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AHHOTaIIUA

Arperaiusg MeTpuK Ha OCHOBE KYPHAJI& JIOCTYIIa MUKPOCEPBUCOB — IIOJIE3HBII MEXaHU3M
qis yaayditenus: observability B pacripenenénnoit cucreme. B atoit pabore onucana peasusarius
MVP rakoro arperaropa MeTpuk B pamMkax mHMpacTpykTypbl Anjekc Takcu. Pazpaborammbrit
CEepBUC TPEIOCTaBIsAeT CUIbHbIE TaDAHTHH Ha latency o6paboTKM METPHUK W MMeeT BBICOKYIO CTe-

II€Hb MaCIHTa6I/Ipy€MOCTI/I.

KirouyeBbie cjioBa

Pacnpenenénnbie cucreMbl, observability, MUKpocepBuCHas apXUTEKTypa



1 BBeaenme

Observability B pacpene/IéHHBIX crCTeMax OTparKaeT BO3MOKHOCTH NHXKEHEPOB TOHIMATh,
B KAKOM COCTOSIHUM HAXOJUTCS CHCTEMA, 110 JAHHBIM, KOTOPbIE OHA TIPOU3BOAUT [7]. DTO BK/IHOUAET
BO3MOYKHOCTH COOMPATh UWH(MOPMAINIO, aHAJIM3UPOBATH €€ U U3BJIEKATH U3 HeE IM0JIe3HbIe 3HAHUS
0 paboTOCIIOCOOHOCTH CUCTEMBI U €€ KOMIIOHEHTOB. PacipejiesiéHuble CUCTEMbI CJIOXKHO OTJIaYKU-
BaTh U3-3a OOJIBIIIOIO YUC/IA FacTel, HeTPUBUAIBLHO B3aUMOJICHCTBYIOIMIMX MEXKIy COOOM, U3 9ero
BBITEKAaeT HEOOXOIMMOCTh B pasputuu observability, Tak Kak oHa 1103BoJIsieT pa3pabOTINKAM BbI-
SIBJIATH U YCTPAHATH HEIOJIAIKN CBOeBpeMeHHO 1 3¢ dekTurHO. CyInecTByeT MHOKECTBO CIIOCODOB
yaydmuThb observability, Takux kak pazBuTne WHGPACTPYKTYPHI JIJIsd JIOTUPOBAHUS U TPeiicuHra,
BHEJIPEHNE CUCTEM MOHHTOPHUHIA U KCIIOJb30BAaHUE METPHUK JJIsI OTCJIEKUBAHUS ITPOU3BOIUTE b
HOCTH ¥ PabOTOCIIOCOOHOCTH KOMIIOHEHTOB.

Pokyc 3Toit paboThl Ha PA3BUTHU UH(MPACTPYKTYPHI JIJI arperaiui METPHUK 10 XKYPHAJTY
JIOCTyIIa MUKpocepBucoB. 2KypHaJI JJ0CTylIa — 9TO JIOI'H, OIUCHIBAIONINAE BCE BXOJISAIIIE 3AIIPOCHI K
MUKPOCEPBUCY, BKJIIOUas XapaKTEPUCTUKU 3AIIPOCOB, TaKKe KaK BpeMs 00pabOTKH, aJpec OTIPABH-
tessi, url 3amnpoca u http-meron. 2Kypnas jjoctyna oObIMHO BeéTCa 6a1aHCUPOBIIIUKOM HAIrPY3KH,
TakuM Kak Nginx [8], jiokajIbHO HA KayKJIOM y3/ie pacipeieséHHoil cucreMbl. [leHTpann3zoBanHast
arperamysi »KypHaJja JOCTYIIa ITO3BOJISIET MOJIYUUTh IEeJOCTHOE IPeCTaBIeHne 0 PaboTe CUCTe-
MBI, BBISIBJISITH B PEAJILHOM BPEMEHU ITPOOJIEMbI C IIPOU3BOIUTE/IHLHOCTHIO U aHOMAJIUA B paboTe
KOMIIOHEHTOB ¥ HAXOJIUTh BO3MOXKHOCTH JIJIsI ONTUMUA3AIUN.

B macmrabnoit nndpacTpyKType, METPUKH 10 XKYPHAJIY JOCTYIIa MOT'YT arperupoBaThCs B
peaTbHOM BPEMEH! TaKMMU pacipeeaéHubivu cucteMami, Kak Hadoop [9] u Spark [11]. [Tomobras
CUCTEMa MOXKET IOJIyYIaTh JIOTH 3aIPOCOB ¢ KarKJ0W MAIUHBI, 00padaThiBaTh UX U 3allUCHIBATH B
HEHTPAJIM30BAHHOE XPAHUIHUIIE METPUK JIJIsI TTOC/Ie Y IOIIeil BU3yaJm3anu uik anaansa. MeTpuku
MOI'YT OBITh BU3YyaJIU3UPOBAHBI Ha IpauKax, UTO MMO3BOJUT B PeaibHOM BPEMEHU OTC/IEXKHUBATH
COCTOSTHIME CHUCTEMbI, BBISB/ISITH HEIOJAKN U JPyTHe aHOMAJIUU B peajibHOM BpemeHu. Merpukn
MOT'YT BKJIIOYATD B ce0s BpeMs OTBETa, YaCTOTY OIMMOOK M YCIEITHBIX OTBETOB, YACTOTY IOIIaIaHI
B K3III U IIPOMAXOB 10 K3IITY.

B dAunexc Takcu arperaiuio MEeTpPUK 10O KYPHAJIY JOCTYIA BBIIOJTHSIET CEPBUC «JIOPOJIIOS.
JopOJ110 TapCcuT JIOTH 3aIPOCOB, UCIIOJIL3Y MPOIECC HATIO00UE JieMoHa, paboTAIONINI Ha KazKI0i
BUPTYaJIbHOI MaluHe MUKpocepBucoB. Ha srame mapcunra jop0O/i0 M3BJIE€KAeT U3 JIOTOB MHO-
JKEeCTBO METPHUK, UCIOIb3Ys YKa3aHHYIO 0JIb30BaTeIeM KoHMurypamuo. MeTpuku, n3BieuéHHbe
13 JKYyPHAJIOB JOCTYIA C BUPTYAJIbHBIX MAIMH MUKPOCEPBUCOB, 3aTE€M OTIPABJISIOTCS B CEPBUC,

KOTOPBIIl WX arperupyer, BbIYUCISIET OKOHUYATEe/IbHbIE 3HAUEHUSI U COXPAaHSET B JIPYIOM CEPBUCE,



XPpaHUJIUIIE METPHUK. I/I3 XpaHUu/JIna METPUKHN JOCTYIIHbI MH2KCHEPpaM IJId UCCJIEJOBaAHUA W aHa-
JIA3A.

