Arperauus BpeMeHHbIX pAOO0B: OT MUJIJIMOHOB
CbIpPbIX TO4YEK K ObICTpbIM 3anpocaMm

Aurélien LEQUOY - March 21, 2026

PMACONTROL TIME-SERIES AGGREGATION MONITORING ARCHITECTURE

MULTI-RESOLUTION TIME-SERIES AGGREGATION

10s raw = 1min - 1lhr - 1lday — inspired by Prometheus + Graphite

RAW 10s 1 MINUTE 1 HOUR 1 DAY
~8.6M points/day avg + last + stddev avg + last + stddev avg + last + stddev
retention: 7 days retention: 30 days retention: 1 year retention: forever
2.4K points/day 100 points/day
stddev stored alongside avg Auto query routing
Enables anomaly detection without scanning raw data Dashboard picks coarsest resolution for requested range

8.6M raw points/day - 100 daily points = 86,000x compression

OOBLEM ChIpbIX AAHHbIX

PmaControl cobupaeT MeTpuKuM € Ka>kaoro Habawogaemoro ak3emnaapa MariaDB / MySQL

Kaxable 10 ceKyHp,. [1719 KaX4oro cepsepa 3TO:

6 TO4YEeK B MUHYTY

360 TO4YeK B Yac

8 640 To4YeK B CYyTKMU

60 480 To4yek B Hepeso

Mpn 100 cepBepax 1 50 MeTprnKax Ha Ka>Kabln:

100 cepBepoB x 50 MeTpuk x 8 640 Toyek/cyTkum = 43 200 000 TOYeK/CYTKM

43 MnNanoHa To4vek B cyTku. 302 MnnanoHa B Hegent. bonee munnmnapna B Mmecsu,

XpaHUTb BCE 3TO B CbIpOM pa3pelwieHun (10 cekyH) 6eCcCKoHeYHO TEXHNYECKU BO3MOXXHO, HO
npakTnyeckn becnonesHo. HUKTO He CMOTPUT Ha rpaduk ¢ 10-CeKyHAHbIM pa3peLleHnemM o

OaHHbIM FIOJ'IyFO,EI,OBOIZ 0ABHOCTU. A 3aMnpocChl, CKaHUpPYOLLME MUIJIMOHbI CTPOK A4 OTO6pa)KeHVIFI



rofoBoro rpaduka, MeaneHHbl U 0OPOru.

BaooxHoBeHue: Prometheus un Graphite

Mpobnema He HoBa. [Ba CUCTEMBI PELLUNIIN €€ NIEFaHTHO:

e Prometheus c recording rules: npensapuTesibHO Bbl4ncaseMble PromQL-3anpochl,

arperupytoLime cbipble aHHble B MPON3BOAHbIE METPUKUN Yepes perynsipHbie UHTepBaJibl

e Graphite c popmaTom Whisper: cuctema MynbTUPE3OIIOLNOHHOIO XpPaHEHNS, roe AaHHble

aBTOMaTUYECKN arpermpyrTcda rno mepe CtapeHunsa

PmaControl 3anmcTBYyeT 0ba nogxoaa A1 NPOEKTUPOBAHNA COBCTBEHHOW CUCTEMbI arperauumn.

CxeMa MynbTUpe30J1I0LUUN

YeTbipe yPOBHSA pa3peLleHmns:

YpoBeHb NHTepBan XpaHeHue PacuyétHbi# 061b€éM (100 cepB.)
Raw 10 cekyHA 7 oHen 302M Toyek/Hen.

1 MuHyTa 1 MynHyTa 30 oHen 216M To4ek/mMec

1 yac 1 yac 1ron 43.8M Toyvek/ron

1 neHb 1 neHb BeccpoyHo 1.8M Toyek/ron

CyMMapHbI 06BEM, XpaHuMbIN B Ntobon moMeHT (npu 100 cepBepax):

Raw (7 pHen): 302M ToYek
1min (30 pHen): 216M Touek
1lhr (1 rop): 43.8M Touek
lday (Bcé): ~2M ToOuYek
Wtoro: ~564M ToyYek

bes arperauvun xpaHeHue roga CblpbiX AaHHbIX COCTaBuao 6bl 15,8 Munavappoa To4Yek.

Arperaumnsa cokpawaeT 06bEM xpaHeHUs B 28 pas.

Y70 XpaHUTCA Ha KaXXAO0M arpermpoBaHHOM ypOBHe

Ina KaXk[aom arpernpoBaHHON TOYKN COXPAHAOTCA TPU 3HAYEHUS:
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CREATE TABLE ts aggregated 1min (

server id INT,

metric id INT,

timestamp DATETIME,

last value DOUBLE, -- nocfiefHee 3HayeHWe WHTepBana

avg_ value DOUBLE, -- CpefiHee 3a MHTepBan

stddev_value DOUBLE, -- CTaHfapTHOe OTKJ/IOHEHWe 3a WHTepBan

PRIMARY KEY (server_id, metric_id, timestamp)

3a4yeM 1last_value ?

