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This research aimed to design a transportation model for the international trade of agricultural products
between Thailand, Laos, and Cambodia, known as the Great Mekong Subregion (GMS). Agricultural products
are transported from a farmers’ cooperative to a foreign end market. The mathematical models GA, DE, and
VaNSAS were developed to determine the optimal mode of transportation. The objectives of the proposed
methods are to (1) maximize the total profit for the entire agricultural chain and (2) minimize the ma-
kespan or the arrival time of the containers to the end market in order to maintain the freshness of the
agricultural product. The computational result shows that VaNSAS produces a 100 % optimal solution for
small-size problem instances, while DE and GA produce a 63.63 % and 72.72 % optimal solution, respectively.
For large-size problem instances, VaNSAS shows a profit that is higher than that of DE and GA by 10.53 %
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and 8.96 %, respectively, while it shows a makespan that is lower by 9.57 % and 7.20 %, respectively.

© 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of The Korean Association of
Shipping and Logistics, Inc. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The Greater Mekong Subregion (GMS) is an economic coopera-
tion program that was developed from the Mekong committee in
1952 under the assistance of the Asian Development Bank (ADB).
The GMS members consisted of six countries along the Mekong
River’s bank: Cambodia, the People’s Republic of China (PRC), the Lao
People’s Democratic Republic (Lao PDR), Myanmar, Thailand, and
Vietnam. More than 350 million people live in the GMS member
countries, which thus play an important role in the regional eco-
nomic system, with an intra-GMS trade value of around 490 billion
USD (Dul & Limmeechokchai, 2021; Kengpol et al, 2012;
Komchornrit, 2017; Le et al., 2020).

* Production and hosting by “The Korean Association of Shipping and Logistics, Inc”.
* Corresponding author.
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ganokgarn.j@sskru.ac.th (G. Jirasirilerd), sarinya.s@sskru.ac.th (S. Sirisan).

https://doi.org/10.1016/j.ajs1.2022.10.001

Road transportation is the principal mode of transport in the
Greater Mekong Subregion. However, its management and opera-
tions still need to be harmonized and standardized. The challenge is
that road infrastructure in Cambodia, Lao PDR, Myanmar, and
Vietnam continues to lag behind that of Thailand and PRC. Multilane
divided highways only exist in Vietnam. Limited access highways are
non-existent in Cambodia, Lao PDR, and Myanmar. Ring roads
around major cities and toll roads only exist in Myanmar and
Vietnam, where urban congestion has hindered the efficient flow of
goods carried by trucks, especially during peak hours. This is also
among the reasons behind the implementation of total or partial
truck bans in the GMS, the only exception being Guangxi province
(Banomyong, 2013).

The GMS transportation network, which is depicted in Fig. 1,
aims to link all GMS nations together as well as with China and India.
The Asian Development Bank (ADB) is funding this global endeavor.
To encourage social and economic growth, ADB helps its members
and partners by offering loans, grants, technical assistance, and
equity investments. When the project is complete, it will make in-
ternational trade between these regions and the rest of the world

2092-5212/© 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of The Korean Association of Shipping and Logistics, Inc. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. Transport network in GMS.

easier. For the particular regions or locations that are not located
immediately on the main economic corridor road, an efficient lo-
gistics network design is required to connect their transportation
infrastructure to the main regional road. Additionally, one of the
most things that travel through this area is agricultural product, a
perishable good that degrades easily while in transportation. This
makes the agricultural product-specific logistics network essential
for maintaining the region's competitiveness in global trade.
Logistics network design is a crucial activity for enhancing the
efficiency and effectiveness of the trading and transportation of
goods (Ayvaz et al., 2015; Hatefi & Jolai, 2014; Li et al., 2021; Wang,
Huang et al, 2021; Wang, Cheng et al., 2021). A better logistics
network contributes to improved logistics and supply chain man-
agement in a region. Nguyen et al. (2021) considered the current
situation and analyzed 21 cities’ logistics freight volume and com-
bined the characteristics of the hub-and-spoke network structure
among ASEAN countries, which includes some GMS countries in the
bloc. The results reveled that an ASEAN regional logistics network is
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based on Singapore as a hub node center. The cities with the main
radiating logistics demand of the Jakarta logistics development belt
are Ho Chi Minh, Kuching, and Java; those of the Kuala Lumpur lo-
gistics development belt are East Kalimantan, Kuantan, and Da
Nang; those of the Chon Buri logistics development belt are Phnom
Penh and Riau; those of the Bangkok logistics development belt are
Hanoi, Vientiane, and Yangon.

Transportation problems related to agricultural products have
been widely studied (Akpinar, 2021; Hsu et al., 2007; Osvald & Stirn,
2008; Sethanan & Pitakaso, 2016; Seyyedhasani & Dvorak, 2018;
Shahabi-Shahmiri et al., 2021; Tarantilis & Kiranoudis, 2002). Agri-
cultural products are perishable and need intensive care during
transportation to the destination. Distribution planning problems
with stochastic and time-dependent travel times and time-varying
temperatures have been modeled. Many authors (Baghizadeh et al.,
2021; Derigs et al., 2011; Doerner et al., 2008; Hsu et al., 2007;
Hwang & Yoon, 1981; Khan et al., 2020; Ma et al., 2017; Mendoza
et al,, 2011; Mercier et al., 2017; Reis & Leal, 2015; Wang et al., 2018;
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Fig. 2. Research logical process.

Zulvia et al., 2020) have proposed different shipping strategies, have
identified a number of actors in the transportation chain, and have
outlined the limitations of different transportation modes. Trans-
ported agricultural products pass through different actors in the
supply chain; thus, it forms a transportation or service network. The
service network design (SND) problem has been modeled and pre-
sented by Andersen et al. (20093, 2009b), Andersen et al. (2011), Li
et al. (2017), Moccia et al. (2011), Pedersen et al. (2009), and
Thiongane et al.(2015). We were unable to discover any research that
designed the agricultural logistics network in these regions, despite
the fact that we have reviewed the research pertaining to the lo-
gistics network design and transportation in GMS regions.

The purpose of this research was to design a logistics network for
the border trade of agricultural products between Thailand, Laos,
and Cambodia. The area along the Thai-Loas border, which is not
directly on the major road of the economic corridor, will be the focus
of the investigation. These include the Thai provinces of Ubon
Ratchathani, Srisaket, Amnatchareon, Mukdahan, and
Nakornpanom. The farmers who produce the agricultural goods in
this area are not accustomed to the activities associated with pro-
duct export. Particularly in the custom process and while con-
sidering the providers of transportation logistics. In this situation,
the container loading center (CLC) will be utilized as a tool to fa-
cilitate the import and export of agricultural products in this region
so that the farmers can readily access the import and export mode.
The CLC will be utilized as the venue to collect agricultural products
from the farmers, handle customs, and ship the goods to the final
consumer, who is located in a country other than Thailand. The ideal
position for the CLC, which will be where farmers' commodities are
collected, will open up the possibility of increasing the logistical
system's profit. It must be situated in the proper areas so that
farmers can reach it quickly, and it must be situated where it can
access the region's main road as well.

One of the most important considerations for the logistical chain,
according to Logistics (2020), is selecting a precise location for the
warehouse or the hub for collecting containers. The effectiveness of
the logistical network may be affected. The ideal site will provide
every benefit for each supply chain participant. in the network of
logistics for agricultural products in the studied region. From the
farmers, the goods will be delivered to the designated container
loading center (CLC). The goods will then be transported by truck to
the final destination via the appropriate border checks (BC). How-
ever, the proper CLC sites and transportation methods are crucial to
generating more or less profit along the entire agricultural product
supply chain (Jiang et al., 2021; Jiang et al., 2020).

In our study, the transportation time, the time taken to travel
from an origin to a destination, needs to be within a certain range.
Products need to be transported via a border checkpoint where
inter-trade documents are checked, and this can delay transporta-
tion time. We have selected borders as candidates for shipping
routes based on which borders are convenient for international trade
shipping.

The method that we will use to solve the proposed problem is
referred to as Variable Neighborhood Strategies Adaptive Search
(VaNSAS) (Pitakaso et al., 2020). VaNSAS comprises four steps: (1)
generate an initial set of tracks (solution); (2) perform a track
touring process; (3) update the heuristics information; (4) repeat
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Steps 2 and 3 until the termination condition is achieved. The basic
concept of VaNSAS is that the quality of the current solution im-
proves if many types of heuristics are used. These heuristics include
metaheuristics, simple heuristics, or the well-known local search
procedure. Generally, three to four heuristics are designed to be used
in VaNSAS. The track has the freedom to select the heuristics in black
box optimization. A suitable improvement procedure (IP) is selected
with different probabilities. The probability of selecting an IP is
iteratively updated depending on the average solution quality of
tracks that previously used that IP. VaNSAS has been successfully
used to solve various problems, such as the location routing pro-
blem, the assembly line balancing problem (Jirasirilerd et al., 2020;
Pitakaso et al., 2021; Worasan et al., 2020), and the scheduling and
routing problem (Worasan et al., 2020).

However, we can draw the following conclusions about our
suggested problem and approach to solving it.

(1) The logistics network for agricultural products in the GMS re-
gions is being designed in this article for the first time.

(2) This article is the first to consider the duration of the container
to arrive at the end customer as one of the objective functions in
order to maintain the product's freshness, which is the most
crucial quality for agricultural products, when the product is
given to the final consumers.

(3) This article is the first to discuss and design the logistics network
link between the regional major road (the "economics corridor")
and the local road, specifically for the logistics network for
agricultural products.

(4) Itis the first time that the VaNSAS has been used to designed the
logistical network design.

(5) The container loading center (CLC) is a crucial component of the
link between farmers and the export system for agricultural
products. As a result, the advantage of having CLC serve as the
goods collection center will be revealed.

This paper is structured as follows so that you can find all of the
article's commitment contributions. In Section 2, the mathematical
model that represents the network design will be presented.
Sections 3 and 4 show the proposed methods and computational
results, and the last section, Section 5, presents the conclusions and
outlook of this research. The logical process of the conducted re-
search is shown in Fig. 2.

