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Anorarisa

Y poboTi po3rIgIaeThCst OCHOBHII 00eKT cepemonuina BukoHanus DAP-SRT
— aport. PeasizoBano po3mmpentst (yHKIIOHAILHOCTI JIPOIA MIJISTXOM JI0/IaBAHHS
HE3MIHHUX BXIJTHUX IOJIB. PeajizoBano Ta nmporecToBano e(peKTUBHICTL Ha aJro-
PUTMI MHOYKEHHSI MaTPUIll Ha 1 BeKTOpPIiB. [IpoaHaizoBaHo oTpuMaHi pe3yabTaTi

Ta 3p00JIEHO BUCHOBKHU I1PO HOJIAJIBIINN PO3BUTOK JIOCJIII?KEHHSI.

Kiro4oBi cjioBa: dpon, imepayitinu ai20pumm, KA104 CMaHy, 004UCA08GND-

He depeso, Mampuus, MAMPUYHT AA20PUMMU, CYNEPKOMN TOMED.
’ ) )

This work examines the core object of the DAP-SRT runtime environment —
the drop. The functionality of the drop is extended by adding immutable input
fields. The implementation and effectiveness of the extension are tested using
the matrix-by- n n-vectors multiplication algorithm. The obtained results are
analyzed, and conclusions are drawn regarding the further development of the

study.

Keywords: drop, iterative algorithm, state key, computational tree, matrix,

matriz algorithms, supercomputer.



Beryn

AkryasbHicTb Temu. Cydachi 004Unc/I0BaIbHI 38/1at1, 30KpeMa PO3B’ d3aHHS
BEJINKUX crcTeM JiiHiitHuX anrebpaiannx pishstab (CJIAP), morpebyoTsh Bucoko-
IPOJLYKTUBHIX OOUNCIIOBAIbHIX CEPEIOBUIIL, 3aTHUX ONTHMAILHO BUKOPUCTOBY-
BaTn pecypcu cynepkomi'torepiB. Cepenouine Bukonanus DAP-SRT, zacnosane
Ha OJIOYHO-PEKYPCUBHUX AJTOPUTMAX, € e(PeKTUBHUM IHCTPYMEHTOM JIJIsT TAKIX
zasiad. OHak ioro nmorodnuit pyHKIIOHA 00OMEXKEeHN Y HATPUMIL iTepariitHux
MaTPUYIHUX aJITOPUTMIB, Jie MK 1TepallisiMi 3MIHIOETHCA JINIIEe YacTUHA BX1JIHUX
JAHNX, K, Hanpuk/aajd, B aaropurMi Jikcona. Posmmpenns moxiusocreit DAP-
SRT jist 3abe3nievderdst epeKTUBHOI 0OPOOKN TAKUX aJI'OPUTMIB € aKTyaJbHUM
3aBJIAHHSAM, 1110 CHPUATUME ITIBUIIEHHIO TTPOIyKTUBHOCTI OOYUCIEHb Ta PO3IIHU-
pPEeHHIO cdepr 3aCTOCYBAaHHS CEPEJIOBUIIA.

Merta. Mema poboTu moJsirae y BIOCKOHAJIEHHI cepeoBuiia BuKoHaHHs DAP-
SRT nuisixom po3poOKHM Ta BIPOBAJIKEHHs iTepaliifHOro JApoIy 3 IATPUMKOIO
HE3MIHHUX BXIJIHUX TIOJIIB 1 MeXaHI3My YIIpaBJIHHS CTaHaAMU 1Tepallii /s I111BU-
meHHs e(DeKTUBHOCTI BUKOHAHHS ITEPaIiifHIX MAaTPUIHUX aJITOPUTMIB.

SaBaaHHS JOCJI1I>KCHHS.

e [IpoanasnisyBarn apxitekrypy cepemoBuiiia BukoHanus DAP-SRT i itoro

OCHOBHI KOMITOHCHTH.

e Pozpobutny iTepamiitHuii Apon 3 HiATPUMKOIO HE3MIHHUX BXIJIHHX IIOJIB Ta

KJIIOYIB CTaHY.
e InrerpyBaru HOBY (dyHKIIOHAIBHICTE y cuctemy DAP-SRT.

e [IpoBecTu ekcriepuMeHTAJILHY MTEPEBIPKY 3aIIPOTIOHOBAHOTO PIllIeHNHs Ha MTPU-

Kﬂaﬂi MHO>KEHHA ManI/IL[i Ha BEKTODPMU.

e OninnTn edPeKTUBHICTH ITEpaliifHOro Ii/IX0/ly HOPIBHSIHO 3 KJIACUIHUM 33

JaCOM BHKOHaHHA Ta BUKOPHUCTaHHAM rmaM 4Ti.

O0G’eKT i peamer gocuaimxkenHsi. 06’'ckmom docaidrncenns € cepesoBuIle
BukoHauHss DAP-SRT Ta itoro dbyukuionas. IIpedmemom 0ocaidncerts MeTOIN Ta
zacobu posipenns DAP-SRT, 3okpema iTepartiitai Jporin Ji/ist MHOYKEHHS MaTpPH-
Il HAa BEKTOP 13 MIJATPUMKOIO HE3MIHHUX BXIJIHUX JIAHUX Ta yIPaBJIHHS CTaHAMU

iTepariii.



HaykoBa HoBuU3Ha pobdotu. Haykxosa nosusna IOJsIrA€ y PO3POOII HOBO-
ro tumy irepamiiinoro jgpomy st DAP-SRT, axwuit 3abesneuye 30epeKeHHsT He-
BMIHHUX BXIJHUX JaHUX MiXK iTepalissMu Ta e(@eKTUBHe yIpaBJiHHI CTaHAMMI,
10 3MEHIIYe O0UYMC/IIOBAIbHI BUTPATH Ta IJABUILYE HPOAYKTUBHICTH ITOPIBHSIHO
3 ICHYIOUUMH TI11J1X0/IaMHu.

IIpakTuune 3HaYeHHS poboTu. [Ipaxmuwure 3nauenms TOJSITaE Y CTBO-
perni Baockonasenoro dgyukiionanay DAP-SRT, axuit nossosntsh edexTupHie
BUKOHYBaTH iTepaliiiHi MaTpudHi aJropuTMU Ha CYIEPKOMII IOTePHUX CHCTEeMaX.
3alporoHoBaHe PO3IINPEHHsT MOyKe OyTI 3aCTOCOBaHe B 3aJa4aX JUCeJIbHOIO MO-
JIeJIIOBaHHSA, 0OPOOKM BEJIMKUX JAHUX Ta IHIINX raJy3sdx, Jie HoTpidHa BUCOKa 00-
YUCTIOBAJIBHA MTPOJYKTUBHICTD.

Crpykpypa pobortn.

e YV mepIiroMy po3iji Iiel poOOTH PO3IVISTHYTO cepeoBuIle BUKoHaHHss DAP-
SRT, itoro apxiTekTypy Ta 0a30Bi KoMmoHeHTH, Taki sk Drop, Amin, Pine,
Vokzal, Track, Aerodrome ta Terminal, a Tako:K HaBelIeHO IPUKJIAIN pea-

JI3allll MHOYKEHHS MaTPUIlb 1 MATPUIll Ha BEKTOP.

e Y JipyroMmy po3Jiiji 3ampornoHoBaHo posimupents ¢yHkiionaay DAP-SRT
yepe3 BBeJIeHHS KOHIIEINIIIl 1TepalliiiHoro JIpolly, BK/IYA0UN KJ04l CTaHy
(TpocTHit, MOYATKOBHA, MPOMIKHII, (biHATBHUIT) Ta MEXaHI3M yTpaBJiHHSI
HE3MIHHUMU BXiJHUMM HOJISIMHU, IO JO3BOJISIE ONTUMI3yBaTH 00UNC/IIOBAIb-

HUII IIpoIIeC.

e VY TpeThOMY PO3/ILJI TOJAaHO pPe3Y/IbTaTh TECTyBaHHS 1TepariifHoro Jpoiry,
BKJIIOYAIOYN TIOPIBHAHHS YaCy BUKOHAHHS Ta 00CATY BUKOPUCTAHOI ITaM sITi

MK KJIQCHUIHUM 1 1TepaliiiinM MeTogaMU JJId PI3HUX PO3MIPIB MaTpPHIIb.

PesynbraTu pociizkaas Oy anpobosani Ha XIII Beeykpalncbkiii HayKoBiii

KoHMepenIiii Moonx MaTeMaTrkis [1].



Poznain 1. CepenoBumnie BukoHanasa DAP-SRT

1.1. 3araapHa xapakrepuctuka cepeaosumnia DAP-SRT

Cepenopuitie DAP-SRT € memenTpaJiizoBaHOI0 CUCTEMOIO KePyBaHHs 3aB/la-
HHSIMI, IIPU3HAUEHOIO /I BUKOHAHHS ITapajebHIX O0UMC/IeHb Ha KjacTepax i3
PO3110/11/1eHOI0 1aM ' sITTI0. BoHO po3pobiieHe /11t po3B’si3aHHs 3a/1a1 BICOKOI 004N-
CJIIOBAJIBHOI CKJIAJIHOCTI, 30KpeMa B TaJjy3sX JIHIIHOI aJredpu, 4nce/JbHOr0 aHa-
Ji3y Ta MaremarudHoro mojemoBanug. DAP-SRT zabesneuye edpextuBny peaJii-
3aIlil0 OJIOKOBO-PEKYPCHUBHUX aJICOPUTMIB, SIKi JI03BOJIAIOTH PO3MOIIINTH CKJIA HI
3aJadi Ha I11i/13a/1a4i, 1110 00pOOJISIIOTHCsI TIapaJieIbHO.

Ocnosnoto ocobsmBicTio DAP-SRT € ninrpumka JuHaMidHONO PO3IOILTY 00-
YHCIIOBAJIBHUAX pecypciB yepe3 modynoBy rpadis. Lle 3abe3nedye onrumabHe BU-
KOPUCTaHHsI PEeCypCiB 1 MiABUIIYE IPOJYKTHUBHICTL HIPKU 00POOI BEJMKIX 00CSTiB
nanux. CepeioBuiiie aJalToBaHO JJIs POOOTH 3 MOBOIO IIpOIpaMyBaHHs Java Ta

interpye nporoxkon MPI g edbekTBHOT KOOpiMHAIIT MiXK ITPOIECOPaMU.

1.2. ApxitekTypa cepenoBumia DAP-SRT

Apxirekrypa DAP-SRT mae raki kitouoBi koMionerTu [2|:

e Drop — 6aszoBa obumc/IIOBaIbHA OAUMHUIIA, IO BIJIMIOBiIAE 38 BUKOHAHHS
OKpeMol omepaliil, HAIIPUKJ/IaJ, MHOXKEHHS MAaTPUIL YU O0UNC/IEHHS eJIeMeH-
TiB. Koxkern Drop acoriiioeTbest 3 KOHKPETHOO 3a/1a9ef0 Ta Ma€ yHIKaJIbHII
inerrudikarop (key), skuit BusHadae foro micre B 00UNCTIOBATBEHOMY Ji6-

pEB.

e Amine — migrpad, sgkuit peasizye okpemuil mianporec obuncjieHb. Amine
YTBOPIOETHCS MIJIAXOM 00’€/IHaHHs KIJILKOX Drop-iB y i€papxiuHy CTPYKTY-
Py, Jle KoxKHIi Drop BUKOHY€E CBOIO 9acTHHY 004YKC/IeHb, & Amine KOOpINHY€
iX CMHXPOHIi3allil0 Ta Iepejgady pe3ysbTaTiB. [licss 3aBepiieHHs 00UNC/IeHb
y aporax, Amine 30epirae pe3yabTaTi Ta Iepeiae IX Aajii Bropy o o04n-

CJIIOBAJILHOMY JlepeBy 10 Pine.

e Pine — crpykrypa jist 30epiranist Amine-iB, sika BUKOPUCTOBYETHCS J1JIsT
IJIAHYBAHHS Ta KOOP/WHAaIl BUKOHAHHS 3ajiad. Pine BucTylae meHTpasb-

HIM PEIIO3UTOPIEM, Jie 30epiraloThcs BCi akTuBHI Amine-m, a TakoxK 3a0e3-
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1evuye 1X PO3IOJiI MK JOCTYyIHUMK Iporecopamu. IIponec poboru Pine
BKJIIOYA€ MOHITOPHHI cTaHy Amine-iB, JuHaMiuHe IepeHalpaBIeHHs 3a/1ad
Ha BiJIbHI mporecopu. Lle 103BoJIsie e(beKTUBHO PO3IOIIISATH HaBaHTaYKEeHHsI

MIZK IIPOIeCOpaMU.

e Vokzal — uyepra, 110 BIOPSIKOBYE JIPOIN 3a TVIMOMHOIO IXHBOI'O PO3TAIITY-
BaHHsI B OOYMCJIIOBAJILHOMY JepeBi, 3abe3rneuyoun epeKTHBHE BUKOHAHHSI.
Koxken pisenb wepru (Level 0, Level 1 rorro) Bijgnosinae neBHomy etarry
BUKOHaHHS, Jile Drop-u 3 HIKYINX PIBHIB BUKOHYIOThCd Tepmnmu. [Iporec
obpooku B Vokzal nependauae Bubip joctynunx Drop-iB i3 yeprun Ha oCHOBI
IXHBOI'O TIPIOPUTETY Ta Mepejiady 1X J0 BIIIIOBLIHUX ITPOIECOPIB JIJIsl BUKO-

HaHHS, 1110 MIHIMI3Y€E IIPOCTOI.

e Track — jlokajbHEII CIIMCOK JPOIIB, JOCTYIHUX JI/Isi 0OPOOKU KOHKPETHIM
IIPOIECOPOM, IO MIiHIMIZy€ KOHQJIKTH IIiJ Jac IapaJebHOIO BUKOHAHHS.
[Iponec onosyiennst Track BigOyBaeTbCst IMHAMIUHO: KOJIU IIPOIECOD 3aBep-
nye obpobky norounoro Drop, Bin 3anutye Hactynuuii i3 Vokzal abo Aero-

drome, 3abe3reuyoun Oe3nepepBHy podOTy 0€3 3aiiBUX 3aTPUMOK.

e Aerodrome — cxoBuiie jj1s1 30epiraitsl MPOMIXKHIX PE3YJIbTATIB, sIKe BH-
KOPUCTOBYEThCA JIJIsT 300PY JAHUX i3 Jo4ipHix jporis. [Iporec poborn Aer-
odrome BKJIIOYa€ MPUITOM pe3yJIbTaTiB BiJl JouipHiX Drop-iB, iX TuM4acoBe
30epiraHHst Ta 1epejgady J0 0aTbKiBCbKIX KOMIIOHEHTIB IIC/Isl 3aBEPIIECHHS
00YNCIeHb Ha HUKINX piBHAX. [le 103B0JIsg€ YHUKHYTH JTyOTIOBAHHS JTaHITX

1 CIIPOIILY€E CUHXPOHIZAIIIIO.

e Terminal — mexaHizM 0OMiHY JAHUMU MiXK IIpoIlecOpamu, IIo 3abe3Iie-
yye CHHXPOHI3allil0 Ta Iepejady pesyiabrariB. I[Iporec oOMiHy gaHmMU B
Terminal Bximowae sk OoKkyBasbHi onepariii (send/recv), Tak i acHHXpOHH]
(iSend /iRecv), 110 J103BOJIsIE AN TyBaTH KOMYHIKAIIO J0 crienudik 3a-
ngadi. Terminal Tako:K KOHTPOJIIOE HIIICHICTH NepeJaHnX JaHUX 1 BUPIIIYE

MOXKJTMBI KOH(JIKTH, HAITPUKJIA, IPU TapaJie/IbHOMY JOCTYII JIO CHLJIBHUX

pecypcis.

Ha pucynky 1.2.1 300paxkeHo, 9K B3a€MOIISIThH OCHOBHI CKJIQJIOBI CepeJloBH-
ma. [Iporec KoopmHarii mounHaeThesd 3 iHimiasizarii Drop-iB y Pine, X po3moi-

ay depe3 Vokzal, jayii BUKOHYIOTbCsST OOUNC/IeHHsT ¥ Amine-ax i3 BUKOPUCTAHHSAM
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CalcThread-iB, a pesyiabratn 30uparoTbcst B Aerodrome Ta IepealoTbest depes

Terminal, yTBopioroun 3aMKHYTHIT IIUKJI 0OPOOKHU 3aj1ad.

Puc. 1.2.1: Cxema B3aemozil kommnonenris DAP-SRT

Aerodrome
List of drops from parent processors

Pine

— it 4 pROP H DROP £ DROP H DROP RO

Funaction

M k=inv(d) B w=c*x M

% = inv(a) wElew Lz

=B

e — —_—
—— — —

M ox=invia) M k=inud) B w=cx  p z=--1‘"w »fx_‘:ék)'{—Amin

. = - r P p —————— .
| e ~ = _\___,_.-—q:__\_;,ﬁ:—\_ e
¥ — — T " —
T— T e
Terminal

List of drops, which were sent to
daughter processors

List of drops resulls,
additional components, drops
ifrom parent - enly current

processor can take

Track

Vokzal

List of available drop-tasks

«— Level 3

«—— Level 2

«— lLevel 1

Drop

Drop

«— Level 0

1.3. Opragi3alis IOTOKIB JIJIsI PO3B’I3aHHS 3aBIAaHHS

Y cepejopuiii Bukonanust DAP-SRT mu BukopucToByeMo jiBa MOTOKHU: JIHC-

[eTYepChbKuii Ta, 00UNC/IIOBAJILHUIM.

DispThread sijnosinae 3a po3mo/iiy JpoIIiB, sIKi MIiCTATb BXIJIHI Ta, BUXIJIHI

JTaHl Ta peasisyloTh KOHKPETHI onepallil (HAIPUK/Ia, MHOXKEHHS MATPHIh). Di-

spThread anasizye rpad, Bu3Havae Moc/i0BHICTh BUKOHAHHS JIPOIIB, PO3IOJILISIE

X MIxK JOCTYIITHUMU IIPpOoIeCOpaMM Ta KOHTPOJITOE IEPEAITTY JaHNX. Bin Takox cre-

JKATH 328 CTAHOM T'pada, JUHAMIUYHO aJIallTyIOuNCh JIO 3MiH Y KiJIbKOCTI aKTUBHUX

IpoIiecopiB abo HaBaHTayKEHHI HA CHCTEMY.

