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[Abstract]

The development history of China's big data is relatively short, and it has only been ten years so far.
Although the application level of big data in real life is not high, some achievements have been made in
the supply chain. Various kinds of data will be generated in the actual operation of the supply chain. If
these data can be effectively classified and used, the "bullwhip effect" of the operation of the supply chain
can be also effectively improved. Thus this paper proposes the development of a supply chain
collaborative inventory management model and application framework using big data. In this study, we
analyzed the supply chain of beer industry, which is the most prominent consumption industry with
"bullwhip effect", and further established a big data collaborative inventory management model for the
supply chain of beer industry based on system dynamics. We used the Vensim software for simulation and
sensitivity test and after appling our model, we found that the inventory fluctuations of the participants in
the beer industry supply chain became significantly smaller, which verified the effectiveness of the model.
Our study can be also applied to the possible problems of the large data supply chain collaborative

inventory management model, and gives certain countermeasures and suggestions.

» Key words: Big data, SCM, Inventory management, System dynamics, Bullwhip effect

FEgel AR AEshe Aol BAeks 4F dolHE ERHoE BH-FET & Ut
W, B £ Sl Mk AREN B ANE S A olth B Ao BHe v
dolels F3 FHY PY AL vl mds $§ waAQ9A Aol ¥ ApolAE )
Hashh g R 26 9F FR9 AF A B AL LA, ABdod 2
WAEEAS 98] Vensim® AHSRITE ¥ Ao RAlS AW A% W A i AL
72 gl FA9) ATAA Aol oul Qe ANE WA =@ oldd A7} o 2
HolElE 2t Y BY AnndrLdE 489 & gt AHe AN, FEY B9
Anselzdeld AT 4 e BAE @ Bheure AN

> FA|0f: O[Ol SSYEH, ML=, AR, ALFHSt

« First Author: Jinhui Chen, Corresponding Author: Chan-Yong Jin
*Jinhui Chen (cjh564121294@gmail.com), Dept. of Information Management, Wonkwang University; Dept. of
E-commerce, ShangRao Normal University
**Chan-Yong Jin (jcy85366@wku.ac.kr), Division. of Management, Wonkwang University
* Received: 2021. 02. 04, Revised: 2021. 02. 26, Accepted: 2021. 02. 26.

Copyright © 2021 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



78 Journal of The Korea Society of Computer and Information

I. Introduction

The development and research history of big data
in China is relatively short, and it is mainly guided
by policies and focuses on application. The ease and
openness of data acquisition in different industries
lead to different penetration rates of big data in
different industries, resulting in different application
degrees of big data in different industries. The
application-oriented approach leads to the lack of a
theoretical framework system for big data in
academic research. In contrast, there are certain
management theories and comprehensive applications
for supply chain inventory management.In foreign
research theories, Hau Lee was the earliest
foundation of the research on supply chain
inventory management in 1992, and pointed out that
collaborative supply chain was the development
trend of supply chain in 1999(1]. Based on Gurnani's
study on the supply chain collaboration problem
that minimizes the expected total cost under the
Guer and Bilgic
bulk

maximized

random output of suppliers,
supply
problem under the

considered  the chain order
collaboration
expected profit of the supply chain. Most foreign
scholars study practical problems of supply chain
inventory management, but they only explore the
factors before and after the results when solving the
problems. Chinese scholars are led by Maersk, who
mainly studied multi-level inventory management,
inventory management and logistics coordination
theories on the basis of foreign inventory
management research theories. There is also a type
of scholars who think that the application of
information technology is the main research on
supply chain inventory management. Li Rong, Xie
Liansheng and others use advanced management
ideas such as MRP, JIT, OPT and the integrated
ideas between them to assist in the development and
production planning and control System etc.
There are few researches on the application of
big data in supply chain inventory management.
Although

technology, they rarely go into the overall view of

some of them involve information

supply chain. Aiming at the "bullwhip effect[2]" in
supply chain inventory management, this article
uses big data to classify and share supply chain
information based on the theory of supply chain
collaborative inventory management, and proposes
a supply chain collaborative inventory management
model under the background of big data. We
studied the industry with the most prominent
"bullwhip effect" -- fast consumption industry (beer
industry) for analysis, and used system dynamics to
build a dynamics model for further analysis, to
verify the feasibility of supply chain collaborative
model  under the

inventory management

background of big data.

