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AOC/IIIZKEHHS TA PO3POBKA ITPOT'PAMU
MHOKEHHSA MATPUIB Y PO3IHOAIJIEHIN CUCTEMI
13 3BACTOCYBAHHSM TEXHOJIOI'II RPC

BiHHMIIbKYIT HAI[IOHATBHUN TEXHIYHUHA YHIBEPCUTET

Anomauin

Pozenanymo po3pobry ancopummy ma npozpamnozo 3abes3neuenHs 0N po3NOOiNeHO20 MHOICEHHA MAmpuyb 3
BUKOPUCMAHHAM MeXHO02Ii giodanenozo euxauxy npoyeoyp RPC. IIposedeno ananiz apximekmypu «Kii€Hm-cepeepy
ma npomoxkony XML-RPC ona opeanizayii misxcnpoyechoi 3aemooii. ObrpyHmogaro udip cmpiukooi 0ekomMnosuyii
5K OCHOBHO20 Memoody napanenizayii 0nsa MiHimizayii KomyHikayiunux sampumox. CmeopeHo npozpamuy peanizayito
Ha Mmoei Python 3 euxopucmannam 6ioniomexu NumPy. I[Ipogeedeno mecmyeanms npOOYKMUBHOCHI CUCHEMU,
NPOAHANi306aHO BNIUG HAKAAOHUX BUMPAM HA Cepiani3ayilo OaHUX ma GU3HAYEHO MediCi egheKmUHOCMI BUKOPUCMAHHS
RPC 0215 0b6uucnrosanvho iHmeHcugHux 3a0au.
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Abstract

The development of an algorithm and software for distributed matrix multiplication using Remote Procedure Call
technology is considered. An analysis of the client-server architecture and the XML-RPC protocol for organizing inter-
process communication was carried out. The choice of strip decomposition as the main parallelization method to
minimize communication delays is justified. A software implementation in Python using the NumPy library was created.
Performance testing of the system was conducted, the impact of data serialization overhead was analyzed, and the
efficiency limits of using RPC for computationally intensive tasks were determined.

Keywords: distributed systems, RPC, XML-RPC, matrix multiplication, Python, performance.

Beryn

AKTyallbHICTh PO3pOOKH TPOrpaMy MHOKEHHS MaTpHUIlb y PO3MOJUICHIH CHUCTEMI i3 3aCTOCYBaHHSIM
TexHoJorii BignaneHoro BUKIMKY mpouenyp (RPC - remote procedure call) 3ymoBneHa HeoOXimHiCTIO
00poOKM HaJIBENHKHUX OOCATIB JaHWX y TakuX cdepax, sk MallMHHE HAaBYaHHS, KOMIT I0TepHa rpadika Ta
HaykoBe MogpentoBanHs [1]. Omepailis MHOKEHHs MaTpuilb € OOYHCIIOBAJIbHO IHTEHCHBHOI 33/1aueio,
e(peKTUBHICTh BUKOHAHHS SKOI 0€3MoCepe/IHbO 3aJ€XKHUTh BiJl apXiTeKTypu cuctemu [2]. BukopucranHs
texHosorii RPC 103Bojsie cTBOPUTH THYYKY KIIiEHT-CEpBEpYy 1HPPaACTPYKTypy, A€ CKIaJHI MaTeMaTH4Hi
PO3paxyHKH PO3MOAIISIOTECS MiXK HE3aJIS)KHUMH OOYMCITIOBATBHUMHE BY3JIaMH, 3a0€3MeUyI0ur Ipo30picTh
MepeKeBO1 B3a€EMOIIT U1 po3poOHUKa.

Posnomineni cucremu Ha 0a3i RPC 103BOJIAIOTE 3HAYHO TOKPAIIMTH IIBHIKOMIID 32 PaxyHOK
napajielbHOr0 BHKOHAHHS Ti/i33]]ad Ha PI3HUX cepBepax, M0 € KPUTHYHO BaXKIUBUM JUIS Cy4YacHUX
BUCOKOTIPOAYKTUBHUX cucTteM. Lle 3abe3meuye macmrTaOoBaHICTh PIMICHHS: MOXJIHMBICTH HApOIIyBaTH
00OYHUCITIOBAJIbHY ITOTY)KHICTh IIISIXOM J0/IaBaHHS HOBHUX BY3JIiB 0€3 3MiHM OCHOBHOI JIOTiKH porpaMu[3-7].

MeTtoro po6oTH € po3po0Ka Ta MporpaMHa peaizallis aaropuTMy PO3IOALICHOI0 MHOYXKEHHS MaTPHIIb 3a
noromororo TexHonorii RPC st ontumizanii yacy BUKOHAHHS OOYMCIIEHb Yy T€TEPOTCHHUX MEPEKEBHX
cepeI0BUILAX.

