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OO0 ogHOM IMOAX0IE K OpraHU3allUK JIoMAaIlHeH
pacrnpeacIeHHON BEIUYUCIUTEIBHOM CUCTEMBI

C.A. bana6aes, C.A. JIymun, [I.A. ®easmun

Annomayusa— B paboTe paccMOTpeH MOAX0] K OPTaHU3AIUA
JOMAalIHell pacnpeneleHHOH BBLIMHCIMTEIBHONH CHCTEMBI,
cocrosimeit u3 1epCOHATBHOIO KOMIbIOTEpa U
HHTErPUPOBAHHBLIX ¢ HUM CMapTdoHa, MHKPOKOMIILIOTepa
Raspberry Pi u tesieBu3noHHoii npucrapku Smart TV. [dan
0030p CylIecTBYIOIMX NPOrPAMMHBIX pellieHHi — KJIacTepoB U3
cMapTPOHOB M  MHKpPOKoMNbTepoB  Raspberry Pi
OtMedaercsi, YTO HCMOJb30BAHUE MAJOMOIIHBIX YCTPOHCTB B
KayecTBe Y3JI0B pacnpeie]eHHOli cHCTeMbl BO3MOKHO, 0JHAKO
COMPOBOKAACTCA CIOKHOCTAMH B pa3paboTKe M HacCTpoiike
nporpamMMHoro odecnedenus. Ilo pesyabratam aHaau3a ObLI
onpegeeH QyHKHUOHAI U pa3padorano IIO gns uHTerpauun
MoOWIBHBIX ycrpoiictB ¢ IIK. OHo mo3BoJisieT 3arpyKaTth Ha
Y3JbI PacyeTHYI0 3aJady, 3alycKaTh ee, HaKalUINBaTb M
BBIBOJIMTH MOJIyYEHHbIC Pe3yJbTAThbI BHIMHCICHUNA Ha 3KpPaH.
B3aumopeiictTBue MexkAy YCTPOICTBAMH INPOHCXOAMT IO
JokanabHo# ceTu. ITO 115 MOOMJILHBIX YCTPOiicTB pa3padoTaHo
Ha s3blke Java. B palote mnpennaraercsi cmocod 3amycka
CKPHNTOB, HAMMCAHHBIX Ha s3bIke Python Ha cmaprtdonax c
nomompbo npuiaoxkenus Termux. HMcnoJib3yemblii ajJropurm
0aJaHCHPOBKHM HArpy3KH Y3J0B M03BOJIsieT O00beIMHATH B
eIHHYI0 Cpely YCTpOiicTBa, CylIeCTBEHHO OT/IHMYaloLIHecs: MO
npousBoauTenbHocTu. IlpencraBieHsl pe3yJbTAThl peLieHUs

3aa4ud  (egepaTHBHOIO O0y4YeHHsl HEHPOHHOH ceTH B
pacnpenejieHHOl  cpeie, OPraHU30BaHHOH C MNOMOUILIO
pa3padoTaHHOro NpOrpaMMHOI0 olecneyenus. Onu

NMOATBEPKAAIT (PYHKUUOHAJIBHOCTL pa3padoranHoro IO u
BO3MOKHOCTH HCIIOJIb30BAHUSI OPTAHU30BAHHOI ¢ €€ TOMOUIBI0
pacnpeeeHHOil CHCTeMbI € Pa3HOPOAHBIMH Y3JaMHu Ui
pelleHnsi ONTUMHU3ALMOHHBIX 3a1a4.

Kniouesvle cnosa— pacnpeeiieHHble BBIYHCJIEHHs, TPH]
cucremsl, emaptdon, OC Android, Raspberry Pi, Smart TV.

|. BBEJIEHUE

B coBpemeHHOM MHpe CYIIECTBYIOT pa3HOOOpa3HbIE
3aJa4y, TAKHE KaK MOUCK HOBBIX 3BE3/, OTKPBITHE CTPYKTYP
Oenka, pacder mporuosa moroasl. [ns ux 3¢(¢peKTHBHOTO
perreHus HE00X0IMMO HCTIOJTB30BATh
BBICOKOTIPOM3BOUTEIBHBIC CHCTEMBI - CYNEpKOMITBIOTEPHI,
Knacrepsl, rpuasl. OqHaKO, HAYHHAFOIIEMY HCCIIEI0BA TEITIO
CJIOKHO TIOJTYYHUTh JOCTYH K ITOTOOHBIM CHCTEMaM, ITO3TOMY
U8 TOPOBENEHUS  JKCIEPUMEHTOB  OH  BBIHYXKIEH
HCHOJIb30BATh JOMAIIHUH HEPCOHAIbHBIA KOMIBIOTED.
YroOBI MOBBICUTH 3(PPEKTUBHOCTH BBHIYHCICHHN BO3MOKHO
00BEIMHUTH €T0 C YCTPOUCTBA MU, KOTOPBIC YK€ €CTh B IOME
— cMapTQoHAMH, TEICBU3MOHHBIMH TIPUCTaBKAMU WU
3J€MeHTa MU YMHOTo foMa. OpraHU30BaHHA Sl TAKUM 00pa3oM
pacmpezaeneHHas cucTeMa oTHocuTcs k knaccy Home GRID
(HGRID) — mnomarmnuii rpua. E€ 0COGEHHOCTBIO SBIISIETCS
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BBICOKa S TETEPOTeHHOCTh y3JIOB, MO3TOMY UJISI TIOBBIIIECHUS
3((HEKTUBHOCTH BBIYUCICHHHA HEO0OXO0IUMO 0aaHCHPOBATH
Harpy3ky B 3aBUCHUMOCTH OT MOIIHOCTH Ka’XIoTo U3
BXOJAIUX B HEE YCTPOMCTB.

