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BackgroundBackground
�� Huge explosion in the use of computersHuge explosion in the use of computers

–– and not just for word processing!and not just for word processing!

�� Many areas require enormous computational Many areas require enormous computational 
resourcesresources
–– weather forecasting/climate modelingweather forecasting/climate modeling
–– structural engineeringstructural engineering
–– drug designdrug design
–– human genome projecthuman genome project
–– speech/vision processingspeech/vision processing
–– virtual environments/multimediavirtual environments/multimedia
–– data miningdata mining
–– transaction processingtransaction processing
–– games!games!
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Critical RequirementsCritical Requirements

�� ComputationalComputational
–– often (not always) floating point performanceoften (not always) floating point performance

–– measured in terms of operations per secondmeasured in terms of operations per second

–– currently fastest computers run at 10currently fastest computers run at 101414 operations/secoperations/sec

�� MemoryMemory
–– often requires large memory (64often requires large memory (64--bit addressing)bit addressing)

–– speed of access criticalspeed of access critical

�� Input/OutputInput/Output
–– quantity, usually disk but also to tape silosquantity, usually disk but also to tape silos

–– rate of transferrate of transfer

High Performance Computing (HPC)High Performance Computing (HPC)

�� Generic term used to encompass any type of Generic term used to encompass any type of 
computing that stresses one of the areas on the computing that stresses one of the areas on the 
previous slideprevious slide
–– sometimes linked with fast networks (HPCC sometimes linked with fast networks (HPCC –– C for C for 

communication)communication)

�� By definition HPC pushes performance limitsBy definition HPC pushes performance limits
–– maximizing code performance is criticalmaximizing code performance is critical
–– small changes can make huge performance small changes can make huge performance 

differencedifference

�� HPC techniques are applicable to systems HPC techniques are applicable to systems 
ranging from stateranging from state--ofof--thethe--art PCs to art PCs to 
supercomputerssupercomputers
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HPC@ANU: APACHPC@ANU: APAC
�� APAC: Australian Partnership for Advanced Computing APAC: Australian Partnership for Advanced Computing 

((www.apac.ed.auwww.apac.ed.au))
–– established 1998 with $19.5M grant from federal government, reneestablished 1998 with $19.5M grant from federal government, renewed in wed in 

2004 with a grant of about $29M2004 with a grant of about $29M
–– programs in grid services, education and technology diffusionprograms in grid services, education and technology diffusion
–– ANU host to SGI ANU host to SGI AltixAltix system with 1928 1.6GHz Itanium II processors, a system with 1928 1.6GHz Itanium II processors, a 

156 node Dell Pentium 4 (2.6GHz) cluster, 1.2Petabyte storage sy156 node Dell Pentium 4 (2.6GHz) cluster, 1.2Petabyte storage systemstem
�� APAC has now been replaced by National Computational APAC has now been replaced by National Computational 

Infrastructure funded from Dept Innovation Industry, Science andInfrastructure funded from Dept Innovation Industry, Science and
ResearchResearch

HPC@DCSHPC@DCS
�� BunyipBunyip: : 

tsg.anu.edu.au/Projects/Bunyiptsg.anu.edu.au/Projects/Bunyip
–– 192 processor PC Cluster192 processor PC Cluster

–– winner of 2000 Gordon Bell prize winner of 2000 Gordon Bell prize 
for best price performancefor best price performance

�� Computer and Computer and 
Programming Languages Programming Languages 
Systems GroupSystems Group
–– HeterogenousHeterogenous ClusterCluster

–– Projects with IBM, Intel, Sun Projects with IBM, Intel, Sun 
MicrosystemsMicrosystems
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ANU on NetANU on Net

�� GrangenetGrangenet: Grid And Next Generation Network : Grid And Next Generation Network 
((GrangenetGrangenet))
–– high speed interconnection between Brisbane, Canberra, high speed interconnection between Brisbane, Canberra, 

Melbourne and SydneyMelbourne and Sydney

–– telecollaborationtelecollaboration and high end video conferencingand high end video conferencing

–– room N101 in DCS is an “Access Grid node”room N101 in DCS is an “Access Grid node”

Who Should Study HPCWho Should Study HPC
�� Every Computer Scientist!Every Computer Scientist!

–– multicoremulticore systems are a major paradigm shift in computingsystems are a major paradigm shift in computing

�� Programmers whoProgrammers who
–– care about the performance of their codescare about the performance of their codes
–– seek to adapt their code to new machines seek to adapt their code to new machines 

�� Those interested in computer architectureThose interested in computer architecture
–– particularly the design and use of leading edge computersparticularly the design and use of leading edge computers

�� System designersSystem designers
–– understand performance bottlenecksunderstand performance bottlenecks

�� Managers seeking to make a good choice of computer Managers seeking to make a good choice of computer 
hardwarehardware
–– no one has ever been sacked for buying big blue!no one has ever been sacked for buying big blue!

