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Abstract

This paper aims to study the collaborative replenishment issue in the prefabricated
supply chain of electronic products. Firstly, it analyzes the current situation of the
replenishment mechanism in the electronic product supply chain, reveals the limi-

tations of the traditional replenishment mechanism, and emphasizes the importance
of collaborative replenishment. Secondly, it studies the impact of supply chain col-
laborative management on replenishment, including the concept and principle of
collaborative management, the application of collaborative management in replen-
ishment, as well as the benefits and limitations brought by collaborative manage-
ment. Then, it discusses the impact of demand forecasting on replenishment deci-
sions, including demand forecasting methods and their applicability, the impact of
prediction accuracy on replenishment efficiency, and the challenges of demand vol-
atility to the replenishment plan. Finally, it proposes optimization and implementa-
tion suggestions for replenishment strategies, including the exploration of new re-
plenishment modes, data-driven replenishment decisions, and the path and obsta-
cles of cross-organizational collaborative replenishment. The results of this study
can provide theoretical support and practical guidance for the replenishment man-
agement of the electronic product supply chain. They can also help promote enter-
prises to achieve sustainable development in the highly competitive market.
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Introduction

With the continuous development of technology and the increasingly active consumer market, the electronic product in-
dustry has developed rapidly worldwide. However, in this ever-changing industry, supply chain management is facing
more and more challenges. Among them, the replenishment link, as a crucial link in supply chain management, is directly
related to the production and sales efficiency of products. However, there are certain problems in the current electronic
product supply chain replenishment mechanism in terms of collaborative replenishment, which requires further research
and optimization.

1. Analysis of the Current Situation of the Electronic Products Supply Chain Replenishment
Mechanism

1.1 Limitations of Traditional Replenishment Mechanisms

The traditional replenishment mechanism of the electronic products supply chain usually relies on the replenishment deci-
sion based on a single node, that is, each node independently conducts replenishment, lacking cross-node synergy and

DOI: 10.26855/jamc.2024.06.005 126 Journal of Applied Mathematics and Computation


https://www.hillpublisher.com/journals/JAMC/

Ming Liu

information sharing. There are the following limitations in this way:

Firstly, the lack of information sharing leads to information asymmetry. Under the traditional replenishment mechanism,
there is often a lack of an effective information exchange and sharing mechanism among various nodes, resulting in the
existence of information islands, making it difficult for the replenishment decision to accurately grasp market demand and
inventory status.

Secondly, the untimely transmission of order information leads to replenishment delays. Since information transmission
usually relies on manual input or simple electronic spreadsheet transmission, there is a tendency for untimely or missed
information transmission, resulting in replenishment delays and the inability to meet market demand in time.

Finally, the lack of collaborative decision-making leads to resource waste. Under the traditional replenishment mecha-
nism, each node often independently conducts replenishment decisions, without considering the comprehensive interests
of the entire supply chain, which easily leads to waste of resources and accumulation of inventory, affecting the efficiency
and cost control of the supply chain.

1.2 Importance of Collaborative Replenishment

Collaborative replenishment refers to the process of making replenishment decisions within the entire supply chain scope,
realizing the collaborative replenishment among various nodes of the supply chain through information sharing, collabo-
rative planning, and unified decision-making, so as to improve the efficiency and service level of the supply chain. The
importance of collaborative replenishment is mainly reflected in the following aspects:

Firstly, collaborative replenishment can reduce inventory levels. By sharing information and engaging in collaborative
planning, it is possible to more accurately understand market demand and inventory status, thus avoiding excessive inven-
tory accumulation and lowering inventory costs.

Secondly, collaborative replenishment can improve the order response speed. Through collaborative replenishment, real-
time transmission of order information and timely response can be realized, shortening the replenishment cycle, improving
the order response speed, and enhancing the flexibility and rapid response ability of the supply chain.

Finally, collaborative replenishment can optimize resource allocation. Through unified replenishment decisions and col-
laborative planning, it is possible to optimize resource allocation, avoiding waste of resources and repeated investment,
and improving the resource utilization efficiency of the supply chain.