Il. CYWECTBYIOWME PEILIEHUS

Bce pemenus no 06beIMHEHNIO pa3HOPOAHBIX YCTPOHCTB
B TPUABI BO3MOXHO OOBEIUHHUTH B HECKOJIBKO KIaCCOB.
IlepBslii K1acc npegycMaTpUBaeT 00bEAMHEHUE OJHHA KOBBIX
no Ha3Ha4YEHUIO YCTpPOMICTB c pas3IUIHBIMUA
xapakTepuctTukamMu. K HeMy MOXXHO OTHECTH TpHUIBI U3
MEPCOHANBHBIX KOMIBIOTEPOB, TPUABI M3 CMapT(HOHOB,
TPUIBI U3 MUKpOKOMIIbIOTEpOB Raspberry Pi.

IlpumeHenne rpunoB U3 cMapTHOHOB IS peEIICHHS
CIOXHBIX 3ajJlad SABISETCA OJHUM W3 IOMyJISAPHBIX
HamnpaBneHuii uccnenosaHuii [1]. CoBpemenHsle cMapTHOHBI
0071a1a10T BBICOKMMH XapPaKTEPUCTHKAMH M CIIOCOOHEI
BBINIOJIHATh BBICOKONPOU3BOAUTENIbHBIE BbIYUCIEHUS [2].
OCHOBHBIMH 0COOEHHOCTSIMH NCTIOTB30BaHIS CMa PT(GOHOB B
Ka4ecTBE Y3JIOB PACHPENCICHHOW CHCTEMBI SBISIOTCS:
HEOOXOIMMOCTP HX IOCTOSHHOTO  TOIKIIOYEHHS K
SJEKTPONUTAHUIO W JOMOJHHUTEIBHOTO  OXJIaXKICHHS,
OTPaHMYEHHOCTH BO3MOXXHOCTEH 3alycka CTOPOHHHX
NIPWIOKEHUH, TeTEPOTreHHOCTh CUCTEMBI [3].

Crnenyer yYUTHIBaTh, YTO MPH NMPOBEICHUN HWHTEHCUBHBIX
BBIYMCIICHUH MIPOUCXOUT BBICOKOE TOTPEOICHNE SHEPTUH 1
OBICTPBI  paspsl aKKyMylsTopa M, KaK CIEICTBHUE,
3aMensieHne paboThl. AHAJIOTHYHO MPH MPOJOJIKUTETBHBIX
pacuerax TeMmmepaTypa IpolLeccopa MHOBBIIIAETCS, 4YTO
NPUBOAUT K aBTOMATHYECKOMY CHIDKEGHUIO TaKTOBOH
4acTOTHI mpoleccopa. s pa3paboTKu MPHIOKEHUNA MO
ycTpoiicTBa ¢ omepaunMoHHOW cucteMoil  Android
HE00X0IMMO UCTI0JIB30BaTh A3BIKU IPOrpaMMHPOBaHUS Java
win  Kotlin. Hcmoap3zoBanme C/C++ i HamucaHus
y9aCTKOB KOJIa, KOTOPEIE OMHUCHIBAIOT aJITOPUTMEI PabOTHL,
BO3MOXHO TOJBKO BMECTE C yKa3aHHBIMH BBIIIC S3BIKAMH.
W3-3a cuibHBIX pa3nuyuil B XapaKTepHUCTHUKAX yCTPOUCTB
MPUMEHEHHEe CTaHAaPTHBIX METOIOB pacliapauIeIMBaHIA
MIporpaMM IIPUBEAET K HU3KOH uxX 3ddexruBHOCTH. [TosTOMY
Ba’)KHO MIPUMEHSTD AJITOPUTMBI 0amaHCHPOBKH,
YUYUTHIBAIOIIME XapaKTEPUCTUKHU y3J10B [4].

Pacnpenenennas cucteMa pa3pabaTbIBAETCS [0 TP UHIUITY
KIHEHT-CEPBEPHOM apXUTEKTYphl. 3afaun MepefaloTcs C
OCHOBHOTO YCTpOIiCTBa Ha y3IIbl U BBINOJHAIOTCS Ha HHX.
@OyHKIMOHA  NPWIOXKEHMH He HMeeT (GopMalbHBIX
orpaHu4eHul, mosromy B cpeae HGRID Mbr Mokem periath
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caMble pas3HbIC 3aJadvH, HAPUMEp OOydeHHe HEHPOHHOM
cetu. [Ipumepom mpoekTa, pean3yIomero Nepeelil MoaXo I,
spusercs Talos — mpumokeHWe, NpeqHAa3HAUEHHOE IS
00yuennss HelpoHHbIX ceredl [5]. B paborax [6,7,8,9]
IpeJIara eTcsl HCIOIb30BaTh CMapT(HOHE! B Ka4ECTBE Y3JI0B
U1l 00ydYeHHUs HEeHpOHHBIX ceTel, OJHAKO NpeTOXKCHHAS
APXUTEKTYpa MPHUIOKEHHS TI03BOJISIET PEIIaTh TOJIBKO 3a71a9y
00yueHwus. B kauecTBe MpUMEPOB IPOEKTA C yHUBEPCAIEHBIM
noaxoaoM sBisitorest BOINC, IBISu CWC.

