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Abstract

Scheduling of Raw Milk Transportation to Minimize Cleaning Costs of the Raw Milk
Tanks Case Study: The Khon Kaen Production Plant of the Daily Farming

Promotion Organization of Thailand

This research considered the milk industry logistic system of the milk production factory of
the Dairy Farming Promotion Organization of Thailand (D.P.O.), Khon Kaen Province by considering
particularly from the raw milk distribution centers to the factory. The objectives of the study were to
schedule the raw milk transportation in order to minimize cleaning costs of the raw milk tank and to
reduce the costs of transportation.

At the present, there are 2 expenses of the milk production factory of the Dairy Farming
Promotion Organization of Thailand (D.P.O.), Khon Kaen Province: 1) the costs of transportation
which is very high if the amount of the raw milk is little as it is needed to transport several times.
2) The costs of the raw milk tanks cleaning like electricity bill, water supply bill, chemical expenses
and wages which are high. Nowadays, the trucks used in transporting the raw milk are not full-
loaded. Also, the arriving of transporting trucks is not consistent, so it cannot make the truck full-
loaded and it is need to use a lot of tanks. Therefore, a lot of tanks are required to clean several
times before loading the raw milk. If the tanks are not cleaned, they will make the raw milk spoiled.

For this reason, this research considered the milk industry logistic system by considering
the raw milk distribution centers that deliver the raw milk to the factory. The purpose of the study
was to schedule the raw milk transportation in order to minimize cleaning costs of the raw milk tank
and to reduce the costs of transportation by managing a lot of trucks to arrive to the factory at the
same time and in the short period in order to load the raw milk to the tanks at the same time. In
order to find out the solution to these problems, the research team began with developing
mathematical modeling to discover the optimal solution of the problems by using 4 types of Mixed
Integer Programming: MIP by considering both the cavities of the raw milk containing on the trucks
that contained mixed raw milk and did not mix raw milk and having Time Windows Constrains and
did not have Time Windows Constrains.

The result of the study revealed that the 4 types of Mixed Integer Programming: MIP could
not find out the optimal solution since there was a limitation of Time Windows Constrains to control
the trucks in departing and arriving the factory. When there was no mixed raw milk from different
distribution centers the cavities of the raw milk containing on the trucks and the parameter values
that increased, this took a long time in discovering the solution or it could not be possible to find out
the solution. Therefore, the research team proposed the Heuristic to discover the solution instead.
There were 2 types of Heuristic which were Heuristic 1 and Heuristic 2. The Heuristic 1 was used
when there was a mixture of raw milk in the same compartment on the trucks and this was done

with not more than 2 distribution centers and not more than 2 periods of time (in the morning and in



the evening). Both Heuristics were separated into 2 phases. The first phase was Initial Solution and
the second phase was the further improvement of the first phase by using a Meta- Heuristic
approach which was a Tabu Search.

To ensure the quality of the improved Heuristic, testing the efficiency was conducted by
comparing to lower bound. In addition, the Factorial Design was used to test the efficiency of both
Heuristics and find out the efficiency of the further improvement of the Initial_Heuristic 1 and
Initial_Heuristic 2. There were 5 factors considered in the efficiency test which were 1) the average
distant among the distribution centers, 2) the size of the trucks, 3) the amount of the trucks, 4) the
average amount the raw milk in each distribution center and 5) the amount of the distribution
centers. After that, all data were random from the defined values and they were used in the
experiment. There were 160 samples. The SAS for windows V8 was used to analyze the data.
According to the factors affecting the efficiency of the Heuristic, it was found as presented below

1. The factors affecting the Initial_Heuristic 1 were the capacity of the trucks and the

amount of the trucks while the factors affecting the Initial_Heuristic 2 were the capacity
of the trucks, the amount of the trucks, and the distances between the factory and the
raw milk distribution centers and the distances among the raw milk distribution centers.

2. The factors affecting the Heuristic 1 were the amount of the raw milk at the raw milk

distribution centers, the distances between the factory and the distribution centers and
the distances among the raw milk distribution centers and the amount of the raw milk

distribution centers.

To verify the Heuristic efficiency, the research team coded all the 4 Heuristics
(Initial_Heuristic 1, Initial_Heuristic 2, Heuristic 1 and Heuristic 2 by using JAVA and ran in on PC
1.7 GHz 512 Megabyte Ram and 1) the quality of Heuristic and 2) the CPU time were evaluated.
After experimenting, it was found that if considering individual test runs, the Initial_Heuristic 1 and
Initial_Heuristic 2 efficiency was 49.8-94.1% and 44.7-81.9% respectively and the averages were
71.1% and 71.5% respectively. Also, the efficiency of Heuristic 1 and Heuristic 2 was a little higher
than those of Initial_Heuristic 1 and Initial_Heuristic 2 which was 51.8-94.1% and 46.1-85.1%; the
averages were 76.2 and 73.2% respectively.

According to the time used to find out the answers of Initial_Heuristic 1, Initial_Heuristic 2,
Heuristic 1 and Heuristic 2, it was used very little. It was under 40 seconds. The time did not
increase by the degree of the problem. This indicated that all 4 Heuristics were high efficiency. For
the results of the efficiency of Initial_Heuristic 1 and Initial_Heuristic 2 by using individual test runs, it
was revealed that Heuristic 1 was better than Initial_Heuristic 1, 0.0-7.6% and Heuristic 2 was better
than Initial_Heuristic 2, 0.0-9.2%.

From the efficiency test of Initial_Heuristic 1 and Initial_Heuristic 2, it can be concluded that
the company can use whether Initial_Heuristic 1 or Initial_Heuristic 2 since both Initial_Heuristic 1
and Initial_Heuristic 2 had efficiency approximately to Heuristic 1 and Heuristic 2. If the users use

Initial_Heuristic 1 and Initial_Heuristic 2, it will be convenient for them as they did not have to adjust



parameter values of the Tabu search. Moreover, the hardware used with program does not need to
be high effective.

Additionally, the research team also proposed the strategies used in developing the system
of Inbound Logistics management of the milk industry. The strategies were separated into 4 aspects
which were facility and infrastructure, transportation, inventory management and information and
communication management. For, the facility and infrastructure, both distribution center and the
factory were required to provide enough facility and infrastructure, otherwise it would waste the time
and this would affect the costs of energy used. Turning to transportation, in order to economize the
expenses in transportation, minor agriculturists should cooperate with major agriculturists to transport
the raw milk. The raw milk distribution centers should also set the time slots both in the morning and
in the evening. The time slots should also be provided for several times in order to define the
specific time for agriculturists and make the time flexible, and this would allow the process runs
continuously. Since suitable software using for transporting was required for the raw milk
transportation system, the research team developed the suitable software. The objective of selecting
routes and the amounts of the raw milk from the distribution centers to the factories by considering
the time window constraints of the trucks was to make the milk production process run continuously.
Also, the costs of cleaning the milk tanks and transportation were low. For inventory management, it
could be done by loading an appropriate amount of the raw milk in each round of transportation (if
there was a lot of raw milk in the distribution centers). In addition, the amount of raw milk should be
estimated to fit the size of the trucks which would take the milk in the next morning. The way to
store the raw milk like this could reduce the time of the trucks that waited to transport the raw milk.
The last strategy was information and communication management. The distribution centers should
communicate with major agriculturists in order to obtain the amount of the raw milk and the
transporting time information. The information was required to provide for the factory to schedule to
take raw milk appropriately. Moreover, the techniques of predicting the amount of the raw milk in
each season should be used in managing the raw milk in each season accurately.

Form the study, it can be concluded that the software developed to use in organizing the
trucks used in the raw milk transportation and the inbound logistics system of milk production
industry occupied high efficiency. If they are used by entrepreneurs, planners or related people to be
the tools to organize transportation schedule, the entrepreneurs will have the ability to effectively
control the transportation plan. Moreover, the entrepreneurs will run their businesses fast and

accurately and this will bring more benefit to their businesses.
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Algorithm) (2) Nn13WNIN (Insertion algorithm) (3) NIRAY (Sweep algorithm) YAINITIALTFUN NV BFILAE
BB LR DML ERNNILAZ 1B UIRATLRN Tl SIREILAZN ST s FuA R wi LR uS AN s
I@mﬁL‘ﬂmmwé'ﬂLﬁamiamﬂ%ﬁhUﬁtﬁmﬁumimuﬁﬂﬁﬁwﬁq@ LA EIAINDLALEIGAANNADINITVE
gﬂﬁ'}vl,ﬁ lasnIRNTNTBIINAGETI ) VBINTUBFILAZNILINLFUAN rludndsunmenudasmydud
Tagenldaslumsvndsdsznoudie fldiruasfinazanldsnsiuuls wuwenldaoindwdomnds aldie
Wawiedos enlFInensTnn e Arlgaruluntngeinm nmsansnuin3 i lwanlsanslunns
mudaﬁﬁ'wﬁqﬂﬁa '3%'miaﬁuLm:mifﬁﬂaa{lgmmumumﬁmmam? (Mathematical model) Fadenlganelums
usIvinnuie 348.13 vinuana il lunsdmalimiaings 35mssaunalunmmidiasuisaninns
Faesgtununeadiamansii 26.5 i

Chi-Guhn Lee et al. (2006) "L@Tﬁ’m’lsﬁnﬁ’m’]imLf?umdﬁé?uﬁq@ém%uﬁrgmmmﬁami
pugaud lagdnsuzvasdymavnnsansiiuazdduam suppliers na1e9s Seluunenoenaazaugs
fud lUgsnssaualaninniiniedu uaziinisfiansonnisutsnisvussld agnslsianasdudf
Rsondiies 1 adsFud Lazsnusmniizwaisn %ai’@]qﬂi:mﬁmaamsﬁn‘mLﬁaﬁaamﬂﬁﬁunumi

