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ATLAS

EXPERIMENT

Candidate Event:
pp—-H(—=bb) + W(-v)
Run: 338712 Event: 33590818

2017-10-19 23:31:18 CEST

' 13 TeV detector data
8 quadrillion collision candidates
92 petabytes
130 million files
13 TeV simulation data
166 petabytes
544 million files

A TLAS —-e— Data
{s=13TeV,79.8 b Il VH, H - bb (1=1.06)
0+1+2 leptons Diboson

243 jets, 2 b-tags Uncertainty
Weighted by Higgs S/B Dijet mass analysis

40 60 80 100 120 140 160 180 200

A candidate event display for the production of a Higgs boson decaying to two b-quarks (blue cones), in association with a W boson decaying to a muon (red) and a neutrino. G V
The neutrino leaves the detector unseen, and is reconstructed through the missing transverse energy (dashed line). (Image: ATLAS Collaboration/CERN) mbb [ e ]
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System overview



Rucio in a nutshell &)

Rucio provides a mature and modular scientific data management federation
Seamless integration of scientific and commercial storage and their network systems
Data is stored in global single namespace and can contain any potential payload
Facilities can be distributed at multiple locations belonging to different administrative domains
Designed with more than a decade of operational experience in very large-scale data management

Rucio is location-aware and manages data in a heterogeneous distributed environment
Creation, location, transfer, deletion, annotation, and access
Orchestration of dataflows with both low-level and high-level policies

Principally developed by and for the ATLAS Experiment, now with many more communities

Rucio is free and open-source software licenced under Apache v2.0 open sorce

Approved License

Open community-driven development process O A d#kw Y’
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Rucio main functionalities &)

Transfers between facilities including disk, tapes, clouds, HPCs

Authentication and authorisation for users and groups
Many interfaces available, including CLI, web, FUSE, and REST API

Provides many features that can be enabled selectively AN I =
Horizontally scalable catalog for files, collections, and metadata O Oo 0“
’ O Qe

Extensive monitoring for all dataflows

Expressive policy engine with rules, subscriptions, and quotas
Automated corruption identification and recovery
Transparent support for multihop, caches, and CDN dataflows

Y Data-analytics based flow control

More advanced features

Rucio is not a distributed file system, it connects existing storage infrastructure over the network

No Rucio software needs to run at the data centres
Data centres are free to choose which storage system suits them best

2020-10-28 EIROforum :: Mario Lassnig :: Rucio 5




Data management for ATLAS

600P

‘ |
Friday, Oct 23, 2020 S

A few numbers to set the scale » Bytes: 522 239 697 869 183 940
1B+ files, 500+ PB of data, 400+ Hz interaction 400P
120 data centres, 5 HPCs, 2 clouds, 1000+ users
500 Petabytes/year transferred & deleted
2.5 Exabytes/year uploaded & downloaded

Increase 1+ order of magnitude for HL-LHC

200P

2010 2012 2014 2016 2018 2020
Transfer Volume ©2019-01-01 00:00:00 to 2019-10-01 00:00:00 Transfer Volume @ 2019-01-01 00:00:00 to 2019-10-01 00:00:00

60 PB . . .

sore M L - - -

I‘IIII I |

B2} 50+ PB/week data access for computation

7+ PB/week transfers between data centres
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High-Level Architecture

Clients cLl Python JavaScript FUSE Jupyter
Server Authentication REST API Web UI Storage
R —— — RSEl
Core Accounts Rules | Dataldentifiers |  Authorisation RSE 2
Metadata Quotas Scopes
Daemons Transfers Rules Rebalancing Messaging Transfer Tool
Deletion Consistency Dynamics Tool 1
................... S L e, Hoy
I RE I .........................
Persistence Catalog Mﬂes—wmﬁﬁ Analytics
S3 Globus HTTP
Cloud National Universit
Provider Lab ¥

Horizontally scalable component-based architecture

Servers interact with users
HTTP APl using REST/JSON

Strong security (X.509, SSH, GSS, OAuth2, ...)

