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Abstract

The researcher has applied and develops the meta-heuristics method to solve Vehicle Routing Problems with
Soft Time Windows (VRPSTW). For this case there was only one depot, multi customers which each generally
sparse either or demand was different though perceived number of demand and specific period of time to
receive them. The Operation Research was representative combinatorial optimization problems and is known
to be NP-hard. In this research algorithm, use Simulated Annealing (SA) to determine the optimum solutions
which rapidly time solving. After developed the algorithms, apply them to examine the factors and the optimum
extended time windows and test these factors with vehicle problem routing under specific time windows by
Solomon in OR-Library in case of maximum 25 customers. Meanwhile, 6 problems are including of
C101, C102, R101, R102, RC101 and RC102 respectively. The result shows the optimum extended time windows
at level of 50%. At last, after comparison these answers with the case of vehicle problem routing under specific
time windows and flexible time windows, found that percentage errors on number of vehicles approximately
by -28.57% and percentage errors on distances approximately by -28.57% which this algorithm spent
average processing time on 45.5 sec/problems.

Keywords : Simulatedannealing (SA), Vehicle routing problem, Time windows, Soft time windows
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0.60 232.23 304.69 391.19
0.70 244 .57 3.30 130.32
0.80 269.85 161.26 0.00

0.90 293.72 1686.94 25.00

1.00 252.10 158.47 0.00

NANNTALATIZALURNTNT 1 WL BN
A negauaantlafeay 10% dani1nualisesy

gﬂﬁ 8 NANARALILWALAASULNENTALLIAN

Tup1999 1 wazgli 8 nsaenenIaLNan
SR w, aantld19asyi i uAiNTIuASIaY
10 wefidusiy wUein1saeueaniduw 10 12914
199 10-50 % WIN HANITNAABINLIGN FANEINN SA
228NN T UUAINAUAININLULNFAUIANNSN A
wsiazlif “Idie Time” uay “Late Time” sxALNFINN
iuAw Tuniamsanudas Tudag 50-100% wuan

1 dl 9/2‘/ = al 5 1 =3 Y o
FLUENIINTUIBEIN LAY WninAuasinaiulade
wsl “Idle Time” uaz “Late Time” agfluszAuisna
= a o Y X - o
FIFIUNANIIAY NIRD 1T UnTHN179A L BN
WU VRPSTW tugun1slnuuneanan Aa n1eamn
FTHENNNNITUAN NAUNGALAZAYIHIAT “Idle Time”
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pRdrAynseuatLuudnfimdy w o= 1.00
(FLAUAINEIATYNIN) LaziiioneuliunIeuIaa
aanldlWsziumanudAnyidu w_ = {0 - 1.00}
LNUA 28N IULIANRTLE AU RINAAUZTUE
wunisanfaiigaliidu “idie Time” dau w =
{0 - 1.00} LNUAIENIALIATLNEIANLIATNIVUSAUEN
wuneandsdngalindy “Late Time” Failinmalsy
Alefifuinnsrenensatioa s W WAz W, aeanld
fnaaziiniu Ineiaaunieas 10 wesidud Weithinne
nagaLYULNARRSNTaUAN TN eI zann el E

P4 '

A A | o =
WunAuTnaziiu m@ﬂ’]iwmmm\nmmlugﬁm 8

4, I
waz “Late Time” Notfluszaufag Hiduiuazinl
= oA A v a =~ ,
grudamnuiidenalunisliitdnismenzinisdane
a v , o o Y ame = A Y o
AuAnldmsaoantiues Ay gadeavaen ldsziy
LNALABFNIALLIANUENENUNIZANNTLAY 0.5 13D
50 e fifusinanmagaunia 6 oy Tuarsudall

