EXHIBIT 7-U.S. PATENT NO. 8,648,867/ VSNVIDIA ACCELERATED COMPUTING PRODUCTS & SERVICES-—
MAXWELL ARCHITECTURE

l. INTRODUCTION

The chart below demonstrates how Defendant Nvidia Corporation (“Nvidia’ or “Defendant”), as well as Defendant’s partners,
customers, and end users, directly infringe, either literally or under the doctrine of equivalents, claims 16-19 of U.S. Patent No. 8,648,867
(“the’ 867 Patent”).

Nvidiahas committed acts of infringement within this District. Nvidia usesthe Accused Productsin this District in mannersthat practice
the’ 867 Patent, including by testing the Accused Products and by using the Accused Products at its offices and premisesin this District.
Defendant makes, uses, advertises, offers for sale, and/or sells hardware for accelerated computing, including GPUs, CPUs, and SoCs;
computers for accelerated computing (e.g., supercomputers, servers, and data centers for high performance computing); and computer
platform software-as-a-service (* SaaS") that implements accel erated computing (including the Accused Products) in the State of Texas
and in this District directly and/or through its partnerships

Defendant also provides data center and HPC services that practice the '867 Patent in the State of Texas and in this District directly
and/or through its partnerships with businesses in the State of Texas and in this District.

Nvidia sells, offers for sale, advertises, makes, instals, and/or otherwise provides hardware, software, firmware, and/or computer
platforms for accelerated computing and data center and HPC services, including the Accused Products, the use of which infringes
the’ 867 Patent in thisDistrict and the State of Texas. (See https://www.nvidia.com/en-us/data-center/sol utions/accel erated-computing/.)
Nvidia performs these acts directly and/or through its partnerships with other entities. (See id. (“NVIDIA has defined a range of
accelerated platformsthat each consist of hardware systems designed according to the needs of the use case aswell as the software stack
that enables the operation and management of the business applications. These hardware systems and software are available from
NVIDIA and our partners.”).)

Nvidia also uses a network of partners, which comprise re-sellers, managed service providers, and product and solution experts, to
provide the Accused Products and implementation services for the Accused Products to customersin this District. Each of these partners
sells, offersfor sale, installs, and/or implements Nvidia s accelerated computing hardware, software, and/or computer platform services.
(See https://www.nvidia.com/en-us/about-nvidia/partners.)

Nvidia s partners include “ Data Center Provider[s].” (See https.//www.nvidia.com/en-us/about-nvidia/partners/.) Nvidia s Data Center
Provider partners “offer colocation services such as high-density data center facilities, interconnected infrastructure, and state-of-art
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cooling technologies for hosting NVIDIA DGX™ servers globally.” (Seeid.) Nvidia' s Data Center Provider partnersin the “NVIDIA
DGX-Ready Data Center program, built on the NVIDIA DGX™ platform and delivered by NVIDIA partners,” help “accelerate the
scaling (See https://www.nvidia.com/en-us/data-center/col ocation-partners/#aligned-energy.)

As further detailed below, Nvidia engages in activities that directly infringe the ’ 867 Patent within this District. For example, Nvidia's
operation and use of its accelerated computing hardware, software, and/or computer platform services, including its data center-scale
accelerated computing platforms, within this District infringe the 867 Patent.

Nvidia also infringes (directly or indirectly) the ’867 Patent by providing services in connection with the Accused Products including
installing, maintaining, supporting, operating, providing instructions, and/or advertising Nvidia s computer platform, data center, and
HPC services within this District. For example, under Nvidia's cloud and data center line of products and services, the Nvidia DGX
platform is a“afully integrated hardware and software Al platform” and “combines the best of NVIDIA software, infrastructure, and
expertisein amodern, unified Al development solution.” (See https://www.nvidia.com/en-us/data-center/dgx-platform/.) Indeed, “DGX
infrastructure isacomplete Al solution, and includesNVIDIA Al Enterprise software to accel erate data science pipelines and streamline
development and deployment of production-grade Al applications.” (See id.) Nvidia platform user and partner customers infringe
the’ 867 Patent by installing and operating Nvidia s computer platform software, which performsthe claimed methodsin the’ 867 Patent
within this District. (See also, eg., https//www.nvidia.com/en-ug/data-center/products/ai-enterprise/ (Nvidia Al Enterprise);
https://developer.nvidia.com/cuda-zone (Nvidia CUDA Toolkit); https://www.nvidia.com/en-us/data-center/gpu-cloud-computing/
(GPU Cloud Computing).)

Defendant encourages and induces its customers of the Accused Products to perform the methods claimed in the '867 Patent. For
example, Nvidia makes its accelerated platforms and services available on its website, widely advertises those platforms and services,
provides applications that allow partners and users to access those platforms and services, provides instructions for installing, and
maintaining those platforms and services and supporting software and/or firmware, and provides technical support to users. (See
https://www.nvidia.com/en-us/data-center/dgx-support/.) Nvidia further encourages and induces its customers to operate Nvidia's
hardware and software in an infringing manner, and to use Nvidia s infringing computer platforms, by providing directions for and
encouraging customers to install software, such as software for NVIDIA Al Enterprise and CUDA, (see https://docs.nvidia.com/ai-
enterprise/deployment-guide-vmware/0.1.0/software.ntml;  https://devel oper.nvidia.com/cuda-downloads), which offers evaluation,
installation, configuration, customization, and development of Nvidia's infringing software products and services. Defendant also
contributes to the infringement of its customers and end users of the Accused Products by offering within the United States or importing
into the United States the Accused Products, which are for use in practicing, and under normal operation practice, one or more of the
methods claimed in the *867 Patent, constituting a material part of the inventions claimed, and not a staple article or commodity of
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commerce suitable for substantial non-infringing uses. Indeed, as shown herein, the Accused Products and the example functionality
described bel ow have no substantial non-infringing uses and are specifically designed to practice the methods claimed in the ' 867 Patent.

Nvidiaoffers, sells, and uses several productsthat provide and implement GPU-accel eration hardware, software, platforms, and services
for individuals and enterprises and incorporate Plaintiff's patented technologies. (See https:.//www.nvidia.com/en-
us/solutiong/ai/inference/;  https.//marketplace.nvidia.com/en-us/data-center/?page=4; https://marketplace.nvidia.com/en-us/laptops-
workstations/ ?page=9; https.//marketplace.nvidia.com/en-us/software/?page=3.)

The Accused Products, as described infra, include Nvidia's hardware, software, and services designed, implemented, and used for
hardware acceleration, including Nvidia s GPU accelerators and superchips; Nvidia s computers, supercomputers, data centers, servers,
workstations that implement its GPU accelerators and superchips; and Nvidia s software, platforms, and services for accelerated
computing.

The Accused Productsinclude Nvidia’ s GPU accel erators and superchips. (See https://resources.nvidia.com/l/en-us-gpu.) Nvidia s GPU
acceleratorsinclude Nvidia s GPUs with Nvidia s “Hopper,” “AdaLoveace,” “Ampere,” “Turing,” “Volta,” “Pascal,” and “Maxwell”
GPU architectures. (See https://docs.nvidia.com/deepl earning/cudnn/archives/cudnn-896/support-matrix/index.html.) These GPUs are
specifically designed to run and implement GPU-based hardware acceleration using Nvidia's proprietary CUDA (Compute Unified
Device Architecture) platform and CUDA libraries for GPU acceleration. (See id. (Nvidia GPU architectures implementing Nvidia's
cuDNN (CUDA Deep Neura Network) library for GPU acceleration.); https://devel oper.nvidia.com/cuda-gpus.)

Nvidia's Hopper GPUs include the H100 and H200 GPUs. (See https.//www.nvidia.com/en-us/data-center/technol ogies/hopper-
architecture/ (Hopper architecture); https://www.nvidia.com/en-us/data-center/h100/ (H100); https://www.nvidia.com/en-us/data-
center/h200/ (H200).) In addition, Nvidia's superchips that implement GPU accelerators include the GH200, or Grace Hopper
Superchip, which implements the Hopper-GPU architecture. (See https://www.nvidia.com/en-us/data-center/grace-hopper-superchip/
(GH200).)

