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ABSTRACT. This paper uses a mixed-integer programming model to solve the
distribution problem of perishable food shipments from factories to warehouse
and then to destinations. This model focus on adding a limit time which goods
can be remained in the warehouse and ignores the transportation cost between
factories and warehouse and the cost of warehouse’s management. The result
shows nearly 62% of the goods should be sent by full-truckload because the full-
truckload can load more and cost less. What’s more, the sensitivity analysis fur-
ther discusses the influence of factory number on total transportation cost.
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1 INTRODUCTION

The COVID-19 epidemic has been going on for three years, and the mutation and rep-
etition of the epidemic has brought great uncertainty to the economies of all countries
in the world. Also, the recurrence of the epidemic has had a huge impact on the entire
logistics system. A large number of cities have experienced periods of lockdown. Of-
fline brick-and-mortar stores have stagnated during the lockdown period. In this pro-
cess, residents' daily material needs are all transferred to online e-commerce channels,
especially fresh food such as vegetables and meat, which puts forward higher require-
ments for the rationality of the whole transportation and distribution system. The main
purpose of logistics distribution is to ensure that products are delivered on time and in
good condition, which will help you ensure that your customers receive their orders on
time so that they can meet their deadlines. In addition, it helps reduce costs because
there will be less handling by humans at each stage of the process. In recent years, the
growing impact of logistics on China's economy. The total scale of logistics in china
between 2015 and 2020 are shown on Table 1.

Table 1. The Total Scale of Logistics in China between 2015 and 2020

The Total Scale of Logis-

YEAR tics(billion)
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2015 109000
2016 111000
2017 121000
2018 133000
2019 146000
2020 149000

In 2020, the scale of logistics could up to 149000 billion, which has a great impact
on the economy and trade of the whole society. Therefore, it is necessary to seek scien-
tific and reasonable distribution methods, reduce unnecessary fuel consumption and
other energy saving behaviours, and promote the rapid and sustainable development of
logistics.

In recent years, many scholars have studied logistics and transportation scheduling.
The food hub concept is applied on delivering food to urban customers which construct
a consolidation as an urban distribution centre [1]. This consolidation idea is also ap-
plied on transported flowers from California [2]. A novel mixed integer programming
formulation is conducting to solve the problem of a two-level supply chain which con-
tains production sites, client areas and a discrete time horizon [3]. Because different
products have different characteristics, the model needs to be adjusted accordingly.
Product quality decay and its heterogeneity are integrated in a network design model
which is also based on a mixed integer linear programming formulation, which has been
tested very effectively in garden networks [4]. Daham et. established a distributed
mixed integer linear programming model, which can solve the problem of how to com-
bine orders in distribution to save the total transportation cost when single-destination
and multi-destination orders exist simultaneously [5]. To precisely evaluate passenger
satisfaction level, a quadratic model which represents the traveling distance of transfer
passengers is transformed to an equivalent MIP model which is proven to be more ef-
ficient [6]. Belmonte et. used a MIILP model to achieve the goal of cost optimization
for fixed route transportation systems [7]. Pathan and Shrivastava present an end-to-
end framework for the assignment problem and used reinforcement learning to find
near optional solutions to minimize total cost which demonstrated on bin packing and
capacitated vehicle problem [8]. Gholami et. proposed iterative algorithm decouples
the nested equilibria into separate interdependent sub-problems and the model have the
assumption that all the variables are time independent. This framework provides the
solution algorithm to address the distribution problem for perishable goods of an un-
certain dynamic demand and this method could find equilibrium results for a diverse
set of scenarios at different times effectively [9]. The mathematical programming mod-
els-based decision tool are built through analysing the covid dataset in Spain. The result
shows how to distribute equipments through a given network of units along a time hori-
zon and how to share the extra stock received at multiperiod, such that a global measure
of the stochastic demand of the units is minimized [10].