CalcThread 3ocepe izkennii Ha BUKOHaHHI oO4ncieHb. Bin Binmosigae 3a 06poo-

Ky omepariiif, BuzHadennx y ioro ajsropurmi. CalcThread BuxkopucroBye HajgaHi

BXIJIHI JIJaH1, BUKOHY€ HEOOX1/IHI PO3PaXyHKH Ta MepeJlac€ Pe3yabTaTh gajli B iepap-

xil rpada. Li moToK1 npaloioTh HapaJjieabHo, 0 JI03B0JISLE 0JIHOYACHO 00PO0/IATH
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KiJIbKa JIPOIIB Ha PI3HUX IPOIEecopax, MaKCUMI3yI0OUl BUKOPUCTAHHSA OOUHMCIIO-

BaJIbHUX PECypCiB KJjacTepa.

1.4. ITpukaaj MHOXKEHHSI MaTPUIIb

Teniep posywmitoun, sik mpaiiioe cepejiopue Bukonanuss DAP-SRT posristaemo

peaJsii3oBaHuil aJI'OPUTM MHOXKEHHSI MaTPUILb.

1.4.1. AnropuT™M MHOXKEHHS MaTpUIlb Ha 8 IIpoliecopax

Anropurm MHOKenHst MaTpuilh y cepeqonuii DAP-SRT peasizoBano 3 Buko-

PUCTaHHAM 6JIOUIHO—peKprI/IBHOFO HiﬂXOﬂy, AKNANA JO3BOJIAE e(beKTI/IBHO pOBHO,ZLi—

JINTU 00YUC/IIOBAJIbHI omepallil Mi»k BicbMoMa 1poiiecopamiu. Lleit nponec Bigodbpa-

JKa€ CTPYKTYPY rpada 3a/1e:KHOCTEN.

Ha Bxozai maemo jBi marpuii A ta B.

Marpuiii po30HBaIOTHCST Ha YOTHPU MEHII ITIMATPHIN KOXKHA (OTPUMYEMO

8 mijmarpuib): A -> a,b,¢c,d Ta B -> [, m,n,p.

i migMaTpuil po3CcHIalOThCs BIIIOBIIHUM IIPOIECOpPaM sl IOIaJIBIIOL

00p0oOKH, 3a0e31eUyI0vn Iapasie/bHy podOTY CUCTEMH.

Hasi mounHaeThed eTall napasebHuX O00YUC/IeHb, Je KOXKEH i3 YOTHPHOX
OCHOBHUX O0YMC/IIOBAIbHUX By3iB (ul, u2, u3, ud ) Gepe Ha cebe dacTUHY
pPOOOTH, BUKOPUCTOBYIOUH TI0 JIBA IIPOIECOPH JIJIsi BAKOHAHHST MHOYKCHHS Ta
nojaBaHHsi. KoykeH i3 IMX BY3JIB IIPaIlO€ OJIHOYACHO, 110 J03BOJISIE MAKCH-

MaJIbHO BUKOPHUCTOBYBaTH OOYMC/IIOBAJIbHI PECYPCH BOCHMHU ITPOIIECOPIB.

[Tic/ist 3aBepinieHHsT 06UNCIEHb Y KOKHOMY B3/ TPOMiXKHI pesynbrat (wl,
w2, w3, w4 ) mepesarTbHCA J0 TOJOBHOTO mporecopa. Ha mpomy erarri ro-
JIOBHUII IIpoIecop 00’€QHYy€e BCl OTpUMaH] 3HaYeHHsI, 104at09n iX paszom. s
oriepariist 3aBepIiye MHOYKEHHsI, HaJlalo4un roroy mMarpuiio C' K KiHleBHii

pe3yJbTaT.

Ha pucynky 1.4.1.1 300paxkeHo rpad 1bOro mporecy.
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Puc.1.4.1.1 I'pad MHO>KEHHSI MaTpPUIb Ha 8 IIPOIecopax

I . S 1

A-(ab,cd); B~ (I,m,n,p);

fam [

a*m b,p

ul u2

b*n b*p b*n d*p

L
N
XVM/ ;W2 w3 w4
.

(wlw2,w3,wd)~ C >

vC

1.4.2. Ilpukiaj peaJi3aliil Aporna MHOXKEHHS MaTPUIlb

Tertep posrisineMo siIK METOJI MHOYKEHHSI MATPUIlL Ha 8 MPOIecopax peastizo-
BaHo y cepejopuiti DAP-SRT.

['paca 3B’s13KiB MixK IHiJIporaMu

private static int[J[] _arcs = new int[][] {
{
, 0, s , 4, 1, , , , 2, 6, 1, ) , ) , , 1,
4, , , , 7, 1, , 2, , 5, , 1, , , , 6, , 1,
7, 2, 0, 7, 5, 1, , , 0, , 7, 1
},

Koncrpykrop apona Multiply

public Multiply () {

inData = new Element [2];
outData = new Element [1];
type = 0;

resultForOutFunctionLength = 4;
inputDatalength = 2;
outputDatalLength = 1;

number = cnum++;

arcs = _arcs;

}

[TobOymoBa crmcKy miiIporniB, gKi Oyjae BUKoHaHO y Amin: depryorbes Multi-
ply ta MultiplyAdd (matpuiig X martpuiist + 1ojaBaHHs)

public ArrayList<Drop> doAmin() {
ArrayList<Drop> amin = new ArrayList<Drop>();

amin.add (new Multiply());
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amin.add (new MultiplyAdd());
amin.add (new Multiply ());
amin.add (new MultiplyAdd());
amin.add (new Multiply ());
amin.add (new MultiplyAdd());
amin.add (new Multiply ());
amin.add (new MultiplyAdd());
return amin;

}

Pos0uTTs BXiHUX MaTPUIlb Ha OJIOKH, SIKi OyJIyTh IepeaHi Iiaporam

public MatrixS[] inputFunction(Element[] input, Amin amin, Ring ring) {
MatrixS[] res = new MatrixS[8];
MatrixS ms = (MatrixS) input[0];
MatrixS ms1l = (MatrixS) input[1];
Array.concatTwoArrays (ms.split(), msl.split(), res);
return res;

}

O0’eqHaHHs pe3yJIbTaTiB 3 HiIPOIIB y (DiHAJBHY MaTPHIIO

public MatrixS[] outputFunction(Element[] input, Ring ring) {
MatrixS[] resmat = new MatrixS[input.lengthl;
for (int i = 0; i < input.length; i++) {
resmat [i] = (MatrixS) inputl[il];
}
MatrixS[] res = new MatrixS[] { MatrixS.join(resmat) 1};

return res;

1.5. IIpukiaaa MHOXKeHHsSI MaTPUIli HA BEKTOP

Mu Bxke MaeMO peasli3oBHUIl aJIrOPUTM MHOXKEHHsI MaTpPUIlb Y CEpPEeJIOBUIIN
DAP-SRT. Ilepmmmm KpokoMm y po3mupeHHi (pyHKIIOHATY HAIIONO CEepeIOBUIIA

BUKOHHA$ CTaHe peaJii3allis aJropuTMY MHOYKEHHSI MaTPHUIl HA BEKTOP.

1.5.1. AaropuT™M MHOXKEHHS MaTPHIIl Ha BEKTOp Ha 4 mporiecopax

OTKe aJropuT™M MHOXKEHHSI MATPHUINl Ha BEKTOp Ha 4 Mporecopax MaThMe

HACTYTTHUN BUTST;
e Ha Bxoni maemo marpuiio A ta BekTop V.

e Ha mnepmomy erami BinOyBaeTbcst po30uTTs BXinHux jganunx. Marpums A
JIJINTHCA Ha YOTUPHU MiAMATPUIl: a, b, ¢, d. BekTop Y po3duBaeThes Ha JBi

qacTuHu: [, m.

o [[i miysmMaTpuIli Ta MiJIBEKTOPU PO3MOIISIOTHC MiXK ITPOIECOPaMU JIjIsT T1a-

paJsiesIbHOI 0OPOOKU.
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o Jlas pO3MOYMHAETHCSA €Tall MapaJie/IbHIX O0YNC/IeHb, Je KOKeH 13 JIBOX
OCHOBHHX OOYMCJIIOBAJIBLHIX BY3JIiB 4l 1 42 BUKOHYE CBOIO YacCTUHY POOOTH,
3aJTydatoun 1o JiBa mpotecopn. KokeH i3 X BY3/1iB PAITIOE OTHOYACHO, BU-
KOPUCTOBYIOYH I10 JIBa ITPOIECOPHU JIjIst 00UNCIeHb MHOYKeHH:A. [e j103B0Is1€

MaKCHUMaJIbHO pO3HOﬂiJII/ITI/I HaBaHTaYKCHHS MIXK YO0THUPMa IIPOoLecopaMu.

e Ha zaBepmasbaoMy ertari pesyiabTatn wl i w2 nepeaiTbesd JI0 TOJTOBHOTO
By3sa C', gaxuit 00’eHye 1X nuisixom jojaanns: C' = wl 4+ w2. s omepa-
mist (hopmye KiHmeBuit pesyapryounit Bekrop C', Kl € CyMOI0 9acTKOBHUX

pe3y/IbTaTiB, 00YUCICHUX ITapaJsieIbHO.

Puc. 1.5.1.1 I'pacd muoxKenns MaTpuill Ha BEKTOp Ha 4 mpoliecopax

} 4

A-(abecdl v->(m)

w1 w2

( (w1, w2) > c )

1.5.2. IIpukJiaj peaJi3aliil gporna MHOXKEHHS MaTPHIll HA BEKTOP

Posrngnnytuit y mykTi 1.5.1 ajropuTM MHOXKEHHS MaTpHUIll Ha BeKTOp Ha 4
mporecopax, MaTuMeme Taky peasizaiio y DAP-SRT:

['paca 3B’s13KiB MizK IHijJIporiaMu

private static int[J[] _arcs = new int[]J[] {
{1, 0, O, 1, 4, 1, 2, 1, 0, 2, 5, 1, 3, 2, 0, 3, 4, 1, 4, 3, 0, 4,
5, 1},
0, 2},
{5, 0, 0},
0, 2},
0, 11},
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Koncrpykrop japona Multiply

public MultiplyMatrixVector () {

inData = new Element [2];
outData = new Element [1];
type = 24;

resultForOutFunctionLength = 2;
inputDatalength = 2;
outputDataLength = 1;

number = cnum++;

arcs = _arcs;

[TobymoBa crmcKy miaporiB, gKi Oyae BUKoOHaHO y Amin

public ArrayList<Drop> doAmin () {
ArrayList <Drop> amin = new ArrayList<>();

amin.add (new MultiplyMatrixVector ());
amin.add (new MultiplyAddMV());

amin.add(new MultiplyMatrixVector ());
amin.add(new MultiplyAddMV ());

return amin;

Pos0uTTs BXiJIHIX MATpHUIll Ta BEKTOPY Ha OJIOKM, SKi OyIyTh IepejiaHi ITijI-

JportaM

public Element[] inputFunction(Element[] input, Amin amin, Ring ring) {
MatrixS matrix = (MatrixS) input[0];
VectorS vector = (VectorS) inputl[1];

VectorS[] vecParts = vector.split();

MatrixS[] matParts = matrix.split();

Element [] result = new Element[vecParts.length + matParts.length];
Array.concatTwoArrays (matParts, vecParts, result);

return result;

O0’eHaHHS pe3yJIbTATIB 3 MiJJIPOIIB y (DiHAJbHII BEKTOD

public Element[] outputFunction(Element[] input, Ring ring) {
VectorS[] parts = new VectorS[input.lengthl;
for (int i = 0; i < input.length; i++) {
parts[i] = (VectorS) inputl[il];
}

return new Element[] { VectorS.join(parts) };
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Pozain 2. Posmupennsa dpynkiionaay DAP-SRT

2.1. Irepamiitanii ;pon

Buxojisiun 3 po3rsiHyToro y posjii 1, mu posymieMo, 1o y cepejoutii DAP-
SRT ocuoBaIM 00’€KTOM € ApoIr. Jpom MiCTUTHL HOJIST JJIst BXIIHUX Ta BUXIIHIX
JAHNX, & TaKOXK BJIACHUN OJIOTHO-PEKYPCUBHUIT aaropuTM. Y Mporeci oounciennb
JIPOTI PO3TOPTAETHCS BIAOBIIHO 10 JIepeBa CBOTO aJITOPUTMY: CTBOPIOIOTHCS JIPO-
M Jitd MeHIX OJIOKIB 1 repejlaloTbes Ha, iHmi mponecopu. Ilicis 3aBeprieHHs

obunc/IeHb 0OYNC/TIOBAIbHE JIEPEBO 3TrOPTAETHCA, & BCl 1O/ 3BLILHAIOTHCS.

2.1.1. KoHnemniiisg iTepamiifHOro apoIry

[IpononyeTbes po3mupuTh PYHKIIOHAJIBHICTD JIPOIIa ILJISXOM JIOJaBaHHS He-
sMiHHEX BXigHux noJis. Ilepri StatNumb BxigHux 1ojiB He 3MIHIOIOTHCS MixK
iTepallisiM — BOHU BBOJISITHLCS JIMIIE Ha IMepIiil iTepartil. [HIT BXigHI MO MO-
JKYThb 3MIHIOBATUCS Ha, KOXKHIN iTepaliil. ¥y BXijHiI JaHi JpOIy JOJAETHCA HOBE
nojie — KJI049 ctany (state key). Bin dopmyeThest B KopeHesiit Beprinsi mij gac

3allyCKy 4eproBol iTepariii.

2.1.2. Kimrou crany
Ieit K109 MOXKe HaOyBaTU OJHOTO 3 4-X 3HAUEHD:

1. IIpoctuii apon (cram 0):

[eit cran npusHadeHil st CTAHIAPTHOTO BUKOHAHHSI OJTHOPA30BUX 00UN-
caenb. [licig 3aBepieHHst pobOTH 3 JIPOIIOM YCi BUJILJIEHI PECYypPCH, BKJIIO-
a4 IaM siTh, 3BLIbHAIOTHCA. TaKmil MiaxiJ € ONTUMAaJbHAM JIJIs 3a/ad,
Jle HeMae ToTpedn B 30eperKenti MPOMIXKHUX Pe3Y/IbTaTiB ad0 TTOBTOPHOMY
3BEpHEHH] JI0 obuncaenb. Hampukia, me Moxke OYyTH 3aCTOCOBAHE IS 130-
JIOBAHMX OIlepalliii MHOYKEHHSA MaTPHIlb, Jie pe3yabTaT 0Jipa3y Mepe acThCs

Jiagii 6e3 MoJIaJIbIIoro aHaJI3Y.

2. TloyaTkoBwuii crau (cram 1):

Ha mpomy erami BinOyBaeThbes iHimiasizariis iTepailiiiinoro mporecy. Pop-
MY€ETbCsI 00UNC/IIOBAIBHE JIEPEBO, BU3HAYAIOTHCS HE3MIHHI BXIJIHI MTOJIS —

HA0OPU JIAHUX, STKi 3aJIMIIAI0ThCS CTATUYHUMU IIPOTIrOM yCiX iTepariiil, —
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Ta BCTAHOBJIIOIOTHCs 3B’ I3KN MiXK IporiecopaMu Kjiacrepa. Lleit cran € dpyn-
JIAMEHTOM JIJIs TIOJIAJIBINNX 1Tepalliil, OCKIJIbKK 30epirae CTpyKTYPY JiepeBa
Ta JI03BOJIsiE YHUKHYTH TOBTOPHOI ToOynoBu. Hampukia, npn po3s’s3anHi
CJIAP wmerogom /[likcoHa modaTKOBHIT CTaH MOYKE BKJIIOUATH BU3HAUEHHSI

6a30BUX MATPUIIL 1 BEKTOPIB, sIKi He 3MIHIOIOTHCS B MPOTIEC].

ITpomixkuwmii cran (cran 2):

Y 1bOMY CTaHl cUCTeMa BUKOPUCTOBYE BKe ICHYIOUL JPOITH, OHOBJIIOIOYN JIH-
e BXiJHI JaHi 0e3 cTBopeHHsI HOBUX 00’ekTiB. Ile mo3BOJISIE edeKTUBHO
IIPOBOJIUTH iTepariii, 30epiraroun cTabiJIbHICTh 00UNC/IIOBAIBHOIO JepeBa Ta
MIiHIMIBYIOUN BUTpaTH ram’ saTi. Takuii mijgxiji 0cobJMBO KOPUCHUI st iTe-
paIiitHIX METO/IiB, Jie Ha KOXKHOMY KPOIli OHOBJIIOIOTHCS JINIIIE TIEBHI eJleMeH-
TH, HAIIPUKJIaJ, y MeTojax Kpuiosa abo rpaJiieHTHIX aJropuTMax. 3aB/Is-
KU ITHOMY JIOCSTAEThCS BUCOKA MTBUJIKO/IS 38 PaXyHOK YHUKHEHHS TOBTOPHOI

aJI0Kallil pecypcis.

DinasbHUii craH (cTtad 3):

[eit cTan 3aBepirye iTepamiiiHiil MUK/, ITOBTOPIOIOYN OOUNCICHHS aHAJIOTI-
YHO JIO TTPOMIZKHOT'O CTaHy, aJjie 3 MOJAJbIINM 3BIIbHEHHAM YCIX 3a/Iy4eHUX
PeCcypciB, BKIIIOYAIOYHN TTaM ITh 00YHMC/IIOBAJIbHOIO JiepeBa. BiH 3acTocoBye-
ThCs, KOJIM BCl HEOOXIJIHI iTepallil 3aBepllleHi, i pe3yJibTaT FOTOBUI 0 BUKO-
pucrtants abo rnepeaadi. Hanpukiam, micias po3s’szanns CJIAP dinanbamit
CTaH MOKe BKJIIOUATHU arperaliio pe3yJbTaTiB 1 OUUIIEeHHS TUMYaCOBUX Jla-

HUX, 1100 3BLILHUTH IIPOLECOPHU JIJIsI HOBUX 3aBJIaHb.

2.1.3. He3minHi BXigHi 1OJIs

Hesminni BxXijHi m0/151 BU3HAYAIOTHCs Ha eTarl inimianisanii (cran 1 ireparriii-

HOTO TUKJIY ), KOJi (hOPMYETHCsI 00UUCTIOBAIBHE JIepeBo. J1o TaKuX MOJiB MOXKYTh

HaJIezKaT 0a30Bl MATPUITl, BEKTOPU YU 1HII CTPYKTYPH JIaHUX, SKi HE 3a3HAIOTH

3MiH y mporeci iteparniit. Hampukiia i, Ko Mu MHOXKHIMO MATPUITIO TTOCTIOBHO

Ha YOTUPH BEKTOPHU, HE3MIHHOE OyJie MaTpUIs, TOJI SIK 3MIHHUMU € JIKIIEe IPOMi-

JKHI pe3yJIbTaTu Ta OHOBJICHHs JAHHUX BeKTopa. Lli moJss dpikeyoThes B mam siTi

Ta, ACOIIIOIOTHCS 3 BIAMOBITHUME jiporiaMit (00UNC/IIOBAIBLHUME OJIOKAMI), IO JI0-

3BOJISIE CUCTEMI 3BepTATHCS JI0 HUX 0e3 HeOoOX1THOCTI MOBTOPHOTO 3UNTYBAHHS 9N

KOIIITOBAHHI.
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Mexanizm poboTu 0a3yeThes Ha iHTerpalil MUX OB Y CTPYKTYPY OO0UNCIIIO-
BaJILHOIO JIEPEBa, sike 30epira€Thest MizK iTepallissMi. 3aMiCTh TOro, 1100 repepa-
XOBYBATH He3MiHHI jtai Ha KoxkHOMY Kpotti, DAP-SRT BukopucroBye nocuianus
Ha BKe HasgBHI 00’€KTHU, IO 3HAYHO 3MEHIINYE HAKJIAJHI BUTPATH Ha MaM ATb i
vyac. g cTparerig ocobmmBo epeKTUBHA B yMOBaX PO3MOJIIIEHNX OOYNC/IEHb, e
repejiada JIaHUX MizK IIPOollecopaMy € PeCyPCOEMHOIO OIlePalII€lo.