! ol { A lg/ 1 o { v e 1 g: ¥ a . v v
‘ll%ﬁx‘i@]']ﬁq@] (sﬁ{l’ﬂ‘%a%lﬂ‘lJ"ﬂ']%’JuiﬂUii’t’]lﬂﬁi%LLﬂZLﬁ%‘ﬂ'Nﬂ']i’lluﬁd) I%ﬂ'ﬁaﬂ‘]ﬂ"]ﬂix‘iﬁ ﬂm:?ﬁ]ﬁ‘l(ﬂﬁi’]\‘i
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sUnuunadiamaad (50031 mVRPSP) Taslglsunyy CPLEX/AMPL sl,umsmﬁmauﬁﬁﬁq@

Chung et al. (2005) ANHINITIAAITINANITNAAVBILATIINT 1 LATBITNTTINLTIALATIN
L?TumdmwudwaamuW’mu:Lﬁavlﬂduauﬁﬂﬁg}ﬂﬁ’]ﬁm:mmayj’@mu’g@@huSJ LT NITUURIBY
i’@qﬂixmﬁ A8 PIEIAUNINRAVDIINHBIINNINTIAANIIINTVREILN D LARATINV IR INITIEN N8
nunglianddasfigalas lirldiAanisisnuseaiasing sadymitlazsinlunmzndiasy

D ) a L A v o Aav AN vo ad A a a _da
(NP-hard) LWiﬁ:madmmmmimmLLa:msamumlwgnm laglunsidpitlasinauaisniedisadnnd
dezdndnmannlagsmansalslunsudywinnanuaslaslsllsunsanaia (dynamic programming)
Feanwaeaalynl fe mi"uuda%uﬁﬂﬁ@nﬁﬂajﬁmmm‘ﬁﬁ ﬁhmmnminnﬁlﬁ1 Al IUTINAEINID
urnaudlalidne uazsnusmnasnugarolunouunuedeanaulssnuiuiiudinaulysoanulw

LA v Ada o a o o 2 a A A

NFIDN mLﬂumnm;JQﬂmﬂumma]z’lﬂﬂmmuwm@1mi‘*ﬂummﬂﬁmmmwﬂsmmmwiumim
° A R Ada o o Aa o o &
AABUNFINN Lmn'uﬂummmgﬂmﬁmUﬂmﬂ*’ﬂﬂmﬂmwm@mmmmumaumu

Clark and Wright (1964) Jusanasfinfifieuldnuatrsuninanoiiiasannaunsoaa
seoznaldmuasidlosnminuduni 2 Wumadidionu  lasfinannisiie minuaadsdudndlu
LﬁumaLﬁmﬁ'uimmsﬁﬁﬁ;@ddﬁuﬁwaagﬂﬁﬁwﬂﬁ 1 nm“ﬁwﬁuqﬂdaauﬁwaagﬂﬁﬁwﬂ 2 \Julaunng
RANEHLALING (é’aLLamlugﬂﬁ 2.1) TIANIIMTUSNLEUNIINTYBFIFUA (é’auamlugﬂﬁ 2.2) Mliaa
sraemslimuadlannItaansnueud lsnaana3fin (Clarke & Wright Algorithm)
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ane1 ANA12 ane1 anA2
U U U U
| -
L) e J o [ )
ARIFUAN ARIFUAN
Eﬂﬁ 21: LLﬁ@G%%ﬂﬂqgﬂLLﬂ%mTﬂ Eﬂﬁ 2.2: LLﬁ@\‘Iﬂ'ﬁLLUﬂLé’u'ﬂqﬁﬂqﬁﬂlud\?

1utl 2004, Eiichi and Hiroshi 'l N13ANHINTTAAITIUALTUNINIIVUEIVEITALTIYN
Aldusinan I@ﬂmﬁwaaqmimwwzgﬂﬁﬂml%'lum‘sﬂ%’uﬂ‘ga AN LTI IVUES Usznaununisldszuy
A o A A A ' o A = A o A o o A
mavussnldnuiualwlssndislumuiiym Simdnsisousmnazaananaasaud lUiuwiad
a £ ~ v L3 Qs { @ a k% Q J lil 1 ] 1 g 1 Qs Qs
AUANRSILRIFDINAUNINARIFUANUA TN L WU WA TVUFI R FINANTENUALNNTIAANTIINT

mua’waamminnlumﬁuda%uﬁ”ﬂmﬁ 29NUANNULTAVAINITITIVTNIN § UAZLFUNWNILERIDNAZHN

'
A

v o AaA o & =2 A A Y A 7 o Y
Sl,ﬁ"l,@m@]aummqﬂ Iﬂmmqﬂi:a\mmaomsﬂnmuma‘msl,‘vxmunuﬂlﬁ’tumwummmmaﬂ‘nq@ Tadiwy)

Tunspussdudninualsznauely ﬁunuiumwuda%uﬁwﬁmﬁ ﬁunuiumwudo%uﬁwﬁﬁuuﬂa LAz
anldnslunsssaudnfsionimuauazanuuiiinannsasauddn lunmsdseillaauedtnldlums
witlywi 2 3%5@a (1) mswmmfﬁmmﬁaamwaag}mﬁ’mﬂﬂumﬁ@Lﬁumdmn@mn (Forecasted
vehicle routing and scheduling problem with time windows : VRPTW-F) W&z (2) NITALFUNIINITLABID
wuylawndia (Dynamic vehicle routing and scheduling problem with time windows: VRPTW-D) Tagsim
a'%aﬁ@nﬁ'lﬁaamimlﬂumﬁ@Lﬁumdn'mamn %aluu@iaz%%a:ﬁuauai%mﬁmaagﬂLn_ltuma
AMAAIRAS (Mathematical model) Waz358713a@n I@ﬂl‘ﬁﬁ%‘*ﬁumauﬁuqms (genetic algorithms : GA) 1 14
lunsuddywr annisdnsIwud13s VRPTW-D lﬁwaﬁﬁn'j'\LLazﬁunquﬂWimudaﬁuﬁﬂﬁaalmfﬁ%'
VRPTW-F 1.5-3.7% snu5ulumssadudrandnanas 22.2-100 % waztrsaananlumsvudsaudsurian
myaashauasmeluiiasmans ﬁafumﬁ@ma’mLLa:LéTumams“uudamaa‘snminnﬁi&iuuuaﬂm:uu
MIVBEIVDIIT VRPTW-D ﬁ]:Lﬂuﬂsﬂwu“lumia@ﬁunmmznmlumsmum%uﬁﬁauﬁaa@mmsmsﬁ
auasmelwiiosmarlaa

Frizzell and Giffin (1995) vl,ﬁﬁﬂH’m’]i’;f@@l’]i’]dﬂ’]i“ﬂuﬁd‘%dﬁlzﬁﬁl’ﬁﬂmL’Jaﬂﬁgﬂﬁ’]ﬁadﬂﬂﬂﬁ
Sagsumuazszoznng lumsisoiisnuwinuedannnin 1 au 35aldlumssansemyvudsd 3 5340 5%
i1: sluuumMsadiaenaas 3%#2: SDVRSPTW uaz337 3: MOVECUSTOMER 4933#iazihdnaauiildann

2

339 2 lndudaeuSudulunmdiaay AnmMRUSsUREUATNIE S RANNNMWIN UM A LIS N AU

aa a

3 vy A £ o @ a A ° Y
L%uvlﬂ 135N @uu’]‘nuu’mﬂ%L’Jquﬂ’]‘iLﬂuﬂNaﬂm N 74.8% L¥AaD 10% IMWIBLFWBNIIAARIINN
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96.6% inia 34% LWaildudfigndldTunITadIunuINansdnn 17.8% 1wia 12.9% ia1na1tiaaad
' na' lg’ &) = U
55.2% udlansanauiuiuann 3.2 (u 4.4 wiftdegnedn 1 au
Karg and Thompson (1964) Wtauada3s@n (Heuristic) Nihanlzuntywinisiduwnies
4 ) A A o o | AaA A A A oA A o M o
LIRRLLAW (Travelling Salesman Problem : TSP) smm’sm%u@ﬁaumnn’n’maanmaminawq@mﬂﬂ@
& { ' .. . ' oA o . A X
luhwiasnazleal (Closest Unvisited City, cuC) nanfalwiuduainmaifeniiissgnitaluun
' ' & o A A A & Y ) ' o A o A A & '
atsdu nuuldifanidiasn 3 Iuan udunindhldsznidunibiiananouninlaues 2 Wasiiduag
A o v v a v v { g: { { o a 1
Fanannmaunandlildidunsnanduniazas 3 es udufenidunsnaungaiiainduiiunisde
& a A A £ o o ' ° . A o A A A & A
nnuwdaniiiasn 4 Iuan udunnd llsznindunbinamaniawninidueaiios 3 iWasfiluay Tiwa
nmaunsnilildidunmamaidunszeaiies 4 diss udianidunefaungaiaandifiunisdes v
Lﬁuﬁﬁaﬂ"lﬂamm:ﬁ{l"lﬁl,ﬁum{lmnﬁumaﬁawyizﬁ
Magid et al. (1996) ladnmuansznuwazdszloTiuaImTaEunIIMITUEITEITOUTINN
1 o o = a v 1 &
uulasltldsunsutinaafula (Decision Support System : DSS) nsfdnsUIENuuLAInitilulszine
A A & & . o a =g . « o ' A A
duaud Ssldsunsutisdadula (Dss) Raztislunmsiaiduniinissudizassnusmnundaaziinay
madanlinuglilasviliszaenminmaudaiosige Suwumlusinuaess Suanauduinusmn
1 0 { 1 Ql J o Q ) = J %
saasuddiwimiforlunisudnindn uszauduinusinniiaiyidlagedu lasanwmzdymives
a KR a ' dy =) a o 1 dyd l v 1 =3 a
AIMANBIUSENUNLAIR Ao USENUULAIRTlssunasnstes 1 1539 lasluudazlssnunazianny
dasmadTinaunfiuandniin misaidunemITudssasInuTInuaziinulfsunzuesautuIaUIIMN
w1 2 assdedn luwdazuisnazlayyrnuddanidudl (supplier) 100 anlunsdadsuuuaziiliunm
AnanaInuluwwaazin T@Umiﬁﬂmﬁ"l@i”ﬁwmﬁmﬁumamwuﬁwa\‘l‘mmmﬂuu TauNNTMIT NI
HAamIAR SrwnInuTInnuy Hwnlenn qunwseant waznmfimunzanlunsiadunims
PUFIVBITALIINNUY fdiﬂﬂiiﬂﬂ%ﬂﬁ?fazﬁwuvmLﬁmﬁuﬁmwﬂLLaziQUisnﬂumLL@iﬂ:ﬁ%ﬂ:M%‘U%&l
nnsaInTldnanse lagiaguszasduasmsidoinerilidunulunissudiualudilsnudnga
nnitdniunlsnulfagwuilfianlunsiaduniinissudisessausmnuy 6 Taluddatu §mns
I8ldsunsutodadula (DsS) azlfiianlunisdaidunonmssudsvessnussnnuu 60 — 90 wifidadu
= \ o o o ' < Y ~ {
TaztioUszndanalunssaiduninuasesTauTInueis 35 Tilusdadansd uazdianmua
a v AI :3’ = d' v AR A’o s £ 0 a
WA laANIuN 2 DAudafis 25 % uananidwinaudusnusmnaaaduazdunulunisuudounlubs
lssnuaaas lasldsunsutiodadula (0SS) ihadensldnuuazianubantugs
INMINUNMWITIWNITNNUIN TNsEn s anewI lewnsunRIR T r N LN vin 1w
suznwmarnieiidiesfigauazenunimus Gulnginusmnilslunssuiefiezlomadsn) uwdlu
n119uaih aueddnldfnsanldoiuninue (sausinn) aldlunsvudreiundoiinaisauia
snusnudazawzaun o linhuuduldnaisge uazdTanashusdulugudiounusgudilianm
UINNIIANNIVDITOUIINN quﬁ%’uumwia:ﬂuﬁﬁmmsmhUﬁmuaﬂﬁﬁmnmsnﬂvl,é’mnniﬂ 1 Q% 59
i'mqﬂizmﬁmaamsfﬁ'@mmdmwudammsnnlumﬁ%’nﬂ%’dﬁl,ﬁaaﬂmlﬂ?ﬁhmlumiﬁwmma:m@ﬁaﬁ'ﬂ

