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1. A graphics chip comprising: The VIZIO television model number E43U-D2 (the “VIZIO Product”) includes a graphics chip. 
 

 
 
See https://www.vizio.com/e43d2.html. 
 
The VIZIO Product includes a VIZIO V6 integrated circuit (the “V6 Integrated Circuit”). 
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See https://www.vizio.com/e43d2.html. 
 
The V6 Integrated Circuit is powered by a dual core central processing unit and a quad core graphics 
processing unit. 
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See BE Extra, Interview with Carlos Angulo, Senior Manager for Product Marketing at VIZIO, October 9, 
2014, http://www.tvtechnology.com/news/0110/ktvs-a-conversation-with-vizios-carlos-angulo/272783. 
 

 
 
See BE Extra, Interview with Carlos Angulo, Senior Manager for Product Marketing at VIZIO, October 9, 
2014, http://www.tvtechnology.com/news/0110/ktvs-a-conversation-with-vizios-carlos-angulo/272783. 
 
The V6 Integrated Circuit is made by Sigma Designs. 
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See VIZIO E43U-D2 Product Teardown. 
 
Sigma Designs uses the “ARM[] Mali[]-400 MP GPU for their leading range of multimedia SoCs.”  It is 
therefore believed that the V6 Integrated Circuit includes an ARM Mali 400 MP4 graphics processing unit (the 
“Mali GPU”). 
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See http://malideveloper.arm.com/news/sigma-designs-enhances-user-experience-in-the-digital-home/. 
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a front-end in the graphics chip configured 
to receive one or more graphics 
instructions and to output a geometry; 

The VIZIO Product includes a front-end in the graphics chip configured to receive one or more graphics 
instructions and to output geometry. 
 
For example, the Mali GPU includes a Geometry Processor (the “Geometry Processor”). 
 

 
 
See Mali-400 MP: A Scalable GPU for Mobile Devices, available at 
http://www.highperformancegraphics.org/previous/www_2010/media/Hot3D/HPG2010_Hot3D_ARM.pdf, at 
p.8. 
 
The Geometry Processor includes a Vertex Loader, Vertex Shader, Vertex Storer, and Polygon List Builder 
Unit. 
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See Mali-400 MP: A Scalable GPU for Mobile Devices, available at 
http://www.highperformancegraphics.org/previous/www_2010/media/Hot3D/HPG2010_Hot3D_ARM.pdf, at 
p.10. 
 
The Mali GPU includes a front-end configured to receive one or more graphics instructions.  For example, 
“Mali GPUs use data structures and hardware functional blocks[.]”  Moreover, “shaders specify the vertex and 
fragment processing operations.” 
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See http://malideveloper.arm.com/downloads/OpenGLES3.x/arm_mali_gpu_opengl_es_3-
x_developer_guide_en.pdf. 
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See “ARM Guide to Unity” Version 2.1, available at 
http://infocenter.arm.com/help/topic/com.arm.doc.100140_0201_00_en/arm_guide_to_unity_enhancing_your_
mobile_games_100140_0201_00_en.pdf, at pps. 6-75, 76.  
 
The front-end outputs a geometry.  For example, “[t]he Mali GPU generates primitives starting from the 
vertices.”  Moreover, the “vertex processor…[a]ssembles vertices of graphics primitives” and “[b]uilds 
polygon lists.”  Furthermore, “[t]he output of vertex processing includes…[t]he position of the vertex in the 
output frambuffer” and “[a]dditional data, such as the color of the vertex after lighting calculations.” 
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See http://malideveloper.arm.com/downloads/OpenGLES3.x/arm_mali_gpu_opengl_es_3-
x_developer_guide_en.pdf. 
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a back-end in the graphics chip configured 
to receive said geometry and to process 
said geometry into one or more final 
pixels to be placed in a frame buffer; 

The VIZIO Product includes a back-end in the graphics chip configured to receive said geometry and to 
process said geometry into one or more final pixels to be placed in a frame buffer. 
 
For example, the Mali GPU includes a back-end in the graphics chip configured to receive said geometry and 
to process said geometry.  For example, the Mali GPU includes four fragment processors (the “Fragment 
Processors”), which receive processed primitives from the Geometry Processor. 
 

 
 
See Mali-400 MP: A Scalable GPU for Mobile Devices, available at 
http://www.highperformancegraphics.org/previous/www_2010/media/Hot3D/HPG2010_Hot3D_ARM.pdf, at 
p.8. 
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See “ARM Guide to Unity” Version 2.1, available at 
http://infocenter.arm.com/help/topic/com.arm.doc.100140_0201_00_en/arm_guide_to_unity_enhancing_your_
mobile_games_100140_0201_00_en.pdf, at p. 6-79.  
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See “ARM Guide to Unity” Version 2.1, available at 
http://infocenter.arm.com/help/topic/com.arm.doc.100140_0201_00_en/arm_guide_to_unity_enhancing_your_
mobile_games_100140_0201_00_en.pdf, at pps. 6-75, 76.  
 
