dll1i''lJilty111fffll'Wii,r''''!I'u6fl'j::~lVffUlllU'lJ'lJ11~lVL1li.;tL1~::fll'j~''lffUfll.;tflll

'lJuri~", flll'lh::"l1J1'lflfll'J·lhv.nU1ff1fl111JfJ91ffll1fll'J. 17~m1JRoyal Phuket City

'" '" ~Phuket City ~.;t·WJfl1J1fl9124 - 26 ~"lT1lJ, 2550.

"'" ",. _~ ..." ""........ J!'Yi.;tff'Yiill'Wlflfl1::fJ", lJ1Wl 1'tf11~9I1.;tff11~:1f111 li11lJlfl1W'Yi~lff. (2547). "flllt'IU111

filfltl'lJ111J'lJ81~ ffAmhl1i''lJilty111flll ~fllUUfl rerm \I'Wri~n'tfflWc:rllU1 euu ms

m:: ~ltJl1')fftWc:rl\l6.;t1H'Yitll'lJl"", fllnh::'I1lJ1'iflfl11'liltJ.;tl'W1ff1fl11lJQ91ffll1fll1.

h.;t111lJ~1.;tfl:1'W~.;t1l1fll;rtJ.;t'liU20 - 22 ~"lT1lJ, 2547.
AQ,lo' tI tI ef, ~ Q "

1l'YiillU lff111!fflJ1J1W,fJ'flflfJ1IfJ'if1tJ'(1114U~::111\11 lJUl1VlJ. (2547). "flll1111ff'Wfll~U~::
• , "JI

~lU 1UtJ1UtJU~H;1l1lJl::fflJl~ tl" flfill f~ltJl.h~'Wl';61'Yiil~1Ufll1\1Uri ·um:: fl'j::~ lV

ffulI,." fll1,.h:'lJ1'tflfl11'liltJ.;tlU1ff1fl11lJ~91ffll1fl11. lHU'ilJfl1"'91::1U ~"'111fl

1;rv",111u20 - 22 ~mTllJ, 2547.

ffVlifffl~ lf1'tf::llJifl" U~::'Yi11fl'Yifl'4fffflUAffl1. (2549). "fl1nh::Qfl~lfTlf)lJ1111"tllU'lJ'lJ

~'tJU1U1Ufll111u111fll1J", fl1nh::'I1lJ1'tflfll1~"'Yfl1'j 1~v~hlUU.;tl'W.11.;t111lJl1qmY

"~llJ u~uilu U~::'Yi.;t1r;rtJi9l91::,j'tJ. (2550). "fll111.;tU~Uflll'tJuri.;tt1'tlmoU'l~1H.;tlU,h"l~

tltll.;tii'lh::ffflll fll'Yi", fll1'l.h::'I1lJ1'tflfll1,htJHW1ff1mllJfJflfflll fll1 .1HU'ilJ Royal

cl QI cf ~ Q.I 1 Q.I '" 01 CIiI " CIro ca.dQ ~ .Q 4
li1:fffWI 'lJ~::6tl, '~lty')ftJ 'tJlJ'Yi91nmWU~:mjfJl ~1::1h:qfl91mff. (2549). "1lifJ11ff91fl1'Yit)

~fl~U 'flu fil'tJUri~nlll i'1J1(l~iiTl11lJ'~lnfl , Uiltylllfll1 ~fll~U fll~mr ,~U1(ll11J1Jii

mfl1Jl1~l" flll1h:'I1lJ1'tflflll~lUflll1~tJih,uU~lU. 11~mlJlIqmy Ufll11U mifla

fl1~lfl'Yi'1: 31 ff.;t111TllJ- 1 tiUtJltJU, 2549 .•

65



Special issue on Bioinformatics and Genetic algorithm.

http://en,cnki,com.cnlArticle_enlCJFDTOTAL-JSJC200608076.htm.
January,2011.as

Austria 22 - 26 August, 2005.

Braysy, Q. (2001). "Genetic algorithm for the vehicle routing problem with time windows",

production and distribution. The sixth meta heuristics international conference. Vienna

Bodin, L. and et aI. (1983). "Routing and Scheduling of Vehicles and Crews", Computers &

Operations Research. 10(2): 67 - 211.

Boudia, M., Ould louly, M. and Prins, C. (2005). GRASP for the combined optimization of

Bodin, L. and Golden B. (1981). "Classification in vehicle Toutingand scheduling", Network.

11: 97 - 108.

Vehicle Routing Problem. Universitat zu Koln.

Nature (PPSN VIII) will be held in Birmingham. 18 - 22 September, 2004.

Binato, S. and et aI. (2002). A GRASP for job shop scheduling. Essays and surveys on

Metaheuristics Kluwer Academic Publishers. pp. 58 -79.

