
It> u.lA.It-tU 


JlltlJllA.ll"rtJtU.UNU"6
 ". ... ? 

zssz rltt~tt!il1mlrt~t[1nl'ttu. 

ZSSZ-31-~ZOl l!R.lt1Jl~ttLUl'tYl 

~ttJlAL YA.ltl 

tUrtll}tQ~"l rtU p ... ~ 

Ytll!1ltllA.l ? ... lm~Jl 

~A.~'lllt' U.ttL rt ~
. 
It 

YA.l~u.D~mh Milt"' ~ 

U,ttQltY'BU,Ml1Bltt"nt"l.D ~ p? a'" 0
. . . 

Jlu,u.ntlUl'lu,tUl~Yh::~n~mllAlll'BQlllttLUttHlIHltlU ? ? n ~ 0 

9/t ftQ' a 

h!u[) IB~!pa", al!qo", .IoJ walSAS ~u!l.loddns a~!A.las IB~!pa",) 

lA.tt9ltY1Jlu,u.nJlltt"t'QR.BlA.u.ntLUt'lIUlUtrUlUttM..untt.unn::t :=" ~1 ., -,.. 



I 
!. 

m~LrJLttLM.tUm,UN~L.Mt!> " 
", '" ? 

ZSSZ-:U-{)ZOI ~n.Qm~t~,LUI:'!"Yl
. 

~I:'UHt~ 

!"Ultlt!>NmM.' I=' I;> 

~l:'t~Qtln" 
i' 

"" 
~n,~'jtrl!'" 

.
J=> 

" .. " yn,1QU~~ron, 

9/ j7 JtQ'j 
I 

i 
I 
I· 

~n,l!,.t 

Ib 

ttlJ' 
"" 

UtJ~.I1 

MJUtt 

.. ftHl!.M.' J=> 

!. 
I 

http:m~LrJLttLM.tUm,UN~L.Mt


'Vl ~tl{Jll~:;-:Jl'W';l'"ltJ'Vllnm"JJtl-:J ....... ... .. ..... .... .. ........... ... ....... ..... .... ... ........... .. .. ............. 1 


ov ov "" 1
1.1 ~:;UU~'Wu~~'Wn1~rMl~'W '"l (Decision Support System) ..... .... ... ...... ......... ... 2 


CV cv cv"::::"1
1.1.1 n1~'"lI?ln1mUn1~IM1~'W '"l ..... ... ............ ........ ... ... ......... ...... ... .. ... ....... 2 


1.1.2 ~:;lPlU n1~19l1?l~'W1'"l1 'Wtl-:J1"1m ........... ..... ......... ......... .......... ..... ......... .... 3 


1.1.3 l.h:::I.Jl'Vl"JJtl-:Jn1~l9ll?l~'Wl"1 .. ...... .. .. .. ... ... ........... ........ ... ... .... .... ............. 5 

, 1IV Q/ G

1.1.4 ~:;UU~'Wu~~'Wn1~l91l?l~'W "I ........... .... ..... .......... ........ ............. ..... ...... 6 


1.2 b:wll?l~~:;U1J.fltl::il~tlmf~1-n'Wu"lr.pr'W ..... .... ................... ................ ........ ......... 9 

I 


1.2.1 ~:;'LIu~-:Jl9l~-:J ...... .......... .. ...... ... .......... ....... ................ .. ....... .... .. .......... 9 


1.2.2 ~:;')jun~Af'W ... ................ .. .. .. ... .......... ...... ............. ....... .. ... .. .......... 10 


1.2.3 ~:;uu5u .. ...... .. .. .... .... .. ........ .............. .. ........ ...... .... ..... .... ... .. .......... 11 


1.3 U~Vlll~'W'Vll-:Jn1n~'W~(1 (Vehicle routing problem) .................... ........ ...... 12 


1.3.1 uqjVlln1~{l?ll~'W'Vll-:Jnln~'W~(11 L~'W'Vl1-:J (Traveling Salesman 


Problem, TSP) ........ .. ................................. ................................... ........... .. 13 


1.3.2 Ub1JVlln1~{l?ll~'W'Vll-:Jn1n~'W~mluuVl~1m~'W'Vl1-:J (Multiple Traveling 


Salesman Problem, m-TSP) ................. ... .... .. .. .... .. ............ .. ..................... 16 


1.3.3 Ub1JVlln1~{l?ll~'W'Vll-:Jn1~l~'W~mlUU Vehicle Routing Problem 


(VRP) ... ... . ......................................... .. ..... .... ............. ... ... ...... ................. 16 


1..3.4 ';'Jfi1~n1~Vl1~1I?ltlU~1V1fuub1JVl1m~4'l?ll~'W'Vl1-:Jn1n~'W~(1 .............. 18 

. ,

.:::::.cvaJ,.;:;j 'V 

1.4 eJ~-:J1'W';l"ltJ1'llnm"JJtl-:J .. ... ....... .. .. .......... .... .. ..... .. .... ... .... .... ... .... ..... ..... .......... 32


• I 


2 VI~nm~ll~:::ll'W';l~W ... ..... ... .. ... ....... ................. ... ............. ..... ........... .... . , ....... .......... 40 


v 11 " 6} '1.1 ~ 'V .:::::. I If" ~ .:::::I 

2.1 n1~m"JJtl:w~ bU~tl-:J"JJtlm~tltln bVlum1~VI'W';lml'VfVlmfl~tl'W'Vl ... .. ..... .. ........ .... 46 

'll .:::::.
,11~ ICV I IV 

2.1.1 m:i' bVlUm1:i'lLUUI?lj;lIWeln'W:W1nnTl 1 ';l'W .. .. .. ................. ... .............. 46 


2.1.2 m~1~u1m~Jl1tJl'W 1 tJ'W ........ .. ................ .. .................. .. ............... 47 


.. 

• 
" VI'Wl 

, , 
~ ':::::'cval.c:J 'V 

, , , 


2.2 n1 ~fu-iftl:w ~u ~:;:w1 run1~~ 1'W':l'WUfl~1m''Vl1-:J n1),LLYl'VltJ"JJtl-:J ll!?l~:::~'W~ ~tl-:J"JJtl 
'll • 

tltlnwl':ltJ ....... ........ ........ ........... ......... .......... ..... ........ .. ........ .. .... ... ........ .... ... .... ..... .. 47 


• 2.3 

f11J Q .:::::. I CV I Q/

2.3.1 n1)'bVlu)'m~lLUUl?ll?ll?ltln'W:w1nn':l11 ';l'W .. ...... ................................ 47 


• 




''1''''''' 1"'2,3,2 mJ'bVlUJ'n')Ul1t1 'W 1 'J'W"""."" .... ....... , ........ "."""""" ... "." .. ,,,,, .. 47 

'i 

.. 

• 

\ 

• 


.. 

= 

2.4 mJ'~l'W'J ru~J'El-.:J l:W L~~1'WmJ'~~~'W1"'l~J'El-.:JJ'~UU'Ci1!u'Ci'W'WmJ'~~~'W1"'l ." ....... 48
, 

2.4,1 n 1t9'~ L~'W'VI1-.:J n1J''fl'El nVl'W'J tJ ~1V1 fu n1 J'1 ,xu1'n1 J'LLUU~ ~ f91'El rl'W 

, ... 

:J.-l1nm1 1 ~'W (Round Trip) .......... "." ....... " .. " .. " ... ..........................""."".48 

2,4,2 n 1 ~ L~'El n lJ'-.:JVitl1U1 ~ 'Ci1!1J'Ci'W'W1J fI ~1 n J''VI1-.:J n1J'LLVi 'VI ~~1V1 fu n 1 J', , 

1,xu1'muntl1'W 1 tJ'W (One-Day Trip) ........................ " .... " ... " .... "." .... ".,,' 48 

2.4.3 n1n~'El n~fin1 J'~ll~tI-.:JU, f1~1 n nb~ ~l'J"ll.nru-n~lV1fun 1J'1,xu1'n 1 J' 

Jl1t11'W 1 tJU (One-Day Trip) ....... " ....... "" ... " .. """ ............. "" ... "." ............ 49 

2,5 mJ'btl i?1fU'Cid!f1J'1JfI~lnJ'm'Ci1'Cid!f1J'~lV1fumJ'1JlJu'1l-.:J1'WllUU!?l'Ellti'El-.:J .. ,"'" 49 
, , 

2,.1 	 I tr o:::!:I =::I 

2.6 mJ''6'iJ'l-.:J LLe.J'WmJ''El'flnVl'W'JtJ llVi'VIti bfl~'El'W'VI ... , .. " .................. , ... , .. , ....... " ....... 49 


3 ntJ~~l'EltJi?1J'~UU" ,: .. , , .. , ................. " ...... , ..... ' .. ,...................... ,.. ".,' .. , ....... ,., ........ ,.,51
"" 

3, 1 blUU~l ~'El~1 'Wn1 J'~i?1~'W1"'l n 1 J''J 1-.:J lle.J'W n1J'~ ll~tJ-.:J ~ 1V1 fu n 1J''El'El nVl'W'J tI 

, "" 
" 

llU'LI!9l'Ell'W'El-.:J " .... " .... , .................................... , ..... , ................... ,., .... , ............ ' ......... ,. 52 


3.1.1 n l't ~ 1 il 'J ru l~ 'El 'J 1-.:J II e.J 'W 9'~ l ~ 'W 'VI1-.:J n 1 J''fl 'El n VI 'W 'J tJ (Preliminary 

Routing) "::,'" ........... " ................ " ...... ,, ......................... " .. .. ,... """ .. "",, .... 52 

'. I"' J 0 d~ " "''' 633 1 2 mJ'uJ'1J1 J'-.:Jfl1!?1'El'LI'VI bi?1"'llnmJ'IOj~L'Ci'W'VI1-.:J ........ " .... """"""" .. ",, ...
.. . , 

3.2 llUU~1~'El-.:J~1J'~~~'W1"'l~1V1fumJ''El'ElnVl'll'Jmbuuhj!?l'Ellti'El-.:J "'" "" ........ """ 66 


3.2.1 mJ'~l'W'JruL~'ElL~'Eln'lJ'-.:JVitJ1U1~'Ci1!U'Ci'W'WUfI~lnnL~:::L'J"ll.nru-n..... 66, , 
, 

o .dI.c:!I oQ"Q f"I o.<:::::t 

3.3 mJ'f11'W'JruLY-l'ElL~'flmfimJ'b'WmJ'~ll~tI-.:J .. " ................. " ... """".""." ...... ,,.77 


3.3.1 mi~-.:J!?1J'-.:J .................... "" ........ "" ....... " .... " ........ """" ........ " ......... 78 


3.3.2 "'li?11!i?1Y-lU .......... " ................ """ ..... , .............. """,,.,,"""",, .......... " 80
, 

3.3.3 mJ''J'WfUllVi'VI~ .. "" ................. " ........ ". " ...... " ........ " ..... " ............... 82 


o "" 3.4 m~U'J'Wm~'J1-.:Jlle.J'WmJ'~ll~tJ-.:J ... " ..... ... .................... "" .................... """ ... 86 


4 mJ''fl'flnLLUUJ':::UU'Ci1J''Ci'Wl'VIPi ........ " .................... '................................... " ............... 88 


4. 1 n 1 J' 1.l1 b-if l-if 'El :w ~ n 1 J' ~ 'El-.:J "lJ 'El 'fl 'El n U l'n 1 :i'Vi 'W 'J tJ IIY-l 'VI ~l fI ~ 'El 'W ~~-.:J 1 'W n 1 J' 'J 1 -.:J 
,., qJ 

"I' 	 I I 
o~ . Q/ tr I.:::!:I ~II.dI 

lle.J'WmJ'~ll~tJ-.:J1JfI~ lmll~:::b'J"llJlru"VlllUU!?1'Ell'W'El-.:Jbb~::: b:W!?1'fll'W'fl-.:J .... ,,"" " .............. " 90 

, , 

o i.I i.I i.I 	 -=>. I tr ~ ..::::j 

4.1.1 	 n 1 ~ 'W rll "lJ 1 "lJ 'Ellqj ~ n 1 :i' J' 'El-.:J "lJ 'El n 1 J' 'El 'El n U J' n 1 J'VI 'W 'J tJ IIVi 'VI til fI ~ 'El 'W'VI 
, 

llUUf91'Elll1'El~ ................................ "." ... " .............. " . ............. " ..................... 90 


4.1.2 mi1.l1 b-ifl-if'El:W~ nlJ'~'El-.:J"lJ'flmJ''El'fl nu1'mJ'VI'W'JmbVi'VI~bfl~'El'W~ LLU1J1:!J.. 
!?l'Ellti'fl-.:J ..... :............ .. .. ... ". ". " ..... " ...... " ..................... " ............................... 92 




o .::;"I " Q/ Cf"" I d 1 I I d .. 	 ~'Il~t1'11JfI'cnnnL~:::'/''d''llJlru"VlllUU(?l'fll'W'fl'lll~::: J-J(?l'fll'W'fl'l .. ... .. ...... . .. .. ...... .. ............... 94 

, , 

,~ <V 2/ 	 ..:::" I ~ drI .:::::j 

4. 2.1 n'llll~ ~'1 t:.J ~ n'lJ''''l ~ l~'W'Vl'l'l n"1J''fl'fl nUJ'n 'I J'VI'W'dtill 'V'l'Vltllfl~'fl'W'Vl 

I d ~ 
LlUU(?l'flL'W'fl'l ..... ... .. .. .. .. .............. ...... .... .. .... .......... .. .... ....... .. ... .. ... .. .... .... .. . ... 94
, 

" 	 ,
~ .0 tr.:::9.::1 ~II~ 

Um'lJ'VI'W'dIlJLL'V'l'Vlmrl~'fl'W'VlLLUU bl-J(?l'flL'W'fl'l .. .. .......... .. .. ...................... .. ........ 95 


4. 3 nln~'fln';)finI J'~'I L~t1'1Url~'I nnL~:::L 'd"ll.nru"Vl1'Wni J''d'l'l LLt:.J'WnlJ''fl'fl nm,l'dti LLUU. 
hll?i'flLti'fl'l ......... ....... .. ..... .. ............... .... ...... ................ ... ...... .............. .... .. .. ... ...... ..... 97 


iJ 10 <V 	 0.:;1

4.4 n 'I J' ~ J' 'I 'I Ll t:.J 'W n 'I J' 'fl 'fl n VI 'W '.l tI ~ 'I VI J' U n 'I J' 'J 'I 'I LL t:.J 'W n ') J' ~ ') L ~ tI 'I U rl ~ ') n J' lL ~ :::. . 
, , 

Q/ tr .£:9 ~I I ~ 

L'.l"llJlru"VlLLUU(?l'flL'W'fl'lll~::: bl-J(?l'flL'W'fl'l ........ .. .. ........ .... .............. ......... ... .. .......... .. .. .. ... 98 

" .. loQ Q.oClo. I tr.:::9..c::::J I d 

, 
4.4.1 	 Lbe.J'Wu!JU(?lnlJ''fl'flnVl'W'Jmb'V'l'Vlmfl~'fl'W'VlLLUU(?l'flb'W'fl'l .. ... ........... ..... .. 98 

" ,
'" 1.<:::1. ~ I cr drI ~ ~ I I drI

4.4.2 LLe.J~U!JU(?lnlJ''fl'flnVl'W'Jmb'V'l'Vlmfl~'fl'W'VlLbUU bJ-J(?l'flb'W'fl'l ....... .. .. .. .... 105 


5 ~~tlt:.J~'1')'W';)~t1 ......'; ......... .. .. .... .. ............... .. .. .. ................ .. . .... .. ........ ..... .. .............. 109 


5.1 .jf'fl~')n~"lJ'fl~J':::UU .... .... .. ............... .. .. ... .... ...... ...... ......... .. .... ................... .. 110 


'j 
I 

4 

• 




• 

• >-
VI'Wl 

fW1~,/'l~ 1 ~'/tJ~~L~tJ~'lJ~'l~'lr11h~n~1J'lJ~'lUC1JVI,/n'I~9~V~''W'Yl,/'l n'ln~'Wn1.. .. ............... ...... 13 


.. 


" 

.1 

• 



• 

... 

• 

.. 


" Vlhll 
, , 

nl~ iJ.Qj IV ; 

J'u'Vl 1 Vlhll'Vl'Vll·:JnlJ'9(?)nlJ' , , ...................... . .. ..... ,. ............. ... ..... .. ....... ... .. .... ... .. .. .. .. .... ............ 2 

~ 

~LJ~ 2 U'VlUl'Vl'Vll~nlJ'~(?)~~L9 .. ....... . .. ....... ... .. .... .......... ... ....... .... ..... ................. ...... ...... ........ 3 


~LJ~ 3 J'::;~U"ll!fl~nlJ'~(?)~hlL~JlltJLhl!fl~~m ... . .... ..... ..... ...... .. ....... ... . ... . ,. ....... . .. ..... . ... ...... ........ 4 


LJd '" '" .,. L,n = = "" i~ 	 'Vl 4 J'::;(?IU"ll!fl~nlJ'f?l(?)~hl hln9mJ'J-J~!fl"'l~(;]n ................................... .... .......................... 5 


.Id 5' . I '", <V = ~ ~ doJ'u'Vl ~')hluJ'::;n!flU"ll!fl~J'::;UU~hlU~hlhlnlJ'(;](?)~hl ~9 ~hlnlJ'"1Ihl·Ci~ ............ ................................. 8 

~ ., 

, 	 ,. 
n I~ Q,/ 	 ...:::.. j,I 

~u'Vl 6 ~n~ru::;nlJ'nJ'::;91tJ~hlflllbUU direct shipping ..... .. .... .................. ........................... 10 


loJ IV 	 j,IQ , 

~1J'Vl 7 ~n~ru::;nlJ'm::;91tJ~hlfllllUU Milk run ......... ,.,. ....................................................... 11 
, 

JQ OJ' 	 Q 'V 

~1 	 'Vl 8 ~n~ru::;nlmJ'::;91tJ~hlfllblUtl Hub and spoke ........ ..................... ........................... 12 


J'LJ~ 9 ~n~ru::;tflJ'~~ltJnlJ'<nhl~~"ll!fl~nlJ'L~u1n1J'!fl!flnVl'w')ml~'VltJlfl~!flhl~lluuhJl?i!fllti!fl~ .. 42 
~ 

, 
LJ"" 0 "" 	 '" .. ~ ~ 'Vl 10 nlJ'~lb~tJ~1.Jfl~lmlb~::;b')"llJlru"YlblUU ~(;]J'~ .. ............ ,. ................................... .. ...... 44 

,
1.J"':::'! Qj 	 IV tJ rv0 

~ 'Vl 11 nlJ'~~lb~tJ~1.Jflmnm~::;l')"llJlru"YlLLUU~(?)hl(?)~U ............ .. .. .. .. .. ................................. 44 
,

tJ...:::.I c.I 	 cv tJ cv 4J""0 

~ 	 'Vl 12 nlJ'~IL~m1.Jfl~lnJ'l.l~::;b')"llJlru"YlllUU')hlJ'UllWVltJ .... ........ .......... ............ .. ........ .. ..... 45 

, 	 , ..tJ q 	 1 q. '4-" cv Q cv ~ 

~ 	 'Vl 13 Jll~J'')J-J"ll!fl~J'::;UU~~U'i;'l'4hlnlJ'f?l(?)~hl 9'Vl'V'jW-lhll"llhl ...... .... .. .. ................................... 46 


.......................................... ; ...................... ............................................. ....... ...... ................ 54 

LJd " '1 ~ d"" J 1.1 ~0~ 	 'Vl 15 nlJ'hll~(?) j L"1I1J-Jl!fl~ hlb hl'Vll~ 'VlJ-J~(?) i l1 hl~(?) ~ltJ"ll!fl~l hl'Vll~ .... .... .. .. . ... ........... 54 

d.I 6 0 '~ "'..?t" 	 61J'u'Vl 1 m::;U,)hlnlJ'Vll fll(;]!flU ~hlnlJ''''l (?I l'b'lhl'Vll~ nlJ'!fl!flnVlhl')tJ ......... .. .. .... ............. .......... .. .. . 

~ . 

LJ"" 
, I' 

. 1 '" "0 ~ ~ 'Vl 17 m::;U,)hlnlJ'Vllfll(;]!flU hlnlJ'9(?1l hl'Vll~nlJ'!fl!flnVlhl')tJ ((;]!fl) .............................. .... ... 62 
, , 

I"" <V ~ . c!I t i" '" ~U'Vl 18 nlJ'(;] (?) b hlb"ll!flJ-J (?ItJ "llVl~ n nlJ' 2-0pt... ................ .. .. ......... .. ........ .. .. .. .... ... .. .......... ... 63 

LJd '" .:, " L LJ'" LJ t 1" <V~ 'Vl 19 nlJ'~~U'VlPl'Vll~l~hl'Vll~ hlnlJ' J'U l.:J (?)tJ "llVl~n 2 opt.. .. .... .......... .. ................. ... ... 65 


J'LJ~ 20 .rrhl(;]!flhlLhlnlJ'~lhl,) ru"ll!fl~J't1lluunlJ'"llhl~~t(?)tJf?lJ'~ .................................................. 79 

~ 	 ~ 

, .. 
LJ"" '" 1 0 1.1 • t <V~ 	 'Vl 21 "llhl(;]!flhl hlnlJ'flTw')ru"1l!fl~! llUUn1J'"1lhl~~ (?ItJ~(?)hl"''V'l1J ..............................._.......... 81 


, .. 
• I"" <V 1 0 • I do .... ..

J'u'Vl 22 "llhl(;]!flhl hlnlJ'fllhl')ru"1l!fl~J'uLLUUn1J'"llhl'Ci~llUU'.lhlJ'Ull'V'l'VltJ ....... .. ................... ,. ....... 83 

~ 	 ~ 

, .. 
• I"" 0<V

J'u'Vl 23 "llhlf?l!flhlnlJ''Vll~lhl"ll'El~ Dijkra's Algorithm ....................... ,. ,. .. ,. ................................ 83 

~ , 

l'.l"ll.nru"Vi" ........... ................. ..... .... ... .. ............. .... .. ...... ..................................................... .... . 86 

'" 

Jd '" 11 ' <V .,<V 	 .. <V .,.

J'1 	 'Vl 25 ~n~ru::;llI:.Jhlr.J~(;]hl ~"ll!fl~J'::;UU~hlU~hlhln1J'(;](?I~hl ~"'l ................ .. .. .... .... ..... _............. 89 

" 	 " 



• 

• 

• 

~iJ~ 26 bb~'Wer'! flfl'l~ brl'il,!~'W"lJtl'! n1Jb~'ill-JI?1'il-ll'ill-Jfl~~ I ~rul'Wnl~AI'W'".l ru"lJ'il'!~::;UU~,ru~t.I'W
~ ~ ~ q 

m:i'!?l(?l~'Wl'l m:i''".lI'! bb~'W~1 b~tJ'!1Jflfll nmflYH'".l"J!.nru-vl'Vll'!n1~bb~'VlI'1 ... . ... ....... .... .... ... ...... ..... 90 

nJ~ 27 '\..I!'WI9'il n 1 ~Yi1 '11 'W~I~'! ~::;UU~,rU~'W'W n l:i'!?l (?l~ 'W191'Wm~~'!-ll'ill-Jfl-Wl b-lll~tl,!"lJ'il n 1 ~'il'il n 
~ q ~ 

In.i'ltJ ... ...... ...... .. ............. .. ................. .... ...... ... ............ .. ... ...... .... ...... .. ....... .............. ............ 91 

nJ~ 28 VlUI9'iln1~Yil'!I'W"lJ'il'!~::;uu~,rU~'W'Wn1~!?l(?l~'W191'Wm~~'!-ll'ill-Jfl-Wl b.jh~'il,!"lJ'il m~'il'iln 
~ q ~ 

I I ..::::!:I11 
VI'W'ltJbbUU ml'ilb'W'il'! ..... ..... : .. ........ ... ... .................. .... ........................ .. .... ... ......... .. ...... .... .... 93 

~ 
nJ~ 29 VlU19tl nl~~1'!1'W"ntl'!~::;uU~,rU~'W'Wnl:i'!?lVl~'W191'Wn1Jbb~ Vl'! ~fl m~~I'W'".l run1~~(?l., . 

, 
~ 0 Q...' I l..:::::!:j

b 'WVll'!~IV1~Un1~'il'ilnVl'W'".lmbUU(;l'ilL'W'il'! ..... .... ... ............. . .... ........ ............... ...... ... .............. 94 

nJ~ 30 VlUI9'iln1Jbb~Vl'!~fl·~'l~~I'W'".lru"lJ'il'!~:::UU~,rU~'W'Wnl~!?lVl~'Wl"l1'Wn1:i'~1'W'l rub~'il b~'il n 
'U ~ " 

t ~ ~ 
~'!~tJ1Ulfl~'WU~~'W1Jflfll n:i''Vn'!n1Jbb~'VltJ ............ . ........ .. ....... ... ..... ... ...... ... ...... .. ............... 96 

:i'tl~ 31 VlUI9'il n1 :i'Yil'!I'W~I'il'!:i':::UU~,rU~'W'Wn1~!?l(?l~'W191'Wb~'iln~fin1:i'~1 b~tJ'lUflfll nmfl::: 
<u • q q 

Q,.I cr f 

l':l"J!Jlru"Vl .. .. ...... .. ....... ..... ............ ..... .............. ... ..... .. ........ .. ................................. ............ ..... 97 

tU~ 32 VlUl"l'iln1:i'Yil'!I'W"lJ'a'!lle.J'WulJ~nl~'il'ilnVll.i':ltJbb~Vll'1bfl~'il'W~bbUUI?1'ilbti'il'! (Tab i'".lltl) 

...... ......... ..... ..... ..... ..... .... .... .... .. .. ...... .............. ....... .. ... .... ... ....... .. ................................. .... ... 99 

ttl~ 33 VlUI9'il n1 ~Yil'!I'W"lJ-e),! LLe.J'WulJu'1in1:i''e:l'ilnVll.i'ltJbb~'Vll'1lfl~'il'W~ LLU'J I?1tllti'e:l'! (Tab ntJ~'il 

bb~'VlI'1) ............. .............. ... .... ....... .... ... .. ........ ...... ...... ...... ...... .... . ... ... ...... ...... .... .... ..... ...... .. 100 

ttl~ 34 VlU19'il n1~Yil'!l'W"lJ'il'! LLe.J'WtllJU'1i n1~'il'il nVll.i':ltJbL~'VlI'1Lfl~'il'W~ LLUUI?1'illti'e:l.:j (Tab :i'ltJ~'il 

1Jflfl1n:r) ........... .. ......... ...... : ............................ ... .... ...... .. . .... ... ........................ ... ... .. ......... .. 101 

tU~ 35 Vlil19'a nl~Yil'!I~~J'il'! LLe.J'WtllJtf~ nl~'il'il nVll.i':ltJbL~'Vll'1lfl~'il'W~ llUU 1?1'a L ti'il'l (Tab 
, 

bb~'Wn1Jb~'W'Vll'l) .. .............................................................................. .. ............................. 101 

ttl~ 36 VlU19'il nl~Yil.:j~'W"lJ'a~LLt.J'WtllJtf~n1 ~'il'il nVll.i':ltJLl~'VlI'1Lfl~'il'W~ LLUU 1?1'il L ti'il.:j (Tab 

lle.J'Wn1~"lJ'W~'!) .....................! .. ...... . .. ... ... ........ ... . .. .. . . ... .... ... . . ......... . ...... .. .......................... .. . 102 

ttl~ 37 VlU19'il n1~Yil.:jlil"lJ'il.:j nl ~tllJ~nl:i''il'e:lnVll.i':lml~'VlI'1Lfl~'il'W~ Lluul:l-i 1?1'il Lti'e:l'l (Tab 

i':ll,J) .......................... ...... ; .... ...... ... ...... ........ .. ........... . ... . ... ...... .. ....... .... ............. ............ .. 105 

It!~ 38 VlUI9'il n1~~I'lI'W"lJ'il'l nl:i"JlJ1~n1~'il'e:lnVll.i'lmb~'Vll'1lfl~'il'W~llUul:l-i l?1'illti'il.:j (Tab 
, 

~ltJ~tlll~'Vl~) ...... . ....................................................................... ... ..... ...... ... ............... ... ... 105 

tU~ 39 VlUI9'e:ln1~Yil'l1~"lJtl'ln1:i'ulJ~n1:i'tl'il nVll.i'".lmL~'Vll'1lfl~'il'W~ lLuul:l-i l?1'illti'il'l (Tab 

d 
ntJ"J!'e:l1J flfl1m) ... .. ............ .... .... ..... ......... .. ..... ..... ... ................. .... ... ...... . ... ... .. ........... ......... 106 

ltl~ 40 VlUI9'il nl~~I'lI'W"lJtl'l n1~tllJtf~nl:i'tltl nVll.i':ltJLL~'VlI'1Lfl~tl'W~ lluul:l-i I?1tllti'e:l'l (Tab 

LLe.J'Wn1~'W~'l) ...... . ........ .... . , ............. ......... ........................ . .. ... .... .. ....... .. ........ ......... .......... 106 

'j 
I 

http:m:i''".lI
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bl'V'l'Vl~brl~'B'W~ b~'el-n,)tI~,r1J~UumJ'vl1'llU"ll'el'l b91'V1-Wl~,)1'1 bbt:.J'Wb~!11~mj'~l b~tI'I1J ~~1 nnb~::;. . 
" " , 
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2 

1.1 'a~'IJ'IJ'GIir'IJ'GI'4'Un1'iil?l~'Ui.~ (Decision Support System) 


mJ'~~~'W19 dJ'Wf19 nn:W~1Jr1 r1'Cl Lwi~::;A'W~'e.l'lvl1 dJ'W,jJ'::;~I~~ll~:W'e.l L~mnl?ll1 rlJ~1 

q ~ 

~1'111'W~~ tn~1 ~'el.:J n WI J'L~'e.l n lL 'W':l 'VIl'1 nlJ'Llm"ll'VI1.:J l(?1'V11.:J ~~'Il~'ellln1"ll11 C1J~11,x~ ~':l'lll'Cl::; 

,jJ'::;~1Jr1':lI:W~1l~9tnl:W9~JJ'::;~.:Jrl~1'e.llih~:Wlt1~rh~'W(?IH Tom Peters and Robert H. 
q 

()n~'el'l'VInr1f'l" n1J'~~~'Wl"l~~9.:J~'el'l'e.l1~tI~h'W,jJ'::;n'e.l1J~'Cl11'J'el~.h.:J l-n'W r1':lI:W~ ,jJ'::;~1Jmnu
qJ q ' j '\I 

\ 

.jJ'el:W~ll'J~~'e.l:W LL~::; ~ ~tI~f1.J"ll'el.:J ~~~~'W19 n1J'~(?I~'W19"ll'e.l'l ~1J1~IJ'n r-J'Cl ~'e.l,jJ'::;~'VIfiIlI'\Al nl J' 
'lJ 'lJ 'lJ 

• 91n119{tlIl1t11'WLL~::;Il1t1'W'e.ln 

l~'e.ln n 1 J'-W r llr11'e.l.:J ~'e.l:W~ ':lltn 'el f:Wl1-n 'W.:Jl 'W'VI1'l nJ'n9 r1 'el:W~ ':l Ltn 'elf9::; () n In 1J J'':l1J J'':l:W 
q 'lJ 

,jJ'::;:W':l'Cl I:-l'tl lL'tl::;,jnUi'l1'W,jJ'::;~It)'W (Routine job) ~'I9::;n~':l'WL~m.jJ'e.l'l1'Wn1J'1J1V11J''II'WLl~::; 

~tru~'W'W n1J'~(?I ~'W19i!'e.ltl~1 n L~'e.ll 'VI r1 t 'Wt~Ur1'e.l:W~':l Ll?1'e.l fLL~::;~ 1 J'~ 'Wl 'VI f11~~1J n 1 J'~~'W1 
q 

mJ'~ll tJ'WnlJ'''ll'e.l.:J ~1J1V11 ~1,xn,jJ'::;~'VIfiIlI'Yl d::;1J1J ~'I n~1'J ~(~tI n'e.l8 1'l LL ~ iVl~It1 ~1 J'::;1J1J
'lJ 'lJ 

~tru~'W'WnlJ'~(?I~'W19(Deci~ion Support System) Vl1'e.l~tJtI:Wb1t1n~1 DSS ~.:JJ'::;1J1J~'In~I'J
q 

~.:J r-J~ nJ'::;'VI1J'e.l81'll-J1 n ~'e.lJ'1lLb1J1Jn1J'1J1V11Nl'W mJ'LLnll CUVll LL~::;n1J'~lltJ'W'Il'W'VI1'lnJ'n91'W 
qJ ' j . IV q 

\ 

1.1.1 n1j'.ffP}n'J7n1Jn17v1fP}~'lJ1~ 

Henri Fayol 1~n~I'JH~IV1ih~VI~nl'WmJ'1J1V11J'{~n1d (management 

functions) ,Jd::;n'e.l1J1,j~'JtI n1J''Jl.:JbLI:-l'W (Planning) nlJ'{(?ImJ''e.l.:JrlnJ' (organizing) 

n1J',jJ'::;~I'W'Il'W (Coordinating) nlJ'~(?I~'W19 (Deciding) 

(Controlling) (ru{)~~'Wfi L"ll9J'tr'W'VI"J, 2542) 

Planninq 
Controllinq I 

Orqanizinq 

CoordinatinqDecidinq 

'i 
\ 
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Mintzberg ' l~n'i'il'J~'lU'VlUl'Vl'Vll'ln1~r.r(?lnl~ (management roles) ~, dJ'W 

niOl nn:wt1l1'l1 ~ ~r.r®n1~~:WfOl'J~iOl:;m':;Yil"ll cu:;ulJu'1l~~1~[11t11 'W'tl'l rlm' l(?ltl~niOl nn:w 

l~'i'ile~l:Wl~bl Qnr.r~'tl'tl n L'lJ'W 3 n~:w ~'tl U'VlUl'Vl~:;~~l'11J fOl fOl~ (I nterpersonal roles) 

• 

U'VlUl'Vl'Vll'l~l~~'Wl'Vl PI (Information roles) lL~:;U'VlUl'Vl'Vl1'l n1:i'I?T(?l~'WliOl (Decisional 

roles) 

" fOl'Jl:W~'l~iOl~1'tlu~::;~u fOl'Jll-J~l-J L~~'J1'Wnl~(?)llu'Wn 1~t1l1'11,:ru~1 iJ ~'J'W~'W'tl~ flU n1 ~ 

1?T~~'WliOll'Wn1n~'tln'i:'tlnl~'VI1'tlnlmntlru'VI1"1l'tl'leJu1~1~dJ'W~1ArueJu1'V11~~~1:W1Hl 
~ ~ ~~ 

tJ , " I 

:i'::;~u-n'W"1l'el'l ~U1'V11~(Management level) ~1:Wl~mll.l'l'el'tl mu'W~, ~ui'W;'1iJ 

~m~CU::;LU'WlU~l:w~~~tll-J1J~lil(?l (Pyramid hierarchy) (?l1l-J~~nn1~u1~1~~Hffl'W'tl~ 
-i'JlU~'l~l:Wl~blU~~:tI n!?lflUn1~~'lL'Wn~:;~u"1l'tl'l n1~1?T~~'W1iOl"1l'el'l eJu1~1~Jl1t11'W'tl'l rln~ 

' ,q ~ 

I " 

(Levels of decisionl making) LU'W 3 ~:;~U~'li1 (ru!J~~'Wfi L"1liOl~,:r'W'Vl,r, 2542) . 
- nl~I?T~~i.JliOl~:;~un~tI'Vlfi (Strategic Decision Making) LU'Wn1~I?T~~'WliOl 

q 

" Ln (?l~'W ~'Wl~llrin1~~¥I'l~~tliPl,r'tl'l rln~ n1~nl'V1'W(?l'W'i:tlU1ml~:;dh~l-J1t1 

Q.I I I 'V 

n~tI'Vlfii1~niOl:;lnm~'el'l flU fOl'Jll-JhllLti'W'tl'W"1l'tl'l~ m'Wn1~ruV1iOl :;In(?l~'W ;'1 
q 

' "" 
i 
I 

I 
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'i 
\ 

- m~~I?l~:'W19~~r;lUtJ'Vln~fi (Tactical decision making) dJ'WVI~l~"lJil'l 

~U~Vll~~~r;lUn~l'lll?ltJ~ m~~I?l~'W191'W~~r;lU~~nr.l ~L~m.jJil'l num~~I?lnl:i' 

L~il1iX'l 1'W1'11'1 1 LU'W11J!?ll ~'WltJUl t1"lJil'l ~U~Vll ~~::; r;lU~'l Lori'W nl ~rh'l-l'W1?l 

tJ'Vln~fi'Vl-l'lmJ'!?lml?l nl~~I?l~'W191'WLLe-J'Wnln~'WJ'::;t1::;n~1'l Vl1il mndl1."lJ 

U '1!Vll~l ~'1!~ Lnl?l~'Wll?ltJhn~~lI?lVlrr'l LU'W~'W 

- mJ'~I?l~'W19~::;r;lU'tJ~'ill1mJ' (operation decision making) ,x1'1-1~1'l1'W 

~~~U~~;rn9~L~m.jJil'lnUnlJ'~I?l~'W191'WJ'~~u~ ~'l~n9~Lu'Wnl:i'~I?l~'W19~ 

L~t11.jJil'l',nUnl~U~U~'l1'WL'U~1~~1'W~~n9~Lu'W'l1'WU~~~1~ij-B''W!?lil'W~11 

LL~~1~fil nlJ'nlV1'W1?lHLU'W~l !?l~~1'W ll?ltJ~,x1V1~1'l1'W9 ~~t.I1t.11~ ~1U ~~1 iX 
\ d.9 q 

f , 

'l1'W~1 L~'Wl1J !?l1~ LLe-J'W'l1'WYl11'lH Lori'W mJ'~ilUVIl-lltJ'll'W1iX~'I!n'll'WLLI'1'C1 ~ 
IV 

f1'Wm~1<)'lLLe-J'WmUf1l-lm:i'e-J~!?l~~t1~-K'W m~11'lLLe-J'WLDnr.htlrr~1?l LL'C1~ m~ 
q • 

'i 

J'~~ 3 :i'~r;liJ"lJil'lmJ'~I?l~'W191l1t11'Wil'lr1m
'U 

m:i'~1?l~'W1'N1'Wn9 m:i'~ ~il~ ~ ~n'6f~l~lJ'mLU'lililmu'W 3 J':;r;liJnl:i'~I?l~'W19 

Lori'WL~mn'WniJJ':;~11nlJ'~V'I~'W191l1tJ1'Wil'lr1nJ' 91n'l1'W~~tJ"lJil'l Marcel Mourits,1995 

1~LLU'l nlJ'~I?l~'W191'Wm:i'ililmL1J1J Lf11'-il"lilt1 m:i'm::;91tJ~'W~hH 3 :i'~~iJlV'ltJLLU'lLU'W 

m:i'~I?l~'W19L~'ln'C1tJYlfi n1J'I'lV'l~'W19L~'ltJ'Vln~fi L\''C1~ m~~I?l~'W191'WJ'~r;lUU~iJ~mJ'll?ltl 

LLI'1~~~l r;lu-B''Wvh1,xLn I?lJ'U LLUUU ruVll"lJil'l~:;UU'C1il~~ ~n~'W ~lV1fuuruVll~ L~m.jJil'l
'U ~ ~ 

, ,' 
'i 
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'i, 
1.mL~~hJtl'l~l@1th~ "lJ'W~'nJ,)'WL'Vi11",i LL~~ ~1'WIDl@l1@1UI'l dJ'W~'W 1.'W~'J'W"]jll'ln1:i' 

.' ' 
~@I~'W1.1Dl:i':;~1JtJ'Vln~fi~I~IHltJ n~'d1lt11'l nJ LLDDU ru"'11~~'ln L'l1'W nl:i'~@I~'W1.1Dl L~ll n ~ 

q \ qj 6' 'lI 

~~mlrr(;l bI,~D n1:i'~(?1~'W1."'l L~ll n'Vnvl'W~~fin1:i'''lI'W~_:) n1:i'~~ l:i'rul L~ll n"ll'Wl@1"l1ll'l~'W~h 

",11lrr(;lbl~D1.'WLL!1\~~~1l(;lmn~'.:J dj'W~'W 1.'W~'J'W"lI1l_:) m:i'~@I~'W1."'l:i'~~Dn~tJ'Vlfi 1JlLLri m:i', , 
I jJ I i.r 

~@I~'W11Dl L~'el nVl ~_:) A~.:J LnD~'W~1'\~11lrr(;l bI ~D m:i'~@I~'W11Dl L~ll n~I'W'd'WVl ~_:) Pl'W£Jm:;"'lltJ , " 
~'W~1 m:i'~@I~'WllDl ~~1l n rh~_:) n1:i'I:-!~ (;l"ll'el_:) bN.:Jl'W",11lrh~'lnlnnD~_:)~~"lI'el.:JA~.:J~'W~1" , 

1--------------- 
1 • 

• 

~---~ 

• 
• 
•

.,.""'..•.=.... - - - - -
• 

• 

Location : 

capacity of plants and : 
warehouses 

1 

----------- --- ---- ,
Supplier selection 1 

1
Product range assignment ; 

Distribution channel 
transportation mode selection 

- - - - - - - - - - - - - - ,- - - - -1 

product flows in the 

network 


vehicle routing 


1

lh~IJlYl"ll'el.:Jn1:i'~@I~'Wl"'l~I~I:i'mLU_:)'el'eln1Jldj'W 3 lh~IJl'Vl~'l~'elhHl 

- n1:i'~@I~'W1.,..~'lbAN~~I'l (Structured decision) Lu'Wm:i'~@I~'WllDl~ 

L~m.jJll'l n1J'lI'W~'Vll LU'Wfl"'lrr(;l:i'(Routine job) b@ltJ n1:i'~@I~'W1IDlU:i':;Lll'Vl 

n"'l ~J'l", ~n Ln ru6f1LL~:;.r'W(;l'el'W~ bl n nl", 'W~1<)''elt11'l LL'W'W'el'W U n ~ n l:i' 
" 

~@I~'W1~1'W~m~tru:;nirnlDl:;'Vll rl'W1.'W:i':;~DUD~m:i' 

- m~:~@I~'U1.IDlLL1J1JhJmA:i'.:J~~I'l (Unstructured decision) LU'Wn1:i', 
, I I I I '" 

~~~'W1.~Vl LntJ')-ii'el'l rlD L1'el'lVlhi1~Ln ~~'WLtl'WU :i':;r.h hJ'el1IDl'dl'l LLI:-! 'W1t) 

ri'eltl~'J 'lWW1 LL~:;irn"'l:; L~ tJ'd-ii 'el'l nDih~tJ", ~ 1 n",~ 1 tJ 1?I~'el (;)"'l'WiJ 

A(J'l~ ~~~'WfirlD'el'W1 fll?l n l:i'~~~'W1."'l LL DUn~ :;~'el'l~ Lfl:n:;~LL'W'db-W~ 

1Dl1 n~.:JLL'J C;)~'ell-Jlh:;nllD LL~:;~1 LU'W~1Dl :;~'el.:J'el1 ~tJ ~D1"'1:i'~ii!J~'el LL~:;
" 

mailto:m~:~@I~'U1.IDlLL1J1JhJmA:i'.:J~~I'l
mailto:lh~IJlYl"ll'el.:Jn1:i'~@I~'Wl"'l~I~I:i'mLU_:)'el'eln1Jldj'W
mailto:m:i'~@I~'W1."'l:i'~~Dn~tJ'Vlfi
mailto:nl:i'~@I~'W1.1Dl
mailto:1.mL~~hJtl'l~l@1th
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- fl1:!'!?l!Y1~'W1"'l~~UU~'ltA:!''l~~I'l (Semi-s truc tured decis ion) dJ'Wnl:!' 

!?l!Y1i:11'W1"'l~'el~h::;VI~I'l n1:!'!?l!Y1~'W1"'l 2 lh::; I,[)'VlL!Y1tJ~'l'WVI~~"lltl~UruVll"'l ::;
, 'U ~ 

, " 
~ 1~lnl~IV1 {;n ~n rusvl~~'i'I::;i'W[?l'el'W1 'Wfl1 nbflu ruVlllJlth::;tJmi1~1 'W 

. ~ . 
"ll ru::::~ ~ 'l 'W~ ~VI ~'el"ll'el~U b).J VI 1 "'l::; ~'el~'el l ~tJ n1 nJ:!'::; l,il'We.J'i'I Lb'i'l:::!?lVl~'W1"'l 

"'llne:J~Yllfl1:!'!?l!Y1~'W1"'l b-n'W nl:!''lI'lbbe.J'W'lU1J:i':::lJlru nl~'lI'lbbe.J'W 
'U 

~'l n~I'l LU'Wb~'1'Wl~.n:!,:!,lJ1'Wn1:!'1 ,xfl'll:WVl:WltJ L!Y1tJ:!''l:W"ll'el'l :!':::uu DSS 1?l'el:Wl Kronenke 

LL'i'I::: Hatch (1994) ' 1~Ulf1'll:WVl:Wlm~h..l"ll'el'l Gerrity :WltJf1J1Jt'l Lb~'lUI L~'Wtl~1 DSS 

~m:::uut~[?l'elU~U~ {;'W~~UU~'4'WtVltJWil:WYi'l L(;ltl ~'1~I:W l-n'l tlrell 'W'ltl A'lI:W~ :::!Y1'l n1'W 
, 

n1:!'f?l!Y1~'Wl"'lUb).JVll~buuhJmAN~h~ LLI?lUn~"llIn1:!'VI'i'lltJvil'W1~utl''1~1 DSS ~llJln1 
I ~ I ~ 

Yi"'l:::-n'ltlbbri1"lJU bJdi.n1~vl'l1'WbLuun'lt!P1N~~I'1 bL'i'I:::hH1t!P1:!''1~~I'1 ~'1,r'W Laudon (1994) 

9'11~,x~ltim:w:!':::uu DSS ~1 dJ'W:i':::UU~I:i'~'Wb'Vlf'1~~I:Wl:i'C1L~[?ltlUnum-ifi:(?)tJ~:i':::UU
. 'U 

, 

t!P1N~~I'l t!Y1tJ DSS . "'l:::-n'lmYi:wtJ:i':::~'Vlfi[)l~l'Wfl1:i'f?lVl~'W19 "nnn1nh::::W'l~e.J'i'lLL~::: 

b~'W'el-ii tl:W 'i'I fl1:i'f?l (?) ~ 'W1"'l bbn e:JiJ1-VlI n'l:W ~'1 fl1 :!'1J:!'::: Lil 'W'Vll'1 b~'el n~ LiUJ1 :; ~:W[)ltJ1~ 
'U 'U 

, 
i.I iI .:::::!:I I ~i.li.I~ q .df..:::::t 

C)1 .... bL'i'I'l ... VI:!''el ~hat " .if analys is Lb'i'l:::"ll'ltl ~VI~iJ:!'Vll:i':W'Vll'1L'i'I'eln'Vl"'l:::[?ltliJ~'Wtl'l 

UC1JVll1~VI'i'llnVl'i'lltJt!Y1t11lJ C1n~ln(?)'Vll'1 L~tln 'Wtln91 n~ DSS "'l:::1lJYlI n1:i'~!Y1~'Wl"'lLL'Vl'W 
~ .... 

'j 

1.1:4 .1 ~'J'!.Jlh::nfJ1J"lJfJ-JJ::1J1Jf;<iV:wr!.[wntJtffPl~'!.Jh• 
~'li.!tJ:i' ::: ntliJ"lJtl'l DSS ~1:Wl:!'mbU-.Jtltlndj'W 4 ~'l'W~'1~ 
- : 0-if(User) LiJ'W0-if'lI'WL!Y1tJ[?l:!''1"lJtl'l DSS 1~l,l,ri~iJ1-VlI:i'1'W:i':::~iJ 

, , 
, G" ~ ff' 1Io:::;:,.! "'..::::.. ~1I 

. [?l1'1111l~'elVl9'W'Wn'l L!P1n:::VI bb'i'l:::~ b"ll m"ll1 b).J'Vll'1 (;11'W~m"il'Vl[?l'el'l n1~ 

.jftl:W~~IV1futJ~:::ntliJn1:i'~(;1~'Wl"ill'WU ruVll~n(;1~'W... ~ 

http:J'!.Jlh::nfJ1J"lJfJ-JJ::1J1Jf;<iV:wr!.[wntJtffPl~'!.Jh
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; 'lI'JtJ1 tX n1j'~1 blh.l'll'Wi1tlj'~~Vlfil1l'Y'~ 

- .~ ~l'W-nl1d-J'tl(Database) DSS 9~hji1VI1:h~'i:'1¥1'1 fi'WVllV1111 tlfDlh'l 
. ~ ~ q 

- , , ~l'WLbDUr.h '(;'l11'l (Model base) i1WWl'Vh'JDj''Jd-J bbDD4l'tl11'1V1l'l 
ojrJ3. . 

\ 


I rJ rul?l P1ll?lf(Mathematical model) LL'tl~bbDD~l'tll1'll'Wn1j'~ bfln~~ 


, UblJVll~~l flblJ(Logic model) b~l1tll'W'JtJ f1'Jld-J~~I?I'J nl?il1~i..iftln ~ 
~ ~ 

: DSS 9~bl n~WJ'Wl~'W(;1ld-J9I?1tlj'~~'l Ab'u~l~m.h'l ~'1,r'WLLDD~l'tl1)'l
~ , 

. nlj'~lLll'W'll'W tl?ltJl'Wnlj'''lJ'W~'l~'Wfil Sawdy, 1972 LL~I?I'IfI'Jld-J 

f11?1 L'I1'W~1 VI n fij'fl9irn9~~'1 L'w'WltX Lfl I?I ~'tl IIIh'i:'1'l~ I?IVi~l1~'WVI'W1'W 
q q <II <u q q 

',1 VI '1!1 lrJ1 bLrl ~'W'Vl'WfI'l~ LL~~19~i1md-Jl run1j'''lJ'WLtl~tJ'Wltl LL'tl ~ 

.: ~ 'W VI 'WLLtl j'er'W~ 'I LL tl 'J'er'W(;1ld-JiJI?l j'l ~ 'J 'W "lJ il 'I fl 9 n 'J''jd-J1'Wn 1 j'''lJ 'W ~ 'l, 

:( ~'W~h 'W11 n9l netJ'Ii1-nl1~l n I?IVI~il L111'Wl "lJ (cons traints) ~'l Lll'W 
I 

• 


., 
: U bldVllL~'WVll'1n1n~'Wnl irn9~i1-n1)~lnl?ll?il'11LV1fll'n 
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• -ii'el~ I n ~ ~h'Wl'Jt'll 'l~ llr1 l'J 'en nl:i'Yi1~1'Wllt'l ~ri1V1'W~ l'J t'I I 

1'Wn! n-iil'el'eln~'W~ L1'el'W'l'1l~~~ c.Jt'I n:i'~YlU (9]'el nI :i'{!1I~1'W'J'W 

• l1'el'W'l'1l~1'W~Hn'W~ ~~Yl'el'Wl~ l~'W~~ r1'Jl~~1~1:i'f:ll'Wnl:i' 

L~'el mJ:i'~UlYl'll'el~tI'J ~tn'Wy.jlV1'W~~loif1.'Wni :i'~~~'W~h LL(9]t'I ~ 

m-n (Users)
'IJ 

lLUU~1t'1'el~(Model Base) 

Objective function 
' "' 
°i 

Constraints I 

/ 

Solution algmithm 

• 
~'J'W&i!1l(9]'elnu 

~t-

m-n 
'IJ 

" ~1'W'1l'el~t'I .... 'IJ~ 
(Database) 

'i 

" 
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lVI:lJ1 ~~:IJ ll~ ~~'a (?l rl ~'a'l n'Wn'lJ~n 11ru~"lJ'a'lif~~1 

- '~11'lJ~ 'W 
q 

'W n1:i' i?l(?l ~ 'W19l1'lJ'lJ ~ 'l brl:i''l ~h'lll~ ~hHnrl N ~ h 'l ~ 'l 

.' 1lI?l n 1?l1'l91 n:i'~'lJ'lJ~1:i'~ 'Wl'Vll"\~ 1~f'lJ n1 :i''lJll~'l1'W~~(?l n1:i'.jf'aJqJ~ 

:( ~1'V1f'lJ'l1'Wtl:i'~~1rJ'Wlvh,!'W 

: l ti'a'l91 n~n11ru:;"lJ'a'l if bJd ~ 1~ ii w;n:IJhj II'W'W'a'Wll~:; ltl~ tI 'Wll'lJ~ 'l 

' 1?l1:IJ~m'Wn1mr 

~'lI?l:i''l(Direct shipping) :i'~'lJ'lJi'J~r1f'W (Milk run) ll~:; :i'~'lJ'lJ5'lJ (Hub and spoke) 

1.2. 1 7::i.J1J~\J19I7\J 

:i'~'lJ'lJ~'lI?l:i'~,~~'a Direct shippi ng lll'Wn1 :i'il.1 ~'W~1'V1~'f)'lJ1-n1 :i'~'l91 nLl~'Cl'l~:lJ1 

,"'" ... .
~'W'l~'W (Julien Bramel, 1999) 

'j 
I 
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• 


1.2.2 


~1~1 Milk , -, Run VI:W1u~·m1~~u1';'Vln1'ww(?l1-MH1Un'Vln~\lfu~'W~11Ol1n o]~

~ 

~~1m'f)'f)f (SuPPli~r) r;l1\l 1 LL~'J111:W1~\l1-MnuIN\l1'W ~\lLL'W'J rJ'J1:W ~ (?l~U;:W11Ol1 n m~ 
fut)(?lCl ~u~ LU'W~1il:w~ (?l 6jJ'f)\l'f)(?l~1V1m~:w i:-J~ (?lJ1CWvl'W:W l(?lU n1~~\l~Clhjfut)(?l Cl ~u~.. 	 . 


'" " , 	 it 

vl\lv'L~'f)1-MLn (?lA'J1:W fl~'fl\l ~'J:W1n~'W 1JIOllOlu'Wm~~\l:W'flU• 
t)(?l~~UlOl1n Suppli~r 1-MnU'f)\lflm~'W ~1:W1~Clm:::';\1 u; 2 ~fiJhun'W ~'fl Supplier LU'W 

e.YlJ1:W1~\l1-ML'f)\lVl11i U1M'VllOl:::~(?l~Cl~\l Lu'Wu1';'Vl e.Yfu LVI:W1 hHut)(?l Cl ~UlOl1 n Supplier
~ 	 ~. 

" LLr;l~:::nu IOl1nmJ'~1Lu'Wm:i'LLUu Milk Run V, IOl:::ri'fl1-MLn(?l1.h:::lu"ll-wr;l'f)'fl\lflmJ'fiJ'nlOl• 
11 	 2.1 ~ . ..:::;:", 

VI~1U(?l1'W(?l'Jun'W 'f)1'Vl 

• 	 mJ'~(?lmJ'IOlJ'11OlJ'~~(?\"n(?l1'W1N\l1'W~\l Lti'f)\llOl1nij Supplier ~1'W'J'W:W1n ~\l 

L~:WO]~~~1U L 'fl'fl f'Vl•n~1U ~'fl\l:W1~\lt)(?lCl•~u1-M~lN\l1'WL'f)\l ';\11-MmJ'IOl nlOl J' 

. 	 '" I I 

• 	 Lu'Wm4'~(?l~'WYil'Wmnnut)(?lCl~U~\l Lll'f)\llOl1 n llJ~'f)\l~1 mJ'~~'fl flt)(?lCl ~u. 	 . 
H IOl~~ l~:W~\lO]~~~1U L'fl'f)f~:W1~\l LLr;l~ :::nulOl :::~'f)\l~\l ~'Jum:W1 run 1J' 

'1I'W~\l:w')n1'WLLr;l~:::rJr\ll~'f)~11-MLn (?l~'W'Vl'WmJ''1I'W~\lr;l'f)VlU'JUU'f)U~~(?l ~1. 	 . 
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• l'lJ'Wn1tmiJfI~n1~~wif')~h~~h1~I?1NI?1,)l-H1TWW~~~'E)'1n1~ .yhl~~~~'W'Vl'W
I A ", 

~'1'E)th~
.' 
l~'W1~i~ ~,)~,)~Clt'i'E)~'E)'1~ (?In f1')t)I?1Cl.~iJ~1~ lti'E)'1r.nmu'Wn'1~hJ 

'" ~iJt)I?1Cl~1Jl'fl'l'"l')n Supplier 'W'E)n'"l')ntin,)~"lI'W~'11'WtUll1J1J~'1n'ci')'J 

~U1J~'W'W~~1J1J JIT 1~~~'1;'W ll~~nwn~01~,"hlti'E)'1'"l')nl'Wn'1~lu~1J. . 

1J~~'VJm'J~ln(?ln1~U~~Vl8~'"l')n"ll'W,)~ (Economy of Scale) ll'Cl~~,)~,)~bl~1J 

t)l?1bl~1J1~t)'U~~Vlmm'E)1J. (Baudin, 2005) • 

Cornpa-taont A 
Cornp~nt B 
CompCX-l9nt c; 

1.2.3 7':::1111e111 

~~1J1J 51J Cl n~') ~,)u~1JHniJ m~"lI'W~'1'Vl,)'1'E)') n'1 pjb~m'UV'n~n1~1~1J1n') ~ 
" 

~~n')nl1J1J Hub and Spoke n~n'rtru~l-rl'Wl~tJ'Jn1JU'W')~~tlhl1J1Jn'1~'ll'U~'1I?i'E)lti'fl'l 

Vl1'E) Intermodal Transportation ~'fl n')j~~m~'Lm'l~~,)'1mn~'fl~'LtJ'I Network 

Structure ~'"l~.yhl~j~1J1Jn1~"lI'W~'1nn'1~U~~~')'Wm~.yh'n'Wn'Wl~~;'U 'L!f1tJn Hub l'IJ'W 

~ ~~'Wtl~')~ l~'W'Vl ')'1 (1') nfl~'fl'Wtr,)tJ ~'U~h~ ~,)'"l,) n~ ~ t'i,)'11ll~ ~.yh Vlu')~1'Un') m ~~'"l,) tJ 

~'W~')1?i'E)1u (~I?1'W~.wfi, 2546)
oj q , 
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_'>f" '" 1.3 1JqJ'VI1~~'W'VI1·m1';1~L9l'W'af;J (Vehicle routing problem) 

11 '1.)'\.-11 mJ'r.tvlL~'W'Vl1'l mH~'WJ'Cl (Vehicle routing problem) L1J'Wll '1.)'\.-II"ll'fl~ mJ'r.tI?\ m J' 

b~ 'fl'\.-l191'W,)'Wb~'W'VlI~ bb~::;~ ,)~U"lI'fl'l nlJ'b~'WJ'Cl~ i:1 rl,)')~ b'\.-I~I::;~ ~1'lJ~~~ n fl') ~')~11'Wbb~ ~::; 

b~'W'Vl,)'l1,x ~'fll?\ rl~'fl'l nU11?1~'lJJ'::;~'l ~'\.-I1-'fl bU1'\.-1~lrJ'Vl,)~~J'n~~~1'W'VlI~'lJDUi~::;~'fl~ ~1i1'l ~'l 

11~r.trJ~I~1~~IA'1.)~'flmJ'r.t~b~'Wm~mn~'WJ'()(Hall and Partyka, 1997) 1~blri 
I 

"lI'fl~ l') ~')1'WhlJ'iu~J'()uJ'J''VJ n~ nn'\.-l~lrJ'fl~'1.)I191 

• nJ'tlU"lltl~ b')·~,)(Time window) dJ'WmJ'n,)'\.-I'WI?\"lh'll,)~I~~::;~~~'Wfll"lltl~~nfl')., 
, 'V '" I I 

lbl?i~ ::;J',)rJ tl?\rJir'fl nl'\.-1'W I?\Utll~ bU'W1~'Vl~irtl nl'\.-1'W I?\Vll']~~ ') I?\ ~tl'\.-l ~ n b ~rJ ~hj1~ 

(Hard constraints) bb~ ::;ir'fl nl'\.-1'WI?\~hhir~'l'll?\ fimjrel'W'lJJ''W1~ti1~ (Soft 

bb'W,)'Vll~1'Wn1J'~ lrl J'1::;ill '1.) '\.-I') m J'r.tI?\ l~'W'VlI~ n1n~'WJ'()~::;i:1 rl ') ') ~iU.jftl'WLl~::; L'lJ ~rJ'W1'lJ 

1911~J'lrJ~::;b~rJl?\"lItl~tl~~'th::;·ntlu"lItl~11'1.)'\.-Il~~l9l1n~~ 1.1 

tl?\m')'W~r.trJe1'Wn1~,) ,)'lll~'Wn1J'r.tI?\ l~'W'Vll'l n1 J'tltl nml'JtI"lltl~mh rJ IIVi'Vl~Lrl~tl'W~1 'W 

m J'1,xu1'mHLuu ~'fl Ltitl~~ ::91~'fl~ ~'lJ Lbuull CU'\.-l')1,xrl~lt1 f1I~~ nullCU'\.-l1 mJ'r.tI?\ L~'W'Vn~ mn~'W 
• qJ Go' cv 

J'Cl tl?\rJmN~'flI?\~()'\.-I1-tl~l?\tlJtlmml"'~ b~m(Single depot) Ll~::;.yhwWI~ LU'Wf1I~~L'J"llJiru"Vl~'JrJ
q 

~~ rl'Jl~iu.jftl'W"lltl~l1 '1.)'\.-II~Ln 1?\~'W1'W~I'W~r.trJm~~::LL1J~1~LU'W 3 ~::;~u l1rJ~~,) n rl'Jl~iu.jf'fl'W 

\JtltJ1'lJ~') n~'le 
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U'1!'\.nn1:i'4'l?lL~'Wvnmuu Vehic le Routing Proble m 

• 
~~t-I'Cllt1'Cl:::;L~tJl?l'1l'fl~LLj;J~:::;U'1!t-Ilj;l) I l-JI:i'b1'fljj1JltJ1~'W«'J.Ji'fl 1.3. 1 

mn~Vl1 ~1t1~:::;L~tll?l'1l'fl~'fi~~lh:::;n'flu'1l'fl~U'1Jt-Iln1:i'4'(?lL~'t,l'vn~n1n~'W:i'C1 

. 
Vl~ILLWW~(Node t-Iffi Point) 

~L~'W'V11~(Arc t-I1'fl Route) 

~~ILLWW~bl'c:l:::;L~'W'V11~(Mix) 

LVl1n'Wt-Il-J(?l 

hJLVi'ln'W 

o . 

