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Avaykn yia umootiipin MPI oto Grid

¢ MeydAn eykateotnpéVn UTTOAOYLOTIKN
LoXUG: MW TNV EKPETAAAEUOUAOTE;
=10004a06¢eg emeEepyaotwy

= [MoAAEG ave€apTnTEC (CEIPLAKEC) BOUAELEC, YA
ave€dptntn eme€epyaocia SLAPOPETIKOU
UTTOGUVOAOU TwV O£GOHEVWY E1GOOOU

¢ Kat av umrdpxouv e€EapTROELC;

= Av 10 MpOBAnua bev sivar “Embarassingly
Parallel”;

MapaAANAEG ApXITEKTOVIKEG

o APXITEKTOVIKI) KATAVEUNHEVNC IVARNG
(distributed memory systems, m.x. Cluster)

Kéupog 2 Kéupog N

Aiktuo Alaolvdeong (11.x. Ethernet, Myrinet, SCI’




MNapaAAnAeg ApXITEKTOVIKEG (2)

* Apxitektovikn polpalopevng Pvnpng (shared
memory systems, 1m.X. SMP)

MNapaAAnAeg ApXITEKTOVIKEG (3)
+ YBpOIkN apxitektovikn (m.x. SMP cluster)

SMP kéupog - SMP k6upog Z SMP k6upog N

Aiktuo Alacuvdeonc (1r.X. Ethernet, Myrinet, SCI)




MNapaAAnAeg ApXITEKTOVIKEG (4)

Algpyaoia Algpyaoia z

MPI_ Recv

/|

Tu givatl to MPI;
¢ Elval mpotumo, OXt GUYKEKPLUEVN
uAotoinon
¢ BIBAL0ONKN avtaAAayng pnvUpatwy
¢ 2xediaon oe otpwpata (layers)

¢ 2€ UYNAO emimedo, TTAPEXEL CUYKEKPLHUEVN
poypappatioTikn olemawn (interface)

¢ 2 XaUNAO emimedo, EMKOIVWVEL PE TO
OLKTUO dlacuvoeong

¢ Ymootnpicel C, C++, Fortran 77 kat F90




YAotmownosig MPI

MPICH

*

http: //www-unix.mcs.anl.gov/mpi/mpich
¢ MPICH2
http://www-unix.mcs.anl.gov/mpi/mpich2
¢ MPICH-GM
http://www.myri.com/scs
o LAM/MPI
http://www.lam-mpi.org
¢ LA-MPI
http://public.lanl.gov/lampi
¢ Open MPI
http://www.open-mpi.org
+ SCI-MPICH
http: //www.lfbs.rwth-aachen.de/users/joachim/SCI-MPICH
¢ MPI/Pro
http: //www.mpi-softtech.com

MPICH-G2
http: //www3.niu.edu/mpi

*

Single Program, Multiple Data (SPMD)

¢ MoAAEG Olepyacieg, OAeG ekTEAOUY TO (610
"POYPGUUG
¢ Alakpivovtat pe Baon to Babuo (rank) mou
amodidetal o Kabe pia diepyaocia
= EmeEepyaletal Sla@opeTIKO UTTOGUVOAO OEGOUEVWV
= AlagpopoTrolel TN pon EKTEAECNG TNG
+ Emdiwén mapaAAnAou mpoypappaticpou
= Meylotomoinon mapaAAnAiag
= AmodotIkn aglomoinon mMopwv CUCGTAHATOC
(T.X. pvrApn)
= EAaxiotomoinon 0ykou Oe00HEVWY ETKOIVWVIAG
= EAaxiotomoinon apt®pol pnvupdtwy
= EAaxiotormoinon cuyxpoviGHou




Aepyaoieg kat Communicators

* e KABe Olepyacia amodidetal Eva povadiko
rank oto €upog 0...P-1, 6mou P 10 cUVOAIKO
TANB0G SlEPYACLWYV GTOV GUYKEKPLUEVO
communicator

