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Disclaimer #2

NNever make f or ec
especi ally about
- Samuel Goldwyn
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Forces, Objects, and Evolution

A Economic and technical forces are pushing our Industry

A ManyCore, flash, hard-drives, datacenters, mobility, novel
devices, connectivity changes, ubiquity of sensors, POWER, etc

A These forces are pressuring how applications compose
A Offline, scaling, redundancy, caching, versioning, autonomy,
and more are all rearing their heads
A We must create new models for components (objects)
A What can these objects count on for data, state, connectivity?
A How can the objects do work when confronted with new
constraints and challenges?
A We must evolve our computing models
A The forces will overrun the objects
A The new objects must bring new value and coexist with legacy
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The Nature of the Forces
New

"Tiny, Cheap, Flakey
& Ubiquitous

Old

A Big Servers
A Big Datacenters
A Big Fast CPUs

ABi g

Moneyé

A Little Flakey Datacenters
A Many Cores

A Many Tiny Devices

A Not Getting Faster

ALow Power é CI
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Mooredos Law-1Cont |

The number of transi stor

More than
1 billion
transistors
In 2006!

1970 1980 1990 2000 2010
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Mooredos Law-2Cont |
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Mooredos Law-3Cont |

eand t he ® 150 Watts
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Mooreds Law-4Cont |

10 GHz
Why is the CPU
frequency not ___®38GHz
rising like it O o, "

1 GHz 1 GHz
600 MHz

@ 400 MHz
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The Power Wall - 1

Dynamic
Power
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The Power Wall - 2

A As the transistors get

Xx'

[
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smal l er, they 0

A Leakage goes up as the =
features get smaller

Faster frequencies need more
dynamic power

A Changing bits consumes dynamic power
A Dynamic power goes up with the frequency
AAs the power goes up, the chips

+ \

p.
- Static
Power

A As the chips get hotter, the static power goes up (more leaking)

A A bad cycle A Hotter chips need more power A Hotter chips

Frequencies will NOT get much faster!
|. Maybe 10% every year or s

\ Also, these modest gains will make the chips LOTS hotter!
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The Memory Wall

Access time to DRAM remains basically flat

It seems to take More bandwidth! Faster
60ns or so No shorter l
~ (remaining flat) ~ latenci

processors
wait more!!

Speculative Execution In-order Execution

A Use hardware to guess the next A Simple 1 instruction at a time
memory needed A The slower the clock, the closer

A Increase chance the memory is performance to the high-end
there (no stalling) speculation!!!

About 5 times as complicated Much cheaper in transistor
for a fractional throughput gain! and power use!

You can work hard (i.e. speculate) to fight the memory wall
-Lots of transistors and power for small gains
- May be worth it to slightly advance the throughput
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Many-Core - 1

3 90 nm 256 Cores *

128 Cores

8 nm

2004 2006 2008 2010 2012 2014 2016 2018
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Many-Core - 2

A Increasing attention to
parallel chips

A Many plans for cores
wi t ROrnddenr 0 executi on
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