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Parallel Programming?Parallel Programming?

I still want to divide the effort of eating pizza to eat I still want to divide the effort of eating pizza to eat 
all slices as fast as possible!!all slices as fast as possible!!
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But, I wonderBut, I wonder......

How we split this hard task How we split this hard task ☺☺

WhyWhy ParallelParallel ProgrammingProgramming??

•• Applications are naturally parallelApplications are naturally parallel

•• MultiMulti--core are out therecore are out there

•• We need to think in parallel!!!!We need to think in parallel!!!!

SequentialSequential
ApplicationApplication
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ParallelParallel
ApplicationApplication

48- IA cores in the Intel 
“Single-chip Cloud Computer” 

AgendaAgenda

•• MotivationMotivation

•• DesigningDesigning ParallelParallel ApplicationsApplications

•• Parallel Programming ModelsParallel Programming Models

•• Automatic ParallelizationAutomatic Parallelization
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•• Parallel Programming for GamesParallel Programming for Games

•• Concluding RemarksConcluding Remarks

DesignDesign of of ParallelParallel ApplicationsApplications

•• Understand the ProblemUnderstand the Problem
–– Identify hotspots Identify hotspots 

•• Profile applicationProfile application

–– Identify bottlenecks to the parallelizationIdentify bottlenecks to the parallelization
•• CommunicationCommunication

•• SynchronizationSynchronization
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–– Consider alternative versions of the applicationConsider alternative versions of the application

•• Split Application in PartsSplit Application in Parts
–– Maximum parallelismMaximum parallelism

–– Minimum imbalanceMinimum imbalance

–– Minimum waiting timeMinimum waiting time

WhoWho CreatesCreates ParallelParallel ApplicationsApplications??

•• User/ ProgrammerUser/ Programmer
–– Parallel languages and librariesParallel languages and libraries

•• CompilersCompilers
–– Automatic ParallelizationAutomatic Parallelization

Applications / Libraries

User

Compiler

SW Ecosystem
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–– Automatic ParallelizationAutomatic Parallelization

•• Parallel ArchitecturesParallel Architectures
–– MultiMulti--core in a single chipcore in a single chip

–– Many multiMany multi--core chipscore chips

Parallel Architectures
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WhatWhat Do Do WeWe NeedNeed??

ProvideProvide
ToolsTools
TodayToday

Architect, Architect, 
Thread, Thread, 
Debug & Debug & 

TuneTune
www.intel.com/software/products

Parallel 
Programming 

Languages

Intel 
Ct
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EducateEducate
Tomorrow’sTomorrow’s

ExpertsExperts

• Helped 45 universities add
parallel programming courses

• 7500 students took them
• 2007 Goal: 400+ universities

ResearchResearch
Tomorrow’sTomorrow’s
TechniquesTechniques

University 
Outreach

Intel ® Press

Intel®
Software College

Data 
Parallel
Languages

Transactional
Memory

Main t hreadMain t hread Speculat ive Speculat ive 
threadthread

SpawnSpawn

CommitCommit
speculat ive speculat ive 

result sresult s

CC

BBAA

Main t hreadMain t hread Speculat ive Speculat ive 
threadthread

SpawnSpawn

CommitCommit
speculat ive speculat ive 

result sresult s

CCCC

BBBBAAAA
Speculative
Multi-
threading

WhenWhen toto ParallelizeParallelize anan ApplicationApplication??

•• AllwaysAllways!!!!!!!!

•• Stop Stop thinkingthinking in in sequentialsequential applicationsapplications

8 Designing Tomorrow’s Microprocessors

•• MulticoreMulticore era era isis herehere and and wewe havehave toto leverageleverage thethe
computingcomputing capabilitiescapabilities thatthat wewe havehave outout therethere

AgendaAgenda

•• MotivationMotivation

•• DesigningDesigning ParallelParallel ApplicationsApplications

•• Parallel Programming ModelsParallel Programming Models

•• Automatic ParallelizationAutomatic Parallelization
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•• Parallel Programming for GamesParallel Programming for Games

•• Concluding RemarksConcluding Remarks

Parallel Programming ModelsParallel Programming Models

•• Data Data ParallelParallel

•• MessageMessage PassingPassing

•• SharedShared MemoryMemory

•• DistributedDistributed SharedShared MemoryMemory ModelModel
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•• NOTE: NOTE: TheseThese modelsmodels are are orthogonalorthogonal toto thethe actual actual 
hardware!!!hardware!!!

Data Parallel ModelData Parallel Model

•Set of cooperating tasks on the same 
data structure
•Tasks perform the same operation over 
on different data items

Advantage
Easy to write and comprehend
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Easy to write and comprehend
No synchronization

Disadvantage
No independent code

Example: HPF(High Performance Fortran)  

Message Message Passing ModelPassing Model

network

•A set of cooperating sequential 
processes
•Each with own local address space
•Processes interact with explicit 
transaction (send, receive,…)

Advantage
Programmer controls data and work 
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Address space

Process

Programmer controls data and work 
distribution

Disadvantage
Communication overhead for small 
transactions
Hard to program!

