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Abstract: In recent years, large online supermarkets have become a new trend in the development of e-commerce. Due to the
limited storage capacity of a single warechouse, many large online supermarkets, such as Jingdong and Tmall, often adopt the
warehouse layout of "one place and multiple warehouses" to quickly respond to customer needs, and the sorting and distribution
tasks of orders are completed by the warehouse. At the same time, due to the change of people's lifestyle, customer demand
presents the characteristics of "one order with multiple products" and "one order with multiple quantities", which makes the split
fulfillment of orders become a common phenomenon. In this paper, under the condition that the warehouse is not out of stock in
the layout of one place and many warehouses, aiming at the split execution problem of multi-category orders, the split order
method is based on the combination of "minimum split order rate" and "principle of proximity". An order splitting optimization
model considering both category and quantity splitting is established, and a set of initial order batch splitting schemes is formed
to achieve the first optimization of multi-category order splitting. Secondly, the PLBH-LNS method is used to generate a better
initial distribution scheme considering the customer preset time window limit and vehicle-mounted capacity constraint. Finally,
with the goal of minimizing the total order performance cost, the solution idea of two-stage method is used for reference, based
on the initial order splitting scheme and distribution scheme, the improved two-stage genetic algorithm is used to generate the
optimal order allocation scheme and distribution scheme from the alternative schemes, and the global optimization of the splitting
and distribution process is realized. The experimental results show that compared with the order splitting strategy using simple
rules in practice, the PLBH-LNS method can reduce the average order splitting cost by 12.48%, which provides a new idea and

effective auxiliary decision support for the order splitting problem of large online supermarkets.
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1. Introduction

With the rapid development of the Internet, online orders
have occupied the vast majority of the market share of omni-
channel orders, and the warehouse network layout mode of
large online supermarkets "one place and multiple
warehouses" and the order characteristics of customer orders
"one order and multiple products",[1] make the problem of
order splitting in actual operation inevitable. Often the single
warehouse can not meet the reality of many order categories
or a large number of orders, and multiple distribution centers
are required to meet, resulting in multi-warehouse distribution
problems, when customers purchase multiple categories or a
large number of goods on the order, and different goods on
the same order are stored in different warehouses, they face
the problem of unpacking.[2] When logistics enterprises
encounter the problem of unpacking, the logistics enterprise
platform often performs multi-warehouse distribution
according to a certain unpacking principle, which can greatly
reduce distribution costs and improve customer service
experience. If the order opening principle selected is
unreasonable, it will face multiple warehouse pickup,
multiple delivery, and multiple pickups, resulting in duplicate
delivery paths and frequent customer pickups, which will
seriously affect the customer service experience. Through
research and combing the literature, it is found that most
logistics companies use the principle of "shortest distance"
when dealing with the problem of unpacking, which will

increase the number of delivery vehicles, duplicate delivery
routes, and packages can not all be delivered to customers on
time, resulting in time window default costs, resulting in
increased distribution costs, in this layout, how to split orders
and select the appropriate warehouse for distribution, and
design the corresponding distribution route, for the e-
commerce express industry to reduce transportation costs and
improve profits is of great significance.

2. Mathematical Modeling

2.1. Problem Description

The characteristics of multi-product order splitting and
distribution optimization problems considered in this paper
can be summarized as follows: under the "one place and
multiple warehouses" storage mode, users place orders on the
platform to form orders, all orders are accumulated orders in
the same city generated by customers the previous day, and
each order can be split into thousands of sub-packages and
distributed to multiple warehouses. The platform assigns
orders to warehouses for commodity picking according to
certain rules, and finally each warehouse forms its own
distribution route, which is delivered by several trucks of the
same type in the warehouse, and the orders required by
customers are delivered in the corresponding time window
during the working hours of the trucks. It is known that the
corresponding order distribution tasks of each warehouse
corresponding to the batch splitting scheme of multi-category



orders contain multiple warehouses and multiple customers,
which is a many-to-many distribution problem, so in order to
reduce the cost of order distribution, this paper jointly
optimizes order splitting and distribution based on the order
time constraint of the distribution link for multi-category
orders. Customer orders will be fulfilled by multiple
warehouses based on the storage of each warehouse.
According to the batch split scheme collection of multi-
category orders, determine the distribution tasks of each
warehouse under each plan.[3]

The problem can be described as: it is known that a
company has built M warehouses in a certain place to provide
delivery services for orders in the region, warchouse M has
mK delivery vehicles, warehouse location and quantity,
working hours, number of vehicles, maximum load, and
acceptable service time window for each customer, order
quantity, category, weight and volume are known. The
number of delivery vehicles in each warehouse can meet its
order distribution needs, each distribution vehicle model is
unified and has a rated load constraint, and the actual load of
each delivery vehicle in order distribution shall not exceed the
rated load of the vehicle; It is required that in the distribution
network, based on the combination of the principle of
minimum order splitting and the principle of minimum
distance, the limit of vehicle loading is a constraint; Each
order has a preset time window, try to provide delivery within
the service time window specified by the customer, and be
punished earlier or later than the delivery time window,
resulting in penalty costs, and the customer enjoys door-to-
door delivery service. When splitting orders, assigning orders
to vehicles and planning subsequent delivery routes, it is
necessary to consider the time window, vehicle volume
constraints, and the quantity and category of goods, and under
the premise of meeting the constraints and customer
requirements for service time, an effective distribution route
scheme should be formulated to reduce the number of
delivery vehicles, delivery times, and customer pick-up times,
so as to effectively reduce the total cost of distribution and
improve customer service experience..

