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Why

Why bother? (used to be)

| want my application to finish
quicker!

so | can go home or get published in time for the next review of my grant - - -



Why

Why bother? (used to be)

G.F. Pfister, In Search of Clusters, 2nd Ed.
o Work harder
e Work smarter

e Get help



Why

Why bother? (used to be)

Strategy for parallel computing
e Don’'tdo it
e Let someone else do it

o Minimize it



Where

Where we are heading — CPU performance
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S.H. Fuller and L.1. Millett, The Future of Computing Performance:
Game Over or Next Level?



Where

Where we are heading — CPU performance
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Where

Where we are heading — CPU performance

e CMOS chip power consumption: clock speed x voltage?
— clock speed is limited
e Moore’s law is still valid

— gate density can grow



Where

Where we are heading — CPU performance

e many core path (Intel, AMD ---)
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Where

Where we are heading — CPU performance

e GPU path (NVIDIA, ATI ---)
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Where

Where we are heading — CPU performance

e hybrid (AMD, IBM-Sony-Toshiba, - - -)

/

Cell Processor Architecture

Power Processor Element (PPE)
(64 bit PowerPC with VMX)

-

1o
Controller

ot

Dual i L
High speed 1O
channels SPE2 ' SPE6
(76,8 GByles per
second In total)
SPE7
Dual 12.8 GByte per
second memory busses
SPE8 give Cell huge memory
bandwidth. (25.6 GBytes
AN per second in total)
EIB (Element Interconnect Bus)
® Nichol Is the internal system.
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Where

Where we are heading — CPU performance

Actually, future CPU architecture has
no clear winner yet!

11/36



Where

Where we are heading — system architecture
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Where

Where we are heading — system architecture

e Korea Meteorological Administration (1999), NEC SX-5, 16 cores
e Korea Meteorological Administration (2004), Cray X1E, 188 cores

e Korea Meteorological Administration (2011), Cray XE6, 45120 cores
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Where

Personally — Do It Yourself
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Personally — Do It Yourself

1999
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Personally — Do It Yourself

2003
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Personally — Do It Yourself

2010/01/17

Now
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Personally — Do It Yourself

near future !
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What we mean by parallel computing

one CPU finishes my job in one year

— twelve CPU’s will finish my job in a month ?
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What

What we mean by parallel computing

So what stops you?
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What we mean by parallel computing
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What

What we mean by parallel computing
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e some serial algorithm can’t be turned into parallel program

sum = 0.0;
for(i=0 ;i< MAX;i++)

sum = sum + a[i];
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e Amdahl’s law

s+ Iy
ls+

speed —up =

for example, s =0.1,], = 0.9 speed-up = 10 even for N = e
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e E. Dijstra’s concurrency problem
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e Leslie Lamport’s sequential consistency and mutual exclusion

problem
Everybody starts with x = 1
/* in process Able */ /* in process Baker */
x=1; y[0] = X;
X=2; y[1l=x;

X =3; y[2] = x;

X = 99; y[99] = x;
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Everybody starts withx =y =0
/* in process Able */ /* in process Baker */

X=1; y=1;
if(y == 0) print (“Able wins!”); if(x == 0) print (“Baker wins!”);
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What
In short

e there is no tool which determines that an existing program can be
parallelizable

— there exists helping hand (analysis tool)

e if a given algorithm is parallelizable, one needs to determine the best
strategy to parallelize

— experiment with domain-decomposition and etc

e affecting the ratio I,/ /s strongly influences the speed-up of
parallelization

— for example, memory access is part of /5. experiment with
memory access pattern
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In short

Even vendor can make a mistake
(cf. Intel’s Larabee)
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In short

5 F.E.AR>
~* Half Life* 2 Episode 2
" Gears of War*

Scaled performance

Number of Larrabee Cores

http://en.wikipedia.org/wiki/Larrabee_microarchitecture
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What
Level of parallelization

o fine grained parallelism

instruction level parallelism: recent GPU architecture

e coarse grained parallelism

cluster computer
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What

Paradigms of parallel programming

e message passing
(a) send and received message when needed

(b) MPI

e data parallel
(a) operate on parallel data

(b) OpenMP, multi-thread

e SPMD (Single Program Multiple Data)
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How

How we do parallel computing: an example

e check algorithm for parallelizability
e consider how to balance the load (surface-to-volume ratio)

e the time spent in accessing data is “/s”. devise a way to reduce this
overhead

e the result from parallel execution can be different from the result from

serial execution due to the order of operation. prepare for debuggin
strategy
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How

How we do parallel computing: an example

BiM-*[M-*T 23, 11 20:00 sum.c Page 11
§include <sztdis.h=

§oerine M 1000000

main(int argc;char** acgqa) |

ink ij

fioat A[M];

doble mumjf

for (i = 0ji < Wpi44) AfQi] = (Flcakl (i4li;
zum = 0._.0¢f

fOFr (i = 0ji < Wpi44) =um = zum + A[il;
print £ totalsum = %n"; =um) ;

3
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How

How we do parallel computing: an example

BiM-*[M-*T 29, 11 20:15 reduce_mpi.c Page 11

#include <stdic.h:
#anciuce </un—uoca1/1m—cmmmp; hr

§derine N 1000000
main(ink arge, chas** argv) ([

int i, node, numkask, subl, ircek;
£iloat A[M];

double sum; sumt;

MPI_Inik (3arge,sargv) ;

MFPI_Coem_rank (MPI_COMY_WORLD, & node) §
MPI_Comm_size (MPI_COMM_WORLD, & numtask) ;
zubdl = N/numtazk;

LOr(i = 0ji < sublljit+) Ali]l = (fioat) (i+1 + node*subd) ;

TOr(i = 0;i < subM;it4) sum = sum 4 R[d);
MPI_Reduce (s3um, s3umt; 1,00 I_DOVBLE ,(MPI_SUM, irook 1P I_COMY_WORLD) §
print £ ("otalum= %An", sum) ;

MPI_Finalize(])j

b
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How

How we do parallel computing: an example

e “reduction” example in NVIDIA_CUDA_SDK
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