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SUPPLY CHAIN INFORMATION COLLABORATIVE
SIMULATION MODEL INTEGRATING MULTI-AGENT
AND SYSTEM DYNAMICS

ABSTRACT

Supply chain collaboration management is a system-
atic, integrated and agile advanced management mode,
which helps to improve the competitiveness of enterprises
and the entire supply chain. In order to realise the synergy
of supply chain, the most important is to realise the dynam-
ic synergy of information. Here we proposed a strategy to
integrate system dynamics and multi-agent system model-
ling methods. Based on the strategy of supply chain infor-
mation sharing and coordination, a two-level aggregation
hybrid model was designed and established. Through the
computer simulation analysis of the two modes before and
after information collaboration, it is found that under the
information collaboration mode, the change trend of or-
der or inventory of suppliers and manufacturers always
closely matches that of retailers. After the implementation
of supply chain information coordination, ordering and
inventory can be reasonably planned and matched, and
problems such as over-stocking or short-term failure to
meet order demands caused by poor information commu-
nication will no longer occur, which can greatly reduce the

“bullwhip effect”.
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1. INTRODUCTION

With the intensification of global market com-
petition and the rapid development of information
technology, enterprises should not only enhance the

competitiveness of their own products, but also co-
operate with other enterprises in the supply chain to
form complementary advantages and maximise the
benefits of the entire supply chain [1]. The collabo-
rative decision of the supply chain can not only con-
centrate the resources of supply chain enterprises to
achieve overall planning, but also deepen the scope
and depth of cooperation between enterprises [2]. It
is found that the key problem of supply chain col-
laboration at this stage is the bullwhip effect caused
by the inability to share information, which leads
to the failure of supply chain enterprises to achieve
global optimisation. This problem is not specific to
a particular type of supply chain, it is very general
[3, 4]. Therefore, in order to realise the collabora-
tive optimisation of the supply chain, information
collaboration is the most important to achieve.

The higher the degree of supply chain informa-
tion collaboration, the greater the output function
and effect will be. That is, the negative effects of
the entire system will be significantly reduced, and
the results will be more valuable. David Anderson,
a well-known supply chain management expert,
pointed out that the new generation of supply chain
strategy is a collaborative supply chain [5]. The
development of information technology has also
provided necessary conditions for real-time infor-
mation collection and sharing in the supply chain,
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which means that enterprises in the supply chain
can share the information resources throughout the
entire chain [6].

Information collaboration of a supply chain in-
volves many enterprises, links and factors. It is a
complex system problem with the characteristics
of nonlinear and multi-feedback loops [7]. Static
mathematical modelling and index analysis are the
main research methods at present, but it remains
difficult to describe the complex characteristics of
a supply chain system. The focus on feedback loops
and time delays makes system dynamics a valuable
tool for studying supply chain information collabo-
ration [8, 9]. In recent years, many studies on supply
chain collaboration management have been carried
out by system dynamics modelling and simulation.
An important advantage of system dynamics is that
it is possible to infer the occurrence of specific be-
haviour patterns, but this requires clear composition
and connection of each member in the supply chain
before simulation, so it is impossible to effectively
model a flexible structure [10, 11]. Based on this,
the combination of system dynamics and multi-
agent system is a promising method to reduce the
complexity of models. The model is simulated by
the coupling of two software environments, Vensim
and Repast. Vensim is developed by Ventana Sys-
tems, Inc. from the United States. It is a graphical
interface software that can conceptualise, docu-
ment, simulate, analyse and optimise dynamic sys-
tem models. Vensim provides an easy and flexible
way to build related models including causal loops,
stock and flowcharts. To build a system dynamics
model with Vensim, we only need to connect var-
ious variables with graphical arrows and write the
relationship between the variables into the model
as an equation function, and the causal relationship
between the variables will be recorded accordingly.
Through the process of building a model, we can
understand the relationship between the input and
output of each variable. REPAST is a well-known
software for modelling complex systems, originat-
ed from the Institute for Social Science Computing
at the University of Chicago. Because of its pow-
erful functions and flexible expressiveness, it has
become the preferred application tool for research-
ers in many fields. At present, REPAST has devel-
oped into a general multi-agent simulation platform,
which can be used for the realisation and simulation
of economic models such as supply chain simula-
tion. It has excellent functions in network structure

generation and agent spatial relationship manage-
ment. The visualisation of the results is more suit-
able for the simulation of complex social network,
economy and other network structure systems. The
characteristics of a multi-agent system, such as
autonomy, negotiability and expansibility are con-
sistent with the characteristics of enterprises in the
process of supply chain information collaboration,
and the multi-agent system can simulate the process
of independent decision-making and collaborative
decision-making between enterprises in a better
manner. Therefore, it can break through the flexi-
ble technical barriers in supply chain collaboration
management [12, 13].