2. Problem statement and mathematical model
2.1. Problem statement

Fresh agricultural products are transported from farmers to
center markets (collecting centers). The collecting center (CC) packs
the agricultural product in containers according to the demand of
the end market. The containers are transported to the borders and
then, at the border, after customs clearance at Thai and neighbor
countries (NC), are attached to a truck trailer (NC law) and trans-
ported to the end market. The objective function is to (1) maximize
profit for the entire agricultural chain and (2) minimize the arrival
time of the container to end customers. A framework of the pro-
posed problem is shown in Fig. 3.
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2.2. Mathematical model

In this section, the mathematical model of the logistics network

design for agricultural products is introduced.

Sets:
G: Set of containers g;g € G.
I: Set of container loading centers (CLC) i;i € I.
J: Set of farmers j;j € J.
K: Set of borders k;k € K.
L: Set of end markets ;] € L.
V: Set of vegetable types v;v € V.
Indies:
g: Container number (g=1, 2, 3,...,G).
i: Container loading center (i=1, 2, 3,...,1).
j: Farmer (j=1, 2, 3,....]).
k: Border (k=1, 2, 3,...,K).
I: End market (I=1, 2, 3,...,L).
v: Vegetable type (v=1, 2, 3,...,V).
Parameters:
A: Traveling speed (minute per kilometer).
Bl: Time taken to change trailer head at border k (minute).
B {lif containerg is located at CLCi}
Ootherwise
B2: Required space to load a ton of vegetable k (m?/ton).
B“,‘g: Cost of loading vegetable v to container g (Baht).
B§,~: Time at which container g starts loading at CLC i (minutes

start counting from 6 AM).

ng: Trailer head changing time (minute per k).
B;l: Target time at which container g must arrive at end market

(minutes counting from 6 AM of that day).

Dj;: Distance from farmer j to CLC ies.

Ej.: Distance from CLC i to border k.

G&: Great number set to 50,000.

Hy: 1if end marketlis allowed to travel from borderk )

Ootherwise
M,;: Demand of vegetable v from end market [ (ton).

Ny: Distance from CLC i to border k (km).
O‘}j: Available vegetable v at farmer j.
O,fjgi: Number of vegetables v delivered to container g located at

CLC, delivered from farmer j.

O‘fg: Number of vegetables v packed in container g.
Py: Capacity of container g (m?).

PZ: Operating time at border k per container.

Su: Selling price of vegetable v at end market I (Baht).
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T: Transportation fuel cost (Baht/km).

Decision variables:

B§: Actual arrival time at which container g arrives at end market
I (minutes counting from 6 AM of that day).

X {1if farmerjdeliver goods to containerglocated at CLCi}

e Ootherwise '

Zo: 1if containergis delivered fromithroughktol}‘

i Ootherwise

Objective functions:

Max Z
= 2 2 X2 Y SuZ Oj - Y 2 Y Y TZg(Ei + Neg) —
VeV geG iel keK lel gikl geG iel keK leL
Y Y X ZguBl- Y Y X TXgDji— Y Y BiOy
geG iel keK lel jel geGiel veV geG ].])
i — 3
Min Z= Hgi’XBgl (12)
subject to:
Y Y Zyu<BihvVgeGiel
keK leL (2)
Zgn <Hy,VgeGielkekKlel (3)
00 < XigiGO, VveV;geGielje] (4)
Y Xigi<BzVgeGiel
jel (5)
Y Y OisOpYveVije]
geG iel (6)
05,=Y Y0 VveVije]
jel iel (7)

Y Y Y ZguOk <My, VveVilel
geG iel kek (8)

Y BIOL<PLVgeG

veV (9)
AD;iXigi < Bz, VgeGjelel (10)
Zgikl(PkZ + Eix + Ny + ng) < Bg,, Vge GielbkeK;lelL (]1)
By <Bj,VgeGilel (12)
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Fig. 4. Algorithm of VaNSAS.

There are two objective functions of the proposed problem: Eq.
(1.1) and Eq. (1.2). Eq. (1.1) tries to maximize the total profit in the
system. It is composed of five terms: 1) income from selling vege-
table v at end market [; 2) total transportation cost of container g
from CLC i to border k and from border k to end market [; 3) the
trailer head changing cost at border k; 4) the transportation cost of
vegetable v from farmer j to CLC i; 5) the loading cost of vegetable v
into container g. Eq. (1.2), which is the second objective function,
tries to minimize the maximum makespan of the container or the
maximum arrival time of the containers. Constraint (2) ensures that
the container g located at CLC i will deliver to at most 1 pair of
borders and end markets and only when container g is located at
CLCi. Constraint (3) ensures that the container g will only deliver to
the end market | only when the end market [ is allowed to ship via
border k. Constraint (4) ensures that vegetable v will be shipped
from farmer j to container g located at CLC i only when farmers j
delivers the goods to container g. Constraint (5) ensures that farmers
can ship to container g located at CLC i only when container g is
available at CLC i. Constraint (6) ensures that the vegetable v, which
be shipped from farmer j, does not exceed its availability at farm j.
Constraint (7) defines the amount of vegetable v packed in container
g. Constraint (8) ensures that the amount of vegetable v shipped to
market | will not exceed its demand. Constraint (9) ensures that
container g does not exceed its capacity. Constraint (10) ensures that
farmer j delivers container g located at CLC i before the loading
start. Constraint (11) ensures that the arrival time of the container is
earlier than its commitment time to market [, and Constraint (12)
ensures that the arrival time of container g at market [ is less than
the commitment time.

The likelihood of a container shortage is reduced since the major
objectives of this research are to optimize overall system profit and
reduce overall time spent on the container system. There are five
terms in the first objective term Eq. (1.1). The cost of transportation
from one actor in the chain to other actors is mentioned in three of
the five terms. The primary contributor to today's global carbon
emissions is transportation. Due to the cumulative emissions from
the millions of vehicles on the road, the sector of goods transpor-
tation and the private car are the two major polluters. People can
switch to more ecologically friendly forms of transportation like
public transportation, biking, and walking to lower greenhouse gas
emissions. Unfortunately, the export system cannot use zero-emis-
sion vehicles since the exporters' ability to choose a vehicle is always
constrained by the volume of cargo to be transported. On average,
the truck uses 9.25 gallons of fuel every 100 kilometers (Webfleet,
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2020). The truck emits 185 pounds of CO2 per 100 kilometers (C2ES,
n.d.). Therefore, when we strive to lower the transportation costs
associated with the agricultural supply chain, we can also aim to
lower the overall amount of CO2 produced in the system, which
helps to mitigate the global warming effect. The system's overall
daily transportation distance, according to preliminary computer
results, is above 15,000 km. This indicates that the system as a whole
releases more than 27,759 pounds of CO2 every day. According to the
computational results, we may cut the overall transportation dis-
tance by 30-40 %, which will lower the total amount of CO2 released
from 27,759 pounds to 16,655 pounds. Reduce the overall cost, and it
may follow that the amount of CO2 released into the system is
likewise under control.

3. Methodology
3.1. Variable neighborhood strategy adaptive search (VaNSAS)

The Variable Neighborhood Strategy Adaptive Search (VaNSAS) is
used to solve the proposed problem. VaNSAS is composed of four
steps: 1) generate an initial set of tracks, 2) perform a track touring
process, 3) update heuristics information, and 4) re-do Steps 2 and 3
until the termination condition is met. VaNSAS shown in Fig. 4, and
can be explained stepwise as follows.

3.1.1. Generate the initial solution

The set of initial tracks is randomly generated. A track is decoded
to represent the solution for the proposed problem. The encoding
and decoding method are as follows.

3.1.2. Generate the set of initial tracks (encoding method)

Integer encoding is used to represent the proposed problem.
Table 1 shows an example of an initial set of tracks (X;;). Each track
has 6 positions (D) when D is the number of agricultural

Table 1
Example of initial tracks.
Cooperative
Track 1 2 3 4 5 6
1 874 588 724 405 652 939
2 131 765 527 806 457 110
3 864 754 148 867 434 657
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Table 2
Meaning of digits in the track’s value.

Container Loading Border End-market (EM)
Center (CLC)

Value of Meaning Value of Meaning Value of Meaning
digit digit digit

0-1 CCno.1 0-2 Border no.1  0-3 EM no. 1
2-3 CC no. 2 3-4 Border no.2  4-6 EM no. 2
3-4 CCno. 3 4-6 Border no.2  7-9 EM no. 3
5-6 CCno. 3 7-9 Border no. 2

7-9 CCno. 3

cooperatives. However, a track has dimensions of 1 x D, while Xj;; is
the track number i at position j at iteration t.

3.1.3. Decode the initial track

The value in Position 4 of Vector 3, which is 867, means that the
solution is for the Cooperative 4 to deliver goods to Wholesaler 8,
who will deliver the product to Border 6 and End-Market 7. The
number of actors affects the number of digits of the value in position.
In case it has more than 10 wholesalers (or so), the digit represents
the wholesaler who needs to have two digits, such as 12XX.
Conversely, if there are fewer than 10 wholesalers (or so), in this
example, there are 5 wholesalers (collecting center: CC), 4 borders,
and 3 end markets. The code represented in Table 2 can be inter-
preted as the meaning shown in Table 2.

The number to represent the solution must be in range. If the
value of position is 867, Farmer 4 will transport the product to CC 5,
which will transport to Border 2, which will transport to EM 3. The
forming of the network chain needs to maintain (1) the capacity of
the wholesalers, (2) the capacity of the border, (3) the maximum
demand of the end market, and (4) the limitation of trade regulation
between countries (some end markets cannot receive deliveries
from some checkpoints). An example of the result of the decoding
method is shown in Table 3.

The shipping plan, shown in Table 3, generates profit from selling
all products and subtracting the administrative cost from the
wholesaler, and border checkpoint is 444,000 USD. Suppose the total
traveling cost is calculated by multiplying the total traveling distance
by the traveling cost per kilometer, which is $0.20 per kilometer. If
this plan has a total distance of 5500 km, then it has a traveling cost
of $1100. Therefore, the total profit generated from this plan is
$442,940. The transportation time of the container is calculated

Table 3
Result of the volume transported within the chain.
Detail
CLC
1 2 3 4 5
Cap 5000 5500 4500 4000 4000
Cost 2.5 2.6 24 2.5 2.8
Total agri. prod. shift to CC 2600 2900 2500
Border
1 2 3 4
Cap 5000 5500 6000 5000
Cost 34 3.6 3.6 34
Total agri. prod. shift 1100 + 2900
to BD
4000 (From CC-4 (From (From
and CC-3) CC-5) CC-3)
End market
Cap 1 2 3
Price 5000 4500 4000
Shipped from border 50 60 55
Total agri. prod. shift - 1 34

Remark: * Actors have zero products shipped because the previous actors in the chain
delivered all products to other actors.
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from the CLC to the end market. If we restrict this using the in-
formation given in Table 3, the result of the transportation time is
shown in Table 4.