Therefore, the main problem to be solved in this paper is to
find the optimal order batching scheme, which integrates the
problem of vehicle routing arrangement, and aims to
minimize the total cost composed of the time window penalty
cost and distance cost, so as to realize the joint optimization
of the multi-product order splitting and multi-warehouse
collaborative distribution problem of online supermarket. For
example, if a customer order A within the delivery range of
the first distribution point purchases five products with
product numbers 001, 003, 005, 012, and 015, of which goods
001 and 003 are stored in warehouses 1 and 3, product 005 is
only stored in warehouse 1, product 012 is stored in
warehouse 2 and 3, and product 015 is only stored in
warehouse 2. It is easy to see that the use of warehouse 1, 2
or warehouse 1, 2, 3 can be used in combination to meet the
demand for orders. And the former is obviously more efficient.
When the number of warehouses and orders is relatively large,
the selection of the optimal warehouse combination needs to
comprehensively consider the split strategy of orders and the
actual distribution situation.

In response to this problem, this article makes the following
assumptions:

(1) The vehicle drives away from the warehouse, completes
the task and returns to the warehouse, and the capacity is large

enough; The opening hours of the warehouse are the service
hours of the vehicle;

(2) Enterprises adopt the "one place multi-warehouse"
storage model, a single warehouse cannot store all commodity
SKUs, but all warehouses contain all commodity SKUs [10],
which is consistent with the actual warehouse storage mode
setting of JD.com;

(3) Each warehouse cannot store all types of goods, and the
categories and quantities of goods stored in each warchouse
are partially independent and overlapping.

(4) Each order contains one to more commodity categories,
multi-category orders are splittable, and the demand for each
commodity in each order is large, and the quantity can be split;
Single-category orders do not need to be split, and only multi-
category customer orders are considered

(5) Each warehouse operates independently and has order
fulfillment functions such as order picking, packing, and
distribution, and if the goods ordered in the order are in stock
in a warehouse, the order can be assigned to the warehouse
for fulfillment processing [4];

(6) The immediate replenishment strategy is not considered,
and only the inventory situation of each warehouse at that
time is considered in a period of time [14]. Because in practice,
the number of orders arriving between replenishment
operations is already large, and there is sufficient time and
opportunity to optimize order processing; After the order is
determined in batches, no new orders are inserted, that is,
urgent orders are not taken into account;

(7) Each order can be split into multiple sub-orders, and the
commodity category and quantity are used as small splitting
units; Orders are batched according to the order batch, and the
total demand for batch orders in the batch does not exceed the
total inventory of the warehouse in the region.

(8) The quantity and location of the warehouse are known,
the categories contained in the warehouse are known, the
location of each customer point is known, and the information
such as the goods, quantity, geographical location and time
window on the order is known;

(9) The model of the distribution vehicle in each warchouse
is unified, the number of vehicles in each warehouse can meet
the distribution task, and the basic attributes of the vehicle are
the same (rated load, driving speed, maximum driving
distance, etc.); The actual loading capacity of each vehicle is
only based on the weight of the package loaded, regardless of
the package volume

(10) The order delivery time only considers the vehicle
driving and waiting time, and does not consider the order
preparation, packing and unloading time;

In order delivery, the vehicle always maintains a constant
speed during driving, regardless of the impact of road
conditions and other factors on order delivery.

co=ap+ by. (D

2.2. Symbol description

I, ={1,2-,k,K,}m Represents that the warehouse
has a distribution vehicle, represents the collection of
distribution K., vehicles in the warehouse, I, represents
the serial number of distribution m  vehicles in the
warehouse;

T, :Transportation cost per vehicle mile;
13 :Single vehicle start-up cost;;



Q: The rated load of the vehicle;;

v : Vehicle speed;

a: Commodity weight coefficient (provided that the unit
weight of each commodity is the same;

[B1: Penalty cost coefficient of vehicle arrival time earlier
than time window;

[2: Penalty cost coefficient of vehicle arrival time later than
time window;;

dj; : The distance between the order (customer i) and the
order (customer j),d;; = djj;

P . The warehousem gives the orderi (customer) the
quantity of hgoods delivered,
T™K . If the vehicle k,departs from the warehouse m, the
moment of arrival of the order (customer);

