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Sapir-Whorf and the future

Multicore futures
Homogeneity/heterogeneity

Programmability

Multicore:
Hey, Waita Minute!

Raising abstraction levels

The future is ours
To shape or misshape
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Scalable and Multicore Computing Strategist Fortitudine Vincimus!
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ManyCoreTriple Point Sapir—Whorf: Context and Research

Sapir—-Whorf Hypothesis (SWH)
language influences the habitual thought of its speakers
Computing analog
Programming _ ¢ available systems shape research agendas
Complexity : : Consider some past examples

Architecturd " VAX 11/780 and UNIX

Complexit : i
omplexity Sy e workstations and Ethernet

PCs and web
inexpensive clusters
Complen — ManyCore our HPC sweet spot
Triple Point Today’s examples
multicore, clouds and services ...
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Operations per second for serial code
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Additional operations per second if code can take advantage of concurrency

No Free Lunch For Traditional Software
(Without highly concurrent software, it won't get any faster!) mrdl
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One, Two, Three, Many? ...

B2 ==

Single Thread Single/Multiple Thread Balance

WeveAl Followed ThisPath ... |

Given the clear and pressing need for
improved computer performance, there
are several means of achieving this end.
In the simplest approach, current
computer architectures are
reimplemented using faster device
technologies. Although this approach
will always be exploited, physical,
technological and economic limitations
make it incapable of providing all the
needed computational power. Instead,
parallelism must be exploited to obtain
truly significant performance

improvements. November 1987 Serious Parallelism and Optimization

Acknowledgment: Tim Mattson, Intel
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ncolates, Not Cookies Multicore Options

gar cookie > & On-chip possibilities — let’s explore
a odulo proce ariatio { > PIM and mixed processes

Network protocol processing

S S e 1510 Optical interconnect (MEMS or other)
Pesigne ocolate Crypto-processing
Dive a feature = DSP/image processing

orre 0 W3 q ¢ Rendering
— < On -chip/near-chip communications
o e e %: - Thinned wafers and chip stacking
= “:E T LL?E Buses or bus networks
e ¢ Shared memory
- :; e - = ¢ Point-to-point interconnect
= “;:;; R = Coherent/non-coherent caches
EFE::Z: i e pose interesting challenges

A = : u‘;‘ - Power and structure
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The Other Avis: Core Complexity

Remember Amdahl’'s Law
Speedup = (S + (1-S)/N)1

Multicore implications?
Symmetric or asymmetric cores
Legacy and new code
Programming heterogeneity

Some very nice work by Mark Hill

“Amdahl’s Law in the Multicore Era,” M. D. Hill and M. R. Marty,
IEEE Computer, July 2008

G. Amdahl, “Validity of the Single Processor Approach to Achieving

Large-Scale Computing Capabilities,” AFIPS Conference
12 Proceedings, pp. 483-485, 1967
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Architectural Futures ;
¢ Replication of tweaked cores g!'
interconnect (it really matters)
mix of core types e et on Delay
heterogeneity and programmability
= Or, more radical ideas ...
£ Other issues ...
process variation and cores
performance and reliability
dynamic power management

Flesiuad S0 charge

Source: Semiconductor International

= Where is our architectural vision?
Where are the new ideas?
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L BEE3 Architecture

DDR2 DIMMO

DDR2 DIMM1

DDR2 DIMM2

DDR2 DIMM3
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PCI-E
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DDR2 DIMM3

Rapid multicore prototyping
Architectural exploration
Ecosystem exploration

QSH-DP-
040

QSH-DP-
040

http://research.microsoft.com/projects/BEE3
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The Red and the Blue Pills

¢ Parallel computing ¢ Distributed systems

Late 1980s = September 1981
¢ message passing dominates REC 791
= parallel tool prototypes filgyict Protocol (IP)

s software tool workshops, Pe, g?:;tﬁzgjﬁp
1990s g

April 2008
* hardware pr ' gk ps = robust services

+ performat i _Jization ¢ vibrant industry

April 2008 ¢ Substantial progress
+ low level tools : : i
* MPI dominates

¢ Limited software progress
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The Siren Call ... \ @ Programming Groups

We've seen parts of this movie before Three developer groups
Vector processors, systolic arrays, attached processors = Heroes

Success requires optimizing for efficiency * Mainstream
data movement, computation and software costs Entry/Novice

Efficient exploitation, in two senses * Each with differing needs

achieved application performance * Heroes
holistic assessment, not just application kernels “Neurosurgery?
high human productivity
extant software base, available tools
We must raise the abstraction level ...

Managed code and SLAs
Performance and failures

No problem, hand me that screwdriver.”
Mainstream

The typical computing graduate
Entry/novice

Think of Visual Basic developers
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Breaking Through The Brick Wall MicrosoftIntel UPCRCs

Two academic research centers
UC-Berkeley and UIUC

Jointly funded by Intel and Microsoft
$20M over five years
Matching funds from each institution

Industry Giants Try to Break Computing’s Dead

End
NY Times March 19, 2008 John Markoff

Intel and Microsoft said Tuesday that they planned to
finance two groups of university researchers to start
over and design a new generation of computing
systems intended to break the industry out of a
technological cul-de-sac that threatens to end decades
of performance increases in computers.

Rationale
Long-term approaches to parallel computing
Integrated thinking — applications to architectures
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Programming Heterogeneity

Homogeneous parallelism remains challenging
We've been working on this for over forty years

Heterogeneity poses additional challenges Internode

Coordinating heterogeneity Concurrengy '

Multiple programs (ugh)
Automated mapping
Synthesized specifications

: - _ ntranode
Raise the gbstractlon level SR Concurrency

Coordination languages

Managed software

Specification not implementation
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The Transductive Confinuum

Dynamic optimization
Power, computing and bandwidth
Code and transductive mobility
Edge devices and central facilities
Context-aware information

The right information at the right time
Rich data management

Peanuts Pigpen model
: loud follows you everywhere

Clients + servers + sensors + actuators = experiences

24 rﬁearch
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Local

Software (

Services
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Microsoft
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Microsoft

Your potential. Our passion:
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