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Abstract 

In the current market economic conditions, the distribution center plays an important role in the 

the supply chain’s operation, especially when the fruit and vegetable supply chains in Vietnam 

still do not have a suitable distribution center, leading to high arrival costs and slow shipping times. 

Therefore, researching and proposing a model to locate distribution centers, contributing to cost 

reduction of the fruit and vegetable supply chain is a crucial issue in Vietnam today. Therefore, 

using many survey methods such as in-depth interview, focus groups, face-to-face to collect a total 

of 439 samples in Vinh Long province, as well as secondary data from new articles, studies, 

research articles, other authentic sources directing the administration of provincial statistical 

management and yearbooks for analyzing the sweet potato supply chain in Vinh Long province of 

the Mekong Delta region. First, this study used mixed-integer linear programming and 

compromised programming based on IBM CPLEX Optimizer to choose a distribution center when 

trading-off between cost and transport time. Secondly, Simple Additive Weighting (SAW) for 

decision support based on excel software from the results of experts’ answering to increase the 

objectivity for determining the location of the Distribution Center as well as in accordance with 

both the actual situation and the comprehensive development of local socio-economy. The 

contribution of proposing the mathematical model is to choose a suitable place for saving costs 

and reducing transport times. In additon, this approach method could be applied to other 

Vietnamese agri-fresh products for upgrading the competitiveness, compared with other countries' 

agricultural products in terms of price and quality so far.  

Key words: Distribution center, Mixed integer programming, Simple Additive Weighting - SAW, 

Supply chain, Vietnam 

1. Introduction 

Vietnamese vegetables and fruits are agri-fresh produce [1], with the advantages of natural 

conditions, are having great opportunities when many Vietnamese vegetables and fruits, together 

with the advantages of natural conditions, are having great opportunities when many signed free 

trade agreements (FTAs), especially both the Comprehensive and Progressive Agreement for 

Trans-Pacific Partnership (CPTPP), the European-Vietnam Free Trade Agreement (EVFTA), and 

Regional Comprehensive Economic Partnership (RCEP) come into effect, helping Vietnam 

vegetables and fruits to expand their way into markets with large scale and strong consumption. 

However, Vietnamese fruits and vegetables are also facing significant challenges from trading 

competition among producing countries, technical barriers from importing countries, especially 
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requirements of quarantine, safety, and prices, due to the influence of time, environmental 

conditions, seasonality [2]. To the extend of the authors’ knowledge, up to now few studies have 

been published in regards to the huge wasted agri-fresh produce in various operational stages of 

agri-fresh supply chain management (AFSCM) caused by inefficiencies in storage, handling and 

transportation [3], which also has inspired us to work on it to help solve issues.  

 

Figure 1. Product differentiation, adapted from Shukla and Jharkharia (2013) 

 In the world, the supply chain is not a new concept, but in Vietnam, it is still quite new, 

unfamiliar, especially the supply chain of agricultural products due to the hierarchy of 

distinguished decision-making process in strategic, tactical, and operational, which directly 

defines insight supply chain [4]. The supply chain is an integrated network of production and 

distribution options that perform the functions of purchasing raw materials, converting materials 

into selling products, finished products and distributing them to customers [5], [6] or a complex 

network of facilities, with associated decision-makers, engaged in such essential operations as 

production/manufacturing, storage, and the distribution of products to demand markets [6], [7]. 

Beisde, Chopra and Meindl define supply chains including all stages related, directly or indirectly, 

to meet customer needs. They argue that the supply chain includes not only manufacturers and 

suppliers, but also shipping providers, warehousing, retailers and customers themselves [8]. To be 

specific, choosing the right distribution center location can reduce logistics costs, thereby 

improving delivery efficiency and improving customer satisfaction. Site selection using both 

qualitative and quantitative methods due to site decision making is in fact a very complex issue 

including the determination of the number of sites, the size of the site and the appropriateness of 

the local overall social- economic development direction [9]. That is why borned the field of supply 

chain management (SCM) to control the flow of information, products, and services across a 

network of customers, enterprises, and supply chain partners. Moreover, SCM encompasses three 

decision levels: strategic, tactical and operational [10]. According to Simchi-Levi et al, SCM is 

the efficient integration of suppliers, factories, warehouses, and stores, so that merchandise is 
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produced in the right quantities and distributed to the right location at the right time, so as to 

minimize total system cost while satisfying service requirements whereas value chains focus more 

on value creation, innovation, product development, and marketing [11].  

