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HOBA BEPCISA CEPEJOBUIINA BUKOHAHHSA MATHPAR-DAP

Y yiti cmammi 32a0ano ocnosHi ocobaugocmi cepedosuya BUKOHAHHA 0eYeHMPALi308aH020 YNPAGIIHHA
posnodinenumu oouucnennamu DAP (Drop-Pine-Amine), sxi 6yno onyonikosaro 6 [4]. Tonognoio memoio
yiei cmammi € onuc HOBUX (DYHKYIOHATLHUX MONCIUBOCMEU, AKI 3 ABUNUCA 8 OCMAHHLOMY GUNYCKY. AK
NPUKAA0 anzopummy 3 O10K080I0 PeKypCicio onucano axkmopuzayiro Xoneybkoeo cumempuyHoi no3umus-
HO 03Ha4eHoi mampuyi y uenadi O10K08020 OUXOMOMIYH020 ancopummy. Pesynemamu excnepumenmis
O0eMOHCMPYIOMb 2apHY MACUMADOBAHICTNb 3aNPONOHOBAHO20 PilleHHs. 3anpoOnoHO8AHO PO3BUSAMU CNig-
npayio y yitl Hayxkogiu cgepi. Po3pobrenutl npocpamuutl naxem IOKpUmutl 0Jiss CRilbHO20 pO3POOTEHHS,
11020 MOJCHA BLILHO GUKOPUCIOBYBAMU OJIsl HAYKOBUX [ OCBIMHIX Yinell.

KurouoBi ciaoBa: posnonijieHi oO0YHCICHHS, MapajelibHe MPOrpaMyBaHHS, CEPEOBHIINEC BHKOHAHHS,
OpenMPI.

Beryn 3anpornoHOBaHO JUXOTOMIYHHUN OJOKOBHIA pe-
KypCHUBHUI aaroput™ ajis pakropusaitii Xonembko-
ro. O6uncioBabHa CKIaIHICTh BCHOTO AJITOPUTMY
Taka cama, K y aJIrOpUTMy MHOXKCHHS MaTpHIb,
KU Oyne BUKOPUCTOBYBATHUCS IS OIOKOBOTO MHO-
JKCHHSL.

ITo3Haunmo Onoku MaTpulli sk o, B, B, v a Gyoku
Marpuili L, ski moTpiOHO 3HANTH, MO3HAYMMO SIK d,
0, b, c; i npupiBHsiemo no0yTok LL™ no A:

CyyacHi CynepKoMII IOTepHI CHCTEMH, IO Mic-
TSATh COTHI THCSY s7eP, CTHKAIOTHCS 3 TPYAHOLIAMHU
B opranizaiii mapaneinbHux oO4HCcieHb (muB. [1]).
OcHoBHMMH TIpoOIeMaMH € HEPIBHOMipHE HaBaHTa-
JKCHHS Ha arapaTtHi 3aco0H, HAKOIMMYCHHS TTOMUJIOK
MiJ] 9ac OOYHUCIICHb 13 BEIMKUMH MATPUIIMHU Ta
MOXJIMBI BITMOBH SIZIEp TIiJT 9ac MPoIiecy OOUUCIICHb.

HemonaBuo Oyno po3poOieHo yHiBepcalbHY
cXeMy BHSBICHHA nuHamiuHux 3anad (DTD) mns
cepenoBuiia BukoHanHs PaRSEC [2; 3]. Lle cepe-
JIOBHIIIC MOXE MiATPUMYBaTH CUCTEMH 3 PO3Jijie-
HOIO Ta CIUILHOIO TaM’sITTio. el HoBuit mapaaurm
MOKa3aB Kpally NpOAyKTUBHICTh IOPIBHSIHO 3 mMapa-
METPU30BAaHUM IUIAHYBAHHSM 3a/1a4, SIKE BUKOPHC-
TOBYBAJIOCS paHille.