'"l1'W'J 'WtJ1 'W'Vi It-1\1:; ~1'W'J'W 1 rl'W 
.
. j 


I 
 ~1'W'J'Wt-I~ltJrl'W 

. 
o "" 

'"l1'W'J'W 1 'V1 

fI'J 1l-Jm'fl'l n l:i'~ LL'tJt.l'fl'W(deterministic) 

fI'Jll-J ~'fl'l n1:i'~himl'W'fl'W(Stochastic) 
. . "" 

LLWc:l'l'V1l-Jl: (Murdick LL'~:::;flru:::; 1990) 

1.3.1 	 i1'!JVl1n1"'ir.fPl,-iu'Yn.Jn1"'i'~U"'i{/ 1 ,-iU'YI1.J (Traveling Salesman 

Problem, TSP) 

dJ'WU '1Jt-Il~l:l fI'Jll-J-nUoif'fl'Wb'W:i':::;~U~'W~1'W~~ (?l Lri'fl b Viti U nUU '1Jt-Il n1 ~4'(?l 

b~'W'V11'1 n1n~'W:i'(11i1~n1j"ru:::;~'W1 bti'fl'l'"l1 n bU'Wn1:i'4' 1?l~1 ~'J n1 :i''1I'W~ ~~'Wfh~1oifb~'W'V11 ~ 
;j 

L~m1,xnu~ n r!h l~h~1b(?ltl'fl'fl n'"ll n fl1'WrJn:i':::;'"lltJ~'WfllLL"''1L~tI'J Lb~:::;hjlJ.Ji'fl~1 n (?l'V11~ ~1'W 
~ 	 ~ 

L'J ~ 1 Lb~ :::;fI'Jl:W"'l'1l'fl~ ~(1l-Jl L~ tI 'Jif'fl~b(?ltl CJ ~~'Vi fl'1l'fl'l L~'W'V11~~4'(?l1~"'l:::; dl-J LL~ :;~'Wj;l) (?l ~ 
q 	 q 
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If'" <::lit. 'V I 'V I .c=::I cv ~ " 
~'WtJ m~91tJ~'\U;l1lb~~1:J1'W\lM11bbl7l~~:i'ltJ b~tJ~ A:i'~ b(?)tJ'J9'WA:i'U'Vl n ntJ (Laporte G., 

~OOO) 

~~ (nodes) 1?i1~1 A bb'Vl'Wb"J!WJJt)~L~'W'V11~1?i1~1 (Arcs) bL~~ C = [C'i] Lb'Vl'WbJ...lI7l1-ni6jj'El~ 

6jj'El~ c, ~~dJ'WrohHr.i·ltJ1'Wm:i'''lJ'W~~91n~lbbVIti~ i lu~~~1bLV1ti~ j bVltJ1tXL~'W'Vll~LiJ...l~'W 
J , 

LL~::;i'W~ (?)~ Pl'Wffm~91tJ~'Wfh~~ LL'Vl'W~'JtJ9 Vl~~~ 1 V11'El node 1 ~lJ...11:i'[)r.h~t)~tJ ruV11 
q 	 'lI., 'I (V 

(Model Formulatio~) 1~~~~ 
'j 	 . 

nlV1'WVl1tX ~'i= 1 (11 Arc (i .j) t)~1'WL~'W'Vll~Lb~::; x ii = 0 ~1 Arc(i.j) hj'El~1'W 

L~'W'Vll~b(?)tJ1tX X = t,}J17l1-ni"lJ'El~ xii ~~t!'W9::;L~tJ'W~J...Im:i''Vl1~AruI7lPl1~l7lfl~LiJ'W 
, 

V11,"h~1~Vl~J'El~, 

d 
~J...Im:i''Vl 1. 1 

n

I 	Xij = b i = 1 v= 1. "" n ) 
i=~ 

n

LXij = a, = 1 (i = 1, ... ,nJ 
j=l 

, 
"" ~J...Im:i''Vl 1.4 

. 
xij=Oorl (i,i = 1, ".,n) 

d 
~l--lm:i''Vl 1.5 

b!?1tJ S LthlL"J!I7l~H1.'Wm:i'"lJ9!?1n1nn!?1L~'W'Vl1~rJt)tJ (subtour) ~-1hJ1-nI:J~~~fi 

"lJ'El~ L~'W'Vl1~ L~'W~[)~ ~t)~m:tLti'a~91n L~'W'Vl1~rJ'atJ~1~dJ'Wb~'W'Vl1~~hn~~J...I bb~ ::;i'W~!?1~, 

U'atJ~~mh'J~tJn~1'Subtour-breaking constraints bVltJ S ~dJ'Wlul~u:i'::;n'a1J~'JtJ 

• 	 5 = {(Xij) : LiEQLjEQX ij > 1} 'Vln~Ub"llI7l<jJ~N q E N U'Vl'Wn1:i'<jJ9!?1n1:i' 

bn!?1 b~'W'Vll~U'atJ (sub tour) 'aUJ11t11'Wb~'W'Vl1-1n1:i'L~'W~[)
. 	 ~ 

• 	 s = {E;ij) : LiER~jER xr:j ~ IRI - 1) 'Vln~1JL"lIl7l"lJ'a-1 R E {2,3, "'} n) 

bb'Vl'Wb~'tl'Vl1~~ L~'an9 ~~'a-1hJn b~'W'Vl1~~ dJ'W'J-1.jf'a'W'a~ 
, .. 
'j 

• 
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' j , 

• 	 s = H~ij): Yi - Y~i + nXij S n - 1} ~1'1-1~1J 2:::; i ;;= j :::; n b(91rJ 

~dJdJ~1i\ y= t ~1~nFh i'eltl1u~1~1J~ t 1Ul~Ui'nm~ :; y. =0 ~1dJ'Wnnl1 
I <u qJ 	 I 

~ , 

'W'el n'"l1 nthL~(HJ..:dJ~fl1'Wn1~~1~'el\lU 'lJ'I-11lLU1J~'W1~ m-n'W Gavish Lb~:; 

Graves, 1978 1~~dJdJ~fh!?l'JbbU~~l~rJn':h Flow variables (Yij) ~'W~\lLU'W!?l'JLLUnL'Vl'W 
mdJ1ru~'WF\1~9:;~'5\l~n~\l91n'1(91 i 1utJ'I '1(91 j bb~:;~dJdJ~~1iJ\'lnF\1~1U'J'W (n-1) ntJ 

,. 

L(91rJn1~"lI'W~\l~dJ91F19(91~\l~ 1 '1-11'5 node 1 lb~:;~nF\1bblPi~:;~1rJ~'el\ln1:i'~\l~'WF\1b~tJ\l 1 
q 	 ~ 

wkl'Jmi'ht!'W~\lt!'W .b.~'eliJ n1 :i'~'11utJ'I'1 (91 if(911Uf11 Yij r19:;iJ fh~ (91~\l bbUU~1~'5\liI 'lJ'I-11 

~\lmh'J~1dJ1~Cll~~~1~lU'W 
j 

n 	 n 

~~ C..x··LL 1'1) 

i=1 j=:l 

0' -1 '\- } ... ,n) 

d 
~dJn1:i''Vl 1. 7 

n n 

(i=2, .. . ,n):( 	 IYii-I Yii=-l 
j=l j=1. 

(i,j = 1, ... ,n) 
d 


~dJn1~'Vl 1, 10 


(tj = 1, .. .,n) 
d 

~dJn1~'Vl 1. 11 

L(91t1~ U 2:.:n - 1 I.b~:;1.1'5'W'l"ll1'W~dJn1~ 1-7 bb~:; 1-8 b1J'W95-..:J 'I-1dJ1t1f)'J1dJ~1 

I.bl?1~:;9(91~..:J (Node) 9:;iJ b~'W'Vl1..:J1.~'W~Cle.i1'Wt~b~tI\ll~'W'Vl1":] l.~tI'J1'W"lIru:;~.jf't)~1n(91 1-10
• , 

9:;bl'Vl'W.jf'el~1n(91,r\l~1J (Forcing constraint) "lI'el\l Flow "lI'el..:J Yij Vl'el~U'W Arc (i, j) iJfh 

.. 
' j 
\ 



16 

'i, 

dJ'WP\'W~C1'1b~'W'Yn'l tArc) ~'Imh')hnaltltl ~1l-J l~'W'f.1'1~ ~tl'l n1~~'I'Cl::;Vitl'W~1 C11 x iir11 
~ ~ 	 ~ 

lvilnu 0 n9:::vlI11X y' bvhnuP\'W~ 
I) 	 'IJ 

1.3.2 	 ifr:y 1-11 n1"ir.fl?lL i'tJ Y11 ,In1 'it ~ 'tJ 'i t:lLL U U V/'Cl 'HH i'tJ 'V11-3 (Multiple 

Traveling Salesman Problem, m-TSP) 

dJ'WU bJd VI 11'Wnl ~~V\~1 ~u n 1~'ll'W~'I~'W~1 b~t11.jfb~'W'Yn'lVl~ 1t1l~'W'V11'111Xnu 

\j n ~117h'll b~t1tltl n91n f!l'W~m:::91t1~'W~1 b~t1') b~t1hlii.jjtl91 n ~ al1'Wl,)~1 bl~ ~fl,)1l-J"'l 

'lltl'l ~bl 

'Cll-Jl-J ~11X M dj'W91'W,)'W1blVl1tll~'WVlI'1~'I9 ~~~~'I~'W~1h.ltT'I\j n ~1l7l1'1191'W,)'W 

n-1 lbvi 'It~t1vlI11X~~ ~,):W"lJtl'l r11 Hr.htll'Wn1~'ll'W~'I"lJil'l b~'WVl1'191'W,)'W M b~'WVl1'1~ r1 1 

iltltJ~ 'Cl,~~'I'Cl1l-J1 m~l~il'l bbUUU ruVl1 al') tI 'Cll-J n1 ~Vl1'1 fl ru!?l P\ 1 'Cl ~flal~'Ie
~ 

n n 

ifj = 1 
if j = 2,3, ... , n 

ifi = 1 
if i = 2,3, .. . , n 

(i,j=1, ... ,n) 
, 

'" 'Cll-J n1~Vl 1. 16 

t~tJ S dJ'Wt"llIn~1-il1.'Wn11'll~~n1nn~b~'WVl1'1tltltl (Sub tour) b-rl'Wb~mnu~H 

1.3.3 	 i1fJJv/1n1"ir.flflLitJYl1'W1"iL~'tJ"iC)UUU Vehicle Routing Problem 

(VRP) 

UblJVlI bb'IJ'IJ, VRP L1I'Wn1~VlI91'W,)'Wb~'WVlI'1 n In~'W1bl Lb~::;~ 1~'IJ"lJtl'l n! 1~'I 

~ 'W~191 n ~'W~m::;91t1~'WfhhJ U'l '1 ~ l7l1'11b~ tJvll11X ~ ~1') l-J'lltl'l r111.ifr.i1t11 'Wn! ~'lJ 'W~'I 

http:b~t11.jf
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~~~~~~n~~~~i~~~~~~ni~l~~~~in~~~~ni~~~~~ 
q . .. q 

~:::;tJ:::;l'J~ll~nI~~l'U~lU'UlX~ (Laporte G .. 2000) 

nI~~i~~~ It'Uuil '1:)Vli VRP ~i~i~~'v1i1~~'J~ nI~~~i~~~ nln~~ f1ru~ ~i~~f 

~i~~n11ru:::;~~~ilruVlil-rl~Yf'l n~~r)~ ~tJ~:::;~~ 0ll1~~1~~~'l b'J~i bb~:::;f1'Ji~9~~~ ~rI1~ 
~ q q 

n n NV

I Il>ijxij
i=1 j=l v=l 

d 
~~nI~'Vl 1. 17 

n NV 

. ~\' x~~. = 1 o = 2, ... ,n)'"LL ,~ 
. 

"'" ~~nI~~1 . 18 

n NIl 

(i=2, ... ,n) 

d 
~~nI~'Vl1. 19 

• 
1'1 \ -n 

Ix~ -:IX;j =0 (r=1, .... Nv')and(p=l, .... n) 
i=~ "J=l 

(v = 1, ... ,JW) 

d 
~~nI~'Vl 1. 21 

(v = 1, ... ,NV) 

. 
~~nl~Vi 1. 22 

$1 (1.' = 1, ... , l\rv) 

d 
~~nI~~ 1.23 

d 

~~n1~~ 1. 24 
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XES 
.,j 

~l-JnlJ"Y11, 25 

VOl": x:' = or for all i, j. v 
" 'J . 

It?ltJ~ 

n= ~1'tJ'J'W"'l t?l~'1 
q 

• 	 ~ "". f\, =fl'J 14J~"ll!l'l J'bl fl'tJ'Yl v 

Tv = .jf!lnlV1'Wt?lb'J~n1'tJnlJ'b~'WJ'bl"ll!l'lJ'blf'l'tJ~ v 

d j =ml4J~!l'lnlJ'''ll!l.:)~t?l~'1 i 

t;' = b'J~IJ'blf'l'W~ v l-iii.'tJnlJ'~':)Vl1!luJ'J''Yln~wlh~'''lt?l~,:) i 
• 	 q q 

t~j= b'J~I~lfl'tJnlJ'b~'tJ'Yll'1"ll!l'lJ'blf'l'tJ~ v r.l1n~t?l~'1 ihJ~.:)~t?l~'1 j 

Cij = rhH'~ltJ1'tJnjJ'b~'WJ'bl"ll!l'lJ'C1f'l'tJ~ v "'lln~t?l~'1 ihJ~'1~t?l~'1 j 

nlV1'tJt?l1~ xtj = 1 ~1 Arc (i. j) !l~1'tJb~'tJ'Yll,m~:-; x~ = 0 ~1 Arc (i. j) hj!l~1'tJb~'tJ'Yll'1 
. 

.<:::!ro (J • .~ ' ~ t ) ,,\""NT/ 'V 

bb~ :-; X = bl-J'YlJ'n"1!"ll~,'1 Xij "1!'1 Xi} = L.v=lXij 

• 	 \ 

1,3.4 :;;fii'lJn1~Vl1Fi1lWi11J~TII/;1Jih!!vn n1~~"-'p/,i'IJ'Yn\ln1~'~'IJ~1J 
1'tJ n 1 J'Vll fll [?l !lU~j!l'l il ru VII n 1 J'r.rt?l b~ 'tJ 'Yll 'I n 1 n~ 'tJ J' bl 1 'tJ!l ~ [?l"'l:-;1.-if fl miJw~, ~ 	 ~ 

n lVi 'tJt?l b~'tJ'Yll'1lt?ltJieJl ~t11.JJ':-;~Unl J'ruVl1!l 1 -if n ~ tI'Ylfi~hl-Du-if!l'tJ1.'tJnlJ'r.rt?l b~'tJ'Yll'1 Lb~:-;
q 

-Du-if!l'tJllJ4Jl n ~'1 t:.J ~~~ fi~lcJln"'l:-;!l 1:11'tJJ':-; ~u~ tJ!ll-J fu1~ bb(;] (;]!l4J 1 flJ'n"'l ii nl J'L~Ul(;l4J 1 n 
~ . 

~ 	 ~ 

~'WJ''J4Jn'lii nlJ'fl'JUJ''Jl-Jn"'lnlJ'vll1~J':-;UU mJ'n J':-;"'lltJ~'tJ~h ii fl'JI4J-DU-if!l'tJl-J1 n~'tJ~'1 t:.J ~ 

1~~'JilbJdVll1'tJ~'J'tJ'Jj!l'l nlJ'r.rt?l b~'tJ'Yll':) nl nt1'WJ'blii"ll'tJl t?l '1.Vll1! bb~ :-;-Du-if!l'W;'tJ~'JtI ~'11 'tJ 

n1 J'r.rt?l b~ 'W 'Yll 'I ~ bVl4J 1:-; ~ 4J"'l:::~ 1l-J 1 J'bl-n ') tJ ~ t?l fl ') 14J -Du-if!l'tJ 1 'W n 1 J'~1 b U'tJ'Il'tJJ''J J..l n 'I 

~1J..ll J'bl ~ t?l r1f'W 'Yl.'tJ~.:) lcJl biJ'tJ~I'tJ')'tJ4Jl n nJ bbUU"ll!l'lil ruVll ~~U1'tJ )':::tJ :-;VI~'1~ '1l1 n"'l:-;ii 
~ ~ 

fl')1 J..l-Du-if!l'WJ',) J..l n'l'ii'lJ'tJl t?l'lJ!l'lil bJdVlI~'1.VI rY J..ll n bn'tJn ~ 1~"'l:-;l-if fl,)1 J..l ~llJlJ'bl'lJ!l'l fl'W1.'tJ 

n 1J'r.r t?l L~ 'tJ'YlI'1 b ~i'l~"'l :::1~ fi 1 (;l!lU~ bVllJ 1 :-;~J..l n 1 J'~(ij,j'W1'1l1 L!l1 fl!llJYl ') L[?l!l flJ 1 

l.JJ':::tJ n 1Yi1-if biJ'tJ~ ') tifvt~':)~vll1~bn~1 J..l1 J'C1vll n1 J'f) 1 'tJ'J ruil ruVll~ii fl,)I4J-DU-if!l'tJlcJl1'W 
q \ 	 ~ 

b,) ~ 1~i'W~ 'I ~1J..l1 ~C1 'Ill b!l1~fi nl J'Vll f)1 (;l!lU~ b iJ'tJ J':-;UU bb~ :-;fl'J1J..l-Du-if!l'W),,) lJ n'lii. 
I ': 'iI 	 I !.

llJ':-;~'YlfiJll~J..lln~'1~'W4Jlll)':::tJn (;l1-if nuil ruVlI"'l5-'1Yl bn t?l~'Wl~ n1)'Vll f)1 (;l!l'J~IV1fu
• q ~ 
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Exact Optimization ll~::;Heuristic Optimization ~--1~--1 2 ll'W'J'Vl'N~'W"'l::;iJ'"I~l"h<m~::;"'l~
, q 

J1'eltl~lll?ln(;\l--1n'WA'el nl),Vll~II?l'el1Jll1J1J Exact Optimization "'l::;1J1All?l'el'lJl'WnJ-n'el--1r11
'!J 

Ali?l'el'lJ~~~~~(Mathematical Optima) ~--1"'l::;~'el--1~~I--1I?T'Jlllh'VlI--1f'lrul?lfl\Ij;1ll?lf~l'\'~f'lJ• 
nl:i'llnuruVllll~::;1~G'::;t1::;l'J~11'Wnl),Al'W,) ru~--1l~'elUruVlliJ'/J'W1 ~1Vlru~,)'WLL'W,)'Vll--1 nl:i' 

~ 	 ~ ~ ~ 

Vll~II?l'el'lJLl'lJ1J Heu~istiC Optimization ~11?l'el1J~1J1"'l~'eltil'Wnhl'el--1 r111n~Lf)mr11~~j;1l~
'!J 	 " q 

(Approximate Opti~a) t~t1~Hl,)~11'Wnl),~I'W,) ru~il'e.ltl~1 m~mVltl'lJn'lJlL'W,)'Vll--1 nl)' 
f 

VII ~11?l'el1Jll'lJ'lJ Exact Optimization Ll~::;l~'e.l--1"'l1 nx1.Jbl1J1J'/J'el--1U ~Vll1 'W'Vll--11.Jl)lliliJ 

f'l,)I~,]1J.jf'el'WLL~ ::;iJ-JJ'W1 ~1VI oJ ll'W,)'Vll--1 nlmnu~Vll1'W'Vll--1Ul)1J~9--1~1 dJ'W~'el--1m ~t1nl)' 

1.J)'::;~ nl?l1.jjrjfiLLnu 'k!Vll Lb1J'lJ Heuristics Optimization 1 'Wnl)'Vll ~11?l'el'lJ (Vi'! ~~(?J.J,r bl?l 

I?l)'::;n~, 2549)
" 

, , 
.c::::,...::J 0 &::Jc:J~ 

1.3.4.1 ,)fJn'"lJ'Vilf(lPl'iJ1J'YJI?l'VIt?1?l (Exact Ootimization) 

';Jfi nl)'Vll k'I?l'el'lJ~ LVI~I::;~~~~
q 
~~1.jf~1V1~1JVlI ~11?l'el1J~LVIln~~~~~ 

q 
~ 


" , , 

L~--1 n1),~~ (Combinatorial optimization) -w'WiJ ~') tI n'WVI~1 nVl~It1';Jfi~--1';JfiVl 


.. 	 1~~1J f'l,)I~Utll-.J'eltil--1 LL~iVl~l t11~LLn 

• 	 n1~b1.J),LLn),~l~--1l~'WI?lN(Linear Programming: LP) dJ'Wnl), 

U)'~t1 n l'l1.jjrjfi nl:rLLnt'/JuruVll'Vll--1 nl),~~~ n'Vl~~t11 m~iJ~n~ru~ 
q 	 ~ 

f'l'J~ ~ ~:w~'Wfi'/J'el--1I?T') Ll1.J),(;\1--11~ L~m.jf'el--1 dJ'Wl~--1 L~'WI?lN~--1V1~ ~L~'tIy'h 
f 

n1)'nlV1'W~ L~'W'Vll'1 b~'WHIb~t1iJ9 
q 
~~--1V1~It1 

q 
L~'elLbnuruVllLL~::;I?T~~'W19

. 	 <V 

. , 
• 	 ';Jfin1)'LLl?lnn--1Lb~::;~ln~'/J'el1Jb6jJI?l(The Branch-and-Bound Algorithm) 

, , " 
dJ'W';Jfi~--11.jfVl~n nl)''/J'tI--1 n1)'1?T~'VlfJ'Wnl 1'bL"'l--1-W1J';Jfi nl)'1l1.J)'::;nfJ1-' ~')t1 2 

" , 
-n'Wl'l'el'WA'el n11'bbl?l n n--1(Branching) A'el m::;1J'J'Wnl1'bLU'Icl'J'IJ".lI'el'lu~Vll 

~iJ'/J'lJl~1VI qjl~dJ'WU'1.!Vllti'e.ltl 2 U ~VllV11'el~ln n~1 cl'J'Wn1),~1 n~ 

b'/JI?l(Bounding) ~'elm::;1J'J'Wn1),Vllfil'/J'el'lJb'/JI?l~I'1(Lower Bound) '/J'el'l 

~1 j;l'elU~~~~.~~IV1~UUruViltifJtI~ nlV1'IJ~1~ 1'W),::;VI~I"i'WI?l'el'IJ'/J'el--1
~ 

" '" '" "" ~n:\,1ru::;~--1'W 
i 
I 

f 
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1'J6.J nhlbb~~iJ mnb9-:J nn1:t.J(-:Jt-1:w Vl~ dJhlhJ1~ 

• 	 - U'kJt-11 t1tltJ9~Ltl'Wnn1:tVfti-:J6JJtl-:JUC).!t-11 L~6.J~t-11 ~l191tlU1~bb~'J 
.., 

U1-:J 'tl'Jhl bb~ ~~ VlYl1tJU OJt-11t1tltJ bt-1'C11119~iJ6JJ'W1 Vl L~ nnrJ1U rut-11 b~ 6.J 
q ~ 	 ~ 

• 	 m~'LiJ";mm6.JbbUU1VlhlliJn(Dynamic Programming) Ltl'W~fln1~t-11 

... ~l:~tlU~~~~ Vl lVltJLLU-:J n'C16.J6JJtl-:J9 Vl b~tl6.J~~91nl.l1 L~'W'Vl1-:Jtltln dJ'W 2 
q q q 

~9~ ~ru1 L~'W'Vl1-:J~ ~~ ~ VlYJ n ~f-:J~ L~tl n L ~tl:W~ Vl L~tl:wt-1ti'l~ ~1~1 L.]l n U 

n'C1~6JJtl'l9 ~ L~tl6.J~~Vl L~m'11'11iJ LL~'J
q q 

1.3.4.2 n I J'ViI y) 1m fJ 1J;r'J tJ? fi nl J'LL 1J 1J E'J~~ ~ n ffCHeuristi..c 

OptimizatiQD) 

n1~t-11~1191tlU~'JtJ~flm~LLuu'~h1~ ~ n'6fiJ~nt'tru~n1~Yil'11'WLLU'I b1J'W 3 

,J~~Ul'VlAtl 

• 	 . Uniformed Search t-11tl Bli nd Search dJhl~fll'Wn1~Vf1 ~1 (?itlU 

'lVltJhjiJ,]tl6.J~ L~tJ'J nU~lhl'J'Wihll9ltlhlt-11tl Path Cost 91 n~Jl1'J~ 
'" 

. U99tl'W(Current State) 1iJ'tl~Jl1'J~LU1t-16.J1tJ(Goal State) ~'Jtlt11-:J 
• ~ 	 q cu 

..:=::I~~ j,I 0• Breadth-first search 6.J'Jfin1~6JJmtJn1J'F1hlt-11~1191tlU91n 

bU1t-16.J1tJ~tltlln~~~ Vl ntl'W Ltlhl~fl~~6.JU~ruLL~ ~1~0i1~ 
'" q 	 .. 

• 	 Depth-first search iJ~fln1~6JJmtJn1~~'Wt-11~1191tluliJif-:J 

'tl'Jhl~~ n~~ ~"1Jtl'l LLC-J'We1-:J ~'W1~dJ'W~fl WWVfl ~1191tlu~1~ 
q 

• 


.j 

\ 

oJ._-" __ __ -.......I.. ____ ... ~~_~_,_~_______ ._...____~__~___~............. _~ _. 


http:b~tl6.J~~91nl.l1
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· 1 


'i 
\ 

• 	 Depth-limited search iJ~fin1~~~I~JflU~fiDepth-first 

search bY1m bbl'1'"l~"lJtmJ n1~A'WVll~I(Wau1.uu'H~'J'W~~ n~ 

~~bbl'1hhn'W~~~U~'Jll-J~ n~fhVl'W~1" 
q 

• 	 Iterative Deeping search iJ~fin'~~~'W1U~fi Depth-

first search bY1~,ml'1'"l~"lJm~n1~A'WVI'~'(;]'fltlhJu'l~~~U 

~~n~~~hlbn'Wrll L t~~'"l~iJnl~UfUrll L b~l-J~'W1.U
q 

d ;01
b~'fl~1 bu'W L+1, L+2, L+3 ... 

• 	 Uniform Cost search iJ~fi1'Wn'~"lJm~nl~A'WVI'~'(;]'flU 

t~m~'fln"lJm~~'(;]'flU'"lln Node ~iJrllU~~91 Path ~~, 
oJ 
'Vl~~(Minimize the cost of path) 

I 	 ~d 0 Q~ 

l-Jlnml Uniformed search bb'C1~l-J'JiJnl~Vll~I(;]'fl'JVI'C11nVl'C11~'Jn 

• 	 Greedy search dJ'W~finl~Vll~I(;]'flU~iJ~finl~"lJ~I~nl~ 

A'WVll~I(;]'flU91n~I(;]'flU~~~~~1'WU'"l9U'W1.UU'l~I~'flU
q q 

'i 
\ 

~~n~1 Heuristic Function b~~9::;dJ'W~'Jll-J~l-J~'Wfil~1~.:) 

1'W~[)I'J::;bihVll-Jl~9::;iJrll h(n) =0 ~finl:f~'"l::;iJrllHfr.il~ 

1 'Wnl:fA'WVll ~, ~'flU~ ~,~ ~ ~ LL'C1::;iJ ~'J 1l-J'j''J ~ b~'J1 'Wnl ~ 
q 

, ",
el,hi iJ b~'fl'W1."lJU'fl':) rl'Wn 1 'j'Yi, 'J'W ~'flU ~1 n'"l::; bn ~ nnuVlhl 

, " 	 " Gj II Q~.cS 't '" 	 d
~1l-Jl~(l bVle.J'C1~'flU'Vl~"lJ'W ~~(Local Optima)'W'fln91n'We.J'C1 

~'flU~1.rJi'"l ::;~'W'fl£J rlU'"l ~ L~l-J ~'W1 'Wnl ~A'WVll~n rJi'J ~ 
'" 	 q 

http:finl:f~'"l::;iJrllHfr.il


22 

• 	 Admission search (A search) L'lJ'W~fintd'VI1~1191'tlu~dJ'W 

~fin1d~iin1dtJfutJ~~l'e:l1ii'tl~"lI'tI~ Greedy search LL'Cl:;~ I 
Uniformed-cost search L'ihH~,)Wl'WLti'tl~'"lln Greedy 

search L1J'W',JfinlJ't-ll Al191'tlu~1-if'VI~n nldAl'W'HlJfll 

fll (;I'VIl-.Ilt1~ ~1~ 
q 

(;11 'Wn lJ'LtJtJ~ ~Jll,):; LU1'V1l-.11 tJ bb~ b1l'W 

L'VIl-.I'1:;~l-.I~~(;I~')'W Uniformed-cost search Lll'W',JfintJ''VI1• 

A11Wt)u~1-if'VI~n nl J'1'Wn1dAl'W,) nJ'VIl rhl-ifroi '1mJ J':;~ '1 

Path ~~I~~(;I(Minimize the cost of path) ~~Lll'W',Jfin1J' 

'VIl~I191'tlU~~~UJ'rubL'Cl:;1tXA'1I?l'tlU~ L'VI~I:;~~~~.(;I bb~hj~
~ 

, 	 "" 
Yl"'1 n-n'W~1'V1fu1JJ':;biJ'W~I~'Wd.Jl1'VI~ ~~U 

f (n) =g(n) + h(n) 

.J 
~~ntJ''Vl 1.27 

d 
L~'tI 

f (n) = ~IHroilt1fl1(;1'V1~ltJ"lI'tI~A1191'tlu~ii'tltJ~~(;I~1'W• 
.J 

Node'Vl n 

g (n) = ~IHroiltJtJd:;~1 path (path cost) r.nn Node 

Liml'W1tJtJ~ Node ~ n 

h (n) = ~IHroilW'11(;1'V1~1tJ~ii'tltJ~~i?l'"lln Node ~ n• 

LUtJ~ Node ~bll'WbUl'V1~ltJ .. 
\ 
j 

~'1 Lll'Wnldd')~ bm ~11-ifroi1tJ~ In (;I~'W'"l1'1 Lb'Cl :;~11-nroiltJ 

, 	 ... , 
~ll-.11d~'VI1~'1I?l~U~~tJd:;~'VlfiJl1~~1n~'WJlltJl'Wb,)'ClI~ 

ii~tJ'i'l~ bb~~ii'tl fl'J dd:;.)'1 ~'tI1'Wntdb~~n1-if Heuristic function ~ 
LU'W~,)~')i?llJJ:;~'VlfiJl1~ ~'tI~L~ bU'W~')tJJ':;biJ'W~I~~1n bn'W'"l1~ 

• 	 A*search Lll'W',JfintJ'A'W'VI1AI"''tIU~~w.J'WltJfutJd'll.J1'"l1n. 

http:LU1'V1l-.11
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nln~tlnH Heuristic function hJ1"Lfl~md'l.h:;d'l'Wril~ 

J-n n dl'W91-'1 ~~tJ n1 dL ~~.jJtl~ 1 n ~ (Constraint) 1"nu 

Heuristic function Ji''JtJfI'Jl~-K~~'Wfi~'1(;]tl1u~ 

h(n)< h*(n) ~lV1fu'VJn Node n 1'W Search space 

d 
L~tl 

h*(n) ~tlri11-nr.lltJ~LLVl91-'1~~1\!l~91n Node n 1uu'l 
q 

L'U1V1~1tJ~'1Ld19:;L1tJn h(n) ~i1\!ltl~f1~tl'lnUb~tl'Wh 

h(n)< h*(n) ~1 Admission Heuristic LL~:;i1V1''lni'W~l-ifl'W 

n1dud:; L~'Wrild'J~n'l.rr'WlPltl'W1'Wn 1dvl 1'11'WLL1J1J L~tJ 'J n U 

="" "lI'el'l'Jfi Admission search 

• 	 Saving Algorithm dJ'W~fin1dl'Wn1nLfltl'1!Vllnld~~ 

L~'W'Vll'1 L~'Wnl~ L'lJ'W~ ~~n n 'Wtl th 'I nrJl'1"l1l"Jl'1 LVI~l:;~ lVifu 
'U 

, 	 '1'1!Vll~lbJ1Ji'~ln~~1'W'J'WtJ1'W'Y'/1V1'W:; ~~tJ9:;vll m n'J ~ '" , 
L~ 'W'Vll'1\!ltl'l L~'W'Vll'1 Ji'l"JtJ n'Wchy'h1"rill-nr.lltJ ~ ~ ~'1~'1i1 

" 
LLUU"ll'Wl'W(Paraliel version) LL'W,)'Vll'1~9:;vl1 mdVlln1d 

d'J~\!l'el'l L~'W'Vll'1~~ ~ rill-nr.lltJ1Ji'~1 n~\!l 
q 
~ L.jJl Ji'l"JtJ n'W( Best 

Feasible Merge) LL~:; n 1 d LLntl ruVil LL UUtl'W n d~ 
~ q 

~lvll1"rilHr.lltJ~ ~~'1 LL~'J9:;'Y'/tJ ltJ1~Vll'Vll'1dl"J~ L~'W'Vll'l 

~'WL"ihnUL~'W'Vll'l L~~~9'Wn~19:;hj\!ll~ldt;1 dl"J~ L~'W'Vll'11Ji' 

n9:;1U~91dO.n~ L~'W'Vll'1~'W9 'Wn~19:;hj\!ll~ldt;1i1 m nl"J ~ 

L\!l'W'Vl1'l" 1""" ~tln(Larporte et al.,2000) 

" , • 	 Push Forward Insertion Heuristic (PFIH) dJ'W~'J1-\!l~n~ 

~l-ift'Wnld\!l ~1'1 L~'W'Vl'N L~'~ ~'W~~tJn1d~l'Wl"J ruri11-nr.lltJ~ 

l-ift'WnldLL'VlJn~'11Ud:;VI~1'1 Edge ~i1tl~LL~,)1'WL~'W'Vl1'1 

~~tJ L~tln l'l1 LL Vltl'l~i1 rill-nr.lltJ 1 'WnlnL'Vl Jn~~1~ \!l 
q 
~,)'Wvll 



24 

hn'WL~'W'Vll~ L~:wHln9!:G3J L~'W'Vll~1'\.njLL~')')'WVllit.ll9l'flt.l 

L~:w 41 'l tJ 9 t.l n ~ 19 !: LL'Vl J' n 'i'l n f11 'i'l ~ 'l tJ1t.l L~ t.l 'Vll 'I 'l~ fl J' U 
'!J.1 

" '" ,
i ~ VI :w ~~ fi n 1 J'ti L Ut.l~ fi n 1 J' Vi ~ 1 t1l9l J' ~ 'l tJ 19l J' ~ :w 1 LL'i'l !: ~ 

"j 

\ 

• 	 A-Interchange Local search method Lu'W~fin1J'1t.ln1J' 

tJiutJJ'~~'i'l~Il9l'flut~t1nlJ'U'i'lnLtJ~t1t.l'i'lnfll 
q 	 '!J 

'" 
(Node)J'!:VI ~ 1~ L"1Il9l"ll 'fl 'I L~ t.l 'Vll ~ (Route) ~fi n1 J'ti~~ LU'W 

Neighborhood searc hing algorithm ~~tJJ'!:~'Vlfifll'V'1~~ 

~fiVl~~ ~ ~i'Wl9l'flt.lL~:w LLJ'n ~'fl VII n 1 n~'fl nL~'W'Vll~3J 1 2 

L~t.l'Vll'l LL~,)Vll n lJ'L~ 'fl n 'i'l n f11~9 !:Vll nl J'LL'i'l n LtJ~ t1t.lnt.l 
'!J 

, , " 
n1J'~:W L~iln LL'i'l!:~It.l')'W'i'l nfllYi9 !:Vll n1nL'i'l mtJ~t1'W"r'W9!: 

q 	 '!J 

:( 	 LL'i'l!: A = 2 Vl3Jlt1fl,)I:W~I~I'W,),W Node ~9!:Vlln1J' 

LL'i'lmtJ~t1t.lJ'!:VI~I~ Route 9!:hJLflt.l 2 tVlt.l~ ~'ll'Wnnu~ 

9!:Vll1'IXLfl~ Interchange operator 1t.ln1m'i'lmtJ~t1t.lnt.l 

(0,1 ),(1,0),(1,1 ),(0,2),(2,0),(2 ,1 ),(1 ,2),(2,2) t~t1~ 

operator (1 ,2) ~1V1iUL~t.l'Vll~ 2 L~t.l'Vll~(Rp,Rq) 

VI:Wlt1fl,)I:W~1 9!:Vlln1J'tJlt1 2 Node "'lIn Rq hJtJ~ Rp 

LL'i'l!:Vlln1J'tJlt1 1 node 91nRp 'ltJtJ~ Rq t~t19!:t1il:wiu 
,1.f iI 	 I 

L'il'V'lI!:~I191'f)UYi~~'WL'Vh"r'Wt~t1~ 2 n'i'ltl'VlfiViHi.'Wn1n~iln 
q 

"j 
\ 

• 
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'l~tJn1m~mu~tJ'W Node ~~VI~I':} route -0',:} 8 LLU1A 

lJlmh,):W1J'W'~I:Wl~ClMulJlLU'W 4 ~mj'nJ~[9]I:WLL'W,)'Vll':}
q 

dO 

"lJ'fl':} Van Breedam ~'fl 

String Cross(SC) LU'Wn1~tJltJ~L~tJn~n~'flVl~':}~1 

Tail Sweep bti'el':}"'llndJ'Wn1~~~1J~h'Wu~ltJ"lJ'el':}
" 
i 

I 


- String 	 Exchange(SE) 

L~'W'Vll':}"lJ'el':}~'el':} b~'W'Vll':} 

- String Relocation(SR) LU'Wn1~tJltJ~n~191n 
'lJ 

- String 

I q~ cv 

~~VI,)I':},)fi SE nu SR 

" ",
fhVi~~'W11"'l~ViI n1~,)'W~11u"'l'Wn~I"'l~hll'1 n1~UfU1JN f11 

q 

, 

"'l~IS:w~'W1'Wn1~I~I[9]'elU
q , 

• 	 Local search method with diversification (LS-DIV) LU'W 
, 

~q q cv I 

,)finl~'Vl'YH?J-J'Wll?l'fl"'lln Local Search Method 

LLni1t1!Vll1'W~'fl':}"lJ'el':}n1~hltl~'fl~1'W Local Optima 'l~tJ 

L~:wn~ln~L~tJn~1 Diversification Mechanism(Tan et ai, 

, ," 
dO ~ """ 	 ""I """ "" 'i'2001) L'Yi'fl LVI:Wn1J'~'WVll L'W'ellnJlb"lJI?l'Vln,)I':}:Wln"ll'W L~tJ 

mflmL'W'Ji9~~~ILri'el Local search method hJ~I:Wl~Cl 

1~~II?l'ilu~l'1n1:i'ufUU:i',:}~'W1Jl,r'W~'elri1~,:}tl~'ElrJl'W Local 
q 	 'lJ 

Optima Jl'JtJn~ln Diversification Mechanism 9~Viln1~ 
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~m~'W'Vl1'1~'WJ.J1 LL~(J'vh n1:i'~J.JthtlVl~'elLL~ mtJ~tI'W Node. ~ 

, 	
, 

• 	 I 
v'h1'tX ~11?l'elUi1'"l"l1r'W'"l ~VI~!?11tJ~'1 Neighbor ~'W'elth'l ~ ~ 

;'1'"l~1~ Initial solution 1V1~'"l1mr'W'lJ1Lm,;)fin1:i'"JJ'fl..:J A
~ 

interchange local search method ~1H~nflf'lLL~'d'd'W'Vl1 

. 
~ ~ 

1~iJ1 'Wn1:i'VltI!?1 n1:i''d'W~1 ~..:Jt!'W'"l~~'fl..:JiJ n1:i'rl1V1'W!?1~1'"l ~ 

I 
'i 

1'tXiJ n1:i''Vl1..:J1'WLllwh'W'd'WLVh1!?1;..:J rhiJ L'd~11 'Wn1 :i'~'WVl1 

~1 n~'fl'"l~'Vl11'tX1~~1 ~'fl1J~ L;hln~nU~1 ~'elU~ LVI~1~~J.J 
d 
'Vl~!?1(Optimal Solution)• 

• 	 Fisher and Jaikumar Algorithm Lll'WLL'W'd'Vl1..:J1'Wn1:i'Vl1 

" 	 , ,
:; ~nmLL~~~n~J.J 
I 

• 	 Sweep Approach Lll'W';)fin1:i'1'Wn1:i'Vl1~1~'flU~vl1n1:i' 

Uti..:! n~~~n~1 n'el'WLL~'l~..:Jvl1 n1:i'~!?1 L~'W'Vl1'1 t!?1t1 rl1V1'W!?1'"l!?1. 	... , 

fU"JJ'el..:!~n~1 (Node) 'eltJl'W~n!?1L~..:JJ.JJ.J (Polar coordinate) ... " , 

Node l!?1n'"l~L~~ Node ~,:m~1'lL·ih1tJ1'WL~'W'Vl1..:J(Route) 


LL~~ L~'el'Vl1 n1:i'n'l1 !?1~J.J LL~~L~J.J Lihhl1'WL~'W'Vl1'1'"l'W1~
. 

'i 
I 

http:eltJl'W~n!?1L~..:JJ.JJ
http:m~'W'Vl1'1~'WJ.J1
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y'11 n1~r.r(;) llU'l Node ~'I'l hJ"'l'\.Jn~1"'l:::;n'J1 (;) ~~u~~u ll'i.'l:::; 

r.r(;)llU'l Node 'i.'l'll~'W'Vl1'l1Ji~'l'j..nJ(;) "'l1n~'W~1V1fUll~'i.'l::; 

l~'W'Vl1'l~1JillU 'l 'i.'l n A 111' n"'l::;-w11fl n1 ~llnu ru Vl1ll uu 
~ 	 ~ 

Traveling Salesman Problem(TSP) :W1u~::::tlnIPl1-n'Wn1J 
q 

' " 
i 
I 

• 	 Petal Algorithm dJ'W1fin1~1'Wn1nlnuf:]JVl1L(;)tln1~-W1l~1 

ll'W'J~(;)ll'i.'l::;1fln1~"lI~'l Sweep Algorithm :W1ud'::::tlnIPl1-n'W 
q 

partitioning 

problem 

'W~n"'l1n1fi~'J1~ ~n~~'l n ~1'J.jf1'l ~'Wll~'J~'l1Ji~ n1J~ (;)A'W~'J1 

~~m.f~'W~1-n'Wn1~ufuuJ'l ~11Pl~U l~~1mJi~11Pl~U~ lVl:l.J1::;~:J.JJ..n n~'W 
q 

• 	 2-0pt exchange operator dJ'W1fin1d'ufutJ~'l~1(?l~UL(;)tI 

~1~tln1nl'i.'lmtJ~tI'Wl~'Wl~~:W(Edges Exchange) b(;)tl1fl 

"lI~'l 2-opt "'l:::;~(;)L~'WL~~:w~~n"'l1m~'W'Vl1'l 2 L~'W y'hl~ 

L~'W'Vl1'lblmLtln~~mtl'W 2 ~'J'W n~uYiPlL~'W'Vl1'lLL~'JL~~:J.J 
~ 

• 	 3-0pt exchange operator LtI'W1fln1d'tJfutJ~'lrll(?l~'lJ~ 

't11 ~tI n 1 ~LL~ n L U~ tI 'WL~ 'W L;~:J.J l "Ii'Wl~ tJ'J n'Wn'lJ1fl2-0pt 

exchange operatorLL1?l L~'WL;'t1:J.J~~ n ~(;)'t1't1 mL~ ::::L~fl:J.J 

http:lVl:l.J1::;~:J.JJ
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' j , 

• 	 Meta-heuristic Search 

• 	 Simulated Annealing (SA) l'L1i.l~fin1J'lWn1J'~i.lVll 

fOll (We)U b~m~ nlJ'~i.lVlll:J'fl:W1iXi1:W1U5'1~1l1'J ~il(?111JvT'I1 i.l 

'"l~5'1m'fl nI~1i.lnl J'tJ'emf1J fOll (Yl'fluJi.l~'J1:J ~'Jl:w1l1'"l ~L Ui.l 

~1V1~'1 b~I:J'"l~tJ'I LtlU ~1"lJ'fl'l fOll (Yl'flU~ ~~~ 
q 
~B LUi.l~h 

" LL~~I'"l~1~~1mJ n~1 L~:wil ~'Jl:wi:W~i.lfi~'1il 

, 
.oj 

~:WnlJ''Vl1. 28 

... 
j 

\ 

I 

'"llnrt'n:wi:W~i.lfi~'1mh'J'Y'lU~IL~'fl~'"lIJ'rul~1 T ~'1il 

nlJ'UfU'tl~~I'tl'l'"lln~l:Wln:Wl~~lii'fll:J ('"li.lLn'flU'"l~LUW'\i.l~)
~ 	 ~ 

'"l~.yh1mi.l"ll'J'Id:w~i.l~'1 T il~IU'Jn.yh1iX !::.fT ii~l\.il1n~ 0 

V111iX e-to{r iir11Lil1n~ 1 '"l~m'flnl~~'1~'"l:;ilr11:Wlnn~1 e 
'IJ 
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"i, "'l:;tJ'El:wfukll?l'Elu1VllJ bb~~l f111.jf91tJ~1Jl9:;lj f11bbtl~.:j n~l b~:W 

bbl9ib~'Elf11 T ~i?l~.:j9'Wb·ih1n~ 0 9:;v'il1,x&(T ljf11~.:j:W1nv'il 

:W1 n n~l 8 ~'WA'El1'W-rl').:jVl~.:j9:;m'Elm~il'EltJ:W1 n~9:;tJ'El:wfu 

~11?l'Elu~1,x f11 bbtj~.:j n~l b~:W bb~:;b~'ElYi91 HW1 f11"1J'El.:j~ n9:; 

Y1U~lm:i'~ !1ljf11~lA'El r11~1Jl91n~11?l'Elu1V1lJbbt1n~lb~:w1lJ 

:W1n 9:;lj f11 A')1:W-W19:;bu'W~.:j1'Wm:i'~9:;tJ'El:wfu ~ll?l'ElUbb~~l 
" 

~11?l'ElU~'W9:;ljri1bbt1~.:jn~lb~:W ~')'W1'Wnnll~ !1 ~.:j1 9:;lj 

A,)1:W-W19::;bU'W~11'Wn1 :i'~9 :;tJ'El:wfu ~ 11?l'Elu1VllJ~lj r11 bbt1~.:j 
o ~ 

n~lb~:W ~.:jbb'W,)~i?lLb~:;~fim:i'ilA'El v'il1,x m:i'Vl1 ~11?l'ElU~1:W1:i'bl 

1?l:i'')9MlU(Explore) 1Jl'Elt11.:j-vY')~.:j1'W:i':;tJ:;Lb:i'mb~ :;91 ni?l~'W~ 

~1V1fun1:i'~'WVl1~.:j:W11,x LVI~'El b'UY11 :;U"tb,) ru~ljtl:i'::;~'Ylfi[llY1 

:;, l'W[lltJVI~.:j 

~ ~ d ~ ~~ " VI ~ n n 1 :i'bb~ :;~J 'W I?l 'El'W bVI :W'El'W n 'W,) D n 1:i' Simulated 

Annealing b~tJ.:j bb!?l nD bn ru.y]~1-if1 'Wn1:i'tJ'El:W fu ~ll?l'ElU 

1 VllJ9 :;l1J'WnD bn ru"Yl1'W~n'jj'cw:;~ bb -w'W'El'W (Deterministic 

rule) 

Threshold Technique bb~::;bbUU Record to Record 

~ 

Travel bi?lmbUU Threshold technique u'W1'W:i''Elum:i' 

v11.:j1'W~ t ~'lI?l'Elu1'W:i''ElU~ t+1 ~.:jf1'El X 1+1 9:;~ntJ'El:wfu~1 
o 0 

t.< .... ~ 1 ~ ""'" ~'Eli?lA~'El.:jnUb.:j'El'W "1J f(x 1+1) < f(x I) + U 1 \,i?ltJ'Yl U 1 9::;A'El 

Y11:i'1iJLI?l'Elf~en.jfLUw~fhVl'Wi?l ~')'W1'WbbUU Record to 
'II 'II 

o 0 

.QIdI G.'i,;' 'V cv<:::9. 1 
"l!.:jA'El X 1+1 9::;~ntJ'El:wmbl'l~'Eli?lA~'El.:jnUb..:J'El'W "1J f(x (01) < 

U f(x I) bi?ltJ~ U2 9:;A'flY11:i''liJ LI?l'flf~rrt.jfl1J'W~n'lVl'Wi?l~.:j2 

,rn9::;ljr1'l:W1nn~1 1 

http:LI?l'flf~rrt.jf
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• 	 TABU search l1J'WLL'W'J'Yll'll'WnI:rVll~IIWeJUbb'W'J'Yll'lVl~'l~ 

9~u~~1~~I~I~~~'WVll~I~~u1~~'l~I~~u~1~~11~~I~ 
""~ " 	 12.J a ~ 'it(?)"lJ'W (?) (Nonimproving move) 'Yll bVl~I:IJ1~~VI~(?)il~n, 

>

tilU'1(?)iltJl'l1~~'W~I?l(lnfinite cycling) bb~~nlnjfu~~'l~1 

~f'l!?l~hJ9~~11~~1 ~~utilun~U~I~91?l b~~ bb'W'J'Yll'l"lJ~'l 
'U , 

" -if~~Il-J ~'l-w'W1'W'VJn1~~Unl~Yil'lI'W (Iteration) 9~bnu 

~1~~uB1.'W Tabu list bb~~b~~n~I~~~~l?lbU'W Heuristic, 

bnu~tJl'W TABU li st 1l?ltJ TABU 9~()mnu1tTI'W TABU li st 
'U 	 'U 

d ° 1" ~ ., " 	 'I~ll-J"lJ'Wl(?)'YlnlVl'W(?) 'J bb~~l-Jn9::; b"lJn-!) First-in-first-out b'W 

, " 
' j nI~~(?)nI~ TABU list ~'l"lJ'Wl~"lJ~'l TABU list -W'WiJ~~!?lil, 

~1~ilU~1~1(?)tJ~liJn1~~Il-J~futJN~1 (TABU move), 

~tJl'W Local Optimum (Tan, 2001) ~'ll~N~~I'l"lJ~'l 
'U 

~n'rtru::; {R1 ,Node 1; R2,Node 2; R3,Node 3; .. ,} ~11~ 

n1~YWlml-Jtilu Node 11?l1~tl~1'W TABU list ~1l-J Route 

~nlV1'W(?)"'l::;dJ'W-if~~Il-J ~lV1fubbUU~~'f)'l "'l::;Yiln1nnui'l 

21; 11 -3-13-32-15;",} i'll bVln1~'Y'lUlml-JU1U bl?l1'Yli'll bVi 

.1t .s ""'i' "'I ~ L1:'i'W'Yll'l"ll'll-J b~N~~l'l b'W~ n'rtN::;{ 5-8-8-7-2; 12-4-6-3
, 

0'1" "'I ""0'1" 

m~~'l~~I'l"lJ~'lL~'W'Yll'l~Nnul'W TABU list 9::;LU'W-if~~1l-J 
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flndJ"l11 ~"lJ11'l n'lJ'~t?l b~l1 n tt?ltlflndJ"l11 ~ bl~:::n'lJ'~tJ(N.J'W1 n'l J' 

;'1 'l'W flndJ'll 1 ~tf!J'tdJ t"lldJ "lJl1'l"i'Jl1llJA'IJl 1 tI1'Wi.JJ':::nl1U ~'J tI 

tf!J'tdJ t "ll~lll[9] n (7]1'1 n'W1~VI ~1 tI ll.UU J''JdJ ~'I n 1J'~tJ(N.J'W1 n'l J'~ 

iJ n'lntl~ tI'Wl.ltl~'I"lJl1'l~'W 

" 
solution) ~'WdJ1V1 ~1 tlll.lUU [9]1 dJ"lJ'W1 t?ltl J':::'ll 1 m (Population 

size) ~ n1V1'Wt?l t~m~'W'Vl1'11.1.!?l~:::I.I.UU ~11 tf!J'hi t"ll dJ tOn n'!'W'Vl1 

n'ln~l1 n (Selection) bf! J'bdJ b"lldJl1l1 ndJ1 b~tIbf!J'bdJ b"lldJ~iJ11X f11 

Fitness value ~~ ('Vll1w.~f11H91t1~~I) 9:::ml1n'l~1'Wn'lJ' 

tln~~I.~l1n~'I 91n'!'Wf1bf!J'bdJb"lldJ~tlnl.~l1n9:::'VllnlJ' 
qj ClJ 'U cu 

I.I.~ mtl~tI'W~'Wn'W (crossover) 1.~11~9 :::1~tlJ'::;'ll1mi'Wbl~1tl 
q 

~ Q,.I 	 .:::::01 Q,.I ~ ..:::!I I " 
'W11 n91 n'W tJ'I dJ m:::u'J 'W n'l J'n ~ lt1 'V1 'W fl 

q 
(M utation) f!11 n'l J'~ 

q 
dJ 

~ ~U~ 'W ~ iJl1 tJ'l 'W bf! J' bdJ b'11 dJ I.~ tI'J n'W~ 'J tlf! 'J 1dJ'll19::: dJ 'W~ 

II'W'J 'Vll'1 'l'W n1 nUlU qJVllVl J''J dJ l111 -if11 ~"lJ 11'1 ~'I SA I.I.~::: 

'\J 

n1V1'W~ (Pm) 

• Hybrid heuristic of SA and TABU (SA-TABU) dJ'W 
", 

Tabu I. -iflH~'JtI n'Wb~l1lbnUqJVll1'Wn'lJ''J'W1.1I'WtJ£J'~'ml.l.~::; 

1.if l'J~11'WnlJ'~I'W'J ru~dJl n bn'W1tlll~:::1'lXiJ nlJ''Vll'11'W~iJ 

Simulated Annealing(SA) 1.1.~:::1.if TABU search dJl-n'JtI 

9~~I~I[9]l1u~1~'Vll1tl 

• 	 Hybrid GA(HGA) l1l'W~fin1J'~-WlI.111ll.'W'JA(?)"1J11'l GA dJl 

tlfutlJ''I b(?)tI n1n~dJ1'W~'J'W"1J11'ln1J' Grouping ~11n1J'9~ 
q 

search l-if ldJl1.1I 'Wn ~In1 'Wnl J'9~ n ~dJtI n ~'Jl1tJ 1'1l-n'W 
q 

http:ldJl1.1I
http:1.1.~:::1.if
http:t~m~'W'Vl1'11.1.!?l~:::I.I.UU
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dJ'W [4 4 4] ~1-'a [3 6 3] ~1-'a [5 5 2] llllJ~lJ~'1:W~'JlJ"ll'Jtl 

1mJi~I!n'au~:w ACUllTYUJ1 n~'1~lJ 
q 

"'l1 nYl ~ ~ n nlJ !nllJ fi :i':i'lJ"Jl 1 ~"lI'a'llJ!?Il 'Wnl:i''a'a n hJ A'W VII 

'al VI 'I :i' l(9JtlllJl~lJ'Vll'1~lJ !?Il.ift'Wnl:i'A'WVll'alV11:i',r'Wl1'W"'l~ 

vii n'l :i'uti'fl tl 'i'l 'I:i'~ l~tl n ~ 1 VH:i'llJ'W( Pheromone) ll7l tl 

2 

" ,
l1J~'1ll~ti'l'al~l:i' l!?ltlVJbllJ'Wll"'l~lU'W~'J ~'1!?1 !?IlJ!?I~'J~'W 

'll 

" , 
uti 'a tlYJl:i' llJ'W~'1Hl111~:i'~~u"lJ'a'lVJhllJ'WiJ n1:i''i'l~'i'llJ l~ lJ 

VII ~'I!n'au1~nuiJfl:!Vlll~'W'Vll'1 n1n~'W~f:1 ll7lm1lJl11 n1:i'r.r 17I 

l~ 'W'Vll'1 n 1 n~lJ:i'f:1 ri 'a'Wll~ 'J ~'atl l11 n1:i'U~UU:i''1 VJbllJ 'W 
q 

<i' d d 
blJ'W'Vl'i'l'l'Vl'i'll7l (Lau, H. S. ,2003)

'll q 

.Q" Q..I oClII oClI I-' 

1.4 e.J~~I'l.I'J"'l'l!J'V1Jn'l!J'J"lI'el~ 

iJr~Vlln1Nl7Il~'W'Vl1-.:mln~lJ:i'Cl(Vehicie Routing Problem: VRP) :wnl~~m~t1'ath'llUlJ 

:i'~UUlJl bUlJl'J ~ l'WllJ~'1ll~'a ~ 1?1~'11lJ~~tI~ 30-40 in~~~'1iJ fl:!'l.neltJ)~uwJ1lJ ~lJl"'llltl~:W 

n1:i'~ nMi nlJ'a th 'I n~I'1"l1'Jl)!1lJlb~lJlJ~Vltll n~tllt1 :i''JlJtl'l:W fl'JllJiu-if'alJln~Lf.1t!'1 nuiJruVll~lJi 
q ~ 

YlullJ'i'l f:11lJn1~ru"'l1'llJl n~'l~lJ~'J lJvY'l:W n1 ~~W-J'Wl';)fi nl nbtl ~bb lJ'J'Vll'lllJnlndl1"lJiJ fl:!Vll~ 
Vltll nVltlltil!?ltl:W1Ol 

q 
!?IlilJ ~lJlJllOll nu'Vl A'JllJ"lJ'fl'l Dantzig and Ramser ~'1:Wn1~~~lJYl1lJ"ll'J'I 

• I "" tI I 

Utllt1'Vl fil'J n1=t 1950 ~'1lVlI?1 t.J tlvhJ ruVllll1Ji~u A'll ~ 'i'llJl"'llll'W'flth'llJl mr'W~1J l\!'fl'l~ 11Ol1 n. ~ 

• '" I , 

U~~nlnL~n iJ ruViI nl ~r.r!?Il~lJ'Vl '1'1 l~lJ:i'mr'WllllJiJ ruVllVlYlulJiu'atil'W~';) I?1U:i'~"htJ'W U :i'~n1:i'Vl 
~ ~ 

.j 

I 
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'i 
\ 

~1.l,nJ 'lj't-11 n1 d9~ l~'WVI1'1 nldl~'Wdf:l l1J'W11 'lj't-11~iJ rl'J1:W'kh~'Wl"lVl1'1Vl ~'l1D lltl ~iJ wn:wiUoTI1.l'W 
" 

5 n'l1ru~dJ'WllUU Determini"stic ~'1Vl d1uojJ'el:wtl~~llU'WvT'I't-1:w ~ri1.l'WL~:w-v'h n1d9~ l~'WVl1'1 rlU 
'IJ 

11b1!'t-11n~:W~~'el'l~'1iJ5n'l1ru~lu'Wll1J1J Dynamic (Landrieu, 2001) ~'1ojJ'ilJ;1tl~~llU'W9::hjVld1U 
II'W'W'el'Wn'el'Wnl d9~ l~'WVl1'1ll!?i"'l ::VltJ 'eltJ rl'W1.l1.l n:W1l'W:i'~'t-1 ~1'1 ~-v'h nld9~ l~'WVI1'11~tJ1'W'I 1'W~9tJ~ 

"'l::n'Ci1'd ~'I n1:i'~ n'l11~~1'W:W1'lJ1.l'lnl:i'9!?Il~'WVl1'1 nldL~'Wdf:l~ lu'W5n'l1ru~ Determ inistic lvhJ'W 

11ru't-11~'W ~1'W"lI1.l'lUru't-11 n1:i'9~l~'WVl1'1 n1n~'Wn1~'1lu'W~~9n lltl::iJ nld~n'l11 rl'W:W1 n 
Q,I ~ ~ qJ 

~~!?I~'el11b1!'t-11 Travelling $alesman Problem ~'1iJ~~d:w~'Wl'W-rl'J'IVlMn'l1~ 1920 l!?ltJ'I1n 
, I I 11 I 

rl rul?lp\ll?lflltl~'I1mf'ld'l1~ f'l111i,fVliJ~'el~1 Karl Menger 91 n'l1'Wrl iJ n1:i'~n'l11 rl'Wl1-'eltJ:W1lltl::11 'k)'t-11 

~f:l n-v'h1«tJlfu rl'd1:wlJm.J lltl::lU'W~~9n rl'W1.lti1'1 ntJ1'1'lJ 'd 1'I ltJ 'I1n rl rul?l p\1I?lf~~1.l Merill Flood 
q.J , .. o:u 

