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DEVELOPMENT OF HEURISTICS FOR FINDING THE LOCATIONS OF THE 

INCINERATORS IN THE UPPER PART OF NORTHEAST THAILAND 
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LOCATION, INFECTIOUS WASTE, GREEDY ALGORITHM, LOCAL SEARCH 

METHOD 

This research aims to Locate and select the incinerators for eliminating the 

infectious waste of 109 community hospitals in the upper part of Northeastern region 

of Thailand with the objective of minimizing the total transportation and operation 

cost. In this problem three types of the incinerators are considered: the incinerators 

with maximum burning capacity of 100, 300 and 600 kilograms per hours. The 

incinerators can be Located at any community hospitals. The transportation of 

infectious waste from the hospitals to the Location of the incinerator is direct 

shipping. The mathematical model of the problem is developed. For this research, 

the heuristics is developed based on the greedy algorithm to assign hospitals to the 

Location of the incinerator and three different Local search methods are used to 

improve the solution. From the computational results, it is found that only one 

incinerator with maximum burning capacity of 300 kilogram per hour is operated at 

Kumphawapi hospital. The total cost is 588,298 Baht per month, which is equal to 

the total cost from the previous research but the proposed heuristics use Less 

computational time by 84.099 seconds or 99.92 percent. 
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'IJ 

(2. 1) (2.10) ., ., ' 

2.2.1.3 (Minimax Facility Location Problems) 

1 p LL vl\lb 1 
'IJ 

p-Center 

Minimize D (2.15) 

subject to = P (2.16) 

LYu =1 (2.17) 

(2.18) 

(2.19) 

xi E {0,1} (2.20) 

Y;i E {0,1} (2.21) 

hL D 
' 'IJ 

n'IJ'1m'U m 1 'LI'1:1Jfl11 (2.15) LU'Um1vh 1 
'IJ ' ' 

'1:1Jfl11 (2.16) - (2.18) (2.2) - (2.4) 1'LI 
' ' 

'Um11 "lle:i\1'1m'Uffi '1:1Jn11 (2.19) Lll'U 

m1 (2.20) - (2.21) 
' 'IJ 
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U fl'VfU1 'U tl'Ufl11il tM1 'U fl11 

1 flfi'1 t'11-:i 1fl'1'<il 1 'LI b V!l'l u 
'l\J 'U , 'I 'I 

\l bb'1 '11'U1 'U'lJa-:i?I m'Um flfl1a'lJ a-:i m 1 fl tJ'U fl 11 " " . 
n1V1'U b bb CJ fl . " " 

?11i111t:11 p-Center 'Um11 

b a\l 'U fl111 

Problems) 

11 i1'11 'Uu b ti 'U 

" " ... 
1l1 b tJ nu flfi'1 b a-:i'<il 1 fl B1'<il b tlm)'U m1 a?l'll a'U 111' 1 \J , \J , 

1) 1 

1 'U'lleJ'\.J (Maxis um Facility " . " 
Location Problems) 

2) u ruV11 fl11 fll'l 1 bb 'I'll a-:1?1 fl fi'1 a 'U ... " " 
(Minimum Covering Problems) • 

3) 1 ... " " 
(Maxim in Facility Location Problem) • • 
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2.2. i.s 'l 
tl en CJ i:.ii;i :IJ1'11ntl 4 'l.b::a.n'Vl-if 1\1 nvtm CJ 

11CJ'1::: bBCJ\91 b b -du 1 CJ 

fl11:1J'V1'11 fl'V1'11 CJ (Multi-commodity) m1G'f f111ti'Vf'11CJ1::: vlU 

(Multi-level) b"liu 11\l·:nii1 UEJ\1'1flfl1 bb'1:::m'1ilu1\IG'i1u 

f;)flG'i\1'11fl 1)\l\11t!1 tJ UEJ\1'1 
'U 'U 'U 'U 

1 ii b U1'Vt:IJ1CJ1 ii bb tnilvfl (Multi-objective) 

bb b -du ' 
(Fixed Charged Facility Location Problems) 

2.2.2 (Strateaic Facility ... ' 
Location) 

Owen and Das kin (1988) 

3 (Covering Problems) 

(Average Distance Problems) (Center Problems) 

b\91CJ Hakimi ( 1964) 

P-median Problem P-median bU'UvJ\ld 

2.2.2.1 vi'611'1 (Indices) 

i = 1,2, ... , I 
' 

j = 1,2, ... , J 

2.2.2.2 (Parameter) 

P b ll'U '11'U1'U"ll e:i\I Pl'U tl m::: '11 CJ 

d .. 1:::CJ:::'Vl1\11:::vt11\l b i 1 tJEJ\l b j 
IJ 

2.2.2.3 (Decision Variables) 

o Li1e:i i 

xij = 1 i 1tJ j 

0 Li1e:i i 1 tJ j 

2.2.2.4 (Objective Function) 

J I 

Min z = LLdu Xij 
j=l i=l 

(2.22) 



,., 
... 
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J 

Ixu . v. -1 2 . ' I - , , ... ,I (2.23) 
j=l 

I 

,Lxij = 1 . v. -1 2 . ' J - ' ' ... , J (2.24) 
i=l 

I 

=P . v -1 2 . ' J - ' ' ... , J (2.25) 
i=l 

( 1) (2.22) 
' ' 

L b-:i-:i1m .WtJ-:i tJ1 L vi1i!'U (2.23) L ll'LI 
' ' 

(2.24) '<i!1'U1'U 
' ' 

L"li'LI "l 
l 1-:i-:i1'U 'LILL 

' ' 
Nooradelena Mohd Ruslim and Noraida Abdual Ghani (2006) 

' 

1liLL'ti'U8'U (Poisson distribution: A) L-ii'1111:iju 

1 L '11 fl fl111 :ij tJ off nu fl11 LLtlU 
'U 'I 'I QI 

1 -r;iL Vi ' 
4 David B. Shmoys, Eva Tardos and 

Karen Aardal (1998) "l 
Akinc U. and Khumawala B. (1997) branch-and-bound L'Ufl1'JLLnllruvi1 ... 

Erlenkotter D. (1978) dual-based procedure 

tJ'Vl 5 null ruV11fl1'JV111'\'1 LL vi ti i1-if 1°111ll'1 
... ' 
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2.2.3 (Location Routing 

Problem: LRP) 

uruvn fl11 b'1'U'Vl1\l fl11"1.l'Ui.'1\l b U'U fl11 v v 

b b U'Uu n bbl91L t.11 n'U fiil-:u b ruvt1m1 , ti , cu 

b'1'U'Vl1\l"1.l'Ui.'1'1"1.IB\l zj\l b U'Uu a b m 11 

m1"1.l'U'1'1L 'Wm1 

:S-:itl'u fl11"1.l'Ui.'1-:i b U'U 
' v 

fl'U i 
11-:i\l1'U 

' 
ll'LI 1 t.1m1:u t.1 'LI 

m 1"1.l'Ui.1-:i-Ua m m 1b'1'U'Vl 1-:i fib ?11:1J11f;) 
' v 

Nondeterministic Polynomial-Time Hard (NP-hard) bW11d1bU'Ufl1111:UUty'Vl1 

NP-Hard ..r-:i?1a-:iuqivt1 (1) (2) 
II II <V 

b tJ fl'U 

?1w11ru i1ww111Tu (2549) 
'I " , , 

(Generic algorithm: GA) 

bbf! fli1'U fl1 t.1i1'U fl1 bb fl11:Ul'i'B\lfl11i1'Ufl1 W'U 
v ' 

11 h i;l1 b ll'Uu 

"1.la-:iflnfi'11lJ bn'U 20 1 vtru:ff 'Ufi1 b , cu ti 

fl11:u -:u 1 n:ff 'U l911:U '11 b ii'W 1111-:u b t.1'\J bb tlf!-:i 1 tll911:U"1.l'U1 

uqivt1 b 1mm 'U 
ow w 

2.2.4 (Multi stages 

multi objectives location problem) 

v ' ' 

b 'U fl11"1.l'Ui.'1\l fl b 1f!1"1.IB\l fl11"1.l'Ui.'1\l b f!fl1 \11 ml1'U fl11 

b Fl"l.IB\l b t.1\lwal'ia 1111bbITT "1.IUruvt1u ruvt1 n'1 
, 'I u cu 

i h 1 1111 

b t.1'UuruV111-HblJmb 
v ' 
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\11'U1"5'CJdblJ'UUtyV!1bbUU Facility 

Location Problem (FLP) 

L:ff 
' 

b :ff eJ 1 22.09 77.91 
' ' 

11\lwmu1i;i1,+m Lb beJ\I b tieJ\1'11nuruvi1 Lm Lm u u 

bbJ;i 'U m161ieJmb61flleJtl mrul'i1\I ., l'ieJl11 
" " I "' 

eJ'4'111 (2556) (Ant Colony 

Optimization: ACO) b qivi1 Lm b i;11vi1'u 

11\l'W b b 'Vl CJ 
' 

b 11i."11lJ11'1'11bb 
' 

2.3.1 (Cost of Transportation) 

bb 'U f1eJeJ bfl'Vl 
' 

' 
2.3.1.1 (Fixed Cost) 1 

hJ LLlJ 
' ' 

L°li'U ri1L"li1 

ri11 L L°li'U 'u ' 
(Constant Cost) (Overhead Cost) 

' ' ' 
lJ1f1'LleJm-rlCJ'l b 

2.3.1.2 (Variable Cost) 
' ' 

b CJ'Ubb tli;i\11 ti W"lleJ\I eJ1 Iii f1zjeJb tJ'UeJ f1 fi b ti'U\11 'U 
' 

(Operation Cost) CJ 
' ' 
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,j' eHJ tl 1 hJ1;!, f11':rnHJ nhJ 8'l 1 'U'Vl'U'if L'1 CJ th LL n fi 1tl 1 :ff aL 'l • • 
fi161imJ LL61!lJ 1 'Ufl1';i"IJ'U?f 'l 

2.3.1.3 (Total Cost) 6) " , I , 

thlJ1';i1lJn'U 1 • • • 
-ff CJ LLCJ naa n fl1';j"IJ'U?i.:i • 

LLl'i'1 Lfl'VlJ'UL tlm vh L °li'U fl1';i"IJ'U?i'l'V11'l';if;1 hJ CJ';jf;1"1J'U1'U'Vlll'l 

CJ L mn'U 1"111 -ff L n'U L 
'IJ 'IJ • 

Lrnnaa n 'U 
• 'IJ • 

1 'Um';i"IJ'U?i.:iL 'U tl.:il."l';i';i 1 tJ • 
'U 1CJ'1JULLnu';in'1 L . ' 

L 1 'H'f111 ';iL ifo.:i L'1'U 
'IJ • • 

L°li'U 1 L • 
2.3.2 (Cost of the Infectious Waste Incinerators) • 

CJ 

2.3.2.1 (Labor cost) 'VllJ1CJ5.:i fl1'11'lL1'11 • 
(Wage and 

'IJ • 

Salary) (Fix) L°li'U OT 

-ru L vi1n'U 'U 'Vl'U 
" 

2.3.2.2 (Material cost) 'VllJ1CJ5.:i Yl-W1 l"i161iaiiu1';i'l 
'I 'I 'I , , 

1"111 Yl-W1 
• • 'IJ 

2.3.2.3 Lii'Ufl1';i (Operating Cost) ?h'U 

mn L°li'U l"i1i;i.:i'Vl'UFh41.:il'i1.:i 6) 
" I iu " 

CJ L U'Ullmiim CJfl1';j 1 .ff .:i1'U L L il'U fl1';j • • • 

.::.o.t.d.ci II 
2.4 

'11f1 fl1-;iPl CJl'i 1-:i 61 CJ1oLJ8'l n'UUt\J'Vl1 Li.1'U'V11'l fl1';i"IJ'U?i.:i CJ'Vf '11 CJ 

CJ CJ1 n'UU t\j'Vl1 LL 1 Lfi CJ'ln'U zj,:i CJ1J 

mfil'i1.:i 6) 1 'H'L 1 
' I " 

(2554) fl1';iPl Lfl'Vl"IJ8'lUt\j'Vl1fl1';i LL 

(Facility Location Problem) FLP . . 
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FLP ... ' ... 
NP-hard zj.:i1inm1'Ufl11V!1rl11'18ULJ8CJ bbl'! 

'IJ 

(Optimal Solution) zj.:JbU'U1Ubbuuvi?la.:i 
' • 'IJ 

1'Vlruilm.J1 'U1tlbb uu bb 1nlJ1nn11 bbuu bb u 

fl111'111'il?f 8Url t\J.fl1yjfl11'18U CJ b Vi CJU nu rl11'18U"ll8.:Jl5fl11V!1rl vi?I bbG'I ' . 
FLP zj.:i bbU.:iaamlJ'U 4 ... ... 

(Deterministic) bbUUV'jG'lll'l (Dynamic) bbUU?l1l'lbbr1?f&in (Stochastic) 

bbmmuuhu?I (Robust) FLP ... 'IJ ... 