In Vietnam, both enterprises and and policy makers do not fully understand the special 

importance of the supply chain in today's globally competitive environment. Establishing an 

appropriate supply chain is a vital issue for every business and industry, it is necessary to identify 

and promote the role of each stage to maintain sustainability, improve competitiveness, expand 

market share, and reduce costs, take initiative in production and trading. Any agricultural supply 

chain needs a distribution center. Therefore, this article focuses on choosing a distribution center 

for agricultural product supply chain in Vietnam, to reduce costs and improve transporting times, 

benefit partners, especially farmers' income. It also provides operational flexibility to cope with 

high levels of uncertainty in demand and achieve sustainable development goals. 

The purpose of this paper is to choose the best solution for determining a distribution center 

when trading-off between total cost and transportation time by applying mathematical optimization 

technique, simulation model in the strategic planning, and multi-criteria decision-making 

technique. The rest of the paper is organized as follows. The related literature is reviewed in Part 

two. The third section is the methodology approach. Next to present the typical case study from 

the structure of the current sweet potato supply chain and the proposed modern one to describe a 

new distribution network design by application of optimization technique and simulation and 

SAW. The paper ends with some conclusions. The contribution of proposing the mathematical 

model is to choose a suitable place for saving costs and reducing transport times. In additon, this 

approach method could be applied to other Vietnamese agri-fresh products for upgrading the 

competitiveness, compared with other countries' agricultural products in terms of price and quality 

so far. 

2. Literature review related agri-fresh produce supply chain 

While producing perishable goods is vital to satisfying the growing global demand for 

food, Amorim et al. declare SCM of agri-fresh produce is equally crucial from delivering goods to 

the market at the right time with the minimum loss of food quantities and qualities, i.e. perishability 

may occur in one or more stages across the chain from the extremely short process to transportation 

times [12], [13]. Particularly, paid attention to the consumer satisfaction and revenue maximization 

with post‐ harvest waste reduction as a secondary objective. The product‐ problem‐ methodology 

mapping may serve as a framework for the managers addressing issues in FSCM [4], [14], [15]. 

Other characteristics, such as seasonality of agriculture production [16], [17], long supply 

lead times [18], [19], uncertainty in harvest time due to unpredictable weather conditions [16], 

[20], and relating to preserving freshness and product quality, it requires more limited delivery 

deadlines, more controlled storage conditions, better quality of end-products and minimum losses 

due to deterioration [21], [22], all of these features make more complex and harder to manage than 

other supply chains [23]. As a result, the operational research approaches to balancing agri-fresh 

produce supply chain (APSC) attract considerable interest of researchers as a mechanism to 

generate management efficiency through the use of modern decision technology tools, especiallly 

on designing and managing agri-fresh produce supply chains, although there is a significant level 

of inconsistency and confusion in segmenting fruits, flowers, and vegetables [22]–[26]. 

In perpective of supply chain management, spanning all movements and storage of raw 

materials, work-in-process inventory, and finished goods from the point-of-origin to the point-of-
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consumption [14], including coordination and collaboration with channel partners who may be 

suppliers, intermediaries, third-party service providers, or customers [15], integrating supply and 

demand management within and across companies [16]. Lowe and Prackel review the literature 

on applications of decision technology tools for a selected set of agribusiness problems in crop 

planning, which calls for more research into solving these problems. When engaging in a 

pioneering review of planning models relating to the production and distribution of the agri-food 

supply chains [19]. Additionally, Akkerman et al. declare food distribution networks management 

is receiving more and more attention, reviewed quantitative operations management in terms of 

food quality, food safety, and sustainability. The authors also discuss on three decision levels: 

strategic network design, tactical network planning, and operational transportation planning [27]. 