' . v o A
uNLLazﬂqmuﬁﬂiﬁNﬂqm’]ﬂq@
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22  nsaumaaaulaglaniy (Tabu search: TS)

’Luﬂagﬁuﬁ%%mima%a’%aaﬂmmsJ 9 ﬁﬁvl,@i”gﬂﬁwmﬂi:qﬂﬂ%ﬁuﬂtym@m 9 DENNUNINAY LT
AMYLETT (Tabu search) ATUUABUWUTNNT (Genetic Algorithm) LazIdFALaLAAUAHEARS (Simulated
Annealing) @913 3 A5 TInITAundnaunIansaasvalywinfaindunatasafinunzay uala
mmsm%uﬂs:ﬁ'udwNamamﬁvl,ﬁﬁfmﬂuwamazr*?immmuﬁq@ wdazidunaaaunanTasanIulddsan
THlumsfwimrnaaastuazitaunidsidnuaan 8ana3fin (Exact Algorithm) A9%u3 TMIAURINALRAE
v ¥ R A 1 | v o o d' &) v A' & v o L%
Tradudsteindumsdundianavandiaeuilulyldianizi (ocal search) Hamsdurdraavlasls

a A . @ aa A Aa x> . Y o a
MULEIT (Tabu search) fatuduitninfeultnuadrsunlunmslduidymidunisnsdunisaas
INUNINAE (ANTE Lazafien, 2546)

miﬁumﬁmauiﬂﬂ"ﬁmwﬁm (Tabu search) #an884 3FMIAUMNITaR N wIaMIPUNT

dundeavluuisrauwaluisnsiiuasnainwaztdumuiianazio i lidas U duninaiaasiau
(trapping) (Glover, 1993) I@ﬂaaﬁﬂ*s:nau%é’nmaﬁ%mgm% ansautiseanidu 5 adftsznay aed

(1) WariFuvaadunu (Cost function) iluirituvasdunwielfsznaunmsdadulalunisdun
Aqal

(2) uuuuMIILQUNNITAUNAL (Tabu list type) Li’lugﬂm_l1_|mimuqumiﬁauné‘w%%ﬂﬁ
Waa bk I ANINIAURILEN 9

(3) MAARAIIWINATI WIaT WU (iteration) NdpsmM I NIRRT AIAMINALNNALGY
(Tabu list size)

(4) ﬁau"lmﬁ’m%’umiﬁumﬁEJ':JL‘ﬂumyﬁa@magluLL@u@Tmﬁm (Aspiration criteria) tiu3tuuy
nmuguitislumidumdaeuifusznaiidmiumdumngaduniy (Tabu) w3aan
agluuaudasriiu

(5) veulaflddwiummeadundinay (Stopping criteria) WawlufilddanIumIngadum
. 4 - \ . ¥ v \ \ ¥ AR
faau 93 2 3300 HMRUATIWIBATIVAINTAWA LAZTIIRUATIWINATIN I LMD 1

d! a d‘ d‘ v e U o v a k%

mwamummwwmm"uaoﬂummummmﬂmlmmgLaw (Tabu search) lumsurilgymnn

LUNINIIAUTINIVBILUN UL (Vehicle Routing Problem : VRP) aunsnayyldasii
= v o = @ a . Y o Ao ¢ A o
1ud) 2544 qﬁuvl@'mﬂ'rmnmmimmswnmmimmn‘uummm I@ﬂmmqﬂszaamwawwm
Iﬂmmmauﬁauﬂa%ﬁﬁﬂiz’ﬁﬂ%mwhmﬁ@miwnmLﬁmnmmnﬁ,’]ﬁmmuL&Mﬁumﬂﬂé’amﬁmﬂm
LA o A o , S o Lo A o X & > o A o
wristd e ldgaganfidniinotinduene g lag Heuristic Aaisdnunnuazlinannsaaunassnuwazlife
AISAL (Swap Interchange) WATNNSUNTIA (Insertion Interchange) 4ananwieald MULEIT  (Tabu
search) anlglumsmdaau
o o N ) A A ¥ oo o Y ' a
LONAN (2545) Vl,@ﬂﬂu'm'mmmiwmmmusmmmmsamuma@auvlﬂmgﬂmiwimy Tapd
o & A o a el A A o a o, A A ¥ o
'mqﬂszaamwawmuﬂﬂmmmaummaswuﬂszammw‘luﬂﬁﬁm@mwnmmmmmmmsamumamu
1 ¢ el U U v Y a I} dl el g v 1 =) I~
mnINmumeﬁa"Lﬂmsmm‘naaﬁdmﬂaﬂmm@lmy JeuuNwadulaudinsinszvieandu 3
grneiog I@ﬂmumnLﬂumiﬁwmma"wmum:u:'ﬁuﬁﬂﬁ@Tawuﬁiamnﬁwé'd%amaagmﬁ”ﬂ gaungaadums
NINTUIRATTUIULFUNIILAUTAAILATAINTUIANVANILRN IUNTAILNITRIFUAN 2 ﬁﬂé{'@%aslﬁagﬂu

WumMadeanu wazdunaudundaaniaaiiuim iesadwiunszuzndesiuazna gyl
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9
aa o

iZ‘Vﬁ’j’]Gﬂ’]i@ﬁ’]Lﬁ%ﬂ’]iﬂ’]ﬂlﬁiaﬁ]ﬂ’]ﬁ@ﬁ’]%ﬂgw HINTUAZLIAT AL WITBA8I TR IANI o UL LATIUA D

=

WUTN1T (Genetic Algorithm) UAZNNULEIT (Tabu Search) mvﬁ':fmf:vlﬁﬁﬂmiﬁﬂwﬂs\muuﬁmmﬁagﬂ.u
WAL fifmInaainsaan 3 1wada 325 5 1.25 53 uaz 250 5% lazazdsliunigndenag 70
widlasldinussmnuwmadisglun1szuss 1w I0UTIMNIUIA 4 §8 IDUTIMNIUIA 6 §8 WATINUTINN
S PSCRERT I@ﬂiiaaﬁuLLﬁaﬁﬁﬁﬂuausnussnnﬁamm 125 au lagmafiamssaalunuisoiilalsss
ﬁgu@auﬁ'uqmi (Genetic Algorithm) WazMULEIT (Tabu Search) Tiunulunismdaavaziiuniiaqy
saulumariuvesinuiasdasdadifududszan ae Munuarunsadeulunsdiiinmivasudss
ImBudu ssudgeulumisifinmvesudszaulaglE3siweiadu (Permutation) mnful%mgm’%’ﬂu
NMIABAIEAD

