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Enstore is a multi-Petabyte scale tape based Mass Storage System (MSS)
for High Energy Physics (HEP) Experiments and other scientific
endeavors. It has been designed to permit to scale to multiple petabytes of
storage capacity, manage tens of terabytes per day in data transfers,
support hundreds of users, and maintain data integrity. Enstore can be
used for data storage needs of any scale, for different kinds of enterprises.
The Enstore architecture allows easy addition and replacement of

hardware and software components.


https://github.com/Enstore-org/enstore

Designed at Fermi National Accelerator Laboratory (USA) initially for

needs of Tevatron Run 2 experiments (~ 20 PB, 0.5GB/s aggregate

throughput).

Integrated with dCache for files caching / buffering performance.

Substantial modifications for CMS experiments

* Performance

* Number of requests in the queue

 Total data capacity exceeding 100 PB and aggregate throughput
approaching 5GB/s

Small Files Aggregation (SFA) feature to effectively store, access and

transfer files < 500 MB

Currently largest installation has ~ 350 PB, ~200 Tape drives, last month

max 800 TB/day (~9GB /s)


https://www.dcache.org/

Bytes

Enstore at Fermilab. Tolal activity

Total Bytes Transferred Per Day (no null mvs) (Plotted: 2024-Apr-23 01:30:50)
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LICENSING

Enstore:
Copyright (c) 1999-2011, FERMI NATIONAL ACCELERATOR LABORATORY
All rights reserved.
Redistribution and use in source and binary forms, with or without modification,
are permitted provided that the following conditions are met:
* Redistribution of source code must retain the above copyright notice,
this list of conditions and the following disclaimer.
* Redistribution in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation

and/or other materials provided with the distribution.

* Neither the name of the FERMI NATIONAL ACCELERATOR LABORATORY, nor the names
of its contributors may be used to endorse or promote products derived from this software without specific prior written

permission.
(Open Source: AM)



Enstore B cucteme XpaHeHns 1 TPaHCNOPTUPOBKN AAaHHbIX




l/ilcnonb3yeTca B:

FNAL, USA (354.8 PB — Bcero, 307 PB - akTUBHbIX)

PIC, Spain (??7?)

ONAN (11.7 PB — Bcero, 11.4 PB — akTUBHbIX, B OCHOBHOM
CMS T1) — ¢ 2016 ropa.

KNAD ?77?



Bytes

Enstore B ONAN: obL1aa akTUBHOCTb

Total Bytes Transferred Per Day (no null mvs) (Plotted: 10:11:47 22-Apr-2024)
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Enstore B ONAN
I3MeHeHNa KoOHurypauum

N3meHeHa B aekabpe 2023

3apeiictBoBaHbl control paths (CP) Bcex tape drives (TDr)
Onepauun MOHTUpOBaHUA / geMoHTUpoBaHna yepes CP TDr
Media changer (HOBbI TVM) CNYXUT KOOPANHATOPOM

3aﬂpOCbI MOHTUPOBaHUA /,quOHTMpOBaHI/Iﬂ nocTynaroT B 6I/I6I'II/IOTeKy ACMHXPOHHO, rae firmware onpegensdaetT nocnenoBaresibHOCTb UX
NCNOJTHEHNA

Library manager — 3 nopta (6b1710 2): control, encps, movers

Ncnonb3oBaHue raw udp — npuemHuk / 6ycheprsaTop coobLLEeHNI, 3anyCKaeMblil CEPBUCOM Kak OTAE/bHbIV npoLecc

(Murpauus Ha PostgreSQL 12. IsMeHeHust cxem, NPOANKTOBaHHbIE 3aNpeToM OID)
Web server

Backup Bcex 6a3 gaHHbIX Enstore, dCache, CTA ckpuntbl Ansa konuposaHus Ha backup server (getanbHas nHopmauus
coobuaetca yepes e-mail)


http://enstore02.jinr-t1.ru/enstore/enstore_system.html

Bpems 3arpy3ku kaccetbl B tape drive (3a roa)

TS4500-TLM 0353260F Mount Latency in Seconds 2024-Mar-19 15:10:00
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Dismount Latency [seconds]

Bpema BbIrpy3kn KacceTbl U3 tape drive (3a roa)

TS4500-TLN 0359260F Dismount Latency in Seconds 2024-Mar-19 15:10:01
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[TapameTpbl 06PabOTKK 3anNpPOCOB

