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Motivation (1/2)

Development of efficient numerical parallel programs for supercomputers is complex, laborious and
requires specialized skills and knowledge.

Parallel programming problems:
e Data and computations decomposition
e Distribution and dynamic redistribution of data and
computations to computing nodes
e Management parallel processing of distributed data
® Achieving high performance and scalability

In particular cases dynamic load balancing, fault tolerance,
checkpointing, etc. are necessary.

While solving the problems one should
consider peculiarities of:

e applied algorithm

e computer

e input data

Factors, which complicate parallel
programming further:
e Different configuration of computing nodes
e Usage of GPUs and FPGAs
e High quantity of computing nodes
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Motivation (2/2)

Complexities in defelopment of efficient parallel programs impede numerical modeling on
supercomputers, thus it is important to develop and improve means of automatic construction of parallel
programs, based on high level description of the algorithm.

Advantages:
e Reduction of complexity and labor intensity of development, debugging and modification of parallel
programs

e Automatic application of accumulated knowledge in the field of methods of parallel implementation
of algorithms by including the knowledge into automation means

e Increase of programs portability and life time of software

e Ability to construct programs with different non-functional properties

e In future — improvement of programs’ quality as compared to manual programming



Related Works

IO.U. fnoB, B.E. KotoB, B.A. BanbkoBckuii, B.D. MajbiikuH
A3pik YTomuct (2.X. Teiyry, A.JI. ®ykcMaH)

Cucrema Hopma (M.b. 3anpixaiino, A.H. AHapraHoB)
DVM-cuctema (B.A. KprokoB)

T-Cucrema (C.M. AOpamoB)

Charm++ (L. Kale)

PaRSEC u DPLASMA (J. Dongarra)

Legion u Regent (A. Aiken)

Parallel programming automation is being actively researched for decades in Russia and
the world. Many original programming systems have been created and used, but the
problem is still open.



The Idea of Fragmented Programming (by Victor Malyshkin)

Idea: to explicitly concern a parallel program as a set of
o <8 triplets of form <in, mod, outy, where in & out are immutable
arguments, and mod is a side-effect-free subroutine

/ \ Advantage: the ability to automatically construct parallel
/ \ programs with various non-functional properties

void mod(..) {
.. // compute outs from ins
}




Distributed Execution of a Fragmented Program and Automatic
Provision of its Non-Functional Properties

The system automatically distributes triplets to computing — — —— ——
nodes and executes them once inputs are computed and

available —O S
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Scheduling, message passing and garbage collection are -

performed automatically. o R

Dynamic load balancing is performed through triplets

redistribution. ~
S
2

Checkpointing or fault tolerance automatic support is
possible by saving intermediate data. O
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The Goal is to develop an experimental system for automatic construction of
numerical parallel programs for multicomputers based on the approach

Objectives:

Development of an input language LUNA

Development of translation and execution algorithms for LUNA

Implementation of the developed algorithms as an experimental programming
system LUNA

Experimental investigation of non-functional properties of LUNA and programs it

constructs



Theoretical Study



Fragmented Algorithm (FA): an Input Representation of an Algorithm

mod

e Reference expressions (e.g.: X[i][y[ill[z])
e QOperator types:
out o Exec (a single triplet specification)

in o Arithmetic loop (a FOR loop analogue)
o Loop with a precondition (a WHILE loop analogue)

Fragmented algorithm (FA) is a finite set of operators

Computational Fragment (CF) — a computational process, defined by an operator
Data Fragment (DF) — a custom value, addressable by reference expressions

CF takes DFs as input and produces CFs and/or DFs as the result

Execution of FA is the execution of all CFs according to data-flow model

FA is Turing-complete
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Main Challenges of Efficient FA Execution

e Choice of CF and DF distribution to computing nodes (static and dynamic)

o Balancing computing nodes load
o Reducing network load by taking data locality into account
o Increasing possible problem size by efficient use of distributed memory
e Choice of CFs execution order (without violating informational dependencies)
o Reducing amount of intermediate data allocated at the moment
o Increase of available parallelism at the moment
e (Garbage collection (identification and disposal of DFs, which are no longer needed)
o Reducing memory consumption

e Replication of DFs and their timely delivery to CFs
o Reducing execution time by increasing data availability on computing nodes

In general the problems are algorithmicaly hard, thus particular solutions and heuristics are demanded.
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Recommendations: a Way to Improve Performance Through

Direct Execution Control
To improve quality of constructed programs recommendations are introduced.
Recommendations are high-level hints to the system, which affect the construction and
execuition process.
Recommendations allow user to give a clue to the system how he sees efficient FA
execution. Recommendations are given in a high-level DSL without the need to program the
desired behavior in a low-level language.
Peculiarities of recommendations use:

e Impossibility of bringing an error into programs, only non-functional properties are
affected (execution time, memory consumption, etc.)

e Ability for a separate specialist to tune FA execution performance.

e Recommendations can be safely discarded or replaced, in particular, generated by the
system
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The Concept of Distributed Dynamic Objects Lookup

Goal: to provide dynamic decentralized lookup of a
computing node, which contains an object given object’s
identifier.

Location functionL: id x N x T > N
For given identifier on given computing node at given time
moment the function defines the next computing node on the

path to the object.

The path must lead to the object, sooner or later

)
— ‘
- -

Computing node

?
|
e

Location function value

Communication links

Object to find
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The Basic Distributed Interpretation Algorithm

Begin: spawn CFs, defined by FA’s operators
All objects are to be placed and moved according to the location function:
o CF-byCFid
o DF-byDFid
o  DF request: by DF id
o Response to request: by CF id

On CF spawn: create a request for every input DF
When a request and the requested DF are on the same computing node replace the
request with the response

Request

CF2

->
O
Al
l - = -
. J
)
4._
__04___
-
)
-

Response

__________________________
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The Rope of Beads Algorithm: Decentralized Dynamic Distribution of Fragments
Which Takes Data Locality into Account

e C mOMOIIBI0 PEKOMEHIAINI CTATHYECKU BupTtyanbHeri
3amaéTcs oToopakeHue MmHOkecTB @B 1 @/ Ha : - O - ® Bhrmcmreh
BUPTYAJIbHBIN BBIYUCIIUTED. ® H‘\ O L ——
e BupTyanbHbIM BBIYUCIUTEND JUHAMUYECKH R ’:’ . KO BBIYUCIIUTENb
0TOOpaXKaeTCsi Ha PEAIbHBIN BEIYMCIUTEIND __ __° _
o Cocenctso ®B u ®/] Ha BUPTYaIbHOM |

BBIYHUCIIUTECIIC COXPAHACTCA U HAa pCaIbHOM

O
. O]

e JlepeHa3sHaueHue BUPTYaIbHOI'O y3JIa HA JPYrOU ®
(¢uznuecknii BIEUET MUTPALUIO R

O

COOTBETCTBYIOIIUX (ParMEeHTOB Ha APYTOH y3em
Y TI03BOJISIET OallaHCUPOBATh Harpy3Ky 0e3

HapyIIeHUs COCEJICTBA TaHHBIX

O

O

e Pacnpenenenue peanusyercs MOJIHOCTHIO o
JEUEHTPAIM30BAHO U MTPAKTUYECKH HE TpeOyeT

O

LECOOCL LS

HAKJIaAHBIX PaCXOId0B.