'i 

91nJ'WL'WU 1954 George ~antzig Ray Fulkerson lLtl~ Selmer Johnson lJ1l~'W1.l~fil'Wn1:i''t-11 
~ll?l1.lU1'Wnld9~ l~'WVl1'1~'1 ~1:W 1:i'f:l9!?1 n1drlu11b1!'t-111'Wn1d9~ l~'WVl1'11'Wnl n~'WVl1'1~..:JiJ liJ1.l..:J~ 

~'el'l ~1'W'lJ'W1~ 49 LiJ1.l'llJ1 "'l:lnJ'WniJ n1d~n'l11Uf:lJ't-11n1:i'9~L~'WVl1'1 n1n~'W:i'f:l !?i1.lLti'fl'll~'eltJ:W1 
"'l'Wnd~i..:Jl'WU 2004 ApPle~ate Bixby Chva'tal Cook lltl:: Helsgaun ~1:W1df:l't-11l~'WVI1'1~ 
lVI:W1 ~'Cl:Wl'Wn1n~'WVl1'1 ~Twlu~..:J liJ'el'l 24,978 liJ'el..:J1'W1J:i'::LVl f'I~~ L!?I'W ~1V1fu11 f:lJVl1 n1:i'9~ 

'j.I • I I 

L~'WVl1'1 n1 dl~'W:i'f:l (VRP) 'I1'W~1.l1J1~ llu'Wnnl1vl'Jlu"1I1.l'l11 f:lJVl1 TSP ~'I iJdf:lVl1-'elm'W'Vi1V1'W~Vll.if 

1'Wnln~'WVl1'11J1:lJ1 n n~1 1 . ~'Wl!?ltJ [9hUb1!Vl19::~ nmJ..:J1.l'eln dJ'WU:i'::IJlVlU'iltJ1~ n't-1tl1tJU:i'::UlVl 
~ , 

1?l1:W 5 n'l1ru:: L'U'Vi 1::&I'd "lI 'el'l11 ruVl1lt?l tJL'Wd::tJ:: lldn 'I1'W"'l::iJ nl:i'~n'l11 &I'J1J ru 't-11 Vl iJ5n'l1ru:: l tI 'W IIUU 
~ ~ 

I I 11 I I 

deterministic ~'1ojJ1.l:wtlVl~1 dJ'Wvl'lVl:Wt?l9::Vld1Uri'fl'WG-:w-v'h nl:i'9t?ll~'W'VI1..:J l~:W"'l1 mJruVi1nl:i'9t?I 
'IJ ~ 

~ 

l~'WVl1'1 n 1 dl~'W:i'f:l~'W~1'Wl&im'h n1:i'9!?1 L~'WVl1..:J n1 n~'Wdf:ll 'IX ~ 1'Wlu~'1"'l ~fu1'IXrlJ'UVl n"'l ~ JI'JtJ
cI.9 f q q q 

fl1l.ifr.i1tJ1'Wn1n~'WVl1..:J~ ~1~~ ~ lltl:: l~1.liJojJ'fl~1 rl!?ll'WLi1.l'l'lJ1.l..:J rl'd1:W"'l'lJ1.l'lm'W'Vi1V1'W::'lJ'W~..:J &I'd 
, • q 

iJb1!Vl1"'l::~m~tJmtl'W Cap~9itated VRP(CVRP)(Kontoravdis, 1995) LL!?irr1V11niJvh:i'f:l:W1nn~1 

1 ll'IA'I "'l::~m~tJn9!?1LU'WU~Vl1 Multiple Depot VRP(MDVRP)~'J'W11'k)Vl1~iJn1:i'lU~'Illtl::fu 
~'W~'W~11J19~f:ln9c;lltl'Wuhj't-11 Vehicle Routing Problem with Pick-up and 

'IJ ~ 

Delivering(VRPPD)(Lau, H'. S. ,2003) lLtl:;rr1iJ~'il~1rl~bi'il..:J n:i''iluL'Jtl11'Wd::tJ:;n1:i'''lI'W~'ILbtl:; 

1'IXu~n1d9:;f:ln~tJn~1Lll'W VRP with Time Windows (VRPTW) ~'I1J1f:ln~n'l11'ilU1-:jntJ1'1'lJ'd1..:J
'IJ 'IJ 

~ . ~ 

vl-:il'W~fi n 1 dLLn11 ruVl1 LL~ ~ f11 d'Cl ~1..:J LL UU~l tl'il'lVl1'1 rl rul?l f'l11?lf 'W'il n91 n l1~'1iJu ruVl1 n 1:i'9!?1 
~ ~ 

l~ 'W Vl1'1 n1 dL~'W:i'f:ll 'WtU Lb UU ~'W1 ~ n~'I Lll'Wn1 dL~:W W;l1:wiU~t)'WL-if111.11 'W&I'JU 'k)Vl1 L~1.ll'IX 

ln~b~tJ'IrlUd::Ull~iJt)u9~'1
'IJ 

'iJ1n~'I~'W :i'ULLuuuruVl11'W5n'l1ru:: Deterministic ,r'WiJn1d~n'l11
'IJ ~ 

, ,~ 

rl'W:Wl1.lUl'1!?it) lU1.l'l LU'Wb'J~1'Wl'WLltl ::iJ~fil'Wn1:i'Vil ~ll?l1.lU1'Wn1:i'9~ L~'WVl1'11.lUVI~ltJ~fivl..:JV1ltl'W 
" 

llUU Exact optimization LLtl::LL1J1J Heuristic n1d't-11~11?l1.lULLUU Exact optimization J'Wl'Wu 

' i 

http:ll?l1.lU
http:iJdf:lVl1-'elm'W'Vi1V1'W~Vll.if
http:ll?l1.lU
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1980Paraftis 1~tJ1lm~filwn'l:rLulil'1!vl1mJu Exact algorithm L(?JtlH~~nn'lJ'<JJ!l~ Dynamic 

Programming llIN::;lw1l1985 Kalantari ll'tl::;~ru::; l~~l?J-Jl.n Branch and Bound algorithm ~1 

1.jflwn1:rLlnil'1!~1 Single ~ehicle Pickup and Delivery Problem ~'Hq1~1J'b1Hlwn'lJ''in 
l~'W'Vl1~~ lm.J1::;~~~~ (?J L(?JtI~ l?l'Jil ruvnil91'W'J'W"'l (?Jfu<JJ!l'lIN nfl1 15 ntll~~1l~"'l Kolen llIN::;

q cv q <lJ 

~ru::;1~l~'W'an'lJ'tJrll'a1 Branch and Bound ~11.jfllnil'1!~1 VRPTW "'l1mr-w1'W1I1997 Ruland 

and Rodin1~tJ1l~'W!l~fin'lJ' Branch and Cut Algorithm ~'1~1~1J'b1~(?Jn'lJ'nuilb1J~1~il91'W'J'W 

"'l!?lfu<JJ'a'l'tlnfll 15 ntll~l~'W'Vl1~~l~~1::;~~~~(?Jl"li'Wn'W ~1~fu~fin1J'<JJ'a'l Column 
q '" q 

Generation '!'W Dumas llIN::;~ru::; 1~~W-J'W1llIN::;tJ1l!l1 Branch and Cut Algorithm ~1 
th::;(JnI?l1.if1'Wn'l:rLlnil'1!"'1 Pickup and Delivery with Hard Time Windows ~'1~1~1nl~1 

l~'W'Vl1'l~l"'~1::;~~~~ !?I~1~fuilru~1~il"'l (?Jfu<JJ!l~'tl n A1 55 ntll~(?JtlH'Y'n",'W::;l'Wn'lJ'<JJ'W~'l 1 
q • Q.I q qJ 

r)'W II 'tl:;1 'W11 1992 Des~pchers llIN ~ ~ ru::;l~ l~ 'W!l~fi1 'W n1 J'~ 1 ~ 11?l 'aU Lm]1-if Linear 

" 
Programming relaxed set ,covering ~h~nu column generation 'W!ln"'l1nU Lu and Dessouk 

'i 

(2004) 1~~W-J'W1~fil'Wn'lm~il'1!"'1 Multiple Vehicle Pickup and Delivery Problem L!?ItI!l1~tI 

"'~nn1J'~'WJ1'W<JJ!l'lBranch:and-Cut Algorithm ~'l~1~1n1~1~11?l!lUL!?ItJHtJ1'W~1~'W::; 5 r)'W 

ll'tl:;il"'l !?I fU<JJ 'a 'I IN n A1 17 n~1~ll~hti!l'l"'l1n1 'Wn'lJ''''1 ~11?l!lU<JJ!l'lUru"'1 n1J'~!?In'ln~'W'Vl1'l n1J' 
q '" ~ 

lt1'WJ'b1'!'Wn1J'H Exact optimization '!'W9 ~Hh'JIN11'Wn1J'~1'W'J ru~tJ1'J'W1'WllIN::;hJ~1~ 1J'b1 

~!?I n1J'nuil ru"'1~il<JJ'W1!?11Vi rul~~'JtJ l'JIN11'Wn1J'A1'W'J ru~ l"'~1::;~~ n1J'lain'l11~'J'Wl~ ru~'l:IJ'l
QI Q.I Q.I q 

lh::;l~'WhJ~ll 'W'J'Vl1'l1'Wn1mnil'1!"'1 ~'JtJ~'J1~~ n~~'l1 'IXA11?l!lU~~L!?Itl1-if l'JIN1 n1J'A1'W'J ru~l~ 

~1n ~'l~'J1~ ~ n~~l.if1'Wn'l:rLlnil b1J~1'!'W9::;mj'l'a!l mu'W Heuristic ~il n1 J'lai n'l111'WJ'::;tJ::;llJ'n 

llIN~ Metaheuristic ~~il n1J'~1?J-J'W11'lXiluJ'::;~'Vlfi.f11~1'Wn1J'vil'l'1'Wl~~~ln;'W 

~'1~fu~'J1~~nil'Wn1J'~'1 ~11?l'au<JJ!l'lil ruvn n1 J'~!?I L~'W'Vl1'l n1n~'WJ'b1~ dJ'W~~~n'!'WA!l 
~ '" 

Saving algorithm ~'1LU'W~~'n1J'~tJll~'W!lL!?ItJ Clarke and Wright (1964) ~'llu'W~fi~LU'W~l~n 

~ '1 n~ ~ rPl~fi n1 J'''' ti'll'Wn '1 J'~L nil '1! '" 1 n1 J'~!?I L~ 'W 'Vl1 'I n'l nt1'WHl LrPl tI "'l ~v'i 1 n1 J'''' 1 J':::;tJ :::;'Vll 'I ~ 
UJ':::;~ ~rPl~ ~ !?I91 n n1 J'l-iftJ 1.'W~1~'W::;1 'Wn'l J'<JJ'W~~lU~'l~'WA11~"''tlltJ'1!?1 fU~!l J''aU nlJ'<JJ'W~'l 

"; . ~ ~ 

'Vl!?l LL 'Vl'Wn1J'<JJ'W~'l LLUU 1 9 viu ~!lJ'!lUn1 J'"lI'W~'1llIN :::;-n'WI?l'a'Wn1J'vil'll'Wil~'l LLUU<JJ'Wl'W( Parallel)• 
ll'tl:::;llUUm~nJ'~(Sequentiai) ;~ Gillbert et al,2004 1~v'iln1J''Vl!?l~!lUn1J'Vl1'l'1'WlllN:::;~U~1 

i'WI?l!l'Wn1J'v'il'l1'WLLUU"lI'Wl~9~1'IXt:.l'tl~~tf~~n~lblUU!l'WnJ'~ 
,. • 

'W!ln"'l1n~fi Saving algorithm LL~'J 1'W1I1987 Solomon 1~L~'W'a~fin1J'1'Wn1J'~~1'l 

L~'W'Vll'lbrl'a'l~'W~'tlltJ~fin'li~!l~fi Push Forward Insertion Heuristic(PFIH) dJ'W~fin1J''''l 
Al{1l!lU~ Lu'Wlu1~'W.fr'Wb~~ rfi'WL~!ltJl1uvil n1J'ufmh'l. ~!llU~fin'lJ'.nLu'W~fi n1J'~ ~1~1 J'b1Vl1 
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~"lI'il"l~l'W'd'Wtn'W~1V1'W::;~1~ ~"l~1l..nJ'rl'vh 1 'lXbdlYldlU"lI'ilUb"ll l?lu'W(Upper bound) "lI'il"l91'W,)'W 

tn'W~1V1'W::;~ ~'il"ll.ifb(?l tJ1'WnlJ'~~1'l b~'WYl1"lt!'WfOl ::;v'h nl J'Yl (?I ~'il'l bLYlJ'nfOl (?IfmJ'il"l~ n ~h1Vll-i dhhJ 
,~ " cu 

J'::;t.d1"l~ (?I fu"lI'il"l~ n Fl1~1~tin9Vl~"l11l bb~,)1'Wb~'WYl1"l~~il~ L~lJl(?ltlfOl::;b~'il n ~1bbww"ll'WnlJ'bbYl m 

1m~fi1~ ~~ ~ ~I bb~::;~ 'il (?) fi ~~'lnu b1'il'W1"lI.jf'il~ 1 n (?)~~mJ1mi'il'l "lI 'iN r)') IlJfOl"lJ'il"lm'W~1V1'W::;Vl1'il
q "q 

m'iluJ'::;tJ::;b,)~11'WnlJ'9(?)~"l 

Sweep Algorithm ~u'W~fiVl~"l1'WnlJ'9(?I nlJ'nUUCl)'I,nn1J'9(?Ib~'WYll"l nln~'WJ'bllVltJ nlJ' 
, ~ 

I I Q..' Q 9..t 0 , IV I I 1I..:S I Q/ iI I Q,<' 

bbU"l n ~ lJ~ (?) J'UYlfOl::; I?lil "lYl1 nl J'~ en~'l n'il'Wbb~ ,)fOl'l fiiltlfOl (?) b~ 'WYll'ltliltl1'W'W( Route-fi rst cluster-

second algorithm) lVltlfOl ::;v'hnlnbtl'l~ (?)ful(?)tl mn,)l enl-jlJ J''ilU'Vl1J'bI (Depot) bb~'d bbtl'l~ (?) fu~"l 

bblPib~'WYll'l9'Wn~lfOl::;bn'W.jf'il~lnVl~nlV1'Wen~'W b'll'W mlJll?lJ'mllJfOl"ll'il"lUl'W~1V1'W::; bU'W~'W bb~':l 
q 

"lJ'il"lb~'WYl1'ltJiltl l(?ltl~fin1J'~l:Inmh,)~"l1'W'l1'W~9tl"lJ'il"l Laporte et al. 2000 ~1~fin1J'~~lJ~U 
" " " ,

fif"ll.l.J'nl'Wmr"l~il"ll'il'l Wren' 1'Wu1971 bLmfin1J',hrm::;bU'WVi~9mJ1'WYl1"l'l1'W~9tJ"lI'il"lGillett", 

~ lJ (?I~ J'') lJ ~'lll-il~ ~1\1'l (1'lbl'W'Wvll1 'IX'il199 ::;Lf~ (?) n nl1~9 (?) fu~'il tJU'Wl:I'W'Wb~'WL~tl ':l n 'Wbbi7l bI n 
q I ~ q <JJ cu 

9enbbtl'l~"lfi'W~::;L~'WYl1'l~'l ~ena~d and Boctor(2002) 1~'0,1bm~finlJ' Sweep algorithm ~lJ1 
UJ'::;tJnI?l1.nnUUb).jVl1 Fleet Size and mix vehicle routing problem 

~1V1fu~fi nlJ'1'WnJiLLfluClJVl11'W~n~ru::;~ bU'W Route-first, Cluster-second algorithm 

U'l~~fin1J'~'W1~m'll'W Patal! algorithm ~"lLu'W~fin1J'~~W-J'W11Pi'illJ191n Sweep algorithm l(?ltJ 

mJ'~~I"lb~'WYl1'lVl~ltJ1L~ilYll'l~L~tJn~1 Petals bb~,)~'lvl1n1ndlurYVl1 Set partitioning 
11 I I I 

problem 'Wiln91nilu"l~~finJJ'''lI'il''l Fisher bb~::; Jaikumar ~'lbu'WVi!9nlJ1nVi~Vll'WuJ'J'(?)1~finJJ' 

9 en L~'WYl1'llwn~lJ~lentJ9 ::;vl1 nJ J'9Vl bb1J'l ~ n Fl1 U"l bblPi~::; b~'WYl1"ll(?l tJ n1 nbnuruVl1 Generalized 
q " ~ 

Assignment Problem (GAP) bb~':l~'lvl1nJmnUClJVl1 TSP ~1V1ful'WbLIPi~::;b~'WYl1"ltJ'iltJ~1~ 

9'~mtl'lHbb~,) 

i7l'illJ 11'W J'::;U::;VI ~'l i1 n1:r~W-J'W 1~')1-~ ~ n i't 'W n 1 J'bLnu 'ldVl1 b U'W bb UU LlJ I?lI ~')1-~ ~ n ~ , 

(Metaheuristic) ~'l1'W'll'W~~tJ"lI'il'l Gendreau et ai, 1998 n~1':l~1U1'lr)f'l~')1-~~n'ifl'Wn~lJ~fOl::;, 

bI n ~tJ n~1 bU'W Artificial Intelligence(AI) Heuristic bti'tl'l91 n~ r),)llJ~1lJ1J'l:Il'Wn 1 J'Fl'WVI 1
" .. 


~llWf)u1 'W"lI'tlUb"lI I?l~ n~1'lnil ~1lJl:rl:l Fl'WVll1uu"l t.J~ lWf)u~hlvll1 'IX ~1~~~'Wl~vll1'IX~llJl:rbl 


VI~1JVI~ nnlJ'Fl'WVl1 ~1 l?l'tlU bbfi')lU~Vl'tltJ~ Local optimal bb~::;H"lIilUb"lI1?l1'Wnl:rFl'WVll~ n~I'llJln 
" " ,

~'WlVltJ'tl199::;HnJJ'9(?191V11-'tl~~rl'lb1'tl'Wl"l1~bPl~1'WnJ:rVl~uVI~mL~::;1'W Gendreau et ai, 2001 

l~-W'Wil1 TABU search lJ1J:r:::tJnI?l1.nnuuruVil Real-time ambulance relocation 
q ~ 
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.jfTl~1 n (?)1'W~I'tJn :i'Tl1J:i':;!'J:; b".l'Cnlwm:i'~(?)~'l t(?)1'J Tan et a l. 1~V.1 b'Cl'Wilbb'W'J ~(?)lwn 1:i'~(?)n fi~ 
q 

tfld'l~t,]~(Grouping) ~1~f'lJ Genetic Algorithm JI'JI'J Loca l search t(?)I'JL'~'l'Jn~fi1'Wm:i'~'W~1 

~1 !?lTl'lJd~1 Hybrid Genetic 

, 

Algorithm (HGA) ~'l bml'J'lJ b'ClnTl'Wm:i''Yl(?)'C'lTl'l~(?)LLU'l9 (?)f'lJ'C'l n ~1 
, .. q 'U 

'C'l'lb'Wm'W~I~'W:;1'Wd'l.JbbUU~bb!?l n ~1'l n'WL~Tlv.l~11.ifnuuru~1 n l:i'~(?) L~'W'Yll'l m:i'L~'W:i'b1v'il1,n~
~ I ~ 

~1 e.J'C'l ~~fil'Wn1d~1 ~1 !?lTl'lJYl~~'W 

Simulated Annealing flLU'W Meta-heuristic bb'lJ'lJ~~'l~'l ~fim:i'1'Wm:i'~'W~I~I!?lTl1J1~ 

LL 'W'J ~ (?)~191 n n:r:;'lJ'J'Wnl:i"~ l'JTl ~91- 'l1'Wnd:i'~"]jl ~ ~Tl n:i':;u 'J'Wni dTl'lJ'fiTl'W(Annealing) 'lJTl'l 

t'C'l~:;t(?)1'J Kirkatrick etal. dJ'W~V.1 Lm~finl dd~1 LLn1f b1J~1 L~'l nl:i'~(?)(Combinatorial 

optimization) LL~l'Wm:i'v.1 bm~IU:i':;tJ n [;iL.ifntT'l~'lJ~1l'J1fb1J~11'Wm:i''J'WLu'Wrj!l~n:r(Cycle) ~'l 

v'il1t\b~m'J'C'l11'WmdAl'W'Jrubb'C'l:;v'i11,n~t.J'C'l~Yifil3J~L'Vh~A'J:i' Tan et ai, 2001 ~'l1~v'ilm:i' 

~oo..J'Wlt(?)mm~finld'lJTl'l Simulated annealing 

n'C'llmtl'W Hybrid SA-TABU ~'ll'JfI'Jl~'ClI~ld(ll'Wm:i'~'W~I~~bb'C'l:;'C'l (?)1fbIJ~lmd'J'\.!LU'Wrj!l~n:r 

L~Tl'l91nl'JmN(?)~lm:i'~'W'VI1~1~~I'W~ILL~'JUTln91ndtT'll'J~fim:i'lun1:i'~(?)b~U'Yll'ln1:i'L~'W:i'(l~ 
LU'W AI ~l'J bb'W'J~(?)~191nn:i'~~"]jl ~'lJTl'l~(?)lUn1d~lm~l:i' ~'l~ (?) Lb~'C'l:;~'J9:;TlTln91 nf'l1'l.J~'W~1 
ill~l:i't(?)1'J9 :;'l.Jfiill'J'ClI:i'~ht~u(Pheromone) 11'!?l1~ L~'W'Yll'l~ ~IU~ (?)~'J~U1n9 :;b~Tl n b~U!?lI~ 

L~'W'Yll'l~ l'J:i':;~'lJ~t:i't~'W~~~~'l,r'Wb~'W'Yll'll(?)~V.lhl~ bL~ fi'lill~I:i'~ ~ fl9 :;l'J~ (?) ~1'WbU'W~I'W'J'W 
cu ~ 'U 

~lnv'ilbt\l'J :i':;~1J~ht~u~~'l LL'W'J ~ (?)d~'l't~n~I~~fi m :i'lUnl:i'~'W~1 AI !?lTl'lJ~ L'ClUTl t(?)1'J Dorigo 

t(?)1'J1t\~Tl~1 Ant Colony System Algorithm (ACS) bL'C'l:;1~v.1Lm ACS ~1'l.Jd:;tJn!?l1.]1'Wn1:i' 

bbn1fru~ln1d4'(?)L~'W'Yll'lmib~Udbl1'WLL~~~~~'C'lln~'C'llm"ll'W Chen(2005) 1~v.lbm ACS ~1
~ . q 

search 

(VRPTW) Montemanni et ai, 2005 1~v.1Lm~fin1d4'(?)L~'W'Yll'lLLU'lJ ACS ~lud:;l'JnI?l1.ifn'lJ
q 

1f'1.J~1 md4'(;lL~'W'Yll'l n1:i'L~U:i'mL'lJ'lJYi'C'lrjl?l~1Tl Dynamic 

Greedy Randomized Adaptive Search Procedures(GRASP) LUU Metaheuris tic 

'l.Jd:;Ul'Yl~~'l~1Jlf'lJml~UI'J~v.1~11.]1um:i'LLn1fbIJ~IL~'lm:i'~(?) (Combinatorial optimization) 

~L'Cl'WTlt(?)1'J Kontoravdis LL'C'l:; Bard ~'l~fim:i''lJTl'l GRASP Lu'W':'Jfim:i'~IArl!?lil'lJ~l'Jm:i'v'il'lIU~ 
,. 

:i''J (?) b~'J l.if'VIl.i'J I'J f1'Jl~~l'th:iI'J LL'C'l:;U :i':;'ClU A'J 1~ ~ 1 L~91Unl:i'v.l~IU:i':;1'J n ~.ifnu1f ru~11 'W q ~ 

, 

~'C'lln~'C'lII'J:i'ULLUU (Blum and Lori, 2003) t(?)1'J Chaovalitwongse et al. 20031~v.1Lm~fim:i' 
~ 

. , , 

'lJil'l GRASP ~1'l.J:i':;1'J n !?l1.JPn'lJ1fru~1m:i'4'(?) L~'W'Yll'l mn~U:i'(lVll'J L1TlUI.'lJ ~IUn:rTl'lJ:i':;I'J:; b'J 'C'l1 
q I ~ 

m:i'~(?)~'l (VRPTW) t(?)l'Jl'J n .f):i'~91:i'rul ~'l C~Tl'l~1 ~'lJ1um:i'~(?)~U~I~l'J'lJU1(?) LLI?l n ~1'l n'W'C'l'l'lJu 

http:n'WL~Tlv.l~11.if
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algorithm 

Restricted Candidate List 1'W6jJ'I.J1ill 3, 5 U'i'l:; 7 ~-.ly.ju~ln1n~'fln1-if6jJ'Wl(1)6jJYl-.l RCL = 3~:; 

~1l-Jl ~j'f;l1 'IX Alln'fl1JbilltJ L'U~tJ~~~~ ill LL'i'l::::1-ifL ,)'i'l11 'Wn1~Al'W,) ru~ ~ln~1 f)1~'W1 

'W'fl nlO!ln n1~~mn~~u L~'fl~1?J-l'W1 '~h~'~ ~nit'IX~ fl,)I:W~I:Wl~mL'i'l::::lh::::~'VlfiJlly.j1'Wnl~ 
I • 'ii, 

~1 A lln'flUV1 L ~l-JI:;~l-JV1~ ill'fith'l~tl~::::~'Vlfi[)Iy.jl-J1 n~'WLL~,)~'lJ:i n1 nh:;u n !?l'5')1~ ~ n ,.{V11J)bl n 
• • '!J 

I OJ., I iI I iI 

~ I?J-l 'W 1 Yl ~ 1 'l19l'fl L-WYl-.l L~ I::h lr'Wl-J i l-ifl'WiJ ru~ lV1 Lfl (1)~ 'WIO!1-.l~ -.lJ:inJ LL UU~ 'i'l1 n ~ 'i'l1 u~ 'W'r:J ~ n U ,0.; qJ 'lI 

I I . I '" I , 

LU1~ l-Jl UV1lJ'l. LU'WVl LLIn n 1911..:J'lI'fl-.l LLl9l'i'l::::1J ru~1 LL'i'l ::::-n'fl91 n (1)V1 Ln ill~'Wb~ltJJ:i nl~L~l-J L~'fl'W'1.'lI LL'i'l:;. ~ 

n1~L~'W~bli')'1.tlbilltJ~l-JlO!ln 1'Wtl1964 Clark, G and Wright, J l~v'hn1~~illL~'W'Vll-.lnln~'W~bl~ 

~~'i'lIU6jJ'W1 ill~~'fl'fln~1 n~'W~m::::~ltJ~W~1 LL ~-.l L~U'Jbillulf)fin1 ~~ 1 f)1,J~::::~Uill~1Yl Saving 

algorithm L~Yl~ill~tJ-.l~Ii?lU'lI'fl-.lf)ltl~::::~Uill~::::W)I-.l Node 2 node L~'flL~'fll-JL~'W'Vll-.l1911-.l1L-n1 
~ 

. 
, 

J)') tJ n 'W-.ll'W~ m~I';)~u~v'h1,x'Vl ~IU91 'W,)'W ~blU~~'Vl nV1 ~'fl-.l1-nLL'i'l::::ml-J1 runl~'lI'W~'W~1 LLl9l 'i'l:::: ~'W 

I iI I I 

~l-J~'W (Initital route) ~'W:W1LL~'J~In1~tlfutlN L~'W'Vll-.l~,)Un1nL'i'lmtl~u'WL~'W'Vll-.l LY1'fllm~• 

~ ,. 

'l1'W';) ~U~1-n L,) 'i'l11'Wn 1 ~A1 'W,) ru f)'fl'W-irI-.ll-J 1 n LL'i'l::;~ 11~n 1 ~~1 AI !?I'flU ~ ill'fl ~ JlI U1'W Local 
'!J 

.. 
Parker, R.G. LtI'Wn1~~illL~\!'VlI-.ln1n~'W~blbilltJlf)fin1~~illLLUU Saving algorithm LLUU'lI'Wl'W 

j 

~-.lLL!?In19l1'l~ln';)fin1~~illL~h!'VlI-.l'll'fl,:j Clark and Wright ~,:jLtI'WLLUU'fl'Wml-J 1'Wtl1964 ,:j1'W';)~U
; . 

'lI'fl,:j Holmes, RA LL'i'l::; Parker, R.G. rh~'Willbf'lH'lhul'Wn1~~IAl!?1'flULLUulaJ~l.Jl-JI!?1~~'W~'fl 

f'l'WtJn ~::::91u~'W~11aJ1J)'fltJ''W~ ill f'l'WtJn'i'lI-.l'll'fl'l~::::UU \:.l'i'l nl~~ n~Iy.jU~1 n1~~ill L~'W'Vll-.l LLUU 
cu cu q <u 

n~l,) ~-.l n1~~illL~'W'Vll,:j LL'i'l::::~1 ~U n1~~,:j'fll~1 ~1'IX LLn ~~-.l'fllul'Wl-J'i'lf~9'flfL~U~,:j~~I'W,)'W~bl'll'W~,:j
<tI ru q d.9 

4 ~'WLL'i'l::::~'fl,:j~'l'fl1~I~1~LLri~~,:jtl1U91'W,)'W 200 ntJl'W"lh.:JL')'i'l110.00 - 14.00 'W.1~fl~U'Vln 
'U 'U q q 

, ". 
~ltJ~-.l1JbY~11'W-.lI'W';)~U~LtI'WltlLLuuVlL~un~1 Vehicle Routing Problem with Time Windows 

(CVRPTW) ~,:jLtI'W1JbY~I~J:if'l,)Il.Jiu.jf'f)'Wl-Jlnl'W"Ii'),:j~'W Bartholdi et al,~,:j'1.J)tl~::::t.!n!?ln1~ 

LLn1JbY~1billUL-nL'VlflUfl TSP .~-.l LU'Wn1~rh~'Will~nill (x,y) L~'fl~I),::;U::;'Vll~~~I~ n'W'lI'fl~LLl9l'i'l::::' ill 

LL'i'l::::HL'Vlf'lUfln1~~~I-.ln~I~~b~tJn~1 Spacefilling-curve L~'fl~n~~IU'i'l::::L~U(1)t?i1-.l1"lJ'fl-.l\lnf11 

LL"",)~-.l LLtl'l L~'W'Vl1'l'fl'fl n dJ~~ IUbillulf)fi n1~'5')1~ ~nG\. 'WnlnLtl-.l n~l-J~ illfu LL""')~ill L~'W'VlI,:j
q • 

http:ntJl'W"lh.:JL')'i'l110.00
http:fl,)I:W~I:Wl~mL'i'l::::lh::::~'VlfiJlly.j1
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llnurut-n n~'1'".l ~'el~'1:W'1 nlllnl"lJu nnnl~hi~'d ~ l~'".l l~'eliJr.h'W'd'W~.~fu:w'1 n;'WLL~::;L~'el'Wl"lJ~~ ~ 

" 
-nu.]'el'W~'W lwth~mn'W Bell et al l~'Lh::;tJn~uru\nn'1~9'~L~'W'Vn'ln'1n~'Wnm'1Hnuuruvn. ~ ~ 

n '1~"lI'W'Cl'l~'W~'11h::;Lfl'vdh"ll Ll~::;Ll"liJj)ru"V11~nu\'l n ~'1 ~'1'l1~'l ~'el'liJ n'1 ~1"l'1 ~ I"l::; L'W~::;~U"ll'el'l ~ 'W~'1 

~'1'l1 LL~::;n '1V1'W~ L'd~'11'Wn'1~"lI'W'Cl'l~'l LU'WU C1JVI'11'W~n~ru::;~ I"l'n:w ~'el'l n ~hi Lb t.!'W'el'W (Stochastic 

Demand) ~'liJl"l'd'1:w-nu']'el'Wl'Wn'1nLnuC1JVI'1:Wln Bell et al ~'ll~";hn'1nLu'lu~VI'1'el'elmu'W 2 

'Cl'".l'WtJ'eltJ1 ~'el n'1~~ Ll"ln::;im:w'1 ru~'W~'1~9::;~'el'l'Cl'l1~nu\'l n~'1LL~~::;~'1tJ ll~::; n'1~~Ll"ln::;i 
I • I I I 

L~'W'Vl'1'l Lvh9'~b~'W'Vl'1'll~ ~'\\l'Vl'Wn'1~"lI'W'Cl'l ~TV1~ ~LL~::;iJ n'1 ~HY1'1V1'W::;l'Wn'1~"lJ'W'Cl'li('eltlVl~ ~ 1'W.. . 
n'1~9'lYlL~'W'Vl'1'l n'1n~'WHll~~~::;~ n L'i1.jjr3fi n'1~ Set covering :W'11fl'Wn'1~~ bl"ln::;iuC1JVI'1vY'ld 

bti'el'l91n ~n~'11 1"l'W~1:Wl~rlliX'nn-nnntJ1 1 ~'W:W'1'Cl'l~'W~'1lL~::;iJ~::;tJ::;b'd~'11'Wn'1~Ull~'l1'W
'\J I dJ
", , 

m'".l'W'1'WntJ 1 5 1'W~'l,r'W~ n;h~'l ~'1:W'1 ~m~'el'Wn'1 ~'Cl'l~'Wkll~~tJ~fi n'1~V11'l'1'W"lI'el'l ~'d1~~ n~Vl'\J . 

HLbU'l'el'elnbU'W 2 ~'W(;I'el'W ~'el Route generator ;'lLU'Wn'1n~'elm~'W'Vll'l~LU'WluH,bLL~~::; 

l~'W'Vl'1'l n'el'WblYltllJ n'1~~::;U~ ri~'1 ~1'l1~'eltll'WLb~~::;L~'W'Vl'1'lY1¥'el:WLL~ ~'lIh'W'Vl'WLL~::;fihHr.l1ml~'".l~'l 
q 'IJ '\J " 

l.jh~~'W(;I'el'W~ 21'Wn'1~VI'1~l(;1'elU~'el Route optimizer dJ'W~'W(;I'el'Wn'1n~'elnb~'W'Vl'1'l~LVI:W1::;~:W 
b~'elL~~'W'Vl'W~'l~~ ~b~m~'W'Vl'1'l~ L~'el n9 ::;~'el'l ~'el ~ I"l~'el'l nu L~'el'Wl"lJ~ n'1V1'WlYl n'1 ~~ LI"l n::;~u ruVi '1 

<II '\J q G.I 

hlLLt.!'W'el'W (?]'el:W'11'WtI 1985 Balardo, S Duchessi, P LL~::; Seagle J .P, lJ1n~'1'dtl'lLL'W'".l'Vl'1'll'W 

n'1~9'lYl b~'W'Vl'1'l n'1~"lJ'W'Cl'lb~tJl.jf~rlu~~'Vl nlU~'lh'W~::;lYl'".ln~'el"lJ'el'lu1M'Vl Southland Corporation. 
I" iI I 

DSS) l~'elLL~~'l.jJ'el:W~L~'W'Vl1~1'Wn'1n~'W'Vl'1'lJ1'dWllY1 n~T~~ m'd:W'Vl'l.jJ'el:W~L'Wb=B'l b~ [;l'elU L~'ell~~ 
'\J 'IJ '\J 

~ L~m.jJ'el'l ~'1:W1~rI~ bl"ln::;~~~'W'Vl1'l L~'ellmJ1.jJ'el~~ ~'1 ~U n'1~'Cl'llu ~'l \'l n ~'1 ~'1'l11'WtI b~m tl'Wd 

Evans, S. R. LL~::; Norback:G .P. \J1~n~'1~9'tJn'1~9'~L~'W'Vl1'l n'1n~'W~rI"lI'el'l~'W~'1'elutn l"lu1tn fl• 

"lJ'el'lU1M'Vl Kraft ~'liJL~'el'Wl"l1W'el'lL'd~11'Wn1~9'~'Cl'lLti'el'l~1n~nt'tru::;n1~i'l~'W~1~hhLt.!'W'el'WLL~::; 

hjfl'l~blYltJiJ~::;tJ::;b'd~'11'Wnl~"lJ'W'Cl'l~'W~1i('eltln~1 1 1'WLL~::;iJ.jJ'el~1n~J11'W~1V1,rmL~::;m:Wl(;1~ 

"lJ'W~'l"lJ'el'l ~(1"l1'W'Cl'l~'W~1 ~'".l:W ~'l L'".l ~1 n'1 ~Vil'l1'W"lI'el'l~(1~'l1.jfLb'WI"JVll'l"ll'el'l DSS b"ll'WL~m n'WL'Wn1~ 
" 

I 

LL~ ~'lt.J~~Yifin'1~9'lYl l~'W'Vll'l ~1'WVll'l n n~Yl n LL~::;n'1 ~b~ [;l'elU LL~::;~ ¥1'l \ii1'W.jJ'el:W~"lI'el'lt!1V1,rnos OJ 

blYltlU~::;:Wlru91n~fiL~'W(;IN'(Euciidean Distance) ~'lt.J~~Y1fi~lnn1~9'lYll~'WVll'l~'l~l:Wl~(1~~ 

fihHr.lltJl'Wn'1~"ll'W'Cl'l1J1u~::;:W1 ru¥'eltl~::; 10.7 Savelbergh, M.V.P lJ1L~'W'el~fin1~9'~l~'WVll'l 

LLuulmJb~u~91~ru1i'l.jJ'el~1 tl~1'WJ11WlJ'el'l~::;tJ::;Vl1'l n'1~"ll'W~'l bL~::;LI"J~11'Wn1n~'WVl1'l~'l dJ'W 

n1 ~~91~rulLlnuClJVll n1 ~i~ L~'W'Vll'l n'1 n~'W~(11uY1 ¥'el:W 1 nUn1~~~ 1~ru1m'elU LI"J~11'Wn1~ 

"lJ 'W'Cl'l b~t1~ ::;~¥1 'll~'W'Vl '1~ln'el'llh'W;'W:W 1 n'el'W VI ~'l91 mr'W~'lU fuu ~'l L~'WVll '1 b~ t11.jf~fi k• 

... 
j 

\ 

• 
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interchange '"l'ln~'WlwtJ 1888 Hsu, JA Kim, T.P LL~~ Bott, K I.rJi~n'rl'lLL'W'JVll'11'Wn15'~(?'J 
b~'WVll'1 n15''lI'W~~~'W~ll?lllJ,:rl'W (Home delivery) b~'elV!l~I~Unl:i''lI'W~~~'W~I11J~'1~ n ~1l9l1'11 

1'Wbbl9l~~b~'WVl1'1 b~'el1,xiJ ~11.jfr.iltJl'Wn1:i''lJ'W~'1U'eltJ~~i?I l(?JtJiJn1:i'bbU~~I~ul'Wn1:i'~'"lIHWI b~1)
. . 

estimator vu'Wn'l:i'~ bfl5'liL~'elV!I:i'~tJ ~'Vll'11'Wnl5'~ i?1 b~'WVll~ bb'Cl ~ Interactive graphics 

capabi I ities b'!J'W~'J'W~1,xm.jf'll'W~llJl5'bl l?l5''J'"l ~'elU Lb'el~n~'Wn 5''el'lV!1'el L~lJ b~'el'WI."1J1'Wnl :i'ihV!'W(?'J
'" 

bmtJUbVltJun'W Hlbbrl Cluster-first,Route-second Route-first,cluster-second bb~~ saving 

algorithm l(?'JtJ ~ll?l'elU~l.rJitOl: n~finl:i'~(?'J L~'WVl'l~hhbl?l n(;]I'1 n'WlJl numbl9l~fi Saving alogorithm 

1-ifL'J'fnl'Wn15'~I'W'JruumJn11 Nag, B Golden, B.L. Lb~~ Assad, A.A. I.rJiL~'W'elI:-.l'el~I'Wn15'~(?'J 

L~'W'Vll'1li?1tJiJ:i'bl~v!'ell nv!'ell~"]J'Wl(?'J bb~ ~iJ b~'el'W1.'lI'l1'elU b"]J l?l1'Wn15''']J'W~'1~iJ 1:-.1 ~ 19l'el n1n~'el mJ 5'~ bJlVl 
I 

'lI'el'l5'bl l"ltJl-irJfin15'~~I'1b~~Vll'1tOlln First-cut Algorithm b~'flL~'flnJ'bl~ bV!lJl~~lJl'W"li'J'I bbmV!~'1 
tOll n~'WtOl~1-if LVI flllfln1:i'~i?1 L~'WVll'1 bLUU Sweep algorithm bb~'Jy'jln1J'tJ~U'l.Jt'lL~'W'Vll'1l(?'JtJ1-iVlfi 

~ ~ 

2-opt operator tOllnu'Wl'WtI ;1990 Jongkol,C I.rJi~m~nn1J'~!?Ib~'WVlI'1n1n~'W5'mJ'W~'1':;'liJ'Wl!?ltJ 

1-if L'Vl f'l\lf'l Matching "ll1)'1 ril1.jfr.iltJ~'1 LlI'WL'J 'ell bL'el ~:i'~tJ ~Vll'1l!?ltJtl5'~~ n !?lV!~n n1 J'''ll'el'l Savi ng 

algorithm tOll n ~'Wcl'm~tOlltJ~'W~1L~m I.tl~'1~'W~u1n1:i'~ n5'~fOjltJ'eltll'WnJ''1 b'Vl~~l!?ltJiJ'll'W1 (?'J"ll'el~
'" '" . 

5'bl~LLl?ln ~l'1n'WLL~~bLU'l n1J'4'!?IL~'W'Vll'1'el'el n L1J'W 3 ~'J'Wl.rJiLLrl n1J'tl:i'~lJl ruL~'W'Vll'1~i'W~~ i?I 015' . . 

fl'JllJ~U~ i?I"ll'elU1'Wn1:i'''ll'W~'1~'Wfll LlI'W 4 ~'W~ L~'el~'el!?l fl~'el'l nU~I'W'J'W~IV!'W~~l-ill'Wn1J'''ll'W~'1~ 

iJmJ 4 rl'Wbi?ltJi'Wl?l'el'Wl'Wn~5'V!I~'1I?11)UbLU'l'el'elmtl'W 2 ~'J'Wf;)'el nlJ''el'elnLLUtln1:i'vll'11'W'1l'el'l'" . 
'" I '" ,

fl~'1~ 'W~1 (Facility layoutri 5''JlJ~~''ll 'WI i?I~'WVl fl ~'1 ~'Wfll tOll nU'W~~'Jl" LLe.J'Wnl :i'''ll'W~'1~'W~I~'1 
I 

nlV!'Wi?ll,x L~'W'Vll'l Lll'WL~'W'Vl1~ fl'l~ I?IllJ fl'JllJ~U ~ i?1"ll'eltll!?ltJl-ifL'Vlflv'fl 2-opt 1'Wn15'~i?I L~'W'Vll'1 , 

b!?ltJ iJ-ir'el91 n!?l1'W ~'el'l L~'el'Wl"1l"1l'el'l L'J 'Cll1'Wn1 J'~!?I~'1~'Wfll1'W"I'W~~tJ1.rJiL.jf5'~tJ ~'Vll'1 L1l'W~'1 n-B''W 

l'I?I bltl5'~~" rlbL'Cl~l.jf L'Vl flllfl Nearest-Neighbor Heuristics ~"LU'Wn15'V! 15'~tJ~L'J~11'Wn1:i'• 

http:rlbL'Cl~l.jf
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'Vl1 'I n 1 J' l ~ 'W 'Vl1 'Ill 'Cj ::; l'J 'Cj l(n 1 J' I. ~ 'W J' blll. 'Cj ::; '1-11l 'J 'Cj 11 'W n 1 J'11 1 ~ 'W ~1 'Cj 'I rJ) 'J U n 1 J' ~ ~1 'I n J'1 i"l 
I' " 

A'J1~~~~'Wfi'll11'l91'W'd'W~'W,A1ll'Cj ::; l'J'Cj1Vl1fl'Wn1J'111~'WA1 'Cj'l'"l1 nJ'bl91 nu'W1 'WU 1999 ~'11rJ)ij 

nlJ'tJl MetaheuristiC :In1f.l'WnlJ'9!?ll~'W'Vl1'l n1 J'I.~'W:i'bl b!?lml'W~9U'll'f)'l Barbarosoglu G ll'Cj ::; 

Ozgur, 0 lU'WnlJ'Hl'VlAD~ TABU search ~11-n'Wn1J'9!?l~'1~'W~h"l111'luj';'Vl'l-l~'l1'W1h ::; I.'VlP1 

19lJ'rl I.l~tl ru'l-l1~'l hJ~ A'Jl:lJ-DU.jf'fl'W~ 1 n h1 n~ltl ru'l-l1 vT'J hJ"lJl1'l nI J'9!?ll~'W 'Vl1'l n1 J' 1.~'WJ'bll.l'Cj::;
q ~ • Q.I 

'I-I~'191n'l1'W'll'fl'l Barbarosoglu G ll'Cj::; Ozgur, 0 ~'l1rJ)d':lJnn1J'tJ1~'Jj~~n.n'Wn~~, 
Metaheuris tic ~11fl'Wn1J'4'~l~'W'Vll'l nlJ'I.~'WJ'bl:lJ1 n~'WI.~l1U1ll.'Cj::;~ nI:i'~~'W111th'l ~11I.til1'l~1 
9'W~'1tl99tf'W, 

1'W1.~'1 nlJ'9!?l~'1n mJ'~m~n rl~l1th'lll.yd'l-l'Cjl U1.1.'Cj::;~~'WlllU nl1l1 n lU'Wtl '1J '1-1 11'W~n'l1ru::;~1'11~ n 

'I-I'Cj1m,Jlluu ~'J,J ru'l-ll~ A11~-DU.jf11'W'll11'ln1J'~I'W'J rul1tl1'WJ'::;~u NP Hard ~'1 A'J1:lJUi n'lll1'l 
~ ~ t ~ 


I I I '" 


n1 J'l.lfltl ru '1-1 111 tlVl n1:i'~11'1~ l!?l 'Cj'Vl'')'l Arul9l WI !wfl.Y1'fl91'Cj 'fl'l tl ru lnVl LIl !?l~'Wll'Cj::;nI n'l ~1 'l n 'Cj~fi
~ 'lJ ~ 

nlJ'llntlruV11l!?lU~fi~'d1~ ~ ri~,r'WlrJ)Cl n~~'Wl~lmh'l ~11 L~11'l9'W1'WJ'::;u::;'I-I~'11rJ)~~'W1~~j~~ n 
~ 'lJ 

I I ~ '" 

I.LUU Metaheuristic ~'1~1:lJ1J'ml.ntl'1JV11VlLIl!?l~'W1'WnlJ'1-if~'Jj~~n~LLUU~'1l~:lJ l-rl'W tl '1J'I-Il nlJ' 

~!?l'f)~1'W Local optima '1-1111 tl'1JV11~LIl!?lnlJ''I-Il~1l9ll1UlLtltI'J'Wlu'W.r!]~nJ' l1tll'lhnl9l1~~1l9l'flU 

~1rJ)91 n~fi~'Jj~ ~ n ~,r'W'tl1'"l9 ::;hJ1-rl ~1l9ll1tl~~~~ !?lI.L~ I.U'W~Il9l'flU~'WI'Vi'fl19111 Ub 19l1'J 'Cj1 nI:i'. , 

, '" 
'Cj::;~fi~-n'fl ~ ll.'Cj::;-n'fl rJ)'flUVl 1.1.l9l n~I'lrl'WhJ ~1'1-1ftl'lI'W~~UV.9::;1~fin1J''I-I1 ~IUJ'::;'I-I~!?l(Saving 

algorithm) :l-JlH1'WnlJ'~!?l1.~'W'Vll'l n1 J'I.~'W:i'bl Lti'fl'l91 n~fi nlJ''I-Il~I(;l'flU LU'WLLUtll9l J'llUl9lJ''1:I-J1 , 
I 'i.I 1 I 

LL~::;iluJ'::;~'VlfiJllYfW'fl~:lJ A1J'rltl 'll 'WI WIJ'fl'ltl '1j'l-lIVl LIl !?l~'W1'W'lI'W~~U~'l LU'Wtl '1J'I-Il Vlil'll'W1!?lhJ 

1V1 ru:lJl n';h1~nlJ''I-I1 ~1191'fliil!?lU01J'1-if~IUJ'::;V1U!?lu'lil,JJ'::;~'VlfiJlTVi'f)tJ1'WLn ruovl~hL~::;1~~1191'flU 
~ .i '\I 

~U'f):lJfu lrJl1 'WL'J 'Cj 1 nlJ'rll'W'J ru~laJ'Wl'W 

IV , "" 

VI'6'mn1<jbb~~ bb'U'J f'l ~ 

n1 J''J 1'l LLe.J'Wn 1J'~~ L~ U'l1J A 'Cj 1 n J'L1.'Cj::; L 'J"ll.n ru ovl~ 1 'VI fu'fl'f) nu~ tf~ n 1 J''VI'W'J ULI. 'W 'Vl ~ 

LA ~'fl'W~ il,1 '1J'I-Il~1 ~'1j~ 19l'fl'l ~!?l~'W19 ~'fl 1.~'W'Vll'l n1 :i''fl'fl nV1'W'Ju LL 'Yi'VltlLf1~'fl'W~ bJ'l'WUlt11 ~ ~ 

~'fl'l ~ lJtI~'W'WtI A'Cj 1 n:i' LL~::; ~fi n1 J'~ 11.~ U'lU A 'Cj 1 nJ'Vll'l nl:i'LL 'W'Vl ~LL'Cj ::;1.'J"ll.nru"YI1 UU'l ~'W~ 
• q q 

2 
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ulJU~':lTW b~'ell~~l~l:i'ClI?l~U~'W'el-.:J f1'J 1 ~~'el-.:J m:i'''lI'el-.:JU:i'~''lll''ll'WJi''elti l 'el nl~ ~ ~'el-.:J nl:i'1J1nl :i'Vl1-.:J. 
~lD1nhl~"lI;-.:J ~ nrl(?] n :i''el-.:J'"l1 n~-.:J"'rS'(?] 1?11-.:J 1 'el'el n~lblJ'W~'W~ ~!WlJ'el'el'el nml'dtl 1l1t11~fPi11-ifr.i1t1 
"'~'el~'WVl'W1'Wm:i'''lI'W~-.:J~ m~:il ~~ ~ ~-.:J~'W~-.:J bn C91 bb'W'd ~~1'Wn1:i'~~'W1 :i'~1JU~ 'I1u ~'W'Wn1 :i'1?T(?]~'W1'"l 

q , . q 

~1",f1J m :i''J1-.:J bbr.J'Wm:i'~l b~iJ-.:JU f1'i'l1 n:i''Vl1-.:J mnb~'Vlcl'l.b'i'l ~ b'd"ll,nCU'YI1C91t1 bbtl n (?n~u:i'~ bll'Vl"ll'el-.:J nl:i' 
• q 

1~u1n 1 :i'ml'dtl bb ~'Vlcl'bf1~'el':w~ 1?l1~~1Ji'1u~ n 1i1'"l1 n nl :i'UlJU~-.:J1'W"lI'el-.:J ~ 'i'ltJfl bb YiVlcl'bf1~'el 'W~ 
~'el . ~'J. 1.1.'i'l~WW'dti bbYi'VltJbf1~'el'W~l'Wbbl?1'i'l~~-.:J"'rS'C91 "lI'el-.:J nr~'Vl :i''J-.:J~lD1:i'CU~''lI l(?]tlntl'i'l~b~tI C91"l1'el-.:J 

q 

r.J'i'l nl:i'~ n1i1bl'i'l~1 bf1n ~tfu C'IJ'" 1'"l 1 n m:i'ulJ'I1~-.:J1'W'"l1-.:J'el~1 'W:i'1t1-.:J1'W'U UU~~\!nl1b~~~ 2: 

m:i'~n~ bb'i'l ~1 bf1n~tfr~uum r1'tXu1mrWW'd tI bbYi'Vlcl'lf)~'el'W~ 

~(?]t?1'eln'W~lnn~l 1 rS''W (Round trip distribution planning) 

• m:i'~ll.~tI~U f1'i'l1 n J''Vl1-.:J nlnlYiYlcl'I.I.'i'l ~I.'d"ll,nCU'l'lbbuuhJ 1?1'fl1.ti'el-.:J l(?]tll 'tXu1n1:i' 
I q 

1l1t11'W 1 1'iJ (One-day trip distribution planning) 

'"l1 n n1J'~ n1i1 nlr~lJu~-.:J1'W'"l1-.:J"lI'El-.:J m::U'd'Wnl r~l?l~'Wl'"l ~lV1fu n1r'J 1'1 bl.r.J'Wn 1:i' 
, 

~1 b~tI'l1J f1'i'l1 nnl.'i'l ~I.'d"ll,nCU'l'l"ll'el-.:JWW'JtI-.:J1'Wt?11-.:J1~1~U1nl:i'VlU'Jml~'Vlcl'I.f1~'el'W~ ~U~l n1 J' 

'd1-.:Jl.lr.J'WmJ'~11.~tI-.:JU 
q 
f1'i'llnJ'bl.'i'l ~1.'d"ll,nCU'l'lf)'Jnl.U-.:Jl.lJ'W 2 m::u'J'WnlJ'1Ji'I.l.n nlJ''d1-.:J1.1.e.J 'WmJ''fl'Eln 

"'U'dmI.UUt?1'ellti'el-.:JI.I.'i'l::nlr'd1-.:Jllr.J'Wnl J''el'el nVlu'JtIllUl...lhJ l?1'fllti'el-.:J lti'el-.:J'"ll nnJ'J'~"lll~ n1 J'~ll.~tI'l 

ll.'i'l::m:i' 1 ~u1mr~ I.I.I?l n t?11-.:J rt'W'eltJ1-.:J-n(?] I.'"l'W ~-.:J~'Wl'W-.:J1'W1~tI~~-.:J1Ji''el'el n lluur::uu~'I1u~'4'Wn1 J' 

L9lC91~'Wl'"l~l",fum:i''J1-.:Jllr.J'Wm r~ 11.~tI-.:JU 
q 
fl'i'll nnl'i'l::1. 'J"ll,n ru-nb ~'ell~u1nl :i'ml'Jtll.b~'Vlcl'bf1~'el'W~ 

'el'eln llJ'W 2 :i'::uulC91mbt?1'i'l:::i'::U1Jnm~U'd'Wm:i'L9l~~'Wl'"l~ bbl?lnt?11-.:J n'Wblt?1~l~lJ'ClHf-n'El~'i'll~tI'd n'W 

I.lJ'W-n'El~ 'i'l'\J11.-if1 '"l1 n r::uu~ 'i!u ~ 'W'Wn1 ~vl1-.:J1 'W"lI'fl-.:JVlU'dtill.~'Vl cl'l.fl ~'el'W~1'WJi'1 'W-.:J1'W nl J''d 1 -.:J1.1.r.J 'W 
.. t q 

", 

1.0J1'W -n'ellq! 'i'llu~'fl-.:J"1I'el mJ''el'el n~U'dti I.lJ'W~'W 'W'fl nr.n nut.! fl'i'll nrl.l.'i'l::1.'d"ll.rlCU'l'l'"l::~ n~'el-.:Jl.lJ'WVlU'JtI 

n1J'''lI'W~-.:JI.~tI'd n'W(Distribution item) 1.~'el~1~1n-1'd1-.:J1.1.r.J'Wn1 J'~ll.~tI-.:J~~'el~ n'W1Ji' n1J"J1-.:J1.1.e.J'W 
,'j' . I 

n 1 :i''el'El nVlU'd tll.l.UU (?]'Ell. ,h~ I.lJ 'Wnl ~') l-.:Jll.e.J'W n1 J''el'el nVlu'JtI YJl-if ~::tI:: I.'J 'i'lll 'Wnl nJl]U~-.:J1'W 

~lnn~11 rS''W~'W1UlC91t1Ufl'i'l~1nnlJ'Wm~1~arfl~'"lln~')'Wn'i'l1-:JLlntl'el1~1~arml.~'WYl1-.:J~lYiUn'W~
q 

'1(?]1V1ti-.:J1l1t1l'W4'-:JVlrS'(?] I.~'el ~~'WVl1-:J 1.-if11uul]~-:J1'Wm~~'W~ t?11-:J11'W1.~'W'Vl1-.:J n1r'fl'el nVlU'dtl~ 
(hVl'WC91 nlr'J1-.:J bl.r.J 'Wn 1J''el'el ~VlU,) til'W~n'l1cu::e'"l:; I.lJ'Wn1 r4'(?]~'W~~ ~'el-.:J"lI'El nl J''fl'el nVlu'J tI'i'l-.:Jl'W 

http:tll.l.UU
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"l1'J'l b'J 'i'l1 n1~reYr:l nVIl.\'J tJ"l1'J'llill'l1~\'Wbblil'i'l~~'lVl~t1I rllV1'Wt1I\,xb,J'W"l1'J'l b'J 'i'l1~ ~ IlJ 1 HI'el'el n VI1,!'JtJ 1~ 

bt1l tJ nlOl ~ tl~~~'1 fl1,x1~ VX'W'VI1 'I nl ~'el'el ntHJ'J tJ 1'Wbblil 'i'l~"l1 'J'I b'J 'i'l1 ~ ~~::; tJ::; 'VII 'I n 1 n~ 'W 'VI 1'1 ~ , 

bbUulil'elbti'el'l b"l1'W \'W"l1'J'lb'J'i'll ~'W~ 1 (1]'i'llfllJ ~'l ~'W~ 7 (1]'i'lIf1lJ 1Ol::;~'el'lL~'W'VI 'NL~'el'el'eln\,xu1n1~
I' , 

1'W~'W~1t11 bb'i'l ::;~1 ~U n1~'el'el n~ki'JtJ dJ'W'elUl'lh dJ'W~'W. 

~1J~ 9 ~mj'ru~bf1~'l"llltJn~~".lI'W~'1".l1'el'ln1~1,xu1n1ffi'elnVlki'JtlLLY4'V1Ulfl~tl'W~llUuhjlil'ellti'el'l
qJ oj 

I 
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n1),'J1--1llr-J'Wn1),'e)'e) nVl'll'JtJ IIHuh] C9l'e) lti'e)--1~--11.ifVJ~1 n1)'1,xu1n1mC9l~~~'W~1'W{--1vtr)~ 

'b.hn'W 1r)'W ll~~H'lJA~1m'e)1'Cl1'Cl:WA),'"l1 ntN'V'lmU1~C9l1--11111tJl'W{--1vtrr(?ltU~ 9 ll'i.'i~--1~m~ru:; 

bAN'll1tJ n1),'lI'W~'l'll'e)'l m)'1.,xu1n1 )''e)'e) nml'JtJ ll'V'lYltJlA~'e)'W~ II uuhj C9l'e) lti'e)--1 n1 ),'J1--1llt:J'W1. 'W 

~m~ru;;;~'"l;;; lU'Wm)'vl(?l~'W1.'"ll~'e)ntN'V'ltJ1U1~1l1tJ1.'W{--1vtr)(?ll~'e)'Vl1 n1 )''i.'i1.JU'i.'i'W'WU A~1 n),Yl1--1
q q 

'i.'i1.JU'i.'i~'W:l.J1~--1~'W~'e)'e) mJ~l1~ n1),~ lVI:l.J1 ::;'i.'i:l.J ll~ ~n91'W'J'WtN'V'l tJ1U1~ ~'Vl1 n1 )''i.'i'Wfi rl1~--1 
'i.'i1.JU'i.'i'WklU A~ 1 n)'~ lvt:l.J1:::-tl:l.J l~'el A'J 1:l.J 'i.'i::; (?lr;) n1.'Wn1 ),l!?l~tJ:l.J n 1:rn 1:r 1.,xU 1n1:r 'W'el n'"l1 n~~--1 

q q , 
, " 

),'J:l.J~--1 m)'l~'elmUllUUn1),~1l~mUA~1nnl~~l'J'll.nru"YlVllVl:l.J1:::'i.'i:l.J l~'el1.,x)':::tJ;;;Yl1--1 n1),~1l~tJ--1.. " 
'V I , 1/ 

'lJ A~1 m lU~--1 ~'WVlUlJ~--11"rW'e)tJ~ £,)~'lll~:::n A'J1:l.J!?lN I11'e)L'J~11.'Wn1), 1 ~u1n1), Ln'e) ~1'Wi'W!?l'el'W 

m),u),;;;:l.J'J~t:J~'lI'e)--1),:::uU'i.'i1.JU'Cl'W'Wn1)'r;l(?l~'W1.'"l9:::1rJlntJ~'e)b'l'V'lmU1~~~'e)--1'i.'i1.JU'i.'i'W'WUA~1n)'
q • • 

A'W dJ'W~'W 

~1vtfu bL 'W'J f\ ~'lI'e)--1),U llUU~fi n1),~1 b~tJ--1~~ m~11.kl--11'W~{tJ~dj'Wn1 ),rl1 vtkl(?l)'U lb UU.. ". 

