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NcTopuna napannenbHOro

nporpamMmmMmmMpoBaHnA

- [lepBblM KOMNbIOTEPOM,
MCMNONb3YIOWMUM pa3pAaHO
napannenbHy NamaATb U
pPa3pAAHO-NapannesibHyIo
apndmeTury, IBM 704 (1955)

- Yepes HeCKONbKO neT
KOHCTPYKTOPbI NpUcoegnHnAn 6
HEe3aBUCUMbIX NPOLLECCOPOB
BBO/a/BblBOAA, KOTOPbIE Nocne
NONYYEHUS KOMAHZ MOMNK
paboTaTb NapannenbHo ¢
OCHOBHbIM NpoOLLeccopom. ITa

mopgesib noJs1iydnia Ha3BaHUE
IBM 709 (1958)




NcTopua napansienbHoro
NPOrpamMmMmmpPoOBaHUA

PaboTbl B HanpaB/ieHUN co34aHMNA NapannesbHbIX
BbluncamtenbHbix cuctem B CLUA n CCCP BennCb MHTEHCUBHO
c 1960-x ropos. OCHOBHble MmeCTa B KOTOPbIX BENUCb
nccneaoBaHmA No aTon tTeme: UNAMHOUCKUIN YHUBEPCUTET,
Burroughs Corporation, BoiuncantenoHbint ueHtp AH CCCP.




NcTopua napansienbHoro

NnporpammmnpoBaHunA

anHLI,VII'IbI Nnapanne/ibHblX KOMMNbOTEPHDbIX BbIYNCNEHUN:
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SIMD (Single Instruction, Multiple Data);

MISD (Multiple Instruction stream, Single Data);
MIMD (Multiple Instruction stream, Multiple Data).
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CoBpemeHHble cpeacTBa
napannenbHOro NPorpammmnpPoOBaHmUA

- MPI (Message Passing Interface)
- OpenMP

- [lporpammHo-annapaTHan
apXUTEKTYpPa AnAa rpadunyecknx npoueccopos (ns
BnaeoKapt dnpmbl Nvidia — CUDA, ana AMD — OpenCL)

- PVM(Parallel Virtual Machine)

OpenMIP SANVIDIA.

Enabling HPC since 1997

A7 WP

CUDA.

Parallel Virtual Machine



MPI

[lepBaa Bepcna MPI

pa3pabaTbiBanacb Yabamom IMF" include file
rpoyl'll'lON\’ 3BMHON\ flaCKO M U Declarations, prototypes, etc.

Program Begins

Bbiwa B 1994.

Serial code

OCHOBHbIMM NOHATUAMM CTaHOAPTA I .
Initialize MPI environment  Parallel code begins
MPI aBnatoTca: npouecc, rpynna _

npoueccosB, KOMMYHUKATOP.

B nepsyto oyepenb MPI Inﬂm*&mammessage passing calls

OPUEHTUPOBAH Ha CUCTEMDI .
C pacnpenENEHHON NMAaMATbLIO B TO lTen'ninate MPI environment parajlel code ends
Bpema Kak OpenMP opuneHTMpoBaH :
Ha cUCTEMbI C 0OLWEen NamATbIO.

Serial code

Program Ends



[Tomep nporpammsbl Ha

#include "mpi.h"
#include <stdio.h>

int main(int argc, char **argv)

{

int rank;
float a, b;

MPI_Status status;
MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);

a =0.9;
b = e.e;
if(rank == 0)
{
b=1.0;
MPI_Send(&b,
MPI_Recv(&a,
}
if(rank == 1)
{
a=2.98;
MPI_Recv(&b,
MPI_Send(&a,
].
printf("process
MPI_Finalize();
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MPI_FLOAT, 1, 5, MPI_COMM_WORLD);
MPI_FLOAT, 1, 5, MPI_COMM WORLD, &status);
MPI_FLOAT, ©, 5, MPI_COMM WORLD, &status);
MPI_FLOAT, ©, 5, MPI_COMM_WORLD);

a =%f, b = %f\n", rank, a, b);

MPI



OpenMP

PaspaboTtaHa komnaHuen Architecture Review Board (ARB).

