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ABSTRACT

Advances in Computer Graphics have led to creation of sophisticated scenes with
realistic characters and fascinating effects. As a consequence, the computational com-
plexity of graphics applications has also increased tremendously. With increasing interest
in sophisticated graphics capabilities in mobile systems, energy consumption of graphics
hardware is becoming a major design concern in addition to the traditional performance
enhancement criteria. This motivates us to focus on designing low power graphics pro-
cessors for mobile devices. We present the first comprehensive power optimization work
targetting the computer graphics rendering pipeline. The power minimization is targetted
at different levels of abstraction: component level, compiler level, and full system level.

The main contributions of this thesis are the following:
e A custom memory architecture for low power texture memory sub-system.

e A code optimization technique that reduces the computational complexity and

hence the power consumption of the geometry engine.

e System level power optimization by Dynamic Voltage and Frequency Scaling for

tiled graphics processors.

Among the different steps in the graphics processing pipeline, we observe that mem-
ory accesses during texture mapping — a highly memory intensive phase — contributes
30-40% of the energy consumed in typical embedded graphics processors. This makes
the texture mapping subsystem an attractive candidate for energy optimization. We
argue that a standard cache hierarchy, commonly used by researchers and commercial
graphics processors for texture mapping, is wasteful of energy, and propose the Terture
Filter Memory, an energy efficient architecture that exploits locality and the relatively
high degree of predictability in texture memory access patterns. Our architecture con-
sumes 75% lesser energy for texturing in a fixed function pipeline and about 85% lesser
energy in a parallel rasterization hardware. It also achieves 7% more hits than a parti-
tioned cache generally used for multitexturing. Interestingly our proposed architecture
also achieves higher performance than conventional texture mapping hardware. We also
demonstrate that introduction of these filter buffers help greatly in reducing the leakage

power consumption of the texture memory sub-system. Our proposed drowsy texture L1



with predictive wake-up helps in achieving 80% leakage power savings at the cost of less
than 1% performance loss.

We have observed that the geometry engine also contributes significantly towards the
total power consumption in modern games. This is because the creation of scenes with
increasing levels of detail is resulting in escalating the amount of geometry per frame,
making the performance of the geometry engine one of the computationally intensive
stages of the pipeline. In this thesis we propose a mechanism to reduce the amount of
computation in the geometry engine, thereby reducing the power consumption of the
geometry engine and at the same time speeding up the geometry processing. This is
achieved by partitioning the vertex shader into position-variant and position-invariant
parts and executing the position-invariant part of the shader only on those triangles
that pass the trivial reject test. Our main contributions here are : (i) a partitioning
algorithm that attempts to minimize the duplication of code between the two partitions
of the shader and (ii) an adaptive mechanism to enable the vertex shader partitioning
so as to minimize the overhead incurred due to thread-setup of the second stage of the
shader. From the results we observe a saving of upto 50% of vertex shader instructions
and hence a speed-up of upto 15%. Due to significant savings on number of vertex shader
instructions, we can expect attractive saving on power consumed by the geometry engine.

From the study of various modern games we observe that the workload varies sig-
nificantly with time and hence can benefit from dynamic voltage and frequency scaling
(DVFS) which saves the system level power consumption of the GPU. Since visual quality
of graphics applications is highly dependent on the rate at which frames are processed, it
is important to devise a DVF'S scheme that minimizes deadline misses due to inaccuracies
in workload prediction. We demonstrate that tiled-graphics renderers exhibit substantial
advantages over immediate-mode renderers in obtaining access to frame parameters that
help in enhancing the workload estimation accuracy. We also show that, operating at a
finer granularity of “tiles” as opposed to “frames” allows early detection and corrective
action in case of a mis-prediction. We propose an accurate workload estimation tech-
nique and two DVFS schemes namely (i) tile-history based DVFS and (ii) tile-rank based
DVEFS for tiled-rendering architectures. The proposed schemes are demonstrated to be
more efficient in terms of power and performance than the frame level DVFS schemes

proposed in recent literature. With a system with 8 DVFS levels, our tile-history based



DVFS scheme results in 60% improvement in quality (deadline misses) over the frame
history based DVFS schemes and gives 58% saving in energy. The more sophisticated
tile-rank based scheme achieves 75% improvement in quality over the frame history based
DVFS scheme and results in 58% saving in energy. We have also compared the efficiency
of the proposed tile-level DVFS schemes with frame-level schemes with increasing num-
ber of DVFS levels, and found that while the frame-level schemes suffer from increasing
deadline misses as the frequency levels increase, the impact on our tile-level schemes is
negligible. The energy per frame-rate for our scheme is the minimum, indicating that it

delivers the best performance-energy results.
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