ONPEAEJTEHUE KOHOUT'YPAIIMU BBIYUCIUTEJIBHBIX KOMILUIEKCOB
BbICOKOITPOU3BOAUTEJIBHOU OBPABOTKH BOJIBIINX OB BEMOB JAHHBIX

FO.H. domapos, B.O. Pribunres
(HY «MOCKOBCKHii DHEPIETUUECKHI HHCTHTYT)

BBICOKOMTPOU3BOAUTEIBHBIC BBIYHUCIUTEIbHBIC KOMIUICKCHl aKTHBHO TPOHHUKAIOT CETOJHS BO BCE Chepsl
YENOBEYCCKOH NEeATEIBHOCTH, MO3BOIISISL YCICHIHO pelIaTh Bce 0oJiee TPYAHbIC HAyYHbIC W MPOU3BOJCTBEHHBIC 33/1a4H,
COMNPSDKCHHBIE CO CIOXKHEHIIMMH BBIYMCICHHAMH. Takue 3aJadd OTHOCAT K KIACCy BBICOKOTNPOHM3BOIUTEIBHBIX
seruncnenuid  (high-performance computing, HPCh s uX pelieHHs HCTIOJB3YIOTCS CHELHAaTn3UPOBAHHbIC
CYIEpPKOMITbIOTEpHBIC cHCTeMBI [1, 2], mocTpoeHHbIe Ha 6a3e coTeH mporeccopoB. M3 Bcero mHOXkecTBa 3amau HPC
0c000 BBIACTAIOTCSA TaKHe, PELICHHE KOTOPBIX IMOMHMO BBIMOJHEHHS TPYJOSMKHX BBIYHCICHUH CBSI3aHO C
nepepaboTKOH OTPOMHBIX O0OBEMOB JAHHBIX, HCYUCIAEMBIX Tepadaitamu. THINMYHBIMH NpHUMEpaMH TaKHX 3anad
SIBILIIOTCSL 3a1a4n reodusukn (06paboTka JaHHBIX CEHCMOpPAa3BEIKH, MOACIMPOBAHHE KIMMATHYCCKHX IMPOLECCOB).
Crnemupuka JOaHHOTO Kiacca 3agad 3akII04aeTcss B TOM, 4YTO UL HMX pEIICHHS HEoOXOIUM He TOJBKO
BBICOKOIIPOM3BOIUTEIBHEIN BhraucauTenbHbId Kiaacrep (BK), HO W BBICOKOCKOPOCTHas CHCTEMa XpaHEHHWSI JaHHBIX
(CXI). Ipu BEIOOpE KOH(DHUIYpalMM BBIYMCIMTENBHOM cHcTeMbl, coctosmei n3 BK u CXJI, Bo3HHMKaeT 3ajaya
KOMIUICKCHOH OLICHKHM ee¢ IPOW3BOAMUTENBHOCTH JUI OIpENeNeHHs COITACOBAHHBIX MEXIY CO0OH TeXHHYECKHX
XapaKTePUCTUK KJIACTepa M CHUCTeMbI XpaHeHHs. [IpuueM NMpakTHYECKOe MPUMEHEHHE TAKMX CHCTEM IMOKAa3alio, 4YTO
YBEJMYCHHE BBIYMCIUTEIHHOW MOLIHOCTH KJIacTepa 4YacTo HE TOJNbKO HE MNPHUBOAUT K POCTY oOOImei
MPOU3BOAUTENBHOCTH, HO U JaeT 00paTtHblil 3¢ dekt [3, 4].

B maHHOU cTaThe MPUBOTUTCS MAaTeMaTHYECKas MOJENb BBHIYMCIUTEIBHOTO KOMIUIEKCa (Kak CETH MacCOBOTO
00CITy)KHBaHHS), & TAKXKE OIMKCBHIBACTCS METOJA OMNpECTCHHS ONTUMANbHOH (MO0 KPUTEPUIO MPOU3BOIUTEILHOCTH)
KOH(UT'ypaluy KOMIUICKCAa Ha OCHOBE Pe3yJIbTaTOB CTAHIAPTHBIX NPOMBIIIIEHHBIX TECTOB Mpou3BoauTensHocTd BK u
CXJ.