II. Preliminaries

According to the Research Report of China
Internet data center survey, by 2020, the global
data storage capacity is expected to increase to
407B, and the data scale is about 44 times that of
2013, while China's data output is expected to
increase from 13% to 25% of the global total
data[3]. The inconsistency of the development of
and the
industry and corporate

big data in various industries
characteristics of the
interests have led to the extremely low application
rate of big data in various industries, especially in
the supply chain[4]. Inventory is an important
factor that affects the overall profit of the supply
chain. If there is too much inventory in the supply
chain, it will inevitably lead to waste of productivity
and increase of management cost. Each entity in
the supply chain needs to consume too much
resources for management and control. It is worth
noting that the Internet of Things represented by
the use of RFID in the supply chain to sense
inventory will grow from 12 million in 2021 to 209
billion[5].

perspective of the system and cooperate with the

If each subject can stand in the

inventory in the whole supply chain by combining

different data, more profits can be obtained[6].
There

is a short point in the analysis of
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consumer demand in the supply chain of various
industries in China -- the expansion of demand
information transmission caused by the avoidance
of consumer demand risk at each node of the
supply chain[7]. China's existing supply chain still
adopts point-to-point and face-to-face node
information acquisition as a whole, which inevitably
leads to mass production of top-level suppliers and
massive accumulation of node inventory due to
minor changes in low-level consumption and the
"bullwhip effect" Getting worse. There are still many
gaps in meeting the ever-expanding personalized
needs of users[8-9]. Big data based on Internet data
analysis and information sharing will provide
management technical support for supply chain
inventory and even supply chain operations to
solve this problem[10].

The Chinese beer network organized by the
China Food Industry Association Beer Professional
Committee reported that the total output of beer in
China reached 49.2185 million KL in 2014, down
6.01% year-on-year. According to the status of
NBS, the total output of beer reached 50.6154
million KL, with a year-on-year growth of 3.25%,
which is the second year under 5% and the first
year of decline in the last decade. As it show in
Figure 1. How to gain profits has become the first
consideration of strategic transformation in beer
enterprise. The industrial structure promoted to
high-grade in succession, which needs the
optimization and adjustment of industrial structure
and integration planning from the inside purchase
of raw material and outside production or even

marketing in the beer industry[11].

unit : thousands of litres

0.00%

-5.00%

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

BN Production (thousands of litres) —EEr ON Y@ growth

Fig. 1. Output and year—on-year growth in beer industry

III. The Proposed Scheme

3.1 Objectives of model construction

Since the first proposal of "big data", all circles
have been continuously exploring it, but there is no
unified definition at present. The most widely
accepted viewpoint is the "4V" proposed by IBM,
namely Volume, Velocity, Variety and Veracity.
Based on this, the State Council of China defines
big data and puts forward that big data is a data
set dominated by these four characteristics. This
paper holds that big data is a collection of
management and service oriented to the whole life
cycle of data from the generation of data to the
collection, organization, storage, analysis, display
and utilization of data, which is biased to the
application of data.

Big data in the supply chain mainly comes from
four aspects. One is the relevant data inevitably
generated in the process of product value transfer
such as

of enterprises in the supply chain,

production equipment quality data, planned
procurement data, product data, etc; On the other
hand, it is derived from the ERP data of various
companies in the supply chain; The third is
e-commerce data from the customer, and the last
is data from external or manually entered data. A
third-party data service center analysis and mining
the data to predict and control the inventory in the
process of supply chain operation. It brings
innovation and change of management technology
and way of thinking to the whole supply chain in
many aspects, and finally achieves the goal of
coordinated inventory and zero inventory of the
whole supply chain[12-13]. The general process of

the whole is shown in Figure 2.

