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A 21st century implicit computing i
A Increasingly natural interfaces
A Embedded intelligence

A Number of cores/person - infinity
A Consumer parallelism




What Has Changed?

A System on a chip designs A Inexpensive embedded computing
A Powerful mobile devices AEveryday

Ssmar t
A Graphics processing units A Wireless spectrum pressure
A High quality graphics A Mobile device growth

A Explosive data growth

A New software models
A Ubiquitous sensors and media

A Social networks, clients+clouds é
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Paucity to Plethora

A Paucity drives certain behaviors
A Hoarding, conservatism, limitation

A Plethora also drives certain behaviors
A Speculation, risk taking, profligacy

A Psychologically we still believe in paucity
A Optimizing for resource minimization
A Rather than for productivity or simplicity




Takeaway Message: Multidisciplinary Convergence
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The experts look ahead

By Gordon E. Moore

drvision of Farchig Camers and irstument Corp.

The future of integrated electronics = the futare of clectron-
ics inelf. The advantiges of integmtion will bring ot 8
prolaferation of clectronics, pushing this science into many
new aneas

Tntegrated circuits will lead to such womders s home
computers —or 3t least krminak cometed o a ceaal cam-
puter - automatx controls for sutoemobiles. and persoaal
portable commumcatons cquiprment. The clectronic wrist-
watch nods onfy  displey ¥ be feasible oday

But the iggest potermial lics in the roduction of large
sysems In telephone commenications, integrated circuis
in digal Ghers will charne’ on mulpler equip-
ment. Enegrated crcuits will also switch telepbone cirass
a0d perform data processing.

Computers will be more powerfi i wil be anganisal
in complesety different ways. For example, memaries built
of integrated electromics may be distriuted Siroughout the

The autror

ane of tre founders of Farchild
Semiconductor and s been

diractor of the resesrch and
develcpment labortaries srce

Oiractor. Rusaarch and Oovelopmant Laborstories, Fairchild Semiconducton

Blectronics. Volume 38, Number &, April 13, 1965

ore components
grated circuits

-

With unit cost falling as the number of components per g’
circuit rises, by 1975 economics may dictate squeezing as
many as 65,000 components on a single silicon chip

‘é g

machine instead of being concentrated in a central wnit. In
addsan, e mproved relability mate posaibie by nacgraed
ciscuits will allow the canstruction of Binger processing units.
Machines simshar w those @ existence today will be built at
Tower costs and with faster turn-around.

Presert and funure

By mtgraed electranics, | mean all he varioss tech-
Bologies which are referred to a5 micrelectronics today =
well s avy additional ones that result in electronics func-
ticns supplied to the uer a3 Freducbic unks. These tech-
nologies were first imvestigated & the late 1990, The ob-
ject was © minitarize ckctroaics equipment to Rchude in-
creasingly compiex elecrome functions i lmited spce with
mintmom weight Scveral spproaches evolved, induding
micmassemsbly techniques for individual camponents, thin-
fIm structures nd semicondacior inteyrued circuits.

Each approach evoived rapidy and converged 5o that
each barmowed techniques from ancther Many researchers
belicve the way of the fistre to be a cambinatson of the vari-
o approwche

The acvocates of semiconductor miegrated circuitry are
already wing he improved characieristics of thin- £ res -
tors by applying such s dircctly to an active scricondoc-
106 subsirate. Those shocating o technology based upon
fims are developiny sophesticated technques for the sttach.
ment of active semionducior devices 1o the passive flm ar-
rays

Both appevaches have worked well and are being used
m cquipme todsy
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Trouble in River City
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Manycore Challenges The Extant Ecosystem

A The free lunch is over
A Software acceleration via technology alone
A Clients, servers and infrastructure L
AoSurrounded by oppor t/ung
A Devices and architectures
A Programming models and abstractions
A Algorithms and applications

AFrom challenge comes
A Old approaches will change or die
A New applications and systems will arise
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ome Confusion Out There
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and the digital home

. response time

: the next step in processor design, offering significant gains Kwestments
in performance at a time when software is ready 1o take
advantage of it. And with AMD's revoluti ary Direct
z rchitecture, AMD multi-core technology helps

aused by the front-side bus in

e an IT manager, using mult

core technology from AMD can improve performance

and decrease downtime.
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Rethinking Node Architecture

A Operations/joule
A Low power, in order wins

A Memory-processor balance
A Do not fixate on core counts
A Optimize for workloads

Better

A TCO, not just ops or FLOPS

A System on a chip (SoC)
A Learn from the embedded space

A Embrace heterogeneity
A Functional and performance _

=

3 orders of
magnitude!

Specialized
Processqrs




Manycore Resource Management

A SapidwWhorf Hypothesis (SWH)
A Language influences the habitual thought of its speakers

AThe OCPUO model still shapes:s
A Wh at Il S o0central o i n a mesh o
AWhich is ocentraldé in a heter

A Why is a GPU a peripheral?

A Profound implications for software design
AResource management, security




Think ChocolatesAnd Cookies

ARemember Amdahl 6s Law/NSpeedup = (S
A 0Amdahl 8s Law in the Multi colEEECBEmpatgriuly 2008 D.

A Sugar cookies alone
A Similar, modulo process variation
A You must eat lots to be satisfied
A Designer chocolates
A Diversity is a feature
A Forrest Gump was right

A Multicore implications
A Legacy and new code
A Programming heterogeneity
A System software and services 8




System on a Chip (SoC): The New Motherboard

A Standard building blocks
A Core(s), memory controller, 1/0
A Function-specific accelerators
A Graphics, communications, sensors, security
A Internet of Things (l1oT)
A Embedded intelligence in everyday objects
A Experiences and natural user interfaces (NUIs)
A Resource discovery, security, services, programming




The Performance Psychology

OoThe most constant
contriving the engine has arisen from
the desire to educe the time in which
the calculations were executed to the
shortest which 1 s

Charles Babbage
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ExascaleExponentials (2018 Extrapolation)
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The Siren Cal l S

AWedve seen parts of thi
A Vector processors, systolic arrays, attached processors
A Success requires optimizing for efficiency
A Data movement, computation and software costs
A Efficient exploitation, in two senses
A Achieved application performance
A Holistic assessment, not just application kernels
A High human and scientific productivity
A Extant software base, available tools
AWedbre geeks, we forge
AWe must rai s *




Economic Divergence 4

A $/compute -year and $/storage-year Pepple

A Declining rapidly even now
A $/developer-year

A Rising, even in this economy 4
A High value need not imply high utilization

A Rapid responsechanges behavior
A Applications
A Outlive systems by many years
A Are rising in complexity
A Are increasingly multidisciplinasy
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Increasing Abstraction: Simplels Good

A Successful technologies are invisible
A They just work

A Easy beats complex
A Good enough is, well, good enough

A Abstraction brings simplicity
A Hiding details

A Simplicity usually means compromise
A Full complexity is hidden

_ INTRODUCTION wmu SYSTEMS
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The Big Challenge

| want to build tools so powerful that full
professors will use them, and so simple
that they can.

Fred Brooks (rough paraphrase)