Hecmorpst Ha TO, UTO JOPOJIIO TTIOKa3as1 cedsi CTAOUIbHBIM CEPBUCOM, OY/IYYIU OCHOBHBIM MH-
CTPYMEHTOM arperamuy MeTPHUK I10 KyPHAJY JOCTYIa Ha MPOTAXKEHUU HECKOJILKUX JIET, Y HEro
€CTb HECKOJIBKO MPO0JIeM, KOTOPbIE ObLJIO CJIOZKHO PEIINTb, 3HAYUTETLHO He MEHsSs er0 apXuTeK-
Typy. Bo-11epBbIX, H0pOJIIO CI0KHO MOJIEPKUBAThH, Tak Kak (1) 9acTh pabOThl BHIMOJIHIETCS Ha
BUPTYAJILHBIX MAIIMHAX MHKPOCEPBUCOB, U3-3a YEro 3Ty JIOTUKY HPOOJIEeMATHIHO OOHOB/IATL, U
(2) opbutro peasim30BaH BHE MUKPOCEPBUCHON apXUTEKTYPbl Takcu Ha 60Jjiee He 0/ JIePKUBACMOM
CTeKe TeXHOJIOruii. Bo-BTOPBIX, MOJI€/Ib, 10 KOTOPOil JTIOPOJIIO ITepelaéT METPUKU OT BUPTYAJJIbHBIX
MallliH K CepBUCY JIJId arperamuu, JeaaeT MpodJeMaTuIHON HACTPONKY YacTOThl cOOpa METPUK,
JonyctumMoit latency o6paboTKu JIOroB, U OrpaHUYINBAET MACIITAOUPYEMOCTH CEPBUCA.

s permenust npobsiem J0p0JIio, B paMKax 3Toi paboThl peajin30BaH aJIbTepHATUBHBIN cep-
BUC JJISI arperaliii METPUK T10 KYPHAJLY JTOCTYIa, PEITAIONNI Ty Ke 3a/1a49y, YTO 1 OPUTUHAJJIbHBII
JIOpOJII0, HO M30ErafoNiuil OCHOBHBIX IIPOOJIEM, CBI3aHHBIX C €r0 apXUTeKTypoii. B pabore omnuca-
Ha paszpaborka MVP pacrpejie/ieHHOTO cepBHCa arperainu MeTPHUK, B peaJlbHOM BpeMeHH obpa-
OaTbhIBAOIIEro IMOTOK JIoroB MukpocepBucos fAuaekc Takcu. Hoast peasmzarust 1op0Jr0 BMeCTO
MapCUHra JIOroB Ha MallliHAX MUKPOCEPBUCOB HCIIOJIbL3YET PACHPEICIEHHYIO OUYepeIb st JOCTaB-
KU [IOTOKA JIOTOB B MUKPOCEPBUC, MOJIHOCTHIO BLITIOJIHAIONINN U3BJICUEHUE U arPEraluio METPUK.
[IpetoxkenHasi cucrema arperanuu METPUK 00JI3/IaeT BBICOKON CTEIEeHbIO MACIITAOUPYEMOCTH U
nMeeT HU3KYIO latency C BOBMO2KHOCTbBIO JIOIIOJITHUTEJIbHO YMEHBIIIUTD e€ 3a CUeT II0TepU TOYHOCTHU
MEeTPHK.

B Pazzene 2 6yayT pasobpanbl ocobernHocTH HHMpacTpyKTypbl Angekc Takcn, KoTopbie
IIOBJINAJIN Ha pa3pa60TKy, a TaK2>Ke OIIMCaHbl KJ/IIOYEBbI€ TCXHOJIOT'NH, UCIIOJIb3YyeMble B HOBOM CEp-
Buce. Pazjienn 3 mocBdmén ausaiiny cepBuca: B HEM B OOIUX YepTax pa3o0paH IPoIece MOTOKOBOIT
obpaboTku JioroB cepsucoMm. B Pazjene 4 OyyT onucanbl KJIIOUYeBbIe JETaJd Peau3allui HOBO-
ro JopOJII0 U MPOOJIEMBI, ¢ KOTOPBIMU IPUIIJIOCH CTOJKHYTbCS NPU pa3padborke. B Pazmene 5
00CyXKJIAI0TCs aJIbTepHATUBHBIE PEIeHnst 1 paboThl 110 cxoxkeit TemaTuke. Hakowner, B Pazesne 6
MIOJIBOJIATCA UTOTH Pa3pabOTKH U YIIOMUHAETCSA pa3BUTHE cepBuca rocye peaausanuun MVP. Hasee

B pabote 10J1 «JI0pOJII0» s Oy/y UMETh B BUJy HOBBIN, pa3padaTbiBaeMbIil CEPBHUC.

2 0O0630p okpyxkalomnieii THPPACTPYKTYPHI

[Ipu paspaboTKe cepBuca Jijisi arperaiun JJIOroB BaXKHO OBbLJIO YIUTHIBATH OrPAHUYIEHUs, KO-

TOpbl€ HaKJIaJAbIBaJla I/IH(bpaCprKTypa HH,ZLGKC r]jaJKCI/I7 1 BO3MO2KHOCTH, KOTOPBbIE OHa IIpeaoCTaB-



Jisiia. B srom pasgesie OyyT pazodpaHbl KJIIOUEBbIe €T HHOPACTPYKTYPhI, BHYTPU KOTOPOI

OBLT peajn30BaH CEPBUC.

2.1 MukpocepBucCHasg apxXuTeKTypa

B Annexkc Takcu ucrob3yercs MUKPOCEPBUCHAA apXUTEKTypa — IIOJX0Jl K pa3paboTke,
B PaMKaX KOTOPOI'O CO3/AIOTCA U Pa3BEPTHIBAIOTCH HEOOIBINNE HE3AaBUCHMbBIE CEPBUCHI, KOTOPHIE
paboraioT BMecTe, 00pa3ys eJMHYI0 CUCTEMY. DTa apXUTEKTYPa IMO3BOJIAET JEKOMIIO3UPOBATH MO-
HOJINTHBIE TIPUJIOYKEHIS B HEOOJIBINNE CJIa00CBA3AHHBIE CEPBUCHI, KOTOPbIE MOXKHO pa3pabaThiBaTh
HE3aBUCUMO.

