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Usage of supercomputers for numerical simulations implies the complexity of distributed parallel
programs development. Non-functional requirements for such programs include efficiency, memory and
network bandwidth economy, tuning to available resources, fault tolerance and check pointing support,
dynamic workload balancing, etc. To satisfy these requirements one has to concern peculiarities of
application algorithm, hardware configuration and data. The development requires skills and knowledge
supercomputer users are unlikely to have. To reduce the complexity of parallel programs development,
debugging and modification diverse systems and tools of programs construction automation exist and
evolve. Such tools accept a high level description of an application algorithm, as well as hardware
configuration description, to produce and execute a parallel program, which implements the algorithm
and fits into the non-functional requirements. Thus some of the programmer’s burden is eliminated. Also
such systems and tools are necessary to implement an active knowledge technology, where application
algorithm is synthesized automatically based on application problem specification and has then to be
automatically executed.

Automatic parallel programs construction system has to employ a high-level description of
an application algorithm. The algorithm representation should be independent from hardware
configuration and allow tuning of algorithm execution to given hardware and data. The representation
should comprise independently computable parts which system should be able to dynamically map to
given resources.

According to such demands the fragmented programming technology (FPT) is being developed in
ICMMG SB RAS, as well as LuNA system for automatic numerical parallel programs construction
(LuNA stands for Language for Numerical Algorithms). In the FPT computations are represented
as the fragmented algorithm (FA) — a countable set of computational tasks called computational
fragments (CFs). A CF is defined by two finite sets of input and output arguments — immutable data
objects called data fragments (DFs) — and an operation on the DFs, which computes values of output
DFs from values of input DFs. Execution of FA is the execution of all the CFs once their input DFs are
computed. Operations are side-effect-free sequential subroutines, thus a CF can be executed on any
computing node dynamically, provided its input DFs’ values are transferred to the node. The job of
the programming system is to dynamically map DFs and CFs to computing nodes, provide input DFs
transfer to CFs and execute CFs to produce new DFs. During FA execution the system redistributes
CFs and DFs in order to balance workload, employs replication to provide fault tolerance, saves DFs
values for check pointing or performs other jobs to provide necessary non-functional properties of the
program execution.

In order to improve non-functional properties of FA execution supplementary information called
recommendations can be provided by the user. Recommendations are means to overcome the
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fundamental difficulty of efficient execution of an application algorithm, represented in a high-level
language, such as LuNA. Using recommendations the user can explicitly declare properties of the
algorithm, which are hard to obtain automatically, but can significantly affect execution (e.g. estimated
operations execution time). Also the user can employ recommendations to express his insight on how
the computations should be performed in order to achieve high efficiency (instead of programming it
in a low-level language, such as C+MPI). The system will follow the recommendations in cases, where
good efficiency is hard to achieve automatically.

An experiment of automatic CFs mapping to resources using profiling is concerned. An application
(matrices multiplication test) was run multiple times in the profiling mode. After each run the CFs
mapping to computing nodes was adjusted to avoid load imbalances, which occurred in the previous
execution. After few executions the execution time of the program decreased to the time of an efficient
hand-made implementation of the same algorithm. This shows the possibility to automatically tune a
FA execution to hardware configuration.

Another experiment shows automatic provision of dynamic load balancing on the example
application of self-gravitating dust cloud simulation using Particle-in-Cell method. The application
is an example of a problem, where workload distribution cannot be predicted statically and depends
on input data. Necessary dynamic workload balancing was provided by LuNA system automatically
based on the Rope of Beads algorithm, which preserves distributed data structure when balancing.

A number of other models and real-life applications were developed using the LuNA system. The
efficiency of the constructed program is generally lower, than the one of hand-coded implementation,
but reduction of labourness of program development, debugging and modification is often worth it.
In future it is planned to implement other system algorithms and heuristics to improve the quality of
automatically constructed programs, and to use LuNA system as a bagis for active knowledge system
construction.