1.3 Existing Problems and Challenges

Although collaborative replenishment has many advantages in theory, there are still some problems and challenges in
practical applications:

Firstly, there are obstacles to information sharing and system integration. Due to the different information systems of
various nodes and the inconsistent data formats, there are certain technical difficulties and costs in information sharing and
system integration, which limits the implementation of collaborative replenishment.

Secondly, the interest distribution and cooperation mechanisms are not perfect. Due to the existence of interest conflicts
and cooperation obstacles among various nodes, there is a lack of an effective interest distribution mechanism and cooper-
ation mechanism, resulting in the difficulty and complexity of collaborative replenishment.

Finally, risk management and security guarantees are insufficient. Collaborative replenishment involves data sharing
and information transmission among various nodes, and there are risks of information leakage and data security, requiring
strengthening risk management and security protection measures to protect the safe and stable operation of the supply chain.

2. Impact of Supply Chain Collaborative Management on Replenishment
2.1 Concept and Principles of Collaborative Management

Collaborative management refers to cooperation, information sharing, and resource sharing among various nodes in the
supply chain, realizing the overall optimization of the supply chain through collaborative planning and unified decision-
making. Its main principles include the following aspects:

Firstly, information sharing and transparency. Collaborative management achieves information sharing among various
nodes in the supply chain by establishing an information-sharing platform, enabling each node to timely understand the
situation of the entire supply chain, and improving the accuracy and reliability of decision-making.

Secondly, collaborative planning and unified decision-making. Collaborative management realizes the coordination and
consistency among various nodes in the supply chain through jointly formulating the planning and goals of the supply
chain and a unified decision-making mechanism, improving the synergy and comprehensive benefits of the supply chain.

Finally, collaborative performance evaluation and reward and punishment mechanisms. Collaborative management
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motivates the cooperation and joint efforts among various nodes by establishing a performance evaluation system and a reward
and punishment mechanism, promoting the continuous improvement and collaborative development of the supply chain.

2.2 Application of Collaborative Management in Replenishment

Collaborative management has important application value in replenishment and can achieve the following improvements
and optimizations:

Firstly, in terms of demand forecasting, collaborative management can improve forecasting accuracy by sharing market
information and demand forecasting models. Each node can share and integrate its own sales data and market demand
information to jointly conduct demand forecasting, thereby reducing forecasting errors and improving the accuracy and
timeliness of replenishment.

Secondly, in terms of replenishment strategies, collaborative management can avoid excessive inventory backlogs and
stockout risks through unified replenishment decisions and collaborative planning. Each node can jointly formulate replen-
ishment strategies and conduct unified scheduling according to the needs and resource status of the entire supply chain to
achieve the coordination of supply and demand and the optimization of resource allocation.

Finally, in terms of replenishment execution, collaborative management can improve the efficiency and on-time delivery
rate of replenishment through information sharing and collaborative collaboration. Each node can share replenishment
plans and order information, reducing information transmission delays and ensuring the timely execution of replenishment,
improving the agility and flexibility of the supply chain.

The application of collaborative management in replenishment can be explained and optimized through the following
mathematical models:

(1) Exponential Smoothing for Demand Forecasting

Forecasted Demand (t + 1) = a X Actual Demand (t) + (1 — ) X Forecasted Demand (t)

Where (a) is the smoothing constant, between 0 and 1. This method enables nodes to share historical demand data and
achieve more accurate demand forecasting.
(2) Economic Order Quantity (EOQ) Model
EOQ = V(2DS/H)

Where (D) is the annual demand, (S) is the fixed cost per order, and (H) is the holding cost. Through this formula, each
node in the supply chain can optimize its individual order quantities to minimize total costs.
(3) Reorder Point (ROP) Model
ROP = dxL

Where (d) is the daily demand, and (L) is the replenishment cycle or lead time. This model helps to determine when to
reorder to ensure smooth operations across the supply chain.

These specific mathematical models not only improve efficiency and accuracy in replenishment but also aid in achieving
cost optimization and service level improvements across the entire supply chain.