Example: MPI
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Shared Shared Memory ModelMemory Model
•Different simultaneous execution 
threads (processes)
•Read / Write to one shared memory 
space and invalidate if necessary

Advantage
Read remote memory via an 
expression

Thread 1 Thread 2 Thread 3
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Shared address space
(i.e.  Shared variable x)

Write remote memory through 
assignment

Disadvantage
Manipulating shared data leads to 
synchronization requirements
Does not allow locality exploitation

Example : OpenMP

Distributed Shared Memory ModelDistributed Shared Memory Model
•Similar to the shared memory paradigm
•Memory Mi has affinity to Thread i
•At the same time each thread has global 
view of memory

Advantage
Helps exploiting locality of references
Simple statements as SM

Thread 1 Thread 2 Thread 3

M M M
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Simple statements as SM
Disadvantage

Synchronization still necessary

Example: UPC,Titanium,Co-Array,Global
Arrays

M1 M2 M3

Partitioned shared address space

(with each partition having affinity
to corresponding thread)

AgendaAgenda

•• MotivationMotivation

•• DesigningDesigning ParallelParallel ApplicationsApplications

•• Parallel Programming LanguagesParallel Programming Languages

•• Automatic ParallelizationAutomatic Parallelization
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•• Parallel Programming for GamesParallel Programming for Games

•• Concluding RemarksConcluding Remarks

TraditionalTraditional Auto Auto ParallelizationParallelization

•• Automatic decomposition of applications into Automatic decomposition of applications into 
threadsthreads

•• No need for inserting directives or No need for inserting directives or pragmaspragmas

•• Compiler identifies suitable parts of the application Compiler identifies suitable parts of the application 
for parallelizationfor parallelization
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–– Typically simple loopsTypically simple loops

–– Considering simple memory disambiguation schemesConsidering simple memory disambiguation schemes

•• This approach is typically limited to simple This approach is typically limited to simple 
applicationsapplications
–– DependencesDependences limitlimit itsits applicabilityapplicability toto largelarge scalescale

applicationsapplications

SpeculativeSpeculative MultithreadingMultithreading

•• Automatic decomposition of applications into Automatic decomposition of applications into 
speculative threadsspeculative threads
–– No No needneed toto bebe conservativeconservative onon thethe memorymemory disambiguationdisambiguation

SPAWNING POINT
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CORE 0 CORE 1

spawn
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SPECULATIVE APPROACH

Speculatively decompose applications at compile time
Hardware to Support the Speculation

Validate and commit or squash

potential dependences

AgendaAgenda

•• MotivationMotivation

•• DesigningDesigning ParallelParallel ApplicationsApplications

•• Parallel Programming LanguagesParallel Programming Languages

•• Automatic ParallelizationAutomatic Parallelization
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•• Parallel Programming for GamesParallel Programming for Games

•• Concluding RemarksConcluding Remarks
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Usual Usual GameGame StructureStructure

Render
OnFrameMove
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Physics AI   Particles

Comparative Analysis of Game Parrallelization, Dimitry Eremin, GDC’08

Usual Usual GameGame StructureStructure

Render
OnFrameMove
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Render   Physics AI   Particles

http://softwarecommunity.intel.com/articles/eng/1363.htm
Comparative Analysis of Game Parrallelization, Dimitry Eremin, GDC’08

GameGame ThreadThread ProfilingProfiling

OnFrameMove

Sequential executionSequential execution

25% of system utilization25% of system utilization

Benchmark: 20.95secBenchmark: 20.95sec
Measured on 4 core test machineMeasured on 4 core test machine
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Render   Physics   AI   Particles

Comparative Analysis of Game Parrallelization, Dimitry Eremin, GDC’08

FunctionalFunctional DecompostionDecompostion

•• Load imbalanceLoad imbalance

•• Benchmark: 10.15secBenchmark: 10.15sec

Idle: no active threads
Serial: a single thread

Under-subscribed: # threads > 1 && # threads < # cores
Fully-subscribed: # threads == # cores

Oversubscribed: # threads > # cores
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Measured on 4 core test machineMeasured on 4 core test machineRender

Physics

Particles

AI

Concurrency level is the number of threads 
that are active (not waiting, sleeping, 
blocked, etc.) at a given time

FunctionalFunctional and Data and Data DecompostionDecompostion

•• If Split AI in 2 threadsIf Split AI in 2 threads

•• Load imbalanceLoad imbalance

•• Benchmark: 9.44secBenchmark: 9.44sec
Measured on 4 core test machineMeasured on 4 core test machine
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update several AI units

update several AI units

update several AI units

. . .

update several AI units

Render

Physics

Particles

Intel® Threading Building BlocksIntel® Threading Building Blocks
•• Open Open SourceSource Library Library forfor parallelismparallelism in C++in C++

–– FineFine--graingrain decompositiondecomposition

–– TaskTask schedulerscheduler

update several 
blocks 

update several 
blocks

update several 
blocks

update several AI 
units

update several AI 
units

update several AI 
units

update several particles

update several 
particles

Render

update several 
blocks 

update several AI
units
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update several 
blocks 

blocks blocks 
update several AI 

units
update several 

particles
update several 

particles
update several 

particles

Good utilization of 4 cores
Benchmark: 8.66 sec
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AgendaAgenda

•• MotivationMotivation

•• DesigningDesigning ParallelParallel ApplicationsApplications

•• Parallel Programming LanguagesParallel Programming Languages

•• Automatic ParallelizationAutomatic Parallelization
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•• Parallel Programming for GamesParallel Programming for Games

•• Concluding RemarksConcluding Remarks

Summary Summary -- ConclusionsConclusions

•• Parallel Applications are required to leverage Parallel Applications are required to leverage 
Parallel ArchitecturesParallel Architectures

•• Today we discussed about:Today we discussed about:
–– Why we need parallel applicationsWhy we need parallel applications

–– Considerations When Designing parallel applicationsConsiderations When Designing parallel applications

ll l d lll l d l
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–– Parallel Programming ModelsParallel Programming Models

–– Auto Auto ParallelizationParallelization and and SpeculativeSpeculative MultithreadingMultithreading

–– The importance of threading in gamingThe importance of threading in gaming

•• WeWe needneed toto thinkthink in in parallelparallel toto createcreate parallelparallel
applicationsapplications!!!!!!

Parallel ProgrammingParallel Programming
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