YIK: 621.126
OIITUMIBAILISA IMPOITYCKHOI 3JIATHOCTI
B CUCTEMAX MAKETHOI OBPOBKH JAHUX
Jenucon P.K.
HaykoBuil kepiBHUK — KaH[l. TEXH. HayK, nou. €cineBcbkuii B.C.
XapKiBCbKUH HalllOHAJILHUM YHIBEPCUTET pajioeiaeKTpoHIkH, kad. [IM,
M. XapkiB, YKpaiHa
e-mail: roman.denysov(@nure.ua

This paper proposed an optimization of throughput in the Batch-Processing
Systems, specifically in a closed queueing system with n clients and m servers.
Generally, clients are producing jobs that are processed in batches by parallel
servers. The main characteristics that impact system throughput are batch size
and corresponding speedup function. In such systems, the speedup function has
the sub-additive property that means that infinitely increased computational
resources will not affect the efficiency linearly. In fact, the problem of
throughput optimization leads to searching for the optimal batch size parameter.
The process of finding the batch size parameter could take up to multiple weeks
in existing big tech systems. This paper has strived to find optimal throughput in
O(1) time by referring to the mean-field model (MFM).

Konu B koMepuiiiHy cucTeMy MOYMHAE HAAXOIUTU BEJIUKA KUIBKICTh 3aIlu-
TIB, 3’ SIBJSIETHCA PO NPOOIEM: CUCTEMA HE BUTPUMYE KIJIBKICTh 3alMTIB, Yepe3
110 Maja€ 1 BTPAyaroThCA IOPOTOIIHHI JaHl, JaHUX MOXKE MPUXOJUTH HabaraTo
OlnbIIe, HDK 37]aTHa OOpOOUTH 3BHYAITHA cHCcTeMa, ab0 J1aHl MOXYTh 00poOJIs-
TUCS HaJ3BUYalHO 10Bro. Kito4oBo0 TEXHIKOK ONTUMI3allll y MOJAIOHUX BUCO-
KOHAaBaHTAXXEHUX CHUCTeMax oOOpoOKM JaHuUX € TmakeTHa oOpoOka (batch
processing), o nojisrae y GopMyBaHHI BXIIHUX JaHUX y MAKETU 13 MOCTIAYI0-
4010 iX 00pOOKOIO AK OAHOTO 00’ eKTy [1].

Batch size (BS) — nie mapametp cructemMu maketHoi 00poOKH, SIKUI pEeTyIroe Ki-
JBKICTh 3aJa4, sIKi MOXYTb 00poOsoBaTucs ogHovacHo [2]. Ha npakruii, 1 no-
LIyKy ONTHMalbHOIO 3Ha4eHHS BSO BHKOpPHCTOBYIOTH YMCENbHI METOAU, METOIU
orntuMizalii ado cuMyiALiga Mojeni cucteMu. [Ipobiema B TOMy, 1110 MiJT Yac BEJu-
KOro o0’eMy JaHUX LI METOJU BTPAYarOTh CBOIO €(PEKTUBHICTh M MOUIYK I[bOTO Ia-
pameTpy Moxe 3aiiMaTtu BenMkuil oocsr yacy. Skio napamerp BS < BS,,, To cuc-
TeMa Oyne oOpoOsiTH Habarato MEHIe JaHUX, HDK JO HAC HAAXOAWTh, 1 MPHU Ta-
KOMY PO3KJIaii IOCTIJOBHICT BXITHUX AaHuX {X,, } — 00, Iie npu3sBezne A0 NaIiHHA
Hamoi cucremMu. Y BUNAJAKY, Komd BS > BS,, yac Ha 0OpoOKy OJHOrO MakeTy
fhax —> 0, ¥ 11 3HOBY IIPU3BE/IE 10 Na/{IHHSA HAIIOI CHCTEMHM.