The geometry is processed into one or more final pixels to be placed in a frame buffer.  For example, the 
Fragment Processor includes Color / Depth / Stencil Buffers, a Blending, Fragment Shader, Polygon List 
Reader, Triangle Setup, Rasterization, and Tile Buffer circuitry.  Moreover, the Mali GPU “[r]asterizes 
[polygons] into an on chip 16X16 tile buffer” before writing the final pixels to an off-chip frame buffer. 
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See Mali-400 MP: A Scalable GPU for Mobile Devices, available at 
http://www.highperformancegraphics.org/previous/www_2010/media/Hot3D/HPG2010_Hot3D_ARM.pdf, at 
p.11. 
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See Mali-400 MP: A Scalable GPU for Mobile Devices, available at 
http://www.highperformancegraphics.org/previous/www_2010/media/Hot3D/HPG2010_Hot3D_ARM.pdf, at 
p.9. 
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See https://community.arm.com/groups/arm-mali-graphics/blog/2014/02/20/the-mali-gpu-an-abstract-machine-
part-2.  
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See https://community.arm.com/groups/arm-mali-graphics/blog/2012/08/17/how-low-can-you-go-building-
low-power-low-bandwidth-arm-mali-gpus. 
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See ARM, How to Optimize Your Mobile Game with ARM Tools and Practical Examples, p.33, 
http://malideveloper.arm.com/downloads/GDC15/How%20to%20Optimize%20Your%20Mobile%20Game%2
0with%20ARM%20Tools%20and%20Practical%20Examples.pdf. 
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wherein said back-end in the graphics chip 
comprises multiple parallel pipelines; 

The VIZIO Product includes a back-end in the graphics chip that comprises multiple parallel pipelines.  
 
For example, each Fragment Processor “work[s] in parallel on separate tasks” and “processes one tile at a time 
until completion[.]” 
 

 
 
See Mali-400 MP: A Scalable GPU for Mobile Devices, available at 
http://www.highperformancegraphics.org/previous/www_2010/media/Hot3D/HPG2010_Hot3D_ARM.pdf, at 
p.12. 
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See https://www.arm.com/products/multimedia/mali-gpu/ultra-low-power/mali-400.php. 
 

 
See https://community.arm.com/groups/arm-mali-graphics/blog/2011/03/28/multicore-or-multi-pipe-gpus-
easy-steps-to-becoming-multi-frag-gasmic. 
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See Mali-400 MP: A Scalable GPU for Mobile Devices, available at 
http://www.highperformancegraphics.org/previous/www_2010/media/Hot3D/HPG2010_Hot3D_ARM.pdf, at 
p.8. 
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See https://community.arm.com/groups/arm-mali-graphics/blog/2014/02/20/the-mali-gpu-an-abstract-machine-
part-2.  
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wherein said geometry is determined to 
locate in a portion of an output screen 
defined by a tile; and 

The geometry is determined to locate in a portion of an output screen defined by a tile.  
 
For example, the Mali GPUs implement tiled-based rendering.   

 
 
See https://community.arm.com/groups/arm-mali-graphics/blog/2014/02/20/the-mali-gpu-an-abstract-machine-
part-2.  
 
Furthermore, as depicted below, the geometry is determined to locate in a portion of an output screen defined 
by a tile. 
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See Mali-400 MP: A Scalable GPU for Mobile Devices, available at 
http://www.highperformancegraphics.org/previous/www_2010/media/Hot3D/HPG2010_Hot3D_ARM.pdf, at 
p.12. 
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See ARM, How to Optimize Your Mobile Game with ARM Tools and Practical Examples, p.33, 
http://malideveloper.arm.com/downloads/GDC15/How%20to%20Optimize%20Your%20Mobile%20Game%2
0with%20ARM%20Tools%20and%20Practical%20Examples.pdf. 
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wherein each of said parallel pipelines 
further comprises a unified shader that is 
programmable to perform both color 
shading and texture shading. 

Each of said parallel pipelines further comprises a unified shader that is programmable to perform both color 
shading and texture shading.  
 
For example, each Fragment Processor includes a fragment shader. 
 

 
 
See Mali-400 MP: A Scalable GPU for Mobile Devices, available at 
http://www.highperformancegraphics.org/previous/www_2010/media/Hot3D/HPG2010_Hot3D_ARM.pdf, at 
p.11. 
 
Moreover, “the fragment shader receives interpolated texture coordinates from the vertex shader and performs 
a texture lookup to obtain the color at these coordinates…[i]t combines this color with the ambient color to 
produce the final output color.” 
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See “ARM Guide to Unity” Version 2.1, available at 
http://infocenter.arm.com/help/topic/com.arm.doc.100140_0201_00_en/arm_guide_to_unity_enhancing_your_
mobile_games_100140_0201_00_en.pdf, at p. 6-79.  
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