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Ola Olsson, Markus Billeter and Ulf Assarsson
Chalmers University of Technology

Z

near far

Solid

S
ol
id

Trans-
parent

Trans-
parent

Z

near far

Solid

S
ol
id

Trans-
parent

Trans-
parent

Figure 1: Shot from the Crytek Sponza scene with semi-transparent bubbles added, lit by 1024 random lights. With 8x MSAA at 720p
resolution, Tiled Deferred runs at 53 FPS (without bubbles), Tiled Forward at 52 FPS and Clustered Forward at 161 FPS on a GTX 680. The
diagrams illustrate how transparent geometry affects clustered and tiled forward shading.

1 Abstract

We present details of Tiled and Clustered Forward Shading in
its application to rendering transparent geometry and using Multi
Sampling Anti Aliasing (MSAA). We detail how transparency and
MSAA is supported, and present performance results measured on
modern GPUs.

Previous techniques for handling large numbers of lights are usu-
ally based on deferred shading [Andersson 2009; Lauritzen 2010].
However, deferred shading techniques struggle with impractically
large frame buffers when MSAA is used, and make supporting
transparency difficult. In addition, deferred shading makes it more
difficult to support custom shaders on geometry.

Tiled Forward Shading is a new and highly practical approach to
real-time shading scenes with thousands of light sources, intro-
duced by Olsson and Assarsson in 2011 [2011]. Their results, mea-
sured on an GTX 280 GPU, indicated that tiled forward shading
was impractically slow. Performance on more recent GPUs has
improved considerably (approaching that of tiled deferred), which
opens up the possibility of using the technique to support trans-
parency and MSAA.

Clustered Shading further extends tiled shading by adding depth
partitioning [Olsson et al. 2012]. We show how Clustered Forward
Shading can be extended to support transparency efficiently.

Forward shading naturally supports both transparency and MSAA,
which has been shown in previous work. However, the performance
and implementation details have not previously been investigated.

We provide details on how to construct the light grid for use with
transparency. When the transparent geometry is considered, the
depth range optimization cannot be fully used. Instead, only a more
conventional hierarchical depth test can be used. The grid structure
can be built once, and quickly pruned to prepare a more efficient
instance for opaque geometry. However, as each transparent layer
must consider all the lights in the tile, performance does not scale
linearly with the depth complexity, but far worse (Figure 1, right).

To improve on this we extend clustered forward shading by con-
structing the grid using a pre-pass over all geometry (not just
opaque), and flagging clusters as a side effect. This allows us to
quickly find the unique clusters used. As clusters contain only space

around actual samples that need shading, efficiency is much better
(Figure 1, left).

For deferred shading a single 1080p, 16x MSAA, 16-bit float
RGBA buffer requires over 250Mb of memory. In addition, each
sample may need to be shaded individually, effectively running
shading at a per-sample frequency. For forward shading, no G-
Buffers are required and MSAA is trivially enabled.

A brief performance and memory comparison is shown in Figure 2,
showing that clustered forward outperforms tiled forward by more
than 2 times, and also outperforms tiled deferred, if MSAA is used.

0

100

200

300

400

500

#Samples/Pixel

Memory Use (Mb)

Figure 2: Left, performance for a view similar to Figure 1 (deferred
without bubbles). Right, memory use of deferred vs. forward at
720p, assuming 32-bit depth and color targets, and 3 × 64-bit G-
buffers.
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