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Abstract

This research studies the vehicle routing problem of parcel
shipping. Which, instead of using one trip per job, this study
introduces a more efficient approach by combining several
jobs and turing them into a series of pickup and delivery
services. Large Neighborhood Search Metaheuristics is used to
solve a mathematical model formulated based on the
characteristics of problem such as vehicle capacity and service
time windows, seeking the most efficient route and pickup and
delivery order. For simplicity, the impact of road traffic is
disregarded. The study shows that the total cost of this
approach is significantly lower compared to the conventional

method.

Keywords: Pickup and Delivery Problem, Large Neighborhood

Search, Metaheuristics, Messenger Problem
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2.3.2 Heuristics
Heuristics anansafummmeuiis (Indides) fumaeuiinfiasly
Haymidvwalngld Sshnoudnanandumnoudl mgay w3
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32 aszvunsuntlyw (Solving Algorithm)

)
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U

o
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Large Neighborhood Search Wy 91u3defidenld Greedy
Constructive Heuristics 1ilos91n18u Heuristics fifiaa1u57a157
wagldnanlunsuitywiau
AINTINVBINTLUIUNIS Large Neighborhood Search (LNS)
waneielugun 2 uaz Algorithm atunsaleulaenaluladly
Algorithm 1 Tngdnwuzvesnisuidgminuu LNS dudunisAum
a' W v o Has ' T v
Welildmneunadulundazseuaninisiug Feusznaunae
ASEUIUNISAIEA (Removing Method) Faidenuusdiulsandula
sanludnangu Ao Fixed Variables fiazTeduliiid1n1uminoy
U990u uaz Neighborhood lazdidnwaziludiudsfiaiuise
Wasuwlasald nanade Wudguninisdaduniedmiu Node
UNEIUNTIRUATUIETUU ®a991n1U Neighborhood axlasuns
¥ 10 ° . v e “ das .
wnsnidrgamauludunudlug fa1adnduniadeniadu uiu
AFEUIUNITU AU (Reinserting Method) wagyin1snsiaae
. . ¥ x

AUANUBIAIRB LTI LA INATIug lusoull wasnIzuIuN1s LNS

2 2 A o oo No W s a a
azdugaasiaoladulumuideulonivun waslidydnwaliuiy
fagelull
twnvearmaulagiu (Current Solution) - T

WwAves Node ez lasunismidm (Node Set that will be
removed) — @’ Gsruualifufosar 20 v8951uIU Nodes
W

\mua3 Node Al#¥unisiidnuds (Removed Node Set) - @
\wmuas Node Twdoainnszurunsiidn (Residual Solution)

- =T~ @

3.2.1 n58UIUNI977199 (Removing Method)

dwdunsyurunisil Wunisdendida Node w3e gnAiin1adn
I & A e ° o ' <
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Shaw Removal Heurisitics [16]
Shaw Removal Heuristic 1un157199 Node sanlaglditaiduning

WenLilasiueas Node (Relatedness Function) Inatwmuas Node 71

Algorithm 1 - Large Neighborhood Search (LNS) [18, 19]

1 Input: Current Solution 7T Description

2 TP =T, Current Global Best Solution
3 repeat

il T = reinsert(remove(T)); | nMsmdnkagn Ui

5 if accept(T', 70) then NIFUIUNIIATIVABUALNN
6 ‘ T=T veshmeunglusoumsuth
7 end if

8 if () < c(7T°) then NIFUIUNIIATIVADUALNN
9 ‘ ™ = T YoIAmBUiBUAY Current
10 ‘ end if Global Best Solution

11 until stop criterion is met

12 Return T

Current Solution

v
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Removing Method Neighborhood
\ Search

2
Fixed Variables

Neighborhood

l

Reinserting Method

New Solution

Better Solution?

No

|

Reject the New Solution

Yes

|

Update the New

Current Solution

JUN 2 MiuveenszuIuNIuiTyn1is Large Neighborhood Search

azlasunismineanainaineulagiulaneds Shaw Removal
. g v !