More recently, Zhang and Wilhelm provide growers and distribution managers’ insights into the 

variety of possible decision support and benchmarks for improvements in the specialty crops 

industry, including vegetables, fruits, grapes and wine, ornamentals, tree nuts, berries and dried 

fruits [28]. Meanwhile, Lehmann et al. present three cases covering agriculture, logistics and food 

awareness to overview on technology, information content, information organization, and 

communication and assure the successful utilization of the potential of the future developments of 

Internet [29]. Furthermore, Tsolakis et al. offer an integrated hierarchical decision-making 

framework for the design and planning of agri-food supply chain management [30], while Paam 

et al. look into the optimization of agri-fresh food supply chains, with focussing on the loss 

minimization in the F&V supply chains [30]. Lastly, in terms of food waste, Raak et al point out 

causes of processing and product-related food waste, especially new insights from expert 

interviews [31] whereas Balaji and Arshinder identify 16 causes of food wastage in the Indian 

fruits and vegetables supply chain [32].     

Focused on design the distribution center and supply chain network design, introducing 

strategies and supply chain models of food, fresh agricultural products, managing risks in the 

chain, defining innovation models of information, engineering and business process [9], [10]; 

determining the location of facilities in supply chain design network effectively is a crucial 

decision, be connected in detail logistics activities such as vehicle routing, inventory management, 

robustness and reliability [33]; using bullwhip effect in the supply chain network on demand in a 

treamlined theory [12]; analyzing workloads, providing recommendations on how to plan for 

productivity, planning the investment capital by applying simulation model [13]. Besides, Beamon 

reviews the literature in the area of multi-stage supply chain design and analysis with a view to 

developing a research agenda that may serve as a basis for future supply chain research [34] while 

Shen summarizes recent developments in the area of integrated supply chain design in which the 

decision maker needs to take inventory costs and distribution costs into consideration when 

determining the locations of the facilities [35]. Mentioned specifically to design agri-food supply 

chains under uncertainty by mathematical programming models, Esteso et al. build conceptual 

framework in the literature as a guide tool for both developing and analysing models based on 

mathematical programming to design agri-food supply chain [36], whereas Patidar et al. develop 

novel strategies for designing sustainable Indian agri-fresh food supply chain by incorporating 

SWOT into TOWS matrix [37]. 

3. Mathematical Formulation as a multi-objective model: Model description 

3.1. Characteristics  

Characteristics should be considered in supply chain network design problems by using 

mathematical model, particularly for agriculture products: 



5 

 

(1) Product: the model is designed to be able to find solutions for the system to solve the supply 

chain problem of many kinds of different types of agricultural products that can create a space to 

expand scale, development of the supply chain and logistics system later.  

(2) Transportation: the model can find solutions in multimodal transport conditions, focusing on 

roadway and waterway transport.  

(3) Time: most of activities including cultivation, harvesting, transportation, and trading 

agricultural products are affected by seasonal factors and cyclical changes in market demand, 

especially in China. So, the mathematical model should take the parameters, the decision variable 

to carry the function of the time element. 

(4) Flexibility: the optimal model uses compromise programming method in helping to support 

multi-objective decision making that is more flexible based on a set of changes in priority between 

optimal goals. 

3.2. The indices, input parameters, cost function components, and decision variables 

Indices to formulate the concerned supply chain network design problem: 

Table 1. Notation of the mathematical model 

No. Notation Set Name 

1 P Set of products 

2 R Set of market 

3 H Set of potential distribution center 

4 S Set of plant 

5 L Set of periods 

6 T Set if transportation mode 

7 (i, j) Set of arcs 

8 Z Set of routes 

  Parameters to formulate the concerned supply chain network design problem: 

Table 2. Parameters of the mathematical model 

No. Notation Description 

1 
 

Supply capacity of plant sth for products pth 

2 
 

Production cost of product pth 

3 
 

Fixed cost for building warehouse hth  

4 Inventory cost of product pth 

5 
 

Demand of market rth for product pth 

6 
 

“Quality reduction point” of product pth 

7 “Shelf life” product pth 

8 Transportation cost of route zth 

9 
 

Average inventory time of product pth 

10 
 

Transportation time of route zth 

11 
 

Distance from ith to jth when using transporter tth 
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12 
 

Function of diminished quality of product pth for route zth 

13 
 
 
 

Function of transportation cost with respect to distance 

14 
 

Function of transportation time with respect to distance 

15 
 

Optimal value of objective 1: transportation cost 

16   Optimal value of objective 2: transportation time 

Decision variables to formulate the concerned supply chain network design problem: 