* X& YEVIKEG YPAUMEG, 0 communicator opilel Eva
ocUVoAo amo Slepyacieg Tou Pmopouyv va
ETKOLVWVOUV pPeTadu Toug (T.X.
MP1_COMM_WORLD)

+ [poocoxn: Avagepopaote mavta o€ SlEPYACIEC,
OXl o€ eMEEEPYAOTEG

Tumkn dopun Kwoka MPI
#include <mpi.h>

int main(int argc, char *argv([])

{

/* NpwTn kKAnon MPI */
MPI Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);

MPI_Comm_size(MPI_COMM_WORLD, &size);

/* TelevuTaia kKAnon MPI */
MPI_Finalize();




Baoiwkeg Zuvaptioelg oto MPI

¢ MPI_Init(argc,argv)
= ApXxiKotroinon
¢ MPI_Comm_rank(comm,rank)
= Eupeon tou rank tng Siepyaciag otov comm
¢ MPI_Comm_size(comm,size)
= EUpeon mAnBoug dlepyaciwy size oe comm
+ MPI_Send(sndbuf,count,datatype,dest, tag,comm)
= AootoAn unvuparog oe Oliepyacia dest

¢ MPI_Recv(rcvbuf,count,datatype,source,tag,
comm,status)

= AQYn pnvupatog amo dlepyacia source
o MPI_Finalize()
= TEPUATIOHOC

Baoiwkeg Zuvaptioeig oto MPI (2)

int MPI_Init(int* argc, char*** argv)
+ Apxikomoinon meptBaAAovtog MPI
+ Mapdadetypa:

int main(int argc,char *argv[])

{

MPI Init(&argc,&argv);




Baoikeg Zuvaptioeig oto MPI (3)

int MPI_Comm_rank (MPI_Comm comm, int* rank)

+ KaBoplopog rank karouoag diepyaciag mou
avnkel 6Tov communicator comm

+ Mapdadetypa:
int rank;

MPI Comm_rank (MPI_COMM_WORLD, &rank);

Baowkeg Zuvaptioeig oto MPI (4)

int MPI_Comm_size (MPI_Comm comm, int* size)

+ KaBoplopog mAnboug Slepyaciwyv size mou
avnkKouv 6Tov communicator comm

+ Mapdadetypa:
int size;

MPI Comm_size(MPI_COMM_WORLD,&size);




Baoikeg Zuvaptioetg oto MPI (5)

int MPI_Send(void *buf, int count, int dest,
int tag, MPI Datatype datatype, MPI_Comm
comm)

+ AmoctoAn pnvupartog buf ané kaAouca
dlepyaocia o€ Olepyacia pe rank dest

+ O mivakag buf €xel count otowxeia tumou
datatype

+ Mapdadetypa:
int message[20],dest=1,tag=55;

MPI Send(message, 20, dest, tag, MPI INT,
MPI_COMM_WORLD) ;

Baoiwkeg Zuvaptioeig oto MPI (6)

int MPI_Recv(void *buf, int count, int
source, int tag, MPI Datatype datatype,
MPI Comm comm, MPI Status *status)

¢ Aqyn pnvupatog amo dlepyacia e rank source Kat
amobnkeuon otov buf

¢ AapBavovral to moAu count dedopéva TuTou datatype
(akpBng apBpog pe MPI_Get_count)
+ Wildcards
= MP|_ANY_SOURCE, MPI_ANY_TAG

¢ MNapadetypa:

int message[50],source=0,tag=55;
MPI Status status;
MPI Recv(message, 50, source, tag,
MPI INT, MPI_COMM _WORLD, &status);




Baoikeg Zuvaptioeig oto MPI (7)

MPI digpyaocia MPI digpyaocia

MPI Recv(msg,3,i,...);

virtual memory
Siepyagiag

virtual memory
Slgpyaoiag

buffer

Baowkeg Zuvaptioeig oto MPI (8)

int MPI_Finalize()