3
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The Trace Playback Technique

Node 1

Node 2

Trace file

Node 1

Node 2

« A program is first run on some
characteristic input data

Lo Execution events are recorded and
l can be reproduced for other input
data

* Much of the run-time system
overhead can be excluded

« Non-determinism of program
execution is mostly eliminated

ication

b
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Trace Playback |n LUNA System

Node 1

Node 2

Trace file

X transfer

» Only CF execution start/stop events
have to be recorded

» CF arguments are known from LUNA-
program

* DFs lookup and garbage collection are
no problem: all DF consumptions are
explicit

* Playback options:
* Generate a “rigid” MPI program
» Use a primitive trace repeater

* No need in exact match, provided
no information dependencies are
violated



[TpodunmpoBaHme: anddepeHUNpPoOBaHHAA
AMNArHOCTMKA Y3KMX MECT B MPOrpammax 1 Bepcusx
CMCTEMbI

Bpems BbINOAHEHUA NPOrpaMMbl —
C/IMLLKOM CKYAHaa XapaKTepucTuKa

IIporpammuct

/\

LUNA-mporpamma il (GRS
Hy»KHO KOHTPONMPOBATb NapaMeTpbl porp Fortran)
MCMOMIHEHUA Ha Pa3HbIX y3/1ax U B - -
Te4eHNe BpeMeEHU LuNA-kommuisTop OGbramEH
KOMITUJIATOP
YT106bl «HE NOTOHYTb» B MOTOKE T~

Hcnonasiemoe
MIPEACTABICHUE

nHpopmaumm eé HeobxogmMmo
«YNOXKUTbY

A\ 4
HUcnonuurensHas
cucreMa

A 4

[Tpoduib




Analysis of FA and Algorithms

e (oOecrneueHa BO3MOXXHOCTb OMUCHIBAThH MTPOU3BOJIbHBIE aITOPUTMBI B BUjie DA B
COOTBETCTBHHU C UjeeH (parMEeHTUPOBAHHOTO MPOTrPAMMHUPOBAHUS

e (OecrneyeHo UCTIOTHEHNUE MPOU3BOILHBIX DA Ha MYJIbTUKOMITBIOTEPAX

e (o0ecnedyeHa BO3MOXKHOCTh HACTPOiKH ucnojHeHuss @A Ha OCHOBE peKOMEH 1Al U
CIIELUATU3UPOBAHHBIX CUCTEMHBIX AJITOPUTMOB
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AJIropuT™M OOHAPYKEHHUS 3aBEPIICHUS PAOOTHI CUCTEMBI

3agayva: eleHTpaIn30BaHHOE OOHAPYKEHUE
CUTYaINH 3aBEPIICHUS PAOOTHI BCEMU y3JIaMH
Hlaru anropurma:

(KaXIbIi y3eJ COAEPKUT (hiar paboThI; BCE Y3IIbI

JJIOTHUYCCKH CBS3aHbI B KOJ'II)[IO) ( ) ( ) ( )
®  [IOMECTHTh Mapkep co 3HaueHueM () Ha MPOU3BOJILHBIN O > >
3elI: - - —_
y s A

®  ¢cCIM Ha y3Jie C MapKepoM HeT paboThl, TO CHATH (piiar
paboThl, IEPEMECTUTHh MapKep Ha CIEAYIOUIUIl y3el B

A
A

KOJIBIIC ¥ YBEJUYHUTD €r0 3HAYCHHUE Ha |;

®  [IpH MOSBICHUHU PaOOTHI HA y3JI¢ YCTaHABIMBACTCS
(bnar paboThI;

® [P NPOXOXKJICHUU MapKepa 1o y3iy ¢
YCTaHOBJICHHBIM (hj1arom paboThl (pyiar CHUMAETCs, a
3HaueHue Mapkepa copaceisaercs B 0

®  Korja 3HauYeHHE MapKepa JOCTUTACT YIBOCHHOTO
YHClia y3JI0B, CHCTEMa OCTAHABIIMBACTCS



The LUNA System



LUNA (Language for Numerical Algorithms): the Syntax

Onucanue moayds (BHemHel C++ mporeaypsl):



LUNA-Program Example

import init(name);
import calc(value, name);
import conv(int, name);

sub main() {
df x, y, N;
while x[1]>0, i=0..out N
cf a[i]: calc(x[i], x[i+1]);
for i=0..N {
cf b[i]: conv(x[i], y[i]);
cf c: init(x[0]);

a[0]

b[0]

y[0]

a[1]

a[2]

a[3]

-

b[3]

y[3]

e

b[4]

y[4]

24




LuNA Peculiarities

OcHOBHBIE CBOICTBA:! BcniomorarenbHble I3bIKOBBIE CPECTBA:
e BO03MO0XHOCTb OIIMCHIBATH KOMMEHTapuu
(parMeHTUPOBAHHBIE ANTOPUTMBIL; MaKpOChI

® B03MO0XHOCTB yIIpaBJI€HUs UCIIOJHEHUEM C CpelicTBa MOYJILHOCTH TI0 (paitiam

MOMOIIIBIO PacIIUpsIeMOro Habopa 0a30BbI€ TUIIBI JAHHBIX U ONEPAIIU
peKkoMeHanuii (pacupeneiaeHue GparMeHToB JIOTUYECKHE ONEpPaAllUK U YCIOBHBIN onepaTop

1o y3jaM, cOopka Mycopa, IMHaMUYeCcKast MOITPOTPAMMBI

OalaHCUPOBKA HATPY3KH); BJIOKEHHBIE TPOCTPAHCTBA UMEH
e Bo03MOXHOCTb OIIpenesATh (PparMeHThl KoJia

Ha OOBIYHBIX MMOCTIEAOBATEIIBHBIX S3bIKAX

IPOrPaMMUPOBAHNS;
e [lpocras rpammaruka Ay pazdoopa

CYILIECTBYIOIIMMHA UHCTPYMEHTAMHU.
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LUNA System: Design

LUNA-koMnuasiTop:

Tpancnupyer nporpammy ¢ s3bika LuNA B
VCTIOJIHSIEMOE MPECTABIICHUE,

JIekcuYecKui U CHHTaKCUYECKUN aHAJIU3:
flex+bison,

OcHoOBHO s13bIK KOMIMIIsITOpa: Python,
[TocnemoBarenbHbIE MOAYI KOMITAJIUPYIOTCS
OOBIYHBIM KOMIHUJISITOPOM.

HcnoaHuTeIbHAA CHCTEMA:

Pacrnipenen€HHO UCIOHAET CKOMITHIIMPOBAHHYEO
LUNA-nporpammy,

S3pik: C++,

[Tapannensnsie cpencra: MPI, noroku C++.