Heuristic agununig @ p
R(c,¢' ) \0uA1 Relatedness 521319 Node ¢ € @' waz Lam

wignrindn (¢’ ,) dwsu R(c, ') anansaduildnaunisn 13

i r(c,i
27164”’2 () c €’ (13)

R(C’¢’R) = Iq’l | 4
R

Taedl (i, j) Wuiterduresmnuieiiosiures Node Faanunsa

wUssanlilu 2 dnvale A
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®  anuNYUTuTITEgE N (Relatedness based on distance)

Hadduanudenieadesregmemuinlanuaunisi 14
r(i,j) = dij

Wlo d; unusEEEN9TENing Node i TUgs Node j

(14)

o pounguieudulansuliusnig (Relatedness based on
arrival times)

Hadduanudendaadwansuliusnns Wulumuaunisd 15

r(i,j) = |tk - tjk| (15)

\dle tk wnuafisadud k desludeda Node / uae tF unuan
fisafuit k fosludeds Node j

Shaw Removal Heuristic (SRH) 5’71/75575’;;‘%59771/ Algorithm 2
Algorithm 2 — Shaw Removal Heuristic (SRH) [18, 19]
1 Input: Residual Solution 7T,

Expected size of a removed set Y

2 Let P be a set of removed customers
3 LetL be a sorted set of customers and L;

be the i-th customer of L;

4 if (p = {} execute

5 r <— A customer selected randomly from TT,
6 P < {rk

7 T «— T\ {r};

8 end

9  while |(p| <Y execute

10 r <— A customer selected randomly from (p;
11 L «<— Customers of TT;

12 Sort L such that i < j = rr, L) < rr, L)

13 Choose a random number n from [0,1];

14 i <— floor(n|L));

15 P <— ULy

16 T «— T\ {Li};

17 end

18 Return U’ and ;

3.2.2 aszvaunsukaun1slvl (Reinserting Method)

AsgUIUNIIRLEUn1Ina SanudiAgneussansainaes
TUsunsulagnse WesanfnaseUszd@nsnmasinismalimns au
Ypslpag Neighborhood lullsiagseuvesn1siuen (lteration) Lag
WulRgafuiy Removing Method nsguiunsadadunielualidl

aa g v o ' ' = av & a 1%
nanwIsnisnldiued1suninane Fesuideiildenly Greedy
Insertion Heuristics lnafiansa Insertion Cost (Acyy) Wudunud

|
WasuuUadldillewnsn Node i asluidunis k Ngamadeniifngn

Teil i € @ Tnonsunsnidululadlddu Insertion Cost axiiandu
oo @115V Insertion Cost ‘fz’uL‘?Juwwwﬁma%*?iai’wﬁzya"m%ums
fi9rsaunsn Node #na 1 Aldsunisidnmnduasiuludmeulv
TngRasaunsn Node i 1a 9 asludunis k la 9 il Insertion
Cost mawﬁqm Fefldnde cGis) = Minger(Aci i) dle R Huienves

o

dunaiamuanieludaeulagiu () uez c(,s) \Judunuvenis

Aaa

unsn Node i 4 ganianignneldldumanangaluineutagiy

3.2.3 n1sgausuAImaulny uay N15FUGANTZUINNITAUN
AM8Y (Acceptance and Stopping Criterion)

° o P

dwsunsdindmeuiilannnisndundluseuntsiugragiui

=) a 1 a

famnmininiuty ssuvesiudneududndudmeutiagtu (n)
sudt usdmsummeufinunmldfivifudneutiagiuiussuuas
Ufasuasenslimpouiififianannisiudiseuneunth (o) sely
nsAuanvaINTzUILMITAEUNIEAE LNS lnTulFRe
Houlvasauszns Tdun 1. Surusevsesninuddsiuiugeaad
vl Germualidu 30 sou uay 2. nanildlunisUszinanais
nanfuwiigeiimmuels Funsdidlifnstmun idesan swide
agrinmeaudssaninmiuseeziarsauildlunisauaa

(Computation Time)

33 nI¥UIUNITIAFRULA Rl USUNSY

nsimulusunsunsuiame e ldlunisuidayninisiuds
wnastuuidedlalusunsy MATLAB @eldiustisunsiansuas