~fi n1),~ 1l~tJ'l'll'el--1 t),'l'V'lmU~~~'i.'i1.JU'i.'ikl'WU A1:'11 mYl1--1 mm'V'l'VltJ1'Wn1:r'll'W~'lU A~1 m~--1 n~1'J 1,J 
q q . 


iI I t I 


~--1~ 'WVlUlJ~--11'WVlunnn1.tillt:J'Wn 1 :rUlJ~--11'W~1 tN'V'l mU1~ lll1i~:::t:r--1'V'ltJ1U1~9 ::;~'e)'l'Vl1 m:r 

" ~1l~m'lJ A~1 n),1?l1:l.JlU Ll'l:PJ'lI'el--1~fi n1),~ 1 b~tJ--11.(?l L(?ltJ1.'W--11'W~{tJilnlU llUU n1),~1l~tJ--1 3 
I , 

)'UllUu1C?1lLn ~--1t(?ltJI?lH"l1n~LC9l~:::bN'V'lmU1~ 9£')1.J(?l'V'lU LLI:'1::: 'J'WfuuA~1n:r ~--1ll'i.'i(?l--11.'W)'UVll0,
'U q q 'U , 

'j 
I 
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tiD 
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. I 


DB h~~!J1U1 !\ 

~ f'1 11~ L'l'llJlru,r 

• . ' 

liuViflflnllU'lU 

<:= L~1J'Ym nlrtJ1Jcl~ 

>

LLi?lLLl?ln i?l1.:J n'W1'Wi'WI?I'el'Wm~1h:::~'J'tl i:-l'tll?ll~"llu.!?l1.h:::LJl'Vl nfOl m~~m ~1~li~m~ L!?ltl m:::u'J'Wm~ 
I I 1 tI 

yh,n'Wl'Wn l~'Jl'1 LLi:-l'Wn1 ~'el'el'nvl'\.l'JtI'll'el'l·\.nl'dti LLYl'VltJLfl~'el'W:vIYl~(ij.J'Wl~'WHIrl n ll~ i91'1 Li91t1 'tl::: l~tI i91 
'IJ 

'tl::: l~'W 'Vll'1 lli?l n 1 n l'1lLe.J'Wn 1 ~'el'el n VI'W'Jtlll uuhj i?l'el L ti'el'l Ltl'Wn1:i'~ ~1'1lle.J'W~:::~uUDU~'11 'W 

(Operation Plan) l~'elL~'elnt:r'lYltl1U1'tl~ii'u~'W'WLL'tl:::nJLLUUn1~~lL~tI'IUfl'tllnm'tl:::l'J"ll.nru.n 
q 'IJ q 

L~'ell-ift'Wm:rulJull'll'W1~u1fl1 :rVl'W'J tilLYl'Vl tJLfl ~'el'W~ 
: : I ..., '11 

:i':::uu~ii'u~'W'\..! m:r~!?l ~'WlfOl Yl~(ij.J'W l~'Wi:ji'WI?I'el'Wll'tl:::1?I :rm:::l'Wn1 :ru:r:::J.J'J 'tl i:-l'tl LLI?I n i?l1'1 
q j 

n'WLti'el'lfOl1 n~n'Mru:::LL'tl :::n:rf~"lll ~"ll 'el.:l fl1:i'1~1J1'n1:r LLI1l l~lV1'Wl~'J 1.:1 LLe.J'W~l~l J'rl':l1.:1 LLe.J'W'll'el'l 

" 
nfOl n J':i'~ n 1 ~1~u1'n1 J'vl'l ~'el'l'1.J:r::: LJl 'Vl m u r1 n'W1tI1~i91t1 eJ 1 'W :r:::uu~ii'u ~'W'Wn1J'vl1'11'W"ll'fNVI 'W'd tI 

'IJ • 

, , , 

LLYl'VltJLfl~'el'WYl (ntl'll'W'Uutl~ ~'J:i'rul~J.JYl 5: n 1 :i''el'el n LLUU:i':::UU~ii'u~~'Wn1:i'UlJu'1l'll'W"ll 'el'l 
, , 

I tr" ~ ~ 

VI'W'JtI LL Yl'Vltl Lfl'tl'el'W'Vl) 

n1:i't;li91~'W1fOl L~'el'J 1'1 Lle.J'W1'W:i':::uu~ii'u~'W'Wn1:i't;l!?l~'W1fOl~ 1V1~Un1:i''J1'1 LLi:-l'Wm~~ll~tI'I 
q 

. " " 
U fl'tl1 n J''Vll.:1 nlJ'llYl'VltJLl'tl::: l "l"lln ru"VI1'W.:Il'W':)~tlV.fOl :::i:jiWn'el'Wll'tl:::n:i''flU n1 J'vll.:11'W~.:I lL~!?l.:l1'W:i'U 

q 'IJ 

, 
:vi 13 
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i 
n'm1~Uc.JUn1rft1Lflml.l f1 ~1 nmt1:: L'l'lliliu'll 

n1ffitlm,ni'l !J uu,j l1imi'1tl~(Round trip) n1ffitl m"i'l!JLLUU'Wl1itlLtitl~(One-day trip) 

. 
2.1 

fu'U5tl~'!ltln1ffitlnl-1U'l!J 

.
2.2 

fuU1::~1run11l.ll'\m n1LL~:: L'l'llilru'Vl 

t 
2.3 

fu;;i1 l;j~I'lUUl'ltiU~~1Liju'Un1n1~Uc.JUn11ft1Lfi!J ~ 

t 
2.4 

n11k)u'lruur::~'l~c.Jfl'iltl4llJUllflllJn11~i1)i-iU'''1 

.. , .. 
2.4.2 

2.41 

~i1)L~UYl1~ n' ~j"' ltlnm,h!J 
Lfttln h~~!J1U1fH'lUUI'l~Ul.jf1~1nffi11'l1t'lJJm 

IiI1~ri1l-1UI)\n11 

+ 
2.4.3 

LfltlnpJ LLuu1fi'un1ffi1Lftml.lf1~1m'~::L'l'llilru'Vl 

2. 5 

~i1)l-11l.jf1mnl"l11~n11U~Vl!rL~tlUDU~~1U4 :+
1111~c.Jflft~i"11mLUlJ~1t'1i1~n11~(1)~U1"1 

+ 

2.6 

t'l~14uc.Jun1ffitlnl-1U'l!JL~i1~liiuUc.Jun1ruB~~1uu~::n1ffi1 Liii!J~I I 

2, 1 n1'l~'IJ";'il3J~1.uf'il.:J"lI'iI n1'l'il'il n 1.~'IJ~n1'l'Vl'l.h~ bb'Yi'VI~bR~'il1J~ 
.. I . 

~'1"l~i1 :l'1t1~ ~ ~:Stl Vl"ll~'1if'f.ll-J~~ ~1 r1ill1'Wn 1 :I''Jl'1 LL~'W~'1.n'" ~ 

II I I I "', 

• :1'1 tl n I:1'Yl 'W Vl ~Tl'l "llTl~'1 tJ:i'~ n'tlU ~ 'JtI n tI ~ ~ ~:Stl Vl dl m nuYl 'WVl ~Tl'l "ll Tl 

I i.I I I II II I 

l~LLri ~TlYl'WVl~'fl'l"llTl Vl~'1"llTl'lVi'WVl~Tl'l"llTl(LPI11J~ rellUl'fl Ll~~ ~'1V1tJVl) 
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, " , 
• -rl (}~L'J~ "I (~l.J ~"I~)Yl LLI7i~~nrJmJ'~'WYl~'el-.1'l1'el ~'el-.1 n "I J'1~iJ n1 J''el'el mnl'JrJ 

2.1.2 nl'tluu~nl'iJllEll'IJ 1 ?'IJ 
I 

f ~ d 2,l d iI d d IV ~ d2.• J'1rJ n"l J'l'I'WVlJ''el-.1'l1'el6jj-.1'\JJ'~nmJ W;)rJ n rJ ~ ~L'elrJ ~ Ln rJ'J nm~ 'WVI J''el-.1'l1'el 

I i-' I ''iJ 'U, 

1~LLri ~'el~'WVi¥'el-.1'l1'el Yl~'l'llfl'l~'WYl¥'el'l'll'el(~"I'U~ ~"IIJl'el LL~::: 9-.1V1~~) 
• '11 , I 

• rh~'W~n1J''el'elnmJ'JrJ'lI'el'lLLI7i~~nrJn1J'~'WVi¥'el-.1'l1fl(~'WViu~~L'J~''I) 

" ,
'iI'fl..:! "lI 'fl 'fl 'fl n'Vi 'U 'J tI 

-iffl:I.J ~ ~"I'WuJ'~l..n ru n1 J'~1 'W'J'W U A ~1 n J'1~fu~ "191 n n J':::'U'J'Wn "IJ'~1'W'J ruu A~1 nJ'LL~ ~ 
'IJ q q 

, , 
~ Go' era 'l/ I cr d Q 

Vl1'l n1 J'LLY-lVlrJ LL~:::b'J"llJl ru"Vl~lV1J'UVI'W'JrJ LL~VlrJ Lfl~'el'WVI 

~n'jj'ru:::'lI'el-.1-iffl~~~l~~U L~fl1fl 'Wn1J''J1'l LLeJ'Un1J'~1 L~rl'l'Ufl~lnJ'Ll~~L'J"llJlru"Yl-vr-.11'W 
'IJ q 

L 'J"llJl ru"Yl~ ~fl'l n1J'1'Wn1J'fl'elflVl1.b rJ lLY-lVl cl"Lfl~fl'W~ L~fll~~1~1J'rll9l'elU~'W'el-.11~ bVirl'lYi'elI7i'elwn~., 
" , I 

~fl-.1 n1 J''lI fl'l~'WYl1~ -if'el~ ~th~:J.J 1 ru n1 J'~ 1 'W'J'W'U fl~l nJ'Vl1'l n1J'bL ~Vlcl"l.JJ'~nfl'U ~'JrJ ~1'W,)'W
'IJ q 

• " I 'iJ I 
I I .dI ~'V ~ .0::::::.11 

., J'~rJ~Vl1-.1J'~VI'J1\lYi'WVl1fl\l'llfl 2 Yi'WVI ~1 

• :1" -rl'J'lL'J~1~~1~1J'C1iJn1ffiflnVl1.brJ1~'lI'el ·ml?i~~9\lVl~~1'WLLI7i~:::1l 

" , 
• 'J'~rJ:::Vl1'lJ'~VI~1'lYl'UYlffi\l'llflLL~~'i:N~m'U1~Jl1rJl'W9-.1V1~~ 

http:1~1J'rll9l'elU~'W'el-.11
http:ru"Yl-vr-.11
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th::;~'VlfiJll~Jll£]lw~::;lJlJtlir1J~'W'Wn1 ~W1(?1~'W1iOll~ml'llleJ'Wnl~~ll~tI'llr.J"llJlru"YlLl~'Jll~ (?1'l e.J~ 
• q 

~~fi~Hl'el'el m.J1l~'el1~m.if~ l:I-Jl:J'Cl.w l1Uth::;n'ellJ L1Jwii'el:I-Jft1'Wn1~W1(?1~'W19t1 h'llle.J'W~::;c;)lJ n~ 
'" I 	 '" 

ll'~::;n1~W1(?1~'W19~h-:J lle.J'W~::;c;)lJU~lJ~ n1 ~~lV1flJ n1 :J'r.J1'llle.J'Wn'! ~~1l~£]'l1J fOl~1 nm~::; lr.J"llJlru"Yl 

~1VI flJ n1~'el'el m..nJr.J£] lllJlJ hlJ1l'ell ti'el'l 

2.4.1 	 n1~~<VvW;'IJ'YI1·:m1~'i1'i1nVl'I.ht!J~1V1f'Un1~1uu~n1~"UU~lild'i1n'IJ 

3-nnwh 1 -J'IJ (Round Trip) 

l1J'Wn1~W1(?1~'W191 'Wn 1~4'(?1l~'W'Vl1'l n 1 ~'el'el nVIt.bml'el'lllt?i~::;"ll'J'll'J~ 1 (i1J (?11'1f) 

b(?1m~'W'Vl1'ln1~'el'elnVl'W'J£]9::;u~::;n'ellJ1u~'J£] ~1C;)lJn1~U~~'l1'Wll~::;rJ'WU~lJ~'l1'W ru 

lll1l~ ::;~'W~'el'el nVl'w1£]~ Cl n4'(?1'elrJ1'Wl~'W'Vl1'l"ll'el'l f'lllJ l 'J~11(?1 f'l1lJ l 'J ~1V1ti'll~'el l1J'W.iJ'el:I-J ~ 
) 'tI 'tI 	 qJ 

- I 
1.1 " 	 I 

~1f1ru1'Wi'W(9]'el'W 2.5 n'!~Lll(?1flJ~l1fOl~lJfOl~1m'el1~1~l1fOl~91n~r.J'Wn~1'l l~'ell~lJfOl~1m 
~ q 	 q 

2.4. 2 n1f'~'i1nr"i-3'Wt!l1U1~~iJu~'IJ'IJ'UF1gnn~i'YI1·:m1~" 'W'YIfl~1Vli'U n1~ 

1uujn1~111t!J1'IJ 1 -J'IJ (One-Day Trip) 

~'l9 ::;.w11u~.iJ'el :w~111l.iJ11'Wn'! n~'el n';Jfi n1 ~~ 1l~tI'llJ fOl~1 n nL~::; l 'J"llJl Cl..!"Yl1(?1£] 
" '" 	 q 

, ... 
.iJ'el:I-J ~.w1L-ihVl ~1 r1ru 1 'Wn1~r.J1'l Lle.J'Wl~'el nbN'WmlJ1~tlt!lJ ~'W'W~ ~1£] ~ ::;L~£] (?1 C;)'l11"'... 	 . 

http:w~111l.iJ
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Wl J' l~ 'fl n lJ''1 YHJ11.111.'1 dJ'Wn 1 J'~ (?) ~ 'W1"'1l~'fl n lJ''1V'HJ 1 1.1 11.'11 'Wn1J'vl1'ltn:i 1 ~ 

~'tJ1.1~'W'W1.1 A1.'11 n J''Vl'N n1:m'1'\mJ:l-J1~'1~'W~'fl'el mnJr:J tJ (?)1:I-J n 1V1'W(?) n 1 J''e)'e) m.lft.!r:JtJ b(?)tJ l~'flq , 

... , 
bl n l~'fln1'" dJ'WbJ''1~m1.111.'1~'tJ1.1~'W'W1iJ~'1YJ'WYl'fl'e) nVI1Jr:JtJ ~'fl'lvl1 mJ'~'tJ1.1~'W'WU fl1.'11 m
'U q 	 q q 

'Vl1'l n1nl~'VltJ1 'Wll!?l1.'1 ::;"Jl'W(9l'Ufl1.'11 nn'Vll nu~hu'e)tJ~~ (?)J'::;Vd1'l~l'W'J'Wu fl1.'11 nJ'~iJ"lJ'e)'1, 	 , , 
,... , 

bJ''1Y1 m1.111.'1ll1.'1::;~ 1'Wr:J'WU A1.'11 n J'YlYJ'WYl ffi'l"lJ'e) 
, . 

2.4.3 n1 ~ l ~ 'iJ n ~fin 1'ig;1l ~ FJ-J 'U FI ~1 n 'ill~:: l 'J 'if.nru.ni1 V/f'U n1 'i 
I 	 • 

1U'U':fn1'iIJ1FJ1U 1 -JU (One-Day Trip) 

l u'Wn1 J' ltl'~ b'e) n1~1'" l~1 VI U1~'J1'lll(:.J 'W~ 1:I-J 1 J'bll~'fl n ~fi~ 'W1 'Wn 1J'ii ll~ tJ 'I 
I ... , , 

1i fl1.'11 nJ''Vl1'1 mnl~lltJ" hJ~'lYJ'WYl'e)'fl nVlti'JtJ'"ll n~fin1 J'''lJ'W~'lllU'J~'1 (?) J''lYliJn1.1"i n'W:l-J1-n1 

'W1'W br?ltJ l~1V1U1~~1'1ll(:.J'W~1:I-J1J'm~'e) n~fi n1J'''lJ'W~'l (?)1:I-J In ru"Yl1'Wn1J'~(?)~'W1"'1~'1 bl n 
" 

2.5 	 m'ibtl ~~'U~arfI'i'4 fI~1 n'i'fl1~1~arfI'i-al'VI~'U n1'itJil-illi~1'm'U'U ~'fl b;j'fl~ 

1i A 1.'11 nJ''fl1 ~1~~fI J'~lV1fu n 1J'iJnUi'l1'WllUUhj!?l'e) l ti'e)'1 hj~lnr?l'e)~1'Wl1l~l::;1i fl1.'11 n J' 

1'W~'W~Vl1-'e)~'1V11'(?)"lJ'e)'l~'W~'fl'fl nVltir:JtJ 1.1, A1.'11 n J'm~l~~AJ''''11 n ~')'Wn1.'11'l ~ 1:I-J 1 J'bl~ ~An-n1:I-J 1 
I 	 j..o ~ I 

lU'W U, fl1.'11 n J' 'e) 1 ~ 1 ~ ~ fI J' 1 Jl~ '11 'W -n 'W (?) 'fl 'W n"'1 ::; lU'W n 1 J' 111 ii 'e) :I-J.. 1.'1 Yll Jl "'11 n n 1 J' 'J 1 'Ill (:.J 'W 1 iJ 

, , 
I tr ~ .<:::I. 

VI'Wr:Jml~'Vlmfl1.'1'e)'W'Vl 

2.6 

lU'Wm J'~ ~l'lll(:.J'W111 J''e)'e) n Viti 'J tJ LU'W m J''e)'e) nlLtJ'Wn 1 J''e)'e) n Viti 'J tJ J'1 tJ ~'I VI l'(?) 1'WLL£?l1.'1::; 

U'l1.1iJJ'::::I-J1 ru(Yearly Ope'ration Plan) br?lmL(:.J'WmJ''e)'e) nVltir:JtJLLU1.1J'ltJU"lJ'e)'l mJ'l"'1.1~mJ' 

!?l'e)Lti'fl'l~(?)£?l'e)n'W:l-J1nn~1 1 ?'WuJ'::;n'fl1.1Jlr:JtJ-n'fl:I-J1.'1~'1I?i'e)1iJ~ 
'll 

... , 
• 	 J'ltJ mJ'YJ'WYliJnUi'll'WLL1.'1 ::;n1V1'W(?)mJ'iJn~'l1'Wll1tJl'WLl!?l1.'1:::"ll'J'll'J1.'11 (iiJ (?)lti) 

n1J'l,xu~mJ" 

• 
• iJJ'::; 11l'Vl LL1.'1:::~ 1 'W'J'WL'J"JlJlru.n~ ~'e)'l1111iJl'WLl!?l~ :::"ll'J'l L'J 1.'11 (iiJ (?)ltf) n1 J'1"'1.1~m J' 

• ~l'W'J'WJ'bl~ ~~'lHl'Wm J'1,xu~mJ'1'WLLI?i~:::"ll 'J'Il'J1.'11 (iiJ r?lltf) mJ'1,x1.1~n1J' 

, ., 
'j, 
I 
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'j 
\ 

bb'el ::LLe.J'Wnl J''fl'fl n~ihtl bb UUJ'l tlU"lJ'fl'l nlJ'btXu1nl J'LL uuhi ~'fl b ti'fl'l111t1b'WJ'::tI ::VJ 'ell 

u~ul1 ,n'Whi In'W 1 ~'WUJ'::n'fllJ ~htl.jJ'fl~1.'l~'l ~'fl1Ue 

• 	 J'11'..1 m J' h'l'V'ltl11Jl1.'l~ ~'fl'l~-WU~'W'WU A1.'ll nJ'f?l1lJ rh~'W(?l nlJ''fl'flnWWr.Jtlb'WLb~1.'l::;. . 

. 	 " , 
• 	 ';jfi n1J'~1 L~tI'I'LJ A'ell nJ'"lJ'fl'l LL~~::h:J'V'lI'..l1Ul ~1uiJ'I'~'WYlU~Ul1mJ'b'WLL~~ ::~'W'fl'fl n 

U~~nlJ' 

• 	 ~l'Wr.J'WJ'blJ'r.J~~~'fl'lH1'WnlJ'~J'W~'l f?I1lJ LLe.J'WU~1~'l1'Wb'WLL~~::~'W'fl'flnU~~ m J' 

• 	 J'1t1 nl J''LJ A~1 nm~::Lr.J"JlJlCW-vl~J'mLf?i~~~'W~'fl'l"lJ'W1uL~'flH1.'WmJ'U~m1'11'Wb 'W 

LL~~::~'W 

'Vll'1 n1 J'LL 'V'l'VlULL~::Lr.J"JlJlCW.n1l1~I'..IW~'n n1 J'';j LAn::~~ i(n Ln CW-vl LL~ ::U'"l9t1 ~1'11~ L~tlr.J.jJ'fl'l 
, , '" 	 I I I 

(Heuristic) 111 tlb~ L~'fl 'W h Vl Lfl (?l~ 'W'"l1'1b 'W n 1 J'U~ 'l1~'Il 'W"lJ 'fl 'I WWr.J tlLL'V'l 'Vl U LA ~ 'fl 'W Vl Vl1~ 
" , 

Vll nlJ'PinM1LL~::;mJ'!9l'l~lJlJ ~~1'Wb~1l A'JllJ~::;(?l'J n1'WnlJ'~l'Wr.J CWLL~:::UJ'::;lJ'J~e.J~ LL~r.J~W-J'Wl 
d.9 

Lt1'W J'::;UU~-wu~'W'Wn1 J''J 1'1 LL~ 'Wm J'~1 L~ I'..I'IU A~1 n nL~::: L 'J"JlJl CW-vl~l'1i''Wf?lll'WLL~::;n J'::;U'J'W m J' 

I I I 	 I ' I 

~ ~ iI.:::::'II'I/ 'V A. ~ ~ 6/ ~ <01 
LA~ll'W'Vlf?lllJA'JllJ f?l'fl'l n1 J''Vl,J''fl'l''lJ'flLL1.'l::;f?l'W'V.j'WnlJ'''lJ'W'6'l'l'Vl mlJl:::~l-J n 1 J''Vl'"l::~ llJ1J'bl f?l(?l~'W '"l L'V'l'fl 

" '" 	 iI I 

L~ll n'Vll'1 L~'fl n l(?l'Vll'l b~'fl nWn'l-W'W~l LtI'W~ll'l ~1 !9l'J~~!?lVl'"l::;':l1lJ 1 LmtiU LVltlUUJ'::;~'VlflI11'V'l"lJ'fl'I 

bb~'el::;'Vll'1 b~ll n~iJ'fltj~'I1 'W.m J'rh~'W(?l!9l'J~~(?l~'WlJl~'W'"l:::t;l'fl'l~'fl (?l A~'fl'l nu~1?1 blU J'::~'I r)~1'fl
'U 	 oj q 

I ~ I 	 I 

d:h~ lJ 1 tI"lJ'fl'l ~Vl'v'h n1 J'!9ll'Y~'Wl'"l~'I1 'Wnl J'!9l(?l~'Wb'"l b~1l ~ 1 L~ tI'IU A~l nJ''Vll'1 nlnb'V'l 'Vl Ubb~::: 
~ . 

I 	 I I ... I 

L'J"JlJlCW-vl ~l~fun1J'1tXu1nl J'WWr.JtI LL~'VlULA~'fl'WYl !9l'J~~!?lVl b~lJl~~lJ ~1l r11"lJ'W~'Il'WnlJ'~l L~tI'I 

~'I~'W1l~ nUU~9t1~~ln~1.'lI~U~9t1 L-n'W r11{1'1J'bl"lJ'W~'l r11UJ':::n'W1 'Wnl J'UD~'Il'W"lJ'fl'l1J A~1 nJ' 
.. 

'Vll'1 mnL~'VlU r11 L~lllJJ'l Al~~'Wll~ nUJ'~tI::'Vl1'1 LtI'W~'W ~'I ~vllLi1'Wn1J'';j9m~'W~1 U~9t1~'"l::: 
~ 	 ~ 

~1l J'::t.I :::'Vll'1 Ltill'l~ 1 n r111-ifr.llt1~ LTl (?l~'Wl'WnlJ'"jJ'W~'l ~1~ fu nl J'1 tXu1nlJ'y\1'1~ 1 fil J'CW~"lJ 
L!?1t1 L'U'V'll:::WW'JtI LL'V'l'VlULA~ll'W~hi1~ LtI'WU~9mh ~'1J"lJ'fl'l~U'JU'lI'W~ltXu1nlJ' nlJ'1tXu1nl J' 

WI.!'JtI LL'V'lY\UL~~ll'W~~'I LU'W~ nlJ'1tXu1nl J'~lfil J'CW~'lJ LLrl ~~ ~lltlLlln1~ LL~:::l'1 LL'W'J L UlJ1 'WnlJ' . 	 . ~ 

.; 
\ 
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'i . 
I ~ 	 I i.I '" '" • , 

lJf)f)~vl'JhJ r111-ifr.i1tJ1'W~h'Ul"lJ!l'l rl1l.l1'lJ'blmrJldj'WJ11J':::~ Lfl (?l~'WL(?ltJ 1?lJ''l vl'lthl1!l'l91 n!l'l r1m~ 

1,xu1n1 J'~1J-l1 J'blVl1 ~~iru~ti'W.yh n1J'U1911"11~ 'W!l n91n~1'W'Cl'J'W"lJ!l'l fi11.jf~1 tI~1V1fu n1 J'"lJ 'W'b'i '1
'U, 

\ , " I 	 ,'" i/ , 

LLYfVltJ!ll ~1~ JJ1"1J'J-l1~'l~'lVl~(?l LYI!l L~'WVl1'l ~TlhJ~>l~'WVlTl!l nml'.ltl LU'W>lUlb'::;J-l1 CUVl {9]>l~'WLYI!l 

U1n1 J'!ll~l~JJ1"1 nLl?l VI1 n!l1~l ~JJ1"1J'1~~JJ1"1 Jb-if1J-l1 Ln'W~1'W'.l'W>lUlh:::J-l1 CUc;l-:l n~ l'.l!l1~l~JJl"1J'n 
, 	 'j.I iI I ' i.t 

~ ¥!lJ-lVl9 ::;!l!l n rl1 H~1t11 'Wrn Jb~'WVl1>loJm!l'l c;l'loJ'W 1J9~tlVl'Cl-:l t:-J~ l?l'el r11"lJ'W'b'i-:lVlJJmn (?l~'W1 'W 

11 ruVl1Vl1'l TIJ'n9 c;l'l n ~ 1'.l~>l hJ il t:-J ~~!l n1 J''.l1>l LLt:-J'WL~'WVl1>l n 1 J''el'el nVl'W'.ltl LL ~ Vl tJLI"1 ~!l'W~ 1 'Ww, . 

-:l1'W'i'J~tI~~>l1.jfJ'::;tI::;Vl1>l dJ'W{9]'.l~rjI?iVl-5n 1 'Wn1 J''.l 1'1 LLt:-J'Wn 1J'!l!l nVlt.i'.lm~'>ll 'W'b'i'.l'W"lJ!l>l n1 ),'.l1 '1 

LLt:-J'Wn1),Tl!lnVl'W'.ltl LLUU l?l'el Lti'el>l LL~::;n1),'.ll>lLLt:-J'Wn 1 J''el~nVl'W'JtlllUU'hJ ~'ellti!l>lt(?ltlntl~::; l~tI (?11'W 

n1J!l!lnllUUJ'::;UULl~:::mJ~1'W'.lcw'lh::;J-l'.l~t:-J~9::;r:1n~fiu1t11'W~'.l-if'ell?l'elhJ.. 

COl r 

3 	 'a1~~~b'fl~~'a~t.J'U 

1 'W>ll'W'i'J~tI~1.~.yh n'lJ''el'el n LLUUJ'::;Uu~iru~'W'Wn1J{9](?l~'W19~1V1fun1J'.l1>lLlt:.J'Wn1 J• 

~ 1 L~ tI'I U 
q 

1"1 'i:l1 n J lL~::; l'.l'lljfCW"l'l~ 1 VI fu n 1 J''el'el nVlti'.ltl Ll ~ Vl tJ LI"1 ~'el'W ~ LI?i tI LLU-:I!l'el n L U'W 2 
, 	 , 

n),::;U'.l'Wn 1 J''.l1>l LLt:-J'W1 'WJ::;uu~iru~'W'Wn1)'(9]1?i~'W19 L~'el n1 J'.ll>l LLt:-J'Wn 1 J'~ 1 L~tI'IU 1"1'i:l1 n Jllfl::; 
. q 	 • 

L'J'llnCU"l'l1 'W -5nMCW::;n 1 J'U 1n 1 J'~ LLI?l n l?l1-:1 fl'W ,r'Wf.)~ n 1 J''J 1'1 LLt:-J 'W~ 1V1 fu n 1 J'el'el n Vlti'J tI 

LLUU ~'el Lti'el>l LL'i:l::; m),'J1'l LLt:-JU~l VI fu n1 ),'el'el nVlti'JtI LlUUhi l?l'el Lti'el-:l Ll?itl n ),::;U'J'Wn1J'{9](?l~'W19 L~ 'el 

n1 ),'.l1-:1 LLt:-J 'W~ 1 L~ tI>l~-:I ~'el'l m::;u'J 'Wn1),9 ::;-d'.ltl1,x L~lV1U1~'J1-:1 LLt:.J'W'i:l1?i 1"1'J 1J-lt.i>l til n1'Wn1 J', 
, " 

{9](?l~'W19 ~1'l1Vlln(?l~'Wl 'Wn 1 J''.l1'l LLt:.J'Wn1 J'~ ll~tI'lllfl::;tJ11.U~ n1),~ h>l LLt:-J'Wn1J''el'elnVlti'JtI LLfl::; 

LLt:-J'W UD U~>l1'W"lJ'el>lVlti'.ltl'l1'W1 'Wn 1 J'~1 L~ tI'IlJ 1"1~1 n JLLfl::; L'.l'llifCU"Vll U~>l~'W~U{)U~'ll'Wl~!l 
~irU~ 'W'Wn, 1 J'Vi 1'11'W"lJ !l'l Viti'.l till~ Vl rJLI"1 ~!l'W~t(?l tiL'Wn1 J'el!l n IIuu J::;uu ~oJu ~ 'W'W m J{9](?l ~ 'W199::;, 

dJ'Wn1J''el'el n LlUU nlJ'Vi 1-:1 1 'W1,x)'::;UUVi1>l1'Wtl?itl~I?l L'W~ L~'ell~'W'el Ll'W'JVl1-:11'Wn1)'{9]1?i~'W19 ~lV1fu 

nlJ'~~1>lLLt:-J'WuDllii'l1'Wt?11>l191n-if'ellqJ'i:l~1~91nn1J'UJ::;J-l'.l'i:lt:.Jfl t(?ltIJ::;uu9::;.yhn1m~I?i'l-if!llqJ~~ 

1.rJl91 n n1 J~l'W'J CWU),::;J-l'Jfl ~~L1J'W-if!lJ-l'i:llh::;n'elu n1J'{9]1?i~'W19"lJ'el-:l l~1V1U1~'J1'lllt:-J'W~'l~1J-l1 Hl~ 
'U 

9::;lHu LU~tI'WJ1E.J'i:l::; L~tI (?l"lJ~>l-if'ellqJ'i:l t?11'l11rJlI?l1l-J 1"1'J1J-l ~!l'l n1nLfl::;~1l-J1J'bl~9 ::;Vlnu t:-J 'i:l-5~€~ 
I 'iI • ~ I 	 I I 

lfl (?l91 n n1)'ufu lU~tI'Wir'W1 ~~'el LU'W-if'ellqJfl1'W~~1'l LLe.J'Wn1),'el!l nVlti'JtI blWVltJll"1~'el'WVlt?1'elhJ 
i.t f 	 I " 

-n'WI?l!l'W1'Wn1 J~l L'W}J>l 1 'WLLfl ::; n1 J'~1'W'.l CWl?ll-:11Vl Lfl 1?i~'W"lJ'el-:l IIUU~l fl'el'll'Wn1)'{9]I?i~ 'W19 

"lJ'el-:lJ'::;UU~ir1J~'W'Wn1)'{9]1?i~'W19~1V1fu n1J''J1-:1 LLe.J'Wn1J'~l L~tJ-:I~1J-l1J'r:1 LL~ 1?i>lJ'lt1'i:l::;L~tlI?iLLU-:I
q 

'el'elnLU'W 2 LLUU~lfl'el-:lf.)'el LLUU~1~!l-:ln1J'{9](?\~'W1"'1~1V1fUn1J''.ll-:1lLt:.J'Wn1J'~lL~m''lJ'el>ln1J''el'eln 

m.l'JtJ LlUUt?1'el Lti'el-:l LLfl ::;LLUU~,l fl!l-:l n1 1'{9](?l~'W19 ~lV1funl J'.ll-:1 Llt:.J'Wn 1 1''el!l nVlti'JtI LL1JUhi t?1!llti!l-:l 

http:W>ll'W'i'J~tI~1.~.yh
http:l1'W'i'J~tI~~>l1.jf
http:iru~ti'W.yh
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3.1 bb'IJ'IJ~l~'fl.:Ji;,'w n1'J~(9)~'W"I.~ nl'J'Jl.:J bbe.J'W n1'J~lb~tl.:J~l'V1r'IJ nl'i'fl'fl nwt.htl 

dJ'W J~'lJ'lJi;'1 11'lJ i;'1'W'W~ 1 J~!?l ~'W11Oj~-rl'J£11'IXL91V1ih~ 'Jl'l LLe.J'Wi;'11:W1 J(l9!?l~'W~~'fl'l'll'fl~'l1 'W q . 

-rl'J'l L'J ~1~ i;'11:Wl J(lulJu~~1'W1J1'll'fl'l LLI?1 ~ ~9'lVi rJ!?l~'l Lll'W.jJ'flJqJ~ ~'l ~'W e.J~ ~Yi fi~1J11Oj1 n nl J 

UJ~:W'J ~ e.J~"lJ'fl'lJ~'lJ'lJi;'111'lJi;'1~'Wn 1 J~!?l~'W11Oj1Oj~ L U'WLLe.J'WnlJ'fl'fl nVll.b£1 1 'WJ~!?l'lJ n~~'Vl~'l1Oj ~LLi;'1!?l'l 

rl'l nlV1'W!?l nI J'fl'fl nVl'w'J £1 LL~~~ 1!?l'lJ nI J1'IX'lJ1n1J 1 'WLLI?1~ ~~'W~~ (l n9!?l'fltJ1'WL~ 'W'Vll'l n1 J'fl'fl n 
'IJ 	 'IJ 

Vll.b£1"lJ'fl'l-rl'J'l L'J~1 1?11'l1 nre:i'WnlJ9!?l L~'W'Vll'l nlJ'fl'flnVl'w'J£1"lJ'fl'l LLI?1~::1'l1'J L'J~1~1 LU'W~'fl'l'VlJ1'lJ 

.jJ'flJqJ~~1'W'J'WrJ'WUlJ~'l1'W1'WLLI?1~~I'lI'lJL'J~1~'l Lll'WL~'fl'W1"lJ~1 ~'1.)1'Wn1J9!?l~'W~ ~'fl'l'll'fl~'l1 'WrJ'W 

UlJ~'l1'W"lJ'fl'l LLI?1~~I'lI'lJ L'J~11J1 

i;'1:w nld~1-ilVll~1'W'J'WrJ'WUlJ~'lI'WJ'J:W LLI?1~~-rl'J'l L'J~1"lJ'fl'l LLI?1~::9'lVlrJ!?l1'WLLI?1~~~'!1 nI~ (Nk ) 

b!?l£1 Nk = ~l~'J'WrJ'WUlJ'lJ~'ll'W"lJ'fl'lLLI?1~::-rl'J'lL'J~l k b!?l£1 k = {1, 2, 3, ... , k} 

sr" = rJ'W.~:wUlJ~'l1'W"lJ'fl'l-rl'J'lL'd~1~ k 
.; 

ETk = rJ'W~~Vl1£1"lJ'fl'ln1dUlJ~'llhl"lJ'fl'l-rl'J'lL'd~1~ k 

t!?l£1n1V1'W!?l1'IXi;'1:WnlJ~ 3.1 ~1:W1d(lH1J1Lri'fl S~: LL~:: E/.; LllhlrJhl~'fl~111£11'WL~'fl'WL~tJ'Jfl'W 

• 0 d CI.J' .., 	 , 

3.1.1 	 n 1 fi f11 tI ';} ru L'W'iJ ,;}1.J UtiU ~ VI' ~tI 'Y11.J n1'i'iJ 'iJ n Uti';} ~ (Preliminary 

Routing) 
I iI iI 	 I 

1'Wni J9!?l L~'W'Vll'l nI J'fl'flnVl'W'd£1Vl Lll !?l~'Wl'Wnld19£1llLu'Wif ruVlllhlJULL1J'lJVlU'l 
~ 'IJ 

L1-r.Jn~l 	Multiple Travelling Salesman Problem (M - TSP) t~£11'WnlJLLnu'1!Vl11'W 
" , 

JU LL'lJUn~'fl LU'Wni JLLnuruVI 1 LLUtl N P i:W'lJJM'liJ I'l'dl:wm n LL~~i;'1~'lJi'lJ-il'fl'W (Garey 
'IJ 	 '" 'IJ 

cv " cv IV IV ...:::....:S ..::::::i" 0 ~~ 

and Johnson 1979) !?l'l'W'WnldYiW-J'Wl'fl~n'flJ'Vl:W(Algorithm) 'Vli;'11:W1d(lVllI'l11?l'flUV1!?l 

I ." 	 I 

Vl~ !?l~lV1~UUruVll11\J1'l~1~1l~'l Lti'W1u1J1m n LL~::Ltl'fl'l1Oj1 n nlJ9!?l L~'W'Vl1'l nld'fl'fl nVl'w'd£1 
q '" 

I I I I 	 I 

"lJ'fl'lVI'W'J£1 LLYi'Vl~LA~'tl'WVlhJ1J1 ~'fl'lnlJ~ll?l'fl'JVl~Vl~!?l LLI?1 Lll'Wni dVil ~11?l'flUVl LVI:Wl::~:W 
q 

111£11~d'fl'W1"lJ~ln~~AtJ'l flU nlJulJ~'l1'W1Oj1'l"lJ'fl'lVl'W'J£1 LL'Y'I'Vl~LI'l~'fl'W~:Wl n~~ !?l1fi~'J1 
I 	 , 

~ ~ ni~\I (l nUd::£1 n ~-ill'Wni dViI ~11?l'fl'lJVl ~ L oWmYi'fl ~1V1 ~UnI J'J 1'l LLe.J'WnlJ~1 L~ £1'l" 	 . 
'lJ•1'l~1 nJLL~::L'J")jJlru~"lJ'fl'lVl'W'd£1 LLYi 'Vl ~LA~'fl'W~1'W1l1Oj n dd:W nld1'IX'lJ1n1dLL'lJU 1?1'fl Lti'fl'l 

, " 
1fi~'d1~ ~ niVlud::£1 n 1?l1-ill 'W'l1'W19 £1lluJ~£1 n W,lfi nldVll fl1Ud~VI~!?l (Saving,. 	 q q 

method) ~\I Qmll1ul-il'flr.h:J LLYifVl~I£1l'W'Vll\1UlJ~ LYiJ1::Lll'W1fi~~ 1£1 LL~::1'IX ~~II?l'fl'lJ 
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n1),9~ ~~'WYl1--1 n1 ),.~'flmnJ'JtJ~1l-1rmn,btJ ~~~v,tJ~A~'fl'W~l'W--11'W~9tJedJ'W1J 'lJl-11~n 

'lJ'W1 ~hnV1 qjun n1::f1-ifi)'fi n1),V11rlTU)':::mJ~~--1 dj'W~~mn1)'1-nA'fl:W~'J ~[9]'flf-r!'JtJl 'Wn1), 

iJ)':::m~ tJ~ ~~m ~~ r.lil'fltJb~tIHb'J~1 n1 )'iJ)'::::w'J~ tJ~hi'W1 'W:W 1 n ~~~:::'i'l1:W1 ),rll1Xr11 [9]'flU~
'j 

I " 

~~1~rUn1),'J1--1 ~be..J'Wb~tln'i'l:W:W ~~1'W1'Wn1:i'9~ ~~'WYl1--1 n1),'fl'flnww'JtJ ~--1t1 
, 

J.9 

" , 
• 	 n1:i'iJ~~--11'Wl'W 1 rr'W'i'l1:W1:i'rliJ~u'1l--11'Wl~'b~m 1 ~'WVi 

• 	 hJ ,,'hU--1 ~--1 ~1niJ~tI'WbbiJ~--1'lJ'fl--1~1'W'J'WtiU'Jm~~:::fI'J1:W ~'fl--1 n1),UA~1 ml'Wn1)," 	 , 

nll-1'W!?lb~'WYl1-:j 

• 	 :i':::tI :::'Vl1-:j~--1b'VlM1'Wn1:i'hJ'i'l1:W1:i'rl9!?l~'W~~j'fl-:j~'fl~ bn'WJl1t11'W-r!'J--1 b'J~1 ~--11 'W 

-r!':l--1 ~'J~1 A'Jl:W ~'fl--1 n 1),~ ~P\M~ j'fl--1'lJ'fl n ~1il'fltm1 n"'l'W'i'l1:W1 :i'rl~::: b~ tJ1~ 

.. 

• m)'u1 bL ~~tJ1 iJLn'W fI'J 1:W ~'fl--1 m:i'hi n tJ ~ I?l'fl n1:i'L~:w 'lJ 'fl-:j rl 1'lJ'W~--11 'W n 1:i'9(?)
f 

" ,
b!?ltl-n'W[9]'fl~l 'W n1 :i'r11'W':l rwiJ:i'~:W'J~ tJ ~ L~'fl9!?l L~'W'Vl1--1 n 1 )''fl'fl nmJ'J tI 'lJ'fl--1W\,!';l tJ 

I 	 I f I I 

LL~'VltJ~A~'fl'WViiJ:i'~ ~'Vl n1:i' l1XlJ ~n1 :i'L~UU l'l'fl LU'fl--1'i'l1:WI:i'rl LL'i'l ~-:j1~~,mJVi 
! 	 " 

• 
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11 I ' , I 

9 ~Yl'WVl~--11'WL~'ti'vn--1 n 1 J''El'El n~ti')tJ"lI'El--1 LL(?]~ ~flTLJ L'J~llYn:w L1'El'W1"l1Vl nl~'W~ 

.j 

nlJ'~l'W')ru~l'ih~~rJ~J'~~~l--1 2 ~'W~'f)'Eln~ti'JtJ ~'W~ i LL~~~'W~ j 1~1LtI'Wn1J' 
~l'W'Jruril'ih~~rJ~~Ln~~'WliillnnlJ'~l~'W~ i LL~~~'W~ j :Wl'f)~l'WL~'WYll--1nlJ''El'f)n~ti'JtJ 
i,~tJ';lfl'W ~--1 i,t1'W~~n nlJ'Yi1'll'W"lJ'f)'l~finl J'1-if ril1h~~rJ~1'WnlJ'9~ i,~'WYll'l b~tJ1 'W 

g,.. I j.I I I 

<V ..!t' 0 "I """ "" "" "" '"I..!t' "" ,<vJ'~tJ~LLJ'n"ll'El--1 nlJ'1iil ~ L~'WYll--1liil~nl~'W~ b~ 'V'l'WYl i i,L~~'V'l'WYl j 'tlr.! b'WL~'WYll--1Yl i,i,lYl n lYll--1 n'W 
'" j.I I iI I 

Iiillm1'W1~Yl~~'tl'lJ''J:w1~Yl'WVi i bi,~~Yl'WVi j :Wl'Eltl1'Wi,~'WYll'lb~mn'Wb~tJ1-ifriltlJ'~~rJ~
'" 

iI 11 I '" I iI I 

~'l~'W1~~1'ElhJ ~lri~1:W1J'm.]1'Wb~'El'W1"l11~'lnlV1'W~1~Yl'WVi i bb~~Yl'WVl j 'Eltl1'Wi,~'WYll--1 
, 'lJ 

,... I 'V I 'j.I 

'El'Elm~'W'Vll'lr.n nliillriiJ~'ElmbihJrJ--1Yl'WVi i bi,~~Yl'WVi j ~~'lliill m1'WIiil~L~'W'Vll--1 n ~lJ i,'ih~1iil ~ 
q 1 qJ q 

1J~'Elmbi ~--1 fl~ltJ fl~--1 nlJ J'~lJlJ nlJ'~l b~tJ--1lJ fl~1 n:m~ ~L 'J'll.n rui~~lYJ.l'Wl~'W1'W--11'W~9tJ 
.' q 
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j.I I i.I I 

'l~u S'j = ri1D:r::;~~~:r::;~~1'1~'WVi i LL~::;~'WVi j 'lInU i LLtl::: j 1l~1'WL"1lI?l"lJ1l'1"'j~11'W 

G = {i, j, 0, 1, 2, 3, .... g} 
., , 

dOl = ~:::u ::;'Vl1'1"'l1'11'Wnln~'W'Vn'1'l~Urt'W'W"'lln"'j~D~1lmrt 0 1D~'1~'WVi J 
, ., , 

doj = :r::u:::'Vl1'1"'l1'11'Wnl:rL~'W'Vl1'1 'lInU rt'W'W"'lln"'jInD~1lmrt 0 1D~'1~'WYl j 

d 5i = :r~u ::;'Vl1'1"'l1'11'Wnln~'W'Vl1..:J'l~Urt'W'W"'lln~'W~ i 1D~'1~'W~ j 
., I, 

n1:r~~~ 'W~ ~1l'1 "lJ1l tl'11'WL~'W'Vl1'1 n1 :r1l1l nmJ'J U"lJ1l'1 LLIYl ~ ::;-D'J'1 L'J ~ 1"'l ::; n :r:::Yl1 

~~'1 91 n n1d~l'W'dru~hDd::;~~1n"lJ'el..:J'Vln ri9~ l'Wd::;uu 'l~u n1d~~9 ~~'W~tl'l1'WL~'WYl1'1 
\ q 1U" q 

"lJ1l'1 LLIYl~::;f11U L'J ~1"'l :::~'1 L -w'Wmd1 ~f1'J1lJ~1~ru"lJ'el'l md¥1l..:J"lJ'el m d1l1l n'ww'J U~l L~ 1::: , q ~ 

L91 :::9'11'W-D'J'1 L'J tl111n1 n1l'W Lti1l'l"'ll n1l19"'l:::LtI'WfI'J1lJ ~1l'1 nldLi'l ~h'W~5-'elfl'd1lJ~ ::;1n'J n 
'lI I ' I I 'lI I 

'J1l'1~'WV11 'Wn 1 :rl,Xu1n1 d L ~1lVi"'l :::~llJ1 :rrt~InYi'WYl ~'11'WL~'W 'Vl1'l"lJ1l'1 LLIYl tl ::;f11 U L'J tl1 

~1 LtI'W"'l:::~1l..:J'Vl:r1Un'1-n1llJtl Dd::: Ul'Vl LLtl::;~l'W'J'WU~ f11 n nL~ ::;L'J"1lJlbU"l'f~ ~1l'1 md"lJ 1l'1 LLIYl 
qJ , 