[Iporpammucr

/\

LUNA-nporpamMma

Monynu (C/C++,
Fortran)

A 4

A 4

LUuNA-koMnumistTop

OOBIYHBINA
KOMITHJISITOP

—

e

Hcnonnsemoe
MPEJCTABICHUE

A

A

HcnonuurenpHas
cucreMa
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I[pyme BOIIPOCHI IIPOCKTHUPOBAHNA

e lcnonusemoe npencrasienue LUNA-TiporpaMmMbl HA OCHOBE MYJIbTHAr€HTHOTO
MOX0/1a M UCIIOJIb30BaHue s3bika C++ Kak si3bIKa POTpamMM areHTOB

e PacmupsieMoCcTh KOMIUIATOPA U UCIIOJHUTEIBHON CUCTEMbI CUCTEMHBIMU
alrOpUTMaMHU

e dopwmaThl IPEACTABICHUS JAHHBIX U MPOrPpaMM B KOMITHJISITOPE U UCTIOJHUTEILHOU
CUCTEME

e J[OmOJHUTEIbHBIE HHCTPYMEHTHI: TPOMQHIMPOBIIUK, OTIAAUHK,
CIIeIIMaTU3UPOBAHHBIC UCIIOJHUTEIbHBIC CUCTEMBI, OTJIaIOUYHBIA CTEH/T JJIs
aJTOPUTMOB TMHAMUYECKOWU OAJIAHCUPOBKHU BBIUMCIIUTEIBHON HArPY3KU

e Texnuueckre BOmpocCkl TpaHcaAuu U ucnoinHennss LUNA-iporpamm
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Comparation of Parallel Programming Using LUNA and MPI

LuNA MPI1+Threads
Pa3paboTarh cxeMy mapajieqbHON MPOrpaMMbl
OmnucaTth 1ociaen0BaTebHBIE YaCTH BBIYMCICHUN B BULIE C++/F0rtran-npouez[yp
3anporpaMmMupoBaTh U OTJIAAUTh CXEMY MapAJUIEIbHON NPOrpaMMbl CPEICTBAMU

Onwcath 1 OTIAIUTH MPI+Threads, B T.4. KOMMYHHUKAIIMM U CUHXPOHHU3AIUIO MPOILIECCOB U MOTOKOB
CXeMy MapajlIeIbHOU

IIpOorpaMMhbl Ha SA3bIKC -
LuNA (B BUJIE OOecrieunTh HAaCTPOHUKY IIpOrpaMMbI Ha Pa3MEpP BBIYUCIIUTCILA U CCTCBYIO TOIIOJIOTHIO

OO6ecneunTs TIepeaady cooOIeHni Ha (POHE BRIUYNCICHUI

mHOxkectBa OB u ®JI) OO6ecneyuTh CTATUYECKYIO W/WIN AUHAMUYECKYIO0 OAIaHCUPOBKY HArpy3KH Ha y3JIbl
OpranuzoBathb B3aumoierictre co crneuserunciaureneM (GPU)

[TpenmymectBa cucrembl LuNA:
e [lapamienbHOE TPOrpaMMHUPOBAHUE KAK TAKOBOE OTCYTCTBYET, MApAIUICIIbHASA POTPaMMa KOHCTPYUPYETCS U
HCIOJIHAETCS aBTOMAaTUYECKH.
e  OTCyTCTBYET OTJIaJKa MapauIeTbHOTO KOoa MpHU MOAU(GUKAITUN IPOTPAMMBI.
e [lapamnenbHas mporpaMma mno-nmpexXHEMy MPOIyMBIBAETCS B 00X YepTaxX MPOTPAMMUCTOM, HO OITUCHIBAETCS HE
HHU3KOYPOBHEBBIMU CPEJICTBAMH, a HA MTPEIMETHO-OPUEHTUPOBAHHOM si3bIke LuNA.
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Demo
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Experimental Study



Tect: aBTOMaTHYECKOE 0OecIIeueHne TMHAMYECKOM
OaJTaHCUPOBKU Harpy3Ku Ha y3JIbl

HMpest TecTa: yCKOPUTH BHIYUCICHUS 32 CUET A — cxBur

aBTOMATUYECKON TMHAMUYECKON OaTaHCUPOBKHU 4aCTHI

HAarpy3Ku Ha BBIYHUCIIMTCIIBHBIC Y3JIbI B — pelieHue

ypaBHEHUS
[Tyaccona

IMpunoxenune: MOIECIUPOBAHUE

PE Load, %

CaMOTPaBUTHUPYIOLIETO MIPOTOILIAHETHOI'O MTBUIEBOTO
C — npocroit
o0opyIoBaHUS

JIUCKA METOJOM YaCTHUI[-B-I4€KaX B TPEXMEPHOU
obmactu™®.

Pasmep cerku: 643, koa-Bo yacrum: 107
®parmentamnus: 163

Bpewmst paboTsl 6e3 6anancupoBku: 2320 cek.

PE Load, %

Bpewmst paGoTsi ¢ 6anancupoBkoii: 860 cek.
BoiBoa: nquHaMuyeckas OalaHCUPOBKA HArPY3KU
obecrieueHa aBTOMaTUYECKH

*) Victor E. Malyshkin, Vladislav A. Perepelkin. The PIC Implementation
in LUNA System of Fragmented Programming // The Journal of
Supercomputing, Special Issue on Parallel Computing Technologies.
Springer, 2014. pp. 89-97. DOI: 10.1007/s11227-014-1216-8
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Tect: paszioxeHrue X01eCKOro, CpaBHEHUE

CHEIMATU3UPOBAHHOU UCIIOJIHUTEILHON CUCTEMBI U
ScaLAPACK

90 250
80
70
60
50
40
30
20 59 23 50
10 17

0 0
256 512 1024 2048 4096 256 512 1024 2048

Block size Block size

ScalAPACK

ScalAPACK 68,7 200 189  =——LuNA

2
——LuNA = 190 S
65 150 178

43,5

Time, S
Tim

100

97
75 82

3aBucuMocTh BpemeHHu BeinostHeHus: LUNA-iporpamMel 1 peann3anuu SCAaLAPACK
IUIsL pa3IdyHbBIX pa3MepoB Osioka. Pasmep matpuiisl: 32768 (cieBa) u 65536 (crpana).

JlocTUrHyTa MPOU3BOAUTEILHOCTD, HE yeTynaromas TakoBoid SCaLAPACK



TecT: ABTOMaTHU3aNA UCIIOJIH30BAHUA
crieuBberuncianTene Ha npumepe GPU

I/IIleH TECTA: IPOBCPUTH ABTOMATHU3alIUIO
HCIIOJIB30BaHUA CHCHBBI‘IHCHHTGJIGP'I pu

BbITtoTHEHUH LuNA -niporpamm.

Ipunoxkenune: MoJiesibHAs 3aj1a4a, peraemas

SIBHBIM METOJIOM Ha peryJisipHoil ceTke. O0bEM
BBIUHCIICHUN HA KAXKJIBIM Y3€JI CETKU SIBJISICTCS

napamerpom (LOAD).

Pe3yabTaT: 3377a9a yCnentHo oTpadaTeiBaeT Ha
rubpuHoM BeraucnuteabHoM y3ne (CPU+GPU),
IPUYEM JTydIIee BPpeMs JOCTHTaeTCs COBMECTHBIM
ncnonb3oBanrueMm u CPU, u GPU.