Based on the data given in Table 4, the makespan of the solution
is 248, and the average arrival time is 213.75 min. The proposed
method will try to minimize these two objectives, which are (1) the
total profit generated in the agricultural chain and (2) the makespan
of the container. The next step of VaNSAS is applied to obtain a
promising solution, and it can be explained stepwise as follows.

3.1.4. Track touring process

The tracks iteratively tour in the improvement box(es). In our
research, three improvement boxes were designed. These methods
are (1) the differential equation method (DEM), (2) the best track
transition method (B-TTM), and (3) the random track transition
method (R-TTM). We used a roulette wheel selection for the track to
select the preferred improvement box. The probability of selecting

an improvement box was controlled by Eq. (13) (Pitakaso
et al., 2020)
Py = FNpe—1+ (1 — F)Ape—1 + Klpe—1

Yo FNoeo1 + (1 = F)Ape_1 + Klpe_1 (13)

Py is the probability to select the improvement box b in iteration
t; Npe1 is the number of tracks that select an improvement box b in
the previous iteration; An:; is the average objective value of all
tracks that selected improvement box b in the previous iteration; Iy
1 is a reward value, which increases by 1 if improvement box b finds
an optimal solution in the last iteration but is 0 otherwise; IB is the
total number of improvement boxes; F is the scaling factor (F = 2); K
is the improvement factor (K = 1).

3.1.5. Differential equation method (DEM)

To perform all improvement boxes methods, three sets of tracks
need to be initiated. These sets of tracks are (1) the initial set of
tracks, (2) the best set of tracks ( 55“ ), and (3) a random set of tracks
(x,gfg"d). All the sets of tracks are composed of NT tracks, and each
track has the size D, where D is the number of agricultural co-
operatives. An example of the initial set of tracks is shown in Table 1,
and it is obtained by randomly selecting the integer number for the
positions of a track. The best set of parameters consists of the NT
best tracks, which provides the best solution from Iteration 1 to the
current iteration. The tracks will be updated when it has the best
new solution, which has a better objective function than the tracks
that are in the best set of tracks. The best new track will replace the
worse tracks in the best set of tracks. An example of the best set of
tracks is shown in Table 5.

As shown in Table 5, the best objective found since the first
iteration is $504,462. The update will be performed whenever it has
the best new solution that has a higher profit than that of $469,493,
and Track 3 in the best set of tracks will be deleted and replaced by
the best new track. The random track is simply a random NT number
of tracks, which has dimension D (similar to the example shown in
Table 1). The differential equation method is the method that ran-
domly selects the tracks from the best set of tracks and then uses Eq.
(14), (15) to generate new tracks.

Vit = Xeije + F(XHY — XP) (14)
VMin lf Vijt < VMin
Vlj‘[ = Vijt lf yMin < Vijt < ymax
Vvmax  otherwise (15)
The product of Eq. (14) and Eq. (15) are called p-track ( V).  Vj

is the position value of p-track i, position j, iteration t. F is the scaling
factor, which is set to 2. R1 is the label of the vector that selects the
DEM as the improvement box. R2 is the track that is randomly
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Table 4
Makespan of the container shipped using the plan given in Table 3.
CLC Border Transportation time (minutes) Border EM Transportation time (minutes) Total transportation time (minutes)

Cont.1 5 3 80 3 3 114 194

Cont.2 4 1 110 1 2 138 248

Cont.3 3 4 103 4 3 113 216

Cont.4 3 1 95 1 2 102 197
Table 5 When CR is the predefined parameter, which is set to be 0.8,
Example of Best set of tracks (Xpest):  NT=7). rand; is a random number [0,1] of position j. X.j¢ is the track that

- selects R-TTM to be the improvement box.
Cooperative
Track 1 2 3 4 5 6 Objective function o .
3.1.8. Update the heuristics information

! 124 558 695 619 691 505 504,462 Some heuristic information needs to be updated in order to use it

2 732 733 584 407 340 583 471777 . . . .

3 760 761 868 199 602 863 469493 for the next iterations. The rule for updating is shown in Table 6.

selected from the best set of tracks, and R3 is the track that is ran-
domly selected from the random set of tracks. V™"  is the minimum
value of the track allowed, and V™# is the maximum value of the
track allowed. In this research, it is set to be 000 and 999, respec-
tively. The DEM will perform iteratively until a predefined iteration
is met (in this study, the maximum number of iterations of DEM is
set to 100).

3.1.6. Best-track transition method (B- TTM)

The track will randomly select one track out of the NT best set of
tracks (Xﬁ’éﬁ‘) and Eq. (16) is used to generate the B-TTM’s track (V).
This IB is used so that the track converts faster to the optimal result
from the guideline of the best solution found.

)

When CR is the predefined parameter, which is set to 0.8, rand;
is a random number [0,1] of position j. X;qj is the track that selects B-
TTM to be the improvement box.

if rand; <

_ Xr]jt
e Xbest otherwise (16)

3.1.7. Random-track transition method (R-TTM)

This method will use a random track instead of using the best set
of tracks (B-TTM). The track will randomly select one track out of the
NT random set of tracks (X{S}}d), and Eq. (17) is used to generate the
R-TTM’s track (Vj). This IB is used so that the current solution es-
capes from the local optimal.

Xr]jt if randj < CR
ijt = X
Table 6

79nd otherwise 17)
Updating the role of the heuristics information.

The proposed problem is a multi-objective problem, so the best
objective will be formed in terms of a Pareto front. The Pareto front
will be used to maintain a non-dominated solution. Let f!(e;) and
f?(e:) be the objective function of Objective 1 and 2 of track r, re-
spectively. Let R be a set of feasible solutions, e = (ey,e5,.,;) is the set
of decision vectors, and fY(e)=( fl(e), f(e)., fV(e)) is the set of
objective functions of vector e. e will dominate e’ if and only if f¥(e)
<fv(e’) for all v=1,2,3,...,V.

After the Bi-VaNSAS has been executed until the termination
condition is met, and the Pareto front has been collected, the
Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS), see (Hwang & Yoon, 1981), will be used to reveal the
promising set of parameters and start to construct a normal decision
matrix, which will transform various attributes into non-dimen-

sional attributes by Eqs. (18) - (24).
X
vy = 7*,_ v
VEL (X,)? (18)
Uy = wyniy (19)
Up={ m?xU,v if veV, mLm Uy, if veVd (20)
U, ={ mLinU]V if veV;mLaxU,v if veV} 1)
[V
Z (U = Up)?
v=] (22)
v—
S = U, - Up)?
g ! (23)
L_ S
= 7
Sk + S (24)

Variable Update procedure
Npe Total number of tracks that select improvement box b from iteration 1 to iteration t
Apt Average profit value generates from improvement box b from iteration 1 to iteration t
Ine Ipt = Ipr—1+ G When

C= 1 if black box b contain global best solution in iteration t

0 otherwise

Xpest Update best set of tracks if there are better solution.
Xrand Randomly select the value in position of all tracks, all positions

ijt
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Algorithm 1: Variable Neighborhood Strategy Adaptive Search

input: Number of tracks (NT), Number of cooperative (D), Scaling factor (F),
Improvement factor (K), Number of improvement box (IBPop)

output: Best Track Solution
begin

Population = Initialize Population (NT, D)
IBPop = Initialize Information IB(NIB)

encode Population to WP

while the stopping criterion is not met do

for i=1: NT

// selected improvement box by RouletteWheelSelection
selected IB = RouletteWheelSelection(IBPop)
If (selected IB = 1) Then

new_u= DEM (u)

Perform DEM

Else if (selected IB =2)
new_u= B-TTM (u)
Perform B-TTM
Else if (selected IB = 3)
new u=R TTM (u)
Perform R-TTM
IF(CostFunction(new_u) < CostFunction(Vi)) Then
Vi=new_u
End For Loop//end update heuristics information

End For Loop
End
Return Best_Vector_Solution
End

Fig. 5. Pseudo code of VaNSAS.

where x;, is the value of the objective function of the point I ob-
jective v, L is the number of points in the Pareto front, V*is a set of
positive objective functions, and V' is a set of negative objective
functions. w, is a predefined parameter, which is the weight of each
objective function. U* (U* = {Uy, U3,.., U} and U’
(U ={U;, Us,...,U;}) are positive and negative ideal solutions, re-
spectively. S and S/ are the separation measures for each alter-
native from both the positive and negative ideal solutions, which
will be used to calculate the relative closeness to the ideal solution.

(Cp). The set of parameters that has the C; value closest to 1 will
be selected as the most promising solution.

3.1.9. Repeat the track touring process and the heuristic information
updating

The track touring process and the heuristic information update
will be repeated until the predefined iteration is met. In conclusion,
the VaNSAS will use three methods to improve the current solution.
At each iteration, the track will independently select its improve-
ment box from the previous selection. The pseudo code of VaNSAS is
shown in Fig. 5.

The cost function used in the algorithm and the comparing of the
objective function used to update the heuristics information. Eq.1.1
and Eq.1.1 will be weighted. w; and w,, are the weight of Objective 1
and 2 respectively. w; will be uniformly random from 0.01 to 0.99
and ws is (1- wy).

3.1.10. The compared methods

We compared two heuristics with VaNSAS: (1) a genetic algo-
rithm (GA) and (2) a differential evolution algorithm. The GA algo-
rithm used in this research was adopted from Mitchell (1998), while
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the DE was adopted from (Sethanan & Pitakaso, 2016). GA and DE
will use a Pareto front and TOPSIS as tools to evaluate and compare.

4. Computational results and framework

We coded the mathematical model in Lingo V.11 and coded the
VaNSAS, DE, and GA with C+ +, executing them using a PC Intel ® Core
™ {5-2467 M CPU 1.6 GHz. (Table 7)Twenty-one randomly generated
datasets and one case study were tested to compare the perfor-
mance of the proposed methods. Each had a different number of
vegetables, farmers, container loading centers, borders, and end
markets. Details of the test instances are shown in Table 8. The
problem instances are divided into two groups: (1) small-size test
instances (S-group) and (2) large-size test instances (L-group). The
small-size test instances finds an optimal solution within 24 h, and
large-size test instances using Lingo V.11 finds a lower bound and
the best solution in 240 h.