Kaxkaprit MUKpOcepBUC HCIIOTHAETC Ha KJIacTepe U3 HECKOJILKIX BUPTYaIbHbIX MariH. Ha
KaK/I0l BUPTYAJIbHON MAIUHE MCIIOJHSETCH TPYIIa MPOIECCOB, BBIMTOTHSIIONINX JOTUKY MUKPO-
CepBUCa, U HECKOJIBKO MTPOIECCOB-Ar€HTOB, HE SIBJISIONINXCS 9aCThI0 MUKPOCEPBHUCA, HO 0DecIievInBa-
IOIUX HeOOXO UMbl eMy (pyHKIMoHA. [[j1s OaIaHCUPOBKYU BXO/IIEll HAIPY3KU HA BUPTYaJIbHYIO
Marmmuny ucnosib3yercd Nginx. Takrke Nginx orBevaer 3a BejleHne yKypHaJa JOCTYIA: OH MUIIET
JIOKAJIbHO JIOTH O BXOJSAINUX 3aIpOcax B TEKCTOBOM Buie. Popmar Jiora mpoJeMOHCTPUPOBAH Ha
WNnmroctpanun 2.1 — ojHa ¢TpOKa TaKOro JIora OIMUCHIBAET OIUH BXOJAIINN 3aIpoC.

timestamp=20220917T20:20:48 timezone=+0300
status=200 protocol=HTTP/1.1 method=GET request=/ping

Puc. 2.1: Tlpumep cTpokn JIOroB.

2.2 Logbroker

WNudpacrpykrypa fuaekca npegocTaBiser MOJe3Hblii HHCTPYMEHT JjId TIOTOKOBOI 0Opa-
OOTKM JAHHBIX — pacIpee/eHHy 0 odepe/ b coobiennii Logbroker [13]. Dror cepsuc mossossier
nepeiaBaTh YIOpsI0UeHHbI Habop JaHHBIX 1m0 Mojesn Publish-Subscribe [4]. DTa mMonens mo3so-
JIsIeT m30€KaTh MPIMON KOMMYHUKAIINN MEZK/Ty TIOCTABITUKAME JIAHHBIX U TOTPEOUTE/ISIMU; BMECTO
9TOTO MOCTABIIUKNA COXPAHSIOT JAHHBIE B PACIPEICTIEHHYIO 0YePe/ib, a MOTPEOUTE/N IUTAIOT WX,
IIOAITNCaBIINCH» Ha Tpe6yeMbH71 M KJjlaCC JaHHBIX.

Oga ogepenb coobrmennit B Loghroker cocronT 3 onHo# nim HecKoIbKuX mapturnmit. Ko-
IJla 9UTATe/b MOJIUCHIBACTCS HA OYepe/ib, €My HA3HAYAeTCsd HAOOp MAPTUIUi, U3 KOTOPBIX OH
YUTAeT BCE COOOIMEHHUs. DTO IOJIE3HOE CBOMCTBO, KOTOPOE IMOHAIOOUTCS IMPHU peatn3aiun J10po-
so. [Tomumo storo, Logbroker nmpejoctaBiageT rapanTuio jjoctaBku at least once u rapaHTHIO

COXpaHeHUsl TTOPsIKA.



B Logbroker ectb o4epejib, B KOTOPYIO OTHPABJISIIOTCS JIOI'H 3aIIPOCOB KO BCEM MUKPOCEPBU-
cam Armexc Taken. DTuM 3aHUMAETCS Ar€HT, UCIIOJTHSIOMINIICS HA KaXK 0 BUPTyaJIbHON MalluHe:
OH YUTAaeT KyPHAJ JOCTYIIa, KOTOPHIN BeJAET Nginx, rpynmnmupyeTr CTPOKHU JIora B COOOIIEHUS W OT-
IPABJIgET UX B 0Uepe/ib. DTa 0Uepeib Oy/IeT UCIOIb30BAThCA B JIOPOJIIO s JIOCTABKH JIOTOB JI0

MHKPOCEpBHCA.

2.3 Solomon

Koneunast mesib Mukpocepsuca J10poJIi0 — JTOCTABJISITH METPUKHU B CEPBUC, Te€pe3 KOTOPBIi
OHU OyJIyT JOCTYIHBI B yJOOHOM /I aHA/M3a BHE. DTy 3ajady pemaer Solomon — cepsuc,
KOTODBIl XPAHUT U BU3yaJU3UPYeT METPUKU, & TAKKE IIPEIOCTaBJIseT WHCTPYMEHTHI /sl aHAIN3a
METPUK.

Metpuku B Solomon 1npejicTaB/Is0OTCA B BUJIe BDEMEHHbIX PsI0B. BpeMeHHOi psii — 9TO 110-
CJIeI0BATE/IbHOCTD YUCIOBBIX 3HAUYEHUIT C YKa3aHUEeM BPEMEHHN U3MepeHus Kazk/1oro n3 nux. OaHa
METPUKA XapaKTePU3yeTCsl BPEMEHHBIM PsIJIOM U HAOOPOM METOK — Tap KJ/rod-3Hadenue. B 1opo-
JIIO METPpUKHU 6y,[[yT IIOACYUTBIBATBCA BHYTPHU I1IOCJ/IEAOBATC/IbHBIX BPEMEHHBIX THTECPBAJIOB paBHOﬁ
JUIHBL, 1 B Solomon Oy/JeT peryasgpHO OTIPABIATHCA 3HAYEHNE METPUKHU BHYTPHU ITPOIIE/IIIEro

BPEMEHHOI'O MHTEPBaJIa.

2.4 Habaonenus

[Tpu paszpaborke cepBrca BayKHO OBLIO YIUTHIBATH Psijl HAOJIIOIEHN O TOM, KaK 9TOT CEPBUC
OyaeT ucrnoJib3oBaTbesd. Huzke ommcanbl Kio4deBble HAOJIIOIEHNS, KOTOPBIMU MbI PYKOBOJICTBOBa-

JINCh.

e Jlopbio jozKen o0pabaTsiBaTh 1MOTOK Jioros okosio 200 MB /cek, nocrynaronmii ¢ nmopsiji-
ka 1000 mukpocepsBucoB. 3-3a 3Toro 06paboTKy HEOOXOIMMO BBHIIOJIHSATH Hapa/lIe/IbHO Ha

HECKOJIbKIX MalllMHaX.