Iloooepocka GPU peanuzosana H.A. Bensiesvim

Time, sec

Time, seconds

800
200 | e LOAD=150

------- LOAD=100
600

500
400
300
200
100

0
0.00% 0.60% 2.50% 7.00% 9.00% 20.00% 100.00%

Percentage of the CPU part

LOAD=80

350

300 | nunnunun | OAD=100
e mmmme— LOAD=40

250 e,

LOAD=0 o

0
,,,,,

0.00% 5.00% 10.00% 20.00% 30.00% 35.00% 45.00% 55.00%
Drag-through part percentage
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Tect: ABromatinueckas amgantanua ucrmoaaeHuss LulNA -

IpOrpaMMbl Ha OCHOBE IIPO(PUINPOBAHHUS

Nnes Tecta: ABTOMaTU4eCKH HACTPOUTH
otoOpaxkenue pparmeHToB LuNA-nporpammel Ha
y3J1bI MYJIBTHKOMITBIOTEPA Ha OCHOBE
npoguIMpoBaHUs

IIpunoxkenne: yMHOKEHUE TUIOTHBIX MAaTPUIL
pasmepa 6000x6000

Auaroputm Hactpoiiku: [Tytém ananuza npodus
WCITOJTHCHHMS TIPOTPAMMBbI BBISBIISIIUCH UCOATaHCHI
HArpy3Ku, ¥ B MOMEHTBI JucOalanca 4acTh
(dbparMeHToOB NepeHazHavyaIach (JJ1s1 MOCIEIYOITUX
3aIyCKOB) C MEPErpyKEHHBIX HA HEAOTPYKEHHbIE
y3JIbL.

Pe3yabTat: 3a cepuio IporoHOB LUKJIa HACTPONKH
BpPEMSI BBITIOJIHEHUS] COKPATHIIOCH 10 BpEMEHU
BBITIOJTHEHUSI TOU K€ 3a/1a4M, PEaTu30BaHHON
BpYy4YHYIO cpeacrBamu MPI.

— ~o w N wn o)
o o ) o o o

Bpems paboTbl nporpammsl, ¢

o

—

—MPI

2 3 4 5
KonuuecTtso utepaumii onTumusayum
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TecT: penienne kpacBou 3a1aun (PUIBTPALUN B CUCTEME

«He(pTh—BOJa—Ta3»

Hnes Tecra: npoBepuTh paboTOCIOCOOHOCTH U 100
3¢ (PEeKTUBHOCTH CUCTEMBI Ha PEATTbHOM IPHUIIOKEHUU
IIpunoxenue: pemaresb KpacBou 3a1a4u 10000
(GuIbTpaLMK B CUCTEME «HEPTh—BOJa—Ta3»™*

1000

Pe3yabtaThi: LUNA-iporpamma ycnemniHo

0oTpabaThIBaeT HA TECTOBBIX JaHHBIX. [10

POM3BOIUTEIILHOCTH ycTynaet pydnoit MPI- 1o

peanm3anuu. Hactpoiika ucionuenus LuNA
IPOTPaMMBbI MTO3BOJISIET CYIIECTBEHHO YIIYUIIIUThH €€ 10

IMPOU3BOJAUTCIIbHOCTD.

el [ P

g | 3B

17930.78

g | (3 N AT

i s L A

274.97

36.73

34.97

16 32 48 G4 96 128 160 208 256

2503 3003 3503 4003 | 4503 5003 5503 6003 650*3

Tpunoosicenue pazspabomano na sizvike LuNA xonnecamu uz KazHY um. ane @apabu (2. Arma-Ama, Kazaxcman)

*) Akhmed-Zaki, D., Lebedev, D., Perepelkin, V. Implementation of a three dimensional three-phase fluid flow (“oil-water—gas’) numerical model in LUNA
fragmented programming system // Journal of Supercomputing (2017). - 73(2). Springer, 2017. pp. 624-630. DOI: 10.1007/s11227-016-1780-1 35



Tect: Ontumu3zanusa ucnojgHeHus LUNA-tiporpamm Ha
OCHOBE BOCIIPOW3BEICHUS TPACC

Parameters Execution time (sec.)
°® HpHJIO)KGHHG' MOJIGJ'II/IpOBaHI/Ie Mesh Particle Cores MPI LuNA- LUNA
: size s TP
1003 106 64 5.287 13.69 355.5
9BOJIIONNHA CaMOFpaBHTHp YIOH_ICFO 1503 106 64 18.896 31.088 732.833
1503 107 64 23.594 111.194 2983
HpOTOHHaHCTHOFO ACKa METOZIOM 1503 107 125 23.352 118.32 3086.41
o 1
HaCTHUI-B-AYCHKaX 1503 106 343 33.697 39.651 | 1008.65

5
e llcnojHEeHUE Ha OCHOBE

BOCIIPOU3BCACHHUA TPpaACC
ITOKAa3bIBACT CYIICCTBCHHOC
YIYUIICHUC ITPOU3BOANUTCIIBHOCTHU



CIMCOK IIPUIIOKEHUH, pealTn30BaHHBIX B cuctemMe LuNA

PenreHue Mo1eJIbHOT0 YPaBHEHHs TeNJIONPOBOIHOCTH B ABYX- U TPEXMEPHOM cJiyyae
° Akhmed-Zaki, D., Lebedev, D., Perepelkin, V. Implementation of a 3D model heat equation using fragmented programming technology // J Supercomput. 2019. pp. 7827-7832. DOI:
10.1007/s11227-018-2710-1
Peanuszanus onepanuii pe1yKIHOHHOI0 THIA HA MPUMepPe MOAeIbHOM 3a1a4il CYMMHUPOBAHMSI MHOKeCTBa MaCCUBOB JaHHBIX
° V.E. Malyshkin, V.A. Perepelkin, A.A. Tkacheva. Control Flow Usage to Improve Performance of Fragmented Programs Execution // In Proc 13th International Conference on Parallel
Computing Technologies. LNCS 9251. Springer, 2015. pp. 86-90. DOI: 10.1007/978-3-319-21909-7_9.
Pemrenue ypaBHenus Ilyaccona meroaom 3eiigenss B TpéxmepHoii o61acTu
° Malyshkin. V., Perepelkin. V., Schukin G. Scalable Distributed Data Allocation in LUNA Fragmented Programming System // Journal of Supercomputing, S.l.: Parallel Computing
Technologies - 2017. Springer, 2017. pp. 1-7. DOI: 10.1007/s11227-016-1781-0
PeunreHue 1ByMEpHOI0 3JUIMATHYECKOT0 YPABHEHHS NMONEPEeMEHHO-TPEYTroJbHbIM METOI0M
° B. Daribayev, V. Perepelkin, D. Lebedev, D. Akhmed-Zaki. Implementation of the Two-Dimensional Elliptic Equation Model in LUNA Fragmented Programming System // 2018 IEEE
12th International Conference on Application of Information and Communication Technologies (AICT). 2018. pp. 1-4.
Penrenue MoebHOT0 ypaBHeHHs TemjaonpoBoanoctu meroaom IADE_RB_CG
° C.E. Kupees, B.A. Ilepenénkun. HccnenoBanue Mpou3BoAUTENbHOCTH peannsanuu Metoga |ADE B cucreme (parmentupoBanHoro nporpammuposanus LUNA // TlapaienbHbie
BiuucuTenbHble TexHogorun (I1aBT'2016): Tpyasl MexayHapoqHoi Hay4dHOH KoH(epeniwmu (28 mapra - 1 anpens 2016 r., r. Apxanrenbck). YensOuuck: M3nateiabCkuil HEHTp
OVpI'Y, 2016. c. 780
BJ10YHO-CMHXPOHHASA KJIETOYHO-aBTOMATHAS MO/IeJIb PeaKIMH OKHCJIEHHS] MOHOOKCH/IA YIJ1epoia Ha MOBePXHOCTH Naliagus
[ ] B.A. l'[epenenKnH, A.A. Txauésa. OcobeHHOCTH napannenLHoﬁ pfain3anii CUHXPOHHBLIX U 6J'IO'-IHO-CI/IHX]C)OHHBIX KJICTOYHBIX aBTOMAaTOB B TCXHOJIOTHHU (bpal"MeHTI/IpOBaHHOFO
nporpammupoBanust // X111 Beepoccuiickas KOHGEPEHIUsI MOJIOABIX YIEHBIX 10 MATEMATHIECKOMY MOSIMPOBAHHUIO U MHPOPMAIHOHHBIM TexHoorusM. HoBocubupcek, 2012. c. 29.
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3aKJIIIOYECHUE

