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A:¢ƘŜ ǿƻǊƭŘΩǎ ŦŀǎǘŜǎǘ ǎǳǇŜǊŎƻƳǇǳǘŜǊΣ ǿƛǘƘ ǳǇ ǘƻ
4 processors, 128MB RAM, 942 MFLOPS (peak).

Q:What is a 1984 Cray X-MP? (Or a fractional 2005 vintage XboxΧύ
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Truths

Consequences

Futures

The Last Slide First
}Although driven by hardware changes, the concurrency 

revolution is primarily a software revolution.

}tŀǊŀƭƭŜƭ ƘŀǊŘǿŀǊŜ ƛǎ ƴƻǘ άƳƻǊŜ ƻŦ ǘƘŜ ǎŀƳŜΦέ
}LǘΩǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭƭȅ ŘƛŦŦŜǊŜƴǘ ƳŀƛƴǎǘǊŜŀƳ ƘŀǊŘǿŀǊŜ ŀǊŎƘƛǘŜŎǘǳǊŜΣ 

even if the instruction set looks the same. (But using the same ISA 
does give us a great compatibility/migration story.)

}{ƻŦǘǿŀǊŜ ǊŜǉǳƛǊŜǎ ǘƘŜ Ƴƻǎǘ ŎƘŀƴƎŜǎ ǘƻ ǊŜƎŀƛƴ ǘƘŜ άŦǊŜŜ ƭǳƴŎƘΦέ
} The concurrency sea change impacts the entire software stack: 

Tools, languages, libraries, runtimes, operating systems.

} No programming language can ignore it and remain relevant.

} (Side benefit: Responsiveness, the other reason to want async code.)

}Software is also the gating factor.
} We will now do for concurrency what we did for OO and GUIs.

} Beyond the gate, hardware concurrency is coming 
more and soonerthan most people yet believe.
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Each Year We Get Faster More Processors

Historically:Boost single-

stream performance via 

more complex chips.

Now: Deliver more cores 

per chip (+ GPU, NIC, SoC).

The free lunch is overfor 

ǘƻŘŀȅΩǎ ǎŜǉǳŜƴǘƛŀƭ ŀǇǇǎ 

and many concurrent 

apps. We need killer apps 

with lots of latent 

parallelism.

A generational advance 

>OO is necessaryto get 

ŀōƻǾŜ ǘƘŜ άǘƘǊŜŀŘǎҌƭƻŎƪǎέ 

programming model.

Montecito

Intel CPU Trends
(sources: Intel, Wikipedia, K. Olukotun)

Pentium

386

aƻƻǊŜΩǎ
Law
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aƻƻǊŜΩǎ
Law

1.7Bt ÷ 4.5Mt = ~100 P55Cs + 16 MB L3$
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Educational State of the Union: May 2007

}We have achieved general awareness.
}aƻǎǘ ǇŜƻǇƭŜ ƪƴƻǿ ǘƘŀǘ άǘƘŜ ŦǊŜŜ ƭǳƴŎƘ ƛǎ ƻǾŜǊέ ŦƻǊ ǎŜǉǳŜƴǘƛŀƭ 

applications, and that the future is multicore and manycore.

}But few people really yet believe the magnitude, speed, 
and gating factorof the change:
}Magnitude:Comparable to the GUI revolution plus moving to 

a new hardware platform, simultaneously. Enabling manycore 
affects the entire software stack, from tools to languages to 
frameworks/libraries to runtimes.

}Speed:(Recall: Intel could build 100-Pentium chips today if 
they wanted to.) 100-way HW concurrency could be available 
ƛƴ ŎƻƳƳƻŘƛǘȅ ŘŜǎƪǘƻǇǎ ŀǎ ǎƻƻƴ ŀǎ ǘƘŜ ȅŜŀǊ Χ

}Gating factor:Χ ƳŀƴȅŎƻǊŜ-exploiting software is available.

