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OpraHunsauns pacnpeaeneHHbix sbluncieHmnn B GRID

GRID

brings together various compute resources located
in different places to accomplish a common task




OpraHmn3aums goctyna K JaHHbIM




TpeboBaHMA Nonb3oBaTeNen

* bonbLWwaa eMKOCTb XpaHuauuia (Syylle HeorpaHU4eHHO)
* BbICOKada CKOpPOCTb nepeaayn

* MUHUMMN3aUmMsa BpeMeHn gocTtyna K AaHHbIM

* Jlerkas 4OCTYNHOCTb

* HaeXXHOCTb XpaHeHund

e 3aluTa

* PaszpellueHmne / orpaHnyeHne gocrtyna

* BO3MOXXHOCTb BOCCTaHOB/1€HNA NOTEPSAHHbIX AaHHbIX

* Masiaa CTOMMOCTb 3anncu, XpaHeHus, N3BiedeHuns



cTopust pasBuTUSA CUCTEM XPaHEHUNS AAHHbIX

OBM KonnekTMBHOro nonb3oBaHuA.(< ~1980)

[Monb3oBaTenu Ucnosb3yrT oaHy 9BM

[laHHble XxpaHATCA Ha ancke (anckax) 3BM

[laHHble apXNBUPYKOTCA HA MarHUTHbIX 1eHTax (16 Mm)

3BM nHamBunayanbHoro nons3oBaHua (PC) (late 1980)

[laHHbIe XpaHATCcA Ha gncke (auckax) 9BM

[laHHble apXnBUPYKOTCA Ha MarHUTHbIX KacceTtax (8 Mm)

PC coeguHatoTcsa B knactepb! gna (> 1990):

YBenmueHns ckopocT coéopa n 06paboTKn AaHHbIX

YBenuyeHus obbema AOCTYMHbIX AaHHbIX (MOfib30BaTest0 AOCTYMNHbI AaHHbIE C MHOTUX
PC)

ApXnBMpoBaHMe Ha MarHUTHbIX KacceTax yepe3 MarHMToOoHbIl, pacrnosioXeHHble B
aBTOMAaTUYECKNX JIEHTOYHbIX BMbBMoTEKaX



[pPOAO/HKUTENBHOCTb U CTOMMOCTb XpaHeHNs MHAopMaLMm

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 - 10 years with average use

passive

Max capacity 1 TB

Cost $90/TB

Magnetic Tape — 30+ years

Max capacity (uncompressed) 20 TB — 3592 (IBM Enterprise), 30 TB - LTO10
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 nepapxm4eckoim CUCTEMbI XPaHEHUST AAaHHbIX

Catalog HSM

Tape
Library




[10TOKM AaHHbIX Mnpn 3afnmcu

UWM - Upper Water Mark

) ) . (may be flexible)
uwm1 Migration policy 1
LWM - Lower Water Mark
LWM1 ]SE:SC,)ﬁ),/:r;) urge) (may be flvgxible)

UuwmM2
LWM2

Migration policy 2
(Copy, Purge)
f(S,N,T)



[10TOKM AaHHbIX MNP YHTEHUN

UWM3 Purge policy 1 LRU - Least Recently Used

o - \




[MOTPe6HOCTb B nEpapPXNUYECKNX pacnpeaeneHHbIX

cUCTEMAX XPaHEHUST JaHHbIX

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

PacnpeneneHune pecypcoB XxpaHeHus

[lob6aBneHne afIeMeHTOB XpaHeHus

OnpepgeneHne HencrnpaBHbIX 3/IEMEHTOB U UX 3aMeHa

YBenumueHme cKopocTn nepegaun AaHHbIX

ABTOMaTM3aUMA apxXnBMpoBaHnUda, 0CBOOOXAEHNS /BOCCTAHOBEHNA [ 1
pennukauum “6bICTPOro” XpaHunuuia AaHHbIX B “Mea/IeHHOM” XpaHuniuile
Ob6ecneyeHne HaleXXHOro A0/Ir0OBPEMEHHOIO XpaHeHus

OnTnMmnsauuna XxpaHeHusa u nepeaadn AaHHbIX (CTOMMOCTb, HAAEXHOCTb,
obllee BpemMsa AoCTyna, 3alMileHHOCTb).
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Crnocobbl gocTyna K IaHHbIM B MepapxmnyecKmnx
cucTeMax XpaHeHus

* KawmposaHue

e Ecnu gaHHbIX HET B ObICTPOM XpaHUINLLE OHM KOMUPYHOTCA U3 Bosiee
MeJ/1eHHOTO.