'1/ I J I 'lI 'iI 

~'WVi1~Yl11~Ltllnl:-l~~~U1 'Wnl:i'Yl 1'11 'W"'5-1l rl1"lJ'W~'1Vi LVilJlJ1 n;'W~'11!'WLn bU"l'fnl:i'Vi91 dbU1 
\ 

~~~'W~~..:J1'WL~'W'Vl1~9 :::1.ifrl1Dd:::"'~L'l"1J'el'l:i':;U:;'Vl1'1 LtI'WLn bU.n",~n1'Wnl:i't?l1n~'Wl"'l vn n 

I " '" I 

Ltl In n dnHli rl1Dd::;",tr1n"lJ 1l'1 rl"'llnlL'l1 Lvil n'W"'l:;Vi"'lldbU1 L~'eln~1n~'WVi~N1'WL~'W'Vl1'1'lJ1l'l 
, qJ q 

-D'J'1 L'J~1~1~Yll1~91'W'J'WfI'JllJ ~1l'1 nlnL~'VltJJllul'WL~'W'Vll'l LLl?ln 1Yl1'1tl'WlJln1!n'llnuiJ 

d1l'W 1 'lJ"'~n1'Wnl dVi"'ll:rbUl ~1l91'W'J'W"'lL'l~4'L'l~'1l'WL~'W'Vll..:J"lJ1l'l LLIYl~ :::-D'd'1 L'J~1 ~1l'11~ btl'W 
q 

91'W'd'W.r'WtJDu'1i'1l~'lJ'el'1-D'J..:J b'd~l~'W "'llm~1l'W1-n~'1 n~1'J"'l:::~U~11l19 btl In nn1J~ nl:i'¥1l'1 

"lJ1l n 1:i'1l1l nVl'Il'J U'lJ'fl'1~'W~iJ f1'J llJ ~tl..:Jn1:i''el1l n",1l'dU~1 L~1 ::;L"'ll :;9..:J Ltl'WL11l'Wl"lJ J11'W 

~1'W'J'W.r'WtJD'~'11'W~J1l..:J f11U L'J~l LL~:;l~~llJl:i'rt~"'l:::~In"'jln LVI~l~'W~..:Jl'WL~'W'Vll..:J"lJ'el'1 
mUL,)~l L~m n'W1J1~'1VllJ In ~'l~'WL~1l'Wl"11"11'el'1nld~L'l"'lIn~iJ f1'JllJ~1l'1 nldL"'ll:::"'l'll'WI?lN• 

I i.I I , 

nU-D'J'l L'J~lYl ~1l'1 nl:r'l!'Wbtl'WL~1l'W1"lJVi~llJl:i'rt eJ1l'WD:i''W1~L'lu'''l::;A In LtI'W:i':;U :::'Vll'1~'1 'l'VlM 

"'llnnl:r~1~ ~1 lJl'~lJ~U"'l L'l ~'l1'W-D'J..:JL'J~l~ ~1l'1 nl:i'1J1 ~'1"'l1n~1~ ~llJl :i'lJ~In ~'1l 'W 
• q 

."
i 
I 
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fI1U I.'Jfl"l~ ~'fl'l nld1~"'l ~ I.LJ~tI'Wdj'W"'l•~~hl~ rJ'l"l:J.J ~'fl'l nI db1lYi "I~1."'l"l~9'1 I.l.fl ~~"I:J.J"Idf,l~~ 
11J ~'Ib 'W 1.~'W'Vl"l 'I"lJ'fl~-n'J'I I. 'J ~ "I ~'Wl~ i'lcl.ti'fl 'I 9 "I n nId'l"l'l LL(:,I'WI.1J'Wni d'J "I 'I LL(:,I'W1'WLI.l'l '1:1 ~ 
tJ'IUth~:J.J"I ru (?)'I~'Wnld'flll n~t,btlhJ 19Id'l-n'J'I L'l'l:1"1 A,)"I:J.J ~ll'lnld~ "I LYi"l~~'1hl~ ~ 'I:1l'l'fl nld 

'1:1 t?l'l:1'1"lJ1l'l~ "I'W'J'W~lh tI~ Li"l:J.J "I fuu~nI dbYltI'I LLl'l L1J'W(~ll'l"lJll'l A'J "I:J.J ~ ~ ~'J n "lJ'fl'l~'W~b 'W 
'lJ 

'" n"ld~~ n"I~ 'Wt?l n "I d~'fl n ~ kI'J tI Lvi "I U'W ~'I n"I ~'Wt?lb 'tX d~tI ~'Vl"l'l '1:1 'I L'Vl ti'~ ~ "IUll tI:J.J "I n9 'W 

d ~'" 
~"I:J.J"IJ'f,l'Vl9~'I:1~L~t1 bt?l 

9"1 n~'W~'I'Yl"l n"l d~ "I'W'l ru~ "I 'W,)'WU•A'1:1 "I n d~ ~'fl'lU"llLJ6jJll'l I.~ 'W'Vl "I 'Ib 'WLLl'l ~ ~ 
, '" 

rJ"IU L,)~"I LL~~~"I'W')'WdClVib-iil'Wnld~ "I1.~tI'IU f1~ '1 ndLL'I:1~ I.,)"ll.rlru"Vf L(?)t1 -n'Wl9Ill'Wn '1d~(?)"'l ~. . 

Z= 

k 

~ ~ d L L ~J 
p=1- tfijE k , 

"" ~:J.Jn')d'Vl 3. 3 

11'1t1b~~'fl'Wl"lJ 

• ~'1'W,)'W~ t?lb'W1.~'W'Vl'1'1"lJ1l'l LLl'l~~-n'J'I L,) '1:1'1 ~1l'l1:w Lil'W"~'1'W'J'Wt)'WUDU~'I'1 'W 

-n'JWJ'I:1'1 

~'IL'Vl~'I~ fhu'fltI:J.J'1 n"'l'W~1:J.J1df,l'l:1~L'I:1t11~ ,. 

, '11, '" 

• ~ '1 't.l,)'W~ ~ ~ 'WVh1'1~:J.J ~ ~'fl'l1:w Ln 'W~ '1'W')'Wt)'WLJD U~'I'1'W d':l :J.J"lJ1l'l YJ n 

, 'V I I 

• 'Vln~ ~Yl'WVi ~1l'l f,l n~~'fltJb'WL~'W'Vl1'1"lJ'fl'l A1Ub':l'l:11b(?) f11Ub':l~'1~tl'l 
q !q ~ ~ 

• '11 I '" I I 

= d~t1~'Vl1\lJ':\~~1\lYl'WVi i lLJYl'WYi j ~\l i, j 'fl~1'Wb~'W'Vl1\l"lJ'fl\l'lhH':l~1 k bt?ltld ij 

k= {1, 2, 3, ... , k} 

~~'l91n'Yl'1 nlJ'~(?) b~'W'Vl'1\l L~'fl\l~'Wl 'WnlJ'llll n~kI'JtI"lJ'fl\lbLl'l~~f11U 1.'J~'1LL~':l ~'fl\l 

'Yl1 n'1 d~ '1 'W'J ru~ '1'W,) 'WU f1 ~ '1 n d'Vl'1'1 n 1:i'1.LYi'Vl m'WLbl'l ~ ~LJ d~ bl1 'Vl ~'1 ~ fUb 'tXU~n '1 d 1 'tX• 
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• 


1111 nv!'w'Jml1~ bb!?l'i'l ~~llJ b 'J'i'l1 ~'J~~~91'W'J'Wd1:1~bfl'Wm~'lJ 'W'Ci~lJ, fI f1'i'l1 n~'Vn~ mHLYfmJ 
, 
 " 


1'WmnJllu~~ 1'W'lJ1)~ LL!?l'i'l ~ L~'WYI1~ Ji''JtJ bY111 bU'W-ifl1:IqJ 'i'lYl ~ 1 ~C1Jb'Wn 1 J'btl i?1 flJ1J fI 'i'l1 n J' 

111 ~ 1 ~ ~fI J'91 n'Vn,'j'Ci'J'Wn'i'll~b~1Ji' fI J'lJ "11~91 'W'J'W lJ f1'i'l1 n J''Vll~ n1 J'bL ~'Vl tJ1'W LL!?l 'i'l ~ , 

lh~I.Jl'Vl'lJl1~ bL!?l'i'l~f1ilJ L'J~1 

~ ~ n 1 J'~H' ~1'W'J rw91'W'J 'W lJ fI 'i'l1 n J'~ ~11~ 'lJ'Whn'WL~ 'W 'Vll~'lJ 11~ LL!?l 'i'l d 'd ~ L'J 'i'l1 , , 

d 
~~mJ''Vl 3 . 4 

bi?1tJ 

Rim = 91tJ'JtJ1JfI'i'llnJ'1h~Ul'Vl n ~~11~'lJUhn'WL~tJ'Vll~"lJ11~f11lJb'J'i'l1 k ~~dJtJrl'Jl~ 


~l1~mJ' 1Jrl'i'llnJ'"llUi?1 n ~~~i?1~1~¥lJYJn1~i?1 i, j b'WL~tJ'Vll~"lJ'e)~rlllJb'J'i'll k 


Rni = rl'Jl~~l1~nlr1JfI'i'llnnh~Ul'Vl n "lJ11~~i?1 i b'Wb~'W'Vll~"lJl1~rlllJb'J'i'll k bi?1tJ i, j E k 


~ ~ n 1 J'~Hf~ 1 'W'J W91 'W'J tJ L'J"ll Jlrw evl~ ~'e)~"lJ 'W hn'W b~ 'W 'Vll ~ 'lJ 11 ~ LL!?l 'i'l ~'ll 'J ~ L'J 'i'l1 fll1 


'i, 
~ 

Rkm = 2.: Rim 

\fi,jE k 
d 

~~mJ''Vl 3. 5 

bi?1tJ 

Rkm =91'W'J'WL'J"ll~rwevllh~I.Jl'Vl m ~~11~'1J'W1t11tJL~tJ'Vll~"lJ11~rlllJL'J'i'l1 k ~~L'lJ'Wml~ 
'" ,

~l1~nlJ'~'J~"lJl1~L'J"llJlrwevl m 'lJ'e)~'Vln9i?1Y1tJYl i, j b'Wb~'W'Vll~'lJ11~f11lJb'J'i'l1 k 
. . . 


Rim = rl'Jl~~'fl~mn'd"llJlrwevllh~Ul'Vl m 'lJ'e)~~i?1 i 1tJL~tJ'Vn~"lJ'e)~fl1lJL'd'i'l1 k 

bi?1tJ i, j E k 

~~mJ'~H~lU'Jrw91'W'd'WJ'b1~~'e)~H1.'WL~'W'Vll~'jJ'e)~bL!?l'i'l~'ll'J~b'dm (Vk ) A'e) 

bi?1tJ 

Vk = 91'W'JtJ~b1vttfl'WmJ'~lL~tJ~"lJ'fl-:tL~'W'Vll~ k 

Rkn = 91'W'JtJ1JfI'i'l~nJ'1h:;lJ)'Vl n ~~l1~'jJ'WhntJL~tJ'Vll~'ll'fNfl1UL'J~l k 

R /(m =91'W'JtJb'J"llnrwevli.JJ':;I.Jl'Vl m ~~'e)-:t"lJ'W1i.J1tJL~'W'Vll..:J"lJ'e)-:trlllJL'.l'i'l1 k 

L'.l"ll.nruevl m 

C =ml~~1~1~Cl1umJ'"lJ'WlJfI'i'l1nJ''jJ'e)~~b1~~rh~'Wi?11~n~lL'VhntJ'Vln~'W 



• •• 

58 

:i'l tJ ~ :::: b~ tJ '(?)"II 'tl 'l.rr'W [?l 'tl 'W1'W n l:i''VI 1 A 1 [?l 'tl 'lJ"II 'tl 'l n 1 :i'9 (?) b~ 'W 'VI 1 'l n l:i' 'tl 'tl n 'V! 'W'd tJ 

~l'V!f'lJn'"l nn:w nl:i'1~'lJ1mnb'lJ'lJt?1'tl bti'tl'l~l m :i'mbU'l'tl'tl nbu'W 5 .rr'Wvl'le 

'i 
~ .... I i.t" 

3.1~ 1.1 ~f/\JL~'W'YIl\JhJtT\J"'IPJ';iuvrffJ\J'l1fJn\JVlJHI• 
i'W~'tl'W~ 1: ~jl'lb~'W'Yll'lbn'el'l~'WhJ~'lr.H?1~'W~¥'el'l"ll'el'Yln'"l(?)'"lln'"l(?)

I q q q q 

I I 'V 'V , 

U'l:i'eltJ:i'bl (qepot) ~ rll'V!'W(?) t~tJ~l'W'd'Wb~'W'Vll'l~~ jl'l;'W'"l:;b'Vhn'lJ~TW'd'W~'W~ 

¥'el'l"Il'el~oW1 b ·ih ~ :i'::::'lJu1'Wnl :i'ATW'd rum:i'9(?) b~ 'W'Vll'l "II'el'l :i'::::uu~,ru~'W'Wm:i'
'\J • 

~(?)~'Wl'"l 

I , I t.r I I 

b~~'tl'W~~ ~'Jl:W~'l b"J'W1 'Wm:i' 1 ~u1nln~'el ~'Jl:W~ :;(?)'J mbri~'W~h'l"ll'el:Wl n~ ~ ~. . 
C;)'l,!'W m:i'j'el..:J"lI'tlm:i''tl'tl n'V!'1..btJ1'Wul..:J~'W~9'l bb~ (?)'lI"l'Jl:W~l'W'll'Wnl:i''el'el nm,b tJ 

~l b'l"ll::::b'"l1~9'l:Wl b~'tl1~:i'::::'lJU~lm :i'bl'Vll'll'W~(?)'V!tl'W. 1'Wm:i''ll..:Jbbt:J'W1~:i'::::'lJ'lJ9'l 
" , , 

'tl'WW 1 ~1~V;'W~ j'el..:J"lJ'elvll m :i'j'el'l"ll'el n l:i''el'tlnw\.,btJJlltJl'W"Ii'J'l b'd~l~ ~l:Wl:i'bl. ., 

'el'eln'V!'1<btJ1:~"lI'el'ltnl'ltJ'l1'WbYltJ'l 1 "Ii'J'l b'J~l b~'ell~:i':;'lJ'lJ~1:Wl:i'bl9(?) b~'W'Vll'l m:i' , 
I 'V ~ I 

'tl'el n 'VI 'W'J tJ v.i bVll-J 1::::~:W ~'l1'Wbb~"lJ'tl'lI"l'll:W ~:::: ~'J n"lJ'tl'l~ 'W~ bb~:::: ri l1.if~ 1 tJ 1'W n l:i' 

"II'W~'l~ bn ~~'W 1'W.rr'W[?l'tl'We'"l::::bu'Wnl:i'9(?)'"l ~~rlW.l1:W ~'el..:J nl:i'~ bPlM9l b'l"ll::::.
,,' , 

b'V!'l:iTw~'llt..l"li'J'l b'J~l~¥'tl'l"lJ'el:Wl 
".. I tI I , 

-n'W[?l'el'WYi 2: oWl b~'W'Vll'l"lJ'el..:J9 ~~'W~ j'el'l"ll'tlYi~ n l:i'j'el'l"ll'tlm:i''el'fln'V!'W'dtJ • 
1 'Wl"llU b'J ~l b~tJ') n'W:i''J:W b-if1 ~,)tJ n'WL~ bU'Wb~'W'VI1'l"lJ'el'l I"I1U b'J~l'!'Wt~n~m:i' 

9 (?)~1 vl'lJ9 •~~'W~'tl'tl n'V!'W'JtJ1'Wb~'W'VI1'l vl'l e 

'1 ~~1n~'1 (?)Ufi'tlU:i'bl (Depot) l-Jl n~~ ~ bU'W'1 ~~'W~'fl'fln'VI'W'JtJ~l vl'lJ bbm 

1'Wb~'W'VI1..:J bb~::::'"l ~~1~ri11.h::::'VI~~:W1 n~ ~'"l1 n9 ~~'W~j'el'l"ll'tll'W~1 vl'lJ 

'1 (?)~'W~ 'el'el ~'VI'W'JtJ1mbt?1 ~:::: b~'W'VI1..:J ~'el\l"J'el tJ n~1 'V!1'tl b 'Vh nU~1'W'd'Wrj'WtJD~\ll 'W , 
"II'tl'l bbt?1~ ::::~!lUb,)~1 
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b9 '\ :;9'.11 'WfliU b'l~1 nl:i''il'il mnl'l tI bU'WA11J b'l ~11!?1 n1~ b~'il b u'Wn l:i' 

b~t.i~. bb'W:;119 .~!?l'l n'i:h'lrl'J:i'hI 'il t.l1'Wb~'W'Vll'.1 ntJ''il'il mn,b t1"/J'il'.l A1U b 'J ~ 1 
~ 

1~~vh1~:i' :; t1 :; 'Vll'.11'Wnln~'W'Vll'.1i'W~~ ~ ri'il'WbL~'Jr1'ilti ~1L u'WntJ'I?l'tl1 'W 
I • 

~ ~ d 

~J'W~'il'WVI 3 


Vl:w~t1 bVlI?l: bLU1J~I~'il'.l m:i'~~~'W1"'l~I:Wl:i'C)'ll~u1fl'W~ m'Wmmr~9!?1 
., , , 

Y1'WYl'il'il nVl:u'JtlVI,.n9 ~1~ il L~'il'Wl"/J~ LPl'rl'l 'WA11J L'J ~1~1 L~ 1 :; L91 :;9'.11 'Wnl:i' . 

" , 
1~u1m d ~IVl~U nl nJ'W'J n :i''J:W b~'W'Vll'.1"/J'il'.l9 ~Y1'WYl'il'il nVlU'J tI b-nl LtI'WL~'WVll'.1• ., , , 
"lJ'il'.l bbl?l~ :; f11 U b 'J ~1 ~ l :Wl dC) Vil1J1i:!?ItI L~'il n fl"'l ~Y1'WYl'il'il nVlu'J t1Ylil fll'll :i':;mJ~ 

'II • 

"' , I iI" I , 

nl:i'Vil'.11'W1'W-n'WI?l'il'WYl 3 !?l'ilhI m:i'Yl9 ~Y1'WYl¥'tl'.l"lJ'ill~il L~'il'Wl"lJ~1 L~I:;b91 :; 9'.1. 

, " 

1'W~'el'.l"lJ'il'.l rllUL'J~lmd'il'ilnVlU'Jtl9~Vil1~~~~~fim:i'r.rI?l b~'W'Vll'.1 dj'el'.l ~'Wl~fll 

d~t1~Vll'.1:i''J':w~~n~1 bti'il'.l"'l1 nntn~'iln fl"'lI?l~I!?iuLL:i'm-nl:Wl1'Wb~'W'Vll'.11~Vi I n1 d 
, qJ. 

Vii n1 :i'Vl19 ~~'W~1~il f1'J 1:W ~'il'.l mn'il~1~L91 ~9'.11'Wn 1 d'il'il nVlU'lU L -nl:Wl'ilt.ll 'W 
• 'II 

L~'WVll'.19'Wfl~19~Vil1~b~'il'W1"/J~I'W'l'W"'l•(?11'W..n'J'.I L'J~lil'ilU n~IV11'fl L'V11 nU~I'W'J'W 

1''WVil'.11'W~~I:Wl:i'C)Vil'.11'W1~''lJ'il'.l LLI?l~d'l'.l L'l~II?lI:W~:W n1:i'~ 3. 7 1~ LtI'W91'.1 

Vl1'il1~fllbVi~b~'flb-nl~n1dVil'.11'W"lJ'il'.l~'W~ 4 I?l'ill'll 
'OJ 

" , 
.... "" "lJ'WI?l'il'WVI 3 : 

L~'W'Vll'l1~ViI nl:i'ViI fll'll:i'~'\.nJ1?l1'll~'l"'lI?l~'W~¥'il'l"lJ'fl~'W~ bVl~'il b~'il n"'l ~~il fll 

'll:i'~Vl~1?l:W l'n~ ~ L-nl~n'iltj1'Wb~'W'V11'.1 L~'ilVilVlill~ Lt1'W"'lI?l,J~It1"/J'fl'l b~'W'Vll'l ~'W 
r q qJ q 

b~'flVll"'lI?l~~I?l'ill'll. " 

Vll n~u~1 ~ ~~ L~'il n:Wl~'W~m~'iln~1t~m~'W'Vll'l"lJ'il'l rllUL'l~I:Wl n n~1 1 

mu b'l~11~b~'il n"'lI?l~'W1'll'eltJ1'WL~'W'VlI'l"lJ'il'lfilU L'l~I~Ln !?Ir11'lld~VI~!?I91 n"'l ~ . " . 

http:fll'll:i'~'\.nJ
http:nl:Wl'ilt.ll
http:b~'W'Vll'.1"/J'il'.l9
http:L91:;9'.11
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3 

~ ~, 
U'i:'llt1"l1'el~ 1,~'W'Vll~:l-J1iJ~r.H?)U-"UJ1nYl~~n'i:'l::;Vll n riltlJ'::;VliJ~"'ll n"'l (?),r'W1.uiJ~"'l (?)

. q q q q 

~'el1.u li~t11"'l'W'Vln~ (?)~'W~~n4'(?)1~'el~1'Wl~'W'Vll~"lI'el~ A1Ul'J'i:'l11(?)l'J'i:'l1V1ti~ 
VI~~"'ll n'Vl ff"'l (?) bI n4'(?)'eltJ1'Wl~'W'Vll~"lI'el~ A1U l') 'i:'l11~ A1U l'J 'i:'llV1ti~ ll,~,)1~ loiJl ~ 

q q qJ- <u ClJ 
I 

-r'Wt?l'el'W~ 4 jl~'elfll'W'JruVll~l'W'J'WUA'i:'llm 1,'J"JjJlruovlll'i:'l::: 91'W'J'WJ'b1 ~~'el~nlJ' . • 

H1.'WnlJ'D~~l'W"lI'el~ll~'i:'l:::A1UL'J'i:'ll 

'lJ'el~ LL~'i:'l::: L~'W'Vll~ l~'el~h~ LLtJ'Wn 1 J''el'el n Vlll'J t1ll'i:'l::: lU (?) fU'ell~ 1 ~~f\ J't?l1:I-J 

~l'W'J'W~~'el~nlJ'~'ellU 

-r'Wt?l'el'WnlJ'LL'i:'l:::nJ':::U'J'WVll flll?l'elU"lI'el~~'J1-~ ~ n ~~'el'el n lI,UU~'WL~'el1fl 'W 

nlJ'4'~ l~'WYl1~ nlJ''el'el nVlll'JtI"ll'tl~ttlmm:I-JJ':::uu~,ru~'W'Wn1 J'I?T~~'W1"'l l~'el nlJ' 
, • 

,)1~ llI:J'Wnl:ffi 1 l~t1~U A'i:'ll nJ'LL'i:'l:::l')"JjJlruovl"JJ'el~n"'l mJ':!-J nlJ'1,xu1-nlJ'Vlll'JtI LL ~'VltJ, 
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ru't1l;imh'l~lnl;l' 1Ii~ 
~:o:m~~:"dl~,!~tltlnmi1m:n.~n1"itll;iI1\1J6i1ni1:o:1l1~, '!"'t1tln~ti1o, 

fl111JIiitl~nlm,,~6'l1tl~w;iI1:'1iI Li1lmtll\~"':'6\~jjffillJd(!l~n11u.,,~6'11ilv1\;im n"1J1 

Fil''1tufil1.l1:~tT",~~1wl",l'ltl~,~1~1'l6101ntll;ifl1''\lJfliini1:!J:1l1~lIh!J~",1 


Ph1.l~:~tTfi11:wil~"l"' i u.~:.,~ j Lvl1 (Sij) 


= 1:[J:~wnn depot t1.ltT~.,", i (dDi)+ 1:[J:""~~ln,", Depot11.ltT~'IiIJ(dDj) - 1:[J:~wnn'jlil i t1.ltT~,~ J(dij) 


\'IhWIlj;l'lltl~\~,.m~ i 
Lvl1(Wi) fIlllAl"1"fll\J\1flln~ftllJmh\fl 

'j 

~~ ~"1l1~mtl11.lfll\J\1~ 

l,j,.'l6ItI'51~tT~'W'1Jl~n~ 
"'1"LI\""'1~\\llJl~~1l1t1.l 

~"'1"F11\J\1",~,.ttli 

YES 

1l1"l5l~iJR111JIiitHn1111.lfl1\J\11l1 i 
1fi\1\;ht1.lmlt"\'11"1~'il~\~"111~ i (Wi) 

"\'1f11'11'il~fll\J\1flltT~hJi1,!f1l~~m 
f/Jtlljt"\'1f11ritl,.U.«1~ffihJ 

No 

• "1"'fI1\n"~1"1"1"b mUL1j\1~nl 
~1"1,,1,.1"""\J\1al = (E-S) +1 

E= -i'''i1rnil(J'IItI~Fn\Jmn 

S = 1"\~lJtli"'IItl~m\J\1m 

NO 
" 

rii1~"f1l\~""'1~Li1l(J1,x~jj1:(J:'In~lnti'll6\'11n,",1.lfltlmO \w,!6\u.1n~'1:t1.l('j~ritl,. 
u.M\~t1n,!f1l;h,xph1.l1:~tTliIlJln~~f1l\w,!IiI~'d1.lIl~\thuh~'\Jo~11.l 

'~l\'Il,.m1.l'l,.n'll'ln,!filt"\'IIV1~n~filLI\,.vm (,'m1n~('j~\ron'l1 from node 

'~ 'filijf1lYrl(J~~~\~t1n'll to node) 

(0 

~l"h1.l~tT",~L1if1l'lln to node , 

ri\J'51~u~llJ~n~filLl\um~u.f\:ih~urn1,x'f1l\1Vl~~IIIJfi\tll.rtuL'If/1 W 

\tl1~'6\M~tlJ'1Jl~6\tlf,jtm~"1l1~u.Il:lil1,x 

U1fil7h1.l1:~ti5l1J1n'llfl1\'llJltlljt"\~"ll1~ 

~lnjj 2 

~'lf1l~lil1thi'i",ph1.l1:~tifil\'Ihn,.tU\~tln~~tJ ll 
f>h~"'11lJflitl~ n11U.yt"'(h:wil~,\f/J \'Itl~'IiIUtl(J~ 

'Il fil 

til~"51\I\""'l~'l6Itl1,x;jjj1:tI:1l1~tn~~ 

fil'nn'j 511.lfltl !J10 

\tJ"'lrnu.m~,,:t1.lll~ritl,. 

u.~1\~tln'j"'~1,xph1.lL",tT"'lJ1n~'Ilf1ld:l 


"'51~'l:t1.l('j~\W~l.l\Jilf1lt1.l 

lil\'Ii,.m 1.l",.n'll'l n,511"\'IIfi1 ~n~fil~" 


B 

'j, 

http:l\'Il,.m1.l'l,.n'll'ln,!filt"\'IIV1~n~filLI\,.vm
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.; 

~"1"1"1l'U~,.j'!I,,~;rtl~n111,,~1'ilH~n 
,-------~o----------_< >-------YES 

IilUr.:'Il!T"' lJlnq ", ~ r;; mnu'IlffillJ 

~ti,' ", Yi1'i 11ll"~ii",1i lth~'Il!lt1llJlnll "'~ij", ,,,u~.l tJ' ~fttl nlll",IiIJutlr,jlUf\lU~1<n~ill'ilL\l~ !J'tl~ fl 111J t1itl ~n1 
tl ~ ~aU'ln~ mYillU'!I~Lau'ln~lnl\\~m 

nU'IiI~1'ilHLiilillhu~~'Il!Ti1Ilnnq", 

.;, t1lLlilnu';, u1u-)"ulu fI,UL1 11 • lli 
,h~"'L;;'IJ'!1tjluL~~ Wi

<i,U1U-)"u1u."UL111, =(E-S) +1 
...___-- ..0 ~,., tJlil'1lU'"1ll"-,1'! l'1lliYiLii",;u 

E= -)"Uq"'YlltJ'tl~fI'UL1 il l 
dlu,,,, To node l'1lli=-)"UL~tIiU1Jtl~fllUL1il 

YES 

NO{ End )
------

Yes 

(0 
·i 

, \ 

J'1.JVl17 m~tJ".I'Wn1J''j.nfh(?]'fltJhmlJ'r.rm~h.!VlI''nlJ''fl'fln'VI'\,btJ (!?l'fl)... 



b b ~ ~ 

~~"Jtltf1tnr,p ~l1m'UlA.~n~~b~ G t'~l[.tt~~m~'~~~LU,!!-t l'l~LttL~t'~U,ttULtt[U ~tftt 
I I ~ I • 

~Lnl[.~~Lls1.rnDnlJ1ULbt'~U't:f3}~nLt'nt Wl1l!Jo51V ldO-G H.l:LUnVLUU~~ , , ,. 


ldO-G .l:LUU~Is1.,!!-tf3~ltt@~m~'~~~Lu 8~ ~f1g 

5 

5 

¢:Jo 
e J 

8 

8 T lA..l:LUtt~ CPa +q-ea ) -Cllta +PSa) "" u !en 
F 

8 ~ f1gntt'L~@~~ 

t'~ 8T ~.l:Lutt~,!!-tf3~Fu~nL~l'l.l:LttL~ UIB8 L~f3~l (UIB8)ri@~m~mf3~f1'u~" I . I I 

.I: L U U LbJtlt~t'LlA.;:f3;:.I: L~LIs1.~~" U@~, ~l1l~ b~t'~I[.f3@~t'L lA.n!i";"t'@1[.1el ~11~U.l:LU L\;A 

b no \ 
~~" rt@~m!i'mf3~f1'U~".l:LUL~;:b~~n~~b!e' U@~'.l:LUL~n!lULb~Q:1s1.;:.l:f1L~ L~.l:LUU~1s1. 

I I I I ~ I'!i 

t-@I[.n.@~ L~ LIs1..I: LU U LbJtlt~n~ t-@~' t-LlA.n!i" ULbtt-t';: bnL t-L~~L un@~n1-
I I'!i I r{, 

LfU.l:Lb~.l:LUL\;A~~b~t-L~Is1.;:.l:rt@~m~mf3~f1'U~11&~t"U ULbt-~Is1.t-LlA.;:f3;:.I: 
b no 

111ln~t'@~' l'l~n~' t'LlA.n~' ULHLlA.;:f3;:.l:n.f3~1I1f3W' f3~1n.l ~bt-@I[.!e' t-L~Is1.;:.l:rt@~m~' 
,. , 

nf3~f1'U~"~LUULbt'~~~~t'LlA.;: f3;:~ t'~I[.L~ LfU.I: Lb~f3~lt-LlA.n!i" t-1f1l1ljl.;:b W111 lJo51V 

ldO-G (gOOG 'nB8JpU88 pUB ASfi.BJ 8) rt\e't-LlA.n~1I11lt'LlA.Iel~I1~Ul1l11m~~L~Lls1.nJf 

.l:L una';: bnl[.~ lA.t-LlA.n~'~' Is1. t@M.'I1~~ L~LIs1..I: LU f3~1unu Lrtn@!lsfl.!lsrt' 11@~L~LIs1.~ LU !:) ,fF=' F ~ f1j l¥i F' 0 /1) ~ /1) I l., 0 

nVLU~~;:~'1t'~M.LLffU~~~n.@WL~~t~~~na'ULbt-@?' W111 lJo61V ldO-G .l:LUU~1s1. @~ 

~~~uLtt,!!-t ttf3n~nlJ'~t'?Is1.~~~U\Q ~-t~~t'@I[.n.@~L~LIs1..I: LU ~11.111@1[.;:~11 t'LlA.n!i'1 t'1f111~f1 

.l:LU I1l rt@f3@~'~~~~~@tls1.l[.t n@~'~f3~1\'\~lf~t t-LlA.n~' t'ljl.n.ljl.~LU~~1YU\Q ~-t~~LntM~ I r{, I r& , 

Jtlt~ f3}~\'\Lt' f3L~Is1.f3}~\'\L t'~l'l.l:n~'.I: L U L Is1.rn D~}.I:L U I1lls1.L ~11@~ L~ t'1 jl.l1ljl..l:LU\'\ t 

~ ~~f3@~L~~, I1L~;:~~1't'LlA.n~1.1:LUntt'LlA.;:f3;:.l:JtlW t @~'t-LlA.n~m\f3LLfI1@~ L~t'1f111~f1 
II> 

.I: Lu\'\um~t'~~, f3~r.Is1.U @@.I: LU t'LlA.\,\~' ~}.l:L U U L~Jtlt~I1@W L~t'.~ f111~ f1.1: LU 
,. , 

N",unp'~~J;lUUl~,,~Ik!l1gl!1l~t-!.rm}f1fLU G" t E 

[9 
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mailto:11@1[.;:~11
mailto:t~~t'@I[.n.@~L
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L~!lnnl~~~L~v.L~m-J~1~~1 gain ~\l~~~l'tm!?lfl:;~!lUnI~~I~I!?l!lULLfl:;/nJ~I~I!?l!lU 
1tl'"l'tJn~I'"1:;1:W~llhJ'm;hnlJ'~~L~'tJL~!l:WJ'~~~I\l 2 ~'"I~~'tJ~l~~l-&~h Gain ~~~'tJ" . 

I , 'V I 

L~:W ~'tJ1~f}J ~ 1 L~ 'tJ 'Vll \l L 1j!l\l ~'tJYl1~r.11 n n1 J'9~ L~ 'tJ'Vll\l LL UU~ 1 ~ 1 1.1 J'~~ iJ~ 
'" I 'V I 

'"11 mr'tJmJ'tlfuu~\lf<'l ~'t'11 nlJ''Vl ~'C1!l\l ~~ L~'tJL~!l:WJ'~~~I\l 2 '1 ~~'tJYll(?l1 LL~'".l ~1'tJ'".l ru~1 

gain l'tJnlJ'~~b~'tJL~!l:WLL'C1:;n~U'VlPlL~'tJyn\ll'tJbblPl'C1~f1f\lbb~'".ll-& b~!ln ~1 gain ~:Wl n~~ ~ 
"'l1 n m~~~ L~'tJL~!l:W btl'tJ~'".l bL'Vl'tJ~1 !?l!lUl'tJnlJ''".l'tJJ'tlU~I~I!?l!lUJ'tJ '"Ilmr'tJ9\l"'l~'t'11 nlJ' 

'".l'tJJ'!lU~1 ~1 l?l!lul'tJJ'!lU 1Pl!l1u L~!l~I~'".lbb'Vl'tJ~h Gain ~:Wln~'tJn~1 L~:W ~lnnlJ''".l'tJJ'!lU 
I I I 'V 

~1~1l?l!lu1:W~1:W1J'f1~In1J'~~b~'tJb~!l:wVll-&~1 Gain Yl~~'tJ"'lln~h Gain ~1~~l"'mJ(?l 

1'tJ~!lUmJ'~I'tJ'".l rubU'tJ~lil!ltJn~1 0 

i'tJl?l!l'tJn1 J'1 'tJ~ 1 ~1 l?l!lU L~tlufuUJ'\l L~'tJ'Vll\l d~;!l\l ~'tJ~ 1~ fUnlJ''".lI\l bbt:4'tJnlJ' . . 


3.1:2.1 nl:ipfP1LiJ'!.JL~fm (Arc ) :i::U11~fJ'''YP11'!.JLiJ'WYlI-J"1lfJ-Jf)11JL'Jfjl 
" 

i'tJ~!l'tJ~ 1: rh~'tJ(?lf'h~'".lLLUJ' exchange = 1 b~!ll-&~I:Wlnl'".l'tJJ'!lU 

nlJ'U fuu t~1~b~tJ ~'".l LLUJ' exchange=1 ~:WltJ ~\l n1~'".l'tJJ'!lUb~!luflJU~\l 

b~'tJ'Vll\lm!l:m~1'"~1 mJ'uflJu~\l~~~'tJ ~1 n mJ''".l'tJJ'!l1J't'11 L ~!luflJu~\l L~'tJ'Vll\l 
I " I 'V 

1:wm!lnl~1~~lnlJ'uflJtl~\lYl~;'tJ~'".l LLtlJ' exchange'"l~il ~1 byhnlJ 0 

1'tJflin'tJ J'!l1J1'"~(?l b~'tJb~'fl:W 'Vl n ~'"I ~~ bu'tJ1u1~b~tJ~ 1 'tJ'J 'tJJ'tl LblJU1'tJ 
q <u q cu 

"" 
n1 J'~(?l L~'tJL~!l:W 'Vl n J'tl bL UUYl LU'tJ1tl1~~ 1:W 1~f1 ~1'tJ'".l ru91'tJ'J 'tJJ'tl bb1J1JYl\l~:W ~ 

• "CU 'U 

Patterns = (n + l )(n - 2) 

3.1.2.2 n'1:i~~1J11f1Y11-J"1lfl'JLiJ'WYlI.Jn'")~fJflnUtJ'JtJ 

i'tJ'!?l!l'tJ~ 2: ~~\l"'l1 n n1J'~~ b~'tJb~!l:wl 'tJ'Vl m'lhbUU~ btl'tJ1tl1~-&~~u 
; q CIJ 

~Pl'Vll":]"lJ!l\l ~~'tJ'VlI\l nlJ'tltlnmJ'JtJ ~\l~'Jtlth\ll'tJ~tl~ LL~'".l ~1'tJ'J ru~l Gain 1 'tJ 
" 

http:l'tJnlJ'~~b~'tJL~!l:WLL'C1:;n~U'VlPlL~'tJyn\ll'tJbblPl'C1~f1f\lbb~'".ll
http:tJYl1~r.11
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ee 

a 
a 

9 

b 

,g 
llJVl 19 nI:i'~~UVl P1'Vll'! L'6~\I'Vl1'!1l.lnl:i'lJ~ulJt'!bty)U1.jf'l-1~n 2 opt 

II I iI I 

-nl.l·fW~mVl 3: ~lnfh Gain ~'!'I-1J..Jty)"ll1l'!:i'lJLLUUnI:i'!?lty)L~l.lL~1lJ..Jll.l'Vln
~ , 

:i'lJLLuul,xL~1ln:i'lJLbuu~l,xfh Gain ~bUl.lU'J nJ..Jl n~~ ty) LUl.l:i'lJLLUU~~:;vil nI:i' 
qJ ClJ q qJ 

'iJ 11 I 'iJ I '11 , 

lJfulJ:i''! ~1l1lJ vil~ l-nwn1ll.l1l.lm:i'!?lty) b~l.lL~mJ"ll1l'!-nl.lIYl1ll.lVl 1 ~'!-nl.lI1l1ll.lVl 3 
q 

~\~Ifi1ll.l~ 4: 'I-1U ty) nl:i'lJ~ulJN L~l.l'Yll'! Ln1l fh!?l'J bLlJ:i' exchange= 0 ;'1
'j q q 

" !

~:;Lnty)~l.lLm:i'1l1Jn1:i''Jl.l'l-11~11Yl1l1..11,xl"il Gain .w1lUn~l 01l.l'Vln:i'lJLLUUn1:i'!?lty), ~ 

b~l.lb~llJ..J;~ bL~ ty)'!~1 h]~lJ..Jl:i'C1vil m:i'lJ~ulJN ~ll1l1lul,x~~l.l1~~ n 1 ,x'l-1U ty) n:i' 
q q 

I I '" iI I I 

~ll1lllUVl~Vl~ ty) 1l.lnl:i'tl~ulJ:i''!11l1l1lJ~'!\h.w1lL,x~lJ..Jl Ul'l-11 ~ll1lllUVlln~L~U'! fl1J ~rll1l1lU, . 
I I • 'iJ iI I 

Vl~Vl~ty)1~(Optimizied Solution) ~'!u';jfin1:i'~'!mh'J~1J..Jl:i'C1vil1~l.lllJLLUUU'lJ'I-11Vl 
" , , 

Lnty)~l.lll.l'!ll.l';j4'u L U1l'!'"ll n LUl.lU ru'l-11VlmAN~~1'!hn'1-1 cUJ..Jl nun LL~ :;LUl.ln1:i'lJfulJ:i',! 
~ ~ . 

~1 ~Ull1ull.lL~l.l'Vll'! bb~1fim:i'~'! n'6'il'J hJ~1J..Jl:i'C1'1-11 ~llYlllU~~JllUll.l:i':;U:;L'J~l nl:i' 

~ltJ'Jru~ L'I-1J..J1:;~J..J~1 nU'lJ'I-11ii"lll.l1!Pl1'1-1 'k!J..J1 n~l.l 

.

. j , 
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3 .2 bb'IJ'IJ~I~'fl~ n1~~{?l~'Wi.~~I'V1r'IJ n1~'fl'fl n'Vl'l,i1t1 bb'IJ'IJhi ~'fl b-ti'fl.:J 

bt1'W ~~1J1J ~U'IJ ~ 'W 'Wn 'I ~l'l!?l ~ 'W1"'l ~-rl 'd tJ 1 ~ b 9'1 VI U'l ~ 'd 'I '1 bbe.J 'W ~'I~'I ~bll'l!?l ~ 'W 1"'l b~!l n 
q 

"'l1 n ~'lJ1V1'1 ~"lJ!l'lVl'll'd tJ'l'l'W~ ~~I'WI"'lVlUl~~'ll'W'lI'W~r.rtJ~~!l~1un'll 'W~1 fil ~bW~"lJr.r~VI'r~ b~!l 
~ q 

b~!l n h~"f-lm'IJ1~~if'IJ~'W'Wb1~~MU91'W'd'Wm~~u'IJ~'W'W1'Wbbl?l~ ~ntJ mml~!l'fl nVl'll'dtJ bb "f-lYltJ 
q q q 

b~~!l'W~"'l1 n bbe.J'Wm ~!l!l nVl~'dmb"f-lYltJb~~!l'W~~IV1 f'IJ m ~1~'IJ1nlnb'IJ'IJhl I?l!l bti!l~[lltJ1'W 1 rJ'W 

b91V1 Ul~'d 1'1 bbe.J'W~ 1:W 'I nl~ 1'1 lbe.J'W m ~ullU~~I'Wl 'Wn 1~~ 1 b~mlJ A~ 1 Mbb~ ~ b'd-nJlbW-v1"'l'l n 

~ m'W~~u'IJ~~'W1?l1'l1[lltJ1~r.r'lVlrJ!?ll!?ltJ m n~!l nlubb'IJ'IJ m ~~1 b~tJ'llJA~1 nm~~ b 'd-nJl bW"VllutJ~ 
iI I ~ I 'V I 

v:l 'W Yl !l !l n VI 'll'd tJ (;II :w n1 VI 'W ~ n 1 ~ n 1 ~!l !l n VI 'll'd tJ ~ ~ n 1 ~ b~ !l n ~U bb'IJ 1J n 1 ~ ~ 1 b ~ tJ ~ t1 btl 'W ~ 'J 'W Yl . ~ 

1~'IJ1n1 ~VI'll'd tJ bb YiYl tJbA~'el'W~ l1n"'l ~1.if~U bb 'IJ'IJ nl~~ 1 b~ tJ~ bb 'IJ'IJ b~tJ 'd~!l n1~~ ~ l!?l tJ (;I ~~"'l1 n 
~ 

t~~"f-lm'IJ1~~U'IJ~~'WVI~!l~ bl1'W~~if'IJ~~'WlJ A~1 n~I?lI~1:WltT-:J~'W~ull~-:Jl'W XU bb'IJ1J ~-:J mh'd~ 
A'd 1:W A~!l-:J l'l'd ~~1'Wm~"]J'W~'1 bl~ ~~ l:Wl~bl~-:J1J A~1 n nb~~b'd-nJlru"Vll~(;IN (;Il:W nlV1'W!?l l'd~I!l!l n 

~ q 

1 'Wn 1 ~~ 1 b~tJ-:J l~'fl~ U'IJ ~ ~'Wn 1 ~ullU~-:Jl'W bb~ ~~ 1'W'J'W~bl ~l.ifl 'W n 1 ~"lJ'W'6'l-:J n91 'W'd'W:W 1 n 

~'Vl'l m~~r.rtJ ~-:J U~~tJ n (;I1.if nJ II1J'lJ91 ~'fl~ nl~"lJ'W~ ~"lJ!l~!l (;I~IV1 n n:w m~"]J'W~-:J ll~~~!l~ ~ ~nit'W cu q 'lI • q 

ih"'lU'Wl~!l~~I~Yll~ b~!l n 1 ~n'IJb91V1UI~'Vl1 m~l'l!?l~'Wl"'l b~!l n ~Ulb'IJ1J~'Wl'Wm~"lJ'W~~'IJ~~1 m 
q ~ q 

ll~ ~ l'd"DJlbW-v1:WltJ-:J~'W~ull~~I'Wl~!l~ h-:J t 'e) nl~1 'Wnl ~~ ~ ~'W'VJ'Wril~J'W~-:J ll~~m~1.ifdrll'Wm ~ 
"lJ'W~-:J!lEil-:J~u~::;~Ylfi[lI"f-l~'I n~'W b!?ltJ e.J~~"f-lfi~l~"'l1 n nl~U:i'::;:W'J~ e.J~"lJ'e)-:J:i'::;1J1J~if'IJ~'W'Wnl:i'

q 

I " , 

l'l!?l~'W1"'l"'l::; btl'Wlbe.J'Wn1~Ull ~-:J 1'W"lJ'fl-:J n1 ~~U1J~~'WlJ~~1 n ~m~1~l1~~[lltJ1'Wv:l'WYl 

ntJ~ ~L~tJ !?li'W(;I!l'Wnl~u~~:w'd~ e.J~~'IVlf1Jm ~'Jl~ ble.J'Wm~~1 b~tJ-:J"lJ!l-:J m~!l!l nVl'll'dtJ 

ll'IJ'lJhl I?l!l lti!l-:J ll'I.J-:J ltl'W nlj~I'W'd bWb~m~'anb~-:J"f-lm1Jl~~U1J~'W'W'IJ A~1 nnb~::;l'd-nJlbW-v1 bb~::;
q • 

3.2.1 n1"il'hu'Jru& ;;'iH~'i)nr"i~)y~11J1~~U1J~~u1JI'l~'m"'i"~::& 'J"i1,nru-n 
m~~I'W'J ruu~::;:W'd~ e.J~1'Wnln~!l nb:i'-:J~tJl1Jl~~U1J~'W'W'IJ~~1 m~lV1f'IJ nl~. . 

(;Iln-:Jm~e.J~(;I(Assignment Problem) 1'Wmn~'e)mA~!l-:Jr.rml~'Vll-:Jl'Wb!?ltJ~~'lni'W 

rJ(;IblU~~~-:J ~~'e)~'W'V1l.!m~e.J~(;Iu'e)tJ~~!?l VI~'e) b'J~I~I.iflU'atJ~~!?l ltl'W~'W 11 ruVll~ In!?l~'W 
q 9 q q Go' 

' j 
I 
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'it ~ 	 I 

1'W~m~rw:;tlLhJ n~rnJ()JVlI nI:nJ'fl1JVllJltJ'II'W~'1 f91(HlU:l'nIJ'f91~~'WllOJlOJ:;l'J~n~rw:;dJ'W 2 

~~ti'W~'fl ~lJl~ n"ll'fl'l milJ~'W~~l'J f1'JllJ rX'fl'l nlJ'nlJ''fl'fl nVltJ'JtJ m ~'W~ LLtl:;~lJl~ n1'W. 

'11 'W ~ ~tJ n~ 'fl n 1 J' L ,~ 'fl n lJ 'fl1J VllJ 1 tJ '11 'W ~ ir1J ~ ~ 'W 1J fl tll n J' "11 'fl 'I ~ 'W ~ 'f) 'f) n VI tJ 'J tJ l1X 

lJ''1 l"jtJ 11JltlJlltJ1'W~'1V1rJ(p)'vh nlJ'~ir1J ~'W'W1J fltll n J' I?lllJ LLt:-J'Wni J''fl'fl nVltJ'J tJ~'fl 'WlJll LL~ 'J. 	. . 

• 	 nlJ'ul]mi'lI'Wl'W 1 rJ'W~llJlJ'blUl]~'11'W1JlL~m 1 ~'W~ 

• 	 1J fltll nJ''f)I~I~,rf1J' 1 fl'W~ IlJ 1 J'bl ~,rMUl]U~'11 'W1J1L~'fl'Wtl :; fl~'1 

L'Vl ')'t1'WLlr?J9 :;~,rflJ'Ul]~'11'W~ L~'i)'Wn1Jl 

j 	 , 

L'J"4,nrwovlJ''JlJ VllnU'i)tJn~111XlYlmJ1-lJlrw Dummy L'Vlln1J~I'W'J'W 

1J fl ~1 m~ "111 (9)1'Wllr?J tl:;U J':; lJl 'Vl1J fltll n J'lLtl:; l 'J"l!tl rwovl~ fl~'I L 'J"l!,n rwovl. 	 . 
. I 


• 1'WnlJ'~I'W'J rwL~'i) L~'i) n~fi n1J'~1 L~tJ'I~'V1f1JnlJ''J'Wf1J LLl"j'Vlthbl"1l'W~'1 

9 :;'fl'i) nl"j ¥'f)lJ n'W~ fl~'1l'J"l!,nrwovlLL~'J'J'Wf1J LLl"j'VltJI?l1lJ~1 ~1JbJ''1l''jtJ11Jltl 

r?Jl'11Jl1 tJ1'WL~'W'VlI'1~l'JJ':;tJ :;'VlI'1i'W~ ~ ~ 

• 1J fl;tll n J' VllJ 1 tJ ~ '11J fl tll n J' 'Vl1 'I n 1 J' lL l"j 'Vl tJ~ Vi 1 VlU 1 ~ 11X 1J1- n 1 J'. , . 
~1~IJ'rw~"1Il~tJl?lJ''1 Hllln lLl"j'VltJ r1'Wl?llll"j'VltJ l"jtJ11Jltl r1'WI?lYl1Jltl LLtl:;

oj q 

I, '" 

LJl~"l! m 1J fltll nJ'uJ':;LJl'Vl~'W'W'fl n l VlU'fl91 n1Jfltll nnh:;lJl'VllVl~ltlhj• •. 
'i)~1'W'lJ'fl1J L'lJ 1?l"1l 'f)'! J':;1J1J 

• l'J"l!~rw6flVllJltJ ~'1 tJ1 lltl:;l'J"lltl rwovl~H'll~'J~'1 ~'11.j(t'WnlJ' l1X1J1'nI J''VlI'1 
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~n 1iCW:; LL 1) U ~ 1 ~ tl ~"ll tl ~ UC1J '" 1 n 1 J' ~ tl U '" ~ 1 tI ~ 1 'W1'W ~ 1 'W~ ~tI L ~ 'fl L ~ 'fl n 

LN'Y'ltl1'lJ1't:'l 'b'l"J'lJ'b'l'Wtl'lJ A't:'l1 nJ'~1,"~1JmJ'1~'lJfm J'WW'dti LL 'Y'l'MJLA~'fl'W~ LLUUhJ ~'fl L ti'fl-:JiJ 
" ' 

~mtCW:;A~1t1F1~-:Jn1JLL1J1J~1't:'ltl-:J Generalized Assignment Problem (GAP) ~-:JL1J'W 

mJ'~(?1~'Wb9~iJ~1'W'd'W~'JUD~n1J (Agent) ~1'W'J'W n ~'JLL't:'l:;iJ-:J1'W (Job) 91'W'd'W m 
" ,

~'d L(?1t1 'b'l1 ~1 Jbll'if'l:i'-:J 'Y'l tl11J1 't:'l L1J'W~'dUlJu~ n 1 :i'LL't:'l:;bon'Y1 'WVitltl n ,"U'JtI L1J'W-:J1'Wb(?1t1 

ih,"'W(?11,x 

I = L"ll(;l"lltl-:Jb:i'-:J'Y'ltl11J1't:'l ~~ i =1,2,3, r, .. " n 

R 
J
= L"llmtl~h-:J'Y'ltl11J1't:'l~~"J'lJ~'W'W'lJA~1mhJ~~~'W~ J' b(?1t1 r ={1, 2, 3, .. " r} E I 

, q J 
... , , 

o:::!:iI .::::l I 6) ~ d 

J = L"llI?1"lltl-:J'Y'l'W'Vl'fl'fln'Vl'W'JtI b'Wmtl1JL'd't:'l1 1 L(?1'fl'W"ll-:J j = 1, 2, 3", m 

,. 

d,], =J:;tI:;'Vl1-:J91nn'~JL~'W'Vl1-:J"lltl~1JA~1nJ'b'l"J1J~'W'W91nh-:J'Y'ltl1'lJ1~ i ~1~-:J~'W~
/ , , 

UD1J~~1'W j 

a ijk ='Vl~'Y'ltl1m1JA't:'l~nJ1JJ:;LJl'Vl k ~L:i'-:J'Y'ltl1'lJ1't:'l i ~"J'lJ~~'WmJvl1-:J1'W"ll'fl-:J~'W~'fl'fln 
,"u'JtI j 

Bik =-ii'fl~1n(?11'W~ntJJl1'Y'lmJ~"Ju~~'W1JflmnJ1h:;IJ)'Vl k "ll'fl-:JbN'Y'ltl1'lJ1~ i 
" ,

~ nl ~ ~ I 

Djk = A'J1~(;l'fl-:JmJ1JFI't:'l1n:i'u:i':;IJ)'Vl k "lJ'fl~'Y'l'W'Vl'fltln,"'W'JtI j 

~'J LLuJm:i'~(?1~'W191'WLL'lJ'lJ91~'fl~~1-n1'W~'fl'lJVI~1t1 m :i'~"J1J~'W'W'lJ A~1m 1 ~n'lJ, , 

d 
'b'l~mJ'Vl 3, 10 

1'WmJL~'fl n~J-:J'Y'ltl1'lJ1~ L~'flvl1n1J~"J'lJ~~'W1JA~1 n J'Vl1-:J n 1JLL~'Vltl1'W-:J1'W~~tI~ 
iJ A'd1~ LLlYl n ~1-:J91 n.fl1J~n1i1~~tl1'WmJ~'fl'lJVI~1m1'W~ ~1'W~1 Lti'fl-:J91 n'Vl~~tl1m"ll'fl-:J 

LA1'fl-1~m(LJ'I'Y'l tll'lJ1 ~-) LL~:;~ 1 'W(~'W~ 'fl'fl nVlu'J tI) iJ VI~ 1 tI"ll U(?1 UC1JVl11'W~nMCW:; 

/ " 
~~mhJvl1b~m J~'E)'lJVI~1t1~1'WiJ fl'J1~.n'lJ.n'fl'W~1 n~'W 

I ,\I '" 

b (?1 til 'W n 1 ~~ 'fl 'lJ VI ~ 1 tI '11 'W LY1 'fl LUi' uru VI 1 Vi Lfl (?1 ~ 'W1'W '11 'W~ ~tllhJ 'I LU'W 1 ~ 
~ q 

'" 'I '1.1 I , 

bJ~~tI1'lJ1't:'l~1~-:JY1'WViVi LVI~1:;~~y'h n1J~-W'lJ~'W'W'lJ A~1m 1u~-:JY1'WVl LY1tl1~mJ~1L~m 
, q q 
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• 	 'V I 'V 11 I 

'Vll'1 n 1 J'll ~'Vl ~:w 1 nU'1ltl lll?l n !?l1'1 n'W1,jl'Wlll'l'el ::;~'WVi ~'IU'WJ'::;tI ::;'Vll 'I"l ::;lll'W~'d ~ ~ f?1 Vi 

~1Arul'Wnl J'~f?1~'W1~ l~'1l n bHW tI11J 1 'el1'WnlJ'~U1J~'W'W1JIiI'ell n J''W'f) n"ll n~h'l~tI11Jl 'el~
!V 	 . q q 

'Vll nl J'~U1J~'W'W1J ~i'11 n J'1iI'd J'''l ::;lJ'llilf?1 ll'el::;~I'W'd'W1J liI'ell nJ''1ll~l~if1iIJ'bYitl'l~'1l1 'Wn lJ' 
q q'j q 


it 1 I I I 


1~1J1nl J'bl!?l'el::; IiIf'l fll J''1l'1l mnl'd tI II'Y'l'Vl~llil~'1l'WVi l~'f) 1iI'd 1:W~::; f?1'd n 1 'WnlJ'b1?l1tm liI'dl:W 

~¥'1l :w "lJ '1l 'I1J 
q 
iii 'ell n iib 'Cl ::; l'd 'll f1ru "Vl1 'W n '1 J' '1l '1l n VI U'd tI n 1 J' l-if1J 

q 
iii 'Cll n J' "'l1 n b J' 'I ~ tll1J 1 'Cl 

l~ tI 'd n'Wl'Wn 1 J''1l'1l 0V1U'd tI bb'Y'l 'Vl ~blil~ '1l'W~"'l ::;iJ,j J'::; btl'll 'W1 'Wll~"lJ'1l'l1ii 'd '1:W ~ ::;f?1'd n 1 'W nlJ' 

~ f?1 !?l'1l,j J'::;~I'W'Il'WVl1'fl ll'Cl n l,j~ tI'WVlU1~ liI'dl:wf1J ~ f?1'll'1l1J"lJ'1l'l1J 
q 

1iI'Cl1 m bl!?l nlJ'~'Wfi r'11 ~'I 

J'::;WJ1'11JIiI'Cl1 mm~l~if1iIJ''''l1 nVl'Cl1t1 bJ''I~t.J11Jl'el ndJ'W~'I~VI~ n l~ tI'IhnJllti'1l'l"'ll n'1l1"l 
q 

1:W'll'WiJ~1'W'd'WU'f)ml'Cl::;'4Ii1'el1 mm~1 ~ifm~l:Wl J'bl'f)'1l n,jlj1J'1l'lI'W1Jlb'~tI'I 1 IiIf'll 'Wbl!?l 

'Cl::;l~'fl'W 'Vll1~~'f)'IiJm J'~'Wfinl ~'I'41i1'C11 nJ'm~1 ~if1iIJ''''l1 n bN'Y'ltl11Jl'Cl~'W11l1t11'W~'d 

~'I VI~(?) l~'flL~~U1J ~ 'W'W1J 1iI'C11 n J'l ~'1l1J1n1 J'VI U'd tI II~'Vl ~ llil ~ 'fl 'W ~ iJ iii 'd 1:W ~ '1l f?1 iii fi'1l'l 
, 	 q 

" ,i.J 	 tV V aJ Q 

~'1lf?1Ii1'C1'1l'l n1Jw:n:wI?,l'fl'l nlJ''4Ii1'el1 m"lJ'f)'I~'W'Vl 

bf?1t1iJY1''I n4lJ~I?l bl,jJ'::;~~ Ai.'Wnl :i'b~'f) nh'l'Y'ltll1Jl 'Cl b~'f)~U1J 'i,\l'W'W1J 1iI'C11 n J''Vll'1 
,q 	 q q 

n 1 J'bl 'Y'l 'Vl ~~ 1 VI f1J 0 1 J'1 ~1J1 n 1 J'VI U 'dtJ lb ~ 'VltJllil~ 'f)'W~ f)'f) J'::;tI ::;J''d:W~ ltl ~~ 'W"'l1 n n 1 J' 
'j , 	 '" , 

:w '1l1JVI:W 1 tJ nl J'~ U1J~ 'W 'W 1J A 'ell n J''Vll ~ n l:i'bl ~'Vltl1~'Vl nlil'WVi 1?l1:W n lV1'Wf?1 nl J''fl'1l n VlU'd tJ 
q 	 q q 

d 
~:WnlJ''Vl 3. 11 

, " , 
mJ'b~'1l n bJ''I~ tll1Jl'C1 'i,\lU1J ~'W'W1J A'ell n J'b lil'1lL~1J1mJ'blrilil'WVi'1l'1l nVlU'dtll?ll:W 

q 	 q 

nlV1'W(?)nlJ'tltl nVlU'dtl~l dJ'W~'f)'I ~ltl'l~~ dtl'W 1 "lJ ~'Il'ltl1,j~ 

• 	 L1tl'W1"lJ~ 1 LL'i,\l(?)~l'W~:WnlJ'~ 3 . 121'WnlJ'~u1J~'4'W"lJtl'lh~~tI11Jl'Cl~tl~'i,\lU1J'i,\l'4'W 

hi btl'WIiI'd l'~ ~ 1:W 1 J' bll 'W n 1 J'~,r1J~'W
, 

'W Vl1tl~ 1 'W'd 'W 1J 
q 

A 'ell n J'tll ~ 1 ~ ifAJ'~ 
" h~~tll1Jl~U'WiJ, 
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• 	 b~'m..\1"lJ~ 2 bb~~'llW~~n1:i'~ 3.13 0hA'J1~~'il'ln1:i'"lJ'il'l~'W~ j 1'Wlh:;bJlYl 

UA~1n:i' k ... VI~'l91nn1:i'~'WU~'W'W"lJ'il'lbN'lfltI1U1~~dj'W~~1~n1'Wb"l!11l R ~'il'l 
q , 	 J 

" 
'il'il nVl'l..l'JtJ ~~'lhi In'W~1'W'J'WbN'Y'ltnU1 ~ ~'Wu~'W'Wi'lVl~ ~1'Wr.r'lVl-rVl 

, 	 q 

, 
'" ~~n1:i'Yl 3. 12 

Rj

LXi! :=; n 

r j 

, 
'" ~~nI:i'Yl 3. 16 

" 	 , 
Rjll = ri1A'J1~~'il'l n1:i'''1l'il'lVi'WYl j 1'W1J:i':;lJl'Vl1.JA~1 n:i' k VI~'l91 n n1~~'Wu~~'W 

"1l'il'lb~'l'Y'ltr)1J1~~dj'W~~1~n1'Wl"l!LPI Rj 

lti'il 'l'"l 1 nt! OJVl1 n1~~'ilUVI ~1tJ'l1'Wlll'W:i'1hlUUt! OJVl11'WfI~1 ~ NP i~unu 
~ 	 ~ ~ ~ 

l-n'W l~tJ'J nut! '1JVl11'Wn 1 ~'J1'l ll{;,J'Wr.rVl l~'W'Vl1'1'il'il nVl'll'JI'..I"ll'il'l n1 J1~u1n1 ~llUU l1l'illti'il'l 

~'l~'W1'W'l1'W~r.rtJe~~1~~W-J'W 1~fi n1:i'Vl1 ~1 LPI'ilU b~I'..IHfVl~n~'J1~~ n it'Wni ~Vl1 ~1 LPI'ilU~ 
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lVI:Wl:;~:WJlltJl~ l':J'el1 m:i'~l'w':J ru~1:IJ:W1 n l~~ l~~ nhrwtI1lJ1 'ell 'Wm ~~,rlJ~'W'WlJ fi'ell n ~ 
'" , 

q q 

'Vll-:J m nl'W'VltJlutJ-:J~'W~~~ nVl'\l'Jtll?!l:W~I?! ~U~::;~-:J ffll'el::;lVI ~ eJ'ell'W'Vll-:JU5U&l.:Jl'W 

~til.:Jhn I?!J:W1fi~~W-J'Wl~'WtY'W~1'"l1:IJih1U~ nt nUlU ruVll~Hf ~ll?!'alJ~~~" ~ 

iJ I 'V iI , • '" 

~~m1J'W 4 ·n'Wvl~ lv'~-:Jn'W~-:J'hv'~.:J'"l1 nu C1JVll~ In ~~'Wlll'Wm:i''WtI1tJ1:w~~bHWtJ1lJl'el 

l~mll m~~,r1J~'W~lJfi'ell m1utJ-:J~'W~I?!I:W fi'Jl:W ~~-:J nl:i'lJ fi'ell m'Vll.:J nlm'W'Vl~~iJ 4 
q q q 

U:i':; lJl'Vl~ bbl?! n I?il-:J ~'Wbb'el ::;1:IJ ~1:WlHl Vll-:J l'Wlb 'Vl'W n'W1~ (Independent Multiple 
,-, 

Resources) 1~llri "l'W'Vlt1 ~'Wl?!ll'W'Vlt1 bJli"ll bl'el::; 'WtJllJl'el t~tll'Wnt~'el'anl'IXlJ1nt:i' 
I ~ I 'V I I I 

-..nl':J ml'W'Vl~lfi ~~'W~if'W bb 'W'Vl~nlJ~'Wl?!ll 'W'VIt1 b'lJ'WlJ fi'ell n:i'~~l ~ru~~ ~ bv''el~lOll mll'W 
. q IV q 

'l.Jfi'ellm~u5'!J~m~h~ 1?!~'J1Ol fnMI ~lnl:i'~,j'JtJt~tJ(9JN bbI?i bJli"lln:i' bb~:; VWllJl'el 

:i''J:W ~ -:J ~-n ':J tJ~'WI?! bb ~ 'Vl ~1Ol::; b1J'WlJ fi~1 n ~~VllViU 1 ~~,rlJ~'W'Wnt ~Vll-:Jl 'W"ll ~-:J bb'W'VI t1Vl1-~ 
" q q 

~'WI?! bb'W'VItJ ~-:J b~lV1,Ul~ ~lfil:i'ru~"ll~-:JVI~~~'el'el nVl'!.J':JtJ bb'W'VI t1~ l:Wl HI Vll.:JI'WLb'Vl'W1~
q 

~ , 
'W'el n '"l1 noU'l'WU:i':; bJl'VIlJ f1~1 n:i'~ iJ fi 'Jl:W ~1 r1ru 1~iJ n l:i' l.if rit fi'J 1:W ~1 r1ru"l1'a-:JlJ fi 'ell n ~ 

q IV ~ q 

lJ fi 'ell m"ll'fl-:J~'W~YliJ ri 1 fi'Jl :W~1 r1ru ~-:J 1~:Wl n ~ ~ ~ lJ fi ~1mbb'W'VIt1iJ ril fl'Jl:W~ 1 r1OJ 
q <V'Ll III q IV 

:WI n n~I~'WI?!Lb 'W'VI t1bti~-:J1Ol1 n m:i''fl'fl nm.l'ltJ bLlJlJ1:IJ 1?1'fl Lti'fl-:JiJlOl 
q 
~U:i'::;~-:J fl1 'Wnt ~'l'IXlJ1m:i' 

~ ~ 

fnMI t:i'rl~'W ~1'WlU~-:J~'W(Primary Care) LL 'W'Vlt19-:J bll'WlJfl~1 mVl~n 1 'Wm:i''l'IXlJ1nl ~ 
~ q 

~1V1flJ~'W(;1 Lb'W'Vlt1iJ'fll:i''fl'fl nVlll'JtJ bblJlJl?1~ bti'fl~ :i'~-:Jfu";ll 'lXnlOl n:i':i':W fl1:i'fnMl~'W(;1 n:i':i':W 

1'Wfl1:i''fl~ nwJ':JtJbL~lJhJ 1?1'fl Lti'fl-:J 1:IJ1-nnlOl nn:wVl~n~'W(;1 bb'W'Vl~.:JiJ rilml:W~1 r1qJ"lI'fl-.1 

lJ rl~1 mU~tJ n~1 bL ~'VIt1 ~-.1~'W~'J1~ ~ n ~~~W-J'Wl~'W9-.1:IJ-.1 Lu'W1'IX fl1:i'~~~nh'l'WtI1lJl 'el 
q q 

I I ~ 

b~ ~ Vll VlU 1 ~ ~ iflJ ~'W 'WlJ fl~ 1 n :i''VI1-.1 n 1 :i'bL 'W'VI t1iJ MntlJl '1'W LVi tI -:J'W 'fll'Wn'1:i'~iflJ ~ 'W'W 
'. q III q 

, , 
~ "" 

~ 

""'i' ~ 'l ~ ~'i' "" lJ fl~ 1 fl:i'(;1 '1:W Wl 1 :W-(;1'fl-:J n '1 :i'''lI'fl-:J 'W 'W 'VI b~ m'W 'W 'W nt:i':W 'fllJVI:W 1 ~N 1 1..1 bVI bN V'ltJ IlJ 1 ~ 'VI 
q 

, , 
.r-.::::.I .. I Q..' ..::::j

bbV'l'VItl'VI Llu:i'eJ 'W (;11 :w :i'::;1'J ::;'Vl'1-:J'YI bVl:Wl::;~:W 

n 1 :i'Vll-:J 1 'WGn 'el-:J ~':J1~ ~ n i'"l::; L~':WlOll n n l:i' (;1 :i''JIOl~'ellJ b1'fl'W1"lI ~1'W~1'W':J'W:i'':J :W"ll'el-:J 

lJ fi ~ 1 n :i' 'ell ~ 1 ~ lJfl :i' 'VII -:J n 1 :i' bl V'l 'Vl1'J1.1..1 'VI n U :i':; bJl 'VllJ fi 'ell n :i"l 'fl -:J 'Vl n t:i' -:J 'W tJ IlJ 1 ~ ~ 'el-:J 
q q q q 
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1,x'VIr'V'ltJI n m 0l~If:l~'fll~I~~fl:r~l'J'flfl~~ t?I~ flum~1 rwfl'Jl ~ ~'fl~ nl~'lI'fl~~'W~'fl'fl n 
'\ "' . qJ q 

1 'I 	 'j.I I'I 
VI"btll~'fl1,x~I~I~~Vll ,"'\1 In'flUVi lVl~I:::~~1Jim~ l~'fl'W16jJVi niVl'Wt?I ~~U'WVll mnt?lnnllVi 

, 	 '" ,o ',IV i;', i.I 	 d Qdl 

"'l1'W'J'Wt:.J~ ~'J ~U fl~ ln~1)I~I~~ 0l:r'W'fltl n'Jl t:.J~ ~'J:W fl'Ji:W In'fl~ n1 ~U 0l ~1 n ~6jJ'S~'Vl n~ 'W'VI"'l~ 
q 	 q q, 

~'fl~'r11 mn~~m:W-:l rw Dummy 1,xL'Vll nU~i'W'J'WU0l~ln:r~6jJl t?)1tJl~1)1,x~'St?)fl~'fl~ flU 
.. 	 q 

L1'fl'W16jJ 0l'J 1~~~ t?)
q 
~ ~:::VI~I~~I'W'J'WU

q 
0l~1 n :r~~ LL~:::~ i'W'J'W~ ~'fl-:j mn~'fl n1:rtJ:r:::l-J'J ~ t:.J ~ 

6jJ'fl~ LLUU~I~'fl~ ~1,.Jd'fl'W16jJLL~:;~I~IHI'r11~i'W1~ -0'~.fim~lruU0l~lm Dummy ~1~ 
q 

L·ih1tJt!'W1:!Jl'J t:.J~ !?l'flnl~!?lt?)~'W1"'l Lti'fl~"'l1 n1'W0l'Jl:W lU'W"'l1'-:j'LJ 0l~1 m Dummy 1:!J~!?l'J 1n'W 

'fl~ ll~ :;Vll n Ln'Wnnll~ i'W'J'W'LJ 0l~1 m'fl1~ i~~fI ~1:!J LY1m~'fl ~1V1rU m~tJ~~-:jl'W Ll'V'l'VltJ 

'fll ~1 ~ ~fl ~~ l'J ~'fl-:j'fl'fl mJ~U~-:jl'Wlnl ~ nlV1'Wt?) m ~'fl'fl nVl "btl LL 'V'l'VltJL0l~'fl'W~ L"l1'W L~ ~ 

~-:jt!'W m~lru Dummy "'l:::Lu'Wm~lru~ll~t?)-:jl,xL~'W~~~I'W'J'W'LJ0lmm~~'fl-:jn1n~:w 
L~'fl1tJtJ~u'1iVlih~ ,ru ~'W~'fl'flmnl'Jtllt?)1 

bt?)tJ~:wnl~~l.jf~')'w'Jrum~lru Dummy (Sok 

'fl1~I~~fl~~-:jlU'Wtij:Wlrw Dummy 6jJ'fl~fI~~m 0 tJ~::;l.n'Vl k L~'fl'r11l,xd'fl'W16jJ~ 4 L1J'W 
" 

\ 

I 

• I 	 n m 

SOk = I Si/,- I Djk 
• 	 I 1=1 j=1 

.d 
~~m~'Vl 3. 17 

'fl fll~hn Inl:W1'W ~:;UU~UU~ 'W'Wm ~.yi1~1 'W6jJ'fl~ VI'tJ'JtI LL ~'Vl tJl0l ~'fl'W~1Jil'J ~:::uu 
q 

m ~~t?I &~ n~'W~ l~'flll1.j~ ~n~ru:::n 1~¥'fl~"lJ'flm~'fl'fl nVl'tJ'J tl L1J'WLLUU!?l'fl bti'fl~VI'!-'flbLuu1:!J 

!?l'flLti'fl~~~ "'l:::'r11 miln~'J"'l~'flul,xLn t?)0l'Ji~~~ t?I~"lJ'S~LLYmtJ'fll ~ 1~l1'fI~flU fl'Jl~ ~'fl~ m ~ 
q 

1,xu1'm :rri'fl'W-0'-:j.fi l ti'fl-:j"'l1 wn'fl~~ ~~1 Lu'Wl'Wn 1 ~rmj'1'l1 'S~ eJu'JtI,,::;1~ t;l n Lrl ul 'W 
~ 	 ~ ~ 

'i:d~'V'ltlIUI~.n1 til'W~~VI'rt?I~~~tJ:r:::btl"ll'W1'Wm:rl.if~ t?) !rl1~ n1 :rrn~1!?l'flhJbt?) tlVl1 n ~'W~ 
" 

¥'fl~".lI'fllt?)'r11l,xLnl1l0l'\l1~11:!J~~ t?I~:r::;VI~I-:j'J 0l~1 m'fl1~I~l1'flnL~:::m1~ ~'fl..:j m:fU 0l~1 n ~ 
. q q 	 q 

'" I 'V ' iI , 

~ 'WVi U'W"'l::: rl n n 1 VI'Wt?lb 'IX L1J'W-W'W Vl ¥'fl~".lI'fll 'W~ntlru::; n 1:r1,xu1'n1:rm ~'fl'fl nVl'tJ'J tI 
'U 

bbUU!?l'fl Lti'fl~bt?ltl Yl'-:j ki'Wn1:rRt?) L~'fl mJ:i'::;IJl'Vl n1 ~1,xu1'n1 :r6jJ'fl~ :r::;UU~U1J~'W'Wn1 ~'r11 ~1 'W 
f 	 q 

~-w(9J.,I'Wl~'W (ntl-:j1'tJ'UU1J~~\!:rruLci~~ 5: m:r'fl'S mLuu:r::;U1J~U1J~~'Wm:rtJ~~~ 1'W 

'lI'fl~VI'tJ'J tILL'V'l'VltJL0l ~'fl'W~) L'V'l:rl::;'U::;t!'W -if'fl:W ~-Wl L-if'I".lI 'fl'l LL 1J1J~1 ~'fl'l m~!?lt?I~ 'W1"'l ~ 'l ~ 
'U 

b'U'V'lI:::1'Wnnll~ ~ 'Il.l'J'W1Ji')~1 n:r'fll ~ 1~ l1'fI:r:r'J~~ ~'flfl.n'ltl1'W'Vl n 'i:d~'V'l tJ11J1~ ~~I'W'Jt.! 
• 'U q 


, 4 I Q..<" 0 i.I' d " .<::liI, I 


~1 n n'J 'I VI :r'fl L'VII nU"'lIt.!'Jt.!fl'Jl:W 1n'fl~n1:rU 
q 
i')~'1 n ~:r'J l-J".lI'fl~'V'l'W'VI'fl'fl nVl'W'Jtl 

http:rri'fl'W-0'-:j.fi
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• 


Lnl1 r,hlJn1J'~1 ~1 (9)11 UvT-:J 4 ilJ"lll1-:J~r;i~'~ ~ni~~~lJ1~lJ"'l:;lJi~1 (9)l1U~l1tlLlJ
'IJ 

"lll1U L"ll (9) ~1 (9)l1U~ LmJ1:;~3-.I(Feasible solution)(9)13-.1 dl1lJl '11 '11 11-:J LLUU~1~11-:J~ ~h'l~lJ . 
l~tJoifl1 L~tJ"lll1-:J n1J'lo/.ifi ~-:J m-l1'J"'l:;y'hl'IX fh (9)l1U~I.Ji"'l1 n n J'::u'JlJn 1J'~'J1~ ~ n i~lJl.Ji 

~1 (9)l1u~hJ1-rl ~1l'l:flU~~~~ ~ L til1'l"'l1 n'tl1"'l Ln ~ nHW~1 (9)l1uLLm~lJi'"ll n nlJ'91 n ~ 
, q 

1 

'lIl1U b'll (9) L111lJI.'11 A'J1!w~3-.I~lJfin1J'~oJU~lJlJJ':;~~l-:JLHY,mUl~ bL~:;~lJ~l1'tlnwl..htJ LillJ 
q 