Key words: Fragmented programming technology, automatic parallel programs construction,
high performance computing, LuNA system.
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Pazpaborka mapasiie/ibHBIX IPOrPaMM YUCIEHHOTO MOIESJNPOBAHNS HA MYJIBTHKOMIIBIOTEPAX SIBJIfA-
eTCs CJIOZKHOMN 3ajiadell BBUY HEOOXOAUMOCTH obecrieunBaTh HeMYHKITHOHAIBHBIE CBOUCTBA IIPO-
rpaMm (IIPOU3BOAUTEIBHOCTh, PACXO/ IIAMSITH, HAIPY3Ka HA CeTh U T.I1.), & TAKXKE JUHAMUIECKYTO
DaTaHCUPOBKY HATPY3KM, OTKA30YCTONINBOCTE U APYTHE CBOMCTBA. B pabore paccMaTpruBatoTCd TeX-
HOJIOTHST (PPArMEHTHPOBAHHOTO TPOTPAMMUPOBAHUST U TIOAepKuBatoriast ee cucrema LuNA aBroMma-
TUIECKOT0 KOHCTPYUPOBAHUA MAPAJIEIbHBIX TPOTrPAMM € 33TaHHBIME HE(DYHKIIMOHAILHBIMHU CBOH-
crBamu. [IpukaagHoil aJrOpuT™M TpeICTaBIgeTCs B BUIE MHOXKECTBA MWH(MOPMAIMOHHO-3aBUCUMBIX
3a7at, 9TO MO3BOJISIET MTAPAJIEIbHO UCIOJHITEh UX, JUHAMUYECKN TTePePacipeseidTh uX M0 y3/1aM
MYJIBTUKOMITBIOTEPA, 00eciednBasi AMHAMUYECKYT0 DATaHCUPOBKY HAIPY3KU HA Y3JIbl, 8 TAKXKe pea-
JIU30BBIBATH APYTrue He(l)yHKLU/IOHaJ[beIe CBOMCTBa IPOTrpaMMBbl aBTOMATHUYICCKHA. PaCCManI/IBaETCH
BO3MOXKHOCTb aBTOMATUYECKOU HACTPONKM MCIOJHEHUs] NPOrPaAMMbl Ha KOH(MUIYPAIUIO BBIYUCIIU-
Tejsd HA OCHOBE IIPOMUINPOBAHUSI.

KuroueBbie cioBa: rexuosorus hparMeHTUPOBAHHOIO ITPOrPAMMUPOBAHUS, aBTOMATUIECKOE
KOHCTPYUPOBaHUE TaPAJIJICJIBHBIX TIPOTPaMM, BBICOKOMPOU3BOJAUTE/ILHBIEC BBIYUCJIECHUA, CUCTEMa

LuNA.

Brenenue. [Ipumenenne cynepKoOMIbIOTEPOB IS YUCJIEHHOTO MOIE/TNPOBAHNS HATAJIKIBA-
eTcs Ha MpobseMy pas3padoTku 3pdeKTuBHOM Hapa/ie/IbHON ITporpaMMbl, PeaJn3yIonel Tpe-
OyeMblil npuKIaaHOi agaroputM. [loa ahdekTHBHOCTHIO TOHUMAETCA COOTBETCTBHE HeDyHKITHO-
HAJIBHBIM TPEOOBAHUSIM, IPEbSB/ISEMbIM K ITAPAJLIEIHHON ITPOrPAMME — IIPOU3BOIUTEILHOCTD,
PaCXo/ NaMsTH, HATPY3KA HA CETh, MOJTHOTA H PABHOMEDHOCTb HATPY3KHU HA JIOCTYHBIE PECYPCHI
u T.1. B psaje ciydaeB or nporpamMmbl TpedyeTcs JMHAMHYECKU OaJJaHCUPOBATH HATPY3KY HA
BBIYHC/IUTEIbHBIE Y3JIbI, 00€CIeUYnBATh OTKA30yCTONYNBOCTD, COXPAHATh KOHTPOJbHbIE TOUYKH
u npodee. JlonoaHurebHble TPYIHOCTH BO3HUKAIOT B CJyYae, €CJIM BBIYUCIUTEIH UMEET BBI-
YUCIATEIbHBIE Y3/Ibl PA3JIUIHON KOH(MUTYPAIINH, a TaK:Ke, eCIH paclpeeleHne HATPY3KH 10
y3J1aM 3aBUCHT OT BXOJHBIX JAHHBIX 33/[a9M M W3MEHSIeTCs 0 X0y BhIYHC/IeHnii. Pa3paborka
IPOTPAMMBI, YAOBJIETBOPSIONIEl 3TUM TPEOOBAHUSAM, 3aTPYIHUTEIHLHA U TPEOYET CIemnaIbHON
KBaIU(PUKAIMH, KOTOPOI I0JIb30BATEIN CYHEPKOMIILIOTEPOB OOBIYHO He 00J1aJal0T B JIOCTATOY-
HO# cTenenu.