5.2 uanisnaaaurlyyynly OR-Library

HANNINARBLI 6 oy dulsiun c101 C102
R101 R102 RC101 way RC102 Tngldsvduunamas
NsLANILNERITAL 0.5 Uz n_repeat = 10 WU
AmeLTiATigAaNSanesTin SA-VRPSTW daudnsly
ANS19T 2 LA 3
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M15719% 2 nannsnaaeuiloymidanesiin SA-VRPSTW

v UL 2 3 4 5 6 7 8 9 10 AnaRe
A543 ey
€101  Vehicles 3 3 3 3 3 3 3 3 3 3 3
Distance  190.57 19133  197.65 20450 19014 19030  197.81 19078 19499 20677 19548

Idle Time 5,179.08 9,0356.11 7,2356.24 7,612.66 13,925.67 13,214.99 19,116.30 13,052.04 1,868.85 8,964.49 10,820.44
Late Time 1,059.51 1,494.79 121257 124146 1,948.00 1,948,565 2,307.07 203535 167543 147121 1,639.39

Time(sec.)  33.95 32.64 36.34 32.65 39.19 33.25 29.12 30.82 38.93 31.29 33.82
C102  Vehicles 3 3 3 3 3 3 3 3 3 3 3

Distance ~ 192.73 194.14 191.09 190.80 188.83 191.85 198.04 188.93 200.02 191.42 192.79
Idle Time 8,933.90 4,114.80 4,213.66 6,792.30 7,053.57 9,331.43 6,466.84 517247 1,604.01 3,690.98 6,637.40
Late Time 1,5660.94 1,216.92 1,125.06 1,495.16 1,487.59 1,686.83 1,115.68  1,241.71 1,675.98 927.05 1,333.29

Time(sec.)  30.03 40.68 33.32 37.08 32.97 30.25 33.65 40.29 25.63 42.81 34.67
R101  Vehicles 2 2 2 2 2 2 2 2 2 2 2

Distance ~ 341.00 342.76 345.75 341.45 341.65 345.22 340.90 344.60 349.53 344.19 343.71

Idle Time 3,710.39 3,414.06 4,317.08 4,241.19 4,009.71 4,030.95 3,691.69 3,455.20 4,692.58 3,470.26  3,903.31

Late Time  235.64 200.82 259.74 276.52 244.27 244.27 219.01 193.66 293.59 190.79 235.83
Time(sec.)  46.01 40.25 41.53 40.35 50.55 47.19 44.26 54.54 46.47 48.35 45.95
R102  Vehicles 2 2 2 2 2 2 2 2 2 2 2

Distance  365.99 341.91 341.45 347.25 349.22 351.97 346.97 335.69 345.94 358.33 348.47
Idle Time 1,154.70 4,134.12 3,098.49 3,028.90 3,968.78 3,880.18 3,668.34  4,111.95 3,302.99 4,716.86  3,506.53
Late Time  232.74 268.77 166.30 178.58 263.64 226.97 198.54 260.82 193.60 262.15 223.21

Time(sec.)  35.78 47.44 53.39 55.77 56.17 55.43 44.64 48.33 45.09 57.91 50.00
RC101  Vehicles 3 3 3 3 3 3 3 3 3 3 3

Distance = 294.99 370.45 325.97 297.79 334.90 333.56 363.86 294.99 358.81 321.83 329.72
Idle Time 1,675.89 1,894.66 1,445.46 907.93 1,465.89 1,623.27 1,753.54 974.29 2,050.71 996.92 1,468.86
Late Time  308.48 298.20 274.16 208.64 269.94 249.71 275.21 228.75 293.78 221.33 261.82

Time(sec.)  59.56 51.52 55.84 52.31 55.92 52.19 59.96 50.82 54.65 55.45 54.82
RC102  Vehicles 3 3 3 3 3 3 3 3 3 3 3

Distance ~ 332.73 356.81 361.16  297.60 332.05 329.64 323.17 295.74 371.09 304.13 330.41
|dle Time 1,114.20 1,380.22 1,171.22 1,126.36 1,016.32 1,121.59 1,342.69  1,007.03 1,097.54 1,209.62 1,158.58
Late Time  241.79 259.02 267.78  265.10 248.12 250.07 301.21 263.25 211.45 272.61 258.04