(2554) 

?11u11ru?l"llb"lll'l 6 8 "lle:J'Ubbtl'U lJV11?111mlJ ?1fiG'l'Uri1 amu1i1 
' ' ' 

b CJ m1bi:..i11 ml'11 bi:.J1 bi:..i1vi1 iil m1'1ialJ n 
' 

b 1 'U m1'lialJ bb61llJLJ8CJ 1 V1'1i,=;11a.:i CJ mw'IX1 bi:.J1 b • 

b tltia'U 

i111tlvhmCJl'ia1tl 10 - 20 nLG'ln-rlJl'ial''U h.:iyjCJ1U1G'I 
' 

1 'Um1'1ialJbb61llJatlmwl'i1.:i i 
• 'IJ 

e:J'U"ll1 (2556) (Ant Colony 
' ' ' 

Optimization: ACO) 

L L 'VlP11 'VlCJ 107 bb vi.:i CJ 
' 

b U'ULb uu "il 1G'I8.:J'Vl1.:J ri w w.J'U n-B''Ul l'1 .:i rib a fi"ll'U Lb Viti .:i • 

' ' ' v ' v 

3 400, 800 ' . 
1,200 nLG'ln-rlJl'imml'ia1'LI 3,569, 4,579 5,543 u1'Vll'ia1'LI 

1 U1bbfi1lJ Linoo :::> , 'I 'I 

29,821 U1'Vll'i8l'U 

tl''Vluyj.:JPl tl''U'Vli,=;1 (2552) 
... . 
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Lingo 11 

16 Iterated Local Search: ILS 3 16 

1 i.J·mml.l Lingo 

?i1'U16 Iterated Local Search 
' " 

m (2552) b 

bb bb 'U'U'Vf'11 'U (Multi Level Lot-" ' ., 
sizing problem: MLLS) 1 in'111 

b t:-1'1 bb 1-Hf11 
" ' ' 

3 

G'l l 1'111 (2552) ., ., 

(Multi-depot Location routing problem: MDLRP) 

NP-Hard zj,:i b 1'11"llel.:J n11'Vf1fl1 Vlel'U:ff 'Uel b el.:JV111'U bb Vttl.:i"Um " ., 
b ll'U 1 b bb b Vll.Jl 1 iJ fa (I n11G'll.Jl.J bb Vttl.:i 

' ' 
fl'J)el (J'Jtl'U bb Vltl.:i m bb'1 bb u.:iuru'Vf1elelnb ll'U 3 .ff 'Ul'lel'U n11 'U" 'U QI 

bb u.:i m )el elm ll'U n e:ili\'1 ti' ?i.:i m )'Vf 1lil'1'U1'U fli;r.:i fl1'Vf'U 
" ' 

CJ n11bbtlUqj'Vf1 (Vehicle Routing 

Problem: VRP) 

(2554) 

(Particle swarm optimization: PSO) (Genetic 

Algorithm: GA) bvJmzjell.l GA tl'U PSO iJ 
GA 

(GA) 1 GA 
" 

t:-1'1 i;rV'l5f1el'U-ff1-:i-&'1 16m b Vtm G'll.l bb 'U'U 1 fl 
" ' 

(Particle Swarm Optimization: PSO) GA 

16m 1'Vf bb u 'U .:i el'U.fl 1 fl 'Vf bfl el'U v 1 CJ "U el .:i 
" ' 

" ' 
iaifwtl (2556) ' ., " 

2 
" " 
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'Uf111 \I 't ul dJ , 't 

LL tJ1ATUAlJ LL 'U'U:il1i;it1\I ti15 
' v v 

\I , , , 

LL 'U'Uci L L L 
" " 

f111Vl1vl1 L tJ f111Vi'il11ru1 f111 LL 

6 

(Particle swarm optimization: PSO) 15m1 

LL 'U'U'V'11{&1 Lfi'1G'l1B{lJ (Modified Particle Swarm 
' ' 

Optimization: MPSO) 

m LL 'U'U'V'l1 {&) Lfi'1G111t1{lJ 1ll G111m1t:lfl'UL 'iltlfl 1 1 m1t11''Ut11'115m1 
' ' ' 

90 L tJ ti { l'i LL(;! tl'U "lJ ti \ll5n11tJ 1''U tJ f11 LL 'U 'U 
' ' 

G'llVl (2553) 'l11 LG'l'Utll5ncilJB'U.f11AL L 1 iti''UUru'Vl1 f111 , , , u 

1 tJG'llJ LL'1 tJ zj\lijl 1lJ L ;a\I 'U 
" , , \I 

tJ LL tJd LL 'U'U'Vl'11 L t:-1'1 
' ' 

i1'LI11 LL n15ncilJB'U.fl1 AL ;a\I 
' ' 

tl 1''U G'f 1lJ 11t:ltl 1''U tJ 1\IG'llJ11t:l Ld t1tl LiJ'U tJ 
' 

1ti"lltJV11\I L wVJ1G11ru tJ tl'U 1 "lJ 
"" " v 

' ' 
VJ A'UA 6/i\I mrul'i1\I 1 Vi 
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u'Um (2553) i.11 b?f'Ue:Jfl1'HbnuqiV11 n11V11'Vi'1 h.::i.::i1'Ube:i'V11'Ue:i(l 1m1 

. " . 
"il1niT'U1 bb b v (Delphi technique) t:-J(l 

"i11 b "1'LI11 bb b b tl1V1l.J1 v brn n 

• 
Anant Balakrishnan and et al. (1987) ... " 

b61'U'Vl1.::im1"U'U?i.::i 2 uqiV11 fie:i 

ff 1 l'l b61'U'VI 1-:i m 16U'LI'1.::i m A'U'Vf nu e:i 1-:i 11'\.J 1Tim1 

bbnuqiV11d1 i n'U b 11'1 

?11'1Vf 1 v b m115m1V11 f\'1 e:iu b v n'U . " 
Gilbert Laporte ( 1992) 

l'l b61'U'Vl1.::I fl1':i"ll'U'1.::i b U'Uvl1'Ubb 1n ty'Vl1 bb 'l.J'l.JA'U'Vl1 

botl'U 1&J . " 
Ling-YunWua and Xiang-Sun Zhanga (2006) 

'11mb 1 m1 • 
1'U1 'Ufl1':i . . ' 

(Nonlinear programming problem: NLP) 

?1e:i.::ifie:iuqiV11 n1'Vl'Ul'l b 

bb'l.J'l.Jt:-J?fl.J (Mixed Integer Programming Problem: MIP) 

1 'UuruV11 NP-hard fl1':i'Vll'l(le:J.::l'Vl1.::lfle:Jl.JVl1 n1'1.::i"U11.::i 11'lm 11'1 v'1l.J ... " . 
Ali Haydar Kayhan and et al. (2010) 

1 u1bbml.J Excel 11'lv1-tl Solver " . 
'l.J'l.J 1n(l'l.Je:J(l (Global) Solver boU1l.J1A'U'Vl1 bb 'l.J'l.J (Local 

search) b Local best global best m1i111 'IJbbtlUqj'Vl11 'U 

':iU bb '1.J'l.J?fl.Jfl1':il'i1.::i i bde:ib V'l.J b Vi vunu15m1V11 " . 
b H':S1'U1'U1 'U m1 " . . 
Dazhi Wang and et al. (2008) 

1 'U m1 bbnuruV11 m1 bb b ... ... . 
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m 11J?f11J1'Hl 1 'l.J ff'il1 fl fll'i''J tl'U 1 'U Ii) Vivi VI b\lf'j1 'J w "il1 fl fl1'fV1 Vl'1tl\I • • • 
'W'Ul1b1mvi1 m tl::rnd 1 otlb 'J'11i'U fll1 Vi tl'U nu15m1V111°11vi b Vl:l.J1 

LL uue.J\le:i'Umri LL 1°11l'l e:iuvim fl fll1 LL 'U'U :ff \l?te:i VI riGl'e:i\I nrn1'Ui tJ"UtJ\I 
'\J 'I 6' q 

Takeshi Uno and et al. (2007) Dazhi Wang and et al. (2008) m1m'Uf111 

1'i''UV11 l°l1l'l e:iu m e:i fl 1u fl Lu'U 1VI t1ilV1'11 tii' ?t\I f1 1iJ1 fl m1'V1 V1'1 'Wu'i 1 • • 
L 1'11vi1 m 'Uf111fl'UV111°11l'le:iu L m1L L Vitiu LL'1 

f11) b tJ 'UL Vi tJ 'U 

Wei Guo, Kai-Sheng Huang and Guan-Yi Chen (2007) 

Lb'U'UeJ\ltJ'Ufl1f1 b ULLnuruV11vi dJ'Ubb 'U'U Discrete . problem 

Lb (Ta bu search) b 'U'UtJ1°e'JVI (Neiohborhood 
'\J 'I '\J :::> 

search) zj\lt111\JLLtlUq)Vl11'ULb'U'U supply chain LV'ltivi1-tl15m1\Ple:i\l-H1:1.J (Tabu search) 

(Neighborhood search) "il1fltY'U:ff\l'l11L-ff1rj15m1 

V11fl1.yib bb 1 \J . 
1Pi''U'VJ'U1'J:l.J 1 'U "il1 1'Ui ti"il 

L-ff 11 m 'Um1LLnuqiV11 LL 

V111°11vi L L 'U m1 LL nu qiV11 LL mm Lt:.J16U VIL 

b 1 1 'U b .f11tJ11'1 • • • 



.,,; 
'U'Vl'VI 3 

1LJ bb 'U 'U WI "IJ e.J'U b "IJ (;)"l.Je.J \JU ruvr1 bb'1 Wli.'1e.J'U 1'Li1bbfl1:U LWI ti1 i bb 'U'U '<il 1 '1e.J \IVl 1 \I 
v 

rHU(;)\3!1'1(;)11 'Lifl11rl1'U1ru b 

1 wvm1'U1'11 'Vl\311 'Vlti 15'VlWl?te.J'U 1'Li1LLm:u1 

'11vr-r'Ufl11bbntlruvr1b 
v ' 
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LINGO 11 
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3.1 An"1;1iln"1;w::..t1 ltl'!lei.:iuty'Vl1 

bb bb" :rn11 fl bl'l1 be.J1"ll b ;fi'ei 'LI 

m5t.i-:ib b 'Vll3!1 'Vlmf 'LI 109 bb vi-:i 

b 104,487 nfa 'Ufl1':i 

'Ll'Um1Mbb zj-:i ei 1 

be.J1"llt.i ;fiei b t.11 b vi1i1'U bb bb 'Vltl-:i n'Un'l.J 

'Vl'll-:i"lJ-eM t.11'l.J1" 

b vi1i1'U fl1':i"ll'U'1'1"ll b ;ff t.11'l.J1" 1 iJ bb bl'l 1 be..11 b ll'U fl1':i bb 'l.J'l.J 

1 iJ - fl'1'l.J b t.11'l.J1" bb vi-:i 'Ub t.11 

" 

myb llmm 1 'Vltli b "li'LI bl'l1 

b;ff 100, 300 600 1-tl-:i1'U " , 

1l.l i 
b;ff ei i 

;ff ei b 1 , , 

II 
3.2 n1''Hn'U'a1tl'a11J'!l'11Ji'I 

'II 

eri tJ l.J-rr fl lJ"' b M tJ 1 n 'lJ "lJ tJ:: b ;ff fl "lJ fl -:i 109 bb v1 -:i 1'U.n1 fl 
" " 

' ' I q CV 0 ..:::lf&:f 111 

"llfl'Ubbfl'U 'l.J'lfl1W l.l'Vl1G'f1':ifl1l.l b"t.I 'Vl'Ufl'lfl1t.I 61l''l"llfll.l"'Vle.J1"ilt.I 
'U , 'U 'U 

bn'l.J11l.111l.J G'f. 
'I 'U , <i 't 

bbl.JG'fbfl'Ub':ifl'Ubl.l'Uvl SIAM INCINERATOR.CO.,LTD. , 
fl 1 

fl11l.Jfl'U b "li'LI ru"ll tJ b ;ff -r'l.J 1 iJ n1 1" " , 
m1l.1ITT b ;ff m 1 u 'Ufl111 

m" bl.Jl'l':i tlbfl'l.J':i1'l.J':i1l.J.LJ'fll.J" b 
" 



27 

ii cf Q,I .Q J 
3.2.1 

eii1vri;i1EJ Lb ·1su Lb b ;ff ei 

(fi1i;in-r:1.1l'ieimhm 1m) '11vr-rrn1'U1..ij EJd bt:.i1 b -tfo.:i 3 bb '\J'\J fiei Lm 

100, 300 600 nfan-r:1.1 l'leii11:1.1.:i 
'U 

... .& 
II 

b(Pl1 b 'lfeJ 
"tlelllfl d d d " bb\JU'VI 1 bb \J\J'VI 2 bb \J\J'VI 3 

11fl1 ('UTVI) 1,995,000 3,745,000 10,165,000 

cn1i;in-r:1.1l'ieioff11:1.1.:i) 100 300 600 
'U • 

mEJm11-tl.:i1'U Ct)) 10 10 10 • 

J1V111.mcl (2558: 27) 

ti ct CV Q J 3.2.2 "tlelllfl 'lfel 
" 

Fiei b ;ff ei 'Ufl11 
'U 'U 

h.:ivm1'\J1'1 'Ul11111\I 3.2 
'U 

' flel'U 

m111ru fl1111ffi'Un11 
d ., " 0 ., .K L '3.:l'VW1\J1fl 

., ... "" ... 
'VI 

" 

1 L HVW1'\J1'1tl1 L?l:l.J 
.. 

1,000 4 • 
2 1 ., .. 