�� Computational scientists and engineersComputational scientists and engineers
–– the real workers?the real workers?
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Course AimsCourse Aims

�� Some case studiesSome case studies
�� Introduction to parallel Introduction to parallel 

computing and parallel program computing and parallel program 
designdesign

�� Influence of programming Influence of programming 
languageslanguages

�� HPC compilersHPC compilers

�� Performance measurement and Performance measurement and 
assessmentassessment

�� Demonstrate Demonstrate 
algorithm/architecture interactionalgorithm/architecture interaction

�� Numerical ComputingNumerical Computing
�� Provide an overall Provide an overall 

understanding of computer understanding of computer 
performanceperformance

ApplicationsApplicationsTechnologyTechnology

¾¾¾¾¾¾ To Link HPC To Link HPC ¾¾¾¾¾¾

PeoplePeople

Course Convener, Lecturer and TutorCourse Convener, Lecturer and Tutor
Alistair RendellAlistair Rendell
RoonRoon N233 CSIT BuildingN233 CSIT Building
Email Email Alistair.Rendell@anu.edu.auAlistair.Rendell@anu.edu.au
Phone 6125 4386Phone 6125 4386
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StructureStructure

�� ComponentsComponents
–– Introduction and performance measurementIntroduction and performance measurement

–– Understanding modern hardwareUnderstanding modern hardware

–– Designing high performance softwareDesigning high performance software

–– Basic parallel architectures and programmingBasic parallel architectures and programming

–– Wrap upWrap up

�� Two themesTwo themes
–– Tuesday: Core MaterialTuesday: Core Material

–– Wednesday: Core Material and ProjectWednesday: Core Material and Project

�� Will include optional visits to National Will include optional visits to National 
Computational Infrastructure FacilityComputational Infrastructure Facility

COMP6464/HonoursCOMP6464/Honours

�� COMP6464: Masters level version of COMP6464: Masters level version of 
COMP3320COMP3320

�� Lectures identicalLectures identical

�� Labs and project will include some extra Labs and project will include some extra 
workwork

�� Exam may be slightly different (e.g. 1 Exam may be slightly different (e.g. 1 
question)question)
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Commitment and AssessmentCommitment and Assessment
�� The piecesThe pieces

–– 22--3 hours of lectures per week (~30 core hours of lectures)3 hours of lectures per week (~30 core hours of lectures)
–– 5 Labs (not marked, solutions provided)5 Labs (not marked, solutions provided)
–– 2 project based assignments2 project based assignments
–– 1 final 3 hour exam1 final 3 hour exam

�� OptionsOptions

50% (or 60%)50% (or 60%)10% redeemable10% redeemable40%40%DD

40%40%20%20%40%40%CC

60% (or 70%)60% (or 70%)10% redeemable10% redeemable30%30%BB

70%70%0030%30%AA

Final ExamFinal ExamMidMid--SemesterSemesterAssignmentsAssignmentsOptionOption

Final mark is a simple sum of the above

LecturesLectures

�� Three slotsThree slots
–– Tue Tue 15:0015:00--16:00 16:00 EngTEngT

–– WedWed 16:0016:00--18:00 18:00 EngTEngT

�� Assume every week, but we may miss a few Assume every week, but we may miss a few 
slots if I have to go away. slots if I have to go away. 
–– see schedule on web sitesee schedule on web site

�� Partial notes will be posted on the web sitePartial notes will be posted on the web site
–– bring copy to lecturebring copy to lecture

�� Attendance at lectures and labs is strongly Attendance at lectures and labs is strongly 
recommended and may be recorded from time recommended and may be recorded from time 
to timeto time
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Laboratories (for discussion)Laboratories (for discussion)
�� Start in week 3 (March 10Start in week 3 (March 10thth))
�� 5 or 6 different labs5 or 6 different labs
�� Option A: 3 sessions per weekOption A: 3 sessions per week

–– Assigned labsAssigned labs
–– Mainly in odd weeksMainly in odd weeks

�� Option B: 2 sessions per week Option B: 2 sessions per week 
–– Slightly over subscribe labs (~22 people to 20 seat lab)Slightly over subscribe labs (~22 people to 20 seat lab)
–– I’ll be there every weekI’ll be there every week
–– You have two weeks to complete the labYou have two weeks to complete the lab

�� Original times!Original times!
–– MonMon 12:0012:00--14:0014:00 N114N114 OK with meOK with me
–– TueTue 11:0011:00--13:0013:00 N113N113 No good!No good!
–– WedWed 16:0016:00--18:0018:00 N114N114 Obviously bad!Obviously bad!