From previous research by scholars, most of the production and sales problems are
concerned with the lowest shipping costs, so there is a lack of restrictions on the deliv-
ery time. However, due to the characteristics of fresh and corrosive foods, the time
spent in the transit station warehouse must be considered. The model in this paper just
solves this problem and this is also an innovative point of this paper.
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This thesis is organized as follows and can be divided into four parts: Part 1 declares
the general introduction of the distribution problem of perishable food shipments and
the situation of logistics in china. In addition, previous researchers who have done rel-
evant studies are discussed and evaluated their methods and models. In Part 2 describes
the principal of MIP. Chapter 3 describes the methodology part. Transfer the actual
model into a mathematical model and describe the parameters and decision variables.
And then Chapter 4 analyses the outcome of models and use the sensitivity analysis
further discusses the influence of factory number on total transportation cost. Chapter
5 states the conclusions of the thesis, give some further discussion and the possible
extensions of my work which researchers could continue to explore.

2 THESIS

Models without any quadratic characteristics are often referred to as mixed integer lin-
ear programming (MILP) problems. These problems are usually solved by branch-and-
bound algorithms based on linear programming.

Branch and bound is a kind of exact algorithm that is often used to solve MIP. This
algorithm can find the optimal solution efficiently by constructing a tree solution space
and pruning the solution space in the form of boundary. In our production scheduling
problem, the branch and bound take the non-optimal efficient solution as the upper
bound, and the optimal solution of the relaxation problem (invalid solution) as the lower
bound. The boundary solution is continuously decomposed into subproblems by
branching and node selection rules. They are solved separately until the optimal solu-
tion is found. Due to the existence of upper and lower boundaries, most of the interme-
diate nodes will be pruned because they exceed the existing effective solution range,
thereby rapidly reducing the solution space and improving the efficiency of the algo-
rithm.

In the research of combinatorial optimization problem, most scholars choose to de-
sign efficient heuristic algorithm to solve practical problems. Heuristic algorithms are
proposed relative to exact algorithms. It refers to an algorithm that can give feasible
solutions to optimization problems at acceptable cost in both computation time and
space.

3 METHODOLOGY

This is a hybrid integer programming optimization model for fixed charge network flow
problem, whose goal is to minimize the fresh transport cost in different scenarios. To
simplify the model, we make following adjustments:
=  Fresh goods can only be kept in the warehouse for a maximum of one day.
= Consider only the cost of transportation between the warehouse and the destina-
tion. Fresh products have different origins, here we do not consider the cost of
transportation from the origin to the warehouse.
=  The capacity of the warehouse is not considered.
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3.1 Parameters and Decision Variables

3.1.1. Parameters

|E: set of factories
D: set of destinations
t=1...T: Time index

%: Demand at destination j to be satisfied by factory i that must leave the ware-
house by time t,
VieG,jED,s=1...T, t=1...T.

E: Transportation cost for a full truck from the warehouse to destination j, Vj € D.
E: Transportation cost for an LTL unit from the warehouse to destination j, Vj €D.

m: Transportation cost for a small volume from the warehouse to destination j, Vj
€D.

|5: Maximum time to stay in warehouse.
F: Maximum capacity for a truck in cubic meter

l’TL: LTL units in cubic meter

3.1.2. Decision Variables
I;\ﬂ: Number of full trucks from warehouse to destination j at time t, VjED, t=1...T.

@: Number of LTL units from warehouse to destination j at time t, VjED, t=
1..T.

@: Number of courier units from warehouse to destination j at time t, VjED, t=
1.T

BijstF : Amount of goods transported by full truck from factory i to destination j on
period s, which should be transported by period t, ViEG, jED, s= 1..T, t=1...T,
t=s...min {s+ 6, T}.

ijstL; Amount of goods transported by full truck from factory i to destination j on
period s, which should be transported by period t, Vi€ G, jED, s= 1..T, t=1...T,
t=s...min {s+ 6, T}.

ijstU: Amount of goods transported by full truck from factory i to destination j on
period s, which should be transported by period t, Vi€G, jED, s= 1...T, t=1...T, t=
s...min {s+ 0, T}.

3.2 MODEL

The objective function represents the total transportation cost. Our goal is to find the
optimal distribution scheme that shows the number of products in different modes of
transport from factory I to destination J. There are three main modes of transportation
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for fresh food, including full-truckload, less-than-truckload and express delivery ser-

vices. They have three types of cost (i.e., ’CT'F, ’CTI and @) in the objective function.