1,200 4 1\IVW1'\J 1'1 ?1:1.J 'oiJV'j1 EJ V'j')1"l!'\J1'U • • • 
3 11-:iV'jEJ1'\J1i;i 1 

.. 
120 4 • 
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m:u1w fl11:uffi1..1m':i 
..,; ., ., ... Jt 0 ., ... Jt 
'VI 

... 

4 .. 600 4 ,, • 
5 .. 1,100 8 • • 
6 "" 600 4 • • 
7 11-:iV'lt.11'U1'1vt'Um1'1611a 

.. 510 4 • 
8 11-:1V'ltJ1'U1'1n:1.J.fl11tJ 

.. 2,500 4 • • 
9 L "" 510 4 • 
10 11-:1V'1tJ1'U1'11 

.. 700 4 • 
11 11-:iV'lt.11'U1'1vt'Umvt1'U 

.. 1,800 8 • 
12 11-:1V'1tJ1'U1'11 '11m1'U "" 570 4 • 
13 11-:1V'1tJ1'U1'11'-:1?11:1.Jvt:1.Ja 

.. 500 4 • 
14 .. 1,500 8 • 
15 .. 570 4 • 
16 L 1-:!V'ltJ1'U1'1V!'Uel-:JLL?f-:J 

.. 500 4 • 
17 .. 1,000 4 • 
18 11-:iV'lt.11'U1'1'U1tJ-:1 

.. 600 4 ,, • 
19 .. 375 4 • • 
20 11-:1V'1tJ1'U1'1'U1n'11-:i 

., 0 

1,000 4 V!'Uel-:J'U1'11.fl ,, 
21 11-:1V'1tJ1'U1'1?1111ruflvt1 

., 0 1,200 4 V!'Uel-:l'U1'11.fl • ,, ,, 
22 I 

"lffi 'LILL n 'U 700 4 

23 I 

6llel'ULLfi'U 700 4 

24 I 700 4 6llel'ULLfi'U ,, 
25 11-:1V'1tJ1'U1ml1V'lm 

I 

6llel'ULLn'U 630 4 

26 11-:1V'1t.11'U1'1u1'U 
I 2,000 8 6llel'ULLfi'U 

27 h-:iV'I cn'U1'1 L tla m.Ja tJ 
I 

6llel'ULLfi'U 300 4 

28 11-:iV'lt.11'U1'1V'1'1 
I 

6llel'ULLfi'U 2,000 8 

29 h-:iV'I cn'U 1mn-:i 1 my I 

6llel'ULLfi'U 510 4 
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minru fl1111fil'Ufl1j 
d ., ., ... Ji 0 ., 

., ... .,. 
'VI 

., 

30 h-:ivw1u1i;:iLn-:iii'e:it1 
I 570 4 "lJ eJ 'LILL fl 'U 

31 11-:iV'itn'U1'1Vl'UeJ-!1'1eJ-!!'l-1e:i-:i 
I 1,000 4 "lJ eJ'ULb fl 'U 

32 h-:im.nu1i;:im1t1-:i 
I 1,500 8 "UeJ'ULbfl'U 

" 
33 I 1,700 4 "UeJ'UbLfl'U 

34 11-:iV'it11'U1'161J'U'U'Yl 
I 

"UeJ'UbLfl'U 510 4 

35 11-!!V'itn'U1'1L"U1'11'Ufl11-!I 
I 500 4 "UeJ'UbLfl'U 

36 11-:iV'it11'U1'1.fle.J1lJ1'U 
I 522 4 "UeJ'UbLfl'U 

" 
37 I 1,200 8 "UeJ'Ubbfl'U 

38 11-:iV'itn'U1'16il1'1-!I 
I 500 4 "lJ eJ'ULb fl 'U 

" 
39 h-:im.n 'U 1 '1 "IJ1J Lb V'i 

I 4,500 8 "UeJ'ULbfl'U 
' 

40 11-!!V'itn'U1'1'11J 
I 1,000 4 "UeJ'ULbfl'U 

' 
41 L'1tl 400 4 

42 11-:iV'itn'U1'1b L'1CJ 800 4 

43 11-:iV'itnu1i;:itJ1fl'111l bi;'lCJ 700 4 

44 11-!!V'iCJ1'U1'1'U1bL'l-11 bi;'lCJ 300 4 

45 bi;'l(J 200 4 
" 

46 bi;'ltl 500 4 

47 L'1tl 1,800 4 
' 

48 L'1tl 700 4 
" 

49 11-:iV'itn'U1'1.fl'Vl'11-!I L'1tl 500 4 
" 

50 11-:iV'itn'U1'1e.J1"lJ11 L'1tl 500 4 

51 11-!!V'i tn'U1'1'11J tJ L'1tl 1,200 4 
' 

52 11-:iV'iCJ1'U1'1beJ11ltu L'1tl 700 4 

53 L'1tl 150 4 

54 11-:iV'iCJ1'U1'11 Vl'UeJ-!lfl1CJ 1,800 4 

55 11-:iV'it11u1i;:i Vl'Ue:J-!lfl1CJ 1,140 8 



d 
'VI L 'H'Wa1u1a 

58 h..:iTitJ1'1J1flb"lJTN 

60 

63 

66 t • 

68 h..:iTitJ1'1J1flbLnvl1 

73 l 

76 ,, 

80 11..:iTit11'1J1'1'U111'U 

'V!'UeJ..:Jfl1tJ 

'V!'UeJ..:Jfl1tJ 

'V!'UeJ..:Jfl1tJ 

'V!'UeJ..:Jfl1tJ 

'V!'UeJ..:Jfl1tJ 

q 

'IJ..:Jn1W 

1J'V!1'111fl11J 

1JV!1'111fl11J 

1JV!1'111fl11J 

1J'V!1'111fl11J 

1J'V!1'111fl11J 

1J'V!1'111fl11J 

1J'V!1'111fl11J 

1J'V!1'111fl11J 

1JV!1'111fl11J 

1JV!1'111fl11J 

1JV!1'111fl11J 

1J'V!1'111fl11J 

... ' mWG'i'ULi • 

... ' mW'1'U5 • 

" ... "" 'tla:: L 'If el 

Lfie:iu) 
500 

300 

1,500 

180 

120 

4,500 

2,000 

700 

400 

600 

480 

700 

700 

1,000 

520 

1,500 

1,800 

900 

1,500 

1,500 

400 

500 

200 

120 

300 

2,000 

30 

4 

4 

4 

4 

4 

8 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

8 

4 

4 

4 

4 

4 

4 

4 

4 

8 
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.. JI OU .. JI 

82 4 .. ' fl1VH'l'Uli 300 
' 

83 .. ' fl1W?l'Uli 
' 

2,500 8 

84 .. ' fl1W?l'Uli 700 4 
' 

85 .. ' fl1W?l'Uli 300 4 
' 

86 .. ' fl1W?l'Uli 
' 

1,000 4 

87 .. ' fl1W?l'Uli 500 4 
' 

88 900 4 
.. ' fl1W?l'Uli 700 4 89 

' 
90 .. ' fl1W?l'Uli 300 4 

' 

91 3,500 8 

.. ' fl1W?l'Uli 480 4 92 
' 

93 500 4 

94 L 800 4 
' 

95 1,000 4 

96 1,200 4 

97 700 4 

98 200 4 

99 1,900 4 

100 800 4 

1,000 4 

900 4 

500 4 

300 4 

900 4 

500 4 
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mi11w 
cl ., ., ., 

0 ., JI .,. .. .,. 
'VI ".:iVl1fl 1m:::i;if!L'Utl n1"fl"l.lfl:::\;Jfl L 'Utl ., 

107 11\l'V'lCJ1't.n'11vn.1mLLn1 ?lfl'1'Ufl) 600 4 

108 11\l'V'l CJ1'\J1'1?1:W CJ'V'l1161f?t'J1\I ?lfl'1'Ufl) 5,000 8 , 
109 LL'IJ'U li'U1fl 11 ?lfl'1'Ufl) 700 4 

109 LL'lA.:i 104,487 

.tl'V111.mru (2558: 21-31) 

3.2 11\l'V'lCJ1'\J1'1 

fl'U'U 11\l'\IW1'\J1'1 
'U 

3.2.3 
'II 

2 bb'1::: 
v ' 

V!U1tJ1::: CJ :::'V11\I b 'Ll'U b tJ 1::: fl8'\J fi1tl11 \I ' , , 
ri1?11u11rutJ1.nfl 

'U 

ri11 m V!Gl1d n.U8:w'16ll8\I rn b 'Ll'U Lb u\I 
'U 'U ' 



... 

d 
LL \J\J'VI 1 

53 

107 

210 

16,397 

31,500 

d 
LL\J\J'VI 2 

90 

135 

329 

30,781 

31,500 

350 ('V'ltl'n-:i1'U 3 l"l'U) 

vhJ1: fi'Vl11n1ru (2558: 32) 

d 
LL\J\J'VI 3 

128 

183 

607 

83,548 

31,500 

33 

PHP Google Map fl 

6 5 
' 

.ci CV q 

'Vl111: fl'Vl11fl1tu f'f1b?l'U'V'lfl1, 2558: 32 
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3.3 LL 

CJtl 1 bb 'U'U"il1fleJ\IVl1\lfl ru\Pl 1311&'1 IPl{ (Mathematical 
'U 

model) 

m1 bbnil bb n b\P\1 b ;ff a 

"lleJ\l L) \l'VW 1'U1 fl"ll:l.J"l!'U L 'U.fl 1 fl(Pl a an bO CJ \I b wua \Pl eJ'U'U 'LI "lJ b Vll"l1 VI CJ"ll eJ\IJlVI 11.fl) ru • 
(2558) b lJ'Ubb 'U1V11\l 1 'Um1bbnilqiV11 1 fiim ll1V1m mbfl 

CJ 1 bb 1 

CJ L 'U eJ'U 1 "ll b 1 b oLJ1 t'<il fi'li;r eJ\IU qJV11 zj \I "il 11'1t11 bb 'U'U "i\' 1fl a \IVl1 \I 
' ' ... dJ 0 I .c!il Q.J 

b 'VieJVl1\P\1 bb Vl'U\IVl\Pl \I bbfl bb 'U'U"lleJ\I 

1 tl1bbf11:1.J Dev C ++ 
;ff a b -ff L 'Uf111 ... . 

"U'UG1\I ri1 t CJt blJ'U&'l:1.Jm1iJqiV11 

(Nonlinear programming problem: NLP) 

(Mixed Integer Programming Problem: MIP) 

1 t1d 

3.3.1 (Indices) 

bbVl'U i = 1, 2, ... , m (m = 109) • 

j bbVl'U j = 1, 2, ... , n (n = 109) 
... 

k bbVl'U k = 1, 2 3 

1 100 
'U • 

3.3.2 (Parameters) 

Cu 
(nLflb:l.J\Pl)) 

pk 

d; 

a 

f; 

b h'l'V'lt.11'U1fl i 1 j 

b L 11\l'V'lCJ1'U1fl i 

b b ;ff ai1ri1 b vi1 n'U 5 • 
f111:1.Jm 1 ;ff a"llm 11\l'ViCJ1'U1ft i 
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Bk k 'U , 

Ok ri11 L 1 <fimL'U'U k 

T k 1 

L utJ m1 6 L utJn11Lt:.J1 

714 

z 

3.3.3 (Decision variables) 

1 i j 
xij = { o 

1 j 

o 

1 k j 

zkj = { o 

hkj = k j 

6 i11:w'I 

3.3.4 (Mathematical model) 

?l:Wfl11bU1V!lJ1tJ (Objective function) 

m n n K n k 

Min Z = L: L: Xu + L: L: Pk zkj + L: L: (hkj + 6)0kzkj (3.1) 
i=lj=l j=lk=l j=lk=l 

(Subject to) 

; Vi (i= 1...m) (3.2) 

K 

2: zk. = y. J J ; VJ U = 1... n) (3.3) 

k=l 

; Vij (i = 1... m), U = 1... n) (3.4) 



.. 
..-
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K m 

L Bkzkjhkj L:ciixij ; "VJ U = 1... n) (3.5) 

k=l i=l 

0::::; hkj ::::; Tzkj ; V'k j (3.6) 

m 

L: xij Yj ; "VJ (j = 1... n) (3.7) 

i=l 

Xij E {0,1} (3.8) 

yj E {0,1} (3.9) 