Pa3pabotansl s13bIk U cucteMa LUNA aBTOMaTu4ecKoro KOHCTPYHUPOBAHUS MAPAIUICIIbHBIX

IIporpaMm 4uMCJICHHOI'O MOACINPOBAHUA HAa MYJIbTUKOMIIBIOTCPAX:

Pazpabotan 5361k LUNA onucanus pparMeHTHPOBAHHBIX aJITOPUTMOB,

Pa3paboTaHbl CUCTEMHBIE aJITOPUTMBI TPAHCIISIIINA U PACTIPECIEHHOTO HCTIOJTHEHUS
(parMeHTHPOBAHHBIX AITOPUTMOB, ONTUCAHHBIX Ha sI3bIke LUNA,

CropoekTrupoBaHa U peann3oBaHa cucteMa LuNA, aBToMaTnyeckoro KOHCTpyUpOBaHUS
[apauiebHBIX MPOTPaMM JJI1 MYJIbTUKOMITBIOTEPOB.

BrIITOIHEHO SKCITIEPUMEHTAIIBHOE UCCIE0BAHUE CUCTEMBI, KOTOPOE MOATBEPIUIIO
CBOMCTBA HUCCJIELYEMOI0 IOAX0Aa
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JlannpHEWIINE MJIaHbI

e JlopaboTka u pa3paboTKa HOBBIX CUCTEMHBIX aJITOPUTMOB, 00ECIICUHNBAIOIIUX OoJIee
BBICOKOE€ KaUE€CTBO NCHEPUPYEMBIX IPOrPAMM JJIsI MIPUKJIAIHBIX AJITOPUTMOB PAZIIMYHBIX
KJIACCOB.

e JlopaboTka MpOrpaMMHOTO KOJia CUCTEMBI C 1I€JIbIO TTOBBIIIEHUS Y100CTBA
I10JIb30BATEIIA.

e lcnonw3oBanue cucteMbl LUNA 1711 TOAIEepKKU TEXHOJIOTUN aKTUBHBIX 3HAHUM *.

*) Malyshkin V.E. Active Knowledge, LUNA and Literacy for Oncoming Centuries // Springer, LNCS, Vol. 9465, pp. 292-303. 39



Cmacu0o0 3a BHUMAaHUE

Self-gravitating dust cloud simulation

Task: flat dust disk rotating in XY plane
Mesh: 200 x 200 x 200

Particles: 10 000 000

Domain fragmentation: 16 x 16 x 1

Anumuposannas unnrocmpayus noocomoenena C.E. Kupeegvim
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J1OOJTHUTEIILHBIE ClIan bl
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S3pik LUNA
(Language for Numerical Algorithms)

[lepeMeHHbIE NPUKITATHOTO AITOPUTMA MPEJICTABIISAIOTCS MHOKECTBOM (PparMeHTOB
naHHbIX (PJ]) — OJI0KOB COBMECTHO MCIOJIb3yEeMbIX IepeMeHHbIX. Pazmep D/]
OTrpaHWYEH KOHCTAaHTOW, HE 3aBUCSIICH OT pazMepa 3aJauH.

Onepanuu npeicTaBISIOTCS MHOKECTBOM (parMeHTOB BoluucieHuit (OB) —
TpHILIeTaMH BUaa (iN, Mod, out), orpeIesSonMMu, 9TO 3HaYCHHS MHOXecTBa D]
OUt MO>KeT OBITh BBIYUCIICHO U3 3HA4YCHUH MHOXKecTBa DJ] IN ¢ TOMOIIIBIO
HEKOTOPOro MOyt Mod (HampuMmep, TOCIeI0BaTeNbHON MPoLeaypoit 6e3
000YHBIX 3P HEKTOB).

MmuoxectBa @B u ®/] 06pa3zyrot rpad pparmenTupoBanHoro aaropurma (DA).

Hcnonnenne @A cocTouT B ucnojHeHUU Bcex @B nmo roroBHOCTH X BXOAHBIX DI,

mod

out
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IIpeacTaBpiaeHre MPUKIATHOTO aIrOpUTMa

dparMeHTUPOBAHHBIN aIrOpUTM — 3TO YeTBEPKA KoHeuHbIX MHOXKECTB (N, |, A, O),
OMPEICTIIONINX PEKYPCUBHO-TIEPECINCIUMOE MHOKECTBO ()parMeHTOB JJAHHBIX 1
(bparMeHTOB BBIYMCIICHUM.

e N ul— MHOXeCTBa UMEH U UHOEKCHBIX NePeMeHHbIX, U3 KOTOPBIX KOHCTPYHPYIOTCS
ceviiku Buaa n, n[m], n[i][m[j]] m .., tae nm € N, 1,j € I.
® A — MHOXECTBO (hpacmenmos Kooa,

e (O — MHOXECTBO OIIEPAaTOPOB OJTHOT'O U3 TPEX BUIOB:
orepaTop UCTIOAHEeHUS (&,l4,...,I ), & € A, I4,...,/| — CCBUIKH;
onepatop apupmernyeckoro nukia (i,f,1,B), 1 € I, f u | — ccpuiku, B — KoHEUHOE MHOXKECTBO
OTIePaTOPOB;
o omeparop IuKia ¢ mpemyciosuem (1,¢,b,e,B), 1 €1, ¢, b u e — ccbuiku, B — KOHEYHOE MHOKECTBO

OIIepPaTopPOB. 43



[Ipumep LuNA-tmiporpaMmsl

extern
void ¢ copy matrix(const InputDF &a, OutputDF &b)

{

W N

o

impor - wit(int, name) as init; h'LUrJY'rd:;
import c_init_submatrix(int "file, int "row, int 1, int
impor T patrix(value , value b, name ) as mult mat;
impor sum matrix(value "a, value b, name ) as sum mat; exter:
import ¢ save submatrix(value "a, int 'row, int ) as save mat; void ¢ sum matrix(const InputDF &a, const InputDF &b, OutputDF &c)
impor copy matrix(value 1, hame D) as copy mat; {
- struct Matrix A, B, C;
- attach(A, a);

attach(B, b);
sub calc mat(name A, name B, name C, t §. assert(A.Height==B.Height && A.Width==B.Width) ;
( g - create matr buf{c, A.Height, A.Width});
df Ctmp, Csum; C.Height=A.Height;