Time(sec.)  53.52 50.02 50.35 56.46 52.53 53.52 53.28 56.09 53.59 57.90 53.63
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A19197 3 Aedsn magaulymaanasiin SA-VRPSTW

seufl NV ™ Idle Time Late Time CPU Time (sec)
C101 3 195.5 10,820.4 1,639.4 33.8
c102 3 192.8 6,637.4 1,333.3 34.7
R101 2 343.7 3,903.3 235.8 46.0
R102 2 348.5 3,506.5 223.2 50.0
RC101 3 329.7 1,468.9 261.8 54.8
RC102 3 330.4 1,158.6 258.0 53.6
Aedy  2.667 290.1 45825 658.6 455

VNG

NV = S9N ALz ugdan s

7D = szaznnlngsanlunnidunisaugds

Idle Time = WANNFIRUAABURMLA

Late Time = LAMAIAUAINRININUA

N
CPU Time = waniszunadunaunispnaniiomas (uni)

gﬂﬁ 9 HANNINAAALAANaINN SA-VRPSTW a1uau 10 A5 Tu 6 Ty

lumn19 3-4 wazgLlit 0 aqlddn Saneifia
SA-VRPSTW ianagatidnuan 10 A% wudn dnuau
WLz Iug R 1aae 2.667 (3 AL) T2UENIINTUUAS
Taeisa3 290.10 ANTideRUANAaUR A (Idle Time)
4,582.50 1afidadudndandnfinvun (Late Time)
458250 uaznATLszaananld 45.50 3unf Au
sy Asludefdus anninlFeuiiauAiney

Theisnaia 6 loyun szudnatleyun VRPTW wazileyun
VRPSTW Ha1uaunsldnnvusaudeanas 42.85%
LazgzaznelagsINanad 26.37% 4 15y VRPSTW
fnanfintuanluganaesnisdenannanianda
ARLdUW 87.43 % wazdad1ndNn1uun 12.57%
LﬁfaLﬁﬂuammwﬁqmauﬁmmﬂummqﬁ 4
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m1519% 4 nafeuifisuAmeuiloyun VRPTW aqn OR-Library U SA- VRPSTW

Amaufiangailogw VRPTW Amaufinngailygm VRPSTW | wlasifudanuiinwain
[1n OR-Library 7N SA
Instance Vehicles Distance Instance Vehicles Distance | %Error Vech | %Error Dist
C101 3 191.3 C101 3 190.14 0.00 -0.61
Cc102 3 190.3 C102 3 188.83 0.00 -0.77
R101 8 617.1 R101 2 340.9 -75.00 -44.76
R102 7 5471 R102 2 335.69 -71.43 -38.64
RC101 4 461.1 RC101 3 294.99 -25.00 -36.02
RC102 3 351.8 RC102 3 295.74 0.00 -15.94
Anadnasifuianuianain -28.57 -22.79

wefidusaauianans (%Error) = (

Best known-Best SA

Best known

Best known Bungiie AMmauitléann OR-Library

Best SA M8/l AmaUlAaINaENg SA
%Error Vech el wlefidiusaauiianainsusuninuzaudei l4iasngaszning VRPTW uay VRPTW

)x100

%Error Dist nuneie wefidudauiianainvesszaznian 1 ddungaszuing VRPTW uay VRPTW

Route : Distance =152.30, Load =138 =>0123920110111978180
Route : Distance =194.96, Load =194 => 051716 14 1522232524 42121360
Total Distance = 347.26, Idle = 3493.41, Late =196.20

Computational Time (sec.): 00:00:53.1612694

g1l7l 10 AmeuATigAAINEANETTiN SA-VRPSTW
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wuqniloyun R101, R102 Way RC101 AR
AlFan SA-VRPSTW innslddnuaunimuzangs
LAZAINNENITR9TEENT A AN T ULy
fiu VRPTW Iaenaniznaiitloym R101 guduiloymn
VRPTW lffseeizniesan 617.10 Tdnnuusaudeaninu
8 Au waduiuiloyyn VRPSTW Tdazaiznnesaniyiniu
314.65 Tdwnuuzauasanuau 2 Al N34 UN 19U
a1n A Aldnantszana 53.16 fund éﬁgﬂ‘ﬁl 10