Andrew (2004) fin¥mMIsaa1INIIIREITassw B lwmsangssaiaaanalunssensy
maa’mmmnﬁanﬁsaﬁaé’aﬂlﬁﬁiqawuLLaza@nmjnmwua\‘lm’%aﬁﬂﬂuiiamu SINTINATIUIN
sumnusilFldioas Spnfiezdammimivussasenurnnuslumivusssosliinanzauiiosand
vl,sféTamhmumnﬁm:mﬂagmmﬁuﬁ@m6] é”asﬁgné’m:gné%ﬁsﬂ@slfmuwmu: (soflduuiinay
§nwmz)"Lﬂﬂ"’ﬁ;ﬂﬁ'ﬂé’ﬂyLLéﬁazﬁmWN%‘mimﬁaﬁﬂﬂdﬂnmu’é‘nﬁ%ﬁa laodaslAszozne Lansenas
mem’mmumaam’%f'ao%’ﬂﬂﬁﬁasﬁq@Lﬁaamnmmmmmaaé“aya:a@mmm’mmé’dmngﬂﬁm wazen
wdassnslulsssmiamyinsnwesrnlfifennudensagiann laglumsiseitlainaualysunsy
NEULATS1WIBLAY (Mixed Integer Programming Model) LazdBiuas-8723a6n (Meta-heuristics) 2 33 fia
MULEST (Tabu search) wazMInuwUSaln&lAng (Variable Neighbourhood Search : VNS) wazlaasns
sane3fin 3 Ssunltlunsuitlymivesawdsil nansfns v ldmanIndszndadunuld Au$240,000
dotl wonanitlumsisoitla3ouieuss mym‘%mmé’aﬂa‘%ﬁuﬁ 2 AudTmIdumLSmlndlAssn
sanasfiuf 3 lagvindiaouann sanediiud 1 M’WLﬂuﬁ’]@]aUL‘éuﬁuLLazﬁ’m’ﬁLﬂ%ﬂULﬁUU@IWHLﬁ%"EQWﬂ
Sane3fiud 2 ﬁ‘umﬁ"lﬁa%dmnﬂ'mﬁuﬁaga LLa:'i'ﬁ'ﬁvlﬁa:ﬁ'leﬂﬂizqmﬁlﬂumsmaLqulqu]LﬁmﬁmLLa:
FUUMTIUE 1Nn3EEn lssnminanaius3luiW (Maryborough) 7idlsdas 250 13 ﬂ&jmglﬁulﬁmﬁaﬂ
25 NAN HAWAADY 850,000 Audall B1UNINKE 18 At LazTNII 180 AL %auﬁaaamﬂummaﬁﬁmmq
25 QuI1WI% 150 A LLa:iﬂW’JGﬁﬁﬂ’J’]M@I 39.50 G $193% 30 A lapvimIuuss 220 igadeiu uasd
9aWndas 960 90 IINMIANWT 2 T4 AaTufl 15 uaz 16 nIngIAN A.a. 2003 Fafimsldanwag 445 du
’i]vaﬁL’Ja’]iaﬂaﬂmadiﬂUSinﬂﬁaﬂﬁiaﬁdgaLllﬁTSN’WuI@ULﬂ?]lf;l 38 w1l tT’WIWﬁ’Nf]%]LﬁULﬁIEI’J‘i]zﬁL’Ja’]ia
ﬂaﬂ"uadmuﬁnﬂﬁauﬁvlﬂiamé”aﬂﬁ’homﬂmLa’é‘iﬂ 40 Wi .M IlFITN1YLETT (Tabu Search) waz
midumLTmlndifing (Variable Neighbourhood Search : VNS) 8131308@1I8138A888930 U3 Nda
Plusassaslilssnuldis 90 % WouSsuisutumssaasenisauglagldwinmusa

lull a.e1. 1997, Jose and Alan la@nsnslda5nyia3s (Tabu Search) lunsdaidunians
dunmepassmnnne lagluudaz iuoumnuzaziinsausaninnin 1 ass andinualaalunisants
VIRUAT LIUN MU AR BVUIA LLa:;ﬁ'mm:@TaaﬁwmvlajLﬁunmmuﬁngmmﬁmuﬂ Turwiduille
wiimsfnsneanidu 3 2oz Gamsfnelu 2 szozusndsznevlddromsldiady (Swap) waznisunsn

(Insert) Suszpzgaroazihdaaunangauandulyldanszezf 2 vududraauiudn (nitial Solution)
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a:ﬁmmawﬁaaLﬂuﬁmuaumnquﬁlﬁmﬁ‘uua:ﬁmmawaaﬁmuﬁuvlmﬁu 2 1o uazladfinnsRansan
L’aaﬂumiaanLLa:néTum‘ﬁInmmaa‘mmsnmﬁa%’uﬁmuama% (Time  Windows) F99zUEA
Neazdualiluiite 4.3 uay

giluﬂuﬁ 4: mﬂﬁﬁaﬁuuwLwiaz‘ﬁ'aaumnminﬂvla\iﬁm‘swauﬁmaaﬁmu@mﬁaguﬁ LARINIY
ﬁmswauﬁaaLﬂuﬁmuaumﬂﬂuﬂlﬁmﬁ'mmzﬁmswammm{muaﬂﬂLﬁu 2 {ia PIwTsdmMsmvnaan
IuﬂWSaaﬂLLazﬂé'ummsamuma:ummsnnﬁa%’uﬁmué‘mm% (Time Windows) Fovrzuseaoazsualily
wala 4.4

I@ﬂé’ﬂwmzﬂzymlumm%’mgﬂLmumqmﬁ@]mam{l,wiazgﬂl,muﬂizﬂauﬁmﬁiauvlm 5 8819 fa (1)
imminﬂmﬂumwuaaﬁwuuauﬁ‘mmwm@ 2) snusmﬂLwiazﬁummmvl,ﬂ%'uuuvlﬁmﬂﬂdw 1 gluﬁ e
LL@iazgmﬁﬁmmimhﬂﬁ:’muauiﬁﬁUinussnﬂvlﬁmﬂﬂ’h 1 0% (3) Lﬁammmﬂvlﬂ%'uﬁf’]uuauvl,ﬁl,ﬁum']m;
ﬂuaainusinﬂLLﬁmzﬁaqné’umﬁBamu (4) ﬂ’%mmﬁmu@ﬂumaﬂuﬁawﬁmmmnﬁuﬂ%mmmwgmaa
INUIINN UAE (5) ﬂ‘%mmm{muangmmaaaﬂLﬂumjummmﬂmmgmao"ﬁaﬁuuu windSunasimaiy
ﬁﬂ’%mmﬁummqmaammmﬂ G‘fmﬁﬂazLﬁamjaaé’tyé’nmﬁuazmm%umﬁiﬁ‘lumm%agﬂLLumm
adamanslausasliluiadof 4.2 fi’mﬁm:nﬁé’mmaagﬁLmumﬁ@mam’ﬁvl@i"ﬁ@um%uﬁa 4 suuuule
waaslSluwiadadi 4.3 — 4.6 awdeudsil
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fyansoluazanunanoiltlunssisgluuunsadiacansazisznauludiodiias (Subscripts)
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anwsga ANARNEY
ij 1% (index) VOIGUTTUUY
k ot (index) VBIIOUTINN
I % (index) maasaummsnnﬁ"l,ﬂ%’m{muﬁu
r et (index) maamjuﬂ‘%mmﬁmuﬁu
AN51971 4.2 : usAIFILLT (Parameters)
auils AMNRNEY
N iaveIgudiuwa {0,1 ,2,...,point)
E LIAYBITOVIINN {1,2 ... truck}
S meaasamnussnnmﬁufmuau {1.,2,.. ot}
F meaaﬂﬁiuﬂ%mmw{muau {1,2,....group}
point wauvoIguITLIY
truck FIUIULBITNUIINN
lot ﬁiﬂmu‘uaasamnmsnnﬁ"lﬂ‘s"uﬁmuau
group ﬂfejuﬂ'%mmm‘fmuau
cap_factory ARINIHRAVBILTINY (F1)
milk_tanks GRREGL! DT INNUUT L399 (F)
my mmgmaammsnﬂﬁuﬁ k oUT | (f)
My mwmﬁaa%’uuuﬁ r maasmﬁmﬂﬁ‘uﬁ k soufi I (6w
\ Fnwasfidashanuszaadainuuasgua T |
g Usinowinuudufiausadati @u)
t; nandunenngudToun | lugudiuuy | (@)
d; szuzneIngudTuu i lugudious j (Alawas)
h é’m’m’]svl,mma:wia@@ﬁ’mmaumnﬁ’aﬁ’nuuﬁquﬁ%’uuum;jﬁwadmusmn (@ luadn)
Dy L’smaanawnIsdawumaasmusinnﬁuﬁ k souf |
Cy Laaﬂﬂﬁuuﬂﬁisadﬂumaosnuiinﬂﬁuﬁ k soufl |
a; ﬂ%mmtfmu@mmmguﬂ%’uuu i (611)
b anldinelumsrinanuszeradainuuuedlssnu winmsa): ldanund 3 waded 3.4
q; @h'l%ﬁhU‘lumiﬁwmmazmmﬁaﬁﬂumaaguﬁ%’uuu j (U’Iﬂ/ﬂ%)
G A g (LN/aaT)
Fy é"mﬂmiémﬂﬁadﬁwﬁm%aLwawaﬁnmmﬂﬂuﬁ k RavAlawaT)
.ﬂ.'.'
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M13197 4.3 uaaIadLlIaaaula (Decision variables)

siiavaInuLls aauds AMNANTEY
Mulsaaaula A FunTIlun e ezt IRnuNaI1339% (integer)
(Decision Variables) z aldinlunsrhanuazaradminuuuadlssnuuasgudiuu

URZATUWES (LN/AW)

distance senzmsflglumanudananuasasnusmnnnnau (Alawas)
Wi ﬂ'%mmﬁmuﬁwaaguﬁ%’uuu i maammsnné’uﬁ k 5009 | (A)
Wi ﬂ%mmﬁmuawaaguﬁ%’uuu i NANN r YITOUTINNAUN k TOUTN | (A1)
o oA A o ) a
Ui » Ui audsanudaiiasniasnunisiia subtour
aaudsluns Xiki =1: WesnuImNAA k 39U7 | Lﬁumﬁnﬂg{uﬂ%’uuu i1ﬂ€|’dguﬁ
(Binary Decision UL j
Variables) =0: Waiduadedn
o A A a o o .
Xoj FUTINNAUT k 30Ul | dunenlasnuldSigudiou j
Xioki INUIMNAWN k 7807 | Laumw’mguﬁuw i nauNgalysan
A o A A a o o .
Vi =1: WevnuTInaui k seudl | Eumalddsgudiuum i