C.Width=B.Width;

for k=0..N-1 const size t *data=static cast=const size t
{ C.Data=(double*)(data + ) :

bt et
QWO Wm

1
12
13 #
14
15
16
17
8
9
0

[

*>(C.get data());

for (size t i=0; i<=C.Height*C.Width; i++) {
- C.Data[i]=A.Data[i]+B.Data[i];

}

B WN -

sum _mat(Ctmp[O0], Ctmp[l1],
if N==1

copy mat(Ctmp[0]), Csum[0)
for k=2..N-1

cf sum(k]): sum mat(Ctmp[k], Csum[k-1]

copy _mat(Csum[N-1],

WWWWWNNNNNNNNNDN

SEWNMODOONOWD




AJITOpPUTM onpeacacHUs OUepPEIHOCTH 3apalliBaHys
(parMEeHTOB JAHHBIX ()PAarMEHTOM BBIYMCICHUN

3agaya: 15 KaXXa0ro ornepaTopa OnpeneanTh show(X[N][yIM]D);
HepevYeHb BXOAHBIX (hparMeHTOB IaHHBIX U OPSAOK
UX 3alpaliiBaHusl y UCTIOJHUTEIBHOM CUCTEMBI OuepénHOoCTh 3aNpalnBaHus ¥ NPUMEp 3HAYCHUM:

Bxoxa: oneparop

B . 1. N,M N=5, M=7
BIXO0/I: HA0OpP MHOKECTB CCBHLIIOK
Ilaru anropurma: 2. y[M] y[7]=12

® ITomoXuTh MHOKECTBO (I)pal"MeHTOB JaHHBIX C 3 X[N] [y[M]] X[5][12]

W3BECTHBIMU 3HAYCHUSMH ITyCTHIM

®  PexypcuBHO pa3o0paTh BCE BBIPAKECHUS U CCHUIKHU B
orepaTope;

e  BriOparh Bce CCHUTKH, 3HAUCHUS HHIEKCHBIX
BBIPAKCHHUI KOTOPHIX U3BECTHHI, & 3HAYCHUS CAMUX
CCBHUIOK — HET;

e J[06aBHUTH ATO MHOKECTBO CCHUIOK B BEIXOJHOU HAOOP
1 BO MHOKECTBO U3BECTHBIX D/

e  [IoBTOPATH 70 TEX MOP, TOKA 3HAYCHUS BCEX CCHUIOK

45
HE OKAXYTCS U3BECTHBIMU



MexaHn3M JTUHAMHAYECKOTO IMOMCKA OOBEKTOB B
pacnpesieIEHHONM CUCTEME

3agaya: o0ecnieunBaTh JUHAMUYICCKOE
JETEHTPATM30BaHHOE OOHAPYKEHUE Y3IIa

MYJITUKOMIIBIOTEPA, HA KOTOPOM HAXOJUTCS
WUMEHOBAHHBIN 00BEKT II0 UMEHU 00BEKTA

N
)
O

Bxoa: Imst 00bekTa

Boixoa: Homep coceqnero y3na B HalpaBJIEHUH K
HUCKOMOMY Y31y
IIlaru aaropurma: (3aBUCUT OT aJrOpUTMa T T

JTUHAMUAYECKOT0 OTOOpaKEHUS)
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AnroputMm Rope of Beads™

3ajava: TMHAMUYECKHU JICTICHTPATIN30BAHHO
0TOOpa)kaTh MHOKECTBO UMEH Ha y3JIbI
MYJIBTUKOMIIBIOTEPA C YIETOM CETEBOM TOIOJOTHHI
Bxoxa: umsa oObekTa

BbIxoa: HOMEp cOCeIHero y3ia

Hlaru anropurma:
(xaxpIil y3en XxpaHuT rpanulibl [A; B) cBoero nuanazona
KOOpAMHAT U HOMEpa CMEKHBIX y3JIOB)
e  Omnpenenuts «koopauHaty» C UMeHH (3a1aHa
CTaTMYECKU U U3BECTHA Ha BCEX Yy3J1aX)
e Ecmu A<C<B, T0 BepHYyTh HOMEpP TEKYIIETO y3Ja
e Ecmu C<A, TO BepHYTh HOMEP MPEABIAYIIETO
CMEXHOT0 y3J1a
e  [lHaye BepHYTh HOMEP CIIECAYIOIIETO y37a
['panuna MOXeT TMHAMUYECKH CIBUTAThCSI AP0 CMEXKHBIX
y37108B: [A;B),[B;C) — [A;B"),[B';C), npu ycnoun A<B'<C.

*) Hazanue npumymano llykuneim I'.A.

@dparMeHTHI

Koopnunathsrit
OTPE30K

V31b1

47



MexaHu3M JUHAMHYECKOM OaTaHCHPOBKM Harpy3Ky Ha

y31bl MeTo10M Job Stealing

3amava: /lunamudecku OamaHCUPOBATh HATPY3Ky Ha
Y376l MYJIbTUKOMITBIOTEPA
Cxema padoThI:
e [Ipu npocToe y3ei OTIpaBIISET 3aMpoc Ha
COCEJIHHE Y3JIbI;
e Eciu npu nojiydyeHuu 3ampoca Ha y3Jie eCTh
M30BITOK TOTOBBIX K CIIOJIHEHUIO ()parMeHTOB

BBIYHCIICHHUM, TO YaCTh U3 HUX OTIIPABHUTH HA
3aMpOCUBIINN Y3€ll.
MexaHu3M MOXKET JTOTOIHATh IPYTUE aJTOPUTMBI
OaraHcupoBKH (Hamp., Ha ocHOBe Rope of Beads).
banancupoBke moaBepraroTcs TOJIKO TOTOBBIE K
UCIIOJIHEHUIO ()parMeHThl BHIYMCIICHUIM

nopoxaenue OB

HCIIOJIHCHUEC

moctoOpaboTka

MUrpaLys
>
3apoc U 0XKUIaHHE
D1
OXKHJaHUE
HCTIOJTHEHHSI

¢ MUTIpanus

| |

| HCIIOJTHEHHE |

| |

: noctobpaboTka I
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AJITOPUTMBI IOCTABKH 3HAYEHUN ()parMEHTOB JIAaHHBIX
OTPEOJISIIOIINM X (PparMeHTaM BBIYUCICHUN

3amava: J0CTaBIATh BXOAHBIC (DparMeHThI TaHHBIX
Ha y3eJ1, TJie OyAeT UCTIOTHATHCS (hparMeHT
BBIYMCIICHU

JlocTaBka mo 3ampocy:

e 3ampoc (napa (ums ®JI, yzen OB))
renepupyercs OB u nepenaéres Ha y3en
xpanenus O/

o @], Oynyun BeIpaOOTaHHBIM, TIepeaaéTcs Ha
y3€JI XpaHEHUs

e korja zanpoc U OJ[ oka3pIBAtOTCA HA OJJHOM
y3ie, To konus O/ nepenaérca Ha yzen OB

Yunpexaawmas nocblika MJ1:

®JI, Oyayuu BeIpaOOTaHHBIM, IEpEIAETCS HA
y3en ©B

@B He 3ampaimBaeT, a IPOCTO OKUAAET
BXOIHBIX D]
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AJITOpUTMBI paclpeaeIEHHON COOPKU Mycopa

3agaya: ocBOOOXKIATh MaMATh, 3aHATYIO
dbparMeHTamMu TaHHBIX, 3HAYCHHS KOTOPBIX OoJiee He
IIOHa 00 TCS.