® MeTpI/IKI/I — HEKPpUTHUYHbIE JTaHHDbIE. ,B;OHyCTI/IMO HOTEPATb YaCTb AdaHHBIX, O/[HaKO BazKHO,

9TOODLI 3TO HE IpuBeJIoO K 3HAYUTEIbHONA moTrepe TOYHOCTU UTOI'OBBIX METPUK.

e [Ipu arperanuu meTpuk Kpaiine BakHa latency — BpeMsi MexKJIy OKOHYAHHEM BPEMEHHOTO
MHTEpBa/a U 0TOOparkeHneM 3HadeHns B Solomon. 910 BayKHO Jjist OBICTPOTO pearnpoBaHUsT

Ha IpobJIeMbl B paboTe CEPBUCOB.
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Puc. 3.1: Cxema apxuTeKTyphl JOpPOJIIO: CJIeBa PACIOJIOKeHNe MIKPOCEPBUCA B HaliiiaiiHe obpa-
OOTKH JIOTOB, CIIpaBa apXUTEKTYPa CaMOr0 MUKPOCEPBUCA.

3 Juzaiin cepBuca

Bajiata J1opoJIIo 3aK/II09aeTCs B MOTOKOBOW 00pabOTKe JAHHBIX: JIOI'H, HEIIPEPBIBHO ITOCTY-
MAaoIMe ¢ MHOYKECTBA MAITHH, TPEOyeTCs MapCuTh, U3BJIEKATh U3 HIX METPUKHU, COIVIACHO KOHMpU-
rypalui, U OTIPaBJIATh [TOJIYIUBIINECsS JaHHbIE B BHUJE BPEMEHHBIX PAJIOB B CEPBUC, XPAHAIINN
MeTpuKHu. B 9ToM paszese Oyjer pazobpaH Ju3aifH CUCTEMBbI, BBIIOJIHSIONIEH 3TOT MPOIECC.

B mopb6utio, siorn obpabaThiBaloTCd MapaJiieibHO Ha MHOXKecTBe y3/0B. KaxkKiplii 13 HuX
YUTaeT MOTOK JIOTOB B TEKCTOBOM BHJIE W3 €/IMHOI OdYepejn, MapCUT UX, U3BJIEKAET 3HAYEHUS,
HEOOXOIMMBbIE JIJIT TIOJICIE6Ta METPUK U OTIPABJIAET UX B OTIE/JbHYIO PACIPEICTEHHYIO 09€pe/lb.
Ouepeib TPOMEKYTOUHBIX 3HAYCHUI BBITTOTHSICT OJIHY 3aJady — IE€PEePaCIpEeIeTUTh JaHHbIE TaK,
YTOOBI 3HAYEHUS U3 JIOT'OB, TPUHAIEIKAIINX OJTHOMY MUKPOCEPBHUCY, ITPOIOJIKUIN 00pabaThIBATh-
¢ Ha OJTHOM y3J1e J10p0itio. IToToK MpoMeKyTOIHBIX 3HAYEHNN U3 OYeper YNTAIOT Y3JIbl J0POJIIO,
00 BEIMHAIOT 3HAYCHUS, IPUHAIEXKAIIIIE OJITHOMY BPEMEHHOMY WHTEPBAJTY, W, KO I8 3HATEHUST JI/TsI
MHTEepBaJja coOpaHbl, IO HUM BLIYUCIAIOTCA UTOTOBBIe 3HadeHus meTpuk. Ha Pucynke 3.1 cxema-
THUIHO TTOKA3aH 9TOT ITPOIECC.

Takum 0b6pa3oM, B mporiecce 0OpabOTKHU JIOTOB BBIJIE/ISIETCS JIBa dTAla: MAPCUHHT JIOTOB U ar-
perarust. MexK 1y srarmaMu MpoMeKyTOUHbIE JJAHHBIE [TEPEPACIIPEICISTIOTCS MeXK Ty y3aamu. Jlatee

OyIyT 10/IpoOHEe pa300Opanbl 06a dTala.



3.1 Ilapcunr

[TapcwHTr JTOTOB BBITIOTHSIETCS TApaJIelbHO Ha BeexX y3yax moposto. Kakabrit yzen mos-
ucaH Ha paclpeaecHHyIo odepenb coobiennii Logbroker, mo KoTtopoil mepegaioTcs JIOrn Beex
MUKPOCEPBHUCOB, KoTopbie arperupyer dorblu. OjHo coobiieHne u3 odepein COCTOUT U3 HECKOJIb-
KIX CTPOK JIOTOB C OJTHOTO y3J1a MUKPOCEPBHUCA.

B koneunoMm cuére, KaxKkjioe cOODINEHNE MPeodPa3yeTcs B CIIMCOK IMPOMEXKYTOUIHBIX 3HaUE-
uuii. Kaxkaprit 9/1eMeHT B 9TOM CIIUCKE COOTBETCTBYET METPUKE, KOTOPYIO HEOOXOIUMO ITOACIUThI-
BaTh. J1jIs1 9TO# METPUKU COXpaHseTCS HEOOXOUMAs JIJIsl [TO/ICI6Ta WHMOPMAIINs, U3B/ICIEHHAST U3
coobIenus ¢ jioramu. Harpumep, 1718 mMojcuéTa KOJTMYeCTBa 3allPOCOB B CEKYH/IY COXPAHATCA KO-
JITYECTBO BCTPEUEHHBIX B JIOTAX 3aIIPOCOB, a I IMOJACYETa CPETHETO BPEMEHN OTBETa COXPaHAeTCs
KOJIMYECTBO 3aIllPOCOB U CPEJIHEE BPEeMsI OTBETa CPEJIU HUX.