�� Registration will be via streams (link of home page)Registration will be via streams (link of home page)
�� Not assessed, but will be examinedNot assessed, but will be examined

The Projects/AssignmentsThe Projects/Assignments

�� FirstFirst
–– Develop a simple molecular Develop a simple molecular 

dynamics code with dynamics code with 
visualization facilitiesvisualization facilities

–– This application is very This application is very 
common in biology, chemistry, common in biology, chemistry, 
physics, material science and physics, material science and 
relates to other similar relates to other similar 
processes in e.g. astrophysicsprocesses in e.g. astrophysics

�� SecondSecond
–– Modify for cloth simulationModify for cloth simulation
–– Now common in games, e.g. Now common in games, e.g. 

realistic simulations of a realistic simulations of a 
persons clothespersons clothes

–– I’ve not done this before!!I’ve not done this before!!
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Course CommunicationCourse Communication

�� Course web page (go to and discuss)Course web page (go to and discuss)
http://cs.anu.edu.au/student/comp3320http://cs.anu.edu.au/student/comp3320

�� Bulletin boardBulletin board
http://cs.anu.edu.au/streamhttp://cs.anu.edu.au/stream

�� At lectures and in labsAt lectures and in labs
�� EmailEmail

comp3320@cs.anu.edu.au

�� In personIn person
–– In any lab sessionIn any lab session
–– If in office and not too busyIf in office and not too busy
–– Will set specific time later (after labs fixed)Will set specific time later (after labs fixed)

Reading MaterialReading Material
�� High Performance Computing, Kevin Dowd and Charles Severance. High Performance Computing, Kevin Dowd and Charles Severance. O"ReillyO"Reilly & & 

Associates Inc. 1998 (2nd Associates Inc. 1998 (2nd EdnEdn). ISBN 1). ISBN 1--5659256592--312312--X. (This is now out of print, but X. (This is now out of print, but 
I will put some copies in the short loan section of the library)I will put some copies in the short loan section of the library). . 

�� Write Great Code Volume 1: Understanding the Machine Randall HydWrite Great Code Volume 1: Understanding the Machine Randall Hyde, No Starch e, No Starch 
Press, ISBN 1Press, ISBN 1--5932759327--003003--8 8 

�� Write Great Code Volume 2: Thinking LowWrite Great Code Volume 2: Thinking Low--Level, Writing HighLevel, Writing High--Level Randall Hyde, Level Randall Hyde, 
No Starch Press, ISBN 1No Starch Press, ISBN 1--5932759327--065065--8 8 

�� Scientific Parallel Computing, L.R. Scott, T. Clark, B. Scientific Parallel Computing, L.R. Scott, T. Clark, B. BagheriBagheri, Princeton University , Princeton University 
Press, ISBN 0Press, ISBN 0--691691--1193511935--X X 

�� Introduction to Computational Science: Modeling and Simulation fIntroduction to Computational Science: Modeling and Simulation for the Sciences or the Sciences 
A.B. A.B. ShifletShiflet and G.W. and G.W. ShifletShiflet, Princeton University Press, ISBN 0, Princeton University Press, ISBN 0--691691--1256512565--1 1 

�� Techniques for Optimizing Applications: High Performance ComputiTechniques for Optimizing Applications: High Performance Computing, ng, RajatRajat P. P. 
GargGarg and and IlyaIlya SharapovSharapov, Prentice Hall, ISBN 0, Prentice Hall, ISBN 0--1313--093476093476--3. 3. 

�� Computer Architecture: A Quantitative Approach, John L. HennessyComputer Architecture: A Quantitative Approach, John L. Hennessy and David A. and David A. 
Patterson, Morgan Kaufmann, ISBN 1Patterson, Morgan Kaufmann, ISBN 1--5586055860--596596--7. 7. 

�� Scientific and Engineering C++: An introduction with Advanced TeScientific and Engineering C++: An introduction with Advanced Techniques and chniques and 
Examples, John J. Barton and Lee R. Examples, John J. Barton and Lee R. NackmanNackman, Addison Wesley, ISBN 0, Addison Wesley, ISBN 0--201201--
5339353393--6. 6. 

�� Scientific Computation Scientific Computation -- An Introductory Survey , Michael T. Heath, McGrawAn Introductory Survey , Michael T. Heath, McGraw--Hill, Hill, 
1997. ISBN 01997. ISBN 0--0707--115336115336--5. 5. 

�� An Introduction to HighAn Introduction to High--Performance Scientific ComputingPerformance Scientific Computing, , FosdickFosdick, Elizabeth R. , Elizabeth R. 
Jessup, Carolyn J. C. Jessup, Carolyn J. C. SchaubleSchauble, and , and GittaGitta DomikDomik MIT Press ISBN 0MIT Press ISBN 0--262262--06180618--13. 13. 
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Questions?Questions?

Next lecture here on Wednesday at Next lecture here on Wednesday at 
16:00 (2 hours!)16:00 (2 hours!)

Computational Science BackgroundComputational Science Background
Visual Python/Assignment IntroVisual Python/Assignment Intro


