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Examples of Large Experiments and
Distributed Storages: WLCG -0t
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* The Worldwide LHC Computing Grid (WLCG) astzoparticte.ontine

* |t was designed by CERN to handle the prodigious volume of
data produced by Large Hadron Collider (LHC) experiments in
high-energy (elementary particle) physics

— approximately 25 petabytes per year
* an international collaborative project

» grid-based computer network infrastructure incorporating over
170 computing/storage centers in 36 countries
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Examples of Large Experiments and
Distributed Storages: Astrophysics

+
+
001
&101
.10

astroparticle.online

100000,0 4,5
CPU
4.0
Disk
10000,0
Tape
3,5
Tier-0 CPU
=
= 3,0
< 10000 o
= ]
g o‘._ 2,5
2 @
o -
s 1000 t 20
a -
=
1,5
10,0
1,0
0 0,5
vﬁ & é;’ ¢t ﬁp 5 & & &S
& Qg\ & kS
v b & = & & @ 0,0
?;:5" & 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

year

Berghofer, T., et al. "Towards a model for computing in european

astroparticle physics." ArXiv:1512.00988 (2015)

DLC-2019; April 03, 2019 A.Kryukov, SINP MSU

4/33



y
- +
Data challenge in astronomy &gg&

astroparticle.online

* LSST imaging at this rate s
will generate about 15
terabytes (15 trillion bytes)
of raw data per night and
30 petabytes over its 10-
year survey life.
* A petabyte is
aPproanateI the amount
of data in 200,000 movie-
length DVDs.

* Even after processingq,

that's still a 15 PB (15,000
TB) store.
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Architecture of DS for megascience

experiments
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Analysis and Data Center in Astroparticle Physics

Simulations
& Methods
development

Data

availability Analysis

» Data availability:

All researchers of the individual experiments or
facilities require quick and easy access to the
relevant data.

» Analysis:

Fast access to the generally distributed data from
measurements and simulations is required.
Corresponding computing capacities should also
be available.

» Simulations and methods development:

The researchers need an environment for the
production of relevant simulations and the
development of new methods (machine learning).

Open
access

+
001

+ 101
.10

astroparticle.online

Education Data
in Data
Science

archive

» Open access:

More and more it is necessary to make the scientific
data available not only to the internal research
community, but also to the interested public: public

data for public money!

» Education in data science:

Not only data analysis itself, but also the efficient use
of central data and computing infrastructures requires
special training.

» Data archive:

The valuable scientific data and metadata must be
preserved and remain interpretable for later use (data
preservation).
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Research Data Management

* Where possible, common standards should
be established to foster interoperability

» Importance of “data stewards” to manage
the data life cycle and to act as a curator for
metadata

Simulations &
Theoretical data sets

Experiment,
Observatory,
Simulation

ErUM data life cycle

analyzing

SO

Flndableq
Accessible &
InteroperabLe

Reusable Q
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Modern installations generate terabytes and petabytes
of data. The collaboration brings together hundreds and
thousands of researchers from many organizations.
Thus, it is necessary to organize access for scientists
who use these repositories to perform data analysis.

Most collaboration store data as a collection of files.
* Special case: DB-oriented storage (KASCADE).

They have a long history and established practice of
working with data.

* No change to existing site infrastructure, only add-ons
Open Science is a modern trend in the physics.
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The main ideas that are embedded in
the architecture &gg&
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* Read-only oriented distributed storage (DS).

 Remote access to data as local file systems
* On-demand data transfer by requests only

* No intervention into local storage, special adapters are used
to access data.

 User requests are processed on a dedicated server based on
metadata only.

* Metadata is extracted from primary and/or secondary data in
semi-automatic mode.

* Binary format description language is used for serialize/deserialize
binary data.
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CERN VM-FS as an adapter xggél
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* Data are left untouched in their own file system

 CernVM-FS indexes the data and changes, stores
only the metadata (indices, checksums, locations,
etc.) and data tree

* CernVM-FS uses HTTP as the data transfer protocol,
so there’s no firewall problem

* Data transfer starts only on actual reads
* Multilevel cache-proxy servers
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CERNVM-FS ??§§$§$l

.DATA U P DAT E astroparticle.online

Release Manager pata Storage  HTTP Server

— &
! g / \QTI'P Server
B —> @
‘ HTTP Server

DLC-2019; April 03, 2019 A.Kryukov, SINP MSU 15/33

‘DATA DISTRIBUTION




CERNVM-FS
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* Any user request is processed on Metadata catalogue
(MDC) service.

* No direct request to the local storage.

* We use special programs — called extractors to extract
metadata.

e Two level metadata:

* File level MD (experiment, detector, date, session,...)

 Event level MD (energy, type of primary particle, ...)
— This MD is usually the result of raw data processing.
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* Extract meta data from primary and/or secondary data

 The list of extracted MD should cover all allowed user
requests.

* The answer of MDC is a list of URL(URI) where
necessary data locate.