Otxke Jlo/jaBaHHs HE3MIHHUX BXIJIHUX I10JIIB HaJIaCTh OOYMC/IIOBAJILHOMY IIPO-

necy TaKHUX IIepeBar:

e SMeHIeHHsI CIOyKUBaHHS aM aTi: OCKiIbKE JaHi He Ay0JII0I0ThCA I OHOB-
JIIOIOTHCS, 00CAT TTaM’ AT, HeOOX1THMIT JJTs1 30epiraHHs BXIJTHUX ITapaMeTpiB,
3aJIMIIIAETHCA CTAOLILHUM, IO JIO3BOJIAE €(PEKTUBHIIIE BHKOPUCTOBYBATH Pe-

CypcHu KJacTepa.

e CKOpoueHHsI Jacy BUKOHAHHS: YHUKAIOYN [TIOBTOPHOIO 3aBaHTaYKEHHSI, CH-
cTeMa IIPUCKOPIOE TIepexiji MizK 1TepallisiMu, 1110 € KpUTUIHUM JIJIs1 ITepaltiii-

HUX METOJIB.

e [linTpumKa cTabliibHOCTI 0O0UKNC/IIOBAIBLHOIO jJepeBa: 3aBasgku dikcallil He-
3MIHHUX ITIOJIIB CTPYKTypa JepeBa 3aJUIIacThbCs HE3MIHHOIO, IO CIIPOIILYE
KOOP/IMHAIIIIO MIXK IIpOIlecCOpaMu Ta 3MeHIIyE€ PU3NK IOMUJIOK Y PO3IO/IijIe-

HUX OOYNCJICHHIX.

2.2. Peamizamisa itepariiinoro apomy y cepegosuiii DAP-
SRT

Y 1IbOMY PO3iJ1l PO3IJIsIHEMO, sIKi OyJI10 BHECEHO 3MIHM Y CepPEIOBUIIE BUKOHA~

uust DAP-SRT s peastizarii mocras/ienoi 3aadqi.|1]

2.2.1. BopoBaaxkeunsa DropType

OHEM i3 KJII090BUX OHOBJIEHBL cepejoBuiia Bukonanns DAP-SRT e Buposa-
mxennst tuiis gpory (DropType). eit mexanizm po3pobiieHo j17is1 3a0e3medeHHst
iTepaTBHOCTI OOPOOKHU JAHUX Y CUCTEMI, 1110 € He0OXiTHOI0 YMOBOIO JIJIsI peaJii3aliil
CKJIAJIHIX O0YMCJIIOBAJILHUX IIPOIECIB i3 YITKO BU3HAUYCHUMM €TAIlaMU BUKOHAHHSI.
Ak zasznaveHo y myHKTI 2.1.2, JUIsd TATPUMKK ITE€PaATUBHOIO IMiJIXOy B CEpeJio-

sumti DAP-SRT HeoOxigHo peasizyBaTn 90THpPHU OCHOBHI CTAHHU JPOILY: ITPOCTHIL
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(REGULAR), nowarxoswuit (INITTAL), npomizknuii (ITERATIVE) ra dbinanbunii
(FINAL). Or:ke Temep Mu Maemo:

e REGULAR: Ilpocrtuit gpor, sikuii mMpoXOAUTb MOBHUN YKUTTEBUI UK —
CTBOPEHHS, BUKOHAHHS Ta OUNIIEeHHA. BUKOPUCTOBYETHCS /I CTAHIAPTHIX

orepariiii, 1o He MOTPeOYIOTH iTepaTUBHOI 0OPOOKH.

e INITIAL: [TouarkoBuii Jporr, sIKUil CTBOPIOETHCSI Ta BUKOHYETHCS Ha TOYa~
TKY iTepaTuBHOrO Iporecy. Lleit Tun Biamosijgae 3a iHiniasizalliio JaHUX i

1JITOTOBKY JI0 MOJIaJIbIINX 1Tepalliii.

o ITERATIVE: IlpomixkHuit gapor, Kt BAKOHYETHCSI B PAMKAX 1T€PaTUBHO-
ro mukJry. Ha BiaMiny Bl IHIMIMX THUIIB, MiC/Id BUKOHAHHS ITHOTO JIPOITY HE
BiIOYBa€TbCsl OUHIIIEHHSI, 1110 JO3BOJISE 30epiraTu NPOMIizKHI pe3yJIbTaTu JI/Ist

HACTYIIHUX 1Tepallii.

e FINAL: ®inanbuuii jipor, sikuii 3aBepinye iteparuauiil mporec. Ilicas Bu-
KOHAHHS I[bOT'O JIPOILY CUCTEMa OUHUIIAE BCl OB sI3aHi pecypcu, 3aBepIIy0vIn

IUKJI OOPOOKH.

Ak cTanm ApomiB EKJIAPYIOTHCI Y CUCTEMI:

public enum DropType {
/** Regular drop: created, executed, cleared x*/
REGULAR,
/** Initial drop: created, executed */
INITIAL,
/** Iterative drop: executed */
ITERATIVE,
/** Iterative drop: executed, cleared */
FINAL

2.2.2. Ouosnenns Drop

s 3abe3medennss KOPEKTHOI poOOTH iTepariifHuX JIPOIiB Y CePEeOBUIII BH-
konauug DAP-SRT 0Oyio peaJsiizoBano oHoBJIeHHsI KJjiacy Drop IJISIXOM J10/iaBa~
uust HoBoro Metojy getOrCreateAmin. [leit meTo | npu3HadeHuit /151 CTBOPEHHS
ab0 MOBTOPHOIO BUKOpHCTaHHsT rpada BukoHaHHs (Amin) i gac o6pobku ire-
pauniftnux aporis. 1loro ocHoBHa MeTa — onTuMizallis Ipolecy cTBopeHHs rpada
IIJISIXOM TIePEeBipKH, 1u OyB I'pad yzKe po3ropHyTHil paHinie. Ao rpad ichye,

MeTO/] BUKOPUCTOBY€E HOTO TTOBTOPHO; SIKIIO Hi — CTBOPIOE HOBHUIT Ipad i 30epirae
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fioro JuIst o/1a IbINOr0 BUKOpucTatts. Lle /103BoJIsie YHUKHYTH 3aifiBOIO CTBOPEHHS
rpadiB JJIs ITepaTUBHUX JPOIIIB, MO IiIBUIILYE e(PeKTUBHICTH POOOTH CHCTEMU Ta
3MEHIIy€e BUTPATU PECYPCIB.

Peasizaris metoay getOrCreateAmin HapejeHa HUXKIe:

public ArrayList<Drop> getOrCreateAmin () {

if (amin == null) {

amin = doAmin () ;

amin.forEach(drop -> {
drop.setDropState (this.kind);
drop.resetOutputData();

drop.aminlId = -1;
drop.myAmin = -1;
drop.dropId = -1;
drop.procIld = -1;
drop.recNum = 0;
drop.numberO0OfDaughterProc = -2;

P

return amin;

2.2.3. Onoaennsa DispThread

Taxox Oysi0 BHECEHO OHOBJIEHHSI J10 Juicerdepebkoro motoky (DispThread).
OcHoBHa 3MiHa IOJISITA€ B 3aIIPOBAJPKEHHI MeXaHi3My 30eperKeHHsI KOPEHEBOI'O
JIpOILy, SIKUii € BepImHoo rpada obuncienb. [leit KopeneBuil Jipon 30epiraeThest
1yist Toro, 1mob y pasi Bukonanus npomikaux gporis (ITERATIVE) yuuxayTu
MOBTOPHOT'O CTBOpeHHs T'pada 00UYNCIeHb, & HATOMICTH BUKOPUCTOBYBATH BIKE
CTBOpEHMHT rpad i3 KEMoBaHNM KOPEHEBUM JIPOTIOM. TaKuii MiiXi/1 3HATHO 3HUKYE
00YNC/TIOBAJIBHI BUTPATHU Ta ONTHMI3Y€e POOOTY CUCTEMH B iTEpATUBHUX IIPOIlECcax.

Omnosnennit mexanizm podoru DispThread nosisirae B HacTymHOMY:

e Ha nouarky BUKOHAHHS JUCIIETUYEPCHKUIT IIOTIK IIepeBipsi€ HasgBHICTH 30epe-

JKEHOI'0 KOPEHEBOT'O JIPOILY.

e HKIo KopeneBuil APOII y2Ke iCHYE, 11e CBLIINTH PO Te, IO MOTOYHE BUKOHA-
HHS He € TIepIIuM. Y TaKOMY pa3i cucTeMa BUKOPUCTOBYE PaHillle CTBOPEHUIt

rpacd obUmMCIeHb 1 He3MIHHI BXiJIHI JlaHl, OB’ s3aHi 3 1uM rpadom.

e Ko KopeHeBuil POl BiJICYTHII, CTBOPIOETHCST HOBUIT Ipad o0UYnC/IeHb, a
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KOpEHeBUIT POl 30epiraeThbcs sl 10/IaJIbIIOI0 BUKOPUCTAHHS B iT€paTIB-

HUX IINKJIaX.

e 30eperkeHHsI KOPEHEBOI'o JIPOITy Ta IMOBTOPHE BUKOPHUCTaHH: rpada 3ade3rie-

IYIOTh CTaOLIBHICTL POOOTH CUCTEMHU, 3MEHIITYIOTH YaC BUKOHAHHS Ta ONTH-

MI3YIOTh BUKOPUCTAHHSI PECYPCIB.

Ko peanizoBanoro merojry rootWork, axmit BimoB/iae 3a 110 1mepeBipKy:

private void rootWork(
int [] nodes,
int startType,
int key,
byte[] config,
Element [] data,
DropType dropType
) {

for (int i = 1; i < nodes.length; i++) {

freeProcs.add(nodes

switch (dropType) {
case REGULAR:
case INITIAL:

rootDrop = Drop.doNewDrop(startType,

break;

case ITERATIVE:
case FINAL:

[il);

Objects.requireNonNull (rootDrop,

this.rootDrop.aminIld =
this.rootDrop.myAmin =
this.rootDrop.dropld =
this.rootDrop.procld =
this.rootDrop.recNum =

this.rootDrop.number0fD

0;

aughterProc = -2;

this.rootDrop.setDropState (dropType);

this.rootDrop.outData =
this.rootDrop.inData =

this.rootDrop.setVars ()

new Element [1];
data;

3

this.counter.putDropInTrack (rootDrop) ;

key,

config,

Orxke Mmeron rootWork imimiasizye kopeneBuii jipon jjis rpada odduc/ieHb,

creoprotoun Hopuit npon juig Tunie REGULAR abo INITIAL abo Buxopucro-

Bytoun 36epexennit st [TERATIVE un FINAL, nogaroun BijibHI mporecn J10

freeProcs. Ilicas BiH BcTaHOBIIIOE HapaMeTpH JIPOILY, IPHUB’sI3y€ BXiJHI JaHi Ta

nozgae ioro j1o yepru oopooku B CalcThread.
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2.2.4. OnoBaennga CalcThread

VY kiaci CalcThread 6ys0 onoBieno meron clear, sikuii BioBiae 3a cKuja-
HHSI CTaHy 00’€KTa JiId HiJIOTOBKM JIO HOBOI'O IUKJY BUKOHAHHSI B CEPEJIOBHII
DAP-SRT. Meroj ountniae ctpykrypu Janux (pine, aerodromeResults, ownTrack,
vokzal), ckunae mianapankn ks (counterCycle, takenMyLowLevelDrops), mpa-
nopu crany (finish, fiToExit, lamFree, flagOfInputFunc) ta norounuit gpon
(currentDrop), 3abe3nedyoun KOpeKTHY iHiI[iaIi3a1io mepe/ oYaTKoOM HOBUX 00-
YUCTICHb.

Omnognennit metoj clear y CalcThread:

public void clear () throws MPIException {
pine.clear ();
aerodromeResults.clear () ;
ownTrack.clear () ;
myRank = MPI.COMM_WORLD.getRank () ;

vokzal = new ArrayList[21];
for (int i = 0; i < vokzal.length; i++) {

vokzal[i] = new ArrayList<Drop>();

currentDrop = null;
flagOfInputFunc = false;
takenMyLowLevelDrops = 0;
result = null;

finish = false;

flToExit = false;

IamFree = false;

counterCycle = 0;

2.2.5. OunoBiaenna DAPTest

st 3abe3nedeHds iTepaTuBHONO BUKOHAHHS 3aB/laHb TaKOXK OyJIO OHOBJIEHO
kommoneHT DAPTest. OcroBHa 3MiHa 10JIsITa€ B OpraHizaiiil BUKOHAHHS 3a/1a4di He
0JIHOPA30BO, & 1. pasiB, 110 JIO3BOJISE peasizyBaTu ITepaTUBHUN IPOIeC 13 YITKUM
PO3MEKyBaHHM TUIIIB JIPOIIB Ha KOXKHOMY eTalli.

Ha neprmomy kporii (n = 0) 3amadai npucsotoerbest tun gapoiy INITIAL; o
BIJINIOBIIa€ TTOYATKOBOMY eTairy 0OpoOKu. Yci HacTymHi iTepariii (3a BUHATKOM
ocrantbol) BukopuctoByioTh Tuit ITERATIVE jyist ipoMmizkHEX JpoIiB, a ocTaH-
Hsl iTepariist (SIKIO 3aCTOCOBYEThCsT) Mozke BukopucToByBaTu Tun FINAL. Taxnii
mijxijg 3abe3rnedye KOpeKTHY OOPOOKY iTepaTHMBHUX HUKJIB 1 J03BOJISIE ONTHMi-
3yBaTU BUKOPHUCTAHHS JAaHUX Ha KOyKHOMY erami. OHOBJIEHA JIOTiKA BUKOHAHHS

3aJlad peasii3oBaHa B UK/, sIKUil iTepyeThest n pas3iB (y HABEIEHOMY MPUKJIAI
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n = 4). Jlyist KoyKHOTO eTarty iTepaliil BCTAaHOBJIIOETHCS BIIMOBIIHUIT THIT JIPOILY, a
TaKOK IepeIaloThCsd HeOOXITHI BXI/IHI JaHi.
Himxkae naBeneno Ko, 1Mo 1II0CTPY€E peastizallifo IMbOro OHOBJICHHI:

for (int j = 0; j < 4; j++) {
if (7 >0 ) {

matrix = null;

DropType dropType =
(j == 0) 7 DropType.INITIAL : (j == 3) 7 DropType.FINAL
DropType.ITERATIVE;

if (j < finalData.length) {

Element [] localData = new Element []{matrix, finalDatalj + 11};
result[j] = executeTest (disp, taskType, key, args, localData, test.
ring, dropType) [0];
} else {
System.err.println( + j +
+ finalData.length);
}

2.2.6. Peanizaiiga itepamniitnoro muoxkeaHs y DAP-SRT

Y cepenopuiti DAP-SRT peasiizoBaHo j1Ba B3a€MOIIOB sI3aHIX KJIACH:
MultiplyMatrixVectorIteration (/logarox A) ra itoro mijgkiac
MultiplyAddMVIteration (/lomarok B), siki BimmosigaroTs 3a iTepariiiine MHO-
JKeHHSI MaTpUIll Ha BEKTOP Ta PO3IINPEHEe MHOXKEHH 3 JI0/laBAaHHSIM.

Knac MultiplyMatrixVectorIteration peasiizye iTepaTnBHe MHOYKEHHS Ma-
TPUIIl Ha BEKTOP 3 MIJITPUMKOIO TapaJjeabHol 00podku. Bin posmmpioe OazoBuii
kJiac Drop, ininiaisye BxigHi /BuxijHi gaui, crBOpioe rpad 06UNCIeHD 13 Y0THPHOX
JIOUIPHIX JIPOITB, PO30MBAaE MATPUIIIO Ta BEKTOP HA YACTUHU, BUKOHYE MHOYKEHHSI
Ha JIICTOBOMY PiBHI Ta 00’€/IHYE pe3y/IbTaT. Bask/mBo 0CoOJIMBICTIO € I ATPIM-
Ka ITepaTUBHOCTI: MATPUIA 30epiracThed y maM gaTi MizK iTepallisiMi, 1110 3MEeHIIY€
HaKJIa/[Hl BUTPATU IIPU IOBTOPHOMY BUKOHAHHI.

[Tinkmac MultiplyAddMVIteration posmupioe pyHKIIOHA, T0JAI0UN JI0 Pe-
3yJIBTATy MHOYKEHHS I1e OJUH BeKTOp. BiH J0aTKOBO iHiniaaizye TpeTiit BXiaHuit
BEKTOD, BUKOHY€E O0UMC/IEHHST MHOKEHHS Ta JI0JlaBaHHs B OJIHOMY IIHMKJIi, 30epira-

1091 e(PeKTUBHY CTPYKTYPY Ipada oO0uncieHb.
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Y 1nbpoMy po3jiiii OyJ10 peaslizoBaHO MHiJTPUMKY ITepaliiiHoro BUKOHAHHSI
zasiaqd y cepegopuii DAP-SRT. OcHoBHIM HOBOBBEIEHHSIM CTAJIO BIIPOBA/I?KEHHS
tumis aporis (DropType), mo mo3BosIsie TTKO PO3MEKOBYBATH eTaIlll 00IICIIeHb:
iHiIiaJizarnito, iteparuBHy 06poOKy Ta 3aBepiieHHs. ByJ/i0 OHOBJIEHO KJTI0YOBI KOM-
nonentu cepejopuina — kjaacu Drop, DispThread, CalcThread i DAPTest — 3
METOIO TIJITPUMKHN 30epexKeHHs1 IpadiB, MOBTOPHOIO BUKOPUCTaHHS PECYPCIB Ta
oprafizaiil NUKJIIYHOTO BUKOHAHHA 3a/ad.