CaMbIM NMOMyJISAPHBIM U3 BCEX CYHIECTBYIOIUX peIleHHH
MPUMEHEHUS MOOUIIBHBIX YCTPOUCTB ISt
BBICOKOHATPY)KEHHBIX  BBIYHCICHHH  SBISIETCA  MPOEKT
BOINC. DTo mporpaMMHBI KOMIUIEKC IJIsi OpraHU3aIHi

NOOPOBOJBHBIX pachpeaenéHHbIXx BbluucieHuid. C  ero
MOMOIIBI0  MOXHO  pPacCUUTHIBATH CIIOKHBIE 3a/1a4H,
UCTIONB3YsT ~ PeCypchl  IEpPCOHANBHBIX  KOMIBIOTEPOB

J0OPOBOJIBLEB, MOAKIIOYMBIINXCS K MpoekTy. JKenaromme
MPUHITH Y4acCTHE B MPOEKTE AOJDKHBI YCTAHOBUTH Ha CBOI
IIK cneumansHoe 1O, mo3BOIIAIONIEE MOIKIIOYUTHCS K
cucteme. Jlajee 4acTh BBIYMCIWTENBHOW 3ajadu Oyner
OTIpaBIeHA MOJIH30BATENIO U paCCUUTaHa B CBOOOJHOE OT
Harpy3ku Bpems [10, 11,12, 13].

IMepBonauansno BOINC paspabarteBasicss B CIIA st

mpoekra  100poBosbHEIX  Bhruuciaenuin  SETI@home,
NPOU3BOJAIICIO  MOWMCK  BHE3EMHOTO  pasyMmMa, HO
BIOCIEACTBHM  pa3paborymku  chaemaidd  miatdopmy

JIOCTYITHOW M A1 CTOPOHHHX MPOEKTOB.

PaboTa cucTeMbl IPOUCXOJUT CIEAYIOMNM 00pa3oM:

1. KuueHT u cepBep 3aMyCKalOT IPUITOKEHHUE.

2. KuueHnt BbIOMpaeT NpoOEKT, B KOTOPOM OH XO4YeT
HOPUHATH y4acTHE.

3. C cepBepa TmTpoeKTa  KIHEHTY
UHCTPYKIUU U UCTIONHAEMBIN (aiin.

4. Ha KINEHTCKOM Yy371€ aBTOMAaTHYCCKH MPOUCXOIUT
3aIyCK HCHONHSAEMOTO (aiila B COOTBETCTBHH C
MOy YeHHBIMH HHCTPYKIUSAMU.

5. Tlocne pemreHus 3a/1a 9y KITHEHT OTIPABISET PEIICHNS
Ha cepBep.

nepeaarTed

OcoOCHHOCTH peIICHUS:

* IlpocTtora BKIIOYEHHS B MPOCKT pECypcoB

JI0OPOBOJIBIIEB.

* IlpocroTa uHTepdeiica.

* Bpicoxuii mOpor BXOXIEHUA
COOCTBEHHBIX MIPIIIOKCHHN.

*  MHuoctpannaspa3paboTka.

Il pa3paboTiu

Ipoexr BOINC o4enb yno0eH sl KIIUEHTa — yCTaHOBKA
W HAaCTpOWKa CHCTEMBI HE IIPENIojiaraeT BRICOKHX 3aTparT.
OnHaKo, HCIIOJI30BaHUAE CUCTEMBI B KA4ECTBE COOCTBCHHOI
1aTGOPMBI JUTsl BBIYUCICHUN MOXET BBI3BAThH 3a TPYIHCHHC
y wucciemoBaTeNel, HE MMCIOIIUX BBICOKOIO HaBBIKA
nporpammupoBanus. O0pamaer Ha ceOs BHUMaHUE H TOT
¢axr, uyto, xoTst BOINC 1 sBnsieTcs MPOEKTOM C OTKPBITHIM
HUCXOJIHBIM KOJOM, €ro pa3pa0OoTYUKH pPacCMaTPHUBAKOT
BO3MOKHOCTH OOHKOTHPOBATH pOCCUHCKHUE MTPOEKTHI [14].

Hunepnasackue yuensle paspaboranu cuctemy IBIS,
MO3BOJAIOMIYI0 O0BEIUHATH pa3IHYHBIE YCTPOWCTBA IS
pacupezeNneHHbIX BEIYUCIeHIHA. [IpoeKT HamucaH Ha S3BIKE
Java m mpemocTaBiaseT BO3MOXHOCTE paboTel ¢ Android
YCTpOHCTBaMH. ABTOPHI IpeanararoT 3(PeKTHBHBINA cr1ocod
KOMMYHHKaIlHM YCTPOWCTB MeXIy co00i ¢ TOMOIIBIO
pa3paboTanHo# OuOIHOTEKM M ToAnepkkKy MPI. OnHako B
2014 roay mpoekT ObUT 3aMOPOXKEH M JIOCTyIa K HEMY HET
[15,16].

AMEpHUKaHCKHMH HCCJIENOBaTeIsIMH OBIT  pa3paboTaH
npoekr CWC - Computing while charging. Ilpemiosxeno
BHCIPUTh B  KPYNHBIX  KOMIIAHHAX  IPOBCICHUC
BBICOKOTIPOM3BOIHUTEIBHEIX BBIYUCICHHA Ha TpHIE W3
CMapT(HOHOB BMECTO CEPBEPOB U OOJAYHBIX BBIYUCIICHHH.
Kaxnplii cOTpyaHUK KOMIAaHMM JOJIKEH IPENOCTaBIsATh
MOIIIHOCTH CBOETO yCTPOWMCTBA BO BpeMsl ero 0e3aeicTBus —
HOYBIO  TPU  3apsAAke.  OKCIEPUMEHTHl  IOKa3ald
pa6oTocnocoOHOCTh mpoekra. IlokazaHO, YTO YETHIpe
cmapTtdoHa, OOBEAMHEHHBIX B CETH COMOCTABHMBI IIO
MOIIHOCTSIM C IIePCOHAIbHBIM KOMITbIoTEpoM [17, 18].