The information generated and interacted by the
entire supply chain has become increasingly large
and complex, and traditional technical solutions
have gradually shown their limitations [14]. This
article tries to make use of the advantages of system
dynamics in realising complex systems to simulate
the independent decision-making that occurs in the
fixed behaviour patterns of each enterprise in a sup-
ply chain. At the same time, the method based on
the multi-agent system can appropriately realise the
sharing and integration of heterogeneous informa-
tion among supply chain enterprises, and then sim-
ulate the mutual cooperation process between enter-
prises, so as to adapt to the complex and changeable
supply chain. Based on the above analysis, we pro-
pose to apply system dynamics and multi-agent to
the supply chain information collaboration process,
establish a two-level coupling model to simulate
the operation process of a supply chain, and final-
ly verify the effect of information collaboration on
the overall process management of a supply chain
through simulation analysis. This not only adapts
to the development trend of enterprises in a supply
chain, but also has a reference value for the future
research of supply chain information collaboration
process.

2. METHODOLOGY
2.1 System dynamics prediction function

Manufacturers and suppliers need to carry out
forecasting in the process of implementing pro-
duction and purchasing plans. Forecasting methods
include time series, recursion, exponential smooth-
ing and so on [15]. Exponential smoothing meth-
od is a time series analysis and prediction method,
which predicts the future of the phenomenon by

712

Promet — Traffic& Transportation, Vol. 34, 2022, No. 5, 711-724




Yang N, et al. Supply Chain Information Collaborative Simulation Model Integrating Multi-Agent and System Dynamics

calculating exponential smoothing value and com-
bining it with a specific prediction model. Its advan-
tage is that observations at different times are given
different weights, and by increasing the weight of
recent observations, the forecast can quickly reflect
actual changes in the market. At the same time,
different types of time series can be processed ac-
cording to different smoothing times. So, this article
adopts the exponential smoothing forecasting meth-
od commonly used in supply chain management,
and its basic principle is shown in Equation I:

F=F.+a(4.1-F.1)

)

where F, is the prediction function of market de-
mand, £ | is the predicted value of previous period,
A, , s the actual value of previous period and « is
the prediction constant, which is related to time.

The size of the prediction constant (smoothing
constant) reflects the role of data in different periods
in the prediction. If the prediction constant becomes
larger, the dependence on recent data will be great-
er, the sensitivity of the model will become higher,
but the volatility of the prediction results will also
become larger. Conversely, when the prediction
constant becomes smaller, the model becomes less
dependent on the recent data, which eliminates ran-
dom volatility and reflects the general long-term de-
velopment trend. In the process of system dynamics
modelling, we take exponential smoothing function
as a common function of the system. In Vensim?7.0,
the expression of exponential smoothing function is
SMTHY(), which can fit the N-order smoothing pro-
cess.

According to whether the supply chain infor-
mation is collaboratively shared, the following two
modes of model simulation and analysis are carried
out.

Information collaborative sharing mode

Supplier, manufacturer and retailer agents share
demand and inventory information in real time
through the information collaboration centre, which
is the most ideal situation. Then each agent at the
second level can make prediction and production
plan independently according to the actual situation
[16]. Considering the major production links, sup-
pliers and manufacturers will adjust their produc-
tion according to the product inventory information
of downstream manufacturers and retailers, respec-
tively. The main relationship is shown in Equation 2:

2

Ps = Ps.ur - Max(( Delay(Myr,At) - 0),0)

where Py, is the actual productivity of suppliers
and manufacturers, Ig 1 18 the expected productiv-
ity of suppliers and manufacturers, M, . is the in-
ventory of manufacturers and retailers and O is the
feedback market demand. Max(-) is the maximum
function, Delay(-) is the time delay function.

