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Abstract

Multi-echelon inventory control is the core issue in supply chain. Firstly, we
summarize the current research status of multi-echelon inventory control by
using Citispace which is the scientific knowledge map visualization analysis
software. Second, two strategies of multi-echelon inventory optimization and
control are analyzed. Then, multi-echelon inventory control problem is di-
vided into three strategies, namely multi-echelon multi-node inventory con-
trol strategy, multi-echelon single-node inventory control strategy, and
transshipment-based multi-echelon multi-node inventory control strategy,
and comparative analysis. Finally, we point out future development trend.
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1. Introduction

For enterprise, inventory is a double-edged sword, which can alleviate the ran-
dom factors and emergency demand in production and supply, but also occupy
substantial working capital and reduce the operational efficiency of the enter-
prise. In each stage of the supply chain, certain inventory needs to be guaranteed
to ensure the continuity of production and inventory. Therefore, effective in-
ventory control and management can maintain the inventory of each node in the
supply chain at a reasonable level which has important practical significance.
The availability of inventory has a very important impact on business opera-
tions. With the development of supply chain management, it is necessary to
study multi-echelon inventory control, analyze multiple strategies for mul-
ti-echelon inventory optimization and control, and face different multi-echelon
inventory control issues adopting different strategies to make supply chain

management develop better.
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The multi-echelon inventory control problem is mainly to study the inventory
problem of each inventory point in the supply chain. The main decision goal is
to make the efficiency of the entire supply chain optimal and the cost of the
supply chain to be the lowest. However, there are many uncertain factors in
multi-echelon inventory management, such as random changes in customer
demand, uncertain order lead times, etc., and the number of echelons and nodes
involved in multi-echelon inventory control ranges, which makes inventory
control management and coordination difficult.

Therefore, we analyze the volume of multi-echelon inventory research litera-
ture published in academic journals at home and abroad from 2009 to 2019.
Through the analysis of the literature, we reveal the research status, problems
and main results of multi-echelon inventory control in the past decade at home
and abroad. It can be used as a reference for researchers and users of mul-
ti-echelon inventory control to promote the research of multi-echelon inventory

control.

2. Research Methods
2.1. Research Methods

We use a combination of quantitative and qualitative research, and uses the in-
formation visualization statistics software Citispace developed by Dr. Chaomei
Chen from Drexel University in the United States. From the keywords and re-
search content of the paper, we classified statistics and analysis of multi-echelon
inventory control literature published in academic journals at home and abroad
in the past decade. CiteSpace is a scientific knowledge atlas citation analysis
software. It embeds the CNKI (ReWork) format conversion program compiled
by Dr. Liu Shengbo of Dalian University of Technology. It can convert the col-
lected data into a processable format, which can help researchers determine the
evolution of the subject knowledge domain Visual analysis with research hots-
pots [1] [2].

2.2. Research Note

In this paper, we use the subject search method and the coverage of search re-
sults is higher than that of title search and keyword search, but it may not cover
all the literature on multi-echelon inventory control. In addition, considering
maneuverability, our research has no statistical academic thesis.

Although our research strives to be complete and accurate in the statistics of
the data, due to the different requirements of authors and other information in
different journals, some of the original document information is incomplete
(such as the lack of author names, unknown author units, etc.). When the in-
formation is imported into Citispace, we leave the missing information blank. In
addition, due to the limitation of the researcher’s own knowledge structure, it
will inevitably cause artificial classification bias, which may cause certain errors

in the classification of the research content. On the whole, this study adheres to
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the principle of fairness and fairness, and has high statistical significance. The
overall situation presented after the study of statistics is scientific and credible,
and has scientific application value.

3. Multi-Echelon Inventory Control Literature Collection

We mainly use CNKI and WEB OF SCIENCE to search the literature. CNKI
uses “multi-level inventory control” keywords for topic search. The search re-
sults are relatively small. Citespace is not used for data processing. Figure 1
shows CNKI from the index analysis results of “multi-level inventory control”. It
comes from CNKI. The blue line indicates scholarly attention to multi-echelon
inventory control. The red line refers to the sequential growth rate of scholarly
attention to multi-echelon inventory control. We can see that multi-echelon in-
ventory control has lower attention, there is less literature in ten years. There is a
significant decrease in the number of literature compared with 2011.