1-1 l1tl1l1tJ~lJ~"lll1U L'lI(9)"lll1-:J ~1(9)l1U~ LUlJhJ1Ji~~ ~~-:J (Search Space)llJ'lI ru:;~~1(9)l1U
'IJ , 

~~~~ ~m"'ll1~lJl1nill1U L"ll (9)~1(9)l1U~ LUlJhJ1Ji"'l1 n n1J'n1~lJ~ L111lJl"lll1l1nhJ~-:J~1 n Ln ~ 

nnw~-:Jnti1'J'"l:;l,x~1~1(9)l1U~"h-:Jln~"'lln~1(9)l1U~~~~~ JlJ~l1 nJ':;1J'JlJn1J'~'J1~~ni• 
I 'V 'l,t ' I I I 

Vl~~lJ1~lJtilJy'h1,xl'tln1~Vl"'l:;lJi~1 (9)l1UVl~Vl~ ~"ll11-:J n 1J'L~11 n h-:JYmlU1~ ~oJU~lJlJ 
q 	 q 

~ ~~-:J l1tl1-:J lJ'n m3-.lfJfi n1J'~~W-JlJl~lJiJ.jf'tl~llJn1J' ~13-.11Hl~1 ~1 (9)'e)u~~~~
q 
~1l1tJl~ 

I I i.I 	 'iI tI 

L~l1lJ1'11 Vl ~-:J~ lJllJilJ(9)l1lJL~l1 nlJ'-:J'I'1tJ 1U1 ~~oJU~lJlJ"lll1'l n1J''JlJJ'l1U~l ~111l'e)UllJLLI'i~:;
q 

~oJU~lJlJUAm n nL~'Jl~tJ n1~lJ~1,xn1J'~'I1u~lJlJJ':;~~1-:JLJ'-:J'I'1 mU1~nU~lJ~ LtllJhnlJ 
q q 	 , 

. 	 " 
J'tJLLUU A'J13-.1i3-.l~lJfiLLUU 1-1 ~-:J~1:lJ1J't:l~J'tJI.Ji~11lJbLI'i~:;ilJ(9)l1lJn1 J'~1 ~1 (9)l1U"lll1-:J ~'J 
'IJ 	 q 

dJlJ~1 (9)l1U~ L~:lJ1:y~3-.I L-rllJL~tJ'J n'W ~'1~lJ~1 n ~1 (9)'e)U~ L~:lJ 1::;~ 3-.I~lJi"'l1 n n1 J'L~11 n 
, tI 	 I I I 

LJ'-:J'I'1 tJ 1U1~ ~oJu~lJ'wllJilJ(9)l1lJLLm LillJ~1 (9)'e)UVl ~ ~1 (9)'e)U~ ~Vf1tJVllJln'"l :;LillJ~1 (9)'e)UVl
q. 	 q 

~ L-rllJnlJLL~:;~1:lJ1 nil1fiu1tJilJ(9)l1lJn1J'l11-:J1lJ"lJ'e)-:J ~'J1~~ n llJi ~-:Je 
n1J'l11-:J1lJ"1l'e)-:J ~'J1~ ~nl1.lJn1n~l1nlJ'-:J'I'1mu1~~oJu~lJlJLLtJ-:J LUlJ 4 ilJLlJn1J' 

" 	 q 

3.2.1.1 	.ffuY7uC-J (PhaSe /): mJti'ifJnrJ-J'WtJl1Jlfj~U1J~'lfuY7~I:J-/Tj,[1 

~U1J~UU1Jmnm7.ut1J::Lf)'YJ~lrrru (Dominant TyPe) 1~ 
, 'f 

I 

12-JU:J-/IPI 

n1J'~1~1(9)'e)1JllJL~~e'"l::H~~nn1J' Relax constraints 1'W~'J'W"ll'e)'1 
., , 

A'Jl:lJ ~11-:J n1J'~~-:J~tiu~lJlJ"1ll1'lLLI'i~:;Y1lJVll~ tJ n 1~lJ~1,xA'Jl3-.1 ~'e)-:J n1J'~~'l n1J' 
q 

tJJ':; Lll'Vl LL'I'1'V1tJLL~:;VllJ(9) LL'I'1'Vl tJL~tJ'I'I'1'e) [;]'e) A'J 13-.1 ~'e)-:J n 1 J'''1l 'e)-:J ~lJ~'e)'e) nww'J tJ LL~::iJ 
'j 
1 	 iI I'V I 

J'::tJ ::'V11-:J ll.!nlJ'L~lJ'Vll-:J'"l1 n l:NYmlUl~I.tJiJ'IY1lJVlilJVl~ 
q 
~t~tJ nl~lJ~1,xn1 J' . 	 ., 

~oJu~lJlJ"lJ~-:J1:N'I'1 tJ 1U1~~1 n t:l n L~l1 n'"l:: ~'e)'1l11 n1J~tiu~lJlJUf1~1 n J'~'1 \1 
q 'lJ 	 q q 

n1~lJ~1,x ~1J'~oJU~lJlJ~1lJ'J'WUA~1nJ'llJtJJ::;Lll'V1 k '"l1nh:J'I'1tJlul~ i ~t:ln 
i" 	 q q <u 
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l~'iln1'IX~'t!~~~'W1!f1~1 m'11J~'1~'W~ j (aL~ :W f11l'V11 n'IJ91'W'J'WU'iltJ~~ ~:i'::;'j,d1'1 
91'W'J'W'IJ rl~'l m'il1~l~~rl:i'U:i'::;l1l'Vl k ~ :W'iltJ1'Wb:i''1'VHJ1'IJ1 ml~::;91'W'J'Wfl'J1lJ 

q " 

mnl'V'fVltJ1'WU:i'::;l1l'Vl~~l ~b1J(Dominant Type) ~'W~'il 91'W'J'Wll'l"l'Vlcl"bl~::;vl'W~ 

II'l"l'Vlcl"lJ1 n n~191'W'J'Wfl'J1lJ ~'il'l m :i'''1l'el'l ~'W~'el'el mn,i'JtJ b~m~h m:i'~:i''J9 ~'el'IJ 
1 i-' iI 1 I I iI I 

l~'el'Wl"1lUnUVl 
q 
nYl'WVl¥'el'l"1l'el ~'19::;1~dJ'W~l :i'1'1 b~tJ:W ~l'Wllbl'J dJ'WntJ~'elYl'WVl¥'el'l 

" 	 ,
~'t!'IJ~ 'W'WlU~'1Yl'WYl ¥'el'l"1l'el9 ::;1-if

q
'" 
i. 1 	 iI iI 

'I.-1~nm:i'''1l'el~ m:i'lJ'el'IJ'I.-1lJ1tJ'I1'WYl:W fl'J1:w~:w~'WfidJ'W 1-1 b~tJ1'Wi'W~'el'WU9::;~'el'l 

:W n1nltJ mJ(lJ'I.-11tJ'eltJ'el'el n l ~'elil'el'l n'Whn,xIn ~ mru~l ~'el'IJi~ l1'el'W16jJ~n~ru::; 

(infeasible) 

:i'ltJ~'elb:i''1'l''lU1'IJ1~~:W Pi'n tJ1l1'l"l1 'Wn 1 :i'~'t!'IJ~~'W:W1~'1~'W~ ¥'el'l"1l'el J?i1'11l'1.-1 ~1~'W 
dJ'Wb'l'l"l tJ 1'IJ1 ~ l~U'J n'Wi'l'l.-1lJ ~'Vl 

q 
n b'l 'l"ltJ 1 'lJ1 ~ ll~'J9'11-if '1.-1~n In ruOY] n1:i' 

:w 'el 'IJ '1.-1 lJ 1 tJ'~ lJ 1 tJ '11 'W II 'IJ 'IJ 1 -11'W II J?i ~ ::; 11 b1J '1.-11 tJ 'el tJ b(?1 tJ n 1 :i':W 'el 'IJ '1.-1 lJ 1 tJ '11 'W 

~llJ1:i'mn(?1m'ru1'Wm:i''I.-11~1~'el'IJ1~ 3 n:i'ru~'1~ 
, 

~.:;:,j 	 0 0 Q..' 

• 	 m'ru'Vl 91'W'J'WlW'J < 91'W'J'Wfl'el~lJ 

~~'el'Wl"1l n1:i'~'t!'IJ~'W'Wl~'el1'lXfI'J1:W~:W ~'Wlft 'W m :i'~'IJ fi dJ'W~n~ru::; 
'" q 'U 

'j 
\ 

d 
~lJn1:i''Vl 3. 19 

, 
.c:I~ 	 0 0 cv 

• 	 mru'Vl 91'W'J'Wbbm > 91'W'JW1'el~lJ 

b1'el'Wl"1l n1:i'~'t!'IJ~'W'Wb~'el1 'IX fl'J1lJ ~lJ~'Wfi1 'Wm :i'~'IJ fi dJ'W~n~ru::; 
q 	 " 
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'i 
j 

, 
~q 	0 0 Go' 

• 	 n:i'ru'Vl 91'W'J'W\'\'bl'J =91'W'J'WA!l~UJ 

\'1!l'W'L'lJ n 1 :i''I;'lUU'I;'l'W'W\' ~'abiX A'JllJilJ~'Wf1.'Wn1:i'9U r1 \,t1u~n~ru::: , 	 '" 

'i 
j 

j..f 	 I I I 

iJ :i':::t1 :::'Vll,:j :i'JlJ1'Wn l:i''I;'l UU'I;'l'W'WhJ tJ,:j ~ 'WYlJ11t1b'W\'~'a'WYl vll m:i''Jl,:j \'\'(:..J'WU'ati Yl 'I;'l ~ , 	 , 

J11t1l'Wi'W~ 1 'lJ'a,:j'5'J1'1;'l~ni~~1?J-J'W1~'W VllnL11~n:i'()l~nl:i'9Ur1:i':::Vl11,:j
'" 

~ 	 ~, 
h,:jY-ltl1Ul'Cl nU~'WYliJm:i'9U rlLNY-ltllUl'Cl~lnulIDNY-l t11Ul 'Cl L~'a n 'I;'lUU'i.'lUU

'II , 

iI 'I iI \I I 

hltJ'l~'WYl'a'a nVl'Wr.ltlYliJ :i':::t1:::'Vll,:j :l,ntJ,:jL:i',:jY-ltl1Ul 'Clu'Wi'WYl 'i.'l, ~ 

i'W&lfl'W~ 4: vll m:i''I.J'WVi n rh m:i'~UU'I;'l'W'WUA'Cll nn~!l'L~vlln1:i'9U r1 
" 	 q q qJ 

, 	 ,~ 

h,:jY-ltl11Jl~Ylt:l n b~!l n t~t1 r11 m:i''I;'lUU'I;'l'W'WUA'Cll n:i'91 n LNY-ltl1Ul'CllJ1tJ'l~'WYl 
I 	 qJ q q 

, 	 , 
~'tl r11U'tltl ~frl:i':::Vl1 1'l~1 'W'J 'W1J A'Cll n :i'Ylh,:jY-ltilU 1 'Cl iJ \'\''Cl::: A'J llJ ~'tl,:j n1:i''lJ 'tl'll1 

~ 

'WYl 
'i 

b\''Cl:::vl1 m :i'\J'WVi n r1llVldJ'lJ'tl,:j~l'W'J'WUfI'Cll m'tl1 'i.'l1'i.'ll!f1:i' J11tJVI~,:j nln~UU'I;'l'W'W., 	 , 
., 	 ,~ 

1'IX\, t1'W~l'W-j'WU, f1'Cl1 n:i'f1,:j \,VI~'tl'lJ'tl,:j'\'1,:jL:N~ t11Ul'Cl Lb'Cl :::l1'WYl'tl'tl nVl'W'JtI 

i'W~fl'W~ 5: vllnl:i''"J'WVll~1~flU~11'W"fr'W~'au~ 1-4 9'Wn119:::'LdJ 

~1lJ1:i't:l~~~'l:i'1t1~'tlL:i''lY-ltl1Ul'Cl~iJ ~ntlJ11~'I;'lUU'I;'l'W'WUfl'Cll n:i''lJ'tl,:j~'W~l~'L~~ n, 	 , 
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m l:JJ ~ 'uoi'rwnn~~ M J-J VI:JJ~---.-- ' 
.1 " 'l.I " 

n1 J"W) ~IIWelul'WL~~ti~~HVI~n n1nL~~-n'W~'f)'WLLUU L~m n'W1'W-n'WlWel'W 

n1J'VlI~I~!llJ"lJ!l'lLyJ~~ 1 LY1tJ'lLLl?inlJ' Relax constraints ~~~f?l~'l1,xLVI~'el 

LY1tJ'l1'W~'J'W"lJ'el'l f'I'Jl:I-.J ~'el'l n1 J'6JJ'el'l LLI?i~ ~~'W~VI~'l n1 J'~iru~'W'WUf'I~1 n J'1,x L VI~'el. . 

, " , 
Vl1'el~I'W'd'W1Jf'I~1 nJ'l'Wlh~IJ)'Vl~1 ~ru1'W'Vl n~'W-vl m~'el 0 

. q cv q 

3. 2~ 1.3 iud 3 (Phase 1If) nlJLir'iJnrNWtn1Jlfl~'lJ1J~uud~l:JJlJr:t 
f 

~'lJ1J~1f'W'1jflflimlulh:;I.IIYI~lf1fJ) (Dominan
' 

t Tvpe) diJfi'l 

-

fIIn:JJ~'f1ru:JJ,n~~ lU~'ty)1J5~ h1 MJ-JVI:JJ~
- go , 

" " " 
n1jVlI~I~'elul'WL~~ti~~HVI~nn1nL~~-n'W~!l'WLLuuL~mn'Wl'W-n'W~'f)'W 

n1:i'VlI~I~'elU6JJ'el'lL~~~ 1ll~~ 2 LY1tJ'llLl?inlJ' Relax constraints ~:::~1?1'C1..:)1,x 

m~'el bY1~N1'W~'d'W6JJtl'l f'I'd 1:I-.J ~'el'l n 1 J'''lJ 'el":) Lbl?i~:::~'W~VI~":) n1J'~ir'U~'W'WUfI~1 nJ'l"" , . 
bVl~mJ:i':::LJl'Vl~~I~rubb~:::nrilf1'JI:I-.J~I~ru:I-.J1 n~~ f?l1'W~1 ~Utlf?lhJ ~'ell,x fI'Jl:I-.J 

~ ~. 

<

~'el":)n1:i'VI~..:)1~fun1:i'~iru~'W'WlVl~'el 0 l'WL'u'l"ll~lh~IJ)'Vl vl'Wl1llL'I"l'VltJlVl1ir'W vll• 
1,xd'el'W1"lJ n1J'~~I'lntJ~tlLN'I"ltJIUI'C1 PlntJJlI'1"l LlJ~tJ'WhJ L1J'Wh'l'l"ltJ1UI'C1~n 

~ 1'W'd 'WU fI~1 n HI.:] bVl~'ell 'WlJJ':::bJl'Vl bL'I"l 'Vl tJ:l-.Jl n n~IV11'el b'Vl1 nUf'I'dl:I-.J ~'el":) n1:i'. . 

fI.:] bVI ~ tl"lJ ~N U•fI~1 nJ'''lJ'el'l~'W~ ~'el":)"lJ 'el 'W'el n~ 1 n~ L~tl'W1 "lJ n1 J'VltJ• f?l nl J''d 'WVI 1 

~1 ~'elul,xVl'tJ f?l L~'elhJ~ 1:I-.J1 nl~~I'l J'ltJ~'elLN'I"ltJ1UI~~n PlntJJlI'1"l~iru~'W'W 
,~" I i.t I 

Uf'I~1 nJ'''lJ'el~Yi'W-vllI?11~~ n Vl1'el~I'W'J'WUf'I~1 nJ'1'W1JJ':::1J)'Vl~1 ~ru1'W'Vl n~'W-vl LVI~'f)
q q" q 

! 

o 

http:tJ:l-.Jl
http:ru:I-.J1
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~ ~ , 
n 1 J'Vil A'I (?1'EliJl'W-n\~U"lJ'El'l ~')1-~ ~ n~~'El'll"4tJ'ItJ'Il-JYi'll.x L1 'a 'W1 '11 ~') 'Il-J 

~, , 

~'El'l n1:i'iJ fl~ 'I n J'~'l LVi ~ 'El"lJ'El'l'VI nVi'WVl dj'W 0 U'W~'a~ ll-J 1 J'r1 ~UiJ~'W 'WiJ ~ ~ 'I n J' 
'I '\ q q 

'VI'I'l n'l J'LL l"4 'i'ltJ1~~'lVi l-J!?l LJ''ll''4tJ1iJ'I't:'1~ ii ~n tJIlll"41 'Wn1 J'~UiJ ~ 'W 'W iJ ~ 't:'11 n J'. .
. 

n1Vi'W!?lli~' dJ'WLNl"4tJ1iJ1 'l'l~ii~'I'W,)'WU ~'t:'1'1 m~'l LVi~'el'atl1'lU'EltJ 1 
oj q 

lh~LIl'VI 
, i.I I I 

iJ• ~ ~ 'I n J' (?lll-J ~ ') 1l-J ~ 'El 'l n 1 J' "lJ 'El'l Vi 'W Vl LL 'l'l ~ n 1 J' ') 'W Vi 'I A'I (?l 'fl iJ 9 ~ Vi tJ• !?l LJJ 'fl1:w ii 

h'll"4mu'I~1!?l rI n L~'El n l.x'Eltll 'WJ''ItJ~'ElLNl"4tJ'IU1't:'1~ii ~ntJIl'll"4 Vi1-'El'Vl n~'W~ ii 
'IJ 'U •. 


fi,)'Il-J~'fl'ln1J'fi'lLVi~'ElJ'')mvhnu 0 LL~,) 

9~ L~'W~l n1J'vl'l'l'l'W"lJ'fl'l ~')1-~ ~n~9:;iiuJ':;~'VlflIl1l"4 ~'at'J ~'l1t.lbyj~~ 4 

~ I ~ , 

~'l LVi~'a"lJ'fl'lVi'WVl L VimuJ':;LJl'Vl L~m~'Il-J'IJ'r1 ~UU~'W'WiJ ~'l'l'l m 1UU'lVi'WVl1~ vl11.xn1J'~!?l 
I iI I .......... 


h'll"4 tJ 'IU'I ~ LVi 'flvl'l n1J'~UiJ ~'W'WiJ MIl n J'1UU'l Vi 'WVl 'El'El nww ') tJ1 'W-n'Wuii n1 J'~ 'Wfl n 'I ~'l. . 
~ ~, 

J':;Vi~l'lLNl"4tJ1iJ'I'l'l1uu'lYi'WVl'El'El nm,btJ1!?l1 rl'El'W-n1'll-J1 n LL~ :;n'lJ'~uiJ~~'W1'WLLt;]'t:'1:;fif'l 

~Uu~'W'W~h t'J~1'W,) 'WiJ fi 'l'l'l n J'~ U'fl tJ L ti'a 'I9 'I n r) 1n'l J'~t'J :;'VI1'l1'Wn 'I J'~UiJ ~ 'W'W LU'W(~hVi~n. . . 
1'W n1 J'L~'a nLJ''ll''4 tJl.1J'I't:'1 'fltl1'lhn (?l'll-JLti'El'l9'1 n n1 J'~(?l.J'W'I J'~UU~uu~'W'Wm J'11l!?l ~'W19• 
LVi 'El L~ 'fl n LN l"4 tJ'IU;l 'l'l ~UU~'W'WiJ fi't:'1l nJ'u'W:w'l L U'W1.x n 'I J'vl 1 'l'l'W "lJ'fl'l J':;iJiJ ~ 1l-J 1 J'r1 

, , 

. . ~ . 
(?1'flU~'W'il'l1~n~L~t1'lniJ n1J'Yi1'l1'W91-'l"lJ'a'lWw')tJ'l'l'W~1Uvl'l n1J'~mn1.xl-J'I n~~!?lL!?ltJ 

oj q 

n1~:W'lVirl'l n'l n'l:ri~A1· (?1'flU~ ~~ ~ !?lLLt;] ~'El'l n 1 J'L Vi tJ'l LLrl A'I (?1'ElU~ ~l"4'El ~ 'I Vi fiJ n 'I J'. . 
l.xiJ1-n1J'WthtJ LL l"4'V1·~Lfi~'fl'W~ ~'l~'Wfi nJIl1l"4"lJ'El'l ,"'h (?l'EliJ~H)9'1 n m:;u')'Wm J'~,)1-~ ~ n~. 

.. 

~ ~ ~l"4 fi~1~9'1 n n 'I :rU:r:;l-J') 't:'1 ~ 't:'1 ~'fl LJ''ll''4 tJ 1iJ'I 't:'1~ vl 'I n 'I J'~UiJ~~'W 'l.J fi 'l'l'l n J' 

,J:r:; til 'Vl tL'l'l:;~ 'I 'W,)'W1'W n1 :r~uiJ~ 'W•'Wl.x LLI?l 'l'l ~~ 'W ~ n 'I :r'a'fl n WW') tJ!?l1l-J n'I Vi 'W!?l n1 J''a'El n 

WW')tJ~'l LU'W-n'al-J't:'1~'1 L-n1"lJ'a'l J'~iJiJ~'l A'I (?l'EliJ~1~9'1 n n'lJ'L~'a n LN~tJ'IiJ'I'l'l ~UiJ~'W'W 
'U • 

~ 

iJ fi'l'l'l n J''Vl'l'l n1 J'LL ~'VI~U9:; rI nv,'Iu r)'I'W,) nJLL'l'l :;UJ':;l-J ') 't:'1 ~ 't:'11 'Wn1:rL~'il n:ru LL iJiJ n'l J' 
• 'lJ " 

3.3 n1~~1'U'JW~.v;'ell.~'f}n1fi n1~"I.'Un1~~1L~tI.:j 

1 'W~'J'W"Il'El'l n1J'r)1'W6 ruL~'fl L~'a n1fl n'lJ'l'Wn1 J'~1 L~ tJ'I LU'Wn 1 J''fl'il n LLUUJ':;iJiJ~ UiJ~~'W 

m J'11lC?1~'W19 L~l-J L~l-J"lJ'il'l ~i1'1 n'lJ'1 r.rtJ~'ll'WmJ'un~'l'l'W91-'l"lJ'il'lWw,) tJ'l1'W~1u~ m~n1:wii n 1 J' 
" \ d..J 

,., " ..... I , 

11l!?l~ 'W191'W~ ,)'Wti ~'l ULil'El~9l n n'l J' ~ 1 L U'W m J'1'W'il ~ (?l"lJ 'il 'l J'U LL iJ iJ n1:r~ 1 L~ tJ'l iJ fi 'l'l'l n J'LL'l'l:; 
.. ClJ q 
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I ', '11 1 

(?lJ,:j"'l1 n ~ bI1'WYlr,;qoJiJr,;q'tfW'4~%~1 nJVI~'elV)'llJlruSVll tliJ,:j~'WVltlDU~'lI'W 1 'Wth~u'WJY) f)~Jtl"'l 

~tllm :W~"'l::~W-J'W1 nJ::iJ'l 'Wn! J'll 'W ~'l bb'Ci ::'Ci'el~ r,;q ~ n ~b~'el ~ ~1 'I f)'l 1:W r,;q l:Wl H) 1 'Wn! dbb 6Ji 'li'W1r?1t1 
, " 

m J'Ci r?I ~'W'V1'WVl btl r?I~'Wl'Wn!J'll'W~,:j ~'W~lvh1,xi1 n! J~W-J 'WI J1.J bb iJiJ1:w br?l'Ci1 'Wn! J'll'W~'l'" 'Ci 1 n",'Ci lt1, ~ 

~1.J bbiJiJ b~tl~"'l::r,;ql:W 1 Jb1 b~:w1tl n lr,;q 'll'el'l"'U'ltl'lI'W~l,xiJ1'nIJ"'U'l tI bb ~'V1~hr1~fl'W~l 'WnrJ'Ci r?I 

~'W'V1'W~I'll'W~'l~ Ltll?1~'Wl'Wn~J~1 L~tI,:jiJ f)'Ci1 ndbL'Ci::L'l'llJlru-vlb~'ell,xiJ1'n! J 9'li1 nrJ1.JJ::tI n 19l1.if 
q • • 

b:W bl?1'Ci VI 1'1 n 1 J'll'W~'l bb'Ci ::~_'el~ r,;q ~ n ~Vll1,x btl I?) J1.J bLiJ iJ n 1 J~ 1 L~ tI'liJ i01'Ci 1 n JLL'Ci:: L'l'llJlru-vl~ 

V1'Ci 1 n",'Ci lt1:Wl n~'Wb~'ell,x~~I"'U1~'l 1'l bw'Wl~ L~ tl nJ1.J bbiJiJ~fi nr ;~1 L~ tI'l~ L",:W1 :::~l-l niJ 
~ 

"'l1?)~'lV1 :WlmJtl'l"'U'ltl'lI'Wl9l1~ 1Yl'l~~I?)~'eltln bLiJiJl'WJ:::iJiJ~oJ'U~'W'WnrJlYll?)~'W1"'l bl?)tll'W'lI'W~~tI~ q , , 

1~~W-J'WIJtlbbiJiJl'WnrJ~IL~~'liJi01'CilnJ'V11,:jnrJLL~V1tJtltlmLl'W 3 J1.JLbiJiJ l~bbri ~'ll9lN "'ll?1oJl?)~iJ
'\J q ~ q 

bb'Ci::: 'l'Wt'iJbbvmtJ 1I?) til'Wbbl?l'Ci:::~fii1-ntl ~ bb'Ci :::-n'el b~tI~ bbl9l n 1?l1,:j n'W~'l~b~IWW1~ 'l1'1 bbl:4'W~tl'lVll nr J 

1Ylr?I~'W1"'l b~'el nJ1.JbbiJiJ n!J~rl b~tI'I1I?)tI n1 J1JJ:::l-l'l'Ci 1:4'el'lltl'l :i':::iJiJ"'l:::bb~ 1?)'1-n'el:W'Ci'lltl'llYl'l~~1?11'Wbbl?l'Ci::: 
'IJ " 

3.3.1 n1'ii\llP/'i\l 

:i'1.J bbiJiJ n 1 J~,:j 19l N dj 'W~fi nr J~1 b~tI'l ~V1 U'ltl,:j 1'Wl,xiJ1'n1 J'" U'Jtlbb~'VI tJbi01~'el'W~ 
" 

lJ)1.JD~I?l'el bti'el,:j n'W.l-l1 btl'Wb'd 'Cil'WI'W~'lt1.J bbiJiJnrJ'~1 L~m1'W~n'rtru:::~i1 f)'lI:W f)~'el'l1Yl'd 
~,:jbb'Ci:::iJr1'Ci1 nJ'VI 1 'l'il 1 nL ~'VItJ~I:W1Jm~'W'VI1'1 J)'ltl ml:W~::: I?)'l n~iJlt11I?)tll.ifb'l'Ci 11'Wn! J 
" . 

. " " 
b~'WVll'11~:Wl n 'W'el n~1 nl1~fin1 J~1 b~mJ'1.J bb iJiJl1iJ'lr,;q l:Wl Jb1~,:j iJ f)'Ci 1 ndbb'Ci:: b'"J'llJlrwSVl1J) 

. " q 

(?lJ,:j 19l1:W b'l'Cil",1'el~~.if1 b~tI'I b~ nU'eltlbb'Ci:::1~VlI1,x btl I?) ~1~ ru b~tI b'"J'Cil'll'el'liJr1'Ci1 nJ''VI1'1
1 cu qQI 

nrJLb~'VItl1 'W nr JL~''W'VII'1 Vll1,x biJ'W';)fi~Utl:w l.ifl'W"'U'ltl'll 'W~1 ,xiJ1'nr J'V1 U'"J tI Lb ~ 'V1 tJ 
.' 'IJ 

br1 ~tl'W~ J1.J bbiJU n',) J'll'W~'l bb iJiJ~'I 19lN r,;q1:W 1 Jb1 'ell?) J:::tI ::'V11'1 ~l.ifl 'Wnr J b~'W'VI1'1"'i 1 n 
" '11 I i.t I 

h'l~miJl 'el hjiJ'I~UYl'el'el nVlU'l tllJ):Wl n V11 n~ 'WYl'el'el nVlU'ltlmJ ~1 bbVlU'l fil'WtJn 'Cil'1'll'el'l 
" 'IJ• 

1N~miJl'Ci~oJiJr,;q'W'W V11tl1J'I~m1Jl'Ci~oJiJ~'W'Wi1nrmJ:::"'i1t11Y1'lvll'11n'Cin'W 'elt11'1hn 
'. ., q 

19l1l-l J1.JbbiJiJnrJ~1 b~tI'Il'W~n'rtrw:::\1,yh 1,x nrJl.jfth:::1t1'llU"'llnm'W~IV1'W:::l'WnrJ'll'W~'I 
'IJ 

'll'W~'1bl?)tI~IJ 

~1V1t'iJ nlr~I'W'l rub~'elbbr,;q {;)'I ~'l~~I?)'lltl,:j nr J'll'W~'Il'WJ1.J bbiJiJnrJ~'1 (?lJ'll,x btl'W 
i 'IJ 

, " 
-n'ell-l'Ci~oJiJ~'W'WnIJ~I?)~'W1"'l'll'el'l b~IV1UlYl 'l1'1 bbl:4'W~1 :WIH) bb~ l?1'1i'Wrn'el'WnlJ~I'W,)rulJ)

'IJ q 

<

.j 

I 
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A1'W'J ru~1'w'J'W~rl~l-iii.'WnI~'lI'W~'l~1 l~tJ-,11J A'i'11 nnl'i'1:::l 'J"]jJl ru6jl]1tJ8'l LLIY!'i'1:::~'W~ m~tJlJ~'l1'W 
I 

" , 
fu-ii'el:W m.h:::Ul'Vl LL'i'1 :::~1'W'J'WU A'i'11 n ~1'WnI~~,ru~'W'W1tJ8'l LLIY!'i'1 :::~'WYl'll'el'l LL(;]'i'1:::" , , 

" , 
A1'W'J ru~:::~:::'Vl1\l~'l:W"ll'el'l nI ~"lI'W~'lUA'i'11 nnL'i'1:::L 'J"]jJl ru6jl]1tJ8'l LL(;]'i'1:::Yi'WYl'e)'el mnj'J~ 

" ' I 

II t 'lI I 

LL~ ~'l (;,J'i'1 ~'J~t)~(;]1'l11'Wl1JLLUUnl~'lJ'W~'l ~'J~t)~1~llfi ~:::~:::'Vl1'l~'J:W ~1'W'J'W~rlY1H' 

fi 1 L 'J 'i'1'~ L'il~tJ1'WnI ~L~'W 'Vl1'l'lJ'el'll,J A 'i'11 n nLIY! 'i'1 :::A'W1'WLLIY! 'i'1 :::':'Jfi 

, y. 

~tJY1 20 iUI'l'el'Wl'Wm~A1'W'Jru"ll'el'l~tJLLuUm~'lJ'W~'ll~~ I'l~'l 
" " 

" ,
'i'1:::Yi'WY1l~~l~'lYimU1'i'1 rj vl1n1~~,r1J~~'W1JA'i'11m~'el (V \) ~'e) 

Rj 

~ L'o'k:~jkXij
V1rjj = L 

, 
"" ~:Wnl~'Vl 3. 24 

~:w m~~l.jfA1'W'J ru~::;~:::'Vl1'l ~'J:W1'Wn 1 ~"lI'W~'l LLUU ~'lI?lN"lI'e)'l m ~l1Xu1-m ~1'WLL(;] 

Rj 

51j = I V1l)} drjxU 

'rj , 
"" ~:Wnl~'Vl 3. 25 

j 

• ~:w n1~~1.jf~1'W'J ruL'J'i'11r'l:wl'Wnlr"ll'W~'lLLUU~'lI'lN"lI'e)'l n1rl1X1J1-n1~l 'WLL!1l'i'1::: 

Rj 

Tlj = I tfjXij 

rj , 
~:Wnl~Yl3 , 26 

t~~~:WnltL~'e)Vl1 L'J'i'11 L'il~tl6JI'e)'l LLYi'VlULLl'I'i'1::;f\'W1'WnI n~'W'Vl1'l L~'e) l1X'lJ1-n1 t l~tI 

m~~1 L~tJ-,1 LLUU~'lI'lN6JI'e)'lmtl1Xu1-nltl'WLLIY!'i'1:::~'W~ (TaV91j) ~'el 
Rj .; ,

Lrj t ij Lk=l (Ii}" Xij 

TaVD~j = Rj ~4
Lrj Lok=l aijkxtj 

, 
"" ~:wn1~'Vl 3. 27 

' j , 
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3.3.2 


m~'El'El m~'W;tJ LL"'rvlci"lV'1~'El'W~"lJ'El'l'Vl~l ~r.h dJ'W~'El'li1 m~Uf?1~'J:W'V'l~~~ f?11~~'l L~'El 

~1 L~tJ'l L~UtJ'l ~1'l111.J'V'l~t)l-J n'WL~'El V'1'Jll-J1.J~'Elf?1.ntJ"lJ'El'lll'V'l'Vlci"'Vl~l~1 'Wm ~1tXu1m ~~th tJ 
'V , 'il , 

1'W~'WV1 L~tJ'l {in1j-ru::m~"lJ'W'i:'l'l LLlJU{JlJn'V'lu1'WmJL~'W'Vll'l"lJ'El'l~ltJ m~u'W~1'l1V1i1 m~ 

'l5.1 ~'If?1tJ~l~l-JltJ'l Pl'Wci"n~l'l L~t) ~'JlJ~'Jl-J ~bf?1tJ~ 1 ~iOll n ~ltJ m~u'W~'W1tXl-Jl~'Jl-J n'WL~'El 
'IJ 'IJ 'IJ 

~{in m~l-JliOll n m~Uf?1~'Jl-J'V'l'ti nt)'Wm ~'El'El n L~'W'Vll'l ~1t)ih L~tJ'l L~UtJ'l"lJt)'l'Vl~l ~ nJ LLUU 
'IJ .., 

m~"lJ'W'i:'l'lih::v'h1tXi1mll-J~::!?I'J n 1 'Wn1~"lJ'W'i:'l'lll~ ::mJLl'lftll-J'V'l ~'Ell-J ~ l~i'Un1~"lJ'W'i:'l'l LL~:: 

1-if P1nWl1 'V'l1'Wm ~"li'W'i:'l'l"JJt)'l'V'l1 ww::;1~'El~ 1'l L~l-J~ l-J 1 n n~ 1 n 1 ~"lJ 'W'i:'l'l LLlJU I?l ~'l Ll~ ::1-if, 
" , , 

~l'W'J'W'V'll~'W::;~'EltJ r\~1 ~1.J lLlJU m~"Jl'W'i:'l'l{in1j-ru::;{Jl~l-Jl::nU m ~V1h'l'V'lmUl~V1 l'lJ'WiOl f?1 
I 'IJ q 

Uf?1'V'lU'El~ lJ'WL~ 'W'Vl 'J'l m n~'W'Vll'l 'lJ'El'l 'IN 'V'l tllUl ~ ~U U ~~'W~'W111JtJ'l~ 'W ~ 'El'El nww'J tI 

'El~1'lhn1?l1l-J n1~1-ifi1.JlL1JU, f?1Uf?1'V'llJhi L~l-Jl::;nlJ m~~l L~tJ'l1'W~::;tJ ::;1n~1iOll n, f?1 b~'l-J ~'W 
~1'l1hJtJ'l~ f?11.J~ltJV11'lbf?1t1 L'U'V'll::1'Wn 1m ~::iOll tJ!?l'J1'Wbb'W'Ji'Pli1'lJt)'l~ ~ ~l-J ~'W~1'l1 lOll n 

, f?11.J~lt1'Vll'l b'V'l~l~iOl :;vi11tX b~tll'J ~ 11'Wmn~'W'Vll'll-JltJ'I' f?1U(9)'V'lU bb 'Vl'W~iOl ::11.JtJ'I~ f?1 

1.J ~1 tJ 'Vll'1 b~ tJ n1 ~~1 L~ tJ'llJ V'1~1 n JLl~::; l 'J'l1.rl ru'l1~1 ~ i'u n1 ~'Elt) nVl'W'J tJ bb'V'l'Vl ci"bV'1 ~t)'W~
q 

lJn iOl ::;'El~1 'W ~ 'W 'VJ~ n 'W(?11 :i'Lb~::; b~'W'Vll'l b-if1 ~ 'l til n m n'J l-J!?l'J n 'W ~~ f?11 VI ti'l b~ 'El ~ ll~ tI'l 

vT'l ~ l-J f?111.J ~'J tI n'WiOl ~Yi11tX Ltl (9) V'1'J 1l-J ~::; f?1'J n1'Wn 1 ~b~ 'W'Vll'l V'1'J 1l-J 1.J ~t)~.rltJ lb~:: n 1 ~1-if 

'V'l1V1'W::1 'Wnl ~"lJ'W'i:'l'l 'El~1'1 ~l-J rll• , .., , 

~lV1i'U m~~l'W'JrulYi'Elbb~ f?1'l !?l'J~1'!?I"lJ'El'l nl~'lJ'W'i:'l'l1'W~L1bbUU9 ~Uf?1'V'lU b~'El1tX dJ'W 
'U q 

'j 
\ 
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0, 'V • 

~u.jf'fll-./ 'i'l tJ:i':; UlYl LL~ :;~~'W,)'WU ,",,'i'l'l n:i' 1'Wn l:i'~'t!'U ~'W'W1tJ ~--l LLl'I 'i'l :;Yl'W~ "lI'fl--l LLl'I ~:;h~~ tJ 1 U 'I 'i'l... . , 
~ ~ , 

:i',)l-./~~th:;UlYl LL'i'l:;~'I'W,)'WL,)"llnruer19'1 n '""~~tJ11tJ~--l LLl'I'i'l :;~'W~ 

j 


~'I'W,) ru:i':;t1:;Yl'l~:i',)l-./"'l'l nh~~t11Ul~ l'I'I~1l-./1~~'"j ~'t!~~U LL~:;9'1 n'"j (?J't!(?J~UltJ~~ 

~'W~'fl'fl n~hh tJ LL~,),)'W~lh~~tJ1'U'I'i'l~'W~Vl'l1tX:i':;tJ:;Yl'l~ :i',)l-./ii'fltl~~ ~ 
q 

'" r'h~'W(?J1tX"'l (?J't!'WlU'W"'l (?J't!(?)~U, , 

Ll~ (?)~ e.J'i'l ~')~~(?J l'I'I--l11'WltJ II'U'U n'l:i'''lJ'W~~ ~')~~(?J l~llri :i':;t1:;Yll~:i',)l.J ~1'W,) 'W:i'Cl~H' 
, 

~1L,)~'I vu~ tJ1'Wn1n~'WYl'l~"lI'fl~U, '"" 'i'l'l nml'l'i'l:;A'W1'Wlll'l'ti::~fi 
, 

n'l~'W(?J1tX ~ ~~ltJ'W~l-./1~n1'Wl"1il9l Rj LtJ'W'"j(?J't!(?J~'U 
'l~t1 ~l-./ nl'1~l.if ~'I'W,) ru~ 1 'W,)'W:i'Cl:i',) l-./1 'Wn 'I:i'"lI 'W~~ II'U'U9 rn't!rn ~ U'll 'fl~ n'l:i', 

~ , 

1tXu1n1:i'1'Wlll'l~:;Yl'W~ (V2) ~'fl 
"R ,,4 rr y

'-''Pi '-'k=l"" f j/:/:'''ij 
VZj = C 

, 

~l-./n1:i'~ 3. 28 

'l~tJhl~'Wl"'l~'I'W,)'U:i'C1~H1'Wnl~"lI'W~~ ll~Yl ~91 nh~~t1'1Ul'tl~'Wl-./ 1~~9,rn't!~~u 

tJl]tWl n1:i'~1J A'tl'l n~l-./l~'Un'W~~'"j (?J't!(?J~'U'fll"'l"'l :;l-./1'l(?JtI~')'W~')~1'fl~,)l.J n'Wl-./l nl~.yh1tX 

~1l.Jl:i'Cl'i'l:;l'i'ltl~'I'W1'W:i'Cl"'l1 n ·h~~tJ1'Ul'tl~'Wl-./l~~t:i'~~tJ1Ul'ti~ LtJ'W"'l (?J't!'J~'J1~, , 

'" , 
Lll'l'ti::Yl'WYi (S21) ~'fl :~ 

Hj 

Q E R- U'i<:: Vi E R~2j =I dioXij + d Oj ~lh! ) J 

rj 
.J 

~l-./n1~Yl 3. 29 

~l-./ n 'I ~~1.if ~ 1 'W,) ru L,) 'til ~'J l-./ 1 'Un l~"lI 'W ~ ~ n '1 ~"lI'W~ --l LL 'U'U"'l, (?J't! (?J ~U"lI 'fl ~ n '1 ~ 
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R ; 


r2) = I
J 

tioXfj + ao,; .dB 0 E Rj uf<-:\:!i E Rj 


1'i 

~~n1~'Vl 3. 30"" 
'i:~tI'iIl~n1~l~'f)~1l'J~1 ~'U~tI'lJ'f).:J~~'I"l'Vl~~~I?l~ ::;rrw1t.!n1n~t.!'Vl1.:J ~~'f)1""u1-n1~t~tI 

3.3.3 

/OJ 1 n ~'lI1t1~ n ~::;/Oj 1t11Pl'J'f)~ ~1~~ 1?l1.:J1~11""iWll'VIt.!~ ~'J~11t.!n1~t:J~~'i:~tI~n'l1ru::;n1~ 

~Jt.!~.:J/Oj::; ~Ut.!n1~'lI~·~'l bbUU'Jt.!fu~t.!~l1 m ~~ 1?l1.:J 1bb~'J n~u~1~h'l'l1t.!n1 ~t:J~ ~m~ 

rh~t.!~ b'J~1 n1 ~t:J~ l?1'l1'f).:J h.:J.:J1t.!n1j'lJt.!~.:J1t.!~1.JbbUU~1.if~nWI1'1"l n1j'll'W'iJ'f)'lYl1'V1'W::;~buu 
; ~ 

b~:I.J 'l.h::;~ 'Vl fin1 Yl bb~::;iJ ~t.! 'Vl 'W~ 1 'lit.! ~.:J ~ tl n b ti'f)'l/Oj 1 m::;tI ::;'Vl1'l ~'J ~1 t.! n1 ~'iJ t.!~ .:J it.! 
, ~ q qJ 

mh.:Jhfi ~'1~1t.!bb~~J\'f).:J ~'J '1:I.J~ ::;~'J n'll'f).:J1,! ~~lm'i:~tI b'UYl'1::;1'Wndru~l-J1tJful.iftlu n1~ 
~1 b~ tI'lU, ~ ~ '1 n ~'Vl'1~..:J n1 ~bb 'I"l'Vl~'I"l U~I'l1'1 ~ ~'J 1:I.J~ ::;(?}'J nb~~::;iJ ~1 ~~tI ~'J~11'Wn'1~"lJt.!~.:J 

., 
U ~~1 n~~'1 n n~'11t.! ' 2 ~1.JLbUU-ii1.:J ~'W n1j~'1 ~~tI'll'W~n~ru::;uml-J'1::;tlUn1m~::;/Oj1t11Pl'J, . ~ 

'lJ'f).:J 'i:~'lYlmUl~1'Wb~'W'Vll.:J ~~m tl'W'lI'f).:J n1n~'W'Vl'1.:JVl1-'f) m::;"'l1t11Pl'J'f)rJln~ b~tI.:J tlt.!Lbl?l1n ~ 
., , 

~ 

/OJ 1 n Yl'W Vl'f)'f) nVl'w'J tI 1'W'f) 11l~1~ n nl-J n 1 ~"lJ 'W ~.:J bb~::;~ 'f)~ 'ill ~ n i ~n ~1-tI n n 1 ~'lJ t.!~.:J1 t.!, 

~n'l1ru::;i1~1 backhaul transportation ~.:JbU'Wn1~"lJt.!~.:J~'W~1"'l'1n~~.:J~1-'f)~'W~n~::;"'l'1t1 

~'W~1~'f)rJ1n~/Oj1 n n~~~ n ~'1~'liJ n1~m::;/Oj'1t1~'Jln~~~tI'lVl1-'f)~~ tlt.! 
~ , .. 
~1~fu n1~A'1t.!') rub~'f)bb~~.:J 1Pl'l~.r~'lI'f).:J n '1 ~'lI t.!~.:J1t.!~tJ b~UU'lt.!fu ~~'I"l'Vl~~~'f)1"".. 

, " 
b1j'W-ii'f):I.J~~,ru~'Wt.!n1~1Pl(?}~'W1"'l'iJ'f).:J b~'1V1ihvh'1.:J b~t:Jt.!'iIl1l-J'1 ~tl ~~'iIl (?}.:J-nt.!~'f)t.!n1~A'1t.!'l ru.. , 

'j 

I 
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1 

I " 

nlV1'W(?I l'6~\l'vl1'llwm J''J'Wfu LL'V'rYl8'"l1 nlJ"l~mUl~ !?iI'lll(?lt]1,x~ (?I l'5-:l.J ~'W~'el A~'lm~'l ~'el'lYlI m J' 
it I it I 

'i'lilu'i'l'W'Wb'J"ll,nbWv1'Vl n~'Wyj'el'el nVl'll'Jt] LL~::;'"l (?I'i'l (?IVll mJ'el'l L~'W'Vll'l ~'el~'Wyj'el'elnVl'w'Jt]
q q q q 

LL'i'l (?I'le.J~~'J~rJ(?I!?il'l11'W~ULLUU mJ'''1l'W~'l ~'J~rJ(?IH1LLn J'::;t]::;'Vll'lJ''J:l.J ~1'W'J'WJ'(l~H 
rh L'J~1 L'U~t]1 'Wm J'b~'W'Vll'l"1l'el'lUA~1 nJ'bb!?i~::;A'W1'WLL!?i~::;~fi• 

, " 
J'uyj 22 -n'W(?J'el'W1'WmJ'~I'W'J bW"1l'el'lJ'U LLUU mJ'''1l'W~'l LLUU'J'Wfu LL ~'Vl8 
~ ~ 

n1 J'Vll L~'W'Vl1'l n1 ~''J'W fu LL ~'Vlt]1(?1t]~~ n'el1Yi:l.J~1.jf~'el Dijkra's Algorithm 

m::;u'J'Wm:i"Vil'lI'W~j'el'l~~n'el1Yi:l.J1'WJ'ULLUU pseudo code ~'lLL'i'l(?l'l1'WJ'1J~ 23 
,," ~ 

Begin 

Initialise P = ~r), T = V - {r} 

Initialise drs) io 0, pred(s) = 0 

Let d(j) = C{».:i) 


Let pred(j) = r 


For all (s,j) <= A 
d(j) = = for other nodes 

While P,.:.V do 
Choose minimun i fET 

Q{i) = min {d(j): j fET} 

Update P and T: 
P = P {I} 
T = T - {I} 

Update temporaryLabels: 
For all j <=A{i) 

Compute d(j) = min {d(j), d{i) + C{i,iJ} 

Set pred (j) = I 
End for 

End do 
End for 

End / / end function 
.. 

J'U~ h.rrU(?J'e)'WnlJ'Yll'lI'W"1l'el'l Dijkra's Algorithm 
~ . 

'" 
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.. 


r'h~'W(911'lX 


• 	 w-lni'W d(s) A'elW'In.r'W~'"l~bb~(91'1~~tJ~'VlI'1~i'W~~(91'"lln'"l(91~:W~'W~'1. 	 , 

t~'W~ s 

• 	 W-ln-r'W pred(s) A!l n1~9(91bnU'1l'el'lb~'W'VlI'1n1n~'W'VlI'1 '1I!l'lbb!?l~~t~'WVI~ 
eJl'W:W1 


, 


• 	 w'In.r1J c(i,j) A'elm~9(91bnUJ~tJ~'VlI\l"lJ!l\lb~'W'VlI\l 

• 	 Adja.~ent Node A'el mJ~t~'W(91~~'1 t ~'U(91~'W~I:WIJbI:W!l'l1tJir\lt~'W(91 
tl(911~b~'el:W!?l!ln'W 

• Infinity A'el dj'WAI~~I~'W'1I'el'l d(s) 

t(91tJ~I:W1 ~b1'!l~UI tJ n 1 ~Vi1\l1'W1Jl~\l~ 
iJ I , . • 

i'WVi 1: fh~'WVlril~'1n-n'W d(s) '1I!l\lLL!?l~~t~'W(91 = Infinity LL~~ pred (v) = 0 

i'W~ 2: fi1~'WVll'lX!l1fn~L~!l:WJ~W:lI-lt~'W(91 i LL~~ j ~1!l arc (i, j) ~'J'W 

., , 


i'WVi 3: bLti'ln~:W'1l!l\lt~'W(91btl'W 2 n~:w A'el n~:w Permanent (P) bb~~ n~:w 

q q q 	 q 

" , , 

~j'WVi 4: b~'elnt~'W(91iS:w~'W '"lln'(911'Wn~:wt~'WVI T b"ll'Wl'lXdJ'Wt~'WVI j bb~::; 1'lX d Ul 


=0 

i'W~ 5: tm.i(91~b1m~!ln1'lXbtJ~tJ'W~m'W::;dJ'WL~'W(911'Wn~:w P bL~::;l'lX b~!lnt~'WVI 
,.. <u 	 " 
.j 

I 1 I I I 

~n~U\ll~'W(91'"llnn~l-Jl~'W(91 T ~\lbU'Wl~'W~Vi~AI d Ul ~!ltJVl~Vll'Wn~:WlwuVlT bb~~l'lX 

t~'W(91 jn~lmiJ'Wt~~~l'Wn~:Wl~'W(91 P bb~~ nl~'W(911'lX !l1fn~L~!l:WJ::;~~I\ll~'W~j nu 

l~'W(91~b~'elnl~lJ Arei arc U, pred U)) 

~!l~l'Wn~:w P bb~::; ;antJ~ltJ~~\l~Vlnul~'WVll'Wn~:w T ~:W~~~lbiJ'W arc(i,j) '"l~1~~'WVI i 

biJ'Wl~'W(911'Wn~:w P \b~::; L~'W(91 j biJ'Wl~'W(911'Wn~:w T bb~~ L5-tJnL~'lJVI j LiJ'WL~'WVI~~VI 

nut~'W(;l i ~1!l Adjacent node ~\l'h d(i) + c(i,j) < dUl H\tJ~tJ'lJAI"lJ!l\l dU) l(91tJl'lX 

dU) =d(i) + c(i,j) bb~::; predUl =i 

'"' I 'I i-' I 	 1 

i'WVi 7: niu1tJViVili'WVl 5, bb~::: 6 '"l'Wm~-n\l 'Vlnl~'W!?1!lul'lJn~:w T 
. 	 q 'U q 

'" 

'j 
I 
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t" I I 

Dijkra's ~Igorithm dj-wn1J'~~ L~'W'Vl'1'1Vi~'WVi~ ~"l1 n'1~L1~~'WhJ~'1~ ~i?l1~1 

(one node to ,all ~ther nodes) b~t.J~1L~'W'Vl1'1~i'W~~~1'Wn1n~'W'Vl'1'1'W'flm~\j,'fl"'l1n 
Dijkra's AlgorithmLL~')tJ\lil Bellman-Ford's Algorithm, Floyd-Warshall's Algorithm 

LL'i'1:; A*Shortest Path Algorithm b(Plt.J~~n'fl1Vi:w~'1 3 "ll1l~m:W1:;nu1J(lJ~1~il"ll'W1~ 
1~ Lld LL~:;brl N ~ ~1'1iu.jftl'WLLi?l1'W'ITl<I~9t.J~tI b]J~1~ ~mt11'WnlJ'9~L~'W'Vl1'1 n1 J',)'W fu 

LL~'Vl~il"ll'W1~L~mJJ':;~'Vl~[l1~1'Wn1J'm~1[?ltlU"lItl'lDiJkra's Algorithm fh.wt.J\l~tl~"'l:;1~ 

ro'h [?ltlU~ L~:W1 :;~:w L~tl bb~ ~'1 i?l')~~~~1~ fu b~1ViU1~,)I'1 bL~'Wb~tlC9l~~'Wl"'l b~tl n~finl J' 

~1 b~t.J'Il'Wn1J'~~1'1 ~l~'WUDu'1i'lI'Wi?ltl1u 

bj?)tJ~:w n1 :l'~Hf rll'W,) ru~ 1'W,) 'W J'm'):w1'W n1 J'''ll'W~'1 bLUU') 'W fu bb ~'Vl~"lI tl 'I n 1 J' , 

1~u1n1J'1'Wbbi?l~:;~'i.i~ (V2 ) ~tl .. ) 

.; 2::1 ~t= 1 aijJ.cxij 

Va.i;:=: C 

d 
~:Wn1J''Vl 3. 32 

~~ n1J'~H'rl1'W,) ruJ':;tJ :;'Vl1'1 J',)~1'WmJ'"lI'W~'1 bbUU')'Wfubb'YfVl~"lItl'l mJ'1~u1mJ' 

• J'.d ~ . 
l'Wbbl?l'i'1:;~'W'Vl (s?) fOltl 

R ' 

S3j i,d, r E Rj 1o!\i::1j = {1,2,3,4, "'1 r , d}= fdi~ij + ddj Lli-g 

, 
"'" ~~n1J''Vl 3. 33 

~:w n1J'~H'rl1'W,) rub,)~1J',):W1'WmJ''lJ'W~'1 bbUU')'Wfubb~'Vl~"lItl'l n1 J'1~u1n1J'1'Wbbi?l 
., , 


'i'1:;~'WVl (T2) ~tl 

Rj 

.T3j = LtirXij + tdj Uis i,d, r E Rj LI.:<=1J = [1.2,3,4, .." T, d} 

, 
"'" ~~n1J''Vl 3. 34 

t~t.J~~ n1n~tlVll L')'i'11 b'Yl~tJ'lJtl\l bL~'Vl~bbi?l'i'1 :;rl'Wl'Wmn~'W'Vll'1 b~tll~u1n1 J'b~tJ 

nrJ'~1 b~m nlJ'"lI'W~~bbUU')'Wfubb~'Vl~"1J'fl'lnrJ'1~u1mJ'1'Wbbi?l~:;~'W~ (TaVg3j) ~tl 
"Rj Y'4 
L.rj til".u k=l aijkX ij 

Ta:;ggj = Rj 4 _ + td,j 
Lr; Lk-=l a ijkX ij 

d 
~~nrJ''Vl 3. 35 

~'i'1~~fi"'ll nrnJ'rll'W,) rub~tl b~tlmU bbUU nrJ'~1 b~t.J\l1J rl~1n nb~:;b,)"llJl ru-vl"'l:; 1~ 
~ , 
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'i 

I ," 


LLiJU m:i'1~ti~m:i'hi ~tl Ltltl'l ~'l~ 

• :i' tJ lL iJ U ~ L~ ~ 1 :; \!l ~ 1'W n 'I :i' ~ 'I L~ tI 'I U A ~ 1 n :i' LL ~ :; L,) -nil ru -vl9 1 n 
'" , q 

3.4 n~'lJ'J'Unl';1'Jl.:jbb~'Unl';1~lb~~.:j 

LA1-'e1'li1'e1m:;iJ')'Wm,:i'~:i'n9 dJ'WLrl1-'e1'll'j'e1~l-ii1.'Wn1:i''e1~iJ1t1 n :i':;u')'Wn 1:i'Vi1'11 'W"1l 'e1'l :i':;UU 

\!lUU\!l'W'Wn1:i't;!(;l~'U19~1~fu n'W,)1'lLL~'Wn1:i'~1 L~tI'l1J A~1 nm~::; L')"1111ru'~L~tl~l~L~'W~'l A,)1~
q q 

I 11 ', I " 

L~'e1~btl'l LL~:;~1 ~ui'W~tl'W"1ltl'ln9 mnJ~1'l1Vi Ln (;l~'Wil1t11 'W:i'::;UUb(;ltln :i'::;U,)'Wn1:i'''1ltl'l :i':::UU 

\!lUU \!l'W'Wnl:i't;! !?I~'W19~1~{u n1:i',)1'lLL~'Wn1 :i'~ 1 L~mUrI~1 mU~:;L1-n1lru-vl "1l'tl'lWW')tI LL ~Vl tJ 
q q 

I, i.I ~ I 

LA~tl'WV11'W'l1'W~~tI~\!l1~1n)LL\!l!?l'l1rJl~'l:i'tJVi 24'" 

• I 

A1U1rur.i l "''l'''1.Jf'li'llnn11~n l~LL~Vlmii1ltl~nl~1'''LLlfii'l~f'lIU 
~'l i'll 

, 
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., 

'6i'l1u '6i '4kln lJ'tJl)tWl'l TW"lJ!l'l~t.h fJ LL'W'VIUL~ ~!lkl~ 


~ 1V1 fu n ~~U') kln!;,) 1'l LLe-J kln 1 J'~ 1 L~ fJ'lU 
q 
~ 'ell n J''VII'l n 1 J'LL'W 'VI ULL'el ~ L,)"li 11OJ ~LLuuhI 


f1(?) L~!l nt 'IX dJklU~nl:i'LLUUhJl7l!l Lti!l'l L ~!l,)I'l LLe-J'WnlJ'9(?)'6i J'J'L~'W'VIur.n n L:i''l'Wt.J1UI'elJllfJ 1 'W9'lVlt) (?) 

Vi 1 VI ill ~ LU'W U ~ 'ell n J'D n~~ 'l1 'W n 1 J'1 'IXU~ n 1 J'VI t.! ') fJ LL'W 'VI tlL~~ !l kl ~ J' 'J :w ~'l Vi 1 n 1 J' ~ 'l-n !l :w 'el 
q ~ ~ .. 

'6i 'I:W 'I J' (l ~ ~'I'l LLe-J'W n 'I J'!l!l ~VI t.!':l titkl ~n ~ru:; L!l n~ 'I :i'J''I tI'l'l 'W n 'I J'D l) u~ n 'I:i' L ~ !l1·nkln 'I J' , 
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I• I 

• 

, " 
n J':::::U'l'Wn 1J'vl1-l1ul'Wn1J''l1-l bbe.J'Wn1 J'~1 b~t1-lU fl'Cl1 nnb'Cl:::::b'l"Jl.nru-nYl (1 n~1?J.J'W1~'W1 'W 

q ~ 

" I I I 

-l1'W';)~t1ti~'fl-l~1l-!1J'(1"li'ltll1X b~1V1 ,J1Yl,)1-l bbe.J'W1-if J':::::uu~ilu~'W'Wn1J'i?l~~ 'Wl'"l;-l btl'W~,)'WVlt1-l
q 

J':::::UU~1J'~'Wb'VI P1fl,)J'btl'WJ':::::~u~H-ll'W~1t1 hJ~~uiu.jf'fl'W bb'Cl::::: 'll'ltll,xnlJ'vll-ll'W"lJ'fl-l b~1V1,J1~ 

'll-l bbe.J'W~lt1 bb'Cl:::::~:::::~') n~'W VI,Jl'"l'fl n1J'vll-l1'W"lJ'fl-l J':::::uu~iliJ~'W'WnlJ'i?l~~'W1'"l~-l l")')J'(1 n'fl'fl n bbUU 
q ~ 

l-if-ll'Wt~191'flUlliJJ':::::uiJl~'fltll-l~h.h:::::~'VIfiJl1~ bb'Cl:::::l91J'-l lliJ fl'lll-! ~'fl-l n1J'nlJ''fl'fl n bbiJiJVI,J1'"l'fl1m-if 

-ll'Wl~~ lt1 hJ-nu.jf'fl'W~-lii A') 1l-! ~ 1 f1 t:1J an n1'Wm J''fl'el nbbiJU J':::::iJU~ lJ'~'Wb 'VI P1 VI,Jl~ VI ~n"'Jj 'fl-l 

n1J'~-l ~1i~ L~'fll,xLUJ'bLnn.J~1a-J1J'(1 ~l b U'Wn1 J'vl1~1'Wl~ t~tlii bL'W,) Fl~1'Wn1 J''el'fl n bbiJUVlU1'"l'fl 

n1 J'vl1-ll 'W"lJ 'fl~ J':::::iJU~ iliJ~ il'Wn1J'i?l~~ 'W1'"l ~lV1fiJ,) l~ LLl:mn 1 J'~ 1 L~ tI~ 1J fl'tl1 m'VI1~ n1 J'bL ~'VI tJ 
"q q 

I 'j I I " 

(V cf"..::::!:I cv o · I tr.0:::9 .alcv..::::l 


bb'tl::::: b,)"JlJl ru"Vl b~'fl~ 'WU ~'W'Wn ~ J''VI1~1 'W"lJ 'fl-l VI'W'lti bb~'Vltl bfl'tl'el'W'Vl ~~ 'W 
q j 

n 1 J'b~1 ~~ n 1 J'vll~lU~ ,)'W~1~1~1a-J1J'(1 ~~'fl'eln a-J1J''la-J 1l'W1'W~mj"ru:::::bLe.J'Wir~ ~'W1~~ ~ LL~~-l 

'fl~ ~1'W.jj1-l"ll'el~J':::::iJiJ~1J'~'Wb'VI P1 ~ 1V1 fiJ n1 J'~iliJ~~'Wn1 :i'U~~~l'W"lI'el-lVlIl'lti Lb ~'VltJbfl~'fl'W~l~tI 

bbtl nVll-!,) ~VI~n1n~1~~VI,Jl~'fl n1J'vll~l'Wl'W~'l'W~1~1"ll'fl~lumn J'l-! LLe.J'Wir~ ~'Wl~L'U~1:::::~'l'W"lJ'fl~ 

J':::::iJiJ~iliJ~'W'Wn1 J'i?l~~'W1'"l ~1V1fiJ n1 J',)l~ bbe.J'Wn1J'~1 L~tJ~iJ fl'Cl1 n J'bL'tl:::::L'l"Jl.nru-n~1a-J lJ'(1 bb~ ~'l 
q q 
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m1~J.h 
~rn\""Wl\Jl. 

m'i 1JhWW1\Jl. 
l1~nC\4'; 
n~~{j[J\4\Jflflln1m~m1~'Wnt! 
I1fl • 

iqmm1L\fl~nTW~nn 
th~ ~J1l1"!J ~~\Jflfll n1nl~ n!1LlWnt! 
mn~n!111'~'\4 
1WMfl 
'h~dfll1\4m1~~mJ5\J-·iml 

.. DDmJ~\J~m1Ll\JtI~milo~ 

~ "v1\4yjhi\J'lm1 
1Cl'll\4<i ~ 

ffrlnm11m:n 
\I1i1[J1fl 
11[Jn!1 Suppler 
..... d .t' d .. I'"" "'-'4 , ti' A d$} m1f1~HiileJnv·m'YIeJeJnlJ!l1J~m'm'"dtJLLYi'YImf1iil!l,"11 

B m111J1J1m1 
8 
 ~ ~" 


mTil~m1n'llflrn'l1 
~ QJ ..J' ""8 U. Yil1tJ!l1 ion ~lJf11'",JnYi,"11 

1 8 n11li1:lJdiil~iiln11i~L~,"111~ 
mnJ1~1J1flm1~fl~ffum~oOn\l1i1[JLluuoiilli'i!l~ 

2 8 m'jL~!lnl1JYiUl1Jliillffi'1J~WI\ 
rrmiiunh~W[J1U1il.rnU~'t~~flilln1 
m1~~iln'iiinl1al~ii[J~\JflillmLlil~~1'!Jlrn'l1 

u.~'"tl~~m'Jm1eJ!ln~tidtJu.Yi'YIULf1~eJ,"~ 
L\~\4il~mJ~~m1Llwn~~fl~0\4~L\\J\J~m;:(il~ 
'W\4t) ilmJ!lUflm1Llwn[J~flil0\4nL\uu11Jflil~\lil~ 

11tJnu. 

nJ~ 25 ~f.l~rt.l~ll~'Wer'l~'W\ir~j'el'l~~lJlJ~UlJ~'W'WnTi'~(YJ~'Wl'"l
'lI ", q 

I , , 

'"l1nnJ 25 '"l~L~'W~~Ll~'Wer'l~'W\ir6jJ'el'ln1n~lJlJ~1~~'WL'VlPlL~'el~UlJ~'W'Wn1n11'11'W"ll'El'l
'\J . q 

Vll.I'JtJ LL l'l'Vl ~Lrl~'El'W~l 'W~ 'J'W"ll'tl'l ~::;lJlJ~UlJ~'4'W nl~~(YJ ~'Wl"1 LLU'I'tl'tln LU'W 2 ~'J'W1VI '11 j;]1:W 

m::;lJ'J'Wn1~'J1'1 LL~'Wn1~~rl L~tJ'I~\~~1?J-J'W1~'WL(YJtJ Lll?h'l::;m::;u'l'WnlJ''J1'1 LL~'WiJVIt~h'"l'el n1~Y]1'11'W 
• L~'Ell-n~(YJt;i'tl~'tl~1J'J'::;VI~1'1m..if '"i1'W.jJ'El:W~ LL~::;LLlJlJ~1~'El'l nlJ'~(YJ~'W19 L~'El Ltl (YJlh::;~'Vlfi~~1'W4J... 'IJ 

nl~'J1'1 LL~'WL(YJtJ~1:W1J'f:l Ll~ (YJ'I1l1l'l ~'J:W nl~Y]1'11'W"ll'El'lVlUl"1'ElV11'11'Wt;i1'11~ l~m Lti'El'l rl'W1'WLlt;i~::; 

m~lJ'J'Wnl J'\~(YJtJl-nll~'Wer~ rl~1~ l~'El'l ~'Wl~'Elll~ (YJ'I ~'1-iimqj ~ t;i1'11~1-nt'Wn1:i'~1'W'J rt.l<JJ'El'l :i'~lJlJ 
~ , 

~UlJ~'W'Wn1:i'~(YJ~'W19~'1nJ L(YJtJ lL~'Wer'l ~~1~ dj'tl'l ~'W~1V1flJn1J'~~1'1ll~'Wn1 ~'El'El nVll.I'JtJ l~'EllU'W 
q 'IJ 

L'El n ~1 ~n ti'l1'Wlh::; n'EllJ n1J'Uli~'11'WiJntJ~ ::;l~tJ (YJ'El~ n ti'l1'WL~:WJ'1 tJ'I1'W'YlUlJ ~:w\!nUL~:W~ 5: 

n1 J''el'el n lllJlJ~::;lJlJ~UlJ ~'4'W(nJ'Uliml'l1'W"ll'El'lVlll'JtJ IIl'l'V1~LrI~'tl'W~ 

.. 
,i 
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~l 

Operator 

operatorld 
type 

-oriqinlocatlOn 
name 
surname 

-lei 
addrc~.s 

identitVCard 
other 

·l 

I.. 
~ 

I 

4.1 m'aUI b-nl-n'fla.J~ nl'af'fl-3"l1'f1'f1'f1 mJ~nl'a'VIti1t1 bb'Vi 'VIiibfl~'fI'U~vt-3i. 'U m'a'JI-3.. 
LL~'U nl'a~1 L~tI-3'U fl~1 n 'a Lb~~b'J"iI.n~oyJ Lb'U'U lPi'fl LU'fI-3LL~~hi lPi'fl LU'fI-3

• 

o ........... A. tJ' Q d 

4.1.1 n'J.7''U1' "lJ1"lJ'iJU'il n1'i'i'iJ-3"lJ'iJ n1'i'iJ'iJn 11'in1'iv/'U'J flU W'YI fl 'fi'il'iJ'U 'YI 

'j ... 

1 , Q 

U1111 {WiJL 'U'iJ-3 

'\.'I'ih"l!l n1:i'~I-.lI'U"1J!l-.l:i'::;1J1J~,r1J ~'W'Wnl:i'~(?)~'W1 '"11'Un1~~~-iimJ~tll L-ii1 ~!l~"1l!l 
q ~ 

Province 

-provinceld 
provmceCode 

-provtnceName 

SupplyWarehouseLocation 

. -supply'NarehouseLocaltOnld 
'. -prollinceid 

itemid 
onhand 

onhandu:::M'---__----i 
Vehic leCh3r 

-vehlcieCharid 

capacity ~. 
-capacdyUM 
-OriginPlace 

Distance 

~jstanceld 

-hospitalld 
-operationSiteld 
-distance 

Availability 

-avallatHllyld 
provlOceld 

-hospitalkl 
-opera lorld 
quantity 

uanlityUM 

OnedaytripRes ult 

-oneday1ripResultid 
-onedaytripTimeld 
supportinglocalion I -operalor1d 
supportOuantity 

~rPO_"U_M---,----, 
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.,, 

' ! ~U~vl~'W~l~~~fl~~n~~~---+--~~8~1?l~.~r1~.-~1~4~1?l~.r1~.----~-Yl~~'W~t'l~ll~W~jYl~t.i~~~ 
: I ~'1e'iln!?nu 15"" '" 21 "" '" ,1'(, ''''''''''''00'; 
i I n~niimJ~mn ' vl.n. - vl.n. ~~~::~~~ 

1 ~1~d~.b~~~~~~'r~~~d~~l~nt.i~d~A-+------------------~~Yl~v'W~A~l~l1~~Yl~f~r~!I 
Ul 'WUli Yl'W1?1llY1YlrJ 

1 1?l.r1 .... 7 1?l.r1. 

'--....._---_.•.._------ ----_.. _--_._.•._---------_ .. _-.--....----.------- -----.-...- --.. ...:..;.~ 

" 1'l1J111 

"1'\1.1111 

12553 "'!m_._.' __ .. _...___._.___... __.___.______....__.. ~___=1 

U~nGl13J 

0Z "fl 1,ni'rllFH) (lrni d'll! 

l~~n<PI.. 
0d::::1J::::m~dl:JJ 
o ~lU1Udn 
o ~lU1UUYHnm 
o ~lU1Ul;"ll'.nrn.n 

., 
~-n'WI?l'erWl'Wn1:i'~1'W'drulh~jj'd~t:-J~n1J'~!?lb~'W'Vn'ln1J''el'elnvl'l,bl:J 

I iJ" I i-' 

b91'VI'W1Vl'd1'l Lbt:_J'W91 mh'Wn~1'l b'Vh,r'WVl~1:W1nl b-if1 rl'l n1J'Vi 1'l1'W"lI'el'l'VI'W19'el111~!?l1:J1'W 

~ 'd'W"lI 'el'l-if 'el:W ~U1 b -if1 b'lJ'Wn 1 J'~'l-if 'el:W ~ 91 n n 1 J'~'el'l "lI 'el'el'el n~'W'd I:J ~'llh~n'elu1i.J ~ 'd I:J-if 'el:W ~ 
~ ~ ~ 

., 
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• ~~n1'Cl'el'elnVl'w'JtI ' 

• 9-.:J V! rr!?l 

• n'"lnn~n1:i'rmn 

b~'eln (?l1J~ ~lJ'VI1 '"l ~dJ'Wn1:i'~-.:J-ii'el~'Cl n1:i'~'el-.:J"lI'tl'el'tlnV!tl'Jmb ~'Vlcl"br1~'el'W~"lI'el-.:J bbl?1'Cl ~ 
q 'U 

9-.:JV!rr!?l"ll'el-.:J bbl?1'Cl~9-.:JV!rr!?lb'Wbbl?1'Cl~~ ~b'WtI-.:JU1h~~lru~ !?l'tl-.:J n1 :i''JI-.:J bbe.J'W'tl'eln J.J1-ii'ell;j'Cl~ (?)-.:J:lJ 1 '"l1 n 

~1'W-ii'ell;j'Cln1:i'~'el-.:J"lI'el(~I-.:J~-.:Jbbe.J'Wcr-.:Jr1'ClI'i.'l bn'tl-.:J !?l'WlWntl'lI'WU:i'~nmJb'ci:lJ~ 1) '"l~Un n{J'tl~b 'W 

ntl'Cl~b~tI !?I"lI'el-.:J-ii'el~'Cl-Wrl b-ii1 b~'el9!?1 b~'W'VlI-.:J l!?ltl erHl1.J.J'i.'lI:lJIHl bbm "lIntl'Cl~b~tI!?I n1:i'~'el-.:J"lI'ellrJii. 'W 
'U 'U 

• 91'W'J'W:i'rl I 

• 91'W'J'WUfI'Cll m~ fI'J:i'-W11Uq 

• 91'W'J'Wb'J"llAruovl~fI'J:i'-W11U 
" , 

'"llmJ'WYiI nlm!?ltl~ ~!PIb-A\I'VI1.:J n'"l~'i.'lI:lJI:i'mb'i.'l!?l-.:J e.J'Cl nl:i'9!?1 b~'W'VlI-.:J bU'W-ii'el:lJ 'Clnl:i' 
q., 'LI 

'el'elnV!1.J'JtI"lI'el-.:J ~ ~n1'Clt!'W1'el~n~ 11~!?ItI 'i.'l1:lJ l:i'rl bb'i.'l!?l-.:J e.J 'Cl~-.:J b'W'6'l'J'W"lI'el'l:i'~tI ~'VlI-.:J:i''J:lJV!~'el~I'W'J'W 
m~ !?l'el-.:J1-ifi:!?ItI IStI-.:J I?n~9-.:Jv!~!?IV!~'el"ll'J-.:J b'J'Cl1 nl~1?11:lJbbl?1~ en-if-.:JI'Wl~n!?l ISti n!PI 

'U 'U 

4.1.2 

tL'IJ uhivi-iu ti'i1-3 
Vl'WI'"l'eln1:i''VlI-.:JI'W''lI'tl-.:J :i'~UU'i.'l't!U'i.'l'W'Wn1 :i'~!?I~'Wb'"lb'Wn1:i'~-.:J-ii'tl~'Cl-W1 b-iiI~'tl-.:J"lI'tl 

q 'U 
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fl1'j.o~ lJ-ll'W1Ulnm11J'rn.rw l'Inlf)'W'U'U One-day trip ~@~ 

'j 

\ 


(_?_?~~____ ..... ____ .. ________., ______________~J 

1 ...
i ICHl fl ·v 

I ~in'll~ 
Q 

J' ~ 

I l~~ '1hnJ 
~ 

Ivi''Wli1nm-llf'l~'fl'WVl v;j f1"Ui11 

!\ 

I~ 

. 

1'U'tHlfll1'1.hv ffOl'U;;tl~fll1l.hv II'11YltJ yJU61Il'l1YltJ 

12/12/2552 h~~1UUtl'n,,;nu;n 3 3 
1611212552 v.1u~ 1n 2 3 

24/1 ;->1;'552 :1llu-h n'in m 'Dl[i 2 3 
261'12/2552 lOit:;~1Y,Yl ~ 2 3 

~'W~unU&l"1'WL~tl~UU~'4'ti1n1l''Vi1''1Wlltl''VrW'JI:JLL~'VlULr1~tl'W~ 
\ 

http:lJ-ll'W1Ulnm11J'rn.rw
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~'11,qlfil~ru~"ll~'1~t)~~~1,q Cl}'W~~'WrJ'Wnl ~1~1J1nl nb~~UJ1 n!J~~1'W-rl~'1.jJ~J;j~Ul b.jJlb~tJ ~~lJ1J 
0

1,ql~1,q'Wb'Vl fl"'l:::;.yh nl ~~'1.jJm.J~UJ'~l-Jl runlJ'1J f1~1 m''Vll'1 mJ'bb YfVltl1'W1iil'W.jJ~l-J~~'Wl-Jlb~t1'flf?lb'W~• I 	 <u ,q fJ!j '\J 

, I 	 i.I I'V 

L~l-Jl:::;1,ql-J1'WnlJ'~l b~ tJ'Il~ f1.'~ In J'bL~:::; L'J'll,nru~b~~ 1,q'l11J1,q'4'Wnl J'U~1J~'11'W1'W~'WVl'l1'W~~ nl-J 1 

~~ nl-Jl1rXb~tJ"'l:::;Lb1,q ~'1 e.J ~ n:l ~~1'W'J ru~ lbJ''1Yl tJ11J 1~1~ ~~'11,q'l11J1,q'W'W1J F1~ 1 n J'1'W"llil~1t?l bL~:::;
q q 

L'Vh1~ 

4.2 	 n1'i bb~ (9l~ eJ '6'fn1'i'lll1fi1 IWfltJ "l.I'fl~ bbtJtJ~l'~'fl.:l"I.'U n1'i~IPI~ 'W"l"'l"l.l 'fl~ n1'i'J1.:1 

bbeJ'W n1'i~1 b~ ~.:ItJfI·6n n'ibb~~b'J"il.n~~bbtJtJvl'fl b-ti'fl~ bb~~13J vl'fl b-ti'fl.:l• 

Q..J' .... 	 4, d' q d 
4.2.1 n1'iU ~lP1-3eJ~ n1'i'"lIPl' ~'UYl1·Jn 1 'i'fJ'fJn11'in1'i'lil'U'J tJ U 'tV Ylmfil~'fJ 'U YI 

" 1111£4'fJ' 11'fJ-3 

~ill"'l~ n 1 J'Vl 1'11'W"ll~'1 ~~1J1J 1,q'l11J1,q 'W'WnlJ'vlt?l~'W191'Wm J'bb1,q t?l'l e.J~ m J'~1'W'J ru 
q 

t..; f.n!~ fl1t.!."j (W [E) 
• I 

.,.,t1n1~n1~Fi1U·HlI~ 1ffi1la!l~ Round Trip TI~UU'i::JJ1 tl1 2552 q~\.I-l~ l;!!1~1\.1~ q~\.I\J1~ 
" 1uii"ln~~1J \1\JI'ln~~JJlAililUV\ 
I 

1i~~ '~ fl1 -rwLiitlulil ~n1u;i "'1W1wm~ni 'i::!1~\11~ 'i::!I~\11~~~JJ ~'lJ1\.a~"Y1rl l~'IIntll.yj 

101 ."' . . · 7 111 .Pl . 2/1012552 .' 

3/10,2552 

thWM1LU.i~tl ~ 

Vi LfllHUtlfl 

2 285 

269 

9 J _ 

4/1012552 
.
Lhw~~U1~ 15 

5/ 1012552 1T. ~tlUj\11.1")jW 53 

6/ 1012552 ~1UWf~'~1 70 .34 773 .11 

8 1'l ."'. · 14 III.Pl . 9/1012552 

10/10/2252 

1t.UjIl~ii", 

1il'lll!11'111.1"UW 

2 33 

17 

8 ~ -
11 /10/2252 ihwU11 85 

1211012552 ii1EJU11W 41 

13/10/2 552 1l".1'1'11""Ili1IJWf~L 105.63 333.87 

15 1lI .1') . . 21 " .11. 16/10/2552 IJ~~ 2 312 9 iJ 
17/10/2552 L:j!J~W1 ~1 43 

18/10/2552 PlPI'lI .ihwihuiln o 175 

19/10/2552 1T . ,u.i"~1W"fl1~ 5 

2011012552 ihwVlu 112.97 881 .99 

WlJriI J 

http:fl"'l:::;.yh
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1 'lI I '" 

19IVlifIYl,)I~ Llt:-J 'WtGJ I n ~,)'Wn'Cn~ L'Vh,:r'WYl~I~lnll.jfI1:i~ nl ~Vh~I'W"llil~VlifltGJil\1'LJli:(?JtltGJ:; 

ll~ (?J~ t:-J~ 17l1~~ ~Hf L~'el n(?J.jf'el~ ~ nlnl~ (?J~ t:-J~tGJ 'I nVlifltGJ'el nlnh:;~')~ J:.l~ nl:i'~(?J L~'W'VlI~ l(?JtI 
'" <U '" 

~ , 
VlifltGJ'il\1~ 1~I~rl~~~'elilnHI LU'Wntl~I'Wntl~ :;L~tI (?J nl ~AI'W,) ru~(?J l~'W'VlI~'L~.jf'il~~Yl LL~ (?J~ t:-J ~ 

'" 

• rJ'WnlJ'~'il nm,l')tI tGJ:;LL~ (?J~ t:-J~~11'WrJ'WnlJ''ililnm<btl''ll'il~-rl,)~L'l~117h~1~il~ 

hJ'il'il n~1.btl1'W~'W~¥il~"ll'il1(?) 

• J':;tI :;'Vl1 ~ ~:;~ ~ 1'W n I J''il 'il n VI ti') tI LL~ (?J ~ ~:;tI :;'Vll ~tGJ1~ Ll 'IJ'IJ~:;~ ~ 1'W n I J' 

L~'W'VlI~ 17l1~ L~'W'VlI~ nlJ''el'ilnVlti'ltl~ bb~ (?)~ e.J~'il'eln~1 

• I 
l 

Lri'elm-if n (?JU~ ~:J,Jv4 nl ~~~vrt:-J~ nlJ'~(?J b~'W'VlI~ nlJ''fl'fl nVlti')tlbb Yi'VltJL~~il'W~Yi~il~ rl'IJ 
qJ q "j 

, ~ I I 

bU'Wnl~~(?J bn'IJ.jf'il~ ~Yl AI'W,) ru'L~~~1'W~I'W.jf'el~~ l~il ~ll-W'Wnl J'~~.jf'il~ ~Yl'L~tGJl n nl J'Al'W'l ru~ I 
qJ dS qJ qJ 

'iYil 'nu;nl'iVl1h£lLL 'W'YIc1LiI~'fl'IJ;{UuuI"ilii'flL it'fl\l 

Vlih'"liln'lm~ (?J~ e.J~ nlJ'Al'W,) OJ"ll'il~J':;'IJ'IJ~,:r1J~'W'WnlJ'I?i(?J~'W1'"l1 'WnlJ'Al'W,) OJ 
q 

.
'j 

\ 

I 
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• 


1 

------------- --
Show all ___" ___ •__ ___ _ 

-------
··w_·____ ·___ ·· .. 

[ f'i\J1,I, 

.__._-- _._._-_._---_ ...__...._.-._. ...._._.__.........._..- ...M_H._.N..·N_.·H_.... ____._.. _..._______._.•..__.__ ._...• .__... _.... _•. _H._N.......___... _.H ....____.____.___......._ ..__._.. 

,-, 
i 
\ ~,\J1UU9'lf1,n)'j\,rUI'lIi\J(1'1 u) 

-1 
i\Jtl1ilJ~m1 Y;uYi 

, 
h~l'ttJ1Ulf1 LLl'tl1tJ 111.1 ~ LLl'tl1tJ l't !J1 Ulll 111.111liiU11'1 L1l~'11 

1211212009 1~~Wl.ltil\Jlll 1.1 1'l1 b~l'ttJ 1U1\jl1il Liil.ll'l~1'11n 3 3 3 3 3 ~ 

16/1212009 ii1tJt.nn ~Nl'ttJ1 1J 111~TifilnlJ 0 3 0 3 2 

16/1212009 ii1tJt.nn 
, 

h~l'tU1UlI'1 1'11U;r~ 2 0 2 0 1 

18/1212009 til l.1l'F I :L~tJll h~1'itJ1Ulflthutu~ 1 0 0 0 1 

18/12/2009 till.1l'j~~L~tJI.I h~YttJ1Ull'1l1il LUl.ll'l ~(il1n 0 3 3 3 2 

18/1212009 till.1"1~~L~ltJl.I ~l'''TitnUll'1rhufl1~f~~ 2 0 0 0 0 

20/1212009 ,'i'l.1~U~LLii~ . ~NYt!J1 U1f111'!1tjj 2 3 2 3 0 

20/1212009 till.1t!l~LLii~ tNYtU11JIflIJ1~LLYt 0 0 0 0 2 

24/1212009 Lffil.l~,nfl' ~ ~N 1'i U11J11'1LYt fil11 lJ 3 3 3 3 3 .~~ 

~tl~ 30 ~tJ1"l'fln1nl~I?i'lj;J'tln1~~TW'dru"IJ'fl'l~::;'U'U~~U~'W'Wn1~~I?i~'W1"l1'Wn1~~1'W'drul~'fll~'fln
~ , 

h.:j~t11U1'tl~~'U~'W'W'UfI'tl1n~'Vl1'ln1nl~'VlrJ
, q 

' 1' . 
I I , I I . 

II~'Vl rJlfl ~'fl'WY1ll'Uu1~ l1i'fll,w'fl'llL'tl::; l U'W-n'fll-J 'tlL'Wn 1 ~~~U~ 'W'W'U f1'tl1 n~Y1~1;;'ill'll 'fl'llLI1i 'tl::; 
'lJ q q 6' 

1ml?itl"l::;Ll~ I?i'l j;J'tl (;]1l-J~ 0.-ifl~'f) n ~-n'f)lJ'tl (;]1 l-JU'lUlh::;l-J 1 rull'tl ::;rJ'Wl'd'tl1 n1 ~tllJ~-.l1'W"IJ'fl'lWW'd tI 

ll~'VlrJlfl~'fl'W~ll'tl::;L~'fln1~Ll~ I?i-.l j;J'tlbl?itl nl?iUl-J AUVil .jJ'fll-J'tltJ'tl n1~~1'W'drun1jl~'flnh'l~t11'U1'tl 
q 'lJ 

~,rU~~ 'W"l ::;tln n{)~'Wl-J1 lL'tl::;~ 1l-J 1 H1Yi m{'fl'fl n l-J1l U'Wntl'l1'Wntl 'tl::; l ~t11?i n1 ~~1'W'd ruL~ 'fl n 

h:j~tI1U1'tl1~ -n'fll-J'tl~ll~l?i-.ltJ'tl1~llri 
'lJ 

• 

•
.,. 


.. 
-i , 



• • 
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lJl'i'l'lL'W ~i1'W"ii'rl :hI'i'l~'l9::;bi n ~'1 b-w'Wn'1:1' ~'l-ii 'rl:hl 'i'l~lJl9'1 n n1 :I'~'1'W'J ru:hl'1~h'l LU'WLbt:J'Wn'1),'rl'rl n 
~ qJ 'U 'tI 

VI't.\'J t.J bb'i'l ::;~'rl'l"lJ'rl'lJ~'i'l'1 m1U~'llH\"m '1'lJ'1 'i'l ~ iJVI ii'1 ~ ~'IJ'lJ~'W'W~'rllU 

4.3 nl~b~'el n1fi:nl~~1 b~ tI~'U f'I~l n":l bb~~b'l"n.nru'VIi.'\J nl~'Jl~ bbl!J'W n1~'el'el n , . 
'Vi'tl'Jmb'U'U131IPi'flb.Q'el~ 

VI iJ19'eln1:1''Vhn'W"lI'rl'I :I'::;1J'lJ~rwu~'W'Wn1~r;l"'~'W191'WL~'rl n~fi n1:1'~ '1 L~t.J'l'lJ r1 'i'l'1 n:l'. . . 
\ 

LL'i'l::;b'J"ll.nrusvlbb~cP1'll~~'l:l'tl 31 
<u 

,- m'l~'U'V\l -------, . .. -............ -.---.-...- ..-..----.--------.. - .
J 

! '" :-'ill,1'l1Jlh::m ill ..?~.?..?________ .__________~~ 