Suppliers and manufacturers can respectively
slow down the production rate according to the actu-
al inventory situation of downstream manufacturers
and retailers. When the product inventory of down-
stream enterprises is larger than the actual market
demand, their inventory will be redundant, which
leads to their own production slowdown and the
demand for upstream materials decline. Therefore,
enterprises in the information collaboration supply
chain can adjust their own production according to
the downstream inventory surplus. This correction
is made in advance based on the principle of infor-
mation coordination, which avoids the time delay of
feedback transmission in the system.

Non-information collaborative sharing mode

For a variety of reasons, suppliers, manufactur-
ers and retailers are unable to share information, or
can only share it with a delay. Under this circum-
stance, the market expectations and production
adjustments of suppliers and manufacturers will
change as shown in Equation 3.

Ps.ri = P - Max(( Delay(Miiz, At) - 0'),0) 3)
M

i g 18 still the inventory of manufacturer and
retailer, but it is no longer the actual inventory when
information is coordinated. Similarly, O is not an
actual feedback requirement. In other words, suppli-
ers, manufacturers and retailers will not share their
own inventory information and market demand.
Under the premise of forecasting only, general mar-
ket expectations will be reduced, while the invento-
ry reserves will increase. This would undoubtedly

result in a waste of resources and blind operation.

2.2 Initial condition setting of system
dynamics model

The initial conditions of system dynamics model
are set according to actual problems. Days are se-
lected as the unit time in the model and the simu-
lation step is 1. That is, each time unit is calculated
once, and the overall simulation time is 180 days.
The final market demand is set to a stable market
demand form, and its mathematical expression is
defined as normal (1,000, 200), which is a normal
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Table 1 — Initial variable value of system dynamics model

Variable Initial Variable Initial

Supplier Material Target Inventory 2000 pcs Retailor_Inventory Target 2000 pcs

Material Target Inventory 2000 pcs Economic_Bath To Material 2000 pcs

Material Transit Time 2d Material Reorder Point 3000 pcs

Supplier Material WIP_Adj Time 2d Material Target Inventory 2000 pcs

Target Delay Time 2d Supplier Material Target Inventory 2000 pcs
Economic Batch To Retailor 2000 pcs Material Adjustime 2d
Manufacure Target Inventory 2000 pcs Material Cycle Time 2d
Retailor Reorder Point 3000 pcs Supplier WIP_Adj Time 2d
Manufacture CycleTime 2d Supplier Material Adjustime 2d
Manufacture Inventory Adjust time 2d Retailor inventory adjust time 2d

distribution with a mean of 1,000 and a standard de-
viation of 200. This is the main input variable of the
entire supply chain model. Other initial variables of
the model are shown in Table 1.

2.3 Multi-agent system prediction function

For the convenience of simulation analysis, this
paper only considers a simple three-level supply
chain, and each level contains only one enterprise.
Autoregressive models (ARMA), especially the
AR(1) model, are often used for demand forecast-
ing in the supply chain process [17]. It is a time
series model that uses observations from previous
time steps as input to a regression equation to pre-
dict the value at the next time step. The advantage
of the AR method is that it requires fewer external
data and can use its own variable series to make
predictions. The orders and inventories of the
three-level supply chain described in this paper
are economic phenomena that are greatly affect-
ed by their own historical factors, so they are very
suitable for applying the AR model to forecast.
In this paper, price parameter indicator is added
on the basis of simulating demand process, and
the price-sensitive function is used to predict the
change of demand, which can simulate the oper-
ation process of the supply chain. Assuming that
the price-sensitive demand function conforms to
AR(1) process and that market demand is linearly
related to the price, the demand function is estab-
lished as Equation 4:

ﬁzF(R(,EI):(l-pR,+8[

“4)

where a is the market demand of products in period
t and p is the price sensitivity coefficient, which is
always greater than zero. ¢, is a demand disturbance
term, which obeys the normal distribution N(0,52).

Assuming that the market price conforms to the
AR(1) process, Equation 5 follows:

)

where u is a non-negative constant, representing
market expectations and p is the price autoregres-
sive coefficient, which is always greater than zero.
1, 1s the price disturbance item, which obeys the
normal distribution N(0,6?).