JUis pemieHust pecypCcoeMKHX 3a7a9 MOXKHO UCTIOTh30BaTh
u rpun u3 Raspberry Pi — nomyssipHoit mnatdopmsl, Ha
OCHOBE KOTOPO# pa3pabaTeIBaOTCA yCTPOMCTBA ISl yMHOTO
moma, poOoThl, MemuaneHTtpbl, DIY-mpoektsr [19].
CyImiecTByeT HECKOJIBKO BEPCHH  MHKPOKOMITBIOTEPOB,
00J1a 12 I0UMX pa3HBIMK XapaKTepUCTUKaMH (Tabr. 1).

Ta6nuna 1: CpaBHeHHEe KauecTBa MOJEIeH

Mapamer Raspberry Pi
pamerp Model 1B Model 2B Model 3B Model 4B Model 5B
Yucno saep 1 4 4 4 4
Takrosasuacrora (GHz) 0.7 0.9 12-14 15 2.4
RAM (Gb) 05 1 1 1-4 2-8

B pab6orte [20] paccka3piBaeTcs 0 IPUMEHEHHH KlIacTepa
n3 Raspberry Pi quist maiunzoro o0yueHust. Pazpa6oraHHbIi
HCCIIeIOBATENISIMA KIIACTEP COCTOMT M3 6 yCTpoiicTB
Raspberry Pi Model 4B ¢ 4 T'b onepaTuBHO# mamsTu Ha
KaXXIoM y3he. YcTpolcTBa ObUIM TOJKIIOYEHBI K
kommyTatopy Gigabit Ethernet. Knacrep wncnonssyer
pacmpeaenennyoo (daitosyto cucremy Hadoop (3.2.0) u
Apache Spark (2.4.3) st peanuzanuu  aJrOPUTMOB
pacmpeneneHroro MamuaHoro oOyuenus (MLIib Spark).
IMoka3aHo, YTO MPOU3BOJUTENBHOCTh KIIaCTEPa JOCTATOYHA
JUTSL MAITMHHOTO 00y4eHHsI.

Onuoit w3 cdep npumeneHuss rpum u3 Raspberry Pi

SBIsIeTCST  00pa3oBaHWE, KOTJa CTYIEHTH OO0yYaroTcs
IpaKTU4ecKoil paboTe ¢ pacnpeneneHHbpIMY cucTeMamu [21,
22]. B paborax noguepkuBaeTcs NpPOCTOTA MPOEKTOB U HX
OTHOCHUTEIbHA 1 HU3KA S [ICHA.
IIpoBenennsbIit aHAaJlN3  CYUIECTBYIOIIMX  MOAXOIOB,
MMO3BOJIACT  KOHCTATHPOBaTh, YTO HA  PBIHKE  HET
YHHUBEpCAJFHOTO pemieHus, W 3ajxaum cosmanms [10 mis
opranmsanun HGRID sBusercs akxryanpHOI, 0COOCHHO B
YCIIOBHUSIX CaHKIIMOHHBIX OTPaHUYCHUH.
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I1l. TIPEQJIATAEMOE PELLIEHUE

[Iporpammuoe obecnedenue s opranuzauuu HGRID
pa3pabaTbiBaeTCsA U yU€TOM TOTO, YTO OyJyT BBIIOJHATHCS
cnexyromue ycioBus [23]:
1. VcrpoiicTBa MOAKIIOUAIOTCS K JIOKAJIBHOHM CeTH C
HCIoIb30BaHUuEeM Touek WiFi;

2. Bce YCTpPOHCTBa IO IKITIOYCHBI K
JJIEKTPOTINTA HAS;

3. VYcrpolicTBa Ha BpeMs BBIYHCICHHS HE MOTYT OBITH
OTKJIIOYCHBI HJIM BBIHECEHBI BHE 30HBI WiFi.

CCTH

OyHKIMOHA T UHTETPHUPYIOLIETO I10 JOJKEH
obecriedrBaTh BO3MOXKHOCTh OOBEIMHEHUS YCTPOHCTB C
CYIIECTBEHHO Pa3HOPOIHBIMHA Xa PaKTePUCTHKAMU.

B kaudectBe TecroBoil Oblna BbIOpaHa IUTaTdOpMa,
cocTosmasi W3 IIEPCOHAIBHOTO KOMIIBIOTEpa M TpPex
ycTpoicTB— cMapTdoHa, MUKpoKoMITbioTepa Raspberry Piun
TeJieBU3MOHHOM npuctaBku Smart-TV. (Puc. 1)

1
&

Raspberry &

gk Alcroconeaas Seary- IV

Puc. 1: Ctpykrypa HGRID

PaspaboranHas cuctema paboTaeT IO CIEAYHOIIEMY

AJTOPUTMY:

1. TlogxmroueHue Bcex YCTPOUCTB.

2. TlpoBepka Hamuyus y31a B CIHCKE paHee
MCIOJIb30Ba BUIUX CSL.

3. B cayuyae OTCYTCTBUS — MPOBEICHUE TECTUPOBAHUS U
BbIUMCIIEHUE KOd(P(UIMEeHTa ero OTHOCHTEIbHOMH
MOIITHOCTH.

4. Pas0bueHue 3agaud Ha YacTH B COOTBETCTBUH C
K03 (PUIIMEHTaMd OTHOCUTENHHOW MOIIHOCTH U
nepenadva e€ Ha y3JIbl.

5. TlpueM OT y3710B METPUK, XapPaKTEPUIYIOMIUX PEIKIM
paboTel. B ciiydyae TpEBBIIICHUS MPEISITbHBIX
apaMeTpoB - OTKIIOYCHHE y3I1a.