[lepBana BepcnA noasmnacb B 1997 roay, npeaHasHavanacb ANA
A3blKa Fortran.

OpenMP peanunsyet napannenbHble BblYMUCNEHUA C
NOMOLLbIO MHOTO NOTOYHOCTU, B KOTOPOW «I/TaBHbIN»
(master) noTok co3paeTt Habop noa4nHeHHbIX (threads)
JIerKOBECHbIX npoueccoB (HUTEN) 1 3aAa4a pacnpeaenseTcs
MeXay HUMMN.

master thread " - -
\ 4 | 1 2N
L el theads
threads T E
. threads .

parallel region parallel region parallel region



[Tpymep nporpammsbl Ha OpenMP

#include <stdio.h>
#include <omp.h>
int main(int argc, char *argv[])
{
int A[1e], B[1e], C[1@], i, n;
/* 3anonHUMM UCXopHble maccuesl */
for (i=@; i<1e; i++){ A[i]=1i; B[i]=2*i; C[i]=0; }
#pragma omp parallel shared(A, B, C) private(i, n)
{
/* Mony4nm Homep Tekywenl HuTu */
n=omp_get _thread _num();
#pragma omp for
for (1=0; 1<10; i++)

{
C[i]=A[i]+B[i];
printf("HuTe %d cnoxuna snemeHTh ¢ Homepom %d\n",
n, 1);
}



PVM

Parallel Virtual Machine (PVM) - nporpammHbIn naker,
NO3BONAOLWMK 06bEANHATL Pa3HOPOAHbIN

Habop KOMMNbIOTEPOB B OOLLNIM BbIYNCAUTENbHbIN

pecypc («BUPTYanbHYO NapannenbHyto MalunHy»). Umeet 6onee
PACLUMPEHHbIE BO3MOXHOCTU B MN1aHE KOHTPONA BbIYUC/IEHUMN:
NPUCYTCTBYET CNeunann3npoBaHHAA KOHCO/b yNpaBaeHUA
napannenbHOM CUCTEMOM U eé rpadunyecknn skBuBaneHT XPVM,
NO3BO/IAOLWMIN HArNAAHO NPOAEMOHCTPUPOBATb PaboTy BCew
CUCTEMDI.

Component Instances : Application 2
Q0000000 SRl

____________________________________



roga.

B ocHoBe MHTEpdENCca NeXnT

[lporpammumpoBaHune Ha GPU
CUDA

[lepBOHaYaNbHaA BepcUA
CUDA SDK 6bina
npeacrtasneHa 15 despana 2007

A3bIK C C HEKOTOPbIMUA

paclMpeHnaMM.

OpenCL

[MepBOHa4YanbHO bbin pa3paboTtaH
B KomnaHun Apple Inc. Bckope
KomnaHua AMD pewnna
noaaepXxaTtb pa3paboTky
OpenCL. 16 ntoHa 2008 roaa
6bina obpa3oBaHa paboyasn
rpynna pa3paboTku
cneundunKkaumm OpenCL.
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OcHoBHble naen COMPSs

COMPSs nogaepXnBaeT TakMe A3blKM NPOrpaMMmMpPOBaHMA KakK Java,
Python u C/C ++. Moaenb nporpammmnpoBaHna COMPS noctpoeHa Ha

ncnosb3oBaHUM Runtime system, KoTopas ynpaBAsieT HECKONbKUMMU
acreKTamMu BbIMOSIHEHWE 33aABOK

Python C/C++ |
Java
Binding Commons

B
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Clusters Clouds docker MESOS