Zkj E {0,1} (3.10) 

b 'Um1LtJ1?11 -if 

6 (3.2) Lll'U 

?1l.Jm1L1el'U1"1lu'1ri''U i 

b'VhJ'U (3.3) b b .if 
(3.4) i • 

L L L vi1if 'U (3.5) 

m1LtJ1?11 oif i 
1 i (3.6) b 'U'U k 

j 1 (3.7) 

b 1 bbvl\I 

(3.8), (3.9) (3.10) 2 

0 1 



... 
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3.4 

fl 116fl11 '1iii tJ l'l e:i 'W fl fi e:i fl 11 fl ci lJ'lJ 1 
' 

hru (Greedy algorithm) 

bL Greedy fie:i 1 

Greedy 

fie:im11?1fleJ 1 'lJ (Objective Function ' 
Value Fitness) 

ru Local Optimal 'W 

j 16 Greedy 

lJ'W 1i.J1?11m1e:i'W1 ' ' ,, 
3.4.1 <ij'Ul'lv'Un1':i\Jl1fl1l'lvU 

i'W \?! eJ 'W U fl11Vl1 fl1 \?! eJ'UL tJ 'W 2 fi eJ CJ LL 1 flbb U eJ flb tJ 'W 

2 fl1CJ 
' 

1m6 Insertion Heuristic 

vl1 L\?11 Le..J1'lJ b fa CJrl1'W1rul'i''W'Vl'W11111 'W L\?11 Le..J1'lJ 
' 

16bb (Moving locations) 

1 bL CJ 1i16n11fl LL nci 11 
' ' 

(One move) 

(Exchanoe) b 
:;, ' ' 

3.4.2 (Initial solution) 

(Initial solution) 

LLli'1 1offnm1 , , , , 

(Initial solution) 

1 fl1Vl'W CJii11 b a r11 l?l l'i''W CJ mi1 i16 Insertion ' 



"iJ1'U1'U n 911LL'V!iJ-:i 

LL L L\911 L LL 'V!i.1-:i eJ fl 

1 Lb'IA-:i 
'II ' 

b 1 t.Jf1-:i9l1LL 

LL'1::!l.JeJ'U'V!l.J1EJ 11-:ivrn1tJ1'1tT'U 1 L L\911 Lt:..11 
' 

.=I II 1 

ll1VWI 3.3 (Initial solution) 

38 
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1: n1VJ'U(;l'11'U1'U\;\'1bb blJ(;lb\111 :ff el i1'11'U1'U 

n \;\'1bbvr'll-:i (rh n f°iel 

2: n1VJ'U(;lrJ1'11'U1'U bb b tJ \;] b\111 bm 

\;] b :ff el t(;l tiri1'11'U1'U t 1-:iYI tl1'\J1'1 bb b tJ(;J b\111 b :ff eli1 ri1 b vi1 n'IJ 

'11'U1'U t 1-:iYI ti\;\'1 bb vr'll-:i b :ff btl \;] b il'LI m1 bbGi'11 

bvJ1tl'\J m (ri1 m f°iel 

3: 6'11vr-r'IJ t 

'l '11'U1'Ub vi1n'Uri1'11'U1'U t blJ(;J 

3 H n n i1ri1bvi1n'IJ 

1 1 

5: \;\'1 bb b tJ \;] b\111 b :ff el 1 el fl 

"lflGi\;\'1 bb blJ(;l b\111 b;ff (;11J1 1 bb vi-:i b ll'U 
" ' 

iJ'-:i fllJel'U'VllJ1tJ 1 blJ(;lb\111 tJ ;ff el 1\;l "] b'1 tJ 'VJ1fli1h-:iYI tJ1'\J1'1lJ1flflrJ1 

t bb btl\;lb\111 b :ff \;] b vi1 n'U 1 
' 

t 

6: '11vr-r'IJ blJ(;J b\111 :ff el 1 b Viti'IJ 

1 s 1 'IJiJ'-:i\;\'1bb 

b t 1-:iY1ti1'1J1'1tT'U 1 bb bm 
' 

b :ff eltT'U mti 1 "U"U'U1\;l"llel'l b\111 b :ff b 

1: m111el'\Jvrmti 1 

1(;lb'1ti 5 6 '<il'UflrJ1Vlfl 
' 

., 
3.4.2.2 

8: b 
' ' 

-;u b lJ \;] 1"11 tJ \;] b t\;l tJ el fl"U'U 1(;1 b\111 tJ b \;l"llel'l 
' ' 

\;\'1 bb b tJ(;l b\111 bm"U ti 
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3.4.3 (Improvement Solution) 

m1tl-r'U'lh\lri Wfl1VH0hl'l eJ'U 1 i b 'Vl iJ (Search . . 
algorithm) 1'1.Jitlbb'U'Ul?i1\I 61 b"liiJ (Local Search) 

(One move) (Exchange) 11i;i111ru bbfliJ6111 (2556) 

Fib n611 iJ rn1 bbtlU ruV11t!iJ fiei15 . ., 

Saving Heuristics Nearest Heuristics bv1ei 

b111'11 nvl CJ n1115n11V11 fi1vl b bb 'U'U 1 i b e:itl-r'Utl 1 \I 
d.9 'U , , 

f111'le:i'U6lle:i\lu b CJ\I b CJ b61'1.Je:i rn1tl fotl 1 \I ., . 
Exchange Heuristics One Move Heuristics zj\115 One Move Heuristics 

L L One Move Heuristics • 

bbCJ fl €J\11'111115vlt fl11'1 eJ'U fie:i15 Saving 

Heuristics Nearest Heuristics liiJbeJ\I iJ'V!'11CJ 61 mru 1 

rn1 bn'U11'U11116ll CJ e:i\I b "lll'l b 'Vlflf'U1'1'1.Jme:i'Um1"Uu1il zj\l'il • • 
'11151 '1.Jrn1V11f!11'le:i'U 61 111b llmb iJ1'Vl1\l 1 i 

' I ' 

3.4.3.1 1 (Moving locations) 

CJ15d 1 • • 
1 b bb bl'l1 be.J16ll b • 

1 il1CJ 1 
1 'VllJ 1 3.4 • 

-----------------------

////i 15 i' ',\\ 
\\',,, /3, // 

··· .... _____ _ 

·-----... _ ________ .-----· 

3.4 (Moving locations) 
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160 nfablJ\911 'IJ11fl£1l1 

4 150 nL'1blJ\911 4 bllt! , 
b:ff e:i hni bb Vltl 3 b llt!\1\'1 bb 'Vlii-:i b:ff 

b b\911 b :ff 1 tl fl11bi:.J1'lJ b :ff €l fl'U , 'U 

Cltlbb tJi;i,:i 1'IJbYi8-:JB Cid 

3.4.3.2 (One move) , 
1 tJir-:incilJ , , , 

·· ... · .. ; 

)\. 100(3) 

______ ,,,/_/ 

-- -·-·----··- !-·· 

! 290(1) 

······-.. 

"···· ........... \. 

\., 

'"" l 
·· .. 

-450(2) 

_/_/ 
. ... -· 

---

1 3 I 
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.......... ------------------·· 

( 
\ 

\ .. '-................... . ______ ... -------··// 

\ .....•.. 
. ... ---·· 

fl11EJ1tJ h-:i-w tJ1'U1(;'1 b 3.6 

hi(;'l!11\Pl'U'Vl'U11il \1lvl1fl11 EJ1 tJ 
' ' 

3.4.3.3 (Exchange) 

tJ15d L U'Ufl11LL(;'lflb L 
' ' 

1 'I , , , 'I 'I 

L 1 V!1flfl11LL(;'l m tJ'UJ'Uvl1 b tJl"i11 b 'Ufl11 
' ' ' 

3.7 
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200(7,10) 
-250(1,5) 150(1,10) 

-200(7,11) 
50(1,7) -100(1,11) 

.,. ..... --

200(2,7) -200(2,11) 

50(5,10) 

''··.\\! ... · ----100C4:'l_ ... -200(4,8' ·40IKM1l -·· 

\ ···:·::::::·:_t.·.·: ................................ ······ ··············"······ 

\______ \___ __,,,' 
I I :_ --\\ .. :'.',,· I 2 I -._ 

250(8,10) 

-50(2,5) -100(2,10) 

-50(8,11) 

.. 

"·· ................. . . ... -·············-'/ 
. .. --

1 3 I 

3. 7 b Vl'Ul1vl1fl1'Hb6'\flb t.J'U h-:i'V'I 

2 100 'U1'Vl 
' ' ' 

bb6'1 m t.J'U 11-:i'Vlm'U16'11 'W ntj:i.JJ'Un'U tJ11nn11 

51 2 n'U 11 1 3 v\'11 Viii 
' ' 

1Vlli 3.8 'l "il'Ufll1 

' ' ' 
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" 

\,',,,''-., --·-· -



..,; 
\J'Vl'VI 4 

b b 1 bUCJ\I b 

b'Vll3!1vm u1bbml.l Lingo 11 611\lb ll'U 

1 off 'Uflfl"i11nJ'U I 
1bf!11 b 'V!l.11 G'll.l n'Utl ty'\111 bb(;l \Pl,J'U 116n11 n m l.l 

Note Book Acer ASPIRE 5920G CPU Intel Core (TM) 2 Duo • • 
2.4 GHz, Ram 2 GB Windows XP 

1fl£i'VlflaeJunu LINGO 11 

m1V111'11 bb bt:-11"ll b b 1 • 

Lingo 11 

L 3 1 L 
'\) 

4.1 \J1bbml.l Lingo 11 4.2 



" ':____ - -- --- - -

_., file ____ Window Help _ 

°j:;.:!I tlWI 
Model: 

Endj 

SETS: 
Hospital/1 .. 109/:F,D; !i; 
O_Indicator/1 •. 109/:Y; !j; 
M_Indicator/1 •. 3/:P,O,B; !k; 
Linkl(Hospital,O_Indicator):C,X; 'i,j; 
Link2(M_Indicator,O_Indicator):Z,H; !k,j; 

ENDSETS 

DATA: 
C @OLE("D:\LINGOll\Locations\DATA.xlsx•,•ctistance"); 
p = 47897 62281 115048; 
D @OLE("D:\LINGOll\Locations\DATA.xlsx•,•demand"); 
A 5; 
F @OLE("D:\LING014\Locations\DATA.xlsx•,•frequency"); 
B 100 300 600; 
0 = 370 554 918; 
T 714; 

END DATA 

Min @Sum(Linkl(i,j):A*F(i)*C(i,j)*X(i,j))+ 
@Sum(Link2(k,j):P(k)*Z(k,j))+ 
@Sum(Link2 (k, j): (H (k, j) +6) •o (le) *Z (le, j)); 

@For(Hospital(i):@Sum(O_Indicator(j) :X(i,j))=l); 
@For(O_Indicator(j):@Sum(M_Indicator(k) :Z(k,j))=Y(j)); 
@For(O_Indicator(j):@Sum(Hospital(i):X(i,j))>=Y(j)); 
@For(Linkl(i,j):X(i,j)<=Y(j)); 
@For(O_Indicator(j):@Sum(M_Indicator(k):B(k)*Z(le,j)*H(k,j))>= 

@Sum(Hospital(i):D(i)*X(i,j))); 
@For(Link2(k,j):H(k,j)<= T*Z(k,j)); 
@For(Linkl(i,j):@Bin(X(i,j))); 
@For(O_Indicator(j):@Bin(Y(j))); 
@For (Link2 (k, j) :@Bin (Z (k, j))) ; 

State: 

Objective: 

lnleasibifitv. 

Iterations: 

INLP 
Local Opt 

948470 

7.27596e-012 

48270 

E><tended Solver Status 

Solver Type B-and-B 
948470 

948470 

4 

0 

Best Obj; 

Obj BOU'ld: 

Steps: 

Active: 

Total: 12644 
Nonlinear: 654 

Integers: 12317 

Constraints 
Total: 12645 

Nonlinear: 110 

Nonzeros 
Total: 73684 

Nonlinear: 1308 

- - Generator Merrory Used (KJ -
3656 

Elapsed Runtime (hh:mm:ss) 

01:34:23 

46 
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4.2 Lingo 

"1l b 11\JV'!CJ1'U 1i;i 1 'U.f111"11'1 aarn5CJ .:i b 'VIU b Vll'11 VI CJ 

h.:iV'I CJ1'U1ff'il1'U1'U 109 Lb 'IA.:i bl'11 bt:.11"11 b , , , 
3 bb'U'U 100, 300 600 zj.:iiiri1 " , 

47,897, 62,281 115,048 

370, 554 918 "il1nm1V11 

Linoo 11 948,470 :::> , .. , 

9 l?i'1bb'V!i.1.:i 4.1 

eY1.:ia.:i"il1n1J1111.:i1'U.f111"lt:.i'U1n n L"li'U Hl 

h.:iV'lc.11'U1'1J1 Lall H91 b , , 

1 "JWW1'U1'1L'll1&'11'1.Jfl11.:J 

h.:ivm1'U1m '1J11.:i 

1 

1 

1 

i'1111.:i) Lfie:J'U) 

300 19.6 

300 14.8 

300 17.1 

300 9.9 

300 110.1 

300 43.3 

300 152.5 

100 51 

300 14.1 

H12, H13, H14 

H8,H23, H30,H69 

H19, H31, H36, H38, H103 

H21, H105 

HS, H6, H9, HlO, H15, H16, H17, H51, H52, H53, 

H54, H56, H57, H58, H59, H60, H62, H65, H66, 

H70, H93, H98, H99, HlOO, H101 

H61, H63, H67, H71, H72, H73, H74, H84, H85, 

H87, H90, H91, H92 

Hl,H2,H4,H7,H22,H24,H25,H26,H27,H28, 

H29, H32, H33, H41, H42, H43, H46, H47, H48, 

H49, H50, H68, H75, H76, H77, H78, H79, H80, 

H81, H82, H83, H86, H88, H94,H96, H97, H106 

H3,H34, H35,H37 

H20, H44, H45, H95, H104, H107, H108 
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"il1 Ll'l 1 Le.J1 LLG't 8 fl Ll111 Lm"tl 

b 'IJ 109 Lb 'IA.:i 

9 LL'IA\l 4.1 zj,:iij 8 LL'IA\l 300 
'IJ ' 

b b b 1 
"il1flfl11Vl1rl1l118'U fa ti 1 it thbbfl1:1.l Lingo 11 El'.:i (Global 

Optimal) ti mh 
'IJ ' 

f11l118'U"1.18\lUqJV11 b hJ 

. . ., 
4.2 . 