wnzuAnsuAdgynn nsveaeuUszansnmaedlusunsuinaunay

=

Juld Li and Lim Benchmark [6] $eilA31siuns@usan1snagay

Wsunsuiauitgynilunuidell lnefinsweunigadeyalin

https://www.sintef.no/projectweb/top/pdptw/li-lim-benchmark/

Li and Lim Benchmark iJugndeyadilddmiunisussiiiu
ANAINYRINTEUIUNITUA TyninisSudsduauuuiinseuiaan
(Pickup and Delivery Problem with Time Windows) Feddnume
aonndasiuilymlunuifed dmivgatoyaduiisinugnddaus
100, 200, 400, 600, 800 uaz 1000 118 sluusaznsdiduiyndoya
lugaeseaing 56 - 60 Instances yndayarisnuaas Li and Lim tu
syynadnSiAngafiduny (Bestknown Results) Fanaasulasd
wWhmnglunisandunu 2 ddlvishitan Téun 1. Srunusaildlussuy
(Minimum Number of Vehicles) wag 2. svggn1esaulunisliuinis
(Minimum Total Distance)

nsouvastignglugadoya Li and Lim Benchmark dufina
adoadetuiyunilunuited feiauuanssegiieandniios fo
AanssuiAntuuy Node (Visit) %I’ﬂa':;ulﬁmummﬁ 1 Jseansaasy
141 Li and Lim Benchmark fa3numsnzanlunisldnaasy

Jsganinmasanisuitamnisiuduenasluaided
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o

15199 1 MalSsuiisudnwagaesnseutymlusided wag Li and

Lim Benchmark

o o & Li and Lim
anvazaaslom Uil
Benchmark
UINRAWIUINIS o o
UIMaAeY | aabiusmaien
(Depot)
Jeymnuuiingeu fnsaunainig finseunanis
nan Tiusnns Tiusnns
AL ARN
Homogeneous Homogeneous
YIUNINUE
dnwaglaseng
One-to-One One-to-One
(Structure)
AaNT5UUY Node
P-D P/D
(Visit)
Information
Static Static
Evolution
Information Quality Deterministic Deterministic

34 msUsadudseansnimvedusunsy

—  ANUUANANYBINAaNEDINIUTUN SULASHAGHENATGAY DY

Benchmark 3a.dun1sinussansamdnaninvainadnslu

sruntsansunuliaian sulutnguszasAandnvenis

uidgymnssudsdua wazlusided

o

—  sygziaa159u9 [9lun158 U8l (Computation Time) \Ju

o

=1 a &
musrasAnildlunuided

Y] a

ﬁanmmmmmﬁamn@ﬁu

foensvilinszuaunsuAteym

= o o o
A1319N 2 PUIULAZUTZLAN Instances NUIINAFDU

No. of Nodes Type Tested Instances
Clustered 9
100
Random 10
Clustered 10
200
Random 10
Clustered 5
400
Random 5
Clustered 2
1000
Random 2

4. wamsIdY
Tudnuil Wuseaunansaunanlusunsunauiinesinmun
Tnald Large Neighborhood Search Metaheuristics 1ina1afialilu

U9 3 Feausadwunlaniunsned 2

=b.

Tnenan1sFwniuandlunsei 3 59 6 du [Bunadwininign

saad a

wulun1s@nwall (LNS Approach) W3suiflsufunaansnanan

Bl

Aumu (Best-known Results) Tnga1uiddesng o Alesunismeunslia

https://www.sintef.no/projectweb/top/pdptw/li-lim-benchmark/

Feluwsaznansawiniulsenaumefiiunuresiuu 2 du laud
Fruaug Uity (Vehicle) uaz szozniesiuimunlussuy

(Distance)

4.1 100 Nodes

mi’mﬁ 3 Wan15AWIE Li and Lim Benchmark Usgiavn 100 Nodes

Best-known Results LNS Approach
Instance

Vehicles Distance Vehicles Distance
lc101 10 828.94 12 896.55
lc102 10 828.94 11 905.82
lc103 9 1,035.35 11 1,102.87
lc104 9 860.01 10 969.28
lc105 10 828.94 11 92294
lc106 10 828.94 11 922.58
lc107 10 828.94 12 913.18
lc108 10 826.44 11 893.73
lc109 9 1,000.6 11 1,095.96
r101 19 1,650.8 21 1,939.69
r102 17 1,487.57 20 1,645.25
r103 13 1,292.68 15 1,540.87
r104 9 1,013.39 11 1,189.72
r105 14 1,377.11 16 1,575.41
r106 12 1,252.62 14 1,459.30
r107 10 1,111.31 11 1,333.57
r108 9 968.97 10 1,112.38
r109 11 1,208.96 14 1,413.27
r110 10 1,159.35 11 1,362.24
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4.2 200 Nodes

