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Research Title: Ant Colony Optimization Algorithm for Vehicle Routing Problems
Researcher: Arit Thammano

Faculty: Information Technology Department: Information Technology

Abstract

Vehicle Routing Problem can be divided into 2 sub-problems: 1) Manage the delivery of
products to all customers on time to-satisfy customer-needsand 2) Make the delivery by using the
shortest route to_reduce transportation \costs. /This research employs two powerful artificial
intelligence techniques, Ant.system (AS) algorithm and-Simulated annealing (SA) algorithm. AS
is inspired by the foraging behavior of ant colony while SA is inspired by the annealing process
of steel. Annealing is the process of reducing the temperature during the-melting process in order
to obtain the metal that is-in-the optimal (best) state. The-aim-of this propesed hybrid algorithm is
to combine the advantages of the two techniques to overcome. the limitations of each individual

technique.

Keywords: Combinatorial optimization problem, Vehicle routing problem, Ant system, Simulated annealing
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2.5.1 A new hybrid method based on particle swarm optimization, ant colony optimization and 3-
opt algorithms for traveling salesman problem [7]
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2.5.2 Simulated annealing based symbiotic organisms search optimization algorithm for traveling

salesman problem [8]
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Simulated annealing (SA) 1o 19 lumsudgymims@uniaesminauane
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2.5.3 'An'improved ant colony optimization for vehicle routing problem [9]
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Dk _d,'j M N e
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i m

0 otherwise

(2.22)
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2.5.4 An ant colony optimization model The period vehicle routing problem with time windows

[10]
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2.5.5 Solving vehicle routing problem by using improved K-nearest neighbor algorithm for best
solution [11]
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2.5.6 A discrete firefly algorithm to solve a rich-vehicle routing problem modeling a newspaper
distribution system with recycling policy [12]
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2.5.7 Particle swarm optimization for the vehicle routing problem with stochastic/demands [13]
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PSO1: Classic Particle Swarm Optimization

vt +D)=v, (1) + crand, ( pbestij = x;(2)
’ ’ (2.32)
+cyrand,(gbest ; — x; (1))

PSO2: Inertia Particle Swarm Optimization



vy (t+1)= Wy (t)+¢rand, (pbestij - X; 1)
+cyrand,(ghest; — x;(1))

PSO3: Constriction Particle Swarm Optimization 1

v; (£ +1) = (v; (t) + cyrand, (pbest; — x; (1))
+cyrand, (gbest ; — x; (1))

2

X:‘
;2—c—\/c2 —4c

~and..c=c,+c,,c>4

PSO4: Constriction Particle Swarm Optimization 2

23

(2.33)

(2.34)

(2.35)

A = T v A o Y3 — @ A
WMo UENNMIN (2.35) nasandavenyii ldianad (Constriction factor) AYANNITN (2.36)

2k

X:_—__—
1270—\102 —4c

and- c=¢ +ey,c > 4

PSOS5: Constriction Particle Swarm Optimization 3

sluminlsnnende saunis (2.34)
v, (1) = 2O+ APy~ X5(8)

Lﬁ@i%ﬂ%%ﬂﬁnﬂﬁ(l?ﬁ) LAZTUNIT (2.38)

cipbest,; +c,gbest;

mj T

c

PS06: Cognition-only Particle Swarm Optimization

v(t+1)=v,(t)+crand,( pbest; =x;(1))

PSO7: Social-only-Particle Swarm Optimization

v (t+1)=v,;(t)+c,rand,( gbest, —x,(t))

PSO8: Local Neighborhood topology Particle Swarm Optimization

v, (t+1) = (v; (1) + ¢yrand, (pbest; — x;(1))

+cyrand,(lbest; — x; (1))

(2.36)

(2.37)

(2.38)

(2.39)

(2.40)

(2.41)
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lbest, & \N | f(Ibest) = min{f (x,)}, Vxe N, | (2.42)
pbest,_, (0),pbest,_, .(0),...,pbest;_(t), pbest (1),
= ’ ' (2.43)
pbest,,(1),..., pbest,,, (1)
pbest, i pbest, o pbest, " (2.44)
pbest,;, pbest, ;, pbests ,, pbest, , pbest, ,, (2.45)

