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Introduction

Smatphones, tabletsand clamshells are becomipgimary devices of choice for a variety of activities
such as reading email, taking pictures, playing games, interacting with social netauatlessen

creating nev content. Automotive navigation, infotainmengnd driver assist systems demand advanced
visual computing capability and will be included in most automobiles in the near fiResmonding to

the growing performance needs of mobile use cases, newer mobile processors include advanced multi
core CPUs hiton latest architectures and powerful GPU sygiems that enable new visual

experiences.

Visualcomputing is the next frontier for mobile devicasd automobilesin addition todeliveringrich
graphicaluser interfacestealistic 3D gaming, high restibn display outputsand speedy Web page
rendering, powerful GPUare critical in enablinthe next generation of mobile applications such as
gestureand objectrecognition, motion tracking;omputational photographyand augmented reality.

These advanced visual computing Apgtions require GP&that not onlydelivertremendousgraphics
performance and parallel computing performance, but also support the latest graphiaamulite
APIgApplication Processor Interfaceutomotive navigion systems now include large, high

resolution screens with 3D Google Earth rendering, while driver assist systems perform object tracking
and composite multiple video camera inputs, and entertainment systems deliveghijity HD video

to multiple screns.

The nobile gaming industry continues to grow rapidly and the visual quality of mobile games continues
to improve with each new generation of mobile GPU subsystem. While casual games such asdsgry Bi
and Temple Run continue to be vgrgpular,gamessuch aDead Trigger Anfinity Blade 2, Horn THD

and others are delivémg great graphics and immersive gamepleipwever, for mobile games to rival

the visual qualityand rich gaming experiencd# console and PC gameasobile processorsequire GPUs

that are architected to delivesubstantialgraphics performance, support the latest API specifications
such as OpenGL 4.4 and DirectX hnd yet be highly power efficient to fit within mobitevice

power and thermal envelopes.

b + L 5latéstaad most advanced mobile proces3egra®K1l, creates a major discontinuity in the
state of mobile graphics by bringing the poweffWIDIAKeplem GPUarchitecture to mobileand
deliveringtremendous visual computing capabilities dmeakthrough power efficiencylegra K1 is
offered in two pinto-pin compatible versions. The first versioress 32bit quadcore, 4PLUSL ARM
Cortex A15 AP. The second version uses a custom, NVdebigneds4-bit dual Super Core CRThis
CPU (codenamedDenvek) deliversvery high singlkéhread and multithread performance. It is based
on the ARMv8architecture, which brings the energfficient heritage of ARMprocessotechnology to
64-bit computing. Both versions of Tegra ¢dliver stunning graphics and visual computing capalslitie
powered by the 19zore NVIDIA Kepler GPU

! Kepler supports DX11.2 with Hardware Feature Level 11_0. For more details see
http://nvidia.custhelp.com/app/answers/detail/a_id/3196/~/ferrrand-keplerdirectxapisupport
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With two decaes of U industry leadershiphe NVIDIATegra KInobile processodeliversthe
performance demanded by negienerationPC andconsoleclass mobile games, modern user
interfaces, advanced visual computiagpications and highresolution4Kdisplayswhile deliveiing
exceptionalpower efficiencyrequired to bring the above capabilities to mobile devices

TEGRA K1

One Chip —Two Versions

Quad Core Dual Super Core
32-bit 64-bit
3-way Superscalar 7-way Superscalar
Up to 2.3GHz Up to 2.5GHz
32K+32K L1$ 128K+64K L1$

Figure 1 Tegra K1 available in 32-bit and 64-bit versions that are pin compatible

NVIDIA Tegra K1 z A New Era in Mobile Computing

NVIDIA is at the forefront of the mobile computing revolution and has continually raised the bar on the
performance and capabilities of mobile processtwss L 5L ! € dzy OKSR ¢S3IN} HX (KS
Y20AfS LINRPOS&a2NE ®USINliadcore mokile pracessiirg Defjra FtheNEB (1  n

g 2 NI R @BELUS guhidcare Cortex A15 processmhile continuously raising the bar on graphics

performance of mobile processofdVIDIA Tegra mobile processors have enabled mobile devices to

deliver snappy responsiveness, faster Web page load timesyiandlly rich gaming experiences while

delivering bng battery life through innovations such as th&®LUSIln CPUarchitecture,PRISMand

DirectToucht technologies.

The 32-bit and 64bit versions of theNVIDIATegra KInobile processoare designed from the ground

up to create a major discontinuity in the capabilitigsvmobile processotsand delivers thét y R dza (i NB Q &
fastest andnost power efficient implementation ahobile CP$, PGclassgraphics and visual

computing capabilities

This whitepaper focuses primarily on thel82version of Tegra K1. An upcoming paper will discuss in
detail the 64bit versionof Tegra K1
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Figure 2 NVIDIA Tegra K1 Mobile Processor (32-bit version)

Some of the key features tie Tegra KI5SoC (Systeran-a-Chip)architecture ae:

1 4-PLUSL Cortex A1% NBRU architecture thatelivers higher performance andnsore power
efficient than the previous generation.