+ Teppatiopog mepiBaiiovrog MPI

+ Mpemel va anoteAei Tnv teAeutaia kAnon MPI
TOU TIPOYPAPHATOC
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Napadstypa

/* Nap&AANAOG LTTOAOY LOMOG TNnG TopdoTaong f(0)+f(1)*/
#include <mpi.h>

int main(int argc,char** argv){
int vO,vl,sum,rank;
MPI_Status stat;
MPI_Init(&argc,&argv);

MPI_Comm_rank (MPI_COMM_WORLD, &rank) ; A iq 1
if (rank==1) { lEpyaoa

‘MPI_Recv(&v1,1,1,50,MPI_INT,MPI_COMM_WORLD,&stat) :
isum=vO+vl; {

} n--.-------.-------.-------.-------.-------.-------.-------.-------.-------.-------.-------.------E --------------- ’- --------- ;
MPI_Finalize(); 'epyaoia 0

Eidn Emkowvwviag

¢ Point-to-point ) ZuAAoyikn (Collective)

¢ Synchronous, buffered ) ready

=avAaAoyda pe To Tl Bewpeital wg cuvonkn
EMTUXIACG)

¢ Blocking 1 non-blocking

= avAAoyd pE TO MOTE EMOTPEPEL N CUVAPTNON
EMKOlVWViag

11



ZuAdoyiKi Emkovwvia

Mapadetypa: AmootoAn Tou msg otig dlepyacieg 1-7 amo tn 0
if (rank == 0)

for (dest = 1; dest < size; dest++)
MPI_Send(msg,count,dest,tag,MPI_FLOAT,MPI_COMM WORLD);

Aigpyaoiec MPI

a 1 Z 3 4 5
msg = = 3 = [ [

[@)]
~l

levika: MNa p Olepyacieg éxoupe p - 1 Bpata mKolvwviag

ZuAAoYIKn Emkowvwvia (2)

Mapadetypa: AmootoAn Tou msg otig dlepyacieg 1-7 amo tn 0

MPI_Bcast(msg,count,MPI_FLOAT,®,MPI_COMM_WORLD);

Aigpyaoiec MPI

0 1 z 3 4 5
msg = =

[@)]
~l

Fevika: MNa p diepyaocieg éxoupe [log,p| BRApata emkowvwviag
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ZuAAoyYIKn Emkowvwvia (3)

int MPI_Bcast(void* message, int count,

MPI Datatype datatype, int root, MPI_Comm
comm)

¢ AtootoAn tou message amo tn dlepyacia
ve rank root mpog OAeC TIC Olepyacieg Tou
communicator comm

+ To message mepléxel count dedopéva
tuTou datatype

¢ KaAeital amo 0Aeg Tig OlEPYACIEC TOU
comm

ZuAAoYIKn Emkowvwvia (4)

int MPI_Reduce(void* operand, void*
result, int count, MPI Datatype datatype,
MPI Op op, int root, MPI_Comm comm)

+ Ta 6edopeva operand cuvéualovrtal pe
EQPAPHOYN TOU TEAECT Op, KAl TO ATOTEAEGHA
amobnkevetal otn Olepyaocia root oto result

o Mpemel va kKAnBel amod OAeg TIg Slepyacieg Tou
comm

+ MPI_Op: MPI_MAX, MPI_MIN, MPI_SUM,
MPI_PROD KA.