E v

Sa a U < da A
TuapUA 1IUdUNIVBINITNIAD (particles) TAINITFY LAZAIINITIVOINI AR
= I~ o ° 1 Sa A { o
(particles) (SuduTlugud lunngaiiiu dmmisoIwsana (paricles) 1/aoulasasauns (2.46)

X; t+)= Xy O+ vy t+D (2.46)

o 1 g Mg (pbest) Turly (Swarms) laasaumai (2.47)

Xt Dy (e (1D).< i, ()
pbest; = / v, ’ (2.47)
pbest ;- ‘otherwise
Ay shaane au e g (Swarms) Ravidm 1y VRESD s e isoula o dludaaunis (2.48)
gbest; € {pbestlj,pbestz/,..., pbestM|f(gbestj)} (2.48)

=min {f(phest, ). f(pbests ..., FCpbesiy )

4 9 A‘ v a o [ a =R '
nagns Local search ﬂzi%LW@ﬂﬁ‘UﬂjﬂﬂTiWaﬂﬂ“ﬂ@lﬁnﬂ panNvINY PSO Glullﬁﬂgﬁ@ll
o a o y 4 <) ) { 1 4
"U’E—]\?@aﬂﬂﬁﬁ?Jﬂ'WlﬂﬁJﬁlﬂiJ'lgﬁM‘U@Qdﬂ (Swarms) NIKUA Lmz%m‘umﬂauﬁmmzﬁummum%wa
iAa (patticles)B0N03 NNILHYALITIHIUFBUMINTANIMUA
g’; o [ a R JdAa a ) @ 9 A o dy
YUADUNT NN UUDIDANBINVINITWAATIDN-(PSO) fﬂﬁﬁﬂl!ﬂﬂiy}ﬁW VRPSD Wadu
< o a Ja a
1. 1A0NAUMIANNIS VDI ANDI NUNS NIAaa 10N (PSO)
o o Jda a . '
2. 1@en mmuﬂa (Swarms) MUAUVDINITNIAD (partlcles)slmmag Swarms
o v Ay ' 9 a o a o ' A o
3. ﬂmus&]mljamuT,ﬂEquauwNmuﬂim‘lJaEJumLmuﬂugﬂmemmm NIHUA
o [} 3 1 da a
AL UN LAZANULIIUAASNITNINA (particles)
o U . 2 i . J o . .
4. MUIUAMANUNINZAY (Fitness) iFUAUVDILADY particle THanFut M1 (Objective

. 2 3 A o R Yo
function) 6ll’t']Q‘ﬁ’ﬂJ‘I’H“}NL‘]J“L‘li8EJ$‘1/IN‘1/15“11§°]°I*i’NGUE]\1 a priori tour Idaaaunms (2.49)

£,(q) = Minimum{f"(q), f7(q)} (2.49)
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fjp(q):dj,j-H +ij+1(q_k)pj +1k

k<q

+[2d, 41,0+ £ (g + 0= k)P i
k>q (2.50)

K
[I@=dg+dy 0+ f10(Q=0)p; 4
k=1 (2.51)

Yy A
Moo lvvoua

fn (q) = dn.O’q < Ln (252)

A A Lo
We  s=(0,1,...,m) AD a priori tour
d A o 3 ~ Y a
g’ 00 Traa (load) MHABVDILNYWINULHAAATINTVINMIGNAIAUN
/(q) A9 TzesMaiiaNAnda (expected cosp-amgnmaui i de lidranih
v - Yy v = 4 . B
EIUU j =001 0AN f,(q) TLISNIINAIAK I VDN a priori tour)
17 (@) PoszusnanIan 338 aaun1a e uwivuz lindu ludiaanszae
- & o ) o
fvimng lldagnaiaiaa d
H @ 4 @ @ = Y a 9
£/ (g) e szosnianmarislon unmuznay liésyansenedud uauve i
< 4 @ 1 1
wuTvamdiotleanins laly
Y o A ' da a . y Ja a . Ao A
5. AUMATADTINA TUuAazWATIAA (particles) a2 ALV NS NIA A (particles) NAN A
VDI Swarms
MSNTUTIEN
° < ! Ja a { o 1 ' 1 Ja a
6. MUIUAIWG AIAQL WIT NLAa-(particles) Haga 1w lvlveaagnIsnifa
(particles)
7. SunfReusaumuslusihiuaiias
° ' . 1 1 Ia a .
8. MuameAMMKULaN (Fitness) 1N luuAaz w3 ALAR (particles)
1 o v v a 4 . . [
9. U5v1lgedwmian1e9ane3iiu2-Opt; 3-Opt Mz nagns Path Relinking tazil5u1l39
o d'd 1 Ia a .
MADUNAUABZINTNIAD (particles)
Y a a . cid 3’;
10. AUKIWITNLAR (particles) NAVDY Swarms NNHUA
1. Ysunlasudwnisluglunudeniio
o A 1 da a . d‘d
AUMINU AUANITRIAQ (particles) NA
Aav dy o Aa R da A = 3 Ao Y ' o [
HANT3IV8Y Ban3 NUNIINAaaIaN (PSO) Haunsnnwsinsams laanndmsy
[ 4 4
TJoy11 VRPSD Ao auns PSO3 5aunumsAunuamizi (Local search) 1taznagns Path Relinking