6. BrIBoJ pe3yibTaTa BEIYHCICHUH HA 9KPaH OCHOBHOTO
YCTPONCTBA MOCIE HX OKOHYA HHS.

A. Apxumexmypa I10

Ilocne ornpaBneHys 3aja4y C cEpBepa OHA MOCTYMAET MO
JOKaJIbHOM CETH B MPUIIOKEHUE KIHeHTa. Eciu B kauecTse
KITHEeHTa BeICTymaeT cMapTdoH Ha miaThopme Android wim
TeleBU3MOHHAsT mpucTaBka Smart-TV, TO B KadecTse
OCHOBHOTO TIpoliecca, MIPHHUMAIOMIET0 COOOLIeHUus OT
cepBepa sBisgercs npuinoxeHue Android, HamucaHHOE HA
s3p1ke java. OCHOBHBIMH 3aa4aMU IPUIIOKEHUS SBISIOTCS
OTpeAeNeHNe THIA 3aAavy, e€ 3amyCK M MOHHUTOPHHT
XapaKTepUCTHUK ycTpoiicTBa. Ecu 3arawa 6slma odopmieHa
B BUJE apk-TIPMI0OKEHNs, TO OHA 3aIyCKAETCS C TTOMOIIBIO
OMOTMOTEIHBIX BBI30BOB CaMOTO0 npruioxeHus. Ecnn 3a jaga
IpeicTaBIgeT co00M CKpHUNT, pa3pa b0 TaHHEIH, HATIpUMeEp, HA
sa3pIke python, To nMaHHBIE HepenaroTcs B IPHIOKEHHE,
pa3paboTaHHOE O] SMYISATOP KOMaHIHOW CTpokHu Termux.
BHyTpH Hero mMpoMCXOAWT 3aIyCK MPOTPaMMBI M OTIPaBKA
pe3ynbpTaTa 00paTHO Ha KITUSHTCKOE MPHIOKEHHE, KOTOPOE B
CBOI0O Ouepenb BO3BpalllaeT pe3yNbTaT BBHIYUCIECHHS Ha
cepsep.

Ipunoxenne Termux cBO6OIHO THLEH3UPYETCS U MOXKET
yCTAaHOBIMBAaTbCA  Ha  OOJBIIMHCTBO  COBPEMEHHBIX
MOOMIBHBIX YCTPOUCTB [24]. Ero y1o6HO HCIoJIb30BaTh AJIs
3amycka mnpocrtedmux npunoxenuid Ha C, C++, Python u
JpYTUX s3BIKaX MpoTrpaMmupoBaHusa. HempocTaTok cBA3aH ¢
OTCYTCTBHEM MHOTHX pPacCIpOCTpaHEHHBIX OubauoTek. s
pemieHHs TPOOIEMBI BO3MOXHO BHYTPH HPUIOXKECHUS
YCTaHOBHUTH 00pa3 aucTpuOyTHBa ubuntu, Ha KOTOPBII
3arpy3uTh HEOOXOAMMOE TMporpaMMHOe obecnedeHue. B
Tabnuie 2 TpeCcTaBICHO CPaBHEHHE HAJTHYHSA OCHOBHBIX
6mOMoTeK, HEOOXOIUMBIX ISl MAaIIMHHOTO OOyYeHHs Ha
Termux u B BUpTyaJbHOW MammHe ubuntu. HegocraTkom
HCIONB30BaHUS ubuntu SBISETCS CHIBHOE 3aMeIJICHHE
paboTHI IpOTpaMMBI, 1 HEBO3MOHOCTH HCTIOTH30Ba HISI BCEX
A7ep mporeccopa.

Tab6numa 2: JlocTymHOCTh OMOIHOTEK Ma ITMHHOTO

00yUeHus
Bubimoreka Termux Ubuntu on
Termux
numpy python-numpy +
tensorflow - +
keras - +
pytorch - +
B TOM cnyqae, KOrga B Ka4yeCTBC KIIMCHTA BbICTyHaeT
MHKPOKOMIIBIOTEp, TIepefaHHas 3ajJada MOXeT OBITh

CKOMIHMINPOBaHA,00paboTaHa M 3aMyIeHa, KAK ¥ Ha TI000M
O0OBIYHOM IIEPCOHAJBHOM KoMmbioTepe. IIpm 3ToMm ecTh
BO3MOXHOCTh  HCIIOJIb30BaHME KOHTCHHEpHW3aLUH IS
3211y CKa IPUIOKEHHUH.
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D Ubuntu

Pythoed ap%
Kensev fiow

Android

Raspberry Pi

Puc. 2: Apxurekrypa cuctemsl HGRID.

V. DKCHEPUMEHTAJIbHASIYACTD

JIist OIleHKHM BBIYMCIMTENILHBIX Bo3MoxkHocTed HGRID
ObLTM TPOBEJIEHBI JKCIEPUMEHTHI 10 (efepaTHBHOMY
00y4YeHHUIO HEHPOHHO CETH JJIs1 pacio3Ha Ba HUSA PEKITa MHBIX
COOOIIEHNI TpH paccbuIKe MO D3JEKTPOHHOW mnouTte. B
Ka4ecTBE HCXOJHOTO JnaTtaceTa Obuinm BbIOpaHbl 22032
KOppeKTHBIX coobmenus u 9000 mucem co cmamom [25].