ITocTanoBKka 3axa4i HoC/TiNKEHHSA
3agadi JOCIiIKEHHS TIONATal0Th Y BUPILICHHI HACTYITHUX MMUTAHb.
® po3poOKa apXiTeKTypH PO3MOoiNeHoi cucteMu THIy Master-Worker 15t MAaTpU4HOTO MHOXKEHHS;
e MareMaTH4YHE MOEJIOBaHHS NPOLECY CTPIUKOBOI AEKOMITO3UIII] Ta arperaruii pe3ysbTaTis;



e TIporpamMHa peaiizailis MOJYJIB KIIi€HTa Ta cepBepa 3 Bukopuctanusm XML-RPC;
e anani3 epexktuBHOCTI Ep Ta mpHUCKOpeHHS Sp aNTOPUTMY MPH Pi3HUX BETHYMHAX MATPHIIb.

Bukaan ocHOBHOro MaTtepiaay

Marpuune MHOKEHHS € (pyHIaMEHTAIBHOIO OTIEPALIi€l0, 10 BUKOPUCTOBYETHCS IS PO3B'SI3aHHS CHCTEM
TMiHIMHUX PIBHSHB, BiIOOpa)KCHHS T'€OMETPUYHUX TpaHCPOpMaliil y KOMM'IOTEpHiH rpadili, a TakoX y
0aratbox ajaTroOpUTMax MAIIMHHOTO HaBYaHHS IS ONTHMI3alii Bar Ta 3MiHCHEHHS MPOTHO3iB. Metoau
PO3B'SI3aHHS BKIIFOYAIOTh: CTAHIAPTHHIT anroput™ 3 yacooro ckaaguictio O(N®) ; anropurm ITpaccena 3i
ckmagmictio mpubmmsHo  O(N?®%'); Gimpm edexkTHBHI MeTOAM B PO3MOAIIEHHX Ta TNapajelbHUX
00YHCIIeHHSX, IO AO3BOJISIOTH 3HAYHO CKOPOTUTH Yac ollepaliii HaJ BETUKUMHU MAaCUBaMU JIaHUX.

Jnst Toro, mo0 mpaBUIIBHO BU3HAYUTH 1€F0 BUKOPHCTAHHS PO3MOAIIEHUX CHCTEM, Y POOOTI BUKOHAHO
nociimkeHHs apxiTektypu RPC, sika € Ki1rouoBoro TeXHOJOTI€0 A1 TOOYI0BH Cy4acHHX 0OYMCIIOBAIEHUX
Mmepex. RPC — e TexHOMOrist MIKITPOIIECHOT B3a€EMOIIT, Ka J03BOJISIE IPOTpaMi BUKIMKATH MPOLELYPH, 1110
3HAXOMATHCS B IHIIIOMY aJpEeCHOMY MPOCTOpi (3a3BUYail Ha BiJaIEHOMY KOMITHOTEpPi), BHKOPHCTOBYIOUN
TOH caMuil CHHTaKCHC, IO ¥ ISt JOKAJILHOTO BUKIUKY. By3mu y Takiif cuctemi 1moB’s/3aHi MiXk COO0I0 Yepe3
MepeskeBui mpotokon (y Hamomy Bunaaky XML-RPC mosepx HTTP), mo mo3sonse indopmarii
MepeMilllaTHCS BiJl KIII€EHTa JI0 cepBepa 0e3 HeoOXiTHOCTI Py4HOTo KepyBaHHs cokeTamu. RPC-cucremu €
«IIPO30OPUMID T PO3POOHHKA, OCKITFKH HOBHI OOYHCITIOBAILHUHN By30J MOXKE OYTH JIETKO iHTETpOBaHUN
y 3arajibHy CTpYKTYpy cuctemMu. Po3nominena cucrema Ha 6a3i RPC moxe 00’ €IHyBaTH KUIbKa IPUCTPOIB Y
€IMHUN Kiactep 0e3 mKkoau ais sSKocTi oOuuciaeHb. OcHOBHUE By3on (Master) mHiAKIIOYAETHCS JI0O
obuncmoBanbHUX By3miB (Workers) guepe3 moptu rimobanpHOI ab0 ToKabHOT Mepexi. HaBiTe skmo oauH
BY30Jl BUXOIWUTH 3 JIaIy, peliTa CHCTEMH MOXKE MPOJOBXKYBATH (YHKIIOHYBAaTH (32 YMOBH KOPEKTHOI
00poOku BUHATKIB). Ha BimMiHY BiJ TpaAMLiHHUX MOHOJITHUX mporpam, posmoniieHa RPC-cucrema He
noTpedye cribHOT mam'sITi 171st Beix mporieciB. KoxkeH 010k 004rCIeHb TTOBTOPIOE JIOTIKY Ha KOXKHOMY BY3I1
HezanexkHo. Ockinbku RPC 6a3yeThest Ha MepexeBUX MPOTOKONIAX, BOHA Ma€e HabaraTo MIMPIIHA Jiarna3oH
MaciTadyBaHHsI, Hi)K JIOKaJIbHI 0araTornoTOKOBI PillIeHHS.

