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Abstract. Fresh produce superstores face many challenges as an important part of the livelihood
industry. The short freshness period and variable quality make their daily sales efficiency crucial. A
simple, efficient and applicable decision model for supermarkets is beneficial to further promote the
healthy and sustainable development of the fresh food market and the overall livelihood industry. In
order to predict the daily replenishment and pricing strategy of each vegetable category in the coming
week, the key lies in analyzing the supermarket's historical data. Since the sales volume shows
strong cyclical fluctuations, the time series model ARIMA is chosen for this purpose to observe the
model training and predict the pricing of different categories of products in the next 7 days. Due to
the cost-plus pricing mechanism of the superstore, after processing the data, we selected simple
linear regression model, multiple linear regression model and nonlinear regression model to fit the
data, and opted for multiple linear regression to get the sales volume on the cost-plus pricing of the
fitting formula, taking into account the discount rate of the different types of vegetables, we corrected
the sales volume of the six types of vegetables, and ultimately obtained the superstore's daily
replenishment and pricing strategy for the next seven days.
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1. Introduction

Fresh food superstores, as the core of the livelihood industry, have numerous operational
challenges. The short freshness period and volatile character require superstores to maintain an
efficient daily sales and stocking rhythm. Meanwhile, replenishment decisions are complicated by
the fact that superstores' decisions are often made during nighttime stocking hours, when information
about varieties and categories of vegetables and prices is not always clear. At the same time,
merchants need to weigh "cost-plus pricing" strategies and choose the most attractive mix of products
within a limited space to meet the changing needs of consumers. Gross daily profit and cost of sales
are the primary considerations for fresh food superstores, which often offer discounts on damaged or
poor-quality items to boost sales. However, due to the complex historical sales data of unknown
product categories and prices, merchants are faced with the problem of how to make appropriate
replenishment decisions, the traditional "trial and error” method is very costly, and it is difficult to
maintain the long-term operation of the livelihood of the industry [1].

Therefore, fresh food superstores need to consider a variety of factors in the business process to
ensure that the sales strategy not only meets the needs of consumers, but also ensures the profitability
of the business, in order to realize the healthy and high-quality development of the fresh food market
and the overall livelihood of the industry [2].

2. Supermarkets’ daily replenishment and pricing strategies for the coming
week

First, the historical sales data were analyzed, and the relationship between the total sales volume
and the unit price of vegetable categories was fitted by establishing a regression model. For judging
the goodness of the model fitting, we adopted a total of three models, namely, simple linear regression
model, polynomial regression model and nonlinear regression model, which were selected on the
basis of their merits, respectively.
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At the same time, we adopted the time series analysis model ARIMA to optimally forecast the
prices of different categories of vegetables for the next seven days. The fitting function of sales
volume and unit price was utilized to predict the unit price and hence the sales volume of the product
for the next 7 days. At the same time, the discount rate of different individual products is used to get
the average discount rate of different categories of vegetables, and the daily replenishment is obtained
by using the number of discounts and the number of sales to get the daily replenishment, so that the
daily replenishment and pricing strategy for the week of the superstore for the next 7 days is obtained.

2.1. Fit models
2.1.1 One-dimensional linear regression model
Suppose there is such a relationship between x and y:
y=ax;+b Q)
Where ¥, is the predicted value and the difference between the predicted value and the actual

value, is the residual, i.e.:
error =y — y (2)

The sum of squares of the residuals is:
SSE = ¥ty i = 9)? = Xty [y — (ax; + D)J? (©)

For the evaluation of the model, we want to get a prediction that is as small as possible and close
to the actual value, that is, the smaller the residuals, the better. When we get a matrix A[a,b] with the
smallest sum of squared residuals, we can consider that we have found the simple linear regression
model with the best prediction to some extent.

2.1.2 Multiple linear regression model
The multinomial ground regression model is as follows:
Vi = Bo + Buxi + Boxf + o+ Bpxt + (0 = 1,2,...,0) 4)

It can be represented by the design matrix X, the response vector y, the vector parameter E and
the random error vector € . X and y inrow i are the values of x and y for the ith data sample. The
model can then be written as a system of linear equations.