Ty R101 Wudn SA-VRPSTW TiiAnmey
fuszezmneands (TD) uazd WLz L 714

'
al

#andntloyun VRPTW usisiasiansaniladefinuaue
Usznaudan Wy wafdsduddige b wazioan
dedufneuinun a du anyfdansdinaldnamue
A 1 AU WA 1 s fununisldninusaugde
LAAZLEUNIWINTL 500 U9 (ARanAwEInewdusn
AdaNTinUaEge sandeAnldaneau) Furunig
Idseaznevizasumunisdunaesiniumemasaniu
1 u/nu s lnslunisdeduiinannaiinuum
dl o £ 4 v a 1 Yo U é’ ‘d‘ [~3 a U 1 2
ninlignAnde A ldae s ununAuAuAnauldau
A % & o a [ = a U
WrasunuiuiNEIATL 0.1 U/ (NITURIRWAT
Tusazidunielinisanuanndy 1 nu.windy 1 w1f
17005 lUN9IUR9RUATYW 60 AN/TH) LAY
v A, a v oy o Ao o ¥
AunungdeduAtInIimuaninlignAdalenia
TunnssameeAnLili 0.5 LTMANT AMNANFL N1FANKIN
FUWANT) A9R19799 5

A157199 5 N13AUI AN ane

Aldane VRPTW VRPSTW
nsldwauzauds 4,000.00 1,000.00
N7 Mszaznng 617.10 347.21
A TneEdenauniuug - 349.34
AN INEAININAIIUA - 98.10
ERLY 4,617.10 1,794.65

' v
=

annnafFauinsusuunldvs 2 Ty

(%

Wu31 VRPSTW Toidisuyunaegniu (Funuiinine)
udadannudseudandiloymn VRPTW winri 4,617.10-
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1,794.65 = 2,822.45 1M T9ANIIN1IAAEUNNTUA
WULIAIRNTA LATNEHAIRANUNAIUNIBLIAIATLA
naunisfndulagnaianila

6. AgUNALATIRIAUDUUL

n3iseansda SA-VRPSTW WU 53812n9
TAYTINTBINIFAALEUN NIV UZAUAILL VRPSTW
ANILUL VRPTW IW31237900 Hdas1iangaiiaan
ynawnuly azinlildansadadusils wiselinig
R uunINLEIBgININAuANS Y (WnHnNg

o d L we . -
aziaouly) waisildlduunamanudnlunngsia
A A Ao o % \ ,
Wannsauainandawatarligaiuisanaullsu
nauAItNT Wes usaAdnazaanliiule
dll r%l/ [ @ 1 a Y dd‘
waziadsslaminsansaftdantdannainsiineas
Wazdintaulals aalfnseunainasnueanlddae
WHNZAN wAFeseaN@aANlFaneNHAN Tuunadon
Wiy Ui (Penalty Cost) Wiles ManHiautiv
FhefdnasAuANAEfa LN FUS U WA UA T WIWN ML
ey a ~ r = Y o

ugan I unnulliies dnemen Wy pranunaiem
wwumum AU UNTINWTL9D me/ummuwuauj
AFReRINNN LL@”‘Luﬂimdwmﬂmﬁfaum"mmm
FURUAT wazaeuiA FanaduRuiLRy Wea s
Wiufneaindiednds@uaile iunagnsnizand
Win-Win strategy Wusu

