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A Parallel Revolution, Ready or

A Embedded: per product ASICto programmable
platforms = Multicore chip most competitive path
Amortize design costs + Reduce design risk + Flexible platforms

A PC, Server: Power Wall + Memory Wall = Brick Wall

End of way built microprocessors for last 40 years

-New MooreoOs Law I s 2X pro
every technology generation, but same clock rate
AThis shift toward increasing par al

forward based on breakt Isactuallg s ¢é; |
retreat from even greater challenges that thwart efficient

silicon implementation of traditional solutions . 0
The Parallel Computing Landscape. A Berkeley View, Dec 2006
A Sea change for HW & SW industries since changing
the model of programming and debugging
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P.S. Parallel Revolution May Fall

A John Hennessy, President, Stanford University, 1/07:
newhen we start tal ki ng about
truly parallel computers, we're talking about a problem that's
as hard as any that computer science has faced e
| would be panicked if | were in industry . O

ANA Conversation wit h ABM Quewe dagazin@d.1® H/QA7t e r

A 100% failure rate of Parallel Computer Companies
Convex, Encore, MasPar, NCUBE, Kendall Square Research,

Sequent, (Silicon Graphics), Tr
A What if IT goes from a 300y Milions of |
growth industry to a 250 e PCs/year| [
rep/acemem‘industry? 200 e s
| f SW canét effd¥ijivel yAise =
32, 64, ... cores per chip 100 oo

— SW no faster on new computer

_ 504 S
= Only buy if computer wears out
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Need a Fresh Approach to Parallelism

A Berkeley researchers from many backgrounds
meeting since Feb. 2005 to discuss parallelism

Krste Asanovic, Ras Bodik, Jim Demmel, Kurt Keutzer, John
Kubiatowicz, Edward Lee, George Necula, Dave Patterson,
Koushi k Sen, John Shalf, John V

Circuit design, computer architecture, massively parallel
computing, computer-aided design, embedded hardware
and software, programming languages, compilers,
scientific programming, and numerical analysis

A Tried to learn from successes in high performance
computing (LBNL) and parallel embedded (BWRC)

A Led to nBerkeley Viewo Te
Par al |l el Computing Labor a

A Goal: Productive, Efficient, Correct Programming of
100+ cores & scale as double cores every 2 years (!)
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Why Target 100+ Cores?

A 5-year research program aim 8+ years out
A Multicore: 2X/2yrs =>a 64 cor es
A Manycore: 8X to 16X multicore
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Thread Level
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Re-inventing Client/Server

AnThe Datacenter
Building si zed
AARThe Laptop/ Handhel d
607: HP no. | aptop i
1B Cell phonesl/yr, increasing in function
Ot el l 1 ni demoed " Unjm
A Combination cell phone, PC and video device '
Apple iIPhone

A Laptop/Handheld as future client,
Datacenter as future server
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Laptop/Handheld Reality

A Use with large displays at home or office

A What % time disconnected? 10%? 30% 509%"?

Disconnectedness due to Economics

A Cell towers and support system expensive to maintain
= charge for use to recover costs = costs to communicate

A Policy varies, but most countries allow wireless investment
where make most money = Cities well covered
— Rural areas will never be covered

Disconnectedness due to Technology
A No coverage deep inside buildings
A Satellite communication uses up batteries

— Need computation & storage In
Laptop/Handheld
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Try Application Driven Research?

A Conventional Wisdom in CS Research
Users donot know what they

Computer Scientists solve individual parallel problems
with clever language feature (e.g., futures), new
compiler pass, or novel hardware widget (e.g., SIMD)

Approach: Push (foist?) CS nuggets/solutions on users

Probl em: Stupi d users donbo
A Another Approach
Work with domain experts developing compelling apps

Provide HW/SW infrastructure necessary to build,
compose, and understand parallel software written in
multiple languages

Research guided by commonly recurring patterns
actually observed while developing compelling app 5
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4 Themes of View 2.0/ Par Lab

1. Applications
Compelling apps drive top-down research agenda

2. ldentify Common Computational Bottlenecks
Breaking through disciplinary boundaries

3. Developing Parallel Software with
Productivity, Efficiency, and Correctness

2 Layers + Coordination & Composition Language
+ Autotuning

4. OS and Architecture

Composable primitives, not packaged solutions
Deconstruction, Fast barrier synchronization, Partitions

9




Par Lab Research Overwew*’”‘““’"‘\

Easy to write correct programs that run efficiently on manycore

(\6 Personal | Image |Hearing, Speech Parallel
’&\\O Health |Retrieval | Music Browser
\¥ Dwarfs

Composition & Coordination Language (C&CL) Static
Verification

C&CL Compiler/Interpreter

Parallel Parallel Type
Libraries Frameworks Systems

Efficiency Sketching Dwegted
Languages Testing

Correctness

Autotuners

Schedulers Communication & Dynamic
Synch. Primitives Checking
Efficiency Language Compilers

0S lerarles & Services Debugging

Legacy O With Replay

‘ Multicore/GPGPU RAMP Manycore

10



" S
Theme 1. Applications. What are
the problems? (Jim Demmel)

~

A AWho needs 100 cores to
Need compelling apps that use 100s of cores
A How did we pick applications?

1. Enthusiastic expert application partner, leader in field,
promise to help design, use, evaluate our technology

2. Compelling in terms of likely market or social impact,
with short term feasibility and longer term potential

3. Requires significant speedup, or
a smaller, more efficient platform to work as intended

4. As a whole, applications cover the most important
Platforms (handheld, laptop, games)
Markets (consumer, business, health)

11
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Coronary Artery Disease (tony Keaveny)

Before Aflter
LAD LCX LAD LCX
w: \ )/ m: /
: - i
R. intermedius
3 -

A Modeling to help patient compliance?
a450k deaths/year, 16M w. symptom, 72M TBP
A Massively parallel, Realtime variations

ACFD FEsolid (non-linear), fluid (Newtonian), pulsatile
ABlood pressure, activity, habitus, cholesterol
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Content-Based Image Retrieval

(Kurt Keutzer)

Query by example

—— Relevance | ¢
Feedback

Final Result

A Built around Key Characteristics of personal
databases
o fA Very large number of pictures (>5K)
Non-labeled images
Many pictures of few people

Complex pictures including people, events, places,
and objects

13



"
Compelling Laptop/Handheld Apps”
A Health Coach

Since laptop/handheld always with you,
Record images of all meals, weigh plate
before and after, analyze calories
consumed so far

AN What | f I order a
A sal ad?0o

Since laptop/handheld always with you,
record amount of exercise so far, show
how body would look if maintain this

exercise and diet pattern next 3 months

A AWhat woul d | | 00Kk
| ess? Further ?0

A Face Recognizer/Name Whisperer

Laptop/handheld scans faces, matches
Image database, whispers name in ear
(relies on Content Based Image Retrieval)
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Compelling Laptop/Handheld App

(Nelson Morgan)

A Meeting Diarist
Laptops/ Handhelds
at meeting
coordinate to
create speaker
identified, partially
transcribed text
diary of meeting

A Teleconference speaker identifier,
speech helper

L/Hs used for teleconference, identifies who iIs
speaki ng, Acl osed captiono
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