Table 3. Decision variables of the mathematical model 

No. Notation Description 

1 
 

Quantity of product pth is transported by route zth at period lth 

2 
 

Quantity of product pth is harvested in plant sth at period lth 

3 
 

1, if the DC is located at potential DC hth, otherwise 0 

As mentioned above, some parameters have the direct values from the collected data, while 

others are special parameters that need to be processed and pre-computed as the quality loss 

function of the product (𝜑𝑧𝑝). According to the research of Osval and Stirn [38], this parameter is 

calculated based on: 𝜑𝑧𝑝 = 𝑚𝑖𝑛( 1𝑄𝑅𝑃𝑝 ∗ (𝑠𝑙𝑝 − 𝑡𝑡𝑧𝑝𝑠𝑙𝑝 ) , 1) 

The cost of transport by inland waterways is approximately 10 times lower than that of 

road [22]. Since then, the above functions are presented in table below: 

Table 4. Function of transportation cost unit 

 

3.3. Mathematical model 

3.3.1. Objective 1: Minimize total cost 

Economic efficiency is one of the most consideration in supply chain network design. In 

this case, the logistics cost includes cultivation costs, fixed investment costs. So, the total cost is 

shown in equation (1). 𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑∑∑(𝑙 (𝑡𝑐𝑧𝑝𝑋𝑧𝑝𝑙) + 𝐶𝐴𝑃𝐶𝑝𝑋𝑧𝑝𝑙(1 − 𝜑𝑧𝑝)) +∑(𝑄ℎ𝐹𝐶ℎ)ℎ   𝑝𝑧  (1) 

3.3.2. Objective 2: Minimize transportation time 

Roadway Waterway

VND/ton
1023 * 102,3 *

Hours

Notation Unit
Transportation mode
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For agriculture products, particularly sweet potato, previous studies also aim to minimize 

the total transportation time from the planting area to the warehouse, fixed storage time at the 

warehouse and transported to the market as equation (2): 𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ ∑ ∑ (𝑡𝑡𝑧𝑋𝑧𝑝𝑙)𝑙  𝑝𝑧∑ ∑ ∑ 𝐷𝑟𝑝𝑙𝑙𝑝𝑟  (2) 

Constraints ∑𝑋𝑧𝑝𝑙 ≤ 𝑌𝑠𝑝𝑙𝑧𝜖𝑈𝑠  ∀ 𝑠, 𝑝, 𝑙 𝑎𝑛𝑑 𝑈𝑠 = {𝑧: 𝑎𝑧 = 𝑠}  (3) 

∑𝑌𝑠𝑝𝑙 ≤ 𝐶𝐴𝑃𝑠𝑝𝑙∈𝐿  ∀𝑠, 𝑝 (4) 

∑ 𝑋𝑧𝑝𝑙𝜑𝑧𝑝 = 𝐷𝑟𝑝𝑙𝑧∈𝑂𝑟  ∀ 𝑟, 𝑝, 𝑙 𝑎𝑛𝑑 𝑂𝑟 = {𝑧: 𝑏𝑧 = 𝑟} (5) 

∑ 𝑋𝑧𝑝𝑙𝑝∈𝑃,   𝑧∈𝐾ℎ ≤ 𝑄ℎ ∀ ℎ, 𝑧 𝑎𝑛𝑑 𝐾ℎ = {𝑧: 𝑐𝑧 = ℎ} (6) 𝑋𝑧𝑝𝑙, 𝑌𝑠𝑝𝑙 ≥ 0 ∀ 𝑠, 𝑧, 𝑝, 𝑙 (7) 

Equation (3) aims to ensure that the amount of product is shipped from each plant does not 

exceed the amount of harvesting in this plant during a certain period. Equation (4) ensures that the 

quantity of harvested product in a plant at a certain period does not exceed the supply capacity of 

that plant. Equation (5) ensures that the demand in markets is adapted. Equation (6) ensures that 

the products only are incurred on the routes used supply chain network. 

3.4. Simple Additive Weighting (SAW) For Decision Support  

There are several identified Multi-criteria decision-making methods, such as Analytic 

Hierarchy Process; Fuzzy Set Theory; Data Envelopment Analysis; Goal Programming; Simple 

Additive Weighting and so on. This reseach use SAW for decision support, where SAW is known 

as the weighted sum method, which means finding total weights of the performance on each 

alternative on each attribute. SAW method proposes to complete the resolution in the decision-

making system of multi-process, widely used in making decisions that have a lot of attributes. 