Nvidia sAdalLovelace (or Lovelace) GPUsinclude Nvidia Data Center GPUs, including L40, L40S, and L4 GPUs; NvidiaWorkstation
and Professional Laptop GPUs, including RTX Ada Generations series GPUs and Laptop GPUs (including RTX 6000, RTX 6000 Ada,
RTX 5000 Ada, RTX 4500 Ada, RTX 4000 Ada, RTX 4000 SFF, RTX 3500, RTX 3000, RTX 2000, RTX 1000, RTX 500); and
GeForce RTX 40 series GPUs and Laptop GPUs (RTX 4090, RTX 4080 SUPER, RTX 4070 Ti SUPER, RTX 4070 SUPER, RTX 4070,
RTX 4060 Ti, and RTX 4060; GeForce RTX 4090 Laptop GPU, GeForce RTX 4080 Laptop GPU, GeForce RTX 4070 Laptop GPU,
GeForce RTX 4060 Laptop GPU, GeForce RTX 4050 Laptop GPU). (See https://www.nvidia.com/en-us/technol ogies/ada-architecture/
(AdaLovelace architecture). See https.//www.nvidia.com/en-us/data-center/140/ (L40); https.//www.nvidia.com/en-us/data-center/| 408/

NVIDIA Ex1010

Page 3 of 74



(L40S); https.//www.nvidia.com/en-us/data-center/14/ (L4). See https.//resources.nvidia.com/en-us-design-viz-stories-ep/l140-linecard
(Nvidia Professiona GPUs); https:///www.nvidia.com/en-ugai-on-rtx/ (RTX GPUs featuring “Accelerated Development”);
https://www.nvidia.com/en-us/design-visualization/desktop-graphics/ (RTX Ada Generation GPUSs); https.//www.nvidia.com/en-
us/design-visualization/rtx-professional -laptops/compare-table/ (RTX Ada Generation Laptop GPUS). See https://www.nvidia.com/en-
us/geforce/graphics-cards/40-series/  (GeForce RTX 40 GPUSs); https://www.nvidia.com/en-us/geforce/graphi cs-cards/compare/
(GeForce RTX 40 GPUs); https://www.nvidia.com/en-us/geforce/laptops/compare/ (GeForce RTX 40 Laptop GPUS).)

Nvidia's Ampere GPUs include Nvidia Data Center GPUs, including A100, A40, A30, A16, A10, and A2 GPUs; Nvidia Workstation
and Professional Laptop GPUs, including RTX A series GPUs and Laptop GPUs (A800 40GB Active, RTX A6000, RTX A5500, RTX
A5000, RTX A4500, RTX A4000, RTX A2000, RTX A2000 12GB, RTX A1000, RTX A400, RTX A5500, RTX A4500, RTX A3000
12GB, RTX A2000 8GB, RTX A1000 6GB, RTX A500); GeForce RTX 30 series GPUs and Laptop GPUs (GeForce RTX 3090 Ti,
GeForce RTX 3090, GeForce RTX 3080 Ti, GeForce RTX 3080, GeForce RTX 3070 Ti, GeForce RTX 3070, GeForce RTX 3060 Ti,
GeForce RTX 3060, GeForce RTX 3050 (8 GB), GeForce RTX 3050 (6 GB), GeForce RTX 3080 Ti Laptop GPU, GeForce RTX 3080
Laptop GPU, GeForce RTX 3070 Ti Laptop GPU, GeForce RTX 3070 Laptop GPU, GeForce RTX 3060 Laptop GPU, GeForce RTX
3050 Ti Laptop GPU, GeForce RTX 3050 Laptop GPU); and GeForce M X570 Laptop GPU. (See https://www.nvidia.com/en-us/data-
center/ampere-architecture/ (Ampere architecture). See https.//www.nvidia.com/en-us/data-center/al00/ (A100);
https://www.nvidia.com/en-us/data-center/ad0/ (A40); https://www.nvidia.com/en-us/data-center/a30/ (A30);
https://www.nvidia.com/en-us/data-center/al6/ (A16); https:.//www.nvidia.com/en-us/data-center/al0/ (A10);
https://www.nvidia.com/en-us/data-center/a2/ (A2). See https.//www.nvidia.com/en-us/design-visualization/desktop-graphics/ (RTX A
GPUs); https://www.nvidia.com/en-us/design-visualization/rtx-professional-laptops/compare-table/  (RTX A Laptop GPUs). See
https://www.nvidia.com/en-us/geforce/graphics-cards/30-series/;  (GeForce RTX 30 GPUs)  https:.//www.nvidia.com/en-
us/geforce/graphics-cards/compare/ (GeForce RTX 30 GPUs); https.//www.nvidia.com/en-us/geforce/l aptops/compare/30-series/
(GeForce RTX 30 Laptop GPUSs); https://www.nvidia.com/en-us/geforce/gaming-laptops/mx-570/ (GeForce M X570 Laptop GPU).)

Nvidia s Turing GPUs include Nvidia Data Center GPUSs, including Tesla T4 GPUs and Quadro RTX 8000 (passive) and Quadro RTX
6000 (passive) GPUs,; Nvidia Workstation and Professional Laptop GPUSs, including T series GPUs and Laptop GPUs, Quadro T series
Laptop GPUs, and Quadro RTX series GPUs and Laptop GPUs (Quadro RTX 8000, Quadro RTX 6000, Quadro RTX 5000, Quadro
RTX 4000, Quadro RTX 3000, Quadro T2000, T1000 8GB, T1200, Quadrio T1000, T1000 (4GB), T600, T550, T500 T400, T400
4GB); Titan series Titan RTX GPU; GeForce RTX 20 series GPUs and Laptop GPUs (GeForce RTX 2080 Ti, GeForce RTX 2080
Super, GeForce RTX 2080, GeForce RTX 2070 Super, GeForce RTX 2070, GeForce RTX 2060 Super, GeForce RTX 2060, GeForce
RTX 2500); GeForce GTX 16 series GPUs and L aptop GPUs (GeForce GTX 1660 Ti, GeForce GTX 1660 Super, GeForce GTX 1660,
GeForce GTX 1650 Ti, GeForce GTX 1650 Super, GeForce GTX 1650 (G5), GeForce GTX 1650 (G6), GeForce GTX 1650, GeForce
GTX 1630); and GeForce MX550, MX450, and MX430 Laptop GPUs. (See https.//www.nvidia.com/en-us/geforce/turing/ (Turing
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architecture). See  https//www.nvidia.com/en-ugdata-center/teda-t4/ (Teda T4); https.//www.nvidia.com/en-gb/design-
visualization/quadro-data-center/ (Quadro RTX 8000 (passive) and Quadro RTX 6000 (passive). See https://www.nvidia.com/en-
us/design-visualization/quadro/ (T series GPUS/Laptop GPUs, Quadro T series Laptop GPUs, and Quadro RTX GPUS/Laptop GPUs);
https://www.nvidia.com/en-us/design-visualization/desktop-graphics (T series GPUS/Laptop GPUs);
https://www.nvidia.com/content/dam/en-zz/Sol utiong/titan/documents/titan-rtx-for-creators-us-nvidia-1011126-r6-web. pdf (Titan
RTX); https://www.nvidia.com/en-us/geforce/20-series/ (GeForce RTX 20 GPUSs); https://www.nvidia.com/en-us/geforce/graphics-
cards/compare/ (GeForce RTX 20 GPUs and GeForce GTX 16 GPUs); https.//www.nvidia.com/en-us/geforce/gaming-
laptops/compare-20-series (GeForce RTX 20 Laptop GPUSs); https://www.nvidia.com/en-us/geforce/gaming-laptops/compare-16-
series (GeForce GTX 16 Laptop GPUSs); https.//www.nvidia.com/en-us/geforce/gaming-laptops/mx-550/ (GeForce M X550 Laptop
GPU); https://www.nvidia.com/en-us/geforce/gaming-laptops/mx-450/ (GeForce MX450 Laptop GPU); https://wccftech.com/nvidia-
geforce-mx450-turi ng-di screte-notebook-gpu-gddr6-pcie-4/ (GeForce M Laptop GPUS).)