L l 1.:i-wa1u1a'Yfi.J'tl'LI 

1 'IJ.:i1'1Ji..ij ti ti fl l111 fl'11 'IJ fl11 bLnu ruvn 1vi ti m1V11f11l118'U'11:1.111'1 
'IJ ' ... 

bbU\lbll'U 3 Lb 1 

bL L lJ vi bl'l 1 Le.J1"1.I vi b bl111 be.J1"1.I vi b l118'\J m1'1.J fo'l.J1.:i 

8'\JLb 1m ll'UV11rl1l118'\Jb 6/i.:i"il fli;i11 
' 

I I 

4.2.1 LL :::m11.1vuV11.11a 11.:i-w a1u1a 1 LL V1'Li.:1Vi'1::: 
"' ,f L '!Iv 

4.2.1.1 iilil1'1J1'1J n 

n 1, 2, 3, ... , 109 

(ri1 n 

1 'IJ m1ti m1f11'1J1 ru Lb bllvi bl111 be.J1 
,, ,, 

3 LL'IA\l n iiri1Lvl1tl'U 3 

4.2.1.2 n1V1'1Jviri11il1'1J1'\J Lb bllmm be.J1"1.I L 

1vi ti ri1li1Tu1'\J 11 ti1'U1G't 1 Lb b lJ vi bl'l 1 be.J1"1.I vi L L vi1n'Ulil1'\J1 'IJ 

'Ll'Um1 vi1n'U 

m 1vi md8vl1fl11'\1!11 vi b LG't"tldb ll'Ulil1'1J1'\J L tJ 

1 1viti 1lJ11:1.1 ru (ri1 m ri11il1'1J1'\J 

Lb Lllvi Lm Le.Jl"tltJ L 
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L LL LtlVI Ll'l1 Lt:-i1"1J 

ij 3 LLvt\l 109 LLvt\I 

LllVI Ll'l1 Lm"ll L LV1CJfi11il1'U1'U L 1 LL L tJ VI Lm Lt:-i1"1J CJ::: :ff aijfi1 

bvl1tl'\J 36.33 m ijfi1Lvl1tl'IJ 36 

4.2.1.3 L L 

hJcJ'\l L 1 1il1'U1'UL v11n'Ufi11il1'U1'U L LL LllVI L1'11 Lt:-Jl"IJCJ::: 

L 'Ufl11CJ '<il1'U1'U Lb 109 Lb vf\I 

1 1il1'U1'U 36 

4.2 LL61V1\11::: CJ :::V11\111l.l"1Ja\I ' 
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Pi1LLV1ti.:i11t1.:i 1 'H'WE.11\J1il . ., 
1 2 3 4 5 6 7 ... 109 

1 107 30 29 30 103 29 1 33 6 22 5 22 100 31 ... 44 15 

2 4 33 88 33 31 36 106 47 98 25 16 29 38 55 ... 95 24 

3 95 35 96 34 21 50 20 51 15 47 17 41 15 57 ... 106 25 

4 106 40 94 42 37 52 3 55 8 48 98 46 40 57 ... 104 46 

5 45 48 89 43 4 55 107 62 16 50 9 48 19 59 ... 45 54 

6 44 57 25 48 40 55 109 71 54 59 52 50 98 70 ... 28 57 

7 109 58 81 48 105 60 95 72 9 61 8 57 3 73 ... 1 58 

8 33 69 26 51 106 65 21 74 52 61 54 59 105 76 ... 107 66 

9 3 74 28 51 20 70 45 80 17 62 12 61 21 77 ... 4 71 

10 20 93 42 62 7 73 103 83 99 62 99 62 5 94 ... 42 77 

11 32 95 43 64 1 74 44 86 18 63 15 69 37 99 ... 20 78 

12 104 95 83 64 39 76 31 91 100 63 93 71 20 100 ... 29 84 

13 31 99 86 68 38 90 30 100 101 71 18 72 39 102 ... 3 90 

14 103 103 76 72 95 90 33 100 24 77 11 78 103 102 ... 96 92 

15 21 104 79 77 109 90 40 101 12 82 101 80 31 109 ... 21 97 

16 28 105 80 77 15 91 104 102 93 82 10 81 4 112 ... 94 101 

17 40 121 104 78 30 97 37 106 53 87 100 84 6 115 ... 25 106 

18 96 124 41 79 100 103 7 112 65 87 24 85 18 119 ... 108 106 

19 37 126 22 84 107 103 28 112 19 90 55 85 16 121 ... 30 109 

20 30 131 77 85 44 104 25 114 11 91 13 87 106 123 ... 2 114 

21 36 132 75 89 35 109 105 115 23 92 53 87 30 124 ... 22 117 

22 29 133 47 90 104 112 22 123 7 94 65 87 24 133 ... 33 117 

23 25 134 108 92 25 113 23 125 10 94 14 100 17 134 ... 47 119 

24 105 134 97 95 98 113 32 126 55 96 23 100 13 136 ... 103 119 

25 42 139 23 97 28 115 96 129 70 99 51 104 104 139 ... 23 121 

26 7 142 20 98 36 116 15 130 22 104 66 107 25 140 ... 43 123 

27 22 145 21 99 96 117 39 130 66 107 19 112 8 141 ... 26 125 

28 23 148 49 101 22 119 26 133 13 109 22 113 1 142 ... 31 126 

29 39 149 46 103 8 121 24 135 30 109 7 115 28 142 ... 24 129 

30 26 153 78 104 23 121 29 139 97 109 62 115 96 144 ... 88 136 

31 35 155 82 105 32 121 100 143 69 110 30 118 22 146 ... 40 137 

32 2 157 106 107 45 121 38 144 14 113 56 118 23 148 ... 37 141 

33 24 158 30 111 33 123 88 144 38 115 69 118 95 148 ... 18 142 
34 15 160 24 113 19 131 42 145 51 115 97 118 109 148 ... 97 142 

35 94 163 109 114 24 131 8 146 62 115 70 120 54 152 ... 7 148 

36 38 164 27 115 26 132 97 147 40 121 58 122 9 154 ... 89 149 

,::a::Y11.:i 
3,842 2,708 3,246 3,659 

,'lll 
2,871 2,899 3,868 ... 3,412 
.. 
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4.2. i.1 - 4.2.1.3 1111t.1m1n1VJ'U111"il1'U1'U 

IP\'1 LL Lf;l1 L 11 \ITI IP\'1 LL 

h.Jir'l i "i\'1'U1'U 

L vi1nuri1"i\'1'U1'U 11\ITI LL Lll111 Lm 111L L 1 t.1 

11\ITICJ1'U 1'11 tl'U IP\'1 LL Lm 1"11 L tJ 'U fl 1TI n ci 11 fi el 

Vl1firl1'U1 n\Pl 1 LL V!tl\I \Pl 1 LL LL '11 . " 
111Jil ri1m n 1 LL LL ru1 

LL'1 LL n111Jel'UV!1J1CJ\11'U1 IP\'1 LL el'U,r'U 

2 LL 'lJ L U'U1 • 
vl1n111Jel'UV!1J1CJ\11'U 1 

4.2.1.4 'U-iJel 4.2.1.3 H n 

':in n ilri1Lvi1nu "il1'U1'UIP11LL 111 'U-iJel 

4.2.1.1 

1 'Um ':it.I m ':irJ1'U1 ru 1'U1'U IP\'1 LL L L{;l 

L 3 LL 'V1'1 1 b\ITI t.11'U1'1 36 LL 'V1'1 LL 
" 

3 LL'V1\ILL':in f'iel 25, 97 89 • 
4.3 

. ., 
1 2 3 4 5 6 7 8 9 10 11 12 108 109 ... 

l'i1LL 'VltJ'I 25 97 89 26 54 101 53 22 76 27 65 52 ... 102 34 

1:::t1:::'\111'1 
2,515 2,526 2,528 2,533 2,544 2,569 2,579 2,584 2,587 2,596 2,597 2,612 ... 6,237 7,110 

11l.J 

4.2.1.5 L{;l1 L 1 b\ITI t.1'1n'1 
" 

IP11LL 1 LL 'V1'1 L U'U 11\ITI EJ\I . " 
1 i L'1CJ 

1n'1\P\'1 LL L vi1n'U • 
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1 'Lifl11CJfll'i'Te:iv1.:im1fi\'1'U1ru vnl.:i 

3 bbvi.:i 25, 89 • 
1 bbvi.:i . 

69 16 4.4 

L':i.:J'WV1\J1il 

25 89 97 ,. ' 
l'i1LLV1i..i.:i l'i1LLV1i..i.:i l'i1LL'Vli..i.:i 

26 19 83 21 69 16 

96 28 86 27 22 26 

4.2.1.6 i.'11V1-ru bb ;ff a 1-H'b b Vi 1 tJ 
1'U-LJ'a 4.2.1.5 

"ll b ;ff 11.:ivm1u1'1LT'U 1-Hnu \P\'1 bb bm bt:-i1"ll b ;ff at!'U • 

1 'Lim1CJnl'i'1av1.:im1fi\'1'U1ru 97 b tl'U\P\'1 bb 

97 LT'U 

4.2.1. 1 

4.2.1.5 fi.:i-LJ'a 4.2.1.6 '1'Ufll1Vlfl 
' 

;ff 
1 'LI fl11CJ ru bb V1tl.:i 11.:i'V'I 

3 bbvt.:i 25, 89 97 
' 

97 ;ff a 69 

97 1 3 bbvt.:i • 
zj,:i IP\' 1 bb a \P\'1 bb Vltl.:i 25, 8 9 bb'1 9 7 1-Hvi' bb Vli.l.:i h .:i'V'I CJ 1u 1'1 :W 

CJ b!Pl1 ;ff 1 bb vi.:i zj,:i i:J.:i . 
69 

;ff a 4.5 25 1 tJ vti.l.:i 

26 19 25 • 
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25 

11'1YICJ1'\J1ff:U'l.Jfl11Vlfl 1 
' 

1 
25 89 97 

l?J1LL'V!U'I !?11LL'V!U'I !?11LL'V!U'I 

26 19 83 21 69 16 

96 28 86 27 22 26 

"il1flfl11CJ fl11rl1'1.J1ru LL 'V!U'l 

3 LL"1'1 25, 89 97 ' . 

25, 89 97 1 
1 :ff el"il'l.Jl°l'l'U"Jfl 

1 LL 'V!U'I L\111Le.J1"ll L :ff 25 

1, 3, 4, 7, 20, 21, 25, 26, 28, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 44, 45, 

88, 95, 96, 100, 102, 103, 104, 105, 106, 107 109 

1 LL 'V!U'I L\111 L 89 

z 29, 41, 42, 43, 46, 47, 48, 49, 50, 73, 75, 76, 77, 78, 79, 80, 81, 8Z 

83, 84, 85, 86, 87, 89, 90, 94 108 

1 l?J1 LL 'V!U'I L\111 Le.J1"lJCJ L 97 

5, 6, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 22, 23, 24, 27, 30, 51, 52, 

53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 91, 92, 93, 

97, 98, 99 101 
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" ' 4.2.2 n1'i\'111JtA1" L 

25, 89 bb'1::: 

97 b Lb Ltllil b bt:.11"1! E.J b 
' 

3 bb'U'U 100, 300 bb'1::: 
' " ' 

600 47,897, 62,281 Lb'1::: 

115,048 370, 554 bb'1::: 918 

1 

ii 30 1'U n 6 -&'1111-:i 

. ., .. 
71:1.l i11flU'VI 

25 1 3 4 7 20 21 25 26 28 31 ... 109 total 

1,000 1,000 1,200 700 600 510 1,800 570 1,500 400 ... 4,500 30,005 

89 2 29 41 42 43 46 47 48 49 50 ... 108 total 
1,200 570 700 1,800 1,140 2,000 700 400 600 480 ... 120 27,330 