Texnonorii RPC MoxyTh OyTH pi3HUX THIIB 3aJIe)KHO BiJ pOpMaTy AaHUX Ta TPAHCIOPTY:

o XML-RPC - tekcrosuii popmar Ha 6a3i XML Ta HTTP (BukopucTano B po6ori);
o JSON-RPC - xomnakTHuit popmar Ha 6a3i JSON;

e gRPC - BucokomnpoaykTiBHUH OiHapHUH poTokon Bij Google Ha 6a3i HTTP/2;
o SOAP - Ba)XKOBaroBui MPOTOKOJI 31 CTPOTMMH CTaHIApTaMH OE3MEKH.

OcHoBHI niepeBaru Ta ifei 3acrocyBanas RPC y MaTpuyHNX OOYMCICHHSX BKIIOYAIOTh!

e JIOKAbHUI OOMIH JaHWMH, KOXXEH CEpBEp CIIJIKYEThCS TUIBKH 3 KIIEHTOM, IO 3MEHIIYE
CKJIQJIHICTh TOIOJIOTIT MEPEXi;

® ACHHXPOHHICTH, 3aBJSKH ITyJy IMOTOKIB Ha CTOPOHI KIJII€HTa, MOXKJIMBO IapayielibHe BUKOHAHHS
00YHCIIeHb Ha PI3HUX By3JlaX OJJHOYACHO;

e MacmTa0OBaHICTh, CTPYKTYpa JIETKO PO3LIMPIOETHCS HIISIXOM JloJjaBaHHs HoBHUX [P-anpec cepsepis
y KOH(]ITypallito KIi€HTa;

e alcTpakilisi, TPOrpaMicCT OmNepye BUKIMKAMH (QYHKIIH, He 3ariuONIIOI0YNCh y MEpEeKeBY
peaizaiiio;

® THYYKICTb, MOXKJIMBICTH PO3MOAIIATH 3aBAaHHS MK By3JIaMHU 3 Pi3HOIO aapaTHOIO apXiTeKTYpPoIo.

Y po0oTi 10CTIIKEHO Ta BUKOPUCTAHO YOTHPU OCHOBHI CIIOCOOM ONTHUMI3AlIil aJITOPUTMY 3a JIOIIOMOT 00
RPC.

1. Tapanenizauis uepe3 ThreadPoolExecutor: po3nonin JaHUX MixK By31aMH MEPEXi Ta BUKOPUCTAHHS
MIOTOKIB Ha CTOPOHI KITI€HTA JO3BOJIMIIO MapaebHO iHII[IIOBATH O0UMCIICHHSI Ha BCIX BY3JIax.

2. CrpiukoBa xaexkommosutis (1D): martpurs PO3IIISIEThCST HA PSAAKH, MO0 MiHiMI3ye oOcsT
KOMYHiKaliil HOPIBHSHO 3 NepeAayero MOBHUX MaTPHULb Ha KOXKHOMY €Tarli.

3. Buxopucranas NumPy Tta mapmiamiHry: Ajsl MiJBHINCHHS Kell-e()eKTHBHOCTI Ta MIBHUIKOCTI
JIOKaJbHUX OOYMCIIEHb JaHi Ha cepBepax oOpoONsroThCs OonTHMi3oBaHMMHU Oibmiorekamu NumPy, a
nepeaaya 3aiHCHIOETbCA Yepe3 KOHBepTauito y crucku Python.



4. Cunxponizaris gepe3 Futures: oOMiH naHUMU BiIOYBa€TbCS aCHHXPOHHO, a arperarisi pe3yJbTaTiB
3MIHCHIOETHCS MICTIS 3aBEPIISHHSI BCIX BiAATCHUX BUKIHKIB, IO 3a0e3Mevye MPaBIIbHICTE OOYHCIICHb.

[TporpaMHo peanizoBaHO 3a/1aHy 33/ady Ta OIMCAHO BCI KOMIIOHEHTH KOy .

Ananiz pezynromamis mecmyeanna npozpamu BUKOHAHO JJIS PI3HOI KUTBKOCTI €IEMEHTIB Ta BY3MIiB
(tabm. 1-3).

Tabnuus 1 — Yac BUKOHAHHS TPOTpaMy Ha Pi3HUX BXiIHUX AaHUX (C.)