Y1 1 x; X « xP1Bo €1
Y2 1 x, x5 .. xP [Bl} €
Ys[=11 x5 x% .. xJ|[Bz]+]|%s (5)

ly,.]
When using a pure matrix representation, write it as:
y=XB+E (6)
The vector of estimated polynomial regression coefficients is:

1 X, X2 x;r{’ Bm lan

B =XTX)TXTY W)

Assuming that m < n is necessary for the matrix to be invertible, then since X is a van der
Merwe matrix, the invertibility condition is guaranteed to hold if all x; values are different, which
is the only least squares solution.

Significance test of linear relationship: The F-test can be used to test the significance of linear
relationship for multiple linear regression equations. For multiple linear regression equations, the
number of independent variables n=k, when the F value is larger indicates that the linear relationship
is more significant, and vice versa the less significant.

1021



Highlights in Business, Economics and Management GEFHR 2023
Volume 21 (2023)

Significance test of regression parameters: t-test can be used to test the significance of regression
parameters of multiple linear regression equation. For the multiple linear regression equation, the
number of independent variables is n, respectively, n regression parameters t-test, respectively, test
whether each regression parameter has a significant effect on the regression equation.

2.1.3 Nonlinear regression model

Nonlinear regression is a form of regression analysis in which the observed data are modeled by a
function that is a nonlinear combination of model parameters and depends on one or more
independent variables. The data are fitted by means of successive approximations [3].

The underlying assumption of this process is that the model can be approximated by a linear
function, i.e., a first-order Taylor series:

fGuB) = f(x, 0) + X5 JijB; (8)

Where J;; = af;’;‘;ﬁ), the resulting least squares estimator is given by the following equation.

B~U"NY"y 9)

Calculate the nonlinear regression statistic and use it as a linear regression statistic, but use J
instead of X in the equation. linear approximation introduces bias into the statistic. Therefore, more
care than usual is needed in interpreting statistics obtained from nonlinear models.

By comparing the correlation coefficients of the three regression models for each category of
vegetables: one-way linear regression, polynomial regression, and nonlinear regression, we can
obtain the optimal regression model for each category of vegetables (as shown in Table 1) in order to
improve the accuracy of the predictions.

Through the above analysis, we can get the optimal regression model for each category of
vegetables. This will provide reliable sales prediction results for superstores, which will help in
supply chain management and pricing decisions. Since different categories of vegetables have
different sales characteristics, the optimal regression model can be used to predict their sales trends
more accurately. Supermarkets can make personalized forecasts and decisions based on the optimal
models for different categories to improve operational efficiency and market competitiveness.

Table 1. Regression equations for different categories

Regression equation
Philodendron Y=-2.29901*X"3+42.3073*X"2-258.70843*X"1+691.37341
Cauliflower Y=-0.00274*X"3+-0.53358*X"2+8.91711*X"1+9.94957
Aquatic rhizomes Y=-0.08896*X"3 + 2.73638*X"2-31.69253*X"1 + 164.44108
Eggplant Y=0.11516*X"3 + -2.93300*X"2 + 21.37573*X"1 + -19.86860
Capsicum Y=0.02319*X"3 + 0.32323*X"2-17.04740*X"1+176.90556
Edible fungi Y=0.05951*X"3-2.23532*X"\2+ 21.40945*X"1 + 10.66161

2.2. Predictive model

In this paper, a time series model is used to forecast different categories of vegetables for the next
7 days. The main principles of time series modeling are as follows. Time series modeling is a
specialized approach to processing and forecasting data over time. This analysis examines the patterns,
trends, and periodicity of the data, as well as other key factors affecting sales such as trends,
seasonality, cyclicality, and irregular components. The ARIMA model predicts the future based on
historical information about the data and assumes that the data at a point in time is not only influenced
by its history but also by chance events. The model further assumes that the data fluctuates around a
broad trend that is likely to change. The ARMA model belongs to one of the time series analyses [4].
Mathematical expressions for AR and MA models:

AR:Yy =c+ @i+ @Y+t oY p + &

MA: Yt = U + € + 91€t_1 + 926t_2 + -4 9q€t_q (10)
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The ARMA(p,q) model contains p autoregressive terms and g moving average terms, and the
ARMA(p,q) model can be expressed as when the difference is not considered:

Xt =C+ Et + Z?=1 (piXt_i + Zj—l=1 gjet_j (11)
The equation of the ARIMA model when considering differencing can be expressed as:
Yt =c+ (plyt—l + (szt_z + -4+ (ppyt_p + 916t_1 + gzet_z + -+ Hq(-'t_q + Et (12)

Inthis equation: Y; isthe time series data we are considering. ¢; through ¢, are the parameters
of the AR model, 6, through 6, are the parameters of the MA model, €, is the error term, and ¢
is a constant term. p and q are the autoregressive and moving average orders of the model; and X; is
a smooth, normal, zero-mean time series.