Taxox peasizoBano kjaacu MultiplyMatrixVectorIteration i
MultiplyAddMVIteration, sKi 3abe31e4yioTh epeKTUBHE iTepalliiiie MHOXKEHHS
3 MiHIMAJBbHIMU BUTpaTaM@ HaMsITi. 3aBAsgKu HUM 3MiHaMm cepegopuiine DAP-
SRT craso npugaranM 1Jist 0OpOOKY CKJIAIHIX IMapaiebHIX 3a0a9 i3 IUKJIITHOIO

CTPYKTYPOIO.
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Y IBOMY PO3JIiJl PO3LJITHEMO PE3YJIbTaTu TeCTyBaHb e(PEeKTUBHOCTI ITepalliii-

Hux JjiporniB. st oniHKy epeKTUBHOCTI iTepaliitHuX JIPOIiB OYJI0 B3ATO JiBa KPU-

Tepil: Jyac BUKOHaHHsI Ta 00’€éM BUKOPUCTAHOI IaM’siTi. Bysio mOpiBHSIHHO MeTO

MHOKEHHsI MaTPUIl PO3MIPHICTIO @ X N Ha & Ipollecopax 3a MPUKJIAJIOM 3 IyH-

KTy 1.5.2 Ta iTepaliitHu MeTOJi MHOXKEHHS MaTpulll Ha 4 BEeKTOPHU 3a IMPUKJIAIOM

3 IIyHKTY 2.2.

3.1. Hac BUKoOHaHHHA

Tabu1. 3.1.1. Yac BUKOHAHHS Ta MPUCKOPEHHS MPH JINCTOBOMY PO3Mipi n/2

Po3wmip manux, n Knacuaamit Itepariiiamii IIpuckopenns
Yac, mc | 3poctanng | Yac, mc | 3poctaHHS
128 6555 — 3111 — 2.11
256 30404 4.64 8931 2.87 3.40
512 144539 4.75 38746 4.34 3.73
1024 1096163 7.58 107073 2.76 10.24
2048 8040000 7.33 562295 5.25 14.30
4096 69000321 8.58 4692177 8.35 14.71

Tabsuns 3.1.1. jeMoHCTpY€E 3HAUHE 3MEHIIIEHHS Yacy BUKOHAHHSI iTepalliiiHoro

AJITOPUTMY TOPIBHAHO 3 KJIACHIHUM JIJIs BCiX po3MipiB ganux. Haitbinbine mpu-

CKOpeHHsI criocTepiraeTbes i n = 4096 i ckianae nona 14 pasis. [tepariiinmii

111X1 1, 0c00JIMBO e(PEeKTUBHUIL JIJIsI BEJIMKUX 00’ €MIB JaHUX.

Yac, Mc

108 4

105 4

105 4

104 4
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Ha rpadiky (Puc. 3.1.1) BujHO, 1110 4ac BUKOHAHHSI KJIACHYHOIO AJITOPUTMY
3pOCTa€ eKCIIOHEHIIIITHO TTBU/IIIE 3a iTepalliiiauii. [le BizyaJsibHO migTBepI2KYE ee-

KTUBHICTH 1T€PAIIfHOTO T1/IXO/TY JIJI BEJIMKUX 7.

Puc. 3.1.2. 3pocranna 1acy 3 n

—8— KnacuyHe 3pocTaHHa
#- ITepauiitHe 3pocTaHHs

3pocTaHHA

T v T T T T T T
500 1000 1500 2000 2500 3000 3500 4000
Po3mip pasux, n

['padik (Puc. 3.1.2.) 3pocratus dacy mokasye, 0 iTepaliiiHiil aJropuTM Mae
cTabLIBHIIIE 3POCTAHHS OOYHMC/TIOBAILHOIO Yacy 3i 301IbIIEHHSIM 7, TOJl AK KJla-
CUYIHUIN TJIX1JT JIEMOHCTPYE PI3Killi ¢TPUOKHU, MO CBITYUTH PO HOr0 HUZKIY Mac-

mTaboOBaAHICTb.

Puc. 3.1.3.IIpuckopenns iTepaniiiHoro aaropurmy

—4— [pUCKOPEHHS ——

14 +

12

10 4

MpuckopeHHa

0 500 1000 1500 2000 2500 3000 3500 4000
Po3Mmip paHux, n

Ha rpadixy (Puc. 3.1.3.) BujHO, 110 PUCKOPEHHS iTEpaIliiiHOrO ajropuTMy
3pocTae pa3oM 3 00cAroM gaHux. Lle minTBepiKye, IO iTepaliiiHuii mijaxij crae

Jes1agi ecpeKTUBHININM ITPU 0OpOOITl BETUKNX HAOOPIB JTaHUX.
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Or2ke aHaJsIi3 Yacy BUKOHAHHS IIITBEP/ZKYE, 110 iTepaliiiHuii aJropuT™ 3Ha-
YHO TIepPeBEPITYE KJIACHIHWI 38 ePeKTUBHICTIO, 0COOJNBO MPU BEJIMKUX PO3Mipax
BXIJTHUX JIAHWX. 3aBISKN CTabLILHIIIIOMY 3POCTaHHIO Yacy BUKOHAHHS Ta BUCOKO-
My PIBHIO IIPUCKOPEHHS, iTepalliiiHuii MMijIXiJl € KpamuM BUOOPOM Y 3ajadax, 10

BUMAaraloTh MacIITabOBaHOCTI Ta HpOILyKTI/IBHOCTi.

3.2. O6’eM BUKOpHUCTAHOI mMaM’sTi

Taba. 3.2.1 O6’eM BUKOPUCTAHOI IaM’sITi IPY JIMCTOBOMY PO3Mipi n/2

Posmip panux, n Kunacuunwmii Irepaniiinuii 3mMeHIeHHs nam’sTi
Bukopucrana, KB | 3pocranus | Bukopucrana, KB | 3pocranusa
128 33 — 7 — 4.71
256 46 1.39 13 1.86 3.54
512 198 4.30 35 2.69 5.66
1024 882 4.45 122 3.49 7.23
2048 5229 5.93 440 3.61 11.88
4096 33464 6.40 1864 4.24 17.95

Tabsuns 3.2.1 1eMOHCTPYE, IO ITepaliitHuil aJropuT™ CyTTEBO 3MEHIIY€E 00’ eM
BUKOPUCTAHOI IIaM ST IIOPIBHSIHO 3 KJIACHIHUM, 0COOJIMBO IIPU BEJIMKUX PO3Mipax
BXIJIHMX JaHUX. 3MEHIIeHHs HaMsTi csrae Maiizke 18 pasis npu n = 4096, mio €

BparKaroInuM MOKa3HUKOM e(heKTUBHOCTI.

Puc. 3.2.1. Bukopucrannusg mamsri

| —®— KnacuyHa nam'aTe
ITepauinHa nam'aTe

10* 4

BukopucTaHa nam'aTb, KB

10! 4

o 500 1000 1500 2000 2500 3000 3500 4000
Po3mip paHux, n

Ha rpadiky jo0pe BuIHO, 1110 3pOCTAHHS TaMATI B KJIACUTHOMY BapiaHTi € 3Ha-
YHO CTpIMKIimmM. [Tepariiinuii aaroput™ 3abe3reuye MoBLIbHIIIE, OLIBII JIiHITHE

3pOCTaHH, IO J03BOJISE EKOHOMUTH PECyPCH.
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Puc. 3.2.2. 3pocranngd BUKOPUCTaHHsA NAMSATI 3 1

-————

—8— KnacuyHe 3poCTaHHA
—#— |TepauifiHe 3poCTaHHA

3pOCTaHHA BUKOPUCTAHHA NaMm'aTi

500 1000 1500 2000 2500 3000 3500 4000
Po3mip pnaHux, n

['padik 3pocTanHst 1Mokasye cTabljbHIIE 1 MEHII arpecuBHe 301JIbIIEeHHS BU-
KOPUCTAHOI TIaMsTi B iTepallliiHOMY aJrOpUTMI, IO € BayKJIMBOIO II€PeBaroio Mnpu

MacITabyBaHHI 3a/1ad.

Puc. 3.2.3.3MeHIIeHHs TaMsATi iTepaliiiHoro aJropuTmy

18 4 —#&— 3MeHLUEeHHA NaMm'aTi

16 A

14 A

12 A

10 1

KpaTHICTb 3MEHLWWEeHHA Nam'aTi

500 1000 1500 2000 2500 3000 3500 4000
Po3mip naHux, n

I3 rpadiky BuHO CTiiike 3pocTanns KoedilienTa 3MeHIIeHHd TaMATI Y Mipy
30LIbITIen s po3Mipy ganux. e cBiTUNTEL Mpo BUCOKY €(DEeKTUBHICTD aJrOPUTMY

JlIs1 O0YNC/IEHb Ha 0OMEYKEHUX pecypcax.
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OT2Ke 1mpoaHaJi3yBaBIld I11e 1 00eM BUKOPHUCTAHO! IIaMsITi, pO3yMIEMO, IO iTe-
paIiiftnmii aJropuT™M He JINIe 3a0e31evuye 3HadHe MPUCKOPEHHs BUKOHAHHS, aJie
it 103BOJIsI€ €(DEKTUBHO 3MEHINNUTH CIIOKUBAHHS TTaM sTi. Y BHIa KaX, KOJIU alla-
paTHi pecypcu odmexkeHi abo obcar 0OpobIIOBAHNX JAHUX BEJUKUI, iTepaliiinmii

MIX11 JeMOHCTPYE 3HAYHI IepeBaru HaJl KJIaCUYHUM.
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BucuoBknu

Y xozi pobotu 0yJIO IIPOBEAEHO JIOC/IIXKEHHST Ta YIOCKOHAJIEHHSI CePeJIOBUIIA
BukoHaHHst DAP-SRT g1 iTepariitHux MaTpnaHIX aJaropuTMiB, 30KpeMa, ILIAXOM
peaJizaliil iTepaliiiHoro mijIxomy J0 00UKMCIeHDb 3 MiATPUMKOIO pOOOTH 31 CTAJIUME
BXIJTHUMHU JTAHUMI.

Y neprioMy posjijii 0ya0 po3risHyTo apxiTekTypy cepegosuina DAP-SRT,
floro K/Ir04oBI KOMIIOHEHTH Ta, O0COOJIMBOCTI 1OOYI0BM OOUMC/IIOBAJIbHOIO I'pada.
[IpogemoncTpoBano MpUKJIAIN peasizallil KJIaCHIHIX aJrOPUTMIB MHOXKEHHS Ma-
TPUIb Ta MHOYKEHHS MATPHUILl Ha BEKTOP SK BUXIJIHOI 06a3m Jj1si MOAUQIKAIIl.

Y ApYyromy po3Jiji OIMCaHO KOHIEIINIO ITepaliiiHoro BUKOHAHHSI 3 I ITPUM-
KOIO HE3MIHHUX BXIJIHUX IIOJIB, & TAKOXK IPeJACTaBJIeHO MOIMpIKoBaHIil BapiaHT
BIUKOHAHHsS 3 ypaXyBaHHsAM BHYTDIIIHIX cTaHiB (MOoYaTKOBUil, mpomikumii, ¢i-
HaJIbHIUIT ). 3amponoHOBAHO peasli3alliio, 10 J03BOJISAE YHUKHYTH TOBTOPHOTO 00~
YUCJEHHS CTAJNX JaHnX Ha KOKHOMY KPOIIi.

Y TpeTboMy PO3/IiJIi MPOBEJIEHO eKCIIepUMEHTAJbHE TOPIBHIAHHSA KJIACHIHOTO
Ta 1TepalliifHOTO MiJIXO/IIB 3a JBOMa OCHOBHUMHI KPUTEPISIMU — YaCOM BUKOHAHHS
Ta 00’€MOM BUKOPHUCTAHOI ITaM’ sITi.

PesynbraTtn nmokazaim Taki KJIIOYOBI ITepeBaru iTepariiitioro ajropuTmy:

e IIpuckopennsi obuncienn: g n = 4096 nocarayro npuckopents: y 14.71

pas3u B MOPIBHAHHI 3 KJIACUIHOIO Peasii3alll€lo.

e EKoHOMIS mMaMsTi: 3MeHIeHHs 00'€éMy BUKOPUCTAHOI TaM ATl JJIsg TOro K
00cATY JJAHUX CTAaHOBUTH 17.95 pasu, 10 € CyTTEBUM IOKA3HUKOM e(PEeKTUB-

HOCTI.

e VY cepelHBOMY iTepalliiiHa peasiizallid mokasaJja MoHaJl 7 pa3iB Kpallle CIIiB-

BIJIHOIIIEHHS 38 000Ma KPUTEPIAMHU Y MOPIBHAHHI 3 KJIACUIHOIO.

Y poboTi yCHIITHO BHUKOHAHO IIOCTABJIEHY 3aJlady — PeaJli30BaHO PO3IIN-
pernst gyukionany DAP-SRT depes itepamniiinnii Mmexanizm o04Unc/ieHnb 3
HiITPUMKOIO HE3MIHHUX BX1JIHUX 110J1iB. OTpUMaHi pe3y/IbTaTh IiITBEepPIKY-
I0Th JIOIJIBHICTh 3aCTOCYBaHHS 1TepaIliitHOTO MJIXO/MY YV 3ajJadax BeJINKOIO

00CATy JTaHUX.
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JlogaTok A

Jlicriar. MultiplyMatrixVectorlteration

package com.mathpar.parallel.dap.multiply;

import com.mathpar.log.MpilLogger;

import com.mathpar.matrix.MatrixS;

import com.mathpar.number.VectorS;

import com.mathpar.number.Array;

import com.mathpar.number.Element;

import com.mathpar.number.Ring;

import com.mathpar.parallel.dap.core.Amin;

import com.mathpar.parallel.dap.core.Drop;

import

java.util.ArrayList;

public class MultiplyMatrixVectorIteration extends Drop {
private final static MpilLogger LOGGER =

)5

private static int[][] _arcs = new int[][] {

{1, o, O, 1, 4, 1, 2, 1, 0, 2, 5, 1, 3, 2,
4, 5, 1},

{2, 0, 2}, // +
{6, 0, 0}, // res 1
{4, o0, 2},
{5, 0, 1},
{133}

private MatrixS matrix;

private MatrixS[] matParts;

public MultiplyMatrixVectorIteration() {

inData = new Element[2]; // Vector and Matrix
outData = new Element[1]; // Output Vector
type = 26;

resultForOutFunctionLength = 2;
inputDatalength = 2;
outputDataLength = 1;
number = cnum++;

arcs = _arcs;

public void resetOutputData() {

inData[1] = null;
outData = new Element[1];
arcs = _arcs;

}

@0verride

public ArrayList<Drop> doAmin() {

ArrayList<Drop> amin = new ArrayList<>();

amin.

amin.

amin.

amin

add (new

add (new

add (new

.add (new

MultiplyMatrixVectorIteration());
MultiplyAddMVIteration());

MultiplyMatrixVectorIteration());
MultiplyAddMVIteration());

MpilLogger.getLogger (MultiplyMatrixVector.class



return amin;

@0verride

public Element []

inputFunction(Element [] input,

switch (this.kind) {
case REGULAR:
case INITIAL:
MatrixS matrix = (MatrixS) input [0];

this.matrix = matrix;

this.matParts = matrix.split(); // Assume split handles 4 parts

break;

case ITERATIVE:

Amin amin, Ring ring) {

case FINAL:
break;
}
VectorS vector = (VectorS) input[1]; // Assume vector
VectorS[] vecParts = vector.split();
Element [] result = new Element[vecParts.length + matParts.lengthl;
Array.concatTwoArrays (matParts, vecParts, result);
return result;
}
@0verride
public Element[] outputFunction(Element[] input, Ring ring) {

VectorS[] parts = new VectorS[input.lengthl;

for (int i =

parts [i]

0; i < input.length; i++) {
= (VectorS) inputl[il;

return new Element[] { VectorS.join(parts) };

@0verride

public void sequentialCalc(Ring ring) {

MatrixS mat

VectorS vec

(MatrixS) inData [0];
(VectorS) inDatal[1];

VectorS res = (VectorS) mat.multiply(vec, ring);
in VectorS
outData [0] = res;
}
@0verride
public boolean isItLeaf () {
MatrixS matrix = (MatrixS) inData[0];
matrix = matrix == null ? this.matrix : matrix;
return matrix.isItLeaf (leafSize, leafdensity);

// Assume multiply

is
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correctly

implemented



Honarok B

Jlictinr. MultiplyAddMVteration

package com.mathpar.parallel.dap.multiply;

import com.mathpar.log.MpilLogger;

import com.mathpar.matrix.MatrixS;

import com.mathpar.number.Element;

import com.mathpar.number.Ring;

import com.mathpar.number.VectorS;

import com.mathpar.parallel.dap.core.Amin;
public class MultiplyAddMVIteration extends
private final static MpilLogger LOGGER =

class);

private static int[]J[] _arcs =
{1, o0, O, 1, 4, 1, 2, 1, 0,
4, 5, 1},
{2, o, 2}, //
{6, 0, 0}, // res 1
{4, 0, 2},
{5, 0, 1},
{3}
public MultiplyAddMVIteration() {
inData = new Element [3];
outData = new Element[1];
type = 27;
resultForOutFunctionLength = 3;

inputDatalength = 3;

outputDataLength = 1;
number = cnum++;
arcs = _arcs;

}

@0verride

public void resetOutputData () {

inData[2] = null;
outData = new Element[1];
arcs = _arcs;

}

@0verride

public void sequentialCalc (Ring ring) {
outData[0] =

inData[2], ring);

@0verride
public void independentCalc(Ring ring,

amin.resultForOutFunction [2] =

@0verride

public VectorS[] outputFunction(Element []

VectorS[] resmat =

for (int i = 0; i < input.length;

((MatrixS)inData[0]) .multiply ((VectorS)inDatal[1],

35

MultiplyMatrixVectorIteration {
MpiLogger.getLogger (MultiplyAddMVIteration.

new int[1[] {

2,

ring) .add ((VectorsS)

Amin amin) {
inData [2];

input, Ring ring) {

new VectorS[input.lengthl;

i++) {
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resmat [i] = (VectorS) inputl[il;

VectorS[] res = new VectorS[] {VectorS.join(resmat).add((VectorS) input[2], ring)
1

return res;
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Honmatok C

Tezu s XIIT BeeykpaincbKol HayKoBOI KOH(MEPEHITT MOJIOINX MaTeMaTUKIB

Ceriist 3. Anrefipu, AucKpernol MaTeMarnky, Teopil arropuTmis, indopMaTrkn

CEPEJOBHUIIIE BUKOHAHHSA IJIfA
BJIOYHO-PEKYPCUBHUX TA ITEPALIMHUX
MATPUYHHWX AJITOPUTMIB I3 JOOJATKOM 10
AJITOPUTMY OIKCOHA IJIdd PO3B’A3AHHS CJIIAP

0.K. BAKCQJIEHKO, TI'l. MATTATIIOHOK

Cynepxomn’iorepna cepena Buxonanas DAP-SRT npusnatena pis Buko-
nanns ofuuciens pignmopinno no 6nouno-pexypeusnoro auroparyy (1, [2].
O6uemoBaIbHe JEPEBO TAKOIO AJITOPUTMY PO3IOPTAETBCS HA KJacTepl 1mpu
PEKYPCHBHOMY Lepexoai 1o 010KiB MeHmuX po3Mipis, a OpH 3aBeplUieHH] 0D-
“IMCIIEHD YOl 38JIYHCHI TPOLECOPH 3BIILHAIOTLCL.