A Y s = (% % a SR d' Y o a SR 4
LLﬁ%QﬂLﬁE]ﬂsl‘l/iLl]iﬂﬂlﬂﬂUﬂUﬂﬁﬂﬂi‘l’luﬂuﬁluﬁiimﬂiiiJ HUINTANBINUNIT-
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MAag10u (PSO) ﬂzuﬁ’ﬂmuﬁmmumin‘fﬁm%nmﬁwmmxﬁuﬁ@imﬁm HATINITOAUN
Uszansammaldeunlasuessiaeuvessanasnuwisnma (so) luaii liderieelae
Usrnnmsgadeasaums auddeluowaayathlu 2 firmaiuanes fifmadt 1 vzuddaym
Vehicle Routing Problems 1) AYMABIN15U09gNA1 1311110 U (Stochastic demands) THinatiaisg

TuA1a1991n555uABHADY < 1Y Clonal Selection Algorithm, Honey Bees mating optimization

]
A o

3 Y a A 9 Y Aa K Ao 9 A 49! [ .
Wuau taznan19o U 9 Llﬂﬂmﬂ?ﬂﬂ@ﬂﬂ@iﬂﬂ u?!ﬁu@ﬂiyﬂ1ﬂ%Ucﬁ@uﬂ1ﬂﬂ\1ﬂluﬂﬂ]ﬂﬂ!$\7€hlcle

Routing Problem with Stochastic Demands t1i¢ Time Windows W3e Dynamic Vehicle Routing Problem

2.5.8 A novel two-level optimization approach for clustered vehicle routing problem [14]

E2
av A

o Y v a y { o
v lgiuauemsudidymns sa@ummaauso nunnzauiga Tudnyuzms
@ 1 U X ¥ <
IANGUN15 VWA I clustered Vehiele routing broblem (CIuVRP) ~#egna1nnladzgnuanooniilu

vanenquatufitvua Iinouwdl Taslommvug luns Iusnsunna 1 autazeumnvus

'
@ a

Y 1
AU IAUMI VS Mg Tugan s HuTnsNAosa i
Y
a o < 1

Tasarudretazuantlynily 29yv1d0e Ao upper-level (global) Sibproblem 1A g
lower-level (local) subproblem e upper-level 130 global level FLAITUUFUIMID T AUN N O

' 1 ] X I A . % [
5¥1319NqUB0 8 (cluster) B9ii1l global routes . Tao 19 Genetic Algorithm 1110 159an 130 TRy

d' s = 'y 9 a ) vk 2 E
Tuvig loverslever VZNAITINDAUFUNIING DT sgasmatuagy s9luruasutiazmlas

Y 9 a ] A ) 1 i Y

global routes- 11111 LA UM IMTAUNINYOINITNAIUAIBIN DA 1Y IMH A1 optimum A8 1Y 51A T

Concorde TSP solver

d‘ a2 a d' = 1 1 9
NN 2.3 LLﬁﬂQﬂi?NLL‘UDhliJiJVlﬁVlN‘l/lLL’dﬂ\iﬂ\iﬂ?‘ill‘ﬂﬁﬂquﬁuﬂﬂgﬂﬂ1