97 5 6 8 9 10 11 12 13 14 15 ... 101 total 

700 700 630 2,000 300 2,000 510 570 1,000 1500 ... 1,000 47,152 

;-:inm 1 off 

L 6 -&'1111-:i bb'1:::n11'V!1nmm off • 

'V!'l.i-:J bmbt:.11"1! 25 b vJ1tl'U 

30,005 fifan-r11 100 " . 
r111 41,891 'Um1 

370 300.05 -&'1111-:i iini;i11'Un11 



SS 

b vi1n'U 306.0S i1 h1\l vh1 b vi1n'U • 
" " 113,238.SO 'U1'Vl <iiaiJfi1 bvl1tl'U 161, 13S.SO 'U1'Vl bbiKTvl1f111 • 

25 

100 300 600 

370 554 918 

30,005 30,005 30,005 

300.05 100.0167 50.00833 

306.05 106.0167 56.00833 

113,238.50 58,733.23 51,415.65 
" .. . 47,897 62,281 115,048 
ti """ .Ji lil'U'\ll'UL!il1 '!Jfl • 161,135.50 121,014.23 166,463.65 

89 

100 300 600 

370 554 918 

27,330 27,330 27,330 

273.3 91.1 45.55 

279.3 97.1 51.55 
" Q .. lil'U'\ll'Uf11 . 103,341 53,793.40 47,322.90 
" .. . 47,897 62,281 115,048 

151,238 116,074.40 162,370.90 

97 

100 300 600 

370 554 918 

47,152 47,152 47,152 

471.52 157.1733 78.58667 

477.52 163.1733 84.58667 
" Q .. . 176,682.40 90,398.03 77,650.56 
" .. . 47,897 62,281 115,048 
II ..::., .,j 
lil'U'\ll'UL!il1 lil i;J L '!Jfl . 224,579.40 152,679.03 192,698.56 
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25 

300 
C\J <) 'I " 

25, 89 97 

L LL Lm Le..i1'1J L :ff e:i CJ LL Lm Le..i 1'1J L :ff 
' 

:u1nl'i''l..l'Vl'l..!'1lm L :ff 1 1 
' ' ' 

11:W 1 Le..!1'1J L :ff L:Wm 
\I 

5 4.8 

1 LL Lm Le.J1'1J L :ff e:i 

25 1 3 4 7 20 21 25 26 28 31 109 

134 113 114 140 67 64 0 19 46 149 ... 106 18,532 

89 2 29 41 42 43 46 47 48 49 50 108 11:1.1 

43 73 80 98 100 83 126 96 104 139 ... 128 9,304 

97 5 6 8 9 10 11 12 13 14 15 101 11:1.1 

109 118 82 140 168 170 170 195 192 156 ... 39 25,424 

" ' 
25 18,532 

vi1nu 5 1 L vi1n'IJ 92,660 
' 

25 213,674.20 '\J1'Vl 

1 L :ff LL Lm :ff e:i 
' ' ' 
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25 89 97 

1:::t1:::'V11\1111J 18,532 9,304 25,424 

fi1 t t 5 5 5 

L 'Um1"1J'U61\I 92,660 46,520 127,120 , 
... 121,014.23 116,074.40 152,679.03 \>l'UVl'l.ILmLm"lltJ::: , 
... 213,674.23 162,594.40 279,799.03 \>l'U'Vl'l.11111 , 
... ., 

656,067.66 , 

fl'U'Vl1 (Search algorithm) 'l hfon 
hwm1'U1'1 (Moving locations) (One move) bb'1:::15fl11 

bb'1 fl b tJ'U \>l1 bb 'VIU\11:::'Vl11\I (Exchange) B'Ubb'1:::15fl11fl1'U1fl.I111 

3.4.3 

4.3 n11'Vl"fltl.:J b b l 'Llm1tli'ut11.:if! W.fl1'V'l'tltl.:J fi1 "tl'U fl1'Vli'UUty'Vl1 

'tle>.:i 109 mA.:i 
' 

(Movino locations) (One move) bb'1:::15m1 , ::, , 
bb'1 m (Exchanoe) tT'U tJ bb , ::, 

1fl :1.J1 L oUb U'Ufl1\>1B'U 611V1-r'Uv11 m1i.J-r'Ui.J1\I , , , 

(1) (Moving locations) 15m1v1t1 

(One move) (Exchanoe) , , ::, 

(2) 15fl11 h\1Yltl1'U1'1 (Moving locations) 15m1 

(Exchanoe) (One move) , ::, , 
(3) 15m1v1t1l'l1LL (One move) , , 

h\1Yltl1'U1'1 (Moving locations) (Exchange) 
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(Exchange) (Moving locations) 

(5) (Exchange) 

flcill (Movino locations) (One move) 
' :::> ' 

(6) i5fl bb flci 11 (Exchanoe) i6m1E!1CJl?i'1 bb fl ci11 
' :::> ' 

(One move) 1'Uflzj1l (Moving locations) 

CJ fl n'Ui5 b &i 'U CJ n1'Vl'U 1 bb b tJ 
" 

bbG'l::: fl1'U1 tu'VJ1 1 G'l :::'11'U1'U b tJ 1fl1':i n1vr'U '11'U1'U 
' 

2 4.10 

CJ fl G'l fl 1\91 e:J'\J rum'V'll°l1 \91 e:i'\J 1i.J Lb '\J '\J 
' ' " 

2 bb 

cl 
'itlLL'U'U'Vl 1 v initial solution Moving locations One move Exchange 

89 25 76 8 76 8 76 8 

300 300 300 300 300 300 300 300 

72,280 241,140 69,660 202,320 64,820 206,580 63,880 206,280 

69,638 129,960 69,638 129,960 67,791 131,810 70,700 128,900 
' " ... l'l'U'Vl'UP1.:J'Vl 
' 

62,281 62,281 62,281 62,281 62,281 62,281 62,281 62,281 

204,199 433,381 201,579 394,561 194,892 400,671 196,861 397,461 
" :; l'l'U'Vl'U11:1.J'Vl.:J'Vl:l.J(;l 

' 
637,580 596,140 595,563 594,322 

initial solution Moving locations Exchange One move 

89 25 76 8 76 8 76 8 

300 300 300 300 300 300 300 300 

72,280 241,140 69,660 202,320 67,120 201,940 67,120 201,940 
" .. l'l'UVj'Un11L(;l'ULP11eN 69,638 129,960 69,638 129,960 72,860 126,740 72,860 126,740 
" ... l'l'U'Vl'UP1.:J'Vl 

' 
62,281 62,281 62,281 62,281 62,281 62,281 62,281 62,281 

204,199 433,381 201,579 394,561 202,261 390,961 202,261 390,961 

637,580 596,140 593,222 593,222 
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2 LL\1.:J 

initial solution One move Moving locations Exchange 

89 25 89 25 76 8 76 8 

300 300 300 300 300 300 300 300 

72,280 241,140 72,280 241,140 69,660 202,320 67,120 201,940 

69,638 129,960 69,638 129,960 69,638 129,960 72,860 126,740 
' ,, .. 

\;l'LJVl'l.Jrl.:JVl 
' 

..I 
"aULL\J\JVI 4 v 

62,281 62,281 62,281 62,281 62,281 62,281 62,281 62,281 

204,199 433,381 204,199 433,381 201,579 394,561 202,261 390,961 

637,580 637,580 596,140 593,222 

initial solution One move Exchange Moving locations 

89 25 89 25 89 25 76 25 

300 300 300 300 300 300 300 300 

\;)uVJ'l.Jf11'j'!J'LJ?i.:i 72,280 241,140 72,280 241,140 72,280 241,140 69,660 202,320 
' 

69,638 129,960 69,638 129,960 69,638 129,960 69,638 129,960 
' ,, .. 

\;J'LJVl'l.Jrl.:JVl 
' 

62,281 62,281 62,281 62,281 62,281 62,281 62,281 62,281 

204,199 433,381 204,199 433,381 204,199 433,381 201,579 394,561 

637,580 637,580 637,580 596,140 

5 v One move initial solution Exchange Moving locations 

89 25 89 25 76 8 76 8 

300 300 300 300 300 300 300 300 

72,280 241,140 72,280 241,140 69,660 202,320 64,820 206,580 
I.I .Q, 4 

\;J'LJVj'l.Jf11'jb\;l'l.Jbr\'j"B.:J 69,638 129,960 69,638 129,960 69,638 129,960 67,791 131,810 
,, .. 

\;J'LJVl'l.Jrl.:JVl 
' 

62,281 62,281 62,281 62,281 62,281 62,281 62,281 62,281 

204,199 433,381 204,199 433,381 201,579 394,561 194,892 400,671 

637,580 637,580 596,140 595,563 

initial solution Exchange One move Moving locations 

89 25 89 25 89 25 76 8 

300 300 300 300 300 300 300 300 

\;)'LJVj'l.Jf11'j'!J'LJ?i.:i 72,280 241,140 72,280 241,140 72,280 241,140 69,660 202,320 
Ill .Q, 

\;J'LJVj'l.Jf11'jb\;1'1.Jbr\'j"B.:J 69,638 129,960 69,638 129,960 69,638 129,960 69,638 129,960 
,, .. 

\;l'LJVl'l.Jrl.:JVl 
' 

62,281 62,281 62,281 62,281 62,281 62,281 62,281 62,281 

204,199 433,381 204,199 433,381 204,199 433,381 201,579 394,561 

637,580 637,580 637,580 596,140 
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5, 10, 20 bb'1::: 30 

4.11 

<atJ LL 'U'l.Jn i'ut.h 'I 
'U 

0 

tUUll1'Wfl1fleJ'U • 
)'\Jbb'\J'\J 1 
" 
';iULL uu 2 
" 
';iULLuu 3 
'U 

';iULLuu 4 
'U 

';iULLuu 5 
'U 

';iULL'\J'\J 6 
'U 

.. 4.12 

• 
2 

594,322 

593,222 

593,222 

596,140 

595,563 

596,140 

' 'U ' 

L 'IJ,]' 1'1J1'1J n1'aL U" Lfl1 • 
5 10 20 30 

697,710 944,004 1,428,400 1,940,200 

695,053 942,116 1,427,800 1,938,100 

702,729 946,048 1,429,900 1,939,900 

707,888 956,433 1,431,200 1,945,200 

698,339 943,439 1,430,400 1,940,600 

704,410 956,479 1,431,600 1,944,300 



.,j 
"1'11.:l'VI 4.12 

594,322 

1tlu.uu 5 595,563 
" 
1tlu.uu 4 596,140 
" 
1tlu.uu 6 596,140 
" 

697,710 

1tlu.uu 5 698,339 
" 
1tlu.uu 3 702,729 
" 
1tlu.uu 6 704,410 
" 
1tlu.uu 4 707,888 
" 
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1tlu.uu 5 943,439 
" 
ltlu.uu1 944,004 wu.uu 3 1,429,900 ltlU.Wl 1,940,200 

" 
4t1u.uu 3 946,048 1tlu.uu 5 1,430,400 4t1u.uu 5 1,940,600 

" 
1tlu.uu 4 956,433 1tlu.uu 4 1,431,200 4tlLLUU 6 1,944,300 
" " 
'lULLUU 6 956,479 1tlu.uu 6 1,431,600 lUU.UU 4 1,945,200 
" " 

h'lvm1u1'1 (Moving locations) (Exchange) 

(One move) U'Uf1111 
' ' ' 

' 

4.4 m'l'Vlflirn.:i L rJei'VI flfl eiu vt1fi1cw111n L vt:w1 ::fl:wnuil ruvt1 m'lvt1 LL i .:i LLfl ::n 1'1 ., 
Li1vn'l.l'U1fl L"1 L 'I.Iv.:! h.:icwE.11'U1fl'tl:W'tl'U..r.:i 109 LL vi.:i • 

mrn LL uu m 1 n1V1'U b tJ tv\' 1 Lb V!'ll CJ m1 B n'11'U1 Lm n'11tJ1 'LI 

109 bb'Vi\I 1 'LI 

m1LLntlruV11 CJ ti'u15L CJ n1V1'U 1'11 LL ... '\) 



• ..i iJ '111J11J'Vlb \11b\111br.11 

,, .. 
l'l'lJVl'Ufl.:!Vl 

' 

, 

,, .. 
l'l'lJVl'Ufl.:!Vl 

' 

,, .. 
l'l'lJVl'Ufl.:!Vl 

' 

' 

