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Abstract

Amidst the rapid technological iteration in the photovoltaic industry, crystalline silicon wafer en-
terprises face dual challenges of high cost volatility and intensifying market competition. To opti-
mize production and sales strategies, this paper proposes an integrated decision-support frame-
work combining profit accounting, trend prediction, and decision optimization, utilizing historical
data from four types of silicon wafers. First, through Z-score standardization and linear regression
analysis, sales revenue and variable production costs are identified as the primary drivers of prof-
itability (coefficients of 0.919 and -1.238, respectively), forming the basis of a high-precision
monthly profit model. Secondly, the sales volume, selling price, and cost of monocrystalline square
rods in September 2024 were predicted using the ARIMA time series model. Results indicate a
downward price trend for N-type wafers, contrasted with a potential rebound in sales volume. Sub-
sequently, a nonlinear programming model targeting profit maximization is constructed and solved
via the trust-constr algorithm. The optimal production plan is projected to increase expected oper-
ating profit (pre-tax) by approximately 163% compared to the historical average. Finally, an intel-
ligent decision-making paradigm integrating Random Forest Regression with Large Language Mod-
els (LLM) is introduced. By leveraging LLMs for logical reasoning on cleaned data, this approach
provides adaptive, qualitative strategic insights. This study validates the efficacy of mathematical
modeling in enterprise management and offers a novel pathway for the digital transformation of
the photovoltaic sector.
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Table 1. Linear regression analysis results of financial indicators on net profit

F* 1 BV SRR HESFRNZE M RESER

25 & (Independent Variables) ] 9 £ %% (Regression Coefficient) i 2 1 (Significance)
4105\ (Sales Revenue) 0.919 High
HE P AR A (Variable Production Cost) -1.238 High
HE P70 3L R A (Common Production Overhead) -0.013 Low
AT A (Labor Cost) -0.031 Low
Fr 1544 %% I (Income Tax Expense) 0.141 Medium

¥E: High #R8 p<0.01, Medium %75 p <0.05, Low 7R p>0.05 (LA SPSS %t AHE).
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Figure 1. Linear regression path analysis of financial indicators on net profit
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Figure 2. Comparison and verification between model calculation results and actual financial data
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Table 2. Contribution profit and share of each product (Sales-Variable cost)

2. B mITEFE(GHER - TEIRA) R L

77 iR A TT) AR LA (ST TT) SRR (73 7T) 5 H (%)
N#Y-182 1337.50 879.45 458.05 58.1%
NZ%!-210-210 716.34 665.54 50.81 6.5%
NZ%!-210-182 1146.23 922.10 224.13 28.4%
P 1159.59 1104.75 54.84 7.0%
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Figure 3. Contribution profit share (Left) and cost structure analysis (Right) of each product
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Table 3. Profit and profit contribution after allocating fixed cost

= 3. PR E A RRY e O R FE R FESTERER
i ESE WEB(HL)  BHRACIIT)  aWEERACTT) AECGT) FEETTEER (%)

NZY-182 1337.50 879.45 104.66 353.40 95.72%
N#4-210-210 716.34 665.54 104.66 —53.85 —14.59%
N#4-210-182 1146.23 922.10 104.66 119.47 32.36%

P&y 1159.59 1104.75 104.66 —49.82 —13.49%
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Figure 4. ARIMA prediction results for sales, price, and cost of N-Type 182 wafers
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Figure 5. ARIMA prediction results for key indicators of N-type 210 series wafers
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Figure 6. ARIMA prediction results for key indicators of P-type wafers
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Table 4. Optimal production and sales strategy suggestions for September 2024 (with price constraints)
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Figure 7. Comparison between historical monthly profits and expected profits from optimization model
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Table 5. Sensitivity analysis of operating profit to joint shifts of ARIMA price intervals
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Figure 8. Comparison trends of product sales, price, and cost from Jan. to Aug. (Including actual and predicted values)
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