In the constructed three-level supply chain mod-
el, it is assumed that the demand in period ¢ is pre-
dicted according to the demand situation in period
t-1, and both retailers and manufacturers adopt “or-
der-up-to” inventory strategy to calculate the target
inventory k&* in period ¢ (R and M represent retail-
ers and manufacturers, respectively). Then, based
on the satisfaction of the target inventory, retailers
and manufacturers will formulate an ordering plan
to upstream companies. Suppose there is an order
period Ly, ., and assuming that the enterprise issue
the order request at the beginning of period ¢, the
goods will be received at #+L , . Therefore, the tar-
get inventory function is:

Ri=p+ PR+ 1

RM _ f-LRM ALRM
o =1 + w0,

(6)
LR .M

where F; is the forecast demand under the lead
time L, o indicates the safety factor and 6/** in-
dicates the lead time demand error, which is a con-
stant related to L RM
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Table 2 — Initial variable value of multi-agent model

Variable Initial Variable Initial

Order Delay Time 3d Supplier Delivery Time 2d

Forecast Start Time 4d Manufacturer Delivery Time 2d

Information_Collaboration_Strategy 0,1 Market Expectation Constant 100

Number of Retailers 1 unit Price_Autoregressive Coefficient 0.7
Number of Manufacturers 1 unit Variance of Demand Disturbance 1
Number of Suppliers 1 unit Variance of Price Disturbance 1

Production_Lead Time 4d Safety Factor 0.8

Product Inventory Target Level 2000 pcs Product Market Demand Scale 1000 pcs

Initial_Inventory of Each_ Agent 9 Product_Price_Sensitivity Coefficient 1

2.4 [Initial condition setting of multi-agent
system model

In this paper, Repast software is used to analyse
the inventory and order changes under the condition
of supply chain information coordination. We stud-
ied the interaction process between agents and the
supply chain environment. By analysing the process
model of supply chain, it is found that the inventory
and order quantity of enterprises at all levels will
reflect the change of supply chain when informa-
tion sharing is carried out or not. The initialisation
of main parameters involved in the multi-agent sim-
ulation model is shown in 7able 2.

3. RESULTS AND DISCUSSION

3.1 Levels of supply chain information
collaboration management

From the perspective of decision-making scope
and execution content, this paper divides the infor-
mation collaboration supply chain into two main
levels, namely strategic collaboration and execution
planning collaboration, as shown in Figure I (only
the part of the strategic content is shown).

In our example of the three-level supply chain,
core manufacturing enterprises form forecasting and
replenishment strategies according to downstream

Strategic collaboration of supply chain

Sales order

R P‘ JL

Demand
management

Supplier management -

Inventory
management

3

Execution planning collaboration of supply chain

Production plan

Material « Material
purchasing requirement plan
Production and
 manufacturing
Logistics .
distribution Transit plan

Figure 1 — Levels and contents of supply chain information collaboration
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sales forecasts, and form inventory management
strategies in coordination with upstream suppliers.
Finally, they improve the demand management
strategies by summarising supply chain informa-
tion [18]. In supply chain coordination, execution
planning collaboration is at the bottom, which is the
basis and premise of other collaboration strategies.
Core manufacturing enterprises form production
plans, procurement plans, logistics transportation
plans, etc. through supply chain synchronisation of
operations and information collaboration, so as to
guide the completion of the entire manufacturing
process cycle of material procurement, production
and manufacturing and logistics distribution.

The two levels of collaboration strategies togeth-
er form a business model for collaborative manage-
ment of supply chain information, creating a supply
chain ecological resource circle with both short-
term collaboration and mid-to-long-term collabora-
tion. This facilitates enterprises to make full use of
external resources, thereby strengthening the level
of information sharing and resource coordination
operation.

3.2 Supply chain information sharing
and collaboration mode

Three-level supply chain information
collaboration mode

By designing the information sharing mecha-
nism of the supply chain, we established the way of
information sharing among the members of the en-
tire supply chain and conducted the modelling anal-
ysis of the supply chain system for the collaboration
strategy. In order to explain the process of supply
chain information collaboration, a simple and in-
teractive information sharing model is designed
based on the traditional straight-chain information
exchange model. As shown in Figure 2a (taking a
simple three-level supply chain model composed
of one supplier, one manufacturer and one retailer
as an example), information in the supply chain is
summarised, processed and shared through the in-
formation collaboration centre.