OcHoBHble naen COMPSs

Runtime system

User code
+ task
annotations

Clusters

Language Custom Loader Clouds

bindings Task
interception

Files,
objects -
~—-._._—/‘—__
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[Tonmep ncnonbszosaHna COMPSs Ha
a3blke Python

Listing 1: Listing 2:
a=2.2 def mymul(x,y): return x*y
def myadd(x,y): return x+y
b=3.3 .
def mydiv(x,y): return x/y
y=a*b+a/b 3222
print(y) b=3.3
>python ab.py z=myadd(mymul(a,b),mydiv(a,b))
7.92666666667 print(z)

>python abf.py
7.92666666667



Roa nporpammsbl B cucteme COMPSs

Listing 3:
from pycompss.api.task import task # Import @task decorator
from pycompss.api.parameter import * # Import parameter metadata for

the @task decorator
from pycompss.api.api import compss_wait_on # Import synnchronization function
@task(x=IN, y=IN, returns=float)
def mymul(x, y):
returnx *y
@task(x=IN, y=IN, returns=float)
def myadd(x, y):
return x+vy
@task(x=IN, y=IN, returns=float)
def mydiv(x, y):
return x/y
if _name__==' main__ "
a=2.2
b=3.3
z = myadd(mymul(a, b), mydiv(a, b))
z = compss_wait_on(z)
print(z)



Pe3synbtar

[ INFO] Using default execution type: compss

[ INFO] Using default location for project file:
/opt/COMPSs/Runtime/configuration/xml/projects/default_project.xml

[ INFO] Using default location for resources file:
/opt/COMPSs/Runtime/configuration/xml/resources/default_resources.xml

[ INFO] Inferred PYTHON language

WARNING: COMPSs Properties file is null. Setting default values

[(660) API] - Starting COMPSs Runtime v2.5.rc1907 (build 20190702-
1710.rb9d4035fbe39f8f3d692d485d359964971080cc0)

7.92666666667
[(4601) API] - Execution Finished



[pad MHPOPMALMOHHbBIX CBA3EN

x=mymul(a,b) y=mydiv(a,b)

z=myadd(x,y)

print(z)




CpeactBa cuctembl COMPSs

JdeKopaTtopbl

Bubnunorteku

daiin pecypcos

daitn npoekKTa

[JONONHUTENbHbIE ONUCAHUA BXOAHbIX U
BbIXOAHbIX NAPaMeTPOB PYHKLNN
nporpammbil

Habop ¢yHKUKMIM aBHoro BbizoBa COMPSs
nocpeacrtsom API, Hanpumep gna
CUHXPOHU3aLUUN

OnuncaHme obLien opraHmMsaumnm
BbIYMCAUTENBHOIO K/acTepa, NPoLEeccopos,
NamaTu, A4epP BbIYUCANTENbHbIX Y310B U
TONOJIOrMN CoeANHEHUN

CnMCOK 1 B3anMOAenCTBME OCHOBHbIX
MOAY/IEN MONb30BATENA A TAKXKe
NCnosb3oBaHHbIX cpeancts COMPSs



[lekopaTopbl

@task (f=FILE_INOUT)
def func(f, i):
fd = open(f, 'r+')

@task(returns =(int, list))
def ret_func():
return 1, [2, 3]

@task(is distributed =True)
def func():

Argument

‘alue

Formal parameter name

(default: empty): The parameter 1s an object or a simple tipe
that will be inferred.

- IN: read-only parameter, all types.

- INOUT: read-write parameter, all types except file (primitives,
strings, objects).

- OUT: write-only parameter, all types except file (primitives,
strings, objects).

- CONCURRENT : concurrent read-write parameter, all types
except file (primitives, strings, objects).

- FILE/FILE_IN: read-only file parameter.

- FILE_INOUT: read-write file parameter.

- FILE_OUT: write-only file parameter.

- FILE_.CONCURRENT: concurrent read-write file parameter.
- COLLECTION_IN: read-only collection parameter (list).