Tt: Delivery service time of orders (customers) (set up to be
consistent with the delivery service time of each customer);

t™K:In case of departing vehicles K from the warehouse m ,
the waiting time for the order (customer).i

[ET;, LT;]:Order (customer)i time window, ET,which is the
earliest arrival time and the latest arrival timeET;;

y™K:  Variable, if the vehicle k departing from the
warchouse m is delivered to the order (customer)i , the value
is 1, otherwise the value is 0;
Xir]-“k' variable, if the vehicle k departing from the
warehouse m is delivered from the order (customer)i to the
order (customer)j, the value is 1, otherwise the value is 0;

Q:Maximum cargo capacity of the vehicle;;

Zijm:the loading volume of the vehicle n from customer I
point to customer j point;;

L:the maximum distance traveled by the vehicle;;

d i ‘The distance between customer i and customer J, 1€ v,j
Ev, d i o0
X :If vehicle kgoes from customer i to customer j,then
Wi =1, otherwise W =0 x= d{,«
Fcen: Vehicle fixed costs
Cn: The cost per kilometer traveled by the vehicle n, which
is the variable cost;
F:Unit transportation costs for e vehicles
E: vehicle start-up fee

W: Vehicle transportation costs
Z: Total cost of delivery
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2.3. Model Building

The essence of multi-category order splitting is to split a
single order into multiple sub-orders according to the
category and quantity of goods, that is, multiple packages are
handed over to multi-warehouse joint distribution, so as to

meet the demand of orders, and finally realize that the same
order is delivered to customers through multiple parcels
through multiple delivery, and the order splitting leads to an
increase in the number of order delivery tasks, which
increases the delivery cost of the enterprise and increases the
waiting time of the customer. This article splits a single order
into multiple sub-orders, that is, multiple packages, according
to the category and quantity of goods, and studies the splitting
problem of a single multi-product order with the goal of
minimizing order fulfillment. As the first link of order
fulfillment, the quality of the order splitting process affects
the subsequent processes, including picking, packing,
distribution and other major order fulfillment operations. The
order fulfillment cost under the order splitting decision
mainly includes: picking cost, packaging cost, and
distribution cost [4]. The previous assumption is that SKUs
and warehouse storage specifications are similar, and the
internal facilities of the warehouse are the same, so regardless
of the picker proficiency, the picking cost is the same
regardless of which warehouse the order is assigned to and in
which warehouse the picking is completed. Therefore, the
order fulfillment costs in this section only consider packaging
costs and shipping costs. The packaging cost is related to the
number of unfolds and can be expressed as

] K
k _ pack
ek D, i
j=1 k=1

This article does not consider the specific situation of the
parcel passing through the distribution station, assuming that
the parcel is delivered directly to the customer from the
warehouse. Each departure has a fixed start-up cost for
transportation C5®¢ and distance-related variable costs
cgriable Therefore, the fulfillment cost can be expressed
as:Cship = ZE=1 21!21 (Cng + C\zrariabledikj)yjk

The integer programming model for this problem is
described as follows:

minFC = 1, BK., P+ 2K, B, (CFed + et disyg )y (1)

1< Y5 ik < M,Vj 2
E]!zl Xijk < Ski, Vi, k 3
Ti=1 Xijk = Dy, Vi j 4
Xijk < YjkDji, Vi, j, k (5)
Xij € N*,¥i,j, k 6)

Yik € {0,1}, Vi, j, k (7

The objective function (1) represents minimizing order
fulfillment costs FC; Constraint (2) indicates the order
opening constraint, that is, the customer order j is fulfilled by
at least one warchouse and at most by M warehouses;
Constraint (3) indicates a supply constraint, that is, the
demand for SKUi in each warehouse k is less than or equal to
its inventory at that time; Constraint (4) indicates a demand
constraint, that is, it ensures that the demand for each SKUi
in order j can be satisfied; Constraint (5) indicates a
conditional constraint, that is, if and only if there is
transportation from warehouse k to order j, goods can be



shipped from warehouse k to meet the demand for SKUi in
order j jiD; Constraints (6) and (7) represent the value range
of the decision variable. The above order splitting
optimization problem belongs to the NP-difficult problem,
and its optimal solution cannot be solved quickly in
polynomial time. In order to overcome the problem that the
order splitting and fulfillment optimization decision solution
space is huge and the timeliness of the split decision is high,
and the approximate optimal solution can be obtained in a
short time, it is necessary to construct a fast heuristic search
algorithm based on the characteristics of the problem to
efficiently find the optimal order splitting scheme

