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Cost Prediction and Optimization for Emergency Repair Services in Petrochemical
Enterprises Based on ABC-Machine Learning Integration: A Case Study of A Qilfield
Maintenance Center
Runze Gu
Zhongyuan Oilfield Ground Engineering Maintenance Center Planning and Finance Office
[Abstract] Aiming at the prominent problems of emergency maintenance services, including sudden service
demands, high operation costs, complex scheduling, extensive traditional cost accounting and inaccurate cost
forecasting, this paper takes Oilfield A as the research object. By integrating Activity—Based Costing , machine
learning and multi—objective optimization, a three—tier framework of "cost accounting — cost forecasting —
resource optimization" is constructed. Four operational centers are decomposed based on ABC theory, and a
four—dimensional accounting model covering service time, travel distance, staft skill level and material
consumption is established, with the mean absolute percentage error of cost calculation reaching 4.2%. Based on
a dataset consisting of 9,246 maintenance work orders and 20 characteristic variables, an XGBoost prediction
model is trained. The model achieves a MAPE of 7.8% and a coeflicient of determination (R?) of 0.878,
reducing forecasting errors by 76% compared with traditional empirical estimation methods. Predicted cost
values are embedded into the multi—objective optimization model, and an improved genetic algorithm is
adopted to solve the model. The 30—day simulation experiment shows that the overall operation cost is cut by
27.7%, emergency response time is shortened by 27.6%, and the resource utilization rate rises from 68% to 82%

(p < 0.001), with statistically significant optimization eftects.
[Key words] Machine Learning; XGBoost; Multi—objective Optimization; Genetic Algorithm; Cost Pre

diction.
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