Nvidia s Volta GPUs include Nvidia Data Center GPUs, including the Tesla V100 GPU; Nvidia Workstation GPUs, including Quadro
GV100; and Titan series Titan V GPU. (See https://www.nvidia.com/en-us/data-center/volta-gpu-architecture/ (Volta architecture);
https.//www.nvidia.com/en-ug/data-center/v100/  (Tesa V100);  https.//www.nvidia.com/content/dam/en-zz/Sol utions/design-
visualization/productspage/quadro/quadro-desktop/quadro-volta-gv100-data-sheet-us-nvidia-704619-r3-web.pdf  (Quadro GV 100);
https://nvidianews.nvidia.com/news/nvidia-titan-v-transforms-the-pc-into-ai-supercomputer (Titan V).)

Nvidia sPascal GPUsinclude Nvidia Data Center GPUs, including TeslaP100, P40, and P4 GPUs; NvidiaWorkstation and Professional
Laptop GPUSs, including the Quadro GP100 GPU and Quadro P series GPUs and L aptop GPUs (Quadro P6000, Quadro P5200, Quadro
P5000, Quadro P4200, Quadro P4000, Quadro P3200, Quadro P3000, Quadro P2200, Quadro P2000, Quadro P1000, Quadro P620,
Quadro P600, Quadro P520, Quadro P500, Quadro P400); Titan series Titan Xp and Titan X GPUs; GeForce GTX 10 series GPUs and
Laptop GPUs (GeForce GTX 1080 Ti, GeForce GTX 1080, GeForce GTX 1070 Ti, GeForce GTX 1070, GeForce GTX 1060, GeForce
GTX 1050 Ti, GeForce GTX 1050); and GeForce MX300 series, MX200 series, and MX150 Laptop GPUs. (See
https://developer.nvidia.com/pascal; https.//www.nvidia.com/en-us/data-center/pascal -gpu-architecture/ (Pascal architecture). See
https://www.nvidia.com/en-us/data-center/tesla-pl00 (Tesla P100); https://developer.nvidia.com/cuda-gpus (Tesla P40 and P4);
https://www.nvidia.com/content/dam/en-zz/Sol utions/desi gn-visuali zati on/productspage/quadro/quadro-desktop/quadro-pascal -gp100-
data-sheet-us-nv-704562-r1.pdf (Quadro GP100); https:.//www.nvidia.com/en-us/design-visuaization/quadro/ (Quadro P series
GPUgLaptop GPUs). See https:.//www.nvidia.com/content/geforce-gtx/NVIDIA_TITAN_X_USER_GUIDE v02.pdf (Titan X);
https.//www.nvidia.com/content/geforce-gtx/NVIDIA_TITAN_Xp USER _GUIDE_v02.pdf (Titan Xp); https:.//www.nvidia.com/en-
us/geforce/10-series/ (GeForce GTX 10); https.//www.nvidia.com/en-us/geforce/graphics-cards/compare/ (GeForce GTX 10 GPUs);
https://www.nvidia.com/en-us/geforce/news/gfecnt/nvidia-geforce-gtx-10-series-laptops  (GeForce GTX 10 Laptop GPUSs);
https://www.nvidia.com/en-us/geforce/gaming-laptops/mx-350/ (GeForce MX350 Laptop GPU); https:.//www.nvidia.com/en-
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us/geforce/gaming-laptops/mx-330/ (GeForce MX330 Laptop GPU); https://wccftech.com/nvidia-gef orce-mx450-turing-discrete-
notebook-gpu-gddr6-pcie-4/ (GeForce M Laptop GPUS).)

Nvidia s Maxwell GPUs include Nvidia Data Center GPUs, including Tesla M60, M40, and M10 GPUs,; Nvidia Workstation and
Professional Laptop GPUSs, including Quadro M series GPUs and L aptop GPUs (Quadro M6000 24GB, Quadro M6000 (12GB), Quadro
M5000, Quadro M5000M, Quadro M5500, Quadro M4000, Quadro M4000M, Quadro M3000M, Quadro M2200, Quadro M2000,
Quadro M2000M, Quadro M 1200, Quadro M1000M, Quadro M620, Quadro M600M, Quadro M520, Quadro M500M), the NV S 810
GPU, and TeslaM®6 series Laptop GPUs; Titan series GTX Titan X GPU; GeForce GTX 900 series GPUs and L aptop GPUs (GeForce
GTX 980Ti, GeForce GTX 980, GeForce GTX 970, GeForce GTX 960, GeForce GTX 980M, GeForce GTX 970M, GeForce GTX
965M, GeForce GTX 960M, GeForce GTX 950M); GeForce GTX 700 series GPUs and Laptop GPUs (GeForce GTX 750 Ti, GeForce
GTX 750); and GeForce M X130 series and MX110 Laptop GPUs. (See https.//devel oper.nvidia.com/blog/maxwell-most-advanced-
cuda-gpu-ever-made/ (Maxwell architecture); https://www.nvidia.com/content/dam/en-zz/Sol utions/design-
visualization/sol utions/resources/documentsl/nvidia-m60-datasheet. pdf (M60);
https://images.nvidia.com/content/tesla/pdf/78071_Tesdla M40 24GB_Print_Datasheet LR.PDF (M40);
https://www.nvidia.com/content/dam/en-zz/Sol utions/Data-Center/tesla-m10/pdf/188359-Tesla-M 10-DS-NV -Aug19-A4-fnl-Web. pdf
(M10y); https.//www.nvidia.com/en-us/design-visualization/quadro/ (Quadro M GPUSY/Laptop GPUs);
https://www.nvidia.com/docs/| O/146527/nvs-810-datasheet.pdf (NV S 810); https://images.nvidia.com/content/tesl a/pdf/188300-Tesla-
M6-DS-Augl9-A4-fnl-Web.pdf (Tesla M6); https://www.nvidia.com/content/geforce-gtx/GTX_TITAN_X User Guide.pdf (GTX
Titan X); https.//devel oper.nvidia.com/maxwell-compute-architecture (GeForce GTX 900 and 700 GPUSLaptop GPUS);
https://wccftech.com/nvidia-geforce-mx450-turing-di screte-notebook-gpu-gddré-pcie-4/ (GeForce M Laptop GPUS).

These GPUs and superchips implement, and are specifically designed for, GPU-acceleration for artificial intelligence and neural
networks. Nvidia's proprietary CUDA platform for parallel computing, which includes GPU-acceleration libraries such as cuDNN
(CUDA Deep Neura Network), isimplemented in the NvidiaHopper, AdaLovelace, Ampere, Turing, Volta, Pascal, and Maxwell GPU
architectures.

The Accused Products further include Nvidia' s computers, supercomputers, data centers, servers, workstations that implement its GPU
accelerators and superchips. These computer hardware systems include: the DGX line of supercomputers, the HGX line of
supercomputers, the OVX line of supercomputers, and the EGX line of servers for data centers and edge devices. (See
https://www.nvidia.com/en-us/data-center/sol utions/accel erated-computing/.)

Nvidias DGX supercomputers include the DGX H200, DGX BasePOD, and DGX SuperPOD with DGX GB200. (See
https://www.nvidia.com/en-us/data-center/dgx-platform/; see aso  https:.//www.nvidia.com/en-us/data-center/base-command/;
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https://resources.nvidia.com/en-us-dgx-software/nvidia-base-command (DGX Base Command operating system for DGX data centers.)
Nvidias HGX “Al supercomputing platform brings together the full power of NVIDIA GPUs, NVIDIA NVLink™, NVIDIA
networking, and fully optimized Al and high-performance computing (HPC) software stacks.” (See https.//www.nvidia.com/en-us/data-
center/hgx/; https://nvdam.widen.net/s/5kgbjg2v2t/hpc-hgx-h100-datasheet-nvidia-web.) One example configuration includes “four or
eight H200 or H100 GPUs.” (See id.; see https://nvdam.widen.net/s/5kgbjg2v2t/hpc-hgx-h100-datasheet-nvidia-web.) Nvidia's OV X
supercomputersimplement “L40S GPUs. . . for both complex Al and graphics-intensive workloads.” (See https://www.nvidia.com/en-
us/data-center/products/ovx/; see https.//resources.nvidia.com/en-us-ovx/ovx-datasheet.) And Nvidia's “EGX hardware portfolio”
includes “accelerators [that] combine the performance of NVIDIA Ampere GPUs” (See https://www.nvidia.com/en-us/data-
center/products/egx/; see https.//www.nvidia.com/en-us/design-visualization/egx-graphicy.)