Multi-category order distribution mainly includes two
aspects: one is to assign orders to delivery vehicles, determine
the delivery tasks and task volume of each vehicle; The
second is to plan a reasonable distribution path for the vehicle
according to the tasks assigned by the delivery vehicle. Based
on the collection of multi-category order batch splitting
schemes obtained after the first split optimization of multi-
category orders, this paper optimizes the multi-category order
distribution problem, which can be classified as the optimal
scheduling problem of delivery vehicles from multi-
distribution center to multi-order, while considering the rated
load limit of the vehicle and the delivery time window, and
constructs a multi-category order distribution optimization
model with the goal of minimizing the order delivery cost,
and the order distribution cost includes three parts: vehicle
start-up cost, transportation cost and time window penalty
cost, and its model is established as follows:

(1) Vehicle start-up cost

The start-up cost of each vehicle refers to the fixed cost that
needs to be paid once it is used, regardless of the length of the
vehicle delivery route or the travel time, and the starting cost
of the vehicle in the order distribution is only related to the
number of vehicles participating in the delivery task. The
vehicle start-up cost expression is as follows: C; =

T3 Ymen Zkelm Yico Yimk

(2) Vehicle transportation costs

The transportation cost of each vehicle refers to the cost
incurred during transportation, which is generally positively
correlated with the length of the vehicle without considering
the influence of road conditions and other factors. The cost of
vehicle transportation during the order fulfillment process is
the transportation cost of all vehicles involved in the delivery
task. The vehicle transportation cost expression is as follows:

C; =T, Ymea kely, Sico Ljeoizj dixi™ (3

(3) Time window penalty costs

For orders with a set delivery window, enterprises need to
deliver orders to customers within the time window, and if the
delivery cannot be achieved within the time window, it will
affect the customer's delivery service experience and incur
additional costs. Time windows are generally divided into
hard time windows and soft time windows, this article
considers the order delivery in the case of soft time windows,
and stipulates that when the actual delivery time is not within
the time window set by the customer, that is, the actual
delivery time is earlier than or later than the delivery time
window, the enterprise will be punished in the form of adding
penalty costs. For customers, the delivery time is earlier or
later than the time window will have an impact on their
satisfaction, but generally early delivery has a relatively small
impact on customers than late delivery, so set . The time

window penalty cost expression is as follows:
Cs = Zimeakelpico Zo (By x max[0, (ET; = T™)] + g, x max[(T/" — L1;), 0]) (9)

Based on the above analysis, the order delivery model is
established as follows

minC =C; +C, + C;
YmeAkelic0 Li yme4 YmeAkelic0 Lj€0,i%j dijmﬁlk +
B, x max]0, (ET; — T"K)] + (10)
ZmEAkeImiEO ( Bz x max[Timk _ LTi), 0 ])

minC =

The constraints are as follows:
Ymeaker, Y™K =1,Vi € 0 (11)

The constrained formula (11)means that the same order
(customer) can be delivered by multiple vehicles, that is,
receive multiple delivery services.

Yico YK < 1,vm € A; VK E Iy, (12)

The constrained formula (12) means that the same vehicle
can access the same customer point at most once, avoiding
invalid paths.

Ykely, Lico Moz XiE < Ky, Vm € A (13)

means that the same vehicle can access the same customer
point at most once, avoiding invalid paths

aYico Lkec YPK < QVm e A VKEL, (14

Constrained means that the number of vehicles actually
performing distribution tasks in each warehouse does not
exceed the number of vehicles owned by the warehouse.

ET; — T Thx < ET;
gk )= mle fmk Vi € 0;Vm € A; VK € [,,(15)
0, Ty, > ET;

indicates the vehicle departing from the warehouse, the
waiting time in the order (customer),

T = T 4+t + tt,Vi,j € O; VK € I; Vm € A (16)

Represents the moment when the vehicle departing from
the warehouse arrives at the order (customer), which is equal
to the cumulative sum of the moment the vehicle arrives at the
previous order (customer) and the vehicle's service time and
waiting time on the order (customer).

2.4. Algorithm designt

Next, in response to this paper, it is proposed that the
traditional genetic algorithm will be improved by combining
the two-side exchange algorithm, and the following is the
specific operation process:

First, the first stage, under the principle of minimum order
splitting, solve the problem of order vehicle allocation,
determine which distribution center each vehicle departs from,
which goods of which orders are transported and their
quantity, that is, determine the number of vehicles, the
number of distribution centers, the order number, the product
type and its quantity.



(1) Encode and decode

The chromosome adopts the natural number coding method,
and its structure is: virtual distribution center code + (actual
departure distribution center code) + vehicle code + order
code + product type situation + actual returned distribution
center code + virtual distribution center code. Among them, 0
represents the virtual distribution center code, 1,2,...M
represents the actual distribution center code, 1,2,...K
represents the vehicle code, and the order number and product
type are coded in a combination way, that is, the order code +
"[1" + the quantity of each product shipped, 0, 1,..,N
represents the order code, and the quantity of each order
product is connected with &.

(2) Population initialization

All order numbers and vehicle numbers are encoded, which
are natural numbers, generated by random method, and the
order codes are randomly arranged, so the initial population
is a randomly generated chromosome coding string, and the
scale is not too large or too small.