Ona MeTpuk Tuna CYETYMK (KONMYECTBO 3amnpocoB, OTrNpaBJ/ieHHble BalTbl) NocnegHee 3HaYeHne

MHTepBasa 4acTo UHOpPMaTMBHee cpeaHero. OHO OTPaXKaeT CaMoe aKTyaslbHOe COCTOsIHME.

3a4yeM avg value ?

Ons meTpuk Tuna gauge (3arpy3ka CPU, mamMaTb, akTUBHbIE MOTOKW) cpefHee — Hanbonee

TO4YHOE 0To6pa>KeHv|e rnoeeaeHnd Ha MHTepBaJie.

3a4yeM stddev value ? KJ/IlOME€BOM MHCAUT

STO0 rflaBHas MHHOBALMA AAaHHOIO AM3aiiHa. XpaHeHue CTaHJAapPTHOro OTKJIOHEHUA BMecTe

CO CpeaHUM NOo3BOoJISeT OOHAapy>XMBaTb aHOMaNiuu 6e3 CbipbIX AaHHbIX.
PaccMmoTpum fBa 4Yaca C ognHakKoBon cpenHen 3arpy3kon CPU 45%:

e Yac A: CPU ctabunbHo Mmexnay 42% n 48%. avg=45%, stddev=2%

e Yac B: CPU konebnetca mexnay 5% n 85%. avg=45%, stddev=28%

bes stddev 3T gBa 4aca Hepa3NM4YMMbl B arpermpoBaHHbIX AaHHbIX. Co stddev vac B

HeMeOJIeHHO NOeHTUununpyeTcs Kak aHOMaJIbHbIN.

9TO NO3BOJISET CTPOUTb aNepThbl Ha OCHOBE NCTopunYeckoro stddev:

EC/IN tekyuuin stddev > 3 x cpepgHun_stddev _3a 30 pHen

TOFOA anept: obHapyXeHO aHOMasbHOE MOBEfEeHMEe

NMpouecc arperauum
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Arperaunsa paboTaeT KackafHo, ynpasasgemMas cron-3agadei:

9t1an 1: Raw -» 1 MuHyTa

Ka>ayto MNHYTY BOPKep CYUTbIBAET 6 nocsiegHUX CbIPpbIX TOYEK ONA KakKOom napbl (cepBep,

MeTpVIKa) N BblHUCNAET:

INSERT INTO ts_aggregated 1min (server_id, metric_id, timestamp, last value, avg value,
stddev_value)
SELECT
server_id,
metric_id,
DATE_FORMAT (timestamp, '%Y-%m-%d %H:%1:00') AS minute,
-- last _value: nopg3anpoc pns nocnefHen TOYKM
(SELECT value FROM ts raw r2
WHERE r2.server id = ts_raw.server id
AND r2.metric_id = ts_raw.metric_id
AND r2.timestamp >= DATE FORMAT(ts raw.timestamp, 'SY-%m-%d %H:%i:00")
AND r2.timestamp < DATE FORMAT(ts raw.timestamp, 'SY-%m-%d %H:%i:00') + INTERVAL 1
MINUTE
ORDER BY r2.timestamp DESC LIMIT 1),
AVG(value),
STDDEV (value)
FROM ts_ raw
WHERE timestamp >= NOW() - INTERVAL 1 MINUTE

GROUP BY server id, metric_id, minute;

dTtan 2: 1 MMHyTa - 1 4yac

Ka)kabln Yac Bopkep arpervpyet 60 MUHYTHbIX TOYEK B OZHY YacoBYyl0. PacyéT

KoMbuHMpoBaHHOro stddev ncnonb3lyet dopmyay NyJMpPOBaHHON ANCIEPCUN:

o_combined = sqrt( mean(c? i) + var(p i) )

Foe o i — CTaHAAPTHbIE OTKJIOHEHUA NOAMHTEPBAIOB, @ u i — WX cpedHue. OTa dhopmyna

MaTeMaTUn4eCKn TO4YHa N He Tpe6yeT CbIPbIX OaHHbIX.