The Accused Products further include Nvidia s software, platforms, and services for accelerated computing. These includes CUDA,
Nvidia Al Enterprise, the DGX Platform, Nvidia Omniverse, Nvidia Drive, Nvidia Isaac Sim, Nvidia Clara, Nvidia Al Foundation
models, and NvidiaNGC.

CUDA is Nvidia s proprietary “parallel computing platform and programming model.” (See https://devel oper.nvidia.com/cuda-zone.)
CUDA is designed to support Nvidia's GPU accelerators and superchips and includes software specifically for GPU-acceleration such
asthe cuDNN “GPU-accelerated library.” (Seeid.; https.//devel oper.nvidia.com/cudnn.) In addition, Nvidia s CUDA-X, built on top of
CUDA, isacaollection of “GPU-accelerated microservices and librariesfor Al.” (See https://www.nvidia.com/en-us/technol ogies/cuda-
x/.) Nvidia adso offers the CUDA Toolkit and SDK Manager for developing GPU-accelerated applications. (See
https://devel oper.nvidia.com/cuda-toolkit; https://devel oper.nvidia.com/sdk-manager.)

In addition, Nvidia Al Enterpriseis Nvidia s “end-to-end, cloud-native software platform” for “accelerat[ing] data science pipelines. . .

and other generative Al applications.” (See https.//www.nvidia.com/en-us/data-center/productsai-enterprise/.) ItisNvidia s** operating
system’ for enterprise Al.” (Seeid.)

In addition, Nvidias DGX platform is “is a complete Al solution and includes NVIDIA Al Enterprise software.” (See
https://www.nvidia.com/en-us/data-center/dgx-platform/.) Nvidia DGX Cloud is “an Al-training-as-a-service platform which includes
cloud-based infrastructure and software for Al, customizable pretrained Al models, and access to NVIDIA experts” (See
https://d18rn0p25nwr6d.cloudfront.net/CIK -0001045810/ 1cbe8fe7-e08a-46e3-8dcc-b429fc06¢clad.pdf, Nvidia U.S. Securities and
Exchange Commission Form 10-K for Fiscal Y ear Ended January 28, 2024 at 6.)

In addition, Nvidia Omniverse is “a development platform and operating system for building virtual world simulation applications,
available as a software subscription.” (See https://d18rnOp25nwr6d.cloudfront.net/CIK-0001045810/1cbe8fe7-e08a-46€3-8dcc-
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b429fc06¢clad.pdf, Nvidia U.S. Securities and Exchange Commission Form 10-K for Fiscal Y ear Ended January 28, 2024 at 6.) Nvidia
Omniverse implements software and services “into existing software tools and simulation workflows for building Al systems.” (See
https://www.nvidia.com/en-us’/omniverse/.)

In addition, NvidiaDriveisa platform that “ consists of both the Al infrastructure and in-vehicle hardware and software” for autonomous
vehicles. (See https://lwww.nvidia.com/en-ug/self-driving-cars/.) “NVIDIA DRIVE Infrastructure encompasses data center hardware,
software, and workflows—both on premises and in NVIDIA DGX Cloud & Omniverse.” (Seeid.)

In addition, Nvidia lsaac Simis a platform that enables “ developers to design, simulate, test, and train Al-based robots and autonomous
machines in a physically-based virtual environment.” (See https.//devel oper.nvidia.com/isaac/sim/.) It is built on Nvidia Omniverse.
(Seeid))

In addition, Nvidia Clara is “a suite of computing platforms, software, and services that powers Al solutions for healthcare and life
sciences, from imaging and instruments to genomics and drug discovery” that provides “Al-Powered Solutions for Healthcare.” (See
https://www.nvidia.com/en-us/claral.)

In addition, Nvidia Al Foundation models are “community and NVIDIA-built models’ that “are NVIDIA-optimized to deliver the best
performance on NVIDIA accelerated infrastructure.” (See https://www.nvidia.com/en-us/ai-data-science/foundation-model 5/.)

In addition, NvidiaNGC is acollection of software services and tools that support “end-to-end Al and digital twin workflows’ that runs
on “NVIDIA GPU-accelerated platforms.” (See https.//www.nvidia.com/en-us/gpu-cloud/.) NGC “offers a collection of cloud
services. . . for generative Al, drug discovery, and speech Al solutions, and the NGC Private Registry for securely sharing proprietary
Al software.” (Seeid.)
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Key Features

Accused Products

[16.Pre] A method for
performing a numerical
simulation on input datain
a computer  system
including a  centra
processing unit and an
accelerator, the method
comprising:

The Accused Products perform each step of the method of claim 16 of the’ 867 Patent. To the extent the
preambleis construed to be limiting, the Accused Products perform a method for performing a numerical
simulation on input data in a computer system including a central processing unit and an accelerator,
as further explained below.

The Accused Products perform a method for performing a numerical simulation on input data in a
computer system including a central processing unit and an accelerator by implementing Nvidia's
CUDA (Compute Unified Device Architecture) parallel computing platform, including CUDA toolkits
and drivers, and deploying that platform on a computer system to perform numerical simulations.

The Accused Products include Nvidia GPUs with the Maxwell GPU architecture. All of these GPUs are
used to perform a method for performing a numerical simulation on input data in a computer system
including a central processing unit and an accelerator. The aforementioned Nvidia GPU architectures
are compatible with Nvidia's proprietary CUDA platform for parallel computing, which is “a parallel
computing platform and programming model developed by NVIDIA for general computing on graphical
processing units (GPUs).” CUDA further includes the CUDA Toolkit, which “includes GPU-accel erated
libraries, a compiler, development tools and the CUDA runtime.” An exemplary CUDA library
specialized for acceleration is cuDNN (CUDA Deep Neural Network), “a GPU-accelerated library of
primitives for deep neural networks. cuDNN provides highly tuned implementations for standard
routines such as forward and backward convolution, attention, matmul, pooling, and normalization.”
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(See https://devel oper.nvidia.com/cuda-zone (emphasis added).)

(See https://devel oper.nvidia.com/cudnn (emphasis added).)

As illustrated in the table below, Nvidia's GPUs implementing Maxwell architecture (*Supported
NVIDIA Hardware”) support Nvidia's CUDA platform for parallel computing and CUDA libraries such
as cuDNN for GPU accelerated. As shown in the table below, columns for “cuDNN Package” and
“CUDA Compute Capability” (represented by a version number or SM version, which “identifies the
features supported by the GPU hardware and is used by applications at runtime to determine which
hardware features and/or instructions are available on the present GPU”) identify the supported
functionality the Accused Product GPUs support viatheir Nvidia GPU architecture.
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For cuDNN, as an example, package 9.5.1 for CUDA 12.x (e.g., CUDA 12.0 and later) supports Nvidia
GPUs with CUDA Compute Capability numbers 9.0, 8.9, 8.6, 8.0, 7.5, 7.0, 6.1, 6.0, and 5.0 including
the Accused Products with the Maxwell GPU architecture. Nvidia notes that “the recommended
configuration for GPUs Volta or later is cuDNN 9.5.1 with CUDA 12.6. For GPUs prior to Volta (that
is, Pascal and Maxwell), the recommended configuration is cuDNN 9.5.1 with CUDA 11.8.” Asshown
below, Maxwell GPUs have a CUDA compute Capability of 5.2 or 5.0, which supports CUDA 11 for
cuDNN 9.5.1. In addition, because “CUDA is backward compatible, existing CUDA applications can
continue to be used with newer CUDA versions.”