(3) Select Actions

The basic idea is to inherit the better individual selection to
the next generation, and the roulette strategy is adopted at this
stage, the steps of which are as follows: 1 counts the fitness
of chromosome I; chromosomal fitness accumulation, as
shownin;F =Y f;

To calculate the chromosome selection probability, the
formula is shown inp; = f;/F

Each operation randomly generates a value, according to
the size of the chromosomal fitness function value, to
determine whether to choose, set a suitable threshold, if ,
choose to retain, otherwise do not choose retention, that is, the
higher the fitness value, the greater the chance of being
selected to retain.

(4) Cross operation

Using a partially matched crossover, as shown in Figure 4-
3, the crossover operation is performed according to the
following steps:

Stepl: Randomly select two parent chromosomes R1 and
R2;

Step2: Two intersections a and b are randomly selected on
the parent chromosomes R1 and R2, and the region between
these two points is used as the matching region;

Step3: Cross the two parent chromosome matching regions
to obtain offspring chromosomes A1 and B1;

Step4: Conflict detection of daughter chromosomes A1 and
B1 yielded two new daughter chromosomes A2 and B2;

Step5: Check whether the daughter chromosomes A2 and
B2 meet the minimum order splitting principle and vehicle
load constraints, and delete them if they are not; If satisfied,
it is retained, generating an order-vehicle allocation feasible
set;

Step6: Repeat Stepl-StepS to update the feasible set of
order vehicle allocation.

(5) Mutation operationUsing the two-point cross mutation
(as shown in Figure 4-4), one chromosome P1 was randomly
selected from the feasible set of order vehicle allocation, two
mutation points x and y were randomly generated, and the two
mutation points were exchanged to form a new chromosome
P2, and the chromosome that met the minimum order splitting
principle and vehicle loading constraint was preserved, and
the feasible set of order vehicle allocation was updated.

Second, in the second stage, solve the route problem, take
the feasible set of the result order vehicle allocation obtained
in the first stage as the initial solution input of the second

stage of route optimization, consider the time window and
loading capacity constraints, carry out the distribution route
planning, and achieve the goal of the smallest total
distribution cost on the basis of the first stage, so as to obtain
the optimal solution of the distribution route planning.

2.5. Case analysist

According to the model and algorithm designed in this
paper, the traditional order fulfillment strategy and the
globally optimized order splitting and distribution scheme are
compared and analyzed. Since the problem studied in this
paper is raised in a real-world scenario, this paper applies the
aforementioned model and improved algorithm to the
verification of actual distribution data. Therefore, in this
chapter, we use Company Y as a real-world example.
Company Y was founded in 2015, is a comprehensive e-
commerce company, known to use the "one place multi-
warehouse" storage type, the enterprise sells 5 categories of
goods, recorded as SP1, SP2, SP3, SP4, SP5, Y company due
to the lack of experience in warehousing, logistics, often
appear long order fulfillment, high logistics distribution costs
and other related problems. In order to improve the timeliness
of order response, increase the robustness of warehouse
distribution and the efficiency of coordination, Company Y
has formulated a logistics service improvement strategy
internally, including the distribution of orders and the
distribution of orders.

The company has built a total of 3 warehouses to meet all
the order needs in the region, each warehouse is mainly used
to provide commodity storage, order picking and distribution
services, warechouse number is recorded 1-3, Its latitude and
longitude are shown in Table 5.1 below, each warehouse is
affected by the consumption level of the region and its
building space restrictions and other factors, can not store all
types of goods, each warehouse distribution vehicle model is
uniform, the actual load of each distribution vehicle shall not
exceed the rated load of the vehicle, and the number of
vehicles owned can meet the order distribution needs, each
warehouse has a fixed delivery time range [08:00-20:00], in
order to ensure the effectiveness of order delivery, The
delivery time window set by each order is within the limit of
the warehouse delivery time range, and on working days, each
delivery vehicle departs according to the earliest delivery time
of the warehouse according to the planned delivery route and
the assigned order, and then delivers the order in turn
according to the delivery route and delivery time window.
Select the orders that Company Y must deliver to the
customer point on a certain day, and conduct a split matching
study on the 20% of the orders that need to be opened, and the
rest of the orders that are not split are used as the delivery
points, and only consider the order delivery problem in the
stage of generating the delivery route.

The daily order quantity of the enterprise is huge, the order
presents the characteristics of multiple batches, and the
demand for the order goods oriented by the enterprise is large,
the demand for each commodity in each order can not be met
by a single warehouse, so consider the category order and the
quantity of the two situations, and considering the complexity
of the problem studied in this paper, take the 50 orders
received in a batch of the enterprise as the research object, the
batch contains both single-category orders and multi-category
orders, and the order number is extended on the basis of the
warehouse number, and MATLAB is used in this paper The
software performs simulation verification on the study.