2.3 Benefits and Limitations of Collaborative Management

Collaborative management brings a series of benefits and advantages in replenishment, but there are also some limitations:

Firstly, collaborative management can improve the accuracy and reliability of replenishment, reduce the risk of inventory
shortage, and improve the service level and customer satisfaction of the supply chain.

Secondly, collaborative management can achieve resource optimization allocation, reduce duplicate investment and re-
source waste, and lower the cost of the supply chain.

Finally, collaborative management can improve the response speed and flexibility of the supply chain, enhancing the
anti-risk ability and market competitiveness of the supply chain.

However, collaborative management also faces some limitations, such as the difficulty in information sharing, coopera-
tion obstacles, and interest distribution issues. At the same time, collaborative management requires the establishment of a
sound system and mechanism, and the active participation and support of various nodes to achieve its maximum benefits

[1].
3 Impact of Demand Forecast on Replenishment Decision-Making
3.1 Demand Forecasting Methods and Their Applicability

Demand forecasting refers to predicting future demand through historical data, market analysis, and other information.
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Common demand forecasting methods include time series analysis, regression analysis, market research, and expert judg-
ment. Different demand forecasting methods are suitable for different situations and need to be selected based on the
specific product characteristics, market environment, and forecasting time span.

Time series analysis is suitable for demand data with regularity and periodicity, such as seasonal products; regression
analysis is suitable for analyzing the degree of influence of multiple factors on demand; It primarily considers the trend of
demand changes over time, which can be expressed as:

Ytth+St+Ct+Et

where (Y_t) is the demand at time (t), (T_t) represents the trend component, (S_t) indicates the seasonal component, (C_t)
denotes the cyclic component, and (E_t) is the random or irregular component.

market research can obtain more objective market demand information; expert judgment combines professional
knowledge and experience for judgment. It is achieved by establishing a relationship model between one or more inde-
pendent variables ((X_n)) and the dependent variable ((Y)), which can be expressed as:

Y =0+ B1Xs+P2Xo+ -+ PnXnt €

where (Bo,B1,...,Bn)are the regression coefficients and (g) is the error term.
Selecting the appropriate demand forecasting method can improve the accuracy and efficiency of replenishment deci-
sions, helping enterprises better grasp market demand dynamics and avoid inventory backlogs or stockouts.

3.2 Impact of Forecasting Accuracy on Replenishment Efficiency

Forecasting accuracy has a direct impact on replenishment efficiency. If the demand forecast is highly accurate, replenish-
ment plans can be made more precisely, avoiding excessive inventory backlogs or stockout risks. Accurate demand fore-
casting can help enterprises rationally plan the quantity, time, and frequency of replenishment to ensure the timely supply
of products and reduce inventory costs and capital occupation.

In actual operation, improving forecasting accuracy requires relying on effective data analysis and model establishment,
combined with comprehensive consideration of market trends and internal and external influencing factors. At the same
time, it is also necessary to continuously optimize and adjust the forecasting model, and make corrections and improve-
ments based on actual conditions to ensure the accuracy and reliability of the forecasting results.

The Mean Absolute Error (MAE) can measure the accuracy of predictions, with the calculation formula as follows:

MAE = (ly1 = 91l + [y2 = 92/ + =+ |[ya = Jul)/n

The Mean Squared Error (MSE) is also an important metric for assessing the accuracy of predictions, with the calculation
formula as follows:

MSE = ((y1 —91)° + (2 = 92)* + =+ (ya — Jn)*)/n
3.3 Challenges of Demand Volatility to the Replenishment Plan

Demand volatility refers to the significant changes in market demand within a certain period. High demand volatility poses
challenges to the replenishment plan, easily leading to inventory surplus or shortage.

In the face of high demand volatility, enterprises need to develop more flexible replenishment plans that can quickly re-
spond to market changes. This includes establishing a dynamic replenishment strategy, strengthening information sharing
and collaborative management, real-time monitoring of market demand changes, and timely adjusting the replenishment
plan.

