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- S| A0l 2 27 : coarse grained vs. fine grained
* Flynn' s & : SISD, SIMD, MIMD, MISD $\rightarrow$ SPMD
- Hi22| 2o g 27 : distributed memory, shared memory, distributed-shared memory

- LC7 S2|F o4 dHHol| e 27 : switch, hardware supported remote memoery access by
direct memory access, router chip(or processor) etc

e HAHo| =2|F X B] : hypercube, 2-D mesh, 3- Dtorus switch, etc
* single system image vs. multiple system image
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718491 %=z} A2] Z2 1% construct(array, control structure, procedure, recursion)2 7Fd oj2] tje] AF

HE fidez T=agdthe oM BE T2 €Al T2aRH gan.

A man who has two women loses his soul. But a man who has two houses loses his head.

Leslie Lamport s example (cf. G.F. Pfister, ‘In search of clusters’ 2nd ed., Prentice Hall,
original ref. L. Lamport, IEEE Transactions on Computers, C-28(9), 690 (1979))

25 x =y = 0 ollM AIFFN\

/* Processor 1%/ \\

x =1 \\

if (y == 0) print( 1 wins' "): \\
/* Processor 2 */ \\

y=1\\

if (x == 0) print( 2 wins'" ):
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doi =1, MAX\\
Z3) = X)) + Y@ W\
enddo
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( - 2 2ATEQ| H (212 oAl : embarrasingly parallel Z<) )

* MAXZHE] X (1) 9+ Y(i) & Ntie] AFFE o] S5 ro] (MAX/N) Eaj
* MAX/N7He] X(31) 9}‘{ )oll tiste] &2kA ] A7 2] 248 Nojo] AFE 7HMAX/N)-A S8 3ic}.
* o] AlakE 7)) 2 g-ulol] Bet)

(- Amdahl s law : B2isil TFE ZICH & JHMH| )

ot Che| ZFEMoIM R= 5 WEHsP| 7158t RES SAXoR $8sts o Zels AR = Ip
st Cie| AFEdolM 2= F s} otEls RE8 SAINOR S8sts o Zals Azt =

dsbl =lp +Is

/
%wL Is

= 2°1, Ip7k 90%, Is7} 10%] CPU AlZk& 2pA|3ck, AAL No| Faddeta sidieks A% 27k ©4 (0.9
+0.1)/(0.9/N + 0.1) = 10¥}e] E-}3jrt,

=& BEsl FhlkEE B2l 1?'_ system overhead wioll, W& 3a}ol] 93 AA| A4k £5= (57} 0%2] 7S
= k=0 Jlgo] O vlaElskA] gt meby AlMke 58 tﬂ‘"ﬂ UoiA] BAlo] Ao gt B (surface)3} & =7}
H33h= F-& (volume) 72 "c}tﬂf"]o | && W5ojoi ¥ AFE 2] B8] &1},




IS8 B2HAE 0plsH 7 |
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HE AFEe EAQ op]Ela]l= MPP(Massively Parallel Processing) ZAFE2F SMP(Symmetric Multi-
Processing) ZAFFE|°]t}t (CC-NUMARE UAIRH. S2]2H olF|d3 & MPP oF|gx ] 7PgA|RE HE2 o= i
3 AFES 74 249 HAFH ==} & g =839 AFE= FA5S ¢ e A2 S AE 743K loosely-
coupled B & o}7|€|x ot} mala £ HFFE ol71€ A (distributed computer architecture)®] A& = 7131},

82 oAM= SHAQ SIAA(09)E A= o8] die] el 2] 719 taskE E&H o= T4
sl #elshe Aol Fd PAAIA T (dynamic load balancing, high availability, etc)

welx BHE AFE e S8 AFEE dlZsof sk Al 4] Rt G5ttt B E AFEdAE B4l e
latency$} bandwidth F#1%5< alde] B2 =32 Ay S22 HFE 011)4‘—‘:- job scheduling®} resource
allocation 53} 7+ F4|¢] sf A4 FH sl gho}.
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= high performance computing
- high availiability system