,, .. 
l'l'U'Vl'Ufl.:i'VI 

' 
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1 2 3 4 5 6 

196,276.7 274,800 202,924 206,248 214,752 225,849 

62,281 124,562 186,843 249,124 297,021 344,918 

258,557.7 399,362 389,767 455,372 511,773 570,767 

329,740 193,860 204,740 206,560 183,280 173,200 

588,297.7 593,222 594,507 661,932 695,053 743,967 

7 8 9 10 11 12 

231,219 236,979 249,967 255,930 247,662 251,187 

392,815 440, 712 488,609 536,506 598,787 646,684 

624,034 677,691 738,576 792,436 846,449 897,871 

169, 160 159,720 158, 120 149,680 140,400 139,660 

793,194 837,411 896,696 942,116 986,849 1,037,531 

13 14 15 16 17 18 

259,468.5 267,380 273,685 272,217 293, 719 293,392 

680,197 742,478 775,991 838,272 871,785 919,682 

939,665.5 1,009,858 1,049,676 1,110,489 1,165,504 1,213,074 

144,420 123,520 132,940 125,720 125,020 123,280 

1,084,086 1,133,378 1,182,616 1,236,209 1,290,524 1,336,354 

19 20 21 22 23 24 

283,854 285,703 322,440 339,578 341,798 344,018 

981,963 1,029,860 1,063,373 1,096,886 1,144,783 1,192,680 

1,265,817 1,315,563 1,385,813 1,436,464 1,486,581 1,536,698 

111,860 112,220 101,800 97,640 94,500 93,500 

1,377,677 1,427,783 1,487,613 1,534,104 1,581,081 1,630,198 

25 26 27 28 29 30 

351,375 353,595 357,318 344,924 348,997 351,223 

1,240,577 1,288,474 1,336,371 1,384,268 1,432,165 1,480,062 

1,591,952 1,642,069 1,693,689 1,729,192 1,781,162 1,831,285 

91,560 91,240 89,660 108,980 107,060 106,800 

1,683,512 1,733,309 1,783,349 1,838,172 1,888,222 1,938,085 
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4.13 Vi bb , 
1 

1 1 4.4 , 

9' 
i;l'\.l'VIU'l'UJ ca 

2500000 

2000000 

1500000 

1000000 

500000 

0 

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 

'Ul'1111'1 

4.13 11 

4.4 
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2500000 

2000000 

1500000 

1000000 

500000 

0 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

• 

lJ'Ufl11bt:-i1 1 b U'U 

'LI b lJ'Ufl11bt:-11 t:i-:i . 
1 'LI 

1 1 
1 'Lin11 bb 1 bt:-11tT'LI bb'1 eiein ll 'U'U m1 

iifi1bvt1tl'U 1 bb'IA-:i 

tJJl1'ls-1 Dev c ++ tJ 'U'U ll u 

bmlt:-i1'11f1'11'U1'U b l 'li'U m 1-:JV'I 

109 bb'IA-:i 1 - 109 • 
'VlmL'IA-:iLvi1 1 n'LI 4.4 • • 
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il'Ufl11b1111be.J1d '111111rii"\'1'U1ru 
' 

L 109 Lb 
" ' 

104,487 3 bL'U'U fltl 100, 300 600 
" ' 

1 30 ·foij 24 

rltl'U 6 -B-1 
' 

= 104,487 / 100 x ((30 x 24) - 6) 

= 1.46 2 

300 
" ' 

= 104,487 / 300 x ((30 x 24) - 6) 

= 0.49 1 

600 
" ' 

= 104,487 /600 x ((30 x 24) - 6) 

= o.24 1 

LL nu EJ L ti''Uu qil-11 

l'ia 1 u Lda Lb 

L\11EJ'Vll11'18'Utl'U 1 U1Lbml.l61'1L Dev C ++ 
" 
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Dev C++ 

vn.l.:i 1 ·Hvm1u1gi 
... 

i1111.:it1.1m'i L b ., .K .. ... .. 
L "!Iv 111 .. .K .. .K 

l:u.:i) ci1 
L "!Iv 

1'11bbV!il\lVi 22 300 354.29 1'11bbV!il\lVi 1, 2, 3, 4, 5, 6, 7, 8, 

9, 10, 11, 12, 13, 14, 15, 16, 

17, 18, 19, 20, 21, 22, 23, 24, 

25, 26, 27, 28, 29, 30, 31, 32, 

33, 34, 35, 36, 37, 38, 39, 40, 

41, 42, 43, 44, 45, 46, 47, 48, 

49, 50, 51, 52, 53, 54, 55, 56, 

57, 58, 59, 60, 61, 62, 63, 64, 

65, 66, 67, 68, 69, 70, 71, 72, 

73, 74, 75, 76, 77, 78, 79, 80, 

81, 82, 83, 84, 85, 86, 87, 88, 

89, 90, 91, 92, 93, 94, 95, 96, 

97, 98, 99, 100, 101, 102, 103, 

104, 105, 106, 107, 108 bbf;l::: 

109 

4.14 '1:::b't'.1'U V1tl.:i 

1'11 bb V!il\l 22 Lf h.:ivm1'\J1(;lf11J.fl11ll 
' 'IJ ' 

300 354.29 ?i1'U 

b 108 Lb v!.:i b 1 '!Xn'IJ hwm1'1J1i;in:w.n11tJ '1::: b i1'U 
' 

329,740 62,281 

196,216.61 ?i1'Ub1mm m 
., 

0.062 l'U1Vibvi1tl''U 
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4.6 n1 'H tl'ifl'U L fi fl'U fl Wll1'W"lleN fli1 eJ'U n1 n na tl'U fl1 eJ'U "lleJ•m 1'i 

L"flLmtl'iLLn'i:U LINGO 11 ., ., . 
t tl'HLm:u Lincro 11 "1Je:i-:1.ti''Vl11.fl'HU (2558) ::. .,, , 

zj-:i 1 L :ff e:i'11n t 
' 

'V!'1f1. 12 'U1'Vl , 
2, 164,064 

16 'U1'Vl m 'Ufl11 
' 

til1L ti'U 40, 964 bb'1 91,096 'U fl11 

til1 b ti'U 2,226, 125 'U1'Vl L 

LL 'U'U L vi1 tl'U m:u1 Lb'U'U 1 fl tl'U cu q CIJ 'I 

1 tl1bbfl11J Lingo 11 U'U 37. 97% 1 

1 73.57% 1 tl1Lbfl11J Lingo 11 

1 -B'1t:u-:i 34 'U1VJ 23 1'U1Vi bvl1tl'U 5,663 1'U1Vi 

b 1 m 'Ufl11 
" 'I C\J 'I 

84.161 1'U1Vi 1 in'111 0.062 1'U1Vi 

'11f1fl11L L VJCJ'U L 1m CJ L 1m 1 'U nA'1 n1firn1vr1 

99.92% .,, ' 
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4.15 L 1 tl'iLLn'i11 

LINGO 11 .. . 
e..Ja'11nltl'ibbn'i1l LINGO 11 

0 • i-;i l11.:itum'iLe..J1 'VI 'LI 'i'l 11 t 'LI n1 'i L1a1mmum'iAuvi1 • 
Ci1 fi1LU'Un1'i <1u1Vi> 

vl1bLV1t.J.:1Vi 11 19.6 948,470 5,663 

vl1LLVl'll\1Vi 18 14.8 
0 ' "" 1'11LLVl'U\IV1 39 17.07 

' 
vl1LLVl'll\1Vi 40 9.87 

vl1bLVl'll\IVi 55 110.1 
' 

vl1LLVl'll\1Vi 64 43.27 
' 

0 ' "" 1'11LLVl'U\IV1 89 152.52 
0 ' "" 1'11LLVl'U\IV1 102 51 

' 
vl1LLVl'll\1Vi 109 14.07 

e..Ja'11n16m'iV11fi1 L vii.11:::a11LL uu .. . 
'" i-;i l11.:it'Un1'ibe..J1 'Un1'i ;fl um'if'iuvi1 

0 ' """' • Lb 
ci1 fi1Lu1m1'i <1u1Vi> 

vl1LLVl'll\1Vi 22 354.29 588,298 84.161 

0 ' " i-;i l11.:it'Un1'ibe..J1 11 t 'Un1 'i na1mmum'iAuvi1 
' """' • 

ci1 fi1LU'Un1'i (1uTVi) 

vl1LLVl'll\1Vi 22 354.29 588,298 0.062 



...; 
\J'Vl'Vl 5 

• 

lJ'U m11 LLnilruV11m1vt1 ' ' ., 
b 11 'U 

5.1 

1 m1 LL nil Lb bb'1 a 

'U b 11\lvm1'U1'11 b 'V11311 

'l.J1bbf11:1.J Lingo 11 

b B\l"il1 '1 f11 bJ1 "Ii f11 1 'U f11 B'U'U1'U 
' 

b 'U f111LLnil 1 Lb bb'1 n ., 

Lingo 11 

b '1fl1 n 
' ' 

9 

i1vt'11\I ' 
300 

' 
i11:J.J\I t 

' ' 
100 1-tl'b1'111 

5 ,663 1'U1Vi w.J'U1 b LL nil ruV11 Lb a ., 

m1 Lt:n'U b m1 b tJ b il'U b Lb vf \I m zj\I b llmm 

300 588,298 1in'111'U 
' ' 

0.062 1'U1Vi 

37. 97 1 'U 

73.57 % 
' ' 
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"i\'1 b U'U b 'U U'U f111 

1 

1 b b 

1 ., 
• • I 

5.3.1 1 61Jm tJ1tJ1'1 

b b1'111 

5.3.2 
"" ., 

5.3.3 tJdii n11 tJ1tJ1'11 'LI.fl1fll'l rn5c.M b 'Viti a 

b 'Vll"11 'Vlm vhtY'LI L 'VII"! 

1'1 L 

5.3.4 1 1 

tl • 
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", L 'U . 
m\lb'Vl'W11V11'Uf11: 1'U 1\ili;;'e:i:w, 2535 . • 

b\il'll L ;lei L 'LI l L • 
ei n L5a.:i L viilei v'Ll'U'LI. l'Vl qi qi111311m111!311?1!'l111V11'1J ru'11'1: 

2554 . • 

"' 
Q.I ' LL ru'11'1: 11V111'Vl ti 

ffU'111'1l'B1i1, 2552 . • 
", • 

24(78): 107-122; l'lmfl11-6'U11fl11, 2554 . • 

1 'U 

th::lil1tJ 2553. • • • 
'U.1537-1542. €J'U'111'1l'B1i1: h\lbb111?1i16 2553. • • 

tl''Vlumiai tl''U'V1611 \I. n-1'l'lt1t1u'1l1'Uae:i ti bb uuV1mt1 v • 

14(3): 23-31; 2552. . ' 
", 

• v 

':i1"!f'Llfl°i'Ll'VI{ 6(1): 132-145; 2557. . "' 
fi'V111.fl1ru 

"' 
... g 0 ., ... .f 'i "' "lfeJ'tleJ.:J L L 'Ll.fl1fl 

L5a.:i L 'VIAL 'Via. m111!311?1!'11 

11V11'1Jru'1l'l: t1e:iui;:t11'1lu1i1, 2558. 
' 
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?1116111 

V1a1v LL vi.:i "Uv.:i rn i'Vl ru ru 11 f'l1 m1:w f'l1?1 rusfi 1P1: 
"' ' cu Ill 

"" ., < 2552. 

?1V'l11ru 'I , 'I , 

2549. 

?f.fln"il nu15m1vt1ri1Vi 
' ' ' 

", 1u fav. 2(2): 16-20; 
'IJ ' 

2554. 

'I '\J .., '\J 

", 1(2): 24-38; 

2556. 

b:W\?1. L L 'LI 
' 

'U ' Ill QI 

1'LI 1r;i 2553. 
'... ... 

a'U'll1 
' ' ' 

b 'VltJ ", 1 'LI ' . 
2556. 'U.55-64. ffU'111'1151'W: 

' "" ., .. :W'Vl11'VlCJ1'1tJe:JU'111'1151'U, 2556 . • 

i'Vl m1:wf'!1?11?11:wvt1'\J rusfi1?1: 

2556. 
' 

a'lflm1a'U1l!tJ 1r;in. (2551). e:i.:iflm1e:i'U1:U'vfan 

(World Health Organization). 

http://guru.sanook.com/search/knowlrdge _ search.php ?e:J\lflfl11e:J'U1lJCJ fan . 

:wm1ri:w, 2556. 
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n 

i;i111.:i<Wn fl'tlv .:i 1 ufl1P1i;i Lilv.:i b V1-Uei b 'VI AL 'VI v 
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0 ., "" l ... ... 
• .. .. 

... 
1 17.773109 102.191911 

2 1 ., 17.6917942 103.2582302 • • 
3 17.3066051 102.1873047 

4 17.5654781 102.2811844 
' 'IJ 

5 16.4490924 102.6543214 

6 16.3344607 102.655716 

7 L 16.7980156 102.1877124 
'IJ 

... 
8 16.7289878 102.8016615 

9 16.0584066 102. 7304 798 

10 L 15.8789022 102.9105946 

11 L 15.8164653 102.6077679 

12 15.9397591 102.5330189 

13 15.813795 102.3901623 

14 L 15.7329491 102. 7943196 

15 16.6517291 102.3796403 
'IJ 

16 16.1346825 102.5342778 

17 16.0908974 102.6195134 

18 b "1J1?11'Um1\I 16.8510588 102.8568759 

19 
'IJ 

16.6459208 101.9020036 

20 17.4090908 102.5589707 • 
21 L 17.2709606 102.5980637 

22 17.105316 103.0207324 
' 

i 23 
... 