For the existing supply chain, it mainly adopts
the straight-chain information transmission mode,
and the information is transferred up or down step
by step. For nodes in the supply chain, they can ba-
sically only know the downstream demand or the
upstream production result. The overall information
acquisition channel is not smooth, and there is a lag

in time, as shown by the black arrow line in the fig-
ure. However, the advanced supply chain informa-
tion collaboration mode requires each node in the
supply chain to be flexible and reactive, not only
to be able to understand the production situation of
the front and back nodes in time, but also to know
the start and end conditions of non-adjacent nodes.
The information collaboration centre established
in this paper allows nodes to easily establish infor-
mation exchange channels, avoiding point-to-point
information exchange, and can be flexibly operated
according to permissions and needs, so as to conve-
niently complete information exchanges with mul-
tiple types of partners. The red dashed arrow line in
the figure above illustrates such process. Retailers
provide feedback in the form of information such
as market demand and marketing plans to the infor-
mation collaboration centre. When manufacturers
provide their own inventory and production status,
they can also master the production status of sup-
pliers through information sharing, so as to adjust
the purchase plan and production plan at any time.
Retailers can adjust their sales plans according to
the production and inventory status of manufactur-
ers released by the information collaboration centre,
combined with the supply capacity information pro-
vided by suppliers. Suppliers also receive relevant
information from the information collaboration cen-
tre and make decisions on their own production and
inventory control based on this information.

Integrated system dynamics and multi-agent
for supply chain modelling

The multi-agent system can intelligently assign
tasks to each agent subsystem and integrate the ser-
vices of each agent [19], so as to comprehensively
simulate the operation process of a supply chain,
obtain more practical and accurate fitting results
and provide decision-making basis for supply chain
management. Therefore, this paper proposes a more
suitable model to study supply chain information
collaboration by combining system dynamics and
multi-agent system.

Following a comprehensive method of hybrid
modelling, supply chain information collaboration
can be modelled by two-level aggregation, as shown
in Figure 2b. At the macro level, it shows the partici-
pants in a supply chain and the relationship between
them for information sharing and collaborative ser-
vices through the information collaboration cen-
tre. At any specific node during the actual supply
chain operation, the structure of the supply chain is
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Figure 2 — Mode of supply chain information sharing

determined by the participating agents and the inter-
action between them. In order to achieve such a flex-
ible structure, we use a typical multi-agent simulation
modelling method at the macro level. Of course, the
structure of the actual supply chain is definitely much
more complicated than that designed in the paper. In
order to explain the two-level aggregation problem
and facilitate the simulation implementation, we only
abstract the supply chain with three main agents.
The internal structure and operation mode of
agents are realised at the micro level. Each agent
may have different characteristics, but its internal
characteristics are generally predetermined and will
not change easily. The modelling approach we use at
this level is system dynamics, which is a well-tried
method of modelling strategy formulation to guide
the continuous feedback process of individual deci-

sions. The supply chain operation process generally
starts from external demand, and each participant
agent will make decisions based on external de-
mand and its own situation, thus forming a closed-
loop system with two levels of aggregation.

3.3 Multi-agent based supply chain
information collaboration

Multi-agent model construction

The collaborative process of enterprises in mod-
ern supply chains has the characteristics of au-
tonomy, dynamic and complexity etc. In order to
simulate the information collaboration process of
a supply chain, we used a multi-agent system for
simulation modelling.
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After multi-agent modelling and organisational
structure analysis, we used intermediary structure
to build a multi-agent system [20]. The system in-
tegrates the information of each individual agent,
such as decision-making objectives, optimisation
schemes etc. The composition structure of a single
agent is fixed and the operation mode is relatively
stable, so the system dynamics method has been ad-
opted to conduct simulation modelling, which will
be described in detail in the next section, to make
better decisions and increase the benefits of the en-
tire system. In this multi-agent system, the infor-
mation collaboration centre centrally controls the
information of each enterprise in the supply chain
and transfers the coordinated information to the des-
ignated enterprise or service. In the process of sup-
ply chain coordination, when the individual agent’s
goals conflict with the overall goals, each agent
subsystem communicates through the information
collaboration centre. The information collaboration
centre proposes the best decision and gives back
the results to the individual agent. Finally, feedback
will be sent back to the information collaboration
centre after individual evaluation. After analysing
the information flow of individual agents, the over-
all system is designed and the supply chain infor-
mation collaboration simulation structure is estab-
lished (Figure 3).

