
Parallel Computing: 

Insights for the Future 
Dan Reed 

Corporate Vice President 

Extreme Computing Group &  

Technology Strategy and Policy 

 

 

reed@microsoft.com 

www.hpcdan.org 

 

 

mailto:reed@microsoft.com
http://www.hpcdan.org/


2 

ÅThe Computer History Museum ê 

Åê brings back personal memories 

ÅYou toggled absolute binary into ê 

Åê the front panel and read the I/O lights 

ÅYou whistled into an acoustic coupler ê 

Åê and got a carrier signal 

ÅYou used an iron to smooth ê 

Åê a card deck after a thunderstorm 

Youõre A Parallel Computing Geezer When ê 

Disk platter 
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Pre-PC Era 
(1980) 

PC Era 
(1995) 

Internet Era 
(2000) 

Consumer Era 
(Today+) 

Å21st century implicit computing  

Å Increasingly natural interfaces 

ÅEmbedded intelligence 

ÅNumber of cores/person ­ infinity  

ÅConsumer parallelism 

 

The Good News (So Far) ê 

Mainframe 
Era  
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What Has Changed?  

ÅSystem on a chip designs 

ÅPowerful mobile devices 

ÅGraphics processing units  

ÅHigh quality graphics 

ÅExplosive data growth 

ÅUbiquitous sensors and media 

 

 

 

 

 

Å Inexpensive embedded computing 

ÅEveryday smart objects, CIP, ê 

ÅWireless spectrum pressure 

ÅMobile device growth  

ÅNew software models 

ÅSocial networks, clients+clouds ê 

 
Server Desktop 

Mobile 
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Paucity to Plethora 

ÅPaucity drives certain behaviors 

ÅHoarding, conservatism, limitation 

ÅPlethora also drives certain behaviors 

ÅSpeculation, risk taking, profligacy 

 

ÅPsychologically we still believe in paucity 

ÅOptimizing for resource minimization  

ÅRather than for productivity or simplicity  
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Takeaway Message: Multidisciplinary Convergence 

Parallelism 

Big 
Data 

Apps 
òThe future is here, it is just not 

evenly distributed.ó   

  William Gibson 
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Mooreõs òLawó and Limiting Exponentials ê 

Intel 4004 

Intel Core i7 

Trouble in River City 
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ÅThe free lunch is over 

Å Software acceleration via technology alone 

ÅClients, servers and infrastructure 

ÅòSurrounded by opportunitiesó 

ÅDevices and architectures 

Å Programming models and abstractions 

Å Algorithms and applications  

 

ÅFrom challenge comes opportunity ê 

ÅOld approaches will change or die 

ÅNew applications and systems will arise 

Åê including parallel computing 

 

Manycore Challenges The Extant Ecosystem 

Parallelism 

Big 
Data 

Apps 
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Some Confusion Out There 
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ÅOperations/joule  

ÅLow power, in order wins 

ÅMemory-processor balance 

ÅDo not fixate on core counts 

ÅOptimize for workloads  

ÅTCO, not just ops or FLOPS 

ÅSystem on a chip (SoC) 

ÅLearn from the embedded space 

ÅEmbrace heterogeneity 

ÅFunctional and performance 

 

 

Rethinking Node Architecture 
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Single, General 
Purpose Processor 

Multiple, 
Specialized 
Processors 
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ÅSapirðWhorf Hypothesis (SWH) 

ÅLanguage influences the habitual thought of its speakers 

ÅThe òCPUó model still shapes our world view 

ÅWhat is òcentraló in a mesh of cores? 

ÅWhich is òcentraló in a heterogeneous manycore chip? 

ÅWhy is a GPU a peripheral? 

ÅProfound implications for software design  

ÅResource management, security, ê 

 

Manycore Resource Management 
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ÅRemember Amdahlõs Law  Speedup = (S + (1-S)/N)-1 

Å òAmdahlõs Law in the Multicore Era,ó M. D. Hill and M. R. Marty, IEEE Computer, July 2008 

 

ÅSugar cookies alone 
Å Similar, modulo process variation 

Å You must eat lots to be satisfied 

ÅDesigner chocolates 
Å Diversity is a feature 

Å Forrest Gump was right 

 

ÅMulticore implications  
Å Legacy and new code 

Å Programming heterogeneity  

Å System software and services 

 

Think Chocolates And Cookies 
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ÅStandard building blocks 

ÅCore(s), memory controller, I/O 

ÅFunction-specific accelerators 

ÅGraphics, communications, sensors, security 

ÅInternet of Things (IoT) 

ÅEmbedded intelligence in everyday objects 

ÅExperiences and natural user interfaces (NUIs) 

ÅResource discovery, security, services, programming 

System on a Chip (SoC): The New Motherboard 
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òThe most constant difficulty in 

contriving the engine has arisen from 

the desire to educe the time in which 

the calculations were executed to the 

shortest which is possible.ó 

   Charles Babbage 

 

The Performance Psychology  
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HPC: Teraflop to Petaflop 

www.top500.org 

Superlinear ǊŜƭŀǘƛǾŜ ǘƻ aƻƻǊŜΩǎ [ŀǿ ǎŎŀƭƛƴƎ 
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Exascale Exponentials (2018 Extrapolation) 

User Base 
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Desktop/mobile Exascale 
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Danger, danger 
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ÅWeõve seen parts of this movie before 

ÅVector processors, systolic arrays, attached processors 

ÅSuccess requires optimizing for efficiency 

ÅData movement, computation and software costs 

ÅEfficient exploitation, in two senses 

ÅAchieved application performance 

ÅHolistic assessment, not just application kernels 

ÅHigh human and scientific productivity  

ÅExtant software base, available tools 

ÅWeõre geeks, we forget the human aspect 

ÅWe must raise the abstraction level ê 

 

The Siren Call ê 
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Å$/compute -year and $/storage-year 

ÅDeclining rapidly even now 

Å$/developer-year 

ÅRising, even in this economy 

ÅHigh value need not imply high utilization  

ÅRapid response changes behavior 

ÅApplications  

ÅOutlive systems by many years 

ÅAre rising in complexity 

ÅAre increasingly multidisciplinary  

 

 

 

Economic Divergence 

Time 

Cost 

Hardware 

People 
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ÅSuccessful technologies are invisible 

ÅThey just work 

ÅEasy beats complex 

ÅGood enough is, well, good enough 

ÅAbstraction brings simplicity  

ÅHiding details 

ÅSimplicity usually means compromise 

ÅFull complexity is hidden 

Increasing Abstraction: Simple Is Good 
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I want to build tools so powerful that full 

professors will use them, and so simple 

that they can. 

  Fred Brooks (rough paraphrase) 

The Big Challenge 


