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& $ MPI
& , &
) + & , LAM,
OpenMPI, mpich-gm, MPI/PRO, NT-mpich v + "
$ " &
3 :
mpich $ ;
mpich
( mpich ,
devi ce. !
ch_p4,
TCPIIP. % $
rsh ssh.
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! 2. M PI

" ch_p4 ch_p4npd.

/ mpich,
tar xfvz npich-1. X X tar.gz

./lconfigure --prefix=/opt/npich —wi th-device=ch_p4
/ opt/ npi ch " ,
fusr/1ocal . 3 ,
gcel/ g77, :
- c++=CXXPATH - cc=CCPATH - f c=FCPATH - f 90=F90PATH\
-clinker=CLI NK -c++l i nker =CXXLI NK\
-flinker=FLINK -f90l i nker =F90LI NK
% CXXPATH, CCPATH, FCPATH F90PATH—
++, ,8 8 -90 ,  CLI NK, CXXLI NK, FLI NK
FOOLI NK — & . ,
Intel $
-c++=icc -cc=icc -fc=ifort -f90=ifort -clinker=icpc
-c++linker=icpc -flinker=ifort -f90linker=ifort

/ & "
$ -cflags=, -c++flags=, -fflags=, -f90flags.
3 ;
( &, /usr/bin/ssh),
" & r sh=RSHCOMVAND.

3 configure + ,
make. " ,
configure. ., -

—-119-



&

$
--di sabl e-cxx, --disable-f77, --disable-f90.
! + " nmake, make install
: mpicc (),
mpicxx ( ++), npif77 (8 ) npi f90 (8 -90).
" npirun.
, &
mpirun -np 10 ./a.out
a. out 10 $
$ ?7 ; ;
! ( ")
" $I NSTALL_DI R/ shar e/ machi nefile. LI NUX. 3
o npi run &

& -machinefile.

mpich2
1 $ , $
mpich, '

! & ++, 8 8 -90 & ,
, " $

--enabl e-f77, --enable-f90 - -enabl e- cxx.

# " mpich2 & " mpich. ! &
" c3, , ch_p4

" TCPIP. ( $
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M PI

--wi t h-devi ce=c3: shm

--wi t h-devi ce=c3: ssm

) &
SMP TCPIP + ,
mpich2 InfiniBand ( "
Mellanox Verbs APIl), & &
& "
--w t h-devi ce=ch3:ib —wi th-ib=vapi
--Wi t h-i b- pat h=PATH_TO MELLANOX_| B.
* Myrinet, " GM
GASNet./ $
--wi th-devi ce=ch3: gasnet —wi t h-gasnet - condui t =gm
--Wi t h-gm=GM | NSTALL_DI R
! +
" . npd. conf, " 'secr et wor d=<pass>',
<pass> —, ) " (
n. ! , "
chnod 600 . npd. conf.
mpich2 - mpd &
.o "
/ et c/ nmpd. host s . %
nmpdboot -n N, N — +1 ( mpd
). * npd &
L "
npdtrace.
" npirun, & " npi exec.
npi exec & -machinefile nfile.
" nfile :<node: ncpu>,
node — , ncpu — $ .0 & -np N
$ 1 "
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$ , hostl ...
Intel MPI Library
/ $ MP
&
$
$ n n
$
& ;
$ ./
Ethernet & "
Direct Memory Access)
+
InfiniBand  Myrinet.
$
Intel  MPI Library
" Itanium. ! &
" 81 +
GNU.
#
$
/opt/intel/npi/ ),

&

-hosts N host1 ...
host N &

host N, N

mpich2. 3; & "

, InfiniBand
Ethernet Myrinet
; & ,
, & RDMA (Remote
DAPL.
$ 7
& MPI-2

x86,x86 64  $
Intel  C/C++/F77/F90

install.sh
/ +
$ &, &
! $
( & 1
" $ n
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! 2. M PI
A + "
python 2.2.
! Intel MPI Library $
/ " 32- $
< _ _intel npi >/ bi n/ npi vars. sh, bash

zsh < _ _intel mpi >/ bi n/ npi vars. csh,

csh tcsh.  64- $ < __intel npi>/bin/
+ < _ _intelnpi>/bin64/. 7 , "
! , + " /etc/profile /

/ etc/csh. cshrc Linux

/etc/profile.d,

& bash  tcsh
/etc/profile /etc/csh.cshrc, ;
+ , .
: & $ !