~~~1~ [~.~-~~~------ ------------~~ 

~ =.... . -.-..-.....-.-..-....---.--.-.--- --.--.---.~
l'Uu!lU~m'l Select One · _ 

12/"12./2 552 .'" 

16/12/ 2552 

18/ 12/2 552 V, 


~~rnJ~'U'V\1 

l~ Custom I 

, 0 
D 

D 


I D 


..! 

'ifi1i1Latl~ r.:t1:; 111~ <i1"''l''''[1 L'lfl1L~~t1fitJf\'" lI(J~:;Lti(J~ 

Direct shiping; 335 5 68.4f i..rl 
, 

Meeting point 219 4 87.33 L!l! 
Pickup '" 

'i 268 2 91 .07 [J 
Custom I 

I 


I 

! 
! 
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." 
i 
I 

I 

b~'tlbb'Cl(PI-:J r..!'i.'1 n1~~l'l<n ru!?l'J~-r(PI1?l1-:J1"lJ!l-:J mJ'~l b~ml'W~'\Jbb1J1Jm~ih b~m1Jfl'i.'11 nnb'i.'1~ 
b 'J"lln ru6f1~1J bb1J1J 1?l1-:J1 

"" 0 

ntl'i.'1~b'tltl(PIm~'Vll-:Jl'W 

VlUl"'l!le"'l~bb'Cl (PI-:Jr..!~ m~~l'W'J ruVl~-:J"'ll n nln~'tlnLN'V'ltl11JllN~ fl'J~'ClUU'Cl'W'WUfl'i.'11 m 
q , 

b91VlUl~'Jl-:Jbbr..!'W'Cll:Wln)b~!lm''\Jbb1JUm~~lb~tI-:J~-:J~ 3 J''\Jbb1J1Jl~bbri ~-:JI?lJ'-:J "'l(PIUU'V'lU bb'i.'1~ 'J'W 
~ ~ q 

I 'V' , 

fu bb'V'l'Vl cl' ~-:J bb1?l 'i.'1 ~~fi"'l ~ bb'Cl (PI-:J !?l'J~ -r(PI 3 !?l'J Vi ~1 ~'1J ~'tl~~tI ~'Vll'lJ''J:W ~ 1'W'J'W~rlViH1'Wm J'''lJ 'W~-:J 

bb~ ~ b'J 'i.'11 b'U~tI ~-:J~1VlUn"lJ!l'l mJ'~Ufl~ 1 n~j"Vl1-:J nI nb'V'l'Vlcl' 1 fl'Wl-if b'llN11'\Jl'Wnln~'W'Vl1-:J m-if. " 

, 11 I 1 

• LN'V'ltl1Ul 'i.'1'ClUU'Cl'W'Wl'Wbb1?l 'i.'1~-r'Wn1 J'!lTl nmJ'l tI ('~'WVi n1~'tl'tl nmJ'J tI)~ 'l 
: q 

,'" , 
• b'J~1b'U~tI ~'J-:Jtl1Vl,rn"lJ'tl-:J nlJ'ViUfl~1 n~'Vl1-:J nlJ'bb'V'l'Vl~ 1 fl'WB b'J~11'\J1 'W 

q 

• ~1'W'J'W·bb'i.'1 ~~1t1 ~ ~b~tI (PI b'J"llnru6f1~ ~Tl-:Jtl11111 'Wbb1?l ~~fl1 U b'J~1 nI J'TlTln, 

b~Tl0-ifn(PI~:W IPIn-a4 "'l~bb'WmJ'~(PIbnU.;r'tllqJlN~~1'W'J ru1~~-:J1'W~1'W.;rTllqJ'i.'1 b~!l (~h bti'WnI~ 
~-:J.;r'tllqJ~~Hl"'l1 n n 1 J'~I'W'J nJ:w 1 'Clj1-:J dJ'Ww:mn lJ''\J~1J'1l-:Jl'W~-:J bb'Cl (PI'lL'WVlUl"'lTl r;i(PIl'\J 

4.4 n1~~ fl.:1 LLe·I'U nl~'el'el n'VI,j1t1~l'VI~'U n1~11':\ LLeJ'W nl~~1 b~tI.:I'IJ f'l -al n ~ bb-a::: 
. . 

b1"l1nr;u.viLL'IJ 'U ~ 'el bi1'el.:\ bb-a:::la.i ~ 'el bi1'el.:\ 
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Tn1v1tnn 

u.Uth:1Jl04 : l255i _______._.__..___._ ..__._.____._J 

~JWl~. L~i~T~=~-==~=-~:==~~~-=-~=1 
~········---·----··--··--·--·····---·-I 

nilml1Jn1TImn : i 'llUI/lfll"nJ . v 

----_···_---_·-···_·--·_··1 

t____._ 

YiIJLL~l'1£Ji1 lt1f1~~nlltbtJ RCl1t1fl lIlJltJLlI9\ I ~ 
1 5/11/2552 ihuA1U~1 

6/11/2552 thull'lN1~ II2 8/11/2552 thuttl~uii~ 

9/11/2552 lhuM"lw.J1n 

'10/11/2552 t1~1i"j111ffiu 

3 ' 11/11/2552 10'1 f : 11'-lYlfl-l 

'12/11/2552 ~',n1w'r't1it:::l;.i(JU 

4 '14/11/2552 ~1filA1nAl-ln"!ltj~ 

'15/11/2552 ~:lmh. IE 
,. 

__-L...._.__ ___._________________________._._____________._i 

utlYin 

; 

.; 



I 
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r----···--··---·-·.··-----···:-·--··--- ---, 

tJ.Juth::~nrn: !255~· viA 

ltltJUYfYHJn1?ll 5/11/52- 6/11/52
}-----t--------::-:-'--:.---+--"-'-'::..:..:.."--'--'-!...-.::::..!.-'----t--------il 

1,.l,ltILlYfYl[hli~l11i 5/11/52- 6/11/52 I 

5/11/52- 6/11/52 
5/11/52- 6/11/52 

~ ~ ~ 

II'Vmm~(lN1Ul"lll 8/11/52 - 10/11/522 

8/11/52 - 10/11/52 
8/11/52 - 10/11/52 

f (;' A '"'" "' ,. 

~___L-_~.. \_\~_11_0_~_ru~.J_'_~l_'_~_O__~_8~/_1~1/_5_2_-_1~0/~1_1~/5_2-L______~J 

______J 

,I 
.
.; , 

liJ~ 33 Vi,JlfOj'rln1:i"vh'lI'W"lI~,mr.J'WiJll~n'1:i''rl'rlnvlt,bmLYii'ltJLr1~'rl'W~mJ1J(;]lmti'rl'l (Tab ~ltJ~t1 

LLYii'ltJ) 

.;, 
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" -:lhJ fl Tluon!lLwmu i TlU~mJflinm r UI-lt4n1'L~t4m~ 1Ul-lllnTrnllli~ i.• ..... • _-_._._ _ •__•••_ ••••. - """"r-r••_._.Jt-.............. -..._-___............_.•._.....•..__.. _._______ _....______•..• _. '.HH..........._____....... _. ___...._...____.. _...___ 


11U;o1) 1h:L11'1'1 

lUJ'lI1[J V1wniiu1fl 
f)~~Hr I'lUmiiU1fl 
'!Ill: V1wniimfl 
Lni;i( Yl1.l(lliimfl 
mt~ I'lUmiimfl 

2 '1I4U V1umiimfl 
-UUlt4 I'lUmiiU1fl 
lUlll'l I'lUmiimfl 
<~ V1umiilJ1fll'l~_nWl 

ltl~ 34 ~iiI9'tln'):i'Vil'lI'W"JJ'fl'l bbe.J'WtI~llil n1 ~'fl'fl n'l'!I'I.hmbV'l'Vl£JbrJ~ll'W~ bb1Jtl (?]'fl bti'fl'l (Tab ntJ~'fl 

1JrJ~nm), 

fhJLlYfnUrl l\1Y1!l!lnmbu 
1 5/1i/52- 6/11/52 
2 8/11/52 - 10/11/52 
3 11/11/52·12/11/52 
4 14/11/52 - 15/11/52 

-J\I!l!lmii\lm~ 

4/11/2552 
7111/2552 

1011112552 

1311112552 

8.00 

8.00 

8.00 

8.00 

,1.iJ 

~ 

i Enler Text. : 
·-···1·--··········...·•·•·••••··...·• _ ...................--." 

. 

1]~0l1il!lmni1(J -;: -r ~~ 'k ;': 0 ~~ffiu 

._ _ _ _ ._.._._...._ .... ... _------'----'----'----.. .. . - __L---- -...._ ........ ...... 

I uunn I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

I 
I 

I 

I 

~_-...J 

ltl~ 35 ~i!19'fln1:i'Vil,n\.l"JJ'fl'lbbe.J'Wtl~~n1:i''fl'flnV\tl'JmbYi'Vl£Jbrl~'fl'W~ bb1J1J (?]'fl b ti'fl'l (Tab 

bbe.J'Wm~b~'W'Vll'l ) 



102 

U~\J\h:m CIt • [E~;II~_~!_::~~=:~:~=:~:=~~] 
i~rll<1 : iE~~-Te~t -------------1 

r=-;--:- 
nlln-i13Jnl11njjl , E:nJe~Te_~t 


fl'l4r11 II nf\UI'\1hVl.tn I 

,

i -;t-;;11ITn~ooYfYltf'nu~~-1J-Yl ~lnr~~~nl1L~h4tl~ LlJmnlnJ'I4a~ I,...--.---.-..-----.-.- ..-......-....-.-.-~---..... .. --_......_...._......__.••.......__.__....•._--_._.._- .._--_.__.._- . .... ..,-_.....__............_-_ ..._...._

J 

j iJ 

~ml1.1Yi 
1 

2 

11.1YieJeJn'>lultJ 
5/11/2552 
6/11/~552 
5/11/2552 

tltln1nn 
1'11'1"1 _n'IIU1 

U1UfllU~1 
MI"l ,n'IIU1 

nJ ~ 
tl1uf11wn 
ulul'111J11J 

thufllW11 

6/1112552 U1UfllU~1 ulul'111J11J 

3 8/11/2552 I'II'I~, rl'lllj1 Ulu'111JLl\lJ 

4 

9/11/2552 
10/11/2552 
8/11/2552 
9/1112552 

U1UttlJll\lJ 
U1U\l~tJt.nn 
1'I1'I"I , l1'11U1 

ulu'iUJLl\lJ 

U1U\l~mJ1n 
hlill1YiUlreU 
tl1uhlJLl\lJ 
U1U\l~mJ1n S] 

~u~ 36 Vf-W19'f) n'l~'~h:j1'W"lJ'f)'1 bbr.J'WU~U'1l n'l~'f)'f) nVftl'Jmb'V'l'Vlrrbfl~'el'W~ bbUU (;]'f) bti'f)'1 (Tab 

bbr.J'Wn1:i'''lJ'W~'1) 

, 
, 0 Q/ I , I .c;9 

bbr.J'Wn'l~'f)'f) nVl'W'JrJ 'o'i1V1:i'U n'l;i''f)'f) nVf'W'JrJ bbUU (?]'f) b'W'f)'1 

:i'1t1'tl:;b~t1 CPl n1:i'H'I1'W in~~1'W'o'i1J-J1 ~Cl b1t1 n1-n'lTt,m-W19'f) n1 ~Vi 1'11'W~1.Jl91 n n'l:i'n CPl b~'f) n91 n 
'U 

bbe.J'We1'1 ~'W1.~~ 'J'W"lJ'f)'1"lJ'f)'1 bbr.J:~U~~ n1:i''f)'f) nVltl'JtI bb'V'l'VlrrLfI~'f)'W~ bbUU 1Pi'f) bti 'f)'1 bCPltl i:l:i'1 tI 'tl:; b~t1 CPl 
... f 

b'WVf-W19'f)n'l:i'Vi1'11'W ~'1-w 

1) 

b~'W'Vl1..$ 

2) .]'f)~ 'tl'Vl :;b1JrJ'W'f)1 ~ '1 'o'i,rf1:i'~ ~,rf1:i'L']1J-J1U~U'1lVfl';h~WlJ-J bbr.J'Wn'W'f)'f) nVltl'JtI 

3) .]'f)J-J'tl:i'Cl~H
'U 

... 

bCPlrJb'WVI-W19'f)n1:i'~h'lbLr.J'Wn1 :i''f)'f) nVftl'JrJ-W~'14-J1nl bbD'I'f)'f) n L'lJ'W 5 Lbr.J'Wn1:i''f)'f) nVltl'JtI 


'i 
I 

f 

http:nf\UI'\1hVl.tn
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I I" '" 

VI-wlYil'lXu1'm ~1'lJ-n'd.:J l'd ~1V11'ell~'lJVlI.:J nt ~'el'el nVll.i'dutJ'W1 Li?lU ll'~ 1M l'U'W~tr~YiJ.J 

ll~VI~.:J1~~1 nVl:::: lllU'W'ell~1 ~~fI~~vh nt~~~fln-nlJ.Jl (9n~ llt-J'WnlJ''el'el n Vll.i'dU 

In'el.:J ~'W~ l~tm~i'el'el nltJ l~m11 ntJ'fu~~flJ'U,fI~1mm ~1~~f1J'Li?lU1'Wllt-J'Wn 1 d 

o dtr~~:l-lll~VltJtJDu'1l.:Jl'W 

o ~m'W~ll~::::t)'WntdtJDU'1l.:Jl'W"lI'el.:Jll!?l~::::~m'W~ 

' ; 

• Tab J'IU~'elll'V'lYltT (J'1.J~ 33) dJ'Wnlnl~i?l.:Jntl~::::l~tli?l"ll'el.:Jufl~lmtJd::::lJlVl 
\ '" , 

lL'V'lVltJ~.:J dJ\JUrl~1 m~lf1ru1hlntJ'1'lXu1'n1J'Vll.bml'V'l'VltJlrl~'el'W~~.:J dJ'W-n'elJ.J~ 
.1 q Q.f 'U 

l~'el J.J LtI.:J Li?ltmX'Cl~J'el.:JYiJ.J II~VltJll~ i?l.:Jnu~:::: l~tI i?l'J1 II'V'l'VltJf1'Wli?l'elul'WYi ~ II~ VI tJ. '" 

o dtr~YiJ.J llY1VltJtJD'~.:Jl'W 

o nt:J~'e)ll'V'l'VltJ~'elul'WJ'tr~~J.J
'" 

• Tab ~1t1~'f.lUrl~'Im (J'1.J~ 34) dJhln1nl~i?l.:Jntl~::::l~tI!1l"ll'el.:Jufl~'In~tJJ'::::lJlVl , '" , 

~'W1~hJ1-nt'l'V'lVl tJ~.:J ltJ 'Wi-J fI ~ 'I n J''CltJu ~ '4 'W1'Wn 'I J'1'IXu1'n 'I J'VI't.b till~VltJlfl ~ 'el hl~ 

~.:J dJ'W-n'el~'~ l~'elJ.J LtI.:J '"l'l n J'tr~"ll'el.:JYi J.J II 'V'lVl tilhlVl:::: l Utl'W'el'l ~ 'I ~~fI J' ll~ i?l.:J"'. 
~'I tI ~:::: l~ tI'Vl~'IU fI ~ 'I n J' fI 'W li?l'elul 'W Yi J.J ll'V'l VI tll'W J'tr~ ~ ~ ll'V'l VI tJ~.:J ~ 'el.:J'f.l'f.l n 

,~ " 
\ , 


tJDllil.:J 'I'W6jJ~,:m!?l~ ::::l~'W 'Vl'l.:J Li?ltl1'W~'I tI~'eli-J fI ~ 'I nN ::::ll~ i?l.:J-n'ell;j ~ 

, 

o J'tr~~~ll'V'lVltJtJDu'1l.:J'I'W 

o J''Itl~'f.l''lJ'el.:Ji-JfI~'I n~~'el'el n1.JDllil.:J'I'W 

o -rl'd~l'd~'In1~tJDu'1l..,'I'W 

o 1.JJ'::::IJ1V1U f1m m~tJu~'W'W, , 

http:fln-nlJ.Jl
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.. 
'; 

rlhl ru ~m-W~'e)'e)m~hlVl'l~ ~~'e) ~~hlVl'l~hhJllu~ n'1d£?l1:I-J~hl~ !?l'1~11hlb~W{l1~ 
n '1 d'e)'e) n Vlti~ tI"lI'e)~-rl 'N b':l~ '1t!hlt~tllhl~~r.,Jhln '1 db~ hlVl'1~"'l::; b~~ (?l~ -n'e):I-J ~ 

'U 

o dtr~Vl:I-J bb'I-'JVlcl"tlll~~lhl 


o -rl':l-1b':li::nnldtllJ~~lhl 

, 

Q ~ v ~ 

o ~ mhlVl'e)'e)m(?lhlVl1~"'l'1n"'l~Vl':l~ 

;~ bbr.-lhlnln~hl'Vll~~ 1:I-J1 dr;)tlflJ ~tl~tlhl~ mhl~'e)'e) n b~hl'Vll~Jllt11hl"r~v!r)~1~Jllt1Vl~~ 

1?11:I-J A':ll:I-J ~ ::;(?l':l n"ll'e)~~hl~ bb~::; A':ll:I-J'I-'J ~'e):I-J'lI'e)~1J rll:'ll n dbb'~::; b ':l'll,n ru"tlb 'Unl dtllJ~~ lhl"'l1~; ~ bbr..Jhl 
'i.I , i.- I , 

i:h91VlihVl~lfildru~"lI~~Vlr)~~'I:l-Jldr;) b-iil~~ nldl-nV!'W'l"'l'e)lhlbWlJv.t~ b-w'e)yh nlntl~tlhlbbtl~~. , 

• Tab bbr..J~nld"llhl~~ (ltl~ 36) btlhlnlnb~~~dlt1l:'l::;b~tI~~ldmb!?l'i.'l::;~hl"llhl 
'; 

lJ rl 'i.'l1 n dVli'e) b':l"ll,nru"tl1.~,~h~ bb~::;n n1 n~hl'Vll ~ (;11:I-J L~hl'Vll~ n'l d'e) 'e) nVlti':l tI. '. 

'e)t.h~h l~tlnl d"llhllJ rl~l n:i'r;) n ihVlhl~1~"lIhl£?l1:I-J ~ 1 ~lJrl':ll:I-J~l ~ru"ll'e)~lJ rl'i.'l'1 n:i' 
q " cv q 

o rhV!hl(?lnlffitlnb~hlVll~ 

o ~ bllhl ~'e)'e) n b~hl'Vll~ bb~::;~ r;)lhl~'"l'e) ~1hlLb!?l'i'l::;r)hl n lJ''e)'e) nVlti':l til hl 

-rl':l~ ~ ':l 'i.'l1 n1J'b~hl'Vll~ 

o d1t1'i'l::;b~tI(?ld1t1n1d1J•rl'i.'ll ndbb'i'l::;~'J'll,nru"Vl~"lIhl1tl 

~ ~ bLr..Jhlnl J'"lIhl ~~ ~llJ1 nl1JflJ Ltl~tlhld1t1 nl dnl J''lI hl~~1~Jllt1V! ~~ (;11:I-J rl':l1:I-J ~::;(?l'J n1hl 

nl dih b~tI~1J A~1 ndbb'i.'l::;b':l"ll;.nru"tl1.hlnl dtllJ~~l hl'"l1~ d':l:I-J ~~tlflJ b~:l-JV!j'e)'i.'l (?l91hl':lhlHl~1-iflhl 

nl J'~1 b~tJ~lJ A'i'll nd~~'i.'l::;~'JI'jl,nruoy]~~ ~~r.-lhlebJl'1v!Ul~ ~lfildru~<JIr.r~V!r)(?l~1:I-J1 d~ bill ~~ nl J'1-n 
q 0, . q 

'lI I 'I 

VlU'l'"l'e)1hl~b(11J'W1~ LYl'e)l11 n"l'd~tl~tlhl~~U'i'l~il'e):I-J'i.'lJlltJlhlLLr.-lhll'IX bV!:l-Jl::;~:I-J rllJnlJ'~l bUhl~lhl 
" 
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! 

, 71"11tl;
L.~_-':"_ _.. ~. ,' •. ______ _ 

Ltlm.. , 

1-l~n1,Ii\"'11 

tl1lU Ln~j~i~~§I;J-~!a.~~f;:~JliiI~~~;ji~~iL_______"_________________ 

1un lI't11un nil n17lJ n17~ml1 h~VW1U1~.rn_tJII'UU 
LNViU1U "1f1lhnvitl 

LNl'itJ1U1fl1"1lYffhl 

i1"1nU1U1 ft"'1~~ 

'i1in11~1Ll1U~ 

1u~uuvmu 
li~ttlU9l7~ 

"' ! 
. ,., j 

! 
i 

.'3 1 
i 

12/12/2551 

19/12/2551 

~'lm.nn 

1NlitJ"U1"11~ : <iiU" 

f"If,J'tUl'tYlU 

fi1~ 'u\'n'o 

" , 
, 

1. 1 

~

'i 
1 uufln 

zu~ 3 7 Vlii1r.Veln1J''Vhn~''jJ'el~n1J'UDU'1l n1J''el'elnVnl'JmLYl'VItJLrl~'fl'W~ lLuuhl I?l'el Lti'fl~ (Tab 

vY'Jlu) 

rl1 "j fluvn 
--.----- -I 

......-.--.~--.. j 

L~~.~?~~~ ~!'__..:.._.,..._~] 

[~~~z-~~~·_~=_--=-~~ 

'mn'l1"'\m~ 


tf-ilif nU~ElLL'WYlU ~ TlU~a.u·fl;:'n~ U~\4n')'t1I\ui.,) 1 


-1u", lIenu.., i~n., 

12/12/255 1 lkwe.r'ln lt~Vtf..I "lU.."ItI1Ii'1lYffi-J 

19/12/2551 hJLitlu,,j-m'''1i'1:::"Ltiuu h-lvtU"11I1t'lff1'Ui!-l tJ .,tt1UwvttJ 3

l
I 

_____ ',_____, 

---, 

i 
TllJ'"JH1U'Vi'YlU ~i! 

'UltJu'VHltfarn~ ·~~tl l 
U.lt1Uy.jYl(1fUJ~~I ".ij ~.,., I ~ 
"l[JlL....n·Hrl1~fln tl t 1 f 

i Iu,uu..... ..,u~"u _. 
"'UU'W't1UlilU\ 

W1W~~'YH.r1")!';.,nfl 
,

I 
I 

J~1d 
! 

..., .. 
J'1tJ"ll'elLLYl'VItJ) 

http:U.lt1Uy.jYl(1fUJ~~I".ij
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I I1,"Yi . 1 (1fl,"Yi ~1fl,li~ A i 
b'llin!Hln 

i 
~ 

12/12/2551 1 6:00 8:07 

8:07 8:20 , 
8:20 8:30 

19{12/2551 2 8 :00 8 :07 I 
''',w 

8:07 8:20 I 
8:20 8:30 II! 

1 8:00 8 :30 

2 8 :00 8 :30 

3 8:00 ~,,"w~=~fiu," 8:45 ' g j 

! ., 
l..___.... ._. . _ . ........ ..______.... 

lJ ~tJlh=mrn : 

wA n1 7fl u,VIl 

'i- ' !)--'Yl -=' ,tJ' 'ii - lJ,Ol ,,,-- l U.~ ''[1'l'1J,-,,",,,I>i,-,,~--,·___________.~rDtffi-U.w-tJ '""T
' !) - --m ''' '-i-l ": : 

-r....ti Rtn'..li ~~n., lh=~I1'Yl ;l,....,'" l,tJ'ii fl lJmnm 
12/12/2551 mmnn l Nl"4tJ1U1f1l.hmitl Wi'nlJ, fl 6 nil 

n....nnl 
th,";]wV 

<mrn 
V<"lItJ, 
n7inJJ~ 

I.I1ffnn1 1 n,"mnrl 
LNWtl1 U"lAifl IYifhl I.I1ffnnl 1 RYl nv-mi' 

19/12/2551 tNin1Uu1~~:: liitl'U LNVt1l1U1fl"1un.J WmlJlfl 6 ,"~"""lI I 

l.~ 

I 
ILl 

i 
 f 

·~j

L_......_.._.._......___....._..........................._..................... _.........__...__..............._............._.. ... _.......................................1 


:T~~10~·_ .._ ·····_ ···_··_·..·_ ..-_·-_·_-_~1,~ ··· ··_ ···_ .._· · .. _ .._ .. · ·-v.

~~€J'" . 

j 25;52, ... ....----.~ 


'----'-__ ...J 

~~ni'lf)~YlI 

r;t.;t~·li·nvb~yIl1T;::;~-;;~~-;;lnJJ u.~.... ml'1J""~~ L .._.._._........................................_..... _.._.................................'\
_ 

li~ 
TI-n.hm1!l 
m.1~~Wil~ 

Yi'1mnn 
m .thmi!l 
'l'W.1~~Wil~ 

y;,tJ~ln 


~,....w~:~fiu.... 

~',"W~:~fitJ'U. 


_______________. .____ . ._.____J 

~,"fin .1 

~1.J~ 40 ~tJ1'"l'fl n1J''V'i1'l1~"Il'fl'l ~1J'1.JlJ1J~ n1J''fl'fln~tl'JmLYlYliJLrl~'fl'W~ LL1J1Jhll?l'fl Lti'fl'l (Tab 

LLe.J'Wn1~'W~'l) 
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LL~'Wn1j''el'el n~t.htl~TVlhJ n1j''el'el nVl'w'dti LLUU hJ 1P1'el Lti'el--:J 

j''ItI'i'l::;L~t1 ~n'lj'l-if'l'l'W m-if'lI'W'CllJ..nnH1-t1 n H--:J'I'W~iiI9'eln1j''V'il--:J'I'W~1Jlr.n n n1:fn (?) &eln9'1 n 
<u 

Lb~ 'W~'1 ~'Wlir~ 'd 'W'll 'el'l'll'el--:J '~b~'W tlTIU~ n 1 j''el'el mnl'dtl bL ~ 'V1 £JL~ ~'el'W~ Lb Uuhi 1P1'el b ti'el'l b(?)t1 il . 
ntl'i'l::;b~t1 ~1'WVI'WI9'eln1j''V'il~I'W ~'1~ 

1) ']'el~ 'i'lrJ:r:::lJ 1 ru nl j'lJ ~ 'i'l 'I n nL'i'l::: L'd6JIJlru'¥lL'W ~'W~ 1?l1--:J 1~ ~ n~ (?) 1t.lLLlP1'i'l::: 
I 
j 

b~'W'V1'1'1. 
2) ']'el~'i'l'Yl~bUtl'Wmll1'1'Clar~j'~'ClarrmiillJltll)U~~iil~ (?IllJ LL~'Wn1j''el'el nwtl'dtl 

3) ']'ellJ'i'lj'n~H
'\J . 

']'ellJ'i'l~1Jl'"l1 n n1),~'1'W'd rumlJ),1JbbUU~fin1),~1 L~mb(?)t11'W~iiI9'el n1)''Cl¥I--:J bb~'Wn1),'el'el n 
'\J <u 

~ ~ 

wt,htlt11111:w1nlbbU'I'el'elnbU'W 5 bL~'Wn1),'el'elnwt,htl~--:Jt1 

• Tab vY'd1tl ()'tl~ 37) LI.'Cl(?)--:JbL~'W),'dlJ~tl.,:ju'eln~'Iih~'W(?)n1),'el'elnm"btl"1l'el--:J~--:Jwr(?)
'\J 

iln'"lm),lJn1),'el'elnwtl'dtll!?lUl--:J ~'WU'i'l:::L'd~nl'Wn1),'el'elm..nl'dmblP1'i'l::;~'W~ 1I1bl1'W~ 
~l-ifl 'Wnl )"~ 'el n ~ti'd tI Lb'i'l::; n 1 ),'el'el n ~ti'ltl bblP1 'i'l::: flf--:J b:i''1Yltil Ul 'i'll!?l'Clir U 111'4 'W 

. ~ 

'l..;j fl 'i'l1 n)'1'W M1 ),'el'el n ~ti'dtlb(?)t1 LLeJ'Wn 1 :i'tll)U~--:J l'U:i''d lJtl :i':::n'elUltl Jl'dtl.]'el~ 'i'l ~--:Jt1 

j • 

o 'Clbl)'WYi'el'elntlTIU~--:Jl'W"1l'el--:JLLIP1'i'l::;~'W 

o bNY'ltl1Ul'i'l~'V'iln1),'ClirU'Cl'W'WUflmm, , 

• Tab 

~ti'd tI bb 'V'j'YltJbfl ~ 'el'W~~.,:j bU'W']'ellJ 'i'l b;'ellJbtl.,:j nuh--:JYl tI1U 1 'i'l~'V'i'l~iil~'ClirU'Cl'U'U
'\J , 

U ~ 'i'll m'V1l.,:j nl nL'V'j'Yl t11!?ltll 'WbbeJ'W),l t1;'elLb~'Yl £Jlh:::n'elu1tl Jln,x'ClYllJ LL ~'VI£J, 

tll)~'ll'W . 

o ~'U~'Iffi'elnWW'lti 

o h'l~tI1Ul'Cl~'V'i'ln1),'ClirU~'W'WUfl'i'llm, , 
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• Tab ntJ~TlUA't11nJ' (:j'1J~ 39) dJ'Wn1nl~(?)'1ntJ't1:::l~tJ(?)'llTl\lUA't11n:i'1_h':::I.JYVl, '" , 

~'W~hn"llllYfVl~'1 dJ'Wu A't11 n~~,ru~'W'W1'Wn1~1'lXu1nl~m,\')tJ IIYfVl tJlA~Tl'W~~\l, , 

o ~~~~C1 

o ~ C1~ 'W~ TlTl n l~'W 'Vl1 '1ll~:::~ C11 'W~9Tl (?) 1 'Wlll'l~:::1''Wn1 ~TlTl mn,h ml~::; 

o 

l~'4'Vl1\l'llTl\l~mll'l't1:::A'W 
I 

ihVt'W(?)l,)~1TlTln91n~m'W~~:w~'WhJ£J\l~m'W~u~1tJ'Vl1\l 

I iI I I 

l~1'j,1ti1Y1~1fi1 ~ru~'ll~\l'j,11'(?)~1:W1:i'C1l-n1 ~\l n1~1.jf'j,1ti19Tll'WllC1UuHr L ~'f)vl1 n1:i'Lu~tJ'WllU~\l, 

~'1ll(:,J'Wn1~'ll'W~\l~1:W1~C1UfulU~tJ'WntJ n1~n1~'ll'W~\l1~Jl1tJ'j,1~\l!?l1:W A,)1:W~ :::(?)') n 1 'W 

n1 ~~1l~tJ\l1J A~1 nnl~:::l,)"l!Jlru-vil. 'Wnl ~t1lJU~\l1'W91\l ~'):w ~\ltlf'lJL~:W'j,11'f)'t1 (?)~1'W,)'W:i'C1~1-if1 'W 

n 1 ~~1l~tJ\lUA~1 n nl~:::L,)"l!.nru"VI1'IXl'j,1:W1:::~:W n'lJ n 1 ~~1lU'W\l1'W, 
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' j 

\ 

, 
o Q ~ Q.I 6". 

n ~:::U'd 'W n 1 ~'dI-.1llf:..l 'W n 1 ~'elll'el tI~U ~ 'ell n ~'V11~ nl ~ IIV1 'Vltlll'el :::VJ"llJl ruSVl f:..Il'W~:::UU 
.. q 

~1 ~~'Wl 'Vl ~ l~tl~tru ~ 'W'W nI ~vll-.11'W'lItl~~1.,h till'I"l'Vlcl"l~ ~tl'W~tltl n IIUU~'WvlI1~191~\JI~'dI-.1llf:..l'W
q 

~1~I~rlvll~I'W1Ji'~It1 ~:::~'d'n ll'el:::~'d ~ l~'d~'W b~tI m:::U'J'Wnl~~vrf?J.J'WI~'W~ ~'JI~~tl~ ~~tl-.1 flU 
i.I I I I 

n~:::u 'd'Wn 1 ~'d 1 ~ lll:-J'W l~~YI-.11 'WJi'1 'W-ntl ~'elVi~llu'W1'Wnl:i''dI~ lll:-J'Wll'tl:::l~~ l~J.J1'W~'d'W-ntl~ 'el Vi 
. ~ ~ 

1'W~ 1'W':J9t1~1Ji'yh n~ ~~ m~n ll'el:::':J Lrl n:::in :i':::U'J'Wn1~vll~I'W1'Wn1:i''J1-.1 LLI:-J'Wni ~~1L~m 
Url'ell n ~lL'el:::L 'd"ll.tlru6fl'lltl~~ti'JtI LlV1'Vlcl"L~~tl'W~ L~tl-vrf?J.J'W1 ~:::Uu~tru~'W'Wnl~!?l~~'W1~L'Wn 1 ~ 

q q 

'd1~ lLI:-J'W~1 L~mU ~ 'ell n~LL'tl~ l 'd'll.tl ru6flL~tl~tru~'W'Wn 1~1~u1n1~~ih.h:::~'VlfiJl TY'llL'el:::~'W'Vl'W1'W 
q ' j q q 

I ~ I I 

nl~'lI'W~-.1Yi l~~1 :::~l.J b~tI~1'fl m.h:::~~ ~l~tl'el ~ ~'dI~tJ~t!1 n L 'Wn1~!?lt?I~'Wl~'lItl~ L91~\JIYi'dI~ lLI:-J'W 
q • 

I, I '" 

1.jftJ:i':::~u nI~ru'lltl~ 191~\JIi1hl~ lll:-J'Whlnl~'JI~ Lll:-J'W bt?ltl:i':::Uu~tru~'W'Wnl:i'!?l~~'W1~Vi~f?J.J'WI~'W 
q 

'J1~ lll:-J'Wtltl m U'W 2 fl~ n nl.J ~tl nI :i''JI~ LLI:-J'W9t?I L~'W'VlI~ n1 ~tltl n~ ti'dmh~ f1J n1:i' 1 ~u1n1:i'~ti'd tI 

lL'I"l'Vlcl"Lrl~tl'W~ lLUU I?ltl Ltitl~ Ll'el::: nI ~'JI~ lLj;.j'WL~tl nbJ',,:jV1t!1UI'tl ~tru~'W'Wu rl~1 n:i'Ll~:::d1J LLUU nI:i' 
q q ~ 

~ll~tI~~ ~'Cl1 nnL'el:::L'd'llJlru"YIl1Jt:J~~'W~tJ~1~~I'W~I~fun1~1~u1n1 ~m.i'Jtlll'I"l'Vlcl"lrl~tl'W~ llUU 

hJ I?ltlltitl~ b~tI nI J''JI~ lll:-J'Wn1~9~ l~'W'VlI~ nl:i'tltl n~ti'dtllu'WnlJ''Jl~ lll:-J'W1'WJ':::r;i'u n'Cltl'Vl fil~tl• 

~ ~1-.1llj;.j'Wn l~tltl n~ti'dtl~~ ~~'W'VlI~ nl ~tltl n~ti'J tlJlIt11~~:::tI :::'VlI.,:j~ l~~I:::~l.J LL'Cl:::n 1~'JI~ lLI:-J'W 

L~tl n b~.,:j 'I"l tllU 1~ ~tru ~~'W''-J rl'Cll n ~LL'Cl :::ltJ LLUU nl~~ll~tI ~ lU'WLLI:-J'W:i':::r;i'UtJ~,j~ nl~1 'W n 1:i' 

~1 b~tI-.1U rl'Cll nnl'Cl::: b 'd"llJllli6flL~tl~tru~'W'Wni ~1~u1n1J' bt?ltJ1 'Wni J'fj Lrln::ibLj;J'Cl:::'VlI~ b~tl n~~ 
q , q, 

,t.; \ I , 

t?i1~1Vi bfl ~~ 'WL 'Wm':::u'J'Wn.1~!?l~ ~ 'W1~ L~tlVi n1 :i'~I'W'd rutJ :i'::~ 'J ~ j;.j 'ellltl~:i':::uu ~tru~ ~'Wn1 ~ 
.. , 

!?lt?I~'W1~~::~1l.J1 ~rlvll~ lulJi'tltJ 1~ ~tJ~:::~'VlfiJlI'Y'1 bl'Cl:::L ~~llntlUYi~ rl ruJlI'1"l L ~l.J 1:::~ ~ Lb'el:: 
q 

• I,... tJ 

tJtll.JfulJi'JlIt1L~ b~tl'Wl'lIj;JI~lVi bfl ~~'W1'Wn1:i'~1 bU'W,n'W~1~ b~tJ '"JruJlI'Y'1lltl-.1~llntlU~'Wtl~flU 

th9t1~~'Cl1 nVlmti b"J!'W rl'JI~W n~tl~'lItl~-ntl~~\jr1b-n1 rl'dll.J rl~Umtlu rl~l.J'lItl.,:j-nmJ'Clt:11L-n1 Lb'Cl::: 
qJ qJ q cu 

. I I '" 

tJ~:::~U n l~ru1.'Wn1~!?l ~~'W1~'lItl~ b91~\J1Yi'dI~ bbl:-J'Wsn~ bu'W~1.jf~:::UU 'Wtl n'"ll ntlt:J~lJi'\j1 b~'Wtl., 

http:bu'W~1.jf
http:b~tI-.1U
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'i 
\ 

I ' 

"lJ'El-:J ~~UU~,ru~iJiJn1 ~'Vll-:J l1.JVi~ A':l l:wil 1 fIru nu n1 ~~liJ,) ru'\.h~:w'J~ e.J ~"lJ'El-:J~~UU~,rU 'b'1 'W'Wn lj' 
~ ,I a,.. q 

f?1 t?I ~iJ1iOl t!?HJ j'~UU'b'1,rU 'b'1 '4 'W n 1 ~f?1 t?I~ 'W 1iOl~!l!l nLb UU~'Wl~'Vll n 1 ~'Yl t?I~ 'EllJ1 'W 3 
" 

bb~l-j:W A!l 
, , 

A':l1:W'b'1l:W1HI1'Wm j'Vll ~ll1l:!lU"lJ!l-:J ~':l1'b'1 ~ n~~'1 dJ'W':Jfi1'Wnl~bLnu 'ldVllVi bn t?I~iJ1'Wm~U':l'Wm~ 

f?1t?1~iJ1iOl AruJllYl"lJ'El'l ~ll1l!lu~l~iOll n~':l1'b'1 ~ n~ bb~~A':l1:W~'l'r~'El1iOl"ll'El'lm,.jf:i'~uu;'1~':l:W~'1 A':ll:W 
q . , 	 ~ 

bu'Whl1~'Wm~t1l~~uuhJ1.jf'l1'W1'W'6'1JllYlbb':lt?l~'El:wm~'Vll'1l'WiOl1'1 tt?lrJiOllnnl:i''Ylt?l'b'1!lUYlUil ~':l 
I i.I I 	 I I 

1'6'1 ~ n~Vi~~iJl~'W'b'1l:Wl H1VI.l fll l1l'EluVi bVI:W 1 ~~:w l1ll:W1'11l ~'\.h~'6'1-:J r1"Vl ~'El'l n1 ~JllrJ1~L11.l'W1"lJ ~1'11 

~ nlV1'WC911'W'YJ n1 nnll'YlC91~!lU~'1'El!l n bbUUl1ll:W~n1tru~.jJ1.llqj~t1l b.j[l~1.lliOl bnC91~'Wl~ LC91rJ ~ll1l1.lU~ 
1~'"l1 n nl ~~1'W':l ru'\.h~:w') ~ (:,J~YlUil1 'IXr1ll1l'Elu~ih~rJ~'Yll'1:i''J:W1'Wn ln~'W'Yll'1-W'ElrJ nil ~ 111l!lU~ 

1~'"l1 m.h~'b'1Un1HUm:i'':ll'1 bbe-J'W"lI'El'I b91V1-Wl~,)1'1bbe.JiJliJm~u,)iJ':l1'1Lbe.J'W~ b1J'WmJl'WUiOliOl1J'W"lJ'El-.:J 
'U • 

I 1.1 I it 

Vl'1.,hrJ'IliJVil~'Vl1n1:i'~n1t10-:J 10.86% iJ'ElniOllnt1tJ\lYl1J1l nhbUUm:i'~lb~mVi~~'Wl~iJlmJl'W 
" 

" 'U 

, " 
'1l'W':J~rJt1 A1.l iOlC91,rC91YlU bb~ ~~''WfUbbYl'YltJ'b'1l:W 1 nl~(;l:i'~rJ~'Yll'1:i'':l:WVi bn (?\~'W1 'Wm :i'~l b~tJ'IU A~1 n:i'. 	 . 

bb~ ~L'J'llnru"Vl"hJtJ'I~'W~UD~'11'Wl~ ; '1'Vll1 'IXL~lV1-Wl~'Jl'1 Lbe.J'W~'Yll'1 L~'e)n b~:W~iJ1'W b~'El-:J"lJ'El'l 
:i'U bbUU n 1 ~~1 L~rJ'IU A~l n ~(L~~L ':l'lln ru"l'l1 iJ~ t;]liJn1~nr~ LVI:Wl~'6'1:w ~~ b~m.jJ'e)'11'Wn1~'Jl-:J Lbe.J'W 
'U q.J 	 'll 

~'1 Lu'W~1.jf~~uu~UU'6'1'W 'WDl ~f?1 t?I ~iJ1iOl~ ~~~U fl'Jl:W~'1Yl'e) 1iOl 'b'1 'I rlU n ~~U':l 'Wnl ~'Vll'11'Wbb~ ~ 
<u q ~ 	 <u 

I " I I j" 

Lb 'W':l ~ t?I"lI!l'l ~~1JU'b'1,rU'b'1'WiJf.l1~f?1C91~'W1iOlVi'e)'e)n LLUU~'Wbll'e)'1"'ll n ~~uuVi~~iJl~iJVll n'6'1l:Wl j't;]• 

1iJnl~':ll'1 Lbe-J'WLL~ ~U~~'6'1l'W'IliJrlUVI't,hm1 'Wr;il'11~i':ll-l1'lXU1n1Jnl ~'e)'e) nVl'll':lrJ LL Yl'YltJLA~'e)'W~ 

LL~ ~~ LL iJ':l L -w:W~-:J 1'W n 1 ~-wl1U1.jf\ll 'W1'W'Ci ':lU"lJ!l\l nl ~':ll-:J LLe.JiJn 1 ~~ 1 L~ rJ'Il~"'l1\1 Lti'El-:JiOll n 
'U 

5.1 
, ... 

