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A 16-core Mobile GPU with Power-Aware
Approximation Techniques
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Power consumption is the most critical design consideration for mobile
Graphics Processing Units (GPUs). Due to its parallel architecture for
processing tons of vertices and pixels, a mobile GPU drains significant
energy from battery. Intensive pixel shading dominates the power
dissipation of the graphics pipeline as the screen resolution grows.
Since pixel shading is responsible for producing lighting effects and
object surfaces texturing, it notoriously consumes computation efforts
and texture memory bandwidth. In this work, we propose a 130mW

16-core mobile GPU with three pixel approximation techniques.

The architecture of the proposed 16-core mobile GPU is mainly
composed of four shader clusters. Each shader cluster contains four
unified shader cores, a texture unit and a corresponding texture L1
cache. Therefore, there are sixteen concurrent active vector threads
operating in parallel for either vertex program or pixel program. Each
unified shader core adopts a four-channel SIMD (Single-Instruction-
Multiple-Data) processor architecture. The proposed Approximated
Precision Shader (APS) architecture is implemented in Shader Cluster
3. In addition, the proposed Approximated Texturing (AT) mechanism
is employed in each texture unit. Besides texture L1 cache, an extra
bias buffer is auxiliary for Approximated Texturing technique. A
texture L2 cache is included as well for reducing external texture
access bandwidth. Instruction and constant caches store vertex
instructions, pixel instructions and corresponding constant data. Pixel
varying buffers reside the rasterized pixel data. The data fetch unit is
responsible for filling the instruction, constant and vertex attribute
caches from accessing external memory. Raster engine includes a
triangle setup unit for computing coefficients of the plane equation,
and interpolation unit can interpolate pixel data on screen space. To
reach the maximum pixel throughput for our design, the interpolation
unit can generate sixteen sets of pixel varyings for shader cores at the
same time. At the end of the graphics pipeline, the ROP test unit takes
charge of the ROP tests. Task dispatcher schedules threads among
shader cores, and it realizes the proposed Scree-space Approximated

Lighting (SSAL) technique by coordinating these shader clusters, the

screen-space subdivision test unit in the raster engine and the screen-
space reconstruction unit in the ROP engine.
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Average PSNR can reach to 36 dB ~ 42 dB
Maximum processor power consumption can reduce 50% !