In addition, enterprises can also alleviate the impact of demand volatility by establishing a diversified inventory strategy,
such as safety stock, preventive stock, and supplementary stock, to ensure the stability and flexibility of product supply.
Considering the market demand situation comprehensively and using the appropriate replenishment strategy can better
address the challenges posed by demand volatility and improve the efficiency and responsiveness of the supply chain [2].

Safety stock can be calculated using the formula:

Safety Stock = Z x 0 X VL

where (Z) is the demand variability coefficient, (o) is the standard deviation of demand, and (L) represents the lead time
for replenishment.
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4. Optimization of Replenishment Strategies and Implementation Suggestions
4.1 Exploration of New Replenishment Models

With the continuous development of information technology and supply chain management concepts, new replenishment
models have emerged. Among them, a relatively common one is the "Just-in-Time" (JIT) model, which emphasizes on-
demand production and supply. In addition, there is an intelligent replenishment model based on the Internet of Things and
big data analysis, which realizes more accurate replenishment decisions by real-time monitoring of inventory, market de-
mand, and supply chain conditions [3].

When exploring new replenishment models, enterprises need to consider factors such as product characteristics, market
demand, supply chain costs, and risk tolerance, and choose a replenishment model that suits their own situation. At the
same time, the application of information technology is combined to improve the accuracy and efficiency of replenishment
decisions, which is conducive to reducing inventory costs, shortening lead times, and improving customer satisfaction.

4.2 Data-Driven Replenishment Decision-Making

Data-driven replenishment decision-making refers to formulating replenishment strategies based on big data and advanced
analytics techniques. By conducting an in-depth analysis of various data such as historical sales data, market demand trends,
and seasonal changes, it is possible to more accurately grasp market demand and inventory conditions at each link, thereby
formulating more precise and effective replenishment plans.

When implementing data-driven replenishment decision-making, enterprises need to do a good job in data collection,
cleaning, and analysis, and establish a reasonable prediction model and decision-making mechanism. At the same time, it
is also necessary to continuously optimize and calibrate the model to ensure the accuracy and timeliness of the decision
[4].

A real-life example is a well-known electronic product enterprise that adopts data-driven replenishment decision-making.
They use big data analytics technology to real-time monitor the sales situation, inventory level, and consumer feedback
information of products in various regions. When the enterprise discovers an upward trend in the sales of a certain electronic
product in a certain region, the system will immediately analyze factors such as the historical sales data and market demand
changes of the product, predict the demand for the next period of time, and combine the current inventory situation to auto-
matically generate a replenishment order. At the same time, the enterprise will also continuously adjust the prediction model
and replenishment plan based on the actual sales situation to ensure that the product is always adequately supplied without
causing excessive inventory backlogs. This not only improves customer satisfaction but also reduces operating costs.

4.3 Path and Obstacles of Cross-Organizational Collaborative Replenishment

Cross-organizational collaborative replenishment involves information sharing, resource coordination, and decision-mak-
ing coordination among various supply chain links. The paths include establishing a unified information platform, sharing
data and information, formulating collaborative planning, and making unified decisions. However, the implementation of
cross-organizational collaborative replenishment also faces some obstacles, such as poor information sharing, conflicts of
interest, and system compatibility. To overcome these obstacles, enterprises can take a series of measures, such as strength-
ening communication and coordination, clarifying responsibilities and benefit distribution, and establishing a win-win co-
operation mechanism, to promote the smooth implementation of cross-organizational collaborative replenishment. In ad-
dition, investing in information technology infrastructure and system integration to make cross-organizational collaboration
more smooth and efficient [5].

5. Conclusion

Through the research on the collaborative replenishment of the prefabricated supply chain of electronic products, we found
that the current replenishment mechanism has certain problems and challenges in the aspect of collaborative replenishment,
but there is also a lot of room for improvement. Collaborative management, demand forecasting, and replenishment strategy
optimization will be the keys to solving these problems. In the future, we expect to be able to provide more effective
solutions for the supply chain management of the electronic product industry through in-depth research and practice and
promote the further healthy development of the industry.
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