1. TIOCTAHOBKA 3ABJAHHSHA

3apranns noIAraE B pO3MUpPenHl QYHKIHOHAILHOCTI CepesoBHIna Tak, mob
MK OKPEMHMH ITEPANIAME 3MIHIOBA/IMCS HE BCL APIYMEHTH, & JIHIIE IXHH 18-
CTHHA.

Bammenm npuxmagom € anropat™m [likcona aist po3s’ssanns cuctem -
miftrux anrebpaiuaux pisusies (CJIAP) [3]. ¥V npomy anropurmi 6araTopasoso
BUKOHYETECS MHOYKEHHST MATPHI HA BEKTOD, IIPH IEOMY MATPHI 3AJHIIAE-
THCH HE3MIHHOIO, 4 3MIHIOETHCS JIMIIE BEKTOD.

2. Mougabs grona B DAP-SRT

V cepenosrmi DAP-SRT ocuoBuum 06'ekrom € apon. pon amicrurs no-
JIs1 JiIs BXIJJHMX TA BHXIJIHUX JIAHHMX, 4 TAKOXK BIACHUH GJIOUHO-pEKYPCHBHHIA
AropuTM. ¥ nponeci 00UKMCIIeHE JIPON PO3TOPTAETLCH BUINOBLIHO /10 HepEeBA
CBOI'0 AJITOPHTMY: CTBOPIOIOTHCS JIPOIH JyIsl MeHmMX OJI0KiB 1 nmeperaiorses
Ha iami mporecopnr. Ilicas sapepmennsa ofumciens 0OTHCMIOBANLHE JTEPEBO
3rOPTAETECA, 4 BCI OIS 3BITLHAIOTHC.

3. 3ATIPONIOHOBAHE PO3IIMPEHHS

TIpomoRyeThCsT POMUPHTH (DYHKITIOHATLHICTE APONa MIITAXOM JTOIABAHHS
He3MiHHuX BXigHuX mouis. [leprm StatNumb BXi HAX MOMIB HE 3MIHIOIOTRCA
MiZK iTepamisiMm — BOHHM BBOIATHCA JHMIe HA mepnni irepamii. Trmi Bximmi
IO MOYKYTE 3MIHIOBATHCS HA KOMKHIM iTeparti.
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Puc. 3.2..2:



Honarok D

Jlictiar. Drop

package com.mathpar.parallel.dapi.core;

import com.mathpar.log.MpilLogger;

import com.mathpar.matrix.MatrixS;

import com.mathpar.number.Element;

import com.mathpar.number.Ring;

import com.mathpar.parallel.dapi.core.

import com.mathpar.parallel.dapi.core.

import com.mathpar.parallel.dapi.core

import com.mathpar.parallel.dapi.core.

import com.mathpar.parallel.dapi.core.x*;

import mpi.Intracomm;
MPI;
MPIException;

Status;

import mpi.

import mpi.
import mpi.
import java.io.IOException;
import java.util.x;
import java.util.concurrent

public class DispThread {

private final static MpiLogger LOGGER

Intracomm COMM;

ArrayList <Amin> pine;
private Drop rootDrop;
long sleepTime;

public static long executeTime;
static Integer myRank;
public
Thread

Set<Integer> freeProcs;

CalcThread counter;

disp;

ArraylList<ArrayList<Drop>>[] terminal;

Map<Integer,
Map<Integer,
ArrayList <Drop> ownTrack;

private Element[] result;

private Object[] receivedResult;
Queue<Integer> waitingFromOthers;
List<Integer> waitingOutput;
Queue<Integer> approvedOutput;
boolean recv;

int waitfrom;

int childsLevel;

int totallevel;

static boolean flagOfMyDeparture =
int mode;
int

static myLevel;

static int myLevelH;

static int sentLevel;

static int trackLevel;
int firstParent;

static long usedMemory;
long currentMemory;

long sleepSendTime = O0;

Amin;
CalcThread;
.Drop;

Transport;

.ConcurrentHashMap;

= Mpilogger.getLogger (DispThread.class);

ArrayList<Drop>> reftoTerminal;

ArrayList <Drop>> aerodrome;

false;



long receiveTaskTime = 0;
int [] listcount;

boolean sendFreeToDaughter;

static String checkline H
int flagOfDaughterLevel = 0;

int reservedLevel = 0;

private static final long MEGABYTE = 1024L * 1024L;

public static long bytesToMegabytes (long bytes) {

return bytes / MEGABYTE;

public DispThread(long sTime, String[] args,

MPIException {

pine = new ArrayList<>();
sleepTime = sTime;
executeTime = 0;

COMM =c;

myRank = COMM.getRank () ;
freeProcs = new HashSet<>();
terminal = new ArrayList[21];
childsLevel = 20;

totallLevel = 20;

trackLevel = 20;

mode = 0;

receivedResult = null;

myLevel = 20;
myLevelH = 20;
sentLevel = 20;

usedMemory = O0;

firstParent = -1;

sendFreeToDaughter = false;
waitingFromOthers = new LinkedList<>();
recv = false;

waitingOutput = new LinkedList<>();

approvedOutput = new LinkedList<>();
for (int i = 0; i < terminal.length;

terminal [i] = new ArrayList<>();

aerodrome = new HashMap<>();

ownTrack = new ArrayList<>();

reftoTerminal = new ConcurrentHashMap<>();

waitfrom = myRank;

disp = Thread.currentThread();
disp.setPriority (10);
disp.setName ( )

counter = new CalcThread(pine, ownTrack,

listcount = new int [21];

Arrays.fill(listcount, 0);

//result = new ArrayList<>();

private void rootWork(
int [] nodes,
int startType,
int key,
byte[] config,

Intracomm c,

i++) {

ring) ;

Ring

ring) throws



)
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Element [] data,
DropType dropType

for (int i = 1; i < nodes.length; i++) {

freeProcs.add(nodes[i]);

switch (dropType) {
case REGULAR:
case INITIAL:
rootDrop = Drop.doNewDrop(startType, key, config, -1, 0, 0, 0, data);

break;

case ITERATIVE:

case FINAL:
Objects.requireNonNull (rootDrop, )
}
this.rootDrop.aminlId = -1;
this.rootDrop.myAmin = -1;

this.rootDrop.dropId = 0;
this.rootDrop.procld = 0;
this.rootDrop.recNum = 0;

this.rootDrop.numberOfDaughterProc = -2;

this.rootDrop.setDropState (dropType);
this.rootDrop.outData = new Element[1];
this.rootDrop.inData = data;

this.rootDrop.setVars();

this.counter.putDropInTrack (rootDrop);

private void exit() {

mode = -1;

private void receiveTask(int prank) throws MPIException, IOException {

currentMemory = Runtime.getRuntime().totalMemory() - Runtime.getRuntime ().
freeMemory () ;
LOGGER. info ( + bytesToMegabytes (currentMemory)) ;
Drop drop = (Drop) com.mathpar.parallel.dap.core.Transport.recvObject (prank, COMM,
com.mathpar.parallel.dap.core.Transport.Tag.TASK);
if (receiveTaskTime==0)

receiveTaskTime = System.currentTimeMillis () - executeTime;

listcount [drop.recNum]l+=1;

if (firstParent == -1 && drop.procId != myRank && myRank != 0)//&=777

firstParent = drop.procld;

addParent (drop) ;
counter.putDropInTrack (drop) ;
flagOfMyDeparture = false;
waitingFromOthers.remove (prank) ;
recv = false;

waitfrom = myRank;

private void receiveFreeProcs (int cnt, int daughter) throws MPIException {
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int [] freeProcsAr = com.mathpar.parallel.dap.core.Transport.receivelntArray(cnt,

daughter ,COMM, com.mathpar.parallel.dap.core.Transport.Tag.FREE_PROC);

for (int i = 0; i < freeProcsAr.length; i++) {

freeProcs.add(freeProcsAr[i]);

private void procLevel(int cnt, Integer daughter) throws MPIException {
int[] tmr = com.mathpar.parallel.dap.core.Transport.receivelntArray(cnt, daughter,
COMM, com.mathpar.parallel.dap.core.Transport.Tag.PROC_STATE);
ArraylList list = reftoTerminal.get (daughter);

terminal [tmr [0]].add(list);

if (!terminal[tmr[1]].remove(list))

terminal [20] . remove (list);

if (tmr [0] < childsLevel) {
childsLevel = tmr [0];

¥
else if (tmr[1]==childsLevel)
{
for (int 1 = 0; 1 < terminal.length; 1++) {
if (terminal[l].size()!=0) {
childsLevel = 1;
break;
} else if (1 == terminal.length - 1) {
childsLevel = 20;
}
}
}

private void endProgramme (int cntProc, int[] nodes) throws MPIException {

result = counter.result;
int [] tmpAr = {24};
for (int j = 1; j < cntProc; j++) {

com.mathpar.parallel.dap.core.Transport.iSendIntArray (tmpAr, nodes[j], COMM,
com.mathpar.parallel.dap.core.Transport.Tag.FINAL);

private void receiveResult(Integer daughter) throws MPIException, IOException {

currentMemory = Runtime.getRuntime().totalMemory() - Runtime.getRuntime ().
freeMemory () ;

LOGGER. info ( + bytesToMegabytes (currentMemory)) ;

if (receivedResult != null) {

deleteDaughter ((int) receivedResult[0], (int) receivedResult[1], (Drop)
receivedResult [2]) ;
receivedResult = null;
}
Object[] tmp = com.mathpar.parallel.dap.core.Transport.recvObjects (4, daughter,
COMM, com.mathpar.parallel.dap.core.Transport.Tag.RESULT);
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LOGGER . info ( + bytesToMegabytes ( Runtime.
getRuntime () .totalMemory () - Runtime.getRuntime ().freeMemory ()));

LOGGER . info ( + bytesToMegabytes (Runtime.
getRuntime () . freeMemory ()));

LOGGER . info ( + daughter + + (System.
currentTimeMillis () -executeTime)) ;

int amin = (int) tmp[1];

int drop = (int) tmp[2];

int level = (int) tmpl[3];

Drop currentDrop = pine.get(amin).branch.get (drop);

currentDrop.outData = (Element[]) tmp[0];

counter .putDropInTrack (currentDrop);

if (deleteDaughter (daughter, level, currentDrop)) {

receivedResult = null;

} else {
receivedResult = new Object[3];
receivedResult [0] = daughter;
receivedResult [1] = level;
receivedResult [2] = currentDrop;

waitingFromOthers.remove (daughter) ;
recv = false;

waitfrom = myRank;

LOGGER . info ( + bytesToMegabytes ( Runtime.
getRuntime () .totalMemory () - Runtime.getRuntime ().freeMemory ()));

LOGGER . info ( + bytesToMegabytes (Runtime.
getRuntime () . freeMemory ()));

private void addDaugter (int daughtProcs, Drop drop) {
if (reftoTerminal.containsKey(daughtProcs)) {
reftoTerminal.get (daughtProcs) .add (drop);
} else {
ArrayList <Drop> history = new ArrayList<>();
history.add(drop);
terminal [20] . add (history) ;

reftoTerminal.put (daughtProcs, history);

private boolean deleteDaughter (Integer daughter, int level, Drop drop) {

ArrayList<Drop> list = reftoTerminal.get (daughter);
if (list.size() == 1) {
if (terminal[level].remove(list) || terminal [20].remove(list)) {

reftoTerminal .remove (daughter) ;

if (childsLevel == level && terminal[level].size() == 0) {
for (int 1 = childsLevel + 1; 1 < terminal.length; 1++) {
if (terminal[level].size()!=0) {
childsLevel = 1;
break;
} else if (1 == terminal.length - 1) {
childsLevel = 20;
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}
return true;
}
} else {
Drop resRem = null;

for (int j = 0; j < list.size(); j++) {
if (list.get(j).equals(drop)) {
resRem = list.remove (j);
if (resRem != null)
return true;

break;

}

return false;

public void deleteParent (int procId, int aminId, int dropId) {
ArrayList <Drop> list = aerodrome.get(procId);
for (int j = 0; j < list.size(); j++) {
if (list.get(j).dropId == dropId && list.get(j).aminId == aminId) {
list.set(j, null);

list.remove(j);

T
if (list.isEmpty()) {

aerodrome.remove (procId);

public void addParent (Drop drop) {
if (laerodrome.keySet().contains (drop.procId)) {
ArrayList<Drop> am = new ArrayList<Drop>();
am.add (drop);
aerodrome.put (drop.procId, am);
} else {
aerodrome.get (drop.procId).add(drop);

public static boolean isEmptyVokzal () {
return myLevel == 20 && myLevelH == 20;

private synchronized boolean sendDrops(int destination) throws MPIException,
I0Exception {
if (isEmptyVokzal ()) {
return false;
}
Drop drop = counter.getTask(1l);

if (drop != null) {
sendDrop (drop, destination);
return true;

}

return false;

private void sendDrop(Drop drop, int destination) throws IOException, MPIException {
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synchronized (drop) {
Drop curTask;
drop.number0OfDaughterProc = destination;
addDaugter (destination, drop);
curTask = Drop.doNewDrop(drop.type, drop.key, drop.config, drop.aminld, drop.
dropId, drop.procld, drop.recNum, drop.inData);
LOGGER. info ( + destination + +((MatrixS) curTask.

inData [0]) .size + + (System.currentTimeMillis () -executeTime) );

com.mathpar.parallel.dap.core.Transport.sendObject (curTask, destination,COMM,

com.mathpar.parallel.dap.core.Transport.Tag.TASK);

curTask = null;

Runtime.getRuntime () .gc ) ;

private boolean sendDropOrRequest(int procToSend) throws MPIException, IOException {
int proc=procToSend;
boolean sent = false;

if ('isWaitingForReceiving()) {

if (myRank == 0) {
sent = sendDrops(procToSend) ;
} else if (myRank % 2 == 0) {
proc = freeProcs.stream().filter(p -> p % 2 == 1).findAny () .orElse(-1)
if (proc != -1)
sent = sendDrops (proc);
}
}
if (myRank != 0 && (proc==-1 ||myRank % 2 == 1)) {
if (sendRequestToApproveSending (procToSend)&&freeProcs.contains (procToSend))
freeProcs.remove (procToSend) ;
}

return sent;

private void sendRequestToSendDrops() throws IOException, MPIException {

if (mylLevel <= childsLevel && myLevel > 0 && counter.vokzal [myLevel].size() != 0)
{
LOGGER. info ( +bytesToMegabytes (
Runtime.getRuntime () .totalMemory () - Runtime.getRuntime ().freeMemory ()));
LOGGER. info ( + bytesToMegabytes (

Runtime.getRuntime () . freeMemory ()));
freeProcs.remove (myRank) ;

flagO0fMyDeparture = false;

if (freeProcs.size() != 0) {

int vokzalSize = counter.vokzal[myLevell.size();

if (vokzalSize == 0 || isEmptyVokzal()) {
return;

}

int chunk = (freeProcs.size()+1) / (counter.vokzal[myLevel].size() +
counter.takenMyLowLevelDrops) - 1;

int remchunk = (freeProcs.size()+1) % (counter.vokzal[myLevel].size() +

counter.takenMyLowLevelDrops) ;



int procToSend;
if (freeProcs.size() > vokzalSize) {
for (int i = 0; i < freeProcs.size()&&counter.vokzal[myLevell.size ()
1=0; i++) {
procToSend = (int) freeProcs.toArray () [0];
if (sendDropOrRequest (procToSend)){
if (chunk>0) {
if (remchunk > 0) {
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if (sendFreeProc (procToSend, chunk+1)) remchunk--; else

return;
Yelse {

if (! sendFreeProc (procToSend, chunk)) return;
}
}else if (remchunk>0){
if (sendFreeProc (procToSend, 1)) remchunk--; else return;
}
else if (freeProcs.contains(procToSend))

freeProcs.remove (procToSend) ;

}
¥
} else {
int dropsnum = ((vokzalSize + counter.takenMyLowLevelDrops) / (
freeProcs.size() + 1));
int remainder = ((vokzalSize + counter.takenMyLowLevelDrops) % (

freeProcs.size() + 1)) - 1;
Object[] freeProcsArr = freeProcs.toArray();
for (int i = 0; i < freeProcsArr.length && counter.vokzal [myLevell].

size() '= 0; i++) {

procToSend = (int) freeProcsArr[il;
for (int j = 0; j < dropsnum; j++)

sendDropOrRequest (procToSend) ;

if (remainder > 0) {
sendDropOrRequest (procToSend) ;

remainder --;

if (freeProcs.contains(procToSend))

freeProcs.remove (procToSend) ;

}
}
}
currentMemory = Runtime.getRuntime ().totalMemory() - Runtime.getRuntime ().
freeMemory () ;
LOGGER. info ( + bytesToMegabytes
( Runtime.getRuntime () .totalMemory () - Runtime.getRuntime().freeMemory()))
LOGGER. info ( + bytesToMegabytes (

Runtime.getRuntime () .freeMemory ()));

private boolean sendFreeProc(int destination, int num) throws MPIException {

if (freeProcs.contains(destination)) {
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freeProcs.remove (destination) ;
¥
int vokzalSize = counter.vokzal[myLevel].size();

if (vokzalSize>freeProcs.size()) return false;

if (num==-1) chunk = vokzalSize == O&&counter.takenMyLowLevelDrops==0 ? freeProcs.
size() : (freeProcs.size()) / (vokzalSize + counter.takenMyLowLevelDrops);
Iterator<Integer> freeProcIterator = freeProcs.iterator();

if (chunk >= 1) {
int [] daughtProcs = new int[chunk];

for (int j = 0; j < chunk; j++) {

daughtProcs[j] = freeProcIterator.next();
freeProcIterator.remove () ;
}
LOGGER.info ( + destination + + Arrays.toString(

daughtProcs)) ;

com.mathpar.parallel.dap.core.Transport.iSendIntArray (daughtProcs, destination
,COMM, com.mathpar.parallel.dap.core.Transport.Tag.FREE_PROC);
}

return true;

public static <K, V> K getKey(Map<K, V> map, V value) {
for (K key : map.keySet()) {
if (value.equals(map.get(key))) {

return key;