=0: Waiuadsdu

Vi =1: WoynuINNAA k JoUN | Laumovl,ﬂﬂaqwjﬁ"uw i SUuNAL

oA
ﬂqam r

=0: Waluatedn

v o o o v A .. . iV v o & & (2
NNARaY a3 (Parameters) uazaaLlTAnFWl (Decision variables) lamnunadinuniu la

ﬁwml"ﬂumiﬁ@umgﬂLLmeaﬁ'a 4 suluyy Taadannisilnansiivaanailgairalunisarsdennis

o

& ' ' ¥ e & a Y 1 o A a a ,
"J.IE]GTSN']%LLR&@%EI‘S]J%N LLAZANYndI (ﬂ’]%’m%mmwa\‘l) Gl‘l?i&lﬂ’l@]’l‘ﬂi{!ﬂ Iﬂﬂui’mﬂuaﬂ@“ﬂadu@laz

a o dq/
gﬂLLuuumu

4.3 miﬁwmgﬂLmumﬁmmam%gﬂtmuﬁ1

g‘ﬂLmuﬁ“ﬁaamiqﬁmu@uLwiarﬁaaumnmmﬂa:ﬁnﬁwauﬁmwﬁumﬂﬂ'jw 1 gluﬁl,m:ﬁmwau

v
' A o '

GN9lanN® L bNtin 2 U8 LLaﬂaJ'ﬁmsﬁmsm’u’amlumsaamm:né’ummsomumaainmmﬂLﬁa%’u

(2
o a

FUNALLRTI (Time Windows) RNNTOLEAI lAAIFNANT 4.1-4.15 @95

annstinvag (Objective Function):
Minimize Z 4.1)
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axn13tianly (Constraints):

Constraints 1 :

Constraints 2 :

Constraints 3 :

Constraints 4

Constraints 5 :

Constraints 6 :

Constraints 7 :

Constraints 8 :

inminﬂﬁuﬁ k 50U | WEUNINEuITLI i"l,ﬂﬂ'agmﬁ%'uuwj whﬁ'mnmmné’uﬁ
k sou7 | Lﬁumavlﬂﬂ'aﬂuﬂ%'uuw i

zxijkl =Yikl fori EN,k EEUazl €8 4.2)

vj

inmmﬂﬁuﬁ k youT | WAumIInaudTua j "Lﬂﬂ'agjmﬁ%’uuu i whﬁ'mnmsnﬂﬁuﬁ
k sou7 | Lauma"lﬂﬂ'agmﬁ%'uuu [

ijikl = YVik] fori EN, k €EEunzl €8 (4.3)

vj

iﬂ‘]_liiﬂﬂﬁu‘ﬁl k soUf I LAUNIINGUITUA i "lﬂﬂ'aquﬁ%’uuu j WhiusausImn
fufl k soUf 1 dunslddegudiuna j luSigudTouy |

Y Xjjkl = LXjikl  for i ENk EEuszI €S (4.4)
vj vj

: Naswﬂ%mmﬁ’muawauguﬂ%’uuu i maa’mms‘qﬂé’uﬁ k sauf | winnudSuno

WUNEUY aaﬂuﬁ%’uuw i

DD Wikl =a; for i €{1,2,...,point} (4.5)
VkV1
waﬂ%mmﬁmuamaagluﬁ%’uuw ivl,&iLﬁuﬂ’nm;maainmmﬂﬁuﬁ k sauf |
point

> Wikl <mgg for k EEuazl €8 (4.6)

i=1
ﬂ‘%mmﬁmuawaaﬂuﬂ%’uuu i madmmmnﬁuﬁ k souf | laiAndSunominuudu
maaguﬁ%’uuu i
Wikl < a;j XYikl fori €{1,2,...point}, Kk EEUFs] €S (4.7)

flasnun3tia subtour

Uikl —u jkl +(p0 ntx xjjk/ )+ Xjjkl < point

fori,j €{1,2,....point}, Kk EEUFs| €S (4.8)
ﬂ'%mmm{mmﬁwaaiidmmzvlajgn%@sh

wok =0 fork EEuUazl €S 4.9)
Constraints 9 : USy1asiuu@unonasnilssan ldiuiiasinisnaaveslssnn
g <cap _ factory (4.10)
Constraints 10 : $14I%ATIANNTHIANUFZO1ADINNUNVILTINU
& < (4.11)
milk _tan ks
‘.' -

unn 4 msa‘ffwgmmumamﬁ@ma@% AINUNBINUERUFUUMNITIY (§77.)



o ¢ o . a9 2.9, o o o . L4 A a o o .
'i']ﬂﬂ']%i}ﬂﬂa“]dsm Iﬂiamimiammiwms‘uumuuLwa’me’L’umu’Lunﬁmmwa:a’wmawnumm:mmuadmmgm: NIAANEN 0.8.0. T9WIAVABUA 4'5

Constraints 11 : 5:8:7]'10ﬁ1°ﬂ%ﬂ']5‘1|%§5(\1ﬁ\1%ﬂ@]°ﬂadiﬂUﬁﬁY‘]ﬂ“(}ﬂﬁu

> ZZ(le xxi]-k[):distance (4.12)
ViV Vvl
Constraints 12 : m’l:iffdwsl.uﬂﬁﬁwmwazm@ﬁaﬁ'ﬂuwaﬂidmuua:ﬁuﬁuuu LRZANUUR
poi
(xb)+ r(V xqj )+ T T T F x Gxdy xxjg )< 2 (4.13)
ViVjVkVI

Constraints 13 : inuiinﬂﬁuﬁ k 50Ul I Wunsnngudiuua i TUSsgudiuua | dai=;

Xjikl =0 fori,j EN,k EEHWas €S (4.14)
Constraints 14 : ﬂ’%mmﬁmuﬁumaag{uﬁ%’uw [ maammmﬂﬁuﬁ k vauUf | INNdINIayinnu 0

wik] =0 fori EN,k EEusz | €8 (4.15)

[ a I3 {
44 mswrmmgﬂLm‘uﬂmmmamgﬂuuuﬁ2
iﬂLLUUﬁ*‘ﬁaamiaﬁmuauLL@iavﬁaouu‘mms*nm”ﬁmwauﬁmwaumﬂm'w 1 ﬂuzTLLaWﬁ'muami'm

dl

famuudlithin 2 o s2ursdinsivuaanlunmsaanuas ﬂaumﬂsdmumaammswﬂLumumumu
L&33 (Time Windows)
A A . . . d' . A
EULL‘U‘U'Y] 2 azigun13tilinang (Objective Function) wazaNsdanly (Constraints) L‘Muaugﬂl,m‘u
{ o o [ 1 1 i a a N [ ¥
71 lwinde 4.3 aninuavziisanisioulaiifiganuiaa (Time Windows) tiandnanlugduuuit
laggumsfinEd e TaLaad laadauns (4.16) ash

Constraints 15 : smmmﬂﬁuﬁ k 30UN / da9nauan 1339w liAnninan lssnwinnue

Cr1 2Dpp+. Z(tl] Xxijkl)"‘ > (wiky xh) fork EEuazl € (4.16)
Vivj Vi
4.5 n’n‘sﬁ'@uu’ngﬂttuuﬂzftmﬁ'\am%gﬂquﬁ3
gﬂl,muﬁﬁaa%'uuuLm'a:"ﬁaaumnmsnﬂ%ﬂﬁﬁmwauﬁ’u“uaaﬁmw@u@mﬂuﬁ LARINATHNITHEN

ﬁaoﬂuﬁmmaumnquﬁamﬁ’mm:ﬁmmawaaﬁmmaﬂ&iLﬁu 2 ¥o uazldfinisiansmiaanlums

aammzn&ummidmumaasnmmmﬁa%’uﬁmwauLﬁ%ﬂ (Time Windows) R131304&A4 lAQIRUNNT 4.17-
4.32 a9t

ann13tilmag (Objective Function):
Minimize Z
4.17)
mvmsﬁauh (Constraints):
Constraints 1 :mmmnﬁuﬁ k 50Ul | @umanngudivua i ldgudiuua j anndwiawinu

snmsnﬂﬁuﬁ k 3909 | Lﬁumqvl,ﬂﬂ'agmﬁuuu i %’uﬁmuaumjuﬁ r
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> xjjkl 2 Virki fori EN,r €F, k EEuazl €S (4.18)
vj

Constraints 2 : T0UTINAWA k 7807 | {EUNNINAUETUUY | "lﬂﬂ'agluﬁ%’uuw i NINNIRIBLNNNL
IOUTINNAUA k 3807 | Lﬁum\‘lvl,ﬂﬂ'aquﬁ%'uuu i SUUwNAUNGNN r
ijikZZYirkl fori €N,reF k €Elnel €S (4.19)
vj
. o A A a o i o & L@ o A
Constraints 3 : I0UTIMNAUA k 30U | HwMIIINgRToWY i TUSagudiuue j whnusnusmndud
k vouf | dumaluSagudiuuy j ldsgudiuum |
injkl = ijl-k] fori EN, k EEunzl €8 (4.20)
vj vj
Constraints 4 : HaTWUTIN AN UNAUVEIAUSTUUN | NJNT r VBITOUTINNAUN Kk F0UT | LYl
ﬂ%mmﬁmuawaaquﬁuuu i

DD > Wi =a;j  for i €{1,2,...,point} (4.21)
VEVIVr

Constraints 5 : wm’;uﬂ%mmﬁmwawaaguﬁ%’uuwi ﬂéjuﬁ rvliiLﬁum’]m;mmmm‘mﬂﬁuﬁ K
A ' A
S0UN | TadIn r
point
D Wirk] < Myk] forr EF, k €Elnzl €3 (4.22)
i=1