- data base server

- web server

- more
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Open Source$] &% G A= AHEA} off-the-shelf componentsE 7FA| 3L 217 @ 80l 2A| S 2HE A%}
g &= glA jh
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o2 AAtE = PC network ] 2 13+ A 3 H] &
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de facto standard®}3} message passing paradigm implementation® ‘IH% 48 T2 T3 (software

portability) =7HS$\rightarrow$ MPI= 2413 WE 2 g8e] 71 13 7154

2744 (scalability) 1= oF19A 2 5 W] (Avalon®] -7 140te] Alpha PC + Fast ethernet) 2 &3] 7Fs
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* Intel vs. Alpha (or others)
* single CPU vs. SMP
* ®E el = $7138H(synchronization) #l&el 71 =@ k= AFH| 571 AN 222 243}

( « L7 420 HEE SI=I0] Akt )

* fast ethernet + 100 Mbps switch
* Myrinet NIC + Myrinet switch

* gigabit ethernet + gigabps switch
* SCI + SCI switch

* ATM card + ATM switch 777

* PLIP 777

( * Hard disk system &E4

* big disk + diskless
* disk on every nodes
* local disk and i/o disk

Q Serial console or not )

* 4H) AgEal 4
*ye7ld4e) 1..—.3424 FZo} ¥
* switch 739 7% =24 P2 J—“.O] gThA o2 AH-ETt.

* multi-level switch, channel bonding

)

* multiple networks ?
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( * Hard disk system?| =2|X 7= ME| )

* share nothing (distributed file system)

* share something (<l : local partition + NFS partition)

* share everything (2]l : diskless + NFS)

o e
7] == HEST &2 7
- single access point vs. multiple access points
- NIS
= el
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* LAM (Local Area Multi-computer)
* MPICH (MPI-Chameleon)
* PVM (Parallel Virtual Machine)
* KMPI (Kool MPI)
* Setting-up
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* PVM (Parallel Virtual Machine)

* MPI (Message Passing Interface)

* BSP (Bulk Synchronous Parallel)

data parallel : Hlo|Ele] F+2Z vlz] Bulsls ez AA3 T o]8l7)] 41218 A 27} local A ES1A] non-local &
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* Linda
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- oA)x] iy eje] WE 2 o $3M4 (portability)
q-84 (efficiency) 2 Al F4
- 2H-2-% 7154 (functionality)

- Message passing standard — portability

- based on previous message passing libraries
- Program interface

= Allow efficient communication

- Allow heterogeneous environment

- C and Fortran 77 binding — language independent semantics

0|

ﬂ 212X921 MPI Function(25 127749] & I

message passing : % E-E local W E2] ol EAj5l= 59} o AFE 2 vRe] Ao EAlshs A2 R}
o, HE =2 T8 Ao A non-local HH7} H a3 u] messageS F31 oA A} (A W =e] eo)] AE).

( » Task management (more))

= MPI Init()

-~ MPI Barrier()

- MPL Wtime(), MPL Wtick()
- MPI Finalize()

(  Communicator (more))

- MPI Comm create()
- MPI_Comm rank()
- MPIL Comm size()

( * Topology management (more))

- MPI Cart, create()

= MPI_Cart, coords()

- MPI Cart, get()

- MPI Cart, rank()

Communication (more)

- blocked send-receive : MPI Send(), MPI Recv(), MPI Sendrecv(), etc
- non-blocked send-receive : MPI Isend(), MPI Irecv(), MPI Wait()

- collective communication : MPI_Reduce(), MPI Allreduce(),
MPI_Beast(), MPI Scatter(), MPI Gather()

©3)-( 614
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( * Derived Data type (more))
- MPI Type_commit()

- MPI Type_size()

- MPI_Type struct()

Process group

8 Z27:d I8 Akeh

- load balance

- surface-to-volume ratio

- deadlock®} racing condition

5 B EEEET L]

7|4 9] point-to-point communication <l (Appendix 1)
71842 collective communication®} operation < (Appendix 2)
putting them all together

compile?} execution

@ Appendix 1. 7IEX?I point-to-point communication 0l

#comm_mpi.c

#include ¢stdio.h)
#include (/usr/local/lam-CFC/h/mpi.h)
#define MAX 500
main(int argc, char®* argv)
{
int i, node, numtask, nextup, nextdn, itag;
float sendbuf (MAX], recvbuf (MAX):
MPI_Status status:
MPI Request reguest;
MPIL Init(&argc, &argv);
MPIL Comm_rank(MP]_ COMM WORLD, &node);