mswﬁ 4 §an15AUIN Li and Lim Benchmark Usgtan 200 Nodes

4.4 1000 Nodes

mi’m‘ﬁ 6 Nan15AIUIN Li and Lim Benchmark Usgtan 1000 Nodes

4.3 400 Nodes

msw‘?‘i 5 wan15A1We Li and Lim Benchmark Usgtan 400 Nodes

Best-known Results LNS Approach
Instance
Vehicles Distance Vehicles Distance
lc1 4 1 40 7,152.06 a5 8,382.93
lc1 4 2 38 8,007.79 42 9,373.12
lc1 4 3 32 8,678.23 38 10,607.40
lc1 4 4 30 6,451.68 33 7,607.18
lc1 45 40 7,150.00 46 8,850.99
r1 4 1 40 10,639.75 a4 12,942.19
r1 4 2 30 11,009.51 35 14,083.37
r1 43 22 9,251.13 28 11,795.19
rl 4 4 15 7,037.17 19 8,950.58
rl1 4 5 28 11,374.06 34 13,735.31

Best-known Results LNS Approach Best-known Results LNS Approach
Instance Instance
Vehicles Distance Vehicles Distance Vehicles Distance Vehicles Distance
lc1 21 20 2,704.57 23 2,988.55 lc1_10_1 100 42,488.66 108 53,365.76
lc1 2 2 19 2,764.56 21 3,166.80 lcl 10 2 94 44,548.51 110 56,059.84
lc1 2 3 17 3,127.78 19 3,677.64 r1_10_1 100 56,744.91 112 74,920.30
lc1 2 4 17 2,693.41 19 2,983.49 r1_10_2 80 49,349.84 91 64,292.97
lc1 25 20 2,702.05 23 3,011.70
Y
lc1.2 6 20 2,701.04 22 305434 | 5. unagduazvelauenus
lc1 27 20 2,701.04 24 3,069.19 51 ayunan sUszduyszansnmveslusunsy
lc1_2.8 19 3,354.27 21 3,866.80 A15797 7 agUusgansamuedlusunsy
lc1.2 9 18 2,724.24 21 3,065.31 No. of Time Problem (%) A (%) A
\c1_2_10 17 2,942.13 19 3,282.83 Nodes (Seconds) Type Distance | Vehicles
r1_ 2 1 20 4,819.12 22 5,547.77 Clustered 15.633 15.062
r1 2 2 17 4,621.21 20 5,513.10 100 198.770
r1 2 3 14 4,402.38 16 5,073.74
Clustered 13.095 13.301
r1_2 4 10 3,027.06 12 3,587.07 200 513 146
r1 25 16 4,760.18 18 5,691.27 Random 17.401 16.429
r1_ 2 6 13 4,800.94 15 5,677.11 Clustered 19.638 13.355
400 1,210.001
127 12 43, 14 4,079.12 ’
ri2_ 3,543.36 079 Random | 25.002 20.407
r1_ 2 8 9 2,7159.32 12 3,257.10
25.720 12.511
r1 29 13 5,050.75 15 5,974.03 1000 | 2896335 |—ered
rt_2 10 11 3,664.08 12 4,271.95 Random | 31.155 12875

91NA1509 7 WUd1 AnauendsresNadnsanlusLnTuLay
NadNETATianves Benchmark Tufussazynasauvesdiney (%) A
Distance) fifingumuvuinvelymi nanie $1uau Nodes lu
Tassedfiadu uazaindinananluided 2 AMATNYDIAINBUKIN
(Initial Solution) ﬁLﬁiT'lfgj LNS fiaaudrdyuin (5] Feeuidedld
Greedy Heuristics Tun1séunimaauwsn fldsudmauiinoudis
ne1u wie ANl wnuafianusiaiilunisdan dwandy
m397 8 Anatlunisduailunssuaunis Greedy Heuristics tu

v e

Wuieadaunin 1 % v093a199mus walinadnsiauninwgnin

q

Amaugavnefiannndt 50 %
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15199 8 NSLUSEUTIBUAIMBULINLAYHATNEIINATATLI

Instance | Solution Vehicles Distance Time
Greedy 24 1,830.32 2.278
lc101
LNS 12 896.55 197.145
Greedy 50 6,977.24 5.716
el 2 1
LNS 23 2,988.55 497.184
Greedy 102 19,586.77 11.072
lc1_4_1
LNS 45 8,382.93 1,172.198
Greedy 257 122,584.57 54.266
lc1_10_1
LNS 108 53,365.76 2,841.390
52 dalausuuy