+ Avtiotowxa kat MPI_Allreduce
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ZuAAoYIK Emkowvwvia (5)

/* Nap&AANAOG LTTOAOY LOMOG TNnG TopdoTaong f(O)+f(1)*/
#include <mpi.h>

int main(int argc,char *argv[]){
int sum,rank;
MPI_Status stat;

MPI_Init(&argc,&argv);

MPI_Comm_rank (MPI_COMM_WORLD, &rank) ;

/* YmoAoyLonOG TLPwv oTov T[] */

MPI_Reduce (&f[rank],&sum,1,MPI_INT,MPI_SUM,0,
MPI_COMM_WORLD) ;

MPI_Finalize();

ZuAAoYIKn Emkowvwvia (6)

int MPI_Barrier (MPI_Comm comm)

* JUYXPOVIOHOG OlEpyaciwy Tou communicator
comm

+ H ektéAeon toug cuvexiletal povov otav O0Asg
£XOUV EKTEAEOEL TNV KANON

+ Meplopilet Tnv mapaAAnAia
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ZuAAoYIK Emkowvwvia (7)

int MPI_Gather(void* sendbuf, int sendcnt,
MPI Datatype sendtype, void* recvbuf, int

recvcount, MPI Datatype recvtype, int root,

MPI _Comm comm)

* Zuvevwvovtal otn Olepyacia root ol mMvakeg
sendbuf Twv umoAotnwy (katd avouca oslpd
rank)

+ To amotéAecpa anodnkeUeTal oTov Tivakda
recvbuf, o omoiog £xel vOnua Hovo otn
dlepyaoia root

+ Avrtiotowxa kat MPI_Allgather
+ Avtiotpopn: MPI_Scatter

Synchronous - Buffered - Ready

* Avagépovtal o€ AElToupyia amocToANG,
dlagopotololvtal wg TPog AstToupyia
Anyng

¢ Yapxouyv 1000 o€ blocking, 660 Kat oe
non-blocking popepn

¢ To amAo MPI_Send pmopei va eival gite
synchronous eite buffered: e€aptdral and
uAotoinon

15



Synchronous - Buffered - Ready (2)

¢ int MPI_Ssend(void *buf, int count,
MPI Datatype datatype, int dest, int tag,
MPI _Comm comm)
= Emtuyxdavel povo otav mapet emBeBaiwon Aqyng amd oéktn -
ACPAAEG
¢ int MPI_Bsend(void *buf, int count,
MPI Datatype datatype, int dest, int tag,
MPI _Comm comm)
= Emtpépel apéowg, avilypagpovtag To Rvupa o system buffer yia
HEAAOVTIKN peTadoon - o@pdAua og EAAELYN TTOpwV
¢ int MPI Rsend(void *buf, int count,
MPI Datatype datatype, int dest, int tag,
MPI _Comm comm)
= EMOTpépel auEcws, aAAd EMTUYXAVEL HOVO av EXel TiponynBel
avtiotolxo receive amo to 6EKTN - aBéBato

Synchronous - Buffered - Ready (3)

MP|_Bsend MPI_Ssend MPI|_Rsend

Toniko Mn Toniko Toniko

2 QVTIYPOaQES OTN 1 avtiypaen oTn 1 avtiypagn oTn

HVARN HVARN HVARN
AnoTuyXavel Agv anoTuyxAavel Agv anoTuyxAavel
eNelpel Ndpwv eNelyel NGpwvV eNelyel NOpwV

Aev anotuyxavelav | Aev anotuyxavel av | Anotuyxaver av oev
oev €xelL nponynBei | dev £xel nponynBel €xEL Nponynoei

Ayn Ayn Awn
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Non - Blocking Communication

+ Apeon gmotpoen

+ Aev gival ac@aleg va emavaxpnotpomoindouy ot
buffers emkowvwviag mpv eAeyx0Bei n emruxia

+ AUo duvatdtnTeg yla EAeyxo emtuxiag tng
EMKOlVWViag

=int MPI Test (MPI_Request* request,int*
flag, MPI Status* status)

=int MPI Wait (MPI_Request*
request,MPI_Status* status)

Non - Blocking Communication (2)

¢ KdaBe blocking cuvaptnon €xet tnv
avtiotoixn non-blocking:

=MPI_Isend (yia MPI_Send)
=MPI_Issend (yia MPI_Ssend)
=MPI_Ibsend (ywa MPI_Bsend)
=MPI_Irsend (yiwa MPI_Rsend)
=MPI_Irecv (yia MPI_Recv)