VY [4] onucaHO HOBE CEPENOBUINEC BUKOHAHHS
JUTSL CYTIEPKOMIT FOTEPIB 13 PO3MIICHOIO IMaM’ATTIO.
BoHo mpusHaueHe IS BHPINICHHS MaTPUYHHX
mpo0JieM 3a TIOTIOMOTOI0 aJITOPUTMIB 13 OJIOKOBOIO
pekypciero. Moro ronosHo0 nepesaroro € 3abe3me-
YeHHS e(PeKTUBHOTO OOUYHCITIOBAIBLHOTO TPOIECY
Ta rapHoi MacITaboBaHOCTI MPOrpam K JJIs PO3-
PIDKEHHX, TaK 1 IS IMUTbHUX MaTPHIlh HA KJIACTe-
pi 3 posnuteHoro nam’sattio. llle onmHiero mepeBa-
TOI0 € MOXJIMBICTh peopranizailii 0OUUCITIOBaIb-
HOTO MPOLIECY Y BUMAIKY BiIMOBH OKPEMHUX BY3JIiB
i 4yac 00YUCIIEHb.

I3 mporo BUMIIMBaE PiBHICTH IS OIOKIB:

Jlns oGumcnenHs OJIOKIB a, b Ta ¢ MOTPIOHO BU-
KOHaTd OJIOKOBE MHOXKEHHS, TpPAHCIIOHYBAaHHS,
oOepHeHHs Ta pakTopu3allito XoienbKoro IS JBOX
OJOKiB.

OO0uncneHHsT 00ePHEHOT MaTPHIll MOXKHA YHHK-
HYTH, KO0 OOYMCITIOBATH OOEpHEHY MaTpuio L
pasom i3 marpuiiero L.

Mpuxnaan: paxropusauia XoJeubKoro

JIaHO CHMETPHYHY MO3UTUBHO O3HAYEHY MaTpPH- Iponenypy dakropusarii Xosmempkoro posmm-
10 A. TIOTpi6HO 3HANTH HIDKHIO TPUKYTHY MaTpu- ~ PCHO TAKHM YMHOM, 1100 BOHA IOBEPTANIA HE TLIBKH
o L, Taky mo A = LL Matpuiio L, a il ii obepueny marpumio L. TTorim,

, .
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pasoMm 3 Oiokamu a ta b, obepHeHi Ooku a! Ta bl
VY 1poMy BUMAAKYy oOepHEeHa MaTpuIls 10 L MaTuMe

BUIISI:
(S )
—ctbha™t ¢/

I'pad mpOro pekypCHBHOTO AITOPUTMY ITOKa3a-
HO Ha puc. 1.

Puc. 1. I'pad paxropusanii Xonenskoro

Ha pucyHky 2 HaBegeHO MeXaHi3M yHpaBiliHHA

OOUYHCITIOBAITLHUM MTPOIECOM:

— Drop — une OnokoBo-pekypcuBHa (YHKILIA
pa3oM 31 BXITHUMHU TaHUMH, SIKY MOXKHA TIepeia-
TH Ha Oy/Ib-IKUil poriecop;

— Amine — 1ie Habip yCiX IpomiB NEepIIoro piBHA
pekypcii aeskoi 6J10K0BO-peKypcUBHOI (PyHKIIIT

Puc. 2. Mexani3M ympaBiIiHHSI 004HCIIIOBAIEHIM IPOLIECOM

Ta HaOip ixHiX 3B’s3KiB. 11{06 oGurcnuT Drop,
HNOTPiOHO CTBOPUTH JUI HEOTO Amine;

— Pine — cnmcok ycix Amines, siki 0yJ0 CTBOPEHO
Ha IbOMY TPOIIECOPi;

— Aerodrome — CIHCOK yCiX IpomiB, sKi OyIo
nepezaHo Ha Leil nporecop;

— Terminal — cnicok aporiB, sKi OyJ0 BiAmnpas-
JICHO Ha 1HIII IPOLECOPH.

ExcnepumMeHTH.
Auaroput™ dakropusanii XonenbKkoro

VY Tabnumi 1 momaHo pe3yiasTaTH TPHOX cepii
EKCTICpUMEHTIB. Y KOXHIH cepii po3Mip JIMCTOBOTO
6moky (LS), To0TO po3mip OJOKY, SIKUH 00UMCITIO-
BaBCSA Ha OJHOMY TMpolecopi, OyB MOCTIHHHUM.
¥ mepuiit cepii BiH cTaHOBUB 64, y apyriit — 128,
a B TpeTiit cepii — 256.

VY xoxHil cepii miATpUMyBanocs MOCTiiHE 00-
YHCITIOBAaJIbHE HABAHTA)KEHHS Ha OHE SIIPO: KOIU
pO3Mip MaTpHli IOJBOIOBAaBCS, KIJIBKICTh sIep
3011y BANIACh y BiciM pa3iB. OTxe, KUIbKICTb siIep
6yna 1, 8, 641512, a po3mip Marpulli CTaHOBUB 256,
512, 1024 1 2048. BukopuCTOBYBajWcCsS 4YHCIa
BigDecimal 31 100 necsitkoBumu 1mdpaMu y
JpOOOBIH YaCTHHI.