3.2 Decision-making model of supply chain
inventory management system

Set the overall supply chain demand at the
highest node--- producers’ greatest demand---by
analyzing data based on big data and speculating
combined with the

the real information data,
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industry market, and then to evaluate the demand
of each node in surgical operations[14-15]. Given
the range of changes, inventory decision is decided
in the demand of oneself circumstance and the
the changes and
collaborative platform information. From the above

lower nodes in available

we note that

Q = MJFN[(
J1 T (1)

One function need to be explained:

SMOOTH() function is SMOOTH({in},{stime}). This
function simulates the information delay effect and
delays the input wvalue. Its internal operating
is equivalent to SMOTH=INTEG((input
-smoth)/delay time, input).

principle

Among them: Q; is order quantity for the j cycle;
I represents expectation inventory of logistics units
for the j cycle, Iy = smooth (N, t.) as the smoothing
function, N is the demand of downstream unit, te is
smooth time; Ij is the current inventory of logistics
units for the j cycle, 0 represents the shortage of
inventory; T, is inventory adjustment time of
logistics units, namely, the cycle numbers that
enterprise strives to adjust inventory for expected

inventory; Ny stands for consumer demand of

.Construction of collaborative inventory management model of supply chain under the background of big data

platform prediction.

3.3 Collaborative Inventory Management of Big
Data Supply Chain in Beer Industry Based on
System Dynamics

The  supply
management model in the context of big data

chain collaborative inventory
proposed in this article is mainly to solve the
"bullwhip effect" caused by information asymmetry
in China's supply chain inventory management
mentioned in the previous article, which causes the
inventory of each participant in the supply chain A
large backlog and a waste of resources in the

overall supply chain. The article chooses the most

representative  fast-moving consumer  goods
industry with the ‘"bullwhip effect'—the beer
industry as an example to construct and analyze

The model conforms to the

ordering characteristics of most Chinese consumer

the later model.
industries. In order to simplify the model, the
author mainly sets three supply chain units:
manufacturers, wholesalers and retailer{16]. A
statistical prediction unit based on collaborative big
data logistics and its direct relationship of each link
is: in the whole supply chain, collaborative data

platform wunits based on big data is directly



A Study on the Collaborative Inventory Management of Big Data Supply Chain : Case of China's Beer Industry 81

Collaborative
+ platform
. wholesaler
nventory forecast
The actual =+ Collaborative quantity
consumption _platform retailer +
of consumers inventory forecast

predict the total
number

quantity

+ +
Wholesalers
Revail /\‘\ :
invgntogsof + /+> shipments \

Retailers

dispersion
Wholesaler
Retail sales - / demand inventory
Retailers - - balance
- . beer
inventories Wholesaler
+ inventory
Manufacturers \ +
+ roduction - -
M?Irllug?lgél;ryers p M?ﬁf&fyﬂs Wholesalers
\ _
balance ‘\_/ - demand
+ +
Manufacturer
s delivery
Collaborative quantity

platform to :_/

Fig. 3. the cause—and-effect graph of beer industry supply chain based on big data

influenced by past consumption data to predict
product[17],
and distribution transport capacity are affected by

manufacturers’ production capacity
information flow provided by collaborative platform,
and at the same time, actual information demand
by beer wholesalers and retailers is the gist for
producers to adjust and improve. By the same
token, the wholesalers zero bound inventory is also
affected by collaborative platform information flow.
Retailer’s inventory is also affected by the actual
consumption. Each prediction unit on collaborative
platform is affected by consumer information to
different extent at the same time, according to the
link,
cause-and-effect graph of beer industry supply

relationship of each drawing the
chain based on big data as Figure 3 show:

According to the above cause-and-effect
diagram, we can further get the system dynamics
figure of beer industry collaborative supply chain
based on big data, And simplify part of the
simulation to make the model more compliant with
specific operating conditions, we performed the
following hypothesis:

() The conditions  of

basic management

operation are to meet the maximum consumer
demand of all nodes for the premise, at the same
time, synthesize own situation to make a decision.