Instance S-1 to L-10 represent randomly generated datasets,
while L-11 is the case study in GMSG. The details of the data gen-
erated are shown in Table 8.

We executed the first experiment on the small-size test in-
stances. All 11 test instances tested optimality using an equal weight
of two objectives in VaNSAS, DE, and GA using Lingo V.11. The
computational result of the optimal solution and the computational
time taken for Lingo v.11 to find the optimal solution are shown in
Table 10. VaNSAS, DE, and GA were programmed and run 5 times.
Each instance required 15 min of computational time. The best ob-
jectives out of five runs were extracted as the method’s re-
presentative solution.
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Table 7

Details of the test instances.

#of end-market  #of container

#of CLS  #of border

#of end-market  #of container  No of instances  #of vegetable  #of famers

#of border

#of famers  #of CLS

#of vegetable

No of instances

25

100

L-1

10
10
10
10
12
12
12
12
12
13
13

1
15
15
15
20
20
20
20
23
23
24

S-1

25

~

120

L-2
L-3

S-2
S-3
S-4
S-5
S-6
S-7
S-8
S-9

30
30
30

130

130

L-4
L-5
L-6
L-7
L-8
L-9

150

150

150

40

o]

180

50
50
50

10
10
10

180

198

L-10
L-11

S-10
S-1

198
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Table 8

Range of data randomly generated for each problem instances.
Parameters Value
Dj; (km) U[15,350]
T (Baht/Km) U[4,6]
My (ton) U[500,1500]
O‘}j (ton) U[1,20]
By}, (Baht/ton) U[5,10]
ng (minute per k) U[15,25]
P, (m?) U[50,60,80,100]
Ejr(km) U[80,300]
Sy (Baht/ton) U[1200,2000]
Nir - (km) U[60,350]
Py (minute) U[15,35]
B! (minute) U[15,25]
B3 (m?/ton) U[0.3,1.5]
B;I(minute) U[300,600]

From Table 9, we can see that VaNSAS finds a 100 % optimal
solution, while DE and GA can only find a 63.63 % and 72.72 % op-
timal solution, respectively. VaNSAS uses less computational time
than that of Lingo (97.05 %), while obtaining the same computational
result. Lingo uses an average of 508.75 min, while other proposed
methods use 15 min for all test instances. Table 10 shows the com-
putational time of GA, DE, and VaNSAS taken to find the optimal
solution. Seven test instances are selected to compare the methods.
These seven instances are the instances where all methods find an
optimal solution. We execute this experiment.

five times for seven test instances and stopped the algorithms
(DE, GA, and VaNSAS) when it found the optimal solution. The best
time out of five runs is shown in Table 10.

Table 11 shows that VaNSAS uses 29.52 % and 27.93 % less
computational time than that of DE and GA to find the same optimal
solution. Therefore, we can conclude that VaNSAS outperformed the
other methods in finding the optimal solution in terms of quality of
the solution and computational time. The next experiment will show
how VaNSAS finds the best solution. We performed it on the largest
test instances (L-11). We run the algorithm for 1500 iterations and
collected the best solution found. All three methods, GA, DE, and
VaNSAS, found a solution. Fig. 6, shows the best solution found
during the simulation of all three methods.

Fig. 6, shows that VaNSAS has the following attribute comparing
with GA and DE. VaNSAS finds the best solution more often than the
other methods. Fig. 4, shows that VaNSAS finds the best solution 67
times while GA and DE find it 31 and 36 times, respectively. Thus,
VaNSAS can escape the local optimal better than the other methods.
This means VaNSAS finds the best solution. We next used VaNSAS
with 1, 2, and 3 improvement boxes. VaNSAS-1 used DEM as the
improvement box, VaNSAS-2 used DEM and B-TTM as the im-
provement box, while VaNSAS-3 used DEM, B-TTM, and R-TTM as
the improvement box. They all executed 1500 iterations, and the
best solution found during the simulation is shown in Fig. 7.

Fig. 7, shows that VaNSAS-1 found the best new solution less
often than the two other methods, and when it did, it did not im-
prove much by comparison. VaNSAS-2 found a better solution than
VaNSAS-1 because it found a better solution faster, but when it led to
a good solution, it was trapped in that place for a long time (the
number of times that it changed solution was lower than that of
VaNSAS-3). VaNSAS-3 is VaNSAS-2 +R-TTM, so the algorithm could
escape from the local optimal better than the other methods, and it
could even help VaNSAS-2 escape from the local optimal by finding
the best new solution more often. We can conclude that VaNSAS-1
could search within a small area, and VaNSAS-2 could convert to the
search area faster and had a better solution (faster than VaNSAS-1),
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Table 9
Objective functions of small-size test instances.
Lingo DE GA VaNSAS
Profit Makespan Comp.time Profit Makespan Profit Makespan Profit Makespan
(Baht) (Min) (Minute) (Baht) (Min) (Baht) (Min) (Baht) (Min)
S-1 1,134,871 266 129.5 1,134,871 266 1,134,871 266 1,134,871 266
S-2 1,274,842 277 138.9 1,274,842 277 1,274,842 277 1,274,842 277
S-3 1,394,449 281 214.3 1,394,449 281 1,394,449 281 1,394,449 281
S-4 1,648,926 314 259.5 1,648,926 314 1,648,926 314 1,648,926 314
S-5 2,181,642 312 253.1 2,181,642 312 2,181,642 312 2,181,642 312
S-6 1,951,887 326 278.8 1,951,887 326 1,951,887 326 1,951,887 326
S-7 2,200,174 300 348.1 2,200,174 300 2,200,174 300 2,200,174 300
S-8 2,179,740 343 514.7 2,169,882 359 2,162,835 355 2,179,740 343
S-9 2,138,845 338 1047.7 2,119,924 358 2,138,845 338 2,138,845 338
S-10 2,097,651 350 982.5 1,987,293 361 2,049,371 359 2,097,651 350
S-11 2,269,147 337 1429.2 2,198,277 358 2,174,348 351 2,269,147 337

Table 10
Computational time each method takes to find the optimal solution.

Computational time (minutes)

DE GA VaNSAS
S-1 10.15 10.69 8.48
S-2 10.83 10.41 8.24
S-3 11.48 10.98 8.58
S-4 12.91 13.43 9.42
S-5 13.01 12.87 10.34
S-6 14.37 12.39 10.76
S-7 13.08 14.01 10.45
Average 12.26 1211 9.47

but it was then trapped in the local optimal. VaNSAS-3 can help the
proposed method to escape from the local optimal.

The next experiment was performed with large-size test in-
stances. Each heuristic was executed 5 times. The Pareto front of all
methods was collected. TOPSIS was used to pull the most promising
solution among all Pareto points. w; and w; used in TOPSIS were set
to (0.8,0.2), (0.5,0.5) and (0.2,0.8) respectively. The solution is shown
in Table 11. The stopping criterion was computational time, set to
45 min for all instances. Table 12 shows the statistical test of the
information given in Table 9 using the Wilcoxon Sign Rank test.

From Tables 11 and 12, we can conclude that, comparing within
the same heuristic, the weight of w; and w; plays a significant role
in increasing or reducing the profit of the supply chain or the ma-
kespan of the containers. By comparing between heuristics, we can
conclude that all heuristics perform significantly differently. Figs. 8
and 9, show the level of the value obtained from all proposed
methods.

From Figs. 8 and 9, we can see that, a high value of w; (a low
value of w,) leads to a higher profit, because if the value of w1 in-
creases, the algorithm will find more profit when comparing the
minimization of the makespan. We can conclude that, if we want to
obtain a better profit, w; needs to be high; if we want a low ma-
kespan, w; needs to be low. Figs. 10 and 11, compare the profit
generated and the makespan using different methods.

From Figs. 10 and 11, we can conclude that VaNSAS generates a
higher average profit and a lower makespan compared with the
other methods. VaNSAS finds a profit higher than that of DE and GA
by 10.53 % and 8.96 %, respectively, while it finds a lower makespan
by 9.57 % and 7.20 %, respectively.

In general, the solution approaches are compared in multi-ob-
jective aspects: (1) the average of the Pareto-optimal solution (ANP)
and (2) the average ratio of the Pareto-optimal solution (ARP). N is

the number of iterations in one experiment. n;, ny,...ny is the
number of Pareto-optimal solutions found in the kth experiment,
and K is the total number of experiments. ANP and ARP are calcu-
lated using Eqs. (25) and (26).

M+ Ny + My+..41

ANP =
K (25)

B2 Bk

_ N
ARP = K (26)

We performed this experiment on the L-11 problem (case study).
We varied the number of iterations from 300 to 1500, and the Pareto
points are reported in Table 13.

From Table 13, we can conclude that VaNSAS outperformed all
other methods, as it finds higher ARP and ANP ratios. It has an ARP
ratio that is higher than DE and GA by 26.77 % and 21.44 %, re-
spectively, while VaNSAS finds an ANP ratio that is higher by 22.58 %
and 17.26 %, respectively.

In the next experiment, all methods were used to solve L-11
problem instances. The Pareto solution was collected for 1000
iterations. The Pareto front of all methods is shown in Figs. 12a-c.

Figs. 12a-c show that VaNSAS fills the gap of each Pareto front
more so than the two other methods. GA and DE have more distance
between Pareto points more often than VaNSAS, which means the
mechanism of VaNSAS can discover more Pareto solutions.

The next experiment was the result of the L-11, or the case study.
The case study is composed of six types of goods, 198 farmers, eight
containers, a loading center, five borders, and ten end markets. The
result is shown in Table 14.

Based on Table 14, 198 farmers delivered their goods to 8 CLCs.
CLC-1 to CLC-8 had to receive the different goods from different
farmers. They had to receive goods from 30, 22, 28, 28, 27, 22, 21, and
20 farmers, respectively. The total profit of the system was
5539,212.00 Baht, the average profit per container was 110,784.24
Baht, the average profit per farmer was 27,975.82 Baht, and the
average profit per ton of vegetables was 9201.1 Bath/ton (total goods
shipped was 602 tons/day). The maximum makespan for all con-
tainers was 534.7 min, while the average makespan for all containers
was 503.2 min. Example of the logistics network design of the GMS
is shown in Figs. 13-14.