ExkcniepumenTH mokaszaiu, 10 HaWKpamuMm Ju-
CTOBHM OJIOKOM JIJIs Kitactepy OyB 128.

3 apyroro psiika Tabn. 1 BUAHO, IO KOJH KiJib-
KIiCTh siJiep 30UTBIIYETHCS Y BICIM pasiB, yac 004HC-
neHb 30ibiyerses y 364/121=3.0, 896/364=2.4 ta
1996/896=2.2 pasu BimmoimHo. OTxke, BIAMOBIA-
auii TLR cranoBute [3Y3.0, V2.4, 322 ] =
[1.44,1.34, 1.3].

I1i nani BKa3yrOTh Ha rapHy MacIITa0OBaHICTh
3aIPOIIOHOBAHOTO TIPOTPAMHOTO PillIeHHS.
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OO0YHCIIOBAIBHI SKCIIEPUMEHTH MPOBOIMIN Ha
knactepi MVS-10P CASCADE LAKE (2256 snep,
Intel Xeon Platinum 8268, 28 simep / 48 moToKiB,
2.9 I'Tu, 35.75 MB kem-nam’sari, 96 I'b O3I1 nHa
TIPOIIECOp).

ononanusa npodiaeMu CHHXPOHI3auii noBino-
MJIeHb i3 OJI0KYBaHHAM

[Tin yac BijIaroKeHHSI CUCTEMH OYyJIO BHSIBIIC-
HO TIpo0JIeMy CHHXpOHI3allii moBiiomiieHb. Criodar-
Ky BCi miepecrinanHs Oynau HeOnmokyrounMu. OmHak
3a MepecusaHHs BEIMKUX O0CSTIB aHuX Oyino BU-
SIBIICHO TIEPETIOBHEHHS Oy(QepiB i pylHYBaHHS Ma-
cuBiB. ToMy Oyino MPUHHATO PillIEHHS BUKOPHCTO-
ByBaTH OJIOKyBaJIbHE MEPECHIIAHHS IS X OBi0-
MJICHb.

OnHak 3a TakMX yMOB ITOCTaja mpobiremMa «Mep-
TBOTO 3aMKka». [lovajau BHHUKATU CHTYyaIlil, KOIH
JICK1JIbKA MTPOIIECOPIB BXOIWIA B KOMaH]y BiJIIIpaB-
JICHHS TIOBiJIOMJICHB, aJie MPU IIbOMY MEPIINA Bij-
MIPABIISB IPYTOMY, IPYTHIA — TPETHOMY 1 TaK Jaii, a
OCTaHHIA BignpaBiIsB nepimomy. OueBUAHO, LIO
mporpama 3aBucaa.

st moponanHst 1€l mpobaemMu OyI0 BBEICHO
MIEBHI MMpaBwWiia. Yci MOBIJOMIICHHS, KpPiM THX, IO
BIITIPABIISIFOTh BENHMKI 00’ €KTH JaHUX, MOXKHA BiJl-
mpapnsaTH B pexumi  iSend  (HeOMOKyBaJIbHHNA
pexxum). Jlns BiampaBiIeHHA BEIUMKUX 00 €KTiB
JAaHUX HEOOXiTHO BHKOPUCTOBYBAaTH OJIOKYBAJIbHI
noBiomiueHHs. OHAK JUIsl IBOTO TOTPIOHO 3a0e3-
TIEYUTH, 11100 TIOBIJJOMJICHHSI B OJIOKYBAJIEHOMY pe-
KUM1 He MOXKHa OyJlO BiANPaBUTH, SKIIO € PU3HK,
oo IijJ 9ac IXHHOTO TEpeJaBaHHS € MOXKJIHBICTh
OTPHMATH YHECH MOBIJOMIICHHS B OJIOKYBaJIbHOMY
pexxuMi. Tomy HEOOX1THO 3a00pOHHUTH BiATIpaBIICH-
Hs OJIOKyBaJIbHMX TOBIiJOMJICHB, KOJI OUYIKYETHCS
MpHIiOM OJIOKYBaJBHOTO MOBiAOMIIEHHS. /1) 11bOTO
JOCTaTHBO BiIOKPEMHUTH Yac BiAMPABICHHS Ta MPU-
oMy OJIOKYBaJIbHHX TIOBiJJOMJICHb.