[Tosryvennble MpOMEKYTOTHBIE 3HAYEHWS OTIPABIAIOTCA B OTIEIBHYIO PACIPEICTEHHYIO
odepeb. Ha sTom 1mrare BaxKHO OBLIO TapaHTHPOBaTh, YTOOBI Ha CJIEIYIONIEM dTale BCE IMPOMe-
JKYTOYHbBIE 3HAYEHUSA, OTHOCAIINECS K OJIHOMY MHUKPOCEPBUCY, IPOIOKIIN 00padbaThiBATbCS HA
OJTHOM y3Jj1e JIOPOJII0. DTO HETPUBUAJIBHO, IOTOMY UTO Ha dTAIle MaPCHHTA HECKOJBKO COOOIIEHUI
¢ JIOTaMu, TPUHAJJIEIKAIIMMEI OJITHOMY MUKPOCEPBHCY, MOI'YT OBITH 00Pa0OTaHbl PA3HBIMU y3JIaMU
Jopoutio. JIis pentennst mpobJieMbl UCITOJIb3yeTcst ¢cBoiicTBO Logbroker’a, 4To 3HavyeHust u3 ogHOM
HAPTUIUN TUTAIOTCH TOJBKO OfHUM y3j0M. [locite mapcunra mpoMexKyTouHbIe 3HAYEHUS] OTIPAB-
sroTed B naptunuio Logbroker’a, koTopasi BeIOMpaeTcd Ha OCHOBAHMH MUKPOCEPBHCA, KOTOPOMY
HnpUHAJJIEXKAT JIOTH. Bee y3i1bl 1op0O/II0 BRIOUPAIOT OJIHY HMAPTUIMIO, U3-38 Yero IPOMEXKYTOUHbIC

3Ha4Y€HUA OJHOI'O MUKPOCEPBHUCA IIOIIaJal0T Ha OJUH Yy3€JI JIJId arperaiuu.

3.2 Arperanus

Arperarus MeTpPUK Tak Ke BBIIOJIHICTCS Mapa/ljieJIbHO Ha BCEX y3J1aX J0POJII0. Y3JIbl Ui-
TAIOT COODIEHUS C MPOMEKYTOIHBIMU 3HAYCHUSIMHU U3 PACIPEIeIEHHON Odepe i U COXPAHSIOT
JIAaHHBIE U3 HUX OTJEJIHHO /s KayK/I0r0 MUKPOCEPBHCa U BPEMEHHOTO MHTEPBaJIa, KOTOPOMY MPHU-
HaJ[JIEZKAJN JIOTU. epe3 HeKOTOpOe BpeMs T0C/Ie 3aBEPIIeHs BDEMEHHOTO HHTEPBaJIa, 10 COXPa-
HEHHBIM ITPOMEYKYTOIHBIM 3HATYEHUSIM, OTHOCSAIIUMCS K HEMY, BBIUUC/ISTIOTCS UTOMOBBIE METPHUKH.

MeTpuku, BHIYUC/IEHHBIE /IS JIAHHOTO BPEMEHHOTO0 MHTEpBaJIa, JIOCTaB/ISIOTCA B Solomon,
CepPBUC-XPAHUINIIE METPUK, IIPEJICTABILIONII nx B Buje rpacdukos. [lepes ornpaskoit MmeTpuku

COXPAHSIOTCS JIOKAJBHO B (DOpMAaTe BPEMEHHBIX PsIJIOB, KOTOPBIN UCIO/Ib3yeT Solomon.



4 Jletasau peaJm3aluu

Jlopbutro peasm3oBaH B BUE eIMHOr0 MUKpoceppuca Ha C-++ Mpu MOMOIIN aCHHXPOHHOTO
dbpeiimBopka userver [10]. O6paboTKa JIOroB BHIIOJHAETC HAPAJLIETHLHO B MHOXKECTBE KOPYTUH:

JaCTb U3 HUX BBIIIOJIHACT ITapCHUHT JIOT'OB, Apyrad 9aCTbh — arperaimuio METPHUK.

4.1 Konadurypamus

Jop6to obpabaTbiBaer Jioru mopsika 1000 MUKpPOCEPBUCOB, U JIJId PA3HBIX MUKPOCEPBU-
COB 3a4acTylo TpebyeTcs cobupaTh pa3Hble HAOOPBHI MeTpPUK. B TO Bpems Kak MOYTH JJIs BCEX
MUKPOCEPBHUCOB BaXKHO IMOJICIUTBIBATH YaCTOTY 3aIIPOCOB JIJIsl KAXK 10N OKOHEYHON TOYKU, MHOTUM
MUKPOCEpPBHUCaM TpebyeTcs MOJCYUTHIBATL OoJiee crienuduanbie MeTpuku. V3-3a 9TOoro BO3HUKAET
HEOOXOTUMOCTD B KOHMUTYpAIU COOUPAEMbIX METPHK.

Kondurypanus mis n1op0s1io XpaHurcs B 06a3e JAHHBIX; U3 0a3bl JAHHBIX €€ YUTAIOT BCe
y3JIbI MUKPOCEPBHCA U MPUMEHSIOT Ha dTale napcuura Jjoros. [Ipu sTom BozHUKaeT mnpobsema ¢
CUHXPOHU3AIMEN KOH(PUTYPAINNA, TaK KaK He BCe y3JIbI MOTYT 00/1a/1aTh aKTyaJbHON KOHQUry-
parueii n3-3a 3aJep:KKU, BBI3BAHHOW CEThIO MJIM TeM, UTO YacTh Y3JIOB cJejaja 3ampoc B 6a3y
JIAHHBIX TI032Ke JIpyrux. B wgacTHOCTH, TPOO/IeMa PACCUHXPOHUBAIMK TPUBEJAET K KOJUIN3UU Ha
JTalle arperamuu, eCjau 9acTh MPOMEXKYTOUHBIX 3HAYEHUN Obla coOpaHa ¢ MCIO/IH30BAHUEM OJ-
HO#l Bepcuu KOHMUTYpAIUU, a 9acTh — € UCHOJIb30BaHUE JAPYyroi. YTobbl 9TOro m3bexkarTh, HAJIO,
4TOOBI BO BPEMsl MAPCUHTA BCE y3JIbl IIPUMEHIIN OJHY BEPCHIO KOHMUTYpAIUn JJisi JIOTOB U3 OJ1-
HOT'O BPEMEHHOT'O MHTEPBAJIA, JIaXKe €CJIn YaCTh y3JI0B K 9TOMY MOMEHTY yCIIesia IMPOIUTaTh Ooee
HOBYIO BEPCHIO. ITOOBI 9TO TapaHTUPOBATD, Y3JIbI JOPO/II0 HAYUHAIOT TPUMEHSTH HOBYIO BEPCHUIO
KOH(UTYpAIMH He Cpa3y [OocjIe TPOUTeHNs, a Yepe3 (DUKCHPOBAHHOE BpeMs TI0CIe e€ 3anucu B 6a3y
JIAHHBIX. DTa 3aJIePKKa [MO3BOJIIET BCEM y3JiaM JOPOJII0 yCIIeTh MPOYUTATh BEPCUI0 KOHMUrypa-
U, TIPeXKJie IeM OHa BCTYNHT B cuity. [lpu mocrarodso Oo/IbINON 3a/1epKKe, PACCUHXPOHU3AINS
KOHUTyparyy OyJIeT MPOUCXOAUTh TOJBKO B MCK/IIOYUTETBHBIX CIydasX, TAKMX KaK OTKa3 0a3bl

JaHHBIX WJIN pa3/ieJIeHue CETH.