Blasum, U. and Hochstattle, W. (2002). Application of the Branch andCut Method to the

.. ..,
fflff~'j fl~.:jl'Y1'Yi'"1 - 2 nusieu, 2548.

tl
J d tV " • .Q ~t)'j'jt:'l'YiClff~'YIf.l ~ UCl:f11Jflq~ lClflffflCl.(2547). "fll'j\)~lff'U'YI1.:jfll'j'U'U~HUCl:m:\llllff'Ufll",

fll'itl'j::'1J1~lfll'j'lilll.:jl'U 1ff1m'j1J~~nl'Hfll'j .1'j.:jm1J~1.:j~::1'U~.:j'H1~1;t.I.:jhnj
20 - 22 ~Cllfl1J,2547.

ia''U~ 'Ul1Jff1J~~(2551). 11i811ff~fl GRASP fil'Hi'1Jfll'jUfl'ilt)J'Hlfll'ji~l~'U'YIl.:jlll'U'Yil'H'U::

1'Y1tJlij'Yi'U1i'tI~tytlJllff1m'j1Jfflff~'j1J'H1UtueVi~: 1J'H11'Y1tJl"tJ~1J"'jl~1ilij.

Balas, E. and Christofides, N. (1981). "A restricted lagrangean approach to the traveling

salesman problem", Mathematical Programming. 21: 19 - 46.

Bentley, J.L. (1992). "Fast algorithm for geometric traveling salesman problem", QRSA Journal

on computing. 4: 387 - 411.

Bianchi, L. and et aI. (2004). The 8th International Conference on Parallel Problem Solving from

"l'J'YHll mfJt'rr~'Ul. (2548). ''fITm~lJtlJ'Hlfll'HltlflU1J'Ulfl~t)~lm~t)f1111Jt)d'jt)~~1V11i

GRASPW", fll'l1h:'1J1~lfll'j~1'Ufll'j1iv~hlU'U,n'U, fft:lTu'UUtueVi~,"IiiI'U1J~'Hl'j

66



Ghiani, G. and Laporte, G. (1999). "Euerian location problems", Networks. 34: 291-302.

Gillett, B. and Miller, L. (1974). "A heuristic algorithm for vehicle dispatch problem",

Operations Research. 22: 340 - 349.

Fisher, M. L. (1994). "Optimal solution of vehicle routing problems using minimum K-Trees",

Operations Research. 626 - 642.

Gen, M. and Cheng, R. (1997). Genetic algorithms and engineering design. USA: John Wiley &

Sons.

3: 2231-2236.

algorithms for constrained vehicle routing problem". International conference.

Danusaputro, S., Lee, C. and Martin-Vega, L. (1990). "An Efficient Algorithm for Drilling

Printed Circuit Boards", Computers and Industrial Engineering. 18: 145 - 151.

Feo, T. and Resende ,M. (1995). "Greedy randomized adaptive search procedure", Journal of

Global Optimization. 6: 109 - 133.

Filipec, M., Skrlec, D. and Krajcar, S. (1998)." An efficient implementation of genetic

6:80 - 91.

Christofides, N. (1976). "The vehicle routing problem", RAlRO. 10: 55 - 70.

____ . (1985). "Vehicle routing", Lawler, E.L. and et al. eds. The Traveling Salesman

Problem. U.K: John Wiley and Sons Chichester.

Dantzig, G.B. and Ramser, I.H. (1959) 'The truck dispatching problem", Management Science.

Canada research chair in distribution management and GREAD.

!bero-American Conference on AI Seville Spain. 214 - 223.

Clark, G. and Wright, J.W. (1964). "Scheduling of vehicle from a central depot to a number of

delivery points", Operations Research. 12:568 - 581.

Corbera'n, A., Marti, R. and Sanchis, J.M (2002). "A GRASP heuristic for the mixed Chinese

postman problem", European Journal of Operational Research. 142: 70 - 80.

Cordeau, J. and Laporte, G. (2002). Tabu search heuristics for the vehicle routing problem.

Cano, J.R. and et al. (2002). A GRASP algorithm for clustering. IBERRAMIA 2002. 8th

67



Lawler, E.L. and et al. (1987). "The Traveling Salesman Problem ", UK: John Wiley & Sons.

Levy, L. and Bodin, L. (1989). "The arc oriented location routing problem", INFOR 27: 74 - 94.

Lin, S. (1965). "Computer solutions of the traveling salesman problem", The Bell System

Technical Journal. 44(11): 2245 - 2269.

and location-routing problems", Transportation Science. 22: 161 - 172.

location-routing problem", Annals of Operations Research. 6: 293 - 310.

Laporte, G., Nobert, Y. and Pelletier, P., (1983). "Hamiltonian location problems", European

Journal of Operational Research. 12:82-89.

Laporte, G., Nobert, Y. and Taillefer, S. (1988). "Solving a family of multi-depot vehicle routing

Intelligent Manufacturing system. 29 - 31 May,

Kontoravdis, G. and Bard, J. (1995). "A GRASP for the vehicle routing problem with time

windows", ORSA Journal on computing. 7: 10 - 23.

Laporte, G. and Louveaux, F.A. (1997). "_Solving stochastic routing problem with the integer

L-Shaped method", Les Cahiers du GERAD. 97 - 25.

