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TpeboBaHus Nosb3oBaTenen

 [To6onbLIe MecTa (N1yylle HeorpaHHNUYEHHO)

* [loGbICTPEe CKOPOCTb Nepeaayn

* MnHnmanmsayma BpemMeHn AocTyna K AaHHbIM
e Jlerkast 4OCTYNHOCTb K AAaHHbIM

* HaeXXHOCTb XpaHeHnd

e 3alwuTta

* PaspellueHne / orpaHnvyeHne aocrtyna



HeMHOro nctopum

9BM KonnekTMBHOro nonb3oBaHuA.(< ~1980)

[Monb3oBaTenu Ucnosib3yrT oaHy SBM

[laHHble XxpaHATCcA Ha ancke (anckax) 3BM

[aHHble apXNBUPYKOTCA HA MarHUTHbIX 1eHTax (16 Mmm)

9BM nHansuayasnbHoro nons3osaHus (PC) (late 1980)

[laHHble XpaHATCcA Ha aucke (auckax) 9BM

[laHHble apXnBUPYKOTCA Ha MarHUTHbIX KacceTtax (8 Mm)

PC coeguHatoTcsa B knactepsb! gna (> 1990):

YBenmueHnsa ckopocTtn céopa n 06paboTkn AaHHbIX

YBenuyeHus oobema AOCTYMHbIX AaHHbIX (MOSib30BaTesit0 AOCTYNHbI AaHHbIE C MHOTNX
PC)

ApXnBMpoBaHMe Ha MarHUTHbIX KacceTtax yepe3 MarHMTopoHbI, pacrnosioXeHHble B
aBTOMaTUYECKNX JIEHTOUYHbIX BMBIMOTEKaX



[pPOAO/HKUTENBHOCTb Y CTOMMOCTb XPaHeHNs MHAopMaL MK

Hard Disk Drive (HDD) — 4 — 7 years
active (require power)

Max capacity 20 TB

Cost $16/TB

Solid State Drives (SSD) — 5 — 10 years
Active, require power

Max capacity 4 TB

Cost $60/TB

Flash, passive - 10 years with average use
passive

Max capacity 1 TB

Cost $90/TB

Magnetic Tape — 15 — 30 years

Max capacity 20 TB

Passive, but require tape drive, tape library
20000 load / unload cycles

$5/TB ($2.5/ TB - compresssed)
Consider:

Acquisition cost

Operational cost

Power and cooling

Warranty

Tape system cost ~ 1/3 disk system cost per PB not considering lifespan



CTPYKTypa nepapxm4eckoin CUCTEMbI XPaHEHUST AAaHHbIX

Catalog

Tape
Library




[1OTPe6HOCTb B nepapxmYecknx pacnpeaeneHHbIxX
cucTeMax XpaHeHnsa AaHHbIX

Bo3pactaHne o6bemoB AaHbix (> 10 PB) u uncna compute nodes.
PacnpegeneHne aaHHbIX

PacnpeneneHne pecypcoB XpaHeHus

nobaBrieHne 3/1IeMeHTOB XpaHeHus

OnpepeneHne HencnpaBHbIX 3/1IEMEHTOB N UX 3aMeHa

YBenuyeHne CKOpoCTn nepepayn gaHHbIX

ABTOMaTU3aLMA apxMBMpoBaHMA, 0CBOOOXAEHNS /BOCCTAHOB/EHNA [ U
pennukauum “6oICTPOro” XpaHuauuia gaHHbIX B “Mea/IeHHOM” XpaHuiue
ObecneyeHne HaleXXHOro A0/IroBPeMEHHOro XpaHeHus



Crnoco6bl AocTyna K IaHHbIM B MepapXnyecKmnx
cucTeMax XxpaHeHus

KalwunpoBaHune

Ecnin AaHHbIX HET B ObICTPOM XpaHUuLLLE OHU KONUPYHOTCA U3 6onee
Me[J/1eHHOTO.

Ecnin GbICTpoOe XpaHumLe nepernosiHAeTcAa MeHee LUeHHble AaHHble
yOanaTCs

Tiering (nepegada mexay YpoBHAMU) — AaHHbIE KOMUPYHOTCA C 6onee
Me[J/IEHHOTIO YPOBHA Ha 6onee ObICTPbIN. Noc/ie UTeHNA AaHHble HE OCTaloTCH
Ha 6onee 6bICTpoM ypoBHe (backup noaxon).



Mepapxunyeckne cunctembl B HEP

* HPSS — High perfomance Strorage System (DOE, NSF,
IN2P3) (~1992)

* CASTOR — CERN Avanced STORage manager (CERN)
(1998)

* Dcache + Enstore (FNAL) (1998)

* EOS + CTA - CERN Tape Archive (CERN) (2021)

* Dcache+HPSS — BNL (~2004 Atlas)



Kak TpeboBaHus nonb3oBaresien yaosnetsopsaoTcs B HSM

 [lo6onbLIe MecTa (N1yylle HeorpaHHNUYEeHHO)

* BbICOKOCPOPOCTHasA, paclumpsaemas ueHTpasin3oBaHHaa cuctema
ynpaBneHna metagaHHbIMN, AOCTYNMHAA Ha KaXXa0oM YpOBHe
CUCTEMbI XPaHEHUA N TPAHCMOPTUPOBKN

* PaclunpaemocTb 3a cyeT AobaB/eHns 3/IEMEHTOB XpPaHeHUS
(horizontal scalabllity)

* [1oB6bLICTPEe CKOPOCTb Nepenavu

* PacnapannenuesaHne npoueccos nepegavn gaHHbIX

* Pennukayma naHHbIX Ha nepBoM (user facing) ypoBHe



Kak TpeboBaHus nonb3oBaresien yaosnetsopsaoTcs B HSM

MuHuManu3auns BpeMmeHu gocTtyna K AaHHbIM

KawmpoBaHue AgaHHbIX Ha “ObicTpoM” (1) ypoBHEe

Massive data prestaging from “slow” (2" (Tape) to “fast” (1% layer
Jlerkas AOCTYMNHOCTb K AaHHbIM

KaTanor gaHHbIX

Cpeacresa A0OCTaBKU

HaageXHoCTb XpaHeHus

* MarHuTHbIe NeHTbl (MOXHO MOSTIOXUTb Ha MOJIKY)

* ABTOMaTK3aLKMA KONMPOBaHNSA NO 3anpocy Ha MarHUTHbIX NeHTax
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Kak TpeboBaHus nonb3oBaresien yaosnetsopsaoTcs B HSM

e 3awuTa gaHHbIX

* AyTEeHTUKauunsa nosb3oBartens

e laHHble HA MarHNTHOW NeHTe TPYAHO nepenucartb

* ABTOMaTMU3aLUMA NepeknoyeHnsa KaBuimy “3anpeT 3anncun™ Ha
MarHMTHOW KacceTe

* Pa3pelueHue / orpaHnyeHmne aoctyna

* ABTOpM3auUuna goctyna
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[Mpumep: JINR CMS T1 dCahe + Enstore

* 2 Layer HSM

* Dcache — “fast” data storage layer (distributed disk system)
e Current capacity — 2.4 PB

* Enstore — “slow” layer (distributed tape system)

e Current capacity ~ 5000 20 GB tapes

e Occupied — 11 PB

* In production since 2016
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JINR CMS T1 dcache + enstore data transfers

dcache reads dcache writes
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