Fig. 13, shows a small logistics network of three agricultural
products, including rice, rubber, and cassava. The network flow
started from the farmers of each agricultural product in Thailand,
connected to the agricultural center markets, moved to the Nakhon
Phanom border, and finally transported to the Bolikhamsai market
and the Nongchab market in Lao PDR.
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Table 11

Computational result of large-size test instances.

VaNSAS

GA

DE

w1/

W2

(0.2,0.8)
Profit

(0.5,0.5)
Profit

(0.8,0.2)
Profit

(0.2,0.8)

(0.5,0.5)
Profit

(0.8,0.2)
Profit

(0.2,0.8)
Profit

(0.5,0.5)
Profit

(0.8,0.2)
Profit

weight

Makespan
(minutes)

Makespan
(minutes)

Makespan
(minutes)

Makespan
(minutes)

Profit
(Million

Makespan

(minutes)

Makespan
(minutes)

Makespan Makespan
(minutes)

(minutes)

Makespan
(minutes)

(Million
Baht)

(Million

Baht)

(Million
Baht)

(Million
Baht)

(Million (Million (Million
Baht) Baht)

Baht)

(Million
Baht)

Baht)

331.6

3.589

347.6

3.638
3.767
4.209
4.261

3571

3.681

387.2

3.209
3.318

3924
416.7
447.0

3.271

407.5

3.378

389.7

3.014

401.4

3.089
3.219

410.2
4278

3.189
3.378
3.859

L-1

3478

3.678

357.2

367.8
398.3

3.879
4.223

4115

3412

421.6

3.487

407.8

3.198
3.749
3.741

418.9
467.8

L-2
L-3

376.2
385.9

4167
4138
4.192
4.487

3879

4203

3.713

3.849
3.879
4.008

471.3

3.923

458.2

3.809
3.814

476.6

401.3

402.8

4.387

4248

3.789
3.898
4.024
4169
4.483

451.9

468.8
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Fig. 6. Solution development of the proposed methods.
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Fig. 7. Profit generated from VaNSAS-1 to VaNSAS-3.

Fig. 14, shows an example of a large GMS logistics network. There
are three types of agricultural products, including rice, rubber, and
cassava, which are transported across the border to Lao PDR and
Cambodia. Each farmer was assigned to an appropriate CLC, and the
CLCs were then also assigned to the optimal borders, after which the
agricultural products were optimally distributed to the end markets
in Lao PDR and Cambodia with minimum cost and makespan.

Figs. 13 and 14, depict the transportation network design ex-
ample using our recommended methods, VaNSAS. There is no center
for container loading in the existing exportation system that is used
to export agricultural products. In the export system, a containment
loading facility, often referred to as a dry port or inland port, is es-
sential because it enables small and medium-sized exporters to
enter the market more quickly. The simulation results of the current
exporting system for agricultural products with and without con-
tainer loading centers are compared in Table 15.

We can observe from the data in Table 15 that when using the
CLC in the export system, all methods—GA, DE, and VaNSAS—provide
improved results. Locating the CLC in the system utilizing GA, DE,
and VaNSAS as the logistics network design approach provides
higher profits than when the CLC is not employed by 6.14 %, 13.44 %,
and 10.09 %, respectively. VaNSAS blatantly provides more profit
than alternative methods. The choice to include CLC in the network
system for the export of agricultural products can therefore be ad-
vantageous for other regions of Thailand that export agricultural
goods across land borders to other GMS nations, such as those that
export from Loas to Vietnam and China, Cambodia to Loas, Vietnam,
and China, and Myanmar to India, China, and Vietnam (as shown in
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Table 12
P-value of the Wilcoxon sign rank test of information given in Table 1.
DE GA VaNSAS
Profit Makespan Profit Makespan Profit Makespan
DE 0.5 0.2 0.5 0.2 GA 0.5 0.2 0.5 0.2 VaNSAS 0.5 0.2 0.5 0.2
0.8 0.003 0003 0003 0.003 08 0003 0003 0003 0.003 08 0.003 0003 0003 0.003
0.5 0.003 0.003 0.5 0.003 0.5 0.003 0.003
Profit Makespan
GA VaNSAS GA VaNSAS
DE 0000 0.000 0.000  0.000
GA 0.000 0.000
.00 4b+28.199.8
48.00-000 d 47.00-000 2
4?.00.000 e 4L.00.000
Y.00.000 e L 45.00-.000
2 o
% 45.00-000 S 44.00.000
m <
~ o
o 44.00.000 @ 43,00.000 HEJJAHSE.B
pad 41.40.973.5
© 43.00.000 _—-A X 42.00.000 5
e e S .| s
42.00-.000 _-T =- e é 41.00-000
41.00-.000 k‘ - - 40.00-000
[ e
40.00.000 39.00.000
o 0.2 0.4 0.6 0.8 1
Value of wl 38.00-000
DE GA VaNSAS
Methods
—-9-—DE — —& — GA e RIS VaNSAS
Fig. 10. Profit generated using different methods to find the optimal solution.
Fig. 8. Profit obtained Using different values of w1 and different solving methods.
520 m 500 492
» 500 e " - A 490
5 L& - 480
g 480 e e = w ueo
£ -=" @ 5
4k A-" e 2 470
c |\ & g e il
3 @ S o
Rl I :
3 yao ¢ o 450 445
= o
X
4yoo 2 yy0
0 0.2 0.4 0.k 0.8 1
Value of wl 430
420
DE GA VaNSAS
— @ = DE - —& - GA o LTS VaNSAS
Methods
ﬁ:ﬁ.thg.d ;VlakeSpan obtained Using different values of w1l and different solving Fig. 11. Makespan generated using different solution approaches.
Fig. 1.). The rice-producing regions of the GMS nations are depicted Table 13
in Fig. 15. We can see that the CLC and our suggested approach, ANP and ARP of all proposed methods.
VaNSAS, may be used to apply for the rice export system, which #iterations DE GA VaNSAS
should increase the effectiveness of the rice exportation system in all
GMS . P y #Pareto Ratio  #Pareto Ratio  #Pareto Ratio
nations. Points Points Points
. . 1 300 85 028 94 031 124 0.41
5. Discussion 2 300 89 030 91 030 148 0.49
3 500 118 024 126 025 179 0.36
With this study, we hope to construct an efficient agricultural 4 500 120 024 130 026 183 0.37
logistics network (ALN) for cross-border commerce in GMS regions. 5 700 195 0.28 201 029 228 033
To construct ALN for GMS, we created the Variable Neighborhood s Zggo ;?g g'i ;}é 8'3}1 ;gg g;g
Strategles.Adaptlve Search (YaNSAs). The computational outcome of 3 1000 218 022 238 024 204 029
the experiment presented in session 4 demonstrates that VaNSAS 9 1500 349 023 360 024 389 0.26
outperforms the currently used heuristics, such as DE and GA. This 10 1500 331 022 341 023 397 0.26
finding that VaNSAS provides a better solution than Genetic ARP 025 027 034
ANP 0.24 025 0.31

Algorithm (GA) and the Differential Evolution algorithm (DE) is

256




The Asian Journal of Shipping and Logistics 38 (2022) 245-262

N. Nanthasamroeng, S. Khonjun, T. Srichok et al.

Te0s 05107269 agelany
LyES 00°LLL'PLS XeN
8'ST0¥ 00°CIT'6€£S'S [eoL
G'81S T98°1LS S 01'6'8 Sy Sl €91°'791'191'091'6S1°€01'Z01'I01'001'66'86'L6'SY V'€V TH 61'81°8'L 8-01D
6Ly L1676y 4 6'8°C Gl €1 891'8SI'LG1'9S1'SSIFSI'EG1'TSI'ISI'96'G6'Y6'€6°C6°16'06' 170V 6€°0C Y L-01D
sls 750087 4 L'S'ET €T v'eT LI1'99L'SIL'FIL'0S L6 L8 1'LY1'P01'68°88'L8'98°09°65'85LS'9G GG BE0L'6 9-01D
9708 9€1'898 8 8'LY'T v'e (43 86L'9LL'SLIVLIELLTLITLI'OLL'69LTELTEL'OEL'0L1'601'801'L0L'90L'S0L'99'69F9'€9°2919'CT 1T'TL SO
les 69G°L£8 8 G'9L'8 ST 4 G81'V81'E81'T8I'I8L'6CL'8TI'LTI'OTL'STIVTI'0L'6989'L9 VS €SS 1S 0S 6F'LTIT'ST YT ET'EL 701D
6'8Ly LLI'YL8 8 I's'ey €Tl 1'9's L61'961'G61'08L'6LL'8LLLLI'GEL'SELLEL'OET'SEL'YEL'EEL'ETL'TTITCI'0CI'8L'LL'OL'SLYL'LE IE'LL'IL'D €01
LYES T16'L8S S 1'7'6 v'eT v'c TOL'IPL'SYLYYL'611'8LILLIOLL'G8 Y8 E8'T8 1808 6L ELTL L SEVI'EL'TL D
8vCs L8S'VT8 8 £1'5'01 S €Tl P61'E61'I61°061'681°881'L81'98L EV L TYL'IVL'OVL'SILYLL'ELI'TILILL 8V LY Ob'PE €€ TETE0E'6T'8T'SI'S'T 1-010
(soynuru) (3yeq)
uedsayey jgold pasn Iaurejuod# I1MIRN-pUq 1apiog sadAy a1qe1adan Jaure]

‘(SO ut Apnis ased) 1[-7 Jo saduelsul wajqoid ayj jo jnsal [euoneindwo)
vl d1qeL

.
.
55.00.000
t
.
!

S

54.50.000
.