- COLLECTION_INOUT: read-write collection parameter (list).

- Dictionary: {Type:(empty=object)/FILE/COLLECTION, Di-
rection: (empty=IN}/IN/INOUT/OUT/CONCURRENT}

returns

int (for integer and boolean), long, float, str, dict, list, tuple,
user-defined classes

target_direction

INOUT (default), IN or CONCURRENT

priority

True or False (default)

1s_distributed

True or False (default)

1sreplicated

True or False (default)

on_failure

'RETRY’ (default), '"CANCEL_SUCCESSORS’, "FAIL’ or "IG-
NORE'

Table 1: Arguments of the @task decorator.




[lekopaTopbl

Decorator Parameters
abi binary: (Mandatory) String defining the full path of the binary
o] r
shmary that must be executed.
working_dir: Full path of the binary working directory inside the
COMPSs Worker.
binary: (Mandatory) String defining the full path of the binary
o] -1} - “
Sompss that must be executed.
working_dir: Full path of the binary working directory inside the
COMPSs Worker.
binary: (Mandatory) String defining the full path of the binary
that must be executed.
@ 1 . . . . . L
Gmpi working_dir: Full path of the binary working directory inside the
COMPSs Worker.
runner: (Mandatory) String defining the MPI runner command.
computing nodes: Integer defining the number of computing
nodes reserved for the MPI execution (only a single node is reserved
by default).
a runcompss: (Mandatory) String defining the full path of the run-
Seompss compss binary that must be executed.
flags: String defining the flags needed for the runcompss execution.
app_name: (Mandatory) String defining the application that must
be executed.
computing nodes: Integer defining the number of computing
nodes reserved for the COMPSs execution (only a single node 1s
reserved by default).
amultinod computing nodes: Integer defining the number of computing
@ _ : . .
“multmode nodes reserved for the task execution (only a single node is reserved
by default).
Table 2: @hinary, @ompss, @mpi, ©@compss and

@Gmultinode decorators supported parameters.




PaCLUMDEHMFI cncrembl BbinOJTHEHUA

Runtime Extensions

Runtime System

Task Analysis Data Access & Locality

Scheduling

Job Submission & Resource
Data Transfer Management

Scheduﬁng
Policies

Monitoring

& Tracing

Persistent Comm. Resou rce
Objects Protocols Providers




KoHpUrypauma HacTpoeK BbINONHEHUS
Execution Environments Configuration

Specifies:
Resources and Project files
Scheduler, Comm. Adaptor
Persistent object storage

Runtime System

Exec. Mngmt & Data Transfers

Persistent Object Storage

Communication Adaptor

.

Master-Worker Comm. Mechanism

* GAT: Restrictred environments (only
ssh access) and Grid Middleware

* NIO: Efficient Persistent workers
implementation in controlled and
secured environments

.| runcompss options

Infrastructure Description

+ Describe the available
resource in the infrastructure

+ Describe Cloud Providers:
Images and VM Templates

Schedulers

Resources

Cloud Connector

JClouds roccl
=

Resource Scalability

+ Provide interaction with
resource providers to create
and destroy new computing
resources

resources.xmi

&

project.xml

Application Exec.Desc.

+ Selection of resources

+ Application Code Location

* Working directory

* Provided as execution
command argument



Cxema cuctembl COMPSs ana

\

KNnacTepos
4 . \ \
Cluster Login Node i
enqueue_compss &-..__ | Automatically
generated XML files
Queue System (LSF, PBS, ..) J
/Cluster Compute Application A
Nodes

Communlcatlon Adaptor




BSC

Barcelona
Supercomputing

Center
Centro Nacional de Supercomputacion
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CpeansemHoe Mmope) — 370
CMMBOJIMYHOE Ha3BaHWe ANf
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CepTudunkKat

Barcelona
Center
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Computing Platforms with COMPSs
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