B 31oii ¢BsI3M BasKHYIO POJIb UTPAIOT CPEICTBA ABTOMATH3AINKE KOHCTPYHPOBAHUS TapaJ-
JIEJIBHBIX TIPOTPAMM, B KOTOPBIX IIPUKJ/IAIHON aJrOPUTM OIMUCHIBAETCS CHEIUAJIBHBIM 00pa30M,
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JIONMYCKAIONUM aBTOMATHYECKOe KOHCTPYHPOBAHME MapaJlieIbHON TpOorpaMMbl, a cama Ipo-
rpaMMa KOHCTPYHPYeTCd W UCHOJHAETCS aBTOMATHIECKH C YIeTOM CBONCTB HMPUKITHOTO aJl-
FOPUTMA, BBIYUCIUTEIS U BXOJHBIX JAHHBIX 3a/a4d. CHCTeMa aBTOMATHIECKOTO KOHCTPYHUPO-
BaHus OepeT Ha ceOs YacTh pabOT MO KOHCTPYHUPOBAHUIO NMPOrPAMMBI, CHUMAad UX € MOJb30Ba-
resst. DPGEeKTHBHOCTH KOHCTPYUPYEMOii IIPOrpaMMbl MOZKET OBITh KaK BBIIIE, TAK U HUXKE, 9eM
y aHaJIOTUYHOI IporpaMmmbl, pa3zpaboranuoii Bpy4nyio. llociaeanee 4acTo npueMmjieMo 3a cyer
SKOHOMUHU CHUJI TTOJIH30BaTE A 1O pa3paboTke, OT/IajIke U MOAUMUKAIIMT TTPOTPAMMbBI, 0COOEHHO
IpH MPOTOTUNIMPOBAHUM. TaK:Ke aBTOMATHUeCKOe KOHCTPYHUPOBAHWE W UCIOJHEHHUE MPOTPaMM
¢ 3aJaHHBIME He(YHKIHOHAJTBHBIMH CBOMCTBAME SIBJIAETCA HEOOXOIUMBIM KOMIIOHEHTOM JIJIsT
TEXHOJIOIMU AKTHBHBIX 3HAHUH [1], 1e aBTOMATHYIECKN CHHTE3UPYETCs aJIlOPUTM PEIIeHUsT 110~
CTaBJICHHON 3a7a49u 10 ee (popMaTbLHON TTOCTAHOBKE, ITOCE Yero JO0JIZKHA ObITh aBTOMATHYECKH
CKOHCTPYUPOBAHA TPOTPAMMA, PEATUYIOINAA STOT aJTOPUTM.