The maximum storage time of perishable food in the warehouse is one day, 0<t-s <I.
Where, s represents the time when the product arrives at the warehouse, and t represents
the time when the product leaves the warehouse.

The first three constraints are similar, indicating that fresh food should be delivered
at time t, t ranges from s to min {s+ 0, T}. And here we have factors a, E and ll?, to
convert the unit. It should be mentioned that the “S” in I’Z’ ly;, la is just used as a
time index, we can say that they are equivalent to l;, itF> Xip TESpEctively.

The last constraint is a demand equation. The right-hand side of the equation is the
amount of demand at destination j to be satisfied by factory i that must leave the ware-
house by time t, which should exactly equal to the total amount of the last two days
transportation in three methods (i.e., FTL, LTL and Courier).

As L;J tF indicates the number of full trucks, it should be an integer. Féth indicates the
LTL units, it should also be an integer because we will charge for per cubic meter in

general.
Minimize
(1)
2 Z(C]'ijtF + Cj1Xje)
t=1.T jED
+ C]U Z Z xth
t=1.T jED
Subject to
min{s+06,T} (2)
Z Z YVijstu = AXjsy,
ieG t=s
vVieD,s= 1..T
3)

min{s+6,T}

Z Z Yijst < KrpXjsp,

ieG t=s
VjeD,s= 1..T

min {s+6,T}

Z Z Yijstr < KpXjsp, )

ieG t=s
VjeD,s= 1..T
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. Q)
Z Yijstr t Yijstr t Yijstu

s=max{1,t—6}

= dije,
Vj€eG,jED,t
=1..T
. . (6)
Yijsetp = 0, VieG,jeD,s=1..T,
t=1..T
. . (7
Yijse = 0, VieG,jeD,s=1..T,
t=1..T
. ) (®)
Yijsew = 0, Vi€G,jED,s=1..T,
t=1..T
. 9)
Xjep 2 0,Xer ELYVYjED, t=1..T
. (10)
Xje, = 0,%,, €Z,Vj €D, t=1..T
(11)

X 20,Vj €Dt = 1..T

3.3 MODELLING IN XPRESS

The size of the data is reduced to facilitate calculation. This paper sets 10 factories and
10 destinations, and the simulation time is 7 days. The demand for all destinations is
generated randomly between 50 and 800. The production for all suppliers is generated
randomly between 60 and 600. In general, the output of a specific supplier i is relatively
stable, which means that there exists mass supplier and small-scale supplier. The pro-
gram code can be shown in the Appendix part.

4 RESULT AND ANALYSIS

The software combines integer programming principle to solve the objective function,
and obtains the optimal scheme of commodity transportation and distribution. As the
integer constraints, the optimal solution chosen is extremely close to the low bound
which the gap between the best solution and the solution we choose is exactly less than
0.5% and it makes the optimal solution chosen reasonable. In this case, the best solution
is to ship about 62% of the cargo through FTL at a cost of 4,165,240. To verify the
reasonableness of the analysis results, sensitivity analysis is used to verify the
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robustness of the results. We change the number of factories by 10, 20 and 30 respec-
tively to analyse the impact of the number of factories, as shown in Table 2.

Table 2. The Total Transportation Cost under the 3 scenarios

Scenarios Transportation Cost
Scenariol 4165240
Scenario2 7997760
Scenario3 12069900

Table 3. The Volume Transported by FLT and LTL under the 3 scenarios

S . Volume Transported Volume Transported
cenarios by FLT by LTL
Scenariol 217231 18950
Scenario2 425327 16789
Scenario3 647235 11342

The amount of full-truckload transportation increase significantly, but LTL shows
the opposite trend, with shipments sent by LTL falling by nearly half. As the number
of factories increase, the cheaper transportation method full-truckload would be chosen
more. As a result, distribution centers can take advantage of mass economy transporta-
tion costs to save money.