1NN Den1sutianguuesgna lu CluVRP Feluninldutegndisiuau 22 510

I U I v A
poniilu 5 nquie v, D v, Taell v, iflundsdum
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4 A av [l Id I
iduion (edge) gnai 19 luanuiseuiseenilu 2 Uszinn Ao intra-cluster edge 1Hudu
A A [ Y A 1 1 = o [ 2 o Yy A A 1 Y
nrenTosszninsgnmiteglunquiReanu 11 inter-cluster edge FuiluduiniyouTosszrinagna
ANQY
2.5.8.1 The upper-level (global) subproblem
1] a =< Y A A 4 1
upper-level subproblem i un 15N 1T udun1aiirouloasgnitangy

X ) A o { {
(cluster) Fuilu global routes Taelduasudtimaniugnssulumsdunudumaininzauiga

NN 2.4 uan global route 11 lananaaga luaiwi 2.3

av A0 Yo Y A Ao & Y 9 A
511!\111!’3 fJullﬂ TVUADUITLTINUINITNIIIO GAiJﬂ‘]ﬂWE]ﬂu%ﬂmu‘VINL"]SE]aJ

] ]
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q
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= ) A
V0-V4-V0 a5audngad Ias laslaune 15102304
GA Ysgneudietiun1avinaiune

1. Amualszsnsauay

E4
awv A

GA dZimsduaniioad19ilseainsGadn Tasdiinuaseil 1dinu

=

Y Y A Y a = Y Aa < [
ADIN13Y839NA M 1F1UI M3 tazaNBguas Ui ruEN g I USRI s uatuaIuvialunis
a 9 s 9
nsanadlszying Suau
A A d o
2. ﬂ1iLaﬂﬂﬂi$%1ﬂi%i}$u1N1W1 Crossover
[ Y 9
%81‘%} rank based selection c’fiaﬁmumu Ch
Y v . o = o w '
D Ivase list vea lagyy Tasisesdiauilssynsamumanumuzaylag
Y { 1A 1 3 o o

Timanumingauiuengagiludiauusn

2) AU rank HAg rank Ay TAsNITUIINA KUY Tist ¥O I TrgHU
A A o w k2
nFeadeu’y Tae

rank = position / WA 33UV position

iy U1lszans 3 Tas Tu ey Ias I lauludumdansnagian=1/6
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v
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T = rank AzauNNINNGA
1 1l z§ s 1 1l 1 =3
3) QUATR HANAIBYIETHIN 004 T
4) 10 (rank arzay >=R) uag 1l Tag TuTsuay
g’/ I { o o
Taen Tns Tu Tauiiwdluilsznsnazaiuyii Crossover
3. M1 Crossover
B o a0 Aqy A A 9
1SV 19 order crossover (199 OX) Iﬂﬂmﬂﬂ 2 parent U1TIN 2
Y Y
offspring MUIUADUAIY
1) quidondude et point NeWINT crossover 31U 2 @KUY
2) _4NsE313 Offspring 1ad
- Offspring, qen copy A WL eut point 970 Parent,
“EIMIMN 001 Offspring, 1¢ 1 104aIN Parent , MURNITUINAUNUS

:
=) ! A

. ~ A oA e LA =2 9 Y [
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A 9 o
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g Al % 1 1
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Y o a Y 9
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4.M311 Mutation
AT Mutation A3 HINTT AN 2 drtviaaiinisadual Iaslunisii
X = o 1 1 <] A Y a 1 a o
Mutation 954N 1511 UaaR 0 UI9sdulns mutate tno 1413 nas N 1T 12302 RAN 59
% [} 4 av dy £ { o v & 1 v 2
Mutation H3e-4 tazidosain Tuaidtedunanwsinnisaauiluaiuved global route Aa1Y

3 5,Y . x
N3 %qvﬂumi 91 inter-cluster mutation

2.5.8.2° The lower-level (Iocal) subproblem
I A 3 a
lowet-level 1Y UL Ao THI ag9n_global route Lahwiduniansiduves
N N y 4 - Y -

WINNUNIE MeAURLTUNIIRzaunga 1agld Concorde TSP.solver Tasuuiaalunis
o A o Ay v v A ' ¥ o A
mauaeazyhmamua T Mgk Tudinaese 119 cluster ud aell

1) ¥INgnm v, tag v 0gmalunguiasari i ¢/ (V) = c(v,v)