/etc/profile.d.
0 $
npi cc/ npi CC/ npi f 77/ npi £ 90.  /
" $HOWE/ . npd. conf,

«

»

$ (0600). "
'secr et wor d=<npd_secr et _wor d>',
npi _secret_word —, " +
" | # , "
" " npd. hosts ,
| "
npdal | exi t, npdboot -n <Nodes_Nunber >, Nodes_Nunber —
, npd. hosts. /
" rsh ssh. 3
ssh, npdboot & -r ssh.
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" npi exec -n <Nodes_Nunber> < _ > 3

S
" , npi exec & - genv
| _MPI _DEVI CE <devi ce>, devi ce
rdma ( DAPL), shm ( ),
sock (TCP/IP Ethernet), ssm (socket +shm) rdssm
(socket +shmtr dma). 3 ,
/ $ Intel MPI Library
( $ http://ww.intel.conf go/ npi.
mvapich
mpich, $ ¥
& gen2, &. mvapich
InfiniBand " (
mpich) ch_gen2.
/ & " InfiniBand
vapi. ! $
mvapi ch. make. gcc. ! Intel:
mvapi ch. make. i cc mvapi ch. make. ecc,
Portland Group — nvapi ch. nake. pgi . *
configure, ,
! + " meke, ,
+ + make install. .
& mvapich,
! : , :
" Jetc/ld.so.conf I dconfi g.
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! 2. M PI

! npi run ,
. % "
npi run_r sh. :
mpirun_rsh -np N hostl ... hostN program args. ..
N — $ ,hostl ... hostN-— , program
args —
ScaMPI (Scali MPI Connect)
- " Scali (http://wwm. scali.no)
Ethernet, Myrinet, SCI InfiniBand. !
I $ & ,
+ $
- + & + SCl
IBGOLD/OpenFabrics
! IBGold " Mellanox
IBGold
Openkabrics. " , " OFED,
" & " InfiniBand, + "
, open subnet manager $ & MPI mvapich.
# , .
7 OFED , install.sh
«Build OFED Software RPMs». %
RPINVS, -devel ,
opensm . & ,
" InfiniBand kernel -ib
" +

, rom & -replacefiles.
opensm &
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(I'ib*.rpm,
nmpi ch_m x -devel . %
openi bd opensm
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' High Performance LINPACK

/ , "
High Performance Linpack (HPL),
BLAS. HPL
http://ww. netlib.org/benchmark/ hpl/hpl.tgz.
BLAS, &
Linux. - ,
$ Intel 80386. ,
BLAS, &
Atlas(htt p: //ww. netlib. org/atlas/),
GotoBLAS
(http://wmv t acc. ut exas. edu/ r esour ces/ sof t war e/ #bl as),
Intel MKL

(http://wwa.intel.conl cd/ sof tware/ product s/ asno-
nal eng/ perflib/).

# BLAS ( & BLAYS),
" HPL. ! " " ,
" setup & " " Make. <ARCH>.
! " Make. MyAr ch, MyArch —
. , Lin_Xeon. . " ,
" BLAS .
" ARCH
) , 8
npicc npif77.! MPinc MPlib
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01:
02:
03:
04:
05:
06:
07:
08:
09:
10:
11:
12:
(8%
14:
i6%
16:
17:
18:
19:
20:
21:

e
&+

make arch=MyArch (M/Arch —

). 3 $ + +
bi n/ MyAr ¢
" , " bi n/ HPL. dat

$ n

HPL. dat " " TUNI NG.

6 ]
, 11-12 —,
HPL. dat ( ):

HPLi npack benchmark input file
I nnovative Conputing Laboratory, University of Tennessee

HPL. out

6

2

25000 30000
3

200 224 250
0

3

56 3

6 5 10
16.0

1

1

1

4

1

2

1

1

output file name (if any)

devi ce out (6=stdout, 7=stderr,file)
# of problens sizes (N)

Ns

# of NBs

NBs

PMAP process mappi ng (0=Row, 1=Col um- naj or)

# of process grids (P x Q

Ps

&

threshol d

# of panel fact

PFACTs (0=left, 1=Crout, 2=Right)
# of recursive stopping criterium
NBM Ns (>= 1)

# of panels in recursion

NDI Vs

# of recursive panel fact.

RFACTs (0O=left, 1=Crout, 2=Right)
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! 3. High Performance LINPACK