JLtst po3nisieHHs IUX ABOX MOJIN (BiAMpaBIeHHS
Ta MpUiiMaHHs OJIOKYBaJILHOTO ITOBIIOMIICHHS ) BBE-
JICHO OyJIeBYy 3MIiHHY recv, sKa Ma€ TakKi CTaHu:

— False (3a 3aMoBUyBaHHSIM) — JI03BOJICHO BiJ-

MpaBJeHHs OJIOKYBAJIBHUX TOBIIOMIICHB, alie

3a00pOHEHO iX NMPUHMaHHS;

— True — ovikyBaHHs Ha IpUKAMaHHS OJOKYBaJIb-
HUX TMOBiIOMJIEHb, 3a00POHEHO BiAMpPaBICHHS
OJIOKYBaJIBHUX MTOB1IOMIICHb.

CraH 3MiHHOI recv Mae OyTH CHHXPOHI30BaHO Ha
BCiX mporiecopax. /i 11bOro BBEJCHO HOBI CTPYK-
TypH JaHuX. BUHATOK CTaHOBUTH KOPEHEBUI IIPO-
1IeCop, SIKU MOXKe BIAMPaBIATH OJIOKYBaIbHI TIOBIi-
JoMJIeHHs 0e3 3anuTy. Takox, SIKI0 HOMEp Mpole-
copa IapHHii, BiH MOXKE BIAMPABIIATH MOBITOMIICHHS
6e3 3anuTy Ha BUIBHMIA IpoLIECOp i3 HEMAPHUM HO-
MepoM. Y BCIX 1HIIUX BHTAAKAX MOTPiIOCH 3aITuT.

Ili BUHATKK BBENEHO MJIsI MPUCKOPEHHS BHKO-
HaHHS IPOTPaMH, YHUKAIOUN 3aBHCAHHS.

VYei onepauii nepecuiaHHs HOAIISIOTH Ha OJo-
KyBaJIbHI Ta HeONOKyBabHI. HeOnokyBanbHe mepe-
cunanHa (iSend) mepenbauae BigmpaBieHHS CTaHY
mpolecopa, BiAMPaBICHHS CIUCKY BUIBHUX TPOIIle-
COpiB, BiANIPABICHHS 3alUTy HA BIANPABKY OJIOKY-
BaJBHOTO TOBIJIOMIICHHSI, BIJPABJICHHS ITiITBEP-
JUKeHHS TIpUiOMYy OJOKYBaJbHOTO MOBiIOMIICHHS
Ta BIJNpPAaBICHHSA BiIMOBH Ha BiJIpPaBKy OJOKY-
BaJILHOTO 3aluTy. bIllOKyBanbHEe mepecuiiaHHsg
(send) — BiampapieHHs 3aBIaHHS BUIAJICHHS Ha
BIJIbHI NPOIIECOPU Ta BiAIPaBICHHS PE3YJIbTaTy Ha
0aTbKiBCHKI MPOLIECOPH.

Jns cuHXpoHi3alii pexxuMmy HpuilMaHHS-BiA-
TpaBlIeHHS OyJ0 BBEACHO JONATKOBI KOMAaHIH IS
3aIUTy JI03BOJIYy Ha BiJNpaBieHHs OJOKYBaJIbHOTO
TIOB1IOMJICHHS T4 MOBIJIOMJICHHSI PO Te, IO MPO-
L[ECOp TOTOBHU MPUHHATH OJIOKYBajbHE TMOBIIOM-
neHHs. J{msg KepyBaHHS MK TIOBiJOMIICHHSIMH
CTBOPEHO TPH CITUCKH:

— waitingFromOthers — cnucok nporiecopis, ski
3aIHUTaNM JO3BII HA BiANPaBICHHS OIOKyBajb-
HOT'O ITOBIIOMJIEHHS;

— waitingOutput — CIHCOK HpOLECOpiB, SKUM
yke OyJIo BiJlIpaBJCHO 3alUTH Ha JIO3BIJ Bil-
MPaBUTH OIOKYBaJIbHE MOBIJOMIICHHS;

— approvedOutput — CIIUCOK MPOIIECOPIB, SIKi BXKE
Jlali 3rofly Ha BiJNIpaBlIeHHs OJIOKYBaJIBLHOTO
[IOB1JJOMJICHHS.