2) uaMINgNA v, uaz v, aganngy Tihmaimua M Tumsdiuon

b4 !
Taeldi ¢ (vi,v) = c(v,vy) + M

~ Id 1A [ A
Tagn M T UAIMUINNIIHATINUD cost NAHUA
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Tour 1 2 5 1 6 8 9 7 4 3
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NAME DIMENSIONS COMMENT
eil51 51 51-city problem (Christofides/Eilon)
berlin52 52 52 locations in Berlin (Groetschel)
st70 70 70-city problem (Smith/Thompson)
eil76 76 76-city problem (Christofides/Eilon)
rat99 99 Rattled grid (Pulleyblank)
kroA100 100 100-city problem A/(Krolak/Felts/Nelson)
kroB100 100 100-¢ity problem B (Krolak/Felts/Nelson)
kroC100 100 100-city problem C (Krolak/Felts/Nelson)
kroD100 100 100-city problem D.(Krolak/Felts/Nelson)
kroE100 100 100-city problemE (Krolak/Felts/Nelson)
eil101 101 101-city-problem (Christofides/Eilon)
pr107 107 107-city problem (Padberg/Rinaldi)
pr124 124 124-city problem (Padberg/Rinaldi)
pr136 136 136-city problem (Padberg/Rinaldi)
prl44 144 144-city problem (Padberg/Rinaldi)
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Algorithm
Instance Name BKS
AS EAS Proposed
eil51 426 457.39 473.12 428.87
berlin52 7542 8093.4 8093.4 7544.4
st70 675 761.69 727.13 677.11
eil76 538 578.33 586.98 546.5
rat99 1211 1369.5 1369.5 1220.4
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Algorithm
Instance Name BKS
AS EAS Proposed
kroA100 21282 24698 24698 21285
kroB100 22141 25824 25824 22197
kroC100 20749 23566 23248 20751
kroD100 21294 23903 23903 21479
kroE100 22068 24638 24371 22137
eill01 629 722.56 727.76 640.21
pr107 44303 47160 47348 44302
pri24 59030 67015 66893 59031
prl36 96772 111970 110890 97664
prl44 58537 60953 60779 58535
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BasicSOS [2017] VNS [2018] Proposed
Instance Name BKS

Best | Average'| PDBest (%) Best Awverage | PDBest (%) Best Average | PDBest (%)
eil51 426 429 438.73 0.70 42898 428.98 0.690 428.87 | 432.367 0.674
berlin52 7542 7647 | 7659.49 1.39 | “7544.36 | 754436 0.031 7544.4 | 7564.95 0.032
st70 675 675 699.13 0.00 677.11 677.11 0313 677.11 682.724 0.313
eil76 538 542 | [ 556.31 0.74 545.39 552.57 1.374 546.5 | 554.384 1.580
rat99 1211 1284 | 1297.38 6.03 | 1240.38'| 1241.26 2.420 1220.4 | 1231.71 0.776
kroA100 21282 21401 | 21633.8 0:56° | 21618.2 | 21695.79 1.570 21285 | 216244 0.014
kroB100 22141, | 22155 23142.8 0.074'22139.07 | 22140.2 -0.009 22197 | 22431.5 0.253
kroC100 20749 | ~20811 | 21020.2 0.30-1°20750.76. | 20809.29 0.000 20751 | 20889.7 0.010
kroD100 21294+ 21492 |[22044.3 0.93| 21294.29 | 21490.62 0.001 21479 | 21773.1 0.869
kroE100 22068, 22128 (+22467.1 0.27.| 22174.6/| 22193.8 0.483 22137 | 224279 0.313
eill01 629 649 659.71 3.18 64231 648.27 2110 640.21 652.26 1.782
pr107 44303 46097 | 461122 4.05144301.68 | 44314.92 -0.003 44302 | 44634.5 -0.002
pri24 59030 [ 68942 |~69211.1 16.79-} 59030.74 .59051.82 0.001 | 59030.74 | 59629.3 0.001
pr136 96772 | 98018 100461 1.29 | 97979.11 97985.84 1.240 97664 | 100895.2 0.922
prl44 58537 | 58587 | 60136.9 0.09 | 58535.22"| 58563.97 -0.003 58535 | 58798.9 -0.003
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