11
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(See https://docs.nvidia.com/deepl earning/cudnn/l atest/reference/support-matrix.html#gpu-cuda-
toolkit-and-cuda-driver-requirements (emphasis added).)

|
(See https://docs.nvidia.com/depl oy/cuda-compatibility/ (emphasis added).)
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As shown below, the GPU and “Compute Capability” are displayed for the Nvidia GPU products. Asan
example, the NvidiaTeslaM60 GPU based on the Nvidia Maxwell architecture has acompute capability
of 5.2. As previoudly stated, the Accused Products include al Nvidia GPUs implementing the Maxwel
architecture. All of the accused Nvidia GPUs are compatible with CUDA and GPU-acceleration libraries
such as cuDNN, that implement infringing functionality as shown throughout this claim chart, infra. The
accused Nvidia GPUs and their respective CUDA compute capability for compatibility with Nvidia's
CUDA and CUDA-based GPU-acceleration libraries, such as cuDNN, include the following:

Maxwell: TeslaM®60 (5.2), TedaM40 (5.2), TeslaM 10 (5.0), Quadro M series GPUs and L aptop GPUs
(5.2); Quadro M6000 24GB, Quadro M6000 (12GB), Quadro M5000, Quadro M5500, Quadro M4000,
Quadro M2000, Quadro M2200) (5.0); Quadro M5000M, Quadro M4000M, Quadro M3000M, Quadro
M2000M, Quadro M1200, Quadro M1000M, Quadro M620, Quadro M600M, Quadro M520, Quadro
M500M), NVS 810 GPU (5.0), TedaM6 (5.2), GTX Titan X GPU (5.2), GeForce GTX 900 series GPUs
and Laptop GPUs (5.2); GeForce GTX 980Ti, GeForce GTX 980, GeForce GTX 970, GeForce GTX
960, GeForce GTX 980M, GeForce GTX 970M, GeForce GTX 965M) (5.0); GeForce GTX 960M,
GeForce GTX 950M), GeForce GTX 700 series GPUs and Laptop GPUs (5.0); GeForce GTX 750 Ti,
GeForce GTX 750), GeForce MX 130 and M X110 Laptop GPUs (5.0).

(See https://devel oper.nvidia.com/cuda-gpus; https://arnon.dk/matching-sm-architectures-arch-and-

gencode-for-various-nvidia-cards/; https.//www.nvidia.com/en-us/design-visualization/quadro/;
https://devel oper.nvidia.com/maxwell-compute-architecture; https://www.nvidia.com/en-
us/geforce/gaming-laptops/mx-330/; https.//wccftech.com/nvidia-geforce-mx450-turing-discrete-

notebook-gpu-gddr6-pcie-4/; https://devel oper.nvidia.com/cuda-gpus.)

In addition to Nvidia's GPUs, the Accused Products include Nvidia' s supercomputers, data centers,
servers, workstations, and cloud services that embody computer systems specifically designed for GPU
acceleration using the Maxwell architecture.

Nvidia Al Enterprise is also deployed on Nvidia-Certified Systems “servers, workstations and laptop
certified to accelerate Al workloads™ utilizing Nvidia GPUs; and on cloud platforms utilizing Nvidia
GPUs. (See https:.//www.nvidia.com/en-ug/data-center/products/ai-enterprise/.) Nvidias NVIDIA-
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Certified Systems “are rigorously tested and validated to deliver enterprise-grade performance,
manageability, scalability, and security for Al and accelerated computing.” (See
https://www.nvidia.com/en-us/data-center/products/certified-systems/ (emphasis added).)

An exemplary list of “NVIDIA-Certified Systems - Data Center Servers’ is shown below, comprising
Maxwell-architecture GPUs TeslaM6 and M60.
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(See https://images.nvidia.com/content/grid/pdf/DA-09018-001_v04.pdf (emphasis added).)

In addition to the aforementioned Nvidia GPUs, supercomputers, datacenters, servers, and hardware, the
Accused Products further include Nvidia s software, platforms, and services for accelerated computing,
including Nvidia's proprietary CUDA platform for parallel computing and Nvidia Al Enterprise. Nvidia
Al Enterprise is an operating system for enterprise Al applications that provides accelerated computing
services based on Nvidia GPUs and using the CUDA platform, including Nvidia NIM Microservices
(which includes Nvidia GPUs and utilizes the CUDA platform and, e.g., libraries cuDNN, cuBLAS,

DALI, TensorRT and TensorRT-LLM) and the CUDA-X Microservices.
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(See https://www.nvidia.com/en-us/data-center/products/ai-enterprise/; see also
https://docs.nvidia.com/ai-enterprise/index.html#overview.)
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(See https://devel oper.nvidia.com/blog/nvidia-nim-offers-optimized-inference-microservices-for-

deploying-ai-models-at-scale/.)

The NvidiaAl Enterprise cloud-based “End-to-End Software Platform for Production Al” includes“the
full stack of NVIDIA Al software,” including Nvidia RAPID Accelerator for Apache Spark for speed
data processing; Nvidia NeMo (Neural Modules) for building, customizing, and deploying generative
Al; NVIDIA TensorRT, TensorRT-LLM, and NVIDIA Triton Inference Server for Al “inference” (e.g.,
making Al predictions or solutions) at scale; and Base Command Manager Essentials for managing Al

clusters across edge devices and data centers.
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(See https://www.nvidia.com/en-us/data-center/products/ai-enterprise/; see also
https://www.nvidia.com/en-us/deep-learning-ai/sol utions/data-science/apache-spark-3/;
https://www.nvidia.com/en-us/ai-data-science/generative-ai/nemo-framework/;

https://devel oper.nvidia.com/tensorrt; https.//www.nvidia.com/en-us/ai-data-science/products/triton-
inference-server/; https.//www.nvidia.com/en-us/ai -data-science/products/base-command-manager-
essentialy.)

The Accused Products further Nvidia software, platforms, and services that implement and exploit GPU
acceleration systems and provide GPU acceleration service, including Nvidia Omniverse, Nvidia Drive,
Nvidialsaac Sim, Clara, Al Foundation models, and Nvidia NGC.

Nvidia Omniverse is a cloud-based “industrial digitalization and physical Al simulation” platform and
operating system for building virtual world simulation applications, available as a software subscription
for enterprise use. Using Nvidia RTX GPUs, Omniverse helps industries building physical Al and
industrial applications with applications for “Autonomous Vehicle Simulation,” *“Configurator
Development,” “Reinforcement Learning” (e.g., training robotsin virtual environments) “ Synthetic Data
Generation” (e.g., virtual model training), and “Virtual Facility Integration.”
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(See https://www.nvidia.com/en-us/omniverse/.)

Nvidia Isaac Sim, also based off Nvidia Omniverse, is a robotics ssmulation platform that implements

Nvidia s GPU acceleration for training and verifying Al models (e.g., neural networks) virtually.
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(See https://devel oper.nvidia.com/isaac/sim.)

In addition, Nvidia Clarais “is a suite of computing platforms, software, and services that powers Al
solutions for healthcare and life sciences, from imaging and instruments to genomics and drug
discovery.” Al-powered solution applications provided by Clarainclude “Biopharma,” “Digital Health,”

“Medical Devices,” “Medical Imaging,” and “Genomics.”
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(See https://www.nvidia.com/en-us/claral.)

In addition, Nvidia Foundation models is a “curated collection of enterprise-grade pretrained models”
that “give[s] developers a running start for bringing custom generative Al to their enterprise
applications.” For example, Nvidia provides “leading community models such as Llama 2, Stable
Diffusion XL and Mistral,” and “models [that] have been optimized with NVIDIA TensorRT-LLM to
deliver the highest throughput and lowest latency and to run at scale on any NVIDIA GPU-accel erated

stack.”
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(See https://blogs.nvidia.com/blog/custom-generative-ai-model-development/ (emphasis added); see
also https://www.nvidia.com/en-us/ai-data-science/foundation-models.).)

NvidiaNGC isNvidia scatalog of “GPU Accelerated Al modelsand SDKs.” As shown below, examples
include “LLMs [large language models, atype of artificia intelligence program that can recognize and
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generate text, among other tasks] optimized for RTX PCs’ which includes a “ collection of TensorRT-
LLM accelerated Windows RTX PC LLM models.” Furthermore, Nvidia provides “Documentation,”
“Al Enterprise Documentation,” “Enterprise Support,” and a*“Licensing Portal.”

(See https://catal og.ngc.nvidia.com/.)

[16.1] receiving, by an
accelerator, first input data
from the central
processing unit;

The Accused Products perform a method that includes receiving, by an accelerator, first input data from
the central processing unit.

For instance, the “CUDA programming model” includes programmatic functions, primitives, and
executable libraries for CPUs and GPUs that are used by the Accused Products to perform numerical
simulations. “The host is the CPU [(e.g., central processing unit)] available in the system” and “ system
memory associated with the CPU is called host memory.” “The GPU is called adevice and GPU memory
likewise caled device memory” (e.g., accelerator). As an example, the first main CUDA program
execution step is “[c]opy[ing] the input data from host [CPU] memory to device [GPU] memory, also
known as host-to-device transfer” (e.g., receiving, by an accelerator, first input data from the central
processing unit).