Truths

Consequences

Futures
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The Issue Is (Mostly) On the Client

}ά{ƻƭǾŜŘέΥ {ŜǊǾŜǊ ŀǇǇǎ όŜΦƎΦΣ 5. ǎŜǊǾŜǊǎΣ ǿŜō ǎŜǊǾƛŎŜǎύΦ

} Lots of independent requestsςone thread per request is easy.

}Typical to execute many copies of the same code.

}Shared data usually via structured databases: 
Automatic implicit concurrency control via transactions.

}²ƛǘƘ ǎƻƳŜ ŎŀǊŜΣ άŎƻƴŎǳǊǊŜƴŎȅ ǇǊƻōƭŜƳ ƛǎ ŀƭǊŜŀŘȅ ǎƻƭǾŜŘέ ƘŜǊŜΦ

}Not solved: Typical client apps (i.e., not Photoshop).

}Somehow employ many threads ǇŜǊ ǳǎŜǊ άǊŜǉǳŜǎǘΦέ

}Highly atypical to execute many copies of the same code.

}Shared data in unstructured shared memory:
Error prone explicit locking ςwhere are the transactions?

A Tale of Six Software Waves

} Each was born during 1958-73, bided its time until 1990s/00s, then took 
5+ years to build a mature tool/language/framework/runtime ecosystem.

Objects GenericsGCGUIs Net

Concurrency

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
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Comparative Impacts Across the Stack

GUIs Objects GC Generics Web Concurrency

Application 
programming 
model

¸¸¸ ¸¸¸ ¸ ¸ ¸ ¸¸¸

Libraries and 
frameworks

¸¸¸ ¸¸¸ ¸¸ ¸¸¸ ¸¸

Languages
andcompilers

¸¸ ¸¸¸ ¸ ¸¸ ¸¸¸

Runtimes 
and OS

¸¸ ¸¸ ¸ ¸¸¸

Tools (design, 
measure, test)

¸¸¸ ¸ ¸ ¸¸ ¸¸

Extent of impact and/or enabling importance
¸= Some, could drive one major product release
¸ =̧ Major, could drive more than one major product release
¸¸ =̧ New way of thinking / essential enabler, or multiple major releases

O(1), O(K), or O(N) Concurrency?

12

}1. Sequential apps.
} The free lunch is over (if CPU-bound): Flat or 

merely incremental perf. improvements.
} Potentially poor responsiveness.

}2. Explicitly threaded apps.
} Hardwired # of threads that prefer 

K CPUs (for a given input workload).

} Can penalize <K CPUs, 
ŘƻŜǎƴΩǘ ǎŎŀƭŜ ҔY /t¦ǎΦ

}3. Scalable concurrent apps.
} Workload decomposed into a 
άǎŜŀέ ƻŦ ƘŜǘŜǊƻƎŜƴŜƻǳǎ ŎƘƻǊŜǎΦ

} Lots of latent concurrency 
we can map down to N cores.
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An OO for Concurrency

OO

CƻǊǘǊŀƴΣ /Σ Χ

asm

threads + locks

semaphores

Three Pillars of the Dawn 
A Framework for Evaluating Concurrency

Asynchronous 
Agents

Concurrent 
Collections

Mutable
Shared State

Summary Tasksthat run 
independently and 
communicate via 
messages

Operations on groups 
of things; exploit 
parallelism in data and 
algorithmstructures

Avoidraces by 
synchronizing mutable 
objects in shared
memory

Examples GUIs, background 
printing, disk/net
access

Trees, quicksort, 
compilation

Lockeddata(99%), 
lock-free libraries 
(written by wizards)

Keymetrics Responsiveness Throughput, 
manycorescalability

Race-free, 
deadlock-free

Requirements Isolation, messaging Low overhead Composability

¢ƻŘŀȅΩǎ 
abstractions

Threads,
message queues

Thread pools, 
OpenMP

Locks

Possible new
abstractions

Active objects, 
futures

Chores, futures, 
parallel STL, PLINQ

Transactional 
memory, declarative 
supportfor locks