Xapakrepuctuxku y310B HGRID, BbIOpaHHBIX 11
MIPOBEICHNUS DKCTIEPUMEHTOB, MIPeICTaBIEHBI B Ta0ule 3.

Tab6nuna 3: Xapakrepuctuku y3nos HGRID

RPI Raspberry Pi 4 Model B Cortex-A72
@1.8 GHz 4 core 6 Gbh RAM

Smartphone | Xiaomi Readme ARM 2x Cortex-A78
@2.6 GHz, ARM 6x Cortex-A55 @2.0
GHz 8 cores, 8 Gbh RAM

Smart-TV Rgeeed Cortex-A53 @1.51 GHz 4 cores,
4 Gb RAM

Smartphone | Intel core i5-11400H @2.70 GHz 6 core
12 threads 24 Gbh RAM

B mepBoM 3KCHEpHMEHTE H3MEpPSUIOCh BpeMs 00ydeHHs
CeTU OTHAEIBHO Ha Ka’KAOM U3 y3J10B B OJHOIOTOYHOM H
MHOTONIOTOYHOM PeXHUMaXxX IPHU UCIOIb30BaHUU aJITrOpUTMA

Yerpoiictso | XapakTepuctiin OallaHCUPOBKM HATpy3KH Ha y3max. PaspaboranHoe
PC1 Intel core i5-11400H @2.70 GHz 6 core MPWIOKEHHE HE HCIOJIB30BAI0 CTOPOHHUE OWOIMOTEKH,
12 threads 24 Gb RAM ' MOATOMY €ro 3aIlyCK OBUT BO3MOXEH 0€3 HCIOJIb30BaHUs
PC2 Mntel core 5-5200U @2.2 GHz 2 core 6 smyJsTopa ubuntu. Pe3ynbraTsl 9KCIIEpUMEHTa MTPUBEICHBI
Gb RAM B Tabnune 4.
Ta6numa 4: Pe3ynbTaThl IepBOr0O 3KCIIEPHMEHTA
Bpews Smartphone Smart-TV
— PC-1 PC-2 Raspb_erry UBUNTU UBUNTU
(cex) Pi ON TERMUX ON TERMUX
TERMUX TERMUX
HMO";?K‘Z“;YM 42 48.1 46.36 96.6 19.6 - 109.8
1 moTok 23.3 71.8 181.2 98.14 55.8 - 433.2

MO3KHO 3aMETUTh, YTO BpEMs pELIeHUs 3aJadd Ha
cmaprdone u Raspberry Pi Hmke, 4eM Ha IepcOHAJIEHOM
kommbeloTepe PC-2. D10 00BsCHAETCS HaIWYuMeM Yy HHU
Gonbllero 4Yuciaa BBIYUCIUTENBHBIX sA€p, YeM Ha
KOMIIBIOTEPE M €ro HU3KOM NpPOU3BOAMUTENIBHOCTHIO. M3-3a
TOTrO, 4TO mpoueccop Smart-TV 6but 32 OuTHOU Bepcuu, HE
yJaJoch MOJHOICHHO 3alycTHTh Ha HEM ubuntu. Bpems
BBINIOJIHEHHUS 3aJa4Yd B OJHONOTOYHOM H MHOTOINOTOYHOM
pexnmax Ha ubuntu Ha cMmMapTdoHE COBMNANO, YTO
HMOJTBEPKAAET TEOPUI0 O HEBO3MOXKHOCTH HCIOIH30BaHUAL
HECKOJBKHX SIIIEp.

Bo BTOpOM 3KClepuMeHTE aHAJIOTHYHAs 3ajada Obula
3amymieHa Ha Bcex y3nax HGRID, B coctaB koTopoii ObLTH
no ouepenu BitodeHsl PC-1 u PC-2. Ilpu ucnonszoBaHuu
pecypcoB HGRID Bpewmsi o0yueHue yiaeTcs YMEHBIIUTH B
1.34 pa3a no cpaBHeHHIO ¢ 00y4eHHeM Toiabko Ha PC-1. B

ciny4ae ¢ PC-2 ucnonb30BaHUEM paclpeAciieHHON CUCTEMBI
ycKopseT mpoiiecc ooyuenus B 4,67 pas(Tabnuma 5).

Tabnuua 5: Pe3yapTaThl BTOPOT0O SKCIIEPUMEHTA

Bpems 00ydeHus ceTu (cexk)
HGRID PC HGRID | Yckopenue
PC-1(6anancupoBka) 4.2 3,13 1,34
PC-2(6anaHcupoBKa) 48.1 10,3 4,67
PC-2 48.1 27,6 1,73
Ilpy 3amycke BBIUKMCIUTENBHOM 3aJayd  Ha  BCEX
YCTPONCTBAaX, IS TOBBIOICHUS H(P(EKTHBHOCTH  OBUT
MIPUMEHEH MeToJ 0aaHCHPOBKM,  yYHTHIBAIOIINI
KO3(pUINEHT OTHOCHUTENBHOW MoOIDHOCTH y3rma. Ha
pUCYHKaX  TpPEICTaBIEHB  KPYTOBBIC JHarpaMMBl,

OTpaXarlue BKJIa g KaXA0Iro U3 y3JIOB B PCIICHUC 3aJa4u.
MoxHO 3aMCTUTB, UYTO MOHIHBIﬁ HepCOHaJ’IBHHﬁ KOMIIBKOTEP
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PC-1 Bemomann % Bceit pabotsl, korna PC-2 B coctare
HGRID Toxbko Y (Puc. 3-4).