The basic information of the study is as follows:

(1) Basic information of the warehouse

The basic information of the warehouse mainly includes
the location of the warehouse, the number of delivery vehicles
and its commodity inventory information, which provides
necessary data for subsequent calculation. The warehouse
numbers are W1, W2, W3

Warehouse point Longitude Latitude
Wi 103.45 28.27
W2 105.26 31.04
W3 102.91 29.13

(2) Warehouse and customer distribution

In order to make the warehouse location and the location of
each order (customer) and their distribution more intuitively
displayed, the distribution of some warehouses and customers
is as follows:

The study shown in this article involves a total of 50 orders
(customers) and 3 warehouses, and since there are many data
values for the distance between warehouses and orders
(customers), it will not be shown here, and the actual distance
information table of the two is included in the appendix

According to the collection of multi-category order batch
splitting schemes obtained after multi-category order splitting,
the delivery of multi-category orders is optimized. Based on
the multi-category order distribution optimization model,
under the delivery time window of each order and the rated
load constraint of the vehicle, the improved genetic algorithm
simulation and optimization are used to obtain the global
optimal multi-category order distribution scheme, as shown
in Table 2-2:

Multi-category-order:
splittingrand-distribution-

optimization:solutions-and-

results.

Number-of+ Fulfillme -

Warehe :
arenhouse vehicle. Shipping-route. packages/ nt-
number. .
piece, cost/RMB,
1. L. 1-41-39-31-14-45-49-1. 124 721, ¢
1. 20 1-17-11-24-20-15-3-1« 17, 569
1. 3 1-38-23-10-43-19-30-1. 15+ 684. [
20 1. 2-34-6-49-1245-2, 9e 588.
20 2. 2-41-39-31-14-45-48-2. 6o 613,
20 3 2-28-27-21-35-33-2. 18« 712
3. L. 3-41-44-14-52-3. 21 693
3o 20 3-27-21-24-20-25-37-47-3. 29, 601
3v 3v 3-28-6-40-46-8-35-11-3. 12, 529,
totals v . 139 5712
1550 ™
1500 il
|
1450
1400 +
|
1350 |
1300
1250 r =
1200
0 20 10 60 80 100 120 140 160 1680 200

fed

Final result: In the global optimal order splitting scheme, a

total of 21 orders are split, and the largest is split into two sub-
orders, a total of 84 packages are generated, the order opening
rate is 41%, the order opening cost is 15 yuan, the number of
delivery vehicles is 11, and the delivery cost of the
corresponding order distribution scheme is 5712, with a total
cost of 5903 yuan.

The objective function in this paper minimizes the total
cost of order fulfillment, including the order splitting cost,
vehicle start-up cost, vehicle distance travel cost, and penalty
cost components for violating the time window. The
algorithm converges after 200 iterations, and the algorithm
iterative convergence graph is shown in Figure 5-8, and the
optimal value of the objective function is 1536 yuan.

In order to verify the effectiveness of this study, the results
of multi-category order splitting and order distribution in the
traditional order fulfillment process are compared. In the
traditional order fulfillment process, the principle of shortest
distance is mostly selected, and the orders are split in real time
according to the order order, and then the order distribution
problem corresponding to the order splitting result is
transformed into the order distribution problem of multiple
single warehouses to multiple orders, and the distribution
optimization is carried out in each warehouse in turn.
Therefore, this paper uses the same example to apply the
traditional order fulfillment method.

The-total -
Split- Number-of+ Split- Split- Fulfillm costrof*
scenario. packages.  rate, cost/yuan. ent-costs. order-

fulfillment.

Traditional - _ _
. 92 61%. 56+ 7728 7510+
scenariose

Improvement * _ . _
. T 47%. 29. 5094, 6831«
scenarios.

According to the comparative analysis of simulation results,
compared with the traditional method, the solution method
proposed in this paper has a certain degree of optimization,
for the 50 orders in the study, the number of packages after
order splitting is reduced from 76 to 58, and the order opening
rate is reduced from 61% to 29%, and the decrease rate is 21%,
which effectively reduces the order opening rate and the cost
of unpacking. At the same time, the order delivery cost was
reduced from 7,621 yuan to 5,183 yuan, an increase of 18.3%,
realizing the optimization of order distribution costs; The total
cost of order fulfillment decreased by 20.6%, so the method
proposed in this article can effectively reduce business costs
and increase business revenue while improving the level of
distribution services.
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3. Literature References