Constraints 6 : ﬂ‘%mml{mwawmguﬁ%’uuw i mjwﬁ r maammmﬂﬁuﬁ' k soud I ldfindSuno
ﬁﬁuuaumaaﬂuﬁuuu i
Wikl Sajxyippl  fori €{1 .2,...point},r EF, Kk EEURz] €S (4.23)
Constraints 7 : {lasnwn13Liia subtour
Uikl —u jkl + (po intx xjjk/ )+ Xjjkl < point
fori,j €{1,2,....point}, Kk EEUFs] €S (4.24)

Constraints 8 : ﬂ%mmﬁ,’mm?}waﬂiammzvlajgrﬁ@sh

wok] =0 forr EF, k EEUR| €S (4.25)
Constraints 9 : USy1asiuu@unonasnilssan liauiiainisnaaveslssnn
g <cap _ factory (4.26)
Constraints 10 : $14I%ATIHANNTHIANUFZO1ADINNUNVILTINU
&5 < (4.27)
milk _tan ks
Constraints 11 : s:n:maﬁlﬂumwudaﬁ'\mmﬂnaainmmﬂnnﬁu
>y > Z(dz] xx,-jk]):dis tan ce (4.28)
ViV Vkvi
‘.' -
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Constraints 12 : ﬁ']l’ﬁihﬂhﬂ']iﬁ’]ﬂ’sma:afmﬁaﬁﬂumaakamuua:guﬁ%’uum LAZANUWE

point
(Axb)+ z?r/jxqj)+zzzz(Fkaxd,-jxxijkl)sz (4.29)
j=1 ViVjVkvI

Constraints 13 : S0UTMNAUN k 7007 | 1@uIngudiuuwe i ldsgudTuun j e i=j

Xjik] =0 fori,j EN,k EEuazl €S (4.30)
Constraints 14 : ﬂ%mmﬁmuaumaqﬁuﬁ%’uuu [ ﬂa;uﬁ r maainmmﬂﬁuﬁ k voufl | inndwse
iy 0
Wik 20 fori EN,r EF, k EEuazl €S (4.31)

. ks a 6o oA o A a o oA |
Constraints 15 : mummaug{umuw I ﬂﬁj&l‘ﬂ r madiﬂﬂiinﬂﬂ%‘ﬂ k J9un / wagnnIainiInu 1

S yirkd <1 for r EF k EEuszl €S (4.32)
Vi

4.6 msﬁ'@umgﬂuunmﬁmmamﬁﬂLumﬁ4
gﬂl,muﬁﬁaa%'uuuLwia:’ﬁawmnmmﬂaﬂﬁﬁmswaam"wuaaﬁmuammﬂuﬁ LARINATHNTHEN
@TaaLﬂuﬁmuammguﬁlﬁmﬁ’uua:ﬁmmawaaﬁmuauvl,&iLﬁu 2 8 wazdin1INaIT LAl uA1I8n
o A A o o a = . .
LLa:na‘um‘nkamu’uaainmmmwammummaia (Time Windows)
suuuud 4 4 ldinmsvawidugduuunsadiamaaindauniaihnang (Objective Function) uaz

sun1sidauly  (Constraints) nflaulugduuun 3 luwade 45 udezliaanisiiaanuian (Time

[
=1

Y £ ¥ 4 v
Windows) Lﬁmmw'ﬂugﬂtmnﬁ FITNTOUEAI LAAIFUMNT (4.33) A9k
a 6 . A AN o o & &
mngﬂuuummmmmam (Mathematical Model) madgﬂuuuw 1, 2, 3, uae 4 VIVL@W@NH']“IIRRH
a o v a v o a % a \ =
mmmmauﬂ’muau‘llm LLﬂz@]’JLLﬂS@]@]ﬁulﬁ]vL@ AILLRANINYURLLDLAAIANINNN 4.4 aEI'NvLSﬂ(ﬂ']SJ Iuﬂ'ﬁ‘lﬁ']

. o z 4 ;
faauNangavems 4 Jluuy susnn bolaglslisunsy CPLEX/AMPL G9azugadna Lluund 5

= a a Py o v a o a &
M3 NN 4.4 : LLﬁ@]dﬂ’]iLﬂiU‘umEJ‘.LI‘W]mm’]iL\‘lauvl,“llLLa‘:@l’JLLﬂi@l@musl"i]vL@“lla\‘la&m’li‘ﬂﬂdﬂﬂmﬂ’lﬁ@li‘ﬂ\‘i

4 3Uuuy
gﬂuuuﬁ samstsauly auilsandnla
1 4 + 3es + 2n + nesf n’esf + 2nesf +esf +nf +es+Tn+2n> +e+11
2 4 + 5es + 2n + nesf n’esf + 2nesf +esf +nf +des+9n+3n” +e+13
3 4 + 3es + 2n + nesf n’esf + 2nesf +esf +nf +es+Tn+2n> +e+11
4 4 + 5es + 2n + nesf n’esf + 2nesf +esf +nf +des+9n+3n” +e+13
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4.7 éﬁasi"mmsm@iﬁmauﬂﬂﬂqﬂmngﬂuuumamﬁmmam%’ﬁa 4 3wy

nMInaseuaMNNdaIvesgluuunIadianaas (Validaton and Verification) 289ty 9
amzddnldvimamdasvresdymidvwaidnlasldllsunsy CPLEXAMPL uwiula$ (d3uaas
droghslumanuan 1.) uazaradasuilalagnisunuenuase LuJiLL@ia:ﬁ'ﬂuﬁm’ﬁ"au"lm’htﬂm'%m%avl,;\i
ﬁmwsmnaauwmmmﬁ"auvl,mLﬂm’%mamdwgﬂLmumaﬂnimmam%ﬁa%afuﬁmmgnﬁaa S9manT0

LLﬁ@]x‘]GT’JE]ﬂ?dﬂﬁiﬁ@ﬁaﬂﬂ?’]&lgﬂﬁadmE]\‘izllLLﬂUﬂWGﬂﬂi@lﬂﬂﬁ@lﬂﬁﬁdﬁ

Gaagei 1 ansuzvesdymlaii

1) saussnndl 2 wia ldun INUTINNYWIA 7 A1 § 1 A% URI0UTINNIUIG 11.2 G & 3 A

2) emesunad 3 and laun guﬁ%’uuuﬁ' 1 fiwas, ﬂuﬁ%'uuuﬁ 2 NIZUIH LLa:gluﬁ%'umJﬁ" 3 ¢fimng

3) SWUNALRVBEININIA 36 G/

4) i‘hmuﬁmuauluu@ia:ﬂuﬁ@iai’u Iefun Hwas 19.2 6w, N3N 16.61 G WAzAIDNg 12.7 G

5) MAIMINEAVDILTINU 60 AWK

6) é’m’m'ﬁvl,mmaaﬁag]@ﬁmmaumﬂﬁ’aﬁnuwﬁﬂuﬁuumagjﬁwaammmn 1 AW, (6 WIN/AM)

7) enldelumsinanuszenadsinuurasIsenurnGy 2,243 n/ass (Toyaanviada 3.4)

8) ﬂ"fl,**ﬁﬁhﬂsl,umsﬁwmwm:m@ﬁuﬁ'ﬂummguﬁ%’uuwﬁ 1, 2 WAz 3 YN 181, 144 uaz 163 LN/
A%3 anwde (Tayanide 3.4)

9) sanFwdAosinduTeniwessnawia 11.2 uaz 7 GWaAuniL 0.2967 waz 0.3311 3A/
Alawas @ nnuazidualuaanuin a.1)

10) WS wTaIwas 27.94 1n/aas (TayaIN http://www.pttplc.com/th auil 11 n.a. 2549)

11) a‘hmuﬂ%ﬁﬁé’auﬁ'l@mua:mﬂﬁ‘aﬁ‘ﬂuwaaﬂuﬁ%’uumwhﬁ’u 1 ﬂ%ﬁ/quﬁ%‘uum
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TUADUN 1 fousrwnfinaidaeg fe

1.1 Toax _bT |_E—| n <14 uaz

3
= 5 fn>14
1.2 best_value_br = AfAauENAL (initial solution)
1.3 best_iter_br = 0
1.4 max _ iter_ br = 100
1.5 tor_iter_br = 30
1.6 L’ﬁlauvlmﬁslﬁﬁm?umwq@ﬁumﬁmau (Stopping Criteria): § 2 anwmzfa

1.6.1 TNATUIIWIBITOLVBINIABAIAIAUNINUA Ao “Max_Iter_br’ sl,ﬁﬂq@
AuAIAIaa

U L 1 1 J a o vV o
1.6.2 taWarsuiihwusdanladduanndaduiiuin “tor_iter_br’ saulhvinnns

WeAAURIAADL
Yuaani 2 U3 (Update) $1wrusauluanuzilagiin (iter_br) law iter_br = iter_br +1
& A Y o A a s
Auaaui 3 ATFAUFNIEMIRLARUMIEaaY $93zl 2 nadida

3.1 MATUFIUIRATIVAINIABAIA IR UNTINUA A “max_lter_br’ Iﬁﬁq@ﬁum
Anau
v £ A |dg/ a | o vV o
3.2 swsnsuinunsian biaauani@ududiuin “or_lter_br mulwmquﬂ

AuRIFNfay

- imsdumdaeulaldnya IWlviduaoud 4 nialdsze=d 2 Lﬁ‘mmiﬂﬂuﬁ%‘uuu
Tdunnatdeann luduaaui 6
Tuaauh 4 Lmiﬂ@‘i'nmumuﬂ%'uuu

4.1 uninyalasldnannisveauiuazge ko (Neighborhood Size)

42  Arsaninmawnsnduniaduldlenialilaslsnannisves
uwdailaBidays (Admissible Moves)

43 Lﬁanmﬁgwmﬁﬁﬂ%ﬁhﬁ‘Luﬂﬁsmudaﬁﬂﬁq@ waztiufindnlgsnslunsvusefi ladu
@1 move_val_br Laztuinda1aunIHaaLds move seq br

& P ' A @ ] a '
UYUADBN S5 §3IRDUN mOVG_Va'_bI’ JA1UasNIN beSt_Va'_br ‘ﬁiavl,&l

51 @l 1#U5u  best val_br move_val_br

best_seq_br move_seq_br
& a € & A
INUAVBINILAET waeldauaaud 2

52 il Iﬁlﬁummaamyaaﬁ wazlisunaud 2
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USuilgadaauiFudu (initial solution) lasld3Fmy.sis