AJuroputm 1: ynanate no c4€T4MKy KOJIMYECTBA
noTpeOIeHU M.

AJITOPUTM 2: yAQIATH MO COOBITHIO, KOTOPOE
IPOUCXOAUT MO3KE TOCIIETHEr0 MOTPEOICHUS.
AJIropuTMm 3: yIansaTh 110 3aBEPLICHUIO UCITOITHEHUS
0JI0Ka, B KOTOPOM OOBSIBIICHBI (PparMeHThI TaHHBIX

Ilaru anropurMma 3:

IIPU UCTIOJIHEHUH OJIOYHOTO OTepaTopa Ha
y3J1e UCTIOJTHEHUS pa3MeIIaeTcsl CUETUUK
HEUCTIOTHEHHBIX IOUEPHUX OIEepaTOPOB

IpY 3aBepLICHUH HE OJI0YHOT0 oneparopa
CUETUHK POAUTEIBCKOTO OJI0Ka
JIEKPEMEHTHPYETCS

pU JOCTHKEHUH HYJIA CYETUUKOM
JIEKPEMEHTHPYETCS CUETUUK POAUTEIHCKOTO
0J10Ka M yAasAI0TCA OOBSIBICHHBIE B TEKYIIIEM

0J10Ke (hparMeHTHI JaHHBIX
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AJIropuT™M OOHAPYKEHHUS 3aBEPIICHUS PAOOTHI CUCTEMBI

3agayva: eleHTpaIn30BaHHOE OOHAPYKEHUE
CUTYaINH 3aBEPIICHUS PAOOTHI BCEMU y3JIaMH
Hlaru anropurma:

(KaXIbIi y3eJ COAEPKUT (hiar paboThI; BCE Y3IIbI

JJIOTHUYCCKH CBS3aHbI B KOJ'II)[IO) ( ) ( ) ( )
®  [IOMECTHTh Mapkep co 3HaueHueM () Ha MPOU3BOJILHBIN O > >
3elI: - - —_
y s A

®  ¢cCIM Ha y3Jie C MapKepoM HeT paboThl, TO CHATH (piiar
paboThl, IEPEMECTUTHh MapKep Ha CIEAYIOUIUIl y3el B

A
A

KOJIBIIC ¥ YBEJUYHUTD €r0 3HAYCHHUE Ha |;

®  [IpH MOSBICHUHU PaOOTHI HA y3JI¢ YCTaHABIMBACTCS
(bnar paboThI;

® [P NPOXOXKJICHUU MapKepa 1o y3iy ¢
YCTaHOBJICHHBIM (hj1arom paboThl (pyiar CHUMAETCs, a
3HaueHue Mapkepa copaceisaercs B 0

®  Korja 3HauYeHHE MapKepa JOCTUTACT YIBOCHHOTO
YHClia y3JI0B, CHCTEMa OCTAHABIIMBACTCS



TecTnpoBaHMe Npon3BoAUTE/IBHOCTM Ba30BOMU
MCMNOJITHUTE/IbHOU CUCTEeMbl

100000

*Tect: pelieHrne ypaBHEHHS TEILUIONPOBOHOCTH
UTEpPallMOHHBIM METOJIOM Ha 3D ceTke

* Peanu3zaruu (4MCII0 O3HAYACT SI/IPA): 10000 -

—Pyunas (MPI)

—LuNA-unTepnperarop (LI)
—LUNA-kommunsTop (LC)

Bpemwa,

1000 - /
—PI-8 —PI-27 — PI-54

*Ilosry4eHO CyIIECTBEHHOE yBEIUUEHHE T T -

LI-27 L-64 —f=LI-125

dbparmeHrTauu

IPOU3BOAUTEIIBHOCTH, OCOOCHHO MPU MEITKOH 100
/ | -5 e | C-27 LC-64

LC-125 LZ-218

10

10043 20003 30003 40043 S0 3 6003 oos soons o3 10003

Pazmiep ceTEM
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[IpoOaeMbl pean3aiyu CI0KHBIX MOJEICH Ha MPUMEPE METOIa

YaCTUIl-B-S4YerKax

-L\.
i

- ~ / ['paBuTanms \ Y \

»~ Ilputp
3 cf L of & B ~
Lol 220 || 7220070 | / N
oo omou at ot &
p{lir}_ Ilr(!- r,u}il“ r ) _Pérraffm | ...-
I l_\
Meron yacTuil-B-s4eiKax

HpOCTpaHCTBo MOJICIIMPOBAHMS Pa30MBAETCS HA YACTH 110 YUCITY
BBIYHUCIIUTENBHBIX y3JI0B MYJIbTUKOMIIBIOTEPA, KaXKIbIH y3€I

!H

00pabaThIBaeT CBOIO 4aCTh IPOCTPAHCTBA.

Anumuposannas unniocmpayusi noocomosnena C.E. Kupeesvim



JleMoHCTpalus BOSHUKHOBEHHUS AUcOallaHCca 3arpy3KU BEIYUCIUTEIbHBIX Y3JI0B B
IIPOLIECCE BHIYMCICHUM

Harpy3ka Ha BEIYUCIUTEIbHBIE
y3JIbl U3MEHSIETCS TMHAMUYECKU B
3aBUCHUMOCTH OT KOJINYECTBA
BEIIECTBA B COOTBETCTBYIOLIEH
00J1acTH IPOCTPaHCTBA
MOJEIUPOBAHUS. DTO MPUBOAUT K
MPOCTOIO HENOTPYKEHHOTO
000pyI0BaHHS.

0

Harpy3ka Ha
BBIYMCIIU-
TEJIbHBIN
y3el

max ¥

Anumuposannas unnrocmpayus noocomoenena C.E. Kupeegvim



JleMOHCTpanus yCTpaHeHUs AucOaiaHca myTémM
nepepacupencieHus Harpy3Ku

HpI/I BO3HUKHOBCHHUU ,Z[I/IC6aJ'Icha

= = = = HArpy3KW 4acTh HArPy3KU Mepenacrcs
£ = £ = C IIEPErPYKEHHBIX
BBIYUCJIMTCIIbHBIX Y3JIOB Ha

HEJIOTPY>KEHHBIE, YTOOBI 0OCCIICUNUTH
s dexTuBHYI0 padboTy
MYJIbTUKOMITBIOTEPA

0 1 —
Harpy3ka Ha
BBIUMCIIH-
TCJILHBIN
y3€en

maxwy

Anumuposannas unniocmpayusi noocomosnena C.E. Kupeesvim



[Toaxoa kK aBTOMAaTUYECKOMY KOHCTPYHUPOBAHUIO
apauieJIbHON NPOrpaMMbl

[Ipeametnas obnacte (I10) yacTuuHoO
OmMHCHIBaETCS (POPMAIILHO B BUJIE MHOYKECTBA
MOHSATUM (MMEPEMEHHBIX) U UX CBS3EH —
BO3MOYKHOCTH BBIYUCIISITH 3HAYCHUS OJHUX
MEePEMEHHBIX U3 IPyTHUX (omeparuii).