1 KeplerGPU architecturghat utilizes 192 CUDA cores to deliaglvanced graphics capabilities,
GPU computing with NVIRICUDA 6 suppotbreakthrough power efficiencgnd performance
for the next generation of gaming and visual computing applications.

9 Dual ISP Corthat delivers 1.2 Giga Pixels of raw processing paupporing camera sensors
up to 100Megapixels.

1 Advanced Display Engirtbat is capable o$imultaneoushdriving boththe 4K local display and
a4Kexternalmonitors via HDMI

91 Built onthe TSM@8 nm HPMprocess to deliveexcellentperformance angower efficiency.

NVIDIA Tegra 4 was the first molpl@cessor to use a-BLUSL quadcore RM Cortex A15 CPU
architectureandvariable Symmetric Multiprocessing (vSMichnology tointelligentlyuse the high
performance quaetore A15 CPU complex for performance intensive task$switch to the power

NVIDIA Tegra K1 January 2014
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Figure 3 Tegra K1 Delivers higher CPU Performance and Power Efficiency?

The performance and power efficiency of thé?lUSL quadcore A15 CPU architecture in Tegra K1 is
further optimized touse halfthe power for the same CPU performance as that of Tegra 4. Tegra K1 is
more power efficient than Tegra dndalso delivers almst 40% higher CPU performance for the same
power consumption as Tegra 4.

Tegra K1s the first mobile processor to use the latest revisiop®3of the ARM Cortex A15 CPU
architecture that has seral performance and poweoptimizations In addition, ASClevel
optimizations based on learnings from Tegra 4 along with the udee®&8 nm HPM procedselpsTegra
Kldeliver exceptional CPU performance and power efficiency.

2 power and performance measured on Tegrg¥2bit) and Tegral devdopment systems while running
Specint2K benchmark
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NVIDIA Kepler z The Most Advanced GPUcomes to Mobile

One of the most compleprocessors ever created, the GPU is the engine behind-efetees-art

O2YLJzi SNJ ANI LIKAO& FyR SySNHe& STFTAOASDgedamé&? Y LIdzi Ay 3 o
KepletAda (GKS ¢2NI RQa Yz2ad |RAIFIYOSR Dt ! | NBtpanesS Ol dzNB
efficient gaming systems, workstations, supercomputarsl cloud gaming servers.

Keplerbased GPUsuch as the GeFor@&Tx Titan and GTX 780&re the engines behinsome of the
g2NX RQa KAIKSalG LISNF2NYA yfSpedivelydelifedingR Btiagedye LI | v
graphics performance for games suchCagsis3,! a &l aaAy Qa |/ NEa$BRhAtkhar . f |
Origins,and others.TheKeplerbased NVIDIA Quadeik6000 GPU powersany highperformance
workstation systems that aresed for 3D visualizaticend designmedical imaging, movie special
effects andnumerous other scientific and engineering usages

t I LJ

R
01 cCt

Keplerbased NVIDIA Te®@&PUs used for High Performance Computing (HPC) power some of the
g2NI RQa T I & S audh as thel TRaN XdfexCodunited & Bakridge National lzatukalso the

most powerefficient supercomputers such as the Eurora System at Cineca Supercomputing Center in
Italy. Many scientific researchers, energy engineers, and financial analysts throughout the world also use
Keplerbased Tesla GPUs in their own maval and workgroup HPC systems.
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Figure 4 Mobile Kepler in Tegra K1 brings desktop class graphics architecture to Mobile

TheKeplerGPU inregra Kis built on the same high performance, energy efficiéaplerGPU
architecture that is found in these highend systemsand is an industry breakthrough for mobile
graphics and computindgleple deliversthe most advanced graphics for mobile gaming, and is the first
modern mobile GPU capable of supporting all the GPU compute APIs.

NVIDIA Tegra K1 January 2014
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The Kepler architecture boasts several key features such as the adv@ineaching Multiprocessor

(SMX)for higher performance and power efficien@gplymorph Engine v2.fbr improvedTessellation

performance bindless texturesnabling up to one million simultaneous textuigsd higher efficiency

FXAAC and TXAA« anti-aliasing techniques for smoother vidgaand higher performancé?hys¥ ¥ 2 NJ

realistic collision, explosion, wateand smoke effects, and a hew display engine for the next generation

of 4K displays. A detailed explanation of these features and their benefits can be found in the Kepler
architeO (i dZNB ¢ KA (i S\MDIAISeRErce GRXU6BSIRY R HIL ! 04 bSEG DSYSNI (A2
Compute Architecture @

In addition Kepler will be the first mobile GPU that supports key API specifications SDpbrasL 4.4,
DirectX 11.2and/ ! 51! % ¢

TEGRA K1 GEFORCE
Kepler Graphics TITAN

OpenGL ES 3.0 v

OpenGL 4.4 v
DX11 4
Tessellation

CUDA 6.0

Figure 5 Tegra K1's Kepler GPU supports the same features as the most powerful desktop gaming GPUs

TheKepler GPU delivers the graphics features, rich APls, and compute architecture of its desktop
counterpart, anchas additional poweoptimizations for mobile usage.