System dynamics model of agent in each stage

Through the causality analysis of information
flow process and feedback situation, we have ob-
tained the supply chain system dynamics model of
three-stage agents of supplier, manufacturer and re-
tailer. This refers to the internal stack flow diagram
of the following three agents (Figures 4-6).

Supplier relationship flow diagram description

The raw material management mode of the
supplier is supplier management, and the supplier
adopts the integrated replenishment method in the
process of organising replenishment. The produc-
tion link of supplier is still based on the demand of
manufacturer. At the same time, when formulating
the production plan, it will also refer to the target
inventory and the target work-in-process inventory
on the basis of demand and production of the man-
ufacturer. Production is pull type and supply is push
type. This is also a problem in the actual production
process.

Manufacturer relationship flow diagram
description

Manufacturer is the core role of the current type
of a supply chain. In the supply link, an integrated
replenishment strategy is adopted. Manufacturers
make judgments based on the retailer’s inventory

1| Order Inventory |

'| management management |

1| Agent1 1 Agent1 4 |

| ]

1 .

'l Supplier Manufacturer Manufacturing

|| management + « management |

'| Agentl 2 Agent 1 Agent1 5

! [

\|Material plan m]e;r(l)agéittlg:nt \

|| Agent1_3 Agent1 6 |

Information

e - ety ——— —————— ! collaboration i
| Order Inventory | centre | Order Inventory
|| management management | | |management management
: Agent2 1 Agent2 4 i | Agent3 1 - Agent3 2
R I : N
' q . Manufacturing)s [ [ Retailer
1| Material plan Supplier 2 | ( etailer |
I g + management i . Agent3 /
! Agent2 2 Agent 2 Agent2 5 | : \ gen.”/
| : : S
| 1 |
1| Production Logistics | ! Logistics
d plan management | i management
1| Agent2 3 Agent2 6 ' Agent3 3

Figure 3 — Simulation structure of supply chain information collaboration
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Figure 4 — Supplier stack flow diagram
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Figure 5 — Manufacturer stack flow diagram

feedback. When the retailer’s inventory reaches
the reorder point, replenishment is carried out ac-
cording to a certain economic replenishment batch.
However, in the manufacturer production organisa-
tion link, production is still carried out according

to the expected demand of the market. At the same
time, when formulating the production plan, on the
basis of market demand, the consideration of the
target inventory and the target work-in-process in-
ventory is also substituted.
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Figure 6 — Retailer stack flow diagram

As manufacturers build up their inventories,
the gap between them and their desired inventories
becomes smaller and smaller. Therefore, the ex-
pected productivity will become smaller, and then
the actual productivity will become smaller, but
at this time the inventory will gradually decrease
with consumption, resulting in a larger gap with
the expected inventory. This feedback will balance
the production process effect.

Retailer relationship flow diagram description

The retailer’s process is relatively simple. The
increase in retailers’ inventory brings about a de-
crease in retailers’ demand, which in turn reduces
manufacturers’ orders and reduces supplies. At this
point, the retailers’ inventory drops, and then en-
ters the opposite cycle. This cycle has a regulating
and balancing effect on the system.

Suppliers, manufacturers and retailers are
linked through orders and inventory. Orders and
inventory are also carriers of information flow.
Through their changes and comparisons, many key
performance indicators can be obtained to evaluate
the supply chain.

3.4 Information collaborative simulation
analysis

By analysing the two-level aggregation process
model of the supply chain, the inventory and or-
der quantity will reflect the changes of the supply
chain when information sharing of three-level sup-
ply chain enterprises is carried out or not [21, 22].
This section presents the simulation and analysis
results of these two key performance indicators for
evaluating the supply chain.

Simulation results without information collaboration

We simulate the changes of the three-level en-
terprises in the supply chain with the market. In the
following graphs, the abscissa represents time (unit
time is per day), and the ordinate represents order
quantity or inventory. It can be seen from Figure 7
that the fluctuation of order is amplified step by step.
Retailers have the smallest fluctuations in orders,
followed by manufacturers, and suppliers have the
largest fluctuations. In addition, small fluctuations
in lower-level enterprises will lead to violent fluctu-
ations in their upper-level enterprises of the supply
chain. The change of enterprise inventory (Figure 8)
has the same rule as that in order quantity.