Komrmneke aist pemreHus 3aa4 BBICOKOPOU3BOIUTEIHHON 00paboTKH OOIBIINX 00HEMOB JaHHBIX BKIIOYACT B
ce0s BBIYUCIUTEIBHBIN KJacTep M CHUCTEMY XpaHEHHS NaHHBIX, MOAKIIOYAEMYI0 MOCPEICTBOM BBICOKOCKOPOCTHOMN
kommyTtanuonunoi cpensl (FibreChannel wmm InfiniBand). Kiactep mnpexmcraBiasier co0oii Ha0oOp CTaHAAPTHBIX
MHOTOTIPOIECCOPHBIX (MHOTOSIZIEPHBIX) MAPAIC/IbHBIX BBIYUCIUTENBHBIX Y3JI0B, 00bEJHHEHHBIX BBHICOKOCKOPOCTHON
KOMMYHUKAIIMOHHOH ceThio. CucteMa xpaneHuss — RAID maccuB AHCKOBBIX YCTPOWCTB, pa3OUTHIM Ha ONpEIeIICHHOES
YHCIO BUPTYaJdbHBIX TOMOB. I[Ipenmonaraercs, uyro y3asl BK u toma CXJI B mporecce pabOTHI 3arpykarTcs
PaBHOMEPHO.

OTMeTHM TakkKe BaXXHbIE OCOOCHHOCTM paccMaTpHUBacMOIo Kiacca 3aiad. Bo-MepBhX, 00BeM
00pabaThIBaCMBIX JAaHHBIX CYIICCTBCHHO MPEBHIIIACT 00BEM IMAMSATH BBIYHUCIUTEIBHBIX Y3JIOB, TIOATOMY BCE JaHHBIC
pazObuBaroTcs Ha paBHBIE OJOKH (PUKCHPOBAHHOTO pa3Mmepa, pacmpeaensembie mo tomam CXJI, a mpomecc pemeHus
3aaud pasfenseTcs Ha MUKIBI TaKuM 00pa3zoM, uto oauH y3en BK oOpabaTeiBaeT onuH ONOK HaHHBIX 332 OJUH ITUKI.
KonngecTBo IWKIIOB MPpH ATOM MHOTO OOJIBIIIE, U€M YHCIIO Y3JI0B Kiactepa. B kaxmom nukie napopManus MpoxoanT B
CHCTEME TI0 3aMKHYTOMY KOHTYpPY. CHadaja HCXOIHBIC IaHHBIC CYHTHIBAIOTCS C IHCKOB CHCTEMBI XPaHCHHS W
3arpy’kaloTcsl B Yy3JBI KJIACTEpa, 3aTeéM OHM 00padaThIBAIOTCS BBIYMCIUTENBHBIM Y3JI0OM, IIOCIE YEro pPe3yNbTaThI
3aIMCHIBAIOTCS Ha JUCK. [Iporiecc perreHnst 3a1a4u MoKa3aH Ha BpeMeHHO# auarpamme (puc. 1). Bo-BTopbIX, Bce 610KH
JMAHHBIX HaeHTHYHBI (I060i y3en BK moxer oOpabaTeiBath 1000 GJIOK JAHHBIX) M HE3aBUCHMBI, YTO HCKIIOYAET
HE00XOIUMOCTh OOMEHA MHPOPMALIUCH MEX Ty BEIYACIATEIEHBIMUA y3JIaMu. B-TpeThux, BpeMsl HHALUATU3AINH 331a91
(pacnpenenenus 3amanuii mo y3nam BK u 6mokoB maHHbIx mo Tomam CXJI) mpeHeOpEXHMO Mallo MO CPaBHEHHIO C
0o0IMM BpEeMCHEM pEUICHUS 3aJadd. 3aJep>KKaMH, CBS3aHHBIMH C 00Opa3oBaHUEM OdYepelcii B KOMMYTAaTOpE TaKKe
MOXKHO MpeHeOpedb, TaKk KaK B Ka4eCTBE KOMMYTAIIMOHHOHM CpPEIbl UCTIOJB3YIOTCS BHICOKOCKOPOCTHBIC MHTEP(EUCHI,
MIPOIYCKHAsl CIIOCOOHOCTh KOTOPHIX Ha MOPSAAOK OONbBINE YeM IPOITycKHas CHOCOOHOCTH y310B BK m xonTpomiepa
CXA.
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Puc. 1. BpemeHnHas fuarpaMma pelieHus 3a1auu
RD —Bpems 9yTeHHUs OJJHOTO OJIOKa JaHHBIX;
WR —Bpemst 3amucu 0THOTo 0JIOKa TaHHBIX;

