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Abstract: Tribology research is a synthetic subject involving mathematics, atomic and molecular physics, materials science
and many other fields. Integrated computational materials engineering (ICME), which integrates computational materials
science, design and manufacture into a whole system, is beneficial for solving complex tribological problems and
accelerating the development of advanced solid lubricants and optimization of preparation process. In this review, beginning
with the theory-driven paradigm, both the Prandtl-Tomlinson and Frenkel-Kontorova models are introduced. Applying these
theories, the latest progress in the authors' team on two-dimensional lubricants by utilizing atomic scale simulations is
summarized. From the perspective of data-driven machine learning, the logical methods and advantages of artificial
intelligence in materials tribological performance are presented by analysing the cases of lubricity and wear-resistance
properties. Based on the frames of developing materials paradigms, the applications of ICME in tribology are discussed,
paving a path for developing advanced and engineering lubricants.
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Fig.2 The research background of solid lubricants: (a~d) the applications of solid lubricants in astronautics, acronautics, magnetic
storage and accurate manufacture, (¢) the theoretical development stages for lubricants!
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Fig.3 The transformation mechanism between smooth and stick-slip for the Prandtl-Tomlinson (PT) model: (a) schematic diagram of
the one-dimensional (1D) PT model, (b) continuous slip, (¢) simple- and multijump stick-slip, (d) curve for the slid-friction force**!
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Fig.10 Machine learning (ML) studying the lubricity and wear of solid materials: (a) covariance matrix map representing the pairwise
correlations among the selected 2D materials and the maximum energy barrier values predicted by Bayesian modelling and transfer
learning techniques, (b) the friction forces of Al and MoS, evaluated by various ML models, (c) a hybrid convolution neural network
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volume of borosilicate glass and phosphate glass using the SVM algorithm[!%-101105107
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