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Grand Challenge




The Revol uti ontg

A iMooreb6s Lawo finally over whel

A Previously, Moorebdbs Law enabl e
(sequential) performance
A plentiful transistors underlie sophisticated
microarchitectures
A larger caches, more complex pipelines, etc

A smaller transistors also enabled faster clocks

A Next deluge of transistors cannot be used this way
A marginal utility of a transistor for ILP is very small
A power dissipation limits clock speed
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Performance = Clock + Transistors

Normalized Metric

Fig. 1: Intel Metrics over Time
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Microarchitecture Offers
Decreasing Marginal Benefits
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Fig. 2: Intel Performance from ILP

1985

T T T T T T T T T
1987 1989 1991 1993 1995 1997 1999 2001 2003
Year

1
2005

Kunle Olukotun and Lance Hammond, ACM Queue, Sept. 2005

James Larus, Microsoft Research



Clock Speed Hits Power Wall

Power

Fig. 3: Intel Power Over Time
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New Era of Concurrency

A 2005: I ntel, AMD, Sun, | BM, ¢é annou
be parallel
A fimulticoreodo, fimanycoreodo, ACMPO

A Explicitly parallel architecture
A replicate processor and connect through shared memory

A simplify processor microarchitecture to increase number
per chip

A fixed (lower) clock frequency

A Potentially 2x, 4x, 8x, é computati
A performance again tracks Mooreds |
A e.g. DSP and graphics
A all is good, again




Architect so Reveng

A Make programmers feel your pain

A parallel programming now necessary
to Improve performance

A Parallelism is painful & disruptive

A What is it like to live when computers
do not run existing programs faster
every year?




1/ }
Can We Program Parallel ,2:empty[
Computers? <

A Advent of explicitly parallel machines

~

A only parallel code benefits from CMPs

~

A existing code runs slower on new machines

A Huge challenge in effectively using parallelism

no parallel analogue to Von Neumann model
difficult to write correct, efficient parallel programs
parallelism only successful in narrow domains

little insight from research
A no good ideas lying around for industry to pick up
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Quote

Nl n the context of sequent
standard practice to design more complex

algorithms that outperform simpler ones (for

example, by implementing a balanced tree

Instead of a list). For non  -blocking algorithms,
however, implementing more complex data

structures has been prohibitively difficult.

[Herlihy, Luchangco, Moir, Scherer, PODC

2003] Discussing a concurrentred  -black tree
(data structures 101).




SadiStiC Homework (c. Maurice Herlihy)

Double -ended queue
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Sadistic Homework

Double -ended queue
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Interference OK if
ends Ncl ose en
together




Sadistic Homework

Double -ended queue
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dequeuers awake as
needed




You Try |t e

A One lock?

e

A too conservative

A Locks at each end?
A deadlock, too complicated, etc

A Waking blocked dequeuers?
A harder that it looks




Actual Solution

A Clean solution is a publishable result
A [Michael & Scott, PODC 96]

A What kind of world are we moving to
when solutions to such elementary
problems are publishable?




Why Is Concurrency Difficult?

A People think sequentially
A partial orders problematic
A arbitrary interleavings overlooked

~

A worst case scenarios too complex to reason about

A Lack of agreement on programming model

A shared memory, message passing, SIMD, MIMD, data parallel,
functional , &

A Common abstractions are low level primitives
A threads and explicit synchronization == assembly language

A Poorly supported by languages and tools
A libraries with threads and synchronization are not the answer

A Concurrent programs provably harder to analyze

A Context -sensitive Synchronization  -sensitive Analysis is
Undecidable [Ramalingam 2000]




Humans Do Not Think Concurrently

A 1100 years of psychology re
sequential o [ Mary Czer winsk
A process huge amount of visual detail, focus on one

small part of it
A limited (7) short term memory
A dual tasks takes lots of training

(e.qg., repeating message while sending Morse code)

A Sequential consciousness built on massively parallel
Acomputer o

A is there an example there?
A Need abstractions to hide concurrent complexity
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o MATHEMATIGIAN

< ] OHN von NEUMANN

Lack a Common
Parallel Programming Model

A Computing without John
Von Neumann! -

. 070
threads vs event -driven

shared memory vs
message passing

SIMD vs MIMD Hypercubes | 0 8 0

data parallelism, actors, SMP
dat afl ow, &

A Continually reinventing the 090

heel o Clusters
education & training

programming languages & CMP 000
tools

poor libraries
lack of software reuse

Vectors
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Single Concurrent Model Unlikely

A Maybe three:
A shared memory

A message passing
A data parallelism

A Can they co -exist and inter -operate?

A Can we teach developers when each
IS appropriate?




Concurrency Primitives Inadequate

A Programmer 6s goal s
A expose shared data only in consistent state
A coordinate concurrent activities

A Least -common denominator constructs
A threads and explicit synchronization (mutex,
semaphore, lock, etc.)

A Close correspondence to hardware

~

A nassembly | anguageo

A Low-level and error -prone mechanisms for
Implementing goals

A require global (program  -wide) invariants
A break program abstractions




Global Synchronization Invariants

Int X;
lock L;
e Hold lock L while
void foo() referencing
variable X.
{
e
acquire(L);
X=X+1;
release(L);
e
}

void bar() ﬂ
{

X =10;

Global invariants complicate

programming

A break abstractions

A environment affects behavior

A complexity proportional to
program size

Worse when invariants are implicit




Synchronization is not Composable

class foo { thread 1 {
void f1() { acquire(L1);
f20);
acquire(L1); 5 0;
£ } Deadlock!
} L1- L2||L2- L1
void f2() { thread 2 {
acquire(L2); acquire(L2);
, quire(L2) 10
e 7
e
} )




| mprovements Arendo

A Java synchronized methods

A mutual exclusion on underlying object
A class-local invariant

A Not sufficient for multiple objects

At this point,

accountl.Debit(amount); inconsisr:encﬁ/ s \éiSib'e to
' ther t :

account2.Credit(amount); other threads




Successful Applications of ]
Concurrency \q, }
S|

A Success Y normal mode

A routinely used to write software
A profitably build parallel hardware for domain

A Server
A stream of (mostly) independent requests

A Desktop

~

A graphics
A Scientific

~

A Aemer gi ngo




Servers




Successful Concurrent Servers

A Abundance of fAembarrassingly paral

A server request processed by task

A concurrency proportional to load
A  tasks have few data or control dependencies
A order does not matter

A Reasonable programming models
A dataflow/pipeline
A thread
A structured interactions between tasks

A Shared state resides in DB
A higher -level abstraction for concurrent access (transactions)

A Composable models
A severs talk to servers (via message passing)
A  Google map -reduce




Graphics

320 million transistors ATl Radeon 1800

512 shader threa(
6 ops x 16 pixels/cyc<