Kinbkicts nporecis, P N = 500 (enemeHTiB) N = 1000 (enemeHTIB) N = 2000 (enemeHTIB)
JlokaneHo (1 moTik) 0.15 1.80 15.20
2 Cepsepu (RPC) 0.22 1.10 7.80
4 Cepsepu (RPC) 0.35 0.85 4.10

Tabmuist 2 — KoedirieHTn npuckopeHHst Sp

3aranpHa po3MipHICTh MaTpuii, N 500 1 000 2000

KoediuienT nmpuckopeHss, Sp 0.43 212 3.70

Tabmums 3 — Koedimnientu edexrusHocTi Ep

Kinpkicts npouecis, P 2 4
Koeoiuient epexrusuocri, Ep 0.97 0.925

[IpoanamizyBaBmu ob6uunciieHi Koe(imieHTH MPHUCKOpeHHS Ta e(eKTHBHOCTI (Tabdxn. 1-3), mMoximmBO
3pOOUTH BUCHOBKH:

e npu HeBeaukux BximHux maHux (N=500) 3HaueHHs Koe(illieHTa MPUCKOPEHHS € MEHIIUM 3a
OJIMHHMITIO, OCKUTbKM Hakmaiui BuTparu Ha Mapmaminr XML-RPC ta mepexeBy NaTeHTHiCTh
MIEPEeBUIYIOTh BUTPAI BiJI Mapaselnisaiii;

e 30UIBIICHHS KUTBKOCTI MpoIieciB mpu podorti 3 Benukumu matpuisiMu (N=2 000) npu3BoauTh 110
3HA4YHOrO 36inmpmienHs mpuckopenHs (Ss =3.7), ockimekm uactka oOumciaens (O(N®)) crae
nomiHyrouoro Hax komyHikamisvu (O(N?));

o chexruBHicTh cuctemu (Ep) 3amumaerscs Bucokoro (monanm 90%) sl BENMKHX 3aad, IO
miATBep/KY€E MaciiTaboBaHicTh 00panoi 1 D-nexommosuiiii B apxitektypi Master-Worker.

OTXe, OCHOBHUMH YMHHUKAMH, SKi BIUTMBAIOTH HA 3MIHY TIOKa3HHKIB, € PO3MIp BXiHHUX JaHHUX, KITbKICTh
00YHCITIOBAaTIbHUX BY3JIIB Ta HAKJIAJHI BUTPATH Ha cepianizaiito qanux y nporokoii RPC. Bukopucranus
po3nojinenux cucreM Ha 0a3i RPC € ekOHOMIYHO Ta TEXHIUHO AOIIJIBHHUM JIMIIE JJIs 3a1a4 i3 rpy0oro
TPaHyISAPHICTIO (BEIMKUM 00CATOM O0YVCIIEHh Ha OJUHUIIIO TIEPEIaHuX JaHHX ).

BucHoBku

JocnipkeHo MaTpUuHE MHOMKEHHSI SIK OJHY 13 KJIFOUOBHX Omepaliil B JiHIMHINA anreOpi, BU3HAUCHO
ocHOBHI ctepu ii 3acrocyBaHHs. Po3risHyTo Tpu pi3HI MeTOnM BUKOHAaHHsS omnepamii MaTpUYHOro
MHOXCHHSI: «HaiBHUIT» Meto, MeTox [lItpaccena ta metoy Kommepmana-Binorpasa, onucaHo anropuTMu
ix BupimeHHs Ta chepu 3acrocyBaHHsA. Ha OCHOBI JiTepaTypHuX JKepen gociimkeHo TexHonoriio RPC sk
anbrepHaTBy Mesh-MepexaM y po3NOAIIEHUX CHCTEMax, po3MIIHYyTO NpUHUMIH podotu XML-RPC Ta
c(hopMyJIbLOBAHO 1710 BUKOPUCTAHHS apxiTekTypu Master-Worker ajis napanenbHUX 00YHCICHb.

IIporpamHO peasi3oBaHO 3aJaHy 3aj1ady MoBo Python Ta ommcano Bci kommoneHTH Koy [8]. Takox
HaBezeHo UML-niarpamu kiaciB Ta aktuBHocti [9]. [IpoBeneHo tectyBaHHS po3po0iIeHOI mporpamMH Ha
PI3HUX PO3MIPHOCTSIX MaTPHIIh, IPOAHATI30BaHO ii pe3yIbTaTH, JOCTIHKEHO KOS(IIIEHTH PUCKOPEHHS Ta
e(heKTUBHOCTI.



BusnaueHo, 110 30UTBIICHHS KITBKOCTI MPOIIECIB MPU3BOJUTH JO 3HAYHOTO 30UIBIICHHS KoedilieHTa

MPUCKOPEHHS, TIPOTE, TIPXU MaJIUX 00CATaX MAaHUX CIOCTEPIraeThes 3MEHITICHHS e()eKTHBHOCTI Yepe3 BHCOKI
HaKJIaJHI BUTPAaTH Ha KoMyHikariro B RPC-cuctemi.

o
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