CraHu 3MiHHOI recv 3MIHIOIOThCS B TaKUX BH-
magKax:

— recv = false: micast mpuilomy oxHOro OJIOKY-
BaJBHOTO TIOBiTOMJICHHSI — HE I03BOJICHO IIPH-
WmarTu;

Tabnuys 1
MacmradoBanicTs agropurmy Xosenbkoro A yuce BigDecimal
3i 100 necsaTkoBUMH HHPpPamMu (4aC y CeKyHIaXx)

#core / matrix size 1/256 TLR 8/512 TLR 64/1024 TLR 512/2048
Time for leaf size 64 1.22 min 1.14 1.8 min 2.4 24.84 min 1.05 28.92 min
Time for leaf size 128 1.21 min 1.44 3.64 min 1.35 8.96 min 1.31 19.96 min
Time for leaf size 256 1.15 min 1.96 8.72 min 1.21 15.5 min 1.16 23.96 min
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— recv = true: MiCJS BiANPAaBICHHS ITiITBEPIHKEH-
HS Ha 3alUT Ha BiIpaBKy OIOKYBaJIbHOTO MOBi-
JIOMJICHHSI — 3a00pOHEHO BiIITPABIISATH.

BucHoBkn

VY cTarti Oys0 OMMCAaHO CEPENOBUIIC BUKOHAHHS
DAP (drop-amine-pine). OCHOBHOIO OCOOJIHBICTIO
DAP € #oro 3marHiCTh TOCHIJIOBHO PO3rOpTaTH
¢byHKIIT B TIMOWHY, TMIATPUMYIOYHM BCi CTaHU Ha
Oy/Ib-SIKOMY PiBHI BKJIQJICHOCTI JI0 3aBEPIIICHHS BCiX
00UYHNCIICHB Y TOTOYHOMY OOUYHCITIOBATIBHOMY ITiJijIe-
peBi. Takuii migXix gae 3Mory OyAb-SIKOMY TMPOIIE-
COpY BUILHO TIEpPEMUKATUCS MiX Tij3amadamMu Oe3
OYiKyBaHHS 3aBEPIICHHSI IOTOYHOI ITi3a/1a4i.

BaxinBoro O0COONUBICTIO IILOTO CEPEOBHUIIA
BUKOHAHHS € 3aXUCT BiJI BI]MOB JCSKUX BY3JIIB ITiJ|

gac OOYHUCIIeHb. BaTbKIBCHKUI BY30JI, KWW Hai-
ciaB apon (drop) CBOEMY IO4ipHBOMY BY3ITY, TOBH-
HEH OTpUMaTH pe3ynsrar. OqHaK, 3aMiCTh pe3yiIbTa-
Ty, BIH MOXXE OTPUMAaTHU MOBiOMIEHHS PO CTATyC
IOYipHBOTO By37a. Y TakKMX BHIAAKAaX 3aBIaHHS
I[bOTO JIPOIIa NEePEHAIIPABISEThCS HA albTePHATHB-
HU#l By30i. JlogaTkoBi 3MiHM B 1HIIWUX By3JIaXx HE
notpibHi. B pe3ynsrari Oyae BTpadeHo Ta B MOJalb-
IOMY TIepepaxoBaHO JIUIIE ITiIIEPEBO, IO BiIOBI-
Jla€ IbOMY JIPOITY.

Ile cepenoBuine BUKOHAHHS OyJi0 pealli3oBaHe
Ha MOBI NpOrpaMyBaHHs Java i BUKOPHCTOBYE iH-
Tepdeiic JUIA  KOMYHIKAmii MK MpoIecopamMu
OpenMPI. BuxinHuii ko IporpamMu JOCTYIIHHH 3a
URL-anpecoto: https://bitbucket.org/mathpar/
dapO1/src/master/src/main/java/com/mathpar/
parallel/dap/.

Cnucok nimepamypu

1. Dongarra J. With Extreme Scale Computing the Rules Have
Changed. Mathematical Software / J. Dongarra // ICMS 2016,
Sth International Congress, Procdistributed memoryeedings
(G.-M. Greuel, T. Koch, P. Paule, A. Sommese, eds.), Spring-
er. — 2016. — No. 9725. — Pp. 3-6.