B mactogdmee BpeMs CYIIecTBYIOT W aKTUBHO Pa3BUBAIOTCA Pa3/JUYHBIE MOAXOIH K aBTO-
MATHYECKOMY KOHCTPYMPOBAHWIO MApAJIeJbHBIX mporpamm. B cucremax |2, 3| ucciaenyercs
10/IX0/], K KOHCTPYUPOBAHUIO IapaJ/i/ieJibHONW HPOrpaMMbl HA OCHOBE aHHOTHMPOBAHHOIO I1OC/IE-
JIOBaTEJIbHOI'O KOJIA, IPUYEM B psijie CIydYaeB aHHOTUPOBAHHE MOYKET BBINOJHATHCA aBTOMATHU-
qecku. [IpernmyIiecTBoM MOAX0Aa SABISETCS JIEBTKOCTH TOJIYYeHUs MMapasljieIbHOW MPOrpaMMBbl,
€CJIM UMEeTCs TI0C/Ie/I0BaTeIbHBIN KOJI, 8 HEeJJOCTATKOM — HEOOXOJIUMOCTD CUCTEME JTOTIOJTHUTE, b
HO pelnaTh 33J1a9y BBISBJIEHU MTapaslieTu3Ma MPUKJIAIHOTO aJrOPUTMa MO ero Mocae10BaTe Th-
HOMY TIPEJICTABICHHIO, a TaK:Ke BBHIABIATH MHOYKECTBO TMEPEMEHHBIX MPUKJIATHOTO aJTOPUTMA
1OCJjIe TOr0, KAK OHO OBbLIO OTOOPAKeHO Ha KOHKPETHbIE PECYPChl MAMITH B IIOC/IEI0BATE/IHHOM
nporpamme. Obe 3THX 330291 SBJIAIOTCS TPYIAHO PEIIAeMBbIMHU, YTO YaCTHIHO IIPEOI0IEBAETCS
AHHOTHUPOBAHUEM KOJIa ¥ IPUMEHEHHEM 3BPHCTHYECKHX METOJI0B. XOpOUIyio 3(PdeKTUBHOCTD
yaeTcst 06ecrednBaTh P IPUMEHEHUH YACTHBIX (He YHHBEPCAJIBHBIX) MOJeJell BhIIUCIeHHUI,
B TaKUX CHUCTeMaX Kak [4, 5|, HO moJb30BAaTENb MPH STOM OTPAHUIEH KPYTOM 3a]a4, KOTO-
pble MOryT ObITH BbIpayKe€HbI CpejcTBaMH YacTHON Mojenn. B cucremax ¢ mapasiiem3mMom
Ha ypoBHe 3a71ad (Hamp., |6, 7|) nIpuKIaIHON AJITOPUTM MpPEJICTABIAETCS B BHJE MHOMKECTBA
nH(GOPMAIMOHHO CBA3aHHBIX UM OOMEHUBAIOIIMXCS COODIIECHUAMU 3aJ1a4, YTO MO3BOJISIET CH-
cTeMe aBTOMATHYIeCKH paclpeiessaTh U JUHAMHYECKH TIepepaciupeiesaTh 3a/ladd 10 y3J1aM, a
TaK:Ke BJIHSTH HA TOPSIOK BBITIOJHEHHS 33]1a9, TeM CaAMBIM OaJTaHCUPYsT HATPY3KY, YIIPABJISIS
pacupejeserneM pecypcos. B [6] 910 Takzke mosposisier obecreduBaTh 0TKA30yCTORYHBOCTD 1
coXpaHeHMe KOHTPOJbHBIX TOo4Yek. HegocTaTkoM IOAX0/1a ABJIAETCS TPYIHOPENTIaeMOCTh 3a/1a-
qn obecriederust 3(pHEKTUBHOTO UCHMOMHEHUsT aJTOPUTMa, MPEJICTABJIEHHOTO TaKUM 00pa3oM,
O9TOMY 00JIACTh IPUMEHEHHUS CUCTEM OTPaHHYeHa KJIACCOM HMPHKJIAIHBIX aJITOPUTMOB, OIIpe-
JIeJIIEMBIX UCHOJIb3YEMBIMHA B CHCTEME 3BPUCTHKAMH. DTOT Ke HeJOCTATOK MMEIOT CUCTEMBI C
obiedi pacupesesennoil namsarsio [8, 9, 10]. OxHuM U3 BO3MOKHBIX HOIXOJ0B K DACITHPEHUTO
00JtacTH TIPUMEHEHHSI CHCTEeMbI IPOIPAMMHUPOBAHUS SABJIFETCS BBEJIEHHE CPEJICTB YIpaBJIeHUs
UCITOJIHEHUEM TPHUKJIAIHOTO aJIOPUTMa, KOrjaa, MOMHUMO COOCTBEHHO ONMCAHWS TPUKJIATHOTO
AJITOPUTMA, IOJIb30BATENb TAKZKe MPEJOCTABIAET HEKOTOPYIO cxeMy (,yIpaBJsiionmii cioi*),
OTMUCHIBAIOTILYIO Ha MPEeJIMETHO-OPUEHTHPOBAHHOM S3BIKE, KaK CJe/IyeT HCIOJTHATH NPUKJIaIHON
AJITOPUTM B T€X HJIU UHBIX YCJIOBHUAX. DTOT TMOIXOJ TPUMeHsieTcs B cucteMax [5, 12, 13]. pu
CYIIECTBEHHOM U3MEHEHUN KOHMUTYPAIMU BbIYUCJIUTEIS NN CBOMICTB BXOAHBIX JIAHHBIX YIIPaB-
JISTFOIINH CJIOH MOZKET U3MEHSIThCS JIJIS HACTPONKH MMPOTPaMMbl Ha UCTIOJTHEHE B HOBBIX YCIOBH-
gax 6e3 HeoOXOAUMOCTH IMOBTOPHOM OTJIAJIKU OIMUCAHUSA aJropuTMa. IlepcrnekKTHBHOCTD 10/1X0/1a
00yCJIOBJIEHA TE€M, YTO 110 Mepe Pa3BUTHUS IBPUCTHICCKUX METOI0B 3(PhDEKTHBHOTO MCIIOJIHEHHST
HPUKJIAIHBIX &JITOPUTMOB YIPABIAIOMINI CI0H MOXKET OBITH OTOPOIIEH WK CreHEePUPOBAH aBTO-
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MaTHYECKH, IO3TOMY OH He OIPAHUYNBAET EePEHOCUMOCTHU U 3D (PEKTUBHOCTH NPEICTABICHHOTO
AJITOPUTMA.

