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Professor Stone has done an admirable job in leading us through the difficult
mathematics needed to build a firmer theoretical framework around high-
dimensional nonparametric regression and density estimation techniques.
ANOVA decompositions of regression surfaces are no longer confined to the
case when the predictors are categorical; we can now play the same games
in function spaces. Gu and Wahba (1991) describe similar decompositions in
reproducing-kernel Hilbert spaces using tensor-product smoothing splines.

This comment moves us to the opposite boundary of the field and describes
some computational tools for expressing and fitting tensor-product spline mod-
els of this kind in the S language [Becker, Chambers and Wilks (1988)].

In S there is a formula language for expressing models, primarily aimed at
traditional ANOVA and linear models. For example, the formula ~ a % (b + c)
expands to ~ a+ b+ c +ab + a:c and expresses a model with main effects and
interactions. Typically the variables a,b and c are factors. The formula is con-
verted into a model matrix where the factors are coded via contrast matrices,
and their interactions as matrix tensor products of these. The contrast ma-
trix for a factor is a basis for representing the piecewise constant effect as a
function of its levels; this is the default behavior for factors, and in fact a de-
fault contrast coding is used. This notion is extended by allowing the following
in formulas: (i) variables representing matrices and (ii) expressions that are
calls to functions, which evaluate to matrices.

We now elaborate in the context of regression splines.

There are some primitive functions in S, for example, poly(x,...), bs(x,...)
and ns(x,...), for producing polynomial, B-spline and natural B-spline bases,
respectively. The function bs( ) (which we focus on here) has additional argu-
ments relating to knot placement and degree, and returns a matrix correspond-
ing to the specified B-spline basis evaluated at the values of x. For example,
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