< va o : aw X ¢ v v vy
L‘L!’ENQ’WFg']ﬁ]&]ﬂ’](ﬂ’l’]ﬁ‘u’mﬂﬂi%Lﬂ‘ﬂu@iﬂi%lﬁl%uuﬁ%EJW]?J\TI@TU

o = va o o & ¢ 1wva o
ANTNAUIBDNAUIN Q’JQEJM‘UBLG‘U@LLUZLWE]L‘LJ‘NU?BIEJ‘UHLL?]QVH]%U’WIU

NaLLUUIIasaznszuIunsuAtdym IndUseandnmdstiu fedl

5.2.1 aszviunIsmAImeuLsn (nitial Solution)

Nniuansluirfed 5.1 aaamaes Initial Solution 8nailnasie
NaANTAAYTNYBINTTUIUNTT LNS FaaasldFunisAnuilusiade
Fndnunniu Tnen1swasuiinisan Greedy Heuristics 1u3zau
911U Local Search, Simulated Annealing Wudu \lensa9deudn

N A v ¢

oA nveIinauLINATLAEHaRdeNaaNSanvINe ol gl

3 Y 1 == 2

%3 Greedy Heuristics igaullsiinuudadn feudaziduisudlania

o w

590157 uaguamvesineufuludede dlaud Ay fenadns

anving
5.2.2 n32UIuUnIT Large Neighborhood Search

—  ASEUIUNITAIVA Uag A aun1elna (Removing and
Reinserting Heuristics)
1N9UATEAS 9 [4] wudndelinsguiunisnndanagni1Iml
unnslmaidy 9 wWu Worst Removal Heuristic, Regret-k Insertion
Heuristics [Hudu AAld3unsiaun smdsigadindussansnmuas
Tganmuosdneuia ey nrsldnszuaunisdrdanaznism
dunslnsdiivannuanelunszuiunis LNS 3venaaglvidneuiiil

D

AAINAYU

q

—  Swausevlunsaug s (Number of Iterations)
Tuauiseimuunldisiuiuseuresnisiuslunssuiunis
LNS Wanua 30 seu Fesruausevlunisiusiiinalaenssienan
sndrlunsuidamilueudded dofu nsmanuduitugssning
FruauseuresnITIutIfUUssAvEnwiiaty diludunisansuyu

190N TIAUIANT wag szegantunsuitym azvihlinsulaan

P1vausevlunisiudIfinurzay ﬁg@ (Optimal Number of
Iterations) 675@ﬂmﬁmﬁmuiawmmﬂu%ﬂawlﬁﬁﬂﬁ@mmwmaa
fmeuRtuisufuszevnatlumsuidamiliatu
— WU Nodes narzaulunisarsneanluduneunisnisn
(Number of Removing Requests)
Tunuddeiiimmualisiuau Nodes Aifdneanludunauns
familutesas 20 vossauau Nodes siavan Tnemisifimesiduns
fnunvuinvesaymiluduneunisadradunidug Reinserting
Method) Fsilnalasnsareszozatlunisuiiynilusdasrsouves
152U Fanmda Nodes onsuiumnavilidunounsadng
dumsmifanududeuuarldinaiuu o Jgmfivunalng
Tumensatudnu A15Ada Nodes aanteeiiiuld onavildniswaun

a

AunmvesimevluuiarseuveIn TN Lilusgansampinnials

=

naIfe Neighborhood Rvuadniiuly e1aviliiAn Local Optima

18 el nMsTIuan Nodes iuszaulunismisneenludunounis
7791 (Optimal Number of Removing Requests) 33iianud1fgysie
Usgdnsamlunisudlemvislusiusmuninvesdney uas szeziia

TumsuAlaymAgnsguauns Large Neighborhood Search
Anfnssudsznie

VYDIBUNIZA 583ANENT19138 A5, uluy TavaUuun (Juees

a

g Mnganlviduuzdy avvdey wazuiladaunnsownduneuves

9 q

£ o
a v o

el warldmudismdenasanisAinyilienAdelidnsegans
Tldded

. \ o oy 4

YoUDUNTZAM AMNE Aol wazyn 9 viudlildnaruluiil
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