1. Texnosorusa (pparMeHTUPOBAHHOTO MPOTrpaMMUPOBaHudA. TexHojorus dpparMen-
tupoBanuoro nporpamvuposanust (T®IT) paspabarsiBaerca 8 UBM uMI' CO PAH. B ocHose
HO/IX0/1a JIEYKUT IMPeJICTaBAeHUue IPUKJIAIHOIO aJIrOPUTMa B BUJE He DoJjiee 4eM CHYeTHOT'O MHO-
JKeCTBA BBIYUCIUTEIBHBIX 3a7a4, HasdbiBaeMblX dparmentamu shraucaennii (OB). Kaxnpiii OB
— 310 TpUTLIET Tin, out, op?, TAe in U out — KOHEIHBIE MHOYKECTBA BXOIHBIX U BBIXOIHBIX 00h-
eKTOB JAHHBIX, Ha3biBaeMbIX dbparmentamu JaHHbX (P/1), a op — onepanus, BEIYUCIAIONIAL
snadenuss OJI out u3 suadenuit O/ in. Takoe npepcrapienue OymgeM Ha3bIBATH (pparMeHTH-
poanubiM asropurmom (PA). [Tponece BeIMUCIEHHHE PACCMATPHBACTCS KAK BBILIOJIHEHUE BCEX
@B mo mepe roroBaoctu nx BxomHBIX PJI. Onepanum op peann3yrTcs MOCIEI0BATETHHBIMI
nporneaypamMu 6e3 mobouHbIX 3H@PEKTOB, 9TO MO3BOJIsIeT BHIOAHATE PB Ha sr000M BBHIUHC-
JINTEJILHOM y3Ji€ 10 BBIOOPY CHCTEMBI, B TOM YHC/I€e JUHAMUYeCKH nepepacupeaeadtb @B o
y3JaM MyJbTHKOMIIbIOTepa. P /I apisiorcd o6beKTaMi e IMHCTBEHHOIO IIPUCBAUBAHUS, KOTOPBIE
cucTeMa MOKeT JyO/IMpoBaTh, lepejaBarb 110 CeTH WM COXPaHATh Ha JucK. Takue cBoiicTBa
@B u @/ no3Boa4I0T aBTOMATHIECKH PACIPEJEAATh U JUHAMUYECKHU nepepacipeesatb OB u
®J1 o y3aaM MyJIBTHKOMIBIOTEPA, BHIOHpATH TOPsI0K BhinosHeHHst DB (B paMKax nMeronnx-
st uHMOPMAIIMOHHBIX 3aBUCHMOCTET ), 06eCednBaTh THHAMIYECKYIO OATAHCUPOBKY HAIDY3KH
HA Y3JIBI, HCIOJIb30BATH PEILIMKAIUIO I IIOBBIIMIEHUS JOCTYITHOCTH JTAHHBIX M 0DECIIeYeHHsI
OTKA30yCTONIMBOCTHU, COXPAHATH KOHTPOJIbHBIE TOUKH UCIIOJHEHNS, ABTOMATHIECKH 00ecIIedn-
BaTh Mepejady COOOIIeHU T 110 CeTH U CMHXPOHU3AIUIO TAPA/LICJILHBIX [IPOIECCOB, 0becreanBast
Tpebyembie HeyHKIIMOHAIbHBIE CBORCTBA MapaJ/iebHON TPOTPAMMBI.