25

NVIDIA Ex1010

Page 25 of 74



Key Features

Accused Products

(See https://devel oper.nvidia.com/bl og/cuda-refresher-cuda-programming-model/ (emphasis added).)

Examples of publicly available CUDA toolkit documentation for “the memory management functions of
the CUDA runtime application programming interface” are shown below. Functions including
“[c]lop[ying] data between host [CPU] and device [GPU]” (see*“cudaMemcpy”; “cudaMemcpy2D”) and
[a]llocat[ing]an array on the device [GPU]” (see “cudaMallocArray”).

* % * % %
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* %k * % %

* % * % %

(See https://docs.nvidia.com/cuda/cuda-runtime-api/group_ CUDART_ MEMORY .html
added).)

(emphasis

[16.2] transferring, by an
accelerator controller, the
first input data into a first

partition, referenced by
first pointer, of an
accelerator memory
before a first

computational cycle of the
numerical simulation;

The Accused Products practice amethod that includestransferring, by an accelerator controller, thefirst
input data into a first partition, referenced by first pointer, of an accelerator memory before a first
computational cycle of the numerical simulation.

For instance, the GPU architecture of the Accused Products implement memory. As an example,
Maxwell-architecture GPUs (listed, supra), such as the “GM204” GPU (Geforce GTX 980), include
“memory controllers’ (e.g., accelerator controller) and “DRAM” (e.g., accelerator memory).
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* * x % %
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(See https://www.techpowerup.com/gpu-specs/docs/nvidia-gtx-980.pdf (emphasis added).)

As previoudly stated, the Accused Products implement CUDA, Nvidia's parallel computing platform.
CUDA enablesNVIDIA GPUsto be used for general purpose computing tasks and includes specialized
GPU-acceleration libraries such as cuDNN. CUDA implements numerous “memory management
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functions’ that “[c]op[y] data between host [CPU] and device [GPU]” (e.g., transferring, by an
accelerator controller, the first input data into a first partition, referenced by first pointer, of an
accelerator memory), including “cudaMemcpy,” “cudaMemcpy2D,” “cudaMemcpy2DArrayToArray,”
“cudaMemcpy2DAsync,” “cudaMemcpy2DFromArray,” “cudaMemcpy2DFromArrayAsync,”
“cudaMemcpy2DToArray,” “cudaMemcpy2DToArrayAsync,” and “cudaMemcpyAsync.”

* %k * % %
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(See https://docs.nvidia.com/cuda/cuda-runtime-api/group_ CUDART _ MEMORY .html

added).)

Parameters used in CUDA include pointers “dst” (“Destination memory address’) and “src” (“Source
memory address’). For example, CUDA function “cudaMemcpy” copies “bytes [data] from the memory
area pointed to by src [source memory address pointer] to the memory area pointed to by dst [destination
memory address pointer], where kind [type of transfer] specifies the direction of the copy” (e.g.,

(emphasis

32

NVIDIA Ex1010
Page 32 of 74



Key Features

Accused Products

referenced by first pointer). One of the destinations is *cudaMemcpyHostToDevice,” or host (CPU) to
device (GPU) (e.g., transferring, by an accelerator controller, the first input data into a first partition,
referenced by first pointer, of an accelerator memory).

(See https://docs.nvidia.com/cuda/cuda-runtime-api/group  CUDART _ MEMORY .html (emphasis
added).)

In arelated example, CUDA function “cudaMemcpy2DArray ToArray” also “[c]opies data between host
[CPU] and device [GPU]” and includes pointers “dst” and “src.” cudaMemcpy2DArrayToArray
“[c]lopies a matrix (height rows of width bytes each) from the CUDA array src [source memory address
pointer] starting at hOffsetSrc [source starting Y offset (rows)] rows and wOffsetSrc [source starting X
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or width offset (columns in bytes)] bytes from the upper left corner to the CUDA array dst [destination
memory address pointer] starting at hOffsetDst [destination starting Y or height offset (rows)] rows and
wOffsetDst [destination starting X offset (columnsin bytes)] bytesfrom the upper left corner, where kind
specifies the direction of the copy.” One of the destinations is, again, “cudaMemcpyHostToDevice,” or
host (CPU) to device (GPU).
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(See https:.//docs.nvidia.com/cuda/cuda-runtime-api/group_ CUDART_ MEMORY .html
added).)

As afurther example, CUDA function “cudaMalloc” is used for “[a]llocat[ing] memory on the device
[GPU].” Parameters include pointer “devPtr” (“Pointer to alocated device memory”). The cudaMalloc
function “[a]llocates size bytes [data] of linear memory on the device [GPU] and returns in *devPtr a
pointer to the allocated memory [of the GPU]” (e.g., thefirst input data into a first partition, referenced
by first pointer, of an accelerator memory before afirst computational cycle of the numerical ssmulation).

(emphasis
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(See https://docs.nvidia.com/cuda/cuda-runtime-api/group_ CUDART_ MEMORY .html (emphasis
added).)

In arelated example, the CUDA function “cudaMallocArray” isused for “[a]llocat[ing] an array [pointer]
on the device [GPU].” Parameters include pointer “array” (“Pointer to allocated array in device
memory”), “desc” (“ Requested channel format™), “width” (* Requested array allocation width”), “ height”
(“Requested array alocation height”), and “flags’ (“Requested properties of allocated array”). The
cudaMallocArray function “[a]llocates a CUDA array according to the cudaChannelFormatDesc
structure desc [requested channel format] and returns a handle to the new CUDA array in *array [pointer
to allocated array in device or GPU memory].”
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(See https://docs.nvidia.com/cuda/cuda-runtime-api/group_ CUDART_ MEMORY .html

added).)

As afurther example, device “shared memory” is partitioned into “memory modules (banks).”

* %k * % %

(emphasis
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(See https://docs.nvidia.com/cuda/cuda-c-best-practi ces-guide/index.html#shared-memory/ (emphasis
added).)

[16.3] performing, by at
least one graphics
processing unit during the
first computational cycle,
at least one calculation on
the first portion of the
input data as to generate
first output data;

The Accused Products practice a method that includes performing, by at least one graphics processing
unit during the first computational cycle, at least one calculation on the first portion of the input data as
to generate first output data.

For instance, CUDA uses “streams’ to execute a sequence of commands in order. As shown below, an
exemplary CUDA function * cudaMemcpyAsync” isused to copy data between ahost (CPU) and adevice
(GPU). “Each stream copies its portion of input array hostPtr [pointer for CPU] to array inputDevPtr in
device [GPU] memory” (e.g., performing, by at least one graphics processing unit). The stream then
“processes inputDevPtr on the device [GPU] by calling MyKernel (), and copies the result outputDevPtr
back to the same portion of hostPtr” (e.g., performing, by at least one graphics processing unit during
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the first computational cycle, at least one calculation on thefirst portion of the input data as to generate

first output data).

(See https://docs.nvidia.com/cudal/cuda-c-programming-guide/index.html#creati on-and-destruction-of -

streams (emphasis added).)
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Additional examples of CUDA code are shown below for an “implementation of matrix multiplication
that does take advantage of shared memory.” As shown, matrix multiplication function “MatMul”
calculates “ square sub-matrix Csub of C” from sub-matrix A and sub-matrix B. By implementing the
matrix computation in this manner, CUDA *“take] s] advantage of fast shared memory and save[s] alot of
global memory bandwidth.” Example code shown below demonstrates “Load A and B to device [GPU]
memory” (e.g., performing, by at least one graphics processing unit), “Invoke kernel,” “Matrix
multiplication kernel called by MatMul(),” and “Write [square sub-matrix] Csub to device [GPU]
memory” (e.g., performing, by at least one graphics processing unit during thefirst computational cycle,
at least one calculation on thefirst portion of the input data as to generate first output data).

* % * % %
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* * *x % %
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(See https://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html#shared-memory (emphasis

added).)