o

et arnnsdszgneaaui oy laeldis

NINFNFFARNAF N ATIATE SA T Arin 13 N9

aaa

¥dmevuiafinnninuazldinalszunanaiivang
AU vdsannnn sl UA meLRl dsevdng VRPTW
LAy VRPSTW iy nudnililefifudasuiianann
Sunumnvuzaudalngiedn -28.57 % uazilefifus
Aufianaaszaznialnelads -22.79 % e
saneinaldnanszaunalngiade 45.5 Funitdom
PNy Seffdrznaunisarnnantindezensuay
Usulddvadogmannndn nane wazawaluglé
Lﬁ'faLﬂumimLzﬁumeméi”ﬂﬁmﬂ%wﬁqmm%@Lwaq
Amunzauanifinsldsraznafidu uazsiuau
wwnzaugaiunzaslaglaine 1 HifauaRmisenne
%ﬂ%\iﬂ"\immmiﬁmaﬁﬁmiqﬂﬁ’]ﬁwrﬁunuﬁﬁLﬁu
nsfimanzay deusuuziianisidelueunanansil
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= = U a U v
NIANHINIAIINA BINI1IRUAITRIGNAIHAINN
Fiaan 3AuAN LNk 1ULeY (Stochastic demand) B4ay
InfAeaiudanInnnTANRUNN IR UATITRIN1 UL

2 .
dnngalutlaqiii
7. "ImAnssNlsemaA

e BlAFuatuayuuganyun1sIde
WNUINANEIITAUYANAN®EY W.A. 2556 d11INanu
ADIZNITUNNINBIWNBALATNNNBLINE NINATLETN
NNIALENINANTY FITEUBTBLNTEAE L UaTLIALY

ey z
n3aels ou Tennail

8. LANANSA19DY

[11  Savelsbergh MWP, Sol M. Dynamic routing
independent vehicles. Oper res 1998: 474-90.

2] Lau HC, Sim M, Teo KM. Vehicle routing
problem with time windows and a limited
number of vehicles. European Journal of
Operational Research. 2003;148(3):559-69.

3] Sam RT. Vehicle routing with time windows
using genetic algorithms. Application
handbook of genetic algorithms: New frontiers;
1995:253-77.

4] Landrieu A, Mati Y, Binder Z. A tabu search
heuristic for the single vehicle pickup and
delivery problem with time windows. Journal of
Intelligent Manufacturing. 2001;12(5-6):
497-508.

5] Tan KC, Lee LH, Ou K. Artificial intelligence
heuristics in solving vehicle routing problems
with time window constraints. Engineering
Applications of Artificial Intelligence.
2001;14(6):825-37.

[6] Solomon, M. Algorithms for the vehicle routing
and scheduling problems with time window
constraints. Operations Research, 1987;35:
254-65.

(7]

(8]

(]

(10]

(1]

(12]

(13]

461

Homberger J, Gehring H, Hagen F,
Wirtschaftsinformatik L, Hagen D, Deutschland
B. Two evolutionary metaheuristics for the
vehicle routing problem with time windows.
Informs1999;37:297-318.

Metropolis N, Rosenbluth AW, Rosenbluth MN,
Teller AH, Teller E. Equation of State
Calculations by Fast Computing Machines.
The Journal of Chemical Physics. 1953;21(6)
:1087-92.

Chiang W-C, Russell RA. A Reactive Tabu
Search Metaheuristic for the Vehicle Routing
Problem with Time Windows. INFORMS Journal
on Computing. 1997;9(4):417-30.

Braysy O, Hasle G, Dullaert W. A multi-start
local search algorithm for the vehicle routing
problem with time windows. European Journal
of Operational Research. 2004;159(3):586-605.
Kolen AWJ, Rennooy K, Trienekens HWJM.
Vehicle routing with time windows. operations
research 1987;35(2):266-73.

Suphan S, Preecha C. Max-min ant system
(MMAS) for vehicle routing problem with time
windows. KKU Res J 2011;38(3):313-24.
(In Thai).

Narath B, Ali Gul Q, Eiichi T. Vehicle routing
and scheduling problems for convenience
store industry considering soft time windows.
Proceedings of the Eastern Asia Society for

transportation studies, Vol.9, 2013.