}

return null;

private void sendFreeToDaughter () throws MPIException {
int k, i = 0;

int level = childsLevel;
if (flag0fDaughterLevel == 0){
flagOfDaughterLevel = 1;
} elsed
flagOfDaughterLevel = 0;
for(int j = childsLevel; j<terminal.length;j++)
{
if (terminal[j].size()!= 0) {level = j;break;}
}
¥
int tsize = terminal[level].size();
while (freeProcs.size() != 0 && i < tsize) {
k = freeProcs.size() < tsize ? 1 : freeProcs.size() / tsize;

int [] procsToSend = new int[k];

Iterator<Integer> iterator = freeProcs.iterator();
for (int j = 0; j < k; j++) {
procsToSend[j] = iterator.next();
iterator.remove () ;
}
Object key = getKey(reftoTerminal, terminal[level].get(i));
if (key != null) {

int destination = (int) key;

com.mathpar.parallel.dap.core.Transport.iSendIntArray (procsToSend,
destination ,COMM, com.mathpar.parallel.dap.core.Transport.Tag.
FREE_PROC) ;
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// LOGGER.info("send free to daughter " + destination + ", " + Arrays.

toString(procsToSend)+ " time = " + (System.currentTimeMillis () -

executeTime)) ;

i++;

public boolean isEmptyTerminal () {

for (int i = 0; i < terminal.length; i++) {
for (int j = 0; j < terminall[il.size(); j++) {
if (terminal[il.get(j).size() != 0)

return false;

}

return true;

private void sendFreeProcs() throws MPIException, IOException {

if ((!sendFreeToDaughter||myRank==0)&& ((myLevel - childsLevel) >= 2

|l (isEmptyVokzal () && trackLevel == 20)) && terminal[childsLevell].size ()
1= 0) {
doMeFree () ;
if (freeProcs.size() != 0) {
sendFreeToDaughter () ;
sendFreeToDaughter = true;
}
} else if (firstParent != -1 && isEmptyVokzal ()&& trackLevel == 20 && myRank != 0)
{
//if (flag0fDelay!=0) { flagOfDelay--; /*LOGGER.info("flagOfDelay = " +
flagOfDelay + " mylevel = " + myLevel+"tracklevel = " + trackLevel) ;x*/

return;}
doMeFree () ;
if (freeProcs.size() != 0) {

int[] free = freeProcs.stream() .mapToInt(Integer::intValue).toArray();

com.mathpar.parallel.dap.core.Transport.iSendIntArray(free, firstParent,

COMM, com.mathpar.parallel.dap.core.Transport.Tag.FREE_PROC);
freeProcs.clear();

sendFreeToDaughter = false;

private void doMeFree() {

if (counter.IamFree && !'flagOfMyDeparture && isEmptyVokzal() && trackLevel == 20)
{
// LOGGER.warn("do free !!!" );

freeProcs.add (myRank) ;
DispThread.flagOfMyDeparture = true;

private void sendLevel() throws MPIException {

if (isEmptyVokzal() && childsLevel == 20 && counter.ownTrack.size() == 0) {
totalLevel = 20;
} else {

totalLevel = Math.min(myLevel, Math.min(childsLevel, trackLevel));
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if (totallLevel != sentlLevel) {
int [] state = {totallLevel, sentLevell};

for (int i = 0; i < aerodrome.size(); i++) {
int destination = (int) aerodrome.keySet().toArray()[i];
com.mathpar.parallel.dap.core.Transport.iSendIntArray(state, destination,
COMM, com.mathpar.parallel.dap.core.Transport.Tag.PROC_STATE);
¥

sentlLevel = totallLevel;

private void tagAction(Status info) throws MPIException, IOException,
ClassNotFoundException {
int tagIndex = info.getTag();
com.mathpar.parallel.dap.core.Transport.Tag tag = com.mathpar.parallel.dap.core.
Transport.Tag.values () [tagIndex];
int cnt = info.getCount (MPI.INT);
int prank = info.getSource();
switch (tag) {
case TASK:
receiveTask (prank);

break;

case FREE_PROC:
receiveFreeProcs (cnt, prank);

break;

case PROC_STATE:
procLevel (cnt, prank);

break;

case RESULT:
receiveResult (prank);
break;
case FINAL: {
com.mathpar.parallel.dap.core.Transport.receivelntArray (cnt, prank,b COMM,
com.mathpar.parallel.dap.core.Transport.Tag.FINAL);
exit O

break;

case REQUEST_TO_APPROVE:
receiveRequestToApproveReceiving (prank) ;

break;

case APPROVAL:
receiveApprovalForSending (prank) ;

break;

case CANCEL:
receiveCancel (prank) ;

break;

private boolean sendRequestToApproveSending(int prank) throws MPIException {
if (waitingOutput.contains (prank))

return false;



int[] data = new int[]l{myRank};

com.mathpar.parallel.dap.core.Transport.iSendIntArray(data, prank,COMM, com.
mathpar.parallel.dap.core.Transport.Tag.REQUEST_TO_APPROVE) ;

waitingOutput.add (prank);

return true;

private void receiveRequestToApproveReceiving(int prank) throws MPIException {
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int [] data = com.mathpar.parallel.dap.core.Transport.receiveIntArray (1, prank,COMM

, com.mathpar.parallel.dap.core.Transport.Tag.REQUEST_TO_APPROVE);
waitingFromOthers.add(data[0]);

private void approveReceiving() throws MPIException {

if (waitingFromOthers.isEmpty()) {

recv = false;
return;
}
if (waitfrom == waitingFromOthers.element() || -1 * waitfrom == waitingFromOthers.
element ()) return;
recv = true;
int[] data = new int[]l{myRank};
int destination = waitingFromOthers.element () ;
waitfrom = destination;
com.mathpar.parallel.dap.core.Transport.iSendIntArray(data, destination, COMM, com
.mathpar.parallel.dap.core.Transport.Tag.APPROVAL);
}
private void cancelSending(int destination) throws MPIException {
int [] data = new int[]{destination};
com.mathpar.parallel.dap.core.Transport.iSendIntArray(data, destination, COMM, com
.mathpar.parallel.dap.core.Transport.Tag.CANCEL);
freeProcs.add(destination);
}
private void receiveApprovalForSending(int prank) throws MPIException {
int[] data = com.mathpar.parallel.dap.core.Transport.receiveIntArray (1, prank, COMM
, com.mathpar.parallel.dap.core.Transport.Tag.APPROVAL);
approvedOutput .add(datal[0]);
}
private void receiveCancel (int prank) throws MPIException {
int[] resp = com.mathpar.parallel.dap.core.Transport.receiveIntArray (1, prank, COMM

, com.mathpar.parallel.dap.core.Transport.Tag.CANCEL);

waitingFromOthers.remove (prank) ;

recv = false;

waitfrom = myRank;

private boolean isWaitingForReceiving() {

return recv;

private boolean sendResultsToParent (int parent) throws MPIException {
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synchronized (counter.aerodromeResults) {
Iterator<Drop> iterator = counter.aerodromeResults.iterator();
while (iterator.hasNext()) {

Drop dropRes = iterator.next();

int parentAmin = dropRes.aminld;
if (!dropRes.isItLeaf ()) {
pine.set (dropRes.aminId, null);

parentAmin = dropRes.getNumbOfMyAmine () ;

}
if (dropRes.procId == parent) {
Object[] res = {dropRes.outData, parentAmin, dropRes.dropld, sentLevel
}
com.mathpar.parallel.dap.core.Transport.sendObjects(res, dropRes.
procId,COMM, com.mathpar.parallel.dap.core.Transport.Tag.RESULT);
LOGGER . info ( + dropRes.procId + + (System.
currentTimeMillis () -executeTime)) ;
iterator.remove () ;
deleteParent (dropRes.procId, parentAmin, dropRes.dropId);
currentMemory = Runtime.getRuntime().totalMemory() - Runtime.
getRuntime () . freeMemory () ;
LOGGER. info ( +
bytesToMegabytes (currentMemory)) ;
LOGGER . info ( +
bytesToMegabytes ( Runtime.getRuntime () .freeMemory()));
if (currentMemory > usedMemory)
usedMemory = currentMemory;
return true;
}

}

return false;

private void sendRequestsForResultsSending() throws MPIException {
synchronized (counter.aerodromeResults) {
for (int i = 0; i < counter.aerodromeResults.size(); i++) {
Drop dropResult = counter.aerodromeResults.get(i);

if (!isWaitingForReceiving())

if (myRank == 0 || (myRank % 2 == 0 && dropResult.procId % 2 == 1)) {
sendResultsToParent (dropResult.procld);
} else {

//LOGGER. info ("send request for sending result to " + dropResult.
procId + " time = " + (System.currentTimeMillis()-executeTime)
)

sendRequestToApproveSending (dropResult.procId);

private void resetFields() throws MPIException {
pine.clear ();
aerodrome.clear () ;
reftoTerminal.clear ();
myRank = COMM.getRank();
freeProcs.clear ();
childsLevel = 20;
totalLevel = 20;

mode = O0;



myLevel = 20;
myLevelH = 20;

sentLevel = 20;

counter .f1ToExit = false;
counter.finish = false;
firstParent = -1;

counter .myRank = COMM.getRank();

counter.IamFree = false;
receivedResult = null;
currentMemory = 0;
usedMemory = 0;

counter.clear () ;

counter.currentMemory = 0;
for (int i = 0; i < terminal.length; i++) {
if (terminall[i].size() !'= 0)

terminal [i].clear ();
}

waitingFromOthers.clear () ;

recv = false;

waitingOutput.clear ();

approvedOutput.clear () ;

trackLevel = 20;

counter.counterCycle = 0;

waitfrom = myRank;

sleepSendTime = 0;

for (int i = 0; i < listcount.length ; i++) {
listcount[i] = 0;

}

receiveTaskTime=0;

sendFreeToDaughter = false;

private void clear() throws MPIException {
pine.clear();
aerodrome.clear ();
reftoTerminal.clear();
freeProcs.clear ();
counter.clear ();
for (int i = 0; i < terminal.length; i++) {
if (terminal[i].size() != 0)
terminal [i].clear ();
¥
System.gc();

public void execute(
int startType,
int key,
String[] args,
Element [] data,
Ring ring
) throws InterruptedException, ClassNotFoundException, MPIException, IOException {

execute (startType, key, args, data, ring, DropType.REGULAR);

public void execute (
int startType,
int key,
String[] args,
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Element [] data,
Ring ring,
DropType dropType
) throws InterruptedException, ClassNotFoundException, MPIException, IOException {
execute (startType, key, new byte[0], args, data, ring, dropType);

public void execute(
int startType,
int key,
byte[] config,
String[] args,
Element [] data,
Ring ring
) throws mpi.MPIException, InterruptedException, IOException, ClassNotFoundException {
execute(startType, key, config, args, data, ring, DropType.REGULAR);

public void execute (
int startType,
int key,
byte[] config,
String[] args,
Element [] data,
Ring ring,
DropType dropType
) throws mpi.MPIException, InterruptedException, IOException, ClassNotFoundException {

long o0ldTime, currentTime;
int all = COMM.getSize();
int [] nodes = new int[alll];

for (int i = 0; i < all; i++) {

nodes[i] = ij;

resetFields () ;

int cntProc = nodes.length;
int rootNumb = nodes[0];
executeTime = System.currentTimeMillis();
if (myRank == rootNumb) {
rootWork (nodes, startType, key, config, data, dropType);
¥
0ldTime = executeTime - 2000;
long startTime, endTime, allTime = O0;
while (mode != -1) {
startTime = System.currentTimeMillis ();
if (myRank == 0 && counter.finish) {
endProgramme (cntProc, nodes);
}
Status info = null;
do {

info = Transport.probeAny (COMM) ;

if (info != null) {
}



} while (info != null);

if (waitfrom < 0) {

recv = true;
waitfrom = -1 * waitfrom;
LOGGER. trace ( + waitfrom + recv);

makeRequestsForSending () ;
doLiteJob () ;

if (!isWaitingForReceiving()) {
doHardWork () ;

approveReceiving () ;

endTime = System.currentTimeMillis();

disp.sleep(sleepTime) ;

allTime += endTime - startTime;

¥

clear ();

executeTime = System.currentTimeMillis() - executeTime;

if (myRank == rootNumb) {
LOGGER.info ( + executeTime) ;
LOGGER . info ( + sleepSendTime);
LOGGER.info ( + (allTime - sleepSendTime));
LOGGER . info ( + getUsedMemory ());

¥

String s = H

for (int i = 0; i < listcount.length; i++) {
if (listcount [i]!=0)

s = s + +i o+ + listcount[i] + ;

}

LOGGER. info ( + myRank+
+ + counter.calcWorkTime
+ + counter.calcWaitTime
+ + executeTime
+ + receiveTaskTime
+ + 8);

private void doLiteJob() throws IOException, MPIException {

+ allTime

if (!(approvedOutput.isEmpty () && waitingFromOthers.isEmpty() && waitingOutput.

isEmpty ())) {

if (isWaitingForReceiving() && approvedOutput.stream().allMatch(a -> a >

myRank)
&% waitingOutput.stream().allMatch(a -> a > myRank) &&

waitingFromOthers.stream().allMatch(a -> a > myRank)) {

recv = false;
waitfrom = -1 *x waitfrom;
}
}
if (aerodrome.size() != 0) {

sendLevel () ;
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}
if (! counter.flag0fInputFunc)

sendFreeProcs () ;

private void makeRequestsForSending() throws MPIException, IOException {

if (freeProcs.size() != 0) {

sendRequestToSendDrops () ;

¥

if (counter.aerodromeResults.size() != 0)
sendRequestsForResultsSending () ;

¥

private void doHardWork () throws IOException,

{

MPIException {

Iterator<Integer> iterator = approvedOutput.iterator();

boolean sent;

while (iterator.hasNext()) {

Integer destination = iterator.next();

sent = sendResultsToParent (destination);

if (!sent){

sent = sendDrops(destination);

if (sent) sendFreeProc(destination,

if (!sent) cancelSending(destination);

waitingOutput.remove (destination);

iterator.remove () ;

public Element[] getResult() {

return result;

public long getUsedMemory () {
return usedMemory / (1024 * 1024);

-1);

o4
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Jlictin. DispThread

package com.mathpar.parallel.dapi.core;

import com.mathpar.log.MpilLogger;

import com.mathpar.matrix.MatrixS;

import com.mathpar.number.Element;

import com.mathpar.number.Ring;

import com.mathpar.parallel.dapi.core.Amin;
import com.mathpar.parallel.dapi.core.CalcThread;
import com.mathpar.parallel.dapi.core.Drop;
import com.mathpar.parallel.dapi.core.Transport;
import com.mathpar.parallel.dapi.core.x*;

import mpi.Intracomm;

import mpi.MPI;

import mpi.MPIException;

import mpi.Status;

import java.io.IOException;
import java.util.x;

import java.util.concurrent.ConcurrentHashMap;
public class DispThread {
private final static MpiLogger LOGGER = MpiLogger

Intracomm COMM;

ArrayList <Amin> pine;

private Drop rootDrop;

long sleepTime;

public static long executeTime;

static Integer myRank;

public CalcThread counter;

Thread disp;

Set<Integer> freeProcs;
ArraylList<ArrayList<Drop>>[] terminal;
Map<Integer , ArraylList<Drop>> reftoTerminal;
Map<Integer, ArrayList<Drop>> aerodrome;
ArrayList <Drop> ownTrack;

private Element[] result;

private Object[] receivedResult;
Queue<Integer> waitingFromOthers;
List<Integer> waitingOutput;
Queue<Integer> approvedOutput;

boolean recv;

int waitfrom;

int childsLevel;

int totallevel;

static boolean flagOfMyDeparture = false;
int mode;

static int myLevel;

static int myLevelH;

static int sentLevel;

static int trackLevel;

int firstParent;

static long usedMemory;

long currentMemory;

long sleepSendTime = O0;

.getLogger (DispThread.class) ;



long receiveTaskTime = 0;
int [] listcount;

boolean sendFreeToDaughter;

static String checkline H
int flagOfDaughterLevel = 0;

int reservedLevel = 0;

private static final long MEGABYTE = 1024L * 1024L;

public static long bytesToMegabytes (long bytes) {

return bytes / MEGABYTE;

public DispThread(long sTime, String[] args,

MPIException {

pine = new ArrayList<>();
sleepTime = sTime;
executeTime = 0;

COMM =c;

myRank = COMM.getRank () ;
freeProcs = new HashSet<>();
terminal = new ArrayList[21];
childsLevel = 20;

totallLevel = 20;

trackLevel = 20;

mode = 0;

receivedResult = null;

myLevel = 20;
myLevelH = 20;
sentLevel = 20;

usedMemory = O0;

firstParent = -1;

sendFreeToDaughter = false;
waitingFromOthers = new LinkedList<>();
recv = false;

waitingOutput = new LinkedList<>();

approvedOutput = new LinkedList<>();
for (int i = 0; i < terminal.length;

terminal [i] = new ArrayList<>();

aerodrome = new HashMap<>();

ownTrack = new ArrayList<>();

reftoTerminal = new ConcurrentHashMap<>();

waitfrom = myRank;

disp = Thread.currentThread();
disp.setPriority (10);
disp.setName ( )

counter = new CalcThread(pine, ownTrack,

listcount = new int [21];

Arrays.fill(listcount, 0);

//result = new ArrayList<>();

private void rootWork(
int [] nodes,
int startType,
int key,
byte[] config,

Intracomm c,

i++) {

ring) ;

Ring

ring) throws



)
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Element [] data,
DropType dropType

for (int i = 1; i < nodes.length; i++) {

freeProcs.add(nodes[i]);

switch (dropType) {
case REGULAR:
case INITIAL:
rootDrop = Drop.doNewDrop(startType, key, config, -1, 0, 0, 0, data);

break;

case ITERATIVE:

case FINAL:
Objects.requireNonNull (rootDrop, )
}
this.rootDrop.aminlId = -1;
this.rootDrop.myAmin = -1;

this.rootDrop.dropId = 0;
this.rootDrop.procld = 0;
this.rootDrop.recNum = 0;

this.rootDrop.numberOfDaughterProc = -2;

this.rootDrop.setDropState (dropType);
this.rootDrop.outData = new Element[1];
this.rootDrop.inData = data;

this.rootDrop.setVars();

this.counter.putDropInTrack (rootDrop);

private void exit() {

mode = -1;

private void receiveTask(int prank) throws MPIException, IOException {

currentMemory = Runtime.getRuntime().totalMemory() - Runtime.getRuntime ().
freeMemory () ;
LOGGER. info ( + bytesToMegabytes (currentMemory)) ;
Drop drop = (Drop) com.mathpar.parallel.dap.core.Transport.recvObject (prank, COMM,
com.mathpar.parallel.dap.core.Transport.Tag.TASK);

if (receiveTaskTime==0)

receiveTaskTime = System.currentTimeMillis() - executeTime;

listcount [drop.recNum]+=1;

if (firstParent == -1 && drop.procId != myRank && myRank != 0)//&=777
firstParent = drop.procld;

addParent (drop) ;
counter.putDropInTrack (drop) ;
flagOfMyDeparture = false;
waitingFromOthers.remove (prank);
recv = false;

waitfrom = myRank;
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currentMemory = Runtime.getRuntime().totalMemory () - Runtime.getRuntime ().