17.0391158 102.9317737 

24 L 16.9575804 102.8909869 

25 L 17.3624557 103.1046768 
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• 
0 ., .. 1 ... ... i11fl'U'VI i'l:::i;Jlilfl • .. 

• 26 11.:iY1c.nu1'11 ·1m11'U 17.2957456 103.2315079 

27 L 1'1V'ltl1'\J1'1l'li.'f11J'V!1JB 16.9486312 103.432384 

28 h.:iY1c.nu16'1b wty 17.6988487 102.9094355 

29 L 17.8346291 103.0800364 

30 L 1'1V'ltl1'\J1'1'V!'UB'l bbi.'f'l 17.1663817 102.7800555 

31 17.4767679 101.9734234 

32 h.:iV'I CJ1'U1'1b 17.8955188 101.6633424 

33 11.:iY1c.nu1'1'Li1n'll11 18.0240365 101.8818018 

34 h.:iV'ltJ1'\J1'1'U1bb 17.4768043 101.0674747 

35 L 17.4498191 101.3543323 
'\J 

36 1 17. 6238837 101.4321064 

37 1 17.2817758 101.7578167 • 
38 1 16.8852806 101.8833038 

'\J 

39 1 )'IV'ltl1'\J1'1.fl'V!'11'1 17.1335691 101.667665 
'\J 

40 1 ).:JV'ICJ1'\J1'1t:-Jl'll11 17.0702477 102.0437652 

41 1 18.0082171 103.708783 

42 11.:iY1c.nu1'11 V'l'Ufi&lti 18.0481911 103.0875514 

43 h.:iV'ICJ1'\J1'1161ifi&lti 18.0808322 103.4476528 

44 1 1 'Vlli 17.9566766 102.5909007 

45 1 ).:JV'ltl1'\J1'1'1'lfl11 18.0558816 102.2815821 

46 1 )'IV'ltl1'\J1'1b6iffl1 17.9389803 103.9478425 

47 1 18.2997348 103.3121548 

48 1)'IV'ltl1'\J1'1ti'l1 'll'l'V!'1'1 17.9700396 104.0436219 

49 1 18.1854174 103.7378129 

50 18.2788699 103.9867676 • 



80 

• 
' L 'l'..:J'VU.11'U1i'l'ti11'tl'U 0 QI "" ... ... i'11Vl'U'VI • .. .. 

51 b 1-:l'V'ltJ1'U1G'ILLfWh 16.0464276 103.4011638 

52 b 1-:l'V'ltJ1'U1G'l 16.2415502 103.0675236 
' 

53 b 1-:l'V'I tJ1'U1G'l tl'U'Vl1lotl tJ 16.3296342 103.3022727 

54 h-:i'V'ltJ1'U1G'IL 16.4031477 103.0988212 

55 11-:i'V'lmu1G'lu1uei 16.0422857 103.1138264 

56 b 1-:l'V'ltl1'U1G'l'U1L;gelfl 15.7974709 103.0317769 

57 b 15.5166315 103.1948255 
\I 

58 11-:i'V'lti1u1ffnlli.J'VllJ 15.8466901 103.3728054 
' 

59 b 15.7132868 103.2339491 
\I 

60 b 15.6824044 103.1032643 
' 

61 b 1-:l'V'ltJ1'U1G'l'U1lJ'U 16.5763775 103. 786534 7 

62 b 1-:l'V'ltJ1'U1G'lfllJG'l11'1tJ 16.3330522 103.5691108 

63 b 16.2643018 103.7393847 

64 h-:i'V'ltJ1'U1G'IL'll1'N 16.7015606 104.0889944 

65 b 16.3892732 103.3485984 

66 b 16.5961791 103.2290725 

67 t 16.7106277 103.5194472 

68 t 1-:l'V'ltJ1'U1G'lfl1lJ1-:i 16.9215926 103.6329455 

69 b 16.9274977 103.2439075 

70 b 16.6496536 103.2969435 
' 

71 b 16.710281 103.7525228 

72 b 16.6561352 103.9117788 

73 b 1-:l'V'I tJ1'U1G'l fl'1lJ1G'l 
'' 

17.3271544 104.3096462 

74 b • 17.0896184 103.8215874 

75 m'1111 17.3523341 103.8563359 
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• 
0 Q,I d 1 ... ... 

• 'LI 'LI 

76 11\IV'ICJ1'U1'1oW\I 1fl'U 17.3932048 103.7044804 

77 t 17.2658842 103.6345536 
" 

78 t 
" 

17.184963 103.7155541 

79 t 17.6247188 103.7498066 

80 t 17.86003 103.767189 

81 t 17.8498371 103.5702343 

82 17.5976802 103.9746754 

83 t 17.334084 103.47766 

84 16.9923079 104.1604077 

85 t 17.0516493 104.266708 
' 

86 t 17.5742261 103.5443283 

87 t t 17.221284 104.288103 

88 t 17.472395 103.26131 
' 

89 t 17.483969 103.457222 
' 

90 t 17.001861 103.965812 
" 

91 t 16.530826 104.042212 
' ' 

92 16.864451 103.537849 

93 16.092516 103.008735 
' 

94 18.016304 103.312962 

95 17.86679 102.448958 

96 t 17.552008 103.0537277 
" 

97 16.9808196 103.1855121 
' 

98 16.4907947 102.4429414 

99 
" 

16.5382719 103.0760703 

100 16.5455408 102.099872 
' 
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• 
0 QJ ... ... ... 

• .. .. 
101 11-:JV'I tl1'U1"'G"l:U tJV'l11'1lfl1::'\.JTU 16.70715 103.078966 • 
102 L 1-:!V'ltl1'U1"1G"l:U tJ 17.21254 101.207042 

' 
103 11-:JV'ltl1'U1"'Le:J11lfl.I 17.3069986 101.9413494 

104 11-:iV'1t11'U1"'?11:: 1fl1 17.674037 102.752788 

105 11-:iV'lt11u1mlf'\.Je:J-:1i;'\.J 17.121205 101.858973 

106 17.694456 102.462008 

107 11-:JV'ltJ1'U1"1'\.J1tJ-:J 17.926241 102.212774 
" 

108 11-:JV'ltl1'U1"'-r\91'\.J111ll 18.183713 103.240907 

109 11-:JV'ltl1'U1"'G"l:U 17.847643 102.576651 
' 
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2 11.:iwv1u1n'1:W 157 0 149 152 191 199 176 141 218 251 248 249 

3 11.:iwmu1nt11nn1.:i 74 149 0 55 137 159 73 121 186 220 216 217 

4 h.:iwv1u1n'1111rur1V11 33 . . 152 55 0 177 177 112 146 211 244 241 241 

5 hwrn1u1nu1ueJ1.:i 207 191 137 177 0 22 94 48 61 94 91 82 

6 244 199 159 177 22 0 115 57 48 81 78 61 

7 142 176 73 112 94 115 0 141 154 187 184 154 . 
8 h.:iwv1mml1wei.:i 186 141 121 146 48 57 141 0 79 113 109 110 

9 262 218 186 211 61 48 154 79 0 34 31 32 

10 11.:iwv1u1mlieivueiv 296 251 220 244 94 81 187 113 34 0 64 68 

11 h.:iwmmnwn 292 248 216 241 91 78 184 109 31 64 0 21 
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1 'j.:iwa1u1i'1 
(flf 

t fal.l 1,000 4 
t <>l ., 1,200 4 • • 
t 1,000 4 

t 1,200 4 • 'U 

t 700 4 

t 700 4 

t 700 4 
'U 

t 630 4 

t 1eJ 2,000 8 

t 300 4 

t 2,000 8 

1 my 510 4 

570 4 

t 1,000 4 

t 1,500 8 
'U 

t 1,700 4 

l 510 4 

500 4 

t 522 4 
'U 

t 600 4 • 
l ':i'l'VW1tJ1i;t'V!'U8'1l1'1l8 510 4 

t 2,500 4 • 
t 510 4 

t L'U'Uii't:::m\91 700 4 
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(;ltJ'LltJ'Ll'tlv.:ith:b'Vlflb'VIEJ Clfiv) 

1 f11111m bn'U 
"' 

b 1\l'VW1'U1'1V!'UeJ\IV!1'U 1,800 8 

h\l'WCJ1'U1'11 '1ltn1'U 570 4 

b 1\l'W CJ1'U1ffl\1?1111V!lleJ 500 4 

h\l'WCJ1'U1'1bTiqj 1,500 8 

b 570 4 

b 1\l'WCJ1'U1'1V!'UeJ\lbb?l\I 500 4 

b 400 4 

b 1\l'WCJ1'U1'1b 800 4 

b 1\l'WCJ1'U1'1'\J1fl'1lll 700 4 

b 300 4 

b 200 4 
'U 

b 500 4 

b 1\l'WCJ1'U1'11\l?l:::'W\I 1,800 4 
' 

b 700 4 
'U 

11\l'Wm'U1i;ii1vt'11\I 500 4 
'U 

11\l'Wm'U1i;im"IJ11 500 4 

b 700 4 

b 1\l'WCJ1'U1'1 b 1,800 4 

b 1,140 8 

b 1 vt:W 500 4 

b 300 4 

b 1\l'WCJ1'U1'1b61lfl1 2,000 4 

b 700 4 
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" 
fl11:uih bfl\J 

"' 

11\1Ylc.nu1'1u\l 1 '1l\l'V!'1\I 400 4 

600 4 

11\1Ylc.nu1'1u\lfl'11 480 4 • 
11\l'rl CJ1'\J1'1 bbfWh 700 4 

1,000 4 

11\l'rlc.nu1'1n'U'Vl1i'1ltJ 520 4 

11\l'rltJ1'\J1'1b 1,500 4 

11\l'rlc.nu1'1u1-Ua 1,800 8 

11\l'rlCJ1'\J1'1'U1L<ilan 900 4 

1,500 4 
'IJ 

11\l'rlCJ1'\J1ff.!1ll'Li'Vl1J 1,500 4 • 
400 4 

'IJ 

500 4 • 
11\l'rlCJ1'\J1'1'U11J'U 300 4 

11\l'rltJ1'\J1'1n:wm 1'1tJ 2,000 8 

300 4 

11\IV'ltJ1'\J1'1b'1JTN 1,500 4 

2,500 8 

1 ... 1\l'rltJ1'\J1'1WWb:Wfl 700 4 

300 4 

- 11\l'rltJ1'\J1'11°11l.i1\I 1,000 4 , 
1 'Vl 500 4 

11\l'rl tJ1'\J1'1'V!'Utl\I 900 4 • 
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1 'l.:!'WU1'U1a 
fl11:Uffi 'Un1'llij'fl Ln'U 

., 

l 700 4 

l 300 4 

l 'i\l'V'ltn'U1G'lf161l.J1G'ltl 500 4 
'' 

l 'i\l'V'ltJ1'U1G'lf)(;l'l.J1f) 800 4 
' 

m"il1h 1,000 4 

l lfl'U 1,200 4 

l 700 4 
'U 

l 'i\l'V'ltn'U1G'li1fll.JJ1e:i'U 200 4 
'U 

l'i\ITitJ1'U1G'l11'U'ii111'1 1,900 4 

l 800 4 

L 1\1Yltn'U1i;iu1'Ul.11\I 1,000 4 

L 1\ITitn'U1i;immia1a1'U1ti 900 4 

L 'i\ITitJ1'U1G'lr;1m(;l11 500 4 

l 300 4 

l 1\l'l'W1'U1G'I 900 4 
' 

L 1\ITitn'U1G'I 500 4 

l 1\l'V'ltl1'U1G'I l TI'U'U1bbtl1 600 4 

l 375 4 
' 

l 1\l'l'W1'U1G'l'1l.l tJTI'i1"11'1l1\I 5,000 8 
' 

h\IYltJ1'U1G'ITI'i::eJT'111tl bb'U'U 5'U1f1 h 700 4 

l 1\l'l'W1'U1G'IG1l.J ru 3,500 8 
' ' 

l 'i\ITitJ1'U1G'l'11l.JitJ 480 4 

l 'i\ITitJ1'U1G'lf1(;lof\I 200 4 
' 
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fl1111m 'Um1"5'fl tnu 
"' 

120 4 

t ':i.:JVW1'U1'1 t 120 4 

t ':i.:J'Wtn'U1'1Vi'IJ'1 n,; 600 4 
'IJ 

t 1,100 8 
' 

t 1,200 8 

t ':i.:J'Wtn'IJ1'161!1'1.:J 500 4 
'IJ 

t ':i.:J'W tn'IJ1'1'll:W bb 'W 4,500 8 
' 

t 1,000 4 
' 

t ':i.:J'W tn'IJ1'1'1:W 1,200 4 
' 

t ':i.:J'Wtn'IJ1mm11'ru 700 4 

t ':i.:J'Wtn'IJ1'1'1':i::: 1fl':i 180 4 

t 150 4 

t 1,000 4 

t ':i.:J'Wtn'U1'1'U1CJ.:J 600 4 
'IJ 

t 120 4 

t 1.:J'WCJ1u1'1'1:w 4,500 8 
' 
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