4.2 Latency

Ojno m3 TpeboBaHmit K JOPOIO — 9TO KAK MOYKHO MEHbIIIas 3aJI€PKKa, Mepe] J0CTABKON
MeTpuK B Solomon. 9To BayKHO, ITOOBI WHKEHEPHI MOT/IA OBICTPO PEArnpOBATH Ha HEIOJIAIKU B
cepBUCaxX, OCHOBHBIM ITOKa3aTesleM KOTOPBIX ABJISIETCS aHOMaJnus B MeTpukax. /[yis obecnevenus

HU3KON 3aJIEP2KKHU, OBLI YCTaHOBJIEH KpaﬁHI/IfI CPOK, IIoCJIe KOTOPOI'O Ha ITalle arperaiuu Impome-
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JKyTOYHBIE 3HAYEHUS 3a MPOIIEIINNi BPEMEHHON WHTEPBAJ IePeCTAI0T IPUHUMATHCS U UTOTOBBIE
3HAYEHUs] METPUK BBIUUCJISTIOTCS 110 JIAHHBIM, IOy IeHHBIM K 9TOMY MOMEHTY.

SBajiepkKa 1epe/l IPUHYIUTETHLHBIM TTOICYETOM METPHK Obljla BbIOpaHa ¢ yI€TOM pacipe-
JieJIEHUsT BPEMEHU 3aJIePKKU ITPOMEXKYTOUHBIX JIAHHBIX — TaK, YTOObI HE TePsTh CJUIIKOM MHOTO
OTIO3/IABINUX JIAHHBIX, HO U HE YKePTBOBATH OOIIeil 38 /IePKKOl METPUK PaJIi HE3HAYUTETbHOM Ta-
CTH 3aJIep:KaHHBIX 110 KakKoi-To mnpuunHe cooOmiennii. Takum oOpa3oMm, BO3ZHHUKAJ KOMIIPOMUCC
Mek Ty latency m TOYHOCTBIO METPHK.

O iHako BHE 3aBUCUMOCTH OT CTPOTOCTU KPAWHEro CPOKA JIJIsi ITPOMEXKYTOUHBIX JIAHHBIX,
OCTaBaJIACh YaCTh COODIIEHUI ¢ UCKIIIOIUTEILHO OOMIBINO 3aaep2KKoit, nopsaka 1%. 1o e MHo-
ro, HO eCJIM TIOTepsieTCsd 3HAUNTe/bHAasT YacTh 3HAYEHNI 3 OJHOIO0 MHTEPBaJja, MOYKeT BOSHIUKHYTh
HeKeJlaTeIbHasg anoMasns na rpaduke. V3-3a sroro crosiia 3ajiada anmpoKCHIMUPOBATL UTOTO-
Bbl€ 3HAYECHUS METPHUK 110 YACTHU MOJyUeHHBIX HA JIAHHBII MOMeHT 3Hadenunii. [l sroro mopoiio
YUIUTBIBAET, KaKas YaCTh BPEMEHHOT'O MHTEPBAJIa MOKPHITA MOy IeHHBIMI 3HAYEHUAME, U AITPOK-

CUMHUDPYET 3Ha4YeHUdA Ha HEIIOKPLIThIE YaCTH.

5 PesyabraT

PeanusoBaHHBIIT MUKPOCEPBUC BBIIIOIHSIET IIOCTABIEHHbBIE IIepe] HUM 3a/1a4u: oOpadaTbhiBa-
€T TIOTOK JIOTOB 3aITPOCOB K MUKpocepBucaM s ujekc Takcu, n3piekas n3 HUX METPUKU U COXPAHAA
B cepBuce JIjIsi XpaHeHusi MeTpuk. Hanbosiee BaxKHbIE TTOKa3aTe N, OXKIIaeMble OT J0POJII0, — TOY-
HOCTD IIOJICUETa METPUK U 3a1ep:KKa Iepel 10cTaBKoil B Solomon. Hike mpoanan3npoBaHbl 9TH

IIOKa3aTeJIn.

5.1 TouHoCTb MOJICYETA METPUK

B teopun, BO3BMOXKHO JOCTUYb UJI€ATbHON TOTYHOCTH MOJACYETA METPHUK, OJHAKO Ha IIPAKTHU-
K€ METPHUKHU CUUTAIOTCH NPUOJIU3UTEIbHO U3-3a YaCTUIHON yTepH JIaHHBIX. B j10p0so pacupe/ie-
JIEHHAsI OYepe/ib IIPEeJIOCTABIISIeT TapaHTUIO0 JOCTaBKM, HO M3-3a 3aJIeP:KKN YaCTb JAHHBIX MOXKET
UTHOPUPOBATLCsA CePBUCOM paJin Jiydieii latency. [losroMy ObLIO Ba2KHO y/I0CTOBEPUTHCS, YTO MET-
PUKH TOJCIUTHIBAIOTCS JJOCTATOTHO TOIHO. UTOOBI 9TO MPOBEPUTH, s CPABHUJI HTOTOBbIE METPHUKH,
IIPOU3BOIMMbIE JIOPOJII0, 1 METPUKHU, ITPOU3BOIUMbBIE CTAPBIM JIOPOJII0, KOTOPBI MCIIOJIb30BAJICA B
Takcu Ha MomeHnT pa3zpaboTku. MeTpuku ctaporo JopoJIio TOXKe UMEIOT HeOOJIBITYIO TTOIPENTHOCTD,
HO OHHU JIOCTATOYHO TOYHBI JIJIsI TI0JIb30BaTe/ e, T09TOMY OBLIO PEIIeHO IPUHATD UX 3a TAJIOH.

