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Introduction (1/3) 

• Unified shaders are used as vertex and pixel 
processing components of the entire processor, 
known as vertex shader and pixel shader.  

• PC graphics architecture: Shaders perform the vertex 
and pixel operations in parallel to maximize the 
throughput.  

• Mobile device: Due to limitations in silicon area and 
power consumption, each shader should produce 
sufficient processing capability within limited power 
consumption. 
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Introduction (2/3) 

• The speed of floating-point computation is one of 
the most important issues in determining overall 
performance of the 3-D graphics processor.  

• Motivations: 

• Maximize the parallel processing ability within 
limited silicon area 

• The overall performance and power of the 
processor can be determined by vertex 
transformation capability in vertex processing and 
power efficient texture operations in pixel 
processing. 
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Introduction (3/3) 

• An IEEE 754 compliant floating-point arithmetic unit 
for fast matrix multiplication is introduced. 

• Efficient scheduled shader communication system 
and configurable texture cache are proposed to 
reduce overall power consumption.  

• Performance: 

• 143 Mvertices/s and 2.3 Gtexels/s 

• OpenGL ES 2.0 
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Unified Shader Model (1/2) 
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Unified Shader Model (2/2) 

• Input vertex data are transformed and lighted 
by a vertex program. 

• After gathering these intermediate vertices, a 
fragment generator makes triangles by groups 
of three vertices and interpolates pixel colors 
inside the triangles.  

• Generated pixels are modified by texturing or 
blending in a pixel program. 
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Parallel Processing Levels 

• Vertex and pixel data level parallelism 
– Between a vertex and a vertex 
– Between a pixel and a pixel 

• Shader instruction level parallelism 
– Inside a vertex program 
– Inside a pixel program 

• Vertex and pixel task level parallelism 
– Between vertex and pixel programs 
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Unified Shader Architecture (1/3) 
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Unified Shader Architecture (2/3) 

• Two programmable unified shaders, a texture cache, 
a shader scheduler, a shader communication unit 
(SCU) and a host interface are main functional blocks 
of the processor. 

• A host interface unit fetches vertex and pixel data 
from external memory into a shader communication 
unit (SCU), and sends out the output data of shaders. 

• The SCU stores vertex and pixel data, and distributes 
them to two shaders by control signals from a 
scheduler.  
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Unified Shader Architecture (3/3) 

• Shaders execute geometry and rendering operations, 
and write back final results to the SCU. 

• The unified shader core is designed to perform both 
vertex program and pixel program. 

• The texture unit, by texture instructions, generates 
texture address, fetches texture data, and executes 
texture filtering operations.  

• Each shader has its own L1 texture cache, and shares 
an L2 texture cache. 
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Computing Resources for Parallel 
Processing (1/4) 
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Computing Resources for Parallel 
Processing (2/4) 

• Upper eight arithmetic logic units (ALUs) indicate one 
unified shader, and lower eight represent another 
shader. These two shaders operate asynchronously, 
and they communicate using SCU.  

• Each shader has two-way VLIW architecture, and 
each VLIW datapath is composed of two four-way 
SIMD datapath. 

• Since the graphics data are vector colors or vector 
positions, such as RGBA and XYZW, SIMD datapath 
receives these four scalar inputs at the same time for 
parallel processing. 
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Computing Resources for Parallel 
Processing (3/4) 

• The vertex and pixel register files (VPRF) are storage 
elements connected to SIMD datapath. 

• One VPRF has four separated thread registers, and 
they stores different vertex or pixel data. It means 
that four input data share one SIMD ALU at the same 
time. Since a SIMD ALU can process only one data at 
a time, we use a time-multiplexed method to process 
four input data.  

• Four data are processed by the single SIMD 
processor in an interleaved method. This is called 
multithreaded method [6]. 
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Computing Resources for Parallel 
Processing (4/4) 

• Multiple data are processed at the same time 
because there are no dependencies between series 
of four input data.  

• The parallelism of shader instructions is used in the 
synchronous two-way VLIW architecture.  

• Two asynchronous shaders can use the parallelism 
between vertex and pixel programs. Two shaders can 
perform independent tasks or same tasks 
simultaneously.  
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Processing Sequences (a) SIMD 
architecture (b) This work (1/2) 
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Processing Sequences (a) SIMD 
architecture (b) This work (2/2) 

• In the conventional SIMD architecture, shader 
instructions are performed sequentially, and only 
one vertex or pixel can be processed. 

• The proposed configuration, on the other hand, can 
handle eight input data and four programs in parallel. 
Using multithreaded architecture, since four data v1, 
v2, v3, v4 are processed in an interleaved order, it 
hides the latency of the long latency floating-point 
instructions. 
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Exploration of Optimal Datapath 
(1/2) 

• SIMD 

• Four-threaded 
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• Two-way VLIW 

• Two-cores 

 



Exploration of Optimal Datapath 
(2/2) 

• Two-way VLIW, two-shader system is more efficient 
in performance than four-way VLIW, one-shader 
system 
– the four-way VLIW architecture cannot fully utilize the 

instruction level parallelism.  
– The Table I in the Section IV shows that the only 42% 

datapath are used in the pixel operation. In the two-shader 
system, datapath can be almost fully utilized. 

• At the case of more divided shader which is a simply 
duplicated four SIMD shader system, the datapath 
utilization is saturated, and area and control 
overhead is increased. 
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Shader Communication Unit (1/4) 
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Shader Communication Unit (2/4) 

• The proposed SCU uses shared memory to provide 
efficient data transmission among shaders, and splits 
it into four banks. 

• Controlled by a scheduler to reduce power 
consumption 

• The SCU is composed of four-banked SRAMs and a 
switch network.  

• A scheduler for shader control is located in the 
switch network.  

• Two unified shaders can access the memory banks 
through the switch network. 
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Shader Communication Unit (3/4) 
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Shader Communication Unit (4/4) 

• In this system, the scheduling obeys the following 
rules.  

• The shader can access any bank if all banks are filled 
with either vertex or pixel. A vertex bank is marked 
by V, and a pixel bank is marked by P.  

• If some banks are filled with pixels, they have a 
higher priority to be accessed by the shader because 
the pixel output is the final results of operations. 
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Unified Shader Architecture 
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Proposed Floating-Point 4-D 
Vector Inner Product Unit (1/2) 
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Proposed Floating-Point 4-D 
Vector Inner Product Unit (2/2) 
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Configurable texture cache. (a) Overall 
architecture. (b) Cache management Circuit. (c) 

Bank selection by additional index fields 
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Configurable texture cache. (a) Overall 
architecture. (b) Cache management Circuit. (c) 

Bank selection by additional index fields 
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Comparison Results 
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Comparison Table 
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Chip Implementation 
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Measurement Results 
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Power breakdown 

Measured waveform by logic analyzer 



Conclusion 

• A 3-D graphics processor based on dual-core dual-
issue VLIW architecture and shader core optimization 
techniques is proposed.  

• To achieve both high performance and low power, 
we used four key approaches:  
– A two-core and two-issue system for high datapath 

utilization 
– An shader communication system for scalability and power 

reduction 
– An IEEE 754 compliant floating point (FP) arithmetic unit 

with reduced delay for fast matrix multiplication 
– A configurable texture cache to reduce the energy 

consumption. 
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