MPl Comm_size(MPI COMM WORLD, &numtask);
if (node != (numtask-1))
nextup = node + 1;

else
nextup = 0:
if (node != 0)
nextdn = node - 1;
else

615 HD-3)
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nextdn = numtask-1;

for(i = 0; i { MAXi++) 1
sendbuflil = node®0.1%(i+1);
recvbuf(i] = 0.0;

}

ftag = 22;

MPI_Irecv( &recvbuf, MAX,MPI_ FLOAT ,nextup,itag, MPI_ COMM WORLD, &request):
MPI_Send(&sendbuf, MAX,MP|_FLOAT  nextdn,itag, MP|_COMM WORLD);
MP| Wait( &request, &status):
printf( from %d received %e\n", nextup, recvbuf(0));

MPI_Finalize(); :

}

#comm_mpi.f

program comm_mpi
parameter (MAX=500)
include ‘usr/local/lam-CFC/h/mpif.h’
integer istatus(MP| STATUS SIZE)
real sendbuf(MAX), recvbuf(MAX)
call MPLINIT Gierr) .
call MPI.COMM RANK(MPI COMM WORLD,node,ierr)
call MPI_.COMM _SIZE(MPI_COMM WORLD, numtask, ierr)
if (node .ne. (numtask-1)) then
nextup = node + 1
else
nextup = 0
endif

if (node .ne. 0) then
nextdn = node - 1
else
nextdn = numtask-1
endif
do10i =1, MAX
sendbuf(i) = node*0.1%
recvbuf(i) = 0.0
10 continue
itag = 22
call MPIl_IRECV (recvbuf,MAX,MPI | REAL nextup,itag,
# MPL.COMM WORLD,ireq,ierr)

call MPI_ SEND(sendbuf MAX,MPI REAL nextdn,itag,
# MPI COMM WORLD,ierr)

call MPI_WAIT (ireq,istatus,ierr2)

write(8,*) from °, nextup, receive ', recvbuf(1)
call MPI_FINALIZE (ierr)

stop

end




@® Appendix 2. 7[2H9! collective communication} operation il

#reduce mpi.c

#include ¢stdio.h)

#include (/usr/local/lam-CFC/h/mpi.h)

#define N 1000000

main(int argc, char™ argv) {

int i, node, numtask, subN, iroot:

float AINJ;

double sum, sumt;

MPI Init(&argc, &argv):

MPI Comm_rank(MPI COMM WORLD, &node);
MPI. Comm_size(MPI_. COMM WORLD, & numtask);
subN = N/numtask:

for(i = 0:i { subN;i++) Ali) = (float)(i+1 + node*subN);

sum = 0.0;
sumt = 0.0;
iroot = 0;

for(i = 0:i { subN;i++) sum = sum + Ali);

MPI Reduce(&sum, &sumt, 1,MPl DOUBLE, MP| SUM, iroot, MPI COMM WORLD);
printf( ‘total sum = %f\n", sumt);

MPI Finalize():

}

#reduce mpi.f

program test reduce

include /usr/local/lam-CFC/h/mpif.h’

parameter (N=1000000)

real A(N)

double precision sum, sumt

call MPL INIT Gierr)

call MPI_ COMM_RANK(MPI COMM WORLD,node.ierr)
call MPI_COMM SIZE (MPI_ COMM WORLD,numtask,ierr)
isubloop = N/numtask

doi = 1, isubloop
A(i) = real(i + node*isubloop)
enddo
sum = 0.0
sumt = 0.0
iroot = 0

do i = 1, isubloop
sum = sum + A()
enddo
call MPI_LREDUCE (sum,sumt, 1,MPI_DOUBLE PRECISION,MPI SUM iroot,
& MPIL.COMM WORLD,ierr)
write(6,*) ‘total sum = ', sumt
call MPI_FINALIZE (ierr)
stop
end
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