In the WEB OF SCIENCE, the keywords “multi-echelon inventory control”,
“multi-stage inventory control”, and “multi-level inventory control” were used
for topic search. The searched documents were analyzed using Citespace for data
analysis. They are showing in Figure 2 and Figure 3.

From the above analysis, we can see that the focus research in chain is mainly
on multi-echelon inventory models, optimization, simulation, strategy, and sys-
tems. For the research of multi-echelon inventory, it was first started by the level
inventory proposed by Clark A. and Scarf H. [3], and then gradually started
from the two echelons inventory, and then to the three echelons to more levels
later. For example, Minner S. et al. (2003) studies used a cycle inventory strategy
to optimize secondary inventory to achieve appropriate replenishment, they stu-
died the impact of manufacturing flexibility on inventory investment in a dis-
tribution network composed of a central warehouse and several local inventory
points [4]. Moinzadeh K. (2002) proposed the use of rapid exchange of informa-
tion to achieve multi-echelon inventory cost control based on the (Q, R) strategy
[5]. Gerard P. Cachon and Marshall Fisher (2004) studied the role of information

—e— Chinese Literature on Multi-echelon Inventory Control
—&— Chinese Literature Momentum Growth Rate on Multi-echelon Inventory Control
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Figure 1. Index analysis results of multi-echelon inventory control.
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Figure 3. Co-introduction of the search keywords for WEB OF SCIENCE.

sharing cost simplification of the inventory model [6]. In recent years, Hu Xiao-
jian et al (2016) optimized the three-tier inventory model of service spare parts
[7]. Chen Qian (2017) studied the multi-echelon inventory control problem in
the operation of the mesh supply chain, built a multi-echelon inventory control
model for the supply chain, and tested the validity of the model [8]. Alawneh et
al (2018) studied multi-echelon inventory management under stochastic de-
mand [9]. Jalili Marand A et al (2019) study the joint inventory control and
pricing decision of service inventory system [10].

4. Multi-Echelon Inventory Optimization and Control Strategy

We find the research on supply chain multi-echelon inventory control methods
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mostly focuses on decentralized and centralized strategies. These two strategies
are widely used in supply chain multi-echelon inventory control due to their
own characteristics and scope of application.

4.1. Decentralized Strategies

The decentralization strategy refers to the operation of each inventory point in
the supply chain independently, each adopting its own inventory strategy [11].
Each node determines the order point and order quantity according to its own
ordering strategy and local inventory optimization strategy. It has also named
distributed control strategy. Early research on multi-echelon inventory control
strategies mainly focused on decentralized inventory control strategies, such as
Harris’s famous economic order lot model in 1915 and Ramasesh’s optimal
production lot model in 1990. These studies mainly discuss the optimal inven-
tory control strategies of each node in the supply chain.

The decentralized strategy uses multiple cost settlement centers. Each center
implements control according to actual needs. It is relatively difficult to manage.
It requires a high degree of information sharing and effective information inte-
gration. The decentralized strategy is only a partial optimization and cannot en-

sure that inventory activities are optimal throughout the supply chain [12].

4.2. Centralized Strategies

The centralized strategy refers to the inventory control center placed on the core
enterprises of the supply chain. The core enterprises are responsible for data in-
tegration and coordination functions, and control the overall inventory of the
supply chain to coordinate the completion of inventory activities upstream and
downstream of the supply chain [13].

