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Abstract
Procedural shading has proven to be an indispensable tool for pro-
viding photorealistic, photosurrealistic, and artistic effects in com-
puter generated animations. However, due to its computational cost,
the time to produce a single frame is measured in hours or days. In
this paper we introduce shadermaps, a new method for accelerating
procedural shading which exploits inter-frame coherence to signif-
icantly reduce rendering times of animations.

1 Introduction
Procedural shading has become an indispensable tool for producing
expressive and compelling computer generated animations. Proce-
dural shading’s primary bene�t is its �e xiblity, since shaders, pro-
cedures that calculate the appearance of objects in a scene, can be
arbitrary complex in their actions. This �e xibility has its price,
however. It can take hours or days to render a single frame for a
studio animation.

Shadermapsare a new method for accelerating procedural shad-
ing, driven by two observations. First, objects tend to have intrin-
sic appearancesthat are consistent from frame to frame, or static.
Second, the intrinsic appearance of an object is usually responsi-
ble for most of its visual complexity and its rendering cost. Sha-
dermaps accelerate procedural shaders by taking advantage of this
static complexity. Shader computations are separated into static and
dynamic phases, and the output of the static phase is stored and
reused from frame to frame. In typical animations, shadermaps can
signi�cantly reduce the cost of procedural shading.

2 Related Work
An early form of procedural shading appears in [15], where the
shading code for the renderer can be rewritten to extend the built-in
functionality. [27] introduces a more formal approach by de�ning
a shader dispatch table with built-in shaders; their testbed permits
custom shaders to be written, added to the dispatch table, and in-
voked by the renderer. [27] also develops the notion of deferred
shading, where shading parameters are scan converted, stored, and
used by a later shading pass. [4] converts simple expressions rep-
resenting shading computations into a parse tree which is then in-
terpreted by the renderer. [4] was the �rst to organize the shading
computations into light, surface, and atmospheric shaders; he also
introduced the term appearance parameters, referring to those pa-
rameters that can affect a shading computation. [21] extends [4]
with his Pixel Stream Editor, permitting a full procedural language
to be used to express a shading computation. [10] combines the
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best concepts from [4] and [21] with additional features to de�ne
the RenderMan Shading Language [26], the premier shading lan-
guage in use today. [5, 7, 11, 22] provide hardware support for sim-
pli�ed forms of procedural shading. PixelFlow [19] implements a
full procedural shading language in hardware, but limited per-pixel
memory restricts shader complexity.

[8] describes a limited method for accelerating procedural shad-
ing. Their technique caches non-varying computations of a shader
in screen space and permits a single appearance parameter to
change, re�ecting this change interactively. Because the scene must
be rendered prior to the interactive stage, many image properties
such as the eyepoint and the positions and orientations of objects
cannot be altered.

Numerous techniques exist that manipulate data stored in texture
maps to enable more �e xible shading models. Examples of such
techniques range from environment maps [2] and bump maps [3] to
the more recent work on a parameter-space shading method that op-
erates at interactive rates [18], an abstract programmable model for
multi-texturing [16], and a sample based BRDF representation per-
mitting physically accurate re�ection models for local illumination
[12]. Similar to shadermaps, [18] includes on-the-�y generation
of data in a mipmap, but for a �x ed, much more limited shading
calculation.

Finally, shadermaps require high quality anisotropic �ltering as
described in [13, 17, 24].

3 Shadermaps
3.1 Background
Shaders1 model the interaction of light with an in�nitesimal area
on a surface. The shader is evaluated for a point on the surface and
generates the visible color of that point viewed from a particular
direction. The sources of input to a shader, known as appearance
parameters, include local surface properties and lighting and view-
ing conditions. The local surface properties might include the color,
normal, and È¹É�Ê·Ë*Ì parameterization of the point where the shader
is being evaluated. Lighting conditions include the directions from
which the surface is lit, and with what intensity. The viewing condi-
tions provide other information about the scene, such as the current
eyepoint. Shaders also have instancevariables, constants assigned
when the shader is created and bound to a surface, which allow
multiple behaviors from a single source description. For example,
an instance variable can be used to adjust the spacing of features on
a surface.

1There are three primary types of shaders in most procedural shading
systems: surface, light, and atmospheric. We use �shader� to mean surface
shader, though shadermaps can be applied to other types of shaders as well.