* %k * % %
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In addition, cuDNN, the GPU-acceleration library for deep neural networks, implements a cuDNN
backend MatMul (matrix multiplication) operation descriptor using “cudnnBackendCreateDescriptor.”
It “specifies an operation node for matmul to compute the matrix product C [output] by multiplying
matrix A and matrix B [inputs]” (e.g., at least one calculation on the first portion of the input data as to
generate first output data).

(See https:.//docs.nvidia.com/deepl earning/cudnn/archives/cudnn-
893/api/index.htmi#CUDNN_BACKEND_OPERATION_MATMUL_DESCRIPTOR (emphasis
added).)

As another example, the “cudnn_adv_infer.so” library for cuDNN incudes a directional mode
“cudnnDirectionMode _t” for unidirectional and bidirectional values for recurrence patterns in recurrent
neural network (RNN) iterations. The networks can “iterate]] recurrently from the first input to the last”
and “from the first input to the last and separately from the last input to the first.” For the bidirectiona
mode, “[t]he outputs . . . are concatenated at each iteration giving the output of the layer.”

* % *x % %
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(See https://docs.nvidia.com/deepl earning/cudnn/archives/cudnn-
893/api/index.html#cudnnDirectionMode_t (emphasis added).)
[16.4] storing, by the | The Accused Products practice a method that includes storing, by the accelerator controller, the first

accelerator controller, the
first output data into a
second partition,
referenced by a second
pointer, of the accelerator
memory; and

output data into a second partition, referenced by a second pointer, of the accelerator memory.

See[16.2] (transferring, by an accelerator controller, thefirst input data into a first partition, referenced
by first pointer, of an accel erator memory before a first computational cycle of the numerical simulation),
supra, regarding the memory features of the Accused Products with the Maxwell GPU architecture.

(See https://www.techpowerup.com/gpu-specs/docs/nvidia-gtx-980.pdf (Maxwell-architecture GPUs
(listed, supra), such as the “GM204” GPU (Geforce GTX 980), include “memory controllers’ and
“DRAM” (dynamic random-access memory) (e.g., storing, by the accelerator controller) (emphasis
added).)

Exemplary excerpts of CUDA code shown below demonstrate CUDA being used to calculate a square
sub-matrix Csub of matrix C using the function MatMul. An exemplary CUDA stream “allocate]s]
[matrix] C in device memory.” After Matrices A and B are synchronized and multiplied, the exemplary
CUDA stream “[w]rite[s] Csub to device [GPU] memory” (e.g., the first output data into a second
partition, referenced by a second pointer, of the accelerator memory).
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(See https://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html#shared-memory (emphasis

added).

* % * % %
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Exemplary CUDA function “cudaMalloc” is used to “allocate weight, work, and reserve space buffer
sizesin the GPU memory.” “ The work-space buffer is used for temporary storage” and the “content can
be discarded or modified after all GPU kernels launched by the corresponding API complete.” The
“reserve-space buffer” used to transfer intermediate resultsis used for transferring “intermediate results”
as used in the cuDNN GPU-acceleration library for CUDA (e.g., storing, by the accelerator controller,
the first output data into a second partition, referenced by a second pointer, of the accelerator memory).

(See https://docs.nvidia.com/deepl earning/cudnn/archives/cudnn-
893/api/index.html#cudnnGetM ultiHeadAttnBuffers/ (emphasis added).)
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[16.5] swapping the first
pointer with the second
pointer at the end of the
first computational cycle,
such that the first output
data becomes an input for
a second computational
cycle of the numerica
simulation.

The Accused Products practice amethod that includes swapping the first pointer with the second pointer
at the end of the first computational cycle, such that the first output data becomes an input for a second
computational cycle of the numerical simulation.

For example, the cuDNN GPU-acceleration library of the Accused Products implement operations that
“taketensorsasinput and produce tensors as output” (e.g., first output data becomes an input for a second
computational cycle of the numerical ssimulation).

(See https://docs.nvidia.com/deepl earning/cudnn/archives/cudnn-881/devel oper-
guide/index.html#tensors-layouts (emphasis added).)

As shown below for a “forward convolution operation” using cuDNN, “backend tensor TmpO [is] both
the output of the convolution operation and the input of the bias operation.” From this, “cuDNN infers
that the dataflow runs from the convolution into the bias.” When a neural network output becomes an
input for another operation or layer, the first pointer is swapped with the second pointer (e.g., Swapping
thefirst pointer with the second pointer at the end of the first computational cycle). A finalized operation
graph in which“cuDNN performsthe dataflow analysisto establish the dependency rel ationship between
operations and connect the edges’ illustrates the output of “ConvolutionFwd” (TmpO0) as the input for
“Pointwise:bias’ (e.g., such that thefirst output data becomes an input for a second computational cycle
of the numerical simulation).
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(See https://docs.nvidia.com/deepl earning/cudnn/archives/cudnn-881/devel oper-
guide/index.html#tensors-layouts (emphasis added); see also

https://docs.nvidia.com/deepl earning/cudnn/latest/devel oper/graph-api.html (* ConvolutionFwd
computes the convolution of X with filter data W. In addition, it uses scaling factorsa and # to blend
thisresult with the previous output. This graph operation is similar to cudnnConvolutionForward()”)
(emphasis added) (e.g., the first output data becomes an input for a second computational cycle of the
numerical smulation).)

Nvidia has further confirmed that CUDA implements pointer swapping for device (GPU) pointers (e.g.,

swapping thefirst pointer with the second pointer at the end of the first computational cycle).
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(See https://forums.devel oper.nvidia.com/t/swap-device-pointers/38964 (emphasis added).)

* % * % %
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(See https://docs.nvidia.com/cuda/cuda-c-programming-gui de/#creati on-and-destruction-of -streams
(emphasis added).)

[17] The method as
clamed in clam 16,
further comprising:
sending, by the accelerator
controller, instructions for
performing the at least one
calculation to the at least
one graphics processing
unit.

The Accused Products perform the method as claimed in claim 16, further comprising: sending, by the
accelerator controller, instructionsfor performing the at least one calculation to the at |east one graphics
processing unit.

See[16.2] (transferring, by an accelerator controller, thefirst input data into a first partition, referenced
by first pointer, of an accelerator memory before afirst computational cycle of the numerical smulation),
supra, regarding the memory features of the Accused Products with the Maxwell GPU architecture.

(See https://www.techpowerup.com/gpu-specs/docs/nvidia-gtx-980.pdf (Maxwell-architecture GPUs
(listed, supra), such as the “GM204” GPU (Geforce GTX 980), include “memory controllers’ and
“DRAM” (dynamic random-access memory) (e.g., sending, by the accelerator controller) (emphasis
added).)

For instance, the first main CUDA program execution step is “[c]opy[ing] the input data from host
[CPU] memory to device [GPU] memory, also known as host-to-device transfer” (e.g., sending, by the
accelerator controller, instructionsfor performing the at least one calculation to the at |east one graphics
processing unit).
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(See https://devel oper.nvidia.com/bl og/cuda-refresher-cuda-programming-model/ (emphasis added).)

Indeed, the Maxwell architecture Tesla M4 GPU is described as “the world’ s first accelerator designed
for hyperscale servers, enabling customers to keep up with ever-growing amount of data. It's engineered
to accelerate application throughput in a small, low-power design, slashing data center costs by half and
deliver up to 5x more power-efficient processing than CPUs for deep learning inference and video
workloads.” And the Maxwell architecture Tesla M60 GPU is “designed for single precison GPU
compute tasks as well as to accelerate graphics in virtual remote workstation and virtual desktop

environments.”
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(See https://images.nvidia.com/content/tesla/pdf/NVIDIATed a-Print-M4-Datasheet L R.PDF (emphasis

added).)

(See https://images.nvidia.com/content/pdf/ted altesla-m60-product-brief.pdf (emphasis added).)

Relatedly, the PowerEdge C4130 with Nvidia TeslaM60 GPU * provides supercomputing agility and

performancein an ultra-dense platform purpose-built for high-performance computing (HPC) and virtual
desktop infrastructure (VDI) workloads’ including “complex research, ssmulation and visualization
problemsin medicine, finance, energy exploration and related fields without compromising on versatility

or data center space.”
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(See https://i.dell.com/sites/doccontent/shared-content/data-sheets/en/Documents/Del |-PowerEdge-
C4130-Spec-Sheet.pdf/.)