Jeazf 1 MTUNINFIUAUITZATFEUNI

v
1 Judaya
v

2 iter br=iter br+1

A

3 ATIIFAUFNIZNIINREA

YES Aurdaay

4 Lmsn@"'umuagjmﬁuuuLmzﬁﬁmmmfiﬂ%ahﬂlumﬂmdaﬁnqa

5 move_val_br<best_val_br
YES

NO

5.1 best_val_br=move_val_br

best_seq_br=move_seq_br

winlulu Tabu List

a e
5.2 PANATBIAULIUNY

A

= & o a o
LN 2 ﬂﬂiLLﬂiﬂﬂ%ﬂiﬂ%&l‘L%Lﬁ%ﬂ'ﬁ agINHK

v
6 Sudauna

v

A 4

7 iter wr = iter wr +1

A

8 @Tﬁ]ﬁﬂﬂﬁﬂ’nzﬂ’]i‘ﬂﬂqﬂ

v
YES aumdaall

9 unndunigudiuuukazdwmmaldislunssuddige

10 move_val_wr < best_val_wr
YES

10.1 best_val_wr = move_val_wr

A\ 4

10.2 \Nud VR IgUE UL

best_seq_wr = move_seq_wr

1lu Tabu List

A

11 UROINAMIAIUITH LAZURAILEUNINIT

A\ 4

IWINUNAUVBITIUTTNNUARZ AL

317 5.14 : URAITUABWNNTTINNWVBIITMULETT

unf 5 MsAewIINaINsEnE&iin

SUNNUNINUERLABWINTIL (FN7.

W
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ci & o 1Y a o
ILYUSN 2 NIIFLNIN ﬂ%ﬂsﬂ%&li%la%ﬂ'\ﬂ LAgAINK

ﬁwﬁwmwaaiauq@ﬁwmmms:m:ﬁ 1 Y ndudaauisueuuaIsTazn 2 LL@iﬁﬂg@ﬁvlﬂ%'uﬁmuﬁﬂu

' v = 1 a é/ tﬂl 1 Y o tdld; a $ a Aa a dl a
ULARZLRUNINY 2 ‘ﬂ‘ﬂ?ﬂvaullﬂqiLLﬂiﬂQﬂLﬂ(ﬂ“U% L‘H,E]\‘]Tﬂ’]ﬂvllli‘lﬁﬂ’](ﬂEJU‘Y]@“I]%Q’]TIL@QJ ‘%{]‘if’]‘iﬁ@]ﬂixﬂzﬂ 24

PYUADUNITANIU 6 Inaautnlanizszn 1 smL"S’%ﬁﬂ’mmsﬂq@ﬁ"l,ﬂ%'uﬁmwaulmﬁumaLﬁmﬁ'u

TaRyansold g lunszaunmsdumndaeulasmsld nuystoszeed 2 fal

T max Wr =

max_lter_wr =

tor_lter_wr =

iter_wr =

move_val_wr =

move_seq_wr =

pnavaImMylarianmunIngudiuwalmdumadeani
ahmmaugaq@ﬁmg‘otymsl,ﬁﬁ{?umaumiLmsﬂgu{]’%'uuw’lmé’uma
W@eIN®

Fwausaugs q@ﬁagmﬁmlﬁ%q@miﬁumﬁm DUANNTUNINE I TU
wulwdumadsriumnmssunidraovluianfiads
sauflagiuvasnisdunidinauainnisunsngudiuunluidunis
WAEINY

ﬂﬁgﬂﬁlﬁﬁﬂ%’dﬂ ﬂsl,umsmum@‘iﬂ"?'iq@mnmnm‘snguﬁ%’uuulmﬁuﬂw
W@enulaziuiinalg9n sflumwudaﬁ@"ﬁﬁg@ﬁ?u
La’umumﬂua‘%ﬂmﬂmnmmgj{uﬁ%’uuuimﬁumuLﬁ BIN%

ffiein move_val_wr dfigalusausiu

o

best val_wr = dlFdalumrzussdingannmsuningudiuuuludunmadoanun
CZIEEIA
best seq wr = LEUWNNTVREINAAT move_val_wr @‘hﬁq@mnmnmsnﬂuﬁ%’uuwlu
9 a o AV o o
Wumadoanunladagiu
& A [y ' a & 4 A
UADUN 6 flaudwiniinaiangg fda
n
6.1 T _Wr = |———| 1 n <14 uaz

6.2 best value wr

3
5 81 n> 14

ffaaulIuaw (initial solution)

6.3 best_iter wr = 0

6.4 max_iter_ wr = 100

6.5 tor_iter_wr

= 30

6.6 RawlafilFdmiunmIngadunidinay (Stopping Criteria) : i 2 anwmzfia

6.6.1 TATUSIWIBIOLVBINMIABKIEIA0UNTINAUA Ao “Max_lter wr lﬁmq@

AurIFfay

v L 0 [l ‘g/ a | o Y o
6.6.2 tWsntwinunsdalidinanniduiduduan tor_tter wr saulivin

quﬂﬁumﬁmau

YUAaun 7 U3 (Update) $1wrnsauluaniuzilagiin (iter_wr) lag iter_wr = iter_wr +1

unf 5 MsAewIINaINsEnE&iin

W
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dunoud 8 ATIFAUFNNEMIRY AU ABY Faasdl 2 nadide
81 AU wmuesIvesmIsumdinouiiinue  de “max_lter_wr’ 1ﬁ%q@ﬁu%1
Anau
82  mwsismihmunedanliaduaniduduiiwam “or lter wr sauldvimanga
AURIAINaL
dmsdumdaaulaildnga TWluvduaaufi o
Funoud 9 unandunbsgudiunalmdunudionu
9.1 unimalaslinannisvasiuiuazgaloa (Neighborhood Size)
9.2  AwnsanImsunsndwniaduldlenialilaslsnannisves
wdeail-Tiiays (Admissible Moves)
9.3 Lﬁaﬂmigwﬁiﬁmlﬁmmam‘ﬁﬁq@ waztiufindrenldanefileiduen move_val wr
waztuindaunsnaaLdu move_seq wr

& A ' AL @ ' a '
PYaaun 10 AFIIRBUIN move_val_wr YA1%asgnin best val_wr TSR

101 @l 1WUSU  best val_wr move_val_wr
best seq_wr = move_seq_wr
= . A ¢ & A
WU BINIYRET waz lIuaaun 7
102 dlils  IWAvdzesmydan uazldiuaeaun 7
PYUAUN 11 LLamwamiﬁﬁmmml‘*ﬁﬁhm’;m‘hﬁq@LLazLLamLﬁumdmﬁuﬁ,’muaumau‘snm'ﬁqﬂ

LARZA

5.2 Heuristic 2

mﬁmmiwmﬂudwa\‘lmminﬂuuﬁﬁﬂmwmmaﬁ%msmﬁﬁaaﬂ Heuristic 2 filé#iny
ﬁa'ﬁmﬂumrﬁﬁﬁad%‘uuwLwia:"ﬁaauumminm:vlaiﬁmwauﬁ’maam‘fmu@u@mguﬁ wanInaziinig
wauﬁaaLﬂuﬁmuaumﬂﬂuﬂlﬁmﬁ'mmzﬁmswamau‘fwuuauvlajLﬁu 2 38 (Fuaziiin) evinlwenl g9
luﬂﬂsﬁ'lmwua:m@ﬁaﬁ’nuwaﬂiammm:quﬁuuu LLazﬁiwuad@‘ﬁﬁqﬂ lapfimydrilafisgmninaas
t{mu?}uﬁﬁﬂdaﬁmuaumﬁdiiaawuLLazdwudGﬁéﬁﬁqﬂ #95738@n Heuristic 2 JUuAUNNIYINH
dawdr386n Heuristic 1 ‘qﬂaﬂ"mUﬂﬁu‘*ﬁaq%'uuuLwiaz"ﬁaqumﬂmmmﬂsjﬁmwauﬁ'mauﬁmu@u
dragued IRNNTOUFAIGIDIIINTEIWI ADDINITRASIABLINUSN (Initial  Solution) W AIBNYLETT
(Tabu Search) 2848738@n Heuristic 2 laa4%98 5.3 Az 3.4 AWEGU

a

521 @I9819N1IHIAIADULINLINDDITAIAANIDN 2 (Initial_Heuristic 2)

g: { L2 v a 1 ‘é | v a { a s [l a

YUADUN 1 Daudoyawinidinaiani g dadudoyavasiuil 1 w.a. 2548 nllaunueietive93s
Initial_Heuristic 1

PUaaUN 2 Wiwin (Weight) afpvasgudiuuaudazgud (W; ) RNITOUEAINITEIWITH LA A9

a797 5.28
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A1319N 5.27 : WEAIITELNIALTLEUNS, VS asinuudu (amwﬁmuu,ﬁmﬁfﬂmﬁwaagmﬁ%’uuu