CALC —Bpems cueTa 0IHOTO OJIOKA JaHHBIX.

[pennaraemasi MaTeMaTu4ecKkasi MOJeb KOMIUIEKCA MPEACTaBlieHa Ha puc. 2.
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Puc. 2. Maremarnueckas MOACJIb BBIYUCIUTCIBHOT'O KOMIIJICKCA

Maremarnueckass MOJENb TPEICTABISCT COOOW  3aMKHYMYIO  CMOXACMUYECKYIO  ceMb  MACCo8020
obcayacusanus (CeMO). Vctounnkom 3asBok B cetu sBisitorest N y3nor (simep) BK. Bee 3asBku nocrymaror B CX/,
npencraBicHHy0 kak K He3aBHCHMBIX TOMOB, MPUYEM Ka[Ias 3asBKa MPOXOAUT €€ ABAKABI (UTO MOJCIHPYETCS
neTseld oOpaTHOM CBA3U ¢ BEpOITHOCTHIO 0.5).

BaxxHO OTMETHTB, UTO paclpeneleHHe BPEMEHH OOCTYXMBAaHUS 3asBOK B CHCTEME XpPAHCHHUS SBIIICTCS
CYIIECTBEHHO HE SKCIOHEHIHMAJIbHBIM. [IOTOK 3asBOK Ha BXOJE W COOTBETCTBEHHO paclpelelieHHEe WHTEPBAIOB
BPEMEHHU MOCTYIUICHHUS 3asBOK B CHCTEMY XPaHEHHWS TakXKe HE SBISACTCS IKCHOHEHIHANbHBIM. CHcTeMa XpaHEHUS
MIPECTaBIIeTCS HAOOPOM HE3aBHCHMBIX TOMOB, KOXKIBIH N3 KOTOPBIX MMEET COOCTBEHHYIO HEOTPAaHWICHHYIO OYepPElb.
Hcxons U3 BceX MEPEeYUCIICHHBIX OCOOEHHOCTEH paccMaTpuBaeMOi CHUCTEMBI, JUIS pacdeTa MaTeMaTHIeCKOH MOIeIn
HEOOXOMMO HCIIOJIL30BATh (POPMYJIBI JJIsI CHCTEMBI MAaccoBOro obcyxuBanus obirero suaa Gl/G/1. OpHako TOYHBIX
COOTHOUICHHH, ONMCHIBAIOIIMX MapaMeTphl CUCTEM TaKOTO pPOja HET, IO3TOMY NPH aHATUTHYECKHX pacdeTax 0ObIYHO
HCTIONB3YIOTCS IPUOIMKEHHBIC COOTHOILICHUS, MTPEAJTIOKEeHHbIC B [5].