Many client interfaces available

Daemons orchestrate the collaborative work
Transfers, deletion, recovery, policy, ...
Self-adapting based on workload

Messaging support for easy integration
STOMP / ActiveMQ-compatible protocol

Persistence layer

Oracle, PostgreSQL, MySQL/MariaDB, SQLite

Analytics with Hadoop and Spark

Middleware
Connects to well-established products,
e.g., FTS3, XRootD, dCache, EOS, Globus, ...
Connects commercial clouds (S3, GCS, AWS)

2020-10-28
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Declarative data management

Express what you want, not how you want it
e.g., 'Three copies of this dataset, distributed across MULTIPLE CONTINENTS, with at least one copy on TAPE"

e.g., 'One copy of this file ANYWHERE, as long as it is a very fast DISK"

Replication rules
Rules can be dynamically added and removed by all users, some pending authorisation
Evaluation engine resolves all rules and tries to satisfy them by requesting transfers and deletions
Lock data against deletion in particular places for a given lifetime
Cached replicas are dynamically created replicas based on traced usage over time
Workflow system can drive rules automatically, e.g., job to data flows or vice-versa

Subscriptions
Automatically generate rules for newly registered data matching a set of filters or metadata

e.g., "All derived products from this physics channel must have a copy on TAPE"

2020-10-28 EIROforum :: Mario Lassnig :: Rucio 8




Rucio community experiences



DISTRIBUTED CLOUD OPERATING SYSTEM
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Regular events

Community Workshops

CERN, Switzerland [2018]
University of Oslo, Norway [2019]

Fermilab, USA [2020] — //
Coding Camps [2018] [2019] [2020] '
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Communication channels

&

®  Searchrucio

#general %
Next Rucio 8 pat

1237

Martin Barisits 1915
Yes that works. Will be there.

Friday, 4 September v

Wednesday, 9 September v

Jhonatan Amado 1&:20

SR » 9

View all 266 members

Hi guys, sorry to bug y'all but | need some basic and advanced information for a task in TierD, The idea Is that | need to implement some rules with Rucio for the

Tier0 team. Each time TierQ lunch a replay, it generates output data, but that data is useful for a couple of weeks (max 3 weeks). Then it

Tier0 system. The idea is to create some rules for that output data. Ideally,
to keep the data for more time

Eric Vaandering & 1942
We've answered this in the #cms channel. (&
Monday, 14 September v

Martin Barisits 1329

Dear all, we just released Rucio 1
https:/github.com/rucio/rucio/releases/tag/1.23.6

This is a relatively small release, it mostly fixes an issue with multihop transfers

Sunday, 20 September v

timm 2259

needs to be clean from the

10 would like to manually override that rule (keep data for 3 weeks only) if they need

| would be interested in talking to other rucic-using experiments who have been using for a while to know what you are doing in practice for data ingest. In
particular—is the DAQ disk buffer considered to be a Rucio RSE in your setup? Or da you just scan the DAQ disk buffer and use rucio upload to get it to the first

rucio RSE? or some other combination? Let me know.

Tuesday, 22 Septerber ~

Eric Vaandering & 14

@timm CMS has no plans to use Rucio that far up the chain. We have an existing system to move data from the HLT to Tier0. It's only outputs of TierQ that go into

Rucio.

Mario Lassnig 1450

Same for ATLAS. the DAQ system is writing the files to an EOS area, and the Tier-0 system later on registers them into Rucio

Robert Hlingworth 17:11

In DUNE'’s case the detector is a long way away from the primary storage and the local starage will be limited in size. S0 we have to figure out the best way to get

the data from the DAQ to Fermilab - one option would be to make the DAQ buffer an RSE and have Rucio manage move the fil

a separate system to push them to FNAL and add them to Rucio there.

. Alternatively we could stick with

@ ® 0

SPHIIA WAL I EYUIEL LIE 1DLENaUUI Ul an uie
dependencies like rucio clients etc. Since we still
have RST files, we will need to continue using
Sphinx.

There are also a couple of queries | will need
clarifications for prior to the setup:

= Currently, ALL of your documentation is in
HTML on Docusaurus. The manual workflow was
Convert from RST to HTML by Sphinx -> Build a
React app bundling all the html files using
docusaurus -> Host on GH-pages. Would this be
the flow going forward as well?
--> |s there any way to generate HTML
documentation directly instead of the RST
documentation?

2. Also, were you lool
more on the lines of:
mohan0209.git
.1 am trying various options out, tbh and as of
now, they don't have the headers for each topic
laid out. Shall try refining it by Monday. (edited)

ng for a sidebar that is
tips://divya

b.io/docusaurus-nature/rucio/

Also sent to the chanrel
Divya Mohan 21 hours
This is how it looks, FYL It "may” look different
on Monday :)

image.png ~

WIelc0e8 59 Rucio s Uit

Gerers bioaton

Ovvwicger Cocumertsson

Divya Mohan 12 mnutes ago
Also - whenever you folks have time, please try

to navigate from https: /divva

4
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Community-driven development &)

We have successfully moved to community-driven development
Requirements, features, issues, release are publicly discussed (e.g., weekly meetings, GitHub, Slack)

The core team is usually only providing guidance for architecture/design/tests

Usually 1-2 persons from a community then take responsibility
to develop the software extension and also its continued maintenance GitHub
Communities are helping each other across experiments &
Effective across time zones due to multi-continent involvement docker
Automation and containerisation of development lowers barrier of entry for newcomers

Core team then only takes care about the management and packaging of the releases b
ubernetes

Variety of different topics addressed by focus groups
Third-party-copy, Access and 10, Storage Quality of Service, Token-based Authn/z, SDNs, Cloud integration, ...