(2) In a certain stage of consumer demand,
consumer demand will not have too much change,
assuming that the consumer demand is a step
function and can present a quarterly changes.

(38) Make use of the collaborative supply chain
management of e-business for accurate judgment of
the needs of the consumers to meet the needs of
predictable demand. The amount of time is almost
negligible. Each node in the supply chain in the
actual production, outbound and distribution of
existing gap time is zero. Production, outbound,
ordering and delivery speed of all nodes are infinite.

(4) Uncontrollable risks exist in the operation of
the system, which will lead to small variance between
the actual consumption data and the predicted data,
and cause the ordering behavior of members of the
sales entity. Meanwhile, the inventory difference will
be reported to the collaborative platform, which will
inform the manufacturer of the specific difference
for production and distribution.The collaborative
platform did not make such a prediction in advance
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Fig. 4. Dynamic flowchart of collaborative inventory management system for beer industry supply chain based on big data

before, and the supply chain needs a certain amount
of time for demand response, which is the time for
inventory control of the logistics unit.

(b) sales activities generally consists of four types
the supply

manufacturers, suppliers, retailers and consumer

of entities in chain members,
groups, we assume that all members of the entity

does not exist between uncontrolled factors
produced by the mutual transfer the inventory, at
the same time, all the members of the entity
relationship rules are as follows: manufacturers,
suppliers and retailers to the quantity of beer
comes from two aspects, on the one hand for the
unpredictable situation appeared in the process of
actual operation of supply chain, which occurred
from prediction of expected stock inventory
difference when taking orders, on the other hand
the

prediction of consumer spending data.

from collaborative platform to provide
(6) in this paper, the process of collaborative
inventory management system is studied for highlight

the data analysis and forecasting ability of the

collaborative platform, the platform system based on
previous sales/production data to forecast monk and
guide consumers, retailers, suppliers/wholesale
manufacturers demand/production each member
entities such as production orders, but in the process
of system simulation, can't fully reflect the forecast
analysis of complex data mining process. In this
paper, through the research on the data of beer
production and consumers in the beer industry, it
that

characteristics, so the linear function was adopted for

was found they have certain linear
the prediction value.

In order to distinguish the effects of collaborative
management and non-cooperative management on
the supply chain inventory management control,
the dynamics flowchart of the collaborative supply
chain inventory management systermn[18-19] (Figure
4), The main function used in this paper are:

If THE ELSE() function is generally expressed as IF
THE ELSE(a,b.c), meaning that THE value of this
function is b IF THE wvariable conforms to a,

otherwise it is c. In this paper, to distinguish whether
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to adopt collaborative management mechanism, this
function is used for the order quantity of the retailer,
the order quantity of the wholesaler and the
production quantity of the manufacturer.

The basic setup of the model and its equations in
table I:

Table 1. Equations

name Equations
=IF THEN ELSE (collaborative platform
. replenishment control =1,IF THEN
Retailer order
Lantit ELSE(consumer demand forecast
q (Ra) y >Consumer Demand of Last Period,
q Consumer demand forecast *1.1,0),
retailer Sales *1.2)
=IF THEN ELSE (collaborative platform
replenishment control =1,IF THEN
Wholesaler
) ELSE(consumer demand forecast
order quantity .
(Wa) >Consumer demand of last period,
forecast of consumer demand =*1.1,0),
order gquantity of retailers *1.2)
=IF THEN ELSE(collaborative platform
replenishment control =1,IF THEN
ELSE(manufacturer expected inventory
Manufacturer | >Manufacturer's
production(Mp) | inventory,(manufacturer's expected
inventory - manufacturer's inventory)/
production cycle,0), wholesaler's order
quantity *1.2)

In the variable name Rq, Wq and Mp are short

for Retailer order quantity, Wholesaler order

quantity and Manufacturer production, the

replenishment control under collaborative
management adopts 1, otherwise it is 0, which is
the traditional management method. The values 1.1
and 1.2 in the equation are from the approximate
values used in the production operation of GZ
Yanjing(China) Brewery to simplify the analysis.
The decision function of traditional management

is as follows:

Q.-
77 ) (2)

What's different from Formula (1) is that the N,
is the quantity demanded for downstream units in
Formula (2). But Ny stands for consumer demand of
platform prediction in Formula (1).

