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Agenda

Welcome

Goal of the workshop

Process technology roadmap
Spectrum of silicon solutions
Challenges in silicon architectures
Emerging Applications
Challenging the Workshop




silicon Technology Follows Moore's Law

90nm
-~ 2005

New Intel technology generation every 2 8nm
years
Intel R&D technologies drive this pace well
into the next decade
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Pentium Pentium Il & i

Coppermine

Pentium Pentium Il & Pentium Il

In-Order In-Order

66 MHz 300-450MHz, 1GHz
3.1 M transistors 7.5, 28 M transistors

800 nm 250, 180 nm

Netburst Architecture

ecent 15 Years of Processor Core Evolution

Core pArchitecture

Prescott

Northwoo il
d

Intel Core 2 Processor
Out-0Of-Order

Intel Pentium 4 Processor
Out-0Of-Order

2-3* GHz frequency 3* GHz frequency
55, 120 M transistors 291, 731 M transistors
130nm, 90 nm 65,45 nm

Note: Just a representative list, not exhaustive




Accelerating Multi- and Many-core

Power delivery and management

High bandwidth memory

Reconfigurable

Scalable fabric
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Big Core

Big Core
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Exploit Potential Extreme Variations
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Exploit Potential Reliability Issues
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Properties of Architecture
Massively Parallel through many-core and
multithreading
Extremely tolerant of noisy environments

Built from relatively slow, low-power, transistors
that can tolerate variability

Manufacturing defect tolerant

Fault-tolerant (core, network elements)

Distributed memory with “clustered” coherence
Partitionable into virtual machines

Be programmable with tools for extreme parallelism
Connected set of networks

How much precision is desired in computation?

Capable of solving real world problems that go well
beyond today’s platforms




Intel Tera-scale Research

100+ Research Projects Worldwide

Microprocessor Platform Programming

Examples: Examples: Examples:
Scalable memory 3D Stacked Memory Speculative Multithreading

Multi-core architectures Cache Hierarchy Transactional memory
Specialized cores Virtualization/Partitioning Workload analysis
Scalable fabrics Scaleable 0S's Compilers & Libraries
Energy efficient circuits I/0 & Networking Tools

ACCELERATE TRANSITION

4 TO PARALLEL PROGRAMMING \
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Teraflops and Beyond on a Chip

Architecture

- Compute element

- Data Communication (type of N-o0-C)

- Memory hierarchy & topology

Design

- High performance FPMAC

- High Bandwidth & low latency 2D Mesh
- Tiled methodology

- Power management

- Resiliency of CM and N-0-C




Many-Core Cluster
On-Die Fabric Supporting Resiliency & Scalability

Multi-
generation
scalability

v’ Modular
design and
validation

v’ Resiliency

v' Do we need
coherency?
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Many-Core Platform Vision
Adapting the Hardware

i Initialization /
Resilience : .
- Configuration Performance Mo\ Power Mgt

v Addressing
variability and
reliability
issues

CM CM CM M CM CM

CM (A CM CM CM M CM v Performance
Mgt -
“binning”

CM CM CM CM CM

v'Thermal &
Power Mgt

CM CM CM € CM CM
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Key ingredients for Teraflops on a chip

{
— MSINT High bandwidth
Core ——|Z |Crossbar Low latency XBAR
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_ High performance

Clocking Dual FPMACs [
Power saving s e
techniques 65nm

eight metal
CMOS




First monolithic programmable Teraflops
processor

|
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FPMAC1

Global clk spine

21.72mm

Technology | 65nm, 1 poly, 8 metal (Cu)

Transistors | 100 Million (full-chip)
1.2 Million (tile)

Die Area 275mm?2 (full-chip)
3mm? (tile)

C4 bumps # | 8390




Final result
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Tera-scale Memory Bandwidth

Tera Bytes: 3D Stacked Memory 3D Memorv Stackin
- obvemory otacking

256 KB SRAM per core R o H eat S I n k
4X C4 bump density ' > 66 6 -
8490 thru-silicon vias ik, >

Potaris it ko bump

Processor

Memory
Thru-Silicon ~ Packa Jo i
Via\\w =

Package

The 3D stacking technology is proven in small volumes
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Software Tools for Many-Cores
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Operating Systems Operating Syste ns
I nte I ® SOftwa re Windows* Linux* Windows Linux Mac OS*
D eve I 0 p m e I1 t P I‘O d u CtS Development Environments Development Enviroiiments
@ = Currently Available @Visual Studio* GCC* Visual Studio GCC Xcode*

Compilers C++ [ ) () [ [ ()

Fortran { [ [ ] [ ] [
Performance Analyzers VTune® Performance Analyzer [ J [ J o o

:’2:::1?;?’?: Performance °® °® ° °
Performance Libraries Math Kernel Library °® PS ° °

Mobile Platform SDK ®
Threading Analysis Thread Checker L L
Tools Thread Profiler o

MPI Library [ J [ J () ()

Trace Analyzer and Collector [ J [ J [ o
Cluster Tools Ed:ittl;oﬁernel Library Cluster s s . .

Cluster Toolkit  J [ [ [
XML Tools** XML Software Suite 1.0 () o o

Comprehensive Set of Intel® Software Development Products Enable

Multithreaded Application Development Across Intel® Platforms

** Additional XML tools information can be found at www.intel.com/software/xml




Emerging Real-World Apps

Image/Picture recognition, classification, & search
Static & dynamic object recognition

Speech recognition, translation

Security

Autonomous navigation

Many More.....




Goal of MPAC Workshop

Review key ongoing research activities in
architectures, algorithms & applications that
exploit massive parallel adaptive computing

- Understand state of the art & approaches

Identify technology gaps in realizing platforms
capable of cost-effectively & energy-efficiently
processing bio-inspired algorithms & apps

- What's holding us back?

Breakout sessions to identify problem statements,
known technological shortfalls, and where

afflicable, fossible solutions
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BEYOND TERA-SCALE COMPUTING

Microprocessor

Essential
Scalable memory
Many-core architectures
Specialized cores?
Scalable fabrics
Energy efficient circuits

Complementary
Si Process Technology

Resiliency
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Platform

Essential
3D Stacked Memory
Cache Hierarchy
Distributed Memory
Virtualization/Partitioning
Scalable Distributed 0S's
|/0 & Networking

Complementary

Programming

Essential
Speculative Multithreading
Data parallel operations
Compilers & Libraries
Tools

Complementary
Domain specific languages
Usage Models




Object Recognition Progress
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LARRABEE - TERA-SCALE SOLUTION
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