2. Dynamic Task Discovery in PaRSEC- A data-flow task-based
Runtime / R. Hoque, T. Herault, G. Bosilca, J. Dongarra // Proc.
ScalA17, Proceedings of the 8th Workshop on Latest Advances
in Scalable Algorithms for Large-Scale Systems, November
12-17, 2017, Denver, CO, USA. — 2017.

3. PaRSEC: A programming paradigm exploiting heterogeneity
for enhancing scalability [Electronic resource] / [G. Bosilca,
A. Bouteiller, A. Danalis et al.] / Computing in Science and
Engineering 99 (2013). — 2013. — https://doi.org/10.1109/
MCSE.2013.98.

4. Supercomputer Environment for Recursive Matrix Algorithms
[Electronic resource] / G. I. Malaschonok, A. A. Sidko //
Program Comput Soft. — 2022. — Vol. 48. — Pp. 90-101. —
2022. — https://doi.org/10.1134/S0361768822020086.

References

Bosilca, G., Bouteiller, A., Danalis, A., Faverge, M., Hérault, T., &
Dongarra, J. (2013). PARSEC: Exploiting Heterogeneity to
enhance scalability. Computing in Science and Engineering, 15
(6), 36-45. https://doi.org/10.1109/mcse.2013.98.

Dongarra, Jack. (2016). With Extreme Scale Computing the Rules
Have Changed. In Proceedings of the 25th ACM International
Symposium on High-Performance Parallel and Distributed
Computing (HPDC ’16). Association for Computing Machinery,

New York, NY, USA, 123. https://doi.org/10.1145/
2907294.2926972.
A. Sidko

Hoque, Reazul, Herault Thomas, Bosilca George, & Dongarra, Jack.
(2017). Dynamic task discovery in PaRSEC: a data-flow task-
based runtime. In Proceedings of the 8th Workshop on Latest
Advances in Scalable Algorithms for Large-Scale Systems
(Scald ‘17) (Article 6, pp. 1-8). Association for Computing
Machinery, New  York, NY, USA. https://doi.
org/10.1145/3148226.3148233.

Malaschonok, G., & Sidko, A. (2022). Supercomputer environment
for recursive matrix algorithms. Programming and Computer
Software, 48 (2), 90-101. https://doi.org/10.1134/s03617
68822020086.

WHAT IS NEW IN THE LATEST RELEASE
OF MATHPAR-DAP RUNTIME

In this paper, we recall the main features of the DAP runtime, that was published in [4]. But the main
purpose of this paper is to describe the new functionality that appeared in our latest release. As an example
of a block recursive algorithm, the Cholesky factorization of a symmetric positive definite matrix in the form
of a block dichotomous algorithm is described. The results of experiments demonstrate good scalability of
the proposed solution. Modern supercomputer systems containing hundreds of thousands of cores face dif-
ficulties in the organization of parallel computations (e.g., see [1]). The three main difficulties are the nonu-
niform hardware workload, accumulation of errors in the process of computations with large matrices, and
possible failures of cores during the computation process.
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Recently, a universal Dynamic Task Discovery (DTD) scheme for the PaRSEC runtime environment [2],
[3] has been developed. This environment can support systems with shared and distributed memory. This
new paradigm demonstrated better performance compared with the parameterized task scheduling that was
used earlier.

In [1] we described a new runtime environment for supercomputers with distributed memory. It is de-
signed for solving matrix problems using block recursive algorithms.

Its main advantage is to provide an efficient computational process and good scalability of programs
both for sparse and dense matrices on a cluster with distributed memory. Another advantage is the ability
to reorganize the computational process in the event of failure of individual nodes during computations.

A key feature of DAP is its ability to sequentially unroll functions in depth, maintaining all states at any
nesting level until all computations in the current computational subtree are complete. This design allows
any processor to switch freely between subtasks without waiting for the completion of the current subtask.

An important feature of this runtime environment is protection against failures of some nodes during
computations. The parent node that sent a drop to its child node must receive a result. However, instead of
a result, it may receive a message regarding the status of the child node. In such cases, the drop task is re-
directed to an alternate node. No additional changes to the other nodes are required. As a result, only the
subtree corresponding to this drop will be lost and subsequently recalculated.

We would like to develop cooperation in this scientific area. The software package developed by us is
open for joint development, and can be freely used for scientific and educational purposes.

Keywords: distributed computing, parallel programming, OpenMPI, runtime.
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