JLnst KaxK10ii METPUKH, HOJICIUTHIBAEMOIl JTOPOJI0, U3 BHIOOPKHU 51 M3MEPUJI PA3HUILY Bpe-
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Puc. 5.1: Pacrpeenienue BeJIMInHbl Pa3/Intdnsi BDEMEHHBIX PsIJIOB MEXK/Iy CTAPbIM U HOBBIM JIOPO-

JIIO.

MEHHBIX PAJ0B, COOTBETCTBYIOIIUX BEJIMYNHE METPUKU B T€YCHHE CYTOK. B kauecrBe BeMYMHDI

Pa3HUIbI PAI0B ObLJIa, NCIOJIbL30BaHA, CJIeIYIoIasd:

230 |a; — byl
22‘11 a; + Z?ﬂ b;

rie a;,b; — 3HavueHusI METPUKU, IPOU3BOIUMbBIE CTapbIM M HOBBIM JOPOJIIO0 COOTBETCTBEHHO. Besn-
YHUHA TOKA3bIBaeT OTHOIIEHNE MEXKJIy CYMMAapHO Pa3HOCTBIO PSAIOB K YCPEIHEHHONH CyMMe 3Ha-
vennii. Pacupeenenue 3Toit BesimauHbl npuBeieHo Ha Pucynke 5.1. Ha rpaduke BuHbI 3HAYUN-
TeJIbHbIC PaCXO2K/ICHNA. B OCHOBHOM, OHU BbI3BaHbI pa3/IndIreM B TOM, KaK CEPBUCHI OIIPEIC/IAI0T
I'PAHUIIBI BPEMEHHBIX NHTEPBAJIOB: HOBBIH JOPOJIIO TTPOBOIUT IPAHUIIBI, UCIIOIB3YsT BPeMsl, YKa3aH-
HOE B CTPOKE JIora, & B CTapOM areHT OTCeKaeT MHTePBaJl 110 IPHUIIECTBUU 3aIlpoca OT CEPBUCA-
arperaTopa. ¥YIpoiiast, HOBbII U CTaAPbIil JOPOJIIO MOTJIN yIeCTh CTPOKY JIOTA B PA3HBIX BPEMEHHBIX
MHTEPBaJIaX.

[To pesysbraraM CpaBHEHHs IIOJIYIHIOCH, 9T0 60% METpHUK cpejm BCex I0JICUUThIBAEMbIX
JIOpOJII0 UMeroT pasHuily He 60Jbire (0.5. DTo MOATBEPKIAeT KOPPEKTHOCTh BBIUNC/IEHUSA METPUK
HOBBIM CEPBUCOM, HO M ITOKa3bIBaCT HaJIMIME CUJIbHBIX paCXO}K,HeHI/II;’I, KOTOPbIMHU HezKeJIaTeJIbHO
npeHeOperaTb. Bo3aMOXKHO, 3HATEHUST METPUK PA3/JINIAOTCA HE TOJIBKO M3-3a PA3HBIX METOJIOB BbI-
Oopa T'paHWI] UHTEPBAJIOB, HO M W3-3a HETOYHON AIIPOKCUMAIMM METPHUK WA HW3-3a OIMIHOOK B
pabore cepsuca. st MVP s1ro mocrarodno xoporunii pe3yibTar, HO sl JaJbHERIIero pa3sBuTus

JKeJIaTeJIbHO MCCIeJI0BATh MPUINHBI PACXOKICHUIA.
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Puc. 5.2: Latency obpaboTku Jioros

5.2 Latency

Ha Pucymnke 5.2 npejcrabiieH rpadguk pacupe/eieHus 3aepKKI MEeTPUK ' — BPeMeHU MeK-
Jly 3aIlUChIO CTPOK Jiora u (1) oTIpaB/ieHreM TPOMEKYTOUHBIX 3HAYEHUIT TOC/IE UX TAPCUHTA OJIHUM
mBeroM 1 (2) 06paboTKOl 3HAYEHWIT HA ITAlle arperaiu — JPYTUM.

Latency mHa sTame arperaryy MoJIiyduaach MEHbBIIEH, YeM Ha 3Talle [MapCUHTa, BEPOSITHO,
[IOTOMY YTO YCTAPEBIIHE MTPOMEXKYTOUHBIE COODIIEHUsT OTOPACHIBAIOTCS MEK/Ly MApCHHIOM U ar-
perarueit. Ha rpaduke Bujino, ato g0p0/0 o6padaTbiBaeT MOTOK JIOTOB C 3aJIEPYKKOil He OOJIbIie

3 CeKyHJI, 0JJHAKO TaKOil IMoKa3aTeJb JJOCTUTAeTCs UTHOPUPOBAHUEM YaCTHU JIOTOB.

6 (O0630p anajioros

Cy1iecTByeT HECKOJIBKO TEXHOJIOTUI JIjIst arperaiuu MeTPUK 110 XKYPHAJLY J0CTyIa B 00JIb-
mux Macmrabax. Cpean vux Elastic Logstash [3], mososstrormuit BeimonHsaTs 06paboTKy JIOTOB 1,
B TOM 4HCJIe, U3BJjedeHne 3 Hux MeTpuk, u Nginx Amplify [5]|, paboratommit mo npuHImILy, cxo-
JKEMY CO CTapbIM JIOPOJIIO: M3BJIEYEHNE METPUK areHTaMH Ha BUPTYaJbHBIX MAIIUHAX MHKPOCED-
BHCOB W UX IeHTpa/in30Bannas oopadorka. O HAKO HU OHO U3 STUX PENICHUil He MPEeI0CTAB/ISIET
JIeTaJIbHOM HacTpoiiKu latency cbopa merpuk. Takke MX MCIIOIb30BaHUE BMECTO JOPOJIO OBLIO
IPOOJIEMATHYHO U3-3& CJIOYKHOCTH BHEJIPEHUs] TEeXHOJIOTHl B mHpacTpykTypy Annexc Takcu n
OTCTYTCTBUS KOHTPOJIS HAJI PEAJIU3AIIIEIH.