Profit (Baht)
(Baht)

Profit (Baht)
Profit

o
o’
54.00.000

e

o
53.50.000

o

e

s

o L [=] L o n [=] n n [=]
- m m u u el ~ o u n
5 5 5 5 5
.E

wn (]

o n (=] 0 il o nu o Ll
m m m n n n n n —
wn wn n n n wn wn wn n

54.20.000 54.40.000 54.L0.000 54.80.000 55.00.000 55.20-000
b
é
52.50-.00053-00-00053-50-00054.00-.00054+50-00055-00-00055-50-000
c

53.00.000

500
495
51k
535
530
515
510

n wn n

(s®3nutw) uedsaey (s®3nutw) uedsaey (s@jnutw) uedsaey

Fig. 12. a. Pareto front of VaNSAS. b. Pareto front of DE. c. Pareto front of GA.
provement in comparison to GA and DE. In contrast to the current
heuristics, VaNSAS's improvement processes are able to elude the
local optimal more successfully. The results shown in Figs. 10a-c,

supported by Worasan et al. (2020), and Theeraviriya et al. (2019).
This is as a result of VaNSAS using a variety of strategies for im-
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Table 15
Comparing total profit generated of the case study with and without container
loading center (CLC).

Profit

(Baht)

GA DE VaNSAS
With CLC 5,123,745 5,057,312 5,539,212
Without CLC 4,827,199 4,458,248 5,031,471
Reduced cost(%) 6.14 13.44 10.09

which clearly show that VaNSAS's Pareto points are distributed
along the front line continuously while GA and DE's have a larger gap
between them, can be used to support this conclusion. This can in-
dicate that GA and DE are more stuck on the local optimal than
VaNSAS is. This conclusion is supported by the outcome from
Chainarong et al. (2021).

The result of the designed agricultural network design of the
case study (Table 15) shown that when the container loading
center (CLC) has been integrated in the logistics network it can
enhance the capability of the farmers to arrive at the CLC faster
and when they have to ship the goods to logistics providers di-
rectly. The small and medium size of farmers can reach the ex-
portation system earlier than without the CLC has been integrated
in the model. This idea can be supported by the similar idea of
proposing the inland port or dry port in Fazi et al. (2020). In order
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to ensure on-time delivery and adhere to capacity constraints, Fazi
et al.(2020) proposed the process for determining the appropriate
distribution of containers to barges. The computational result
demonstrates that the proper site allocation of the containers
benefits the transportation system. The model and suggested
strategy aim to increase barge utilization and traveling distance.
Numerous studies have examined the operational and strategic
advantages of using land ports and dry ports, and the conclusions
from these studies support the findings in Table 15 of our study.
Examples include Fazi et al. (2015), Maras et al. (2013), Braekers
et al. (2013), An et al. (2015) and Fazi (2019).

The fundamental concept of the CLC incorporated into the model
is backed not only by the dry port/inland port but also by the theory
of the location-allocation problem. According to Wang, Huang et al.
(2021); Wang, Cheng et al. (2021) the proper site for the CLC's es-
tablishment and the proper distribution of farmers to the new lo-
cation can lower the logistics system's overall operating costs. [In
order to solve the location-allocation problem, Wang, Huang et al.
(2021); Wang, Cheng et al. (2021) proposed a method for de-
termining the best location for the agricultural product transporta-
tion network's hub, and they came to the conclusion that it is
important for increasing the transportation efficiency and guaran-
teeing the freshness of agricultural products. This idea cab be sup-
port by various research such as Feng et al. (2022), Blad et al. (2022),
Petersen et al. (2019) and Enbel-Yan and Leonard (2012) which re-
vealed that establishing the collecting center in the right location
enhance the efficiency of allocation the right farmers or customers to
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Fig. 16. Short Sea Shipping mode in ASEAN.

that location will lead to generate the low cost and high profit to the
logistical system.

6. Conclusion and future outlook

This session will be broken up into four distinct sessions: (1) a
summary of the study in the academic aspect; (2) a summary of the
research in the social component; (3) future work and perspective;
and (4) research limitations.

6.1. Research summary in academic aspect

This research aimed to design a transportation model for inter-
national trade of agricultural products between Thailand, Laos, and
Cambodia. The agricultural products are transported from a farmers’
cooperative to a foreign end market. The mathematical models GA,
DE, and VaNSAS have been developed to determine the optimal
mode of transportation. The objectives of the proposed methods are
to (1) maximize the total profit for the entire agricultural chain and
(2) minimize the makespan or arrival time of the containers to the
end market in order to maintain the freshness of the agricultural
product.

For small problem instances, the computational result shows that
the proposed method, VaNSAS, finds a 100 % optimal solution, while
DE and GA find only 63.63 % and 72.72 % optimal solutions, re-
spectively. It uses lower computational time than that of Lingo (97.05
%). Comparing the speed of VaNSAS with DE and GA, we found that
VaNSAS uses 29.52 % and 27.93 % less computational time than that
of DE and GA to find the same optimal solution. For larger-size test
instances, VaNSAS finds a profit higher than that of DE and GA by
10.53 % and 8.96 %, respectively, while it finds a lower makespan by
9.57 % and 7.20 %, respectively. Comparing the performance to solve
multiple objectives, VaNSAS can find a higher ARP and ANP ratios. It
has an ARP ratio that is higher than DE and GA by 26.77 % and 21.44
%, respectively, and can find a ANP ratio that is higher by 22.58 % and
17.26 %, respectively. Therefore, we can conclude that VaNSAS out-
performed other methods.
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6.2. Summary of the research in the social component

In terms of the social component, this study methodology and its
findings can be applied to create a strategy plan for the import/ex-
port of agricultural products in various regions and across various
nations. The region under studied is located in Thailand's northeast,
close to the Mekong River. We learn from the model that is being
used that the containers loading center (CLC) can be used as a tool
for farmers to access the import/export system more easily in order
to export agricultural products from small and medium farmers or
producers. The CLC in our model performs tasks similar to or iden-
tical to those of a dry port or inland port; however, since road
transportation is more common in this region than sea or train
transportation, choosing the right location for the CLC and the best
route from the farmers' local road to the main economic corridor
that will connect producers to the end consumers is the key to the
success of this type of agricultural logistics.

The network in Fig. 3, can therefore be employed in other places,
but the appropriate agricultural network architecture will differ
depending on the state of the local road, the CLC's capacity, the
demand for the product from end users, and the capacity of the
farmers and producers. As a result, the designed network may be
helpful for policy makers who must design the logistical network in
the region where there are many small and medium-sized agri-
cultural producers who find it difficult to access the export/import
system, thereby enhancing their capacity and raising the GDP of the
entire nation.

6.3. Future work and perspective

In future research, in regard to the performance of VaNSAS, more
improvement boxes that can intensify and diversify searches can be
used and to determine their efficiency when used with VaNSAS.
Extension of the area of the case study would also be interesting for
this research, since the transportation network would be more
complicated than the current one, and this may affect the efficiency
of VaNSAS, which is indeed a challenge. Road transportation is one of
the modes of transportation that contributes the most CO2 to global
pollution, hence it is important to identify alternative modes so that
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global pollution can be reduced. Even the GMS regions, only some
part that are connected to the sea but the short sea shipping can be
used as the part of the agricultural logistics network. According to
Crew (2021), short-sea shipping has significant economic and en-
vironmental advantages, and as shipping companies are now ex-
ploring the potential of short-sea shipping, less pollution and less
money is spent on transportation. Short sea shipping is efficient for
connecting Indonesia, the Philippines, Brunei, Malaysia, and a few
regions of Thailand, including Bangkok and Phuket, according to Arof
and Zakaria (2020). By linking the aforementioned cities with some
cities in Vietnam, Thailand, and Cambodia, such as Nam Can, Vung
Tau, and Da nung, Sihannoukville, Re Ambei, Sattahip, Chonburi, and
Prachuap Khiri Khan, short sea shipping (SSS) capabilities in the
GMS regions can be strengthened. The relationship between road
transportation and SSS as a mode of transportation for the GMS
region should be expanded in the upcoming research as it relates to
sustainable transportation (as shown in Fig. 16.).

6.4. Research limitations

Due to the fact that this research was conducted for the specific
region of GMS, the transportation network in other regions may be
completely different. Based on the type of agricultural products,
local roads, border checkpoints, and end-user demand, particularly
in GMS regions, the agricultural network design result presented in
this study was established. If we use the same model and methods in
another area, the simulation's outcome could be completely dif-
ferent. Nevertheless, the model can still be used to plan a trans-
portation network in another location with a little modification to
the parameter values and the existing state of the network.

Acknowledgements

Authors would like to gratitude the supports from 1) Research
Unit on System Modelling for Industry (Grant No. SML.KKU 64/06),
Faculty of Engineering, Khon Kaen University, Thailand and 2)
Artificial Intelligence Optimization SMART Laboratory, Faculty of
Engineering, Ubon Ratchathani University.

References

Akpinar, M. E. (2021). A logistic optimization for the vehicle routing problem through
a case study in the food industry. Logforum, 17(3), https://doi.org/10.17270/].LOC.
2021.604

An, F, Hu, H., & Xie, C. (2015). Service network design in inland waterway liner
transportation with empty container repositioning. European Transport Research
Review, 7(2), 1-11. https://doi.org/10.1007/s12544-015-0157-5

Andersen, ]., Christiansen, M., Crainic, T. G., & Grenhaug, R. (2011). Branch and price
for service network design with asset management constraints. Transportation
Science, 45(1), https://doi.org/10.1287/trsc.1100.0333

Andersen, ]., Crainic, T. G., & Christiansen, M. (2009aaa). Service network design with
asset management: Formulations and comparative analyses. Transportation
Research Part C: Emerging Technologies, 17(2), https://doi.org/10.1016/j.trc.2008.10.
005

Andersen, J., Crainic, T. G., & Christiansen, M. (2009bbb). Service network design with
management and coordination of multiple fleets. European Journal of Operational
Research, 193(2), https://doi.org/10.1016/j.ejor.2007.10.057

Arof, A, & Zakaria, A. (2020). Short sea shipping in the Association of Southeast Asian
Nations. 242-258. https://doi.org/10.4324/9780429278907-14

Ayvaz, B., Bolat, B., & Aydin, N. (2015). Stochastic reverse logistics network design for
waste of electrical and electronic equipment. Resources, Conservation and
Recycling, 104. https://doi.org/10.1016/j.resconrec.2015.07.006

Baghizadeh, K., Zimon, D., & Jum'a, L. (2021). Modeling and optimization sustainable
forest supply chain considering discount in transportation system and supplier
selection under uncertainty. Forests, 12(8), 964. https://doi.org/10.3390/
12080964

Banomyong, R. (2013). The greater mekong sub-region of Southeast Asia: Improving
logistics connectivity. International Series in Operations Research and Management
Science, 181, 69-96. https://doi.org/10.1007/978-1-4419-6132-7_4

Blad, K., de Almeida Correia, G., van Nes, R., & Annema, J. (2022). A methodology to
determine suitable locations for regional shared mobility hubs. Case Studies on
Transport Policy. https://doi.org/10.1016/j.cstp.2022.08.005

261

The Asian Journal of Shipping and Logistics 38 (2022) 245-262

Braekers, K., Caris, A., & Janssens, G. (2013). Optimal shipping routes and vessel size
for intermodal barge transport with empty container repositioning. Computers in
Industry, 64(2), 155-164. https://doi.org/10.1016/j.compind.2012.06.003

C2ES, C. f. (n.d.). Reducing your transportation footprint. Center for climete and energy
solutions: C2ES. Available at: (https://www.c2es.org/content/reducing-your-
transportation-footprint/) (Accessed 04 March 2022).