The Kepler GPld Tegra Klis a significant milestone in the history of computing and computer graphics
and will drive a revolutionary change in mobile visual computing.

3Tegra K1 is capable of OpenCL 1.2. It will be supported based on customer needs.

NVIDIA Tegra K1 January 2014


http://www.geforce.com/Active/en_US/en_US/pdf/GeForce-GTX-680-Whitepaper-FINAL.pdf
http://www.nvidia.com/content/PDF/kepler/NVIDIA-Kepler-GK110-Architecture-Whitepaper.pdf
http://www.nvidia.com/content/PDF/kepler/NVIDIA-Kepler-GK110-Architecture-Whitepaper.pdf

Page| 9

ES2.0, DX9 ES3.0, OGL4.4, DX11
Programmable Pixel Tessellation, Compute Shaders,
Shaders ASTC, GPGPU

Figure 6 Kepler is a major discontinuity in Mobile Graphics

Figure 7 Tegra K1 brings never before seen visual realism to mobile devices

NVIDIA Tegra K1 January 2014



Page]| 10

Kepler Graphics Architecture in Tegra K1

Thearchitecture of theKepler GPU iiiegra Kisvirtually identicalto the Kepler GPdrchitectureused

in high-end systemsbut also includes a number of optimizations for mobile system usage to conserve
power and deliver industdeading mobile GPU performand&hilethe highestend KeplerGPUsn
desktop, workstation, and supercomputensludeup to 2880 singleprecision fbating point CUDA
coresand consumea few hundred watt®f power,the KeplerGPU inTegra Ktonsists 0fl92 CUDA

cores and consumes less than twatts®. Note that theTegra KKepler GPU has more cores than many
entry-level to mainstream desktop GPUsjuét a few years ago

The Kepler architecture is organized in Graphics Processing Clusters (GPC), Streaming Multiprocessors
(SMX)and memory controllers. For example, the Kepler based deskésjorce GTR80 GPU consists

of four GPCsight SMXand fourmemory controllersTheKepler GPU ifiegra Ktonsists of one GPC,

one SMX unit and a memory interfadéheTegra KIGPU includetour ROPsind has @ 28KB L2 cache
between the ROPs and the memory interface.

GigaThread Engine "

PolyMorph Engine 2.0

[ | Tesseliator

GPC :
Raster ErZlue —

arp Schedoler | | WarpScheduler | | Warp Scheduler |

Polymorph Engine 2.0

L2 Cache

Memory Interface

Figure 8 Full Kepler GPU (left) and Kepler SMX Unit (right) in Tegra K1

4Average power measured on GPU power rail while playing a collection of popular mobile games.
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TheKeplerGPU infegra Ksupporsthe DX11.2APIwith Hardware Feature Level 11 0, similar to the
desktop Kepler GPUthe latest OpenGL 4.4 speciition, and NVIDIA CUDAdeliveiing several key
featuressuch as @ssellationBindlessTextures,Global lumination, deferred rendering, and advanced
postprocessinghat will revolutionize graphics in mobile gaming.

Tessellation

Tessellation is one of the key features of Open@ladd DrectX 11.xhat has profoundly influenced 3D
graphics for PC gamingnd hasncreasedhe level of visual realism in PC games to being almost film
like. Moble Kepler GPU is the first mobile GPU to support hardwessellation, delivering
breakthroughgeometric complexityandvisual realism to mobile games and applicatidviere details

on how tessellation works can be fouhdre. Tessellatiordeliversmore detailed terrains, character
models and environments.

OpenGL4.x hardwaseasedtessellation allows th&PWo dynamically generatadditiond polygons
o0l &SR 2y viéwddhtindadiGeNIréndn contrast,OpenGL ES 2.0 requires pendering up to
fifty times more polygon$o achiese the same visual quality and detail as that of hardwaaeed
tessellation.Rendering these additional polygons in OpenGL ESBdiiperformance intensivand
power inefficient.Y S LJ sbippdt ofOpenGL4.x based hardware tessellation allows itlivet more
detailed scenes at much higher frame rates and lower power consumption.

' |

NVIDIA

Tessellation OFF Tessellation ON ‘/

4—‘-’—i—”’_"’———’—_f_—’ Adds detail to edges
Z

,/

Realistic shadows

Dynamically adds geometry only [
where it's needed

Unigine Corp. © 2005-2010. All rights reserved
NVIDIA Confidential e Heave

Figure 9 Tesselation adds detail, depth and realism
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Figure 10 Realistic Water and Terrain due to tessellation
Bindless Textures

In traditional GPU architectures, for the GPU to reference a texthestexture had to be assigned a
Gaft 20é¢ -sikebintling TableE Ba&number of slots in that table ultimately limits how many unique
textures a shader can read from atrtime.

With bindless textures in Kepler, the shader can reference textures directly in memory, making binding
tables obsoleteThis effectively eliminates any limits on the number of unique textures that can be used
to render a scene. As a result, mangnma different texture materials can be usealincrease the texture
detail in a game. Another benefit of bindless textures is the reduced driver and application overhead

and lower CPU utilization.

Figure 11 Bindless textures delivers higher texture detail and lower CPU utilization in games
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