• 	 ~~UU~',rU~iJ
•
iJ n 1 ~f?1(?\~U1"'lVi ~~iJ1~iJ~ 1:W l~[ll1l'ElU'6'1 'W'e)'1 nl~'El'e) nVl'll':l rJ 

LLYl'YltJL'~~'e)iJ~1'Wnl~UD~'1TW 1 1'ul~LYlrJ-:J 1 ~U~n1~!l'ElnVl'll':lm'Yh~u 
,I 	 j,I 1'iJ 

LC91rJVll n~Y1iJVl~l.jf!liJ~~UU'"l ~hJ '6'1l:W l~t;] ~liJ':l ruLL~:;U:i':;:W'J~ e-J~ 1~LL~ 

liJ'Yll\1\lD~iOl1'1~1l-l1~t;]ii~'W~~1.jf'tliJl~Vlln~iJ~~'El'e)nuD~'11UYl~'e):W 
. " 	 " ... " 

rliJl'W1'iJUiJhhh\l rl'W:Wln vl\lt1~iJ'e)tJ rlUn1:i'U1V1l:i'~(?\ n1~"lJ'e)'1 m'lX1J1m:i' 
• 	 'U 'U 

I 	 I I iJ I 

WI.!'Jtl LL Yl'YltJLA ~'EliJ-vlVl L~iJLVlWI:;'6'1:W~'J:W ~'1 fl'Jl:WYl~'El:W"lJ'El'lY1'WVll'Wn1:i''El'El n 

http:ll1l1.lU
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" 
• 	 1 'WnlJ' H''Jl'WJ':::lJ1Jl~1l£h'J~iJJ':::~V1fiJll~~lltl'W~1l'JiJ nlJ'iJJ'::: lil J'fll [9]'J~1'en 

1?11 '11 ~~ ~11 '1111 ~tI iJ J'::: ~ lJ n 1 J' ruvll '11 'W II ~ :; fl 'J 1 :w tfl 'J 1 :w ~ 1 'W 1 'lJ"JJ 11 '1 
j 

l~lV1i(1~ 'J 1-:J llt:-J'WL~1l~ J':::lJlJIOl'l"l ~1:Wl J'l.ll'IX-n1ll;j ~ ~'!!lJ~'4'Wni J'[9]en~'W1IOl~ 

ln~L~tI:-:J rllJ fl'Jl:W llJ'WIOl1-:J1 'Wni J'iJlJ1~-:Jl'W:Wl n~~ en 

I 	 , 

• 	 Ln ru"YlYJH1.'Wni J'[9]en~'WlIOlVl~n ~1lJ':;tI:::V11-:JnlJ'"JJ'W~-:J~-:J dJ 'WlIIOl 9 mh flq)"JJ1l-:J 

fll~j'W~'-:J1 'Wn'l J'~ Il~ tI-:JlJ fl ~1 n J'LL~ :::l'J"n.rlru"YlL ~ 111~ lJ1n'l J'VlU'J till~ V1cl" 
q 

lfl~ll'W~lentlhl ~'Wl1OllIIOl9t1~'W~~ t:-J ~ 1?11l fll"JJ'W~-:Ji-:J ~l'l"ln:::lIIOl9t1~'W1~'W 

il1~~ fl'J 1:W ~ 1 flq) 1'W n'l J'[9]en ~ 'W 11Oll~lllYl tllJ rllJ J':::tI :::V11-:J l till-:J lOll n n 1 J' 

1~lJ1n lJ'VlU'JtI LL'I"l V1cl"Lfl~ll'W~ l1J'Wn 1 J'1'lXlJ1n 1 J'V11-:J ~1 filJ'ru~"JJ lentlhlVl1'-:J q 

1'lXlJ1n~ J'"JJ1l-:J LL ~V1cl"1?11l-B''J l:W-:J 9-:J hl ~-:J t:-J ~ 1?11l n'l J'[9]en ~'Wl1Ol1 'W n'l J'~ll~tI-:J 
" 

http:l'J"n.rl
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'j 
\ 

111~HJ'W'Jn n 

", 

(System Evaluation Result) 
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ll1fHJ'U'Jn n• 

1 ~1'U b'J~1 m~tlD~,:nU'Vl,ti'J~v('\Jf.9l n~~a.J b~~'fl'\Jv1"lJ'fl.:l~.:IWrf.9l b;a~.:I"l'Vlaj 

f.9l1J1" 1 lL\.H)"~It1~~l~tI(?l'lJ1l"A1U l'd~llun1'i''tl'tlnvI11'dtll1'Ul?l nn~ lA~'tl'U~1J'tl"9"V11(?l 

I L~tI"1V1lJ~,, lU'Ulle.J'Un1'i'tlBu~"''U1'UtI''Ul.h~~lru YU'1. 2552l(?ltln~,'\J'd'\J 9 A1U l'd~11rJlllri 
• I 

1?l1n'l~ 1 A1UL'd~In1~tlBui",'U 

..J 
A1UL'l~'WI 

: '" II 

'i':;U::L'l~1 . , 41U'lu1'uullu1i'll'U 

1 , 1 1?l~lfl~  7 !11~IA~, , 5 

2 8 l?l~lAl-J - 14 !11~IAl-J, , 5 

3 15 1?l~IAl-J - 21 !11~IAl-J, , 5 

4 22 1?l~IAl-J - 28 1?l~IAl-J, , 5 

5 291?J~IAl-J - 4 ~~P19n1t1'U 5 

6 5 ~~P\9mtl'U - 11 'Y'I~P\9n1t1'U 5 

7 ,12 ~~P19n1t1'U - 18 ~~P19mtl'U 5 

8 ;19 ~~P19mtl'U - 25 ~~P19mtl'U 5 
, 

! '" I 'V 

nnl1Y1 (?l~'tlu1~ fl n'tl1l nllUU~'Ul(?ltlrllU" ii,,~tllluU-n'[mml1l-n11'UYin moHl'tl199~ lTl (7)~'UlrJl
CU \.I'll' 

~n'l1ru~A'dll-Jrff'tl" n1 'i'U A~1 n 'i'Y11'l n1 ~lL~Y1cl'~ lll?l mil'l n'Ull~H-if'tll-J~~'U~t'tl"'lJ'tl'tl'tl nV1ti'dtl91'" 1 'U. " 
lle.J'Um 'i'tlllu1i'lI'UV1ti'dtll1'U[?) rm'l-J LA~'tltJ.~1J L·ll1tl"111.h~~1 ru 2552 

http:m~tlD~,:nU'Vl,ti'J~v('\Jf.9l


, , 
l?11n,I'Vl 2 nnl1'VlV1~'tllJVl1 

, I iI I 'V I 

"" "" mTW'VlV1MllJ'Vl LUUm~'Vl V1 MllJ fl'J 1~~lm n11un 1~V11 ~ ll?1'tllJ'lJ'tl..:J LllJlJ91 ~'il..:J m ~v1V1~U19V1~uVl~'tl..:J'lJ'il'Vl n-wuVlhJij fI 'l1~~'il'l m~'il'tl nm,h tJ 
q 

~1 b~1~L"l1~9'11UfI1lJ L'l~11V1~'1 Luu~n~ru~ojJ'il~m:n LojJl1u~m~ru~L~~'lJ'il'ln~~lJ'lUm~'l1'1 LLe.JU'lJ'il'l'il..:Jrfn~~~lm~~ n~ll~'tlHlumnmtJlJ LVltJlJ 
" 

fI ru!ll~ ~1l?1'illJ~1~~ln LLlJlJ~l ~'il'l m~v1V1~u19 LL~ ~n1~H1.h~~lJm 'i'ru'lJ'il'l L91V1U1~'l1'1 LLe.Ju1um'i'9V1 L~U'Vll..:J• 

.·~~Vifl~n,.,\l'ltJ~ • ~tIIl:1l:ni~Rtt~ 
... ....... 

.~flf1?,!;11Vltl . ~. : .g"*,, 1 
" . ., 0: LL1'IVlU .... 1'I1tJL?fl1Vitlitl~r)111tJ .' '''':'", . .. ~. ,.. '~ .. , - -,'nJ1l:J:1ft.· - : 

01 Ban Tung Yuo iJl\.l~~!T'l!: 5 5 -

02 Meung Kut ~~.U1fl~ii(il 5 5 

03 Huai fuk Dap 1'I1'I'II."'~tl~n(ill~ 5 5 

04 Kae Noi Suksa ~1. ~. ni.ifltl~n'!;'1 5 5 

05 Chalermprakriet r1111'11l11b'llii~'l'ir:: biitlr~ 5 5 

06 Sam Meun 1II'11l11l'll)J,.,jj\.l 5 5 

07 Num Ru Ul\.lU1l 5 5 

08 Hua Mae Moeng Ul\.l.x1bb).hjjtl~ 5 5 

09 Doi Sam Meurn 11.l1Ifltll'll)J,.,JJ\.l 5 5 

010 Huai Pra Jao V.';ItJ~1!:b~1 5 5 

011 Mae Sa Top rrb\!JI'l::cliilU 5 5 

012 MaeJum Sam bb!J ~)J l'll)J 5 5 

013 Ohm Lan r1.fl~l'Il\.l 5 5 -

014 Ngan luang l'i. bb!J"'~l\.l"'I'I?~ 5 5 

015 Ban Pui Ul\.l'Yl tJ 5 5 

016 Ban Mae Long Tai Ul\.lbb)Jiiil~'lilf 5 5 

017 Ou Lo Kee Lang LflLI'IPliil~ 5 5 

018 Pa deng 111'11111 ~-, l\(iI~ 5 5 

Ul 



~~vltltlmnh!lVl ;tlJl1~1ti'~nq1!t ~tlm~11'VltJ - .. I LLYj'VltJ YjtJ1lJ1f\ 1'11lJL'lf\1V:t1itl~n1'l'hl,. 
019 Tee Lee Per Kee V1 \f\tlLUtlA 5 5 

020 Long Pae fttl~LW~ 5 5 

021 Tung Ting IIJ~~~ 5 5 

022 MaeAng Kang mJ~w!h~ 5 5 -

023 Mae Lai Duaung Jan LL~f\ 1tJl1I'l~4''LJ'Vlf 5 5 

024 Mae Pok Bon LLlJUtlnlJ'LJ 5 5 -
025 DoiLuang I1ItltJ"fI 'N 5 5 

'-.. - '026 - _-.J 
[ang"pa Ka "~~th,j, 

. . - . 0 . . "- .- - " , 5 0 " - -5 

027 Sob Lan ~lJ f\I'LJ 5 5 -

028 Huai Kai Pa ~'ltJ1rith 5 5 

029 Lu Ku Do ~Q'!I 5 5 

030 Huai Ka Noon ~'ltJ'!I't'LJ 5 5 -

031 Pa Ka She Yl::n::L'Il 5 5 

032 Ma Ou Jo "~ILtlL'l 5 5 -

033 Tung Ton Kyou ~~Iii'LJ~'l 5 5 

034 Le Tor L<ltl::IWfl 5 5 

035 Huai Nam Kun ~'l tJ ~I·~t.I 5 5 

036 Khan Muang 'lJtl'LJ~'l~ 5 5 -

037 Huai Nam Rin ~'ltJ~lh. 5 5 -

038 HuaiPong ~'ltJu~ 5 5 

039 Huai E go ~'ltJtiLr'; 5 5 

040 Huai Pa Kak Ul'LJ~'ltJth LL'!In 5 5 

041 Huia Muang Nai Ul'LJ~'ltJ~'l~1'LJ(LL~ 'LJ1'l1~ ) 5 5 

042 Pang Poi U1~UtltJ 5 5 

043 Pong Juk Mai hh~tlnl"~ 5 5 

044 Viang Na Pa L:)tJ~'LJ1er 5 5 
- - -

(}) 



<,;' . 

d .<::II .d 
!Wl~l'lVl 3: ndruVl~'l1'El'lJVl 2 

nnllVlw(l'El'lJ~ 2 Ltl'Wn1~Vl~~'El'lJ ~'l1~'l11~1j'rll'Wn 1 ~'j,\1 ~ 1 (1I!llJ'lI'El'l LLlJlJ~l 'Cl'El'l n1 j'1fl~ ~'W1~~ ~1'lJ L'l 'Cl1UB~'l1'Wl~lJ1'l A1lJ L'J 'Cl1iJ~l'W'J'W 
" I '" it • " • • 

~'WV1~'El'l'lJ'El Ln'W~1'W'J'W1'WuB~'l1'W'lJ'El'l Al'lJ L'J 'Cl1tr'Wvi11~iJ~l'W'J'W~'WV1~'El'l'lJ'EllJ l'l~'WV1hJ ~ n9'~'El ~1'W~1'lJ L'J mV1~'El'l n1 ~ 

.Ii ~. • ... 
, l~U'VI!lfln'WI.'lU'VI ~!lI11~ti~n~l!t .. 

01 Ban Tung Yuo 

02 Meung Kut 

03 Huai fuk D'ap 

04 Kae Noi Suksa 

05 Chalermprakriet 

06 Sam Meun 

07 Num Ru 

08 Hua Mae Moeng 

09 Doi Sam Meurn 

010 Huai Pra Jao 

011 Mae Sa Top 

012 Mae Jum Sam 

013 Ohm Lan 

014 Ngan Luang 

015 Ban Pui 

016 Ban Mae Long Tai 

017 Ou Lo Kee Lang 

018 Pa deng 

019 Tee Lee Per Kee 

020 Long Pae 

021 Tung Ting 

~!lI11':r1\'VIU 

Ul'W~~!T~:: .. ;[ 
n.LlJ!l~nt?i 

- I ·1'11'1.jj.,x'ltii1nt?l~u - -~" 

11. b\n~'1ItJ~n~l 

11.1Il'llt?iL~ftlJ'r'i1::LnU1~ 

lil'llt?ll'lll.J\.1~'W 

Ul'W~li: 

Ul'W-X'lLL~L~tN 
.,j 

nt?i'1ltJl'lll.J\.1l.J'W 

~ ~ 

W'ltl'r'i1::L"l1 

mL~I'I ::Iii!ltJ 

LL~~l.J1'11l.J 

n.'1Il.:81'W 

11.LL~\.1~1'W\.1l1~~ 

Ul'Wy!U 

t'h'Wm.iIi!l~lrr 

L!lLl1~fil~ 

IIl 'llCll t.J1 LLCIl~ 

ViLl1!lLtI!l~ 

1'i!l~LL'ti 

CIJ~~~ 

LL'r'i'VItl' 'l'lU1tJ1i'1 1'11tJ''li'l1~1Ii!l~n11\tJ 
5 5 

5 5 2 

5 5 j 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 6 

5 5 

5 5 3 

5 5 3 

5 5 

5 5 

5 5 

5 5 

5 5 

5 5 

----J 



tit 

_-.J 

~l4~efln"'U'l!l~ ~em~tl~n~1!f ~t)m~\V1tJ ". - -
LL'l'fV1tJ Pl11.JL'lfl1~ilitHm:1tJ, 

" 'l'ftJ11.J 1fl 
- - " .. 
022 Mae Ang Kang mJ,h~'~l~ 5 5 7 

023 Mae Lai Duaung Jan bbl-ifntlI'l1 ~~'WYl f 5 5 3 

024 Mae Pok Bon LLl-iiJflnu'W 5 5 

025 DoiLuang l'I'1ltJ~i1'l~ 5 5 -
026 Lang Pa Ka W5~1l1'lh 5 5 -

027 Sob Lan I'IUi11'W 5 5 -

028 HualKaiPa '.11t11riul 5 5 3 

Lu Ku Do 
- " "- - 0 " - -5 . - ."- . _ - - · 1 -" -029 ~Q~ 5 

030 Huai Ka Noon . '.11t1'l1"i'W 5 5 

031 Pa Ka She 'r'I:::n:::L'Il 5 5 -

032 Ma Ou Jo ~l-il1'1l1~ 5 5 

033 Tung Ton Kyou ~~ iIi'W~ 1 5 5 8 

034 Le Tor bi1 fl::li1fl 5 5 

035 Huai Nam Kun ~'ltJ\11 ~'W 5 5 -

036 Khon Muang 'lI'1l'Wl-i'l~ 5 5 -

037 Huai Nam Ri n ~1tJ\hru 5 5 4 

038 Huai Pong ~'ltJ1.l~ 5 5 

039 Huai Ego ,J1tJ~tn 5 5 -

040 Huai Pa Kak tl1'W<):'lUU1LL'lIn 5 5 9 

041 Huia Muang Nai Ul'W<)'l tJl-i'l~ l'W(LLl-i'Wl'll~) 5 5 - I 

042 Pang Poi 1.l1 ~1.l '1lU 5 5 9 

043 Pong Juk Mai t1.l~~~n1~l-i 5 5 3 

044 Viang Na Pa L~tJ~'Wl~l 5 5 1 
- -

-" 
-" 
OJ 



.. 


, , 
"" "" "" l'11n--1Vl 4: m'ruVlIPI~'flUVl 3 

"" ..ln1'ruVlIPI~'fl1JYl 3 dJUnl1'VlIPI~'fl1J Fl'"l 1~ ~1~11'rl1Unl 1''[,11 ~1l'1'fl1J'lJ'fl--1 LL1J1J91 'tl'fl--1 n 11'f?11?1 ~U1"'l~nU 1--1 AlU L'J 'tllUBllil--11Ul~n~U~¥'fl--1'lJ'fl 
SI " , 'V , , 

Uf)U~--11U1UA1U L'J~1,rUvh1~n91U'JU~UYl¥'fl--1'lJ'flUl--1~UYll~ rl n91?1'fltJ1UA1U L 'J'tllYl~'fl--1 nl1' 
d.J '" 'lJ-~\jyj~!ln",ul)!Jyj , 

01 

02 

03 

04 

05 

06 

07 

0 8 

09 

010 

011 

0 12 

013 

0 14 

015 

016 

017 

018 

019 

020 

021 

022 
- - 

,~!Im~1~~nq~ 
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3. ?J~ nTi'VIUl'ill'f)'U'J fin1'iVl1~nUI'f)'U"lI'f).:I ~~'U'U~1~'f).:I n1'i~ UI ~'iIl'U'VI1.:1 n1'i'f)'f) nVl'U'JtJ, 

flru~l-Ju1ir;1'l~ Intel® Core™ 2 Duo CPU P9600@2.66 GHz 1.99 GB of RAM lVlt/lunlml-J~, 
" ~W-JU1~u1rJll-J191nnlJl~tJULVltJ1-if[l1'rt1 C++ &-i1uhhllml-J Microsoft Visual Studio 

Professional 2008 lun1 Jl~tJuLU Jllml-J1~HY-f'l n-a-u1Unl 'JuuVi nl')~1 n1 'JVl1 ~ 1 (I]'tlU l ~'tl 

lh:;~Vlfi Jll'V1'lJ'tl'l'iJfi nl'J'\.-11 ~~ (I]'tlU ll~:;VlUl~'tlU fI ruJll'V1'lJ'tl'l ~1 (l]ilU'J:;VI~I'l ~1 (I]'tlu~1~fi n1'J'\.-11. 
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1~~. 'i:lii.~Z02i::..,: ' " .030.,',,; 

" . ",,:; :" i~~~';r ~:!J1i~., 
" , 

39 13 

': ;.MiI';. 002 033 

" :.,' ·:~;'bt!lt~ , . *~~~fJ 
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1-I~'l1.h~1 Distance lIflUJ.I'l'l ~'ltJtl'lUlln LLlJt'I::Iii'flU~ 

040 011 026 588.49036 

n .'I)l-JfllU Distance11. LLlJ,l-Jt'lll-J~'lll~1~t.I n .ulJ"N1U"'fl'l'llIl'lm-l~ 

021 014 012 013 3995035 

ulJfil'l,h\l LU.ifl1t11'l'l'l<lUYlf l-IJ.ht'!lh Distance~'ltJ~tn ~lt.1'VjfJBou1e7. ..... . 
022 023 032 015 492.24039 

1'l"llI'l' '-I1U(/)-lLfl '!l!:lll'il ~'ltltl.,.lu Distance I'ltltJ1-lfl'l-l ·~tJfl'lt.lBo.u!ea 

027 018 037 441.28034025 

~lU~'lfJlJ'l'llu I~ ~,c ttl\l~'!Inll-11Jn. un~'!ItJ;\n111 vj'ltlft.l~'l ritl'lLLW Distance ~ 

"" 041 043 0 33 5199104 020 

Total distance 4259.19 

N 
CD 

http:ltltl.,.lu


:> 

t L til' 

t?l1J1-.:JV1 10 ~1~'ElUV11~'"llnfjfin1dtnr'h~'ElUV1vrW-lhll~hl (nnlh'liJ)~'ElUV1 4) 

BQlM1 ~7tJ"'"::L~'1 

010 

B.QW.2 .. -11.LlJ!l~ni1l 

02 

~ LUJfl1tJ!/J'l~~u."f 

023 . 

~ i'lUfl1U ,. 

027 

. ~ Ltl fl::l'lfl 

034 

BwJ.taQ ".U,J.!~~1U1-Itl'l~ 

014 

BQ.uleI ~7tl1l1lJt 

037 

~ 
" .,
W'ltJU1~'I.I 

035 

BQute9 n.lLnut1tJ;1nl!1' 

04 

,j''1U~~~'l:: 
01 

,x'ltJtl~ 

038 

~7!J'IJ'lfU 

- 030_ 

\L~1Jflnuu 

024 

\Lwti1~'1h~ 

022 

;iLfltlLUflP\ 

019 

~'ltl~Wi 

039 

1Il~~~ 

021 

LtMflni'llJ.! 

043 

11.I'l'lli1lL'!lfilJ"'1::Lnm·~ 

05 

. zi!l~LL'" 

020 

fl!fI!'Il .~'ltl~ni1l1\J 

03, 

l.h~tl!ltl 

042 

" rtJ1UU1l 

07 

~7!Jthu,'IJn 

040 

,j';\iu,J.!~tl~'Wi 
-.l"'L 

016 

Yi::n::L'lI 

031 

~Q~ 

029 

~ 

~~iXu'-i'l 

033 

t!ltfl;ltl1~ 

017 

1'l'lll1li'l1lJ'liOu 

.·06 

L~tJ~U'1m 

044 

,j'1U~'ltllJ'l~1.U 

041 
, .... 

'lJtl'UlJ'l>l 

036 

",~M"l 

032 

i1Ifltl'llfl'N 

025 

~ti~th,j1 

026 

1'l'lll1lt.nu,CM 

018 

~'ltJ1rith 

028 

'l'l.LL).)<jlJi'l1lJ 

.. 012 __ ,'.; 

,j'T!ru7LLJ.lLjjfl~ 

08 

~ 
11.i1Ifl tlfl1lJ1-IlJ'I.I 

09 

,j''1U'r1tJ 

015 

LLlii'l::~tl\J 

011 

11.'!llJl'nU 

013 

Total distance 

Distance 

591.25 

Distance 

380. 11 

Distance 

._.' . 382.5 

Distance 

518.51 

Distance 

461.02 

Distance 

635.07 

Distance 

475.99 

Distance 

384.98 

Distance 

751,46 

4580.89 

N 
<.0 



~ • 

I I I 'l/ I 


md1-.lVi 11 fh~'tl1JVi1~r.nn'!)fin1~~1f·~h~'tl1JViwW-J'W1~'W (mru'VlVl~'tl1JVi 5) 

~ 

B2l.!1e2 

Q ~ 

I~ 

RmI1e.Q 

~~ .~ 

&1JJ.teZ 

w 

11.L5jMnlll 

02 .. 
tIl'll"'~11J'I-llJ\J 

06 

Lfltflfifl1~ 

017 

11.Lll;i;lJf'l1lJ 

012 

11.U)j~~1\j~M~ 

014 

11.un~tl!JP1nl!1 

04 

u";th~~1~ 

U1~~~'l:: 
01 

U'l\j«'lLL)jlijfl~ 

08 

Lu-if'l::tiifllJ 

011 

\'f'lml~\j 

030 

~fl1!JI/I'l~.r\j",f 

023 

U1\JYj!J 

015 

Yi::n::L-I 

.. 
11.lIlfl!Jf'l1lJ'UJ\J 

09 

U1\j~1l 

07 

11.tllJfl1\j 
." 

013 

f'llJfI,\J 

027 

\I";'(tlL"I 

032 

LI";UtlnlJ\J 

024 

~~rIf\j~" 

ttl~~fln1m-i \'f'l!J\rith 

043 028 

" T ,Wl!J\j'l'J\j \'!Q~ 

035 029 

\'f"!JVl1::L~1 \'f'wtitri 

010 039 

U'l\JU";l'ifl~UIi' ... l'_ 
~"tJ\j1ru 

016 037 

"l~~~ L1!J~\j1~,,\ 

021 044 

\fltlrll1fl \Ifl~lhli1 

034 026 

tIl'llPi ~1\1."'~ 11.111'111/1\~iilJVt,.:;\ntJ1~ 

022 031 0 33 018 05 

Distance 

465.95 

Distance 

481.8 

Distance 

570.37 

Distance 

574.43 

Distance 

432.3 

- 1- , Distance 

394.25 

Distance 

478.31 

B2JJ.te.8 fifl~U.Vt Plfl!J\lf\'N l..h~,jfl!J '!Jfl\j'.b~ \'f'l!Jt.I~ Distance 
a 

020 025 042 036 038 433.75 

BQula9 I,..,. ~\fl fl\,jfl~ ~'l!J1h1\'!Jn U1\j~'ltJ";'l~t\J 1'\1'\'11.~'lfJernill1lJ Distance 

0 19 040 041 03 470.28 

Total distance 4301.44 

- -". 

w 
o 



.. 
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(?l1'j'1'lVl 12 ~1lJ1'E11JVlMr.l1n~fin1'j'Vl1~1lJ1'E11JVl~l9J.,JU1~U (nnll'V1V1~'El1JVl6) 

• 


~ 

Bo.ute2 

~ 

RQ.u1e4 

Rrui..te5 

~Q 

8.Qille1 

Bru.!kfl 

&2.lJ.~ 

.,j 
n.lIltl tll'll).J\l).JU 

09 

lfI'lIIIlI'I').Jtldu 

06 

ti1'W~'l~~I.l~jjtl~ 

68 .'. 

n.LLriUfltl~i't~ 

04 

L1!N'WltJl 

044 

. 
,x~tJul'J'<.! 

035 

':;'lu;'ln 

039 

':;'ltJLritJl 

028 

~QI!l 

029 

tilUlj~tT'l:: 1Hjjtl~iilll 

01 02 

u.1.l~::PitllJ u.l.iutlnlJ'W 

011 024 

PlPI'lI. ~'ltJeIn!/lqlJ ,,".U.l.ioj).Jt'll).J 

-03 012 

,x'ltJ'W7tL.til til'"~tJ 

010 015 

I'ltNLL'W Ul'll~~l.il'ltl~Wi 

020 016 

V1~l'tlLt1tl~ ,x~U'!I'ilJ 

019 030 

IIJ~~~ Yl::n::L'II 

021 031 

L~l.lth~~,~ t1 1~t1iltJ 

022 042 

i1ItlU'\.1l"N tI'lm.hwm 

025 040 

hh~tln'l\ll.i 

043 

" ~ l.J1U'Wll 

07 

11.tl).Jfll'1l 

013 

(Il'll11l tJ1LLIIl~ 

018 

m.h1tlt"l 

032 

1I1.JlIllJ 

027 

. " 'IJ~(IllJ~'l 

033 

'lJillJ~h~ 

036 

U1U,x'ltJl.l'l~'I.'<.! 

041 

- .. -::.IfI'lI IIl~'Ilf'l).J'W1::intJ1(1l 

05 

n.LLI.l\l~1'1l\lfl'l~ 

014 

i!lifl~lh~ 

017 

ll:Jl'IUVl'l~~'<.!'IIf 

023 

\l~~tJl'~1 

026 

bl'tl:::lilil 

034 

. 
,x'lIJUlru 

037 

'~'ltJt1~ 

038 

Distance 

375.46 

Distance 

615.11 

Distance 

474.16 
~ 

Distance 

474.84 

Distance 

453.26 

Distance 

47989 

Distance 

489.67 

Distance 

447.68 

Distance 

44913 

w 
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• 'j 

3, !!J~ m'i'Vl ~'6'l'fl'I.J~fi m'i'Vil~1 ~'fl'I.J~'fl-1 m'ib~'fl nb'i-1'Wm'I.Jl~'6'lU'I.J'6'l'lJ'lJ• 

';)~ nlj'Vll ~117l'1lU~'WD.).J'Wl~'WL(?}tj ~'1'1l~~'W~'11JJ LlJ'Wltl1t?i''lJ'1l'l f[m1rw::;-ii'1l~~ n1j'~'1l'l'lJ'1l uuu Dil'11~'1l19ln (?}~'W 
1'W'j'~uU 

0

j 

I 

I 

'j 
I 
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lil1'i'1-.l~ 13 nn11VlCi1~'El1J~ 1 (n1'i'b~'ElntN~mlJ1~) 

_ ..J 
'l'W'II 

(Date) Name Operaton site i'l'n~Yi 

l'I'll~~t1~ n1fiJl'I~l n~(Demand) 

",~t1 

(doctor) 

Y1\.!V1 \\V'I'VIU 

(Dentist) 

Y1~[II~U1~ 

(Ass!. Dentist) 

Yitn1J1~ 

(Nurse) 

Ll1~'Il 

(Pha r) 

12/12/2009 Ban Lan Ka A h~ ~i'-tJ~Ul'W~l~1'I1 20 18 18 52 15 

16/12/2009 Huai Pak B " 'ltJeJl n 12 21 21 43 12 

'0 
__ -. J 

0 
.. , 

" Tota,. , < . '. .- --. : • ' · · 32 . 39 39 < , < 85 - - .'. 27 . 

HospitaUD Hospital i'l(l1~Yi 

"'ntJJl1Yi~t1~h~V'ltnUl~(Capacity) 

~I).J Cl 

(doctor) 

Y1\.!V1bbYi'llU 

(Dentist) 

Y1~[II~1J1~ 

(As s!. Dentist) 

V'lUl:;l~ 

(Nurse) 

.J1~'I! 

(Phar) 

H1 Ratchaburi tWl'ltnUl~n'l!1.Ji'- 5 8 8 20 2 

H2 Ban Pong h~V'ltn1J1~th~ttl~ 3 9 9 10 5 

H3 Dum Nern Sa Duk h~V'lEJ11J1~v11bn'Wl\:;i1I'ln 5 8 8 5 4 

H4 Potharam LNV'ltnUl!'lLV'lBln~ 3 9 9 8 7 

H5 Jom Bung L1~V'ltJ 1U1~"ltl~;j~ 3 1 1 10 3 I 

H6 Bangpae h~V'lEJ1U1 !'lUl~~~V'I 2 0 0 11 2 

H7 Pak Tor t1~V'ltnU1~tJl nviti 2 0 0 12 1 

H8 Jed Sameurn h~V;tJ1Ulm~i11~i'lil'il~ 2 1 1 6 1 

H9 Wat Peng b~V;tnUl~1i11~V;!'l~ 2 1 1 3 1 

H10 Suan Pung h~Y'ltJ1U1!'li'l'l~~~ 2 0 0 5 1 

H11 Pa Nu Rang Si h~Y'ltJ1Ul <ll'iltJJl1L<{1~'; 2 0 0 4 1 

-

Total 31 37 37 94 
'--. 

28 

w 
w 



.. .. ... • 

.J "'" .J "'~ [Il1~l..:1Yl 14 mruYl~~mJYl 2 (n1~L'C1'1ln bN~mUl'C1 ) 

""~'1l 

<)'Ui1(Date) Operaton site Name 

12/12/2009 A Ban Lan Ka ~t~Ll-!J"UI'UR1'U1\,) 6 

16/12/2009 B Huai Pak V:1m.nn 8 

18/12/2009 C Pu Ta Kien tt~Ll-!J'UU,)'U,,! III:: L~!J" 7 

_' _2011212009 D Pong Heng . . .. u..'),.'[,J.,1I'.\{-1_ - -',; -' -  - 5 

22/12/2009 E Ratchaburi Prison :1'1l"~1nIl1~t1'11'!,i1 10 

Total 36 

1.U.J'iJ 

HospitaUD Hospital ~m,.i1 

Hl Ratchaburi h~Vitntl1l1t1'111il- 5 

H2 Ban Pong L1~Vi!J1tnIlUI,.hJ~ 3 

H3 Dum Nern Sa Duk h~Vi!J1'I.J1I1cii1LiI"~::i1n r; 5 

H4 Potharam h~Vi!J1'I.J1i1L')1filtl~ 3 

H5 Jam Bung L1~')1!J1t11l1"l'1ll.Jjj~ 3 

H6 Bangpae h~Vi!J1t11R1J,)~LLVi 2 

H7 Pak Tor h~')1tntl1m,hnvi'iJ 2 

H8 Jed Sameurn h~')1!J1t11m~IIIL~jj'1l\.l 2 

H9 Wat Peng ~1~')1!J1tnl'<)IIIL')1I'~ 2 

Hl0 Suan Pung '(Nl~!J1tnll~1"~~ 2 

H11 Pa Nu Rang Si ~t~Vi!JI tI111 f'i ') tJ[l ') Cltf~; 2 

Total 31 
, 

-

m')~tiI'iJ~n1l'1JVfnnt(Demand) 

Y1'UIIILLVi'l1U 11'UIII~tnll 

9 8 

8 4 

5 12 

" 9 .- , - .. ,4 

8 9 

39 37 

~n!Jfl1Vi'!J'1l~LNVitn1J11'(Capacity) 

11,.IIILLVi'l1U 11,.1II':i'I.J111 

8 8 

9 9 

8 8 

9 9 

1 1 

0 0 

0 0 

1 1 

1 1 

0 0 

0 0 

37 37 

Vitn1J ,)1I 

20 

20 

20 

.- .-- . , . 20 

20 

100 

"i'tn1J11' 

20 

10 

5 

8 

10 

11 

12 

6 

3 

5 

4 

94 

LJl~'11 

--, 

LJl~'11 

2 

5 

4 

7 

3 

2 

1 

1 

1 

1 

1 

28 

7 

7 

7 

7 

7 I 

35 I 

w 
.j:o,. 
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m~I'l~ 15 nnl1'V1~~'ElU~ 3 ( n1~L~'ElntNYWIUl~ ) 


1.1l.J!) 

~ .I 
Operaton site Ml"hl~1"hlVl 

12/12/2 009 A Ban Lan Ka bLttJ"hlUl"hl~l"hli'll 3 

16/12/2009 B HuaiPak ~1tJt.J1n 3 

18/12/2009 C Pu Ta Kien '(~~LtU''';Ul'W'f'jIl1 :;LAt'W 5 

20/12/2009 D Pong Heng ... - .- '. LJ-mM;'LLii~ - ' - - 3 

22/12/2009 E Ratchaburi Prison L~'W~lnl'll~~l'1!1Jt 2 

24/12/2009 G Wat Ra Kung Tong ii1l~:;~~VI'fl~ 5 

26/12/2008 H Ban Tri Ngam h~LttJuth'W1Y1~~1).J 3 

28/12/2009 I Rotar; Pu Num Ron t1~ LttJ'WhIl11tYl'Jl~'Il 'W 7 

30/12/2009 J Ban Ta Kor Lang ul'Wl1dmil~ 3 

\.l ).J'!l 

HospitaUD Ho spital ~mu~ (doctor) 

H1 Ratchaburi t1~'r'itJ1Ulml'1!1J1 1 

H2 Ban Pong h~'r'itJ1UlmJl'W'(U~ 1 

H3 Dum Nern Sa Duk h~'r'itJ1U1f1tiilLilu~:;i1I1n 1 

H4 Potharam h~ .... tJ1Ulf1t'r'ifiln).J 1 

H5 Jom Bung tNYltJ1U11'l"l'!l).Jij~ 1 

H6 Bangpae t1~YltJ1Ulf1Ul~\\'r'i 1 

H7 Pak Tor t NYltJ1Ull'lthnvl'll 1 

H8 Jed Sameurn h~YltJ1t:lI'lL~i1ILi'li:ltlU 1 

H9 Wat Peng h~YltJ1tJ1f1ii1l L'r'ifl~ 1 

H1 0 Suan Pung h~YltJ 1Ull'l ~1U~~ 1 
-

i'l11 ).JM'fl~nl~1Jnft1n~(Demand) 

VI\'!II1LIYiVltJ V,UII1<}1tJ11'l 

4 4 

2 2 

5 5 

1" - . . .... ,- --"3 

4 4 

6 6 

6 6 

5 5 

6 6 

~ntJm"" 'lI'fl~tN.... tJ1Ull'l(Capacity) 

Vl1J!)1 LL....VltJ \);'UIll~tJ1f1 

(Dentist) (Ass\. Den tist) 

8 8 

9 9 

8 8 

9 9 

1 1 

0 0 

0 0 

1 1 

1 1 

0 0 

'r'itJ1Ul l'l 

15 

15 

10 
-,

-' - 7' 

7 

12 

10 

12 

9 

'r'itJ ~Ull'l 

(Nurse) 

20 

10 

5 

8 

10 

11 

12 

6 

3 

5 

~,q'll 

4 

3 

4 

2 

2 

4 

2 

4 

4 

~,q'l! 

(Phar) 

2 

5 

4 

7 

3 

2 

1 

1 

1 

1 

w 
(Jl 



• • • 
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, , 
c:J ~ .::I ~ <j'

{?l1~1'lYl 16 nnwYlC;]~'elUYl 4 (n1n~'el n bN'V'It.nU1~) 

ml).JUi'1l~nl~\Jl"l'll"~(Demand) 

~ ..I 
~U'II Operaton site I'Itl1UVI 

m,J'1l 

(doctor) 

o,1wmywltJ 

(Dentist) 

o,1"'(I}'iiU1ft 

(Asst. Dentist) 

Y'lUllJlft 

(Nurse) 

LJ1"'D 

(Phar) 

12/12/2009 A h~L1tJUtilUftlUl'll Ban Lan Ka 3 3 3 3 3 

16/1212009 B 
~ 

\"\~mnn Huai Pak 2 3 3 2 3 

0 ' . -. . - ,0 • . .--.. Tp.taL • 5 6 - ..... - §. 0; .0 _ 5. 6 

I 

HospitaUD Hospital I'IrI1UVI 

H1 Ratchaburi h~1'1tJ1lJlI'l11'Dl.J1 

H2 Ban Pong h~Y'ltJ1U1m'hutlJ~ 

H3 Dum Nern Sa Duk h~Y'lU 1lJll'1l1ilLijUi\::i?I~n 

H4 Potharam h~Y'lU1 lJ11'1\Y'ljj ln).J 

H5 Jom Bung h~Y'lUllJ1ft"ltl).JU~ 

H6 Bangpae h~Y'ltJ1lJlftlJl~LLY'l 

H7 Pak Tor h~YiU1lJ1ft1..hnvitl 

H8 Jed Sameurn h~Y'ltJ1lJ1m~i?lLi\~'1lU 

H9 Wat Peng h~Y'lU1lJll'1'li?lLY'lI'l~ 

H10 Suan Pung h~Y'ltJ1lJ1I'lI'l~ut~ 

H11 Pa Nu Rang Si h~Y'ltJ1lJ1l'1l'ilUfl1~f~'; 

Total 

~nUIl1Y'l'll'1l~1N.,.mlU1I'l(Capacity) 

\"\).J'1l o,1U(I} LLY'lVIU o,1\.1(1}~lJlft 

(doctor) (Denti st) (Asst. Dentist) 

5 8 8 

3 9 9 

5 8 8 

3 9 9 

3 1 1 

2 0 0 

2 0 0 

2 1 1 

2 1 1 

2 0 0 

2 0 0 

31 37 37 

1'1tJ1lJ lft 

(Nurse) 

20 

10 

5 

8 

10 

11 

12 

6 

3 

5 

4 

94 

LJ1ie: 

(Phar) 

2 

5 

4 

7 

3 

2 

1 

1 

1 

1 

1 

28 

, 

w 
OJ 



• ~ "4 .. • 

!?lln'l~ 17 nnn'Vl~M)lJ~ 5 ( n1'i'L~'Eln'l'i''1'Ym1lJl'Cl) 

_ oJ 
11.1'11 Operaton site 

oJ 
ilrI1l.1'11 

mllJi1ifNn11l.Jl'lmn1(Demand) 

~'~fJ 

(doctor) 

Y1l.1l1l~Yi'll tJ 

(Dentist) 

Y1l.1lf1r;Ul!'l 

(Asst. Dentist) 

yj!Jl 1Jl!'l 

(Nurse) 

LIl~'lI 

(Phar) 

12/12/2009 A b1~b1Ul.lUll.1!'llUI'l1 Ban Lan Ka 3 3 3 3 3 

16/12/2009 B .:i1mnn HuaiPak 2 3 3 2 3 

18/12/2009 C LNb1fJl.IU11.1YjIll!:b~fJl.I Pu T8 Kien 3 3 3 3 3 

20/12/2009 
. 00 

D U11.lLtJ~L;.:i~ 
........ . o · 

Pong Heng 
o. 0 

2 
• o. -. , .' 3-- .... 

3 2 0 _. 0 2  1 

22/12/2009 E bffil.l~1mn~11'lllJ1 Ratchaburi Prison 3 3 3 3 3 

Total 13 15 15 13 14 

HospitaUD Hospital ilC11l.1Y1 

~ntllllyj 'J D~tHyj tl l1Jl!'l (Ca pac ity) 

\.1).; 1) 

(doctor) 

Y1l.1l1lbb~'IItJ 

(Dentist) 

Y1l.1l1l~Ul!'l 

(Ass!. Dentist) 

YJ!J11Jl!'l 

(Nurse) 

LIl~'I! 

(Phar) 

H1 Ratchaburi h~YJfJl1Jl~11'1!lJi'- 5 8 8 20 2 

H2 Ban Pong L1~YJtl l1Jl i\Ull.1hl ~ 3 9 9 10 5 

H3 Dum Nern Sa Duk hWW11Jl l'H,I1cU1.IiI!:l,nn 5 8 8 5 4 

H4 Potharam h~YJtll\Jl !'lLYi1il11l.J 3 9 9 8 7 

H5 Jom Bung h~YitllUi!'l"ltll.JU~ 3 1 1 10 3 

H6 Bangpae h~Yi!J11J1!'l\J1~ b\y"1 2 0 0 11 2 

H7 Pak Tor h~~!J l1J l!'l 1.J1 nvitl 2 0 0 12 1 

H8 Jed Sameurn h~~!J1\J l'il b~ ~ lil~tl1.l 2 1 1 6 1 

H9 Wat Peng h~Yi!Jl\J1'il -r~b'~'il~ 2 1 1 3 1 

H10 Suan Pung LNYi!Jl\Jl'ilil11.1~~ 2 0 0 5 1 I 

(.U 
'-J 



• • ... .. • • • .. 

1W1'j'1'l~ 18 mru'Vl~~'EllJ~ 6 (n1n~'ElnbN'v'lmlJl~) 

1AlJtl 
_ .,J .,J 
'l\J'II Opera ton site 1'In1\J'II (doctor) 

12/1212009 A h~\1tMJ1\J~1\J?l1 Ban Lan Ka 3 

16/12/2009 B ii~mJ1n Huai Pak 2 

18/12/2009 C L1~ ~1!J\JU1\J~VI:: Li-iU\J Pu Ta Kien 3 

. - . 2G712/2OD9 ' [J" - ', 7 U1'Ji\l-nlii~ Pong Heng 
. -. . - ' ' - - -2 7 

22/12/2009 E ~1~\J<i:n~1~ 11'l!1.j1 Ratchaburi Prison 3 

24/12/2009 G -r(;1T::,r~'IItl~ Wat Ra Kung Tong 2 

26/12/2008 H h~~1!J\Jif1\J\'IIT~ ~ lJ Ban Tri Ngam 2 

28/12/2009 I LNL1!J\JhIJ:1~~1~\J Rotari Pu Num Ron 3 

30/12/2009 J u1\JIIl::Lni'h~ Ban Ta Kor Lang 3 

\.llJ~ 

HospitaUD Hospital Ml1\JVl (doctor) 

H1 Ratchaburi h~YiU1\J1 ~T1'l! 1.j1 5 

H2 Ban Pong h~~U1\J1~U~ \JL\N 3 

H3 Dum Nern Sa Duk h~~U1\J1~"11Lil\JI'I::(;1'l n 5 

H4 Potharam h~YitJ1\J1~LYifi111lJ 3 

H5 Jom Bung L1~YitJ1\J1ft"ltllJ;j~ 3 

H6 Bangpae L1~YitJ1\J1ft\J1~ ~L 'ri 2 

H7 Pak Tor LNYi!J1\J1ftu : n'li<l 2 

H8 Jed Sameurn h~YitJ1\J1 i\L~(;1~I'I~<l'" 2 

H9 Wat Peng LN~tJ1\J1i\ -r~L'r'ii\~ 2 

H10 Suan Pung h~~tJ1\J1~1'I'l\J~~ 2 
-- -

1'I~ 1lJJitl~n 1 11.j 1'l~1n1(Demand) 

Vi\JVI~~~'IItJ Vi\JVI~tJ1~ 

(Dentist) (Ass!. Dentist) 

3 3 

3 3 

3 3 
-,

-' - . 3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

~ntJl11Yt'jJtl ~LNYiU1\J1 ~(Capac ity) 

'I1\JIIlLLYi'lltJ 'I1\JIIl;;;tJ1~ 

(Denti st) (As s!. Dentist) 

8 8 

9 9 

8 8 

9 9 

1 1 

0 0 

0 0 

1 1 

1 1 

0 0 

\-1U1\J1~ 

(Nurse) 

3 

2 

3 

2 

3 

2 

2 

3 

3 

~!J1lnl' 

(Nurse) 

20 

10 

5 

8 

10 

11 

12 

6 

3 

5 

UI~'lI 

(Phar) 

3 

3 

3 

- , - 2 

3 

2 

2 

3 

3 

UI~'JI 

(Phar) 

2 

5 

4 

7 

3 

2 

1 

1 

1 

1 

w 
CD 
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4. ~h IWfltJ'lI'fl..:! n'iru 'VI ~~'fltJ b~'fl'VI ~~'fltJU 'i~~'VI fl111'W'lI'fl..:!16 n1'i'VI1 ~1 ~'fl'ij"l 'W n1'ib~'fl n 

, L'i..:!'W~1tJ1~ 

Al~ru~~U~~-.l~ Intel® CQre ™ 2 Duo CPU P9600@ 2.66 GHz 1.99 G8 of RAM b(j)tJ 
I iI 'j. 

hJJ'bbm~Vl~[;J,J'Wl~'Wl~~l~lnnlJ'b~tI'Wb(j)t1Hfl11'lj"l C++ ~hwhJnbm'~ Microsoft Visual 

Studio Professional 2008'~ L'Wn1n~m.lbU:i'LLnJ'~lJii.-nYf-.l n-B''WL'Wn1:i'U'WVinL,)~ln1:i'~l ~1 [M1U 

b~~U:i':~~~111~'~-.l~~nl:i'~1~1~~U 

• 

• H 

j 

\ 

• 

, 


.' j " 
\ 

! 

• 
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, 

• 
 Hospitat Operation Site 

Supporting Value 

Doc tor Dentist 

Dentist 

Assistan t Nurse Pharmac ist Distance 

Pak Tor Ban Lan Ka 2 0 0 12 1 1.5 

Wat Peng Ban Lan Ka 
" 

2 1 1 3 1 1/ .8 

Panurangsi Ban Lan Ka 
, 

2 0 0 4 1 23.6 

Dum nem sa duk Ban Lan Ka 5 8 8 5 4 32.8 

Potharam Ban Lan Ka .. , 3 9 9 8 7 44.4 

Bangpae Ban Lan Ka / 2 0 0 9 0 62 .7 

Ban Pong Ban Lan Ka ! 3 0 0 10 1 62.7 

Suan Pung Huai Pak , / 0 0 5 1 231 

Jam Bung Huai Pak 3 1 1 10 3 47.9 

Ratchaburi Huai Pak 5 8 8 20 2 68.7 

Jed Sa Muem Huai Pak 2 1 1 6 1 80.8 

Bangpae Huai Pak 0 0 0 2 2 92 .3 

Ban Pong Huai Pak 0 9 9 0 3 9/. 3 

Total 645.6 

• 

• 

'; 

.', 

.. 
• '; 

I 

I 
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-, 

• 


• 


• 


hospital 

Potharam 

Pak Tor 

Wat Peng 

Jam Bung 

Suan Pung 

Ratchaburi 

Panurangsi 

Jed Sameurn 

Wang Peng 

Pak Tor 

Bang Pae 

Ban Pong 

Ban Pong 

Ratchaburi 

Potharam 

Wat Peng 

Bang Pae 

Ratchaburi 

Jam Bung 

Suan Pung 

Panurangsi 

Dum Nern Sa Duk 

Jed Sameurn 

Wat Peng 

Bang Pae 

operation site 

Ban Lan Ka 

Ban Lan Ka 

Ban Lan Ka 

Huai Pak 

Huai Pak , 

Huai Pak 
, 

Huai Pak 
j 

I 
Huai Pak I 

Huai Pak .. 

Huai Pak . 
Huai Pak 

" 

Huai Pak 

Pu Ta Kien ' 

Pu Ta Kien 

Pu Ta Kien-

Pu Ta Kien 

Pu Ta Kien 

Pong Heng 

Pong Heng 

Pong Heng 

Pong Heng: , 
Ratchaburi' Prison 

'j 

Ratchaburi \Prison 

Ratchaburi Prison , 

Ratchaburi Prison 

doc tor dentist 

3 9 

2 0 

1 0 

3 0 

2 0 

0 0 

2 0 

1 1 

0 1 

0 0 

0 0 

0 4 

3 5 

0 0 

0 0 

0 0 

0 0 

5 8 

0 1 

0 0 

0 0 

5 8 

1 0 

1 0 

2 0 

supporting value 
.

assistant 

dentist Nurse Pharm. distance 
-

8 8 7 44.4 

0 1? 0 1.5 

0 0 0 12.8 

1 10 0 47.9 

0 5 0 23.1 

3 0 0 68.7 

0 4 0 70.5 

0 1 1 80 .8 

0 0 1 85.2 

0 0 1 859 

0 0 2 88.3 

0 0 0 107 

9 10 5 69 

1 0 0 64.4 

1 0 0 699 

1 0 0 77.8 

0 4 0 76.8 

4 20 2 60.6 

0 0 3 39 .8 

0 0 1 15 

0 0 1 62.4 

8 5 4 51 .2 

1 5 0 28 .8 

0 3 0 378 

0 7 0 46.7 

Total 1416.3 

'j 
I 

.1 
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, .. 
i, 

• 


SuppOrling Value 

assistant 

Hospital Operation Site Doctor dentist dentist nurse Phar distance 

Dum Nern Sa Duk Ban Lan Ka 1 4 4 5 4 32.8 

Pak Tor Ban Lan Ka 1 0 0 10 0 1.5 

Wat Peng Ban Lan Ka 1 0 0 0 0 36.9 

Ratchaburi Huai Pak 0 2 2 13 0 687 

Suan Pung Huai Pak , 0 0 0 0 1 23.1 

Pa Nu Rang Si Huai Pak 
, 

0 0 0 2 1 71 

Potharam Huai Pak 0 0 0 0 1 88 .3 

Ban Pong 
. ,

Pu Ta Klen j 1 5 5 10 4 69 

Potharam Pong Heng. 0 3 3 0 2 80.2 

Suan Pung Pong Heng, 1 0 0 5 0 15 

Pa Nu Rang Si Pong Heng 0 0 0 2 0 62.4 

Ratchaburi Ratchaburi Prison 1 4 4 7 2 24.3 

Pa Nu Rang Si Ratchaburi ,prison 1 0 0 0 0 25.1 

Potharam Wat Ra Kung Tong 1 6 6 8 4 19.4 

Jed Sameurn Wat Ra Kung Tong 1 0 0 4 0 21.5 

Bangpae Wat Ra Kung Tong 1 0 0 0 0 27.5 

Pak Tor Ban Tri Ngam 0 0 0 2 1 32.6 

Wat Peng Ban Tri Ngam 0 1 1 3 1 43.9 

Dum Nern Sa Duk Ban Tri Ngam 0 4 4 0 0 64 

Bangpae Ban Tri Ng.3m 0 0 0 2 0 75.8 

Jom Bung Rotari Pu N~m Ron , 1 1 1 10 3 35.2 

Ratchaburi Rotari Pu Num Ron 0 2 2 0 0 55.7 

Jed Sameurn Rotari Pu N~m Ron 0 1 1 2 1 67.8 

Ban Pong Rotari Pu NLm Ron 0 1 1 0 0 93.6 

Bangpae Ban Ta Kor:Lang 0 0 0 9 2 103 

Ban Pong Ban Ta Kor'Lang 0 3 3 0 1 118 

,. Total 1356.3 

.. 
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hospital 

, 
i 

. Operation sits 

Supporting Value 

Doctor Dentist 

Ass\. 

Dentist Nurse Phar distance 

Dum Nern Sa Duk Ban Lan Ka 3 3 3 3 3 32.8 

Ratchaburi HuaiPak 
'j 
\ 2 3 3 2 2 68.7 

Suan Pung 
f 

Huai Pak 0 0 0 0 1 23.1 

Total 124.6 

hospital Operation site 

Supporting Value 

Doctor Dentist 

Ass\. 

Dentist Nurse Pharm . distance 

Dum Nern Sa Duk Ban Lan Ka 3 3 3 3 3 328 

Ratchaburi Huai Pak 2 3 3 2 0 68.7 

Jom Bung Huai Pak 0 0 0 0 3 47.9 

Ban Pong Pu Ta Kien 3 3 3 3 3 69 

Ratchaburi Pong Heng 2 3 3 2 2 606 

Potharam Ratchaburi Prison 3 3 3 3 3 38 .7 

, Total 317.7 
, , 

Hospital 

f 

.' 

, 
Operation site 

Supporting Value 

Doctor DenUst 

Asst. 

Dentist Nurse Phar distance 

Dum Nern Sa Duk Ban Lan Ka 3 3 3 3 3 32.8 

Suan Pung Huai Pak 2 0 0 2 1 23.1 

Ban Pong Huai Pak 0 3 3 0 2 107 

Ban Pong Pu Ta Kien 3 3 3 3 3 69 

Ratchaburi Pong Heng 2 3 3 2 0 60.6 

Wat Peng Pong Heng 0 0 0 0 1 77.1 

Pa Nu Rang Si Pong Heng 0 0 0 0 1 62.4 

Ratchaburi Ratchaburi Prison 3 3 3 3 2 24.3 

Jed Sameurn Ratchaburi Prison 0 0 0 0 1 28.8 

Potharam Wat Ra Kung,.Tong 2 3 3 2 2 19.4 

Dum Nern Sa Duk Ban Tri Nga~; 2 3 3 2 1 64 

Pak Tor Ban Tri Ngam ' 0 0 0 0 1 32.6 

Jom Bung Rotari Pu Nurl1 Ron 
I 

3 1 1 3 3 35.2 

.. 


, 


• 

., 


	ปกภาษาไทย
	สารบัญ
	1. ทฤษฎีและงานวิจัยที่เกี่ยวข้อง
	2. หลักการและแนวคิด
	3. รายละเอียดระบบ
	4. การออกแบบระบบสารสนเทศ
	5. สรุปผลงานวิจัย
	ภาคผนวก

	Button1: 
	Button2: 
	Button3: 
	Button4: 
	Button5: 