freeMemory () ;

private void receiveFreeProcs(int cnt, int daughter) throws MPIException {
int [] freeProcsAr = com.mathpar.parallel.dap.core.Transport.receiveIntArray (cnt,

daughter ,COMM, com.mathpar.parallel.dap.core.Transport.Tag.FREE_PROC);

for (int i = 0; i < freeProcsAr.length; i++) {

freeProcs.add(freeProcsAr[i]);

private void procLevel(int cnt, Integer daughter) throws MPIException {
int[] tmr = com.mathpar.parallel.dap.core.Transport.receivelntArray(cnt, daughter,
COMM, com.mathpar.parallel.dap.core.Transport.Tag.PROC_STATE);
ArraylList list = reftoTerminal.get(daughter);

terminal [tmr [0]].add(list);

if (!terminal [tmr [1]].remove(list))

terminal [20] . remove (list);

if (tmr [0] < childsLevel) {
childsLevel = tmr [0];

¥
else if (tmr [1]==childsLevel)
{
for (int 1 = 0; 1 < terminal.length; 1++) {
if (terminal[l].size()!=0) {
childsLevel = 1;
break;
} else if (1 == terminal.length - 1) {
childsLevel = 20;
}
}
¥

private void endProgramme (int cntProc, int[] nodes) throws MPIException {

result = counter.result;
int [] tmpAr = {24};
for (int j = 1; j < cntProc; j++) {

com.mathpar.parallel.dap.core.Transport.iSendIntArray (tmpAr, nodes[j], COMM,
com.mathpar.parallel.dap.core.Transport.Tag.FINAL);

mode = -1;

private void receiveResult(Integer daughter) throws MPIException, IOException {
currentMemory = Runtime.getRuntime().totalMemory() - Runtime.getRuntime ().
freeMemory () ;
LOGGER . info ( + bytesToMegabytes (currentMemory));

if (receivedResult != null) {
deleteDaughter ((int) receivedResult [0], (int) receivedResult[1], (Drop)
receivedResult [2]) ;

receivedResult = null;



}
Object[] tmp = com.mathpar.parallel.dap.core.Transport.recvObjects (4, daughter,
COMM, com.mathpar.parallel.dap.core.Transport.Tag.RESULT);

LOGGER . info ( + bytesToMegabytes ( Runtime.
getRuntime () . totalMemory () - Runtime.getRuntime ().freeMemory()));
LOGGER. info ( + bytesToMegabytes (Runtime.

getRuntime () . freeMemory ()));

LOGGER. info ( + daughter + + (System.
currentTimeMillis () -executeTime)) ;

int amin = (int) tmp[1];

int drop = (int) tmp[2];

int level = (int) tmpl[3];

Drop currentDrop = pine.get(amin).branch.get (drop);

currentDrop.outData = (Element[]) tmpl[0];

counter .putDropInTrack (currentDrop) ;

if (deleteDaughter (daughter, level, currentDrop)) {

receivedResult = null;

} else {
receivedResult = new Object[3];
receivedResult [0] = daughter;
receivedResult [1] = level;
receivedResult [2] = currentDrop;

waitingFromOthers.remove (daughter) ;

recv = false;

waitfrom = myRank;

LOGGER . info ( + bytesToMegabytes ( Runtime.
getRuntime () .totalMemory () - Runtime.getRuntime ().freeMemory ()));

LOGGER. info ( + bytesToMegabytes (Runtime.

getRuntime () . freeMemory ()));

private void addDaugter (int daughtProcs, Drop drop) {
if (reftoTerminal.containsKey(daughtProcs)) {
reftoTerminal.get (daughtProcs) .add(drop);
} else {
ArrayList <Drop> history = new ArrayList<>();
history.add (drop);
terminal [20].add (history);

reftoTerminal.put (daughtProcs, history);

private boolean deleteDaughter (Integer daughter, int level, Drop drop) {

ArrayList<Drop> list = reftoTerminal.get(daughter);
if (list.size() == 1) {
if (terminal[level].remove(list) || terminal [20].remove(list)) {

reftoTerminal .remove (daughter) ;

if (childsLevel == level && terminal[levell.size() == 0) {
for (int 1 = childsLevel + 1; 1 < terminal.length; 1++) {
if (terminal[level].size()!=0) {
childsLevel = 1;
break;
} else if (1 == terminal.length - 1) {



childsLevel = 20;

}
}
}
return true;
}
} else {
Drop resRem = null;

for (int j = 0; j < list.size(); j++) {
if (list.get(j).equals(drop)) {
resRem = list.remove(j);
if (resRem != null)
return true;

break;

}

return false;

public void deleteParent (int procId, int aminId, int dropId) {
ArrayList<Drop> list = aerodrome.get(procId);
for (int j = 0; j < list.size(); j++) {
if (list.get(j).dropId == dropId && list.get(j).aminId == aminId) {
list.set(j, null);

list.remove(j);

}
if (list.isEmpty()) {

aerodrome.remove (procId);

public void addParent (Drop drop) {
if (laerodrome.keySet().contains(drop.procId)) {
ArrayList<Drop> am = new ArrayList<Drop>();
am.add (drop);
aerodrome.put (drop.procId, am);
} else {
aerodrome.get (drop.procId).add(drop);

public static boolean isEmptyVokzal () {
return myLevel == 20 && myLevelH == 20;

private synchronized boolean sendDrops(int destination) throws MPIException,
I0OException {
if (isEmptyVokzal ()) {
return false;
}
Drop drop = counter.getTask(1l);

if (drop != null) {
sendDrop (drop, destination);
return true;

}

return false;
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private void sendDrop(Drop drop, int destination) throws IOException, MPIException {
synchronized (drop) {
Drop curTask;
drop.numberO0OfDaughterProc = destination;
addDaugter (destination, drop);
curTask = Drop.doNewDrop(drop.type, drop.key, drop.config, drop.aminld, drop.
dropId, drop.procld, drop.recNum, drop.inData);
LOGGER. info ( + destination + +((MatrixS) curTask.

inData [0]) .size + + (System.currentTimeMillis () -executeTime) );

com.mathpar.parallel.dap.core.Transport.sendObject (curTask, destination,COMM,

com.mathpar.parallel.dap.core.Transport.Tag.TASK) ;

curTask = null;

Runtime.getRuntime () .gc () ;

private boolean sendDropOrRequest(int procToSend) throws MPIException, IOException {
int proc=procToSend;
boolean sent = false;

if (!isWaitingForReceiving()) {

if (myRank == 0) {
sent = sendDrops (procToSend);
} else if (myRank % 2 == 0) {
proc = freeProcs.stream().filter(p -> p % 2 == 1).findAny().orElse(-1)
if (proc != -1)
sent = sendDrops (proc);
}
}
if (myRank != 0 && (proc==-1 ||myRank % 2 == 1)) {
if (sendRequestToApproveSending (procToSend)&&freeProcs.contains (procToSend))
freeProcs.remove (procToSend) ;
}

return sent;

private void sendRequestToSendDrops () throws IOException, MPIException {

if (myLevel <= childsLevel && myLevel > 0 && counter.vokzal[myLevel].size() != 0)
{
LOGGER.info ( +bytesToMegabytes (
Runtime.getRuntime () .totalMemory () - Runtime.getRuntime().freeMemory()));
LOGGER. info ( + bytesToMegabytes (

Runtime.getRuntime () . freeMemory ()));
freeProcs.remove (myRank) ;

flagOfMyDeparture = false;

if (freeProcs.size() != 0) {
int vokzalSize = counter.vokzal[myLevell.size();
if (vokzalSize == 0 || isEmptyVokzal()) {
return;



int chunk = (freeProcs.size()+1) / (counter.vokzal[myLevel].size() +
counter.takenMyLowLevelDrops) - 1;
int remchunk = (freeProcs.size()+1) % (counter.vokzal[myLevel].size() +

counter.takenMyLowLevelDrops);

int procToSend;
if (freeProcs.size() > vokzalSize) {
for (int i = 0; i < freeProcs.size()&&counter.vokzal [myLevel].size()
1=0; i++) {
procToSend = (int) freeProcs.toArray () [0];
if (sendDropOrRequest (procToSend)){
if (chunk>0) {
if (remchunk > 0) {
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if (sendFreeProc (procToSend, chunk+1)) remchunk--; else

return;
Yelse {

if (! sendFreeProc (procToSend, chunk)) return;
}
}else if (remchunk>0){
if (sendFreeProc(procToSend, 1)) remchunk--; else return;
}
else if (freeProcs.contains(procToSend))

freeProcs.remove (procToSend) ;

}
} else {

int dropsnum = ((vokzalSize + counter.takenMyLowLevelDrops) / (
freeProcs.size() + 1));

int remainder = ((vokzalSize + counter.takenMyLowLevelDrops) % (
freeProcs.size() + 1)) - 1;

Object [] freeProcsArr = freeProcs.toArray();

for (int i = 0; i < freeProcsArr.length && counter.vokzal [myLevell].

size() != 0; i++) {

procToSend = (int) freeProcsArr[il;
for (int j = 0; j < dropsnum; j++)

sendDropOrRequest (procToSend) ;

if (remainder > 0) {
sendDropOrRequest (procToSend) ;

remainder --;

if (freeProcs.contains(procToSend))

freeProcs.remove (procToSend) ;

}
}
}
currentMemory = Runtime.getRuntime () .totalMemory() - Runtime.getRuntime ().
freeMemory () ;
LOGGER.info ( + bytesToMegabytes
( Runtime.getRuntime () .totalMemory() - Runtime.getRuntime ().freeMemory()))
LOGGER. info ( + bytesToMegabytes (

Runtime.getRuntime () . freeMemory ()));

private boolean sendFreeProc(int destination, int num) throws MPIException {
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if (freeProcs.contains(destination)) {
freeProcs.remove (destination);

}

int vokzalSize = counter.vokzal[myLevell].size();

if (vokzalSize>freeProcs.size()) return false;

int chunk=num;

if (num==-1) chunk = vokzalSize == O&&counter.takenMyLowLevelDrops==0 ? freeProcs.
size() : (freeProcs.size()) / (vokzalSize + counter.takenMyLowLevelDrops);
Iterator<Integer> freeProcIterator = freeProcs.iterator();

if (chunk >= 1) {
int [] daughtProcs = new int[chunk];

for (int j = 0; j < chunk; j++) {

daughtProcs[j] = freeProcIterator.next();
freeProcIterator.remove () ;
}
LOGGER. info ( + destination + + Arrays.toString(

daughtProcs));

com.mathpar.parallel.dap.core.Transport.iSendIntArray (daughtProcs, destination
,COMM, com.mathpar.parallel.dap.core.Transport.Tag.FREE_PROC);
}

return true;

public static <K, V> K getKey(Map<K, V> map, V value) {
for (K key : map.keySet()) {
if (value.equals(map.get(key))) {

return key;

}

return null;

private void sendFreeToDaughter () throws MPIException {
int k, i = 0;
int level = childsLevel;
if (flagOfDaughterLevel == 0){
flagOfDaughterLevel = 1
} elsed
flagOfDaughterLevel = 0;

>

for(int j = childsLevel; j<terminal.length;j++)

{
if (terminal[j].size()!= 0) {level = j;break;}
}
}
int tsize = terminal[levell].size();
while (freeProcs.size() != 0 && i < tsize) {
k = freeProcs.size() < tsize 7 1 : freeProcs.size() / tsize;

int[] procsToSend = new int[k];
Iterator<Integer> iterator = freeProcs.iterator();
for (int j = 0; j < k; j++) {

procsToSend[j] = iterator.next();

iterator.remove ();

}
Object key = getKey(reftoTerminal, terminal[levell].get(i));
if (key != null) {

int destination = (int) key;
com.mathpar.parallel.dap.core.Transport.iSendIntArray (procsToSend,

destination ,COMM, com.mathpar.parallel.dap.core.Transport.Tag.



64

FREE_PROC) ;

it++;

public boolean isEmptyTerminal () {

for (int i = 0; i < terminal.length; i++) {
for (int j = 0; j < terminall[il.size(); j++) {
if (terminal[i].get(j).size() != 0)

return false;

}

return true;

private void sendFreeProcs () throws MPIException, IOException {
if ((!sendFreeToDaughter||myRank==0)&& ((myLevel - childsLevel) >= 2
|l (isEmptyVokzal() && trackLevel == 20)) && terminal[childsLevel].size()
'=0) {
doMeFree () ;
if (freeProcs.size() != 0) {

sendFreeToDaughter () ;

sendFreeToDaughter = true;

}

} else if (firstParent != -1 && isEmptyVokzal()&& trackLevel == 20 && myRank != 0)

{

doMeFree () ;

if (freeProcs.size() != 0) {
int [] free = freeProcs.stream().mapToInt(Integer::intValue).toArray();
com.mathpar.parallel.dap.core.Transport.iSendIntArray (free, firstParent,

COMM, com.mathpar.parallel.dap.core.Transport.Tag.FREE_PROC);

freeProcs.clear ();
sendFreeToDaughter = false;

}

private void doMeFree() {

]
1]
N
o
~

if (counter.IamFree && !flagOfMyDeparture && isEmptyVokzal() && trackLevel
{
freeProcs.add (myRank) ;
DispThread.flagOfMyDeparture = true;

private void sendLevel() throws MPIException {

if (isEmptyVokzal() && childsLevel == 20 && counter.ownTrack.size() == 0) {
totalLevel = 20;

} else {
totallLevel = Math.min(myLevel, Math.min(childsLevel, trackLevel));

}

if (totallLevel != sentLevel) {

int[] state = {totallevel, sentLevell};

for (int i = 0; i < aerodrome.size(); i++) {

int destination = (int) aerodrome.keySet().toArray()[i];
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com.mathpar.parallel.dap.core.Transport.iSendIntArray(state, destination,
COMM, com.mathpar.parallel.dap.core.Transport.Tag.PROC_STATE);
}

sentlLevel = totallevel;

private void tagAction(Status info) throws MPIException, IOException,
ClassNotFoundException {
int tagIndex = info.getTag();
com.mathpar.parallel.dap.core.Transport.Tag tag = com.mathpar.parallel.dap.core.
Transport.Tag.values () [tagIndex];
int cnt = info.getCount (MPI.INT);
int prank = info.getSource();
switch (tag) {
case TASK:
receiveTask (prank);

break;

case FREE_PROC:
receiveFreeProcs (cnt, prank);

break;

case PROC_STATE:
procLevel (cnt, prank);

break;

case RESULT:
receiveResult (prank);
break;
case FINAL: {
com.mathpar.parallel.dap.core.Transport.receiveIntArray (cnt, prank, COMM,
com.mathpar.parallel.dap.core.Transport.Tag.FINAL);
exit ();

break;

case REQUEST_TO_APPROVE:
receiveRequestToApproveReceiving (prank) ;

break;

case APPROVAL:
receiveApprovalForSending (prank) ;
break;

case CANCEL:

receiveCancel (prank) ;

break;

private boolean sendRequestToApproveSending(int prank) throws MPIException {

if (waitingOutput.contains (prank))

return false;
int [] data = new int[J{myRank};

com.mathpar.parallel.dap.core.Transport.iSendIntArray(data, prank,COMM, com.
mathpar.parallel.dap.core.Transport.Tag.REQUEST_TO_APPROVE);



waitingOutput.add (prank) ;

return true;

private void receiveRequestToApproveReceiving(int prank) throws MPIException {
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int [] data = com.mathpar.parallel.dap.core.Transport.receiveIntArray (1, prank,COMM

, com.mathpar.parallel.dap.core.Transport.Tag.REQUEST_TO_APPROVE);
waitingFromOthers.add (data[0]);

private void approveReceiving() throws MPIException {

if (waitingFromOthers.isEmpty ()) {

recv = false;
return;

}

if (waitfrom == waitingFromOthers.element() || -1 * waitfrom == waitingFromOthers.
element ()) return;

recv = true;

int[] data = new int[]l{myRank};

int destination = waitingFromOthers.element ();
waitfrom = destination;
com.mathpar.parallel.dap.core.Transport.iSendIntArray(data, destination, COMM, com
.mathpar.parallel.dap.core.Transport.Tag.APPROVAL);
}
private void cancelSending(int destination) throws MPIException {
int [] data = new int[]J]{destination};
com.mathpar.parallel.dap.core.Transport.iSendIntArray(data, destination, COMM, com
.mathpar.parallel.dap.core.Transport.Tag.CANCEL);
freeProcs.add(destination);
}
private void receiveApprovalForSending(int prank) throws MPIException {
int [] data = com.mathpar.parallel.dap.core.Transport.receivelntArray (1, prank, COMM
, com.mathpar.parallel.dap.core.Transport.Tag.APPROVAL);
approvedOutput.add(data[0]);
}
private void receiveCancel (int prank) throws MPIException {
int[] resp = com.mathpar.parallel.dap.core.Transport.receivelIntArray (1, prank, COMM

, com.mathpar.parallel.dap.core.Transport.Tag.CANCEL);

waitingFromOthers.remove (prank);

recv = false;

waitfrom = myRank;

private boolean isWaitingForReceiving() {

return recv;

private boolean sendResultsToParent (int parent) throws MPIException {
synchronized (counter.aerodromeResults) {
Iterator<Drop> iterator = counter.aerodromeResults.iterator();
while (iterator.hasNext()) {

Drop dropRes = iterator.next();



int parentAmin = dropRes.aminId;
if (!dropRes.isItLeaf ()) {
pine.set (dropRes.aminId, null);

parentAmin = dropRes.getNumbOfMyAmine () ;

}
if (dropRes.procId == parent) {
Object [] res = {dropRes.outData, parentAmin, dropRes.dropld,
1
com.mathpar.parallel.dap.core.Transport.sendObjects(res, dropRes.
procId,COMM, com.mathpar.parallel.dap.core.Transport.Tag.RESULT);
LOGGER . info ( + dropRes.procId + + (System.
currentTimeMillis () -executeTime)) ;
iterator.remove () ;
deleteParent (dropRes.procId, parentAmin, dropRes.dropld);
currentMemory = Runtime.getRuntime () .totalMemory() - Runtime.
getRuntime () . freeMemory () ;
LOGGER . info (
bytesToMegabytes (currentMemory));
LOGGER. info ( +
bytesToMegabytes ( Runtime.getRuntime () .freeMemory ()));
if (currentMemory > usedMemory)
usedMemory = currentMemory;
return true;
}