Hcnone3ys MeTon KOHTYpoB [6, 7] MOXHO COCTaBHTh HEJIHMHEHHOE ypaBHEHHE OalaHca 3asBOK B CETH.
PaccmarpuBaeMblii B MOJETH KOHTYP 3aMKHYTHIA, a HCTOYHHKAMH 3asiBOK SIBIITIOTCS TOJBKO BBIYHCIIHUTEIIEHBIC Y3JIBI
(mpryeM HOBast 3asBKa OT KaXXIOTO y3JIa TEHEPUPYETCS TOJIBKO MOCie 00pabOTKU TPEIBIAYIIEH 3assBKH TOTO XK€ y3I1a).
YpaBHeHue OanaHca:

24t y Ci + C? 1 )
K —2At 2 L

Pemenne ypaBHenust (1) oTHOcHTENnbHO A TO3BOJMT OMpPEACTUTh 3HA4YeHHS A H Jpyrue CpeqHue
xapaktepucTuky pyakumnonuposanus CeMO.

N = AT + 2At X

Jnst HaXOXKICHHUsT ONMTHMalbHON KoH(urypamun komiuekca (ducna saep BK u tomor CX/I), mpu koTopom
BpeMsl pEIIeHHs 3afadd OyAeT MHMHHUMAaIbHO, HYXXHO c(HOpPMHPOBAaTh IEIEBYI0 (QYHKIHMIO U PpEIIUTh 3a7ady
ontuMuzanmu. LleneBoit ¢yHKIme OyaeT SABIATHCS 3aBUCHMOCTh OOIIEro BPEMEHH PEIICHUS 3aJadd OT MapaMeTpoB
CeMO.
r 2
. oMo M| 248 G+G
N K |K—2At 2

rae M — KoJIM4ecTBO IHUKIIOB.
B nanHoM ciyyae MUHMMH3alUsi BPEMEHHU pEIIEHUS BCed 3ajJaud paBHOCHIbHA MHHHMM3ALMH CPEIHETO
BPEMEHH OIHOTO [HKJIA, a IeJeBast QYHKIUI IPUHAMAET BU:

. ~T+25X 248 Ci +C; 1 ,

JInst HaXOXKIEHHS DKCTPEMYMA IIEIEBON (QYHKIMH HEOOXOAMMO HAaNTH TIEPBYIO TPOU3BOIAHYIO MO TIEPEMEHHOM
N, a 3aTeM MPUPABHATH BHIPAXKEHHE I TPOM3BOJHON K HYNIO M HAWTH PEIICHUE MONYyYEHHOro ypaBHeHus. Jis
BeluMCHeHus auddepennuana neneBoi Qynkuuu mo N HyxkHO moictaBuTh B Hee Bhpakenwe A(N), kortopoe
OMpeIENIAETCS U3 HETMHEWHOTO ypaBHeHus Oananca 3asBok B cucteMme (1). [ToacTaHOBKA 5TOTO BEIPAKEHUS B (PYHKIIHIO
(2) ¢ nocnenyromuM auddepeHIUpoBaHHEM TPHUBOAUT K aireOpandecKOMy YPAaBHEHHUIO BBICIIEH CTENEHH
OTHOCHTENBHO N, KOTOPOE HE UMEET aHATUTHYECKOTO PEIEHHs], & TOTOMY TIPSIMOE PELIEHHE ONTHMHU3AIIMOHHON 3a1a4n
HEBO3MOKHO. OJHAKO UEJeBYI0 (YHKIUIO MOMKHO CYIIECTBEHHO YIPOCTUTh, C YYETOM OCOOEHHOCTEMH
paccMaTpUBaEMOro Kiacca 3aaad.

Cuauana paccmorpum 3aBucumocTh A(N). Kak Bugno us ypasuenus (1) A 3aBucur ot N, a Taxke ot T,t u K.
IMocTpoum kayecTBenHo rpaduk Gyuxuuu f=4(N). On npeacrasinen Ha puc. 3.



Puc. 3.T'paduk dpynkiuu f=4(N)
st rpaduka 1 cooTHOLIEHHE % MEHBIIIE YeM ISl rpaduka 3.