IV. Simulation

Combined with the dynamics model of supply
chain inventory management system based on big
data, we use Formula (1) and Formula (2) adopted
for the three functions Rq, Wq and Mp respectively
and use Vensim to simulate and analyze them.
Examples of specific formula application (taking
wholesaler order zero as an example in table 2):

Table 2. How to use Formula(1) and (2)

platform

name
control

Equations

=IF THEN ELSE (collaborative
platform replenishment control
=1,IF THEN ELSE(consumer
demand forecast >Consumer
demand of last period, forecast
of consumer demand =1.1,0),
order gquantity of retailers *1.2)
Wholesa Forecast of consumer demand
ler =Q;;*Commodity price effect
order function on demand
quantity =IF THEN ELSE (collaborative
platform replenishment control
=1,IF THEN ELSE(consumer
demand forecast >Consumer
demand of last period, forecast
of consumer demand =1.1,0),
order gquantity of retailers *1.2)
Order quantity of retailers=Qj,

It should be noted that, for the order quantity of
different subjects, although formulas (1) and (2) are
used, the internal objects used by I; and I; are
different, which ensures that the final equations of
different objects are also different. We use the 0
and 1 of the platform control to control whether
the model needs to be controlled by the platform.
For comparison and analysis, it should be noted
that if the parameters of the platform control are
set to 0, additional adjustments to the original
dynamic flow diagram are required For example, it
is necessary to reconsider the retailer’s zero order
into the wholesaler’s order quantity and reflect it in
the formula of Q.

We used the production and operation data of GZ
Yanjing Beer Company (China) and used vensim
8.1.0 software for model analysis. And then we
have the inventory of each logistics unit in the
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Fig. 5. Inventory

supply chain is simulated as it shown in Figure 5:

From the simulation of wusing collaborative
(Figure 5), the
variables such as replenishment quantity, order

management system-related
quantity, replenishment quantity and wastage of
retailers all experienced a sudden increase, while
wholesalers and manufacturers increased almost at
the same time, and the increase range was nearly
the same. The simultaneous occurrence is due to
the adoption of collaborative management control
and the
information to each node of the supply chain

accurate transmission of demand
through the collaborative platform without any
information delay. The reason for the consistent
that the

accurately transmits the demand information to

increase is collaborative  platform
each segment of the supply chain, ensuring that
the information is not expanded or distorted during
the transmission process within the supply chain.

It can be found that the overall predictive

management control with collaborative platform is

lower than that without collaborative platform from
the simulation results. The inventory of each node
has an increasing trend in the absence of the
traditional management strategy of collaborative
which

inventory management control of

management, indicates that the use of
collaborative
supply chain is effective for the beer industry and

can effectively inhibit the generation of bullwhip

benefit.
The simulated fluctuations of retailers,
wholesalers, and manufacturers adopting the

supply chain collaborative inventory control system
are relatively large because the collaborative
platform predicts the inventory at each node of the
supply chain. The collaborative platform provides
When the

inventory is lower than the expected inventory, an

the expected inventory. expected
ordering activity will take place, and when the
expected inventory is higher, the ordering activity
will not be taken. At the same time, we found that

the expectation of inventory fluctuation is zero. In
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the long-term simulation, the inventory fluctuates
above and below the expected inventory, but the
fluctuation range tends to be stable.

We analyzed the rationality of the model : It is

assumed that the reference price of the
collaborative  platform  obeys the  uniform
distribution of U(5,7), the wholesaler's inventory

the
retailer's expected inventory obeys the uniform
distribution of U(5,20),
expected inventory obeys the uniform distribution
of U(10,30)[20].