Bknap y3nos B paboty HGRID

= PC-1 RPI Smart-TV

Smartphone

Puc. 3: Bxinagysnos B paboty HGRID (nepsbiii
AKCTICPUMEHT)

Bknap y3nos s paboty HGRID

= PC-2 RPI Smartphone Smart-TV
Puc. 4: Bxknag y3nos B paboty HGRID (sropoit

9KCIEPUMEHT)

Tpetbst ctpoxka B TabGa. 6 TO3BOJSAET OLEHUTH
3¢ dexTHBHOCTs OaTaHCHPOBKM HATPY3KH y310B. be3 Heé
BpeMsi 00yUeHHS CeTH YBEITHIMIOCH B 2,67 pas.

V. BBIBOJIbI

IIpennaraemplii moAaxoa K OpraHU3alMM JOMaIIHEH
pacnpeneseHHOM BBIYUCIUTENBHOM CHCTEMBI B  XOJE
9KCIIEPUMEHTOB MOATBEPAWI CBOIO (DYHKIMOHAJIBHOCTH Ha
npakruke. [laxe He6oxsmoit HGRID no3BonseT yMEHbIINTH
BpeMs 00ydYeHHsT HEHpPOHHOW CETH, OCOOEHHO B Ciyuae
MpUMEHEHUsT 0aJIaHCUPOBKM HATpPy3Kd y3710B. BbuUIO
MMOKa3aHoO, YTO WCIOIb30BAaHUE TPHUIOXKEHHS Termux u
YCTAaHOBICHHOTO Ha Hero oOpa3a ubuntu gmemaer
MpeJIOKEHHOEe  pelieHue  yHuBepcalbHbIM.  Clremyer
OTMETHTh, YTO XOTA JOMAIIHIS CETh H HE MOXET
KOHKYpHPOBaTh C KiIacTepaMd U3 padOdYHMx CTaHIMHA, e
MOXHO  HCIOJIb30BaTh HE  TOJBKO  [JJIA  OTJIAJKU
pacupeneNeHHbIX NPWIOKEHUH, HO W JUIsl pacCIIUpEeHMs
¢yukumonana loT cuctem.
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About one approach to organizing a home
distributed computing system

Sergey Balabaev, Sergey Lupin, Dmitry Fedyashin

Abstract - The paper considers an approach to organizing a
home distributed computing system consisting of a personal
computer and an integrated smartphone, a Raspberry Pi
microcomputer, and a Smart TV set-top box. An overview of
existing software solutions is given - clusters of smartphones and
Raspberry Pi microcomputers. It is noted that the use of low-
power devices as nodes of a distributed system is possible, butis
accompanied by difficulties in developing and configuring
software. Based on the analysis, the functionality was
determined and software for integrating mobile devices with a
PC was developed. It allows you to upload a calculation task to
the nodes, run it, accumulate and display the obtained
calculation results on the screen. Interaction between devices
occurs over a local network. The software for mobile devices is
developed in Java. The paper proposes a method for running
scripts written in Python on smartphones using the Termux
application. The used node load balancing algorithm allows you
to combine devices with significantly different performance into
a single environment. The article presents the results of solving
the problem of federated training of a neural network in a
distributed environment organized using the developed
software. They confirm the functionality of the developed
software and the possibility of using a distributed system
organized with its help with heterogeneous nodes to solve
optimization problems.

Keywords - distributed computing, smartphone, Android OS,
grid systems, Raspberry Pi, Smart TV.

REFERENCES

[1] Pramanik P. K. D., Pal S., Choudhury P. Mobile crowd computing:
potential, architecture, requirements, challenges, and applications /The
Journal of Supercomputing. - 2024. - VVol. 80. - No. 2. - P. 2223-2318.
URL: https://doi.org/10.1007/s11227-023-05545-0

[2] S. A. Balabaev, "Evaluation of computing capabilities of mobile
platforms,” 28th All-Russian Interuniversity Scientific and Technical
Conference of Students and Postgraduates "Microelectronics and
Computer Science - 2021", 2021.

[3] Balabaev S. A., LupinS. A, Taik A. M. Monitoring system for load
balancing nodes of a distributed computing system based on
smartphones //International Journal of Open Information Technologies.
—2024.-Vol.12.—No. 10. - P. 78-85.

[4] Khaing M., Lupin S. A., Thu A. Evaluating the effectiveness of load
balancing methods in distributed computing systems // International
Journal of Open Information Technologies.— 2021. — VVol. 9. — No. 11.
—P.30-36.

[5] Takawale H. C., Thakur A. Talos app: on-device machine learning using
tensorflow to detect android malware // 2018 fifth international
conference on Intemet of Things: systems, management and security. —
IEEE, 2018. - P. 250-255. URL:
http://dx.doi.org/10.1109/10TSMS.2018.8554572

[6] Salem H. Distributed computing system on a smartphones-based
network //Software Technology: Methods and Tools: 51st International
Conference, TOOLS 2019, Innopolis, Russia, October 15-17, 2019,
Proceedings 51. — Springer International Publishing 201 9 URL:
http://dx.doi.org/10.1007/978-3-030-29852-4_26

[7] Kaushik P., Yadav P. K. A novel approach for detecting malware in
android applications using deep leaming /2018 Eleventh International
Conference on Contemporary Computing (1C3). — IEEE, 2018. — pp. 1-
4. https://doi.org/10.1109/1C3.2018.8530668

[8] Fang W. et al. Comprehensive android malware detection based on
federated learning architecture /IEEE Transactions on Information

Forensics and Security. — 2023. — T. 18. — P. 3977-3990.
https://doi.org/10.1109/TIFS.2023.3287395