[TomuMo crierua/ibHBIX perreHnit A1 00pabOTKH JIOTOB BO3MOXKHA arperamus MeTPHUK IO
mozesin map-reduce [2]. B pamkax mopesn, 06paboTKa JAHHBIX BBIIOJIHSTCS B JiBa dTara: Ha [ep-
BOM 3Talle JIaHHbIe TPe00Pa3yIOTCs, UCIOIL3Ys TPOU3BOIbHYIO (DYHKITUIO Map, KOTOpas 10 BXOJI-

HOMY 3HaYCHHIO BO3BpalllacT IIapy KJ/IIOY-ZHaYCHHE, a Ha BTOPOM — IIapbl ¢ OAMHAKOBbBIM KJIIOIOM

1978 crarucTuKa mosydeHa mocse JopaboTKH JopOII0 KOMaHI0i 6e3 Moero yuactus. Bepositao, B craun MVP
33/I€PXKKa OTINIAIACH OT TOM.
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00'beINHAIOTCS, U JIJIsd 3HAa'UeHU npuMensercs QyHKius reduce. Takyo BOSMOXKHOCTD IPEIOCTAB-
nsior texnosorun Apache Hadoop |9] nim ncnonssyemerit B Angexce RealTimeMapReduce [12].
C momorpio Mo06HOTO cepBUCa MOYKHO BBITIOJIHATDH TAPCHHT JIOTOB B PAMKAaX IIEPBOTO dTalla u
arperamnuio — B paMkax BToporo. OHako ne ObLIO HAllJIEHO CEPBUCA, BBIIOJIHAIONIETO IIOTOKOBYIO
00paboTKYy JAHHBIX 110 MOJIe/ I map-reduce u MpeJIOCTAB/ISIONIEr0 rapaHTH Ha latency, cpaBHIMbIE
¢ TeMHU, KOTOPbIe TPEOYIOTCA OT .

Tak ke, Kak B JIOpOJIIO, B MEXaHU3MAX arperaluu MeTPUK B MacIITabHBIX PACIIPEIETEHHBIX
CHCTEMAaX 3a9aCTyio TpedyeTcs ONTHMU3UPOBATH 3aJIePKKY MEKIy BOSHUKHOBEHHEM COOBITHS U
0oTOOpaKeHNeM ero B CHCTeMe MOHUTOPHWHTA: HallpuMep, orobparkenneM ckadka RPS Ha rpaduxke.
Hopbsio obecnieunBaeT HU3KYIO latency, oOpabaTbiBas IMOTOK JIOTOB U OTIPABJIAA B XPaHUJIUIIE
TOJIBKO 3aIpOIeHHbIe WHXKeHepaMu MeTpuku. [pyroit criocod — coxpaHsaTh Joru B 6a3e JaHHbIX
B OHepaTI/IBHOfI IHaMATU U U3BJIEKATb METPUKU U3 HUX IIO 3alIPpOCy MH2KEHEDPaA. TaKOfI II0XO01, 1C-
HoJIb3yeTcst B cucreme arperaiun MeTprk Scuba [1]. Huskas latency obecrnedunBaercs Giarogapst
XPAHEHNIO METPUK B ITAMSITH, U3-3a 9ero JIOT'H, JIOCTaBJIeHHbIe B 6a3y JIAHHBIX, MOTYT OBITH UCIOJIb-
30BaHbI JIJId aHaJIn3a C MUHUMAaJIbHONI 3a,Z[ep}KKOI7I. Scuba IpeoCTaB/IdeT MHUPOKUEe BO3MOXKHOCTHA
JIIsT aHAJIN3a JAHHBIX O COCTOSTHUU CUCTEMbI 38 CIET BBICOKOTO MOTPEO/IEHUST TaMsITH.

Haxkomner, nmepei 1op6.1i0 crosiia mpobiema nepepacipeiesiennsl TOTOKa JTAHHBIX, TaK ITO-
OBl JIOT'W ¢ OJIHOTO MUKPOCEepBUCca 00pabaThIBAINCh HA OJHOM y3Jie-arperarope. B qopb6itio nanmnbe
1epepacIpeie/ AT MeXK Ly dTalaMu 00pabOTKU Yepe3 OT/IeIbHYIO Pacipeie/IeHHY 0 ouepeb. B
Canopy [6], cucreme c60pa TaHHBIX O TTPOM3BOJAUTETHHOCTH KOMIIOHEHTOB, HHMOPMAIUS O TIPOU3-
BOJIUTETLHOCTU PACIIPE/IEIIIETCS TI0 Map/iaM mepes 00paboTKoI, Ha Tare OTIPaBKu HHMOOPMAINN
C MAIUHBI-UCTOYHUKA. [AKO# MOIX0/I MOXKET IPUBECTU K yydiieHuio latency B 10p0Jiio 3a cIEéT
n30aBIeHUs OT IMPOMEYKYTOTHON pacipeeIéHHO odepe/in, HO OH Jie/IaeT MUKPOCEPBUC 3aBUCH-

MBIM OT peaJiu3allii areHTa, OTIIPaBJ/IAIONIEIO JIOT'H.

7 3akJjoveHne W JaJjbHelilliee pa3BUTHE

B pesynbrate paborsr paspaboran MVP nopbso. Cepsuc ycremuo obpabarsiBaeT bojiee
200 MbB J10roB MEKPOCEPBUCOB B CEKYH/Ty U arperupyeT METPUKU HA OCHOBAHHH T10JIb30BATEIbCKOTT
koHduryparuu. IlogyuuBmmmiics cepBUC PEBOCXOIUT CBON yCTApPEBIIHI aHAJIOr 10 HECKOJIbKIM
rapaMeTpaM: OH IIpejijiaraeT OOJIbIINI KOHTPOJIb HaJ latency; ero ymobHee 1o/ iepKUBaTh 3a CIET
AKTyaJIbHOTO CTEKa TEXHOJIOTHIl; OH MMeeT OOJIBIINE BOZMOKHOCTH JIJIT MACIITaAOUPOBAHUS.

[Toce peamuzanun MVP nopbitio, cepBuc jopadarbiBajics, HO y:Ke He MHOI0. Ha jtannbrii

MOMEHT CepBUC, pa3pabOTaHHBINI B paMKaxX JaHHOW PadOThl U JIOPADOTAHHBIN KOMAHJION Moce
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9TOro, ucrojb3yercd B fAugexc Takcn Hapgy ¢ ero ycrapeBIieil aJbTePHATUBON C IJIAHAMU T10JI-

HOCTBIO 3aMEHUTH yCTAPEBIINII CEPBUC.
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