9tan 3: 1 yac -» 1 peHb

ToT >Xe NpPUHLMM, pa3 B CYyTKU 24 4YacoBble TOYKM NMpeBpaLLaloTCs B O4HY CYTOYHYIO.
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3Tan 4: O4nucTKa cTapbiX AaHHbIX

Mocne KaxOoW arperaunn OaHHble 3a npenenamm okKHa XpaHeHUs yaoansoTCs:

DELETE FROM ts raw WHERE timestamp < NOW() - INTERVAL 7 DAY;
DELETE FROM ts aggregated 1min WHERE timestamp < NOW() - INTERVAL 30 DAY;
DELETE FROM ts aggregated lhr WHERE timestamp < NOW() - INTERVAL 1 YEAR;

-- ts aggregated lday: Hukorpa He oumwaetcs

MapLwipyTusauua 3anpocos

Korpa paw6opn PmaControl oTobparkaeT rpacuk, OH AoJKEH BbibpaTb NpaBusibHOE
pa3pelleHue. MNMpUHLKXN NPOCT: UCNoNb30BaTb Haubonee rpyboe paspelueHue,

nokKpbiBalowliee 3anpaliMBaeMblii AUana3oH.

function selectResolution(int $timeRangeSeconds): string {
if ($timeRangeSeconds <= 3600) { // <= 1 yvac
return 'ts raw'; // 10s pa3peweHue
} elseif ($timeRangeSeconds <= 86400 * 2) { // <= 2 pHA
return 'ts aggregated 1min'; // 1min pa3peweHune

} elseif ($timeRangeSeconds <= 86400 * 90) { // <= 90 nOHen

return 'ts aggregated lhr'; // 1lhr pa3peweHue
} else {
return 'ts aggregated lday'; // lday pa3speweHue

Pe3ynbTaT: rogoBon rpauk 3arpy>xaeT ToJibko 365 To4yek (CyTo4yHoe pa3pelleHue) BmecTo 3,1
MuUnnoHa (10-cekyHAHoe pa3pelleHne). 3anpoc BbIMOJIHAETCSA 3@ MUIINCEKYHbl BMECTO

HEeCKOJIbKUX CeEKYHA.

BnusaHne Ha NPOU3BOAUTEJIBHOCTbL 3aNpPoOCOB

3anpawiuBaeMbli AuanasoH Pa3pelwueHue 3arpy>xeHo To4yek BpemMs 3anpoca
1 vac 10s (raw) 360 < 10 mMc
24 vaca 1 mMuH 1440 < 20 MC
30 gHen 1 vac 720 < 15 mMc
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3anpawvBaeMbii AManasoH PaspewieHue 3arpy>xeHo To4yek Bpems 3anpoca

1ron 1 neHb 365 < 10 mc

Bpemsa 3anpocoB CTaHOBUTCSA HE 3aBUCALLMM OT BPeMEHHOro avanasoHa. fogoson rpaumk

TaK e 6bICTP, KaK YaCOBOW.

OOHapy>xeHue aHOMaJIuM € XpaHuMbIM stddev

Bnaropaps npeaBapuTesibHO BbluncneHHoMy stddev PmaControl mo)xxeT obHapy>XnBaTb

aHOMaMnM Ha arpermpoBaHHbIX AaHHbIX 6e3 obpalleHnsa K CbipbiM AaHHbIM:

1. PacyéT 6asoBomn NuUHUKU: cpeaHee 1 stddev oT stddev 3a nocnenHve 30 oHeN ONA KaXkaom
MEeTPUKUN

2. CpaBHeHMe: stddev Tekyllero 4yaca cpaBHMBaeTCa C 6a30BON NMHUNEN

3. AnepT: ecnu stddev npeBbiwaeT 6a30By0 MMHUIO B 3 pa3a — aHOMaJibHOE NoBeAeHne
KOHKpeTHbIN npumMep:

e basoBas nnHMA threads_running: avg stddev = 2.1, stddev stddev = 0.8

e TeKyLWKnn 4ac: stddev = 14.3

e OueHKka: (14.3 - 2.1) / 0.8 = 15.25 curm — beccnopHasi aHOManua

ITOT MexaHu3m obHapyX1BaeT aHOMaJ I, KOTOopble NPonyCcTua 6bl MPOCTON MOHUTOPWHI

cpenHero: cepsep, 4yern CPU belwieHo KosiebneTcs, HO BCerja BO3BPaLlaeTcst K HOpMasibHOMY

cpenHemy.

3akKJiloyeHue

MynbTUPE30IOLIMOHHAS arperaums — KoY K YNpaBJIEHUIO AaHHbIMU BPEMEHHbIX PSL0B B
MacwTabe. XpaHeHune stddev BMecTe co cpeagHUM — HeobblYHOE, HO MOLLIHOE MPOEeKTHoe
pelleHne: OHO COXPaHSeT MH(MOPMALMIO O BapnaTMBHOCTM, NO3BOJISI 0OHAPYXNBATb aHOMaNUK

Oa)Xe Ha arpermpoBaHHbIX OaHHbIX.

C aton cuctemonr PmaControl moxxeT moHnTopuThb 100+ cepBepoB MariaDB / MySQL Ha
MPOTSXXeHNN MNOJIHOrO roda, rapaHTUPYS BbiNOJIHEHME 3anpocoB fawbopna MeHee 4yem 3a 20

MUNNNCeKyHm.
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