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1. A graphics chip comprising: The LG 49UH6500 television and X Power LS755 phone (collectively, the “LG Products”) include a graphics 
chip. 

 

 
  
See http://www.lg.com/us/support-product/lg-49UH6500.  
 

 
See http://www.lg.com/us/cell-phones/lg-LS755-x-power-boost-mobile.  
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The LG Products include one of the following System-on-Chips (SoCs): M16 and MediaTek MT6755M. 
 

 
See LG LED TV Service Manual, Chassis: UA63J, Model: 43UH6500, p.28, available at 
https://lg.encompass.com/shop/model_research_docs/?file=/ZEN/sm/43UH6500UB.pdf.1/  
 

                                                 
1/ The LG 49UH6500 television and the LG 43UH6500 television are part of the LG UH6500 Series televisions. See 
http://www.lg.com/us/support/products/documents/UH6500_Series_Spec_Sheet_Updated_10112016.pdf.  
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See http://www.lg.com/us/cell-phones/lg-LS755-x-power-boost-mobile.  
 
The SoCs include one of the following ARM Mali graphics processing units (the “Mali GPUs”): T760 MP2, 
T760 MP4, and T860 MP2. 

 
See LG LED TV Service Manual, Chassis: UA63J, Model: 43UH6500, p.123, available at 
https://lg.encompass.com/shop/model_research_docs/?file=/ZEN/sm/43UH6500UB.pdf.  
 

 
See http://cnoemphone.com/blog/mediatek-mt6755-helio-p10-specs-benchmark-and-smartphone-list.  
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The Mali GPUs share substantially similar structure, function, and operation.  
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See http://www.arm.com/products/graphics-and-multimedia/mali-gpu. 
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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 LG Products include a front-end in the graphics chip configured to receive one or more graphics 
instructions and to output geometry. 
 
For example, as depicted below, the ARM Mali GPU includes, inter alia, tri-pipe shader core (“Shader”), 
triangle setup unit (“TSU”), rasterizer (“Rasterizer”), early-Z (“Early-Z”), z/stencil (“Z/Stencil), tile buffer 
(“Tile Buffer”), and late z (“Late Z”) circuitry.  Moreover, each shader includes a texturing unit (“TA”), load 
store unit (“LSU”), and arithmetic pipeline (“ALU”) circuitry.   
 

 
 
 
See http://www.anandtech.com/show/8234/arms-mali-midgard-architecture-explored/4. 
The Mali GPU includes a front-end configured to receive one or more graphics instructions.  For example, 
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“Mali GPUs use data structures and hardware functional blocks[.]”  Moreover, “shaders specify the vertex and 
fragment processing operations.” 
 

 
 
See http://malideveloper.arm.com/downloads/OpenGLES3.x/arm_mali_gpu_opengl_es_3-
x_developer_guide_en.pdf. 
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See http://malideveloper.arm.com/downloads/ARM_Game_Developer_Days/PDFs/2-Mali-GPU-architecture-
overview-and-tile-local-storage.pdf. 
 
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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See ARM, Midgard GPU Architecture, p.7, available at 
http://malideveloper.arm.com/downloads/ARM_Game_Developer_Days/PDFs/2-Mali-GPU-architecture-
overview-and-tile-local-storage.pdf.  
 
Furthermore, the  Mali GPUs include an Inter-Core Task Management module that distributes tasks to shader 
cores.  
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See ARM, Midgard GPU Architecture, p.4, available at 
http://malideveloper.arm.com/downloads/ARM_Game_Developer_Days/PDFs/2-Mali-GPU-architecture-
overview-and-tile-local-storage.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 LG Products include 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 include the Shader, TSU, Rasterizer, Early-Z, Z/Stencil, Tile, Late Z stages 
(collectively, the “Pixel Processing Stage”). 
 

 
 
 
See http://www.anandtech.com/show/8234/arms-mali-midgard-architecture-explored/4. 
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The Mali GPU includes a back-end in the graphics chip configured to receive said geometry and to process 
said geometry.  For example, the Pixel Processing Stage includes the TSU and the Rasterizer.  The TSU 
provides “coefficients” to the rasterizer, which “applies equations to create fragments.”  Moreover, the 
Rasterizer includes circuitry in which “[e]ach primitive is divided into fragments so that there is one or more 
fragments for each pixel covered by the primitive.” 
 

 
 
See http://malideveloper.arm.com/downloads/OpenGLES3.x/arm_mali_gpu_opengl_es_3-
x_developer_guide_en.pdf.  
 
