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ProblemsProblems

Conventional CPU architectures are hitting hard limitsConventional CPU architectures are hitting hard limits
Overhead circuitry dominates today’s designsOverhead circuitry dominates today’s designs

Approaching a Approaching a “frequency wall”“frequency wall”

Historical 55% CGR on performance likely to drop to 20% Historical 55% CGR on performance likely to drop to 20% 
for for uniprocessorsuniprocessors

Computer applications are becoming more diverseComputer applications are becoming more diverse
Specialized solutions only work well in their domain Specialized solutions only work well in their domain 

Transaction servers, web servers, desktop, multimedia, DSP, etcTransaction servers, web servers, desktop, multimedia, DSP, etc

Many applications have varying phase behaviorsMany applications have varying phase behaviors
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Our Solution:  Our Solution:  TRIPSTRIPS

A new, technology scalable computer architectureA new, technology scalable computer architecture
Dramatic increase in parallel instruction execution (Dramatic increase in parallel instruction execution (33--10X10X))

Naturally distributed and partitioned Naturally distributed and partitioned high frequencyhigh frequency

Fundamentally aligned with future technology Fundamentally aligned with future technology ScalableScalable

Dynamic resource configuration (Dynamic resource configuration (PolymorphismPolymorphism) ) 
Increases flexibility of the systemIncreases flexibility of the system

Same hardware runs broader set of workloads wellSame hardware runs broader set of workloads well

Structure the machine resources, then run the programStructure the machine resources, then run the program
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Technology OverviewTechnology Overview
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Key Technology FeaturesKey Technology Features

High instruction concurrency High instruction concurrency andandhigh clock ratehigh clock rate
Thousands of instructions in flight and 16Thousands of instructions in flight and 16--wide instruction issuewide instruction issue
Operating frequency equal to or better than conventional machineOperating frequency equal to or better than conventional machiness

Aligned with future semiconductor technologyAligned with future semiconductor technology
Natural partitioning deals Natural partitioning deals headhead--onon with the increasing wire delay issueswith the increasing wire delay issues
Eliminates large centralized structures dominating conventional Eliminates large centralized structures dominating conventional designsdesigns
Increased density of execution resourcesIncreased density of execution resources

Efficient exploitation of different types of parallelismEfficient exploitation of different types of parallelism
Supports vectors, streams Supports vectors, streams (data(data--level parallelism)level parallelism)
Supports high throughput and threads Supports high throughput and threads (thread(thread--level parallelism)level parallelism)
Supports aggressive speculation Supports aggressive speculation (instruction(instruction--level parallelism)level parallelism)
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Why not just build Multiprocessors?Why not just build Multiprocessors?
Fine-grain chip multiprocessor Coarse-grain chip multiprocessor Ultra-large core multiprocessor

Termites and chainsaws:Termites and chainsaws:
Good performance when tasks are abundant Good performance when tasks are abundant –– not so good when they are notnot so good when they are not

Increased burden of Increased burden of communicationcommunication, , synchronizationsynchronization, , load balancingload balancing

Bulldozers:Bulldozers:
Offer speedup for the most common applications Offer speedup for the most common applications (single(single--threaded ones)threaded ones)

Better MP performance with Better MP performance with ten 10x processorsten 10x processors vsvs two hundred 1x processorstwo hundred 1x processors
Reasonable to subdivide a big core into smaller ones when necessReasonable to subdivide a big core into smaller ones when necessary

“Termites” “Chainsaws” “Bulldozers”

TRIPS

ary
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Benefits and Value PropositionBenefits and Value Proposition

Significantly more powerful Significantly more powerful uniprocessorsuniprocessors
Many workloads resist speedups from parallel programmingMany workloads resist speedups from parallel programming

Powerful Powerful uniprocessorsuniprocessors better better multiprocessorsmultiprocessors

Dynamic configuration:Dynamic configuration:
Better performance on broader range of workloadsBetter performance on broader range of workloads
Single design can potentially serve multiple marketsSingle design can potentially serve multiple markets
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Potential Market OpportunitiesPotential Market Opportunities
Conventional Processor Markets:Conventional Processor Markets:

Machine vision and image processing (Machine vision and image processing (streamingstreaming))

Cell phone base stations (Cell phone base stations (signal processingsignal processing))

Game consoles (Game consoles (embedded supercomputingembedded supercomputing))

EnablementEnablementof  of  emerging technologiesemerging technologies
BioTechBioTechworkstationworkstation

Protein folding, docking and scoring Protein folding, docking and scoring -- ““ DesksideDesksideBlueGeneBlueGene””

NanoTechNanoTechworkstationworkstation
MolecularMolecular--level modeling, simulation & analysis level modeling, simulation & analysis –– “Virtual SEM”“Virtual SEM”

Strategic partnerships Strategic partnerships packaged solutionspackaged solutions
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Current Status and Future DirectionsCurrent Status and Future Directions

Architectural framework completeArchitectural framework complete
Simulation model, compiler and tool chain up and runningSimulation model, compiler and tool chain up and running
Chip prototype currently in development (0.13u, 500MHz)Chip prototype currently in development (0.13u, 500MHz)

Concept validated by peer groupsConcept validated by peer groups
$14M funding from DARPA and industry affiliates$14M funding from DARPA and industry affiliates
8 publications in premier computer conferences8 publications in premier computer conferences
2 US patents filed through University OTC2 US patents filed through University OTC

Next stepsNext steps
Decide on initial market Decide on initial market build commercialization team!build commercialization team!
Establish marketEstablish market--specific solutionspecific solution
Additional IP protectionAdditional IP protection
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