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private data, sensory inputs, streams/feeds
immersive 3D graphics output, interactive visualization
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Intersection of massive data with massive compute

... Architectural implications are far more radical

Computational substrate must undergo a sea-change!
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Performance Needs:
Can far exceed typical i/o limits of
Bs human perception —— S
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Computational requirements are huge, but ...




Data changes the game

GD[ J'S[C Translate

Thig text has bean automatically franslated from Arabic:
s B0 rac ly with th
Conversely Tehran expressed its willingness ﬂ

late text

| | i ¥
Arabicto Englsh BETA *| Translate

[Kasparov vs. Deep Blue] [Google MT wins NIST contest]

Rule-based system exceeds e Statistical inference (not rules)
human performance in a e 100s of TB of training data
structured, deterministic domain e Racks of computation

Newcomer Google beats decades
of rule-based translation research

Opportunities Abound: Massive Data with Massive Compute




Machine Learning Algorithm Classes

e Model-based e Model-free

— Transparent model — Supervised Classifiers
* Bayes nets * Decision trees
e Regression  Ensembles of trees
* Discriminant Analysis — Unsupervised
— Opagque model e Clustering
e Neural networks Association Rules
e SVM Sequential Patterns
Principal Components
K-Nearest Neighbor
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Lewval 1: Applications

Computer

Adkhoe search Dervative Pricing | Ray-Tracing Vision

. Portfalio Physical
[ & i E i . - 2 m a1} i
Samantic Search Salaction Simulation

Laval 2: Mathamatical Modeals

Partitioning e i ot Tracking
Rasad Diffusion Models | Lavel Sets &Raconstr.

Generative non- | Cuadratic Particle
linear Oiptimization o Systams
Leval 3: Mathematical Techniquas

Intarior-Point Collision
Mathod Dataction

Stochastic Filtaring &Ant
Simulation " -Aliasing
Level 4.1: Mumerical Algorithms
Monte Cardo Convex Collision
Simulation (V-Clip, GJK)
Laveal 4.2: Mumerical Primitives and Data Structures

Sparsa BLASTZ2 Dansa BLAST 23 Structured matrix opearat.
Sparcity struct. (SRS, Basic geometry primitives Partition structures (gricks,
graphs, alimination tree (triangle, box, conmvex) kd-trea, BYWH)

sVD Path Planning

K-means

Diract Salvers [tarative Solvars

S AR L

Workload-driven Architecture Research .

SAAR (Scalable Applications and Architecture Research)

e




Scaling With Cores

—— Production Fluid

—— Production Face
* Production Cloth

—— Marching Cubes

—— Sports Video Analysis
~— Video Cast Indexing
— Text Indexing
- Foreground Estimation
- Human Body Tracking
— Portifolio Mangement

—— 3D-FFT

—— BLAS3
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Architectural Smarts

Speedup over 1-wide SIMD

O 2-wide

O 8-wide

B SIMD Speedup with H/W gather

O SIMD Speedup with S/W gather

ﬂ

Relative Execution Time

Head ‘ Torsol ‘ Torso2 Head ‘ Torso

Directionl

Speedup over 1-wide SIMD

Directic

Head ‘ Torsol ‘ Torso2

Benefits of GLSC

AB AB AB AB AB AB AB
GBC FS GPS HIP SMC MFP TMS

Benchmarks

SIMD width 4

‘ Head ‘ Torsol ‘ Torso2




RMS Computing Core: Algorithmic Evolution

Map-based shading

SIMPLEX based linear
optimization

Mass-Spring based deformation

Marker-based explicit surface Non-Linear

tracking And
Generative

Linear manifold based
recognition/modeling

Linear Complementarity
problems

Low dimension classifiers
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Pelassifiers




summary

e Connected Computing

 |t's all about three C’s (above + content or data)

e Architectural Challenge

e Moving the data real-time to where compute happens

e Algorithmic Opportunity

 Massive data approach to traditional compute problems