The geometry is processing into one or more final pixels to be placed in a frame buffer.  For example, the Pixel 
Processing Stage processes the fragments, and ultimately “[t]he resulting pixel color is placed into the 
corresponding location in the frambuffer.” 
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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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wherein said back-end in the graphics chip 
comprises multiple parallel pipelines; 

The LG Products include a back-end in the graphics chip that comprises multiple parallel pipelines.  
 
For example, as depicted below, the Mali GPU includes multiple parallel SCs. 
 

  
See http://www.arm.com/products/multimedia/mali-gpu/high-performance/mali-t760.php; 
https://www.arm.com/products/multimedia/mali-gpu/high-performance/mali-t860-t880.php.  
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See The Mali GPU: An Abstract Machine, Part 2 - Tile-based Rendering, available at 
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.  On information and belief, the tile based 
rendering of the Mali GPU is substantially similar to the Mali-400 GPU. 
 

 
See The Mali GPU: An Abstract Machine, Part 2 - Tile-based Rendering, available at 
https://community.arm.com/groups/arm-mali-graphics/blog/2014/02/20/the-mali-gpu-an-abstract-machine-
part-2.  
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Furthermore, as depicted below, the geometry is determined to locate in a portion of an output screen defined 
by a tile. 
 

 
 
See 
http://www.highperformancegraphics.org/previous/www_2010/media/Hot3D/HPG2010_Hot3D_ARM.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 Shader includes a programmable Tri-Pipe, which includes the TA, LSU, and ALU. 
 

 
See The Mali GPU: An Abstract Machine, Part 3 - The Midgard Shader Core, 
https://community.arm.com/groups/arm-mali-graphics/blog/2014/03/12/the-mali-gpu-an-abstract-machine-
part-3--the-shader-core.  
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The ALU is designed to “strike a closer balance between shading and texturing.” 
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See http://www.anandtech.com/show/8234/arms-mali-midgard-architecture-explored/4. 
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In particular, the shading operations comprise texture operations. For example, the SC includes a texture 
pipeline, load/store pipeline and a plurality of arithmetic pipelines. The “texture pipeline (T-pipe) is 
responsible for all memory access to do with textures. The texture pipeline can return one bilinear filtered texel 
per clock; trilinear filtering requires us to load samples from two different mipmaps in memory.” See 
https://community.arm.com/groups/arm-mali-graphics/blog/2014/03/12/the-mali-gpu-an-abstract-machine-
part-3--the-shader-core.  
 

 
See http://www.anandtech.com/show/8234/arms-mali-midgard-architecture-explored/4. 
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See “ARM Guide to Unity” Version 2.1 page 7-64 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 (accessed 10/27/2016). 
 
The arithmetic pipeline (“ALU”) performs texture operations.  For example, the “ALU pipeline can read/write 
to 32 128-bit registers” including “texture pipeline results” from the texture pipe. 
 

 
See http://limadriver.org/T6xx+ISA/. 
 
The ALU also performs color operations. For example, the “Mali [GPU] only has to write the color data for a 
single tile back to memory at the end of the tile.”  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/2014/02/20/the-mali-gpu-an-abstract-machine-
part-2. 
 

 
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. 
 
 
Moreover, the ALU is responsible for performing the “[m]ath in the shaders[.]” 
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See http://malideveloper.arm.com/downloads/GDC14/Weds/11.15amStreamlineMaliHWCounters.pdf. 
 
Additionally, “there are three classes of execution pipeline in the tripipe design: one handling arithmetic 
operations, one handling memory load/store and varying access, and one handling texture access. There is one 
load/store and one texture pipe per shader core, but the number of arithmetic pipelines can vary depending on 
which GPU you are using; most silicon shipping today will have two arithmetic pipelines.” See 
https://community.arm.com/groups/arm-mali-graphics/blog/2014/03/12/the-mali-gpu-an-abstract-machine-
part-3--the-shader-core. 
 
See http://malideveloper.arm.com/downloads/ARM_Game_Developer_Days/PDFs/2-Mali-GPU-architecture-
overview-and-tile-local-storage.pdf. 
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See https://community.arm.com/groups/arm-mali-graphics/blog/2014/03/12/the-mali-gpu-an-abstract-machine-
part-3--the-shader-core. 
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See “ARM Guide to Unity” Version 2.1 page 1.1 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 (accessed 10/27/2016).  
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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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