Bun rpaduka 3aBHCUT OT cooTHoulIeHHs BenuuuH T u . Uem OGonblie oTHOIIeHHe BpemeH T/t, Tem Gonee
KpyTO#l rpad¥K, U 4TO camoe INIaBHOE TeM OJivbke rpaduk HMpHONMKaeTcss K CBOUM aCHMIITOTaM, OZHOW M3 KOTOPBIX
sBIsieTcsl mpsiMasi p=1 coOoTBETCTBYyMOLIass MakcUMaibHOW 3arpy3ke CMO. Bropoii acumnroTod sBisieTcs HpsiMas:

N
= m [Mockonbky npu pemennn 3anad HPC Bpems pacuera CymecTBEHHO NPEBOCXOANT BpPEeMs BBOJIa-BBIBOJIA,
To 3arpy3ka CXJI nanexa oT eMHMIBI, a ISl IPHOJIMDKEHHBIX BBIYMCICHUI MOKHO HCIIOJIB30BaTh aCHMITOTHYECKOE

N
T+2t
Kpome Ttoro, B BelpakeHHH (2) MOXHO YIPOCTHTBH CllaraeMoe, cojepikaiiee Kod(GuiueHTsl Bapranun. Bo-

snavenne: A =

2 .
MEPBBIX, KaK MOKa3aHo B pabote [8] koadduIeHT Bapualyu CM s auckoBoro MaccuBa (RAID-5 ¢ Brimo4eHHOMI

GanaHCHPOBKON Harpy3ku) paseH mupumepro 0.15. Bo-BTOpBIX, BXOISAIIMI TOTOK 3alpPOCOB CHCTEMbI XPaHCHHS
MIPEACTaBIseT CO00H cyMMy OOJIBIIOTO YHCia MOTOKOB, M HA OCHOBAaHUH MPEICIHHON TEOPEMBI O CyMME MOTOKOB, OH
CXOJUTCS K TIpocTeimemMy. BaxxHo, 9TO BpeMs BBIUHCICHUS B KiacTepe SBISETCS CIydalHOW BEJIMIUHOW, ¢ QYHKITHEH
pacripesiesieHus OTIMYHON OT SKCIOHEHTHI. [IocKoIbpKy BpeMst obcdera 0JHOTO OJ0Ka HUCXOTHBIX JaHHBIX MPEACTaBISIET
coboif cymMmy BpeMeH o6cueTa GONBIIOTO YHCNA CIyYalHBIX MaHHBIX (Tpacc), TO MO TpeNeibHOH Teopeme o
pacupesieIeHHd CyMMBbl HE3aBUCUMBIX CIIYYailHBIX BEJIMYUH, paclpeaeiieHue 3TON CIy4ailHO BETWYHMHBI CTPEMUTCS K
HOpPMAIIbHOMY, KBaJpaTHYHBIA KOY()(UIIMCHT Bapualli KOTOPOTO MEHBIIE SAWHUIBI. TakuM o0pa3oM, CyMMapHBIN
MOTOK TMPENCTABIAET COOOW CyMMY CIy4aiHBIX MOTOKOB ¢ KO3(QHIMECHTaMU BapHallid MEHBIIE CIUHUIBI, TO €CTh

o 2
CXOOUTCA K IMPOCTCUIIEMY MOTOKY CHHU3Y, CJICAO0BATCIILHO, CA - 1, OCTaBasiCb MCHBIIC CIWHMUIIbI. O606HII/IB JBa

Ci+CE _ 1
9TUX YTBEPXKICHHS, MOTYUUM: N = >
C y4eToM BBIIIEONUCAHHBIX JOMYIIEeHHH 1ejieBas GpyHKuus (2) mpruMeT BUI:;
- N
= = K—tX=——
_ _Tr 2t T + 2% MIN
Teyere = 5+ X — (3)
N K - N (N)
K—2tX=——
T+ 2t
T 2t Kt(T+2t)
Bomucnue mpomssoanyo (ynkumu (3) cocraBum ypaBHenme: — —— T — X =0,

N2 K  [K(T+2t)-2Nt)?
pe€1mKrB KOTOPOEC OTHOCUTECIIBHO N IMOJIYYHM BBIPAKCHHUC MJIA ONITUMAJIBHOTO YK CJIa BEIYUCINTEIIbHBIX ySIIOBZ