Order splitting means that retailers split customer orders
(one order and multiple products) containing multiple SKUs
[2] into multiple sub-orders according to the inventory of
goods in multiple warehouses in the same region (multiple
warehouses in one place), and assign them to the
corresponding  warehouses to complete subsequent
fulfillment operations including order picking, packaging,
and distribution. The calculation scale of the order splitting
problem is very large, and the specific number of order
splitting schemes mainly depends on the number of
combination schemes of suborders that may be generated by
each order, which belongs to a complex combinatorial
optimization problem [3]. According to the online
supermarket customer order fulfillment process, from the
beginning of the online customer order to the end of the
offline customer receipt, the front-end online order splitting
processing is the first link in the subsequent order offline
fulfillment process, once the order is split by one or one split
will increase the corresponding sorting, packaging and
distribution and other operation costs [4-6]. The serious
problem of unpacking has brought about the phenomAt
present, the issue of order splitting has attracted widespread
attention and interest from scholars. The existing research
results mainly focus on how to reduce the splitting problem
of "one order and multiple products" orders, with the goal of
reducing the number of orders or reducing the cost of order
fulfillment. On the one hand, some scholars indirectly explore
the operation optimization of related links related to order
splitting from the perspectives of "prevention before opening
orders" and "adjustment after order opening", in order to
achiev the goal of reducing the number of split orders. Catalan
et al. [8] efirst proposed and proved the problem of allocation
storage of SKUs in multiple warehouses with the goal of
minimizing the number of split orders in this paper, and
proposed several useful heuristic methods to optimize the
selection allocation strategy with store 1 as the actual
background. Zhu et al. [9] aimed at reducing the number of
split orders, established an integer programming model, and
designed a fast K-links heuristic clustering algorithm to solve

the problem of commodity allocation and placement among
multiple warehouses by analyzing the correlation of
commodity categories. Li Jianbin et al.[10] aimed at
minimizing the order splitting rate, formulated a multi-
warehouse SKU allocation strategy, adopted an improved hot-
selling product algorithm, and designed a ring algorithm to
solve the order splitting problem. Based on the inventory of
goods in the given warehouse, some scholars focus on the
real-time order allocation of customer orders, and directly
explore how to better split and fulfill orders "when split", and
reduce the related order fulfillment costs by reducing the
number of orders. Xu et al. [11] proposed the first model of
online retail order fulfillment, which uses delayed picking and
distribution of orders to minimize the number of deliveries,
builds a mixed integer programming model, designs a
neighborhood search algorithm, and performs order splitting
optimization and redistribution. Acimovic et al. [12,13]
simultaneously consider multiple delivery time modes for
order fulfillment, with the goal of minimizing the sum of the
logistics and distribution costs of current orders and predicted
orders, optimizing how orders are split and distributing them
between warehouses. Torabi et al. [14] make full use of the
decision window of online retailers to process orders,
comprehensively consider the decisions of order allocation,
inventory transfer, and virtual transfer, and establish a mixed
integer programming model for order processing. Mahar and
Wright[18] propose a dynamic order allocation strategy for
the order fulfillment process of dual-channel (online-offline)
online retailers by considering expected inventory costs,
distribution costs, and customer waiting costs.

The study of order distribution problems can be classified
as logistics distribution vehicle optimization scheduling
problems [15]. Delivery is an important part of order
fulfillment, as well as an important part of physical delivery
in customer shopping, which has a direct relationship with
customers and occupies a large share in the customer's
shopping experience. Based on customer needs, consider the
logistics activities carried out by customers for the category,
quantity and delivery time of goods. In different order
backgrounds, the goals, constraints and parameters set for
order delivery are different. Yu Mengqi et al. established a
multi-warehouse and multi-warehouse joint distribution
model with the lowest delivery cost under the constraint of
time window for the delivery of "one single and multiple
products" orders in online pharmacies under the classification
and storage of drugs[16]. Zeng Qingcheng et al. established a
mathematical model with time window constraints and
vehicle load for the problem of order delivery in the mixed
mode of online catering order booking and real-time ordering,
aiming at the lowest delivery cost [17]. Li Min et al. clustered
based on order time, space and delivery objects, constructed
order neighborhoods as distribution routes to initialize the
population, and reasonably planned delivery routes with the
lowest delivery cost as the goal [18]. In view of the problem
of perishable food distribution, Li Chang et al.
comprehensively considered the delivery cost and food
freshness, and established a multi-objective distribution
model with time window constraint and vehicle load
constraint [19] It can be seen from the literature analysis that
the order distribution problem mainly considers the delivery
time window, vehicle load limit, whether the product has
special attributes and other factors, mostly with the minimum
cost or the shortest time target, or set up a multi-objective
model, should be combined with the specific analysis of the



actual problem, to determine the order delivery target,
constraints and parameters.

In summary, the existing research on order splitting mostly
only considers category and quantity splitting, most of which
are carried out from a single delivery distance (shortest
distance principle) or order split rate (minimum order splitting
rate principle), and the research on order splitting and
distribution is mostly transformed into two completely
independent stages, ignoring the correlation between the two,
resulting in limited order distribution and unable to achieve
comprehensive optimization of order splitting and
distribution. Based on the existing literature, this paper
considers category and quantity splitting, uses the principle of
"minimum order opening rate" and "shortest distance", and
considers the customer order time window, comprehensively
considers the cost of order splitting and distribution links, and
realizes the joint optimization of order splitting and
distribution links.