« [puopuTeT — onpeaensieT ouepegHoCTb

00bIYHbIN — OnpeaenaeTcs B KOHJMrypaumm nam B 3anpoce nosib3oBarens

- AOMUHUCTpaTUBHbIN - onpeaensieTcsl B KOHurypaumm

* [lncumnnmHa — orpaHnymBaeT YNC/1I0 aKTUBHbLIX 3anNpOoCOoB C onpeaesnieHHbIX

KNWEHTCKNX MalLnH. BaxxHa ans obecneyeHns BbICOKOM CKOPOCTU nepeaaym
n nsbexaHua bottlenecks npu Bbicokoi 3arpy3ke Enstore

 Cnpaseasiveas 4oNs — orpaHn4MBaeT OAHOBPEMEHHOE NCMNO/b30BaHne
MOBepOB (tape drives) ona onpeaeneHHbIX rpynmn nosib3oBaTesnien

Bce 3T napameTpbl B KOHdmrypauum Enstore ONAN He ncnonb3yTcA.
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MoHUTOpMpOBaHNE C NCNOb30BaHNEM BeO cepBepa

Enstore web cepBuc NpeaocTaBisieT BO3MOXHOCTU MOHUTOPUPOBAHUS
PaboThl Enstore B LIE/IOM U €0 KOMMOHEHT

[MpegocTaeBngeTca MHpopMaLlns:
O HefaBHUX Nepefadvax AaHHbIX
[Mpo6riemax

KoHdourypauum

[padomkn

N T1.0.
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http://enstore02.jinr-t1.ru/enstore/enstore_system.html
http://enstore02.jinr-t1.ru/enstore/enstore_saag.html
http://enstore02.jinr-t1.ru/enstore/status_enstore_system.html
http://enstore02.jinr-t1.ru/enstore/encp_enstore_system.html
http://enstore02.jinr-t1.ru/enstore/enstore_alarms.html
http://enstore02.jinr-t1.ru/enstore/config_enstore_system.html
http://enstore02.jinr-t1.ru/enstore/plot_enstore_system.html

[pyrue cpeacTtesa MOHUTUPUPOBAHKUA: cron jobs

Cron jobs 3apatotrca B kodpurypaumu : configdict['crontabs']
Ckpunt install_crons yctaHaBnmaeTt cron jobs B /etc/cron.d

CneunanbHaa nporpamma — 06epTka 3anyckaeT cron jobs v
NOKYMEHTUPYET pe3ynbraThl UX paboTtsl B ~<user>/CRON
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[pyrue cpeacrtesa MoHUTUPUpoBaHuaA: email (1)

AfpecaTtbl 3a4al0TCA B KOHQYrypaumu:
‘crons': {'developer_email": 'moibenko@jinr.ru’,

‘email’: tvw@jinr.ru’,

HepaGoTalownii cepBuc:

Message from enstore_up_down.py:

Please check the full Enstore software system.

See the Status-at-a-Glance Web Page

Thu Mar 21 05:22:03 MSK 2024
TS4500-TLN.media_changer is not alive. Down counter 22
Thu Mar 21 05:22:03 MSK 2024

TS4500.library_manager is not alive. Down counter 22
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[pyrue cpeacrtesa MoHUTUPUpoBaHuA: email (2)

MporpamMMHbIN cOOIiA:

Subject: Traceback found. Please investigate!

Date: Mon, 25 Mar 2024 11:01:02 +0300

From: enstore@enstore02.jinr-t1.ru

To:  moibenko@jinr.ru

00:00:00 enstore01.jinr-t1.ru 044614 enstore E ACCSRYV Traceback (most recent call last):

For more details check /diskb/enstore/enstore-log//LOG-2024-03-25
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[pyrue cpeacrtesa MoHUTUPUpoBaHuA: email (3)

(Mepe)3anyck cepBuca:

Subject: Output from your job 238

Date: Fri, 15 Mar 2024 16:18:13 +0300
From: root <root@dvl-es-mvOLl.jinr.ru>
To: root@dvl-es-mvOLl.jinr.ru

Checking mtx1.mover.

RTN {'status’: (TIMEDOUT', 'mtx1.mover")}

Starting mtx1.mover: 159.93.227.188:7540
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[pyrue cpeacTtsa MOHUTUPUPOBaHUA: phone alerts

B ONAW He 3apencTBOBaH

18



Current Enstore production

IBM TS4500 tape library

9 0359260F (Jaguar) tape drives

2 System servers

3 Mover servers — 1 serving 3 tape drives

OS - Scientific Linux release 7.9 (Nitrogen)

Enstore rpm — enstore-6.3.4-19.8.el7.x86_64

Mtx rpm — mtx-1.3.12-19fnal_jinr.el7.x86_64 (fixes bug, seen at JINR only)
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KoHBepcusa Enstore
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Cpeaa 1 MHCTPYMEHTbI ANa KoHBepcuu Python 2 to 3
(local work station)

OS: Ubuntu 22.04.4 LTS

Environment: pyenv

Python 3.12.