T 1
Nopr = K X ?+2 X - (4)
2+ [211+2=
T
Ecim ydecTs, 9TO IS paccMaTpuBaeMoro kKiacca 3amad 1 MHOTO Ooiipilie t m mMeeT DOCTaTOYHO OOJNBIION
4 Nopr = K X Tx L
IIOPAJO0K, TO BBIPAXKCHUC MOKHO YIIPOCTHUTB. = —- - =
pn p (4) ynp OPT i 242

[TomyyeHHOE COOTHOIIEHHE MO3BOJSIET JIETKO OMPEICTUTh ONTHMAIBHOE YHCIO BBIYUCIUTEIBHBIX Y3JIOB
KJIacTepa IpH 3aJaHHBIX MapaMeTpax CHCTEMBI XpaHCHHS W W3BECTHHIX BPEMEHHBIX XapaKTEPHCTHKaX 000pyIOBaHHUSA
KomIuiekca. [lokaxeM Ternepb, Kak MOXKHO OTIPENENIUTh ONTUMAIBHYIO0 KOH(QUTYPAINI0 KOMIUIEKCa He MMed B HATMINN
JTAaHHBIX BPEMEHHBIX XapaKTePUCTHUK.



B ¢dopmyne (4) npucyrcTBYIOT mapaMeTphl (CpeiHHe 3HAueHHMs BPEMEHH OOCayKuBaHust 1 W t), s
HAXOXKICHUS KOTOPHIX HEOOXOANMO CBS3aTh MapaMeTpbl MATEMAaTHIECKONW MOJENH ¢ XapaKTePUCTHKaMHU KiacTtepa H
JIMCKOBOW CHCTEMBI. XapaKTePUCTHKHA OOOpYHIOBaHHS MOTYT OBITh TIOMYYEHBI IO pe3yabTaTaM CTaHAAPTHBIX
MPOMBIIUICHHBIX TECTOB MPOU3BOAUTENLHOCTH. J{JIsi BRIYHUCIUTENBbHBIX KiacTepoB — 310 Tect HPL u3 HaGopa Tecto
HPC Challenge benchmark [9ns cucrem xpanenus nannsix — tect LFP u3 tecroBoro makera Storage Performance
Council 2 benchmark [10]CranmapTHble TECThI NPHUMEHSIOTCS JUIA OIEHKH IApaMeETPOB IPOM3BOAUTEIBHOCTH
MHOYKECTBa IPOMBIIUIEHHBIX CHCTEM (MX PE3yJbTAThl JOCTYIHBI M IIOCTOSIHHO ITyOIIMKYIOTCS); BBIOOp TOrO crocoba
HOJIYYCHHUST MCXOIHBIX JaHHBIX OIpPAaBJaH M XOPOILI TEM, YTO MO3BOJISET B JAIbHEUIIEM MPOBOIUTH HCCIEIOBAHUS
JFOOBIX CHCTEM.

Tect HPL — highly parallel linpack. MmenHo mo ero pesyibpratam ABaKAbl B TOI GOPMUPYETCsS CIHCOK M3
500 cambIX MPOU3BOAUTENBHBIX CynepkoMIbioTepoB B mMupe [11]. B tecte HPL ouenuBaercs cpennsis (pabodas) u
MakcuMaibHas (IMKOBast) MPOU3BOAUTEIBHOCTh CHCTEMBI IIPU BBIMOJIHEHHH BBIYKMCICHHUN C IUIaBarollell Toukoil. Ee
BenmunHa u3Mepsiercs Bo FLOP/s (floating point operations by secondepanusx ¢ miaBaroiieii TOUKOM B CEKYH/Y).
OOBIYHO MTPOU3BOIUTEIBHOCTH OLIEHUBAETCS B pacyeTe Ha OJIHO SIIPO, UTO CBSA3aHO C 0COOEHHOCTHIO MAaCIITAOMPOBAHHS
KJTACTEPHBIX CHCTEM.