}

return false;

private void sendRequestsForResultsSending() throws MPIException {
synchronized (counter.aerodromeResults) {
for (int i = 0; i < counter.aerodromeResults.size(); i++) {
Drop dropResult = counter.aerodromeResults.get(i);

if (!isWaitingForReceiving())

if (myRank == 0 || (myRank % 2 == 0 && dropResult.procId % 2
sendResultsToParent (dropResult.procId);
} else {

sendRequestToApproveSending (dropResult.procId);

private void resetFields() throws MPIException {
pine.clear ();
aerodrome.clear ();
reftoTerminal.clear () ;
myRank = COMM.getRank();
freeProcs.clear () ;
childsLevel = 20;
totallLevel = 20;
mode = 0;
myLevel = 20;
myLevelH = 20;
sentLevel = 20;

counter.f1ToExit = false;
counter.finish = false;
firstParent = -1;

counter .myRank = COMM.getRank();

counter.IamFree = false;



receivedResult = null;
currentMemory = 0;
usedMemory = O0;

counter.clear () ;

counter.currentMemory 0;
for (int i = 0; i < terminal.length;
if (terminall[i].size() !'= 0)

terminal[i].clear ();

}

waitingFromOthers.clear () ;

recv = false;
waitingOutput.clear();
approvedOutput.clear ();
trackLevel = 20;
//countCycleDisp = 0;
counter.counterCycle =
waitfrom = myRank;

sleepSendTime = O0;

for (int i = 0; i < listcount.length

listcount[i] = 0;
}

receiveTaskTime=0;

0;

sendFreeToDaughter = false;

private void clear() throws MPIException {

pine.clear ();
aerodrome.clear ();
reftoTerminal.clear();
freeProcs.clear ();

counter.clear () ;

for (int i = 0; i < terminal.length;

if (terminal[i].size() !'= 0)

terminal[i].clear ();

}
System.gc () ;

public void execute(
int startType,
int key,
String[] args,
Element [] data,
Ring ring

) throws InterruptedException,

execute (startType, key,

public void execute(
int startType,
int key,
String[] args,
Element [] data,
Ring ring,

DropType dropType

) throws InterruptedException,

execute (startType, key,

args, data,

new byte[0],

i++) {
; i+e) o{
i++) {

ring,

args,

ClassNotFoundException,

MPIException,

DropType .REGULAR) ;

ClassNotFoundException,

data,

ring,

MPIException,

dropType) ;

I0Exception {

I0Exception {
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public void execute(
int startType,
int key,
byte[] config,
String[] args,
Element [] data,
Ring ring
) throws mpi.MPIException, InterruptedException, IOException, ClassNotFoundException {
execute(startType, key, config, args, data, ring, DropType.REGULAR);

public void execute(
int startType,
int key,
byte[] config,
String[] args,
Element [] data,
Ring ring,
DropType dropType
) throws mpi.MPIException, InterruptedException, IOException, ClassNotFoundException {

long o0ldTime, currentTime;
int all = COMM.getSize();
int [] nodes = new int[alll];

for (int i = 0; i < all; i++) {

nodes[i] = i;

resetFields () ;

int cntProc = nodes.length;
int rootNumb = nodes[0];
executeTime = System.currentTimeMillis();
if (myRank == rootNumb) {
rootWork (nodes, startType, key, config, data, dropType);
}
0ldTime = executeTime - 2000;
long startTime, endTime, allTime = O;
while (mode !'= -1) {
startTime = System.currentTimeMillis ();
if (myRank == 0 && counter.finish) {
endProgramme (cntProc, nodes);
}
Status info = null;
do {
info = Transport.probeAny (COMM) ;
if (info != null) {
tagAction(info);
}
} while (info !'= null);

if (waitfrom < 0) {
recv = true;

waitfrom = -1 * waitfrom;



LOGGER. trace ( + waitfrom + recv);

makeRequestsForSending () ;
doLiteJob () ;

if (!isWaitingForReceiving()) {
doHardWork () ;

approveReceiving () ;

endTime = System.currentTimeMillis();

disp.sleep(sleepTime) ;

allTime += endTime - startTime;

¥

clear ();

executeTime = System.currentTimeMillis () - executeTime;

if (myRank == rootNumb) {
LOGGER.info ( + executeTime);
LOGGER. info ( + sleepSendTime);
LOGGER.info ( + (allTime - sleepSendTime));
LOGGER. info ( + getUsedMemory ());

}

String s = B

for (int i = 0; i < listcount.length; i++) {
if(listcount[i]!=0)

s = s + +i + + listcount[i] + ;
}
LOGGER. info ( + myRank+ + allTime
+ + counter.calcWorkTime
+ + counter.calcWaitTime
+ + executeTime
+ + receiveTaskTime
+ + 8);

private void doLiteJob() throws IOException, MPIException {
if (!(approvedOutput.isEmpty() && waitingFromOthers.isEmpty () && waitingOutput.
isEmpty (0)) {
if (isWaitingForReceiving() && approvedOutput.stream().allMatch(a -> a >
myRank)
&% waitingOutput.stream().allMatch(a -> a > myRank) &&
waitingFromOthers.stream().allMatch(a -> a > myRank)) {

recv = false;
waitfrom = -1 * waitfrom;
}
}
if (aerodrome.size() != 0) {
sendLevel () ;
}

if (! counter.flag0fInputFunc)

sendFreeProcs () ;



private void makeRequestsForSending() throws MPIException, IOException {

if (freeProcs.size() != 0) {
sendRequestToSendDrops () ;

}

if (counter.aerodromeResults.size() != 0)
sendRequestsForResultsSending () ;

}

private void doHardWork () throws IOException,

{

MPIException {

Iterator<Integer> iterator = approvedOutput.iterator ();

boolean sent;
while (iterator.hasNext()) {

Integer destination = iterator.next();

sent = sendResultsToParent (destination);

if (!'sent){

sent = sendDrops(destination);

if (sent) sendFreeProc(destination,

if (!sent) cancelSending(destination);

waitingOutput.remove (destination);

iterator.remove ();

public Element[] getResult () {

return result;

public long getUsedMemory () {
return usedMemory / (1024 x 1024);

-1);
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Jlicrinr. CalcThread

package com.mathpar.parallel.dapi.core;

import com.mathpar.log.MpilLogger;

import com.mathpar.number.Array;

import com.mathpar.number.Element;

import com.mathpar.number.Ring;

import com.mathpar.parallel.dapi.core.Amin;
import com.mathpar.parallel.dapi.core.DispThread;
import com.mathpar.parallel.dapi.core.Drop;
import mpi.MPI;

import mpi.MPIException;

import java.util.ArrayList;
import java.util.Arrays;

import java.util.Comparator;
public class CalcThread implements Runnable {
private final static MpilLogger LOGGER = MpilLogger.getLogger (CalcThread.class);

public Thread thread;

Ring ring;

private ArrayList<Amin> pine;

ArrayList <Drop>[] vokzal;

volatile ArrayList<Drop> aerodromeResults;
ArrayList <Drop> ownTrack;

Element [] result;

Drop currentDrop;

static int myRank;

volatile boolean finishj;

volatile boolean flToExit;

volatile boolean IamFree;

volatile int takenMyLowLevelDrops = 0;
volatile boolean flagOfInputFunc = false;

long currentMemory;

static long counterCycle = 0;

long calcWorkTime = O0;

long calcWaitTime = O0;

long c = 0;

public CalcThread (ArrayList<Amin> p,
ArrayList <Drop> ownTr, Ring ring) throws MPIException {

thread = new Thread(this, )
thread.setPriority (1) ;
flToExit = false;
finish = false;
pine = p;
ownTrack = ownTr;
this.ring = ring;
aerodromeResults = new ArrayList<>();
vokzal = new ArraylList[21];
myRank = MPI.COMM_WORLD.getRank () ;
IamFree = false;

for (int i = 0; i < vokzal.length; i++) {



vokzal[i] = new ArrayList<Drop>();

thread.start ();

public void DomeThread () {
f1ToExit = true;

public void clear () throws MPIException {
pine.clear ();
aerodromeResults.clear () ;
ownTrack.clear () ;
myRank = MPI.COMM_WORLD.getRank();

vokzal = new ArrayList[21];
for (int i = 0; i < vokzal.length; i++) {

vokzal [i] = new ArrayList<Drop>();

currentDrop = null;
flagOfInputFunc = false;
takenMyLowLevelDrops = 0;
result = null;

finish = false;

f1ToExit = false;

IamFree = false;

counterCycle = 0;

public void putDropInTrack(Drop drop) {
synchronized (ownTrack) {
ownTrack.add (drop) ;
if (drop.recNum < DispThread.trackLevel)

DispThread.trackLevel = drop.recNum;

}
public void putDropInVokzal (Drop drop) {
vokzal [drop.recNum].add (drop) ;

if (drop.recNum == DispThread.myLevel) takenMyLowLevelDrops = 0;
if (drop.recNum > DispThread.mylLevelH || DispThread.myLevelH == 20) {

DispThread.myLevelH = drop.recNum;

if (drop.recNum < DispThread.myLevel){
takenMyLowLevelDrops = O0;

DispThread.myLevel = drop.recNum;

}

if (DispThread.myLevel == 20 || DispThread.mylLevel > DispThread.myLevelH) {
DispThread.myLevel = DispThread.myLevelH;

}

public void writeResultsToAmin (Drop drop) {
int aminId = drop.aminId;

int dropId = drop.dropld;



Amin amin = pine.get(aminId);

Drop aminDrop = Drop.getDropObject(

amin. type,

amin.config

)

aminDrop.key = amin.key;

for (int i = 0; i < aminDrop.arcs[dropId + 1].length; i += 3) {

int number = aminDrop.arcs[dropId + 1][il;

int from = aminDrop.arcs[dropId + 1]J[i + 1];

int to = aminDrop.arcs[dropId + 1][i + 2];

if (aminDrop.arcs[number].length != 0) {

Drop dependantDrop

amin.branch.get (number - 1);

synchronized (dependantDrop) {

dependantDrop.inDatal[to] = drop.outDatal[from];

if (dependantDrop.hasFullInputData()){

putDropInVokzal (dependantDrop) ;}

}
} else {

amin.resultForOutFunction[to] = drop.outDatal[from];
if (amin.hasFullOutput ()) {
// if (myRank==1) LOGGER.info("go to putresultstoaminoutput

.currentTimeMillis () -DispThread.executeTime)) ;

//LOGGER.info ("putResultsToAminOutput") ;

putResultsToAminOutput (amin) ;
// if (myRank==1) LOGGER.info("after putresultstoaminoutput

.currentTimeMillis () -DispThread.executeTime)) ;
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+ (System

+ (System

private void writeResultsAfterInpFunc(Drop drop, Amin curAmin, Element[] resInputFunc)

{

for (int i = 0; i < drop.arcs[0].length; i += 3) {

int numOfDependantDrop

drop.arcs [0][i];

int from = drop.arcs[0][i + 1];

int to = drop.arcs[0][i + 2];

Drop dependantDrop = curAmin.branch.get(numOfDependantDrop - 1);

try {

dependantDrop.inData[to]

resInputFunc [from];
} catch (Throwable e) {

System.out.
System.out.

System.out

System.out.

throw e;

println(
println(

.println(

println(

+ Arrays.toString(drop.arcs[0]));
+ from);
+ to);

+ Arrays.toString(resInputFunc));

if (dependantDrop.hasFullInputData()) {
putDropInVokzal (dependantDrop) ;



private void addToAerodromeResults(Drop dropRes) {
synchronized (aerodromeResults) {

aerodromeResults.add (dropRes) ;

private void putResultsToAminOutput (Amin amin) {
Drop drop = (Drop.getDropObject (amin.type, amin.config));
drop.key = amin.key;

drop.inData = amin.inputData;

amin.outputData = drop.outputFunction(amin.resultForOutFunction, ring);

drop = null;

if (amin.parentAmin == -1 && myRank == 0 && Array.isEmptyArray(vokzal)) {
Drop resDrop = Drop.getDropObject (amin.type, amin.config);

resDrop.outData = amin.outputData;

finishWholeTask (resDrop);

resDrop = null;
} else if (amin.parentProc !'= myRank) {
Drop resultAmine = Drop.doNewDrop(amin.type, amin.key, amin.config, amin.

aminIdInPine, amin.parentDrop,
amin.parentProc, amin.recNumb, amin.inputData);
resultAmine.outData = amin.outputData;
resultAmine.setNumbOfMyAmine (amin.parentAmin) ;
addToAerodromeResults (resultAmine);
} else {
Drop dr;
try {
dr = pine
.get (amin.parentAmin)
.branch
.get (amin.parentDrop) ;

} catch (IndexOutOfBoundsException e) {

LOGGER.info ( + amin.parentAmin + + myRank + + Array.
isEmptyArray (vokzal) + + Arrays.toString(vokzal));
throw e;
}
dr.outData = amin.outputData;

putDropInTrack (dr) ;

int aminIndex = pine.index0f (amin);
if (aminIndex != -1)

pine.set (aminIndex, null);

if (currentMemory > DispThread.usedMemory)
DispThread.usedMemory = currentMemory;
}
Runtime.getRuntime () .gc () ;

private void finishWholeTask(Drop resDrop) {
result = resDrop.recentCalc(ring);

finish = true;



synchronized public Drop getTask(int thread)
boolean empty = false;
if (DispThread.isEmptyVokzal ()) {

empty = true;

Drop drop = null;

ArrayList <Drop> 1list;

if (thread == 0) {
if (ownTrack.size() != 0) {

drop = ownTrack.get (0);

if (!drop.isItLeaf () &&Array.isEmpty (drop.outData)) {

flagOfInputFunc = true;

deleteFromTrack (drop) ;

} else if (/*!getFromTrack &&+*/ !'empty) {

list = vokzal[DispThread.myLevelH];

drop = list.get(0);

list.remove (0) ;

if (DispThread.mylLevelH== DispThread.mylLevel && drop'!=null){

takenMyLowLevelDrops+=1;
}

if (vokzal[DispThread.myLevelH].size ()

changeMyLevelH () ;

}
if (drop.numberOfDaughterProc ==

drop.numberO0OfDaughterProc =

}
} else if (thread == 1 && !empty) {
list = vokzal[DispThread.myLevell;

if (list.size() == 0) { changeMyLevel();
if (DispThread. isEmptyVokzal()) return null;

drop = list.get(0);

list.remove (0) ;

if (vokzal[DispThread.myLevell].size()

changeMyLevel () ;

}

return drop;

private void changeMyLevelH () {

while (DispThread.myLevelH != O && DispThread.myLevelH >= DispThread.myLevel &&
vokzal [DispThread.myLevelH].size () ==

DispThread.myLevelH--;
}

if (vokzal[DispThread.myLevelH].size() ==

DispThread.myLevelH = 20;
DispThread.myLevel = 20;

{

-1) o
myRank ;
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vokzal [DispThread.myLevel];}



private void changeMyLevel () {
DispThread.myLevel ++;
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while (DispThread.myLevelH >= DispThread.mylLevel && vokzal[DispThread.myLevell].

size() == 0) {
DispThread.myLevel ++;

}

if (DispThread.myLevel > DispThread.myLevelH) {
DispThread.myLevel = 20;
DispThread.myLevelH = 20;

}
private void changeTrackLevel () {

synchronized (ownTrack) {

DispThread.trackLevel = ownTrack.size() == 0 ? 20 : ownTrack.stream() .min(

Comparator.comparing (Drop::getRecNum)) .get () .recNum;

private void deleteFromTrack(Drop drop) {
ownTrack.remove (drop) ;
if (drop.recNum == DispThread.trackLevel)
changeTrackLevel ();

public void inputDataToAmin() throws MPIException {

Amin curAmin = null;

Element [] resInputFunc;

currentMemory = Runtime.getRuntime().totalMemory () - Runtime.getRuntime ().

freeMemory () ;

curAmin = new Amin(currentDrop, pine.size (), myRank);
currentDrop.setNumbOfMyAmine (curAmin.aminIdInPine) ;
curAmin. inputData = currentDrop.inData;

pine.add (curAmin) ;

currentMemory = Runtime.getRuntime().totalMemory() - Runtime.getRuntime ().
freeMemory () ;
currentMemory = Runtime.getRuntime().totalMemory() - Runtime.getRuntime ().

freeMemory () ;

resInputFunc = currentDrop.inputFunction(curAmin.inputData, curAmin , ring);
currentMemory = Runtime.getRuntime().totalMemory() - Runtime.getRuntime ().

freeMemory () ;

writeResultsAfterInpFunc (currentDrop, curAmin, resInputFunc);
currentMemory = Runtime.getRuntime().totalMemory() - Runtime.getRuntime ().

freeMemory () ;

flagOfInputFunc = false;

currentDrop.independentCalc (ring, curAmin);

@0verride

public void run() {
long calcWaitTimeStart, calcWaitTimeEnd, calcWorkTimeStart, calcWorkTimeEnd;
calcWaitTimeStart = calcWaitTimeEnd = calcWorkTimeStart = calcWorkTimeEnd =

.currentTimeMillis () ;

System



while (!flToExit) {

if (ownTrack.isEmpty() && /#*Tools.isEmptyArray(vokzal)=*/DispThread.
isEmptyVokzal ()) {
if (!IamFree) {

IamFree = true;

}
continue;

} else {
IamFree = false;
calcWaitTimeEnd = System.currentTimeMillis();

calcWaitTime+=calcWaitTimeEnd -calcWaitTimeStart;

try {
calcWorkTimeStart = System.currentTimeMillis ();
ProcFunc () ;
calcWorkTimeEnd = System.currentTimeMillis ();
calcWorkTime += calcWorkTimeEnd - calcWorkTimeStart;
calcWaitTimeStart = System.currentTimeMillis ();

} catch (MPIException e) {
e.printStackTrace () ;

}
private void ProcFunc() throws MPIException {
currentDrop = getTask(0);

if (currentDrop != null) {

if (!'Array.isEmpty(currentDrop.outData)) {
writeResultsToAmin (currentDrop);

} else {
if (currentDrop.isItLeaf()) {

currentMemory = Runtime.getRuntime().totalMemory() - Runtime.
getRuntime () . freeMemory () ;

currentDrop.sequentialCalc(ring);

currentMemory = Runtime.getRuntime().totalMemory() - Runtime.

getRuntime () . freeMemory () ;

if (currentDrop.aminlId == -1 && myRank == 0) {
finishWholeTask (currentDrop);
} else if (currentDrop.procIld == myRank) {
currentMemory = Runtime.getRuntime () .totalMemory() - Runtime.

getRuntime () . freeMemory () ;

writeResultsToAmin (currentDrop);
currentMemory = Runtime.getRuntime () .totalMemory() - Runtime.
getRuntime () . freeMemory () ;
} else {
addToAerodromeResults (currentDrop) ;
}
} else {

inputDataToAmin () ;

return;
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