C nesipio pacmupenusd Kjiaacca 3h@eKTuBHO ucnorageMbix aaroputMos B T®@II npexycmor-
peHa BO3MOXKHOCTD BJIMSTHUS HA XOJI HCIIOJIHEHHS IIPOrPAMMBI IIyTEM OIPeJIeIeHN ,, PEKOMEeH, 1a-
Ui — J1onoTHATE/MHbHON nHMOpMAIIN 00 AITOPUTME U CIIOCO0E ero OTOOPaXKeHNs Ha PECYPCHI
MYJIBTHKOMIIBIOTEPA BO BPEMEHU. Y IIPABJICHUE UCIOJHEHUEM OCYHIECTBJILETCS MO CJIEIYIONUM
ocHOBHBIM acmekTaMm: orobpakenne @B u @/ Ha y3/16I MYJIBTHIIPOIECCOPA, TTOPSITOK BHITOJIHE-
nug OB u cbopka mycopa. Pekomengamnuu #e BAULIOT Ha BBIYHC/ISEMble 3HAYCHUs, HO BJIUSIOT
Ha HeYHKIMOHATBHBIE cBoiicTBa (3ddekTuBrOCTS) HcnonHeHns DA.

Pexomengamuu MOryT HCIOJIb30BATHCA I OMUCAHUA BayKHBIX C TOUKH 3peHud 3pdekTun-
HOCTH, HO TPY/JIHO aBTOMATUYECKHU BBISIBJISIEMBIX CBOWCTB IPUKJIAIHOIO AArOpUTMa (HAIPUMED,
orieHounble Bpemena BbinojHenus OB win acumnrornyeckas C/I0KHOCTL OTIEILHBIX dacTei
aJrOPUTMA), & TaKyKe JIJIs OMMCAHUS MOJICKA30K TOr0, Kak cieayer ncnoiasth PA. TIpumepom
OCTIeTHETO MOXKeT CJIyKuTh aiaroput™m Rope of Beads [14], ucnonbsyemsrit 8 TOII qjist KoH-
CTPYUPOBAHUA JUHAMUYECKOTO oToOpazKkenusa MuoxkectB OB u @J/1 Ha y3/1b1 MyJIbTUKOMIIbIO-
Tepa, OJIEPKUBAIOINIEI0 JIMHAMUYECKYIO OaJIJaHCUPOBKY HArpy3KH HA y3Jibl C COXPaHEHUEM
COCEJICTBA pacipeieeHHbx cTpyKTyp maHuabix PA. UMges sroro ajropurva COCTOUT BO BBe-
JieHnn pexkoMenganuit 00 orobpaxkenun MuoxkectBa ®B u @/ na mekoTOpblil BUPTyaIbHBIH
BBIUHCJINTEIb C ceTeBoii Tomoorueit ,,top*. Ilpn ucnonnennn @A BUpPTYaJbHBIA BBIYHCIATETH
JUHAMHYECKH OTOOPAyKaeTCst (, HAKJIAJIBIBALTCA ) HA PEASbHBIH ¢ YIETOM CeTeBOil TOMOJOrun
¥ OTHOCUTEJILHON TPOU3BOJAUTENBHOCTHIO BEIYUCIUTENbHBIX Y3I0B MOCTeTHEro (deM Gosee mpo-
U3BOJAUTEJICH Y3€JI MYJbTUKOMIbIOTEPA, TeM OO0JIbIle COCEIHUX BUPTYAJIbHBIX Y3JI0B HA HErO
HazHa4daercst). [Ipn BO3HUKHOBEHMH NHCOAJAHCA HA HEIOTDY’KEHHBIH BBITHCINTENbHBIN y3es
nepeaeTcsl 4acTh BUPTYAJbHBIX Y3708 (M, COOTBETCTBEHHO, HasHaueHHBIX Ha HuUX P/ u OB),
BCJIEJICTBHE Yero HAarpy3ka BeipaBHuBaeTcs. [Ipu stom ,nepememupanusa” @1 u @B ne npouc-
XOJUT, T. K. UX OTHOCUTEJIbHOE PacIpe/ie/IeHHe M0 BUPTYAIbHBIM Y3JIaM He U3MEHIeTCs.
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NcnonbzoBanune TOII no3BosisieT npu pa3padoTKe Hapa/LIeJbHBIX MPOrPaMM OIPDAaHUYUTHCS
pa3paboTKOil MOCIe0BATEIBHOTO KO/Ia (MOCIeI0BATEIBHBIX IPOIELYD, PEATH3YIONIIX Olepa-
IIUA) U OMUCAHUEM IPUMEPHOH CXeMBbl HCIIOJHEHHs! MapaJlIeJbHON TPOrpaMMbI HA TTPEIMETHO-
OPUEHTUPOBAHHOM $I3BIKE (& HE MPOTPAMMHUPOBATH U OTJIAYKUBATH 3TO B HU3KOYPOBHEBBIX Tep-
MHHAX C UCIOJIH30BAHIUEM KOMMYHHKAIIMOHHON GUOIHOTEKN ).