In 1960, Clark and Scarf began to study multi-echelon inventory problem in
the supply chain, and proposed the concept of “echelon inventory” [3]. A deter-
ministic ordering batch multi-echelon inventory model considering the
out-of-stock penalty is constructed, and its optimal inventory control strategy is
proved to be the maximum order level. This makes the research focus of supply
chain inventory control strategies begin to shift from decentralized strategies to
centralized strategies. Subsequently, many scholars began to study the centra-
lized multi-echelon inventory management in different supply chain environ-
ments. For example, Jain and Raghavan (2009) proposed a multi-echelon inven-
tory model, which consists of a manufacturer, a warehouse, and a retailer. They
determine the optimal inventory level to minimize the total expected cost [14].
You and Grossmann (2010) used a guaranteed service approach to design a mul-
ti-echelon supply chain with an uncertain inventory system. This multi-echelon
supply chain includes factories, distribution centers, and customer demand areas
[15]. Yu (2010) developed a three-tier supply chain (a retailer, a distributor, and
a supplier) inventory model for perishable products using heuristics to minimize
total costs [16]. Cannella et al (2011) proposed an inventory model and showed
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how to modify the replenishment rules of a multi-echelon supply chain [17].
Wang et al. (2011) proposed an optimal inventory strategy for degraded items in
a three-tier supply chain (a producer, a distributor, and a retailer). They ex-
amined the impact of different deterioration rates on inventory policies [18].
Guo and Li (2014) proposed a multi-echelon inventory system to study inte-
grated supplier selection and inventory control in supply chain management
[19]. Ross et al (2016) proposed a multi-echelon location inventory model for
industries driven by donation demand to minimize the total annual cost, and
solved the model using the Lagrangian relaxation method [20].

All functional links of the centralized inventory control strategy can be inte-
grated and coordinated, which not only reduces the overall operating costs of the
supply chain, but also improves the customer service level in supply chain.
However, the strategy aims at the lowest total cost of the supply chain and does
not consider other optimization goals. As the number of nodes and stages in-
creases, it becomes more difficult to coordinate the relationship between nodes

and adjust inventory activities.

5. Three Multi-Echelon Inventory Control Strategies

Model is one of the focuses of the research on multi-echelon inventory control.
According to the complexity of the model, the research of multi-echelon inven-
tory control strategy is divided into three categories: multi-echelon multi-node
inventory control strategy, multi-echelon single-node inventory control strategy,
and multi-echelon multi-node inventory control strategy considering transfer.

5.1. Multi-Echelon Multi-Node Inventory Control Strategy

The inventory control problem is a tactical level problem, and in the actual op-
eration of the enterprise, not only the tactical level problem is considered.
Therefore, at present, when many scholars do research on multi-echelon and
multi-node inventory control strategies, in order to avoid local optimization,
they will combine the strategic level of facility location or operation level of path
planning problem for global optimization. For example, Tancrez (2012) studied
the location-inventory problem of a three-tier supply chain network [21]. Ha-
medani ef al (2013) used a multi-objective mixed integer non-linear program-
ming modeling approach to research on the location-inventory problem of the
three-tier supply chain network under the uncertain environment [22]. Of
course, some scholars only research on multi-echelon inventory management
problems through random or fuzzy programming. For example, Gumus and
Guneri (2009) provide a multi-echelon multi-node inventory management
framework under uncertainty or fuzzy environment, they give an application
example of a three-tier, three-branch supply chain network [23]. Ross et al
(2016) studied the location-inventory problem of a three-tier supply chain in the
demand-driven industry of donation [20]. Vahdani ef al (2017) built a

three-level supply chain location-inventory model for a hybrid integer nonlinear
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programming optimization model with minimum supply chain costs under the
assumption that the retailer’s needs are relevant and allow inventory shortages
[24].

5.2. Multi-Echelon Single-Node Inventory Control Strategy

The earliest studies, such as Clark and Scarf, involved a multi-echelon sin-
gle-node inventory control strategy, which is characterized by each level having
only one large warehouse. The modeling method adopted by Clark and Scarf
(1960) is dynamic programming, which studies the problem of a fixed period
and fixed order lot [3]. Then, for example, Bodt and Graves of MIT (2011) stu-
died the multi-echelon single-node inventory problem under multi-cycle Pois-
son demand, and each node adopted a continuous inventory (R, Q) inventory
control strategy [25]. Wen Q et al (2013) reduced the cost of spare parts by op-
timizing the inventory management model [26]. Sven Axsater’s research [27]
[28] compared the advantages and disadvantages of multi-echelon joint inven-

tory management and multi-echelon distributed inventory management.