17



Non - Blocking Communication (3)

¢ MNolo gival 1o 6geAog;
=EmMKAGAuUYn utoAOyLIopOU - ETKOLVWVIAC

Blocking Non-blocking
MPI Recv(); MPI Irecv();
MPI Send(); MPI Isend();
Compute() ; Compute() ;
Waitall();

| ‘Tlfl_ﬂOl Asé_o_pévoov MPI

MPI_CHAR: 8-bit xapaktrpag

MPI_DOUBLE: 64-bit kivntrig umodlacToAng
MPI_FLOAT: 32-bit KivnTAg uTOSIacTOANG

MPI_INT: 32-bit aképatog

MPI_LONG: 32-bit aképatog

MPI_LONG_DOUBLE: 64-bit kivntrig umodlacToAng
MPI_LONG_LONG: 64-bit aképatog
MPI_LONG_LONG_INT: 64-bit aképatog

MPI_SHORT: 16-bit aképatog

MPI_SIGNED_CHAR: 8-bit mpoonuacuévog xapaktipag
MPI_UNSIGNED: 32-bit ampocnpog aképatog
MPI_UNSIGNED_CHAR: 8-bit ampocnpog xapaktripag
MPI_UNSIGNED_LONG: 32-bit ampoonpog aképatog
MPI_UNSIGNED_LONG_LONG: 64-bit ampoonpog aképatlog
MPI_UNSIGNED_SHORT: 16-bit ampocnpog aképatog
MPI_WCHAR: 16-bit ampoonpog xapaktnpag

18



Tumot Aedopevwy MPI (2)

¢ Opadomoinon dedopEVWY EMIKOLVWVIAG:
¢ Napapetpog count (yla opoloyevi

0edopEVA OE CUVEXOUEVEG BECELG HVANG)
+ MPI_Type_struct (derived datatype)

¢ MPI_Pack(), MPI_Unpack() (yta etepoyevn
dedopéva)

To mpotutio MPI-2

¢ MapdAAnAn eicodog-£€odog (Parallel 1/0)

¢ Auvapikn olaxeiplon Olepyactwy
(dynamic process management)

¢ AmMopakpucopéveg Asttoupyieg mpooBaon
otn pvAun (remote memory operations)
=(One-sided operations

19



H uAotroinon MPICH

MPI API

MPIP
profiling interface

MPIR
run-time BIBAL0ONKN

XpNotng

I siktuo dlacuvéeong

Emkolvwvia cuctipartog
(BiBALOONKEG cucTAPATOC,
OlKTUO, pvNpn)

H Y?\orromon MPICH ( )

e ——————

¢ Ava biepyaocia, 1 send message queue, 2
receive queues
= posted + unexpected

+ EmAoyn device Bdoel tou destination rank
= p4, shmem

+ EmAoyn mpwtok6AAou Bdoel Tou message size

= Short < 1024 bytes, rendezvous > 128000 bytes,
eager svdlapsca

+ ‘EAeyxog pon¢ - Flow control

= 1MB buffer space ywa eager mpwtokoAAo ava {eUyog
Olepyaciwv

20



ExtéAeon mpoypappatog MPI (1)

+ Mapadoolakog tpomog: X Cluster
o Linux cluster 16 kopBwv (kid1...kid16)

+ MeTayAwTTion Kal EKTEAEON
= KataAAnAo PATH yua tnv uAomoinon
* export PATH=/usr/local/bin/mpich-intel:..:$PATH
= MeTayAwTTION HE TIG KatAAANAeg BIBALOOAKEG
e mpicc test.c -o test -03
= EKTéAEON
e mpirun -np 16 test

Emideién!