22: 1 # of broadcast
23:. O BCASTs (0=1rg, 1=1r M 2=2r g, 3=2r M 4=Lng, 5=LnM
24: 1 # of | ookahead depth
25: 0 DEPTHs (>=0)
26: 2 SWAP (0=bi n-exch, 1=l ong, 2=ni x)
27: 64 swappi ng t hreshol d
28: 0 L1 in (O=transposed, 1=no-transposed) form
29: 0 U in (0=transposed, 1=no-transposed) form
30: 1 Equi i bration (0=no, 1=yes)
31: 8 nmenory alignment in double (> 0)
& $ 25000 25000 30000 30000
, ( 05 06), 200 200, 224 224 250 250
( 07 08). * $ 30 $
56,65 310( 10-12).
! " HPL. dat
HPL, "
mpirun -np N ./xhpl
7 $ N +
& Ps & ( 11-12).
$ $
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Cleo

$ &

Cleo

" MPI: MPICH, MPICH-gm, LAM, ScaMPI, MVAPICH

Cleo

& ’
$ $
perl,
(
TCP/IP "
( cl eo-client), "
Cleo. 3 &

—-130-



| 4. ( Cleo
il & $ H
, &
.
& & - , & " $
' & n
main
Long short
pl:l pl:2 p21 | p22 p3:1 p32 | pal | p42
! 4
, 2 3 "L & pl, p2,
p3  p4, $ pl:l, pl:2 pl
man & $ 4 &
¢ : : 4
).
main -
long, & & & $ pl:l, pl:2, p2.1 p2:2,
short, & & & $ p3:1, p3:2, p4:1 p4:2
/ 1 ’
$ $
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& H
1 $ . ’
short 4 $ , i
6 $ |
short long. long
H $ ,
short
, short
main (
8 $ _
6 $ , 6 3
2 8
& + $ &
main
long short

-132 -



| 4. ( Cleo
Main
2
long short
1
2
: $ (
)1
1 $
& ! -,
$ 0 256.!
" , 10.
%
+ b
N +

+ &
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random
random host s

host s_al one

&
n $
$ &
$ &
$ &
n + n
$
&
pe_sel _net hod
A &
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$ [server],



- ( Cleo

, & userl + main,
+ short long.

" Cleo & &
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! $
$
O )
1
"1
.1
+
$
/
(
npi run
&
&
$
$ , , $
empty,
(zmey20000@yahoo.com)
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& "%
enpt y- cl eo?)
MPICH
&

L2

LAM

%



4. ( Cleo

+ $ + &
&
" cl eo-enpty & " .
% Cleo, .. &
| "
, " ( gs- web,
& " n &
l 1] Wd)_ $
+ n n
" & "
n $ :
1 + 1
% " npi run:
mpirun -np N [-q queue][-maxtinme|-1 lim[-p pri][-stdin
file]

[-stdout file] [-stderr file] prog [prog_args] ,

mpirun -np N [-q queue][-maxtinme|-1 lim[-p pri][-stdin
file]

[-stdout file] [-stderr file] —f batch_file
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0 & , , & , Pprog
prog_args —,
" " batch _file,

& " npirun.
-np - $ .
-q - , &

maxt i nme
- _

_p —
-stdin - "
-stdout — "

-stderr — " +

nmpirun -np 15 -q users -nmaxtime 10 ny_test -dumry -i 50

"ny_test' "-dumy -i 50'
users 10 15 %
& :
mpirun -np 15 ny_test2 /tnp/ny_test.tnmp -n 10
"nmy_test2' "/tnp/ny_test.tnp —n 10
& 15  $
3 & -maxtinme ( -1) ,

" QS TIMELIMT. 3 ,

~/ . gconf def tine. 3
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4. ( Cleo
n $
# & -maxtine,
! &
I "
" " &,
" , & -stdout.
3 < _ >, out-< >, -,
#
" tasks & -d.
/ home/ usr 2> tasks —-d 2141
2141
! " (
" , out
rep), & ; ;
H " H H +
$
$ n . #
TEMP_DI R.
! " tasks:
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tasks [-q queue][-r][-I][-t][-f][-0][-m nmask][-u userlist]
[-b][-did ... id]-v]
# & & ,

[ T N T B
O = ~+ — = o
I
Qo

-mmask —
-u list — "

& $ &, & " $:
http://parcon.parallel.ru/cleo.htn.
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ANSYS. 0 - " , & & " $