Obviously, SAW help to ease on decision support systems [39]. 

  

Figure 2: Simple additive weighting diagram 

Source: [39] 

Specify 
criteria

Add criteria 
values

Calculate 
criteria 
weight 

Generate 
nornalization 

matrix

Make 
ranking
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SAW method requires a process of normalizing the decision matrix (A) to a scale that can 

be compared with all the ratings of existing alternatives. 𝑟𝑖𝑗 = 𝑎𝑖𝑗𝑀𝑎𝑥(𝑎𝑖𝑗)  (𝟏)   𝑖f j are benefit attribute 𝑟𝑖𝑗 = 𝑀𝑖𝑛(𝑎𝑖𝑗)𝑎𝑖𝑗   (𝟐)  if j is cost attribute 
 Information: 

 𝑟𝑖𝑗              = normalized performance rating value 𝑎𝑖𝑗            = attribute value owned by each criterion 𝑀𝑎𝑥(𝑎𝑖𝑗) =  the largest value of each criterion 𝑀𝑖𝑛(𝑎𝑖𝑗) =  the smallest value of each criterion 𝐵𝑒𝑛𝑒𝑓𝑖𝑡 =  if the greatest value is best 𝐶𝑜𝑠𝑡        =  if the smallest value is best Where: 𝐫𝐢𝐣 as the normalized performance rating of alternative 𝑪𝒊 𝑜𝑛 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒 𝑫𝒋;  𝐢 = 1,2, … ,m   𝐣 = 1,2, … , n 

 Preference value for each alternative (𝑉𝑖), the funtion as equation below:  𝑉𝑖 =∑𝑊𝑗𝑟𝑖𝑗                          (𝟑)𝑛
𝑗=1  

 Information: 

 𝑉𝑖              = ranking for each alternative 𝑊𝑗            = weighted value of each criterion 𝑟𝑖𝑗              = normalized performance rating value C larger value of Vi indicates that 𝐂𝐢 ′ s alternatives are preferred  
4. Case study 

4.1. Background sweet potato in Vinh Long Province 

This paper focus on yams, planted in Vinh Long Province, Mekong Delta of Vietnam in 

which remains the most rural areas with highly fertile land and an abundance of freshwater as the 

typical case to study. To be specific, there are five main challenges, including: (1) Most small-

scale growers who have fragmented land ownership while larger farms are becoming more 

common, leading to a comparatively low output per household or hectare; (2) The low quality of 
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sweet potato, experiencing difficulties into penetrates demanding markets, especially fastidious 

markets such as the United State, Japan, and EU. As a consequence, the yield of standard export 

sweet potatoes is too low and unreliable to ensure the adequate quantities to meet the needs of 

importers, and even almost depend on Chinese traders, led to the lack of knowledge about demand 

market along the current chain; (3) The lack of investment, state-of-the-art techniques, 

technologies, and modern facilities that are required for preservation, such as cold storage, 

specialized washing/ sorting/ handling equipment/ ripening chambers and so forth; (4) Other 

challenges are costs and price due to lacking specialized farming areas, middlemen throughout its 

chain, and high transportation costs; and (5) Brand development and product promotion are still 

barriers to yams, although “Binh Tan Sweet potato” already named trademark. The strategy of 
effective product consumption and marketing programs in terms of quantity and quality 

domestically and internationally is unlikely now. This study is considered as the first time, testing 

a hybrid of mathematical optimization, namely production - distribution decisions and supply 

chain coordination to improve supply chain management of Vinh Long sweet potato.  

Table 5: Average sweet potato price during the period 2017-2018 in Binh Tan district, Vinh Long 

province, Vietnam. 

Months 1 2 3 4 5 6 7 8 9 10 11 

Average 

per 

Quintal 

Avearage 

per 

Kilogram 

Price in 

2017 

(VND) 

600,000 650,000 800,000 750,000 720,000 620,000 590,000 470,000 480,000 680,000 800,000 667,500 11.125 

Price in 

2018 

(VND) 

1,100,000 1,300,000 900,000 550,000 580,000 660,000 580,000 440,000 380,000 400,000 300,000 653,636 10.894 

Note: Data was collected by authors. 