5.3. Multi-Echelon Multi-Node Inventory Control
Strategy Considering Transfer

In the actual operation of the enterprise, when the inventory is facing shortage,
the enterprise has two measures: one is to wait for the replenishment of the up-
per layer, and the other is to meet the demand through transshipment. The
transfer can be divided into the same-level transshipment same-level transship-
ment and the upper-level transshipment. The earliest Colin Paterson (2011) re-
viewed the inventory model of same-level transshipment. Among them, the
same-level transshipment can be divided into completely same-level transship-
ment and partial same-level transshipment [29]. Liao Y (2014) studied the ad-
vantages and disadvantages of two strategies of emergency ordering and hori-
zontal transfer when the retail industry is out of stock. The analysis shows that
when the customer needs more or more customers go to another store, it is bet-
ter to use the emergency ordering strategy. At the same time, the strategy of us-
ing emergency ordering when horizontal transfer cannot meet the demand is al-
so studied [30].

Dan et al (2017) studied the preventive transshipment and ordering decision
of perishable products during multiple sales stages [31].

A multi-echelon, multi-node inventory control strategy that considers trans-
shipment can alleviate the losses caused by the shortage of each node to a certain
extent, while reducing the safety inventory of each node, thereby saving a lot of
costs. However, regardless of the inventory model considering the same-level
transshipment or the upper-level transshipment, most of the current researches
are still only two-tier inventory models, while the multi-tier inventory models
are relatively few. And the modeling methods adopted are mostly deterministic

modeling or directly solved by simulation, and relatively few random models.
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5.4. Comparison

The research on multi-echelon inventory control strategies is mainly concen-
trated in the above three categories, but among these three types, the simplest
model establishment is multi-echelon single-node multi-echelon inventory con-
trol strategies, followed by multi-echelon multi-node inventory control strategies
and the most complicated is the multi-echelon and multi-node inventory control
strategy considering transfer. However, in practical applications, the most likely
to be applied is a multi-echelon multi-node inventory control strategy, and rela-
tively few cases are considered for transshipment, while multi-echelon single
nodes have been stuck in the theoretical aspect.

In addition to cost competition, competition between supply chains also has
time competition. Multi-echelon single-node inventory control strategies such as
joint inventory reduce the cost of inventory. The information flow puts forward
higher requirements. Although the multi-echelon multi-node can meet the time
demand, it has increased the cost of the supply chain. However, the mul-
ti-echelon multi-node inventory control strategy considering transfers takes into
account both time and cost. By considering the transfer, the random fluctuations
in demand of each node are mitigated, and the safety inventory of each node is
reduced which can reduce the cost of the supply chain. Thus, our research has
great research significance. However, in the construction of a multi-echelon
multi-node inventory problem model that considers transshipment, because
there are many nodes and each node is related to each other (replenishment and
transshipment at the same level, transshipment at the same level), and uncertain
environments such as stochastic demand, random Lead time, etc., will make the

model relatively complicated, so there are relatively few current studies.

6. Conclusions

Based on the above analysis, multi-echelon inventory control is based on current
status studies and is not combined with the current background. Most literature
on multi-echelon inventory control is based on the improvement of existing
models and there is no new model. Multi-echelon inventory problem with three
or more levels is more complicated, and there are few research results. And there
is little research on multi-echelon inventory control. Then, the research on mul-
ti-echelon inventory control under dual channels or new retail, the research on
multi-echelon inventory control models, the research on multi-echelon inven-
tory control problems of three levels and above, and the multi-echelon inventory
control problems of multi-products are all that will continue to be the future
development trend.

Therefore, this paper analyzes the literature on multi-echelon inventory con-
trol from 2009 to 2019, points out the current research status of multi-echelon
inventory control, and introduces two strategies for multi-echelon inventory op-
timization and control: decentralized and centralized strategies. Based on the

complexity of the model, the research on multi-echelon inventory control strate-
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gies is classified and compared. Finally, the future research trends of mul-
ti-echelon inventory control are pointed out, which provides a basis for the fol-
low-up scholars’ research on multi-echelon inventory control.

Because this paper only classifies the research of multi-echelon inventory
control strategies based on the complexity of the model, it does not consider oth-
er dimensions, such as optimization methods, simulation strategies, etc. In the
future, there will be more aspects of multi-echelon inventory control strategies.
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