The demand forecast and the sensitivity analysis

obeys the uniform distribution of U(5,20),

and the manufacturer's

of each inventory are done, and the analysis
results are in Figure 6

[t can be found from Fig. 6 that the demand
forecast and each inventory are significantly
affected by the parameters which indicating that
the model is reasonable and conforms to the actual

operation of the system.

V. Conclusions and Suggestions

the the
collaborative platform of big data based on

From simulation results, under
coordination of the beer industry to mobilize the
supply chain operation condition, supply chain
direct logistics inventory are in a relatively stable
value, and there is no zero inventory or even a
serious lack of beer in the stock situations like
traditional beer supply chain operation, which
the

expansion caused by chain inventory levels report

avoid situation of demand information
because of the serious lack of supply. In the whole
supply chain, it avoid small changes of consumers
demands causing the change of the logistics
inventory from the bottom to top, which directly
affect the overall operation of supply chain.

Accurate production and management and
improving the operation efficiency of the supply
chain of beer, avoid the bullwhip effects due to the
expansion in demand information transfer process.

There are some Possible problems in model
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implementation
First, it is difficult to build a
collaborative control inventory management center

large data

The establishment of the platform requires

investment in several aspects, including the
collection, processing and analysis of supply chain
operation data, and the application of specific
collaborative inventory management[21]. Although
it can increase profits, it is difficult to deal with the
cost allocation problems resulting from this, which
makes it difficult to determine the ownership of the
construction

Second. the awareness of big data collaboration
is relatively shallow, and the depth of big data
application is not enough

Fach node in the supply chain is required to
have a sense of collaboration, and also realize the
symmetry of supply chain data information[22-23].
The management concept needs to stand in the
perspective of overall system collaboration and
effectively application of big data. At present, each
supply still

communicates through methods outside the system.

node enterprise in the chain

According to the China Internet development
statistics report 43 times data and large data of
peak BBS in China in 2018, China's big data market
is expected annual compound growth rate will
reach 17.3%, but the application field are mainly
concentrated in the financial and government
affairs two areas, most of the industries exist only
data collection and standardized, big data in the
application of supply chain is almost zero, the
basic data acquisition is difficult.
Third, it is difficult to

collaborative  inventory management

implement  the
feedback
mechanism in the model

In the context of big data, although the modern
supply
matching supporting services, it is still in the initial

chain management mechanism has
stage of exploration, and the source points of
feedback mostly belong to the policy guide[24].
Reverse supply chain system is far from meeting
collaborative

the requirements of inventory

management of big data supply chain. Moreover,
most enterprises in China do not have the
corresponding enterprise resource planning system
(ERP)

system (CRM), so the construction of feedback

and customer relationship management

mechanism is more difficult.

Fourth, there is a serious shortage of supply
chain management and big data compound talents

It has only been less than ten years since the
establishment of China's big data platform. In the
past two years, Chinese universities have started to
train big data-related talents, and it takes time for
compound talents to be cultivated[25]. In addition,
the global big data-related job entry rate Less than
30% makes the talent problem more prominent.

There are some Suggestions for supply chain
collaborative inventory management countermeasures
under the background of applying big data

First, Strengthen government guidance and
deepen the application of big data supply chain
inventory management

It can be seen that the application penetration of
big data in China's industry is extremely uneven,
and the application of big data to supply chain
collaborative inventory management needs to be
strengthened. However, due to the cost reverse
supply chain cost in the feedback mechanism, the
government needs to conduct policy guidance and
regulation, so as to provide a good development of
supply chain operation inventory management[26].
data
services to improve the synergy effect of supply

Second, Actively promote first-party
chain inventory management

In order to coordinate the development of supply
chain operation

inventory big data system

transformation and data service, the strategic
objectives should be consistent at first[27]. Only
through the cooperation of both sides can the
benefits of big data in supply chain inventory
management be maximized to the greatest extent.
Second, for data service providers, whether to have
data sources can be divided into the first and third

data service, should actively promote comfortable
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business into a professional industry general
technology application in the field of the first or
the third data service, into industry applications,
specialized in providing data services to become

the first data service platform, realize information

docking collaborative supply chain inventory
management system[28-29].
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