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With our TCU, GPUs can improve up to 24.5x and 1.8x performance for Viola-Jones face detection 

framework and up to 4.3x and 1.4x improvement in salient region linear feature extraction compared 

to predicate execution and branch instruction. 

                   (a) Viola Jones face detection                          (b) Salient region Gabor feature extraction 
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Motivating Problem: 

Redundant or unnecessary threads execution 

devastates parallel computing performance in 

GPUs. 

High-level image and vision applications 

where object-based processing and Region of 

Interest (ROI) are often involved can not be 

effectively parallelized by GPUs. 

 

Background: 

Early-z culling, early stencil culling and 

scissor test greatly enhance the rendering 

performance. 

 

Proposed Solution - TCU: 

A simple yet efficient configurable early-stage 

thread culling unit is proposed and integrated 

into our mobile GPU to mitigate the execution 

efforts of divergent threads with identified 

conditions. 

(a) Shader program example.  

(b) Illustration of  thread culling. 

New graphics pipeline with the proposed 

TCU for GPGPU 

(a) TCU architecture 

(b) GPU architecture 
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(b) Salient region Gabor feature 

extraction processing flow 

                   (a) Hit rate of TCU cache                                                (b) Processor idle ratio 

Processors are possibly stalled to wait for dispatched threads, as the throughput of the culling unit is not 

high enough. For the purpose of efficiency, the culling unit is employed with a cache. The cache size is 

evaluated by the hit rate and processor idle ratio which can indicate the activated degree of processors. To 

preserve both cost and performance, a 1KB cache is selected after analysis. 

Portions of the research in this paper use the FERET 

database of facial images collected under the FERET 

program, sponsored by the DOD Counterdrug Technology 

Development Program Office. 
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(a) Viola-Jones face detetion processing flow 
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