2020-10-28 EIROforum :: Mario Lassnig :: Rucio 18




Google Summer of Code Snea

k Peelk

Type: Deterministic, Non-Volatile DISK

Region: Switzerland EU (07)

Type: Deterministic, Non-Volatile DISK

Region: Unknown

o=  MOCKS

83106¢

MOCK2

fa171420e8fc4f

GENERAL

Type

DISK

Region

LFN2PFN Aigorithm

hash

3032486941

PROTOCOLS

Switzerland

(O Volatle @ Non-Volatile

(O Deterministic @ Non-Deterministic

Availability Atributes

Read

Write

Delete

ATTRIBUTES USAGE

EU 07

Activity Notifications Activity Notifications

Recent Activity c All Rules c
. Server: rucio-server
01887678 ca726a0 115 b
test:container XRD3
Updated: 7 hours ago 1 copies

test:filel

Updated: 7 hours ago

© See all rules

test:file2 XRD1

Jpdated: 7 hours ago copies

Back to Activity
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A growing community <)

Science & Technology
W@ Facilities Council

Advanced European Network of E-infrastructures
for Astronomy with the SKA

§; EXPERIMENT N\ Y am NEUTRINO E>

\\F
\/ Matter Project f ‘\

o}

4
&
w
7\
Tl

e 1S CAT (da.
&I ())VIRD

€. - W

s 4&Fermilab X9

CNC PAWSEY
BROOKHELUEN /e

eXtreme DataCloud NATIONAL LABORATORY

SAUARE KILOMETRE ARRAY
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Looking forward
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Data management for HL-LHC

HL-LHC will bring an order of magnitude increase in requirements
Resource envelope critical from 2027
R&D programmes: WLCG/DOMA, H2020 ESCAPE, IRIS-HEP, IRIS,
and many more national and international initiatives

Long-term data management R&D strategy
Distributed data centres ("data lakes") with wide-area cache control
Fine-grained processing of data for accelerated compute and HPCs
Dynamic storage quality adaptation (QoS for Storage)
SDNs across multiple NRENs with flow control

Rucio is at centre of these R&D efforts
Drives the R&D from the experiment's perspective
Connects the developments from the different working groups
Implements and evaluates new dataflows, and support software integration

Disk Storage [EB]

Tape Storage [EB]

Run 3 (==55)
5

4.5 2020 Computing Mode! - Disk

4F- © Baseline

C + Conservative R&D

3.5F » Aggressive R&D

3 - — Sustained budget model
= (+10% +20% capacity/year)

2 5 & LHCC common scenario
= (Conservative R&D, ==200)

0.5

- |ATLASPreliminary

]
8

l_"\|I\\ll\-l--l'-l-‘l\{ll\lllllt\l
2020 2022 2024 2026 2028 2030 2032 20

m165-2
T[T

E-N III|IIIIIllH]LlllllllllllllJlHIlHIIlIIIIllltl'

2

3.5 2020 Computing Model - Tape
C e Tier0

3—— Sustained budget model
(+10% +20% capacily/year)

2.5 o LHCC common scenario
r (Gonservative R&D, «=200)

/PR L
- ' ATLAS Preliminary

L

,,,,,

\II\II\IIII\II|III\|II\I|IIIIII\I}lIII\'

o e o e s AN SR IO PR BN I
2020 2022 20I24 20|26 2028 2030 2032 2034

Year
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Towards a common data management solution

7

Shared use of the global research infrastructures will become the norm,

especially with sciences at the scale of HL-LHC, DUNE, and SKA
Competing requests on a limited set of storage and network
Data centres are already supporting multiple experiments
Compute seems well-covered — Good scheduling systems, interfaces, and specifications exist
Data was always missing a common open-source solution to tackle our shared challenges

Ensure more efficient use of available data resources
Allocate storage and network based on science needs, not based on administrative domains
Orchestrate dataflow policies across experiments
Dynamically support compute workflows with adaptive data allocations

Unify monitoring, reporting and analytics to data centres and administration
Potential for shared operations across experiments

2020-10-28 EIROforum :: Mario Lassnig :: Rucio 23




Summary <)

Rucio is an open, reliable, and efficient data management system
Supporting the world's largest scientific experiments
Extended continuously for the growing needs and requirements of the sciences

Strong cooperation between physics and multiple other fields
Diverse communities have joined, incl. astronomy, atmospheric, environmental, ...
Community-driven innovations to enlarge functionality and address common needs

Benefit from advances in both scientific computing and industry
Lower the barriers-to-entry by keeping control of data in scientist hands
Seamless integrations with scientific infrastructures and commercial entities
Detailed monitoring capabilities and easy deployment have proven crucial

2020-10-28 EIROforum :: Mario Lassnig :: Rucio 24




Thank you!