[18] The method as
clamed in clam 16,
further comprising:

partitioning the
accelerator memory into
the first partition, the
second partition, a third
partition to store internal
variables, and a fourth
partition to store data used
as input at a particular

The Accused Products perform the method as claimed in claim 16, further comprising: partitioning the
accelerator memory into the first partition, the second partition, a third partition to store internal
variables, and a fourth partition to store data used as input at a particular computation cycle of the
numerical simulation.

See[16.2] (transferring, by an accelerator controller, thefirst input data into a first partition, referenced
by first pointer, of an accel erator memory before afirst computational cycle of the numerical simulation),
supra, regarding the memory features of the Accused Products with the Maxwell GPU architecture.

(See https://www.techpowerup.com/gpu-specs/docs/nvidia-gtx-980.pdf  (Maxwell-architecture GPUs
(listed, supra), such as the “GM?204” GPU (Geforce GTX 980), include “memory controllers’ and
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computation cycle of the | “DRAM” (dynamic random-access memory) (e.g., partitioning the accelerator memory) (emphasis
numerical simulation. added).)

As previously discussed, the Accused Products and CUDA and CUDA libraries such as cuDNN partition
memory when implementing and performing cal culations for accelerated computing.

For instance, “shared memory” of the Accused Products is partitioned into “memory modules (banks)”

(e.g., partitioning the accelerator memory into the first partition, the second partition, a third partition .
.., and a fourth partition).

* % x % %
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(See https://docs.nvidia.com/cuda/cuda-c-best-practi ces-guide/index.html#shared-memory/ (emphasis
added).)

An example below illustrates an exemplary neural network the Accused Products are designed to
accelerate using parallel computations. “Input” (four) and “Output” (eight) neurons are depicted below
in afull-connected or linear layer structure in which all of the input neurons depicted in afirst layer are
connected to all of the output neurons depicted in a second layer. Computations for the neural network
are performed using, for example, “NVIDIA Matrix Multiplication.” Examples of inputs and outputs for
forward propagation, activation gradient computation, and weight gradient computation (as matrix by
matrix multiplications) for GEMMs (General Matrix Multiplications) are shown below. For example, for
“(a) forward propagation . . . of a fully-connected layer” (the process of feeding input data through a
neural network to generate an output), “K =# of inputs” and “M = # of outputs” and in “N = batch size”
with resultsfor “Input Activations,” “ Output Activations,” and “Weights® (e.g., a third partition to store
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internal variables, and a fourth partition to store data used as input at a particular computation cycle of

the numerical simulation).
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(See https://docs.nvidia.com/deepl earni ng/performance/dl-performance-fully-
connected/index.html#performance (emphasis added).)

As previously discussed, CUDA code can be implemented for “matrix multiplication that does take
advantage of shared memory.” As shown, matrix multiplication function “MatMul” calculates “square
sub-matrix Csub of C” from sub-matrix A and sub-matrix B. By implementing the matrix computation
in this manner, CUDA “take[s] advantage of fast shared memory and save[s] a lot of global memory
bandwidth.” Example code shown below demonstrates “Load A and B to device [GPU] memory,”
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“Invoke kernel,” “Matrix multiplication kernel called by MatMul(),” and “Write [square sub-matrix]
Csub to device [GPU] memory.” Integers (“int”) are defined for “width,” “height,” and “stride” as well
as floating-point numbers (“float*”) for “elements.” In this example, sub-matrix A is of dimension
“A.width, block_size” (“d_A.width = d_A.stride = A.width; d_A.height = A.height;” “size t size =
A.width * A.height * sizeof(float);”), sub-matrix B is of dimension “block_size, A.width” (*d_B.width
=d_B.stride = B.width; d_B.height = B.height;” “size = B.width * B.height * sizeof(float);”), and sub-
matrix Csub of C“isequal to the product of [the] two rectangular matrices’ with CUDA code*[w]rit[ing]
Csub to device memory” and each CUDA threat writing an element (*SetElement(Csub, row, col,
Cvaue)”) (e.g., partitioning the accelerator memory into the first partition, the second partition, a third
partition to store internal variables, and a fourth partition to store data used as input at a particular
computation cycle of the numerical ssimulation).

* % * % %
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(See https://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html#shared-memory (emphasis

added).)
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[19] The method of claim
16, further comprising:
transferring, by  the
accelerator controller, the
first output data to the
main memory during the
second computational
cycle.

The Accused Products perform the method of claim 16 further comprising: transferring, by the
accelerator controller, the first output data to the main memory during the second computational cycle.

See[16.2] (transferring, by an accelerator controller, thefirst input data into a first partition, referenced
by first pointer, of an accelerator memory before afirst computational cycle of the numerical ssmulation),
supra, regarding the memory features of the Accused Products with the Maxwell GPU architecture.

See[16.4] (“storing, by the accelerator controller, thefirst output data into a second partition, referenced
by a second pointer, of the accelerator memory”), supra.

See[16.5] (“swapping thefirst pointer with the second pointer at the end of the first computational cycle,
such that the first output data becomes an input for a second computational cycle of the numerical
simulation”), supra.

(See https://www.techpowerup.com/gpu-specs/docs/nvidia-gtx-980.pdf (Maxwell-architecture GPUs
(listed, supra), such as the “GM204” GPU (Geforce GTX 980), include “memory controllers’ and
“DRAM” (dynamic random-access memory) (e.g., transferring, by the accelerator controller) (emphasis
added).)

In addition, CUDA enables asynchronous transfer of data during computations. Exemplary CUDA
memory management function “ cudaMemcpyAsync” “[c]opies count bytes [data] from the memory area
pointed to by src [source memory address pointer] to the memory area pointed to by dst [destination
memory address pointer], where kind [type of transfer] specifies the direction of the copy.” Destinations
includes “cudaMemcpyHostToDevice [CPU to device GPU], cudaMemcpyDeviceToHost [GPU to
CPU] (e.g., the first output data to the main memory), cudaMemcpyDeviceToDevice [GPU to GPU].
Because the function “cudaMemcpyAsync() is asynchronous with respect to the host, [] the call may
return before the copy is complete. The copy can optionally be associated to a stream [identified stream]
by passing a non-zero stream argument” (e.g., thefirst output data to the main memory during the second
computational cycle).
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(See https://docs.nvidia.com/cuda/cuda-runtime-api/group  CUDART _ MEMORY .html (emphasis

added).)

As previoudy stated, the “CUDA programming model” includes programmatic functions, primitives,
and executable libraries for CPUs (host) and GPUs (device) that are used by the Accused Products to
perform numerical simulations. For example, after the “ host-to-device transfer” (CPU to GPU) first main
step and “[l]oad[ing] the GPU program and execut[ing]” and “ caching data on-chip for performance” for
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the second main step, the third main step of a CUDA program is “[c]opy[ing] the results from device
[GPU] memory to host [CPU] memory, also known as device-to-host transfer” (GPU to CPU) (e.g., the
first output data to the main memory).

(See https://devel oper.nvidia.com/bl og/cuda-refresher-cuda-programming-model/ (emphasis added).)

As a further example, Nvidia CUDA programming model and extensions to CUDA enable concurrent
execution, queuing by asynchronous calls, and dynamic parallelism of device operations. For instance,
“[c]oncurrent host execution” through CUDA “is facilitated through asynchronous library functions that
return control to the host thread before the device completes the requested task. Using asynchronous
calls, many device operations can be queued up together to be executed by the CUDA driver when
appropriate deviceresourcesare available.” Concurrent operationsinclude “[c]omputations on the device
[GPU]” and “host [CPU]” and “[m]emory transfers’ between both and “within the memory of a given
device” and “among devices’ (e.g., transferring, by the accelerator controller, the first output data to
the main memory during the second computational cycle). Asynchonous CUDA operations include
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“Kernel launches,” “Memory copies performed by functionsthat are sufficed with Async,” and “Memory

set function calls.”

(See https://docs.nvidia.com/cuda/cuda-c-programming-
guide/index.html ?highlight=cudaM emcpy#asynchronous-concurrent-execution (emphasis added).)
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(See https://devel oper.nvidia.com/bl og/nvidia-hopper-architecture-in-depth (emphasis added).)

(See https://docs.nvidia.com/cudal/cuda-c-programming-gui de/index. html#cuda-dynamic-paral lelism.)
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