2. Cucrema LulNA un mpuaoxkenud. /Ins moagep:kkun TOII O6b1a paszpadborana 3Kc-
nepuMmenTasibhas cucrema LuNA (or Language for Numerical Algorithms) apromarnveckoro
KOHCTPYUPOBAHUS MapajebHBIX MPOrPaMM Ha MYJIbTHKOMIbIOTEPaX. BXoadmuii B ee cocTaB
a3k LuNA nospossiter onucbiBars @A kak muokecTBo PB 1 @/, a TakkKe peKOMEHIAINH.
Omnepanun peayu3yiorcs nporegaypamu wa s3bike C++. Cucrema obecriednBaeT TPAHCISIUIO
LuNA-nporpaMm Bo BHyTpeHHEe TIPeICTaB/IeHnEe, KOTOPOEe 3aTeM UCIOTHIETCS HCIIOTHATETBHOMN
cucTemoii Ha MyabTukoMITbioTepe. Ha 6aze cucrembr LuNA ObLT IpOBeeH Psifi IKCIEPUMEHTOB,
JIEMOHCTPUPYIONINX aBTOMaTHIeCKOe KOHCTPYUPOBaHUE MapaJsIeTbHbIX IPOrPAMM C 33/ TaHHBI-
MU HeDYHKITMOHATLHBIMA CBOMCTBAMU.

Tax, B [15] Obl1a MOKa3aHa BO3MOKHOCTH ABTOMATHYECKONH HACTPONKM HMCIOJHEHHS 11PO-
IPaMMBbl HA BBIYUC/IUTEH C TTOMOIIBIO mpodminpoBanus. CyTh 3KCIEPUMEHT 3aKTI0IAIACH B
TOM, 9TO TIporpaMma (yMHOXKEHWe TJIOTHBIX MaTPHIL) ¢ MPOU3BOJBHBIM pachpesenennem OB
o y37aM MYJIbTHKOMIBIOTEDA UCHOJHAJIACH B peknMe npoduanpoBanusd. [lociae ucnonnenns
npodUIb aHATU3UPOBAJICA HA MpeIMeT HAMUIWS JUCOATAHCOB 3aIDY3KH BBIUYHUCIUTEIBHBIX y3-
JIOB, U TPHU OOHApYKeHWH aucdasanca Hekoropoe konmdectBo OB, KoTopble HCHOTHSINCH B
COOTBETCTBYIOIIE MOMEHTHI BPEMEHH, ePEeHA3HAYAIICH ¢ IePErPYKEHHBIX y3JI0B HA HEJI0rPy-
JKEeHHBIE. 3aTeM ITPOrpaMMa ONATh 3aITyCKAIaCh B PexKuMe TPOMIIHPOBAHUS, H PACIpeIeeHne
@B cHOBa KOppeKTupoBaJsiock. [locae HECKOMBPKIX TAKUX ITUKJIOB BPeMs BBIIOJHEHHS POTPaM-
MBI CHUZKAJIOCh IO BEJTUYIUHBI, PABHOW BPEMEHU BBIMTOTHEHNS aHAJIOTUIHON MTPOTPAMMBI, pPa3pa-
OOTaHHOW BPYYHYIO HA OCHOBE M3BECTHOH CHCTOJMYECKOi cxembl. Takmm obpas3oMm, HacTpoiika
pacupenenerus OB 1o y3maMm My IbTHKOMIBIOTEPA ObLIA MOCTPOEHA aBTOMATHIECKH.

