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A Parallel Revolution, Ready or Not

Â Embedded: per product ASIC to programmable 
platforms Multicore chip most competitive path
Ã Amortize design costs + Reduce design risk + Flexible platforms

Â PC, Server: Power Wall + Memory Wall = Brick Wall
End of way built microprocessors for last 40 years

New Mooreôs Law is 2X processors (ñcoresò) per chip 
every technology generation, but same clock rate
Ã ñThis shift toward increasing parallelism is not a triumphant stride 
forward based on breakthroughs é; instead, this é is actually a 
retreat from even greater challenges that thwart efficient 

silicon implementation of traditional solutions .ò

The Parallel Computing Landscape: A Berkeley View, Dec 2006

Â Sea change for HW & SW industries since changing 
the model of programming and debugging
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P.S. Parallel Revolution May Fail
Â John Hennessy, President, Stanford University, 1/07:
ñéwhen we start talking about parallelism and ease of use of 
truly parallel computers, we're talking about a problem that's 
as hard as any that computer science has faced. é 
I would be panicked if I were in industry .ò
ñA Conversation with Hennessy & Patterson,òACM Queue Magazine, 4:10, 1/07.

Â 100% failure rate of Parallel Computer Companies  
Ã Convex, Encore, MasPar, NCUBE, Kendall Square Research, 
Sequent, (Silicon Graphics), Transputer, Thinking Machines, é

Â What if IT goes from a 
growth industry to a
replacement industry?
Ã If SW canôt effectively use 

32, 64, ... cores per chip 
SW no faster on new computer 
Only buy if computer wears out
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Need a Fresh Approach to Parallelism

Â Berkeley researchers from many backgrounds 
meeting since Feb. 2005 to discuss parallelism
Ã Krste Asanovic, Ras Bodik, Jim Demmel, Kurt Keutzer, John 

Kubiatowicz, Edward Lee, George Necula, Dave Patterson, 
Koushik Sen, John Shalf, John Wawrzynek, Kathy Yelick, é

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

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

Â Led to ñBerkeley Viewò Tech. Report and new 
Parallel Computing Laboratory (ñPar Labò)

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

Â5-year research program aim 8+ years out

ÂMulticore: 2X / 2 yrs å 64 cores in 8 years

ÂManycore: 8X to 16X multicore

Automatic 
Parallelization,
Thread Level 
Speculation
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Re-inventing Client/Server

ÂLaptop/Handheld as future client, 
Datacenter as future server

ÂñThe Datacenter is the Computerò

ÃBuilding sized computers: Google, MS, é

ÂñThe Laptop/Handheld is the Computerò

Ãó07: HP no. laptops > desktops

Ã 1B Cell phones/yr, increasing in function

ÃOtellini demoed "Universal Communicatorò
ÂCombination cell phone, PC and video device

Ã Apple iPhone



7

Laptop/Handheld Reality

ÂUse with large displays at home or office

ÂWhat % time disconnected? 10%? 30% 50%?
ÃDisconnectedness due to Economics

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

Â Policy varies, but most countries allow wireless investment 
where make most money Cities well covered 

Rural areas will never be covered

ÃDisconnectedness due to Technology
Â No coverage deep inside buildings

Â Satellite communication uses up batteries

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

Â Conventional Wisdom in CS Research

ÃUsers donôt know what they want

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

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

ÃProblem: Stupid users donôt learn/use proper solution

ÂAnother Approach

Ã Work with domain experts developing compelling apps

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

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

1. Applications
• Compelling apps drive top-down research agenda

2. Identify 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
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Â ñWho needs 100 cores to run M/S Word?ò
Ã Need compelling apps that use 100s of cores

Â 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 speed-up, or 
a smaller, more efficient platform to work as intended

4. As a whole, applications cover the most important            
Ã Platforms (handheld, laptop, games)                           

Ã Markets (consumer, business, health)

Theme 1. Applications. What are 
the problems? (Jim Demmel)
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Coronary Artery Disease (Tony Keaveny)

ÂÂModeling to help patient compliance?Modeling to help patient compliance?
ÅÅ450k deaths/year, 16M w. symptom, 72M BP

ÂÂMassively parallel, RealMassively parallel, Real--time variationstime variations
ÅÅCFD FECFD FEsolid (nonsolid (non--linear), fluid (Newtonian), pulsatilelinear), fluid (Newtonian), pulsatile

ÅÅBlood pressure, activity, habitus, cholesterolBlood pressure, activity, habitus, cholesterol

Before After
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Content-Based Image Retrieval
(Kurt Keutzer)

Relevance 

Feedback

ImageImage

DatabaseDatabase

Query by example

Similarity

Metric

Candidate

Results Final ResultFinal Result

ÂBuilt around Key Characteristics of personal 
databases
ÃVery large number of pictures (>5K)
ÃNon-labeled images
ÃMany pictures of few people
ÃComplex pictures including people, events, places, 

and objects

1000ôs of 

images
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Compelling Laptop/Handheld Apps

Â Health Coach
Ã Since laptop/handheld always with you, 

Record images of all meals, weigh plate 
before and after, analyze calories 
consumed so far
Â ñWhat if I order a pizza for my next meal? 
A salad?ò

Ã 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
Â ñWhat would I look like if I regularly ran 
less? Further?ò

Â Face Recognizer/Name Whisperer
Ã Laptop/handheld scans faces, matches 

image database, whispers name in ear 
(relies on Content Based Image Retrieval)
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Compelling Laptop/Handheld Apps
(Nelson Morgan)
ÂMeeting Diarist 
ÃLaptops/ Handhelds 

at meeting 
coordinate to 
create speaker 
identified, partially 
transcribed text 
diary of meeting

ÂTeleconference speaker identifier, 
speech helper

Ã L/Hs used for teleconference, identifies who is 
speaking, ñclosed captionò hint of what being said