Source: Created by the authors. 

 

Figure 3. Sweet potato price during the period 2017-2018 in Binh Tan district, Vinh Long 

province, Vietnam. 

4.2 Literature review related to sweet potato supply chain  

In terms of cultivation and production, solutions for increasing the competitiveness and 

sustaintable development of sweet potatoes such as allocate a land fund associated with appropriate 
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farming regime, create new sweet potato varieties with high productivity research [5], [6] and 

develop sophisticated processing technologies of intensive farming to increase productivity, 

quality and economic efficiency to discover new products from sweet potatoes towards sustainable 

consumption and export, increase productivity, income and improve living standards, reduce costs 

related to fertilizers, drugs and seed for sweet potato farmers , especially to settling jobs for poor 

farmers and ethnic minorities in remote areas in the Mekong Delta [11]. Besides, the effect of 

harvest time should be considered because of tuber morphological characteristics, tuber yeild [7].  

Factors influencing on consumption of processed sweet potato products mostly are 

attractive packaging and nutritional value. Beside approaching levels in the provision of inputs, 

small production, farmers, processing, distribution, retail business and transport through the supply 

chain [8], while the behavior of stakeholders is determined by their position in the market system. 

To improve Vinh Long sweet potato supply chain management, this part points out the 

research should conduct new supply chain strategy initiallly based on optimization, multiple 

criteria decision making and simulation, including proposal locations of distribution center, 

technological solutions and production processes, and how to bring sweet potato to market in time, 

increase competitiveness, reduce product costs [17]–[20].  

4.3. Proposing the new sweet potato supply chain model 

4.3.1 Current Vinh Long sweet potato supply chain 

From the results of surveys, the current sweet potato supply chain in Vinh Long is drawn, 

consisting of small farmers, farmer cooperatives, producers, traders, wholesalers, retailers, 

supermarket, distributors, and consumers, involved in supplying the sweet potato produced from 

farm- to- fork tend to operate independently along the chain. More seriously, the infrastructure 

connecting these stakeholders is so poor.  

Farmers

Traders/

Collectors

Retailers

Big Traders

Factories

Wholesalers
Retailers/

Supermakets

Domestic 

customers

Export

 

Figure 4: Present flow of sweet potato supply chain in Vinh Long 

Source: Created by the authors  

Figure 2 depicts the diagram of current sweet potato supply chain in Vinh Long, mainly 

collected by those who live within districts or come from near districts. Most collectors travel to 

towns to collect these products from farmers and then transport them to the wholesalers in 

surrounding locations. Wholesale market plays an important role in sweet potatoes distribution, 

packaging, and sorting. This figure also shows the significant intermediaries along the supply 

chain, which lead to the high transaction cost. Consequently, farmers always suffer the dramatic 

fluctuation in price of yams when they sell their goods to these middlemen. They earn only around 
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30% of the end price and even lose profit. Obviously, the inadequate cold chain facilities and the 

lack of coordination among the supply chain partners of the current inefficient sweet potatoes 

supply chain in Vinh Long result in the post- harvest losses, the wastage in transit, and the poor- 

quality products when reaching the end consumers.  

4.3.2. Proposed new sweet potato supply chain model 

As a result, regarding upgrading the emergent traditional supply chain to new efficient 

supply chain, the authors offer a proposed the appropriate model to improve the present supply 

chain model in terms of reducing the inefficiencies in the current supply chain, in which focuses 

on increasing the shelf-life of sweet potatoes, decreasing the post-harvest losses, wastage and 

improving the quality of the end products is launched. In Figure 5, all farmers bring their products 

to Distribution Centers directly. All activities from raw materials to final products are made in 

these areas. 

Farmers

Retailers

Factories/

Distribution 

Center
Retailers/

Supermakets

Domestic 

customers

Export

 

Figure 5. Proposed sweet potato supply chain in Vinh Long (Determined and drawn by the 

authors) 

4.3.3. Hybrid optimization and coordination approach 

The conceptual model presented in Figure 4 shows a network design problem in 

combination with a network control problem, tackled by a hybrid of mathematical optimization, 

namely production - distribution decisions and supply chain coordination. The objectives of the 

proposed work are likely to make decisions based on historical price information, resource 

availability, and the factors that are usually not considered by the farmers, such as price dynamics, 

transportation, and inventory costs. Since the fresh produce market is highly dynamic and 

uncertain, we decompose the overall planning problems into two phases: tactical and operational. 