The first step is to test whether the time series is smooth or not. Through observation, we find that
only aquatic root vegetables have a significance P-value of 0.139 when the difference is divided into
Oth order, which is not significant and therefore the original hypothesis cannot be rejected, i.e., the
series is an unsteady time series. Whereas, the significance P-value of the other categories of
vegetable series at difference of order 0, 1 and 2 is less than 0.05, which is significant and hence the
original hypothesis can be rejected, i.e., these series are smooth time series.

The results of these analyses provide important reference information for the superstores. For most
categories of vegetables are stable in time, superstores can make operational decisions with more
confidence.

By comparing the predicted and true selling prices, we find that the predicted and true values are
very close in most cases. This shows that our prediction model has a good ability to predict the sales
trend and price change of these vegetable categories. The predicted pricing of each category of
vegetables for the next seven days can also be obtained.

2.3. Fitting the Call Prediction Model

By using the time series model ARIMA, the projected pricing for each type of product for the next
7 days is predicted, and the optimal fitting model is selected for different categories of products,
which is brought into the projected pricing to arrive at the daily sales volume for different categories.

Considering the problem of the attrition rate of the goods, so the predicted daily replenishment =
sales * (1 + attrition rate); so far, we get the daily replenishment and pricing strategy for the coming
week as shown in Table 2.

Table 2. Daily replenishment and pricing for different categories for the coming week

Philodendron Daily reple_nishment 4422 46.04 4755 48.87 49.94 50.80 51.45
Pricing 1126 1085 1046 10.06 9.67 9.28 8.89

Cauliflower Daily rep_le:nishment 186.60 188.91 191.66 195.28 199.68 204.62 210.76
Pricing 4.84 4.67 451 4.34 4.17 4.01 3.84

Aquatic rhizomes Daily reple_nishment 251 3.64 7.77 8.18 1252 16.35 19.75
Pricing 16.01 1561 1516 1470 1424 1377 1331

Eggplant Daily reple_nishment 21.09 1999 1890 1786 1691 16.06 15.33
Pricing 8.77 9.06 9.37 9.67 9.98 10.29  10.59

Capsicum Daily reple_nishment 8596 86.82 88.08 89.47 9092 9242 93.95
Pricing 7.28 7.19 7.06 6.92 6.78 6.64 6.49

Edible fungi Daily rep_lgnishment 33.17 2996 2541 2181 2005 20.66 24.08
Pricing 1482 1537 1628 17.29 1831 19.35 20.38

3. Summary

In this paper, in the fitting model, we consider the wear and tear of the vegetable merchant and the
discounted goods and finally adopt the optimal fitting model - the nonlinear regression model, the
decision boundary in the training process is easy to practice and understand the advantages.
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At the same time, this paper takes the time series model to analyze the historical data while using
the time series model to recognize the continuity of the development of things, you can use the past
data to speculate on the development trend of things, the time series model has a simple and easy to
use, easy to grasp, can make full use of the data of the original time series, the calculation speed is
fast, the ability to dynamically determine the parameters of the model, and the accuracy of the
advantages of a better. be integrated with multiple time series models (such as ARIMA, Prophet, etc.)
or integrated w

The time series analysis can ith the prediction results of multiple machine learning models (such
as Random Forest, XG-Boost, etc.). This can make full use of the advantages of each model and
improve the accuracy and stability of the overall prediction.

Fusion of data from other related fields can also be considered. For example, weather data,
population movement data, competitor data, etc. Fusing and analyzing these data with the superstore’s
sales data can reveal some hidden correlations and influencing factors, further improving prediction
accuracy [5].
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