Chainarong, S., Pitakaso, R., Sirirak, W., Srichok, T., Khonjun, S., Sethanan, K., &
Sangthean, T. (2021). Multi-objective variable neighborhood strategy adaptive
search for tuning optimal parameters of SSM-ADC12 aluminum friction stir
welding. Journal of Manufacturing and Materials Processing, 5(4), 123. https://doi.
org/10.3390/jmmp5040123

Crew, T.B. (2021, May 18). Short sea shipping - how beneficial is it?. Greencarrier AB.
Available at: (https://blog.greencarrier.com/short-sea-shipping-how-beneficial-
is-it/) (Accessed 14 March 2022).

Derigs, U., Gottlieb, ]., Kalkoff, ]., Piesche, M., Rothlauf, F., & Vogel, U. (2011). Vehicle
routing with compartments: Applications, modelling and heuristics. Oregon
Spectrum, 33(4), https://doi.org/10.1007/s00291-010-0194-3

Doerner, K. E, Gronalt, M., Hartl, R. F.,, Kiechle, G., & Reimann, M. (2008). Exact and
heuristic algorithms for the vehicle routing problem with multiple inter-
dependent time windows. Computers and Operations Research, 35(9), https://doi.
org/10.1016/j.cor.2007.02.012

Dul, D., & Limmeechokchai, B. (2021). Greenhouse gases mitigation in the road
transport towards 2050: Analyses of selected greater mekong sub-region (GMS)
countries. International Energy Journal, 21, 3.

Enbel-Yan, J., & Leonard, A. (2012). Mobility hub guidelines: Tools for achieving suc-
cessful station areas. Institute of Transportation Engineers ITE Journal, 82(1), 42.

Fazi, S. (2019). A decision-support framework for the stowage of maritime containers
in inland shipping. Transportation Research Part E: Logistics and Transportation
Review, 131, 1-23. https://doi.org/10.1016/j.tre.2019.09.008

Fazi, S., Fransoo, ]., & Van Woensel, T. (2015). A decision support system tool for the
transportation by barge of import containers: A case study. Decision Support
Systems, 79, 33-45. https://doi.org/10.1016/j.dss.2015.08.001

Fazi, S., Fransoo, J., Van Woensel, T., & Dong, ]. (2020). A variant of the split vehicle
routing problem with simultaneous deliveries and pickups for inland container
shipping in dry-port based systems. Transportation Research Part E: Logistics and
Transportation Review, 142, Article 102057. https://doi.org/10.1016/j.tre.2020.
102057

Feng, Y., Liu, Y., & Chen, Y. (2022). Distributionally robust location-Allocation models
of distribution centers for fresh products with uncertain demands. Expert Systems
with ApplicationsArticle 118180. https://doi.org/10.1016/j.eswa.2022.118180

Hatefi, S. M., & Jolai, F. (2014). Robust and reliable forward-reverse logistics network
design under demand uncertainty and facility disruptions. Applied Mathematical
Modelling, 38(9-10), https://doi.org/10.1016/j.apm.2013.11.002

Hsuy, C. I, Hung, S. F, & Li, H. C. (2007). Vehicle routing problem with time-windows
for perishable food delivery. Journal of Food Engineering, 80(2), https://doi.org/10.
1016/j.jfoodeng.2006.05.029

Hwang, C.-L., & Yoon, K. (1981). Multiple attribute decision making methods and
applications A state-of-the-art survey. Lecture Notes in Economics and
Mathematical Systems, 186.

Jiang, J., Zhang, D., & Meng, Q. (2021). Impact analysis of investment coordination
mechanisms in regional low-carbon logistics network design. Transportation
Research Part D: Transport and Environment, 92, Article 102735. https://doi.org/10.
1016/j.trd.2021.102735

Jiang, J., Zhang, D., Meng, Q., & Liu, Y. (2020). Regional multimodal logistics network
design considering demand uncertainty and CO, emission reduction target: A
system-optimization approach. Journal of Cleaner Production, 248, Article 119304.
https://doi.org/10.1016/j.jclepro.2019.119304

Jirasirilerd, G., Pitakaso, R., Sethanan, K., Kaewman, S., Sirirak, W., & Kosacka-Olejnik,
M. (2020). Simple assembly line balancing problem type 2 by variable neigh-
borhood strategy adaptive search: A case study garment industry. Journal of Open
Innovation: Technology, Market, and Complexity, 6(1), https://doi.org/10.3390/
JOITMC6010021

Kengpol, A., Meethom, W., & Tuominen, M. (2012). The development of a decision
support system in multimodal transportation routing within Greater Mekong
sub-region countries. International Journal of Production Economics, 140(2), https://
doi.org/10.1016/j.ijpe.2011.02.024

Khan, A. S, Salah, B., Zimon, D., Ikram, M., Khan, R., & Pruncu, C. I. (2020). A sus-
tainable distribution design for multi-quality multiple-cold-chain products: An
integrated inspection strategies approach. Energies, 13(24), 6612. https://doi.org/
10.3390/en13246612

Komchornrit, K. (2017). The selection of dry port location by a hybrid CFA-MACBETH-
PROMETHEE method: A case study of Southern Thailand. Asian Journal of Shipping
and Logistics, 33(3), https://doi.org/10.1016/j.ajs1.2017.09.004

Le, B. H.,, Nguyen, D. Q., Vu, K. T,, Luy, H. N., & Taghizadeh-Hesary, F. (2020). Economic
cooperation in the greater mekong sub-region. Journal of Economic Integration,
35(2), https://doi.org/10.11130/jei.2020.35.2.240

Li, S., Liang, Y., Wang, Z., & Zhang, D. (2021). An optimization model of a sustainable
city logistics network design based on goal programming. Sustainability, 13(13),
https://doi.org/10.3390/su13137418

Li, X., Wei, K., Aneja, Y. P,, & Tian, P. (2017). Design-balanced capacitated multi-
commodity network design with heterogeneous assets. Omega, 67. https://doi.
org/10.1016/j.omega.2016.05.001

Logistics, I. (2020, January 15). Points to consider while choosing a warehouse loca-
tion. iThink Logistics. Available at: (https://ithinklogistics.com/blog/points-to-
consider-while-choosing-a-warehouse-location/) (Accessed 08 February 2022).


https://doi.org/10.17270/J.LOG.2021.604
https://doi.org/10.17270/J.LOG.2021.604
https://doi.org/10.1007/s12544-015-0157-5
https://doi.org/10.1287/trsc.1100.0333
https://doi.org/10.1016/j.trc.2008.10.005
https://doi.org/10.1016/j.trc.2008.10.005
https://doi.org/10.1016/j.ejor.2007.10.057
https://doi.org/10.4324/9780429278907-14
https://doi.org/10.1016/j.resconrec.2015.07.006
https://doi.org/10.3390/f12080964
https://doi.org/10.3390/f12080964
https://doi.org/10.1007/978-1-4419-6132-7_4
https://doi.org/10.1016/j.cstp.2022.08.005
https://doi.org/10.1016/j.compind.2012.06.003
https://www.c2es.org/content/reducing-your-transportation-footprint/
https://www.c2es.org/content/reducing-your-transportation-footprint/
https://doi.org/10.3390/jmmp5040123
https://doi.org/10.3390/jmmp5040123
https://blog.greencarrier.com/short-sea-shipping-how-beneficial-is-it/
https://blog.greencarrier.com/short-sea-shipping-how-beneficial-is-it/
https://doi.org/10.1007/s00291-010-0194-3
https://doi.org/10.1016/j.cor.2007.02.012
https://doi.org/10.1016/j.cor.2007.02.012
http://refhub.elsevier.com/S2092-5212(22)00030-X/sbref15
http://refhub.elsevier.com/S2092-5212(22)00030-X/sbref15
http://refhub.elsevier.com/S2092-5212(22)00030-X/sbref15
http://refhub.elsevier.com/S2092-5212(22)00030-X/sbref16
http://refhub.elsevier.com/S2092-5212(22)00030-X/sbref16
https://doi.org/10.1016/j.tre.2019.09.008
https://doi.org/10.1016/j.dss.2015.08.001
https://doi.org/10.1016/j.tre.2020.102057
https://doi.org/10.1016/j.tre.2020.102057
https://doi.org/10.1016/j.eswa.2022.118180
https://doi.org/10.1016/j.apm.2013.11.002
https://doi.org/10.1016/j.jfoodeng.2006.05.029
https://doi.org/10.1016/j.jfoodeng.2006.05.029
http://refhub.elsevier.com/S2092-5212(22)00030-X/sbref23
http://refhub.elsevier.com/S2092-5212(22)00030-X/sbref23
http://refhub.elsevier.com/S2092-5212(22)00030-X/sbref23
https://doi.org/10.1016/j.trd.2021.102735
https://doi.org/10.1016/j.trd.2021.102735
https://doi.org/10.1016/j.jclepro.2019.119304
https://doi.org/10.3390/JOITMC6010021
https://doi.org/10.3390/JOITMC6010021
https://doi.org/10.1016/j.ijpe.2011.02.024
https://doi.org/10.1016/j.ijpe.2011.02.024
https://doi.org/10.3390/en13246612
https://doi.org/10.3390/en13246612
https://doi.org/10.1016/j.ajsl.2017.09.004
https://doi.org/10.11130/jei.2020.35.2.240
https://doi.org/10.3390/su13137418
https://doi.org/10.1016/j.omega.2016.05.001
https://doi.org/10.1016/j.omega.2016.05.001
https://ithinklogistics.com/blog/points-to-consider-while-choosing-a-warehouse-location/
https://ithinklogistics.com/blog/points-to-consider-while-choosing-a-warehouse-location/