Tecr LFP — large file processingOuenuBaeT nmapaMeTpbl IPOU3BOAUTEILHOCTH CHCTEMBI XPaHEHUS JaHHBIX
npu pabote ¢ Gompmmmu (aitmamu. B mporiecce TeCTHpPOBAaHHS OTAEIBHO H3MEPSACTCS CKOPOCTh YTCHHS JaHHBIX,
CKOPOCTh 3aMUCH JAHHBIX W CKOPOCTH CIYYaMHBIX ONEpaNdii YTCHHUA-3aMKCH. Pe3yIbTaThl OMPENCISIFOTCS TS CIIYYacB
paboThI ¢ GIOKaMK JaHHBIX pasmuuHoi iuHbl. CKOpocTh uteHus (3amucu) usmepsiercss B MB/s. Tlomumo cobcTBeHHO
pe3yJbTaTOB TecTa B OTYETE BCEr[a YKA3bIBACTCS YHCIO BHPTYaJbHBIX TOMOB, 3aJ€HCTBOBAaHHBIX B IIPOLECCE
TECTUPOBAHHS, YTO JaeT BO3MOXKHOCTb IIPEICTABUTh PE3yJIbTAT B pacyeTe Ha OJMH TOM.

TToxaxxem TCNECPb, KaK CBA3aHbI ITapaMCTPbl MOACIHN C XapaKTECPUCTUKAMU 060py[[0BaHI/I$I:

Cpennee Bpems o0CTyXKHBaHUS 3asBKH B BK:
_ |74
T=Qx, ()

rae L —npoussoaurensrocts BK (o Tecty HPCC HPL, FLOP/s),

V —00beM 00pabaThIBaCMBIX TAaHHBIX.

IMapamerp Q — ynmenbHas TPYZOEMKOCTh PEIICHUS 33aJadud, ONPEACNoNnas, Kakoe KOJIMYSCTBO Olepamuil ¢
IUTABAIOIICH TOYKOW MPHUXOIUTCSA Ha OJMH OalT oOpabareiBaeMoii mHpopmanuu. MenHo mapamerp Q ompenpenser
crenuduKy pemaeMoi 3amaud (CrerM(UKy ajiropuTMa pelIaeMoi 3agadu), TO €CThb Kadcoomy kiaccy zadau (u
KaicooMmy Memooy ux peutenust) Oyoem coomeencmeaosann ceoe 3Hayenue yOeabHot mpyooemMKoCcnil.

Cpennee Bpems oOcayxuBaHus 3asBku B CX /1

v ;
t—E, ()

rae S —npomnyckHas criocoonocts CXJI (mo Tecty SPC-2 LFP, MB/s),
V —00bemM 00pabaThiBaeMbIX JTaHHBIX.

Ecnu noactaBute B hopmyny (4) coornourerus (5) u (6), TO MOXHO TOTYYUTh BBIPAXKEHHE AT 3aBUCHMOCTH
ONTHUMAJBHOTO YHCJIa MPOLECCOPHBIX sACP KiIacTepa OT KOIHMYECTBa TOMOB CHCTEMBI XPaHEHHS W PE3yJbTaTOB
CTaHIAPTHBIX TECTOB MPOH3BOIUTEIBHOCTH:

S
N = K X X—=—42|X% 7
. 1 2+ 2(1+2><l é) ?
0%3

S 1
N =KXQX—X———
OPT Q L 25+ v2

Dopmyna (7) mO3BOISET JETKO ONPEACIATH ONTUMAIBHYIO KOH(PHUIYPALUIO BBIYUCIUTEIBHOTO KOMILICKCA MO
XapaKTEepUCTUKaM, TOJYYCHHBIM W3 PE3yNbTaTOB CTAHAAPTHBIX NPOMBIIUICHHBIX TECTOB IPOU3BOAUTEIBLHOCTH JUIS
BBIYHCIIUTEIBHBIX KIIACTEPOB U CUCTEM XPAHEHHS AaHHBIX.

Wnu B ynipoIieHHOM BapHaHTe:
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