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Figure 1: Our paper gives a novel compiler framework for smoothing programs. Here we show how our smoothing framework can be
applied to bandlimiting (antialiasing) procedural shader programs. In (a) is the ground truth result for a brick shader, estimated by using
1000 samples; (b) is the aliased result due to naively evaluating the original shader program; (c) is our result; (d) is the result of previous
work; and (e) is supersampling, chosen to use comparable run-time as our result. The L2 errors are reported in sRGB color space, with the
inset heatmap depicting per-pixel L2 error. Our result has significantly less error, noise, and aliasing than other approaches.
Abstract
We introduce a general method to approximate the convolution of a program with a Gaussian kernel. This results in the program
being smoothed. Our compiler framework models intermediate values in the program as random variables, by using mean and
variance statistics. We decompose the input program into atomic parts and relate the statistics of the different parts of the
smoothed program. We give several approximate smoothing rules that can be used for the parts of the program. These include
an improved variant of Dorn et al. [DBLW15], a novel adaptive Gaussian approximation, Monte Carlo sampling, and compactly
supported kernels. Our adaptive Gaussian approximation handles multivariate Gaussian distributed inputs, gives exact results
for a larger class of programs than previous work, and is accurate to the second order in the standard deviation of the kernel for
programs with certain analytic properties. Because each expression in the program can have multiple approximation choices, we
use a genetic search to automatically select the best approximations. We apply this framework to the problem of automatically
bandlimiting procedural shader programs. We evaluate our method on a variety of geometries and complex shaders, including
shaders with parallax mapping, animation, and spatially varying statistics. The resulting smoothed shader programs outperform
previous approaches both numerically and aesthetically.
CCS Concepts
•Software and its engineering → Compilers; •Computing methodologies → Rendering;

1. Introduction
In many contexts, functions that have aliasing or noise could
be viewed as undesirable. In this paper, we develop a general
compiler-driven machinery to approximately smooth arbitrary programs, and thereby suppress aliasing or noise. We then apply this
machinery to bandlimit procedural shader programs. In order to
motivate our approach concretely by an application, we first discuss how procedural shaders may be bandlimited, and then return
to our smoothing compiler.
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Procedural shaders are important in rendering systems, because
they can be used to flexibly specify material appearance in virtual
scenes [AMHH08]. In this work we focus on purely procedural
shaders that do not contain texture lookups or other references to
buffers. One visual error that can appear in procedural shaders is
aliasing. Aliasing artifacts occur when the sampling rate is below
the Nyquist limit [Cro77]. There are two more conventional approaches used to reduce such aliasing: supersampling and prefiltering. We discuss these before discussing our smoothing compiler.