5 conclusion

This paper only discusses the ideal state when supply and demand are balanced and
stable. The objective of this project is to minimize the transportation cost and the opti-
mization model based on MIP provides the distribution plan. The result show approxi-
mately 62% of the product should by transported by FTL. This is because the whole
vehicle can carry a large number of goods, the unit price is cheaper. Furthermore, the
sensitive test shows that with the increasing number of factories, the proportion of ve-
hicle transportation will continue to increase. Therefore, we recommend that the vehicle
with the largest cargo should be used first for delivery, which will minimize the total
far away and cannot be classified into site groups, if providing services for them, the
required delivery time is long, and the delivery cost is high, so express delivery needs
to be used. The specific scheduling quantity and time can refer to the MIP model which
is proven to be effective.

There are also some limitations on this model. Firstly, the logistics transportation
cost can be optimized, but the actual state is difficult to be in the moderate state of
supply and demand balance. How to further optimize and solve the logistics and trans-
portation distribution method under the state of non-supply and demand balance de-
serve further study. Secondly, this article ignores the transportation costs of factories
and warehouses to a certain extent. In a reality word, this part cannot be saved. Thirdly,
the capacity of the warehouse should be also considerate.
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NB=3

BREAKI1 =1..NB ! Price breaks

BREAKO =0..NB ! Price breaks including 0

cost_ltl: array(destinations, BREAK1) of real ! Unit cost

BR: array(destinations, BREAKO) of real Breakpoints (quantities at which unit !
cost changes)

CBR: array(destinations,time,BREAKO) of real ! Total cost at break points
cost_fulltruck:array(destinations) of real
cost_small:real
demand:array(growers,destinations,time) of real
number_fulltruck:array(destinations,time) of mpvar
number_ltl:array(destinations,time) of mpvar
number_small:array(destinations,time) of mpvar
amount_fulltruck:array(growers,destinations,sent,time) of mpvar
amount_Itl:array(growers,destinations,sent,time,BREAK 1) of mpvar
amount_small:array(growers,destinations,sent,time) of mpvar
w: array(destinations,time, BREAKO) of mpvar
end-declarations
initialisations from "or.dat"
demand cost_fulltruck cost Itl cost small BR
end-initialisations
forall(j in destinations,t in time) do
CBR(,t,0):=0
forall(b in BREAK1) CBR(j,t,b):= CBR(j,t,b-1) + cost_Itl(j,b)*(BR(j,b)-BR(j,b-1))
end-do
forall(j in destinations,t in time)
Number ItI(j,t):=sum(b in BREAK1) BR(j,b) * w(j,t,b)=number ItI(j,t)
lobjective

cost:= sum(t in time, j in destinations) cost fulltruck(j)*number_fulltruck(j,t)+sum(j
in destinations,t in time,b in BREAK1) CBR(j,t,b)*w(j,t,b)+ cost small*sum(j in
destinations, t in time) number small(j,t)
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!Integer
forall(j in destinations, t in time)

number_fulltruck(j,t) is_integer

Ifull
forall(j in destinations,s in sent)

sum(i in growers) sum(t in time[t>=s and t<=s+1) amount_ fulltruck(i,j,s,t) <=
600*number_fulltruck(j,s)

! The convexity row (w sum to 1)

forall(j in destinations) OneW(j):= sum(b in BREAKO, t in time) w(j,t,b) = 1
llow

forall(j in destinations,s in sent)

sum(i in growers,b in BREAK1) sum(t in time|t>=s and t<=s+1) amount_ltl(i,j,s,t,b)
<= number_ltl(j,s)

Ismall
forall(j in destinations,s in sent)

sum(i in growers) sum(t in time|t>=s and t<=s+1) amount small(i,j,s,t) =
(1/7.2)*number_small(j,s)

!demand
forall(i in growers, j in destinations, t in time)

sum(s in sent|s>=t-1 and s<=t) amount_fulltruck(i,j,s,t) + sum(b in BREAK1) sum(s
in sent|s>=t-1 and s<=t) amount ltl(i,j,s,t,b) + sum(s in sent|s>=t-1 and s<=t)
amount_small(i,j,s,t) = demand(i,j,t)

forall(j in destinations)
1SOS2

forall(m in destinations) XSet(m):= sum(b in BREAK1) b*cost_Itl(m,b) is_sos2
! print

minimise(cost)

writeln;writeln

writeln("Objective total cost(consolidation: ",getsol(cost)," dollar")

end-model
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