Clean code: reindent (fix mixture of tabs and spaces)
PEPS8 rules: autopep8

KoHBepTop: futurize

ABTOMaTM4yeckasa nposepka owmnobok: pylint
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icxoaHbIv Ko

https://github.com/moibenko/enstore. CuHxpoHmn3supoBaH ¢ hitps://github.com/Enstore-org/enstore 27 aekadbpsa 2023

Language files comment code

Python 962 100487 317887
HTML 297 536 62117
C 141 8076 36851
Tcl/Tk 128 12335 30807
Bourne Shell 352 4947 25417
C/C++ Header 54 1377 2440
SQL 45 1053 2261
Bourne Again Shell 15 623 2159
make 26 392 1659
SWIG 10 239 1146

SUM: 2154 130467 490663


https://github.com/moibenko/enstore
https://github.com/Enstore-org/enstore

icxoaHbin koa. KopHeBas ANPEKTOPUS

bin crontabs databases
dcache-deploy doc etc

ftt gadfly  helpDesk
iIngest Makefile modules
PyGreSQL Python README
sbin site_specific spec
SIc SWIG test

ups volume import www

DBUtils
external distr
HTMLgen
psycopg2
release-notes
sphinx

tools

xmi2dd|

23



[TocnepoBaTe/ibHOCTbL A4 “pure” python gpasza 1

N3 ncxogHoro koga caenaHa pasa 1 (419 Kaxaou
anpekTopun cogepxatlen python code):
1. reindent *.py
2. futurize -w --stagel *.py > futurize.log 2>&1 # python 2
3. for fin 'Is *.py ;do autopep8 --in-place --aggressive $f;done
4. pylint *.py > pylint.out

5. MNpoBepka ownbokK B pylint.out n nx yctpaHeHne B Koae
BPY4HYIO
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OTtnagka B Enstore development (python 2)

* YCTaHOB/IEHbI HEOBXOANUMbIE NAKETbI IPM:

* gcc zlib-devel bzip2 bzip2-devel readline-devel sqlite sqlite-devel openssl-
devel xz xz-devel libffi-devel libpg-dev, swig-2, qpid* (ana SFA)

* YcTaHoBMeHbl pyenv, python 2.7.16, future, psycopg2-binary, PyGreSQL,
gpid-python (ana SFA).

* PeCTpyKTypupoBaH Kop

 OTnazika n yctpaHeHne HencnpaBHOCTEN
— Ocob6ble TpyaHocTth ¢ C extensions
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KopHeBaa gmpektopusa pasa 1 (python 2)

YpaneHobl Python, psycopg2, PyGreSQL, SWIG. Ncnonb3yoTca
COOTBETCTBYOLLME rpms 1 packages, yCcTaHOB/NEHHbIE pip.

bin crontabs databases DBUtils
dcache-deploy doc etc external_distr
ftt gadfly helpDesk HTMLgen
iIngest Makefile modules README
release-notes sbin site_specific spec

sphinx src test tools

ups volume_import  www xml2ddl
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Language

Python

HTML

C

Tcl/Tk

Bourne Shell

SQL

Bourne Again Shell
C/C++ Header
make

SUM:

files

624
289
123
128
351
45
15
33
23

1679

Koa paza 1

comment

65508
455
9377
12335
4947
1053
623
929
371

95844

code

201112
58702
52890
30807
25384

2261
2159
1556
1546

380582
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IcxoaHbIWM KOA, 1 noc/ieaoBaTesibHOCTb A1 “pure” python
daza 2

3 Koga nosyvyeHHoro B pase 1 caenaHa pasa 2 (ang
KaXX10M anpekTopumn, cogepxxatlen python code):
1. reindent *.py
2. futurize -w --stage2 *.py > futurize.log 2>&1 # python 3
3. for fin 'Is *.py ;do autopep8 --in-place --aggressive $f;done
4. pylint *.py > pylint.out

5. MNpoBepka ownbokK B pylint.out n nx yctpaHeHne B Koae
BPY4HYIO
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OTtnagka B Enstore development (python 3)

* YcTaHoB/eHbl python 3.9.18 (SL 7.9 He no3Bonser
6osiee nNo3aHww), future, psycopg2-binary,
PyGreSQL, tkinter.