$ + n
. 1 1 $
1 L L $ $
LSDYNA, FLUENT CFX
ANSYS.
/ $ : http://ww. ansys. com
STAR-CD. * $ " " ,
, % +
/ $ http://ww. cd-adapco. com
LMS Virtual.Lab Acoustic. ! +
, n $ , n +
, *
SYSNOISE.
/ $ : http://www | nsintl.com
ABAQUS. 0 - " +
: +
$ "
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/ $ : http://ww. abaqus. com
M SC.Nastran. ' -
, +

$ 1 "1 "

$ 1 $ " + 1 1
/ $ : http://ww. mscsof tware.com
FLOW-3D. ! "

" + /
/ $ : http://ww. fl owdd. com
COMET Acoustics. 0 - " +
$ L

/ $ : http://ww. conetacoustics.com

GDT (GasDynamicsToal). ! -

$ + n,
v+ " + "
L $
/ $ : http://www cfd. ru.
FlowVision. 0 $
$

2 " "

/ $ : http://ww flowision.ru.
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DAPL: Direct Access Programming Library.

DHCP: Dynamic Host Configuration Protocol.

& " &
$ &, & " P ,
FTP: File Transfer Protocol. ! "
KVM: Keyboard and Video Monitor. # " ,
& &
Linpack: "% "
.7
$ High Performance Linpack (HPL).
LVM: Logical Volume Manager . .
, /' RAID-
MAC- : " "
MPI: Message Passing Interface.
.3 $",
openmpi ).
NFS: Network File System. "
deFacto Unix.
NIS: Network Information System. . ,
, &
& $ & &

—144 —
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; 4 +
" , / 4
RAID-0 (stripe): RAID, +
4 , &
1 , 1 , 2 , 2
RAID-1 (mirror): RAID, +
4 " - $ +
RAID-5: RAID, 4
" , &
XOR $
" o
' , $
RDMA: Remote Direct Memory Access. !
; & .
SCI: Scalable Coherence Interface.
" I
& $ ( - ; ").
Samba; ! " , & " SMB
CIFS, MS Windows o
Windows  Linux,
Linux ,
Windows.

NTP: Network Time Protocol. ! $

RAID: Redundant Array of Independent/Inexpensive Disks. *

SNM P: Smple Network Management Protocol. ! ,
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SSH: Secure SHell. ! ;
& , & " +

Telnet: ; &
( + " .
TFTP: Trivial File Transfer Protocol. ! , &

U: Unit. 3 $ ,

514 &" 45 RU —
rack unit (. ).

UPS. Uninterruptable Power Supply. ( "

" $ , &
" !
" n , &
4
4 1
") 0
, & $ ,
- , 4 &
RAID
& I
& | 1
& & &
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, tower, minitower, 1U, 4 U
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- ( $ - "%
Parallel.ru:
http://ww. parallel.ru/
Top50 , $ "
htt p: // www. super conmput ers. ru/
Top500 , $ "
http://ww.t op500. or g/
htt p: // ww. cl ust er ronkey. net/
$ " " Beowulf:
http://ww. beowl f. org/
- HPC Challenge Benchmark:
http://icl.cs.utk.edul/ hpcc/
Linux-
http://ww. | i nuxclustersinstitute. org/
+ $
http: //ww. cbel . comf Beowul f _Paral | el _Conputi ng/
- ( $ & " Unix-
http://ww. opennet . ru/
" MOSIX Linux-

http: // ww. nosi x. or g/

http://ww.citforumru/
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$ Microsoft Windows Compute Cluster Server 2003:
http://ww. m crosoft.con rus/w ndowsserver 2003/ ccs/
& "
http://ww. hpcwi re. cont
“LINUX Magazine”:
http://ww. | i nux- mag. com
http://ww. | i nuxmagazi ne. com

$ Intel:
http://ww. intel.ru/products/processor
$ Intel:
http://ww.intel.ru/software/nulticore
Intel !

http://ww.intel.com software/ products

, Intel Software College:
http://ww.intel.con software/col | ege

Intel Software Partner Program -
http://ww.intel.com partner/rus
Intel Software Insight:
http://devel oper.intel.ru/softwarenailing
Torque:

http://ww. cl ust erresources. com pages/ product s/ torque
-resour ce- manager . php

OpenPBS PRO:
http://ww. al tair.com software/ pbspro. htm

LSF:
http://ww. pl atf orm com Products/Pl atform LSF. Fam | y/

" " Intel Press $ .

http://ww.intel.comintel press/ — ,
" |
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