' €,
ueazgud)
and Ts9971 wnas NITHIN #3516 NAJY T9el
51,19.2 103,16.61 136,12.7 168,6.8 183,4.4
159970 -
(3.5) (5.4.25) (5,3.25) (3.2.5) (5,2.25)
v 51,19.2 46,16.61 80,12.7 122,6.8 162,4.4
Hwad .
(3.5) (3,4.75) (1,3.5) (3.3) (3,2.25)
103,16.61 46,19.2 75,12.7 154,6.8 168,4.4
NITUWIN §
(3,4.25) (3,5) (3,3.75) (1,2.25) (3,2.25)
- 136,12.7 80,19.2 75,16.61 110,6.8 118,4.4
#3T9) -
(3,3.25) (1,4.25) (3,4.25) (3.3) (1,2.5)
Q@F:]’U 168,6.8 122,19.2 154,16.61 110,12.7 - 120,4.4
(3,2.5) (3,4.5) (2,3.5) (3,3.75) (3,2.75)
def«h«b 183,4.4 162,19.2 168,16.61 118,12.7 120,6.8 -
(5,2.25) (5.4) (5,3.75) (2,3.5) (3.3)
3 MWRnuSHY
U ﬁﬂ’]wﬁdﬂuu")@"ﬂi:
¥ 4 y o 4 4 de ¥ o4 M oe 4
PYUNUN 3 ﬁ']l,ﬁ%‘ﬂ'lﬁmﬂ\‘]iﬂﬂiinﬂﬂu'ﬂ k 39U | Y]itl.lu’m&l@‘]_lﬁl’mﬁ)‘@] | le]EJ\ﬁ‘]q@ J (X ijkl) PINVUBADW

MITAEUNIAITH Ao
3.1) 384 m, Mnannfiga ldwesfige lasidan m,
3.2) 1N 5.28 anduldhgudiuunimesdl w; genge uazaanIniuiuu@y

Ienan a9a13197 5.29

= > ! o A =
®13191 5.28 : LLﬁ(ﬂ\‘lLﬁ%‘ﬂ’ldﬂ’]i’ﬂ%ﬁx‘l‘ﬂadiﬂﬂ‘i‘inﬂﬂ%‘ﬂ 199uN 1

Awn | saun F09N LEBNIINT VIS SN (A)
1 2 3
1 1 wad | dwas | dwas 159974 — dwad - 159900 11.2
Auaani 4 Fuihwuaulinuanaulyd update wy; Inadviriuaaui 2
Puaani 2 wiwmin (Weight) Llafsvasgudiuuaudazgud (W; ) RUNTOURAINITEIUI DA LA

A7 5.30

A15199 5.29 : UEAIITETNINLTLARNS, VS uudy (amwﬁmuu,ﬁwﬁﬂmﬁwaaguﬁ%’uuu

' €,
TRET 1))
eing [EAERTS WInay NIZUI 3516 A 196l
51,8 103,16.61 136,12.7 168,6.8 183,4.4
Tsanu -
(3,3.75) (3,4.25) (3.3.25) (3.2.5) (3.2.25)

W
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A13190 5.29 1 WEAIITETNIALTLAUNY, VS asinuudy (amwﬁmuu,ﬁmﬁfﬂmﬁwaagmﬁ%’uuu

udazgud) (da)

and T5997% wnas nNITWIN #3516 NAJY T9el
ﬁ']W a3 51,8 - 46,16.61 80,12.7 122,6.8 162,4.4
(3,3.75) (35.4.75) (2,3.5) (3.3) (5,2.25)
NITWIU 103,16.61 46,8 - 75,12.7 154,6.8 168,4.4
(3,4.25) (3,3.75) (3,3.75) (2,2.25) (3,2.25)
ﬂ‘%ﬁ’]@! 136,12.7 80,8 75,16.61 - 110,6.8 118,4.4
(5,3.25) ,3) (5,4.25) (3.3) (2,2.5)
Q@ﬁ]‘U 168,6.8 122,8 154,16.61 110,12.7 - 120,4.4
(35,2.5) (5,3.25) (2,3.5) (3,3.75) (35,2.75)
iarlu 183,4.4 162,8 168,16.61 118,12.7 1206.8 ;
(5,2.25) (3,2.75) (3,3.75) (,3.5) (3.3)

3  MWRIIWBISEY

U amwﬁmuumsimsz

@
7

Tuaauf 3 mﬁumwaammmﬂﬁuﬁ k 30U | ﬁ%‘m‘f’mu?}umnq@ i 105930 j (x ) Fefitunan
masadunadsil Aa
3.1) 1389 m, mnmﬂ‘ﬁq@vlﬂmﬁaﬂﬁqﬂ lasidan m,
3.2) 3NANT4# 5.30 ssnldigudiuuunszwull wy; ga‘ﬁ'qm wazaanT0SUNY

FuldAuan a9a1319N 5.31

= > ! o A =
®13191 5.30 : LLﬁ(ﬂ\‘lLﬁ%ﬂ’lx‘iﬂ’]i’ﬂ%ﬁx‘l‘ﬂa\‘iiﬂﬂii“qﬂﬂ%“/l 2 39UN 1

Gui | seuf Hasi LEWNINITUHES ﬂ%mmmf’muan(ﬁu)
1 2 3
2 1 NITWIK | NIZTWIB | NITUIH 15991% — N3zwI - 13n 1.2
duaaui 4 Susiuudvlinuenauly update W Inaivindwaani 2
Funoud 2 wiiawiin (Weight) m?iwmquﬁ%’uumwiazguﬁ (W;) RUNTOURAINITEIWI DA LA

ANT197 5.29
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A13190 5.31 1 WEAIITELNIALTLEUNS, VS asinuudu (amwﬁmuu,ﬁmﬁfﬂmﬁwaagmﬁ%’uuu

' €,
ueazgud)
and Ts9971 wnas NITHIN #3516 NAJY T9el
51,8 103,5.41 136,12.7 168,6.8 183,4.4
159970 -
(3,3.75) (3.2.75) (5,3.25) (3.2.5) (5,2.25)
v 51,8 46, 5.41 80,12.7 122,6.8 162,4.4
Hwad .
(5,3.75) (5,3.25) (2,3.5) (3.3) (5,2.25)
103,5.41 46,8 75,12.7 154,6.8 168,4.4
NITUWIN §
(3,2.75) (3,3.75) (3,3.75) (1,2.25) (3,2.25)
ﬂ%ﬁ’]@! 136,12.7 80,8 75, 5.41 - 110,6.8 118,4.4
(3,3.25) (,3) (3,2.75) (3.3) (1,2.5)
Q@F:]’U 168,6.8 122,8 154, 5.41 110,12.7 - 120,4.4
(3,2.5) (3,3.25) ®,2) (3,3.75) (3,2.75)
def«h«b 183,4.4 162,8 168, 5.41 118,12.7 120,6.8 -
(5,2.25) (3,2.75) (3,2.25) (1,3.5) (3,3)
3 MWRnuSHY
Y ﬂﬂ’}wa’lnuu"u?“ﬂi:
¥ 4 y o 4 4 de ¥ o4 M oe 4
PYUNUN 3 ﬁ']l,ﬁ%‘ﬂ'lﬁmﬂ\‘]iﬂﬂiinﬂﬂu'ﬂ k 39U | Y]itl.lu’m&l@‘]_lﬁl’mﬁ)‘@] | le]EJ\ﬁ‘]q@ J (X ijkl) PINVUBADW

NMIALFUNIAIT Ao
3.1) 384 m, Mnannfiga ldwitesfiga lasiden m,
3.2) :NanT9N 5.32 fﬂ:LﬁuvlﬁiwLfﬁumumwudwaamminﬂé’uﬁ 3 s0uUf 1 ;WM

U9 laaIaN197 5.33

M19191 5.32 : LLEWNLﬁ%ﬂ’]x‘m’ﬁ“ﬂ%ﬁ\‘l“ﬂadiﬂuiinﬂﬁ%ﬁ 3 Jauf 1

awil | soufl Haefi LEWNINITURES ﬂ‘%mm‘f’muau(éfu)
1 2 3
3 1 iwas | dhwes | swes T5907% — twed - l5gam 8
duaaui 4 Susiuudvlinuenauly update W Inaivindwaani 2
Fuaoud 2 wiiawiin (Weight) Laﬁﬂmadquﬁ%'uumwiazguﬁ (W;) RUNTOURAINITEIUI DA LA

TR 5.31
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A13199 5.33 1 WEAIITETNIALTLAUNS, VS asinuudy (amwﬁmuu,ﬁmﬁfﬂmﬁwaagmﬁ%’uuu

' €,
ueazgud)
and Ts9971 wnas NITHIN #3516 NAJY T9el
103,5.41 136,12.7 168,6.8 183,4.4
159970 - -
(3.2.75) (5,3.25) (3.2.5) (5,2.25)
ihwes - . - . i i
103,5.41 75,12.7 154,6.8 168,4.4
NITUWIN - §
(3,2.75) (3,3.75) (1,2.25) (3,2.25)
- 136,12.7 75, 5.41 110,6.8 118,4.4
#3T9) - -
(5,3.25) (5,2.75) (3.3) (2,2.5)
Q@F:]’U 168,6.8 - 154, 5.41 110,12.7 - 120,4.4
(3,2.5) ®,2) (3,3.75) (3,2.75)
def«h«b 183,4.4 - 168, 5.41 118,12.7 120,6.8 -
(5,2.25) (3,2.25) (1,3.5) (3,3)
3 aWRNDuWSEY
U ﬁﬂ’]wa’lﬂuu"ﬂ?“ﬂi:
P 4 y o 4 4 de ¥ 4 M oe 4 A&
PYUGHAUN 3 MﬁLﬁuﬂ’]d“H@d‘inU‘iinﬂﬂuﬂ k 3aun | ﬂﬁﬂu’]uu@ﬂﬂ’]ﬂ‘ﬂq@ | VIJ_JF_J\T‘E@ ] (X ijkl) DINVUADW

MyTaLduINIeIi aa

3.1) 1389 m, mﬂmﬂﬁq@vlﬂmﬁaﬂﬁq@ lasiian m,

3.2) :nan319h 5.34 a:Lﬁuvlﬁ:i']Lﬁumamwudwaasnminnﬁuﬁ 4 3007 1 §WNID
wsasldasn1aefi 5.35
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aun | saun 2091 LEWNIINITUWES U NA (A1)
1 2 3
4 1 Ming | @ing | @50 l3397u - ¢3mq - l3snu 1.2
Aunani 4 Fuihwudulinuanauly update wy; Inaviriuaaui 2
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