N. Nanthasamroeng, S. Khonjun, T. Srichok et al.

Ma, Z. ], Wu, Y., & Dai, Y. (2017). A combined order selection and time-dependent
vehicle routing problem with time widows for perishable product delivery.
Computers and Industrial Engineering, 114. https://doi.org/10.1016/j.cie.2017.10.010

Maras, V., Lazi¢, ., Davidovi¢, T., & Mladenovi¢, N. (2013). Routing of barge container
ships by mixed-integer programming heuristics. Applied Soft Computing, 13(8),
3515-3528. https://doi.org/10.1016/j.as0c.2013.03.003

Mendoza, ]. E., Castanier, B., Guéret, C., Medaglia, A. L., & Velasco, N. (2011). Constructive
heuristics for the multicompartment vehicle routing problem with stochastic de-
mands. Transportation Science, 45(3), https://doi.org/10.1287/trsc.1100.0353

Mercier, S., Villeneuve, S., Mondor, M., & Uysal, 1. (2017). Time-temperature man-
agement along the food cold chain: A review of recent developments.
Comprehensive Reviews in Food Science and Food Safety, 16(4), 647-667. https://doi.
org/10.1111/1541-4337.12269

Mitchell, M. (1998). An introduction to genetic algorithms. An Introduction to Genetic
Algorithms. https://doi.org/10.7551/mitpress/3927.001.0001

Moccia, L., Cordeau, J. F, Laporte, G., Ropke, S., & Valentini, M. P. (2011). Modeling and
solving a multimodal transportation problem with flexible-time and scheduled
services. Networks, 57(1), https://doi.org/10.1002/net.20383

Nguyen, T. Y., Nguyen, T. A., & Zhang, J. (2021). ASEAN logistics network model and
algorithm. Asian Journal of Shipping and Logistics, 37(3), https://doi.org/10.1016/].
ajs1.2021.06.004

Osvald, A., & Stirn, L. Z. (2008). A vehicle routing algorithm for the distribution of fresh
vegetables and similar perishable food. Journal of Food Engineering, 85(2), https://
doi.org/10.1016/j.jfoodeng.2007.07.008

Pedersen, M. B., Crainic, T. G., & Madsen, O. B. G. (2009). Models and tabu search
metaheuristics for service network design with asset-balance requirements.
Transportation Science, 43(2), https://doi.org/10.1287/trsc.1080.0234

Petersen, N., Rodrigues, F., & Pereira, F. (2019). Multi-output bus travel time prediction
with convolutional LSTM neural network. Expert Systems with Applications, 120,
426-435. https://doi.org/10.1016/j.eswa.2018.11.028

Pitakaso, R., Sethanan, K., Jirasirilerd, G., & Golinska-Dawson, P. (2021). A novel vari-
able neighborhood strategy adaptive search for SALBP-2 problem with a limit on
the number of machine’s types. Annals of Operations Research. https://doi.org/10.
1007/s10479-021-04015-1

Pitakaso, R., Sethanan, K., & Theeraviriya, C. (2020). Variable neighborhood strategy
adaptive search for solving green 2-echelon location routing problem. Computers
and Electronics in Agriculture, 173. https://doi.org/10.1016/j.compag.2020.105406

Reis, S. A., & Leal, J. E. (2015). A deterministic mathematical model to support tem-
poral and spatial decisions of the soybean supply chain. Journal of Transport
Geography, 43. https://doi.org/10.1016/j.jtrange0.2015.01.005

Sethanan, K., & Pitakaso, R. (2016). Differential evolution algorithms for scheduling
raw milk transportation. Computers and Electronics in Agriculture, 121. https://doi.
org/10.1016/j.compag.2015.12.021

262

The Asian Journal of Shipping and Logistics 38 (2022) 245-262

Seyyedhasani, H., & Dvorak, ]J. S. (2018). Dynamic rerouting of a fleet of vehicles in
agricultural operations through a Dynamic Multiple Depot Vehicle Routing
Problem representation. Biosystems Engineering, 171. https://doi.org/10.1016/].
biosystemseng.2018.04.003

Shahabi-Shahmiri, R., Asian, S., Tavakkoli-Moghaddam, R., Mousavi, S. M., &
Rajabzadeh, M. (2021). A routing and scheduling problem for cross-docking net-
works with perishable products, heterogeneous vehicles and split delivery.
Computers and Industrial Engineering, 157. https://doi.org/10.1016/j.cie.2021.
107299

Tarantilis, C. D., & Kiranoudis, C. T. (2002). Distribution of fresh meat. Journal of Food
Engineering, 51(1), https://doi.org/10.1016/S0260-8774(01)00040-1

Theeraviriya, C., Pitakaso, R., Sillapasa, K., & Kaewman, S. (2019). Location decision
making and transportation route planning considering fuel consumption. Journal
of Open Innovation: Technology, Market, and Complexity, 5(2), 27. https://doi.org/10.
3390/joitmc5020027

Thiongane, B., Cordeau, ]. F.,, & Gendron, B. (2015). Formulations for the nonbifurcated
hop-constrained multicommodity capacitated fixed-charge network design pro-
blem. Computers and Operations Research, 53. https://doi.org/10.1016/j.cor.2014.07.
013

Wang, M., Cheng, Q., Huang, J., & Cheng, G. (2021). Research on optimal hub location of
agricultural product transportation network based on hierarchical hub-and-spoke
network model. Physica A: Statistical Mechanics and its Applications, 566, Article
125412. https://doi.org/10.1016/j.physa.2020.125412

Wang, S., Tao, E, & Shi, Y. (2018). Optimization of location-routing problem for cold
chain logistics considering carbon footprint. International Journal of Environmental
Research and Public Health, 15(1), 86. https://doi.org/10.3390/ijerph15010086

Wang, Z., Huang, L., & He, C. X. (2021). A multi-objective and multi-period optimi-
zation model for urban healthcare waste’s reverse logistics network design.
Journal of Combinatorial Optimization, 42(4), https://doi.org/10.1007/s10878-019-
00499-7

Webfleet. (2020, February 28). What is the diesel consumption per kilometer of
trucks?. Webfleet: Available at: (https://www.webfleet.com/en_gbh/webfleet/blog/
do-you-know-the-diesel-consumption-of-a-lorry-per-km/) (Accessed 02 August
2022).

Worasan, K., Sethanan, K., Pitakaso, R., Moonsri, K., & Nitisiri, K. (2020). Hybrid
particle swarm optimization and neighborhood strategy search for scheduling
machines and equipment and routing of tractors in sugarcane field prepara-
tion. Computers and Electronics in Agriculture, 178. https://doi.org/10.1016/j.
compag.2020.105733

Zulvia, F. E., Kuo, R. J., & Nugroho, D. Y. (2020). A many-objective gradient evolution
algorithm for solving a green vehicle routing problem with time windows and
time dependency for perishable products. Journal of Cleaner Production, 242.
https://doi.org/10.1016/j.jclepro.2019.118428


https://doi.org/10.1016/j.cie.2017.10.010
https://doi.org/10.1016/j.asoc.2013.03.003
https://doi.org/10.1287/trsc.1100.0353
https://doi.org/10.1111/1541-4337.12269
https://doi.org/10.1111/1541-4337.12269
https://doi.org/10.7551/mitpress/3927.001.0001
https://doi.org/10.1002/net.20383
https://doi.org/10.1016/j.ajsl.2021.06.004
https://doi.org/10.1016/j.ajsl.2021.06.004
https://doi.org/10.1016/j.jfoodeng.2007.07.008
https://doi.org/10.1016/j.jfoodeng.2007.07.008
https://doi.org/10.1287/trsc.1080.0234
https://doi.org/10.1016/j.eswa.2018.11.028
https://doi.org/10.1007/s10479-021-04015-1
https://doi.org/10.1007/s10479-021-04015-1
https://doi.org/10.1016/j.compag.2020.105406
https://doi.org/10.1016/j.jtrangeo.2015.01.005
https://doi.org/10.1016/j.compag.2015.12.021
https://doi.org/10.1016/j.compag.2015.12.021
https://doi.org/10.1016/j.biosystemseng.2018.04.003
https://doi.org/10.1016/j.biosystemseng.2018.04.003
https://doi.org/10.1016/j.cie.2021.107299
https://doi.org/10.1016/j.cie.2021.107299
https://doi.org/10.1016/S0260-8774(01)00040-1
https://doi.org/10.3390/joitmc5020027
https://doi.org/10.3390/joitmc5020027
https://doi.org/10.1016/j.cor.2014.07.013
https://doi.org/10.1016/j.cor.2014.07.013
https://doi.org/10.1016/j.physa.2020.125412
https://doi.org/10.3390/ijerph15010086
https://doi.org/10.1007/s10878-019-00499-7
https://doi.org/10.1007/s10878-019-00499-7
https://www.webfleet.com/en_gb/webfleet/blog/do-you-know-the-diesel-consumption-of-a-lorry-per-km/
https://www.webfleet.com/en_gb/webfleet/blog/do-you-know-the-diesel-consumption-of-a-lorry-per-km/
https://doi.org/10.1016/j.compag.2020.105733
https://doi.org/10.1016/j.compag.2020.105733
https://doi.org/10.1016/j.jclepro.2019.118428

	Transborder logistics network design for agricultural product transportation in the Greater Mekong Subregion
	1. Introduction
	2. Problem statement and mathematical model
	2.1. Problem statement
	2.2. Mathematical model

	3. Methodology
	3.1. Variable neighborhood strategy adaptive search (VaNSAS)
	3.1.1. Generate the initial solution
	3.1.2. Generate the set of initial tracks (encoding method)
	3.1.3. Decode the initial track
	3.1.4. Track touring process
	3.1.5. Differential equation method (DEM)
	3.1.6. Best-track transition method (B- TTM)
	3.1.7. Random-track transition method (R-TTM)
	3.1.8. Update the heuristics information
	3.1.9. Repeat the track touring process and the heuristic information updating
	3.1.10. The compared methods


	4. Computational results and framework
	5. Discussion
	6. Conclusion and future outlook
	6.1. Research summary in academic aspect
	6.2. Summary of the research in the social component
	6.3. Future work and perspective
	6.4. Research limitations

	Acknowledgements
	References