B pabore [16] Gblin mcctemoBaHbl AJTOPHTMBI ABTOMATHYECKON JHHAMIYECKON Oa/IanCH-
poBku @B u ®JI 1o y31am MyJbTHKOMIIbIOTEpa Ha IMPpUMEPe MOJICTUPOBAHUS IBOJIONUH CAMO-
I'PABUTUPYIONIETO TPOTOIJIAHETHOTO MBLJIEBOTO JUCKA METOJOM YaCTHI-B-sdeilKaX B Tpexmep-
HOI 0071aCTH. DTO MPUJIOKEHHE SIBJISETCS MOKA3aTeJIbHBIM ITPUMEPOM TOTO, KAK OT W3MEHEHUs
BXOJ[HBIX JIAHHBIX 3390 U3MEHSIETCS PACIPejIe/IeHNe BBIYUC/ANTEJHbHON HAIPY3KU MO y3J1aM
MyJIBTHKOMITbIOTEPA. B 9KCIepuMenTe moka3aHo, Kak C MOMOIbi0 ajaroputva Rope of Beads
BBIPDABHUBAETCA JUCOATAHC HATPY3KHU C COXPAHEHUEM MPOCTPAHCTBEHHONW CTPYKTYPHI JAHHBIX 1
BBIYUCJICHUMA.

B paGorax [17-19] paccmaTpuBaloTcst peaiu3anus KOHKDETHBIX TPUJIOKEHUIl B CHCTeMe
LuNA u sdpdexrusaocts koucrpyupyembix cucremoit LuNA nporpamm B cpaBHEHHH € TeMU
JKe aJrOPUTMAaMU, PEAJM30BAHHBIME BPYUHYIO CPEJICTBAMH KOMMYHHKAIMOHHON OUOIMOTEeKH,
peanmsytomieii cranmapr MPI (Message Passing Interface). B [20] paccmarpuBaercst aBromMaTn-
zanusg ucnoab3oBanng GPU B LuNA-nporpamvax. Ilo sTum sKcmepumMeHTaM BHIHO, 9TO -
dexTupHOCTHL LUNA-iporpaMMbl 06bIYHO HIzKE, 9eM 3¢ dhekTuBHOCTH MPI-iporpaMm, aTo, Tem
He MeHee, JYacTO MPUEMIEMO 3a CUYeT MPOCTOTH pa3paboTku, oTaaakn u mogudukanun LuNA-
nporpaMmbl B cpaBuenun ¢ MPI-nporpammoii.

SakaroueHue. Texunosnorus (pparMeHTHPOBAHHOTO MporpaMMupoBanus u cucrema LuNA
IPeJCTABIAIOT MOAXO0 K aBTOMATHIeCKOMY KOHCTPYUPOBAHUIO TAPAJLIEJTbHBIX ITPOIPAMM € 3a-
JIAHHBIMU HeDYHKITNOHATBHBIMA cBoficTBaMu. CO3/IaH 3a/1e 171 TPOBeIeHus IKCTIEPUMEHTOB C
PA3JUYHBIMU CUCTEMHBIME aJTOPUTMAMU U 9BPUCTUKAMHU. [IpomeMoncTpupoBana BO3MOKHOCTH
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aBTOMATHIECKOrO ODecleveHusi pa3indHbIX HedYHKIHOHAJBLHBIX CBONCTB KOHCTPYHPYEMBIX
napaJiieJIbHBIX ITporpaMM. B JlabHeliineM IIaHUPYeTCs pacliupeHre 00JIacTH MPaKTUIECKOro
NPUMEHEHUS] CUCTEMBI 3a cUeT YJIYYIleHUd CHUCTEeMHBIX aJITOPUTMOB M 3IBPUCTHUK, a TaKKe
UCIob30BaHne cucteMbl LuNA 11 moamepKKi TeXHOJIOIHil AKTUBHBIX 3HAHMIA.
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