The average value and standard deviation of
orders for three-level supply chain enterprises are
shown in the following Tuble 3. It can be seen from
the table that the order fluctuates greatly, and it is
gradually enlarged step by step from downstream to
upstream, which indirectly increases the backlog of
purchase orders.

The average value and standard deviation of in-
ventory for three-level supply chain enterprises are
shown in Table 4. Similar to the rule of order chang-
es, the inventory fluctuation without information
Table 3 — Average value and standard deviation of order

backlog in supply chain enterprises under non-information
sharing

Variable Average value | Standard deviation
(1) (@)
Supplier 1682.15 631.39
Manufacturer 1146.52 306.72
Retailer 878.87 204.74
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Figure 8 — Inventory change of supply chain enterprises under non-information sharing

After modifying the model parameters, the system
adopts information collaboration strategy in order
and inventory simulation.

Table 4 — Average value and standard deviation of inventory in
supply chain enterprises under non-information sharing

Variable Average value | Standard deviation The average value and standard deviation of the
“ @) three-level supply chain enterprises’ orders under
Supplier 1208.31 490.13 information collaboration are shown in Table 5. It
Manufacturer 99423 2897 can be §eeg that the order backlog is reduced, the
fluctuation is small, and the matching degree of the
Retailer 909.05 207.56 . . .
supply chain enterprises is better.

Table 5 — Average value and standard deviation of order

collaboration is also relatively large, and it ampli-
backlog in supply chain enterprises under information

fies step by step from downstream to upstream, re-

X L collaboration
sulting in inventory waste to a large extent.
Simulation results under information collaboration Variable Avera(%f) value Standar((i;;ewauon
By comparing the situation of enterprises at
all levels of the supply chain under non-informa- Supplier 996.02 118.37
tion collaboration, we studied the influence of im- Manufacturer 99738 144.11
lementing information collaboration on the order
p g Retailer 983.67 142.43

and inventory of supply chain member enterprises.
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The average value and standard deviation of in-
ventory in supply chain enterprises under informa-
tion collaboration are shown in Tuble 6. The inventory
and its fluctuation are reduced, and the matching de-
gree of each enterprise in the supply chain is better.

Through the analysis of the above results, it is
found that after the supply chain companies choose
to implement the information collaboration strate-

Table 6 — Average value and standard deviation of inventory in
supply chain enterprises under information collaboration

gy, the retailers’ orders and inventory status are less
affected (because the demands of external users
have not changed because of our implementation of
supply chain information collaboration). However,
the orders and inventory of suppliers and manufac-
turers have undergone tremendous changes. In the
information collaboration mode, no matter how the
orders or inventory fluctuates, the changing trend of
suppliers and manufacturers always closely match-
es the retailers (Figures 9 and 10). In addition, after

Average value | Standard deviation | the implementation of supply chain information
Variable . .
() (0) collaboration, orders and inventory can be reason-
_ ably planned and matched, and problems such as
Supplier 996.97 131.33 . .
over-stocking or short-term failure to meet order
Manufacturer 994.11 144.82 demands caused by poor information communica-
. tion will no longer occur, which can greatly reduce
Retailer 989.61 144.36 ) | Onget oueut, greatly
the “bullwhip effect”.
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Figure 9 — Order change of supply chain enterprises under information collaboration
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Figure 10 — Inventory change of supply chain enterprises under information collaboration
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4. CONCLUSION

The supply chain system itself has many charac-
teristics of a complex system. In the process of study-
ing supply chain collaboration management, we need
a set of effective research methods. Both system dy-
namics and multi-agent system are simulation-based
methods that can solve a series of specific supply
chain problems through joint application.

The supply chain mentioned in this paper is a
good example of the dynamic system with flexible
structure. The characteristics of a multi-agent sys-
tem, such as autonomy, negotiability and expansibil-
ity, can meet the demand of dynamic change in the
supply chain composition and connection. In this
paper, a hybrid modelling method which combines
system dynamics and multi-agent system is proposed
to build a more flexible two-level aggregation model.

Finally, the algorithms in the model need to be
constantly supplemented and improved, and more
specific constraints should be put forward to conform
to the supply chain system and achieve better simu-
lation results. At present, the model parameters are
basically set in advance. In the later stage, we can
consider combining this method with some optimis-
ation algorithms (such as Genetic Algorithm, etc.) to
optimise the variables and parameters of the system.
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