[9] TangJ. etal. PE-FedAvg: A Privacy-Enhanced Federated Learning for
Distributed Android Malware Detection //2023 IEEE Intl Conf on
Parallel & Distributed Processing with Applications, Big Data & Cloud
Computing, Sustainable Computing & Communications, Social
Computing & Networking (ISPA/BDCloud/SocialCom/SustainCom). —
IEEE, 2023. — pp. 474-481 https://doi.org/10.1109/ISPA-BDCloud-
SocialCom-SustainCom59178.2023.00094

[10]Kurochkin I. et al. Using Mobile Devices in a VVoluntary Distributed
Computing Project to Solve Combinatorial Problems //Supercomputing:
7th Russian Supercomputing Days, RuSCDays 2021, Moscow, Russia,
September 27-28, 2021, Revised Selected Papers 7. — Springer
International Publishing, 2021. - pp. 525-537.
http://dx.doi.org/10.1007/978-3-030-92864-3_40

[11]Dolgov A. A. Deployment of a Grid System from Mobile Devices on
the BOINC Platform // Cloud and Distributed Computing Systems in
Electronic Management of ORVSEU-2022 within the Framework of the
National Supercomputer Forum (NSCF-2022), 2022 pp. 24-29

[12]Kurochkin I. 1., Prun A. I. Grid System from Personal Devices on the
BOINC Platform for Solving Deep Learning Problems // Optical-
electronic Devices and Devices in Pattern Recognition and Image
Processing Systems: Collection of Materials of the XVII International
Scientific and Technical Conference, Kursk, September 12-15, 2023.
Kursk: South-West State University, 2023. pp. 252-254.

[13]Kurochkin I.1. Decentralized deep leaming ona grid system of personal
computers // Proceedings of the XXIII International Conference on
Computational Mechanics and Modern Applied Software Systems
(VMSPPS'2023), p. Divnomorskoye, Krasnodar Krai, September 4-10,
2023. Moscow: Moscow Aviation Institute (National Research
University),2023. Pp. 111-113.

[14]Official website of the BOINC project [Electronic resource] / URL:
https://boinc.berkeley .edu/russia.php (Accessed: 11/30/24)

[15]Gurusamy V., Nandhini K. Intemational journal of engineering sciences
& research technology IBIS: The new era for distributed computing
http://dx.doi.org/2018 10.5281/zenodo.1135392

[16]Palmer N. et al. Ibis for mobility: solving challenges of mobile
computing using grid techniques //Proceedings of the 10th workshop on
Mobile Computing Systems and Applications. — 2009. — P. 1-6.
http://dx.doi.org/10.1145/1514411.1514426

[17]Kumar T. U., Senthilkumar R. CWC* - Secured distributed computing
using Android devices //2016 International Conference on Recent
Trends in Information Technology (ICRTIT). — IEEE, 2016. — pp. 1-7
https://doi.org/10.1109/ICRTIT.2016.7569590

[18]Arslan M. Y. et al. Computing while charging: Building a distributed
computing infrastructure using smartphones //Proceedings of the 8th
International conference on Emerging networking experiments and
technologies. - 2012. - P. 193-204.
https://doi.org/10.1145/2413176.2413199

[19]Balabaev S. A., Lupin S. A., Sha Kirov R. N. Computing cluster based
on Android smartphones and Raspberry Pi microcomputers //
International Journal of Open Information Technologies. - 2022. - Vol.
10.- No.7.-P.86-93.

[20]Komninos A. et al. Performance of raspberry pi microclusters for edge
machine learning in tourism // Network (Mbps). - 2019. - Vol. 100. - No.
100. - P. 100.

[21]Xu Z. Teaching heterogeneous and parallel computing with google colab
and raspberry pi clusters // Proceedings of the SC'23 Workshops of The
International Conference on High Performance Computing, Network,
Storage, and  Analysis. - 2023. - P. 308-313
https://doi.org/10.1145/3624062.3624095

[22]Govindaraj, Parallel Programming in Raspberry Pi Cluster, Ithaca, 2016

[23]Balabaev S.A., Lupin S.A. Evaluation of the functionality of a cluster of
a personal computer and mobile devices / IV scientific and practical
conference with international participation "Actual problems of
informatization in the digital economy and scientific research - 2023",
Zelenograd.2023.

73


https://doi.org/10.1007/s11227-023-05545-0
http://dx.doi.org/10.1109/IoTSMS.2018.8554572
http://dx.doi.org/10.1007/978-3-030-29852-4_26
https://doi.org/10.1109/IC3.2018.8530668
https://doi.org/10.1109/TIFS.2023.3287395
https://doi.org/10.1109/ISPA-BDCloud-SocialCom-SustainCom59178.2023.00094
https://doi.org/10.1109/ISPA-BDCloud-SocialCom-SustainCom59178.2023.00094
http://dx.doi.org/10.1145/1514411.1514426
https://doi.org/10.1109/ICRTIT.2016.7569590
https://doi.org/10.1145/2413176.2413199
https://doi.org/10.1145/3624062.3624095

InternationalJournalof Open Information Technologies ISSN: 2307-8162 vol. 13, no. 11, 2025

[24]Balabaev S.A., Gureev A.V. Comparison of methods for developing a [25]Balabaev S.A., Balabaev A.A., Application of CoMD systems for

heterogeneous cluster of mobile devices onthe Android platform. // 29th training neural networks // 31st All-Russian Interuniversity Scientific
All-Russian Interuniversity Scientific and Technical Conference of and Technical Conference of Students and Postgraduates
Students and Postgraduates "Microelectronics and Computer Science - "Microelectronics and Computer Science - 2024" Zelenograd.2024.

2022" Zelenograd. 2022.

74