Laporte, G. and Nobert, Y. (1981). "An exact algorithm for minimizing routing and operating

costs in depot location", European Journal of Operational Research. 6: 224 - 226.

Laporte, G., Nobert, Y. and Arpin, D. (1986). "An exact algorithm for solving a capacitated

Golden, B. and Stewart, W. (1985). Empirical Analysis of Heuristics. In The Traveling

Salesman Problem. New York: Wiley-Interscience

Holmes, RA. and Parker, RG. (1976). "A Vehicle scheduling procedure based upon saving and

solution perturbation scheme", European Journal of Operation Research. 27: 83 - 92.

Karahan, A., Demirel, T. and Demirel, N.C. (2006). "Comparing some method to solve

stochastic vehicle routing problem", Proceedin&s of 5th International Symposium on

Golden, B., Magnanti, T. and Nguyen, H. (1977). "Implementing vehicle routing algorithm",

Network. 7:113 - 148.

68



Lin, S. and Kernighan, B. W. (1973). "An effective heuristic algoritlun for the Traveling

Salesman Problem", Operation Research. 21: 498 - 516.

Osman, I. H. (1993a). "Vehicle Routing and Scheduling: Applications Algorithms and

Developments", Proceedings of the International Conference on Industrial Logistics,

Rennes, France.

Pitakaso, R. and Sindhuchao, S. (2006). "GRASP with iterated local search heuristic for

Capacitated P-median problem",Apiems.p.514-520. Bangkok: Intercontinental Hotel.

Resende, M. (1995). "Computing approximate solutions of the maximum covering problem with

GRASP", Journal of Heuristics. 4: 161 -177.

Resende,M. and Pitsoulis, L. (2001) "Greedy randomized adaptive search procedures", AT&T

Labs Research Technical Report. www.htt.l/Resende.com.January.2011.as

Resende, M. and Ribeiro, C. (2002)." Greedy randomized adaptive search procedures ", AT&

Labs Research Technical Report.www.htt.l/atten.htm.com.January.2011.as

____ ,. (2004)." Parallel greedy randomized adaptive search procedures", AT&T Labs

Research Technical Report. www.htt.l/attlabs.comJanuary.2011.as

Rosenkrantz, D., Stems, R.E. and Lewis, P.M. (1977). "An analysis of several heuristics for the

traveling salesman problem ", SIAM Journal on Computing. 6: 563 - 58l.

Sindhuchao, S. (2005). "A simulated annealing algorithm for an integrated inventory-routing

problem", Prooceeding of IE Network National Conference, p.3-S. Bangkok Queen

Sirikit National Convention Center.

____ ,. (2005). "A heuristic for minimizing inventory and transportation costs of

a multi-item inventory-routing system", Proceeding of the Operations Research

Coorperative Research Network in Thailand (OR-CRN). P.S9-66. Bangkok.National

Institute of Development Administration (NIDA).

69



Awlications Handbook of Genetic Algorithms: New Frontiers.

www.htt./fThangiah.comJanuary.2011.as

pp. 115 - 132.

Thangiah, S.R. (1995). "Vehicle routing with time windows using Genetic algorithms",

routing with time windows", IEEE Conference on Artificial Intelligence Application

Thangiah, S.R., Nygard K.E. and JueU, P.L. (1990). "A genetic algorithm system for vehicle

time windows", Singapore: National University of Singapore.

Management. pp. 1165 -1174.

Tan, K.C., Lee, L.H. and Zhu, K.Q. (1999). uHeuristic methods for vehicle routing problem with

Sodsoon, S. and Sindhuchao, S. (2007). "A Max Min ant system for multi-depot routing

problem", The International Conference on Operation Research and Supply Chain

Thailand (OR-NET). P.169-176 .Bangkok. Louis'Taver Hotel.

Sindhuchao, S. and et al. (2003). "A GRASP heuristic for an integrated inventory-routing

problem", Proceeding of IE Network Conference. P.741-746. Chiang Mai : Duang

Tawan Hotel.

Inventory-Routing Problem", Proceeding of the Operations Research Network of

____ . (2006). "A Very Large Scale Neighborhood (VLSN) Search Algorithm for an

"... ,18fUn18HtH (fl8)

70



























































. "
"~~lflStJ~tl'U~'Ul"l

U;~~l'U't'tU£ ffm,j'U~1'tffl{)nlU'W-31'W'If~2539

tJl~n61Hi5fJU1't1fll'U lf1vtJ;'Hnl~n~i'f) hw l'UlJ~li

2548- tl~~U'U ~~'tf'j~fJtJ~n'tf1ilij

ft1U't'I"'~Ui.1ZiJtll'U~nHl'Uifu~tr'U ~tJ~~ih'U1tJf)nfhtJn~m~irm~tJ'Uirf)ffmjl

'UltJ~';9lIifJ 'tftJtJ-31lJ

tJ1~~1~~fltfflffm,jtUcYi~

(fJ~ffl'tfm llJff~ih

ffmUUll'1ffl{)fhll'W~l't't'tf~

't't.ff.2535-2539

99

Tuk
Rectangle