4.4. Mathematical model 

Table 6. Notation of the mathematical model 

No. Notation Set Name Index Description 

1 P Set of products p {Japanese Sweet Potato} 

2 R Set of market r {HCMc, Tan Thanh-Lang Son} 

3 H 
Set of potential 

distribution center 
h 

{BinhMinh, Hoa Phu, Tan Quoc, Binh 

Tan} 

4 S Set of plant s {11 plant in Binh Tan} 

5 L Set of periods l {1 … 12} 

6 T 
Set if transportation 

mode 
t {Roadway, waterway} 

7 (i, j) Set of arcs i, j  

8 Z Set of routes z   
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From Vinh Long Province, sweet potatoes are transported in the supply chain on possible 

routes that each route that is defined by the transportation mode using in two stage. There are four 

feasible routes in this case, shown in figure 6 

Farm
Distribution 

Center
Market

Route 1

Route 2

Route 3

Route 4

 

Figure 6. Defined four possible routes (Created by the authors) 

Notation Unit 
Transportation mode 

Roadway Waterway 

 

  

VND/ton 

 

1023 * 
 

 

102,3 * 

 

 

  

 

Hours 

  

The case study is purple sweet potatoes in Vinh Long Province, Vietnam. There are 

particularly solutions for each single-objective model. In this case, while the solution of 

minimizing total cost proposed to select the distribution center at Hoa Phu – Long Ho – Vinh Long, 

the distribution center at Tan Quoi – Binh Tan – Vinh Long is selected to minimize transportation 

time. 

Table 7. Payoff matrix of the mathematical model 

Objective Minimize Objective 1 Minimize Objective 2 

Objective 1: 

Total cost 

9,815,945,883,146 VND » 

421,285,231 USD 

9,708,356,051,270          » 

416,667,642 USD 

  
Objective 2: 

Transportation 

time 
46,64  

 

50,34  

(𝑭𝟏∗ )     

(𝑭𝟐∗ ) 

(𝑭𝟏∗ )  
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Selection of 

Distribution 

Center 

Tan Quoi – Binh Tan Hoa Phu – Long Ho  

 

4.5. Compromise programming 

To find a solution for both two objective functions, compromise programming is applied 

by developing a new objective function: 𝑴𝒊𝒏𝒊𝒎𝒊𝒛𝒆  𝑾𝟏 × ([∑ ∑ ∑ (𝒍 (𝒕𝒄𝒛𝒑𝑿𝒛𝒑𝒍) + 𝑪𝑨𝑷𝑪𝒑𝑿𝒛𝒑𝒍(𝟏 − 𝝋𝒛𝒑)) + ∑ (𝑸𝒉𝑭𝑪𝒉)𝒉𝒑𝒛 ] − 𝑭𝟏∗𝑭𝟏∗ )+ 𝑾𝟐
×( 
 [∑ ∑ ∑ (𝒕𝒕𝒛𝑿𝒛𝒑𝒍)𝒍  𝒑𝒛∑ ∑ ∑ 𝑫𝒓𝒑𝒍𝒍𝒑𝒓 ] − 𝑭𝟐∗𝑭𝟐∗ ) 

                     
Where: 𝑭𝟏∗  and 𝑭𝟐∗   are the optimal values of each objective function when separately solving, 

respectively. 𝑾𝟏 and 𝑾𝟐 are weights of two objective functions, which is determined equivalent, 𝑊1 =𝑊2 = 1.  

After forming a compromised objective function, the mathematical model is resolved with 

the results showed the location at Binh Minh with the average total cost and time of transport is 

9,851,717,842,346VND and 47.34 hours/ton, respectively. 