¢ Hello World pe umoBoAn evog 16-process
MPICH job o¢ dedicated cluster (kids)

21



ExtéAeon mpoypappatog MPI (2)

+ e Told Pnxavipata ekteAouvtal ol OlEPYACIEC;
= Machine file

$ cat <<EOF >machines
kid5

kid7

kid8

kid1l0

EOF

$ mpiCC test.cc -o test -03 -static -Wall
$ mpirun -np 4 -machinefile machines test

ExtéAeon mpoypappatog MPI (3)

¢ Aemitopépeleg YAomoinong
= w¢ dnploupyouvtal ol amapaitnTES
Olepyaoieg; Implementation-specific

« rsh / ssh xwpig password, ot kduBot Tou cluster
gumoTeUovTal 0 £€vag Tov aAAo

» Mg xprion daemons, (“lamboot” yia to LAM/MPI)
¢ Tuyivetal pe 1o file 1/0;

=Shared storage avdueoa otoug cluster nodes
« NFS otnv amAoUotepn mepintwon
« Kamoto mapdaAAnAo fs, ix. PVFS, GFS, GPFS
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‘Evtaén oto mepBaAAov tou Grid

+ YmoBoAn epyaciwy tumou MPICH

Type = "job";

JobType = "MPICH";

NodeNumber = 64;

Executable = “mpihello";

StdOutput = "hello.out";

StdError = "hello.err";

InputSandbox = {“mpihello"};

OutputSandbox = {"hello.out","hello.err"};
#RetryCount = 7;

#Requirements other.GlueCEUniquelID ==
"ceOl.isabella.grnet.gr:2119/jobmanager-pbs-short"

Mopeia tng epyaciag MPI oto Grid

Lu —{ R —{ &

LRMS
[ (Torque / PBS) ]/\/7[ Worker Nodes ]

EmAoyn kopBwyv
(SPBS_NODEFILE)
Kat mpirun
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Emide&n!

+ Hello World pe utoBoAn €vog 4-process
MPICH job oto HG-01-GRNET

Amopieg - MpoBAnpata - Aemrtopepeteg

+ [Molog ekTeAEL TO mpirun;
= Y& Toloug KopBoug; Mwg emAéyovta,;

+ Shared homes / common storage;

+ Ekkivnon/teppartiopog diepyaciwy; Accounting;
= MPICH-specific AUocelg, pe rsh / ssh
= mpiexec yla integration pe to Torque
= CPU Accounting yia moAAamA£g Olepyacieg

+ Ynootpl€n mMoAAWY SLAWOPETIKWY
Interconnects - uAomotjoswv MPI;
= [oU yivetal n HETAYAWTTION TOU EKTEAECIHOU;

24



MeAAoVTIKA...

¢ H unootnpt&n MPI yia to Grid eivat Work
In Progress

=Ynootripn yla MPICH over TCP/IP (P4
device)

=[poBAnua pe aAAa devices, yati
xpnotpomolouvtal P4-specific hacks
+ Xpelalovtal pre/post-processing scripts
= METAYAWTTION ET{ TOTIOU TOU EKTEAEGLHOU;

EmmAéov O<parta

¢ EmAoyn emefepyactwy - avabeon o€
dlepyaoieg

=Q¢pata latency katd tnv aviaAiayn
HNVUPATWV

=Memory bandwidth
= AlabEoipung pvipng
¢ YBPIOIKEG APXITEKTOVIKEG

=2 uvOudcpog MPI pe pthreads / OpenMP yia
KAAUTEPN npocappoyn OTNV UPLOTAMEVN
APXITEKTOVIKN
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~ BilBAwypaepia - Mnyeg

+ Writing Message-Passing Parallel Programs with
MPI (Course Notes - Edinburgh Parallel
Computing Center)

+ Using MPI-2: Advanced Features of the Message-

Passing Interface (Gropp, Lusk, Thakur)

+ http://www.mpi-forum.org (MPI standards 1.1
Kat 2.0)

+ http://www.mcs.anl.gov/mpi (MPICH
uAoTtoinon)

+ comp.parallel.mpi (newsgroup)
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