4. Conclusion

This paper studies the order splitting and order distribution
of self-operated large-scale online supermarket e-commerce
platforms with self-built warehouses in China. Combined
with the characteristics of large order scale and multiple items
of a single order of large online supermarkets, this paper
builds a model of multi-product order splitting optimization
and distribution problems in view of the problem of order
splitting and fulfillment with high order opening rate and
global optimization of the distribution process under the
layout of "multiple warehouses in one place", aiming at
reducing the total order fulfillment cost. The main
contributions of this paper are as follows:

1. Based on the characteristics of multi-category orders,
with the optimization goal of reducing the number of
customer pick-ups and reducing delivery costs, a new order
splitting method is adopted - an order splitting method that
combines the idea of "minimum unpacking rate" and "shortest
delivery distance principle". From the perspective of reducing
the amount of enterprise distribution tasks and customer pick-
up times, and improving the level of distribution services,
combined with the actual demand for orders and the
characteristics of the "multi-warehouse in one place" storage
mode, a multi-category order splitting optimization model
was constructed for a batch of orders in the same batch, and a
nonlinear integer programming model was established to
characterize the problem of unpacking and distribution by
considering the time window and vehicle volume factors of
the distribution link.

2. Drawing on the solution idea of the two-stage method,
the set coverage problem is used to solve the "minimum
decomposition singular" of the first stage, and then the
solution result of the first stage is used as the search range
generated by the second stage path, and the update strategy is
improved, so that the convergence speed of the algorithm is
accelerated and a better solution is found.

Acknowledgment

We thank GaoGengjun. This work was supported in part by
a grant from GAO.

References

[1] Angelelli E,Mansini R.The Vehicle Routing Problem with
Time Windows and Simultaneous Pick-up and Delivery.
numerical algorithms, 2022.

[2] Héctor J. Carloa, Iris F.A. Vis , Kees Jan Roodbergen.
Transport operations in container terminals: Literature
overview, trends,research directions and classification scheme
[J]. European Journal of Operational Research, 2019:1-13.

[3] Lang Maoxiang distribution vehicle optimization scheduling
model and algorithm[M], Beijing: Publishing House of
Electronics Industry, 2009, 1-145 Management Research, 2021,
3(10).

[4] Halse K. Modeling and solving complex vehicle routing
problems[D], Instituteof Mathematical Statistics and
Operations Research, Technical University of Denmark,
Lyngby, 2012.

[5] .ZHANG Yugqian. Research on multi-order multi-warehouse
collaborative sorting optimization of large online supermarket
[D]. North China Electric Power University (Beijing),2021.)

[6] GUO lJinfeng. Research on distribution route optimization
based on the principle of minimum order splitting[D].Inner
Mongolia University of Technology,2021.)

[7] Meng Yongyi. Multi-category order splitting and distribution
optimization[D].Xi'an Polytechnic University,2021

[8] ZHANG Yanju,OU Liping. Joint optimization method of order
splitting and distribution under multi-store collaboration [J].
Computer Engineering and Application:1-11.)B. Smith, “An
approach to graphs of linear forms (Unpublished work style),”
unpublished.

[9] WANG Xiujuan. Research on optimization of retail order
picking efficiency of online supermarket based on order
splitting[D].Dalian University of Technology,2022.)

[10] YANG Xingxing. Research on order allocation optimization
method of online retailers under the mode of "one place and
multiple warehouses"[D].Dalian University of Technology,
2020.

[11] Wang Shiqin. Research on real-time delivery route
optimization of D company based on order divisibility [D].
Liaoning Technical University, ...

[12] Zhang Yuanyuan. Research on multi-warehouse coordination
and distribution path considering order splitting[D].Zhejiang
Sci-Tech University, 2019.)

[13] Li L, Zhang J. Pick-up efficiency of medical e-commerce
distribution center based on order zero batch [J]. Science
Technology and Engineering,202,22(27):12025-12029. (in
Chinese)

[14] GAO Chunlin,ZHANG Weicun, XU lJian. Research on multi-
objective takeaway order delivery route optimization
considering employee satisfaction[J].Journal of Hebei
University of Technology,.R. E. Haskel420-46)-3, Nov. 1988.

[15] Ehsan A,Omid SB,Shakil R,et al. A multi-objective model for
order cartonization and fulfillment center assignment in the e-
tail/retail industry[J].Transportation Research Part E, 2018,
115:16-34

[16] Catalan A, Fisher M.Assortment allocation to distribution
centers to minimize split customerorders[J].Social Science
Electronic Publishing, 2013

[17] Shen Y,Liu M D,Yang J.et al. A Hybrid Swarm Intelligence
Algorithm for Vehicle Routing Problem With Time Windows
[J1. IEEE ACCESS,2020,8

[18] .Jose C,Jose L,Ignacio E,et al.The heterogeneous vehicle
routing problem with time windows and a limited number of
resources [J]. [Engineering Applications of Artificial
Intelligence, 2020, 94.