« OTnagka n yctpaHeHue HemcnpaBHOCTEN

— Oco06ble TpyaHocTh ¢ C extensions — CcyLLleCcTBeHHble
n3meHeHua B python3
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Language files
Python 654
HTML 289
C 120
Bourne Shell 339
SQL 45
Bourne Again Shell 16
XML 8
make 24
C/C++ Header 32
Tcl/Tk 2
SUM: 1569

comment
80176
455
9150
4419
1053
623
0
348
326
0

96796

Kopa dhaza 2

code
235176
58702
52439
23786
2261
2189
1615
1573
1429
13

381733



Tekyllee coCToaHMe

PaboTtaloT npakTnieckn Bce KOMMOHEHTLI, HO Hab/ioaaeTca HecTabuibHOCTb.
TpyaHo naeHTudnunpoBaTb HEKOTOPbLIE HAbMOAaeMble NPob6nemsl.

Small Files Aggregation He paboTaeT. Heo6xoaANMO 3aMeEHNTb KOMMYHUKALMOHHbIN
naket. Vicnonb3oBaBlwuincs Apache Qpid He paboTaeT ¢ Python3. KaHauaaTsl Ha
3amMeHy Apache Proton Qpid, Rabbit MQ. Rabbit MQ npeactasnaetca Hanbonee
NoAXOAALUMM KaHANAATOM, T.K. ABMISETCH AOBO/IbHO aKTUBHbIM MPOEKTOM N UMEET
XopoLlyro aokymeHTauuio. B Enstore OVAN SFA He ncnonb3yeTcs.

YpayHasa nonbiTka reHepauum executables (python binaries) ¢ ncnonb3oBaHnem
pyinstaller. TpebyeT AONOMHUTENILHON Pab0oThbl MO MNOCTPOEHUIO U TECTUPOBAHUIO.

31


https://qpid.apache.org/index.html
https://qpid.apache.org/proton/index.html
https://www.rabbitmq.com/
https://pyinstaller.org/en/stable/

[Tpeactodlne pabdboThbl

Otnagutb CGI ckpunThI.

* BceobbemsioLee TecTMpoBaHme 1 ycTpaHeHne BbIABEHHbIX NPobiem.

* PeBn3us koga, yaaneHme unm pasMeLleHne B OTAe/bHbIX MecTax cTapbiX HEMCMNOIb3yEMbIX YacTeMN.
* PeBun3nsa cxem 6a3 AaHHbIX.

* Bbibpatb cnoco6(bl) ynakoBKu1 NpoaykTa u peann3oBarb NX

* PeBu3usa web cepBuca, ¢ BO3MOXHOM 3aMeHoin. 3aMmeHa http Ha https

* CyHXpOoHM3aumsa ¢ Enstore.org

* Hanucarb gokymeHTauuio.

* Bbl6paTb HOBbI KOMMYHUKALIMOHHbI NakeT 1 nepeaenarb KOMMYHUKaLMOHHBLIN MHTepdeic B Small Files
Aggregation.

» CKOHcpurypupoBatb Pennnku bas gaHHbIX (MOXET NOHAA06MTLCS AOMNO/THUTENLHLIN CEPBEP)
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https://github.com/Enstore-org/enstore

brnarogapHOCTWK

LLimaToBy C.B., KopeHbkoBy B.B., Ctpunx T.A. - 3a
MHMUMALVIO NPOEeKTa, No/e3Hblie 06CYXAeHNA 1 NoanepxKy.

MwuubiHy B.B, TpodommoBy B.B. - 3a nonesHblie 06CyXaeHns
M NOMOLLIb B paboTe.

[onéunosy A.l., FTonyHoBy A.O. - 3a NOMOLLb B OpraHusauumn
PaboThl.
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/Icnonb30BaHHbIE MaTepuasibl

Supporting Python 3 - http://python3porting.com/bookindex.htm|
Futurize - https://python-future.org/futurize.htmi

py3c reference -
https://py3c.readthedocs.io/en/latest/reference.html

Subprocess management -
https://docs.python.org/3/library/subprocess.html#
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http://python3porting.com/bookindex.html
https://python-future.org/futurize.html
https://py3c.readthedocs.io/en/latest/reference.html
https://docs.python.org/3/library/subprocess.html#

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34