Merto1o naHoi poOOTH € MOIIYK aCUMITOMATUYHO ONTHUMAJIbHOI MPOMYCK-
HOT 371aTHOCTI Juta 3akputoi cucremu 3a (1) wacy. Lle no3BonmuTh MO0y yBaTH
CUCTEMY, sika Oyje B3MO31 OOpOOJISITH BEIMKHUI MOTIK JaHUX 32 CKIHYEHHY K1JIb-
KICTh 4acy 0e3 iX BTpaTu, 10 € aKTyaJIbHOIO MPOOIEMOIO JIsl CyYaCHUX CUCTEM.
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VY xoxi nochimxeHHs OyJ0 BCTAHOBIIEHO, 11O MOJENb CEPEAHBOTO MO
(mean-field model) mae yHikanpHy, T100abHY CTaliOHAPHY TOYKY, SIKy MOXHA
3HANTH, 1 KA XapaKTepHU3ye aCUMITOTUYHY MPOIMYCKHY 3IaTHICTh CUCTEMH, SIK
¢yukuiro Bix BS [3]. [nes nanHoi Mmojeni mojsrae y ToMy, 10 MOBEIIHKA KOX-
HOTO €JIEMEHTa CUCTEMHU MOX€ OyTH ONMCaHa Cepe/IHIM 3HAUYECHHSIM HOro Xapak-
TepUCTUK. BoHa 03BOJIsIE€ 3aMIHUTH CKJIaJHUI MIKpPOPIBEHb B3a€EMO/II1 Ha OUIbII
MPOCTHIl Makpo-piBeHb, IO CIPOIILYy€E aHaii3 cucTeMH. J[o 1IbOoro craHgapToMm
raixy3i OyJn0 BUKOpUCTaHHS MapKOBCHKOTO MIAX0Y, /1€ yac momyky BS oriHio-

BaBCA SIK O(n4). BramtyBaBmu a1 TECTOBOTO MOJIITOHY YHMCENbHI BUIPOOY-
BaHHs, OyJ0 BCTAHOBJIEHO aCUMITOTHYHY ONTHUMAaJbHY IPOIYCKHY 3JaTHICTh B
O(1) gacy asis HOBOT MOJIEi.

Jlana poOoTa Mae MpakTHYHE 3aCTOCYBaHHS B Cy4YacHUX BHCOKOHAaBaHTa-
KEHUX CHUCTEeMax OOpOOKM NTaHUX, J€ BaKJIMBO 3a0€3MEUYUTH ONTHUMAIIbHY IMpO-
MyCKHY 3JaTHICTh 1 ePeKTUBHICT, 00poOKM 3aBAaHb. Inaxom mojaentoBaHHS
CUCTEMHU SIK 3aKpUTOI MEpexl uepr, Je MmapTii CIocTepiralTb CyOaaAUTHUBHE
MPUCKOPEHHSI BUKOHAHHS, OTPUMAHO ONTHUMAJIbHY IPOIYCKHY 3/1aTHICTh AK (Y-
HKI[II0 pO3MIpy NapTii A n KIIEHTIB Ta m cepBepiB. Po3risHyTa cucrema cxo-
’Ka Ha CTaHAApTHI cucTeMU 0a3 JaHuX, J€ KIIEHTH YeKaroTh Ha pe3yjbTaT BXI1[-
HOTO 3alMTy JJIsi FeHepauli HacTynmHoro. BukopucTanHs Mozeni cepeJHbOro
1OJISL 103BOJISIE TOYHO MPOTHO3YBATH €(PEKTUBHICTh CUCTEMH B ACUMITOTUYHHUX
yMOBax Ta po3pO0JIsTA ONTUMAJIbHI CTPATET1l yIpaBIiHHS pecypcamMu. 3arajiom,
1 pobOTa BIAKPUBAE HOBI MEPCIEKTUBH JJIsI ONTUMI3aIli 0OpOOKH JaHUX Yy Be-
JUKHUX Ta CKJIAJHHUX CUCTEMax, L0 MA€ BEJIMKE 3HAYEHHS JI1 NOAANbIIOr0 po3-
BUTKY Cy4aCHUX T€XHOJIOT1H Ta MiJABUIIEHHS 1XHbOI MPOJYKTUBHOCTI.
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