Supplementary Material S2: The details of the regularized XGBoost algorithm 

A generic regularized XGBoost algorithm is designed as the following:
D=           (1) 

Input training set Eq. (1) with n examples and  is input features that have m features and then space of regression trees defined Eq. (2) with T leaves of the tree and weight of each leaf, q represents the index of each leaf; final summation of weights used to prediction  Eq. (3).


Minimize the regularized objective with prediction i-th  and in the t-th iteration Eq. (4).  is a differentiable convex loss function that measures the difference between the prediction  and the actual value , in additional term  is penalized the complexity of the model.


Then it used second-order approximation to quickly optimize the objective Eq. (5) and first-order gradient statistic on the loss function  Eq. (6).


Final regularization that used in XGBoost Eq. (7).
       (7)
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