* Ecnu BbICTpOE XpaHunuLle NepernosiHAETCHa MeHee UeHHble AaHHble
y[anaTcA

* Tiering (nepegaya mexnay ypoBHAMN) — OaHHbIE KOMNUPYOTCA € 6oee
Me//IEHHOro YpOBHSA Ha 60siee 6bICTPbIN. [Tocne YTeHNA AaHHbIe He OCTaloTCH
Ha 60nee 6bicTpom yposHe (backup noaxoa).

* byhepusauma — gaHHbIe Hakan/MBaKTCA Ha BbICTPbIX HOCUTENAX C Le/bio
nocneaytollei 3anmcu Ha MarHUTHble J1IeHTbl Hanboiee sPdEKTUBHBLIM
Crnocooom.
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lepapxnueckmne cuctemol B HEP

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

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

* Dcache + Enstore (FNAL, PIC, JINR, KIAE) (1998)

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

* Dcache+HPSS — BNL (~2004 Atlas)
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Kak TpeboBaHus nonbL30BaTesien yaoBreTsopsoTcs B HSM

* Bonbluas eMKOCTb XpaHnnuuia (y4lle HeorpaHHUYEHHO)

BbICOKOCPOpPOCTHas, paclumpsemMas LeHTpa/IM3oBaHHasi cuctema
yrnpaBneHns metafaHHbIMKU, 4OCTYMNHASA Ha KaX/A0M YPOBHE CUCTEMbI
XPaHEeHNs 1 TPAHCNOPTUPOBKY

PaclumpsemMocTb 3a cyeT gobasieHns anemeHToB XpaHeHua (horizontal
scalability)

* BblCOKass CKOPOCTb nepegaumn

PacnapannenneaHne npoLeccoB nepeaayun gaHHbIX
Pennukauma gaHHbIX Ha nepsoMm (user facing) ypoBHe
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Kak TpeboBaHus NonbL30BaTesien yaoBreTsopsoTcs B HSM

MuHUManmsauua BpeMeHn AocTtyna K gaHHbIM

KawmpoBaHue / oydohbepusanmsa gaHHbIX Ha “ObiCTpoM” (1) ypoBHe
Massive data prestaging from “slow” (2" (Tape) to “fast” (1) layer
Jlerkast 4OCTYMNHOCTb K AaHHbIM

Katanor gaHHbIX

Cpeactsa A0CTaBKK

HaaeXHOCTb XpaHeHUs

MarHuTHbIe NeHTbl (MOXXHO MOJIOXUTb Ha MOJIKY)

ABTOMaTM3aLMA KONMMPOBaHMNA MO 3arnpocy

BoccTaHOB/IEHME AaHHbIX B aBapPUNHbIX CUTYyaLUAX.
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Kak TpeboBaHus NonbL30BaTesien yaoBreTsopsoTcs B HSM

e 3awuTa gaHHbIX

* AyTEeHTUKauusa nosb3oBarens

e laHHble HA MarHNTHOW NeHTe TPYAHO nepenncartb

* ABTOMaTM3aLMSA NepeknoyeHnsa Knasumy “3anpeT 3anncn™ Ha
MarHMTHOM KacceTe

* Pa3pelueHue / orpaHnyeHme gocrtyna

* ABTOpu3auma gocrtyna
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[Mpumep: JINR CMS T1 dCahe + Enstore

e 2 Layer "HSM”

* Dcache — “fast” data storage layer (distributed disk system)
Bufferization for write requests (flush policy)
Caching for read requests (LRU policy)
Current capacity — 2.4 PB

* Enstore — “slow” layer (distributed tape system)
Current capacity ~ 1000 20 TB tapes (potentially 5000)
TS4500 (shared with CTA), 12 3592 tape drives
Occupied — 17 PB, active 13 PB

Allows operator assisted offline tape storage
* In production for CMS T1 since 2016
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Dcahe Q0S ansa opraHnsaumm nepapxmvyeckoro xpaHmnuiia

Kpartko:
 Allocation of data to different kinds of media
* Allows to organize hierarchy using flexible storage policies
* Movement of data between media types (automatic and on request)
e Maintaning of multiple copies
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JINR CMS T1 dcache + enstore 3anucb / UTeHMe 3a BeCb Nnepuog aKcnnyaraunm
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JINR CMS T1 dcache + enstore 3anuch / UTeHue 3a nocnegHue 3 roga
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JINR CMS T1 dcache + enstore 3anuch / UTeHue 3a nocsiegHne 6 mecsles
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bnarogapto 3a BHMMaHue
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