3amaya hopMyaupyeTcs Kak JBa MHOKECTBA —
JAHHBIX IEPEMEHHBIX U UCKOMBIX.

[Iporpamma penieHus 3aa4m KOHCTPYUPYETCS
CHUCTEMOM C YYETOM CBOMCTB BBIYMCIUTEIIS U
BXOJTHBIX JTAHHBIX.

®dopmanbHOE
omwmcanue 110

DopMyIHpOBKA
331244

Omnucanue
BBIYKUCIIUTEIS

[Iporpamma
peuieHus 3a1a4u

Bxomgnsie
JTaHHBIE

% -
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OparMeHTUPOBAHHBIA AJITOPUTM

O
O
O

in

Q0

mod

000

O
O

O

00

out

dparmeHTUpPOBaHHBIN anroput™ (PA) — 310 hopManbHOE

OMUCAaHKUE MPUKIAJHOTO AJITOPUTMA, KOTOPOE:

® SpiseTcd afanTUPOBAHHBIM MOHATHEM PEKYPCUBHOMU
byHKIUMU (ONepaTOPHBINA TEPM)

® [lo3BoJISIET OMUCHIBATH BHIYUCIUTEIbHBIC MOJCITU
YaCTHOI'O BUJIA

® (OpueHTUPOBAHO Ha MAPAJIEILHOE UCIIOJTHEHNE Ha
MYJIBTUKOMITBIOTEpAX

B vactHoCTH:

® [IpomexyTouHbIC 3HAUCHUSI UMEHYIOTCS

® Omnepauuu MOTYT UMETh HECKOJIBKO BBIXOJHBIX
napaMeTpoB
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OnepaTopsl PparMeHTUPOBAHHOIO AITOPUTMA

Cchutka — BeIpakeHne Buaa X[ay,...,a,], Tie X — umMsl, a a; — Tu00 WHEKCHAs TIEpeMEHHa,

JIN0O0 CChIJIKA
e Omneparop UCTIOTHEHHUS (3a1a€T OJMHOYHBIN (PparMeHT BHIYMCIICHUMN ):

) KoneyHnoe MHOXECTBO CCBIJIOK, 3aJal0INUX BXOAHBIC (bpaFMeHTBI JaHHBIX

o  KoHeuHOe MHOKECTBO CCHUIOK, 3a/IalOIINX BBIXOJIHbIE (PPArMEHTHI TAHHBIX
o  ®parMeHT Koja (MOayib, IPOLeAYpa), CHOCOOHBINA BHIYUCIUTh 3HAUEHUS BBIXOAHBIX (DParMEHTOB TaHHBIX

13 3HAUCHUU BXOJHBIX

e Omneparop apu(pMETUUECKOTO IUKJIIA:
0  HMHaekcHas mepeMeHHas — CYETYMK [UKJIIa
O JIB€ CCBUIKH, 3aJAI0IIME HAYAJIO U KOHEI] INana3oHa CYETUNKA IUKJIIA
o Teno nukiIa — KOHEYHBIN HAOOP OMEPATOPOB

e (Ormeparop HMKJIIA C IPEAYCIOBUEM:

o  HMHpuekcHas nepeMeHHas — CUETUMK [HKJIIa
o Ccpuika, 3aaronias npeaycioBue

el
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POZICTBEHHBIE TPOEKTHI

JIa6. CIIII — oxna u3 Heckonbkux Jaboparopuii PAH, 3anuMaroniuxcsi aproMmaTu3anmeil napauieabHOro MporpaMMHUpPOBaHHS

st cynepOBM u pa3BuBaromyx cOOCTBEHHBIN aKaJIeMUYECKUI MPOrpaMMHBIM TPOAYKT

Opranu3anus Jlroan

| HUIIM um. M.B. Kengeima PAH | A.H. AHnpuaHoB |

UIIM M. M.B. Kenasiima PAH B.A. Kprokos
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UIIC nMm. A K. Alimamazsna
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NBMuMI" CO PAH B.3. Mansimkua
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Opranu3anus Jlrogun
University of Tennessee J. Dongarra
University of Illinois L. Kale
Stanford University A. Aiken
Louisiana State University H. Kaiser

IIpoayxkT

CPPS

T-Cucrema

LUNA

Hopma
DVMH / SAPFOR
Cloud SISAL /

XapakTepuCcTHKA

| Teneparus mapamienbHBIX MPOrPaMM MO HEMPOIIEAYPHOMY OMHCAHHUIO AITOPHTMA

[TomyaBTOMaTHUECKOE pacapaieIMBaHie aHHOTHPOBAHHOTO MTOCIIEA0BATEINHHOTO
KoJa

OYHKIIMOHAJILHBINA TOTOKOBBIH SI3IK CIICIU(BUKAIIMN BBIYHCICHHHA

Pacuinpenue nocienoBaTeasHOTO KOJIa CPEeICTBAME OMMCAHUS Tapaluiein3mMa
3a/1a4
CuHTE3 apayuIedbHBIX TPOTPAMM YUCIEHHOTO MOIEIHPOBAHUS, 361K LUuNA

(] (v
DATITAIRAQATNIIITIIAON A _ OV NTITTINTX ﬁﬂf\ﬁ‘l‘l’alﬁﬂ"ﬂ‘l’]"l’l‘f\‘l’]"

IpoayxkT

PaRSEC /
DPLASMA

Charm++
Legion / Regent

HPX

XapakTepHCTHKA

HcnomautenyHas cuctema c task-based mapamienn3mMoM st pactipe e IeHHbIX
HEOJIHOPOJIHBIX BBIYUCIUTENICH
[NapamiensHOE IPOTPaMMHUPOBAHKE HA OCHOBE MUTPUPYIOIINX OOBEKTOB,
0OMEHUBAIOIIUXCSA COOOIIEHUIMU
[TapamnensHOE TpOrpaMMHUPOBAHKE C IBHOW (hparMeHTaIUeH TaHHBIX U
MapajuIeITU3MOM 33134
bubnmnoreka moanepxku task-based mapamienusmMa ¢ rI00aTEHBIM aJPECHBIM
MIPOCTPAHCTBOM



O030p CpeaCcTB aBTOMATUYECKOTO KOHCTPYHUPOBAHUS MAPAJIETbHBIX MPOrPaAMM

DVMH/ Hadoop HOPMA, | Charm++, T- PGAS PaRSEC Legion LuUNA
Sapfor, HPF | (MapReduce) Sisal Cucrema (Titanium,
UPC, X-10)

Pacnipenenénnas + + i + + + + +
MaMsATh
[TapamtensHoE
MpEJCTaBICHUE
anropuT™a - + + + + + + +
KpymHoGnounbrit i + i + + + + +
MapajuIeaIn3M
YHuBepcaabHast
MOJICIIb + - + + + - + +
BBIYHMCIICHHI
VYnpasnsemoe TOJIBKO

JaCTUIHO = 3 = = + +
HCTIOJIHEHUE BPYYHYIO
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