Fresh off the press - IEEE Data Engineering article:

h

t

tp.//sites.computer.org/debull/A20mar/A20MAR-CD.pdf

&)

~Z

Website
Documentation
Repository
Images

Online support

Developer contact

Journal article -

Twitter

\\E http://rucio.cern.ch

https://rucio.readthedocs.io

https://github.com/rucio/

https://hub.docker.com/r/rucio

https://rucio.slack.com/messages/#support/

rucio-dev@cern.ch

https://doi.org/10.1007/s41781-019-0026-3

https://twitter.com/RucioData
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Namespace

7

All data stored in Rucio is identified by a Data IDentifier (DID)

There are different types of DIDs

Files
Datasets Collection of files

Container Collection of datasets and/or containers

Each DID is uniquely identified and
composed of a scope and name, e.g.:

H Proton Physics

:

H Official Data

[

!

User Analysis

; ]
Q| Simulation Data Q| Detector Data 0| Alice's Analysis
3 S —
w1 |w| 2||wl3 TS | 5| |w wl 7| w8

detector raw.run34:observation 123.root

Containers

Containers

2020-10-28
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RSEs @)

Rucio Storage Elements (RSEs) are logical entities of space
No software needed to run at the facility except the storage system, e.g., EOS/dCache/S3, ...
RSE names are arbitrary, e.g., "CERN-PROD_DATADISK", "AWS_REGION_USEAST", ...
Common approach is one RSE per storage class at the site

RSEs collect all necessary metadata for a storage system
Protocols, hostnames, ports, prefixes, paths, implementations, ...
Data access priorities can be set, e.g., to prefer a different protocol for LAN-only access

RSEs can be assigned metadata as well
Key/Value pairs, e.g., country=UK, type=TAPE, is_cached=False, ...
You can use RSE expressions to describe a list of RSEs, e.g. country=FR&type=DISK, for the rules
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Metadata

&)

Rucio supports different kinds of metadata
File internal metadata, e.g., size, checksum, creation time, status
Fixed physics metadata, e.g., number of events, lumiblock, cross section, ...
Internal metadata necessary for the organisation of data, e.g., replication factor, job-id,

Generic metadata that can be set by the users

Generic metadata can be restricted
Enforcement possible by types and schemas
Naming convention enforcement and automatic metadata extraction

Provides additional namespace to organise the data
Searchable via name and metadata
Aggregation based on metadata searches
Can also be used for long-term reporting, e.g., evolution of particular metadata selection over time
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ATLAS Rucio Ul Manitering

You are haro: Search (Al DIDs in scope userbdouglas]
Show 10 ;| entries

Type

fouglas.0226201326.408875.lib._002231
fouglas.0401160328.393828.lib._002233
fouglas.1224161342,665999.lib._002200
Jouglas.GRIF-IRFU_PHYS-TOP-datasets-to-possibly-

1ol
ve_15
jouglas. physics_Egamma.SMWZd3pdExan 200 ms ™

Jouglas.physics_Muons.SMWZd3pdExamp

Monitoring & analytics W
Rucio Web-Ul w \\q ,

Provides several views for different types of users ks <l <o =B
Data discovery and details, transfer requests, and monitoring

fouglas.rucio_cache test.265ep14_1630

sount Usage

k.
| £y |V
L R YT | | { " aei M d G, o
100 ms "‘.\r.\," w‘v',-“\,t‘\l"xw\\ l‘uﬁm e |'\"JL“\W' W/ W T I“"»
f T

b wityed U | "
: e A NM"M‘N 4@4‘#@% PAM"LM.*&»#&M e bt

Quota management and transfer approvals
Account / Identity / Site management

Detailed monitoring
Internal system health monitoring with Graphite / Grafana

Transfer / Deletion / ... monitoring built on HDFS, ElasticSearch, and Spark

Analytics and accounting @ Spark’
Data aggregation for long-term reporting and decision-making i‘ - é:
ogstas elasticsearch

Built on Hadoop and Spark oS
&
€

W Avaiabie Quota M Used Space B Free Space

ACTIVEMOQ
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