DLC-2019; April 03, 2019 A.Kryukov, SINP MSU 20/33



Kaitai Struct &gg&
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* Declarative language for describing binary formats.
* Allows:

* Describe the format in YAML

* Check using visualization tools (ksv)

 Compile to library in target language (ksc)

* Use received API
* License

 Compiler - GPLv3 +

* Library for reading files - MIT or Apache v2
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{.Js}

@ python
JavaScript c++ it

L:—g)]ava = GO

" <dinnael Etc
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MD description. HiScore example
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pos

size

type

id

0

Paclage

packages

repeat to end of stream

pos |size type id
: 0|24 Header hdr
—@- 24 DataBlock data

repeat 9 fimes

.. | 4 |FF FF FF FF [end_of file

Hizcore:DataBlock

pos|size |type| id
0 | 2 |ulle|offzet

— U len
2 |ulle| data

repeat len fimes

Hizcore:Header

pos|size| type id
02 [COOB magic
212 | ule SZ
4 1 4 | vdle | event number
8 | 4 | udle | stop_position
12 | 8 | Time time
200 2 | ule ip
22 | 2 | u2le |station_mumber

Hizcore:Time

id

value

dng | ((datd & 127) * 10)

id

value

mks

(((datd & 65408) > 7) | ((datl & 1) << 9))

pos |size | type| id
0 | 2 |u2le|datO
2 | 2 |ulle|datl
4 | 2 |u2le|dat2
6 | 2 |u2le|dat3

id

value

mls

((datl & 2046) > 1)

value

s |(((datl & 63488) > 11) | ((dal2 & 1) <= 3))

value

((dat2 & 3968) == 7)

value

((dat2 & 126) >> 1)
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HiSCORE format specification expressed in Kaitai Struct

Part1

meta:

id: hiscore

title: HiSCORE data

license: Unlicensed

seq:

- id: packages
type: package
repeat: eos

types:

package:
seq:

- id: hdr
type: header
id: data
type: data_block
repeat: expr
repeat-expr: 9

id: end_of_package

contents:

[OxFF, OXFF, OXFF, OXFF]

Part 11

header:
seq:
- id: magic

contents: [0xCO, 0x0OB]

id: sz

type: u2le

id: event_number

type: udle

id: reserved

type: udle

id: time

type: time

id: 1ip

type: u2le

id: station_number
type: u2le

data_block:

seq:
- id: offset
type: u2le
- id: len
type: u2le
id: data
type: u2le
repeat: expr
repeat-expr: len

Part 111

time:
seq:

- id: date
type: u2le
- id: datl

type: u2le

- id: dat2

type: u2le

- id: dat3

type: u2le

instances:

dns:
value:
mks:
value:
mls:
value:
5:
value:
m:
value:
h:
value:

"(dat® & Ox7f) = 10’

'((dat@ & 0xff80) >> 7) | (datl & 1) << 9’
'(datl & Ox7fe) >> 1’

‘((datl & 0xf800) >> 11) | ((dat2 & 1) << 5)'
'(dat2 & 0x7e) >> 1’

"(dat2 & 0xf80) == 7'
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public static void main(String[] args) throws IOException { astroparticle.online
Hiscore hiscore = Hiscore.fromFile(FILE_NAME);
int pckgNumber = 0; _
for (Hiscore.Package pckq : hiscore.packages()) {
System.out.printin("Package: " + pckgNumber); . _
System.out.printin(String.format(*Magic: %02X %02X", pckg.hdr().magic()[0], pckg.hdr().magic()[1]));
System.out.printin("Size: " + pckg.hdr().sz());
System.out.printin("Event number: " + pckg.hdr().eventNumber());
System.out.println("Stop position: " + pcl?\%.hdr().stopPosmon(()J;
System.out.printin(String.format("H %d: M %d:'S %d: DNS %d: MKS %d: MLS %d",
pckg.hdr .tlmeé .n i pckg.hdr().time().m(),

HiScore Kaitai auto generates program &001

pckg.hdr().time().s(), pckg.hdr().time().dns(),
pckg.hdr().time().mks(), pckg.hd_r( time().mls()));
System.out.printin("IP: " + pckg.hdr().ip()); .
System.out.printin("Station number: ™ + pckg.hdr().stationNumber());
int size = pckg.data().size();
int dataBlockNumber = 0;
for (Hiscore.DataBlock data: pckg.data()) {
System.out.printin("Data block: " + dataBlockNumber);
System.out.printin("Offset: " + data.offset());
System.out.printin("Length: " + data.lenQ)' .
int n = data. erj(z > DATA_COUNT _TO_VIEW ? DATA_COUNT_TO_VIEW : size;
System.out.print("[");
for (inti=0;i<n; |+_+{ _
System.out.print(data.data().get(i) + ", ");
stem.out.print("...]");
Sgstem.out.grintl(n();] )
++dataBlockNumber;

++pckgNumber;

Y
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DB for information system &o%l
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* Relation DB (MySQL, PostgreSQL, ...)

* Degradation of speed.
* Reshuffle of indexes under massive insert operations.

* Time series DB (TimeScale DB)
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e MDC returns a list of URLs where the required data is
located.

* The aggregation service re-exports to the user only those
files that are in the list, obtained from MDC.
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Event level request processing &2331
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e MDC returns a list of URLs where the required data is
located.

* The aggregation service scans these files and extracts
those events that satisfy the user's request.

 As aresult, a new collection is formed, which contains
only the necessary events.

* This collection is exported to the user.
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* Modern information technologies can provide
scientists with convenient access to large data
distributed throughout the world.

* Distributed storage provides analysis of instant
messengers and intelligent management of data

access rights.

* A custom data request can contain both file level
filters and more detailed filters, such as events.
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Any questions?
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