4.6. Analyzing and evaluating 

As the results of this formulation, there are three alternatives for DC, including Tan Quoi 

– Binh Tan; Hoa Phu – Long Ho; Binh Minh. Thus, the results of the optimal model show that the 

best solution in terms of cost is to place distribution center at Tan Quoi Commune, Binh Tan 

District - based on the resource area as option 1. While the best solution in term of the average 

transit time is to place DC at Long Ho District. The authors also test a compromise programming 

model to satisfy both cost and time goals to obtain distribution center in Binh Minh Town. The 

following table expresses the value of the two objective functions of the model is the total cost and 

average transit time. 

Table 8. Weighted of Alternatives 

Objective value 
Option 1: DC at 

Binh Tan 

Option 1: DC at 

Binh Minh 

Option 1: DC at 

Long Ho 

Total cost (billion VND) 9,816 9,852 9,708 

Total cost (million USD) 421.3 422.8 416.7 

Average transit time 

(hours/ton) 
46.64 47.34 50.34 
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4.7. Using SAW for decision support 

Accordingly, the more displacement distribution center is from the resource area, the lower 

the cost and time of transport. However, to ensure the results of the project to achieve high 

applicability, the research team proposed other criteria to make a decision on the location selection 

for the distribution center as follows: 

 • Satisfaction of transport infrastructure: This criterion shows the capacity of the 

infrastructure for transport activities. This criterion is evaluated based on the design load of the 

bridge and the road compared to the load requirement of vehicles, level of transport infrastructure 

connection. 

 • Degree of feasibility: This criterion represents the status of the management organization 

available at legally considered positions, premises, management, etc. 

 • Human resources: Criteria show the ability to supply human resources for the operation 

of distribution centers such as the rate of local skilled workers, unemployment rate, ... 

 • Environmental impacts: Criteria show the forecast of impacts of distribution center 

operations on the environment based on the condition of the facilities at the locations considered. 

To increase the objectivity for the determination of the location of the distribution center 

as well as to match the actual situation and the socio-economic development of the locality, the 

research team conducted a survey asking for opinions of experts, including scientists, managers, 

and representative leaders of Vinh Long province for options according to the criteria as well as 

the importance between the criteria. 

The results of the survey of experts assessing the importance between the criteria and 

evaluation points of the alternatives (the larger the better) for each criterion are presented in the 

following table 

Table 9. Weighted of alternatives  

Weight 

  Average weight 

Criteria 

Alternative 

1: Tan Quoi 

– Binh Tan 

Alternative 2: 

Hoa Phu – 
Long Ho 

Alternative 3: 

Binh Minh 

17.49% Level of traffic infrastructure 0.59 1.00 0.78 

18.20% Level of possibility 0.87 1.00 0.83 

16.01% Impact of resources 1.00 0.69 0.62 

15.52% Impact of environment 1.00 0.64 0.84 

17.17% Total cost 0.98 0.99 1.00 

15.62% Average transportation time 1.00 0.99 0.93 

Total evaluation 0.9 0.89 0.83 

According to the weighting, Alternative 1, where Distribution center would be in Tan Quoi 

– Binh Tan, is the most suitable solution. 

6. Conclusion 

This paper presents the mathematical model designed for providing decisions for planning, 

transportation, and distribution of crops with the objective of maximizing the revenues of the trader 
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coordinator of perishable agricultural products. The model deals with labor availability, price 

dynamics, and the variable effects on costs. The main benefit of this research is providing a model 

which can assist the trader in making decisions during complex changing environments. 

Obviously, the use of the proposed modeling tool would be extremely useful for maximizing the 

revenue of traders under different climate and dynamic markets. By considering the perishable 

nature of crops and different alternatives for distributing them, the model could be easily extended 

to determine the profitability of potential customers and analyze new markets. The contribution of 

proposing the mathematical model is to choose a suitable place for saving costs and reducing 

transport times. In additon, this approach method could be applied to other Vietnamese agri-fresh 

products for upgrading the competitiveness, compared with other countries' agricultural products 

in terms of price and quality so far.  
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Figure 1

Product differentiation, adapted from Shukla and Jharkharia (2013)

Figure 2

Simple additive weighting diagram



Figure 3

Sweet potato price during the period 2017-2018 in Binh Tan district, Vinh Long province, Vietnam.
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Present �ow of sweet potato supply chain in Vinh Long

Figure 5

Proposed sweet potato supply chain in Vinh Long (Determined and drawn by the authors)
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De�ned four possible routes (Created by the authors)
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